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Abstract: Objective: To investigate the protective effect of teprenone on gastric mucosal injury induced by dual 
antiplatelet therapy in rats. Methods: Healthy, specifically pathogen free SD, rats were selected and divided into 4 
groups: Normal group (normal rats, without any treatment), Model group (rats received dual antiplatelet therapy: 
aspirin and clopidogrel), Teprenone group (rats received dual antiplatelet therapy and teprenone) and Pantoprazole 
group (rats received dual antiplatelet therapy and pantoprazole). The gastric mucosal blood flow, ulcer index, gastric 
gel mucus thickness, the levels of gastrin (Gas), prostaglandin (PG), prostaglandin E2 (PGE2), endothelin-1 (ET-1) 
tumor necrosis factor (TNF)-α, interleukin (IL)-1β, IL-6 and IL-10 in serum, the levels of malondialdehyde (MDA), 
glutathione (GSH), superoxide dismutase (SOD) and myeloperoxidase (MPO) in the gastric mucosa, as well as the 
expression of vascular endothelial growth factor (VEGF) in the rat’s stomach were measured. Results: Compared 
with the Normal group, the other groups showed more severe gastric injury, elevated levels of inflammatory factors 
(TNF-α, IL-1β, IL-6 and IL-10), elevated levels of MDA and MPO, as well as reduced levels of GSH, SOD and VEGF (all 
P<0.05). Compared with the Model group, the gastric mucosal lesions in the Teprenone group and the Pantoprazole 
group were improved significantly (both P<0.05). Compared with the Pantoprazole group, the Teprenone group had 
reduced levels of ET-1 and elevated levels of PG and PGE2 (all P<0.05). Conclusion: Teprenone protects against gas-
tric mucosal injury induced by dual antiplatelet therapy through inhibiting gastric mucosal inflammation inhibiting 
oxidative stress and improving gastric mucosa indices.
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Introduction

Cardiovascular and cerebrovascular diseases 
are commonly seen in the middle-aged and 
elderly population, characterized by high mor-
bidity and mortality [1, 2]. With the aging of the 
population, cardiovascular and cerebrovascu-
lar diseases have become a major threat by 
affecting an increasing number of patients 
worldwide and killing tens of millions people 
every year [3, 4].

The predominantly treatment for cardiovascu-
lar and cerebrovascular diseases is dual anti-
platelet therapy: the use of aspirin and clo- 
pidogrel. Aspirin, as a non-steroidal anti-inflam-
matory drug, it inhibits the synthesis of prosta-
glandins, it is effective in anti-inflammation and 
analgesia, and it can prevent postoperative 
thrombosis [5, 6]. Clopidogrel is a new thieno-

pyridine that acts in an antiplatelet role by 
inhibiting adenosine diphosphate receptors [7, 
8]. Dual antiplatelet therapy has certain effects 
on cardiovascular and cerebrovascular diseas-
es. However, most patients who received the 
combined therapy are accompanied by dyspep-
sia, gastric ulcers, and duodenal bulbar ulcers 
[9]. It is generally believed that the dual anti-
platelet therapy can damage hydrophobic barri-
ers and mucosa because of the drugs interac-
tion with the phospholipid layer of the gastric 
mucosa causing the release of the inflamma-
tory factors and free radicals, which lead to 
inflammation and oxidative stress injury [10]. 
The main drugs for gastric mucosal injury are 
proton pump inhibitors, including pantoprazole 
[11, 12]. Pantoprazole protects the gastric 
mucosa by inhibiting the secretion of gastric 
acid. Nevertheless, long-term use of pantopra-
zole may lead to an increased risk of cardiovas-
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cular and cerebrovascular diseases, and wh- 
ether more serious side effects will develop is 
still controversial [13-15]. Teprenone, a terpene 
agent, protects the gastric mucosa by inhibiting 
gastric ulcers. It was proved that teprenone has 
preventive effects on gastric mucosal damage 
caused by dual antiplatelet therapy [16]. The 
specific preventive mechanism is not fully 
understood yet.

In this study, animal experiments were con- 
ducted to investigate the protective mecha-
nism of teprenone on gastric mucosal damage 
caused by dual antiplatelet therapy.

Materials and methods

Animals

A total of 48 healthy pathogen free SD rats (8 
weeks old, weighing 216±10.27 g) were pur-
chased from the Animal Center of the Chinese 
Academy of Sciences, and housed for a week 
with 12 h light per day as well as a normal diet 
and water for follow-up experiments. All the  
animal experiment procedures complied with 
the Principles of Laboratory Animal Care (NIH 
publication #85-23, revised in 1985), and this 
study was approved by the Experimental Ani- 
mal Ethics Committee of Quanzhou First 
Hospital Affiliated to Fujian Medical University.

Grouping

The rats were randomly divided into 4 groups: 
Normal group (normal rats, without any treat-
ment), Model group (rats received dual anti-
platelet therapy: aspirin and clopidogrel), 
Teprenone group (rats received dual antiplate-
let therapy, and, teprenone) and Pantoprazole 
group (rats received dual antiplatelet therapy, 
and, pantoprazole). Rats were gavaged once a 
day for 14 days, with a volume of 10 mL/kg 
each time [17]. The Normal group was given 
normal saline, and the other groups were given 
10.41 mg/(kg·d) of aspirin (Chengdu Jiaye, 
China) combined with 7.81 mg/(kg·d) of clopi-
dogrel (Shanghai Youkai, China). Besides, the 
Teprenone group and Pantoprazole group were 
given an additional 100 mg/kg of teprenone 
(Xiamen Biomart, China) or pantoprazole (Hubei 
Guangao, China), which was dissolved in drink-
ing water (25 mg/mL), once a day for 14 days. 
During the modeling, the rats were given a nor-
mal diet and water. After the last gavage, they 

were fasted for 18 h and some animals in each 
group was measured for the gastric mucosal 
blood flow. Then, the rats were intraperitoneally 
injected with 30 mg/kg of pentobarbital acid 
(Shanghai Xinyu, China) for anesthesia; thereaf-
ter, their stomachs were harvested. One hour 
after that, the rats were sacrificed and blood 
was collected.

Gastric mucosal blood flow

First, a preparation of 99mTc frog red cells was 
prepared. Second, the rats were anesthetized 
with pentobarbital acid by intraperitoneal injec-
tion at an amount of 30 mg/kg. Third, a can-
nula was inserted through the right carotid 
artery into the left ventricle, and another can-
nula was placed proximal to the left femoral 
artery to collect a reference blood sample. 
Then 1 mL of 99mTc biological microspheres 
were uniformly injected into the left ventricle 
cannula at each period of the experiments 
(injection completed within 10 s); meanwhile, a 
reference blood sample was collected for 60 s 
with a rate of 1 mL/min. Fourth, the stomach of 
rats was excised, dissected, rinsed with physi-
ological saline and dried. Then, the mucosa 
was scraped off, weighed, placed on a γ spec-
trometer (GC1200, University of Science and 
Technology of China) for radioactive measure-
ment (cpm, per min). The blood flow = reference 
blood flow * radioactive count/(radioactive 
count of reference blood * mass of the organ).

Ulcer index and gastric gel mucus thickness

The ulcer index was evaluated by using Guth’s 
method, which evaluated the length and width 
of the ulcer area, respectively. The length scor-
ing was as follows: 1 point for ≤1 mm, 2 points 
for <2 mm, 3 points for <3 mm, 4 points for <4 
mm, and 5 points for ≥4 mm. If the width was 
greater than 1 mm, the score * 2. The total 
ulcer index was the sum score of all the lesion 
areas.

The gastric gel mucus thickness was evaluated 
using thick smears. After the stomach was har-
vested, the gastric mucosa inside was turned 
out through an incision along the greater cur- 
vature. After observation, the stomach was 
rinsed gently with normal saline to prepare  
gastric mucosa specimens, which was then 
stained with ink, then placed under an inverted 
microscope (Thermo Fisher Scientific, China) 
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and measured for the thickness of the bright 
band in the middle (that is, the gastric gel 
mucus thickness) through an eyepiece micr- 
ometer.

Radioimmunoassay

The serum of each group of rats was used to 
make an RIA standard curve. The levels of gas-
trin (Gas), prostaglandin (PG), prostaglandin E2 
(PGE2), endothelin-1 (ET-1) were detected by 
radioimmunoassay. All the kits needed were 
purchased from Nanjing Camilo, China.

ELISA

The levels of tumor necrosis factor (TNF)-α, 
interleukin (IL)-1β, IL-6, and IL-10 in serum of 
each group were detected using ELISA. The 
ELISA kits were all from Abcam, USA: TNF-α 
(ab46070), IL-1β (ab100768), IL-6 (ab234570) 
and IL-10 (ab33471).

Colorimetry

The cleaned gastric mucosa tissues were used 
to prepare a tissue homogenate. The superna-
tant was taken after centrifugation and detect-
ed for levels of malondialdehyde (MDA), super-
oxide dismutase (SOD), myeloperoxidase 
(MPO), and glutathione (GSH). All kits were pur-
chased from Abcam, USA.

Western blot

The washed gastric mucosa tissues were taken 
to prepare a gastric mucosa tissue homoge-
nate and extracted for the total protein using 
RIPA in our laboratory. The protein was sepa-
rated by SDS-PAGE gel electrophoresis, trans-
ferred to NC membrane, and blocked in 5% 

skim milk for 1.5 h. The protein was added with 
primary antibodies, rabbit anti-VEGF (ab2350, 
Abcam, USA), GAPDH (ab9285, Abcam, USA), 
blocked for 2 h at room temperature, and then 
washed 3 times with TBST, 5 min for each time. 
The protein was then incubated with HRP-
labeled goat anti-rabbit IgG (ab97051, Abcam, 
USA) at room temperature for 1.5 h, and 
washed 3 times with TBST, 5 min for each time. 
Thereafter, color development was performed 
for NC membrane. Relative expression of pro-
tein = gray value of protein band/gray value of 
GAPDH * 100%.

Statistical analyses

Data were processed using SPSS 21.0 statisti-
cal software (SPSS, Inc, Chicago, IL, USA). The 
measurement data were expressed as mean ± 
standard deviation (

_
x  ± sd). One-way ANOVA 

and post-hoc Bonferroni pairwise comparison 
were performed for comparison among groups. 
A difference of P<0.05 was statistically 
significant.

Results

Gastric mucosal injury

The gastric mucosal injury was evaluated by 
measuring gastric mucosal blood flow (Figure 
1A), ulcer index (Figure 1B) and gastric mucus 
gel thickness (Figure 1C). Compared with the 
Normal group, the other groups had reduced 
gastric mucosal blood flow and gastric mucus 
gel thickness to varying degrees, as well as an 
elevated ulcer index (all P<0.05). The Tepren- 
one group and Pantoprazole group had the 
opposite results when compared with the 
Model group (all P<0.05). There was no signifi-

Figure 1. Comparison of gastric mucosal injury. A: Gastric mucosal blood flow; B: Ulcer index; C: Gastric mucus gel 
thickness. Compared with the Normal group, *P<0.05; compared with the Model group, #P<0.05.
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cant difference in between the Teprenone 
group and the Pantoprazole group (all P>0.05).

Changes in gastric injury indices

In order to further clarify the gastric injury, we 
measured the levels of Gas, PG, PGE2 and  
ET-1 in the serum of each group (Figure 2). 
Compared with the Normal group, the other 
groups had elevated levels of Gas and ET-1, as 
well as reduced PG and PGE2 in the serum (all 
P<0.05). The Teprenone group had the oppo-
site results when comparing with the Model 
group (all P<0.05); and the Pantoprazole group 
also had reduced Gas (P<0.05), but the other 3 
indicators were not significantly different when 
comparing with the Model group (all P>0.05). 
Compared with the Teprenone group, the 
Pantoprazole group had elevated levels of  
ET-1, and reduced levels of PG and PGE2 (all 
P<0.05).

Inflammation of rats in each group

The levels of TNF-α, IL-1β and IL-6 in the serum 
of each group of rats were detected by ELISA 
(Figure 3). Compared with the Normal group, 
the other groups had elevated levels of TNF-α, 
IL-1β and IL-6 in serum in varying degrees (all 
P<0.05). The Teprenone group and the 
Pantoprazole group had the opposite results 
when compared with the Model group (all 
P<0.05). There were no significant differences 
between the Teprenone group and the 
Pantoprazole group (P>0.05).

Oxidative stress injury of rats

The levels of MDA, GSH, SOD and MPO in the 
gastric mucosa were measured in each group 
of rats to see the effect on gastric mucosal oxi-
dative stress injury (Figure 4). Compared with 
the Normal group, the other groups had elevat-

Figure 2. Changes in gastric injury indices. A: Changes in level of Gas; B: Changes in level of PG; C: Changes in level 
of PGE2; D: Changes in level of ET-1. Compared with the Normal group, *P<0.05; compared with the Model group, 
#P<0.05; compared with the Teprenone group, &P<0.05. Gas: gastrin; PG: prostaglandin; PGE2: prostaglandin E2; 
ET-1: endothelin-1.
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ed levels of MDA and MPO, as well as reduced 
levels of GSH and SOD in the gastric mucosa 
(all P<0.05). The Teprenone group and the 
Pantoprazole group had the opposite results 
when comparing with the Model group (all 
P<0.05). There was no significant difference 
between the Teprenone group and the 
Pantoprazole group (all P>0.05).

VEGF protein expression in gastric mucosa

The VEGF expression in gastric mucosa was 
detected by Western Blot to evaluate the gas-
tric mucosal damage at a molecular level 
(Figure 5). Compared with the normal group, 
the expression of VEGF protein in the gastric 
mucosa in the other groups were reduced (all 

Figure 3. Inflammation of rats in each group. A: Level of TNF-α in serum; B: Level of IL-1β in serum; C: Level of of 
IL-6 in serum. Compared with the Normal group, *P<0.05; compared with the Model group, #P<0.05. TNF-α: tumor 
necrosis factor-α; IL: interleukin.

Figure 4. Indices of oxidative stress injury. A: Level of MDA in serum; B: Level of GSH in serum; C: Level of SOD in 
serum; D: Level of MPO in serum. Compared with the Normal group, *P<0.05; compared with the Model group, 
#P<0.05. MDA: malondialdehyde; GSH: glutathione; SOD: superoxide dismutase; MPO: myeloperoxidase.
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P<0.05). Compared with the Model group, the 
expression in the Teprenone group and the 
Pantoprazole group were elevated (both 
P<0.05). There was no significant difference 
between the Teprenone group and the 
Pantoprazole group (P>0.05).

Discussion

Aspirin combined with clopidogrel also known 
as duel antiplatelet drugs, are currently widely 
used for cardiovascular and cerebrovascular 
diseases such as myocardial infarction, cere-
bral infarction, stable angina pectoris and 
unstable angina pectoris [18, 19]. The wide 
and long-term use of dual antiplatelet therapy 
brings attention to the side effects, and gastric 
mucosal damage. The side effects caused by 
long-term use of dual antiplatelet therapy 
include indigestion, nausea, acid regurgitation, 
vomiting or even hematemesis [20, 21]. The 
gastric mucosa consists of a mucosal muscle 
layer, a propria layer and an epithelial cell layer. 
Normally, each factor in the gastric mucosa is 
in a state of dynamic equilibrium. Long-term 
use of dual antiplatelet drugs can lead to a dis-
ruption of the dynamic balance such as dam-
age on the mucosal barrier, resulting in gastric 
mucosal damage [22-24]. In this study, we per-
formed gavage with duel antiplatelet drugs in 
SD rats, and found elevated ulcer indices, 
reduced gastric mucosal blood flow and gastric 
mucus gel thickness, obvious gastric mucosal 
lesions, worsened gastric indicators at varying 

degrees, severe oxidative stress injury, injured 
gastric epithelial cells and inflammatory reac-
tions. The above results indicate that dual anti-
platelet therapy can cause severe gastric 
mucosal damage, which is consistent with pre-
vious studies.

To improve this situation, proton pump inhibi-
tors have been found to be effective for gastric 
mucosal damage through inhibiting the proton 
pump of gastric mucosal parietal cells, which 
greatly reduces the secretion of gastric acid, 
thereby improving gastric mucosal damage [25, 
26]. Pantoprazole is currently the main drug for 
gastric mucosal injury. The data in this study 
also indicate that pantoprazole has a signifi-
cant effect on gastric mucosal damage and 
level of Gas, but not on the levels of ET-1, PG 
and PGE2.

However, the use of proton pump inhibitors can 
increase the incidence of cardiovascular and 
cerebrovascular diseases, and the long-term 
use can change the regular physiological envi-
ronment of the stomach because long-term 
low-acid environments may cause gastric 
mucosal atrophy or even gastric cancer [27, 
28]. Teprenone is a new agent that protects 
against gastric mucosal damage. It has been 
shown that teprenone has a certain protective 
effect against gastric mucosal damage caused 
by dual antiplatelet therapy. Teprenone im- 
proves gastric mucosal damage by inhibiting 
ulcers and is expected to replace proton pump 

Figure 5. VEGF protein expression in gastric mucosa. A: Protein bands; B: VEGF protein in gastric mucosa in each 
group. Compared with the Normal group, *P<0.05; compared with the Model group, #P<0.05. VEGF: vascular endo-
thelial growth factor.
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inhibitors [29, 30]. We performed dual anti-
platelet therapy with teprenone in rats and con-
firmed that teprenone can reduce the gastric 
mucosal damage. Studies have also confirmed 
that teprenone can improve gastric mucosal 
damage and inhibit inflammation by improving 
pepsinogen levels [31]. Better than pantopra-
zole, teprenone could also improve the gastric 
indices of ET-1, PG and PGE2. Moreover, we 
believe that teprenone can increase the gastric 
mucosal blood flow by promoting the level of 
PGE2, thereby repairing the damaged gastric 
mucosa and inhibiting ET-1, then inhibiting the 
release of cellular free radicals and inhibiting 
further damage to the gastric mucosa. 
Additionally, teprenone can indirectly promote 
the level of PGE2 by promoting the expression 
of COX-1, which is an important rate-limiting 
enzyme required for PGE2 synthesis [32]. 
Teprenone also acts on the expression of VEGF 
and promotes the regeneration of mucosal 
blood vessels. When dual antiplatelet drugs 
inhibit the expression of adenosine diphos-
phate receptors and reduce the expression of 
VEGF and neovascularization, teprenone may 
promote the expression of adenosine diphos-
phate receptors, restore the expression of 
VEGF, and promote neovascularization by com-
petitively inhibiting dual antiplatelet drugs [33].

In this study, we performed gavage with dual 
antiplatelet drugs as well as with pantoprazole 
and teprenone, respectively, and confirmed the 
effects of pantoprazole and teprenone on gas-
tric mucosal injury. Besides, a series of indica-
tors we tested and further clarified the mecha-
nism of teprenone on gastric mucosal injury. 
Teprenone may be more suitable for long-term 
use in patients with cardiovascular and cere-
brovascular diseases. However, the side effects 
of teprenone still needs to be explored by fur-
ther clinical or basic research.
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