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Abstract 

 
Background Increase Ca

2+
 .level in human lenses found to play a main role in the opacification development 

Objective To investigate the protective effects of nimodipine (0.5%) eye drops against selenite-induced 
cataract in rabbits. 

Methods Twenty-four adult rabbits with body weight in a range of (1.5-2 kg) with no signs of ocular 
inflammation were divided into three groups (apparently normal group, cataract group, nimodipine 
(0.5%) eye drops group). Cataract induction was done by a single intravitreal injection of sodium 
selenite solution in right eye. Lens opacity, pupil diameter, intraocular pressure, pupillary response to 
light, corneal sensation, conjunctival redness, malondialdehyde (MDA) and reduced glutathione 
(GSH) levels in aqueous humor and histopathological study of lens were evaluated. Apparently, 
normal group received distilled water. 

Results Nimodipine (0.5%) eye drops resulted in prevention of cataract development, there was no change in 
pupil diameter, positive pupillary response to light, positive corneal sensation, no conjunctival 
redness, decreased MDA and increased of GSH levels. Longitudinal lens section showed homogenous 
appearance and it looked like normal in its feature. 

Conclusions Nimodipine (0.5%) eye drops had prophylactic effect against selenite-induced cataract in rabbits. 
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List of abbreviation: MDA = malondialdehyde, GSH = reduced 
glutathione, IOP = intraocular pressure, FFA = free fatty acids 

 
Introduction 

ataract is an opaqueness of the lens 
which leads to decreased visual acuity (1). 
Cataract becomes more common with 

advanced age and it is one of the chief causes 
of blindness and visual impairment in elderly 
people throughout the developing world (2).  
So, detection of factors that might delay or 
prevent cataract occurrence would be essential 
both for increasing the well-being of elderly 
and for decreasing medical care costs. Many 
factors; such as genetics, cigarette smoking and 

sunlight exposure are implicated in the 
progression of lens opacity (3,4,5). Specifically, 
oxidative stress is thought to have a major role 
in the etiology of age-related cataract (6).  
Nimodipine is a member of the dihydropyridine 
group of calcium channel blockers, which has a 
high affinity for the cerebral blood vessels and 
appears to decrease morbidity following a 
subarachnoid hemorrhage (7,8). 
The aim of this study was to investigate the 
protective effects of nimodipine (0.5%) eye 
drops against selenite-induced cataract in 
rabbits. 
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Methods 
Twenty-four adult rabbits with body weight in 
a range of (1.5-2 kg) with no signs of ocular 
inflammation were divided into three groups 
(apparently normal group, cataract group  and 
nimodipine (0.5%) eye drops group). The 
rabbits were housed in Animal House of High 
Institute for Infertility Diagnosis and Assisted 
Reproductive Technologies, Al-Nahrain 
University. All rabbits were maintained during 
the study ( established at May 2014 to May 
2015) with appropriate temperature and good 
ventilation. Animals were kept on fresh diet 
and allowed for free access to water.  The 
experiment were approved by Animal Ethical 
Committee, College of Medicine, Al-Nahrain 
University, Baghdad, Iraq.  
 
Induction of cataract 
The rabbits were anesthetized by 
intramuscular injection of 0.5 ml of (50 mg/ml) 
ketamine. In addition, lidocaine solution (2%) 
was applied locally on the eye to obtain 
additional anesthetization. The induction of 
cataract in the right eye was done by a single 
intravitreal injection of 0.1 ml from of sodium 
selenite solution (0.01% w/v). After injection, 
the rabbits were monitored every day for 
caractogenesis (9,10,11). 
 
Preparation of nimodipine eye drops (0.5% 
w/v) 
A 500mg of nimodipine powder (reference 
standard from Bayer Schering Pharma) and 1% 
(w /v) of benzalkonium chloride were dissolved 
in 100 ml of isotonic buffer solution (12). 
The right eye of rabbit were received 
nimodipine (0.5%) eye drops twice daily for five 
days before cataract induction and 21 days 
after cataract induction, and left eyes were 
received distilled water for same time and 
frequency 
 
Lens opacity 
The score of lens opacity (by the use of 
ophthalmoscope grading criteria) was done in 

accordance with the classification of Kador (13) 
and Chylack (14). 
 
Pupil diameter  
By using the pupil gauge, measuring of pupil 
diameter was done and the results would be 
presented in millimeter units (15). 
 
Pupillary response to light  
The light reflex was examined by swinging 
flashlight to investigate a relative afferent 
papillary defect (16,17)

. 
 
Corneal sensation 
Corneal sensation could be examined with wisp 
of cotton wool, which applied and moved from 
side to side (15). 
 
Conjunctival redness 
It could be detected by examination of 
conjunctiva of both eyes (16). 
 
Intraocular pressure (IOP measurement) 
IOP measurement were done by 
anesthetization the cornea with a local 
anesthetic (2% lidocaine hydrochloride), and 
"the foot plate of the tonometer is placed on 
the cornea (90ο on the pupil), a small force 
(weight) is applied to a central plunger, causing 
the part of the cornea beneath the plunger to 
displace inward. The scale reading taking from 
the tonometer is converted to the 
corresponding mmHg of tension by referring to 
a standard chart" (18)

. 
 
Measurement of glutathione (GSH) and MDA 
level in aqueous humor of rabbit eyes 
Glutathione was measured in accordance with 
the method of Godin (17) regarding to the 
reaction of glutathione with 5,5-Dithiobis (2-
nitrobenzoic acid) (DTNB) at PH of 8, the result 
was a colored complex which absorbed light at 
412 nm. The technique to find out the MDA 
level is based on the reality that, in acid 
medium, MDA reacts with thiobarbituric acid 
(TBA) to form a pink-colored MDA-TBA 
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complex that exhibits an absorption maximum 
at 532 nm (20,21)

. 
 
Histopathological study 
The rabbit lens samples fixed by 
gluteraldehyde (3%) solution for 48 hours. 
Following washing, treatment with osmium 
tetra oxide (1%) for 20 minute, washing, 
dehydration at 4 ºC and embedding, tissues 
capsules sectioned at (1 micron), these sections 
stained with solution A (0.4% basic fucshin in 
25% methanol) and B (Prepared by mixing the 
same volumes of (azure II, methylene  blue, 
Na2 CO3, absolute methyl alcohol) and 
examined microscopically (22)

. 
 
Statistical methods 
The obtained quantitative data was introduced 
as mean ± Standard error of mean (S.E.M.). In 
graphic presentation, only the means of these 
data (i.e. without S.E.M.) were presented. The 
significance of the differences between mean 
values was estimated by using paired and 
unpaired student’s t- test accordingly. The 
obtained difference was considered to be not 
significant if p value > 0.05,   significant if (0.05 
≥ p > 0.01) and highly significant if p ≤  0.01 (23). 
 
Results 
Nimodipine (0.5%) eye drops resulted in 
complete prevention of cataract development 
(Figure 1). There was no alteration in pupil 
diameter, positive response to light, no change 
in corneal sensation, no conjunctival redness. 
The mean±SEM of IOP of eyes of rabbits was 
represented in figure (2) and its associated 
table. Before administration of nimodipine eye 
drops (0.5%) to right eyes of rabbits, the IOP of 
right and left eyes were comparable. After one 
day of nimodipine eye drops (0.5%) 
administration to right eyes of rabbits, there 
was high significant decrease in the IOP of right 
eyes when compared to left eyes (P value = 

0.005). There was high significant decrease in  
the IOP of right eyes when compared to left 
eyes at first day of cataract induction (after five 
days of nimodipine eye drops (0.5%) 
administration), (P=0.009) and there was high 
significant difference after one week (P=0.004), 
after two weeks (P=0.002) and after three 
weeks of cataract induction (P=0.002) .  
The levels of GSH and MDA were measured at 
the end of the study in the aqueous humor of 
apparently normal, cataract and nimodipine 
(0.5%) eye drops groups were shown in the 
figure (3) and figure (4). There was high 
significant difference between the level of GSH 
in aqueous humor of cataract group and in the 
aqueous humor of nimodipine eye drops group 
(P=0.0001). There was highly significant 
difference between the level of MDA in 
aqueous humor of cataract group and in the 
aqueous humor of nimodipine eye drops group 
(P=0.0001) 
 
Histopathological study of rabbit lens 
The cytoplasm of normal eye was uniform, 
featureless, and it was stained homogenously 
as shown in figure (5A). In the lens of cataract 
group, there was thick darkly stained 
collectives inside the fiber which extended 
along the lens fiber, these aggregations 
characterize the insoluble proteins that build 
up and aggregate in the lens fiber which caused 
by the oxidative and sclerotic outcome of 
selenite on the lens proteins. These 
aggregations are surrounded by plain or lighter 
areas produced as a result of losing the 
cytoplasm its homogenous form as shown by 
figure (5B). Nimodipine (0.5%) eye drops 
administration twice daily resulted in 
prevention of cataract development; and the 
longitudinal section of lens showed 
homogenous appearance and it looked like 
normal in its feature, figure (5C) 
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Fig. 1. Mean score of lens opacity in rabbits' right eyes of nimodipine eye drops group 
 

 
 

Fig. 2. Mean IOP of rabbits' eyes of nimodipine (0.5%) eye drops group 
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Fig. 3. Levels of GSH (μmol/L) in aqueous humor of groups of study 
 
 

 
 

Fig. 4. Levels of MDA (μmol/L) in aqueous humor of groups of study 
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Fig. 5. Longitudinal section of rabbits' lens stained with solution A and B for semithin section (40X). 
A:  Normal group shown homogenous cytoplasm of the normal lens fibers. B: Cataract group shown 
darkly stained aggregation (red arrows), alternating with clear areas (green arrows) with loss of the 
homogenous architecture of the cytoplasm of lens fibers. C: Nimodipine eye drops look like normal 

and shown structureless cytoplasm of lens fibers 
 

Discussion 
Nimodipine is a centrally active calcium channel 
blocker that blocks the voltage-dependent L-
type calcium channels (24). "Intracellular Ca2+ 
overload triggers Ca2+ dependent lytic enzymes 
such as phospholipase-c that induce the release 
of free fatty acids (FFA) and xanthine oxidase. 
This leads to the generation of superoxide and   
the depletion of membrane phospholipids 
resulting in altered permeability and further Ca2+ 

influx  (25). The increase in the levels of Ca2+
 in the

human lenses with cataract had been found to 
play a main role in the opacification 
development (26). The L-type calcium channel 
blocker (verapamil) was efficient in attenuating 
cataract formation in diabetic rats. Lenses 
extracted from animals, which had been treated 
with verapamil as well had a greatly decreased 
Ca2+ content. Other researches of diabetic and 
radiation models of cataract furthermore 
reported decreased lens opacification as a result 

of the treatment by L-type calcium channel 
blockers (27). Variety of researches have revealed 
that calcium channel blockers may improve the 
ocular blood flow in the healthy volunteers and 
in patients with glaucoma28. Loss of Ca2+ 
homeostasis had been occupied in most types of 
cataract. Ca2+ levels are maintained in the sub-
µM range in cytoplasm by the membrane Ca2+ 
pumps, plasma membrane Na+/Ca2+ exchangers, 
and endoplasmic reticulum Ca2+ pumps (29). 
Increased Ca2+ uptake performed in correlation 
with selenite cataractogenesis, was established 
to be highest. A main consequence of calcium 
elevation in the lens is the activation of calpains. 
Researches on experimental cataract had 
demonstrated that calpain-induced proteolysis 
of β-crystallin was a major mechanism in lens 
maturation as well as cataractogenesis (30). 
Alterations of membrane proteins, lipid integrity, 
and consequent raise of the membrane ion 
permeability of lens fiber cells had been 
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established in different pathological conditions. 
So, selenite-induced oxidative stress and 
subsequent loss of the Ca2+ homeostasis thought 
to be responsible for the activation of lens 
calpains, which led to in proteolytic precipitation 
and aggregation of insoluble proteins (31). 
This study concluded that Nimodipine (0.5%) eye 
drops twice daily had protective effect against 
selenite induced cataract in rabbits' eyes.   
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