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Evaluation of Topical Phenytoin Eye Drop 1%
Therapeutic Effects on Corneal Alkali Burns
In Rabbit Model
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Abstract

Purpose: Studies show that phenytoin is effective in improvement of different chronic ulcers such as
venous stasis ulcers, and diabetic ulcers. The exact mechanism is yet not clear; investigators
thought that phenytoin might help to heal intractable corneal ulcers by reducing inflammation,
differentiating limbal fibroblasts, and promoting the invasion of the cornea with new blood vessels
as shown in animal and in vitro studies. Given the importance of healing process of corneal alkali
burns which are common and always problematic, the need for finding strategies that can help
improve this process is always felt. This study investigated the effect of topical phenytoin 1% in
corneal epithelial defects healing in rabbit model.

Methods: A chemical corneal epithelial defect was created in one eye of albino rabbits in animal
house of Al-Zahra eye center. Rabbits were randomly assigned into two groups of ten. The case
group was treated using soluble phenytoin 1% eye drop and the control group received normal
saline eye drop. Clinical assessment and epithelial defect size were evaluated daily for 14 days
using slit-lamp biomicroscopy. Data were analyzed using Independent t-test and ANOVA on
repeated observations.

Results: The difference between the first and the last day of follow-up in each group was significant
(P<0.05). Topical phenytoin 1% induced a significantly faster epithelial healing in comparison with
the control group (P<0.05).

Conclusion: Topical phenytoin 1% can help in improvement of epithelial defect caused by alkali
burns as a supplement treatment.
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Introduction

Chemical injuries to the eye are common and
represent one of the “true” ophthalmic
emergencies. Severe ocular damage is most
commonly associated with strong alkaline or
acidic compounds. Bilateral chemical
exposure is specially devastating, often
resulting in  complete visual disability.
Immediate, prolonged irrigation, followed by
aggressive early management and close
long-term monitoring, is essential to promote
ocular surface healing and to provide the best
opportunity for visual rehabilitation.*

The severity of the injury correlates directly
to exposure duration and the causative agent.
Treatment of such injuries requires medical
and surgical intervention, both acutely and in
the long-term. Regardless of the underlying
chemical involved, the common goals of
management include removing the offending
agent, controlling inflammation and promoting
ocular surface healing with maximal visual
rehabilitation.” Various medical therapies have
been used to achieve these objectives,
including topical and systemic ascorbate,
citrate, tetracycline, progesterone and
steroids. Recent studies have evaluated the
therapeutic effect of metalloproteinase
inhibitors,>” anti-coagulant agents,® oxygen,®
and immune inhibiting agents,*®** all of which
have failed to show promising results.

Despite advances in medical and surgical
treatment modalities, the consequences of
severe ocular chemical burns can have
profound psychological, economic, and social
consequences for the patient.

The 5.5-diphenyl-2-4-imidazolidione,
sodium (phenytoin), was synthesized in 1908,
and has been used as an anticonvulsant,
since 1937. It was later noticed that half the
patients treated with phenytoin developed
gingival  overgrowth."®  This  apparent
stimulatory effect of phenytoin on connective
tissue suggested an exciting possibility for its
use in wound healing. Studies have shown
topical phenytoin to promote healing of
decubitus ulcers,® venous stasis ulcers,**
diabetic ulcers,”® traumatic wounds, burns,
and leprosy trophic ulcers.’® Subsequently,
phenytoin was found to promote the healing
and to increase the tensile strength of
experimental skin and corneal wounds.*’

Given the importance of accelerated
corneal healing after chemical injuries and the

34

challenges that still remain, as mentioned
above, the authors of this article anticipated
the use of topical phenytoin in corneal wound
healing after induced chemical burn.

Methods

In this experimental study, corneal epithelial
defect was created in a single eye of 20 albino
rabbits (Razi institute). Sedation was given
with intramuscular injection of ketamine 37.5
mg and lidocaine 10 mg/kg (body weight), and
topical eye drop Tetracaine 0.5% (SINA
daroo- Tehran, Iran) instilled, then disinfected
with povidone iodine solution 5%. An 8 mm
central corneal epithelial defect was created
using a trephine with instillation of 0.4 cc of
NaoH one molar for 35 seconds. The defect
was washed with 20 ml normal saline 0.9%.
Exclusion criteria were primary epithelial
defect larger than 8 mm or corneal perforation
(two rabbits with epithelial defects larger than
8 mm were excluded).

Rabbits were randomly assigned to one of
two groups. This study was blinded, as the
researcher was unaware of treatment solution
until completion of study. After creating a
chemical burn group one was treated by
topical soluble phenytoin 1% and the other
group with saline drops 4 times a day. Isotonic
phenytoin eye drop was made with 20 mg
phenytoin sterile powder (merck. germany) in
1 cc sterile distilled water with 3.67 mg NACL
up to 100 cc sterile distiled water in the
balloon which was sterilized in autoclave for
15 minute (Concentration 1%).

Daily examination of epithelial defect size
was conducted using (Haag-Streit Bern Swiss
made) slit-lamp biomicroscopy. During the
study period, researcher also monitored eye
irritation and corneal infection. Examination
was continued until 14 days. Data were
analyzed by Independent t-test and ANOVA
on repeated observations using SPSS version
16.

Results

Normal distribution of data in each group was
proved with  Kolmogorov-Smirnov  test
(P>0.05). Mean and standard deviation of
corneal epithelial defects in 14 days follow-up
in both phenytoin and normal saline therapy
groups are shown in Table 1. Because the
diameter of epithelial defects induced in both
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groups was 8 mm in the first day data
reported in this table start at day 2. Highest
corneal epithelial defect was recorded on the
first day and the lowest in day 14 in both
groups.

Given that this study compared the mean
corneal epithelial defect between two groups
at different times and treatment groups and
time effect be measured. Therefore, analysis
of variance method repeatedly was used to
test results during 14 days. The difference in
corneal epithelial defect size was significant in

both groups when comparing day one and the
following 14 days of investigation (P<0.05).
None paired student t-test was used to
compare mean corneal epithelial defects size
in 14 days follow-up between the two groups.
There was no statistically difference between
corneal epithelial defect size between the two
groups on the first day (P=0.914). But the
difference in corneal epithelial defect size
between the two groups was statistically
significant on the second day to day 14 of
follow-up (P<0.05) (Figures 1 and 2).

Table 1. Comparison table of mean and standard deviation in corneal epithelial defects for 14 days follow-up in saline and

phenytoin therapy groups
Day 1
Ezié?:(lital Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14
Size
Normal salin group
Rabbit 1 7.96 7.94 6.85 6.55 5.25 4.58 3.21 2.98 1.56 1.01 .98 .68 .45 .28
“2 7.66 7.64 7.55 6.45 5.01 4.03 3.32 2.05 1.06 1.00 .98 .87 .76 .65
3 7.88 7.86 6.55 5.55 4.87 3.66 2.99 1.99 1.65 1.33 .89 .66 .33 .18
4 7.87 7.86 6.44 5.55 4.53 3.55 2.56 1.77 1.34 1.20 .99 .76 .53 A4
5 7.84 7.83 6.71 5.55 4.31 3.66 2.76 1.56 1.43 1.00 .89 .56 .33 .22
“6 7.88 7.86 6.66 5.55 4.64 3.08 2.65 1.99 1.65 1.11 .99 .66 .23 .13
7 7.69 7.66 6.50 5.55 4.87 3.66 2.89 1.87 1.65 1.22 .99 .56 .23 .20
8 7.99 7.96 6.31 5.55 4.89 3.32 2.34 1.45 1.22 1.00 .79 46 .37 .18
9 7.95 7.93 6.64 5.55 4.87 3.54 2.65 1.43 1.00 .87 .69 46 .20 .16
“10 7.94 7.94 6.71 5.55 4.92 3.66 2.99 1.77 1.55 1.11 .89 .66 .25 .18
Total
Mean 7.8660 7.8480 6.6920 5.7400 4.8160 3.6740 2.8360 1.8860 1.4110 1.0850 .9080 .6330 .3680 .2620
gtg}iation 11118 11331  .33862 .40125 .26243 .40275 .30215 .44433 24651 .13591 .10163 .12789 .17313 .16199
Minimum 7.66 7.64 6.31 5.55 4.31 3.08 2.34 1.43 1.00 .87 .69 46 .20 13
Maximum 7.99 7.96 7.55 6.55 5.25 4.58 3.32 2.98 1.65 1.33 .99 .87 .76 .65
Phenytoin group
Rabbit 1 7.69 7.55 5.85 3.55 2.25 1.58 1.21 .98 .56 45 .20 13 .05 .00
“2 7.99 7.90 5.55 6.45 2.01 1.53 1.32 .85 .68 .45 11 .05 .00 .00
3 7.95 6.86 4.55 3.14 2.87 1.66 1.14 .99 .65 .22 .15 A1 .03 .00
4 7.94 6.88 5.44 3.64 3.53 1.55 1.32 77 .34 .23 .16 12 .07 .06
5 7.84 6.94 4.88 3.10 2.45 1.10 .95 77 .68 44 .19 A1 .08 .00
“6 7.88 6.80 5.34 4.08 3.12 2.12 1.76 .97 .55 .32 .21 13 .05 .02
7 7.88 7.55 5.00 4.12 2.87 1.66 1.89 1.04 a7 .54 .23 .16 .05 .00
8 7.93 7.00 5.31 3.12 2.89 1.32 1.44 1.05 .94 .80 .70 .28 .22 .18
9 7.75 7.70 5.64 3.55 3.87 2.54 1.65 77 .55 .33 .21 A1 .05 .00
“10 7.86 7.80 5.77 3.99 2.20 1.55 1.06 .99 77 44 .24 12 .06 .00
Total
Mean 7.8710 7.2980 53330 3.8740 2.8060 1.6610 1.3740  .9180 .6490 4220 .2400 1320 .0660 .0260
Stg\}iation .09267 43901 41376 .98450 59692  .40314 .30942 11526 .16292 .16851 .16633 .05884 .05835 .05739
Minimum 7.69 6.80 4.55 3.10 2.01 1.10 .95 77 .34 .22 11 .05 .00 .00
Maximum 7.99 7.90 5.85 6.45 3.87 2.54 1.89 1.05 .94 .80 .70 .28 .22 .18
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Figure 1. Mean corneal epithelial defects size in 14 days

follow-up in saline therapy group

group: phenytoin
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Figure 2. Mean corneal epithelial
follow-up in phenytoin therapy group

Discussion

Chemical injuries of the eye are true
emergencies requiring a good history, prompt
clinical evaluation, and treatment. The severity
of the injury relates directly to the duration, the
type of the chemical, and the deviation of the
corrosive substance from the physiological
pH. Treatment of chemical injuries to the eye
requires medical and surgical intervention,
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defects size in 14 days

both promptly and in the long term, for
maximal visual rehabilitation.

Regardless of the underlying chemical
involved, common goals of management
include the following; 1) removing the
offending agent, 2) promoting ocular surface
healing, 3) controlling inflammation, 4)
preventing infection, and 5) controlling IOP.
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These goals can be accomplished using
immediate copious irrigation, ascorbate,
therapeutic bandage contact lens, amniotic
membrane transplants, topical steroids,

topical antibiotics and aqgueous
suppressants.*®*°
Phenytoin (diphenylhydantoin) was

introduced into therapy in 1937 for the
effective control of convulsive disorders. In
1939 Kimball first observed that gingival
hyperplasia occurred in some patients treated
with phenytoin; this stimulated the study
regarding the potential use of phenytoin in
wound healing.”® Shapiro carried out the first
controlled clinical trial in 1958, finding that
periodontal patients with surgical wounds who
were pretreated with oral phenytoin had less
inflammation, less pain, and accelerated
healing compared with controls.?
Subsequently, phenytoin was found to
promote the healing and to increase the
tensile strength of experimental skin and
corneal wounds.’

In this study we evaluated the therapeutic
effect of topical phenytoin drop on chemically
induced corneal epithelial defects in the rabbit
model. To our knowledge this is the first study
using phenytoin drops on cornea. One study
demonstrating the effect of topical powder
phenytoin in non-healing corneal ulcers, but
itching sensation was a major problem leading
to corneal perforation in one case. This study
also showed that ocular pain decreased within
10 to 15 minutes with topical phenytoin
treatment.” In our study the group receiving
topical phenytoin also showed significant
benefit in comparison with the control group
but the comfort; regarding pain and itching
sensations should be evaluated in further
studies on human cases.

The mechanism by which phenytoin
accelerates wound healing is unknown.
Clinical, animal, and in vitro studies suggest
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Conclusion

Topical phenytoin 1% compare to normal
saline significantly improved corneal epithelial
defect size at the second day up to day 14
follow-up.
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