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Introduction

Gastric hyperacidity and gastroduodenal ulcer is a very 
common global problem today. It is now generally agreed 
that gastric lesions develop when the delicate balance 
between some gastroprotective and aggressive factors are 
lost (George Susan et al., 1999). Major aggressive factors are 
acid, pepsin, Helicobacter pylori, and bile salts. Defensive 
factors mainly involve mucus-bicarbonate secretion 
and prostaglandins. Hypersecretion of gastric acid is a 
pathological condition which occurs due to uncontrolled 

secretion of hydrochloric acid from the parietal cells of the 
gastric mucosa through the proton pumping H+-K+-ATPase 
(Sachs et al., 1995). Even the normal rate of acid secretion 
may cause ulceration in the breached mucosa when some 
gastroprotective factors are lost. The modern approach to 
control gastric ulceration is to inhibit gastric acid secre-
tion, to promote gastroprotection, block apoptosis, and 
stimulate epithelial cell proliferation for effective healing 
(Walt, 1992). Most of the antisecretory drugs such as pro-
ton pump inhibitors (omeprozole, lansoprazole, etc.) and 
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ABSTRACT
Context:  Terminalia chebula Retz. (Combretaceae) is a medium-sized tree that grows in the wild throughout India. 
T. chebula has been extensively used in Ayurveda, Unani, and homoeopathic medicine. The fruit has been used as a 
traditional medicine for a household remedy against various human ailments. Traditionally T. chebula is used to cure 
chronic ulcer, gastritis, and stomach cancers.

Objective:  The present study is to evaluate the antiulcer effect of hydroalcoholic (70%) extract of Terminalia chebula 
fruit.

Materials and methods:  Aspirin, ethanol and cold restraint stress-induced ulcer methods in rats were used for the 
study. The effects of the extract on gastric secretions, pH, total and free acidity using pylorus ligated methods were 
also evaluated.

Results:  Animals pretreated with doses of 200 and 500 mg/kg hydroalcoholic extract showed significant reduction in 
lesion index, total affected area and percentage of lesion in comparison with control group (P < 0.05 and P < 0.01) in 
the aspirin, ethanol and cold restraint stress-induced ulcer models. Similarly extracts increased mucus production in 
aspirin and ethanol-induced ulcer models. At doses of 200 and 500 mg/kg of T. chebula extract showed antisecretory 
activity in pylorus ligated model, which lead to a reduction in the gastric juice volume, free acidity, total acidity, and 
significantly increased gastric pH.

Discussion and conclusion: These findings indicate that hydroalcoholic extract of the fruit T. chebula displays potential 
antiulcerogenic activity. This activity thus lends pharmacological credence to the suggested use of the plant as a 
natural remedy in the treatment or management of ulcer.
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histamine H
2
 receptor blocker (ranitidine, famotidine, 

etc.) are extensively used to control increased acid secre-
tion and acid related disorders caused by stress, NSAIDs, 
and H. pylori; but there are reports of adverse effects and 
relapse (Yeomans & Tulassy, 1998). On the contrary most 
of the herbal drugs reduce the offensive factors and are 
proved to be safe and clinically effective, having better 
patient tolerance, relatively less expensive and globally 
competitive. Plant extracts are some of the most attractive 
sources of new drugs and have been shown to produce 
promising results in the treatment of gastric ulcers (Jainu 
& Devi, 2006).

Terminalia chebula Retz. (Combretaceae), known as 
“abhaya” (Sanskrit), “harahra” (Hindi), and “allalekai” 
(Kannada), is a native of the Indian subcontinent and 
the adjacent areas such as Pakistan, Nepal, southwestern 
China, and stretching as far south as Kerala or even Sri 
Lanka where it is called “aralu”. Fruits of T. chebula are 
a rich source of gallic acid-based secondary metabo-
lites (20–36%). Major constituents are chebulagic acid, 
chebulinic acid, and chebulic acid; other constituents 
are tannic acid, gallic acid, ethyl gallate, ellagic acid, 
chebulanin, corilagin, and terflavin. Other classes of 
compounds identified in the fruits are: shikimic acid 
and related compounds (quinnic acid, dihydroshikimic 
acid, 5-dehydroshikimic acid), sugar (arabinose, fruc-
tose, sucrose), triterpenoids (chebupentol, terminoic 
acid, arjugenin), and steroids (β-sitosterol, daucosterol) 
(Chattopadhyay & Bhattacharyya, 2007).

T. chebula is used to cure chronic ulcer, carious teeth 
pain, heart problems (Ishtiaq et  al., 2007). T. chebula 
possesses laxative (Miglani et  al., 1971), hypolipidemic 
(Shaila & Udup, 1998), antioxidant (Lee et al., 2005, 2007), 
hepatoprotectant (Tasduq et  al., 2006), antiviral (Jeong 
et al., 2002), and antibacterial (Sato et al., 1997) activities. 
The plant is an important ingredient of Triphala™, a pop-
ular herbal formulation used as a traditional medicine 
for chronic disorders such as diabetes (Deb, 2006). One 
group of researchers found that it is effective in inhibit-
ing the urease activity of Helicobacter pylori (Malckzadeh 
et  al., 2002) and the ubiquitous bacterium implicated 
in the development of gastritis, ulcers, and stomach 
cancers.

However, detailed investigations of the antiulcer activ-
ity of T. chebula have not been carried out so far. Hence 
this led us to the study the antiulcer activity of T. chebula 
in different ulcer-induced models.

Materials and methods

Plant material
The fruit of Terminalia chebula was collected from Nagaon 
District, Assam, India in the month of May 2007. The plant 
was authenticated by N. Shiddamallayya, Department of 
Botany, Regional Research Institute (RRI), Bangalore, 
India. A voucher specimen of the fruit (RRI/BNG/SMP/
Drug Authentication/2007-08, 286) has been deposited 
in the Department of Pharmacology.

Preparation of extract
The fruits of T. chebula were shade dried and coarsely 
powdered. The powdered plant material was then sub-
jected to successive extraction with petroleum ether, chlo-
roform and 70% hydroalcohol solvents (500 mL/100 g of 
dried powder) for 18 h in a Soxhlet extractor. After extrac-
tion, the dark green solution obtained was evaporated at 
45°C under reduced pressure till a viscous mass material 
was obtained. The yield of the petroleum, chloroform 
and hydroalcoholic extracts were found to be 5%, 2.5%, 
and 32.5% (w/w), respectively. The dried hydroalcoholic 
extract was stored in an airtight container and placed in a 
refrigerator. The hydroalcoholic extract was used for the 
experimental study.

Animals
Wistar albino rats (150-250 g) and albino mice (25–30 g) 
of either sex were used in this study. The animals were 
acclimatized for 10 days under standard husbandry con-
ditions as: room temperature 26° ± 2°C; relative humidity 
45–55%, and 12 h light and dark cycle. They were allowed 
free access to standard diet (Pranav Agro Industries, 
Sangli) and water ad libitum, one week before and dur-
ing experimental period. The experimental protocol 
and procedures used in this study were approved by the 
Institutional Animal Ethics committee (Ref no. IAEC/
PP/18/2007-08) and CPCSEA (Reg no. 97/c/06/CPCSEA) 
and conformed to the guidelines of care and use of ani-
mals in research and teaching.

Chemicals and drugs
Anesthetic ether, petroleum ether, chloroform, sodium 
hydroxide and concentrated hydrochloric acid were 
procured from Merck, KFC, Bangalore, India. Oxalic 
acid, Toffer’s reagent and phenol reagent were obtained 
from Nice Chemicals, Cochin, India. Alcohol (90%) was 
procured from Gauri Industries, Mandya, India. A gift 
sample Omeprozole (OMZ) was obtained from Medly 
Pharmaceuticals, Daman, India and all other chemicals 
were of high purity and obtained locally.

Phytochemical analysis of the extract
The preliminary phytochemical screening was carried out 
on the petroleum ether, chloroform, and hydroalcoholic 
extracts of the fruits of T. chebula for qualitative identifi-
cation by the standard method described by Khandelwal 
(2000).

Acute toxicity study
Healthy adult female Swiss albino mice were used 
for the toxicity study. An acute oral toxicity study was 
carried out using the fixed-dose method according 
to the Organization for Economic Cooperation and 
Development (OECD, 1993) guideline no. 401. The ani-
mals were fasted overnight prior to the experimentation. 
They were continuously observed for 24 h for changes in 
autonomic or behavioral responses, while mortality was 
observed in each group for 7 days.
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Aspirin induced ulcer
The experiment was performed according to the method 
of Malairajan et  al. (2007). After 12 h of fasting, the rats 
were randomly divided into four groups of six animals 
each. Group I represented the control group, and 
received distilled water orally. Groups II and III received 
the extract of T. chebula (200 and 500 mg/kg, orally). 
OMZ (20 mg/  kg, orally) was administered to group IV 
as a reference drug. After 45 min of the treatment, all 
rats received aspirin (500 mg/kg, orally) to induce gastric 
ulcer. Four hours later the animals were sacrificed by 
anesthetic ether (by inhalation, 0.5 mL taken in a pinch 
of surgical cotton wool). The stomachs were removed, 
and opened along the greater curvature, and were gently 
rinsed with distilled water to remove gastric contents and 
blood before scoring the ulcer. Damage to the mucosa 
was examined under microscope and ulcer was scored 
as follows: red coloration (0.5), spot ulcer (1), hemor-
rhagic streak (1.5), ulcers (2), perforation (3). The mean 
ulcer score for each animal was expressed as the ulcer 
index. The percentage of ulcer inhibition was calculated 
as mean ulcer index of control-mean ulcer index of test/
mean ulcer index of control ×100.

The glandular portion of the stomach was carefully 
separated from the luminal part and the mucus content 
was estimated. The result is expressed as μg/g wet glan-
dular tissue (Mizui & Doteuchi, 1988).

Ethanol induced ulcers
The experiment was performed according to the method 
of Morimoto et  al. (1991). After 12 h of fasting, the rats 
were randomly divided into four groups of six animals 
each. Group I represented the control group, which 
received distilled water orally, and groups II and III were 
treated with the extract (200 and 500 mg/kg, p.o.). OMZ 
(20 mg/kg) was administered orally for group IV as a ref-
erence drug. One hour after treatment, all rats received 
1 mL/200 g of 90% ethanol to induce gastric ulcer. After 
1 h, animals were sacrificed by anesthetic ether, the 
stomachs were removed and opened along with greater 
curvature and the ulcer index scored. The mucus content 
was estimated and percentage of ulcer protection was 
determined.

Cold restraint stress induced ulcers
The procedure was as described for aspirin- and ethanol-
induced ulcer models. Animals of different groups were 
subjected to cold stress 45 min after administration of 
the extract and OMZ. The rats were deprived of food, but 
not water, for about 18 h before the experiment. The rats 
were immobilized by strapping the fore and hind limbs 
in a restraint cage and kept for 2 h, at a temperature of 4°C 
(Jainu & Devi, 2006). After 2 h, animals were sacrificed by 
exsanguination after light ether inhalation anesthesia, 
the stomach was removed and incised along the greater 
curvature. Ulceration was examined and scored similar 
to the aspirin- and ethanol-induced ulcer models.

Pylorus ligation induced ulcers
Adult rats were divided into four groups of six animals 
each and subjected to fasting for 24 h; care was taken 
to avoid coprophagy. Group I received distilled water 
orally and served as control. Animals in groups II and III 
were administered extract of T. chebula orally at dose of 
200 and 500 mg/kg respectively. Group IV received OMZ 
(20 mg/kg, p.o.) as a reference drug. After 1 h of vehicle or 
extract treatment, the animals were anesthetized using 
thiopentone sodium (35 mg/kg, i.p.), the abdomen was 
opened and pylorus ligation was done without causing 
any damage to blood vessels. The stomach was replaced 
carefully and the abdominal wall was closed in two lay-
ers with interrupted sutures. The animal was deprived 
of water during the post-operative period. After 4 h the 
stomach from each animal was dissected and its con-
tents collected into a tube to determine the volume of 
gastric juice, pH, total and free acidity (Shay et al., 1945). 
The ulcers were scored as described under aspirin (ASP)-
induced ulcers.

The gastric juice was collected after 4 h of pylorus liga-
tion and centrifuged for 5 min at 2000 rpm. The super-
natant was collected and the volume of gastric juice was 
expressed as mL/100 g body weight. Total acidity was 
determined in the supernatant by titrating against 0.1N 
NaOH, using 2–3 drops of Topfer’s reagent as indicator 
until canary yellow color was observed. The volume of 
NaOH required was noted and this corresponded to 
free acidity. A further 2–3 drops of phenolphthalein was 
added and titrated with 0.1 N NaOH until pink color was 
restored and this gave total acidity. Free acidity and total 
acidity was expressed in terms of 0.1 N HCl per 100 g of 
gastric contents.

Statistical analysis
The data are represented as mean ± SEM, and statistical 
significance between treated and control groups was 
analyzed using ANOVA, followed by Dunnett’s t-test 
where P < 0.05 was considered statistically significant.

Results

Preliminary phytochemical screening revealed that 
petroleum ether extract showed positive for phytosterols 
and fixed oils. The chloroform extract showed positive for 
the tannins. The hydroalcoholic extract showed positive 
for the presence of carbohydrates, glycosides, triterpe-
noids, saponins, tannins, polyphenols, proteins, amino 
acids and flavonoids. In the acute toxicity study, the ani-
mals were treated orally with a high dose of the extract 
(2000 mg/kg) which did not manifest any significant 
abnormal signs, changes, or behavioral changes such as 
body temperature, CNS activity, micturition or defeca-
tion when observed for 24 h, except that the animals were 
lethargic. There was no mortality observed 7 days after 
administration of the extract at the above-mentioned 
dose.
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In the aspirin-induced ulcer model, T. chebula extract 
and OMZ significantly reduced gastric mucosa lesion, 
compared with the control group (Table 1). The per-
centage inhibition of ulcers was 76% and 85% (200 and 
500 mg/kg), the magnitude of which at 500 mg/kg was 
comparable to 87% caused by OMZ (reference standard 
drug) at 20 mg/kg (Figure 1). Animals which received 200 
and 500 mg/kg of T. chebula showed significant (P < 0.01 
and P < 0.05) increase of mean mucus content when 
compared to the vehicle control group (Table 2). The 
extract also significantly reduced gastric mucosa lesion 
compared with the control group in the ethanol-induced 
ulcer. The percentage of inhibition of mucosa lesion was 
60% and 72% for groups treated with (200 and 500 mg/ kg 
of extract) compared to 83% caused by OMZ (20 mg/ kg). 
The mean mucus content was significantly (P < 0.05 
and P < 0.01) increased in the extract- and OMZ-treated 
groups (Table 2). In the cold restraint stress-induced 
ulcer model, T. chebula and OMZ caused a significant 
(P < 0.01) reduction in gastric mucosa lesion compared 
with the control group (Table1). The percentage inhibi-
tion of gastric mucosa lesion was 65% and 79% (200 and 
500 mg/kg of T. chebula) and 83% (20 mg/kg of OMZ) 
(Figure 1). T. chebula extract (200 and 500 mg/kg) and 
OMZ (20 mg/kg) significantly reduced the volume of gas-
tric juice, free acidity, total acidity and also significantly 
increased gastric pH compared to the control group in 
pylorus ligated-induced ulcer (Table 3).

Discussion

Ulcers are caused due to imbalance between aggressive 
and defensive factors of the gastric mucosa (Francesca & 
Angelo, 2000). Pepsin and gastric acid make up the offen-
sive factors, whose proteolytic effect is buffered by mucin 
secretion, mucosal glycoprotein, cell shedding, cell pro-
liferation and prostaglandins (Goyal & Bhattacharya, 
1999). Different therapeutic agents including plant 
extracts are used to inhibit the gastric acid secretion, 
or to stimulate the mucosal defense mechanism by 
increasing the mucus production protecting the surface 
epithelial cells or interfering with the prostaglandin syn-
thesis (Goyal & Sairam, 2002). Gastrointestinal injury is 
induced by various chemical agents (Desai et al., 1996). 
Aspirin causes direct irritant effect and mucosal dam-
age by interfering with prostaglandin synthesis (Vane, 
1971), increasing acid secretion by increasing the H+ ion 

transport/back diffusion of H+ ions (Rao et al., 2000). The 
plant extract significantly protects the gastric mucosa 
against aspirin challenges as shown by reduced values 
of lesion index as compared to the control group sug-
gesting its potent cytoprotective effect. This was further 
substantiated in gastric mucus content produced by T. 
chebula. Hydroalcoholic extract of T. chebula showed 
significant ability to reduce the severity of ulceration of 
the stomach induced by absolute ethanol. The incidence 
of ethanol-induced ulcers predominant in the glandular 
part of stomach was reported to stimulate the formation 
of leukotriene C4 (LTC4), mast cell secretory products 
(Baggio et al., 2003) and reactive oxygen species (Salim, 
1990) resulting in the damage of rat gastric mucosa starts 
with microvascular injury, namely a disruption of the 
vascular endothelium resulting in increased vascular 
permeability, edema formation and epithelial lifting 
(Szabo et  al., 1985). In the ethanol model, ulcers are 
caused by perturbations of superficial epithelial cells, 
notably the mucosal mast cells leading to the release 
of the vasoactive mediators including histamine, thus 
causing damage to gastric mucosa. Mucosal blood flow 
has been attributed to be an important factor in the 
damage caused by alcohol and is modulated by pros-
taglandin. The effectiveness of hydroalcoholic extract 
of T. chebula protection against mucosal damage and 
increase in gastric mucus content caused by ethanol may 
be an indication of its effect on prostaglandin production 
(Hollannder et al., 1984). Animals subjected to restraint 
plus cold for 2 h showed the presence of considerable 
ulcers in the form of hemorrhagic mucosal lesions in the 
stomach, which were confined to the glandular segment 
only. Peripheral sympathetic activation plays an impor-
tant role in induction of ulcers by restraint (Djahanguiri 
et  al., 1973). Stress-induced ulcer is probably mediated 
by histamine release with enhanced acid secretion, a 
reduction in mucous production and generation of free 
radicals, mast cell activation, alterations in prostaglandin 
generation, cytokine liberation and breakdown of normal 
cytoprotective mechanism (Miller, 1987). Ulcers due to 
cold stress are both due to physiological and psychologi-
cal factors (Stein et al., 1991). The gastroprotective action 
of hydroalcoholic extract of T. chebula against stress-
induced ulceration could be due to its antihistaminic, 
anticholinergic and/or antisecretory effects.

Pylorus ligation in rats for 4 h, 45 min after oral 
administration of hydroalcoholic extract of T. chebula, 

Table 1.  Effect of hydroalcoholic extract of T. chebula on ulcer index score against aspirin-, ethanol- and cold restraint stress-induced 
gastric ulcer in rats.

Treatment Dose(mg/kg p.o.)
Ulcer index score

Aspirin Ethanol Cold restraint stress
Vehicle control 1 mL/100g 47.33 ± 0.94 26.67 ± 3.07 44.91 ± 4.78
T. chebula extract 200 11.42 ± 1.45** 17.08 ± 2.31** 15.83 ± 2.74**
T. chebula extract 500 7.08 ± 1.72** 10.83 ± 0.87** 9.25 ± 1.64**
Omeprazol 20 6.42 ± 1.45** 6.58 ± 1.1** 7.58 ± 1.89**
Results are mean ± SEM (n = 6). Statistical comparison was performed using ANOVA followed by Dunnett’s t-test.*p < 0.05, **p < 0.01, 
were consider statistically significant compared with control group.
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resulted in accumulation of gastric secretions, increase 
in volume of titrable acid and ulceration. The cause of 
gastric ulcer after pyloric ligation is believed to be stress-
induced increase in gastric hydrochloric acid secretion 
and/or stasis of acid (George Susan et al., 1999). Pylorus 
ligation-induced gastric ulcers occur because of an 
imbalance between aggressive factors and the mainte-
nance of mucosal integrity through the endogenous defi-
ance mechanisms (Piper & Stiel, 1986). Ulcers caused 
by pyloric ligation are due to increased accumulation 
of gastric acid and pepsin leading to autodigestion of 
gastric mucosa and break down of the gastric mucosal 
barrier (Sairam et  al., 2002). In the present study, 
hydroalcoholic extract of T. chebula reduced the volume 
of free acid by 21% and 24% at the dose levels of 200 
and 500 mg/ kg, respectively, while; standard drug OMZ 
(20 mg/kg) reduced the volume of free acid by 31%. The 
total acidity reduction by extract of T. chebula is 47% and 
51% at the dose levels of 200 and 500 mg/kg respectively, 
whereas the standard reference drug OMZ (20 mg/kg) 
reduced the total acidity by 60%. Nadar and Pillai (1989) 

also reported that biochemical and histochemical stud-
ies revealed decreased β-glucuronidase activity in the 
Brunner’s gland of duodenal ulcerated rats. Rats treated 
with a mixture of Ayurvedic medicine (Glycyrrhiza 
glabra, Terminalia chebula, Piper longum, and Shanka 
bhasma) recovered faster with concomitant increase in 
β-blucuronidase activity in the Brunner’s glands. These 
Ayurvedic medicines improve the secretary status of 
Brunner’s glands involved in the protection against 
duodenal ulcer and β-glucuronidase enzyme activity 
showed gradual increase during recovery. T. chebula 
fruit exhibited antioxidant activity of different magni-
tudes of potency (Cheng et al., 2003; Lee et al., 2005). It 
has stronger antioxidant activity than α-tocopherols; 
HPLC analysis with diode array detection indicated the 
presence of hydroxybenzoic acid derivatives, hydroxy-
cinnamic acid derivatives (chebulagic acid, chebulinic 
acid, and chebulic acid), flavonol aglycones and their 
glycosides, as main phenolic compounds (Saleem & 
Ahotupa, 2001) and chebulic acid compound were iso-
lated from the plant (Lee et al., 2007). Although the exact 
active principle responsible for the antiulcer activity of T. 
chebula could not be established in this study, it is likely 
that flavonoid compounds, hydroxybenzoic acid deriva-
tives and flavonol aglycones and their glycosides present 
in the plant may be involved in this action, as flavonoids 
have been reported to possess significant antiulcer activ-
ity in various ulcer-induced methods (Izzo et  al., 1994; 
Parmar & Parmar 1998). Thus our study established a sig-
nificant antiulcer and cytoprotective effect of T. chebula. 
However, further studies are required to establish its 
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Figure 1.  Effect of hydroalcoholic extract of T. chebula on 
percentage protection of ulcer index in different ulcer models. 
Results are mean ± SEM (n = 6). Statistical comparison was 
performed by using ANOVA followed by Dunnett’s t-test.*p < 0.05, 
**p < 0.01were consider statistically significant compared with 
control group.

Table 2.  Effect of hydroalcoholic extract of T. chebula on mucus 
content against aspirin- and ethanol-induced gastric ulcer in 
rats.

Treatment Dose(mg/kg, p.o.)

Mucus content 
(μg/g wet tissue)

Aspirin Ethanol
Vehicle control 1 ml/100g 0.34 ± 0.01 0.49 ± 0.02
T. chebula extract 200 0.56 ± 0.03** 0.77 ± 0.04**
T. chebula extract 500 0.64 ± 0.02* 0.84 ± 0.03**
Omeprazol 20 0.66 ± 0.02** 0.89 ± 0.02**
Results are mean ± SEM (n = 6). Statistical comparison was 
performed using ANOVA followed by Dunnett’s t-test.*p < 0.05, 
**p < 0.01 were consider statistically significant compared with 
control group.

Table 3.  Effect of hydroalcoholic extract of T. chebula on gastric secretion, acidity, pH and ulcer score in pylorus-ligated rats.

Treatment (mg/kg)
Volume of gastric secretion  

(mL/100 g)
Free acidity 

(mEq./L/100 g)
Total acidity 

(mEq./L/100 g) pH Ulcer score
Vehicle control(1 mL/100 g) 5.0 ± 0.36 4.23 ± 0.03 17.9 ± 0.10 1.42 ± 0.07 48.33 ± 4.55
T. chebula extract(200 mg/kg) 4.12 ± 0.08** 3.35 ± 0.09 9.40 ± 0.13 2.38 ± 0.15 13.42 ± 1.98**
T. chebula extract(500 mg/kg) 3.5 ± 0.18** 3.21 ± 0.06 8.08 ± 0.03 3.20 ± 0.06 11.42 ± 1.72**
Omeprazol(20 mg/kg) 2.98 ± 0.12** 2.93 ± 0.05 7.23 ± 0.14 4.61 ± 0.15 10.83 ± 0.87**
Results are mean ± SEM (n = 6). Statistical comparison was performed by using ANOVA followed by Dunnett’s t-test.*p < 0.05, **p < 0.01 
were consider statistically significant compared with control group.
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exact mode of action and active principle involved in its 
antiulcerogenic effect (Zsuzsa et al., 2001).
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