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ABSTRACT

Objectives: Iron chelators, such as maltol and kojic acid, have antioxi-
dant and anti-inflammatory properties. They may have beneficial ef-
fects on inflaimmatory bowel disease (IBD) because iron can develop
and aggravate inflammation in IBD. In the present study, the effect of
selected iron chelators and anti-oxidants were evaluated on a model of
trinitrobenzene sulfonic acid (TNBS)-induced colitis.

Methods: Colitis was induced with instillation of 75 mg/kg TNBS in
0.25 ml ethanol 50% via the anus in fasted male Wistar rats. The ani-
mals were assigned randomly to 12 groups (#» = 6) and treated once
daily, started 2 hours before colitis induction, with normal saline
(5 ml/kg), maltol (70, 140, 280 mg/kg), kojic acid (75, 150, 300
mg/kg), vitamin E (400 mg/kg), deferiprone (I.1) (150 mg/kg) and
prednisolone (4 mg/kg) orally and deferoxamine (50 mg/kg) intrapeti-
toneally for 5 days. In the sixth day, rats were scarified and colon tis-
sues were assessed macroscopically and pathologically.

Results: Maltol (280 mg/kg) was able to reduce colon weight / length
ratio, ulcer index and total colitis index similar to prednisolone, defe-
roxamine and deferiprone as positive controls. However, kojic acid and
vitamin E could not significantly alleviate macroscopic and/or patho-
logic features of inflammation in comparison to normal saline.
Conclusions: Maltol with the highest test dose was capable to protect
against experimentally induced colitis. Kojic acid and vitamin E were
not effective in this animal model of colon inflammation. More de-
tailed studies are warranted to explore the mechanisms involved in
anti-colitic property of maltol and to explain ineffectiveness of kojic
acid and vitamin E.

Keywords: Anti-oxidant, inflaimmatory bowel disease, iron chelator,
kojic acid, maltol

INTRODUCTION

Ulcerative colitis (UC) and Crohn’s disease (CD) are two ma-
jor categories of inflammatory bowel diseases (IBDs). Although
the etiology and pathophysiology of IBD still remain unclear,
immune dysfunction, reactive oxygen species (ROS), inflamma-
tory mediators and cytokines play important roles in its devel-
opment and recurrence.!! It is supposed that homeostasis is
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disrupted in IBD patients because of over-
expression of inflammatory cytokines (TNF-a,
IL-1, IL-6) and/or lower expression of regulato-
ry or anti-inflammatory cytokines (IL-2, IL-4,
IL-10, TGF-B).”! Common drugs that are admi-
nistrated for the management of IBD include
sulfasalazine, 5-ASA derivatives and glucocorti-
coids. Immunosuppressants, antibiotics and
monoclonal antibodies (Infliximab) are also
occasionally used for intractable disease condi-
tions.”! These therapeutic agents have side ef-
fects and they could not appropriately cure IBD
patients.!! Patients with IBD usually are also
suffering from iron deficiency anemia because
they lose blood especially in gastrointestinal
(GI) tract. So patients have to use iron supple-
ments usually by oral route to compensate this
iron waste, but iron itself can develop inflamma-
tion because it can produce harmful oxygen
radicals by Fenton reaction.” In the Fenton
reaction, hydroxyl and hydrogen superoxide
radicals are produced when iron interacts with
hydrogen peroxide. Assembling of oxygen-free
radicals lead to tissue damage and aggravation
of inflammation because they increase permea-
bility of mucus and vessels to water and in-
flammatory mediators and they stimulate migra-
tion of neutrophils and cytokines production.'
So iron chelators can reduce inflammation by
inhibiting oxygen radical production.”” Maltol
and kojic acid as iron chelators seem to be safe
and their toxicity as food, drug or cosmetic
agents with usual therapeutic doses have not
been reported yet.’) Maltol (3-hydroxy-2-
methyl-4-pyron) is made from carbohydrate
dehydration and found in coffee and soybean
seeds. Maltol can protect tissues against free
radicals because it is a strong iron chelator and
free radical scavenger.'” It can protect DNA
against free radicals and oxidizing agents and
result in anti-neoplasm and antioxidant effect.!""
Kojic acid (5-hydroxy-2-methyl-4-pyron) is an
iron chelator and antioxidant agent too. It is an
active metabolite of the fungus Aspergillus oryzae
and extensively used in cosmetic preparations as
de-pigmentary and skin whitening agent.'” In
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the food industry, kojic acid is used as a flavor
enhancer and food antioxidant for improving
preservation. Kojic acid has antifungal, insecti-
cidal, anticancer and bacteriostatic effects in
experimental studies.® It can reduce ROS in
the tissue and has antitumor and anti-neoplasm
effects.'"! This study was designed to investigate
the therapeutic effects of maltol and kojic acid
on TNBS-induced colitis in rats in comparison
to well-known iron chelators (deferiprone and
deferoxamine), antioxidant (vitamin E) and ref-
erence drug (prednisolone).

METHODS

Animals

Male Wistar rats (180-220 g) bred and kept in
animal house of Isfahan School of Pharmacy
were allowed to adapt to laboratory environ-
ment for one week. They had free access to tap
water and rat chow pellets and were housed
singly in wire-bottomed cages under uniform
and normal conditions of temperature, humidity
and light/dark cycles. The experiments were
carried out according to the ethical and research
committee protocol of Isfahan University of
Medical Sciences, Isfahan, Iran.

Chemicals

Prednisolone powder was procured from Iran
Hormone Co. (Tehran, Iran). Vitamin E, kojic
acid, maltol, deferoxamine and sulfasalazine
procured from Sigma Co. (St. Louis, MO). De-
feriprone (L1) powder was procured from Ave-
sina Co. (Tehran, Iran). Maltol, deferiprone and
prednisolone were reconstituted in tween 80
(1%) while kojic acid and deferoxamine were
dissolved in normal saline (0.9%). Vitamin E
was allowed to be liquefied in laboratory tem-
perature (22 £ 2°C) and then was administered
at specified dose.

Grouping

The animals were randomly divided into fol-
lowing groups of rats, six in each. All the treat-
ments were made 2 hours before colitis induc-
tion and continued daily for 5 days.
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Sham group: normal rats were treated with
vehicle (1% tween 80 in normal saline) [5
ml/kg, orally (p.o.)].

Control group: rats with colitis were treated
with vehicle (5 ml/kg, p.o.).

Test groups: rats with colitis were treated
with low, middle and high doses of maltol (70,
140 and 280 mg/kg, p.o.) or kojic acid (75, 150
and 300 mg/kg, p.o.) according to the experi-
mental protocol.

Reference groups: rats with colitis were
treated with prednisolone (4 mg/kg, p.o.), iron
chelators including deferiprone (150 mg/kg,
p.o.) and deferoxamine (50 mg/kg, i.p.) and
vitamin E (as an anti-oxidant) (400 mg/kg, p.o.)
according to the experimental protocol.

Experimental Protocol

Rats were fasted for 36 hours with free access
to water and observed to be healthful before
induction of colitis. The rats were lightly anes-
thetized with ether. A flexible plastic rubber
catheter with an outside diameter of 2 mm was
inserted 8§ cm into the colon via the anus. TNBS
(75 mg/kg) dissolved in 0.25 ml ethanol 50%
injected into the colon and the rats were main-
tained in a head-down position for 30 5. Two
hours before colitis induction, the test drugs,
freshly prepared in solution or suspension forms,
were administrated to animals and continued
daily for 5 days. All treatments were made orally
by using feeding tube with the exception of defe-
roxamine which administered parenterally (i.p.).
At the sixth day, rats were sacrificed using ether
overdose inhalation and colon biopsies were
removed for macroscopic scoring and histopa-
thological examination subsequently.!'®

Assessment of Colon Macroscopic Parameters:

The tissue of colon, 8 cm in length and 3 cm
proximal to the anus was excised, opened longi-
tudinally and washed in saline buffer. The spe-
cimens were weighed and weight/length ratio
was measured for all the rats. Coworker pathol-
ogist unaware of treatments recorded macros-
copic scoring parameters. The criteria of the
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macroscopic score used a previously validated
scoring system from 0 to 4 according to Morris
et al"! The scores were: 0 = no, 1 = mucosal
erythema only, 2 = mild mucosal edema, slight
bleeding or slight erosion, 3 = moderate edema,
bleeding ulcers or erosions, 4 = severe ulcera-
tion, erosion, edema and tissue necrosis. Ulcer
area was measured according to a method de-
veloped in our laboratory by using 3M " (USA)
scaled surgical transpose tape, which was fixed
on a light and transparent sheet. The sheet was
then placed on the tissue and the cells (I mm?)
were counted for determining the ulcer area for
each colon.""® Ulcer index was the later parame-
ter, measured by summing the ulcer score and
the ulcer area for each tissue specimen.!"”!

Assessment of Colon Pathologic Parameters

Colon tissue was fixed in 10% formalin, de-
hydrated, and paraffin-embedded, processed and
sectioned in 4-um thick sections, and stained
with hematoxylin and eosin (H and E).

Inflammation and crypt damage were as-
sessed on H and E-stained coded sections using
a modification of a validated scoring scheme
described by Cooper et al,*” and Dieleman et
al.” Total colitis score was the sum of the three
sub-scores (inflammation severity, inflammation
extent, and crypt damage). Histological evalua-
tion and scoring was performed using a Zeiss[]
microscope equipped with a Sonyl color video
camera for digital imaging.

Statistical Analysis

Results are expressed as the mean + SEM.
Statistical analysis was performed using SPSS 11
statistical software. Differences among groups
were examined using parametric one-way
ANOVA with Scheffe post-hoc test. Kruskal
Wallis followed by Mann-Whitney U test ana-
lyzed non-parametric data. The minimal level of
significance was identified at P < 0.05.

RESULTS

Macroscopic damage parameters in the colon
of control group revealed colonic mucosal
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hyperemia, edema, ulceration and sometimes
necrosis in reproducible manner [Figure la]. So
weight/length (W/L) ratio was at the maximal
level in this group. No changes were observed in
sham group and W/L ratio was at lowest
amount [Table 1].

Prednisolone significantly reduced W/L ratio
(P < 0.01), ulcer area (P < 0.001) and ulcer in-
dex (P < 0.001). Deferiprone and deferoxamine
were both effective to alleviate macroscopic
damage scores (P < 0.01) as well as W/L ratio
significantly (P < 0.01) (Table 1). Treatment
with maltol (280 mg/kg) reduced W/L ratio
(P < 0.05) while at doses of 280, 140 mg/kg
reduced ulcer index of colitis damage (P < 0.01,
P < 0.05) [Figures 1b, 1c and 3, Table 1]. Vita-
min E and kojic acid could not reduce the ma-
croscopic parameters of colitis damage com-
pared to control group [Figure 1d, Table 1].

Pathological Evaluation
Rats with TNBS-induced colitis and vehicle

Figure 1. Macroscopic presentation of TNBS-induced colitis in rats. A: Negative control. B: Prednisolon (4 mg/Kg,
p.o.) treated colitis. C: Kojic acid (300 mg/Kg, p.o.) treated colitis. D: Maltol (280mg/Kg) treated colitis. All treatments

Minaiyan, et al.: Selected iron chelators and experimental colitis

treatment (control groups) showed typical colitis
features in pathological examination. These in-
cluded destruction of epithelium, hemorrhage,
edema, inflammatory cellular infiltration, crypt
damage and ulceration at mucus and submucosal
layers [Figure 2a, Table 2]. No histological dam-
age and ulceration at mucus and submucosal
layers was seen in sham groups [Figure 2b, Table
2]. Prednisolone was effective to reduce inflam-
matory severity and extent as well as crypt dam-
age (P < 0.01). It was also effective to reduce total
colitis index (P < 0.01) [Figure 2c, Table 2].

Deferiprone and deferoxamine were both ef-
fective to reduce total colitis index (P < 0.05)
[Table 2].

Maltol at the greatest dose (280 mg/kg) was
effective to reduced total colitis index (P < 0.01)
as well as crypt damage score. Similar to ma-
croscopic results, kojic acid vitamin E, and low-
est dose of maltol (70 mg/kg) could not alleviate
the histological features of colitis in test groups
[Figures 2d, 2e and 3, Table 2].

were made 2 h prior colitis induction and continued for 5 days later.
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Table 1. Effect of different iron chelators and anti-oxidants on macroscopic parameters of colitis induced by TNBS in

rats
Groups (mg/kg) Ulcer area (cm) Ulcer score (0—4) Ulcer index WIL ratio (mg/cm)
Sham 0.0£0.0 0.0£0.0 0.0£0.0 65+ 7***
Neg. ctrl 3.16+0.7 4.0+£0.0 7.16£0.7 265+ 20
Mal. 70 245+ 0.71 3.53+0.50 5.98+ 0.56 260+ 37
Mal. 140 1.80+ 0.48* 2.50+ 0.56 4.34+ 0.65* 234+ 30
Mal. 280 1.05+ 0.31* 2.30+0.61 3.64+ 0.36** 155+ 10**
Koj. 75 2.56+ 0.56 3.16+ 0.50 5.72+ 0.8 180+ 13
Koj. 150 2.32£0.55 3.16+0.54 5.49+ 0.60 180+ 20
Koj. 300 2.31+0.68 3.33+£0.49 5.64+0.9 180+ 13
Pred. 4 0.48+ 0.18%* 2.0+ 0.51* 2.48+ 0.41%* 108+ 6**
Defe. 150 1.73+ 0.54* 1.30+ 0.55** 3.15+ 0.88** 141+ 12*
Defx. 50 0.56+ 0.15* 3.33+£0.49 3.82+ 0.57* 153+ 10**
Vit. E 400 2.54+0.42 3.80+£0.16 6.36+ 0.47 218+ 39

Data are expressed as meaBEM (h = 6). Sham and Neg. ctrl (negative control) were treated with normal saline (5 ml/kg). Mal.
(maltol), Koj. (kojic acid), Pred. (prednisolone), Defe. (deferiprone), and Vit. E (vitamin E) were administered orally. Defx. (defe-
roxamine) was administered intraperitoneally.< 0/05, **P < 0/01, ***P < 0/001 denote significant differeneg negative control

groups

Figure 2. Microscopic presentation of TNBS-induced colitis in rats. a: Acute colitis induced by TNBS and treated by
vehicle (negative control), as it is shown, necrotic destruction of mucosa, crypt damage and transmural acute inflamma-
tion are obvious. b: Normal rats treated by vehicle (Sham group) c: Acute colitis treated by prednisolone (4mg/kg).

H&E staining and intermediate power (x40). d: Acute colitis treated by kojic acid (300mg/kg, p.o.) e: Acute colitis

treated by maltol (280mg/kg)
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Table 2. Effect of different iron chelators and anti-oxidants on histopathologic parameters of colitis induced by TNBS
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in rats
Groups Crypt damage Inflammation extent Inflammation Total colitis index
(mga/kg) (1-4) (1-3) severity (1-3) (1-10)
Sham 0.0+ 0.0 0.0£0.0 0.0+ 0.0 0.0£0.0
Neg. ctrl 4.0+ 0.0 3.0£0.0 3.0+£0.0 10.0£ 0.0
Mal. 70 3.3+ 0.6 2.66+ 0.33 2.60+0.33 8.6+ 0.8
Mal. 140 3.0+ 0.63 2.83£0.16 2.50+£0.34 8.3+x1.1
Mal. 280 2.1+ 0.80* 2.00+£0.44 2.00+£0.44 6.1+ 0.4*
Koj. 75 3.3+ 0.60 2.66+0.33 2.83+0.33 8.6+ 0.66
Koj. 150 3.3+ 0.30 2.66+0.54 2.66+0.16 8.6+ 0.98
Koj. 300 3.3+ 0.60 2.60+£0.3 2.66+ 0.3 8.6+ 0.84
Pred. 4 1.50+ 0.67* 1.0+ 0.36** 1.16% 0.30** 3.6+ 0.71**
Defe. 150 2.3+ 0.50 2.50+ 0.36 1.60+ 0.33* 6.4+ 0.56*
Defx. 50 2.16+0.65 2.50+0.34 1.80+0.33* 6.5+ 0.76*
Vit. E 400 3.83+£0.16 3.0x0.0 2.80+£0.16 9.6+ 0.21

. ______________________________________________________________________________________________________________________________________________________|

Data are expressed as me&aBEM (h = 6). Sham and Neg. ctrl (negative control) were treated with normal saline (5 ml/kg). Mal.
(maltol), Koj. (kojic acid), Pred. (prednisolone), Defe. (deferiprone), and Vit. E (vitamin E) were administered orally. Defx. (defe-
roxamine) was administered intraperitoneally.< 0.05, *P < 0.01, **P < 0.001 denote significant differeneg negative control

groups

DISCUSION

The method of TNBS-induced colitis was
used because its clinical features are similar to
human ulcerative colitis. TNBS acts as a hapten
and initiates a series of immune functions in-
cluding pro-inflammatory cytokines and free
radicals, which eventually result in an acute
model of experimental IBD.?? There are also
evidences in which myenteric nervous system
damage as well as pronounced colonic inflam-
mation features take at least 72 h to occur in this
model of induced colitis.”® Therefore in current
study, preventive therapy with test drugs were
performed two hours before colitis induction
and continued for five days later. Maltol but not
kojic acid was effective to alleviate colitis both
macroscopically and pathologically since maltol
has probably a complex iron constant stability
much higher than kojic acid.”*" Thus maltol is
more selective than kojic acid for iron and it can
eliminate iron faster than kojic acid within the
gastrointestinal tract. On the other hand, maltol

is more lipid soluble than kojic acid and this is
indicative in its higher partition coefficient (K
part of maltol = 0.5 versus k part of kojic acid =
0.077). Therefore, it is plausible that maltol
could be absorbed with higher efficiency within
the GI and this may explain its effectiveness in
this study.” On the other hand, pharmacokinet-
ic manipulation might provide a better condition
for more pronounced effects of maltol by specif-
ic drug delivery to inflammatory regions of co-
lon and increasing its access to the colonic mu-
cosa. This can also prevent maltol-associated
iron deficiency anemia as a troublesome adverse
effect.” Results also demonstrated that the the-
rapeutic effect of maltol was in part dependent
to doses used, and at the highest test dose (280
mg/kg), it was comparable with prednisolone as
standard anti-inflammatory drug and also defe-
roxamine and deferiprone as reference iron bind-
ing agents. Vitamin E as a common antioxidant
was not able to protect against TNBS-induced
colitis in our study. Bearing in mind the LD50
value of Vitamin E (5000 mg/kg in rats by oral
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intake), it is assumed that the applied dose of
400 mg/kg orally in current study would be ra-
tional. This is in contrary with one investigation,
which revealed that vitamin E (2000 mg/kg) by
unknown mechanism was orally effective
against colitis induced by dextran sodium sulfate
(DSS), while vitamin E could not reduce oxida-
tive stress.”? The much higher dose of vitamin E
used in previous study and vast diversity of in-
flammatory mediators are involved in different
experimental colitis, which may explain this
controversy.”” Deferiprone (L1) and deferox-
amine as standard and potent iron chelators and
antioxidants reduced inflammation in this study.
Deferiprone (L1) and deferoxamine are using
currently in iron overload disorders in clinic,?®!
and there are reports indicating that deferiprone
is capable to protect against experimental rat
model of colitis and to reduce oxygen radicals
result from iron.” Deferoxamine would be de-
graded within acidic medium of stomach and
should be used by injection only while deferi-
prone is stable in gastric juice and would be ef-
fective after oral ingestion.?® Therefore we ap-
plied these two drugs as reference iron chelators
and found that they are both effective against
TNBS-induced colitis in spite of difference in
route of administration. Maltol at highest dose
tested in current study was similarly effective to
protect against colon inflammation induced by
TNBS in comparison to deferoxamine and defe-
riprone. Bearing in mind the strength and affini-
ty of deferoxamine (k = 10*') and deferiprone
(k = 10°") for binding trivalent iron (ferric) ion
versus maltol (k = 10%®) at pH~7, it is concluded
that other factors like differences in anti-oxidant
potencies of test drugs, better pharmacokinetic
variables of maltol as well as dose-related prop-
erties might be involved.?"*?

CONCLUSION

Taken together it is concluded that maltol is
similar to well-known iron chelators such as
deferoxamine and deferiprone and standard
anti-inflammatory corticosteroid, prednisolone

S168

could protect against colitis-induced TNBS and
alleviate all its features. This may be related to
its oxidoradical scavengering and/or iron chela-
tion; however, more experimental (based on
biochemical and immunological variables) and
clinical studies are needed to investigate the
mechanisms involved. Bearing in mind the safe-
ty profile, availability and low cost of maltol as
well as its current use as food or beverage addi-
tive suggest a suitable alternative agent for IBD

therapy.
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