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Background/Aims: The major compounds of Cochinchina 
momordica seed extract (SK-MS10) include momordica 
saponins. We report that the gastroprotective effect of SK-
MS10 in an ethanol-induced gastric damage rat model is 
mediated by suppressing proinflammatory cytokines and 
downregulating cytosolic phospholipase A2 (cPLA2), 5-lipoxy-
genase (5-LOX), and the activation of calcitonin gene-related 
peptide. In this study, we evaluated the gastroprotective 
effects of SK-MS10 in the nonsteroidal anti-inflammatory 
drug (NSAID)-induced gastric damage rat model. Methods: 
The pretreatment effect of SK-MS10 was evaluated in the 
NSAID-induced gastric damage rat model using aspirin, indo-
methacin, and diclofenac in 7-week-old rats. Gastric damage 
was evaluated based on the gross ulcer index by gastroen-
terologists, and the damage area (%) was measured using 
the MetaMorph 7.0 video image analysis system. Myeloper-
oxidase (MPO) was measured by enzyme-linked immunosor-
bent assay, and Western blotting was used to analyze the 
levels of cyclooxygenase (COX)-1, COX-2, cPLA2, and 5-LOX. 
Results: All NSAIDs induced gastric damage based on the 
gross ulcer index and damage area (p<0.05). Gastric dam-
age was significantly attenuated by SK-MS10 pretreatment 
compared with NSAID treatment alone (p<0.05). The SK-
MS10 pretreatment group exhibited lower MPO levels than 
the diclofenac group. The expression of cPLA2 and 5-LOX was 
decreased by SK-MS10 pretreatment in each of the three 
NSAID treatment groups. Conclusions: SK-MS10 exhibited a 
gastroprotective effect against NSAID-induced acute gastric 
damage in rats. However, its protective mechanism may be 
different across the three types of NSAID-induced gastric 
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INTRODUCTION

Nonsteroidal anti-inflammatory drugs (NSAIDs) including 
aspirin are among the most commonly prescribed drugs in the 
world, used as anti-inflammatory and analgesic effect. Fur-
thermore, aspirin is used for its antithrombotic effect. However, 
this agents have problems of gastrointestinal toxicity includ-
ing gastric erosion, ulceration, bleeding, and perforation. The 
development of gastroduodenal ulcers can be explained by an 
imbalance between aggressive and defensive factors.1,2 Inhibi-
tion of gastric acid secretion by proton pump inhibitors (PPIs) 
or H2 receptor blockers as well as eradication of Helicobacter 
pylori have been the focus of peptic ulcer therapy. However, 
the frequency of NSAID-associated or H. pylori-negative peptic 
ulcer has increased, in which cases the ulcers are mainly caused 
by damage to the defensive mechanisms rather than an increase 
of acid secretion.3 PPIs are the only drugs shown to be useful 
for the prevention of peptic ulcer bleeding. However, the long-
term safety of PPIs is unclear.4 Furthermore, as corpus atrophy 
has been reported to be more prevalent in Japanese than British 
patients, similar to Koreans, PPI could cause unwanted effects 
in the NSAID associated gastroduodenal damage in the aged 
Asian people. Thus, augmentation of the endogenous defensive 
mechanisms could be more useful than PPI for the prevention 
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of peptic ulcer and/or associated bleeding as well as for the 
treatment of chronic ulcers due to NSAID.

Most studies examining gastric mucosal injury have inves-
tigated the mechanisms of NSAID-induced gastric mucosal 
lesions.5,6 The depletion of endogenous prostaglandins by inhib-
iting cyclooxygenase (COX) pathway is known to be a major 
pathogenic element in the development of these lesions. Howev-
er, there are prostaglandin independent mechanisms including 
neutrophil activation,7 hypermotility,8 oxygen free radicals,9 and 
mucosal proinflammatory cytokines.10 In part due to increasing 
concern about gastrodefensive factors, gastroprotective agent 
such as rebamipide and eupatilin have been developed.3,11,12

Cochinchina momordica is the dried ripe seed of Momordica 
cochinchinensis, known as gac fruit, a perennial vine that is in-
digenous to Southeast Asia; it has traditionally been used for its 
anti-inflammatory activity and for suppurative skin infections. 
Chemical analysis shows that the C. momordica seeds are com-
posed of compounds including fatty acids, saponins, proteins, 

a-spinasterol, oleanolic acid, and momordica acid. Among 
these compounds, momordica saponin I, glycoside, a triterpe-
noid saponin containing disaccharide chain, has been found to 
be a major active ingredient. The bioactive saponins were found 
to inhibit gastric mucosal lesions induced by ethanol or indo-
methacin in rats.13

Previously, we reported that the gastroprotective effect of 
C. momordica seed extract (SK-MS10) in an ethanol-induced 
gastric damage rat model is mediated by suppressing proinflam-
matory cytokines, downregulating cytosolic phospholipase A2 
(cPLA2), 5-lipoxygenase (5-LOX), and activation of calcitonin 
gene-related peptide (CGRP).14 In the next experiment, we found 
that gross NSAID-induced gastric damage occurred in different 
patterns according to the type of NSAID such as aspirin, indo-
methacin, and diclofenac.15 Now we evaluated the effect of an 
extract from C. momordica seeds (SK-MS10) on the gastropro-
tective effects in a NSAID-induced acute gastric mucosal dam-
age rat model.

MATERIALS AND METHODS

1. Preparation and composition of SK-MS10

SK-MS10 was supplied by Life Science R&D Center of the SK 
Chemicals Co., Ltd. (Seongnam, Korea). SK-MS10 was prepared 
as follows. Five milliliters of aqueous ethanol solution was 
added to 1 kg (dry weight) of C. momordica, which was pur-
chased at the herb market in Korea. Extraction was performed 
for 4 hours at 80oC, and this process was performed twice. The 
extract was filtered and concentrated under reduced pressure at 
60oC using a rotary evaporator. After complete removal of the 
solvent in a vacuum oven, 21 g of ethanol extract in powder 
form (SK-MS10) was obtained. SK-MS10 was dissolved in the 
carboxymethylcellulose (CMC) during the experiment.

2. Animals

Six-week-old male Sprague-Dawley rats (Orient Co., Ltd., 
Seoul, Korea) were housed in a cage maintained at 23oC, 12/12-
hour light/dark cycle under specific pathogen-free conditions. 
After 1 week of adaptation, 7-week-old rats weighing 250 to 
300 g were used for the experiments. All experimental proce-
dures were approved by the Institutional Animal Care and Use 
Committee (IACUC) of Seoul National University Bundang Hos-
pital (IACUC number: BA1004-060/018-01).

3. Experimental design

Three groups including control (n=3), pretreatment of SK-
MS10 (n=18), and NSAIDs only (n=18) were used for this study. 
Gastric damage in pretreatment of SK-MS10 and NSAIDs only 
groups was induced by aspirin (200 mg/kg, n=6), indomethacin 
(40 mg/kg, n=6), and diclofenac (80 mg/kg, n=6), respectively. 
The detail process was indicated as below.

The rats were starved but given water for 24 hours prior to 
the experiments. Before 1 hour of administration of NSAIDs, 
SK-MS 10 (200 mg/kg) were administered orally by gavage. 
NSAIDs (aspirin [Sigma-Aldrich Co., St. Louis, MO, USA; 200 
mg/kg body weight], indomethacin [Sigma-Aldrich Co.; 40 mg/
kg body weight], or diclofenac [Sigma-Aldrich Co.; 80 mg/kg 
body weight]) or 0.5% CMC (5 mL/kg body weight) as a control 
were administered orally by gavage through a metal tube at-
tached to a 5- or 10-mL syringe. Each group consisted of six 
rats. The indomethacin solution was dissolved in 0.5% (wt/vol) 
CMC with 10% ethanol, pH ranging from 1.3 to 1.5. The aspirin 
solution was prepared in the same way but with 20% ethanol 
which maintained aspirin in its readily-absorbed nonionized 
form. The diclofenac solution was dissolved in 0.5% (wt/vol) 
CMC. As we used 10% and 20% ethanol to dissolve indometha-
cin and aspirin, respectively, we tested these percentages on 
control rat to confirm that it was not a potential confounder. 
There was no specific lesion occurred with 20% ethanol similar 
to 0.5% CMC, and 0.5% CMC was administered into control 
group as a vehicle. Twenty-four hours after NSAID or vehicle 
administration, the animals were humanely sacrificed and the 
gastric lesions were scored.

4. Gross ulcer index and damage area

After sacrifice, the isolated stomachs were cut open along the 
greater curvature and washed in ice-cold saline. To investigate 
the degree of gross mucosal damage, the mucosal sides of the 
stomachs were photographed using a digital camera, and part 
of mucosa was immediately fixed with 10% formalin solution. 
The gross damage of the gastric mucosa was assessed by an 
experienced gastroenterologist, who was blind to the treat-
ments, using a gross ulcer index, defined as (number of type I 
lesions)+(number of type II lesions)×2+(number of type III le-
sions)×3. The lesion type was classified as follows: type I, pres-
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ence of edema, hyperemia, or a single submucosal punctiform 
hemorrhage; type II, presence of submucosal hemorrhagic le-
sions with small erosions; and type III, presence of a deep ulcer 
with erosions and invasive lesions.

A total injury score for each stomach was calculated by 
summing the gross ulcer index of all lesions in that stomach. 
In addition, the damage area was also measured by the image 
program. The areas of gross damage (erosion or ulceration) were 
measured by using a computerized video analysis system (Meta-
Morph 7.0; Molecular Devices, Downington, PA, USA). The area 
of mucosal damage was expressed as a percentage of the total 
mucosal area.

5. Measurement of mucosal myeloperoxidase

An assay of gastric mucosal myeloperoxidase (MPO) concen-
tration was used to quantify the degree of neutrophil infiltra-
tion. Three hundred milligrams of scraped mucosa was homog-
enized for 30 seconds with a polytron homogenizer in 1.0 mL of 
ice-cold 0.5% hexadecyltrimethylammonium bromide in 50 mM 
of phosphate buffer (pH 6.0). Hexadecyltrimethylammonium 
bromide was used to negate the pseudoperoxidase activity of 
hemoglobin and to solubalize the membrane-bound MPO. The 
homogenate was sonicated for 10 seconds, freeze-thawed three 
times and centrifuged for 20 minutes at 18,000 g. The superna-
tant was isolated and evaluated for the determination of the en-
zyme concentration, utilizing an enzyme-linked immunosorbent 
assay kit (Immundiagnostik AG, Bensheim, Germany).

6. Western blotting for cPLA2, 5-LOX, COX-1, and COX-2

The gastric mucosa was homogenized with lysis buffer con-
taining 25 mM Tris-HCL (pH 7.4), ethylene glycol tetraacetic 
acid (1 mM), dithiothreitol (1 mM), leupeptin (10 µg/mL), apro-
tinin (10 µg/mL), phenylmethylsulfonyl fluoride (1 mM), and 
Triton X-100 (0.1%). Briefly, the proteins (each sample, 30 µg) 
were separated by sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (7.5% wt/wt gel) and transferred to nitrocellulose 
membranes. All procedures were done in Tris buffer (40 mM, pH 
7.55) containing 0.3 M of NaCl and 0.3% Tween 20. The mem-
branes were then blocked with dried milk (6% wt/vol), and sub-
sequently incubated with cPLA2 antibody (mouse monoclonal 
IgG2b antibody, 1:500; Santa Cruz Biotechnology, Santa Cruz, 
CA, USA), 5-LOX polyclonal antibody (rabbit antibody 1:500; 
Cayman Chemical, Ann Arbor, MI, USA), COX-1, and COX-
2 antibody (goat polyclonal IgG antibody, 1:1,000; Santa Cruz 
Biotechnology) at 4oC overnight. The blots were incubated with 
secondary antibody (goat polyclonal antibody, 1:5,000; Santa 
Cruz Biotechnology) and an imaging analyzer was used to mea-
sure the band densities.

7. Real time polymerase chain reaction for CGRP, COX-1, 
and COX-2

RNA was extracted from the gastric mucosa using the RNeasy 

Plus Mini kit (Qiagen, Valencia, CA, USA) according to the 
manufacturer’s instructions. RNA samples were diluted to a fi-
nal concentration of 0.5 mg/mL in RNase-free water and stored 
at -80oC until use. Synthesis of the cDNA was performed with 1 
mg of total RNA with M-MLV Reverse Transcription Reagents 
(Invitrogen, Carlsbad, CA, USA). The 20-µL reverse transcrip-
tion reaction consisted of 4 µL of first-strand buffer, 500 mM 
deoxynucleoside triphosphate mixture, 2.5 mM oligo (dT) 
primer, 0.4 U/mL ribonuclease inhibitor, and 1.25 U/mL mo-
loney murine leukemia virus reverse transcriptase (Invitrogen). 
The thermal cycling parameters for the reverse transcription 
were 5 minutes at 65oC, 50 minutes at 37oC, and 15 minutes at 
70oC. Real time polymerase chain reaction (PCR) amplification 
and determination were performed using the ABI PRISM 7000 
Sequence Detection System, TaqMan universal PCR master mix, 
commercially available predesigned, gene specific primers, and 
FAM-labelled probe sets for quantitative gene expression (Taq-
Man Gene Expression Assays, rodent CGRP, mouse b-actin; Ap-
plied Biosystems, Foster City, CA, USA). All of the probes used 
in these experiments spanned an exon-intron boundary. The 
CGRP, COX-1, COX-2, and b-actin mRNA were quantified by 
parallel estimation. The thermal cycler conditions were 2-min-
ute hold at 50oC and 10-minute hold at 95oC, followed by 40 
cycles of 15 seconds at 95oC and 1 minute at 60oC.

8. Statistical analysis

All statistical calculations were performed using SPSS soft-
ware version 18.0 (IBM Co., Armonk, NY, USA). The results were 
compared using the Mann-Whitney U test and the Wilcoxon 

rank sum test. All values are reported as means±standard errors. 
Null hypotheses of no difference were rejected if p-values were 
less than 0.05.

RESULTS

1. Effect of SK-MS10 on acute gastric lesions induced by 
NSAIDs

The gross appearance of gastric damage patterns was differ-
ent depending on the type of NSAIDs (Fig. 1A-C). Aspirin usu-
ally caused shallow and linear shape ulcerations, which were 
associated with hemorrhage more often than those caused by 
indomethacin or diclofenac. Indomethacin caused a punctuate 
type clean ulcer. The gastric damage induced by dicolfenac was 
similar to that caused by indomethacin, but the depth of ulcers 
was shallow and the damage extent was less severe than that 
caused by indomethacin. Even though the gross damage looked 
to be greater in the aspirin group by Fig. 1 but the gross ulcer 
index or damage area (%) was similar in three groups. All gas-
tric ulcers caused by NSAIDs were significantly attenuated in 
the SK-MS10 pretreatment group (Figs 1D-F and 2). The signifi-
cant decrease of NSAID-induced gastric ulcer index by pretreat-
ment of SK-MS10 (Fig. 2A) was very similar to the decrease of 
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the damage area measured by the image program (Fig. 2B).

2. Measurement of MPO and real-time PCR of CGRP in the 
mucosa

The mucosal levels of MPO significantly increased in indo-
methacin and diclofenac treatment groups than the control 

group. After SK-MS10 administration, the mucosal MPO con-
centration significantly decreased in the diclofenac treated rats 
(Fig. 3A). The mRNA expression of CGRP in the gastric mucosa 
increases with SK-MS10 pretreatment in aspirin and indometh-
acin groups (Fig. 3B). However, in diclofenac group, the CGRP 
expression by SK-MS10 decreased, contrary to other NSAID 

Fig. 1. Gross findings of the gastric damage caused by aspirin (200 mg/kg), indomethacin (40 mg/kg), and diclofenac (80 mg/kg), and the gastro-
protective effect of SK-MS10 pretreatment in rats. (A) Rat stomach after exposure to aspirin. (B) Rat stomach after exposure to indomethacin. (C) 
Rat stomach after exposure to diclofenac. (D) Rat stomach after exposure to aspirin with SK-MS10 pretreatment. (E) Rat stomach after exposure to 
indomethacin with SK-MS10 pretreatment. (F) Rat stomach after exposure to diclofenac with SK-MS10 pretreatment.
Asp, aspirin; Indo, indomethacin; DF, diclofenac; NSAIDs, nonsteroidal anti-inflammatory drugs.

Fig. 2. (A) Gross ulcer index and (B) damage area as assessed by the image program in the stomachs of 7-week-old rats. The areas of gross dam-
age (erosion or ulceration) were measured using a computerized video analysis system (MetaMorph 7.0; Molecular Devices). The area of mucosal 
damage was expressed as a percentage of the total mucosal area. The mean±SE with six rats per group. 
Asp 200, aspirin 200 mg/kg; Indo 40, indomethacin 40 mg/kg; DF 80, diclofenac 80 mg/kg.
*p<0.05 compared with the nonsteroidal anti-inflammatory drug (NSAID) group; †p<0.05 compared with the control group.
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groups.

3. Western blotting of cPLA2 and 5-LOX in the mucosa

The expression of cPLA2 significantly increased over the con-
trol group in diclofenac group after NSAIDs administration. The 
expression of cPLA2 and 5-LOX increased with NSAID adminis-
tration except in the aspirin group. This increased expression of 
cPLA2 and 5-LOX was reduced by SK-MS10 pretreatment in all 
three NSAID groups (Fig. 4).

4. Real-time PCR and Western blotting of COX-1 and COX-2 
in the mucosa

Real-time PCR of COX-1 (Fig. 5A) and COX-2 (Fig. 5B) did 
not show significant change by NSAID or by pretreatment of 
SK-MS10. However, diclofenac decreased the COX-1 and COX-
2 and pretreatment of SK-MS10 further decreased expression of 
COX-1 and COX-2. Compared with control group and SK-MS10 

pretreatment group in diclofenac, the expression of mRNA COX-
1 (p<0.05) and COX-2 (p<0.05) was significantly decreased.

The Western blotting showed that diclofenac increased the 
expression of COX-1 and pretreatment of SK-MS10 significant-
ly decreased it (Fig. 5C). In case of Western blotting of COX-2 
diclofenac significantly increased its expression and pretreat-
ment of SK-MS10 decreased it but without statistical change 
(Fig. 5D). Otherwise, there was no significant change in case of 
aspirin and indomethacin.

DISCUSSION

In our previous study, increased expression of cPLA2 and 
5-LOX after ethanol administration was attenuated by SK-MS10 
pretreatment.14 In addition, SK-MS10 pretreatment reduced 
increase of mucosal tumor necrosis factor-a, interleukin-1b, 
and MPO concentrations after ethanol administration.14 And 

Fig. 3. (A) Mucosal concentrations of myeloperoxidase (MPO) and (B) real-time polymerase chain reaction of calcitonin gene-related peptide (CGRP) 
in the stomachs of 7-week-old rats. The mean±SE with six rats per group.
Asp 200, aspirin 200 mg/kg; Indo 40, indomethacin 40 mg/kg; DF 80, diclofenac 80 mg/kg.
*p<0.05 compared with the nonsteroidal anti-inflammatory drug (NSAID) group; †p<0.05 compared with the control group.

Fig. 4. (A) Western blotting of cytosolic phospholipase A2 (cPLA2) and (B) 5-lipoxygenase (5-LOX) in the stomachs of 7-week-old rats. The 
mean±SE with six rats per group.
Asp 200, aspirin 200 mg/kg; Indo 40, indomethacin 40 mg/kg; DF 80, diclofenac 80 mg/kg.
*p<0.05 compared with the control group.
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another recent study about SK-MS10 showed that its protec-
tive effect against cysteamine-induced duodenal ulcer by either 
cPLA2/5-LOX or glutathione preservation.16 These results sug-
gested that the gastroprotective mechanisms of SK-MS10 in the 
ethanol model are anti-inflammatory activity by suppressing 
proinflammatory cytokines and down-regulating cPLA2/5-LOX 
pathway. In the present study, SK-MS10 significantly attenu-
ated gastric lesions caused by three different kinds of NSAIDs. 
However, the changes of inflammatory mediators such as MPO, 
cPLA2, and 5-LOX were rather weak in the NSAID models. The 
trend was similar in case of MPO. That is, in the ethanol model 
the level of MPO was 2.42 ng/mg,14 which is quite higher than 
those of MPO levels of 0.03, 0.06, and 0.23 ng/mg induced by 
aspirin, indomethacin, and diclofenac administration, respec-
tively. This discrepancy of MPO level was thought to originate 
from the different type of damage. In case of 100% ethanol-
induced gastropathy, it could act partly as a directly corrosive 
tissue irritant because of the chemical agent itself. Interestingly, 

the expression of cPLA2 was relatively higher in the diclofenac 
group than in other NSAIDs (Fig. 4). MPO is most abundantly 
expressed in neutrophil granulocytes and leukotrien B4, by-
product of cPLA2 and 5-LOX, is the major chemotactic factor 
for leukocytes. Relatively increased expression of cPLA2 in the 
diclofenac group could be a clue why MPO level of diclofenac 
was higher comparison to that of other NSAID groups. How-
ever, regarding mechanisms of NSAID-induced gastropathy, 
there are various factors including depletion of prostaglandin 
by inhibition of COX, neutrophil infiltration, decrease of gastric 
mucus production, hypermotility, and oxygen free radicals.5,6,8 
So there could be some differences of gastroprotective effects by 
SK-MS10 pretreatment between ethanol-induced and NSAIDs-
induced models. That is, the anti-inflammatory effect might be 
more important in ethanol model, but in NSAID induced gastric 
damage model we could not find a definite mediator.

CGRP has been reported to stimulate mucin synthesis through 
an NO-dependent mode of action in the rat gastric corpus and 

Fig. 5. (A) Real-time polymerase chain reaction of cyclooxygenase (COX)-1, (B) COX-2, (C) Western blotting of COX-1, and (D) COX-2 in the 
stomachs of 7-week-old rats. The mean±SE with six rats per group.
Asp 200, aspirin 200 mg/kg; Indo 40, indomethacin 40 mg/kg; DF 80, diclofenac 80 mg/kg.
*p<0.05 compared with the nonsteroidal anti-inflammatory drug (NSAID) group; †p<0.05 compared with the control group.
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induces vasodilation partly.17,18 As impaired gastric mucosal 
circulation is one of the key factors in ethanol induced gastric 
mucosal damage,19,20 activation of CGRP-NO pathway by pre-
treatment with SK-MS10 was thought to be an important role 
especially in our previous ethanol model.14 In the aspirin and 
indomethacin group of the present study, the expression of 
CGRP was increased by SK-MS10 pretreatment, as expected, al-
though there was no statistical significance. However, in diclof-
enac group, the CGRP expression by SK-MS10 was decreased 
contrary to other NSAID groups again without statistical signifi-
cant. There are various mechanisms concerning NSAID-induced 
gastropathy, and there could be some differences of mechanisms 
according to kind of NSAIDs, which could cause different gross 
finding of NSAID-induced gastric damage in the present study.

Prostaglandin E2 (PGE2) is an important mediator for gastric 
mucosal protection by decreasing stomach acid secretion, in-
creasing the thickness of mucus layer, and improving the blood 
flow of mucosa.21,22 Inhibition of COX-2 is thought to be re-
sponsible for NSAID’s anti-inflammatory effect, while inhibition 
of COX-1 is responsible for its gastrointestinal side effect as a 
result of reduced prostaglandin synthesis.23 So, it was expected 
that NSAIDs might inhibit expression of COX-1 and SK-MS10 
pretreatment would reverse it. However, there was no signifi-
cant decrease of COX-1 by three kinds of NSAIDs either by real 
time PCR of Western blotting in the present study. However, 
diclofenac provoked the expression of COX-1 by Western blot-
ting, which was significantly decreased by SK-MS10. In case of 
COX-2 we also expected that its expression would be decreased 
by NSAIDs. Similar to COX-1 there was no statistical change in 
three kinds of NSAIDs. However, diclofenac significantly pro-
voked the expression of COX-2 by Western blotting. It is known 
that the inhibitory potencies on COX-1 and COX-2 enzymes are 
different according to the type of NSAIDs.24,25 These different 
potencies on COX isoforms might be related with different ex-
pression of mRNA and Western blotting of COX-1 and COX-2 
in the present study. The expressions of COX-1 and COX-2 were 
similar in the aspirin and indomethacin group but opposite in 
the diclofenac group. Previous studies showed that the direction 
of inhibitory potency of diclofenac on COX-1 and COX-2 was 
similar while the inhibitory potency on COX-1 was stronger 
than COX-2 in aspirin and indomethacin.26-29 And expression 
of mRNA and Western blotting of COX-2 in aspirin only group 
was relatively less than the other NSAIDs only group. By acety-
lation of COX-2, aspirin triggers formation of lipoxins, a lipid 
mediator showing anti-inflammatory effects. In addition, it has 
been suggested that acetylation of COX-2 by aspirin could be 
related with decreased expression of COX-2.30 Another study 
suggested that gastric ulcerogenic properties of NSAIDs are not 
accounted for solely by COX-1 inhibition, but require the inhi-
bition of both COX-1 and COX-2.31 The inhibition of COX-1 up-
regulates COX-2 expression, and COX-2/prostaglandin may, in 
turn, counteract the deleterious effects of gastric hypermotility 

due to COX-1 inhibition.31

In the present study, the trend of mucosal level of cPLA2, 
5-LOX agree among the three NSAIDs. However, the trends 
of CGRP, COX-1, and COX-2 were consistent in aspirin and 
indomethacin group while being different in diclofenac group. 
Actually, ulcerogenic mechanisms of each NSAID are a little 
different according to their own properties. An indomethacin 
induced ulcer model was widely used for higher ulcerogenic 
potential than other NSAIDs. In this indomethacin ulcer model, 
various antiulcer agents showed some different mechanisms.23 
That is, a previous study reported that presynaptic a 2 recep-
tors play a role in the inhibition of indomethacin-, aspirin-, 
ethanol-, stress-, and pyloric-ligastion-induced ulcers.32 Another 
study hypothesized that stimulation of a 2 adrenergic recep-
tors may be responsible for the increase of protective factors 
induced by antiulcer drug.23 In addition, recently lipoxins have 
been reported to exert important anti-inflammatory.33 The in-
hibition of cPLA2/5-LOX pathway was thought to be common 
with both the ethanol and NSAID ulcer model. The pathogenesis 
of NSAID-induced gastrointestinal damage may also depend 
on prostaglandin-independent mechanisms, such as uncou-
pling of oxidative phosphorylation, alterations of mucosal cell 
turnover as well as neutrophil activation followed by enhanced 
endothelial adhesion. As the protective effect of SK-MS10 in 
the NSAID-induced gastric damage model in rat could not be 
explained by cPLA2/5-LOX pathway, CGRP or COX-1 and COX-
2 in the present study the antioxidative property by SK-MS10 
might play a role in the NSAID-induced gastric damage model 
in rat.

There have been many studies about gastroprotective effects 
of flavonoids in plant extracts showing various mechanisms.33,34 
Other studies about gastroprotective agent such as rebamip-
ide, eupatilin have proposed that prostaglandin-independent 
mechanisms.3,11,12 Taiwan study showed that sesamol potently 
reduced diclofenac-induced mucosal damage, but neither in-
creased nor maintained diclofenac-induced decreases of PGE2, 
mucus, or COX activity.35 Aspirin, the classic NSAID, does not 
produce gastric damage, despite its inhibiting PG production as 
effectively as the other NSAIDs. Moreover, ulceration does not 
develop spontaneously in mice with a disrupted COX-1 gene. A 
mechanism other than the COX pathway might be important in 
NSAID-induced gastric mucosal injury.35 And there was also a 
study which suggested that PPIs could activate gastric protec-
tive mechanisms independent of acid reduction.36

Our study has several limitations. First, there was no data 
about prostaglandin and leukotriene which is by-product of 
COX, 5-LOX, and cPLA2. Second, we did not measure other 
antioxidative mediators such as lipoxins. Recently lipoxins, a 
lipid mediator, have been reported to exert to important anti-
inflammatory effects in addition to the mucosal protective 
actions. Third, we focused reproducibility of inhibition mecha-
nism of cPLA2/5-LOX and activation of CGRP by SK-MS10 
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in the NSAID model similar to the ethanol model. However, it 
is necessary to explore PLA2 expression, LOX expression, and 
COX more in detail not by mechanistic manner. In the future, 
further experiments are necessary. Fourth, as much as the pro-
tective effect of SK-MS10 matter, the core results were related 
to the difference in NSAID-induced gastric damages according 
to kinds of NSAID. However, we could not provide appropriate 
explanations or speculations as well as plausible mechanisms in 
this matter in the present study. In the future we would like to 
provide accurate answer for this question by further research.

In conclusion, SK-MS10 has a gastroprotective effect against 
NSAID-induced gastric damage rat model. However, its protec-
tive mechanism might be different in three kinds of NSAID-
induced gastric damage model in rat, requiring further research.
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