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SUMMARY. The present study was designed to investigate the antiulcer activity of ethyl acetate extract of
Citrus decumana (grapefruit) peels. The antiulcerogenic activity was evaluated in water immersion and hy-
pothermic restraint stress models at different doses (150, 250 and 350 mg/kg). The antiulcer potential of
the extract was assessed by determining and comparing the ulcerative index and biochemical estimation
was carried out using various oxidative stress markers i.e., TBARS, GSH, SOD and CAT in the blood and
tissue samples. The highest dose (350 mg/kg) of the extract showed significant decrease in the ulcerative
index and TBARS level, whereas there was increase in the GSH, SOD and CAT levels. Whereas the lowest
and medium dose (150 mg/kg and 250mg/kg) did not produce any significant results. Therefore, our study
indicate that the Citrus decumana peel extract may be used as a natural therapeutic agent in the treatment
of peptic ulcers.

INTRODUCTION
Phytogenic agents have traditionally been

used by herbalists and indigenous healers for
the prevention and treatment of peptic ulcer 1.
There are various plant-originated “gastroprotec-
tors” with different composition that have been
used in clinical and folk medicine by many
countries due to their beneficial effects on the
mucosa of GIT 2. Peptic ulcers are a deep gas-
trointestinal erosion disorder that involve the
entire mucosal thickness, penetrating the mus-
cular mucosa 3. Peptic ulcers were caused by an
imbalance between the aggressive factors either
exogenous aggressive factors such as spicy and
fatty foods, smoke, anti-inflammatory drugs, al-
cohol, stress etc or endogenous aggressive fac-
tor such as reactive oxygen and nitrogen species
(ROS/RNS), hydrochloric acid, Helicobactor py-
lori, pepsin etc. and a number of known de-
fense mechanisms 4-6. Therefore, treatment with
antioxidants and synthetic drugs such as H+K+-

ATPase pump inhibitors, histamine H2-receptor
blockers can decrease gastric mucosal damage
7,8. But these synthetic drugs have various side
effects such as diarrohea, headache, drowsiness,
fatigue, and muscular pain 9. Hence these days
natural compounds are being explored so that
they could replace these synthetic drugs. Clini-
cal research has confirmed the efficacy of sever-
al plants for the treatment of gastrointestinal dis-
eases like Momordica charantia, Garcinia indi-
ca, Carpolobia lutea, etc. 10-13.

In recent years there is a growing interest in
citrus fruits (family rutacae) because their con-
sumption decreases the risk of cancer, inflam-
mation, heart disease, ulcers etc. Citrus juices
are considered to be a rich source of antioxi-
dants including vitamin C, phenolic compounds
and carotenoids which are responsible for their
health benefits 14,15. However, most people
throw away the peels after enjoying citrus fruit.
Even during the processing of citrus fruit or
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juice in food industries, peels are the primary
byproducts.  Recently, citrus peels have attract-
ed the attention of researchers as they were
found to be an interesting source of phenolic
compounds, which include phenolic acids and
flavonoids 16. The peels of many citrus species,
like Citrus sinensis, Citrus paradisi and Citrus
reticulata have been evaluated for antioxidant
activity due to presence of flavonoids and other
phenolic compounds 17. Hydroxylated poly-
methoxyflavones and methylated flavonoids
have also been isolated from Citrus sinensis
peel extract 18. Many studies show that
flavonoids present in the citrus peel possess
strong antioxidant, anti-atherogenic, antiviral,
antiaggregatory, antimutagenic, antiulcer and
antitumor effects 19-21. It is also observed that
oxidative stress plays a role in ulcer formation
22. So these flavonoids can be used to treat gas-
trointestinal disorders, including gastric ulcer 23.
The present study was undertaken to study the
antiulcer potential  of  Citrus decumana (grape-
fruit) peel extract in  stress induced peptic ulcer
in rats.

MATERIALS AND METHODS
Plant material 

For the present investigation the fruits of Cit-
rus decumana were collected from northern re-
gion of India. The plant material was authenti-
cated and the voucher specimen no. 0353 has
been deposited in the Botanical and Environ-
mental Science Department, Guru Nanak Dev
University, Amritsar. The fruits were washed
and dried properly before removing peels. The
peels were then dried under shade at room tem-
perature. The dried peels were grounded into a
coarse powder in a mixer. The powder was
sieved through a 1mm metal sieve to obtain a
standard particle size.

Animals 
The wistar albino rats of either sex were ob-

tained from Sanjay Biologicals, Amritsar. They
were kept at standard laboratory diet, environ-
mental temperature and humidity. A 12 h light-
dark cycle was maintained throughout the ex-
perimental protocol. The experimental protocol
was duly approved by Institutional Animal
Ethics Committee (IAEC) and care of the ani-
mals was carried out as per the guidelines of
Committee for the Purpose of Control and Su-
pervision of Experiments on Animals (CPCSEA),
Ministry of Environment and Forest, Govern-
ment of India (Reg No. 874/ac/05/CPCSEA).

Extraction 
The dried peel powder of plant material was

extracted by maceration process using solvents
of increasing polarity; hexane, chloroform, ethyl
acetate and methanol. The powdered material
was extracted with each solvent three times at
room temperature over a period of 24 h. The
material was kept for 24 h between each suc-
cessive solvent for proper drying. The extracts
were filtered and concentrated under vacuum
on a rotary evaporator at 40 °C and stored in a
refrigerator for further analysis.

Phytochemical screening 
The crude extracts were analyzed for alka-

loids, tannins, saponins, flavonoids, steroids, ter-
penoids and phenolic acids using standard pro-
cedures of analysis 24. The ethyl acetate extract
showed the presence of flavonoids and pheno-
lic acids. Shinoda test and ferric chloride test
were carried out for the confirmation of
flavonoids and phenolic acids. The crude ex-
tracts were also evaluated for their in vitro an-
tioxidant activity using DPPH and hydrogen per-
oxide methods. Among all four extracts ethyl ac-
etate extract of Citrus decumana peels (EtCD)
showed maximum antioxidant activity. Hence
EtCD was further used for antiulcer studies.

Methods for induction of peptic ulcer in
animal models
Water immersion- induced stress (WIS) 

The rats were fasted for 24 h before inducing
the ulcer and test samples were administered 1
h prior to stress induction. These were kept im-
mobilized in a stress cage and then immersed to
the level of the xiphoid process in a water bath
at 23 ± 0.2 °C for 7 h 25. The blood samples
were collected by the retro-orbital sinus punc-
ture for the estimation of biomarker compo-
nents. The animals were sacrificed. The stomach
of each animal was removed and the extent of
gastric damage was assessed by estimating ul-
cerative index.

Hypothermic restraint stress (HRS)
The rats were fasted for 36 h before inducing

the ulcer and test samples were administered 1
h prior to stress induction. These were kept im-
mobilized in a restraint cage at 4 °C for 3 h 26.
The blood samples were collected by the retro-
orbital sinus puncture for the estimation of
biomarker components. The animals were sacri-
ficed. The stomach of each animal was removed
and extent of gastric damage was assessed by
estimating ulcerative index.
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Experimental Design 
In the present antiulcer studies ten groups,

each comprising of six rats, were used: Group 1
- WIS control group; Group 2 - WIS + Ranitidine
50 mg/kg, p.o. treated group; Group 3 - WIS +
EtCD 150 mg/kg, p.o. treated group for 10 days;
Group 4 - WIS + EtCD 250 mg/kg, p.o. treated
group for 10 days; Group 5 - WIS + EtCD 350
mg/kg, p.o. treated group for 10 days; Group 6
- HRS control group; Group 7 - HRS + Raniti-
dine 50 mg/kg, p.o. treated group; Group 8 -
HRS + EtCD 150 mg/kg, p.o. treated group for
10 days; Group 9 - HRS + EtCD 250 mg/kg, p.o.
treated group for 10 days; Group 10 - HRS +
EtCD 350 mg/kg, p.o. treated group for 10 days.

Measurement of ulcerative index 
Ulcerative index was measured 27. Briefly,

the stomach was opened and washed with run-
ning tab water. Then it was placed on a flat
glass plate to count the ulcerative area. Stan-
dardization was made with a 10x10cm squared
glass plate. Opened stomach, overlaid squared
flat glass plate, exposing the mucous, showing
the counting methodology of the injuries per
square mm. The ulcer index was determined by
using the formula, Ulcer Index = 10/X Where, X
= Total mucosal area / Total ulcerated area.

Biochemical estimation
Estimation of tissue and plasma TBARS 

Lipid peroxide content was determined in
terms of thiobarbituric acid reactive species
(TBARS) in tissue 28 and  in plasma using
tetramethoxypropane as standard 29. The results
were expressed as nmol/g protein in tissue and
nmol/ml in plasma.

Estimation of tissue and plasma GSH 
The reduced glutathione level in different

samples were determined by the enzymatic
method 30. The results were expressed as
µmol/g of protein in tissue and µmol/ml in plas-
ma. 

Estimation of Superoxide dismutase (SOD) and
Catalase (CAT) activity in tissue and serum 

The activities of SOD and CAT in tissue and
serum were determined using commercially
available kits. (Span Diagnostics, Gujarat, India).
The SOD and CAT activities were expressed as
units U/mg protein in tissue and U/ml in serum

Estimation of protein content 
Protein concentration was determined using

bovine serum albumin as a standard 31. The re-

Figure 1. Effect of Citrus decumana on UI in WIS
and HRS induced peptic ulcer. Values are mean ±
SEM of 6 animals. a = p < 0.05, pretreatment groups
as compared to water immersion stress (WIS) and hy-
pothermic restraint stress (HRS) control group respec-
tively; b = p < 0.05, as compared to ranitidine treated
group; c = p < 0.05, as compared to ethyl acetate ex-
tract of Citrus decumana peels (EtCD) 150 and 250
mg/kg pretreated group, in parenthesis indicated the
dose in mg/kg.

sults were expressed as mg/g of tissue and
mg/ml  in plasma. 

Statistical analysis 
All the results were expressed as mean ±

standard error of means (S.E.M). The data was
statistically analyzed by one way analysis of
variance (ANOVA) followed by Tukey’s multiple
range tests by using Sigmastat Version-2.0 Soft-
ware. The p-value < 0.05 was considered to be
statistically significant.

RESULTS
The results of ethyl acetate extract of Citrus

decumana peels on ulcerative index in both
WIS and HRS model had been depicted in Fig-
ure 1. The decrease in the ulcerative index in
rats treated with dose of 150 and 250 mg/kg
EtCD was found to be insignificant as compared
to that of ranitidine (50 mg/kg) treated group.
However, higher dose (350 mg/kg) showed sig-
nificant reduction in ulcerative index similar to
that of ranitidine treated group.

The Tables 1 and 2 show the tissue and plas-
ma biomarker changes in WIS and HRS model
respectively. There was an increase in the
TBARS level and a decrease in the level of ROS
scavenging enzymes i.e SOD and CAT in the
control groups. GSH level also decreases. Fur-
ther, pretreatment with EtCD (150, 250 and 350
mg/kg) and ranitidine (50 mg/kg) showed re-
versible changes in the above parameters. How-
ever, only higher dose (350mg/kg) showed sta-
tistically significant (p < 0.05) results similar to
that of ranitidine (50 mg/kg) treated group.
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DISCUSSION
In the present study, the ethyl acetate extract

of Citrus decumana peels was evaluated for its
in vivo antiulcer activity in both water immer-
sion and hypothermic restraint stress models.
Grapefruit juices are known to possess antioxi-
dant potential may be due to the presence of
flavanone naringin and its aglycone, naringenin.
But literature reveal that these constituents are
present in more abundant in peel part of Citrus
decumana 14,32,33. Hence, in our study we tried
to explore the effect of its peel extract on stress
induced peptic ulcer. The induction of stress
generates free radical, which causes mucosal
damage and change in antioxidant enzymes 34.
The excess free radical generation causes en-
hanced lipid peroxidation which was indicated
by an increase in the levels of TBARS. Due to
increased TBARS level antioxidant defense
mechanisms fail to prevent the formation of ex-
cess free radicals and leads to tissue injury 35.
GSH acts as an important endogenous defense
substance against the reactive oxygen species

TBARS GSH SOD CAT

Tissue Plasma Tissue Plasma Tissue Plasma Tissue Plasma
(nmol/g) (nmol/ml) (µmol/g) (µmol/ml) (U/mg) (U/ml) (U/mg) (U/ml)

WIS 5.05±0.21 5.19±1.01 0.72±0.05 8.72±1.21 2.75±0.67 1.43±0.51 2.47±1.03 0.26±0.01 
Ranitidine (50) 3.56±0.31a 3.75±0.91a 1.55±0.03a 16.52±1.9a 4.97±1.04a 2.15±0.43a 6.76±1.05a 0.46±0.02a

EtCD (150) 4.36±0.46b 4.46±0.67 b 0.93±0.02 b 10.13±1. 76b 3.30±1.01 b 1.57±0.56 b 3.25±1.01 b 0.28±0.01b

EtCD (250) 4.31±0.21b 4.33±0.94 b 1.07±0.04 b 13.46±1.54 b 4.01±1.07 b 1.66±0.65 b 5.09±1.37 b 0.32±0.03b

EtCD (350) 3.60±0.65 ac 3.81±0. 77 ac 1.46±0.06 ac 16.24±1. 74ac 4.85±1.11 ac 2.03±0.77 ac 6.70±1.46 ac 0.46±0.01 ac

Table 1. Effect of Citrus decumana on biomarker changes in WIS model. Values are mean ± SEM of 6 animals.
a = p < 0.05, pretreatment groups as compared to water immersion stress (WIS) and hypothermic restraint stress
(HRS) control group respectively; b = p < 0.05, as compared to ranitidine treated group; c = p < 0.05, as com-
pared to ethyl acetate extract of Citrus decumana peels (EtCD) 150 and 250 mg/kg pretreated group, in paren-
thesis indicated the dose in mg/kg.

Groups 
(mg/kg)

TBARS GSH SOD CAT

Tissue Plasma Tissue Plasma Tissue Plasma Tissue Plasma
(nmol/g) (nmol/ml) (µmol/g) (µmol/ml) (U/mg) (U/ml) (U/mg) (U/ml)

HRS 6.02±0. 72 6.025±0.61 0.71±0.05 7.49±1.26 2.43±0.39 1.43±0.01 2.21±1.01 0.27±0.02 
Ranitidine (50) 4.58±0.51 a 4.98±0.34 a 1.63±0.07 a 16.07±1.57 a 4.79±0.41 a 2.08±0.09 a 6.7±1.31 a 0.5±0.04 a

EtCD (150) 5.7±0.63 b 5.973±0.27 b 0.76±0.01 b 9.95±1.31 b 2.59±0.54 b 1.52±0.06 b 2.45±1.21 b 0.26±0.02 b

EtCD (250) 4.71±0.21 b 5.658±0.36 b 1.11±0.06 b 13.29±1.56 b 4.45±0.62 b 1.77±0.03 b 6.35±1.04 b 0.35±0.01 b

EtCD (350) 4.6±0.90 ac 5.011±0.12 ac 1.55±0.03 ac 16.02±1.97 ac 4.68±0.31 ac 1.98±0.02 ac 6.63±1.07 ac 0.46±0.01 ac

Table 2. Effect of Citrus decummana on biomarker changes in HRS Model Values are mean ± SEM of 6 animals.
a = p < 0.05, pretreatment groups as compared to water immersion stress (WIS) and hypothermic restraint stress
(HRS) control group respectively; b = p <0.05, as compared to ranitidine treated group; c = p <0.05, as compared
to ethyl acetate extract of Citrus decumana peels (EtCD) 150 and 250 mg/kg pretreated group, in parenthesis
indicated the dose in mg/kg.

Groups 
(mg/kg)

(ROS). This GSH level is reduced in rats subject-
ed to increased stress levels 36. Various antioxi-
dant enzymes like SOD, CAT prevent the accu-
mulation of ROS. Stress results in the imbalance
in the activity of these enzymes which leads to
faulty disposal of free radicals and their accumu-
lation 37.

Our studies showed that EtCD has dose de-
pendent antiulcer effect in both water immer-
sion and hypothermic restraint stress model.
Low and medium dose was not found to be sig-
nificant in treating ulcer as compared to raniti-
dine treated group but higher dose (350 mg/kg)
showed significant effect. Phytochemical screen-
ing revealed the presence of flavonoids and
phenolic acids in the EtCD extract, which are
known to possess antioxidant activity 38. Thus
the action of extract may be through free radical
scavenging mechanism. The decrease in ulcera-
tive index and lipid peroxidation i.e. TBARS lev-
el and increase in the activities of free radical
scavenging enzymes and glutathione in the ex-
tract treated group compared to ulcerated group
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suggests the ability of extract to protect the gas-
tric mucosa against free radical mediated tissue
injury.

WIS and HRS stress models cause potential
alteration of physiological antioxidant status and
imbalance in the free radical defense enzymatic
system. Hence, in both the models, EtCD
showed potential amelioration of ulcerative and
oxidative stress marker changes in blood and
tissue.

CONCLUSION
Therefore the above studies showed that

EtCD possess gastroprotective effect at a dose
level of 350 mg/kg in both water immersion and
hypothermic restraint stress models. Thus, EtCD
may be a potent herbal therapeutic agent for the
treatment of peptic ulcer disorders.
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