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Resveratrol showed biphasic activity in indomethacin-induced gastric ulcerated mice. A protective effect
at a lower dose (2 mg kg™!) and a contraindicative effect at a higher dose of Resveratrol (10 mg kg~?)
were observed. This phenomenon was possibly controlled by a COX-1 and eNOS balance, which ulti-

mately maintained angiogenesis in Resveratrol-treated pre-ulcerated mice. The lower dose of Resveratrol
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(2mgkg") augmented eNOS expression without altering COX-1 expression, but, at a higher dose
(10 mg kg ), Resveratrol predominantly suppressed COX-1 expression, which significantly reduced both
PGE, synthesis and angiogenesis. Thus it ultimately resulted in delay healing of indomethacin-induced
gastric ulcers. Hence, it could be concluded that COX-1 and eNOS acted as key regulatory factors switch-

eNOS ing the biphasic effects of Resveratrol in indomethacin-induced ulcerated mice.
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Introduction

A vast variety of naturally occurring substances have been
shown to protect against experimental carcinogenesis, and an
increasing amount of evidence suggests that certain phytochemi-
cals, particularly those included in our daily diet, have marked can-
cer chemopreventive properties [1,2]. Resveratrol (Resv) is one
such dietary chemopreventive phytochemical, and it has recently
attracted considerable interest because of its remarkable multi-
functional inhibitory effects on multistage carcinogenesis [3].
One of the plausible mechanisms that could account for the
chemopreventive activity of Resv occurs through inhibition of
cyclooxygenase expression [3]. However, at the same time, cyclo-
oxygenase expression plays a critical role in healing of drug-in-
duced acute gastric ulcers [4]. Brzozowski et al. showed that [4]
Resv treatment delayed healing of acetic acid-induced gastric ul-
cers in rats [5], depending on its cyclooxygenase-1 (COX-1) inhib-
itory properties. Hence, apart from its chemopreventive activity,
Resv also possesses contraindicative ulcerogenic properties.

However, one of the most important features of Resv is its
unique biphasic dual effect depending on its variable dosage.
Kuwajerwala et al. [6] showed that, at lower doses, Resv caused
two- to three-fold increases in DNA synthesis, but at higher doses,
inhibited DNA synthesis in prostate cancer cells (LNCaP cells), thus
proving its biphasic nature. Here, we made an attempt to
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determine whether different doses of Resv treatment could exert
any kind of biphasic dual effect on indomethacin-induced gastric
ulcerated mice in reference to COX and nitric oxide synthase
(NOS) expression.

Materials and methods

Chemicals. Indomethacin, 3,3’-diaminobenzidine (DAB), bovine
serum albumin (BSA), misoprostol, resveratrol, RNA Later™, hex-
adecyltrimethylammonium bromide (HTAB) and Gen Elute™ Mam-
malian Total RNA miniprep kits were purchased from Sigma
(Sigma, St. Louis, MO, USA). Other reagents used were hydrogen
peroxide (35%, Lancaster, Morecambe, UK), disodium hydrogen
phosphate and sodium dihydrogen phosphate from BDH (BDH,
Poole Dorset, U.K.), von Willebrand Factor (rabbit anti-human,
Chemicon, Temecula, USA), hematoxylin monohydrate and eosin
yellow (both from Merck, Mumbai, India), dimethyl formamide
and tetramethyl benzidine (TMB) (Acros, Geel, Belgium), a Prosta-
glandin E; EIA kit (Cayman Chemical, Ann Arbor, MI, USA), a Revert
Aid™ H minus first strand cDNA synthesis kit, and a Dynamo™ SYBR
green® qPCR kit (Fermentas Life Sciences, USA).

Animals. Male Swiss albino mice (6-8 weeks, 25-30 g) that were
bred in-house with free access to food and water were used for all
experiments. The mice were kept in 12-h light/dark cycles and
housed at 25 °C. Animal experiments (n=15) were conducted in
accordance with guidelines of the animal ethics committee of the
Post Graduate Institute of Basic Medical Sciences, Kolkata (Animal
Ethical Committee 507/CPCSEA, Sanction No. IAEC/SB-2/2004/
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UCM-16, dated 06.15.04) and were handled following the Interna-
tional Animal Ethics Committee Guidelines, ensuring minimum
animal suffering.

Drug treatment. Drugs were prepared using 1.0% aqueous DMSO
solutions of Resv (Sigma), suspended in 2% gum acacia in distilled
water as a vehicle. Misoprostol (Sigma) (5 pg kg™!) in the same
vehicle was used as a positive control.

Protocol for gastric ulceration and assessment of healing. Acute
gastric ulceration in mice was induced by oral administration of
indomethacin (18 mg kg!, single dose) dissolved in distilled water
and suspended in 2% gum acacia as a vehicle [7,8]. The animals
were deprived of food but had free access to tap water for 24 h be-
fore ulcer induction. The normal and untreated control groups re-
ceived the vehicle only throughout the course of the experiments.
The treatment groups received different doses of Resv (10, 5, 3, 2, 1
and 0.5 mg kg~!, p.o.) and misoprostol (5 pg kg~!, p.o.) as a positive
control for different periods of time, starting the first dose 6 h after
indomethacin administration. On the 1st, 2nd, 3rd, 4th, 7th, 10th
and 15th days, mice were sacrificed by cervical dislocation under
anesthesia (ketamine, 12 mg kg~!). The stomachs from the normal
and treated groups were removed rapidly, opened along the great-
er curvature, and thoroughly rinsed with normal saline. The ulcer-
ated gastric mucosal areas were visualized using a transparent
sheet and a dissecting microscope. The damage score (DS) was as-
sessed [9] by grading the gastric injury on a 0—4 scale, based on the
severity of hyperemia and hemorrhagic erosions: 0—almost
normal mucosa, 0.5—hyperemia, 1—one or two lesions, 2—severe
lesions, 3—very severe lesions, and 4—mucosa full of lesions
(lesions—hemorrhagic erosions, hyperemia—vascular congestions).
The sum of the total scores divided by the number of animals was
expressed as the mean damage score. The experiments were per-
formed by two investigators blinded to the groups and treatment
of animals.

Histological analysis. After scoring the damage score (DS), the
fundic stomach was sectioned for histological studies. The tissue

Table 1
Primers used in Real-time PCR.

Primer pairs Sequence

cox-1 (Forward)
cox-1 (Reverse)
cox-2 (Forward)
cox-2 (Reverse)
eNOS (Forward)
eNOS (Reverse)
iNOS (Forward)
iNOS (Reverse)
GAPDH (Forward)
GAPDH (Reverse)

5'-ccggattggtggaggtaggaactttgac-3’
5'-ggcgcatctctcgggactecttg-3’
5’-accccctgetgeccgacacct-3/
5’-ccagcaacccggccagcaatc-3'
5’-ccggcgctacgaagaatggaagtg-3’
5'-gggcgctgggtgctgaactgac-3/
5’-gccttggetccageatgtaccctcag-3’
5’-cctgeccactgagttcgteccctte-3/
5’-ctgccacccagaagactgtg-3’
5’-ggtcctcagtgtageccaag-3'

Table 2
Effects of Resv on ulcer index.

samples were fixed in 10% formalin and embedded in paraffin.
The sections (5 um) were cut using a microtome, stained with
hematoxylin and eosin [9], and assessed under an Olympus micro-
scope (BX41, Hamburg, Germany).

Myeloperoxidase (MPO) assay. The MPO activity was determined
following a previously reported method [10] with slight modifica-
tions. Gastric ulcer tissues (100-150 mg) were homogenized in a
50 mM phosphate buffer (pH 6.0) containing 0.5% HTAB (hexade-
cyltrimethylammonium bromide) (Sigma), and was followed by
three cycles of freeze and thawing. The homogenate was centri-
fuged at 12,000g for 20 min at 4 °C. The supernatant (50 pl) was
collected for the MPO assay and was added to 80 mM phosphate
buffer, pH 5.4, 0.03 M TMB (dimethyl formamide and tetramethyl
benzidine) (Acros, Geel, Belgium) and 0.3 M H,0, (hydrogen per-
oxide) (35%, Lancaster, Morecambe, UK), to make a final reaction
volume of 500 pl. After incubating the mixture at 25°C for
25 min, the reaction was terminated by adding 0.5 M H,SO4, and
the change in the absorbance was measured at 450 nm. Results
were expressed as a total number of neutrophils by comparing
the OD of tissue supernatants with that of the mice peritoneal neu-
trophils processed in the same way. A standard curve relating neu-
trophil numbers and absorbance was obtained by processing
purified neutrophils, and assaying the MPO activity with 0.0005%
hydrogen peroxide as a substrate. Correlation between the number
of neutrophils and units of MPO was determined using a previously
reported technique [11]. One unit of MPO activity is defined as an
MPO activity converting 1 pmol of hydrogen peroxide to water in
one min at 22 °C.

Real-time PCR. Four days after ulcer induction, tissue samples
from the normal, untreated, or Resv-treated mice were immedi-
ately immersed into an RNA later solution (Sigma). After extracting
the total RNA using Gen Elute™ Mammalian Total RNA miniprep
kits, and after checking its integrity by gel electrophoresis, the
cDNA was synthesized from 5 pg of purified total RNA using a Re-
vert Aid™ H minus first strand cDNA synthesis kit (Fermentas Life
Sciences, USA). Expression of COX-1, COX-2, eNOS and iNOS were
detected using suitably designed primers (Sigma) (Primer Express
program, Applied Biosystems) (Table 1). The expressions of the
designated enzymes were normalized using the glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) gene as an internal refer-
ence. The experiments were performed (Real-Time PCR Systems
7500, Applied Biosystems, CA) in triplicate by using a Dynamo™
SYBR green® gPCR kit (Finnzymes, Oy-keilaranta, Finland). The
samples were quantified for all genes mentioned above using a
comparative Ct (AACt) method, as described in the Assays-on-De-
mand Users Manual (Applied Biosystems). The fold values (x) were
calculated using the formula x = 224 where the data for sam-
ple and healthy tissues, or untreated cells as a calibrator (a calibra-
tor being, e.g., a healthy tissue or untreated cells), were first
normalized against variations of sample quality and quantity.

Groups Ulcer index (damage score)

Days of ulceration

1 2 3 4 7 10 15
Sham treated 0.015%* £ 0.009 0.018"* +0.010 0.020°¢ £ 0.011 0.0125%4 + 0,009 0.013%€ £ 0.010 0.016 +0.008 0.012 +0.009
Ulcerated untreated 1.770 + 0.083 2.013 £0.095 2.758 +£0.123 2.839+0.098 1.209 + 0.086 0.31 +0.043 0.026 + 0.034
Resv (10 mgKg ') 1.796 + 0.140 2.305°° + 0,098 3.456°+0.128 3.760%% + 0.125 2.650°¢ + 0.068 1.356 +0.113 0.46%%¢ + 0.080
Resv (5 mg Kg~') 1750+ 0.170 1.935 +0.089 2.780 + 0.145 2.856 + 0.096 1.765°°¢ + 0.148 0.896' + 0.060 0.24888 + 0.072
Resv (3 mg Kg') 1.815 £ 0.021 1.995 +0.125 2.636 £0.100 2.866 +0.128 1.586 °¢  0.069 0.680 + 0.095 0.038 £0.018
Resv (2 mg Kg') 1.746 + 0.051 1.700°® + 0.130 1.550° + 0.141 1.256994 £ 0.145 0.630%¢ £ 0.114 0.086 +0.095 0.016 + 0.009
Resv (1 mg Kg') 1.715 + 0.091 1.856 + 0.126 1.986° + 0.114 2.130%4+0.123 0.992¢¢ + 0.096 0.129 £0.110 0.019 + 0.006
Resv (0.5 mg Kg~') 1.717 £ 0.071 2,016 £0.119 2.798 +0.098 2.826 £0.112 1.214+0.126 0.36 £ 0.869 0.023 £ 0.010
Misoprostol (5 pg Kg1) 1.615 £ 0.078 1.547"" + 0,098 1.526° + 0.895 0.564%+0.115 0.310°° + 0.009 0.016 +0.008 0.011 £ 0.007

The values are mean (n = 6) and (+) indicates standard deviations. > ¢ % & fand & P < 0.05, 3 Pb- cc. dd. ee. ff 354 82 p < 9,01, 222 bbb, ccc, ddd. eee, fff 51y 4 828 p < 0,001 versus ulcerated

untreated mice on different days of ulceration.
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The AAC(t) were determined using the formula: AAC(t)=
AC(t)sample = C(t)target
gene of sample—C(t)reference, and AC(t)calibrator = C(t)target

AC(t)sample—AC(t)calibrator,

where

gene of calibrator—C(t)reference. The expression of the target
genes was normalized to the reference gene and related to the cal-
ibrator = 2-AAC,

Fig. 1. Histology of mouse gastric tissue after ulcer induction by indomethacin and the effects of Resv. Ulceration in mice was induced by indomethacin (18 mg kg™, p.o.).
Resv at different doses (10 mg kg~', 2 mg kg™, 0.5 mg kg~') and misoprostol (5 pig kg~') were administered 6 h post ulcer induction as described in “Materials and methods”.
At the fourth day of ulceration, mice were sacrificed and the stomachs were sectioned for the histological studies. Histological photograph of Sham-treated (A), untreated
ulcerated (B), Resv (10 mg kg~ ")-treated (C), Resv (2 mg kg~ !)-treated (D), Resv (0.5 mg kg~!) -treated (E), and misoprostol-treated (F) mice. Gastric tissue sections were
photographed at a 10x magnification. Mucosal and submucosal layers are shown by black and green arrows, respectively.

Table 3

Effects of Resv on MPO activity.

Groups MPO activity (U/mg)

Days of ulceration

1 2 3 4 7 10 15
Sham treated 0.500% +0.105 0.572°%° +0.115 0.520° + 0.106 0.585%9+0.110 0.498°¢¢ +0.189 0.506 +0.125 0.538 +0.160
Ulcerated untreated 1.725 £0.141 2.680 +0.145 3.574 +0.206 3.800 + 0.146 1.560 +0.181 1.065 + 0.228 0.640 +0.110
Resv (10 mg Kg™ 1) 1.678 +0.164 2.750+0.148 3.856+0.197 4.250+0.163 3.026°¢ + 0.165 2.124+0.116 1.096828 + 0.150
Resv (5 mgKg 1) 1.730 £ 0.150 2.696 % 0.125 3.680+0.110 4,005 + 1.856 2.878°°€+0.112 2.000+0.115 1.006%28 + 0.114
Resv (3 mgKg™!) 1.800 +0.185 2.569+0.115 3.320+0.111 3.638+0.185 2.030°°¢ +0.162 1.126 +0.120 0.800 +0.125
Resv (2 mg Kg ') 1.758 £0.115 2.120°° +0.126 2.268° + 0.096 1.926%49+0.114 0.920%°¢ +0.165 0.682+0.112 0.560 + 0.096
Resv (1 mgKg 1) 1.685+0.118 2.325°2 + 0,150 2.506°° + 0.160 2.340%9+0.126 1.306 + 0.185 0.796/+0.112 0.620 + 0.089
Resv (0.5 mgKg™") 1.758 £0.122 2.662+0.114 3.640 +0.168 3.804 +0.156 1.550 + 0.096 1.105 + 0.090 0.710 + 0.099
Misoprostol (5 pug Kg—') 1.650 +0.122 1.750 + 0.145 1.789° + 0.136 0.980999+0.116 0.594°¢¢ + 0.089 0.504 + 0.092 0.501228 + 0.090

The values are mean (n = 6) and (+) indicates standard deviations. * > ¢ % & fand 8 P < 0.05, 3 - cc. dd. ee. ff 3 28 p < 0,01, 332 Pbb. ccc. ddd, eee. fif 3y 828 p < 0,001 versus ulcerated

untreated mice on different days of ulceration.
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Prostaglandin E, (PGE») assay. Following harvesting of the stom-
ach, the corpus (full thickness) was excised, weighed (100 mg) and
suspended in a 10 mM sodium phosphate buffer, pH 7.4 (1 ml). The
tissues were finely minced and incubated at 37 °C for 20 min. After
centrifugation (9000g), the PGE, levels in the supernatant were
measured by ELISA, following the Prostaglandin E, EIA kit (Cayman
Chemical) kit instructions.

Quantification of von Willebrand factor (vWF) VIII. The number of
microvessels in the ulcer was assessed from vWF VIII, following a
previously reported procedure [12] with slight modifications.
Briefly, after deparaffinization and rehydration, endogenous perox-
idase activity in tissues was quenched with 0.3% hydrogen perox-
ide/methanol. The sections were incubated with polyclonal rabbit
anti-human vWF VIII for 2 h at room temperature, and the bound
primary antibody was detected (vWF VIII) by using the cell and tis-
sue staining kit. Any positive-staining endothelial cell or endothe-
lial cell cluster that was clearly separated from adjacent
microvessels was considered an angiogenic microvessel. The vas-
cular areas immediately adjacent to the normal tissue of the stom-
ach served as internal quality controls. The microvessels (under
20x magnification) on coded slides in five randomly selected
microscopic fields of mucosal erosions were counted in a blind
manner, and the data were averaged.

Statistical analyses. The data are expressed as the mean + SD un-
less otherwise noted. Comparisons were made between different
treatments (ANOVA) using GraphPad InStat software, where an er-
ror protecting multiple comparison procedures, namely Tukey-
Kramer Multiple Comparison tests, was applied for the analysis
of significance of all data.

Results and discussion

The present study demonstrates for the first time the dose-
dependent biphasic effects of resveratrol on indomethacin-induced
ulcerated mice. Kuwajerwala et al. have already demonstrated [6]
the biphasic character of Resv on DNA synthesis of prostate cancer
cells. Here we found that at a higher dose (10 mg kg~'), Resv de-
layed the ulcer healing process, but a lower dose (2 mgkg™!) of
Resv reversed the deleterious effects and simultaneously acceler-
ated the ulcer healing process compared to the autohealing.

Our macroscopic examinations revealed that administration of
indomethacin caused marked hemorrhagic damage in the stomach
within 6 h of ulcer induction. Maximum ulcerative damage was
observed on the fourth day after administration of indomethacin
(Table 2). Mice receiving only the vehicle showed no lesions in
the gastric mucosa. Indomethacin (18 mgkg ') administration
produced typical time-dependent acute mucosal lesions in mice,
as assessed by histology (Fig. 1). However, after seven days, the
autohealing was evident.

The MPO activity, a marker of neutrophil aggregation at the site
of inflammation, is frequently increased under ulcerated condi-
tions and reduced with the healing process [13]. Consistent with
this, we also observed ulceration-induced MPO activity up to the
fourth day, followed by its gradual reduction on the seventh day
(Table 3). At the same time, higher doses of Resv (=5 mgkg™!)
aggravated ulceration (Table 2) and delayed the healing process
in a dose-dependent manner. The DS results were well-supported
by the MPO activity data, where MPO activity was found to be
appreciable at higher doses of Resv (=5 mg kg~') even on the sev-
enth day compared to the ulcerated untreated mice (Tables 2 and
3). This establishes a strong contraindication of Resv use at its
higher doses (>5 mgkg™!) regarding gastric ulceration induced
by indomethacin in mice. However, Resv at its lower dose
(2 mg kg™!) showed a significant healing effect. The healing re-
sponse was predominantly evident from day 4. On day 7, Resv

treatment showed a better rate of healing compared to ulcerated
untreated mice. However, Resv at doses 1 and 0.5 mg Kg~' showed
no significant effect in comparison with ulcerated untreated mice.

The biphasic effects of Resv could be explained by studying the
activity of COX (cyclooxygenase) isozymes as well as of NOS (nitric
oxide synthase), which is one of the important angiogenic factors
and gastroprotective agents. Resv is a cyclooxygenase inhibitor

A

Cox-1 expression (ct value)

4th Day 7th Day

B Ulcerated untreated B Resveratrol (10mg/kg)

Resveratrol (2mg/kg) H Resveratrol (0.5mg/kg)

Cox-2 expression (ct value)

4th Day 7th Day

B Ulcerated untreated B Resveratrol (10mg/kg)

Resveratrol (2mg/kg) B Resveratrol (0.5mg/kg)

50 -
45 4
40 4
35 A
30 A
25 A
20 A
15 4
10 +
5_

4th Day

O Sham
B Resveratrol (10mg/kg)
H Resveratrol (0.5mg/kg)

7th Day

B Ulcerated untreated
Resveratrol (2mg/kg)

Mucosal PGE: level (pg/mg of protein)

Fig. 2. Effects on COX mRNA expression and PGE, synthesis. COX-1 and COX-2 gene
expression was studied by real-time PCR on the fourth and seventh day of
ulceration. Relative mRNA expression was calculated according to the comparative
AAC(t) method, and quantitative mRNA expression of COX-1 (A) and COX-2 (B)
were analyzed. The expression values are the means (n = 6), and vertical error bars
represent standard deviations. ~'P<0.001, "P<0.01, 'P<0.05 versus ulcerated
untreated mice on the fourth day, and #*##P<0.001 on the seventh day of ulcer
induction. The PGE, levels were measured using an ELISA (C). P <0.001, versus
sham treated mice and +++ P<0.001 versus ulcerated untreated on the fourth day,
and #**#P<0.001 versus sham treated mice and '''P<0.001, '"P<0.01 versus
ulcerated untreated on the seventh day of ulcer induction.
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eNOS expression (ct value)

4th Day 7th Day

B Ulcerated untreated B Resveratrol (10mg/kg)

Bl Resveratrol (2mg/kg) B Resveratrol (0.5mg/kg)

3 -
2.5 1
2
1.5

iNOS expression (ct value)

4th Day 7th Day

M Ulcerated untreated B Resveratrol (10mg/kg)

Bl Resveratrol (2mg/kg) B Resveratrol (0.5mg/kg)

Fig. 3. Effects on NOS mRNA expression. eNOS and iNOS gene expression was
studied by real-time PCR on the fourth and seventh days of ulceration. Quantitative
mRNA expression of eNOS (A) and iNOS (B) were analyzed, respectively. P < 0.001,
“P<0.01 versus untreated ulcerated mice on the fourth day and **#P < 0.001 on the
seventh day of ulcer induction.

Microvessel No./mm?

4th Day

7th Day

B Ulcerated untreated
Resveratrol (2mg/kg)

O Sham
B Resveratrol (10mg/kg)
B Resveratrol (0.5mg/kg)

Fig. 4. Effects of Resv treatment on angiogenesis. Effects of Resv on angiogenesis
were assessed by immunohistochemistry of the VWF VIII on the fourth and seventh
days of ulceration. The numbers of microvessels were determined as stated in
“Materials and methods”. ~"P < 0.001, versus sham treated mice and ***P < 0.001
versus ulcerated untreated on the fourth day, and #*##P < 0.001 versus sham treated
mice and '"'P<0.001, ''P<0.01 versus ulcerated untreated on the seventh day of
ulcer induction.

(COX) [3] and the expression of the COX isozymes plays a critical
role in prostaglandin synthesis, which ultimately renders gastric
protection or causes acute gastric ulcers [14]. A 10 mg Kg~! dose
of Resv significantly inhibited COX-1 expression (Fig. 2A) and
PGE, synthesis was significantly suppressed (Fig. 2C) on the 4th
and 7th days of ulceration compared to the untreated ulcerated
mice. Resv by itself did not suppress COX-2 expression (Fig. 2B).
Hence, it could be assumed that Resv at its higher dose acted as
a COX-1-specific inhibitor, hindering the autohealing process.

It was interesting that in spite of being a COX-1-specific inhib-
itor, Resv can still induce eNOS expression [15] even at its higher
dose (10 mg kg~ 1) (Fig. 3A), which might be a cause of ulcer heal-
ing, although it is delayed. Yet, our gene expression study also re-
vealed that a 2mgkg™! dose of Resv did not suppress COX-1
expression nor did it reduce PGE, synthesis. However, at a lower
dose, it did induce eNOS expression (Fig. 3A) and also reduced iNOS
(Fig. 3B) expression, leading to an enhanced eNOS/iNOS ratio and
explaining its healing effect. At a dose of 0.5 mg kg™, Resv did
not show any effect on the COX and NOS genes or on PGE; synthe-
sis. Hence, the healing effects were not evident at this dose.

Therefore, it could be presumed that at a higher dose, Resv sup-
pressed COX-1 expression significantly in spite of a high eNOS/
iNOS ratio, which ultimately abolished its healing effect and de-
layed the autohealing process.

eNOS expression and PGE, synthesis directly modulate angio-
genesis [16,17], which plays a major role in the ulcer healing pro-
cess. Inhibition of angiogenesis is directly related to acute
ulceration and delayed healing. We also found that the 10 mg
kg~! dose of Resv suppressed angiogenesis on the 4th and 7th days
(Fig. 4) after ulceration compared to the untreated ulcerated mice,
but at a lower dose, the Resv treatment moderately induced angi-
ogenesis and accelerated the healing process. This effect of Resv on
angiogenesis could directly be related to eNOS expression and
PGE, synthesis. A higher dose of Resv significantly suppressed
PGE, synthesis, which might be a cause of angiogenesis suppres-
sion. At a lower dose, PGE, suppression was not evident, but eNOS
expression was significant, which probably stimulated angiogene-
sis, and therefore, the healing response was accelerated.

Conclusion

The results presented show that the biphasic activities of Resv
in indomethacin-induced ulcerated mice were switched on and
off, depending on COX-1 and eNOS expression. This, in turn, con-
trolled the PGE, synthesis and angiogenesis process, ultimately
switching between delayed and accelerated healing responses in
Resv-treated indomethacin-induced ulcerated mice.
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