Health effects of supplementation
with cod protein hydrolysate

Impact on glucose metabolism and appetite in healthy subjects and gut
health in irritable bowel syndrome

Hanna Fjeldheim Dale

Thesis for the degree of Philosophiae Doctor (PhD)
University of Bergen, Norway
2020

UNIVERSITY OF BERGEN




Health effects of supplementation
with cod protein hydrolysate

Impact on glucose metabolism and appetite in healthy
subjects and gut health in irritable bowel syndrome

Hanna Fjeldheim Dale

Thesis for the degree of Philosophiae Doctor (PhD)
at the University of Bergen

Date of defense: 03.04.2020



© Copyright Hanna Fjeldheim Dale

The material in this publication is covered by the provisions of the Copyright Act.

Year: 2020
Title: Health effects of supplementation with cod protein hydrolysate

Name: Hanna Fjeldheim Dale

Print: Skipnes Kommunikasjon / University of Bergen



Scientific environment

This PhD-project was conducted from autumn 2017 to autumn 2019 at:

e Centre for Nutrition, Department of Clinical Medicine, University of Bergen, Bergen
e Section of Gastroenterology, Department of Medicine, Haukeland University Hospital, Bergen

e The Clinical Research Unit, Alesund Hospital, Helse More og Romsdal, Alesund

The main supervisor was Professor, MD Giilen Arslan Lied. Co-supervisors were
Professor, MD Jan Gunnar Hatlebakk, Professor, MD Trygve Hausken and Assoc.
Professor, MD Dag Arne Lihaug Hoff.

The project was funded by the Norwegian Research Councils program “BIA —
Brukerstyrt innovansjonsarena” (grant ID 256684), Haukeland University Hospital, the
University of Bergen, Alesund Hospital and manufacturer of the cod protein

hydrolysate, Firmenich Bjerge Biomarine AS, Alesund, Norway.

° HELSE BERGEN ee HELSE M@RE OG ROMSDAL

Haukeland universitetssjukehus Alesund sjukehus

‘ \qeks,/\
( SENTERror [ @
ERNAERING g5y



Acknowledgements

A broad range of people have been indispensable for the completion of this project, and

each and every one deserve a huge and humble thank you!

I would like to start by expressing my sincerest and largest gratitude to my inspiring
main supervisor, Professor Giilen Arslan Lied. I am forever grateful for all the time and
recourses you have invested in me, and for introducing me to the world of research.
Without your initiative and great support, I would never have proceeded with a PhD-
degree after my master thesis. Thank you for always being so effective and supportive,
giving me a lot of opportunities and responding so quickly to all my questions and e-
mails. It has been a great pleasure to work with you, and I hope we can continue with

our teamwork in the future.

Also, a big thanks to all of my co-supervisors, Assoc. Professor Dag Arne Lihaug Hoff,
Professor Trygve Hausken and Professor Jan Gunnar Hatlebakk. I feel truly privileged

for all your support, guidance and input throughout my work with this project.

A very special thanks goes to my dear PhD-colleague and friend Caroline. I am truly
happy that I got to share this project with you. I could never have dreamt of a better
colleague, and the last years would not have been the same without you by my side.

Thank you for a really great teamwork, and for shearing all the ups and downs with me!

A huge thanks goes to all those people making the performance of the clinical studies
possible and helping out with the practical stuff on the way: Stine, Per and Linda and
all the amazing ladies at the Research Unit at Alesund Hospital. This project would not
have worked out without your valuable help. Ingeborg — a huge thanks for all the good
help, both during performance of the studies and valuable feedback as a co-author. I
would also like to thank co-author Jergen Valeur for valuable input, as well as Gunn
Helen Malmstrem and Jennifer T. Fiennes from Unger-Vetlesen Institute at Lovisenberg

Diaconal Hospital for helping out with analyses.



Also, a special thanks to all the voluntary participants and patients taking part in the

clinical studies involved in this project.

Thank you to Firmenich Bjerge Biomarin AS for initiating the project and Professor
Emeritus Einar Lied, leading the NFR project, for obtaining funding and provide

administrative, technical and material support.

Without all my great colleagues and friends at the Centre for Nutrition, the recent years
would not have been so good. Thank you for all the good discussions, nice lunches, all

positive input and for inspiring me in so many ways.

To all of my dearest friends and family; thank you for showing interest in my work, and

for all your love and support. You know who you are!

Thank you, thank you, thank you, Mamma, Pappa and Rasmus, for always supporting
me and encouraging me in all aspects of life. You are forever the best and coolest crew.
You make me see things from a better perspective, and time with you throughout this

work has been priceless.

A final big thank you to my favorite person, Martin, for all encouragement, challenge,

inspiration, discussion, love and support on the way.

Hanna

Bergen, November 2019



List of abbreviations

ACE
AEBSF
ANOVA
ARC
AUC
BCAA
BMI
CCK
CPH
CRP
CVD
DHA
DPP-4
EPA
FFA
FGID
FODMAPs
GI

GIP
GLP-1
GLUT4
GOAT
HDL
IBD

IBS
iFABP
IL
INF-y
IRS

Angiotensin-1 converting enzyme
4-(2-aminoethyl) benzenesulfonyl fluoride hydrochloride
Analysis of variance

Arcuate nucleus

Area under the curve

Branched chained amino acid

Body mass index

Cholecystokinin

Cod protein hydrolysate

C-reactive protein

Cardiovascular disease

Docosahexaenoic acid

Dipeptidylpeptidase-4

Eicosapentaenoic acid

Free fatty acid

Functional gastrointestinal disorder
Fermentable oligo-, di-, monosaccharides and polyols
Gastrointestinal

Glucose-dependent insulinotropic polypeptide
Glucagon like peptide 1

Glucose transporter type 4

Ghrelin O-acyltransferase

High-density lipoprotein

Inflammatory bowel disease

Irritable bowel syndrome

Intestinal fatty acid binding protein
Interleukin

Interferon-gamma

Insulin-receptor substrate



ISL5
LDL
LPB
LPS
mTOR
NSAID
OGTT
PCB
PI3K
PUFA
PYY
RCT
SCFA
tAUC
T2D
TNF-a

Insulin like peptide 5

Low-density lipoprotein
Lipopolysaccharide-binding protein
Lipopolysaccharide

Mammalian target of rapamycin
Non-steroid anti-inflammatory drug
Oral glucose tolerance test
Polychlorinated biphenyl
Phosphatidylinositol 3-kinase
Polyunsaturated fatty acid

Peptide tyrosine tyrosine
Randomized controlled trial
Short-chain fatty acid

Total area under the curve

Type 2 diabetes

Tumour necrosis factor alpha



Abstract

Background: Emerging evidence suggest that peptides from fish have several
beneficial health effects in the human body. A huge part of the world’s population are
affected by life-style diseases related to overweight and obesity, leading to impaired
glucose metabolism and other adverse metabolic impairments. In addition, around one
out of ten individuals are affected by irritable bowel syndrome (IBS), a diagnosis that
most often is only partly controlled by dietary changes and/or pharmacological
treatment and cause reduced quality of life. A dietary supplement contributing to
increased utilization of residual material from the fishing industry, capable of improve
health outcomes related to metabolism and gastrointestinal function, can arguably be
regarded valuable both for those individuals affected as well as contribute to a more

sustainable industry.

Aim: To investigate the effects of a supplement with cod protein hydrolysate (CPH) on
glucose metabolism and appetite in healthy subjects, and on gut health in patients with

IBS.

Method: Three randomized double-blinded clinical intervention studies were
conducted. Study 1 was a crossover trial in 41 healthy, middle-aged to elderly adults,
and included two study days, with 4-7 days wash out in between. The intervention
consisted of 20 mg of CPH (or control) per kg body weight, given before a standardized
breakfast meal. Study 2 was a dose-range study in 31 healthy, older subjects receiving
four different doses of CPH equivalent to 10, 20, 30 or 40 mg/kg body weight in random
order, each dose taken daily for one week, with a week of wash-out in between. Primary
outcome in both studies was postprandial response in glucose metabolism, measured by
samples of serum glucose, insulin and plasma glucagon-like peptide 1 (GLP-1) (Paper
I and III), and secondary outcomes (Study 1) were postprandial acylated ghrelin
concentration and sensations associated with appetite (Paper II). Study 3 included 28
patients with IBS randomly allocated to daily supplementation with 2.5 g CPH (n=13)

or placebo (n=15) for 6 weeks. Outcomes were evaluated at baseline and after six weeks.



Primary outcomes were symptom severity evaluated by IBS Severity Scoring System
(IBS-SSS) and quality of life. Secondary outcomes included gut integrity markers
(zonulin, lipopolysaccharide-binding protein, intestinal fatty acid binding protein) and
pro-inflammatory cytokines in serum, fecal calprotectin and fecal fermentation

measured by concentration of short-chain fatty acids (SCFAs) (Paper IV).

Results: No differences were observed between CPH and control for postprandial
concentrations of glucose, GLP-1, acylated ghrelin or sensation related to appetite, but
the postprandial insulin concentration was significantly lower after CPH compared to
control (Study 1). No differences in estimated postprandial maximum level of glucose,
insulin or GLP-1 were observed when comparing the dose of 10 mg/kg body weight of
CPH to 20, 30 or 40 mg/kg body weight, but the estimated maximum value of glucose
and insulin was lower for the 40 mg/kg body weight dose than the 10 mg/kg body weight
dose (Study 2). Total IBS-SSS scores were reduced in both the CPH group and the
placebo group, with no significant differences between intervention and placebo
treatment. Concentrations of serum markers and SCFAs did not change for any of the

groups (Study 3).

Conclusion: Study 1 demonstrated that a single dose of CPH before a breakfast meal
reduced the postprandial insulin concentration, without affecting blood glucose
response, GLP-1 levels, concentrations of acylated ghrelin or sensations related to
appetite in healthy individuals. Study 2 demonstrated that serum glucose and insulin
concentrations tended to be reduced with increasing doses of CPH, however no
significant effects were observed. Study 3 suggested that 2.5 g of CPH taken daily by
IBS patients for six weeks did not affect symptom severity, gut integrity markers,

inflammatory markers or fecal fermentation when compared to placebo.
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1. Introduction

1.1 Fish — A great source of high-quality protein

1.1.1 Fish consumption and health effects

The Norwegian Health Authorities recommend a fish intake of 300-450 g a week,
corresponding to two to three dinner meals.! The Norwegian population eat on average
less fish and more red meat than recommended.> According to all the well-known
benefits of reducing meat intake, an increase in fish intake will in most western
populations arguably be beneficial both in regards to human health, environmental

footprint and sustainable food production.®*

Fish contains 20-30% protein, a varying amount of fat and is a good source of
micronutrients such as vitamin D, vitamin B12, iodine and selenium. Besides being a
good source of high-quality protein, fish is considered the main source of the essential
long chain omega-3 polyunsaturated fatty acids (PUFAs) such as eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA).’ It is classified according to the content of fat,
and fish species containing less than 2% fat is considered lean fish, species containing
2-5% fat is considered to be medium fatty fish, whereas species with a fat content above

5% is classified as fatty fish.>

Currently, the Norwegian Health Authorities recommend a weekly intake of 200 g fatty
fish.! However, a comprehensive risk-assessment from the European Food Safety
Authorities (EFSA) published in November 2018, evaluating the health risk of exposure
to dioxins and dioxin-like polychlorinated biphenyls (PCBs) from foods, led to a
drastically reduction in the tolerable weekly intake (TWI) for dioxins and PCBs.® As
fatty fish is one of the main dietary sources to these detrimental substances, a new risk-
benefit evaluation regarding consumption of fatty fish is needed to evaluate whether the

recommendations from the Norwegian Health Authorities needs adjustments.’



16

The great interest in the health effects of fish consumption have escalated from the
1970s, when it was observed that the Greenland Eskimos, a population with a high
intake of fish, had a low prevalence of cardiovascular disease (CVD) and type 2 diabetes
(T2D).? This observation is considered the first indication of the positive health effects
of marine omega-3 PUFAs and has generated comprehensive investigations of the
relationship between fish consumption and the beneficial effect of omega-3 PUFAs.
Later observational studies have found fish consumption to be associated with reduced
risk of coronary heart disease and stroke,”'? but the effect on diabetes is more
inconsistent.!*!® Consumption of fatty fish with a high concentration of omega-3
PUFAs is associated with a reduction of circulating triglycerides, but the effect on
cholesterol is more inconclusive.!” Regular fish consumption is associated with
decreased levels of inflammatory markers related to CVD, hence is thought to have an
anti-inflammatory effect.?® Although the mechanisms behind the anti-inflammatory
effect is not fully understood, it has been suggested that it is a result of a reduced
production of pro-inflammatory eicosanoids derived from arachidonic acids and
increased conversion of EPA and DHA to eicosanoids with anti-inflammatory

properties.?!

1.1.2 Health effects of lean fish intake

The beneficial health effects of regular fish consumption have traditionally been
attributed the content of marine long-chain omega-3 PUFAs and their importance for
cardiovascular health. Interestingly, emerging evidence from studies reporting on the
effects of lean fish and fish proteins in particular, eliminates the unique effect of the
omega-3 PUFAs and suggests that other fish components besides the healthy fatty acids
may improve health.?? Several observational studies in humans have indicated that
intake of lean fish may beneficially influence metabolic and cardiovascular health.
Consumption of lean fish has been associated with beneficial changes in body

23,24

composition, glucose regulation and lipid metabolism***, in addition to reduced risk of

metabolic syndrome and T2D.!#!7-?° These associations are supported by several animal
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studies reporting on beneficial effects of cod protein on glucose regulation and insulin

sensitivity,2¢® lipid metabolism?’ and hypertention.°

In addition, promising results are reported in several clinical trials in humans,
investigating health effects of an intervention with lean fish, however the overall results
are conflicting. Most studies have compared lean fish with fatty fish or a non-seafood
diet, containing equal amounts of proteins from lean meat, eggs, chicken and dairy
products. A beneficial effect of lean fish consumption on lipid status has been reported

in some interventions in healthy individuals,?!-

whereas no effect or a negative effect
on lipid concentrations has been reported in others.?*3® Two studies have reported a
beneficial effect of lean fish on glucose metabolism in normal-weight and overweight
individuals,’’® whereas one study in overweight and obese individuals reported a
beneficial effect of salmon, but not cod.*® Lean fish has been reported to reduce blood
pressure in CVD patients,*® but the same effect was not seen in a group of overweight

and obese individuals.*!

Overall, existing literature point towards several beneficial health effects of consuming
lean fish, however the limited number of clinical trials emphasize the need for more
research to better understand the potential mechanisms generating these beneficial

health outcomes.

1.1.3 Fish and protein quality

It is well established that an adequate amount of proteins in the diet is important to
maintain a healthy body. The recommended daily protein intake for healthy adults is
between 0.8-1.5 g per kg body weight, dependent on age and level of physical activity.*?
The nutritional value of proteins in different foods is dependent on several factors,
including primary structure, susceptibility to enzymatic digestion, chemical changes
during processing, the composition of amino acids and the overall content of essential
amino acids. Essential amino acids are amino acids the human body are not capable of

producing, thus they must be added in the diet. Of the 20 existing amino acids, eight are
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essential. Foods regarded as a source to high-quality proteins holds a high content of the

essential amino acids.*

Fish and marine resources, such as by-products from the fishing industry, are great
sources of high-quality protein.** Fish proteins contains all the essential amino acids,
with a particularly high content of lysine and leucine. Of the non-essential amino acids,
aspartic, glutamic acid and alanine are present in quite high amounts in proteins from
fish. In addition, fish holds a high content of the amino acid-derived organic acid
taurine.*> Most seafood proteins have a high digestibility, normally above 90%, thus the

exploitation of the available amino acids in the protein source is good.*

1.1.4 Utilization of marine resources: Fish protein hydrolysates

Given the increased global demand for sources of high-quality protein, as well as the
requirement for sustainable processing and production in the industry, it is an increasing
interest in extraction of nutrients from by-products from the fishing industry. Better
utilization of protein rich residual material from the industry can arguably be regarded
both environmentally friendly, sustainable and cost-effective.** Additionally, in coast
located countries with an established fishing industry, such as Norway, a special interest
is given the potentially biologically active effect of peptides generated from hydrolyzing
fish by-products.**

Various biotechnological approaches are currently investigated aiming to extract
valuable nutrients and bioactive compounds from fish and fish by-products, capable of
enhancing human health. Proteins from fish can be broken down to fish protein
hydrolysates by enzymatic conversion of intact protein into peptides. Usually, these
protein fragments, referred to as peptides, contains less than 20 amino acids.**
Intervention studies evaluating the possible health effects of lean fish, have this far
mostly focused on the possible health effects of cod filet, which in dry weight accounts
for 50-70% of the whole fish. The remaining part of the fish is not suitable for human
consumption as is, and is referred to as residual- or waste-material. Recently, improved

processing technologies enable better utilization of this protein-rich residual material,
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which after freeze drying contains approximately 70% protein.*® Peptides isolated from
fish proteins by hydrolysis can be derived from both muscle, skin, scale, bones and other
tissue, and can with right processing become high-quality protein powders suitable for
human consumption.*’ Existing literature have reported using several different enzymes
utilized for food-processing in the industry, such as trypsin and Corolase®, among
others, in the production of fish protein hydrolysates.*®*° These fish protein hydrolysates
are of commercial interest, due to their good nutritional composition, beneficial amino
acid profiles and possible bioactive properties.’® Accordingly, if peptides derived from
hydrolysis of residual material from the fishery industry is found to be suitable for
human consumption and capable of improving different health outcomes, it will

innovate both human health and the industry.

1.1.5 Fish proteins as a source of bioactive peptides

In addition to being a good source of amino acids and energy, some dietary proteins are
suggested to have a number of other important effects beyond nutrient supply, most
often linked to the effects of possible bioactive peptides.’! Bioactive peptides can be
formed naturally from dietary proteins by digestion and enzymatic degeneration in the
gut or by microbial fermentation, or they can be delivered in the diet as already
hydrolyzed proteins. Bioactive peptides tend to have 2 to 20 amino acid residues, present
as di- and tripeptides with low molecular mass.*? Bioactivity is linked to the presence of
different combinations of amino acid sequenced, with a possibly unique potential to
beneficially modulate different metabolic pathways and thereby contribute to disease

modulation.

Different metabolic properties have been linked to different amino acid sequences
present in fish peptides.** Some are suggested to reduce hypertension by inhibit
angiotensin-1 converting enzyme (ACE), some to beneficially alter the blood glucose
metabolism through different mechanisms, such as inhibiting dipeptidylpeptidase-4
(DPP-4), and some are suggested to affect the gut microbiota by contributing to

increased conjugation of bile acids.’® The peptides are hypothesized to be effective by
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generating a local effect directly in the gastrointestinal (GI) tract, or after entering the

circulation by absorption in the gut.’* Some of the suggested effects of bioactive

peptides from fish are depicted in Figure 1.

The use of natural bioactive products has for a long time been used for prevention and
treatment of a wide spectrum of conditions, but based on current evidences the scientific
validity of such products is limited. However, it is sufficient preliminary data to indicate

that bioactive compounds may potentially be valuable for clinical use, thus further

clinical trials investigating these effects are of great need.>

Dietary protein

Microbial oo i Enzyme
fermentation g degradation
£,
Y
Bioactive 2 Dietary
peptide supplement
IVaI||LysHTyr|| IIe||VaI||Cys|
Bioactive amino acid sequence
Y Y Y
Increased
ACE inhibition DPP-4 inhibition conjugation of bile
acid to taurine
A
Y Y

Reduced blood
pressure

Figure 1. Suggested metabolic effects of bioactive peptides from fish. Peptides holding
amino acid sequences with potential bioactive effects are suggested to influence different
pathways involved metabolic regulation. Bioactive peptides can be formed after ingestion
of food proteins by degeneration by enzymes in the gut or microbial fermentation (1) or
they can be added in the diet as a nutrition supplement containing hydrolyzed protein (2).
Reprinted from Dale et al 2019? with approval from publisher. ACE: Angiotensin-1

Improved glucose

metabolism

converting enzyme, DPP-4: dipeptidylpeptidase-4.

Improved gut
microbiota

composition
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1.1.6 Results from animal studies with fish protein hydrolysates

Several animal studies have investigated the effect of fish protein hydrolysates on
different metabolic outcomes, using hydrolysates based on different fish species. Most

studies have compared the effect of fish protein hydrolysates with whole casein.

A protein hydrolysate from salmon have been reported to improve the lipid profile in
rats by reduce total plasma cholesterol, increase the high-density lipoprotein
(HDL):total cholesterol ratio and lowering acyl-CoA-cholesterol acyltransferase
activity, when compared to protein from casein.’® Additionally, a study including rats
fed a high-fat diet with either casein or salmon protein hydrolysate as source of protein,
reported that the rats fed fish protein hydrolysate became resistant to high fat diet-
induced obesity.>” In addition, they found the rats fed fish protein hydrolysate to have
reduced postprandial plasma glucose and triglycerides levels, as well as lower
triglycerides levels accumulated in the liver compared with the casein fed rats.”’ A
similar effect has been reported from a study in rats investigating a fish protein
hydrolysate from saithe, where the fish protein hydrolysate (reported to have a high
content of taurine and glycine) was found to reduce visceral adipose tissue mass and
elevate fasting bile acids compared to casein.® These findings are supported by a later
study, reporting that a protein hydrolysate from salmon beneficially altered the fatty acid

composition in liver and adipose tissue in a mouse model of chronic inflammation.>?

In contrast, more conflicting results are presented in a study investigating the effect of
two different fish protein hydrolysates, based on either herring or salmon.> In this study,
the herring-fed rats presented lower serum HDL- and low-density lipoprotein (LDL)-
cholesterol, as well as higher triglycerides than the casein/whey-fed rats, implying a
negative effect of herring on lipid status. The salmon-fed rats gained more weight and
had improved postprandial blood glucose regulation than the casein/whey-fed rats.>
The same fish protein hydrolysates were later reported to contain several peptide
sequences with possible ACE-inhibiting activities,*® supported by another study
reporting that a diet with cod residual proteins prevented hypertension in rats.>* The

authors stated that the mechanistic effects behind this observation are unknown, but
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suggested that the cod residual proteins might contain amino acid sequences with ACE
and/or renin inhibitory effects, capable of effecting the blood pressure regulating renin-

angiotensin system.3’

Overall, the findings from animal studies investigating the metabolic effects of different
fish protein hydrolysates report several beneficial effects of these peptides, however the
results are somehow conflicting, and it is a lack of knowledge regarding the mechanistic

effects causing these potential beneficially alterations.

1.1.7 Results from human interventions with fish protein supplements

Several clinical interventions have investigated the potential effects of supplements with
low doses of fish proteins or fish protein hydrolysates in humans on different outcome-
measures related to metabolic and gastrointestinal health. The relevant studies are

presented in Table 1.

Three studies have evaluated the effect of a supplement with fish proteins or fish protein
hydrolysates on glucose and lipid metabolism in overweight and obese
individuals.*’61? Vikeren et al. reported 8 weeks of supplementation with 3 or 6 g cod
protein hydrolysate in 34 overweight/obese adults to result in lower values for fasting
glucose, lower postprandial glucose concentration, lower LDL cholesterol, reduced
body fat and increased muscle mass compared to baseline.®' Vildmyren et al. reported 8
weeks of daily supplementation with 6 g protein from cod residual material to
beneficially alter the postprandial serum concentrations of non-esterified fatty acids in
42 healthy overweight or obese adults, when compared to placebo.*’” Hovland et al.
compared the effects of 8-weeks supplementation with 2.5 g of either cod protein,
herring protein hydrolysate, salmon protein hydrolysate or milk proteins (90% casein
and 10% whey) in 77 overweight/obese adults.®? They reported the cod protein
supplement to reduce postprandial glucose concentration within the group, but no
significant differences were observed when compared to the salmon- or herring

hydrolysate groups.



23

Table 1. Overview of studies investigating the effect of supplementation with low doses of fish proteins
and fish protein hydrolysates on different health outcomes related to metabolism and risk markers for
life-style diseases, body weight and gut health.

Primary Author Subjects Design Durat Test Placebo  Results
outcomes Year ion material
Glucose Vikgren 34 RCT 8w 3and6g Malto- I Postprandial glucose
and lipid etal® overweight/  Parallel- cod PH dextrin, | Fasting glucose
: obese group fructose
metabolism 2013 lLDL
adults
I Body fat
T Muscle mass
Vildmyren 42 RCT 8w 6 g cod Cellulose Cod-PC:
etal¥’ overweight/  Parallel- presscake
2018 obese group meal (PC) 1 Postprandial serum
adults or cod-PC- NEFA
stickwater
Hovland 77 RCT 8w 2.5 gcod Whey All fish PHs:
et al.®? overweigh/  pargliel- protein, and 1 Postprandial glucose
obese group herring . X K
2019 adults PH, casein No effect on insulin or
salmon lipid concentrations
PH
Body Nobile 120 RCT 183w 14 gor Whey Both doses:
weight ot al.83 overweight Parallel- 2449 protein .
¢ individuals g0 saithe ¥ Body weight
2016 PH 1 Fat mass
T Plasma CCK
T Plasma GLP-1
Appetite Zair 15 RCT 2w 2 g blue 2g
et al.® overweight Cross- whiting cellulose { Postprandial glucose
woman over PH )
2013 1 Sweet cravings
Hypertension = Kawasaki 29 mild RCT 4w 100 ml 100 ml
et al 6 hypertensive  pargjiel- drink with placebo | Blood pressure
subjects group 3mg drink ) _
2000 sardine T Angiotensin 1
PH
Inflammation  Drotningsvik 24 nursing RCT 6w 5.2gblue  Soft drink 1 MCP-1
et al.® home Parallel- whiting PH 1 CRP
2019 residents group in lsoft
drink
Gut health Marchbank 8 healthy RCT 1w 50 mg 50 mg
et al.s” subjects Cross- NSAID NSAID + 1 NSAID-induced
(2008) over +1g 1grice permeability after fish
pacific flour with PH
whiting PH 1% sea
cucumber
Wu 60 gastric RCT, 4w 2 g cod 2 g starch T QoL
et al.®® cancer Parallel- skin | Chemotherapy-
2016 pﬁhemnts on group peptide induced hematologic
chemo- toxicity
therapy

RCT: Randomized controlled trial, w: weeks, d: days, PH: Protein hydrolysate, LDL: Low-density lipoprotein,
NEFA: Non-esterified fatty acids, CCK: Cholecystokinine, GLP-1: Glucagon-like peptide-1, MCP-1: Monocyte
chemoattractant protein-1, CRP: C-reactive protein, NSAID: Non-steroid anti-inflammatory drug, QoL: Quality of

life
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No differences were observed from baseline to after intervention for either insulin or
lipid concentrations. The authors concluded that 2.5 g of fish proteins a day may be
sufficient to improve glucose regulation.®? Taken together, the results from these three
studies indicate that supplementation with relatively low doses of fish proteins- and
hydrolysates are capable of beneficially alter glucose and lipid metabolism in

overweight and obese subjects.

Two studies have reported on the effects of fish protein hydrolysate supplements on
body weight and appetite.®*%* Nobile et al. investigated the effect of a 13 weeks
intervention with either 1.4 g or 2.8 g fish protein hydrolysate from saithe in 120
overweight individuals, and reported both doses to reduce body weight, body mass index
(BMI) and fat mass, as well as waist-, thighs- and hip circumference when compared to
placebo.® The fact that the effect was equal for both of the intervention dosages, points
towards a beneficial metabolic effect of hydrolysates from fish, also when administered
in low does. This is supported by a crossover study by Zair et al. investigating the effect
of a 2-week intervention with 2 g fish protein hydrolysate from blue whiting a day in 15
overweight women, reporting that the fish hydrolysate significantly suppressed appetite
when compared to placebo. Postprandial measures of glucose concentrations and self-
reported sensations related to appetite showed that sweet-carvings, as well as plasma

glucose levels, were reduced after the fish protein hydrolysate intervention.%

One study have reported beneficial effects of a fish protein hydrolysate on blood
pressure.%® Kawasaki et al. investigated a sardine muscle hydrolysate containing a
suggested bioactive valyl-tyrosine motif. The hydrolysate was supplemented to 29 mild
hypertensive subjects daily for 4 weeks and was reported to reduce blood pressure and

increase plasma angiotensin I when compared to placebo.®®

A feasibility pilot study performed in twenty-four nursing home residents investigated
the effects of six weeks supplementation with 5.2 g protein from blue whiting compared
to placebo on parameters related to inflammation and glucose metabolism.®® They

reported decreased serum concentrations of monocyte chemoattractant protein-1 (MCP-
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1) and increased C-reactive protein (CRP) in the intervention group compared to

placebo, and no observed effect on glucose metabolism. 5

A few studies have reported on the effects of fish protein hydrolysates on gut health. It
has been suggested after in vitro observations that hydrolysates from fish may have an
immune-modulating effect with several beneficial properties in the intestine.®® This
hypothesis is supported by a small clinical trial reporting that a fish protein hydrolysate
may prevent injuries caused by the use of non-steroid anti-inflammatory drugs
(NSAIDs), change permeability and possibly prevent injurious conditions in the gut.®’
Also, a cod skin peptide has been shown to reduce chemotherapy-induced toxicity and
hence improve the quality of life in gastric cancer patients.®® These findings pose novel
questions on whether a protein hydrolysate from fish can improve gut health, that needs

further investigations before conclusions can be made.

The last literature search for publications related to health effects of fish protein- and
fish protein hydrolysate supplements in animal and human trials relevant for this thesis

was conducted in November 2019.
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1.2 Body weight and metabolic implications

1.2.1 Overweight and obesity

Health challenges related to an unhealthy lifestyle have increased in a great extent the
last decade. Overweight and obesity affects today in total over a third of the world’s
population, with the prevalence constantly increasing.”” Overweight and obesity is
defined by the World Health Organization (WHO) as abnormal or excessive fat
accumulation that may impair health.”! BMI is the weight-for-height index used to
classify overweight and obesity in adults, measured as weight in kilograms divided by
the square of height in meters. Overweight is defined as BMI > 25 kg/m? and obesity as
BMI > 30 kg/m2.”? Individuals with increased body weight are at higher risk for the
development of lifestyle related diseases, such as CVD and T2D.”* Metabolic syndrome
is an increasingly common clinical condition, defined as a cluster of risk factors for the
development of CVD and T2D. The condition is recognized by metabolic abnormalities
such as abdominal obesity and elevated waist circumference, dyslipidemia (with
elevated triglycerides and/or reduced HDL cholesterol), hypertension and insulin

resistance.’*

The global increasing obesity problem calls for new nutritional strategies including both
preventive and treatment options.”> Weight loss is theoretically easy; the energy intake
has to be less than the energy expenditure. However, the practical implementation is
challenging, and continue to lack compliance.”! One of the most obvious challenges in
weight loss is hunger, which makes it difficult to maintain the dietary control.”® Appetite
is regulated by tuned interactions between the GI tract, the adipose tissue and
hypothalamus, and is controlled by several different hormones promoting or inhibiting
the feeling of satiety.”” Ghrelin, a small appetite-stimulating peptide secreted from
neuroendocrine cells in the stomach, is this far the only identified hormone known to
stimulate hunger.”® This quality has created the idea that compounds capable of
inhibiting the act of ghrelin may be effective in the prevention and/or treatment of

overweight and obesity.”
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1.2.2 Glucose metabolism

In a fasting state and under normal physiological conditions, the plasma glucose levels
are normally maintained within the narrow range from 4.0 to 6.0 mmol/L. The tight
blood glucose control is balanced by glucose absorption from the intestine, production
by the liver and uptake and metabolism of glucose by muscle and adipose tissue,

regulated by the two hormones insulin and glucagon.®’

Insulin is the primary regulatory hormone essential for regulation of blood glucose
concentration. The hormone is produced by the pancreatic -cells and increase the
glucose uptake in peripheral tissue, as well as inhibit the production of glucose from the
glycogen stores in the liver. In addition, insulin stimulate cell growth and differentiation,
as well as promote the storage of substrates in the liver, muscle and fat tissue by
stimulating lipogenesis and protein synthesis and inhibit lipolysis and protein

breakdown.?°

Increased glucose levels in the blood after ingestion of food triggers secretion of insulin.
Insulin increase the glucose uptake in the cells by stimulating translocation of the
glucose-transporter type 4 (GLUT4) from intracellular sites to the plasma membrane of
the cell.’! GLUT4 is stored in vesicles inside the cell that continuously cycles from the
intracellular stores to the cell surface. The insulin receptor is part of a subfamily of the
tyrosine kinases, that also includes the insulin receptor-related receptor (IRR) and the
insulin-like growth factor (IGF)-1 receptor. These tyrosine kinase receptors are proteins
with two o- and two [-units, that undergo autophosphorylation and catalyzes the
phosphorylation of intracellular proteins.®? At least nine intracellular proteins of the
insulin/IGF-1 receptor kinases have been identified, of which four belongs to the
insulin-receptor substrate (IRS) family. Upon phosphorylation by tyrosine, these
intracellular IRS proteins interact with signal molecules involved in a series of signal
pathways. The act of insulin on cells in peripheral tissue involves the activation of
several different kinases, including phosphatidylinositol 3-kinase (PI13K), protein kinase

B (Akt) and mammalian target of rapamycin (mTOR).%
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The muscle is responsible for approximately 90% of the insulin-stimulated glucose
uptake and stores the glucose as glycogen. Although the adipose tissue only counts for
10% of the insulin-stimulated glucose uptake, this fraction is important for the control
of the energy homeostasis in the whole body.?' The adipose tissue play an important
part in metabolic regulation and insulin resistance. In the adipose tissue, the energy is
stored as triglycerides, and free fatty acids (FFAs) released from adipocytes reduce the
uptake of glucose in muscle cells as well as the insulin secretion from [-cells in the
pancreas. In addition, the FFAs induce glycogenolysis in the liver, leading to elevated
blood glucose concentrations. In addition, the adipocytes secrete adipokines such as
leptin and adiponectin, hormones involved in the regulation of food intake, energy

expenditure and insulin sensitivity .5

1.2.3 Insulin resistance

Insulin resistance or deficiency, as seen in metabolic syndrome and diabetes, results in
dysregulation of the blood glucose concentrations leading to elevated fasting and
postprandial blood glucose concentration.’® T2D is a chronic metabolic disorder
characterized by increased plasma glucose levels, due to a defect in the ability of muscle
and adipose tissue to appropriately respond to insulin. The insulin resistance of obesity
and T2D is characterized by defects in many levels of the glucose metabolism and
involves a decrease in the deposition of glucose to peripheral tissues, an overproduction
of glucose in the liver as well as a functional damage of the pancreatic B-cells
responsible for insulin production.®? Mechanisms suggested to be involved in insulin
resistance caused by excess of adipose tissue (as seen in overweight and obesity),

leading to hyperglycemia, is depicted in Figure 2.
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Figure 2. (1) Excess of energy intake compared to energy expenditure over time leads to an
increase in adipose tissue, and potentially overweight and obesity. An increase in adipose
tissue as seen in overweigh/obesity leads to (2) increased circulating concentrations of free
fatty acids (FFAs), an event that is suggested to contribute to several adverse metabolic
implications in pathways involved in the blood glucose metabolism, such as (3) reduced
insulin production/secretion and increased insulin resistance in pancreas, (4) increased
insulin resistance and decreased glucose uptake in skeletal muscles, (5) increased insulin
resistance and glucose uptake in the liver and (6) increased receptor sensitivity to ghrelin
action, potentially generating (7) increased appetite. Taken together, these adverse metabolic
events contribute to increased concentration of glucose in the blood (8), known as
hyperglycemia. The medical images are taken from Smart Servier Medical Art. Figure by
Dale 2019.
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Insulin sensitivity is influenced both by genetic and acquired factors. Increased adipose
tissue due to overweight and obesity is the primary risk factor for insulin resistance, as
the increase in adipose tissue results in elevated levels of circulating FFAs as well as
inflammatory cytokines like tumor necrosis factor-alfa (TNF-a), interleukin-1 (IL-1)
and interleukin-6 (IL-6). The elevated FFAs in the circulation contribute to insulin
resistance by inhibit the uptake of glucose, glyconeogenesis and oxidation of glucose as
well as increase the glycogenolysis in the liver and thereby the hepatic glucose output.®°
Additionally, it occurs a reduction of the enzyme activity of important enzymes involved
in the normal insulin signaling pathway, such as PI3K and protein kinase B (Akt). When
insulin resistance is combined with defects in the glucose-stimulated secretion of insulin
from the pancreatic [3-cells it will lead to the development of impaired glucose tolerance,

hyperglycemia and eventually T2D.%

Translocation of GLUT4 to the cell surface is crucial for the uptake of glucose, and this
translocation, among other mechanisms, is impaired in T2D and contribute to the
increased blood glucose concentration.®! In the muscle cell, the translocation of GLUT4
is dependent on mTOR. It is shown that stimulation of this pathway improve glucose
tolerance in animal models of T2D, but whether activation of the mTOR-pathway can

improve the condition of human individuals with T2D is still not clear.?*
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1.3 Appetite

1.3.1 Neuroendocrine regulation of appetite

The energy homeostasis and regulation of appetite involves a complex network of
peripheral and hypothalamic signals.”” Hypothalamus is the main regulatory organ of
the endocrine system in humans, integrating peripheral signals about dietary intake and
energy expenditure from the brainstem and other centers in the brain.%% Hypothalamus
contains a number of different nuclei connected to the circulatory energy-homeostasis-
regulating system, of which the arcuate nucleus (ARC) play the most important role in
regulation of appetite. When food is ingested, sensory information is sent from the GI
tract to the central nervous system (CNS) and the ARC, either by the Vagus nerve or by
GI hormones through the bloodstream. This feedback communication between the GI
tract and the regulatory appetite centers within the CNS is part of the pathway referred

to as the “Gut-brain-axis”.%

1.3.2 Gut hormones

Several gut hormones are known to be involved in the regulation of appetite. These
includes ghrelin, insulin-like peptide 5 (ISLS), glucagon like-peptide-1 (GLP-1),
glucose-dependent insulinotropic polypeptide (GIP), cholecystokinin (CCK) and
peptide-tyrosine-tyrosine (PYY), among others.®®%” These GI hormones are normally
referred to as incretins. They are secreted precisely to regulate appetite and satiety
according to composition and size of a meal. Hormones produced in the GI tract have
either an appetite stimulating (orexigenic) or appetite suppressing (anorexigenic) effect
on food intake.®® An overview of some of the important hormones known to be involved

in the regulation of appetite and released from the GI tract, is shown in Figure 3.

Ghrelin is a small appetite-stimulating peptide consisting of 28 amino acids, secreted

mainly from neuroendocrine D/P1-cells in the submucosal layer of the proximal part of

the stomach, and is so far the only well-known identified orexigenic hormone.®%
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Figure 3. Overview of the production and release of some of the different appetite regulating
gastrointestinal hormones produced in the stomach and the intestines. The medical images
are taken from Smart Servier Medical Art. Figure by Dale 2019.

The circulating concentration of ghrelin decreases with food intake and increase with
hunger.”® The hormone exists in the circulation both as an acylated and non-acylated
form. The enzyme responsible for the acylation of ghrelin is ghrelin O-acyltransferase
(GOAT).”! The acylated form of ghrelin act as a natural ligand of the growth hormone
secretagogue receptor, also called the ghrelin receptor, and is therefore capable of
stimulate the secretion of growth hormones, reduce the insulin secretion and impair the
glucose metabolism.”® Due to its properties, ghrelin has become a target in appetite
control and treatment of obesity, but a substance inhibiting the action of ghrelin, and

thereby suppressing appetite, is still not discovered.
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Insulin-like peptide 5 (ISL5), a hormone produced by enteroendocrine L-cells in colon
and rectum, has been identified as the second orexigenic hormone, thought to promote
appetite during conditions of energy deprivation.®” However, nor the exact physiological

mechanism or the orexigenic properties of this novel hormone has yet been defined.

The two incretins GLP-1 and GIP, are peptide hormones secreted from the gut right after
the ingestion of food, contributing to rapid distribution of nutrients postprandially by
stimulating the release of insulin.”> These incretins are released from the gut by a
glucose-stimulated response and are thought to account for 50-70% of total insulin
secretion postprandially. GLP-1 is released from the L-cells in the small intestines as
well as colon, whereas GIP is primarily released from K-cells in the small intestine.
GLP-1 promotes lipolysis, slows the gastric emptying, inhibit glucagon secretion in a
glucose-dependent manner, and is shown to improve postprandial glycemic control in
patients with T2D, as well as promote satiety.?>*> GIP promotes energy storage in
adipose tissue and enhance the formation of bone by stimulating osteoblast
proliferation.”? GIP and GLP-1 are rapid degenerated by the enzyme dipeptidyl
peptidase-4 (DPP-4), a discovery leading to the development of degradation-resistant
GLP-1 receptor agonists and DPP-4 inhibitors for the treatment of T2D.”2

CCK is released from type I enteroendocrine cells in the mucosa of duodenum and
jejunum immediately after the intake of nutrients, mostly after the intake of meals high
in lipids and proteins. CCK has an anorexigenic effect, and once released in response to
food intake it acts by activating the CCK receptor located in the vagal nerves in the GI
tract.”® In addition to inhibit food intake by induce increased feeling of satiety, CCK

interacts with the other incretins in order to regulate the energy balance.**

PYY is another anorexic hormone released from enteroendocrine L-cells found
predominantly in the distal GI tract.”> PYY is released from the gut in a caloric-
dependent manner in connection with a meal, and is shown to reduce the appetite and
hence the intake of food.** As with CCK, meals high in fat and protein are shown to

particularly stimulate the release of PYY.%
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Recently, it has been shown that bariatric surgery leads to significant modifications in
the composition of gut hormones, facilitating further weigh loss.”” Whether the same
beneficial alterations in gut hormone composition can be achieved by diet-induced
weight loss or other dietary interventions is still not clear, and promote interesting

hypotheses for further research.’*
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1.4 Irritable bowel syndrome

1.4.1 Definition

Irritable bowel syndrome (IBS) is a common functional gastrointestinal disorder
(FGID), assumed to affect between 10 and 20% globally, with a higher prevalence
reported in women than men.’® The condition is characterized by a combination of
symptoms including abdominal pain, bloating, distention, flatulence and disturbed
bowel habits seen as constipation (IBS-C), diarrhea (IBS-D) or a combination of both
(IBS-mixed).” Besides the GI symptoms, many of those suffering from IBS normally
experience a broad spectrum of extra-intestinal symptoms, such as fatigue,
fibromyalgia, poor social functioning and reduced emotional well-being. IBS is shown

to have severe impact on the quality of life.'%%10!

1.4.2 Etiology and pathogenesis

The ethology of the disease is not fully understood, but it is evidence that the condition
involve a dysfunction in one or more of the control systems that contributes to the
regulation of bowel function, including the central nervous system, the enteric nervous
system, the enteroendocrine system, the enteric immune system and the gut
microbiota.'>!% Suggested mechanisms includes alterations in the gut-brain axis, low-
grade inflammation, visceral hypersensitivity, abnormalities in the GI endocrine cells,
changes in the GI motility, post infectious changes, bacterial overgrowth, malabsorption
of carbohydrates, abnormalities in serotonin metabolism, gene interactions and
alterations in the gut microbiota composition.!?%1%+197 An overview of suggested

mechanisms and factors involved in IBS is summarized in Figure 4.
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Figure 4. Overview of suggested mechanisms and factors involved in irritable bowel
syndrome (IBS). CNS: Central nervous system, GI: Gastrointestinal, FODMAPs:
Fermentable oligo-, di, monosaccharides and polyols, SCFAs: Short-chain fatty acids.
The figure is made in Lucidchart, Dale 2019.

1.4.3 Gut microbiota and IBS

The human microbiota includes the entire collection of microorganisms living on the
surface and inside our bodies. The microbiota living in the gut constitute by far the
greatest portion, and it is estimated that over 70% of all the microbes in the human body
is colonized in the colon, and constitute a cell mass equivalent to 1-2 kg of body
weight.!%%19 Over 1000 different species have been identified in the human gut, all

belonging to a small number of phyla. The most abundant phylas are Firmicutes,
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Bacteroidetes and Acinobacteria, while Proteobacteria, Fusobacteria, Cyanobacteria
and Verrucoicrobia are usually present in lower amounts.'!® While the gut microbiota
is the present community of microorganisms, the gut microbiome refers to the entire set
of genomic elements decisive for the microbiota in the gut.!!'! A healthy composition of
the gut microbiome is essential for a broad range of physiological functions, as the gut
microbial genes is decisive for the bacterial richness in the gut and hence the activity of
the gut microbiota.!'® Microbial richness, seen as bacterial diversity, is usually
considered an indicator of good health. In contrast, reduced bacterial diversity and
imbalance of the gut microbiota, referred to as dysbiosis, has been associated with
impaired metabolism, obesity and broad range of diseases, such as T2D, immune-related
diseases and inflammatory diseases, including inflammatory bowel disease

(IBD).109’112’113

Disturbances in the gut microbiota has been increasingly linked to the pathophysiology
of IBS.!'* Observations of increased risk of IBS onset after a gastroenteritis and
associations between IBS and prior use of antibiotics highlights the importance of a
disturbance in the gut microbiota in IBS.!!>!!6 In addition, a broad range of studies have
reported that the gut microbiota profiles in subjects with IBS differs to the gut

microbiota profiles of healthy controls.!!7-120

It is growing evidence that the altered gut microbiota in IBS not only explains the
abdominal IBS symptoms, but also the psychiatric co-morbidity occurring in
considerable number of patients.'?! Recent years, the interaction between diet, gut
microbiota composition and IBS symptom severity has gained a lot of attention. This is
currently considered an important pathophysiological basis for treatment of the
condition, hence the “brain-gut” axis is lately referred to as the “brain-gut-microbiota”

axis.'?
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1.4.4 Diagnosis

IBS is a functional disorder, and up to date no biomarkers have been identified to
confirm the diagnosis. Thus, the diagnosis of IBS is based on clinically symptoms and
consistency and frequency of stool, in addition to exclusion of other GI disorders, such
as coeliac disease, IBD and microscopic colitis.'> The diagnostic criteria for IBS has
evolved since 1978, when the first criteria was published by Manning et al.'>* The
changes includes the development of the diagnostic Rome guidelines, currently
available in the IV edition.”” The Rome IV criteria for diagnosis of IBS and the different
subtypes are presented in Table 2. For an accurate diagnosis, a classification of IBS

subtype according to the Bristol Stool Form Scale is recommended.””

Table 2. Rome IV criteria for the diagnosis of IBS. Modified from Mearin et al. 2016.”

Rome IV diagnostic criteria for IBS
Recurrent abdominal pain on average at least 1 day per week in the last 3 months, associated with two or
more of the following:
1. Related to defecation
2. Associated with a change in stool frequency
3. Associated with a change in form (appearance) of stool

Symptoms must have started at least 6 months before diagnosis.

IBS with predominant 25% of bowel movements with Bristol stool form types 1 or 2

constipation (IBS-C) AND < 25% of bowel movements with Bristol stool form types 6 or 7

IBS with predominant >25% of bowel movements with Bristol stool form types 6 or 7

diarrhea (IBS-D) AND < 25% of bowel movements with Bristol stool form types 1 or 2

IBS with mixed bowel >25% of bowel movements with Bristol stool form types 1 or 2

habits (IBS-M) AND > 25% of bowel movements with Bristol stool form types 6 or 7

IBS unclassified Patients who meet diagnostic criteria for IBS but whose bowel habits cannot
(IBS-U) be accurately categorized into 1 of the 3 groups above

1.4.5 Treatment

The treatment of IBS aims to target the most predominant symptoms. A central part of
the treatment is to educate the patients by explaining the condition and the different

treatment options, as well as provide reassurance about the symptoms as non-harmful
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events.”” Non-pharmacological treatment options are preferably the first-choice, as
available drugs are most likely to target only the predominant symptom. Of note,
antidiarrheals, laxatives, antispasmodics and anti-depressants are used in some cases.
Currently, some of the most common drugs targeting the specific subtype-symptoms of
IBS includes the guanylate cyclase C antagonist linaclotide (Constella) for patients with
IBS-C and the mixed opioid agonist/antagonist eluxadoline (Truberzi) for patients with
IBS-D and/or M. However, due to the broad diversity of symptoms experienced by most
patients, drug treatment is often perceived as inadequate and do not lead to total control
of symptoms.” A multidisciplinary approach is the preferred and recommended
treatment option. A better understanding of the disease, combined with life-style
interventions including diet, exercise and breathing techniques, is proven to be effective
for reducing symptom severity in IBS patients.!®” In addition, psychological and
behavioral treatment like cognitive behavioral therapy and hypnotherapy has also been

shown to reduce IBS symptoms and improve quality of life.!**

1.4.6 IBS and diet

Diet composition and food intake has been shown to play an important role in the
generation of symptoms in patients diagnosed with IBS, and most patients claims that
their symptoms can be related to the consumption of different foods.!?® Several
modifications in the diet are shown to improve symptom severity in IBS. The first line
dietary treatment for IBS patients is to follow the dietary guidelines from the modified
NICE (National Institute for Health and Care Excellence) diet, as recommended by the
British Dietetic Association.!?® The NICE-diet highlight the importance of regular
meals, and recommend to reduce the intake of carbonated drinks, shewing gum, fatty
and spicy foods, coffee, alcohol, onion, cabbage and beans as well as supplementing the
diet with fibers such as psyllium husk. If these dietary modifications does not improve
symptoms, a diet with a restricted intake of fermentable oligosaccharides, disaccharides,
monosaccharides and polyols (FODMAPs) is shown to be effective for a reduction in
GI symptoms, especially abdominal pain and bloating.'?” Currently, the low-FODMAP

diet is a recommended dietary treatment approach in IBS.!?
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FODMAPs are short-chained carbohydrates that are poorly absorbed in the small
intestines, and when fermented by colonic bacteria, production of gas and osmotic
activity causes symptoms such as bloating and diarrhea. A low-FODMAP diet is shown
to significantly reduce symptoms in IBS patients.'?® Notably, a diet with a restricted
intake of FODMAPs is associated with distinct alterations in both function and
composition of the gut microbiota, as well as modulations in fecal fermentation and
production of short chain fatty acids (SCFAs).!?*!3 However, the long-term health
effect of adherence to this dietary intervention is not established. The health effects of
the changes observed in the gut microbiota composition and fecal fermentation in
response to a diet with low content of fermentable carbohydrates is currently
unknown, 3! thus the long-term use of a strict low-FODMAP diet needs to be studied
further in order to explore the long term effects. Novel, additional therapeutic dietary

treatments for symptom relief in IBS patients can thus arguably be valuable.

1.4.7 Potential biomarkers for IBS

Several potential biomarkers for the diagnosis of IBS have been investigated in clinical
trials, including non-invasive markers in both serum and feces. Overall, the results up
to date have been disappointing, and these biomarkers are currently only used in a
research setting.!3> The suggested biomarkers tends to identify organic disease and

hence eliminate IBS, rather than differentiate the IBS diagnosis in particular.!3?

Pro-inflammatory cytokines

All though the exact mechanisms behind IBS remains uncertain, several studies have
suggested that a chronic low-grade mucosal inflammation and imbalance in the cytokine
levels may contribute as potential etiological factors.!3*!3* Cytokines is a collective term
of signal molecules with immunological functions, affecting almost all biological
processes and produced by a broad range of human cells, including mast cells,
macrophages and B- and T-lymphocytes, among others. The term “cytokine”
encompasses different families, and includes interleukins, chemokines, growth factors,

interferons, adipokines and the tumor necrosis factor family.!3 Comparison of cytokine
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levels in IBS patients compared to healthy controls have revealed altered cytokine
production in IBS patients, and particularly mast cell activation has been suggested as a
contributor to IBS pathogenesis.!*3 A broad spectrum of different cytokines have been
investigated in IBS patients, including several of the interleukins (IL), interferon-
gamma (INF-y) and TNF-q, all considered functional cytokines important for the
immune system. Elevated levels of IL-6, IL-8, IL-17 and TNF-a have been reported in

136138 and a decline in levels of IL-6 and IL-

IBS patients compared to healthy controls,
8 has been observed in response to a low-FODMAP intervention.'** In addition,
significantly correlations have been observed between cytokine levels, symptom

severity and quality of life in IBS patiens.'8

Gut integrity markers

In addition to low-grade inflammation, increased intestinal permeability is suggested to
contribute to the IBS pathogenesis. Several markers related to the enterocyte function
have been investigated in IBS populations. Zonulin is a protein serving as a physiologic
modulator of intercellular tight junctions, assumed to be a master regulator on the
intestinal permeability linked to development of several chronic inflammatory
disorders. It is suggested that zonulin might serve as a marker for impaired gut-barrier
function.'*® When investigated in IBS patients compared to healthy individuals, higher
levels of zonulin was reported in patients with IBS.'*! Importantly, it was recently
highlighted that serum zonulin might not be a valid marker for the evaluation of gut-
mucosal barrier function in GI disorders, thus zonulin values in this group of patients

should be interpreted with caution.'*?

Lipopolysaccharide-binding protein (LBP) is an acute-phase protein suggested as a
marker for endotoxemia and bacterial translocation.!** Increased levels of LBP has been
reported in patients with IBD.!'** In addition, elevated concentrations has been observed
in patients with non-coeliac wheat sensitivity, suggested to be a subgroup of IBS.'*
Serum LBP levels are thought to correlate with serum concentrations of
lipopolysaccharide (LPS),'** When LPS was investigated in IBS-patients, the levels

were similar to those of healthy controls and did not correlate with IBS-symptoms. 46
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Intestinal fatty acid binding protein (iFABP) is considered a marker for intestinal
epithelial cell damage. Lower concentrations of iFABP have been reported in IBS
patients than in healthy controls.!* Of note, these gut integrity markers related to enteric
function are not specific for IBS, and up to date the implications of these markers in the

diagnosis of IBS is not established.

Fecal markers

Fecal calprotectin is the most investigated fecal biomarker for inflammation. It is
regarded a valid marker for inflammation in the GI tract and can be useful to
discriminate between IBS and IBD.'*” Calprotectin is not related to the pathogenesis of
IBS, and levels are expected to be within the normal range in patients with FGIDs. A
cut-off value of 150 mg/kg has by several studies been suggested to hold good diagnostic

accuracy for the distinction between IBS and IBD.!#

Several recent studies have suggested that dysbiosis of the gut microbiota contributes to
the pathogenesis of IBS, and concentrations of fecal SCFAs have been investigated as a
marker of fecal fermentation reflecting the gut microbiota activity.'*° Distinct alterations
in fecal SCFA concentrations have been reported between IBS patients and healthy
controls, and propionate and butyrate in particular have been suggested as possible

biomarkers for the distinction between IBS and healthy individuals.'#
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1.4.8 Proteins and peptides in IBS

Clinical experience indicate that dietary proteins normally are well tolerated in IBS
patients, and most individuals link their symptoms to the intake of different
carbohydrates.'?’ Limited evidence and knowledge exists on the impact of different
protein sources on gut health. It has been demonstrated in healthy individuals that
different dietary sources of protein affect the diversity and composition of the gut
microbiota in different degree, and thereby potentially influence different health
outcomes. It is growing evidence suggesting that the amino acid composition and
digestibility of dietary proteins is determent for the gut microbiota composition.'3!!%2
Novel results indicate that the presence of fish proteins in the diet have impact on both

composition and activity of the gut microbiome, affecting the human microbiota

composition and activity.!'>?

In addition to the results highlighting proteins and peptides as possible modulators of
the gut microbiota, it has been suggested through in vitro models that a fish protein
hydrolysate may have an immune-modulating effect with beneficial properties in the

intestine.!>*

A small clinical trial has reported that a dietary supplement containing
hydrolyzed proteins from pacific whiting may prevent NSAID-induced injuries in the
gut.%”%° Despite the lack of research supporting an effect of supplements with peptides
and protein hydrolysates on gut health, several dietary supplements containing peptides
are today sold as commercial products targeting IBS patients and those suffering from

digestive problems (e.g. Peptid+® and TRP™).
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1.5 Rationale and hypothesis

As described in the scientific background, emerging evidence suggest that fish protein
hydrolysates may have several beneficial health effects, also when supplemented in low
doses compared to the normal daily dietary protein intake. The prevalence of overweight
and obesity is constantly increasing worldwide, and lifestyle related diseases leading to
impaired glucose metabolism and other adverse metabolic impairments, with the need
of treatment and prevention strategies, affect a huge part of the world’s population. In
addition, around one out of ten individuals suffers from IBS symptoms, a diagnosis only
partly controlled by alterations in the diet and/or pharmacological treatment, with the
need of additional treatment strategies. A dietary supplement contributing to increased
utilization of residual material from the fishing industry, capable of improve health
outcomes related to metabolism and GI function, can thus arguably be valuable both for

human health and the industry.

Overall, we hypothesized that a supplement with cod protein hydrolysate (CPH) would
beneficially affect health by improve outcomes related to glucose metabolism, appetite

and gut health. More specific, we hypothesized that:

i) A low dose of supplement with CPH would:

- beneficially affect glucose metabolism, by lowering the postprandial glucose

and insulin concentrations in healthy subjects (Paper I)

- reduce postprandial concentrations of the appetite regulating hormone

ghrelin, hence reduce the feeling of hunger in healthy subjects (Paper II)

- beneficially affect gut health and improve symptoms in IBS patients, by
reduce degree gut permeability and inflammation, as well as modulate the
composition of the gut microbiota and hence the fecal concentration of short

chain fatty acids (SCFAs) (Paper IV)



45

i)

It was a dose-response relationship between different doses of CPH
supplementation and degree of changes in the glucose metabolism in older

adults (Paper III)
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2. Objectives

The overall aim of the project was to investigate whether CPH produced from hydrolysis
of residual material (muscle) from cod filet production have beneficial properties in the
human body, leading to improvement of health outcomes related to glucose regulation
and appetite in healthy subjects, and gut health in patients with IBS. The work presented
in the current thesis is based on an initiative from Firmenich Bjgrge Biomarin AS,

Alesund, Norway, manufacturer of the specific CPH investigated in this PhD-project.

Three intervention studies were included to address the effects of the CPH. Two
intervention studies were carried out in healthy subjects to investigate the effect of CPH
supplementation on postprandial glucose metabolism and appetite and identify the most
effective dose for further use. The last study was designed to evaluate the effect of a
CPH supplement in patients with IBS. The specific aims of the three studies and the four

papers included in this PhD-thesis are listed below:

Study 1 (Paper I and II):
The primary aim was to assess the effect of a single, low dose of CPH on postprandial
glucose metabolism in healthy adults (Paper I). The secondary aim was to evaluate the

effect on outcomes related to appetite (Paper II).

Study 2 (Paper III):
The aim was to investigate the dose-response of increasing doses of CPH
supplementation on glucose metabolism in older adults, to find a potential effective

daily dose for further use in clinical studies.

Study 3 (Paper 1V):

The aim was to investigate the effect of a CPH supplement on gut health in patients with
IBS, by evaluating symptom severity, gut integrity markers and pro-inflammatory
cytokines in serum, fecal calprotectin and fecal fermentation measured by concentration

of short-chain fatty acids (SCFAsS).
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3. Methods

Methods for the three clinical studies conducted in the work with this thesis are
described below. For a detailed description of methods used for laboratory analysis of
the outcome measures, composition of the test material used in the three different studies

and the implemented questionnaires, the reader is referred to the respective papers.

3.1 Study population and design

An overview of the recruitment flow, study design and study outcomes for the three
randomized controlled trials included in this PhD-project is shown in Figure 5. Paper I
and II are based on Study 1, Paper III is based on Study 2 and Paper IV is based on
Study 3.

3.1.1 Paperland Il

Participants were recruited through advertisements on the internet and posters at
Haukeland University Hospital and Alesund Hospital between October 2017 and
February 2018. Interested participants were contacted by telephone for evaluation of
eligibility and compliance with inclusion criteria. Suitable candidates were invited to
further screening at a hospital visit. Forty-one healthy individuals were included in the
trial, of whom 26 were females and 15 males. Inclusion criteria were age 40-65 years
and BMI 20-30 kg/m?. Exclusion criteria were fish/shellfish allergy and intolerance,
pharmacologically treated diabetes mellitus, elevated blood pressure, chronic diseases
that might affect the evaluation of the study endpoints and acute infections. Participants
were instructed to avoid omega-3 supplementation 1 week prior to study start and while
participating in the study, and not make any changes in their diet or level of physical
activity. The study was designed as a double-blind crossover trial and included two
different study days, with three to seven days wash-out period in between. On both study
days the participants were served a test drink containing either 20 mg of CPH per kg
body weight or casein given as control. The test material was delivered in neutral bottles,

containing a lemon-flavored powder to be mixed with water.



STUDY 2 STUDY 3

STUDY 1
"The Blood Glucose Study” "The Dose-Range Study" "The IBS Study"
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Test: 20 mg CPH / kg BW '“‘e"'e"“:: Test: 2.5 g CPH
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Healthy subjects Healthy older adults IBS patients
included included included
STUDY VISIT 1
Baseline postprandial measures*
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STUDY VISIT 1 Dose 1: 6 days ¢ Srmmouis STUDY VISIT 1
Postprandial measures Blood samples
CPH:n=18 Day 7 Fecal samples
Control: n =23 STUDY VISIT 2 Questionnaires
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Day 49
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n=31 n=28
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Blood: Glucose, |nsu||r1, Blood: Glucose, Blood: Gut integrity ma(kers, cytokines
GLP-1, acylated ghrelin insulin, GLP-1 Feces: Calprotectin, SCFAs

Questionnaires: Satiety and hunger ' Questionnaires: IBS symptoms + QoL

CPH: Cod protein hydrolysate, BW: Body weight, WO: Wash out, QoL: Quality of life
*Results from study visit 1 with baseline postprandial measures in Study 2 is not included in the results

reported in the manuscript based on the study (Paper lll). See explanation in paragraph 6.3.2.

Figure 5. Overview of the recruitment flow, study design and study outcomes for the
three randomized controlled trials included in the current PhD-project. Paper I and II
are based on Study 1, Paper III is based on Study 2 and Paper IV is based on Study 3.
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On both study days the participants met in a fasting state at the hospital between 8 and
9 am. Baseline blood samples were taken before they were served the test drink (CPH
or control in random order) and a breakfast meal. The breakfast including the test drink
provided 500 kcal and 77 g carbohydrate. Blood samples were taken in intervals of 20

minutes until 120 minutes postprandially, with a final sample after 180 minutes.

The primary outcome was response in postprandial glucose metabolism, measured by
venous samples of serum glucose and insulin, and plasma GLP-1 (Paper I). Secondary
outcomes were postprandial acylated ghrelin concentrations and sensations associated
with appetite (satiety and the feeling of fullness) measured by symptom questionnaires

(Paper II).

3.1.2 Paper lll

Participants were recruited by advertisements online and at Haukeland University
Hospital and Alesund Hospital between March and July 2018. Subjects interested in
participating were contacted and screened for eligibility by telephone. Suitable
candidates meeting the inclusion criteria were invited to a baseline hospital visit
including baseline blood chemistry and signing of the informed consent form. The
criteria for inclusion were age between 60 and 80 years, BMI between 20-30 kg/m? and
signed informed consent. Criteria for exclusion were allergy and intolerances to fish
and/or shellfish, pharmacologically treated diabetes mellitus, low and/or unstable blood
pressure, chronic diseases or medication that were likely to interfere with the evaluation
of the study endpoints, acute infections, substance misuse or unwillingness to comply
with the requirements of the study. The participants were instructed not to take any
nutritional supplements containing omega-3 fatty acids for two weeks before study

commencement, and during the course of the study.

In addition to the baseline meeting, the participants attended five study visits (Figure 5).
The first study visit included baseline postprandial measures before the participants had

taken any doses of CPH. These results are not reported in the manuscript according to a
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methodological error, see further descriptions under discussion of results (paragraph
6.3.2). The study included four different intervention cycles of one week each, with
doses corresponding to 10, 20, 30 and 40 mg per kg body weight CPH supplement
provided in randomized order. The participants received six bottles with powder to be
mixed with water (test drink), to be taken each morning. On day 7 in each intervention
period, the participants met in a fasting state at the hospital between 8 and 9 am. The
last dose of the current intervention period (test drink) was given when fasting baseline
blood samples were taken. Breakfast was served 10 minutes after the test drink. The
breakfast including the test drink provided 455 kcal and 63.5 g carbohydrate. Blood
samples were taken at 20 minutes intervals until 120 minutes postprandially, with a final
sample after 180 minutes. The participants received six bottles for the next intervention
week at the end of each study day. It was a wash-out period of seven days between each
intervention week. Participants received reminders on text messages prior to each new

intervention week, and before each study day.

The primary outcome was postprandial response in glucose metabolism after the four
different doses, measured by venous samples of serum glucose and insulin, and plasma

GLP-1.

3.1.3 Paper IV

IBS patients were recruited through online advertisement including a digital recruitment
form, between December 2018 and January 2019. Suitable candidates meeting the
inclusion criteria were contacted and screened over telephone. After receiving
information about the study and signing the informed consent form, all patients received
a dietary record and equipment to collect a baseline stool sample by mail, prior to the
first hospital visit. Inclusion criteria were age 20-70 years, BMI 18-30 kg/m? and IBS
diagnosis according to Rome IV criteria with predominant diarrhea (IBS-D) or mixed
bowel movements (IBS-M). Exclusion criteria were fish/shellfish allergy and
intolerance, diabetes mellitus, elevated blood pressure, chronic diseases that might

affect the evaluation of the study outcomes, acute infections, substance abuse,



51

immunocompromised patients defined as taking immuno-suppressive medications,
patients eating a strict low-FODMARP diet, use of antibiotics the last 4 weeks before

inclusion or use of medications for the IBS diagnosis.

The study was a double-blinded, randomized parallel group trial, and included a six-
week intervention with a drink containing 2.5 g CPH (test material) or 2.5 g maltodextrin
(placebo). Medical data, the IBS-diagnosis and biochemical variables were assessed at

baseline. The Rome IV criteria were used to confirm the clinical diagnosis of IBS.

A 3-day dietary record was completed by all patients prior to taking the fecal sample at
baseline and at end of the study. The patients were instructed not to make any changes
in the diet while attending the study, and not to take any nutritional supplements
containing omega-3 or pre- or probiotics for 6 weeks before study start, and during the

trial.

Outcomes were evaluated at baseline and at end of the study (after six weeks). Primary
outcomes were symptom severity evaluated by IBS Severity Scoring System (IBS-SSS)
and quality of life. Secondary outcomes included gut integrity markers (zonulin, LBP,
iFABP) and pro-inflammatory cytokines in serum (TNF-c , INF-y, IL-4, IL-6, IL-8, IL-

10), fecal calprotectin and fecal fermentation measured by concentration of SCFAs.
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3.2 Test material: The cod protein hydrolysate

The fish protein hydrolysate investigated in this PhD-project was manufactured by
Firmenich Bjerge Biomarin AS, Alesund, Norway. A powder was made by hydrolysing
fish muscle of Atlantic cod from the production of cod filets (cutting left overs). Fish
muscle was hydrolysed with Protamex® (Novozymes AS) followed by spray drying of
the soluble part of the enzyme digest.

The CPH raw material contained approximately 89% protein by weight, as well as
<0.2% fat, 0% carbohydrate, <3.0% water, 10% ash, 0.1% NaCl, 1.7% sodium and
0.07% chloride. Free amino acids accounted for 4.77 % of total amino acids in the CPH,
and the ratio essential amino acids/non-essential amino acids was 0.70. Analysis of the
molecular weight distribution showed that about 90% of the peptides in the hydrolysate
had a molecular weight of 2000 Daltons (Da) or less (18 amino acids or less), about 75%
of 1000 Da or less (10 amino acids or less) while about 55% had a molecular weight of
500 Da or less (5 amino acids or less). Approximately 25 to 30% of the peptides had a
molecular weight less than 200 Da, which represented small dipeptides and free amino

acids (data obtained from Firmenich Bjeorge Biomarin AS, Alesund, Norway).

The CPH was analysed for allergenicity, and it was found to be so low that it was
regarded safe for those with fish allergy to consume (Report from Firmenich Bjorge
Biomarin AS, analysis performed by the Section for Protein and Allergy Analysis,
Laboratory for Clinical Biochemistry, Haukeland University Hospital, data on file).

The amino acid and taurine composition of the CPH used in all of the three clinical
studies included in this PhD-project is shown in Table 3. Composition of the different
test materials used in the three different interventions, all provided as powders to be

mixed with water, are described in detail in each of the corresponding papers.
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Table 3. Amino acid and taurine composition of the cod protein hydrolysate (CPH) used in the three

clinical studies included in this PhD-thesis.

Amino acid Total amino acid (mg/g)
Alanine 47.8
Arginine 51.1

Aspartic acid 73.3

Aspargine 0.38
Glutamatic acid 125.0
Glutamine 0.78
Glycine 50.9
Histidine 13.5
Hydroxyproline 1.0
Isoleucine” 30.1
Leucine” 60.3
Lysine 71.3
Methionine 221
Phenylalanine 23.2
Proline 29.7
Serine 36.0
Taurine 6.6
Threonine 30.9

Thryptophan 6.0
Tyrosine 22.7
Valine* 36.9

“Branched-chained amino acids (BCAAs)
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3.3 Statistical analyses

SPSS data package (IBM SPSS Statistics 24), Stata v15.1 (StataCorp LLC, Texas, USA)
and GraphPad Prism version 7.0 (GraphPad Software, Inc., San Diego, CA, USA) were
used for the statistical analysis included in the current thesis. All graphical work was

conducted in GraphPad. P-values <0.05 were considered statistically significant.

3.3.1 Paperland Il

A multivariable, repeated measures linear mixed-effects regression analysis was
conducted to evaluate the difference between the CPH and control arms. The data for
insulin, GLP-1 and acylated ghrelin was not normally distributed, thus it was log-
transformed before analysis. The analyses were adjusted for BMI and gender. Total area
under the curve (tAUC) for postprandial glucose concentration, differences in baseline
characteristics between genders, acylated ghrelin and postprandial scores for satiety and
the feeling of fullness were compared using unpaired t-tests. Paired t-test was used to

evaluate the differences in nutrient intake between the two study days.

3.3.2 Paper lll

To estimate the effect of the dose, the maximum observed value and the AUC of each
outcome variable for each combination of person and dose was calculated. Mixed effects
models were fitted with the outcome measure (max value or AUC) as dependent
variable, fixed effects of dose and random intercepts across persons. Potential carry-
over effects were assessed using a standard likelihood-ratio test, to test for interaction

between ordering and dose.

3.3.3 Paper IV

Paired two-sided t-tests were used to compare differences between the baseline and after
intervention measures for each group, whereas unpaired two-sided t-tests were used to
compare differences between the CPH group and the placebo group. Correlations were

assessed with Pearson’s correlation coefficient.
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3.4 Ethics

All the clinical studies were conducted according to the guidelines laid down in the
Declaration of Helsinki and the Regional Committee for Medical and Health Research
Ethics of Central Norway approved all procedures involving human subjects. Written

informed consent was obtained from all subjects.

Paper I and II: The study was approved by the Regional Committee for Medical and
Health Research Ethics of Central Norway (2017/1794). The trial was registered at
clinicaltrials.gov as NCT03669796.

Paper III: The study was approved by the Regional Committee for Medical and Health
Research Ethics of Central Norway (2017/1795). The trial was registered at
clinicaltrials.gov as NCT03526744.

Paper IV: The study was approved by the Regional Committee for Medical and Health
Research Ethics of Central Norway (2018/1825). The trial was registered at
clinicaltrials.gov as NCT03801057.
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4. Results

A summary of the most important findings in each paper is presented in the following

sections.

4.1 Paper |

Forty-one participants (age 5116 years), of whom twenty-six females, completed the
trial. Mean energy intake before the two study visits did not differ and mean fasting
blood glucose concentrations were equal on both study days. At the first study visit,
eighteen participants were allocated to CPH and twenty-three were allocated to control.
At the second study visit they were all allocated to the opposite intervention to the one

received the first study day.

The peak in glucose concentration occurred 20 minutes after the breakfast both after
CPH and control, and was numerically higher after CPH drink than control, however
did not differ significantly. After CPH, the insulin concentration peaked at a lower level
and after 20 minutes, whereas the peak after control was higher and occurred 40 minutes
postprandially. The insulin concentration was significantly lower after CPH
supplementation than after control. Mean plasma GPL-1 concentrations were equal
before each study day, and the concentrations dropped right after the meal, with lower
concentrations observed after CPH than after control. No differences between CPH

supplement and control was observed for postprandial concentrations of GLP-1.
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4.2 Paper Il

The included participants and allocation to supplement is similar to that presented for
Paper 1. No significant differences were observed between CPH and control for acylated
ghrelin concentrations postprandially in a mixed-effects regression analysis. No effects
were seen for BMI or gender when adjusting for these parameters in the analysis. Mean
fasting acylated ghrelin levels were comparable before the CPH intervention and the
control intervention. The concentration of acylated ghrelin was lowest 80 minutes
postprandially after CPH and 20 minutes postprandially after control. No correlation
was observed between body weight (kg) and concentrations of acylated ghrelin at
baseline. When comparing the tAUC for postprandial acylated ghrelin and postprandial
scores for satiety and the feeling of fullness, no differences were observed between CPH

and control.

4.3 Paper lll

Thirty-three older adults were included, of whom 31 subjects (18 females) completed
the study (age 67.844.9 years) and were included in the analysis. Energy and
macronutrient intake did not change during the study period. No differences in estimated
maximum levels of glucose, insulin or GLP-1 were observed when comparing the
lowest dose of CPH (10 mg/kg body weight) to the higher doses (20, 30 or 40 mg/kg
body weight). Estimated maximum value of glucose was on average 0.28 mmol/L lower
when the participants had been given the highest dose (40 mg/kg body weight CPH)
compared to the lowest dose (10 mg/kg body weight CPH). Estimated maximum level
of insulin was on average 5.14 mIU/L lower when the participants had been given the
highest dose compared to the lowest dose. Estimated maximum level of GLP-1 was on
average 0.34 pmol/l lower when given the highest dose compared to the lowest dose.
No statistically significant differences in AUC between the four different doses were
observed for either glucose, insulin or GLP-1 when comparing the lowest dose of 10
mg/kg body weight of CPH with the higher doses of 20, 30 or 40 mg/kg body weight.

No carry-over effect was observed for any of the outcome measures.



58

4.4 Paper IV

Thirty-one IBS patients were included of whom 28 patients (23 women and 5 men)
completed the trial (age 42.7£11.9 years). Three patients withdrew after randomization,
one patient due to disliking the supplement and two patients due to experiencing
increased diarrhoea. Thirteen patients were allocated to CPH supplementation whereas
15 patients received placebo. The groups were comparable at baseline. Total IBS-SSS
scores and scores for quality of life were reduced in both the CPH group and the placebo-
group in response to intervention, with a significant reduction only in the placebo group.
End of study scores did not differ between groups. Concentrations of gut integrity
markers, pro-inflammatory cytokines and SCFAs did not change in response to
intervention for any of the groups. Baseline measures for the whole group showed that
the total SCFA concentration was significantly inversely correlated with the total IBS-
SSS score. No correlations were found between baseline total IBS-SSS score or any of

the serum markers.
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5. Methodological considerations
5.1 The cod protein hydrolysate

5.1.1 Rationale for choice of doses

The scientific rationale behind the choice of amount of CPH (20 mg/kg body weight),
administered in Study 1 (Paper I and II) is limited. Unpublished data from studies with
the CPH performed in rats and a small number of human subjects have indicated that
the hydrolysate may induce a metabolic response when given in low concentrations. A
cross-over trial including 12 healthy males found premeal supplementation with 20
mg/kg body weight CPH to reduce postprandial blood glucose and insulin
concentrations when compared to casein and whey protein. In addition, a study in 9
healthy subjects found one premeal supplementation with 20 mg/kg body weight CPH
to increase postprandial secretion of GLP-1 and PY'Y, reduce the postprandial secretion
of ghrelin as well as reduce the feeling of hunger and increase the feeling of fullness
after the test meal according to included questionnaires (unpublished data from studies
performed at Clinical Trial Consultants AB, University Hospital, Uppsala University,
Sweden, provided by Einar Lied, former scientific advisor for Firmenich Bjerge

Biomarin AS).

Of note, these unpublished trials included few subjects and the tendencies reported were
not analyzed according to statistical significance. Anyhow, they suggested a metabolic
effect when the CPH was given in concentrations 