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This thesis is submitted for the degree of Philosophia Doctor (PhD) in the field of 

Pharmacognosy and Natural Products Chemistry at the University of Bergen. 

Experimental and writing work on this thesis has been performed from August 2018 

to December 2023 at the Department of Chemistry and the Department of Clinical 

Science at the University of Bergen. 

A collection of five papers makes up the content of this thesis, which are mentioned 

in the list of publications with Roman numerals. This list of articles reflects the 

experimental work performed during my PhD period (with four first-author 

manuscripts) and one collaboration that has enriched my development as a researcher.  

The following pages are presented within two parts. Part I comprises five chapters. 

Chapter 1 briefly introduces the four different plants used during this project, 

Narthecium ossifragum, Osmunda Regalis, Cryptogramma crispa, and Anthriscus 

cerefolium, as well their different isolated and characterised compounds. Chapter 2 

contains the scope and aims of this work. Chapter 3 describes the methodology used 

during the project, which was performed at Department of Chemistry and Department 

of Clinical Science. Chapter 4 presents the results of papers I-V, which were 

published in different open-access scientific journals, and Chapter 5 is a summary of 

the conclusions obtained. Part II contains an expanded appendix with a list of 

compounds isolated from these plants. In addition, NMR tables for the undescribed 

compounds are provided.  The last section of the thesis comprises the papers on 

which the thesis is based. 
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strongly indicate that this saponin is the primary cause of the observed lethal kidney 

damage in cattle that ingest N. ossifragum. The research also explores the effect of 
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(3’-hydroxy-4’-(hydroxyethyl)-oxotetrafuranone-5-methyl tetrahydropyranone, 4-O-

(5-hydroxy-4-oxohexanoyl) osmundalactone. Two of the isolated lactones (the 

known 5-hydroxy-2-hexen-4-olide, and the novel compound 4-O-(5-hydroxy-4-

oxohexanoyl) osmundalactone) showed significant cytotoxic activity against 

MOLM13 cells, as well as normal cell lines. 

This work also investigated the natural products of Cryptogramma crispa, also 

known as Parsley fern. The study reports the characterisation of 15 natural products 

isolated from the aerial parts of C. crispa, including a previously undescribed 

compound, 3-malonyl pteroside D. The pteroside derivatives isolated from this plant 

material showed selective moderate cytotoxic activity against the acute myeloid 

leukaemia MOLM13 cell line, but no cytotoxicity against normal heart and kidney 

cell lines. 

Furthermore, the study Garden chervil, scientifically known as Anthriscus cerefolium, 

is an herb frequently used in large-scale Norwegian commercial kitchens. It was 

possible to isolated four new compounds from this plant source in which the 

previously undescribed compound 1,3-dicaffeoyl-5-malonyl-δ-quinide was isolated. 

This plant is a potent good source of phenolics, and the novel compounds have a mild 

cytotoxic activity towards normal and cancer cell lines.  

A combination of advanced NMR spectroscopic techniques, CD spectroscopic and 

high-resolution mass spectrometry were used for the structure determination of the 43 

compounds presented in this thesis. Results from the cytotoxic activity studies from 

these natural products motivate further and more extensive studies of their cytotoxic 

activity and the mechanisms of their cytotoxicity at the cellular and molecular levels. 

However, contrary to the conclusions that exist in the scientific literature, results 

presented in this work demonstrate that sarsasapogenin derivatives from N. 

ossifragum should not be used as anticancer agents because of their significant non-

selective cytotoxicity towards cancer and normal cell lines. 

 

 

X 

(3’-hydroxy-4’-(hydroxyethyl)-oxotetrafuranone-5-methyl tetrahydropyranone, 4-O-

(5-hydroxy-4-oxohexanoyl) osmundalactone. Two of the isolated lactones (the 

known 5-hydroxy-2-hexen-4-olide, and the novel compound 4-O-(5-hydroxy-4-

oxohexanoyl) osmundalactone) showed significant cytotoxic activity against 

MOLM13 cells, as well as normal cell lines. 

This work also investigated the natural products of Cryptogramma crispa, also 

known as Parsley fern. The study reports the characterisation of 15 natural products 

isolated from the aerial parts of C. crispa, including a previously undescribed 

compound, 3-malonyl pteroside D. The pteroside derivatives isolated from this plant 

material showed selective moderate cytotoxic activity against the acute myeloid 

leukaemia MOLM13 cell line, but no cytotoxicity against normal heart and kidney 

cell lines. 

Furthermore, the study Garden chervil, scientifically known as Anthriscus cerefolium, 

is an herb frequently used in large-scale Norwegian commercial kitchens. It was 

possible to isolated four new compounds from this plant source in which the 

previously undescribed compound 1,3-dicaffeoyl-5-malonyl-δ-quinide was isolated. 

This plant is a potent good source of phenolics, and the novel compounds have a mild 

cytotoxic activity towards normal and cancer cell lines.  

A combination of advanced NMR spectroscopic techniques, CD spectroscopic and 

high-resolution mass spectrometry were used for the structure determination of the 43 

compounds presented in this thesis. Results from the cytotoxic activity studies from 

these natural products motivate further and more extensive studies of their cytotoxic 

activity and the mechanisms of their cytotoxicity at the cellular and molecular levels. 

However, contrary to the conclusions that exist in the scientific literature, results 

presented in this work demonstrate that sarsasapogenin derivatives from N. 

ossifragum should not be used as anticancer agents because of their significant non-

selective cytotoxicity towards cancer and normal cell lines. 

 

 

X 

(3’-hydroxy-4’-(hydroxyethyl)-oxotetrafuranone-5-methyl tetrahydropyranone, 4-O-

(5-hydroxy-4-oxohexanoyl) osmundalactone. Two of the isolated lactones (the 

known 5-hydroxy-2-hexen-4-olide, and the novel compound 4-O-(5-hydroxy-4-

oxohexanoyl) osmundalactone) showed significant cytotoxic activity against 

MOLM13 cells, as well as normal cell lines. 

This work also investigated the natural products of Cryptogramma crispa, also 

known as Parsley fern. The study reports the characterisation of 15 natural products 

isolated from the aerial parts of C. crispa, including a previously undescribed 

compound, 3-malonyl pteroside D. The pteroside derivatives isolated from this plant 

material showed selective moderate cytotoxic activity against the acute myeloid 

leukaemia MOLM13 cell line, but no cytotoxicity against normal heart and kidney 

cell lines. 

Furthermore, the study Garden chervil, scientifically known as Anthriscus cerefolium, 

is an herb frequently used in large-scale Norwegian commercial kitchens. It was 

possible to isolated four new compounds from this plant source in which the 

previously undescribed compound 1,3-dicaffeoyl-5-malonyl-δ-quinide was isolated. 

This plant is a potent good source of phenolics, and the novel compounds have a mild 

cytotoxic activity towards normal and cancer cell lines.  

A combination of advanced NMR spectroscopic techniques, CD spectroscopic and 

high-resolution mass spectrometry were used for the structure determination of the 43 

compounds presented in this thesis. Results from the cytotoxic activity studies from 

these natural products motivate further and more extensive studies of their cytotoxic 

activity and the mechanisms of their cytotoxicity at the cellular and molecular levels. 

However, contrary to the conclusions that exist in the scientific literature, results 

presented in this work demonstrate that sarsasapogenin derivatives from N. 

ossifragum should not be used as anticancer agents because of their significant non-

selective cytotoxicity towards cancer and normal cell lines. 

 

 

X 

(3’-hydroxy-4’-(hydroxyethyl)-oxotetrafuranone-5-methyl tetrahydropyranone, 4-O-

(5-hydroxy-4-oxohexanoyl) osmundalactone. Two of the isolated lactones (the 

known 5-hydroxy-2-hexen-4-olide, and the novel compound 4-O-(5-hydroxy-4-

oxohexanoyl) osmundalactone) showed significant cytotoxic activity against 

MOLM13 cells, as well as normal cell lines. 

This work also investigated the natural products of Cryptogramma crispa, also 

known as Parsley fern. The study reports the characterisation of 15 natural products 

isolated from the aerial parts of C. crispa, including a previously undescribed 

compound, 3-malonyl pteroside D. The pteroside derivatives isolated from this plant 

material showed selective moderate cytotoxic activity against the acute myeloid 

leukaemia MOLM13 cell line, but no cytotoxicity against normal heart and kidney 

cell lines. 

Furthermore, the study Garden chervil, scientifically known as Anthriscus cerefolium, 

is an herb frequently used in large-scale Norwegian commercial kitchens. It was 

possible to isolated four new compounds from this plant source in which the 

previously undescribed compound 1,3-dicaffeoyl-5-malonyl-δ-quinide was isolated. 

This plant is a potent good source of phenolics, and the novel compounds have a mild 

cytotoxic activity towards normal and cancer cell lines.  

A combination of advanced NMR spectroscopic techniques, CD spectroscopic and 

high-resolution mass spectrometry were used for the structure determination of the 43 

compounds presented in this thesis. Results from the cytotoxic activity studies from 

these natural products motivate further and more extensive studies of their cytotoxic 

activity and the mechanisms of their cytotoxicity at the cellular and molecular levels. 

However, contrary to the conclusions that exist in the scientific literature, results 

presented in this work demonstrate that sarsasapogenin derivatives from N. 

ossifragum should not be used as anticancer agents because of their significant non-

selective cytotoxicity towards cancer and normal cell lines. 

 

 

X 

(3’-hydroxy-4’-(hydroxyethyl)-oxotetrafuranone-5-methyl tetrahydropyranone, 4-O-

(5-hydroxy-4-oxohexanoyl) osmundalactone. Two of the isolated lactones (the 

known 5-hydroxy-2-hexen-4-olide, and the novel compound 4-O-(5-hydroxy-4-

oxohexanoyl) osmundalactone) showed significant cytotoxic activity against 

MOLM13 cells, as well as normal cell lines. 

This work also investigated the natural products of Cryptogramma crispa, also 

known as Parsley fern. The study reports the characterisation of 15 natural products 

isolated from the aerial parts of C. crispa, including a previously undescribed 

compound, 3-malonyl pteroside D. The pteroside derivatives isolated from this plant 

material showed selective moderate cytotoxic activity against the acute myeloid 

leukaemia MOLM13 cell line, but no cytotoxicity against normal heart and kidney 

cell lines. 

Furthermore, the study Garden chervil, scientifically known as Anthriscus cerefolium, 

is an herb frequently used in large-scale Norwegian commercial kitchens. It was 

possible to isolated four new compounds from this plant source in which the 

previously undescribed compound 1,3-dicaffeoyl-5-malonyl-δ-quinide was isolated. 

This plant is a potent good source of phenolics, and the novel compounds have a mild 

cytotoxic activity towards normal and cancer cell lines.  

A combination of advanced NMR spectroscopic techniques, CD spectroscopic and 

high-resolution mass spectrometry were used for the structure determination of the 43 

compounds presented in this thesis. Results from the cytotoxic activity studies from 

these natural products motivate further and more extensive studies of their cytotoxic 

activity and the mechanisms of their cytotoxicity at the cellular and molecular levels. 

However, contrary to the conclusions that exist in the scientific literature, results 

presented in this work demonstrate that sarsasapogenin derivatives from N. 

ossifragum should not be used as anticancer agents because of their significant non-

selective cytotoxicity towards cancer and normal cell lines. 

 

 

X 

(3’-hydroxy-4’-(hydroxyethyl)-oxotetrafuranone-5-methyl tetrahydropyranone, 4-O-

(5-hydroxy-4-oxohexanoyl) osmundalactone. Two of the isolated lactones (the 

known 5-hydroxy-2-hexen-4-olide, and the novel compound 4-O-(5-hydroxy-4-

oxohexanoyl) osmundalactone) showed significant cytotoxic activity against 

MOLM13 cells, as well as normal cell lines. 

This work also investigated the natural products of Cryptogramma crispa, also 

known as Parsley fern. The study reports the characterisation of 15 natural products 

isolated from the aerial parts of C. crispa, including a previously undescribed 

compound, 3-malonyl pteroside D. The pteroside derivatives isolated from this plant 

material showed selective moderate cytotoxic activity against the acute myeloid 

leukaemia MOLM13 cell line, but no cytotoxicity against normal heart and kidney 

cell lines. 

Furthermore, the study Garden chervil, scientifically known as Anthriscus cerefolium, 

is an herb frequently used in large-scale Norwegian commercial kitchens. It was 

possible to isolated four new compounds from this plant source in which the 

previously undescribed compound 1,3-dicaffeoyl-5-malonyl-δ-quinide was isolated. 

This plant is a potent good source of phenolics, and the novel compounds have a mild 

cytotoxic activity towards normal and cancer cell lines.  

A combination of advanced NMR spectroscopic techniques, CD spectroscopic and 

high-resolution mass spectrometry were used for the structure determination of the 43 

compounds presented in this thesis. Results from the cytotoxic activity studies from 

these natural products motivate further and more extensive studies of their cytotoxic 

activity and the mechanisms of their cytotoxicity at the cellular and molecular levels. 

However, contrary to the conclusions that exist in the scientific literature, results 

presented in this work demonstrate that sarsasapogenin derivatives from N. 

ossifragum should not be used as anticancer agents because of their significant non-

selective cytotoxicity towards cancer and normal cell lines. 

 

 

X 

(3’-hydroxy-4’-(hydroxyethyl)-oxotetrafuranone-5-methyl tetrahydropyranone, 4-O-

(5-hydroxy-4-oxohexanoyl) osmundalactone. Two of the isolated lactones (the 

known 5-hydroxy-2-hexen-4-olide, and the novel compound 4-O-(5-hydroxy-4-

oxohexanoyl) osmundalactone) showed significant cytotoxic activity against 

MOLM13 cells, as well as normal cell lines. 

This work also investigated the natural products of Cryptogramma crispa, also 

known as Parsley fern. The study reports the characterisation of 15 natural products 

isolated from the aerial parts of C. crispa, including a previously undescribed 

compound, 3-malonyl pteroside D. The pteroside derivatives isolated from this plant 

material showed selective moderate cytotoxic activity against the acute myeloid 

leukaemia MOLM13 cell line, but no cytotoxicity against normal heart and kidney 

cell lines. 

Furthermore, the study Garden chervil, scientifically known as Anthriscus cerefolium, 

is an herb frequently used in large-scale Norwegian commercial kitchens. It was 

possible to isolated four new compounds from this plant source in which the 

previously undescribed compound 1,3-dicaffeoyl-5-malonyl-δ-quinide was isolated. 

This plant is a potent good source of phenolics, and the novel compounds have a mild 

cytotoxic activity towards normal and cancer cell lines.  

A combination of advanced NMR spectroscopic techniques, CD spectroscopic and 

high-resolution mass spectrometry were used for the structure determination of the 43 

compounds presented in this thesis. Results from the cytotoxic activity studies from 

these natural products motivate further and more extensive studies of their cytotoxic 

activity and the mechanisms of their cytotoxicity at the cellular and molecular levels. 

However, contrary to the conclusions that exist in the scientific literature, results 

presented in this work demonstrate that sarsasapogenin derivatives from N. 

ossifragum should not be used as anticancer agents because of their significant non-

selective cytotoxicity towards cancer and normal cell lines. 

 

 

X 

(3’-hydroxy-4’-(hydroxyethyl)-oxotetrafuranone-5-methyl tetrahydropyranone, 4-O-

(5-hydroxy-4-oxohexanoyl) osmundalactone. Two of the isolated lactones (the 

known 5-hydroxy-2-hexen-4-olide, and the novel compound 4-O-(5-hydroxy-4-

oxohexanoyl) osmundalactone) showed significant cytotoxic activity against 

MOLM13 cells, as well as normal cell lines. 

This work also investigated the natural products of Cryptogramma crispa, also 

known as Parsley fern. The study reports the characterisation of 15 natural products 

isolated from the aerial parts of C. crispa, including a previously undescribed 

compound, 3-malonyl pteroside D. The pteroside derivatives isolated from this plant 

material showed selective moderate cytotoxic activity against the acute myeloid 

leukaemia MOLM13 cell line, but no cytotoxicity against normal heart and kidney 

cell lines. 

Furthermore, the study Garden chervil, scientifically known as Anthriscus cerefolium, 

is an herb frequently used in large-scale Norwegian commercial kitchens. It was 

possible to isolated four new compounds from this plant source in which the 

previously undescribed compound 1,3-dicaffeoyl-5-malonyl-δ-quinide was isolated. 

This plant is a potent good source of phenolics, and the novel compounds have a mild 

cytotoxic activity towards normal and cancer cell lines.  

A combination of advanced NMR spectroscopic techniques, CD spectroscopic and 

high-resolution mass spectrometry were used for the structure determination of the 43 

compounds presented in this thesis. Results from the cytotoxic activity studies from 

these natural products motivate further and more extensive studies of their cytotoxic 

activity and the mechanisms of their cytotoxicity at the cellular and molecular levels. 

However, contrary to the conclusions that exist in the scientific literature, results 

presented in this work demonstrate that sarsasapogenin derivatives from N. 

ossifragum should not be used as anticancer agents because of their significant non-

selective cytotoxicity towards cancer and normal cell lines. 

 

 

X 

(3’-hydroxy-4’-(hydroxyethyl)-oxotetrafuranone-5-methyl tetrahydropyranone, 4-O-

(5-hydroxy-4-oxohexanoyl) osmundalactone. Two of the isolated lactones (the 

known 5-hydroxy-2-hexen-4-olide, and the novel compound 4-O-(5-hydroxy-4-

oxohexanoyl) osmundalactone) showed significant cytotoxic activity against 

MOLM13 cells, as well as normal cell lines. 

This work also investigated the natural products of Cryptogramma crispa, also 

known as Parsley fern. The study reports the characterisation of 15 natural products 

isolated from the aerial parts of C. crispa, including a previously undescribed 

compound, 3-malonyl pteroside D. The pteroside derivatives isolated from this plant 

material showed selective moderate cytotoxic activity against the acute myeloid 

leukaemia MOLM13 cell line, but no cytotoxicity against normal heart and kidney 

cell lines. 

Furthermore, the study Garden chervil, scientifically known as Anthriscus cerefolium, 

is an herb frequently used in large-scale Norwegian commercial kitchens. It was 

possible to isolated four new compounds from this plant source in which the 

previously undescribed compound 1,3-dicaffeoyl-5-malonyl-δ-quinide was isolated. 

This plant is a potent good source of phenolics, and the novel compounds have a mild 

cytotoxic activity towards normal and cancer cell lines.  

A combination of advanced NMR spectroscopic techniques, CD spectroscopic and 

high-resolution mass spectrometry were used for the structure determination of the 43 

compounds presented in this thesis. Results from the cytotoxic activity studies from 

these natural products motivate further and more extensive studies of their cytotoxic 

activity and the mechanisms of their cytotoxicity at the cellular and molecular levels. 

However, contrary to the conclusions that exist in the scientific literature, results 

presented in this work demonstrate that sarsasapogenin derivatives from N. 

ossifragum should not be used as anticancer agents because of their significant non-

selective cytotoxicity towards cancer and normal cell lines. 



 

 

XI 

Sammendrag 

Denne doktorgradsavhandlingen fokuserer på isolering og identifikasjon av 

naturstoffer fra fire utvalgte planter, hvor den cytotoksiske aktiviteten til 

nyoppdagede og interessante naturstoffer ble testet på blodkreftceller og normale 

cellelinjer. I løpet av dette arbeidet var det mulig å isolere saponinene i Narthecium 

ossifragum, en plante assosiert med omfattende tilfeller av forgiftninger av gårdsdyr. 

Tre saponiner ble identifisert, i tillegg til deres sapogeninkjernestruktur 

sarsasapogenin aglykon. Cytotoksisiteten til disse forbindelsene ble testet mot 

normale celler og leukemiceller. Videre ble de fem nye naturstoffene di-C-

glykosylflavonene chrysoeriol 6-C-β-arabinofuranoside-8-C-β-glukopyranoside, 

chrysoeriol 6-C-β-arabinopyranosyl-8-C-β-glukopyranoside, chrysoeriol 6-C-β-

xylopyranosyl-8-C-β-galaktopyranoside, chrysoeriol 6-C-β-galaktopyranosyl-8-C-β-

glukopyranoside og chrysoeriol 6-C-β-glukopyranosyl-8-C-β-galaktopyranoside 

isolert og karakterisert fra det metanoliske ekstraktet fra blomstene til N. ossifragum. 

Den betydelige cytotoksiske aktiviteten til hovedsaponinet sarsasapogenin-3-O-(2'-O-

β-glukopyranosyl-3'-O-α-arabinopyranosyl-β-galaktopyranoside) overfor nyreceller 

indikerer sterkt at dette saponinet er hovedårsaken til de observerte dødelige 

nyreskadene hos storfe som beiter på N. ossifragum. Studier av effekten av disse 

forbindelsene på biologiske membraner avdekket konsentrasjonsavhengig toksisitet, 

samt økt giftighet med økende antall sukkersubstituenter overfor både kreftceller og 

normale cellelinjer. 

I tillegg ble den fytokjemiske sammensetningen av medisinplanten Osmunda regalis 

undersøkt, noe som førte til identifikasjon av 17 naturstoffer, hvorav 15 ble funnet for 

første gang i denne planten, inkludert 6 nye naturstoffer. De nye naturstoffene ble 

identifisert som flavonoidene kaempferol 3-O-(2''-O-(2'''-α-rhamnopyranosyl)-β-

glukopyranosyl)-β-glukopyranoside, quercetin 3-O-(2''-O-(2'''-α-rhamnopyranosyl)-β-

glukopyranosyl)-β-glukopyranoside, og kaempferol 3-O-(2''-O-(2'''-α-

rhamnopyranosyl-6'''-O-(E)-caffeoyl-)-β-glukopyranosyl)-β-glukopyranoside, og de 
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XII 

tre laktonene 3-metoksy-5-hydroxy-4-olid, 4-hydroxy-3-(3'-hydroxy-4'-

(hydroksyetyl)-okstetrafuranon-5-metyl tetrahydropyranon, 4-O-(5-hydroxy-4-

oksohexanoyl) osmundalakton. To av de isolerte laktonene, det kjente naturstoffet 5-

hydroxy-2-hexen-4-oliden og det nye naturstoffet 4-O-(5-hydroxy-4-oksohexanoyl) 

osmundalakton) viste betydelig cytotoxisk aktivitet overfor MOLM13-celler, så vel 

som normale cellelinjer. 

Naturproduktene i Cryptogramma crispa, også kjent som hestespreng, ble også isolert 

og strukturbestemt. I alt ble 15 naturstoffer isolert fra bladene til C. crispa, inkludert 

det nye naturstoffet 3-malonyl pteroside D. Pteroside-derivatene isolert fra dette 

plantematerialet viste selektiv moderat cytotoxisk aktivitet mot akutt myeloide 

leukemi MOLM13 cellelinjen, men ingen cytotoksisk aktivitet mot normale hjerte- 

og nyrecellelinjer. 

I tillegg ble naturstoffene i kjørvel, vitenskapelig kjent som Anthriscus cerefolium, en 

urt som ofte brukes i norske storkjøkken, isolert og karakterisert. Det var mulig å 

isolere fire nye forbindelser fra denne plantekilden, deriblant det nye bisykliske 

laktonet 1,3-dikaffeoyl-5-malonyl-δ-kinidin. Denne planten er en rik kilde til 

fenoliske forbindelser, og det nye naturstoffet har en mild cytotoxisk aktivitet overfor 

normale cellelinjer og kreftcellelinjer. 

En kombinasjon av avanserte NMR-spektroskopiske teknikker, CD spektroskopi og 

høyoppløselig massespektrometri ble brukt for strukturbestemmelsen av de 43 

forbindelsene presentert i denne avhandlingen. Resultatene fra studiene av 

cytotoksisk aktivitet av disse naturstoffene motivere for vider og mer omfattende 

studier av deres cytotoksiske aktivitet og mekanismene for deres cytotoksisitet på 

cellulært og molekylært nivå. I motsetning til konklusjoner i eksisterende 

vitenskapelig litteratur viser resultatene i avhandlingen at sarsasapogenin-derivater 

fra N. ossifragum ikke kan brukes som virkestoffer i kreftlegemidler på grunn av 

signifikant ikke-selektiv cytotoksisitet overfor både kreftceller og normale cellelinjer. 
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Chapter 1: Introduction 

1.1. Plant Materials 

This research work was conceptualised using three different plant sources. During 

this project an industry research collaboration allowed addition of an extra plant 

source to be studied, as described below.  

The first plant material used in this work was Narthecium ossifragum, commonly 

known as bog asphodel, or rome in Norwegian, which is a species of flowering plants 

in the family Nartheciaceae. It is native to North- Western Europe, and it is found on 

wet, boggy swamps. The flower stems are 5-40 cm long and produce bright yellow 

flowers that are 10-16 mm wide occurring in clusters with 6-20 flowers. Flowering of 

this species occurs between July and August (Summerfield, 1974; Mossberg et al., 

2018). 

This plant has been associated with toxic effects in grazing animals. In several 

Northern European countries, including Norway, Ireland, and certain regions of the 

UK, it has been observed that ruminants can develop renal failure and hepatotoxicity 

after ingestion of N. ossifragum (Flåøyen et al., 1995; Uhlig et al., 2007; Malone et 

al., 1992; Angell & Ross, 2011). Similarly, reports from Japan indicate that cattle can 

experience nephrotoxicity due to intake of Narthecium asiaticum, a plant closely 

related to N. ossifragum (Suzuki et al., 1985; Kobayashi et al., 1993; Inoue et al., 

1995). 

Fresh flowering plant material of N. ossifragum was collected in a bog area located at 

southwestern part of Ulriken, Bergen (Figure 1), and used during the isolation and 

characterization of the natural products named in Paper I-II. A Voucher specimen has 

been deposited at the ARBOHA, University of Bergen (accession number BG/S-

162115) 
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Figure 1. Flowering tops from Nartecium ossifragum collected around the city mountain of Ulriken, 
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Two fern species were investigated. On of these is the unique species Osmunda 

regalis belonging to the Osmundaceae family, which encompasses three extant 

genera: Osmunda, Todea, and Leptopteris. These are seen as a foundational group of 

leptosporangiate ferns, which have remained relatively unchanged in terms of 

morphology and anatomy since the Mesozoic era. As a result, they are often referred 

to as “primitive” species by some researchers (Bomfleur et al., 2014; Moore et al., 

2009; Bouazzi et al., 2018). 

Osmunda regalis (L), also known as the royal fern, has remained unchanged for a 

period of at least 180 million years (Bomfleur et al., 2014). This plant is found in 

temperate regions across both Northern and Southern hemispheres, including Europe, 

Southern Africa, America, and New Zealand. Its fronds are bi-pinnate, meaning each 

leaf is divided into two or more leaflets, which are further divided into smaller 

leaflets or pinnules. The royal fern is commonly found in moist environments such as 

woods, swamps, lakes, or along stream banks (Dehgan, 2022). 

The Botanical Garden of University of Bergen, Norway (ARBOHA) provided fresh 
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1996.700). Isolated and characterised natural products from this plant source are 

presented in Paper III.  

 

Figure 2. Ferns leaves from Osmunda regalis collected in the Botanical Garden of the University of 

Bergen, in Milde, Bergen 

Natural products of a second fern belong to the genus Cryptogramma, which is a type 

of leptosporangiate fern comprising nine species, were also characterized. 

Leptosporangiate ferns are often referred to as parsley ferns due to the similarity of 

their foliage to parsley (Metzgar et al., 2013). 

Cryptogramma crispa (L.) R. Br. (Pteridaceae) is widely found in the montane to the 

subalpine zone of the temperate and boreal regions of Europe. It has two primary 

distribution centres: a northern one that includes the highest mountains on the British 

Isles and west Scandinavia, and a southern one that includes Cordillera Cantabria, 

Pyrene´ es, Massif Central, Corsica, the Alps, and the northern Apennines (Veit et al., 

1995; Tomaselli et al., 2005). 

Interestingly, a Norwegian tradition suggests horses consuming excessive amounts of 

parsley fern may suffer from colic, leading to its Norwegian name “hestespreng,” 
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which translates to “horse bloating.” However, the accuracy of this tradition seems 

somewhat uncertain (Fægri, 1970). 

Fresh plant material of Cryptogramma crispa (L.) R.Br. was collected during the 

summer of 2021 and 2022 in the mountain of Fløyen, in Bergen, Norway (Figure 3). 

A voucher specimen of C. crisp has been deposited at the herbarium BG, University 

of Bergen (accession number BG/S-168787). This plant material was used for the 

isolation, characterisation of the natural products described in Paper IV. 

 

Figure 3. Aerial parts from Cryptogramma crispa collected in the city mountain Fløyen, in Bergen. 

The plant material used during the industrial scientific collaboration with PlantChem 

AS was garden chervil or French parsley (Anthriscus cerefolium (L.) Hoffm.). This 

plant species is an annual umbelliferous plant with delicate 2- to 3-pinnate leaves 

with dentated to pinnatisect leaflets. The plant has been utilised as a medicinal plant 

by humankind for millennia. It is mentioned in the Encyclopaedia Historia Naturalis 

by Plinius the Elder (23–79 AD) as an ingredient in vinegar recommended against 

hiccups (Plinius Maior, 77). This species is also mentioned by the seventeenth-

century Danish pioneer scientist Simon Paulli (1648), who reported on its use against 

gallstones (Paulli, 1648). 

The use of Garden chervil as a food in private households is limited as this species is 

only to a limited extent made available for customers by retailers and supermarkets. 
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However, this species is established as one of the major herbs applied within 

Norwegian large-scale commercial kitchens (Chizzola, 2011, Paper V), where 

garden chervil is used as a cheaper alternative to parsley to give a mild taste of anise, 

parsley, black pepper, and caraway. 

Fresh-cut chervil from Frøvoll Farm, Randaberg, located in Southwestern Norway 

(59°0′56.3″ North, 5°37′25.8″ East) were used to carried out this study.  

 

1.2. Isolated Compounds 

A multitude of natural products were isolated from the above-mentioned unique plant 

sources during this project. These natural products, including several aromatic 

compounds, terpenoids, and lactones are described in detail in the sections below.  

 

1.2.1. Aromatic compounds 

Shikimic acid derivatives are natural products that have shikimic acid as a common 

biosynthetic precursor. The shikimate pathway is the common route leading to the 

production of the aromatic amino acids, phenylalanine, tyrosine, and tryptophan, as 

well as several important classes of polyphenolic compounds. The shikimate 

biosynthetic pathway is only found only in plants, bacteria, archaea, and fungi. 

Several natural products can be biosynthesized from phenylalanine, including benzoic 

acid derivatives, phenylpropenes, flavonoids and lignans.  

 

1.2.1.1. Benzoic acid derivatives 

Benzoic acid and its natural products derivatives are widely distributed in nature, 

been one of the simples’ aromatic acids derived from shikimic acid pathway 

(Heinrich et al., 2012; del Olmo et al., 2017). Several benzoic acid derivatives have 
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been isolated and characterized in this thesis including vanillic acid, p-hydroxy 

benzoic acid, and p-hydroxy benzoic acid methyl ester from O. regalis (Paper III). 

 

1.2.1.2. Phenylpropenes 

Phenylpropenes are the simplest natural products in this group, which consist of an 

aromatic ring with an attached unsaturated C3 chain (Heinrich et al., 2012). Several 

phenylpropene derivatives have been isolated and characterised in this thesis 

including ferulic acid, ferulic acid 4-O-β-glucopyranoside, p-coumaric acid 4-O-β-

glucopyranoside, caffeic acid, methyl chlorogenic acid 4’-O-β-glucopyranoside, and 

methyl ester chlorogenic acid from C. crispa (Paper IV). 

 

1.2.1.3. Flavonoids 

Flavonoids, which are the most abundant polyphenols of higher plants, occur in all 

parts of the plants including roots, bulbs, stamens, leaves, fruits, and seeds. These 

compounds have multiple roles in plants that have been of attention over the years, 

for example, controlling cell development, attracting pollinating insects, and defence 

at molecular level against various pathogens (Dias et al., 2021; Winkel-Shirley, 2001; 

Panche et al., 2016, Andersen & Markham, 2006). Flavonoids can be classified into 

major subgroups including anthocyanins, flavones, flavonols, chalcones, 

dihydroflavonols, flavanones, flavanols, isoflavonoids, aurones and flavandiols 

(Andersen & Markan, 2006). Most flavonoids hitherto discovered occur as either O-

glycosides or C-glycosides. In C-glycosylflavonoids, the glycosyl substituent(s) is 

directly attached to the flavonoid aglycone with a C-C bond. Flavonoid O-glycosides 

are formed by attaching the glycosyl substituents to the phenolic oxygens of the 

flavonoid nucleus through an ether bond. The hydroxyl groups of the glycosyl 

moieties can be further modified by glycosylation with additional glycosyl 

substituents or by esterification (acylation) with aliphatic or aromatic acids (Andersen 

& Markham, 2006). 
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Flavonoids are recognized for their dual health benefits, play a crucial role in 

mitigating oxidative damage due to their antioxidant effect. These compounds exhibit 

a range of biological activities, including anticancer, antiviral, and antioxidant 

properties. They are also known to prevent cardiovascular diseases, a phenomenon 

referred to as the ‘French paradox’, and display significant anti-inflammatory activity 

(Andersen & Markham, 2006). However, biological activity of flavonoids strongly 

depends on their individual molecular structures. 

Five novel di-C-glycosylflavones (Figure 4): chrysoeriol 6-C-β-arabinofuranoside-8-

C-β-glucopyranoside, chrysoeriol 6-C-β-arabinopyranosyl-8-C-β-glucopyranoside, 

chrysoeriol 6-C-β-xylopyranosyl-8-C-β-galactopyranoside, chrysoeriol 6-C-β-

galactopyranosyl-8-C-β-glucopyranoside, chrysoeriol 6-C-β-glucopyranosyl-8-C-β-

galactopyranoside were isolated from flowering tops of N. ossifragum, in addition to 

the known di-C-glycosylflavone chrysoeriol 6,8-di-C-β-glucopyranoside (Paper I). 

 

Figure 4. Core structure of the flavone chrysoeriol. Di-C-glycosylflavones based on this core 

structure were the main aromatic compounds isolated from flowering tops of N. ossifragum.  

Flavonoids isolated and characterised from O. regalis included the three novel 

flavonols kaempferol 3-O-(2’’-O-β-glucopyranosyl-2’’’-α-rhamnopyranosyl-β-

glucopyranoside), quercetin 3-O-( 2’’-O-β-glucopyranosyl-2’’’-α-rhamnopyranosyl-

β-glucopyranoside), and kaempferol 3-O-(2’’-O-β-glucopyranosyl-2’’’-α-

rhamnopyranosyl-β-glucopyranoside)-6’’’-O-(E)-caffeoyl.chalcones, in addition to 

the known compounds chalconaringenin 2’-O-β-glucopyranoside and apigenin 7-(2’’-

O-α-rhamopyranosyl-β-glucopyranoside) (rhoifolin) (Paper III). 
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The flavonoids present in C. crispa proved to be predominantly flavonols. From this 

species, the flavonols quercetin, quercetin 3-O-β-galactopyranoside, quercetin 3-O-β-

glucopyranoside, quercetin 7-O-β-glucopyranoside, and kaempferol 7-O-β-

glucopyranoside were isolated and characterised (Paper IV). 

 

1.2.1.4. Lignans 

Lignans constitute a vast group of phytochemicals, widely distributed in terrestrial 

plant lineages, which have important roles in plant physiology, development, and 

ecology (Hano et al., 2021). Lignans in plants are a type of polyphenols that are 

formed from precursors known as coniferyl alcohols (Plaha et al., 2022). In the 

current thesis, the lignans dihydrodehydrodiconiferyl alcohol 4-O-α-

rhamnopyranoside and epoxyconiferyl alcohol were isolated from O. regalis (Paper 

III). 

 

1.2.2. Terpenoids  

Terpenoids, also called isoprenoids, are modified terpenes in which the carbon 

skeleton is modified by oxidation or a rearrangement. They are formed by the 

mevalonic acid pathway (Brahmkshatriya & Brahmkshatriya, 2013).  

Classification of terpenoids is based upon the number of isoprene (or isopentane) 

units incorporated in the basic molecular skeleton, mainly ranging from the C5 having 

hemiterpenes, comprised by one isoprene unit, to C40 carotenoids, comprised by eight 

isoprene units. 

 

1.2.2.1. Steroidal saponins 

Sapogenins are derived from isoprenoids (specifically steroid-derived structures 

derived from triterpenoids) and are biosynthesised from the mevalonate pathway. 
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Sterols and steroids are important structural components of membranes and play 

important roles in signalling processes. (Osbourn, et al., 2011; Thimmappa et al., 

2014). 

Saponins are glycosides containing one or more sugar chains attached to a triterpene 

or steroid aglycone, called sapogenin. Saponins are classified according to the 

number of sugar units in their structure as mono, di-, or tridesmosidic (Güçlü-

Üstündağ & Mazza, 2007). 

The sapogenin sarsasapogenin (Figure 5), in addition to the three saponins 

sarsasapogenin-3-O-β-galactopyranoside, sarsasapogenin-3-O-(2′-O-β-

glucopyranosyl-β-galactopyranoside), sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-

3′-O-α-arabinopyranosyl-β-galactopyranoside) were isolated from flowering tops of 

N. ossifragum (Paper I). The effects of these compounds on biological membranes 

were studied in Paper II. 

 

Figure 5. Structure of the steroidal sapogenin Sarsasapogenin. Sarsasapogenin is the sapogenin of all 

saponins isolated from N. ossifragum 

 

1.2.2.2. Lactones 

Lactones are cyclic esters formed by intramolecular esterification of hydroxy acids, 

where the biosynthesis depends on the mutual position of the hydroxyl and carboxyl 

groups. Five types of lactones are frequently occurring: α-, β-, γ-, δ-, and ε-lactones, 

which differ in the relative position of the condensed hydroxyl and carboxyl groups, 

and thus, the size of the lactone ring (Kowalczyk et al., 2021).  
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1.2.2.2. Lactones 

Lactones are cyclic esters formed by intramolecular esterification of hydroxy acids, 

where the biosynthesis depends on the mutual position of the hydroxyl and carboxyl 

groups. Five types of lactones are frequently occurring: α-, β-, γ-, δ-, and ε-lactones, 

which differ in the relative position of the condensed hydroxyl and carboxyl groups, 
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Lactones isolated from natural products can be grouped into five main classes based 

on their biosynthetic origins: Lactones based on (1) amino acids, (2) fatty acids, (3) 

polyketides, (4) hybrid PKS/NRPS pathways, and (5) terpenoids. Plants and marine 

sponges are the only known source of terpenoid lactones (Robinson et al., 2019).  

The three novel lactones 3-methoxy-5-hydroxy-4-olide, a bi-lactone 4-hydroxy-3(3’-

hydroxy-4’(hydroxyethyl)-oxotetrafuranone-5-methyl tetrahydropyranone (Figure 6), 

and 4-O-(5-hydroxy-4-ketohexanoyl) osmundalactone, in addition to the known γ-

lactone 5-hydroxy-2-hexen-4-olide were isolated from O. regalis (Paper III). 

 

 

Figure 6. Structure of the bi-lactone 4-hydroxy-3(3’-hydroxy-4’(hydroxyethyl)-oxotetrafuranone-5-

methyl tetrahydropyranone isolated from O. reaglis. 

Quinic acid has a widespread occurrence in nature. Bicyclic lactones based on quinic 

acid are classified as quinides (Crozier et al., 2006). The novel bicyclic lactone 1,3-

dicaffeoyl-5-malonyl-δ-quinide belonging to this group of lactones was characterised 

from A. cerefolium (paper V). 

 

1.2.2.3. Sesquiterpenoids 

Sesquiterpenoids (C15) are comprised by three isoprene units, occurring with simple 

to complex mono- and polycyclic ring system which contribute with the chemical 

defense of the producing organism (Heinrich et al., 2012). 

Pterosins are sesquiterpenoids with a 1-indanone core structure; the glucoside version 

is called pterosides. This name originates from the fern Pteridium aquilinum var. 
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latiusculum (Fukuoka et al., 1978). In this thesis, four 1-indanone derivatives were 

characterised from C. crispa, including the novel compound 3-manolyl-pteroside D, 

in addition to the known compounds pteroside D, pteroside X and pterosin (paper 

IV).  

 

Figure 7. Molecular structure of the novel 1-indanone derivative 3-manolyl-pteroside D isolated 

from C. crispa. 

 

1.2.2.4. Blumenols 

Blumenols are C-13 cyclohexenone derivatives produced by the cleavage of C-40 

carotenoids (You et al., 2023). In this thesis, Blumenol C glucopyranoside was 

characterised from O. regalis (paper III). 

 

1.2.3. Fatty acids 

Fatty acids are a widely distributed group of polyketides which are crucial 

components of cell membranes of living organisms (Heinrich et al., 2012). In this 

thesis, the short chain fatty acid 2-hexenoic acid, in addition to the glucosyl conjugate 

hexyl-β-glucopyranoside, were characterised from O. regalis (paper III). The latter 

compound is a conjugate between glucose and hexanol (hexanol is biosynthesised 

from hexanoic acid (Kottenhahn et al., 2021). 
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Chapter 3: Methodology 

The specific experimental strategy for isolation and characterization of natural 

products from the three plant sources are described in Papers I-V. A concise 

summary of the primary experimental techniques applied and their roles is provided 

in the following section. 

 

3.1. Isolation 

3.1.1. Extraction 

The general solvent methanol is frequently chosen as the extraction solvent of plant 

material due to its useful properties to extract a wide range of polar and non-polar 

natural products. Methanol possesses a relatively low boiling point, which allows for 

easy removal of solvent from the crude extract by concentration on rotavapor. 

Moreover, many bioactive compounds are soluble in methanol, enhancing its 

effectiveness in extraction. Furthermore, methanol is practical for use as a central 

component of the mobile phases in partial purification of the crude extract by the 

application of specialized chromatographic techniques. 

 

3.1.2. Partitioning 

This method serves as a gentle separation technique used for purification and as a 

“clean-up” step (Heinrich, 2012). It enables the separation of hydrophobic and less 

polar compounds such as chlorophylls and terpenoids from the more polar ones. 

 

3.1.3. Chromatographic separation 

Several chromatographic methods were used during the isolation of the bioactive 

compounds mentioned below; chromatographic separations were used for isolation of 

pure compounds. The progress of the isolation process was monitored by analytical 

HPLC and TLC. 
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The first column chromatographic technique used during the processes of isolating 

pure natural products from the three plant sources was absorption chromatography 

with Amberlite XAD-7 as the stationary phase. Thereafter, fractions from the XAD-7 

chromatographic separation were further purified by Sephadex LH-20 gel filtration 

chromatography. Experimental details about the columns and the gradients applied 

for separation are provided in Papers I, III, IV and V. 

For isolation of saponins from N. ossifragum, silica gel absorption chromatography 

was applied as the final isolation step, resulting in isolation of the four sarsasapogenin 

derivatives presented in paper I. 

With exception of the saponins, all compounds characterised during this project, were 

isolated by preparative HPLC separations of fractions obtained from Sephadex LH-20 

column chromatography as a final stage of purification, resulting in the 43 

compounds presented in papers I-V.  

 

3.1.4. Analytical characterisation 

Analytical HPLC was used to determine the composition and purity of the extracts 

and fractions obtained during the isolation process. The method applied was 

described by Nguyen et al. (2014) and was used through papers I-V. 

Saponins isolated from N. ossifragum are compounds without a UV-absorbing 

chromophore and with low solubility in aqueous solvent systems, thus, HPLC-DAD 

was not possible to use for analyses of these compounds. Therefore, a TLC analytical 

method was created, to analyse these compounds. The TLC method applied is 

described in detail in paper I. 
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3.2. Structure elucidation 

3.2.1. Ultraviolet-Visble absorption spectroscopy 

Ultraviolet-visible (UV-vis) spectroscopy is an effective tool for partial structure 

identification of UV-absorbing organic compounds because it provides information 

about the presence of conjugated π-bonding systems in a molecule. The UV-Vis 

absorption spectra of the compounds isolated during this project were recorded online 

during the analytical HPLC analysis over the wavelength range of 190-600 nm in 

steps of 2 nm. 

 

3.2.2. Circular Dichroism spectroscopy 

Circular Dichroism (CD) spectroscopy was an essential technique used to analyse 

configuration of isolated chiral compounds, giving the absolute configuration of the 

novel compounds presented in this thesis. The CD spectra were recorded at 20 °C 

under nitrogen atmosphere in a JASCO J-810 spectropolarimeter equipped with a 

Peltier temperature control unit. The spectra were recorded by scanning from 185 to 

400 nm using a 1 mm path-length cuvette. 

 

3.2.3. Mass-Spectrometry 

Mass Spectrometry (MS) was crucial to identify and verify the molecular structures 

and atomic compositions of novel compounds by determining their molecular weight 

with high accuracy. High-Resolution Mass Spectrometry (HRMS) was used to verify 

the molecular weight and atomic composition of the novel bioactive compounds 

isolated from the three plant sources. These spectra were recorded using a JEOL 

AccuTOF™ JMS T100LC instrument fitted with an electrospray ion source operated 

in positive mode at a resolving power of approximately 6000 FWHM over the mass 

range of 50-2000 m/z. 
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3.2.4. Nuclear Magnetic Resonance 

Nuclear Magnetic Resonance (NMR) spectroscopy provides detailed structural 

information of molecules in solution at atomic resolution and is the most important 

technique to determine molecular structures of organic compounds. During this 

project, several 1D and 2D NMR techniques were performed, including 1D 1H, 1D 

1H selective TOCSY, 1D 13CAPT and the 2D 1H-13C HMBC, the 2D 1H-13C HSQC, 

1H-13C HSQC-TOCSY, the 2D 1H-13C H2BC, 2D 1H-13C 1,1-ADEQUATE, 2D 1H-

1H COSY and 2D 1H-1H ROESY experiments. These experiments were obtained on a 

Bruker BioSpin AVANCE III HD 850 MHz equipped with a 1H, 13C, 15N triple 

resonance cryogenic probe at 298 K. 

 

3.3. Cytotoxicity 

3.3.1. Cell culture 

For the studies of cytotoxic activity, three mammalian cell lines were used; the 

normal rat kidney epithelial cells (NRK, ATCC no.: CRL-6509) and rat 

cardiomyoblasts (H9c2, ATCC no.: CRL-1446), and the Acute Myeloid Leukaemia 

cell line MOLM13 (DSMZ no.: ACC554). The culture medium and diverse growth 

parameters (Matsuo et al., 1997; Oftedal et al., 2010; Myhren et al., 2014) are 

described in detail in paper I, III, IV and V. 

EC50 values were determined by a four-parameter regression analysis described by 

Viktorsson et al. (2017) using the SigmaPlot ver. 14 software (Systat Software Inc.). 

 

3.3.2. Membrane interaction 

The significant non-specific cytotoxic activity observed for saponins isolated from N. 

ossifragum towards leukaemia cells and normal cell lines, encouraged us to perform a 

study of the influence of these compounds on biological cellular membranes to be 

able to understand how the toxicity of these compounds are affecting the animals that 

ingests N. ossifragum (Paper II). 
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3.3.2.1. Transmission Electron Microscope (TEM) 

Acute myeloid leukaemia MOLM13 cells underwent treatment using the four 

saponins isolated from N. ossifragum (referred to as Compounds 1, 2, 3, and 4) at a 

concentration of 300 µM for 3 hours. The specification of cell culture of cell fixation 

is described in paper II. 

The microscopy procedure was carried out at the Molecular Imaging Center, situated 

within the Department of Biomedicine at University of Bergen. 

 

3.3.2.2. Determination of membrane permeability  

Determination of liposome integrity by observation of calcein leakage was performed 

as described by Oftedal et al. (2012).  

The release of calcein from liposomes was continuously measured for 12 min using a 

fluorescence spectrophotometer (Varian Cary Eclipse, Agilent, USA) with an 

excitation wavelength of 495 nm and an emission wavelength of 515 nm. After 30 s 

of recording to confirm stable liposomes, the saponins were added and after 10 min, a 

10% Tween® 20 (Sigma, St. Louis, USA) solution was added to release all remaining 

calcein. 

 

3.3.2.3. Haemolysis activity 

Fresh blood from a healthy human donor was donated voluntarily and collected in 

tubes with EDTA. One mL of blood was incubated with various concentrations of 

saponins and solvent for 30 minutes at room temperature. They were next centrifuged 

for 10 minutes at 1500 RPM. The supernatant containing plasma was collected, and 

0.3 mL was analysed for the presence of haemoglobin. These experiments were done 

in the Laboratory Clinic of Haukeland University Hospital in Bergen. 
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Chapter 4: Results and Discussions 

In this section, the main results of this research project are highlighted. These results 

are divided into sections based on the papers from which they are retrieved.  

 

4.1. Paper I: Cytotoxic saponins and other natural products from 

flowering tops of Narthecium ossifragum (L).  

In numerous publications, the flowering tops of Narthecium ossifragum have been 

reported to contain significant amounts of saponins, which are toxic components of 

the plant (Uhlig et al., 2007; Flåøyen et al., 1997; Flåøyen et al., 1991). Even though 

more than thirty publications in the current literature deal with saponins of N. 

ossifragum, none of these compounds has hitherto been characterised in detail from 

this plant source, and their molecular structures remain unknown.  

Stabursvik (1959) identified the aglycone of the saponins of N. ossifragum to be a 

sarsasapogenin core structure. Ceh and Hauge (1981) tentatively identified two 

saponins from N. ossifragum based on sarsasapogenin (spirostan-3-ol) aglycone. Both 

saponins were indicated to be glycosylated with trisaccharides consisting of 

galactose-glucose-arabinose (major compound) and galactose-glucose-xylose (minor 

compound). However, the linkages between the individual sugar units were not 

determined, and the structures were not confirmed by NMR spectroscopy and HRMS.  

Using LC-MS Uhlig et al. (2007) tentatively identified saponins based on smilagenin 

and sarsasapogenin with two and three sugar units. However, neither the sugar 

composition nor the individual glycosyl substituents could be identified. Even though 

the connection between the intake of N. ossifragum and the occurrence of alveld in 

lambs seems to be well documented (Abdelkader et al., 1984; Ceh & Hauge, 1981), 

the original assumption about a potential connection between saponins of this plant 

species and the phototoxic disease is controversial and has been challenged (Flåøyen 

et al., 1991).  
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In this work, we reported the structure determination and cytotoxicity of individual 

saponins of N. ossifragum. A methodology for large-scale separation and isolation of 

these compounds in the pure state is provided for the first time. Also, no aromatic 

compound has hitherto been identified from the plant at the flowering stage, where 

intake of N. ossifragum has been associated with livestock toxicity. As part of our 

ongoing research concerning the characterisation of aromatic compounds from N. 

ossifragum, several di-C-glycosyl flavones from this plant source were isolated for 

the first time.  

Following the methodology presented in full in paper I, individual pure saponins 

were isolated and identified as sarsasapogenin (1), sarsasapogenin-3-O-β-

galactopyranoside (2), sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-β-

galactopyranoside) (3) and sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-3’-O-α-

arabinopyranosyl-β-galactopyranoside) (4) by 1D and 2D NMR spectroscopy (which 

the NMR tables are presented in the second part of this thesis),  and HRMS (Figure 

8).  
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Figure 8. Structures of sarsasapogenin (1), sarsasapogenin-3-O-β-galactopyranoside (2), 

sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-β-galactopyranoside) (3) and sarsasapogenin-3-O-(2’-

O-β-glucopyranosyl-3’-O-α-arabinopyranosyl-β-galactopyranoside) (4) isolated from flowering tops 

of N. ossifragum. 

The 1D 1H NMR spectrum of compound 4 showed the presence of sarsasapogenin 

aglycone and three glycosyl substituents. The glycosyl units were identified to be 

galactopyranosyl, glucopyranosyl and arabinopyranosyl by the 17 13C signals 

observed in the 1D 13C CAPT NMR spectrum of 4. The 13C signals belonging to 

these sugar units agreed with reference values of galactopyranosyl, glucopyranosyl 

and arabinopyranosyl, respectively (Inoue et al., 1995; Fossen & Andersen, 2006). 

The combined information in the 2D 1H–1H COSY spectrum and the 2D 1H–13C 

edited HSQC spectrum, the 2D 1H–13C HSQC-TOCSY spectrum and the 2D 1H–13C 

H2BC spectrum were of paramount importance with respect to complete assignments 

of all 1H and 13C resonances belonging to the glycosyl substituents. The identities of 

the glycosyl substituents were further confirmed by the observed coupling constants 

in the 1D 1H NMR spectrum and the 1D 1H selective TOCSY spectra of 4. The 

configurations of C-1′, C-1″ and C-1‴ belonging to the galactopyranosyl, the 
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glucopyranosyl and the arabinopyranosyl units, respectively, were determined to be 

in β-configuration for the former two units and in α-configuration for the latter, by the 

observed large 3 JHH vicinal coupling constants of 7.7 Hz, 7.9 Hz and 7.2 Hz. The 

configurations of the anomeric carbons were further confirmed by the 1H–13C 

coupling constants of H-1’/C-1’ (163 Hz), H-1’’/C-1’’ (162 Hz) and H-1‴/C-1‴ (164 

Hz), which are like literature values for β-galactopyranosyl, β-glucopyranosyl and α-

arabinopyranosyl, respectively (Pedersen et al., 1995). The cross-peaks at δ 4.27/73.0 

(H-1’/C-3), δ 3.88/99.8 (H-3/C-1′) observed in the HMBC spectrum and the cross-

peaks at δ 4.27/3.88 (H-1’/H-3), δ 4.27/1.67 (H-1’/H-4A), δ 4.27/1.48 (H-1’/H-2A) 

and δ 4.27/1.39 (H-1’/H–4B) observed in the ROESY spectrum confirmed the 

linkage between the galactopyranosyl unit and the aglycone to be at the 3-position. 

The cross-peaks at δ 4.64/75.5 (H-1’’/C-2′), δ 3.75/102.2 (H-2’/C-1″) observed in the 

HMBC spectrum, and the cross-peak at δ 4.64/3.75 (H-1’’/H-2′) observed in the 

ROESY spectrum confirmed the linkage between the glucopyranosyl and the 

galactopyranosyl units to be at the 2′-position. The cross-peaks at δ 4.41/82.1 (H-

1‴/C-3′), δ 3.56/104.7 (H-3’/C-1‴) observed in the HMBC spectrum, and the cross-

peak at δ 4.41/3.56 (H-1‴/H-3′) observed in the ROESY spectrum confirmed the 

linkage between the arabinopyranosyl and the galactopyranosyl units to be at the 3′-

position. Thus, 4, which is the main saponin of N. ossifragum, was identified as 

sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-3′-O-α-arabinopyranosyl-β-

galactopyranoside). A sodiated molecular ion [M+Na]+ at m/z 895.46624 (calculated: 

m/z at 895.46681; Δ: −0.53 ppm) observed in HRMS of 4 corresponding to 

C27H30O15Na+ confirmed this identity. Following a similar strategy, compounds 1, 2 

and 3 were identified as sarsasapogenin (1), sarsasapogenin-3-O-β-galactopyranoside 

(2) and sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-β-galactopyranoside) (3), 

respectively.  

The stereochemistry of the sapogenin aglycones of compounds 1-4 was in all 

instances determined to be (3β,5β,25S)-spirostan-3-ol by 2D 1H ROESY NMR 

(Figure 9), with the same stereochemistry as the aglycone sarsasapogenin reported in 

the literature (Inoue et al., 1995). 
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linkage between the arabinopyranosyl and the galactopyranosyl units to be at the 3′-

position. Thus, 4, which is the main saponin of N. ossifragum, was identified as 

sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-3′-O-α-arabinopyranosyl-β-

galactopyranoside). A sodiated molecular ion [M+Na]
+
 at m/z 895.46624 (calculated: 

m/z at 895.46681; Δ: −0.53 ppm) observed in HRMS of 4 corresponding to 

C27H30O15Na
+
 confirmed this identity. Following a similar strategy, compounds 1, 2 

and 3 were identified as sarsasapogenin (1), sarsasapogenin-3-O-β-galactopyranoside 

(2) and sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-β-galactopyranoside) (3), 

respectively.  

The stereochemistry of the sapogenin aglycones of compounds 1-4 was in all 

instances determined to be (3β,5β,25S)-spirostan-3-ol by 2D 1H ROESY NMR 

(Figure 9), with the same stereochemistry as the aglycone sarsasapogenin reported in 

the literature (Inoue et al., 1995). 
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Figure 9. HMBC correlations (blue curved arrows) and ROE correlations (red curved arrows) 

important for complete structure determination of sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-3’-O-

α-arabinopyranosyl-β-galactopyranoside) (4) isolated from flowering tops of N. ossifragum. 

We identified sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-3′-O-α-arabinopyranosyl-

β-galactopyranoside) as the main saponin of N. ossifragum. This compound, in 

addition to sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-β-galactopyranoside), has 

previously been identified in the related Asian species N. asiaticum (Inoue et al., 

1995). Sarsasapogenin-3-O-β-galactopyranoside is identified for the first time in the 

genus Narthecium. The compound mentioned before was previously identified in 

Anemarrhena asphodeloides (Bge) (Sy et al., 2016). 

The components of the aqueous phase were further separated by gradient XAD-7 

adsorption chromatography, Sephadex LH-20 gel filtration chromatography and 

preparative HPLC; detailed methodology can be found in Paper I. The UV spectra of 

compounds 5–10 (Figure 10) recorded online during HPLC analysis showed UV 

maximum absorptions at 346–347 nm and 269–271 nm, indicating that these 

compounds have a flavone core structure. These six compounds were identified using 

1D and 2D NMR spectroscopic techniques and HRMS, and they are described below.  
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Figure 10. Structures of the aromatic compounds chrysoeriol 6-C-β-arabinofuranosyl-8-C-β-

glucopyranoside (5), chrysoeriol 6-C-β-arabinopyranosyl-8-C-β-glucopyranoside (6), chrysoeriol 6-

C-β-xylopyranosyl-8-C-β-galactopyranoside (7), chrysoeriol 6-C-β-galactopyranosyl-8-C-β-

glucopyranoside (8), chrysoeriol 6-C-β-glucopyranosyl-8-C-β-galactopyranoside (9) and chrysoeriol 

6,8-di-C-β-glucopyranoside (10) isolated for the first time from flowering tops of N. ossifragum. 

Compound 10 was identified as the known compound chrysoeriol 6,8-di-C-β-

glucopyranoside (Figure 10). A di-C-glycoside of chrysoeriol was first indicated to 

occur in the moss Mnium affine Bland (Melchert & Alston, 1965). Chrysoeriol 6,8-di-

C-β-glucopyranoside was originally identified in Larrea tridentata (Sakakibara et al., 

1977), but has also been identified in several quite diverse sources such as 

Spergularia rubra (Bouillant et al., 1979), the liverwort Trichocolea tomentella 

(Mues, 1982) and Tricophorum cespitosum (Salmenkallio et al., 1982). 

The downfield region of the 1D 1H NMR spectrum of compound 5 showed a 3H 

ABX system at δ 7.55 (d 2.2 Hz; H-2′), δ 7.73 (dd 8.3, 2.2 Hz; H-6′) and δ 6.88 (d 8.3 

Hz; H-5′), in addition to a 1H singlet at δ 6.94 (H-3), which is in accord with 

chrysoeriol aglycone with substituents at C-6 and C-8. A 3H signal corresponding to 

a methoxy group attached to the 3′-position of the aglycone of 5 was observed at δ 

3.88 ppm. The methoxy group was confirmed to be attached to C-3′ of the aglycone 

by the cross-peak at δ 3.88/148.0 (3′-OCH3/C-3′) observed in the HMBC spectrum of 

5 and the cross-peak at δ 3.88/7.55 (3′-OCH3/H-2′) observed in the ROESY spectrum 
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of 5. The glycosyl substituent attached to the 6-position of the aglycone was 

identified as arabinofuranose by the observed 1H–1H coupling constants in the 1D 1H 

NMR spectrum, in addition to the characteristic downfield shifts of C-2″, C-3″ and C-

4″ of this glycosyl unit (Fossen & Andersen, 2006). The linkage between the 

arabinofuranosyl and chrysoeriol aglycone was confirmed to be at the 6-position by 

the observed cross-peaks at δ 5.44/162.7 (H-1’’/C-7), δ 5.44/157.1 (H-1’’/C-5) and δ 

5.44/103.3 (H-1’’/C-6) in the 2D 1H–13C HMBC spectrum of 5 and the cross-peak at 

δ 5.44/13.81 (H-1’’/5-OH) observed in the 2D 1H ROESY spectrum of 5. The 

glycosyl unit attached to the 8-position of the aglycone of 5 was identified as glucose 

by observation of seven proton resonances, where large axial-axial coupling constants 

between the ring protons of the glycosyl were found, and the characteristic values 

(Fossen & Andersen, 2006) of the six 13C resonances belonging to this unit. The 

anomeric coupling constant (9.9 Hz) observed in the 1D 1H NMR spectrum of 5 

confirmed the β-configuration of H-1‴. The linkage between the glucopyranosyl and 

chrysoeriol aglycone was confirmed to be at the 8-position by the observed cross-

peaks at δ 4.70/162.7 (H-1‴/C-7), δ 4.70/154.9 (H-1‴/C-9) and δ 4.70/104.5 (H-1‴/C-

8) in the 2D 1H–13C HMBC spectrum of 5. Thus, 5 was identified as the previously 

undescribed compound chrysoeriol 6-C-β-arabinofuranosyl-8-C-β-glucopyranoside 

(Figure 10). Tables and the NMR data can be found in the second part of this thesis. 

A sodiated molecular ion [M+Na]+ at m/z 617.14848 (calculated: m/z at 617.14832; 

Δ: 0.39 ppm) observed in the HRMS of 5 corresponding to C27H30O15Na+ confirmed 

this identity.  

The 1D and 2D NMR spectra of 6 shared many similarities to that of 5, showing 

chrysoeriol aglycone glycosylated with an arabinosyl unit at the 6-position and a 

glucopyranosyl substituent at the 8-position, respectively. The arabinosyl substituent 

of compound 6 was, however, determined to be in the pyranose form by the 

characteristic carbon signals at δ 73.9 (C-1″), δ 68.1 (C-2″), δ 73.6 (C-3″), δ 69.3 (C-

4″) and δ 69.9 (C-5″) which are accord with an arabinopyranosyl unit (Fossen & 

Andersen, 2006). Thus, compound 6 was identified as the previously undescribed di-

C-glycosyl flavone chrysoberyl 6-C-β-arabinopyranosyl-8-C-β-glucopyranoside 
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(Figure 10) chemical shifts values and coupling constants can be found in the second 

part of this work. The sodiated molecular ion [M+Na]+ at m/z 617.14867 (calculated: 

m/z at 617.14832; Δ: 0.71 ppm) observed in HRMS of 6  corresponding to 

C27H30O15Na+ confirmed this identity.  

The 1D and 2D NMR spectra of 7 shared many similarities to that of 5, showing 

chrysoeriol aglycone glycosylated with a pentose at the 6-position and a hexose at the 

8-position, respectively. The 6-glycosyl substituent of 7 was identified as β-

xylopyranose by comparing the five 1H resonances in the region 4.55–3.05 in the 1D 

1H NMR spectrum of 7 and the corresponding five 13C resonances belonging to this 

unit. The 8-glycosyl substituent of the 6-position was identified as β-galactopyranose 

by the signals corresponding to seven hydrogens in the region 5.00–3.47 in the 1D 1H 

NMR spectrum of 7 and the corresponding six 13C resonances belonging to this unit. 

The observed characteristic small axial-equatorial coupling constant for the coupling 

between H-3‴ and H-4‴ (2.8 Hz) verified the identification of the galactopyranose 

unit of 7. Thus, compound 7 was identified as the previously undescribed compound 

chrysoeriol 6-C-β-xylopyranosyl-8-C-β-galactopyranoside (Figure 10). A sodiated 

molecular ion [M+Na]+ at m/z of 617.14855 (calculated: m/z at 617.14832; Δ: 0.51 

ppm) was observed in HRMS of 7 corresponding to C27H30O15Na+. A further sodiated 

molecular ion [M+2Na–H]+ at m/z 639.13064 (calculated: m/z at 639.13027; Δ: 0.71 

ppm) observed in HRMS of 7 corresponding to C27H29O15Na2
+ confirmed this 

identification.  

The 1D and 2D NMR spectra of 9 shared many similarities to that of 7, showing 

chrysoeriol aglycone glycosylated at positions -6 and -8 of the aglycone, with 

galactopyranose as the 8-glycosyl substituent. The 6-C-glycosyl substituent of 9 was, 

however, identified as glucopyranosyl. Thus, compound 9 was identified as the 

previously undescribed flavonoid chrysoeriol 6-C-β-glucopyranosyl-8-C-β-

galactopyranoside) (Figure 10). The sodiated molecular ion [M+Na]+ at m/z 

647.15899 (calculated: m/z at 647.15889; Δ: 0.29 ppm) observed in HRMS 

corresponding to C28H32O16Na+, and [M+2Na–H]+ at m/z 669.14084 (calculated: m/z 
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at 669.14084; Δ: 0.34 ppm) observed in HRMS of 9 corresponding to C28H31O16Na2
+ 

confirmed this identification.  

The 1D and 2D NMR spectra of 8 shared many similarities to that of 9, showing 

chrysoeriol aglycone C-glycosylated with glucose and galactose at positions 6 and 8 

of the aglycone. However, the positions of the C-glycosyl substituents were 

interchanged as compared to those of 9. Thus, compound 8 was identified as the 

previously undescribed flavonoid chrysoeriol 6-C-β-galactopyranosyl-8-C-β-

glucopyranoside (Figure 10). The sodiated molecular ions [M+Na]+ at m/z 647.15868 

(calculated: m/z at 647.15889; Δ: −0.19 ppm) observed in HRMS of 8 corresponding 

to C28H32O16Na+, and [M+2Na–H]+ at m/z 669.14138 (calculated: m/z at 669.14084; 

Δ: 0.94 ppm) corresponding to C28H31O16Na2
+ confirmed compound 8 to be the 

previously undescribed compound chrysoeriol 6-C-β-galactopyranosyl-8-C-β-

glucopyranoside. 

Circular Dichroism (CD) spectra of all isolated di-C-glycosylflavones were recorded. 

All these compounds are based on the same chrysoeriol aglycone. According to 

Gaffield et al. (1978), the CD bands of di-C-glycosylflavones are often relatively 

weak because of the overlapping of oppositely signed adjacent CD bands (Wellman 

et al., 1965). The similarity of the recorded CD spectra of compounds 6–10 indicates 

that the configurations of C-1 of the glycosyl substituents are similar for these 

compounds (Gaffield et al., 1978). The fact that the CD spectrum of compound 5, 

which exhibited a strong negative band at 275 nm, differed from the CD-spectra 

recorded of compounds 6–10 may not be unexpected since compound 5 is the only 

di-C-glycosylflavone among the isolated compounds which is substituted by an 

arabinofuranosyl moiety.  

Compounds 8–10 exhibit most of their 1H and 13C-NMR signals in double sets. These 

signals reveal two conformational isomers created by rotational hindrance at the 

C(sp3)-C(sp2) glucosyl–flavone linkage in each of these 6,8-di-C-substituted flavones 

(Rayyan et al., 2005). The equilibrium between the rotamers was supported by 

observations of strong exchange peaks between equivalent protons of each rotameric 
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that the configurations of C-1 of the glycosyl substituents are similar for these 

compounds (Gaffield et al., 1978). The fact that the CD spectrum of compound 5, 

which exhibited a strong negative band at 275 nm, differed from the CD-spectra 

recorded of compounds 6–10 may not be unexpected since compound 5 is the only 

di-C-glycosylflavone among the isolated compounds which is substituted by an 

arabinofuranosyl moiety.  

Compounds 8–10 exhibit most of their 
1
H and 

13
C-NMR signals in double sets. These 

signals reveal two conformational isomers created by rotational hindrance at the 

C(sp
3
)-C(sp

2
) glucosyl–flavone linkage in each of these 6,8-di-C-substituted flavones 

(Rayyan et al., 2005). The equilibrium between the rotamers was supported by 

observations of strong exchange peaks between equivalent protons of each rotameric 
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pair in their ROESY spectra. The isomerisation of di-C-glycosyl flavones by Wessely 

Moser rearrangement was demonstrated to occur by the fact that during the final 

isolation of pure compounds by preparative HPLC, compound 5 was isolated at two 

different retention times from the same mixture. This may not be surprising since we 

have previously observed similar isomerisation of C-glycosyl-3-deoxyanthocyanins 

occurring under similar mild experimental conditions (Bjorøy et al. 2009a, 2009b). 

To investigate if any of the compounds could be responsible for the death of sheep 

and cattle, their cytotoxic potential was investigated on three cell lines. The rat 

kidney epithelial cell line NRK, the rat cardiomyoblast H9c2, and the human AML 

cell line MOML13. The flavonoids (compounds 5-10) exhibited no or very low 

toxicity towards the cell lines, with either activity above 0.5 mM or no detectable 

cytotoxic activity at 1 mM (Table 1). The saponins (compounds 1-4) were more 

potent. Interestingly, the cytotoxic potential increased proportionally with the 

increasing number of glycosyl substituents, where compound 4 (sarsasapogenin-3-O-

(2’-O-β-glucopyranosyl-3’-O-α-arabinopyranosyl-β-galactopyranoside)) showed an 

EC50 between 2-8 μM after 72 hours of incubation (Table 1 and Figure 11).  
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Table 1. Cytotoxicity of compounds 1–10 against three mammalian cell lines. The compounds were 

diluted in DMSO, and a dilution series was made on each cell line. The cells were tested for 

metabolic activity after 72 h of incubation. The EC50 values were determined by non-linear 

regression from 3 to 5 independent experiments (NRK and MOLM13) as described in the methods 

section. The data from H9c2 is from one experiment. “– “denotes that no data is available due to low 

toxicity. 

 NRK MOLM 13 H9c2 

 EC50 (mM) R2 EC50 (mM) R2 EC50 (mM) R2 

1 0.5-1.0 - 0.4 0.66 > 0.3 - 

2 0.12 0.86 0.22 0.69 0.2-0.6 - 

3 0.05 0.77 0.08 0.74 0.02 0.92 

4 0.007 0.94 0.002 0.85 0.006 0.96 

5 > 1.0 - 0.5-1.0 - - - 

6 > 1.0 - 0.5-1.0 - - - 

7 > 1.0 - > 1.0 - - - 

8 > 1.0 - > 1.0 - - - 

9 > 1.0 - > 1.0 - - - 

10 > 1.0 - 0.5-1.0 - - - 

 

These results indicate that the saponins, and particularly the main saponin (4), are 

responsible for some of the toxic effects observed in livestock after ingestion of 

flowering tops of N. ossifragum. All cell lines were severely affected by this 

compound, indicating that the presence of this substance in the vascular system might 

affect the function of the heart, leukocytes, and kidneys. Furthermore, our data 

suggests that compounds 3 and 4 induce both sub-acute and protracted toxicity since 

we found significant cell death at 24 hours, which increased after 72 hours (Figure 

11). It has previously been shown that orally administered saponins induced damage 

in the intestinal mucosa, as well as causing liver and kidney necrosis (Aguilar-

Santamaría et al., 2013; Diwan et al., 2000). Moreover, case reports of cattle with 

suspected N. ossifragum poisoning showed hepatic fibrosis and reduced renal 

function (Flåøyen et al. 1995a Flåøyen et al. 1995b; Angel & Ross, 2011). 

Interestingly, Angell and Ross (2011) observed that the condition of one of the cattle 

was exacerbated even after treatment was initiated (Angell & Ross, 2011), indicating 
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irreparable damage or a protracted toxic effect. The kidney and liver might be 

particularly vulnerable to compounds like compounds 3 and 4 due to their high 

perfusion rate and their ability to actively take up (hepatocytes) or concentrate 

(kidney tubule) xenobiotics. 

 

Figure 11. EC50 values of the main saponin (4) isolated from flowering tops of N. ossifragum 

towards normal rat kidney (NRK) cells, MOLM13 cells and H9c2 cardiomyoblasts. 
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4.2. Paper II: Cytotoxic saponins from the livestock-poisoning plant 

Narthecium ossifragum (L). – Effect on biological membranes  

In the current literature, several papers suggest that sarsasapogenin derivatives may 

have significant potential as active principals of new anticancer drugs. These studies 

are about the cell-death mechanism in different cancer cells lines using 

sarsasapogenin and sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-β-

galactopyranoside) (Peng et al., 2020; Bao et al., 2007; Trouillas et al., 2004; Shen et 

al., 2013; Han et al., 2018; Lin et al., 2020; Kim et al., 2016; Song et al., 2019; King 

et al., 2009; Liu et al., 2023; Wang et al., 2013; Zhang et al., 2021; Chiang et al., 

2019; Liu et al., 2020).  

However, there is a lack of studies on how the different elements of the cells are 

affected by these compounds. Consequently, we aimed to reveal how four 

sarsapogenins derivatives affected the cell membrane of mammalian cells, using 

electron microscopy followed by mechanistic studies on the membranes. Our findings 

give indications on the underlying cause of the reported kidney failure of livestock 

after ingestion of the plant, in addition to providing insight which may be crucial in 

the further research of these steroidal saponins in cancer therapy. 

 

4.2.1. Microscopic evaluation of cell membrane 

Saponins can trigger various mechanisms of cell death involving cell lysis, necrosis, 

apoptosis, and autophagy (Loret et al., 2014) and this could be dose dependent. It has 

been demonstrated that the cyanobacterial toxins microcystin and nodularin have 

opposite effects on liver cells depending on whether they are exposed to large, 

intermediate, or very low doses of the toxin (Herfindal & Selheim, 2006). However, 

we have previously reported that saponins isolated from N. ossifragum were cytotoxic 

against three cell lines with no selectivity towards cancer and normal cells lines 

(Carpinteyro Diaz et al., 2019), and the fact that sarsasapogenin has been reported to 
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after ingestion of the plant, in addition to providing insight which may be crucial in 

the further research of these steroidal saponins in cancer therapy. 
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affect endothelial and epithelial cells (Whang et al., 2002; Choi, 2023) encouraged us 

to study of the sarsasapogenin-induced morphological changes on a subcellular level. 

MOLM13 cells were treated with the different sarsasapogenins derivatives for three 

hours, and TEM images were acquired after fixation and processing (Figure 12). 

Untreated cells have a distinct bean-shaped nucleus with a visible nucleolus. 

Furthermore, different organelles can be observed in the cytoplasm, such as 

mitochondria, ribosomes, and Golgi apparatus (Figure 12A).  Cells treated with 

sarsasapogenin aglycone (compound 1) had changes in the cell membranes, notably 

loss of microvilli, and the chromatin appears to be more condensed (Figure 12B). For 

cells treated with sarsasapogenin-3-O-β-galactopyranoside (compound 2), we could 

observe some cytoplasm vacuolisation, and the mitochondria were more visible 

compared to the cytosol. Here, there were no microvilli left on the surface membrane 

(Figure 12C).  

MOLM13 cells treated with sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-β-

galactopyranoside, (compound 3) or sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-3’-

O-α-arabinopyranosyl-β-galactopyranoside) (compound 4) were more heavily 

affected (Figure 12D and 12E), with considerable vacuolisation (Figure 12D) and a 

change in nuclear morphology to a more spherical, with hypercondensed chromatin. 

Furthermore, the cell surface is completely without microvilli or invaginations. In 

Figure 12D it is also possible to observe signs of autophagy (inset). We also found 

necrotic cells with a disintegrated cell membrane and ruptured nuclear envelope, 

where most of the cytosolic content, including organelles, was lost (Figure 13). 

However, some remnants of mitochondria could be found. There were also some 

cases of cells with fragmented and hypercondensed nuclei, typical for apoptosis 

(Figure 13B). From these images, it is evident that the alterations in cell morphology 

were more severe when exposed to sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-β-

galactopyranoside, (compound 3) or sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-3’-

O-α-arabinopyranosyl-β-galactopyranoside) (compound 4). This aligns with our 

previous results, which showed that the different sarsapogenins have different 

 

 

33 

affect endothelial and epithelial cells (Whang et al., 2002; Choi, 2023) encouraged us 

to study of the sarsasapogenin-induced morphological changes on a subcellular level. 

MOLM13 cells were treated with the different sarsasapogenins derivatives for three 

hours, and TEM images were acquired after fixation and processing (Figure 12). 

Untreated cells have a distinct bean-shaped nucleus with a visible nucleolus. 

Furthermore, different organelles can be observed in the cytoplasm, such as 

mitochondria, ribosomes, and Golgi apparatus (Figure 12A).  Cells treated with 

sarsasapogenin aglycone (compound 1) had changes in the cell membranes, notably 

loss of microvilli, and the chromatin appears to be more condensed (Figure 12B). For 

cells treated with sarsasapogenin-3-O-β-galactopyranoside (compound 2), we could 

observe some cytoplasm vacuolisation, and the mitochondria were more visible 

compared to the cytosol. Here, there were no microvilli left on the surface membrane 

(Figure 12C).  

MOLM13 cells treated with sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-β-

galactopyranoside, (compound 3) or sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-3’-

O-α-arabinopyranosyl-β-galactopyranoside) (compound 4) were more heavily 

affected (Figure 12D and 12E), with considerable vacuolisation (Figure 12D) and a 

change in nuclear morphology to a more spherical, with hypercondensed chromatin. 

Furthermore, the cell surface is completely without microvilli or invaginations. In 

Figure 12D it is also possible to observe signs of autophagy (inset). We also found 

necrotic cells with a disintegrated cell membrane and ruptured nuclear envelope, 

where most of the cytosolic content, including organelles, was lost (Figure 13). 

However, some remnants of mitochondria could be found. There were also some 

cases of cells with fragmented and hypercondensed nuclei, typical for apoptosis 

(Figure 13B). From these images, it is evident that the alterations in cell morphology 

were more severe when exposed to sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-β-

galactopyranoside, (compound 3) or sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-3’-

O-α-arabinopyranosyl-β-galactopyranoside) (compound 4). This aligns with our 

previous results, which showed that the different sarsapogenins have different 

 

 

33 

affect endothelial and epithelial cells (Whang et al., 2002; Choi, 2023) encouraged us 

to study of the sarsasapogenin-induced morphological changes on a subcellular level. 

MOLM13 cells were treated with the different sarsasapogenins derivatives for three 

hours, and TEM images were acquired after fixation and processing (Figure 12). 

Untreated cells have a distinct bean-shaped nucleus with a visible nucleolus. 

Furthermore, different organelles can be observed in the cytoplasm, such as 

mitochondria, ribosomes, and Golgi apparatus (Figure 12A).  Cells treated with 

sarsasapogenin aglycone (compound 1) had changes in the cell membranes, notably 

loss of microvilli, and the chromatin appears to be more condensed (Figure 12B). For 

cells treated with sarsasapogenin-3-O-β-galactopyranoside (compound 2), we could 

observe some cytoplasm vacuolisation, and the mitochondria were more visible 

compared to the cytosol. Here, there were no microvilli left on the surface membrane 

(Figure 12C).  

MOLM13 cells treated with sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-β-

galactopyranoside, (compound 3) or sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-3’-

O-α-arabinopyranosyl-β-galactopyranoside) (compound 4) were more heavily 

affected (Figure 12D and 12E), with considerable vacuolisation (Figure 12D) and a 

change in nuclear morphology to a more spherical, with hypercondensed chromatin. 

Furthermore, the cell surface is completely without microvilli or invaginations. In 

Figure 12D it is also possible to observe signs of autophagy (inset). We also found 

necrotic cells with a disintegrated cell membrane and ruptured nuclear envelope, 

where most of the cytosolic content, including organelles, was lost (Figure 13). 

However, some remnants of mitochondria could be found. There were also some 

cases of cells with fragmented and hypercondensed nuclei, typical for apoptosis 

(Figure 13B). From these images, it is evident that the alterations in cell morphology 

were more severe when exposed to sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-β-

galactopyranoside, (compound 3) or sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-3’-

O-α-arabinopyranosyl-β-galactopyranoside) (compound 4). This aligns with our 

previous results, which showed that the different sarsapogenins have different 

 

 

33 

affect endothelial and epithelial cells (Whang et al., 2002; Choi, 2023) encouraged us 

to study of the sarsasapogenin-induced morphological changes on a subcellular level. 

MOLM13 cells were treated with the different sarsasapogenins derivatives for three 

hours, and TEM images were acquired after fixation and processing (Figure 12). 

Untreated cells have a distinct bean-shaped nucleus with a visible nucleolus. 

Furthermore, different organelles can be observed in the cytoplasm, such as 

mitochondria, ribosomes, and Golgi apparatus (Figure 12A).  Cells treated with 

sarsasapogenin aglycone (compound 1) had changes in the cell membranes, notably 

loss of microvilli, and the chromatin appears to be more condensed (Figure 12B). For 

cells treated with sarsasapogenin-3-O-β-galactopyranoside (compound 2), we could 

observe some cytoplasm vacuolisation, and the mitochondria were more visible 

compared to the cytosol. Here, there were no microvilli left on the surface membrane 

(Figure 12C).  

MOLM13 cells treated with sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-β-

galactopyranoside, (compound 3) or sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-3’-

O-α-arabinopyranosyl-β-galactopyranoside) (compound 4) were more heavily 

affected (Figure 12D and 12E), with considerable vacuolisation (Figure 12D) and a 

change in nuclear morphology to a more spherical, with hypercondensed chromatin. 

Furthermore, the cell surface is completely without microvilli or invaginations. In 

Figure 12D it is also possible to observe signs of autophagy (inset). We also found 

necrotic cells with a disintegrated cell membrane and ruptured nuclear envelope, 

where most of the cytosolic content, including organelles, was lost (Figure 13). 

However, some remnants of mitochondria could be found. There were also some 

cases of cells with fragmented and hypercondensed nuclei, typical for apoptosis 

(Figure 13B). From these images, it is evident that the alterations in cell morphology 

were more severe when exposed to sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-β-

galactopyranoside, (compound 3) or sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-3’-

O-α-arabinopyranosyl-β-galactopyranoside) (compound 4). This aligns with our 

previous results, which showed that the different sarsapogenins have different 

 

 

33 

affect endothelial and epithelial cells (Whang et al., 2002; Choi, 2023) encouraged us 

to study of the sarsasapogenin-induced morphological changes on a subcellular level. 

MOLM13 cells were treated with the different sarsasapogenins derivatives for three 

hours, and TEM images were acquired after fixation and processing (Figure 12). 

Untreated cells have a distinct bean-shaped nucleus with a visible nucleolus. 

Furthermore, different organelles can be observed in the cytoplasm, such as 

mitochondria, ribosomes, and Golgi apparatus (Figure 12A).  Cells treated with 

sarsasapogenin aglycone (compound 1) had changes in the cell membranes, notably 

loss of microvilli, and the chromatin appears to be more condensed (Figure 12B). For 

cells treated with sarsasapogenin-3-O-β-galactopyranoside (compound 2), we could 

observe some cytoplasm vacuolisation, and the mitochondria were more visible 

compared to the cytosol. Here, there were no microvilli left on the surface membrane 

(Figure 12C).  

MOLM13 cells treated with sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-β-

galactopyranoside, (compound 3) or sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-3’-

O-α-arabinopyranosyl-β-galactopyranoside) (compound 4) were more heavily 

affected (Figure 12D and 12E), with considerable vacuolisation (Figure 12D) and a 

change in nuclear morphology to a more spherical, with hypercondensed chromatin. 

Furthermore, the cell surface is completely without microvilli or invaginations. In 

Figure 12D it is also possible to observe signs of autophagy (inset). We also found 

necrotic cells with a disintegrated cell membrane and ruptured nuclear envelope, 

where most of the cytosolic content, including organelles, was lost (Figure 13). 

However, some remnants of mitochondria could be found. There were also some 

cases of cells with fragmented and hypercondensed nuclei, typical for apoptosis 

(Figure 13B). From these images, it is evident that the alterations in cell morphology 

were more severe when exposed to sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-β-

galactopyranoside, (compound 3) or sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-3’-

O-α-arabinopyranosyl-β-galactopyranoside) (compound 4). This aligns with our 

previous results, which showed that the different sarsapogenins have different 

 

 

33 

affect endothelial and epithelial cells (Whang et al., 2002; Choi, 2023) encouraged us 

to study of the sarsasapogenin-induced morphological changes on a subcellular level. 

MOLM13 cells were treated with the different sarsasapogenins derivatives for three 

hours, and TEM images were acquired after fixation and processing (Figure 12). 

Untreated cells have a distinct bean-shaped nucleus with a visible nucleolus. 

Furthermore, different organelles can be observed in the cytoplasm, such as 

mitochondria, ribosomes, and Golgi apparatus (Figure 12A).  Cells treated with 

sarsasapogenin aglycone (compound 1) had changes in the cell membranes, notably 

loss of microvilli, and the chromatin appears to be more condensed (Figure 12B). For 

cells treated with sarsasapogenin-3-O-β-galactopyranoside (compound 2), we could 

observe some cytoplasm vacuolisation, and the mitochondria were more visible 

compared to the cytosol. Here, there were no microvilli left on the surface membrane 

(Figure 12C).  

MOLM13 cells treated with sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-β-

galactopyranoside, (compound 3) or sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-3’-

O-α-arabinopyranosyl-β-galactopyranoside) (compound 4) were more heavily 

affected (Figure 12D and 12E), with considerable vacuolisation (Figure 12D) and a 

change in nuclear morphology to a more spherical, with hypercondensed chromatin. 

Furthermore, the cell surface is completely without microvilli or invaginations. In 

Figure 12D it is also possible to observe signs of autophagy (inset). We also found 

necrotic cells with a disintegrated cell membrane and ruptured nuclear envelope, 

where most of the cytosolic content, including organelles, was lost (Figure 13). 

However, some remnants of mitochondria could be found. There were also some 

cases of cells with fragmented and hypercondensed nuclei, typical for apoptosis 

(Figure 13B). From these images, it is evident that the alterations in cell morphology 

were more severe when exposed to sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-β-

galactopyranoside, (compound 3) or sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-3’-

O-α-arabinopyranosyl-β-galactopyranoside) (compound 4). This aligns with our 

previous results, which showed that the different sarsapogenins have different 

 

 

33 

affect endothelial and epithelial cells (Whang et al., 2002; Choi, 2023) encouraged us 

to study of the sarsasapogenin-induced morphological changes on a subcellular level. 

MOLM13 cells were treated with the different sarsasapogenins derivatives for three 

hours, and TEM images were acquired after fixation and processing (Figure 12). 

Untreated cells have a distinct bean-shaped nucleus with a visible nucleolus. 

Furthermore, different organelles can be observed in the cytoplasm, such as 

mitochondria, ribosomes, and Golgi apparatus (Figure 12A).  Cells treated with 

sarsasapogenin aglycone (compound 1) had changes in the cell membranes, notably 

loss of microvilli, and the chromatin appears to be more condensed (Figure 12B). For 

cells treated with sarsasapogenin-3-O-β-galactopyranoside (compound 2), we could 

observe some cytoplasm vacuolisation, and the mitochondria were more visible 

compared to the cytosol. Here, there were no microvilli left on the surface membrane 

(Figure 12C).  

MOLM13 cells treated with sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-β-

galactopyranoside, (compound 3) or sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-3’-

O-α-arabinopyranosyl-β-galactopyranoside) (compound 4) were more heavily 

affected (Figure 12D and 12E), with considerable vacuolisation (Figure 12D) and a 

change in nuclear morphology to a more spherical, with hypercondensed chromatin. 

Furthermore, the cell surface is completely without microvilli or invaginations. In 

Figure 12D it is also possible to observe signs of autophagy (inset). We also found 

necrotic cells with a disintegrated cell membrane and ruptured nuclear envelope, 

where most of the cytosolic content, including organelles, was lost (Figure 13). 

However, some remnants of mitochondria could be found. There were also some 

cases of cells with fragmented and hypercondensed nuclei, typical for apoptosis 

(Figure 13B). From these images, it is evident that the alterations in cell morphology 

were more severe when exposed to sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-β-

galactopyranoside, (compound 3) or sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-3’-

O-α-arabinopyranosyl-β-galactopyranoside) (compound 4). This aligns with our 

previous results, which showed that the different sarsapogenins have different 

 

 

33 

affect endothelial and epithelial cells (Whang et al., 2002; Choi, 2023) encouraged us 

to study of the sarsasapogenin-induced morphological changes on a subcellular level. 

MOLM13 cells were treated with the different sarsasapogenins derivatives for three 

hours, and TEM images were acquired after fixation and processing (Figure 12). 

Untreated cells have a distinct bean-shaped nucleus with a visible nucleolus. 

Furthermore, different organelles can be observed in the cytoplasm, such as 

mitochondria, ribosomes, and Golgi apparatus (Figure 12A).  Cells treated with 

sarsasapogenin aglycone (compound 1) had changes in the cell membranes, notably 

loss of microvilli, and the chromatin appears to be more condensed (Figure 12B). For 

cells treated with sarsasapogenin-3-O-β-galactopyranoside (compound 2), we could 

observe some cytoplasm vacuolisation, and the mitochondria were more visible 

compared to the cytosol. Here, there were no microvilli left on the surface membrane 

(Figure 12C).  

MOLM13 cells treated with sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-β-

galactopyranoside, (compound 3) or sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-3’-

O-α-arabinopyranosyl-β-galactopyranoside) (compound 4) were more heavily 

affected (Figure 12D and 12E), with considerable vacuolisation (Figure 12D) and a 

change in nuclear morphology to a more spherical, with hypercondensed chromatin. 

Furthermore, the cell surface is completely without microvilli or invaginations. In 

Figure 12D it is also possible to observe signs of autophagy (inset). We also found 

necrotic cells with a disintegrated cell membrane and ruptured nuclear envelope, 

where most of the cytosolic content, including organelles, was lost (Figure 13). 

However, some remnants of mitochondria could be found. There were also some 

cases of cells with fragmented and hypercondensed nuclei, typical for apoptosis 

(Figure 13B). From these images, it is evident that the alterations in cell morphology 

were more severe when exposed to sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-β-

galactopyranoside, (compound 3) or sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-3’-

O-α-arabinopyranosyl-β-galactopyranoside) (compound 4). This aligns with our 

previous results, which showed that the different sarsapogenins have different 

 

 

33 

affect endothelial and epithelial cells (Whang et al., 2002; Choi, 2023) encouraged us 

to study of the sarsasapogenin-induced morphological changes on a subcellular level. 

MOLM13 cells were treated with the different sarsasapogenins derivatives for three 

hours, and TEM images were acquired after fixation and processing (Figure 12). 

Untreated cells have a distinct bean-shaped nucleus with a visible nucleolus. 

Furthermore, different organelles can be observed in the cytoplasm, such as 

mitochondria, ribosomes, and Golgi apparatus (Figure 12A).  Cells treated with 

sarsasapogenin aglycone (compound 1) had changes in the cell membranes, notably 

loss of microvilli, and the chromatin appears to be more condensed (Figure 12B). For 

cells treated with sarsasapogenin-3-O-β-galactopyranoside (compound 2), we could 

observe some cytoplasm vacuolisation, and the mitochondria were more visible 

compared to the cytosol. Here, there were no microvilli left on the surface membrane 

(Figure 12C).  

MOLM13 cells treated with sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-β-

galactopyranoside, (compound 3) or sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-3’-

O-α-arabinopyranosyl-β-galactopyranoside) (compound 4) were more heavily 

affected (Figure 12D and 12E), with considerable vacuolisation (Figure 12D) and a 

change in nuclear morphology to a more spherical, with hypercondensed chromatin. 

Furthermore, the cell surface is completely without microvilli or invaginations. In 

Figure 12D it is also possible to observe signs of autophagy (inset). We also found 

necrotic cells with a disintegrated cell membrane and ruptured nuclear envelope, 

where most of the cytosolic content, including organelles, was lost (Figure 13). 

However, some remnants of mitochondria could be found. There were also some 

cases of cells with fragmented and hypercondensed nuclei, typical for apoptosis 

(Figure 13B). From these images, it is evident that the alterations in cell morphology 

were more severe when exposed to sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-β-

galactopyranoside, (compound 3) or sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-3’-

O-α-arabinopyranosyl-β-galactopyranoside) (compound 4). This aligns with our 

previous results, which showed that the different sarsapogenins have different 



 

 

34 

cytotoxic potency, with the triglycerides being the most potent and the aglycone the 

least potent (Carpinteyro Diaz et al., 2019). 

Poisoning of cattle leading to kidney failure is caused by ingesting flowering tops of 

N. ossifragum, which contains a mixture of compounds 1-4. We therefore 

investigated how a 1:1:1:1 mixture of compounds 1-4 with a total saponin 

concentration of 300 µM (75 µM of each), affected MOLM-13 cells. As seen in 

Figure 12F, the morphology resembles that of the most severely affected cells, such 

as those treated with compounds 3 or 4. This suggests that the saponins are able to 

work in concert to induce cellular damage. This observation is important in relation to 

the toxic effects seen in cattle after ingesting N. ossifragum. It is apparently the total 

saponin content that determines the toxic effects, where the impact of less toxic 

variants may be potentiated in the presence of the most toxic. 
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as those treated with compounds 3 or 4. This suggests that the saponins are able to 

work in concert to induce cellular damage. This observation is important in relation to 

the toxic effects seen in cattle after ingesting N. ossifragum. It is apparently the total 

saponin content that determines the toxic effects, where the impact of less toxic 

variants may be potentiated in the presence of the most toxic. 
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Figure 12. AML MOLM13 cells were treated with sarsasapogenin (1), sarsasapogenin-3-O-β-

galactopyranoside (2), sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-β-galactopyranoside) (3), and 

sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-3’-O-α-arabinopyranosyl-β-galactopyranoside) (4) with 

a final concentration of 300 µM of each compound (B-D) a mixture of compound 1-4 with total 

saponin concentration of 300 µM (E). An untreated AML MOLM13 cells (A). 
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Figure 13. MOLM13 AML cells treated with 300 µM compound 4. A: A necrotic cell with a 

destroyed membrane and with complete loss of the cell nuclei. B: An apoptotic cell with altered 

membrane structure. 

Another interesting change that was possible to observe was how the cytoplasm of 

the cell changed in the presence of these compounds. In Figure 14, the differences 

between the control cell (Figure 14A) and a cell affected by compound 4 are 

displayed (Figure 14B). In the control cell, it is possible to see how the cytoplasm is 

intact. The ribosomes of the intact cells are in clusters, whereas in the cells treated 

with sarsasapogenin derivatives, the cytoplasm ribosomes look homogenously 

distributed (Pachmann et al., 2013). That could indicate a change in the composition 

of the cytoplasm because of the observed membrane rupture that could affect the 

homeostasis of the cell. 
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Figure 14. The difference in the cytoplasm in AML MOLM13 cells. A is the control cell line. B 

shows a MOLM13 cell treated with compound 4. 

 

4.2.2. Determination of membrane permeability. 

In order to find if the cell death observed by TEM could be due to the saponins 

interfering with the cell membrane, we studied their impact on the integrity of 

liposomes consisting of phosphatidylcholine and cholesterol. This was chosen since 

the mitochondria appeared intact even if the outer cell membrane was disintegrated. 

We have shown that this could be due to the cholesterol dependency of membrane-

active compounds isolated from cyanobacteria (Oftedal et al., 2012; Humisto et al., 

2019). The lipid membrane permeabilisation assay was performed with the three 

saponins and their aglycone sarsasapogenin. Because sarsasapogen-in-3-O-(2′-O-β-

glucopyranosyl-3′-O-α-arabinopyranosyl-β-galactopyranoside) was the most potent 

compound described previously (Carpinteyro Diaz, et al., 2019), an experiment with 

a concentration of 5 µM of this compound was performed. During this experiment, 

there was no leakage from the liposomes until the synthetic detergent (Tween 20) was 

added (data not shown). Therefore, the saponins were tested with the highest 

concentration possible (1 mM, Figure 15). 
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Figure 15. Calcein leakage assay between liposome and four different saponins with a final 

concentration of 1 mM. The injection of the saponin was 30 seconds after the experiment started 

(marked with a blue arrow), while the injection of 10% Tweed 20 was after 10 minutes (marked with 

an orange arrow). A: lipid membrane treated with compound 1; B: lipid membrane treated with 

compound 2; C: lipid membrane treated with compound 3; D: lipid membrane treated with 

compound 4. 

The lipid concentration of the liposome suspension used during the experiments 

shown in Figure 15 was 10 µg/mL. It is evident that none of the saponins were able to 

reach the critical micelle concentration (CMC) to disrupt the membrane. Although 

there are some indications of a small calcein release, it is far from the maximum 

release induced by the addition of Tween-20. The fluctuations in fluorescence 

intensity could indicate that there is a minor release of calcein but that the membrane 

can reorganise and maintain its integrity. Compound 4 had the highest calcein release 

but was still modest compared to Tween-20.  

These results indicate that there is some interaction between the saponin and the 

membrane, but not sufficient to induce complete release of calcein. This can be 

because the saponins create aggregates in solution or that the presence of saponins in 

the membrane does not change the geometry of the lipid bilayer to an extent that 

causes breaks. 
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4.2.3. Haemolysis activity 

Since liposomes used in the previous experiment consisted of only PC and 

cholesterol, it could be that they lack some constituents that are present in cell 

membranes, which are crucial for saponins to exert their membrane-active action. 

Red blood cells represent an ideal model for studying cell membrane integrity 

because of their structural simplicity while still having a complex membrane (Bain, 

2004; Hatton, 2013; Lorent et al., 2014). Because of the low membrane disruptive 

activity observed with the liposome model membranes, individual saponin 

concentrations of 100-300 μM were applied for the experiments with red blood cells. 

In Table 2, the haemolytic activity of the four sarsasapogenin derivatives is presented, 

including the measured haemoglobin content in plasma after adding the four different 

compounds and the 1:1:1:1 mixture thereof. 

Table 2. Haemolytic activity of sarsasapogenin (1), sarsasapogenin-3-O-β-galactopyranoside (2), 

sarsasapogenin-3-O-(2’-O-β-glucopyranosyl-β-galactopyranoside) (3), and sarsasapogen-in-3-O-(2’-

O-β-glucopyranosyl-3’-O-α-arabinopyranosyl-β-galactopyranoside) (4), and a 1:1:1:1 mixture of 

these compounds, isolated from N. ossifragum. A voluntary healthy donor provided the blood sample 

with a haemoglobin value of 14.1 g/dL and 39% of erythrocytes present in the control sample. 

 Haemolysis activity (%)  

 Concentration of the saponins 

(μM) 
1 2 3 4 Mixture 

100 4 9 4 9 9 

150 4 9 9 13 9 

200 9 9 9 48 9 

250 26 13 9 31 9 

300 22 13 9 13 9 

 

Sarsasapogen-in-3-O-(2′-O-β-glucopyranosyl-3′-O-α-arabinopyranosyl-β-

galactopyranoside) (compound 4) was the most potent compound exhibiting a 

maximum of 48 per cent haemolytic activity (Table 2). The aglycon sarsasapogenin 

(compound 1) exhibited haemolytic activity at concentrations of 200 µM, which 

increases with increasing concentration. Compounds 2 and 3 had intermediate 
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activity, whereas the 1:1:1:1 mixture of compounds 1-4 exhibits the same activity at 

all applied concentrations (Table 2). Moreover, from the data in Table 2, it appears 

that higher concentration does not increase haemolytic activity. This could be because 
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The haemolytic activity of saponins depends not only on the structure of the aglycon 
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visualised by detection of blood in the fesses. Anaemia created by haemolysis could 

explain some of the symptoms presented in livestock such as lambs, goats, and cattle 

(Flåøyen et al., 1995; Suzuki et al., 1985; de Groot & Müller-Goymann, 2016; Greco 

et al., 2020).  

Therefore, it may be reasonable that ruminants that ingest N. ossifragum and N. 
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4.3. Paper III: Cytotoxic Natural Products from the Jurassic Relic 

Osmunda regalis (L). 

The royal fern (Osmunda regalis) has been widely used for its medicinal properties in 

traditional medicine for several centuries. Hieronymus Brunschwig, a German 

surgeon, alchemist, and botanist, wrote about the plant's potential use in the treatment 

of cancer, fistulas, and fractures in his book Kleines Destillierbuch (Brunschwig, 

1500; Schmidt et al., 2017). Moreover, in some regions of Northern Spain, such as 

Galicia, Asturias, and Cantabria, the plant has been traditionally used to treat bone 

fractures and alleviate muscular pain (Molina et al., 2009).  

Even though O. regalis has been utilised as a medicinal plant for more than five 

centuries, only a few compounds have been identified, including sitosterol, which has 

been found in different parts of the plant (Sumi, 1929; Jetter & Riederer, 2000), as 

well as the steroid Ecdysterone (20-hydroxyecdysone) (Ikan & Shulman, 1972). 

Several relatively nonpolar compounds like saturated fatty acids (Radnuz, 1967; 

Gemmrich, 1977), alkanediols, ketoaldehydes, methyl palmitate and other fatty acid 

esters (Hollenbaek & Kuehne, 1974; Jetter & Rieder, 1999) have been reported from 

this species. Anthocyanins based on the aglycones pelargonidin and cyanidin have 

also been detected, where the cyanidin derivative is indicated to be an acylated 

anthocyanin (Price et al., 1939). Further phenolic compounds, like tannis and 

gallotannins (Lazaro-Carrasco et al., 1987b), as well as a multitude of phenolic acids 

including caffeic acid, p-coumaric acid, p-hydroxybenzoic acid, cinnamic acid, and 

vanillic acid, have previously been identified from this species (Courbet et al., 1971; 

Lazaro-Carrasco et al., 1987a). Only a few specific compounds to this species, 

including osmundalactone (Numata et al., 1984) and osmundalin, which is the 

glucoside of osmundalactone (Hollenbaek & Kuehne, 1974), have hitherto been 

identified in current literature. 

In this work, we describe the characterisation of 17 natural products from the aerial 

parts of Osmunda regalis 15 of these compounds are identified in this species for the 

first time, which include the six undescribed compounds. In addition, cytotoxic 
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analysis of some of the isolated compounds was done towards acute monocyte 

leukaemia cells (MOLM13), as well as towards rat cardiomyoblasts cells (H9c2) and 

kidney epithelial cells (NRK). 

The eleven known compounds chalconaringenin 2’-O-β-glucopyranoside (11), 

vanillic acid (14), p-hydroxy-benzoic acid (15), p-hydroxy-benzoic acid methyl ester 

(17), dihydrodehydrodiconiferyl alcohol 4-O-α-rhamnopyranoside (18), apigenin 7-

(2’’-O-α-rhamopyranosyl-β-glucopyranoside) (19), epoxyconiferyl alcohol (20), 5-

hydroxy-2-hexen-4-olide (21), Blumenol C glucoside (24), hexyl-β-glucopyranoside 

(26) and 2-hexenoic acid (27) (Figures 16) were identified from the fern leaves of 

Osmunda regalis (L). The identifications were based on a combination of several 1D 

and 2D NMR spectroscopic techniques. Except for vanillic acid and p-hydroxy-

benzoic acid, the compounds listed previously were detected in this plant material for 

the first time. 

 

Figure 16. Molecular structures of compounds 11-27 characterised from O. regalis (L). 

The UV spectrum of compound 12 recorded online during HPLC analysis exhibited 

λmax values at 346 and 266 nm, which is in accordance with a flavonol derivative 
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(Markham, 1982). The aromatic region of the 1D 1H NMR spectrum of 12 showed a 

4H AA’XX’ system at δ 8.05 (‘d’ 8.9 Hz, H-2’,6’) and δ 6.93 (‘d’ 8.9 Hz, H-3’,5’) 

which is consistent with a p-substituted B-ring; and a 2H AX system at δ 6.42 (d 2.0 

Hz, H-8) and δ 6.18 (d 2.0 Hz, H-6) which is consistent a kaempferol derivative. The 

sugar regions of the 1D 1H and 1D 13C CAPT spectrum of 12 showed the presence of 

three sugar units. All 1H and 13C resonances of these glycosyl substituents were 

completely assigned by the 1D 1H selective TOCSY spectra of each glycosyl 

substituent, in addition to the 2D 1H-1H COSY, the 2D 1H-13C HSQC, the 2D 1H-13C 

HSQC-TOCSY and the 2D 1H-13C H2BC spectra of 12.  The sugar units were 

identified to be two β-glucopyranose units and an α-rhamnopyranose unit, 

respectively, by the observed 1H coupling constants in the 1D 1H and the 1D 1H 

selective TOCSY spectra, in addition to the 17 13C chemical shift values belonging to 

these sugar units observed in the 1D 13C CAPT spectrum of 12. The anomeric 

coupling constants revealed the β-configurations of the anomeric carbons of the 

glucosyl substituents and the α-configuration of the anomeric carbon of the 

rhamnosyl substituent, Tables for this structure can be found in the second part of this 

presented work. 

Assignments of the 13C resonances belonging to the aglycone and the inter-residual 

connections were determined by the 2D 1H-13C HMBC experiment (Figure 17). The 

cross-peak at δ 5.71/132.98 (H-1’’/C-3) confirmed the linkage between the 

glucopyranosyl unit and the aglycone at the 3-hydroxyl. The downfield chemical shift 

of C-2’’ (δ 77.83) of this glucosyl unit indicated the presence of a sugar substituent at 

this position. The cross-peaks at δ 4.97/77.83 (H-1’’’/C-2’’) and δ 3.70/100.2 (H-

2’’/C-1’’’) confirmed the linkage between the inner glucosyl substituent and the 

terminal glucosyl substituent to be at the 2’’-position. Cross-peaks at δ 5.05/77.0 (H-

1’’’’/C-2’’’) and δ 3.23/100.3 (H-2’’’/C-1’’’’) complete the linkage between the 

terminal glucosyl unit and the rhamnosyl unit to be at the 2’’’-position. Thus, 

compound 12 was identified to be the previously undescribed compound kaempferol 

3-O-(2’’-O-(2’’’-α-rhamnopyranosyl)-β-glucopyranosyl)-β-glucopyranoside.  
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Figure 17. Expanded region of the 2D 1H-13C HMBC spectrum of 12 (kaempferol 3-O-(2’’-O-(2’’’-

α-rhamnopyranosyl)-β-glucopyranosyl)-β-glucopyranoside) showing the cross-peak between H-1’’ 

and C-3 which confirms the linkage between the inner glucose unit and kaempferol aglycone at the 3-

position.  

A sodium-added molecular ion [M+Na]+ at m/z 779.1999 corresponding to 

C33H40O20Na+ (calculated: m/z 779.2005; Δ = -0.73 ppm) observed in the HRMS of 

compound 12 confirmed this identification (Figure 16). 

Compound 13 exhibited a UV λmax absorption at 352 and 256 nm, which resembles a 

flavonol derivative (Markham, 1982). The aromatic region of the 1D 1H NMR 

spectrum of 13 showed a 3H ABX system at δ 7.49 (d 2.3 Hz, H-2’,6’) and δ 6.89 (d 

8.5 Hz, H-3’,5’) which is consistent to a m- and p-substituted B-ring; and a 2H AX 

system at δ 6.38 (d 2.1 Hz, H-8) and δ 6.17 (d 2.1 Hz, H-6) match with a quercetin 

aglycone. The 1D 1H and 1D 13C CAPT spectrum of 13 indicated the existence of 

three sugar units in the sugar regions. The 1H and 13C resonances of these glycosyl 

substituents were fully determined by the 1D 1H selective TOCSY spectra of each 

glycosyl substituent, in addition to the 2D 1H-1H COSY, the 2D 1H-13C HSQC, the 

2D 1H-13C HSQC-TOCSY and the 2D 1H-13C H2BC spectra of 13.  The sugar units 

were identified to be two β-glucopyranose units and an α-rhamnopyranose unit, 

respectively, by the observed 1H coupling constants in the 1D 1H and the 1D 1H 

selective TOCSY spectra, in addition to the 17 13C chemical shift values belonging to 
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these sugar units observed in the 1D 13C CAPT spectrum of 13. The anomeric 

coupling constants revealed the β-configurations of the anomeric carbons of the 

glucosyl substituents and the α-configuration of the anomeric carbon of the 

rhamnosyl substituent (Tables in Part II). 

Assignments of the 13C resonances belonging to the aglycone and the inter-residual 

connections were determined by the 2D 1H-13C HMBC experiment. The cross-peak at 

δ 5.70/133.15 (H-1’’/C-3) confirmed the linkage between the glucopyranosyl unit and 

the aglycone at the 3-hydroxyl. The downfield chemical shift of C-2’’ (δ 77.20) of 

this glucosyl unit indicated the presence of a sugar substituent at this position. Cross-

peaks at δ 4.94/77.20 (H-1’’’/C-2’’) and δ 3.73/100.4 (H-2’’/C-1’’’) confirmed the 

linkage between the inner glucosyl substituent and the terminal glucosyl substituent 

to be at the 2’’-position. The cross-peaks at δ 5.06/76.9 (H-1’’’’/C-2’’’) and δ 

3.23/100.3 (H-2’’’/C-1’’’’) ratified the linkage between the terminal glucosyl unit and 

the rhamnosyl unit to be at the 2’’’-position. Thus, compound 13 was identified to be 

the previously undescribed compound quercetin 3-O-(2’’-O-(2’’’-α-

rhamnopyranosyl)-β-glucopyranosyl)-β-glucopyranoside.  

A sodium-added molecular ion [M+Na]+ at m/z 795.1951 corresponding to 

C33H40O21Na+ (calculated: m/z 795.1954; Δ = -0.37 ppm) observed in the HRMS of 

compound 13 confirmed this identification (Figure 16 and Part II). 

The UV spectrum of compound 16 recorded online during HPLC analysis exhibited 

UV absorption maxima at 330 and 268 nm with notably strong absorption at 330 nm, 

in accordance with a flavonol derivative acylated with a cinnamic acid (Markham, 

1982). The aromatic region of the 1D 1H NMR spectrum of 16 showed a 4H AA’XX’ 

system at δ 7.98 (‘d’ 8.8 Hz, H-2’,6’) and δ 6.83 (‘d’ 8.9 Hz, H-3’,5’) in accord with 

a p-substituted B-ring and a 2H AX system at δ 6.37 (d 2.1 Hz, H-8) and δ 6.16 (d 2.1 

Hz, H-6) in accordance with a kaempferol derivative. The sugar regions of the 1D 

and 2D NMR spectra of 16 showed the presence of three sugar units. All 1H and 13C 

resonances of these glycosyl substituents were completely assigned by the 1D 1H 

spectrum of 16, in addition to the combined information from the 2D 1H-1H COSY, 
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these sugar units observed in the 1D 
13

C CAPT spectrum of 13. The anomeric 

coupling constants revealed the β-configurations of the anomeric carbons of the 

glucosyl substituents and the α-configuration of the anomeric carbon of the 

rhamnosyl substituent (Tables in Part II). 

Assignments of the 
13

C resonances belonging to the aglycone and the inter-residual 

connections were determined by the 2D 
1
H-

13
C HMBC experiment. The cross-peak at 

δ 5.70/133.15 (H-1’’/C-3) confirmed the linkage between the glucopyranosyl unit and 

the aglycone at the 3-hydroxyl. The downfield chemical shift of C-2’’ (δ 77.20) of 

this glucosyl unit indicated the presence of a sugar substituent at this position. Cross-

peaks at δ 4.94/77.20 (H-1’’’/C-2’’) and δ 3.73/100.4 (H-2’’/C-1’’’) confirmed the 

linkage between the inner glucosyl substituent and the terminal glucosyl substituent 

to be at the 2’’-position. The cross-peaks at δ 5.06/76.9 (H-1’’’’/C-2’’’) and δ 

3.23/100.3 (H-2’’’/C-1’’’’) ratified the linkage between the terminal glucosyl unit and 

the rhamnosyl unit to be at the 2’’’-position. Thus, compound 13 was identified to be 

the previously undescribed compound quercetin 3-O-(2’’-O-(2’’’-α-

rhamnopyranosyl)-β-glucopyranosyl)-β-glucopyranoside.  

A sodium-added molecular ion [M+Na]
+
 at m/z 795.1951 corresponding to 

C33H40O21Na
+
 (calculated: m/z 795.1954; Δ = -0.37 ppm) observed in the HRMS of 

compound 13 confirmed this identification (Figure 16 and Part II). 

The UV spectrum of compound 16 recorded online during HPLC analysis exhibited 

UV absorption maxima at 330 and 268 nm with notably strong absorption at 330 nm, 

in accordance with a flavonol derivative acylated with a cinnamic acid (Markham, 

1982). The aromatic region of the 1D 
1
H NMR spectrum of 16 showed a 4H AA’XX’ 

system at δ 7.98 (‘d’ 8.8 Hz, H-2’,6’) and δ 6.83 (‘d’ 8.9 Hz, H-3’,5’) in accord with 

a p-substituted B-ring and a 2H AX system at δ 6.37 (d 2.1 Hz, H-8) and δ 6.16 (d 2.1 

Hz, H-6) in accordance with a kaempferol derivative. The sugar regions of the 1D 

and 2D NMR spectra of 16 showed the presence of three sugar units. All 
1
H and 

13
C 

resonances of these glycosyl substituents were completely assigned by the 1D 
1
H 

spectrum of 16, in addition to the combined information from the 2D 
1
H-

1
H COSY, 
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the 2D 1H-13C HMBC, the 2D 1H-13C HSQC, the 2D 1H-13C HSQC-TOCSY and the 

2D 1H-13C H2BC spectra of 16.  The sugar units were identified to be two β-

glucopyranose units and an α-rhamnopyranose unit, respectively, by the observed 1H 

coupling constants in the 1D 1H NMR spectrum, in addition to the 17 13C chemical 

shift values belonging to these sugar units observed in the 2D 1H-13C HSQC and 

H2BC spectra of 16. The anomeric coupling constants revealed β-configurations of 

the anomeric carbons of the glucosyl substituents and α-configuration of the anomeric 

carbon of the rhamnosyl substituent. 

Assignments of the 13C resonances belonging to the aglycone and the inter-residual 

connections were determined by the 2D 1H-13C HMBC experiment. At δ 5.71/133.2 

(H-1’’/C-3), this cross-peak confirmed the linkage between the glucopyranosyl unit 

and the aglycone at the 3-hydroxyl. The downfield chemical shift of C-2’’ (δ 78.2) of 

this glucosyl unit indicated the presence of a sugar substituent at this position. Cross-

peaks at δ 5.02/78.2 (H-1’’’/C-2’’) and δ 3.66/100.4 (H-2’’/C-1’’’) confirmed the 

linkage between the inner glucosyl substituent and the terminal glucosyl substituent 

to be at the 2’’-position. The cross-peaks at δ 5.05/77.1 (H-1’’’’/C-2’’’) and δ 

3.69/100.4 (H-2’’’/C-1’’’’) definite the linkage between the terminal glucosyl unit 

and the rhamnosyl unit to be at the 2’’’-position. The acyl moiety was identified as E-

caffeic acid by the 3H AMX system at δ 6.95 d 2.2 Hz (H-2’’’’’). δ 6.84 dd 8.2; 2.2 

Hz (H-6’’’’’) and δ 6.66 d 8.2 Hz (H-5’’’’’), and an 2H AX system at δ 7.36 (H-

7’’’’’) and δ 6.16 (H-8’’’’’). A coupling constant of 15.8 Hz between H-7’’’’’ and H-

8’’’’’ showed the E-configuration. The downfield chemical shift of C-6’’’ (δ 63.4) of 

the glucose unit indicates the linkage between this sugar unit and the caffeoyl group. 

The cross-peaks at δ 4.30/166.5 (H-6A’’’/C-9’’’’’) and δ 4.19/166.5 (H-6B’’’/C-

9’’’’’) confirmed the linkage between the terminal glucosyl substituent and the 

caffeoyl unit to be at the 6’’’-position. Thus, compound 16 was identified to be the 

previously undescribed compound kaempferol 3-O-(2’’-O-(2’’’-O-α-

rhamnopyranosyl-6’’’-O-(E)-caffeoyl-)-β-glucopyranosyl)-β-glucopyranoside (Figure 

16). A sodium-added molecular ion [M+Na]+ at m/z 941.2318 corresponding to 
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the 2D 1H-13C HMBC, the 2D 1H-13C HSQC, the 2D 1H-13C HSQC-TOCSY and the 

2D 1H-13C H2BC spectra of 16.  The sugar units were identified to be two β-

glucopyranose units and an α-rhamnopyranose unit, respectively, by the observed 1H 

coupling constants in the 1D 1H NMR spectrum, in addition to the 17 13C chemical 

shift values belonging to these sugar units observed in the 2D 1H-13C HSQC and 

H2BC spectra of 16. The anomeric coupling constants revealed β-configurations of 

the anomeric carbons of the glucosyl substituents and α-configuration of the anomeric 

carbon of the rhamnosyl substituent. 

Assignments of the 13C resonances belonging to the aglycone and the inter-residual 

connections were determined by the 2D 1H-13C HMBC experiment. At δ 5.71/133.2 

(H-1’’/C-3), this cross-peak confirmed the linkage between the glucopyranosyl unit 

and the aglycone at the 3-hydroxyl. The downfield chemical shift of C-2’’ (δ 78.2) of 

this glucosyl unit indicated the presence of a sugar substituent at this position. Cross-

peaks at δ 5.02/78.2 (H-1’’’/C-2’’) and δ 3.66/100.4 (H-2’’/C-1’’’) confirmed the 

linkage between the inner glucosyl substituent and the terminal glucosyl substituent 

to be at the 2’’-position. The cross-peaks at δ 5.05/77.1 (H-1’’’’/C-2’’’) and δ 

3.69/100.4 (H-2’’’/C-1’’’’) definite the linkage between the terminal glucosyl unit 

and the rhamnosyl unit to be at the 2’’’-position. The acyl moiety was identified as E-

caffeic acid by the 3H AMX system at δ 6.95 d 2.2 Hz (H-2’’’’’). δ 6.84 dd 8.2; 2.2 

Hz (H-6’’’’’) and δ 6.66 d 8.2 Hz (H-5’’’’’), and an 2H AX system at δ 7.36 (H-

7’’’’’) and δ 6.16 (H-8’’’’’). A coupling constant of 15.8 Hz between H-7’’’’’ and H-

8’’’’’ showed the E-configuration. The downfield chemical shift of C-6’’’ (δ 63.4) of 

the glucose unit indicates the linkage between this sugar unit and the caffeoyl group. 

The cross-peaks at δ 4.30/166.5 (H-6A’’’/C-9’’’’’) and δ 4.19/166.5 (H-6B’’’/C-

9’’’’’) confirmed the linkage between the terminal glucosyl substituent and the 

caffeoyl unit to be at the 6’’’-position. Thus, compound 16 was identified to be the 

previously undescribed compound kaempferol 3-O-(2’’-O-(2’’’-O-α-

rhamnopyranosyl-6’’’-O-(E)-caffeoyl-)-β-glucopyranosyl)-β-glucopyranoside (Figure 

16). A sodium-added molecular ion [M+Na]+ at m/z 941.2318 corresponding to 
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the 2D 1H-13C HMBC, the 2D 1H-13C HSQC, the 2D 1H-13C HSQC-TOCSY and the 

2D 1H-13C H2BC spectra of 16.  The sugar units were identified to be two β-

glucopyranose units and an α-rhamnopyranose unit, respectively, by the observed 1H 

coupling constants in the 1D 1H NMR spectrum, in addition to the 17 13C chemical 

shift values belonging to these sugar units observed in the 2D 1H-13C HSQC and 

H2BC spectra of 16. The anomeric coupling constants revealed β-configurations of 

the anomeric carbons of the glucosyl substituents and α-configuration of the anomeric 

carbon of the rhamnosyl substituent. 

Assignments of the 13C resonances belonging to the aglycone and the inter-residual 

connections were determined by the 2D 1H-13C HMBC experiment. At δ 5.71/133.2 

(H-1’’/C-3), this cross-peak confirmed the linkage between the glucopyranosyl unit 

and the aglycone at the 3-hydroxyl. The downfield chemical shift of C-2’’ (δ 78.2) of 

this glucosyl unit indicated the presence of a sugar substituent at this position. Cross-

peaks at δ 5.02/78.2 (H-1’’’/C-2’’) and δ 3.66/100.4 (H-2’’/C-1’’’) confirmed the 

linkage between the inner glucosyl substituent and the terminal glucosyl substituent 

to be at the 2’’-position. The cross-peaks at δ 5.05/77.1 (H-1’’’’/C-2’’’) and δ 

3.69/100.4 (H-2’’’/C-1’’’’) definite the linkage between the terminal glucosyl unit 

and the rhamnosyl unit to be at the 2’’’-position. The acyl moiety was identified as E-

caffeic acid by the 3H AMX system at δ 6.95 d 2.2 Hz (H-2’’’’’). δ 6.84 dd 8.2; 2.2 

Hz (H-6’’’’’) and δ 6.66 d 8.2 Hz (H-5’’’’’), and an 2H AX system at δ 7.36 (H-

7’’’’’) and δ 6.16 (H-8’’’’’). A coupling constant of 15.8 Hz between H-7’’’’’ and H-

8’’’’’ showed the E-configuration. The downfield chemical shift of C-6’’’ (δ 63.4) of 

the glucose unit indicates the linkage between this sugar unit and the caffeoyl group. 

The cross-peaks at δ 4.30/166.5 (H-6A’’’/C-9’’’’’) and δ 4.19/166.5 (H-6B’’’/C-

9’’’’’) confirmed the linkage between the terminal glucosyl substituent and the 

caffeoyl unit to be at the 6’’’-position. Thus, compound 16 was identified to be the 

previously undescribed compound kaempferol 3-O-(2’’-O-(2’’’-O-α-

rhamnopyranosyl-6’’’-O-(E)-caffeoyl-)-β-glucopyranosyl)-β-glucopyranoside (Figure 

16). A sodium-added molecular ion [M+Na]+ at m/z 941.2318 corresponding to 
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the 2D 
1
H-

13
C HMBC, the 2D 

1
H-

13
C HSQC, the 2D 

1
H-

13
C HSQC-TOCSY and the 

2D 
1
H-

13
C H2BC spectra of 16.  The sugar units were identified to be two β-

glucopyranose units and an α-rhamnopyranose unit, respectively, by the observed 
1
H 

coupling constants in the 1D 
1
H NMR spectrum, in addition to the 17 

13
C chemical 

shift values belonging to these sugar units observed in the 2D 
1
H-

13
C HSQC and 

H2BC spectra of 16. The anomeric coupling constants revealed β-configurations of 

the anomeric carbons of the glucosyl substituents and α-configuration of the anomeric 

carbon of the rhamnosyl substituent. 

Assignments of the 
13

C resonances belonging to the aglycone and the inter-residual 

connections were determined by the 2D 
1
H-

13
C HMBC experiment. At δ 5.71/133.2 

(H-1’’/C-3), this cross-peak confirmed the linkage between the glucopyranosyl unit 

and the aglycone at the 3-hydroxyl. The downfield chemical shift of C-2’’ (δ 78.2) of 

this glucosyl unit indicated the presence of a sugar substituent at this position. Cross-

peaks at δ 5.02/78.2 (H-1’’’/C-2’’) and δ 3.66/100.4 (H-2’’/C-1’’’) confirmed the 

linkage between the inner glucosyl substituent and the terminal glucosyl substituent 

to be at the 2’’-position. The cross-peaks at δ 5.05/77.1 (H-1’’’’/C-2’’’) and δ 

3.69/100.4 (H-2’’’/C-1’’’’) definite the linkage between the terminal glucosyl unit 

and the rhamnosyl unit to be at the 2’’’-position. The acyl moiety was identified as E-

caffeic acid by the 3H AMX system at δ 6.95 d 2.2 Hz (H-2’’’’’). δ 6.84 dd 8.2; 2.2 

Hz (H-6’’’’’) and δ 6.66 d 8.2 Hz (H-5’’’’’), and an 2H AX system at δ 7.36 (H-

7’’’’’) and δ 6.16 (H-8’’’’’). A coupling constant of 15.8 Hz between H-7’’’’’ and H-

8’’’’’ showed the E-configuration. The downfield chemical shift of C-6’’’ (δ 63.4) of 

the glucose unit indicates the linkage between this sugar unit and the caffeoyl group. 

The cross-peaks at δ 4.30/166.5 (H-6A’’’/C-9’’’’’) and δ 4.19/166.5 (H-6B’’’/C-

9’’’’’) confirmed the linkage between the terminal glucosyl substituent and the 

caffeoyl unit to be at the 6’’’-position. Thus, compound 16 was identified to be the 

previously undescribed compound kaempferol 3-O-(2’’-O-(2’’’-O-α-

rhamnopyranosyl-6’’’-O-(E)-caffeoyl-)-β-glucopyranosyl)-β-glucopyranoside (Figure 

16). A sodium-added molecular ion [M+Na]
+
 at m/z 941.2318 corresponding to 
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the 2D 
1
H-

13
C HMBC, the 2D 

1
H-

13
C HSQC, the 2D 

1
H-

13
C HSQC-TOCSY and the 

2D 
1
H-

13
C H2BC spectra of 16.  The sugar units were identified to be two β-

glucopyranose units and an α-rhamnopyranose unit, respectively, by the observed 
1
H 

coupling constants in the 1D 
1
H NMR spectrum, in addition to the 17 

13
C chemical 

shift values belonging to these sugar units observed in the 2D 
1
H-

13
C HSQC and 

H2BC spectra of 16. The anomeric coupling constants revealed β-configurations of 

the anomeric carbons of the glucosyl substituents and α-configuration of the anomeric 

carbon of the rhamnosyl substituent. 

Assignments of the 
13

C resonances belonging to the aglycone and the inter-residual 

connections were determined by the 2D 
1
H-

13
C HMBC experiment. At δ 5.71/133.2 

(H-1’’/C-3), this cross-peak confirmed the linkage between the glucopyranosyl unit 

and the aglycone at the 3-hydroxyl. The downfield chemical shift of C-2’’ (δ 78.2) of 

this glucosyl unit indicated the presence of a sugar substituent at this position. Cross-

peaks at δ 5.02/78.2 (H-1’’’/C-2’’) and δ 3.66/100.4 (H-2’’/C-1’’’) confirmed the 

linkage between the inner glucosyl substituent and the terminal glucosyl substituent 

to be at the 2’’-position. The cross-peaks at δ 5.05/77.1 (H-1’’’’/C-2’’’) and δ 

3.69/100.4 (H-2’’’/C-1’’’’) definite the linkage between the terminal glucosyl unit 

and the rhamnosyl unit to be at the 2’’’-position. The acyl moiety was identified as E-

caffeic acid by the 3H AMX system at δ 6.95 d 2.2 Hz (H-2’’’’’). δ 6.84 dd 8.2; 2.2 

Hz (H-6’’’’’) and δ 6.66 d 8.2 Hz (H-5’’’’’), and an 2H AX system at δ 7.36 (H-

7’’’’’) and δ 6.16 (H-8’’’’’). A coupling constant of 15.8 Hz between H-7’’’’’ and H-

8’’’’’ showed the E-configuration. The downfield chemical shift of C-6’’’ (δ 63.4) of 

the glucose unit indicates the linkage between this sugar unit and the caffeoyl group. 

The cross-peaks at δ 4.30/166.5 (H-6A’’’/C-9’’’’’) and δ 4.19/166.5 (H-6B’’’/C-

9’’’’’) confirmed the linkage between the terminal glucosyl substituent and the 

caffeoyl unit to be at the 6’’’-position. Thus, compound 16 was identified to be the 

previously undescribed compound kaempferol 3-O-(2’’-O-(2’’’-O-α-

rhamnopyranosyl-6’’’-O-(E)-caffeoyl-)-β-glucopyranosyl)-β-glucopyranoside (Figure 

16). A sodium-added molecular ion [M+Na]
+
 at m/z 941.2318 corresponding to 
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the 2D 
1
H-

13
C HMBC, the 2D 

1
H-

13
C HSQC, the 2D 

1
H-

13
C HSQC-TOCSY and the 

2D 
1
H-

13
C H2BC spectra of 16.  The sugar units were identified to be two β-

glucopyranose units and an α-rhamnopyranose unit, respectively, by the observed 
1
H 

coupling constants in the 1D 
1
H NMR spectrum, in addition to the 17 

13
C chemical 

shift values belonging to these sugar units observed in the 2D 
1
H-

13
C HSQC and 

H2BC spectra of 16. The anomeric coupling constants revealed β-configurations of 

the anomeric carbons of the glucosyl substituents and α-configuration of the anomeric 

carbon of the rhamnosyl substituent. 

Assignments of the 
13

C resonances belonging to the aglycone and the inter-residual 

connections were determined by the 2D 
1
H-

13
C HMBC experiment. At δ 5.71/133.2 

(H-1’’/C-3), this cross-peak confirmed the linkage between the glucopyranosyl unit 

and the aglycone at the 3-hydroxyl. The downfield chemical shift of C-2’’ (δ 78.2) of 

this glucosyl unit indicated the presence of a sugar substituent at this position. Cross-

peaks at δ 5.02/78.2 (H-1’’’/C-2’’) and δ 3.66/100.4 (H-2’’/C-1’’’) confirmed the 

linkage between the inner glucosyl substituent and the terminal glucosyl substituent 

to be at the 2’’-position. The cross-peaks at δ 5.05/77.1 (H-1’’’’/C-2’’’) and δ 

3.69/100.4 (H-2’’’/C-1’’’’) definite the linkage between the terminal glucosyl unit 

and the rhamnosyl unit to be at the 2’’’-position. The acyl moiety was identified as E-

caffeic acid by the 3H AMX system at δ 6.95 d 2.2 Hz (H-2’’’’’). δ 6.84 dd 8.2; 2.2 

Hz (H-6’’’’’) and δ 6.66 d 8.2 Hz (H-5’’’’’), and an 2H AX system at δ 7.36 (H-

7’’’’’) and δ 6.16 (H-8’’’’’). A coupling constant of 15.8 Hz between H-7’’’’’ and H-

8’’’’’ showed the E-configuration. The downfield chemical shift of C-6’’’ (δ 63.4) of 

the glucose unit indicates the linkage between this sugar unit and the caffeoyl group. 

The cross-peaks at δ 4.30/166.5 (H-6A’’’/C-9’’’’’) and δ 4.19/166.5 (H-6B’’’/C-

9’’’’’) confirmed the linkage between the terminal glucosyl substituent and the 

caffeoyl unit to be at the 6’’’-position. Thus, compound 16 was identified to be the 

previously undescribed compound kaempferol 3-O-(2’’-O-(2’’’-O-α-

rhamnopyranosyl-6’’’-O-(E)-caffeoyl-)-β-glucopyranosyl)-β-glucopyranoside (Figure 

16). A sodium-added molecular ion [M+Na]
+
 at m/z 941.2318 corresponding to 

 

 

46 

the 2D 
1
H-

13
C HMBC, the 2D 

1
H-

13
C HSQC, the 2D 

1
H-

13
C HSQC-TOCSY and the 

2D 
1
H-

13
C H2BC spectra of 16.  The sugar units were identified to be two β-

glucopyranose units and an α-rhamnopyranose unit, respectively, by the observed 
1
H 

coupling constants in the 1D 
1
H NMR spectrum, in addition to the 17 

13
C chemical 

shift values belonging to these sugar units observed in the 2D 
1
H-

13
C HSQC and 

H2BC spectra of 16. The anomeric coupling constants revealed β-configurations of 

the anomeric carbons of the glucosyl substituents and α-configuration of the anomeric 

carbon of the rhamnosyl substituent. 

Assignments of the 
13

C resonances belonging to the aglycone and the inter-residual 

connections were determined by the 2D 
1
H-

13
C HMBC experiment. At δ 5.71/133.2 

(H-1’’/C-3), this cross-peak confirmed the linkage between the glucopyranosyl unit 

and the aglycone at the 3-hydroxyl. The downfield chemical shift of C-2’’ (δ 78.2) of 

this glucosyl unit indicated the presence of a sugar substituent at this position. Cross-

peaks at δ 5.02/78.2 (H-1’’’/C-2’’) and δ 3.66/100.4 (H-2’’/C-1’’’) confirmed the 

linkage between the inner glucosyl substituent and the terminal glucosyl substituent 

to be at the 2’’-position. The cross-peaks at δ 5.05/77.1 (H-1’’’’/C-2’’’) and δ 

3.69/100.4 (H-2’’’/C-1’’’’) definite the linkage between the terminal glucosyl unit 

and the rhamnosyl unit to be at the 2’’’-position. The acyl moiety was identified as E-

caffeic acid by the 3H AMX system at δ 6.95 d 2.2 Hz (H-2’’’’’). δ 6.84 dd 8.2; 2.2 

Hz (H-6’’’’’) and δ 6.66 d 8.2 Hz (H-5’’’’’), and an 2H AX system at δ 7.36 (H-

7’’’’’) and δ 6.16 (H-8’’’’’). A coupling constant of 15.8 Hz between H-7’’’’’ and H-

8’’’’’ showed the E-configuration. The downfield chemical shift of C-6’’’ (δ 63.4) of 

the glucose unit indicates the linkage between this sugar unit and the caffeoyl group. 

The cross-peaks at δ 4.30/166.5 (H-6A’’’/C-9’’’’’) and δ 4.19/166.5 (H-6B’’’/C-

9’’’’’) confirmed the linkage between the terminal glucosyl substituent and the 

caffeoyl unit to be at the 6’’’-position. Thus, compound 16 was identified to be the 

previously undescribed compound kaempferol 3-O-(2’’-O-(2’’’-O-α-

rhamnopyranosyl-6’’’-O-(E)-caffeoyl-)-β-glucopyranosyl)-β-glucopyranoside (Figure 

16). A sodium-added molecular ion [M+Na]
+
 at m/z 941.2318 corresponding to 
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the 2D 
1
H-

13
C HMBC, the 2D 

1
H-

13
C HSQC, the 2D 

1
H-

13
C HSQC-TOCSY and the 

2D 
1
H-

13
C H2BC spectra of 16.  The sugar units were identified to be two β-

glucopyranose units and an α-rhamnopyranose unit, respectively, by the observed 
1
H 

coupling constants in the 1D 
1
H NMR spectrum, in addition to the 17 

13
C chemical 

shift values belonging to these sugar units observed in the 2D 
1
H-

13
C HSQC and 

H2BC spectra of 16. The anomeric coupling constants revealed β-configurations of 

the anomeric carbons of the glucosyl substituents and α-configuration of the anomeric 

carbon of the rhamnosyl substituent. 

Assignments of the 
13

C resonances belonging to the aglycone and the inter-residual 

connections were determined by the 2D 
1
H-

13
C HMBC experiment. At δ 5.71/133.2 

(H-1’’/C-3), this cross-peak confirmed the linkage between the glucopyranosyl unit 

and the aglycone at the 3-hydroxyl. The downfield chemical shift of C-2’’ (δ 78.2) of 

this glucosyl unit indicated the presence of a sugar substituent at this position. Cross-

peaks at δ 5.02/78.2 (H-1’’’/C-2’’) and δ 3.66/100.4 (H-2’’/C-1’’’) confirmed the 

linkage between the inner glucosyl substituent and the terminal glucosyl substituent 

to be at the 2’’-position. The cross-peaks at δ 5.05/77.1 (H-1’’’’/C-2’’’) and δ 

3.69/100.4 (H-2’’’/C-1’’’’) definite the linkage between the terminal glucosyl unit 

and the rhamnosyl unit to be at the 2’’’-position. The acyl moiety was identified as E-

caffeic acid by the 3H AMX system at δ 6.95 d 2.2 Hz (H-2’’’’’). δ 6.84 dd 8.2; 2.2 

Hz (H-6’’’’’) and δ 6.66 d 8.2 Hz (H-5’’’’’), and an 2H AX system at δ 7.36 (H-

7’’’’’) and δ 6.16 (H-8’’’’’). A coupling constant of 15.8 Hz between H-7’’’’’ and H-

8’’’’’ showed the E-configuration. The downfield chemical shift of C-6’’’ (δ 63.4) of 

the glucose unit indicates the linkage between this sugar unit and the caffeoyl group. 

The cross-peaks at δ 4.30/166.5 (H-6A’’’/C-9’’’’’) and δ 4.19/166.5 (H-6B’’’/C-

9’’’’’) confirmed the linkage between the terminal glucosyl substituent and the 

caffeoyl unit to be at the 6’’’-position. Thus, compound 16 was identified to be the 

previously undescribed compound kaempferol 3-O-(2’’-O-(2’’’-O-α-

rhamnopyranosyl-6’’’-O-(E)-caffeoyl-)-β-glucopyranosyl)-β-glucopyranoside (Figure 

16). A sodium-added molecular ion [M+Na]
+
 at m/z 941.2318 corresponding to 

 

 

46 

the 2D 
1
H-

13
C HMBC, the 2D 

1
H-

13
C HSQC, the 2D 

1
H-

13
C HSQC-TOCSY and the 

2D 
1
H-

13
C H2BC spectra of 16.  The sugar units were identified to be two β-

glucopyranose units and an α-rhamnopyranose unit, respectively, by the observed 
1
H 

coupling constants in the 1D 
1
H NMR spectrum, in addition to the 17 

13
C chemical 

shift values belonging to these sugar units observed in the 2D 
1
H-

13
C HSQC and 

H2BC spectra of 16. The anomeric coupling constants revealed β-configurations of 

the anomeric carbons of the glucosyl substituents and α-configuration of the anomeric 

carbon of the rhamnosyl substituent. 

Assignments of the 
13

C resonances belonging to the aglycone and the inter-residual 

connections were determined by the 2D 
1
H-

13
C HMBC experiment. At δ 5.71/133.2 

(H-1’’/C-3), this cross-peak confirmed the linkage between the glucopyranosyl unit 

and the aglycone at the 3-hydroxyl. The downfield chemical shift of C-2’’ (δ 78.2) of 

this glucosyl unit indicated the presence of a sugar substituent at this position. Cross-

peaks at δ 5.02/78.2 (H-1’’’/C-2’’) and δ 3.66/100.4 (H-2’’/C-1’’’) confirmed the 

linkage between the inner glucosyl substituent and the terminal glucosyl substituent 

to be at the 2’’-position. The cross-peaks at δ 5.05/77.1 (H-1’’’’/C-2’’’) and δ 

3.69/100.4 (H-2’’’/C-1’’’’) definite the linkage between the terminal glucosyl unit 

and the rhamnosyl unit to be at the 2’’’-position. The acyl moiety was identified as E-

caffeic acid by the 3H AMX system at δ 6.95 d 2.2 Hz (H-2’’’’’). δ 6.84 dd 8.2; 2.2 

Hz (H-6’’’’’) and δ 6.66 d 8.2 Hz (H-5’’’’’), and an 2H AX system at δ 7.36 (H-

7’’’’’) and δ 6.16 (H-8’’’’’). A coupling constant of 15.8 Hz between H-7’’’’’ and H-

8’’’’’ showed the E-configuration. The downfield chemical shift of C-6’’’ (δ 63.4) of 

the glucose unit indicates the linkage between this sugar unit and the caffeoyl group. 

The cross-peaks at δ 4.30/166.5 (H-6A’’’/C-9’’’’’) and δ 4.19/166.5 (H-6B’’’/C-

9’’’’’) confirmed the linkage between the terminal glucosyl substituent and the 

caffeoyl unit to be at the 6’’’-position. Thus, compound 16 was identified to be the 

previously undescribed compound kaempferol 3-O-(2’’-O-(2’’’-O-α-

rhamnopyranosyl-6’’’-O-(E)-caffeoyl-)-β-glucopyranosyl)-β-glucopyranoside (Figure 

16). A sodium-added molecular ion [M+Na]
+
 at m/z 941.2318 corresponding to 



 

 

47 

C42H46O23Na+ (calculated: m/z at 941.2322; Δ = -0.46 ppm) observed in the HRMS of 

compound 16 confirmed this identification.  

The aromatic region of the 1D 1H NMR spectrum of 18 showed the presence of a 3H 

ABX system at δ 6.99 d 2.1 Hz (H-2), 7.04 d 8.3 Hz (H-5), and 6.85 dd 8.3; 2.1 Hz 

(H-6) and a 2H AB system at δ 6.68 (H-2’) and δ 6.67 (H-2’) which is consistent with 

dihydrodehydrodiconiferyl alcohol, where the aromatic rings are connected through a 

C3 unit showing a 4H spin system at δ 5.46 (H-7), δ 3.42 (H-8), δ 3.71 (H-6A) and δ 

3.60 (H-6B). A further 4H spin system of a C3 substituent belonging to 

dihydrodehydrodiconiferyl was observed at δ 2.52 (H-7’), δ 1.68 (H-8’) and δ 3.40 

(H-6’). Two 3H signals belonging to methoxy groups were observed at δ 3.73 (3-

OCH3) and 3.76 (3’-OCH3). The 20 13C resonances belonging to 

dihydrodehydrodiconiferyl alcohol aglycone observed in the 1D 13C CAPT spectrum 

of 18 were assigned by the 2D 1H-13C HMBC spectrum and the 2D 1H-13C HSQC 

spectrum of 18. The glycosyl unit of 18 was identified as rhamnose by the six 1H 

signals observed in the 1D 1H spectrum belonging to this unit and the corresponding 

six 13C signals belonging to this unit observed in the 13C CAPT spectrum of 18, 

which were assigned by the 2D 1H-13C HSQC spectrum, the 2D 1H-13C H2BC 

spectrum and the 2D 1H-1H COSY spectrum of 18. A cross-peak at δ 5.23/144.9 (H-

1’’/C-4) observed in the 2D 1H-13C HMBC of 18 confirmed that the rhamnopyranosyl 

unit was attached to dihydrodehydrodiconiferyl alcohol aglycone at the 4-position. 

Thus, compound 18 was identified as dihydrodehydrodiconiferyl alcohol 4-O-α-

rhamnopyranoside.  

The stereochemistry of this compound was established by circular dichroism (CD) 

spectroscopy. The CD spectrum of 18 showed a negative Cotton effect at [θ]279, 

indicating that the configurations of C-7 and C-8 are R and S, respectively (Miyase et 

al., 1989; Achenbatch et al., 1987). Henceforth, compound 18 was identified as 

(7R,8S)-dihydrodehydrodiconiferyl alcohol 4-O-α-rhamnopyranoside (Figure 16). 

Dihydrodehydrodiconiferyl alcohol 4-O-α-rhamnopyranoside has previously been 

reported from Pedicularis torta (Changzeng & Zhongjian, 1997); however, only 

incomplete NMR data exist for this compound in current literature.  
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The UV spectrum compound 22, which exhibited λmax at 274 and 212 nm combined 

with its short HPLC retention time, may be indicative of a polar lactone (Sülsen & 

Martino, 2018; Pignatello et al., 1983), a compound type frequently reported from 

ferns (Taiz et al., 2015). The 1D 1H NMR spectrum of 22 showed an 8H spin system 

at δ 4.22 (H-4), δ 4.07 (H-3), δ 3.74 (H-5), δ 2.80 (H-2A), δ 2.39 (H-2B) and δ 1.12 

(H-6), in addition to a methoxy group at δ 3.23 (3-OCH3) (Figure 18). The 2D 1H-13C 

HMBC spectrum assigned the seven 13C signals observed in the 1D 13C CAPT 

spectrum 22, the 2D 1H-13C HSQC spectrum, and the 2D 1H-13C H2BC spectrum 22. 

The 7H spin system observed in the 1D 1H NMR spectrum of 22 were assigned by 

the 2D 1H-13C HSQC spectrum, the 2D 1H-13C HSQC-TOCSY spectrum, the 2D 1H-

13C H2BC spectrum and the 2D 1H-1H COSY spectrum of 22. The cross-peaks at δ 

2.80/76.0 (H-2A/C-3), δ 2.39/76.0 (H-2B/C-3), δ 4.07/35.0 (H-3/C-2), δ 4.07/88.1 

(H-3/C-4), δ 4.22/76.0 (H-4/C-3), δ 4.22/65.6 (H-4/C-5), δ 3.74/88.1 (H-5/C-4), δ 

3.74/19.0 (H-5/C-6) and δ 1.12/65.6 (H-6/C-5) observed in the 2D 1H-13C H2BC 

spectrum of 22  were particularly useful for the assignments of these signals. The 

cross-peaks established the position of the lactone carbonyl carbon C-1 at δ 

2.80/175.9 (H-2A/C-1), δ 2.39/175.9 (H-2B/C-1), δ 4.07/175.9 (H-3/C1) and δ 

4.22/175.9 (H-4/C-1) observed in the 2D 1H-13C HMBC spectrum of 22. A cross-

peak at δ 3.23/76.0 (3-OCH3/C-3) observed in the 2D 1H-13C HMBC spectrum of 22 

confirmed that the methoxy group was attached to the 3-position. Thus, compound 22 

was identified as 3-methoxy-5-hydroxy-4-olide.  

The stereochemistry of 22 was established by circular dichroism (CD) spectroscopy. 

The CD spectrum of 22 showed a positive Cotton effect at [θ]250, which indicates R 

and S configurations of C-4 and C-5, respectively, whereas the positive Cotton effect 

at [θ]208 indicated S configuration of C-3 (Numata et al., 1984; Hollenbeak & Kuehn, 

1974; Buchanan et al., 1995). Thus, 22 was identified as the previously undescribed 

natural product (3S,5S,4R)-methoxy-hydroxy-olide (Figure 16). A molecular ion 

[M+H]+ at m/z 161.0809 corresponding to C7H12O4H+ (calculated: m/z at 161.0808; Δ 

= -0.1 ppm) observed in the HRMS of compound 22 confirmed this identification. 
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cross-peaks established the position of the lactone carbonyl carbon C-1 at δ 

2.80/175.9 (H-2A/C-1), δ 2.39/175.9 (H-2B/C-1), δ 4.07/175.9 (H-3/C1) and δ 

4.22/175.9 (H-4/C-1) observed in the 2D 
1
H-

13
C HMBC spectrum of 22. A cross-

peak at δ 3.23/76.0 (3-OCH3/C-3) observed in the 2D 
1
H-

13
C HMBC spectrum of 22 

confirmed that the methoxy group was attached to the 3-position. Thus, compound 22 

was identified as 3-methoxy-5-hydroxy-4-olide.  

The stereochemistry of 22 was established by circular dichroism (CD) spectroscopy. 

The CD spectrum of 22 showed a positive Cotton effect at [θ]250, which indicates R 

and S configurations of C-4 and C-5, respectively, whereas the positive Cotton effect 

at [θ]208 indicated S configuration of C-3 (Numata et al., 1984; Hollenbeak & Kuehn, 

1974; Buchanan et al., 1995). Thus, 22 was identified as the previously undescribed 

natural product (3S,5S,4R)-methoxy-hydroxy-olide (Figure 16). A molecular ion 

[M+H]
+
 at m/z 161.0809 corresponding to C7H12O4H

+
 (calculated: m/z at 161.0808; Δ 

= -0.1 ppm) observed in the HRMS of compound 22 confirmed this identification. 
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Figure 18. 1D 1H NMR spectrum of 3-methoxy-5-hydroxy-4-olide (22) with assignment.  

The UV spectrum of 23 showed a λmax at 296 nm, 266 nm, 220 nm and 198 nm that 

corresponds to a saturated γ,δ-dilactone (Sülsen & Martino, 2018). The 1D 1H NMR 

spectrum of compound 23 showed the presence of two CH3 groups at δ 1.29 (5-CH3) 

and δ 1.13 (H-2’’), one CH2 group at δ 2.82 (H-2A) and δ 2.66 (H-2B), in addition to 

seven CH groups at δ 2.91 (H-3), δ 4.04 (H-4), δ 4.39 (H-5), δ 3.21 (H-2’), δ 4.82 (H-

3’), δ 4.28 (H-4’) and δ 3.78 (H-1’’). The corresponding 13C signals were observed at 

δ 18.19 (5-CH3), δ 19.02 (C-2’’), δ 32.73 (C-2), δ 38.23 (C-3), δ 80.22 (C-4), δ 73.19 

(C-5), δ 51.87 (C-2’), δ 78.56 (C-3’), δ 86.97 (C-4’) and δ 65.51 (C-1’’) in the 1D 

13CAPT NMR spectrum of compound 23, in addition to two ester carbonyls at δ 

171.25 (C-1) and δ 176.85 (C-1’), in accordance with two different lactone rings 

attached through a C-C bond. The 2D 1H-13C HSQC-TOCSY spectrum of compound 

23 revealed that the 15 hydrogens observed in the 1D 1H NMR spectrum all belonged 

to the same spin system. These twelve 13C signals observed in the 1D 13C CAPT 

spectrum of 23 were assigned by the 2D 1H-13C HMBC spectrum, the 2D 1H-13C 

HSQC spectrum, and the 2D 1H-13C H2BC spectrum of 23. The 1H spin systems 

observed in the 1D 1H NMR spectrum of 23 were assigned by the 2D 1H-13C HSQC 

spectrum, the 2D 1H-13C HSQC-TOCSY spectrum, the 2D 1H-13C H2BC spectrum 

and the 2D 1H-1H COSY spectrum. The cross-peaks at δ 2.82/38.2 (H-2A/C-3), δ 

2.66/38.2 (H-2B/C-3), δ 2.91/32.7 (H-3/C-2), δ 2.91/80.2 (H-3/C-4), δ 4.04/73.2 (H-
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Compound 25 showed a UV spectrum like that of a saturated δ-lactone with λmax at 

296, 266 and 220 nm (Sülsen & Martino, 2018). The 1D 1H NMR spectrum of 25 

showed a 9H spin system at δ 5.30 (H-4), δ 6.87 (H-3), δ 4.60 (H-5), δ 6.11 (H-2), 

and δ 1.30 (H-6), acylated with a 5’-hydroxy-oxohexanoyl group displaying signals at 

δ 2.54 (H-2’), 2.86 (H-3’), δ 4.04 (H-5’), and δ 1.16 (H-6’), respectively. The 12 13C 

signals observed in the 1D 13C CAPT spectrum 25 were assigned by the 2D 1H-13C 

HMBC spectrum, the 2D 1H-13C HSQC spectrum, and the 2D 1H-13C H2BC spectrum 

25. The 9H spin system observed in the 1D 1H NMR spectrum of 25 were assigned 

by the 2D 1H-13C HSQC spectrum, the 2D 1H-13C HSQC-TOCSY spectrum, the 2D 

1H-13C H2BC spectrum and the 2D 1H-1H COSY spectrum of 25. The cross-peaks at 

δ 6.11/67.3 (H-2/C-4), δ 6.87/122.3 (H-3/C-3), δ 4.07/35.0 (H-3/C-2), δ 5.30/76.0 (H-

4/C-5), δ 4.60/67.3 (H-5/C-4), δ 4.60/17.9 (H-5/C-6), δ 3.74/88.1 (H-5/C-4), and δ 

1.30/76.0 (H-6/C-5). The cross-peaks of the 5’-hydroxy-oxohexanoyl at δ 2.54/32.1 

(H-2’/C-3’), δ 2.86/27.3 (H-3’/C-2’), δ 4.04/19.7 (H-5’/C-6’), and δ 4.04/18.0 (H-

5’/C-6) observed in the 2D 1H-13C H2BC spectrum of 25 were particularly useful for 

the assignments of these signals. The cross-peaks established the position of the 

lactone carbonyl carbon C-1 at δ 6.11/161.9 (H-2/C-1), δ 6.87/161.9 (H-3/C-1), and δ 

4.60/161.9 (H-5/C-1) observed in the 2D 1H-13C HMBC spectrum of 25. A cross-

peak at δ 2.54/171.7 (H-2’/C-1’), δ 2.86/171.7 (H-3’/C-1’), and δ 5.30/171.7 (H-4/C-

1’) observed in the 2D 1H-13C HMBC spectrum of 25 confirmed that the hydroxy 

oxohexanoyl group is attached in the 4- position. Thus, compound 25 was identified 

as 4-O-(5’-hydroxy-4’-oxohexanoyl) osmundalactone (Figure 16). The complete 

chemical shift values of compound 25 are presented in the second part of this work.  

The CD spectrum of compound 25 shows a negative band at ([θ]218) and a positive 

band at ([θ]260) that corresponds to a 4R, 5S configuration, respectively (Numata et 

al., 1984; Hollenbeak & Kuehn, 1974). A further negative band was observed at 

([θ]295), which could be ascribed to the R-configuration of C-5’ (Beigi et al., 2012). 

Thus, compound 25 was identified to be the previously undescribed natural product 

4R-O-(5S-hydroxy-4-(5’R-hydroxy 4’-oxohexanoyl) osmundalactone. The sodium-

added molecular ion [M+Na]+ at m/z 279.0841 corresponding to C12H16O6Na+ 

(calculated: m/z at 279.0839; Δ = 0.63 ppm) observed in the HRMS of compound 25 
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and δ 1.30 (H-6), acylated with a 5’-hydroxy-oxohexanoyl group displaying signals at 
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C CAPT spectrum 25 were assigned by the 2D 
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5’/C-6) observed in the 2D 
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as 4-O-(5’-hydroxy-4’-oxohexanoyl) osmundalactone (Figure 16). The complete 

chemical shift values of compound 25 are presented in the second part of this work.  

The CD spectrum of compound 25 shows a negative band at ([θ]218) and a positive 

band at ([θ]260) that corresponds to a 4R, 5S configuration, respectively (Numata et 

al., 1984; Hollenbeak & Kuehn, 1974). A further negative band was observed at 
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confirmed this identification. Compound 25 represents the first complete assignment 

of NMR signals of the osmundalactone core structure. The 1H NMR chemical shift 

values are in good agreement with the previously published incompletely assigned 1H 

NMR data of osmundalactone (Numata et al., 1984) with exception of the chemical 

shift value of H-4, which is experiencing a considerable downfield shift because of 

the effect of acylation of the 4-hydroxyl with 5’-hydroxy4-oxohexanoyl (Andersen & 

Fossen, 1995).  

The previously reported beneficial properties of Osmunda regalis as a traditional 

medicinal plant encouraged studies to determine the potential cytotoxic activity 

against leukaemia cells of natural products isolated from this plant source. The 

cytotoxicity of compounds 12, 13, 16, 18, 20, 21, 22, 23, 24, and 25, which include 

the six previously undescribed natural products, were tested towards acute myeloid 

leukaemia cell line MOLM13. Only compounds 21 and 25, which are γ- and δ- 

lactones, respectively, exhibited significant cytotoxic activity against the MOLM13 

cells with EC50 values of 46.2 ± 0.07 µM (11) and 111.9 ± 0.07 µM (15) after 72 

hours of incubation. These two compounds were further tested towards the normal 

cell lines of rat kidney epithelial (NRK) cells and rat cardiomyoblasts H9c2 cells to 

reveal if the cytotoxic activity was selective towards cancer cells. However, the 

cytotoxic activity of 5-hydroxy-2-hexen-4-olide lactone (21) did not differ between 

the cell lines tested, and the EC50 values were in all instances similar: 46.2 μM for 

MOML13, 48.7 μM for H9c2 and 49.6 μM for NRK (Table 3). The 4-O-(5-hydroxy-

4-oxohexanoyl) osmundalactone (25) was only cytotoxic towards the heart and AML 

cells exhibiting similar EC50 values for these cell lines (102.7 and 111.9 μM, 

respectively). We did not detect reduced metabolic activity in the NRK cells at the 

highest concentration tested (200 μM), indicating lower cytotoxicity of compound 25 

towards this cell line. Monolactones such as γ- and δ-lactones have previously been 

reported to induce DNA damage in the blood and the central nervous systems of rats 

(Jornada et al., 2010) and to exhibit pro-apoptotic activity against various cancer cells 

through inhibition of NF-κB (Janecka et al., 2012; Barros et al., 2014). The fact that 

γ-lactones have been reported to be more cytotoxic against cancer cells than δ-
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cytotoxicity of compounds 12, 13, 16, 18, 20, 21, 22, 23, 24, and 25, which include 

the six previously undescribed natural products, were tested towards acute myeloid 

leukaemia cell line MOLM13. Only compounds 21 and 25, which are γ- and δ- 

lactones, respectively, exhibited significant cytotoxic activity against the MOLM13 

cells with EC50 values of 46.2 ± 0.07 µM (11) and 111.9 ± 0.07 µM (15) after 72 

hours of incubation. These two compounds were further tested towards the normal 

cell lines of rat kidney epithelial (NRK) cells and rat cardiomyoblasts H9c2 cells to 

reveal if the cytotoxic activity was selective towards cancer cells. However, the 

cytotoxic activity of 5-hydroxy-2-hexen-4-olide lactone (21) did not differ between 

the cell lines tested, and the EC50 values were in all instances similar: 46.2 μM for 

MOML13, 48.7 μM for H9c2 and 49.6 μM for NRK (Table 3). The 4-O-(5-hydroxy-

4-oxohexanoyl) osmundalactone (25) was only cytotoxic towards the heart and AML 

cells exhibiting similar EC50 values for these cell lines (102.7 and 111.9 μM, 

respectively). We did not detect reduced metabolic activity in the NRK cells at the 

highest concentration tested (200 μM), indicating lower cytotoxicity of compound 25 

towards this cell line. Monolactones such as γ- and δ-lactones have previously been 

reported to induce DNA damage in the blood and the central nervous systems of rats 

(Jornada et al., 2010) and to exhibit pro-apoptotic activity against various cancer cells 

through inhibition of NF-κB (Janecka et al., 2012; Barros et al., 2014). The fact that 

γ-lactones have been reported to be more cytotoxic against cancer cells than δ-
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lactones (Calderon-Montaño et al., 2013) may explain the observed difference in 

cytotoxic potency between compounds 25 and 21. 

Table 3. Cytotoxicity of compounds 21 and 25 against three mammalian cell lines. The 

compounds were diluted in DMSO. The cells were tested for metabolic activity after 72 h of 

incubation. The EC50 values were determined by non-linear regression from 3 independent 

experiments (MOLM-13 and H9c2) described in the methods section. The data from NRK is 

from 3 experiments. “– “denotes that no data is available due to low or no toxicity. 

 MOLM13 (µM) H9c2 (µM) NRK(µM) 

21 46.2 ± 0.07 48.7 ± 0.18 49.6 ± 0.11 

25 111.9 ± 0.07 102.7± 0.12 - 
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4.4. Paper IV: Cytotoxic Natural Products Isolated from Cryptogramma 

crispa (L.) R. Br. 

In the existing literature regarding Cryptogramma crispa, the main results are studies 

of the botanical characteristics of the plant. However, only a restricted number of 

studies have explored its phytochemical composition.  

In current literature, only relatively volatile compounds, including alkyl esters, fatty 

acids, primary alcohols, aldehydes, and alkanes, have hitherto been identified by 

GCMS from C. crispa (Guo et al., 2018). Some carotenoid derivatives and shikimic 

acid derivatives have also been indicated to occur in this plant (Fons et al., 2018). 

However, the structures of these compounds remain vague, and there are no studies in 

the current literature about the isolation and identification of pure compounds from 

this plant species. 

As part of our ongoing research in this paper, we have reported the characterisation of 

15 natural compounds from the aerial parts of C. crispa, which have been identified 

from this plant species for the first time; this list of compounds includes a novel 

compound, as well as their cytotoxic activity towards leukaemia cells and normal 

kidney and heart cell lines. 

The fourteen known compounds quercetin (28), quercetin 3-O-β-galactopyranoside 

(29), quercetin 3-O-β-glucopyranoside (30), quercetin 7-O-β-glucopyranoside (31), 

kaempferol 7-O-β-glucopyranoside (32), ferulic acid (33), ferulic acid 4-O-β-

glucopyranoside (34), p-coumaric acid-4-O-β-glucopyranoside (35), caffeic acid (36), 

methyl chlorogenic acid 4’-O-β-glucopyranoside (37), chlorogenic acid methyl ester 

(38), pteroside D (39), pteroside X (40), and pterosin D (42) (Figure 19) were 

characterised from aerial parts of C. crispa. Compound 40 was previously identified 

as pteroside X by Murakami et al. (1976) from Pteris fauriei Hieron using 1D 1H 

NMR.  
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4.4. Paper IV: Cytotoxic Natural Products Isolated from Cryptogramma 

crispa (L.) R. Br. 

In the existing literature regarding Cryptogramma crispa, the main results are studies 

of the botanical characteristics of the plant. However, only a restricted number of 

studies have explored its phytochemical composition.  

In current literature, only relatively volatile compounds, including alkyl esters, fatty 

acids, primary alcohols, aldehydes, and alkanes, have hitherto been identified by 

GCMS from C. crispa (Guo et al., 2018). Some carotenoid derivatives and shikimic 

acid derivatives have also been indicated to occur in this plant (Fons et al., 2018). 

However, the structures of these compounds remain vague, and there are no studies in 

the current literature about the isolation and identification of pure compounds from 

this plant species. 

As part of our ongoing research in this paper, we have reported the characterisation of 

15 natural compounds from the aerial parts of C. crispa, which have been identified 

from this plant species for the first time; this list of compounds includes a novel 

compound, as well as their cytotoxic activity towards leukaemia cells and normal 

kidney and heart cell lines. 

The fourteen known compounds quercetin (28), quercetin 3-O-β-galactopyranoside 

(29), quercetin 3-O-β-glucopyranoside (30), quercetin 7-O-β-glucopyranoside (31), 
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glucopyranoside (34), p-coumaric acid-4-O-β-glucopyranoside (35), caffeic acid (36), 

methyl chlorogenic acid 4’-O-β-glucopyranoside (37), chlorogenic acid methyl ester 

(38), pteroside D (39), pteroside X (40), and pterosin D (42) (Figure 19) were 

characterised from aerial parts of C. crispa. Compound 40 was previously identified 

as pteroside X by Murakami et al. (1976) from Pteris fauriei Hieron using 1D 1H 

NMR.  
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4.4. Paper IV: Cytotoxic Natural Products Isolated from Cryptogramma 

crispa (L.) R. Br. 

In the existing literature regarding Cryptogramma crispa, the main results are studies 

of the botanical characteristics of the plant. However, only a restricted number of 

studies have explored its phytochemical composition.  

In current literature, only relatively volatile compounds, including alkyl esters, fatty 

acids, primary alcohols, aldehydes, and alkanes, have hitherto been identified by 

GCMS from C. crispa (Guo et al., 2018). Some carotenoid derivatives and shikimic 

acid derivatives have also been indicated to occur in this plant (Fons et al., 2018). 

However, the structures of these compounds remain vague, and there are no studies in 

the current literature about the isolation and identification of pure compounds from 

this plant species. 

As part of our ongoing research in this paper, we have reported the characterisation of 

15 natural compounds from the aerial parts of C. crispa, which have been identified 

from this plant species for the first time; this list of compounds includes a novel 

compound, as well as their cytotoxic activity towards leukaemia cells and normal 

kidney and heart cell lines. 

The fourteen known compounds quercetin (28), quercetin 3-O-β-galactopyranoside 

(29), quercetin 3-O-β-glucopyranoside (30), quercetin 7-O-β-glucopyranoside (31), 

kaempferol 7-O-β-glucopyranoside (32), ferulic acid (33), ferulic acid 4-O-β-

glucopyranoside (34), p-coumaric acid-4-O-β-glucopyranoside (35), caffeic acid (36), 

methyl chlorogenic acid 4’-O-β-glucopyranoside (37), chlorogenic acid methyl ester 

(38), pteroside D (39), pteroside X (40), and pterosin D (42) (Figure 19) were 

characterised from aerial parts of C. crispa. Compound 40 was previously identified 

as pteroside X by Murakami et al. (1976) from Pteris fauriei Hieron using 1D 1H 

NMR.  
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4.4. Paper IV: Cytotoxic Natural Products Isolated from Cryptogramma 

crispa (L.) R. Br. 

In the existing literature regarding Cryptogramma crispa, the main results are studies 

of the botanical characteristics of the plant. However, only a restricted number of 

studies have explored its phytochemical composition.  

In current literature, only relatively volatile compounds, including alkyl esters, fatty 

acids, primary alcohols, aldehydes, and alkanes, have hitherto been identified by 

GCMS from C. crispa (Guo et al., 2018). Some carotenoid derivatives and shikimic 

acid derivatives have also been indicated to occur in this plant (Fons et al., 2018). 

However, the structures of these compounds remain vague, and there are no studies in 

the current literature about the isolation and identification of pure compounds from 

this plant species. 

As part of our ongoing research in this paper, we have reported the characterisation of 

15 natural compounds from the aerial parts of C. crispa, which have been identified 

from this plant species for the first time; this list of compounds includes a novel 

compound, as well as their cytotoxic activity towards leukaemia cells and normal 

kidney and heart cell lines. 

The fourteen known compounds quercetin (28), quercetin 3-O-β-galactopyranoside 

(29), quercetin 3-O-β-glucopyranoside (30), quercetin 7-O-β-glucopyranoside (31), 

kaempferol 7-O-β-glucopyranoside (32), ferulic acid (33), ferulic acid 4-O-β-

glucopyranoside (34), p-coumaric acid-4-O-β-glucopyranoside (35), caffeic acid (36), 

methyl chlorogenic acid 4’-O-β-glucopyranoside (37), chlorogenic acid methyl ester 

(38), pteroside D (39), pteroside X (40), and pterosin D (42) (Figure 19) were 

characterised from aerial parts of C. crispa. Compound 40 was previously identified 

as pteroside X by Murakami et al. (1976) from Pteris fauriei Hieron using 1D 
1
H 

NMR.  
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4.4. Paper IV: Cytotoxic Natural Products Isolated from Cryptogramma 

crispa (L.) R. Br. 

In the existing literature regarding Cryptogramma crispa, the main results are studies 

of the botanical characteristics of the plant. However, only a restricted number of 

studies have explored its phytochemical composition.  

In current literature, only relatively volatile compounds, including alkyl esters, fatty 

acids, primary alcohols, aldehydes, and alkanes, have hitherto been identified by 

GCMS from C. crispa (Guo et al., 2018). Some carotenoid derivatives and shikimic 

acid derivatives have also been indicated to occur in this plant (Fons et al., 2018). 

However, the structures of these compounds remain vague, and there are no studies in 

the current literature about the isolation and identification of pure compounds from 

this plant species. 

As part of our ongoing research in this paper, we have reported the characterisation of 

15 natural compounds from the aerial parts of C. crispa, which have been identified 

from this plant species for the first time; this list of compounds includes a novel 

compound, as well as their cytotoxic activity towards leukaemia cells and normal 

kidney and heart cell lines. 

The fourteen known compounds quercetin (28), quercetin 3-O-β-galactopyranoside 

(29), quercetin 3-O-β-glucopyranoside (30), quercetin 7-O-β-glucopyranoside (31), 

kaempferol 7-O-β-glucopyranoside (32), ferulic acid (33), ferulic acid 4-O-β-

glucopyranoside (34), p-coumaric acid-4-O-β-glucopyranoside (35), caffeic acid (36), 

methyl chlorogenic acid 4’-O-β-glucopyranoside (37), chlorogenic acid methyl ester 

(38), pteroside D (39), pteroside X (40), and pterosin D (42) (Figure 19) were 

characterised from aerial parts of C. crispa. Compound 40 was previously identified 

as pteroside X by Murakami et al. (1976) from Pteris fauriei Hieron using 1D 
1
H 

NMR.  
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4.4. Paper IV: Cytotoxic Natural Products Isolated from Cryptogramma 

crispa (L.) R. Br. 

In the existing literature regarding Cryptogramma crispa, the main results are studies 

of the botanical characteristics of the plant. However, only a restricted number of 

studies have explored its phytochemical composition.  

In current literature, only relatively volatile compounds, including alkyl esters, fatty 

acids, primary alcohols, aldehydes, and alkanes, have hitherto been identified by 

GCMS from C. crispa (Guo et al., 2018). Some carotenoid derivatives and shikimic 

acid derivatives have also been indicated to occur in this plant (Fons et al., 2018). 

However, the structures of these compounds remain vague, and there are no studies in 

the current literature about the isolation and identification of pure compounds from 

this plant species. 

As part of our ongoing research in this paper, we have reported the characterisation of 

15 natural compounds from the aerial parts of C. crispa, which have been identified 

from this plant species for the first time; this list of compounds includes a novel 

compound, as well as their cytotoxic activity towards leukaemia cells and normal 

kidney and heart cell lines. 

The fourteen known compounds quercetin (28), quercetin 3-O-β-galactopyranoside 

(29), quercetin 3-O-β-glucopyranoside (30), quercetin 7-O-β-glucopyranoside (31), 

kaempferol 7-O-β-glucopyranoside (32), ferulic acid (33), ferulic acid 4-O-β-

glucopyranoside (34), p-coumaric acid-4-O-β-glucopyranoside (35), caffeic acid (36), 

methyl chlorogenic acid 4’-O-β-glucopyranoside (37), chlorogenic acid methyl ester 

(38), pteroside D (39), pteroside X (40), and pterosin D (42) (Figure 19) were 

characterised from aerial parts of C. crispa. Compound 40 was previously identified 

as pteroside X by Murakami et al. (1976) from Pteris fauriei Hieron using 1D 
1
H 

NMR.  
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4.4. Paper IV: Cytotoxic Natural Products Isolated from Cryptogramma 

crispa (L.) R. Br. 

In the existing literature regarding Cryptogramma crispa, the main results are studies 

of the botanical characteristics of the plant. However, only a restricted number of 

studies have explored its phytochemical composition.  

In current literature, only relatively volatile compounds, including alkyl esters, fatty 

acids, primary alcohols, aldehydes, and alkanes, have hitherto been identified by 

GCMS from C. crispa (Guo et al., 2018). Some carotenoid derivatives and shikimic 

acid derivatives have also been indicated to occur in this plant (Fons et al., 2018). 

However, the structures of these compounds remain vague, and there are no studies in 

the current literature about the isolation and identification of pure compounds from 

this plant species. 

As part of our ongoing research in this paper, we have reported the characterisation of 

15 natural compounds from the aerial parts of C. crispa, which have been identified 

from this plant species for the first time; this list of compounds includes a novel 

compound, as well as their cytotoxic activity towards leukaemia cells and normal 

kidney and heart cell lines. 

The fourteen known compounds quercetin (28), quercetin 3-O-β-galactopyranoside 

(29), quercetin 3-O-β-glucopyranoside (30), quercetin 7-O-β-glucopyranoside (31), 

kaempferol 7-O-β-glucopyranoside (32), ferulic acid (33), ferulic acid 4-O-β-

glucopyranoside (34), p-coumaric acid-4-O-β-glucopyranoside (35), caffeic acid (36), 

methyl chlorogenic acid 4’-O-β-glucopyranoside (37), chlorogenic acid methyl ester 

(38), pteroside D (39), pteroside X (40), and pterosin D (42) (Figure 19) were 

characterised from aerial parts of C. crispa. Compound 40 was previously identified 

as pteroside X by Murakami et al. (1976) from Pteris fauriei Hieron using 1D 
1
H 

NMR.  
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4.4. Paper IV: Cytotoxic Natural Products Isolated from Cryptogramma 

crispa (L.) R. Br. 

In the existing literature regarding Cryptogramma crispa, the main results are studies 

of the botanical characteristics of the plant. However, only a restricted number of 

studies have explored its phytochemical composition.  

In current literature, only relatively volatile compounds, including alkyl esters, fatty 

acids, primary alcohols, aldehydes, and alkanes, have hitherto been identified by 

GCMS from C. crispa (Guo et al., 2018). Some carotenoid derivatives and shikimic 

acid derivatives have also been indicated to occur in this plant (Fons et al., 2018). 

However, the structures of these compounds remain vague, and there are no studies in 

the current literature about the isolation and identification of pure compounds from 

this plant species. 

As part of our ongoing research in this paper, we have reported the characterisation of 

15 natural compounds from the aerial parts of C. crispa, which have been identified 

from this plant species for the first time; this list of compounds includes a novel 

compound, as well as their cytotoxic activity towards leukaemia cells and normal 

kidney and heart cell lines. 

The fourteen known compounds quercetin (28), quercetin 3-O-β-galactopyranoside 

(29), quercetin 3-O-β-glucopyranoside (30), quercetin 7-O-β-glucopyranoside (31), 

kaempferol 7-O-β-glucopyranoside (32), ferulic acid (33), ferulic acid 4-O-β-

glucopyranoside (34), p-coumaric acid-4-O-β-glucopyranoside (35), caffeic acid (36), 

methyl chlorogenic acid 4’-O-β-glucopyranoside (37), chlorogenic acid methyl ester 

(38), pteroside D (39), pteroside X (40), and pterosin D (42) (Figure 19) were 

characterised from aerial parts of C. crispa. Compound 40 was previously identified 

as pteroside X by Murakami et al. (1976) from Pteris fauriei Hieron using 1D 
1
H 

NMR.  
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4.4. Paper IV: Cytotoxic Natural Products Isolated from Cryptogramma 

crispa (L.) R. Br. 

In the existing literature regarding Cryptogramma crispa, the main results are studies 

of the botanical characteristics of the plant. However, only a restricted number of 

studies have explored its phytochemical composition.  

In current literature, only relatively volatile compounds, including alkyl esters, fatty 

acids, primary alcohols, aldehydes, and alkanes, have hitherto been identified by 

GCMS from C. crispa (Guo et al., 2018). Some carotenoid derivatives and shikimic 

acid derivatives have also been indicated to occur in this plant (Fons et al., 2018). 

However, the structures of these compounds remain vague, and there are no studies in 

the current literature about the isolation and identification of pure compounds from 

this plant species. 

As part of our ongoing research in this paper, we have reported the characterisation of 

15 natural compounds from the aerial parts of C. crispa, which have been identified 

from this plant species for the first time; this list of compounds includes a novel 

compound, as well as their cytotoxic activity towards leukaemia cells and normal 

kidney and heart cell lines. 

The fourteen known compounds quercetin (28), quercetin 3-O-β-galactopyranoside 

(29), quercetin 3-O-β-glucopyranoside (30), quercetin 7-O-β-glucopyranoside (31), 

kaempferol 7-O-β-glucopyranoside (32), ferulic acid (33), ferulic acid 4-O-β-

glucopyranoside (34), p-coumaric acid-4-O-β-glucopyranoside (35), caffeic acid (36), 

methyl chlorogenic acid 4’-O-β-glucopyranoside (37), chlorogenic acid methyl ester 

(38), pteroside D (39), pteroside X (40), and pterosin D (42) (Figure 19) were 

characterised from aerial parts of C. crispa. Compound 40 was previously identified 

as pteroside X by Murakami et al. (1976) from Pteris fauriei Hieron using 1D 
1
H 

NMR.  
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Figure 19. Structures of natural products isolated from Crytogramma crispa. 

The UV spectrum of compound 41 recorded online during HPLC analysis exhibited 

λmax values at 260, 215 and 198 nm, which are consistent with a 1-indanone 

derivative. The 1D 1H NMR spectrum and the 1D 13C NMR spectrum of 41 showed 
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respectively. The cross-peaks at ẟ 1.19/49.8 (H-10/C-2) and ẟ 0.96/49.8 (H-10/C-2) 

confirmed that these methyl groups were connected in the C-2 position. The cross-

peaks at ẟ 2.42/145.2 (H-12/C-5) and ẟ 2.61/137.2 (H-15/C-7) confirmed that these 

methyl groups were connected to C-5 and C-6 positions, respectively. Moreover, a 

CH2 unit was identified at ẟ 3.00/29.14 (H-13/C-13), ẟ 3.75/66.79 (H-14A/C-14) and 

ẟ 3.56/66.79 (H-14B/C-14). The cross-peaks at ẟ 3.00/145.2 (H-13/C-5) and ẟ 

3.00/137.2 (H-13/C-7) confirmed that this unit was attached to the C-6 position of the 
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13C NMR spectrum of 41 showed the presence of a glucosyl substituent and a 

malonyl substituent, respectively. All 1H and 13C resonances belonging to the 

glucosyl substituent were assigned by the combined information gained from the 1D 

selective TOCSY spectrum, the 2D 1H-13C HSQC spectrum, the 2D 1H-13C H2BC 

spectrum and the 2D 1H-1H COSY spectrum of 41. The cross-peaks at ẟ 4.20/66.8 

(H-1’/C-14), ẟ 3.75/102.9 (H-14A/C-1’) and ẟ 3.56/102.9 (H-14B/C-1’) observed in 

the 2D 1H-13C HMBC spectrum (Figure 20) of 41 confirmed that the glucosyl 

substituent was attached to C-14. The sugar unit was identified as glucose with an β- 

configuration because of the large coupling constant (δ 4.20 d 7.8 Hz; H-1’). The 

cross-peak at ẟ 5.94/167.2 (H-3/C-1’’) confirmed that the malonyl unit was attached 

to C3. Thus, 39 was identified as the novel natural product 3-O-malonyl pteroside D. 

 

Figure 20. Important HMBC cross-peaks for structure determination of 3(R)-O-malonyl pteroside D 

(compound 41). A: Cross-peak at δ 5.94/167.2 (H-4/C-1’’) confirms the malonyl substituent's 

connection to the 1-indanon core. B: Cross-peak at δ 4.18/66.8 (H-1’/C-14) and C: Cross-peaks 

detected at δ 3.75/102.9 (H-14A/C-1’) and δ 3.56/102.9 /H-14B/C-1’) confirming the connection of 

the glucosyl unit to the alkyl group at C-14. 

The stereochemistry of the chiral carbons belonging to C-3 of the 1-indanone core 

structure was determined by Circular Dichroism (CD) spectroscopy. The CD 

spectrum of 39 showed a negative Cotton effect at 301 nm and a positive Cotton 

effect at 333 nm, which is by 3R configuration (Kuroyanagi et al., 1974). Therefore, 

compound 41 was identified as 3(R)-O-malonyl pteroside D (Figure 19). A molecular 

ion [M-H]- at m/z 495.1861 corresponding to C24H32O11 (calculated at m/z 495.1872; 
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Δ = -2.17 ppm) observed in the HRMS of compound 41 confirmed this identification. 

All the structures isolated from C. crispa can be seen in Figure 19. 

Pterosins are sesquiterpenoids with a 1-indanone core structure; the glucoside version 

is called pterosides. This name originates from the fern Pteridium aquilinum var. 

latiusculum, which is one of the oldest and most common plants in the world and the 

first plant source from which such compounds were isolated. At the end of the 19th 

century, reports of lethal intoxication in cattle were established after consuming P. 

aquilinum (Penberthy, 1893; Storrar, 1893).  Pterosin D and Pteroside D were first 

isolated by Yoshihira et al. (1978) from P. aquilunum and have later been found in 

other fern varieties such as P. aqullinum subsp wightianum (Wall) Shich, H. punctata 

(Thunb) Mett, J. scammanae Tryon, M. speluncae (L.) Moore, M. strigosa (Thunb) 

Presl, D. wilfordii (Moore) Christ (Cao et al., 2017).  

Flavonoids are important natural products of ferns. A multitude of these compounds 

has hitherto been reported from ferns belonging to Dryopteridaceae, 

Thelypteridaceae, Selaginellaceae, Equisetaceae, Helminthostachyaceae, 

Ophioglossaceae, Lygodiaceae, Athyriaceae, and Aspleniaceae species (Cao et al., 

2017). In the genus Pteridaceae, flavonoids of the Pteris species have been 

extensively investigated. The main flavonoids of ferns in this compound class are 

flavones, flavonols, and flavanones (Harada & Saiki, 1955; Wollenweber, 1989). All 

flavonoids identified in C. crispa during this project are flavonols, where derivatives 

of quercetin predominate. 

In our ongoing research to identify new compounds for future anticancer drugs, the 

cytotoxic activity of four 1-indanone derivatives (compounds 39, 40, 41, 42) was 

tested towards acute myeloid leukaemia cell line MOLM13. Table 4 presents the 

EC50 values after 72h exposure. Moderate and relatively similar cytotoxicity towards 

this cell line was observed for all compounds, with EC50 values ranging from 182.88 

±0.08 µM for compound 39 to 197.88 ± 0.18 µM for compound 41. The cytotoxicity 

between pterosin D and pteroside D could be regarded through the sugar moiety; 
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meanwhile, adding a substituent in the C-3 position and on C-5 decreases the 

cytotoxicity of these 1-indanone structures (Saito et al., 1975; Yoshihira et al., 1978). 

Table 4. Cytotoxicity of compounds 39-42 against three mammalian cell lines. The compounds were 

diluted in DMSO. The cells were tested for metabolic activity after 72 h of incubation. The EC50 

values were determined by non-linear regression from 3 independent experiments (MOLM13), as 

described in the methods section. The data from H9c2 and NRK is from three experiment. “– 

“denotes that no data is available due to low or no toxicity. 

 MOLM13 (µM) H9c2 (µM) NRK (µM) 

Compound 39 182.88 ± 0.08 - - 

Compound 40 191.66 ± 0.13 - - 

Compound 41 197.88 ± 0.18 - - 

Compound 42 189.96 ± 0.16 - - 

 

These compounds exhibited selective cytotoxic activity towards MOLM13, which is 

illustrated by the fact that none of these compounds were cytotoxic towards normal 

cell lines (NRK and heart cells, respectively). Pterosides are 1-indanone derivatives 

structurally related to ptaquiloside derivatives, which are cancer-promoting agents 

(Hikino et al., 1976). However, cancer-promoting effects are normally not observable 

within the short timescale of 24 to 72 hours, which was applied in our experiments to 

determine the cytotoxicity of individual compounds. McMorris et al. (1992), who 

studied the structure-activity relationship of the structurally related illudins isolated 

from Omphalotus illudens mushroom, reported that illudins have a significant 

anticancer potential. Illudins are structurally related to ptaquiloside structures with 

less cytotoxic effects than ptaquiloside. Some of these compounds, for example, 

illudin M and illudin S, exhibit significant antibacterial activity (Anchel et al., 1950). 

The latter-mentioned compounds are more potent than the pterosides described in this 

paper, with cytotoxic effects against myeloid leukaemia HL 60 cells in the range of 6-

100nM (Kelner et al., 1987).  

Comparing the cytotoxicity of the pterosides presented in this work with other 1-

indanone structure-related, the mild and selective toxicity towards AML MOLM13 

cells is positive for further investigation. 
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4.5  Paper V: A novel bicyclic lactone and other polyphenols from the 

commercially important vegetable Anthriscus cerefolium. 

Several derivatives of quinic acid, in addition to the phenylpropanoids, where the 

latter compounds occur in essential oils, have also been reported as phenolic 

constituents from A. cerefolium (Slimestad et al., 2018; Stojkovic et al., 2021; Fejes 

et al., 2003). These identifications were mainly based on hyphenated mass 

spectrometry and comparisons with available standards (Slimestad et al., 2018). The 

observed antimicrobial activity of chervil extracts may be assigned to the content of 

relatively volatile compounds, including the known antibiotic compound carvacrol 

(Slimestad et al., 2018; Abdulmanea et al., 2012). Studies of the biological activity of 

pure compounds isolated from chervil are, however, lacking in current literature. 

The major objective of this research industry collaboration is to determine the 

qualitative and quantitative content of the phenolics of garden chervil by using 

multidimensional NMR spectroscopic and chromatographic methods to determine the 

therapeutic potential of the main phenolic constituent towards acute monocytic 

leukaemia cells. 

The dry matter content of chervil, Anthriscus cerefolium, was found to be 32.3%, 

which is higher than the dry matter content of parsley, Petroselinum crispum, at 

24.7% provided by the same grower (Zwaving et al., 1971). The total phenolic 

content was found to be 1260 mg gallic acid equivalents (GAE) 100 g−1, quite like 

that of parsley (1270 mg GAE 100 g−1) (Zwaving et al., 1971). The antiradical 

potential was 50 ± 5 mg TEAC 100 g−1, similar to the level detected in parsley, 54 mg 

TEAC 100 g−1 (Zwaving et al., 1971) and comparable to previous studies of chervil 

(Abdulmanea et al., 2012). 

From a methanol extract of fresh garden chervil (Anthriscus cerefolium L.), four 

phenolic compounds were detected using UHPLC-DAD-MS analysis. Preparative 

isolation of the phenolics was achieved by repetitive size-exclusion chromatography 

(Sephadex LH-20) and preparative HPLC. In total, five compounds were isolated. 

The aromatic compounds identified in this paper are apigenin 7-O-β-(2″-
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apiofuranosylglucopyranoside) (also known as apiin), luteolin 7-O-β-

glucopyranoside, and apigenin 7-O-β-(2″-apiofuranosyl-6″-malonylglucopyranoside). 

These compounds are not part of the scope of this research work. This identification 

was carried out by a combination of several 1D and 2D NMR experiments and high-

resolution mass spectrometry. Apiin and luteolin 7-O-β-glucopyranoside have 

previously been identified in chervil (Chizzola, 2011; Milovanović et al., 2009), 

while apigenin 7-O-β-(2″-apiofuranosyl-6″-malonylglucopyranoside) is identified in 

garden chervil for the first time. 

In the following sentence, it is presented the novel compound isolated as part of the 

research collaboration between the Pharmacognosy group and the industry 

partnership. 

The central bicyclic δ-quinide ring system of 43 was assigned by the 1H/13C cross-

peaks at δ 2.44/69.9 (H-2A/C-3), δ 1.96/69.9 (H-2B/C-3), δ 5.20/35.7 (H-3/C-2), δ 

5.20/68.8 (H-3/C-4), δ 3.87/69.9 (H-4/C-3), δ 3.87/72.0 (H-4/C-5), δ 5.32/68.8 (H-

5/C-4), δ 5.32/31.8 (H-5/C-6) and δ 2.41/72.0 (H-6/C-5) observed in the 2D 1H–13C 

H2BC spectrum, the 1H/1H cross-peaks at δ 2.44/5.20 (H-2A/H-3), δ 1.96/5.20 (H-

2B/H-3), δ 2.44/1.96 (H-2A/H-2B), δ 5.20/3.87 (H-3/H-4), δ 3.87/5.32 (H-4/H-5) and 

δ 5.32/2.41 (H-5/H-6) observed in the 2D 1H–1H COSY spectrum. The substituents of 

the central bicyclic δ-quinide ring system of 43 were identified as two caffeoyl units 

and a malonyl unit. The 1H/13C cross-peaks at δ 6.28/78.8 (H-8′/C-1), δ 6.23/69.9 (H-

8″/C-3) and δ 5.20/166.2 (H-3/C-9″) confirmed that the caffeoyl units were attached 

to the δ-quinide ring system at position -1 and -3, respectively. A cross-peak at δ 

5.32/166.7 (H-5/C-1‴) confirmed the linkage between the malonyl substituent and the 

δ-quinide ring system at position -5. Thus, 43 was identified as the previously 

undescribed natural product 1,3-dicaffeoyl-5-malonyl-δ-quinide. A molecular ion at 

m/z 585.1234 corresponding to C28H25O14
+ (calculated m/z at 585.1245, Δ = − 1.9 

ppm) observed in the high-resolution mass spectrum of 1 confirmed this identity 

(Figure 21). 
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Figure 21. Structure of the previously undescribed compound 1,3-dicaffeoyl-5-malonyl-δ-quinide 

(43) isolated from Anthriscus cerefolium. 

A related compound with similar central bicyclic δ-quinide ring system to that of 43, 

namely 3,5-O-dicaffeoylepi-δ-quinide, has previously been reported to occur in 

processed coffee beans, where the identification was solely based on mass 

spectrometry (Ortan et al., 2015). Recently, Stojkovic et al. reported the presence of 

several derivatives of quinic acid acylated with caffeoyl and malonyl moieties, which 

were identified by hyphenated high-resolution mass spectrometry (UHPLC-MS) 

(Slimestad et al., 2018). However, none of these compounds were lactones. 

Previously, extracts of chervil have exhibited weak to moderate cytotoxic activity 

towards cancer cell lines, including glioblastoma cells, where EC50 of 765 μg/mL was 

observed (Slimestad et al., 2018; Price et al., 1977); however, the cytotoxicity of pure 

compounds isolated from chervil has not been reported in current literature. The 

cytotoxicity of the main phenolic compound 1,3-dicaffeoyl-5-malonyl-δ-quinide (43) 

towards MOLM13, OCI-AML3 and MV4-11 acute leukaemia cells and normal cell 

lines (NRK cells and H9C2). 1,3-dicaffeoyl-5-malonyl-δ-quinide (43) exhibited 

moderate toxicity towards all cell lines tested with EC50 values above 1000 μM at 24 

h incubation and between 400 and 600 μM at 72 h incubation. The compound did not 

show selective cytotoxicity towards any of the leukaemia cell lines compared to the 

non-cancerous cell lines (Figure 22). 
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Figure 22. Cytotoxicity of 1,3-dicaffeoyl-5-malonyl-δ-quinide (1) towards NRK kidney epithelial 

cells and MOLM13 leukaemia cells. 
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Figure 22. Cytotoxicity of 1,3-dicaffeoyl-5-malonyl-δ-quinide (1) towards NRK kidney epithelial 

cells and MOLM13 leukaemia cells. 
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Chapter 5: Conclusions. 

This PhD thesis in pharmacognosy has made significant contributions to increased 

knowledge of several types of bioactive natural compounds isolated from Narthecium 

ossifragum, Osmunda regalis, Cryptogramma crispa and Anthriscus cerefolium. 

For the first time, saponins from N. ossifragum have been isolated and characterized 

at atomic resolution. The cytotoxicity of these saponins increased with increasing 

number of glycosyl substituents. The primary saponin, sarsasapogenin-3-O-(2′-O-β-

glucopyranosyl-3′-O-α-arabinopyranosyl-β galactopyranoside) (4), which makes up a 

significant percentage of the dry weight of N. ossifragum’s flowering tops, was found 

to be the main toxic principle towards all tested cell lines including normal rat kidney 

cells. This suggests that this compound could be mainly responsible for the kidney 

and liver damage observed in cattle after consuming N. ossifragum. Despite the 

flowering tops of N. ossifragum have been indicated to contain the causative agents 

of the phototoxic disease alveld, no aromatic compounds have previously been 

identified. This study reports on the detailed characterisation of five di-C-glycosyl 

flavones, which have been completely characterised for the first time, in addition to a 

structurally related known compound. 

The structures of the saponins of N. ossifragum have now been determined, and a 

protocol for large-scale isolation of these compounds has been presented. This opens 

for further structure-activity studies of these compounds, including studies of their 

effects on biological cellular membranes, which are presented in this work, as well as 

future animal trials. These saponins based on Sarsasapogenin aglycone exhibit non-
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from other plant sources; therefore, it is suggested not to use these compounds for 

cancer therapy. (Paper I and II). 

Natural products from the aerial parts of the jurassic relict Osmunda regalis L. have 

for the first time been successfully characterised, leading to the identification of 17 

natural products. Among these, six are novel compounds, underscoring the plant’s 

potential as a source of novel natural products. This correlates well with expectations 

for a unique species like Osmunda regalis L., which is one of the few remaining 

intact representatives of a Jurassic ecosystem. 

Two monolactones isolated from Osmunda regalis exhibited cytotoxic activity. 

Monolactones, specifically γ- and δ-lactones, have been previously found to have 

different mechanisms for causing cell-death. Interestingly, γ-lactones have been 

reported to be more cytotoxic against cancer cells than δ-lactones, which could 

account for the observed difference in cytotoxic potency between compounds 25 and 

21. (Paper III). 

In Paper IV, for the first time, 15 natural products, including the previously 

undescribed compound 3R-O-malonyl pteroside D (41), have been characterised from 

Cryptogramma crispa (L.) R. Br. The four isolated 1-indanone derivatives were 

tested for their cytotoxic activity towards the acute myeloid leukaemia cell line 

MOLM13, and all these compounds exhibited moderate and relatively similar 

cytotoxicity. This is particularly noteworthy considering that pterosides are 1-

indanone derivatives of plants structurally related to ptaquiloside compounds, which 

are known cancer-promoting agents. Illudins, are natural products with structures 

related to ptaquiloside and have been reported to have significant anticancer potential 

and fewer cytotoxic effects than ptaquiloside. 

Chervil (Anthriscus cerefolium (L.) Hoffm) (Paper V) is a very rich source of 

phenolic compounds, 1260 mg GAE 100–1 g DM, and its methanolic extract has a 

high antiradical capacity. Interestingly, the major phenolic constituent of chervil is a 

bicyclic lactone; 1,3-dicaffeoyl-5-malonyl-δ-quinide (43) and this compound is 
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reported for the first time. The 1,3-dicaffeoyl-5-malonyl-δ-quinide exhibited 

moderate cytotoxic activity towards human leukaemia and normal cell lines. 

The discovery of a significant number of novel compounds from the above-

mentioned unique toxic or edible plant sources encourages further metabolic 

investigations to reveal their potential as possible drug leads. However, because 

saponins of N. ossifragum, exhibit high and non-selective cytotoxic activity towards 

all tested cell lines, the potential use of these compounds as anticancer agents 

indicated in current literature should be reconsidered. 
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1. Appendix 

1.1. List of compounds isolated and presented in this thesis. 

List of compounds isolated from Narthecium ossifragum. 

Saponins: 

1. Sarsasapogenin 

2. Sarsasapogenin-3-O-β-galactopyranoside 

3. Sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-β-galactopyranoside) 

4. Sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-3′-O-α-arabinopyranosyl-β-

galactopyranoside) 

Aromatic compounds: 

5. Chrysoeriol 6-C-β-arabinofuranoside-8-C-β-glucopyranoside 
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22. 3-methoxy-5-hydroxy-4-olide 
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tetrahydropyranone 
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1.2. NMR tables of the isolated compounds. 

NMR tables of the isolated compounds from Narthecium ossifragum. 

Table 1. 1H NMR chemical shift values (ppm) and coupling constants (Hz) for saponins 1-4 isolated 

from flowering tops of N. ossifragum in DMSO-D6 at 298K. s = singlet; d = doublet; dd = double 

doublet; dt = double triplet; p = pentet; m = multiplet. 

 1 2 3 4 

1A 1.37 1.40 1.41 1.48 

1B 1.33 1.35 1.34 1.30 

2A 1.38 1.51 1.55 1.48 

2B 1.31 1.40 1.38 1.41 

3 3.86 m 3.88 m 3.89 m 3.88 m 

4A 1.81 1.71 1.71 1.67 

4B 1.16 1.41 1.42 1.39 

5 1.67 1.71 1.71 1.84 

6A 1.81 1.79 1.78 1.76 

6B 1.06 1.08 1.09 1.06 

7A 1.35 1.36 1.35 1.34 

7B 1.02 1.03 1.02 1.02 

8 1.51 1.51 1.51 1.51 

9 1.32 1.34 1.33 1.33 

10     

11A 1.32 1.33 1.33 1.33 

11B 1.17 1.18 1.17 1.14 

12A 1.65 1.66 1.65 1.65 

12B 1.12 1.13 1.12 1.12 

14 1.13 1.14 1.14 1.14 

15A 1.88 1.89 1.89 1.88 

15B 1.13 1.13 1.13 1.13 

16 4.26 m 4.27 m 4.27 m 4.27 m 

17 1.65 1.65 1.65 1.65 

18 0.69 s 0.70 s 0.70 s 0.70 s 

19 0.89 s 0.90 s 0.89 s 0.89 s 

20 1.75 p 6.8Hz 1.75 p 6.8Hz 1.75 p 6.5Hz 1.75 p 6.9Hz 

21 0.92 d 7.0Hz 0.92 d 7.0Hz 0.92 d 7.0Hz 0.92 d 7.0Hz 

22     

23A 1.88 1.88 1.88 1.88 

23B 1.33 1.33 1.34 1.34 

24A 1.79 1.79 1.79 1.79 

24B 1.26 1.26 1.26 1.26 
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25 1.63 1.63 1.63 1.63 

26A 3.77 dd 2.9, 

11.0Hz 

3.77 dd 2.8, 

11.0Hz 

3.78 dd 2.8, 

11.1Hz 

3.78 dd 2.8, 

11.0Hz 

26B 3.20 dt 11.0, 

1.8Hz 

3.20 dt 11.0, 

1.8 

3.20 dt 

1.7,11.1Hz 

3.20 dt 1.9, 

11.4Hz 

27 1.00 d 7.1Hz 1.00 d 7.1Hz 1.00 d 7.1Hz 1.00 d 7.1Hz 

3-OH 4.15 d 3.1Hz    

3-O-β- 

Galactopyranoside 

    

1’  4.08 d 7.5Hz 4.24 d 5.9Hz 4.27 d 7.7Hz 

2’  3.24 3.57 3.75 d 2.0Hz 

3’  3.24 3.48 3.56 dd 3.1, 

9.8Hz 

4’  3.61 3.65 3.81 

5’  3.27 dt 6.2, 

1.0Hz 

3.30 3.34 

6A’  3.50 dd 6.2, 
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Table 2. 13C NMR chemical shift values (ppm) for saponins 1-4 isolated from flowering tops of N. 

ossifragum in DMSO-D6 at 298K. 

 1 2 3 4 

1 29.8 30.16 30.14 29.88 

2 27.5 26.08 25.96 26.19 

3 64.6 72.79 73.90 72.99 

4 33.4 29.59 29.97 29.43 

5 36.0 35.97 36.00 34.42 

6 26.4 26.40 26.34 26.40 

7 26.2 26.22 26.22 26.25 

8 35.0 34.95 34.95 34.98 

9 39.4 39.50 39.50 39.50 

10 34.8 34.65 34.58 34.61 

11 20.5 20.51 20.50 20.51 

12 39.7 39.70 39.7 39.7 

13 40.2 40.0 40.27 40.29 

14 55.8 55.73 55.77 55.79 

15 31.5 31.47 31.47 31.49 

16 80.5 80.45 80.46 80.48 

17 61.9 61.91 61.91 61.92 

18 16.2 16.24 16.25 16.29 

19 23.8 23.63 23.63 23.51 

20 41.6 41.62 41.62 41.64 

21 14.5 14.53 14.53 14.55 

22 108.9 108.91 108.91 108.93 

23 25.5 25.50 25.50 25.50 

24 25.6 25.59 25.59 26.61 

25 26.5 26.50 26.51 26.52 

26 64.3 64.31 64.32 64.32 

27 16.0 15.99 15.99 16.01 

3-O-β- Galactopyranoside     

1’  101.83 100.81 99.83 

2’  70.76 79.21 75.49 

3’  73.65 73.27 82.10 

4’  68.19 67.72 68.02 

5’  75.05 74.78 74.62 

6’  60.42 60.30 60.09 

2’-O-β- Glucopyranosyl     

1’’   103.90 102.20 

2’’   75.21 74.68 

3’’   76.22 76.79 

4’’   70.08 71.10 

5’’   77.02 76.65 

6’’   61.12 61.89 
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3’-O-β-xylopyranosyl     

1’’’    104.70 

2’’’    70.97 

3’’’    72.88 

4’’’    67.94 

5’’’    65.85 

 

Table 3. 1H NMR chemical shift values (ppm) and coupling constants (Hz) of chrysoeriol 6-C-β-

arabinofuranosyl-8-C-β-glucopyranoside (5), chrysoeriol 6-C-β-arabinopyranosyl-8-C-β-

glucopyranoside (6), chrysoeriol 6-C-β-xylopyranosyl-8-C-β-galactopyranoside (7), chrysoeriol 6-C-

β-galactopyranosyl-8-C-β-glucopyranoside (8), chrysoeriol 6-C-β-glucopyranosyl-8-C-β-

galactopyranoside (9) and chrysoeriol 6,8-di-C-β-D-glucopyranoside (10) in DMSO-D6 at 298K. 

Top: Signals of major rotamer. Bottom: Signals of minor rotamer. s = singlet; d = doublet; dd = 

double doublet; ddd = double double doublet; t = triplet; br = broad; m = multiplet. 

 5 6 7 8 9 10 

3 6.94 s 6.94 s 6.86 s 6.94 s 

(6.91 s) 

6.86 s 

(7.00 s) 

6.95 

(6.87) 

2’ 7.55 d 2.2Hz 7.54 d 2.2Hz 7.65 d 2.1Hz 7.54 d 2.3Hz 

(7.59 d 

2.2Hz) 

7.65 d 2.2Hz 

(7.56) 

7.55 

(7.64) 

5’ 6.88 d 8.3Hz 6.89 d 8.4Hz 6.92 d 8.4Hz 6.89 d 8.4Hz 

(6.95) 

6.92 d 8.4Hz 

(6.88) 

6.88 

(6.95) 

6’ 7.73 dd 8.3, 

2.2Hz 

7.70 dd 8.4, 

2.2Hz 

7.58 dd 2.1, 

8.4Hz 

7.70 dd 2.3, 

8.4Hz 

(7.56 dd 2.2, 

8.4Hz) 

7.58 dd 2.2, 

8.4Hz 

(8.27) 

7.71 

(7.57) 

5-

OH 

13.81 s 13.71 13.74 13.71 s 13.75 s 

(13.86 s) 

13.75 

(13.73) 

7-

OH 

10.52 s 9.18 9.23 9.18 s 9.24 s (br) 

(9.03 s (br)) 

9.36 

(9.36) 

4’-

OH 

10.00 s 9.99 s 9.96 10.00 s 9.96 s 

(9.83 s) 

 

3’-

OC

H3 

3.88 s 3.88 s 3.90 s 3.88 s 

(3.90 s) 

3.90 s 

(3.88 s) 

3.88 s 

(3.90 s) 

 6-C-β-

Arabinofura

nosyl 

6-C-β-

Arabinopyr

anosyl 

6-C-β-

Xylopyranos

yl 

6-C-β-

Galactopyra

nosyl 

6-C-β-

Glucopyrano

syl 

6-C-β-

Glucopyran

osyl 

1’’ 5.44 d 3.2Hz 4.71 d 9.2 Hz 4.55 d 9.8Hz 4.77d 9.7Hz 

(4.70 d 

9.7Hz) 

4.62 d 10.0Hz 

(4.80) 

4.80 d 9.9Hz 

(4.66 d) 

2’’ 4.09 dd 3.2, 

0.8Hz 

3.80 m 4.09 m 3.80 dd 9.7, 

9.5Hz 

4.12 

(3.48 (br)) 

3.48 m 

(3.98) 
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7.65 d 2.2Hz 

(7.56) 

7.55 

(7.64) 

5’ 6.88 d 8.3Hz 6.89 d 8.4Hz 6.92 d 8.4Hz 6.89 d 8.4Hz 

(6.95) 

6.92 d 8.4Hz 

(6.88) 

6.88 

(6.95) 

6’ 7.73 dd 8.3, 

2.2Hz 

7.70 dd 8.4, 

2.2Hz 

7.58 dd 2.1, 

8.4Hz 

7.70 dd 2.3, 

8.4Hz 

(7.56 dd 2.2, 

8.4Hz) 

7.58 dd 2.2, 

8.4Hz 

(8.27) 

7.71 

(7.57) 

5-

OH 

13.81 s 13.71 13.74 13.71 s 13.75 s 

(13.86 s) 

13.75 

(13.73) 

7-

OH 

10.52 s 9.18 9.23 9.18 s 9.24 s (br) 

(9.03 s (br)) 

9.36 

(9.36) 

4’-

OH 

10.00 s 9.99 s 9.96 10.00 s 9.96 s 

(9.83 s) 

 

3’-

OC

H3 

3.88 s 3.88 s 3.90 s 3.88 s 

(3.90 s) 

3.90 s 

(3.88 s) 

3.88 s 

(3.90 s) 

 6-C-β-

Arabinofura

nosyl 

6-C-β-

Arabinopyr

anosyl 

6-C-β-

Xylopyranos

yl 

6-C-β-

Galactopyra

nosyl 

6-C-β-

Glucopyrano

syl 

6-C-β-

Glucopyran

osyl 

1’’ 5.44 d 3.2Hz 4.71 d 9.2 Hz 4.55 d 9.8Hz 4.77d 9.7Hz 

(4.70 d 

9.7Hz) 

4.62 d 10.0Hz 

(4.80) 

4.80 d 9.9Hz 

(4.66 d) 

2’’ 4.09 dd 3.2, 

0.8Hz 

3.80 m 4.09 m 3.80 dd 9.7, 

9.5Hz 

4.12 

(3.48 (br)) 

3.48 m 

(3.98) 
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7-

OH 
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(3.88 s) 

3.88 s 
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6-C-β-

Galactopyra

nosyl 

6-C-β-
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6-C-β-

Glucopyran
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(3.48 (br)) 
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4.62 d 10.0Hz 

(4.80) 
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(4.66 d) 
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9.5Hz 
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7.70 dd 8.4, 
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(7.56 dd 2.2, 

8.4Hz) 

7.58 dd 2.2, 

8.4Hz 

(8.27) 

7.71 

(7.57) 

5-

OH 

13.81 s 13.71 13.74 13.71 s 13.75 s 

(13.86 s) 

13.75 

(13.73) 

7-

OH 

10.52 s 9.18 9.23 9.18 s 9.24 s (br) 

(9.03 s (br)) 

9.36 

(9.36) 

4’-

OH 

10.00 s 9.99 s 9.96 10.00 s 9.96 s 

(9.83 s) 
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OC

H3 

3.88 s 3.88 s 3.90 s 3.88 s 

(3.90 s) 

3.90 s 

(3.88 s) 

3.88 s 

(3.90 s) 

 6-C-β-

Arabinofura

nosyl 

6-C-β-

Arabinopyr

anosyl 

6-C-β-

Xylopyranos

yl 

6-C-β-

Galactopyra

nosyl 
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Glucopyrano

syl 
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Glucopyran

osyl 

1’’ 5.44 d 3.2Hz 4.71 d 9.2 Hz 4.55 d 9.8Hz 4.77d 9.7Hz 

(4.70 d 

9.7Hz) 

4.62 d 10.0Hz 

(4.80) 

4.80 d 9.9Hz 

(4.66 d) 

2’’ 4.09 dd 3.2, 

0.8Hz 

3.80 m 4.09 m 3.80 dd 9.7, 

9.5Hz 

4.12 

(3.48 (br)) 

3.48 m 

(3.98) 
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Table 3. 
1
H NMR chemical shift values (ppm) and coupling constants (Hz) of chrysoeriol 6-C-β-

arabinofuranosyl-8-C-β-glucopyranoside (5), chrysoeriol 6-C-β-arabinopyranosyl-8-C-β-

glucopyranoside (6), chrysoeriol 6-C-β-xylopyranosyl-8-C-β-galactopyranoside (7), chrysoeriol 6-C-

β-galactopyranosyl-8-C-β-glucopyranoside (8), chrysoeriol 6-C-β-glucopyranosyl-8-C-β-

galactopyranoside (9) and chrysoeriol 6,8-di-C-β-D-glucopyranoside (10) in DMSO-D6 at 298K. 

Top: Signals of major rotamer. Bottom: Signals of minor rotamer. s = singlet; d = doublet; dd = 

double doublet; ddd = double double doublet; t = triplet; br = broad; m = multiplet. 

 5 6 7 8 9 10 

3 6.94 s 6.94 s 6.86 s 6.94 s 

(6.91 s) 

6.86 s 

(7.00 s) 

6.95 

(6.87) 

2’ 7.55 d 2.2Hz 7.54 d 2.2Hz 7.65 d 2.1Hz 7.54 d 2.3Hz 

(7.59 d 

2.2Hz) 

7.65 d 2.2Hz 

(7.56) 

7.55 

(7.64) 

5’ 6.88 d 8.3Hz 6.89 d 8.4Hz 6.92 d 8.4Hz 6.89 d 8.4Hz 

(6.95) 

6.92 d 8.4Hz 

(6.88) 

6.88 

(6.95) 

6’ 7.73 dd 8.3, 

2.2Hz 

7.70 dd 8.4, 

2.2Hz 

7.58 dd 2.1, 

8.4Hz 

7.70 dd 2.3, 

8.4Hz 

(7.56 dd 2.2, 

8.4Hz) 

7.58 dd 2.2, 

8.4Hz 

(8.27) 

7.71 

(7.57) 

5-

OH 

13.81 s 13.71 13.74 13.71 s 13.75 s 

(13.86 s) 

13.75 

(13.73) 

7-

OH 

10.52 s 9.18 9.23 9.18 s 9.24 s (br) 

(9.03 s (br)) 

9.36 

(9.36) 

4’-

OH 

10.00 s 9.99 s 9.96 10.00 s 9.96 s 

(9.83 s) 

 

3’-

OC

H3 

3.88 s 3.88 s 3.90 s 3.88 s 

(3.90 s) 

3.90 s 

(3.88 s) 

3.88 s 

(3.90 s) 

 6-C-β-

Arabinofura

nosyl 

6-C-β-

Arabinopyr

anosyl 

6-C-β-

Xylopyranos

yl 

6-C-β-

Galactopyra

nosyl 

6-C-β-

Glucopyrano

syl 

6-C-β-

Glucopyran

osyl 

1’’ 5.44 d 3.2Hz 4.71 d 9.2 Hz 4.55 d 9.8Hz 4.77d 9.7Hz 

(4.70 d 

9.7Hz) 

4.62 d 10.0Hz 

(4.80) 

4.80 d 9.9Hz 

(4.66 d) 

2’’ 4.09 dd 3.2, 

0.8Hz 

3.80 m 4.09 m 3.80 dd 9.7, 

9.5Hz 

4.12 

(3.48 (br)) 

3.48 m 

(3.98) 
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3’’ 3.93 dd 0.8, 

3.0Hz 

3.46 m 3.13 t 8.7Hz 3.45 m 3.19 t 8.6Hz 

(3.30) 

3.30 t 8.8Hz 

(3.22) 

4’’ 3.89 m 3.81 m 3.38 m 3.79 3.08 t 9.0Hz 3.37 t 9.4Hz 

5A’

’ 

3.67 dd 6.6, 

11.3Hz 

3.83 dd 11.9, 

2.7Hz 

3.74 m 3.56 3.15 m 

(3.32) 

3.32 m 

5B’

’ 

3.64 dd 4.8, 

11.3Hz 

3.64 d 

11.9Hz 

3.05 t 10.8Hz    

6A’

’ 

   3.53 m 3.70 dd 2.0, 

12.0Hz 

(3.63) 

3.63 m 

6B’

’ 

    3.37 m  

 8-C-β-

Glucopyran

oside 

8-C-β-

Glucopyran

oside 

8-C-β-

Galactopyra

noside 

8-C-β-

Glucopyran

oside 

8-C-β-

Galactopyra

noside 

8-C-β-

Glucopyran

oside 

1’’’ 4.70 d 9.9Hz 4.74 d 9.8 Hz 5.00 d 9.6 4.74 d 

10.00Hz 

(4.91 d 

10.0Hz) 

5.00 d 9.6 Hz 

(4.69 d 

9.9Hz) 

4.75 d 9.9Hz 

(5.04 d) 

2’’’ 3.88 m 3.93 dd 9.8, 

8.7Hz 

3.80 t 9.3Hz 3.94 dd 10.0, 

9.0Hz 

(3.89) 

3.83 m 

(4.24 t 9.4Hz) 

3.92 dd 8.7, 

9.8Hz 

(3.56) 

3’’’ 3.24 t 8.8Hz 3.27 t 8.7Hz 3.47 dd 2.8, 

9.3Hz 

3.27 t 8.8Hz 3.47 dd 3.9, 

9.1Hz 

(3.41 dd 3.2, 

8.9Hz) 

3.26 t 8.7Hz 

(3.31) 

4’’’ 3.35 dd 8.8, 

9.6Hz 

3.36 dd 8.7, 

9.6Hz 

3.83 d 2.8Hz 3.34 dd 9.6, 

8.8Hz 

3.83 br d 

2.9Hz 

(3.85) 

3.34 t 9.1Hz 

(3.34) 

5’’’ 3.23 ddd 2.1, 

6.1, 9.6Hz 

3.23 ddd 2.0, 

6.0, 9.6Hz 

3.71 t 6.2Hz 3.23 ddd 2.0, 

6.3, 9.6Hz 

3.71 m 3.22 ddd 

1.9, 6.2, 

9.5Hz 

(3.18) 

6A’

’’ 

3.76 dd 2.1, 

12.1Hz 

3.73 dd 2.0, 

12.1Hz 

3.55 d 6.2Hz 3.75 dd 2.0, 

12.4Hz 

(3.71) 

3.56 m 

(3.56) 

3.74 dd 1.9, 

12.0Hz 

(3.69) 

6B’

’’ 

3.48 dd 6.1, 

12.1Hz 

3.47 dd 6.0, 

12.1Hz 

 3.46 dd 6.3, 

12.1Hz 

(3.46) 

 3.47 dd 6.2, 

12.0Hz 

(3.46) 
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3’’ 3.93 dd 0.8, 

3.0Hz 

3.46 m 3.13 t 8.7Hz 3.45 m 3.19 t 8.6Hz 

(3.30) 

3.30 t 8.8Hz 

(3.22) 

4’’ 3.89 m 3.81 m 3.38 m 3.79 3.08 t 9.0Hz 3.37 t 9.4Hz 

5A’

’ 

3.67 dd 6.6, 

11.3Hz 

3.83 dd 11.9, 

2.7Hz 

3.74 m 3.56 3.15 m 

(3.32) 

3.32 m 

5B’

’ 

3.64 dd 4.8, 

11.3Hz 

3.64 d 

11.9Hz 

3.05 t 10.8Hz    

6A’

’ 

   3.53 m 3.70 dd 2.0, 

12.0Hz 

(3.63) 

3.63 m 

6B’

’ 

    3.37 m  

 8-C-β-

Glucopyran

oside 

8-C-β-

Glucopyran

oside 

8-C-β-

Galactopyra

noside 

8-C-β-

Glucopyran

oside 

8-C-β-

Galactopyra

noside 

8-C-β-

Glucopyran

oside 

1’’’ 4.70 d 9.9Hz 4.74 d 9.8 Hz 5.00 d 9.6 4.74 d 

10.00Hz 

(4.91 d 

10.0Hz) 

5.00 d 9.6 Hz 

(4.69 d 

9.9Hz) 

4.75 d 9.9Hz 

(5.04 d) 

2’’’ 3.88 m 3.93 dd 9.8, 

8.7Hz 

3.80 t 9.3Hz 3.94 dd 10.0, 

9.0Hz 

(3.89) 

3.83 m 

(4.24 t 9.4Hz) 

3.92 dd 8.7, 

9.8Hz 

(3.56) 

3’’’ 3.24 t 8.8Hz 3.27 t 8.7Hz 3.47 dd 2.8, 

9.3Hz 

3.27 t 8.8Hz 3.47 dd 3.9, 

9.1Hz 

(3.41 dd 3.2, 

8.9Hz) 

3.26 t 8.7Hz 

(3.31) 

4’’’ 3.35 dd 8.8, 

9.6Hz 

3.36 dd 8.7, 

9.6Hz 

3.83 d 2.8Hz 3.34 dd 9.6, 

8.8Hz 

3.83 br d 

2.9Hz 

(3.85) 

3.34 t 9.1Hz 

(3.34) 

5’’’ 3.23 ddd 2.1, 

6.1, 9.6Hz 

3.23 ddd 2.0, 

6.0, 9.6Hz 

3.71 t 6.2Hz 3.23 ddd 2.0, 

6.3, 9.6Hz 

3.71 m 3.22 ddd 

1.9, 6.2, 

9.5Hz 

(3.18) 

6A’

’’ 

3.76 dd 2.1, 

12.1Hz 

3.73 dd 2.0, 

12.1Hz 

3.55 d 6.2Hz 3.75 dd 2.0, 

12.4Hz 

(3.71) 

3.56 m 

(3.56) 

3.74 dd 1.9, 

12.0Hz 

(3.69) 

6B’

’’ 

3.48 dd 6.1, 

12.1Hz 

3.47 dd 6.0, 

12.1Hz 

 3.46 dd 6.3, 

12.1Hz 

(3.46) 

 3.47 dd 6.2, 

12.0Hz 

(3.46) 
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3’’ 3.93 dd 0.8, 

3.0Hz 

3.46 m 3.13 t 8.7Hz 3.45 m 3.19 t 8.6Hz 

(3.30) 

3.30 t 8.8Hz 

(3.22) 

4’’ 3.89 m 3.81 m 3.38 m 3.79 3.08 t 9.0Hz 3.37 t 9.4Hz 

5A’

’ 

3.67 dd 6.6, 

11.3Hz 

3.83 dd 11.9, 

2.7Hz 

3.74 m 3.56 3.15 m 

(3.32) 

3.32 m 

5B’

’ 

3.64 dd 4.8, 

11.3Hz 

3.64 d 

11.9Hz 

3.05 t 10.8Hz    

6A’

’ 

   3.53 m 3.70 dd 2.0, 

12.0Hz 

(3.63) 

3.63 m 

6B’

’ 

    3.37 m  

 8-C-β-

Glucopyran

oside 

8-C-β-

Glucopyran

oside 

8-C-β-

Galactopyra

noside 

8-C-β-

Glucopyran

oside 

8-C-β-

Galactopyra

noside 

8-C-β-

Glucopyran

oside 

1’’’ 4.70 d 9.9Hz 4.74 d 9.8 Hz 5.00 d 9.6 4.74 d 

10.00Hz 

(4.91 d 

10.0Hz) 

5.00 d 9.6 Hz 

(4.69 d 

9.9Hz) 

4.75 d 9.9Hz 

(5.04 d) 

2’’’ 3.88 m 3.93 dd 9.8, 

8.7Hz 

3.80 t 9.3Hz 3.94 dd 10.0, 

9.0Hz 

(3.89) 

3.83 m 

(4.24 t 9.4Hz) 

3.92 dd 8.7, 
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Table 4. 13C NMR chemical shift values (ppm) and coupling constants (Hz) of chrysoeriol 6-C-β-

arabinofuranosyl-8-C-β-glucopyranoside (5), chrysoeriol 6-C-β-arabinopyranosyl-8-C-β-

glucopyranoside (6), chrysoeriol 6-C-β-xylopyranosyl-8-C-β-galactopyranoside (7), chrysoeriol 6-C-

β-galactopyranosyl-8-C-β-glucopyranoside (8), chrysoeriol 6-C-β-glucopyranosyl-8-C-β-

galactopyranoside (9) and chrysoeriol 6,8-di-C-β-D-glucopyranoside (10) in DMSO-D6 at 298K. 

Top: Signals of major rotamer. Bottom: Signals of minor rotamer. nd = not detected. 

 5 6 7 8 9 10 

Chryso

eriol 

      

2 164.0 163.9 163.2 164.1 

(163.5) 

163.2 

(164.1) 

164.1 

(163.5) 

3 102.8 103.0 102.6 103.0 

(102.8) 

102.6 

(103.4) 

103.1 

(102.8) 

4 182.2 182.1 181.9 182.2 

(182.2) 

182.2 

(182.2) 

182.5 

(182.4) 

5 157.1 158.0 159.8 158.1 nd 

(158.5) 

158.6 

(159.9) 

6 103.3 107.9 109.1 108.2 109.2 

(107.1) 

107.6 

(109.0) 

7 162.7 160.7 161.4 160.8 161.5 

(160.7) 

160.9 

(161.5) 

8 104.5 104.7 103.8 105.0 103.4 

(105.2) 

105.3 

9 154.9 155.1 153.1 155.1 153.2 

(155.2) 

155.1 

10 103.1 103.5 102.9 103.6 

(102.9) 

103.0 

(103.8) 

103.7 

(103.3) 

1’ 121.9 121.6 121.5 121.7 

(121.6) 

121.4 

(120.9) 

121.8 

(121.7) 

2’ 110.6 110.5 110.0 110.7 

(109.9) 

110.1 

(109.9) 

110.7 

(110.2) 

3’ 148.0 147.8 147.8 148.0 

(147.9) 

147.7 

(147.7) 

148.1 

(147.8) 

4’ 150.8 150.6 150.3 150.8 

(150.5) 

150.3 

(150.6) 

150.9 

(150.4) 

5’ 115.5 115.1 115.4 115.4 

(115.8) 

115.6 

(115.7) 

115.5 

(115.7) 

6’ 121.2 121.0 120.5 121.1 

(120.3) 

120.3 

(123.0) 

121.3 

(120.5) 

3’-

OCH3 

56.2 56 55.5 56.1 

(55.6) 

55.6 

(55.9) 

56.2 

(55.7) 

 6-C-β-

Arabinofur

6-C-β-

Arabinopyr

6-C-β-

Xylopyranos

6-C-β-

Galactopyr

6-C-β-

Glucopyran

6-C-β-
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Table 4. 13C NMR chemical shift values (ppm) and coupling constants (Hz) of chrysoeriol 6-C-β-

arabinofuranosyl-8-C-β-glucopyranoside (5), chrysoeriol 6-C-β-arabinopyranosyl-8-C-β-

glucopyranoside (6), chrysoeriol 6-C-β-xylopyranosyl-8-C-β-galactopyranoside (7), chrysoeriol 6-C-

β-galactopyranosyl-8-C-β-glucopyranoside (8), chrysoeriol 6-C-β-glucopyranosyl-8-C-β-

galactopyranoside (9) and chrysoeriol 6,8-di-C-β-D-glucopyranoside (10) in DMSO-D6 at 298K. 

Top: Signals of major rotamer. Bottom: Signals of minor rotamer. nd = not detected. 

 5 6 7 8 9 10 

Chryso

eriol 

      

2 164.0 163.9 163.2 164.1 

(163.5) 

163.2 

(164.1) 

164.1 

(163.5) 

3 102.8 103.0 102.6 103.0 

(102.8) 

102.6 

(103.4) 

103.1 

(102.8) 

4 182.2 182.1 181.9 182.2 

(182.2) 

182.2 

(182.2) 
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(182.4) 
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glucopyranoside (6), chrysoeriol 6-C-β-xylopyranosyl-8-C-β-galactopyranoside (7), chrysoeriol 6-C-

β-galactopyranosyl-8-C-β-glucopyranoside (8), chrysoeriol 6-C-β-glucopyranosyl-8-C-β-

galactopyranoside (9) and chrysoeriol 6,8-di-C-β-D-glucopyranoside (10) in DMSO-D6 at 298K. 

Top: Signals of major rotamer. Bottom: Signals of minor rotamer. nd = not detected. 

 5 6 7 8 9 10 

Chryso

eriol 

      

2 164.0 163.9 163.2 164.1 
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(164.1) 
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(109.9) 

110.1 

(109.9) 

110.7 

(110.2) 

3’ 148.0 147.8 147.8 148.0 
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(55.6) 
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(55.9) 
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glucopyranoside (6), chrysoeriol 6-C-β-xylopyranosyl-8-C-β-galactopyranoside (7), chrysoeriol 6-C-

β-galactopyranosyl-8-C-β-glucopyranoside (8), chrysoeriol 6-C-β-glucopyranosyl-8-C-β-

galactopyranoside (9) and chrysoeriol 6,8-di-C-β-D-glucopyranoside (10) in DMSO-D6 at 298K. 

Top: Signals of major rotamer. Bottom: Signals of minor rotamer. nd = not detected. 
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(158.5) 

158.6 

(159.9) 
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3’-
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(55.6) 

55.6 

(55.9) 

56.2 

(55.7) 

 6-C-β-

Arabinofur
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6-C-β-
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6-C-β-
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arabinofuranosyl-8-C-β-glucopyranoside (5), chrysoeriol 6-C-β-arabinopyranosyl-8-C-β-

glucopyranoside (6), chrysoeriol 6-C-β-xylopyranosyl-8-C-β-galactopyranoside (7), chrysoeriol 6-C-

β-galactopyranosyl-8-C-β-glucopyranoside (8), chrysoeriol 6-C-β-glucopyranosyl-8-C-β-

galactopyranoside (9) and chrysoeriol 6,8-di-C-β-D-glucopyranoside (10) in DMSO-D6 at 298K. 

Top: Signals of major rotamer. Bottom: Signals of minor rotamer. nd = not detected. 
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eriol 
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4’ 150.8 150.6 150.3 150.8 
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150.3 

(150.6) 
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(150.4) 

5’ 115.5 115.1 115.4 115.4 

(115.8) 

115.6 

(115.7) 
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(115.7) 

6’ 121.2 121.0 120.5 121.1 

(120.3) 

120.3 
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121.3 

(120.5) 

3’-

OCH3 

56.2 56 55.5 56.1 

(55.6) 

55.6 

(55.9) 

56.2 

(55.7) 

 6-C-β-

Arabinofur

6-C-β-

Arabinopyr

6-C-β-

Xylopyranos

6-C-β-

Galactopyr

6-C-β-

Glucopyran
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Glucopyra
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C NMR chemical shift values (ppm) and coupling constants (Hz) of chrysoeriol 6-C-β-

arabinofuranosyl-8-C-β-glucopyranoside (5), chrysoeriol 6-C-β-arabinopyranosyl-8-C-β-

glucopyranoside (6), chrysoeriol 6-C-β-xylopyranosyl-8-C-β-galactopyranoside (7), chrysoeriol 6-C-

β-galactopyranosyl-8-C-β-glucopyranoside (8), chrysoeriol 6-C-β-glucopyranosyl-8-C-β-

galactopyranoside (9) and chrysoeriol 6,8-di-C-β-D-glucopyranoside (10) in DMSO-D6 at 298K. 

Top: Signals of major rotamer. Bottom: Signals of minor rotamer. nd = not detected. 

 5 6 7 8 9 10 

Chryso

eriol 

      

2 164.0 163.9 163.2 164.1 

(163.5) 
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(164.1) 
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(102.8) 

102.6 
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(102.8) 

4 182.2 182.1 181.9 182.2 

(182.2) 

182.2 

(182.2) 
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(158.5) 

158.6 

(159.9) 
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(121.6) 

121.4 
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(147.9) 
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(147.8) 

4’ 150.8 150.6 150.3 150.8 

(150.5) 

150.3 

(150.6) 

150.9 
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5’ 115.5 115.1 115.4 115.4 

(115.8) 

115.6 

(115.7) 

115.5 

(115.7) 

6’ 121.2 121.0 120.5 121.1 

(120.3) 

120.3 
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(120.5) 

3’-

OCH3 

56.2 56 55.5 56.1 

(55.6) 

55.6 

(55.9) 

56.2 

(55.7) 

 6-C-β-

Arabinofur

6-C-β-
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6-C-β-
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6-C-β-
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6-C-β-
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C NMR chemical shift values (ppm) and coupling constants (Hz) of chrysoeriol 6-C-β-

arabinofuranosyl-8-C-β-glucopyranoside (5), chrysoeriol 6-C-β-arabinopyranosyl-8-C-β-

glucopyranoside (6), chrysoeriol 6-C-β-xylopyranosyl-8-C-β-galactopyranoside (7), chrysoeriol 6-C-

β-galactopyranosyl-8-C-β-glucopyranoside (8), chrysoeriol 6-C-β-glucopyranosyl-8-C-β-

galactopyranoside (9) and chrysoeriol 6,8-di-C-β-D-glucopyranoside (10) in DMSO-D6 at 298K. 

Top: Signals of major rotamer. Bottom: Signals of minor rotamer. nd = not detected. 
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Chryso
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(163.5) 
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(164.1) 

164.1 

(163.5) 
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(102.8) 

4 182.2 182.1 181.9 182.2 

(182.2) 

182.2 

(182.2) 
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(158.5) 
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6 103.3 107.9 109.1 108.2 109.2 
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(123.0) 

121.3 

(120.5) 

3’-

OCH3 
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(55.6) 

55.6 

(55.9) 

56.2 

(55.7) 
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C NMR chemical shift values (ppm) and coupling constants (Hz) of chrysoeriol 6-C-β-

arabinofuranosyl-8-C-β-glucopyranoside (5), chrysoeriol 6-C-β-arabinopyranosyl-8-C-β-

glucopyranoside (6), chrysoeriol 6-C-β-xylopyranosyl-8-C-β-galactopyranoside (7), chrysoeriol 6-C-

β-galactopyranosyl-8-C-β-glucopyranoside (8), chrysoeriol 6-C-β-glucopyranosyl-8-C-β-

galactopyranoside (9) and chrysoeriol 6,8-di-C-β-D-glucopyranoside (10) in DMSO-D6 at 298K. 

Top: Signals of major rotamer. Bottom: Signals of minor rotamer. nd = not detected. 
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Chryso
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2 164.0 163.9 163.2 164.1 

(163.5) 

163.2 

(164.1) 

164.1 

(163.5) 

3 102.8 103.0 102.6 103.0 
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(147.9) 
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(55.6) 
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(55.9) 

56.2 
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C NMR chemical shift values (ppm) and coupling constants (Hz) of chrysoeriol 6-C-β-

arabinofuranosyl-8-C-β-glucopyranoside (5), chrysoeriol 6-C-β-arabinopyranosyl-8-C-β-

glucopyranoside (6), chrysoeriol 6-C-β-xylopyranosyl-8-C-β-galactopyranoside (7), chrysoeriol 6-C-

β-galactopyranosyl-8-C-β-glucopyranoside (8), chrysoeriol 6-C-β-glucopyranosyl-8-C-β-

galactopyranoside (9) and chrysoeriol 6,8-di-C-β-D-glucopyranoside (10) in DMSO-D6 at 298K. 

Top: Signals of major rotamer. Bottom: Signals of minor rotamer. nd = not detected. 

 5 6 7 8 9 10 

Chryso

eriol 

      

2 164.0 163.9 163.2 164.1 

(163.5) 

163.2 

(164.1) 

164.1 

(163.5) 

3 102.8 103.0 102.6 103.0 

(102.8) 

102.6 

(103.4) 

103.1 

(102.8) 

4 182.2 182.1 181.9 182.2 

(182.2) 

182.2 

(182.2) 

182.5 

(182.4) 

5 157.1 158.0 159.8 158.1 nd 

(158.5) 

158.6 

(159.9) 

6 103.3 107.9 109.1 108.2 109.2 

(107.1) 

107.6 

(109.0) 
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(160.7) 
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NMR tables of the isolated compounds from Osmunda regalis. 

Table 5. 1H and 13C chemical shift values (ppm) and coupling constants (Hz) of chalconaringenin 2’-

O-β-glucopyranoside (11) in DMSO-D6 at 298K. 

 Compound 11 δ 1H Compound 11 δ 13C 

1  130.0 

2/6 7.88 ‘d’ 8.8 130.5 

3/5 6.36 ‘d’ 8.8 115.3 

4  161.3 

1’  104.2 

2’  159.1 

3’ 6.12 d 2.3 94.3 

4’  160.9 

5’ 6.10 d 2.3 96.5 

6’  159.9 

α 7.97 d 15.7 120.0 

β 8.01 d 15.7 135.1 

C=O  188.5 

4-OH 10.22 s  

4’-OH 9.90 s  

6’-OH 10.20 s  

2’-O-β-glc  

1’’ 4.93 d 7.7 100.2 

2’’ 3.34 m 73.6 

3’’ 3.31 m 77.0 

4’’ 3.22 dd 9.8; 9.0 69.6 

5’’ 3.24 ddd 2.2; 5.4; 9.7 60.6 

6A’’ 3.69 dd 2.2; 11.9 60.6 

6B’’ 3.49 dd 5.4; 11.9  

 

Table 6. 1H chemical shift values (ppm) and coupling constants (Hz) of kaempferol 3-O-(2’’-O-(2’’’-

α-rhamnopyranosyl)-β-glucopyranosyl)-β-glucopyranoside (Compound 12), quercetin 3-O-(2’’-O-

(2’’’-α-rhamnopyranosyl)-β-glucopyranosyl)-β-glucopyranoside (Compound 13), and kaempferol 3-

O-(2’’-O-(2’’’-α-rhamnopyranosyl-6’’’-O-(E)-caffeoyl-)-β-glucopyranosyl)-β-glucopyranoside 

(Compound 16) in DMSO-D6 at 298 K. 

 Compound 12 δ 1H Compound 13 δ 1H Compound 16 δ 1H 

2    
3    
4    
5    
6 6.18 d 2.0 6.17 d 2.1 6.16 d 2.1 

7    
8 6.42 d 2.0 6.38 d 2.1 6.37 d 2.1 

9    

 

 

97 

NMR tables of the isolated compounds from Osmunda regalis. 

Table 5. 1H and 13C chemical shift values (ppm) and coupling constants (Hz) of chalconaringenin 2’-

O-β-glucopyranoside (11) in DMSO-D6 at 298K. 

 Compound 11 δ 1H Compound 11 δ 13C 

1  130.0 

2/6 7.88 ‘d’ 8.8 130.5 

3/5 6.36 ‘d’ 8.8 115.3 

4  161.3 

1’  104.2 

2’  159.1 

3’ 6.12 d 2.3 94.3 

4’  160.9 

5’ 6.10 d 2.3 96.5 

6’  159.9 

α 7.97 d 15.7 120.0 

β 8.01 d 15.7 135.1 

C=O  188.5 

4-OH 10.22 s  

4’-OH 9.90 s  

6’-OH 10.20 s  

2’-O-β-glc  

1’’ 4.93 d 7.7 100.2 

2’’ 3.34 m 73.6 

3’’ 3.31 m 77.0 

4’’ 3.22 dd 9.8; 9.0 69.6 

5’’ 3.24 ddd 2.2; 5.4; 9.7 60.6 

6A’’ 3.69 dd 2.2; 11.9 60.6 

6B’’ 3.49 dd 5.4; 11.9  

 

Table 6. 1H chemical shift values (ppm) and coupling constants (Hz) of kaempferol 3-O-(2’’-O-(2’’’-

α-rhamnopyranosyl)-β-glucopyranosyl)-β-glucopyranoside (Compound 12), quercetin 3-O-(2’’-O-

(2’’’-α-rhamnopyranosyl)-β-glucopyranosyl)-β-glucopyranoside (Compound 13), and kaempferol 3-

O-(2’’-O-(2’’’-α-rhamnopyranosyl-6’’’-O-(E)-caffeoyl-)-β-glucopyranosyl)-β-glucopyranoside 

(Compound 16) in DMSO-D6 at 298 K. 

 Compound 12 δ 1H Compound 13 δ 1H Compound 16 δ 1H 

2    
3    
4    
5    
6 6.18 d 2.0 6.17 d 2.1 6.16 d 2.1 

7    
8 6.42 d 2.0 6.38 d 2.1 6.37 d 2.1 

9    

 

 

97 

NMR tables of the isolated compounds from Osmunda regalis. 

Table 5. 1H and 13C chemical shift values (ppm) and coupling constants (Hz) of chalconaringenin 2’-

O-β-glucopyranoside (11) in DMSO-D6 at 298K. 

 Compound 11 δ 1H Compound 11 δ 13C 

1  130.0 

2/6 7.88 ‘d’ 8.8 130.5 

3/5 6.36 ‘d’ 8.8 115.3 

4  161.3 

1’  104.2 

2’  159.1 

3’ 6.12 d 2.3 94.3 

4’  160.9 

5’ 6.10 d 2.3 96.5 

6’  159.9 

α 7.97 d 15.7 120.0 

β 8.01 d 15.7 135.1 

C=O  188.5 

4-OH 10.22 s  

4’-OH 9.90 s  

6’-OH 10.20 s  

2’-O-β-glc  

1’’ 4.93 d 7.7 100.2 

2’’ 3.34 m 73.6 

3’’ 3.31 m 77.0 

4’’ 3.22 dd 9.8; 9.0 69.6 

5’’ 3.24 ddd 2.2; 5.4; 9.7 60.6 

6A’’ 3.69 dd 2.2; 11.9 60.6 

6B’’ 3.49 dd 5.4; 11.9  

 

Table 6. 1H chemical shift values (ppm) and coupling constants (Hz) of kaempferol 3-O-(2’’-O-(2’’’-

α-rhamnopyranosyl)-β-glucopyranosyl)-β-glucopyranoside (Compound 12), quercetin 3-O-(2’’-O-

(2’’’-α-rhamnopyranosyl)-β-glucopyranosyl)-β-glucopyranoside (Compound 13), and kaempferol 3-

O-(2’’-O-(2’’’-α-rhamnopyranosyl-6’’’-O-(E)-caffeoyl-)-β-glucopyranosyl)-β-glucopyranoside 

(Compound 16) in DMSO-D6 at 298 K. 

 Compound 12 δ 1H Compound 13 δ 1H Compound 16 δ 1H 

2    
3    
4    
5    
6 6.18 d 2.0 6.17 d 2.1 6.16 d 2.1 

7    
8 6.42 d 2.0 6.38 d 2.1 6.37 d 2.1 

9    

 

 

97 

NMR tables of the isolated compounds from Osmunda regalis. 

Table 5. 
1
H and 

13
C chemical shift values (ppm) and coupling constants (Hz) of chalconaringenin 2’-

O-β-glucopyranoside (11) in DMSO-D6 at 298K. 

 Compound 11 δ 
1
H Compound 11 δ 

13
C 

1  130.0 

2/6 7.88 ‘d’ 8.8 130.5 

3/5 6.36 ‘d’ 8.8 115.3 

4  161.3 

1’  104.2 

2’  159.1 

3’ 6.12 d 2.3 94.3 

4’  160.9 

5’ 6.10 d 2.3 96.5 

6’  159.9 

α 7.97 d 15.7 120.0 

β 8.01 d 15.7 135.1 

C=O  188.5 

4-OH 10.22 s  

4’-OH 9.90 s  

6’-OH 10.20 s  

2’-O-β-glc  

1’’ 4.93 d 7.7 100.2 

2’’ 3.34 m 73.6 

3’’ 3.31 m 77.0 

4’’ 3.22 dd 9.8; 9.0 69.6 

5’’ 3.24 ddd 2.2; 5.4; 9.7 60.6 

6A’’ 3.69 dd 2.2; 11.9 60.6 

6B’’ 3.49 dd 5.4; 11.9  

 

Table 6.
 1
H chemical shift values (ppm) and coupling constants (Hz) of kaempferol 3-O-(2’’-O-(2’’’-

α-rhamnopyranosyl)-β-glucopyranosyl)-β-glucopyranoside (Compound 12), quercetin 3-O-(2’’-O-

(2’’’-α-rhamnopyranosyl)-β-glucopyranosyl)-β-glucopyranoside (Compound 13), and kaempferol 3-

O-(2’’-O-(2’’’-α-rhamnopyranosyl-6’’’-O-(E)-caffeoyl-)-β-glucopyranosyl)-β-glucopyranoside 

(Compound 16) in DMSO-D6 at 298 K. 

 Compound 12 δ 
1
H Compound 13 δ 

1
H Compound 16 δ 

1
H 

2    
3    
4    
5    
6 6.18 d 2.0 6.17 d 2.1 6.16 d 2.1 

7    
8 6.42 d 2.0 6.38 d 2.1 6.37 d 2.1 

9    

 

 

97 

NMR tables of the isolated compounds from Osmunda regalis. 

Table 5. 
1
H and 

13
C chemical shift values (ppm) and coupling constants (Hz) of chalconaringenin 2’-

O-β-glucopyranoside (11) in DMSO-D6 at 298K. 

 Compound 11 δ 
1
H Compound 11 δ 

13
C 

1  130.0 

2/6 7.88 ‘d’ 8.8 130.5 

3/5 6.36 ‘d’ 8.8 115.3 

4  161.3 

1’  104.2 

2’  159.1 

3’ 6.12 d 2.3 94.3 

4’  160.9 

5’ 6.10 d 2.3 96.5 

6’  159.9 

α 7.97 d 15.7 120.0 

β 8.01 d 15.7 135.1 

C=O  188.5 

4-OH 10.22 s  

4’-OH 9.90 s  

6’-OH 10.20 s  

2’-O-β-glc  

1’’ 4.93 d 7.7 100.2 

2’’ 3.34 m 73.6 

3’’ 3.31 m 77.0 

4’’ 3.22 dd 9.8; 9.0 69.6 

5’’ 3.24 ddd 2.2; 5.4; 9.7 60.6 

6A’’ 3.69 dd 2.2; 11.9 60.6 

6B’’ 3.49 dd 5.4; 11.9  

 

Table 6.
 1
H chemical shift values (ppm) and coupling constants (Hz) of kaempferol 3-O-(2’’-O-(2’’’-

α-rhamnopyranosyl)-β-glucopyranosyl)-β-glucopyranoside (Compound 12), quercetin 3-O-(2’’-O-

(2’’’-α-rhamnopyranosyl)-β-glucopyranosyl)-β-glucopyranoside (Compound 13), and kaempferol 3-

O-(2’’-O-(2’’’-α-rhamnopyranosyl-6’’’-O-(E)-caffeoyl-)-β-glucopyranosyl)-β-glucopyranoside 

(Compound 16) in DMSO-D6 at 298 K. 

 Compound 12 δ 
1
H Compound 13 δ 

1
H Compound 16 δ 

1
H 

2    
3    
4    
5    
6 6.18 d 2.0 6.17 d 2.1 6.16 d 2.1 

7    
8 6.42 d 2.0 6.38 d 2.1 6.37 d 2.1 

9    

 

 

97 

NMR tables of the isolated compounds from Osmunda regalis. 

Table 5. 
1
H and 

13
C chemical shift values (ppm) and coupling constants (Hz) of chalconaringenin 2’-

O-β-glucopyranoside (11) in DMSO-D6 at 298K. 

 Compound 11 δ 
1
H Compound 11 δ 

13
C 

1  130.0 

2/6 7.88 ‘d’ 8.8 130.5 

3/5 6.36 ‘d’ 8.8 115.3 

4  161.3 

1’  104.2 

2’  159.1 

3’ 6.12 d 2.3 94.3 

4’  160.9 

5’ 6.10 d 2.3 96.5 

6’  159.9 

α 7.97 d 15.7 120.0 

β 8.01 d 15.7 135.1 

C=O  188.5 

4-OH 10.22 s  

4’-OH 9.90 s  

6’-OH 10.20 s  

2’-O-β-glc  

1’’ 4.93 d 7.7 100.2 

2’’ 3.34 m 73.6 

3’’ 3.31 m 77.0 

4’’ 3.22 dd 9.8; 9.0 69.6 

5’’ 3.24 ddd 2.2; 5.4; 9.7 60.6 

6A’’ 3.69 dd 2.2; 11.9 60.6 

6B’’ 3.49 dd 5.4; 11.9  

 

Table 6.
 1
H chemical shift values (ppm) and coupling constants (Hz) of kaempferol 3-O-(2’’-O-(2’’’-

α-rhamnopyranosyl)-β-glucopyranosyl)-β-glucopyranoside (Compound 12), quercetin 3-O-(2’’-O-

(2’’’-α-rhamnopyranosyl)-β-glucopyranosyl)-β-glucopyranoside (Compound 13), and kaempferol 3-

O-(2’’-O-(2’’’-α-rhamnopyranosyl-6’’’-O-(E)-caffeoyl-)-β-glucopyranosyl)-β-glucopyranoside 

(Compound 16) in DMSO-D6 at 298 K. 

 Compound 12 δ 
1
H Compound 13 δ 

1
H Compound 16 δ 

1
H 

2    
3    
4    
5    
6 6.18 d 2.0 6.17 d 2.1 6.16 d 2.1 

7    
8 6.42 d 2.0 6.38 d 2.1 6.37 d 2.1 

9    

 

 

97 

NMR tables of the isolated compounds from Osmunda regalis. 

Table 5. 
1
H and 

13
C chemical shift values (ppm) and coupling constants (Hz) of chalconaringenin 2’-

O-β-glucopyranoside (11) in DMSO-D6 at 298K. 

 Compound 11 δ 
1
H Compound 11 δ 

13
C 

1  130.0 

2/6 7.88 ‘d’ 8.8 130.5 

3/5 6.36 ‘d’ 8.8 115.3 

4  161.3 

1’  104.2 

2’  159.1 

3’ 6.12 d 2.3 94.3 

4’  160.9 

5’ 6.10 d 2.3 96.5 

6’  159.9 

α 7.97 d 15.7 120.0 

β 8.01 d 15.7 135.1 

C=O  188.5 

4-OH 10.22 s  

4’-OH 9.90 s  

6’-OH 10.20 s  

2’-O-β-glc  

1’’ 4.93 d 7.7 100.2 

2’’ 3.34 m 73.6 

3’’ 3.31 m 77.0 

4’’ 3.22 dd 9.8; 9.0 69.6 

5’’ 3.24 ddd 2.2; 5.4; 9.7 60.6 

6A’’ 3.69 dd 2.2; 11.9 60.6 

6B’’ 3.49 dd 5.4; 11.9  

 

Table 6.
 1
H chemical shift values (ppm) and coupling constants (Hz) of kaempferol 3-O-(2’’-O-(2’’’-

α-rhamnopyranosyl)-β-glucopyranosyl)-β-glucopyranoside (Compound 12), quercetin 3-O-(2’’-O-

(2’’’-α-rhamnopyranosyl)-β-glucopyranosyl)-β-glucopyranoside (Compound 13), and kaempferol 3-

O-(2’’-O-(2’’’-α-rhamnopyranosyl-6’’’-O-(E)-caffeoyl-)-β-glucopyranosyl)-β-glucopyranoside 

(Compound 16) in DMSO-D6 at 298 K. 

 Compound 12 δ 
1
H Compound 13 δ 

1
H Compound 16 δ 

1
H 

2    
3    
4    
5    
6 6.18 d 2.0 6.17 d 2.1 6.16 d 2.1 

7    
8 6.42 d 2.0 6.38 d 2.1 6.37 d 2.1 

9    

 

 

97 

NMR tables of the isolated compounds from Osmunda regalis. 

Table 5. 
1
H and 

13
C chemical shift values (ppm) and coupling constants (Hz) of chalconaringenin 2’-

O-β-glucopyranoside (11) in DMSO-D6 at 298K. 

 Compound 11 δ 
1
H Compound 11 δ 

13
C 

1  130.0 

2/6 7.88 ‘d’ 8.8 130.5 

3/5 6.36 ‘d’ 8.8 115.3 

4  161.3 

1’  104.2 

2’  159.1 

3’ 6.12 d 2.3 94.3 

4’  160.9 

5’ 6.10 d 2.3 96.5 

6’  159.9 

α 7.97 d 15.7 120.0 

β 8.01 d 15.7 135.1 

C=O  188.5 

4-OH 10.22 s  

4’-OH 9.90 s  

6’-OH 10.20 s  

2’-O-β-glc  

1’’ 4.93 d 7.7 100.2 

2’’ 3.34 m 73.6 

3’’ 3.31 m 77.0 

4’’ 3.22 dd 9.8; 9.0 69.6 

5’’ 3.24 ddd 2.2; 5.4; 9.7 60.6 

6A’’ 3.69 dd 2.2; 11.9 60.6 

6B’’ 3.49 dd 5.4; 11.9  

 

Table 6.
 1
H chemical shift values (ppm) and coupling constants (Hz) of kaempferol 3-O-(2’’-O-(2’’’-

α-rhamnopyranosyl)-β-glucopyranosyl)-β-glucopyranoside (Compound 12), quercetin 3-O-(2’’-O-

(2’’’-α-rhamnopyranosyl)-β-glucopyranosyl)-β-glucopyranoside (Compound 13), and kaempferol 3-

O-(2’’-O-(2’’’-α-rhamnopyranosyl-6’’’-O-(E)-caffeoyl-)-β-glucopyranosyl)-β-glucopyranoside 

(Compound 16) in DMSO-D6 at 298 K. 

 Compound 12 δ 
1
H Compound 13 δ 

1
H Compound 16 δ 

1
H 

2    
3    
4    
5    
6 6.18 d 2.0 6.17 d 2.1 6.16 d 2.1 

7    
8 6.42 d 2.0 6.38 d 2.1 6.37 d 2.1 

9    

 

 

97 

NMR tables of the isolated compounds from Osmunda regalis. 

Table 5. 
1
H and 

13
C chemical shift values (ppm) and coupling constants (Hz) of chalconaringenin 2’-

O-β-glucopyranoside (11) in DMSO-D6 at 298K. 

 Compound 11 δ 
1
H Compound 11 δ 

13
C 

1  130.0 

2/6 7.88 ‘d’ 8.8 130.5 

3/5 6.36 ‘d’ 8.8 115.3 

4  161.3 

1’  104.2 

2’  159.1 

3’ 6.12 d 2.3 94.3 

4’  160.9 

5’ 6.10 d 2.3 96.5 

6’  159.9 

α 7.97 d 15.7 120.0 

β 8.01 d 15.7 135.1 

C=O  188.5 

4-OH 10.22 s  

4’-OH 9.90 s  

6’-OH 10.20 s  

2’-O-β-glc  

1’’ 4.93 d 7.7 100.2 

2’’ 3.34 m 73.6 

3’’ 3.31 m 77.0 

4’’ 3.22 dd 9.8; 9.0 69.6 

5’’ 3.24 ddd 2.2; 5.4; 9.7 60.6 

6A’’ 3.69 dd 2.2; 11.9 60.6 

6B’’ 3.49 dd 5.4; 11.9  

 

Table 6.
 1
H chemical shift values (ppm) and coupling constants (Hz) of kaempferol 3-O-(2’’-O-(2’’’-

α-rhamnopyranosyl)-β-glucopyranosyl)-β-glucopyranoside (Compound 12), quercetin 3-O-(2’’-O-

(2’’’-α-rhamnopyranosyl)-β-glucopyranosyl)-β-glucopyranoside (Compound 13), and kaempferol 3-

O-(2’’-O-(2’’’-α-rhamnopyranosyl-6’’’-O-(E)-caffeoyl-)-β-glucopyranosyl)-β-glucopyranoside 

(Compound 16) in DMSO-D6 at 298 K. 

 Compound 12 δ 
1
H Compound 13 δ 

1
H Compound 16 δ 

1
H 

2    
3    
4    
5    
6 6.18 d 2.0 6.17 d 2.1 6.16 d 2.1 

7    
8 6.42 d 2.0 6.38 d 2.1 6.37 d 2.1 

9    



 

 

98 

10    
1’    
2’ 8.05 ‘d’ 8.9 7.49 d 2.3 7.98 ‘d’ 8.8 

3’ 6.93 ‘d’ 8.9  6.83 ‘d’ 8.8 

4’    
5’ 6.93 ‘d’ 8.9 6.89 d 8.5 6.83 ‘d’ 8.8 

6’ 8.05 ‘d’ 8.9 7.66 d 8.5 7.98 ‘d’ 8.8 

5-OH 12.76 s 12.78 s 12.74 s 

7-OH 10.83 s 10.81 s 10.78 s 

3’-OH  9.20 s 9.02 s 

4’-OH 10.13 s 9.63 s 9.52 s 

3-O-β-glc    
1’’ 5.71 d 7.41 5.70 d 7.3 5.71 d 7.3 

2’’ 3.70 dd 8.5, 7.4 3.73 3.66 dd 8.5, 7.3 

3’’ 3.49 t 8.5 3.49 3.50 t 8.5 

4’’ 3.05 dd 9.8, 8.5 3.08 3.04 m 

5’’ 3.03 ddd 9.8, 5.7, 2.0 3.04 3.04 m 

6A’’ 3.50 m 3.51 3.49 dd 11.8, 1.9 

6B’’ 3.19 dd 11.3. 5.7 3.20 3.19 m 

2’’-O-β-glc    
1’’’ 4.97 d 7.8 4.94 d 7.8 5.02 d 7.7 

2’’’ 3.23 dd 9.0, 7.8 3.23 3.27 dd 9.1, 7.7 

3’’’ 3.29 t 9.0 3.29 3.31 t 9.1 

4’’’ 3.11 dd 9.8, 9.0 3.11 3.22 dd 9.8, 9.1 

5’’’ 3.07 ddd 9.8, 5.4, 2.4 3.06 3.35 ddd 9.8, 4.8, 2.2 

6A’’’ 3.67 dd 11.9, 2.4 3.64 4.30 dd 11.8, 2.2 

6B’’’ 3.48 dd 11.9, 5.4 3.47 4.19 dd 11.8, 4.8 

2’’’-O-α-rha    
1’’’’ 5.05 d 1.8 5.06 d 1.7 5.05 d 1.7 

2’’’’ 3.69 dd 3.4, 1.8 3.69 3.69 dd 3.4, 1.7 

3’’’’ 3.53 dd 9.3, 3.4 3.54 3.53 dd 9.4, 3.4 

4’’’’ 3.18 t 9.3 3.18 3.19 t 9.4 

5’’’’ 4.00 dd 9.3, 6.2 3.99 3.98 dd 9.4, 6.2 

6’’’’ 1.17 d 6.2 1.17 d 6.2 1.17 d 6.2 

6’’’-O-(E)-caffeoyl    
1’’’’’    
2’’’’’   6.95 d 2.2 

3’’’’’    
4’’’’’    
5’’’’’   6.66 d 8.2 

6’’’’’   6.84 dd 8.2, 2.2 

7’’’’’   7.36 d 15.8 

8’’’’   6.16 d 15.8 

9’’’’’    
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Table 7. 13C chemical shift values (ppm) of kaempferol 3-O-(2’’-O-(2’’’-α-rhamnopyranosyl)-β-

glucopyranosyl)-β-glucopyranoside (Compound 12), quercetin 3-O-(2’’-O-(2’’’-α-

rhamnopyranosyl)-β-glucopyranosyl)-β-glucopyranoside (Compound 13), and kaempferol 3-O-(2’’-

O-(2’’’-α-rhamnopyranosyl-6’’’-O-(E)-caffeoyl-)-β-glucopyranosyl)-β-glucopyranoside (Compound 

16) in DMSO-D6 at 298 K. 

 Compound 12 δ 13C  Compound 13 6 δ 13C Compound 16 δ 13C  

2 155.66 155.71 155.7 

3 132.98 133.15 133.2 

4 177.55 177.52 177.6 

5 161.38 161.40 161.4 

6 98.61 98.58 98.6 

7 164.04 164.02 164.1 

8 93.57 93.38 93.6 

9 156.30 156.24 156.3 

10 104.01 103.99 104.1 

1’ 121.12 121.36 121.1 

2’ 130.90 115.61 130.7 

3’ 115.38 144.87 115.2 

4’ 159.94 148.48 160.0 

5’ 115.38 115.58 115.2 

6’ 130.90 122.34 130.7 

5-OH    
7-OH    
3’-OH    
4’-OH    
3-O-β-glc    
1’’ 98.19 98.26 98.1 

2’’ 77.83 77.20 78.2 

3’’ 77.51 77.44 77.3 

4’’ 70.34 77.30 70.3 

5’’ 77.35 77.37 77.5 

6A’’ 60.77 60.89 60.7 

6B’’    
2’’-O-β-glc    
1’’’ 100.19 100.35 100.3 

2’’’ 77.03 76.94 77.1 

3’’’ 77.82 77.80 77.6 

4’’’ 70.46 70.42 70.0 

5’’’ 76.74 76.57 73.7 

6A’’’ 61.33 61.26 63.4 

6B’’’    
2’’’-O-α-rha    
1’’’’ 100.29 100.25 100.4 

2’’’’ 70.58 70.55 70.6 
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Table 7.
 13
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3’’’’ 70.64 70.61 70.7 

4’’’’ 72.36 72.38 72.3 

5’’’’ 68.29 68.29 68.4 

6’’’’ 17.78 17.80 17.8 

6’’’-O-(E)-caffeoyl    
1’’’’’   125.6 

2’’’’’   115.00 

3’’’’’   145.5 

4’’’’’   148.3 

5’’’’’   115.7 

6’’’’’   121.3 

7’’’’’   145.3 

8’’’’   113.8 

9’’’’’   166.5 

 

Table 8. 1H and 13C chemical shift values (ppm) and coupling constants (Hz) of vanillic acid (14) in 

DMSO-D6 at 298K. 

 Compound 14 δ 1H Compound 14 δ 13C 

1  121.66 

2 7.42 d 1.9 112.78 

3  147.28 

4  151.16 

5 6.82 d 8.1 115.08 

6 7.42 dd 8.1; 1.9 123.52 

7  167.25 

7-COOH 12.46 s (br)  

4-OH 9.81 s  

3-OCH3 3.79 s 55.60 

 

Table 9. 1H and 13C chemical shift values (ppm) and coupling constants (Hz) of p-hydroxy-benzoic 

acid (15) and p-hydroxy-benzoic acid methyl ester (17) in DMSO-D6 at 298K. 

 Compound 5 δ 1H Compound 7 δ 1H Compound 5 δ 13C Compound 7 δ 13C 
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4   161.60 162.02 

7   167.21 166.11 

7-COOH 12.39 s (br) 3.77 s  51.68 

4-OH 10.19 s 10.31 s (br)   
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C chemical shift values (ppm) and coupling constants (Hz) of p-hydroxy-benzoic 

acid (15) and p-hydroxy-benzoic acid methyl ester (17) in DMSO-D6 at 298K. 

 Compound 5 δ 
1
H Compound 7 δ 

1
H Compound 5 δ 

13
C Compound 7 δ 

13
C 
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Table 10. 1H and 13C chemical shift values (ppm) and coupling constants (Hz) of 

Dihydrodehydrodiconiferyl alcohol 4-O-α-rhamnopyranoside (Compound 18) in DMSO-D6 at 298K. 

 Compound 18 δ 1H Compound 18 δ 13C  
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3  150.10 

4  144.85 

5 7.04 d 8.3 117.90 

6 6.85 dd 8.3, 2.1 118.04 

7 5.46 d 6.5 86.56 

8 3.42 dddd 7.4, 6.5, 5.3, 0.8 53.51 

9A 3.71 dd 10.8, 5.3 63.20 

9B 3.60 dd 10.8, 7.4  

1’  135.27 

2’ 6.68 d 1.8 112.56 

3’  143.43 (w) 

4’  145.53 (s) 

5’  128.82 (w) 

6’ 6.67 dd 1.8, 0.8 116.53 

7’ 3.40 d 6.5 60.26 

8’ 1.68 m 34.79 

9’ 2.52 m 31.62 

3-OCH3 3.73 s 55.85 

3’-OCH3 3.76 s 55.75 

 4-O-α-rha 

1’’ 5.23 d 2.0 99.71 

2’’ 3.83 dd 3.4, 2.0 70.33 

3’’ 3.63 dd 9.4, 3.4 70.47 

4’’ 3.26 t 9.4 71.80 

5’’ 3.57 dd 9.4, 6.2 69.66 

6’’ 1.08 d 6.2 17.92 

 

Table 11. 1H and 13C chemical shift values (ppm) and coupling constants (Hz) of apigenin 7-(2’’-O-

α-rhamopyranosyl-β-glucopyranoside) (19) in DMSO-D6 at 298K. 

 Compound 19 δ 1H Compound 19 δ 13C 
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3 6.87 s 103.26 

4  182.05 

5  161.19 

6 6.37 d 2.2 99.39 

7  162.61 

8 6.78 d 2.2 94.57 

9  157.05 
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Table 11. 
1
H and 

13
C chemical shift values (ppm) and coupling constants (Hz) of apigenin 7-(2’’-O-

α-rhamopyranosyl-β-glucopyranoside) (19) in DMSO-D6 at 298K. 

 Compound 19 δ 
1
H Compound 19 δ 
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2  164.33 

3 6.87 s 103.26 

4  182.05 

5  161.19 

6 6.37 d 2.2 99.39 

7  162.61 

8 6.78 d 2.2 94.57 

9  157.05 



 

 

102 

10  105.49 

1’  121.08 

2’/6’ 7.93 ‘d’ 8.8 128.65 

3’/5’ 6.93 ‘d’ 8.8 116.09 

4’  161.45 

7-O-β-glc  

1’’ 5.22 d 7.7 97.88 

2’’ 3.50 dd 9.2, 7.7 76.32 

3’’ 3.46 t 9.2 77.28 

4’’ 3.19 t 9.2 69.71 

5’’ 3.48 ddd 9.2, 5.8, 1.9 77.09 

6A’’ 3.70 dd 11.8, 1.9 60.54 

6B’’ 3.46 m  

2’’-O-α-rha  

1’’’ 5.12 d 1.9 100.52 

2’’’ 3.68 dd 3.3, 1.9 70.46 

3’’’ 3.32 dd 9.3, 3.3 70.54 

4’’’ 3.20 t 9.3 71.92 

5’’’ 3.74 dd 9.3, 6.2 68.40 

6’’’ 1.19 d 6.2 18.14 

 

Table 12. 1H and 13C chemical shift values (ppm) and coupling constants (Hz) of epoxyconiferyl 

alcohol (20) in DMSO-D6 at 298K. 

 Compound 20 δ 1H Compound 20 δ 13C 

1  132.30 

2 6.88 d 2.0 110.48 

3  147.59 

4  145.98 

5 6.71 d 8.1 115.20 

6 6.74 ddd 8.1, 2.0, 0.6 118.69 

7 4.59 dd 4.6, 0.6 85.22 

8 3.02 m 53.65 

9A 4.11 dd 9.1, 7.1 70.96 

9B 3.71 dd 9.1, 3.9  

3-OCH3 3.75 s 55.67 

4-OH 8.88 s (br)  
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Table 13. 1H and 13C chemical shift values (ppm) and coupling constants (Hz) of 5-hydroxy-2-

hexen-4-olide (21) in DMSO-D6 at 298K. 

 Isomer 1 Isomer 2 

 Compound 21 δ 1H Compound 21 δ 
13C 

Compound 21 δ 1H Compound 21 δ 
13C 

1 - 173.33 - 173.40 

2 6.20 dd 5.8, 2.0 121.58 6.20 dd 5.8, 2.0 121.57 

3 7.78 dd 5.8, 1.5 156.16 7.69 dd 5.8, 1.6 156.50 

4 4.94 m 87.30 4.98 m 87.12 

5 3.79 dd 6.4, 4.8 66.60 3.84 dd 6.4, 4.5 66.16 

6 1.11 d 6.4 19.17 1.08 dd 6.4, 0.6 19.15 

 

Table 14. 1H and 13C NMR chemical shift values (ppm) and coupling constants (Hz) of the novel 

lactone 3-methoxy-5-hydroxy-4-olide (Compounds 22) in DMSO-D6 at 298 K. 

 Compound 22 δ 1H Compound 22 δ 13C 

1  175.86 

2A 2.80 dd 18.2, 6.8 35.04 

2B 2.39 dd 18.2, 1.3  

3 4.07 dt 6.8, 4.3 76.00 

4 4.22 dd 4.2, 1.3 88.13 

5 3.74 dd 6.5, 4.2 65.57 

6 1.12 d 6.5 18.98 

3-OCH3 3.23 s 55.65 

 

Table 15. 1H and 13C NMR chemical shift values (ppm) and coupling constants (Hz) of the novel 

bilactone 4-hydroxy-3-(3-hydroxy-4-(1-hydroxyethyl)-oxotetrahydroifuran-5-

methyltetrahydropyranone (Compound 23) in DMSO-D6 at 298 K. 

 Compound 23 δ 1H Compound 23 δ 13C 

1  171.25 

2A 2.82 dd 15.2, 11.5 32.73 

2B 2.66 dd 15.2, 6.6  

3 2.91 dddd 11.5, 8.0, 6.6, 1.4 38.23 

4 4.04 dd 8.7, 8.0 80.22 

5 4.39 dd 8.7, 6.3 73.19 

5-CH3 1.29 d 6.3 18.19 

1’  176.85 

2’ 3.21 dd 5.3, 1.4 51.87 

3’ 4.82 d 5.3 78.56 

4’ 4.28 d 3.7 86.97 

4’-1’’-hydroxyethyl   

1’’ 3.78 dd 6.6, 3.7 65.51 

2’’ 1.13 d 6.6 19.02 
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13
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Table 16. 1H and 13C chemical shift values (ppm) and coupling constants (Hz) of Blumenol C 

glucoside (24) in DMSO-D6 at 298K. 

 Compound 24 δ 1H Compound 24 δ 13C 

1  35.99 

2A 2.33 47.04 

2B 1.87  

3  198.09 

4 5.71 124.26 

5  166.04 

6 1.90 t 5.4 50.20 

7A 1.78 25.10 

7B 1.37  

8A 1.52 36.23 

8B 1.49  

9 3.74 q 6.0 73.30 

10 1.08 d 6.1 19.57 

11 0.99 s 26.82 

12 0.92 s 28.53 

13 1.96 d 1.2 24.15 

9-O-β-glc  

1’ 4.16 d 7.8 100.76 

2’ 2.88 dd 9.0, 7.8 73.59 

3’ 3.11 t 9.0 76.93 

4’ 3.01 dd 9.7, 9.0 70.32 

5’ 3.06 ddd 9.7, 6.0, 2.2 76.82 

6A’ 3.64 dd 11.6, 2.2 61.34 

6B’ 3.40 dd 11.6, 6.0  

Table 17. 1H and 13C NMR chemical shift values (ppm) and coupling constants (Hz) of the novel 

lactone 4-O-(5’-hydroxy-4’-oxohexanoyl) osmundalactone (Compound 15) in DMSO-D6 at 298 K. 

 Compound 25 δ 1H Compound 25 δ 13C 

1  161.88 

2 6.11 dd 9.9, 1.5 122.25 

3 6.87 dd 9.9, 3.4 143.83 

4 5.30 ddd 6.6, 3.4, 1.5 67.25 

5 4.60 p 6.6 76.02 

6 1.30 d 6.6 17.90 

 4-O-(5’-hydroxy-4’-oxohexanoyl) 

1’  171.71 

2’ 2.54 m 27.31 

3’ 2.86 m 32.12 

4’  212.85 

5’ 4.04 q 6.9 72.18 

6’ 1.16 d 6.9 19.66 
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Table 18. 1H and 13C chemical shift values (ppm) and coupling constants (Hz) of hexyl-β-

glucopyranoside (26) in DMSO-D6 at 298K. 

 Compound 26 δ 1H Compound 26 δ 13C 

1A 3.73 m 68.62 

1B 3.39 m  

2 1.50 m 29.31 

3 1.30 m 25.27 

4 1.24 m 31.23 

5 1.26 m 22.15 

6 0.85 t 7.0 14.01 

1’ 4.08 d 7.8 102.91 

2’ 2.91 dd 9.0, 7.8 73.51 

3’ 3.10 dd 9.0, 8.6 76.89 

4’ 3.02 dd 9.8, 8.6 70.16 

5’ 3.05 ddd 9.8, 5.8, 2.1 76.86 

6A’ 3.64 dd 11.8, 2.1 61.16 

6B’ 3.41 dd 11.8, 5.8  

 

Table 19. 1H and 13C chemical shift values (ppm) and coupling constants (Hz) of 2-hexenoic acid 

(27) in DMSO-D6 at 298K. 

 Compound 27 δ 1H Compound 27 δ 13C 

1  167.17 

2 5.75 dt 15.7, 1.6 122.15 

3 6.80 dt 15.7, 6.9 148.68 

4 2.14 m 33.43 

5 1.42 p 7.4 20.87 

6 0.87 t 7.4 13.56 
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NMR tables of the isolated compounds from Cryptogramma crispa. 

Table 20. 1H chemical shift values (ppm) and coupling constants (Hz) of quercetin (28), quercetin 3-

O-β-galactopyranoside (29), quercetin 3-O-β-glucopyranoside (30) and quercetin 7-O-β-

glucopyranoside (31) in DMSO-D6 at 298K. 

 
Compound 28 δ 1H Compound 29 δ 1H Compound 30 δ 1H Compound 31 δ 1H 

2 
    

3 
    

4 
    

5 
    

6 6.17 d 2.1 6.20 d 2.1 6.40 d 2.0 6.41 d 2.1 

7 
    

8 6.39 d 2.1 6.40 d 2.1 6.76 d 2.3 6.75 d 2.1 

9 
    

10 
    

1’ 
    

2’ 7.66 d 2.2 7.54 d 2.2 7.73 d 3.0 7.71 d 2.3 

3’ 
    

4’ 
    

5’ 6.87 d 8.4 6.82 d 8.4 6.82 d 8.5 6.89 d 8.4 

6’ 7.53 dd 8.4, 2.2 7.66 dd 8.4, 2.2 7.5 d 2.3 7.54 dd 8.4, 2.3 

3-OH 
 

12.62 s 
 

9.48 s 

5-OH 
 

10.84 s 12.60 s 12.50 s 

7-OH 
 

9.39 s 
  

3’-OH 
 

9.39 s 
 

9.28 s 

4’-OH 
   

9.63 s 

3-O-β 
 

galactopyranoside glucopyranoside 
 

7-O-β 
   

glucopyranoside 

1’’ 
 

5.37 d 7.7 5.30 d 7.8 5.06 d 7.7 

2’’ 
 

3.58 dd 9.5, 7.7 
 

3.25 dd 9.0, 7.7 

3’’ 
 

3.38 dd 9.5, 3.4 
 

3.29 t 9.0 

4’’ 
 

3.66 dd 3.4, 1.0 
 

3.17 dd 9.8, 9.0 

5’’ 
 

3.34 dt 6.0, 1.0 3.45 m 3.44 ddd 9.8, 5.9, 

2.1 

6A’’ 
 

3.46 dd 10.7, 6.0 3.11 dd 12.0, 2.5 3.70 dd 11.8, 2.1 

6B’’ 
 

3.30 dd 10.7, 6.0 3.37 m 3.47 dd 11.8, 5.8 
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3-O-β 
 

galactopyranoside glucopyranoside 
 

7-O-β 
   

glucopyranoside 

1’’ 
 

5.37 d 7.7 5.30 d 7.8 5.06 d 7.7 

2’’ 
 

3.58 dd 9.5, 7.7 
 

3.25 dd 9.0, 7.7 

3’’ 
 

3.38 dd 9.5, 3.4 
 

3.29 t 9.0 

4’’ 
 

3.66 dd 3.4, 1.0 
 

3.17 dd 9.8, 9.0 

5’’ 
 

3.34 dt 6.0, 1.0 3.45 m 3.44 ddd 9.8, 5.9, 

2.1 

6A’’ 
 

3.46 dd 10.7, 6.0 3.11 dd 12.0, 2.5 3.70 dd 11.8, 2.1 

6B’’ 
 

3.30 dd 10.7, 6.0 3.37 m 3.47 dd 11.8, 5.8 
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NMR tables of the isolated compounds from Cryptogramma crispa. 

Table 20. 
1
H chemical shift values (ppm) and coupling constants (Hz) of quercetin (28), quercetin 3-

O-β-galactopyranoside (29), quercetin 3-O-β-glucopyranoside (30) and quercetin 7-O-β-

glucopyranoside (31) in DMSO-D6 at 298K. 

 
Compound 28 δ 

1
H Compound 29 δ 

1
H Compound 30 δ 

1
H Compound 31 δ 

1
H 

2 
    

3 
    

4 
    

5 
    

6 6.17 d 2.1 6.20 d 2.1 6.40 d 2.0 6.41 d 2.1 

7 
    

8 6.39 d 2.1 6.40 d 2.1 6.76 d 2.3 6.75 d 2.1 

9 
    

10 
    

1’ 
    

2’ 7.66 d 2.2 7.54 d 2.2 7.73 d 3.0 7.71 d 2.3 

3’ 
    

4’ 
    

5’ 6.87 d 8.4 6.82 d 8.4 6.82 d 8.5 6.89 d 8.4 

6’ 7.53 dd 8.4, 2.2 7.66 dd 8.4, 2.2 7.5 d 2.3 7.54 dd 8.4, 2.3 

3-OH 
 

12.62 s 
 

9.48 s 

5-OH 
 

10.84 s 12.60 s 12.50 s 

7-OH 
 

9.39 s 
  

3’-OH 
 

9.39 s 
 

9.28 s 

4’-OH 
   

9.63 s 

3-O-β 
 

galactopyranoside glucopyranoside 
 

7-O-β 
   

glucopyranoside 
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5.37 d 7.7 5.30 d 7.8 5.06 d 7.7 

2’’ 
 

3.58 dd 9.5, 7.7 
 

3.25 dd 9.0, 7.7 
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3.38 dd 9.5, 3.4 
 

3.29 t 9.0 

4’’ 
 

3.66 dd 3.4, 1.0 
 

3.17 dd 9.8, 9.0 

5’’ 
 

3.34 dt 6.0, 1.0 3.45 m 3.44 ddd 9.8, 5.9, 

2.1 

6A’’ 
 

3.46 dd 10.7, 6.0 3.11 dd 12.0, 2.5 3.70 dd 11.8, 2.1 

6B’’ 
 

3.30 dd 10.7, 6.0 3.37 m 3.47 dd 11.8, 5.8 
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NMR tables of the isolated compounds from Cryptogramma crispa. 

Table 20. 
1
H chemical shift values (ppm) and coupling constants (Hz) of quercetin (28), quercetin 3-

O-β-galactopyranoside (29), quercetin 3-O-β-glucopyranoside (30) and quercetin 7-O-β-

glucopyranoside (31) in DMSO-D6 at 298K. 

 
Compound 28 δ 

1
H Compound 29 δ 

1
H Compound 30 δ 

1
H Compound 31 δ 

1
H 

2 
    

3 
    

4 
    

5 
    

6 6.17 d 2.1 6.20 d 2.1 6.40 d 2.0 6.41 d 2.1 

7 
    

8 6.39 d 2.1 6.40 d 2.1 6.76 d 2.3 6.75 d 2.1 

9 
    

10 
    

1’ 
    

2’ 7.66 d 2.2 7.54 d 2.2 7.73 d 3.0 7.71 d 2.3 

3’ 
    

4’ 
    

5’ 6.87 d 8.4 6.82 d 8.4 6.82 d 8.5 6.89 d 8.4 

6’ 7.53 dd 8.4, 2.2 7.66 dd 8.4, 2.2 7.5 d 2.3 7.54 dd 8.4, 2.3 

3-OH 
 

12.62 s 
 

9.48 s 

5-OH 
 

10.84 s 12.60 s 12.50 s 

7-OH 
 

9.39 s 
  

3’-OH 
 

9.39 s 
 

9.28 s 

4’-OH 
   

9.63 s 

3-O-β 
 

galactopyranoside glucopyranoside 
 

7-O-β 
   

glucopyranoside 

1’’ 
 

5.37 d 7.7 5.30 d 7.8 5.06 d 7.7 

2’’ 
 

3.58 dd 9.5, 7.7 
 

3.25 dd 9.0, 7.7 

3’’ 
 

3.38 dd 9.5, 3.4 
 

3.29 t 9.0 

4’’ 
 

3.66 dd 3.4, 1.0 
 

3.17 dd 9.8, 9.0 

5’’ 
 

3.34 dt 6.0, 1.0 3.45 m 3.44 ddd 9.8, 5.9, 

2.1 

6A’’ 
 

3.46 dd 10.7, 6.0 3.11 dd 12.0, 2.5 3.70 dd 11.8, 2.1 

6B’’ 
 

3.30 dd 10.7, 6.0 3.37 m 3.47 dd 11.8, 5.8 
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Table 21. 13C chemical shift values (ppm) of quercetin (28), quercetin 3-O-β-galactopyranoside (29), 

quercetin 3-O-β-glucopyranoside (30) and quercetin 7-O-β-glucopyranoside (31) in DMSO-D6 at 

298K. 

 
Compound 28 δ 13C Compound 29 δ 13C Compound 30 δ 13C Compound 31 δ 13C 

2 146.89 156.47 146.0 147.6 

3 135.82 133.70 136.0 136.0 

4 175.92 177.70 174.1 176.1 

5 160.81 161.42 160.5 160.5 

6 98.26 98.88 98.8 98.8 

7 163.96 164.32 162.7 162.7 

8 93.43 93.70 94.3 94.3 

9 156.22 156.51 155.8 155.8 

10 103.10 104.13 104.8 104.8 

1’ 122.04 121.32 121.9 121.9 

2’ 115.15 116.20 115.5 115.5 

3’ 145.14 145.01 145.1 145.1 

4’ 147.79 148.65 148.1 148.1 

5’ 115.69 115.39 115.7 115.7 

6’ 120.06 122.17 120.1 120.1 

3-OH 
    

5-OH 
    

7-OH 
    

3’-OH 
    

4’-OH 
    

3-O-β 
 

galactopyranoside glucopyranoside 
 

7-O-β 
   

glucopyranoside 

1’’ 
 

102.04 102.3 100.0 

2’’ 
 

71.42 
 

73.2 

3’’ 
 

73.40 
 

76.5 

4’’ 
 

68.14 
 

69.6 

5’’ 
 

76.02 77.8 77.3 

6A’’ 
 

60.36 60.5 60.7 

6B’’ 
    

 

Table 22. 1H and 13C chemical shift values (ppm) and coupling constants (Hz) of kaempferol 7-O-β-

glucopyranoside (32) in DMSO-D6 at 298K. 

 Compound 32 δ 1H Compound 32 δ 13C 

2  147.60 

3  136.10 
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Table 21. 13C chemical shift values (ppm) of quercetin (28), quercetin 3-O-β-galactopyranoside (29), 

quercetin 3-O-β-glucopyranoside (30) and quercetin 7-O-β-glucopyranoside (31) in DMSO-D6 at 

298K. 

 
Compound 28 δ 13C Compound 29 δ 13C Compound 30 δ 13C Compound 31 δ 13C 

2 146.89 156.47 146.0 147.6 

3 135.82 133.70 136.0 136.0 

4 175.92 177.70 174.1 176.1 

5 160.81 161.42 160.5 160.5 

6 98.26 98.88 98.8 98.8 

7 163.96 164.32 162.7 162.7 

8 93.43 93.70 94.3 94.3 

9 156.22 156.51 155.8 155.8 

10 103.10 104.13 104.8 104.8 

1’ 122.04 121.32 121.9 121.9 

2’ 115.15 116.20 115.5 115.5 

3’ 145.14 145.01 145.1 145.1 

4’ 147.79 148.65 148.1 148.1 

5’ 115.69 115.39 115.7 115.7 

6’ 120.06 122.17 120.1 120.1 

3-OH 
    

5-OH 
    

7-OH 
    

3’-OH 
    

4’-OH 
    

3-O-β 
 

galactopyranoside glucopyranoside 
 

7-O-β 
   

glucopyranoside 

1’’ 
 

102.04 102.3 100.0 

2’’ 
 

71.42 
 

73.2 

3’’ 
 

73.40 
 

76.5 

4’’ 
 

68.14 
 

69.6 

5’’ 
 

76.02 77.8 77.3 

6A’’ 
 

60.36 60.5 60.7 

6B’’ 
    

 

Table 22. 1H and 13C chemical shift values (ppm) and coupling constants (Hz) of kaempferol 7-O-β-

glucopyranoside (32) in DMSO-D6 at 298K. 

 Compound 32 δ 1H Compound 32 δ 13C 

2  147.60 

3  136.10 
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Table 21. 13C chemical shift values (ppm) of quercetin (28), quercetin 3-O-β-galactopyranoside (29), 

quercetin 3-O-β-glucopyranoside (30) and quercetin 7-O-β-glucopyranoside (31) in DMSO-D6 at 
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2 146.89 156.47 146.0 147.6 

3 135.82 133.70 136.0 136.0 

4 175.92 177.70 174.1 176.1 

5 160.81 161.42 160.5 160.5 

6 98.26 98.88 98.8 98.8 

7 163.96 164.32 162.7 162.7 

8 93.43 93.70 94.3 94.3 

9 156.22 156.51 155.8 155.8 

10 103.10 104.13 104.8 104.8 

1’ 122.04 121.32 121.9 121.9 

2’ 115.15 116.20 115.5 115.5 

3’ 145.14 145.01 145.1 145.1 

4’ 147.79 148.65 148.1 148.1 

5’ 115.69 115.39 115.7 115.7 

6’ 120.06 122.17 120.1 120.1 

3-OH 
    

5-OH 
    

7-OH 
    

3’-OH 
    

4’-OH 
    

3-O-β 
 

galactopyranoside glucopyranoside 
 

7-O-β 
   

glucopyranoside 

1’’ 
 

102.04 102.3 100.0 

2’’ 
 

71.42 
 

73.2 

3’’ 
 

73.40 
 

76.5 

4’’ 
 

68.14 
 

69.6 

5’’ 
 

76.02 77.8 77.3 

6A’’ 
 

60.36 60.5 60.7 

6B’’ 
    

 

Table 22. 1H and 13C chemical shift values (ppm) and coupling constants (Hz) of kaempferol 7-O-β-

glucopyranoside (32) in DMSO-D6 at 298K. 

 Compound 32 δ 1H Compound 32 δ 13C 

2  147.60 

3  136.10 
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Table 21. 
13

C chemical shift values (ppm) of quercetin (28), quercetin 3-O-β-galactopyranoside (29), 

quercetin 3-O-β-glucopyranoside (30) and quercetin 7-O-β-glucopyranoside (31) in DMSO-D6 at 

298K. 

 
Compound 28 δ 

13
C Compound 29 δ 

13
C Compound 30 δ 

13
C Compound 31 δ 

13
C 

2 146.89 156.47 146.0 147.6 

3 135.82 133.70 136.0 136.0 

4 175.92 177.70 174.1 176.1 

5 160.81 161.42 160.5 160.5 

6 98.26 98.88 98.8 98.8 

7 163.96 164.32 162.7 162.7 

8 93.43 93.70 94.3 94.3 

9 156.22 156.51 155.8 155.8 

10 103.10 104.13 104.8 104.8 

1’ 122.04 121.32 121.9 121.9 

2’ 115.15 116.20 115.5 115.5 

3’ 145.14 145.01 145.1 145.1 

4’ 147.79 148.65 148.1 148.1 

5’ 115.69 115.39 115.7 115.7 

6’ 120.06 122.17 120.1 120.1 

3-OH 
    

5-OH 
    

7-OH 
    

3’-OH 
    

4’-OH 
    

3-O-β 
 

galactopyranoside glucopyranoside 
 

7-O-β 
   

glucopyranoside 

1’’ 
 

102.04 102.3 100.0 

2’’ 
 

71.42 
 

73.2 

3’’ 
 

73.40 
 

76.5 

4’’ 
 

68.14 
 

69.6 

5’’ 
 

76.02 77.8 77.3 

6A’’ 
 

60.36 60.5 60.7 

6B’’ 
    

 

Table 22. 
1
H and 

13
C chemical shift values (ppm) and coupling constants (Hz) of kaempferol 7-O-β-

glucopyranoside (32) in DMSO-D6 at 298K. 

 Compound 32 δ 
1
H Compound 32 δ 

13
C 

2  147.60 

3  136.10 
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Table 21. 
13

C chemical shift values (ppm) of quercetin (28), quercetin 3-O-β-galactopyranoside (29), 

quercetin 3-O-β-glucopyranoside (30) and quercetin 7-O-β-glucopyranoside (31) in DMSO-D6 at 

298K. 

 
Compound 28 δ 

13
C Compound 29 δ 

13
C Compound 30 δ 

13
C Compound 31 δ 

13
C 

2 146.89 156.47 146.0 147.6 

3 135.82 133.70 136.0 136.0 

4 175.92 177.70 174.1 176.1 

5 160.81 161.42 160.5 160.5 

6 98.26 98.88 98.8 98.8 

7 163.96 164.32 162.7 162.7 

8 93.43 93.70 94.3 94.3 

9 156.22 156.51 155.8 155.8 

10 103.10 104.13 104.8 104.8 

1’ 122.04 121.32 121.9 121.9 

2’ 115.15 116.20 115.5 115.5 

3’ 145.14 145.01 145.1 145.1 

4’ 147.79 148.65 148.1 148.1 

5’ 115.69 115.39 115.7 115.7 

6’ 120.06 122.17 120.1 120.1 

3-OH 
    

5-OH 
    

7-OH 
    

3’-OH 
    

4’-OH 
    

3-O-β 
 

galactopyranoside glucopyranoside 
 

7-O-β 
   

glucopyranoside 

1’’ 
 

102.04 102.3 100.0 

2’’ 
 

71.42 
 

73.2 

3’’ 
 

73.40 
 

76.5 

4’’ 
 

68.14 
 

69.6 

5’’ 
 

76.02 77.8 77.3 

6A’’ 
 

60.36 60.5 60.7 

6B’’ 
    

 

Table 22. 
1
H and 

13
C chemical shift values (ppm) and coupling constants (Hz) of kaempferol 7-O-β-

glucopyranoside (32) in DMSO-D6 at 298K. 

 Compound 32 δ 
1
H Compound 32 δ 

13
C 

2  147.60 

3  136.10 
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Table 21. 
13

C chemical shift values (ppm) of quercetin (28), quercetin 3-O-β-galactopyranoside (29), 

quercetin 3-O-β-glucopyranoside (30) and quercetin 7-O-β-glucopyranoside (31) in DMSO-D6 at 

298K. 

 
Compound 28 δ 

13
C Compound 29 δ 

13
C Compound 30 δ 

13
C Compound 31 δ 

13
C 

2 146.89 156.47 146.0 147.6 

3 135.82 133.70 136.0 136.0 

4 175.92 177.70 174.1 176.1 

5 160.81 161.42 160.5 160.5 

6 98.26 98.88 98.8 98.8 

7 163.96 164.32 162.7 162.7 

8 93.43 93.70 94.3 94.3 

9 156.22 156.51 155.8 155.8 

10 103.10 104.13 104.8 104.8 

1’ 122.04 121.32 121.9 121.9 

2’ 115.15 116.20 115.5 115.5 

3’ 145.14 145.01 145.1 145.1 

4’ 147.79 148.65 148.1 148.1 

5’ 115.69 115.39 115.7 115.7 

6’ 120.06 122.17 120.1 120.1 

3-OH 
    

5-OH 
    

7-OH 
    

3’-OH 
    

4’-OH 
    

3-O-β 
 

galactopyranoside glucopyranoside 
 

7-O-β 
   

glucopyranoside 

1’’ 
 

102.04 102.3 100.0 

2’’ 
 

71.42 
 

73.2 

3’’ 
 

73.40 
 

76.5 

4’’ 
 

68.14 
 

69.6 

5’’ 
 

76.02 77.8 77.3 

6A’’ 
 

60.36 60.5 60.7 

6B’’ 
    

 

Table 22. 
1
H and 

13
C chemical shift values (ppm) and coupling constants (Hz) of kaempferol 7-O-β-

glucopyranoside (32) in DMSO-D6 at 298K. 

 Compound 32 δ 
1
H Compound 32 δ 

13
C 

2  147.60 

3  136.10 
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Table 21. 
13

C chemical shift values (ppm) of quercetin (28), quercetin 3-O-β-galactopyranoside (29), 

quercetin 3-O-β-glucopyranoside (30) and quercetin 7-O-β-glucopyranoside (31) in DMSO-D6 at 

298K. 

 
Compound 28 δ 

13
C Compound 29 δ 

13
C Compound 30 δ 

13
C Compound 31 δ 

13
C 

2 146.89 156.47 146.0 147.6 

3 135.82 133.70 136.0 136.0 

4 175.92 177.70 174.1 176.1 

5 160.81 161.42 160.5 160.5 

6 98.26 98.88 98.8 98.8 

7 163.96 164.32 162.7 162.7 

8 93.43 93.70 94.3 94.3 

9 156.22 156.51 155.8 155.8 

10 103.10 104.13 104.8 104.8 

1’ 122.04 121.32 121.9 121.9 

2’ 115.15 116.20 115.5 115.5 

3’ 145.14 145.01 145.1 145.1 

4’ 147.79 148.65 148.1 148.1 

5’ 115.69 115.39 115.7 115.7 

6’ 120.06 122.17 120.1 120.1 

3-OH 
    

5-OH 
    

7-OH 
    

3’-OH 
    

4’-OH 
    

3-O-β 
 

galactopyranoside glucopyranoside 
 

7-O-β 
   

glucopyranoside 

1’’ 
 

102.04 102.3 100.0 

2’’ 
 

71.42 
 

73.2 

3’’ 
 

73.40 
 

76.5 

4’’ 
 

68.14 
 

69.6 

5’’ 
 

76.02 77.8 77.3 

6A’’ 
 

60.36 60.5 60.7 

6B’’ 
    

 

Table 22. 
1
H and 

13
C chemical shift values (ppm) and coupling constants (Hz) of kaempferol 7-O-β-

glucopyranoside (32) in DMSO-D6 at 298K. 

 Compound 32 δ 
1
H Compound 32 δ 

13
C 

2  147.60 

3  136.10 
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Table 21. 
13

C chemical shift values (ppm) of quercetin (28), quercetin 3-O-β-galactopyranoside (29), 

quercetin 3-O-β-glucopyranoside (30) and quercetin 7-O-β-glucopyranoside (31) in DMSO-D6 at 

298K. 

 
Compound 28 δ 

13
C Compound 29 δ 

13
C Compound 30 δ 

13
C Compound 31 δ 

13
C 

2 146.89 156.47 146.0 147.6 

3 135.82 133.70 136.0 136.0 

4 175.92 177.70 174.1 176.1 

5 160.81 161.42 160.5 160.5 

6 98.26 98.88 98.8 98.8 

7 163.96 164.32 162.7 162.7 

8 93.43 93.70 94.3 94.3 

9 156.22 156.51 155.8 155.8 

10 103.10 104.13 104.8 104.8 

1’ 122.04 121.32 121.9 121.9 

2’ 115.15 116.20 115.5 115.5 

3’ 145.14 145.01 145.1 145.1 

4’ 147.79 148.65 148.1 148.1 

5’ 115.69 115.39 115.7 115.7 

6’ 120.06 122.17 120.1 120.1 

3-OH 
    

5-OH 
    

7-OH 
    

3’-OH 
    

4’-OH 
    

3-O-β 
 

galactopyranoside glucopyranoside 
 

7-O-β 
   

glucopyranoside 

1’’ 
 

102.04 102.3 100.0 

2’’ 
 

71.42 
 

73.2 

3’’ 
 

73.40 
 

76.5 

4’’ 
 

68.14 
 

69.6 

5’’ 
 

76.02 77.8 77.3 

6A’’ 
 

60.36 60.5 60.7 

6B’’ 
    

 

Table 22. 
1
H and 

13
C chemical shift values (ppm) and coupling constants (Hz) of kaempferol 7-O-β-

glucopyranoside (32) in DMSO-D6 at 298K. 

 Compound 32 δ 
1
H Compound 32 δ 

13
C 

2  147.60 

3  136.10 
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Table 21. 
13

C chemical shift values (ppm) of quercetin (28), quercetin 3-O-β-galactopyranoside (29), 

quercetin 3-O-β-glucopyranoside (30) and quercetin 7-O-β-glucopyranoside (31) in DMSO-D6 at 

298K. 

 
Compound 28 δ 

13
C Compound 29 δ 

13
C Compound 30 δ 

13
C Compound 31 δ 

13
C 

2 146.89 156.47 146.0 147.6 

3 135.82 133.70 136.0 136.0 

4 175.92 177.70 174.1 176.1 

5 160.81 161.42 160.5 160.5 

6 98.26 98.88 98.8 98.8 

7 163.96 164.32 162.7 162.7 

8 93.43 93.70 94.3 94.3 

9 156.22 156.51 155.8 155.8 

10 103.10 104.13 104.8 104.8 

1’ 122.04 121.32 121.9 121.9 

2’ 115.15 116.20 115.5 115.5 

3’ 145.14 145.01 145.1 145.1 

4’ 147.79 148.65 148.1 148.1 

5’ 115.69 115.39 115.7 115.7 

6’ 120.06 122.17 120.1 120.1 

3-OH 
    

5-OH 
    

7-OH 
    

3’-OH 
    

4’-OH 
    

3-O-β 
 

galactopyranoside glucopyranoside 
 

7-O-β 
   

glucopyranoside 

1’’ 
 

102.04 102.3 100.0 

2’’ 
 

71.42 
 

73.2 

3’’ 
 

73.40 
 

76.5 

4’’ 
 

68.14 
 

69.6 

5’’ 
 

76.02 77.8 77.3 

6A’’ 
 

60.36 60.5 60.7 

6B’’ 
    

 

Table 22. 
1
H and 

13
C chemical shift values (ppm) and coupling constants (Hz) of kaempferol 7-O-β-

glucopyranoside (32) in DMSO-D6 at 298K. 

 Compound 32 δ 
1
H Compound 32 δ 

13
C 

2  147.60 

3  136.10 
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4  176.17 

5  160.43 

6 6.41 d 2.1 98.83 

7  162.77 

8 6.79 d 2.1 94.44 

9  155.83 

10  104.76 

1’  121.60 

2’/6’ 8.06 ‘d’ 9.0 129.72 

3’/5’ 6.93 ‘d’ 9.0 115.54 

4’  159.46 

3-OH 9.53 s  

5-OH 12.48 s  

4’-OH 10.15 s  

7-O-β-glc   
1’’ 5.06 d 7.7 99.96 

2’’ 3.25 dd 9.0, 7.7 73.18 

3’’ 3.29 t 9.0 76.51 

4’’ 3.17 dd 9.8, 9.0 69.63 

5’’ 3.44 ddd 9.8, 5.9, 2.1 77.24 

6A’’ 3.70 dd 11.8, 2.1 60.68 

6B’’ 3.47 dd 11.8. 5.9  
 

Table 23. 1H and 13C NMR chemical shift values (ppm) and coupling constants (Hz) of (E) + (Z) 

Ferulic acid (33) in DMSO-D6 at 298K. 

 Compound 32 δ 1H Compound 32 δ 13C Compound 32 δ 1H Compound 32 δ 13C 

 Major (E) Major (E) Minor (Z) Minor (Z) 

1  125.90  126.3 

2 7.26 d 2.1 111.20 7.64 d 2.1 114.30 

3  148.00  146.90 

4  140.10  148.20 

5 6.77 d 8.2 115.6 6.74 d 8.2 115.00 

6 7.07 dd 8.2, 2.1 122.90 7.14 dd 8.2, 2.1 125.00 

7 7.47 d 15.9 144.60 6.75 d 12.9 142.1 

8 6.34 d 15.9 115.7 5.72 d 12.9 117.00 

9  168.0  167.90 

3-OCH3 3.80 s 55.80 3.74 s 55.50 

4-OH 9.52 s  9.44 s  

COOH 12.11 s  12.11 s  
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1   128.19  128.57 

2 7.33 d 2.0 111.24 7.57 d 2.1 114.30 

3  149.17  148.15 

4  148.43  147.43 

5 7.08 d 8.5 114.98 7.06 d 8.6 114.46 

6 7.17 dd 8.5, 2.0 122.30 7.20 dd 8.6, 2.1 123.86 

7 7.51 d 15.9 144.05 6.81 d 12.9 141.05 

8 6.45 d 15.9 117.25 5.82 d 12.9 118.71 

9  167.89  167.73 

3-OCH3 3.80 s 55.79 3.75 s 55.56 

 4-O-β-glc 4-O-β-glc 

1’ 4.96 d 7.5 99.68 4.95 m 99.72 

2’ 3.25 m 73.19 3.24 m 73.21 

3’ 3.26 m 76.90 3.26 m 76.93 

4’ 3.15 dd 9.8, 9.0 69.66 3.16 m 69.70 

5’ 3.32 ddd 9.8, 5.8, 2.3 77.14 3.32 m 77.11 

6A’’ 3.65 dd 11.8, 2.3 60.68 3.66 m 60.70 

6B’’ 3.43 dd 11.8, 5.8  3.44 m  

 

Table 25. 1H and 13C NMR chemical shift values (ppm) and coupling constants (Hz) of p-Coumaric 

acid 4-O-β-glucopyranoside (35) in DMSO-D6 at 298K. 

 Compound 35 δ 1H Compound 35 δ 13C 

1  128.00 

2/6 7.62 ‘d’ 8.8 129.83 

3/5 7.03 ‘d’ 8.8 116.51 

4  159.03 

7 7.54 d 15.9 143.66 

8 6.39 d 15.9 117.12 

9  167.83 

COOH 12.24 s (br)  

 4-O-β-glc 

1’ 4.92 d 7.7 100.07 

2’ 3.23 dd 9.1, 7.7 73.25 

3’ 3.26 dd 9.0, 8.7 76.63 

4’ 3.15 dd 9.8, 8.7 69.73 

5’ 3.34 ddd 9.8, 5.9, 2.2 77.17 

6A’ 3.68 dd 11.9, 2.2 60.72 

6B’ 3.44 dd 11.9, 5.9  

 

Table 26. 1H and 13C NMR chemical shift values (ppm) and coupling constants (Hz) of caffeic acid 

(36) in DMSO-D6 at 298K. 

 Compound 36 δ 1H Compound 36 δ 13C 

1  125.77 

2 7.00 114.99 

3  145.63 

4  148.22 

5 6.95 115.85 

6 6.95 121.13 

7 7.45 144.45 
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8 6.18 115.12 

9  166.14 

3-OH 9.12 s  

4-OH 9.51 s  

 

Table 27. 1H and 13C NMR chemical shift values (ppm) and coupling constants (Hz) of methyl 

chlorogenic acid 4’-O-β-glucopyranoside (37) and chlorogenic acid methyl ester (38) in DMSO-D6 at 

298K. 

 Compound 37 δ 1H Compound 37 δ 13C Compound 38 δ 1H Compound 38 δ 13C 

1  74.6  71.8 

2A 1.92 37.7 1.98 35.3 

2B 1.69  1.85  

3 3.85 67.7 3.83 68.4 

4 3.32 73.7 3.17 73.0 

5 3.77 67.3 3.76 67.8 

6A 1.81 39.5 1.89 39.2 

6B 1.81  1.89  

7 3.57 51.5 3.54 51.8 

1’  129.0  125.9 

2’ 7.12 d 2.1 114.9 7.05 d 2.5 114.5 

3’  144.1  145.1 

4’  147.2  148.5 

5’ 7.10 d 8.4 116.0 7.03 d 2.1 116.3 

6’ 7.06 dd 8.4, 2.1 120.9 7.02 d 2.2 121.5 

7’ 7.45 d 16.0 144.1 7.48 dd 15.8, 10.2 145.9 

8’ 6.31 d 16.0 117.3 6.22 d 15.8 115.5 

9’  167.7  166.6 

7-OCH3 3.57 s 51.5 1.77 s 51.8 

4’-O-β-glc    

1’’ 4.76 d 7.5 101.7   

2’’ 3.29 m 73.3   

3’’ 3.27 t 9.0 75.9   

4’’ 3.16 dd 9.8, 8.8 69.8   

5’’ 3.34 ddd 9.8, 6.0, 2.1 77.4   

6A’’ 3.70 dd 11.8, 2.1 60.8   

6B’’ 3.46 m    

 

Table 28. 1H chemical shift values (ppm) and coupling constants (Hz) of Pteroside D (39), Pteroside 

X (40), 3-malonyl-pteroside D (41) and Pterosin D (42) dissolved in DMSO-D6 at 298K. 
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NMR table of the isolated compound from Anthriscus cerefolium 

 

Table 30. 1H and 13C NMR chemical shift values (ppm) and coupling constants (Hz) of 1,3-

dicaffeoyl-5-malonyl-δ-quinide (43) in DMSO-D6 at 298K. 

 Compound 43 δ 1H Compound 43 δ 13C 

1  78.82 

2A 2.44 dd 14.0, 4.4 35.7 

2B 1.96 m  

3 5.20 dt 9.0, 4.4 69.86 

4 3.87 dd 8.8, 3.7 68.8 

5 5.32 dd 8.1, 4.4 71.98 

6 2.41 m 31.83 

7  172.08 

1-O-caffeoyl   

1’  125.59 

2’ 7.08 d 2.1 115.25 

3’  145.80 

4’  116.02 

5’ 6.78 d 8.2 121.67 

6’ 7.02 dd 8.2, 2.1 146.26 

7’ 7.49 d 15.7 113.89 

8’ 6.28 d 15.7 165.43 

9’   

3’-OH 9.19 s  

4’-OH 9.67 s  

3-O-Z-caffeoyl   

1’’  125.70 

2’’ 7.06 d 2.1 114.98 

3’’  145.80 

4’’  148.69 

5’’ 6.77 d 8.2 115.99 

6’’ 6.99 dd 8.2, 2.1 121.67 

7’’ 7.49 d 15.7 145.66 

8’’  114.13 

9’’  166.17 

3’’-OH 9.21 s  

4’’-OH 9.63 s  

5-O-malonyl   

1’’’  166.65 

2A’’’ 3.31 d 15.9 41.74 

2B’’’ 3.22 d 15.9  

3’’’  167.94 

3’’’-OH 12.5 s (very broad)  
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A B S T R A C T

For more than four centuries, the intake of Narthecium ossifragum has been associated with poisoning in do-
mesticated animals. Saponins occurring in flowering tops of the plant are considered to cause kidney damage in
calves. At present, there are more than 30 papers on the saponins of N. ossifragum in the literature, although the
structures of these compounds have hitherto not been determined. Here, we identify the saponins of N. ossi-
fragum as sarsasapogenin, sarsasapogenin-3-O-β-galactopyranoside, sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-
β-galactopyranoside) and sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-3′-O-α-arabinopyranosyl-β-galactopyrano-
side). Moreover, six aromatic natural products were isolated and characterized from the methanolic extract from
flowers of N. ossifragum. Five of these aromatic compounds, chrysoeriol 6-C-β-arabinofuranoside-8-C-β-gluco-
pyranoside, chrysoeriol 6-C-β-arabinopyranosyl-8-C-β-glucopyranoside, chrysoeriol 6-C-β-xylopyranosyl-8-C-β-
galactopyranoside, chrysoeriol 6-C-β-galactopyranosyl-8-C-β-glucopyranoside and chrysoeriol 6-C-β-glucopyr-
anosyl-8-C-β-galactopyranoside are undescribed. All compounds were tested for cytotoxicity in mammalian cell
lines derived from the heart, kidney, and haematological tissues. The saponins exhibited cytotoxicity in the
micromolar range, with proportionally increasing cytotoxicity with increasing number of glycosyl substituents.
The most potent compound was the main saponin sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-3′-O-α-arabino-
pyranosyl-β-galactopyranoside), which produced cell death at concentrations below 3–4 μM in all three cell lines
tested. This indicates that the saponins are the toxicants mainly responsible for kidney damage observed in cattle
after ingestion of N. ossifragum. Our findings also pave the way for analysis of individual compounds isolated
during the biopsies of intoxicated animals.

1. Introduction

Narthecium ossifragum (L.) Huds. (Nartheciaceae) is a perennial
flowering plant (Fig. 1), which natively grows on bogs in western and
north-western Europe. Flowering of this species occurs between July
and August (Mossberg et al., 1995). The bright yellow flowers are
10–16mm wide and occur in clusters with 6–20 flowers (Feilberg,
1999). The first available information about the potential toxicity of
this plant was published in 1667 by the physician and botanist Simon
Paulli in what is known to be the first Norwegian scientific publication
(Paulli, 1667). The plant has in several instances been associated with
toxic effects in grazing animals (Stabursvik, 1953; Flåøyen et al., 1995a;
Wisløff et al., 2003) and is considered to cause the phototoxic disease
alveld in lambs (Stabursvik, 1953). This livestock poisoning is both

economically important and an animal welfare problem especially in
the Nordic countries (Bernhoft, 2010). It has been suggested that alveld
may be caused by metabolite(s) produced by N. ossifragum (Abdelkader
et al., 1984), an associated fungus (di Menna et al., 1992) or cyano-
bacteria (Tønnesen et al., 2013). However, an explanation for the ob-
served toxic effects associated with intake of N. ossifragum at the mo-
lecular level has not been provided in the current literature.

In numerous publications, the flowering tops of N. ossifragum have
been reported to contain significant amounts of saponins, which are
considered to be toxic components of the plant (Uhlig et al., 2007).
Saponins occurring in the flowering tops of the plant are presumed to
cause kidney damage in calves (Flåøyen et al., 1997). These compounds
have been suggested as playing a role in the development of hypothe-
sized secondary phototoxicity although this view has been challenged
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ABSTRACT

Formorethanfourcenturies,theintakeofNartheciumossifragumhasbeenassociatedwithpoisoningindo-
mesticatedanimals.Saponinsoccurringinfloweringtopsoftheplantareconsideredtocausekidneydamagein
calves.Atpresent,therearemorethan30papersonthesaponinsofN.ossifragumintheliterature,althoughthe
structuresofthesecompoundshavehithertonotbeendetermined.Here,weidentifythesaponinsofN.ossi-
fragumassarsasapogenin,sarsasapogenin-3-O-β-galactopyranoside,sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-
β-galactopyranoside)andsarsasapogenin-3-O-(2′-O-β-glucopyranosyl-3′-O-α-arabinopyranosyl-β-galactopyrano-
side).Moreover,sixaromaticnaturalproductswereisolatedandcharacterizedfromthemethanolicextractfrom
flowersofN.ossifragum.Fiveofthesearomaticcompounds,chrysoeriol6-C-β-arabinofuranoside-8-C-β-gluco-
pyranoside,chrysoeriol6-C-β-arabinopyranosyl-8-C-β-glucopyranoside,chrysoeriol6-C-β-xylopyranosyl-8-C-β-
galactopyranoside,chrysoeriol6-C-β-galactopyranosyl-8-C-β-glucopyranosideandchrysoeriol6-C-β-glucopyr-
anosyl-8-C-β-galactopyranosideareundescribed.Allcompoundsweretestedforcytotoxicityinmammaliancell
linesderivedfromtheheart,kidney,andhaematologicaltissues.Thesaponinsexhibitedcytotoxicityinthe
micromolarrange,withproportionallyincreasingcytotoxicitywithincreasingnumberofglycosylsubstituents.
Themostpotentcompoundwasthemainsaponinsarsasapogenin-3-O-(2′-O-β-glucopyranosyl-3′-O-α-arabino-
pyranosyl-β-galactopyranoside),whichproducedcelldeathatconcentrationsbelow3–4μMinallthreecelllines
tested.Thisindicatesthatthesaponinsarethetoxicantsmainlyresponsibleforkidneydamageobservedincattle
afteringestionofN.ossifragum.Ourfindingsalsopavethewayforanalysisofindividualcompoundsisolated
duringthebiopsiesofintoxicatedanimals.

1.Introduction

Nartheciumossifragum(L.)Huds.(Nartheciaceae)isaperennial
floweringplant(Fig.1),whichnativelygrowsonbogsinwesternand
north-westernEurope.FloweringofthisspeciesoccursbetweenJuly
andAugust(Mossbergetal.,1995).Thebrightyellowflowersare
10–16mmwideandoccurinclusterswith6–20flowers(Feilberg,
1999).Thefirstavailableinformationaboutthepotentialtoxicityof
thisplantwaspublishedin1667bythephysicianandbotanistSimon
PaulliinwhatisknowntobethefirstNorwegianscientificpublication
(Paulli,1667).Theplanthasinseveralinstancesbeenassociatedwith
toxiceffectsingrazinganimals(Stabursvik,1953;Flåøyenetal.,1995a;
Wisløffetal.,2003)andisconsideredtocausethephototoxicdisease
alveldinlambs(Stabursvik,1953).Thislivestockpoisoningisboth

economicallyimportantandananimalwelfareproblemespeciallyin
theNordiccountries(Bernhoft,2010).Ithasbeensuggestedthatalveld
maybecausedbymetabolite(s)producedbyN.ossifragum(Abdelkader
etal.,1984),anassociatedfungus(diMennaetal.,1992)orcyano-
bacteria(Tønnesenetal.,2013).However,anexplanationfortheob-
servedtoxiceffectsassociatedwithintakeofN.ossifragumatthemo-
lecularlevelhasnotbeenprovidedinthecurrentliterature.

Innumerouspublications,thefloweringtopsofN.ossifragumhave
beenreportedtocontainsignificantamountsofsaponins,whichare
consideredtobetoxiccomponentsoftheplant(Uhligetal.,2007).
Saponinsoccurringinthefloweringtopsoftheplantarepresumedto
causekidneydamageincalves(Flåøyenetal.,1997).Thesecompounds
havebeensuggestedasplayingaroleinthedevelopmentofhypothe-
sizedsecondaryphototoxicityalthoughthisviewhasbeenchallenged
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For more than four centuries, the intake of Narthecium ossifragum has been associated with poisoning in do-
mesticated animals. Saponins occurring in flowering tops of the plant are considered to cause kidney damage in
calves. At present, there are more than 30 papers on the saponins of N. ossifragum in the literature, although the
structures of these compounds have hitherto not been determined. Here, we identify the saponins of N. ossi-
fragum as sarsasapogenin, sarsasapogenin-3-O-β-galactopyranoside, sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-
β-galactopyranoside) and sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-3′-O-α-arabinopyranosyl-β-galactopyrano-
side). Moreover, six aromatic natural products were isolated and characterized from the methanolic extract from
flowers of N. ossifragum. Five of these aromatic compounds, chrysoeriol 6-C-β-arabinofuranoside-8-C-β-gluco-
pyranoside, chrysoeriol 6-C-β-arabinopyranosyl-8-C-β-glucopyranoside, chrysoeriol 6-C-β-xylopyranosyl-8-C-β-
galactopyranoside, chrysoeriol 6-C-β-galactopyranosyl-8-C-β-glucopyranoside and chrysoeriol 6-C-β-glucopyr-
anosyl-8-C-β-galactopyranoside are undescribed. All compounds were tested for cytotoxicity in mammalian cell
lines derived from the heart, kidney, and haematological tissues. The saponins exhibited cytotoxicity in the
micromolar range, with proportionally increasing cytotoxicity with increasing number of glycosyl substituents.
The most potent compound was the main saponin sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-3′-O-α-arabino-
pyranosyl-β-galactopyranoside), which produced cell death at concentrations below 3–4 μM in all three cell lines
tested. This indicates that the saponins are the toxicants mainly responsible for kidney damage observed in cattle
after ingestion of N. ossifragum. Our findings also pave the way for analysis of individual compounds isolated
during the biopsies of intoxicated animals.

1. Introduction

Narthecium ossifragum (L.) Huds. (Nartheciaceae) is a perennial
flowering plant (Fig. 1), which natively grows on bogs in western and
north-western Europe. Flowering of this species occurs between July
and August (Mossberg et al., 1995). The bright yellow flowers are
10–16mm wide and occur in clusters with 6–20 flowers (Feilberg,
1999). The first available information about the potential toxicity of
this plant was published in 1667 by the physician and botanist Simon
Paulli in what is known to be the first Norwegian scientific publication
(Paulli, 1667). The plant has in several instances been associated with
toxic effects in grazing animals (Stabursvik, 1953; Flåøyen et al., 1995a;
Wisløff et al., 2003) and is considered to cause the phototoxic disease
alveld in lambs (Stabursvik, 1953). This livestock poisoning is both

economically important and an animal welfare problem especially in
the Nordic countries (Bernhoft, 2010). It has been suggested that alveld
may be caused by metabolite(s) produced by N. ossifragum (Abdelkader
et al., 1984), an associated fungus (di Menna et al., 1992) or cyano-
bacteria (Tønnesen et al., 2013). However, an explanation for the ob-
served toxic effects associated with intake of N. ossifragum at the mo-
lecular level has not been provided in the current literature.

In numerous publications, the flowering tops of N. ossifragum have
been reported to contain significant amounts of saponins, which are
considered to be toxic components of the plant (Uhlig et al., 2007).
Saponins occurring in the flowering tops of the plant are presumed to
cause kidney damage in calves (Flåøyen et al., 1997). These compounds
have been suggested as playing a role in the development of hypothe-
sized secondary phototoxicity although this view has been challenged
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pyranosyl-β-galactopyranoside),whichproducedcelldeathatconcentrationsbelow3–4μMinallthreecelllines
tested.Thisindicatesthatthesaponinsarethetoxicantsmainlyresponsibleforkidneydamageobservedincattle
afteringestionofN.ossifragum.Ourfindingsalsopavethewayforanalysisofindividualcompoundsisolated
duringthebiopsiesofintoxicatedanimals.

1.Introduction

Nartheciumossifragum(L.)Huds.(Nartheciaceae)isaperennial
floweringplant(Fig.1),whichnativelygrowsonbogsinwesternand
north-westernEurope.FloweringofthisspeciesoccursbetweenJuly
andAugust(Mossbergetal.,1995).Thebrightyellowflowersare
10–16mmwideandoccurinclusterswith6–20flowers(Feilberg,
1999).Thefirstavailableinformationaboutthepotentialtoxicityof
thisplantwaspublishedin1667bythephysicianandbotanistSimon
PaulliinwhatisknowntobethefirstNorwegianscientificpublication
(Paulli,1667).Theplanthasinseveralinstancesbeenassociatedwith
toxiceffectsingrazinganimals(Stabursvik,1953;Flåøyenetal.,1995a;
Wisløffetal.,2003)andisconsideredtocausethephototoxicdisease
alveldinlambs(Stabursvik,1953).Thislivestockpoisoningisboth

economicallyimportantandananimalwelfareproblemespeciallyin
theNordiccountries(Bernhoft,2010).Ithasbeensuggestedthatalveld
maybecausedbymetabolite(s)producedbyN.ossifragum(Abdelkader
etal.,1984),anassociatedfungus(diMennaetal.,1992)orcyano-
bacteria(Tønnesenetal.,2013).However,anexplanationfortheob-
servedtoxiceffectsassociatedwithintakeofN.ossifragumatthemo-
lecularlevelhasnotbeenprovidedinthecurrentliterature.

Innumerouspublications,thefloweringtopsofN.ossifragumhave
beenreportedtocontainsignificantamountsofsaponins,whichare
consideredtobetoxiccomponentsoftheplant(Uhligetal.,2007).
Saponinsoccurringinthefloweringtopsoftheplantarepresumedto
causekidneydamageincalves(Flåøyenetal.,1997).Thesecompounds
havebeensuggestedasplayingaroleinthedevelopmentofhypothe-
sizedsecondaryphototoxicityalthoughthisviewhasbeenchallenged
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(Flåøyen et al., 1991). Even though more than thirty publications in the
current literature deal with saponins of N. ossifragum, none of these
compounds has hitherto been characterized in detail from this plant
source and their molecular structures remain unknown. Stabursvik
(1959) identified the aglycone of the saponins of N. ossifragum to be
sarsasapogenin (Stabursvik, 1959). Ceh and Hauge (1981) tentatively
identified two saponins from N. ossifragum based on sarsasapogenin
(spirostan-3-ol) aglycone. Both of these saponins were indicated to be
glycosylated with trisaccharides consisting of galactose-glucose-arabi-
nose (major compound) and galactose-glucose-xylose (minor com-
pound), respectively, where the trisaccharide moiety was attached at C-
3 of the aglycone. The names narthecin and xylosin were suggested for
these saponins. However, the linkages between the individual sugar
units were not determined (Ceh and Hauge, 1981) and the structures
were not confirmed by NMR spectroscopy and HR-MS. Using LC-MS
Uhlig et al. (2007) tentatively identified saponins based on smilagenin
and sarsasapogenin with two and three sugar units. However, neither
the sugar composition nor the individual glycosyl substituents could be
identified (Uhlig et al., 2007). Even though the connection between the
intake of N. ossifragum and the occurrence of alveld in lambs seems to
be well documented (Abdelkader et al., 1984; Ceh and Hauge, 1981)
the original assumption about a potential connection between saponins
of this plant species and the phototoxic disease is controversial and has
been challenged (Flåøyen et al., 1991). Abdelkader et al. (1984)

reported that lambs fed with a crude mixture of saponins developed
alveld. However, the same authors reported that the most purified
fraction of saponins did not induce alveld in lambs. Moreover, Flåøyen
et al. (1991) reported that lambs fed with large quantities of freeze-
dried N. ossifragum, containing significant amounts of saponins, did not
develop alveld. Surprisingly, the possibility that alveld may be caused
by aromatic compounds unique to N. ossifragum with the ability to
fluoresce has not been considered in current literature. Further progress
in research into the potential structure-activity role of the saponins of
N. ossifragum in connection with their potential role as nephrotoxins
poisoning cattle is severely hampered by the fact that their structures
have not yet been determined and the lack of methodology for large-
scale isolation of these compounds.

In this paper we report on structure determination and cytotoxicity
of individual saponins of N. ossifragum. A methodology for large-scale
separation and isolation of these compounds in the pure state is pro-
vided for the first time. Although the content of aromatic compounds of
the fruits of N. ossifragum has been thoroughly characterized (Vu et al.,
2016) no aromatic compound has hitherto been identified from the
plant at the flowering stage, i.e. at the development stage where intake
of N. ossifragum has been associated with lifestock toxicity. As part of
our on-going research concerning the characterization of aromatic
compounds from N. ossifragum, several di-C-glycosylflavones, including
several previously undescribed compounds, were isolated for the first
time from this plant source.

2. Results and discussion

The methanolic extracts of 1.7 kg of flowering tops of N. ossifragum
were concentrated under reduced pressure and subjected to liquid/li-
quid separation with petroleum ether followed by ethyl acetate.

A total of 7.1546 g white precipitate was collected from the con-
centrated petroleum ether and ethyl acetate phases, corresponding to
approximately 2.3% of the total dry weight of the plant material. The
white precipitate was identified as a mixture of saponins by the re-
corded 1D and 2D NMR spectra, where glycosyl substituents attached to
an aliphatic aglycone were observed. One gram of this mixture was
further purified by Sephadex LH-20 column chromatography.
Individual pure saponins were then isolated by silica column chroma-
tography. The individual pure saponins were identified as sarsasapo-
genin (1), sarsasapogenin-3-O-β-galactopyranoside (2), sarsasapogenin-
3-O-(2′-O-β-glucopyranosyl-β-galactopyranoside) (3) and sarsasapo-
genin-3-O-(2′-O-β-glucopyranosyl-3′-O-α-arabinopyranosyl-β-galacto-
pyranoside) (4) by 1D and 2D NMR spectroscopy (Tables 2 and 3, Fig. 2
and Supplementary Figs. S1–S34) and high resolution mass spectro-
metry (Supplementary Figs. S70–72). The 1D 1H NMR spectrum of
compound 4 showed the presence of sarsasapogenin aglycone in addi-
tion to three glycosyl substituents (Figure S26) The glycosyl units were
identified to be galactopyranosyl, glucopyranosyl and arabinopyranosyl
by the 17 13C signals observed in the 1D13C CAPT NMR spectrum of 4.
The 13C signals belonging to these sugar units were in agreement with
reference values of galactopyranosyl, glucopyranosyl and arabinopyr-
anosyl, respectively (Inoue et al., 1995; Fossen and Andersen, 2006).
The combined information in the 2D 1H–1H COSY spectrum and the 2D
1H–13C edited HSQC spectrum, the 2D 1H–13C HSQC-TOCSY spectrum
and the 2D 1H–13C H2BC spectrum were of paramount importance with
respect to complete assignments of all 1H and 13C resonances belonging
to the glycosyl substituents (Figs. S28–S34 and Tables 1 and 2). The
identities of the glycosyl substituents were further confirmed by the
observed coupling constants in the 1D 1H NMR spectrum and the 1D 1H
selective TOCSY spectra of 4 (Table 1). The configurations of C-1′, C-1″
and C-1‴ belonging to the galactopyranosyl, the glucopyranosyl and the
arabinopyranosyl units, respectively, were determined to be in β-con-
figuration for the former two units and in α-configuration for the latter,
by the observed large 3JHH vicinal coupling constants of 7.7 Hz, 7.9 Hz
and 7.2 Hz (Table 1). The configurations of the anomeric carbons were
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(Flåøyenetal.,1991).Eventhoughmorethanthirtypublicationsinthe
currentliteraturedealwithsaponinsofN.ossifragum,noneofthese
compoundshashithertobeencharacterizedindetailfromthisplant
sourceandtheirmolecularstructuresremainunknown.Stabursvik
(1959)identifiedtheaglyconeofthesaponinsofN.ossifragumtobe
sarsasapogenin(Stabursvik,1959).CehandHauge(1981)tentatively
identifiedtwosaponinsfromN.ossifragumbasedonsarsasapogenin
(spirostan-3-ol)aglycone.Bothofthesesaponinswereindicatedtobe
glycosylatedwithtrisaccharidesconsistingofgalactose-glucose-arabi-
nose(majorcompound)andgalactose-glucose-xylose(minorcom-
pound),respectively,wherethetrisaccharidemoietywasattachedatC-
3oftheaglycone.Thenamesnarthecinandxylosinweresuggestedfor
thesesaponins.However,thelinkagesbetweentheindividualsugar
unitswerenotdetermined(CehandHauge,1981)andthestructures
werenotconfirmedbyNMRspectroscopyandHR-MS.UsingLC-MS
Uhligetal.(2007)tentativelyidentifiedsaponinsbasedonsmilagenin
andsarsasapogeninwithtwoandthreesugarunits.However,neither
thesugarcompositionnortheindividualglycosylsubstituentscouldbe
identified(Uhligetal.,2007).Eventhoughtheconnectionbetweenthe
intakeofN.ossifragumandtheoccurrenceofalveldinlambsseemsto
bewelldocumented(Abdelkaderetal.,1984;CehandHauge,1981)
theoriginalassumptionaboutapotentialconnectionbetweensaponins
ofthisplantspeciesandthephototoxicdiseaseiscontroversialandhas
beenchallenged(Flåøyenetal.,1991).Abdelkaderetal.(1984)

reportedthatlambsfedwithacrudemixtureofsaponinsdeveloped
alveld.However,thesameauthorsreportedthatthemostpurified
fractionofsaponinsdidnotinducealveldinlambs.Moreover,Flåøyen
etal.(1991)reportedthatlambsfedwithlargequantitiesoffreeze-
driedN.ossifragum,containingsignificantamountsofsaponins,didnot
developalveld.Surprisingly,thepossibilitythatalveldmaybecaused
byaromaticcompoundsuniquetoN.ossifragumwiththeabilityto
fluorescehasnotbeenconsideredincurrentliterature.Furtherprogress
inresearchintothepotentialstructure-activityroleofthesaponinsof
N.ossifraguminconnectionwiththeirpotentialroleasnephrotoxins
poisoningcattleisseverelyhamperedbythefactthattheirstructures
havenotyetbeendeterminedandthelackofmethodologyforlarge-
scaleisolationofthesecompounds.

Inthispaperwereportonstructuredeterminationandcytotoxicity
ofindividualsaponinsofN.ossifragum.Amethodologyforlarge-scale
separationandisolationofthesecompoundsinthepurestateispro-
videdforthefirsttime.Althoughthecontentofaromaticcompoundsof
thefruitsofN.ossifragumhasbeenthoroughlycharacterized(Vuetal.,
2016)noaromaticcompoundhashithertobeenidentifiedfromthe
plantatthefloweringstage,i.e.atthedevelopmentstagewhereintake
ofN.ossifragumhasbeenassociatedwithlifestocktoxicity.Aspartof
ouron-goingresearchconcerningthecharacterizationofaromatic
compoundsfromN.ossifragum,severaldi-C-glycosylflavones,including
severalpreviouslyundescribedcompounds,wereisolatedforthefirst
timefromthisplantsource.

2.Resultsanddiscussion

Themethanolicextractsof1.7kgoffloweringtopsofN.ossifragum
wereconcentratedunderreducedpressureandsubjectedtoliquid/li-
quidseparationwithpetroleumetherfollowedbyethylacetate.

Atotalof7.1546gwhiteprecipitatewascollectedfromthecon-
centratedpetroleumetherandethylacetatephases,correspondingto
approximately2.3%ofthetotaldryweightoftheplantmaterial.The
whiteprecipitatewasidentifiedasamixtureofsaponinsbythere-
corded1Dand2DNMRspectra,whereglycosylsubstituentsattachedto
analiphaticaglyconewereobserved.Onegramofthismixturewas
furtherpurifiedbySephadexLH-20columnchromatography.
Individualpuresaponinswerethenisolatedbysilicacolumnchroma-
tography.Theindividualpuresaponinswereidentifiedassarsasapo-
genin(1),sarsasapogenin-3-O-β-galactopyranoside(2),sarsasapogenin-
3-O-(2′-O-β-glucopyranosyl-β-galactopyranoside)(3)andsarsasapo-
genin-3-O-(2′-O-β-glucopyranosyl-3′-O-α-arabinopyranosyl-β-galacto-
pyranoside)(4)by1Dand2DNMRspectroscopy(Tables2and3,Fig.2
andSupplementaryFigs.S1–S34)andhighresolutionmassspectro-
metry(SupplementaryFigs.S70–72).The1D1HNMRspectrumof
compound4showedthepresenceofsarsasapogeninaglyconeinaddi-
tiontothreeglycosylsubstituents(FigureS26)Theglycosylunitswere
identifiedtobegalactopyranosyl,glucopyranosylandarabinopyranosyl
bythe1713Csignalsobservedinthe1D13CCAPTNMRspectrumof4.
The13Csignalsbelongingtothesesugarunitswereinagreementwith
referencevaluesofgalactopyranosyl,glucopyranosylandarabinopyr-
anosyl,respectively(Inoueetal.,1995;FossenandAndersen,2006).
Thecombinedinformationinthe2D1H–1HCOSYspectrumandthe2D
1H–13CeditedHSQCspectrum,the2D1H–13CHSQC-TOCSYspectrum
andthe2D1H–13CH2BCspectrumwereofparamountimportancewith
respecttocompleteassignmentsofall1Hand13Cresonancesbelonging
totheglycosylsubstituents(Figs.S28–S34andTables1and2).The
identitiesoftheglycosylsubstituentswerefurtherconfirmedbythe
observedcouplingconstantsinthe1D1HNMRspectrumandthe1D1H
selectiveTOCSYspectraof4(Table1).TheconfigurationsofC-1′,C-1″
andC-1‴belongingtothegalactopyranosyl,theglucopyranosylandthe
arabinopyranosylunits,respectively,weredeterminedtobeinβ-con-
figurationfortheformertwounitsandinα-configurationforthelatter,
bytheobservedlarge3JHHvicinalcouplingconstantsof7.7Hz,7.9Hz
and7.2Hz(Table1).Theconfigurationsoftheanomericcarbonswere
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(Flåøyenetal.,1991).Eventhoughmorethanthirtypublicationsinthe
currentliteraturedealwithsaponinsofN.ossifragum,noneofthese
compoundshashithertobeencharacterizedindetailfromthisplant
sourceandtheirmolecularstructuresremainunknown.Stabursvik
(1959)identifiedtheaglyconeofthesaponinsofN.ossifragumtobe
sarsasapogenin(Stabursvik,1959).CehandHauge(1981)tentatively
identifiedtwosaponinsfromN.ossifragumbasedonsarsasapogenin
(spirostan-3-ol)aglycone.Bothofthesesaponinswereindicatedtobe
glycosylatedwithtrisaccharidesconsistingofgalactose-glucose-arabi-
nose(majorcompound)andgalactose-glucose-xylose(minorcom-
pound),respectively,wherethetrisaccharidemoietywasattachedatC-
3oftheaglycone.Thenamesnarthecinandxylosinweresuggestedfor
thesesaponins.However,thelinkagesbetweentheindividualsugar
unitswerenotdetermined(CehandHauge,1981)andthestructures
werenotconfirmedbyNMRspectroscopyandHR-MS.UsingLC-MS
Uhligetal.(2007)tentativelyidentifiedsaponinsbasedonsmilagenin
andsarsasapogeninwithtwoandthreesugarunits.However,neither
thesugarcompositionnortheindividualglycosylsubstituentscouldbe
identified(Uhligetal.,2007).Eventhoughtheconnectionbetweenthe
intakeofN.ossifragumandtheoccurrenceofalveldinlambsseemsto
bewelldocumented(Abdelkaderetal.,1984;CehandHauge,1981)
theoriginalassumptionaboutapotentialconnectionbetweensaponins
ofthisplantspeciesandthephototoxicdiseaseiscontroversialandhas
beenchallenged(Flåøyenetal.,1991).Abdelkaderetal.(1984)

reportedthatlambsfedwithacrudemixtureofsaponinsdeveloped
alveld.However,thesameauthorsreportedthatthemostpurified
fractionofsaponinsdidnotinducealveldinlambs.Moreover,Flåøyen
etal.(1991)reportedthatlambsfedwithlargequantitiesoffreeze-
driedN.ossifragum,containingsignificantamountsofsaponins,didnot
developalveld.Surprisingly,thepossibilitythatalveldmaybecaused
byaromaticcompoundsuniquetoN.ossifragumwiththeabilityto
fluorescehasnotbeenconsideredincurrentliterature.Furtherprogress
inresearchintothepotentialstructure-activityroleofthesaponinsof
N.ossifraguminconnectionwiththeirpotentialroleasnephrotoxins
poisoningcattleisseverelyhamperedbythefactthattheirstructures
havenotyetbeendeterminedandthelackofmethodologyforlarge-
scaleisolationofthesecompounds.
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separationandisolationofthesecompoundsinthepurestateispro-
videdforthefirsttime.Althoughthecontentofaromaticcompoundsof
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plantatthefloweringstage,i.e.atthedevelopmentstagewhereintake
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compoundsfromN.ossifragum,severaldi-C-glycosylflavones,including
severalpreviouslyundescribedcompounds,wereisolatedforthefirst
timefromthisplantsource.

2.Resultsanddiscussion

Themethanolicextractsof1.7kgoffloweringtopsofN.ossifragum
wereconcentratedunderreducedpressureandsubjectedtoliquid/li-
quidseparationwithpetroleumetherfollowedbyethylacetate.

Atotalof7.1546gwhiteprecipitatewascollectedfromthecon-
centratedpetroleumetherandethylacetatephases,correspondingto
approximately2.3%ofthetotaldryweightoftheplantmaterial.The
whiteprecipitatewasidentifiedasamixtureofsaponinsbythere-
corded1Dand2DNMRspectra,whereglycosylsubstituentsattachedto
analiphaticaglyconewereobserved.Onegramofthismixturewas
furtherpurifiedbySephadexLH-20columnchromatography.
Individualpuresaponinswerethenisolatedbysilicacolumnchroma-
tography.Theindividualpuresaponinswereidentifiedassarsasapo-
genin(1),sarsasapogenin-3-O-β-galactopyranoside(2),sarsasapogenin-
3-O-(2′-O-β-glucopyranosyl-β-galactopyranoside)(3)andsarsasapo-
genin-3-O-(2′-O-β-glucopyranosyl-3′-O-α-arabinopyranosyl-β-galacto-
pyranoside)(4)by1Dand2DNMRspectroscopy(Tables2and3,Fig.2
andSupplementaryFigs.S1–S34)andhighresolutionmassspectro-
metry(SupplementaryFigs.S70–72).The1D1HNMRspectrumof
compound4showedthepresenceofsarsasapogeninaglyconeinaddi-
tiontothreeglycosylsubstituents(FigureS26)Theglycosylunitswere
identifiedtobegalactopyranosyl,glucopyranosylandarabinopyranosyl
bythe1713Csignalsobservedinthe1D13CCAPTNMRspectrumof4.
The13Csignalsbelongingtothesesugarunitswereinagreementwith
referencevaluesofgalactopyranosyl,glucopyranosylandarabinopyr-
anosyl,respectively(Inoueetal.,1995;FossenandAndersen,2006).
Thecombinedinformationinthe2D1H–1HCOSYspectrumandthe2D
1H–13CeditedHSQCspectrum,the2D1H–13CHSQC-TOCSYspectrum
andthe2D1H–13CH2BCspectrumwereofparamountimportancewith
respecttocompleteassignmentsofall1Hand13Cresonancesbelonging
totheglycosylsubstituents(Figs.S28–S34andTables1and2).The
identitiesoftheglycosylsubstituentswerefurtherconfirmedbythe
observedcouplingconstantsinthe1D1HNMRspectrumandthe1D1H
selectiveTOCSYspectraof4(Table1).TheconfigurationsofC-1′,C-1″
andC-1‴belongingtothegalactopyranosyl,theglucopyranosylandthe
arabinopyranosylunits,respectively,weredeterminedtobeinβ-con-
figurationfortheformertwounitsandinα-configurationforthelatter,
bytheobservedlarge3JHHvicinalcouplingconstantsof7.7Hz,7.9Hz
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(Flåøyen et al., 1991). Even though more than thirty publications in the
current literature deal with saponins of N. ossifragum, none of these
compounds has hitherto been characterized in detail from this plant
source and their molecular structures remain unknown. Stabursvik
(1959) identified the aglycone of the saponins of N. ossifragum to be
sarsasapogenin (Stabursvik, 1959). Ceh and Hauge (1981) tentatively
identified two saponins from N. ossifragum based on sarsasapogenin
(spirostan-3-ol) aglycone. Both of these saponins were indicated to be
glycosylated with trisaccharides consisting of galactose-glucose-arabi-
nose (major compound) and galactose-glucose-xylose (minor com-
pound), respectively, where the trisaccharide moiety was attached at C-
3 of the aglycone. The names narthecin and xylosin were suggested for
these saponins. However, the linkages between the individual sugar
units were not determined (Ceh and Hauge, 1981) and the structures
were not confirmed by NMR spectroscopy and HR-MS. Using LC-MS
Uhlig et al. (2007) tentatively identified saponins based on smilagenin
and sarsasapogenin with two and three sugar units. However, neither
the sugar composition nor the individual glycosyl substituents could be
identified (Uhlig et al., 2007). Even though the connection between the
intake of N. ossifragum and the occurrence of alveld in lambs seems to
be well documented (Abdelkader et al., 1984; Ceh and Hauge, 1981)
the original assumption about a potential connection between saponins
of this plant species and the phototoxic disease is controversial and has
been challenged (Flåøyen et al., 1991). Abdelkader et al. (1984)

reported that lambs fed with a crude mixture of saponins developed
alveld. However, the same authors reported that the most purified
fraction of saponins did not induce alveld in lambs. Moreover, Flåøyen
et al. (1991) reported that lambs fed with large quantities of freeze-
dried N. ossifragum, containing significant amounts of saponins, did not
develop alveld. Surprisingly, the possibility that alveld may be caused
by aromatic compounds unique to N. ossifragum with the ability to
fluoresce has not been considered in current literature. Further progress
in research into the potential structure-activity role of the saponins of
N. ossifragum in connection with their potential role as nephrotoxins
poisoning cattle is severely hampered by the fact that their structures
have not yet been determined and the lack of methodology for large-
scale isolation of these compounds.

In this paper we report on structure determination and cytotoxicity
of individual saponins of N. ossifragum. A methodology for large-scale
separation and isolation of these compounds in the pure state is pro-
vided for the first time. Although the content of aromatic compounds of
the fruits of N. ossifragum has been thoroughly characterized (Vu et al.,
2016) no aromatic compound has hitherto been identified from the
plant at the flowering stage, i.e. at the development stage where intake
of N. ossifragum has been associated with lifestock toxicity. As part of
our on-going research concerning the characterization of aromatic
compounds from N. ossifragum, several di-C-glycosylflavones, including
several previously undescribed compounds, were isolated for the first
time from this plant source.

2. Results and discussion

The methanolic extracts of 1.7 kg of flowering tops of N. ossifragum
were concentrated under reduced pressure and subjected to liquid/li-
quid separation with petroleum ether followed by ethyl acetate.

A total of 7.1546 g white precipitate was collected from the con-
centrated petroleum ether and ethyl acetate phases, corresponding to
approximately 2.3% of the total dry weight of the plant material. The
white precipitate was identified as a mixture of saponins by the re-
corded 1D and 2D NMR spectra, where glycosyl substituents attached to
an aliphatic aglycone were observed. One gram of this mixture was
further purified by Sephadex LH-20 column chromatography.
Individual pure saponins were then isolated by silica column chroma-
tography. The individual pure saponins were identified as sarsasapo-
genin (1), sarsasapogenin-3-O-β-galactopyranoside (2), sarsasapogenin-
3-O-(2′-O-β-glucopyranosyl-β-galactopyranoside) (3) and sarsasapo-
genin-3-O-(2′-O-β-glucopyranosyl-3′-O-α-arabinopyranosyl-β-galacto-
pyranoside) (4) by 1D and 2D NMR spectroscopy (Tables 2 and 3, Fig. 2
and Supplementary Figs. S1–S34) and high resolution mass spectro-
metry (Supplementary Figs. S70–72). The 1D
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to the glycosyl substituents (Figs. S28–S34 and Tables 1 and 2). The
identities of the glycosyl substituents were further confirmed by the
observed coupling constants in the 1D 1H NMR spectrum and the 1D 1H
selective TOCSY spectra of 4 (Table 1). The configurations of C-1′, C-1″
and C-1‴ belonging to the galactopyranosyl, the glucopyranosyl and the
arabinopyranosyl units, respectively, were determined to be in β-con-
figuration for the former two units and in α-configuration for the latter,
by the observed large
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(Flåøyen et al., 1991). Even though more than thirty publications in the
current literature deal with saponins of N. ossifragum, none of these
compounds has hitherto been characterized in detail from this plant
source and their molecular structures remain unknown. Stabursvik
(1959) identified the aglycone of the saponins of N. ossifragum to be
sarsasapogenin (Stabursvik, 1959). Ceh and Hauge (1981) tentatively
identified two saponins from N. ossifragum based on sarsasapogenin
(spirostan-3-ol) aglycone. Both of these saponins were indicated to be
glycosylated with trisaccharides consisting of galactose-glucose-arabi-
nose (major compound) and galactose-glucose-xylose (minor com-
pound), respectively, where the trisaccharide moiety was attached at C-
3 of the aglycone. The names narthecin and xylosin were suggested for
these saponins. However, the linkages between the individual sugar
units were not determined (Ceh and Hauge, 1981) and the structures
were not confirmed by NMR spectroscopy and HR-MS. Using LC-MS
Uhlig et al. (2007) tentatively identified saponins based on smilagenin
and sarsasapogenin with two and three sugar units. However, neither
the sugar composition nor the individual glycosyl substituents could be
identified (Uhlig et al., 2007). Even though the connection between the
intake of N. ossifragum and the occurrence of alveld in lambs seems to
be well documented (Abdelkader et al., 1984; Ceh and Hauge, 1981)
the original assumption about a potential connection between saponins
of this plant species and the phototoxic disease is controversial and has
been challenged (Flåøyen et al., 1991). Abdelkader et al. (1984)

reported that lambs fed with a crude mixture of saponins developed
alveld. However, the same authors reported that the most purified
fraction of saponins did not induce alveld in lambs. Moreover, Flåøyen
et al. (1991) reported that lambs fed with large quantities of freeze-
dried N. ossifragum, containing significant amounts of saponins, did not
develop alveld. Surprisingly, the possibility that alveld may be caused
by aromatic compounds unique to N. ossifragum with the ability to
fluoresce has not been considered in current literature. Further progress
in research into the potential structure-activity role of the saponins of
N. ossifragum in connection with their potential role as nephrotoxins
poisoning cattle is severely hampered by the fact that their structures
have not yet been determined and the lack of methodology for large-
scale isolation of these compounds.

In this paper we report on structure determination and cytotoxicity
of individual saponins of N. ossifragum. A methodology for large-scale
separation and isolation of these compounds in the pure state is pro-
vided for the first time. Although the content of aromatic compounds of
the fruits of N. ossifragum has been thoroughly characterized (Vu et al.,
2016) no aromatic compound has hitherto been identified from the
plant at the flowering stage, i.e. at the development stage where intake
of N. ossifragum has been associated with lifestock toxicity. As part of
our on-going research concerning the characterization of aromatic
compounds from N. ossifragum, several di-C-glycosylflavones, including
several previously undescribed compounds, were isolated for the first
time from this plant source.
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were concentrated under reduced pressure and subjected to liquid/li-
quid separation with petroleum ether followed by ethyl acetate.
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approximately 2.3% of the total dry weight of the plant material. The
white precipitate was identified as a mixture of saponins by the re-
corded 1D and 2D NMR spectra, where glycosyl substituents attached to
an aliphatic aglycone were observed. One gram of this mixture was
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(Flåøyenetal.,1991).Eventhoughmorethanthirtypublicationsinthe
currentliteraturedealwithsaponinsofN.ossifragum,noneofthese
compoundshashithertobeencharacterizedindetailfromthisplant
sourceandtheirmolecularstructuresremainunknown.Stabursvik
(1959)identifiedtheaglyconeofthesaponinsofN.ossifragumtobe
sarsasapogenin(Stabursvik,1959).CehandHauge(1981)tentatively
identifiedtwosaponinsfromN.ossifragumbasedonsarsasapogenin
(spirostan-3-ol)aglycone.Bothofthesesaponinswereindicatedtobe
glycosylatedwithtrisaccharidesconsistingofgalactose-glucose-arabi-
nose(majorcompound)andgalactose-glucose-xylose(minorcom-
pound),respectively,wherethetrisaccharidemoietywasattachedatC-
3oftheaglycone.Thenamesnarthecinandxylosinweresuggestedfor
thesesaponins.However,thelinkagesbetweentheindividualsugar
unitswerenotdetermined(CehandHauge,1981)andthestructures
werenotconfirmedbyNMRspectroscopyandHR-MS.UsingLC-MS
Uhligetal.(2007)tentativelyidentifiedsaponinsbasedonsmilagenin
andsarsasapogeninwithtwoandthreesugarunits.However,neither
thesugarcompositionnortheindividualglycosylsubstituentscouldbe
identified(Uhligetal.,2007).Eventhoughtheconnectionbetweenthe
intakeofN.ossifragumandtheoccurrenceofalveldinlambsseemsto
bewelldocumented(Abdelkaderetal.,1984;CehandHauge,1981)
theoriginalassumptionaboutapotentialconnectionbetweensaponins
ofthisplantspeciesandthephototoxicdiseaseiscontroversialandhas
beenchallenged(Flåøyenetal.,1991).Abdelkaderetal.(1984)

reportedthatlambsfedwithacrudemixtureofsaponinsdeveloped
alveld.However,thesameauthorsreportedthatthemostpurified
fractionofsaponinsdidnotinducealveldinlambs.Moreover,Flåøyen
etal.(1991)reportedthatlambsfedwithlargequantitiesoffreeze-
driedN.ossifragum,containingsignificantamountsofsaponins,didnot
developalveld.Surprisingly,thepossibilitythatalveldmaybecaused
byaromaticcompoundsuniquetoN.ossifragumwiththeabilityto
fluorescehasnotbeenconsideredincurrentliterature.Furtherprogress
inresearchintothepotentialstructure-activityroleofthesaponinsof
N.ossifraguminconnectionwiththeirpotentialroleasnephrotoxins
poisoningcattleisseverelyhamperedbythefactthattheirstructures
havenotyetbeendeterminedandthelackofmethodologyforlarge-
scaleisolationofthesecompounds.

Inthispaperwereportonstructuredeterminationandcytotoxicity
ofindividualsaponinsofN.ossifragum.Amethodologyforlarge-scale
separationandisolationofthesecompoundsinthepurestateispro-
videdforthefirsttime.Althoughthecontentofaromaticcompoundsof
thefruitsofN.ossifragumhasbeenthoroughlycharacterized(Vuetal.,
2016)noaromaticcompoundhashithertobeenidentifiedfromthe
plantatthefloweringstage,i.e.atthedevelopmentstagewhereintake
ofN.ossifragumhasbeenassociatedwithlifestocktoxicity.Aspartof
ouron-goingresearchconcerningthecharacterizationofaromatic
compoundsfromN.ossifragum,severaldi-C-glycosylflavones,including
severalpreviouslyundescribedcompounds,wereisolatedforthefirst
timefromthisplantsource.

2.Resultsanddiscussion

Themethanolicextractsof1.7kgoffloweringtopsofN.ossifragum
wereconcentratedunderreducedpressureandsubjectedtoliquid/li-
quidseparationwithpetroleumetherfollowedbyethylacetate.

Atotalof7.1546gwhiteprecipitatewascollectedfromthecon-
centratedpetroleumetherandethylacetatephases,correspondingto
approximately2.3%ofthetotaldryweightoftheplantmaterial.The
whiteprecipitatewasidentifiedasamixtureofsaponinsbythere-
corded1Dand2DNMRspectra,whereglycosylsubstituentsattachedto
analiphaticaglyconewereobserved.Onegramofthismixturewas
furtherpurifiedbySephadexLH-20columnchromatography.
Individualpuresaponinswerethenisolatedbysilicacolumnchroma-
tography.Theindividualpuresaponinswereidentifiedassarsasapo-
genin(1),sarsasapogenin-3-O-β-galactopyranoside(2),sarsasapogenin-
3-O-(2′-O-β-glucopyranosyl-β-galactopyranoside)(3)andsarsasapo-
genin-3-O-(2′-O-β-glucopyranosyl-3′-O-α-arabinopyranosyl-β-galacto-
pyranoside)(4)by1Dand2DNMRspectroscopy(Tables2and3,Fig.2
andSupplementaryFigs.S1–S34)andhighresolutionmassspectro-
metry(SupplementaryFigs.S70–72).The1D

1
HNMRspectrumof

compound4showedthepresenceofsarsasapogeninaglyconeinaddi-
tiontothreeglycosylsubstituents(FigureS26)Theglycosylunitswere
identifiedtobegalactopyranosyl,glucopyranosylandarabinopyranosyl
bythe17

13
Csignalsobservedinthe1D

13
CCAPTNMRspectrumof4.

The13Csignalsbelongingtothesesugarunitswereinagreementwith
referencevaluesofgalactopyranosyl,glucopyranosylandarabinopyr-
anosyl,respectively(Inoueetal.,1995;FossenandAndersen,2006).
Thecombinedinformationinthe2D

1
H–

1
HCOSYspectrumandthe2D

1H–13CeditedHSQCspectrum,the2D1H–13CHSQC-TOCSYspectrum
andthe2D

1
H–

13
CH2BCspectrumwereofparamountimportancewith

respecttocompleteassignmentsofall1Hand13Cresonancesbelonging
totheglycosylsubstituents(Figs.S28–S34andTables1and2).The
identitiesoftheglycosylsubstituentswerefurtherconfirmedbythe
observedcouplingconstantsinthe1D1HNMRspectrumandthe1D1H
selectiveTOCSYspectraof4(Table1).TheconfigurationsofC-1′,C-1″
andC-1‴belongingtothegalactopyranosyl,theglucopyranosylandthe
arabinopyranosylunits,respectively,weredeterminedtobeinβ-con-
figurationfortheformertwounitsandinα-configurationforthelatter,
bytheobservedlarge

3
JHHvicinalcouplingconstantsof7.7Hz,7.9Hz

and7.2Hz(Table1).Theconfigurationsoftheanomericcarbonswere
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Table 1
1H NMR chemical shift values (ppm) and coupling constants (Hz) for saponins
1–4 isolated from flowering tops of N. ossifragum in DMSO-D6 at 298K.
s= singlet; d= doublet; dd=double doublet; dt= double triplet; p= pentet;
m=multiplet.

1 2 3 4

1A 1.37 1.40 1.41 1.48
1B 1.33 1.35 1.34 1.30
2A 1.38 1.51 1.55 1.48
2B 1.31 1.40 1.38 1.41
3 3.86m 3.88m 3.89m 3.88m
4A 1.81 1.71 1.71 1.67
4B 1.16 1.41 1.42 1.39
5 1.67 1.71 1.71 1.84
6A 1.81 1.79 1.78 1.76
6B 1.06 1.08 1.09 1.06
7A 1.35 1.36 1.35 1.34
7B 1.02 1.03 1.02 1.02
8 1.51 1.51 1.51 1.51
9 1.32 1.34 1.33 1.33
10
11A 1.32 1.33 1.33 1.33
11B 1.17 1.18 1.17 1.14
12A 1.65 1.66 1.65 1.65
12B 1.12 1.13 1.12 1.12
14 1.13 1.14 1.14 1.14
15A 1.88 1.89 1.89 1.88
15B 1.13 1.13 1.13 1.13
16 4.26m 4.27m 4.27m 4.27m
17 1.65 1.65 1.65 1.65
18 0.69 s 0.70 s 0.70 s 0.70 s
19 0.89 s 0.90 s 0.89 s 0.89 s
20 1.75 p 6.8 1.75 p 6.8 1.75 p 6.5 1.75 p 6.9
21 0.92 d 7.0 0.92 d 7.0 0.92 d 7.0 0.92 d 7.0
22
23A 1.88 1.88 1.88 1.88
23B 1.33 1.33 1.34 1.34
24A 1.79 1.79 1.79 1.79
24B 1.26 1.26 1.26 1.26
25 1.63 1.63 1.63 1.63
26A 3.77 dd

2.9, 11.0
3.77 dd
2.8, 11.0

3.78 dd
2.8, 11.1

3.78 dd 2.8,
11.0

26B 3.20 dt
11.0, 1.8

3.20 dt
11.0, 1.8

3.20 dt
1.7,11.1

3.20 dt 1.9,
11.4

27 1.00 d 7.1 1.00 d 7.1 1.00 d 7.1 1.00 d 7.1
3-OH 4.15 d 3.1
3-O-β-Galactopyranoside
1’ 4.08 d

7.5Hz
4.24 d
5.9Hz

4.27 d 7.7

2’ 3.24 3.57 3.75 dd 9.8,
7.7

3’ 3.24 3.48 3.56 dd 3.1,
9.8Hz

4’ 3.61 3.65 3.81 dd 3.1,
1.0

5’ 3.27 dt
6.2, 1.0

3.30 3.34

6A’ 3.50 dd
6.2, 11.0

3.50 3.48 dd
12.0, 6.1

6B’ 3.40 dd
6.2, 11.0

3.40 p
5.6Hz

3.38 dd
12.0, 1.6

2′-O-β-Glucopyranosyl
1’’ 4.39 d

7.9Hz
4.64 d 7.9

2’’ 2.97 2.86 dd 7.9,
9.0

3’’ 3.15 3.11 t 9.0
4’’ 3.11 d

4.6Hz
2.96 dd 9.6,
9.0

5’’ 3.03 3.07 ddd
9.6, 6.3, 2.7

6A’’ 3.62m 3.68 dd
12.2, 2.7

6B’’ 3.49 3.43
3′-O-α-arabinopyranosyl
1‴ 4.41 d 7.2
2‴ 3.42

Table 1 (continued)

1 2 3 4

3‴ 3.28
4‴ 3.62
5A‴ 3.68
5B‴ 3.38

Table 2
13C NMR chemical shift values (ppm) for saponins 1–4 isolated from flowering
tops of N. ossifragum in DMSO-D6 at 298K.

1 2 3 4

1 29.8 30.16 30.14 29.88
2 27.5 26.08 25.96 26.19
3 64.6 72.79 73.90 72.99
4 33.4 29.59 29.97 29.43
5 36.0 35.97 36.00 34.42
6 26.4 26.40 26.34 26.40
7 26.2 26.22 26.22 26.25
8 35.0 34.95 34.95 34.98
9 39.4 39.50 39.50 39.50
10 34.8 34.65 34.58 34.61
11 20.5 20.51 20.50 20.51
12 39.7 39.70 39.7 39.7
13 40.2 40.0 40.27 40.29
14 55.8 55.73 55.77 55.79
15 31.5 31.47 31.47 31.49
16 80.5 80.45 80.46 80.48
17 61.9 61.91 61.91 61.92
18 16.2 16.24 16.25 16.29
19 23.8 23.63 23.63 23.51
20 41.6 41.62 41.62 41.64
21 14.5 14.53 14.53 14.55
22 108.9 108.91 108.91 108.93
23 25.5 25.50 25.50 25.50
24 25.6 25.59 25.59 26.61
25 26.5 26.50 26.51 26.52
26 64.3 64.31 64.32 64.32
27 16.0 15.99 15.99 16.01
3-O-β-Galactopyranoside
1’ 101.83 100.81 99.83
2’ 70.76 79.21 75.49
3’ 73.65 73.27 82.10
4’ 68.19 67.72 68.02
5’ 75.05 74.78 74.62
6’ 60.42 60.30 60.09
2′-O-β-Glucopyranosyl
1’’ 103.90 102.20
2’’ 75.21 74.68
3’’ 76.22 76.79
4’’ 70.08 71.10
5’’ 77.02 76.65
6’’ 61.12 61.89
3′-O-α-arabinopyranosyl
1‴ 104.70
2‴ 70.97
3‴ 72.88
4‴ 67.94
5‴ 65.85

Table 3
UV data for compounds 5–10 isolated from flowering tops of N. ossifragum.

Compound λmax I λmax II

5 346 271
6 347 270
7 347 269
8 347 270
9 346 270
10 346 270
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Table1
1HNMRchemicalshiftvalues(ppm)andcouplingconstants(Hz)forsaponins
1–4isolatedfromfloweringtopsofN.ossifraguminDMSO-D6at298K.
s=singlet;d=doublet;dd=doubledoublet;dt=doubletriplet;p=pentet;
m=multiplet.

1234

1A1.371.401.411.48
1B1.331.351.341.30
2A1.381.511.551.48
2B1.311.401.381.41
33.86m3.88m3.89m3.88m
4A1.811.711.711.67
4B1.161.411.421.39
51.671.711.711.84
6A1.811.791.781.76
6B1.061.081.091.06
7A1.351.361.351.34
7B1.021.031.021.02
81.511.511.511.51
91.321.341.331.33
10
11A1.321.331.331.33
11B1.171.181.171.14
12A1.651.661.651.65
12B1.121.131.121.12
141.131.141.141.14
15A1.881.891.891.88
15B1.131.131.131.13
164.26m4.27m4.27m4.27m
171.651.651.651.65
180.69s0.70s0.70s0.70s
190.89s0.90s0.89s0.89s
201.75p6.81.75p6.81.75p6.51.75p6.9
210.92d7.00.92d7.00.92d7.00.92d7.0
22
23A1.881.881.881.88
23B1.331.331.341.34
24A1.791.791.791.79
24B1.261.261.261.26
251.631.631.631.63
26A3.77dd

2.9,11.0
3.77dd
2.8,11.0

3.78dd
2.8,11.1

3.78dd2.8,
11.0

26B3.20dt
11.0,1.8

3.20dt
11.0,1.8

3.20dt
1.7,11.1

3.20dt1.9,
11.4

271.00d7.11.00d7.11.00d7.11.00d7.1
3-OH4.15d3.1
3-O-β-Galactopyranoside
1’4.08d

7.5Hz
4.24d
5.9Hz

4.27d7.7

2’3.243.573.75dd9.8,
7.7

3’3.243.483.56dd3.1,
9.8Hz

4’3.613.653.81dd3.1,
1.0

5’3.27dt
6.2,1.0

3.303.34

6A’3.50dd
6.2,11.0

3.503.48dd
12.0,6.1

6B’3.40dd
6.2,11.0

3.40p
5.6Hz

3.38dd
12.0,1.6

2′-O-β-Glucopyranosyl
1’’4.39d

7.9Hz
4.64d7.9

2’’2.972.86dd7.9,
9.0

3’’3.153.11t9.0
4’’3.11d

4.6Hz
2.96dd9.6,
9.0

5’’3.033.07ddd
9.6,6.3,2.7

6A’’3.62m3.68dd
12.2,2.7

6B’’3.493.43
3′-O-α-arabinopyranosyl
1‴4.41d7.2
2‴3.42

Table1(continued)

1234

3‴3.28
4‴3.62
5A‴3.68
5B‴3.38

Table2
13CNMRchemicalshiftvalues(ppm)forsaponins1–4isolatedfromflowering
topsofN.ossifraguminDMSO-D6at298K.

1234

129.830.1630.1429.88
227.526.0825.9626.19
364.672.7973.9072.99
433.429.5929.9729.43
536.035.9736.0034.42
626.426.4026.3426.40
726.226.2226.2226.25
835.034.9534.9534.98
939.439.5039.5039.50
1034.834.6534.5834.61
1120.520.5120.5020.51
1239.739.7039.739.7
1340.240.040.2740.29
1455.855.7355.7755.79
1531.531.4731.4731.49
1680.580.4580.4680.48
1761.961.9161.9161.92
1816.216.2416.2516.29
1923.823.6323.6323.51
2041.641.6241.6241.64
2114.514.5314.5314.55
22108.9108.91108.91108.93
2325.525.5025.5025.50
2425.625.5925.5926.61
2526.526.5026.5126.52
2664.364.3164.3264.32
2716.015.9915.9916.01
3-O-β-Galactopyranoside
1’101.83100.8199.83
2’70.7679.2175.49
3’73.6573.2782.10
4’68.1967.7268.02
5’75.0574.7874.62
6’60.4260.3060.09
2′-O-β-Glucopyranosyl
1’’103.90102.20
2’’75.2174.68
3’’76.2276.79
4’’70.0871.10
5’’77.0276.65
6’’61.1261.89
3′-O-α-arabinopyranosyl
1‴104.70
2‴70.97
3‴72.88
4‴67.94
5‴65.85

Table3
UVdataforcompounds5–10isolatedfromfloweringtopsofN.ossifragum.

CompoundλmaxIλmaxII

5346271
6347270
7347269
8347270
9346270
10346270
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Table 1
1H NMR chemical shift values (ppm) and coupling constants (Hz) for saponins
1–4 isolated from flowering tops of N. ossifragum in DMSO-D6 at 298K.
s= singlet; d= doublet; dd=double doublet; dt= double triplet; p= pentet;
m=multiplet.

1 2 3 4

1A 1.37 1.40 1.41 1.48
1B 1.33 1.35 1.34 1.30
2A 1.38 1.51 1.55 1.48
2B 1.31 1.40 1.38 1.41
3 3.86m 3.88m 3.89m 3.88m
4A 1.81 1.71 1.71 1.67
4B 1.16 1.41 1.42 1.39
5 1.67 1.71 1.71 1.84
6A 1.81 1.79 1.78 1.76
6B 1.06 1.08 1.09 1.06
7A 1.35 1.36 1.35 1.34
7B 1.02 1.03 1.02 1.02
8 1.51 1.51 1.51 1.51
9 1.32 1.34 1.33 1.33
10
11A 1.32 1.33 1.33 1.33
11B 1.17 1.18 1.17 1.14
12A 1.65 1.66 1.65 1.65
12B 1.12 1.13 1.12 1.12
14 1.13 1.14 1.14 1.14
15A 1.88 1.89 1.89 1.88
15B 1.13 1.13 1.13 1.13
16 4.26m 4.27m 4.27m 4.27m
17 1.65 1.65 1.65 1.65
18 0.69 s 0.70 s 0.70 s 0.70 s
19 0.89 s 0.90 s 0.89 s 0.89 s
20 1.75 p 6.8 1.75 p 6.8 1.75 p 6.5 1.75 p 6.9
21 0.92 d 7.0 0.92 d 7.0 0.92 d 7.0 0.92 d 7.0
22
23A 1.88 1.88 1.88 1.88
23B 1.33 1.33 1.34 1.34
24A 1.79 1.79 1.79 1.79
24B 1.26 1.26 1.26 1.26
25 1.63 1.63 1.63 1.63
26A 3.77 dd

2.9, 11.0
3.77 dd
2.8, 11.0

3.78 dd
2.8, 11.1

3.78 dd 2.8,
11.0

26B 3.20 dt
11.0, 1.8

3.20 dt
11.0, 1.8

3.20 dt
1.7,11.1

3.20 dt 1.9,
11.4

27 1.00 d 7.1 1.00 d 7.1 1.00 d 7.1 1.00 d 7.1
3-OH 4.15 d 3.1
3-O-β-Galactopyranoside
1’ 4.08 d

7.5Hz
4.24 d
5.9Hz

4.27 d 7.7

2’ 3.24 3.57 3.75 dd 9.8,
7.7

3’ 3.24 3.48 3.56 dd 3.1,
9.8Hz

4’ 3.61 3.65 3.81 dd 3.1,
1.0

5’ 3.27 dt
6.2, 1.0

3.30 3.34

6A’ 3.50 dd
6.2, 11.0

3.50 3.48 dd
12.0, 6.1

6B’ 3.40 dd
6.2, 11.0

3.40 p
5.6Hz

3.38 dd
12.0, 1.6

2′-O-β-Glucopyranosyl
1’’ 4.39 d

7.9Hz
4.64 d 7.9

2’’ 2.97 2.86 dd 7.9,
9.0

3’’ 3.15 3.11 t 9.0
4’’ 3.11 d

4.6Hz
2.96 dd 9.6,
9.0

5’’ 3.03 3.07 ddd
9.6, 6.3, 2.7

6A’’ 3.62m 3.68 dd
12.2, 2.7

6B’’ 3.49 3.43
3′-O-α-arabinopyranosyl
1‴ 4.41 d 7.2
2‴ 3.42

Table 1 (continued)

1 2 3 4

3‴ 3.28
4‴ 3.62
5A‴ 3.68
5B‴ 3.38

Table 2
13C NMR chemical shift values (ppm) for saponins 1–4 isolated from flowering
tops of N. ossifragum in DMSO-D6 at 298K.

1 2 3 4

1 29.8 30.16 30.14 29.88
2 27.5 26.08 25.96 26.19
3 64.6 72.79 73.90 72.99
4 33.4 29.59 29.97 29.43
5 36.0 35.97 36.00 34.42
6 26.4 26.40 26.34 26.40
7 26.2 26.22 26.22 26.25
8 35.0 34.95 34.95 34.98
9 39.4 39.50 39.50 39.50
10 34.8 34.65 34.58 34.61
11 20.5 20.51 20.50 20.51
12 39.7 39.70 39.7 39.7
13 40.2 40.0 40.27 40.29
14 55.8 55.73 55.77 55.79
15 31.5 31.47 31.47 31.49
16 80.5 80.45 80.46 80.48
17 61.9 61.91 61.91 61.92
18 16.2 16.24 16.25 16.29
19 23.8 23.63 23.63 23.51
20 41.6 41.62 41.62 41.64
21 14.5 14.53 14.53 14.55
22 108.9 108.91 108.91 108.93
23 25.5 25.50 25.50 25.50
24 25.6 25.59 25.59 26.61
25 26.5 26.50 26.51 26.52
26 64.3 64.31 64.32 64.32
27 16.0 15.99 15.99 16.01
3-O-β-Galactopyranoside
1’ 101.83 100.81 99.83
2’ 70.76 79.21 75.49
3’ 73.65 73.27 82.10
4’ 68.19 67.72 68.02
5’ 75.05 74.78 74.62
6’ 60.42 60.30 60.09
2′-O-β-Glucopyranosyl
1’’ 103.90 102.20
2’’ 75.21 74.68
3’’ 76.22 76.79
4’’ 70.08 71.10
5’’ 77.02 76.65
6’’ 61.12 61.89
3′-O-α-arabinopyranosyl
1‴ 104.70
2‴ 70.97
3‴ 72.88
4‴ 67.94
5‴ 65.85

Table 3
UV data for compounds 5–10 isolated from flowering tops of N. ossifragum.

Compound λmax I λmax II

5 346 271
6 347 270
7 347 269
8 347 270
9 346 270
10 346 270
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s= singlet; d= doublet; dd=double doublet; dt= double triplet; p= pentet;
m=multiplet.
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Table 1 (continued)

1 2 3 4
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19 23.8 23.63 23.63 23.51
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Table 3
UV data for compounds 5–10 isolated from flowering tops of N. ossifragum.

Compound λmax I λmax II
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6 347 270
7 347 269
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1.0

5’3.27dt
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3.303.34
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6B’3.40dd
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3.40p
5.6Hz
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4.64d7.9
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further confirmed by the 1H–13C coupling constants of H-1’/C-1’
(163 Hz), H-1’’/C-1’’ (162 Hz) and H-1‴/C-1‴ (164 Hz), which are in
agreement with literature values for β-galactopyranosyl, β-glucopyr-
anosyl and α-arabinopyranosyl, respectively (Pedersen et al., 1995).
The crosspeaks at δ 4.27/73.0 (H-1’/C-3), δ 3.88/99.8 (H-3/C-1′) ob-
served in the HMBC spectrum and the crosspeaks at δ 4.27/3.88 (H-1’/
H-3), δ 4.27/1.67 (H-1’/H-4A), δ 4.27/1.48 (H-1’/H-2A) and δ 4.27/
1.39 (H-1’/H–4B) observed in the ROESY spectrum confirmed the
linkage between the galactopyranosyl unit and the aglycone to be at the
3-position. The crosspeaks at δ 4.64/75.5 (H-1’’/C-2′), δ 3.75/102.2 (H-
2’/C-1″) observed in the HMBC spectrum and the crosspeak at δ 4.64/
3.75 (H-1’’/H-2′) observed in the ROESY spectrum confirmed the
linkage between the glucopyranosyl and the galactopyranosyl units to
be at the 2′-position. The crosspeaks at δ 4.41/82.1 (H-1‴/C-3′), δ 3.56/
104.7 (H-3’/C-1‴) observed in the HMBC spectrum and the crosspeak at
δ 4.41/3.56 (H-1‴/H-3′) observed in the ROESY spectrum confirmed
the linkage between the arabinopyranosyl and the galactopyranosyl
units to be at the 3′-position. Thus, 4, which is the main saponin of N.
ossifragum, was identified as sarsasapogenin-3-O-(2′-O-β-glucopyr-
anosyl-3′-O-α-arabinopyranosyl-β-galactopyranoside). A sodiated mo-
lecular ion [MNa+] at m/z 895.46624 (calculated: 895.46681; Mass
difference: −0.53 ppm) observed in the high-resolution mass spectrum
of 4 (Fig. S72) corresponding to C27H30O15Na confirmed this identity.
Following a similar strategy, compounds 1, 2 and 3 were identified as
sarsasapogenin (1), sarsasapogenin-3-O-β-galactopyranoside (2) and
sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-β-galactopyranoside) (3),
respectively.

The stereochemistry of the sapogenin aglycones of compounds 1–4
were determined to be (3β,5β,25R/S)-spirostan-3-ol by 2D 1H ROESY
NMR (Fig. 3); with the same stereochemistry as the aglycone sarsasa-
pogenin reported in the literature (Inoue et al., 1995). Inoue et al.
(1995) reported that compound 4, which is also present in N. asiaticum
occurred as a racemic mixture of compounds with R/S configurations of
C25, respectively. The specific rotation of compound 4 isolated from N.
ossifragum was −2.86°, indicating that compound 4 occur as a similar
racemic mixture (Inoue et al., 1995). According to Li et al. (2013) L-
glucose does not occur naturally in higher living organisms. The same
applies to L-galactose (Li et al., 2013), whereas the prevalent L-arabi-
nose is the structural equivalent to D-glucose (Gaffield et al., 1977).

Stabursvik (1959) indicated the presence of sarsasapogenin, as well
as unidentified glycosylated derivatives thereof, in flowering tops of N.
ossifragum (Stabursvik, 1959). Ceh and Hauge (1981) previously

tentatively identified two saponins from N. ossifragum based on sarsa-
sapogenin (spirostan-3-ol) aglycone. Without determining the linkages
between the individual glycosyl units, these saponins were indicated to
be glycosylated with trisaccharides consisting of galactose-glucose-
arabinose (major compound) and galactose-glucose-xylose (minor
compound), respectively, where the trisaccharide moiety was attached
at C-3 of the aglycone (Ceh and Hauge, 1981). We identified sarsasa-
pogenin-3-O-(2′-O-β-glucopyranosyl-3′-O-α-arabinopyranosyl-β-ga-
lactopyranoside) as the main saponin of N. ossifragum. This compound,
in addition to sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-β-galacto-
pyranoside), has previously been identified in the related Asian species
N. asiaticum (Inoue et al., 1995). Sarsasapogenin-3-O-β-galactopyrano-
side is identified for the first time in the genus Narthecium. The com-
pound has previously been identified in Anemarrhena asphodeloides
(Bge) (Sy et al., 2016).

Brine shrimp lethality assay is a simple in vivo test for the cyto-
toxicity of biochemicals (Wu, 2014) where the test organisms are Ar-
temia salina nauplii (Harwig and Scott, 1971; Meyer et al., 1982). Initial
toxicity tests indeed revealed that a mixture of the above described
saponins of N. ossifragum proved to be potent toxins for Artemia salina
nauplii with LC50 value of 8.7 μg/mL, which encouraged more extensive
and through-depth studies of their cytotoxic potential, as described
below.

The components of the aqueous phase were further separated by
gradient XAD-7 adsorption chromatography, Sephadex LH-20 gel fil-
tration chromatography and preparative HPLC. The UV spectra of
compounds 5–10 recorded on-line during HPLC analysis (Table 3)
showed UV maximum absorptions at 346–347 nm and 269–271 nm
indicating that these compounds have a flavone core structure. These
six compounds were identified by a combination of 1D and 2D NMR
spectroscopic techniques and high resolution mass spectrometry, as
described below. Compound 10 was identified as the known compound
chrysoeriol 6,8-di-C-β-glucopyranoside (10) by a combination of 1D
and 2D NMR spectroscopy and high-resolution mass spectrometry. A di-
C-glycoside of chrysoeriol was first indicated to occur in the moss
Mnium affine Bland (Melchert and Alston, 1965). Chrysoeriol 6,8-di-C-β-
glucopyranoside was originally identified in Larrea tridentata
(Sakakibara et al., 1977). The compound has also been identified in
several quite diverse sources such as Spergularia rubra (Bouillant et al.,
1979), the liverwort Trichocolea tomentella (Mues, 1982) and Trico-
phorum cespitosum (Salmenkallio et al., 1982).

The downfield region of the 1D 1H NMR spectrum of compound 5

Fig. 2. Structures of sarsasapogenin (1), sarsasapogenin-3-O-β-galactopyranoside (2), sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-β-galactopyranoside) (3) and
sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-3′-O-α-arabinopyranosyl-β-galactopyranoside) (4) isolated from flowering tops of N. ossifragum.
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furtherconfirmedbythe1H–13CcouplingconstantsofH-1’/C-1’
(163Hz),H-1’’/C-1’’(162Hz)andH-1‴/C-1‴(164Hz),whicharein
agreementwithliteraturevaluesforβ-galactopyranosyl,β-glucopyr-
anosylandα-arabinopyranosyl,respectively(Pedersenetal.,1995).
Thecrosspeaksatδ4.27/73.0(H-1’/C-3),δ3.88/99.8(H-3/C-1′)ob-
servedintheHMBCspectrumandthecrosspeaksatδ4.27/3.88(H-1’/
H-3),δ4.27/1.67(H-1’/H-4A),δ4.27/1.48(H-1’/H-2A)andδ4.27/
1.39(H-1’/H–4B)observedintheROESYspectrumconfirmedthe
linkagebetweenthegalactopyranosylunitandtheaglyconetobeatthe
3-position.Thecrosspeaksatδ4.64/75.5(H-1’’/C-2′),δ3.75/102.2(H-
2’/C-1″)observedintheHMBCspectrumandthecrosspeakatδ4.64/
3.75(H-1’’/H-2′)observedintheROESYspectrumconfirmedthe
linkagebetweentheglucopyranosylandthegalactopyranosylunitsto
beatthe2′-position.Thecrosspeaksatδ4.41/82.1(H-1‴/C-3′),δ3.56/
104.7(H-3’/C-1‴)observedintheHMBCspectrumandthecrosspeakat
δ4.41/3.56(H-1‴/H-3′)observedintheROESYspectrumconfirmed
thelinkagebetweenthearabinopyranosylandthegalactopyranosyl
unitstobeatthe3′-position.Thus,4,whichisthemainsaponinofN.
ossifragum,wasidentifiedassarsasapogenin-3-O-(2′-O-β-glucopyr-
anosyl-3′-O-α-arabinopyranosyl-β-galactopyranoside).Asodiatedmo-
lecularion[MNa+]atm/z895.46624(calculated:895.46681;Mass
difference:−0.53ppm)observedinthehigh-resolutionmassspectrum
of4(Fig.S72)correspondingtoC27H30O15Naconfirmedthisidentity.
Followingasimilarstrategy,compounds1,2and3wereidentifiedas
sarsasapogenin(1),sarsasapogenin-3-O-β-galactopyranoside(2)and
sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-β-galactopyranoside)(3),
respectively.

Thestereochemistryofthesapogeninaglyconesofcompounds1–4
weredeterminedtobe(3β,5β,25R/S)-spirostan-3-olby2D1HROESY
NMR(Fig.3);withthesamestereochemistryastheaglyconesarsasa-
pogeninreportedintheliterature(Inoueetal.,1995).Inoueetal.
(1995)reportedthatcompound4,whichisalsopresentinN.asiaticum
occurredasaracemicmixtureofcompoundswithR/Sconfigurationsof
C25,respectively.Thespecificrotationofcompound4isolatedfromN.
ossifragumwas−2.86°,indicatingthatcompound4occurasasimilar
racemicmixture(Inoueetal.,1995).AccordingtoLietal.(2013)L-
glucosedoesnotoccurnaturallyinhigherlivingorganisms.Thesame
appliestoL-galactose(Lietal.,2013),whereastheprevalentL-arabi-
noseisthestructuralequivalenttoD-glucose(Gaffieldetal.,1977).

Stabursvik(1959)indicatedthepresenceofsarsasapogenin,aswell
asunidentifiedglycosylatedderivativesthereof,infloweringtopsofN.
ossifragum(Stabursvik,1959).CehandHauge(1981)previously

tentativelyidentifiedtwosaponinsfromN.ossifragumbasedonsarsa-
sapogenin(spirostan-3-ol)aglycone.Withoutdeterminingthelinkages
betweentheindividualglycosylunits,thesesaponinswereindicatedto
beglycosylatedwithtrisaccharidesconsistingofgalactose-glucose-
arabinose(majorcompound)andgalactose-glucose-xylose(minor
compound),respectively,wherethetrisaccharidemoietywasattached
atC-3oftheaglycone(CehandHauge,1981).Weidentifiedsarsasa-
pogenin-3-O-(2′-O-β-glucopyranosyl-3′-O-α-arabinopyranosyl-β-ga-
lactopyranoside)asthemainsaponinofN.ossifragum.Thiscompound,
inadditiontosarsasapogenin-3-O-(2′-O-β-glucopyranosyl-β-galacto-
pyranoside),haspreviouslybeenidentifiedintherelatedAsianspecies
N.asiaticum(Inoueetal.,1995).Sarsasapogenin-3-O-β-galactopyrano-
sideisidentifiedforthefirsttimeinthegenusNarthecium.Thecom-
poundhaspreviouslybeenidentifiedinAnemarrhenaasphodeloides
(Bge)(Syetal.,2016).

Brineshrimplethalityassayisasimpleinvivotestforthecyto-
toxicityofbiochemicals(Wu,2014)wherethetestorganismsareAr-
temiasalinanauplii(HarwigandScott,1971;Meyeretal.,1982).Initial
toxicitytestsindeedrevealedthatamixtureoftheabovedescribed
saponinsofN.ossifragumprovedtobepotenttoxinsforArtemiasalina
naupliiwithLC50valueof8.7μg/mL,whichencouragedmoreextensive
andthrough-depthstudiesoftheircytotoxicpotential,asdescribed
below.

Thecomponentsoftheaqueousphasewerefurtherseparatedby
gradientXAD-7adsorptionchromatography,SephadexLH-20gelfil-
trationchromatographyandpreparativeHPLC.TheUVspectraof
compounds5–10recordedon-lineduringHPLCanalysis(Table3)
showedUVmaximumabsorptionsat346–347nmand269–271nm
indicatingthatthesecompoundshaveaflavonecorestructure.These
sixcompoundswereidentifiedbyacombinationof1Dand2DNMR
spectroscopictechniquesandhighresolutionmassspectrometry,as
describedbelow.Compound10wasidentifiedastheknowncompound
chrysoeriol6,8-di-C-β-glucopyranoside(10)byacombinationof1D
and2DNMRspectroscopyandhigh-resolutionmassspectrometry.Adi-
C-glycosideofchrysoeriolwasfirstindicatedtooccurinthemoss
MniumaffineBland(MelchertandAlston,1965).Chrysoeriol6,8-di-C-β-
glucopyranosidewasoriginallyidentifiedinLarreatridentata
(Sakakibaraetal.,1977).Thecompoundhasalsobeenidentifiedin
severalquitediversesourcessuchasSpergulariarubra(Bouillantetal.,
1979),theliverwortTrichocoleatomentella(Mues,1982)andTrico-
phorumcespitosum(Salmenkallioetal.,1982).

Thedownfieldregionofthe1D1HNMRspectrumofcompound5

Fig.2.Structuresofsarsasapogenin(1),sarsasapogenin-3-O-β-galactopyranoside(2),sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-β-galactopyranoside)(3)and
sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-3′-O-α-arabinopyranosyl-β-galactopyranoside)(4)isolatedfromfloweringtopsofN.ossifragum.
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furtherconfirmedbythe1H–13CcouplingconstantsofH-1’/C-1’
(163Hz),H-1’’/C-1’’(162Hz)andH-1‴/C-1‴(164Hz),whicharein
agreementwithliteraturevaluesforβ-galactopyranosyl,β-glucopyr-
anosylandα-arabinopyranosyl,respectively(Pedersenetal.,1995).
Thecrosspeaksatδ4.27/73.0(H-1’/C-3),δ3.88/99.8(H-3/C-1′)ob-
servedintheHMBCspectrumandthecrosspeaksatδ4.27/3.88(H-1’/
H-3),δ4.27/1.67(H-1’/H-4A),δ4.27/1.48(H-1’/H-2A)andδ4.27/
1.39(H-1’/H–4B)observedintheROESYspectrumconfirmedthe
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3-position.Thecrosspeaksatδ4.64/75.5(H-1’’/C-2′),δ3.75/102.2(H-
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ossifragum,wasidentifiedassarsasapogenin-3-O-(2′-O-β-glucopyr-
anosyl-3′-O-α-arabinopyranosyl-β-galactopyranoside).Asodiatedmo-
lecularion[MNa+]atm/z895.46624(calculated:895.46681;Mass
difference:−0.53ppm)observedinthehigh-resolutionmassspectrum
of4(Fig.S72)correspondingtoC27H30O15Naconfirmedthisidentity.
Followingasimilarstrategy,compounds1,2and3wereidentifiedas
sarsasapogenin(1),sarsasapogenin-3-O-β-galactopyranoside(2)and
sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-β-galactopyranoside)(3),
respectively.
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weredeterminedtobe(3β,5β,25R/S)-spirostan-3-olby2D1HROESY
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pogeninreportedintheliterature(Inoueetal.,1995).Inoueetal.
(1995)reportedthatcompound4,whichisalsopresentinN.asiaticum
occurredasaracemicmixtureofcompoundswithR/Sconfigurationsof
C25,respectively.Thespecificrotationofcompound4isolatedfromN.
ossifragumwas−2.86°,indicatingthatcompound4occurasasimilar
racemicmixture(Inoueetal.,1995).AccordingtoLietal.(2013)L-
glucosedoesnotoccurnaturallyinhigherlivingorganisms.Thesame
appliestoL-galactose(Lietal.,2013),whereastheprevalentL-arabi-
noseisthestructuralequivalenttoD-glucose(Gaffieldetal.,1977).

Stabursvik(1959)indicatedthepresenceofsarsasapogenin,aswell
asunidentifiedglycosylatedderivativesthereof,infloweringtopsofN.
ossifragum(Stabursvik,1959).CehandHauge(1981)previously

tentativelyidentifiedtwosaponinsfromN.ossifragumbasedonsarsa-
sapogenin(spirostan-3-ol)aglycone.Withoutdeterminingthelinkages
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sideisidentifiedforthefirsttimeinthegenusNarthecium.Thecom-
poundhaspreviouslybeenidentifiedinAnemarrhenaasphodeloides
(Bge)(Syetal.,2016).

Brineshrimplethalityassayisasimpleinvivotestforthecyto-
toxicityofbiochemicals(Wu,2014)wherethetestorganismsareAr-
temiasalinanauplii(HarwigandScott,1971;Meyeretal.,1982).Initial
toxicitytestsindeedrevealedthatamixtureoftheabovedescribed
saponinsofN.ossifragumprovedtobepotenttoxinsforArtemiasalina
naupliiwithLC50valueof8.7μg/mL,whichencouragedmoreextensive
andthrough-depthstudiesoftheircytotoxicpotential,asdescribed
below.

Thecomponentsoftheaqueousphasewerefurtherseparatedby
gradientXAD-7adsorptionchromatography,SephadexLH-20gelfil-
trationchromatographyandpreparativeHPLC.TheUVspectraof
compounds5–10recordedon-lineduringHPLCanalysis(Table3)
showedUVmaximumabsorptionsat346–347nmand269–271nm
indicatingthatthesecompoundshaveaflavonecorestructure.These
sixcompoundswereidentifiedbyacombinationof1Dand2DNMR
spectroscopictechniquesandhighresolutionmassspectrometry,as
describedbelow.Compound10wasidentifiedastheknowncompound
chrysoeriol6,8-di-C-β-glucopyranoside(10)byacombinationof1D
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1979),theliverwortTrichocoleatomentella(Mues,1982)andTrico-
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further confirmed by the 1H–13C coupling constants of H-1’/C-1’
(163 Hz), H-1’’/C-1’’ (162 Hz) and H-1‴/C-1‴ (164 Hz), which are in
agreement with literature values for β-galactopyranosyl, β-glucopyr-
anosyl and α-arabinopyranosyl, respectively (Pedersen et al., 1995).
The crosspeaks at δ 4.27/73.0 (H-1’/C-3), δ 3.88/99.8 (H-3/C-1′) ob-
served in the HMBC spectrum and the crosspeaks at δ 4.27/3.88 (H-1’/
H-3), δ 4.27/1.67 (H-1’/H-4A), δ 4.27/1.48 (H-1’/H-2A) and δ 4.27/
1.39 (H-1’/H–4B) observed in the ROESY spectrum confirmed the
linkage between the galactopyranosyl unit and the aglycone to be at the
3-position. The crosspeaks at δ 4.64/75.5 (H-1’’/C-2′), δ 3.75/102.2 (H-
2’/C-1″) observed in the HMBC spectrum and the crosspeak at δ 4.64/
3.75 (H-1’’/H-2′) observed in the ROESY spectrum confirmed the
linkage between the glucopyranosyl and the galactopyranosyl units to
be at the 2′-position. The crosspeaks at δ 4.41/82.1 (H-1‴/C-3′), δ 3.56/
104.7 (H-3’/C-1‴) observed in the HMBC spectrum and the crosspeak at
δ 4.41/3.56 (H-1‴/H-3′) observed in the ROESY spectrum confirmed
the linkage between the arabinopyranosyl and the galactopyranosyl
units to be at the 3′-position. Thus, 4, which is the main saponin of N.
ossifragum, was identified as sarsasapogenin-3-O-(2′-O-β-glucopyr-
anosyl-3′-O-α-arabinopyranosyl-β-galactopyranoside). A sodiated mo-
lecular ion [MNa

+
] at m/z 895.46624 (calculated: 895.46681; Mass

difference: −0.53 ppm) observed in the high-resolution mass spectrum
of 4 (Fig. S72) corresponding to C27H30O15Na confirmed this identity.
Following a similar strategy, compounds 1, 2 and 3 were identified as
sarsasapogenin (1), sarsasapogenin-3-O-β-galactopyranoside (2) and
sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-β-galactopyranoside) (3),
respectively.

The stereochemistry of the sapogenin aglycones of compounds 1–4
were determined to be (3β,5β,25R/S)-spirostan-3-ol by 2D
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pogenin reported in the literature (Inoue et al., 1995). Inoue et al.
(1995) reported that compound 4, which is also present in N. asiaticum
occurred as a racemic mixture of compounds with R/S configurations of
C25, respectively. The specific rotation of compound 4 isolated from N.
ossifragum was −2.86°, indicating that compound 4 occur as a similar
racemic mixture (Inoue et al., 1995). According to Li et al. (2013) L-
glucose does not occur naturally in higher living organisms. The same
applies to L-galactose (Li et al., 2013), whereas the prevalent L-arabi-
nose is the structural equivalent to D-glucose (Gaffield et al., 1977).

Stabursvik (1959) indicated the presence of sarsasapogenin, as well
as unidentified glycosylated derivatives thereof, in flowering tops of N.
ossifragum (Stabursvik, 1959). Ceh and Hauge (1981) previously

tentatively identified two saponins from N. ossifragum based on sarsa-
sapogenin (spirostan-3-ol) aglycone. Without determining the linkages
between the individual glycosyl units, these saponins were indicated to
be glycosylated with trisaccharides consisting of galactose-glucose-
arabinose (major compound) and galactose-glucose-xylose (minor
compound), respectively, where the trisaccharide moiety was attached
at C-3 of the aglycone (Ceh and Hauge, 1981). We identified sarsasa-
pogenin-3-O-(2′-O-β-glucopyranosyl-3′-O-α-arabinopyranosyl-β-ga-
lactopyranoside) as the main saponin of N. ossifragum. This compound,
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pyranoside), has previously been identified in the related Asian species
N. asiaticum (Inoue et al., 1995). Sarsasapogenin-3-O-β-galactopyrano-
side is identified for the first time in the genus Narthecium. The com-
pound has previously been identified in Anemarrhena asphodeloides
(Bge) (Sy et al., 2016).

Brine shrimp lethality assay is a simple in vivo test for the cyto-
toxicity of biochemicals (Wu, 2014) where the test organisms are Ar-
temia salina nauplii (Harwig and Scott, 1971; Meyer et al., 1982). Initial
toxicity tests indeed revealed that a mixture of the above described
saponins of N. ossifragum proved to be potent toxins for Artemia salina
nauplii with LC50 value of 8.7 μg/mL, which encouraged more extensive
and through-depth studies of their cytotoxic potential, as described
below.

The components of the aqueous phase were further separated by
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tration chromatography and preparative HPLC. The UV spectra of
compounds 5–10 recorded on-line during HPLC analysis (Table 3)
showed UV maximum absorptions at 346–347 nm and 269–271 nm
indicating that these compounds have a flavone core structure. These
six compounds were identified by a combination of 1D and 2D NMR
spectroscopic techniques and high resolution mass spectrometry, as
described below. Compound 10 was identified as the known compound
chrysoeriol 6,8-di-C-β-glucopyranoside (10) by a combination of 1D
and 2D NMR spectroscopy and high-resolution mass spectrometry. A di-
C-glycoside of chrysoeriol was first indicated to occur in the moss
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further confirmed by the 1H–13C coupling constants of H-1’/C-1’
(163 Hz), H-1’’/C-1’’ (162 Hz) and H-1‴/C-1‴ (164 Hz), which are in
agreement with literature values for β-galactopyranosyl, β-glucopyr-
anosyl and α-arabinopyranosyl, respectively (Pedersen et al., 1995).
The crosspeaks at δ 4.27/73.0 (H-1’/C-3), δ 3.88/99.8 (H-3/C-1′) ob-
served in the HMBC spectrum and the crosspeaks at δ 4.27/3.88 (H-1’/
H-3), δ 4.27/1.67 (H-1’/H-4A), δ 4.27/1.48 (H-1’/H-2A) and δ 4.27/
1.39 (H-1’/H–4B) observed in the ROESY spectrum confirmed the
linkage between the galactopyranosyl unit and the aglycone to be at the
3-position. The crosspeaks at δ 4.64/75.5 (H-1’’/C-2′), δ 3.75/102.2 (H-
2’/C-1″) observed in the HMBC spectrum and the crosspeak at δ 4.64/
3.75 (H-1’’/H-2′) observed in the ROESY spectrum confirmed the
linkage between the glucopyranosyl and the galactopyranosyl units to
be at the 2′-position. The crosspeaks at δ 4.41/82.1 (H-1‴/C-3′), δ 3.56/
104.7 (H-3’/C-1‴) observed in the HMBC spectrum and the crosspeak at
δ 4.41/3.56 (H-1‴/H-3′) observed in the ROESY spectrum confirmed
the linkage between the arabinopyranosyl and the galactopyranosyl
units to be at the 3′-position. Thus, 4, which is the main saponin of N.
ossifragum, was identified as sarsasapogenin-3-O-(2′-O-β-glucopyr-
anosyl-3′-O-α-arabinopyranosyl-β-galactopyranoside). A sodiated mo-
lecular ion [MNa

+
] at m/z 895.46624 (calculated: 895.46681; Mass

difference: −0.53 ppm) observed in the high-resolution mass spectrum
of 4 (Fig. S72) corresponding to C27H30O15Na confirmed this identity.
Following a similar strategy, compounds 1, 2 and 3 were identified as
sarsasapogenin (1), sarsasapogenin-3-O-β-galactopyranoside (2) and
sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-β-galactopyranoside) (3),
respectively.

The stereochemistry of the sapogenin aglycones of compounds 1–4
were determined to be (3β,5β,25R/S)-spirostan-3-ol by 2D

1
H ROESY

NMR (Fig. 3); with the same stereochemistry as the aglycone sarsasa-
pogenin reported in the literature (Inoue et al., 1995). Inoue et al.
(1995) reported that compound 4, which is also present in N. asiaticum
occurred as a racemic mixture of compounds with R/S configurations of
C25, respectively. The specific rotation of compound 4 isolated from N.
ossifragum was −2.86°, indicating that compound 4 occur as a similar
racemic mixture (Inoue et al., 1995). According to Li et al. (2013) L-
glucose does not occur naturally in higher living organisms. The same
applies to L-galactose (Li et al., 2013), whereas the prevalent L-arabi-
nose is the structural equivalent to D-glucose (Gaffield et al., 1977).

Stabursvik (1959) indicated the presence of sarsasapogenin, as well
as unidentified glycosylated derivatives thereof, in flowering tops of N.
ossifragum (Stabursvik, 1959). Ceh and Hauge (1981) previously

tentatively identified two saponins from N. ossifragum based on sarsa-
sapogenin (spirostan-3-ol) aglycone. Without determining the linkages
between the individual glycosyl units, these saponins were indicated to
be glycosylated with trisaccharides consisting of galactose-glucose-
arabinose (major compound) and galactose-glucose-xylose (minor
compound), respectively, where the trisaccharide moiety was attached
at C-3 of the aglycone (Ceh and Hauge, 1981). We identified sarsasa-
pogenin-3-O-(2′-O-β-glucopyranosyl-3′-O-α-arabinopyranosyl-β-ga-
lactopyranoside) as the main saponin of N. ossifragum. This compound,
in addition to sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-β-galacto-
pyranoside), has previously been identified in the related Asian species
N. asiaticum (Inoue et al., 1995). Sarsasapogenin-3-O-β-galactopyrano-
side is identified for the first time in the genus Narthecium. The com-
pound has previously been identified in Anemarrhena asphodeloides
(Bge) (Sy et al., 2016).

Brine shrimp lethality assay is a simple in vivo test for the cyto-
toxicity of biochemicals (Wu, 2014) where the test organisms are Ar-
temia salina nauplii (Harwig and Scott, 1971; Meyer et al., 1982). Initial
toxicity tests indeed revealed that a mixture of the above described
saponins of N. ossifragum proved to be potent toxins for Artemia salina
nauplii with LC50 value of 8.7 μg/mL, which encouraged more extensive
and through-depth studies of their cytotoxic potential, as described
below.

The components of the aqueous phase were further separated by
gradient XAD-7 adsorption chromatography, Sephadex LH-20 gel fil-
tration chromatography and preparative HPLC. The UV spectra of
compounds 5–10 recorded on-line during HPLC analysis (Table 3)
showed UV maximum absorptions at 346–347 nm and 269–271 nm
indicating that these compounds have a flavone core structure. These
six compounds were identified by a combination of 1D and 2D NMR
spectroscopic techniques and high resolution mass spectrometry, as
described below. Compound 10 was identified as the known compound
chrysoeriol 6,8-di-C-β-glucopyranoside (10) by a combination of 1D
and 2D NMR spectroscopy and high-resolution mass spectrometry. A di-
C-glycoside of chrysoeriol was first indicated to occur in the moss
Mnium affine Bland (Melchert and Alston, 1965). Chrysoeriol 6,8-di-C-β-
glucopyranoside was originally identified in Larrea tridentata
(Sakakibara et al., 1977). The compound has also been identified in
several quite diverse sources such as Spergularia rubra (Bouillant et al.,
1979), the liverwort Trichocolea tomentella (Mues, 1982) and Trico-
phorum cespitosum (Salmenkallio et al., 1982).

The downfield region of the 1D
1
H NMR spectrum of compound 5

Fig. 2. Structures of sarsasapogenin (1), sarsasapogenin-3-O-β-galactopyranoside (2), sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-β-galactopyranoside) (3) and
sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-3′-O-α-arabinopyranosyl-β-galactopyranoside) (4) isolated from flowering tops of N. ossifragum.
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furtherconfirmedbythe1H–13CcouplingconstantsofH-1’/C-1’
(163Hz),H-1’’/C-1’’(162Hz)andH-1‴/C-1‴(164Hz),whicharein
agreementwithliteraturevaluesforβ-galactopyranosyl,β-glucopyr-
anosylandα-arabinopyranosyl,respectively(Pedersenetal.,1995).
Thecrosspeaksatδ4.27/73.0(H-1’/C-3),δ3.88/99.8(H-3/C-1′)ob-
servedintheHMBCspectrumandthecrosspeaksatδ4.27/3.88(H-1’/
H-3),δ4.27/1.67(H-1’/H-4A),δ4.27/1.48(H-1’/H-2A)andδ4.27/
1.39(H-1’/H–4B)observedintheROESYspectrumconfirmedthe
linkagebetweenthegalactopyranosylunitandtheaglyconetobeatthe
3-position.Thecrosspeaksatδ4.64/75.5(H-1’’/C-2′),δ3.75/102.2(H-
2’/C-1″)observedintheHMBCspectrumandthecrosspeakatδ4.64/
3.75(H-1’’/H-2′)observedintheROESYspectrumconfirmedthe
linkagebetweentheglucopyranosylandthegalactopyranosylunitsto
beatthe2′-position.Thecrosspeaksatδ4.41/82.1(H-1‴/C-3′),δ3.56/
104.7(H-3’/C-1‴)observedintheHMBCspectrumandthecrosspeakat
δ4.41/3.56(H-1‴/H-3′)observedintheROESYspectrumconfirmed
thelinkagebetweenthearabinopyranosylandthegalactopyranosyl
unitstobeatthe3′-position.Thus,4,whichisthemainsaponinofN.
ossifragum,wasidentifiedassarsasapogenin-3-O-(2′-O-β-glucopyr-
anosyl-3′-O-α-arabinopyranosyl-β-galactopyranoside).Asodiatedmo-
lecularion[MNa

+
]atm/z895.46624(calculated:895.46681;Mass

difference:−0.53ppm)observedinthehigh-resolutionmassspectrum
of4(Fig.S72)correspondingtoC27H30O15Naconfirmedthisidentity.
Followingasimilarstrategy,compounds1,2and3wereidentifiedas
sarsasapogenin(1),sarsasapogenin-3-O-β-galactopyranoside(2)and
sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-β-galactopyranoside)(3),
respectively.

Thestereochemistryofthesapogeninaglyconesofcompounds1–4
weredeterminedtobe(3β,5β,25R/S)-spirostan-3-olby2D

1
HROESY

NMR(Fig.3);withthesamestereochemistryastheaglyconesarsasa-
pogeninreportedintheliterature(Inoueetal.,1995).Inoueetal.
(1995)reportedthatcompound4,whichisalsopresentinN.asiaticum
occurredasaracemicmixtureofcompoundswithR/Sconfigurationsof
C25,respectively.Thespecificrotationofcompound4isolatedfromN.
ossifragumwas−2.86°,indicatingthatcompound4occurasasimilar
racemicmixture(Inoueetal.,1995).AccordingtoLietal.(2013)L-
glucosedoesnotoccurnaturallyinhigherlivingorganisms.Thesame
appliestoL-galactose(Lietal.,2013),whereastheprevalentL-arabi-
noseisthestructuralequivalenttoD-glucose(Gaffieldetal.,1977).

Stabursvik(1959)indicatedthepresenceofsarsasapogenin,aswell
asunidentifiedglycosylatedderivativesthereof,infloweringtopsofN.
ossifragum(Stabursvik,1959).CehandHauge(1981)previously

tentativelyidentifiedtwosaponinsfromN.ossifragumbasedonsarsa-
sapogenin(spirostan-3-ol)aglycone.Withoutdeterminingthelinkages
betweentheindividualglycosylunits,thesesaponinswereindicatedto
beglycosylatedwithtrisaccharidesconsistingofgalactose-glucose-
arabinose(majorcompound)andgalactose-glucose-xylose(minor
compound),respectively,wherethetrisaccharidemoietywasattached
atC-3oftheaglycone(CehandHauge,1981).Weidentifiedsarsasa-
pogenin-3-O-(2′-O-β-glucopyranosyl-3′-O-α-arabinopyranosyl-β-ga-
lactopyranoside)asthemainsaponinofN.ossifragum.Thiscompound,
inadditiontosarsasapogenin-3-O-(2′-O-β-glucopyranosyl-β-galacto-
pyranoside),haspreviouslybeenidentifiedintherelatedAsianspecies
N.asiaticum(Inoueetal.,1995).Sarsasapogenin-3-O-β-galactopyrano-
sideisidentifiedforthefirsttimeinthegenusNarthecium.Thecom-
poundhaspreviouslybeenidentifiedinAnemarrhenaasphodeloides
(Bge)(Syetal.,2016).

Brineshrimplethalityassayisasimpleinvivotestforthecyto-
toxicityofbiochemicals(Wu,2014)wherethetestorganismsareAr-
temiasalinanauplii(HarwigandScott,1971;Meyeretal.,1982).Initial
toxicitytestsindeedrevealedthatamixtureoftheabovedescribed
saponinsofN.ossifragumprovedtobepotenttoxinsforArtemiasalina
naupliiwithLC50valueof8.7μg/mL,whichencouragedmoreextensive
andthrough-depthstudiesoftheircytotoxicpotential,asdescribed
below.

Thecomponentsoftheaqueousphasewerefurtherseparatedby
gradientXAD-7adsorptionchromatography,SephadexLH-20gelfil-
trationchromatographyandpreparativeHPLC.TheUVspectraof
compounds5–10recordedon-lineduringHPLCanalysis(Table3)
showedUVmaximumabsorptionsat346–347nmand269–271nm
indicatingthatthesecompoundshaveaflavonecorestructure.These
sixcompoundswereidentifiedbyacombinationof1Dand2DNMR
spectroscopictechniquesandhighresolutionmassspectrometry,as
describedbelow.Compound10wasidentifiedastheknowncompound
chrysoeriol6,8-di-C-β-glucopyranoside(10)byacombinationof1D
and2DNMRspectroscopyandhigh-resolutionmassspectrometry.Adi-
C-glycosideofchrysoeriolwasfirstindicatedtooccurinthemoss
MniumaffineBland(MelchertandAlston,1965).Chrysoeriol6,8-di-C-β-
glucopyranosidewasoriginallyidentifiedinLarreatridentata
(Sakakibaraetal.,1977).Thecompoundhasalsobeenidentifiedin
severalquitediversesourcessuchasSpergulariarubra(Bouillantetal.,
1979),theliverwortTrichocoleatomentella(Mues,1982)andTrico-
phorumcespitosum(Salmenkallioetal.,1982).

Thedownfieldregionofthe1D
1
HNMRspectrumofcompound5

Fig.2.Structuresofsarsasapogenin(1),sarsasapogenin-3-O-β-galactopyranoside(2),sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-β-galactopyranoside)(3)and
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furtherconfirmedbythe1H–13CcouplingconstantsofH-1’/C-1’
(163Hz),H-1’’/C-1’’(162Hz)andH-1‴/C-1‴(164Hz),whicharein
agreementwithliteraturevaluesforβ-galactopyranosyl,β-glucopyr-
anosylandα-arabinopyranosyl,respectively(Pedersenetal.,1995).
Thecrosspeaksatδ4.27/73.0(H-1’/C-3),δ3.88/99.8(H-3/C-1′)ob-
servedintheHMBCspectrumandthecrosspeaksatδ4.27/3.88(H-1’/
H-3),δ4.27/1.67(H-1’/H-4A),δ4.27/1.48(H-1’/H-2A)andδ4.27/
1.39(H-1’/H–4B)observedintheROESYspectrumconfirmedthe
linkagebetweenthegalactopyranosylunitandtheaglyconetobeatthe
3-position.Thecrosspeaksatδ4.64/75.5(H-1’’/C-2′),δ3.75/102.2(H-
2’/C-1″)observedintheHMBCspectrumandthecrosspeakatδ4.64/
3.75(H-1’’/H-2′)observedintheROESYspectrumconfirmedthe
linkagebetweentheglucopyranosylandthegalactopyranosylunitsto
beatthe2′-position.Thecrosspeaksatδ4.41/82.1(H-1‴/C-3′),δ3.56/
104.7(H-3’/C-1‴)observedintheHMBCspectrumandthecrosspeakat
δ4.41/3.56(H-1‴/H-3′)observedintheROESYspectrumconfirmed
thelinkagebetweenthearabinopyranosylandthegalactopyranosyl
unitstobeatthe3′-position.Thus,4,whichisthemainsaponinofN.
ossifragum,wasidentifiedassarsasapogenin-3-O-(2′-O-β-glucopyr-
anosyl-3′-O-α-arabinopyranosyl-β-galactopyranoside).Asodiatedmo-
lecularion[MNa

+
]atm/z895.46624(calculated:895.46681;Mass

difference:−0.53ppm)observedinthehigh-resolutionmassspectrum
of4(Fig.S72)correspondingtoC27H30O15Naconfirmedthisidentity.
Followingasimilarstrategy,compounds1,2and3wereidentifiedas
sarsasapogenin(1),sarsasapogenin-3-O-β-galactopyranoside(2)and
sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-β-galactopyranoside)(3),
respectively.

Thestereochemistryofthesapogeninaglyconesofcompounds1–4
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NMR(Fig.3);withthesamestereochemistryastheaglyconesarsasa-
pogeninreportedintheliterature(Inoueetal.,1995).Inoueetal.
(1995)reportedthatcompound4,whichisalsopresentinN.asiaticum
occurredasaracemicmixtureofcompoundswithR/Sconfigurationsof
C25,respectively.Thespecificrotationofcompound4isolatedfromN.
ossifragumwas−2.86°,indicatingthatcompound4occurasasimilar
racemicmixture(Inoueetal.,1995).AccordingtoLietal.(2013)L-
glucosedoesnotoccurnaturallyinhigherlivingorganisms.Thesame
appliestoL-galactose(Lietal.,2013),whereastheprevalentL-arabi-
noseisthestructuralequivalenttoD-glucose(Gaffieldetal.,1977).

Stabursvik(1959)indicatedthepresenceofsarsasapogenin,aswell
asunidentifiedglycosylatedderivativesthereof,infloweringtopsofN.
ossifragum(Stabursvik,1959).CehandHauge(1981)previously

tentativelyidentifiedtwosaponinsfromN.ossifragumbasedonsarsa-
sapogenin(spirostan-3-ol)aglycone.Withoutdeterminingthelinkages
betweentheindividualglycosylunits,thesesaponinswereindicatedto
beglycosylatedwithtrisaccharidesconsistingofgalactose-glucose-
arabinose(majorcompound)andgalactose-glucose-xylose(minor
compound),respectively,wherethetrisaccharidemoietywasattached
atC-3oftheaglycone(CehandHauge,1981).Weidentifiedsarsasa-
pogenin-3-O-(2′-O-β-glucopyranosyl-3′-O-α-arabinopyranosyl-β-ga-
lactopyranoside)asthemainsaponinofN.ossifragum.Thiscompound,
inadditiontosarsasapogenin-3-O-(2′-O-β-glucopyranosyl-β-galacto-
pyranoside),haspreviouslybeenidentifiedintherelatedAsianspecies
N.asiaticum(Inoueetal.,1995).Sarsasapogenin-3-O-β-galactopyrano-
sideisidentifiedforthefirsttimeinthegenusNarthecium.Thecom-
poundhaspreviouslybeenidentifiedinAnemarrhenaasphodeloides
(Bge)(Syetal.,2016).

Brineshrimplethalityassayisasimpleinvivotestforthecyto-
toxicityofbiochemicals(Wu,2014)wherethetestorganismsareAr-
temiasalinanauplii(HarwigandScott,1971;Meyeretal.,1982).Initial
toxicitytestsindeedrevealedthatamixtureoftheabovedescribed
saponinsofN.ossifragumprovedtobepotenttoxinsforArtemiasalina
naupliiwithLC50valueof8.7μg/mL,whichencouragedmoreextensive
andthrough-depthstudiesoftheircytotoxicpotential,asdescribed
below.

Thecomponentsoftheaqueousphasewerefurtherseparatedby
gradientXAD-7adsorptionchromatography,SephadexLH-20gelfil-
trationchromatographyandpreparativeHPLC.TheUVspectraof
compounds5–10recordedon-lineduringHPLCanalysis(Table3)
showedUVmaximumabsorptionsat346–347nmand269–271nm
indicatingthatthesecompoundshaveaflavonecorestructure.These
sixcompoundswereidentifiedbyacombinationof1Dand2DNMR
spectroscopictechniquesandhighresolutionmassspectrometry,as
describedbelow.Compound10wasidentifiedastheknowncompound
chrysoeriol6,8-di-C-β-glucopyranoside(10)byacombinationof1D
and2DNMRspectroscopyandhigh-resolutionmassspectrometry.Adi-
C-glycosideofchrysoeriolwasfirstindicatedtooccurinthemoss
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glucopyranosidewasoriginallyidentifiedinLarreatridentata
(Sakakibaraetal.,1977).Thecompoundhasalsobeenidentifiedin
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furtherconfirmedbythe1H–13CcouplingconstantsofH-1’/C-1’
(163Hz),H-1’’/C-1’’(162Hz)andH-1‴/C-1‴(164Hz),whicharein
agreementwithliteraturevaluesforβ-galactopyranosyl,β-glucopyr-
anosylandα-arabinopyranosyl,respectively(Pedersenetal.,1995).
Thecrosspeaksatδ4.27/73.0(H-1’/C-3),δ3.88/99.8(H-3/C-1′)ob-
servedintheHMBCspectrumandthecrosspeaksatδ4.27/3.88(H-1’/
H-3),δ4.27/1.67(H-1’/H-4A),δ4.27/1.48(H-1’/H-2A)andδ4.27/
1.39(H-1’/H–4B)observedintheROESYspectrumconfirmedthe
linkagebetweenthegalactopyranosylunitandtheaglyconetobeatthe
3-position.Thecrosspeaksatδ4.64/75.5(H-1’’/C-2′),δ3.75/102.2(H-
2’/C-1″)observedintheHMBCspectrumandthecrosspeakatδ4.64/
3.75(H-1’’/H-2′)observedintheROESYspectrumconfirmedthe
linkagebetweentheglucopyranosylandthegalactopyranosylunitsto
beatthe2′-position.Thecrosspeaksatδ4.41/82.1(H-1‴/C-3′),δ3.56/
104.7(H-3’/C-1‴)observedintheHMBCspectrumandthecrosspeakat
δ4.41/3.56(H-1‴/H-3′)observedintheROESYspectrumconfirmed
thelinkagebetweenthearabinopyranosylandthegalactopyranosyl
unitstobeatthe3′-position.Thus,4,whichisthemainsaponinofN.
ossifragum,wasidentifiedassarsasapogenin-3-O-(2′-O-β-glucopyr-
anosyl-3′-O-α-arabinopyranosyl-β-galactopyranoside).Asodiatedmo-
lecularion[MNa

+
]atm/z895.46624(calculated:895.46681;Mass

difference:−0.53ppm)observedinthehigh-resolutionmassspectrum
of4(Fig.S72)correspondingtoC27H30O15Naconfirmedthisidentity.
Followingasimilarstrategy,compounds1,2and3wereidentifiedas
sarsasapogenin(1),sarsasapogenin-3-O-β-galactopyranoside(2)and
sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-β-galactopyranoside)(3),
respectively.
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NMR(Fig.3);withthesamestereochemistryastheaglyconesarsasa-
pogeninreportedintheliterature(Inoueetal.,1995).Inoueetal.
(1995)reportedthatcompound4,whichisalsopresentinN.asiaticum
occurredasaracemicmixtureofcompoundswithR/Sconfigurationsof
C25,respectively.Thespecificrotationofcompound4isolatedfromN.
ossifragumwas−2.86°,indicatingthatcompound4occurasasimilar
racemicmixture(Inoueetal.,1995).AccordingtoLietal.(2013)L-
glucosedoesnotoccurnaturallyinhigherlivingorganisms.Thesame
appliestoL-galactose(Lietal.,2013),whereastheprevalentL-arabi-
noseisthestructuralequivalenttoD-glucose(Gaffieldetal.,1977).

Stabursvik(1959)indicatedthepresenceofsarsasapogenin,aswell
asunidentifiedglycosylatedderivativesthereof,infloweringtopsofN.
ossifragum(Stabursvik,1959).CehandHauge(1981)previously

tentativelyidentifiedtwosaponinsfromN.ossifragumbasedonsarsa-
sapogenin(spirostan-3-ol)aglycone.Withoutdeterminingthelinkages
betweentheindividualglycosylunits,thesesaponinswereindicatedto
beglycosylatedwithtrisaccharidesconsistingofgalactose-glucose-
arabinose(majorcompound)andgalactose-glucose-xylose(minor
compound),respectively,wherethetrisaccharidemoietywasattached
atC-3oftheaglycone(CehandHauge,1981).Weidentifiedsarsasa-
pogenin-3-O-(2′-O-β-glucopyranosyl-3′-O-α-arabinopyranosyl-β-ga-
lactopyranoside)asthemainsaponinofN.ossifragum.Thiscompound,
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pyranoside),haspreviouslybeenidentifiedintherelatedAsianspecies
N.asiaticum(Inoueetal.,1995).Sarsasapogenin-3-O-β-galactopyrano-
sideisidentifiedforthefirsttimeinthegenusNarthecium.Thecom-
poundhaspreviouslybeenidentifiedinAnemarrhenaasphodeloides
(Bge)(Syetal.,2016).

Brineshrimplethalityassayisasimpleinvivotestforthecyto-
toxicityofbiochemicals(Wu,2014)wherethetestorganismsareAr-
temiasalinanauplii(HarwigandScott,1971;Meyeretal.,1982).Initial
toxicitytestsindeedrevealedthatamixtureoftheabovedescribed
saponinsofN.ossifragumprovedtobepotenttoxinsforArtemiasalina
naupliiwithLC50valueof8.7μg/mL,whichencouragedmoreextensive
andthrough-depthstudiesoftheircytotoxicpotential,asdescribed
below.

Thecomponentsoftheaqueousphasewerefurtherseparatedby
gradientXAD-7adsorptionchromatography,SephadexLH-20gelfil-
trationchromatographyandpreparativeHPLC.TheUVspectraof
compounds5–10recordedon-lineduringHPLCanalysis(Table3)
showedUVmaximumabsorptionsat346–347nmand269–271nm
indicatingthatthesecompoundshaveaflavonecorestructure.These
sixcompoundswereidentifiedbyacombinationof1Dand2DNMR
spectroscopictechniquesandhighresolutionmassspectrometry,as
describedbelow.Compound10wasidentifiedastheknowncompound
chrysoeriol6,8-di-C-β-glucopyranoside(10)byacombinationof1D
and2DNMRspectroscopyandhigh-resolutionmassspectrometry.Adi-
C-glycosideofchrysoeriolwasfirstindicatedtooccurinthemoss
MniumaffineBland(MelchertandAlston,1965).Chrysoeriol6,8-di-C-β-
glucopyranosidewasoriginallyidentifiedinLarreatridentata
(Sakakibaraetal.,1977).Thecompoundhasalsobeenidentifiedin
severalquitediversesourcessuchasSpergulariarubra(Bouillantetal.,
1979),theliverwortTrichocoleatomentella(Mues,1982)andTrico-
phorumcespitosum(Salmenkallioetal.,1982).

Thedownfieldregionofthe1D
1
HNMRspectrumofcompound5

Fig.2.Structuresofsarsasapogenin(1),sarsasapogenin-3-O-β-galactopyranoside(2),sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-β-galactopyranoside)(3)and
sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-3′-O-α-arabinopyranosyl-β-galactopyranoside)(4)isolatedfromfloweringtopsofN.ossifragum.
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furtherconfirmedbythe1H–13CcouplingconstantsofH-1’/C-1’
(163Hz),H-1’’/C-1’’(162Hz)andH-1‴/C-1‴(164Hz),whicharein
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H-3),δ4.27/1.67(H-1’/H-4A),δ4.27/1.48(H-1’/H-2A)andδ4.27/
1.39(H-1’/H–4B)observedintheROESYspectrumconfirmedthe
linkagebetweenthegalactopyranosylunitandtheaglyconetobeatthe
3-position.Thecrosspeaksatδ4.64/75.5(H-1’’/C-2′),δ3.75/102.2(H-
2’/C-1″)observedintheHMBCspectrumandthecrosspeakatδ4.64/
3.75(H-1’’/H-2′)observedintheROESYspectrumconfirmedthe
linkagebetweentheglucopyranosylandthegalactopyranosylunitsto
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+
]atm/z895.46624(calculated:895.46681;Mass

difference:−0.53ppm)observedinthehigh-resolutionmassspectrum
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1
HROESY
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showed a 3H ABX system at δ 7.55 (d 2.2 Hz; H-2′), δ 7.73 (dd 8.3,
2.2 Hz; H-6′) and δ 6.88 (d 8.3 Hz; H-5′), in addition to a 1H singlet at δ
6.94 (H-3), which is in accord with chrysoeriol aglycone with sub-
stituents at C-6 and C-8. A 3H signal corresponding to a methoxy group
attached to the 3′-position of the aglycone of 5 was observed at δ
3.88 ppm. The methoxy group was confirmed to be attached to C-3′ of
the aglycone by the crosspeak at δ 3.88/148.0 (3′-OCH3/C-3′) observed
in the HMBC spectrum of 5 and the crosspeak at δ 3.88/7.55 (3′-OCH3/
H-2′) observed in the ROESY spectrum of 5. The glycosyl substituent
attached to the 6-position of the aglycone was identified as arabino-
furanose by the observed 1H–1H coupling constants in the 1D 1H NMR
spectrum, in addition to the characteristic downfield shifts of C-2″, C-3″
and C-4″ of this glycosyl unit (Fossen and Andersen, 2006). The linkage
between the arabinofuranosyl and chrysoeriol aglycone was confirmed
to be at the 6-position by the observed crosspeaks at δ 5.44/162.7 (H-
1’’/C-7), δ 5.44/157.1 (H-1’’/C-5) and δ 5.44/103.3 (H-1’’/C-6) in the
2D 1H–13C HMBC spectrum of 5 (Fig. S38) and the crosspeak at δ 5.44/
13.81 (H-1’’/5-OH) observed in the 2D 1H ROESY spectrum of 5 (Fig.
S41).

The glycosyl unit attached to the 8-position of the aglycone of 5 was
identified as glucose by observation of seven proton resonances, where
large axial-axial coupling constants between the ring protons of the
glycosyl were found, and the characteristic values (Fossen and
Andersen, 2006) of the six 13C resonances belonging to this unit
(Table 5). The anomeric coupling constant (9.9 Hz) observed in the 1D
1H NMR spectrum of 5 confirmed the β-configuration of H-1‴. The
linkage between the glucopyranosyl and chrysoeriol aglycone was
confirmed to be at the 8-position by the observed crosspeaks at δ 4.70/
162.7 (H-1‴/C-7), δ 4.70/154.9 (H-1‴/C-9) and δ 4.70/104.5 (H-1‴/C-
8) in the 2D 1H–13C HMBC spectrum of 5 (Fig. S38). Thus, 5 was
identified as the previously undescribed compound chrysoeriol 6-C-β-
arabinofuranosyl-8-C-β-glucopyranoside (Fig. 4). A sodiated molecular
ion [M+Na]+ at m/z 617.14848 (calculated: 617.14832; Mass differ-
ence: 0.39 ppm) observed in the high resolution mass spectrum of 5
(Fig. S73) corresponding to C27H30O15Na confirmed this identity.

The 1D and 2D NMR spectra of 6 shared many similarities to that of
5, showing chrysoeriol aglycone glycosylated with an arabinosyl unit at
the 6-position and a glucopyranosyl substituent at the 8-position, re-
spectively. The arabinosyl substituent of compound 6 was, however,
determined to be in the pyranose form by the characteristic carbon
signals at δ 73.9 (C-1″), δ 68.1 (C-2″), δ 73.6 (C-3″), δ 69.3 (C-4″) and δ

69.9 (C-5″) which are accord with an arabinopyranosyl unit (Fossen
and Andersen, 2006). Thus, 6 was identified as the previously un-
described di-C-glycosylflavone chrysoeriol 6-C-β-arabinopyranosyl-8-C-
β-glucopyranoside (Fig. 4). The sodiated molecular ion [M+Na]+ atm/
z 617.14867 (calculated: 617.14832; Mass difference: 0.71 ppm) ob-
served in the high-resolution mass spectrum of 6 (Fig. S74) corre-
sponding to C27H30O15Na confirmed this identity.

Two chrysoeriol di-C-glycosides found in quince seeds (Cydonia
oblonga Miller) have previously been tentatively identified as chry-
soeriol 6-C-pentosyl-8-C-glucoside and Chrysoeriol 6-C-pentosyl-8-C-
glucoside by mass spectrometry (Ferreres et al., 2003; Silva et al.,
2005), without identification of the pentose sugar unit. Interestingly,
extracts of Cydonia oblonga seeds exhibited anticancer effect against
human kidney and colon cancer cells (Carvalho et al., 2010).
Salmenkallio et al. (1982) reported chrysoeriol 6-C-arabinosyl-8-C-
glucoside from stems of Trichophorum cespitosum, without determining
if the arabinosyl was present in the furanose or pyranose form. Chry-
soeriol 6-C-arabinosyl-8-C-glucoside has also been indicated to occur in
several Arrhenaterum spp. (Jay and Ismaili, 1989). No NMR data exist
for these compounds in current literature, which would have allowed
for the exact identification of the ring forms of their glycosyl sub-
stituents.

The 1D and 2D NMR spectra of 7 shared many similarities to that of
5, showing chrysoeriol aglycone glycosylated with a pentose at the 6-
position and a hexose at the 8-position, respectively. The 6-glycosyl
substituent of 7 was identified as β-xylopyranose by comparing the five
1H resonances in the region 4.55–3.05 in the 1D 1H NMR spectrum of 7
and the corresponding five 13C resonances belonging to this unit
(Tables 4 and 5 and Supplementary Figs. S48–S51). The 8-glycosyl
substituent of 6 was identified as β-galactopyranose by the signals
corresponding to seven hydrogens in the region 5.00–3.47 in the 1D 1H
NMR spectrum of 7 and the corresponding six 13C resonances belonging
to this unit (Tables 4 and 5 and Supplementary Figs. S48–S51). The
observed characteristic small axial-equatorial coupling constant for the
coupling between H-3‴ and H-4‴ (2.8 Hz) verified the identification of
the galactopyranose unit of 7. Thus, 7 was identified as the previously
undescribed compound chrysoeriol 6-C-β-xylopyranosyl-8-C-β-galacto-
pyranoside) (Fig. 4). A sodiated molecular ion [M+Na]+ at m/z of
617.14855 (calculated: 617.14832; Mass difference: 0.51 ppm) was
observed in the high resolution mass spectrum of 7 corresponding to
C27H30O15Na. A further sodiated molecular ion [M+2Na–H]+ at m/z

Fig. 3. HMBC correlations (blue curved arrows) and ROE correlations (red curved arrows) important for complete structure determination of sarsasapogenin-3-O-(2′-
O-β-glucopyranosyl-3′-O-α-arabinopyranosyl-β-galactopyranoside) (4) isolated from flowering tops of N. ossifragum. (For interpretation of the references to colour in
this figure legend, the reader is referred to the Web version of this article.)
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showeda3HABXsystematδ7.55(d2.2Hz;H-2′),δ7.73(dd8.3,
2.2Hz;H-6′)andδ6.88(d8.3Hz;H-5′),inadditiontoa1Hsingletatδ
6.94(H-3),whichisinaccordwithchrysoeriolaglyconewithsub-
stituentsatC-6andC-8.A3Hsignalcorrespondingtoamethoxygroup
attachedtothe3′-positionoftheaglyconeof5wasobservedatδ
3.88ppm.ThemethoxygroupwasconfirmedtobeattachedtoC-3′of
theaglyconebythecrosspeakatδ3.88/148.0(3′-OCH3/C-3′)observed
intheHMBCspectrumof5andthecrosspeakatδ3.88/7.55(3′-OCH3/
H-2′)observedintheROESYspectrumof5.Theglycosylsubstituent
attachedtothe6-positionoftheaglyconewasidentifiedasarabino-
furanosebytheobserved1H–1Hcouplingconstantsinthe1D1HNMR
spectrum,inadditiontothecharacteristicdownfieldshiftsofC-2″,C-3″
andC-4″ofthisglycosylunit(FossenandAndersen,2006).Thelinkage
betweenthearabinofuranosylandchrysoeriolaglyconewasconfirmed
tobeatthe6-positionbytheobservedcrosspeaksatδ5.44/162.7(H-
1’’/C-7),δ5.44/157.1(H-1’’/C-5)andδ5.44/103.3(H-1’’/C-6)inthe
2D1H–13CHMBCspectrumof5(Fig.S38)andthecrosspeakatδ5.44/
13.81(H-1’’/5-OH)observedinthe2D1HROESYspectrumof5(Fig.
S41).

Theglycosylunitattachedtothe8-positionoftheaglyconeof5was
identifiedasglucosebyobservationofsevenprotonresonances,where
largeaxial-axialcouplingconstantsbetweentheringprotonsofthe
glycosylwerefound,andthecharacteristicvalues(Fossenand
Andersen,2006)ofthesix13Cresonancesbelongingtothisunit
(Table5).Theanomericcouplingconstant(9.9Hz)observedinthe1D
1HNMRspectrumof5confirmedtheβ-configurationofH-1‴.The
linkagebetweentheglucopyranosylandchrysoeriolaglyconewas
confirmedtobeatthe8-positionbytheobservedcrosspeaksatδ4.70/
162.7(H-1‴/C-7),δ4.70/154.9(H-1‴/C-9)andδ4.70/104.5(H-1‴/C-
8)inthe2D1H–13CHMBCspectrumof5(Fig.S38).Thus,5was
identifiedasthepreviouslyundescribedcompoundchrysoeriol6-C-β-
arabinofuranosyl-8-C-β-glucopyranoside(Fig.4).Asodiatedmolecular
ion[M+Na]+atm/z617.14848(calculated:617.14832;Massdiffer-
ence:0.39ppm)observedinthehighresolutionmassspectrumof5
(Fig.S73)correspondingtoC27H30O15Naconfirmedthisidentity.

The1Dand2DNMRspectraof6sharedmanysimilaritiestothatof
5,showingchrysoeriolaglyconeglycosylatedwithanarabinosylunitat
the6-positionandaglucopyranosylsubstituentatthe8-position,re-
spectively.Thearabinosylsubstituentofcompound6was,however,
determinedtobeinthepyranoseformbythecharacteristiccarbon
signalsatδ73.9(C-1″),δ68.1(C-2″),δ73.6(C-3″),δ69.3(C-4″)andδ

69.9(C-5″)whichareaccordwithanarabinopyranosylunit(Fossen
andAndersen,2006).Thus,6wasidentifiedasthepreviouslyun-
describeddi-C-glycosylflavonechrysoeriol6-C-β-arabinopyranosyl-8-C-
β-glucopyranoside(Fig.4).Thesodiatedmolecularion[M+Na]+atm/
z617.14867(calculated:617.14832;Massdifference:0.71ppm)ob-
servedinthehigh-resolutionmassspectrumof6(Fig.S74)corre-
spondingtoC27H30O15Naconfirmedthisidentity.

Twochrysoerioldi-C-glycosidesfoundinquinceseeds(Cydonia
oblongaMiller)havepreviouslybeententativelyidentifiedaschry-
soeriol6-C-pentosyl-8-C-glucosideandChrysoeriol6-C-pentosyl-8-C-
glucosidebymassspectrometry(Ferreresetal.,2003;Silvaetal.,
2005),withoutidentificationofthepentosesugarunit.Interestingly,
extractsofCydoniaoblongaseedsexhibitedanticancereffectagainst
humankidneyandcoloncancercells(Carvalhoetal.,2010).
Salmenkallioetal.(1982)reportedchrysoeriol6-C-arabinosyl-8-C-
glucosidefromstemsofTrichophorumcespitosum,withoutdetermining
ifthearabinosylwaspresentinthefuranoseorpyranoseform.Chry-
soeriol6-C-arabinosyl-8-C-glucosidehasalsobeenindicatedtooccurin
severalArrhenaterumspp.(JayandIsmaili,1989).NoNMRdataexist
forthesecompoundsincurrentliterature,whichwouldhaveallowed
fortheexactidentificationoftheringformsoftheirglycosylsub-
stituents.

The1Dand2DNMRspectraof7sharedmanysimilaritiestothatof
5,showingchrysoeriolaglyconeglycosylatedwithapentoseatthe6-
positionandahexoseatthe8-position,respectively.The6-glycosyl
substituentof7wasidentifiedasβ-xylopyranosebycomparingthefive
1Hresonancesintheregion4.55–3.05inthe1D1HNMRspectrumof7
andthecorrespondingfive13Cresonancesbelongingtothisunit
(Tables4and5andSupplementaryFigs.S48–S51).The8-glycosyl
substituentof6wasidentifiedasβ-galactopyranosebythesignals
correspondingtosevenhydrogensintheregion5.00–3.47inthe1D1H
NMRspectrumof7andthecorrespondingsix13Cresonancesbelonging
tothisunit(Tables4and5andSupplementaryFigs.S48–S51).The
observedcharacteristicsmallaxial-equatorialcouplingconstantforthe
couplingbetweenH-3‴andH-4‴(2.8Hz)verifiedtheidentificationof
thegalactopyranoseunitof7.Thus,7wasidentifiedasthepreviously
undescribedcompoundchrysoeriol6-C-β-xylopyranosyl-8-C-β-galacto-
pyranoside)(Fig.4).Asodiatedmolecularion[M+Na]+atm/zof
617.14855(calculated:617.14832;Massdifference:0.51ppm)was
observedinthehighresolutionmassspectrumof7correspondingto
C27H30O15Na.Afurthersodiatedmolecularion[M+2Na–H]+atm/z

Fig.3.HMBCcorrelations(bluecurvedarrows)andROEcorrelations(redcurvedarrows)importantforcompletestructuredeterminationofsarsasapogenin-3-O-(2′-
O-β-glucopyranosyl-3′-O-α-arabinopyranosyl-β-galactopyranoside)(4)isolatedfromfloweringtopsofN.ossifragum.(Forinterpretationofthereferencestocolourin
thisfigurelegend,thereaderisreferredtotheWebversionofthisarticle.)
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1Hresonancesintheregion4.55–3.05inthe1D1HNMRspectrumof7
andthecorrespondingfive13Cresonancesbelongingtothisunit
(Tables4and5andSupplementaryFigs.S48–S51).The8-glycosyl
substituentof6wasidentifiedasβ-galactopyranosebythesignals
correspondingtosevenhydrogensintheregion5.00–3.47inthe1D1H
NMRspectrumof7andthecorrespondingsix13Cresonancesbelonging
tothisunit(Tables4and5andSupplementaryFigs.S48–S51).The
observedcharacteristicsmallaxial-equatorialcouplingconstantforthe
couplingbetweenH-3‴andH-4‴(2.8Hz)verifiedtheidentificationof
thegalactopyranoseunitof7.Thus,7wasidentifiedasthepreviously
undescribedcompoundchrysoeriol6-C-β-xylopyranosyl-8-C-β-galacto-
pyranoside)(Fig.4).Asodiatedmolecularion[M+Na]+atm/zof
617.14855(calculated:617.14832;Massdifference:0.51ppm)was
observedinthehighresolutionmassspectrumof7correspondingto
C27H30O15Na.Afurthersodiatedmolecularion[M+2Na–H]+atm/z

Fig.3.HMBCcorrelations(bluecurvedarrows)andROEcorrelations(redcurvedarrows)importantforcompletestructuredeterminationofsarsasapogenin-3-O-(2′-
O-β-glucopyranosyl-3′-O-α-arabinopyranosyl-β-galactopyranoside)(4)isolatedfromfloweringtopsofN.ossifragum.(Forinterpretationofthereferencestocolourin
thisfigurelegend,thereaderisreferredtotheWebversionofthisarticle.)

A.E.CarpinteyroDíaz,etal.Phytochemistry 164 (2019) 67–77

71

showed a 3H ABX system at δ 7.55 (d 2.2 Hz; H-2′), δ 7.73 (dd 8.3,
2.2 Hz; H-6′) and δ 6.88 (d 8.3 Hz; H-5′), in addition to a 1H singlet at δ
6.94 (H-3), which is in accord with chrysoeriol aglycone with sub-
stituents at C-6 and C-8. A 3H signal corresponding to a methoxy group
attached to the 3′-position of the aglycone of 5 was observed at δ
3.88 ppm. The methoxy group was confirmed to be attached to C-3′ of
the aglycone by the crosspeak at δ 3.88/148.0 (3′-OCH3/C-3′) observed
in the HMBC spectrum of 5 and the crosspeak at δ 3.88/7.55 (3′-OCH3/
H-2′) observed in the ROESY spectrum of 5. The glycosyl substituent
attached to the 6-position of the aglycone was identified as arabino-
furanose by the observed 1H–1H coupling constants in the 1D 1H NMR
spectrum, in addition to the characteristic downfield shifts of C-2″, C-3″
and C-4″ of this glycosyl unit (Fossen and Andersen, 2006). The linkage
between the arabinofuranosyl and chrysoeriol aglycone was confirmed
to be at the 6-position by the observed crosspeaks at δ 5.44/162.7 (H-
1’’/C-7), δ 5.44/157.1 (H-1’’/C-5) and δ 5.44/103.3 (H-1’’/C-6) in the
2D 1H–13C HMBC spectrum of 5 (Fig. S38) and the crosspeak at δ 5.44/
13.81 (H-1’’/5-OH) observed in the 2D 1H ROESY spectrum of 5 (Fig.
S41).

The glycosyl unit attached to the 8-position of the aglycone of 5 was
identified as glucose by observation of seven proton resonances, where
large axial-axial coupling constants between the ring protons of the
glycosyl were found, and the characteristic values (Fossen and
Andersen, 2006) of the six

13
C resonances belonging to this unit

(Table 5). The anomeric coupling constant (9.9 Hz) observed in the 1D
1
H NMR spectrum of 5 confirmed the β-configuration of H-1‴. The
linkage between the glucopyranosyl and chrysoeriol aglycone was
confirmed to be at the 8-position by the observed crosspeaks at δ 4.70/
162.7 (H-1‴/C-7), δ 4.70/154.9 (H-1‴/C-9) and δ 4.70/104.5 (H-1‴/C-
8) in the 2D 1H–13C HMBC spectrum of 5 (Fig. S38). Thus, 5 was
identified as the previously undescribed compound chrysoeriol 6-C-β-
arabinofuranosyl-8-C-β-glucopyranoside (Fig. 4). A sodiated molecular
ion [M+Na]

+
at m/z 617.14848 (calculated: 617.14832; Mass differ-

ence: 0.39 ppm) observed in the high resolution mass spectrum of 5
(Fig. S73) corresponding to C27H30O15Na confirmed this identity.

The 1D and 2D NMR spectra of 6 shared many similarities to that of
5, showing chrysoeriol aglycone glycosylated with an arabinosyl unit at
the 6-position and a glucopyranosyl substituent at the 8-position, re-
spectively. The arabinosyl substituent of compound 6 was, however,
determined to be in the pyranose form by the characteristic carbon
signals at δ 73.9 (C-1″), δ 68.1 (C-2″), δ 73.6 (C-3″), δ 69.3 (C-4″) and δ

69.9 (C-5″) which are accord with an arabinopyranosyl unit (Fossen
and Andersen, 2006). Thus, 6 was identified as the previously un-
described di-C-glycosylflavone chrysoeriol 6-C-β-arabinopyranosyl-8-C-
β-glucopyranoside (Fig. 4). The sodiated molecular ion [M+Na]

+
atm/

z 617.14867 (calculated: 617.14832; Mass difference: 0.71 ppm) ob-
served in the high-resolution mass spectrum of 6 (Fig. S74) corre-
sponding to C27H30O15Na confirmed this identity.

Two chrysoeriol di-C-glycosides found in quince seeds (Cydonia
oblonga Miller) have previously been tentatively identified as chry-
soeriol 6-C-pentosyl-8-C-glucoside and Chrysoeriol 6-C-pentosyl-8-C-
glucoside by mass spectrometry (Ferreres et al., 2003; Silva et al.,
2005), without identification of the pentose sugar unit. Interestingly,
extracts of Cydonia oblonga seeds exhibited anticancer effect against
human kidney and colon cancer cells (Carvalho et al., 2010).
Salmenkallio et al. (1982) reported chrysoeriol 6-C-arabinosyl-8-C-
glucoside from stems of Trichophorum cespitosum, without determining
if the arabinosyl was present in the furanose or pyranose form. Chry-
soeriol 6-C-arabinosyl-8-C-glucoside has also been indicated to occur in
several Arrhenaterum spp. (Jay and Ismaili, 1989). No NMR data exist
for these compounds in current literature, which would have allowed
for the exact identification of the ring forms of their glycosyl sub-
stituents.

The 1D and 2D NMR spectra of 7 shared many similarities to that of
5, showing chrysoeriol aglycone glycosylated with a pentose at the 6-
position and a hexose at the 8-position, respectively. The 6-glycosyl
substituent of 7 was identified as β-xylopyranose by comparing the five
1H resonances in the region 4.55–3.05 in the 1D 1H NMR spectrum of 7
and the corresponding five 13C resonances belonging to this unit
(Tables 4 and 5 and Supplementary Figs. S48–S51). The 8-glycosyl
substituent of 6 was identified as β-galactopyranose by the signals
corresponding to seven hydrogens in the region 5.00–3.47 in the 1D

1
H

NMR spectrum of 7 and the corresponding six 13C resonances belonging
to this unit (Tables 4 and 5 and Supplementary Figs. S48–S51). The
observed characteristic small axial-equatorial coupling constant for the
coupling between H-3‴ and H-4‴ (2.8 Hz) verified the identification of
the galactopyranose unit of 7. Thus, 7 was identified as the previously
undescribed compound chrysoeriol 6-C-β-xylopyranosyl-8-C-β-galacto-
pyranoside) (Fig. 4). A sodiated molecular ion [M+Na]+ at m/z of
617.14855 (calculated: 617.14832; Mass difference: 0.51 ppm) was
observed in the high resolution mass spectrum of 7 corresponding to
C27H30O15Na. A further sodiated molecular ion [M+2Na–H]

+
at m/z

Fig. 3. HMBC correlations (blue curved arrows) and ROE correlations (red curved arrows) important for complete structure determination of sarsasapogenin-3-O-(2′-
O-β-glucopyranosyl-3′-O-α-arabinopyranosyl-β-galactopyranoside) (4) isolated from flowering tops of N. ossifragum. (For interpretation of the references to colour in
this figure legend, the reader is referred to the Web version of this article.)
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showeda3HABXsystematδ7.55(d2.2Hz;H-2′),δ7.73(dd8.3,
2.2Hz;H-6′)andδ6.88(d8.3Hz;H-5′),inadditiontoa1Hsingletatδ
6.94(H-3),whichisinaccordwithchrysoeriolaglyconewithsub-
stituentsatC-6andC-8.A3Hsignalcorrespondingtoamethoxygroup
attachedtothe3′-positionoftheaglyconeof5wasobservedatδ
3.88ppm.ThemethoxygroupwasconfirmedtobeattachedtoC-3′of
theaglyconebythecrosspeakatδ3.88/148.0(3′-OCH3/C-3′)observed
intheHMBCspectrumof5andthecrosspeakatδ3.88/7.55(3′-OCH3/
H-2′)observedintheROESYspectrumof5.Theglycosylsubstituent
attachedtothe6-positionoftheaglyconewasidentifiedasarabino-
furanosebytheobserved1H–1Hcouplingconstantsinthe1D1HNMR
spectrum,inadditiontothecharacteristicdownfieldshiftsofC-2″,C-3″
andC-4″ofthisglycosylunit(FossenandAndersen,2006).Thelinkage
betweenthearabinofuranosylandchrysoeriolaglyconewasconfirmed
tobeatthe6-positionbytheobservedcrosspeaksatδ5.44/162.7(H-
1’’/C-7),δ5.44/157.1(H-1’’/C-5)andδ5.44/103.3(H-1’’/C-6)inthe
2D1H–13CHMBCspectrumof5(Fig.S38)andthecrosspeakatδ5.44/
13.81(H-1’’/5-OH)observedinthe2D1HROESYspectrumof5(Fig.
S41).

Theglycosylunitattachedtothe8-positionoftheaglyconeof5was
identifiedasglucosebyobservationofsevenprotonresonances,where
largeaxial-axialcouplingconstantsbetweentheringprotonsofthe
glycosylwerefound,andthecharacteristicvalues(Fossenand
Andersen,2006)ofthesix

13
Cresonancesbelongingtothisunit

(Table5).Theanomericcouplingconstant(9.9Hz)observedinthe1D
1
HNMRspectrumof5confirmedtheβ-configurationofH-1‴.The
linkagebetweentheglucopyranosylandchrysoeriolaglyconewas
confirmedtobeatthe8-positionbytheobservedcrosspeaksatδ4.70/
162.7(H-1‴/C-7),δ4.70/154.9(H-1‴/C-9)andδ4.70/104.5(H-1‴/C-
8)inthe2D1H–13CHMBCspectrumof5(Fig.S38).Thus,5was
identifiedasthepreviouslyundescribedcompoundchrysoeriol6-C-β-
arabinofuranosyl-8-C-β-glucopyranoside(Fig.4).Asodiatedmolecular
ion[M+Na]

+
atm/z617.14848(calculated:617.14832;Massdiffer-

ence:0.39ppm)observedinthehighresolutionmassspectrumof5
(Fig.S73)correspondingtoC27H30O15Naconfirmedthisidentity.

The1Dand2DNMRspectraof6sharedmanysimilaritiestothatof
5,showingchrysoeriolaglyconeglycosylatedwithanarabinosylunitat
the6-positionandaglucopyranosylsubstituentatthe8-position,re-
spectively.Thearabinosylsubstituentofcompound6was,however,
determinedtobeinthepyranoseformbythecharacteristiccarbon
signalsatδ73.9(C-1″),δ68.1(C-2″),δ73.6(C-3″),δ69.3(C-4″)andδ

69.9(C-5″)whichareaccordwithanarabinopyranosylunit(Fossen
andAndersen,2006).Thus,6wasidentifiedasthepreviouslyun-
describeddi-C-glycosylflavonechrysoeriol6-C-β-arabinopyranosyl-8-C-
β-glucopyranoside(Fig.4).Thesodiatedmolecularion[M+Na]

+
atm/

z617.14867(calculated:617.14832;Massdifference:0.71ppm)ob-
servedinthehigh-resolutionmassspectrumof6(Fig.S74)corre-
spondingtoC27H30O15Naconfirmedthisidentity.

Twochrysoerioldi-C-glycosidesfoundinquinceseeds(Cydonia
oblongaMiller)havepreviouslybeententativelyidentifiedaschry-
soeriol6-C-pentosyl-8-C-glucosideandChrysoeriol6-C-pentosyl-8-C-
glucosidebymassspectrometry(Ferreresetal.,2003;Silvaetal.,
2005),withoutidentificationofthepentosesugarunit.Interestingly,
extractsofCydoniaoblongaseedsexhibitedanticancereffectagainst
humankidneyandcoloncancercells(Carvalhoetal.,2010).
Salmenkallioetal.(1982)reportedchrysoeriol6-C-arabinosyl-8-C-
glucosidefromstemsofTrichophorumcespitosum,withoutdetermining
ifthearabinosylwaspresentinthefuranoseorpyranoseform.Chry-
soeriol6-C-arabinosyl-8-C-glucosidehasalsobeenindicatedtooccurin
severalArrhenaterumspp.(JayandIsmaili,1989).NoNMRdataexist
forthesecompoundsincurrentliterature,whichwouldhaveallowed
fortheexactidentificationoftheringformsoftheirglycosylsub-
stituents.

The1Dand2DNMRspectraof7sharedmanysimilaritiestothatof
5,showingchrysoeriolaglyconeglycosylatedwithapentoseatthe6-
positionandahexoseatthe8-position,respectively.The6-glycosyl
substituentof7wasidentifiedasβ-xylopyranosebycomparingthefive
1Hresonancesintheregion4.55–3.05inthe1D1HNMRspectrumof7
andthecorrespondingfive13Cresonancesbelongingtothisunit
(Tables4and5andSupplementaryFigs.S48–S51).The8-glycosyl
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severalArrhenaterumspp.(JayandIsmaili,1989).NoNMRdataexist
forthesecompoundsincurrentliterature,whichwouldhaveallowed
fortheexactidentificationoftheringformsoftheirglycosylsub-
stituents.

The1Dand2DNMRspectraof7sharedmanysimilaritiestothatof
5,showingchrysoeriolaglyconeglycosylatedwithapentoseatthe6-
positionandahexoseatthe8-position,respectively.The6-glycosyl
substituentof7wasidentifiedasβ-xylopyranosebycomparingthefive
1Hresonancesintheregion4.55–3.05inthe1D1HNMRspectrumof7
andthecorrespondingfive13Cresonancesbelongingtothisunit
(Tables4and5andSupplementaryFigs.S48–S51).The8-glycosyl
substituentof6wasidentifiedasβ-galactopyranosebythesignals
correspondingtosevenhydrogensintheregion5.00–3.47inthe1D

1
H

NMRspectrumof7andthecorrespondingsix13Cresonancesbelonging
tothisunit(Tables4and5andSupplementaryFigs.S48–S51).The
observedcharacteristicsmallaxial-equatorialcouplingconstantforthe
couplingbetweenH-3‴andH-4‴(2.8Hz)verifiedtheidentificationof
thegalactopyranoseunitof7.Thus,7wasidentifiedasthepreviously
undescribedcompoundchrysoeriol6-C-β-xylopyranosyl-8-C-β-galacto-
pyranoside)(Fig.4).Asodiatedmolecularion[M+Na]+atm/zof
617.14855(calculated:617.14832;Massdifference:0.51ppm)was
observedinthehighresolutionmassspectrumof7correspondingto
C27H30O15Na.Afurthersodiatedmolecularion[M+2Na–H]

+
atm/z

Fig.3.HMBCcorrelations(bluecurvedarrows)andROEcorrelations(redcurvedarrows)importantforcompletestructuredeterminationofsarsasapogenin-3-O-(2′-
O-β-glucopyranosyl-3′-O-α-arabinopyranosyl-β-galactopyranoside)(4)isolatedfromfloweringtopsofN.ossifragum.(Forinterpretationofthereferencestocolourin
thisfigurelegend,thereaderisreferredtotheWebversionofthisarticle.)
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showeda3HABXsystematδ7.55(d2.2Hz;H-2′),δ7.73(dd8.3,
2.2Hz;H-6′)andδ6.88(d8.3Hz;H-5′),inadditiontoa1Hsingletatδ
6.94(H-3),whichisinaccordwithchrysoeriolaglyconewithsub-
stituentsatC-6andC-8.A3Hsignalcorrespondingtoamethoxygroup
attachedtothe3′-positionoftheaglyconeof5wasobservedatδ
3.88ppm.ThemethoxygroupwasconfirmedtobeattachedtoC-3′of
theaglyconebythecrosspeakatδ3.88/148.0(3′-OCH3/C-3′)observed
intheHMBCspectrumof5andthecrosspeakatδ3.88/7.55(3′-OCH3/
H-2′)observedintheROESYspectrumof5.Theglycosylsubstituent
attachedtothe6-positionoftheaglyconewasidentifiedasarabino-
furanosebytheobserved1H–1Hcouplingconstantsinthe1D1HNMR
spectrum,inadditiontothecharacteristicdownfieldshiftsofC-2″,C-3″
andC-4″ofthisglycosylunit(FossenandAndersen,2006).Thelinkage
betweenthearabinofuranosylandchrysoeriolaglyconewasconfirmed
tobeatthe6-positionbytheobservedcrosspeaksatδ5.44/162.7(H-
1’’/C-7),δ5.44/157.1(H-1’’/C-5)andδ5.44/103.3(H-1’’/C-6)inthe
2D1H–13CHMBCspectrumof5(Fig.S38)andthecrosspeakatδ5.44/
13.81(H-1’’/5-OH)observedinthe2D1HROESYspectrumof5(Fig.
S41).

Theglycosylunitattachedtothe8-positionoftheaglyconeof5was
identifiedasglucosebyobservationofsevenprotonresonances,where
largeaxial-axialcouplingconstantsbetweentheringprotonsofthe
glycosylwerefound,andthecharacteristicvalues(Fossenand
Andersen,2006)ofthesix

13
Cresonancesbelongingtothisunit

(Table5).Theanomericcouplingconstant(9.9Hz)observedinthe1D
1
HNMRspectrumof5confirmedtheβ-configurationofH-1‴.The
linkagebetweentheglucopyranosylandchrysoeriolaglyconewas
confirmedtobeatthe8-positionbytheobservedcrosspeaksatδ4.70/
162.7(H-1‴/C-7),δ4.70/154.9(H-1‴/C-9)andδ4.70/104.5(H-1‴/C-
8)inthe2D1H–13CHMBCspectrumof5(Fig.S38).Thus,5was
identifiedasthepreviouslyundescribedcompoundchrysoeriol6-C-β-
arabinofuranosyl-8-C-β-glucopyranoside(Fig.4).Asodiatedmolecular
ion[M+Na]

+
atm/z617.14848(calculated:617.14832;Massdiffer-

ence:0.39ppm)observedinthehighresolutionmassspectrumof5
(Fig.S73)correspondingtoC27H30O15Naconfirmedthisidentity.

The1Dand2DNMRspectraof6sharedmanysimilaritiestothatof
5,showingchrysoeriolaglyconeglycosylatedwithanarabinosylunitat
the6-positionandaglucopyranosylsubstituentatthe8-position,re-
spectively.Thearabinosylsubstituentofcompound6was,however,
determinedtobeinthepyranoseformbythecharacteristiccarbon
signalsatδ73.9(C-1″),δ68.1(C-2″),δ73.6(C-3″),δ69.3(C-4″)andδ

69.9(C-5″)whichareaccordwithanarabinopyranosylunit(Fossen
andAndersen,2006).Thus,6wasidentifiedasthepreviouslyun-
describeddi-C-glycosylflavonechrysoeriol6-C-β-arabinopyranosyl-8-C-
β-glucopyranoside(Fig.4).Thesodiatedmolecularion[M+Na]

+
atm/

z617.14867(calculated:617.14832;Massdifference:0.71ppm)ob-
servedinthehigh-resolutionmassspectrumof6(Fig.S74)corre-
spondingtoC27H30O15Naconfirmedthisidentity.

Twochrysoerioldi-C-glycosidesfoundinquinceseeds(Cydonia
oblongaMiller)havepreviouslybeententativelyidentifiedaschry-
soeriol6-C-pentosyl-8-C-glucosideandChrysoeriol6-C-pentosyl-8-C-
glucosidebymassspectrometry(Ferreresetal.,2003;Silvaetal.,
2005),withoutidentificationofthepentosesugarunit.Interestingly,
extractsofCydoniaoblongaseedsexhibitedanticancereffectagainst
humankidneyandcoloncancercells(Carvalhoetal.,2010).
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Fig. 4. Structures of the aromatic compounds chrysoeriol 6-C-β-arabinofuranosyl-8-C-β-glucopyranoside (5), chrysoeriol 6-C-β-arabinopyranosyl-8-C-β-glucopyr-
anoside (6), chrysoeriol 6-C-β-xylopyranosyl-8-C-β-galactopyranoside (7), chrysoeriol 6-C-β-galactopyranosyl-8-C-β-glucopyranoside (8), chrysoeriol 6-C-β-gluco-
pyranosyl-8-C-β-galactopyranoside (9) and chrysoeriol 6,8-di-C-β-D-glucopyranoside (10) isolated for the first time from flowering tops of N. ossifragum.

Table 4
1H NMR chemical shift values (ppm) and coupling constants (Hz) of chrysoeriol 6-C-β-arabinofuranosyl-8-C-β-glucopyranoside (5), chrysoeriol 6-C-β-arabinopyr-
anosyl-8-C-β-glucopyranoside (6), chrysoeriol 6-C-β-xylopyranosyl-8-C-β-galactopyranoside (7), chrysoeriol 6-C-β-galactopyranosyl-8-C-β-glucopyranoside (8),
chrysoeriol 6-C-β-glucopyranosyl-8-C-β-galactopyranoside (9) and chrysoeriol 6,8-di-C-β-D-glucopyranoside (10) in DMSO-D6 at 298K. Top: Signals of major ro-
tamer. Bottom: Signals of minor rotamer. s= singlet; d= doublet; dd=double doublet; ddd=double double doublet; t= triplet; br= broad; m=multiplet.

5 6 7 8 9 10

3 6.94 s 6.94 s 6.86 s 6.94 s (6.91 s) 6.86 s (7.00 s) 6.95 (6.87)
2’ 7.55 d 2.2 7.54 d 2.2 7.65 d 2.1 7.54 d 2.3 (7.59 d 2.2) 7.65 d 2.2 (7.56) 7.55 (7.64)
5’ 6.88 d 8.3 6.89 d 8.4 6.92 d 8.4 6.89 d 8.4 (6.95) 6.92 d 8.4 (6.88) 6.88 (6.95)
6’ 7.73 dd 8.3, 2.2 7.70 dd 8.4, 2.2 7.58 dd 8.4, 2.1 7.70 dd 8.4, 2.3 (7.56 dd

8.4, 2.2)
7.58 dd 8.4, 2.2 (8.27) 7.71 (7.57)

5-OH 13.81 s 13.71 13.74 13.71 s 13.75 s (13.86 s) 13.75 (13.73)
7-OH 10.52 s 9.18 9.23 9.18 s 9.24 s (br)

(9.03 s (br))
9.36 (9.36)

4′-OH 10.00 s 9.99 s 9.96 10.00 s 9.96 s (9.83 s)
3′-OCH3 3.88 s 3.88 s 3.90 s 3.88 s (3.90 s) 3.90 s (3.88 s) 3.88 s (3.90 s)

6-C-β-
Arabinofuranosyl

6-C-β-
Arabinopyranosyl

6-C-β-Xylopyranosyl 6-C-β-Galactopyranosyl 6-C-β-Glucopyranosyl 6-C-β-Glucopyranosyl

1’’ 5.44 d 3.2 4.71 d 9.2 4.55 d 9.8 4.77d 9.7 (4.70 d 9.7) 4.62 d 10.0 (4.80) 4.80 d 9.9 (4.66 d)
2’’ 4.09 dd 3.2, 0.8 3.80m 4.09m 3.80 dd 9.7, 9.5 4.12 (3.48 (br)) 3.48m (3.98)
3’’ 3.93 dd 3.0, 0.8 3.46m 3.13 t 8.7 3.45m 3.19 t 8.6 (3.30) 3.30 t 8.8 (3.22)
4’’ 3.89m 3.81m 3.38m 3.79 3.08 t 9.0 3.37 t 9.4
5A’’ 3.67 dd 11.3, 6.6, 3.83 dd 11.9, 2.7 3.74m 3.56 3.15m (3.32) 3.32m
5B’’ 3.64 dd 4.8, 11.3 3.64 d 11.9 3.05 t 10.8
6A’’ 3.53m 3.70 dd 12.0, 2.0 (3.63) 3.63m
6B’’ 3.37m

8-C-β-
Glucopyranoside

8-C-β-
Glucopyranoside

8-C-β-
Galactopyranoside

8-C-β-Glucopyranoside 8-C-β-Galactopyranoside 8-C-β-Glucopyranoside

1‴ 4.70 d 9.9 4.74 d 9.8 5.00 d 9.6 4.74 d 10.00 (4.91 d 10.0) 5.00 d 9.6 (4.69 d 9.9) 4.75 d 9.9 (5.04 d)
2‴ 3.88m 3.93 dd 9.8, 8.7 3.80 t 9.3 3.94 dd 10.0, 9.0 (3.89) 3.83m (4.24 t 9.4) 3.92 dd 9.8, 8.7, (3.56)
3‴ 3.24 t 8.8 3.27 t 8.7 3.47 dd 9.3, 2.8 3.27 t 8.8 3.47 dd 9.1, 3.9 (3.41 dd

8.9, 3.2)
3.26 t 8.7 (3.31)

4‴ 3.35 dd 9.6, 8.8 3.36 dd 9.6, 8.7 3.83 d 2.8 3.34 dd 9.6, 8.8 3.83 br d 2.9 (3.85) 3.34 t 9.1 (3.34)
5‴ 3.23 ddd 9.6, 6.1, 2.1 3.23 ddd 9.6, 6.0, 2.0 3.71 t 6.2 3.23 ddd 9.6, 6.3, 2.0 3.71m 3.22 ddd 9.5, 6.2, 1.9

(3.18)
6A‴ 3.76 dd 12.1, 2.1 3.73 dd 12.1, 2.0 3.55 d 6.2 3.75 dd 12.4, 2.0 (3.71) 3.56m (3.56) 3.74 dd 12.0, 1.9 (3.69)
6B‴ 3.48 dd 12.1, 6.1 3.47 dd 12.1, 6.0 3.46 dd 12.1, 6.3 (3.46) 3.47 dd 12.0, 6.2 (3.46)

*proton signals overlapping in the 1D 1H NMR spectra are reported without designated multiplicity.
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Fig.4.Structuresofthearomaticcompoundschrysoeriol6-C-β-arabinofuranosyl-8-C-β-glucopyranoside(5),chrysoeriol6-C-β-arabinopyranosyl-8-C-β-glucopyr-
anoside(6),chrysoeriol6-C-β-xylopyranosyl-8-C-β-galactopyranoside(7),chrysoeriol6-C-β-galactopyranosyl-8-C-β-glucopyranoside(8),chrysoeriol6-C-β-gluco-
pyranosyl-8-C-β-galactopyranoside(9)andchrysoeriol6,8-di-C-β-D-glucopyranoside(10)isolatedforthefirsttimefromfloweringtopsofN.ossifragum.

Table4
1HNMRchemicalshiftvalues(ppm)andcouplingconstants(Hz)ofchrysoeriol6-C-β-arabinofuranosyl-8-C-β-glucopyranoside(5),chrysoeriol6-C-β-arabinopyr-
anosyl-8-C-β-glucopyranoside(6),chrysoeriol6-C-β-xylopyranosyl-8-C-β-galactopyranoside(7),chrysoeriol6-C-β-galactopyranosyl-8-C-β-glucopyranoside(8),
chrysoeriol6-C-β-glucopyranosyl-8-C-β-galactopyranoside(9)andchrysoeriol6,8-di-C-β-D-glucopyranoside(10)inDMSO-D6at298K.Top:Signalsofmajorro-
tamer.Bottom:Signalsofminorrotamer.s=singlet;d=doublet;dd=doubledoublet;ddd=doubledoubledoublet;t=triplet;br=broad;m=multiplet.

5678910

36.94s6.94s6.86s6.94s(6.91s)6.86s(7.00s)6.95(6.87)
2’7.55d2.27.54d2.27.65d2.17.54d2.3(7.59d2.2)7.65d2.2(7.56)7.55(7.64)
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8-C-β-
Glucopyranoside

8-C-β-
Glucopyranoside

8-C-β-
Galactopyranoside

8-C-β-Glucopyranoside8-C-β-Galactopyranoside8-C-β-Glucopyranoside

1‴4.70d9.94.74d9.85.00d9.64.74d10.00(4.91d10.0)5.00d9.6(4.69d9.9)4.75d9.9(5.04d)
2‴3.88m3.93dd9.8,8.73.80t9.33.94dd10.0,9.0(3.89)3.83m(4.24t9.4)3.92dd9.8,8.7,(3.56)
3‴3.24t8.83.27t8.73.47dd9.3,2.83.27t8.83.47dd9.1,3.9(3.41dd
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3.26t8.7(3.31)
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(3.18)
6A‴3.76dd12.1,2.13.73dd12.1,2.03.55d6.23.75dd12.4,2.0(3.71)3.56m(3.56)3.74dd12.0,1.9(3.69)
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pyranosyl-8-C-β-galactopyranoside(9)andchrysoeriol6,8-di-C-β-D-glucopyranoside(10)isolatedforthefirsttimefromfloweringtopsofN.ossifragum.
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Fig. 4. Structures of the aromatic compounds chrysoeriol 6-C-β-arabinofuranosyl-8-C-β-glucopyranoside (5), chrysoeriol 6-C-β-arabinopyranosyl-8-C-β-glucopyr-
anoside (6), chrysoeriol 6-C-β-xylopyranosyl-8-C-β-galactopyranoside (7), chrysoeriol 6-C-β-galactopyranosyl-8-C-β-glucopyranoside (8), chrysoeriol 6-C-β-gluco-
pyranosyl-8-C-β-galactopyranoside (9) and chrysoeriol 6,8-di-C-β-D-glucopyranoside (10) isolated for the first time from flowering tops of N. ossifragum.

Table 4
1H NMR chemical shift values (ppm) and coupling constants (Hz) of chrysoeriol 6-C-β-arabinofuranosyl-8-C-β-glucopyranoside (5), chrysoeriol 6-C-β-arabinopyr-
anosyl-8-C-β-glucopyranoside (6), chrysoeriol 6-C-β-xylopyranosyl-8-C-β-galactopyranoside (7), chrysoeriol 6-C-β-galactopyranosyl-8-C-β-glucopyranoside (8),
chrysoeriol 6-C-β-glucopyranosyl-8-C-β-galactopyranoside (9) and chrysoeriol 6,8-di-C-β-D-glucopyranoside (10) in DMSO-D6 at 298K. Top: Signals of major ro-
tamer. Bottom: Signals of minor rotamer. s= singlet; d= doublet; dd=double doublet; ddd=double double doublet; t= triplet; br= broad; m=multiplet.

5 6 7 8 9 10

3 6.94 s 6.94 s 6.86 s 6.94 s (6.91 s) 6.86 s (7.00 s) 6.95 (6.87)
2’ 7.55 d 2.2 7.54 d 2.2 7.65 d 2.1 7.54 d 2.3 (7.59 d 2.2) 7.65 d 2.2 (7.56) 7.55 (7.64)
5’ 6.88 d 8.3 6.89 d 8.4 6.92 d 8.4 6.89 d 8.4 (6.95) 6.92 d 8.4 (6.88) 6.88 (6.95)
6’ 7.73 dd 8.3, 2.2 7.70 dd 8.4, 2.2 7.58 dd 8.4, 2.1 7.70 dd 8.4, 2.3 (7.56 dd

8.4, 2.2)
7.58 dd 8.4, 2.2 (8.27) 7.71 (7.57)

5-OH 13.81 s 13.71 13.74 13.71 s 13.75 s (13.86 s) 13.75 (13.73)
7-OH 10.52 s 9.18 9.23 9.18 s 9.24 s (br)

(9.03 s (br))
9.36 (9.36)

4′-OH 10.00 s 9.99 s 9.96 10.00 s 9.96 s (9.83 s)
3′-OCH3 3.88 s 3.88 s 3.90 s 3.88 s (3.90 s) 3.90 s (3.88 s) 3.88 s (3.90 s)

6-C-β-
Arabinofuranosyl

6-C-β-
Arabinopyranosyl

6-C-β-Xylopyranosyl 6-C-β-Galactopyranosyl 6-C-β-Glucopyranosyl 6-C-β-Glucopyranosyl

1’’ 5.44 d 3.2 4.71 d 9.2 4.55 d 9.8 4.77d 9.7 (4.70 d 9.7) 4.62 d 10.0 (4.80) 4.80 d 9.9 (4.66 d)
2’’ 4.09 dd 3.2, 0.8 3.80m 4.09m 3.80 dd 9.7, 9.5 4.12 (3.48 (br)) 3.48m (3.98)
3’’ 3.93 dd 3.0, 0.8 3.46m 3.13 t 8.7 3.45m 3.19 t 8.6 (3.30) 3.30 t 8.8 (3.22)
4’’ 3.89m 3.81m 3.38m 3.79 3.08 t 9.0 3.37 t 9.4
5A’’ 3.67 dd 11.3, 6.6, 3.83 dd 11.9, 2.7 3.74m 3.56 3.15m (3.32) 3.32m
5B’’ 3.64 dd 4.8, 11.3 3.64 d 11.9 3.05 t 10.8
6A’’ 3.53m 3.70 dd 12.0, 2.0 (3.63) 3.63m
6B’’ 3.37m

8-C-β-
Glucopyranoside

8-C-β-
Glucopyranoside

8-C-β-
Galactopyranoside

8-C-β-Glucopyranoside 8-C-β-Galactopyranoside 8-C-β-Glucopyranoside

1‴ 4.70 d 9.9 4.74 d 9.8 5.00 d 9.6 4.74 d 10.00 (4.91 d 10.0) 5.00 d 9.6 (4.69 d 9.9) 4.75 d 9.9 (5.04 d)
2‴ 3.88m 3.93 dd 9.8, 8.7 3.80 t 9.3 3.94 dd 10.0, 9.0 (3.89) 3.83m (4.24 t 9.4) 3.92 dd 9.8, 8.7, (3.56)
3‴ 3.24 t 8.8 3.27 t 8.7 3.47 dd 9.3, 2.8 3.27 t 8.8 3.47 dd 9.1, 3.9 (3.41 dd

8.9, 3.2)
3.26 t 8.7 (3.31)

4‴ 3.35 dd 9.6, 8.8 3.36 dd 9.6, 8.7 3.83 d 2.8 3.34 dd 9.6, 8.8 3.83 br d 2.9 (3.85) 3.34 t 9.1 (3.34)
5‴ 3.23 ddd 9.6, 6.1, 2.1 3.23 ddd 9.6, 6.0, 2.0 3.71 t 6.2 3.23 ddd 9.6, 6.3, 2.0 3.71m 3.22 ddd 9.5, 6.2, 1.9

(3.18)
6A‴ 3.76 dd 12.1, 2.1 3.73 dd 12.1, 2.0 3.55 d 6.2 3.75 dd 12.4, 2.0 (3.71) 3.56m (3.56) 3.74 dd 12.0, 1.9 (3.69)
6B‴ 3.48 dd 12.1, 6.1 3.47 dd 12.1, 6.0 3.46 dd 12.1, 6.3 (3.46) 3.47 dd 12.0, 6.2 (3.46)

*proton signals overlapping in the 1D 1H NMR spectra are reported without designated multiplicity.
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pyranosyl-8-C-β-galactopyranoside (9) and chrysoeriol 6,8-di-C-β-D-glucopyranoside (10) isolated for the first time from flowering tops of N. ossifragum.
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639.13064 (calculated: 639.13027; Mass difference: 0.71 ppm) ob-
served in the high resolution mass spectrum of 7 corresponding to
C27H29O15Na2 confirmed this identification.

The 1D and 2D NMR spectra of 9 shared many similarities to that of
7, showing chrysoeriol aglycone glycosylated at positions 6 and 8 of the
aglycone, with galactopyranose as the 8-glycosyl substituent (Fig. 4 and
Tables 4 and 5). The 6-C-glycosyl substituent of 9 was, however,
identified as glucopyranosyl (Fig. 4 structure and Tables 4 and 5). Thus,
9 was identified as the previously undescribed flavonoid chrysoeriol 6-
C-β-glucopyranosyl-8-C-β-galactopyranoside) (Fig. 4). The sodiated
molecular ion [M+Na]+ at m/z 647.15899 (calculated: 647.15889;
Mass difference: 0.29 ppm) observed in the high resolution mass spec-
trum corresponding to C28H32O16Na, and [M+2Na–H]+ at m/z
669.14084 (calculated: 669.14084; Mass difference: 0.34 ppm) ob-
served in the high resolution mass spectrum of 9 (Fig. S77) corre-
sponding to C28H31O16Na2 confirmed this identification.

The 1D and 2D NMR spectra of 8 shared many similarities to that of
9, showing chrysoeriol aglycone C-glycosylated with glucose and ga-
lactose at positions 6 and 8 of the aglycone, although the positions of
the C-glycosyl substituents were interchanged as compared to those of
9. Thus, 8 was identified as the previously undescribed flavonoid
chrysoeriol 6-C-β-galactopyranosyl-8-C-β-glucopyranoside (Fig. 4). The
sodiated molecular ions [M+Na]+ at m/z 647.15868 (calculated:
647.15889; Mass difference: −0.19 ppm) observed in the high resolu-
tion mass spectrum (Fig. S76) of 8 corresponding to C28H32O16Na, and
[M+2Na–H]+ at m/z 669.14138 (calculated: 669.14084; Mass differ-
ence: 0.94 ppm) corresponding to C28H31O16Na2 confirmed 8 to be the

previously undescribed compound chrysoeriol 6-C-β-galactopyranosyl-
8-C-β-glucopyranoside.

Circular Dichroism (CD) spectra of all isolated di-C-glycosylflavones
were recorded. All these compounds are based on the same chrysoeriol
aglycone. According to Gaffield et al. (1978) the CD bands of di-C-
glycosylflavones are often relatively weak as a result of overlapping of
oppositely signed adjacent CD bands (Wellman et al., 1965). The si-
milarity of the recorded CD spectra of compounds 6–10 indicate that
the configurations of C-1 of the glycosyl substituents are similar for
these compounds (Gaffield et al., 1978). The fact that the CD spectrum
of compound 5, which exhibited a strong negative band at 275 nm,
differed from the CD-spectra recorded of compounds 6–10 may not be
unexpected since compound 5 is the only di-C-glycosylflavone among
the isolated compounds which is substituted by an arabinofuranosyl
moiety.

Compounds 8–10 exhibit most of their 1H and 13C-NMR signals
(Tables 4 and 5) in double sets. These signals reveal two conformational
isomers created by rotational hindrance at the C (sp3)–C (sp2) gluco-
syl–flavone linkage in each of these 6,8-di-C-substituted flavones
(Rayyan et al., 2005). The equilibrium between the rotamers was
supported by observations of strong exchange peaks between equiva-
lent protons of each of the rotameric pairs in their ROESY spectra
(Supplementary Fig. S57, S63 and S69).

Isomerisation of di-C-glycosyl flavones by Wessely Moser re-
arrangement was demonstrated to occur by the fact that during the final
isolation of pure compounds by preparative HPLC, compound 5 was
isolated at two different retention times from the same mixture. This

Table 5
13C NMR chemical shift values (ppm) and coupling constants (Hz) of chrysoeriol 6-C-β-arabinofuranosyl-8-C-β-glucopyranoside (5), chrysoeriol 6-C-β-arabinopyr-
anosyl-8-C-β-glucopyranoside (6), chrysoeriol 6-C-β-xylopyranosyl-8-C-β-galactopyranoside (7), chrysoeriol 6-C-β-galactopyranosyl-8-C-β-glucopyranoside (8),
chrysoeriol 6-C-β-glucopyranosyl-8-C-β-galactopyranoside (9) and chrysoeriol 6,8-di-C-β-D-glucopyranoside (10) in DMSO-D6 at 298K. Top: Signals of major ro-
tamer. Bottom: Signals of minor rotamer. nd= not detected.

5 6 7 8 9 10

Chrysoeriol
2 164.0 163.9 163.2 164.1 (163.5) 163.2 (164.1) 164.1 (163.5)
3 102.8 103.0 102.6 103.0 (102.8) 102.6 (103.4) 103.1 (102.8)
4 182.2 182.1 181.9 182.2 (182.2) 182.2 (182.2) 182.5 (182.4)
5 157.1 158.0 159.8 158.1 nd (158.5) 158.6 (159.9)
6 103.3 107.9 109.1 108.2 109.2 (107.1) 107.6 (109.0)
7 162.7 160.7 161.4 160.8 161.5 (160.7) 160.9 (161.5)
8 104.5 104.7 103.8 105.0 103.4 (105.2) 105.3
9 154.9 155.1 153.1 155.1 153.2 (155.2) 155.1
10 103.1 103.5 102.9 103.6 (102.9) 103.0 (103.8) 103.7 (103.3)
1’ 121.9 121.6 121.5 121.7 (121.6) 121.4 (120.9) 121.8 (121.7)
2’ 110.6 110.5 110.0 110.7 (109.9) 110.1 (109.9) 110.7 (110.2)
3’ 148.0 147.8 147.8 148.0 (147.9) 147.7 (147.7) 148.1 (147.8)
4’ 150.8 150.6 150.3 150.8 (150.5) 150.3 (150.6) 150.9 (150.4)
5’ 115.5 115.1 115.4 115.4 (115.8) 115.6 (115.7) 115.5 (115.7)
6’ 121.2 121.0 120.5 121.1 (120.3) 120.3 (123.0) 121.3 (120.5)
3′-OCH3 56.2 56 55.5 56.1 (55.6) 55.6 (55.9) 56.2 (55.7)

6-C-β-
Arabinofuranosyl

6-C-β-
Arabinopyranosyl

6-C-β-Xylopyranosyl 6-C-β-
Galactopyranosyl

6-C-β-Glucopyranosyl 6-C-β-Glucopyranosyl

1’’ 79.9 73.9 73.4 73.5 (73.6) 72.7 (73.9) 74.0 (73.1)
2’’ 77.3 68.1 77.2 69.6 (68.5) 69.7 (71.8) 71.9
3’’ 77.4 73.6 79.1 74.4 (74.7) 79.1 (77.7) 77.8 (78.9)
4’’ 87.0 69.3 69.7 68.3 70.7 69.0
5’’ 61.1 69.9 70.0 79.0 81.7

80.7)
80.9

6’’ 60.7 61.5 (59.7) 59.7
8-C-β-
Glucopyranoside

8-C-β-Glucopyranoside 8-C-β-
Galactopyranoside

8-C-β-
Glucopyranoside

8-C-β-
Galactopyranoside

8-C-β-
Glucopyranoside

1‴ 73.0 72.9 74.8 73.0 (74.5) 74.9 (73.7) 73.2 (75.1)
2‴ 70.7 70.6 69.8 70.7 (70.7) 68.2 (68.8) 70.8 (72.0)
3‴ 78.7 78.7 74.3 78.8 (79.0) 74.4 (75.5) 78.8 (78.3)
4‴ 70.5 70.4 68.1 70.6 (70.5) 69.7 (69.1) 70.6 (69.2)
5‴ 81.9 81.7 79.2 81.9 (82.0) 79.4 82.0 (81.8)
6‴ 61.4 61.1 60.5 61.3 (61.6) 60.7 (60.8) 61.3 (61.3)
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639.13064(calculated:639.13027;Massdifference:0.71ppm)ob-
servedinthehighresolutionmassspectrumof7correspondingto
C27H29O15Na2confirmedthisidentification.

The1Dand2DNMRspectraof9sharedmanysimilaritiestothatof
7,showingchrysoeriolaglyconeglycosylatedatpositions6and8ofthe
aglycone,withgalactopyranoseasthe8-glycosylsubstituent(Fig.4and
Tables4and5).The6-C-glycosylsubstituentof9was,however,
identifiedasglucopyranosyl(Fig.4structureandTables4and5).Thus,
9wasidentifiedasthepreviouslyundescribedflavonoidchrysoeriol6-
C-β-glucopyranosyl-8-C-β-galactopyranoside)(Fig.4).Thesodiated
molecularion[M+Na]+atm/z647.15899(calculated:647.15889;
Massdifference:0.29ppm)observedinthehighresolutionmassspec-
trumcorrespondingtoC28H32O16Na,and[M+2Na–H]+atm/z
669.14084(calculated:669.14084;Massdifference:0.34ppm)ob-
servedinthehighresolutionmassspectrumof9(Fig.S77)corre-
spondingtoC28H31O16Na2confirmedthisidentification.

The1Dand2DNMRspectraof8sharedmanysimilaritiestothatof
9,showingchrysoeriolaglyconeC-glycosylatedwithglucoseandga-
lactoseatpositions6and8oftheaglycone,althoughthepositionsof
theC-glycosylsubstituentswereinterchangedascomparedtothoseof
9.Thus,8wasidentifiedasthepreviouslyundescribedflavonoid
chrysoeriol6-C-β-galactopyranosyl-8-C-β-glucopyranoside(Fig.4).The
sodiatedmolecularions[M+Na]+atm/z647.15868(calculated:
647.15889;Massdifference:−0.19ppm)observedinthehighresolu-
tionmassspectrum(Fig.S76)of8correspondingtoC28H32O16Na,and
[M+2Na–H]+atm/z669.14138(calculated:669.14084;Massdiffer-
ence:0.94ppm)correspondingtoC28H31O16Na2confirmed8tobethe

previouslyundescribedcompoundchrysoeriol6-C-β-galactopyranosyl-
8-C-β-glucopyranoside.

CircularDichroism(CD)spectraofallisolateddi-C-glycosylflavones
wererecorded.Allthesecompoundsarebasedonthesamechrysoeriol
aglycone.AccordingtoGaffieldetal.(1978)theCDbandsofdi-C-
glycosylflavonesareoftenrelativelyweakasaresultofoverlappingof
oppositelysignedadjacentCDbands(Wellmanetal.,1965).Thesi-
milarityoftherecordedCDspectraofcompounds6–10indicatethat
theconfigurationsofC-1oftheglycosylsubstituentsaresimilarfor
thesecompounds(Gaffieldetal.,1978).ThefactthattheCDspectrum
ofcompound5,whichexhibitedastrongnegativebandat275nm,
differedfromtheCD-spectrarecordedofcompounds6–10maynotbe
unexpectedsincecompound5istheonlydi-C-glycosylflavoneamong
theisolatedcompoundswhichissubstitutedbyanarabinofuranosyl
moiety.

Compounds8–10exhibitmostoftheir1Hand13C-NMRsignals
(Tables4and5)indoublesets.Thesesignalsrevealtwoconformational
isomerscreatedbyrotationalhindranceattheC(sp3)–C(sp2)gluco-
syl–flavonelinkageineachofthese6,8-di-C-substitutedflavones
(Rayyanetal.,2005).Theequilibriumbetweentherotamerswas
supportedbyobservationsofstrongexchangepeaksbetweenequiva-
lentprotonsofeachoftherotamericpairsintheirROESYspectra
(SupplementaryFig.S57,S63andS69).

Isomerisationofdi-C-glycosylflavonesbyWesselyMoserre-
arrangementwasdemonstratedtooccurbythefactthatduringthefinal
isolationofpurecompoundsbypreparativeHPLC,compound5was
isolatedattwodifferentretentiontimesfromthesamemixture.This

Table5
13CNMRchemicalshiftvalues(ppm)andcouplingconstants(Hz)ofchrysoeriol6-C-β-arabinofuranosyl-8-C-β-glucopyranoside(5),chrysoeriol6-C-β-arabinopyr-
anosyl-8-C-β-glucopyranoside(6),chrysoeriol6-C-β-xylopyranosyl-8-C-β-galactopyranoside(7),chrysoeriol6-C-β-galactopyranosyl-8-C-β-glucopyranoside(8),
chrysoeriol6-C-β-glucopyranosyl-8-C-β-galactopyranoside(9)andchrysoeriol6,8-di-C-β-D-glucopyranoside(10)inDMSO-D6at298K.Top:Signalsofmajorro-
tamer.Bottom:Signalsofminorrotamer.nd=notdetected.

5678910

Chrysoeriol
2164.0163.9163.2164.1(163.5)163.2(164.1)164.1(163.5)
3102.8103.0102.6103.0(102.8)102.6(103.4)103.1(102.8)
4182.2182.1181.9182.2(182.2)182.2(182.2)182.5(182.4)
5157.1158.0159.8158.1nd(158.5)158.6(159.9)
6103.3107.9109.1108.2109.2(107.1)107.6(109.0)
7162.7160.7161.4160.8161.5(160.7)160.9(161.5)
8104.5104.7103.8105.0103.4(105.2)105.3
9154.9155.1153.1155.1153.2(155.2)155.1
10103.1103.5102.9103.6(102.9)103.0(103.8)103.7(103.3)
1’121.9121.6121.5121.7(121.6)121.4(120.9)121.8(121.7)
2’110.6110.5110.0110.7(109.9)110.1(109.9)110.7(110.2)
3’148.0147.8147.8148.0(147.9)147.7(147.7)148.1(147.8)
4’150.8150.6150.3150.8(150.5)150.3(150.6)150.9(150.4)
5’115.5115.1115.4115.4(115.8)115.6(115.7)115.5(115.7)
6’121.2121.0120.5121.1(120.3)120.3(123.0)121.3(120.5)
3′-OCH356.25655.556.1(55.6)55.6(55.9)56.2(55.7)

6-C-β-
Arabinofuranosyl

6-C-β-
Arabinopyranosyl

6-C-β-Xylopyranosyl6-C-β-
Galactopyranosyl

6-C-β-Glucopyranosyl6-C-β-Glucopyranosyl

1’’79.973.973.473.5(73.6)72.7(73.9)74.0(73.1)
2’’77.368.177.269.6(68.5)69.7(71.8)71.9
3’’77.473.679.174.4(74.7)79.1(77.7)77.8(78.9)
4’’87.069.369.768.370.769.0
5’’61.169.970.079.081.7

80.7)
80.9

6’’60.761.5(59.7)59.7
8-C-β-
Glucopyranoside

8-C-β-Glucopyranoside8-C-β-
Galactopyranoside

8-C-β-
Glucopyranoside

8-C-β-
Galactopyranoside

8-C-β-
Glucopyranoside

1‴73.072.974.873.0(74.5)74.9(73.7)73.2(75.1)
2‴70.770.669.870.7(70.7)68.2(68.8)70.8(72.0)
3‴78.778.774.378.8(79.0)74.4(75.5)78.8(78.3)
4‴70.570.468.170.6(70.5)69.7(69.1)70.6(69.2)
5‴81.981.779.281.9(82.0)79.482.0(81.8)
6‴61.461.160.561.3(61.6)60.7(60.8)61.3(61.3)

A.E.CarpinteyroDíaz,etal.Phytochemistry 164 (2019) 67–77

73

639.13064(calculated:639.13027;Massdifference:0.71ppm)ob-
servedinthehighresolutionmassspectrumof7correspondingto
C27H29O15Na2confirmedthisidentification.

The1Dand2DNMRspectraof9sharedmanysimilaritiestothatof
7,showingchrysoeriolaglyconeglycosylatedatpositions6and8ofthe
aglycone,withgalactopyranoseasthe8-glycosylsubstituent(Fig.4and
Tables4and5).The6-C-glycosylsubstituentof9was,however,
identifiedasglucopyranosyl(Fig.4structureandTables4and5).Thus,
9wasidentifiedasthepreviouslyundescribedflavonoidchrysoeriol6-
C-β-glucopyranosyl-8-C-β-galactopyranoside)(Fig.4).Thesodiated
molecularion[M+Na]+atm/z647.15899(calculated:647.15889;
Massdifference:0.29ppm)observedinthehighresolutionmassspec-
trumcorrespondingtoC28H32O16Na,and[M+2Na–H]+atm/z
669.14084(calculated:669.14084;Massdifference:0.34ppm)ob-
servedinthehighresolutionmassspectrumof9(Fig.S77)corre-
spondingtoC28H31O16Na2confirmedthisidentification.

The1Dand2DNMRspectraof8sharedmanysimilaritiestothatof
9,showingchrysoeriolaglyconeC-glycosylatedwithglucoseandga-
lactoseatpositions6and8oftheaglycone,althoughthepositionsof
theC-glycosylsubstituentswereinterchangedascomparedtothoseof
9.Thus,8wasidentifiedasthepreviouslyundescribedflavonoid
chrysoeriol6-C-β-galactopyranosyl-8-C-β-glucopyranoside(Fig.4).The
sodiatedmolecularions[M+Na]+atm/z647.15868(calculated:
647.15889;Massdifference:−0.19ppm)observedinthehighresolu-
tionmassspectrum(Fig.S76)of8correspondingtoC28H32O16Na,and
[M+2Na–H]+atm/z669.14138(calculated:669.14084;Massdiffer-
ence:0.94ppm)correspondingtoC28H31O16Na2confirmed8tobethe

previouslyundescribedcompoundchrysoeriol6-C-β-galactopyranosyl-
8-C-β-glucopyranoside.

CircularDichroism(CD)spectraofallisolateddi-C-glycosylflavones
wererecorded.Allthesecompoundsarebasedonthesamechrysoeriol
aglycone.AccordingtoGaffieldetal.(1978)theCDbandsofdi-C-
glycosylflavonesareoftenrelativelyweakasaresultofoverlappingof
oppositelysignedadjacentCDbands(Wellmanetal.,1965).Thesi-
milarityoftherecordedCDspectraofcompounds6–10indicatethat
theconfigurationsofC-1oftheglycosylsubstituentsaresimilarfor
thesecompounds(Gaffieldetal.,1978).ThefactthattheCDspectrum
ofcompound5,whichexhibitedastrongnegativebandat275nm,
differedfromtheCD-spectrarecordedofcompounds6–10maynotbe
unexpectedsincecompound5istheonlydi-C-glycosylflavoneamong
theisolatedcompoundswhichissubstitutedbyanarabinofuranosyl
moiety.

Compounds8–10exhibitmostoftheir1Hand13C-NMRsignals
(Tables4and5)indoublesets.Thesesignalsrevealtwoconformational
isomerscreatedbyrotationalhindranceattheC(sp3)–C(sp2)gluco-
syl–flavonelinkageineachofthese6,8-di-C-substitutedflavones
(Rayyanetal.,2005).Theequilibriumbetweentherotamerswas
supportedbyobservationsofstrongexchangepeaksbetweenequiva-
lentprotonsofeachoftherotamericpairsintheirROESYspectra
(SupplementaryFig.S57,S63andS69).

Isomerisationofdi-C-glycosylflavonesbyWesselyMoserre-
arrangementwasdemonstratedtooccurbythefactthatduringthefinal
isolationofpurecompoundsbypreparativeHPLC,compound5was
isolatedattwodifferentretentiontimesfromthesamemixture.This

Table5
13CNMRchemicalshiftvalues(ppm)andcouplingconstants(Hz)ofchrysoeriol6-C-β-arabinofuranosyl-8-C-β-glucopyranoside(5),chrysoeriol6-C-β-arabinopyr-
anosyl-8-C-β-glucopyranoside(6),chrysoeriol6-C-β-xylopyranosyl-8-C-β-galactopyranoside(7),chrysoeriol6-C-β-galactopyranosyl-8-C-β-glucopyranoside(8),
chrysoeriol6-C-β-glucopyranosyl-8-C-β-galactopyranoside(9)andchrysoeriol6,8-di-C-β-D-glucopyranoside(10)inDMSO-D6at298K.Top:Signalsofmajorro-
tamer.Bottom:Signalsofminorrotamer.nd=notdetected.

5678910

Chrysoeriol
2164.0163.9163.2164.1(163.5)163.2(164.1)164.1(163.5)
3102.8103.0102.6103.0(102.8)102.6(103.4)103.1(102.8)
4182.2182.1181.9182.2(182.2)182.2(182.2)182.5(182.4)
5157.1158.0159.8158.1nd(158.5)158.6(159.9)
6103.3107.9109.1108.2109.2(107.1)107.6(109.0)
7162.7160.7161.4160.8161.5(160.7)160.9(161.5)
8104.5104.7103.8105.0103.4(105.2)105.3
9154.9155.1153.1155.1153.2(155.2)155.1
10103.1103.5102.9103.6(102.9)103.0(103.8)103.7(103.3)
1’121.9121.6121.5121.7(121.6)121.4(120.9)121.8(121.7)
2’110.6110.5110.0110.7(109.9)110.1(109.9)110.7(110.2)
3’148.0147.8147.8148.0(147.9)147.7(147.7)148.1(147.8)
4’150.8150.6150.3150.8(150.5)150.3(150.6)150.9(150.4)
5’115.5115.1115.4115.4(115.8)115.6(115.7)115.5(115.7)
6’121.2121.0120.5121.1(120.3)120.3(123.0)121.3(120.5)
3′-OCH356.25655.556.1(55.6)55.6(55.9)56.2(55.7)

6-C-β-
Arabinofuranosyl

6-C-β-
Arabinopyranosyl

6-C-β-Xylopyranosyl6-C-β-
Galactopyranosyl

6-C-β-Glucopyranosyl6-C-β-Glucopyranosyl

1’’79.973.973.473.5(73.6)72.7(73.9)74.0(73.1)
2’’77.368.177.269.6(68.5)69.7(71.8)71.9
3’’77.473.679.174.4(74.7)79.1(77.7)77.8(78.9)
4’’87.069.369.768.370.769.0
5’’61.169.970.079.081.7

80.7)
80.9

6’’60.761.5(59.7)59.7
8-C-β-
Glucopyranoside

8-C-β-Glucopyranoside8-C-β-
Galactopyranoside

8-C-β-
Glucopyranoside

8-C-β-
Galactopyranoside

8-C-β-
Glucopyranoside

1‴73.072.974.873.0(74.5)74.9(73.7)73.2(75.1)
2‴70.770.669.870.7(70.7)68.2(68.8)70.8(72.0)
3‴78.778.774.378.8(79.0)74.4(75.5)78.8(78.3)
4‴70.570.468.170.6(70.5)69.7(69.1)70.6(69.2)
5‴81.981.779.281.9(82.0)79.482.0(81.8)
6‴61.461.160.561.3(61.6)60.7(60.8)61.3(61.3)
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639.13064 (calculated: 639.13027; Mass difference: 0.71 ppm) ob-
served in the high resolution mass spectrum of 7 corresponding to
C27H29O15Na2 confirmed this identification.

The 1D and 2D NMR spectra of 9 shared many similarities to that of
7, showing chrysoeriol aglycone glycosylated at positions 6 and 8 of the
aglycone, with galactopyranose as the 8-glycosyl substituent (Fig. 4 and
Tables 4 and 5). The 6-C-glycosyl substituent of 9 was, however,
identified as glucopyranosyl (Fig. 4 structure and Tables 4 and 5). Thus,
9 was identified as the previously undescribed flavonoid chrysoeriol 6-
C-β-glucopyranosyl-8-C-β-galactopyranoside) (Fig. 4). The sodiated
molecular ion [M+Na]+ at m/z 647.15899 (calculated: 647.15889;
Mass difference: 0.29 ppm) observed in the high resolution mass spec-
trum corresponding to C28H32O16Na, and [M+2Na–H]+ at m/z
669.14084 (calculated: 669.14084; Mass difference: 0.34 ppm) ob-
served in the high resolution mass spectrum of 9 (Fig. S77) corre-
sponding to C28H31O16Na2 confirmed this identification.

The 1D and 2D NMR spectra of 8 shared many similarities to that of
9, showing chrysoeriol aglycone C-glycosylated with glucose and ga-
lactose at positions 6 and 8 of the aglycone, although the positions of
the C-glycosyl substituents were interchanged as compared to those of
9. Thus, 8 was identified as the previously undescribed flavonoid
chrysoeriol 6-C-β-galactopyranosyl-8-C-β-glucopyranoside (Fig. 4). The
sodiated molecular ions [M+Na]+ at m/z 647.15868 (calculated:
647.15889; Mass difference: −0.19 ppm) observed in the high resolu-
tion mass spectrum (Fig. S76) of 8 corresponding to C28H32O16Na, and
[M+2Na–H]

+
at m/z 669.14138 (calculated: 669.14084; Mass differ-

ence: 0.94 ppm) corresponding to C28H31O16Na2 confirmed 8 to be the

previously undescribed compound chrysoeriol 6-C-β-galactopyranosyl-
8-C-β-glucopyranoside.

Circular Dichroism (CD) spectra of all isolated di-C-glycosylflavones
were recorded. All these compounds are based on the same chrysoeriol
aglycone. According to Gaffield et al. (1978) the CD bands of di-C-
glycosylflavones are often relatively weak as a result of overlapping of
oppositely signed adjacent CD bands (Wellman et al., 1965). The si-
milarity of the recorded CD spectra of compounds 6–10 indicate that
the configurations of C-1 of the glycosyl substituents are similar for
these compounds (Gaffield et al., 1978). The fact that the CD spectrum
of compound 5, which exhibited a strong negative band at 275 nm,
differed from the CD-spectra recorded of compounds 6–10 may not be
unexpected since compound 5 is the only di-C-glycosylflavone among
the isolated compounds which is substituted by an arabinofuranosyl
moiety.

Compounds 8–10 exhibit most of their
1
H and

13
C-NMR signals

(Tables 4 and 5) in double sets. These signals reveal two conformational
isomers created by rotational hindrance at the C (sp

3
)–C (sp

2
) gluco-

syl–flavone linkage in each of these 6,8-di-C-substituted flavones
(Rayyan et al., 2005). The equilibrium between the rotamers was
supported by observations of strong exchange peaks between equiva-
lent protons of each of the rotameric pairs in their ROESY spectra
(Supplementary Fig. S57, S63 and S69).

Isomerisation of di-C-glycosyl flavones by Wessely Moser re-
arrangement was demonstrated to occur by the fact that during the final
isolation of pure compounds by preparative HPLC, compound 5 was
isolated at two different retention times from the same mixture. This

Table 5
13C NMR chemical shift values (ppm) and coupling constants (Hz) of chrysoeriol 6-C-β-arabinofuranosyl-8-C-β-glucopyranoside (5), chrysoeriol 6-C-β-arabinopyr-
anosyl-8-C-β-glucopyranoside (6), chrysoeriol 6-C-β-xylopyranosyl-8-C-β-galactopyranoside (7), chrysoeriol 6-C-β-galactopyranosyl-8-C-β-glucopyranoside (8),
chrysoeriol 6-C-β-glucopyranosyl-8-C-β-galactopyranoside (9) and chrysoeriol 6,8-di-C-β-D-glucopyranoside (10) in DMSO-D6 at 298K. Top: Signals of major ro-
tamer. Bottom: Signals of minor rotamer. nd= not detected.

5 6 7 8 9 10

Chrysoeriol
2 164.0 163.9 163.2 164.1 (163.5) 163.2 (164.1) 164.1 (163.5)
3 102.8 103.0 102.6 103.0 (102.8) 102.6 (103.4) 103.1 (102.8)
4 182.2 182.1 181.9 182.2 (182.2) 182.2 (182.2) 182.5 (182.4)
5 157.1 158.0 159.8 158.1 nd (158.5) 158.6 (159.9)
6 103.3 107.9 109.1 108.2 109.2 (107.1) 107.6 (109.0)
7 162.7 160.7 161.4 160.8 161.5 (160.7) 160.9 (161.5)
8 104.5 104.7 103.8 105.0 103.4 (105.2) 105.3
9 154.9 155.1 153.1 155.1 153.2 (155.2) 155.1
10 103.1 103.5 102.9 103.6 (102.9) 103.0 (103.8) 103.7 (103.3)
1’ 121.9 121.6 121.5 121.7 (121.6) 121.4 (120.9) 121.8 (121.7)
2’ 110.6 110.5 110.0 110.7 (109.9) 110.1 (109.9) 110.7 (110.2)
3’ 148.0 147.8 147.8 148.0 (147.9) 147.7 (147.7) 148.1 (147.8)
4’ 150.8 150.6 150.3 150.8 (150.5) 150.3 (150.6) 150.9 (150.4)
5’ 115.5 115.1 115.4 115.4 (115.8) 115.6 (115.7) 115.5 (115.7)
6’ 121.2 121.0 120.5 121.1 (120.3) 120.3 (123.0) 121.3 (120.5)
3′-OCH3 56.2 56 55.5 56.1 (55.6) 55.6 (55.9) 56.2 (55.7)

6-C-β-
Arabinofuranosyl

6-C-β-
Arabinopyranosyl

6-C-β-Xylopyranosyl 6-C-β-
Galactopyranosyl

6-C-β-Glucopyranosyl 6-C-β-Glucopyranosyl

1’’ 79.9 73.9 73.4 73.5 (73.6) 72.7 (73.9) 74.0 (73.1)
2’’ 77.3 68.1 77.2 69.6 (68.5) 69.7 (71.8) 71.9
3’’ 77.4 73.6 79.1 74.4 (74.7) 79.1 (77.7) 77.8 (78.9)
4’’ 87.0 69.3 69.7 68.3 70.7 69.0
5’’ 61.1 69.9 70.0 79.0 81.7

80.7)
80.9

6’’ 60.7 61.5 (59.7) 59.7
8-C-β-
Glucopyranoside

8-C-β-Glucopyranoside 8-C-β-
Galactopyranoside

8-C-β-
Glucopyranoside

8-C-β-
Galactopyranoside

8-C-β-
Glucopyranoside

1‴ 73.0 72.9 74.8 73.0 (74.5) 74.9 (73.7) 73.2 (75.1)
2‴ 70.7 70.6 69.8 70.7 (70.7) 68.2 (68.8) 70.8 (72.0)
3‴ 78.7 78.7 74.3 78.8 (79.0) 74.4 (75.5) 78.8 (78.3)
4‴ 70.5 70.4 68.1 70.6 (70.5) 69.7 (69.1) 70.6 (69.2)
5‴ 81.9 81.7 79.2 81.9 (82.0) 79.4 82.0 (81.8)
6‴ 61.4 61.1 60.5 61.3 (61.6) 60.7 (60.8) 61.3 (61.3)
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639.13064 (calculated: 639.13027; Mass difference: 0.71 ppm) ob-
served in the high resolution mass spectrum of 7 corresponding to
C27H29O15Na2 confirmed this identification.

The 1D and 2D NMR spectra of 9 shared many similarities to that of
7, showing chrysoeriol aglycone glycosylated at positions 6 and 8 of the
aglycone, with galactopyranose as the 8-glycosyl substituent (Fig. 4 and
Tables 4 and 5). The 6-C-glycosyl substituent of 9 was, however,
identified as glucopyranosyl (Fig. 4 structure and Tables 4 and 5). Thus,
9 was identified as the previously undescribed flavonoid chrysoeriol 6-
C-β-glucopyranosyl-8-C-β-galactopyranoside) (Fig. 4). The sodiated
molecular ion [M+Na]+ at m/z 647.15899 (calculated: 647.15889;
Mass difference: 0.29 ppm) observed in the high resolution mass spec-
trum corresponding to C28H32O16Na, and [M+2Na–H]+ at m/z
669.14084 (calculated: 669.14084; Mass difference: 0.34 ppm) ob-
served in the high resolution mass spectrum of 9 (Fig. S77) corre-
sponding to C28H31O16Na2 confirmed this identification.

The 1D and 2D NMR spectra of 8 shared many similarities to that of
9, showing chrysoeriol aglycone C-glycosylated with glucose and ga-
lactose at positions 6 and 8 of the aglycone, although the positions of
the C-glycosyl substituents were interchanged as compared to those of
9. Thus, 8 was identified as the previously undescribed flavonoid
chrysoeriol 6-C-β-galactopyranosyl-8-C-β-glucopyranoside (Fig. 4). The
sodiated molecular ions [M+Na]+ at m/z 647.15868 (calculated:
647.15889; Mass difference: −0.19 ppm) observed in the high resolu-
tion mass spectrum (Fig. S76) of 8 corresponding to C28H32O16Na, and
[M+2Na–H]

+
at m/z 669.14138 (calculated: 669.14084; Mass differ-

ence: 0.94 ppm) corresponding to C28H31O16Na2 confirmed 8 to be the

previously undescribed compound chrysoeriol 6-C-β-galactopyranosyl-
8-C-β-glucopyranoside.

Circular Dichroism (CD) spectra of all isolated di-C-glycosylflavones
were recorded. All these compounds are based on the same chrysoeriol
aglycone. According to Gaffield et al. (1978) the CD bands of di-C-
glycosylflavones are often relatively weak as a result of overlapping of
oppositely signed adjacent CD bands (Wellman et al., 1965). The si-
milarity of the recorded CD spectra of compounds 6–10 indicate that
the configurations of C-1 of the glycosyl substituents are similar for
these compounds (Gaffield et al., 1978). The fact that the CD spectrum
of compound 5, which exhibited a strong negative band at 275 nm,
differed from the CD-spectra recorded of compounds 6–10 may not be
unexpected since compound 5 is the only di-C-glycosylflavone among
the isolated compounds which is substituted by an arabinofuranosyl
moiety.

Compounds 8–10 exhibit most of their
1
H and

13
C-NMR signals

(Tables 4 and 5) in double sets. These signals reveal two conformational
isomers created by rotational hindrance at the C (sp

3
)–C (sp

2
) gluco-

syl–flavone linkage in each of these 6,8-di-C-substituted flavones
(Rayyan et al., 2005). The equilibrium between the rotamers was
supported by observations of strong exchange peaks between equiva-
lent protons of each of the rotameric pairs in their ROESY spectra
(Supplementary Fig. S57, S63 and S69).

Isomerisation of di-C-glycosyl flavones by Wessely Moser re-
arrangement was demonstrated to occur by the fact that during the final
isolation of pure compounds by preparative HPLC, compound 5 was
isolated at two different retention times from the same mixture. This

Table 5
13C NMR chemical shift values (ppm) and coupling constants (Hz) of chrysoeriol 6-C-β-arabinofuranosyl-8-C-β-glucopyranoside (5), chrysoeriol 6-C-β-arabinopyr-
anosyl-8-C-β-glucopyranoside (6), chrysoeriol 6-C-β-xylopyranosyl-8-C-β-galactopyranoside (7), chrysoeriol 6-C-β-galactopyranosyl-8-C-β-glucopyranoside (8),
chrysoeriol 6-C-β-glucopyranosyl-8-C-β-galactopyranoside (9) and chrysoeriol 6,8-di-C-β-D-glucopyranoside (10) in DMSO-D6 at 298K. Top: Signals of major ro-
tamer. Bottom: Signals of minor rotamer. nd= not detected.

5 6 7 8 9 10

Chrysoeriol
2 164.0 163.9 163.2 164.1 (163.5) 163.2 (164.1) 164.1 (163.5)
3 102.8 103.0 102.6 103.0 (102.8) 102.6 (103.4) 103.1 (102.8)
4 182.2 182.1 181.9 182.2 (182.2) 182.2 (182.2) 182.5 (182.4)
5 157.1 158.0 159.8 158.1 nd (158.5) 158.6 (159.9)
6 103.3 107.9 109.1 108.2 109.2 (107.1) 107.6 (109.0)
7 162.7 160.7 161.4 160.8 161.5 (160.7) 160.9 (161.5)
8 104.5 104.7 103.8 105.0 103.4 (105.2) 105.3
9 154.9 155.1 153.1 155.1 153.2 (155.2) 155.1
10 103.1 103.5 102.9 103.6 (102.9) 103.0 (103.8) 103.7 (103.3)
1’ 121.9 121.6 121.5 121.7 (121.6) 121.4 (120.9) 121.8 (121.7)
2’ 110.6 110.5 110.0 110.7 (109.9) 110.1 (109.9) 110.7 (110.2)
3’ 148.0 147.8 147.8 148.0 (147.9) 147.7 (147.7) 148.1 (147.8)
4’ 150.8 150.6 150.3 150.8 (150.5) 150.3 (150.6) 150.9 (150.4)
5’ 115.5 115.1 115.4 115.4 (115.8) 115.6 (115.7) 115.5 (115.7)
6’ 121.2 121.0 120.5 121.1 (120.3) 120.3 (123.0) 121.3 (120.5)
3′-OCH3 56.2 56 55.5 56.1 (55.6) 55.6 (55.9) 56.2 (55.7)

6-C-β-
Arabinofuranosyl

6-C-β-
Arabinopyranosyl

6-C-β-Xylopyranosyl 6-C-β-
Galactopyranosyl

6-C-β-Glucopyranosyl 6-C-β-Glucopyranosyl

1’’ 79.9 73.9 73.4 73.5 (73.6) 72.7 (73.9) 74.0 (73.1)
2’’ 77.3 68.1 77.2 69.6 (68.5) 69.7 (71.8) 71.9
3’’ 77.4 73.6 79.1 74.4 (74.7) 79.1 (77.7) 77.8 (78.9)
4’’ 87.0 69.3 69.7 68.3 70.7 69.0
5’’ 61.1 69.9 70.0 79.0 81.7

80.7)
80.9

6’’ 60.7 61.5 (59.7) 59.7
8-C-β-
Glucopyranoside

8-C-β-Glucopyranoside 8-C-β-
Galactopyranoside

8-C-β-
Glucopyranoside

8-C-β-
Galactopyranoside

8-C-β-
Glucopyranoside

1‴ 73.0 72.9 74.8 73.0 (74.5) 74.9 (73.7) 73.2 (75.1)
2‴ 70.7 70.6 69.8 70.7 (70.7) 68.2 (68.8) 70.8 (72.0)
3‴ 78.7 78.7 74.3 78.8 (79.0) 74.4 (75.5) 78.8 (78.3)
4‴ 70.5 70.4 68.1 70.6 (70.5) 69.7 (69.1) 70.6 (69.2)
5‴ 81.9 81.7 79.2 81.9 (82.0) 79.4 82.0 (81.8)
6‴ 61.4 61.1 60.5 61.3 (61.6) 60.7 (60.8) 61.3 (61.3)
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639.13064(calculated:639.13027;Massdifference:0.71ppm)ob-
servedinthehighresolutionmassspectrumof7correspondingto
C27H29O15Na2confirmedthisidentification.

The1Dand2DNMRspectraof9sharedmanysimilaritiestothatof
7,showingchrysoeriolaglyconeglycosylatedatpositions6and8ofthe
aglycone,withgalactopyranoseasthe8-glycosylsubstituent(Fig.4and
Tables4and5).The6-C-glycosylsubstituentof9was,however,
identifiedasglucopyranosyl(Fig.4structureandTables4and5).Thus,
9wasidentifiedasthepreviouslyundescribedflavonoidchrysoeriol6-
C-β-glucopyranosyl-8-C-β-galactopyranoside)(Fig.4).Thesodiated
molecularion[M+Na]+atm/z647.15899(calculated:647.15889;
Massdifference:0.29ppm)observedinthehighresolutionmassspec-
trumcorrespondingtoC28H32O16Na,and[M+2Na–H]+atm/z
669.14084(calculated:669.14084;Massdifference:0.34ppm)ob-
servedinthehighresolutionmassspectrumof9(Fig.S77)corre-
spondingtoC28H31O16Na2confirmedthisidentification.

The1Dand2DNMRspectraof8sharedmanysimilaritiestothatof
9,showingchrysoeriolaglyconeC-glycosylatedwithglucoseandga-
lactoseatpositions6and8oftheaglycone,althoughthepositionsof
theC-glycosylsubstituentswereinterchangedascomparedtothoseof
9.Thus,8wasidentifiedasthepreviouslyundescribedflavonoid
chrysoeriol6-C-β-galactopyranosyl-8-C-β-glucopyranoside(Fig.4).The
sodiatedmolecularions[M+Na]+atm/z647.15868(calculated:
647.15889;Massdifference:−0.19ppm)observedinthehighresolu-
tionmassspectrum(Fig.S76)of8correspondingtoC28H32O16Na,and
[M+2Na–H]

+
atm/z669.14138(calculated:669.14084;Massdiffer-

ence:0.94ppm)correspondingtoC28H31O16Na2confirmed8tobethe

previouslyundescribedcompoundchrysoeriol6-C-β-galactopyranosyl-
8-C-β-glucopyranoside.

CircularDichroism(CD)spectraofallisolateddi-C-glycosylflavones
wererecorded.Allthesecompoundsarebasedonthesamechrysoeriol
aglycone.AccordingtoGaffieldetal.(1978)theCDbandsofdi-C-
glycosylflavonesareoftenrelativelyweakasaresultofoverlappingof
oppositelysignedadjacentCDbands(Wellmanetal.,1965).Thesi-
milarityoftherecordedCDspectraofcompounds6–10indicatethat
theconfigurationsofC-1oftheglycosylsubstituentsaresimilarfor
thesecompounds(Gaffieldetal.,1978).ThefactthattheCDspectrum
ofcompound5,whichexhibitedastrongnegativebandat275nm,
differedfromtheCD-spectrarecordedofcompounds6–10maynotbe
unexpectedsincecompound5istheonlydi-C-glycosylflavoneamong
theisolatedcompoundswhichissubstitutedbyanarabinofuranosyl
moiety.

Compounds8–10exhibitmostoftheir
1
Hand

13
C-NMRsignals

(Tables4and5)indoublesets.Thesesignalsrevealtwoconformational
isomerscreatedbyrotationalhindranceattheC(sp

3
)–C(sp

2
)gluco-

syl–flavonelinkageineachofthese6,8-di-C-substitutedflavones
(Rayyanetal.,2005).Theequilibriumbetweentherotamerswas
supportedbyobservationsofstrongexchangepeaksbetweenequiva-
lentprotonsofeachoftherotamericpairsintheirROESYspectra
(SupplementaryFig.S57,S63andS69).

Isomerisationofdi-C-glycosylflavonesbyWesselyMoserre-
arrangementwasdemonstratedtooccurbythefactthatduringthefinal
isolationofpurecompoundsbypreparativeHPLC,compound5was
isolatedattwodifferentretentiontimesfromthesamemixture.This

Table5
13CNMRchemicalshiftvalues(ppm)andcouplingconstants(Hz)ofchrysoeriol6-C-β-arabinofuranosyl-8-C-β-glucopyranoside(5),chrysoeriol6-C-β-arabinopyr-
anosyl-8-C-β-glucopyranoside(6),chrysoeriol6-C-β-xylopyranosyl-8-C-β-galactopyranoside(7),chrysoeriol6-C-β-galactopyranosyl-8-C-β-glucopyranoside(8),
chrysoeriol6-C-β-glucopyranosyl-8-C-β-galactopyranoside(9)andchrysoeriol6,8-di-C-β-D-glucopyranoside(10)inDMSO-D6at298K.Top:Signalsofmajorro-
tamer.Bottom:Signalsofminorrotamer.nd=notdetected.

5678910

Chrysoeriol
2164.0163.9163.2164.1(163.5)163.2(164.1)164.1(163.5)
3102.8103.0102.6103.0(102.8)102.6(103.4)103.1(102.8)
4182.2182.1181.9182.2(182.2)182.2(182.2)182.5(182.4)
5157.1158.0159.8158.1nd(158.5)158.6(159.9)
6103.3107.9109.1108.2109.2(107.1)107.6(109.0)
7162.7160.7161.4160.8161.5(160.7)160.9(161.5)
8104.5104.7103.8105.0103.4(105.2)105.3
9154.9155.1153.1155.1153.2(155.2)155.1
10103.1103.5102.9103.6(102.9)103.0(103.8)103.7(103.3)
1’121.9121.6121.5121.7(121.6)121.4(120.9)121.8(121.7)
2’110.6110.5110.0110.7(109.9)110.1(109.9)110.7(110.2)
3’148.0147.8147.8148.0(147.9)147.7(147.7)148.1(147.8)
4’150.8150.6150.3150.8(150.5)150.3(150.6)150.9(150.4)
5’115.5115.1115.4115.4(115.8)115.6(115.7)115.5(115.7)
6’121.2121.0120.5121.1(120.3)120.3(123.0)121.3(120.5)
3′-OCH356.25655.556.1(55.6)55.6(55.9)56.2(55.7)

6-C-β-
Arabinofuranosyl

6-C-β-
Arabinopyranosyl

6-C-β-Xylopyranosyl6-C-β-
Galactopyranosyl

6-C-β-Glucopyranosyl6-C-β-Glucopyranosyl

1’’79.973.973.473.5(73.6)72.7(73.9)74.0(73.1)
2’’77.368.177.269.6(68.5)69.7(71.8)71.9
3’’77.473.679.174.4(74.7)79.1(77.7)77.8(78.9)
4’’87.069.369.768.370.769.0
5’’61.169.970.079.081.7

80.7)
80.9

6’’60.761.5(59.7)59.7
8-C-β-
Glucopyranoside

8-C-β-Glucopyranoside8-C-β-
Galactopyranoside

8-C-β-
Glucopyranoside

8-C-β-
Galactopyranoside

8-C-β-
Glucopyranoside

1‴73.072.974.873.0(74.5)74.9(73.7)73.2(75.1)
2‴70.770.669.870.7(70.7)68.2(68.8)70.8(72.0)
3‴78.778.774.378.8(79.0)74.4(75.5)78.8(78.3)
4‴70.570.468.170.6(70.5)69.7(69.1)70.6(69.2)
5‴81.981.779.281.9(82.0)79.482.0(81.8)
6‴61.461.160.561.3(61.6)60.7(60.8)61.3(61.3)
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639.13064(calculated:639.13027;Massdifference:0.71ppm)ob-
servedinthehighresolutionmassspectrumof7correspondingto
C27H29O15Na2confirmedthisidentification.

The1Dand2DNMRspectraof9sharedmanysimilaritiestothatof
7,showingchrysoeriolaglyconeglycosylatedatpositions6and8ofthe
aglycone,withgalactopyranoseasthe8-glycosylsubstituent(Fig.4and
Tables4and5).The6-C-glycosylsubstituentof9was,however,
identifiedasglucopyranosyl(Fig.4structureandTables4and5).Thus,
9wasidentifiedasthepreviouslyundescribedflavonoidchrysoeriol6-
C-β-glucopyranosyl-8-C-β-galactopyranoside)(Fig.4).Thesodiated
molecularion[M+Na]+atm/z647.15899(calculated:647.15889;
Massdifference:0.29ppm)observedinthehighresolutionmassspec-
trumcorrespondingtoC28H32O16Na,and[M+2Na–H]+atm/z
669.14084(calculated:669.14084;Massdifference:0.34ppm)ob-
servedinthehighresolutionmassspectrumof9(Fig.S77)corre-
spondingtoC28H31O16Na2confirmedthisidentification.

The1Dand2DNMRspectraof8sharedmanysimilaritiestothatof
9,showingchrysoeriolaglyconeC-glycosylatedwithglucoseandga-
lactoseatpositions6and8oftheaglycone,althoughthepositionsof
theC-glycosylsubstituentswereinterchangedascomparedtothoseof
9.Thus,8wasidentifiedasthepreviouslyundescribedflavonoid
chrysoeriol6-C-β-galactopyranosyl-8-C-β-glucopyranoside(Fig.4).The
sodiatedmolecularions[M+Na]+atm/z647.15868(calculated:
647.15889;Massdifference:−0.19ppm)observedinthehighresolu-
tionmassspectrum(Fig.S76)of8correspondingtoC28H32O16Na,and
[M+2Na–H]

+
atm/z669.14138(calculated:669.14084;Massdiffer-

ence:0.94ppm)correspondingtoC28H31O16Na2confirmed8tobethe

previouslyundescribedcompoundchrysoeriol6-C-β-galactopyranosyl-
8-C-β-glucopyranoside.

CircularDichroism(CD)spectraofallisolateddi-C-glycosylflavones
wererecorded.Allthesecompoundsarebasedonthesamechrysoeriol
aglycone.AccordingtoGaffieldetal.(1978)theCDbandsofdi-C-
glycosylflavonesareoftenrelativelyweakasaresultofoverlappingof
oppositelysignedadjacentCDbands(Wellmanetal.,1965).Thesi-
milarityoftherecordedCDspectraofcompounds6–10indicatethat
theconfigurationsofC-1oftheglycosylsubstituentsaresimilarfor
thesecompounds(Gaffieldetal.,1978).ThefactthattheCDspectrum
ofcompound5,whichexhibitedastrongnegativebandat275nm,
differedfromtheCD-spectrarecordedofcompounds6–10maynotbe
unexpectedsincecompound5istheonlydi-C-glycosylflavoneamong
theisolatedcompoundswhichissubstitutedbyanarabinofuranosyl
moiety.

Compounds8–10exhibitmostoftheir
1
Hand

13
C-NMRsignals

(Tables4and5)indoublesets.Thesesignalsrevealtwoconformational
isomerscreatedbyrotationalhindranceattheC(sp

3
)–C(sp

2
)gluco-

syl–flavonelinkageineachofthese6,8-di-C-substitutedflavones
(Rayyanetal.,2005).Theequilibriumbetweentherotamerswas
supportedbyobservationsofstrongexchangepeaksbetweenequiva-
lentprotonsofeachoftherotamericpairsintheirROESYspectra
(SupplementaryFig.S57,S63andS69).

Isomerisationofdi-C-glycosylflavonesbyWesselyMoserre-
arrangementwasdemonstratedtooccurbythefactthatduringthefinal
isolationofpurecompoundsbypreparativeHPLC,compound5was
isolatedattwodifferentretentiontimesfromthesamemixture.This

Table5
13CNMRchemicalshiftvalues(ppm)andcouplingconstants(Hz)ofchrysoeriol6-C-β-arabinofuranosyl-8-C-β-glucopyranoside(5),chrysoeriol6-C-β-arabinopyr-
anosyl-8-C-β-glucopyranoside(6),chrysoeriol6-C-β-xylopyranosyl-8-C-β-galactopyranoside(7),chrysoeriol6-C-β-galactopyranosyl-8-C-β-glucopyranoside(8),
chrysoeriol6-C-β-glucopyranosyl-8-C-β-galactopyranoside(9)andchrysoeriol6,8-di-C-β-D-glucopyranoside(10)inDMSO-D6at298K.Top:Signalsofmajorro-
tamer.Bottom:Signalsofminorrotamer.nd=notdetected.
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Chrysoeriol
2164.0163.9163.2164.1(163.5)163.2(164.1)164.1(163.5)
3102.8103.0102.6103.0(102.8)102.6(103.4)103.1(102.8)
4182.2182.1181.9182.2(182.2)182.2(182.2)182.5(182.4)
5157.1158.0159.8158.1nd(158.5)158.6(159.9)
6103.3107.9109.1108.2109.2(107.1)107.6(109.0)
7162.7160.7161.4160.8161.5(160.7)160.9(161.5)
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2’110.6110.5110.0110.7(109.9)110.1(109.9)110.7(110.2)
3’148.0147.8147.8148.0(147.9)147.7(147.7)148.1(147.8)
4’150.8150.6150.3150.8(150.5)150.3(150.6)150.9(150.4)
5’115.5115.1115.4115.4(115.8)115.6(115.7)115.5(115.7)
6’121.2121.0120.5121.1(120.3)120.3(123.0)121.3(120.5)
3′-OCH356.25655.556.1(55.6)55.6(55.9)56.2(55.7)

6-C-β-
Arabinofuranosyl

6-C-β-
Arabinopyranosyl

6-C-β-Xylopyranosyl6-C-β-
Galactopyranosyl

6-C-β-Glucopyranosyl6-C-β-Glucopyranosyl

1’’79.973.973.473.5(73.6)72.7(73.9)74.0(73.1)
2’’77.368.177.269.6(68.5)69.7(71.8)71.9
3’’77.473.679.174.4(74.7)79.1(77.7)77.8(78.9)
4’’87.069.369.768.370.769.0
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3‴78.778.774.378.8(79.0)74.4(75.5)78.8(78.3)
4‴70.570.468.170.6(70.5)69.7(69.1)70.6(69.2)
5‴81.981.779.281.9(82.0)79.482.0(81.8)
6‴61.461.160.561.3(61.6)60.7(60.8)61.3(61.3)
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639.13064(calculated:639.13027;Massdifference:0.71ppm)ob-
servedinthehighresolutionmassspectrumof7correspondingto
C27H29O15Na2confirmedthisidentification.

The1Dand2DNMRspectraof9sharedmanysimilaritiestothatof
7,showingchrysoeriolaglyconeglycosylatedatpositions6and8ofthe
aglycone,withgalactopyranoseasthe8-glycosylsubstituent(Fig.4and
Tables4and5).The6-C-glycosylsubstituentof9was,however,
identifiedasglucopyranosyl(Fig.4structureandTables4and5).Thus,
9wasidentifiedasthepreviouslyundescribedflavonoidchrysoeriol6-
C-β-glucopyranosyl-8-C-β-galactopyranoside)(Fig.4).Thesodiated
molecularion[M+Na]+atm/z647.15899(calculated:647.15889;
Massdifference:0.29ppm)observedinthehighresolutionmassspec-
trumcorrespondingtoC28H32O16Na,and[M+2Na–H]+atm/z
669.14084(calculated:669.14084;Massdifference:0.34ppm)ob-
servedinthehighresolutionmassspectrumof9(Fig.S77)corre-
spondingtoC28H31O16Na2confirmedthisidentification.

The1Dand2DNMRspectraof8sharedmanysimilaritiestothatof
9,showingchrysoeriolaglyconeC-glycosylatedwithglucoseandga-
lactoseatpositions6and8oftheaglycone,althoughthepositionsof
theC-glycosylsubstituentswereinterchangedascomparedtothoseof
9.Thus,8wasidentifiedasthepreviouslyundescribedflavonoid
chrysoeriol6-C-β-galactopyranosyl-8-C-β-glucopyranoside(Fig.4).The
sodiatedmolecularions[M+Na]+atm/z647.15868(calculated:
647.15889;Massdifference:−0.19ppm)observedinthehighresolu-
tionmassspectrum(Fig.S76)of8correspondingtoC28H32O16Na,and
[M+2Na–H]

+
atm/z669.14138(calculated:669.14084;Massdiffer-

ence:0.94ppm)correspondingtoC28H31O16Na2confirmed8tobethe

previouslyundescribedcompoundchrysoeriol6-C-β-galactopyranosyl-
8-C-β-glucopyranoside.

CircularDichroism(CD)spectraofallisolateddi-C-glycosylflavones
wererecorded.Allthesecompoundsarebasedonthesamechrysoeriol
aglycone.AccordingtoGaffieldetal.(1978)theCDbandsofdi-C-
glycosylflavonesareoftenrelativelyweakasaresultofoverlappingof
oppositelysignedadjacentCDbands(Wellmanetal.,1965).Thesi-
milarityoftherecordedCDspectraofcompounds6–10indicatethat
theconfigurationsofC-1oftheglycosylsubstituentsaresimilarfor
thesecompounds(Gaffieldetal.,1978).ThefactthattheCDspectrum
ofcompound5,whichexhibitedastrongnegativebandat275nm,
differedfromtheCD-spectrarecordedofcompounds6–10maynotbe
unexpectedsincecompound5istheonlydi-C-glycosylflavoneamong
theisolatedcompoundswhichissubstitutedbyanarabinofuranosyl
moiety.

Compounds8–10exhibitmostoftheir
1
Hand

13
C-NMRsignals

(Tables4and5)indoublesets.Thesesignalsrevealtwoconformational
isomerscreatedbyrotationalhindranceattheC(sp

3
)–C(sp

2
)gluco-

syl–flavonelinkageineachofthese6,8-di-C-substitutedflavones
(Rayyanetal.,2005).Theequilibriumbetweentherotamerswas
supportedbyobservationsofstrongexchangepeaksbetweenequiva-
lentprotonsofeachoftherotamericpairsintheirROESYspectra
(SupplementaryFig.S57,S63andS69).

Isomerisationofdi-C-glycosylflavonesbyWesselyMoserre-
arrangementwasdemonstratedtooccurbythefactthatduringthefinal
isolationofpurecompoundsbypreparativeHPLC,compound5was
isolatedattwodifferentretentiontimesfromthesamemixture.This

Table5
13CNMRchemicalshiftvalues(ppm)andcouplingconstants(Hz)ofchrysoeriol6-C-β-arabinofuranosyl-8-C-β-glucopyranoside(5),chrysoeriol6-C-β-arabinopyr-
anosyl-8-C-β-glucopyranoside(6),chrysoeriol6-C-β-xylopyranosyl-8-C-β-galactopyranoside(7),chrysoeriol6-C-β-galactopyranosyl-8-C-β-glucopyranoside(8),
chrysoeriol6-C-β-glucopyranosyl-8-C-β-galactopyranoside(9)andchrysoeriol6,8-di-C-β-D-glucopyranoside(10)inDMSO-D6at298K.Top:Signalsofmajorro-
tamer.Bottom:Signalsofminorrotamer.nd=notdetected.

5678910

Chrysoeriol
2164.0163.9163.2164.1(163.5)163.2(164.1)164.1(163.5)
3102.8103.0102.6103.0(102.8)102.6(103.4)103.1(102.8)
4182.2182.1181.9182.2(182.2)182.2(182.2)182.5(182.4)
5157.1158.0159.8158.1nd(158.5)158.6(159.9)
6103.3107.9109.1108.2109.2(107.1)107.6(109.0)
7162.7160.7161.4160.8161.5(160.7)160.9(161.5)
8104.5104.7103.8105.0103.4(105.2)105.3
9154.9155.1153.1155.1153.2(155.2)155.1
10103.1103.5102.9103.6(102.9)103.0(103.8)103.7(103.3)
1’121.9121.6121.5121.7(121.6)121.4(120.9)121.8(121.7)
2’110.6110.5110.0110.7(109.9)110.1(109.9)110.7(110.2)
3’148.0147.8147.8148.0(147.9)147.7(147.7)148.1(147.8)
4’150.8150.6150.3150.8(150.5)150.3(150.6)150.9(150.4)
5’115.5115.1115.4115.4(115.8)115.6(115.7)115.5(115.7)
6’121.2121.0120.5121.1(120.3)120.3(123.0)121.3(120.5)
3′-OCH356.25655.556.1(55.6)55.6(55.9)56.2(55.7)

6-C-β-
Arabinofuranosyl

6-C-β-
Arabinopyranosyl

6-C-β-Xylopyranosyl6-C-β-
Galactopyranosyl

6-C-β-Glucopyranosyl6-C-β-Glucopyranosyl

1’’79.973.973.473.5(73.6)72.7(73.9)74.0(73.1)
2’’77.368.177.269.6(68.5)69.7(71.8)71.9
3’’77.473.679.174.4(74.7)79.1(77.7)77.8(78.9)
4’’87.069.369.768.370.769.0
5’’61.169.970.079.081.7

80.7)
80.9

6’’60.761.5(59.7)59.7
8-C-β-
Glucopyranoside

8-C-β-Glucopyranoside8-C-β-
Galactopyranoside

8-C-β-
Glucopyranoside

8-C-β-
Galactopyranoside

8-C-β-
Glucopyranoside

1‴73.072.974.873.0(74.5)74.9(73.7)73.2(75.1)
2‴70.770.669.870.7(70.7)68.2(68.8)70.8(72.0)
3‴78.778.774.378.8(79.0)74.4(75.5)78.8(78.3)
4‴70.570.468.170.6(70.5)69.7(69.1)70.6(69.2)
5‴81.981.779.281.9(82.0)79.482.0(81.8)
6‴61.461.160.561.3(61.6)60.7(60.8)61.3(61.3)
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639.13064(calculated:639.13027;Massdifference:0.71ppm)ob-
servedinthehighresolutionmassspectrumof7correspondingto
C27H29O15Na2confirmedthisidentification.

The1Dand2DNMRspectraof9sharedmanysimilaritiestothatof
7,showingchrysoeriolaglyconeglycosylatedatpositions6and8ofthe
aglycone,withgalactopyranoseasthe8-glycosylsubstituent(Fig.4and
Tables4and5).The6-C-glycosylsubstituentof9was,however,
identifiedasglucopyranosyl(Fig.4structureandTables4and5).Thus,
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C-β-glucopyranosyl-8-C-β-galactopyranoside)(Fig.4).Thesodiated
molecularion[M+Na]+atm/z647.15899(calculated:647.15889;
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may not be surprising since we have previously observed similar iso-
merisation of C-glycosyl-3-deoxyanthocyanins occurring under similar
mild experimental conditions (Bjorøy et al. 2009a, 2009b).

To investigate if any of the compounds could be responsible for the
death of sheep and cattle, their cytotoxic potential was investigated on
three cell lines. The rat kidney epithelial cell line NRK, the rat cardio-
myoblast H9c2, and the human AML cell line Molm13. The flavonoids
(compounds 5–10) exhibited no, or very low toxicity towards the cell
lines, with either activity above 0.5mM, or no detectable cytotoxic
activity at 1mM (Table 6). The saponins (compounds 1–4) were more
potent. Interestingly, the cytotoxic potential increased proportionally
with the increasing number of glycosyl substituents, where compound 4
(sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-3′-O-α-arabinopyranosyl-
β-galactopyranoside)) showed an EC50 (concentration leading to 50%
cell death) between 2 and 8 μM after 72 h of incubation (Table 6 and
Fig. 5). Incubation time for 24 h gave higher EC50 values (Table 6 and
Fig. 5), but for compound 4, the EC50 values for the different cell lines
were still between 3 and 10 μM.

The results presented in Table 6 and Fig. 5 indicate that the sapo-
nins, and particularly the main saponin, compound 4, are responsible
for some of the toxic effects observed in livestock after ingestion of
flowering tops of N. ossifragum. All cell lines were severely affected by
the main saponin compound 4, indicating that the presence of this
substance in the vascular system might affect the function of the heart,
leukocytes, and kidneys. Furthermore, our data suggests that com-
pounds 3 and 4 induce both a sub-acute and protracted toxicity, since
we found significant cell death at 24 h, which increased after 72 h
(Fig. 5). It has previously been shown that orally administered saponins
induced damage in the intestinal mucosa, as well as causing liver and
kidney necrosis (Aguilar-Santamaría et al. (2013); Diwan et al. (2000)).
Moreover, case reports of cattle with suspected N. ossifragum poisoning
showed hepatic fibrosis and reduced renal function (Flåøyen et al.,
1995a Flåøyen et al., 1995b; Angell and Ross (2011)). Interestingly,
Angell and Ross (2011) observed that the condition of one of the cattle
exacerbated even after treatment was initiated (Angell and Ross, 2011),
indicating irreparable damage, or a protracted toxic effect. The kidney
and liver might be particularly vulnerable to compounds like compound
3 and 4 due to their high perfusion rate, and their ability to actively
take up (hepatocytes) or concentrate (kidney tubules) xenobiotics.

3. Concluding remarks

For the first time, saponins from N. ossifragum have been char-
acterized at atomic resolution. The cytotoxicity of the saponins

increased proportionally with the increasing number of glycosyl sub-
stituents. The fact that the main saponin, sarsasapogenin-3-O-(2′-O-β-
glucopyranosyl-3′-O-α-arabinopyranosyl-β-galactopyranoside) (4),
which comprises several percent of the dry weight of flowering tops of
N. ossifragum, proved to be the main toxic principle towards all tested
cell lines may indicate that this compound is responsible for the ob-
served kidney and liver damage seen in cattle after ingestion of N. os-
sifragum. The fact that the structures of the saponins of N. ossifragum
have now been determined, in addition to the presentation of a protocol
for large-scale isolation of these compounds paves the way for further
extensive structure-activity studies of these compounds. Even although
the flowering tops of N. ossifragum have been indicated to contain the
causative agents of the phototoxic disease alveld, no aromatic com-
pounds have previously been identified therefrom. Here, we report on
the detailed characterization of five di-C-glycosylflavones, which have
been completely characterized for the first time, in addition to a
structurally related known compound.

Table 6
Cytotoxicity of compounds 1–10 against three mammalian cell lines. The
compounds were diluted in DMSO or water and a dilution series made on each
cell line. The cells were tested for metabolic activity after 72 h of incubation.
The EC50 values were determined by non-linear regression from 3 to 5 in-
dependent experiments (NRK and MOLM13) as described in the methods sec-
tion. The data from H9c2 is from one experiment. “– “ denotes that no data is
available due to low toxicity.

NRK Molm13 H9c2

EC50 (mM) R2 EC50 (mM) R2 EC50 (mM) R2

1 0.5–1 – 0.4 0.66 > 0.3 –
2 0.12 0.86 0.22 0.69 0.2–0.6 –
3 0.05 0.77 0.08 0.74 0.02 0.92
4 0.007 0.94 0.002 0.85 0.006 0.96
5 >1 – 0.5–1.0 – – –
6 >1 – 0.5–1.0 – – –
7 >1 – >1 – – –
8 >1 – >1 – – –
9 >1 – >1 – – –
10 >1 – 0.5–1 – – –

Fig. 5. EC50 values of the main saponin (4) isolated from flowering tops of N.
ossifragum towards normal rat kidney (NRK) cells, MOLM13 cells and H9c2
cardiomyoblasts.
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maynotbesurprisingsincewehavepreviouslyobservedsimilariso-
merisationofC-glycosyl-3-deoxyanthocyaninsoccurringundersimilar
mildexperimentalconditions(Bjorøyetal.2009a,2009b).

Toinvestigateifanyofthecompoundscouldberesponsibleforthe
deathofsheepandcattle,theircytotoxicpotentialwasinvestigatedon
threecelllines.TheratkidneyepithelialcelllineNRK,theratcardio-
myoblastH9c2,andthehumanAMLcelllineMolm13.Theflavonoids
(compounds5–10)exhibitedno,orverylowtoxicitytowardsthecell
lines,witheitheractivityabove0.5mM,ornodetectablecytotoxic
activityat1mM(Table6).Thesaponins(compounds1–4)weremore
potent.Interestingly,thecytotoxicpotentialincreasedproportionally
withtheincreasingnumberofglycosylsubstituents,wherecompound4
(sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-3′-O-α-arabinopyranosyl-
β-galactopyranoside))showedanEC50(concentrationleadingto50%
celldeath)between2and8μMafter72hofincubation(Table6and
Fig.5).Incubationtimefor24hgavehigherEC50values(Table6and
Fig.5),butforcompound4,theEC50valuesforthedifferentcelllines
werestillbetween3and10μM.

TheresultspresentedinTable6andFig.5indicatethatthesapo-
nins,andparticularlythemainsaponin,compound4,areresponsible
forsomeofthetoxiceffectsobservedinlivestockafteringestionof
floweringtopsofN.ossifragum.Allcelllineswereseverelyaffectedby
themainsaponincompound4,indicatingthatthepresenceofthis
substanceinthevascularsystemmightaffectthefunctionoftheheart,
leukocytes,andkidneys.Furthermore,ourdatasuggeststhatcom-
pounds3and4inducebothasub-acuteandprotractedtoxicity,since
wefoundsignificantcelldeathat24h,whichincreasedafter72h
(Fig.5).Ithaspreviouslybeenshownthatorallyadministeredsaponins
induceddamageintheintestinalmucosa,aswellascausingliverand
kidneynecrosis(Aguilar-Santamaríaetal.(2013);Diwanetal.(2000)).
Moreover,casereportsofcattlewithsuspectedN.ossifragumpoisoning
showedhepaticfibrosisandreducedrenalfunction(Flåøyenetal.,
1995aFlåøyenetal.,1995b;AngellandRoss(2011)).Interestingly,
AngellandRoss(2011)observedthattheconditionofoneofthecattle
exacerbatedevenaftertreatmentwasinitiated(AngellandRoss,2011),
indicatingirreparabledamage,oraprotractedtoxiceffect.Thekidney
andlivermightbeparticularlyvulnerabletocompoundslikecompound
3and4duetotheirhighperfusionrate,andtheirabilitytoactively
takeup(hepatocytes)orconcentrate(kidneytubules)xenobiotics.

3.Concludingremarks

Forthefirsttime,saponinsfromN.ossifragumhavebeenchar-
acterizedatatomicresolution.Thecytotoxicityofthesaponins

increasedproportionallywiththeincreasingnumberofglycosylsub-
stituents.Thefactthatthemainsaponin,sarsasapogenin-3-O-(2′-O-β-
glucopyranosyl-3′-O-α-arabinopyranosyl-β-galactopyranoside)(4),
whichcomprisesseveralpercentofthedryweightoffloweringtopsof
N.ossifragum,provedtobethemaintoxicprincipletowardsalltested
celllinesmayindicatethatthiscompoundisresponsiblefortheob-
servedkidneyandliverdamageseenincattleafteringestionofN.os-
sifragum.ThefactthatthestructuresofthesaponinsofN.ossifragum
havenowbeendetermined,inadditiontothepresentationofaprotocol
forlarge-scaleisolationofthesecompoundspavesthewayforfurther
extensivestructure-activitystudiesofthesecompounds.Evenalthough
thefloweringtopsofN.ossifragumhavebeenindicatedtocontainthe
causativeagentsofthephototoxicdiseasealveld,noaromaticcom-
poundshavepreviouslybeenidentifiedtherefrom.Here,wereporton
thedetailedcharacterizationoffivedi-C-glycosylflavones,whichhave
beencompletelycharacterizedforthefirsttime,inadditiontoa
structurallyrelatedknowncompound.

Table6
Cytotoxicityofcompounds1–10againstthreemammaliancelllines.The
compoundsweredilutedinDMSOorwaterandadilutionseriesmadeoneach
cellline.Thecellsweretestedformetabolicactivityafter72hofincubation.
TheEC50valuesweredeterminedbynon-linearregressionfrom3to5in-
dependentexperiments(NRKandMOLM13)asdescribedinthemethodssec-
tion.ThedatafromH9c2isfromoneexperiment.“–“denotesthatnodatais
availableduetolowtoxicity.

NRKMolm13H9c2

EC50(mM)R2EC50(mM)R2EC50(mM)R2

10.5–1–0.40.66>0.3–
20.120.860.220.690.2–0.6–
30.050.770.080.740.020.92
40.0070.940.0020.850.0060.96
5>1–0.5–1.0–––
6>1–0.5–1.0–––
7>1–>1–––
8>1–>1–––
9>1–>1–––
10>1–0.5–1–––

Fig.5.EC50valuesofthemainsaponin(4)isolatedfromfloweringtopsofN.
ossifragumtowardsnormalratkidney(NRK)cells,MOLM13cellsandH9c2
cardiomyoblasts.
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may not be surprising since we have previously observed similar iso-
merisation of C-glycosyl-3-deoxyanthocyanins occurring under similar
mild experimental conditions (Bjorøy et al. 2009a, 2009b).

To investigate if any of the compounds could be responsible for the
death of sheep and cattle, their cytotoxic potential was investigated on
three cell lines. The rat kidney epithelial cell line NRK, the rat cardio-
myoblast H9c2, and the human AML cell line Molm13. The flavonoids
(compounds 5–10) exhibited no, or very low toxicity towards the cell
lines, with either activity above 0.5mM, or no detectable cytotoxic
activity at 1mM (Table 6). The saponins (compounds 1–4) were more
potent. Interestingly, the cytotoxic potential increased proportionally
with the increasing number of glycosyl substituents, where compound 4
(sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-3′-O-α-arabinopyranosyl-
β-galactopyranoside)) showed an EC50 (concentration leading to 50%
cell death) between 2 and 8 μM after 72 h of incubation (Table 6 and
Fig. 5). Incubation time for 24 h gave higher EC50 values (Table 6 and
Fig. 5), but for compound 4, the EC50 values for the different cell lines
were still between 3 and 10 μM.

The results presented in Table 6 and Fig. 5 indicate that the sapo-
nins, and particularly the main saponin, compound 4, are responsible
for some of the toxic effects observed in livestock after ingestion of
flowering tops of N. ossifragum. All cell lines were severely affected by
the main saponin compound 4, indicating that the presence of this
substance in the vascular system might affect the function of the heart,
leukocytes, and kidneys. Furthermore, our data suggests that com-
pounds 3 and 4 induce both a sub-acute and protracted toxicity, since
we found significant cell death at 24 h, which increased after 72 h
(Fig. 5). It has previously been shown that orally administered saponins
induced damage in the intestinal mucosa, as well as causing liver and
kidney necrosis (Aguilar-Santamaría et al. (2013); Diwan et al. (2000)).
Moreover, case reports of cattle with suspected N. ossifragum poisoning
showed hepatic fibrosis and reduced renal function (Flåøyen et al.,
1995a Flåøyen et al., 1995b; Angell and Ross (2011)). Interestingly,
Angell and Ross (2011) observed that the condition of one of the cattle
exacerbated even after treatment was initiated (Angell and Ross, 2011),
indicating irreparable damage, or a protracted toxic effect. The kidney
and liver might be particularly vulnerable to compounds like compound
3 and 4 due to their high perfusion rate, and their ability to actively
take up (hepatocytes) or concentrate (kidney tubules) xenobiotics.

3. Concluding remarks

For the first time, saponins from N. ossifragum have been char-
acterized at atomic resolution. The cytotoxicity of the saponins

increased proportionally with the increasing number of glycosyl sub-
stituents. The fact that the main saponin, sarsasapogenin-3-O-(2′-O-β-
glucopyranosyl-3′-O-α-arabinopyranosyl-β-galactopyranoside) (4),
which comprises several percent of the dry weight of flowering tops of
N. ossifragum, proved to be the main toxic principle towards all tested
cell lines may indicate that this compound is responsible for the ob-
served kidney and liver damage seen in cattle after ingestion of N. os-
sifragum. The fact that the structures of the saponins of N. ossifragum
have now been determined, in addition to the presentation of a protocol
for large-scale isolation of these compounds paves the way for further
extensive structure-activity studies of these compounds. Even although
the flowering tops of N. ossifragum have been indicated to contain the
causative agents of the phototoxic disease alveld, no aromatic com-
pounds have previously been identified therefrom. Here, we report on
the detailed characterization of five di-C-glycosylflavones, which have
been completely characterized for the first time, in addition to a
structurally related known compound.

Table 6
Cytotoxicity of compounds 1–10 against three mammalian cell lines. The
compounds were diluted in DMSO or water and a dilution series made on each
cell line. The cells were tested for metabolic activity after 72 h of incubation.
The EC50 values were determined by non-linear regression from 3 to 5 in-
dependent experiments (NRK and MOLM13) as described in the methods sec-
tion. The data from H9c2 is from one experiment. “– “ denotes that no data is
available due to low toxicity.

NRK Molm13 H9c2

EC50 (mM) R2 EC50 (mM) R2 EC50 (mM) R2

1 0.5–1 – 0.4 0.66 > 0.3 –
2 0.12 0.86 0.22 0.69 0.2–0.6 –
3 0.05 0.77 0.08 0.74 0.02 0.92
4 0.007 0.94 0.002 0.85 0.006 0.96
5 >1 – 0.5–1.0 – – –
6 >1 – 0.5–1.0 – – –
7 >1 – >1 – – –
8 >1 – >1 – – –
9 >1 – >1 – – –
10 >1 – 0.5–1 – – –

Fig. 5. EC50 values of the main saponin (4) isolated from flowering tops of N.
ossifragum towards normal rat kidney (NRK) cells, MOLM13 cells and H9c2
cardiomyoblasts.
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maynotbesurprisingsincewehavepreviouslyobservedsimilariso-
merisationofC-glycosyl-3-deoxyanthocyaninsoccurringundersimilar
mildexperimentalconditions(Bjorøyetal.2009a,2009b).

Toinvestigateifanyofthecompoundscouldberesponsibleforthe
deathofsheepandcattle,theircytotoxicpotentialwasinvestigatedon
threecelllines.TheratkidneyepithelialcelllineNRK,theratcardio-
myoblastH9c2,andthehumanAMLcelllineMolm13.Theflavonoids
(compounds5–10)exhibitedno,orverylowtoxicitytowardsthecell
lines,witheitheractivityabove0.5mM,ornodetectablecytotoxic
activityat1mM(Table6).Thesaponins(compounds1–4)weremore
potent.Interestingly,thecytotoxicpotentialincreasedproportionally
withtheincreasingnumberofglycosylsubstituents,wherecompound4
(sarsasapogenin-3-O-(2′-O-β-glucopyranosyl-3′-O-α-arabinopyranosyl-
β-galactopyranoside))showedanEC50(concentrationleadingto50%
celldeath)between2and8μMafter72hofincubation(Table6and
Fig.5).Incubationtimefor24hgavehigherEC50values(Table6and
Fig.5),butforcompound4,theEC50valuesforthedifferentcelllines
werestillbetween3and10μM.

TheresultspresentedinTable6andFig.5indicatethatthesapo-
nins,andparticularlythemainsaponin,compound4,areresponsible
forsomeofthetoxiceffectsobservedinlivestockafteringestionof
floweringtopsofN.ossifragum.Allcelllineswereseverelyaffectedby
themainsaponincompound4,indicatingthatthepresenceofthis
substanceinthevascularsystemmightaffectthefunctionoftheheart,
leukocytes,andkidneys.Furthermore,ourdatasuggeststhatcom-
pounds3and4inducebothasub-acuteandprotractedtoxicity,since
wefoundsignificantcelldeathat24h,whichincreasedafter72h
(Fig.5).Ithaspreviouslybeenshownthatorallyadministeredsaponins
induceddamageintheintestinalmucosa,aswellascausingliverand
kidneynecrosis(Aguilar-Santamaríaetal.(2013);Diwanetal.(2000)).
Moreover,casereportsofcattlewithsuspectedN.ossifragumpoisoning
showedhepaticfibrosisandreducedrenalfunction(Flåøyenetal.,
1995aFlåøyenetal.,1995b;AngellandRoss(2011)).Interestingly,
AngellandRoss(2011)observedthattheconditionofoneofthecattle
exacerbatedevenaftertreatmentwasinitiated(AngellandRoss,2011),
indicatingirreparabledamage,oraprotractedtoxiceffect.Thekidney
andlivermightbeparticularlyvulnerabletocompoundslikecompound
3and4duetotheirhighperfusionrate,andtheirabilitytoactively
takeup(hepatocytes)orconcentrate(kidneytubules)xenobiotics.

3.Concludingremarks

Forthefirsttime,saponinsfromN.ossifragumhavebeenchar-
acterizedatatomicresolution.Thecytotoxicityofthesaponins
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stituents.Thefactthatthemainsaponin,sarsasapogenin-3-O-(2′-O-β-
glucopyranosyl-3′-O-α-arabinopyranosyl-β-galactopyranoside)(4),
whichcomprisesseveralpercentofthedryweightoffloweringtopsof
N.ossifragum,provedtobethemaintoxicprincipletowardsalltested
celllinesmayindicatethatthiscompoundisresponsiblefortheob-
servedkidneyandliverdamageseenincattleafteringestionofN.os-
sifragum.ThefactthatthestructuresofthesaponinsofN.ossifragum
havenowbeendetermined,inadditiontothepresentationofaprotocol
forlarge-scaleisolationofthesecompoundspavesthewayforfurther
extensivestructure-activitystudiesofthesecompounds.Evenalthough
thefloweringtopsofN.ossifragumhavebeenindicatedtocontainthe
causativeagentsofthephototoxicdiseasealveld,noaromaticcom-
poundshavepreviouslybeenidentifiedtherefrom.Here,wereporton
thedetailedcharacterizationoffivedi-C-glycosylflavones,whichhave
beencompletelycharacterizedforthefirsttime,inadditiontoa
structurallyrelatedknowncompound.

Table6
Cytotoxicityofcompounds1–10againstthreemammaliancelllines.The
compoundsweredilutedinDMSOorwaterandadilutionseriesmadeoneach
cellline.Thecellsweretestedformetabolicactivityafter72hofincubation.
TheEC50valuesweredeterminedbynon-linearregressionfrom3to5in-
dependentexperiments(NRKandMOLM13)asdescribedinthemethodssec-
tion.ThedatafromH9c2isfromoneexperiment.“–“denotesthatnodatais
availableduetolowtoxicity.

NRKMolm13H9c2

EC50(mM)R2EC50(mM)R2EC50(mM)R2

10.5–1–0.40.66>0.3–
20.120.860.220.690.2–0.6–
30.050.770.080.740.020.92
40.0070.940.0020.850.0060.96
5>1–0.5–1.0–––
6>1–0.5–1.0–––
7>1–>1–––
8>1–>1–––
9>1–>1–––
10>1–0.5–1–––

Fig.5.EC50valuesofthemainsaponin(4)isolatedfromfloweringtopsofN.
ossifragumtowardsnormalratkidney(NRK)cells,MOLM13cellsandH9c2
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4. Experimental

4.1. Plant material

Fresh plant material of Narthecium ossifragum (L.) Huds.
(Nartheciaceae) was collected in the summer season (collection date
07/2016) in a bog area located at south western part of Ulriken, Bergen,
Norway at 350m above sea level (coordinates 60.36884N 005.38237E).
Voucher specimen of N. ossifragum has been deposited at the ARBOHA,
University of Bergen (accession number BG/S-162115). Prior to ex-
traction, the plant material was stored at −80 °C. The water content of
the plant material was determined to be 81.3% of the weight.

4.2. Extraction of compounds and partitions with organic solvents

Flowering tops (1.7 kg) of N. ossifragum were extracted with 15 L
methanol for 72 h at room temperature. The extraction yield was 7.6%
of the wet weight. When taking into account that the water content was
81.3%, the dry weight extraction yield was 40.5%. The methanolic
extract was filtered through glass wool and concentrated by rotary
evaporator under reduced pressure. The resulting concentrated aqueous
extract was partitioned (three times) with petroleum ether (3 L), fol-
lowed by partition (three times) with ethyl acetate (3 L). The residual
aqueous phase was concentrated by rotavapor to a volume of 500mL.
The petroleum ether and the ethyl acetate phases provided a white
precipitate, which was collected and dried before further purification
and separation as described below.

4.3. Amberlite XAD-7 column chromatography

The concentrated residual aqueous partition (500mL) was applied
to an Amberlite XAD-7 column (column dimensions 50×1000mm,
containing 500g XAD-7 stationary phase). The mobile phase gradient
consisted of 5 L distilled water (fractions 1–5), followed by 1L water-
methanol 90:10; v/v (fraction 6), 1 L water-methanol 75:25; v/v
(fraction 7), 3 L water-methanol 50:50; v/v (fraction 8–10) and finally
4 L methanol 100% (fractions 11–14). The flow rate was 5mL/min.
This gave a total of 14 fractions with volumes of 1 L, which were
analysed individually by analytical HPLC.

4.4. Sephadex LH-20 column chromatography

Fractions 8–10 from the Amberlite XAD-7 column chromatography
were combined, concentrated to a volume of 20mL and further sepa-
rated on a Sephadex LH-20 column (column dimensions
50×1000mm, containing 500 g Sephadex LH-20 stationary phase)
using a gradient of water and methanol containing 0.2% of TFA. The
gradient consisted of 650mL water-methanol-TFA 80:20:0.2; v/v/v
(fractions 1–13), followed by 900mL water-methanol-TFA 50:50:0.2 v/
v/v (fractions 14–32) and finally 800mL water-methanol-TFA
30:70:0.2 v/v/v (fractions 33–49). The flow rate was 5mL/min. A total
of 49 fractions, each with a volume of 50mL were collected.

4.5. Preparative HPLC

Compounds of the combined fractions 4–6 from the Sephadex LH-20
column chromatography were isolated by preparative HPLC (Gilson
321 preparative HPLC equipped with a Dionex Ultimate 3000 variable
wavelength detector). The HPLC instrument was equipped with a C18
Ascentis column (250× 20mm; 5 μm, spherical particles).
Chromatograms were recorded at 360 nm. Two solvents were used for
elution; mobile phase A (water-TFA 99.9:0.1 v/v) and mobile phase B
(methanol-TFA 99.9:0.1 v/v). The flow rate was 12mL/min. Prior the
analysis the combined fractions were evaporated to dryness and dis-
solved in a mixture of 1:1; v/v of the two mobile phases. Portions of
200 μL were manually injected into the HPLC column. Fractions were

collected manually based on peaks appearing in the on-line chroma-
togram recorded at 360 nm. The collected fractions were transferred to
HPLC vials for purity control using analytical HPLC. Following this
strategy 16.4mg of compound 5, 6.2mg of compound 6, 1.8mg of
compound 7, 3.4mg of compound 8, 8.5 mg of compound 9 and 2.2mg
of compound 10 were obtained.

4.6. Analytical HPLC

The HPLC instrument (Dionex P680) was equipped with a multi-
diode array detector, an autoinjector and a 250× 4.6mm, 5 μm
Thermo Scientific Hypersil GOLD column. Two solvents were used for
elution; A (water-TFA 99.5:0.5; v/v) and B (acetonitrile-TFA 99.5:0.5;
v/v). The flow rate was 1mL/min. Aliquots of 20 μl were injected.

4.7. Isolation of pure saponins from crystallized mixture of saponins

7.1546 g of crystals from the extract of flowering tops of N. ossi-
fragum were precipitated and collected from the concentrated petro-
leum ether and ethyl acetate partitions of the crude extract. The 1D and
2D NMR spectra of 20mg of these crystals dissolved in DMSO-D6 in-
dicated that they consisted of a mixture of saponins. Subsequently, 1g
of these crystals was dissolved in 5mL of DMSO and further purified by
Sephadex LH-20 chromatography.

4.8. Purification of saponins by Sephadex LH-20 column chromatography

1 g of crystals dissolved in 5mL DMSO was purified on a Sephadex
LH-20 column (500×50mm containing 200 g column material) using
a gradient of 600mL water-methanol-TFA 50:50:0.2 v/v/v, followed by
4450mL of methanol-TFA 100:0.2 and finally 1750mL of acetone
100%. The flow rate was 5mL/min 138 fractions, each with volumes of
25mL, were collected, evaporated to dryness under nitrogen and ana-
lysed by TLC.

4.9. Silica gel column chromatography

Fractions 35–55 from the Sephadex LH-20 column chromatography
were combined, concentrated to a volume of 5mL and further separated
on a Silica gel column (200×50mm containing 300 g column mate-
rial) using a gradient of ethyl acetate-methanol-water as mobile phase.
The gradient consisted of 3000mL of ethyl acetate-methanol-water
80:20:4 v/v/v, followed by 3000mL ethyl acetate-methanol-water
50:50:4; v/v/v and finally by 575mL of ethyl acetate-methanol-water
20:80:4; v/v/v. The flow rate was 8mL/min. The silica chromato-
graphic separation resulted in collection of 275 fractions, each with a
volume of 25mL. The resulting fractions were concentrated to dryness
under nitrogen and analysed by TLC. Following this strategy 4.6mg of
sarsasapogenin (1), 13.1mg of sarsapogenin-3-O-β-galactopyranoside
(2), 56.1mg of sarsasapogenin-3-O-(2′-O-β-glucopyranosyl)-β-galacto-
pyranoside (3), and 260.7mg of sarsapogenin-3-O-β-(2′-O-β-glucopyr-
anosyl-3′-O-α-arabinopyranosyl-β-galactopyranoside) (4) were ob-
tained.

4.10. Analytical TLC

Purified mixtures of saponins and isolated pure saponins were
analysed by a TLC method modified from the procedures described by
Kobayashi et al., 1993 and Miles et al., 1991. The chromatographic
separation was performed on silica TLC plates. The mobile phase con-
sisted of ethyl acetate-methanol-water 80:20:4; v/v/v. Detection of
colourless compounds after TLC separation was achieved using Ehrlich's
solution (4-(dimethylamino)benzaldehyde in hydrochloric acid solution
provided by Sigma Aldrich) and 5% sulfuric acid on methanol as spray
reagent.
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(Nartheciaceae)wascollectedinthesummerseason(collectiondate
07/2016)inabogarealocatedatsouthwesternpartofUlriken,Bergen,
Norwayat350mabovesealevel(coordinates60.36884N005.38237E).
VoucherspecimenofN.ossifragumhasbeendepositedattheARBOHA,
UniversityofBergen(accessionnumberBG/S-162115).Priortoex-
traction,theplantmaterialwasstoredat−80°C.Thewatercontentof
theplantmaterialwasdeterminedtobe81.3%oftheweight.

4.2.Extractionofcompoundsandpartitionswithorganicsolvents

Floweringtops(1.7kg)ofN.ossifragumwereextractedwith15L
methanolfor72hatroomtemperature.Theextractionyieldwas7.6%
ofthewetweight.Whentakingintoaccountthatthewatercontentwas
81.3%,thedryweightextractionyieldwas40.5%.Themethanolic
extractwasfilteredthroughglasswoolandconcentratedbyrotary
evaporatorunderreducedpressure.Theresultingconcentratedaqueous
extractwaspartitioned(threetimes)withpetroleumether(3L),fol-
lowedbypartition(threetimes)withethylacetate(3L).Theresidual
aqueousphasewasconcentratedbyrotavaportoavolumeof500mL.
Thepetroleumetherandtheethylacetatephasesprovidedawhite
precipitate,whichwascollectedanddriedbeforefurtherpurification
andseparationasdescribedbelow.

4.3.AmberliteXAD-7columnchromatography

Theconcentratedresidualaqueouspartition(500mL)wasapplied
toanAmberliteXAD-7column(columndimensions50×1000mm,
containing500gXAD-7stationaryphase).Themobilephasegradient
consistedof5Ldistilledwater(fractions1–5),followedby1Lwater-
methanol90:10;v/v(fraction6),1Lwater-methanol75:25;v/v
(fraction7),3Lwater-methanol50:50;v/v(fraction8–10)andfinally
4Lmethanol100%(fractions11–14).Theflowratewas5mL/min.
Thisgaveatotalof14fractionswithvolumesof1L,whichwere
analysedindividuallybyanalyticalHPLC.

4.4.SephadexLH-20columnchromatography

Fractions8–10fromtheAmberliteXAD-7columnchromatography
werecombined,concentratedtoavolumeof20mLandfurthersepa-
ratedonaSephadexLH-20column(columndimensions
50×1000mm,containing500gSephadexLH-20stationaryphase)
usingagradientofwaterandmethanolcontaining0.2%ofTFA.The
gradientconsistedof650mLwater-methanol-TFA80:20:0.2;v/v/v
(fractions1–13),followedby900mLwater-methanol-TFA50:50:0.2v/
v/v(fractions14–32)andfinally800mLwater-methanol-TFA
30:70:0.2v/v/v(fractions33–49).Theflowratewas5mL/min.Atotal
of49fractions,eachwithavolumeof50mLwerecollected.

4.5.PreparativeHPLC

Compoundsofthecombinedfractions4–6fromtheSephadexLH-20
columnchromatographywereisolatedbypreparativeHPLC(Gilson
321preparativeHPLCequippedwithaDionexUltimate3000variable
wavelengthdetector).TheHPLCinstrumentwasequippedwithaC18
Ascentiscolumn(250×20mm;5μm,sphericalparticles).
Chromatogramswererecordedat360nm.Twosolventswereusedfor
elution;mobilephaseA(water-TFA99.9:0.1v/v)andmobilephaseB
(methanol-TFA99.9:0.1v/v).Theflowratewas12mL/min.Priorthe
analysisthecombinedfractionswereevaporatedtodrynessanddis-
solvedinamixtureof1:1;v/vofthetwomobilephases.Portionsof
200μLweremanuallyinjectedintotheHPLCcolumn.Fractionswere

collectedmanuallybasedonpeaksappearingintheon-linechroma-
togramrecordedat360nm.Thecollectedfractionsweretransferredto
HPLCvialsforpuritycontrolusinganalyticalHPLC.Followingthis
strategy16.4mgofcompound5,6.2mgofcompound6,1.8mgof
compound7,3.4mgofcompound8,8.5mgofcompound9and2.2mg
ofcompound10wereobtained.

4.6.AnalyticalHPLC

TheHPLCinstrument(DionexP680)wasequippedwithamulti-
diodearraydetector,anautoinjectoranda250×4.6mm,5μm
ThermoScientificHypersilGOLDcolumn.Twosolventswereusedfor
elution;A(water-TFA99.5:0.5;v/v)andB(acetonitrile-TFA99.5:0.5;
v/v).Theflowratewas1mL/min.Aliquotsof20μlwereinjected.

4.7.Isolationofpuresaponinsfromcrystallizedmixtureofsaponins

7.1546gofcrystalsfromtheextractoffloweringtopsofN.ossi-
fragumwereprecipitatedandcollectedfromtheconcentratedpetro-
leumetherandethylacetatepartitionsofthecrudeextract.The1Dand
2DNMRspectraof20mgofthesecrystalsdissolvedinDMSO-D6in-
dicatedthattheyconsistedofamixtureofsaponins.Subsequently,1g
ofthesecrystalswasdissolvedin5mLofDMSOandfurtherpurifiedby
SephadexLH-20chromatography.

4.8.PurificationofsaponinsbySephadexLH-20columnchromatography

1gofcrystalsdissolvedin5mLDMSOwaspurifiedonaSephadex
LH-20column(500×50mmcontaining200gcolumnmaterial)using
agradientof600mLwater-methanol-TFA50:50:0.2v/v/v,followedby
4450mLofmethanol-TFA100:0.2andfinally1750mLofacetone
100%.Theflowratewas5mL/min138fractions,eachwithvolumesof
25mL,werecollected,evaporatedtodrynessundernitrogenandana-
lysedbyTLC.

4.9.Silicagelcolumnchromatography

Fractions35–55fromtheSephadexLH-20columnchromatography
werecombined,concentratedtoavolumeof5mLandfurtherseparated
onaSilicagelcolumn(200×50mmcontaining300gcolumnmate-
rial)usingagradientofethylacetate-methanol-waterasmobilephase.
Thegradientconsistedof3000mLofethylacetate-methanol-water
80:20:4v/v/v,followedby3000mLethylacetate-methanol-water
50:50:4;v/v/vandfinallyby575mLofethylacetate-methanol-water
20:80:4;v/v/v.Theflowratewas8mL/min.Thesilicachromato-
graphicseparationresultedincollectionof275fractions,eachwitha
volumeof25mL.Theresultingfractionswereconcentratedtodryness
undernitrogenandanalysedbyTLC.Followingthisstrategy4.6mgof
sarsasapogenin(1),13.1mgofsarsapogenin-3-O-β-galactopyranoside
(2),56.1mgofsarsasapogenin-3-O-(2′-O-β-glucopyranosyl)-β-galacto-
pyranoside(3),and260.7mgofsarsapogenin-3-O-β-(2′-O-β-glucopyr-
anosyl-3′-O-α-arabinopyranosyl-β-galactopyranoside)(4)wereob-
tained.

4.10.AnalyticalTLC

Purifiedmixturesofsaponinsandisolatedpuresaponinswere
analysedbyaTLCmethodmodifiedfromtheproceduresdescribedby
Kobayashietal.,1993andMilesetal.,1991.Thechromatographic
separationwasperformedonsilicaTLCplates.Themobilephasecon-
sistedofethylacetate-methanol-water80:20:4;v/v/v.Detectionof
colourlesscompoundsafterTLCseparationwasachievedusingEhrlich's
solution(4-(dimethylamino)benzaldehydeinhydrochloricacidsolution
providedbySigmaAldrich)and5%sulfuricacidonmethanolasspray
reagent.
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volumeof25mL.Theresultingfractionswereconcentratedtodryness
undernitrogenandanalysedbyTLC.Followingthisstrategy4.6mgof
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pyranoside(3),and260.7mgofsarsapogenin-3-O-β-(2′-O-β-glucopyr-
anosyl-3′-O-α-arabinopyranosyl-β-galactopyranoside)(4)wereob-
tained.

4.10.AnalyticalTLC

Purifiedmixturesofsaponinsandisolatedpuresaponinswere
analysedbyaTLCmethodmodifiedfromtheproceduresdescribedby
Kobayashietal.,1993andMilesetal.,1991.Thechromatographic
separationwasperformedonsilicaTLCplates.Themobilephasecon-
sistedofethylacetate-methanol-water80:20:4;v/v/v.Detectionof
colourlesscompoundsafterTLCseparationwasachievedusingEhrlich's
solution(4-(dimethylamino)benzaldehydeinhydrochloricacidsolution
providedbySigmaAldrich)and5%sulfuricacidonmethanolasspray
reagent.
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4. Experimental

4.1. Plant material

Fresh plant material of Narthecium ossifragum (L.) Huds.
(Nartheciaceae) was collected in the summer season (collection date
07/2016) in a bog area located at south western part of Ulriken, Bergen,
Norway at 350m above sea level (coordinates 60.36884N 005.38237E).
Voucher specimen of N. ossifragum has been deposited at the ARBOHA,
University of Bergen (accession number BG/S-162115). Prior to ex-
traction, the plant material was stored at −80 °C. The water content of
the plant material was determined to be 81.3% of the weight.

4.2. Extraction of compounds and partitions with organic solvents

Flowering tops (1.7 kg) of N. ossifragum were extracted with 15 L
methanol for 72 h at room temperature. The extraction yield was 7.6%
of the wet weight. When taking into account that the water content was
81.3%, the dry weight extraction yield was 40.5%. The methanolic
extract was filtered through glass wool and concentrated by rotary
evaporator under reduced pressure. The resulting concentrated aqueous
extract was partitioned (three times) with petroleum ether (3 L), fol-
lowed by partition (three times) with ethyl acetate (3 L). The residual
aqueous phase was concentrated by rotavapor to a volume of 500mL.
The petroleum ether and the ethyl acetate phases provided a white
precipitate, which was collected and dried before further purification
and separation as described below.

4.3. Amberlite XAD-7 column chromatography

The concentrated residual aqueous partition (500mL) was applied
to an Amberlite XAD-7 column (column dimensions 50×1000mm,
containing 500g XAD-7 stationary phase). The mobile phase gradient
consisted of 5 L distilled water (fractions 1–5), followed by 1L water-
methanol 90:10; v/v (fraction 6), 1 L water-methanol 75:25; v/v
(fraction 7), 3 L water-methanol 50:50; v/v (fraction 8–10) and finally
4 L methanol 100% (fractions 11–14). The flow rate was 5mL/min.
This gave a total of 14 fractions with volumes of 1 L, which were
analysed individually by analytical HPLC.

4.4. Sephadex LH-20 column chromatography

Fractions 8–10 from the Amberlite XAD-7 column chromatography
were combined, concentrated to a volume of 20mL and further sepa-
rated on a Sephadex LH-20 column (column dimensions
50×1000mm, containing 500 g Sephadex LH-20 stationary phase)
using a gradient of water and methanol containing 0.2% of TFA. The
gradient consisted of 650mL water-methanol-TFA 80:20:0.2; v/v/v
(fractions 1–13), followed by 900mL water-methanol-TFA 50:50:0.2 v/
v/v (fractions 14–32) and finally 800mL water-methanol-TFA
30:70:0.2 v/v/v (fractions 33–49). The flow rate was 5mL/min. A total
of 49 fractions, each with a volume of 50mL were collected.

4.5. Preparative HPLC

Compounds of the combined fractions 4–6 from the Sephadex LH-20
column chromatography were isolated by preparative HPLC (Gilson
321 preparative HPLC equipped with a Dionex Ultimate 3000 variable
wavelength detector). The HPLC instrument was equipped with a C18
Ascentis column (250× 20mm; 5 μm, spherical particles).
Chromatograms were recorded at 360 nm. Two solvents were used for
elution; mobile phase A (water-TFA 99.9:0.1 v/v) and mobile phase B
(methanol-TFA 99.9:0.1 v/v). The flow rate was 12mL/min. Prior the
analysis the combined fractions were evaporated to dryness and dis-
solved in a mixture of 1:1; v/v of the two mobile phases. Portions of
200 μL were manually injected into the HPLC column. Fractions were

collected manually based on peaks appearing in the on-line chroma-
togram recorded at 360 nm. The collected fractions were transferred to
HPLC vials for purity control using analytical HPLC. Following this
strategy 16.4mg of compound 5, 6.2mg of compound 6, 1.8mg of
compound 7, 3.4mg of compound 8, 8.5 mg of compound 9 and 2.2mg
of compound 10 were obtained.

4.6. Analytical HPLC

The HPLC instrument (Dionex P680) was equipped with a multi-
diode array detector, an autoinjector and a 250× 4.6mm, 5 μm
Thermo Scientific Hypersil GOLD column. Two solvents were used for
elution; A (water-TFA 99.5:0.5; v/v) and B (acetonitrile-TFA 99.5:0.5;
v/v). The flow rate was 1mL/min. Aliquots of 20 μl were injected.

4.7. Isolation of pure saponins from crystallized mixture of saponins

7.1546 g of crystals from the extract of flowering tops of N. ossi-
fragum were precipitated and collected from the concentrated petro-
leum ether and ethyl acetate partitions of the crude extract. The 1D and
2D NMR spectra of 20mg of these crystals dissolved in DMSO-D6 in-
dicated that they consisted of a mixture of saponins. Subsequently, 1g
of these crystals was dissolved in 5mL of DMSO and further purified by
Sephadex LH-20 chromatography.

4.8. Purification of saponins by Sephadex LH-20 column chromatography

1 g of crystals dissolved in 5mL DMSO was purified on a Sephadex
LH-20 column (500×50mm containing 200 g column material) using
a gradient of 600mL water-methanol-TFA 50:50:0.2 v/v/v, followed by
4450mL of methanol-TFA 100:0.2 and finally 1750mL of acetone
100%. The flow rate was 5mL/min 138 fractions, each with volumes of
25mL, were collected, evaporated to dryness under nitrogen and ana-
lysed by TLC.

4.9. Silica gel column chromatography

Fractions 35–55 from the Sephadex LH-20 column chromatography
were combined, concentrated to a volume of 5mL and further separated
on a Silica gel column (200×50mm containing 300 g column mate-
rial) using a gradient of ethyl acetate-methanol-water as mobile phase.
The gradient consisted of 3000mL of ethyl acetate-methanol-water
80:20:4 v/v/v, followed by 3000mL ethyl acetate-methanol-water
50:50:4; v/v/v and finally by 575mL of ethyl acetate-methanol-water
20:80:4; v/v/v. The flow rate was 8mL/min. The silica chromato-
graphic separation resulted in collection of 275 fractions, each with a
volume of 25mL. The resulting fractions were concentrated to dryness
under nitrogen and analysed by TLC. Following this strategy 4.6mg of
sarsasapogenin (1), 13.1mg of sarsapogenin-3-O-β-galactopyranoside
(2), 56.1mg of sarsasapogenin-3-O-(2′-O-β-glucopyranosyl)-β-galacto-
pyranoside (3), and 260.7mg of sarsapogenin-3-O-β-(2′-O-β-glucopyr-
anosyl-3′-O-α-arabinopyranosyl-β-galactopyranoside) (4) were ob-
tained.

4.10. Analytical TLC

Purified mixtures of saponins and isolated pure saponins were
analysed by a TLC method modified from the procedures described by
Kobayashi et al., 1993 and Miles et al., 1991. The chromatographic
separation was performed on silica TLC plates. The mobile phase con-
sisted of ethyl acetate-methanol-water 80:20:4; v/v/v. Detection of
colourless compounds after TLC separation was achieved using Ehrlich's
solution (4-(dimethylamino)benzaldehyde in hydrochloric acid solution
provided by Sigma Aldrich) and 5% sulfuric acid on methanol as spray
reagent.
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ofthewetweight.Whentakingintoaccountthatthewatercontentwas
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extractwasfilteredthroughglasswoolandconcentratedbyrotary
evaporatorunderreducedpressure.Theresultingconcentratedaqueous
extractwaspartitioned(threetimes)withpetroleumether(3L),fol-
lowedbypartition(threetimes)withethylacetate(3L).Theresidual
aqueousphasewasconcentratedbyrotavaportoavolumeof500mL.
Thepetroleumetherandtheethylacetatephasesprovidedawhite
precipitate,whichwascollectedanddriedbeforefurtherpurification
andseparationasdescribedbelow.

4.3.AmberliteXAD-7columnchromatography

Theconcentratedresidualaqueouspartition(500mL)wasapplied
toanAmberliteXAD-7column(columndimensions50×1000mm,
containing500gXAD-7stationaryphase).Themobilephasegradient
consistedof5Ldistilledwater(fractions1–5),followedby1Lwater-
methanol90:10;v/v(fraction6),1Lwater-methanol75:25;v/v
(fraction7),3Lwater-methanol50:50;v/v(fraction8–10)andfinally
4Lmethanol100%(fractions11–14).Theflowratewas5mL/min.
Thisgaveatotalof14fractionswithvolumesof1L,whichwere
analysedindividuallybyanalyticalHPLC.

4.4.SephadexLH-20columnchromatography

Fractions8–10fromtheAmberliteXAD-7columnchromatography
werecombined,concentratedtoavolumeof20mLandfurthersepa-
ratedonaSephadexLH-20column(columndimensions
50×1000mm,containing500gSephadexLH-20stationaryphase)
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collectedmanuallybasedonpeaksappearingintheon-linechroma-
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TheHPLCinstrument(DionexP680)wasequippedwithamulti-
diodearraydetector,anautoinjectoranda250×4.6mm,5μm
ThermoScientificHypersilGOLDcolumn.Twosolventswereusedfor
elution;A(water-TFA99.5:0.5;v/v)andB(acetonitrile-TFA99.5:0.5;
v/v).Theflowratewas1mL/min.Aliquotsof20μlwereinjected.

4.7.Isolationofpuresaponinsfromcrystallizedmixtureofsaponins

7.1546gofcrystalsfromtheextractoffloweringtopsofN.ossi-
fragumwereprecipitatedandcollectedfromtheconcentratedpetro-
leumetherandethylacetatepartitionsofthecrudeextract.The1Dand
2DNMRspectraof20mgofthesecrystalsdissolvedinDMSO-D6in-
dicatedthattheyconsistedofamixtureofsaponins.Subsequently,1g
ofthesecrystalswasdissolvedin5mLofDMSOandfurtherpurifiedby
SephadexLH-20chromatography.

4.8.PurificationofsaponinsbySephadexLH-20columnchromatography

1gofcrystalsdissolvedin5mLDMSOwaspurifiedonaSephadex
LH-20column(500×50mmcontaining200gcolumnmaterial)using
agradientof600mLwater-methanol-TFA50:50:0.2v/v/v,followedby
4450mLofmethanol-TFA100:0.2andfinally1750mLofacetone
100%.Theflowratewas5mL/min138fractions,eachwithvolumesof
25mL,werecollected,evaporatedtodrynessundernitrogenandana-
lysedbyTLC.

4.9.Silicagelcolumnchromatography

Fractions35–55fromtheSephadexLH-20columnchromatography
werecombined,concentratedtoavolumeof5mLandfurtherseparated
onaSilicagelcolumn(200×50mmcontaining300gcolumnmate-
rial)usingagradientofethylacetate-methanol-waterasmobilephase.
Thegradientconsistedof3000mLofethylacetate-methanol-water
80:20:4v/v/v,followedby3000mLethylacetate-methanol-water
50:50:4;v/v/vandfinallyby575mLofethylacetate-methanol-water
20:80:4;v/v/v.Theflowratewas8mL/min.Thesilicachromato-
graphicseparationresultedincollectionof275fractions,eachwitha
volumeof25mL.Theresultingfractionswereconcentratedtodryness
undernitrogenandanalysedbyTLC.Followingthisstrategy4.6mgof
sarsasapogenin(1),13.1mgofsarsapogenin-3-O-β-galactopyranoside
(2),56.1mgofsarsasapogenin-3-O-(2′-O-β-glucopyranosyl)-β-galacto-
pyranoside(3),and260.7mgofsarsapogenin-3-O-β-(2′-O-β-glucopyr-
anosyl-3′-O-α-arabinopyranosyl-β-galactopyranoside)(4)wereob-
tained.

4.10.AnalyticalTLC

Purifiedmixturesofsaponinsandisolatedpuresaponinswere
analysedbyaTLCmethodmodifiedfromtheproceduresdescribedby
Kobayashietal.,1993andMilesetal.,1991.Thechromatographic
separationwasperformedonsilicaTLCplates.Themobilephasecon-
sistedofethylacetate-methanol-water80:20:4;v/v/v.Detectionof
colourlesscompoundsafterTLCseparationwasachievedusingEhrlich's
solution(4-(dimethylamino)benzaldehydeinhydrochloricacidsolution
providedbySigmaAldrich)and5%sulfuricacidonmethanolasspray
reagent.
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4.Experimental

4.1.Plantmaterial

FreshplantmaterialofNartheciumossifragum(L.)Huds.
(Nartheciaceae)wascollectedinthesummerseason(collectiondate
07/2016)inabogarealocatedatsouthwesternpartofUlriken,Bergen,
Norwayat350mabovesealevel(coordinates60.36884N005.38237E).
VoucherspecimenofN.ossifragumhasbeendepositedattheARBOHA,
UniversityofBergen(accessionnumberBG/S-162115).Priortoex-
traction,theplantmaterialwasstoredat−80°C.Thewatercontentof
theplantmaterialwasdeterminedtobe81.3%oftheweight.

4.2.Extractionofcompoundsandpartitionswithorganicsolvents

Floweringtops(1.7kg)ofN.ossifragumwereextractedwith15L
methanolfor72hatroomtemperature.Theextractionyieldwas7.6%
ofthewetweight.Whentakingintoaccountthatthewatercontentwas
81.3%,thedryweightextractionyieldwas40.5%.Themethanolic
extractwasfilteredthroughglasswoolandconcentratedbyrotary
evaporatorunderreducedpressure.Theresultingconcentratedaqueous
extractwaspartitioned(threetimes)withpetroleumether(3L),fol-
lowedbypartition(threetimes)withethylacetate(3L).Theresidual
aqueousphasewasconcentratedbyrotavaportoavolumeof500mL.
Thepetroleumetherandtheethylacetatephasesprovidedawhite
precipitate,whichwascollectedanddriedbeforefurtherpurification
andseparationasdescribedbelow.

4.3.AmberliteXAD-7columnchromatography

Theconcentratedresidualaqueouspartition(500mL)wasapplied
toanAmberliteXAD-7column(columndimensions50×1000mm,
containing500gXAD-7stationaryphase).Themobilephasegradient
consistedof5Ldistilledwater(fractions1–5),followedby1Lwater-
methanol90:10;v/v(fraction6),1Lwater-methanol75:25;v/v
(fraction7),3Lwater-methanol50:50;v/v(fraction8–10)andfinally
4Lmethanol100%(fractions11–14).Theflowratewas5mL/min.
Thisgaveatotalof14fractionswithvolumesof1L,whichwere
analysedindividuallybyanalyticalHPLC.

4.4.SephadexLH-20columnchromatography

Fractions8–10fromtheAmberliteXAD-7columnchromatography
werecombined,concentratedtoavolumeof20mLandfurthersepa-
ratedonaSephadexLH-20column(columndimensions
50×1000mm,containing500gSephadexLH-20stationaryphase)
usingagradientofwaterandmethanolcontaining0.2%ofTFA.The
gradientconsistedof650mLwater-methanol-TFA80:20:0.2;v/v/v
(fractions1–13),followedby900mLwater-methanol-TFA50:50:0.2v/
v/v(fractions14–32)andfinally800mLwater-methanol-TFA
30:70:0.2v/v/v(fractions33–49).Theflowratewas5mL/min.Atotal
of49fractions,eachwithavolumeof50mLwerecollected.

4.5.PreparativeHPLC

Compoundsofthecombinedfractions4–6fromtheSephadexLH-20
columnchromatographywereisolatedbypreparativeHPLC(Gilson
321preparativeHPLCequippedwithaDionexUltimate3000variable
wavelengthdetector).TheHPLCinstrumentwasequippedwithaC18
Ascentiscolumn(250×20mm;5μm,sphericalparticles).
Chromatogramswererecordedat360nm.Twosolventswereusedfor
elution;mobilephaseA(water-TFA99.9:0.1v/v)andmobilephaseB
(methanol-TFA99.9:0.1v/v).Theflowratewas12mL/min.Priorthe
analysisthecombinedfractionswereevaporatedtodrynessanddis-
solvedinamixtureof1:1;v/vofthetwomobilephases.Portionsof
200μLweremanuallyinjectedintotheHPLCcolumn.Fractionswere

collectedmanuallybasedonpeaksappearingintheon-linechroma-
togramrecordedat360nm.Thecollectedfractionsweretransferredto
HPLCvialsforpuritycontrolusinganalyticalHPLC.Followingthis
strategy16.4mgofcompound5,6.2mgofcompound6,1.8mgof
compound7,3.4mgofcompound8,8.5mgofcompound9and2.2mg
ofcompound10wereobtained.
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ThermoScientificHypersilGOLDcolumn.Twosolventswereusedfor
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v/v).Theflowratewas1mL/min.Aliquotsof20μlwereinjected.
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7.1546gofcrystalsfromtheextractoffloweringtopsofN.ossi-
fragumwereprecipitatedandcollectedfromtheconcentratedpetro-
leumetherandethylacetatepartitionsofthecrudeextract.The1Dand
2DNMRspectraof20mgofthesecrystalsdissolvedinDMSO-D6in-
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LH-20column(500×50mmcontaining200gcolumnmaterial)using
agradientof600mLwater-methanol-TFA50:50:0.2v/v/v,followedby
4450mLofmethanol-TFA100:0.2andfinally1750mLofacetone
100%.Theflowratewas5mL/min138fractions,eachwithvolumesof
25mL,werecollected,evaporatedtodrynessundernitrogenandana-
lysedbyTLC.

4.9.Silicagelcolumnchromatography

Fractions35–55fromtheSephadexLH-20columnchromatography
werecombined,concentratedtoavolumeof5mLandfurtherseparated
onaSilicagelcolumn(200×50mmcontaining300gcolumnmate-
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Thegradientconsistedof3000mLofethylacetate-methanol-water
80:20:4v/v/v,followedby3000mLethylacetate-methanol-water
50:50:4;v/v/vandfinallyby575mLofethylacetate-methanol-water
20:80:4;v/v/v.Theflowratewas8mL/min.Thesilicachromato-
graphicseparationresultedincollectionof275fractions,eachwitha
volumeof25mL.Theresultingfractionswereconcentratedtodryness
undernitrogenandanalysedbyTLC.Followingthisstrategy4.6mgof
sarsasapogenin(1),13.1mgofsarsapogenin-3-O-β-galactopyranoside
(2),56.1mgofsarsasapogenin-3-O-(2′-O-β-glucopyranosyl)-β-galacto-
pyranoside(3),and260.7mgofsarsapogenin-3-O-β-(2′-O-β-glucopyr-
anosyl-3′-O-α-arabinopyranosyl-β-galactopyranoside)(4)wereob-
tained.

4.10.AnalyticalTLC

Purifiedmixturesofsaponinsandisolatedpuresaponinswere
analysedbyaTLCmethodmodifiedfromtheproceduresdescribedby
Kobayashietal.,1993andMilesetal.,1991.Thechromatographic
separationwasperformedonsilicaTLCplates.Themobilephasecon-
sistedofethylacetate-methanol-water80:20:4;v/v/v.Detectionof
colourlesscompoundsafterTLCseparationwasachievedusingEhrlich's
solution(4-(dimethylamino)benzaldehydeinhydrochloricacidsolution
providedbySigmaAldrich)and5%sulfuricacidonmethanolasspray
reagent.
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4.11. Spectroscopy

High resolution mass spectra were recorded using a JEOL AccuTOF
JMS T100LC instrument fitted with an electrospray ion source. The
spectrum was recorded over the mass range 50–1000 m/z.

UV–Vis absorption spectra were recorded on-line during HPLC
analysis over the wavelength range 240–600 nm in steps of 2 nm.

Specific rotations of compounds 1–4 were determine on a Rudolph
Research Analytical Autopol IV instrument. Samples dissolved in DMSO
were transferred to a 600 μl cell. Measurements were performed at
589 nm. The specific rotations were determined to be −2.86° for
compound 4, -22.33° for compound 3, -10.83° for compound 2 and
-2.00° for compound 1.

Circular Dichroism (CD) spectra were recorded at 20 °C in a Jasco J-
810 spectropolarimeter equipped with a Peltier temperature control
unit. 5 mM of compounds 5, 7 and 9, 1 mM of compounds 6 and 8 and
0.5 mM of compound 10 solubilised in 100% DMSO were used to obtain
the spectra. The spectra obtained were the average of 6 scans. Buffer
scans (100% DMSO) were subtracted from the spectra. The spectra were
scanned from 185 nm to 450 nm, but only the relevant region of the
scans (250–400 nm) is shown. A 1-mm pathlength cell was used.

NMR samples were prepared by dissolving the isolated compounds
in deuterated dimethylsulfoxide (DMSO-D6; 99.96 atom % D, Sigma-
Aldrich). The 1D 1H and the 2D 1H–13C HMBC, the 2D 1H–13C HSQC,
the 2D 1H–13C HSQC-TOCSY, the 2D 1H–13C H2BC, the 2D 1H–1H COSY
and 2D 1H–1H ROESY NMR experiments were obtained at 850MHz at
298K on a Bruker 850MHz instrument equipped with a 1H,13C,15N
triple resonance cryogenic probe.

4.12. Brine shrimp lethality assay

The stock solution was prepared by dissolving 124mg of the crys-
tallized mixtures of saponins in 1mL DMSO. 20 μL of this stock solution
was transferred to a beaker containing 10mL of seawater (distilled
water containing 35.5 g/l dissolved sea salt) to make the stock solution.
A volume of 0, 2, 5, 7, 9, 12.5 μL of the stock solution of saponin were
used in each well containing 10–20 Artemia salina nauplii, having a
total volume of 200 μL seawater. Individual concentrations in each well
were 2.5, 5, 8.8, 11.3 and 15.6 μg/mL, respectively. Three parallels of
each concentration and controls were performed. After 24 h the number
of surviving A. salina nauplii in each well were counted using a com-
puter-connected Veho 400x USB microscope with 20 times magnifica-
tion.

4.13. Cytotoxicity towards mammalian cell lines

Stock solutions were prepared by dissolving pure compounds to a
final concentration of 100mM in DMSO. The normal rat kidney epi-
thelial cells (NRK, ATCC no.: CRL-6509) and rat cardiomyoblasts
(H9c2, ATCC no.: CRL-1446) were cultured in DMEM supplemented
with 10% fetal bovine serum (FBS, Invitrogen, Carlsbad, CA). When the
cells reached 80% confluence, they were detached by mild trypsin
treatment (0.33mg/mL trypsin for 5min at 37 °C), centrifuged (160×g,
4 min) and reseeded in fresh medium to 25% confluence. The AML cell
line MOLM13 (Matsuo et al., 1997; Quentmeier et al., 2003) were
cultured in RPMI 1640 medium enriched with 10% FBS. The cells were
kept in suspension cultures at a density of between 150,000 and
600,000 cells/mL. All media were supplemented with 1 IU/mL peni-
cillin and 1mg/mL streptomycin (both from Cambrex, Belgium), and
incubated in a humidified atmosphere (37 °C, 5% CO2).

For cytotoxicity experiments with compounds 1–10, the NRK and
H9c2 cells were seeded in 96 well tissue culture plates (5000 cells/well,
0.1 mL) and left overnight to attach before adding compounds. The
MOLM13 cells were seeded in 96 well tissue culture plates at
15,000 cells/well in 0.1mL on the day of the experiment. Compounds
dissolved in DMSO were added to the cells, and the plates were kept

overnight before addition of the tetrazolium salt WST-1 according to
the manufacturer instructions. The plates were further incubated for 2 h
before the signal was recorded at 450 nm with reference at 620 nm. For
blank subtraction, medium added only WST-1 and compound was used.
In some of the experiments involving coloured compounds, the fluor-
escent dye resazurin, which is converted to the reporter product by the
same enzyme as WST-1, was used as an alternative. The protocol is
identical, except that viability was assessed by measuring fluorescence
at 480/520 nm. After recording of WST-1 or resazurin conversion, the
cells were next fixed 2% buffered formaldehyde (pH 7.4) with 0.01mg/
mL of the DNA-specific fluorescent dye, Hoechst 33342. The presence of
dead (apoptotic or necrotic) cells was verified by differential inter-
ference contrast and fluorescence microscopy as previously described
(Oftedal et al., 2010; Myhren et al., 2014). EC50 values were de-
termined by a four-parameter regression analysis as described pre-
viously (Viktorsson et al. (2017)), using IBM SPSS® statistic software
(ver. 25). For comparison the corresponding EC50 values of the standard
compound quercetin 3-(6″-rhamnosylglucoside) (rutin) was
40 ± 12 μM for MOLM13 cells and 245 ± 19 μM for NRK cells.
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4.11.Spectroscopy

HighresolutionmassspectrawererecordedusingaJEOLAccuTOF
JMST100LCinstrumentfittedwithanelectrosprayionsource.The
spectrumwasrecordedoverthemassrange50–1000m/z.

UV–Visabsorptionspectrawererecordedon-lineduringHPLC
analysisoverthewavelengthrange240–600nminstepsof2nm.

Specificrotationsofcompounds1–4weredetermineonaRudolph
ResearchAnalyticalAutopolIVinstrument.SamplesdissolvedinDMSO
weretransferredtoa600μlcell.Measurementswereperformedat
589nm.Thespecificrotationsweredeterminedtobe−2.86°for
compound4,-22.33°forcompound3,-10.83°forcompound2and
-2.00°forcompound1.

CircularDichroism(CD)spectrawererecordedat20°CinaJascoJ-
810spectropolarimeterequippedwithaPeltiertemperaturecontrol
unit.5mMofcompounds5,7and9,1mMofcompounds6and8and
0.5mMofcompound10solubilisedin100%DMSOwereusedtoobtain
thespectra.Thespectraobtainedweretheaverageof6scans.Buffer
scans(100%DMSO)weresubtractedfromthespectra.Thespectrawere
scannedfrom185nmto450nm,butonlytherelevantregionofthe
scans(250–400nm)isshown.A1-mmpathlengthcellwasused.

NMRsampleswerepreparedbydissolvingtheisolatedcompounds
indeuterateddimethylsulfoxide(DMSO-D6;99.96atom%D,Sigma-
Aldrich).The1D1Handthe2D1H–13CHMBC,the2D1H–13CHSQC,
the2D1H–13CHSQC-TOCSY,the2D1H–13CH2BC,the2D1H–1HCOSY
and2D1H–1HROESYNMRexperimentswereobtainedat850MHzat
298KonaBruker850MHzinstrumentequippedwitha1H,13C,15N
tripleresonancecryogenicprobe.

4.12.Brineshrimplethalityassay

Thestocksolutionwaspreparedbydissolving124mgofthecrys-
tallizedmixturesofsaponinsin1mLDMSO.20μLofthisstocksolution
wastransferredtoabeakercontaining10mLofseawater(distilled
watercontaining35.5g/ldissolvedseasalt)tomakethestocksolution.
Avolumeof0,2,5,7,9,12.5μLofthestocksolutionofsaponinwere
usedineachwellcontaining10–20Artemiasalinanauplii,havinga
totalvolumeof200μLseawater.Individualconcentrationsineachwell
were2.5,5,8.8,11.3and15.6μg/mL,respectively.Threeparallelsof
eachconcentrationandcontrolswereperformed.After24hthenumber
ofsurvivingA.salinanaupliiineachwellwerecountedusingacom-
puter-connectedVeho400xUSBmicroscopewith20timesmagnifica-
tion.

4.13.Cytotoxicitytowardsmammaliancelllines

Stocksolutionswerepreparedbydissolvingpurecompoundstoa
finalconcentrationof100mMinDMSO.Thenormalratkidneyepi-
thelialcells(NRK,ATCCno.:CRL-6509)andratcardiomyoblasts
(H9c2,ATCCno.:CRL-1446)wereculturedinDMEMsupplemented
with10%fetalbovineserum(FBS,Invitrogen,Carlsbad,CA).Whenthe
cellsreached80%confluence,theyweredetachedbymildtrypsin
treatment(0.33mg/mLtrypsinfor5minat37°C),centrifuged(160×g,
4min)andreseededinfreshmediumto25%confluence.TheAMLcell
lineMOLM13(Matsuoetal.,1997;Quentmeieretal.,2003)were
culturedinRPMI1640mediumenrichedwith10%FBS.Thecellswere
keptinsuspensionculturesatadensityofbetween150,000and
600,000cells/mL.Allmediaweresupplementedwith1IU/mLpeni-
cillinand1mg/mLstreptomycin(bothfromCambrex,Belgium),and
incubatedinahumidifiedatmosphere(37°C,5%CO2).

Forcytotoxicityexperimentswithcompounds1–10,theNRKand
H9c2cellswereseededin96welltissuecultureplates(5000cells/well,
0.1mL)andleftovernighttoattachbeforeaddingcompounds.The
MOLM13cellswereseededin96welltissuecultureplatesat
15,000cells/wellin0.1mLonthedayoftheexperiment.Compounds
dissolvedinDMSOwereaddedtothecells,andtheplateswerekept

overnightbeforeadditionofthetetrazoliumsaltWST-1accordingto
themanufacturerinstructions.Theplateswerefurtherincubatedfor2h
beforethesignalwasrecordedat450nmwithreferenceat620nm.For
blanksubtraction,mediumaddedonlyWST-1andcompoundwasused.
Insomeoftheexperimentsinvolvingcolouredcompounds,thefluor-
escentdyeresazurin,whichisconvertedtothereporterproductbythe
sameenzymeasWST-1,wasusedasanalternative.Theprotocolis
identical,exceptthatviabilitywasassessedbymeasuringfluorescence
at480/520nm.AfterrecordingofWST-1orresazurinconversion,the
cellswerenextfixed2%bufferedformaldehyde(pH7.4)with0.01mg/
mLoftheDNA-specificfluorescentdye,Hoechst33342.Thepresenceof
dead(apoptoticornecrotic)cellswasverifiedbydifferentialinter-
ferencecontrastandfluorescencemicroscopyaspreviouslydescribed
(Oftedaletal.,2010;Myhrenetal.,2014).EC50valueswerede-
terminedbyafour-parameterregressionanalysisasdescribedpre-
viously(Viktorssonetal.(2017)),usingIBMSPSS®statisticsoftware
(ver.25).ForcomparisonthecorrespondingEC50valuesofthestandard
compoundquercetin3-(6″-rhamnosylglucoside)(rutin)was
40±12μMforMOLM13cellsand245±19μMforNRKcells.
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4.11. Spectroscopy

High resolution mass spectra were recorded using a JEOL AccuTOF
JMS T100LC instrument fitted with an electrospray ion source. The
spectrum was recorded over the mass range 50–1000 m/z.

UV–Vis absorption spectra were recorded on-line during HPLC
analysis over the wavelength range 240–600 nm in steps of 2 nm.

Specific rotations of compounds 1–4 were determine on a Rudolph
Research Analytical Autopol IV instrument. Samples dissolved in DMSO
were transferred to a 600 μl cell. Measurements were performed at
589 nm. The specific rotations were determined to be −2.86° for
compound 4, -22.33° for compound 3, -10.83° for compound 2 and
-2.00° for compound 1.

Circular Dichroism (CD) spectra were recorded at 20 °C in a Jasco J-
810 spectropolarimeter equipped with a Peltier temperature control
unit. 5 mM of compounds 5, 7 and 9, 1 mM of compounds 6 and 8 and
0.5 mM of compound 10 solubilised in 100% DMSO were used to obtain
the spectra. The spectra obtained were the average of 6 scans. Buffer
scans (100% DMSO) were subtracted from the spectra. The spectra were
scanned from 185 nm to 450 nm, but only the relevant region of the
scans (250–400 nm) is shown. A 1-mm pathlength cell was used.

NMR samples were prepared by dissolving the isolated compounds
in deuterated dimethylsulfoxide (DMSO-D6; 99.96 atom % D, Sigma-
Aldrich). The 1D 1H and the 2D 1H–13C HMBC, the 2D 1H–13C HSQC,
the 2D

1
H–

13
C HSQC-TOCSY, the 2D

1
H–

13
C H2BC, the 2D

1
H–

1
H COSY

and 2D 1H–1H ROESY NMR experiments were obtained at 850MHz at
298K on a Bruker 850MHz instrument equipped with a

1
H,
13
C,
15
N

triple resonance cryogenic probe.

4.12. Brine shrimp lethality assay

The stock solution was prepared by dissolving 124mg of the crys-
tallized mixtures of saponins in 1mL DMSO. 20 μL of this stock solution
was transferred to a beaker containing 10mL of seawater (distilled
water containing 35.5 g/l dissolved sea salt) to make the stock solution.
A volume of 0, 2, 5, 7, 9, 12.5 μL of the stock solution of saponin were
used in each well containing 10–20 Artemia salina nauplii, having a
total volume of 200 μL seawater. Individual concentrations in each well
were 2.5, 5, 8.8, 11.3 and 15.6 μg/mL, respectively. Three parallels of
each concentration and controls were performed. After 24 h the number
of surviving A. salina nauplii in each well were counted using a com-
puter-connected Veho 400x USB microscope with 20 times magnifica-
tion.

4.13. Cytotoxicity towards mammalian cell lines

Stock solutions were prepared by dissolving pure compounds to a
final concentration of 100mM in DMSO. The normal rat kidney epi-
thelial cells (NRK, ATCC no.: CRL-6509) and rat cardiomyoblasts
(H9c2, ATCC no.: CRL-1446) were cultured in DMEM supplemented
with 10% fetal bovine serum (FBS, Invitrogen, Carlsbad, CA). When the
cells reached 80% confluence, they were detached by mild trypsin
treatment (0.33mg/mL trypsin for 5min at 37 °C), centrifuged (160×g,
4 min) and reseeded in fresh medium to 25% confluence. The AML cell
line MOLM13 (Matsuo et al., 1997; Quentmeier et al., 2003) were
cultured in RPMI 1640 medium enriched with 10% FBS. The cells were
kept in suspension cultures at a density of between 150,000 and
600,000 cells/mL. All media were supplemented with 1 IU/mL peni-
cillin and 1mg/mL streptomycin (both from Cambrex, Belgium), and
incubated in a humidified atmosphere (37 °C, 5% CO2).

For cytotoxicity experiments with compounds 1–10, the NRK and
H9c2 cells were seeded in 96 well tissue culture plates (5000 cells/well,
0.1 mL) and left overnight to attach before adding compounds. The
MOLM13 cells were seeded in 96 well tissue culture plates at
15,000 cells/well in 0.1mL on the day of the experiment. Compounds
dissolved in DMSO were added to the cells, and the plates were kept

overnight before addition of the tetrazolium salt WST-1 according to
the manufacturer instructions. The plates were further incubated for 2 h
before the signal was recorded at 450 nm with reference at 620 nm. For
blank subtraction, medium added only WST-1 and compound was used.
In some of the experiments involving coloured compounds, the fluor-
escent dye resazurin, which is converted to the reporter product by the
same enzyme as WST-1, was used as an alternative. The protocol is
identical, except that viability was assessed by measuring fluorescence
at 480/520 nm. After recording of WST-1 or resazurin conversion, the
cells were next fixed 2% buffered formaldehyde (pH 7.4) with 0.01mg/
mL of the DNA-specific fluorescent dye, Hoechst 33342. The presence of
dead (apoptotic or necrotic) cells was verified by differential inter-
ference contrast and fluorescence microscopy as previously described
(Oftedal et al., 2010; Myhren et al., 2014). EC50 values were de-
termined by a four-parameter regression analysis as described pre-
viously (Viktorsson et al. (2017)), using IBM SPSS

®
statistic software

(ver. 25). For comparison the corresponding EC50 values of the standard
compound quercetin 3-(6″-rhamnosylglucoside) (rutin) was
40 ± 12 μM for MOLM13 cells and 245 ± 19 μM for NRK cells.
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4.11. Spectroscopy

High resolution mass spectra were recorded using a JEOL AccuTOF
JMS T100LC instrument fitted with an electrospray ion source. The
spectrum was recorded over the mass range 50–1000 m/z.

UV–Vis absorption spectra were recorded on-line during HPLC
analysis over the wavelength range 240–600 nm in steps of 2 nm.

Specific rotations of compounds 1–4 were determine on a Rudolph
Research Analytical Autopol IV instrument. Samples dissolved in DMSO
were transferred to a 600 μl cell. Measurements were performed at
589 nm. The specific rotations were determined to be −2.86° for
compound 4, -22.33° for compound 3, -10.83° for compound 2 and
-2.00° for compound 1.

Circular Dichroism (CD) spectra were recorded at 20 °C in a Jasco J-
810 spectropolarimeter equipped with a Peltier temperature control
unit. 5 mM of compounds 5, 7 and 9, 1 mM of compounds 6 and 8 and
0.5 mM of compound 10 solubilised in 100% DMSO were used to obtain
the spectra. The spectra obtained were the average of 6 scans. Buffer
scans (100% DMSO) were subtracted from the spectra. The spectra were
scanned from 185 nm to 450 nm, but only the relevant region of the
scans (250–400 nm) is shown. A 1-mm pathlength cell was used.

NMR samples were prepared by dissolving the isolated compounds
in deuterated dimethylsulfoxide (DMSO-D6; 99.96 atom % D, Sigma-
Aldrich). The 1D 1H and the 2D 1H–13C HMBC, the 2D 1H–13C HSQC,
the 2D

1
H–

13
C HSQC-TOCSY, the 2D

1
H–

13
C H2BC, the 2D

1
H–

1
H COSY

and 2D 1H–1H ROESY NMR experiments were obtained at 850MHz at
298K on a Bruker 850MHz instrument equipped with a

1
H,
13
C,
15
N

triple resonance cryogenic probe.

4.12. Brine shrimp lethality assay

The stock solution was prepared by dissolving 124mg of the crys-
tallized mixtures of saponins in 1mL DMSO. 20 μL of this stock solution
was transferred to a beaker containing 10mL of seawater (distilled
water containing 35.5 g/l dissolved sea salt) to make the stock solution.
A volume of 0, 2, 5, 7, 9, 12.5 μL of the stock solution of saponin were
used in each well containing 10–20 Artemia salina nauplii, having a
total volume of 200 μL seawater. Individual concentrations in each well
were 2.5, 5, 8.8, 11.3 and 15.6 μg/mL, respectively. Three parallels of
each concentration and controls were performed. After 24 h the number
of surviving A. salina nauplii in each well were counted using a com-
puter-connected Veho 400x USB microscope with 20 times magnifica-
tion.

4.13. Cytotoxicity towards mammalian cell lines

Stock solutions were prepared by dissolving pure compounds to a
final concentration of 100mM in DMSO. The normal rat kidney epi-
thelial cells (NRK, ATCC no.: CRL-6509) and rat cardiomyoblasts
(H9c2, ATCC no.: CRL-1446) were cultured in DMEM supplemented
with 10% fetal bovine serum (FBS, Invitrogen, Carlsbad, CA). When the
cells reached 80% confluence, they were detached by mild trypsin
treatment (0.33mg/mL trypsin for 5min at 37 °C), centrifuged (160×g,
4 min) and reseeded in fresh medium to 25% confluence. The AML cell
line MOLM13 (Matsuo et al., 1997; Quentmeier et al., 2003) were
cultured in RPMI 1640 medium enriched with 10% FBS. The cells were
kept in suspension cultures at a density of between 150,000 and
600,000 cells/mL. All media were supplemented with 1 IU/mL peni-
cillin and 1mg/mL streptomycin (both from Cambrex, Belgium), and
incubated in a humidified atmosphere (37 °C, 5% CO2).

For cytotoxicity experiments with compounds 1–10, the NRK and
H9c2 cells were seeded in 96 well tissue culture plates (5000 cells/well,
0.1 mL) and left overnight to attach before adding compounds. The
MOLM13 cells were seeded in 96 well tissue culture plates at
15,000 cells/well in 0.1mL on the day of the experiment. Compounds
dissolved in DMSO were added to the cells, and the plates were kept

overnight before addition of the tetrazolium salt WST-1 according to
the manufacturer instructions. The plates were further incubated for 2 h
before the signal was recorded at 450 nm with reference at 620 nm. For
blank subtraction, medium added only WST-1 and compound was used.
In some of the experiments involving coloured compounds, the fluor-
escent dye resazurin, which is converted to the reporter product by the
same enzyme as WST-1, was used as an alternative. The protocol is
identical, except that viability was assessed by measuring fluorescence
at 480/520 nm. After recording of WST-1 or resazurin conversion, the
cells were next fixed 2% buffered formaldehyde (pH 7.4) with 0.01mg/
mL of the DNA-specific fluorescent dye, Hoechst 33342. The presence of
dead (apoptotic or necrotic) cells was verified by differential inter-
ference contrast and fluorescence microscopy as previously described
(Oftedal et al., 2010; Myhren et al., 2014). EC50 values were de-
termined by a four-parameter regression analysis as described pre-
viously (Viktorsson et al. (2017)), using IBM SPSS

®
statistic software

(ver. 25). For comparison the corresponding EC50 values of the standard
compound quercetin 3-(6″-rhamnosylglucoside) (rutin) was
40 ± 12 μM for MOLM13 cells and 245 ± 19 μM for NRK cells.
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4.11.Spectroscopy

HighresolutionmassspectrawererecordedusingaJEOLAccuTOF
JMST100LCinstrumentfittedwithanelectrosprayionsource.The
spectrumwasrecordedoverthemassrange50–1000m/z.

UV–Visabsorptionspectrawererecordedon-lineduringHPLC
analysisoverthewavelengthrange240–600nminstepsof2nm.

Specificrotationsofcompounds1–4weredetermineonaRudolph
ResearchAnalyticalAutopolIVinstrument.SamplesdissolvedinDMSO
weretransferredtoa600μlcell.Measurementswereperformedat
589nm.Thespecificrotationsweredeterminedtobe−2.86°for
compound4,-22.33°forcompound3,-10.83°forcompound2and
-2.00°forcompound1.

CircularDichroism(CD)spectrawererecordedat20°CinaJascoJ-
810spectropolarimeterequippedwithaPeltiertemperaturecontrol
unit.5mMofcompounds5,7and9,1mMofcompounds6and8and
0.5mMofcompound10solubilisedin100%DMSOwereusedtoobtain
thespectra.Thespectraobtainedweretheaverageof6scans.Buffer
scans(100%DMSO)weresubtractedfromthespectra.Thespectrawere
scannedfrom185nmto450nm,butonlytherelevantregionofthe
scans(250–400nm)isshown.A1-mmpathlengthcellwasused.

NMRsampleswerepreparedbydissolvingtheisolatedcompounds
indeuterateddimethylsulfoxide(DMSO-D6;99.96atom%D,Sigma-
Aldrich).The1D1Handthe2D1H–13CHMBC,the2D1H–13CHSQC,
the2D

1
H–

13
CHSQC-TOCSY,the2D

1
H–

13
CH2BC,the2D

1
H–

1
HCOSY

and2D1H–1HROESYNMRexperimentswereobtainedat850MHzat
298KonaBruker850MHzinstrumentequippedwitha

1
H,
13
C,
15
N

tripleresonancecryogenicprobe.

4.12.Brineshrimplethalityassay

Thestocksolutionwaspreparedbydissolving124mgofthecrys-
tallizedmixturesofsaponinsin1mLDMSO.20μLofthisstocksolution
wastransferredtoabeakercontaining10mLofseawater(distilled
watercontaining35.5g/ldissolvedseasalt)tomakethestocksolution.
Avolumeof0,2,5,7,9,12.5μLofthestocksolutionofsaponinwere
usedineachwellcontaining10–20Artemiasalinanauplii,havinga
totalvolumeof200μLseawater.Individualconcentrationsineachwell
were2.5,5,8.8,11.3and15.6μg/mL,respectively.Threeparallelsof
eachconcentrationandcontrolswereperformed.After24hthenumber
ofsurvivingA.salinanaupliiineachwellwerecountedusingacom-
puter-connectedVeho400xUSBmicroscopewith20timesmagnifica-
tion.

4.13.Cytotoxicitytowardsmammaliancelllines

Stocksolutionswerepreparedbydissolvingpurecompoundstoa
finalconcentrationof100mMinDMSO.Thenormalratkidneyepi-
thelialcells(NRK,ATCCno.:CRL-6509)andratcardiomyoblasts
(H9c2,ATCCno.:CRL-1446)wereculturedinDMEMsupplemented
with10%fetalbovineserum(FBS,Invitrogen,Carlsbad,CA).Whenthe
cellsreached80%confluence,theyweredetachedbymildtrypsin
treatment(0.33mg/mLtrypsinfor5minat37°C),centrifuged(160×g,
4min)andreseededinfreshmediumto25%confluence.TheAMLcell
lineMOLM13(Matsuoetal.,1997;Quentmeieretal.,2003)were
culturedinRPMI1640mediumenrichedwith10%FBS.Thecellswere
keptinsuspensionculturesatadensityofbetween150,000and
600,000cells/mL.Allmediaweresupplementedwith1IU/mLpeni-
cillinand1mg/mLstreptomycin(bothfromCambrex,Belgium),and
incubatedinahumidifiedatmosphere(37°C,5%CO2).

Forcytotoxicityexperimentswithcompounds1–10,theNRKand
H9c2cellswereseededin96welltissuecultureplates(5000cells/well,
0.1mL)andleftovernighttoattachbeforeaddingcompounds.The
MOLM13cellswereseededin96welltissuecultureplatesat
15,000cells/wellin0.1mLonthedayoftheexperiment.Compounds
dissolvedinDMSOwereaddedtothecells,andtheplateswerekept

overnightbeforeadditionofthetetrazoliumsaltWST-1accordingto
themanufacturerinstructions.Theplateswerefurtherincubatedfor2h
beforethesignalwasrecordedat450nmwithreferenceat620nm.For
blanksubtraction,mediumaddedonlyWST-1andcompoundwasused.
Insomeoftheexperimentsinvolvingcolouredcompounds,thefluor-
escentdyeresazurin,whichisconvertedtothereporterproductbythe
sameenzymeasWST-1,wasusedasanalternative.Theprotocolis
identical,exceptthatviabilitywasassessedbymeasuringfluorescence
at480/520nm.AfterrecordingofWST-1orresazurinconversion,the
cellswerenextfixed2%bufferedformaldehyde(pH7.4)with0.01mg/
mLoftheDNA-specificfluorescentdye,Hoechst33342.Thepresenceof
dead(apoptoticornecrotic)cellswasverifiedbydifferentialinter-
ferencecontrastandfluorescencemicroscopyaspreviouslydescribed
(Oftedaletal.,2010;Myhrenetal.,2014).EC50valueswerede-
terminedbyafour-parameterregressionanalysisasdescribedpre-
viously(Viktorssonetal.(2017)),usingIBMSPSS

®
statisticsoftware

(ver.25).ForcomparisonthecorrespondingEC50valuesofthestandard
compoundquercetin3-(6″-rhamnosylglucoside)(rutin)was
40±12μMforMOLM13cellsand245±19μMforNRKcells.
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4.11.Spectroscopy

HighresolutionmassspectrawererecordedusingaJEOLAccuTOF
JMST100LCinstrumentfittedwithanelectrosprayionsource.The
spectrumwasrecordedoverthemassrange50–1000m/z.

UV–Visabsorptionspectrawererecordedon-lineduringHPLC
analysisoverthewavelengthrange240–600nminstepsof2nm.

Specificrotationsofcompounds1–4weredetermineonaRudolph
ResearchAnalyticalAutopolIVinstrument.SamplesdissolvedinDMSO
weretransferredtoa600μlcell.Measurementswereperformedat
589nm.Thespecificrotationsweredeterminedtobe−2.86°for
compound4,-22.33°forcompound3,-10.83°forcompound2and
-2.00°forcompound1.

CircularDichroism(CD)spectrawererecordedat20°CinaJascoJ-
810spectropolarimeterequippedwithaPeltiertemperaturecontrol
unit.5mMofcompounds5,7and9,1mMofcompounds6and8and
0.5mMofcompound10solubilisedin100%DMSOwereusedtoobtain
thespectra.Thespectraobtainedweretheaverageof6scans.Buffer
scans(100%DMSO)weresubtractedfromthespectra.Thespectrawere
scannedfrom185nmto450nm,butonlytherelevantregionofthe
scans(250–400nm)isshown.A1-mmpathlengthcellwasused.

NMRsampleswerepreparedbydissolvingtheisolatedcompounds
indeuterateddimethylsulfoxide(DMSO-D6;99.96atom%D,Sigma-
Aldrich).The1D1Handthe2D1H–13CHMBC,the2D1H–13CHSQC,
the2D

1
H–

13
CHSQC-TOCSY,the2D

1
H–

13
CH2BC,the2D
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HCOSY

and2D1H–1HROESYNMRexperimentswereobtainedat850MHzat
298KonaBruker850MHzinstrumentequippedwitha

1
H,
13
C,
15
N

tripleresonancecryogenicprobe.

4.12.Brineshrimplethalityassay

Thestocksolutionwaspreparedbydissolving124mgofthecrys-
tallizedmixturesofsaponinsin1mLDMSO.20μLofthisstocksolution
wastransferredtoabeakercontaining10mLofseawater(distilled
watercontaining35.5g/ldissolvedseasalt)tomakethestocksolution.
Avolumeof0,2,5,7,9,12.5μLofthestocksolutionofsaponinwere
usedineachwellcontaining10–20Artemiasalinanauplii,havinga
totalvolumeof200μLseawater.Individualconcentrationsineachwell
were2.5,5,8.8,11.3and15.6μg/mL,respectively.Threeparallelsof
eachconcentrationandcontrolswereperformed.After24hthenumber
ofsurvivingA.salinanaupliiineachwellwerecountedusingacom-
puter-connectedVeho400xUSBmicroscopewith20timesmagnifica-
tion.

4.13.Cytotoxicitytowardsmammaliancelllines

Stocksolutionswerepreparedbydissolvingpurecompoundstoa
finalconcentrationof100mMinDMSO.Thenormalratkidneyepi-
thelialcells(NRK,ATCCno.:CRL-6509)andratcardiomyoblasts
(H9c2,ATCCno.:CRL-1446)wereculturedinDMEMsupplemented
with10%fetalbovineserum(FBS,Invitrogen,Carlsbad,CA).Whenthe
cellsreached80%confluence,theyweredetachedbymildtrypsin
treatment(0.33mg/mLtrypsinfor5minat37°C),centrifuged(160×g,
4min)andreseededinfreshmediumto25%confluence.TheAMLcell
lineMOLM13(Matsuoetal.,1997;Quentmeieretal.,2003)were
culturedinRPMI1640mediumenrichedwith10%FBS.Thecellswere
keptinsuspensionculturesatadensityofbetween150,000and
600,000cells/mL.Allmediaweresupplementedwith1IU/mLpeni-
cillinand1mg/mLstreptomycin(bothfromCambrex,Belgium),and
incubatedinahumidifiedatmosphere(37°C,5%CO2).

Forcytotoxicityexperimentswithcompounds1–10,theNRKand
H9c2cellswereseededin96welltissuecultureplates(5000cells/well,
0.1mL)andleftovernighttoattachbeforeaddingcompounds.The
MOLM13cellswereseededin96welltissuecultureplatesat
15,000cells/wellin0.1mLonthedayoftheexperiment.Compounds
dissolvedinDMSOwereaddedtothecells,andtheplateswerekept

overnightbeforeadditionofthetetrazoliumsaltWST-1accordingto
themanufacturerinstructions.Theplateswerefurtherincubatedfor2h
beforethesignalwasrecordedat450nmwithreferenceat620nm.For
blanksubtraction,mediumaddedonlyWST-1andcompoundwasused.
Insomeoftheexperimentsinvolvingcolouredcompounds,thefluor-
escentdyeresazurin,whichisconvertedtothereporterproductbythe
sameenzymeasWST-1,wasusedasanalternative.Theprotocolis
identical,exceptthatviabilitywasassessedbymeasuringfluorescence
at480/520nm.AfterrecordingofWST-1orresazurinconversion,the
cellswerenextfixed2%bufferedformaldehyde(pH7.4)with0.01mg/
mLoftheDNA-specificfluorescentdye,Hoechst33342.Thepresenceof
dead(apoptoticornecrotic)cellswasverifiedbydifferentialinter-
ferencecontrastandfluorescencemicroscopyaspreviouslydescribed
(Oftedaletal.,2010;Myhrenetal.,2014).EC50valueswerede-
terminedbyafour-parameterregressionanalysisasdescribedpre-
viously(Viktorssonetal.(2017)),usingIBMSPSS

®
statisticsoftware

(ver.25).ForcomparisonthecorrespondingEC50valuesofthestandard
compoundquercetin3-(6″-rhamnosylglucoside)(rutin)was
40±12μMforMOLM13cellsand245±19μMforNRKcells.
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Abstract: Parsley fern, Cryptogramma crispa, is a common fern in arctic–alpine regions, and even
though this species has been known since ancient times and has been presumed to cause the poisoning
of horses, its natural products have not previously been investigated. Here, we characterise 15 natural
products isolated from the aerial parts of Cryptogramma crispa, including the previously undescribed
compound 3-malonyl pteroside D. The structure determinations were based on several advanced 1D
and 2D NMR spectroscopic techniques, Circular Dichroism spectroscopy and high-resolution mass
spectrometry. The pteroside derivatives exhibited selective moderate cytotoxic activity against the
acute myeloid leukaemia MOLM13 cell line and no cytotoxicity against the normal heart and kidney
cell lines, suggesting that their potential anticancer effect should be further investigated.
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1. Introduction

The leptosporangiate fern genus Cryptogramma of the family Pteridaceae comprise
nine species and is referred to as parsley fern, as its foliage resembles that of parsley [1].
Cryptogramma crispa (L.) R. Br. (Figure 1) is a small rupestral fern widely distributed from
the montane to the subalpine zones of the temperate and boreal regions of Europe, with two
main distribution centres: the northern area, including the highest mountains in the British
Isles and west Scandinavia, and the southern area comprising the highest mountains in
south Europe. Within its northern distribution area, C. crispa occurs over a broad altitudinal
range, between 20 m and 2800 m above sea level [2,3].

C. crispa is a strongly calcifuge species that only grows on non-carbonaceous bedrocks,
often forming patches. This species is quite hardy and can be covered by snow during the
winter and receive lots of solar radiation during the summer [3,4].

According to observations within Norwegian traditional medicine, horses that exces-
sively consume parsley ferns are susceptible to colic, thus explaining its Norwegian name
hestespreng (which means “horse bloating”). Even though the traditional observation has
not been unambiguously confirmed in modern studies [5], this species appears to be a
potentially interesting source of bioactive natural products. While the existing literature
regarding C. crispa is mainly limited to studies of the botanical characteristics of the plant,
only a restricted number of studies have explored its phytochemical composition.

In the current literature, only relatively volatile compounds, including alkyl esters,
fatty acids, primary alcohols, aldehydes, and alkanes, have hitherto been identified by
GCMS from C. crispa [6]. Some carotenoid derivatives and shikimic acid derivatives have
also been suggested to be present in this plant [7]. However, the structures of these
compounds remain elusive. To the best of our knowledge, no studies exist in the current
literature about the isolation and identification of pure compounds from this plant species.
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Abstract:Parsleyfern,Cryptogrammacrispa,isacommonferninarctic–alpineregions,andeven
thoughthisspecieshasbeenknownsinceancienttimesandhasbeenpresumedtocausethepoisoning
ofhorses,itsnaturalproductshavenotpreviouslybeeninvestigated.Here,wecharacterise15natural
productsisolatedfromtheaerialpartsofCryptogrammacrispa,includingthepreviouslyundescribed
compound3-malonylpterosideD.Thestructuredeterminationswerebasedonseveraladvanced1D
and2DNMRspectroscopictechniques,CircularDichroismspectroscopyandhigh-resolutionmass
spectrometry.Thepterosidederivativesexhibitedselectivemoderatecytotoxicactivityagainstthe
acutemyeloidleukaemiaMOLM13celllineandnocytotoxicityagainstthenormalheartandkidney
celllines,suggestingthattheirpotentialanticancereffectshouldbefurtherinvestigated.
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1.Introduction

TheleptosporangiateferngenusCryptogrammaofthefamilyPteridaceaecomprise
ninespeciesandisreferredtoasparsleyfern,asitsfoliageresemblesthatofparsley[1].
Cryptogrammacrispa(L.)R.Br.(Figure1)isasmallrupestralfernwidelydistributedfrom
themontanetothesubalpinezonesofthetemperateandborealregionsofEurope,withtwo
maindistributioncentres:thenorthernarea,includingthehighestmountainsintheBritish
IslesandwestScandinavia,andthesouthernareacomprisingthehighestmountainsin
southEurope.Withinitsnortherndistributionarea,C.crispaoccursoverabroadaltitudinal
range,between20mand2800mabovesealevel[2,3].

C.crispaisastronglycalcifugespeciesthatonlygrowsonnon-carbonaceousbedrocks,
oftenformingpatches.Thisspeciesisquitehardyandcanbecoveredbysnowduringthe
winterandreceivelotsofsolarradiationduringthesummer[3,4].

AccordingtoobservationswithinNorwegiantraditionalmedicine,horsesthatexces-
sivelyconsumeparsleyfernsaresusceptibletocolic,thusexplainingitsNorwegianname
hestespreng(whichmeans“horsebloating”).Eventhoughthetraditionalobservationhas
notbeenunambiguouslyconfirmedinmodernstudies[5],thisspeciesappearstobea
potentiallyinterestingsourceofbioactivenaturalproducts.Whiletheexistingliterature
regardingC.crispaismainlylimitedtostudiesofthebotanicalcharacteristicsoftheplant,
onlyarestrictednumberofstudieshaveexploreditsphytochemicalcomposition.

Inthecurrentliterature,onlyrelativelyvolatilecompounds,includingalkylesters,
fattyacids,primaryalcohols,aldehydes,andalkanes,havehithertobeenidentifiedby
GCMSfromC.crispa[6].Somecarotenoidderivativesandshikimicacidderivativeshave
alsobeensuggestedtobepresentinthisplant[7].However,thestructuresofthese
compoundsremainelusive.Tothebestofourknowledge,nostudiesexistinthecurrent
literatureabouttheisolationandidentificationofpurecompoundsfromthisplantspecies.
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C. crispa is a strongly calcifuge species that only grows on non-carbonaceous bedrocks,
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winter and receive lots of solar radiation during the summer [3,4].

According to observations within Norwegian traditional medicine, horses that exces-
sively consume parsley ferns are susceptible to colic, thus explaining its Norwegian name
hestespreng (which means “horse bloating”). Even though the traditional observation has
not been unambiguously confirmed in modern studies [5], this species appears to be a
potentially interesting source of bioactive natural products. While the existing literature
regarding C. crispa is mainly limited to studies of the botanical characteristics of the plant,
only a restricted number of studies have explored its phytochemical composition.

In the current literature, only relatively volatile compounds, including alkyl esters,
fatty acids, primary alcohols, aldehydes, and alkanes, have hitherto been identified by
GCMS from C. crispa [6]. Some carotenoid derivatives and shikimic acid derivatives have
also been suggested to be present in this plant [7]. However, the structures of these
compounds remain elusive. To the best of our knowledge, no studies exist in the current
literature about the isolation and identification of pure compounds from this plant species.
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Abstract:Parsleyfern,Cryptogrammacrispa,isacommonferninarctic–alpineregions,andeven
thoughthisspecieshasbeenknownsinceancienttimesandhasbeenpresumedtocausethepoisoning
ofhorses,itsnaturalproductshavenotpreviouslybeeninvestigated.Here,wecharacterise15natural
productsisolatedfromtheaerialpartsofCryptogrammacrispa,includingthepreviouslyundescribed
compound3-malonylpterosideD.Thestructuredeterminationswerebasedonseveraladvanced1D
and2DNMRspectroscopictechniques,CircularDichroismspectroscopyandhigh-resolutionmass
spectrometry.Thepterosidederivativesexhibitedselectivemoderatecytotoxicactivityagainstthe
acutemyeloidleukaemiaMOLM13celllineandnocytotoxicityagainstthenormalheartandkidney
celllines,suggestingthattheirpotentialanticancereffectshouldbefurtherinvestigated.

Keywords:Cryptogrammacrispa;aerialparts;pterosin;pteroside;NMR;cytotoxicity

1.Introduction

TheleptosporangiateferngenusCryptogrammaofthefamilyPteridaceaecomprise
ninespeciesandisreferredtoasparsleyfern,asitsfoliageresemblesthatofparsley[1].
Cryptogrammacrispa(L.)R.Br.(Figure1)isasmallrupestralfernwidelydistributedfrom
themontanetothesubalpinezonesofthetemperateandborealregionsofEurope,withtwo
maindistributioncentres:thenorthernarea,includingthehighestmountainsintheBritish
IslesandwestScandinavia,andthesouthernareacomprisingthehighestmountainsin
southEurope.Withinitsnortherndistributionarea,C.crispaoccursoverabroadaltitudinal
range,between20mand2800mabovesealevel[2,3].

C.crispaisastronglycalcifugespeciesthatonlygrowsonnon-carbonaceousbedrocks,
oftenformingpatches.Thisspeciesisquitehardyandcanbecoveredbysnowduringthe
winterandreceivelotsofsolarradiationduringthesummer[3,4].

AccordingtoobservationswithinNorwegiantraditionalmedicine,horsesthatexces-
sivelyconsumeparsleyfernsaresusceptibletocolic,thusexplainingitsNorwegianname
hestespreng(whichmeans“horsebloating”).Eventhoughthetraditionalobservationhas
notbeenunambiguouslyconfirmedinmodernstudies[5],thisspeciesappearstobea
potentiallyinterestingsourceofbioactivenaturalproducts.Whiletheexistingliterature
regardingC.crispaismainlylimitedtostudiesofthebotanicalcharacteristicsoftheplant,
onlyarestrictednumberofstudieshaveexploreditsphytochemicalcomposition.

Inthecurrentliterature,onlyrelativelyvolatilecompounds,includingalkylesters,
fattyacids,primaryalcohols,aldehydes,andalkanes,havehithertobeenidentifiedby
GCMSfromC.crispa[6].Somecarotenoidderivativesandshikimicacidderivativeshave
alsobeensuggestedtobepresentinthisplant[7].However,thestructuresofthese
compoundsremainelusive.Tothebestofourknowledge,nostudiesexistinthecurrent
literatureabouttheisolationandidentificationofpurecompoundsfromthisplantspecies.
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As part of our ongoing research on the description of new natural products with
potential applications as lead compounds of future anticancer drugs, we report on the
characterisation of 15 natural compounds from the aerial parts of C. crispa, which have been
identified from this plant species for the first time, including a novel compound, as well as
their cytotoxic activity towards leukaemia cells and normal kidney and heart cell lines.

2. Results and Discussion

The methanolic extract obtained from the aerial parts from Cryptogramma crispa was
concentrated under reduced pressure and subjected to separation via liquid/liquid partition
with petroleum ether followed by ethyl acetate. The components of the aqueous and
ethyl acetate phases were further separated via adsorption chromatography, gel filtration
chromatography, and preparative HPLC.

The fourteen known compounds isolated from C. crispa are: quercetin (1), quercetin 3-O-β-
galactopyranoside (2), quercetin 3-O-β-glucopyranoside (3), quercetin 7-O-β-glucopyranoside
(4), kaempferol 7-O-β-glucopyranoside (5), ferulic acid (6), ferulic acid 4-O-β-glucopyranoside
(7), p-coumaric acid-4-O-β-glucopyranoside (8), caffeic acid (9), chlorogenic acid (10), chloro-
genic acid methyl ester (11), pteroside D (12), pteroside X (13), and pterosin D (15) (Figure 2).
These compounds were identified for the first time in parsley fern with using several 1D and
2D NMR spectroscopic techniques. Compound 13 was previously identified as pteroside X by
Murakami et al. [8] from Pteris fauriei Hieron using 1D 1H NMR. In this paper, complete 1H
and 13C data for pteroside X are available for the first time.

The UV spectrum of compound 14 recorded online during HPLC analysis exhibited λmax
values at 260, 215, and 198 nm (Figure S10), which are consistent with a 1-indanone derivative.
The 1D 1H NMR spectrum and the 1D 13C NMR spectrum of 14 (Figures S1 and S2) showed
the presence of an extensively substituted 1-indanone derivative, with only one aromatic
hydrogen observed at δ 7.28 s (H-4) (Table 1) and one aliphatic hydrogen (H-3) observed at δ
5.94 s directly attached to the 1-indanone ring system. The 1D 1H NMR spectrum and the 1D
13C NMR spectrum of 14 showed the presence of four methyl groups at δ 1.19 (H-10), δ 0.96
(H-11), δ 2.42 (H-12), and δ 2.61 (H-15), respectively. The cross-peaks at δ 1.19/49.8 (H-10/C-2)
and δ 0.96/49.8 (H-10/C-2) confirmed that these methyl groups were connected in the C-2
position. The cross-peaks at δ 2.42/145.2 (H-12/C-5) and δ 2.61/137.2 (H-15/C-7) confirmed
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Aspartofourongoingresearchonthedescriptionofnewnaturalproductswith
potentialapplicationsasleadcompoundsoffutureanticancerdrugs,wereportonthe
characterisationof15naturalcompoundsfromtheaerialpartsofC.crispa,whichhavebeen
identifiedfromthisplantspeciesforthefirsttime,includinganovelcompound,aswellas
theircytotoxicactivitytowardsleukaemiacellsandnormalkidneyandheartcelllines.

2.ResultsandDiscussion

ThemethanolicextractobtainedfromtheaerialpartsfromCryptogrammacrispawas
concentratedunderreducedpressureandsubjectedtoseparationvialiquid/liquidpartition
withpetroleumetherfollowedbyethylacetate.Thecomponentsoftheaqueousand
ethylacetatephaseswerefurtherseparatedviaadsorptionchromatography,gelfiltration
chromatography,andpreparativeHPLC.

ThefourteenknowncompoundsisolatedfromC.crispaare:quercetin(1),quercetin3-O-β-
galactopyranoside(2),quercetin3-O-β-glucopyranoside(3),quercetin7-O-β-glucopyranoside
(4),kaempferol7-O-β-glucopyranoside(5),ferulicacid(6),ferulicacid4-O-β-glucopyranoside
(7),p-coumaricacid-4-O-β-glucopyranoside(8),caffeicacid(9),chlorogenicacid(10),chloro-
genicacidmethylester(11),pterosideD(12),pterosideX(13),andpterosinD(15)(Figure2).
Thesecompoundswereidentifiedforthefirsttimeinparsleyfernwithusingseveral1Dand
2DNMRspectroscopictechniques.Compound13waspreviouslyidentifiedaspterosideXby
Murakamietal.[8]fromPterisfaurieiHieronusing1D1HNMR.Inthispaper,complete1H
and13CdataforpterosideXareavailableforthefirsttime.

TheUVspectrumofcompound14recordedonlineduringHPLCanalysisexhibitedλmax
valuesat260,215,and198nm(FigureS10),whichareconsistentwitha1-indanonederivative.
The1D1HNMRspectrumandthe1D13CNMRspectrumof14(FiguresS1andS2)showed
thepresenceofanextensivelysubstituted1-indanonederivative,withonlyonearomatic
hydrogenobservedatδ7.28s(H-4)(Table1)andonealiphatichydrogen(H-3)observedatδ
5.94sdirectlyattachedtothe1-indanoneringsystem.The1D1HNMRspectrumandthe1D
13CNMRspectrumof14showedthepresenceoffourmethylgroupsatδ1.19(H-10),δ0.96
(H-11),δ2.42(H-12),andδ2.61(H-15),respectively.Thecross-peaksatδ1.19/49.8(H-10/C-2)
andδ0.96/49.8(H-10/C-2)confirmedthatthesemethylgroupswereconnectedintheC-2
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Aspartofourongoingresearchonthedescriptionofnewnaturalproductswith
potentialapplicationsasleadcompoundsoffutureanticancerdrugs,wereportonthe
characterisationof15naturalcompoundsfromtheaerialpartsofC.crispa,whichhavebeen
identifiedfromthisplantspeciesforthefirsttime,includinganovelcompound,aswellas
theircytotoxicactivitytowardsleukaemiacellsandnormalkidneyandheartcelllines.

2.ResultsandDiscussion

ThemethanolicextractobtainedfromtheaerialpartsfromCryptogrammacrispawas
concentratedunderreducedpressureandsubjectedtoseparationvialiquid/liquidpartition
withpetroleumetherfollowedbyethylacetate.Thecomponentsoftheaqueousand
ethylacetatephaseswerefurtherseparatedviaadsorptionchromatography,gelfiltration
chromatography,andpreparativeHPLC.

ThefourteenknowncompoundsisolatedfromC.crispaare:quercetin(1),quercetin3-O-β-
galactopyranoside(2),quercetin3-O-β-glucopyranoside(3),quercetin7-O-β-glucopyranoside
(4),kaempferol7-O-β-glucopyranoside(5),ferulicacid(6),ferulicacid4-O-β-glucopyranoside
(7),p-coumaricacid-4-O-β-glucopyranoside(8),caffeicacid(9),chlorogenicacid(10),chloro-
genicacidmethylester(11),pterosideD(12),pterosideX(13),andpterosinD(15)(Figure2).
Thesecompoundswereidentifiedforthefirsttimeinparsleyfernwithusingseveral1Dand
2DNMRspectroscopictechniques.Compound13waspreviouslyidentifiedaspterosideXby
Murakamietal.[8]fromPterisfaurieiHieronusing1D1HNMR.Inthispaper,complete1H
and13CdataforpterosideXareavailableforthefirsttime.

TheUVspectrumofcompound14recordedonlineduringHPLCanalysisexhibitedλmax
valuesat260,215,and198nm(FigureS10),whichareconsistentwitha1-indanonederivative.
The1D1HNMRspectrumandthe1D13CNMRspectrumof14(FiguresS1andS2)showed
thepresenceofanextensivelysubstituted1-indanonederivative,withonlyonearomatic
hydrogenobservedatδ7.28s(H-4)(Table1)andonealiphatichydrogen(H-3)observedatδ
5.94sdirectlyattachedtothe1-indanoneringsystem.The1D1HNMRspectrumandthe1D
13CNMRspectrumof14showedthepresenceoffourmethylgroupsatδ1.19(H-10),δ0.96
(H-11),δ2.42(H-12),andδ2.61(H-15),respectively.Thecross-peaksatδ1.19/49.8(H-10/C-2)
andδ0.96/49.8(H-10/C-2)confirmedthatthesemethylgroupswereconnectedintheC-2
position.Thecross-peaksatδ2.42/145.2(H-12/C-5)andδ2.61/137.2(H-15/C-7)confirmed
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Figure 1. Aerial parts of Cryptogramma crispa. Photo: Andrea Estefania Carpinteyro Diaz.

As part of our ongoing research on the description of new natural products with
potential applications as lead compounds of future anticancer drugs, we report on the
characterisation of 15 natural compounds from the aerial parts of C. crispa, which have been
identified from this plant species for the first time, including a novel compound, as well as
their cytotoxic activity towards leukaemia cells and normal kidney and heart cell lines.

2. Results and Discussion

The methanolic extract obtained from the aerial parts from Cryptogramma crispa was
concentrated under reduced pressure and subjected to separation via liquid/liquid partition
with petroleum ether followed by ethyl acetate. The components of the aqueous and
ethyl acetate phases were further separated via adsorption chromatography, gel filtration
chromatography, and preparative HPLC.

The fourteen known compounds isolated from C. crispa are: quercetin (1), quercetin 3-O-β-
galactopyranoside (2), quercetin 3-O-β-glucopyranoside (3), quercetin 7-O-β-glucopyranoside
(4), kaempferol 7-O-β-glucopyranoside (5), ferulic acid (6), ferulic acid 4-O-β-glucopyranoside
(7), p-coumaric acid-4-O-β-glucopyranoside (8), caffeic acid (9), chlorogenic acid (10), chloro-
genic acid methyl ester (11), pteroside D (12), pteroside X (13), and pterosin D (15) (Figure 2).
These compounds were identified for the first time in parsley fern with using several 1D and
2D NMR spectroscopic techniques. Compound 13 was previously identified as pteroside X by
Murakami et al. [8] from Pteris fauriei Hieron using 1D 1H NMR. In this paper, complete 1H
and 13C data for pteroside X are available for the first time.

The UV spectrum of compound 14 recorded online during HPLC analysis exhibited λmax
values at 260, 215, and 198 nm (Figure S10), which are consistent with a 1-indanone derivative.
The 1D 1H NMR spectrum and the 1D 13C NMR spectrum of 14 (Figures S1 and S2) showed
the presence of an extensively substituted 1-indanone derivative, with only one aromatic
hydrogen observed at δ 7.28 s (H-4) (Table 1) and one aliphatic hydrogen (H-3) observed at δ
5.94 s directly attached to the 1-indanone ring system. The 1D 1H NMR spectrum and the 1D
13C NMR spectrum of 14 showed the presence of four methyl groups at δ 1.19 (H-10), δ 0.96
(H-11), δ 2.42 (H-12), and δ 2.61 (H-15), respectively. The cross-peaks at δ 1.19/49.8 (H-10/C-2)
and δ 0.96/49.8 (H-10/C-2) confirmed that these methyl groups were connected in the C-2
position. The cross-peaks at δ 2.42/145.2 (H-12/C-5) and δ 2.61/137.2 (H-15/C-7) confirmed
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Figure 1. Aerial parts of Cryptogramma crispa. Photo: Andrea Estefania Carpinteyro Diaz.

As part of our ongoing research on the description of new natural products with
potential applications as lead compounds of future anticancer drugs, we report on the
characterisation of 15 natural compounds from the aerial parts of C. crispa, which have been
identified from this plant species for the first time, including a novel compound, as well as
their cytotoxic activity towards leukaemia cells and normal kidney and heart cell lines.

2. Results and Discussion

The methanolic extract obtained from the aerial parts from Cryptogramma crispa was
concentrated under reduced pressure and subjected to separation via liquid/liquid partition
with petroleum ether followed by ethyl acetate. The components of the aqueous and
ethyl acetate phases were further separated via adsorption chromatography, gel filtration
chromatography, and preparative HPLC.

The fourteen known compounds isolated from C. crispa are: quercetin (1), quercetin 3-O-β-
galactopyranoside (2), quercetin 3-O-β-glucopyranoside (3), quercetin 7-O-β-glucopyranoside
(4), kaempferol 7-O-β-glucopyranoside (5), ferulic acid (6), ferulic acid 4-O-β-glucopyranoside
(7), p-coumaric acid-4-O-β-glucopyranoside (8), caffeic acid (9), chlorogenic acid (10), chloro-
genic acid methyl ester (11), pteroside D (12), pteroside X (13), and pterosin D (15) (Figure 2).
These compounds were identified for the first time in parsley fern with using several 1D and
2D NMR spectroscopic techniques. Compound 13 was previously identified as pteroside X by
Murakami et al. [8] from Pteris fauriei Hieron using 1D 1H NMR. In this paper, complete 1H
and 13C data for pteroside X are available for the first time.

The UV spectrum of compound 14 recorded online during HPLC analysis exhibited λmax
values at 260, 215, and 198 nm (Figure S10), which are consistent with a 1-indanone derivative.
The 1D 1H NMR spectrum and the 1D 13C NMR spectrum of 14 (Figures S1 and S2) showed
the presence of an extensively substituted 1-indanone derivative, with only one aromatic
hydrogen observed at δ 7.28 s (H-4) (Table 1) and one aliphatic hydrogen (H-3) observed at δ
5.94 s directly attached to the 1-indanone ring system. The 1D 1H NMR spectrum and the 1D
13C NMR spectrum of 14 showed the presence of four methyl groups at δ 1.19 (H-10), δ 0.96
(H-11), δ 2.42 (H-12), and δ 2.61 (H-15), respectively. The cross-peaks at δ 1.19/49.8 (H-10/C-2)
and δ 0.96/49.8 (H-10/C-2) confirmed that these methyl groups were connected in the C-2
position. The cross-peaks at δ 2.42/145.2 (H-12/C-5) and δ 2.61/137.2 (H-15/C-7) confirmed
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Aspartofourongoingresearchonthedescriptionofnewnaturalproductswith
potentialapplicationsasleadcompoundsoffutureanticancerdrugs,wereportonthe
characterisationof15naturalcompoundsfromtheaerialpartsofC.crispa,whichhavebeen
identifiedfromthisplantspeciesforthefirsttime,includinganovelcompound,aswellas
theircytotoxicactivitytowardsleukaemiacellsandnormalkidneyandheartcelllines.

2.ResultsandDiscussion

ThemethanolicextractobtainedfromtheaerialpartsfromCryptogrammacrispawas
concentratedunderreducedpressureandsubjectedtoseparationvialiquid/liquidpartition
withpetroleumetherfollowedbyethylacetate.Thecomponentsoftheaqueousand
ethylacetatephaseswerefurtherseparatedviaadsorptionchromatography,gelfiltration
chromatography,andpreparativeHPLC.

ThefourteenknowncompoundsisolatedfromC.crispaare:quercetin(1),quercetin3-O-β-
galactopyranoside(2),quercetin3-O-β-glucopyranoside(3),quercetin7-O-β-glucopyranoside
(4),kaempferol7-O-β-glucopyranoside(5),ferulicacid(6),ferulicacid4-O-β-glucopyranoside
(7),p-coumaricacid-4-O-β-glucopyranoside(8),caffeicacid(9),chlorogenicacid(10),chloro-
genicacidmethylester(11),pterosideD(12),pterosideX(13),andpterosinD(15)(Figure2).
Thesecompoundswereidentifiedforthefirsttimeinparsleyfernwithusingseveral1Dand
2DNMRspectroscopictechniques.Compound13waspreviouslyidentifiedaspterosideXby
Murakamietal.[8]fromPterisfaurieiHieronusing1D1HNMR.Inthispaper,complete1H
and13CdataforpterosideXareavailableforthefirsttime.

TheUVspectrumofcompound14recordedonlineduringHPLCanalysisexhibitedλmax
valuesat260,215,and198nm(FigureS10),whichareconsistentwitha1-indanonederivative.
The1D1HNMRspectrumandthe1D13CNMRspectrumof14(FiguresS1andS2)showed
thepresenceofanextensivelysubstituted1-indanonederivative,withonlyonearomatic
hydrogenobservedatδ7.28s(H-4)(Table1)andonealiphatichydrogen(H-3)observedatδ
5.94sdirectlyattachedtothe1-indanoneringsystem.The1D1HNMRspectrumandthe1D
13CNMRspectrumof14showedthepresenceoffourmethylgroupsatδ1.19(H-10),δ0.96
(H-11),δ2.42(H-12),andδ2.61(H-15),respectively.Thecross-peaksatδ1.19/49.8(H-10/C-2)
andδ0.96/49.8(H-10/C-2)confirmedthatthesemethylgroupswereconnectedintheC-2
position.Thecross-peaksatδ2.42/145.2(H-12/C-5)andδ2.61/137.2(H-15/C-7)confirmed
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2.ResultsandDiscussion

ThemethanolicextractobtainedfromtheaerialpartsfromCryptogrammacrispawas
concentratedunderreducedpressureandsubjectedtoseparationvialiquid/liquidpartition
withpetroleumetherfollowedbyethylacetate.Thecomponentsoftheaqueousand
ethylacetatephaseswerefurtherseparatedviaadsorptionchromatography,gelfiltration
chromatography,andpreparativeHPLC.

ThefourteenknowncompoundsisolatedfromC.crispaare:quercetin(1),quercetin3-O-β-
galactopyranoside(2),quercetin3-O-β-glucopyranoside(3),quercetin7-O-β-glucopyranoside
(4),kaempferol7-O-β-glucopyranoside(5),ferulicacid(6),ferulicacid4-O-β-glucopyranoside
(7),p-coumaricacid-4-O-β-glucopyranoside(8),caffeicacid(9),chlorogenicacid(10),chloro-
genicacidmethylester(11),pterosideD(12),pterosideX(13),andpterosinD(15)(Figure2).
Thesecompoundswereidentifiedforthefirsttimeinparsleyfernwithusingseveral1Dand
2DNMRspectroscopictechniques.Compound13waspreviouslyidentifiedaspterosideXby
Murakamietal.[8]fromPterisfaurieiHieronusing1D1HNMR.Inthispaper,complete1H
and13CdataforpterosideXareavailableforthefirsttime.

TheUVspectrumofcompound14recordedonlineduringHPLCanalysisexhibitedλmax
valuesat260,215,and198nm(FigureS10),whichareconsistentwitha1-indanonederivative.
The1D1HNMRspectrumandthe1D13CNMRspectrumof14(FiguresS1andS2)showed
thepresenceofanextensivelysubstituted1-indanonederivative,withonlyonearomatic
hydrogenobservedatδ7.28s(H-4)(Table1)andonealiphatichydrogen(H-3)observedatδ
5.94sdirectlyattachedtothe1-indanoneringsystem.The1D1HNMRspectrumandthe1D
13CNMRspectrumof14showedthepresenceoffourmethylgroupsatδ1.19(H-10),δ0.96
(H-11),δ2.42(H-12),andδ2.61(H-15),respectively.Thecross-peaksatδ1.19/49.8(H-10/C-2)
andδ0.96/49.8(H-10/C-2)confirmedthatthesemethylgroupswereconnectedintheC-2
position.Thecross-peaksatδ2.42/145.2(H-12/C-5)andδ2.61/137.2(H-15/C-7)confirmed
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and13CdataforpterosideXareavailableforthefirsttime.
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valuesat260,215,and198nm(FigureS10),whichareconsistentwitha1-indanonederivative.
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Murakamietal.[8]fromPterisfaurieiHieronusing1D1HNMR.Inthispaper,complete1H
and13CdataforpterosideXareavailableforthefirsttime.

TheUVspectrumofcompound14recordedonlineduringHPLCanalysisexhibitedλmax
valuesat260,215,and198nm(FigureS10),whichareconsistentwitha1-indanonederivative.
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thepresenceofanextensivelysubstituted1-indanonederivative,withonlyonearomatic
hydrogenobservedatδ7.28s(H-4)(Table1)andonealiphatichydrogen(H-3)observedatδ
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position.Thecross-peaksatδ2.42/145.2(H-12/C-5)andδ2.61/137.2(H-15/C-7)confirmed



Molecules 2023, 28, 7723 3 of 11

that these methyl groups were connected to the C-5 and C-6 positions, respectively (Figure 2).
Moreover, a C2 unit was identified at δ 3.00/29.14 (H-13/C-13), δ 3.75/66.79 (H-14A/C-14),
and δ 3.56/66.79 (H-14B/C-14). The cross-peaks at δ 3.00/145.2 (H-13/C-5) and δ 3.00/137.2
(H-13/C-7) confirmed that this unit was attached to the C-6 position of the aromatic ring of
compound 14 (Figure 2; Tables 1 and 2). Furthermore, the 1D 1H NMR spectrum and the
1D 13C NMR spectrum of 14 showed the presence of a glucosyl substituent and a malonyl
substituent, respectively (Figures S1 and S3; Tables 1 and 2). All the 1H and 13C resonances
belonging to the glucosyl substituent were assigned using the combined information gained
from the 1D selective TOCSY spectrum (Figure S2), the 2D 1H-13C HSQC spectrum (Figure S5),
the 2D 1H-13C H2BC spectrum (Figure S6), and the 2D 1H-1H COSY spectrum of 14 (Figure S7).
The cross-peaks at δ 4.20/66.8 (H-1′/C-14), δ 3.75/102.9 (H-14A/C-1′), and δ 3.56/102.9 (H-
14B/C-1′) observed in the 2D 1H-13C HMBC spectrum of 14 (Figure 3) confirmed that the
glucosyl substituent was attached to C-14. The sugar unit was identified as glucose with a
β-configuration because of the large coupling constant (δ 4.20 d 7.8 Hz; H-1′). The cross-peak
at δ 5.94/167.2 (H-3/C-1′′) observed in the HMBC spectrum (Figure 3) confirmed that the
malonyl unit was attached to C-3 (Figure 2).
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Figure 2. Molecular structures of compound 1–15 characterised from Cryptogramma crispa (L.) R. Br.

Table 1. 1H chemical shift values (ppm) and coupling constants (Hz) of Pteroside D (12), Pteroside X
(13), 3-malonyl-pteroside D (14), and Pterosin D (15) dissolved in DMSO-D6 at 298K.

Compound 12 Compound 13 Compound 14 Compound 15

δ 1H δ 1H δ 1H δ 1H

1
2
3 4.64 4.66 5.94 s 4.64
4 7.30 s 7.62 s 7.28 s 7.30 s
5
6
7
8
9
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thatthesemethylgroupswereconnectedtotheC-5andC-6positions,respectively(Figure2).
Moreover,aC2unitwasidentifiedatδ3.00/29.14(H-13/C-13),δ3.75/66.79(H-14A/C-14),
andδ3.56/66.79(H-14B/C-14).Thecross-peaksatδ3.00/145.2(H-13/C-5)andδ3.00/137.2
(H-13/C-7)confirmedthatthisunitwasattachedtotheC-6positionofthearomaticringof
compound14(Figure2;Tables1and2).Furthermore,the1D1HNMRspectrumandthe
1D13CNMRspectrumof14showedthepresenceofaglucosylsubstituentandamalonyl
substituent,respectively(FiguresS1andS3;Tables1and2).Allthe1Hand13Cresonances
belongingtotheglucosylsubstituentwereassignedusingthecombinedinformationgained
fromthe1DselectiveTOCSYspectrum(FigureS2),the2D1H-13CHSQCspectrum(FigureS5),
the2D1H-13CH2BCspectrum(FigureS6),andthe2D1H-1HCOSYspectrumof14(FigureS7).
Thecross-peaksatδ4.20/66.8(H-1′/C-14),δ3.75/102.9(H-14A/C-1′),andδ3.56/102.9(H-
14B/C-1′)observedinthe2D1H-13CHMBCspectrumof14(Figure3)confirmedthatthe
glucosylsubstituentwasattachedtoC-14.Thesugarunitwasidentifiedasglucosewitha
β-configurationbecauseofthelargecouplingconstant(δ4.20d7.8Hz;H-1′).Thecross-peak
atδ5.94/167.2(H-3/C-1′′)observedintheHMBCspectrum(Figure3)confirmedthatthe
malonylunitwasattachedtoC-3(Figure2).
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Table1.1Hchemicalshiftvalues(ppm)andcouplingconstants(Hz)ofPterosideD(12),PterosideX
(13),3-malonyl-pterosideD(14),andPterosinD(15)dissolvedinDMSO-D6at298K.
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thatthesemethylgroupswereconnectedtotheC-5andC-6positions,respectively(Figure2).
Moreover,aC2unitwasidentifiedatδ3.00/29.14(H-13/C-13),δ3.75/66.79(H-14A/C-14),
andδ3.56/66.79(H-14B/C-14).Thecross-peaksatδ3.00/145.2(H-13/C-5)andδ3.00/137.2
(H-13/C-7)confirmedthatthisunitwasattachedtotheC-6positionofthearomaticringof
compound14(Figure2;Tables1and2).Furthermore,the1D1HNMRspectrumandthe
1D13CNMRspectrumof14showedthepresenceofaglucosylsubstituentandamalonyl
substituent,respectively(FiguresS1andS3;Tables1and2).Allthe1Hand13Cresonances
belongingtotheglucosylsubstituentwereassignedusingthecombinedinformationgained
fromthe1DselectiveTOCSYspectrum(FigureS2),the2D1H-13CHSQCspectrum(FigureS5),
the2D1H-13CH2BCspectrum(FigureS6),andthe2D1H-1HCOSYspectrumof14(FigureS7).
Thecross-peaksatδ4.20/66.8(H-1′/C-14),δ3.75/102.9(H-14A/C-1′),andδ3.56/102.9(H-
14B/C-1′)observedinthe2D1H-13CHMBCspectrumof14(Figure3)confirmedthatthe
glucosylsubstituentwasattachedtoC-14.Thesugarunitwasidentifiedasglucosewitha
β-configurationbecauseofthelargecouplingconstant(δ4.20d7.8Hz;H-1′).Thecross-peak
atδ5.94/167.2(H-3/C-1′′)observedintheHMBCspectrum(Figure3)confirmedthatthe
malonylunitwasattachedtoC-3(Figure2).
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that these methyl groups were connected to the C-5 and C-6 positions, respectively (Figure 2).
Moreover, a C2 unit was identified at δ 3.00/29.14 (H-13/C-13), δ 3.75/66.79 (H-14A/C-14),
and δ 3.56/66.79 (H-14B/C-14). The cross-peaks at δ 3.00/145.2 (H-13/C-5) and δ 3.00/137.2
(H-13/C-7) confirmed that this unit was attached to the C-6 position of the aromatic ring of
compound 14 (Figure 2; Tables 1 and 2). Furthermore, the 1D 1H NMR spectrum and the
1D 13C NMR spectrum of 14 showed the presence of a glucosyl substituent and a malonyl
substituent, respectively (Figures S1 and S3; Tables 1 and 2). All the 1H and 13C resonances
belonging to the glucosyl substituent were assigned using the combined information gained
from the 1D selective TOCSY spectrum (Figure S2), the 2D 1H-13C HSQC spectrum (Figure S5),
the 2D 1H-13C H2BC spectrum (Figure S6), and the 2D 1H-1H COSY spectrum of 14 (Figure S7).
The cross-peaks at δ 4.20/66.8 (H-1′/C-14), δ 3.75/102.9 (H-14A/C-1′), and δ 3.56/102.9 (H-
14B/C-1′) observed in the 2D 1H-13C HMBC spectrum of 14 (Figure 3) confirmed that the
glucosyl substituent was attached to C-14. The sugar unit was identified as glucose with a
β-configuration because of the large coupling constant (δ 4.20 d 7.8 Hz; H-1′). The cross-peak
at δ 5.94/167.2 (H-3/C-1′′) observed in the HMBC spectrum (Figure 3) confirmed that the
malonyl unit was attached to C-3 (Figure 2).
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Table 1. 1H chemical shift values (ppm) and coupling constants (Hz) of Pteroside D (12), Pteroside X
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that these methyl groups were connected to the C-5 and C-6 positions, respectively (Figure 2).
Moreover, a C2 unit was identified at δ 3.00/29.14 (H-13/C-13), δ 3.75/66.79 (H-14A/C-14),
and δ 3.56/66.79 (H-14B/C-14). The cross-peaks at δ 3.00/145.2 (H-13/C-5) and δ 3.00/137.2
(H-13/C-7) confirmed that this unit was attached to the C-6 position of the aromatic ring of
compound 14 (Figure 2; Tables 1 and 2). Furthermore, the 1D 1H NMR spectrum and the
1D 13C NMR spectrum of 14 showed the presence of a glucosyl substituent and a malonyl
substituent, respectively (Figures S1 and S3; Tables 1 and 2). All the 1H and 13C resonances
belonging to the glucosyl substituent were assigned using the combined information gained
from the 1D selective TOCSY spectrum (Figure S2), the 2D 1H-13C HSQC spectrum (Figure S5),
the 2D 1H-13C H2BC spectrum (Figure S6), and the 2D 1H-1H COSY spectrum of 14 (Figure S7).
The cross-peaks at δ 4.20/66.8 (H-1′/C-14), δ 3.75/102.9 (H-14A/C-1′), and δ 3.56/102.9 (H-
14B/C-1′) observed in the 2D 1H-13C HMBC spectrum of 14 (Figure 3) confirmed that the
glucosyl substituent was attached to C-14. The sugar unit was identified as glucose with a
β-configuration because of the large coupling constant (δ 4.20 d 7.8 Hz; H-1′). The cross-peak
at δ 5.94/167.2 (H-3/C-1′′) observed in the HMBC spectrum (Figure 3) confirmed that the
malonyl unit was attached to C-3 (Figure 2).
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thatthesemethylgroupswereconnectedtotheC-5andC-6positions,respectively(Figure2).
Moreover,aC2unitwasidentifiedatδ3.00/29.14(H-13/C-13),δ3.75/66.79(H-14A/C-14),
andδ3.56/66.79(H-14B/C-14).Thecross-peaksatδ3.00/145.2(H-13/C-5)andδ3.00/137.2
(H-13/C-7)confirmedthatthisunitwasattachedtotheC-6positionofthearomaticringof
compound14(Figure2;Tables1and2).Furthermore,the1D1HNMRspectrumandthe
1D13CNMRspectrumof14showedthepresenceofaglucosylsubstituentandamalonyl
substituent,respectively(FiguresS1andS3;Tables1and2).Allthe1Hand13Cresonances
belongingtotheglucosylsubstituentwereassignedusingthecombinedinformationgained
fromthe1DselectiveTOCSYspectrum(FigureS2),the2D1H-13CHSQCspectrum(FigureS5),
the2D1H-13CH2BCspectrum(FigureS6),andthe2D1H-1HCOSYspectrumof14(FigureS7).
Thecross-peaksatδ4.20/66.8(H-1′/C-14),δ3.75/102.9(H-14A/C-1′),andδ3.56/102.9(H-
14B/C-1′)observedinthe2D1H-13CHMBCspectrumof14(Figure3)confirmedthatthe
glucosylsubstituentwasattachedtoC-14.Thesugarunitwasidentifiedasglucosewitha
β-configurationbecauseofthelargecouplingconstant(δ4.20d7.8Hz;H-1′).Thecross-peak
atδ5.94/167.2(H-3/C-1′′)observedintheHMBCspectrum(Figure3)confirmedthatthe
malonylunitwasattachedtoC-3(Figure2).
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thatthesemethylgroupswereconnectedtotheC-5andC-6positions,respectively(Figure2).
Moreover,aC2unitwasidentifiedatδ3.00/29.14(H-13/C-13),δ3.75/66.79(H-14A/C-14),
andδ3.56/66.79(H-14B/C-14).Thecross-peaksatδ3.00/145.2(H-13/C-5)andδ3.00/137.2
(H-13/C-7)confirmedthatthisunitwasattachedtotheC-6positionofthearomaticringof
compound14(Figure2;Tables1and2).Furthermore,the1D1HNMRspectrumandthe
1D13CNMRspectrumof14showedthepresenceofaglucosylsubstituentandamalonyl
substituent,respectively(FiguresS1andS3;Tables1and2).Allthe1Hand13Cresonances
belongingtotheglucosylsubstituentwereassignedusingthecombinedinformationgained
fromthe1DselectiveTOCSYspectrum(FigureS2),the2D1H-13CHSQCspectrum(FigureS5),
the2D1H-13CH2BCspectrum(FigureS6),andthe2D1H-1HCOSYspectrumof14(FigureS7).
Thecross-peaksatδ4.20/66.8(H-1′/C-14),δ3.75/102.9(H-14A/C-1′),andδ3.56/102.9(H-
14B/C-1′)observedinthe2D1H-13CHMBCspectrumof14(Figure3)confirmedthatthe
glucosylsubstituentwasattachedtoC-14.Thesugarunitwasidentifiedasglucosewitha
β-configurationbecauseofthelargecouplingconstant(δ4.20d7.8Hz;H-1′).Thecross-peak
atδ5.94/167.2(H-3/C-1′′)observedintheHMBCspectrum(Figure3)confirmedthatthe
malonylunitwasattachedtoC-3(Figure2).
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thatthesemethylgroupswereconnectedtotheC-5andC-6positions,respectively(Figure2).
Moreover,aC2unitwasidentifiedatδ3.00/29.14(H-13/C-13),δ3.75/66.79(H-14A/C-14),
andδ3.56/66.79(H-14B/C-14).Thecross-peaksatδ3.00/145.2(H-13/C-5)andδ3.00/137.2
(H-13/C-7)confirmedthatthisunitwasattachedtotheC-6positionofthearomaticringof
compound14(Figure2;Tables1and2).Furthermore,the1D1HNMRspectrumandthe
1D13CNMRspectrumof14showedthepresenceofaglucosylsubstituentandamalonyl
substituent,respectively(FiguresS1andS3;Tables1and2).Allthe1Hand13Cresonances
belongingtotheglucosylsubstituentwereassignedusingthecombinedinformationgained
fromthe1DselectiveTOCSYspectrum(FigureS2),the2D1H-13CHSQCspectrum(FigureS5),
the2D1H-13CH2BCspectrum(FigureS6),andthe2D1H-1HCOSYspectrumof14(FigureS7).
Thecross-peaksatδ4.20/66.8(H-1′/C-14),δ3.75/102.9(H-14A/C-1′),andδ3.56/102.9(H-
14B/C-1′)observedinthe2D1H-13CHMBCspectrumof14(Figure3)confirmedthatthe
glucosylsubstituentwasattachedtoC-14.Thesugarunitwasidentifiedasglucosewitha
β-configurationbecauseofthelargecouplingconstant(δ4.20d7.8Hz;H-1′).Thecross-peak
atδ5.94/167.2(H-3/C-1′′)observedintheHMBCspectrum(Figure3)confirmedthatthe
malonylunitwasattachedtoC-3(Figure2).
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thatthesemethylgroupswereconnectedtotheC-5andC-6positions,respectively(Figure2).
Moreover,aC2unitwasidentifiedatδ3.00/29.14(H-13/C-13),δ3.75/66.79(H-14A/C-14),
andδ3.56/66.79(H-14B/C-14).Thecross-peaksatδ3.00/145.2(H-13/C-5)andδ3.00/137.2
(H-13/C-7)confirmedthatthisunitwasattachedtotheC-6positionofthearomaticringof
compound14(Figure2;Tables1and2).Furthermore,the1D1HNMRspectrumandthe
1D13CNMRspectrumof14showedthepresenceofaglucosylsubstituentandamalonyl
substituent,respectively(FiguresS1andS3;Tables1and2).Allthe1Hand13Cresonances
belongingtotheglucosylsubstituentwereassignedusingthecombinedinformationgained
fromthe1DselectiveTOCSYspectrum(FigureS2),the2D1H-13CHSQCspectrum(FigureS5),
the2D1H-13CH2BCspectrum(FigureS6),andthe2D1H-1HCOSYspectrumof14(FigureS7).
Thecross-peaksatδ4.20/66.8(H-1′/C-14),δ3.75/102.9(H-14A/C-1′),andδ3.56/102.9(H-
14B/C-1′)observedinthe2D1H-13CHMBCspectrumof14(Figure3)confirmedthatthe
glucosylsubstituentwasattachedtoC-14.Thesugarunitwasidentifiedasglucosewitha
β-configurationbecauseofthelargecouplingconstant(δ4.20d7.8Hz;H-1′).Thecross-peak
atδ5.94/167.2(H-3/C-1′′)observedintheHMBCspectrum(Figure3)confirmedthatthe
malonylunitwasattachedtoC-3(Figure2).
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Table 1. Cont.

Compound 12 Compound 13 Compound 14 Compound 15

10 1.08 s 1.10 s 1.19 s 1.08 s
11 0.91 s 0.92 0.96 s 0.91 s
12 2.41 s 4.65 s 2.42 s 2.40 s
13 2.97 m 2.95 t 7.9 3.00 m 2.84 dd 8.5, 7.3

14A 3.75 m 3.75 m 3.75 m 3.45 dd 8.5, 7.3
14B 3.55 m 3.54 dt 10.1, 7.9 3.56 m
15 2.57 2.58 s 2.61 s 2.56 s

14-O-β-glc
1′ 4.20 d 7.8 4.18 d 7.8 4.20 d 7.8
2′ 2.98 dd 2.8; 9.1 2.95 dd 9.0, 7.8 2.94 dd 9.0, 7.8
3′ 3.15 dd 8.5; 9.1 3.12 t 8.9 3.12 t 8.9
4′ 3.06 dd 8.5; 9.7 3.03 dd 9.7, 8.8 3.02 dd 9.8, 8.8

5′ 3.09 ddd 2.2;
5.8; 9.7

3.08 ddd 9.7,
6.0, 2.2

3.08 ddd 9.8,
6.0, 2.2

6A′ 3.66 dd 2.2; 11.8 3.64 dd 11.8, 2.2 3.64 dd 11.8, 2.2
6B′ 3.44 dd 5.8; 11.8 3.42 dd 11.8, 6.0 3.41 dd 11.8, 6.0

3-O-malonyl
1′′

2′′ 3.50 s
3′′

Table 2. 13C chemical shift values (ppm) of Pteroside D (12), Pteroside X (13), 3-malonyl-pteroside D
(14), and Pterosin D (15) dissolved in DMSO-D6 at 298K.

Compound 12 Compound 13 Compound 14 Compound 15

δ 13C δ 13C δ 13C δ 13C

1 209.26 209.23 207.21 209.12
2 51.06 51.01 49.77 50.88
3 75.45 75.35 77.61 75.25
4 125.18 121.75 125.42 124.92
5 144.48 148.08 145.19 144.20
6 136.60 134.93 138.15 137.19
7 136.55 136.25 137.15 136.15
8 129.62 129.88 129.91 129.39
9 153.19 153.12 147.74 152.81
10 23.04 22.85 23.46 22.95
11 20.67 20.64 20.11 20.59
12 21.03 61.38 20.96 20.95
13 29.22 28.10 29.14 32.22

14A 67.13 67.43 66.79 59.81
14B
15 13.58 13.22 13.4 13.50

14-O-β-glc
1′ 103.08 102.95 102.91
2′ 73.73 73.56 73.56
3′ 77.07 76.87 76.90
4′ 70.33 70.15 70.19
5′ 77.10 76.99 77.02

6A′ 61.31 61.14 61.16
6B′

3-O-malonyl
1′′ 167.18
2′′ 41.62
3′′ 168.00
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Table1.Cont.

Compound12Compound13Compound14Compound15

101.08s1.10s1.19s1.08s
110.91s0.920.96s0.91s
122.41s4.65s2.42s2.40s
132.97m2.95t7.93.00m2.84dd8.5,7.3
14A3.75m3.75m3.75m3.45dd8.5,7.3
14B3.55m3.54dt10.1,7.93.56m

152.572.58s2.61s2.56s
14-O-β-glc

1′4.20d7.84.18d7.84.20d7.8
2′2.98dd2.8;9.12.95dd9.0,7.82.94dd9.0,7.8
3′3.15dd8.5;9.13.12t8.93.12t8.9
4′3.06dd8.5;9.73.03dd9.7,8.83.02dd9.8,8.8

5′3.09ddd2.2;
5.8;9.7

3.08ddd9.7,
6.0,2.2

3.08ddd9.8,
6.0,2.2

6A′3.66dd2.2;11.83.64dd11.8,2.23.64dd11.8,2.2
6B′3.44dd5.8;11.83.42dd11.8,6.03.41dd11.8,6.0

3-O-malonyl
1′′

2′′3.50s
3′′

Table2.13Cchemicalshiftvalues(ppm)ofPterosideD(12),PterosideX(13),3-malonyl-pterosideD
(14),andPterosinD(15)dissolvedinDMSO-D6at298K.

Compound12Compound13Compound14Compound15

δ13Cδ13Cδ13Cδ13C

1209.26209.23207.21209.12
251.0651.0149.7750.88
375.4575.3577.6175.25
4125.18121.75125.42124.92
5144.48148.08145.19144.20
6136.60134.93138.15137.19
7136.55136.25137.15136.15
8129.62129.88129.91129.39
9153.19153.12147.74152.81
1023.0422.8523.4622.95
1120.6720.6420.1120.59
1221.0361.3820.9620.95
1329.2228.1029.1432.22
14A67.1367.4366.7959.81
14B

1513.5813.2213.413.50
14-O-β-glc

1′103.08102.95102.91
2′73.7373.5673.56
3′77.0776.8776.90
4′70.3370.1570.19
5′77.1076.9977.02
6A′61.3161.1461.16
6B′

3-O-malonyl
1′′167.18
2′′41.62
3′′168.00
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Table 1. Cont.
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6 136.60 134.93 138.15 137.19
7 136.55 136.25 137.15 136.15
8 129.62 129.88 129.91 129.39
9 153.19 153.12 147.74 152.81
10 23.04 22.85 23.46 22.95
11 20.67 20.64 20.11 20.59
12 21.03 61.38 20.96 20.95
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14B
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14-O-β-glc
1′ 103.08 102.95 102.91
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4′ 70.33 70.15 70.19
5′ 77.10 76.99 77.02

6A′ 61.31 61.14 61.16
6B′
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3′′ 168.00
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Figure 3. Important HMBC cross-peaks for structure determination of 3(R)-O-malonyl pteroside D
(compound 14). (A) The cross-peak at δ 5.94/167.2 (H-4/C-1′′) confirms the malonyl substituent’s con-
nection to the 1-indanon core. (B) The cross-peak at δ 4.18/66.8 (H-1′/C-14) and (C) the cross-peaks
detected at δ 3.75/102.9 (H-14A/C-1′) and δ 3.56/102.9 /H-14B/C-1′), confirming the connection of
the glucosyl unit to the alkyl group at C-14.

The stereochemistry of the chiral carbons belonging to C-3 of the 1-indanone core
structure was determined via Circular Dichroism (CD) spectroscopy (Figure S9). The CD
spectrum of 14 showed a negative Cotton effect at 301 nm and a positive Cotton effect at
333 nm, which was in accordance with 3R configuration [9]. Therefore, compound 14 was
identified as 3(R)-O-malonyl pteroside D (Figure 2). A negative molecular ion [M − H]− at
m/z 495.1861 corresponding to C24H32O11 (calculated: m/z 495.1872; ∆ = −2.17 ppm) ob-
served in the high-resolution mass spectrum of compound 14 confirmed this identification
(Figure 2 and Figure S8 (in the Supplementary Materials)).

Pterosins are sesquiterpenoids with a 1-indanone core structure; the glucoside version
is called a pteroside. This name originates from the fern Pteridium aquilinum var. latiusculum,
which is one of the oldest and most common plants in the world and the first plant source
from which such compounds were isolated. At the end of the 19th century, reports of lethal
intoxication in cattle were established after consuming P. aquilinum [10,11]. Pterosin D and
Pteroside D were first isolated by Yoshihira et al. [12] from P. aquilunum and have later
been found in other fern varieties, such as P. aqullinum subsp. wightianum (Wall) Shich,
H. punctata (Thunb) Mett, J. scammanae Tryon, M. speluncae (L.) Moore, M. strigosa (Thunb)
Presl, and D. wilfordii (Moore) Christ [13].

Flavonoids are important natural products of ferns. A multitude of these compounds
has hitherto been reported from ferns belonging to Dryopteridaceae, Thelypteridaceae, Se-
laginellaceae, Equisetaceae, Helminthostachyaceae, Ophioglossaceae, Lygodiaceae, Athyri-
aceae, and Aspleniaceae species [13]. In the genus Pteridaceae, the flavonoids of the Pteris
species have been extensively investigated. The main flavonoids of ferns in this compound
class are flavones, flavonols, and flavanones [14,15]. All the flavonoids identified in C. crispa
in this paper are flavonols, where the derivatives of quercetin predominate.

In our ongoing research that aims to identify new lead compounds for future anticancer
therapy, the cytotoxic activity of four 1-indanone derivatives (compounds 12, 13, 14, and
15) were tested towards the acute myeloid leukaemia cell line MOLM-13. Table 3 presents
the EC50 values after 72 h exposure, which in our previous work, have shown to reveal
cytotxic effects at concentrations giving no cell death at 48 h [16].

Moderate and relatively similar cytotoxicity levels towards this cell line were observed
for all the compounds, with EC50 values ranging from 182.88 ± 0.08 µM for compound 12
to 197.88 ± 0.18 µM for compound 14. The cytotoxicity of pterosin D and pteroside D could
be regarded with the sugar moiety; meanwhile, adding a substituent in the C-3 position
and on C-5 decreases the cytotoxicity of these 1-indanone structures [12,17].
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Figure3.ImportantHMBCcross-peaksforstructuredeterminationof3(R)-O-malonylpterosideD
(compound14).(A)Thecross-peakatδ5.94/167.2(H-4/C-1′′)confirmsthemalonylsubstituent’scon-
nectiontothe1-indanoncore.(B)Thecross-peakatδ4.18/66.8(H-1′/C-14)and(C)thecross-peaks
detectedatδ3.75/102.9(H-14A/C-1′)andδ3.56/102.9/H-14B/C-1′),confirmingtheconnectionof
theglucosylunittothealkylgroupatC-14.

ThestereochemistryofthechiralcarbonsbelongingtoC-3ofthe1-indanonecore
structurewasdeterminedviaCircularDichroism(CD)spectroscopy(FigureS9).TheCD
spectrumof14showedanegativeCottoneffectat301nmandapositiveCottoneffectat
333nm,whichwasinaccordancewith3Rconfiguration[9].Therefore,compound14was
identifiedas3(R)-O-malonylpterosideD(Figure2).Anegativemolecularion[M−H]−at
m/z495.1861correspondingtoC24H32O11(calculated:m/z495.1872;∆=−2.17ppm)ob-
servedinthehigh-resolutionmassspectrumofcompound14confirmedthisidentification
(Figure2andFigureS8(intheSupplementaryMaterials)).

Pterosinsaresesquiterpenoidswitha1-indanonecorestructure;theglucosideversion
iscalledapteroside.ThisnameoriginatesfromthefernPteridiumaquilinumvar.latiusculum,
whichisoneoftheoldestandmostcommonplantsintheworldandthefirstplantsource
fromwhichsuchcompoundswereisolated.Attheendofthe19thcentury,reportsoflethal
intoxicationincattlewereestablishedafterconsumingP.aquilinum[10,11].PterosinDand
PterosideDwerefirstisolatedbyYoshihiraetal.[12]fromP.aquilunumandhavelater
beenfoundinotherfernvarieties,suchasP.aqullinumsubsp.wightianum(Wall)Shich,
H.punctata(Thunb)Mett,J.scammanaeTryon,M.speluncae(L.)Moore,M.strigosa(Thunb)
Presl,andD.wilfordii(Moore)Christ[13].

Flavonoidsareimportantnaturalproductsofferns.Amultitudeofthesecompounds
hashithertobeenreportedfromfernsbelongingtoDryopteridaceae,Thelypteridaceae,Se-
laginellaceae,Equisetaceae,Helminthostachyaceae,Ophioglossaceae,Lygodiaceae,Athyri-
aceae,andAspleniaceaespecies[13].InthegenusPteridaceae,theflavonoidsofthePteris
specieshavebeenextensivelyinvestigated.Themainflavonoidsoffernsinthiscompound
classareflavones,flavonols,andflavanones[14,15].AlltheflavonoidsidentifiedinC.crispa
inthispaperareflavonols,wherethederivativesofquercetinpredominate.

Inourongoingresearchthataimstoidentifynewleadcompoundsforfutureanticancer
therapy,thecytotoxicactivityoffour1-indanonederivatives(compounds12,13,14,and
15)weretestedtowardstheacutemyeloidleukaemiacelllineMOLM-13.Table3presents
theEC50valuesafter72hexposure,whichinourpreviouswork,haveshowntoreveal
cytotxiceffectsatconcentrationsgivingnocelldeathat48h[16].

Moderateandrelativelysimilarcytotoxicitylevelstowardsthiscelllinewereobserved
forallthecompounds,withEC50valuesrangingfrom182.88±0.08µMforcompound12
to197.88±0.18µMforcompound14.ThecytotoxicityofpterosinDandpterosideDcould
beregardedwiththesugarmoiety;meanwhile,addingasubstituentintheC-3position
andonC-5decreasesthecytotoxicityofthese1-indanonestructures[12,17].
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Figure3.ImportantHMBCcross-peaksforstructuredeterminationof3(R)-O-malonylpterosideD
(compound14).(A)Thecross-peakatδ5.94/167.2(H-4/C-1′′)confirmsthemalonylsubstituent’scon-
nectiontothe1-indanoncore.(B)Thecross-peakatδ4.18/66.8(H-1′/C-14)and(C)thecross-peaks
detectedatδ3.75/102.9(H-14A/C-1′)andδ3.56/102.9/H-14B/C-1′),confirmingtheconnectionof
theglucosylunittothealkylgroupatC-14.

ThestereochemistryofthechiralcarbonsbelongingtoC-3ofthe1-indanonecore
structurewasdeterminedviaCircularDichroism(CD)spectroscopy(FigureS9).TheCD
spectrumof14showedanegativeCottoneffectat301nmandapositiveCottoneffectat
333nm,whichwasinaccordancewith3Rconfiguration[9].Therefore,compound14was
identifiedas3(R)-O-malonylpterosideD(Figure2).Anegativemolecularion[M−H]−at
m/z495.1861correspondingtoC24H32O11(calculated:m/z495.1872;∆=−2.17ppm)ob-
servedinthehigh-resolutionmassspectrumofcompound14confirmedthisidentification
(Figure2andFigureS8(intheSupplementaryMaterials)).

Pterosinsaresesquiterpenoidswitha1-indanonecorestructure;theglucosideversion
iscalledapteroside.ThisnameoriginatesfromthefernPteridiumaquilinumvar.latiusculum,
whichisoneoftheoldestandmostcommonplantsintheworldandthefirstplantsource
fromwhichsuchcompoundswereisolated.Attheendofthe19thcentury,reportsoflethal
intoxicationincattlewereestablishedafterconsumingP.aquilinum[10,11].PterosinDand
PterosideDwerefirstisolatedbyYoshihiraetal.[12]fromP.aquilunumandhavelater
beenfoundinotherfernvarieties,suchasP.aqullinumsubsp.wightianum(Wall)Shich,
H.punctata(Thunb)Mett,J.scammanaeTryon,M.speluncae(L.)Moore,M.strigosa(Thunb)
Presl,andD.wilfordii(Moore)Christ[13].

Flavonoidsareimportantnaturalproductsofferns.Amultitudeofthesecompounds
hashithertobeenreportedfromfernsbelongingtoDryopteridaceae,Thelypteridaceae,Se-
laginellaceae,Equisetaceae,Helminthostachyaceae,Ophioglossaceae,Lygodiaceae,Athyri-
aceae,andAspleniaceaespecies[13].InthegenusPteridaceae,theflavonoidsofthePteris
specieshavebeenextensivelyinvestigated.Themainflavonoidsoffernsinthiscompound
classareflavones,flavonols,andflavanones[14,15].AlltheflavonoidsidentifiedinC.crispa
inthispaperareflavonols,wherethederivativesofquercetinpredominate.

Inourongoingresearchthataimstoidentifynewleadcompoundsforfutureanticancer
therapy,thecytotoxicactivityoffour1-indanonederivatives(compounds12,13,14,and
15)weretestedtowardstheacutemyeloidleukaemiacelllineMOLM-13.Table3presents
theEC50valuesafter72hexposure,whichinourpreviouswork,haveshowntoreveal
cytotxiceffectsatconcentrationsgivingnocelldeathat48h[16].

Moderateandrelativelysimilarcytotoxicitylevelstowardsthiscelllinewereobserved
forallthecompounds,withEC50valuesrangingfrom182.88±0.08µMforcompound12
to197.88±0.18µMforcompound14.ThecytotoxicityofpterosinDandpterosideDcould
beregardedwiththesugarmoiety;meanwhile,addingasubstituentintheC-3position
andonC-5decreasesthecytotoxicityofthese1-indanonestructures[12,17].
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Figure 3. Important HMBC cross-peaks for structure determination of 3(R)-O-malonyl pteroside D
(compound 14). (A) The cross-peak at δ 5.94/167.2 (H-4/C-1′′) confirms the malonyl substituent’s con-
nection to the 1-indanon core. (B) The cross-peak at δ 4.18/66.8 (H-1′/C-14) and (C) the cross-peaks
detected at δ 3.75/102.9 (H-14A/C-1′) and δ 3.56/102.9 /H-14B/C-1′), confirming the connection of
the glucosyl unit to the alkyl group at C-14.

The stereochemistry of the chiral carbons belonging to C-3 of the 1-indanone core
structure was determined via Circular Dichroism (CD) spectroscopy (Figure S9). The CD
spectrum of 14 showed a negative Cotton effect at 301 nm and a positive Cotton effect at
333 nm, which was in accordance with 3R configuration [9]. Therefore, compound 14 was
identified as 3(R)-O-malonyl pteroside D (Figure 2). A negative molecular ion [M − H]− at
m/z 495.1861 corresponding to C24H32O11 (calculated: m/z 495.1872; ∆ = −2.17 ppm) ob-
served in the high-resolution mass spectrum of compound 14 confirmed this identification
(Figure 2 and Figure S8 (in the Supplementary Materials)).

Pterosins are sesquiterpenoids with a 1-indanone core structure; the glucoside version
is called a pteroside. This name originates from the fern Pteridium aquilinum var. latiusculum,
which is one of the oldest and most common plants in the world and the first plant source
from which such compounds were isolated. At the end of the 19th century, reports of lethal
intoxication in cattle were established after consuming P. aquilinum [10,11]. Pterosin D and
Pteroside D were first isolated by Yoshihira et al. [12] from P. aquilunum and have later
been found in other fern varieties, such as P. aqullinum subsp. wightianum (Wall) Shich,
H. punctata (Thunb) Mett, J. scammanae Tryon, M. speluncae (L.) Moore, M. strigosa (Thunb)
Presl, and D. wilfordii (Moore) Christ [13].

Flavonoids are important natural products of ferns. A multitude of these compounds
has hitherto been reported from ferns belonging to Dryopteridaceae, Thelypteridaceae, Se-
laginellaceae, Equisetaceae, Helminthostachyaceae, Ophioglossaceae, Lygodiaceae, Athyri-
aceae, and Aspleniaceae species [13]. In the genus Pteridaceae, the flavonoids of the Pteris
species have been extensively investigated. The main flavonoids of ferns in this compound
class are flavones, flavonols, and flavanones [14,15]. All the flavonoids identified in C. crispa
in this paper are flavonols, where the derivatives of quercetin predominate.

In our ongoing research that aims to identify new lead compounds for future anticancer
therapy, the cytotoxic activity of four 1-indanone derivatives (compounds 12, 13, 14, and
15) were tested towards the acute myeloid leukaemia cell line MOLM-13. Table 3 presents
the EC50 values after 72 h exposure, which in our previous work, have shown to reveal
cytotxic effects at concentrations giving no cell death at 48 h [16].

Moderate and relatively similar cytotoxicity levels towards this cell line were observed
for all the compounds, with EC50 values ranging from 182.88 ± 0.08 µM for compound 12
to 197.88 ± 0.18 µM for compound 14. The cytotoxicity of pterosin D and pteroside D could
be regarded with the sugar moiety; meanwhile, adding a substituent in the C-3 position
and on C-5 decreases the cytotoxicity of these 1-indanone structures [12,17].
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Figure 3. Important HMBC cross-peaks for structure determination of 3(R)-O-malonyl pteroside D
(compound 14). (A) The cross-peak at δ 5.94/167.2 (H-4/C-1′′) confirms the malonyl substituent’s con-
nection to the 1-indanon core. (B) The cross-peak at δ 4.18/66.8 (H-1′/C-14) and (C) the cross-peaks
detected at δ 3.75/102.9 (H-14A/C-1′) and δ 3.56/102.9 /H-14B/C-1′), confirming the connection of
the glucosyl unit to the alkyl group at C-14.

The stereochemistry of the chiral carbons belonging to C-3 of the 1-indanone core
structure was determined via Circular Dichroism (CD) spectroscopy (Figure S9). The CD
spectrum of 14 showed a negative Cotton effect at 301 nm and a positive Cotton effect at
333 nm, which was in accordance with 3R configuration [9]. Therefore, compound 14 was
identified as 3(R)-O-malonyl pteroside D (Figure 2). A negative molecular ion [M − H]− at
m/z 495.1861 corresponding to C24H32O11 (calculated: m/z 495.1872; ∆ = −2.17 ppm) ob-
served in the high-resolution mass spectrum of compound 14 confirmed this identification
(Figure 2 and Figure S8 (in the Supplementary Materials)).

Pterosins are sesquiterpenoids with a 1-indanone core structure; the glucoside version
is called a pteroside. This name originates from the fern Pteridium aquilinum var. latiusculum,
which is one of the oldest and most common plants in the world and the first plant source
from which such compounds were isolated. At the end of the 19th century, reports of lethal
intoxication in cattle were established after consuming P. aquilinum [10,11]. Pterosin D and
Pteroside D were first isolated by Yoshihira et al. [12] from P. aquilunum and have later
been found in other fern varieties, such as P. aqullinum subsp. wightianum (Wall) Shich,
H. punctata (Thunb) Mett, J. scammanae Tryon, M. speluncae (L.) Moore, M. strigosa (Thunb)
Presl, and D. wilfordii (Moore) Christ [13].

Flavonoids are important natural products of ferns. A multitude of these compounds
has hitherto been reported from ferns belonging to Dryopteridaceae, Thelypteridaceae, Se-
laginellaceae, Equisetaceae, Helminthostachyaceae, Ophioglossaceae, Lygodiaceae, Athyri-
aceae, and Aspleniaceae species [13]. In the genus Pteridaceae, the flavonoids of the Pteris
species have been extensively investigated. The main flavonoids of ferns in this compound
class are flavones, flavonols, and flavanones [14,15]. All the flavonoids identified in C. crispa
in this paper are flavonols, where the derivatives of quercetin predominate.

In our ongoing research that aims to identify new lead compounds for future anticancer
therapy, the cytotoxic activity of four 1-indanone derivatives (compounds 12, 13, 14, and
15) were tested towards the acute myeloid leukaemia cell line MOLM-13. Table 3 presents
the EC50 values after 72 h exposure, which in our previous work, have shown to reveal
cytotxic effects at concentrations giving no cell death at 48 h [16].

Moderate and relatively similar cytotoxicity levels towards this cell line were observed
for all the compounds, with EC50 values ranging from 182.88 ± 0.08 µM for compound 12
to 197.88 ± 0.18 µM for compound 14. The cytotoxicity of pterosin D and pteroside D could
be regarded with the sugar moiety; meanwhile, adding a substituent in the C-3 position
and on C-5 decreases the cytotoxicity of these 1-indanone structures [12,17].
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Figure3.ImportantHMBCcross-peaksforstructuredeterminationof3(R)-O-malonylpterosideD
(compound14).(A)Thecross-peakatδ5.94/167.2(H-4/C-1′′)confirmsthemalonylsubstituent’scon-
nectiontothe1-indanoncore.(B)Thecross-peakatδ4.18/66.8(H-1′/C-14)and(C)thecross-peaks
detectedatδ3.75/102.9(H-14A/C-1′)andδ3.56/102.9/H-14B/C-1′),confirmingtheconnectionof
theglucosylunittothealkylgroupatC-14.

ThestereochemistryofthechiralcarbonsbelongingtoC-3ofthe1-indanonecore
structurewasdeterminedviaCircularDichroism(CD)spectroscopy(FigureS9).TheCD
spectrumof14showedanegativeCottoneffectat301nmandapositiveCottoneffectat
333nm,whichwasinaccordancewith3Rconfiguration[9].Therefore,compound14was
identifiedas3(R)-O-malonylpterosideD(Figure2).Anegativemolecularion[M−H]−at
m/z495.1861correspondingtoC24H32O11(calculated:m/z495.1872;∆=−2.17ppm)ob-
servedinthehigh-resolutionmassspectrumofcompound14confirmedthisidentification
(Figure2andFigureS8(intheSupplementaryMaterials)).

Pterosinsaresesquiterpenoidswitha1-indanonecorestructure;theglucosideversion
iscalledapteroside.ThisnameoriginatesfromthefernPteridiumaquilinumvar.latiusculum,
whichisoneoftheoldestandmostcommonplantsintheworldandthefirstplantsource
fromwhichsuchcompoundswereisolated.Attheendofthe19thcentury,reportsoflethal
intoxicationincattlewereestablishedafterconsumingP.aquilinum[10,11].PterosinDand
PterosideDwerefirstisolatedbyYoshihiraetal.[12]fromP.aquilunumandhavelater
beenfoundinotherfernvarieties,suchasP.aqullinumsubsp.wightianum(Wall)Shich,
H.punctata(Thunb)Mett,J.scammanaeTryon,M.speluncae(L.)Moore,M.strigosa(Thunb)
Presl,andD.wilfordii(Moore)Christ[13].

Flavonoidsareimportantnaturalproductsofferns.Amultitudeofthesecompounds
hashithertobeenreportedfromfernsbelongingtoDryopteridaceae,Thelypteridaceae,Se-
laginellaceae,Equisetaceae,Helminthostachyaceae,Ophioglossaceae,Lygodiaceae,Athyri-
aceae,andAspleniaceaespecies[13].InthegenusPteridaceae,theflavonoidsofthePteris
specieshavebeenextensivelyinvestigated.Themainflavonoidsoffernsinthiscompound
classareflavones,flavonols,andflavanones[14,15].AlltheflavonoidsidentifiedinC.crispa
inthispaperareflavonols,wherethederivativesofquercetinpredominate.

Inourongoingresearchthataimstoidentifynewleadcompoundsforfutureanticancer
therapy,thecytotoxicactivityoffour1-indanonederivatives(compounds12,13,14,and
15)weretestedtowardstheacutemyeloidleukaemiacelllineMOLM-13.Table3presents
theEC50valuesafter72hexposure,whichinourpreviouswork,haveshowntoreveal
cytotxiceffectsatconcentrationsgivingnocelldeathat48h[16].

Moderateandrelativelysimilarcytotoxicitylevelstowardsthiscelllinewereobserved
forallthecompounds,withEC50valuesrangingfrom182.88±0.08µMforcompound12
to197.88±0.18µMforcompound14.ThecytotoxicityofpterosinDandpterosideDcould
beregardedwiththesugarmoiety;meanwhile,addingasubstituentintheC-3position
andonC-5decreasesthecytotoxicityofthese1-indanonestructures[12,17].
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nectiontothe1-indanoncore.(B)Thecross-peakatδ4.18/66.8(H-1′/C-14)and(C)thecross-peaks
detectedatδ3.75/102.9(H-14A/C-1′)andδ3.56/102.9/H-14B/C-1′),confirmingtheconnectionof
theglucosylunittothealkylgroupatC-14.

ThestereochemistryofthechiralcarbonsbelongingtoC-3ofthe1-indanonecore
structurewasdeterminedviaCircularDichroism(CD)spectroscopy(FigureS9).TheCD
spectrumof14showedanegativeCottoneffectat301nmandapositiveCottoneffectat
333nm,whichwasinaccordancewith3Rconfiguration[9].Therefore,compound14was
identifiedas3(R)-O-malonylpterosideD(Figure2).Anegativemolecularion[M−H]−at
m/z495.1861correspondingtoC24H32O11(calculated:m/z495.1872;∆=−2.17ppm)ob-
servedinthehigh-resolutionmassspectrumofcompound14confirmedthisidentification
(Figure2andFigureS8(intheSupplementaryMaterials)).

Pterosinsaresesquiterpenoidswitha1-indanonecorestructure;theglucosideversion
iscalledapteroside.ThisnameoriginatesfromthefernPteridiumaquilinumvar.latiusculum,
whichisoneoftheoldestandmostcommonplantsintheworldandthefirstplantsource
fromwhichsuchcompoundswereisolated.Attheendofthe19thcentury,reportsoflethal
intoxicationincattlewereestablishedafterconsumingP.aquilinum[10,11].PterosinDand
PterosideDwerefirstisolatedbyYoshihiraetal.[12]fromP.aquilunumandhavelater
beenfoundinotherfernvarieties,suchasP.aqullinumsubsp.wightianum(Wall)Shich,
H.punctata(Thunb)Mett,J.scammanaeTryon,M.speluncae(L.)Moore,M.strigosa(Thunb)
Presl,andD.wilfordii(Moore)Christ[13].

Flavonoidsareimportantnaturalproductsofferns.Amultitudeofthesecompounds
hashithertobeenreportedfromfernsbelongingtoDryopteridaceae,Thelypteridaceae,Se-
laginellaceae,Equisetaceae,Helminthostachyaceae,Ophioglossaceae,Lygodiaceae,Athyri-
aceae,andAspleniaceaespecies[13].InthegenusPteridaceae,theflavonoidsofthePteris
specieshavebeenextensivelyinvestigated.Themainflavonoidsoffernsinthiscompound
classareflavones,flavonols,andflavanones[14,15].AlltheflavonoidsidentifiedinC.crispa
inthispaperareflavonols,wherethederivativesofquercetinpredominate.

Inourongoingresearchthataimstoidentifynewleadcompoundsforfutureanticancer
therapy,thecytotoxicactivityoffour1-indanonederivatives(compounds12,13,14,and
15)weretestedtowardstheacutemyeloidleukaemiacelllineMOLM-13.Table3presents
theEC50valuesafter72hexposure,whichinourpreviouswork,haveshowntoreveal
cytotxiceffectsatconcentrationsgivingnocelldeathat48h[16].

Moderateandrelativelysimilarcytotoxicitylevelstowardsthiscelllinewereobserved
forallthecompounds,withEC50valuesrangingfrom182.88±0.08µMforcompound12
to197.88±0.18µMforcompound14.ThecytotoxicityofpterosinDandpterosideDcould
beregardedwiththesugarmoiety;meanwhile,addingasubstituentintheC-3position
andonC-5decreasesthecytotoxicityofthese1-indanonestructures[12,17].
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nectiontothe1-indanoncore.(B)Thecross-peakatδ4.18/66.8(H-1′/C-14)and(C)thecross-peaks
detectedatδ3.75/102.9(H-14A/C-1′)andδ3.56/102.9/H-14B/C-1′),confirmingtheconnectionof
theglucosylunittothealkylgroupatC-14.

ThestereochemistryofthechiralcarbonsbelongingtoC-3ofthe1-indanonecore
structurewasdeterminedviaCircularDichroism(CD)spectroscopy(FigureS9).TheCD
spectrumof14showedanegativeCottoneffectat301nmandapositiveCottoneffectat
333nm,whichwasinaccordancewith3Rconfiguration[9].Therefore,compound14was
identifiedas3(R)-O-malonylpterosideD(Figure2).Anegativemolecularion[M−H]−at
m/z495.1861correspondingtoC24H32O11(calculated:m/z495.1872;∆=−2.17ppm)ob-
servedinthehigh-resolutionmassspectrumofcompound14confirmedthisidentification
(Figure2andFigureS8(intheSupplementaryMaterials)).

Pterosinsaresesquiterpenoidswitha1-indanonecorestructure;theglucosideversion
iscalledapteroside.ThisnameoriginatesfromthefernPteridiumaquilinumvar.latiusculum,
whichisoneoftheoldestandmostcommonplantsintheworldandthefirstplantsource
fromwhichsuchcompoundswereisolated.Attheendofthe19thcentury,reportsoflethal
intoxicationincattlewereestablishedafterconsumingP.aquilinum[10,11].PterosinDand
PterosideDwerefirstisolatedbyYoshihiraetal.[12]fromP.aquilunumandhavelater
beenfoundinotherfernvarieties,suchasP.aqullinumsubsp.wightianum(Wall)Shich,
H.punctata(Thunb)Mett,J.scammanaeTryon,M.speluncae(L.)Moore,M.strigosa(Thunb)
Presl,andD.wilfordii(Moore)Christ[13].

Flavonoidsareimportantnaturalproductsofferns.Amultitudeofthesecompounds
hashithertobeenreportedfromfernsbelongingtoDryopteridaceae,Thelypteridaceae,Se-
laginellaceae,Equisetaceae,Helminthostachyaceae,Ophioglossaceae,Lygodiaceae,Athyri-
aceae,andAspleniaceaespecies[13].InthegenusPteridaceae,theflavonoidsofthePteris
specieshavebeenextensivelyinvestigated.Themainflavonoidsoffernsinthiscompound
classareflavones,flavonols,andflavanones[14,15].AlltheflavonoidsidentifiedinC.crispa
inthispaperareflavonols,wherethederivativesofquercetinpredominate.

Inourongoingresearchthataimstoidentifynewleadcompoundsforfutureanticancer
therapy,thecytotoxicactivityoffour1-indanonederivatives(compounds12,13,14,and
15)weretestedtowardstheacutemyeloidleukaemiacelllineMOLM-13.Table3presents
theEC50valuesafter72hexposure,whichinourpreviouswork,haveshowntoreveal
cytotxiceffectsatconcentrationsgivingnocelldeathat48h[16].

Moderateandrelativelysimilarcytotoxicitylevelstowardsthiscelllinewereobserved
forallthecompounds,withEC50valuesrangingfrom182.88±0.08µMforcompound12
to197.88±0.18µMforcompound14.ThecytotoxicityofpterosinDandpterosideDcould
beregardedwiththesugarmoiety;meanwhile,addingasubstituentintheC-3position
andonC-5decreasesthecytotoxicityofthese1-indanonestructures[12,17].
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m/z495.1861correspondingtoC24H32O11(calculated:m/z495.1872;∆=−2.17ppm)ob-
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(Figure2andFigureS8(intheSupplementaryMaterials)).

Pterosinsaresesquiterpenoidswitha1-indanonecorestructure;theglucosideversion
iscalledapteroside.ThisnameoriginatesfromthefernPteridiumaquilinumvar.latiusculum,
whichisoneoftheoldestandmostcommonplantsintheworldandthefirstplantsource
fromwhichsuchcompoundswereisolated.Attheendofthe19thcentury,reportsoflethal
intoxicationincattlewereestablishedafterconsumingP.aquilinum[10,11].PterosinDand
PterosideDwerefirstisolatedbyYoshihiraetal.[12]fromP.aquilunumandhavelater
beenfoundinotherfernvarieties,suchasP.aqullinumsubsp.wightianum(Wall)Shich,
H.punctata(Thunb)Mett,J.scammanaeTryon,M.speluncae(L.)Moore,M.strigosa(Thunb)
Presl,andD.wilfordii(Moore)Christ[13].

Flavonoidsareimportantnaturalproductsofferns.Amultitudeofthesecompounds
hashithertobeenreportedfromfernsbelongingtoDryopteridaceae,Thelypteridaceae,Se-
laginellaceae,Equisetaceae,Helminthostachyaceae,Ophioglossaceae,Lygodiaceae,Athyri-
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Inourongoingresearchthataimstoidentifynewleadcompoundsforfutureanticancer
therapy,thecytotoxicactivityoffour1-indanonederivatives(compounds12,13,14,and
15)weretestedtowardstheacutemyeloidleukaemiacelllineMOLM-13.Table3presents
theEC50valuesafter72hexposure,whichinourpreviouswork,haveshowntoreveal
cytotxiceffectsatconcentrationsgivingnocelldeathat48h[16].

Moderateandrelativelysimilarcytotoxicitylevelstowardsthiscelllinewereobserved
forallthecompounds,withEC50valuesrangingfrom182.88±0.08µMforcompound12
to197.88±0.18µMforcompound14.ThecytotoxicityofpterosinDandpterosideDcould
beregardedwiththesugarmoiety;meanwhile,addingasubstituentintheC-3position
andonC-5decreasesthecytotoxicityofthese1-indanonestructures[12,17].
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Table 3. Cytotoxicity of compounds 12–15 against three mammalian cell lines. The compounds were
dissolved in DMSO. The cells were tested for metabolic activity after 72 h of incubation. The EC50 values
were determined via non-linear regression from 3 independent experiments (MOLM13), as described in
the methods section. The data from H9c2 and NRK cells originate from three experiments. “-” denotes
that no data are available due to low or no observed toxicity above concentrations of 200 µM.

MOLM13 (µM) H9c2 (µM) NRK (µM)

Compound 12 182.88 ± 0.08 - -

Compound 13 191.66 ± 0.13 - -

Compound 14 197.88 ± 0.18 - -

Compound 15 189.96 ± 0.16 - -

These compounds exhibited selective cytotoxic activity towards MOLM13, which is
illustrated by the fact that none of these compounds were cytotoxic towards the normal cell
lines NRK and heart cells, respectively (Table 3). Pterosides are 1-indanone derivatives that
are structurally related to ptaquiloside derivatives, which are cancer-promoting agents [18].
However, the cancer-promoting effects are normally not observable within a short timescale
of 24 to 72 h, which was applied in our experiments to determine the cytotoxicity of indi-
vidual compounds. McMorris et al. [19], who studied the structure–activity relationship of
the structurally related illudins isolated from Omphalotus illudens mushrooms, reported that
illudins have a significant anticancer potential. Illudins are structurally related to ptaquilo-
side structures with fewer cytotoxic effects than ptaquiloside. Some of these compounds,
for example, illudin M and illudin S, exhibit significant antibacterial activity [20]. The
latter-mentioned compounds are more potent than the pterosides described in this paper,
with cytotoxic effects against myeloid leukaemia HL 60 cells in the range of 6-100 nM [21].
According to Liston and Davis [22], EC50 concentrations of around 180 µM are within
the upper range of biologically relevant anticancer drugs. However, our determinations
of cytotoxic activity have been performed on cell cultures; henceforth, the predictions of
which concentrations can be achieved in vivo remain elusive.

In comparing the cytotoxicity of the pterosides presented in this work with the other
1-indanone structure, we found that the mild and selective toxicity towards AML MOLM13
cells is a positive discovery worthy of further investigations.

3. Materials and Methods
3.1. Plant Material

Fresh plant material of Cryptogramma crispa was collected during the summers of 2021
and 2022 on the mountain of Fløyen, in Bergen, Norway, at 302 m above sea level (coordi-
nates 60.397687 N and 005.337902 E). A voucher specimen of C. crispa was deposited at the
herbarium BG, University of Bergen (accession number BG/S-168787). Before extraction,
the fresh plant material was stored at −25 ◦C for preservation.

3.2. Extraction and Partition Purification with Organic Solvents

Aerial parts of Cryptogramma crispa (1.9 kg) were extracted with 22.5 L HPLC-grade
methanol (Sigma-Aldrich, St. Louis, MO, USA) for 72 h maceration at room temperature
without mixing. The extraction yield was 8.6% of the wet weight. Considering the water
content was 94.1%, the dry weight extraction yield was 46.9%. The methanolic extract was
percolated through glass wool and concentrated with rotary evaporators under reduced
pressure. The resulting concentrated aqueous extract (700 mL) was purified via liquid–
liquid partition three times with petroleum ether (Petroleum ether–ACS reagent, Sigma-
Aldrich, Saint Louis, MO, USA) using a total volume of 4.0 L. The resulting water phase
was further purified via liquid–liquid partition three times with ethyl acetate (Ethyl Acetate–
ACS reagent ≥ 99.5%, Sigma-Aldrich, Saint Louis, MO, USA) using a total volume of 3.2 L.
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Table3.Cytotoxicityofcompounds12–15againstthreemammaliancelllines.Thecompoundswere
dissolvedinDMSO.Thecellsweretestedformetabolicactivityafter72hofincubation.TheEC50values
weredeterminedvianon-linearregressionfrom3independentexperiments(MOLM13),asdescribedin
themethodssection.ThedatafromH9c2andNRKcellsoriginatefromthreeexperiments.“-”denotes
thatnodataareavailableduetolowornoobservedtoxicityaboveconcentrationsof200µM.

MOLM13(µM)H9c2(µM)NRK(µM)

Compound12182.88±0.08--

Compound13191.66±0.13--

Compound14197.88±0.18--

Compound15189.96±0.16--

ThesecompoundsexhibitedselectivecytotoxicactivitytowardsMOLM13,whichis
illustratedbythefactthatnoneofthesecompoundswerecytotoxictowardsthenormalcell
linesNRKandheartcells,respectively(Table3).Pterosidesare1-indanonederivativesthat
arestructurallyrelatedtoptaquilosidederivatives,whicharecancer-promotingagents[18].
However,thecancer-promotingeffectsarenormallynotobservablewithinashorttimescale
of24to72h,whichwasappliedinourexperimentstodeterminethecytotoxicityofindi-
vidualcompounds.McMorrisetal.[19],whostudiedthestructure–activityrelationshipof
thestructurallyrelatedilludinsisolatedfromOmphalotusilludensmushrooms,reportedthat
illudinshaveasignificantanticancerpotential.Illudinsarestructurallyrelatedtoptaquilo-
sidestructureswithfewercytotoxiceffectsthanptaquiloside.Someofthesecompounds,
forexample,illudinMandilludinS,exhibitsignificantantibacterialactivity[20].The
latter-mentionedcompoundsaremorepotentthanthepterosidesdescribedinthispaper,
withcytotoxiceffectsagainstmyeloidleukaemiaHL60cellsintherangeof6-100nM[21].
AccordingtoListonandDavis[22],EC50concentrationsofaround180µMarewithin
theupperrangeofbiologicallyrelevantanticancerdrugs.However,ourdeterminations
ofcytotoxicactivityhavebeenperformedoncellcultures;henceforth,thepredictionsof
whichconcentrationscanbeachievedinvivoremainelusive.

Incomparingthecytotoxicityofthepterosidespresentedinthisworkwiththeother
1-indanonestructure,wefoundthatthemildandselectivetoxicitytowardsAMLMOLM13
cellsisapositivediscoveryworthyoffurtherinvestigations.

3.MaterialsandMethods
3.1.PlantMaterial

FreshplantmaterialofCryptogrammacrispawascollectedduringthesummersof2021
and2022onthemountainofFløyen,inBergen,Norway,at302mabovesealevel(coordi-
nates60.397687Nand005.337902E).AvoucherspecimenofC.crispawasdepositedatthe
herbariumBG,UniversityofBergen(accessionnumberBG/S-168787).Beforeextraction,
thefreshplantmaterialwasstoredat−25◦Cforpreservation.

3.2.ExtractionandPartitionPurificationwithOrganicSolvents

AerialpartsofCryptogrammacrispa(1.9kg)wereextractedwith22.5LHPLC-grade
methanol(Sigma-Aldrich,St.Louis,MO,USA)for72hmacerationatroomtemperature
withoutmixing.Theextractionyieldwas8.6%ofthewetweight.Consideringthewater
contentwas94.1%,thedryweightextractionyieldwas46.9%.Themethanolicextractwas
percolatedthroughglasswoolandconcentratedwithrotaryevaporatorsunderreduced
pressure.Theresultingconcentratedaqueousextract(700mL)waspurifiedvialiquid–
liquidpartitionthreetimeswithpetroleumether(Petroleumether–ACSreagent,Sigma-
Aldrich,SaintLouis,MO,USA)usingatotalvolumeof4.0L.Theresultingwaterphase
wasfurtherpurifiedvialiquid–liquidpartitionthreetimeswithethylacetate(EthylAcetate–
ACSreagent≥99.5%,Sigma-Aldrich,SaintLouis,MO,USA)usingatotalvolumeof3.2L.
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thefreshplantmaterialwasstoredat−25◦Cforpreservation.

3.2.ExtractionandPartitionPurificationwithOrganicSolvents

AerialpartsofCryptogrammacrispa(1.9kg)wereextractedwith22.5LHPLC-grade
methanol(Sigma-Aldrich,St.Louis,MO,USA)for72hmacerationatroomtemperature
withoutmixing.Theextractionyieldwas8.6%ofthewetweight.Consideringthewater
contentwas94.1%,thedryweightextractionyieldwas46.9%.Themethanolicextractwas
percolatedthroughglasswoolandconcentratedwithrotaryevaporatorsunderreduced
pressure.Theresultingconcentratedaqueousextract(700mL)waspurifiedvialiquid–
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Table 3. Cytotoxicity of compounds 12–15 against three mammalian cell lines. The compounds were
dissolved in DMSO. The cells were tested for metabolic activity after 72 h of incubation. The EC50 values
were determined via non-linear regression from 3 independent experiments (MOLM13), as described in
the methods section. The data from H9c2 and NRK cells originate from three experiments. “-” denotes
that no data are available due to low or no observed toxicity above concentrations of 200 µM.

MOLM13 (µM) H9c2 (µM) NRK (µM)

Compound 12 182.88 ± 0.08 - -

Compound 13 191.66 ± 0.13 - -

Compound 14 197.88 ± 0.18 - -

Compound 15 189.96 ± 0.16 - -

These compounds exhibited selective cytotoxic activity towards MOLM13, which is
illustrated by the fact that none of these compounds were cytotoxic towards the normal cell
lines NRK and heart cells, respectively (Table 3). Pterosides are 1-indanone derivatives that
are structurally related to ptaquiloside derivatives, which are cancer-promoting agents [18].
However, the cancer-promoting effects are normally not observable within a short timescale
of 24 to 72 h, which was applied in our experiments to determine the cytotoxicity of indi-
vidual compounds. McMorris et al. [19], who studied the structure–activity relationship of
the structurally related illudins isolated from Omphalotus illudens mushrooms, reported that
illudins have a significant anticancer potential. Illudins are structurally related to ptaquilo-
side structures with fewer cytotoxic effects than ptaquiloside. Some of these compounds,
for example, illudin M and illudin S, exhibit significant antibacterial activity [20]. The
latter-mentioned compounds are more potent than the pterosides described in this paper,
with cytotoxic effects against myeloid leukaemia HL 60 cells in the range of 6-100 nM [21].
According to Liston and Davis [22], EC50 concentrations of around 180 µM are within
the upper range of biologically relevant anticancer drugs. However, our determinations
of cytotoxic activity have been performed on cell cultures; henceforth, the predictions of
which concentrations can be achieved in vivo remain elusive.

In comparing the cytotoxicity of the pterosides presented in this work with the other
1-indanone structure, we found that the mild and selective toxicity towards AML MOLM13
cells is a positive discovery worthy of further investigations.

3. Materials and Methods
3.1. Plant Material

Fresh plant material of Cryptogramma crispa was collected during the summers of 2021
and 2022 on the mountain of Fløyen, in Bergen, Norway, at 302 m above sea level (coordi-
nates 60.397687 N and 005.337902 E). A voucher specimen of C. crispa was deposited at the
herbarium BG, University of Bergen (accession number BG/S-168787). Before extraction,
the fresh plant material was stored at −25 ◦C for preservation.

3.2. Extraction and Partition Purification with Organic Solvents

Aerial parts of Cryptogramma crispa (1.9 kg) were extracted with 22.5 L HPLC-grade
methanol (Sigma-Aldrich, St. Louis, MO, USA) for 72 h maceration at room temperature
without mixing. The extraction yield was 8.6% of the wet weight. Considering the water
content was 94.1%, the dry weight extraction yield was 46.9%. The methanolic extract was
percolated through glass wool and concentrated with rotary evaporators under reduced
pressure. The resulting concentrated aqueous extract (700 mL) was purified via liquid–
liquid partition three times with petroleum ether (Petroleum ether–ACS reagent, Sigma-
Aldrich, Saint Louis, MO, USA) using a total volume of 4.0 L. The resulting water phase
was further purified via liquid–liquid partition three times with ethyl acetate (Ethyl Acetate–
ACS reagent ≥ 99.5%, Sigma-Aldrich, Saint Louis, MO, USA) using a total volume of 3.2 L.
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without mixing. The extraction yield was 8.6% of the wet weight. Considering the water
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The residual aqueous phase and the ethyl acetate phase were individually concentrated
with a rotavapor to a volume of 200 mL each.

3.3. XAD-7 Absorption Chromatography

The concentrated residual aqueous extract (200 mL) was added to an Amberlite
XAD-7 column (column dimensions 50 × 1000 mm, containing 500 g Amberlite® XAD-7,
20–60 mesh, Sigma-Aldrich, Saint Louis, MO, USA) to remove bulk substances, like sugars,
polysaccharides, and free aliphatic amino acids, from the extract when distilled water
was used as a mobile phase. Under these solvent conditions, fewer polar and aromatic
compounds are absorbed by the XAD-7 column material. The latter compounds are readily
eluted from the XAD-7 column when the mobile phase is changed to pure methanol (HPLC
grade). The mobile phase gradient consisted of 5.0 L distilled water, followed by 8.0 L
methanol. The flow rate was 5 mL/min. This chromatographic separation gave a total of
13 fractions with volumes of 1 L, which were analysed individually via analytical HPLC.
The same procedure was conducted with the ethyl acetate phase, whereby 16 fractions
were obtained and analysed individually via analytical HPLC.

3.4. Sephadex LH-20 Gel Filtration Chromatography

The combined fractions 4–7 and 10–11 from the XAD-7 purification of the water phase
were individually concentrated to a volume of 20 mL and further separated individually
via gel filtration chromatography with a Sephadex LH-20 column (column dimensions
50× 1000 mm, containing 500 g of Sephadex® LH-20, Sigma-Aldrich, Saint Louis, MO, USA)
using a gradient of super distilled water and methanol containing 0.1% TFA (Trifluoroacetic
acid—for HPLC, ≥ 99.0%, Sigma-Aldrich, Saint Louis, MO, USA). The gradient consisted
of 2.5 L Water–methanol–TFA 80:20:0.1 v/v/v, followed by 2.5 L Water–methanol–TFA
50:50:0.1 v/v/v, 2.5 L Water–methanol–TFA 30:70:0.1 v/v/v, and finally 2.5 L methanol–
TFA 100:0.1 v/v. The flow rate was 5 mL/min. Each collected fraction had a volume
of 90 mL and was analysed via analytical HPLC. From the Sephadex separation of the
combined XAD-7 fractions 4–7, 80 fractions were collected. The combined fractions, 12–15,
31–34, 38–39, and 42–48, were afterwards individually separated via preparative HPLC.
From the Sephadex separation of the combined XAD-7 fractions 10–11, 30 fractions were
collected. The combined fractions 22–24 were thereafter separated via preparative HPLC.
A similar procedure was followed for the Sephadex LH-20 separation of the combined
XAD-7 fractions 7–10, resulting from the purification of the ethyl acetate partition of the
extract. From the Sephadex separation of these combined XAD-7 fractions, 43 fractions
were collected. Pure pteroside D (compound 12) was isolated in fraction 11, while quercetin
(compound 1) and quercetin 3-O-β-galactopyranoside (compound 2) were identified in
fraction 29.

3.5. Preparative HPLC

Individual pure compounds of the fractions from Sephadex LH-20 column chromatogra-
phy were isolated via preparative HPLC (Thermo Scientific preparative HPLC equipped with
a Dionex Ultimate 3000 variable wavelength detector) equipped with a C18 Ascentis column
(column dimensions 250 × 20 mm; 5 µm, spherical particles). A gradient of two solvents
was used for elution, consisting of mobile phase A (super distilled water–TFA 99.9:0.1; v/v)
and mobile phase B (acetonitrile–TFA 99.9:0.1; v/v) (acetonitrile was used for HPLC, gradient
grade, ≥99.9%, Sigma-Aldrich, Saint Louis, USA). The elution profile consisted of isocratic
elution with A-B (90:10 v/v) for 4 min, followed by a linear gradient from A-B (90:10 v/v) to
A-B (80:20 v/v) for the next 10 min, isocratic elution with A-B (80:20 v/v) for the next 20 min,
followed by a linear gradient from A-B (80:20 v/v) to A-B (70:30 v/v) for the next 10 min,
followed by isocratic elution with A-B (70:30 v/v) for the next 20 min.

The flow rate was 15 mL/min. Portions of 750 µL were manually injected into the
HPLC column and were manually collected based on the peaks that appeared in the online
chromatogram recorded at 280 nm. Analytical HPLC was used to analyse the fractions from
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Theresidualaqueousphaseandtheethylacetatephasewereindividuallyconcentrated
witharotavaportoavolumeof200mLeach.

3.3.XAD-7AbsorptionChromatography

Theconcentratedresidualaqueousextract(200mL)wasaddedtoanAmberlite
XAD-7column(columndimensions50×1000mm,containing500gAmberlite®XAD-7,
20–60mesh,Sigma-Aldrich,SaintLouis,MO,USA)toremovebulksubstances,likesugars,
polysaccharides,andfreealiphaticaminoacids,fromtheextractwhendistilledwater
wasusedasamobilephase.Underthesesolventconditions,fewerpolarandaromatic
compoundsareabsorbedbytheXAD-7columnmaterial.Thelattercompoundsarereadily
elutedfromtheXAD-7columnwhenthemobilephaseischangedtopuremethanol(HPLC
grade).Themobilephasegradientconsistedof5.0Ldistilledwater,followedby8.0L
methanol.Theflowratewas5mL/min.Thischromatographicseparationgaveatotalof
13fractionswithvolumesof1L,whichwereanalysedindividuallyviaanalyticalHPLC.
Thesameprocedurewasconductedwiththeethylacetatephase,whereby16fractions
wereobtainedandanalysedindividuallyviaanalyticalHPLC.

3.4.SephadexLH-20GelFiltrationChromatography

Thecombinedfractions4–7and10–11fromtheXAD-7purificationofthewaterphase
wereindividuallyconcentratedtoavolumeof20mLandfurtherseparatedindividually
viagelfiltrationchromatographywithaSephadexLH-20column(columndimensions
50×1000mm,containing500gofSephadex®LH-20,Sigma-Aldrich,SaintLouis,MO,USA)
usingagradientofsuperdistilledwaterandmethanolcontaining0.1%TFA(Trifluoroacetic
acid—forHPLC,≥99.0%,Sigma-Aldrich,SaintLouis,MO,USA).Thegradientconsisted
of2.5LWater–methanol–TFA80:20:0.1v/v/v,followedby2.5LWater–methanol–TFA
50:50:0.1v/v/v,2.5LWater–methanol–TFA30:70:0.1v/v/v,andfinally2.5Lmethanol–
TFA100:0.1v/v.Theflowratewas5mL/min.Eachcollectedfractionhadavolume
of90mLandwasanalysedviaanalyticalHPLC.FromtheSephadexseparationofthe
combinedXAD-7fractions4–7,80fractionswerecollected.Thecombinedfractions,12–15,
31–34,38–39,and42–48,wereafterwardsindividuallyseparatedviapreparativeHPLC.
FromtheSephadexseparationofthecombinedXAD-7fractions10–11,30fractionswere
collected.Thecombinedfractions22–24werethereafterseparatedviapreparativeHPLC.
AsimilarprocedurewasfollowedfortheSephadexLH-20separationofthecombined
XAD-7fractions7–10,resultingfromthepurificationoftheethylacetatepartitionofthe
extract.FromtheSephadexseparationofthesecombinedXAD-7fractions,43fractions
werecollected.PurepterosideD(compound12)wasisolatedinfraction11,whilequercetin
(compound1)andquercetin3-O-β-galactopyranoside(compound2)wereidentifiedin
fraction29.

3.5.PreparativeHPLC

IndividualpurecompoundsofthefractionsfromSephadexLH-20columnchromatogra-
phywereisolatedviapreparativeHPLC(ThermoScientificpreparativeHPLCequippedwith
aDionexUltimate3000variablewavelengthdetector)equippedwithaC18Ascentiscolumn
(columndimensions250×20mm;5µm,sphericalparticles).Agradientoftwosolvents
wasusedforelution,consistingofmobilephaseA(superdistilledwater–TFA99.9:0.1;v/v)
andmobilephaseB(acetonitrile–TFA99.9:0.1;v/v)(acetonitrilewasusedforHPLC,gradient
grade,≥99.9%,Sigma-Aldrich,SaintLouis,USA).Theelutionprofileconsistedofisocratic
elutionwithA-B(90:10v/v)for4min,followedbyalineargradientfromA-B(90:10v/v)to
A-B(80:20v/v)forthenext10min,isocraticelutionwithA-B(80:20v/v)forthenext20min,
followedbyalineargradientfromA-B(80:20v/v)toA-B(70:30v/v)forthenext10min,
followedbyisocraticelutionwithA-B(70:30v/v)forthenext20min.

Theflowratewas15mL/min.Portionsof750µLweremanuallyinjectedintothe
HPLCcolumnandweremanuallycollectedbasedonthepeaksthatappearedintheonline
chromatogramrecordedat280nm.AnalyticalHPLCwasusedtoanalysethefractionsfrom
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The residual aqueous phase and the ethyl acetate phase were individually concentrated
with a rotavapor to a volume of 200 mL each.

3.3. XAD-7 Absorption Chromatography

The concentrated residual aqueous extract (200 mL) was added to an Amberlite
XAD-7 column (column dimensions 50 × 1000 mm, containing 500 g Amberlite® XAD-7,
20–60 mesh, Sigma-Aldrich, Saint Louis, MO, USA) to remove bulk substances, like sugars,
polysaccharides, and free aliphatic amino acids, from the extract when distilled water
was used as a mobile phase. Under these solvent conditions, fewer polar and aromatic
compounds are absorbed by the XAD-7 column material. The latter compounds are readily
eluted from the XAD-7 column when the mobile phase is changed to pure methanol (HPLC
grade). The mobile phase gradient consisted of 5.0 L distilled water, followed by 8.0 L
methanol. The flow rate was 5 mL/min. This chromatographic separation gave a total of
13 fractions with volumes of 1 L, which were analysed individually via analytical HPLC.
The same procedure was conducted with the ethyl acetate phase, whereby 16 fractions
were obtained and analysed individually via analytical HPLC.

3.4. Sephadex LH-20 Gel Filtration Chromatography

The combined fractions 4–7 and 10–11 from the XAD-7 purification of the water phase
were individually concentrated to a volume of 20 mL and further separated individually
via gel filtration chromatography with a Sephadex LH-20 column (column dimensions
50× 1000 mm, containing 500 g of Sephadex® LH-20, Sigma-Aldrich, Saint Louis, MO, USA)
using a gradient of super distilled water and methanol containing 0.1% TFA (Trifluoroacetic
acid—for HPLC, ≥ 99.0%, Sigma-Aldrich, Saint Louis, MO, USA). The gradient consisted
of 2.5 L Water–methanol–TFA 80:20:0.1 v/v/v, followed by 2.5 L Water–methanol–TFA
50:50:0.1 v/v/v, 2.5 L Water–methanol–TFA 30:70:0.1 v/v/v, and finally 2.5 L methanol–
TFA 100:0.1 v/v. The flow rate was 5 mL/min. Each collected fraction had a volume
of 90 mL and was analysed via analytical HPLC. From the Sephadex separation of the
combined XAD-7 fractions 4–7, 80 fractions were collected. The combined fractions, 12–15,
31–34, 38–39, and 42–48, were afterwards individually separated via preparative HPLC.
From the Sephadex separation of the combined XAD-7 fractions 10–11, 30 fractions were
collected. The combined fractions 22–24 were thereafter separated via preparative HPLC.
A similar procedure was followed for the Sephadex LH-20 separation of the combined
XAD-7 fractions 7–10, resulting from the purification of the ethyl acetate partition of the
extract. From the Sephadex separation of these combined XAD-7 fractions, 43 fractions
were collected. Pure pteroside D (compound 12) was isolated in fraction 11, while quercetin
(compound 1) and quercetin 3-O-β-galactopyranoside (compound 2) were identified in
fraction 29.

3.5. Preparative HPLC

Individual pure compounds of the fractions from Sephadex LH-20 column chromatogra-
phy were isolated via preparative HPLC (Thermo Scientific preparative HPLC equipped with
a Dionex Ultimate 3000 variable wavelength detector) equipped with a C18 Ascentis column
(column dimensions 250 × 20 mm; 5 µm, spherical particles). A gradient of two solvents
was used for elution, consisting of mobile phase A (super distilled water–TFA 99.9:0.1; v/v)
and mobile phase B (acetonitrile–TFA 99.9:0.1; v/v) (acetonitrile was used for HPLC, gradient
grade, ≥99.9%, Sigma-Aldrich, Saint Louis, USA). The elution profile consisted of isocratic
elution with A-B (90:10 v/v) for 4 min, followed by a linear gradient from A-B (90:10 v/v) to
A-B (80:20 v/v) for the next 10 min, isocratic elution with A-B (80:20 v/v) for the next 20 min,
followed by a linear gradient from A-B (80:20 v/v) to A-B (70:30 v/v) for the next 10 min,
followed by isocratic elution with A-B (70:30 v/v) for the next 20 min.

The flow rate was 15 mL/min. Portions of 750 µL were manually injected into the
HPLC column and were manually collected based on the peaks that appeared in the online
chromatogram recorded at 280 nm. Analytical HPLC was used to analyse the fractions from
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The residual aqueous phase and the ethyl acetate phase were individually concentrated
with a rotavapor to a volume of 200 mL each.

3.3. XAD-7 Absorption Chromatography

The concentrated residual aqueous extract (200 mL) was added to an Amberlite
XAD-7 column (column dimensions 50 × 1000 mm, containing 500 g Amberlite® XAD-7,
20–60 mesh, Sigma-Aldrich, Saint Louis, MO, USA) to remove bulk substances, like sugars,
polysaccharides, and free aliphatic amino acids, from the extract when distilled water
was used as a mobile phase. Under these solvent conditions, fewer polar and aromatic
compounds are absorbed by the XAD-7 column material. The latter compounds are readily
eluted from the XAD-7 column when the mobile phase is changed to pure methanol (HPLC
grade). The mobile phase gradient consisted of 5.0 L distilled water, followed by 8.0 L
methanol. The flow rate was 5 mL/min. This chromatographic separation gave a total of
13 fractions with volumes of 1 L, which were analysed individually via analytical HPLC.
The same procedure was conducted with the ethyl acetate phase, whereby 16 fractions
were obtained and analysed individually via analytical HPLC.

3.4. Sephadex LH-20 Gel Filtration Chromatography

The combined fractions 4–7 and 10–11 from the XAD-7 purification of the water phase
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via gel filtration chromatography with a Sephadex LH-20 column (column dimensions
50× 1000 mm, containing 500 g of Sephadex® LH-20, Sigma-Aldrich, Saint Louis, MO, USA)
using a gradient of super distilled water and methanol containing 0.1% TFA (Trifluoroacetic
acid—for HPLC, ≥ 99.0%, Sigma-Aldrich, Saint Louis, MO, USA). The gradient consisted
of 2.5 L Water–methanol–TFA 80:20:0.1 v/v/v, followed by 2.5 L Water–methanol–TFA
50:50:0.1 v/v/v, 2.5 L Water–methanol–TFA 30:70:0.1 v/v/v, and finally 2.5 L methanol–
TFA 100:0.1 v/v. The flow rate was 5 mL/min. Each collected fraction had a volume
of 90 mL and was analysed via analytical HPLC. From the Sephadex separation of the
combined XAD-7 fractions 4–7, 80 fractions were collected. The combined fractions, 12–15,
31–34, 38–39, and 42–48, were afterwards individually separated via preparative HPLC.
From the Sephadex separation of the combined XAD-7 fractions 10–11, 30 fractions were
collected. The combined fractions 22–24 were thereafter separated via preparative HPLC.
A similar procedure was followed for the Sephadex LH-20 separation of the combined
XAD-7 fractions 7–10, resulting from the purification of the ethyl acetate partition of the
extract. From the Sephadex separation of these combined XAD-7 fractions, 43 fractions
were collected. Pure pteroside D (compound 12) was isolated in fraction 11, while quercetin
(compound 1) and quercetin 3-O-β-galactopyranoside (compound 2) were identified in
fraction 29.

3.5. Preparative HPLC

Individual pure compounds of the fractions from Sephadex LH-20 column chromatogra-
phy were isolated via preparative HPLC (Thermo Scientific preparative HPLC equipped with
a Dionex Ultimate 3000 variable wavelength detector) equipped with a C18 Ascentis column
(column dimensions 250 × 20 mm; 5 µm, spherical particles). A gradient of two solvents
was used for elution, consisting of mobile phase A (super distilled water–TFA 99.9:0.1; v/v)
and mobile phase B (acetonitrile–TFA 99.9:0.1; v/v) (acetonitrile was used for HPLC, gradient
grade, ≥99.9%, Sigma-Aldrich, Saint Louis, USA). The elution profile consisted of isocratic
elution with A-B (90:10 v/v) for 4 min, followed by a linear gradient from A-B (90:10 v/v) to
A-B (80:20 v/v) for the next 10 min, isocratic elution with A-B (80:20 v/v) for the next 20 min,
followed by a linear gradient from A-B (80:20 v/v) to A-B (70:30 v/v) for the next 10 min,
followed by isocratic elution with A-B (70:30 v/v) for the next 20 min.

The flow rate was 15 mL/min. Portions of 750 µL were manually injected into the
HPLC column and were manually collected based on the peaks that appeared in the online
chromatogram recorded at 280 nm. Analytical HPLC was used to analyse the fractions from

Molecules2023,28,77237of11

Theresidualaqueousphaseandtheethylacetatephasewereindividuallyconcentrated
witharotavaportoavolumeof200mLeach.

3.3.XAD-7AbsorptionChromatography

Theconcentratedresidualaqueousextract(200mL)wasaddedtoanAmberlite
XAD-7column(columndimensions50×1000mm,containing500gAmberlite®XAD-7,
20–60mesh,Sigma-Aldrich,SaintLouis,MO,USA)toremovebulksubstances,likesugars,
polysaccharides,andfreealiphaticaminoacids,fromtheextractwhendistilledwater
wasusedasamobilephase.Underthesesolventconditions,fewerpolarandaromatic
compoundsareabsorbedbytheXAD-7columnmaterial.Thelattercompoundsarereadily
elutedfromtheXAD-7columnwhenthemobilephaseischangedtopuremethanol(HPLC
grade).Themobilephasegradientconsistedof5.0Ldistilledwater,followedby8.0L
methanol.Theflowratewas5mL/min.Thischromatographicseparationgaveatotalof
13fractionswithvolumesof1L,whichwereanalysedindividuallyviaanalyticalHPLC.
Thesameprocedurewasconductedwiththeethylacetatephase,whereby16fractions
wereobtainedandanalysedindividuallyviaanalyticalHPLC.

3.4.SephadexLH-20GelFiltrationChromatography

Thecombinedfractions4–7and10–11fromtheXAD-7purificationofthewaterphase
wereindividuallyconcentratedtoavolumeof20mLandfurtherseparatedindividually
viagelfiltrationchromatographywithaSephadexLH-20column(columndimensions
50×1000mm,containing500gofSephadex®LH-20,Sigma-Aldrich,SaintLouis,MO,USA)
usingagradientofsuperdistilledwaterandmethanolcontaining0.1%TFA(Trifluoroacetic
acid—forHPLC,≥99.0%,Sigma-Aldrich,SaintLouis,MO,USA).Thegradientconsisted
of2.5LWater–methanol–TFA80:20:0.1v/v/v,followedby2.5LWater–methanol–TFA
50:50:0.1v/v/v,2.5LWater–methanol–TFA30:70:0.1v/v/v,andfinally2.5Lmethanol–
TFA100:0.1v/v.Theflowratewas5mL/min.Eachcollectedfractionhadavolume
of90mLandwasanalysedviaanalyticalHPLC.FromtheSephadexseparationofthe
combinedXAD-7fractions4–7,80fractionswerecollected.Thecombinedfractions,12–15,
31–34,38–39,and42–48,wereafterwardsindividuallyseparatedviapreparativeHPLC.
FromtheSephadexseparationofthecombinedXAD-7fractions10–11,30fractionswere
collected.Thecombinedfractions22–24werethereafterseparatedviapreparativeHPLC.
AsimilarprocedurewasfollowedfortheSephadexLH-20separationofthecombined
XAD-7fractions7–10,resultingfromthepurificationoftheethylacetatepartitionofthe
extract.FromtheSephadexseparationofthesecombinedXAD-7fractions,43fractions
werecollected.PurepterosideD(compound12)wasisolatedinfraction11,whilequercetin
(compound1)andquercetin3-O-β-galactopyranoside(compound2)wereidentifiedin
fraction29.

3.5.PreparativeHPLC

IndividualpurecompoundsofthefractionsfromSephadexLH-20columnchromatogra-
phywereisolatedviapreparativeHPLC(ThermoScientificpreparativeHPLCequippedwith
aDionexUltimate3000variablewavelengthdetector)equippedwithaC18Ascentiscolumn
(columndimensions250×20mm;5µm,sphericalparticles).Agradientoftwosolvents
wasusedforelution,consistingofmobilephaseA(superdistilledwater–TFA99.9:0.1;v/v)
andmobilephaseB(acetonitrile–TFA99.9:0.1;v/v)(acetonitrilewasusedforHPLC,gradient
grade,≥99.9%,Sigma-Aldrich,SaintLouis,USA).Theelutionprofileconsistedofisocratic
elutionwithA-B(90:10v/v)for4min,followedbyalineargradientfromA-B(90:10v/v)to
A-B(80:20v/v)forthenext10min,isocraticelutionwithA-B(80:20v/v)forthenext20min,
followedbyalineargradientfromA-B(80:20v/v)toA-B(70:30v/v)forthenext10min,
followedbyisocraticelutionwithA-B(70:30v/v)forthenext20min.

Theflowratewas15mL/min.Portionsof750µLweremanuallyinjectedintothe
HPLCcolumnandweremanuallycollectedbasedonthepeaksthatappearedintheonline
chromatogramrecordedat280nm.AnalyticalHPLCwasusedtoanalysethefractionsfrom
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20–60mesh,Sigma-Aldrich,SaintLouis,MO,USA)toremovebulksubstances,likesugars,
polysaccharides,andfreealiphaticaminoacids,fromtheextractwhendistilledwater
wasusedasamobilephase.Underthesesolventconditions,fewerpolarandaromatic
compoundsareabsorbedbytheXAD-7columnmaterial.Thelattercompoundsarereadily
elutedfromtheXAD-7columnwhenthemobilephaseischangedtopuremethanol(HPLC
grade).Themobilephasegradientconsistedof5.0Ldistilledwater,followedby8.0L
methanol.Theflowratewas5mL/min.Thischromatographicseparationgaveatotalof
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Thesameprocedurewasconductedwiththeethylacetatephase,whereby16fractions
wereobtainedandanalysedindividuallyviaanalyticalHPLC.
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of90mLandwasanalysedviaanalyticalHPLC.FromtheSephadexseparationofthe
combinedXAD-7fractions4–7,80fractionswerecollected.Thecombinedfractions,12–15,
31–34,38–39,and42–48,wereafterwardsindividuallyseparatedviapreparativeHPLC.
FromtheSephadexseparationofthecombinedXAD-7fractions10–11,30fractionswere
collected.Thecombinedfractions22–24werethereafterseparatedviapreparativeHPLC.
AsimilarprocedurewasfollowedfortheSephadexLH-20separationofthecombined
XAD-7fractions7–10,resultingfromthepurificationoftheethylacetatepartitionofthe
extract.FromtheSephadexseparationofthesecombinedXAD-7fractions,43fractions
werecollected.PurepterosideD(compound12)wasisolatedinfraction11,whilequercetin
(compound1)andquercetin3-O-β-galactopyranoside(compound2)wereidentifiedin
fraction29.

3.5.PreparativeHPLC

IndividualpurecompoundsofthefractionsfromSephadexLH-20columnchromatogra-
phywereisolatedviapreparativeHPLC(ThermoScientificpreparativeHPLCequippedwith
aDionexUltimate3000variablewavelengthdetector)equippedwithaC18Ascentiscolumn
(columndimensions250×20mm;5µm,sphericalparticles).Agradientoftwosolvents
wasusedforelution,consistingofmobilephaseA(superdistilledwater–TFA99.9:0.1;v/v)
andmobilephaseB(acetonitrile–TFA99.9:0.1;v/v)(acetonitrilewasusedforHPLC,gradient
grade,≥99.9%,Sigma-Aldrich,SaintLouis,USA).Theelutionprofileconsistedofisocratic
elutionwithA-B(90:10v/v)for4min,followedbyalineargradientfromA-B(90:10v/v)to
A-B(80:20v/v)forthenext10min,isocraticelutionwithA-B(80:20v/v)forthenext20min,
followedbyalineargradientfromA-B(80:20v/v)toA-B(70:30v/v)forthenext10min,
followedbyisocraticelutionwithA-B(70:30v/v)forthenext20min.

Theflowratewas15mL/min.Portionsof750µLweremanuallyinjectedintothe
HPLCcolumnandweremanuallycollectedbasedonthepeaksthatappearedintheonline
chromatogramrecordedat280nm.AnalyticalHPLCwasusedtoanalysethefractionsfrom
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Theconcentratedresidualaqueousextract(200mL)wasaddedtoanAmberlite
XAD-7column(columndimensions50×1000mm,containing500gAmberlite®XAD-7,
20–60mesh,Sigma-Aldrich,SaintLouis,MO,USA)toremovebulksubstances,likesugars,
polysaccharides,andfreealiphaticaminoacids,fromtheextractwhendistilledwater
wasusedasamobilephase.Underthesesolventconditions,fewerpolarandaromatic
compoundsareabsorbedbytheXAD-7columnmaterial.Thelattercompoundsarereadily
elutedfromtheXAD-7columnwhenthemobilephaseischangedtopuremethanol(HPLC
grade).Themobilephasegradientconsistedof5.0Ldistilledwater,followedby8.0L
methanol.Theflowratewas5mL/min.Thischromatographicseparationgaveatotalof
13fractionswithvolumesof1L,whichwereanalysedindividuallyviaanalyticalHPLC.
Thesameprocedurewasconductedwiththeethylacetatephase,whereby16fractions
wereobtainedandanalysedindividuallyviaanalyticalHPLC.

3.4.SephadexLH-20GelFiltrationChromatography

Thecombinedfractions4–7and10–11fromtheXAD-7purificationofthewaterphase
wereindividuallyconcentratedtoavolumeof20mLandfurtherseparatedindividually
viagelfiltrationchromatographywithaSephadexLH-20column(columndimensions
50×1000mm,containing500gofSephadex®LH-20,Sigma-Aldrich,SaintLouis,MO,USA)
usingagradientofsuperdistilledwaterandmethanolcontaining0.1%TFA(Trifluoroacetic
acid—forHPLC,≥99.0%,Sigma-Aldrich,SaintLouis,MO,USA).Thegradientconsisted
of2.5LWater–methanol–TFA80:20:0.1v/v/v,followedby2.5LWater–methanol–TFA
50:50:0.1v/v/v,2.5LWater–methanol–TFA30:70:0.1v/v/v,andfinally2.5Lmethanol–
TFA100:0.1v/v.Theflowratewas5mL/min.Eachcollectedfractionhadavolume
of90mLandwasanalysedviaanalyticalHPLC.FromtheSephadexseparationofthe
combinedXAD-7fractions4–7,80fractionswerecollected.Thecombinedfractions,12–15,
31–34,38–39,and42–48,wereafterwardsindividuallyseparatedviapreparativeHPLC.
FromtheSephadexseparationofthecombinedXAD-7fractions10–11,30fractionswere
collected.Thecombinedfractions22–24werethereafterseparatedviapreparativeHPLC.
AsimilarprocedurewasfollowedfortheSephadexLH-20separationofthecombined
XAD-7fractions7–10,resultingfromthepurificationoftheethylacetatepartitionofthe
extract.FromtheSephadexseparationofthesecombinedXAD-7fractions,43fractions
werecollected.PurepterosideD(compound12)wasisolatedinfraction11,whilequercetin
(compound1)andquercetin3-O-β-galactopyranoside(compound2)wereidentifiedin
fraction29.

3.5.PreparativeHPLC

IndividualpurecompoundsofthefractionsfromSephadexLH-20columnchromatogra-
phywereisolatedviapreparativeHPLC(ThermoScientificpreparativeHPLCequippedwith
aDionexUltimate3000variablewavelengthdetector)equippedwithaC18Ascentiscolumn
(columndimensions250×20mm;5µm,sphericalparticles).Agradientoftwosolvents
wasusedforelution,consistingofmobilephaseA(superdistilledwater–TFA99.9:0.1;v/v)
andmobilephaseB(acetonitrile–TFA99.9:0.1;v/v)(acetonitrilewasusedforHPLC,gradient
grade,≥99.9%,Sigma-Aldrich,SaintLouis,USA).Theelutionprofileconsistedofisocratic
elutionwithA-B(90:10v/v)for4min,followedbyalineargradientfromA-B(90:10v/v)to
A-B(80:20v/v)forthenext10min,isocraticelutionwithA-B(80:20v/v)forthenext20min,
followedbyalineargradientfromA-B(80:20v/v)toA-B(70:30v/v)forthenext10min,
followedbyisocraticelutionwithA-B(70:30v/v)forthenext20min.

Theflowratewas15mL/min.Portionsof750µLweremanuallyinjectedintothe
HPLCcolumnandweremanuallycollectedbasedonthepeaksthatappearedintheonline
chromatogramrecordedat280nm.AnalyticalHPLCwasusedtoanalysethefractionsfrom
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20–60mesh,Sigma-Aldrich,SaintLouis,MO,USA)toremovebulksubstances,likesugars,
polysaccharides,andfreealiphaticaminoacids,fromtheextractwhendistilledwater
wasusedasamobilephase.Underthesesolventconditions,fewerpolarandaromatic
compoundsareabsorbedbytheXAD-7columnmaterial.Thelattercompoundsarereadily
elutedfromtheXAD-7columnwhenthemobilephaseischangedtopuremethanol(HPLC
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Thesameprocedurewasconductedwiththeethylacetatephase,whereby16fractions
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50:50:0.1v/v/v,2.5LWater–methanol–TFA30:70:0.1v/v/v,andfinally2.5Lmethanol–
TFA100:0.1v/v.Theflowratewas5mL/min.Eachcollectedfractionhadavolume
of90mLandwasanalysedviaanalyticalHPLC.FromtheSephadexseparationofthe
combinedXAD-7fractions4–7,80fractionswerecollected.Thecombinedfractions,12–15,
31–34,38–39,and42–48,wereafterwardsindividuallyseparatedviapreparativeHPLC.
FromtheSephadexseparationofthecombinedXAD-7fractions10–11,30fractionswere
collected.Thecombinedfractions22–24werethereafterseparatedviapreparativeHPLC.
AsimilarprocedurewasfollowedfortheSephadexLH-20separationofthecombined
XAD-7fractions7–10,resultingfromthepurificationoftheethylacetatepartitionofthe
extract.FromtheSephadexseparationofthesecombinedXAD-7fractions,43fractions
werecollected.PurepterosideD(compound12)wasisolatedinfraction11,whilequercetin
(compound1)andquercetin3-O-β-galactopyranoside(compound2)wereidentifiedin
fraction29.

3.5.PreparativeHPLC

IndividualpurecompoundsofthefractionsfromSephadexLH-20columnchromatogra-
phywereisolatedviapreparativeHPLC(ThermoScientificpreparativeHPLCequippedwith
aDionexUltimate3000variablewavelengthdetector)equippedwithaC18Ascentiscolumn
(columndimensions250×20mm;5µm,sphericalparticles).Agradientoftwosolvents
wasusedforelution,consistingofmobilephaseA(superdistilledwater–TFA99.9:0.1;v/v)
andmobilephaseB(acetonitrile–TFA99.9:0.1;v/v)(acetonitrilewasusedforHPLC,gradient
grade,≥99.9%,Sigma-Aldrich,SaintLouis,USA).Theelutionprofileconsistedofisocratic
elutionwithA-B(90:10v/v)for4min,followedbyalineargradientfromA-B(90:10v/v)to
A-B(80:20v/v)forthenext10min,isocraticelutionwithA-B(80:20v/v)forthenext20min,
followedbyalineargradientfromA-B(80:20v/v)toA-B(70:30v/v)forthenext10min,
followedbyisocraticelutionwithA-B(70:30v/v)forthenext20min.

Theflowratewas15mL/min.Portionsof750µLweremanuallyinjectedintothe
HPLCcolumnandweremanuallycollectedbasedonthepeaksthatappearedintheonline
chromatogramrecordedat280nm.AnalyticalHPLCwasusedtoanalysethefractionsfrom
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preparative HPLC separation. Following this strategy, 42.6 mg compound 1, 66.0 mg of
compound 2, 1.7 mg of compound 3, 4.6 mg of compound 4, 2.0 mg of compound 5, 1.5 mg
of compound 6, 6.5 mg of compound 7, 12.9 mg of compound 8, 5.3 mg of compound 9,
3.9 mg of compound 10, 21.7 mg of compound 11, 36.8 mg of compound 12, 6.3 mg of
compound 13, 2.8 mg of compound 14, and 18.4 mg of compound 15 were isolated.

3.6. Analytical HPLC

Individual samples were analysed using an Agilent Technologies 1260 Infinity II HPLC
instrument equipped with a multidiode array detector, an autoinjector, and a 250 × 4.6 mm,
5 µm SUPELCO analytical Ascentis® C18 column. HPLC separation was performed
according to the method previously published by Nguyen et al. [23]. Two solvents were
used for elution: mobile phase A (super distilled water–TFA 99.9:0.1; v/v) and mobile
phase B (acetonitrile–TFA 99.9:0.1; v/v), with a flow rate of 1 mL/min, and aliquots of
20 µL were injected. The elution profile began with initial conditions of 90% A and 10%
B. Gradient elution followed this for 10 min at 14% B, and then isocratic elution from 10
to 14 min. The subsequent gradient conditions were as follows: 16% B at 18 min, 18% B
at 22 min, 23% B at 26 min, 28% B at 31 min, and 40% B at 32 min. This was followed by
isocratic elution from 32 to 40 min, gradient elution from 40 to 43 min at 10% B, and final
isocratic elution from 43 to 46 min at 10% B [23].

3.7. Spectroscopy

High-resolution mass spectra were recorded using a JEOL AccuTOF™ JMS T100LC
(JEOL Ltd., Tokyo, Japan) instrument fitted with an electrospray ion source operated in
positive mode at a resolving power of approximately 6000 FWHM. Mass spectra were
recorded over the mass range of 50–2000 m/z. The samples were analysed as methanolic
solutions and introduced to the ESI spray chamber with weakly acidified (0.01% HCOOH)
acetonitrile (Acetonitrile—for HPLC, gradient grade, ≥99.9%, Sigma-Aldrich, Saint Louis,
MO, USA) used as a spray reagent.

UV-Vis absorption spectra were recorded online during analytical HPLC analysis over
the 210-600 nm wavelength range in steps of 2 nm.

Circular Dichroism (CD) spectra were recorded at 20 ◦C with a nitrogen atmosphere
using a Jasco J-810 spectropolarimeter (Jasco Products LLC, Oklahoma City, OK, USA)
equipped with a Peltier temperature control unit. This instrument was used to analyse
compound 14 (2.9 mM) dissolved in 100% methanol (methanol for HPLC, ≥99.9%, Sigma-
Aldrich, Saint Louis, MO, USA). The spectrum obtained was the average of 6 scans and a
buffer scan with 100% methanol, which was subtracted from the spectrum. The spectrum
was scanned from 185 to 400 nm. A 1 mm path-length cell was used during analysis.

NMR samples were prepared by dissolving the isolated compound in deuterated
dimethylsulfoxide (DMSO-D6; 99.96 atom% D, Sigma-Aldrich, Saint Louis, MO, USA).
The 1D 1H, 1D 13CAPT, 2D 1H-13C HMBC, 2D 1H-13C HSQC, 1H-13C HSQC-TOCSY,
2D 1H-13C H2BC, 2D 1H-1H COSY, and 2D 1H-1H ROESY NMR experiments were con-
ducted at 850.1300 MHz and 213.7654 MHz for 1H and 13C, respectively, using Bruker
BioSpin AVANCE III HD 850 MHz instrument (Bruker Biospin AG, Fällanden, Switzerland)
equipped with a 1H, 13C, and 15N triple-resonance cryogenic probe at 298 K. The 1D 1H
NMR experiment (pulse program: zg30) was performed with 32 scans. The sweep width
was 16 ppm, and the acquisition time was 1 min 57 s. The 1D 1H selective TOCSY NMR
experiment (pulse program: seldigpzs) was performed with 16 to 128 scans, depending on
the individual sample concentrations. The sweep width was 16 ppm, and the acquisition
time was between 1 min 57 s (NS = 16) and 10 min 19 s (NS = 128). The 1D 13CAPT NMR
experiment (pulse program: jmod) was performed with 512 to 15 800 scans, depending on
the individual sample concentrations. The sweep width was 240 ppm, and the acquisition
time was between 23 min 7 s (NS = 512) and 11 h 48 min 18 s (NS = 15 800). The 2D
1H-13C HMBC NMR experiment (pulse program: hmbcgplpndqf) was performed with 2
to 24 scans, depending on the individual sample concentrations and 256 experiments in
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preparativeHPLCseparation.Followingthisstrategy,42.6mgcompound1,66.0mgof
compound2,1.7mgofcompound3,4.6mgofcompound4,2.0mgofcompound5,1.5mg
ofcompound6,6.5mgofcompound7,12.9mgofcompound8,5.3mgofcompound9,
3.9mgofcompound10,21.7mgofcompound11,36.8mgofcompound12,6.3mgof
compound13,2.8mgofcompound14,and18.4mgofcompound15wereisolated.

3.6.AnalyticalHPLC

IndividualsampleswereanalysedusinganAgilentTechnologies1260InfinityIIHPLC
instrumentequippedwithamultidiodearraydetector,anautoinjector,anda250×4.6mm,
5µmSUPELCOanalyticalAscentis®C18column.HPLCseparationwasperformed
accordingtothemethodpreviouslypublishedbyNguyenetal.[23].Twosolventswere
usedforelution:mobilephaseA(superdistilledwater–TFA99.9:0.1;v/v)andmobile
phaseB(acetonitrile–TFA99.9:0.1;v/v),withaflowrateof1mL/min,andaliquotsof
20µLwereinjected.Theelutionprofilebeganwithinitialconditionsof90%Aand10%
B.Gradientelutionfollowedthisfor10minat14%B,andthenisocraticelutionfrom10
to14min.Thesubsequentgradientconditionswereasfollows:16%Bat18min,18%B
at22min,23%Bat26min,28%Bat31min,and40%Bat32min.Thiswasfollowedby
isocraticelutionfrom32to40min,gradientelutionfrom40to43minat10%B,andfinal
isocraticelutionfrom43to46minat10%B[23].

3.7.Spectroscopy

High-resolutionmassspectrawererecordedusingaJEOLAccuTOF™JMST100LC
(JEOLLtd.,Tokyo,Japan)instrumentfittedwithanelectrosprayionsourceoperatedin
positivemodeataresolvingpowerofapproximately6000FWHM.Massspectrawere
recordedoverthemassrangeof50–2000m/z.Thesampleswereanalysedasmethanolic
solutionsandintroducedtotheESIspraychamberwithweaklyacidified(0.01%HCOOH)
acetonitrile(Acetonitrile—forHPLC,gradientgrade,≥99.9%,Sigma-Aldrich,SaintLouis,
MO,USA)usedasasprayreagent.

UV-VisabsorptionspectrawererecordedonlineduringanalyticalHPLCanalysisover
the210-600nmwavelengthrangeinstepsof2nm.

CircularDichroism(CD)spectrawererecordedat20◦Cwithanitrogenatmosphere
usingaJascoJ-810spectropolarimeter(JascoProductsLLC,OklahomaCity,OK,USA)
equippedwithaPeltiertemperaturecontrolunit.Thisinstrumentwasusedtoanalyse
compound14(2.9mM)dissolvedin100%methanol(methanolforHPLC,≥99.9%,Sigma-
Aldrich,SaintLouis,MO,USA).Thespectrumobtainedwastheaverageof6scansanda
bufferscanwith100%methanol,whichwassubtractedfromthespectrum.Thespectrum
wasscannedfrom185to400nm.A1mmpath-lengthcellwasusedduringanalysis.

NMRsampleswerepreparedbydissolvingtheisolatedcompoundindeuterated
dimethylsulfoxide(DMSO-D6;99.96atom%D,Sigma-Aldrich,SaintLouis,MO,USA).
The1D1H,1D13CAPT,2D1H-13CHMBC,2D1H-13CHSQC,1H-13CHSQC-TOCSY,
2D1H-13CH2BC,2D1H-1HCOSY,and2D1H-1HROESYNMRexperimentswerecon-
ductedat850.1300MHzand213.7654MHzfor1Hand13C,respectively,usingBruker
BioSpinAVANCEIIIHD850MHzinstrument(BrukerBiospinAG,Fällanden,Switzerland)
equippedwitha1H,13C,and15Ntriple-resonancecryogenicprobeat298K.The1D1H
NMRexperiment(pulseprogram:zg30)wasperformedwith32scans.Thesweepwidth
was16ppm,andtheacquisitiontimewas1min57s.The1D1HselectiveTOCSYNMR
experiment(pulseprogram:seldigpzs)wasperformedwith16to128scans,dependingon
theindividualsampleconcentrations.Thesweepwidthwas16ppm,andtheacquisition
timewasbetween1min57s(NS=16)and10min19s(NS=128).The1D13CAPTNMR
experiment(pulseprogram:jmod)wasperformedwith512to15800scans,dependingon
theindividualsampleconcentrations.Thesweepwidthwas240ppm,andtheacquisition
timewasbetween23min7s(NS=512)and11h48min18s(NS=15800).The2D
1H-13CHMBCNMRexperiment(pulseprogram:hmbcgplpndqf)wasperformedwith2
to24scans,dependingontheindividualsampleconcentrationsand256experimentsin
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ductedat850.1300MHzand213.7654MHzfor1Hand13C,respectively,usingBruker
BioSpinAVANCEIIIHD850MHzinstrument(BrukerBiospinAG,Fällanden,Switzerland)
equippedwitha1H,13C,and15Ntriple-resonancecryogenicprobeat298K.The1D1H
NMRexperiment(pulseprogram:zg30)wasperformedwith32scans.Thesweepwidth
was16ppm,andtheacquisitiontimewas1min57s.The1D1HselectiveTOCSYNMR
experiment(pulseprogram:seldigpzs)wasperformedwith16to128scans,dependingon
theindividualsampleconcentrations.Thesweepwidthwas16ppm,andtheacquisition
timewasbetween1min57s(NS=16)and10min19s(NS=128).The1D13CAPTNMR
experiment(pulseprogram:jmod)wasperformedwith512to15800scans,dependingon
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timewasbetween23min7s(NS=512)and11h48min18s(NS=15800).The2D
1H-13CHMBCNMRexperiment(pulseprogram:hmbcgplpndqf)wasperformedwith2
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preparative HPLC separation. Following this strategy, 42.6 mg compound 1, 66.0 mg of
compound 2, 1.7 mg of compound 3, 4.6 mg of compound 4, 2.0 mg of compound 5, 1.5 mg
of compound 6, 6.5 mg of compound 7, 12.9 mg of compound 8, 5.3 mg of compound 9,
3.9 mg of compound 10, 21.7 mg of compound 11, 36.8 mg of compound 12, 6.3 mg of
compound 13, 2.8 mg of compound 14, and 18.4 mg of compound 15 were isolated.

3.6. Analytical HPLC

Individual samples were analysed using an Agilent Technologies 1260 Infinity II HPLC
instrument equipped with a multidiode array detector, an autoinjector, and a 250 × 4.6 mm,
5 µm SUPELCO analytical Ascentis® C18 column. HPLC separation was performed
according to the method previously published by Nguyen et al. [23]. Two solvents were
used for elution: mobile phase A (super distilled water–TFA 99.9:0.1; v/v) and mobile
phase B (acetonitrile–TFA 99.9:0.1; v/v), with a flow rate of 1 mL/min, and aliquots of
20 µL were injected. The elution profile began with initial conditions of 90% A and 10%
B. Gradient elution followed this for 10 min at 14% B, and then isocratic elution from 10
to 14 min. The subsequent gradient conditions were as follows: 16% B at 18 min, 18% B
at 22 min, 23% B at 26 min, 28% B at 31 min, and 40% B at 32 min. This was followed by
isocratic elution from 32 to 40 min, gradient elution from 40 to 43 min at 10% B, and final
isocratic elution from 43 to 46 min at 10% B [23].

3.7. Spectroscopy

High-resolution mass spectra were recorded using a JEOL AccuTOF™ JMS T100LC
(JEOL Ltd., Tokyo, Japan) instrument fitted with an electrospray ion source operated in
positive mode at a resolving power of approximately 6000 FWHM. Mass spectra were
recorded over the mass range of 50–2000 m/z. The samples were analysed as methanolic
solutions and introduced to the ESI spray chamber with weakly acidified (0.01% HCOOH)
acetonitrile (Acetonitrile—for HPLC, gradient grade, ≥99.9%, Sigma-Aldrich, Saint Louis,
MO, USA) used as a spray reagent.

UV-Vis absorption spectra were recorded online during analytical HPLC analysis over
the 210-600 nm wavelength range in steps of 2 nm.

Circular Dichroism (CD) spectra were recorded at 20 ◦C with a nitrogen atmosphere
using a Jasco J-810 spectropolarimeter (Jasco Products LLC, Oklahoma City, OK, USA)
equipped with a Peltier temperature control unit. This instrument was used to analyse
compound 14 (2.9 mM) dissolved in 100% methanol (methanol for HPLC, ≥99.9%, Sigma-
Aldrich, Saint Louis, MO, USA). The spectrum obtained was the average of 6 scans and a
buffer scan with 100% methanol, which was subtracted from the spectrum. The spectrum
was scanned from 185 to 400 nm. A 1 mm path-length cell was used during analysis.

NMR samples were prepared by dissolving the isolated compound in deuterated
dimethylsulfoxide (DMSO-D6; 99.96 atom% D, Sigma-Aldrich, Saint Louis, MO, USA).
The 1D 1H, 1D 13CAPT, 2D 1H-13C HMBC, 2D 1H-13C HSQC, 1H-13C HSQC-TOCSY,
2D 1H-13C H2BC, 2D 1H-1H COSY, and 2D 1H-1H ROESY NMR experiments were con-
ducted at 850.1300 MHz and 213.7654 MHz for 1H and 13C, respectively, using Bruker
BioSpin AVANCE III HD 850 MHz instrument (Bruker Biospin AG, Fällanden, Switzerland)
equipped with a 1H, 13C, and 15N triple-resonance cryogenic probe at 298 K. The 1D 1H
NMR experiment (pulse program: zg30) was performed with 32 scans. The sweep width
was 16 ppm, and the acquisition time was 1 min 57 s. The 1D 1H selective TOCSY NMR
experiment (pulse program: seldigpzs) was performed with 16 to 128 scans, depending on
the individual sample concentrations. The sweep width was 16 ppm, and the acquisition
time was between 1 min 57 s (NS = 16) and 10 min 19 s (NS = 128). The 1D 13CAPT NMR
experiment (pulse program: jmod) was performed with 512 to 15 800 scans, depending on
the individual sample concentrations. The sweep width was 240 ppm, and the acquisition
time was between 23 min 7 s (NS = 512) and 11 h 48 min 18 s (NS = 15 800). The 2D
1H-13C HMBC NMR experiment (pulse program: hmbcgplpndqf) was performed with 2
to 24 scans, depending on the individual sample concentrations and 256 experiments in
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preparative HPLC separation. Following this strategy, 42.6 mg compound 1, 66.0 mg of
compound 2, 1.7 mg of compound 3, 4.6 mg of compound 4, 2.0 mg of compound 5, 1.5 mg
of compound 6, 6.5 mg of compound 7, 12.9 mg of compound 8, 5.3 mg of compound 9,
3.9 mg of compound 10, 21.7 mg of compound 11, 36.8 mg of compound 12, 6.3 mg of
compound 13, 2.8 mg of compound 14, and 18.4 mg of compound 15 were isolated.

3.6. Analytical HPLC

Individual samples were analysed using an Agilent Technologies 1260 Infinity II HPLC
instrument equipped with a multidiode array detector, an autoinjector, and a 250 × 4.6 mm,
5 µm SUPELCO analytical Ascentis® C18 column. HPLC separation was performed
according to the method previously published by Nguyen et al. [23]. Two solvents were
used for elution: mobile phase A (super distilled water–TFA 99.9:0.1; v/v) and mobile
phase B (acetonitrile–TFA 99.9:0.1; v/v), with a flow rate of 1 mL/min, and aliquots of
20 µL were injected. The elution profile began with initial conditions of 90% A and 10%
B. Gradient elution followed this for 10 min at 14% B, and then isocratic elution from 10
to 14 min. The subsequent gradient conditions were as follows: 16% B at 18 min, 18% B
at 22 min, 23% B at 26 min, 28% B at 31 min, and 40% B at 32 min. This was followed by
isocratic elution from 32 to 40 min, gradient elution from 40 to 43 min at 10% B, and final
isocratic elution from 43 to 46 min at 10% B [23].

3.7. Spectroscopy

High-resolution mass spectra were recorded using a JEOL AccuTOF™ JMS T100LC
(JEOL Ltd., Tokyo, Japan) instrument fitted with an electrospray ion source operated in
positive mode at a resolving power of approximately 6000 FWHM. Mass spectra were
recorded over the mass range of 50–2000 m/z. The samples were analysed as methanolic
solutions and introduced to the ESI spray chamber with weakly acidified (0.01% HCOOH)
acetonitrile (Acetonitrile—for HPLC, gradient grade, ≥99.9%, Sigma-Aldrich, Saint Louis,
MO, USA) used as a spray reagent.

UV-Vis absorption spectra were recorded online during analytical HPLC analysis over
the 210-600 nm wavelength range in steps of 2 nm.

Circular Dichroism (CD) spectra were recorded at 20 ◦C with a nitrogen atmosphere
using a Jasco J-810 spectropolarimeter (Jasco Products LLC, Oklahoma City, OK, USA)
equipped with a Peltier temperature control unit. This instrument was used to analyse
compound 14 (2.9 mM) dissolved in 100% methanol (methanol for HPLC, ≥99.9%, Sigma-
Aldrich, Saint Louis, MO, USA). The spectrum obtained was the average of 6 scans and a
buffer scan with 100% methanol, which was subtracted from the spectrum. The spectrum
was scanned from 185 to 400 nm. A 1 mm path-length cell was used during analysis.

NMR samples were prepared by dissolving the isolated compound in deuterated
dimethylsulfoxide (DMSO-D6; 99.96 atom% D, Sigma-Aldrich, Saint Louis, MO, USA).
The 1D 1H, 1D 13CAPT, 2D 1H-13C HMBC, 2D 1H-13C HSQC, 1H-13C HSQC-TOCSY,
2D 1H-13C H2BC, 2D 1H-1H COSY, and 2D 1H-1H ROESY NMR experiments were con-
ducted at 850.1300 MHz and 213.7654 MHz for 1H and 13C, respectively, using Bruker
BioSpin AVANCE III HD 850 MHz instrument (Bruker Biospin AG, Fällanden, Switzerland)
equipped with a 1H, 13C, and 15N triple-resonance cryogenic probe at 298 K. The 1D 1H
NMR experiment (pulse program: zg30) was performed with 32 scans. The sweep width
was 16 ppm, and the acquisition time was 1 min 57 s. The 1D 1H selective TOCSY NMR
experiment (pulse program: seldigpzs) was performed with 16 to 128 scans, depending on
the individual sample concentrations. The sweep width was 16 ppm, and the acquisition
time was between 1 min 57 s (NS = 16) and 10 min 19 s (NS = 128). The 1D 13CAPT NMR
experiment (pulse program: jmod) was performed with 512 to 15 800 scans, depending on
the individual sample concentrations. The sweep width was 240 ppm, and the acquisition
time was between 23 min 7 s (NS = 512) and 11 h 48 min 18 s (NS = 15 800). The 2D
1H-13C HMBC NMR experiment (pulse program: hmbcgplpndqf) was performed with 2
to 24 scans, depending on the individual sample concentrations and 256 experiments in
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preparativeHPLCseparation.Followingthisstrategy,42.6mgcompound1,66.0mgof
compound2,1.7mgofcompound3,4.6mgofcompound4,2.0mgofcompound5,1.5mg
ofcompound6,6.5mgofcompound7,12.9mgofcompound8,5.3mgofcompound9,
3.9mgofcompound10,21.7mgofcompound11,36.8mgofcompound12,6.3mgof
compound13,2.8mgofcompound14,and18.4mgofcompound15wereisolated.

3.6.AnalyticalHPLC

IndividualsampleswereanalysedusinganAgilentTechnologies1260InfinityIIHPLC
instrumentequippedwithamultidiodearraydetector,anautoinjector,anda250×4.6mm,
5µmSUPELCOanalyticalAscentis®C18column.HPLCseparationwasperformed
accordingtothemethodpreviouslypublishedbyNguyenetal.[23].Twosolventswere
usedforelution:mobilephaseA(superdistilledwater–TFA99.9:0.1;v/v)andmobile
phaseB(acetonitrile–TFA99.9:0.1;v/v),withaflowrateof1mL/min,andaliquotsof
20µLwereinjected.Theelutionprofilebeganwithinitialconditionsof90%Aand10%
B.Gradientelutionfollowedthisfor10minat14%B,andthenisocraticelutionfrom10
to14min.Thesubsequentgradientconditionswereasfollows:16%Bat18min,18%B
at22min,23%Bat26min,28%Bat31min,and40%Bat32min.Thiswasfollowedby
isocraticelutionfrom32to40min,gradientelutionfrom40to43minat10%B,andfinal
isocraticelutionfrom43to46minat10%B[23].

3.7.Spectroscopy

High-resolutionmassspectrawererecordedusingaJEOLAccuTOF™JMST100LC
(JEOLLtd.,Tokyo,Japan)instrumentfittedwithanelectrosprayionsourceoperatedin
positivemodeataresolvingpowerofapproximately6000FWHM.Massspectrawere
recordedoverthemassrangeof50–2000m/z.Thesampleswereanalysedasmethanolic
solutionsandintroducedtotheESIspraychamberwithweaklyacidified(0.01%HCOOH)
acetonitrile(Acetonitrile—forHPLC,gradientgrade,≥99.9%,Sigma-Aldrich,SaintLouis,
MO,USA)usedasasprayreagent.

UV-VisabsorptionspectrawererecordedonlineduringanalyticalHPLCanalysisover
the210-600nmwavelengthrangeinstepsof2nm.

CircularDichroism(CD)spectrawererecordedat20◦Cwithanitrogenatmosphere
usingaJascoJ-810spectropolarimeter(JascoProductsLLC,OklahomaCity,OK,USA)
equippedwithaPeltiertemperaturecontrolunit.Thisinstrumentwasusedtoanalyse
compound14(2.9mM)dissolvedin100%methanol(methanolforHPLC,≥99.9%,Sigma-
Aldrich,SaintLouis,MO,USA).Thespectrumobtainedwastheaverageof6scansanda
bufferscanwith100%methanol,whichwassubtractedfromthespectrum.Thespectrum
wasscannedfrom185to400nm.A1mmpath-lengthcellwasusedduringanalysis.

NMRsampleswerepreparedbydissolvingtheisolatedcompoundindeuterated
dimethylsulfoxide(DMSO-D6;99.96atom%D,Sigma-Aldrich,SaintLouis,MO,USA).
The1D1H,1D13CAPT,2D1H-13CHMBC,2D1H-13CHSQC,1H-13CHSQC-TOCSY,
2D1H-13CH2BC,2D1H-1HCOSY,and2D1H-1HROESYNMRexperimentswerecon-
ductedat850.1300MHzand213.7654MHzfor1Hand13C,respectively,usingBruker
BioSpinAVANCEIIIHD850MHzinstrument(BrukerBiospinAG,Fällanden,Switzerland)
equippedwitha1H,13C,and15Ntriple-resonancecryogenicprobeat298K.The1D1H
NMRexperiment(pulseprogram:zg30)wasperformedwith32scans.Thesweepwidth
was16ppm,andtheacquisitiontimewas1min57s.The1D1HselectiveTOCSYNMR
experiment(pulseprogram:seldigpzs)wasperformedwith16to128scans,dependingon
theindividualsampleconcentrations.Thesweepwidthwas16ppm,andtheacquisition
timewasbetween1min57s(NS=16)and10min19s(NS=128).The1D13CAPTNMR
experiment(pulseprogram:jmod)wasperformedwith512to15800scans,dependingon
theindividualsampleconcentrations.Thesweepwidthwas240ppm,andtheacquisition
timewasbetween23min7s(NS=512)and11h48min18s(NS=15800).The2D
1H-13CHMBCNMRexperiment(pulseprogram:hmbcgplpndqf)wasperformedwith2
to24scans,dependingontheindividualsampleconcentrationsand256experimentsin
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timewasbetween1min57s(NS=16)and10min19s(NS=128).The1D13CAPTNMR
experiment(pulseprogram:jmod)wasperformedwith512to15800scans,dependingon
theindividualsampleconcentrations.Thesweepwidthwas240ppm,andtheacquisition
timewasbetween23min7s(NS=512)and11h48min18s(NS=15800).The2D
1H-13CHMBCNMRexperiment(pulseprogram:hmbcgplpndqf)wasperformedwith2
to24scans,dependingontheindividualsampleconcentrationsand256experimentsin
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preparativeHPLCseparation.Followingthisstrategy,42.6mgcompound1,66.0mgof
compound2,1.7mgofcompound3,4.6mgofcompound4,2.0mgofcompound5,1.5mg
ofcompound6,6.5mgofcompound7,12.9mgofcompound8,5.3mgofcompound9,
3.9mgofcompound10,21.7mgofcompound11,36.8mgofcompound12,6.3mgof
compound13,2.8mgofcompound14,and18.4mgofcompound15wereisolated.

3.6.AnalyticalHPLC

IndividualsampleswereanalysedusinganAgilentTechnologies1260InfinityIIHPLC
instrumentequippedwithamultidiodearraydetector,anautoinjector,anda250×4.6mm,
5µmSUPELCOanalyticalAscentis®C18column.HPLCseparationwasperformed
accordingtothemethodpreviouslypublishedbyNguyenetal.[23].Twosolventswere
usedforelution:mobilephaseA(superdistilledwater–TFA99.9:0.1;v/v)andmobile
phaseB(acetonitrile–TFA99.9:0.1;v/v),withaflowrateof1mL/min,andaliquotsof
20µLwereinjected.Theelutionprofilebeganwithinitialconditionsof90%Aand10%
B.Gradientelutionfollowedthisfor10minat14%B,andthenisocraticelutionfrom10
to14min.Thesubsequentgradientconditionswereasfollows:16%Bat18min,18%B
at22min,23%Bat26min,28%Bat31min,and40%Bat32min.Thiswasfollowedby
isocraticelutionfrom32to40min,gradientelutionfrom40to43minat10%B,andfinal
isocraticelutionfrom43to46minat10%B[23].

3.7.Spectroscopy

High-resolutionmassspectrawererecordedusingaJEOLAccuTOF™JMST100LC
(JEOLLtd.,Tokyo,Japan)instrumentfittedwithanelectrosprayionsourceoperatedin
positivemodeataresolvingpowerofapproximately6000FWHM.Massspectrawere
recordedoverthemassrangeof50–2000m/z.Thesampleswereanalysedasmethanolic
solutionsandintroducedtotheESIspraychamberwithweaklyacidified(0.01%HCOOH)
acetonitrile(Acetonitrile—forHPLC,gradientgrade,≥99.9%,Sigma-Aldrich,SaintLouis,
MO,USA)usedasasprayreagent.

UV-VisabsorptionspectrawererecordedonlineduringanalyticalHPLCanalysisover
the210-600nmwavelengthrangeinstepsof2nm.

CircularDichroism(CD)spectrawererecordedat20◦Cwithanitrogenatmosphere
usingaJascoJ-810spectropolarimeter(JascoProductsLLC,OklahomaCity,OK,USA)
equippedwithaPeltiertemperaturecontrolunit.Thisinstrumentwasusedtoanalyse
compound14(2.9mM)dissolvedin100%methanol(methanolforHPLC,≥99.9%,Sigma-
Aldrich,SaintLouis,MO,USA).Thespectrumobtainedwastheaverageof6scansanda
bufferscanwith100%methanol,whichwassubtractedfromthespectrum.Thespectrum
wasscannedfrom185to400nm.A1mmpath-lengthcellwasusedduringanalysis.

NMRsampleswerepreparedbydissolvingtheisolatedcompoundindeuterated
dimethylsulfoxide(DMSO-D6;99.96atom%D,Sigma-Aldrich,SaintLouis,MO,USA).
The1D1H,1D13CAPT,2D1H-13CHMBC,2D1H-13CHSQC,1H-13CHSQC-TOCSY,
2D1H-13CH2BC,2D1H-1HCOSY,and2D1H-1HROESYNMRexperimentswerecon-
ductedat850.1300MHzand213.7654MHzfor1Hand13C,respectively,usingBruker
BioSpinAVANCEIIIHD850MHzinstrument(BrukerBiospinAG,Fällanden,Switzerland)
equippedwitha1H,13C,and15Ntriple-resonancecryogenicprobeat298K.The1D1H
NMRexperiment(pulseprogram:zg30)wasperformedwith32scans.Thesweepwidth
was16ppm,andtheacquisitiontimewas1min57s.The1D1HselectiveTOCSYNMR
experiment(pulseprogram:seldigpzs)wasperformedwith16to128scans,dependingon
theindividualsampleconcentrations.Thesweepwidthwas16ppm,andtheacquisition
timewasbetween1min57s(NS=16)and10min19s(NS=128).The1D13CAPTNMR
experiment(pulseprogram:jmod)wasperformedwith512to15800scans,dependingon
theindividualsampleconcentrations.Thesweepwidthwas240ppm,andtheacquisition
timewasbetween23min7s(NS=512)and11h48min18s(NS=15800).The2D
1H-13CHMBCNMRexperiment(pulseprogram:hmbcgplpndqf)wasperformedwith2
to24scans,dependingontheindividualsampleconcentrationsand256experimentsin

Molecules2023,28,77238of11

preparativeHPLCseparation.Followingthisstrategy,42.6mgcompound1,66.0mgof
compound2,1.7mgofcompound3,4.6mgofcompound4,2.0mgofcompound5,1.5mg
ofcompound6,6.5mgofcompound7,12.9mgofcompound8,5.3mgofcompound9,
3.9mgofcompound10,21.7mgofcompound11,36.8mgofcompound12,6.3mgof
compound13,2.8mgofcompound14,and18.4mgofcompound15wereisolated.

3.6.AnalyticalHPLC

IndividualsampleswereanalysedusinganAgilentTechnologies1260InfinityIIHPLC
instrumentequippedwithamultidiodearraydetector,anautoinjector,anda250×4.6mm,
5µmSUPELCOanalyticalAscentis®C18column.HPLCseparationwasperformed
accordingtothemethodpreviouslypublishedbyNguyenetal.[23].Twosolventswere
usedforelution:mobilephaseA(superdistilledwater–TFA99.9:0.1;v/v)andmobile
phaseB(acetonitrile–TFA99.9:0.1;v/v),withaflowrateof1mL/min,andaliquotsof
20µLwereinjected.Theelutionprofilebeganwithinitialconditionsof90%Aand10%
B.Gradientelutionfollowedthisfor10minat14%B,andthenisocraticelutionfrom10
to14min.Thesubsequentgradientconditionswereasfollows:16%Bat18min,18%B
at22min,23%Bat26min,28%Bat31min,and40%Bat32min.Thiswasfollowedby
isocraticelutionfrom32to40min,gradientelutionfrom40to43minat10%B,andfinal
isocraticelutionfrom43to46minat10%B[23].

3.7.Spectroscopy

High-resolutionmassspectrawererecordedusingaJEOLAccuTOF™JMST100LC
(JEOLLtd.,Tokyo,Japan)instrumentfittedwithanelectrosprayionsourceoperatedin
positivemodeataresolvingpowerofapproximately6000FWHM.Massspectrawere
recordedoverthemassrangeof50–2000m/z.Thesampleswereanalysedasmethanolic
solutionsandintroducedtotheESIspraychamberwithweaklyacidified(0.01%HCOOH)
acetonitrile(Acetonitrile—forHPLC,gradientgrade,≥99.9%,Sigma-Aldrich,SaintLouis,
MO,USA)usedasasprayreagent.

UV-VisabsorptionspectrawererecordedonlineduringanalyticalHPLCanalysisover
the210-600nmwavelengthrangeinstepsof2nm.

CircularDichroism(CD)spectrawererecordedat20◦Cwithanitrogenatmosphere
usingaJascoJ-810spectropolarimeter(JascoProductsLLC,OklahomaCity,OK,USA)
equippedwithaPeltiertemperaturecontrolunit.Thisinstrumentwasusedtoanalyse
compound14(2.9mM)dissolvedin100%methanol(methanolforHPLC,≥99.9%,Sigma-
Aldrich,SaintLouis,MO,USA).Thespectrumobtainedwastheaverageof6scansanda
bufferscanwith100%methanol,whichwassubtractedfromthespectrum.Thespectrum
wasscannedfrom185to400nm.A1mmpath-lengthcellwasusedduringanalysis.

NMRsampleswerepreparedbydissolvingtheisolatedcompoundindeuterated
dimethylsulfoxide(DMSO-D6;99.96atom%D,Sigma-Aldrich,SaintLouis,MO,USA).
The1D1H,1D13CAPT,2D1H-13CHMBC,2D1H-13CHSQC,1H-13CHSQC-TOCSY,
2D1H-13CH2BC,2D1H-1HCOSY,and2D1H-1HROESYNMRexperimentswerecon-
ductedat850.1300MHzand213.7654MHzfor1Hand13C,respectively,usingBruker
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experiment(pulseprogram:seldigpzs)wasperformedwith16to128scans,dependingon
theindividualsampleconcentrations.Thesweepwidthwas16ppm,andtheacquisition
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1H-13CHMBCNMRexperiment(pulseprogram:hmbcgplpndqf)wasperformedwith2
to24scans,dependingontheindividualsampleconcentrationsand256experimentsin
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F1. The sweep widths were 10 to 14 ppm for 1H and 220 ppm for 13C. The acquisition time
was between 15 min 55 s (NS = 2) and 3 h 5 min 14 s (NS = 24). The 2D edited 1H-13C
HSQC experiment (pulse program: hsqcedetgpsisp2.3) was performed with 2 to 8 scans,
depending on the individual sample concentrations, and 256 experiments in F1. The sweep
widths were 10 ppm for 1H and 160 ppm for 13C. The acquisition time was between 20 min
1 s (NS = 2) and 1 h 18 min 8 s (NS = 8). The 2D 1H-13C H2BC NMR experiment (pulse
program: h2bcetgpl3) was performed with 2 to 16 scans, depending on the individual
sample concentrations and 256 experiments in F1. The sweep widths were 10 ppm for
1H and 160 ppm for 13C. The acquisition time was between 15 min 57 s (NS = 2) and 2 h
4 min 13 s (NS = 16). The 2D 1H-13C HSQC-TOCSY NMR experiment (pulse program:
hsqcdietgpsisp2) was performed with 2 to 16 scans, depending on the individual sample
concentrations and 256 experiments in F1. The sweep widths were 10 ppm for 1H and
160 ppm for 13C. The acquisition time was between 21 min 11 s (NS = 2) and 2 h 44 min
42 s (NS = 16). The 2D 1H-1H ROESY NMR experiment (pulse program: roesyphpp2)
was performed with 8 scans and 256 experiments in F1. The sweep width was 10 ppm.
The acquisition time was 1 h 25 min 36 s. The 2D 1H-1H COSY NMR experiment (pulse
program: cosygpppqf) was performed with 8 scans and 256 experiments in F1. The sweep
width was 10 ppm. The acquisition time was 1 h 25 min 36 s.

3.8. Cytotoxicity

Stock solutions were prepared by dissolving pure compounds to a final concentration
of 20 mM in DMSO. The normal rat kidney epithelial cells (NRK, ATCC no.: CRL-6509) and
rat cardiomyoblasts (H9c2, ATCC no.: CRL-1446) were cultured in DMEM medium sup-
plemented with 10% foetal bovine serum (FBS, Invitrogen, Carlsbad, CA, USA). When the
cells reached 80% confluence, they were detached in a mild trypsin treatment (0.33 mg/mL
trypsin for 5 min at 37 ◦C), centrifuged (160× g, 4 min), and reseeded in fresh medium to
25% confluence.

The AML cell line MOLM13 (DSMZ no.: ACC554 [24]) was cultured in RPMI-1640
medium enriched with 10% FBS 8mM L-glutamine (Sigma Life Science, London, UK). The
cells were kept in suspension cultures at a density of between 150,000 and 700,000 cells/mL.

All media were supplemented with 1 IU/mL penicillin and 1 mg/mL streptomycin (both
from Cambrex, Liège, Belgium) and incubated in a humidified atmosphere (37 ◦C, 5% CO2).

For the cytotoxicity experiments, the NRK and H9c2 cells were seeded in 96-well tissue
culture plates (4000 cells/well, 0.1 mL) and left overnight to attach before adding the com-
pounds. The MOLM13 cells were seeded in 96-well tissue culture plates at 20,000 cells/well
in 0.1 mL on the day of the experiment.

The compounds dissolved in DMSO were added to the cells, and the plates were
kept overnight before adding the tetrazolium salt WST-1 according to the manufacturer’s
instructions (Roche Diagnostics GmbH, Mannheim, Germany). The plates were further
incubated for two hours before the signal was recorded at 450 nm with a reference at
620 nm. For blank subtraction, only the medium-added WST-1 and plant compounds were
used. This procedure was conducted after 24 and 72 h.

After the recording of WST-1, the cells were then fixed with 2% buffered formaldehyde
(pH 7.4) with 0.01 mg/mL of the DNA-specific fluorescent dye, Hoechst 33342. The presence
of dead (apoptotic or necrotic) cells was verified via differential interference contrast and
fluorescence microscopy as previously described by Oftedal et al. and Myhren et al. [25,26].

EC50 values were determined using four-parameter regression analysis described by
Viktorsson et al. [27] using SigmaPlot v14 software (Systat Software Inc., San Jose, CA, USA).

4. Conclusions

For the first time, 15 natural products, including the previously undescribed com-
pound 3(R)-O-malonyl pteroside D, have been characterised from Cryptogramma crispa
(L.) R. Br. The four isolated 1-indanone derivatives were tested for their cytotoxic activ-
ity towards the acute myeloid leukaemia cell line MOLM-13, and all these compounds
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F1.Thesweepwidthswere10to14ppmfor1Hand220ppmfor13C.Theacquisitiontime
wasbetween15min55s(NS=2)and3h5min14s(NS=24).The2Dedited1H-13C
HSQCexperiment(pulseprogram:hsqcedetgpsisp2.3)wasperformedwith2to8scans,
dependingontheindividualsampleconcentrations,and256experimentsinF1.Thesweep
widthswere10ppmfor1Hand160ppmfor13C.Theacquisitiontimewasbetween20min
1s(NS=2)and1h18min8s(NS=8).The2D1H-13CH2BCNMRexperiment(pulse
program:h2bcetgpl3)wasperformedwith2to16scans,dependingontheindividual
sampleconcentrationsand256experimentsinF1.Thesweepwidthswere10ppmfor
1Hand160ppmfor13C.Theacquisitiontimewasbetween15min57s(NS=2)and2h
4min13s(NS=16).The2D1H-13CHSQC-TOCSYNMRexperiment(pulseprogram:
hsqcdietgpsisp2)wasperformedwith2to16scans,dependingontheindividualsample
concentrationsand256experimentsinF1.Thesweepwidthswere10ppmfor1Hand
160ppmfor13C.Theacquisitiontimewasbetween21min11s(NS=2)and2h44min
42s(NS=16).The2D1H-1HROESYNMRexperiment(pulseprogram:roesyphpp2)
wasperformedwith8scansand256experimentsinF1.Thesweepwidthwas10ppm.
Theacquisitiontimewas1h25min36s.The2D1H-1HCOSYNMRexperiment(pulse
program:cosygpppqf)wasperformedwith8scansand256experimentsinF1.Thesweep
widthwas10ppm.Theacquisitiontimewas1h25min36s.

3.8.Cytotoxicity

Stocksolutionswerepreparedbydissolvingpurecompoundstoafinalconcentration
of20mMinDMSO.Thenormalratkidneyepithelialcells(NRK,ATCCno.:CRL-6509)and
ratcardiomyoblasts(H9c2,ATCCno.:CRL-1446)wereculturedinDMEMmediumsup-
plementedwith10%foetalbovineserum(FBS,Invitrogen,Carlsbad,CA,USA).Whenthe
cellsreached80%confluence,theyweredetachedinamildtrypsintreatment(0.33mg/mL
trypsinfor5minat37◦C),centrifuged(160×g,4min),andreseededinfreshmediumto
25%confluence.

TheAMLcelllineMOLM13(DSMZno.:ACC554[24])wasculturedinRPMI-1640
mediumenrichedwith10%FBS8mML-glutamine(SigmaLifeScience,London,UK).The
cellswerekeptinsuspensionculturesatadensityofbetween150,000and700,000cells/mL.

Allmediaweresupplementedwith1IU/mLpenicillinand1mg/mLstreptomycin(both
fromCambrex,Liège,Belgium)andincubatedinahumidifiedatmosphere(37◦C,5%CO2).

Forthecytotoxicityexperiments,theNRKandH9c2cellswereseededin96-welltissue
cultureplates(4000cells/well,0.1mL)andleftovernighttoattachbeforeaddingthecom-
pounds.TheMOLM13cellswereseededin96-welltissuecultureplatesat20,000cells/well
in0.1mLonthedayoftheexperiment.

ThecompoundsdissolvedinDMSOwereaddedtothecells,andtheplateswere
keptovernightbeforeaddingthetetrazoliumsaltWST-1accordingtothemanufacturer’s
instructions(RocheDiagnosticsGmbH,Mannheim,Germany).Theplateswerefurther
incubatedfortwohoursbeforethesignalwasrecordedat450nmwithareferenceat
620nm.Forblanksubtraction,onlythemedium-addedWST-1andplantcompoundswere
used.Thisprocedurewasconductedafter24and72h.

AftertherecordingofWST-1,thecellswerethenfixedwith2%bufferedformaldehyde
(pH7.4)with0.01mg/mLoftheDNA-specificfluorescentdye,Hoechst33342.Thepresence
ofdead(apoptoticornecrotic)cellswasverifiedviadifferentialinterferencecontrastand
fluorescencemicroscopyaspreviouslydescribedbyOftedaletal.andMyhrenetal.[25,26].

EC50valuesweredeterminedusingfour-parameterregressionanalysisdescribedby
Viktorssonetal.[27]usingSigmaPlotv14software(SystatSoftwareInc.,SanJose,CA,USA).

4.Conclusions

Forthefirsttime,15naturalproducts,includingthepreviouslyundescribedcom-
pound3(R)-O-malonylpterosideD,havebeencharacterisedfromCryptogrammacrispa
(L.)R.Br.Thefourisolated1-indanonederivativesweretestedfortheircytotoxicactiv-
itytowardstheacutemyeloidleukaemiacelllineMOLM-13,andallthesecompounds
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dependingontheindividualsampleconcentrations,and256experimentsinF1.Thesweep
widthswere10ppmfor1Hand160ppmfor13C.Theacquisitiontimewasbetween20min
1s(NS=2)and1h18min8s(NS=8).The2D1H-13CH2BCNMRexperiment(pulse
program:h2bcetgpl3)wasperformedwith2to16scans,dependingontheindividual
sampleconcentrationsand256experimentsinF1.Thesweepwidthswere10ppmfor
1Hand160ppmfor13C.Theacquisitiontimewasbetween15min57s(NS=2)and2h
4min13s(NS=16).The2D1H-13CHSQC-TOCSYNMRexperiment(pulseprogram:
hsqcdietgpsisp2)wasperformedwith2to16scans,dependingontheindividualsample
concentrationsand256experimentsinF1.Thesweepwidthswere10ppmfor1Hand
160ppmfor13C.Theacquisitiontimewasbetween21min11s(NS=2)and2h44min
42s(NS=16).The2D1H-1HROESYNMRexperiment(pulseprogram:roesyphpp2)
wasperformedwith8scansand256experimentsinF1.Thesweepwidthwas10ppm.
Theacquisitiontimewas1h25min36s.The2D1H-1HCOSYNMRexperiment(pulse
program:cosygpppqf)wasperformedwith8scansand256experimentsinF1.Thesweep
widthwas10ppm.Theacquisitiontimewas1h25min36s.

3.8.Cytotoxicity

Stocksolutionswerepreparedbydissolvingpurecompoundstoafinalconcentration
of20mMinDMSO.Thenormalratkidneyepithelialcells(NRK,ATCCno.:CRL-6509)and
ratcardiomyoblasts(H9c2,ATCCno.:CRL-1446)wereculturedinDMEMmediumsup-
plementedwith10%foetalbovineserum(FBS,Invitrogen,Carlsbad,CA,USA).Whenthe
cellsreached80%confluence,theyweredetachedinamildtrypsintreatment(0.33mg/mL
trypsinfor5minat37◦C),centrifuged(160×g,4min),andreseededinfreshmediumto
25%confluence.

TheAMLcelllineMOLM13(DSMZno.:ACC554[24])wasculturedinRPMI-1640
mediumenrichedwith10%FBS8mML-glutamine(SigmaLifeScience,London,UK).The
cellswerekeptinsuspensionculturesatadensityofbetween150,000and700,000cells/mL.

Allmediaweresupplementedwith1IU/mLpenicillinand1mg/mLstreptomycin(both
fromCambrex,Liège,Belgium)andincubatedinahumidifiedatmosphere(37◦C,5%CO2).

Forthecytotoxicityexperiments,theNRKandH9c2cellswereseededin96-welltissue
cultureplates(4000cells/well,0.1mL)andleftovernighttoattachbeforeaddingthecom-
pounds.TheMOLM13cellswereseededin96-welltissuecultureplatesat20,000cells/well
in0.1mLonthedayoftheexperiment.

ThecompoundsdissolvedinDMSOwereaddedtothecells,andtheplateswere
keptovernightbeforeaddingthetetrazoliumsaltWST-1accordingtothemanufacturer’s
instructions(RocheDiagnosticsGmbH,Mannheim,Germany).Theplateswerefurther
incubatedfortwohoursbeforethesignalwasrecordedat450nmwithareferenceat
620nm.Forblanksubtraction,onlythemedium-addedWST-1andplantcompoundswere
used.Thisprocedurewasconductedafter24and72h.

AftertherecordingofWST-1,thecellswerethenfixedwith2%bufferedformaldehyde
(pH7.4)with0.01mg/mLoftheDNA-specificfluorescentdye,Hoechst33342.Thepresence
ofdead(apoptoticornecrotic)cellswasverifiedviadifferentialinterferencecontrastand
fluorescencemicroscopyaspreviouslydescribedbyOftedaletal.andMyhrenetal.[25,26].

EC50valuesweredeterminedusingfour-parameterregressionanalysisdescribedby
Viktorssonetal.[27]usingSigmaPlotv14software(SystatSoftwareInc.,SanJose,CA,USA).

4.Conclusions

Forthefirsttime,15naturalproducts,includingthepreviouslyundescribedcom-
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F1. The sweep widths were 10 to 14 ppm for 1H and 220 ppm for 13C. The acquisition time
was between 15 min 55 s (NS = 2) and 3 h 5 min 14 s (NS = 24). The 2D edited 1H-13C
HSQC experiment (pulse program: hsqcedetgpsisp2.3) was performed with 2 to 8 scans,
depending on the individual sample concentrations, and 256 experiments in F1. The sweep
widths were 10 ppm for 1H and 160 ppm for 13C. The acquisition time was between 20 min
1 s (NS = 2) and 1 h 18 min 8 s (NS = 8). The 2D 1H-13C H2BC NMR experiment (pulse
program: h2bcetgpl3) was performed with 2 to 16 scans, depending on the individual
sample concentrations and 256 experiments in F1. The sweep widths were 10 ppm for
1H and 160 ppm for 13C. The acquisition time was between 15 min 57 s (NS = 2) and 2 h
4 min 13 s (NS = 16). The 2D 1H-13C HSQC-TOCSY NMR experiment (pulse program:
hsqcdietgpsisp2) was performed with 2 to 16 scans, depending on the individual sample
concentrations and 256 experiments in F1. The sweep widths were 10 ppm for 1H and
160 ppm for 13C. The acquisition time was between 21 min 11 s (NS = 2) and 2 h 44 min
42 s (NS = 16). The 2D 1H-1H ROESY NMR experiment (pulse program: roesyphpp2)
was performed with 8 scans and 256 experiments in F1. The sweep width was 10 ppm.
The acquisition time was 1 h 25 min 36 s. The 2D 1H-1H COSY NMR experiment (pulse
program: cosygpppqf) was performed with 8 scans and 256 experiments in F1. The sweep
width was 10 ppm. The acquisition time was 1 h 25 min 36 s.

3.8. Cytotoxicity

Stock solutions were prepared by dissolving pure compounds to a final concentration
of 20 mM in DMSO. The normal rat kidney epithelial cells (NRK, ATCC no.: CRL-6509) and
rat cardiomyoblasts (H9c2, ATCC no.: CRL-1446) were cultured in DMEM medium sup-
plemented with 10% foetal bovine serum (FBS, Invitrogen, Carlsbad, CA, USA). When the
cells reached 80% confluence, they were detached in a mild trypsin treatment (0.33 mg/mL
trypsin for 5 min at 37 ◦C), centrifuged (160× g, 4 min), and reseeded in fresh medium to
25% confluence.

The AML cell line MOLM13 (DSMZ no.: ACC554 [24]) was cultured in RPMI-1640
medium enriched with 10% FBS 8mM L-glutamine (Sigma Life Science, London, UK). The
cells were kept in suspension cultures at a density of between 150,000 and 700,000 cells/mL.

All media were supplemented with 1 IU/mL penicillin and 1 mg/mL streptomycin (both
from Cambrex, Liège, Belgium) and incubated in a humidified atmosphere (37 ◦C, 5% CO2).

For the cytotoxicity experiments, the NRK and H9c2 cells were seeded in 96-well tissue
culture plates (4000 cells/well, 0.1 mL) and left overnight to attach before adding the com-
pounds. The MOLM13 cells were seeded in 96-well tissue culture plates at 20,000 cells/well
in 0.1 mL on the day of the experiment.

The compounds dissolved in DMSO were added to the cells, and the plates were
kept overnight before adding the tetrazolium salt WST-1 according to the manufacturer’s
instructions (Roche Diagnostics GmbH, Mannheim, Germany). The plates were further
incubated for two hours before the signal was recorded at 450 nm with a reference at
620 nm. For blank subtraction, only the medium-added WST-1 and plant compounds were
used. This procedure was conducted after 24 and 72 h.

After the recording of WST-1, the cells were then fixed with 2% buffered formaldehyde
(pH 7.4) with 0.01 mg/mL of the DNA-specific fluorescent dye, Hoechst 33342. The presence
of dead (apoptotic or necrotic) cells was verified via differential interference contrast and
fluorescence microscopy as previously described by Oftedal et al. and Myhren et al. [25,26].

EC50 values were determined using four-parameter regression analysis described by
Viktorsson et al. [27] using SigmaPlot v14 software (Systat Software Inc., San Jose, CA, USA).

4. Conclusions

For the first time, 15 natural products, including the previously undescribed com-
pound 3(R)-O-malonyl pteroside D, have been characterised from Cryptogramma crispa
(L.) R. Br. The four isolated 1-indanone derivatives were tested for their cytotoxic activ-
ity towards the acute myeloid leukaemia cell line MOLM-13, and all these compounds
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F1. The sweep widths were 10 to 14 ppm for 1H and 220 ppm for 13C. The acquisition time
was between 15 min 55 s (NS = 2) and 3 h 5 min 14 s (NS = 24). The 2D edited 1H-13C
HSQC experiment (pulse program: hsqcedetgpsisp2.3) was performed with 2 to 8 scans,
depending on the individual sample concentrations, and 256 experiments in F1. The sweep
widths were 10 ppm for 1H and 160 ppm for 13C. The acquisition time was between 20 min
1 s (NS = 2) and 1 h 18 min 8 s (NS = 8). The 2D 1H-13C H2BC NMR experiment (pulse
program: h2bcetgpl3) was performed with 2 to 16 scans, depending on the individual
sample concentrations and 256 experiments in F1. The sweep widths were 10 ppm for
1H and 160 ppm for 13C. The acquisition time was between 15 min 57 s (NS = 2) and 2 h
4 min 13 s (NS = 16). The 2D 1H-13C HSQC-TOCSY NMR experiment (pulse program:
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3.8. Cytotoxicity

Stock solutions were prepared by dissolving pure compounds to a final concentration
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rat cardiomyoblasts (H9c2, ATCC no.: CRL-1446) were cultured in DMEM medium sup-
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from Cambrex, Liège, Belgium) and incubated in a humidified atmosphere (37 ◦C, 5% CO2).

For the cytotoxicity experiments, the NRK and H9c2 cells were seeded in 96-well tissue
culture plates (4000 cells/well, 0.1 mL) and left overnight to attach before adding the com-
pounds. The MOLM13 cells were seeded in 96-well tissue culture plates at 20,000 cells/well
in 0.1 mL on the day of the experiment.

The compounds dissolved in DMSO were added to the cells, and the plates were
kept overnight before adding the tetrazolium salt WST-1 according to the manufacturer’s
instructions (Roche Diagnostics GmbH, Mannheim, Germany). The plates were further
incubated for two hours before the signal was recorded at 450 nm with a reference at
620 nm. For blank subtraction, only the medium-added WST-1 and plant compounds were
used. This procedure was conducted after 24 and 72 h.

After the recording of WST-1, the cells were then fixed with 2% buffered formaldehyde
(pH 7.4) with 0.01 mg/mL of the DNA-specific fluorescent dye, Hoechst 33342. The presence
of dead (apoptotic or necrotic) cells was verified via differential interference contrast and
fluorescence microscopy as previously described by Oftedal et al. and Myhren et al. [25,26].

EC50 values were determined using four-parameter regression analysis described by
Viktorsson et al. [27] using SigmaPlot v14 software (Systat Software Inc., San Jose, CA, USA).

4. Conclusions

For the first time, 15 natural products, including the previously undescribed com-
pound 3(R)-O-malonyl pteroside D, have been characterised from Cryptogramma crispa
(L.) R. Br. The four isolated 1-indanone derivatives were tested for their cytotoxic activ-
ity towards the acute myeloid leukaemia cell line MOLM-13, and all these compounds
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of20mMinDMSO.Thenormalratkidneyepithelialcells(NRK,ATCCno.:CRL-6509)and
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plementedwith10%foetalbovineserum(FBS,Invitrogen,Carlsbad,CA,USA).Whenthe
cellsreached80%confluence,theyweredetachedinamildtrypsintreatment(0.33mg/mL
trypsinfor5minat37◦C),centrifuged(160×g,4min),andreseededinfreshmediumto
25%confluence.

TheAMLcelllineMOLM13(DSMZno.:ACC554[24])wasculturedinRPMI-1640
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cultureplates(4000cells/well,0.1mL)andleftovernighttoattachbeforeaddingthecom-
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in0.1mLonthedayoftheexperiment.

ThecompoundsdissolvedinDMSOwereaddedtothecells,andtheplateswere
keptovernightbeforeaddingthetetrazoliumsaltWST-1accordingtothemanufacturer’s
instructions(RocheDiagnosticsGmbH,Mannheim,Germany).Theplateswerefurther
incubatedfortwohoursbeforethesignalwasrecordedat450nmwithareferenceat
620nm.Forblanksubtraction,onlythemedium-addedWST-1andplantcompoundswere
used.Thisprocedurewasconductedafter24and72h.

AftertherecordingofWST-1,thecellswerethenfixedwith2%bufferedformaldehyde
(pH7.4)with0.01mg/mLoftheDNA-specificfluorescentdye,Hoechst33342.Thepresence
ofdead(apoptoticornecrotic)cellswasverifiedviadifferentialinterferencecontrastand
fluorescencemicroscopyaspreviouslydescribedbyOftedaletal.andMyhrenetal.[25,26].

EC50valuesweredeterminedusingfour-parameterregressionanalysisdescribedby
Viktorssonetal.[27]usingSigmaPlotv14software(SystatSoftwareInc.,SanJose,CA,USA).

4.Conclusions

Forthefirsttime,15naturalproducts,includingthepreviouslyundescribedcom-
pound3(R)-O-malonylpterosideD,havebeencharacterisedfromCryptogrammacrispa
(L.)R.Br.Thefourisolated1-indanonederivativesweretestedfortheircytotoxicactiv-
itytowardstheacutemyeloidleukaemiacelllineMOLM-13,andallthesecompounds
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exhibited moderate and relatively similar cytotoxicity. This is particularly noteworthy
considering that pterosides are 1-indanone derivatives of plants that are structurally related
to ptaquiloside compounds, which are known their cancer-promoting agents.

The indane core, a common feature in these compounds, appears to be significant.
Illudins, natural products with structures related to ptaquiloside, have been reported to
have significant anticancer potential and fewer cytotoxic effects than ptaquiloside.

This study provides valuable insights into the potential of 1-indanone derivatives as
lead compounds for future anticancer therapy. Their selective cytotoxic activity towards the
MOLM13 cell line and lack of cytotoxicity towards normal cell lines highlight their potential
for targeted cancer treatment. Moreover, future structure–activity relationship studies
could reveal the modifications that improve the active compounds’ potency and possibly
selectivity. As such, we believe that our active compounds merit further investigations to
reveal their potential as possible drug leads.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/molecules28237723/s1, Figure S1: 1D 1H NMR spectrum of
3-manolyl pterosideD; Figure S2: 1D 1H selective TOCSY NMR spectrum of 3 manolyl pteroside
D; Figure S3: 1D 13CAPT NMR spectrum of 3 manolyl pteroside D; Figure S4: 2D 1H-13C HMBC
NMR spectrum of 3 manolyl pteroside D; Figure S5: 2D 1H-13C HSQC NMR spectrum of 3 manolyl
pteroside D; Figure S6: 2D 1H-13C H2BC NMR spectrum of 3 manolyl pteroside D; Figure S7: 2D
1H-1H COSY NMR spectrum of 3 manolyl pteroside D; Figure S8: High Resolution Mass Spectrum
of 3 manolyl pteroside D; Figure S9: Circular Dichroism (CD) spectrum of 3 manolyl pteroside D;
Figure S10: UV spectrum of 3 manolyl pteroside D.
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toptaquilosidecompounds,whichareknowntheircancer-promotingagents.

Theindanecore,acommonfeatureinthesecompounds,appearstobesignificant.
Illudins,naturalproductswithstructuresrelatedtoptaquiloside,havebeenreportedto
havesignificantanticancerpotentialandfewercytotoxiceffectsthanptaquiloside.

Thisstudyprovidesvaluableinsightsintothepotentialof1-indanonederivativesas
leadcompoundsforfutureanticancertherapy.Theirselectivecytotoxicactivitytowardsthe
MOLM13celllineandlackofcytotoxicitytowardsnormalcelllineshighlighttheirpotential
fortargetedcancertreatment.Moreover,futurestructure–activityrelationshipstudies
couldrevealthemodificationsthatimprovetheactivecompounds’potencyandpossibly
selectivity.Assuch,webelievethatouractivecompoundsmeritfurtherinvestigationsto
revealtheirpotentialaspossibledrugleads.
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exhibitedmoderateandrelativelysimilarcytotoxicity.Thisisparticularlynoteworthy
consideringthatpterosidesare1-indanonederivativesofplantsthatarestructurallyrelated
toptaquilosidecompounds,whichareknowntheircancer-promotingagents.

Theindanecore,acommonfeatureinthesecompounds,appearstobesignificant.
Illudins,naturalproductswithstructuresrelatedtoptaquiloside,havebeenreportedto
havesignificantanticancerpotentialandfewercytotoxiceffectsthanptaquiloside.

Thisstudyprovidesvaluableinsightsintothepotentialof1-indanonederivativesas
leadcompoundsforfutureanticancertherapy.Theirselectivecytotoxicactivitytowardsthe
MOLM13celllineandlackofcytotoxicitytowardsnormalcelllineshighlighttheirpotential
fortargetedcancertreatment.Moreover,futurestructure–activityrelationshipstudies
couldrevealthemodificationsthatimprovetheactivecompounds’potencyandpossibly
selectivity.Assuch,webelievethatouractivecompoundsmeritfurtherinvestigationsto
revealtheirpotentialaspossibledrugleads.
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exhibited moderate and relatively similar cytotoxicity. This is particularly noteworthy
considering that pterosides are 1-indanone derivatives of plants that are structurally related
to ptaquiloside compounds, which are known their cancer-promoting agents.

The indane core, a common feature in these compounds, appears to be significant.
Illudins, natural products with structures related to ptaquiloside, have been reported to
have significant anticancer potential and fewer cytotoxic effects than ptaquiloside.

This study provides valuable insights into the potential of 1-indanone derivatives as
lead compounds for future anticancer therapy. Their selective cytotoxic activity towards the
MOLM13 cell line and lack of cytotoxicity towards normal cell lines highlight their potential
for targeted cancer treatment. Moreover, future structure–activity relationship studies
could reveal the modifications that improve the active compounds’ potency and possibly
selectivity. As such, we believe that our active compounds merit further investigations to
reveal their potential as possible drug leads.
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exhibited moderate and relatively similar cytotoxicity. This is particularly noteworthy
considering that pterosides are 1-indanone derivatives of plants that are structurally related
to ptaquiloside compounds, which are known their cancer-promoting agents.

The indane core, a common feature in these compounds, appears to be significant.
Illudins, natural products with structures related to ptaquiloside, have been reported to
have significant anticancer potential and fewer cytotoxic effects than ptaquiloside.

This study provides valuable insights into the potential of 1-indanone derivatives as
lead compounds for future anticancer therapy. Their selective cytotoxic activity towards the
MOLM13 cell line and lack of cytotoxicity towards normal cell lines highlight their potential
for targeted cancer treatment. Moreover, future structure–activity relationship studies
could reveal the modifications that improve the active compounds’ potency and possibly
selectivity. As such, we believe that our active compounds merit further investigations to
reveal their potential as possible drug leads.
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exhibitedmoderateandrelativelysimilarcytotoxicity.Thisisparticularlynoteworthy
consideringthatpterosidesare1-indanonederivativesofplantsthatarestructurallyrelated
toptaquilosidecompounds,whichareknowntheircancer-promotingagents.

Theindanecore,acommonfeatureinthesecompounds,appearstobesignificant.
Illudins,naturalproductswithstructuresrelatedtoptaquiloside,havebeenreportedto
havesignificantanticancerpotentialandfewercytotoxiceffectsthanptaquiloside.

Thisstudyprovidesvaluableinsightsintothepotentialof1-indanonederivativesas
leadcompoundsforfutureanticancertherapy.Theirselectivecytotoxicactivitytowardsthe
MOLM13celllineandlackofcytotoxicitytowardsnormalcelllineshighlighttheirpotential
fortargetedcancertreatment.Moreover,futurestructure–activityrelationshipstudies
couldrevealthemodificationsthatimprovetheactivecompounds’potencyandpossibly
selectivity.Assuch,webelievethatouractivecompoundsmeritfurtherinvestigationsto
revealtheirpotentialaspossibledrugleads.
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exhibitedmoderateandrelativelysimilarcytotoxicity.Thisisparticularlynoteworthy
consideringthatpterosidesare1-indanonederivativesofplantsthatarestructurallyrelated
toptaquilosidecompounds,whichareknowntheircancer-promotingagents.

Theindanecore,acommonfeatureinthesecompounds,appearstobesignificant.
Illudins,naturalproductswithstructuresrelatedtoptaquiloside,havebeenreportedto
havesignificantanticancerpotentialandfewercytotoxiceffectsthanptaquiloside.

Thisstudyprovidesvaluableinsightsintothepotentialof1-indanonederivativesas
leadcompoundsforfutureanticancertherapy.Theirselectivecytotoxicactivitytowardsthe
MOLM13celllineandlackofcytotoxicitytowardsnormalcelllineshighlighttheirpotential
fortargetedcancertreatment.Moreover,futurestructure–activityrelationshipstudies
couldrevealthemodificationsthatimprovetheactivecompounds’potencyandpossibly
selectivity.Assuch,webelievethatouractivecompoundsmeritfurtherinvestigationsto
revealtheirpotentialaspossibledrugleads.
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exhibitedmoderateandrelativelysimilarcytotoxicity.Thisisparticularlynoteworthy
consideringthatpterosidesare1-indanonederivativesofplantsthatarestructurallyrelated
toptaquilosidecompounds,whichareknowntheircancer-promotingagents.

Theindanecore,acommonfeatureinthesecompounds,appearstobesignificant.
Illudins,naturalproductswithstructuresrelatedtoptaquiloside,havebeenreportedto
havesignificantanticancerpotentialandfewercytotoxiceffectsthanptaquiloside.

Thisstudyprovidesvaluableinsightsintothepotentialof1-indanonederivativesas
leadcompoundsforfutureanticancertherapy.Theirselectivecytotoxicactivitytowardsthe
MOLM13celllineandlackofcytotoxicitytowardsnormalcelllineshighlighttheirpotential
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Thisstudyprovidesvaluableinsightsintothepotentialof1-indanonederivativesas
leadcompoundsforfutureanticancertherapy.Theirselectivecytotoxicactivitytowardsthe
MOLM13celllineandlackofcytotoxicitytowardsnormalcelllineshighlighttheirpotential
fortargetedcancertreatment.Moreover,futurestructure–activityrelationshipstudies
couldrevealthemodificationsthatimprovetheactivecompounds’potencyandpossibly
selectivity.Assuch,webelievethatouractivecompoundsmeritfurtherinvestigationsto
revealtheirpotentialaspossibledrugleads.
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A novel bicyclic lactone and other 
polyphenols from the commercially 
important vegetable Anthriscus 
cerefolium
Rune Slimestad1, Bendik Auran Rathe2, Reidun Aesoy2, Andrea Estefania Carpinteyro Diaz3, 
Lars Herfindal2 & Torgils Fossen3*

Garden chervil, Anthriscus cerefolium (L.) Hoffm. is an important herb commonly applied in Norwegian 
large-scale commercial kitchens. This species is a highly enriched source of phenolics, containing 
1260 mg gallic acid equivalents (GAE)  100–1 g DM, however, the individual phenolic compounds have 
been scarcely characterized. Here we report on the qualitative and quantitative content of phenolics 
in garden chervil. The structure of the main phenolic compound was elucidated to be the previously 
undescribed compound 1,3-dicaffeoyl-5-malonyl-δ-quinide (1) by means of 1D- and 2D NMR and high-
resolution mass spectrometry. The known flavones apigenin 7-O-β-(2″-apiofuranosylglucopyranoside) 
(= apiin) (2), apigenin 7-(2″-apiosyl-6″-malonylglucoside) (3) and luteolin 7-glucoside (4) were also 
identified. Compound 3 is reported for the first time from this plant species. The main phenolic 
compound, 1,3-dicaffeoyl-5-malonyl-δ-quinide, exhibited moderate cytotoxicity towards acute 
monocytic leukaemia cells (MOLM-13) and rat kidney epithelial cells (NRK) with  EC50 between 400 and 
600 µM.

Garden chervil or French parsley (Anthriscus cerefolium (L.) Hoffm.) is an annual umbelliferous plant with 
delicate 2- to 3-pinnate leaves and dentated to pinnatisect leaflets. The plant has been utilized as medicinal plant 
by humankind for millennia and is mentioned in the encyclopedi Historia naturalis by Pliny the elder (23–79 
ad) as an ingredient in vinegar recommended against  hiccup1. This species is also mentioned by the seventeenth 
century Danish pioneer scientist Simon Paulli (1648) who report on its’ use against  gallstones2. The leaves contain 
about 0.4% (v/w DM) essential oil, where estragole (= methylchavicol) and 1-allyl-2,4-dimethoxybenzen are the 
main  constituents3. The herb has been suggested as a good source for phytosterols and new aroma constituents, 
which may be useful in human  nutrition4. The use of Garden chervil as a food in private households seems to 
be limited as this species is only to a limited extent made available for customers by retailers and supermarkets. 
However, this species is established as one of the major herbs applied within Norwegian large-scale commercial 
 kitchens5, where Garden chervil is used as a cheaper alternative to parsley to give a mild taste of anise, parsley, 
black pepper and caraway. The knowledge about the phytochemistry and potential health impact of Garden 
chervil has been studied in current literature and several phenolic constituents of Garden chervil have been 
characterized. In current literature, several flavones and flavonols have been identified in chervil. The previously 
reported flavones are all derivatives of apigenin and luteolin, including apiin (apigenin 7-apiosylglucoside)6,7, 
luteolin 7-glucoside, luteolin 7-apiosylglucoside8, whereas the identified flavonols are kaempferol, quercetin 
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which may be useful in human  nutrition4. The use of Garden chervil as a food in private households seems to 
be limited as this species is only to a limited extent made available for customers by retailers and supermarkets. 
However, this species is established as one of the major herbs applied within Norwegian large-scale commercial 
 kitchens5, where Garden chervil is used as a cheaper alternative to parsley to give a mild taste of anise, parsley, 
black pepper and caraway. The knowledge about the phytochemistry and potential health impact of Garden 
chervil has been studied in current literature and several phenolic constituents of Garden chervil have been 
characterized. In current literature, several flavones and flavonols have been identified in chervil. The previously 
reported flavones are all derivatives of apigenin and luteolin, including apiin (apigenin 7-apiosylglucoside)6,7, 
luteolin 7-glucoside, luteolin 7-apiosylglucoside8, whereas the identified flavonols are kaempferol, quercetin 
and isorhamnetin  derivatives7,9. Several derivatives of quinic acid, in addition to the phenylpropanoids, where 
the latter compounds occur in the essential oils, have also been reported as phenolic constituents from this 
 species7,9,10. These identifications were mainly based on hyphenated mass spectrometry and comparisons with 
available  standards7. The observed antimicrobial activity of extracts of chervil may be assigned to the content 
of relatively volatile compounds including the known antibiotic compound  carvacrol7,11. Studies of biological 
activity of pure compounds isolated from chervil are, however, lacking in current literature.

The major objective of this paper is to determine the qualitative and quantitative content of the phenolics 
of garden chervil by state-of-the-art multidimensional NMR spectroscopic and hyphenated chromatographic 

OPEN

1PlantChem AS, Eikenveien 334, 4596 Eiken, Norway. 2Department of Clinical Science and Centre for Pharmacy, 
University of Bergen, Jonas Lies vei 87, 5009 Bergen, Norway. 3Department of Chemistry and Centre for Pharmacy, 
University of Bergen, Allègaten 41, 5007 Bergen, Norway. *email: Torgils.Fossen@uib.no

1

Vol.:(0123456789)

Scientific Reports |         (2022) 12:7805  | https://doi.org/10.1038/s41598-022-11923-0

www.nature.com/scientificreports

A novel bicyclic lactone and other 
polyphenols from the commercially 
important vegetable Anthriscus 
cerefolium
Rune Slimestad1, Bendik Auran Rathe2, Reidun Aesoy2, Andrea Estefania Carpinteyro Diaz3, 
Lars Herfindal2 & Torgils Fossen3*

Garden chervil, Anthriscus cerefolium (L.) Hoffm. is an important herb commonly applied in Norwegian 
large-scale commercial kitchens. This species is a highly enriched source of phenolics, containing 
1260 mg gallic acid equivalents (GAE)  100–1 g DM, however, the individual phenolic compounds have 
been scarcely characterized. Here we report on the qualitative and quantitative content of phenolics 
in garden chervil. The structure of the main phenolic compound was elucidated to be the previously 
undescribed compound 1,3-dicaffeoyl-5-malonyl-δ-quinide (1) by means of 1D- and 2D NMR and high-
resolution mass spectrometry. The known flavones apigenin 7-O-β-(2″-apiofuranosylglucopyranoside) 
(= apiin) (2), apigenin 7-(2″-apiosyl-6″-malonylglucoside) (3) and luteolin 7-glucoside (4) were also 
identified. Compound 3 is reported for the first time from this plant species. The main phenolic 
compound, 1,3-dicaffeoyl-5-malonyl-δ-quinide, exhibited moderate cytotoxicity towards acute 
monocytic leukaemia cells (MOLM-13) and rat kidney epithelial cells (NRK) with  EC50 between 400 and 
600 µM.

Garden chervil or French parsley (Anthriscus cerefolium (L.) Hoffm.) is an annual umbelliferous plant with 
delicate 2- to 3-pinnate leaves and dentated to pinnatisect leaflets. The plant has been utilized as medicinal plant 
by humankind for millennia and is mentioned in the encyclopedi Historia naturalis by Pliny the elder (23–79 
ad) as an ingredient in vinegar recommended against  hiccup1. This species is also mentioned by the seventeenth 
century Danish pioneer scientist Simon Paulli (1648) who report on its’ use against  gallstones2. The leaves contain 
about 0.4% (v/w DM) essential oil, where estragole (= methylchavicol) and 1-allyl-2,4-dimethoxybenzen are the 
main  constituents3. The herb has been suggested as a good source for phytosterols and new aroma constituents, 
which may be useful in human  nutrition4. The use of Garden chervil as a food in private households seems to 
be limited as this species is only to a limited extent made available for customers by retailers and supermarkets. 
However, this species is established as one of the major herbs applied within Norwegian large-scale commercial 
 kitchens5, where Garden chervil is used as a cheaper alternative to parsley to give a mild taste of anise, parsley, 
black pepper and caraway. The knowledge about the phytochemistry and potential health impact of Garden 
chervil has been studied in current literature and several phenolic constituents of Garden chervil have been 
characterized. In current literature, several flavones and flavonols have been identified in chervil. The previously 
reported flavones are all derivatives of apigenin and luteolin, including apiin (apigenin 7-apiosylglucoside)6,7, 
luteolin 7-glucoside, luteolin 7-apiosylglucoside8, whereas the identified flavonols are kaempferol, quercetin 
and isorhamnetin  derivatives7,9. Several derivatives of quinic acid, in addition to the phenylpropanoids, where 
the latter compounds occur in the essential oils, have also been reported as phenolic constituents from this 
 species7,9,10. These identifications were mainly based on hyphenated mass spectrometry and comparisons with 
available  standards7. The observed antimicrobial activity of extracts of chervil may be assigned to the content 
of relatively volatile compounds including the known antibiotic compound  carvacrol7,11. Studies of biological 
activity of pure compounds isolated from chervil are, however, lacking in current literature.

The major objective of this paper is to determine the qualitative and quantitative content of the phenolics 
of garden chervil by state-of-the-art multidimensional NMR spectroscopic and hyphenated chromatographic 

OPEN

1PlantChem AS, Eikenveien 334, 4596 Eiken, Norway. 2Department of Clinical Science and Centre for Pharmacy, 
University of Bergen, Jonas Lies vei 87, 5009 Bergen, Norway. 3Department of Chemistry and Centre for Pharmacy, 
University of Bergen, Allègaten 41, 5007 Bergen, Norway. *email: Torgils.Fossen@uib.no



2

Vol:.(1234567890)

Scientific Reports |         (2022) 12:7805  | https://doi.org/10.1038/s41598-022-11923-0

www.nature.com/scientificreports/

methods and to determine the therapeutic potential of the main phenolic constituent towards acute monocytic 
leukaemia cells.

Materials and methods
Reagents and materials. Fresh cut chervil was received from Frøvoll Farm, Randaberg, located in South-
western Norway (59°0′56.3″ North, 5°37′25.8″ East). Experimental research and field studies on the plants, 
including the collection of plant material complied with relevant institutional, national, and international guide-
lines and legislation. Ferric chloride hexahydrate (Fluka), potassium hexacyanoferrate, 2,2-azino-bis (3-ethylb-
enzothiazoline-6-sulfonic acid) (ABTS), potassium peroxodisulfate, gum Arabic, hydrochloric acid, 85% phos-
phoric acid, gallic acid, Trolox, potassium phosphate, sodium chloride, chlorogenic acid and formic acid were 
provided from Merck, Norway. Methanol (Rathburn) and acetonitrile (Rathburn) were provided from Teknolab 
AS, Norway.

Sample preparation and analysis. Sample preparations were performed as described by Slimestad 
et al.14. Fresh garden chervil, including leaves and stems, were lyophilized for 72 h using a freeze-dryer (CoolSafe 
4 ScanVac, ScanLaf AS, Denmark). Dry matter contents were determined based on the sample weights prior to 
and after lyophilization. Dried plant material was minced in a bowl chopper and grinded (Bosch KM13, Slove-
nia). For determination of total phenolic content, radical scavenging capacity and UHPLC analysis, 200 mg of 
the sample was extracted with 10 mL methanol in a 20 mL test tube at ambient temperature for 48 h in the dark-
ness. Samples were filtered through 0.4 μm syringe filters prior to analysis. Two parallel samples were  analysed14.

Fractionation and isolation. Fractionation and isolation of phenolics from garden chervil was based on 
extracts obtained from 500 g fresh plant material (160 g dry weight). The plant material was minced (about 
20 mm), and extraction was performed two times for 24 h in the darkness by using 2 × 500 mL portions of meth-
anol. The extract was filtered (folded filter quality 315, VWR Norway), concentrated to a volume of 100 mL on a 
rotavapor (Büchi, Switzerland), and partitioned against equal volumes of dichloromethane, in order to remove 
chlorophylls and lipophilic content. The water phase was further concentrated to a total volume of 50 mL, and 
the concentrated aqueous extract was applied to a bed of 0.5 kg Amberlite XAD-7 HP (Sigma) in a 5 × 60 cm 
open-top glass column, rinsed with 2 L distilled water and eluted by use of 2 L MeOH as mobile phase. The 
XAD-7 purified extract was finally concentrated to a volume of 50 mL.

Further purification was performed by size-exclusion chromatography by using a 5 × 100 cm open-top column 
filled with 500 g Sephadex LH20 (GE Healthcare, Norway). A step-gradient elution was used with increasing 
concentrations of methanol in the mobile phase (0, 20, 40, 60 and 80%; 0.1% TFA)14. Pure compounds were 
isolated by preparative HPLC. The HPLC instrument was equipped with a 250 × 20 mm, C18 Ascentis column. 
Two solvents were used for elution; mobile phase A (water-TFA 99.9:0.1 v/v) and mobile phase B (methanol-TFA 
99.9:0.1 v/v). Portions of 200 µL were manually injected into the HPLC column and the collected fractions were 
transferred to HPLC vials for purity control using analytical  HPLC14.

Total phenolic content. Total phenolic content was determined in accordance with the method of Price 
and Butler with stabilization of the Prussian Blue complex as described by  Graham12,13 and Slimestad et al.14. 
100 μL of sample was diluted with 3 mL deionized water and mixed with 1 mL of a 0.1 M ferric chloride in 
0.1 M hydrochloric acid solution together with 1 mL of 8 mM potassium ferricyanide solution. The reaction was 
allowed to run for fifteen minutes at ambient temperature. 5 mL of an acidic gum Arabic solution was added (1 g 
gum Arabic dissolved in 100 mL hot water. 10 mL of this solution was mixed with 10 mL 85% phosphoric acid 
and 30 mL water). Absorption at 700 nm was measured by use of an Agilent 8453 spectrophotometer (Agilent 
Technologies, Matriks, Norway). Samples were measured against a standard curve of gallic acid, and outputs are 
given as gallic acid equivalents, mg GAE  g−114.

Radical scavenging. The TEAC assay (Trolox Equivalent Antiradical Capacity) was carried out following 
the procedures previously described by Slimestad et al.14 and Re et al.15. 2,2-azino-bis (3-ethylbenzothiazoline-
6-sulfonic acid) (ABTS) was dissolved in water to a 7 mM solution with potassium persulfate to a concentration 
of 2.45 mM. The solution was kept at ambient temperature for about 16 h. The  ABTS·+ solution was diluted with 
PBS (phosphate buffered saline: 100 mM  KH2PO4-buffer, pH 7.4 and 150 mM NaCl), to an absorbance of 0.70 
(± 0.02) at 734 nm. Samples were diluted so that, after the introduction of a 10 µL aliquot of each extract into the 
assay, they produced between 20 and 80% inhibition of the blank absorbance. After addition of 1.0 mL of diluted 
 ABTS·+ solution to 10 µL of extracts or trolox standards (final concentration 0–15 µM) in PBS, the absorbance 
reading was taken at 6 min. Appropriate PBS blanks were run in each assay. The final TEAC decolorization assay 
values were calculated against a standard curve of 0–10 mg Trolox in 100 mL methanol, and the percentage of 
inhibition of absorbance at 734 nm were expressed as mg TEAC 100  g−1  DW14,15.

U(H)PLC-MS. The qualitative and relative quantitative contents of individual flavonoids and other phenolic 
compounds was determined by using an Agilent 1290 Infinity II instrument equipped with a 6120 quadrupole 
mass  detector14. Separation was achieved with a Zorbax Eclipse XDB-C8 column (2.1 × 100 mm, 1.8 μm, Agilent 
Technologies). Water with 0.02% HCOOH (solvent A) and acetonitrile (solvent B) were used for gradient elution 
with the following time program (% B in A): from 0 to 10 (in 1 min), from 10 to 25 (in 25 min), from 25 to 95 
(2 min), from 95 to 0 (1 min), and finally isocratic recondition for 1 min. Flow was set to 0.300 mL/min (max 
back pressure 540 bar), and injections of 5 μL was used. UV-detection was performed at 280, 320 and 360 nm 
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with the following time program (% B in A): from 0 to 10 (in 1 min), from 10 to 25 (in 25 min), from 25 to 95 
(2 min), from 95 to 0 (1 min), and finally isocratic recondition for 1 min. Flow was set to 0.300 mL/min (max 
back pressure 540 bar), and injections of 5 μL was used. UV-detection was performed at 280, 320 and 360 nm 
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methods and to determine the therapeutic potential of the main phenolic constituent towards acute monocytic 
leukaemia cells.

Materials and methods
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Fractionation and isolation. Fractionation and isolation of phenolics from garden chervil was based on 
extracts obtained from 500 g fresh plant material (160 g dry weight). The plant material was minced (about 
20 mm), and extraction was performed two times for 24 h in the darkness by using 2 × 500 mL portions of meth-
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concentrations of methanol in the mobile phase (0, 20, 40, 60 and 80%; 0.1% TFA)14. Pure compounds were 
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Technologies). Water with 0.02% HCOOH (solvent A) and acetonitrile (solvent B) were used for gradient elution 
with the following time program (% B in A): from 0 to 10 (in 1 min), from 10 to 25 (in 25 min), from 25 to 95 
(2 min), from 95 to 0 (1 min), and finally isocratic recondition for 1 min. Flow was set to 0.300 mL/min (max 
back pressure 540 bar), and injections of 5 μL was used. UV-detection was performed at 280, 320 and 360 nm 
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at 4 nm band width. Masses in the range 250–800 Da was detected using a scan time of 500 ms, a fragmentor at 
70 V, and detection was in both positive and negative  mode14. Gas source temperature was set to 350 °C with flow 
at 10 L  min−1, nebulizer pressure was 35 psi, whereas capillary voltage was 4  kV14.

High-resolution mass spectrometry (LC-HRMS) was used for exact mass determination of isolated com-
pounds. An iClass UPLC (Waters) equipped with a C18 BEH column (1.7 um, 2.1 × 50 mm, Waters) was used 
for introducing the samples to the mass spectrometer. A gradient of A) 0.2% formic acid and B) acetonitrile was 
used as follows (% B in A): 1 (isocratic for 0.5 min), from 1 to 90 (in 2 min). The mass spectrometer (timsTOF, 
Bruker) was used in ESI+-mode with an ionization at 2 kV, and with full scan 100–2000 Da with resolution 
R = 50,000 (FWHM) at 1000 Da. Exactness at RMS < 1  ppm14.

NMR. NMR samples were prepared by dissolving the isolated compounds in deuterated dimethylsulfoxide 
(DMSO-D6; 99.96 atom % D, Sigma-Aldrich). The 1D 1H and the 2D 1H–13C HMBC, the 2D 1H–13C HSQC, the 
2D 1H–13C HSQC-TOCSY, the 2D 1H–13C H2BC, 2D 1H–13C 1,1 Adequate, the 2D 1H–1H COSY and 2D 1H–1H 
ROESY NMR experiments were obtained at 850 MHz at 298 K on a Bruker 850 MHz instrument equipped with 
a 1H, 13C, 15N triple resonance cryogenic  probe14.

Cytotoxicity assays. The cell lines used to study cytotoxicity were: Molm-1316, MV4-11 human monocytic 
leukemia cells (ATCC, CRL-9591), human acute myeloid leukemia cell line OCI-AML3 (ATCC, ACC-582), 
NRK rat kidney epithelial cells (ATCC, CRL-6509), and H9c2 cardiomyoblasts (ATCC, CRL-1446). See Bjørn-
stad et al. 2019 for a description of culture conditions and media for the different cell  lines17. The cytotoxic-
ity measurements were performed as described  earlier18. In brief, the compound was dissolved in DMSO, and 
further diluted in DMSO. Using a pipette robot (Mosquito High Volume, SPT Labtech), 1 L was transferred to 
96-well plates to create identical plates for testing on different cells. Cell suspension was then added, and the 
cells incubated for 72 h before assessment of viability using the WST-1 cell proliferation assay (Roce Applied 
Sciences). Some experiments were also performed with dilution series performed in culture medium to exclude 
the effect of DMSO on cell viability. After recording the WST-1 signal, the cells were fixed, DNA stained using 
Hoechst 33342, and cell death confirmed by microscopic evaluation of nuclear and surface  morphology18.

Results and discussion
The dry matter content of chervil, Anthriscus cerefolium, was found to be 32.3% which is higher compared to the 
dry matter content of parsley, Petroselinum crispum, at 24.7% provided by the same  grower14. The total phenolic 
content was found to be 1260 mg gallic acid equivalents (GAE) 100  g−1, quite similar to that of parsley (1270 mg 
GAE 100  g−1)14. The antiradical potential was found to be 50 ± 5 mg TEAC 100  g−1, similar to the level detected 
in parsley, 54 mg TEAC 100  g−114 and comparable to previous studies of  chervil11.

From a methanol extract of fresh garden chervil (Anthriscus cerefolium L.) four phenolic compounds 
were detected by means of UHPLC-DAD-MS analysis (Fig. 1, Table 1). Preparative isolation of the pheno-
lics was achieved by repetitive size-exclusion chromatography (Sephadex LH-20) and preparative HPLC. 
In total five compounds were isolated. Compounds 2, 3 and 4 were identified as apigenin 7-O-β-(2″-
apiofuranosylglucopyranoside) (2, apiin), luteolin 7-O-β-glucopyranoside (3), and apigenin 7-O-β-(2″-
apiofuranosyl-6″-malonylglucopyranoside) (4) by a combination of several 1D and 2D NMR experiments 
(Tables S1, S2) and high-resolution mass spectrometry (Table 1). Apiin and luteolin 7-O-β-glucopyranoside have 
previously been identified in  chervil6,7, while apigenin 7-O-β-(2″-apiofuranosyl-6″-malonylglucopyranoside) is 
identified in garden chervil for the first time.

Figure 1.  Structure of the previously undescribed compound 1,3-dicaffeoyl-5-malonyl-δ-quinide (1) isolated 
from Anthriscus cerefolium. Structure was drawn in ChemDraw Professional 18.0. https:// www. alfas oft. com/ no/ 
produ kter/ lab/ chemd raw. html.
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at 4 nm band width. Masses in the range 250–800 Da was detected using a scan time of 500 ms, a fragmentor at 
70 V, and detection was in both positive and negative  mode14. Gas source temperature was set to 350 °C with flow 
at 10 L  min−1, nebulizer pressure was 35 psi, whereas capillary voltage was 4  kV14.
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used as follows (% B in A): 1 (isocratic for 0.5 min), from 1 to 90 (in 2 min). The mass spectrometer (timsTOF, 
Bruker) was used in ESI+-mode with an ionization at 2 kV, and with full scan 100–2000 Da with resolution 
R = 50,000 (FWHM) at 1000 Da. Exactness at RMS < 1  ppm14.

NMR. NMR samples were prepared by dissolving the isolated compounds in deuterated dimethylsulfoxide 
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ROESY NMR experiments were obtained at 850 MHz at 298 K on a Bruker 850 MHz instrument equipped with 
a 1H, 13C, 15N triple resonance cryogenic  probe14.

Cytotoxicity assays. The cell lines used to study cytotoxicity were: Molm-1316, MV4-11 human monocytic 
leukemia cells (ATCC, CRL-9591), human acute myeloid leukemia cell line OCI-AML3 (ATCC, ACC-582), 
NRK rat kidney epithelial cells (ATCC, CRL-6509), and H9c2 cardiomyoblasts (ATCC, CRL-1446). See Bjørn-
stad et al. 2019 for a description of culture conditions and media for the different cell  lines17. The cytotoxic-
ity measurements were performed as described  earlier18. In brief, the compound was dissolved in DMSO, and 
further diluted in DMSO. Using a pipette robot (Mosquito High Volume, SPT Labtech), 1 L was transferred to 
96-well plates to create identical plates for testing on different cells. Cell suspension was then added, and the 
cells incubated for 72 h before assessment of viability using the WST-1 cell proliferation assay (Roce Applied 
Sciences). Some experiments were also performed with dilution series performed in culture medium to exclude 
the effect of DMSO on cell viability. After recording the WST-1 signal, the cells were fixed, DNA stained using 
Hoechst 33342, and cell death confirmed by microscopic evaluation of nuclear and surface  morphology18.

Results and discussion
The dry matter content of chervil, Anthriscus cerefolium, was found to be 32.3% which is higher compared to the 
dry matter content of parsley, Petroselinum crispum, at 24.7% provided by the same  grower14. The total phenolic 
content was found to be 1260 mg gallic acid equivalents (GAE) 100  g−1, quite similar to that of parsley (1270 mg 
GAE 100  g−1)14. The antiradical potential was found to be 50 ± 5 mg TEAC 100  g−1, similar to the level detected 
in parsley, 54 mg TEAC 100  g−114 and comparable to previous studies of  chervil11.
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were detected by means of UHPLC-DAD-MS analysis (Fig. 1, Table 1). Preparative isolation of the pheno-
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previously been identified in  chervil6,7, while apigenin 7-O-β-(2″-apiofuranosyl-6″-malonylglucopyranoside) is 
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at 4 nm band width. Masses in the range 250–800 Da was detected using a scan time of 500 ms, a fragmentor at 
70 V, and detection was in both positive and negative  mode14. Gas source temperature was set to 350 °C with flow 
at 10 L  min−1, nebulizer pressure was 35 psi, whereas capillary voltage was 4  kV14.

High-resolution mass spectrometry (LC-HRMS) was used for exact mass determination of isolated com-
pounds. An iClass UPLC (Waters) equipped with a C18 BEH column (1.7 um, 2.1 × 50 mm, Waters) was used 
for introducing the samples to the mass spectrometer. A gradient of A) 0.2% formic acid and B) acetonitrile was 
used as follows (% B in A): 1 (isocratic for 0.5 min), from 1 to 90 (in 2 min). The mass spectrometer (timsTOF, 
Bruker) was used in ESI+-mode with an ionization at 2 kV, and with full scan 100–2000 Da with resolution 
R = 50,000 (FWHM) at 1000 Da. Exactness at RMS < 1  ppm14.
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ROESY NMR experiments were obtained at 850 MHz at 298 K on a Bruker 850 MHz instrument equipped with 
a 1H, 13C, 15N triple resonance cryogenic  probe14.
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leukemia cells (ATCC, CRL-9591), human acute myeloid leukemia cell line OCI-AML3 (ATCC, ACC-582), 
NRK rat kidney epithelial cells (ATCC, CRL-6509), and H9c2 cardiomyoblasts (ATCC, CRL-1446). See Bjørn-
stad et al. 2019 for a description of culture conditions and media for the different cell  lines17. The cytotoxic-
ity measurements were performed as described  earlier18. In brief, the compound was dissolved in DMSO, and 
further diluted in DMSO. Using a pipette robot (Mosquito High Volume, SPT Labtech), 1 L was transferred to 
96-well plates to create identical plates for testing on different cells. Cell suspension was then added, and the 
cells incubated for 72 h before assessment of viability using the WST-1 cell proliferation assay (Roce Applied 
Sciences). Some experiments were also performed with dilution series performed in culture medium to exclude 
the effect of DMSO on cell viability. After recording the WST-1 signal, the cells were fixed, DNA stained using 
Hoechst 33342, and cell death confirmed by microscopic evaluation of nuclear and surface  morphology18.
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in parsley, 54 mg TEAC 100  g−114 and comparable to previous studies of  chervil11.

From a methanol extract of fresh garden chervil (Anthriscus cerefolium L.) four phenolic compounds 
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at 4 nm band width. Masses in the range 250–800 Da was detected using a scan time of 500 ms, a fragmentor at 
70 V, and detection was in both positive and negative  mode14. Gas source temperature was set to 350 °C with flow 
at 10 L  min−1, nebulizer pressure was 35 psi, whereas capillary voltage was 4  kV14.

High-resolution mass spectrometry (LC-HRMS) was used for exact mass determination of isolated com-
pounds. An iClass UPLC (Waters) equipped with a C18 BEH column (1.7 um, 2.1 × 50 mm, Waters) was used 
for introducing the samples to the mass spectrometer. A gradient of A) 0.2% formic acid and B) acetonitrile was 
used as follows (% B in A): 1 (isocratic for 0.5 min), from 1 to 90 (in 2 min). The mass spectrometer (timsTOF, 
Bruker) was used in ESI+-mode with an ionization at 2 kV, and with full scan 100–2000 Da with resolution 
R = 50,000 (FWHM) at 1000 Da. Exactness at RMS < 1  ppm14.
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(DMSO-D6; 99.96 atom % D, Sigma-Aldrich). The 1D 1H and the 2D 1H–13C HMBC, the 2D 1H–13C HSQC, the 
2D 1H–13C HSQC-TOCSY, the 2D 1H–13C H2BC, 2D 1H–13C 1,1 Adequate, the 2D 1H–1H COSY and 2D 1H–1H 
ROESY NMR experiments were obtained at 850 MHz at 298 K on a Bruker 850 MHz instrument equipped with 
a 1H, 13C, 15N triple resonance cryogenic  probe14.

Cytotoxicity assays. The cell lines used to study cytotoxicity were: Molm-1316, MV4-11 human monocytic 
leukemia cells (ATCC, CRL-9591), human acute myeloid leukemia cell line OCI-AML3 (ATCC, ACC-582), 
NRK rat kidney epithelial cells (ATCC, CRL-6509), and H9c2 cardiomyoblasts (ATCC, CRL-1446). See Bjørn-
stad et al. 2019 for a description of culture conditions and media for the different cell  lines17. The cytotoxic-
ity measurements were performed as described  earlier18. In brief, the compound was dissolved in DMSO, and 
further diluted in DMSO. Using a pipette robot (Mosquito High Volume, SPT Labtech), 1 L was transferred to 
96-well plates to create identical plates for testing on different cells. Cell suspension was then added, and the 
cells incubated for 72 h before assessment of viability using the WST-1 cell proliferation assay (Roce Applied 
Sciences). Some experiments were also performed with dilution series performed in culture medium to exclude 
the effect of DMSO on cell viability. After recording the WST-1 signal, the cells were fixed, DNA stained using 
Hoechst 33342, and cell death confirmed by microscopic evaluation of nuclear and surface  morphology18.
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at 4 nm band width. Masses in the range 250–800 Da was detected using a scan time of 500 ms, a fragmentor at 
70 V, and detection was in both positive and negative  mode14. Gas source temperature was set to 350 °C with flow 
at 10 L  min−1, nebulizer pressure was 35 psi, whereas capillary voltage was 4  kV14.

High-resolution mass spectrometry (LC-HRMS) was used for exact mass determination of isolated com-
pounds. An iClass UPLC (Waters) equipped with a C18 BEH column (1.7 um, 2.1 × 50 mm, Waters) was used 
for introducing the samples to the mass spectrometer. A gradient of A) 0.2% formic acid and B) acetonitrile was 
used as follows (% B in A): 1 (isocratic for 0.5 min), from 1 to 90 (in 2 min). The mass spectrometer (timsTOF, 
Bruker) was used in ESI+-mode with an ionization at 2 kV, and with full scan 100–2000 Da with resolution 
R = 50,000 (FWHM) at 1000 Da. Exactness at RMS < 1  ppm14.

NMR. NMR samples were prepared by dissolving the isolated compounds in deuterated dimethylsulfoxide 
(DMSO-D6; 99.96 atom % D, Sigma-Aldrich). The 1D 1H and the 2D 1H–13C HMBC, the 2D 1H–13C HSQC, the 
2D 1H–13C HSQC-TOCSY, the 2D 1H–13C H2BC, 2D 1H–13C 1,1 Adequate, the 2D 1H–1H COSY and 2D 1H–1H 
ROESY NMR experiments were obtained at 850 MHz at 298 K on a Bruker 850 MHz instrument equipped with 
a 1H, 13C, 15N triple resonance cryogenic  probe14.

Cytotoxicity assays. The cell lines used to study cytotoxicity were: Molm-1316, MV4-11 human monocytic 
leukemia cells (ATCC, CRL-9591), human acute myeloid leukemia cell line OCI-AML3 (ATCC, ACC-582), 
NRK rat kidney epithelial cells (ATCC, CRL-6509), and H9c2 cardiomyoblasts (ATCC, CRL-1446). See Bjørn-
stad et al. 2019 for a description of culture conditions and media for the different cell  lines17. The cytotoxic-
ity measurements were performed as described  earlier18. In brief, the compound was dissolved in DMSO, and 
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70 V, and detection was in both positive and negative  mode14. Gas source temperature was set to 350 °C with flow 
at 10 L  min−1, nebulizer pressure was 35 psi, whereas capillary voltage was 4  kV14.
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stad et al. 2019 for a description of culture conditions and media for the different cell  lines17. The cytotoxic-
ity measurements were performed as described  earlier18. In brief, the compound was dissolved in DMSO, and 
further diluted in DMSO. Using a pipette robot (Mosquito High Volume, SPT Labtech), 1 L was transferred to 
96-well plates to create identical plates for testing on different cells. Cell suspension was then added, and the 
cells incubated for 72 h before assessment of viability using the WST-1 cell proliferation assay (Roce Applied 
Sciences). Some experiments were also performed with dilution series performed in culture medium to exclude 
the effect of DMSO on cell viability. After recording the WST-1 signal, the cells were fixed, DNA stained using 
Hoechst 33342, and cell death confirmed by microscopic evaluation of nuclear and surface  morphology18.
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70 V, and detection was in both positive and negative  mode14. Gas source temperature was set to 350 °C with flow 
at 10 L  min−1, nebulizer pressure was 35 psi, whereas capillary voltage was 4  kV14.
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The central bicyclic δ-quinide ring system of 1 was assigned by the 1H/13C crosspeaks at δ 2.44/69.9 (H2A/
C3), δ 1.96/69.9 (H2B/C3), δ 5.20/35.7 (H3/C2), δ 5.20/68.8 (H3/C4), δ 3.87/69.9 (H4/C3), δ 3.87/72.0 (H4/C5), 
δ 5.32/68.8 (H5/C4), δ 5.32/31.8 (H5/C6) and δ 2.41/72.0 (H6/C5) observed in the 2D 1H–13C H2BC spectrum, 
the 1H/1H crosspeaks at δ 2.44/5.20 (H2A/H3), δ 1.96/5.20 (H2B/H3), δ 2.44/1.96 (H2A/H2B), δ 5.20/3.87 (H3/
H4), δ 3.87/5.32 (H4/H5) and δ 5.32/2.41 (H5/H6) observed in the 2D 1H–1H COSY spectrum. The substituents 
of the central bicyclic δ-quinide ring system of 1 were identified as two caffeoyl units and a malonyl unit (Table 2). 
The 1H/13C crosspeaks at δ 6.28/78.8 (H8′/C1), δ 6.23/69.9 (H8″/C3) and δ 5.20/166.2 (H3/C9″) confirmed that 
the caffeoyl units were attached to the δ-quinide ring system at position 1 and 3, respectively. A crosspeak at 
δ 5.32/166.7 (H5/C1‴) confirmed the linkage between the malonyl substituent and the δ-quinide ring system 
at position 5. Thus, 1 was identified as the previously undescribed natural product 1,3-dicaffeoyl-5-malonyl-
δ-quinide. A molecular ion at m/z 585.1234 corresponding to  C28H25O14 (calculated 585.1245, δ = − 1.9 ppm) 
observed in the high-resolution mass spectrum of 1 confirmed this identity.

A related compound with similar central bicyclic δ-quinide ring system to that of 1, namely 3,5-O-dicaffeoyl-
epi-δ-quinide, has previously been reported to occur in processed coffee beans, where the identification was 
solely based on mass  spectrometry19. Recently, Stojkovic et al. reported the presence of several derivatives of 
quinic acid acylated with caffeoyl and malonyl moieties, which were identified by hyphenated high resolution 
mass spectrometry (UHPLC-MS)7, however, none of these compounds were lactones.

Previously, extracts of chervil have exhibited weak to moderate cytotoxic activity towards cancer cell lines 
including gliblastoma cells, where  EC50 of 765 µg/mL was  observed7,20, however, the cytotoxicity of pure com-
pounds isolated from chervil has not been reported in current literature. The cytotoxicity of the main phenolic 
compound 1,3-dicaffeoyl-5-malonyl-δ-quinide (1) towards MOLM13, OCI-AML3 and MV4-11 acute leukaemia 
cells and towards normal cell lines (NRK cells and H9C2) (Fig. 2 shows results on MOLM13 and NRK cells after 
24 and 72 h incubation). 1,3-dicaffeoyl-5-malonyl-δ-quinide (1) exhibited moderate toxicity towards all cell 
lines tested with  EC50 values above 1000 µM at 24 h incubation, and between 400 and 600 µM at 72 h incubation 
(Fig. 2 and data not shown). The compound did not show selective cytotoxicity towards any of the leukemia cell 
lines compared to the non-cancerous cell lines.

Conclusions
Chervil (Anthriscus cerefolium (L.) Hoffm) is a very rich source of phenolic compounds, 1260 mg GAE  100–1 g 
DM, and its methanolic extract has a high antiradical capacity. Interestingly, though the two species contain the 
same main flavones (apiin and apigenin 7-(2″-apiosyl-6″-malonylglucoside)), the major phenolic constituent 
of chervil is a bicyclic lactone; 1,3-dicaffeoyl-5-malonyl-δ-quinide (1). This compound is reported for the first 
time. 1,3-dicaffeoyl-5-malonyl-δ-quinide exhibited moderate cytotoxic activity towards human leukaemia and 
normal cell lines.

Table 1.  UHPLC-MS and HRMS data of main phenolics in methanolic extracts of chervil, Anthriscus 
cerefolium. Characteristic ions (m/z) from mass detection is listed with the pseudomolecular ions ([M +  H]+ or 
[M-H]−) followed by fragments ions included those of the aglycone moieties. Nd not determined.

tR (min) λmax (nm) Pos./neg. ions HRMS [M +  H]+ Calc. formula Compounds

7.82 266, 336 565, 271 /563 565.1547 C26H29O14 Apigenin 7-apiosylglucoside (apiin) (2)

8.31 300sh, 330 585, 423 /601 585.1234 C28H25O14 1,3-Dicaffeoyl-5-malonyl-δ-quinide (1)

ND ND ND 449.1076 C2
1H21O11 Luteolin 7-glucoside (4)

9.42 266, 336 651, 271 /649 651.1544 C29H31O17 Apigenin 7-malonylapiosylglucoside (3)
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H4), δ 3.87/5.32 (H4/H5) and δ 5.32/2.41 (H5/H6) observed in the 2D 1H–1H COSY spectrum. The substituents 
of the central bicyclic δ-quinide ring system of 1 were identified as two caffeoyl units and a malonyl unit (Table 2). 
The 1H/13C crosspeaks at δ 6.28/78.8 (H8′/C1), δ 6.23/69.9 (H8″/C3) and δ 5.20/166.2 (H3/C9″) confirmed that 
the caffeoyl units were attached to the δ-quinide ring system at position 1 and 3, respectively. A crosspeak at 
δ 5.32/166.7 (H5/C1‴) confirmed the linkage between the malonyl substituent and the δ-quinide ring system 
at position 5. Thus, 1 was identified as the previously undescribed natural product 1,3-dicaffeoyl-5-malonyl-
δ-quinide. A molecular ion at m/z 585.1234 corresponding to  C28H25O14 (calculated 585.1245, δ = − 1.9 ppm) 
observed in the high-resolution mass spectrum of 1 confirmed this identity.

A related compound with similar central bicyclic δ-quinide ring system to that of 1, namely 3,5-O-dicaffeoyl-
epi-δ-quinide, has previously been reported to occur in processed coffee beans, where the identification was 
solely based on mass  spectrometry19. Recently, Stojkovic et al. reported the presence of several derivatives of 
quinic acid acylated with caffeoyl and malonyl moieties, which were identified by hyphenated high resolution 
mass spectrometry (UHPLC-MS)7, however, none of these compounds were lactones.

Previously, extracts of chervil have exhibited weak to moderate cytotoxic activity towards cancer cell lines 
including gliblastoma cells, where  EC50 of 765 µg/mL was  observed7,20, however, the cytotoxicity of pure com-
pounds isolated from chervil has not been reported in current literature. The cytotoxicity of the main phenolic 
compound 1,3-dicaffeoyl-5-malonyl-δ-quinide (1) towards MOLM13, OCI-AML3 and MV4-11 acute leukaemia 
cells and towards normal cell lines (NRK cells and H9C2) (Fig. 2 shows results on MOLM13 and NRK cells after 
24 and 72 h incubation). 1,3-dicaffeoyl-5-malonyl-δ-quinide (1) exhibited moderate toxicity towards all cell 
lines tested with  EC50 values above 1000 µM at 24 h incubation, and between 400 and 600 µM at 72 h incubation 
(Fig. 2 and data not shown). The compound did not show selective cytotoxicity towards any of the leukemia cell 
lines compared to the non-cancerous cell lines.

Conclusions
Chervil (Anthriscus cerefolium (L.) Hoffm) is a very rich source of phenolic compounds, 1260 mg GAE  100–1 g 
DM, and its methanolic extract has a high antiradical capacity. Interestingly, though the two species contain the 
same main flavones (apiin and apigenin 7-(2″-apiosyl-6″-malonylglucoside)), the major phenolic constituent 
of chervil is a bicyclic lactone; 1,3-dicaffeoyl-5-malonyl-δ-quinide (1). This compound is reported for the first 
time. 1,3-dicaffeoyl-5-malonyl-δ-quinide exhibited moderate cytotoxic activity towards human leukaemia and 
normal cell lines.

Table 1.  UHPLC-MS and HRMS data of main phenolics in methanolic extracts of chervil, Anthriscus 
cerefolium. Characteristic ions (m/z) from mass detection is listed with the pseudomolecular ions ([M +  H]+ or 
[M-H]−) followed by fragments ions included those of the aglycone moieties. Nd not determined.

tR (min)λmax (nm)Pos./neg. ionsHRMS [M +  H]+Calc. formulaCompounds

7.82266, 336565, 271 /563565.1547C26H29O14Apigenin 7-apiosylglucoside (apiin) (2)

8.31300sh, 330585, 423 /601585.1234C28H25O141,3-Dicaffeoyl-5-malonyl-δ-quinide (1)

NDNDND449.1076C2
1H21O11Luteolin 7-glucoside (4)

9.42266, 336651, 271 /649651.1544C29H31O17Apigenin 7-malonylapiosylglucoside (3)
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H4), δ 3.87/5.32 (H4/H5) and δ 5.32/2.41 (H5/H6) observed in the 2D 1H–1H COSY spectrum. The substituents 
of the central bicyclic δ-quinide ring system of 1 were identified as two caffeoyl units and a malonyl unit (Table 2). 
The 1H/13C crosspeaks at δ 6.28/78.8 (H8′/C1), δ 6.23/69.9 (H8″/C3) and δ 5.20/166.2 (H3/C9″) confirmed that 
the caffeoyl units were attached to the δ-quinide ring system at position 1 and 3, respectively. A crosspeak at 
δ 5.32/166.7 (H5/C1‴) confirmed the linkage between the malonyl substituent and the δ-quinide ring system 
at position 5. Thus, 1 was identified as the previously undescribed natural product 1,3-dicaffeoyl-5-malonyl-
δ-quinide. A molecular ion at m/z 585.1234 corresponding to  C28H25O14 (calculated 585.1245, δ = − 1.9 ppm) 
observed in the high-resolution mass spectrum of 1 confirmed this identity.

A related compound with similar central bicyclic δ-quinide ring system to that of 1, namely 3,5-O-dicaffeoyl-
epi-δ-quinide, has previously been reported to occur in processed coffee beans, where the identification was 
solely based on mass  spectrometry19. Recently, Stojkovic et al. reported the presence of several derivatives of 
quinic acid acylated with caffeoyl and malonyl moieties, which were identified by hyphenated high resolution 
mass spectrometry (UHPLC-MS)7, however, none of these compounds were lactones.

Previously, extracts of chervil have exhibited weak to moderate cytotoxic activity towards cancer cell lines 
including gliblastoma cells, where  EC50 of 765 µg/mL was  observed7,20, however, the cytotoxicity of pure com-
pounds isolated from chervil has not been reported in current literature. The cytotoxicity of the main phenolic 
compound 1,3-dicaffeoyl-5-malonyl-δ-quinide (1) towards MOLM13, OCI-AML3 and MV4-11 acute leukaemia 
cells and towards normal cell lines (NRK cells and H9C2) (Fig. 2 shows results on MOLM13 and NRK cells after 
24 and 72 h incubation). 1,3-dicaffeoyl-5-malonyl-δ-quinide (1) exhibited moderate toxicity towards all cell 
lines tested with  EC50 values above 1000 µM at 24 h incubation, and between 400 and 600 µM at 72 h incubation 
(Fig. 2 and data not shown). The compound did not show selective cytotoxicity towards any of the leukemia cell 
lines compared to the non-cancerous cell lines.

Conclusions
Chervil (Anthriscus cerefolium (L.) Hoffm) is a very rich source of phenolic compounds, 1260 mg GAE  100–1 g 
DM, and its methanolic extract has a high antiradical capacity. Interestingly, though the two species contain the 
same main flavones (apiin and apigenin 7-(2″-apiosyl-6″-malonylglucoside)), the major phenolic constituent 
of chervil is a bicyclic lactone; 1,3-dicaffeoyl-5-malonyl-δ-quinide (1). This compound is reported for the first 
time. 1,3-dicaffeoyl-5-malonyl-δ-quinide exhibited moderate cytotoxic activity towards human leukaemia and 
normal cell lines.

Table 1.  UHPLC-MS and HRMS data of main phenolics in methanolic extracts of chervil, Anthriscus 
cerefolium. Characteristic ions (m/z) from mass detection is listed with the pseudomolecular ions ([M +  H]+ or 
[M-H]−) followed by fragments ions included those of the aglycone moieties. Nd not determined.
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C3), δ 1.96/69.9 (H2B/C3), δ 5.20/35.7 (H3/C2), δ 5.20/68.8 (H3/C4), δ 3.87/69.9 (H4/C3), δ 3.87/72.0 (H4/C5), 
δ 5.32/68.8 (H5/C4), δ 5.32/31.8 (H5/C6) and δ 2.41/72.0 (H6/C5) observed in the 2D 1H–13C H2BC spectrum, 
the 1H/1H crosspeaks at δ 2.44/5.20 (H2A/H3), δ 1.96/5.20 (H2B/H3), δ 2.44/1.96 (H2A/H2B), δ 5.20/3.87 (H3/
H4), δ 3.87/5.32 (H4/H5) and δ 5.32/2.41 (H5/H6) observed in the 2D 1H–1H COSY spectrum. The substituents 
of the central bicyclic δ-quinide ring system of 1 were identified as two caffeoyl units and a malonyl unit (Table 2). 
The 1H/13C crosspeaks at δ 6.28/78.8 (H8′/C1), δ 6.23/69.9 (H8″/C3) and δ 5.20/166.2 (H3/C9″) confirmed that 
the caffeoyl units were attached to the δ-quinide ring system at position 1 and 3, respectively. A crosspeak at 
δ 5.32/166.7 (H5/C1‴) confirmed the linkage between the malonyl substituent and the δ-quinide ring system 
at position 5. Thus, 1 was identified as the previously undescribed natural product 1,3-dicaffeoyl-5-malonyl-
δ-quinide. A molecular ion at m/z 585.1234 corresponding to  C28H25O14 (calculated 585.1245, δ = − 1.9 ppm) 
observed in the high-resolution mass spectrum of 1 confirmed this identity.

A related compound with similar central bicyclic δ-quinide ring system to that of 1, namely 3,5-O-dicaffeoyl-
epi-δ-quinide, has previously been reported to occur in processed coffee beans, where the identification was 
solely based on mass  spectrometry19. Recently, Stojkovic et al. reported the presence of several derivatives of 
quinic acid acylated with caffeoyl and malonyl moieties, which were identified by hyphenated high resolution 
mass spectrometry (UHPLC-MS)7, however, none of these compounds were lactones.

Previously, extracts of chervil have exhibited weak to moderate cytotoxic activity towards cancer cell lines 
including gliblastoma cells, where  EC50 of 765 µg/mL was  observed7,20, however, the cytotoxicity of pure com-
pounds isolated from chervil has not been reported in current literature. The cytotoxicity of the main phenolic 
compound 1,3-dicaffeoyl-5-malonyl-δ-quinide (1) towards MOLM13, OCI-AML3 and MV4-11 acute leukaemia 
cells and towards normal cell lines (NRK cells and H9C2) (Fig. 2 shows results on MOLM13 and NRK cells after 
24 and 72 h incubation). 1,3-dicaffeoyl-5-malonyl-δ-quinide (1) exhibited moderate toxicity towards all cell 
lines tested with  EC50 values above 1000 µM at 24 h incubation, and between 400 and 600 µM at 72 h incubation 
(Fig. 2 and data not shown). The compound did not show selective cytotoxicity towards any of the leukemia cell 
lines compared to the non-cancerous cell lines.

Conclusions
Chervil (Anthriscus cerefolium (L.) Hoffm) is a very rich source of phenolic compounds, 1260 mg GAE  100–1 g 
DM, and its methanolic extract has a high antiradical capacity. Interestingly, though the two species contain the 
same main flavones (apiin and apigenin 7-(2″-apiosyl-6″-malonylglucoside)), the major phenolic constituent 
of chervil is a bicyclic lactone; 1,3-dicaffeoyl-5-malonyl-δ-quinide (1). This compound is reported for the first 
time. 1,3-dicaffeoyl-5-malonyl-δ-quinide exhibited moderate cytotoxic activity towards human leukaemia and 
normal cell lines.

Table 1.  UHPLC-MS and HRMS data of main phenolics in methanolic extracts of chervil, Anthriscus 
cerefolium. Characteristic ions (m/z) from mass detection is listed with the pseudomolecular ions ([M +  H]+ or 
[M-H]−) followed by fragments ions included those of the aglycone moieties. Nd not determined.
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δ 5.32/68.8 (H5/C4), δ 5.32/31.8 (H5/C6) and δ 2.41/72.0 (H6/C5) observed in the 2D 1H–13C H2BC spectrum, 
the 1H/1H crosspeaks at δ 2.44/5.20 (H2A/H3), δ 1.96/5.20 (H2B/H3), δ 2.44/1.96 (H2A/H2B), δ 5.20/3.87 (H3/
H4), δ 3.87/5.32 (H4/H5) and δ 5.32/2.41 (H5/H6) observed in the 2D 1H–1H COSY spectrum. The substituents 
of the central bicyclic δ-quinide ring system of 1 were identified as two caffeoyl units and a malonyl unit (Table 2). 
The 1H/13C crosspeaks at δ 6.28/78.8 (H8′/C1), δ 6.23/69.9 (H8″/C3) and δ 5.20/166.2 (H3/C9″) confirmed that 
the caffeoyl units were attached to the δ-quinide ring system at position 1 and 3, respectively. A crosspeak at 
δ 5.32/166.7 (H5/C1‴) confirmed the linkage between the malonyl substituent and the δ-quinide ring system 
at position 5. Thus, 1 was identified as the previously undescribed natural product 1,3-dicaffeoyl-5-malonyl-
δ-quinide. A molecular ion at m/z 585.1234 corresponding to  C28H25O14 (calculated 585.1245, δ = − 1.9 ppm) 
observed in the high-resolution mass spectrum of 1 confirmed this identity.

A related compound with similar central bicyclic δ-quinide ring system to that of 1, namely 3,5-O-dicaffeoyl-
epi-δ-quinide, has previously been reported to occur in processed coffee beans, where the identification was 
solely based on mass  spectrometry19. Recently, Stojkovic et al. reported the presence of several derivatives of 
quinic acid acylated with caffeoyl and malonyl moieties, which were identified by hyphenated high resolution 
mass spectrometry (UHPLC-MS)7, however, none of these compounds were lactones.

Previously, extracts of chervil have exhibited weak to moderate cytotoxic activity towards cancer cell lines 
including gliblastoma cells, where  EC50 of 765 µg/mL was  observed7,20, however, the cytotoxicity of pure com-
pounds isolated from chervil has not been reported in current literature. The cytotoxicity of the main phenolic 
compound 1,3-dicaffeoyl-5-malonyl-δ-quinide (1) towards MOLM13, OCI-AML3 and MV4-11 acute leukaemia 
cells and towards normal cell lines (NRK cells and H9C2) (Fig. 2 shows results on MOLM13 and NRK cells after 
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lines tested with  EC50 values above 1000 µM at 24 h incubation, and between 400 and 600 µM at 72 h incubation 
(Fig. 2 and data not shown). The compound did not show selective cytotoxicity towards any of the leukemia cell 
lines compared to the non-cancerous cell lines.
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Chervil (Anthriscus cerefolium (L.) Hoffm) is a very rich source of phenolic compounds, 1260 mg GAE  100–1 g 
DM, and its methanolic extract has a high antiradical capacity. Interestingly, though the two species contain the 
same main flavones (apiin and apigenin 7-(2″-apiosyl-6″-malonylglucoside)), the major phenolic constituent 
of chervil is a bicyclic lactone; 1,3-dicaffeoyl-5-malonyl-δ-quinide (1). This compound is reported for the first 
time. 1,3-dicaffeoyl-5-malonyl-δ-quinide exhibited moderate cytotoxic activity towards human leukaemia and 
normal cell lines.

Table 1.  UHPLC-MS and HRMS data of main phenolics in methanolic extracts of chervil, Anthriscus 
cerefolium. Characteristic ions (m/z) from mass detection is listed with the pseudomolecular ions ([M +  H]+ or 
[M-H]−) followed by fragments ions included those of the aglycone moieties. Nd not determined.
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solely based on mass  spectrometry19. Recently, Stojkovic et al. reported the presence of several derivatives of 
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lines compared to the non-cancerous cell lines.
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δ 5.32/68.8 (H5/C4), δ 5.32/31.8 (H5/C6) and δ 2.41/72.0 (H6/C5) observed in the 2D 1H–13C H2BC spectrum, 
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the caffeoyl units were attached to the δ-quinide ring system at position 1 and 3, respectively. A crosspeak at 
δ 5.32/166.7 (H5/C1‴) confirmed the linkage between the malonyl substituent and the δ-quinide ring system 
at position 5. Thus, 1 was identified as the previously undescribed natural product 1,3-dicaffeoyl-5-malonyl-
δ-quinide. A molecular ion at m/z 585.1234 corresponding to  C28H25O14 (calculated 585.1245, δ = − 1.9 ppm) 
observed in the high-resolution mass spectrum of 1 confirmed this identity.

A related compound with similar central bicyclic δ-quinide ring system to that of 1, namely 3,5-O-dicaffeoyl-
epi-δ-quinide, has previously been reported to occur in processed coffee beans, where the identification was 
solely based on mass  spectrometry19. Recently, Stojkovic et al. reported the presence of several derivatives of 
quinic acid acylated with caffeoyl and malonyl moieties, which were identified by hyphenated high resolution 
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cells and towards normal cell lines (NRK cells and H9C2) (Fig. 2 shows results on MOLM13 and NRK cells after 
24 and 72 h incubation). 1,3-dicaffeoyl-5-malonyl-δ-quinide (1) exhibited moderate toxicity towards all cell 
lines tested with  EC50 values above 1000 µM at 24 h incubation, and between 400 and 600 µM at 72 h incubation 
(Fig. 2 and data not shown). The compound did not show selective cytotoxicity towards any of the leukemia cell 
lines compared to the non-cancerous cell lines.

Conclusions
Chervil (Anthriscus cerefolium (L.) Hoffm) is a very rich source of phenolic compounds, 1260 mg GAE  100–1 g 
DM, and its methanolic extract has a high antiradical capacity. Interestingly, though the two species contain the 
same main flavones (apiin and apigenin 7-(2″-apiosyl-6″-malonylglucoside)), the major phenolic constituent 
of chervil is a bicyclic lactone; 1,3-dicaffeoyl-5-malonyl-δ-quinide (1). This compound is reported for the first 
time. 1,3-dicaffeoyl-5-malonyl-δ-quinide exhibited moderate cytotoxic activity towards human leukaemia and 
normal cell lines.

Table 1.  UHPLC-MS and HRMS data of main phenolics in methanolic extracts of chervil, Anthriscus 
cerefolium. Characteristic ions (m/z) from mass detection is listed with the pseudomolecular ions ([M +  H]+ or 
[M-H]−) followed by fragments ions included those of the aglycone moieties. Nd not determined.
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The central bicyclic δ-quinide ring system of 1 was assigned by the 1H/13C crosspeaks at δ 2.44/69.9 (H2A/
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The 1H/13C crosspeaks at δ 6.28/78.8 (H8′/C1), δ 6.23/69.9 (H8″/C3) and δ 5.20/166.2 (H3/C9″) confirmed that 
the caffeoyl units were attached to the δ-quinide ring system at position 1 and 3, respectively. A crosspeak at 
δ 5.32/166.7 (H5/C1‴) confirmed the linkage between the malonyl substituent and the δ-quinide ring system 
at position 5. Thus, 1 was identified as the previously undescribed natural product 1,3-dicaffeoyl-5-malonyl-
δ-quinide. A molecular ion at m/z 585.1234 corresponding to  C28H25O14 (calculated 585.1245, δ = − 1.9 ppm) 
observed in the high-resolution mass spectrum of 1 confirmed this identity.

A related compound with similar central bicyclic δ-quinide ring system to that of 1, namely 3,5-O-dicaffeoyl-
epi-δ-quinide, has previously been reported to occur in processed coffee beans, where the identification was 
solely based on mass  spectrometry19. Recently, Stojkovic et al. reported the presence of several derivatives of 
quinic acid acylated with caffeoyl and malonyl moieties, which were identified by hyphenated high resolution 
mass spectrometry (UHPLC-MS)7, however, none of these compounds were lactones.

Previously, extracts of chervil have exhibited weak to moderate cytotoxic activity towards cancer cell lines 
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Table 2.  1H and 13C NMR chemical shift values (ppm) and coupling constants (Hz) of 1,3-dicaffeoyl-5-
malonyl-δ-quinide (1) isolated from Anthriscus cerefolium recorded in DMSO-D6 at 298 K.

δ 1H δ 13C

1 78.82

2A 2.44 dd 4.4, 14.0 35.7

2B 1.96 m

3 5.20 dt 4.4, 9.0 69.86

4 3.87 dd 3.7, 8.8 68.8

5 5.32 dd, 4.4, 8.1 71.98

6 2.41 m 31.83

7 172.08

1-O-Z-caffeoyl

1′ 125.59

2′ 7.08 d 2.1 115.25

3′ 145.80

4′ 148.83

5′ 6.78 d 8.2 116.02

6′ 7.02 dd 2.1, 8.2 121.67

7′ 7.49 d 15.7 146.26

8′ 6.28 d 15.7 113.89

9′ 165.43

3′-OH 9.19 s

4′-OH 9.67 s

3-O-Z-caffeoyl

1″ 125.70

2″ 7.06 d 2.1 114.98

3″ 145.80

4″ 148.69

5″ 6.77 d 8.2 115.99

6″ 6.99 dd 2.1, 8.2 121.67

7″ 7.49 d 15.7 145.66

8″ 6.23 d 15.7 114.13

9″ 166.17

3″-OH 9.21 s

4″-OH 9.63 s

5-O-malonyl

1‴ 166.65

2A‴ 3.31 d 15.9 41.74

2B‴ 3.22 d 15.9

3‴ 167.94

3‴-OH 12.5 s (br) (very broad)
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4″148.69

5″6.77 d 8.2115.99

6″6.99 dd 2.1, 8.2121.67

7″7.49 d 15.7145.66

8″6.23 d 15.7114.13

9″166.17

3″-OH9.21 s

4″-OH9.63 s

5-O-malonyl

1‴166.65

2A‴3.31 d 15.941.74

2B‴3.22 d 15.9

3‴167.94

3‴-OH12.5 s (br) (very broad)
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Table 2.  1H and 13C NMR chemical shift values (ppm) and coupling constants (Hz) of 1,3-dicaffeoyl-5-
malonyl-δ-quinide (1) isolated from Anthriscus cerefolium recorded in DMSO-D6 at 298 K.

δ 1Hδ 13C

178.82

2A2.44 dd 4.4, 14.035.7

2B1.96 m

35.20 dt 4.4, 9.069.86

43.87 dd 3.7, 8.868.8

55.32 dd, 4.4, 8.171.98

62.41 m31.83

7172.08

1-O-Z-caffeoyl

1′125.59

2′7.08 d 2.1115.25

3′145.80

4′148.83

5′6.78 d 8.2116.02

6′7.02 dd 2.1, 8.2121.67

7′7.49 d 15.7146.26

8′6.28 d 15.7113.89

9′165.43

3′-OH9.19 s

4′-OH9.67 s

3-O-Z-caffeoyl

1″125.70

2″7.06 d 2.1114.98

3″145.80

4″148.69

5″6.77 d 8.2115.99

6″6.99 dd 2.1, 8.2121.67

7″7.49 d 15.7145.66

8″6.23 d 15.7114.13

9″166.17

3″-OH9.21 s

4″-OH9.63 s

5-O-malonyl

1‴166.65

2A‴3.31 d 15.941.74

2B‴3.22 d 15.9

3‴167.94

3‴-OH12.5 s (br) (very broad)
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Table S1. 1H NMR chemical shift values (δ 1H, ppm) and coupling constants (Hz) of apigenin 7-(2’’-

apiosylglucoside) (2, apiin), apigenin 7-(2’’-apiosyl-6’’-malonylglucoside) (3) and luteolin 7-O-β-

glucopyranoside (4) isolated from Anthriscus cerefolium recorded in DMSO-D6 at 298K. 

 2 3 4 

3 6.83 s 6.86 s 6.74 s 

6 6.42 d 2.2 6.41 d 2.2 6.43 d 2.2 

8 6.80 d 2.2 6.77 d 2.2 6.78 d 2.2 

2’ 7.93 ‘d’ 8.7 7.95 ‘d’ 8.9 7.42 d 2.4 

3’ 6.93 ‘d’ 8.7 6.93 ‘d’ 8.9  

5’ 6.93 ‘d’ 8.7 6.93 ‘d’ 8.9 6.90 d 8.3 

6’ 7.93 ‘d’ 8.7 7.95 ‘d’ 8.9 7.44 dd 2.4, 8.3 

5-OH 12.95 s   

5-OH  12.97 s  

4’-OH 10.39 10.42 s  

7-O-β-glucopyranoside    

1’’’ 5.16 d 7.7 5.20 d 7.8 5.07 d 7.7 

2’’’ 3.53 dd, 7.7, 9.1 3.54 m 3.25 dd 7.7, 9.0 

3’’’ 3.49 t 9.1 3.49 m 3.29 t 9.0 

4’’’ 3.20 t 8.9 3.21 m 3.17 dd 9.0, 9.5 

5’’’ 3.48 m 3.78 ddd 2.1, 7.0, 9.6 3.43 ddd 9.5, 5.8, 2.1 

6A’’’ 3.72 4.39 dd 2.1, 12.0 3.70 dd 2.1, 11.9 

6B’’’ 3.48 m 4.11 dd 7.0, 12.0 3.47 dd 5.8, 11.9 
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Table S2. 13C NMR chemical shift values (δ 13C, ppm) of apigenin 7-(2’’-apiosylglucoside) (2, apiin) 
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Anthriscus cerefolium recorded in DMSO-D6 at 298K. 
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7 162.83 162.49 163.2 
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4A’’’ 74.14 74.07  
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