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Augmenting Effect of DA-9601 on Ghrelin in an Acute Gastric Injury Model
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Background/Aims: Acute gastric injury by alcohol or indo-
methacin has been reported to be prevented by DA-9601, 
an extract of the herb Artemisia asiatica. Ghrelin, an endoge-
nously produced gastrointestinal peptide hormone, has also 
been demonstrated to play a role in gastric mucosal defense. 
The aim of this study was to investigate the effects of DA-
9601 on ghrelin in an acute gastric injury model induced by 
alcohol or indomethacin. Methods: A total of 140 Sprague-
Dawley rats were divided into two groups, a placebo group 
and a DA-9601-pretreated group. Thirty minutes later, half of 
the rats in each group received ethanol injury and the other 
half received indomethacin injury. Levels of serum ghrelin 
and gastric mucosal ghrelin mRNA were measured by ELISA 
and RT-PCR, respectively. Results: Immediately after ethanol 
administration, ghrelin increased in both groups pretreated 
with DA-9601 and placebo. However, the increase occurred 
more rapidly and was higher in the DA-9601-pretreated rats 
than in the controls that did not receive DA-9601-pretreat-
ment. Similarly, from 30 minutes to 2 hours after indometha-
cin administration, the DA-9601-pretreated rats showed a 
significant increase in serum and gastric mucosal ghrelin 
concentrations, whereas placebo-pretreated rats showed 
only a mild increase. Conclusions: DA-9601 potentiates the 
endogenous production and secretion of ghrelin in acute 
gastric injury models induced by ethanol or indomethacin. 
(Gut Liver 2011;5:52-56)
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INTRODUCTION

The gastric mucosa defends its structural integrity against 
many noxious substances such as alcohol and nonsteroidal 
anti-inflammatory drugs (NSAIDs) via pre-epithelial, epithelial 
and sub-epithelial factors that include the mucus barrier, bicar-

bonate secretion, epithelial tight junctions, prostaglandin (PG) 
synthesis, cell restitution, and mucosal blood flow.1 Alcohol 
ingestion may lead to gastric mucosal lesions by penetrating 
the gastric mucosa and causing mucosal inflammation, ero-
sions and ulcer formation.2-4 Alcohol-induced gastric injury is 
mediated by free radicals, which is supported by the fact that 
ethanol administration depletes cells of major antioxidants such 
as superoxide dismutase, catalase, and glutathione peroxidase. 
Gastric injury induced by NSAIDs such as indomethacin is me-
diated by nonselective inhibition of the cyclooxygenase path-
ways, which results in decreased PG synthesis. 

DA-9601, an extract of Artemisia asiatica, has been reported 
to have anti-inflammatory, antioxidative and cytoprotective ef-
fects and therefore to play a protective role in experimentally-
induced gastrointestinal damage and hepatic and pancreatic 
lesions.5-9 However, the underlying mechanisms of its gastric 
mucosal protective effects have not been fully elucidated. 

Another gastro-protective agent, ghrelin, which is made 
endogenously, has been recently found as one of the gut hor-
mones. It affects the secretory and motor functions of gut as 
well as energy homeostasis by controlling appetite and food 
intake.8,10 It is a peptide hormone that binds to growth hormone 
secretagogue receptor (GHS-R).7 It can be produced in the small 
intestine, the large bowel, the kidney, and the placenta,11,12 as 
well as in the stomach, the main site of its production and se-
cretion.13 In addition to modulating gastric acid secretion and 
accelerating gastric emptying,8,9 it has been reported to protect 
the gastric mucosa from acute gastric injury.5,14-17 Thus, ghrelin 
and DA-9601 seem to have similar gastro-protective effects. 

The aim of this study was to examine possible interaction be-
tween DA-9601 and ghrelin in acute gastric injury induced by 
ethanol or indomethacin. We investigated serum ghrelin levels 
and gastric mucosal ghrelin expressions after pretreatment with 
DA-9601 or placebo in rat models of acute gastric injury.
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MATERIALS AND METHODS

1. Animals and materials

The use of animals in the present study was approved by 
the Institutional Animal Care and Use Committee of Hanyang 
University. Male Sprague Dawley (SD) rats, weighing 240-260 
g, were obtained from Charles River (Chiba, Japan). The animals 
were kept at a constant temperature (24±1oC) and 40-60% rela-
tive humidity and were acclimatized for 7 days before experi-
ments. Prior to the experiments all rats were fasted for 24 hours 
but were allowed access to water ad libitum. 

DA-9601, a standardized extract of Artemisia asiatica (Dong-A 
Pharmaceutical Research Institute, Yongin, Korea) was dissolved 
in 5% hydroxypropyl methylcellulose and given at concentra-
tions of 100 mg/kg body weight (BW). Absolute ethanol was 
diluted 3:1 (vol/vol) in distilled water and given in a volume 
of 1.5 mL/rat by oral gavage. Indomethacin (40 mg/kg) was 
suspended in 1.0% carboxymethylcellulose  in water (6 mg/mL) 
and administered orally at a dose of 40 mg/kg BW. One hun-
dred and forty animals were divided into two groups at random: 
one group was pretreated with 100 mg/kg DA-9601, the other 
with placebo. Then all the rats were administered either ethanol 
or indomethacin to induce acute gastric mucosal injury.

2. Study design

1) Measurement of serum ghrelin levels
Twenty SD rats were fasted for 24 hours, and blood samples 

were taken to measure a baseline ghrelin level. Then DA-9601 
(100 mg/kg) and placebo were administered orally to half the 
rats each. Thirty minutes later, acute gastric mucosal injuries 
were induced by oral administration of ethanol (1.5 mL) to half 
the rats in each group, and by indomethacin (40 mg/kg) in the 
other half of each group. Blood samples were also taken at 0.5, 
1, 2, 4, and 6 hours after the induction of acute gastric mucosal 
injury.

2) Measurement of gastric mucosal ghrelin expression
One hundred and twenty SD rats were divided into two 

groups of 60 rats per group for receipt of ethanol- or indometh-
acin-induced gastric mucosal injury. Each group was further 
divided into two groups of 30 rats per group for DA-9601 
pretreatment and placebo pretreatment, respectively. After 24 
hours of fasting, five SD rats in each group were sacrificed to 
measure a baseline gastric mucosal ghrelin expression and DA-
9601 (100 mg/kg) or placebo was then administered orally to 
all the remaining rats. After 30 minutes, gastric mucosal injury 
was induced by administration of ethanol or indomethacin to 
the allocated groups. At 0.5, 1, 2, 4, and 6 hours after induction 
of gastric mucosal injury, five SD rats in each group were killed 
for gastric mucosal sampling.

3. Processing of specimens

Blood samples (more than 400 μL) were obtained from every 
animal and stored in EDTA test tubes with 500 IU heparin (3 
μL). The samples were centrifuged at 3,000 rpm for 5 minutes. 
The serum was collected and stored at -70oC. Serum ghrelin 
levels were measured quantitatively with an ELISA kit (Linco 
Research, St. Charles, MO, USA) using 50 μL samples of serum. 
The gastric mucosae obtained were stored at -70oC, and gastric 
mucosal ghrelin mRNA was measured by RT-PCR as described 
previously.18 Briefly, rat gastric mucosae were homogenized 
and total RNA was extracted using a commercial RNA isola-
tion kit (Easy-Blue; iNtRON, Seoul, Korea). Total RNA was then 
transcribed to cDNA using 10UofMMV-RT (iNtRON), 5 pmol 
of dNTP, 10 pmol of oligo(dT), 0.2 μmol of dithiothreitol, 2 μL 
of 10×reaction buffer, and distilled deionized water in a 20 μL 
reaction volume. Quantitative real-time RT-PCR was performed 
using an ABI prism 7700 (Applied Biosystems, Foster City, CA, 
USA).

4. Statistical analysis

Data for the DA-9601-pretreated and control groups were 
analyzed with the Mann-Whitney test. Paired values of the 
same variables before and after administration of a given regi-
men were analyzed by the Wilcoxon signed rank test. p-values 
less than 0.05 were considered statistically significant.

RESULTS

1. Change in serum ghrelin levels after DA-9601 adminis-
tration in rats with ethanol-induced acute gastric injury 

DA-9601 (100 mg/kg) or placebo was administered orally to 
rats according to the previously allocated schedule. Thirty min-
utes later, acute gastric mucosal injuries were induced by oral 
administration of ethanol (1.5 mL) or indomethacin (40 mg/kg) 
to half the rats each. Blood samples were taken at 0.5, 1, 2, 4, 
and 6 hours after the induction of acute gastric mucosal injury. 
In the group of rats not receiving DA-9601 treatment serum 
ghrelin levels increased from their baseline values 2 hours after 
ethanol administration (from 6.8±0.6 ng/mL to 8.2±0.5 ng/mL; 
p<0.05) whereas serum ghrelin levels increased by 30 minutes 
after ethanol administration in the DA-9601-pretreated group 
(6.5±0.8 ng/mL vs 8.8±0.6 ng/mL; p<0.05). Serum ghrelin levels 
were significantly higher in the DA-9601-pretreated group than 
in the control group at 30 minutes after ethanol administration 
(6.5±0.8 ng/mL vs 8.6±1.2 ng/mL; p<0.05) (Fig. 1).

2. Change in gastric mucosal ghrelin mRNA after DA-9601 
administration in rats with ethanol-induced acute gas-
tric injury

Gastric mucosal ghrelin mRNA expressions increased in 
both the DA-9601-pretreated group and in the control group. 



54  Gut and Liver, Vol. 5, No. 1, March 2011

However, the increase occurred more rapidly in the DA-9601-
pretreated rats and total mucosal mRNA expressions was higher 
than in the controls not receiving DA-9601-pretreatment 
(0.87±0.09 vs 0.62±0.08; p<0.01) (Fig. 2).

3. Change in serum ghrelin levels after DA-9601 adminis-
tration in rats with indomethacin-induced acute gastric 
injury

Serum ghrelin levels did not increase significantly from 
baseline values in the control group not receiving DA-9601-
pretreatment. In the DA-9601-pretreated and indomethacin-
induced rats, serum ghrelin levels increased significantly from 
30 minutes to 2 hours after indomethacin administration (from 
7.3±0.6 to 9.3±0.8; p<0.05). Thus, from 30 minutes to 2 hours 

after indomethacin administration, the DA-9601-pretreated rats 
had higher serum ghrelin levels than the control group (9.5±0.4 
ng/mL vs 6.2±0.6 ng/mL; p<0.01) (Fig. 3).

4. Change in gastric mucosal ghrelin mRNA after DA-9601 
administration in rats with indomethacin-induced acute 
gastric injury 

Transcription of gastric mucosal ghrelin mRNA increased 
significantly in the DA-9601-pretreated and indomethacin-
treated rats compared to the control not receiving DA-9601-

Fig. 1. Effects of DA-9601 pretreatment on serum ghrelin concen-
trations in rats receiving ethanol-induced acute gastric injury. Rats 
received DA-9601 or placebo at -30 minutes, and all were then ex-
posed to alcohol at zero minutes. Vertical bars indicate means±SD. 
*p<0.05, compared with baseline, as determined by nonparametric 
Mann-Whitney unpaired U test; †p<0.05, compared with the control, 
as determined by nonparametric Wilcoxon signed rank test.

Fig. 2. Effects of DA-9601 on gastric mucosal ghrelin in rats receiv-
ing ethanol-induced acute gastric injury. Rats received DA-9601 or 
placebo at -30 minutes and were then all exposed to alcohol. Vertical 
bars indicate means±SD. *p<0.05, compared to control, as determined 
by nonparametric Wilcoxon signed rank test. 

Fig. 3. Effects of DA-9601 on serum ghrelin levels in rats receiving 
indomethacin-induced acute gastric injury. Rats received DA-9601 or 
placebo at -30 minutes and were then all exposed to indomethacin at 
zero minutes. Compared with baseline, serum ghrelin levels signifi-
cantly increased after indomethacin administration only in DA-960-
pretreated rats. Vertical bars indicate means±SD. *p<0.05, compared 
with baseline, as determined by nonparametric Mann-Whitney un-
paired U test; †p<0.05, compared with the control, as determined by 
nonparametric Wilcoxon signed rank test. 

Fig. 4. Effects of DA-9601 on gastric mucosal ghrelin concentrations 
in rats receiving indomethacin-induced acute gastric injury. Rats re-
ceived DA-9601 or placebo at -30 minutes and were then all exposed 
to indomethacin at zero minutes. Gastric mucosal ghrelin mRNA 
increased significantly in DA-9601-pretreated rats compared with the 
placebo pretreated group. Vertical bars indicate means±SD. *p<0.05 
compared to the control, as determined by nonparametric Wilcoxon 
signed rank test.
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pretreatment from the start of the experiment to 2 hours after 
indomethacin administration (0.79±0.04 vs 0.56±0.04; p<0.01) 
(Fig. 4).

DISCUSSION

We found that ghrelin increases after acute gastric injury in 
rats. In the rats in which gastric injury was induced by alcohol, 
the increase of ghrelin was greater than in those in which gas-
tric injury was induced by indomethacin. In addition, serum and 
gastric ghrelin concentrations were higher in both the ethanol- 
and indomethacin- treated groups pretreated by DA-9601 than 
in those pretreated with placebo. These results suggest that there 
is an association between ghrelin and DA-9601 in these acute 
gastric injury models.  

Acute gastric lesions caused by alcohol consumption or the 
use of NSAIDs have been demonstrated to be induced by reac-
tive oxygen species.19 Free radical-induced mucosal damage can 
be prevented by administration of free radical scavengers.20,21 
DA-9601 is reported to inhibit xanthine oxidase and thereby 
suppress oxidative stress and to prevent acute gastrohemor-
rhagic injury by ethanol.6 It has been used to treat erosive 
gastritis and atrophic gastritis,22 and its efficacy against erosive 
gastritis was reported to be higher than that of cetrexate.23 Even 
the susceptibility of patients using NSAIDs to gastric muco-
sal damage by alcohol was also shown to be reduced by DA-
9601.22 The present study demonstrated that the production and 
secretion of ghrelin increased more in DA-9601-pretreated rats 
subsequently exposed to alcohol or indomethacin than in the 
placebo-pretreated rats suggesting that increased production of 
ghrelin may be responsible for the gastro-protective effect of 
DA-9601.

Ghrelin has beneficial effects on various inflammatory condi-
tions. It was shown to inhibit the expression and production 
of pro-inflammatory cytokines such as interleukin (IL)-1b, IL-
6, and tumor necrosis factor (TNF)-α,24 and protects against 
oxidative tissue injury caused by burns.25 In addition, patients 
with risk factors for severe acute pancreatitis were shown to 
have higher ghrelin concentrations than the low risk group, and 
ghrelin concentrations significantly increased after recovery 
from acute pancreatitis,26,27 indicating that ghrelin has the po-
tential to protect against the inflammatory responses in acute 
pancreatitis. Protecting effects against oxidative damage have 
been also noted in the kidney,28 the hepatobiliary system,29,30 
and the stomach.31 

Protection of gastric mucosa was reported to involve sensory 
nerves and endogenous nitric oxide release after acute gastric 
mucosal damage induced by ethanol.17 In a study investigating 
the effects of ghrelin in fasted rats suffering acute gastric injury 
induced by ethanol, intraperitoneal injection of ghrelin was re-
ported to decrease gastric erosions and to increase gastric blood 
flow and gastric mucosal ghrelin expressions, suggesting that 

exogenous ghrelin protects the gastric mucosa, and that release 
of endogenous ghrelin is induced by ethanol ingestion.14 Similar 
results were found in rats exposed to gastric injury caused by 
water immersion and restraint stress. The acute gastric lesions 
induced by the stressors were attenuated by exogenous ghre-
lin, and the exogenous ghrelin significantly increased plasma 
ghrelin levels, gastric mucosal blood flow and endogenously 
secreted ghrelin concentrations measured by RT-PCR. These ef-
fects of exogenous ghrelin were thought to be mediated by a 
combination of the the cyclooxygenase-prostaglandin system, 
the NO synthase-NO system, and activation of the vagus nerve 
and sensory nerves because the gastroprotective effects were 
abolished by indomethacin, L-NNA (NG-nitro-L-arginine), va-
gotomy, and capsaicin.5

This is the first study to demonstrate an association between 
DA-9601 and ghrelin in the established rat model of acute 
gastric injury. However, there are some limitations to the pres-
ent study. Since we did not examine the acute gastric mucosal 
lesions induced by ethanol or indomethacin, we could not 
compare the extent of mucosal injury in the rats damaged by 
ethanol and by indomethacin, in the DA-9601-pretreated and 
placebo-pretreated groups. Also we did not assess levels of nitric 
oxide and PG which are known to mediate gastro-protection by 
ghrelin.14,17 Although some of these limitations may be allevi-
ated by the fact that ethanol- or indomethacin-induced injury 
models are well-established rat models of acute gastric injury, 
the study results should be interpreted with caution.

In conclusion, the present study shows that serum and gastric 
ghrelin increased more and longer in response to gastric injury 
in DA-9601-pretreated rats than in placebo-pretreated rats. 
Therefore, ghrelin may be considered a gastro-protective agent 
in acute mucosal injury caused by ethanol or indomethacin ex-
posure, and DA-9601 is able to augment production and secre-
tion of ghrelin.
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