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Vitamin E has a dual effect of anti-inflammatory
and antioxidant activities in acetic acid–induced
ulcerative colitis in rats

Background: Increased free radical production, decreased antioxidant capacity and
excessive inflammation are well-known features in the pathogenesis of inflammatory
bowel disease. Vitamin E is a powerful antioxidant and a scavenger of hydroxyl rad -
icals, and it has been shown to have anti-inflammatory activities in tissues. We investi-
gated the effects of vitamin E on inflammatory activities using an acetic acid (AA)–
induced ulcerative colitis model in rats.

Methods: Wistar rats were divided into 4 groups. Acetic acid was given to 2 groups
of animals to induce colitis while the other 2 groups received saline intrarectally. One
AA-induced colitis group and 1 control group received vitamin E (30 U/kg/d)
intraperitoneally and the pair groups received saline. After 4 days, we evaluated
colonic changes biochemically by measuring proinflammatory cytokine levels in tissue
homogenates and by histopathologic examination.

Results: Acetic acid caused colonic mucosal injury, whereas vitamin E administration
suppressed these changes in the AA-induced colitis group (p < 0.001). Administration
of AA resulted in increased levels of tumour necrosis factor-α, interleukin-1β,
 interleukin-6, myeloperoxidase and malondialdehyde, and decreased levels of glu-
tathione and superoxide dismutase; vitamin E reversed these effects (all p < 0.001).

Conclusion: Our study proposes that vitamin E is an effective anti-inflammatory and
antioxidant and may be a promising therapeutic option for ulcerative colitis.

Contexte : La production accrue de radicaux libres, la baisse de la capacité antioxy-
dante et l’inflammation excessive sont des caractéristiques bien connues de la
pathogenèse de la maladie entérique inflammatoire. La vitamine E est un puissant
antioxydant qui récupère aussi les radicaux hydroxyles et il a été démontré qu’elle a
des propriétés anti-inflammatoires dans les tissus. Nous avons étudié les effets de la
vitamine E sur les activités inflammatoires au moyen d’un modèle de colite ulcéreuse
provoquée par l’acide acétique (AA) chez des rats.

Méthodes : Des rats Wistar ont été divisés en 4 groupes. On a administré de l’AA à
2 groupes d’animaux pour provoquer une colite tandis que les 2 autres ont reçu une
solution physiologique par voie rectale. Les sujets d’un groupe chez lesquels la colite a
été provoquée par l’AA et ceux d’un groupe témoin ont reçu de la vitamine E
(30 U/kg/j) par voie intrapéritoniale, et les groupes pairs ont reçu de la solution phys-
iologique. Après 4 jours, nous avons évalué les changements biochimiques du côlon en
mesurant les concentrations de cytokine pro-inflammatoire dans des homogénats de
tissus et par analyse histopathologique.

Résultats : L’AA a causé des lésions de la muqueuse, tandis que l’administration
de vitamine E a fait disparaître ces changements chez les sujets du groupe où la colite
a été provoquée par l’AA (p < 0,001). L’administration d’AA a provoqué une élévation
des concentrations du facteur α de nécrose tumorale, d’interleukine-1β,
 d’interleukine-6, de myéloperoxydase et de malondialdéhyde et réduit les concentra-
tions de glutathion et de superoxyde dismutase; la vitamine E a inversé ces effets (tous
p < 0,001).

Conclusion : Notre étude indique que la vitamine E constitue un anti-inflammatoire
et un antioxydant efficaces et peut constituer un traitement possible prometteur con-
tre la colite ulcéreuse.
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U lcerative colitis is a chronic inflammatory disease of
the large intestine. Although the etiology of ulcera-
tive colitis is not fully understood, increased free

radical production and decreased antioxidant capacity are
well-known characteristics of inflammatory bowel disease
(IBD).1 Reactive oxygen species and subsequent lipid per-
oxidation decrease cellular antioxidant capacity, resulting
in prominent colonic inflammation. Excessive inflamma-
tion and oxidative stress have pivotal roles in ulcerative col-
itis disease pathogenesis.2–5 Inflammatory mediators are
known to be secreted from migrated granulocytes in the
inflamed mucosa in this disease.2,3 Inhibition of lipid perox-
idation or scavenging of oxygen free radicals would provide
an important protective and therapeutic treatment for
ulcerative colitis.6

It is well established that vitamin E is a major antioxi-
dant in cellular membranes7 and protects membrane lipids
from peroxidation6,8 by scavenging peroxyl, oxygen and
superoxide anion radicals.7 Vitamin E has also been shown
to have prominent anti-inflammatory effects.7,9,10 With its
high antioxidant capacity and anti-inflammatory activity,
vitamin E would be expected to reduce injury and/or
improve tissue after injury from ulcerative colitis. We
investigated the effects of vitamin E on tissue inflammatory
activities in an acetic acid (AA)–induced ulcerative colitis
model in rats.

METHODS

Animals

Wistar albino rats of either sex (240–280 g) were kept in a
room at a constant temperature (22°C ± 1°C) on a 12-
hour light/dark cycle, and they were fed standard pellet
chow and water ad libitum. This study was performed in
accordance with the Guide for the Care and Use of Lab -
ora tory Animals and approval from the ethical committee
of Istanbul University. All rats were weighed, were ran-
domly assigned by computer into 4 groups (n = 8 per
group) and fasted for 24 hours before the experimental
procedure.

Acute colitis model induction and treatment
protocols

We simulated colitis in the rats with AA-induced colonic
inflammation under light ether anesthesia, administering
1 mL of 4% (v/v) AA in 0.9% NaCl intrarectally with a
soft 6-Fr pediatric catheter. The catheter was inserted into
the anus up to a length of 6 cm, and we then administered
the AA. Before removing the catheter, 2 mL of air was
injected to spread the AA completely in the colon.

The rats in the control group were subjected to the
same procedure, except that the AA was substituted with
isotonic saline. In the treatment groups, the rats received

either vitamin E (d-α tocopherol; 30 IU/kg/d) or saline
(1 mL/kg) intraperitoneally.

We administered vitamin E or saline 5 minutes after
induction of colitis and continued the treatment for 3 con-
secutive days. On the fourth day after induction, all rats
were sacrificed by cervical decapitation. The last 8 cm of
the colon was excised, opened longitudinally and rinsed
with saline solution. Then we weighed the distal colon and
scored the mucosal lesions macroscopically. Tissue samples
were taken for histologic evaluation of the lesions by light
microscopy.

Histologic evaluation

For each animal, 4 randomly taken tissue sections (5 mm)
were stained with hematoxylin and eosin and examined by
2 experienced pathologists (G.D. and V.T.) who were
unaware of the treatment groups. After washing the
mucosa with saline solution, mucosal injury was assessed
macroscopically using the grading scale by Morris and col-
leagues:11 a score of 0 = no damage, 1 = localized hyperemia
but no ulcers, 2 = linear ulcers with no significant inflam-
mation, 3 = linear ulcer with inflammation at 1 site, 4 = ul -
ceration and inflammation at 2 or more sites, and 5 = ulcer -
ation and inflammation at 2 or more sites or 1 major site of
inflammation and ulceration extending more than 1 cm
along the length of the colon. Additional samples were pre-
served in 10% formalin for histologic examination accord-
ing to the method of Appleyard and Wallace.12  Formalin -
fixed colonic samples were embedded in paraffin, and
sections were stained with hematoxylin and eosin. The
degree of inflammation of the colon was graded semiquan-
titatively from 0 to 11 according to described cri teria.12

The semiquantitative scores (and scores on the scale of
Morris and colleagues11) were as follows: 1 (0–3) referred to
loss of mucosal architecture, 2 (0–3) cellular infiltration,
3 (0–3) muscle thickening, 4 (0–1) crypt abscess formation
and 5 (0–1) referred to goblet cell depletion.12

After scoring, colonic tissue samples were homogenized
with 10 volumes of ice-cold 0.25-M sucrose and then cen-
trifuged at 10 000g to measure the biochemical parameters
in the resulting supernatant.

Colonic tissue myeloperoxidase activity

Myeloperoxidase (MPO) activity was determined by a
modification of the O-dianisidine method.13 The assay
mixture was placed in a 1-cm path length cuvette that con-
tained 0.3 mL of 0.1-M phosphate buffer (pH 6.0),
0.3 mL of 0.01-M H2O2, 0.5 mL of 0.02-M O-dianisidine
(freshly prepared) in deionized water and 10 µL of colonic
supernatant in a final volume of 3.0 mL. We added the
supernatant last, and the change in absorbance at 460 nm
was followed for 10 minutes. All measurements were car-
ried out in duplicate. One unit of MPO was defined as
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that giving an increase in absorbance of 0.001 nm per
minute, and specific activity is reported as U/mg protein.

Malondialdehyde measurements

Malondialdehyde (MDA) can be detected in quantifiable
amounts with the thiobarbituric acid reactive species
(TBARS) assay. We obtained measurements of TBARS
according to Yagi’s method.14 Colonic tissues were
homogenized in ice-cold 10% trichloroacetic acid (TCA)
solution and then centrifuged. The supernatant portion
was mixed with equal volume of TBARS (0.67%) and
heated at 90°C for 15 minutes. The TBARS were meas -
ured in nmol/mg protein according to absorbance at
532 nm.

Colonic tissue antioxidant levels

We measured glutathione (GSH) levels spectrophotomet-
rically using Boyne and Ellman’s reagent and method.15

Colonic tissue GSH levels were calculated as µmol/mg
protein. We measured superoxide dismutase (SOD) activ-
ity according to the method described by Fridovich.16 This
method uses xanthine and xanthine oxidase to generate
superoxide radicals that react with p-iodonitrotetrazlium
violet (INT) to form a red formazan dye, which we meas -
ured at 505 nm. Assay medium consisted of 0.01-M phos-
phate buffer, 3-cyclohexilamino-1-propanesulfonicacid
(CAPS) buffer solution (50 mM CAPS, 0.94 mM ethyl-
enediaminetetraacetic acid, saturated NaOH), pH 10.2,
substrate solution (0.05 mM xanthine, 0.025 mM INT)
and 80 UL xanthine oxidase. Superoxide dismutase activ-
ity is expressed as U/mg protein.

We measured the protein concentration of tissue sam-
ples with a Spectronic-UV 120 spectrophotometer accord-
ing to the method of Lowry and colleagues.17

Cytokine tests

We analyzed the levels of rat colonic tissue tumour necro-
sis factor (TNF)–α, interleukin (IL)-1β and IL-6 with
commercially available enzyme immunoassay kits
(enzyme-linked immunosorbent assay [ELISA], rat TNF-
α and IL-1β from R&D Systems Europe; ELISA, rat IL-6
from Diaclone Research). Analyses of all samples, stan-
dards and controls were run in duplicate. Cytokine activi-
ties were expressed as pg/mg protein.

Statistical analysis

All results are expressed as means and standard errors (SEs).
We analyzed numerical data using the Kruskal–Wallis test.
Significant differences revealed by multigroup comparisons
were further analyzed using the Mann–Whitney U test. We
considered results to be significant at p < 0.05.

RESULTS

Intrarectal administration of 4% AA caused extensive
macroscopic damage of the colon. The colonic mucosa
appeared hemorrhagic and ulcerated.

Colonic wet weight

The colonic wet weight (g per 100 g body weight) of the
colitis group (mean 1.74 [SE 0.12] g) was significantly
higher than that of the control group (mean 0.65 [SE
0.01] g; p < 0.001). In the colitis group treated with vita-
min E, the colonic weight (1.01 [SE 0.07] g) was signifi-
cantly lower than that of the untreated colitis group (1.74
[SE 0.12] g; p = 0.032) and was not statistically different
from saline (0.65 [SE 0.01] g) and vitamine E (0.64 [SE
0.02] g) control groups.

Macroscopic and microscopic evaluation of the
colonic lesions

The microscopy images revealed regular colonic mucosa
with epithelium, crypts and submucosa in the control
group (Fig. 1A). The AA-induced colitis group demon-
strated wide areas of epithelial and goblet cell loss and
severe neutrophil infiltration, ulcers, distortion of crypt
architecture and crypt abscesses (Fig. 1B). The colitis
group treated with vitamin E showed regular epithelium
and crypts, mild inflammatory cell infiltration and sub -
mucosal edema. The macroscopic and microscopic lesion
scores of the colitis group were reduced by treatment with
vitamin E (Table 1, Fig. 1C; p < 0.001).

Colonic tissue–associated MPO activity

Colonic MPO activity in the colitis group was significantly
higher than that in the control group (p < 0.001). Treatment
with vitamin E reversed this damage (Fig. 2; p < 0.001).

Colonic tissue MDA and antioxidant enzyme levels

As expected, the colitis group was characterized by a sig-
nificant increase in the colonic tissue MDA level along
with a concomitant decrease in GSH and SOD contents.
The increase in colonic MDA in the colitis group was pre-
vented by vitamin E (p < 0.001; Fig. 3).

The tissue antioxidant enzyme (GSH and SOD) levels were
lower in the colitis group than the control group and were
restored by treatment with vitamin E (p = 0.006; Table 1).

Colonic tissue cytokine levels

Colonic tissue inflammatory cytokine levels of IL-1β, IL-6
and TNF-α were significantly higher in the AA group
than the other groups. Vitamin E therapy improved
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cytokine production to control group levels (p < 0.001;
Fig. 4).

DISCUSSION

Although the etiology of IBD has not been fully clarified,
some possible etiologic factors are genetic influences,
immunologic abnormalities and environmental agents
causing colonic inflammation.2–4 Free radicals play an
important role in the pathogenesis of mucosal injuries.8,18,19

The AA-induced colitis model resembles ulcerative colitis
in humans in terms of histopathologic appearance by caus-
ing overproduction of oxidant radicals that have pivotal
roles in its pathophysiology20 and by producing an excess of
reactive oxygen species that cause damage to biologic mol-
ecules in any of the cellular components.20,21 In previous
studies, free radicals and reactive oxygen species in colonic
mucosa were described in colorectal specimens of ulcera-
tive colitis.20,22 Neutrophils and macrophages were deemed
responsible, disrupting epithelial integrity and causing
colon injury in ulcerative colitis.23

Although it has been suggested that accumulation of
reactive oxidant radicals and cytokines is responsible for
the disease,5,16,21 the current literature lacks evidence for this
dual effect in the pathogenesis. Ademoglu and colleagues24

studied the antioxidant effects of 30 mg/kg of vitamin E
therapy on trinitrobenzenesulfonic acid–induced experi-
mental colitis in rats. Vitamin E therapy was reported to be
effective in reducing the oxidant stress in the model. Vita-
min E and selenium combination therapy reduced the
severity of the colonic damage. However, the study was not
concerned about anti-inflammatory effects. To the best of
our knowledge, the present study is the first to demon-
strate the dual effects of vitamin E on oxidative damage
and proinflammatory cytokine (IL-1β, IL-6 and TNF-α)
production, resulting in an effective anti- inflammatory
response and improvement in AA-induced ulcerative colitis
pathogenesis. We have also demonstrated that vitamin E
has great potential to reverse ulcerative colitis.

Inflammatory bowel disease is mainly characterized by
overproduction of proinflammatory mediators, including
reactive oxygen and nitrogen metabolites, eicosanoids,

Fig. 1. (A) Normal colonic tissue architecture in the saline and
vitamin E groups. (B) Acetic acid (AA)–induced mucosal damage
in the colon. The distortion of crypt architecture and crypt
abscess, loss of epithelial cells with ulceration, and goblet cell
depletion with neutrophil infiltration were observed in AA rats.
(C) Vitamin E significantly improved AA-induced mucosal dam-
age (hematoxylin and eosin stain, magnification ×40).
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Fig. 2. Tissue myeloperoxidase activities. Results are means and stan-
dard errors. *p < 0.001 versus the other groups. AA = acetic acid.
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platelet-activating factor and cytokines. These factors initi-
ate and prolong the inflammatory response of the gut.7

Thus, the treatment strategy for IBD focuses on eliminat-
ing these causal inflammatory triggers and mediators.

Increasing attention has been given to the role of free
radicals in IBD. There have been numerous studies stating
the potent role of vitamin E as a major free radical scav-
enger and antioxidant that protects cellular membrane
lipids from peroxidation.7–10,20,22 Recent studies suggested
that vitamin E also has an anti-inflammatory effect that is
related to inhibition of neutrophil function or cytokine
production in colon mucosa.7,8,11

In the present study, free radical production and sub-
sequent macro- and microscopic damages were signifi-
cantly increased (p < 0.001) by intrarectal AA injection
and improved (p < 0.001) after treatment with vitamin E.
These findings are in agreement with those of previous
similar studies.20,25,26 In addition, our study established that
vitamin E decreased the production of IL-1β, IL-6 and
TNF-α in the colonic tissue. Thus, vitamin E produced a
potent anti-inflammatory effect by scavenging radicals
and eliminating cytokines causing colonic inflammation
in this model.

CONCLUSION

Our results showed that vitamin E inhibited not only oxi-
dant damage but also inflammatory cytokines and im -
proved the colonic inflammation induced by AA in rats.
This study suggests that vitamin E is an effective anti-
inflammatory and antioxidant and that it may be a promis-
ing therapeutic option for ulcerative colitis.
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Table 1. Effects of vitamin E on histopathologic and antioxidant parameters in 
an acetic acid–induced colitis model 

 Group; mean (SE)  

Parameter 
Saline, 
n = 8 

Vitamin E, 
n = 8 

AA,  
n = 8 

AA + vitamin E, 
n = 8 p value 

Macroscopic score 0  (0) 0  (0) 4.7 (0.34) 2.8  (1.06) < 0.001 

Microscopic score 0.1 (0.28) 0.1 (0.24) 7.6 (1.28) 3.2  (0.97) < 0.001 

GSH, µmol/mg protein 1.9 (1.1) 2.1 (1) 0.2 (0.6) 2.0  (1.2) < 0.001 

SOD, U/mg protein 8.7 (2.3) 9.5 (3.8) 1.2 (2) 9.8  (4.2) < 0.001 

AA = acetic acid; GSH = glutathione peroxidase; SE = standard error; SOD = superoxide dismutase. 
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Fig. 3. Tissue malondialdehyde levels. Results are means and stan-
dard errors. *p < 0.001 versus the other groups. AA = acetic acid.
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Fig. 4. Tissue cytokine levels. Results are means and standard errors.
*p < 0.001 versus the other groups; †p < 0.001 versus the other
groups; ‡p < 0.001 versus the other groups. AA = acetic acid.
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