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Lens Superoxide Dismutase and Catalase
Activities in Diabetic Cataract
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Biochemical evidence suggests that oxidative damage of the lens proteins is
involved in the genesis of senile cataract and the degenerative manifestations of
diabetes such as diabetic cataract. This damage either decreases the antioxidant
capacity or decreased antioxidant capacity results in oxidative damage. To test this

hypothesis the antioxidant status in senile (n = 26) and diabetic (n=18) cataractous
lenses was investigated by determining Cu, Zn-superoxide dismutase (Cu, Zn-SOD)
and catalase activities by enzymatic and colorimetric methods respectively. Both Cu,

Zn-SOD and catalase levels were significantly lower in the diabetic cataractous

lenses. The following results were obtained: (mean *

SEM, diabetic and senile

cataractous lenses respectively) Cu, Zn-SOD 8.052 + 0.428 (p/g prot. and 18.216 *
0.827 (/g prot. (p < 0.05); catalase 0.326 * 0.031 kU /g prot. and 0.665 + 0.063 kU /g

prot. p<0.001).

The decreased activities pointed to a decrement of the antioxidant capacity in the
diabetic cataractous lenses suggesting the implication of antioxidant enzymes in the
genesis of diabetic cataract.
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Introduction

The oxidative stress which is associated with dia-
betes mellitus, might play an important role in the
initiation and progression of diabetic compli-
cations (1). It has been suggested that free oxygen
radicals trigger cataract, one of the degenerative
manifestations of diabetes (2, 3). The toxic effects
of the reactive oxygen species are neutralized in
the lens by antioxidants such as ascorbic acid, vita-
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min E, the glutathione system (GSH peroxidase
GSH reductase), superoxide dismutase and cata-
lase (4). The enzymatic (superoxide dismutase,
glutathione peroxidase, catalase) and non-enzymatic
(ascorbate, glutathione, cysteine) antioxidant systern
activities are decreased in the lens and aqueous
humor during aging and in the development of
senile cataract (5. 6).

While enzymatic antioxidant activities such as su-
peroxide dismutase, catalase and glutathione peroxi-
dase decrease in liver, kidney and heart tissues of
patients with diabetes mellitus, the levels of the
reactive oxygen species such as superoxide anion
radicals increase (7, 8). These alterations suggest
that free oxygen radicals and antioxidant mec-
hanisms might play an important role in the
pathogenesis of diabetic cataract. In diabetic
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patients high lens copper ion concentrations and

low Cu, Zn-SOD activities were observed (9).

In view of these observations, the purpose of this
study was to determine the activities of Cu, Zn-
superoxide dismutase and catalase in diabetic and
non-diabetic senile cataractous lenses and to desig-
nate the role of these enzymes in the development
of diabetic cataract.

Materials and methods

Eighteen Type I diabetic, cataractous patients (10
female, 8 male, mean age 62) and 26 senile
cataractous patients (11 female, 15 male, mean age
68) were included in this study. The mean duration
of diabetes was 19 years.

Participants in the study had no clinical evidence
of any disease state which might affect the
antioxidant capacity. All diabetics were treated
with insulin and none of them had any clinically
diagnosed macrovascular, microvascular or neuro-
logical complications of diabetes mellitus.

Extracorpuscular cataract extraction and posterior
chamber intraocular lens implantation was per-
formed on all of the cataractous patients at the
Ophthalmology Department of the Medical School
of Celal Bayar University.

After extraction, the weighed lenses were imme-
diately homogenized in 0.1 molar phosphate buffer
pH 7.0 at 0 °C. The homogenized material was
stored at - 20 °C until analysis.

Protein : Protein concentrations were measured by
the method of Lowry (10).

Cu, Zn- SOD : Lens Cu,Zn-SOD levels were
determined by the spectrophotometric indirect inhi-
bition technique of Sun et al., based on the inhi-
bition of nitroblue tetrazolium (11). In the assay,
the xanthine - xanthine oxidase system was used
as a superoxide generator. The absorbance of the
reduction product (formazane) was measured at
560 nm.

Catalase : Lens catalase activities were determi-
ned by Goth’s colorimetric method, in which
serum was incubated in H,O, substrate and the
enzymatic reaction was stopped by the addition of

ammonium molibdate (12). The intensity of the
yellow complex formed by molibdate and H,O,
was measured at 405 nm.

Statistics. The data are presented as means *
SEM. Studentis t-test for unpaired data was used to
determine differences between diabetic and senile
cataractous lenses. The limit of statistical signi-
ficance was set at p < 0.05.

Results

Lens Cu, Zn superoxide dismutase and catalase
levels of the patients with diabetic and senile
cataract are presented in Table 1.

Table 1. Lens Cu,Zn-Superoxide dismutase and calatase values
(mean = SEM) of diabetic and senile cataractous subjects.

Parameter Diabetic cataract Senile cataract
(n=18) (n=26)

Cu,Zn-Superoxide 8.052 + 0.428% 18.216 +0.827

dismutase (ng/g protein)

Catalase (kU/g protein) 0.326 + 0.030%* 0.665 £ 0.063

*p<0.05

** p <0.001

Lens Cu,Zn-SOD levels were significantly lower
in the diabetic patients compared with the senile
cataractous patients 8.052 = 0.428 vs 18.216 %
0.827 pg / g protein (p < 0.05).

Lens catalase activities were also significantly
lower in the diabetic patients 0.326 + 0.030 vs
0.665 £ 0.063 kU/ g protein (p< 0.001).

Discussion

Oxidative stress is thought to play a major role ir
cataract formation and diabetic complications. The
glycometabolic imbalance is also an important
cataractogenic factor in diabetics. Several patho:
genetic mechanisms have been proposed to explair
the accelerated cataractogenesis in diabetes. These
mechanisms include the increased glycation and
browning of lens cristallins and increased sorbitol-
pathway activity (13).

The aqueous humor normally contains hydroger
peroxide (H,O,), a compound capable of genera-
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ting reactive oxygen species. The enzymatic
systems such as Cu, Zn-SOD and catalase, which
protect the lens from oxidative damage are
localized beneath the lens capsule.The loss of or
decrease in enzyme activities allows H,O, and free
radicals to induce irreversible deleterious effects
on the lens including a decrement in Na- K ATPase
activity (14, 15).

In various studies which investigated the role of
oxidant stress in the development of cataract, lens
lipid peroxides are reported to be increased. On the
other hand, an insufficiency of enzymatic and
nonenzymatic antioxidant systems with aging is
also reported (4, 5, 16-19). Obara reported that
lens lipid peroxides and oxidized lipoprotein levels
are increased and Cu, Zn-SOD activities are dec-
reased due to the accelerated generation of reac-
tive oxygen species, especially hydroxyl radicals
(OH) inside cataroctous lenses. This author stated
tha lens glucose, glycated protein and lipid peroxi-
des were higher in diabetic cataractous patients
when compared with senile cataract (6). In a pre-
vious study we also observed higher lens lipid
peroxide levels in diabetic cataractous lenses than
in senile cataractous lenses (20).

In rat lenses exposed to a hyperglycemic envi-
ronment (5S0mM glucose) Cu, Zn-SOD and catalase
mRNA levels decreased (21). Yan et al. investiga-
ted the inactivation of SOD and catalase by sugars
and the loss of antigenicity that was monitored by
the loss of activity. In this study, incubation by
sugars resulted in a time dependent inactivation of
the enzymes (22).

Besides such alterations, the increased level of
copper ions is likely to be related with the incre-
ased peroxidative changes (6). Lin found that the
copper ion concentrations are higher in cataractous
lenses thani in clear lenses. He observed that
copper ion concentrations were significantly higher
in diabetic cataractous lenses than in senile ones. In
that study protein-unconjugated copper ions were
higher than the protein conjugated ions, and as a
result the superoxide anion radical scavenging
capacity was reduced (9). Ascorbic acid and metal
ions such as Cu+ made a major contribution to
hydrogen peroxide formation (6, 23). So, changes

in the metal ion content of the aqueous humor can
affect lens viability.

In conclusion, the decrease in Cu, Zn-SOD and
catalase activities was more pronounced in
diabetic cataractous lenses than in senile ones In
the light of our findings and the evidence fromr
previous reports, we propose that diabetes itself
might be a condition which leads to the acce-
leration of the aging process in the lens tissue.
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