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ABSTRACT

Citrus maxima (Brum.), Rutaceae is common in Indian folk medicine for treating ulcers but, its efficacy has not been
validated. This study is to evaluate the anti-ulcer activity of ethanolic and the aqueous leaves extract of Citrus maxima in adult
Wistar albino rats of both sexes. Initially, ethanolic and aqueous leaf extracts were evaluated for its acute oral toxicity study
conferring to the OECD guideline, 420 based on which, 200 mg/kg p.o and 400 mg/kg p.o doses extract were selected for the
study. The anti-ulcer activity of leaves extracts was studied against ethanol-induced ulcer and water immersion stress-induced
ulcer models. Sucralfate (250 mg/kg p.o) and Ranitidine (100 mg/kg p.o) were used as the standard drugs. Outcome measures
were ulcer score, the percent inhibition of ulcer score, ulcer index, and percent inhibition of ulcer index. Data were analyzed
using one-way ANOVA followed by Dunnett’s test, and P<0.05 was considered statistically significant. A significant (P<0.001)
anti-ulcer activity was observed in all the models. Extracts treatment animals significantly (P<0.001) reduced the ulcer index
as compared to the control group. Aqueous extracts (400 mg/kg p.o) showed prominent ulcer protection in water immersion
stress-induced ulcers (68.29%) and in ethanol-induced ulcer models (66.76%) than in the ethanolic extracts. Phytochemical
study prevails the existence of phenols, flavonoids, alkaloids, tannins, and terpenoids, which may attribute to the anti-ulcer
activity of extracts. Consequently, this study confirms its anti-ulcer use in Indian folk medicine. Additional study on the

isolation of specific phytochemicals and studying mechanisms of action are needed.
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INTRODUCTION

Many people rely on the traditional medicine for primary medical
problems in developing countries [1]. The demand of the herbal
medicine has increased significantly over the clinical therapy as
the alternative treatment system currently [2].

Citrus maxima (Brum.) is one of the medicinal plants which has
been extensively used by people for treatments of various ailments
[3]. It fits to family Rutaceae, found extensively in tropical
and subtropical climates of Southeast Asia, Taiwan, China,
India, Philippines and Nepal [4]. It has been recommended in
traditional herbal medicines as antidiabetic, antimicrobial, anti-
inflammatory, larvicidal, hepatoprotective, anticancer, antiulcer
and antiplatelet. The decoction of leaves was used in ulcer, while
it can also cure fever, gout, arthritis and kidney disorders [5-11]. It
has been used as sedative in nervous affections, convulsive cough,
haemorrhagic diseases and in epilepsy also [12]. Contain limonin,
nerolol, nerolyl acetate and geraniol [14]. Fruits contain various

compounds like hesperidin. The bark and root of C. maxima
contain P-sitosterol, acridone alkaloid [13], essential oil, naringin,
caffeic acid, P-coumaric acid, ferulic acid and vanillic acid [15-17].

The pain that progresses inside the stomach facing or on
the small intestine is collectively called as peptic ulcers. The
inequality between the aggressive factors; gastric acid, pepsin
and Helicobacter pylori and the defensive factors; gastric mucus,
bicarbonate secretion, prostaglandins and resistance at mucosal
cells causes’ ulcer [18]. Among these factors, the main cause
behind peptic ulcer is the bacterial infection caused by H. pylori.
H. pylori can infect the stomach and the small intestine lining
which can leads to ulcer. While the use of NSAIDs like aspirin
and ibuprofen if used for long time can irritate the stomach and
small intestine which is the second most common cause of ulcers
[19,20]. Symptoms of a peptic ulcer include burning sensation in
stomach, nausea, vomiting, weight loss, bloating, felling easily full

etc [21].
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Number of drugs, including Proton Pump Inhibitors (PPIs),
prostaglandins analogs, histamine receptor antagonists and
antacids, are accessible for healing peptic ulcer, but most of
these drugs produce several side effects, toxicities, and may even
modify biochemical mechanisms of the body upon chronic usage
[22]. Thus, the current study was commenced to evaluate the
antiulcer activity of ethanolic and aqueous extract of leaves of
C. maxima against ethanol induced ulcer and water immersion
stress induced ulcer in rats.

MATERIALS AND METHODS
Collection and authentication of plant materials

The leaves of C. maxima were collected from Mandaya District,
South India during August 2018 and authenticated by by Dr. N.M
Ganesh Babu, Head for Central for Herbal Gardens in Institute
of Transdisciplinary Health Sciences and Technology, Bengaluru,
South India. The specimen voucher (SACCPO0125) was placed in
the Department of Pharmacology, Sri Adichunchanagiri College
of Pharmacy (SACCP), for future references.

Extraction of plant materials

The fresh matured leaves of C. maxima were collected, washed,
air dried under shade and pulverized. Powdered plant materials
were kept in airtight container until the extraction. Leaves
powder 500 g was extracted through successive solvent extraction
in Soxhlet apparatus using 3.5 L of ethanol and distilled water
in room temperature [23,24]. The extracts were concentrated
in rotary evaporator at 250-175 mbar pressure at 90 rpm and
5°C chilling temperature. Further drying was done in vacuum
desiccator at pressure 60 mbar. Dried extracts were stored at 4°C
in refrigerator for further experimental procedures [25,26]. The
yield obtained from ethanolic and aqueous solvent was 11.35%
and 32.67% respectively.

Phytochemical screening

The crude leaves extracts were assessed for the qualitative
phytochemical studies, followed by quantitative evaluation of
total phenol, total flavonoid, total tannin and terpenoids using
the standard protocol [27,28].

Animals grouping and dosing

Wistar albino rats of either sex (150-250 g) were acquired from
Sri Raghavendra Enterprises, Bangalore, India. Animals with
different sexes were kept in distinct polypropylene cages at room
temperature (24°C + 2°C; relative humidity 60%-70%) in a 12
hours light dark sequence. They were nourished with typical
pellet diet and water ad libitum. They were adapted to laboratory
environments for seven days before beginning of the test. The
study was approved by the IAEC of SACCP with registration
number: 377/PO/ReBi/S/01/CPCSEA. Animals were randomly
assigned to seven groups each consisting of six rats. Animals were
fasted for 24 hours before the study but had free access to water.
Test were conducted in accord with the guidelines of CPCSEA
and doses were determined based on the acute toxicity studies as
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per OECD guidelines 420 [29,30].
Ethanol induced ulcer model

Standard and test drugs were administered orally 1 hour before the
ethanol dose. Group I (Normal control) received normal saline (1
ml/animal); Group II (ulcer control) received absolute ethanol (5
ml/kg p.o), Group III (Standard) received sucralfate (250 mg/kg),
Groups IV and V were treated with EECM (ethanolic extract of
C. maxima) 200 and 400 mg/kg, respectively and Groups VI and
VII were given AECM (aqueous extract of C. maxima) 200 and
400 mg/kg respectively. The animals were sacrificed after 1 hour
of ulcerogen administration, and their stomachs were excised [31-

33].
Water immersion stress induced ulcer model

After 30 minutes of treatment animals were kept independently
in separate compartment of a stress cage and deep vertically up
to the xyphoid level in a water bath for 3 hours to induce stress
ulcer. Ulcers were induced by obligatory swimming in the glass
cylinder (height 45 cm, diameter 25 cm) comprising water upto
height of 35 ¢cm maintained at room temperature for 3 hours
[34]. The rats were divided into seven groups of six each like the
absolute ethanol-induced ulcer models, but the ulcer control
animals were stressed by placing in water containing cylinder and
drug-treated group received ranitidine (100 mg/kg). After 3 hours
animals were sacrificed, and their stomachs were excised [35].

Ulcer measurement

The stomachs were washed with normal saline and placed in 10%
formalin so as to determine ulcer protection and ulcer index. The
ulcer severity was scored closely with the help of a hand lens (10x).
Mean ulcer score for each animal was expressed as ulcer index.
The percentage protection was calculated using the formula [36]

(Table 1).

Table 1: Scoring of ulcers.

Ulcer severity Ulcer score

Normal stomach 0
Red coloration 0.5
Spot ulcer 1
Haemorrhagic streak 1.5
Ulcers 2
Perforation 3

Ulcer Protection=(UI of Control-UI of Test)/ Ul of Control*100%
Ulcer index is calculated using this formula
UI=UN+US+UP*10-1

UN=average of number of ulcers per animal

US=average of severity score

UP=percentage of animals with ulcer
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Statistical analysis

Results were expressed as a mean = SD of six animals in each
group; the treated groups were compared with the ulcer control
group. The results analysed statistically using one-way analysis

of variance (ANOVA) followed by Dunnett’s test. P<0.05 when

compared with toxicant group was considered as significant.

RESULTS
Phytochemical screening

Initial qualitative phytochemical screening of C. maxima
established the occurrence of diverse secondary metabolites.
The quantitative phytochemical evaluation of total phenol, total
flavonoid, total tannin and terpenoids is revealed (Tables 2 and 3).

Table 1: Preliminary phytochemical screening of leaves extract of C.

maxima.

Observation of

Qualitative test Procedure
extracts
Ethanolic Aqueous
Alkaloids Mayer’s test + +
Wagner’s test + +
Dragendroff test + +
Amino acids Ninhydrin test - -
Carbohydrates Reducing sugar - -
Benedict’s test - -
Saponin Foam test - -
Glycosides Borntrager’s test - -
Legal’s test - -
Phenolics Ferric chloride test - -
Lead acetate test + +
Flavonoids Aluminium hydroxide . .
test

Protein Biuret test - -
iuur?ﬂirglj Gum and Mucilage - -
Terpenoids Salkowski test + +
Anthraquinone  Anthraquinone test - -
Tannin Tannin test + +

(+) represents presence of phytochemical and (-) represents absence of
phytochemicals

Table 3: Quantitative phytochemical evaluation of leaves extracts of C.

maxima.

Observations of

Quantitative test ~ Procedure extracts "
Ethanolic Aqueous
Total phenol  Folin Ciocalteu
content (FC) method 123.22 +4.98 59.10 + 3.35
. Aluminium
Toral flavonoid = ) e 182.05+0.005  68.55 + 0.003
content
method
Total tannin Modified FC 119.368.55 +
content method 480.605 £ 0.049 0.001
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Total terpenoids
content

32% 7.40%

Total phenol content is determined as pg gallic acid equivalent per
mg of extracts, total flavonoid content is determined as pg quercetin
equivalent per mg of extract, total tannin content is determined as
ng gallic acid equivalent per mg of extract and the percentage yield is
calculated in case of terpenoids.

Acute toxicity test

No mortality and no any behavioural and physical changes were
observed during the study period. So, the LD50 of the extracts
was found to be>2000 mg/kg.

Anti-ulcer effects of C. maxima

The effect of both ethanolic and aqueous leaves extracts of C.
maxima on ethanol induced and water immersion stress induced
ulcer was evaluated by macroscopic study (Figures 1 and 2).

Figure 1: The gross appearance of gastric ulcers induced by ethanol (5
ml/kg) and protective effects of C. maxima (200,400 mg/kg). A:normal
saline, B:ethanol, C:ethanol+sucralate (250 mg/kg), D:ethanol+ EECM
(400 mg/kg), E:ethanol+sucralfate (200 mg/kg), F:ethanol+AECM (400
mg/kg), G:ethanol+tAECM (200 mg/kg). Ethanol caused extensive
haemorrhagic ulcers (B) and treatment with Citrus maxima at doses of
200 and 400 mg/kg attenuated gastric ulcers.

G

Figure 2: The gross appearance of gastric ulcers induced by stress
and protective effects of Citrus maxima (200, 400 mg/kg). A:normal
saline, B:stress, C:stress+ranitidine (100 mg/kg), D:stresstEECM (400
mg/kg), E:stresstEECM (200 mg/kg), F:stresstAECM (400 mg/kg),
G:stresstAECM (200 mg/kg). Water immersion stress caused extensive
haemorrhagic ulcers (B) and treatment with Citrus naxima at doses of
200 and 400 mg/kg attenuated gastric ulcers.
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Effects of leaves extracts on ethanol induced ulcer

Both the ulcer score and ulcer index were significantly reduced by
C. maxima dose of 200 mg/kg (P<0.001), 400 mg/kg (P<0.001),
and the standard drug sucralfate 250 mg/kg (P<0.001). The effects
of aqueous extract of C. maxima 400 mg/kg were analogous to
sucralfate regarding percent reduction in ulcer scores (66.66% vs.

89.00%) and ulcer index (66.76% vs. 89.02%) (Table 4).

Table 4: Effect of Citrus maxima on ulcer index and percentage ulcer

protection of absolute ethanol induced ulcer models.

Reduction % Ul
Treatment Ulcer score in ulcer  Ulcer index ° C,e r
score (%) protection
Normal
control .
Ulcer control
(5.0 ml/kg  3.00 +0.00 11.03+0.03
p.o)
Sucralfate 0.33 1.21 £0.09
(250 mg/kg)  0.09a*** 89 a *** 89.02
EECM (400 1.16 J:r*(i.o() 6133 4.43 3*9.09 59.76
mg/kg) a a
EECM (200 1.66 f*9.09 44.66 6.28 5*9.09 43.05
mg/kg) a a
AECM (400 1.00 ::*9.16 66.66 3.66 :;**0.16 66.76
mg/kg) a a
AECM (200 141 ;L*E).H 59 5.20 ;1*9.14 5781
mg/kg) a a

Values are mean *SD, a=ulcer control group, n=6 in each group,
***P<0.001, **P<0.01 and **P<0.05 when compared with ulcer control
group

Effects of leaves extracts on water immersion stress induced
ulcer

Water immersion stress induced ulcer significantly (P<0.001),
reduced the ulcer index and ulcer score as compared with the
ulcer control group. The effects of the aqueous extract of C.
maxima 400 mg/kg were analogous to the ranitidine (100 mg/kg)
regarding percent reduction in ulcer scores (68.49% vs. 80.13%)

and ulcer index (68.29% vs. 80.28%) (Table 5).

Table 5: Effect of Citrus maxima on ulcer index and percentage ulcer
protection of water immersion stress induced ulcer models.

Reduction

OPEN aACCESS Freely available online

Treatment  Ulcer score in ulcer  Ulcer index ‘o Ulc.er
score (%) protection
Normal
control -
Ulcer control
(5.0 ml/kg  3.00 +0.00 11.03+0.03
p.0)
Sucralfate 033+ 1.21 0.09
(250 mg/kg)  0.09a*** 89 o 89.02
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EECM (400 1.16 i;*(z.09 6133 4.43 ig.09 59.76
mg/kg) a a

EECM (200 1.66 f*9.09 44.66 6.28 f*9.09 43.05
mg/kg) a a

AECM (400 1.00 ;:*9.16 66.66 3.66 ::**0.16 66.76
mg/kg) a a

AECM (200 1.41 *1*9.14 59 5.20 ;:*9.14 578
mg/kg) a a

Values are mean SD, a=ulcer control group, n=6 in each group,
***P<0.001, **P<0.01 and **P<0.05 when compared with ulcer control

group
DISCUSSION

This research was conducted to estimate the anti-ulcer properties
of ethanolic and aqueous leaves extracts of C. maxima on ethanol
induced and water immersion stress induced ulcer models. The
ethanolic yield 11.35% of extract is alike with 23% yield described
in earlier studies in Assam, which supports that solvent holds
a decent extracting capacity [37]. Ethanol and aqueous solvent
issue various phytochemicals as phenols, flavonoids, tannin,
terpenoids, saponin, glycosides in extracts [38]. The acute toxicity
study discovered that the plant extract was non-toxic up to 2000
mg/kg and that the median lethal dose (LD50) is above 2000
mg/kg, supported by the Kundusen et al. [39,40]. Preliminary
phytochemical screening shows the presence of phenols,
flavonoids, tannins, terpenoids and alkaloids in both the extracts.
These secondary metabolites are active as antioxidant, analgesic,
anti-ulcer, anti-inflammatory, and immune stimulating agents
[41,42]. Phenolics reduce the gastric acid secretion and exhibit
antioxidant activity which enhances its gastroprotection activity
[43]. Flavonoids act as free radical scavenger which increase the
mucosal prostaglandin content, reduce histamine secretion from
mast cells through inhibiting histidine decarboxylase and growth
of H. pylori [44,45]. Tannins reduce the permeability of stomach
irritant, while terpenoids and alkaloids play the important role
against gastric ulcer [45,46].

The extract-and standard drug-treated groups showed a significant
reduction (at least P<0.01) in ulcer score and ulcer index in
ethanol induced ulcer model. The effect of extracts upsurges
with the dose which can be linked with the standard drug. This
outcome indicates that the plant extract holds a gastroprotective
effect, which is as suitable as the standard drug. Pure alcohol
damages the gastric mucosa, which can increase infiltration of
neutrophils which are potent inflammatory mediators. While,
the reduction of neutrophil infiltration during inflammation can
result gastric ulcer healing. C. maxima leaves extract has also been
found to show anti-inflammatory activity, so it is predicted that
the gastroprotective effect of plant extract could be due to its anti-
inflammatory activity [47]. Antioxidants potential of compounds
are important for re-establishing gastric tissue [48]. So, ulcer
treatment by extract may be related to the antioxidant activity
of the plant, which is well proved in previous studies [49]. Thus,
results of this study showed that the C. maxima leaves extract was
capable of preventing gastric lesions formed by ethanol.
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Gastric ulcerations can be the result of physical and psychological
stress in animals [50]. This model is one of the finest models of
stress in animals to bring ulcer [50,51]. Stress acts as the PGE2
synthesis inhibitors in gastric mucosa which finally induces the
production of free radicals [52]. As a result, it reduces the mucosal
blood flow and gastric mucosa which ultimately develop gastric
lesion [53]. Treatment with leaves extracts at 400 and 200 mg/kg
significantly reduced gastric lesions that were persuaded by stress
with an inhibition rate of 68.29% which is found in this study.
So, these results suggest that C. maxima leaves extract has gastro
protective effects against stress-induced gastric ulcer.

CONCLUSION

This study checks the nonappearance of acute oral toxicity at
given dose, and existence of anti-ulcer activity of C. maxima
leaves extract. The usefulness of the extracts is equivalent with the
standard drugs. Anti-ulcer effects may be linked to reduction of
gastric acid secretion along with protection of the gastric mucosal
barrier by phytochemicals. Thus, the current work confirms the
usage of C. maxima for gastric ulcer in the Indian traditional
medicine, and additional studies shall emphasis on separation of
exact phytochemicals and clarifying mechanisms of action.

Data availability

Our study is the animal study and all the data is presented in
the articles, if readers require more specific data then it can be
provided at their mail address.
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