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Protective Effect of Naringin against Pylorus Ligation-
induced Esophagitis in Male Wistar Rats
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Shalini, et al.: Naringin and Pylorus Ligation-induced Esophagitis in Rats

The present study was undertaken to evaluate the effect of naringin, a naturally occurring flavonoid, on
experimental esophagitis in Wistar rats. Animals divided into six groups and received carboxymethyl
cellulose (0.25%, 3 ml/kg, sham control), standard pantoprazole (30 mg/kg) and naringin (100, 200 and
300 mg/kg) for 7 d orally and subjected to pylorus and forestomach ligation. All animals were sacrificed
after 8 h and evaluated for various physiological parameters like total acidity, free acidity, gastric pH,
volume of gastric juices and esophagitis index. Esophagitis regions were further subjected to estimation
of various oxidative stress parameters including thiobarbituric acid reactive substances, glutathione,
catalase and superoxide dismutase. Later, histopathology and scanning electron microscopy of esophagitis
regions were also performed to evaluate protective action of naringin. Results revealed that treatment with
pantoprazole and naringin significantly inhibited the gastric secretion, total acidity and esophagitis index.
Various oxidative stress parameters were restored to normal level in the treatment groups. Histopathology
and scanning electron microscopy analyses demonstrated the protective action of naringin as evidenced by
normal tissue architecture of esophagitis regions. These findings indicate the potential of naringin against

esophagitis.
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Gatroesophageal reflux disease (GERD) is defined as
the reflux of stomach content back to esophagus, which
resulted in mucosal damage and oxidative stress.
Ten to twenty percent people of Western countries
and India are affected with this disease!'. Recent
investigation suggested that GERD condition leads
to damage the mucosal and sub mucosal cells, which
release various antiinflammatory mediators®. This
biochemical process finally enumerates for various
pathophysiological conditions like irritable bowel
syndrome and functional dyspepsial®!. Proton pump
inhibitors and H, receptor blockers are mainly used
to treat GERD, however their clinical effectiveness
is poor because of weak inhibitory activity and low
activity at initial hour of dosing!. On the contrary,
compounds obtained from natural origin appear to
be safe, less toxic as compared to synthetic agents!!.
Various flavonoids have been shown to protect gastric
mucosa through a prostaglandin-like action®.

Naringin, 4'.5,7-trihydroxyflavanone-7-

rhamnoglucoside (fig. 1), obtained from various species
of citrus, was reported to be effective in inflammation,
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atherosclerosis,  diabetes = and  neurogenrative
disorders!”. Naringin and other flavonoids scavenged
free radicals due to the presence of phenolic hydroxyl
groups® !, Naringin also had antiulcer effect against
ethanol-induced gastric lesion in rats!!?!. Based on the
above information, it would be of interest to evaluate
if naringin had any effect against esophagitis. A study
was designed in which standard pantoprazole (30
mg/kg) and naringin (100, 200 and 300 mg/kg) were
given orally for 7 d to rats subjected to pylorus and
forestomach ligation. Total acidity, free acidity, gastric
pH and volume of gastric juices were evaluated in
treated and control animals. Esophagitis regions were
explored for levels of thiobarbituric acid reactive
substances (TBARS), glutathione (GSH), catalase
(CAT) and superoxide dismutase (SOD). Inflammatory
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Fig. 1: Chemical structure of naringin

lesions were further subjected to histopathology and
scanning electron microscopy (SEM) to get a measure
of the protective action of naringin.

MATERIALS AND METHODS

Pyrogallol and guanidine hydrochloride were purchased
from Loba Chemicals, New Delhi, India. GSH and
thiobarbituric acid were procured from S. D. Fine
Chem, Mumbai, India. 2,4-dinitrophenylhydrazine
was procured from Sigma Aldrich, Bengaluru, India.
All other chemicals were obtained from HiMedia,
Mumbai, India. All the solvents and chemicals were of
analytical grades with 99% purity and in house distilled
water was used throughout the experiment.

Experimental animals:

Male Wistar rats (110-130 g) were used for this
experiment and the protocol was approved by the
Institutional Animal FEthics Committee (IAEC)
(Approval No. UIP/IAEC/2014/FEB/05/R1). Rats were
housed in polypropylene cages (4 animals per cage)
with standard conditions (temperature (25+£5°) and
relative humidity (55+10%)). They were acclimatized
for 7 d with 12 h light-dark cycle. Rats were fed a
standard pellet diet and had free access to water during
acclimatization.

Experimental design:

Rats were divided into six groups randomly with six
animals in each group. Group I served as normal control
(NC) and received 0.25% carboxymethyl cellulose
(CMC), 3.0 ml/kg orally, group II was designated
esophagitis control, which too received 0.25%
CMC, 3.0 ml/kg orally, group III animals received
pantoprazole 30 mg/kg orally, group IV animals
received naringin 100 mg/kg orally, group V animals
received naringin 200 mg/kg orally, group VI animals
received naringin 300 mg/kg orally. After seven days,
group II to VI rats were ligated carefully between
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the fore stomach and corpus with 2-0 silk thread and
group I served as vehicle control. All the treatments
were given orally for seven days. Most recent literature
related to the therapeutic response of natural product
reported 100 mg/kg dose for seven days!'*. On that
basis, in the current investigation a similar dose
and higher doses were chosen to understand dose-
dependency of the response. Animals were fasted
overnight prior to surgical procedure. Next day,
animals were anaesthetized using thiopentone sodium
(50 mg/kg, intraperitoneally) and then coeliotomy was
performed. The abdomen of each animal was opened by
a midline incision of about 2 cm and rats were ligated
carefully between the fore stomach and corpus with a
2-0 silk thread. The incised regions were immediately
sutured before being returned to their home cages!'.
The animals were sacrificed by cervical dislocation
after six hour and stomach was opened along the
greater curvature and esophagus was removed. The pH
of the gastric juice was measured using a pH meter.
Physiological parameters like total acidity, free acidity
and volume of gastric juice were also measured during
the experiment. Later, esophagus was kept at —20° and
various oxidative stress parameters were measured.

Volume of gastric content and pH of gastric content:

After amputation of the stomach, gastric content was
emptied in a centrifuge tube and centrifuged at 1000
rpm for 10 min. The volume of supernatant was
estimated and expressed in ml/100 g of body weight.
One millilitre of gastric juice was transferred to a glass
tube and pH was directly measured!"!.

Free acidity and total acidity of gastric content:

One milliliter of the supernatant was pipetted out
in a conical flask and diluted to 10 ml with distilled
water. The solution was titrated against 0.1 N sodium
hydroxide using 2-3 drops of Topfer’s reagent as an
indicator till all traces of red colour disappeared and
yellowish orange colour remained. The amount of
alkali consumed was expressed as corresponding to the
free acid present in the gastric content. The titration
was continued by adding 2-3 drops of phenolphthalein
reagent up to the endpoint till the red colour reappeared.
The volume of sodium hydroxide was equal to the
amount required to neutralize the combined acid
present in the gastric content. Thus the total amount
of the titrant was total acidity of the gastric content!'®..
Acidity was estimated by following Eqn., acidity =
volume of NaOHxnormality of NaOH/volume of
gastric juice consumed.
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Determination of oxidative stress parameters:

About 10% w/v of tissue homogenate was prepared
using distilled water and was further subjected to
screen for TBARS, SOD, CAT and GSH estimations.
By colorimetric protein assay, total protein of each
sample was estimated using Bradford reagent and all
the biochemical results were normalized using bovine
serum albumin as standard protein.

TBARS:

In order to evaluate oxidative damage or lipid
peroxidation, formation of TBARS was measured
during acid-heating reaction. The reaction mixture
containing 1 ml aliquots of homogenates, 0.5 ml 0f 30%
trichloroacetic acid (TCA) and 0.5 ml of 0.8% TBA
was kept in a water bath at 80° for 30 min followed
by ice-cold water for 15 min. After centrifuging at
3000 rpm for 15 min, the absorbance of the upper
layer was recorded at 535 nm against a blank (1 ml
distilled water, 0.5 ml TCA and 0.5 ml TBA)!'®!. The
amount of TBARS was estimated using the Eqn., nM
of malondialdehyde (MDA)/mg of protein = (VxOD
at 540 nm)/(0.56xprotein concentration), where, V is
final volume of the test solution and OD is the optical
density of the samples.

SOD:

SOD, a free radical scavenging enzyme is estimated
by the ability to inhibit pyrogallol auto-oxidation.
About 100 pl of the cytosol supernatant was added to
TRIS buffer (pH 8.5) and volume was adjusted to 3
ml. Then 25 ul of pyrogallol was added and change in
absorbance was measured against a blank at 420 nm
at 1 min interval 3 times. One unit of SOD activity is
defined as the activity that doubles the autoxidation
rate of the control blank (Vs/V¢=2)!"¢!, The unit of SOD
was expressed as units/mg protein and described by
Eqn., unit of SOD/mg of protein = 100x(A—B)/(Ax50).

CAT:

CAT converts two molecules of H,O, to 1 molecule
of oxygen and two molecules of water. The activity of
tissue CAT was assessed in homogenates (10% w/v)
mixed with 50 mM potassium phosphate buffer. The
resulting suspension was centrifuged at 10 000 rpm for
20 min and the supernatant was employed for enzymatic
assay. Following first order kinetics, decrease in H,O,
(19 mM) concentration in 50 mM potassium phosphate
buffer was measured spectrophotometrically against
a blank at 240 nm at 1 min interval for 3 times!'®.
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The tissue CAT activity was calculated as an Eqn.,
nM/min/mg of protein = (AA/minxvolume of assay)/
(0.0719%volume of samplexmg of protein)

GSH:

GSH is produced on reduction of GSH disulphide and
oxidation of NADPH by GSH reductase. About 0.2
ml of the tissue homogenate and 1.8 ml of distilled
water were coalesced in a test tube. Promptly, 3 ml
of precipitating solution (1.67 g of glacial meta-
phosphoric acid, 0.20 g of disodium ethylene diamine
tetra acetate and 30 g of sodium chloride dissolved in
100 ml distilled water) was added and filtered it after
5 min through coarse grade filter paper. 0.2 ml of
the protein free supernatant and 1 ml of 0.4% (w/v)
5,5 -dithio-bis-2-nitrobenzoicacid (DTNB) were co-
mingled with 8.0 ml of 0.3 M phosphate solution and
centrifuged (at 13 000 rpm) for 1 min"%. GSH (mM/mg
of protein) = (310.4xEi OD at 412 nm)/(mg of protein),
where, Ei is the correction factor (0.542).

SEM:

Esophagitis samples were mixed with 2.5%
glutaraldehyde and kept at 4° for 2 to 6 h. The samples
were washed with 0.1 M phosphate buffer three times
at 15 min intervals. Post fixer reagent, 1% osmium
tetroxide was added to it and kept for 2 h at 4°. Again,
the samples were washed in 0.1 M phosphate buffer for
3 times at 15 min intervals. Continuously, the samples
were dehydrated using increasing concentration of dry
acetone 30, 50, 70, 90, 95 and 100% concentrations,
to remove water from samples at 4° for 30 min period.
Moreover, specimens were dried in air at critical
point drying (31.5° at 1100 psi). Lastly, samples were
mounted on to the aluminium stubs with adhesive tape
and observed for scanning electron microscope (JSM-
6490LV. Jeol, Japan)!'”,

Histopathological studies:

Esophagus was fixed in neutral buffered 10% formalin
for >48 h, bisected and embedded in paraffin wax.
Sections of 5 um thickness were cut from fixed tissue in
paraffin cubes with the help of microtome (Unimeditrek
YSI-060 semiautomatic rotary microtome, India) and
subjected to stain with haematoxylin and eosin, and
subsequently examined under the microscope with
40X magnification (Nikon eclipse TS 100, UK)!"8,

Statistical analysis:

Statistical analysis was carried out using GraphPad
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Prism 5.0 (San Diago, CA, USA). All results were
expressed as meantstandard deviation (SD). The
data was analysed by one-way ANOVA followed
by Bonferroni multiple comparison test. Statistical
significance differences were considered with respect
to esophagitis control (P<0.001).

RESULTS AND DISCUSSION

Necrosis and ulceration were found at the esophagus
site, which was most prominent during microscopic
observation. Naringin at 100, 200, 300 mg/kg doses
significantly reduced the esophagitis. It restored
the gastric volume and total acidity as compared to
esophagitis control (Table 1). Naringin decreased the
volume of gastric juices, total acidity and increased the
gastric pH, suggesting that naringin was active against
esophagitis.

During esophagitis, free radicals were generated from
inflammation site, which ultimately led to oxidative
damage of esophagus cells. Therefore, various oxidative
stress related parameters like GSH, TBARS, SOD and
CAT were measured in esophagitis tissue to evaluate
the mechanism of action of naringin. As depicted in
Table 2, GSH level was significantly decreased in
esophagitis group (~2.07 uM) as compared to normal
(~4.30 pM). GSH concentration restored to normal

after oral administration of naringin at 200 and 300
mg/kg doses. In the TBARS assay, it was found that
the MDA formation was higher for esophagitis control
(~0.12 nM), which was brought to normal during
naringin treatment (~0.06 nM).

Liver CAT and SOD enzymes were also measured to
determine the mechanism of action of naringin. CAT is
most abundant in the liver, which is mainly responsible
for the catalytic decomposition of H,O, to oxygen and
water. H O, concentration was increased in naringin
treated rats and this result depicted that there was
higher amount of CAT enzyme available in the tissue
to decompose H,O, with respect to esophagitis control.
As shown in Table 2, it was observed that SOD enzyme
level also dramatically increased in naringin-treated
samples than esophagitis control (Table 2).

Histopathology of rat esophagus revealed that deeply
penetrating necrotic tissue inside the muscle was
found in esophagitis control (fig. 2). These lesions
were less prominent in naringin-treated rats with 200
and 300 mg/kg dose (fig. 2). SEM analysis supported
the previous trends and the presence of lesions were
observed in the esophagitis control groups, which was
absent in naringin-treated groups (fig. 3).

Recent investigation suggested that natural products
such as rutin, harmaline!'”? and lycopene™”? were

TABLE 1: EFFECT OF NARINGIN ON ACID SECRETARY PARAMETERS DURING ESOPHAGITIS

Treatment pH Volume of Total acidity = Free acidity (mEq/l)
gastric juice (mEqg/l)
(ml/100 g)
Control (3 ml/kg, 0.25% CMC) 3.18+0.13 0.675+0.18 88.48+0.68 43.89+0.39
Esophagitis control (3 ml/kg, 0.25% CMC) 1.96+0.15 2.12+0.28 160.60+1.24 82.69+3.68
Pantoprazole (30 mg/kg) 2.46 +0.21%* 1.05+0.13%* 92.57+0.94* 48.63+4.87*
Naringin (100 mg/kg) 2.13+0.16* 1.2+0.15* 85.59+1.15* 59.85+2.72*
Naringin (200 mg/kg) 2.63+0.15* 0.87+0.06* 73.94+3.83* 54.53+2.83*
Naringin (300 mg/kg) 2.82+0.12 0.80+0.03* 72.57+4.94* 58.63+3.87*

Six animals per each group (n=6). All data are presented as meanzSD, statistical significant differences were observed between esophagitis
control and treated samples using one way-ANOVA followed by Bonferroni multiple comparison test (*P<0.001)

TABLE 2: EFFECT OF NARINGIN ON VARIOUS OXIDATIVE STRESS PARAMETERS DURING ESOPHAGITIS

Treatment SOD (U/pg of CAT (nM of Reduced GSH TBARS (nM
protein) H,0,/min/pug of (uM/pg of protein)  of MDA/ug of
protein) protein)
Control (3 ml/kg, 0.25% CMC) 7.06+0.02 1.82+0.24 4.30+0.05 0.06+0.01
Esophagitis control (3 ml/kg, 0.25% CMC) 2.05+0.02 0.43+0.16 2.07+0.13 0.12+0.03
Pantoprazole (30 mg/kg) 6.07+0.16* 1.10£0.37* 4.16+0.19* 0.05+0.02*
Naringin (100 mg/kg) 4.75+0.22* 1.13£0.17* 3.60+0.16* 0.06+0.01*
Naringin (200 mg/kg) 4.79+0.15* 1.58+0.12* 4.20£0.16* 0.06+0.01*
Naringin (300 mg/kg) 4.89+0.24* 1.60+0.04* 4.15+0.15* 0.05+0.01*

Six animals per each group (n=6). All data are presented as mean+SD, statistical significant differences were observed between toxic control

and treated samples using one way-ANOVA followed by Bonferroni Multiple Comparison test (*P<0.001)
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Fig. 2: Histopathology of esophagus

(A) Control, (B) esophagitis control (C) pantoprazole (30 mg/kg), (D) naringin (100 mg/kg), (E) naringin (200 mg/kg) and (F)

naringin (300 mg/kg)

active against esophagitis because of their capacity
to neutralize free radicals generated from esophagitis
regions. In this study, esophagitis cells showed
remarkable toxicity during pylorus ligation. Naringin
reduced the toxicity in a dose-dependent manner and
esophagitis cells restored to normal during treatment.
Naringin raised the gastric pH and reduced total acidity,
gastric juice secretion as compared to esophagitis
control.

Although naringin reduced the secretion of acid and
increased the pH of gastric juice, it was necessary to
investigate the mechanism of action of this compound
against esophagitis. Hence, various biochemical
investigations were performed to evaluate its
mechanism of action. Tissue GSH levels were measured
and it was found that GSH level restored to normal
after naringin administration at 300 mg/kg dose. GSH
plays a major role in the oxidation-reduction process,
resulting in the formation of disulphide glutathione
(GSSG) during oxidative damage!™. It was observed
that naringin had protective action on GSH and
reduced its oxidation during administration. Again,
MDA has been reported to increase during reflux
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esophagitis, which is the indicator of oxidative stress
damage!l. Formation of MDA in esophagitis control
rats represented that esophagitis tissue membranes
were oxidized during esophagitis. This formation was
reduced during naringin administration. This was an
indirect indication that naringin reduce the release of
free radicals, however, it was necessary to perform other
oxidative stress parameters to check the mechanism of
action of naringin.

For further assessment of protective action against
oxidative stress-induced damage, both CAT and SOD
enzyme levels were measured in the infected tissue.
The enzyme CAT is also most abundant in liver, which
catalyses the conversion of H,O, to corresponding
oxygen and water. This enzyme action is reduced
due to the presence of peroxides and reactive oxygen
species. Increase in concentration of H O, in naringin-
treated groups depicted that there was higher amount
of CAT enzyme available in the tissue to decompose
the H,O, with respect to esophagitis control. This assay
indirectly indicated that oral administration of naringin
increased the level of CAT enzyme in the inflamed
esophagus. Separately, the estimation of SOD levels in
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Fig. 3: SEM evaluation of esophagitis tissue after oral treatment
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(A) Control, (B) esophagitis conrol (C) pantoprazole (30 mg/kg), (D) naringin (100 mg/kg), (E) naringin (200 mg/kg) and (F) naringin

(300 mg/kg)

inflamed tissue was performed. SOD is a free radical
scavenging enzyme, which neutralizes superoxide free
radical in normal physiological situations®’l. Again,
SOD levels were also decreased among the esophagitis
control groups but this enzyme level restored to normal
in naringin treated groups. Therefore, it might be
concluded that naringin was active against esophagitis
treatment via inhibiting the release of reactive oxygen
species. Later, microscopic observation and SEM were
performed to check the lesion at esophagus portions
of both esophagitis control and naringin treated
groups. Lesions and ulcers were observed in un-treated
esophagitis control, while these were found to be
absent in the naringin-treated groups.

Results of this investigation suggested that naringin
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could be effective in esophagitis by the mechanism of
action of inhibition of reactive oxygen species and free
radicals. Naringin’s phenolic hydroxyl group, could
be involved in scavenging free radicals!'®!. Therefore,
naringin might prove to be a better alternative drug for
esophagitis treatment in future.
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