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ABSTRACT

Objective: The aim of the study was to determine the protective effect of curcumin against ionizing radiation-induced cataract in the lens of rats.

Material and Methods: Rats were divided into six groups. Group 1: Control, Group 2: Dimethyl sulfoxide (DMSO), Group 3: DMSO+curcumin, Group
4: Irradiation, Group 5: Irradiation+DMSO, Group 6: Irradiation+DMSO+curcumin. A 15 Gy total dose was given to 4, 5, 6 groups for radiation damage.
Curcumin (100 mg/kg) was dissolved in DMSO and given by intragastric intubation for 28 days. At the end of the experiment, lenses were graded and
enucleated. The lenticular activity of the antioxidant enzymes, total antioxidant and glutathione peroxidase (GSH-Px), and the malondialdehyde (MDA)
were measured.

Results: 100% Cataract was seen in the irradiation group. Cataract rate fell to 40% and was limited at grade 1 and 2 in the curcumin group. In the irradia-
tion group, antioxidant enzyme levels were decreased, MDA levels were increased. There was an increase in antioxidant enzyme levels and a significant
decrease in MDA in the group which was given curcumin.

Conclusion: Curcumin has antioxidant and radioprotective properties and is likely to be a valuable agent for protection against ionizing radiation.

Hence, it may be used as an antioxidant and radioprotector against radiation-induced cataractogenesis.
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Introduction

Cataract results from loss of transparency of the normal
crystalline eye lens, and it is the major cause of blindness.
Because pharmocological treatment of human cataract has so
far not been achieved, surgery is the only effective treatment.
Many risk factors are associated with the pathogenesis of
cataract, such as aging, diabetes, environmental factors, sun-
light, nutritional deficiencies or inadequacies (1). In addition,
excessive free radical generation leading to oxidative stress
has been identified as a major triggering factor for cataract
formation and it is likely to be involved in the pathogenesis of
radiation-induced retinal damage (2).

Radiation therapy plays an important role in the curative
and palliative treatment of malignant diseases. Exposure of
the body to ionizing radiation produces the reactive oxygen
species (ROS) that damages proteins, lipids and nucleic ac-
ids. Because of the lipid component in the membrane, lipid
peroxidation is reported to be particularly susceptible to ra-
diation damage. In addition, cell lipid peroxidation is related

to radiation-induced cell death, changes in membrane fluid-
ity, and in the activities of some membrane enzymes (3). Fur-
thermore, it has been shown that irradiation causes a marked
change in the plasma total antioxidant capacity, and total
body irradiation is known to cause a pronounced decrease
in antioxidant capacity and an excessive increase in oxidant
stress (4). Mammals are endowed with antioxidant defense
systems that scavenge and minimize the formation of ROS.
However, these systems are not always fully operative. There-
fore, diet derived antioxidants become particularly important
in diminishing cumulative oxidative damage, and a number
of dietary antioxidants have been reported to decrease free
radical attack on biomolecules (5).

Curcumin has antioxidant, radioprotective, antibacterial,
antifungal, antiviral, antiinflammatory, antiproliferative, pro-
apoptotic and antiatherosclerotic effects, exerting medicinal
benefits for arthritis, allergy, asthma, inflammatory bowel
disease, nephrotoxicity, psoriasis, diabetes, Alzheimer's dis-
ease, multiple sclerosis, cancer, neurodegenerative and car-
diovascular disease (6-9). It is known that curcumin prevents
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the formation of ROS and scavenges free radicals and it pro-
tects cells from peroxidative stress. Curcumin not only exhibits
antioxidative and free radical scavenging proeorties, but also
enhances the activities of antioxidant enzymes such as super-
oxide dismutase (SOD), catalase, and glutathione peroxidase
(GSH-Px) (6, 10). It is therefore possible that curcumin could
scavenge free radicals and produce beneficial effects against
radiation damage. To our knowledge, the role of curcumin on
irradiation-induced cataract is undefined. Hence, we hypoth-
esized that curcumin, because of its antioxidative effects, may
be useful in preventing ionizing radiation cataractogenesis.

Material and Methods

This experimental study was conducted in accordance with
the principles and procedures of the National Institutes for
Health Guide for the Care and Use of Laboratory Animals.
In addition, the experimental protocol was approved by the
Ethical Committee of Trakya University.

Animals

A total of forty eight 8-10 weeks of age male Sprague
Dawley rats (200+30 g) were used in this study. The experi-
mental animals were housed at 22+1°C under a 12 h light/12
h dark cycle and had free access to a standard pellet diet for
rats and to tap water. The administered concentration of the
curcumin (Sigma, St.Louis, MO, USA) used in this study was
dissolved in DMSO (Sigma, St.Louis, MO, USA).

Experimental design

Rats were divided into six groups with 8 animals in each:
control, dimethyl sulfoxide (DMSQ), DMSO+curcumin, irradia-
tion, irradiation+DMSO, irradiation+DMSO+curcumin. Group
1 did not receive curcumin, irradiation or DMSO (control) but
received sham irradiation. Group 2 did not receive curcumin
or irradiation but 10 mL/kg DMSO was given by intra gastric
intubation. Group 3 were given curcumin (100 mg/kg) (10) dis-
solved in DMSO by intragastric intubation. Group 4 received
total cranium 15 Gy of gamma irradiation. Group 5 received
total cranium irradiation plus DMSO. Group 6 received total
cranium irradiation plus curcumin dissolved in DMSO. The
groups given DMSO or curcumin dissolved in DMSO were
started one day before irradiation, with a total 28 days of the
study.

Prior to total cranium radiotherapy, the rats were anesthe-
tized with an intraperitoneal injection of ketamine 90 mg/kg
(Ketalar, Eczacibasi, Istanbul, Turkey) and xylazine 10 mg/kg
(Rompun, Bayer, Istanbul, Turkey) and placed on a plexiglas
tray in the prone position. While the rats in the control, DMSO
and DMSO-+curcumin groups received sham irradiation, the
rats in the irradiation, irradiation +DMSQO and the irradiation
+curcumin groups were irradiated using a cobalt 60 telether-
apy instrument (Cirus, Cis-Bio Int-France) from a source-to-
surface distance of 80 cm by 5x5 cm anterior fields with a total
15 Gy to the total cranium. The animals were irradiated with a
total 15 Gy. To increase the lens dose to the maximum, a wax
bolus material, 0.5 cm thick, was placed on the rats’ eyes. The
central axis dose was calculated at a depth of 0.5 cm. the dose
rate was 0.59 Gy/min (11).

Determination of clinical cataract

In this study, the lens opacities classification system, ver-
sion Ill was used in the cataract classification. The lenses were
graded by slit-lamp biomicroscopy (Top Con SL-7F. TopCon
Corp, Tokyo-Japan). At the beginning and at the last day of
the experiment, we took photographs (TopCon MT-10) of all
rats, and graded. Grade 0: normal clear lens; grade 1: initial
sign of posterior subcapsular or nuclear opacity involving tiny
scatters; grade 2: slight nuclear opacity involving tiny scatters;
grade 3: diffuse nuclear opacity with cortical scattering; grade
4: partial nuclear opacity. At the beginning all lenses were ex-
amined as having no cataract (Grade 0) (12, 13).

Biochemical analysis

At the end of the study, the animals were anaesthetized
by intraperitoneal injection of ketamine (90 mg/kg) and xyla-
zine (10 mg/kg). Their eyes were enucleated, and the lenses
were dissected out immediately. Lenses were rinsed in ice-
cold distilled water, and immediately placed in three times
their volume of cold 1.15% KCI (5 mL) containing 0.2% Triton
X-100. Lenses were homogenized by a homogenizer (Miccra
RT D-1) for 10 s at the first speed level. Then, the homogenate
was centrifuged at 3000 rpm for 10 min at 4°C. The superna-
tant was stored at -80°C for biochemical analyses. The activi-
ties of GSH-Px and total antioxidant enzymes and the MDA
level were determined in these supernatants spectrophoto-
metrically (Unico 2800 UV/VIS Spectrophotometer). The MDA
level was expressed as pMol/mg protein. The activities of total
antioxidant and GSH-Px enzymes were expressed as mM/mg
protein of lens sediment (12).

Statistical analysis

All statistical analyses were carried out using SPSS statisti-
cal software. The results are presented as the meanzstandard
deviations. Enzyme parameters and lipid peroxidation levels
of matched experimental and control pairs were analyzed with
the Kolmogorov Smirnov test. When there was a significant
difference among the groups, one way ANOVA and post-hoc
Tukey HSD test used. P values of less than 0.05 were consid-
ered statistically significant.

Results

The animals were weighed at the beginning and end of the
experiment. No difference was found in the groups of the irra-
diated rats according to weight (data not shown). The grades
of lens by slit-lamp biomicroscopy are presented in Table 1.
At the beginning of the experiment, all of the lenses in each
group had no cataract (Figure 1) and were graded as 0. At
the end of the experiment, none of the lenses in any of the
groups were graded as 4.

At the end of the experiment; all of the lenses in con-
trol group, DMSO group and curcumin group had no cata-
ract (Figure 2) and was graded as 0. In the irradiation
group, 2 rats (25%) had cataract at grade 1; 4 rats (50%) had
cataract at grade 2; and 2 rats (25%) had cataract at grade
3. In the irradiation+DMSO group, 3 rats (50%) had cata-
ract at grade 2; 3 rats (50%) had cataract at grade 3. In the
irradiation+DMSO+curcumin group, 4 rats (57%) had no cata-
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Table 1. Cataract development

Grade 0 (%) Grade 1 (%) Grade 2 (%) Grade 3 (%) Total (%)
Grup 1 (Control) 6 (100) - - - 6 (100)
Grup 2 (DMSO) 7 (100) - - - 7 (100)
Grup 3 (DMSO+Curcumin) 7 (100) - - - 7 (100)
Grup 4 (RT) - 2 (25) 4 (50) 2 (25) 8 (100)
Grup 5 (RT+DMSO) - - 3 (50) 3 (50) 6 (100)
Grup 6 (RT+DMSO+curcumin) 4 (57.1) 1(14.3) 2 (28.6) - 7 (100)

Figure 1. The first day of the study, no cataract in all of the
groups

-
¥

Figure 2. The last day of the study, no cataract in DMSO
and DMSO+curcumin group

ract at grade 0; 1 rat (14.3%) had cataract at grade 1; 2 rats
(28.6%) had cataract at grade 2.

Cataract develepment was detectable in 8 rats (100%) in the
irradiation group (Figure 3), but the cataract development was
detectable in 4 rats (50%) in the irradiation+DMSO+curcumin
group (Figure 4). Compared with those in the irradiation
group, a significant reduction in cataract formation was ob-
served in the irradiation+DMSO+curcumin group.

The activity of MDA, total antioxidant and GSH-Px enzymes
are all presented in Figure 5-7, respectively. Compared with the
control group, irradiation significantly increased the MDA levels
as a major degradation product of lipid peroxidatin (p<0.05).
Irradiation also significantly decreased the total antioxidant
enzymes (p<0.05). Compared with the irradiation+DMSO and
irradiation+DMSO+curcumin group, irradiation significantly

Figure 3. The last day of the study, in group 4 (irradiation);
cataract developed in all rats

Figure 4. The last day of the study,
(irradiation+DMSO+curcumin); there was no cataract in 4
animals out of seven

in group 6
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Figure 5. MDA levels
*p<0.05 vs. control group on day 28
**p<0.05 vs. irradiation group on day 28
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Figure 6. Total antioxidant levels
*p<0.05 vs. irradiation group on day 28
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Figure 7. GSH-Px levels

increased the MDA levels (p<0.05). MDA levels were signifi-
cantly decreased in the groups which had been given DMSO or
DMSO+curcumin after irradiation (p<0.05).

Compared with the other groups, the level of total anti-
oxidant were significantly decreased in the irradiation group,
and significantly increased in the group that had been given
curcumin after irradiation (p<0.05).

The activity of GSH-Px, which indicated the generation of
oxidative stress and an early protective response to oxidative
damage, increased in the irradiation+curcumin group, com-
pared with the irradiation groups However, this was not sta-
tistically significant.

Discussion

Cataract is one of the major causes of preventable blind-
ness in the world, although surgery is the only treatment
method for human cataract. There is no accepted pharmaco-
logical agent at present to regress the opacification. Though
the exact mechanism of cataract formation is still unclear,
many studies used different models of cataract in order to
target critical steps to stop or retard this process (14, 15).
Among various models, the diabetes, selenite and radiation
-induced cataract models are the most commonly used ex-
perimental models.

The lens of the eye is recognized as one of the most ra-
diosensitive tissues in the human body, and it is known that
ionizing radiation on the lens of the eye can produce a pro-
gressive cataract. Although much work has been carried out
in this area, the exact mechanisms of radiation-induced cata-
ractogenesis are still not fully understood. Radiation-induced

cell damage involves generating ROS in the cell. Oxidative
stress is likely to be involved in the pathogenesis of radiation-
induced retinal damage. The lens includes defense mecha-
nisms as in other tissues that may protect it from the effects
of oxidation. A decrease in the antioxidant defenses increases
lens oxidation and this could be responsible for the develop-
ment of cataract (11, 16, 17).

There is an increasing interest in developing suitable an-
tioxidant nutrients, both of synthetic and plant origin, that
could be effective in delaying or preventing the formation
of cataract. Several studies have suggested that intake of
antioxidant-rich foods may slow the progression of cataract.
Therefore, to date, a number of antioxidant chemicals and
drugs such as L-carnitine, acetyl-L-carnitine, lycopene, mela-
tonin, resveratrol, a-lipoic acid, Ginkgo biloba, a-tocopherol,
N-acetylcysteine, pyruvate and verapamil have been used to
prevent experimental cataract in the lens (11, 12, 14, 15, 18-
25). They were found to be effective in preventing cataract,
but none have been implemented in clinical practice. All these
studies showed the role of oxidative damage in the pathogen-
esis of cataracts and also the protective effect of antioxidants.
The current study appears to be the first in the literature show-
ing the antioxidant and radioprotective effect of curcumin in
radiation-induced experimental cataract.

Curcumin, a natural product present in Curcuma longa
or turmeric, has been shown to have antioxidant activity
against free radicals both in vitro and in vivo, and is effective
in preventing oxidative stress (6-10). In the previous studies,
it was reported that curcumin has a radioprotective effect
(6, 7, 10, 26). It was demonstrated that curcumin protected
radiation-induced breast tumor, and curcumin and the tetra-
hydrocurcumin, a metabolite of curcumin, were observed to
decrease the radiation-induced lipid peroxidation in rat liver
microsomes (27, 28). Indeed, experimental studies with dia-
betic animals suggested that curcumin can suppress cataract
development, promote wound healing, and lower blood lip-
ids and glucose levels (29). Jagetia et al. (6, 10) showed that
radiation-induced delay in wound healing is decreased with
the antioxidant effects of curcumin.

Suryanarayana et al. (30) investigated the effects of cur-
cumin in the galactose-induced cataract model with two levels
of curcumin, 0.002% and 0.01%, in the diet. Although curcum-
in delayed the onset of cataract at both levels, maturation
was delayed by 0.002% curcumin, but not by 0.01%. The mat-
uration was faster with 0.01% curcumin. Biochemical analyses
demonstrated that curcumin at the 0.002% level appeared to
exert antioxidant and antiglycating effects, as it inhibited lipid
peroxidation. Later, Suryanarayana et al. (31) investigated the
effect of curcumin and its source turmeric, on streptozotocin-
induced diabetic cataract in rats. In this study, both curcumin
and turmeric did not prevent streptozotocin-induced hyper-
glycemia, but delayed the progression and maturation of
cataract.

Kumar et al. (32) investigated whether curcumin modulates
the chaperone activity of a-crystallin in streptozotosin-induced
diabetic rat lenses. They reported that in streptozotosin-
induced diabetic cataract, a-crystallin exhibited diminished
chaperone activity, which was prevented by dietary curcumin.
Awasthi et al. (33) showed that curcumin protects against 4-hy-
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droxy-2-trans-nonenal-induced cataract formation in rat lenses.
The authors suggested that curcumin may be an effective pro-
tective agent against cataractogenesis induced by lipid peroxi-
dation, and this protective effect may be mediated through the
induction of glutathione s-transferase isozyme. They demon-
strated that curcumin induced the glutathione linked detoxifica-
tion pathway activates a protective mechanism associated with
GSH and provides it as a free radical scavenger. However in our
study, curcumin decreased the maturation of cataract clinically,
decreased MDA levels, but there was no significant difference
in the GSH-Px levels, which was suprising . Administration of
naphthalene is known to cause cataract formation experimen-
tally. Oxidative stress has been implicated in the mechanism of
this cataract model. Pandya et al. (34) demonstrated also that
oxidative stress triggers the maturation of cataract and 0.005%
level of curcumin significantly reduced the cataract formation in
naphthalene-induced cataract.

Manikandan et al. (35) investigated the anticataractogenic
effect of curcumin against selenium-induced oxidative stress
in the lens of rat pups in vitro and in vivo (36). They showed
that curcumin prevented cataractogenesis by reducing the
intensity of lipid peroxidation, enhancing the antioxidant en-
zyme activities, and also by inhibiting free radical generation.
In another study, curcumin also prevented selenium-induced
oxidative stress leading to activation of Ca*? ATPase and free
radical-mediated Ca*2 accummulation in the eye lens (37). Fur-
ther, Manikandan et al. (1) has also studied whether curcumin
can ameliorate the elevated expression of both aA- and oB-
crystallin and heat shock protein 70 in the eye lens of rat pups
exposed to selenium. Interestingly, curcumin led to a decrease
in the expression of these in the eye lens.

Global tissue damage due to oxygen-derived free radicals
has been implicated in several pathological processes includ-
ing exposure to ionizing radiation. The damaging effect of
ionizing radiation on living cells is predominantly due to ROS,
and there are two available antioxidant strategies in oxidative
stress. In the first, ROS are removed using specific enzymes
such as SOD and GSH-Px, either by administration of these
enzymes or by increasing their in vitro activities. Since bio-
logical antioxidants inactivate free radicals and their products,
the enzymes involved in the metabolism of ROS are expect-
ed to play an important role in the radiosensitivity of cells.
Hence, chemical repair may be provided by radioprotective
compounds present during exposure to ionizing radiation
(38). Natural antioxidants, and especially dietary polyphenols,
have been reported to decrease free radicals and have rap-
idly gained attention as viable candidates for clinical testing in
cataractogenesis (39). Currently, there are no highly effective
radioprotective drugs available for reducing the ocular dam-
age from medical or occupation-related radiation exposure.

Many studies have documented oxidative stress associated
with irradiation-induced cataractogenesis. L-carnitine, melato-
nin, Ginkgo biloba, vitamin E, estrogen, metalloporphyrin and
verapamil protected irradiation-induced cataract development
by virtue of their antioxidant properties (2, 11, 12, 16, 17, 19,
22, 23, 40, 41). The investigators measured MDA and the anti-
oxidant enzyme levels such as SOD, catalase, total antioxidant
in the lens tissues and graded the lens opacification. Similar to
the above studies, in our study we also evaluated MDA, GSH-

Px and total antioxidant levels in lens tissue. Cataract rate de-
creased with antioxidants in these studies and these rates were
similar to our results. At the end of our study, irradiated lenses
had higher grades of cataract than those for the other groups,
and the degree of cataract was lower in curcumin-treated rats.
Lipid peroxidation has been linked to cataractogenesis in ani-
mal models. MDA, a stable end-product of lipid peroxidation
generated by ROS, is usually used as a good indicator of the
degree of lipid peroxidation. MDA levels in lens tissue increas-
es after irradiation-induced cataract. In the present study, we
found that the MDA levels in the rat lens in the irradiation group
were significantly higher than that in those of the control group.
MDA levels were significantly decreased in the groups which
had been given curcumin after irradiation. Irradiation also sig-
nificantly decreased the total antioxidant enzyme levels. Com-
pared with the other groups, the level of total antioxidant levels
were significantly increased in the group given curcumin after
irradiation. This is consistent with the hypothesis that ionizing
irradiation generates oxidative stress. In the present paper, for
the first time we showed that curcumin prevents cataract in this
model of cataract. The activity of GSH-Px, which indicates the
generation of oxidative stress and an early protective response
to oxidative damage, increased in the irradiation+curcumin
group, compared to the irradiation group, but this was not
statistically significant. However, various studies about the level
of GSH-Px, (12, 17) have different conclusions. Different studies
and also our study, reveals doubtsabout the effect of GSH-Px
in the oxidative process.

Conclusion

We focus on a natural compound (nutraceutical) curcumin
and their abilities to act as antioxidants and cell protectants
in cataract. Although several antioxidants have been used
for protecting irradiation-induced cataract to date, there
has been no research into the role of curcumin in irradiation
cataractogenesis. To our knowledge, our results provide the
first evidence of the role of curcumin in the pathogenesis of
irradiation-induced cataract model. Our results suggest that
curcumin has a protective effect in this injury. By the same
token, the protective activity of curcumin observed in the cur-
rent paper can possibly be mediated through its well-known
antioxidant potential. Hence, we propose that curcumin may
be a novel approach to therapy for cataract. However, further
animal and human studies are required to elucidate the mech-
anism by which curcumin offers these protective functions.
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