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Background/aim

Cataract is one of the major causes of visual impairment globally and the first cause
of bilndness. The present study analyzed the impact of caffeine and/or nifedipine in
a model of cataract caused by selenite.

Materials and methods

A total of 75 albino Wistar rats were alienated into five groups (15 each): group |
served as control and group Il was subcutaneously injected with 30 nmol/g body
weight of sodium selenite. Group Il received an intraperitoneal injection of
5.15umol of caffeine; group IV received 0.1 mg/kg of nifedipine; and group V
received the two treatments in the same dose after selenite injection. Groups
were decapitated after 5, 15, and 25 days of selenite injection. Comet assay to lens
epithelium, refractive index, and ultraviolet absorption spectra for lens proteins
were studied.

Results

The results indicated very high significant increase (P<0.001) in comet assay
parameters and refractive index. Also variation of ultraviolet spectra for all groups
injected with selenite was observed. Partial recovery was observed after treatment
with caffeine or nifedipine but there were no significant differences in groups treated

with a combination of caffeine and nifedipine.

Conclusion

The study stated that to achieve attenuation or delay of lens cataract formation, a
calcium channel blocker must be used in addition to antioxidants.
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Introduction

Cataract is the main cause of blindness worldwide.
Opacification of the crystalline lens occurs by
aggregation of cytoplasmic lens proteins due to
modifications in intermolecular interactions that are
the result of chemical actions including oxidative stress,
glycation, proteolysis, transamidation, phosphorylation,
and increase of the calcium levels [1]. Theoretically, the
conditions that influence these chemical actions like
antioxidant reagents would inhibit the attractive forces,
being able to delay or to prevent protein aggregation and
the opacification.

For a better understanding of cataract formation and to
help develop a potential therapeutic treatment that
could delay or reverse cataractogenesis, models of
induction experimental cataract is very important.
Selenite which is a strong sulfhydryl oxidant was
used as a model for oxidative stress-induced nuclear
cataract at a particular age through calpain proteolysis
of lens proteins [2].

Caffeine (1,3,7-trimethylxanthine) is present in
several food and beverage products, such as coffee
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and tea. It is widely consumed, primarily for its
stimulating effect on the central nervous system.
Caffeine and other methylxanthines are used in
clinical medicine as diuretics, analgesics, and muscle
relaxants, and they can aid in the treatment of brain
disorders such as headache and Parkinson’s disease
[3]. Many articles claim that caffeine protects against
cellular damage by producing beneficial antioxidant

effects [4-6].

The increased level of calcium in cataractous lens is due to
increased lipid peroxidation which has altered the
membrane permeability of the lens and in turn leads to
cataract formation. Nifedipine is a highly potent calcium
channel blocker (CCB) belonging to the group of 1,4-
dihydropyridines that primarily blocks L-type calcium
channels with the chemical structure C;7H;gN,Og. Like
other CCBs, nifedipine works by blocking the flow of
calcium into the muscle cells surrounding the arteries. Itis
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widely used in the treatment of vascular diseases such as
hypertension and angina pectoris. Nifedipine is also used
for purposes not listed in this medication guide such as
anticataractogenesis [ 7] through mechanisms of blockade
of L-type Ca®* channels. The higher doses of nifedipine
up to 150 mg/kg did not affect plasma glucose levels, body
weight, food and water intakes, blood pressure, and heart

rate [8].

The study was designed to evaluate the effect of
caffeine, nifedipine, and a combination of them on
sodium-induced cataract in albino Wistar rats.

Materials and methods

Chemicals supply

All chemicals used in the experiments were obtained
from Sigma Company (St. Louis, Missouri, USA) with
the highest purity grade available. Sodium selenite was
obtained from Fluka (Chemika, Switzerland).

Animals and ethical approval

A total of 75 healthy albino Wistar rats of both sexes
weighing 50+10g (20 days old) were used in this
study. The rats were randomly selected from the
animal house facility at the Research Institute of
Ophthalmology, Giza, Egypt. They were housed in
special designed cages and maintained under constant
air flow and illumination during the experimental
periods. The rats fed with a balanced diet (protein
21%, starch 70%, fat 3.5%, fiber 3.5%, minerals, and
vitamins 2%) and were allowed to drink water ad
libitum. The animals were handled according to
The Association for Research in Vision and
Ophthalmology statements and regulations for the
use of animals in research.

Experimental design
The rats were divided into five groups (15 each) as
follows:

(1) Group I (Con group): received intraperitoneal
injection of saline and served as control..

(2) Group II (Sel group): received single subcutaneous
injection of 30 nmol/g body weights sodium
selenite to induce cataract [9].

(3) Group III (Sel+Caf): received intraperitoneal
injection of 5.15 umol/day of caffeine starting 2
days prior to the injection of selenite and
continuing such treatment till decapitation [10].

(4) Group IV (Sel+Nif): received intraperitoneal
injection of 0.1 mg/kg nifedipine starting 2 days
prior to the administration of selenite and
continuing such treatment till decapitation [11].

(5) Group V (Sel+Caf+Nif): received combined
treatments of nifedipine and caffeine in the
same regimen.

Sample preparation

Animals were decapitated after 5, 15, and 25 days of the
experiment; the whole eye was removed and placed with
the corneal side down on a sterile gauze, and held in place
by forceps. Two incisions, at right angles to each other,
were made across the surface where the optic nerve enters
the eye, and the sclera was pulled back to expose the lens.
The orientation of the lens was maintained using the
remnants of the pigmented equatorial plane where the
iris was attached to the lens. The lens epithelial cells are
located on the hemispherical surface oriented toward the
cornea which used for comet assay.

Lenses without their capsules were weighed and
homogenized in a homgenizer (type 7400 Tibingen
HO4 manufactured by Edmund Biihler, Bodelshausen,
Germany). The homogenate was then centrifuged in a
cooling high-speed (type Awel, Chateau Gontier, France)
at 16 000 rpm for 20 min and the supernatant was removed
in a special sterilized container and used for refractive
index measurements and ultraviolet (UV) spectroscopy.

Comet assay analysis

Comet assay was done as described by Sasaki ez a/. [12].
A total of 100 cells were analyzed on each slide. Komet
5 image analysis software developed by Kinetic
Imaging Ltd. (Liverpool, UK) linked to a charge-
coupled device camera were used to assess the
quantitative and qualitative extent of DNA damage
in the cells. Tail length (pm) is the distance of DNA
migration from the center of the body of the nuclear
core and is used to evaluate the extent of DNA damage.
The tail moment is defined as the product of the tail
length and the fraction of total DNA in the tail. Both
the tail length and taill moment were measured
automatically using image analysis software.

Refractive index measurements

The refractive index for each protein sample was
measured using the Zeiss Abbe refractometer attached
to a temperature control unit type W Lauda, Germany.
The temperature was kept constantat 25+1°C during the
measurements. Abbe’s refractometer (W Lauda,
Germany) used a particular monochromatic light
source; the apparatus is calibrated with water.

Ultraviolet spectrophotometry
Samples of soluble lens proteins were diluted to 1 ml

with PBS (pH: 8.2). The UV-visible absorption
spectrophotometer type Thermos Fisher Scientific
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evolution 600 UV-Vis spectrophotometer (Modison,
WI, USA) was used. The spectra were drawn for all
groups in the wavelength range 200-340 nm.

Statistical analysis

Data were presented as the mean+SD. To compare
between multiple groups, the analysis of variance,
followed by the paired #-test, was used using a
commercially available software package (SPSS 11
for windows; SPSS Inc., Chicago, Illinois, USA).
The results were considered to be significant at
P values of less than 0.05.

Results

Comet assay

The comet assay is a simple and low-cost method for
the recognition of different types of DNA damage,
including single-strand and double-strand breaks,
DNA adducts, cross-links, and alkaline-labile sites.
Figure 1 illustrates the comet assay photographs for
the control group (Con group), animals decapitated
after 5 days of injection with sodium selenite (Sel), and
the three groups of animals were treated with caffeine,
nifedipine, and both of them (Sel+Caf), (Sel+Nif),
and (Sel+Caf+Nif). Table 1 illustrated the comet
parameters for all groups after 5 days of selenite
injection compared with their control. As shown,
the undamaged cells, the DNA cell image was
tightly compressed and maintained the circular
disposition of a normal nucleus. Selenite injection
lead to a very high significance increase (P<0.001)

in all comet parameters compared with the control

Figure 1

values. For caffeine or nifedipine groups, the results
show a significant increase (P<0.05) in tail length and
the percentage of tailed DNA. The results of the tail
moment and the percentage of tailed cells have a very
high significance increase (P<0.001) compared with
the control group. The treatment effect of caffeine and
nifedipine is illustrated by the absence of any
significanct difference with the control for all comet
assay parameters except the tail moment which showed
a significant increase (P<0.05).

The comet assay image for the control group and all
other animal groups decapitated after 15 and 25 days of
selenite injection is demonstrated in Figs 2 and 3. The
analysis of the image and the calculated comet
parameters are illustrated in Tables 2 and 3. The
results indicated that the same phenomena for 5
days is propagated in which a very high significant
difference (P<0.001) in all comet assay parameters for
the selenite group and the decrease in differences after
caffeine or nifedipine injection.

Refractive index studies

Figure 4 represents the refractive index of the lens
crystallin for all the studied groups decapitated after 5,
15, and 25 days. The control group which received only
intraperitoneal injection of saline had a refractive index
of 1.3323. The refractive index values for all Sel groups
showed a very high significant increase (P<0.001) than
the control value. Caffeine and nifedipine treatment
lead to a decrease in the significant level. The protective
effect of administration of caffeine and nifedipine
treatment appeared in the Sel+Caf+Nif group that is

Con Sel
(5 days)

(5 days]

Sel+Caf+Nif
(5 days)

Sel+Nif
(5 days)

Representative photographs of comet assay of lens epithelial cells for all groups after 5 days of selenite injection.

Table 1 Comet assay parameters of lens epithelial cells for all groups after 5 days of selenite injection

% tailed Tail length (pm) % tail DNA Tail moment
Con 3+0.02 1.46+0.03 1.62+0.11 2.37+0.17
Sel 10+1.18* 2.37+0.10* 2.41+0.16* 5.71+1.00*
Sel+Caf 8+1.10* 2.05+0.85"** 2.08+0.49*** 4.26+1.04*
Sel+Nif 7+1.80* 2.21+0.94*** 2.15+0.73** 5.75+1.03*
Sel+Caf+Nif 5+1.98 1.85+0.73 2.05+0.84 3.79+0.98***

*Significant difference than control group at P<0.001. ***Significant difference than control group at P<0.05.
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Figure 2
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Representative photographs of comet assay of lens epithelial cells for all groups after 15 days from selenite injection.

Figure 3

(25 days]
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Representative photographs of comet assay of lens epithelial cells for all groups after 25 days from selenite injection.

Table 2 Comet assay parameters of lens epithelial cells for all studied groups after 15 days of selenite injection

% tailed Tail length (pm) % tail DNA Tail moment
Con 3+0.02 1.46+0.03 1.62+0.11 2.37+0.17
Sel 14+2.83" 3.05+0.64* 3.39+0.14* 10.34+1.25*
Sel+Caf 13+2.66 2.95+0.39*** 2.27+0.75"** 6.70+1.59*
Sel+Nif 10+£2.58* 2.84+0.57*** 2.15+0.90*** 6.11+1.84*
Sel+Caf+Nif 6+3.50** 2.11+0.87*** 2.04+1.01 4.30+1.97**

*Significant difference than control group at P<0.001. **Significant difference than control group at P<0.01. ***Significant difference than

control group at P<0.05.

Table 3 Comet assay parameters of lens epithelial cells for all studied groups after 25 days of selenite injection

% tailed Tail length (pm) % tail DNA Tail moment
Con 3+0.02 1.46+0.03 1.62+0.11 2.37+0.17
Sel 18+3.46* 3.41+0.52* 3.79+0.78* 12.92+1.66*
Sel+Caf 15+3.27* 2.15+0.80*** 2.50+0.96*** 5.38+1.32**
Sel+Nif 13+2.81* 2.07+1.10*** 2.41+0.87*** 4.99+1.04**
Sel+Caf+Nif 6+2.64 1.88+0.95 2.10+0.79 3.95+1.74***

*Significant difference than control group at P<0.001. **Significant difference than control group at P<0.01. ***Significant difference than

control group at P<0.05.

characterized by approaches of the values of refractive
index to the control levels for all periods.

Ultraviolet spectrophotometry

To recognize the mechanism for structural changes of
lens-soluble proteins, we examined the secondary
structural states of crystallins by UV spectra. Figure 5
illustrates the UV spectra for con, Sel, Sel+Caf, Sel+Nif,
and Sel+Caf+Nif groups after 5, 15, and 25 days of
selenite injection. The control spectra profile reflects
the optical absorption of proteins at 280 nm. Also the
appearance of the same peak for all treated groups with
caffeine and/or nifedipine was observed but with
different absorbance. After 5 days of selenite injection,
the main peak suffers from splitting and after 15 days a

broadening of the peakis observed and then the spectrum
loses its protein detection peak after 25 days of injection.

Discussion

In this study, a single subcutaneous injection of 30 nmol/
g body weight of sodium selenite was used in an
experimental animal cataract model. Selenite-induced
opacification of lens may partly copy oxidant exposures
commonly present in the atmosphere of a human (e.g.
sunlight) and/or occurring in pathophysiological
conditions (e.g. diabetes, aging, etc.). By means of the
comet assay, the study has elucidated some of the
molecular changes subsequent to selenite injection. A
variety of geometric parameters are given by the image



36 Journal of The Arab Society for Medical Research, Vol. 13 No. 1, January-June 2018

Figure 4
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Ultraviolet spectra for rat soluble lens proteins to all groups after 5, 15, and 25 days of selenite injection (panel a, b, and c, respectively).

analysis software, which allows an estimation of the
amount of DNA in the head and tail regions, and the
extent of migration into the tail region. As the tail length
and density reflect the number of single-strand breaks in
the DNA, the percentage of DNA in the tail provides a
quantitative measure of the damaged DNA. Also, the

elevated mean tail moment is indicative of DNA damage
that was observed in selenite groups and the degree of the
damage was found to increase with the follow-up period.
Documented changes in the metabolism of lenticular
epithelial cells during selenite cataractogenesis (usually
before the appearance of any visible opacity) include
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inhibition of mitosis and entrance of epithelial cells into
prophase, nuclear fragmentation, decreased rate of
epithelial cell differentiation [9], increased damage to

DNA [13], and loss of calcium homeostasis [11].

The power of a lens’ ability to refract light is the prime
measure of its functional capacity. In the case of
biological lens, its refractive power, which depends on
the curvature and refractive index, is linked to the
distribution and concentration of its constituent
proteins. The functional capacity of the lens to refract
isdependent on the relatively unimpeded passage of light
through its medium. When the cataract develops and
interrupts the transmission of light through the lens, the
structure/function relationship between the proteins and
the optical properties are altered leading to changes in the
refractive index that possibly will indicate early steps of
opacification [14]. Ithas been concluded from our earlier
study[15] that the protein constituents were decreased in
selenite cataractin a gradual manner with time and thisis
the cause of increased refractive index in this study which
is directly proportional with time. Another study has
shown the same result that the membrane degeneration
or fluctuations in protein distribution resulted in local
change of refractive index [16].

Spectroscopy permits the investigator to find out more
about the optical characteristics and the chemical
structure of the protein. As a general role for any
protein, the optical absorption is measured at 280 nm.
At this wavelength, the absorption of proteins is
mainly due to the amino acids tryptophan, tyrosine,
and cysteine. The molar absorption coefficient of the
protein itself at 280 nm will depend on the relative
concentrations of each of these three amino acids. In
our study, the normal soluble lens protein spectra showed
the main peak at 280 mainly due to tryptophan and
tyrosine. The detected changes in spectra due to selenite
and the observed broadening with splitting thatappeared
after 25 days are indicative of cataract formation. This is
in agreement with the theory that the cataract is the
outcome of conjugated tryptophan and tyrosine [17].
The mode of action of sodium selenite indicated the
induction of oxidative stress in combination with a
decrease in the activity of antioxidant enzymes in the
lens [18]. More precisely, it was hypothesized that
the oxidation of critical sulthydryl groups of proteins
of the lens epithelium membranes and the lipid
peroxidative damage of lenticular membranes, direct
to the inactivation of membrane proteins such as Ca’
*ATPase. Hence, the alteration of calcium homeostasis
due to the loss of Ca**ATPase activity leads to
the accumulation of Ca®* in the lens and cataract
formation.

The protective role of caffeine as an antioxidant is
preventing DNA damage appeared in the results of
tail moment, refractive index, and UV spectra. The
positive mechanisms of action of antioxidants are
endorsed to their ability to act as free radical
scavengers through the induction of transcription
factor nuclear factor erythroid 2-related factor 2-
dependent antioxidant enzymes and/or ‘phase II
metabolic enzymes involved in inhibiting oxidative
stress and oxidative DNA damage [19]. Also, it is
reported that antioxidants may prevent DNA damage
probably through stabilization superoxide dismutase
activity and blocks the increase of xanthine oxidase
activity following oxidative stress [20]. In addition
caffeine is preventing the induction of apoptosis
which is a result of DNA damage by controlling the
lens metabolism through inhibition of cyclic adenosyl
monophosphate phosphodiesterase (cCAMP). Caffeine is
used with significant success in treating diseases
associated with neural and muscular dysfunctions,
such as Alzheimer’s and Parkinson’s diseases that their
pathogenesis is related to oxidative damage. Thus there is
a similarity of these diseases with cataract in
the formation of lipid peroxidation products such
as malondialdehyde and the presence of DNA
degradation products in the neural tissues, similar to
that of the lens. Caffeine is acting as an antagonist of
adenosine to help overcome the neural transmission
defects. Adenosine modulates nerve transmission by
binding to the G-protein-linked receptors [21].CCBs
are known to be involved in the repair of membrane
phospholipids that are damaged by oxidative insult.
They can also inhibit oxidant-induced DNA single-
strand breaks [16]. The present study demonstrated
that the administration of nifedipine leads to more
enhancement. Nifedipine not only block Ca*? influx
into lens cells but also attenuate the oxidative stress
and inhibit oxidant-induced DNA single-strand
breaks. Also, it has been demonstrated that nifedipine
had a potent effect in inhibiting sarcolemmal membrane

lipid peroxidation [11].

Conclusion

The selenite-induced cataract model is the most
commonly used model to study cataracts, as it partially
mimics senile nuclear cataracts in humans, where
oxidative stress plays a major role. Caffeine promotes
intracellular detoxification by scavenging free radicals
and maintaining the antioxidant enzymes. On the other
hand, nifedipine, a CCB, slowed the progression of
cataractogenesis through blocking Ca** influxes into
the lens cells and also through attenuating oxidative
stress. The damaging effect of selenite injection
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was completely counteracted by treatment with a

combination of caffeine and nifedipine.
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