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ABSTRACT

Purpose: omega 3 polyunsaturated fatty acids have anti-inflam-
matory properties and can be beneficial in the treatment of inflam-
matory diseases, such as ulcerative colitis. Dextran sodium sulphate
(DSS) colitis in rats appears to mimic nearly all of the morphological
characteristics and lesion distributions of ulcerative colitis. The pur-
pose of the current study was to investigate the efficacy of omega
3 fatty acids in the treatment of experimental ulcerative colitis.

Methods: thirty-six Wistar rats were randomly assigned to group
A or group B receiving 5% dextran sulfate sodium (DSS) in their
drinking water for eight days. For the next eight days post-DSS,
group A animals received tap-water, and group B animals were fed
a nutritional solution containing high levels of omega 3 polyunsa-
turated fatty acids (ProSure®, Abbott Laboratories, Zwolle, Nether-
lands) once per day, administrated with a orogastric feeding tube.

Results: animals fed an omega 3 rich diet exhibited a statistically
significant increase in hematocrit and hemoglobin levels, compared
to animals drinking tap water, and a trend towards histopathological
and clinical improvement, with the administration of omega 3 fatty
acids ameliorating epithelial erosion by day 8 post-DSS, but no sta-
tistically significant difference was observed between group A and
group B animals at 4 or 8 days post-DSS. Also, a statistically signi-
ficant increase in neutrophil infiltration was observed, as depicted
by myelohyperoxidase activity.

Conclusion: our findings support a positive role of omega 3
polyunsaturated fatty acids supplementation in an experimental
model of ulcerative colitis despite the increased colonic neutrophil
infiltration. Further studies are needed in order to investigate the
role of increased neutrophils in colonic mucosa.
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INTRODUCTION

Nutritional supplementation with omega 3 (N-3) polyun-
saturated fatty acids (N3PUFAs) has been shown to ame-
liorate the effects of cardiovascular, neurological, autoim-
mune and inflammatory diseases (1-3). Clinical intervention
studies and animal experiments showed that N3PUFAs have
anti-inflammatory properties (3), which are based on their
ability to antagonize the activity of arachidonic acid, thereby
reducing the production of inflammatory and chemotactic
derivatives and suppressing cell-mediated immune respons-
es (3,4). Furthermore, N3PUFAs suppress leukocyte activ-
ity, cell proliferation, inflammatory cytokine synthesis, nat-
ural killer cell activity, antibody synthesis and macrophage
surface membrane protein expression (5), and they also act
as free radical scavengers (6).

Ulcerative colitis (UC) is a chronic disease characterized
by diffuse inflammation of the intestinal mucosa of the
large bowel. Multiple hereditary, environmental, microbi-
ological and immunological factors are believed to con-
tribute to the pathogenesis of UC (7,8). Immunoregulatory
and pro-inflammatory cytokines appear to play a significant
role in UC (9). Immunomodulating agents and corticos-
teroids have been used to treat UC, although not always
with positive outcomes (10). Several lines of evidence indi-
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cated that N3PUFAs could be efficient in the treatment of
inflammatory bowel diseases, which would decrease the
need for steroids and prevent the recurrence of UC and
Crohn’s disease (CD) (11). However, there is discordance
between these studies which may be related to the effects
of other simultaneous treatments, the type and dose of
N3PUFA supplements, the mode of patient selection, the
type of basic diet and treatment compliance. Therefore,
there is an outstanding need to further investigate the role
of N3PUFA supplementation in UC and to correlate the
clinical course of the disease with macroscopic and micro-
scopic alterations.

An experimental model of UC is induced in rodents by
the administration of dextran sulfate sodium (DSS) in the
drinking water (12). The DSS-induced colitis causes to the
rodents to exhibit many symptoms characteristic of human
UC, including bloody feces, diarrhea and weight loss, as
well as histopathological lesions characteristic of human
UC, including mucosal ulceration and shortening of the
large intestine (12,13). DSS-induced UC in Wistar rats has
been used widely as an experimental model and appears to
mimic nearly all of the morphological characteristics and
lesion distributions with human UC. Furthermore, DSS-
induced UC in Sprague-Dawley rats shares most clinical,
structural and ultrastuctural features with human UC. Thus,
the DSS-induced model of UC in rats has proven both valu-
able and reliable (12,14).

The aims of the current study were to examine the effects
of a nutritional solution high in N3PUFAs with regard to
the clinical and laboratory course of UC and to correlate
these findings with macroscopic and histopathologic fea-
tures in the Wistar rat model of DSS-induced UC.

MATERIALS AND METHODS
Animals

Thirty-six pathogen-free male Wistar rats weighing 250 g
+ 50 g were housed under standard conditions with a controlled
12-h light-dark cycle and free access to food and water. Animal
experiments conformed to institutional standards.

Induction of UC model with DSS

All the rats were randomly assigned to group A or group
B (n = 18) rats per group). Both groups received 5% DSS
(molecular weight: 36 kDa + 50 kDa; MP Biomedicals Inc.,
Cleveland, OH, USA) in their drinking water for 8 days
until loose stools, diarrhea and macroscopic hematochezia
appeared. When the mentioned symptoms appeared the
DSS was removed, and 2 rats from each group were sacri-
ficed by cardiac puncture and exsanguinations, which was
performed under deep anesthesia by intraperitoneal admin-
istration of chloral hydrate. The colonic tissue was exam-
ined to confirm the presence of experimental UC.
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Intervention

For the next 8 days post-DSS, group A (n = 16) received
tap-water, and group B (n = 16) were fed a nutritional solu-
tion containing high levels of N3PUFAs —eicosapentaenoic
acid (EPA) 0.165 g; ProSure®, Abbott Laboratories, Zwolle,
Netherlands— once per day administrated with an orogastric
feeding tube. Eight rats from each group were sacrificed
on the 4" day post-DSS, and the remaining 8 rats from each
group were sacrificed on the 8" day post-DSS by cardiac
puncture and exsanguination, which were performed under
deep anesthesia by intraperitoneal administration of chloral
hydrate. The distal colon was examined macroscopically
and histopathologically. Blood samples were obtained by
cardiac puncture for laboratory tests.

Clinical and laboratory assessment of colonic
inflammation

Animals were observed daily for fluid intake, weight
changes and significant symptoms (e.g., loose stools, diar-
rhea, hematochezia). Body weight and stool consistency
were determined daily for all animals. Furthermore, after
8 days of DSS administration and at 4 and 8 days post-DSS,
total erythrocyte numbers, hematocrit, hemoglobin con-
centration, mean corpuscular volume (MCV), mean cor-
puscular hemoglobin (MCH) and platelets count were deter-
mined.

Sample recovery and preparation

Laparotomy was performed and the colon was visualized
and rapidly excised as a whole and placed in a petri dish
containing saline solution. The distal colon was pho-
tographed and measured. Macroscopic lesions were also
determined.

Histology

Tissues were fixed and embedded in paraffin. Sections
were cut at a thickness of 5 um and stained with hema-
toxylin and eosin (HE). Immunohistochemical staining
was performed on 5 um thick, formalin-fixed, paraffin-
embedded tissue sections. Primary antibodies used for
immunohistochemistry included rabbit anti-myeloperox-
idase (MPO Ab-1; Thermo Fischer Scientific Lab Vision,
Fremont, CA, USA) and rabbit anti-laminin (Laminin Ab-
1, Thermo Fischer Scientific Lab Vision, Fremont, CA,
USA). Antigens were retrieved with Protease XXV for
laminin. Heat-induced antigen retrieval was performed
with citrate buffer, pH 6, for myeloperoxidase (MPO).
Primary antibody binding was detected with goat anti-
rabbit IgG polymerized horseradish peroxidase (HRP)
(Chemicon International, Temecula, CA, USA). Signal
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Fig. 1. A. Macroscopic analysis of the distal colon after eight days of drin-
king water containing 5% dextran sodium sulphate (DSS) to induce ulce-
rative colitis (UC). B. Macroscopic appearance of lesions associated with
DSS-induced UC in a group B —omega 3 polyunsaturated fatty acid
(N3PUFA) diet— animal at 8 days post-DSS.

was detected with diaminobenzidine, and tissues were
counterstained with hematoxylin. The colonic lesions were
graded on a scale of 0 to 4 with ascending severity (grade
0: no lesions; grade 1: minimal lesions; grade 2: mild
lesions; grade 3: moderate lesions; and grade 4: severe
lesions), which was first used by Berg et al. (15), but as
it modified later (16).

MPO activity assays

MPO activity was assayed to determine the extent of
neutrophil infiltration into the intestinal mucosa. Neu-
trophil infiltration was quantitated by assessment of MPO-
stained slides of intestinal tissue sections. Multiple rep-
resentative high-power fields (magnification x40) were
captured using a Nikon DS-5M-L1 digital camera (Nikon,
Tokyo, Japan). Per treatment group random selection of
ten images was made. Using the cell count plug-in of the
ImageJ image processing and analysis program (NIH,
Bethesda, MD, USA) the identified neutrophils in each
image were counted.

Statistical analyses

For comparisons of numerical data among different
groups, a nonparametric ANOVA was performed (Kruskal-
Wallis test). All of the above comparisons were performed
using Prism Graph Pad programs (GraphPad Software Inc.,
San Diego CA, USA). All data are expressed as mean +
standard deviation (SD). Statistical significance was defined
as p <0.05.

RESULTS
Macroscopic findings

Following 8 days of DSS administration, very severe
colitis and many hemorrhagic erosions were observed
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Fig. 2. Mean colon length on day 4 and day 8 post-DSS in group A (tap
water) and group B (N3PUFAs diet). (*p < 0.05 between the group A in
the 4" and 8" day post-DSS).

in the rat colon (Fig. 1A). Notably, administration of a
diet rich in N3PUFAs for 8 days post-DSS ameliorated
the macroscopic lesions (Fig. 1B). Moreover, the mean
colon length in group A (tap water) animals increased
significantly from 41.25 + 2.5 mm on day 4 post-DSS
to 49.5 £ 2.8 mm on day 8 post-DSS (p < 0.05); while
in group B (N3PUFA diet) animals, the mean colon
length was 50.25 £ 10.4 mm and 49 + 1.8 mm on day 4
and day 8 post-DSS, respectively (Fig. 2). After 8 days
of treatment, the mean body weights of group A (tap
water) and group B (N3PUFA diet) increased slightly
from 193.25 g to 197.75 g and 199.87 g to 208.62 g,
respectively (Fig. 3).
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Fig. 3. Mean body weight values in group A (tap water) and group B (omega
3 polyunsaturated fatty acids diet) animals during the 16-day study period.
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Histological findings

Eight days after the administration of 5% DSS in both
groups, the colonic mucosa appeared edematous, hemor-
rhagic erosions were scattered along the entire length of
the colon and crypt abscesses were focally distributed
among damaged glands. Hyperemia, surface blood, ulcers
and areas of tissue erosion were observed primarily in the
distal colon and rectal mucosa of both groups.

Colonic damage was evaluated in animals which received
tap water (group A) or a diet rich in N3PUFAS (group B) for
4 and 8 days after DSS treatment. Typical histopathological
findings characteristic of DSS-induced UC included focal
erosions, crypt dilatation and heavy inflammatory cell infil-
tration of the mucosa. 4 days post-DSS, group A (tap water)
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animals showed focal erosions of the epithelium and slight
crypt dilatation with varying degrees of acute inflammatory
infiltration, including lymphocytes and polymorphonuclear
(PMN) leukocytes of the mucosa (Fig. 4A). Dietary admin-
istration of N3PUFAs did not affect the progression of DSS-
associated histopathological lesions at four days post-DSS
(Fig. 4B). Whereas, group A did not show any significant
histopathological improvements at 8 days post-DSS (Fig.
4C), in contrast, dietary administration of N3PUFAs ame-
liorated epithelial erosions at 8 days post-DSS in group B
animals (Fig. 4D). Although administration of N3PUFAs
ameliorated epithelial erosion by day 8 post-DSS, the colitis
injury scores were not statistically significantly (p = 0.190)
different between group A and group B animals at 4 or 8 days
post-DSS (Fig. 5).

-

el (C) Tap Water 8 days

L '. (D) 0-3 FA’s 8 days p.t.

Fig. 4. Hematoxylin and eosin (HE) staining showing characteristic histopathological findings of dextran sodium sulphate (DSS)-induced colitis, which
included focal erosions, crypt dilatation and heavy inflammatory cell infiltration of the mucosa in (A) group A (tap water) animals at 4 days post-DSS,
(B) group B —omega 3 polyunsaturated fatty acid (N3PUFA)- animals at 4 days post-DSS and (C) group A animals at 8 days post-DSS. (D) Dietary
administration of N3PUFAS to group B animals ameliorated epithelial erosions at 8 days post-DSS.
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Fig. 5. Histological grading of dextran sodium sulphate (DSS) - induced
ulcerative colitis to quantitate colonic mucosal damage in terms of a
colitis score at days 4 and 8 post-DSS in group A (tap water) and group
B —omega 3 polyunsaturated fatty acid (N3PUFA) diet-. No statistically
significant differences were identified.

MPO activity

Analysis of MPO-specific immunohistochemical stain-
ing of colonic tissue from DSS-treated animals was
involved at 4 and 8 days post-DSS. Administration of
N3PUFAs was associated with a significant increase in the
number of MPO-positive cells in the inflammatory cell
infiltrate from DSS-induced colitis in group B (N3PUFA
diet) animals at 8 days post-DSS. MPO activity was also
increased in the colonic mucosa of group B animals relative
to group A (tap water) animals; this increase in MPO activ-
ity was statistically significant (p < 0.05) (Fig. 6).

Hematological variables

All of the hematological variables were measured for both
groups, including the determination of total leukocyte, ery-
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Fig. 6. Effect of 5% dextran sodium sulphate (DSS) on myeloperoxidase
(MPO) activity at 4 days and 8 days post-DSS in group A (tap water) and
group B (N3PUFAs diet). (*p < 0.05).

throcyte numbers, hematocrit, hemoglobin concentrations,
MCH and MCYV after 8 days of DSS administration and at
4 and 8 days post-DSS (Table I). Due to the severity of the
hemorrhages associated with DSS administration, the ery-
throcyte number and hematocrit were diminished in both
groups after 8 days of DSS administration (Table I, Fig. 7).
Eight days post-DSS, there was a significant increase in the
hemoglobin concentration in group B animals (p < 0.006)
(Table I, Fig. 7), and there was also a significant increase in
platelet (PLT) number (p < 0.002) (Table I, Fig. 7). However,
MCYV and MCH were not affected, and the MCV was slightly
increased at the end of the experimental period.

DISCUSSION

DSS induced UC in rats is a well-established model of
inflammatory bowel disease, which is clinically and histo-
logically similar to human UC (12,13). It is induced by
tumor necrosis factor (TNF)-o and IL-1p activation and is
characterized by neutrophil mucosal infiltration (4,9). Most
rodent models of UC based on DSS administration employ
concentrations between 3% and 7% DSS in drinking water
(13,17-22).
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Table I. Hematological variables at day 4 and day 8 post-dextran sodium sulphate (DSS) in group A (tap water)
and group B —-omega 3 polyunsaturated fatty acid (N3PUFA) diet- animals relative to control group animals after 8 days
of DSS administration (DSS 8 days)

DSS 8 days Day 4 post-dSS Day 8 post dSS

Control Tap water N3PUFA Tap water N3PUFA
HCT (%) 359+04 36.3+0.3 358+0.9 373+ 1.1 380+1.5
HGB (g/dL) 124 +£0.3 125+0.2 12.8+0.3 134+£04 13.5+0.3*
RBC (x 10'/L) 6.7 +6.2 6.84 + 9.1 6.86 1.1 6.99 + 2.1 7.15+2.8
MCV (fL) 53.2+0.2 52.5+0.7 52.5+0.7 536+ 1.1 53.2+0.3
MCH (pg) 19.1+0.2 19.1+£0.3 18.8+0.2 19.2 £0.7 19.1+£0.3
PLT (x 10%L) 860 + 180 870 £ 160 830 + 360 690 + 440 940 + 160*

HCT: hematocrit; HGB: hemoglobin; RBC: red blood cells; MCH: mean corpuscular hemoglobin; MCV: mean corpuscular volume; PLT: platelet count. Data are expressed as

mean + standard deviation (SD) (*p < 0.05).

In our study, after 8 days of 5% DSS administration in
all groups, the colonic mucosa appeared hyperemic, ede-
matous with hemorrhagic erosions and tiny blood coagula.
The body weight decreased gradually and the animals
exhibited diarrhea and hematochezia.

In our experiment N3PUFAs administration ameliorated
epithelial erosion and resulted in a lower colitis injury score,
although the difference was not statistically significant. An
experimental study (18) has shown that the administration
of fish oil, which is rich in EPA and DHA, attenuates
colonic inflammation in Wistar rats with DSS-induced
ulcerative colitis and significantly improves the colonic
microscopic score relative to control rats. However, another
study has shown that the administration of N3PUFAs to
C57B1/6 mice with DSS-induced colitis significantly
enhanced inflammation, while it also led to a significant
decrease in colonic length and body weight (19).

In our study, the observed improvements in clinical man-
ifestations and histopathological scoring associated with
N3PUFA administration were accompanied by a significant
increase in the number of MPO-positive cells in the inflam-
matory cell infiltrate of animals with DSS-induced colitis
(p < 0.05). In a rat model of DSS-induced UC, Lactobacillus

Sfermentum BR11 alleviated the symptoms of colitis, reduced
disease activity scores, prevented the shortening of the colon,
increased body weight and urine output and prevented crypt
hyperplasia, although it was not associated with decreased
MPO activity (20). In addition, in a rat model of 2,4,6-trini-
trobenzene sulfonic acid (TNBS)-induced colitis, intrarectal
administration of mesna resulted in a significant reduction
of inflammation and was associated with the persistent atten-
uation of macroscopic and microscopic changes and a sig-
nificant increase in inducible nitrogen oxide synthase (iNOS)
mRNA expression and MPO activity, suggesting a potential
role for iNOS and MPO in the attenuation of colon injury
during the chronic phase (23). Furthermore, in another
BALB/c mouse model (22) of DSS-induced colitis, inves-
tigators found that the inflammatory infiltration score peaked
at day 7 of DSS administration, the crypt morphology score
peaked at day 9 of DSS administration and MPO activity
peaked in day 12; all of these changes were statistically sig-
nificant. Also, DSS administration in C57B1/6 mice led to
a significant increase in inflammatory cell infiltration and
the crypt morphology score without significantly increasing
MPO activity (22). Moreover, in mouse models of both
DSS- and TNBS-induced colitis, acute colitis has a lower
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Fig. 7. Hematocrit (HCT) values, hemoglobin (HGB) concentrations and platelet (PLT) numbers at day 4 and day 8 post-DSS. Data are expressed as mean +

standard deviation (SD) (*p < 0.05).
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histological activity index relative to chronic colitis, and
MPO activity is increased in acute colitis relative to chronic
colitis (23). The results of our study and previous studies
have shown that the histopathological scoring of DSS-
induced colitis does not necessarily correlate with neutrophil
infiltration of the colonic mucosa, which is reflected by
MPO activity measurements. A possible explanation for
increased neutrophil infiltration includes the increased sur-
vival of inflammatory cells due to reduced levels of auto-
oxidative damage (24).

Neutrophils are thought to play a negative role in normal
tissue repair as they produce bioactive substances capable
of accelerating tissue damage (25), including oxygen rad-
icals (26), digestive enzymes and proinflammatory
cytokines (27). However, recent studies have shown that
neutrophils may play a beneficial role in wound healing
and tissue remodeling and also may have anti-inflammatory
properties (28-34). Neutrophils are considered necessary
for early steps in wound healing based on the finding that
the depletion of neutrophils dramatically delayed wound
healing (28). Also, impaired cutaneous wound healing was
observed in CXCR-2 deficient mice, which lack PMN
leukocyte infiltration (29). Moreover neutrophil recruitment
is considered to play an important role in ulcer healing
based on the finding that the recruitment of neutrophils to
the ulcer site was associated with elevated mucus secretion,
thicker regenerative gastric mucosa and increased cell pro-
liferation in an experimental model of acetic acid-induced
gastric ulcers (30). Furthermore, neutrophils upregulate
VEGE, IL-8, growth-related oncogene (GRO)-y and MCP-
1 cytokines, which have been reported to stimulate the
growth of endothelial cells and fibroblasts (31), and also
neutrophils synthesize significant levels of anti-inflamma-
tory mediators, including cytokine inhibitors such as type
2 TNF soluble receptor and IL-1 receptor antagonist in
experimental models (32). Moreover, another study demon-
strated the production of the IL-1 receptor antagonist, but
not the production of pro-inflammatory cytokines TNFa,
IL-1P and IL-6 (33). Taken together, the results of these
studies provide evidence that neutrophils secrete cytokines
and chemokines that support the resolution of inflammation
and healing of damaged tissue (34) and play a key role in
immune regulation by counteracting the dysregulation of
the inflammatory process (33), preventing chronic progres-
sion and assisting in down-regulating the inflammatory
response (28).

In our study, the trend towards improved histopathological
scoring combined with a significant increase in neutrophil
infiltration, as shown by increased MPO activity, in group
B animals fed a N3PUFA-rich diet supports a positive role
for neutrophils in the healing and remodeling of damaged
tissue. With regard to the haematological variables, both the
hematocrit and hemoglobin levels were significantly
increased in group B (N3PUFA diet) relative to group A (tap
water) at 8 days post-DSS. In support of this finding, a pre-
vious study showed that the number of red blood cells, and
thus the hematocrit, decreased following seven days of treat-
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ment with 3% DSS (35). In our study, we also observed a
significant increase in the PLT number for group B (N3PUFA
diet) animals relative to group A (tap water) animals at 8 days
post-DSS; in contrast, no significant changes in MCV and
MCH levels were observed between groups. With regard to
colon length, the current study did not identify any beneficial
effects of N3PUFA administration.

Although fish oil administration prior to DSS adminis-
tration in Wistar rats failed to protect against DSS-induced
colitis (36), transgenic mice expressing high endogenous
levels of endogenous N3PUFAs were protected against
DSS-induced colitis (37), possibly because colon tissue
with an increased N3PUFA status generates a higher level
of bioactive N3PUFA-derived lipid mediators, such as
resolvins and protectins, which may suppress the inflam-
matory response and enhance mucoprotection (37). Col-
lectively, the results of our study suggest a beneficial role
of N3PUFAs in experimental DSS-induced UC that animals
fed an N3PUFA-rich diet exhibited a significant increase
in hematocrit and hemoglobin levels and a trend towards
histopathological and clinical improvement, which was
associated with a significant increase in neutrophil infiltra-
tion. Our findings support a positive role for neutrophils in
healing and remodeling of damaged tissue, which may be
the result of the anti-inflammatory effect of N3PUFAs. Cir-
culating N3PUFAs rapidly appear at inflammatory sites
that require conversion to resolvins that control excessive
neutrophil infiltration, protect organs and foster resolution
(38). Furthermore, resolvin E1, an anti-inflammatory lipid
mediator derived from EPA, protects against TNBS-induced
colitis, increases survival, decreases body weight loss and
improves histological scores (39). Therefore, the beneficial
effect observed after N3PUFA administration both in human
inflammatory bowel disease and in experimental models
of UC may be associated with increased levels of resolvin
and protectin production.

The present study has certain limitations that need to be
acknowledged and addressed when considering the study
and its contributions. The small number of subjects per
group is a negative factor as it limits the credibility of the
statistical analysis. Also the possible variability within the
sample may have affected the results. In addition, the fact
that certain measurements were depended by the investi-
gator (colon length, histopathological scoring) surely limits
the objectivity of the results. So, critically evaluating the
results and the whole study is important.

CONCLUSION

Omega 3 polyunsaturated fatty acids have anti-inflam-
matory properties and can be beneficial in the treatment of
inflammatory diseases, such as ulcerative colitis. Dextran
sodium sulphate (DSS) colitis in rats appears to mimic near-
ly all of the morphological characteristics and lesion dis-
tributions of ulcerative colitis. In the current study animals
fed an omega 3 rich diet exhibited a statistically significant
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increase in hematocrit and hemoglobin levels, compared
to animals drinking tap water, and a trend towards
histopathological and clinical improvement, with the admin-
istration of omega 3 fatty acids ameliorating epithelial ero-
sion by day 8 post-DSS, but no statistically significant dif-
ference was observed between group A and group B animals
at 4 or 8 days post-DSS. Also, a statistically significant
increase in neutrophil infiltration was observed, as depicted
by myelohyperoxidase activity. Our findings support a pos-
itive role for neutrophils in healing and remodeling of dam-
aged tissue, which may be the result of the anti-inflamma-
tory effect of omega 3 polyunsaturated fatty acids.
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