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Introduction

Background: cataract is the opacity of the lens which progressively impairs
the light transmission to the retina and finally prevents the vision, this
opacity results from the oxidative process in the eye. Zinc sulfate has an
antioxidant property which can prevent the oxidative processes.

The present study aimed to evaluate the possible protective role of zinc
sulfate eye drops against sodium selenite-induced cataract in rabbits.

Materials and Methods: In order to induce lens opacity, sodium selenite
(0.01w/v) were injected intravitreal into eyes of the included rabbits which
were already divided into control (distilled water) group (n=6) and treatment
(zinc sulfate) group (n= 6). Each of distilled water and zinc sulfate (tested
drug) eye drops were instilled both prior and then along 21 days post
injection of sodium selenite. By using ophthalmoscope grading criteria, the
score of lens opacity (cataract maturity) was determined.

Results: In control group, the lenses, opacities could be induced within 48 -
72 hours of sodium selenite injection and their mean score reached to 4.0 (x
0.00). On the other hand and in comparison to that of control group, zinc
sulfate eye drops could highly significantly retard the progression of the
induced opacities and mean score of opacity was only 1.33 (£ 0. 04) (p <
0.01).

Conclusions: Zinc sulfate eye drops exerted a detectable preventive effect
against sodium selenite - induced cataract in rabbits.

Cataract is the opacity of the lens which progressively impairs the light transmission to the retina and finally
prevents the vision'. Oxidative stress on the lens represents the major factor that causes lens opacity. Oxidation of
lens proteins SH- groups induce protein conformational changes leading to protein aggregation and opacification of
the lens resulting in block of light transmission to the retina and then blindness™**. Zinc sulfate it is known with its
antioxidant activity in vivo and in vitro and it was expected to prevent the oxidative process in the eye *.

Aim of the study: The present study aimed to evaluate the possible protective role of zinc sulfate eye drops against
sodium selenite — induced cataract in rabbits.
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Materials and Methods

Animal and Housing: A group of 12 adult rabbits (Oryctologus cuniculus) aged about one year with a range of
body weight of 1.5-2 kg were obtained from the animal house stock of the Department of Pharmacology, College of
medicine, AL-Nahrain University, Baghdad-Irag. Animals were kept on fresh trefoil diet, water at libitum, suitable
temperature and normal light.

Groups of Study: The included rabbits were allocated into 2 groups, control (distilled water) (DW) group (n=6) and
treatment (zinc sulfate) group (n=6). Right eye of each included rabbit was instilled with 2 drops 3 times / day of
either distilled water (control group) or zinc sulfate (0.25%) (treatment group); such administration started five days
prior to induction of cataract (i.e. prophylactic use) and continued thereafter for further 21 days after the cataract
being induced (i.e. therapeutic use).

Preparation of sodium selenite solution: Amount of 10 mg of sodium selenite powder was dissolved in 100 ml
distilled water to prepare the 0.01% w/v of selenite solution. A fresh solution was prepared for each use’.

Induction of cataract: After the rabbits being anesthetized by intramuscular injection of 0.5 ml of ketamin (50
mg/ml), the induction of disease was done by inserting a needle 4 mm behind the limbus in sclera (measured by
caliper) and 0.1 ml of sodium selenite solution (0.01% w/v) was injected intravitreally in the right eye . After this
single injection, the rabbits were monitored for caractogenesis which begun after one hour , tropicamide (0.5%) and
phenylephrine (10%) were used to obtain maximum pupillary dilatation during examination, the rabbits were
examined with slit-lamp in hour and thereafter in order to observe opacity progression . After induction an attempt
to detect the type of the induced cataract >*.

Preparation of zinc sulfate (0.25% w/v) eye drop (with pH 7.2+2): Zinc sulfate powder (250 mg) and 20 mg of
benzalkonium chloride were dissolved in 100 ml of buffer solution (which was already consisted of 440 mg of
phosphate powder in 100 ml distilled water) 5%,

Ophthalmoscopic examination and opacity grading: The eye examinations were daily carried out in a dark room
with a direct ophthalmoscopes and instillation of tropicamide (0.5%) and phenylephrine (10%) eye drops to obtain
maximum pupil dilatation®. Opacities that obscured the red reflex were scrutinized from several angles of view to
determine their location in relation to the lens. The grading of opacity included assessment of the area of clear red
reflex from area without red reflex of retina’. By using ophthalmoscope grading criteria, the score of lens opacity
(cataract maturity) was determined according to the classification of Mehra and Minassian, and Chylack et al.***".
The ophthalmoscopic examination was done in dark room after measuring the pupillary response to light to avoid
the influences of mydriatic drops. Slit-lamp ( Topcon com.\ japan) was also used to evaluate the lens opacity ***?*.
At the end of experiment, the rabbits were killed and the lenses were extracted by posterior approach **.

Then the lenses were sent directly to biochemistry lab. And a small part of the lenses was fixed in Gluteraldehyde
(3%) for EM study > *°.

Each of reduced glutathione (GSH)*" and malondialdehyde (MDA)™® levels in these lenses were measured. Besides,
electron microscope (EM) study was done for the lenses prepared for Semi- thin sections *>

Statistical analysis:

All data were expressed as mean (£SD). Paired and unpaired t-tests were used accordingly for assessing the
effectiveness of employed therapy for the right eyes of rabbits in a given group, to compare between the results of
right and left eyes in the same rabbit, and the right eyes of rabbits of two groups. Chi-test was used whenever it was
applicable (i.e. for independent qualitative data). P<0.05 was considered significant **°.

Results

According to opacity classification system , the type of induced cataract in the present study was found to
be posterior sub-capsular one (PSC) (figure -1). Complete opacity (mature cataract) could be achieved in lenses of
control group after 48-72 hours of intravitreal injection of sodium selenite. Figure (2) demonstrated the difference
between two lenses: cataractous (after cataract being induced) one which appeared opaque and normal one which
appeared transparent.
As shown in figure (3), cataract in the control group could advance with time to reach hypermature stage.
Control (DW) group: [Figure (4) & its associated table]
Prior the cataract induction, lenses of right eyes of the included rabbits were intact, transparent, and had intact
response to light; instillation of DW eye drops for 5 days did not affect them and the mean score of opacity remained
0.0 (£0.0). After cataract being induced and instillation of DW eye drops was continued, the mean score of opacity
increased to be 4.0 (£ 0.00); compared to pre induction value, such increment was significant. These eyes lacked
their response to light and persisted so along the trial period.
Zinc sulfate (0.25%0) group: [Figure (5) & its associated table]

11,21
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Prior the induction of cataract the lenses of right eyes of the included rabbits were intact and transparent and the
mean score of cataract maturity was (0 £ 0.00) t both pre and post instillation of zinc sulfate eye drops for 5 days.
After cataract being induced and instillation of zinc sulfate was continued, the mean score of cataract maturity was
found to be (0.8 + 0.01), (1.2 + 0.02), and (1.33 + 0. 04) at 7™, 14™ and 21" day respectively; comparing to pre
induction value, there were significant differences.

Compared to effects of DW eye drops, zinc sulfate (0.25%) eye drops appeared more efficient in cataract prevention
along the trial period (Table-1).

Regarding response to light, zinc sulfate (0.25%) eye drops did not affect any of included eyes along its use for 5
days prior cataract induction. After cataract being induced in the 6 included right eyes, response to light was lost in
2 eyes at day 7" and then in only one eye at days 14" and 21%. There was significant difference when being
compared to those of distilled water group.

EM study:
Control (DW) group: As shown in Figure (6), oxidative and sclerotic effect of selenite on the lens proteins rendered
the cytoplasm of lens to loss its featureless, homogenous and dens appearance. As a cause of the lenticular opacity,
there were thick darkly stained aggregations (insoluble proteins) inside the enlarged irregularly shaped fiber making
a connected network across lens fibers. These aggregations are surrounded by clear or lighter areas which probably
resulted from losing of homogenous appearance of the cytoplasm.

Treatment (Zinc sulfate 0.25%) group: Zinc sulfate could prevent the aggregation of the proteins and the cytoplasm
seemed approximately homogenous and normal (Figure-7).
MDA and GSH levels:

Table (2) demonstrated the MDA and GSH levels that measured at the end of prophylaxis i.e., after 5 days
of instillation of either DW or zinc sulfate 0.25% eye drops, whereas table (3) expressed the significance of the
obtained differences in these levels among included groups.

(A) (B)
Figure (1): Slit- lamp photographs for rabbit eyes; A: Left normal eye. B: Right cataractous eye
(with posterior subcapsular opacity).
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Figure (3): Hypermature Induced Cataract in Lens of Rabbit of Control (Distilled Water) group
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significant difference (p < 0.01) compared to corresponding 0 time value

Figure (4) & Associated Table: Effect of DW eye drops on Mean Score of Cataract Maturity in
Lenses of Right Eyes of Six Rabbits during Pre- and Post-Induction of Cataract

1017



ISSN 2320-5407

International Journal of Advanced Research (2014), Volume 2, Issue 3, 1014-1022

5.0

4.5
Zz 40
2 3s
(1]
§ 3.0
5 25
S 2.0
s 7 HS

o HS -

g 1.5 "~ S
“ 1.0 N T
§
S ]

0.0

Pre-Induction .
(Days) Post-Induction (Days)
0 5 1 7 14 21

MSCM* 0.0 0.0 0.5 0.8 1.2 1.33
+SEM 0.00 0.00 0.02 0.01 0.02 0.04

MSCM*= Mean Score of Cataract Maturity; SEM = Standard Error of Mean;** =0.25
mg/drop, NS= No Significant difference (p > 0.05) compared to corresponding 0 time value, S =
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Figure (5) & Associated Table: Effect of Zinc sulfate eye drop**on Mean Score of Cataract
Maturity in Lenses of Right Eyes of Six Rabbits during Pre- and Post-Induction of Cataract

Figure (6): Electron micrograph; Longitudinal section of the cataractous (control) lens shown
as darkly stained aggregations (yellow arrows) which surrounded by the clear areas (blue
arrows) in the fibers and losing the homogenous state of cytoplasm of the cataractous lens
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fibers. (13500 x)

Figure (7): Electron micrograph; Longitudinal section of the lens protected with zinc sulfate

(0.25%) eye drop, shown as homogenous cytoplasm. (13500 x)

Table (1): Significance of differences between zinc sulfate (0.25%) group compared to distilled water group
regarding the mean score of cataract maturity of right eyes of rabbits.

Distilled water

0 = Baseline (Pre-treatment), NS= No Significant difference (p > 0.05) , HS = Highly significant

difference (P <£0.01), (Z) = the lowest value belongs to zinc sulfate group.

Table (2): Levels of MDA* and GSH** measured at the end of prophylactic instillation of DW or zinc sulfate

(0.25%) eye drops.

MDA GSH
Normal eyes # 0.034 (+ 0.042 X10°®) 0.0013 (+0.17 X10®)
DW 0.21 (+0.25 X109 0.0005 (+0.5 X10™)
Zinc sulfate (0.25%) 0.036 (+0.27 X10) 0.0012 (+0.7 X10™)

*= malondialdehyde, **= reduced glutathione , # = 0-time (i.e., prior cataract-induction and received

no treatment)
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Table (3): Significance of differences in MDA* and GSH** levels among included groups

Group Normal eyes # DW Zinc sulfate
Normal eyes # HS (0) NS
DW HS (0) HS (2)
Zinc sulfate NS HS (2)

*=malondialdehyde,**= reduced glutathione, # = 0-time (i.e., prior cataract-induction and received
no treatment), HS= high significant difference (p < 0.01), NS= Not Significant difference (p > 0.05), 0
= the better result (i.e., highest MDA level or lowest GSH level) belongs to 0-time group, Z= the
better result (i.e., highest MDA level or lowest GSH level) belongs to zinc sulfate group

Discussion

Cataract is progressively impairs the light transmission to the retina and finally prevents the vision %,
therefore, it seems so important if a topically-applied drug can be proved to be effective whether prophylactically
(i.e., to prevent the development of cataract in a susceptible patient) and/or therapeutically.

In the present study, zinc sulfate (0.25% wi/v) eye drops instilled 3 times/day for 5 days did not affect the
lens transparency in normal eyes. Besides, it was able to prevent selenite to raise the mean score of cataract maturity
to its expected value that was obtained in the DW group. Furthermore, when being continued for further 21 days,
zinc sulfate (0.25% wi/v) eye drops instilled 3 times/day could prevent cataractogenesis in better manner (P < 0.01)
than DW did.

The EM study showed that zinc sulfate protected the lens proteins from opacification probably by
prevention of the proteins aggregation and thus cytoplasm seemed approximately homogenous.

Hence, results of the present study pointed out to the beneficial prophylactic anti-cataract effect of zinc
sulfate (0.25% wi/v) eye drops.

Ito et al®, and Chung et al®* suggest that nitric oxide (NO) and H,O, had an important role in the
development of selenite-induced cataracts. Other studies found that minerals, including zinc, are co-factors for
naturally occurring antioxidant enzymes 2>%?” and the plasma levels of zinc were found to be significantly low in
cataractous patients 2%, zinc when found in sufficient quantities will increase catalytic activity of zinc —
superoxide dismutase which is an important enzyme that protect the lens against cataract 2° ; this appeared in
accordance with what was found in the present study regarding results of MDA and GSH levels determined in
lenses that received zinc sulfate which pointed out the antioxidant activity of zinc sulfate which probably takes place
in the protection the lens proteins from selenite induced cataractogenesis. A great challenge expected between
inducing agent (selenite) which injected intravitreal and was expected to cause opacity within 48 hours and zinc
sulfate that instilled topically, which was expected to expose to barriers in the eye to reach the lens »**! In addition
to that, the most insoluble proteins are found in the lens nucleus, whereas most soluble proteins are in the cortex *,
One of the most important sign of lenticular opacity is deterioration of response to light *2*%. The resulting opacity,
however, needs to be located at or near the visual axis for it to affect vision and become clinically important 8202132,
In the present study, when the tested drug (zinc sulfate) had been used prophylactically, light response could be kept
intact; this probably as a result of capability of zinc sulfate to prevent the extension of cataractogenesis to the
nucleus of lens and thus the light could pass through the lens to retina.

Conclusions

Zinc sulfate (0.25% wi/v) eye drops instilled with 2 drops 3 times / day exerted a detectable preventive effect against
sodium selenite - induced cataract in rabbits; it seemed to be apparently safe and tolerable therapy along the trial
period in the present study.

Recommendations
Controlled clinical studies are warranted in order to evaluate the prophylactic role of zinc sulfate eye drops in
patients with high risk to develop cataract.
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