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Abstract: The purpose of this study to compare the efficacy and safety 2% 

rebamipide, 0.18% sodium hyaluronate and 1% carboxy methyl cellulose eye 

drops in treatment of mild to moderate dry eye disease. Patients with mild to 

moderate dry eye were enrolled in this randomized prospective study. They were 

divided into 3 following groups, patients in rebamipide group treated with 2% 

rebamipide 4 times daily, in SH group treated with 0.18% sodium hyaluronate 6 

times daily and CMC group treated with 1% carboxy methyl cellulose 6 times 

daily. Fluorescein corneal staining, tear film breakup time, schirmer’s test, OSDI 

score and adverse reactions were assessed at baseline, 2weeks, 4weeks and 12 

weeks after treatment initiation was done in this study. Sixty patients were 

allocated randomly in three groups, 20 patients in the rebamipide group, 20 

patients in the CMC group, and 20 patients in the SH group. Three groups of drugs 

showed significant improvement in FCS, TBUT, schirmer’s test and OSDI score at 

2week, 4 week and 12 week of initiation of treatment. However, rebamipide group 

was showed statistically significant differences in the above indices than the CMC 

and SH groups. There were no significant adverse reactions observed during 

follow up. 2% rebamipide, 0.18% sodium hyaluronate, and 1% CMC were 

effective in the treatment of mild to moderate dry eye. But 2% rebamipide was 

more efficacious than 0.18% sodium hyaluronate and 1% carboxy methyl 

cellulose. 

Keywords: dry eye disease, rebamipide, sodium hyaluronte, carboxy methyl 

cellulose.  

 

INTRODUCTION 

Dry eye is a multifactorial disease of the tears 

and ocular surface that results in symptoms of 

discomfort, visual disturbance, and tear film instability 

with potential damage to ocular surface [1]. It 

diminishes quality of life, and is associated with 

limitations in several ordinary activities, including 

reading, driving, computer use, and professional work 

[2]. Dry eye is one of the most common ophthalmologic 

problems3, and it is estimated that up to one-third 

population worldwide may be affected [3, 4]. 

 

The current managements of dry eye include 

tear supplementation, tear stimulation, anti-

inflammatory agents, immunomodulatory agents, and 

environmental strategies [5]. Currently, the main 

therapy for dry eye is artificial tear, with anti-

inflammatory therapy and punctual occlusion therapy as 

second and third line therapies [6]. The goal of topical 

therapy in the form of lubricating eye drops is to control 

the activity and progression of disease, to decrease 

signs and symptoms related to dry eye, and, as such, to 

contribute to prevent or delay health consequences [7]. 

Although there are many effective artificial tear 

formulations, carboxy methyl cellulose (CMC) and 

sodium hyaluronate are the two most commonly 

prescribed and used. CMC is an anionic cellulose 

polymer with a carboxy group substitution, and exhibits 

good bioadhesive characteristics. The anionic nature of 

CMC may be beneficial in increasing tear retention 

time. HA is a glycosaminoglycan disaccharide 

biopolymer composed of repeating alternating 

sequences of N- acetyl glucosamine and glucoronate in 

linear chains; importantly, HA formulations have the 

ability to bind water molecules and prevent 

dehydration. 

 

Now, one new topical pharmacological agent 

has recently become commercially available for treating 

dry eye. 2% Rebamipide ophthalmic suspension is a 
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quinolone derivative which stimulates mucous secretion 

[8-10]. This new eye drop has enabled as to selectively 

treat the tear film layer and increase its stability. 

 

The present work is, therefore, to study and 

compare the efficacy of 2% Rabemipide, 0.18% 

Sodium hyaluronate and 1% Carboxy methyl cellulose 

in treatment of mild to moderate dry eye. 

 

MATERIALS AND METHODS 

Patients with mild to moderate dry eye disease 

were enrolled in this study. Inclusion criteria were: (1) 

patients who had dry eye related symptoms (2) a no 

anesthesia schirmer’s test value 6mm or more at 5 

minutes (3) tear film breakup time(TBUT)<10seconds. 

(4) Fluorescein corneal staining score higher or equal to 

3. Key exclusion criteria were: (1) anterior ocular 

disease (2) continued use of any eye drops (3) patients 

who underwent an operation to ocular surface disorder 

within 12 months or any intraocular surgery within 3 

months before baseline examination. (4) Patients who 

had a punctual plug. 

 

Study Design 

This was a prospective randomized clinical 

study. Informed consents were obtained from all 

patients. Eligible patients were randomly allocated in 

1:1:1 ratio and divided in 3 groups: rebamipide group, 

CMC group, and SH group. Patients in rebamipide 

group received 2% rebamipide ophthalmic suspension, 

1 drop in each eye 4 times daily, Patients in CMC group 

received 1% carboxy methyl cellulose 1 drop in each 

eye 6 times daily and patients in SH group received 

0.18% sodium hyaluronate 1 drop in each eye 6 times 

daily. Total treatment duration was 12 weeks. At 

baseline visit, patients were checked for whether they 

met the previously outlined inclusion and exclusion 

criteria and the following parameters were also 

assessed: fluorescein corneal staining, TBUT, 

schirmer’s test, OSDI score and adverse reactions. All 

these parameters were evaluated at baseline, 2week, 

4week, and 12 week. 

 

Clinical assessment 

Fluorescein corneal staining 

5ul 2% fluorescein solution was instilled in the 

conjunctival sac as the patient blinked normally. 

Corneal staining was examined under standard 

illumination using a slit lamp microscope with a cobalt 

blue filter. According to the National Eye Institute 

report, the cornea was divided into 5 fractions [11], 

central, superior, temporal, nasal, and inferior. The 

degree of staining based on the following: grade 0 

(normal): no staining; grade 1 (mild): superficial 

stippling micro punctate staining; grade 2 (moderate): 

macro punctate staining with some coalescent areas; 

grade 3 (severe): numerous coalescent macro punctate 

areas and/or patches. Each of the 5 regions was graded 

on a scale 0 to 3. The examiner circled the appropriate 

score for each region. The maximum score for each area 

was 3. The scores of the 5 areas were summed to obtain 

a total score for each eye. Therefore, the maximum 

score for each eye was 15.  

TBUT 

It was performed by moistening a fluorescein 

strip with sterile non preserved saline and applied it to 

the inferior tarsal conjunctiva. After several blinks, the 

tear film was examined by a broad beam of the slit-

lamp microscope with a cobalt blue filter. The time 

lapse between the last blink and appearance of the first 

randomly distributed dark discontinuity in the 

fluorescein stained tear film was the tear break-up time. 

Break-up times less than 10 seconds were considered 

abnormal. 

 

Schirmer’s Test 

This test was done without anaesthesia to 

measure tear volume as follows. The no. 41 Whatmann 

filter paper was folded 5 mm from one end and inserted 

at the junction of middle and outer third of lower lid 

without touching the cornea. The tear volume then was 

measured for 5 minute. The length in millimeters of tear 

fluid absorbed on the strip measured from the edge of 

the strip was recorded as tear volume. 

 

OSDI score 

Ocular surface disease index (OSDI) 

questionnaire contains 3 sections: section 1 is based on 

relative frequency of occurrence of each symptom (e.g., 

gritty feeling in eye, light sensitivity, and blurred 

vision), section 2 includes questions indicating 

limitations on certain activities (reading, driving at 

night, watching television), and section 3 is based on 

effect of environmental conditions (wind, low humidity, 

and air conditioning) on eyes. The OSDI score is based 

on a scale of 0-100, where 100 corresponds to complete 

disability (a response of “all of the time” to all 

questions answered) [12]. A negative change from 

baseline indicates improvement. 

 

Safety Assessment  

Adverse events were defined as any untoward 

medical occurrence in a participant. The participants 

were also encouraged to report any unfavorable or 

unintended symptoms or signs, such as itching sense, 

irrigation, and hyperemia.  

 

Statistics 

F-test (single factor ANOVA) was used for 

comparison of parameters in the 3 groups. A p-value 

<0.05 was considered to be statistically significant. 

 

RESULTS 

Patients 

A total 60 patients were allocated randomly to 

receive 1 of the 3 treatment: 20 patients entered in the 

2% rebamipide group, 20 patients entered in the 1% 

CMC group and 20 patients entered in the 0.18% 

sodium hyaluronate group. Of total 60 patients 18 
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patients (30%) were male and 42 patients (70%) were female.  

 

Table-1: Age wise distribution 

Age group No. % 

20 to 30 6 10.00 

31-40 8 13.33 

41-50 10 16.67 

51-60 14 23.33 

>60 22 36.67 

Total 60 100.00 

 

Table-2: Sex wise distribution 

Sex No. % 

Male 18 30.00 

Female 42 70.00 

Total 60 100.00 

 

Efficacy Results 

Primary end point 

FCS 

FCS score was significantly decreased from 

baseline in each treatment group at each follow up visit.  

At all estimations (week 2, 4, 12), 2% rebamipide group 

showed statistically significant decrease in FCS score as 

compared with the SH group and CMC group. 

 

Table-3: Comparison of fluorescein corneal staining sum score 

Drugs Baseline 

Mean(SD) 

2nd week 

Mean(SD) 

4th week 

Mean(SD) 

12th week 

Mean(SD) 

Rebamipide 3.00(1.94) 2.02(1.28) 1.29(1.20) 0.75(0.55) 

CMC 3.10(1.86) 2.41(1.73) 1.85(1.39) 1.10(1.00) 

SH 3.15(1.64) 2.50(1.24) 1.95(1.53) 1.15(0.86) 

p-value 0.761 0.045 0.003 0.0001 

CD at 5%  0.26 0.24 0.104 

 

 
Fig-1: Comparison of FCS Score 

 

Secondary end points 

TBUT 

            Improvement in TBUT from baseline was 

observed in each group at each follow up visit. 

Rebamipide group showed statistically significant 

difference in improvement of TBUT score than CMC 

and SH group at all follow up visit. 
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Table-4: Comparison of TBUT 

Drugs Baseline 

Mean(SD) 

2ndweek  

Mean(SD) 

4thweek  

Mean(SD) 

12thweek  

Mean(SD) 

Rebamipide 7.90(1.86) 9.15(2.08) 11.95(2.04) 13.10(0.81) 

CMC 7.70(2.28) 8.15(1.59) 10.07(2.35) 12.05(1.49) 

SH 7.84(1.97) 8.30(1.66) 10.42(1.74) 11.95(2.28) 

p-value 0.096 0.030 0.0001 0.003 

CD at 5%  0.32 0.372 0.30 

 

 
Fig-2: Comparison of TBUT 

 

 

Schirmer’s test 

Schirmer’s test value was significantly 

increased from baseline in each treatment group at each 

follow up visit. There was significant difference present 

in rebamipide group as compared with CMC and SH 

group in change from baseline tear production. 

 

Table-5: Comparison of schirmer’s test value 

Drugs Baseline  

Mean(SD) 

2nd week  

Mean(SD) 

4th week  

Mean(SD) 

12th week  

Mean (SD) 

Rebamipide 8.60(2.28) 9.20(2.81) 15.05(3.83) 25.55(2.65) 

CMC 8.10(2.20) 8.25(3.34) 13.75(3.53) 23.35(5.57) 

SH 8.55(2.26) 8.60(2.26) 13.30(2.81) 23.60(3.93) 

p-value 0.470 0.004 0.001 0.0471 

CD at 5%  0.461 0.62 0.78 
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Fig-3: Comparison of Schirmer Test Value 

 

OSDI score  

OSDI score improved significantly from 

baseline in each treatment group. There were 

statistically significant difference seen in rebamipide 

group than CMC and SH group in mean OSDI score 

change from baseline at 4 and 12 weeks. Between SH 

and CMC group, SH group was significantly different 

from CMC group. 

 

Table-6: Comparison of OSDI score 

Drugs Baseline 

Mean(SD) 

4th week  

Mean(SD) 

12th week 

Mean(SD) 

Rebamipide 28.50(5.05) 16.5(2.88) 6.50(0.42) 

CMC 28.00(4.30) 20.1(3.57) 14(1.20) 

SH 28.70(4.80) 19.7(2.42) 10.70(0.85) 

p-value 0.094 0.0001 <0.0001 

CD at 5%  0.541 0.16 

 

 
Fig-4: Comparison of OSDI Score 
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Safety Evaluation 

Adverse events were observed in 8 patients 

(20%) in the 2% rebamipide group and in 4 patients 

(10%) in the 0.18% sodium hyaluronate group and no 

adverse event seen in CMC group. The most frequently 

observed adverse event was dysgeusia (bitter taste), 

which was observed in 2% rebamipide group. All cases 

of dysgeusia reported in this study were judged to be 

treatment related. Dysgeusia and all eye disorders were 

mild in severity and resolved either with appropriate 

treatment or with no treatment. No deaths and no 

serious or severe adverse events were observed in this 

study. 

 

Table-7: Adverse effect 

Drugs  
No. of patients 

Adverse effect 

No. % 

Rebamipide 20 8 20.00 

CMC 20 0 0.00 

Sodium hyaluronate 20 4 10.00 

 

 
Fig-5: Compare the adverse effect 

 

DISCUSSION 

Our study results suggested that the 3 group of 

drugs 2% rebamipide, 0.18% sodium hyaluronate and 

1% CMC improved the objective signs and subjective 

symptoms of mild to moderate dry eye but it was 

observed that 2% rebamipide has greater efficacy than 

other two groups.  

 

The 2% rebamipide was effective at improving 

both the objective sign and subjective symptoms of dry 

eye at 2 week, 4 week and 12 week of follow up. 

Rebamipide demonstrated a marked improvement in 

FCS score. Such improvements in staining scores are 

important because they indicate an improvement in the 

ocular surface [13], FCS reflecting corneal epithelial 

integrity. Staining with FCS is the standard method 

used to demonstrate the ocular surface damage [13, 14].  

 

Rebamipide also improved the secondary end 

point objective value of TBUT and schirmer’s test. 

Rebamipide has been shown to increase the number of 

periodic acid-Schiff-positive cells (goblet cells) in the 

conjunctiva [15] and mucin level in cornea and 

conjunctiva [15, 16]. Because decreased mucin levels 

on the surface of the cornea and a decreased density of 

goblet cells have been observed in patients with dry eye 

[17], the method of action of rebamipide is expected to 

be beneficial for this disease. With this mechanism, 

rebamipide also is expected to be effective in patients 

with dry eye resulting from short TBUT, because 

disturbance of ocular surface mucin is thought to be one 

of the main cause of tear film instability and 

accompanying shorter TBUT [1], Ueda et al. study 

results showed that there was significant improvement 

in the fluorescein ocular surface staining score, 

schirmers and TBUT [18]. We postulated that 2% 

rebamipide improve tear production and quality as seen 

with schirmer and TBUT value. 

 

In addition to its benefits on objective 

measures, 2% rebamipide was more effective than 

0.18% sodium hyaluronate and 1% CMC on OSDI 

scoring, showing greater improvement in symptoms. 

Koh et al., [19] studied the role of rebamipide in the 

quality of vision in patients with dry eye who have 

mucin deficiency. The authors reported an improvement 
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in the optical quality due to stabilization of the tear film 

by mucin production by rebamipide. In our result, it 

was seen that rebamipide improved the FCS score, 

TBUT, Schirmers value and OSDI score which is 

supported by above study.  

 

Rebamipide ophthalmic suspension does not 

contain preservatives that can be detrimental to eye 

health. One of the most commonly used preservatives in 

ocular product is benzalkonium chloride, which 

destabilizes the tear film, disrupts the corneal 

epithelium, decrease the density of goblet cells, and 

causes conjunctival squamous metaplasia and apoptosis 

damage to deeper ocular tissue [20, 21]. Thus, 

rebamipide may be expected less harmful even if it is 

used in the long-term 

 

This study also showed that other two drugs 

SH and CMC significantly improved the objective signs 

and subjective symptoms of dry eye at all-time points. 

There were no statistically significant difference 

between the SH and CMC group in FCS scoring, TBUT 

and schirmer’s test except in OSDI scoring, in which 

SH group showed better improvement of OSDI score 

than that of CMC group. SH is a glycosaminoglycan 

disaccharide biopolymer and consists of repeating 

alternating sequences of N-acetyl-glucosamine and 

glucuronate in linear chains [22]. It has a huge capacity 

to bind water, the affinity is 1000-fold of its own 

weight, and it resists dehydration [23]. Moreover, 

previous reports shows that hyaluronate effectively 

improve ocular surface damage [24], promotes 

epithelial cell proliferation [25] and migration [26], and 

stimulates epithelial wound healing [27]. 

 

CMC is an anionic cellulose polymer with a 

carboxylic group. CMC exhibits excellent bioadhesive 

characterestics [28, 29], and its anionic characterestics 

may be beneficial in increasing the tear retention time 

[30]. SH has a stabilizing effect on the tear film [31], 

which protects the ocular surface from irritations. The 

high water retention capacity of SH also contributes to a 

favorable microenvironment during the ocular surface 

repair process [32].  It is well established that, 

compared with CMC, hyaluronan has better pseudo 

plastic and elastic properties, similar to those of natural 

tears, which helps to maintain a stable tear film between 

as well as during blinks [33]. As a result patient treated 

with SH experienced significantly better comfort, while 

almost 60% patients treated with CMC reported blurred 

vision. Brignole et al., [34] compared the efficacy of 

SH and CMC and reported that there were no 

statistically significant differences between the 2 eye 

drops, assessed by flow cytometry, objective clinical 

parameters (corneal staining and TBUT), and final 

improvement of subjective symptoms. In our study 

results showed that there was no statistical significant 

difference in SH and CMC group except OSDI scoring 

which was better in SH group.  

 

In our study it was shown that rebamipide was 

more efficacious than sodium hyaluronate and CMC. 

This result is supported by Kinoshita et al., study, a 

comparison of 2% rebamipide ophthalmic suspension 

with 0.1% sodium hyaluronate in a Randomized 

multicenter phase 3 studies showed marked 

improvement in signs and symptoms of dry eye disease 

as compared to sodium hyaluronate [35]. In our study 

we included the Carboxy methyl cellulose eye drop in a 

separate group of patients and results showed that CMC 

had lower efficacy than rebamipide. In between CMC 

and SH group there was no significant difference 

between in two group except in OSDI scoring which 

was better in SH group of drugs. The efficacy of 

rebamipide group was better than rest of two groups. 

 

No significant adverse event seen in 3 groups 

of drugs. In rebamipide group most frequently observed 

adverse event was bitter test. This was observed 8 

patients out of 20 patients (20%).In phase 2 and phase 3 

trial showed 9.7% and 15.7% patient had bitter test 

which was lower than our study. In SH group 4 patients 

out of 20 were observed adverse effect (10%). No 

adverse event seen in CMC group.   

 

The limitations of our study are small sample 

size, not use lissamine green solution for conjunctival 

staining. For dry eye disease long term treatment would 

be required because it is often seen as a chronic disease. 

Further studies may be required for further 

enhancement whether the improvements reported with 

rebamipide are maintained in the longer time.   

 

CONCLUSION 

Patients were treated with 3 commercially 

available eye drops containing 2% rebamipide, 0.18% 

sodium hyaluronate, and 1% CMC and these drugs 

were effective in the treatment of mild to moderate dry 

eye. Three groups of drugs significantly improved the 

condition of the corneal surface, lengthened the TBUT 

and schirmer’s test value and reduced the OSDI score. 

But the results of our study showed that 2% rebamipide 

was well tolerated and provide better efficacy than 

0.18% sodium hyaluronate and 1% CMC. So, 2% 

rebamipide could therefore be prescribed 

advantageously from early stage of dry eye. In 

comparison to sodium hyaluronate and CMC group 

there were no statistically significant difference found 

in between two groups except OSDI scoring which was 

better in sodium hyaluronate group. No significant 

adverse events were seen in three groups of drugs 

during the study period. 
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