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Abstract:    The histopathological features and the associated clinical findings of ulcerative colitis (UC) are due to persistent 
inflammatory response in the colon mucosa. Interventions that suppress this response benefit UC patients. We tested whether 
sodium arsenite (SA) benefits rats with dextran sulfate sodium (DSS)-colitis. The DSS-colitis was induced by 5% DSS in drinking 
water. SA (10 mg/kg; intraperitoneally) was given 8 h before DSS treatment and then every 48 h for 3 cycles of 7, 14 or 21 d. At the 
end of each cycle rats were sacrificed and colon sections processed for histological examination. DSS induced diarrhea, loose 
stools, hemoccult positive stools, gross bleeding, loss of body weight, loss of epithelium, crypt damage, depletion of goblet cells 
and infiltration of inflammatory cells. The severity of these changes increased in the order of Cycles 1, 2 and 3. Treatment of rats 
with SA significantly reduced this severity and improved the weight gain. 
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INTRODUCTION 
 

Inflammatory bowel diseases (IBD) that include 
Crohn’s disease (CD), ulcerative colitis (UC), diver-
sion colitis and pouchitis are multifactorial diseases 
of unknown etiology. Advances in research have 
identified the interaction between genetic, infectious, 
immunological and environmental factors to play role 
in their pathogenesis (Gaudio et al., 1999; Vetuschi et 
al., 2002). Although their exact cause remains unclear, 
immunological dysfunction seems to initiate a 
self-sustaining inflammatory process (Podolsky, 1991) 
manifested by elevated levels of the chemoattractant 
interleukin (IL)-8 that is responsible for the attraction 
and infiltration of neutrophils to the colon mucosa and 
the subsequent pathology.  

Being one of the IBD, UC is a disorder involving 
the large intestine and is characterized by contiguous 
inflammation of the colonic lamina propria with 
subsequent injury and disruption of the mucosal bar-
rier (Herias et al., 2005). The initial change of this 

inflammation is marked by neutrophil infiltration in 
the colon mucosa followed by other lesions such as 
loss of the epithelium, loss of goblet cells, and dam-
age of the crypt. These lesions typically characterize 
UC. Together with the entire disease process, the 
lesions can be studied in animal models of colitis. The 
disease can be induced experimentally in rats by oral 
administration of dextran sulfate sodium (DSS). This 
is advantageous because of the following: firstly, it 
exhibits many symptoms which are similar to those 
seen in human UC including diarrhea, bloody feces, 
loss of body weight, mucosal ulceration and short-
ening of the large intestine (Okayasu et al., 1990); 
secondly, it is possible to induce both acute and 
chronic phases of the disease (Okayasu et al., 1990; 
Cooper et al., 1993); and lastly, the model is repro-
ducible in terms of the time course, the development 
and severity of colitis in individual animals, and the 
relative uniformity of the lesions (Murthy et al., 1993; 
Arai et al., 1998; Chen et al., 2007).  

Sodium arsenite (SA) contains a heavy metal, 
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which has been proven to be a potential protective 
agent against several conditions including colitis 
(Nover, 1991; Welch, 1992; Wijeweera et al., 1995; 
Pritts et al., 2002; Malago, 2003). When administered 
at non-lethal concentrations SA induces synthesis of a 
specific class of proteins, known as heat shock pro-
teins (Hsps) and development of tolerance (Lee and 
Hahn, 1988; Nover, 1991; Welch, 1992). The phe-
nomenon of SA-induced tolerance is described as a 
stress-induced cellular resistance to a lethal stress 
treatment (Wiegant et al., 1993). This phenomenon 
forms the basis of SA-induced cellular protection 
against many stressful agents in both animals and 
cultured mammalian cells.  

Studies on different models of colitis have 
demonstrated that SA pre-treatment has a significant 
protection against the decrease in cell viability, in-
crease in mucosal permeability, and polymorphonu-
clear neutrophil infiltration in colitis (Venkatraman 
et al., 2000; Malago, 2003; Malago et al., 2003). 
Polymorphonuclear neutrophil infiltration is re-
garded as the primary and central lesion of colitis that 
is usually followed by loss of the epithelium, loss of 
goblet cells and crypt damage (Iba et al., 2003). 
Stemming on the evidence that SA decreases the 
neutrophil infiltration in the colon mucosa of colitis 
models and the fact that infiltration of neutrophils to 
this mucosa is central to colitis, it can be argued that 
SA may inhibit development of other lesions of co-
litis and subsequently prevent colitis. In this study, 
we aimed at exploring the features of DSS-induced 
colitis in rats, both acute and chronic states, and then 
assessing whether SA can inhibit the development of 
these features.  

 
 

MATERIALS AND METHODS 
 
Animals  

A total of 48 male Wistar rats (Sokoine Univer-
sity of Agriculture, Morogoro, Tanzania) aging 26 
weeks and weighing 130~160 g were used in this 
experiment. They were kept in cages in a restricted 
access room with controlled temperature and 12 h 
light/dark cycle and allowed to acclimatize for 2 
weeks before commencement of the experiment. The 
animals were randomly allocated in 4 groups with a 
maximum of 12 animals per cage. Standard labora-

tory diet and DSS-treated or -untreated drinking water 
were available ad libitum. The study was approved by 
the Animal Research Committee of the Sokoine Uni-
versity of Agriculture, Tanzania. 
 
Induction of colitis 

UC was induced by oral administration of 5% 
(w/v) DSS (average Mw>500 000, Sigma, St. Louis, 
USA) ad libitum in drinking water for 1, 2 or 3 cycles. 
A cycle constituted of 7 d of treatment with DSS. 
When rats proceeded to Cycles 2 and 3, the 7 d of 
treatment with DSS were followed by 7 d of return to 
normal drinking water between consecutive cycles. 
Rats (4 in each group; 4 groups) were sacrificed at the 
end of each cycle by chloroform. One set of the entire 
experiment took 35 d. The DSS-containing drinking 
water was changed daily.  
 
Effect of SA on DSS colitis  

UC was induced as described above. SA-treated 
rats received SA (Sigma, St. Louis, USA) at 10 mg/kg 
intraperitoneally. Treatments with SA started 8 h 
before exposure to DSS and were continued every 48 
h during DSS treatment but withheld on return to 
normal drinking water. Matched control groups re-
ceived either SA or physiological saline at equal dose, 
volume and time.  
 
Evaluation of clinical colitis  

In order to determine the clinical activity of DSS 
colitis, we examined the rats for stool consistency 
(loose stool, diarrhea), occult and/or bleeding 
(hemoccult positivity, gross bleeding) and body 
weight on daily basis during DSS administration. The 
body weight was expressed as percentage weight 
change for each individual rat and was calculated 
compared with that on Day 0. These data were used to 
calculate a disease activity index as described earlier 
by Cooper et al.(1993) (Table 1).  
 
Evaluation of histopathological findings  

Sacrificed rats were opened by midline laparo-
tomy. The colon was longitudinally opened, fixed 
with 10% neutral buffered formalin and embedded in 
paraffin. After deparaffinizing the thin tissue sections 
on glass slides, they were stained with hematoxylin 
and eosin (H & E). For histological evaluation of the 
tissue damage, mucosal integrity was assessed in a 
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blinded manner and quantitated by two independent 
pathologists using a slightly modified method by Iba 
et al.(2003). The scoring was on a 0~3 scale as shown 
in Table 2. The histological evaluation was done on 
the distal colon. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Statistical analysis  

All numerical values are presented as mean± 
SEM. Statistical significance between the mean val-
ues of control, DSS-, SA+DSS-, and SA-treated rats 
was assessed by one-way analysis of variance 
(ANOVA) with comparison of means. Unless indi-
cated, the differences were considered significant at 
95% confidence interval using the Student’s t-test. 
 
 
RESULTS  
 
Clinical findings of DSS colitis and the effect of SA  

1. Acute and chronic colitis  
Fig.1 shows the clinical signs of both acute (Cy-

cle 1) and chronic (Cycles 2 and 3) DSS colitis. As 
shown in Fig.1, the earliest noted clinical signs for 

animals in Cycle 1 were diarrhea and loose stools, 
which occurred on Day 2, followed by hemoccult 
positive stools and weight loss on Day 3, and gross 
bleeding on Day 4. The number of animals develop-
ing the signs was increasing steadily to reach half 
(gross bleeding and diarrhea) and more than half 
(hemoccult positive stools, loose stools, and weight 
loss) of the animals at the end of the cycle.  

In Cycle 2, all the clinical findings were first 
observed in 1 or 2 animals on Day 15 of the experi-
ment. Animals showing gross bleeding, hemoccult 
positivity and weight loss increased steadily so that at 
the end of the cycle all animals had gross bleeding; all 
but one had hemoccult positive stools; and half of 
them had lost their weight. The numbers of animals 
with diarrhea or loose stools were the highest on Day 
17 or 19.  

In Cycle 3, the clinical signs were observed on 
the first day of the cycle except diarrhea, which was 
first seen on Day 31. In this cycle, the number of 
animals showing gross bleeding and hemoccult posi-
tive stools increased markedly to involve half and all 
animals on Days 31 and 35, respectively; half of the 
animals had lost their weight at the end of the cycle; 
and the highest numbers of animals with diarrhea or 
loose stools were observed on Day 33. Diarrhea was 
the least finding observed in both Cycles 2 and 3.  

Fig.1 also shows that administration of SA de-
layed and suppressed the clinical findings of DSS 
colitis. In Cycle 1, the first appearance of gross 
bleeding, hemoccult positive stools, diarrhea and 
weight loss was delayed by two days while that of 
loose stools was delayed by one day. Only diarrhea 
was delayed in Cycles 2 and 3 for two days. SA also 
lowered the number of rats developing the DSS colitis 
signs right from the day of their first appearance 
(Cycle 1) and continued throughout the cycle reach-
ing highest on Day 7. The fall was also the highest for 
most signs at the end of Cycles 2 and 3 whereby the 
number of animals showing gross bleeding and 
hemoccult positive stools were only two; one animal 
or none showed diarrhea or loose stools; and weight 
loss was observed in one and two animals in Cycles 2 
and 3, respectively.  

2. DSS colitis activity index 
Up to Day 3 of DSS administration the disease 

activity index of animals in Cycle 1 was insignificant. 
It progressively and significantly increased from Day 

Table 1  Scoring of DSS-induced colitis activity index as 
described by Cooper et al.(1993) 

Score Weight loss 
(%) 

Stool 
consistency1 

Occult/gross 
bleeding 

0 None Normal Normal 
1 1~5 − − 
2 5~10 Loose stools Hemoccult positive
3 10~20 − − 
4 >20 Diarrhea Gross bleeding 

DSS colitis activity index=(combined scores of weight loss 
(compared to Day 1 of the experiment), stool consistency and 
bleeding)/3; 1Normal stools: Well formed pellets; Loose stools:
Pasty and semi-formed stools which do not stick to the anus; 
Diarrhea: Liquid stools that stick to the anus 

Table 2  Histological score of colitis according to Iba et 
al.(2003) 

Score 
Loss of 

epithelium 
(%) 

Crypt 
damage1

(%) 

Depletion 
of goblet 

cells 

Infiltration of 
inflammatory 

cells 
0 None None None None 
1 
 

0~5 
(mild) 

0~10 
(mild) 

Mild 
 

Mild 
 

2 
 

5~10 
(moderate) 

10~20 
(moderate)

Moderate 
 

Moderate 
 

3 
 

>10 
(severe) 

>20 
(severe)

Severe 
 

Severe 
 

1Crypt damage was evaluated as percentage loss of crypt 
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4 to the end of the cycle where it was the highest 
(Fig.2). In both Cycles 2 and 3 the disease activity 
index was significantly high on the first day and in-
creased significantly every second day in Cycle 2, and 
on Days 33 and 35 in Cycle 3. Treatment with SA 
lowered the index in all cycles. In Cycle 1, already on 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Day 3 SA had significantly suppressed it by about 
3-fold while on Day 7 the suppression was maximal 
(about 5-fold). In Cycles 2 and 3 SA significantly 
suppressed the index from the second day of each 
cycle and reached maximum at the end of the cycles 
(about 3.5-fold). 
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Fig.1  Effect of sodium arsenite (SA) on clinical indices of colitis. Rats were treated with 5% dextran sulfate sodium 
(DSS) orally, SA (10 mg/kg, intraperitoneally) followed by DSS or SA alone. Values for control rats are also indicated 
but overlap with those of SA. (a) Cycle 1; (b) Cycle 2; (c) Cycle 3 
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Gross pathology  

The colon mucosa of DSS-treated animals sac-
rificed at the end of the first cycle appeared edema-
tous with hemorrhagic erosions scattered along the 
entire colon. In the second and third cycles, marked 
congestion of mesenteric blood vessels, edema of the 
colon, and multiple erosions of mucosa were ob-
served. These lesions were more pronounced in the 
distal colon than in the proximal and middle colon. 
Animals treated with a combination of DSS and SA 
showed less marked congestion of the colon without 
edema. The SA-treated and control animals had no 
gross pathological changes (data not shown).  
 
Histopathology  

The observed histological lesions are shown in 
Fig.3. Figs.3a~3c show the colon mucosa of rats 
exposed to DSS and sacrificed at the end of Cycles 1, 
2 and 3 of the experiment, respectively. Rats sacri-
ficed at the end of Cycle 1 (Fig.3a) were least severely 
affected when compared to those of Cycles 2 and 3. 
They had quite a good epithelial lining and crypts that 
were spared, and little infiltration of inflammatory 
cells in the mucosa, and the goblet cells were depleted 
slightly. Rats in Cycle 2 (Fig.3b) were more severely 
affected. Their epithelium was highly damaged with 
little epithelial lining on the mucosal surface; many 
crypts were damaged with subsequent loss of goblet 
cells; and the infiltration of inflammatory cells was 
more vivid. At the end of Cycle 3, rats had complete 
absence of epithelial lining on the mucosal surface, 
loss of epithelium lining the crypts, severe crypt 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
damage, loss of goblet cells (the remaining goblet cells 
were hyperplastic), and severe infiltration of inflam-
matory cells (Fig.3c). Compared to rats sacrificed at 
the end of Cycle 1 (Fig.3a) and Cycle 2 (Fig.3b), these 
rats (Fig.3c) were the most severely affected.  

Figs.3d~3f depict the effect of pre-treatment of 
rats with SA on DSS-induced colitis. At the end of 
Cycle 1 (Fig.3d) rats had a considerably intact 
epithelial lining, little crypt damage, hyperplastic 
goblet cells that were not significantly lost, and mild 
infiltration of inflammatory cells. There was little or 
no difference between these rats and those exposed to 
DSS alone sacrificed at the end of Cycle 1 (Fig.3a). 
At the end of Cycle 2, rats had mild crypt damage, 
mild loss of goblet cells, and moderate infiltration of 
inflammatory cells (Fig.3e). When compared to rats 
exposed to DSS alone (Fig.3b), it is obvious that the 
epithelial lining in these rats (Fig.3e) was 
significantly improved. Rats in Cycle 3 exhibited a 
good epithelial lining on the mucosal surface, almost 
no crypt damage, mild loss of goblet cells, and little 
infiltration of inflammatory cells (Fig.3f). These rats 
had highly improved from the disease when com-
pared to those not receiving SA (Fig.3c).  

The results of rats exposed to SA alone and sac-
rificed at the end of Cycles 1, 2 and 3 of the experi-
ment are shown in Figs.3g, 3h and 3i, respectively. In 
all these figures the epithelial lining is intact, there is 
no crypt damage, there is no or very little goblet cell 
depletion, and there is very mild infiltration of in-
flammatory cells. These results do not differ much 
from the normal control rats (Fig.3j).  
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Fig.2  Effect of sodium arsenite (SA) administration on dextran sulfate sodium (DSS) colitis disease activity index.
Rats were treated with 5% DSS orally, SA (10 mg/kg, intraperitoneally) followed by DSS or SA alone. Values for
control rats are also indicated but overlap with those of SA. (a) Cycle 1; (b) Cycle 2; (c) Cycle 3 
Disease activity index=(combined scores of weight loss (compared to Day 1 of the experiment), stool consistency and
bleeding)/3; Results are expressed as the mean±SEM (n=8); *P<0.05, **P<0.01, significantly different from DSS colitis
group; #P<0.05, compared to those of DSS at the beginning of respective cycle 
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Fig.3  Histological sections of rat colon. (a), (b), (c) Rats were treated with 
5% dextran sulfate sodium (DSS) orally; (d), (e), (f) Rats were treated with
SA (10 mg/kg, intraperitoneally) followed by DSS; (g), (h), (i) Rats were 
treated with SA alone; (j) The control animal. (a), (d), (g) Cycle 1; (b), (e), (h) 
Cycle 2; (c), (f), (i) Cycle 3 
Hematoxylin and eosin (H & E); 100× original magnification; Arrows indicating 
loss of epithelium; Each photo representing 8 animals (4 animals per treatment in 
duplicate experiments) 

(a)                                                               (b)                                                           (c) 

(d)                                                               (e)                                                           (f) 

                                                               (h)                                                           (i) 

(j) 

(g) 
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Scores of histopathological lesions 
Scores of the histopathological lesions are 

demonstrated in Fig.4. It is clear from Fig.4a that 
exposure to DSS led to a progressive increase in the 
loss of epithelium throughout the experiment. The 
loss was about 5% (average score=1) at the end of 
Cycle 1 to more than 10% (average score=3) at the 
end of Cycle 3. Pre-treatment with SA significantly 
reduced the epithelial loss to about half in Cycle 1 and 
about 5% (average score=1) at the end of both Cycles 
2 and 3. Control rats and those treated with SA alone 
had insignificant losses of epithelium.  

Fig.4b reveals that DSS caused about 10% loss 
of crypt (average score=1) at the end of Cycle 1; 
about 20% (average score=2) and over 20% (average 
score=3) at the end of Cycles 2 and 3, respectively. 
SA reduced the severity of crypt damage insignifi-
cantly in Cycle 1, but significantly in Cycles 2 and 3. 
In Cycle 2 the reduction was about one third, while in 
Cycle 3 it was about 6 times. SA itself had little or no 
effect on crypt damage.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Results presented in Fig.4c show that DSS in-
duced a very mild (average score=0.5), mild (average 
score=1.2), and moderate (average score=2) depletion 
of goblet cells at the end of Cycles, 1, 2 and 3, re-
spectively. SA had insignificant effect in Cycle 1, but 
significantly decreased the goblet cell depletion to 
about one third and to about 4-fold at the end of Cy-
cles 2 and 3, respectively. In all cycles, SA alone did 
not cause depletion of goblet cells.  

The infiltration of inflammatory cells in the 
colon mucosa of rats treated with DSS was mild 
(average score=1) at the end of Cycle 1, moderate 
(average score=2.5) at the end of Cycle 2; and se-
vere (average score=3) at the end of Cycle 3 
(Fig.4d). Pre-treatment with SA had insignificant 
effect at the end of Cycle 1, but significantly de-
creased this infiltration at the end of Cycle 2 (about 
one third fold) and Cycle 3 (more than 3-fold). In 
each of the three cycles SA alone did not cause any 
significant infiltration of inflammatory cells into the 
colon mucosa. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.4  Histological scores of loss of epithelium (a), crypt damage (b), goblet cell depletion (c), and infiltration of 
inflammatory cells (d). Rats were treated with 5% dextran sulfate sodium (DSS) orally, SA (10 mg/kg, intrap-
eritoneally) followed by DSS or SA alone 
Results are mean±SEM of at least 8 individual rats. *P<0.05, significantly different from DSS exposed rats 
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DISCUSSION  
 

The primary aim of this study was to evaluate the 
effect of administration of SA to DSS-induced colitis 
in rats. Our data extend the fact that DSS is capable of 
inducing colitis in rats characterized clinically by 
diarrhea, loose stools, hemoccult positive stools, 
bleeding, and loss of body weight; and histologically 
by loss of epithelium, crypt damage, depletion of 
goblet cells, and infiltration of inflammatory cells in 
the colon mucosa. The severity of the disease in-
creases with chronicity. Treatment with SA delays the 
appearance of clinical signs in acute colitis and 
greatly reduces the severity in both acute and chronic 
rat models of DSS colitis.  

The DSS colitis clinical signs and morphological 
alterations observed in our study are consistent with 
findings of various studies. In several rat models of 
DSS colitis, diarrhea, loose stools, hemoccult positive 
stools, gross bleeding, and loss of body weight are 
common signs observed (Gaudio et al., 1999; Kull-
mann et al., 2001; Vetuschi et al., 2002; Iba et al., 
2003). They can occur as early as Day 2 in acute 
colitis rat models and as Day 4 in chronic models 
(Kullmann et al., 2001). Consistently, our first ob-
servation of DSS colitis clinical signs was on day 2 in 
acute colitis (Cycle 1) and on Day 1 of Cycles 2 and 3 
(chronic model) (Fig.1). Our observation of clinical 
signs on Day 1 of Cycles 2 and 3 suggests that they 
are a result of previous treatments in preceding cycles. 
This harmonizes with other experimental setups in 
which chronic colitis signs were observed several 
days after replacement of DSS with normal drinking 
water. According to other researchers, these signs can 
be observed as long as 10 d after replacement of DSS 
with drinking water (Kullmann et al., 2001; Iba et al., 
2003). Since there were only 7 d of treatment with 
drinking water between cycles in our setup, the ob-
served clinical signs on the beginning of Cycles 2 and 
3 are tied to the preceding cycle of DSS treatment. 

Our data further show that in each cycle the 
disease activity index was increasing and reached the 
highest at the end of each cycle. In the entire ex-
periment, it was maximal at the end of Cycle 1 (Day 
7). In addition, this study indicates that the disease 
activity index increases as long as animals are under 
DSS treatment. These observations are in consistent 
with findings by Kullmann et al.(2001) who noted a 

maximal disease activity on last days of DSS treat-
ment in various cycles of both acute and chronic co-
litis models. The disease activity decreased when 
DSS administration was replaced by drinking water. 
This is in harmony with our finding that rats, pro-
ceeding to Cycle 2 or 3 and being given drinking 
water between consecutive cycles, had lower disease 
activity index at the beginning of a cycle than that at 
the end of the preceding cycle. 

The clinical manifestations observed in our 
experiment were a reflection of histological changes. 
Most of these histological changes have been ob-
served by others in several DSS colitis rat models 
(Gaudio et al., 1999; Iba et al., 2003; Herias et al., 
2005). Peculiar to our study, we noted that the sever-
ity of these lesions increased with time so that the 
most severe lesions were observed in Cycle 3, less 
severe in Cycle 2, and the least severe in Cycle 1. The 
variations in severity of these histological findings 
were also reflected in the clinical signs. We observed 
more animals with severe clinical signs (gross 
bleeding and hemoccult positive stools) in Cycles 2 
and 3 than in Cycle 1. In fact, all animals had gross 
bleeding and hemoccult positive stools (except one in 
Cycle 2) at the end of Cycles 2 and 3. On the contrary, 
the less severe signs of diarrhea and loose stools were 
observed in fewer animals in Cycles 2 and 3 than in 
Cycle 1. This progressive increase in the severity of 
the clinical signs of the disease from Cycle 1 to Cycle 
3 could be accounted for by the increasing damage to 
the colon by DSS. According to Iba et al.(2003), 
damage to the intestinal crypt is not yet repaired even 
at Day 20 of replacement of DSS solution with 
drinking water. In a way, this is in consistency with 
our findings depicted by the progressive loss of 
epithelium and crypt damage through the 3 cycles. 
The severest crypt damage in Cycle 3 could, therefore, 
be a cumulative effect of all the DSS treatment cycles 
since the 7 d of replacement with water cannot offer 
enough time for the crypt to regenerate (Iba et al., 
2003). The histological lesions, together with the 
clinical signs of loose stools, diarrhea, hemoccult 
positive stools, and gross bleeding were severe 
enough to compromise the normal colon function 
(such as absorption) and could thus account for the 
losses in the body weight. 

It is now becoming clear that the development 
and pathology of UC are due to persistently elevated 
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levels of the neutrophil chemoattractant IL-8 in the 
colon mucosa (Hecht and Savkovic, 1997; Hata et al., 
2001). This chemoattractant is produced following 
activation of the transcription factor, nuclear factor 
kappa B (NF-κB) (Malago et al., 2002). DSS can 
activate this factor and could in turn lead to synthesis 
and secretion of IL-8 (Marrero et al., 2000). The IL-8 
then attracts inflammatory cells that infiltrate the 
colon mucosa, and accounts for the morphological 
alterations and the subsequent clinical signs. In in-
flammatory bowel diseases, continual activation of 
NF-κB and persistent elevation of IL-8 seem to be the 
common course of the intestinal inflammations for 
many causes. DSS colitis could also follow this 
pathogenesis. 

The findings that colitis lesions in rats pre-treated 
with SA (Figs.3d~3f) were less severe than those in 
rats without pre-treatment (Figs.3a~3c) suggest that 
SA conferred a protective effect against the DSS-   
induced colitis. The phenomenon of SA-mediated 
protection has been reported in several other condi-
tions such as hepatic, heart muscle and neuronal ne-
croses, sepsis and endotoxaemia in rats and human 
(Lowenstein et al., 1991; Ribeiro et al., 1994; Chen et 
al., 2005). In the gut, Wang and Hasselgren (2002) 
explored the administration of SA in septic mice that 
had increased intestinal permeability. They found out 
that SA pre-treatment reduced the sepsis-induced 
increase in intestinal permeability. Other studies have 
demonstrated that SA pre-treatment has a significant 
protection against the decrease in cell viability, in-
crease in mucosal permeability, and polymorphonu-
clear neutrophil infiltration in colitis (Venkatraman et 
al., 2000; Malago, 2003; Malago et al., 2003). Since 
polymorphonuclear neutrophil infiltration is the pri-
mary and central lesion of colitis and is usually fol-
lowed by loss of the epithelium, loss of goblet cells 
and crypt damage (Iba et al., 2003), it follows that the 
observed SA protection against colitis in this study 
could be mediated via its ability to inhibit the poly-
morphonuclear neutrophil infiltration and the subse-
quent pathology. SA is well known to mediate most of 
its effects via activation of the heat shock response 
that, in turn, suppresses the inflammatory response 
(Malago et al., 2002). The dose of SA used in this 
study (10 mg/kg, intraperitoneally, every 48 h) had a 
broad safety margin, as none of the rats died or 
showed abnormal behavior due to SA.  

CONCLUSION 
 
In conclusion, we have shown in this study that 

SA has a protective effect on DSS colitis. Although 
direct link needs further studies, it is argued that the 
protective effect of SA on DSS colitis revolves 
around the role of DSS to activate inflammatory re-
sponse and the effect of SA to suppress this inflam-
matory response. SA could mediate its protection, at 
least in part, via its putatively known mechanism of 
activating the heat shock response that, in turn, sup-
presses the inflammatory response. Further studies 
are needed to elucidate this. To our knowledge, this is 
a first study on the effect of SA on DSS colitis in rats. 
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