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Background: Rumex nepalensis(RN) Spreng has been used to treat ulcer disease in 
Ethiopian folk medicine. This study aimed to determine the anti-ulcer activity of hydroalco-
holic root crude extract and solvent fractions of R. nepalensis in rats.
Methods: The effect of R. nepalensis crude hydromethanolic extract and solvent fractions at 
doses (100, 200, 400 mg/kg/day) and repeated dosing (200 mg/kg/day for 10 and 20 days) 
was examined on ulcers in rats in pyloric ligation-, cold restraint stress-, and acetic acid- 
induced ulcer models. Cimetidine (100 mg/kg/day) and/or Omeprazole (20 mg/kg/day) were 
used as standard drugs and served as a positive control. Data were analyzed by one-way 
ANOVA post hoc followed by a Tukey HSD test with SPSS software version 24.0, and P≤ 
0.05 was considered as statistically significant.
Results: In the pylorus ligation-induced ulcer model, pretreatment with the crude extract 
significantly reduced the degree of gastric secretions, pH, total acidity, and ulcerations in 
a dose-dependent manner. Gastroprotection offered by the R. nepalensis 400 mg/kg test 
extract was comparable to that of the standard. Among fractions, the ethyl acetate fraction at 
400 mg/kg had the highest protection of ulcer but the chloroform fraction was ineffective. In 
the cold restraint stress-induced ulcer model, R. nepalensis at 200 and 400 mg/kg reduced the 
lesion index significantly (P<0.01). With relevant chronic ulcer model treatment, a dose of 
R. nepalensis at 200 and 400 mg/kg healed ulcers significantly with a curative ratio of 
53.22% and 54.59%, respectively.
Conclusion: From this study, it is concluded that hydromethanolic crude extract and solvent 
fractions of R. nepalensis root showed promising anti-ulcer activity. This upholds its 
folkloric use. Thus, it is considered as a possible source to develop a new anti-ulcer agent.
Keywords: pylorus ligation, stress ulcer, hydromethanolic extract, Rumex nepalensis

Introduction
Maintaining high resistance to wreck is feasible thanks to the presence of a variety of 
physiological defensives and rapid repair of injured mucosa when damage occurs.1 

The mucus barrier consists of mucus, bicarbonate anions, and phospholipids forming 
a surface layer on the gastric mucosa. The bicarbonate maintains the pH near 7 in the 
mucosa. The mucous layer protects from the proteolytic actions of pepsin. Mucin units 
to polymerize into large mucin multimers.2 The surface epithelial cells form a “barrier” 
preventing back diffusion of acid and pepsin.3 Continuous cell renewal from mucosal 
progenitor cells maintains the structural integrity of the mucosa.4 PGI2 and NO 
maintain the viability of endothelial cells and stop platelet and leukocyte adherence 
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to the micro-vascular endothelial cells, thus preventing com-
promise of the microcirculation.5 Peptic ulcer disease may be 
a break within the lining of the stomach, the upper part of the 
intestine, or lower esophagus.6 Gastritis is an inflammation 
of the gastric mucosa and a precursor of ulceration.7 There 
are around 6000 species of vascular plants in Ethiopia, out of 
which over 14% have been used as traditional plant 
medicines.8 Despite their important contribution, medicinal 
plants have received little modern research and 
development.9

For centuries, herbals have been used traditionally for 
the treatment of a large range of ailments, including gastro-
intestinal disorders. Medicinal plants possessing active 
principles like flavonoids, saponins, tannins, and terpenoids 
are found to have anti-ulcer activity.10 Leaf crude extract of 
Jasminiumgradiflorum,11 Orbignyaphalerata and Euterpe 
edulis,12 Azadirachta indicia,13 Papaya carica,14 and rib-
wort L.15 possess anti-ulcer activity. Leaf crude extract of 
Diodiasarmentosa (Rubiaceae), Cassia nigricans 
(Celsapinaceae), Ficus exasperate (Moraceae) and 
Synclisiascabrida (Menispermaceae) are the most popu-
larly used anti-ulcer recipes in Nigeria. In vivo studies in 
mice and rats revealed their anti-ulcer activities by decreas-
ing the ulcer index in aspirin-induced ulcerogenesis, 
delayed gastrointestinal transit, increased pH, and 
decreased volume and acidity of gastric secretion. Leaf 
extracts of Wilbrandiaebracteata,16 Toonaciliata roemer,17 

garden rocket,18 Calligonumsomosum,19 Pedalium 
murex,20 Voacangaafricana, and Eremomastaxspeciosa 21 

have shown anti-ulcer activity. Alkaloids from the bark of 
Enantiachlorantha prevent ulcerations.22,23 The 
effectiveness and mechanisms of action of crude herbal 
extracts vary, following the composition of their chemical 
constituents.24 Oroxylumindicum, Zingiber officinale, 
Alchorneaglandulosa, and Tephrosia purpurea containing 
phenolic compounds are used as folklore medicine.25

Clove, cinnamon, oregano, Capsicum, turmeric, ginger, 
and polygonum species contain phytoconstituents with 
antioxidative potential which give them anti-ulcer 
activity.26 The root and rhizome of Leguminosae contain 
glycyrrhizinic acid, a triterpenoid saponin having protec-
tion against ulcers.27 Twelve medicinal herbs were used as 
anti-ulcer (PUD) herbal formulations in a previous study.28

Rumex nepalensis belongs to the magnoliopsid family and 
magnoliopsid genus. The genus consists of about 250 species 
of herbs, and are distributed worldwide.29 R. nepalensis grows 
in parts of China, Afghanistan, India, Indonesia, Japan, 
Myanmar, Nigeria, Ethiopia, and the Republic of South 

Africa.30 It is commonly called “Tult” in Amharic, and 
“Shuultii” in Oromifa. R. nepalensis has served as the basis 
of traditional medicine systems in Nigeria, India, China, 
Indonesia, Ethiopia, and Nepal. In Ethiopia, a root decoction 
of R. nepalensis is given orally for five to fifteen consecutive 
days on an empty stomach to treat ascariasis, abdominal 
bleeding, and peptic ulceration. A piece of fresh root is ground 
in to stick and applied externally to prevent bleeding and to 
facilitate wound healing and applied to swollen gums, as 
a cure for jaundice, and with antihistaminic, anticholinergic, 
antibradykinin, anti-inflammatory, antibacterial, antipyretic, 
antiplasmodial, hypoglycemic, and analgesic activities.31–34 

Medicines used for the treatment of GIT disorders comprise 
8% of total prescriptions.35 The increase of resistant strains of 
H. pylori to different antimicrobials especially in developed 
countries has been given great attention.36 Patients on once- 
daily doses of proton pump inhibitors (PPIs) failed at a rate of 
56% which indicates significant PPI drug resistance and rapid 
metabolism by CYP2C19 polymorphism.37,38 Several ortho-
dox drugs employed for the treatment of the disease are 
associated with drug–drug and drug–food interactions, 
increased risk of bacterial infection, tolerance, relapse and 
resistance, which limit their use and require replacement 
drugs to be found for ulcer treatment.39

An ethnobotanical survey in Denbia (northern, Ethiopia) 
40 and East Shewa Zone of Oromia Regional State reported 
that a root decoction of R. nepalensis Spreng. is taken orally 
for 15 days in an empty stomach to treat ulcer disease.31,41

The Rationale of the Study
Peptic ulcer disease is one of the serious gastrointestinal dis-
eases in the world, having a major effect on morbidity. 
Medicines used for the treatment of GIT disorders comprise 
some 8% of total prescriptions. Drug resistance has also 
a strong impact on the price of curing ulcer disease. This 
study verified the claims of previous reports on the knowledge 
of native traditional medicine practitioners. The finding of this 
experimental study helps the scientific community to further 
investigate this candidate medicinal plant by initiating 
advanced studies on formulations and molecular mechanisms 
of plant source drugs and by isolating a scientific anti-ulcer 
compound.

Methods and Materials
Chemicals and Drugs
Absolute ethanol (96%) (Bululux lab.), phenolphthalein 
(RFCL; RANKEM, India), absolute methanol 
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(ReAgentchem Ltd; India), glacial acetic acid (Lobe chemi, 
India), Omeprazole (Cadila Pharmaceuticals, Bengaluru, 
India), Cimetidine (ACILOC, Cadila, Ethiopia), 0.9% normal 
saline (Cadila Pharmaceuticals, Bengaluru, India), distilled 
water (EPharm, Ethiopia), ketamin (Fisher Scientific, UK), 
diazepam (Fisher Scientific, UK), chloroform (NICELab), 
ethyl acetate, buffered formalin (10%), H2SO4, HCL, 2% 
ferric chloride, benzene (Nice Laboratory Reagent, Kerala, 
India), 10% ammonium hydroxide, 0.01 N sodium hydroxide 
(Central Drug House India) were purchased. All chemicals 
were analytical grade and purchased from Bahirdar 
Pharmaceutical Fund Supply Agency and obtained from the 
University of Gondar School of Pharmacy laboratories.

Instruments, Apparatus, and Supplies
Filter paper (Whatman No. 1 EXACL; India), examination 
glove, rotary evaporator (YAMATO rotary evaporator 
RE301, Japan), lyophilizer (Labfreeze Instruments Group 
Co., Ltd., Japan), analytical grade balance (JA203P), hand 
lens (10×), deep freezer (DN-86W258), syringe with 
a needle, forceps, surgical scalpel blade, conical flask, beaker, 
Buchner funnel, adhesive plaster, gauze, permanent marker, 
surgical threads with curved needles, mortar and pestle, 
centrifuge (Eppendorf AG-5703DQ713856), pH meter 
(Adwa AD8000), oral gavages, and others have been used.

Plant Material Collection and 
Identification
Fresh roots of R. nepalensis were collected from the vicinity 
of Debre Tabor town, about 154 km southeast of Gondar 
town and 655 km from Addis Ababa at a longitude and 
latitude of 38°1′E, 11°51′N with an elevation of 2706 meters 
on January 10, 2019. Taxonomic identification of the plant 
specimen was made by a botanist at the Department of 
Biology, College of Natural and Computational Science, 
University of Gondar, Gondar, Ethiopia, and also the voucher 
specimen number Wor1/2018 was deposited there for future 
reference.

Experimental Animals
Wistar rats of either sex weighing 150–250 g inbred at the 
Animal House of Department of Pharmacology, School of 
Pharmacy, College of Medicine and Health Sciences, 
University of Gondar, Gondar, Ethiopia were used. 
Animals were kept in polypropylene cages (6 rats per 
cage) in environmentally controlled rooms (25 ± 2°c, 
12:12 h light and dark cycle), with free access to water. 

Rats were kept under standard laboratory conditions and 
fed with a standard pellet diet (NPD). They were acclima-
tized to the laboratory environment for five days, and 
randomly divided into groups in each phase of the experi-
ments. All procedures during this study conformed to the 
guiding principles for research involving animals as 
recommended by the guiding principles within the care 
and use of animals.42

Preparation of Plant Root Extract
Freshly collected roots of R. nepalensis were thoroughly 
washed with water to remove dirt and dried under shade at 
room temperature. After complete drying, the plant was 
pulverized by a mechanical grinder. The dried powdered 
root of R. nepalensis was extracted via a cold maceration 
technique with 80% methanol (hydromethanol).43 About 
1 kg powder was soaked with a total of 8000 mL of 80% 
methanol with three Erlenmeyer flasks and placed on 
a platform shaker at 120 rpm at room temperature for 72 
hours. Then, the extract was first filtered using gauze (muslin 
cloth) followed by Whatman filter paper No. 1. The residue 
was separately re-soaked with the identical solvents and in 
similar conditions twice to maximize the yield.44 Then, sub-
sequent filtrates were concentrated on a rotary evaporator at 
a temperature of 40°C and 60 rpm. The concentrated filtrate 
was frozen overnight employing an electric refrigerator and 
freeze-dried with a lyophilizerat at –50°C and vacuum pres-
sure (200 milliBar) to remove water. Finally, the yield of 
extract was calculated, labeled, and preserved in 
a refrigerator at −4°C until use.33

Preparation of Solvent Fractions
The hydromethanolic crude extract was further fractio-
nated by solvent–solvent extraction in separatory funnel 
apparatus using solvents with differing polarity (chloro-
form, ethyl acetate, and distilled water). Ninety grams of 
the dried hydromethanolic crude extract were suspended in 
400 mL water and slightly shaken to dissolve completely 
with solvent. The mixture was transferred into a separator 
funnel. Then, an equal volume of chloroform was added to 
it. The new mixture was shaken gently and allowed to 
settle for a few times until it forms two layers. The density 
of chloroform is higher than water so taken the lower 
phase so the chloroform fraction was collected. To collect 
the whole chloroform fraction an identical procedure was 
repeated twice as described above. To the remaining aqu-
eous portion in the separating funnel, an equal volume 
(400 mL) of ethyl acetate was added, followed by vigorous 
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shaking as described for the preceding solvent fractiona-
tion procedure. The upper layer was ethyl acetate, which 
was separated from an aqueous portion, and therefore the 
same procedure was repeated twice as above. The filtrate 
of chloroform and ethyl acetate fractions was concentrated 
on the rotary evaporator at 45 rpm and 40°C to get the 
chloroform and ethyl acetate fraction. The remaining aqu-
eous residue was frozen in a refrigerator overnight and 
freeze-dried with a lyophilizer to get an aqueous fraction. 
The yields of the dried fractions were calculated for every 
solvent extract then transferred into separate vials and 
stored at −4°C until use.45

Preliminary Phytochemical Screening
Secondary metabolites are the classes of compounds that 
have curative activity against several ailments in man and 
thus could explain the standard use of medicinal plants for 
the treatment of some illnesses. There are chemical com-
pounds (phenolic compounds, alkaloids, terpenoids, ster-
oids, quinones, saponins) with complex structures and 
with more restricted distribution than primary metabolites. 
They are not indispensable for the plant that contains 
them; a minimum of their metabolic functions have not 
been discovered yet. Standard qualitative tests were 
employed to detect secondary metabolites like phenols, 
cardiac glycosides, saponins, sterols, anthraquinones, fla-
vonoids, tannins, alkaloids, and terpenoids.46,47

Acute Oral Toxicity Study
Acute oral toxicity testing was conducted in healthy, nulli-
parous, and non-pregnant female Wistar rats using 
Organization for Economic Cooperation and Development 
(OECD, 2008) 425 guidelines. Accordingly, five female 
Wistar rats of 8–12 weeks were used to estimate the LD50 

of R. nepalensis extract. All rats were fasted (food but not 
water) overnight before and 4 hours after the administration 
of the extract. The rat in the sighting study was given 
R. nepalensis hydromethanolic crude extract with a limit 
dose of 2000 mg/kg by oral gavage. No death was observed 
when monitored for the primary 24 hours. Then four other 
rats were sequentially treated with the identical dose of the 
extract. The rats were housed separately and observed con-
tinuously for 4 hours with 30 min interval and then daily for 2 
weeks for any signs of toxicity, such as behavioral profile 
(alertness, restlessness, irritability, and fearfulness), auto-
nomic profiles (salivation, lacrimation, perspiration (diaphor-
esis), piloerection, incontinence, and defecation), neurologic 
(CNS) profile (spontaneous activity (drowsiness), reactivity, 

touch response, pain response, convulsions, tremors, and 
gait), physical states like loss of appetite, for morbidity or 
mortality and other signs of toxicity.6,48

Grouping and Dosing of Experimental 
Animals
Wistar albino rats weighing 150–250 g of both sexes were 
randomly divided into five groups having six rats per 
group for each of the models employed within the study 
and was fasted in individual cages for twenty-four hours 
before the actual experiment. Negative controls were trea-
ted with 10 mL/kg/day of solvent which contains 3 mL of 
95% ethanol + 7 mL of Tween 80 and 90 mL distilled 
water to make 100 mL volume, used to suspend hydro-
methanolic crude extract and solvent fractions. Positive 
control groups were treated with either Cimetidine 
100 mg/kg/day or Omeprazole 20 mg/kg/day. The treat-
ment groups received 5% (100 mg/kg/day), 10% (200 mg/ 
kg/day) and 20% (400 mg/kg/day) of the dose of acute oral 
toxicity studies (2000 mg/kg) doses of the hydromethano-
lic crude extract. The three models employed were pyloric 
ligation-induced ulcer, cold restraint stress-induced ulcer, 
and acetic acid-induced chronic ulcer models. Meanwhile, 
the solvent fraction’s anti-ulcer activity was evaluated by 
using the model within which the crude extract revealed 
the most effective anti-ulcer activity.15

Pylorus Ligation-Induced Ulcer
Animals were fasted for twenty-four hours before the 
study but had free access to water. Negative and positive 
controls received solvent (10 mL/kg) and Omeprazole 
(20 mg/kg), respectively. A hydromethanolic crude extract 
of R. nepalensis was given to the animals in the treatment 
group (group III, IV, and V) for ten days at 100, 200, and 
400 mg/kg, respectively. After one hour of last drug treat-
ment, rats were anesthetized with 50 mg/kg of ketamine 
combined with 5 mg/kg of diazepam i.p.; the abdomen 
was opened by a tiny low midline incision below the os. 
The pyloric portion of the stomach was slightly lifted out 
and ligated with suturing material, avoiding traction to the 
pylorus or damage to its blood supply. The stomach was 
replaced carefully and also the wall was closed by inter-
rupted sutures using Merisilk no. 2. Rats were sacrificed 
by cervical dislocation after four hours of pyloric ligation. 
The abdomen was opened, the cardiac end of the stomach 
dissected out, and also the contents drained into a glass 
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tube. Each stomach was examined for lesions and indexed 
in line with severity.49

Cold Restraint Stress-Induced Ulcer
The hypothermic restraint stress-induced gastric-ulcer 
model was assessed on rats. Rats were divided into five 
groups of six animals each. After 24 hours of starvation, 
the rats have received one oral administration of hydro-
methanolic root crude extract of R. nepalensis at 100, 200, 
and 400 mg/kg, Cimetidine 100 mg/kg, and solvent 
10 mL/kg/day. One hour after treatment, gastric ulceration 
was induced by immobilizing the rats inside a closed 
cylindrical cage and inside refrigerator maintained at 
2–4°C. After 3 hours the rats were sacrificed by cervical 
dislocation, the stomach was removed, opened along the 
greater curvature followed by gentle washing with water to 
remove the gastric contents and blood clots, scanned and 
examined for ulcers.18,50

Acetic Acid-Induced Chronic Ulcer
The rats were fasted for twenty-four hours before the study 
but had free access to water. On the day of the experiment, the 
rats were anesthetized with 50 mg/kg of ketamine 
combined with 5 mg/kg of diazepam i.p. The wall was opened 
by laparotomy and peptic ulcer induced by injection of 20% 
acetic acid (50 µL) into the subserosal layer within the gland-
ular part of the anterior wall. The stomach was bathed with 
saline to avoid adherence to the external surface of the ulcer-
ated region and also the abdomen was then closed using 
catgut chromic number 2/0 and Merisilk no. 2. At some 
point after surgery, the rats were treated with an oral dose of 
the solvent (10 mL/kg), hydromethanolic crude extract at 100, 
200, and 400 mg/kg/day, and Cimetidine 100 mg/kg for 15 
days. On the 16th day, rats were sacrificed by cervical dis-
location, stomach was removed, and also the mucosal damage 
was assessed via ulcer index and scoring ulcer parameters.49

Parameters for Evaluation of 
Anti-Ulcer Activity
Macroscopic Evaluation of Stomach
The stomach was opened along the greater curvature, 
rinsed with saline to remove gastric contents and blood 
clots, and examined by a 10× magnifier lens to assess the 
formation of ulcers. The number of ulcers is counted and 
scored:51 normal-colored stomach (0), red coloration (0.5), 
superficial mucosal injury (spot ulcer) (1), hemorrhagic streak 

(1.5), deep Ulcer (2), perforation (3). Ulcer index (UI) was 
measured by using the following formula: UI ¼ UNþUSþUP

10
Where UI= Ulcer Index; UN = average number of 

ulcers per animal; US = average number of severity 
score; UP = percentage of animals with ulcers.

Percentage inhibition of ulceration was calculated as 
follows:

%Inhibition of ulceration ¼
UI control � UI test

UI control
x100 

%Protective ratio ¼ 100 �
UI pretreated

UI control

� �

x100 

%Curative ratio ¼ 100 �
UI treated
UI control

� �

x100 

Determination of pH and Volume of 
Gastric Secretions
After the abdomen was opened the cardiac end of the 
stomach was dissected out and its content drained into 
a glass tube. The quantity of the digestive juice was 
measured after centrifugation at 2000 rpm for 10 minutes. 
From the supernatant, an aliquot (1 mL of each) was taken 
and diluted with 1 mL of water, and the pH of the fluid 
was measured using a pH meter.

Determination of Total Acidity
An aliquot of 1 mL digestive juice diluted with 9 mL of 
distilled water was taken into a 50 mL conical flask and 
two drops of phenolphthalein indicator were added thereto 
and titrated with 0.01 N NaOH until a permanent pink 
color was observed. The quantity of 0.01 N NaOH con-
sumed was noted. The entire acidity is expressed as mEq/L 
by the subsequent formula.52

Total Acidity ¼
V NaOH x N x 100mEqlL

0:1 

Data Quality Control
The data quality was maintained by grouping experimental 
rats by simple random sampling technique, blinding the data 
collection system of all parameters; maintaining and applying 
standard procedures, and using analytically graded materials.

Statistical Analysis
Results were expressed as mean ± SEM and were analyzed 
using Windows SPSS version 20.0. Comparisons were made 
between negative control, positive control, and treatment 
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groups of varied doses using ANOVA following by Post hoc 
Tukey’s HSD multiple comparison tests. At a 95% confidence 
interval, p< 0.05 was considered as statistical significance.

Result
Percentage Yields of Crude Extract and 
Solvent Fractions
From the crude hydromethanolic crude extract, 196 g were 
obtained with a percentage yield of 19.6%, and 90 g of the 
crude extract was used for solvent fractionation (see Table 1).

Preliminary Phytochemical Screening
The phytochemical screening of the root hydroalcoholic 
crude extract of R. nepalensis showed the presence of alka-
loids, anthraquinones, flavonoids, glycosides, phenolic com-
pounds, plant steroids, saponins, tannins, and terpenoids (see 
Table 2).

Acute Oral Toxicity Study
Acute oral toxicity test was performed in female rats as per 
OECD-425 guidelines (OECD, 2008). The study indicated 
that the hydromethanolic crude extract of R. nepalensis 
caused no mortality at 2000 mg/kg within the first 24 
hours and for the following 15 days. Physical and beha-
vioral observations of the experimental rats also revealed 
no visible signs of acute oral toxicity.

Effect of Hydromethanolic Crude Extract 
on Pylorus Ligation-Induced Ulcer
The effect of hydromethanolic root crude extract of 
R. nepalensis on pylorus ligation induced ulceration. 
Pylorus ligation caused the buildup of gastric secretions 
of 4.75 ± 0.075 mL with pH 1.88 ± 0.13 in a negative 
control group. The full acidity of the gastric secretions was 
found to be 56.33 ± 0.22 mEq/L. Pretreatment with the 
R. nepalensis hydromethanolic crude extract, significantly 

(P<0.001) reduced the amount of gastric secretions 2.10 ± 
0.11, 2.04 ± 0.12, and 1.93 ± 0.05 mL at the doses of 100, 
200, and 400 mg/kg, respectively. The pH of the digestive 
fluid was significantly (P<0.001) elevated to 5.97 ± 0.14, 
6.03 ± 0.19, and 6.09 ± 0.10 at a dose of 100, 200, and 
400 mg/kg/day of hydromethanolic crude extract 
R. nepalensis, respectively. Additionally, total acidity was 
also reduced significantly (P<0.001) as compared to the 
negative control. Further, it was observed that pyloric 
ligation caused gastric ulcerations, and pretreatment with 
R. nepalensis root extract had reduced them significantly 
in a dose-dependent manner (see Table 3).

In the pylorus ligation ulcer induced model the percen-
tage inhibition of ulceration was found to be 51.17%, 
59.78%, and 67.52% at 100, 200 and 400 mg/kg/day of 
hydromethanolic crude extract of R. nepalensis, respec-
tively. Gastro-protection offered by the R. nepalensis 
400 mg/kg test extract was comparable to that of 
Omeprazole (20 mg/kg) (see Table 4).

Effect of Crude Extract on Cold Restraint 
Stress-Induced Ulcer
Observing the results obtained in the cold restraint stress- 
induced ulcer model, it had been found that R. nepalensis 
hydromethanolic crude extract at a dose of 200 and 400 mg/ 
kg/day significantly reduced the ulcer index to 10.24 ± 2.05 
(p<0.01) and 9.52 ± 1.91 (P<0.01), respectively, and ulcer 
score to 12.92 ± 2.61 (p<0.001) and 8.50 ± 1.82 (p<0.001), 
respectively, compared with the negative control group. The 
proportion inhibition of the ulcer was 32.1%, 48.15%, and 
51.78% in the groups treated with 100, 200, and 400 mg/kg of 
hydromethanolic crude extract of R. nepalensis, and 60.45% in 
the positive controls. Although the ulcer index was reduced at 
a dose of R. nepalensis 100 mg/kg weight by 32.1% (13.41 ± 
0.09), this reduction did not reach statistical significance as 
compared to the negative control (see Table 5).

Effect of Crude Extract on Acetic 
Acid-Induced Ulcer
Hydromethanolic crude extract of R. nepalensis root used at 
a dose of 200 and 400 mg/kg weight significantly (P<0.01) 
healed ulcers after 15 days of treatment, showing the curative 
effect of 53.22% and 54.59%, respectively. Hydromethanolic 
crude extract of R. nepalensis root used at 100 mg/kg showed 
insignificant ulcer inhibition compared to the negative con-
trol. Hydromethanolic crude extract of R. nepalensis at 200 
and 400 mg/kg/day produced a significant difference 

Table 1 Amount of Crude Extract, Physical Description of 
Extracts and Percentage Yields of Crude Extract and Fractions

Extracting 
Solvent

Physical Description of 
the Extract

Yield 
(g)

% Yield 
(W/W)

80% Methanol Brown powder 196 19.6

Chloroform 

fraction

Brown powder 15.39 17.1

Ethyl acetate 

fraction

Gummy dark brown 42.12 46.8
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(P<0.001) compared to the negative control group (see 
Table 6).

The results of the percentage ulcer inhibition effect of 
R. nepalensis root crude extract on hypothermic restraint 
stress-induced ulcer model (supplementary Figure 1). 
Pyloric ligation-induced gastric ulcer model (supplementary 
Figure 2) Hypothermic restraint stress-induced ulcer model 
(supplementary Figure 3). Acetic acid-induced gastric ulcer 
model (supplementary Figure 4).

Effect of Solvent Fractions on Pylorus 
Ligation-Induced Ulcer
After a crude extract study on both acute and chronic ulcer 
models, the effective model with the best percentage ulcer 

inhibition is the pylorus ligation-induced peptic ulcer model, 
which was selected for further study of the anti-ulcer activity 
of solvent fractions of hydromethanolic crude extract of 
R. nepalensis. Omeprazole 20 mg/kg, and chloroform 
fractions at 100, 200, and 400 mg/kg cause a percent reduc-
tion of ulcer score of 93.78%, 4.57%, 7.78%, and 12.16%, 
respectively. An ethyl acetate fraction of R. nepalensis at 
100, 200, and 400 mg/kg produced a percent reduction of 
ulcer score of 89.12%, 90.86%, and 93.51%, respectively. 
An aqueous fraction R. nepalensis at 100, 200, and 400 mg/ 
kg produced s percent reduction of ulcer score of 75.68%, 
80.99%, and 85.38%, respectively. A chloroform fraction of 
R. nepalensis at 100 mg/kg/day was unable to reduce US and 
UI significantly as compared to the negative control group of 

Table 3 Effect on GI Secretion, Total Acidity and pH on Pylorus Ligation-Induced Ulcerated Rat

Group VoGJ TA(mEq/L) % Red TA pH

Solvent 10 ml/kg 4.75 ± 0.075 56.33 ± 0.22 0.00 1.88 ± 0.13

Omp 20 mg/kg 1.83 ± 0.05a3 16.65 ± 0.304a3 70.44 6.19 ± 0.13a3

RN 100 mg/kg 2.10 ± 0.11a3 17.78 ± 0.19a3 68.44 5.97 ± 0.14a3

RN 200 mg/kg 2.04 ± 0.12a3 17.50 ± 0.43a3 68.93 6.03 ± 0.19a3

RN 400 mg/kg 1.93 ± 0.05a3 16.73 ± 0.15a3 70.3 6.09 ± 0.10a3

Notes: Each value represents mean ± SEM; n=6; a: against negative control; 3: p<0.001; Omp: Omeprazole, SEM: standard error of the mean; RN100: Rumex nepalensis 
100 mg/kg, RN200: Rumex nepalensis 200 mg/kg, RN400: Rumex nepalensis 400 mg/kg, VoGJ: volume of gastric juice, %Red V: percentage reduction in volume of gastric juice, 
TA: total acidity, % Red TA: percentage reduction in total acidity.

Table 2 Preliminary Phytochemical Screening of Hydromethanolic Crude Extract and Solvent Fractions of R. nepalensis

Phytochemical 80% Methanolic Crude Extract Aqueous Fraction Chloroform Fraction Ethyl Acetate Fraction

Alkaloids + – + +
Anthraquinones + + + +

Flavonoids + + – +

Glycosides + + + +
Phenolic compounds + + – +

Plant steroids – – – –

Saponins + + – +
Tannins + + – +

Terpenoids + + – +

Notes: - +: present, -: absent.

Table 4 Effect on Ulcer Score and Ulcer Index on Pylorus Ligation-Induced Ulcerated Rat

Group US % Red US UI % Red UI

Solvent 10 mL/kg 78.00 ± 3.06 0.00 23.00 ± 0.45 0.00

Omp 20 mg/kg 5.92 ± 2.26a3 92.41 7.51 ± 2.38a3 67.35
RN 100 mg/kg 8.83 ± 1.28a3 88.68 11.23 ± 0.18a2 51.17

RN 200 mg/kg 6.50 ± 1.38a3 91.67 9.25 ± 1.85a3 59.78

RN 400 mg/kg 5.67 ± 1.87a3 92.7 7.47 ± 2.36a3 67.52

Notes: Each value represents mean ± SEM; n=6; a: against negative control; b: against standard (Omp20); c: against 200 mg/kg; d: against 400 mg/kg; 1: p<0.05, 2: p<0.01, 3: 
p<0.001; Omp: Omeprazole, SEM: standard error of the mean, RN: Rumex nepalensis.
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rats. A significant difference was also observed between all 
doses of chloroform fraction as compared to the quality at 
P<0.001. All ethyl acetate and aqueous fractions in all doses 
were able to reduce ulcer index and ulcer score significantly 
as compared to the negative control (P<0.001). The ethyl 
acetate fraction at 400 mg/kg/day showed the highest protec-
tion as compared to all fractions (see Table 7).

The pylorus ligation-induced peptic ulcer model pro-
duced a gastric secretion of 6.22 ± 0.11 mL in the negative 
control group and treatment with Omeprazole at 20 mg/kg, 
and a chloroform fraction of R. nepalensis at 100, 200, and 
400 mg/kg reduced gastric secretion 1.45 ± 0.1 mL, 6.08 ± 
0.27 mL, 5.94 ± 0.38 mL, and 5.26 ± 0.23 mL, respectively. 
A chloroform fraction at 400 mg/kg reduced gastric secre-
tions significantly (P<0.05) as compared to the negative 
control group. The ethyl acetate fraction of R. nepalensis at 
100, 200, and 400 mg/kg reduced gastric secretion 1.83 ± 
0.07 mL, 1.81 ± 0.05 mL, and 1.51 ± 0.13 mL, respectively. 
An aqueous fraction of R. nepalensis at 100, 200, and 
400 mg/kg reduced gastric secretion 1.80 ± 0.05 mL, 1.78 
± 0.06 mL, and 1.64 ± 0.10 mL, respectively. All the three 
doses of ethyl acetate and aqueous fractions produced sig-
nificant (p<0.001) differences compared to the negative con-
trol group.

In the pylorus ligation-induced peptic ulcer model, 
Omeprazole at 20 mg/kg, and the chloroform fraction of 

R. nepalensis at 100, 200, and 400 mg/kg produced 8.55 ± 
0.26, 61.14 ± 2.28, 59.43 ± 1.28, and 57.83 ± 2.43 percen-
tage reduction in total acidity of gastric secretion, respec-
tively. The ethyl acetate fraction of R. nepalensis at 100, 
200, and 400 mg/kg reduced gastric secretion by 9.91 ± 
0.20, 9.63 ± 0.08, and 9.04 ± 0.53 percentage values, 
respectively. An aqueous fraction of R. nepalensis at 100, 
200, and 400 mg/kg reduced gastric secretion 10.04 ± 
0.30, 9.41 ± 0.26, and 8.93 ± 0.28 produced percentage 
reduction in total acidity of gastric secretions, respectively. 
All the three doses of chloroform, ethyl acetate, and aqu-
eous fractions produced significant (p<0.001) difference 
compared to the negative control group (64.03 ± 0.6) in 
percentage reduction in total acidity of gastric secretions 
(see Table 8).

Discussion
In our study we included three models: pylorus ligation- 
induced ulcer model, cold restrained induced ulcer model, 
and acetic acid-induced chronic ulcer model by determin-
ing the degree of gastric secretions, pH, total acidity, and 
ulcerations.

Therapy for gastroduodenal ulcer remains one of the key 
problems of modern gastroenterology. To date, no drug meets 
all the goals of peptic ulcer disease therapy. Drug tolerance of 
conventional anti-ulcer agents has been reported during the 
therapy of PUD. Also, these drugs have serious side effects 
when used for a long time; therefore, there is a need for novel 
and effective anti-ulcer agents with improved safety profiles. 
The present plant extraction yield (19.6%) is almost compar-
able with the previous reported yield (17.26%),33 in a study 
done at Addis Ababa University, Ethiopia, thus supporting 
that the hydroalcoholic solvent possesses a good extracting 
potential. The highest (46.8%) and lowest (17.1%) yields of 
solvent fraction were obtained from ethyl acetate fractions 
and chloroform fractions of the roots of R. nepalensis, 
respectively. From these data, it is possible to say that the 
roots of R. nepalensis contained more polar and semi-polar 

Table 6 Effects on Ulcer Score and Ulcer Index on Acetic Acid-Induced Ulcer Treated with Crude Extract of R. nepalensis

Group Ulcer Score % Red US UI % Red UI

Solvent 10 mL/kg 71.42 ± 0.79 0.00 20.48 ± 0.84 0.00

Cim 100 mg/kg 6.17 ± 1.99a3 91.36 7.57 ± 2.39a3 63.04

RN 100 mg/kg 30.25 ± 2.08a3b3c3d3 57.64 15.04 ± 0.35b1 26.10
RN 200 mg/kg 8.50 ± 1.83a3d3 88.10 9.58 ± 1.92a2 53.22

RN 400 mg/kg 6.83 ± 1.40a3 90.44 9.3 ± 1.86a2 54.59

Notes: Each value represents mean ± SEM; n=6; a: against negative control; b: against standard (Cim100); c: against 200 mg/kg; d: against 400 mg/kg; 1: p<0.05, 2: p<0.01, 3: 
p<0.001; Cim100: cimetidine 100 mg/kg, DW: distilled water; RN: Rumex nepalensis, SEM: standard error of the mean.

Table 5 Effect on Ulcer Score and Ulcer Index in Cold Restraint 
Stress-Induced Ulcer Treated with Crude Extract of R. nepalensis

Group Ulcer Score Ulcer Index

Solvent 10 mL/kg 60.83 ± 0.84 19.75 ± 0.10

Cim 100 mg/kg 7.58 ± 2.46a3 7.81 ± 2.47a3

RN 100 mg/kg 19.75 ± 0.56a3b2d2 13.41 ± 0.09
RN 200 mg/kg 12.92 ± 2.61a3 10.24 ± 2.05a2

RN 400 mg/kg 8.50 ± 1.82a3 9.52 ± 1.91a2

Notes: Each value represents mean ± SEM; n=6; a: against negative control; b: 
against standard (Omp20); d: against 400 mg/kg; 2: p<0.01, 3: p<0.001; Cim: 
cimetidine; RN: Rumex nepalensis, SEM: Standard error of the mean.
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compounds. This property of methanol may be due to its 
medium polarity index as compared to chloroform and aqu-
eous solvents. In the present qualitative phytochemical ana-
lysis, the 80% methanolic extract of the root of R. nepalensis 
was positive for flavonoids, saponins, tannins, phenols, ter-
penoids, anthraquinones, glycosides, and alkaloids. Even 
though this phytochemical analysis is in line with a report 
done at Addis Ababa University, Ethiopia, steroids were 
detectable but not alkaloids;33 on the contrary in the present 
study the reverse is true. This disparity may be due to 
environmental factors or time of plant collection and extrac-
tion difference. In this study, preliminary phytochemical 
analysis of chloroform fraction revealed the presence of 
only alkaloids, anthraquinones, and glycosides, whereas in 
the case of ethyl acetate solvent fractions all secondary 

metabolites found in the crude extract had been detected. In 
the aqueous solvent fractions except for alkaloids, all sec-
ondary metabolites detected in the crude extract had been 
detected. Similarly, another study performing 
a phytochemical analysis of the aqueous extracts of the 
roots of R. nepalensis reported the presence of anthraqui-
nones, flavonoids, glycosides, triterpenoid, tannins, and 
saponins, but unlike the present study, steroids were 
detected.33 From the above findings it is better to assume 
that R. nepalensis is better extracted with more polar and 
semi-polar solvents than more nonpolar ones. The acute 
toxicity study revealed that the plant extract was safe in rats 
at a limit dose of 2000 mg/kg and that the median lethal dose 
(LD50) of the extract is above 2000 mg/kg. The finding 
supports the work done on rats in another study, in which 
3.2 g/kg to 5 g/kg hydromethanolic root crude extract of 
R. nepalensis was safe.33 Pyloric ligation-induced ulcers are 
due to increased accumulation of gastric acid and pepsin, 
leading to the auto-digestion of the gastric mucosa. In the 
present study, R. nepalensis at 100, 200, and 400 mg/kg 
treatment decreased the gastric juice volume, total acidity, 
and increased pH significantly (P<0.001). Percentage protec-
tion of ulcerogenesis by pylorus ligation was found to be 
51.17%, 59.78%, and 67.52% at a dose of R. nepalensis of 
100, 200 mg/kg, and 400 mg/kg, respectively, and the gastro-
protection offered by R. nepalensis at 400 mg/kg hydro-
methanolic crude extract was comparable to that of the 
standard (67.35%). This effect implies that hydromethanolic 
root crude extract of R. nepalensis had a dose-dependent 
activity in preventing gastric ulceration. From a multiple 
solvent point of view, ethyl acetate fraction at 400 mg/kg 
showed highest ulcer inhibition as compared to all fractions 
and crude extract, which was comparable to Omeprazole 

Table 8 Solvent Fractions Antisecretory Effect on Pylorus 
Ligation-Induced Ulcer

Group VoGJ (mL) % Red V TA(mEq/L)

Solvent 10 mL/kg 6.22 ± 0.11 64.03 ± 0.6 1.7 ± 0.06

Omp 20 mg/kg 1.45 ± 0.10a3 8.55 ± 0.26a3 6.73 ± 0.09a3

CF 100 mg/kg 6.08 ± 0.27b3 61.14 ± 2.28b3 1.80 ± 0.07b3

CF 200 mg/kg 5.94 ± 0.38b3 59.43 ± 1.28b3 1.91 ± 0.18b3

CF 400 mg/kg 5.26 ± 0.23a1b3 57.83 ± 2.43a1b3 2.24 ± 0.06a1b3

EF 100 mg/kg 1.83 ± 0.07a3 9.91 ± 0.20a3 6.25 ± 0.10a3

EF 200 mg/kg 1.81 ± 0.05a3 9.63 ± 0.08a3 6.36 ± 0.09a3

EF 400 mg/kg 1.51 ± 0.13a3 9.04 ± 0.53a3 6.54 ± 0.02a3

AF 100 mg/kg 1.80 ± 0.05a3 10.04 ± 0.30a3 6.19 ± 0.12a3b1

AF 200 mg/kg 1.78 ± 0.06a3 9.41 ± 0.26a3 6.30 ± 0.17a3

AF 400 mg/kg 1.64 ± 0.10a3 8.93 ± 0.28a3 6.41 ± 0.10a3

Notes: Each value represents mean ± SEM; n=6; CF: chloroform fraction, EF: ethyl 
acetate fraction, AF: aqueous fraction, a: against negative control; b: against standard 
(Omp20), 1: p<0.05, 2: p<0.01, 3: p<0.001, Omp20: Omeprazole 20 mg/kg, DW10: 
SEM: standard error of the mean, VoGJ: volume of gastric juice secretions, %Red V: 
percentage reduction in volume of gastric juice, TA: total acidity, %Red TA: percen-
tage reduction in total acidity of gastric secretions.

Table 7 Rumex nepalensis Root Solvent Fractions Effect on Ulcer Score and Ulcer Index in Pylorus Ligation-Induced Ulcerated Rats

Group US % Red US UI % Red UI

Solvent 10 mg/kg 91.17 ± 1.94 0.00 24.82 ± 0.23 0.00
Omp 20 mg/kg 5.67 ± 1.89a3 93.78 7.47 ± 2.36a3 69.9

CF 100 mg/kg 87.00 ± 2.94b3 4.57 24.19 ± 0.37b3 2.54

CF 200 mg/kg 84.08 ± 4.20b3 7.78 23.73 ± 0.69b3 4.4
CF 400 mg/kg 80.08 ± 1.58b3 12.16 22.69 ± 0.21b3 8.6

EF 100 mg/kg 9.92 ± 1.03a3 89.12 11.6 ± 0.23a3 53.26

EF 200 mg/kg 8.33 ± 1.68a3 90.86 9.58 ± 1.92a3 61.40
EF 400 mg/kg 5.92 ± 1.89a3 93.51 7.63 ± 2.41a3 69.26

AF 100 mg/kg 22.17 ± 0.90a3b2 75.68 13.48 ± 0.15a3 45.69
AF 200 mg/kg 17.33 ± 3.51a3b1 80.99 11.02 ± 2.20a3 55.60

AF 400 mg/kg 13.33 ± 2.69a3 85.38 10.37± 2.04a3 58.23

Notes: Each value represents mean ± SEM; n=6; CF: chloroform fraction, EF: ethyl acetate fraction, AF: aqueous fraction, a: against negative control, b: against standard 
(Omp20); 1: p<0.05, 2: p<0.01, 3: p<0.001, Omp20: Omeprazole 20 mg/kg, SEM: standard error of the mean.
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treatment and found to be effective in reducing pylorus 
ligation-induced gastric ulceration. But the lowest ulcer pro-
tection activity was observed by chloroform fraction at 100, 
200, and 400 mg/kg groups, with a percentage reduction of 
ulcer index of 2.54%, 4.4%, and 8.6%, which failed to reach 
statistical significance. The corresponding gastroprotective 
effect of R. nepalensis shown in this study is attributed to 
the chemical makeup of the extract. Phytoconstituents 
extracted from anti-ulcerogenic terpenoids include triter-
penes, diterpenes, and terpenic derivatives. The triterpenic 
derivative carbenoxolone is an excellent stimulant of mucus 
synthesis, maintains the prostaglandin content of gastric 
mucosa at high levels, and inhibits pepsin secretion. It is 
known that triterpenoid compounds have antisecretory and 
cytoprotective activity. Tannins have anti-ulcer activity and 
are known to “tan” the outermost layer of the mucosa. By 
doing so it renders the gastric mucosa less permeable and 
more resistant to chemical and mechanical injury or 
irritation.27 A study conducted on the root extract analysis 
of R. nepalensis showed that the chloroform fraction (IC50 

=10.24 µg/mL) and ethyl acetate fraction (IC50=8.7 µg/mL) 
had free radical scavenging activity. Based on their IC50, the 
ethyl acetate fraction was effective at a lower concentration 
as compared to chloroform.53 Unlike the other solvent frac-
tions and crude extract, chloroform fraction was negative for 
saponins, flavonoids, terpenoids, tannins, and polyphenolic 
compounds in the present study. These might be reasons why 
crude extract, ethyl acetate, and aqueous fractions of 
R. nepalensis showed good anti-ulcer activity while chloro-
form fractions revealed an insignificant anti-ulcer effect. The 
hypothermic restraint stress-induced gastric ulcer model pro-
vides both emotional stresses and physiological stress to the 
animal and it mimics clinical acute gastric lesions, which 
may appear in the gastric mucosa as a consequence of major 
trauma, surgery, or sepsis, being widely accepted for study-
ing the mechanism of stress-induced gastric lesions. It brings 
central nervous system factors in to play in the production of 
gastric pathology.54 In the present study, R. nepalensis at 200 
and 400 mg/kg doses is able to reduce ulceration risk sig-
nificantly. Ulcer index (19.75 ± 0.10) in the negative controls 
is coherent with other reports (24 ±3.24); this suggests that 
this study was conducted in accordance with the standard 
procedure.18 As compared to the other models, the 
R. nepalensis at 100 mg/kg extract showed the lowest effi-
cacy of ulcer inhibition (31.2%); this might justify that 
R. nepalensis at 100 mg/kg as a single dose is not the right 
dose to prevent cold restraint stress-related gastric ulceration. 
This may be due to single-dose administration end up with 

a short time that a plasma concentration elapsed within the 
therapeutic window or unable to achieve minimum effective 
plasma concentration. The protective efficacy against cold 
restraint-stress induced ulcers may be due to the antioxidant, 
anti-secretagogue potential, anticholinergic, anti- 
inflammatory, and central nervous system activity of 
R. nepalensis,55 thereby strengthening the animals’ physio-
logical capabilities to decrease stress ulcers. It has been 
reported that anti-secretory agents such as histamine H2- 
receptor antagonists ameliorate the decrease in gastric muco-
sal blood flow caused by factors that disturb the gastric 
mucosa. Since R. nepalensis has antihistaminic nature it 
may increase mucosal blood flow to gastric mucosa, thereby 
preventing ulceration.18 Apart from its preventive effect, the 
present study also evaluates the effect of R. nepalensis root 
extract on healing chronic gastric ulcers. The crude extract 
reduces both ulcer surface area and ulcer base. R. nepalensis 
at 200 and 400 mg/kg body weight doses significantly 
(P<0.01) healed ulcers after 15 days of treatment. At these 
doses the ulcer curative ratio was found to be 53.22% and 
54.59%, respectively. This result was in line with the report 
of Jasminum grandiflorum hydromethanolic leaf extract on 
acetic acid-induced gastric ulcer in rats at a dose of 100 and 
200 mg/kg for 20 days with a percentage curative ratio of 
56% and 66%.11 All doses of the crude extract able to reduce 
the ulcer score significantly after 15 days of treatment at 
a significance level of P<0.001 as compared to the negative 
control groups. Meanwhile, the lowest dose had a significant 
difference to the standard drugs used as a positive control. 
This result might infer that crude extract had a dose- 
dependent ulcer healing effect. During the 15 days of treat-
ment, R. nepalensis extract or Cimetidine did not produce 
any visible signs of toxicity. It is well known that gastric 
cytoprotective property alone in rats does not produce sig-
nificant ulcer healing in humans. The results of the present 
study suggest that ulcer healing effect of R. nepalensis root 
extract observed in humans may be due to both gastric 
antisecretory and cytoprotective effects. The constituent(s) 
responsible for the anti-ulcer effect of the root is not known. 
Besides their action as gastroprotective, anti-secretory, and 
antioxidant agents, flavonoids also act in the healing of 
gastric ulcers. Hence, it is assumed that flavonoids may 
contribute at least in part to the chronic ulcer healing effect 
of the candidate. These secondary metabolites may stimulate 
important cellular mechanisms such as migration and prolif-
eration of epithelial cells that may have a cytoprotective 
effect by stimulating the release of prostaglandins. 
Angiogenesis plays a pivotal role in the acceleration of 
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healing of ulcers since the neovasculature promotes nutrient 
supply to the healing tissue. This complex sequence of events 
requires a high degree of coordination among different cell 
types, which is regulated by several factors. Among them, 
growth factors such as the vascular endothelial growth factor 
(VEGF), fibroblast growth factor (FGF), and their receptors 
are known to play an important role in tissue repair and the 
healing of ulcers. Saponins isolated from Red Ginseng exhib-
ited ulcer healing and promoted angiogenesis via the stimu-
lation of VEGF production. So the chronic gastric ulcer 
healing effect of the present extract also might benefit from 
its ability to upregulate growth factors in response to sapo-
nins. Therefore, the free radical scavenging potential of the 
plant extract might be highly helpful in protecting gastric 
ulcer complications and in healing ulcers.

Conclusion
From the present study, it can be concluded that crude 
methanolic extract and solvent fractions of Rumex nepa-
lensis root have shown promising anti-ulcer activity on 
pyloric ligation, cold restraint stress, and acetic acid- 
induced ulcer models, which upholds its folkloric use. 
Thus, it could be considered as a potential source to 
develop new anti-ulcer agents; however, species variation 
would limit such a straightforward extrapolation of the 
findings of this study to humans.

Recommendation
This study confirmed the claim in Ethiopian traditional 
medicine that the plant has therapeutic value in stomach 
ulcers. So it needs further in-depth investigation by using 
other models, isolation, and characterization of the active 
principles responsible for the anti-ulcer activity and to 
elucidate the exact mechanism action of this plant. 
Evaluation of its anti-ulcer efficacy in case of co-morbid 
illness in those previously reported.
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