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A B S T R A C T

Background: Ulcerative colitis is a chronic inflammatory condition in which the inflammatory response

confined to the colon. There is a need to explore the new targets for UC such as Farnesoid X receptor and

hydrogen sulfide pathway.

Methods: Wistar rats of either sex (200–250 g) were used. 2,4-Dinitrobenzene sulfonic acid (DNBS)

(25 mg/rat) given by rectal route into the colon to induced symptoms of ulcerative colitis.

Chenodeoxycholic acid (CDCA) (10 and 20 mg/kg) and sodium hydrogen sulfide (NaHS) (10 and

30 mmol/kg) and a inhibitor of cystathionine-g-lyase enzyme (CSE) i.e. DL-propargylglycine (10 mg/kg)

treatment given along with 2,4-dinitrobenzene sulfonic acid. The disease activity index was assessed by

daily change in body weight and rectal bleed score and change in length of colon. Oxidative stress

markers (reduced glutathione, malondialdehyde (MDA), nitrite, and catalase and myeloperoxidase

enzyme activity), serum glutamic-oxaloacetic transaminase (SGOT) and serum glutamic pyruvic

transaminase (SGPT) levels in blood serum, and cardiac hemodynamic were performed on last day.

Results: The administration of DNBS intra-rectally in rats produced loss of body weight and bloody

diarrhea with significant increase in oxidative stress markers in the colon. CDCA (10 and 20 mg/kg) and

NaHS (10 and 30 mmol/kg) significantly attenuated DNBS-induced UC in rats. The combination of CDCA

(10 mg/kg) and NaHS (10 mmol/kg) showed synergetic effect whereas; DL-propargylglycine reversed the

protective effect of CDCA.

Conclusion: The observed beneficial effects following CDCA may be due to its action through activation of

CSE enzyme which leads to hydrogen sulfide generation.

� 2015 Institute of Pharmacology, Polish Academy of Sciences. Published by Elsevier Sp. z o.o. All rights

reserved.
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Introduction

Ulcerative colitis (UC) is a chronic inflammatory condition in
which the inflammatory response and morphologic changes
remain confined to the colon [1]. The most consistent feature of
UC is the presence of blood and mucus mixed with stool,
accompanied by lower abdominal cramping which is most intense
during the passage of bowel movements [2]. The previous reports
have shown that till date no appropriate treatment is available to
treat UC without side effects [3]. Thus, there is a need to explore the
further pathways or targets involved in the pathogenesis of UC
such as Farnesoid X receptor (FXR) and hydrogen sulfide (H2S)
pathway, so that the respective treatments can be proven
beneficial for the patients with lesser side effects.

In the present study we used DNBS to induce UC. DNBS is a
hapten administered in combination with ethanol (40–50%), to
break the mucosal barrier and allow its penetration into the
bowel wall [4]. The DNBS model produces acute and chronic
y Elsevier Sp. z o.o. All rights reserved.
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inflammation and ulceration in the colon characterized by
transmural inflammation, ulceration, and fibrosis length shorten-
ing and weight increase of the colon [5].

FXR is a member of the ligand-activated nuclear hormone
receptor superfamily. FXR primarily act as a bile acid sensor.
Recent evidence suggests that the bile acid-FXR interaction is
involved in the pathophysiology of a wide range of diseases of the
liver, biliary and gastrointestinal tract, such as IBD [6]. FXR
receptor is reported to play an important role in the maintenance
of innate immune and inflammatory reactions and regulates
barrier function and prevention of bacterial translocation in the
gastrointestinal tissue [6]. Further, administration of 6-ethyl
chenodeoxycholic acid (6E-CDCA), a synthetic FXR agonist has
been shown to attenuate TNBS-induced colitis in mice [7]. Further-
more, FXR (�/�) mice are prone to develop severe gastric and
intestinal injury, possibly via reduced (50%) gastrointestinal
expression of CSE, an enzyme required for generation of H2S.
Interestingly, pharmacological treatment with CDCA or GW4064,
selective FXR agonists, produced significant gastro protection via

selective activation of FXR and subsequent activation of CSE-
dependent mechanism [8].

Therefore, on the basis of these theories, hypothesis has been
generated that CDCA (a selective FXR agonist) exerts its positive
effect on the UC by increasing CSE expression and subsequently
H2S release, evaluated by using NaHS (a H2S donor) and DL-
propargylglycine (selective CSE inhibitor). In addition to this,
cardiac parameters are also assessed to evaluate the effect of CDCA
on an isolated rat heart.

Materials and methods

Animals

The experimental protocol used in the present study was
approved by Institutional Animal Ethics Committee (Approval No.
IAEC/CPCSEA/M9/P161, dated: 08/03/2014). All the experiments
were carried out according to guidelines of Indian National Science
Academy for care and use of animals in scientific research. Forty-
eight Wistar rats (180–250 g) of either sex, divided into 9 groups
(n = 6), were employed in the present study. All the animals were
fed standard chow diet and water ad libitum. They were
acclimatized in animal house and were exposed to normal cycle
of light and darkness.

Drugs and chemicals

2,4-Dinitrobenzene sulfonic acid, sodium hydrogen sulfide, DL-
propargylglycine (PAG) and o-dianisidine hydrochloride were
obtained from Sigma–Aldrich, St. Louis, USA. Chenodeoxycholic
acid was obtained from Genetix Biotech Asia Pvt. Ltd., New Delhi,
India. SGOT and SGPT kits were procured from Erba Mannheim,
Germany.

Induction of colitis

Animals were kept for overnight fasting and next day fasted rats
were lightly anesthetized with ether. In anesthetized rats, a
catheter was inserted into the colon via the anus until approxi-
mately the splenic flexure (8 cm from the anus) containing DNBS
(25 mg/rat) dissolved in 50% ethanol. Thereafter, the animals were
kept for 15 minutes in a Trendelenburg position to avoid reflux.
The body temperature of the animals was kept at 37 8C and the
animals were allowed to recover from the anesthesia. They were
then given unlimited normal diet, water and drug treatment for the
next seven days [9].
� Group 1 – Normal Control;
� Group 2 – Disease Control (DNBS, 25 mg/rat intra-rectal) single

injection;
� Group 3 and 4 – DNBS (25 mg/rat intra-rectal) + CDCA (10 and

20 mg/kg, po for 10 days);
� Group 5 and 6 – DNBS (25 mg/rat intra-rectal) + NaHS (10 and

30 mmol/kg, intra-rectal for 7 days);
� Group 7 – DNBS (25 mg/rat intra-rectal) + CDCA (10 mg/kg,

po) + NaHS (10 mmol/kg, intra-rectal);
� Group 8 – DNBS (25 mg/rat intra-rectal) + CDCA (20 mg/kg,

po) + PAG (10 mg/kg, ip for 7 days);
� Group 9 – DNBS (25 mg/rat intra-rectal) + sulfasalazine (300 mg/

kg, po for 7 days).

All the drugs were given for 7 days after DNBS injection except
CDCA. CDCA was given for 10 days starting 3 days before and
continues for 7 days after DNBS injection. The doses and schedule
were selected on the basis of previous studies.

Assessment of physical appearances

Body weight were observed on 1st and 7th day of the study
whereas rectal bleeding was observed as part of index to
determine disease activity daily from 1st to 7th day and average
of bleeding score was shown in the graph. The rectal bleed scoring
was given from 0 to 4 depending on the stool consistency and
presence of blood. The scores were allotted as follows, 0 – normal
stool, 1 – solid stool with water, 2 – liquid stool with no bleeding,
3 – liquid stool with little bleeding, 4 – gross bleeding (blood with
stool). The animals were observed for seven days and on day
eight, the animals were sacrificed and abdomen was opened by a
midline incision. The colon was removed, freed from surrounding
tissues, opened along the anti-mesenteric border, rinsed,
weighed and the length of the colon was measured. Further,
the colon was processed for histology and other biochemical
parameters [10].

Biochemical parameters

Measurement of lipid peroxidation (LPO)

The extent of LPO in the colon homogenate was determined
quantitatively by performing the method as described by Wills
[19]. The values were calculated using the molar extinction co-
efficient of chromophore [1.56 � 105 (mol/l)�1 cm�1].

Estimation of nitrite

The accumulation of nitrite in the supernatant, an indicator of
the production of nitric oxide was determined by a colorimetric
assay with Greiss reagent [11].

Estimation of reduced glutathione levels

Reduced glutathione was estimated according to the method
described by Ellman [12]. Results were calculated using molar
extinction co-efficient of the chromophore (1.36 � 104 (mol/l)�1

cm�1).

Catalase activity

Catalase activity was assessed by the method of Luck wherein
the breakdown of H2O2 is measured [13]. The results were
expressed as micromoles of hydrogen peroxide decomposed per
min per mg of protein.



Fig. 1. Effect of CDCA and NaHS alone and/or in combination on body weight in

DNBS treated rats. Data expressed as mean � SD. ap < 0.05 vs normal control,
bp < 0.05 vs DNBS treated group, cp < 0.05 vs CDCA (10 mg/kg), dp < 0.05 vs NaHS

(10 mM/kg), ep < 0.05 vs CDCA (20 mg/kg). CDCA – chenodeoxycholic acid, NaHS –

sodium hydrogen sulfide, PAG – DL-propargylglycine, DNBS – 2,4-dintrobenzene

sulfonic acid.
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Estimation of TNF-a level

The quantification of TNF-a was done by rat TNF-a immuno-
assay kit (RayBiotech, Inc. Norcross, GA). Concentrations of TNF-a
were calculated from their respective standard curves.

Measurement of myeloperoxidase (MPO) activity

Neutrophil infiltration was monitored by measuring MPO
activity in colon segments according to the protocol described by
Patel et al. One unit of MPO activity was defined as that degrading
one micromole of peroxidise per minute at 25 8C.

Hemodynamic parameters

When the rats were sacrificed by spinal dislocation, thorax was
opened and heart was excised after intraperitonial heparinization
(500 U/kg body weight) and placed into chilled, heparinized
perfusate to arrest the beating of the heart. The heart was
immediately mounted on digital Langendorff’s apparatus (RAD-
NOTI, Monrovia, CA, USA) and perfused with Kreb’s Hensleit
solution (NaCl: 118 mM; KCl: 4.7 mM; CaCl2: 2.5 mM; MgSO4�
7H2O: 1.2 mM; NaHCO3: 25 mM; KH2PO4: 1.2 mM; glucose:
11 mM), gassed with 95% O2, 5% CO2, pH 7.4, maintained at
37 8C for the measurement of cardiac functions, a double distilled
water filled latex balloon was inserted through the mitral valve
into the left ventricle, and left ventricular end diastolic pressure
(LVEDP) and rate of pressure development (dp/dtmax) were
measured using pressure transducer (BIOPAC MP 100 System,
CA, USA) [14].

Estimation of Liver enzyme level

Serum was separated by centrifuging blood at 2500 rpm for
10 min and the levels of SGOT and SGPT were analyzed by using a
commercially available enzymatic kit (IFCC method, Erba,
Germany).

Histopathological studies

The microscopic evaluation of proximal and distal parts of colon
samples were fixed in 10% formaldehyde and processed routinely
for embedding in paraffin. Paraffin sections were stained with
hematoxylin and eosin to indicate histological features.

Statistical analysis

The results are expressed as mean � SD The colon length, rectal
bleeding and biochemical parameters were analyzed by one-way
analysis of variance (ANOVA) followed by Bonferroni’s post hoc test
for multiple comparisons. The body weight and hemodynamic
parameters were analyzed by two-way ANOVA followed by
Bonferroni’s multiple comparison post hoc test. p < 0.05 was consid-
ered as statistically significant.

Results

Effect of CDCA and NaHS alone and/or in combination on body weight

and bleeding score in DNBS treated rats

Body weight were observed on 1st and 7th day of the study
whereas the bleeding score was given daily from 1st to 7th day and
average of bleeding score was shown in Fig. 2 DNBS treated rats
showed significant decrease in body weight on day 7th day
whereas the bleeding score was significantly increased as the
disease progress as compared to control group. Treatment with
NaHS (10 and 30 mmol/kg, ip), CDCA (10 and 20 mg/kg, po) and
sulfasalazine (300 mg/kg, po) significantly increased body weight
and decreased bleeding in DNBS treated rats. Further, the
combination of low dose of NaHS (10 mmol/kg, ip) and CDCA
(10 mg/kg, po) showed synergistic effect as compared to their
effects alone in DNBS treated rats. However, when PAG (10 mg/kg,
ip) was given along with CDCA (20 mg/kg, po), it significantly
reversed the protective effect of CDCA as compared with its effect
alone (Figs. 1 and 2).

Effect of CDCA and NaHS alone and/or in combination on colon length

in DNBS treated rats

DNBS treated rats showed significant decrease in colon length
on last day as compared to control group. Treatment with NaHS
(10 and 30 mmol/kg, ip), CDCA (10 and 20 mg/kg, po) and
sulfasalazine (300 mg/kg, po) significantly attenuated DNBS
induced changes in colon as compared to disease control group.
Further, the combination of NaHS (10 mmol/kg, ip) and CDCA
(10 mg/kg, po) showed synergistic effect as compared to their
effects alone in DNBS treated rats. However, when PAG (10 mg/kg,
ip) was given along with CDCA (20 mg/kg, po), it significantly
reversed the protective effect of CDCA as compared with its effect
alone (Fig. 3).

Effect of CDCA and NaHS alone and/or in combination on biochemical

parameters (LPO, GSH, catalase and nitrite) in DNBS treated rats

DNBS treated rats showed significant increases MDA and nitrite
levels (Figs. 4 and 7), whereas decreases reduced GSH and catalase
levels (Figs. 5 and 6) as compared to control group. Treatment with
NaHS (10 and 30 mmol/kg, ip) and CDCA (10 and 20 mg/kg, po)
significantly decreased MDA and nitrite level and increased
reduced GSH and catalase level in DNBS treated rats as compared
to disease control group. The sulfasalazine (300 mg/kg, po) also
showed significant effects as compared to DNBS treated rats.
Further, the combination of low dose of NaHS (10 mmol/kg, ip) and
CDCA (10 mg/kg, po) showed synergistic decrease in MDA and
nitrite level and increase in reduced GSH and catalase level as
compared to their effects alone in DNBS treated rats. However,
when PAG (10 mg/kg, ip) was given along with CDCA (20 mg/kg, po),



Fig. 2. Effect of CDCA and NaHS alone and/or in combination on colon length in

DNBS treated rats. Data expressed as mean � SD. ap < 0.05 vs normal control,
bp < 0.05 vs DNBS treated group, cp < 0.05 vs CDCA (10 mg/kg), dp < 0.05 vs NaHS

(10 mM/kg), ep < 0.05 vs CDCA (20 mg/kg).

Fig. 4. Effect of CDCA and NaHS alone and/or in combination on lipid peroxidation in

DNBS treated rats. Data expressed as mean � SD. ap < 0.05 vs normal control,
bp < 0.05 vs DNBS treated group, cp < 0.05 vs CDCA (10 mg/kg), dp < 0.05 vs NaHS

(10 mM/kg), ep < 0.05 vs CDCA (20 mg/kg).
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it significantly reversed the protective effect of CDCA as compared
with its effect alone.

Effect of CDCA and NaHS alone and/or in combination on MPO and

TNF-a in DNBS treated rats

DNBS treated rats showed significant increase in the level of
MPO and TNF-a as compared to control group. Treatment with
NaHS (10 and 30 mmol/kg, ip) and CDCA (10 and 20 mg/kg, po, for
10 days) significantly decreased MPO and TNF-a level in DNBS
treated rats as compared to disease control group. The sulfasa-
lazine (300 mg/kg, po) also showed significant decrease in MPO
Fig. 3. Effect of CDCA and NaHS alone and/or in combination on bleeding score in

DNBS treated rats. Data expressed as mean � SD. ap < 0.05 vs normal control,
bp < 0.05 vs DNBS treated group, cp < 0.05 vs CDCA (10 mg/kg), dp < 0.05 vs NaHS

(10 mM/kg), ep < 0.05 vs CDCA (20 mg/kg).
and TNF-a in DNBS treated rats. Further, the combination of low
dose of NaHS (10 mmol/kg, ip) and CDCA (10 mg/kg, po) showed
significant decrease in MPO and TNF-a level as compared to their
effects alone in DNBS treated rats. However, when PAG (10 mg/kg,
ip) was given along with CDCA (20 mg/kg, po), it significantly
reversed the protective effect of CDCA as compared with its effect
alone (Figs. 8 and 9).

Effect of CDCA and NaHS alone and/or in combination on LVEDP, +dp/

dt, ALT and AST in DNBS treated rats

The DNBS and pharmacological intervention with various drugs
(i.e. CDCA and NaHS) treated rats did not show any significant
effect on LVEDP, +dp/dt, ALT and AST level as compared to control
group (Figs. 10–13).
Fig. 5. Effect of CDCA and NaHS alone and/or in combination on reduced glutathione

in DNBS treated rats. Data expressed as mean � SD. ap < 0.05 vs normal control,
bp < 0.05 vs DNBS treated group, cp < 0.05 vs CDCA (10 mg/kg), dp < 0.05 vs NaHS

(10 mM/kg), ep < 0.05 vs CDCA (20 mg/kg).



Fig. 6. Effect of CDCA and NaHS alone and/or in combination on catalase in DNBS

treated rats. Data expressed as mean � SD. ap < 0.05 vs normal control, bp < 0.05 vs

DNBS treated group, cp < 0.05 vs CDCA (10 mg/kg), dp < 0.05 vs NaHS (10 mM/kg),
ep < 0.05 vs CDCA (20 mg/kg).

Fig. 8. Effect of CDCA and NaHS alone and/or in combination on MPO in DNBS

treated rats. Data expressed as mean � SD. ap < 0.05 vs normal control, bp < 0.05 vs

DNBS treated group, cp < 0.05 vs CDCA (10 mg/kg), dp < 0.05 vs NaHS (10 mM/kg),
ep < 0.05 vs CDCA (20 mg/kg).
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Effect of CDCA and NaHS alone and/or in combination on

histopathological changes in DNBS treated rats

Rat’s colon cross sections revealed normal looking mucosal
epithelium with no necrosis or inflammation in the control group
(Fig. 14A). In DNBS-treated rats, a diffused active UC was seen
along with severe necrosis and extensive morphological disorien-
tation, edema and diffuse inflammatory cells infiltrate in the
submucosa of colon section (Fig. 14B). Treatment with CDCA
(10 and 20 mg/kg, po) and NaHS (10 and 30 mmol/kg, ip) reversed
histological damage, as represented by healing of the mucosal
epithelium with less eroded surface surrounded by fewer
inflammatory edema and less necrosis (Fig. 14C–F). Pretreatment
with the combination of low dose of CDCA (10 mg/kg, po) and NaHS
(10 mmol/kg, ip) resulted in a total healing of the superficial eroded
mucosa with no hemorrhage, edema and necrosis and a few
Fig. 7. Effect of CDCA and NaHS alone and/or in combination on nitrite in DNBS

treated rats. Data expressed as mean � SD. ap < 0.05 vs normal control, bp < 0.05 vs

DNBS treated group, cp < 0.05 vs CDCA (10 mg/kg), dp < 0.05 vs NaHS (10 mM/kg),
ep < 0.05 vs CDCA (20 mg/kg).
inflammatory cells infiltrate (Fig. 14G). Co-administration of PAG
(10 mg/kg, ip) with CDCA (20 mg/kg, po) increased sub-mucosal
edema and cellular infiltrates and reversed the protective effect of
CDCA (Fig. 14H). Pretreatment with sulfasalazine (300 mg/kg, po)
showed markedly healed and improved intestinal mucosa as
compared to disease control group (Fig. 14I).

Discussion

IBD is a multifactorial perturbation of intestinal immune
homeostasis involving alterations of intestinal barrier permeabili-
ty and resulting in an aberrant immune response to luminal
microbiota [15]. UC is an idiopathic, chronic inflammatory disorder
of the colonic mucosa, which starts in the rectum and generally
extends proximally in a continuous manner through part of, or the
entire colon. The most consistent feature of UC is the presence of
Fig. 9. Effect of CDCA and NaHS alone and/or in combination on TNF-a in DNBS

treated rats. Data expressed as mean � SD. ap < 0.05 vs normal control, bp < 0.05 vs

DNBS treated group, cp < 0.05 vs CDCA (10 mg/kg), dp < 0.05 vs NaHS (10 mM/kg),
ep < 0.05 vs CDCA (20 mg/kg).



Fig. 10. Effect of CDCA and NaHS alone and/or in combination on LVEDP in DNBS

treated rats. CDCA – chenodeoxycholic acid, NaHS – sodium hydrogen sulfide, PAG –

DL-propargylglycine, DNBS – 2,4-dintrobenzene sulfonic acid.

Fig. 12. Effect of CDCA and NaHS alone and/or in combination on ALT in DNBS

treated rats. CDCA – chenodeoxycholic acid, NaHS – sodium hydrogen sulfide, PAG –

DL-propargylglycine, DNBS – 2,4-dintrobenzene sulfonic acid.
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blood and mucus mixed with stool, weight loss, fever, accompa-
nied by lower abdominal cramping, which is most intense during
the passage of bowel movements [16]. The clinical course of UC is
unpredictable, marked by alternating periods of exacerbation and
remission [17]. So the study needs to be done for therapeutic
treatment of exacerbation and which can decrease the conse-
quences of remission.

In this study, DNBS induced UC model is used because the
symptoms produced by DNBS are clinically relevant to human UC
[18]. DNBS is a hapten administered as an enema in rats or mice in
combination with ethanol (40–50%), to break the mucosal barrier
and allow DNBS penetration into the bowel wall. DNBS reacts with
autologous proteins and stimulates delayed type of hypersensitiv-
ity which provokes severe ulcerations of the mucosal and epithelial
barrier characterized by transmural infiltration of mononuclear
cells [19]. DNBS leads to erosion and hemorrhagic ulceration in
Fig. 11. Effect of CDCA and NaHS alone and/or in combination on +dp/dt in DNBS

treated rats. CDCA – chenodeoxycholic acid, NaHS – sodium hydrogen sulfide, PAG –

DL-propargylglycine, DNBS – 2,4-dintrobenzene sulfonic acid.
epithelial mucosa which may lead to rectal bleeding along with
stool [9].

DNBS treated rats has been found to be associated with an
overproduction of nitric oxide (NO) because of the expression of
the inducible isoform of NO synthase (iNOS) which results in
oxidative tissue damage [20]. In this study, DNBS treated rats has
shown the elevated level of MDA because DNBS causes cell damage
and hence increasing the lipid peroxidation. Since, DNBS treated
rats have shown to increase oxidative stress by increasing the
oxidant levels in rats, the anti-oxidant activity of catalase and
reduced GSH has been found to decrease.

Increased oxidative stress is also associated with increased
levels of MPO which catalyses the conversion of proportionally
more stable hydrogen peroxide to unstable hypochlorous acid
(HOCl) which is known to be cytotoxic in nature. In the present
study, DNBS induces a strong inflammatory response and a
significant increase in MPO activity compared to controls
[21]. Moreover, activated macrophages produce cytokines such
Fig. 13. Effect of CDCA and NaHS alone and/or in combination on AST in DNBS

treated rats. CDCA – chenodeoxycholic acid, NaHS – sodium hydrogen sulfide, PAG –

DL-propargylglycine, DNBS – 2,4-dintrobenzene sulfonic acid.



Fig. 14. Effect of CDCA and NaHS alone and/or in combination on histopathological changes in DNBS treated rats. (A) Normal rat colon with intact mucosal layer and epithelial;

(B) DNBS treated rat colon with diffused active colitis, chronic inflammatory cells infiltrate with extensive disrupted intestinal layer and necrosis; (C and D) CDCA (10 and

20 mg/kg) treated rat colon partially repaired epithelial changes and restoration of intestinal layer; (E and F) NaHS (10 and 30 mmol/kg) treated rat colon showed only mild

superficial inflammatory cell infiltration with no ulceration. (G) Combination of CDCA (10 mg/kg) and NaHS (10 mmol/kg) administered rats attenuated cell damage with

complete healing of intestinal layer and prevented cellular inflammatory infiltrate; (H) CDCA (20 mg/kg) with PAG (10 mg/kg) increased mucosal damage and cellular

infiltrate as compared to test drug treated group; (I) sulfasalazine (300 mg/kg) attenuated cell damage with complete ulcer healing in DNBS treated group.
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as TNF-a, interleukin (IL)-6, IL-8, etc. which further stimulates the
inflammatory cascade [22]. Patients with UC suffering from
chronic inflammation have also increased levels of TNF-a and
several pro-inflammatory cytokines both involved in innate and
adaptive immune responses [23]. DNBS (25 mg/rat) treated rats in
the present study caused severe necrosis and extensive morpho-
logical disorientation, edema and diffuse inflammatory cells
infiltrate in the submucosa of colon section during histopatholog-
ical studies, as in accordance with previous data [9].

In the present study, it has been observed that the
administration of CDCA (10 and 20 mg/kg) and NaHS (10 and
30 mmol/kg) at both low and high doses significantly showed
preventive effect in comparison to DNBS treated rats. They
decreased the colon length shortening and rectal bleeding score
significantly as compared to the disease control group and hence
significantly increased the body weight. Moreover, they de-
creased the levels of oxidants i.e. MDA and nitrite whereas the
anti-oxidant levels are comparatively increased i.e. catalase and
GSH. CDCA and NaHS also significantly decreased the MPO and
TNF-a level in comparison to DNBS treated rats, proving the anti-
inflammatory effect.
Also, when low dose NaHS (10 mmol/kg) and CDCA (10 mg/kg)
were given in combination, they showed synergistic effect in body
weight, rectal bleeding, colon length shortening and oxidative
stress and inflammatory markers in comparison to single
administration of both low doses of CDCA and NaHS and also
showed significant improvement as compared to DNBS treated
rats. However, when high dose of CDCA (30 mg/kg) was given with
PAG (10 mg/kg), the protective effect of CDCA was abrogated.
There results showed that CDCA protective effect might be
mediated through increase secretion of H2S. This also hypothesizes
that activation of FXR receptors directly or indirectly affects the
secretion of H2S. Furthermore, in our study treatment with CDCA
and NaHS resulted in a total healing of the superficial eroded
mucosa with no hemorrhage, edema and necrosis and a few
inflammatory cells infiltrate.

Although CDCA is a FXR ligand and is reported to be a
cardiotoxic, our study revealed no significant changes in the LVEDP
and +dp/dt levels in the normal as well as DNBS treated rats.
Furthermore, when tested for ALT and AST levels in the blood
serum, CDCA does not show any significant effect on their levels in
comparison to both normal and DNBS treated rats.
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Pharmacological treatment with CDCA has shown to provide
significant gastroprotection against NSAIDs-induced gastric dam-
age via selective activation of FXR and subsequent activation of CSE
dependent mechanism [8].

CSE (cystathionine gamma-lyase) is an enzyme responsible for
the generation of H2S in the body which is an endogenous gaseous
mediator that exerts several anti-inflammatory effects and
increases the resistance of stomach to the injury [24]. H2S can
also attenuate some elements of inflammation (leukocyte adher-
ence, edema formation, etc.) and accelerate the healing of injured
GI tissue by reducing NO, TNF-a, IL-1b, IFN-g levels and appears to
act as a tonic down regulator of granulocyte infiltration into
intestinal tissue [25]. Since, CSE is responsible for the production of
H2S, no study has been done to verify the mechanistic pathway
involved in the ulceroprotective role of FXR agonist against the
colitis.

Hence, in the present study we have evaluated the downstream
pathway involved in the beneficial effect of FXR which is secondary
to the increased generation of H2S as supported by the above
results. CDCA (FXR agonist) in combination with NaHS (H2S donor)
synergistically attenuated the UC-like symptoms in DNBS treated
animals. But this protective effect was abolished when CDCA was
given with the CSE antagonist i.e. PAG, which suggests that FXR
ligand exhibits ulceroprotective effects by directly or indirectly
increasing the generation of H2S gas in the body through regulation
of the expression of CSE enzyme and thus H2S further shows its
anti-inflammatory activity leading to amelioration of the disease.
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