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Background/Aims: Cochinchina momordica seed extract 
(SK-MS10) has a gastric protective effect. We aimed to as-
sess the effect of SK-MS10 on gastric acid secretion with 
morphologic changes in the aged rat. Methods: Acid secre-
tions were evaluated in the male F344 rats of four different 
ages (6-, 31-, 74-week, and 2-year). The 31-week-old rats 
were divided to three groups and continuously administered 
chow containing vehicle, SK-MS10 and lansoprazole, re-
spectively. At the age of 74 weeks and 2 years, basal and 
stimulated acid was measured and the expression of mRNA 
and protein of H+-K+-ATPase were determined. The area of 
connective tissue of lamina propria was measured. Results: 
Basal and stimulated gastric acid significantly decreased 
and connective tissue of lamina propria increased with age. 
The expression of mRNA and protein of H+-K+-ATPase signifi-
cantly decreased with age. However, 74-week-old rats in the 
SK-MS10 group had higher stimulated gastric acid secretion 
than those in the vehicle and lansoprazole groups. In 2-year-
old rats of SK-MS10 group, there was no increase of con-
nective tissue. Conclusions: As SK-MS10 kept the capacity 
of acid secretion as well as connective tissue area to com-
parable to young rats, it might valuable to perform further 
research regarding mechanism of SK-MS10 as an antiaging 
agent in the stomach. (Gut Liver 2013;7:560-568)
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INTRODUCTION 

Until the early 1990s, acid secretion was regarded to decrease 
progressively with increasing age in human due to a loss of 
parietal cells that occurred with atrophic gastritis.1 The fall of 
acid secretion and the atrophic change of gastric mucosa with 
age have been also observed in rodents.1-4 However, since He-
licobacter pylori was found in 1982, a paradigm has changed 
through a lot of research. It is known that H. pylori infection 
caused atrophic change of gastric mucosa, and gastric acid 
secretion does not in old people who have no atrophic change 
of gastric mucosa and the H. pylori infection.5-8

Cochinchina momordica seed extract (SK-MS10) is composed 
mainly of momordica saponins. In our previous study, SK-
MS10 was found to enhance gastric ulcer healing and angio-
genesis in the acetic acid-induced ulcer model.9 In addition, we 
have shown that SK-MS10 has an effect of gastric protection 
via up-regulation of calcitonin gene-related peptide (CGRP).10 
There have been reports that CGRP suppresses acid output.11,12 
However, our preliminary study showed that the SK-MS10 did 
not inhibit acid secretion, suggesting that SK-MS10 might have 
some role in acid secretion through other mechanism besides 
CGRP.

The aim of this study was to evaluate the gastric acid secre-
tions in the aging process and to assess the effects of SK-MS10 
on gastric acid secretion and morphologic changes with age. 
In addition, the expression of mRNA and protein of a proton 
pump, hydrogen-potassium-activated ATPase (H+-K+-ATPase) 
were determined together with acid secretion.
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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.9,10 Five liter of aqueous ethanol solution was added 
to 1 kg (dry weight) of C. momordica, purchased at an herb 
market in Korea. Extraction was performed for 4 hours at 80°C, 
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, 60 g of ethanol extract in powder form (SK-MS10) was 
obtained. SK-MS10 was dissolved in carboxymethylcellulose 
sodium salt (Sigma Aldrich C-4888; Sigma Chemical Co., St 
Louis, MO, USA) during the experiment.

2. Animals

Male Fisher 344 rats, H. pylori free and virus free, were pur-
chased from Orient Co., Ltd., Seoul, Korea, and were raised at 
our institute. The 31-week aged rats were divided into three 
groups: vehicle, SK-MS10 and lansoprazole group and housed 
in a cage maintained at 23oC, with 12:12-hour light-dark cycles 
under specific pathogen-free conditions. The vehicle group was 
fed with ad libitum only Purina rat chow and SK-MS10 and 
lansoprazole group were fed with rat chow containing SK-MS10 
(100 mg/kg) and lansoprazole (5 mg/kg) per day until sacrifice. 
All experimental procedures described here were approved 
by the Institutional Animal Care and Use Committee of Seoul 
National University Bundang Hospital (IACUC No.: BA0903-
040/013-01). 

3. Measure of gastric acid secretion

The level of acid secretion was measured in each basal and 
stimulated rat. In the vehicle group, basal and stimulated acid 
secretion level were measured at 6-, 31-, 74-week-, and 2-year-
old rats. In SK-MS10 and lansoprazole group, those were 
measured at 74-week- and 2-year-old rats. Actually, the feed-
ing period of SK-MS10 or lansoprazole was 43 weeks in the 
74-week-old rats and 73 weeks in the 2-year-old (104-week-
old) rats, respectively, because the feeding was started at the age 
of 31 weeks. There were no abnormal signs such as weight loss 
or side effects in SK-MS10 groups compared to vehicle group. 
They grew well and no side effects were observed until the ex-
periments. The rats were starved but allowed water for 24 hours 
prior to the experiments. After measurement of body weight, 
the rats were anesthetized by zoletil and rompun mixture. The 
abdomen was gently opened and the esophagogastric junc-
tion and pyloric ring were ligated. An overhead lamp was used 
to maintain core body temperature at 36oC to 38oC. Following 
ligation the animals were injected (s.c.) with either phosphate-
buffered solution or histamine (40 mg/kg) with carbachol (10 
mg/kg), respectively. After incubation for 2 hours, stomach was 

extracted, and gastric juice was collected using 50 mL conical 
tube. The acid concentration (mmol H+) was determined by ti-
tration with 0.1 N NaOH to pH 7.0.

4. Real-time polymerase chain reaction for ATP4A 

ATP4A mRNA, the gene encoding a-subunit of H+-K+-
ATPase, were measured by real-time polymerase chain reaction 
(PCR). Briefly, RNA was extracted from the mucosa-scrapped 
tissue of body of rat stomach using the RNeasy Plus Mini kit 
(Qiagen, Valencia, CA, USA) according to the manufacturer’s 
instructions. RNA samples were diluted to a final concentration 
of 0.5 mg/mL in RNase-free water and stored at -80°C until use. 
Synthesis of the cDNA was performed with 1 mg of total RNA 
with M-MLV reverse transcription reagents (Invitrogen, Carls-
bad, CA, USA). The 20 mL reverse transcription reaction was 
consisted of 4 mL of first-strand buffer, 500 mM deoxynucleo-
side triphosphate mixture, 2.5 mM oligo 12 to 18 primer, 0.4 
U/mL ribonuclease inhibitor, and 1.25 U/mL Moloney murine 
leukemia virus reverse transcriptase (Invitrogen). The thermal 
cycling parameters for the reverse transcription were 10 minutes 
at 65oC, 50 minutes at 37oC, and 15 minutes at 70oC. Real-time 
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 labeled probe sets for quantitative 
gene expression (TaqMan Gene Expression Assays; Applied Bio-
systems, Foster City, CA, USA). All of the probes used in these 
experiments spanned an exon-intron boundary. The ATP4A 
and b-actin mRNA were quantified by parallel estimation. 
The thermal cycler conditions were 2-minute hold at 50oC and 
10-minute hold at 95oC, followed by 40 cycles of 15 seconds 
at 95oC and 1 minute at 60oC. The relative expression of target 
genes was normalized by dividing the target Ct values by the 
endogenous Ct values.

5. Western blotting for H+-K+-ATPase 

The protein expression of a-subunit of H+-K+-ATPase was 
determined by Western blotting according to the previously re-
ported method.13,14 Briefly, the mucosa-scrapped tissue of body 
of stomach was homogenized with lysis buffer containing 25 
mM Tris-HCL pH 7.4, ethylene glycol tetraacetic acid 1 mM, 
dithiothreitol 1 mM, leupeptin 10 mg/mL, aprotinin 10 mg/mL, 
phenylmethylsulfonyl fluoride 1 mM, and Triton X-100 0.1%. 
The proteins (each sample, 50 mg) were separated by sodium 
dodecyl sulfate polyacrylamide gel electrophoresis (8% wt/wt 
gel) and transferred to polyvinylidene fluoride membranes. All 
procedures were performed in Tris buffer (40 mM, pH 7.55) con-
taining 0.3 M of NaCl and 0.3% Tween 20. The membranes were 
then blocked with dried milk (5% wt/vol) and subsequently in-
cubated with anti-H+-K+-ATPase a-subunit antibody (polyclonal, 
1:1,000; Santa Cruz Biotechnology, Santa Cruz, CA, USA) at 4oC 
overnight. The blots were incubated with secondary antibody 
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(rabbit polyclonal antibody, 1:2,000; Santa Cruz Biotechnology) 
and an imaging analyzer was used to measure the band densi-
ties.

6. Mucosal histology

The obtained gastric specimens were fixed in 10% buffered 
formalin for histology. The specimens were embedded in paraf-
fin and routinely processed and stained with hematoxylin and 
eosin (H&E). The gastric mucosal histology was evaluated on 
coded gastric specimens stained with H&E by two independent 
experts (R.H.N. and H.C.). The area of the connective tissue was 
quantified in the lower one-third of the mucosa and the total 
area of each specimen (n=10) by using the MetaMorph 7.0 video 
image analysis system (Molecular Devices, Downingtown, PA, 
USA).15 The connective tissue area was expressed as a % of the 
total area.

7.	 Measurement of salt soluble collagen, sulfated GAG, 
lipid hydroperoxide

The gastric mucosal level of salt-soluble collagen, sulfated 
GAG (sGAG) and lipid hydroperoxide (LPO) were measured by 
the previously published protocol.15

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. 
Statistical significance was set at p<0.05.

RESULTS

1.	 Gastric acid secretion and expression of H+-K+-ATPase 
with age 

There were no significant differences in basal gastric acid 
concentration among each age group (basal gastric acid con-
centration, 0.011±0.002 in 6-week; 0.014±0.001 in 31-week; 
0.013±0.002 in 74-week; 0.015±0.001 mmol H+/2 hr in 2-year-
old rats). However, the stimulated acid concentration (stimulated 
gastric acid concentration, 0.087±0.012 in 6-week; 0.212±0.017 
in 31-week; 0.145±0.017 in 74-week; 0.129±0.017 mmol H+/2 
hr in 2-year-old rats) showed the pattern of decrease with age 
after 31 weeks (74 weeks, p=0.025 compared to 31 weeks; 2 
years, p=0.011 compared to 31 weeks) (Fig. 1A). As there were 
significant differences of the mean body weight of F344 rats 
by age (106 g in 6-week-old, 341 g in 31-week-old, and 409 g 
in 74-week- and 2-year-old rats), the results of acid concentra-
tion were corrected by body weight. Weight corrected basal and 
stimulated gastric acid concentration significantly decreased 
with age (weight corrected basal and stimulated gastric acid 
secretion, 0.102±0.019, 0.809±0.108 in 6-week; 0.042±0.004, 
0.616±0.061 in 31-week; 0.031±0.004, 0.353±0.040 in 74-week; 

0.038±0.003, 0.321±0.043 mmol H+/2 hr/mg body weight in 
2-year-old rats). Weight corrected basal gastric acid concentra-
tion of 74-week and 2-year-old rats was significantly reduced 
as compared to 6-week-old rats (74 weeks, p=0.014; 2 years, 
p=0.005). In addition, weight corrected stimulated gastric acid 
secretion in 74-week and 2-year-old rats was significantly 
lower than that in 6- and 31-week-old rats (74 weeks, p=0.010 
to 6 weeks, p=0.006 to 31 weeks; 2 years, p=0.002 to 6 weeks, 
p=0.003 to 31 weeks) (Fig. 1B). The change of volume and pH 
of gastric acid with age was shown in Fig. 1C and D.

The mean expression of ATP4A mRNA of 6-, 31-, 74-
week-, and 2-year-old rats were 1.100±0.171, 1.185±0.111, 
0.799±0.099, and 0.633±0.141, respectively. In the basal condi-
tion, the expression of ATP4A mRNA of 74-week was lower 
than that of 31-week-old rats (p=0.023), the expression of 
ATP4A mRNA of 2-year-old rats decreased compared to 6- 
and 31-weak-old rats (p=0.020, p=0.003, respectively) (Fig. 1E). 
In the basal condition, the mean expression of H+-K+-ATPase 
protein 6-, 31-, 74-week-, and 2-year-old rats were 2.0±0.23, 
2.46±0.87, 0.93±0.07, and 1.89±0.30, respectively. The 74-week-
old rats showed lower expression of H+-K+-ATPase protein than 
6-week and 2-year-old rats (p=0.015 to 6 weeks, p=0.011 to 
2 years) and 2-year-old rats had lower expression of H+-K+-
ATPase protein than 6-week and 31-week-old rats (p=0.015 to 
6 weeks, p=0.05 to 31 weeks) (Fig. 1F).

2. Gastric acid secretion and expression of H+-K+-ATPase 
according to drug

The basal and stimulated gastric acid concentrations of SK-
MS10 group (0.030±0.007, 0.313±0.037 in 74-week-old rats; 
0.020±0.005, 0.159±0.035 mmol H+/2 hr in 2-year-old rat) were 
higher than vehicle group. In 74-week-old rats, the elevation 
of gastric acid secretion was statistically significant (p=0.019 
at basal, p=0.001 at stimulated condition) (Fig. 2A). The basal 
acid concentration of lansoprazole group was higher than that 
of vehicle or SK-MS10 groups, while the stimulated acid con-
centration of lansoprazole group was lower than that of other 
two groups. Especially, there were statistical significance in 
basal acid concentration of 2-year-old rats and stimulated acid 
concentration of 74-week-old rats. The stimulated acid secre-
tion in lansoprazole group was very similar to the label of basal 
condition, which could be explained by pharmacological ac-
tion (basal and stimulated gastric acid secretion of lansoprazole 
group, 0.035±0.007, 0.042±0.005 at the age of 74-week-old rat; 
0.081±0.020, 0.084±0.016 at the age of 2-year-old rat, respec-
tively) (Fig. 2A). Under the stimulated condition, acid concen-
tration of SK-MS10 group was decreased with age (p=0.025), 
while acid concentration of lansoprazole group was increased 
with age in both basal and stimulated conditions (p=0.045 in 
basal condition, p=0.013 in stimulated condition) (Fig. 2A). In 
74-week-old rats, the volume of stimulated gastric secretion of 
SK-MS10 group was higher compared to other treatment groups 
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with statistical significance (Fig. 2B). The pH of gastric acid of 
SK-MS10 group was also lower than that of other two groups 
with statistical significance (Fig. 2C).

Although the mean expression of ATP4A mRNA was in-
creased in SK-MS10 compared to vehicle group both in the 
basal condition and in 2-year-old rat of stimulated condition,  

there was no statistical significance. The mean expression of 
ATP4A mRNA of lansoprazole group was also higher than that 
of vehicle group, there was significant difference in 2-year-old 
rat of basal condition (p=0.031) (Fig. 2D). In the basal condi-
tion, the mean expression of H+-K+-ATPase protein showed no 
statistical difference among three drug groups. In 2-year-old rat 

Fig. 1. Gastric acid secretion and expression of H+-K+-ATPase with age. (A) Basal and stimulated acid concentration. (B) Basal and stimulated acid 
concentration corrected by body weight. (C) The volume of gastric acid secretion. The volume of basal gastric secretion was not different among 
each age group. The volume of stimulated gastric secretion peaked in the 31-week-old rat group and decreased with age. (D) pH of gastric acid. 
pH of stimulated gastric acid of 74-week- and 2-year-old rats was significantly higher than that of young age groups. (E) Expression of ATP4A 
mRNA. (F) Expression of H+-K+-ATPase protein. For the measurement of basal or stimulated acid secretion, either phosphate-buffered solution or 
histamine (40 mg/kg) and carbachol (10 µg/kg) was injected (s.c.), respectively. Results are expressed as mean±SEM. 
b.wt., body weight; OD, optical density. 
*p<0.05 compared with 6-week of age; †p<0.05 compared with 31-week of age; ‡p<0.05 compared with 2-year-aged F344 rats.
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of stimulated condition, the level of H+-K+-ATPase protein was 
significantly higher in SK-MS10 group when compared to that 
of vehicle group (p=0.039). The expression of H+-K+-ATPase 
protein of lansoprazole group was higher than that of group 
(p=0.041) (Fig. 2E).

3. Mucosal histology

The area of connective tissue of lamina propria was compared 
between 74-week- and 2-year-old rats of three groups (Fig. 3). 

The results of vehicle, SK-MS10 and lansoprazole group were 
14.4%, 13.6%, 14.6% in 74-week-old rats and 20.1%, 14.7%, 
20% in 2-year-old rats, respectively. In vehicle and lansoprazole 
group of 2-year-old, the area of connective tissue of lamina pro-
pria increased with aging since 74-week-old (p<0.001 in both 
vehicle and lansoprazole group). However, in SK-MS10 group, 
the connective tissue area of lamina propria of 2-year-old rats 
was very similar to that of 74-week-old (p=0.242) The connec-
tive tissue area of lamina propria in SK-MS10 group of 2-year-

Fig. 2. Gastric acid secretion and expression of H+-K+-ATPase ac-
cording to drug. (A) Basal and stimulated acid concentration. (B) 
The volume of gastric acid secretion. The volume of basal gastric 
secretion of 74-week group was not different among each treatment 
group. The volume of stimulated gastric secretion of 74-week SK-
MS10 was higher compared to other treatment groups with statistical 
significance. (C) pH of gastric acid. The basal pH of gastric acid of 
74-week SK-MS10 group was lower than that of other two groups 
(p=0.027 compared to vehicle, p=0.016 compared to lansoprazole). In 
the 2-year-old rat groups, the basal pH of gastric acid did not show 
statistical significant difference among each treatment groups. pH of 
stimulated gastric acid show the lowest level in 74-week- and 2-year-
old SK-MS10 groups. (D) Expression of ATP4A mRNA. (E) Expression 
of H+-K+-ATPase protein. The feeding period of SK-MS10 or lanso-
prazole was 43 weeks in the 74-week-old rats and 73 weeks in the 
2-year-old (104-week-old) rats because the feeding was started at the 
age of 31 weeks. Results are expressed as mean±SEM. 
OD, optical density. 
*p<0.05 compared with vehicle; †p<0.05 compared with lansoprazole.
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old was significantly lower than those of vehicle (p<0.001) and 
lansoprazole group (p<0.001) of 2-year-old (Fig. 4A).

4. Salt soluble collagen, sulfated glycosaminoglycan, and 
lipid hydroperoxide 

As there was no remaining tissue of lansorpazole group salt 
soluble collagen, sGAG and LPO were measured only in the 

vehicle and SK-MS10 group. The salt soluble collagen level of 
SK-MS10 group was significantly lower than vehicle group 
in 2-year-old rats (5.63 mg/mg protein vs 7.76 mg/mg protein, 
p=0.028) (Fig. 4B). The sGAG level of SK-MS10 group in 
2-year-old rat was lower than that of vehicle group, but not sig-
nificantly (1.43 mg/mg protein vs 2.09 µg/µg protein, p=0.083) 
(Fig. 4C). LPO level of 2-year-old rat was higher than 74-week-

Fig. 3. Photomicrographs of gastric mucosa (H&E stain, ×400). (A) Vehicle of 74-week. (B) Vehicle of 2-year. (C) SK-MS10 of 74-week. (D) SK-
MS10 of 2-year. (E) Lansoprazole of 74-week. (F) Lansoprazole of 2-year. Arrows indicate the layer of lamina propria.
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old rats in vehicle group (2.41 mM/mg wet wt. vs 1.44 mM/mg 
wet wt., p=0.02), but there was no statistically significant differ-
ence between 2-year- and 74-week-old rats in SK-MS10 group 
(1.74 mM/mg wet wt. vs 1.05 mM/mg wet wt., p=0.129). When 
the LPO level was compared between vehicle and SK-MS10 
group, LPO levels of SK-MS10 group were lower than those of 
vehicle groups but it did not reach statistical significance (1.05 
vs 1.44, p=0.399 in 74 weeks; 1.74 vs 2.41, p=0.09 in 2 years) 
(Fig. 4D).

DISCUSSION

There have been reports that gastric acid secretion decreased 
with increasing age in human as well as animal models.1,3,16 
However, in more recent studies, gastric acid secretion has been 
found to remain stable in old people without atrophy of gastric 
mucosa and the H. pylori infection.5-8 Furthermore, other studies 
have shown that acid secretion increased with age.17,18 Conse-
quently, it was thought that the decline of gastric acid was not 
the simple effect of physiological aging, but the result of gastric 

mucosal atrophy or H. pylori infection.7,19,20 H. pylori infection 
of human gastric mucosa down-regulates the activity of the 
a-subunit of H+-K+-ATPase of the parietal cell, and significantly 
inhibits acid secretion.21,22 In this study, basal and stimulated 
gastric acid amounts significantly decreased with aging and the 
expression of mRNA and protein of H+-K+-ATPase were defi-
nitely decreased in the aged rats. As a specific pathogen-free rat 
model was used in this study, the effect of H. pylori on gastric 
acid secretion can be excluded. In the previous study, we also 
have clearly shown that there was atrophy of the gastric glands 
in the basal mucosa and they were replaced by connective tis-
sues in the aging F344 rats at four points (6, 31, 74 weeks, and 
2 years) similar to the present study.9 Together with the results 
of the present study the decrease of basal and stimulated gastric 
acid secretion seems to be related to the gastric mucosal atrophy 
with aging. Furthermore, these results were partially supported 
by the similar decreasing tendency of mRNA and protein of H+-
K+-ATPase in the aged rats although it was not the same in the 
present study.

C. momordica is the dried ripe seed of Momordica cochinchi-

Fig. 4. (A) Comparison of connective tissue area in the laminar propria. The proportion of connective tissue area of the 2-year-old F344 rats was 
significantly lower in the SK-MS10 group compared to vehicle or lansopraozole group. (B) Salt soluble collagen. (C) Sulfated GAG (sGAG). (D) 
Lipid hydroperoxide (LPO) according to continuous administration of SK-MS10 (100 mg/kg/day) from 31-week-old up to 74-week- or 2-year-old.
*p<0.05 compared with vehicle; †p<0.05 compared with lansoprazole.
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nensis, a perennial vine that grows in Southern China and Viet-
nam; it has traditionally been used for its anti-inflammatory 
activity and for suppurative skin infections. Chemical analysis 
shows that the C. momordica seeds are composed of compounds 
including fatty acids, saponins, proteins, a-spinasterol, oleanolic 
acid, and momordica acid. Among these compounds, momordi-
ca saponin I, glycoside, a triterpenoid saponin containing disac-
charide chain, has been found to be a major active ingredient.10 
The saponins were found to inhibit gastric mucosal injuries in-
duced by ethanol or indomethacin in rats.23 We have previously 
shown that SK-MS10 enhanced the healing of gastric ulcer and 
the angiogenesis in the acetic acid-induced ulcer model.9 Also, 
we demonstrated that the gastric protective effect of SK-MS10 
was related with up-regulation of CGRP-nitric oxide pathway.10

CGRP has been known as one of the neurotransmitter of gas-
tric afferent nerve. When the gastric mucosa is endangered the 
afferent sensory nerve, stimulated by gastric acid, secretes the 
CGRP. Consequently, via CGRP receptor of G-cell and D-cell of 
stomach, the acid secretion of gastric parietal cell is reduced.24 
Although there were some reports that CGRP suppress acid out-
put11,12 our preliminary study using 6-week-old Spraque-Dawley 
rats showed that the SK-MS10 did not significantly inhibit acid 
secretion, suggesting that SK-MS10 might play some role in 
acid secretion through different mechanisms other than CGRP. 
In the present study, the decrease of gastric acid secretion in the 
aged rat was prevented by continuous administration of SK-
MS10 via chow (100 mg/kg/day). Moreover, the pH of aged 
rat who took SK-MS10 continuously was similar to that of 6- 
week-old rat in vehicle group. Although we have not evaluated 
the long term effect of SK-MS10 administration in young rats in 
the present study, the effect of acid secretion of SK-MS10 might 
be little in the young rat because it had become influential in 
the aged rat under the decreased potential of acid secretion. 
These results might be explained in several ways. For instance, 
SK-MS10 has some antiaging potential in the F344 rat. Or con-
tinuous administration of SK-MS10 provoked the increase of 
CGRP production with age, which might have acted to protect 
the gastric mucosa.10,15 However, as we did not measure the 
CGRP concentration neither the other antiaging factors in the 
present manuscript, further studies are necessary to investigate 
underlying mechanism of our results.

As a proton pump, H+-K+-ATPase is known to be the common 
pathway mediating secretion of hydrochloric acid and a marker 
of parietal cell function.25 In the next step we measured mRNA 
of ATP4A and protein level of ATPase. Similar to the results of 
gastric acid secretion the expression of mRNA and protein of 
H+-K+-ATPase were also higher in the SK-MS10 group com-
pared to vehicle group although there was no statistical signifi-
cance. Thus, the higher acid secretion of SK-MS10 group than 
vehicle group in the aged rat might be related with the other 
mechanism than H+-K+-ATPase. In the future, underlying mech-
anism the up-regulation of gastric acid secretion by SK-MS10 is 

planned to be undertaken. In contrast to SK-MS10, continuous 
administration of lansoprazole (5 mg/kg/day) inhibited the acid 
output of stimulated condition but significantly increased the 
basal acid output than vehicle group. The increase of basal acid 
with increase of mRNA of ATP4A in the lansoprazole group 
over the vehicle group could be explained by the compensation 
of gastric mucosa for the significant decrease of stimulated acid 
output by lansoprazole.

After finding this effect of SK-MS10 on acid secretion we 
checked the effect of SK-MS10 on the connective tissue change 
of lamina propria with aging because a few previous studies 
showed the increase of connective tissue area of gastric mucosa 
of rat with age.2,4,15 Similar to the previous study by our group,15 
the connective tissue area of gastric mucosa increased with ag-
ing in vehicle and lansoprazole group. Interestingly, there was 
no statistical significant increment of connective tissue of lami-
na propria in SK-MS10 group, supported by the lower mucosal 
collagen level of SK-MS10 group compared to vehicle group in 
2-year-old rats. We speculated that continuous administration 
of SK-MS10 might have an antiaging effect on the gastric mu-
cosa as well as mucoprotective agent in the stomach.

LPO as oxidative products have been shown to participate in 
tissue injury and chronic inflammation.26 Naturally, the relation 
between LPO level and aging has been suggested.27,28 Previously 
we indicated that LPO level of gastric mucosa was increased in 
aged rat.15 In the present study, LPO level of 2-year-old rats was 
significantly higher than that of 74-week-old rats (p=0.034). 
However, this increase of LPO was blocked by continuous ad-
ministration of SK-MS10 (p=0.139), suggesting the possibility 
of an antiaging effect of SK-MS10 together with the prevention 
effect of increase of connective tissue in the lamina propria.

In conclusion, SK-MS10 attenuated connective tissue change 
with age and kept the capacity of acid secretion to that of 
young age. These findings suggest that SK-MS10 might be an 
antiaging agent in the stomach as well as mucoprotective agent. 
This effect of SK-MS10 that prevents the decrease of gastric acid 
secretion might be helpful for the inhibition of development of 
small intestinal bacterial overgrowth, relatively increase in old 
age. Further study is needed to investigate the mechanism of 
SK-MS10 related to the prevention effect of decrease of gastric 
acid secretion and that of increase of connective tissue change.
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