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Piliostigma reticulatum (DC) Hoechst (Syn. Bauhinia reticulate DC) - Leguminosae is a medicinal plant used in folk 
medicine against peptic ulcer. Effects of its methanolic root extract on basal gastric acid secretion and on ethanol 
and piroxicam-induced ulceration in rats were evaluated in this study. The methanolic extract evoked a dose-
dependent decrease in gastric secretion and significantly (P < 0.05) reduced ulcer index induced by ethanol (27.3 - 
63.60%) and piroxicam (6.25 - 68.75%). Histopathological studies of rat stomach tissues from control and extract-
treated groups at 100 mg/kg b.w extract showed inflammation characterized by eosinophil infiltration, while the 
extract treated groups at 200 and 400 mg/kg b.w showed no obvious lesions and this is comparable to misoprostol 
(400 mg/kg b.w) treated group. These findings indicate the cytoprotective effects of the extract against ulceration 
and thus justify the folkloric uses of the plant in the symptomatic management of peptic ulcer. 
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INTRODUCTION 

 
Peptic ulcers develop due to excessive secretion of acid and 
pepsin, a diminished mucosal defence or a combi-nation of 
these 2 abnormalities. Predisposing factors of gastric ulcer 
include Helicobacter pylori infection, non-steroidal anti-
inflammatory drugs, cigarette smoking, stress, alcohol and 
chronic pancreatitis (Tariq et al., 1986). Symptoms of peptic 
ulcer disease include epigas-tric pain of a burning or 
gnawing nature (postprandial pain and pain relieved by food 
or antacids), nausea, vomiting, belching and bloating. 
Complications of pro-tracted untreated cases include 
anaemia caused by Gastro-intestinal blood loss, weight loss 
attributed to a reduced appetite caused by fear of pain and 
vomiting associated with a gastric ulcer or pyloric stenosis 
and  
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mucosal perforation (Hunt et al., 2006). Current ma-
nagement of peptic ulcer disease involves the use of proton 
pump inhibitor (PPI), an antibiotic and metroni-dazole (triple 
herapy) (Malfertheiner, 2002). High cost of treatment and 
unbearable side effects of the conven-tional anti-ulcer drugs 
leads to poor compliance and resultant treatment failures. 
There is, therefore, the need to develop safe, effective and 
affordable alterna-tives in the symptomatic management of 
peptic ulcer disease. Piliostigma reticulatum (DC) Hoechst 
(Syn. Bau-hinia reticulate DC) (Leguminosae) is an 
evergreen shrub or small tree common in the fallows. It is 

found mostly in the northern part of Nigeria (Le Hauerou, 
1980). The bark decoction has been used traditionally to 
treat stomach pains and indigestion, while the powdered 
bark is applied as a dressing for wounds and skin ulcers 
(Burkill, 1995). The root and stem bark decoction are 
used for the management of diarrhea and stomach ulcer. 



 
 

 

Tea from the leaves is given to treat cold. Previous 
studies in our laboratory have shown that the methanolic 
extract of P. reticulatum has remarkable anti-diarrhoeal 

effect (Salawu et al., 2007). The aim of this study was to 
investigate the effects of the methanolic root extract of P. 
reticulatum against ethanol and piroxicam-induced 

ulceration in rats and on basal gastric acid secretion. 

 

MATERIALS AND METHODS 
 
Chemicals and Equipment 
 
Ethanol (H.E. Chemicals, UK), cimetidine (Sigma, USA), piroxicam 
(Sigma, USA), misoprosol (Pfizer, UK), ketamine (Rotex Medica, 
Germany), analar grade sodium hydroxide (BDH, England), Beck-
man GS-15 centrifuge, corning pH meter (England), GFL shaker 
(No. 3017 Gesell Schaftfur Labor technik MbH, Burgwedel, Ger-
many). 

 
Animals 
 
Healthy adult male and female wistar albino rats weighing 250 - 300 
g obtained from the animal facility centre of national institute for 
pharmaceutical research and development (NIPRD), Idu, Abuja 
were used. They were housed in stainless steel cages at a 

temperature of 23 ± 2
°
C and 55 ± 15% humidity, with a 12 h light/12 

h dark cycle and fed standard rodent diet and water ad libitum. The 
rats were fasted overnight before the study. All experiments 
performed on laboratory animals in this study followed the 
“Principles of laboratory animal care” (NIH Publication No. 85, Rev, 
1985). 

 
 
 

 
10 ml normal saline/kg body weight each. Group 2 rats served as 
the negative control and were pretreated with 10 ml normal 
saline/kg body weight while rats of Groups 3 to 6 were treated with 
methanolic extract of P. reticulatum root at doses of 50, 100, 200 
and 400 mg /kg body weight orally respectively and Group 7 rats 
were each given 200 mg cimetidine/kg body weight. 30 min later, 1 
ml of absolute ethanol was administered to all the rats except rats in 
group 1. One hour after ethanol administration, the rats were 
sacrificed under chloroform anaesthesia. The stomachs were remo-
ved, opened along the greater curvature and rinsed. They were 
then examined macroscopically with a hand lens and the ulcer 
lesions (elongated black- red lines parallel to the long axis of the 
stomach) observed were scored according to severity (Nwafor et 
al., 1996) as follows: 
 
0 = No ulcer  
1 = Haemorrhagic and slightly dispersed ulcers less than 2 mm 
length  
2 = 1 ulcer, haemorrhagic and up to 5 mm length 
3 = More than 1 ulcer, each up to 5 mm length 
4 = 1 ulcer above 5 mm in length 
5 = More than 1 ulcer above 5 mm in length. 
Ulcer index (UI) defined as the severity of damage caused by an 

ulcer inducing agent was then calculated using the formula: 
 
UI = UA/TA x 100 where 
UA = Ulcer area of stomach mucosa  
TA = Total area of stomach mucosa 
 
Preventive ratio (PR) defined as the degree of protection offered by 

a treatment against ulcer causing agent was calculated using the 

formula: 
 
PR = [({MUI control-MUI treated}/MUI control)] x 100 where 

MUI = Mean ulcer index. 
 

 
Plant material 
 
P. reticulatum roots were collected from Suleja, Niger state, Nigeria. 
It was identified by Mallam Muazzam of the medicinal plant re-
search and traditional medicine (MPR&TM) department of national 
institute for pharmaceutical research and development (NIPRD), 
Idu, Abuja and voucher specimen (NIPRD/H/6181) was prepared 
and deposited at the department’s herbarium for future reference. 

 
Preparation of plant material (Extract) 
 
The plant’s root were cleaned, cut into pieces, air- dried for 10 days 
and crushed into a coarse powder. The powdered root (200 g) was 
cold macerated with 1.0 L of methanol for 18 h with constant shak-
ing using a GFL shaker. The resultant mixture was filtered using 
Whatman filter paper No. 1 (Cat. No. 100125) and the filtrate con-

centrated by rotary evaporation at 45
°
C. The filterate was dried on 

steam bath yielding 8.66% on dry weight basis. The dried sample 
was stored in specimen bottle and kept in refrigerator until required 
for use. Drugs and extract were administered orally throughout the 
study via stainless steel oral canula. 

 
Ethanol-induced gastric ulceration 
 
Twenty four hours fasted rats were randomized into 7 groups of 5 

rats each. Group 1 rats served as the positive control and received 

 
 
Piroxicam-induced gastric ulceration 
 
The procedure used in inducing gastric ulceration in rats via ethanol 
administration was repeated using piroxicam (10 mg/kg) dissolved 
in 1% tragacanth solution as ulcerogen. Twenty four hours fasted 
rats were randomized into 7 groups of 5 rats each. Group 1 served 
as the normal control and received 10 ml normal saline/kg body 
weight while rats of Groups 2 to 5 rats were treated orally with 50, 
100, 200 and 400 mg methanolic extracts of P. reticulatum/kg body 
weight orally respectively and Group 7 rats were given 200 mg 
misoprostol/kg body weight administered as a suspension in 0.2% 
w/v tragacanth solution. Thirty minutes later, all the rats were trea-
ted with piroxicam except rats in group 1. Six hours after piroxicam 
administration, the rats in all the groups were sacrificed under 
chloroform inhalation. The stomachs were excised, opened along 
the greater curvature and the ulcer lesions observed, scored and 
fixed in 10% formal saline solution. 

 
Histopathological studies 
 
The stomach tissues were removed from the rats and fixed in 10% 
formal saline for at least 48 h. These were then processed routinely  
and the tissues were embedded in paraffin wax. Histological sections 
were cut at 5 - 6 µm and stained with routine haematoxylin and eosin 
(HE). These were then examined by a consultant histopathologist. The 
lesions observed were assessed for the following, mucosal atrophy, the 
presence of inflammatory cells in the wall, oesinophils, lymphocytes and 



 
 
 

 
Table 1. Effect of methanolic extracts of the roots of P. reticulatum on ethanol-induced 

lesions in rats.  
 

Treatment Dose(mg/kg) Mean ulcer index Preventive ratio (%)   
Normal saline10 ml/kg  
Ethanol 1 ml  
Extract + ethanol  
Extract + ethanol  
Extract + ethanol  
Extract + ethanol  
Cimetidine + ethanol 

  
 

- 0.00 ± 0.00 100.00 

- 4.4 ± 0.36 0.00 

50 3.2 ± 0.18 27.3 

100 2.2 ± 0.33* 50.0 

200 1.8 ± 0.34* 59.1 

400 1.6 ± 0.46* 63.6 

200 0.42 ± 0.01** 90.45   
* Significantly different from control at P < 0.05 **Highly 

significantly different from control at P < 0.01. 

 
 

 
plasma cells. These were graded according to mild (+), moderate (++) 

or severe (+++). Photomicrographs of representative lesions were taken 

at various magnifications. 

 

Gastric acid secretory study 
 
This study was carried out using the method of Alemika and Oluwole 
(1991). 25 rats were randomly divided into 5 groups of 5 rats per group. 
Rats of the control group (Group 1) received 5 ml of normal saline and 
served as the control while rats of groups 2 to 4 received extract doses 
of 100, 200 and 400 mg/kg body weight respectively daily for 15 days. 
During treatment period, the rats were allowed free access to feed and 

water. On the 16
th

 day, each rat was anaesthetized with 25 mg 

ketamine/kg body weight intraperitoneally. The abdomen was cut open 
by a small midline incision of 4 cm below the xiphoid process. The 
stomach was exposed and the pylorus and lower oesophagus ligated. 
The stomachs were placed carefully back into the visceral cavity and 
the abdominal wall closed by interrupted sutures.  

The rats were then killed after 3 h by chloroform inhalation. The 
stomach was perfused with 1.0 ml normal saline and the gastric con-
tents were collected in a graduated centrifuge tube, centrifuged at 2500 
rpm for 10 min. The effluent was titrated to pH 7.0 against stan-dardized 
0.01 M NaOH solution until neutral point was attained using pH meter. 
The total volume of NaOH used corresponds to total acidity obtained 
(Hawk, 1965). 

 

Statistical analysis 
 
The results were expressed in terms of mean ± SEM. Experimental 

data were analysed using one way ANOVA followed by student’s t-
test. P values less than 0.05 were considered statistically signify-

cant. 

 

RESULTS 
 
Effects of the extract on ethanol-induced gastric 

ulceration 
 
Ethanol treatment produced haemorrhagic gastric lesions 

mainly in the glandular segment of the stomach mucosa. 
Methanolic extracts of roots of P. reticulatum reduced 

gastric lesion as evident from significant reduction of 

 
 
 

 

ulcer index at 200 and 400 mg/kg (P < 0.05) when com-
pared to the control group. Cimetidine however, showed 

highly significant (P < 0.01) gastro-protective effect 
against haemorrhagic lesions induced by ethanol as evi-
dent from ulcer index and ulcer grading (Table 1). 

 

Effect of the extract on piroxicam-induced gastric 

ulceration 
 
Piroxicam treatment produced focal haemorrhagic gastric 
lesions and inflammation of the stomach mucosa. Treat-
ment with P. reticulatum extract reduced gastric lesion 
significantly (P < 0.05) at 200 and 400 mg/kg, while miso-
prostol completely protected the rats against gastric le-
sion as evident from highly significant (P < 0.05) reduce-
tion of ulcer index and ulcer grading when compared to 
control (Table 2). 

 

Histopathology 
 
Moderate mucosal atrophy was noted in the groups that 
received piroxicam alone and 50 mg extract/kg b.w. 
These were accompanied by moderate infilteration of the 
stomach wall by lymphoplasma cells and oesinophils. In 
the 100 and 200 mg extract/kg b.w - treated groups, only 
mild mucosal atrophy and mild number of oesinophils and 
lymphoplasma cells were observed. In the 400 mg extract 
/kg b.w, the misoprostol and the normal saline only - 
treated groups, no remarkable changes were observed 
(Table 3 and Figures 1 - 3). 

 

Effects of methanolic extract doses of Piliostigma 

reticulatum on gastric acid secretion 
 
Methanolic extract doses of P. reticulatum at 100, 200 

and 400 mg/kg body weight significantly reduced basal 

acid secretion in a dose-dependent manner in treated 



 
 
 

 
Table 2. Effect of the root extract of P. reticulatum on piroxicam-induced ulceration in rats. 

 

 Treatment Dose (mg/kg) Mean ulcer index Preventive ratio (%)  

 Normal saline 10 ml/kg - 0.00 ± 0.00 100  

 Normal saline + Piroxicam 10 3.2 ± 0.34 0  

 Extract + Piroxicam 50 3.2 ± 0.34 6.25  

 Extract + Piroxicam 100 3.0 ± 0.85 43.75  

 Extract + Piroxicam 200 1.4 ± 0.2* 56.25  

 Extract + Piroxicam 400 1.0 ± 0.28* 68.75  

 Misoprostol + iroxicam 200 0 ± 0.00** 100  
 

* Significantly different from control at P < 0.05 
** Highly Significantly different from control at P < 0.01. 

 

 
Table 3. Results of histopathology examinations. 

 

 Treatment/dose (mg/kg) Intestinal changes 
 Normal saline10 ml/kg - Unremarkable mucosal changes 
 Piroxicam 10 Moderate mucosal atrophy noted, moderate infiltration 
   by eosinophils and lymphoplasma cells of the wall. 
 Extract + piroxicam 50 Moderate mucosal atrophy; moderate number of 
   lymphoplasma cells in the wall 
 Extract + piroxicam 100 Mild mucosal atrophy; mild number of eosinophils and 
   lymphoplasma cells in the wall. 
 Extract + piroxicam 200 Mild mucosal atrophy; mild number of eosinophils and 
   lymphoplasma cells in the wall. 
 Extract + piroxicam 400 Unremarkable mucosal changes 
 Misoprostol + piroxicam 200 Unremarkable mucosal changes 

 
* Significantly different from control at P < 0.05 
** Highly Significantly different from control at P < 0.01. 

 

 

rats, when compared to the untreated group. 

 

DISCUSSION 
 
The methanolic root extract of P. reticulatum showed sig-
nificantly dose-dependent anti-ulcer activity against expe-
rimentally - induced gastric ulcer models used in this 
study.  

Ethanol-induced ulcers which is predominantly in the 
glandular part of stomach has been reported to stimulate 

the formation of leukotriene C4 (LTC4) resulting in the 

damage of rat gastric mucosa (Cho et al., 1987) . Chronic 
alcohol misuse is associated with significantly reduced 
capacity for prostaglandin synthesis in gastric mucosa 
(Bode et al., 1996). In the rat gastric mucosa, inflame-
mation, erosion and necrosis elicited by exogenous LTC4 
resemble those produced by ethanol (Szabo et al., 1985). 
Other studies have indicated that an alcohol dependent 
increase in the production of leukotrienes -compounds 
produced by the immune system that cause allergic and 
inflammatory reactions might also contribute to the deve-
lopment of alcohol-induced mucosa injury (Bode and 
Bode, 1992). Ethanol also produces mucosa damage by 

 
 

 

direct necrotizing action which in turn reduces defensive 
factors, secretion of bicarbonate and production of mucus 
(Rujjanawate et al., 2005). The protective effect of extract 
against ethanol-induced gastric lesions may in part be 
due to reduced leukotriene activity produced.  

Piroxicam, a non-steroidal anti-inflammatory agent 
(NSAID) acts principally by inhibiting activity of cyclo-
oxygenase enzyme (COX), non-selectively, leading to a 
decrease in the production of prostaglandins (PGs) 
(Hiruma-Lima et al., 2006). Selective inhibition of cyclo-
oxygenase pathway increases the level of Leukotrienes in 
gastric mucosa, which has a potent action on mucosal 
vasculature leading to inflammation and pain (Kapui et 
al., 1993) . Inhibition of cyclo-oxygenase has also been 
observed to potentiate the gastric acid secretion effects of 

histamine (Reeves and Stables, 1985). Prostaglandin E2 

(PGE2) produced by the gastric mucosa, inhibits 

secretion of hydrochloric acid and stimulates secretion of 
mucus and bicarbonate conferring cytoprotective effect 
on the mucosal layer. The impairment of mucosal de-
fense by piroxicam allows gastric acid to elicit direct 
erosion of mucosal layer. The extract may thus be acting 
through prostaglandin-mediated effect as it has been pro- 



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1. Photomicrograph showing gastric mucosa with mild atrophy (HE X 40).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. Photomicrograph showing gastric mucosa with moderate atrophy. There is moderate 

inflammatory cell infiltrate in the mucosa and submucosa (HE X 40).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. High power of the mucosa and submucosa showing eosinophils and lymphoplasma cells HE X 

100). 
 

 

posed that non-prostanoids protects gastric mucosa 
through the mobilization of endogenous prostaglandins 
(Konturek et al., 1987). Misoprostol a synthetic analogue 

of prostaglandin E1 completely protected the mucosal 
layeragainstpiroxicam-induced lceration. Histopathologi- 

 
 

 

cal studies further confirmed the extract’s mucosal pro-
tective effect in that it inhibited piroxicam - induced muco-
sal atrophy, infilteration by eosinophils and lymphoplas-
ma cells in the wall. The efficacy of the gastro-histopro-
tective effects of methanolic extract of P. reticulatum 



 
 
 

 
Table 4. Effects of the root extract of P. reticulatum on basal gastric acid secretion. 

 

Treatment Dose(mg/kg) Mean Gastric Acid Output (x 10
-3

NHcl) % Reduction 

Normal saline 5 ml/kg - 10.4 ± 1.41 0 

Extract 100 5.02 ±1.88* 51.73 

Extract 200 3.60 ± 1.66* 65.38 

Extract 400 0.74 ± 0.41** 92.88 
 

* Significantly different from control at P < 0.05 
** Highly Significantly different from control at P < 0.01. 

 

 

against the piroxicam - induced gastric mucosa atrophy, 
was comparable to that of misoprostol. P. reticulatum 
methanolic root extract anti-secretory activity is evident 
from its significant reduction in volume of gastric juice in 
treated rats when compared to the control. The extract 
significantly reduced the effect of accumulated gastric 
juice believed to be responsible for ulceration in pyloric 
ligated rats (Bigoniya et al., 2006). Reflux effect in addi-
tion to acid secretion has also been suggested to play an 
important role in the formation of ulcer in pyloric ligated 
rats (Goswani et al., 1997). The extract probably stimula-
ted the growth of gastric mucosa epithelial cells resulting 
in the observed cytoprotective effects in rats. The plant, 
P. reticulatum has been reported to possess tannins, 
saponins and sterols as phytochemical constituents 
(Salawu et al., 2007). Tannins are known to affect the 
integrity of mucosa membrane. Tannins being astringent 
may precipitate micro-proteins in the site of ulcer thus 
preventing absorption of toxic substances by forming a 
protective layer and resisting the mucous layer against 
the attack of proteolytic enzymes (Bigoniya et al., 2006). 
Saponins protect stomach mucosa from acid by selec-

tively inhibiting prostaglandin F2 (PGF2 ), which causes 

vasoconstriction of mucosal blood vessels (Aguwa and 
Okunji, 1986). Presence of these phytochemical compo-
nents may also contribute to its protective effect by main-
taining an efficient gastric mucosa microvascular supply. 
In conclusion, the reported results have validated the 
folkloric use of P. reticulatum root in the therapy of gastric 
ulcer disease. In particular, the present findings have 
pointed out the possible gastric cytoprotective and anti-
secretory effects of the extract. 
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