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(ABSTRACT )

In clinical practice peptic ulcer is the most prevalent disorder of gastrointestinal tract. A variety of antiulcer
medications available, however all have the occurrence of relapses, adverse effects and reactions to medicines. The
quest for new molecules was expanded to herbal drugs which give better protection and decreased relapse. The
current research is to determine ability of Bacoside A, Withanolide A and Shatavarin IV ulcer-protective and ulcer-
healing treatments. The impact of distinct phytoconstituents on expression of nuclear factor kappa B (NF-yB) p65,
levels of gastric myeloperoxidase (MPOQ), inflammatory cytokines: factor-o (TNF-a) level of tumor necrosis, level
of anti-inflammatory interleukin-10(IL-10), level of gastric mucosal apoptosis caspase-3 and parameters of gastric
oxidative stress were established against gastric injury induced by ethanol in rats. Bacoside A and Shatavarin 1V
pretreatment (200pug/ml/kg), withanolide A (20ug/m/kg) mitigated the intensity of gastric inflammation by curtailing
the levels of myeloperoxidase (MPO) and tumor necrosis factor-o (TNF-o)) along with the expression of nuclear
factor kappa B (NF-uB) p65. This also raised the levels of anti-inflammatory interleukin-10(IL-10). With regard to
gastric mucosal apoptosis, phytoconstituetns inhibited caspase-3 activity meanwhile; it halted gastric oxidative stress
via lipid peroxide inhibition with concomitant glutathione (GSH), glutathione peroxidase (GPx) and total
antioxidant ability (TAC) enhancement. These results emphasize the gastro protective and gastric healing activities
of phytoconstituents were mediated by concerted multi-pronged activities, including suppression of gastric
inflammation, apoptosis, and oxidative stress, in addition to boosting the antioxidant parameters.

Keywords: Bacoside A, Withanolide A, Shatavarin 1V, Tumor Necrosis Factor-o (TNF-o), Interleukin - 10,
kCaaspase-B. y
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INTRODUCTION

Ulcer is a major gastrointestinal system disease
with various aetiologies affecting 10 per cent of the
world population. Repeated intake of alcohol,
smoking, prolonged stress, chronic use of non-
steroidal anti-inflammatory medications and bacterial
Helicobacter pylori infection are primary causes of
inflammatory peptic ulcer, mucosal bleeding and
abdominal pain in patients [1, 2]. Such ulcers can
develop when the gastro protective (mucus,
bicarbonate and prostaglandins) and aggressive (acid,
pepsin, bile salts, and H.pylori bacteria) imbalances
occur [3].

The recent approach to peptic ulcer is controlled
for successful heal by inhibiting gastric acid
secretion, fostering  gastro-protection, blocking
apoptosis and stimulating epithelial cell proliferation.
The conventional drugs used in the treatment of ulcer
include histamine receptor antagonists, prostaglandin
analogues, proton pump inhibitors, cytoprotective
agents, antacids and anticholinergics, but most of
these drugs produce undesirable side effects or drug
interactions, and may even alter the body's
biochemical ~mechanisms upon chronic  use.
Therefore, herbal medicinal products are typically
used in such chronic cases where drugs are needed
for long periods of use [4].

Bacoside A is a chemical compound mixture,
known as Bacosides Isolated from Bacopamonnieri
[5]. The principal constituents include
saponinshacoside A3, bacopaside Il, bacopasaponin
C jujubogenin isomer [6, 7]. For its possible
neuroprotectivity [8-15] the mixture was tested in in
vitro experiments and animal models. Bacoside A3
inhibits P-glycoprotein  (P-gp), an ATP-binding
cassette transporter, decreasing efflux4-fold over in
vitro [16]. An extract containing bacoside A3 and
bacopaside 11, administered for eight days at a dosage
of 10-30 mg / kg, decreases depression in mice
caused by opioid withdrawal using the forced swim
test [17]. Bacoside A3 has also antioxidant properties
in rats following liver and kidney damage caused by
street heroin [18].

Withanolidesis a gaggle of a minimum of 300
present steroids built on an ergostane skeleton [19].
Structurally, Withanolide A is an isolated, natural
product from medicinal plant W. Somnifera with
antioxidant and neuroprotective impact [20].
Withanolide ~ A reverses hypoxia-mediated

neurodegeneration by restoring hypoxia-induced
glutathione depletion within the hippocampus of
mice [21].

Shatavarin 1V, the sarsasapogenin glycoside, is
the main saponin present in the Asparagus racemosus
roots. This is an essential constituent of carcinogenic
and antioxidant nutraceuticals and functional foods
[22, 23]. Shatavarin IV is an anticarcinogen,
illustrated by in vitro and in vivo studies [24].

MATERIAL AND METHODS
Animals

The 200-300 g average weight wistar albino rats
used from home laboratory. The animals were held in
animal house, Department of Pharmacology, Excel
College of Pharmacy, Komarapalayam, under
uniform environmental conditions (22-280C, 60-70
percent ratio, 12 hr dark / light cycle). Standard
mouse chow (SaiDurga Feeds and Foods, Bangalore,
India), and water ad lib were given to the animals.

Experimental design and treatment protocol

Rats are individually placed in metabolic cages
with large mesh raised floors to prevent coprophagy
that interferes with gastric ulcer induction. The
animals fasted on free access to water for 24 hours.
Instead, the water was withdrawn 1 h before ethanol
administration. Thirty six rats allocated randomly
into six groups (6 rats per group). Group | served as
Control group, normal rats which received oral
vehicle (0.5 percentage carboxymethyl cellulose;
5mL/kg), Group Il served as Ethanol group
administered with single intra gastric dose absolute
ethanol (5ml/kg) + oral vehicle (0.5 percentage
carboxymethyl cellulose) for 7 days and the last dose
of the wvehicle given60 minutes before ulcer
induction, Group Il served as Ethanol + Sucralfate
group received a single intragastric dose of ethanol +
an oral Sucralfate (SUCR) (100 mg/kg) 60 minutes
before ulcer initiation, Group 1V served as Ethanol +
Bacoside A group, received a single intragastric dose
of ethanol + oral Bacoside A (200pg/mi/kg) for 7
days and the last dose of Bacoside A administered 60
minutes prior to the induction of ulcer, Group 1V was
Ethanol + Withanolide A group, received a single
intragastric dose of ethanol + oral Withanolide A
(20pg/ml/kg) for 7 days and the last dose of
Withanolide A administered before 60 minutes of
ulcer induction, Group V was Ethanol +
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ShatavarinlVV group, received a single intragastric
dose of ethanol + oral Shatavarin IV (200pg/mi/kg)
for 7 days and the last dose of Shatavarin IV
administered 60 minutes before ulcer induction.

Gastric ulcer induction

Gastric mucosal injury was induced by the use of
a single intragastric dose of absolute ethanol (5ml /
kg) administered by or gastric intubation [25-28].
Instead of ethanol the control group got the same
amount of saline. 60 minutes later Animals
were euthanized dissection of stomach made
immediately.

Collection of tissue and preparation

The animals were euthanized 60 minutes later of
ethanol instillation under intense ether anesthesia.
Then laparotomy performed immediately, removal of
stomach and opened along the longer curvature, in
order to remove the gastric contents and blood clots it
was rinsed with normal saline. Stomach blotted dry
then dichotomized, first portion was immersed in 10
percent buffered formol saline for the evaluation
immune histo chemical evaluation of NF-xB and
histopathology and, while the other second portion
was divided into 2 portions and stored at-80 ° C for
the investigation of biochemical parameters. The
another side, one portion was homogenized for the
calculation of MPO, TNF-0,IL-10, caspase-3 in 10
volumes of lysis buffer (200mMNaCl, 5mM EDTA,
10 mMTris, 10% Glycerin, 1 mM PMSF, 1 mg / ml
Leupeptin and 28 mg / ml aprotinin, pH 7.4). The
second component homogenized for determination of
oxidative stress markers and cellular defenses (MDA,
NO, GSH, GPx and TAC) in 10 volumes of ice-cold
phosphate buffer (100 mM, pH 7.4);

Detection of immunohistochemical NF-KB
P65

For antigen recovery, 5 um thick paraffin-
embedded tissue samples were rehydrated in xylene
and then in graded ethanol solutions, and heated for 5
min in citrate buffer (pH 6). Blocking performed in
Tris buffered saline (TBS) with 5 percent bovine
serum albumin (BSA) for 120 minutes. Then
the samples were incubated overnight at 4 ° C with
primary polyclonal rabbit anti-NF-yB p65 (Santa
Cruz Biotechnology Inc, CA, USA) at a
concentration of 1 pg / ml at 5% BSA in TBS.
Washing of the slides made with TBS and incubated

using Vector Elite ABC package (Vector
Laboratories, Burlingame, CA, USA), using
secondary goat anti-rabbit 19G. Eventually, the parts
are washed with TBS and wusing 3.3'-
diaminobenzidine (DAB Substrate Kit, Vector
Laboratories  Inc) tetra  hydrochloride  the
immunoreaction was visualized. Hematoxylin was
used to counter stain and a blinded observer
observer the slides under a light microscope (Leica
Microsystems, Germany).

Inflammatory cytokines (TNF-A AND IL-10)
&gastric MPO activity

Neutrophil infiltration marker myeloperoxidase
(MPO) Activity was calculated by the HK105 kit
(Hycult Biotech, Uden, Netherlands) By using the
manufacturer's R&D systems ELISA kits (MN,
USA)s the concentrations of TNF-o and IL-10 were
determined. MPO as well as cytokine assays use
quantitative  immunoassay antibody sandwich
technique with pre-coated specific antibodies on the
micro plate. The samples control and standards
were pipetted into the wells and the immobilized
antibody binds the rat cytokines. An enzyme-linked
secondary antibody specific for rat MPO, TNF-a or
IL-10 was applied to the wells after any unbound
substances were washed away. The assay is stopped
following color development, and the absorbance was
read at 450 nm. In the initial step the color intensity
was proportional to the sum of the corresponding
target set. The outcome for MPO is reflected as (U / g
tissue), whereas the cytokine content was presented
as pg/ g tissue.

Activity of caspase-3

Caspase-3 response calculated colorimetrically
with the help of manufacturer's R&D systems
package as directed. The 405 nm
(BiochromAsysmicroplate reader, UK) Caspase-3
cleaves the labeled substrate DEVD-pNA (acetyl-
Asp-Glu-Val-Asp p-nitroanilide) freeing
chromophorepNA. Effects represented as a fold
change of caspase-3 activity.

Concentration of lipid peroxides

Determination of lipid peroxides, expressed as
malondialdehyde (MDA), is performed according to
assay of the thiobarbituric acid29. The reaction
continued for 30 min in 15% w / v trichloroacetic
acid, 0.375% w / v thiobarbituric acid, and 0.25 N
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HCI at 90°C. The precipitate was extracted by
centrifugation after cooling; at535 nm the
absorbance was registered. The findings were
described via nmol / g tissue.

Levels of GSH

As previously described, gastric GSH levels were
determined30, gastric proteins were precipitated with
10 percent trichloroacetic acid, and the colored
component was produced with a solution of 10 mM
DTNB (5, 5'-dithiobis2-nitrobenzoic acid) in 0,3 M
phosphate. At 412 nm the absorbance was estimated
and the findings are expressed in the form of nmol /
g tissue.

Activity of GPX

Activity of the gastric GPx is calculated using the
manufacturer's instructed Sigma-Aldrich assay Kkit
(Sigma-Aldrich, St. Louis, MD, USA). The package
uses an indirect GSH oxidation-based determination
by GPx, which was then coupled by recycling the
oxidized GSSG by glutathione reductase and
NADPH. At 340nm the decrease in the absorbance of
NADPH recorded. The amount of enzyme oxidizing
one micromole of NADPH at 25 ° C per min defined
as one unit of enzyme. Gastric homogenates protein
content was determined [25].

TAC determination

The TAC was calculated using complete
antioxidant assay kit from Cayman, as indicated by
the manufacturer. The ability of gastric antioxidants
to prevent oxidation of metmyoglobin-induced ABTS
(2, 2-azino-di-[3-ethylbenzthiazoline sulphonate])
was compared with Trolox, an equivalent water-
soluble tocopherol. At 405nm the oxidized product
quanity was measured the amount of oxidized
products is measured at 405 nm and the TAC is
expressed as Trolox equivalent pmol / g tissue.

RESULTS

Detection of immunohistochemical NF-kB
p65

Expression of NF-xkB p65 is a symptom of
presence of chronic inflammation. The control group
animals treated with 0.5% CMC at the dose of
5ml/kg dose not expressed NF-kB p65. The ethanol
group animals treated with 5ml/kg of ethanol showed
the copious expression of NF-kB p65, the animals
treated with Ethanol + Sucrlafate at the dose of
5ml/kg +100mg/kg also does not expressed any NF-
kB p65. Treatment with the phytoconstituents
showed that reduced expression of NF-xB p65 which
is comparable to the standard drug, there by the
treatment with phytoconstituents decreases the
chronic inflammation Table 1.

Table 1: Phytoconstituents impact on NF-KB p65 expression

Group Dose NF-KB P65 Expression
Control (0.5%CMC) 5ml/kg -
Ethanol 5mi/kg +++

Ethanol + Surlafate
Ethanol +Bacoside A

5ml/kg +100mg/kg -
5ml/kg +200pug/ml/kg  +

Ethanol + Withanolide A 5ml/kg +20ug/mi/kg  +
Ethanol + Shatavarin IV 5ml/kg +200pg/ml/kg  +

INFLAMMATORY CYTOKINES (TNF-
ALPHA AND IL-10) AND GASTRIC
MPO ACTIVITY

Gastric MPO activity

Treatment with ethanol at the dose of 5mi/kg
enormously increases the gastric MPO 8.14+1.44 U/g
tissue; Pretreatment with the sucralfate at the dose of
100mg/kg significantly decreased the levels of gastric

MPO i-e 4.25+0.13 U/g tissue. Pretreatment with
phytoconstituents have significantly decreased the
gastric MPO levels withanolide A at the dose of
20pg/ml/kg have considerably reduced the gastric
MPO levels 5+0.04 U/g tissue among all the other
phytoconstituents, whereas Bacoside A and
Shatavarin IV showed 5.19+0.10 U/g tissue and
5+0.08 U/qg tissue correspondingly Table 2.

www.ijrpp.com

~ 185~



Kameshwaran S et al / Int. ]. of Res. in Pharmacology & Pharmacotherapeutics Vol-9(3) 2020 [182-194]

Table 2: Phytoconstituents impact on gastric MPO

Group Dose MPO (U/g tissue)
Control (0.5%CMC) 5ml/kg 2.27+0.04
Ethanol 5ml/kg 8.14+1.44

Ethanol + Surlafate 5ml/kg +100mg/kg 4.25+0.13***
Ethanol +Bacoside A 5ml/kg +200ug/mi/kg  5.19+0.10*
Ethanol + Withanolide A 5ml/kg +20ug/mi/kg  5+0.04*
Ethanol + Shatavarin IV 5ml/kg +200ug/ml/kg 5+0.08*

Values are interpreted as (Mean + S.E.M.), n=6,*
p<0.05, * ** p<0.001 relative to the control group.
(Statistically evaluated by a one-way variance
analysis (ANOVA) accompanied by a t-test by
Dunnet.) Statistically significant results were
rendered at P<0.05.

Effect in inflammatory cytokines - TNF-
ALPHA

Marked elevation of the TNF-o in the ethanol
treated group 3931.2468.29 pg /g tissue when

compared to the control group 994.26 + 12.97pg/g
tissue. The standard drug sucralfate at the dose of
100mg/kg significantly decreased the inflammatory
cytokine TNF- a levels to 1134.98+22.71 pg/g tissue.
Meanwhile the phytoconstituents decreased the TNF-
o as follows Bacoside A -1837.23£23.75 pg/g tissue,
Shatavarin IV - 1615.6£24.9 pg/g tissue and
Withanolide A showed best ulcer healing activity as
1534+32.21 pg/g tissue Fig. 1.
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Fig. 1: Phytoconstituents impact on inflammatory cytokines — TNF ALPHA.

Bacoside A showed greater raise in the IL-10 levels
as 1127.91+10.92 pg /g tissue, Withanolide A and
Shatavarin 1V also showed significant increase in the
IL-10 levels 1045.51+33.66 pg /g tissue, 999.9+2.606
pg /g tissue respectively Fig. 2.

Effect in inflammatory cytokines — IL-10

Interleukin-10 levels were abridged in the ethanol
treated group as 658.18+5.09 pg /g tissue, treatment
with the standard drug has engorged the IL-10 levels
to 1234.1148.71 pg /g tissue. the phytoconstituents

www.ijrpp.com

~ 186~



Kameshwaran S et al / Int. ]. of Res. in Pharmacology & Pharmacotherapeutics Vol-9(3) 2020 [182-194]

2000 -
mm Control
% 1500- == Ethanol
= mm Ethanaol + Surlafate
2 1000 - Ethanol +Bacoside A
2 mm Ethanol + Witharolide A
< 500 Ethanol + Shatavarin 1V
.|
0- T .&
)
o X L 2B S
é'(& F & e
o & $ & O P
¢ 9 & 9
O & 0
& & 5
2 o N A\
& ° & Ff
¢
& <

Fig. 2: Phytoconstituents impact on inflammatory cytokines — IL-10.

Caspase-3 activity Withanolide A showed the superior activity among
all the phytoconstituents as 1.57+£0.01 fold change.
The Bacoside A and Shatavarin 1V also had shown
significant increase in Caspase-3 levels 1.68+0.02
fold change, 1.61+0.00 fold change respectively Fig.

Caspase-3 levels were 0.97+0.01 fold change in
the control group, the levels were abnormally
increased in the ethanol group to 2.32+0.01 fold
change. Standard drug treatment decreased the levels

to 1.31+0.01 fold change. The phytoconstituent 3.
251
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Fig. 3: Phytoconstituents impact on caspase- 3 activity
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EFFECT ON ANTIOXIDANT
PARAMETERS

Effect on MDA level

Ethanol treatment have triggered the oxidative
stress by increasing the MDA level in ethanol treated
group to 39.13+0.80 n mol/ g tissue, standard drug

treatment diminished the oxidative stress by lowering
the MDA levels to 22.21+0.49 n mol/ g tissue, the
treatment with different phytoconstituents also had
same effect as like that of the standard drugs
contributing to reduction of oxidative stress and ulcer
protection, Bacoside A had reduced the MDA levels
significantly to 25.36+0.27 n mol/ g tissue Table 3.

Table 3: Phytoconstituents impact on gastric MDA.

MDA
Group Dose (n mol/ g tissue)
Control (0.5%CMC) 5ml/kg 18.2+0.21
Ethanol 5ml/kg 39.13+0.80
Ethanol + Surlafate 5ml/kg +100mg/kg 22.21+0.49***
Ethanol +Bacoside A 5ml/kg +200ug/ml/kg 25.36+0.27***
Ethanol + Withanolide A 5ml/kg +20ug/ml/kg 28.8+0.31*
Ethanol + Shatavarin IV 5ml/kg +200ug/ml/kg 26.16+0.22*

Values are interpreted as (Mean + S.E.M.), n=6,*
p<0.05, *** p<0.001 relative to the control
group.(Statistically evaluated by a one-way variance
analysis (ANOVA) accompanied by a t-test by
Dunnet.) Statistically significant results were
rendered at P<0.05.

Effect on GSH level

The GSH level were decreased with ethanol
treatment whereas the levels augmented to

1524.2+21.49 n mol/ g tissue with the treatment of
standard drug, even though all the phytoconstituents
showed significant activity, the phytoconstituent
Bacoside A showed peak level of GSH
1378.53+10.65 n mol/ g tissue when compared to
others Table 4.

Table 4: Effect of various phytoconstituents on gastric GSH

GSH
Group Dose (n mol/ g tissue)
Control (0.5%CMC) 5mi/kg 1721+5.06
Ethanol 5ml/kg 457.86+4.25
Ethanol + Surlafate 5ml/kg +100mg/kg 1524.2+21.49***

Ethanol +Bacoside A 5ml/kg +200pg/ml/kg  1378.53+10.65*
Ethanol + Withanolide A 5ml/kg +20ug/mi/kg  1332.28+7.37*

Ethanol + Shatavarin IV 5ml/kg +200ug/ml/kg 1371.92+12.24*

Values are interpreted as (Mean + S.E.M.), n=6,*
p<0.05, * ** p<0.001 relative to the control group.
(Statistically evaluated by a one-way variance
analysis (ANOVA) accompanied by a t-test by
Dunnet.) Statistically significant results were
rendered at P<0.05.

Effect on GPX level

GPX Level were decreased with the treatment of
ethanol t02.33+0.16 U/mg Protein, treatment with the

standard drug have increased the CPx level to
7.06£0.13 U/mg Protein. Phtoconstituents also
notably increase the GPx level as like that of the
standard drug. Bacoside A- 6.01+0.06 U/mg Protein,
Withanolide A 5.91+0.04U/mg Protein and
Shatavarin IV 6.16+£0.11 U/mg Protein. The
Withanolide A showed preeminent activity Fig. 4.

www.ijrpp.com

~ 188~



Kameshwaran S et al / Int. ]. of Res. in Pharmacology & Pharmacotherapeutics Vol-9(3) 2020 [182-194]

10

GPx (U/ mg Protein)

mm Cortrol

B Ethanol

mm Ethanol + Surlafate
Ethanol +Bacoside A

B Ethanol + Withanolide A
Ethanol + Shatavarin IV

Fig. 4: Phytoconstituents impact on gastric GPX

Effect on TAC level

TCA level were decreased by the treatment of
ethanol to 28.06+0.48 p moltrolox equivalent/ g
tissue, Standard drug Sucralfate at the dose of
100mg/kg have amplified the TCA levels to

60 -

40+

20 4

43.33£0.35 p moltrolox equivalent/ g tissue, a
significant increase in the TCA level in the
phytoconstituent treated groups, Shatavarin 1V
showed marked raise in the TCA level Fig. 5.

Control

Ethanol

Ethanal + Surlafate
Ethanol +Bacoside A
Ethanol + Withanolide A
Ethanal + Shatavarn 1V

TAC (4 moltrolox equivalent/ g tissue)

Fig. 5: Phytoconstituents impact on gastric TAC

DISCUSSION

The phytoconstituents Bacoside A, Withanolide
A and Shatavarin 1V were obtained from the herbal

plants Bacopamonniera, Withania somnifera and
Asparagus racemosus have important
pharmacological effects, and there has been a lack of
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detailed understanding of the capacity of
phytoconstituetns. The protective function of the
various phytoconstituents was first studied including
Bacoside A, Withanolide A and Shatavarin IV.

In ethanol-induced gastric injury process, ethanol
induces gastrointestinal damage by direct effects
including destruction of the cell membrane of mucus,
cytotoxic and dehydration effects with the
consequent dissemination of the inflammatory
cascade [31]. Meanwhile, alcohol induces apparent
detrimental effects by recruiting leukocytes that
trigger inflammatory responses, oxidative stress and
apoptosis. NF-xB plays a crucial role in mediating
the interplay between these events [31, 26]. Specific
phytoconstituetns  delivered  significant defense
against gastric ulcer induced by ethanol, primarily
through the suppression of NF-kB. This was achieved
either directly by inhibiting downstream targets such
as the proinflammatory TNF-a or indirectly by
battling ROS through the antioxidant properties of
various  phytoconstituetns.  Furthermore,  the
phytoconstituetns' anti-apoptotic and cytoprotective
effects also mediated the protection against ethanol
insult. Such gastro-protective acts were essentially
similar to those performed by the reference
sucralfate, which signified the possible use of
phytoconstituetns to relieve ethanol-provoked gastric
lesions.

Ethanol-induced stomach injury is a primary
experimental model widely used for preclinical
evaluation of agents with potential anti-ulcer activity
since ethanol was found to be a leading cause of
stomach ulcer in humans [32-34]. Alcohol has been
reported to cause hemorrhagic gastric lesions
characterized by mucosal friability, cell exfoliation,
severe submucosal edema, and infiltration of
inflammatory cells [31, 35]. Additionally, ethanol
results in blood flow stasis and destruction of gastric
micro-vessels; events that cause hemorrhage and
necrotic stomach damage [31, 36].

Gastric mucosal injury is provoked by PMN cell
invasion as indicated by MPO activity which also
produces hypochlorus acid which causes acute
inflammation and stomach damage [37]. In the
current research, phytoconstituents attenuated gastric
histopathological aberrations and the influx of
leukocytes as evidenced by suppression of MPO
activity signifying their possible anti-ulcer acts. Such
findings are consistent with prior studies [31, 36].
The abolition of neutrophil infiltration has been

considered a crucial anti-inflammatory mechanism
which protects effective anti-ulcer agents against
gastric ulcerative lesions [38]. Such favorable
behavior are probably mediated by the observed
phytoconstituents inhibition of TNF-o and oxidative
stress as they induce the expression of several
adhesion molecules, including ICAM-1, which
increase the leukocyte invasion of injured gastric
mucosa [31, 39].

Current data revealed that ingestion of ethanol
upregulated the inflammatory response as evidenced
by increased gastric proinflammatory TNF-a and
increased protein expression of activated NF-kxBp65
in rats. This has been accompanied by a decrease in
the anti-inflammatorylL-10. These findings conform
to previous reports [36, 38, 39]. TNF-a has been
closely linked to gastric inflammation via the
activation and recruitment of immune cells, the
production of other proinflammatory cytokines and
NF-kBupregulation [39, 40].

Also, TNF-a suppresses gastric microcirculation
around ulcerated mucosa, slowing its healing42.
Conversely, MHC class Il antigen presentation and
subsequent release of pro-inflammatory cytokines
was reported to be down-regulated by IL-10 and thus
its decreased levels exacerbate gastric lesions [32,
36]. In the same sense, NF-kBis a transcription factor
that mediates critical inflammatory events in ethanol-
induced stomach injury including the expression of
several downstream proinflammatory targets such as
TNF-a, chemokines such as IL-8 and adhesion
molecules [26, 36, 42, 43]. In the inactive state, NF-
kB, a heterodimer of the Rel protein family p65 and
p50 subunits, is located in cell cytosol and is kept
inactive by binding to the inhibitory protein IxBa.
The IxBa undergoes phosphorylation and subsequent
proteasomal degradation after exposure to stress
signals such as ROS and inflammatory cytokins. As a
result, activated NF-xB is released and then
translocates to the nucleus to interact with DNA
response elements to mediate target inflammatory
genes transcription [44]. Therefore, the NF-xB p65
subunit was generally considered a marker for the
activation of NF-xB [45, 46]. Notably, several
inflammatory mediators have been known to trigger
the NF-kB, such as TNF-a and IL-1p, which generate
ROS and thus involve ROS as a specific NF-
Kbactivator [43].

Ironically, with an enhancement of the anti-
inflammatorylL-10 levels, all hytoconstituents
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suppressed TNF-o and NF-kB p65. It can be
concluded that the inhibition of NF-xB is a chief
mechanism for the suppression of gastric
inflammatory response by phytoconstituents since the
Expression of proinflammatory cytokines TNF-a is
mainly regulated by the transcription of NF-kB [36,
40]. The inhibition of NF-kB p65 expression along
with its downstream targets such as TNF-o was thus
seen as a successful strategy for managing gastric
injury [36, 47]. Meanwhile, the above findings
confirmed the histopathological results that identified
the dwindling of immune inflammatory cell
infiltration, edema and hemorrhage in
phytoconstituents. The research work shows the
defensive actions of ethanol-induced gastric damage
phytoconstituents, which were partially mediated by
their multi-pronged immune modulatory and anti-
inflammatory behavior.

The present findings also identified an in vivo
activation of apoptosis in gastric tissues treated with
ethanol, as demonstrated by caspase-3 up regulation.
In ethanol-induced gastric mucosal injury, enhanced
apoptotic death of gastric epithelial cells has been
inferred in part [48, 49]. Inflammatory signals along
with oxidative stress have been documented to cause
the expression by apoptosis of several genes
responsible for cell death [27].

The current data showed that phytoconstituents
were inhibited caspase-3, implying attenuation of
apoptosis of the gastric mucosa. Mucosal apoptosis
attenuation can be due to the observed lipid
peroxidation suppression and TNF-o because
excessive exposure of gastric mucosa to ROS and
TNF-o has been documented to increase gastric
epithelial apoptosis [50].

Ethanol has been reported to decrease gastric
mucosal microcirculation resulting in hypoxia, ROS
generation and lipid peroxidation associated [39]. In
this study, ethanol administration instigated gastric
oxidative stress and increased the lipid peroxide
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