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Abstract 

Purpose: To determine the gastroprotective activity and mechanisms of protection of the methanol 
extract of Bauhinia purpurea leaves (MEBP) using ethanol-induced gastric ulcer model. 
Methods: Male Sprague Dawley rats (n = 6) were administered orally with 10 % DMSO, 100 mg/kg 
ranitidine or MEBP (50, 250 and 500 mg / kg) daily for 7 consecutive days prior to subjection to the 
ethanol-induced gastric ulcer assay. The mechanisms of gastroprotection were determined based on: i) 
antisecretory activity via pylorus ligation assay; ii) the role of nitric oxide (NO) and sulfhydryl group via 
pre-treatment of MEBP-treated rats with the respective N-nitro-L-arginine methyl ester (L-NAME) or 
carbenoxolone (CBX) followed by the ethanol-induced assay; and iii) antioxidant activity using 
superoxide anion radical scavenging assay and, oxygen radical absorbance capacity (ORAC) assay. 
Ranitidine (100 mg / kg) was used as the reference drug. . 
Results: MEBP exhibited a significant (p < 0.05) and dose-dependent gastroprotective activity against 
ethanol-induced gastric ulcer with ulcer formation ranging between 0 and 74 % (indicated by decrease 
in ulcer area from 21.3 to 5.5 mm2). The macroscopic observation was in line with the microscopic 
findings and further supported by the histological scores suggesting the antiulcer potential of MEBP. 
MEBP also significantly (p < 0.05) reduced volume gastric juice, as well as its free and total acidity while 
increasing its pH. Moreover, this activity was significantly (p < 0.05) modulated in the presence of 
sulfhydryl group, but not NO. The extract also exhibited significant (p < 0.05) antioxidant activity.  
Conclusion: MEBP exerts gastroprotective activity partly via its antisecretory and antioxidant activities, 
as well as by modulation of sulfhydryl group, but not NO action. 
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INTRODUCTION 
 
Peptic ulcer affects approximately 10 % of the 
world’s population [1]. According to Hoogerwerf 
and Pasricha [2], reduction in gastric acid 
production, as well as reinforcement of gastric 

mucosal protection are the major approaches for 
therapy of peptic ulcer disease.  
 
One of the plants in Malaysia being currently 
investigated for its gastroprotective effect in our 
laboratory is Bauhinia purpurea L (family 
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Leguminoseae). B. purpurea, which has no 
medicinal uses in Malay traditional culture has 
been used in Indian, Pakistani and Sri Lankan 
folklore medicine to treat various ailments, 
including ulcers. Interestingly, the plant is also 
inserted in several formulation of ayurvedic 
medicine [3]. Scientifically, the plant has shown 
evidence of anti-inflammatory activity [3]. 
 
Hence, the objective of this study was to 
evaluate the gastroprotective potential of the 
methano; extract of B. purpurea leaves and to 
determine the gastroprotective mechanisms 
involved using various animal models.  
 
EXPERIMENTAL  
 
Chemicals 
 
The chemicals used in this study were of 
analytical grade and their solutions were 
prepared immediately before use, where 
applicable. The drugs and chemicals were: 
Ranitidine (Sigma Aldrich, USA), indomethacin  
(Sigma-Aldrich), absolute ethanol (Fischer 
Scientific, USA), N-ethylmaleimide (NEM) 
(Sigma-Aldrich, USA), N-omega-nitro-L-arginine 
methyl ester (L-NAME) (Sigma-Aldrich, USA), L–
arginine (Sigma-Aldrich, USA), carbenoxolone 
(CBX) (Sigma-Aldrich, USA) and diethyl ether 
(Fischer Scientific, USA). 
 
Experimental animals  
 
Adult male Sprague-Dawley rats weighting 180 - 
220 g were procured from the animal house of 
Faculty of Medicine and Health Science, 
Universiti Putra Malaysia (UPM), Malaysia.  The 
rats were handled in accordance with the criteria 
outlined in the Guide for Care and Use of 
Laboratory Animals [5] adopted by the current 
UPM guidelines for the care of laboratory 
animals and the ethical guidelines for 
investigations of experimental pain in conscious 
animals. The animals kept under room 
temperature (27 ± 2 oC; 70 – 80 % humidity; 12 h 
light/dark cycle) in the Animal Holding Unit, UPM. 
They were supplied with food and water ad 
libitum until 48 h prior to the experiment wherein 
the rats were deprived of food but allowed 
access to water. Ethical approval (ref. no.: 
UPM/FPSK/PADS/BR-UUH/00451) was obtained 
from the Animal Care and Use Committee 
(ACUC), Faculty of Medicine and Health 
Sciences, UPM. All experiments were conducted 
between 09.30 and 18.30 h to minimize the 
effects of environmental changes.  
 

Collection of plant material and preparation 
of methanol extract  
 
The leaves of B. purpurea were collected around 
UPM campus, Serdang, Selangor, Malaysia and 
identified by Dr. Shamsul Khamis, a botanist at 
the Institute of Biosciences (IBS), UPM, 
Malaysia. A voucher specimen (no. SK 1985/11) 
was deposited at the Herbarium of the 
Laboratory of Natural Products, IBS, UPM, 
Malaysia.  
 
Extraction of the leaves was carried out 
according to previous methods described by 
Yahya et al [4] to obtain the methanol extract.  
 
The air-dried powder of B. purpurea leaves was 
macerated using methanol in the ratio of 1:20 
(w/v) for 72 hours. The supernatant was 
collected and filtered successively using cloth 
filter, cotton wool and Whatman No. 1 filter 
papers. The residue was subjected to similar 
extraction process for another two times and the 
supernatant obtained from these processes were 
pooled together and then evaporated at 40 oC 
under reduced pressure (204 mbar) using a 
vacuum rotary evaporator (Buchi Rotavapor® 
R210/215, Switzerland). 
 
Phytochemical screening and HPLC analysis  
 
Phytochemical screening of dried leaves of B. 
purpurea and MEBP was performed according to 
standard screening tests and conventional 
protocols as described below [4]. The 
phytochemical analysis was performed to detect 
alkaloids, flavonoids, triterpenes, tannins, 
saponins and steroids, based on 5.0 g of dried 
powder material and 100 mg of extract.   
 
i) Alkaloids test: 
 
Samples were soaked in chloroform followed by 
addition of ammoniacal chloroform. The mixture 
was then treated with sulphuric acid 10 % and 
further tested with Mayer’s reagent. Formation of 
white precipitates indicates the presence of 
alkaloids. 
 
ii) Flavanoids test: 
 
The methanolic extract of samples were 
dissolved in ether and shaken in 10 % ammonia 
solution. Formation of yellow colour in ammonia 
layer indicates the presence of flavonoids. 
 
iii) Triterpenes/Steroids Test: 
 
The methanolic extract of sample was analysed 
using Liebermann-Buchard reagent. The extract 
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was mixed with few drops of acetic anhydride, 
boiled and cooled. Concentrated sulphuric acid 
was then added from the sides of the test tube 
and observed for the formation of a brown ring at 
the junction of two layers. Green coloration of the 
upper layer and the formation of deep red color 
in the lower layer would indicate a positive test 
for steroids and triterpenoids, respectively.  
 
iv) Tannins and polyphenolic compounds 

test 
 
The methanolic extract of samples was mixed 
with 1 % ferric solution. Formation of blue black 
colour indicates the presence of hydrolysable 
tannins, while brownish-green indicates that of 
condensed tannins. 
 
v) Saponins test 
 
The methanolic extract of samples was mixed 
with distilled water in a test tube. Formation of 
stable froth for at least 15 min indicates the 
presence of saponins. 
 
The HPLC analysis of MEBP was performed 
according to a previous report [4].  Briefly, 10 mg 
of MEBP was dissolved in 1 ml methanol and 
then filtered through the membrane filter (pore 
size 0.45 µm). A Waters Delta 600 with 600 
Controller and Waters 2996 Photodiode Array 
(Milford, MA, USA) equipped with an 
autosampler, online degasser and column heater 
was used to analyze the filtered sample. Data 
was evaluated and processed using the installed 
Millenium 32 Software (Waters Product). The 
filtered samples were separated at 27 oC on a 
minibore Phenomenex Luna 5 µm C18 column 
(dimensions 250 x 4.60 mm) using a one-step 
linear gradient. The solvents were (A) 0.1 % 
aqueous formic acid and (B) acetonitrile and the 
elution system was as follows: Initial conditions 
were 85 % A and 15 % B with a linear gradient 
reaching 25 % B at t = 12 min. This was 
maintained for 10 min after which the 
programmed returned to the initial solvent 
composition at t = 25 min and continued for 10 
min. The flow rate used was 1.0 ml/min and the 
injection volume was 10 µl. The HPLC was 
monitored at 254 and 366 nm. 
 
Antiulcer assays 
 
Ethanol-induced gastric ulcer model 
 
The in vivo antiulcer activity of MEBP was 
evaluated against ethanol-induced gastric ulcer 
in Sprague Dawley rats as described by Zabidi et 
al [6]. Briefly, the animals were divided into 6 
groups (n = 6) as given below:  

• Group I: normal control, received orally 10 % 
dimethyl sulfoxide (DMSO) and induced with 
10 % DMSO. 

• Group II: negative control, received orally 10 
% DMSO and induced with ethanol.  

• Group III: positive control, received orally 100 
mg/kg of ranitidine (standard drug) and 
induced with ethanol. 

• Group IV: received orally 50 mg/kg MEBP 
and induced with ethanol.  

• Group V: received orally 250 mg/kg MEBP 
and induced with ethanol. 

• Group VI: received orally 500 mg/kg MEBP 
and ulcer was induced with ethanol.  

 
The 48 h fasted-rats received orally the vehicle 
(10 % DMSO), ranitidine or MEBP for 7 
consecutive days. One hour after the 
administration of test solutions on Day 7th, 5 
mL/kg absolute ethanol was administered orally 
and left for 1 h. One hour later, the ethanol-
induced rats were anesthetized using diethyl 
ether and then euthanized by cervical 
dislocation. The stomachs were removed and 
opened along the greater curvature. All the 
stomachs were gently rinsed with water to 
remove the gastric contents and blood clots prior 
to the macroscopic analysis. 
 
Macroscopic and microscopic assessments 
 
Macroscopic and microscopic assessments of 
the collected stomach were carried out as 
described in details by Zabidi et al [6]. Briefly, 
after the identification of ulcer areas, the length 
of ulcer was calculated and the number of ulcer 
spots were considered equivalent to 1 mm2 of 
ulcer. The ulcer area (UA) in mm2 was 
determined as the total sum of gastric lesions for 
each stomach in the group. The protection 
percentage (%) was calculated using Eq 1. 
 
Inhibition (%) =   {(UAc – UAt)/UAc}100 …… (1) 
 
where UAc – ulcer area of the control group and 
UAt = ulcer area of the treatment group 
 
In the microscopic investigation, the gastric 
mucosa was examined for ulcers using 
magnifying glass and, the number and severity of 
ulcer formation, in comparison to the control 
group, were scored according to the scoring 
system described by Gupta et al [7]. 
 
Pyloric ligation-induced gastric ulcer 
 
Pylorus ligation was performed according to the 
method of Shay et al [8], with slight 
modifications. This assay was performed 30 min 
after the oral administration of the test solutions 
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(i.e., 10 % DMSO (negative control), 100 mg/kg 
ranitidine (positive control) and MEBP (50, 250 
and 500 mg/kg)). The abdomen of each rat, 
which was under diethyl ether-induced light 
anesthesia, was opened without damaging any 
blood supply to allow pylorus ligation. Following 
pylorus ligation, the abdomen was closed using 
sutures and each animal was allowed to 
recuperate for 4 h, at the end of which the 
animals were anesthetized using diethyl ether 
and then euthanized by cervical dislocation. 
Measurements of pH, volume and, total and free 
acidity of the gastric secretion were performed as 
described by Hisam et al [9]. Briefly, the 
abdomen was opened and a ligature was placed 
around the esophagus junction. The stomachs 
were removed and the content was measured 
before drained into a centrifuge tube and 
subjected to centrifugation at 3000 rpm for 10 
min. The pH of the gastric secretion was 
recorded with a pH meter. The total acidity of the 
gastric secretion was determined by titration with 
0.01 N NaOH and phenolphthalein was used as 
an indicator. Total acidity was expressed as 
meq/L according to Eq 2. 
 
n × 0.01 × 36.45 × 1000 ................................. (2) 
 
where n is the volume of NaOH quantified, 36.45 
is the molecular weight of NaOH, 0.01 is 
normality of NaOH and 1000 is the factor 
represented in litre.  
 
Gastric wall mucus content was determined 
according to the procedure described by Corne 
et al [10] with slight modifications. Briefly, the 
stomach was opened along the greater 
curvature, weighed and immersed in 10 ml of 
0.1% Alcian blue in 0.16 M sucrose/0.05 M 
sodium acetate, pH 5.8 for 2 h. Then, the 
excessive dye was removed by two successive 
rinses of 0.25 M sucrose solution for 15 min and 
45 min. The remaining dye that complexed with 
the gastric mucus were then extracted with 0.5 M 
MgCl2 over 2 h and shaken intermittently every 
30 min. The blue extract was then shaken 
vigorously and the optical density was measured 
using a spectrophotometer at 580 nm. The 
quantity of Alcian blue extract per gram of wet 
stomach was calculated from the standard curve. 
 
Ethanol-induced gastric mucosal lesion in L-
NAME pre-treated rats 
 
The involvement of endogenous nitric oxide in 
modulating MEBP-induced antiulcer activity was 
determined according to the method of Andreo et 
al [11], with slight modifications. The animals 
were pre-treated with saline or (L-NAME) (70 
mg/kg) intraperitoneally (i.p.) and 30 min later, 

the animals received vehicle (8 % Tween 80), 
100 mg/kg carbenoloxone or 500 mg/kg MEBP 
(p.o.). One hour after administration of the test 
solutions, gastric ulcer was induced using 5 
mL/kg absolute ethanol in all groups. On the 
other hand, L-arginine (200 mg/kg) was 
administered 30 min after saline or L-NAME 
treatment, and this was followed 30 min later by 
ethanol administration. All the rats were 
sacrificed 1 h after the administration of ethanol 
by exposure to diethyl ether. The stomach was 
removed and gastric damage was determined as 
described above.  
 
Ethanol-induced gastric mucosal lesion in 
NEM pre-treated rats 
 
To investigate on the involvement of sulfhydryl 
(SH) group in the modulation of MEBP-induced 
antiulcer activity, the procedures described by 
Andreo et al [11] were adopted with slight 
modifications. The rats were randomly divided 
into 6 groups (n = 6) and fasted for 24 h but 
allowed free access to water. The experiment 
started with pre-treatment (i.p.) with saline or 
NEM (10 mg/kg), a SH- blocker. Thirty min after 
the pre-treatment regimen, the rats were 
administered (p.o.) with vehicle (8 % Tween 80), 
100 mg/kg carbenoloxone or 500 mg/kg MEBP 
followed 1 h later by 5 mL/kg ethanol-induced 
gastric ulceration. All the animals were sacrificed 
1 h after receiving ethanol by exposure to diethyl 
ether. The stomach was removed and gastric 
damage was determined as described above.  
 
Antioxidant assays 
 
The antioxidant activity of MEBP was determined 
using superoxide anion radical scavenging assay 
[13] and oxygen radical absorbance capacity 
(ORAC) assay [14].  
 
Superoxide anion radical scavenging 
 
Measurement of superoxide anion radicals 
scavenging activity of MEBP was based on the 
method described by Liu et al [15]. Superoxide 
radicals are generated in PMS – NADH systems 
by oxidation of NADH and assayed by the 
reduction of NBT. In these experiments, the 
superoxide radicals were generated in 3 ml of 
Tris-HCl buffer (16 mM, pH 8.0) containing 1 ml 
of NBT (50 µM), 1 ml NADH (78 µM) and MEMM 
(200 µg/ml). The reaction was started by adding 
1 ml of PMS solution (10 µM) to the mixture. The 
reaction mixture was incubated at 25 °C for 5 
min; the absorbance was read at 560 nm using a 
spectrophotometer (Schimadzu UV-Vis 1700) 
against blank samples using L-ascorbic acid as a 
control. The decreased absorbance of the 
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reaction mixture indicated increasing superoxide 
anion scavenging activity. Inhibition of 
superoxide anion generation was calculated 
using Eq 3.  
 
Inhibition (%) = {(A0-A1)/A0}100 …..……….. (3) 
 
where A0 is the absorbance of the control (L-
ascorbic acid), and A1 is absorbance in the 
presence of MEBP or standard. 
 
Oxygen radical absorbance capacity (ORAC) 
 
A microplate fluorescence reader with an 
excitation wavelength of 540 nm and an emission 
wavelength of 565 nm was used [16]. The 75 µL 
AAPH (160 mM), 150 µL β-PE (68 mg/L), and 20 
µM 6-hydroxy-2,5,7,8-tetra-methylchroman-2-
carboxylic acid (Trolox) were prepared in 75 mM 
phosphate buffer (pH 7.0). AAPH and Trolox 
were prepared fresh while β-PE was prepared 
earlier and kept at 4 °C in dark condition. Trolox 
standard was diluted in the PBS to give 20 µM 
working solutions. To the 96-well plates (Nunc, 
Thermo Scientific) 150 µL of β-PE was added 
followed by 25 µL of trolox, buffer (blank), or 150 
µL MEBP (200 µg/ml), and lastly, 25 µL AAPH 
was injected into the microplate reader via 
injector. ORAC values were calculated based on 
net area under the curve (AUC) obtained by 
subtracting the AUC of the blank from that of 
MEBP and compared to the Trolox standard 
curve. The antioxidant capacity (ORAC) related 
to trolox was calculated as in Eq 4. 
 
ORAC value = {(AUCsample-AUCblank)/(AUCTrolox-
AUCblank)} x {(molarity of Trolox/molarity of 
sample) ……………….. (4)  
 
Statistical analysis 
 
All the data are presented as mean ± standard 
deviation (SD) and were analyzed by analysis of 
variance (ANOVA). Differences between the 
groups were determined using Dunnet post-hoc 
test. Significant difference between treatments 
was set at p < 0.05. 
 
RESULTS 
 
Phytochemical profiles of the plant and 
extract 
 
Saponins, flavonoids, tannins and polyphenolic 
compounds, triterpenes and steroids, but not 
alkaloids, were detected in both the leaf of B. 
purpurea and MEBP (Table 1).        

The HPLC profile of MEBP showed that 366 nm 
was the optimum wavelength at which separation 
of 4 major peaks (P1, P2,  P3, and P4) were 
observed in the chromatogram and they occurred 
at retention time (RT) of 2.953, 18.40, 19.61 and 
20.16 min, respectively. Further analysis indicate 
that the four peaks showed λmax values in the 
region of 193.2 - 268.5, 203.7 - 350.6, 228.4 - 
342.2 and 203.7 - 350.6 nm, respectively. 
 
Table 1:  Phytochemical profiles of B. purpurea leaf 
(BP) and its extract (MEBP) 
 

Phytochemical 
constituent 

Sample  Result  

Alkaloid BP - 
MEBP - 

Saponin BP 1+ 

MEBP 1+ 
Flavonoid BP 1+ 

MEBP 1+ 
Tannins & polyphenolic  BP 1+ 

MEBP 1+ 
Triterpene BP 3+ 

MEBP 1+ 
Steroid BP 3+ 

MEBP 2+ 
For saponins, + = 1-2 cm froth; ++ = 2-3 cm froth; +++ 
= >3 cm froth; For flavonoids, tannins, triterpenes and 
steroids – + – weak colour; ++ = mild colour; +++ = 
strong colour; For akalioids; + = negligible amount of 
precipitate; ++ = weak precipitate; +++ = strong 
precipitate 
 
Gastroprotective activity against ethanol-
induced gastric ulcer 
 
Oral administration of ethanol caused gastric 
ulcer formation in the stomach which severely 
affected the mucosal layer when pre-treated only 
with 10 % DMSO (negative control). Pre-
treatment with 250 and 500 mg/kg MEBP 
demonstrated significant (p < 0.05) reduction in 
gastric injury in a dose-dependent manner. 
Gastroprotective activity was recorded as 54.47 
and 73.17 %, respectively (Table 2). 
Morphological examination (Figure 1A-1F)  
 
Table 2: Effect of various doses of MEBP and 
ranitidine on ethanol-induced gastric ulcer in rats   
 
Pre-
treatment 

Dose  
(mg / kg) 

Ulcer area  
(mm 2) 

10% DMSO - 20.50 ± 3.24 
Ranitidine 100 5.00± 1.21** 
 
MEBP 

50 21.33 ± 2.14 
250 9.33± 1.89* 
500 5.50± 2.11** 

Values are mean ± SEM (n = 6 rats/group). *p < 0.005, 
**p < 0.001  
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showed severe haemorrhagic red bands (ulcer 
streaks) on the mucosal layer of the stomach in 
negative control group (Fig. 1B) in comparison to 
the normal group (Fig. 1A). The microscopic 
analysis shows that ethanol induced the 

formation of mucosa erosion, hemorrhage and 
edema, which were inhibited following pre-
treatment with MEBP (Figure 2A-F). The 
histological scoring is shown in Table 3. 

 

 
 
Figure 1: The macroscopic features of the rats’ ethanol-induced gastric ulcer stomach following treatment with 
MEBP, at the concentrations of 50, 250 and 500 mg / kg, or 100 mg / kg ranitidine. 1A) the normal untreated 
stomach, 1B) the stomach induced with absolute ethanol (5 ml /kg) and pre-treated with 10% DMSO showed  
streak of ulcer formation (shown by arrows), 1C) ) the stomach induced with absolute ethanol (5 ml / kg) and pre-
treated 100 mg / kg ranitidine; 1D-1F) the stomach induced with absolute ethanol (5 ml / kg) and pre-treated with 
50 mg / kg MEBP, 250 mg / kg MEBP or 500 mg / kg MEBP, respectively. (x40 magnification) 
 
Table 3: Histopathological features of ethanol-induced gastric ulcer in rats treated with MEBP  
 
Pre-treatment  Architecture of the 

mucosa 
Haemorrhage  Inflammatory 

exudate 
Oedema 

10% DMSO ++ +++ + ++ 
100 mg / kg Ranitidine + ++ - + 
50 mg /  kg MEBP ++ ++ - ++ 
250 mg / kg MEBP + + - + 
500 mg / kg MEBP + + - + 
The severity of various features of ethanol-induced gastric ulcer were evaluated according to the following 
scoring format: - = normal; + = mild effect; ++ = moderate effect; +++ = severe effect 
 
Effect of MEBP on pylorus ligation-induced 
gastric ulcer 
 
Table 4 shows the results obtained after pre-
treatment of rats with MEBP against the pyloric 
ligation assay. The MEBP, at all doses tested, 
caused significant (p < 0.05) decreased in the 
volume of gastric juice formation and free acidity 
of the gastric juice. Moreover, only 250 and 500 

mg/kg MEBP significantly (p < 0.05) increase the 
pH of the gastric juice while reducing the total 
acidity of the gastric juice. Ranitidine also 
significantly (p < 0.05) reduced the volume and, 
total- and free-acidity of the gastric juice while 
increasing the pH of the juice. In addition, the 
MEBP also caused significant (p < 0.05) increase 
in the gastric wall mucus content (Table 5). 
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Figure 2: The microscopic findings on the rats’ ethanol-induced gastric ulcer stomach following treatment with 
MEBP, at the concentrations of 50, 250 and 500 mg / kg, or 100 mg / kg ranitidine. 2A) the normal untreated 
stomach, 2B) the stomach induced with absolute ethanol (5 ml / kg) and pre-treated with 10% DMSO shows the 
presence of severe mucosa erosion (indicated by red-coloured arrow; edema (indicated by yellow-coloured 
arrow; and hemorrhage (indicated by green-coloured arrow; 2C) ) the stomach induced with absolute ethanol (5 
ml / kg) and pre-treated 100 mg / kg ranitidine indicated almost no ulcer formation; 2D-2F) the stomach induced 
with absolute ethanol (5 ml / kg) and pre-treated with 50 mg / kg MEBP, 250 mg / kg MEBP or 500 mg / kg 
MEBP, respectively. The mucosa erosion reduced as the concentration of MEBP increases as indicated by 
reduce in the thickness of red arrow (x40 magnification) 

Table 4: Effect of MEBP on the biochemical parameters of gastric juice obtained from pylorus-ligature rats 
 
Pre-treatment  Dose 

(mg/kg) 
Gastric juice 
(ml) 

pH Total acidity  
(mEq./L/4 h) 

Free acidity  
(mEq./L/4 h) 

10% DMSO - 5.83±1.01 1.36± 0.04 543.00± 380.40 4367.00± 573.30 
Ranitidine 100 1.63 ±0.30*** 4.18±0.81*** 143.00± 92.15*** 1500.00±235.20*** 
 
MEBP 

50 3.32±0.86* 2.23± 0.13 467.00± 340.70 1660.00± 438.5** 
250 2.18±0.63** 3.47±0.29** 416.00± 134.10** 1180.00±504.40*** 
500 1.68±0.15*** 3.17± 0.27* 368.00± 198.40*** 993.30±523.00*** 

Effect of L-NAME on the gastroprotective 
activity of MEBP against the ethanol-induced 
ulcer in rats  
 
The results obtained after pre-challenging the 
test solutions with distilled water (dH2O) or L-
NAME is shown in Table 6. Within the 10 % 
DMSO-treated groups, the group pre-challenged 
with L-NAME demonstrated significant (p < 0.05) 
increase in the severity of ulcer formation when 
compared to the group pre-challenged with 
dH2O. However, pre-treatment of L-NAME failed 
to affect the gastroprotective effect exerted by 
the 500 mg/kg MEBP or 100 mg/kg CBX 
indicating lack of influences of L-NAME on MEBP 
or CBX. 
 
 
 

Table 5: Effect of MEBP and ranitidine on gastric wall 
mucus content 
 

Pre-treatment  Dose, 
(mg/kg) 

Gastric wall 
mucus (Alcian 
blue µg/g wet 
tissue) 

10% DMSO - 85.68 ± 13.76 
Ranitidine 100 241.30 ± 14.11* 
 
MEBP 

50 595.10 ± 51.55*** 
250 307.70 ± 13.92** 
500 622.00 ± 75.18*** 

Values are mean ± SEM (n = 6/group) *p < 0.05, **p < 
0.005, ***p < 0.001 
 
Effect of NEM on the gastroprotective activity 
of MEBP against the ethanol-induced ulcer in 
rats  
 
The results obtained after pre-challenging the 
test solutions with dH2O or NEM is shown in
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         Table 6: Effecs of the MEBP on ethanol-induced gastric ulcer in rats pre-treated with L-NAME or NEM 
 

Pretreatment                    Treatment  
(p.o.) 

Dose  
(mg / kg) 

Ulcer area  
(mm 2) 

Saline  10% DMSO - 9.83 ± 1.01 
MEBP 500 4.17 ± 0.48a 

Carbenoxolone 100 3.67 ± 0.61a 
L-NAME (70mg/kg) 10% DMSO - 30.50± 3.84b 

MEBP 500 4.50 ± 0.67ad 
Carbenoxolone 100 5.50 ± 1.06ad 

NEM (10mg/kg) 10% DMSO - 13.67 ± 2.49c 
MEBP 500 9.00 ± 1.65eg 

Carbenoxolone 100 6.00 ± 1.21fg 
a,b,cSignificantly different (p < 0.05) compared to the saline+10% DMSO-treated group; dsignificantly different (p < 
0.05) compared to L-NAME+10% DMSO-treated group; esignificantly different (p < 0.05) compared to 
saline+MEBP-treated group; fsignificantly different (p < 0.05) compared to saline+carbenoxolone-treated group; 
gsignificantly different (p < 0.05) compared to the (NEM+10% DMSO)-treated group; values are mean ± SEM (n = 
6 rats/group) 
 
Table 6. Among the 10 % DMSO-treated group, 
the group pre-challenged with NEM showed 
significantly (p < 0.05) severe gastric ulcer 
formation in comparison to the group pre-
challenged with dH2O indicating the important of 
sulfhydryl group in gastroprotection. The 
gastroprotective effect seen in the 500 mg/kg 
MEBP- or 100 mg/kg CBX-treated groups pre-
challenged with dH2O were significantly (p < 
0.05) reversed following pre-treatment with 10 
mg/kg NEM.  
 
Antioxidant activity of MEBP 
 
MEBP, at 200 µg/ml, exerted a high antioxidant 
activity when assessed using the superoxide 
anion radical scavenging assay and ORAC 
assay. The percentage of antioxidant recorded 
through the radical scavenging assay was 78.55 
± 1.62 %. According to the standard superoxide 
anion radical scavenging protocol, the 
antioxidant activity is considered high if the 
percentage of antioxidant falls within the range of 
71-100 %. Therefore, the MEBP is considered to 
have high antioxidant potential. Furthermore, the 
ORAC value of MEBP recorded via the ORAC 
assay was 23,060 µM Trolox equivalents (TE) / 
100 g. 
 
DISCUSSION 
 
Ethanol-induced gastric ulcer is attributed to the 
direct toxic action of ethanol, reduction of the 
secretion of bicarbonate, and depletion of gastric 
wall mucus [16]. Ingestion of excess amount of 
ethanol causes hemorrhagic ulceration of the 
stomach by causing extensive damage to 
mucosal capillaries resulting in increased 
vascular permeability, oedema formation and 
epithelial lifting [16] either in human or 
experimental animals. It is plausible to suggest 

that the MEBP-induced gastroprotective activity 
involved the extract ability to reduce vascular 
permeability, which help to prevent capillary 
endothelium injury and, therefore, arachidonate 
metabolites release; to induce anti-inflammatory 
activity, which help prevent the release of various 
inflammatory mediators and; to induce an 
antioxidant activity, which help prevent lipid 
peroxidation and attenuate the action of free 
radicals.  
 
The MEBP-exhibited gastroprotective activity 
seen with the pyloric ligation-induced model 
involves reducing the volume of gastric acid 
secretion, neutralizing the acidic condition of the 
gastric acid secretion, increasing the mucus 
secretion and strengthening the mucosal barrier. 
The release of excess amount of acid-pepsin 
content leads to the autodigestion of gastric 
mucosa while reduce in the acid-pepsin release, 
as seen with MEBP pretreatment, indicates the 
extract antiulcer potential. This statement is in 
line with report by Kitagawa et al [17], who earlier 
suggested gastric hypersecretion as the main 
cause of ulcer formation in the pyloric ligation-
induced gastric ulcer model. 
 
NO has been generally known to take part in the 
regulation of acid secretion and maintenance of 
gastric mucosal integrity against hyperacidity or 
exposure to ulcerogens. Other than that, NO has 
also been linked to regulation of mucus 
secretion, acid and alkaline secretion, 
prostaglandins (PGs) synthesis and gastric 
mucosal blood flow [18]. In the present study, the 
absence or reduction of NO level, which is due to 
the presence of L-NAME, failed to affect the 500 
mg/kg MEBP-exhibited gastroprotection 
indicating the non-involvement of NO in the 
MEBP-produced gastroprotective activity. This 
kind of activity has been reported for several 
other gastroprotective compounds [19,20,21]. 
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In the present study, pre-challenging NEM with 
10 % DMSO markedly increased the gastric 
lesions indicating the role of NP-SH compounds 
in ulcer formation. In contrast, the ability of NEM 
to reverse the 500 mg/kg MEBP and 100 mg/kg 
CBX antiulcer activity suggested the involvement 
of SH compounds in gastroprotection mecha-
nisms of MEBP. Usually, the extent of gastric 
mucosal damage induced by ethanol is 
accompanied by a decrease in the concentration 
of mucosal NP-SH compounds. This correlation 
could be related to the potential of SH-groups to 
bind to the free radicals, which are formed during 
tissue injury due to the action of ethanol, and 
being neutralized [22]. 
 
CONCLUSION 
 
B. purpurea extract attenuates ethanol-induced 
gastric ulcer formation via various mechanisms 
such as antisecretory and antioxidant activities, 
and modulation of sulfhydryl group, but not NO 
action. Therefore, B. purpurea extract is a 
potential candidate for the development of 
pharmacological agents for the treatment of 
inflammation-mediated diseases. Further 
research is warranted to isolate the responsible 
bioactive compounds, and evaluate their 
activities and molecular mechanisms in an 
attempt to accurately define the structure–activity 
relationship of the molecular regulatory 
mechanisms. 
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