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Background: Iron deficiency anaemia is a frequent complication of Crohn disease. Treatment with
ferrous iron (Fe2�) compounds is often unsatisfactory and is associated with gastrointestinal side effects.
Theoretically, oral iron supplementation may even be harmful, because iron may reinforce intestinal
inflammation by catalysing production of reactive oxygen species. We investigated the effect of ferrous
iron on disease activity and plasma antioxidant status in patients with active Crohn disease. Methods:
Ten patients with Crohn disease and iron deficiency and 10 healthy controls were given ferrous fumarate
120 mg for 7 days. The Crohn Disease Activity Index, gastrointestinal complaints and blood samples for
antioxidant status, anaemia, inflammation and iron absorption were investigated on day 1 and day 8.
Results: During 1 week of ferrous fumarate supplementation, the Crohn Disease Activity Index tended to
increase (P = 0.071). Patients experienced aggravation of diarrhoea, abdominal pain and nausea. Plasma-
reduced cysteine was lower (P = 0.038) in patients than it was in controls. One week of ferrous iron
supplementation further decreased reduced cysteine (P � 0.001) and significantly decreased plasma-
reduced glutathione (P = 0.004) in the patients. Serum iron increased significantly in patients after an oral
iron load test (from 5.8 � 3.2 �mol/L to 30.9 � 13.1 �mol/L). Conclusions: Treatment of iron deficiency
with ferrous fumarate deteriorated plasma antioxidant status and increased specific clinical symptoms in
patients with active Crohn disease. Plasma reduced cysteine may be a sensitive indicator for oxidative
stress in the intestine.
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Anaemia is a frequent complication of Crohn disease.
It occurs in about one-third of patients (1). Iron
deficiency and chronic inflammation are regarded

as the most important mechanisms. However, oral iron
supplementation as treatment for iron deficiency anaemia in
Crohn disease has been unsatisfactory (2). Nausea, bloating,
diarrhoea and upper gastrointestinal pain are frequent side
effects, leading to poor compliance (3). The cause of these
symptoms is not well understood, but may involve intestinal
formation of reactive oxygen species (ROS) (4).

Tissue damage due to oxidative stress is considered to play
an important role in the pathogenesis of chronic inflammatory
bowel disease (IBD). The abundant accumulation of active
macrophages and neutrophilic leucocytes in the intestinal
mucosa are major sources of ROS (5–8). Iron is a strong
catalytic promoter of pro-oxidant reactions. Harmful redox
reactions may be initiated and aggravated by free iron
supplied by minor bleedings and breakdown of haemoglobin
within both the mucosa and the intestinal lumen, and by oral
iron.

The antioxidant defence system may become weaker in
situations of sustained oxidative stress. Of special relevance
to the present study are the aminothiols glutathione and
cysteine. The tripeptide glutathione (�-glutamyl-cysteinyl-
glycine) is the most important intracellular antioxidant (9).
Cysteine is itself a potent scavenger of ROS, but also the
limiting precursor of glutathione synthesis (10–12). The
content of glutathione has been reported to be decreased in
both inflamed and non-inflamed mucosa in patients with
Crohn disease (13). Plasma cysteine was found to be
significantly decreased in IBD patients with active intestinal
inflammation compared to healthy control subjects (13).

We hypothesized that ferrous iron (Fe2�) may reinforce
oxidative stress in the inflamed mucosa of patients with IBD.
It was the object of this study to compare plasma antioxidant
status in patients with Crohn disease with that of healthy
controls, and to see if oral intake of ferrous iron changed
plasma antioxidant status. In addition, we evaluated the effect
of ferrous iron therapy on disease activity, and also iron
absorption, in patients with Crohn disease.
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Materials and Methods

Patients
Ten patients with Crohn disease (7 F and 3 M) with a mean

age of 38 (range 23–72 years) were recruited from our
outpatient clinic. Clinical disease activity was evaluated
according to the Crohn Disease Activity Index (CDAI). Eight
patients had active disease with CDAI � 150. All but one
patient had iron deficiency anaemia. None of the patients
received iron therapy or blood transfusions during the 3
months prior to the study.

Six patients were treated with 5-ASA, four with low-dose
steroids and two with low-dose azathioprine. Three patients
had small-bowel involvement only; six patients had lesions in
the terminal ileum and colon; and one patient had total colitis.
Two patients reported arthralgia; three patients had fistulating
disease; and one had amyloidosis. None of the patients had
indications of haemolysis or deficiency of cobalamin or folic
acid.

Ten healthy age- and sex-matched volunteers served as
controls. Informed consent was obtained and the study
protocol was approved by the local Ethics Committee.

Procedure
Patients and controls were given ferrous fumarate (Neo-

Fer�, Nycomed Pharma, Oslo, Norway) 120 mg/day for 7
days. Iron tablets were taken every morning at the same time,
between 0800 and 1000 h. Blood samples to evaluate anaemia
and inflammation parameters were collected after an over-
night fast on day 1 and on day 8.

To evaluate iron absorption, serum iron was measured
before and 2 h after iron administration on day 1 and on day 8.
Serum iron measured 2 h after iron administration is
considered representative of the peak level (14), when fasting
is continued during this period.

In patients, the CDAI was recorded the week prior to and
during the week of iron supplementation. Controls registered
bowel habit, abdominal pain and general well-being during
the same 2 weeks. After iron supplementation, both patients
and controls were questioned about adverse effects.

Laboratory investigations
Routine laboratory investigations included haemoglobin

concentration, reticulocyte count, leucocyte count, platelet
count, serum iron, ferritin, total iron binding capacity (TIBC),
transferrin saturation and C-reactive protein (CRP).

Measurement of antioxidant status
Briefly, to determine aminothiols, blood was routinely

collected into evacuated tubes containing heparin as an
anticoagulant and either monobromobrimane (mBrB) or N-
ethylmaleimide (NEM) as thiol derivatizing agents, or no
addition was made. The tubes were placed in melting ice and
centrifuged within 15 min. Aliquots were drawn from the
plasma thus obtained. The total, reduced and oxidized forms

of glutathione, cysteine, cysteinyl-glycine and homocysteine
were quantified by reversed-phase HPLC, as previously
described by Svardal et al. (15). The amounts of reduced
and oxidized thiols were assayed in plasma treated with mBrB
and NEM, respectively. The total amount of thiol components
(reduced � oxidized � protein bound form) was assayed in
non-treated plasma.

Plasma vitamin E, beta-carotene (16–18) and vitamin C
(19) levels were measured by HPLC as previously described.

Statistics
Data were analysed using the GraphPad Prism (GraphPad

Software Inc., USA) statistical software package. Differences
between means were evaluated with Student’s t test for paired
and non-paired comparisons. Comparison of proportions was
evaluated with Fisher’s exact test, and associations between
variables were calculated with Pearson’s correlation coeffi-
cient.

Mean with standard deviation and 95% confidence interval
(CI) are given if not otherwise stated. P values less then 0.05
were considered statistically significant.

Results

Disease activity
After 1 week of ferrous iron supplementation the CDAI

tended to increase (from 218 � 69 to 261 � 87; mean of
differences 44 with CI �5 to 92; P = 0.071).

Symptoms
Eight of 10 patients experienced an increase in the number

of liquid and loose stools during the week of ferrous iron
therapy (mean of differences 4.8 with CI �0.4 to 10.0;
P = 0.067). On the contrary, 8 of 10 controls experienced
decreased or unchanged number of liquid and loose stools
(mean of differences �1.9 with CI �4.5 to 0.7; P = 0.13).
When comparing the two groups, there was a statistically
significant difference in the change of bowel habit (difference
between means 6.7 � 2.6 with CI 1.3 to 12.1; P = 0.018). Five
of 10 controls, but only 1 of the patients, became constipated
while taking ferrous iron tablets (P = 0.14).

Seven of 10 patients, but none of the controls, reported
exacerbation of abdominal pain during ferrous iron supple-
mentation (P = 0.003). Abdominal pain score (subscore of the
CDAI) in patients increased from 31 � 24 to 45 � 34 (mean
of differences 14.5 with CI �5 to 34; P = 0.13). Six of 10
patients, but none of the controls, experienced nausea during
ferrous iron administration (P = 0.011). One patient reported
arthralgia after ferrous iron intake. No other alterations in
extraintestinal manifestations were noticed.

Laboratory evaluation and iron absorption
Blood haemoglobin did not change in either the patient or

the control group after 1 week of ferrous iron therapy. Serum
ferritin increased significantly in patients with Crohn disease
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(mean of differences 15.1 �g/L with CI 4.7 to 25.5; P = 0.01).
As for the controls, there was no change. CRP did not alter in
either patients or controls after 1 week of ferrous iron therapy
(Table I).

In patients with Crohn disease, serum iron increased from
5.8 � 3.2 �mol/L to 30.9 � 13.1 �mol/L (mean of differences
25.1 �mol/L with CI 14.3 to 35.9; P � 0.001) after the oral
iron load test on day 1. In healthy controls, serum iron
increased from 18.4 � 8.0 �mol/L to 34.5 � 12.5 �mol/L
(mean of differences 16.1 �mol/L with CI 8.0 to 24.2;
P = 0.002). After 1 week of iron supplementation, serum
iron increased from 7.2 � 4.1 �mol/L to 30.9 � 30.4 �mol/L
(mean of differences 23.7 �mol/L with CI 1.1 to 46.2;
P = 0.042) in patients, and from 15.7 � 5.4 �mol/L to
27.7 � 10.3 �mol/L (mean of differences 12.0 �mol/L with
CI 6.7 to 17.2; P � 0.001) in controls.

Plasma levels of aminothiols, beta-carotene and vitamins
prior to ferrous fumarate intake

Plasma reduced cysteine was lower in patients with Crohn
disease compared to healthy controls (difference between
means �1.1 � 0.5 �mol/L with CI �2.13 to �0.07;
P = 0.038). Glutathione, cysteinyl-glycine and homocysteine
did not differ between the two groups (Table II). Neither was
there any significant correlation between any of the circulat-
ing aminothiol species in patients (data not shown).

Plasma levels of beta-carotene were significantly lower
(difference between means �0.35 � 0.01 �mol/L with CI
�0.49 to �0.22; P � 0.001) in patients with Crohn disease
compared to controls, while plasma levels of vitamins C and
E were only slightly lower in patients (Table III).

Effect of ferrous fumarate
One week of ferrous iron supplementation significantly

decreased plasma levels of reduced cysteine in patients with
Crohn disease (mean of differences �1.03 �mol/L with CI
�1.47 to �0.60; P � 0.001; Fig. 1). The difference between

patients and controls in plasma-reduced cysteine increased
(difference between means �1.31 � 0.37 �mol/L with CI
�2.10 to �0.53; P = 0.003). Furthermore, in patients, the total
amount of cysteine decreased (mean of differences
�15.62 �mol/L with CI �27.78 to �3.46; P = 0.02) after
ferrous iron.

Regarding glutathione, similar alterations as for cysteine
were observed in patients, with reductions in plasma levels of
reduced glutathione (mean of differences �1.45 with CI
�2.30 to �0.60; P = 0.004). In addition, mean reduced
glutathione level became lower in patients compared with
controls after ferrous iron supplementation (difference be-
tween means �0.83 � 0.39 �mol/L with CI �1.65 to �0.01;
P = 0.047). Only minor changes were observed with regard to
other thiol species. Moreover, there was no correlation
between any of the cysteine and glutathione parameters
(data not shown).

Plasma levels of beta-carotene were decreased (mean of
differences �0.07 �mol/L with CI �0.11 to �0.02;
P = 0.008) in controls after ferrous iron administration. In
patients with Crohn disease, beta-carotene levels were low at
baseline and there was no further decline after ferrous iron. As
for vitamins C and E, no alteration was noticed.

Discussion

After 1 week of ferrous fumarate supplementation in iron-
deficient patients with active Crohn disease, the CDAI tended
to increase. Patients experienced an increase in the number of
loose stools, while healthy controls on the contrary experi-
enced harder stools. Patients also reported nausea and
aggravated abdominal pain during ferrous iron therapy,
whereas none of the controls reported any of these symptoms.

Several mechanisms may be involved in gastrointestinal
intolerance to oral iron therapy. Oral iron supplementation
renders high faecal iron concentrations. Since only a fraction
of supplemented iron will be absorbed, virtually the entire

Table I. Laboratory evaluation of patients with Crohn disease and healthy controls before and after 1 week of ferrous iron supplementation

Parameter
Group

Before iron After iron
(normal) Mean (s) Mean (s)

S-CRP (�10 mg/L) Patients 15.5 (15.8) 15.1 (26.0)
Controls 3.5 (0.5) 4.4 (2.4)

B-leucocyte count (3.5 to 11.0 10�9/L) Patients 7.1 (1.9) 6.8 (1.9)
Controls 5.4 (1.3) 6.5 (2.4)

B-platelet count (140 to 400 10�9/L) Patients 362 (70) 358 (64)
Controls 234 (37) 248 (25)

B-haemoglobin (female 11.6 to 16.0 g/dl, male 13.2 to 16.6 g/dL) Patients 10.6 (1.5) 10.6 (1.2)
Controls 14.1 (1.0) 14.2 (1.1)

B-reticulocyte count (0.03 to 0.10 10�12/L) Patients 0.063 (0.026) 0.103 (0.058)
Controls 0.054 (0.017) 0.061 (0.015)

S-ferritin (female 15 to 150 �g/L, male 28 to 150 �g/L) Patients 11.0 (12.2) 26.1 (14.7)
Controls 64.1 (46.3) 62.2 (43.5)

TIBC (45 to 72 �mol/L) Patients 67.4 (13.4) 64.8 (13.4)
Controls 56.2 (6.3) 56.7 (8.3)

Transferrin saturation (15 to 45%) Patients 8.9 (5.0) 11.1 (6.1)
Controls 33.2 (14.1) 28.4 (10.7)

s = standard deviation.
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dose winds up in the distal parts of the bowels (4). In an
already inflamed bowel this may reinforce the inflammation
by catalysing production of ROS through the Haber-Weiss
reaction. Also, iron availability is a key factor in bacterial
growth. Administration of ferrous sulphate gave substantial
alterations in faecal flora in rats (20). Furthermore, ferrous
sulphate increased gut motor activity in dogs (21). Theor-
etically, increased ROS production, altered bowel flora and
increased gut motility together might contribute to oral iron
intolerance in Crohn disease.

The lower plasma levels of reduced cysteine in patients
with Crohn disease compared to healthy controls suggest that
patients were exposed to oxidative stress, most likely due to
inflammatory activity in the intestine. The significant fall in
plasma levels of reduced cysteine and reduced glutathione in
patients after ferrous iron supplementation indicates an iron-
induced increase in oxidative stress. Our findings are
consistent with those of Sido et al. (13), who found plasma
cysteine levels to be decreased in patients with IBD, and
normalization of cysteine levels after removal of inflamed
bowel. During ongoing inflammation, plasma cysteine levels
could be decreased for several reasons. As a potent free
radical scavenger, the amino acid cysteine could be consumed
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Table III. Plasma levels of nutritional antioxidants before and after
one week of ferrous iron therapy in patients with Crohn disease and
in healthy controls

Parameter Before iron After iron

Betacarotene Patients 0.08 (0.05) 0.07 (0.06) P = 0.58
(�mol/L) Controls 0.43 (0.17) 0.37 (0.13) P = 0.008

P � 0.001 P � 0.001
Vitamin C Patients 37.8 (26.5) 38.7 (26.1) P = 0.84
(�mol/L) Controls 52.8 (11.3) 56.4 (17.2) P = 0.38

P = 0.12 P = 0.09
Vitamin E Patients 18.6 (7.6) 17.2 (7.7) P = 0.10
(�mol/L) Controls 22.2 (5.9) 22.2 (5.4) P = 0.98

P = 0.25 P = 0.11

Mean and (SD).

Fig. 1. Effect of ferrous fumarate on plasma-reduced cysteine in
individual patients with Crohn disease.
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due to oxidative stress in the inflamed gut. Furthermore, being
the limiting precursor of glutathione synthesis, plasma
cysteine deficiency could be due to consumption to replenish
intracellular glutathione stores.

Decreased levels of reduced glutathione were demonstrated
in both inflamed and non-inflamed ileal mucosa in patients
with Crohn disease (13). Impaired glutathione synthesis in gut
mucosa and loss of glutathione due to oxidative stress
contribute to intestinal glutathione deficiency (13). In healthy
subjects, cysteine is the most abundant aminothiol in plasma,
with a total concentration about 40 times that of glutathione
(22). By comparison, most circulating glutathione is inside
red blood cells (23). Evidently, our findings suggest that, in
plasma, cysteine may be a more sensitive marker than
glutathione for oxidative stress in the gut.

Excess iron may be toxic. In the presence of oxidative
stress associated with inflammation or ischaemic injury, the
toxicity is amplified because the presence of substantial
amounts of the free radical superoxide allows iron-catalysed
production of the hydroxyl radical. This in turn may initiate
lipid peroxidation (24). Oral iron supplementation resulted in
aggravated colonic injury caused by experimental colitis in
rats, as shown by histological scores, quantitative evaluation
of rectal bleeding and colon length (25, 26). There was also an
increase in lipid peroxidation and a decrease in antioxidant
vitamins (25).

Our observation of a pro-oxidant shift in plasma redox
balance of cysteine and glutathione after ferrous iron
supplementation in patients with Crohn disease, but not in
healthy controls, supports the view that exogenously admi-
nistered iron may exert increased toxicity in Crohn disease.

In our study, all 10 patients were treated with drugs that
modulate the inflammatory process. This may have decreased
the toxic effect of iron. Reifen et al. (27) showed that
treatment with 5-ASA and or lycopene decreased the
inflammatory reaction induced by iron supplementation in
rats with experimental colitis.

The plant pigment beta-carotene exerts antioxidant events
in vitro, but its in vivo relevance is unknown (28). Poor
dietary intake may explain some of the lowered plasma levels
of the plant pigment beta-carotene in patients, as there was
also a tendency to low plasma levels of the dietary vitamins C
and E. These findings are consistent with those of Geerling et
al. (29), who found deficiencies for vitamin C, vitamin E,
beta-carotene, selenium and zinc in patients with Crohn
disease in remission. The failure of iron to further decrease
beta-carotene levels in patients, in contrast to controls, is
probably due to their initially very low levels. Beta-carotene
was shown to increase solubility of ferrous fumarate,
suggesting that beta-carotene may form a complex with iron
(30). In control subjects, we found plasma levels of beta-
carotene, but not aminothiols, to be decreased after ferrous
iron intake. Binding of beta-carotene to luminal iron may
have prevented absorption of, and thus reduced plasma levels
of beta-carotene in the controls.

Available compounds of oral iron supplementation are
generally ferrous salts, and there is no significant difference in
their side effects (31) or efficacy (32). Modern compounds of
stable complexes with ferric iron (Fe3�) are potentially less
toxic (33). One such chelate, ferric trimaltol, showed limited
pro-oxidant properties in vitro (34) and corrected iron
deficiency with a low incidence of side effects in patients
with inflammatory bowel disease in remission (33).

Patients with iron deficiency have increased iron absorption
compared to healthy subjects with normal iron status (14). We
found higher absorption of a ferrous salt in patients with
Crohn disease and iron deficiency anaemia of mild to
moderate degree compared to healthy controls with normal
iron stores. These findings are consistent with those of Bartels
et al. (35), who found a preserved ability to absorb iron even
in cases of severe chronic inflammatory bowel disease. After
1 week of administration of relatively high doses of ferrous
iron we found great variation in iron absorption, especially in
the patients. The variation may be due to individual increases
in iron stores, as reflected by an increase in serum ferritin and
no sign of acute phase reaction, limiting uptake in some
patients. Furthermore, a mucosal block of iron absorption due
to saturation of the enterocytes has been described (36, 37).

In conclusion, ferrous fumarate supplementation increased
specific clinical symptoms in patients with active Crohn
disease. Plasma cysteine may be an interesting biomarker of
oxidative stress in the intestine. The significant fall in plasma
levels of reduced cysteine and reduced glutathione after
ferrous iron intake supports the view that oral intake of iron
may increase the oxidative stress in patients with Crohn
disease.

References
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Believe in Iron

Iron deficiency is the most common disorder in the world.
The numbers are staggering. As many as 4–5 billion
people may be iron-deficient and 2 billion—over 30% of

the world’s population—have iron-deficiency anaemia (WHO
report 2002). Iron deficiency is a disease not just in
developing countries, it affects the whole Western world.
Food fortification and iron supplementation are therefore top
goals for battling iron-deficiency anaemia.

Iron is a common constituent of our environment. It is the
essential participant in many redox processes in eukaryotes
and most prokaryotes. Because there is no excretory route,
iron homeostasis in organisms is always regulated at the level
of iron uptake. This system is conserved through evolution to
prevent toxic iron overload. Injuries and diseases, however,
may cause excessive loss of iron, mainly due to blood loss.
The tight regulation of iron absorption does not allow
immediate counteraction, and iron deficiency may develop.

Iron deficiency anaemia is a gastroenterological disease:
blood loss that occurs in the stomach or intestine cannot be
matched by duodenal iron absorption. Such a negative iron
balance often exists in inflammatory bowel diseases (IBD).
Though specific investigations are lacking, the intestinal
ulcerations are considered to be the site of blood loss in IBD.
As a result, iron deficiency and anaemia are common, and it is
worthwhile reflecting upon optimization of iron supplementa-
tion in this disease (1)—as did Kari Erichsen and co-workers
in this issue of the journal (see page 543). Specifically, they
looked into the tolerability of oral ferrous fumarate in relation
to oxidative stress, and traced some unexpected findings:
First, oral ferrous fumarate is better absorbed in iron-deficient
Crohn patients than in non-deficient controls; second, it
increases specific symptoms of Crohn disease, such as
diarrhoea or abdominal pain, and third, it lowers the amount
of antioxidant scavenger molecules possibly due to its pro-
oxidant capacity at the site of inflammation.

The adaptive increase of iron absorption capacity in iron-
deficiency anaemia is relatively small. Most parts of the
ingested iron are still not taken up, but are passed on to the
ileum and colon, the sites of inflammation in Crohn disease
and ulcerative colitis, before appearing in the stool. When this
iron comes into contact with the ulcerated intestinal wall, it
may enhance the local production of reactive oxygen species
and increase inflammation. This has already been demon-
strated in animal models of IBD (2).

The undesired effects of oxidative stress in IBD have been
known for years (3). In vitro, iron chelation significantly
reduced mucosal reactive oxygen species production (4).
There are few who still disregard the importance of free

oxygen radicals as a cause of tissue injury and of DNA
damage (potentially leading to the development of colorectal
cancer) in IBD. There are also few who disbelieve in the
intolerance of oral ferrous iron in this specific population. As
Erichsen and co-workers have created a link between
intolerability and pro-oxidant activity of oral ferrous fumarate
in Crohn disease, they provide important information for
clinical practice, i.e. not to use ferrous fumarate for iron
supplementation in IBD. It would be surprising if ferrous
sulphate and ferrous gluconate do not cause similar effects.

The time required for uncomplexed ferrous iron, Fe(II), to
undergo oxidation to the ferric state, Fe(III), is dependent on
many factors, the dominant being pH, temperature and
oxygen concentration. Ferric iron has less pro-oxidant
potential, but is sparingly insoluble and generally bio-
unavailable. Surprisingly, in an open study the oral admin-
istration of ferric polymaltose complexes has been found safe
and effective (5). Most safety and efficacy data on iron
supplementation in IBD exist on iron sucrose (6–8). It is
currently unknown whether the good tolerability of iron
sucrose is because of the Fe(III) status. Iron sucrose is
administered intravenously and thus does not pass the
inflamed bowel segments locally, as oral products do. Further
studies such as Erichsen’s need to directly compare the pro-
oxidant effects of ferrous and ferric compounds as well as of
the oral and intravenous administration route.
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A Comment

TO THE EDITOR: In the recent study by Erichsen et al (‘Ferrous
fumarate deteriorated plasma antioxidant status status in
patients with Crohn disease’, Scand J Gastroenterol 2003;38:
543–8) and in C. Gasche’s editorial entitled ‘Believe in iron’,
in the same issue), evidence was found that a 1-week
treatment with ferrous fumarate decreased plasma antioxidant
status in patients with active Crohn disease but not in normal
controls. The data presented are very interesting and need
further study to evaluate the clinical importance of these
findings. It is speculated by the authors of this study, and in
the accompanying editorial, that the use of ferric compound
may have advantages compared with ferrous iron, because
ferric iron has no pro-oxidant activities. A modern compound
“ferric trimaltol” is mentioned which had shown in one study
to be effective in patients with inflammatory bowel disease.

Readers should be informed, however, that ‘ferric tri-
maltol’ is not a licensed pharmaceutical drug and could cause
serious side effects because of its iron chelator behavior and
content of ‘maltoi’. It should also be mentioned that all ferric
iron drugs on the market, including the soluble iron (III)

hydroxyl-polymaltose complex, have to be confronted with
well-accepted findings of a very low bioavailability (Nielsen
et al., Bioavailability of iron from oral ferric polymaltose in
humans. Arzneim Forsch 1994;44:743–8).

At the moment, we are witnessing a renaissance of ferric
compounds in oral iron treatment in different countries. In
some countries, these non-effective iron drugs are even
market leaders. However, in days of limited resources in
health care systems these drugs have to be regarded with
skepticism. Treatment of iron deficiency in Crohn disease
could be one of the rare indications for these compounds, but
this has to be clarified in further studies. Low amounts (not
120 mg Fe/d as in the Erichsen study) of a ferrous iron
compound or a parental iron administration could also be a
better and much cheaper alternative.

P. Nielsen
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Institut für Biochemie und Molekulerbiologie
Hamburg
Germany
E-mail. Nielsen@uke.uni.hamburg.de

A Further Comment

TO THE EDITOR: We appreciate Dr. Nielsen’s interest in our
work (Erichsen et al. ‘Ferrous fumarate deteriorated plasma
antioxidant status in patients with Crohn disease’. Scand J
Gastroenterol 2003:38;543–8), and take this opportunity to
comment on his statements.

Iron (III)-hydroxide polymaltose complex (IPC) consists of
nuclei of ferric iron surrounded by non-covalent molecules of
polymaltose. The structure is similar to that of physiologically
occurring ferritin. The advantage of this type of formulation is
the absence of iron ions. IPC is available for oral iron
substitution in several European countries.

In the publication, Dr. Nielsen is referring to area under the
curve being used for assessment of the bioavailability of IPC
(1). It is not possible to use this method to demonstrate the
bioequivalence of IPC and iron salts, because iron adminis-
tered as IPC shows slow absorption and serum uptake and fast
elimination from the serum into the storage compartments (2).
Therefore, unlike iron salts, IPC shows no serum iron increase
after oral administration.

Two recently published studies (3, 4) concluded that IPC
was as effective as ferrous sulphate in the correction of
haemoglobin levels in iron deficiency anaemia. However, IPC
was associated with significantly fewer gastrointestinal side
effects than ferrous sulphate.

Inflammatory bowel disease may indeed be an indication of
ferric iron compounds for oral administration. With these
compounds, aggravation of pro-oxidant reactions is less likely
to occur as a result of the absence of ionic iron. Further study
with ferric iron compounds is warranted.

K. Erichsen
Medical Dept.
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Haukeland University Hospital
Bergen
Norway
E-mail. kari.erichsen@helse-bergen.no
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