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Abstract

Reactive oxygen species (ROS) are increased in inflammatory bowel disease (IBD) and have been implicated as mediators of intestinal

inflammation. We investigated the hypothesis that antioxidants with diverse properties attenuate disease progression in a murine dextran

sodium sulfate (DSS)-induced colitis model. These antioxidants were (A) S-adenosylmethionine, a glutathione (GSH) precursor; (B) green

tea polyphenols, a well-known antioxidant; and (C) 2(R,S)-n-propylthiazolidine-4(R)-carboxylic acid (PTCA), a cysteine prodrug, involved

in GSH biosynthesis. BALB/c mice were divided into four groups and provided with the above mentioned antioxidants or the vehicle

incorporated into chow. The animals were further divided into two subgroups and given normal drinking water (control) or water

supplemented with DSS (to induce colitis), and the progression of the disease was studied. DSS-treated mice developed severe colitis as

shown by bloody diarrhea, weight loss and pathological involvement (Pb.001). However, all the antioxidants significantly improved

diarrhea and colon lesions (Pb.01), and increased body weights (Pb.05). Hematocrits were significantly less affected in DSS-treated

animals receiving antioxidants (Pb.01). Colon lengths were significantly decreased due to mucosal inflammation in DSS-treated animals,

but antioxidant therapy normalized this pathological finding (Pb.001). The blood level of reduced GSH was decreased in DSS-treated mice

(Pb.05) and returned to normal when treated with antioxidants. Serum amyloid A (acute phase protein; P=.0015) and tumor necrosis factor-

a (TNF-a; pro-inflammatory cytokine; Pb.01) were significantly increased in DSS-treated animals (161F40 pg/ml) and improved with

antioxidant treatment (Pb.01). Finally, actin cytoskeleton was distorted and fragmented in the mucosa of DSS-treated mice and improved

with antioxidant therapy. In conclusion, three structurally dissimilar antioxidants provided protection against DSS-induced colitis in this

murine model, supporting a possible role for antioxidant therapy in IBD patients.

D 2005 Elsevier Inc. All rights reserved.
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1. Introduction

Oxidant-mediated injury plays an important role in the

pathophysiology of inflammatory bowel disease (IBD), both

ulcerative colitis and Crohn’s disease. Inflamed gut from

IBD patients is rich in activated macrophages and neutro-

phils, and these cells generate excess amounts of reactive
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oxygen species (ROS) with subsequent increase in oxidative

stress [1]. The increased generation of highly toxic ROS

exceeds the limited intestinal antioxidant defense system,

thereby contributing to intestinal oxidative injury in

ulcerative colitis patients [2]. Excessive production of

ROS has been demonstrated in circulating phagocytic and

polymorphonuclear leukocyte cells in IBD patients using a

chemiluminescence assay [3] and following stimulation

with a bacterial chemotactic peptide, N-formyl-methionyl-

leucyl-phenylalanine (fMLP) [4].

The tripeptide glutathione (GSH) is the most important

intracellular defense against oxidative stress and is essential

for both the functional and structural integrity of the gut.

Glutathione may be depleted during inflammatory illness,

and GSH-deficient mice show severe degradation of the
chemistry 16 (2005) 297–304
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jejunum and colonic mucosa and have body weight loss and

diarrhea [5]. Administration of N-acetylcysteine (NAC) in

the trinitrobenzene sulfonic acid (TNBS) rat model attenu-

ated the chemically induced colitis [6], suggesting that GSH

precursors may be beneficial in the acute relapse of IBD.

S-Adenosylmethionine (SAMe), aGSH precursor, is required

for the metabolism of nucleic acids, methylation reactions,

polyamine production and the maintenance of the structure

and function of membranes [7,8]. Green tea polyphenols

(GrTP) are known antioxidants [9] that prevent the

activation or transcription of NF-nB and inducible kinase

(IKK) in fetal rat intestinal epithelial cells [10] and in the

IL-2-deficient mouse model of autoimmunity and IBD [11].

Finally, 2(R,S)-n-propylthiazolidine-4(R)-carboxylic acid

(PTCA) is a cysteine prodrug that stimulates GSH biosyn-

thesis [12]. In the present study we investigated whether

these antioxidants (SAMe, PTCA and GrTP) with diverse

properties attenuate disease progression in dextran sodium

sulfate (DSS)-induced colitis in mice, a well-established

model of colonic inflammation. Similar to IBD, DSS

treatment provokes inflammation and macrophage activa-

tion with subsequent loss of epithelial integrity and

increases luminal Gram-negative flora [13].
2. Materials and methods

The antioxidant, PTCA, was synthesized and kindly

provided by Dr. Herbert T. Nagasawa [12]. PTCA is an

l-cysteine prodrug with masked sulfhydryl groups to

stabilize it against air oxidation in the form of thiazolidine-

4-carboxylic acids. S-Adenosylmethionine, as its 1,4-butane-

disulphonate salt, was provided by Drs. R. O’Brian (Knoll

Pharmaceuticals, Piscataway, NJ) and G. Stramentionoli

(Knoll Farmaceutici, Milan, Italy). Green tea polyphenols

were purchased from LKT laboratories (St. Paul, MN).

Other chemicals were obtained from Sigma (St. Louis, MO).

2.1. Animals

BALB/C male mice 6–8 weeks of age were purchased

from Sprague–Dawley (Indianapolis, IN) and were housed

in micro-filter top cages at the University of Louisville,

Animal Research Resources Center. They were maintained

at 22 8C with a 12:12-h light/dark cycle and fed rodent chow

and water ad libitum. This experimental study was approved

and performed in accordance with the guidelines for

Institutional Animal Care and Use Committee (IACUC),

the University of Louisville Research Resource Facility,

Louisville, KY, which is certified by the American

Association of Accreditation of Laboratory Animal Care

(AAALAC).

2.2. Experimental procedures

After an acclimatization period, mice were divided into

four groups, and each group was provided with different

antioxidant compounds or vehicle (sucrose) incorporated
into rodent chow as follows: group A, control was provided

with chow supplemented with the vehicle (sucrose). Group B

received the GSH precursor, SAMe, that plays an important

role in methylation reactions and polyamine production.

Group C was provided with GrTP. Group D received a

cysteine prodrug, PTCA, that stimulates GSH biosynthesis.

Animals remained on the assigned diets until they were

euthanized on day 10.

2.3. Colitis induction

Three days after the initiation of the experiment, the

animals were further divided into two subgroups and given

normal drinking water (normal controls) or water containing

4% DSS (ICN Biochemical, OH). Animals provided with

DSS will develop a severe colitis after a period of 1 week.

DSS-induced colitis is a well-accepted intestinal inflamma-

tion model and provokes colonic inflammation and macro-

phage activation with subsequent loss of epithelial integrity

[13] The mice were randomized into subgroups (nine per

group) as follows:

Normal water:

(1) Control BALB/c mice with sucrose.

(2) Control BALB/c mice treated with SAMe.

(3) Control BALB/c mice treated with GrTP.

(4) Control mice treated with PTCA.

DSS treated:

(5) DSS-treated BALB/c mice.

(6) DSS-treated BALB/c mice with SAMe.

(7) DSS-treated BALB/c mice with GrTP.

(8) DSS-treated BALB/c mice with PTCA.

2.4. Evaluation of colitis

The progression of colitis was evaluated over a period of

1 week on the DSS treatment. Parameters monitored daily

were body weight, physical appearance, food consumption,

presence of gross blood in stool and consistency of feces

and diarrhea.

2.5. Tissue collection and histology

On day 10 after the initiation of the experiment, the

animals were anesthetized with halothane inhalation. A

portion of the liver, spleen, heart, small and large intestine

were excised and processed for histopathological analysis.

The intestines were removed and perfused with PBS, pH

7.4. A small cuff of the proximal and distal colon (within

1 cm from the rectum) was cut and fixed in 10% buffered

formalin in PBS (Sigma). Liver and pancreas tissues were

also subjected to the same procedure. The rest of the large

and a portion of the small intestine (ileum) were dissected,

perfused with PBS and flash frozen in liquid nitrogen for

further analysis of the tissue antioxidants and stored at

�80 8C.
The formalin-fixed sections were stained with hematox-

ylin and eosin (H&E) and evaluated by light microscopy for

the presence of lesions. The severity of colitis was assessed
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Fig. 1. Body weight (g) for the mice (meanFSEM).
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by histological grading score of the colon. The scores were

based on histological features with a numeric value (0–4)

assigned to the specimen based on the following criteria:

Grade 0—No detectable lesions, no inflammatory cells,

mucosa appeared normal.

Grade 1—Few focal inflammatory infiltrate in the mucosa.

Grade 2—Mild multifocal inflammation with moderate

expansion of the mucosa; crypt epithelium appears

normal.

Grade 3—Moderate multifocal inflammation with mod-

erate expansion of the mucosa, mild crypt epithelium

disruption.

Grade 4—Severe diffuse inflammation with crypt epi-

thelium disruption and ulceration.

2.6. Fluorescent staining of the actin cytoskeleton

Formalin-fixed colon sections were stained with FITC-

conjugated phalloidin (specific for F-actin staining; Sigma)

at 1:30 dilution for 1 h at 37 8C and then were mounted in

Aquamount. The slides were analyzed using ultrahigh-

resolution laser scanning confocal microscopy (LSCM; Carl

Zeiss) with a �63 oil immersion plan-apochromat objective,

NA 1.4 (Zeiss). An argon laser (wavelength=488 nm) was

used to examine FITC-labeled cells, and the morphology of

the cytoskeleton was examined.
Table 1

Tissue and blood values from antioxidant groups treated or untreated with DSS

Group DSS SAMe GrTP

Weight (g) 22.1F0.4a,b 24.1F0.3a 24.7F0.6

Hematocrit 47F0.5 50F0.6 48F0.6

Colon length (mm) 66F2.8a,b 80F4b 84F4.2

Blood rGSHc 881F75 1119F67 1124F54

Blood GSSGd 63F15 48.2F10 38.7F1.9

Colon rGSHc 1300F109a,b 1314F110 1267F14

Colon GSSGd 291F21a,b 274F15 345F23

Data are presented as meanFSEM. Statistical significance is set at Pb.05.
a Statistical comparison for P values.
b Statistical comparison for P values.
c Reduced glutathione.
d Oxidized GSH.
2.7. Whole blood and plasma isolation

Immediately after euthanasia, blood was collected from

the right ventricle of the heart into a syringe containing a

minute amount of heparin and placed on ice. Plasma was

separated by centrifugation at 5000�g for 5 min at 4 8C.
Samples were kept at �808C until further analysis.

2.8. Immunoassays

The serum concentration of serum amyloid A (SAA) was

determined using ELISA (Cytoscreen M SAA, Biosource,

Camarillo, CA), and tumor necrosis factor-a (TNF-a),

IL-1h and IL-10 levels were measured with Quantikine

M (R&D System, Minneapolis, MN).

2.9. Tissue and blood preparation for antioxidant

determination

Blood samples were collected in heparinized tubes and a

20% homogenate in 5% metaphosphoric acid was prepared.

After standing for 30 min on ice, the homogenate was

centrifuged for 10 min (10,000 g), and the acid-soluble

fraction was collected for measurement of sulfhydryl and

disulfide compounds.

Tissue homogenates (10%, w/v) were prepared in 5%

(w/v) metaphosphoric acid, using all-glass Tenbroeck ho-

mogenizers, and kept on ice. After standing for 20–40 min,

the homogenates were centrifuged for 1 min (10,000�g),

and the acid soluble fractions were collected for measure-

ment of free thiol disulfides.

2.10. Analysis of GSH and other thiols (SH) and

disulfides (SS)

Reduced GSH (rGSH), GSH disulfide (GSSG), cysteine

and cystine were simultaneously quantified by high-perfor-

mance liquid chromatography with dual electrochemical

detection (HPLC-DEC) according to the method of Richie

and Lang [14] with slight modification [15]. In brief, 20-Al
samples were injected onto a 250�4.6-mm, 5-Am, C-18

column (Val-U-Pak HP, fully end-capped ODS; Chrom

Tech, Apple Valley, MN). Samples (20 Al) were injected

onto the column and eluted isocratically with a mobile phase

consisting of 0.1 M monochloroacetic acid, 2 mM heptane
PTCA H2O P value

a 24.5F0.4a 25.7F.4b b0.001b, b0.05a

50F0.3 49F 0.4 P b0.01
b 87F2.6a 109F2.8a b0.001a, b0.05b

1147.8F52 1105.9F23 0.0279

34F1.9 49F5 0.0122

3 2086F83a 1598F35b N .05b, b0.001a

172F7a 182F27b b .01b, b .001a
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sulfonic acid and 2% acetonitrile at pH 2.8 and delivered at

a flow rate of 1 ml/min. The compounds were detected in

the eluant with a Bioanalytical Systems model LC4B dual

electrochemical detector using two Au–Hg electrodes in

series with potentials of �1.2 and 0.15 V for the upstream

and downstream electrodes, respectively. Current (nA) was

measured at the downstream electrode. Analytes were

quantified from peak area measurements using authentic

external standards.

2.11. Statistical analysis

All results are expressed as meanFSEM unless otherwise

stated. Data were evaluated using analysis of variance

followed by appropriate post hoc test using GraphPad Instat

version 3 for Windows (GraphPad software, San Diego,

CA). Statistical significance was set at Pb.05.
3. Results

There was no significant difference noted between the

body weights of control animals (no DSS) when treated with

antioxidant alone. DSS-treated mice developed severe colitis

and lost more body weight [DSS 22.1F0.4 g vs. control

25.7F0.4 g (Pb.001)] compared to DSS+antioxidant-

treated animals (Fig. 1). There were no differences in body
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weight between different antioxidant groups and controls

(P=.225)]. The hematocrits were decreased in DSS-treated

animals [DSS 47F0.5% vs. control 49F0.4% (Pb.01)]

and improved following antioxidant therapy (Table 1).

Colon length was significantly decreased in DSS-treated

animals due to mucosal inflammation and edema [DSS

66F2.8 mm vs. control 109F2.8 mm (P= b .001)], and

antioxidant therapy improved this abnormality (Fig. 2).

There was no significant differences between different

antioxidant-treated groups (P=.41). Colon lesions (score,

0–4) were significantly improved in treated animals

compared to DSS mice [DSS 3.7F0.2; SAMe 2F0.4;

GrTP2.7F0.3; PTCA 1.6F0.4 (Pb.01)] (Fig. 3). Serum

amyloid A levels were significantly increased in DSS mice

(106F16 Ag/ml) and suppressed in antioxidant-treated

animals (P=.0015) (Fig. 4). Serum TNF-a was significant-

ly elevated in colitis animals (DSS 161F40 pg/ml), and this

pro-inflammatory marker was drastically suppressed with

antioxidant treatment (Pb.01) (Fig. 5). There was no

significant difference detected in the serum levels of IL-1h
and IL-10 in the various treatment groups. Colonic rGSH

was decreased in normal mice (no DSS) fed GrTP (16%) and

increased in PTCA (9%)- and SAMe (16%)-treated mice

compared to normal animals (control 1598F34 nmol/g;

SAMe 1855F71 nmol/g; GrTP 1336F64 nmol/g;
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PTCA1737F77 nmol/g). However, when animals were

consequently treated with both DDS and antioxidants there

was no significant difference in colonic rGSH between DSS

and antioxidant-treated mice [DSS 1300F109 nmol/g vs.

control 1598F35 nmol/g (P= .001); PTCA vs. DSS

(Pb.05)] (Table 1). The blood level of rGSH was decreased

in DSS-treated mice [DSS 881F75 nmol/ml vs. control

1105.9F23 nmol/ml (P=.0279)] but was restored to normal

levels in antioxidant-treated mice (Fig. 6). The blood ratio of

reduced-to-oxidized GSH (% rGSH/GSSG) was significant-

ly decreased in DSS-treated mice compared to controls

(DSS 1.59, control 2.09), and this ratio improved signifi-

cantly in antioxidant-treated animals (SAMe 2.08; GTP

2.55; PTCA 2.94). Finally, fluorescent staining for the actin

cytoskeleton showed distortion and fragmentation in the
Fig. 7. Fluorescent staining of the actin cytoskeleton from DSS (A–B) showing

border cytoskeleton and villi; distortion and fragmentation of cytoskletal structure

(z) in DSS mice. (C) PTCA-treated colon demonstrates (Œ) more normal, roun
intestinal epithelium and brush border of the DSS-treated

mice. However, colons from animals treated with antiox-

idants showed more normal, round, smooth and continuous

cytoskletal architectures (Fig. 7).
4. Discussion

The purpose of the present investigation was to

determine the efficacy of three different antioxidants with

dissimilar properties against colitis in a rodent model of

DSS-induced colitis.

Reactive oxygen species have been implicated to

contribute to tissue destruction in IBD. These ROS include

hydroxyl radicals, superoxide anion, hydrogen peroxide and

nitric oxide. Reactive oxygen species are extremely unstable

species due to the high reactivity that may result in lipid

peroxidation and the oxidation of DNA and proteins [16].

Antioxidant status has been described to be compromised in

the intestinal mucosa of patients with ulcerative colitis

[17,18]. In vitro studies using enterocytes have also

demonstrated the damaging effects of exposure to oxidants

[19]. Similar studies reveal that the colons of IBD patients

produce more oxygen free radicals compared with those of

control subjects [3,4]. In addition, using chemiluminescence

assay, significantly elevated levels of reactive oxygen

metabolites were found in actively inflamed mucosa of

IBD patients [20].

Glutathione is the most abundant cellular antioxidant

synthesized by animal cells. It plays an essential role in cell

biology and modulates cell response to redox changes
altered cytoskeletal structure of intestinal epithelium, destruction of brush

and actin disruption (æ) followed by infiltration of polymorphonuclear cells

d, smooth and continuous cytoskeletal architecture.
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associated with the ROS. Glutathione may be depleted

during inflammatory illness, and GSH deficiency predis-

poses animals to organ failure and death after an otherwise

nonlethal period of hypotension [21]. Because GSH

deficiency is associated with severe injury such as inflam-

mation and sepsis, treatment strategies that maintain GSH

stores may decrease the incidence of organ failure.

Depletion of GSH induced enlarged lymphoid aggregates

in the intestine by recruitment of lymphocytes from the

peripheral circulation [22]. This depletion in tissue levels of

GSH has been implicated as a component of the inflamma-

tion that develops in IBD patients. On the other hand,

supplementation with GSH monoethylester has been

reported to prevent these lymphoid aggregates [22].

Accordingly, administration of NAC in the TNBS rat model

attenuated the chemically induced acute colitis through

increased mucosal GSH levels, suggesting that GSH

precursors may be of relevance in the acute relapse of

IBD [6].

In addition, toxic bacterial metabolite sulfide is reported

to be involved in the pathogenesis of ulcerative colitis.

Colitis patients taking 5-aminosalicylic acid (5-ASA)-

containing drugs have lower fecal sulfide levels than those

not taking these drugs. Inhibition of sulfide production by

5-ASA-containing drugs has been implemented to their

therapeutic effect [23].

DSS-treated rats showed an increase in plasma-oxidized

proteins indicating that DSS induced oxidative stress at the

systemic level that persisted until the end of the treatment

[24]. Oxidative stress is linked with the stimulation of the

immune system [25]. Rebamipide, a drug that inhibits the

production of free radicals, was shown to act as an anti-

inflammatory agent in chronic DSS-induced colitis [26]. In

the present investigation, DSS-treated animals developed

severe colitis and lost a significant amount of body weight.

These animals also had decreased hematocrits, decreased

rGSH concentrations in the blood and colon, and elevated

inflammatory markers such as serum amyloid A and TNF-a

when compared to normal controls. In the current study

there was no significant difference between liver rGSH

and GSSG in DSS-induced colitis compared to normal

(H2O) controls [rGSH (nmol/g): DSS 5245F131; control

5342F175 (P=.078)]. However, oxidized disulfide (GSSG)

in the colon was significantly increased in DSS-induced

mice when compared to normal animals (Pb.01). The

control of oxidative stress involves multiple antioxidant

mechanisms. The cysteine precursor PTCA has been shown

to protect against acetaminophen (APAP)-induced hepatic

GSH, cysteine depletion [27,28] and hepatic necrosis [29].

The results demonstrated a high degree of tissue selectivity

in the APAP-induced depletion of GSH and cysteine

concentrations, and in the effectiveness of PTCA in

maintaining and even elevating sulfhydryl levels in extra-

hepatic tissues of APAP-treated mice, while the protective

effect of PTCA was related to prevention of hepatic

sulfhydryl depletion. Other study also showed that PTCA
significantly increases GSH biosynthesis in cultured rat lens

exposed to ultraviolet and radiation as compared to untreated

controls [30]. In this study, PTCA-treated mice had

significantly improved hematocrit, colon length and colon

lesions with higher levels of blood rGSH compared to DSS-

treated animals. In addition, PTCA animals also showed

higher levels of rGSH and lower GSSG concentrations in

their liver and colon when compared to untreated controls.

Ulcerative colitis is associated with a selective reduction

of n-butyrate oxidation by the colonic epithelial cells,

although the mechanism for this is unclear. Bacterial

production of anionic sulfide is reported to be increased in

the colon of ulcerative colitis patients, and these sulfides can

cause metabolic damage to colonocytes [31]. Sulfide

toxicity in isolated colonocytes can be reversed by methyl

donors. S-Adenosylmethionine is an obligatory intermediate

in the conversion of methionine to cysteine in the trans-

sulfuration pathway. The conversion of methionine to SAMe

involves the transfer of the adenosyl moiety of ATP to the

sulfur atom of methionine [32]. S-Adenosylmethionine

serves as an antioxidant not only because of its role as

a precursor for GSH biosynthesis, but also because of its

capacity to interact directly with ROS. Evidence to support

this role comes from studies on the capacity of SAMe to

diminish ischemia/reperfusion injuries in clinical trials

during liver transplantation [33]. Ulcerative colitis is also

associated with a selective reduction of n-butyrate oxidation

by the colonic epithelial cells [31]. The reasons for this

action are not completely understood. Incubation of colonic

cell suspension with sulfide induced a significant inhibition

of 14CO2 production as compared with controls. With the

addition of SAMe 1,4 butane disulfonate, cell suspension

reversed this effect in proximal but not in distal cell

incubations, suggesting a greater susceptibility of the distal

colon to the sulfide effect [34]. The role of mucosal

detoxification of sulfide by thiolmethyltransferase (TMT)-

mediated methylation was suggested in protecting the

healthy colonic mucosa from the adverse effects of luminal

sulfide. In the human colon, methylation appears to protect

colonic epithelial cells against sulfide-induced inhibition of

n-butyrate oxidation. This action cannot be directly corre-

lated with mucosal TMT activity [35].

Luminal anionic sulfide may contribute to epithelial

damage in ulcerative colitis. Erythrocyte TMT activity was

elevated after proctocolectomy for Crohn’s disease and

ulcerative colitis. In patients with active stage of ulcerative

colitis, the mucosal spermidine concentration was increased

due to exogenous uptake in comparison with patients in

remission or in healthy controls. The activities of ornithine

decarboxylase and S-adenosylmethionine decarboxylase,

rate-limiting enzymes of polyamine biosynthesis, were

lower in the patients with ulcerative colitis [36]. These

findings in ulcerative colitis and our results in the current

DSS-induced colitis study suggest that sulfide detoxification

may be important in the pathogenesis and treatment of

colitis and that SAMe may have a therapeutic value.
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Previously, we reported that GrTP attenuates inflamma-

tion in the IL-2-deficient mice model of autoimmunity and

IBD [11]. Following ingestion, GrTP is widely distributed

throughout the body with one of the highest tissue

concentrations found in the intestine [37]. The anti-

inflammatory effects of green tea have been attributed to

polyphenol fraction, which is rich in antioxidants [9]. The

effects of GrTP may not be limited to the scavenging of

toxic oxidants. We have shown that GrTP and, specifically,

the polyphenols EGCG block the activation of the

transcription factor, nuclear factor-nB (NF-nB), in intestinal

epithelial (IEC-6) cells [10]. NF-nB plays a critical role in

the pathogenesis of chronic inflammatory diseases and in

IBD patients [38]. Inhibitors of NF-nB have been shown to

decrease inflammation in the animal model of IBD

confirming its pivotal role [39]. The ability of GrTP to

inhibit NF-nB activation may in part be responsible for its

anti-inflammatory effects. In the current study, GrTP

significantly improved the colon length and blood rGSH,

and lowered TNF-a and SAA levels when compared to

DSS-treated animals that had not received any antioxidant

therapy. However, to our surprise, GrTP treatment (alone)

significantly lowered rGSH and GSSG levels in the liver

and the colon suggesting that antioxidant GrTP effects may

also be related to other mechanisms in addition to blocking

NF-nB activation. Based on our findings, that antioxidants

reduce disease activity in the murine model of DSS-

induced colitis, we postulate that these antioxidants may

also prove to be a useful dietary supplement in the

treatment of IBD in humans.
5. Conclusions

Three structurally dissimilar antioxidants provided pro-

tection in this experimental rodent model of colitis,

supporting a possible role for antioxidant therapy in IBD

patients. In addition, some of these compounds may have

other properties with additive or synergistic effects that need

to be explored.
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