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Comparing the Efficacy of Carvedilol and Celecoxib to Prednisolone in Acetic
Acid-Induced Ulcerative Colitis in Male Albino Rats.

Abstract

Ulcerative colitis refers to destruction of mucosal layer of distal colon and rectum.
The exact mechanism for pathophysiology of the disease is. still ‘unclear but
inflammation and oxidative stress may play a caustic role. Neutrophil and monocyte
infiltration results in free radical generation which damages intestinal mucosa as a
result of immune and inflammatory reactions. Many treatments including steroids are
used to reduce inflammation but cannot be used to allow remission. Carvedilol is a
third-generation nonselective B-blocker which  possesses anti-apoptotic and anti-
inflammatory properties and can be used to reduce gastric ulceration. Celecoxib is a
selective cyclooxygenase -2 (COX-2).inhibitor which is associated with decreased risk
of gastrointestinal bleeding. The current study was designed to compare the efficacy of
carvidolol and celecoxib to. prednisolone in acetic acid-induced ulcerative colitis
model. A total of 40 adult male albino rats were used in the study and randomly
divided into five groups as follows; Control group: Rats received 2 ml of saline
transrectally. Aceticacid (AA) group: Rats were intrarectally injected with 2ml acetic
acid. Prednisolone+AA group: Rats were pre-treated with prednisolone in a dose
4mg/kg /day. Carvedilol+AA group: Rats were pre-treated with carvedilol in a dose 30
mg/kg/day. Celecoxib+AA group: Rats were pre-treated with celecoxib in a dose
5mg/kg/day.. ANl drug treatments were given orally for 7 days. At end of the
experiment, distal colon was removed where one part of specimen was preserved in
10% formalin for histological examination and the other part was homogenized and
kept at -20°C for evaluation of biological parameters such as tumor necrosis factor
alpha (TNF-a), reduced glutathione (GSH), malondialdehyde (MDA), nitric oxide
(NO) and mitogen-activated protein kinase ( p38 MAPK). Data of the present study
revealed that treatment of rats with carvidolol or celecoxib before induction of colitis
significantly reduced the elevation of MDA, NO, TNF-a, mRNA levels of p38 MAPK

due to acetic acid while both drugs increased the values for GSH. Also, both drugs



preserved the structure of the colon , reduced perforation , ulceration and decreased
cytoplasmic COX-2 expression in colon tissue. The protective effect of carvidolol and
celecoxib is attributed to their anti-inflammatory and oxidative stress reducing ability.
Their ability to decrease the synthesis of MAPK will reduce signaling of cytokines
within the epithelial cells of the gut mucosa.
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1.Introduction:

Ulcerative colitis (UC) is an inflammatory bowel disorder«characterized by
damage to mucosal layer of the distal part of colon and rectum ¥ The disease leads
to disturbance in homeostasis in the digestive tract and intestinal inflammation .
Symptoms include diarrhea, abdominal cramps and recurrent blood in:the stools due to
mucosal ulcers . The exact cause of UC is still.unknown, but many factors may
contribute to its pathogenesis, including genetic susceptibility, environmental factors
and imbalance between the immune system and the intestinal microbes M. Also,
oxidative stress and inflammation play a causative: role in the pathogenesis of UC
because neutrophils and monocytes infiltration results in high amounts of oxygen free
radicals that leads to inflammatory and immune responses which damages intestinal
epithelial cells and affects'mucosal integrity ultimately leading to UC I [,

Prednisolone belongs< to-steroid drugs. Regarding treatment of inflammatory
bowel disorders; steroidal drugs are used to reduce inflammation and allow bowel
healing. Previous studies have shown that steroids can help controlling active UC, but
do not maintain remission state and therefore, cannot be used as long-term

maintenance therapy to prevent relapse ..

Carvedilol is a third-generation nonselective f-blocker that is used as
antihypertensive drug and also in treatment of myocardial infarction "%, Carvedilol

possesses both anti-apoptotic and anti-inflammatory properties ™ with mitochondrial

(121 1t can also inhibit lipid perioxidation ™. In addition, it was

[14]

protection ability

found to reduce gastric secretion and ulceration owing to its antioxidant activity

Celecoxib is a nonsteroidal anti-inflammatory drug that belongs to selective

cyclooxygenase-2 (COX-2) inhibitors. It is associated with decreased risk of

[15]

gastrointestinal bleeding . COX-2 is expressed in inflammed tissues due to



induction by inflammatory mediators *¢]. COX-2 enzyme inhibition decreases the
synthesis of prostaglandin E2 (PGE2), prostacyclin (PGI2), thromboxane (TXA2),
prostaglandin D2 (PGD2), and prostaglandin F2 (PGF2) which leads to alleviation of

pain and inflammation (¢! 0],

Acetic acid—induced ulcerative colitis is a simple model which is similar to
human ulcerative colitis. High concentrations of acetic acid cause perforations of the
colon. The use of 4% acetic acid through intrarectal administration causes

inflammation and ulceration of the colon without perforation 1,

This study aimed to investigate the potential protective effects of carvedilol and
celecoxib compared to prednisolone as standard drug against acetic “acid-induced

ulcerative colitis.

2.Materials and Methods:
2.1 Chemicals:

Acetic Acid was purchased from Sigma Company, Cairo, Egypt. Carvedilol was
purchased as 25mg tables from Multi Apex Pharma, Egypt. Each tablet was dissolved
in 5ml saline, so 1ml of the solution contained 5mg carvedilol. Celecoxib was
purchased as 100mg capsule from Pfizer, Egypt. Each tablet was dissolved in 5ml
saline, so 1ml of solution.contained 20mg celecoxib. Prednisolone was purchased as
5mg tablets from. Adco, Egypt. Each tablet was dissolved in 5ml saline, so 1ml of the

solution contained 1mg prednisolone.
2.2 Animals & grouping:

In this study, 40 adult male albino rats of average weight (150-200 grams each),
aging 3-4:-months were used and maintained under specific clean conditions in the
animal house of Faculty of Medicine, Tanta University. The rats were housed in plastic
cages with free access to food ad libitum and water. All experimental procedures
described in this study comply with the ethical principles and guidelines for care and
the use of laboratory animals adopted by the *‘Research Ethics Committee’” Faculty of
Medicine, Tanta University (NIH publication NO.8023, revised 1978) to minimize
animal suffering. The study was approved on 14/03/2021. Animals were allocated into

different groups.



2.3 Induction of UC:

All rats were fasted for 24h with free access to water. After light anesthesia with
ether, colitis was induced by instillation of 2ml acid acetic solution (3% in normal
saline) using a polyethylene tube which was introduced into the anus to a distance of 8
cm. The rats were then maintained in the head-down position for 30 second to prevent
leakage of the acetic acid. Induction of UC was done according to the method

[19]

described by Mousavizadeh et al. ***. Control group received intracolonic equal

volume of normal saline instead of acetic acid with the same procedure.

2.4 Experimental design:

Animals were randomly divided into five groups with eight rats in each group as
follow;

Group | (Control): Rats received transrectal injection of a single dose of 2ml of
physiological saline and kept for the same periods as €xperimental animals.

Group Il (AA): Rats were injected with 2ml acid acetic solution intrarectally.

Group Il (Prednisolone+AA): Rats were pre-treated with prednisolone in a dose
4mg/kg /day orally for seven days. *? Each rat with average weight 180mg received
0.75ml of prednisolone dissolvent before the induction of UC.

Group IV (Carvedilol + AA): Rats were pre-treated with carvedilol in a dose 30
mg/kg/day orally for seven days. [*% Each rat with average weight 180mg received 1ml
of carvedilol dissolvent before the induction of UC.

Group V (Celecoxib+AA): “Rats were pre-treated with celecoxib in a dose
5mg/kg/day orally for seven days.”] Each rat with average weight 180mg received
0.5ml of celecoxib dissolvent before the induction of UC.

At end of.the experiment, all animals were anaesthized with suitable amount of
ether. and then sacrificed at the optimum time. The distal colon (5-6 cm) was rapidly
removed.and gently washed from fecal content using normal saline. One part of
specimen was preserved in 10% formalin for histological examination. The other part
was homogenized and kept at -20°C for evaluation of biological parameters such as
TNF-a, reduced glutathione, MDA and Nitric oxide.

2.5 Biochemical Assays:
All biochemical measurements were performed in pharmacology department, Faculty

of medicine, Tanta university.



2.5.1 Determination of gastric tissue malondialdehyde (MDA) content (nmol/gm
tissue):

Malondialdehyde was determined according to the colorimetric method of 2, The
principle of the assay is based on interaction between thiobarbituric acid (TBA) and
MDA in acidic medium at temperature of 95°C for 30 min to form thiobarbituric acid
reactive product and the absorbance of the resultant pink product can be measured at
534 nm. The absorbance of sample (A sample) was measured against blank.

2.5.2 Determination of nitric oxide (NO) content (nmol/gm tissue):

Nitric oxide concentrations in colonic tissues were measured by the Griess
reaction method ! using a commercially available kit (R & D Systems, Minneapolis,
MN). Results were expressed as nM/gm tissue for NO.

2.5.3 Determination of tissue tumor necrosis factor alpha ( TNF-a )content
(pg/ml):

TNF-a was assayed using kit obtained from Sunred Biotechnology Company,
Shanghai, China, according to the method of 1**!. TNF-o ‘was measured in gastric tissue
homogenate. The kit uses a double-antibody sandwich ELISA to assay the level of rat
TNF-a in samples. This assay measures the amount of antigen between two layers of
antibodies (i.e. capture and detection antibody). The antigen is immobilized, usually in
96-well plates. Then, the antigen binds to a specific antibody, which is subsequently
detected by a secondary, enzyme-coupled antibody. A chromogenic substrate for the
enzyme yields a visible color change, indicating the presence of antigen. The chroma

of color and the concentration of antigen in the sample are positively correlated.

2.5.4 Determination of tissue reduced glutathione (GSH) content (mg/g.tissue)
Reduced glutathione was determined according to the colorimetric method of !
using, kits supplied by Biodiagnostic company, Egypt. The principle of the methods
depends on the fact that glutathione (GSH) reduces 5,5 dithiobis (2- nitrobenzoic acid
(DTNB) to produce a yellow compound. The reduced chromogen is directly
proportional to GSH concentration and its absorbance can be measured at wavelength
of 405 nm.
2.5.5 Determination of mRNA levels of p38 MAPK:

Examination of MRNA levels of p38 MAPK in rat colon tissues was done using
reverse transcription-polymerase chain reaction (RT-PCR). The total RNAs in the

colon tissues of rats were extracted by TRIzol (Invitro-gen, Carlsbad, CA, USA)



lysis assay and reversely transcribed into complementary deoxyribose nucleic acids
(cDNAs) according to the instructions of the first-strand cDNA kit (TaKaRa, Otsu,
Shinga, Japan). Subsequently, PCR amplification was carried out on a PCR
instrument. The sequences of the primers added are shown in Table 1. Reaction
system: annealing at 65°C and extension at 72°C for 30 cycles. The reaction product
was subjected to gel electrophoresis, and the optical density value was analyzed

under a gel instrument 2%/,

Table 1: Primer sequence for p38 MAPK

Primer Sequence (5 »3’)

P 38 MAPK F: AGGGCGATGTGACGTTT
Sense
Antisense R:CTGGCAGGGTGAAGTTGG

2.6 Histopathological examination of colon tissues

Haematoxylin and Eesin (H&E) stain was done for detection of the general

histological structure of rat's.colon 7). Table 2 shows scoring of histopathological

results.
Table 2: Scoring of histopathological results
Score.| Inflammation | Goblet Glandular | Muscle Ulceration
cell loss hyperplasia | thickening

0 None None None None Absent
1 Individual Lessthan | Slight slight

cells 10% increase
2 Mild 10-50% 2-3 folds strong

Infiltrate increase
3 Large More than | More than | excessive Present

infiltrate 50% 3 folds

increase




2.7 Immunohistochemical detection of cyclooxygenase-2 (COX-2):

Four micron thick tissue was mounted onto poly L-lysine—treated Probe. Slides
were deparaffinized and rehydrated. Endogenous peroxidases were degraded by
incubating the sections in 0.5% hydrogen peroxide in methanol for 20 minutes. After a
15 minute wash in 0.01 M phosphate-buffered saline (PBSB) with 0.4% Brij, pH 7.2,
the tissues were microwaved at high power for two sets of 10 minutes each in 0.1 M
citrate buffer, pH 6.0. The tissues were rinsed in PBSB for 15 minutes and then
incubated in 10% non-immune goat serum at room temperature for 20 minutes. A
rabbit polyclonal antibody to COX-2 (PG27B, Oxford Biomedical Research; Oxford,
MI) diluted 1: 100 in PBS, was applied, and the sections were-incubated overnight at 4
C. After rinsing in PBSB for 15 minutes, the bisotinylated secondary antibody diluted
1: 200 in PBS was applied, and the sections were incubated at. room temperature for 45
minutes. After a 15 minute rinse in PBSB, RTU Elite ABC reagent (Vectastain PK-
7100, Vector) was applied and incubated at room:temperature for 45 minutes. The
antibody reaction products were observed with the chromagen 3,3-diaminob-enzidine
tetrachloride (DAB, 71-00-08, Kirkegaard and Perry Lab, Gaithersburg, MD) and
counterstained briefly with Gill’s hematoxylin. Negative control tissues were treated
similarly except that normal nonimmune rabbit serum, used as a nonspecific antibody
control, was substituted for the COX-2 antibody &, COX-2 immunolabelling was
evaluated by a semi-quantitative.assessment which included staining grade (percentage
of positive cells) and intensity: Five 10X fields from each slide were evaluated. The
grade (percentage) was evaluated by the following scoring system: 0= negative;
1=<10% of cells staining positive; 2 = 10-30%; 3 =31-60%; 4= > 60%. Intensity was
evaluated by. the following scoring system: 0=negative; 1=weak staining;
2 =moderately intense staining; and 3 = marked intense staining. Intensity of positive
control cells was considered marked staining. The final expression score was
calculated multiplying the intensity with percentage and classified as weak (1-2),
moderate (3-5), marked (6-8) and very marked (> 9).

2.8 Statistical analysis:

All data assessed were statistically analyzed using SPSS software version 13

(SPSS Inc., Chicago, IL, USA), then compared by one way analysis of variance



(ANOVA). The results were expressed as meantstandard deviation (SD). The
differences were considered statistically significant if probability value P < 0.05.

3.Results

As presented in Figure 1, induction of ulcerative colitis in rats resulted in
significant increase (129%) in MDA tissue contents compared to control group. On the
other hand, pretreatment with prednisolone significantly decreased (42.6%) tissue
MDA contents compared to acetic acid group. Pretreatment with carvedilol and
celecoxib resulted in significant decrease in tissue MDA contents (30% and 27%,
respectively) compared to acetic acid group and (25% and 30%, respectively)
compared to prednisolone group.

Similarly, acetic acid resulted in significant increase (119%) in.NO tissue contents
compared to control group. On the other hand, pretreatment. with prednsiolone
significantly decreased (28%) tissue NO contents.compared to acetic acid group.
Pretreatment with carvedilol and celecoxib resulted. in significant decrease in tissue
NO contents (25% and 16%, respectively) compared to.acetic acid group and (26%
and 42%, respectively) compared to prednisolone group (Figure 2).

Figure 3 shows that induction of colitis caused-a significant elevation of tissue TNF-a
content (30%) compared to control group and prednisolone significantly reduced TNF-
a content (16%) compared to acetic acid group. Furthermore, pretreatment with
carvedilol and celecoxib significantly reduced tissue TNF-a content (31% and 20%,
respectively) compared to acetic acid group and (27% and 47%, respectively)
compared to prednisolone group.

As shown in Figure 4, induction of ulcerative colitis in rats resulted in significant
decrease (49%) in GSH tissue contents compared to control group. On the other hand,
pretreatment with prednsiolone significantly increased (76%) tissue GSH contents
compared to acetic acid group. Pretreatment with carvedilol and celecoxib resulted in
significant increase in tissue GSH contents (47% and 24%, respectively) compared to
acetic acid group and (16% and 29%, respectively) compared to prednisolone group.
Figure 5a shows that induction of colitis caused a significant increase in mRNA levels
of p38 MAPK (243%) compared to control group and prednisolone significantly
reduced mRNA levels of p38 MAPK (58%) compared to acetic acid group.

Furthermore, pretreatment with carvedilol and celecoxib significantly reduced tissue



mRNA levels of p38 MAPK (51% and 38%, respectively) compared to acetic acid
group and (17% and 48%, respectively) compared to prednisolone group.
Histopathological examination of normal colon tissue revealed normal colonic mucosal
glands with average in size and shape showing goblet cells (Figure 6a). Induction of
ulcerative colitis by acetic acid resulted in sub-mucosal infiltration of chronic
inflammatory cells with hyperplasia, excessive thickening and ulceration (Figure 6b-
d). Pretreatment with prednisolone significantly reduced inflammation and infiltration
of hyperplastic gland with no loss of goblet cells (Figure 6e). On the other hand,
treatment of rats with carvedilol showed mild infiltration of inflammatory cells and
decreased scores of hyperplastic glands with no loss of goblet eells (Figure 6f).
Similarly, celecoxib decreased the scores of inflammatory cells and hyperplastic glans
but to a lesser extent (Figure 6g).

Immunohistochemical staining for COX-2 expression in colon tissue showed strong
positive staining for COX-2 in acetic acid group compared to control group (Figure
7b). Treatment of animals with prednisolone showed weak cytoplasmic COX-2
positivity (Figure 7c) while pretreatment with carvedilol showed moderate
cytoplasmic COX-2 positivity (Figure 7d) and pretreatment with celecoxib showed
marked cytoplasmic COX-2 positivity (Figure 7e).

4. Discussion:

In the present study, acetic acid-induced ulceritis resulted in significant elevation of
oxidative stress. markers (MDA and NO) together with significant reduction in
antioxidant:GSH content in colonic tissue. Ulcerative colitis belongs to inflammatory
bowel diseases that affect millions of people all over the world. The etiology of such
diseases remain unknown but recent studies have suggested that excessive activation of
immune system targeting the gut micro biota play pivotal role % We suggest that
activation of the mucosal immune system results in an inflammatory state
accompanied by dysregulation of the cytokine system which in turns activate oxidative
stress and release of free radicals. Gastrointestinal tract (GIT) is a major site for

reactive oxygen species (ROS) generation due to the presence of microbes and food



ingredients. This may decrease the antioxidant capacity of the patient and excessive
generation of oxidative stress markers enhances lipid peroxidation and depletes
antioxidant defense. This suggestion is supported by the observation that ulceritis was
associated with significant increase in the intestinal content of the pro-inflammatory

cytokine TNF-a in the current study.

We observed that administration of prednisolone significantly reduced the elevation in
MDA and NO together with significant elevation in GSH. These observations indicate
that prednisolone possesses an antioxidant potential. Prednisolone as. a standard
therapy to inflammatory bowel diseases is well known to reduce the inflammation and
allow bowel to heal. However, steroids are not recommended for long term treatment
due to their unfavorable side effects and their inability to inhibit flare-ups so, there is

an emergent need to reduce or stop steroids or move to alternative medications 132

The data of the present study revealed that carvedilol possesses a more effective
antioxidant potential compared to prednisolone as .indicated by more significant
reduction in MDA, NO and more significant elevation in GSH tissue contents
compared to prednisolone. To our <knowledge, this is the first study to test the
effectiveness of carvedilol in acetic acid-induced ulcerative colitis model. In line with
our observations, it was found that nebivolol, a long-acting, third-generation, selective
B1-adrenoceptor antagonist exhibited antioxidant effect as shown by normalizing the
values for serum contents. of thiobarbituric acid reactive substances (TBARS), TNF-a
and interleukin-1B( IL-1B) and superoxide dismutase (SOD) activity ®*/. We suggest
that the inhibitory effects.of carvedilol on lipid peroxidation are due to its antioxidant
activity ‘and its.ability to suppress inducible nitric oxide synthase (iNOS) expression.
The third-generation, selective B1-adrenoceptor antagonist including carvedilol and
nebivelol promote nitric oxide (NO-induced) vasodilatation through endothelial nitric
oxide synthase (eNOS) -mediated B3- adrenoceptor activation ©°. They act as
antioxidants through inhibition of nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase, subsequent SOD reduction and prevention of eNOS uncoupling
38 The results of the current study indicated that the antioxidant capacity of the
damaged mucosa is compromised thus; the use of non-traditional therapy as
antioxidants will inhibit the cell damage and improves the activity of antioxidant

defense.



Some studies have reported that blocking B-adrenoceptor has an anti-inflammatory
effect and was associated with decreased levels of pro-inflammatory cytokines B7.
Carvedilol was the first third-generation -blocker which exhibits antioxidant activity.
Its antioxidant property is due to its carbazole moiety 2! Carvedilol exhibited
antioxidant effects by reducing superoxide production by inhibiting NADPH oxidase
and preventing eNOS uncoupling. Another possible mechanism is acting within the
mitochondria as ROS scavenger thus inhibiting superoxide anion or hydrogen

peroxide.

In the present study, pretreatment of rats with carvedilol significantly decreased TNF-a
level. This is similar to previous studies which showed that a similar-drug, nebivolol
significantly decreased TNF-a in ulcerative colitis model, in.humanumbilical vein and

in human coronary sites 041421,

Similarly, the results for celecoxib pre-treated group showed that it significantly
decreased MDA, NO, TNF-a and significantly increased. GSH levels compared to
prednisolone group. These results are in agreement with previous data which showed
that celecoxib caused a substantial reduction of the degree of colonic injury, the rise in
myeloperoxidase and the increase in the tissue levels of malondialdehyde in

1 The function of

dinitrobenzene sulfonic acid (DNBS)-induced colitis
cyclooxygenase-1 and cyclooxygenase-2 in maintaining mucosal homeostasis and
modulating inflammation in_the digestive tract remains unclear. Prostanoids are
increased in experimental colitis and in inflammatory bowel disease “**4!. Therefore,
they play .a protective. role in colitis and down regulate the expression of
proinflammatory cytokines. It was hypothesized that inducible cyclooxygenase-2
drives the pro-inflammatory actions of prostaglandins during mucosal injury. Thus, the
gastro.protective effects of celecoxib arise from its ability to inhibit COX-2 and its
anti-inflammatory effect while avoiding gastrointestinal (GI) toxicity. Our results

indicate that celecoxib is effective in modulating the extent of experimental colitis.

The pathogenesis of ulcerative colitis is closely associated with elevtaed TNF-o and
interleukin-1p content as they are present in colon mucosa and can be detected in
inflamed tissues. So that, preventing of the action of these cytokines suppresses
inflammation and reduces colon destruction that corresponds to the anti-inflammatory

effect of celecoxib. In the present study, the increased TNF-a in colon tissue was



reduced by celecoxib. In addition, treatment with celecoxib markedly reduced the
cellular infiltrate in the colon and the inflammation of colon tissue. The ability of
COX-2 inhibitors to reduce the inflammatory cell infiltrate in the colon could in part
explain the observed reduction in the expression levels of COX-2 and cytokine

production.

Neutrophils have been considered to play a crucial role in the development of Gl
inflammation, as they are the major source of free radicals in the inflamed mucosa
14541 " Colonic inflammation is associated with infiltration of polymaerphonuclear
leukocytes, thus activation of neutrophils may be a major source of ROS and NOS
species. In the present study, we found that mucosal damage induced by acetic acid is
associated with significantly high levels of MDA. This is.agood indicator of lipid
peroxidation. The epithelial disruption was significantly reduced inrats pretreated with
celecoxib and this was associated with decreased tissue MDA, significant resolution of

histological signs of inflammation.

In a previous meta-analysis, it was found that Coxibs are safe in patients with
inflammatory bowel disease (IBD) compared to NSAIDs in patients suffering from
rheumatic pain resistant to standard treatment ™%, Another study revealed that short-
term treatment with celecoxib up to 14 days did not possess a greater clinical and
endoscopic relapse rate-compared to placebo in patients with ulcerative colitis 2.

Also, it was found that celecoxib and etoricoxib do not augment IBD symptoms “*

We showed by immunohistochemistry that COX-2 is expressed in mucosal epithelial
cells in rats received acetic acid and this expression was significantly decreased by the

use oficelecoxib.

The present data indicates that ulcerative colitis induced a significant increase in
mMRNA levels of p38 MAPK as revealed by PCR. It is well known that MAPK enzyme
family is involved the cytokine signal transduction within the epithelial cell of the gut
mucosa. They are activated via phosphorylation which in turn activates specific
transcription factors and subsequent target genes. So, there should be therapeutic
regimes directed towards cytokine signaling pathways ™°. We showed that both
celecoxib and carvedilol significantly reduced mRNA levels of p38 MAPK compared
to ulcerative colitis group and to prednisolone. By inhibiting the p38 MAPK, celecoxib

and carvedilol can effectively suppress the production of cytokines (e.g. TNF-a, IL-1,



IL-2 and IL-6). These data indicate that both drugs may act as inhibitors of p38 kinase.
The inhibition of the activity of MAPK is further confirmed by significant reduction of
TNF-a release in both carvedilol and celecoxib pre-treated groups. This also sheds
more light on the importance of MAPK in the pathophysiology of colitis. To our
knowledge, this is the first study to explore the role of celecoxib and carvedilol in
regulating MAPK pathway in ulcerative colitis model.

The results of the present study are in agreement with previous studies which explored
the regulation of MAPK/ERK/JNK signaling pathway in ulcerative colitis. It was
found that chlorogenic acid reduces dextran sulfate sodium (DSS)-induced ulcerative
colitis in mice, which can significantly reduce tissue inflammation and apoptosis. This
action is through MAPK/ERK/JNK signaling pathway .

The key roles of p38 MAPK in IBD obviously lay both. in"the immune and non-
immune cells. First, p38 MAPK up regulates the expression of some genes involved in
intestinal inflammation, such as genes coding for TNF-a, IL-1, IL-6, IL-8,
cyclooxygenase-2, collagenase-1 and collagenase-3. Meanwhile, non-immune cells,
like human intestinal microvascular endothelial cells (HIMEC), intestinal epithelium,
fibroblasts and myofibroblasts, are involved in IBD and are under control of the direct
and indirect effect of p38 MAPK B2 In the present study, the reduction of the
expression of COX-2 by pre administration of celecoxib or carvedilol could be also in
part due to inhibition of p38 MAPK.

In addition, the increased activation of MAPK in the current study plays a major role
in promoting apoptosis. This was evident by increased apoptosis in tissue samples
from wlcerative colitis groups. Activated p38 MAPK induces the recruitment and
activation-of lymphocytes and neutrophils and delays the apoptosis of these immune
cells inulcerative colitis. The activation of p38 MAPK also regulates the adhesion and
transmigration of lymphocytes across the microvasculature via the up regulation of
vascular cell adhesion protein 1(VCAM-1) and intercellular adhesion molecule
1(ICAM-1). On the other hand, the inhibition of p38 MAPK leads to decreased
leukocyte recruitment in the inflamed GI %1 Through their inhibiting action on p38
MAPK, both celecoxib and carvedilol could decrease inflammatory cell recruitment to

the colonic tissue and increase the structural integrity of the mucosa.



In the normal intestinal mucosa, macrophages are the major antigen presenting cell
population as they determine the T-cell responses. However, they lack the capacity of
mediating inflammatory responses. In case of UC and crohn’s disease (CD), circulating
monocytes migrate from the intravascular lumen to the inflammatory intestinal tissues
and are converted to activated macrophages. These cells can mediate mucosal
inflammation via the upregulation of gene expression of TNF-a, IL-1, IL-6, IL-8,
COX-2, collagenase-1 and collagenase-3. p38 MAPK inhibitors can reduce the

expression of these genes selectively %,

TNF-a and IL-1 can in turn activate p38
MAPK, forming a vicious cycle in the development of inflammatory response **. The
administration of both carvedilol and celecoxib was associated. with decreased
intestinal damage, mitochondrial swelling, reactive oxygen species, and MAPK, which
indicate that both drugs can reduce mitochondrial damage by improving intestinal
mitochondrial ultrastructure. The results of the experiment showed that both drugs can
significantly improve tissue damage, reduce inflammatory factors, and increase the
expression of anti-inflammatory factors, indicating that these drugs have protective

effects on acetic acid -induced ulcerative colitis.
5. Conclusion

the data of the present study revealed that both celecoxib and carvedilol have
protective effects on acetic-acid induced ulcerative colitis and their effects are due to

anti inflammatory, antioxidant effects and their ability to suppress p38 MAPK.
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Figure 1:+Comparison of tissue MDA content (nmol/g.tissue) in different groups .
Values are presented as mean+SD. n=8

*Significant difference from control group at p< 0.05
$ Significant difference from AA group at p< 0.05.

* Significant difference from Prednisolone group at p< 0.05.



Figure 2: Comparison of NO content (nmol/g.tissue) in different groups. Values are
presented as mean+SD. n=8

*Significant difference from control group at p< 0.05
$ Significant difference from AA group at p< 0.05.

* Significant difference from Prednisolone group at p< 0.05.
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Figure 3: Comparison of tissue TNF-o content (pg/ml) in different studied groups.
Values are presented.as meantSD. n=8

*Significant difference from control group at p< 0.05
$ Significant difference from AA group at p< 0.05.

* Significant difference from Prednisolone group at p< 0.05.



Figure 4: Comparison of GSH (mg/g. tissue) in-different groups. Values are presented
as mean+SD. n=8

*Significant difference from control group at p< 0.05
$ Significant difference from AA group at p< 0.05.

* Significant difference from Prednisolone group at p< 0.05.
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Figure 5: (a) Semiquantitative analysis of p38 MAPK in different groups in colonic
tissue as determined by reverse transcription quantitative polymerase chain reaction.
Values are presented as mean£SD. n=8 (b) PCR analysis.of p38 MAPK in different
groups.

*Significant difference from control group at p< 0.05
s Significant difference from AA group at p< 0.05.

* Significant difference from Prednisolone group at p< 0.05.



Figure 6: Photomicrographs of colon tissue (H&E x 100) (a) Section of colon of
normal animal (negative control) showing normal colonic mucosal glands, average in
size and shape showing goblet cells (blue arrows) separated by fibroblastic stroma (b)
acetic acid group showing sub-mucosal large infiltrate of chronic inflammatory cells
score 3 (red arrows) with hyperplasia of glands score 2 and loss of goblet cells score 3(



blue arrows) (c) Section of colon in AA showing ulceration score 3 (blue arrow)
surrounded by hyperplastic glands with loss of goblet cells score 3 (red arrows)(d)
Section of colon in AA group showing excessive muscle thickening score 3 (blue
arrow) surrounded by congested vessels (red arrows) with overlying colonic mucosa
(e)Section of colon in prednisolone in animal showing individual chronic
inflammatory cells infiltrate score 1 (red arrows) with hyperplastic glands score 1
(blue arrows) with no loss of goblet cells score 0 (f) Section of colon in carvedilol
group showing mild infiltrate of chronic inflammatory cells score 2 (red arrows) with
hyperplastic glands score 2 (blue arrows) with no loss of goblet cells score 0 (g)
Section of colon in celecoxib group showing mucosal diffuse infiltrate of chronic
inflammatory cells score 3 (red arrows) with hyperplastic glands score 2 (blue arrows)
showing mild loss of goblet cells score 1 (green arrows)



showing weak cytoplasmic COX-2 positivity (score 2) (d) Section of colon in

carvedilol group showing moderate cytoplasmic COX-2 positivity (score 4) (e)

Section of colon in celecoxib group showing marked cytoplasmic COX-2 positivity



