Dig Dis Sci
DOI 10.1007/s10620-010-1151-3

ORIGINAL ARTICLE

The Protective Effect of Capsaicin Receptor-Mediated Genistein
Postconditioning on Gastric Ischemia—Reperfusion Injury in Rats

Dong-Shu Du - Xiao-Bo Ma - Jian-Fu Zhang -
Xiao-Yan Zhou * Yu Li - Yong-Mei Zhang -
Wei-Li Qiao

Received: 20 September 2009/ Accepted: 3 February 2010
© Springer Science+Business Media, LLC 2010

Abstract

Background No published study has addressed the effect
of genistein postconditioning on gastric ischemia—reperfu-
sion (GI-R) injury in rats.

Aim To examine whether capsaicin receptor-mediated
genistein postconditioning protects against gastric ische-
mia—reperfusion injury via the PI3K/Akt signal pathway.
Methods and Results Chloraldurat-anesthetized rats
underwent occlusion of the celiac artery for 30 min, fol-
lowed by 60 min of reperfusion. Based on this animal
model of gastric ischemia—reperfusion injury, genistein at
doses of 100, 500 or 1,000 pg/kg was administered via
peripheral vein 5 min before reperfusion. The dose of
500 pg/kg was optimal for postconditioning, at which the
severity of I-R-induced gastric injury significantly
decreased. Immunohistochemistry also showed that gastric
mucosal cell apoptosis decreased. Capsazepine (CPZ), a
specific antagonist for the capsaicin receptor, was admin-
istered (1,000 pg/kg, i.v.) just before ischemia. Capsaicin
(50 mg/kg, s.c.) once a day for 4 days reversed the
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protective effects of genistein. Reverse transcription-
polymerase chain reaction (RT-PCR) and Western blotting
showed increased calcitonin gene-related peptide (CGRP)
expression in genistein group but not in capsazepine or
capsaicin group. CGRP inhibitor CGRP8-37 also prevented
the effects of genistein in decreasing gastric mucosal injury
index. In addition, PI3K inhibitor LY294002 (1.5 mg/kg)
reversed the protective effect of genistein. Compared
with genistein group, Western blots also demonstrated
decreased Akt phosphorylation in LY294002 group.
Conclusion Our data suggest that capsaicin receptors
mediated the protective effects of genistein postcondi-
tioning. CGRP secreted by activated capsaicin-sensitive
neurons played an important role in the protective effects
of genistein. PI3K/Akt pathway was also involved in the
protective effects of genistein.

Keywords Gastric ischemia—reperfusion -
Genistein postconditioning - Capsazepine - Capsaicin -
CGRP - PI3K/Akt

Introduction

Genistein is a biologically active substance, found at high
content in soybean. It has weak estrogen-like activity.
Many authors have suggested the use of natural estrogens
derived from plants, i.e., phytoestrogens, as a therapeutic
alternative to classical estrogens [1, 2]. The main com-
pound of this family is genistein, which is able to exert a
vasodilation effect with similar potency to 17-estradiol in
human forearm vasculature [2]. Accumulating evidence
suggests that genistein can reduce cholesterol, heart dis-
ease, and cancer incidence [3, 4]. Moreover, it has been
demonstrated that genistein can inhibit I-R-induced
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myocardial apoptosis and has a cardioprotective effect in
rabbits [5]. Previous studies also showed that genistein can
affect the relaxation of mouse isolated stomach [6] and has
a protective effect against stress-induced gastric mucosal
lesions [7]. Because of its extensive presence in and close
relation to soybean-rich diet, its healthcare and medicinal
values are attracting increasing attention.

Related studies [8, 9] found that phytoestrogenic isofl-
avon or phytoestrogen genistein could affect sensory neu-
ron excitability and attenuate neuronal apoptosis. Recent
studies have shown that many noncholinergic, nonadreno-
ceptor (peptidergic) afferent neurons are distributed in
gastrointestinal tract. Their cell membrane and the nerve
endings are rich in capsaicin receptor subtype 1 (VR;)
[10-12]. By using immunohistochemical staining and
Western blot analysis, Faussone et al. [13] also revealed
that VR, is distributed in nerve endings in gastric mucosal
layer, submucosa, and parietal cells, all of which are sen-
sitive to thermal, mechanical, chemical, and ischemic
stimuli, etc. Capsaicin receptor is believed to play an
important role in maintenance of normal functions of
gastrointestinal mucosa against injury caused by stimuli
[14—16]. Thus, it could be hypothesized that genistein might
inhibit I-R-induced gastric mucosal injury by activating
VR;. The PI3K-Akt signaling pathway plays an important
role in regulating gastrointestinal tract function. Some
reports [17, 18] showed that the PI3K-Akt pathway medi-
ated antiapoptosis effect of gastric carcinoma cell and tumor
necrosis factor—related apoptosis-inducing ligand (TRAIL)-
and radiation-induced gastrointestinal cell apoptosis.

First, this study aims to ascertain whether low doses of
genistein have protective effects on ischemia—reperfusion
injury in rat gastric mucosa. Then, further exploration was
performed to investigate whether the capsaicin receptor
mediated the protective effects of genistein postcondi-
tioning. Genistein was administered during 30 min ische-
mia, prior to reperfusion, to induce pharmacological
postconditioning. From a methodological point of view,
pharmacological postconditioning was employed in GI-R
injury, which not only avoided the defect of ischemia
preconditioning but also the defect of ischemia postcon-
ditioning that might cause mechanical injury to the
organism. Therefore, acute postconditioning with genistein
could be proposed as a therapeutic strategy for treatment of
gastric ischemia-reperfusion injury.

Methods
Animals

Adult male Sprague-Dawley rats, weighing 200-240 g,
were provided by the Experimental Animal Centre of
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Xuzhou Medical College. All experiments were performed
in accordance with the National Institutes of Health
Guidelines for the Care and Use of Laboratory Animals.
These rats were deprived of food but allowed access to tap
water ad libitum for 24 h before experiments. Each
experiment was performed with six to eight rats under 10%
intraperitoneal chloraldurat anesthesia.

Experimental Protocol

Acute gastric mucosal injuries were induced by I-R [19].
Briefly, under chloraldurat anesthesia (10%, i.p.), the celiac
artery was clamped with a small clamp, and 30 min later,
reperfusion was achieved by removal of the clamp for
60 min. The animals were included in different protocols
as illustrated in Fig. 1. They were all subjected to celiac
artery occlusion for 30 min and then reperfusion for
60 min. In order to determine whether the capsaicin
receptors and the PI3K/Akt pathway were involved in the
protective effects of genistein, various doses of genistein
(100, 500, and 1,000 pg/kg, i.v.) were used for postcon-
ditioning, 5 min prior to reperfusion. Capsazepine (CPZ)
(1,000 pg/kg, iv.), CGRP8-37 (500 pg/kg, i.v.), and
LY294002 (1.5 mg/kg, i.v.) were administered before
ischemia. Capsaicin (50 mg/kg, s.c.) was administered
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Fig. 1 Experimental protocol. CAO, celiac artery occlusion; CAR,
celiac artery reperfusion. Vehicle and genistein were administrated
5 min prior to CAO; Capsazepine, CGRP8-37, and LY294002 were
administered before ischemia. Capsaicin was administered once a day
for 4 days
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once a day for 4 days, the other procures with the same as
genistein postconditioning.

After 60 min of reperfusion, the animals were sacrificed
and their stomachs were excised. The gastric mucosal
injury index was recorded and each of the mucosa was
divided into halves. One half of the mucosa was immersed
in 4% formalin-saline, embedded in paraffin, and sectioned
at 5 um for terminal dUTP nick end labeling (TUNEL)
detection. The other half was stored at —80°C for Western
blotting. In such groups as sham, I-R, vehicle, genistein,
capsazepine, and capsaicin, dorsal root ganglia (T5-L2)
was excised for RT-PCR of CGRP.

Assessment of Gastric Mucosal Injury Index

At the end of reperfusion, gastric mucosal injury index was
measured as described by Guth et al. [20] with slight
modification. The stomach was incised along the greater
curvature and rinsed with ice-cold phosphate-buffered
saline (PBS; 0.1 mol/L). The stomach was spread out on a
cold plate and a paned countering slab (with 1 mm?” panes)
for injury index count. The index is based on a cumulative
length scale, in which individual lesions limited to the
mucosal epithelium (including pinpoint erosions, ulcers,
and hemorrhagic spots) are scored according to their length
as follows: 1 for a lesion <1 mm; 2 for a lesion >1 mm
and <2 mm; 3 for a lesion >2 mm and <3 mm; etc. For
lesions with width >1 mm, the lesion score was doubled.
The sum of these scores is the gastric mucosal injury index.
To avoid researcher bias, the gastric mucosal damage index
was determined by a researcher who was unfamiliar with
the experiment.

Terminal dUTP Nick End Labeling (TUNEL)
Immunohistochemistry

In order to observe gastric mucosal apoptosis and prolif-
eration after reperfusion, detection of apoptosis using
TUNEL technique was performed on paraffin tissue sec-
tions with a TUNEL ApopTag kit (CHEMICON, USA).
The percentage of TUNEL-positive nuclei within the
infarcted area was determined at random. The percentage
of positive cells (positive cells/total cells x 100) was
calculated.

Analysis of Calcitonin Gene-Related Peptide (CGRP)
mRNA Expression by RT-PCR

Animals were sacrificed under deep anesthesia after
reperfusion, and the dorsal root ganglia (DRG) on both
sides of the spinal cord were removed, frozen in liquid
nitrogen, and stored at —80°C until use.

Tissue samples were pooled from two or three rats for
extraction of total RNA, which was prepared by a single-
step method of acid phenol—chloroform extraction. The
sequences of sense and antisense primers for rat CGRP are
shown in Table 1. An aliquot of the reverse-transcription
reaction product served as a template in 30 cycles of
polymerase chain reaction (PCR) with 0.5 min denatur-
ation at 94°C, 0.5 min annealing at 55°C, and 2 min
extension at 72°C on a thermal cycler. A portion of the
PCR mixture was electrophoresed in 1.5% agarose gel in
Tris—ethylenediamine tetraacetic acid (EDTA)—acetic acid
buffer, and the gel was stained with ethidium bromide and
photographed.

Western Blotting

After reperfusion, gastric mucosal was scraped and stored
at —80°C. Tissue lysates were prepared with cold 1%
Nonidet P-40 in 50 mM Tris-HCl pH 7.4 containing
120 mM NaCl, 1 mM EDTA, 50 mM NaF, 0.1 mM
NazVO,, and protease inhibitor cocktail. Total protein
levels were quantified by Lowry assay. Lysates (100 pg of
total protein) were then subjected to sodium dodecyl sul-
fate (SDS) polyacrylamide gel electrophoresis (PAGE) and
transferred onto a nitrocellulose membrane (pore size
0.45 mm) according to the method of Towbin et al. [21].
Blotting filters were incubated with 3% bovine serum
albumin (BSA) in TBST [10 mmol/L Tris (pH 7.5),
150 mmol/L NaCl, 0.05% Tween-20] at 4°C for 6 h and
probed with monoclonal phospho-Ser473 specific anti-
active Akt (1:200) and anti-CGRP antibody (1:100) at
4°C overnight. Detection was performed with alkaline
phosphatase-conjugated goat anti-rabbit immunoglobu-
lin G (IgG; 1:10,000) or goat anti-mouse IgG (1:10,000)
and developed with 5-bromo-4-chloro-3-indolyphosphate
p-toluidine salt (BCIP)-nitroblue tetrazolium chloride
(NBT) color substrate. Immunoblotting bands were scanned

Table 1 PCR primer sequences

and product sizes Molecule

Primer sequence

Product size (bp)

CGRP

5'-GTGTCACTGCCCAGAAGAGATC-3 102

5'-CAAAGTTGTCCTTCACCACACC-3'

p-Actin

5'-CCTGTGGCATCCATGAAACTAC-3' 217

5'-CTTCTGCATCCTGTCAGCGAT-3'
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and analyzed by image analyzer (LabWorks Software;
UVP, Upland, CA, USA).

Preparation of Drugs

The drugs used were chloraldurat (SCRC, China), genistein
(Sigma—Aldrich), capsazepine (Sigma—Aldrich), capsaicin
(Sigma—Aldrich), CGRP8-37 (Sigma—Aldrich), and
LY294002 (Beyotime, Haimen, China). Chloraldurat and
CGRPS8-37 were dissolved in saline, while genistein,
capsazepine, capsaicin, and LY294002 were dissolved in
dimethyl sulfoxide (DMSO).

Statistics

All results are expressed as mean =+ standard deviation (SD)
for six to eight rats per group. Data were compared by one-
way analysis of variance and Student’s ¢ test. All calculations
were performed with SPSS 13.0 (SPSS, Chicago, IL, USA)
for Windows. P < 0.05 was considered significant.

Results

Effects of Genistein Postconditioning on [-R-Induced
Gastric Injuries in Rats

Laparotomy without clamping the gastric artery (sham
operation) did not produce any damage in the gastric
mucosa, while treatment of 30 min ischemia and 60 min
reperfusion induced gastric injury. In order to ascertain the
protective effects of genistein postconditioning and avoid
tyrosine kinases inhibition, low doses of genistein (100,
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Fig. 2 Effects of different doses of genistein on [-R-induced gastric
injuries in rats. Animals were all subjected to 30 min ischemia and 1 h
reperfusion. Vehicle and genistein (100, 500, 1,000 pg/kg, i.v.) was
given 5 min before reperfusion. Gastric mucosal injury index was
significantly reduced by genistein but not by vehicle. * P < 0.05 and
# P >0.05 compared with GI-R group. Data presented as
mean =+ standard deviation (SD)
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Fig. 3 Effects of capsazepine and capsaicin on ischemia. Ischemia
could not cause observable mucosal injury. Pretreatment with CPZ and
excess capsaicin before experiment aggravated mucosal injury.
# P> 0.05 compared with ischemia. * P < 0.05 compared with
CPZ + ischemia and capsaicin + ischemia, respectively

500, 1,000 pg/kg, i.v.) were administered for postcondi-
tioning. As shown in Fig. 2, different doses of genistein
had significant protective effect against [-R-induced gas-
tric mucosal injury, particularly the dose of 500 pg/kg.

Effects of Capsaicin and Capsazepine on Genistein
Postconditioning in Rats

After reperfusion, gastric mucosal injury index was mea-
sured and the sectioned paraffin tissue was prepared for
TUNEL. As showninFig. 2, genistein at alow dose (500 pg/
kg, i.v.) significantly reduced I-R-induced gastric injury.
However, this protective effect was significantly reversed by
prior administration of capsazepine or capsaicin. The
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Fig. 4 Changes of gastric mucosal injury index with capsaicin,
capsazepine, and genistein treatment in rats. Pretreatment with CPZ
and excess capsaicin before experiment reversed the protective effect
of genistein. * P <0.05 compared with CPZ and -capsaicin.
# P > 0.05 compared with GI-R
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severity of [-R-induced gastric injury was reduced by gen-
istein but was increased by capsazepine and capsaicin. It was
firstly demonstrated that prior administration of capsazepine
or excess capsaicin did not increase mucosal injury alone, as
shown in Fig. 3. Figures 4 and 5 show that genistein reduced
tissue apoptosis and injury index, while capsazepine and
capsaicin reversed these protective effects.

Upregulated Expression of CGRP in Genistein
Postconditioning

In addition to the examination of gastric mucosal injury
index and tissue apoptosis, expression of CGRP in DRG

50

25+ T

positive cells (%)

0 T

Sham GI-R  vehicle

Fig. 5 Effects of capsaicin, capsazepine, and genistein on I-R-
induced gastric mucosal cellular apoptosis. A: sham; B: GI-R; C:
vehicle; D: genistein; E: CPZ + Genisgp; F: capsaicin 4+ Genisgo.
Values shown are percentages of TUNEL-positive cells counted in ten

and gastric mucosa was determined. As illustrated in
Fig. 6a and b, genistein postconditioning upregulated
expression of CGRP messenger RNA (mRNA), which
actually reflects CGRP protein, in both DRG and gastric
mucosa, while capsaicin and capsazepine prevented the
upregulation of CGRP mRNA. As illustrated in Fig. 6c,
genistein postconditioning upregulated expression of
CGRP protein in gastric mucosa, but this effect could be
reversed by capsaicin and capsazepine.

In addition, CGRP8-37, a selective antagonist of CGRP,
was administered (500 pg/kg, i.v.) before ischemia. As
shown in Fig. 7, the severity of gastric injury increased
compared with genistein group.

AN\

capsaicin+
Genisoo

CPZ+
Genisoo

Geni 500

microscopic fields. * P < 0.05 compared with other groups except
sham. There was no significant difference between groups of GI-R,
vehicle, CPZ + Genisog, and capsaicin + Genisgy.  (Scale
bar = 100 pm)
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Fig. 6 M: mark; 1: sham; 2: GI-R; 3: vehicle; 4: genistein; 5:
capsazepine; 6: capsaicin. a. CGRP mRNA expression in DRG. b.
CGRP mRNA expression in gastric mucosa. ¢. Content of CGRP in
gastric mucosa. CGRP expression was upregulated by Genisgy in
DRG and gastric mucosa. * P < 0.05 compared, respectively, with
the other groups

PI3K/Akt Pathway Involvement in the Protective
Effects of Genistein Postconditioning

This experiment was intended to investigate whether gen-
istein postconditioning could activate the phosphatidyli-
nositol-3-kinase (PI3K)/Akt pathway, which is central to
organ protection by ischemic postconditioning. LY294002
(1.5 mg/kg, i.v.) was administered prior to genistein post-
conditioning. As shown in Fig. 8, the severity of gastric
injury increased, compared with genistein. Western blot-
ting also demonstrated that activity of p-Akt increased in
genistein group but not LY294002 group.
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Fig. 7 Effects of CGRP8-37 on genistein postconditioning. Com-
pared with genistein group, the gastric mucosal injury index
significantly increased. * P < 0.05 compared with Genisoy group
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Fig. 8 a Effects of LY294002 on genistein postconditioning in
gastric mucosal injury index. * P < 0.05 compared with Genisgg
group. b. Western blots of phosphor-Akt (p-Akt) and f-actin from the
Genijgo and the LY294002 groups. * P < 0.05 compared with
Genisgy group
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Discussion

Ischemia-reperfusion is known to lead to tissue injury
[22-24]. As the experiment results showed, treatment of
30 min ischemia followed by 60 min reperfusion resulted
in gastric mucosal injury. The mechanisms of tissue injury
caused by I-R remains an important issue, despite there are
numerous research reports about I-R injury. There is much
evidence that ischemic postconditioning has a protective
effect on organs subjected to ischemia-reperfusion [25-27].
The present study demonstrates that administration of
pharmacological doses of genistein via peripheral vein
attenuated GI-R injury in a dose- and time-dependent
manner. However, the dose of 1 mg/kg of genistein exerted
less protection than the dose of 0.5 mg/kg, which may be
due to the exertion of a pleiotropic effect such as inhibition
of tyrosine kinases by the higher genistein dose. These
results clearly demonstrate that genistein postconditioning
played a protective role in gastric mucosal defense.

To our knowledge, there are some reports that genistein
has pleiotropic effects: high doses of genistein produced an
effect similar to tyrosine kinase inhibitor [28], but myo-
cardial infarct sizes and cadiocyte apoptosis in rabbits
subjected to ischemia—reperfusion were significantly
reduced by low doses of genistein (0.1-1.0 mg/kg, i.v.)
[5, 29]. Also, a study showed a protective effect of genistein
on gastric mucosal integrity in stress-induced lesion for-
mation [30]. Furthermore, similar to 17p-estradiol, geni-
stein was shown to be cardioprotective and relied on the
activation of estrogen receptor for its protective effect [31].

However, our study established that capsaicin receptor
subtype 1 (VR;) could be activated by genistein postcon-
ditioning. In order to avoid tyrosine kinases inhibition,
three doses of genistein (100, 500, and 1,000 pg/kg, i.v.)
were administered 5 min before reperfusion. As the results
showed, Genisgpy had a significant effect against [-R-
induced injury. Interestingly, in subsequent study, it was
found that capsazepine and excess capsaicin could prevent
the gastric protective effects of genistein. The percentage
of TUNEL-positive nuclei within the infarcted area was
decreased by genistein. The finding that genistein activates
VR, was novel. In fact, there are many reports that cap-
saicin-sensitive neurons distributed in gastrointestinal tract
act as devices of molecular integration and introduced such
information as thermal, mechanical, chemical, and ische-
mic stimuli to the central nerve system [12, 32]. VR was
expressed in these capsaicin-sensitive neurons and other
histiocytes such as gastric epithelial cells, and VR was
involved in the cellular protection of the gastric mucosa
[33].

CGRP, a neuropeptide consisting of 37 amino acids
that is secreted by capsaicin-sensitive neurons and other

histiocytes, has been confirmed to have a protective
effect on myocardial and endothelial cells subjected to
I-R [34-36], particularly exhibiting a critical effect on
reducing stress-induced gastric mucosal injury. Interest-
ingly, the levels of CGRP in gastric tissue were affected
by estrogen and isoflavone in ovariectomized rats [37].
Our study also showed that upregulation of CGRP was
related to genistein postconditioning and that the effect
was prevented by capsazepine and excess capsaicin.
RT-PCR and Western blotting showed that expression of
CGRP in DRG and gastric mucosa was upregulated
in Genisgy, instead of capsazepine and capsaicin. The
upregulated expression of CGRP suggested that the effect
of genistein postconditioning was related to activation of
VR, and was mainly mediated by CGRP. Furthermore,
CGRP8-37 was administered prior to genistein postcon-
ditioning to further explore CGRP mediation of the
protective effect against [-R-induced gastric mucosal
injury. As the results showed, gastric mucosal injury
index of CGRPS8-37 remarkably increased in comparison
with Genisoo.

The antiapoptotic effect of the PI3K-Akt pathway is
well established [38]. Many studies have demonstrated that
the PI3k-Akt pathway is involved in the repair of brain and
heart injury induced by ischemia—reperfusion [39, 40].
LY294002 specifically inhibits the class I phosphatidyli-
nositol-3-kinase (PI3K)/Akt pathway [40]. In this study,
LY294002 reversed the protective effects of genistein.
According to Fig. 8, compared with genistein, the gastric
mucosal injury index increased and expression of p-Akt
decreased. These results suggest that the PI3k-Akt path-
way participates in the protective effect of genistein
postconditioning.

Based on all the results of our present study, genistein
postconditioning was confirmed to have protective effects
on [-R-induced gastric injury, in spite of reports that
genistein exerts pharmacological postconditioning with
potency similar to 17f-estradiol by activating the estrogen
receptor [31]. Our present findings suggest that the capsa-
icin receptor (VR;) is activated in genistein postcondi-
tioning. Capsaicin-sensitive neurons and gastric epithelial
cells further released bioactive peptide CGRP to reduce
[-R-induced gastric mucosal injury. In addition, the PI3k-
Akt pathway was involved in the protective effects of
genistein postconditioning, consistent with results in other
tissues subjected to I-R injury.
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