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Protective effect of Acer mono Max. sap on water
immersion restraint stress-induced gastric ulceration
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Abstract. Acer mono Max. sap (AmMs) is called ‘Gol-Li-Su’
or ‘Go-Lo-Soe’ in Korean, which means ‘water beneficial to
the bones’. It is reported that the sap contains several types of
minerals and sugars. In particular, the calcium concentration
of the sap is 36.5 times higher than that of commercial mineral
water. Apart from its anti-osteoporosis effect, no reports
have addressed the biological activities of AmMs against
degenerative diseases. In the present study, we investigated
whether AmMs alleviates gastric ulcer-related symptoms in
a stress-induced mouse model. To assess the effect of AmMs
on gastric ulcer-like symptoms, we carried out a water immer-
sion restraint (WIRE) test and found that AmMs has potential
in alleviating gastric ulcers in a concentration-dependent
manner. These results indicate that the nutritional factors of
the sap mitigate the gastric ulcer-related symptoms caused by
stress-induced gastric lesions in mice. AmMs-treated mice
exhibited a significant decrease in the ulcer index as compared
to those treated with omeprazole or L-arginine. To examine
one potential mechanism underlying this effect, we performed
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reverse transcription-polymerase chain reaction to ascertain
whether molecular markers were associated with the mitiga-
tion of the gastric lesions. Epithelial and/or tissue nitric oxide
synthase (NOS) was assessed to determine whether or not
the genes were down-regulated dose-dependently by the sap.
The levels of these enzymes were found to be lower in the
tissue samples treated with AmMs compared with the levels
in the control samples. These findings collectively suggest that
AmMs significantly protects the gastric mucosa against WIRE
stress-induced gastric lesions, at least in part, by alleviating
inducible NOS and/or neuronal NOS expression.

Introduction

Acute gastric mucosal injury is a serious clinical problem
worldwide. The symptoms cause severe gastric ulceritis and,
with sustained exposure, eventually lead to gastric cancer.
Researchers have developed many in vivo gastric lesion
models: the water immersion restraint (WIRE) stress model,
the indomethacin-induced model and the ethanol-induced
model using animals (1). The WIRE model has previously
been used to observe various aspects affecting the forma-
tion of and recovery from gastric mucosal lesions, including
sulphydryls, prostaglandins, growth factors and polyamines
(2). WIRE stress-induced gastric lesions have also been used
to study the roles of cell death and gastric acid secretion in
ulcerogenesis (3).

In general terms, gastric lesions are a disorder of the gastric
blockade, which typically protects against cavernous problems
caused by hydrogen ions and other toxic substances generated
in the lumen (4). One main component of the gastric barrier
is gastric microcirculation; a disturbance in gastric mucosal
perfusion results in the formation of lesions and ulcers, such as
those that present in animal models of ischemic gastric lesions
(5). Gastric blood flow is classically controlled by signaling
molecules, such as prostaglandins and nitric oxide (NO),
which play key roles in sustaining mucosal tissue integrity (6).
NO is produced by nitric oxide synthase in particular, which
is generally classified into two categories: i) constitutive nitric
oxide synthase (cNOS) and ii) inducible nitric oxide synthase
(AINOS). The cNOS isoforms include endothelial nitric oxide
synthase (eNOS), which controls vascular homeostasis in endo-
thelial cells, platelets and mesangial cells (7), and neuronal
nitric oxide synthase (nNOS), which produces NO to act as a
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neurotransmitter in central and peripheral nerve cells (8). The
third isoform, iNOS, is a calcium-independent enzyme which
can be found in various human tissues, including immune
cells (9). The NOS isoforms have been characterized in the
gastrointestinal tract, and NO produced from cNOS and iNOS
has been shown to play a key role in the formation of gastric
lesions (10).

Many studies have investigated methods for curing and/or
preventing gastric lesions with chemically synthesized drugs
(11). Recently, it has also been reported that many traditional
Asian herbal remedies act on gastrointestinal diseases (12). Acer
mono Max. sap (AmMs) has been used in East Asian countries
for centuries due to its anti-osteoporosis effects (13); however,
traditional East Asian medical literature claims that the sap
has potential anti-oxidative and immunomodulatory efects
(14,15). Previous in vitro and in vivo studies have confirmed
that constituents from AmMs have anti-osteoporosis effects by
increasing calcium ion absortion (13), but no prior study has
investigated whether or not AmMs has gastroprotective effects.

Therefore, we investigated whether AmMs exhibits protec-
tive effects against WIRE stress-induced gastric lesions in
mice as well as its effects activated through changes in iNOS/
nNOS and COX-2 mRNA expression, as their expression may
be an indicator controlling the status of WIRE-induced gastric
ulceration.

Materials and methods

Chemicals. TRIzol® reagent was purchased from Invitrogen
(Carlsbad, CA, USA). L-arginine and omeprazole
{5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]
sulfinyl]-1H-benzimidazole; MW, 345.42} were obtained
from Sigma-Aldrich Co. (St. Louis, MO, USA) as positive
controls. QA-Agarose and the Maxime RT-PCR PreMix kit
were purchased from Qbiogene, Inc. (Irvine, CA, USA) and
iNtRON Biotechnology (Sungnam, Korea), respectively. All
other chemicals were molecular biology grade.

Preparation and treatment with AmMs. The sap (1,000 ml)
of Acer mono Max. was collected from a habitat of Acer
mono on Mt. Myun Bong (altitude 550 m), Juk Jang Myun,
Pohang, Korea, between February 24 and 25, 2008. The
collected AmMs was centrifuged and aseptically filtered using
a membrane filter (0.45 ym), and then stored at -70°C until
it was freeze-dried to obtain a powder. Freeze-drying was
carried out using a lyophilizer (II-Shin BioBase, FMCD series,
Seoul, Korea) overnight, and 13.5 g of powder was finally
obtained. The color of the freeze-dried powder was pale white.
The voucher specimen was deposited in the Food Enzyme
Biotechnology Laboratory, Kyungpook National University,
Daegu, Korea. The mineral content (mg/l) showed that the
sap contained high amounts of calcium (36.5-fold), potassium
(17-fold) and magnesium (4-fold) [(13) and data not shown].

Animal care and experiment. Six-week-old male Balb/c
SPF mice, weighing 20-23 g, were purchased from Samtaco
Korea (Osan, Korea) and were fed a commercial diet (Purina,
Korea) and given water ad libitum. They were housed in an
air-conditioned animal room at a temperature of 22+1°C
and a humidity of 55+5%. All procedures were performed
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in compliance with the rules and in-house guidelines for
animal experiments, including ethical care under the guid-
ance of the university committee (16), and the guidelines of
the International Association for the Study of Pain Committee
for Research and Ethical Issues (17). Animals were allowed to
acclimate to the laboratory atmosphere for at least 1 week prior
to the experiments. The number of each experimental group
was limited to six.

Induction of gastric mucosal lesions. The WIRE stress-
induced gastric lesion model was produced as previously
described (18). The mice were randomly separated into control
(no treatment), L-arginine (300 mg/kg), omeprazole (3 mg/
kg) and AmMs (30 or 150 mg/kg) groups (6 mice per group).
L-arginine was utilized as a positive control since it exhibits
potent protective effects against acute gastric mucosal induc-
tion (18). Omeprazole is also well known as an anti-ulcerative
worldwide (19). Prior to treatment of the mice, food was
withdrawn for 24 h, while water was provided ad libitum. The
L-arginine-treated mice (n=6) received one intraperitoneal
(i.p.) injection of L-arginine or omeprazole (each 3 mg/kg).
After administration of AmMs (30 or 150 mg/kg, p.o.) to the
AmMs-treated mice (n=6), the animals were maintained in
their cages for 1 h to allow metabolization. Individual cages
were vertically immersed in a water bath (temperature expo-
sure 21°C) to the level of the xyphoid process. The mice were
denied access to food or drink during the experiment. The
mice were exposed for 6 h to WIRE stress and then eutha-
nized with diethyl ether, and stomach tissues were extracted.
Each tissue was engraved along the curvature, and the gastric
mucosa was removed using a pair of anatomical scissors. The
mucosal tissues were carefully examined for lesions at the
glandular part of the surface. Blood was also gathered from
the inferior vena cava of each mouse for blood analysis.

Determination of the ulcer index. Mucosal lesions were counted
as previously reported (20). In brief, 1 point was assigned for
small round hemorrhagic corrosions; 2 points were assigned
when the length of the hemorrhagic corrosions was <1 mm;
3 points were assigned when the length was 1-2 mm; 4 points
were assigned when the length was 2-3 mm; and 5 points were
assigned when the length was >4 mm. This score was then added
and doubled when the width of the corrosions was >1 mm.

Reverse transcription-polymerase chain reaction analysis
of mRNA expression. Frozen gastric tissues (100 mg) were
normalized in 1 ml TRIzol® reagent, and total RNA was
arranged as previously described (21). The total RNA was
measured using a spectrophotometer at 260 nm (VICTOR3;
Perkin Elmer, Wellesley, MA, USA), and the RNA was
quantified by 1% formaldehyde-agarose gel electrophoresis.
The samples were then stored at -80°C until use. Single-step
RT-PCR was carried out by specific primer sets using the
Maxime RT-PCR PreMix. These primers were constructed
using the Primer3 software (Whitehead Institute, MIT Center
for Genome Research, Cambridge, MA, USA) to evaluate
sequences deposited in the NCBI GenBank database. The
primers were synthesized by Bioneer Co. (Daejeon, Korea),
as previously described (18). Briefly, first-strand cDNA was
reverse-transcribed from 200 ng of total RNA at 45°C for
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Figure 1. Gastroprotective effects of AmMs on WIRE stress-induced ulcer
damage in mice. One hour prior to the initiation of WIRE stress, (A) control
mice received a single saline administration p.o. (0.02 ml); (B) positive con-
trol mice received a single dose of L-arginine (300 mg/kg) or (C) omeprazole
(300 mg/kg); and (D and E) experimental mice received a single p.o. admin-
istration of AmMs (30 and 150 mg/kg, respectively). After 6 h of exposure
to water immersion, mice were euthanized and their stomach tissues were
anatomized for damage. The images are representative of a set of classical
examinations visualized under a microscope (Nikon ECLIPSE 90i; Tokyo,
Japan). The arrows denote disrupted or intact forms of the ulcerative tissues
as shown and scored according to the ulcer index (Fig. 2).

30 min; the samples were denatured for 5 min at 95°C; and PCR
amplification was executed with either 32 cycles (eNOS, nNOS
and iNOS) or 27 cycles (18s RNA) of 45 sec at 95°C, 45 sec at
54°C for eNOS, 55°C for nNOS, 45 sec at 53°C for iNOS and
60 sec at 72°C. Following the amplification process, 20 ul of
each RT-PCR product was determined by 1.5% agarose gel
electrophoresis and visualized by EtBr staining. The position
of the predicted product was verified by comparison to a 1-kb
DNA ladder (Solgent, Daejeon, Korea). The relative amounts
of cDNA in each matched set were normalized with regard
to 18s RNA expression using the Molecular Imager Gel Doc
XR System and Quantity One 1-D analysis software (Bio-Rad,
Philadelphia, PA, USA).

Statistical analysis. Results were presented as the means +
standard deviation (SD) of three independent values. Statistical
significance was determined by the Student-Newman-Keuls
method for independent means, using the Sigma Plot program
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Figure 2. Decrease in the ulcer index of WIRE stress-induced ulcer tissue
samples from mice treated with AmMs. The ulcer index was calculated as
described in Materials and methods. Data are presented as the means + SD
(6 mice/group) of triplicate experiments by the Student-Newman-Keuls
method for independent means, using the Sigma Plot. The critical level for
significance was set at p<0.05; p<0.05 was considered significant.

(22). The critical level for significance was set at p<0.05;
p<0.05 was considered statistically significant.

Results

Effect of AmMs on WIRE stress-induced gastric mucosal
damage. One hour prior to the initiation of WIRE stress,
negative control mice received a single saline administration
p.o., whereas the positive control mice received a single i.p.
injection of L-arginine (300 mg/kg) or p.o. administration of
omeprazole (3 mg/kg). AmMs-treated mice received a single
p-o. administration of AmMs (30 or 150 mg/kg). After 6 h of
WIRE-induced stress, all mice were euthanasized and their
stomach tissues were examined for gastric injury, which was
visualized as either disrupted or intact forms. In tissue samples
from the stress-induced control, abundant lesions were
observed, most often 1-2 mm in size (Fig. 1A). By contrast,
tissue samples from the L-arginine- or omeprazole-treated
mice presented very few lesions (Fig. 1B and C) while the
stress-induced control group exhibited large-sized blood-
coagulating bunches (Fig. 1A). The positive control exhibited
only small-sized bunches with minor lesions (Fig. 1B and
C), which were not significant when compared to the stress-
induced control. Regardless of the dose, AmMs-treated mice
did not present any small- or large-sized corrosions (Fig. 1D
and E; and data not shown). By counting mucosal lesions
according to a previously described manner with a slight
modification (20), the ulcer index was calculated as shown
in Fig. 2. The ulcer index of the stress-induced control group
was 23.0+4.1, whereas the indices of the positive controls
(L-arginine or omeprazole) were 8.0+5.5 and 8.0+5.5, respec-
tively. Collectively, these findings reveal that AmMs protects
against WIRE stress-induced gastric mucosal lesions in mice.

We next investigated how AmMs affects stress-induced
ulcers in mice. Classically, most anti-ulcer effects involve the
blockage of acid production on stomach epithelial cells during
stress onset. Therefore, we determined whether the sap reduces
the secretion of gastric acid. Treatment with sap slightly
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Figure 3. mRNA expression levels of various target proteins in AmMs-
treated ulcerative tissues. mRNA expression levels of CSE, BTC, EGF,
COX-1, COX-2, MMP-2, MMP-3, MMP-9 and 18s rRNA are shown. Lane
1, control group; lane 2, L-arginine-treated group (300 mg/kg, i.p.); lane 3,
omeprazole-treated group (3 mg/kg, i.p.); lanes 4 and 5, AmMs-treated
experimental groups (30 and 150 mg/kg, p.o., respectively).

decreased the volume of 0.1 N NaOH, which is required to
neutralize the gastric juice in the stomach, in a concentration-
dependent manner (data not shown), while the total volume
was reduced, but not dramatically, to 5.3%. This revealed that
the sap partially inhibits gastric secretion, indicating that other
beneficial effects of AmMs exist.

Expression profiles of mRNA of anti-inflammatory enzymes.
We investigated whether the detected changes in serum and
gastric tissue-derived enzyme levels were attributable to
changes in the expression levels of inflammation-related
enzymes. RT-PCR was used to scrutinize the mRNA expres-
sion levels of the genes encoding these anti-inflammatory
enzymes, such as NOS and matrix metalloproteinases
(MMPs). As shown in Fig. 3, the expression levels of CSE,
BTC and EGF were not altered in the various mouse groups.
Fold expression of cyclooxygenase-1 and -2 and MMP-2, -3 and
-9 were also not altered at the mRNA level, when compared to
18s RNA used as a control. Fig. 4A shows that the 305-bp gene
product matching to iNOS cDNA was obviously reduced in
ulcerative tissues from the WIRE-induced tissues, whereas the
levels of the 307-bp eNOS band were similar to those of 18s
RNA, regardless of AmMs treatment. This fact was assessed
by the relative band intensity of mRNA. As a result, we found
that the iNOS gene product in the AmMs-treated (150 mg/kg)
tissues was 5-fold lower than that of the tissues in the WIRE
stress-induced group, while the iNOS gene product in the
omeprazole-treated mice was decreased by 2-fold (Fig. 4B).
Notably, nNOS expression was dramatically decreased by
treatment with 150 mg/kg AmMs when compared to the posi-
tive controls (Fig. 4A, third panel). This decrease in the nNOS
mRNA expression was ~30% when compared with the control,
whereas the expression in the positive controls did not change
(Fig. 4C; columns 1,2 and 3 vs. 5). These results indicate that
AmMs ameliorates gastric ulcers caused by the stress-induced
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Figure 4. Comparison of the mRNA expression levels of NOSs. (A) The
expression levels of iNOS, eNOS and nNOS mRNA were normalized with
that of 18s rRNA, using Quantity One Version 4.6.1. One hour prior to the
start of WIRE-induced stress, control mice received a single saline adminis-
tration p.o.; positive control mice received a single i.p. injection of L-arginine
(300 mg/kg) or omeprazole (300 mg/kg); and experimental mice received
a single p.o. administration of AmMs (30 and 150 mg/kg). Lane 1, control
group; lane 2, omeprazole-treated group (3 mg/kg, i.p.); lane 3, L-arginine-
treated group (300 mg/kg, i.p.); lanes 4 and 5, AmMs-treated experimental
groups (30 and 150 mg/kg, p.o., respectively). Relative band intensity (%)
of (B) iNOS and (C) nNOS comparing the expression levels in the various
treatment groups. The data are the representative results of three independent
experiments.

WIRE model via a decrease in nNOS as well as iNOS mRNA
expression.

Discussion

In the present study, we report for the first time that treatment
with AmMs safeguards against WIRE stress-induced gastric
mucosal injury in mice (Figs. 1 and 2). This finding suggests
that AmMs can be used as an ulcer remedy or for other preven-
tive and nutraceutical purposes.
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Previous studies have revealed that WIRE stress-induced
gastric mucosal damage involves increased gastric juice
secretion, gastric peristalsis, gastrocirculation disturbances in
mucosal tissues, reduced prostaglandin levels, low turnover of
gastric mucosa and NO-induced changes in gastric mucus cells
(23-25). Among these patterns, NO-mediated regulation is
particularly important as it is associated with host defense and
inflammatory responses (26) and also plays a pivotal role in
gastric mucosal protection against damage induced by ethanol,
stress, endotoxins and drugs (27). NOS activity is particularly
high in gastric tissues (28), where NO helps maintain gastric
tissue integrity (29), controls gastromucosal-derived blood
flow (30) and increases gastric mucus synthesis and secretion
(28). L-arginine, a NOS substrate, has been shown to facili-
tate gastric ulcer healing by increasing cell regeneration in
stomach tissues (31). In addition, inhibition of NOS activity
has been shown to intensify the stimulatory effects of NO on
gastric mucus synthesis and secretion, to inhibit angiogenesis
and to suppress ulcer healing (10,32).

In the present study, we demonstrated several gastopro-
tective mechanisms against gastric ulceration as induced
by WIRE-stress mucosal damage. We initially determined
whether the sap inhibits gastric acid secretion. The results
revealed that the gastric acid was neutralized only to 5.3%
with AmMs treatment at a concentration of 20 yg/ml (data
not shown). AmMs-treated mice exposed to WIRE-induced
stress had decreased serum and NO contents in their stomach
tissues when compared to the control stressed mice. Similar
results were obtained in the L-arginine-treated mice, which
were used as a positive control based on a previous report
that L-arginine treatment prohibits the development of stress-
induced gastric lesions (31). To analyze a feasible mechanism
causing a decrease in NO content, we examined the expression
levels of different NOS mRNAs. Our results showed that the
gastric mucosal expression of iNOS and nNOS mRNA was
significantly lower in the AmMs-treated mice vs. the control
mice, whereas no such difference was observed in eNOS
mRNA expression levels (Figs. 3 and 4). Together these find-
ings indicate that the protective effects of NOS against WIRE
stress-induced gastric lesions in vivo may originate, at least
in part, from the suppression of NO signaling via decreased
iNOS and nNOS mRNA expression by AmMs.

Previous studies suggest that the significance of constitu-
tive NOSs in sustaining healthy gastric tissues is important as
these enzymes are prevalent in all types of tissues. Decreased
c¢NOS activity has been involved in gastric lesions, while
accelerated cNOS mRNA expression, activity and immu-
noreactivity has been observed in the healing of gastric
mucosa, particularly in newly formed vessels and neurons
(33). Consistent with the knowledge that eNOS and nNOS
are critical factors during the gastric tissue repair process, a
cigarette smoking-mediated decrease in gastromucosal NOS
activity was found to be related to reduced gastric blood flow
and inhibition of cell regeneration in ulcerative tissues (10);
however, no changes were observed in eNOS mRNA expres-
sion in the AmMs-treated mice exposed to WIRE-induced
stress (data not shown). Instead, changes were detected in the
mRNA expression levels of iNOS, suggesting that this isoform
of NOS may be involved in the mechanism of AmMs-induced
protection in ulcer tissues.
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Large amounts of iNOS-induced NO have been identi-
fied in gastric tissue damage during inflammatory processes
(34), and high levels of iNOS expression and activity have
been related to severe inflammation in ulcerative mucosal
cells (35). Studies have revealed that iNOS is usually induced
under oxidative reactions, wherein high levels of NO reacts
with the superoxide anion, thus causing peroxynitrite genera-
tion, tyrosine-mediated nitration, hydroxyl radical production,
cellular toxicity and tissue lesions (35,36). In the present study,
we found high levels of iNOS mRNA expression in gastric
mucosal lesions in the control mice, but significantly lower
levels in the AmMs-treated mice, indicating that nutritional
factors of AmMs may diminish NO production by preventing
iNOS expression in WIRE-induced stress conditions. This
may then inhibit the abundant release of attacking NO, leading
to beneficial anti-ulcer effects.

In summary, we prove here for the first time that
exogenously administered AmMs protects against the devel-
opment of WIRE stress-induced gastric mucosal lesions in
mice, and that this protective effect may be attributable to
decreased iNOS/nNOS mRNA expression and subsequent
decreases in damaging NO levels. Although future studies
are required to elucidate the specific mechanisms of this
protective effect, these novel findings suggest a new mode
of action for AmMs, and may imply that the sap of this
traditional tree can be developed for future use in ulcer
prevention.
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