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ABSTRACT

~

Background: Inflammatory markers, namely, myeloperoxidase (MPO), cytokines (tumor necrosis factor-alpha [TNF-a],
and interleukin-1 beta [IL-1B]) and vascular endothelial growth factor (VEGF) have been reported to play an important
role in ulcerogenesis and healing. Recently, we reported that the gastric ulcer (GU) protective and healing effects of 50%
ethanol (EtOH) extract of Punica granatum peel (PGE) in rats were predominantly due to strengthening of mucosal defense
and antioxidants status. Aims and Objectives: The present study incorporates the effects of PGE on rat gastric mucosal
inflammatory markers (MPO, TNF-a, and IL-1f) and angiogenic factor (VEGF) in GU induced by cold-restraint stress (CRS)
and EtOH in rats. Materials and Methods: PGE (100 mg/kg) was administered orally once daily to rats for 7 days before
induction of CRS and EtOH GU. Ulcer index (Ul), gastric mucosal MPO, TNF-q, and IL-1pB, and VEGF were estimated.
Results: CRS rats showed increase in Ul and MPO (419.5, P < 0.001) compared with unstressed rats while PGE caused
decrease in UI (46.1%, P < 0.05) and MPO (51.1%, P < 0.001) compared with CRS rats. EtOH rats showed increase in UI,
TNF-a (936.5%, P < 0.001), IL-1B (37.2%, P < 0.05), and VEGF (13.0%, P < 0.05) compared with control normal saline-
treated rats. PGE-treated EtOH rats showed decrease in UI (68.9%, P <0.05), TNF-a (77.9%, P <0.01), and IL-1 (24.8%, P
< 0.05) but tended to decrease VEGF (7.3%, P < 0.2) compared with EtOH rats. Conclusion: Both the inflammatory markers
and VEGF were found to increase in GU rats while PGE EtOH extract decreased the status of inflammatory markers with little
change in VEGF level with concomitant decrease in ulceration indicating their role in ulcer healing and repair.
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INTRODUCTION

Gastric lesions are resultant of mucosal damage produced
by a number of factors and are associated with cellular
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influx, free radical generation, cytokines, and growth factors.
Acute inflammatory marker, myeloperoxidase (MPO), and
pro-inflammatory cytokines (tumor necrosis factor-alpha
[TNF-a], interleukin-6 [IL-6], and IL-1 beta [IL-1B]) play a
major role in gastric ulceration.!'? Stress has been reported
to increase the gastric mucosal level of MPOP! while ethanol
(EtOH) ingestion was reported to cause gastric mucosal
damage through the inflammatory and oxidative processes
due to increase levels of malondialdehyde, nitric oxide,
and TNF-o and IL-1B."! Growth factors such as vascular
endothelial growth factor (VEGF), basic fibroblast growth
factor, and transforming growth factor-o (TGF-a) are having
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a major role in tissue healing processes including that of
gastric ulcers (GU).’! We have earlier reported the healing
effects of EtOH extract of dried fruit pulp of plantain banana
(Musa sapientum var. paradisiaca) on acetic acid-induced
GU in rat and found the role of cytokines, TNF-a, IL-1p, and
growth factor, TGF-a in healing GU.!®!

Punica granatum L. (family - Punicaceae, PG) is native to
Iran, Afghanistan, Baluchistan, Mediterranean regions, and
Himalayas in Northern India. PG fruits have been reported
to have pharmacological properties such as antioxidant,
anti-diarrheal, anti-inflammatory, anticancer, antibacterial,
antifertility, angiogenesis, apoptotic, antiulcer, and wound-
healing activity.l”! There are reports of GU protective effects
of PG peel (PGE), rind and seeds against EtOH- and non-
steroidal anti-inflammatory drugs-induced GU in rats which
could be due to decreased acid secretion and promotion of
mucin secretion and adhered mucin and status of mucosal
antioxidants.®%! Recently, we reported, in our “in press” work,
the GU protective and healing properties of 50% EtOH extract
of PGE against acute GU induced by various experimental
physical and chemical ulcerogens in rats and demonstrated the
role of defensive mucin secretion and mucosal glycoproteins
and antioxidants.'"” The present work is, thus, in continuation
of our earlier work on PGE and is further carried out to study
the role of MPO, cytokines (IL-1p and TNF-a), and VEGF
in the ulcer-protective effects of PGE against cold-restraint
stress (CRS)-and EtOH-induced GU in rats.

MATERIALS AND METHODS
Animals

Inbred Charles-Foster (CF) albino rats (150-200 g) of either
sex were obtained from the central animal house of Institute
of Medical Sciences, Banaras Hindu University, Varanasi.
They were kept in the departmental animal house at ambient
temperature of 26°C + 2°C and relative humidity of 44-56%,
with light and dark cycles of 10 and 14 h, respectively, for
1 week before and during the experiments. Animals were
provided with standard rodent pellet diet (Pashu Aahar,
Ramnagar, Varanasi) and the food was withdrawn 18-24 h
before the experiment though water was allowed ad libitum.
“Principles of laboratory animal care” (NIH Publication
No. 82-23, revised 1985) guidelines were followed. Approval
from the Institutional Animal Ethical Committee was taken
before the experimental work (Notification No.: Dean/13-14/
CAEC/333 dated 20.11.2013).

Collection of Fruits and Extraction

Fruit of PG was collected in the months of September-
November from Ayurvedic Gardens, Banaras Hindu University.
Peel of PG was removed from the fruits, dried in shade, and
blended to form of fine powder. PGE was prepared by adding
200 g of dried fine powder of PG in 1000 ml of EtOH (500 ml)

and distilled water (500 ml) mixture. The mixture was shaken
at intervals and the extract so obtained was filtered after an
interval of two days. The procedure was repeated twice at an
interval of two days. PGE so obtained each time was mixed
and later dried at 40° C in an incubator. The yield was about
20.1% (w/w). PGE was stored at —20°C until further use.

Drugs and Chemicals

Omeprazole (OMZ, Merck India Ltd., Mumbai, India),
sucralfate (SCF, Reckitt and Colman India, Kolkata),
pentoxifylline (PTX, Merck India Ltd., Mumbai, India),
and all other chemicals and reagents were used of analytical
grade.

GU and Inflammatory Markers Studies

The dose of PGE and the standard anti-ulcer drugs, OMZ
(antisecretory, 2 mg/kg), SCF (ulcer healer, 500 mg/kg),
TNF-a antagonist, and PTX (10 mg/kg), was selected as
reported earlier.'!>!) PGE, OMZ, SCF, and PTX were
suspended in 0.5% carboxymethyl cellulose (CMC). The
animals received the drugs orally with the help of an orogastric
tube in the volume of 10 ml/kg body weight and were given
orally once daily for 7 days. The experiments were conducted
on day 7, one hour after the last dose of PGE/standard drugs
to 18 h fasted rats while control rats received CMC only.
The effects of PGE were studied on gastric ulceration and
gastric mucosal MPO in CRS-induced GU rats while gastric
ulceration and cytokines, TNF-a and IL-183, and VEGF were
studied in EtOH-induced GU.

Anti-ulcer Study

Acute GUs like CRS and EtOH were produced following
the methods as reported earlier.'!! Briefly, CRS was given by
strapping the rats on a wooden plank and keeping them for
2 h at 4-6°C while EtOH (1 ml/200 g, 1h) was given orally to
the overnight fasted rats for 1h. The animals were euthanized
with over dose of anesthetic ether after 2 and 1 h of CRS and
EtOH. The stomachs were dissected out for ulcer scoring.
In CRS rats, ulcer index (UI) in CRS rats was calculated by
adding the number of ulcer per stomach plus the severity of
ulcer converted as one plus per stomach by a person unaware
of the experimental protocol,' while in EtOH treated rats,
UI was scored, based on the product of length and width of
the ulcers present in the glandular portion of the stomach
(mm?*rat).'l The stomachs were dissected out, and the
mucosal scrapings were taken from the glandular portion of
the stomach and homogenized in respective buffered solution
for the estimation of various biochemical paradigms.

Gastric mucosal MPO estimation in CRS rats: Gastric mucosal
protein (mg/g wet tissue) and MPO (mU/mg protein) were
estimated in the gastric mucosal homogenate of unrestraint
stress (URS, negative control) or CRS (Control) rats treated
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rats with oral CMC; PGE (test extract) and SCF and OMZ
(positive controls). Briefly, the gastric mucosawas scrapped and
homogenized in normal saline (NS) (20 mg/ml)/0.5% HTAB
with 50 mM potassium phosphate buffer (pH 6) (100 mg/ml)
for the estimation of protein!!*!and MPO,!'¥ respectively. The
0.05 ml of solution of alcoholic precipitate of gastric mucosa
in 0.1 N NaOH was added to 0.95 ml of distilled water. Out
of this 1 ml solution, 0.4 ml was taken into another test tube.
To this, 4 ml of alkaline reagent was then added and kept for
10 minutes. Then, 0.4 ml of the phenol reagent was added
and again 10 minutes were allowed for color development.
Readings were taken against the blank prepared with water at
610 nm. The protein content was calculated from the standard
curve prepared with bovine albumin and expressed in terms
of mg/g wet mucosa. For MPO estimation, mucosal scrap was
homogenized as above and was freeze-thawed three times
and sonicated for 10 seconds and then centrifuged at 14000 x
g for 45 minutes at 4°C. The resulting supernatant was used
for estimation of MPO. A unit of MPO activity is defined as
that converting 1 pmol of H,O, to water in Imin at 25°C. The
results were expressed as nM/mg protein.

Gastric Mucosal Cytokines and Growth Factor Studies
in EtOH-treated Rats

Gastric mucosal protein (mg/g wet tissue),!') TNF-a (pg/
mg protein),!™! IL-1B (pg/mg protein),!'®! and VEGF (pg/mg
protein)!' were estimated in the gastric mucosal homogenate
of NS (negative control)- or EtOH (Control)-treated rats with
oral CMC; PGE (test extract) and SCF and OMZ, and PTX
(positive controls) using standard kits [Cat#ELR- TNF-a-CL;
Cat#ELR-IL-1B-CL; Cat#ELR-VEGF-CL; Ray Biotech,
Inc., GA].

Statistical Analysis

Results are expressed as mean + SEM (n=4). Data were
analyzed by one-way ANOVA followed by Dunnett’s test for
multiple comparison and significance was declared at P <0.05.

RESULTS

Effect of PGE on GU and Gastric Mucosal Proteins and
MPO in CRS Rats

ur

CRS rats showed a significant increase in Ul compared with
URS rats while CRS-induced Ul was reduced with pre-
treatments of PGE, OMZ, and SCF compared with CRS
alone (Table 1).

Proteins and MPO

Rats of URS, CRS, or PGE-/OMZ-/SCF-treated CRS rats
showed little or no change in the gastric mucosal protein
content. MPO was increased significantly in rats subjected to

CRS (419.5% increase, P < 0.001) compared with URS rats
while rats subjected to CRS after treatments with PGE, OMZ,
and SCF showed significant decrease in the level of MPO
(38.8-51.1% decrease, P <0.01 to P <0.001) compared with
CRS rats (Table 1).

Effect of PGE on GU and Gastric Mucosal Protein,
Cytokines, and VEGF in EtOH Rats

ur

EtOH (UI-22.3 + 3.89) caused significant gastric ulceration
compared with NS treated alone (UI 0.0 £ 0.0). Pre-treatment
of rats with PGE, OMZ, SCF, and PTX in EtOH-induced GU
indicated significant ulcer reduction which ranged from 68.9
to 82.9% (P < 0.05 to P <0.01), respectively (Table 2).

Gastric mucosal proteins, TNF-a, IL-1f, and VEGF

Gastric mucosal homogenate of CMC-NS-treated rats
showed protein as 54.5 + 1.36 mg/g wet tissue while VEGF,
TNF-a, and IL-1p were 146.4 + 3.30, 630.7 £ 61.7, and 391.9
+ 38.7pg/mg protein, respectively. CMC- EtOH-treated rats
did not show any change in protein content (58.0 + 1.55 mg/g
wet tissue) while VEGF, TNF-a, and IL-1 were increased
to 1654 + 5.56, 6537 + 911, and 537.5 £ 31.6 pg/mg
protein, respectively (13.0 to 936.5% increase, P < 0.05 to
P < 0.001), compared with CMC-NS-treated rats (Table 2).
PGE, OMZ, SCF, and PTX showed little or no change in
their protein content compared with control EtOH group.
PGE, OMZ, SCF, and PTX showed significant decrease in
both TNF-a and IL-1p levels (21.5-87.6% decrease, P < 0.05
to P < 0.001) compared with control EtOH group. VEGF
tended to decrease in PGE, OMZ, SCF, and PTX (6.6-9.4%
decrease, P < 0.1 to P < 0.2) compared with control EtOH
group (Table 2).

DISCUSSION

PGE was earlier found to protect the incidence and severity of
GU induced by both physical (CRS and pylorus ligation) and
chemical agents (Aspirin & EtOH) and healed the chronic
ulcer induced by acetic acid, predominantly by strengthening
of mucosal defense and antioxidant status.'” As cytokines,
MPO and growth factors were reported to play an important
role in ulceration and healing, so their roles were studied in
the ulcer protective and healing effects of PGE using CRS
and EtOH rat GU models.

MPO activity is closely associated with neutrophil-dependent
inflammatory response in experimental ulcer and invasion of
gastric tissues by neutrophils, marked with increased MPO
activity, contributes to gastric mucosal damage and was
found to increase concomitantly with the gastric lesion.!'®!
The result of the present study indicated an increase in gastric
mucosal MPO in CRS rats indicating mucosal inflammation
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Table 1: Effects of PGE, OMZ, and SCF on UL, mucosal protein, and MPO in CRS-GU rat

Parameters (mg/kg, once dailyx7 days) Ul Protein (mg/g wet tissue) MPO (mU/mg protein)
CMC 0.5%+URS 0.0+0.0 58.9+2.61 11.3+0.52
CMC 0.5%+CRS 25.8+2.97¢ 60.3£2.56 58.7+4.49¢
PGE 100+CRS 13.942.01* 61.3+2.17 28.7+2.07*
OMZ 2+CRS 8.93+1.67Y 64.7+£2.73 35.9+£3.03
SCF 500+CRS 10.1+£2.03¥ 59.6+2.81 33.2+3.89¥

Values are mean+=SEM of 6 animals in each group. °P<0.001 compared with CMC+URS group and *P<0.05,YP<0.01 and “P<0.001
compared with CMC+CRS group. SEM: Standard deviation, PGE: Punica granatum peel extract, OMZ: Omeprazole, SCF: Sucralfate,
CMC: Carboxymethyl cellulose, URS: Unrestraint stress, Ul: Ulcer index, CRS: Cold-restraint stress, MPO: Myeloperoxidase, GU: Gastric ulcer

Table 2: Effects of PGE, OMZ, SCF, and PTX on UI and gastric mucosal protein, VEGF, TNF-a, and IL-1f in rat

EtOH-induced GU

Parameters (mg/kg, Ul Protein (mg/g TNF-a (pg/mg IL-1B (pg/mg VEGF (pg/mg
odx7 days) tissue) protein) protein) protein)
CMC 0.5%+NS 0.0+0.0 54.5+1.36 630.7+61.7 391.9+38.7 146.4+3.30
CMC 0.5%+EtOH 22.34+3.89¢ 58.0+1.55 6537+£911¢ 537.5+£31.6* 165.4+5.56°
PGE 100+EtOH 6.93+1.79Y 61.8+2.70 1446394 404.2+£25.7* 153.3+£5.02
OMZ 2+EtOH 6.23+1.81Y 56.2+4.36 1456+397Y 422.1+£242x 154.7+4.76
SCF 500+EtOH 4.16+1.57Y 54.6+3.57 11294376 414.2426.3* 153.7+£3.81
PTX 10+EtOH 3.82+0.937 53.7+2.19 808+216* 373.9+£17.3¥ 149.9+£3.93

Values are mean+SEM of 6 animals in each group. *P<0.05 and °P<0.001 compared with respective carboxymethyl cellulose (CMC)+NS group
and *P<0.05, ¥P<0.01 and “P<0.001 compared with respective CMC+EtOH group. SEM: Standard deviation, PGE: Punica granatum peel
extract, OMZ: Omeprazole, SCF: Sucralfate, CMC: Carboxymethyl cellulose, URS: Unrestraint stress, UL: Ulcer index, CRS: Cold-restraint
stress, MPO: Myeloperoxidase, GU: Gastric ulcer, NS: Normal saline, PTX: Pentoxifylline, EtOH: Ethanol, TNF-a: Tumor necrosis
factor-alpha, IL-1f: Interleukin-1 beta, VEGF: Vascular endothelial growth factor

and subsequent damage compared with URS rats. PGE-,
OMZ-, and SCF-treated CRS rats showed a decrease in
MPO which could be due to decrease in mucosal damage
and reduction in inflammation as evidenced by decrease in
UL Our study does indicate the protective effects of PGE
which could be mediated through decrease in MPO-induced
oxidative stress and gastric mucosal inflammation and
damage.

Oxidative stress has been implicated in the development of
EtOH-induced gastric injury where reactive oxygen species
generated by activated leukocytes triggers mucosal damage
through lipid peroxidation and depletion of antioxidant
defenses such as reduced glutathione, catalase, and total
antioxidant capacity!” In addition, depletion of mucosal
cytoprotective moieties, including PGE, and glycoproteins,
has been linked to EtOH consumption.l'”?”) Although the
mechanisms underlying EtOH-induced GU have not been
fully elucidated yet, mounting evidence have indicated that
pro-inflammatory cytokines, oxidative stress, and apoptosis
play important roles in its pathogenesis.?!! Activation of
neutrophils is associated with an up-regulated inflammatory
response with increased gastric expression of nuclear
factor kappa B (NF-kB), which controls the generation of
pro-inflammatory cytokines including TNF-a and IL-1p.
These events amplify the inflammatory cascade through

triggering the release of other pro-inflammatory mediators
and enhancing further recruitment of macrophages and
neutrophils, thereby exacerbating the gastric damage.”? Pro-
inflammatory cytokines, TNF-a, and IL-1f are thus involved
in the induction of inflammation and injury the gastric
mucosa with sustained inflammatory reaction delaying
healing process at the ulcer area. Rather TNF-a stimulates
caspase-3 in epithelial and endothelial cells of gastric
mucosa and thus contributes to apoptosis and subsequent
damage. PTX decreased the levels of TNF-a and IL-1fB
significantly in EtOH-induced ulcerated gastric mucosa, and
the above observation is in confirmation with the reported
work of other workers.[>?*2*1 TNF-a is reported to stimulate
the upregulation of IL-1B levels, so by controlling the
TNF-a expression, the IL-1B expression can be controlled.
This may be the mechanism by which PTX decreases both
the cytokines levels. In the present study, we have observed
increased levels of pro-inflammatory cytokines TNF-a
and IL-1p in the gastric mucosa of EtOH-induced rats and
treatments with PGE, OMZ, SCF, and PTX in EtOH-treated
rats showed significant decrease in both TNF-a and IL-18
levels compared with control EtOH group indicating the role
played by cytokines in ulceration and healing.

Angiogenesis is a prerequisite for the healing of EtOH-
induced deep gastric mucosal damage. EtOH-induced injury
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to the gastric mucosa activates VEGF gene expression as
reflected by increases in VEGF at both the transcriptional
and translational levels. Increased VEGF expression in the
gastric mucosa in response to EtOH injury strongly suggests
the importance of VEGF as a mediator of the angiogenesis
crucial for the repair of gastric mucosal erosion®! Treatment
with PGE, OMZ, SCF, and PTX in EtOH-treated rats tended
to decrease VEGF level in the gastric mucosa compared with
EtOH group which may be consequence to decrease damage
to the gastric mucosa leading to non-stimulation of VEGF
synthesis. However, VEGF level in all the test drugs showed
its level more than NS-treated group indicating that their
effects on VEGF are not inhibitory.

Many chemical constituents were isolated from PGE by
different workers and found a higher amount of phenolic
compounds than in the fruit pulp.”® These compounds
include flavonoids (anthocyanins, catechins, cyanidin,
kaempferol, and other complex flavonoids) and hydrolyzable
tannins such as punicalin, pedunculagin, punicalagin,
gallic, and ellagic acid®”’ Punicalagin and ellagic acid,
the main bioactive constituents in the pomegranate husk,
have shown antioxidant, antiproliferative, and apoptotic
activities.?®?% Successful in vitro and in vivo assays indicated
that pomegranate peel extract and hydrolysable tannins,
in the form of standardized active components, are very
effective treatment measure against various inflammatory
disorders.?’”  The antioxidant and anti-inflammatory
properties of PGE may be due to polyphenols (tannins and
flavonoids), and this could be helpful in protecting gastric
mucosa to ulceration.

CONCLUSION

We earlier reported PGE having significant GU protective
and healing activities through an increase in gastric juice
mucoproteins and mucosal glycoproteins and decrease in
oxidative stress-induced mucosal damage. At present, PGE
was found to decrease the pro-inflammatory cytokines,
TNF-a and IL-1B, and MPO and mucosal damage in rats.
VEGF was found to increase in EtOH-induced injury, a
consequent induction of VEGF synthesis to acute damage
and decrease in VEGF level with PGE, OMZ, and SCF and
PTX indicated prevention of tissue damage and consequent
decrease in VEGF induction. Further, in depth studies are
required to confirm the above hypothesis by doing more
study at the cellular and biochemical levels.
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