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Abstract

Introduction Antithrombotic drugs, such as low-dose

aspirin (LDA) and clopidogrel, can cause upper gastroin-

testinal complications.

Aim The goal of the present study was to investigate

whether a mucosal-protective agent, rebamipide, could

prevent gastric mucosal injuries induced by LDA with or

without clopidogrel in healthy subjects.

Materials and Methods A randomized, double-blind, pla-

cebo-controlled trial was performed with 32 healthy male

volunteers. Subjects were randomly assigned to a 14-day

course of one of the following regimens: group A, placebo

(tid) ? LDA; group B, rebamipide (100 mg tid) ? LDA

(100 mg once-daily); group C, placebo ? LDA ? clopidogrel

(75 mg once-daily); or group D, rebamipide ? LDA ?

clopidogrel. The grade of gastric mucosal injuries was

evaluated by esophagogastroduodenoscopy before and after

dosing (on day 0 and day 14), and the grade of gastric

mucosal injury was assessed according to the modified

Lanza score. Subjective symptoms were assessed using the

Gastrointestinal Symptom Rating Scale (GSRS). A rapid

urease test was performed on day 0, and blood tests were

performed on day 0 and day 14.

Results Rebamipide significantly inhibited gastric muco-

sal injury induced by LDA alone or by LDA plus clopi-

dogrel when compared with placebo in healthy subjects.

GSRS score and hemoglobin level were not significantly

different among the four groups.

Conclusions Rebamipide is useful for the primary pre-

vention of gastric mucosal injury induced by LDA alone or

by LDA plus clopidogrel in healthy subjects.

Keywords Rebamipide � Low-dose aspirin �
Clopidogrel � Modified Lanza score � Gastrointestinal

Symptom Rating Scale

Introduction

Aspirin is now widely administered at relatively low doses

as an antithrombotic drug for the prevention of cerebro-

vascular and cardiovascular diseases [1]. Despite the defi-

nite benefits from its antithrombotic effects, even low-dose

aspirin can cause upper gastrointestinal (GI) complications,

such as hemorrhagic gastritis and gastroduodenal ulcers [2].

Clopidogrel is a potent inhibitor of platelet adhesion and

aggregation [3], and it is used worldwide to reduce throm-

botic events. The most common adverse event associated

with clopidogrel administration is bleeding [4]. The rate of

bleeding with clopidogrel is similar to that with aspirin,

although the rate of GI bleeding is less due to the agent’s

lower gastrotoxicity [5]. The combination of aspirin and

clopidogrel is clearly effective for the prevention of car-

diovascular disease [6, 7]. However, the use of dual anti-

platelet therapy (DAT), combining aspirin and clopidogrel,

may confer an approximately twofold–fourfold increase in
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the risk of upper GI bleeding when compared with aspirin

monotherapy or clopidogrel monotherapy [8–10].

Rebamipide is a well-known mucosal-protective agent

that enhances defense mechanisms in the gastric mucosa by

increasing gastric mucus and stimulating the production of

endogenous prostaglandins. This drug has been reported to

reduce gastric mucosal injury [11]. The efficacy of reb-

amipide in preventing LDA-induced gastric injury has been

reported in healthy subjects [12]. However, no study has

investigated whether rebamipide is useful for the preven-

tion of gastric mucosal injuries induced by concomitant use

of LDA and clopidogrel.

Therefore, the purpose of this study was to investigate

whether rebamipide could prevent gastric mucosal injuries

induced by LDA with or without clopidogrel in healthy

subjects.

Materials and Methods

Study Design

A randomized, double-blind, placebo-controlled trial was

performed in 32 healthy male volunteers. Subjects were

randomly assigned to a 14-day course of one of the fol-

lowing regimens: group A, placebo (100 mg tid) ? LDA

(enteric-coated aspirin tablet, 100 mg once-daily) (Bayas-

pirin; Bayer Pharmaceutical Co., Ltd., Tokyo, Japan);

group B, rebamipide (100 mg tid) (Otsuka Pharmaceutical

Co., Ltd., Tokyo, Japan) ? LDA; group C, pla-

cebo ? LDA and clopidogrel (75 mg once-daily) (Sanofi

K.K., Tokyo, Japan); or group D, rebamipide ? LDA and

clopidogrel. Placebo or rebamipide was enclosed in a

capsule (Size No. 2, Matsuya, Osaka, Japan), and two

capsules tid were administered. Subjective symptoms were

assessed using the Gastrointestinal Symptom Rating Scale

(GSRS, Japanese version), and grade of gastric mucosal

injuries was evaluated by esophagogastroduodenoscopy

(EGD) before and after dosing (on day 0 and day 14). The

grade of gastric mucosal injury was assessed according to

the modified Lanza score (MLS). Anemia was evaluated by

assessment of hemoglobin level on day 0 and day 14. The

study protocol is shown in Fig. 1. The study protocol was

approved by the Ethics Committee of Hyogo College of

Medicine, and written informed consent was obtained from

each subject.

Inclusion/Exclusion Criteria

Eligible subjects were males aged 24–40 years, had taken

no medications within 4 weeks of the start of the study, and

had normal physical examination and laboratory results.

The exclusion criteria were as follows: (1) subjects with

tumors, ulcers, ulcer scars, or bleeding in the upper GI

tract; (2) subjects who had a history of ulcers, gastric

surgery, or GI bleeding; (3) hemoglobin levels \13 g/dl;

and (4) subjects who had an aspirin allergy.

Endoscopic Evaluation of Gastric Mucosal Injury

The grade of gastric mucosal injury was assessed according

to the MLS [13, 14]. In this scoring system, gastric mucosal

injury is graded into six categories from 0 to 5: Grade 0 is

no erosion/hemorrhage; grade 1 is 1–2 lesions of erosion

and/or hemorrhage localized in one area of the stomach;

grade 2 is 3–5 lesions of erosion and/or hemorrhage

localized in one area of the stomach; grade 3 is 6–9 lesions

of erosion and/or hemorrhage localized in one area of the

stomach, or no more than 10 lesions in two areas of the

stomach; grade 4 is erosions and/or hemorrhage in three

areas of the stomach, or no fewer than 10 lesions in the

whole stomach; and grade 5 is a gastric ulcer, defined as a

mucosal defect larger than 5 mm in diameter.

Group A: placebo tid + LDA 100mg once-daily 

Group B: rebamipide 100mg tid + LDA 100mg once-daily 

Group C: placebo tid + LDA 100mg once-daily + clopidogrel 75mg once-daily 

Group D: rebamipide 100mg tid + LDA 100mg once-daily + clopidogrel 75mg once-daily 

0 14Day

EGD
GSRS

EGD
GSRS

Fig. 1 Study protocol
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During endoscopy, more than 60 endoscopic pictures

covering the whole area of the stomach were saved in the

database, and later, the MLS was graded independently by

two endoscopists (K.T., T.O.) after they had been blinded

to any information about the subjects.

Helicobacter pylori Determination

Subjects underwent EGD with biopsies for diagnosis and

assessment of Helicobacter pylori (HP) infection using the

rapid urease test.

Gastrointestinal Symptom Rating Scale (GSRS)

The GSRS is a Swedish disease-specific and self-admin-

istered questionnaire designed to evaluate the perceived

severity of GI symptoms during the previous week [15].

The questionnaire includes 15 items and uses a seven-grade

Likert scale. This gives a total range value between 15 and

105, where the highest score (seven) represents the most

pronounced symptom and the lowest score (one) represents

no symptoms. The items are divided into five dimensions

representing reflux syndrome, abdominal pain syndrome,

indigestion syndrome, diarrhea syndrome, and constipation

syndrome.

Statistical Analysis

Characteristics were compared using the Fisher’s exact

test. The results are expressed as mean ± SD values. Sta-

tistical analyses were conducted using SPSS software

version 11.0J (SPSS, Inc., Chicago, IL, USA). Fisher’s

exact test, Mann–Whitney’s U test, and Kruskal–Wallis

test were used for comparisons. Differences were consid-

ered significant at p \ 0.05.

Results

Thirty-two healthy male subjects were enrolled. None of

them were excluded. The study flow diagram is shown in

Fig. 2. Subjects were divided into four groups, and two

subjects dropped out of the study due to missed dose or

illness. This was not correlated with adverse event. The

characteristics of the subjects are shown in Table 1. HP

infection was found four of 30 subjects, with one affected

subject in each of the four groups.

Rebamipide significantly reduced the MLS in subjects

receiving LDA monotherapy at day 14 compared with

placebo (placebo ? LDA, day 14) (Fig. 3a, the range of

MLS, 0–4 vs. 0–3, p \ 0.05). In group A (pla-

cebo ? LDA), the MLS was significantly aggravated at

day 14 compared with day 0 (the range of MLS, 0–4 vs.

0–3, p \ 0.05). Moreover, rebamipide significantly

reduced the MLS in subjects receiving LDA plus clopi-

dogrel at day 14 compared with placebo (placebo ? LDA

plus clopidogrel, day 14) (Fig. 3b, the range of MLS, 3–4

vs. 0–3, p \ 0.01). In group C (placebo ? LDA plus

clopidogrel), the MLS was significantly aggravated at day

14 compared with day 0 (the range of MLS, 3–4 vs. 0–3,

p \ 0.01). Rebamipide did not aggravate the MLS after

14-day LDA or LDA plus clopidogrel administration

(Fig. 3a, b).

The GSRS score was not significantly different among

the four groups (Table 2). Moreover, there was no corre-

lation between GSRS and MLS.

Discussion

This is the first randomized, double-blinded, placebo-con-

trolled trial to show the protective effect of rebamipide in

subjects with LDA- and/or clopidogrel-related gastric

injuries. Rebamipide was superior to placebo in the pre-

vention of gastric mucosal injuries.

Today, aspirin is the first-line antiplatelet drug for sec-

ondary cardiovascular and cerebrovascular prevention, as it

produces a 25 % reduction in serious vascular events when

compared with placebo [16]. Based on clinical findings,

combination therapy with LDA and clopidogrel is recom-

mended for the treatment of acute coronary syndromes and

the prevention of coronary events after placement of a stent

[17, 18]. In addition, LDA and clopidogrel are more

effective than aspirin alone in reducing asymptomatic

embolization [19]. The use of DAT is associated with an

approximately twofold–fourfold increase in the risk of GI

Healthy male subjects 
(N=32)

Placebo
LDA 

(N=8)

Rebamipide
LDA 

(N=8)

Placebo  
LDA 

Clopidogrel
(N=8)

Rebamipide
LDA 

Clopidogrel
(N=8)

Forget to 
take a pill

(N=1)

Get sick
(N=1)

Dropouts:1
(N=7)

Exclusion subjects 
(N=0)

Dropouts:1
(N=7)

Dropouts:0
(N=8)

Dropouts:0
(N=8)

Fig. 2 Study flow diagram. Subjects were randomly assigned to a

14-day course of one of four different regimens
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bleeding when compared with aspirin monotherapy [8–10].

A meta-analysis showed that the risk for GI bleeding in

aspirin users increased with concomitant use of clopidogrel

and anticoagulant therapies, but decreased in patients who

received proton pump inhibitors (PPI) [20, 21]. However,

some studies described an interaction between omeprazole

and clopidogrel that resulted in a reduction in the efficacy

of clopidogrel [22].

Rebamipide is a gastroprotective agent that induces the

production of intracellular prostaglandins [23], improves

blood flow [24], suppresses increases in permeability [25],

anti-inflammatory action [26], and scavenges free radicals

[27]. This drug has been used across Asia for the treatment

of various gastric lesions, such as ulcers, erosions, and

edema. Several previous reports have shown that rebamip-

ide is effective in the treatment of gastric injuries [23, 28–

30] as well as for small intestinal injuries [31] induced by

LDA. Kawai et al. [30] reported that short-term adminis-

tration of LDA induced mild gastric injuries and that reb-

amipide prevented these injuries despite continuous dosing

of LDA. However, no study has investigated whether reb-

amipide is useful for the prevention of gastric mucosal

injuries induced by concomitant use of LDA and clopido-

grel. In the present study, we demonstrated that rebamipide

significantly inhibited upper GI mucosal injury induced by

LDA alone or by LDA plus clopidogrel in healthy subjects.

However, PPI is superior to a mucosal-protective drug,

gefarnate, to reduce the recurrence risk of gastric ulcer in

patients with a history of ulcers who are taking LDA [32].

Therefore, PPI might be better than mucosal-protective

agents, such as rebamipide, for the subjects who have a

history of gastric ulcers.

Table 1 Characteristics of healthy subjects

Placebo ? LDA Rebamipide ? LDA Placebo ? LDA

clopidogrel

Rebamipide ? LDA

clopidogrel

p value

Volunteer (n) 8 7 8 7

Age (year ± SD) 29.8 ± 4.3 28.1 ± 5.6 29.1 ± 6.0 29.7 ± 4.1 0.914

BW (kg ± SD) 64.7 ± 5.6 65.8 ± 9.6 64.8 ± 6.4 64.7 ± 7.1 0.989

BMI (kg/m2 ± SD) 21.4 ± 1.9 22.8 ± 1.7 21.8 ± 2.4 22.9 ± 2.7 0.480

Drinking (n) 6 7 7 5 0.247

Smoking (n) 2 2 2 2 0.752

HP (n) 1 1 1 1 0.999

Hemoglobin (g/dl)

Pre 15.2 ± 0.6 15.0 ± 0.6 15.0 ± 1.2 15.1 ± 1.0 0.948

Post 15.0 ± 0.5 15.0 ± 0.3 15.2 ± 1.4 14.6 ± 1.2 0.901

BW body weight, BMI body mass index, HP Helicobacter pylori

M
L

S 

Placebo 
+ LDA 

Rebamipide 
+ LDA 

Placebo 
+ LDA 
+ Clopidogrel 

Rebamipide 
+ LDA 
+ Clopidogrel 

** 

†† 

0 14 0 14 

0 

1 

2 

3 

4 

M
L

S
 

N.S. 

0 

1 

2 

3 

4 

• 

† N.S. 

 * 
(A)  (B)  

Day 0 14 0 14 Day 

Fig. 3 a The MLS was shown

before and after 2 weeks of

placebo ? LDA and

rebamipide ? LDA

administration. b The MLS was

shown before and after 2 weeks

of placebo ? LDA ?

clopidogrel and rebamipide ?

LDA ? clopidogrel

administration. *p \ 0.05

versus placebo ? LDA (day

14); �p \ 0.05 versus

placebo ? LDA (day 0);

**p \ 0.01 versus

placebo ? LDA ? clopidogrel

(day 0); ��p \ 0.01 versus

placebo ? LDA ? clopidogrel

(day 14), NS not significant
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Regarding gastric injuries caused by LDA plus clopi-

dogrel, median MLS for LDA and LDA plus clopidogrel

groups were similar in our study, which is consistent with

results described by Uotani et al. [33]. On the other hand,

in regard to upper GI symptoms, Cayla et al. [34] reported

that 15.4 % of patients on daily LDA have upper GI

symptoms, among which gastroesophageal reflux was the

most frequent symptom. As shown in Table 2, we evalu-

ated five subscale parameters related to GI symptoms

before and after medication dosing. Unfortunately, we

could not detect changes in the specific symptoms among

the four groups, though there are some reports suggesting

that use of rebamipide can result in alleviation of GI

symptoms [35]. In regard to the hemoglobin level, there

were no significant differences among the four groups,

meaning that serious bleeding complications did not occur

during the 14-day study period.

This study has several limitations. First, the study pop-

ulation was small, and the study was performed in a single

center. Second, participants were younger healthy subjects

and were administered only a 14-day course of the drugs.

In the clopidogrel in unstable angina to prevent recurrent

events (CURE) trial that studied DAT [6], adding clopi-

dogrel to aspirin increased the relative risk of GI bleeding

by over 85 % over 1 year. In the clinical setting, DAT is

often given in older population, in which the rate of HP

infection is high; this may aggravate LDA-induced gastric

lesions in the gastric body [36].

In conclusion, rebamipide significantly inhibited upper

GI mucosal injury induced by LDA alone or by LDA plus

clopidogrel in healthy subjects. These data suggest that

rebamipide is useful for the primary prevention of low-

dose aspirin-induced gastric mucosal injury in low-risk

subjects.
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