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The present study was performed to evaluate the anti-ulcer activity of the 9alpha-bromo analogue of
Beclomethasone dipropionate against ethanol-induced gastric ulcer. Experimental groups were orally
pre-treated with different doses of the 9alpha-bromo analogue of B. dipropionate in 10% Tween 20
solution. Ulcer control groups were pre-treated with vehicle solution and reference group was orally
pre-treated with 20 mg/kg omeprazole. After one hour, all groups received absolute ethanol to generate
gastric mucosal injury. After an additional hour, all rats were sacrificed and ulcer areas of gastric walls
were determined. Grossly, ulcer control group exhibited severe mucosal injury, whereas pre-treatment
with either omeprazole or the 9alpha-bromo analogue of B. dipropionate resulted in a significant
decrease in acidity of gastric content, protection of gastric mucosal injury and increase in mucus
production. Histological studies of gastric wall of ulcer control group revealed severe damage of gastric
mucosa, along with edema and leucocyte infiltration of sub-mucosal layer compared to rats pre-treated
with either omeprazole or 9alpha-bromo analogue of beclomethasone dipropionate. In conclusion,
present finding suggests that the 9alpha-bromo analogue of B. dipropionate promotes ulcer protection
as ascertained by the comparative decreases in ulcer areas, reduction of edema and leucocyte
infiltration of the sub mucosal layer.
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INTRODUCTION

Beclomethasone dipropionate (BDP) is a potent glucocorticoid steroid and has various medicinal
applications, such as treatment for the prophylaxis of
asthma, rhinitis (e.g. hay fever) and sinusitis (Patton,
1998; Schreiber et al., 2004), severe canker sores, and
*Corresponding author. E-mail: kketuly@yahoo.com. Tel: severe inflammatory skin disorders (e.g. eczema) (Hoare
+6012-3658132. Fax: +603-79674193. et al., 2000). It is also licenced to treat ulcerative colitis in




conjunction with doses of 5-aminosalicylates (Salofalk) in
the United Kingdom in the form of a gastro-resistant,
periodic release tablet marketed under the brand name
“Clipper” (Rizzello et al., 2002). Previous studies were
undertaken to synthesized and characterized BrBDP
(Ketuly et al., 2009; Ketuly, 1988). Omeprazole is a
proton pump inhibitor that has been widely used for about
15 years, to inhibit acid secretion in the treatment of
disorders related to gastritis (Li et al., 2004). Omeprazole
is a substituted benzimidazoles that inhibits acid
secretion by acting on the hydrogen-potassium pump
(H":K*-ATPase) located in the apical plasma membrane
of the gastric mucosa (Satoh et al., 1989). Omeprazole is
highly selective for the proton pump and undergoes
catalyzed conversion into active form within the acid
forming space. The active inhibitors react with SH (thiol)
group of the proton pump, resulting in inhibition of acid
formation (Nagaya et al., 1991). In this study, omeprazole
was used as the reference anti-ulcer drug. Absolute
ethanol is a simple method used for inducing gastric ulcer
in experimental rats resulting in severe gastric mucosal
injury. Ethanol shows its harmful effects either through
direct generation of reactive metabolites, including free
radical species that react with most of the cell
components, changing their structures and functions, or
promotes enhanced oxidative damage (Kato et al., 1990;
Nordmann, 1994). Ethanol damages the gastrointestinal
mucosa by micro vascular injury, involving disruption of
the vascular endothelium that results in increased
vascular permeability, edema formation and epithelial
lifting (Szabo et al., 1995). It produces necrotic lesions in
the gastric mucosa by its direct toxic effect, reducing the
secretion of bicarbonates and production of mucus
(Marhuenda et al., 1993). Ethanol is metabolized in the
body and releases superoxide anion and hydroperoxyl
free radicals which are involved in the mechanism of
acute and chronic ulceration in the gastric mucosa. Salim
(1990) observed that administration of ethanol caused
disturbances in gastric secretion, damage to the gastric
mucosa, alterations in permeability, gastric mucus
depletion and free radical production.

There are no data available regarding anti-ulcerogenic
activity of the 9alpha-bromo analogue of Beclomethasone
dipropionate (BrBDP) in rats. Therefore, the present
study was undertaken to evaluate the antiulcerogenic
property of the synthesized and characterized BrBDP
against ethanol-induced gastric mucosal injury in
experimental rats.

MATERIALS AND METHODS

Omeprazole was obtained from the University Malaya Medical
Centre (UMMC) Pharmacy. The drug was dissolved in 10% Tween
20 solution and administered orally to the rats in concentrations of
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20 mg/kg body (5 ml/kg) (Pedernera et al., 2006).

Synthesis of BrBDP

BrBDP was synthesized following previously described method
(Ketuly et al., 2009; Ketuly, 1988). In brief: 17alpha, 21-Dihydroxy-
16beta-methylpregna-1,4,9-triene-3,20-dionedipropionate (5.5 @)
was allowed to react with bromodan (1,3-dibromo-5,5-
dimethylhydantion) (4.8 g) to give a yellow product (6.6 g). TLC
showed one major product and five minor ones. The major product
(3.0 g) was initially recrystallized three times, once from chloroform-
methanol (1:2 v/v), and thereafter from hexane-methanol (1:1 v/v).
The recovered material (1.8 g) was recrystallized from ethyl
acetate-methanol (1:9 v/v) to give a white powder of BrBDP, m.p.
180 to 182°C. The BrBDP was dissolved in 10% Tween 20 solution
and administered orally to rats in concentrations of 50, 100, and
200 mg/kg body weight (5 ml/kg body weight) (De Pasquale et al.,
1995).

Experimental animals

Adult male albinos wistar rats were obtained from the animal house,
Faculty of Medicine, University of Malaya, Kuala Lumpur. All
animals used for study has ethical clearance from the animal user’s
Committee of the Faculty of Medicine, University Malay (Ethics No.
PM 27/7/2011 MAA (R)). The rats weighed between 200 to 220 g.
They were fasted for 48 h before the experiment (Garg et al., 1993),
but were allowed free access to drinking water up till 2 h before the
experiment. During the fasting period, the rats were placed
individually in separate cages with wide-mesh wire bottoms. On the
day of the experiment, the rats were randomly divided into 5 groups
of 6 rats each. Throughout the experiments, all animals received
human care according to the criteria outlined in the “Guide for the
Care and Use of Laboratory Animals” prepared by the national
academy of sciences and published by the national institute of
health.

Treatment

Gastric ulcer was induced by orogastric intubation of absolute
ethanol (5 ml/kg) according to the method described by De
Pasquale et al. (1995) with slight modification in adult male Wistar
rats. Ulcer control groups were orally administered with vehicle
(10% Tween 20). The reference group received oral doses of 20
mg/kg omeprazole in 10% Tween 20 as positive controls.
Experimental groups were orally administered with 50, 100, and
200 mg/kg of BrBDP in 10% Tween 20 solution (5 ml/kg),
respectively. One hour after this pre-treatment; all groups of rats
were gavaged with absolute ethanol (5 ml/kg) in order to induce
gastric ulcers.

The rats were euthanized by cervical dislocation 60 minutes later
(Paiva et al., 1998) under an overdose of diethyl ether anesthesia
and their stomachs were immediately excised.

Measurement of acid of gastric juice

Each stomach was opened along the greater curvature. Samples of
gastric contents were analyzed for hydrogen ion concentration by
titration with 0.1 N NaOH solutions using digital pH meter. The acid
content was expressed as mEqg/I (Tan et al., 2002).
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Table 1. Observed gastric content, ulcer area and inhibition percentage in rats.

Animal Pre-treatment Mucus pH of gastric Ulcer area (mm)2 Inhibition
Group (5 ml/kg dose) content content (Mean % S.E.M) (%)

1 10% Tween 20 (Ulcer control) 0.32+0.01° 3.99+0.11° 951.67 + 14.00° -

2 Omeprazole (20 mg/kg) 0.56 +0.02° 6.83 +0.03" 181.67 +6.41° 80.91

3 BrBDP (50 mg/kg) 0.74 +0.02° 6.88+0.16° 270.00 + 10.65° 71.62

4 BrBDP (100 mg/kg) 0.84 +0.01° 7.00 +0.06° 145.83 + 3.04° 84.68

5 BrBDP (200 mg/kg) 0.58 + 0.02° 6.59 + 0.10° 80.33 + 4.46° 91.59

All values are expressed as mean * standard error mean. Means with different superscripts are significantly different. The mean

difference is significant at the p < 0.05 level.

Measurement of mucus production

Gastric mucus production was measured in the rats that were
subjected to absolute ethanol-induced gastric mucosal injury. The
gastric mucosa of each rat was gently scraped using a glass slide
and the mucus obtained was weighed using a precision electronic
balance (Tan et al., 2002).

Gross gastric lesions evaluation

Any ulcers would be found in the gastric mucosa, appearing as
elongated bands of hemorrhagic lesions parallel to the long axis of
the stomach. Each gastric mucosa was thus examined for damage.
The length (mm) and width (mm) of the ulcer on the gastric mucosa
were measured by a planimeter (10 x 10 mm? = ulcer area) under
dissecting microscope (x1.8).

The area of each ulcer lesion was measured by counting the
number of small squares, 2 x 2 mm, covering the length and width
of each ulcer band. The sum of the areas of all lesions for each
stomach was applied in the calculation of the ulcer area (UA)
wherein the sum of small squares x 4 x 1.8 = UA mm? as
described by Kauffman and Grossman (1978) with slight
modification. The inhibition percentage (I %) was calculated by the
following formula as described by Njar et al. (1995) with slight
modification.

(|o/°) = [(UAcontroI— UAtreated) - UACOntroI] x 100%.

Histological evaluation of gastric lesions

Specimens of the gastric walls from each rat were fixed in 10%
buffered formalin and processed in a paraffin tissue processing
machine. Sections of the stomach were made at a thickness of 5
pum and stained with hematoxylin and eosin for histological
evaluation.

Statistical analysis

All values were reported as mean * S.E.M. The statistical
significance of differences amongst groups was assessed using
one-way ANOVA. A value of p < 0.05 was considered significant.

RESULTS
pH of gastric content and mucus production

The acidity of gastric content in experimental animals
pretreated with BrBDP was decreased significantly
compared to that of the ulcer control group. The mucus
production of gastric mucosa also increases significantly
in animals pretreated with BrBDP compared to the
untreated ulcer group (Table 1).

Gross evaluation of gastric lesions

Rats pre-treated with either omeprazole or BrBDP then
treated with absolute alcohol, had significantly reduced
areas of gastric ulcer formation compared to rats pre-
treated with vehicle, 10% Tween 20 solution (ulcer group)
(Table 1), (Figure 1a, b and c). Moreover, BrBDP
significantly suppressed the formation of the ulcers. It
was also observed that protection of gastric mucosa was
more prominent in rats pre-treated with 200 mg/kg of
BrBDP (Table 1). Besides, ethanol-induced mucosal
damage was significantly and dose-dependently reduced
in the size and severity by pretreatment of the animals
with BrBDP. There is significant inhibition of gastric ulcer
in pretreatment with BrBDP as compared with
omeprazole which is a standard drug used for curing
gastric ulcer. A dose-dependent increase in mucus
production was also observed when the BrBDP was
given to rats.

Histological evaluation of gastric lesions

Our microscopic observations of ethanol-induced gastric
lesions in ulcer control rats (pre-treated with vehicle, 10%
Tween 20), showed marked and extensive damage to the
gastric mucosa, and oedema and leucocyte infiltration of
the sub mucosal layer (Figure 1d). Rats that received
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Gastric lesion

Figure 1a. Gross appearance of the gastric mucosa in a rat pre-treated
with 10% Tween 20 solution (ulcer control). Severe injuries are seen in the

gastric mucosa.

r Gastric lesion

Figure 1b. Gross appearance of the gastric mucosa in a rat pre-
treated with 20 mg/kg of omeprazole. Injuries to the gastric mucosa
are milder compared to the injuries seen in the negative control rat.

pre-treatment with either omeprazole or BrBDP had
comparatively better protection of the gastric mucosa as
seen by reduction in ulcerated area, reduced sub
mucosal edema and absence of leucocyte infiltration
(Figure 1e to f). This shows that BrBDP exerts a
cytoprotective effect in a dose-dependant manner.

DISCUSSION

This study investigated the inhibitory effects of BrBDP on
gastric ulcer formation induced by ethanol, compared to
omeprazole, a drug whose ulcer healing effects have

been extensively studied, and to an ulcer control group
(vehicle, 10% Tween 20). The BrBDP was found to have
a protective effect on the gastric mucosa similar to that of
omeprazole. Omeprazole and BrBDP were both found to
be protective in comparison to control group (10% Tween
20). This suggests that BrBDP indeed has a significant
anti-ulcer effect.

The main cause of gastric ulcer is destruction of the
gastric mucosal barrier which consists of the surface
epithelium and mucosal coat. This destruction may be
due to either, an increase in gastric acid secretion, a
decrease in mucus production or a decrease in mucosal
blood flow (Abd El-Dayem and El-Agaimy, 1992).
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Flattening of gastric
| mucosa

Figure 1c. Gross appearance of the gastric mucosa in a rat pre-treated with
200 mg/kg of BrBDP. No injuries to the gastric mucosa are seen, and showed

flattening of gastric mucosa.

Edema with
leucocytes

Mucosal lesion

Figure 1d. Histological section of gastric mucosa in a rat pre-treated with
10% Tween 20 solution (ulcer control). There is severe disruption to the
surface epithelium, and edema of the sub mucosa layer with leucocytes

infiltration (H and E stain, 10x).

The results show that the BrBDP is capable of providing
prophylactic anti-ulcer effects against an irritant
substance. The BrBDP is capable of complete inhibiting
lesion formation induced by ethanol. The accompanying
significant dose-dependent increase in mucus production
as a dose of the drug is increased, suggests that the
gastric mucosal strengthening mechanism contributes to
the anti-irritant potential of the BrBDP. It is evident from
the mucus production that increased mucus production
must have largely contributed to preventive effect of the
BrBDP. Similar findings exist in the literatures, where

plant extracts have been shown to prevent gastric
mucosal ulceration in rats (Rujjanawate et al., 2005; Tan
et al., 2002). The mucus of the gastric wall is thought to
play an important role as a defensive factor against
gastrointestinal damage (Davenport, 1968). Pretreatment
with BrBDP significantly decreases the acidity of the
gastric content and increases the gastric mucus
production. This suggests that gastro-protective effect of
BrBDP is mediated partly by preservation of gastric
mucus secretion.

The result of the present study also revealed protection
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Mucosal lesions

Figure 1e. Histological section of gastric mucosa in a rat pre-
treated with 20 mg/kg of omeprazole. There is mild disruption to the
surface epithelium with no edema and no leucocytes infiltration of
the sub mucosal layer (H and E stain 10x).

Figure 1f. Histological section of gastric
mucosa in a rat pre-treated with 200 mg/kg of
BrBDP. There is no disruption to the surface
epithelium with absence of edema and
leucocytes infiltration of the sub mucosal
layer (H and E stain 10x).

of gastric mucosa and inhibition of leucocyte infiltration of
the gastric wall in rats pretreated with BrBDP. Similarly,
Kobayashi et al. (2001) reported that teprenone exerts a
protective effect against mucosal lesions through
inhibition of neutrophil infiltration in the ulcerated gastric
tissue. Shimizu et al. (2000) demonstrated that the
reduction of neutrophil infiltration into ulcerated gastric
tissue promotes the healing of gastric ulcers in rats.
Cheng and Koo (2000) showed that oral administration of
plant extract before ethanol administration significantly
decreased neutrophil infiltration of gastric mucosa.

Absolute alcohol would extensively damage the gastric
mucosa leading to increased neutrophil infiltration into the
gastric mucosa. Oxygen free radicals derived from
infiltrated neutrophils in ulcerated gastric tissues have an
inhibitory effect on gastric ulcer healing in rats (Suzuki et
al., 1998). Neutrophils mediate lipid peroxidation through
the production of superoxide anions (Zimmerman et al.,
1997). Neutrophils are a major source of inflammatory
mediators and can release potent reactive oxidants such
as superoxide, hydrogen peroxide and myeloperoxidase
derived oxidants. These reactive species are highly



520 J. Med. Plant. Res.

cytotoxic and can induce tissue damage (Cheng and
Koo, 2000). Furthermore, neutrophil accumulation in
gastric mucosa has been shown to induce
microcirculatory abnormalities, Bou-Abboud et al. (1988).
Suppression of neutrophil infiltration during inflammation
was found to enhance gastric ulcer healing (Tsukimi et
al., 1996).

Conclusions

In conclusion it appears that BrBDP may significantly
decrease the acid secretion in the gastric chamber and
simultaneously protect the gastric mucosa against
ethanol-induced injury. Such protection was shown to be
dose-dependent as ascertained by the reduction or
inhibition of ulcerated areas in the gastric wall as well as
the reduction or inhibition of edema and leucocyte
infiltration of sub mucosal layers. Protection was most
prominent at a dose of 200 mg/kg of the drug substance
compound.
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