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Improvement of corneal fluorescein staining in post
cataract surgery of diabetic patients by an oral aldose
reductase inhibitor, ONO-2235
H Fujishima, K Tsubota
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Br J Ophthalmol 2002;86:860–863

Aim: While the mechanism in the pathogenesis of diabetic
corneal disease is unclear, aldose reductase has been
implicated in corneal disease. The effects of an oral aldose
reductase inhibitor (ARI) on the ocular surface of diabetic
patients after cataract surgery were studied.
Methods: This clinical trial was designed to be
randomised, double blinded, and placebo controlled.
Pseudophakic patients with diabetes were randomly
assigned to treatment with either oral ARI (ONO-2235)
(n=12) or placebo (n=9) for 12 weeks. The vital staining of
the ocular surface, tear production and clearance, break
up time in tears (BUT), corneal and conjunctival sensation,
and symptom score before treatments were examined as
well as 4, 8, 12 weeks after the administration. Specular
microscopic evaluation was also performed.
Results: After a 12 week period of oral ARI administra-
tion, fluorescein staining scores (from 2.04 (SD 1.12) to
1.46 (1.18); p=0.016), conjunctival sensation (from 1.15
(0.37) to 1.36 (0.31); p=0.0006), and symptom scores
(from 5.38 (1.932) to 4.00 (2.07); p=0.0002) recovered
significantly. Fluorescein staining of oral ARI administra-
tion also decreased compared with placebo (p=0.017).
Rose bengal staining, tear clearance, and corneal
sensation were improved although this increase was
minor. Tear production, BUT, and specular microscopic
evaluation of the corneal epithelium and endothelium did
not demonstrate a significant change.
Conclusion: Oral ARI opposes the ocular surface changes
caused by diabetes, by recovery of ocular surface sensitiv-
ity as demonstrated through an improvement in vital
staining.

Corneal epithelial abnormality in patients with diabetes
mellitus has been a lively topic from the end of 1970s
when ocular surgeries such as vitreous surgery gained

popularity. Since that time, it is well understood that diabetes
mellitus results in the ocular complications of cataract, retin-
opathy, and iritis. Patients with diabetes mellitus exhibit
abnormalities of the corneal epithelium and endothelium,
first observed in the 1980s using specular microscopy. Ocular
surface disorders, such as corneal epithelites following ocular
surgery, are thought to result from the disease progression of
diabetes mellitus itself.1–3 Irrespective of ocular surgery,4–8

patients with diabetes experience a variety of corneal compli-
cations, including superficial punctate keratopathy,5 recurrent
corneal erosion,9 persistent epithelial defect, or trophic
ulceration.9

Although the molecular mechanism generating diabetic
ocular surface abnormalities is unclear, the effects of aldose
reductase, the first enzyme of the sorbitol pathway, in the
complications in other tissues of diabetic patients suggests its

involvement in the pathogenesis of this condition.10–12 The

observation that diabetics demonstrate a decrease in corneal

sensitivity6 and the complications of sterile ulcers in diabetic

corneas suggests a neurotrophic involvement.9 Experimental

studies described the effectiveness of aldose reductase inhibi-

tors (ARI) in promoting corneal re-epithelialisation.13–15 The

topical ARI, CT-112, was reported to improve corneal

sensitivity,16 with some clinical benefits. The improvement of

corneal sensation and tear dynamics in patients with diabetes

mellitus also resulted from oral administration of ARI,

ONO-2235 ((E)-3-carboxymethyl-5-[(E)-2-methyl-3-phenyl-

propenylidene] rhodanine).17 These data, although suggestive,

are not conclusive. We therefore established a randomised,

double blinded, and placebo controlled clinical trial, adminis-

tering ARI orally for 12 weeks to patients with diabetes melli-

tus after cataract surgery to determine the effect of this treat-

ment on the ocular surface condition of diabetic patients.

MATERIALS AND METHODS
Patients
A randomised, double blind, and placebo controlled study was

performed to determine the efficacy of oral ARI in the

treatment of diabetes mellitus epitheliopathy. This study was

conducted in Ichikawa General Hospital, Tokyo Dental

College, Chiba, Japan following approval by the institutional

review board. Following their informed consent, we enrolled

27 patients with diabetes mellitus in this study who had

undergone bilateral cataract extraction and implantation of

posterior chamber intraocular lenses. There were no surgical

complications, such as vitreous loss into the anterior chamber

or haemorrhage. Diabetes mellitus was diagnosed by internal

medicine doctors. Four patients discontinued their involve-

ment in this study because of a lack of compliance or because

of side effects of the medication and two patients did not per-

form all examinations; 21 patients (nine patients from the

placebo controlled group) were followed for the duration of

the study (Table 1). Although severe clinical abnormalities

such as corneal ulcers or epithelial defect were not observed,

all patients had had surgery performed from 3 to 9 months

before the beginning of the study. All had symptoms such as

foreign body sensation.18 19 Four patients had pre-proliferative

retinopathy, seven had proliferative retinopathy, 15 had

neuropathy, and one had renal failure. Ten patients were

treated with photocoagulation. Two of the placebo controlled

patients had a history of vitrectomy surgery as a result of the

vitreous haemorrhage.

Drug administration
After discussing the nature of the study with the patients, a

total of 150 mg of either placebo or ONO-2235 per day were

administered three times daily for 12 weeks, 30 minutes

before each meal. No other drug with known or suspected

interactions with ONO-2235, or any systemic and topical
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drugs which have effects on tear production or the ocular sur-

face, was prescribed during the study.

Clinical examination
Each measurement was made by the same investigator under

the same conditions. Corneal sensation, rose bengal stain and

fluorescein stain, tear break up time (BUT),20 Schirmer’s test,

and the cotton thread test,21 were used to evaluate the ocular

surface. Central corneal sensation was measured with a

Cochet and Bonnet aesthesiometer (Luneau Ophthalmologie,

France).22 Rose bengal staining was graded from 0 to 3+ at the

nasal conjunctiva, the temporal conjunctiva, and the cornea

(maximal grade of 9+).23 Fluorescein staining was graded 0 to

9+ at the cornea.23 BUT is defined as the number of seconds

between the last complete blink and the first disturbance of

the precorneal tear film. Schirmer’s test was performed 5

minutes after instillation of a drop of solution containing 0.5%

fluorescein and 0.4% oxybuprocaine hydrochloride solution

into the cul de sac.18 Symptoms were recorded at the end of 4,

8, and 24 week treatment period by a single investigator under

blinded conditions. Before treatment and 4, 8, and 12 weeks

after treatment, subjective comfort was evaluated using a

questionnaire giving a face score defined by nine faces, each

showing a different expression.24 Specular microscopy was

used to evaluate the corneal epithelium and endothelial

changes.

Statistical analysis
Data were reported as real numbers. Statistical analysis

utilised the paired t test and Student’s t test. Probability values

smaller than 0.05 are considered to be statistically significant.

RESULTS
Before treatment, mean corneal fluorescein staining score in

these patients was 2.04 (SD 1.12). After a 12 week period of

oral administration of ONO-2235, this value improved to 1.46

(1.18) (p=0.016). The score of the placebo group, however, did

not improve significantly (from 1.33 (0.77) to 1.61 (0.98)

(p=0.31) (Fig 1). Student’s t test demonstrated significant

improvement within both groups (p=0.017). The recovery of

fluorescein staining score paralleled the improvements ob-

served in the conjunctival sensation (from 1.15 (0.37) to 1.35

(0.31); ARI) (p=0.0006) (Fig 2) and the symptom score (from

5.25 (1.57) to 3.50 (2.06); ARI) (p=0.0002) (Fig 3) following

oral ONO-2235 administration. In the placebo treated

patients, conjunctival sensation was also improved (from 1.04

(0.40) to 1.20 (0.26)) (p=0.045) although the symptom score

did not improve (from 5.61 (1.38) to 4.89 (1.32)) (p=0.17).

Student’s t test did not demonstrate a significant improvement

within the two groups in either conjunctival sensation

(p=0.55) or symptom score (p=0.40). Corneal fluorescein

score improved in 4 weeks after administration, continuing to

8 and 12 weeks. Rose bengal staining (from 1.21 (1.02) to 0.83

(1.01); ARI), tear clearance (from 10.09 (13.90) to 9.45 (9.13);

ARI), corneal sensation (from 4.58 (1.17) to 4.71 (1.24); ARI),

tear production (from 9.56 (5.76) to 8.22 (5.58); ARI), BUT

(from 3.64 (1.94) to 3.05 (1.29); ARI), and specular

microscopic evaluation of the corneal epithelium (mean cell

number from 58.50 (11.66) to 52.73 (17.49); ARI) and

endothelium (mean cell number from 426.3 (190.1) to 447.9

(156.89); ARI) did not show significant changes. Although

Table 1 Background of patients

Patients ARI Placebo

Sex
Men 5 3
Women 7 6

Type of DM
NIDDM 11 8
IDDM 1 1

Duration of DM
<9 years 2 2
10–19 years 5 5
20–29 years 3 2
>30 years 1 0
Unknown 1 0

DM control
Food control 5 2
Pill 6 5
Insulin 1 2

FBS
<119 mg/dl 2 0
120–159 mg/dl 5 4
>160 mg/dl 5 5

HbA1c
<6.0% 2 3
6.1–9.0% 9 5
>9.0% 1 1

Retina
Non-proliferative 4 4
Pre-proliferative 2 2
Proliferative 4 3
Normal 2 0

Photocoagulation
Done 6 4

DM = diabetes mellitus

Figure 1 Corneal fluorescein staining. Vertical bar is SD; After
treatment means after 12 weeks of treatment. After treatment of
ONO-2235, fluorescein staining was significantly improved (from
2.04 (1.12) to 1.46 (1.18); p=0.016), but not of placebo (from
1.33 (0.77) to 1.61 (0.98); p=0.31). Student’s t test demonstrated
significant improvement within both groups (p=0.017).

Figure 2 Conjunctival sensation. Vertical bar is SD; After treatment
means after 12 weeks of treatment. After treatment of ONO-2235
(from 1.15 (0.37) to 1.35 (0.31); p=0.0006) and placebo (from
1.04 (0.40) to 1.20 (0.26); p=0.045), conjunctival sensation was
significantly improved.
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four cases were dropped from the study because of urine col-

our changes or discontinuation of this drug, no additional side

effects were seen in this treatment.

DISCUSSION
Diabetes causes a variety of clinical complications including

diabetic corneal epitheliopathy.25 Various conditions contrib-

ute to retinal hypoxia; recently, however, the role of metabolic

abnormalities associated with hyperglycaemia, such as the

activation of the polyol pathway, has received worldwide

attention. Corneal autofluorescence reported that the rate

limiting enzyme in this metabolic pathway, aldose reductase,

may be involved in the accumulation of pyridine nucleotides

in the cornea.26 Theoretically, inhibition of this polyol metabo-

lism enzyme reduces the impaired functions and histological

changes in nerves. The onset and progression of diabetic com-

plications may be prevented by ARI.10 27–30

Oral ARI improves corneal epithelial changes caused by

diabetes, through the recovery of corneal sensation and

increased tear production.17 The study, an open label trial,

allowed both the patients and examiners to be aware when

active medication was being given, possibly biasing the

results. To explore the clinical safety and benefits of oral ARI,

we conducted a randomised and controlled clinical study of

oral ARI. Corneal fluorescein staining was significantly

improved compared with the placebo, with parallel improve-

ments in conjunctival sensation and symptom score. The dis-

tribution of fluorescein scores also revealed that women and

older patients had increased staining over placebo groups

(data not shown). Improvement in the dynamics of tear pro-

duction may result effective suppression of aldose reductase

activity in the Schwann cells in a similar way to “dry eye”

patients.31 Improvement of tear dynamics may improve the

conjunctival and corneal abnormalities seen in “dry eye.”

Improvements in rose bengal and fluorescein staining scores

concurrent with a reduction of the debris in tears is attribut-

able to improved tear dynamics.

Before treatment, the corneal fluorescein staining score of

the ARI treating group was higher than the placebo group. We

have no idea why it happened, but we thought it happened by

chance because patients were enrolled after the double blind

study.

Topical oxybuprocaine (proparacaine) increases tear film

osmolarity in rabbit eyes, suggesting that the increase results

from decreases in tear secretion secondary to decreased ocular

surface sensitivity.32 In this study, although cornea and

conjunctival sensation demonstrated an increasing trend, sig-

nificant increase were observed only for conjunctiva. The

improvement of symptom score may also be due to these slight

improvements of tear production dynamics and conjunctival

sensitivity resulting from drug treatment. All these significant

improvements may be due to this drug.

Although previously surgery was an extensive

procedure,1 33 recent advances in cataract operation procedures

resulting in reduced inflammation and operation time has led

to decreased side effects. In this study, the ocular surface

demonstrated less optical damage (our former report included

two patients with corneal epithelial defect and two with cor-

neal ulcer)17; and were better controlled, although only

fluorescein staining and not other tear factors improved. Rose

bengal staining, tear clearance, and corneal sensation were

improved, but tear production or BUT, and specular micro-

scopic evaluation for corneal epithelium and endothelium did

not improve significantly. These factors may result from

improvements in surgical techniques. In addition, the two case

of vitrectomy belonged in the placebo control group, possibly

affecting the results. These results suggest that fluorescein

staining is the most sensitive measurement; this method

should be used to evaluate ocular surface conditions in

patients with diabetes mellitus.

In the present study, after treatment with oral ONO-2235, at

150 mg/day for 12 weeks, improved the abnormalities associ-

ated with diabetes, including ocular surface disorders and

symptoms. In an animal model, the serum density of oral

ONO-2235 amounted to a maximum density of 15 minutes

after oral administration in male rats.34 Following a single oral

administration, choroidal density peaked 1–3 hours with a

serum density approximately 20% that of male rat. We have

not clarified how ARI reaches the cornea. However it has been

reported that positive radioactive findings were observed by

radioimmunological assay in ocular tissues, Harder’s gland

(rat specific accessory lacrimal gland) and the lens in rats after

oral administration of 14C labelled ARI. ARI probably reaches

the cornea via tears or aqueous humour.34 Four patients

discontinued their involvement in the study because of colour

change in urine or other problems, not because of systemic

side effects of this drug. ONO-2235, 150 mg/day, is safe, mak-

ing it a promising candidate for effective treatment in human

eyes. Administration of ONO-2235 for 12 weeks to patients

with diabetes and a diabetic ocular surface condition led to

improvements in tear dynamics and the symptoms of postca-

taract extraction keratopathy.
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