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ABSTRACT

Background: Previously, Ocimum sanctum (Lamiaceae), commonly known as holy basil, has
been noted for its anti-ulcer properties, primarily attributed to its oil and leaf extracts. However,
the anti-ulcer activity of an ethanolic extract derived from the whole plant has not been reported.
This study aimed to evaluate the antiulcer effect of the ethanolic extract of O. sanctum whole
plant (OSWP) in an experimental ulcer model.

Methods: The study, conducted at PCSIR Labs Complex in Karachi in August 2024, was approved
by the Ethical Use of Experimental Animals Committee (IEC/OSWP-05). This study investigates
the anti-ulcer activity of an ethanolic extract of OSWP in a rat model of ethanol-induced gastric
mucosal damage at 200, 300, and 400 mg/kg body weight, with ranitidine (50 mg/kg) used
as a positive control. Outcome measures included ulcer index (Ul), percentage protection, and
gastric pH.

Results: The ethanolic extract of OSWP demonstrated dose-dependent gastroprotective effects.
At 200, 300, and 400 mg/kg, the Uls were 9.49 + 2.40, 4.55 + 1.44, and 2.5 +2.25, respectively,
with corresponding protection ranging from 48.9% to 86.54% for the 200 to 400 mg/kg doses
(p < 0.05). Gastric pH increased from 5.6 to 7.6. In comparison, ranitidine (50 mg/kg) resulted in
a Ul of 4.0 + 0.88, 78.47% protection (p < 0.05), and a pH of 7.0.

Conclusions: The study demonstrates the dose-dependent anti-ulcer activity in the ethanolic
extract of OSWP, which may be further developed as a potential anti-ulcer agent. A graphical
presentation of the whole experimental process is shown in Figure 1.

Key words: O. sanctum whole plant (OSWP), ethanol-induced ulcer model, ulcer index,
% protection

INTRODUCTION

There are many forms of ulcer, such as mouth ulcer, esophagus ulcer, peptic ulcer, and
genital ulcer. Among these, peptic ulcer is more common and considered the world's
foremost gastrointestinal disorder that affects 10% of the world population. [1] Peptic
ulcers are sores or lesions in the gastrointestinal mucosa. Their treatment typically
involves the use of various chemically produced medications aimed at reducing stomach
acid secretion, protecting the mucosa lining the stomach and upper small intestine, or
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eradicating H. pylori infection. Before conducting clinical trials
of new formulations, it is recommended to perform in vivo or
in vitro studies. [2]

For antiulcer studies, a wide variety of in vivo methods
are available. Among these, the induced ulcer model is
broadly used because it closely resembles an acute ulcer in
humans. [3]

Due to several adverse effects associated with existing
synthetic drugs, there is always a need for a better drug with
much less or probably no side effects from other sources. [4]
Plant-based extracts have been one of the attractive sources
of new drugs, with some of them demonstrated to possess
promising anti-ulcer effects. In this modern era, 75% to 80%
of the world’s population still uses natural medicine, especially
in developing countries, for primary health care because of
better cultural acceptability, better compatibility with the
human body, and fewer side effects. [5] With this concern, this
study was planned for the anti-ulcer activity of the ethanolic
crude extract of the Ocimum sanctum whole plant.

O. sanctum, commonly known as Tulsi, belongs to the
family Labiatae. It contains several chemical constituents highly
effective in a wide spectrum of diseases, like anticarcinogenic,
anthelmintic, antiseptic, antirheumatic, antistress, and
antibacterial. Clinical trials have reported the usefulness of
O. sanctum in heart diseases, diabetes, anti-inflammatories,
and immunomodulatory. [6] Previous studies have reported
significant antiulcer activity by different parts of O. sanctum.
Surender Singh [7] reported anti-ulcer activity of O. sanctum
oil against ulcer-induced models. [8] A study reported the
distillate of its leaves, while another study reported the
ethanolic extract of leaves in gastric ulcer induced by multiple
methods. [9,10] Scientifically, it is suggested that the plant
should be studied as a whole instead of only examining the
partsinisolation. However, there was no scientificinvestigation
made on the antiulcer activity of the whole plant. Therefore,
the present study was undertaken to evaluate the antiulcer
effect of the ethanolic extract of O. sanctum whole plant
(OSWP) in an experimental ulcer model.

MATERIALS AND METHODS
Plant material

The whole plant of O. sanctum (OSWP) was purchased from
the local market and identified by its macromorphological
features and botanical profile. A total of 500 g of cleaned,
dried, powdered plant material was extracted with 2 L of
ethanol. The extract was filtered through Whatman No. 1 filter
paper, and the soaking and filtration process was repeated
twice on the residue. The filtrates from each extraction were
pooled together and concentrated using a rotary evaporator
at 50°C to 60°C under reduced pressure. The resulting dark-
colored extract was stored in an airtight container for later
use.

Animals

Healthy male and female albino rats, weighing between
150 and 200 g, were used in this study. These animals were
bred in the animal house at KLC PCSIR. They were housed
in spacious plastic cages with sawdust bedding, and the
animal room was maintained under standard experimental

conditions (temperature 27 + 2°C and a 12-hour light/dark
cycle) throughout the study. All animals received a standard
pellet diet and had access to water ad libitum.

Antiulcer activity and experimental design

Animals with 24-hour fasting with free access to water were
employed and randomly divided into five groups (n = 6). The
following treatments were given to these groups:

Group I: served as the control group, treated with
distilled water orally.

Group II: treated with the ethanolic extract of OSWP
at a 200 mg/kg dose orally.

Group lll: treated with the ethanolic extract of OSWP
at a 300 mg/kg dose orally.

Group IV: treated with the ethanolic extract of OSWP
at a 400 mg/kg dose orally.

Group V: served as the standard group and received
Ranitidine (50 mg/kg) orally.

One hour post-treatment with control, test, and standard
drugs, ulcers were induced with absolute ethanol (1 mL/200 g
b.w.) by oral route in all animal groups. [3] After 30 minutes of
ethanol administration, all animals had been euthanized, and
their stomachs were removed carefully.

Determination of ulcer index (Ul)

The excised stomachs were thoroughly rinsed with distilled
water and then opened along the greater curvature. The
pH of the gastric contents was measured, and the mucosal
surface was rinsed with cold distilled water to remove any
blood or debris. Each stomach was carefully stretched and
pinned to a white background on a wooden board for detailed
examination and ulcer assessment. The open stomachs
were inspected for hemorrhagic lesions. Ulcers in the gastric
mucosa appeared as inflamed areas, marked by bands of
hemorrhagic lesions. The severity of the lesions was scored
based on their length, using the following scoring system:

No lesions =0

Lesions <1 mm, length =1
Lesions 2-4 mm, length = 2
Lesions > 4 mm, length =3

The Ul for each rat was calculated by multiplying the number
of lesions by their corresponding severity factor. The mean Ul
for each group was then determined.

Percentage protection of ulcer
The following formula was used for percentage protection:

Control mean Ul - Test mean Ul %100

Percentage protection =
Control mean UT

pH determination

The pH of the gastric contents was measured using pH strips,
with the color compared to the reference standard.
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Statistical analysis

The data are presented as mean *= SD for each group.
Statistical analysis was performed using the Student’s t-test.
The p values at <0.05 were considered significant (**) when
compare with respective controls (https://www.graphpad.
com/quickcalcs/ttest1/).

RESULTS

The dose-dependent gastroprotective effects of OSWP
ethanolic extract were evaluated in a rat model of ethanol-
induced gastric ulcers. OSWP demonstrated Uls of 9.49 +
2.40, 4.55 + 1.44, and 2.5 + 2.25 at doses of 200, 300, and
400 mg/kg, respectively. Correspondingly, the percentage of
protection observed ranged from 48.9% to 86.54% (p < 0.05)
for the 200 to 400 mg/kg doses, with a pH increase from 5.6
to 7.6. In comparison, the standard drug ranitidine exhibited
a Ul of 4.0 £ 0.88 and provided 78.47% protection (p < 0.05)
with a pH of 7.0 (Table 1; Figures 1 & 3).

The values are expressed as the mean +SEM, n = 6. **p < 0.05
and *** p < 0.05 when compared with the control group.

DISCUSSION

Pre-fed test drug presented a significant decrease in the sore
area (Ul) and accelerated % protection in a dose-dependent
manner. The test drug showed a marked reduction in mean
Ul 2.5 + 2.25 with a significant increase in protection 86.54%
with pH 7.6 at a 400mg/kg dose (p < 0.05). Standard drug
exhibited 4.0 + 0.88 Ul with 78.47% protection (p < 0.05) with
pH7.0.

O. sanctum, commonly known for its wide range of medicinal
properties,includinganticarcinogenic, anthelmintic, antiseptic,
antirheumatic, antistress, antibacterial, anti-inflammatory,
and immunomodulatory effects, was studied for its antiulcer
activity. Specifically, we investigated the ethanolic extract
of OSWP in a rat model of alcohol-induced gastric ulcers.
Among various ulcer models, the ethanol-induced gastric

Table 1: Effects of O. sanctum whole plant (OSWP) extract on ulcer index and pH of gastric content.

Sr No. Pre-treatment animal groups

Group | control-distilled water
Group Il OSWP-200 mg/kg
Group Il OSWP-300 mg/kg
Group IV OSWP-400 mg/kg
Group V renitidine-50 mg/kg

S Bl A

Ulcer index (mm?) Gastric pH
18.58 + 4.69 2.8
9.49 +2.40** 5.6
4,55 + 1.44%** 6.8
2.5+2.25%%* 7.6
4.0+0.88%** 7.0

Figure 1: Graphical presentation of the whole experimental process.
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Figure 2: O. sanctum whole plant ulcer protection (% protection).

Figure 3. Effect of different doses of O. sanctum whole plant on the severity of gastric lesions. (a) 200 mg/kg, (b) 300 mg/kg,
(c) 400 mg/kg, (d) standard, and (e) control.
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ulcer model is preferred for preclinical evaluation of potential
antiulcer agents, as it is a widely used experimental model.
[11] Ethanol damages the gastric mucosa by increasing
mucosal permeability, disrupting gastric secretion, causing
microvascular changes, and potentially leading to bleeding
and necrotic tissue injury within minutes of administration.
[12] In our study, gross examination revealed significant
gastric mucosal damage in rats of the control group following
intragastric gavage of absolute alcohol. The damage was
characterized by elongated macroscopic lesions of varying
sizes, accompanied by intense hemorrhage and hyperemia.

The test group pretreated with OSWP showed minimal
signs of mucosal injury, with a lower percentage of damage
compared to the control group. Our study demonstrated
a dose-dependent antiulcer effect, with 400 mg/kg body
weight being the most effective dose. This dose significantly
protected the gastric mucosa against ethanol-induced
damage, as evidenced by a reduction in the Ul, increased
percentage of protection, and arise in pHin a dose-dependent
manner. At doses of 200, 300, and 400 mg/kg, the test drug
resulted in a significant reduction in the mean Ul 9.49 + 2.40,
4.55 + 1.44, and 2.5 + 2.25, respectively, and achieved ulcer
protection of 48.9%, 75.5% and 86.54% with corresponding
increases in pH to 5.6, 6.8, and 7.6. The standard drug,
ranitidine, produced a Ul of 4.0 + 0.88 with 78.47% protection
and a pH of 7.0. In contrast, the control group, which received
intragastric administration of absolute ethanol (1 mL/200 g
for 30 minutes), developed severe hemorrhagic gastritis with
a high Ul score of 18.58 + 4.69 and a pH of 2.8, indicating
multiple linear hemorrhagic ulcers and multifocal erosions
(Table 1; Figure 1 and 2). The highest dose of the test drug was
found to be slightly more potent than the standard ranitidine.

It is recommended that the plant be studied as a whole,
rather than focusing solely on its individual parts in isolation.
[4] Scientific data on various parts of O. sanctum are
reported for its antiulcer effects. Surender Singh [7] reported
O. sanctum fixed oil for antiulcer effect against ulcer induced
by various methods, and they concluded that O. sanctum,
due to its anti-inflammatory property, significantly reduces
Ul in a dose-dependent manner. Our work on the ethanolic
extract of the same plant also showed a significant reduction
in Ul in a dose-dependent manner. A three-day study [13]
conducted on different doses of aqueous and ethanolic leaf
extracts of O. sanctum reported 6.50 Ul at a 100 mg/kg
ethanolic extract dose against cold restraint stress. Another
study [10] on aqueous extract of O. sanctum reported 17.2 Ul
with 52.52% inhibition at a 200 mg/kg dose against ethanol-
induced gastric ulceration. The researchers [14] worked on
aqueous extract of O. sanctum leaves reported its effects
against indomethacin-induced gastric ulcer with 27 Ul and
49.22% inhibition at 200mg/kg dose, while 22 Ul and 58.63%
inhibition at 400 mg/kg dose. All this reported work correlates
with our study.

O. sanctum contains a variety of chemical constituents that
have biological activity, including saponins, flavonoids,
triterpenoids, and tannins, which exhibit antioxidant, anti-
inflammatory, and adaptogenic activities. It is well accepted
that natural antioxidants are vital for restoring gastric tissue.
Along with protecting the gastric mucosa against celldamage,
they also enhance the defense systems against degenerative

diseases. [15-20] The principle constituent of O. sanctum is
eugenol. Eugenol is reported to have antiulcer, antiseptic,
analgesic, antibacterial, and anti-inflammatory properties.
The therapeutic potential effect of O. sanctum L. has been
found to be largely due to eugenol. [15]

Many studies reported that the ulcer-healing property of
O. sanctum seems to be based on its mucoprotective activity
and its antisecretory effect. O. sanctum affects neural
pathways controlling acid secretion, thereby strengthening
the animal’s physiological capabilities to decrease stress and
hence ulcers. [15,21] Nowadays, few anti-inflammatory drugs
are also ulcerogenic. [22,23] O. sanctum possesses both anti-
inflammatory and antiulcer activities. [7] Therefore, it would
be an additional benefit to use O. sanctum in such cases.

The current study is justified by the fact that peptic ulcers
have a significant incidence in Pakistan and around the world.
Current treatments are expensive and have limited effects on
chronic pathologies, impairing immune function, and there
is no pharmaceutical product on the market that is 100%
effective. [24,25] Nowadays, herbal medicine is becoming
a viable alternative treatment to the commercially available
synthetic drugs for peptic ulcer management or treatment.
Results of the present study clearly indicate that the ethanolic
extract of O. sanctum had significant gastroprotective effects
when compared with the control. Our data suggest that
O. sanctum treatment has a significant percentage of ulcer
protection in a dose-dependent manner. Antiulcerogenic
activity of O. sanctum at the highest dose, 400 mg/kg, was
comparable and slightly higher than the standard drug
ranitidine. However, further study is required to know the
exact mechanism of action and to isolate the active molecule
responsible for the anti-ulcer activity.

Strengths of the study

This study offers several strengths, including the novel use of a
whole plant extract of Ocimum sanctum, which may provide
a broader spectrum of bioactive compounds compared to
extracts from only leaves or oil. The use of multiple doses (200,
300, and 400 mg/kg) enables a clear evaluation of dose-
dependent effects and helps identify an optimal therapeutic
range. Including ranitidine as a standard control strengthens
the study by allowing direct comparison with an established
anti-ulcer drug. Additionally, the assessment of Ul, percentage
protection, and gastric pH offers a comprehensive evaluation
of the extract’s gastroprotective potential.

Limitations of the study

It lacks phytochemical characterization, making it unclear
which specific compounds contribute to the anti-ulcer effects.
Histopathological analysis is lacking, which could have further
strengthened and supported the study’s findings.

CONCLUSIONS

Based on the foregoing observations, it could be concluded
that O. sanctum acts as an antiulcer agent and possesses
significant gastroprotective effect against alcohol induced
gastric damage, and its effect was comparable to that of the
standard drug ranitidine. However, more experimentation
and detailed molecular analysis of active constituents of
O. sanctum are required for a definite conclusion.
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