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Abstract. Oxidative and osmotic stress have been implicated in the pathogenesis of cataracts.
Reactive oxygen intermediates (ROI) mediate peroxidation of membrane lipids and cause irre-
versible damage to lens proteins. The purpose of this study was to assess the changes in
erythrocyte glucose- 6-phosphate dehydrogenase enzyme (G6PD) and reduced glutathione
(GSH) levels in the development of senile and diabetic cataracts. The activity of erythrocyte
G6PD and the concentration of GSH were measured to assess changes in oxidation-reduction
status. The oxidation-reduction status of 26 non-diabetic non-cataract (control) subjects were
compared with 24 diabetic non-cataract, 30 diabetic cataract and 28 non-diabetic cataract
subjects. The results revealed that the GSH and G6PD levels of the subjects with senile cata-
racts were significantly lower than the subjects without cataracts. The present study reveals
the risk of developing senile cataracts is associated with decreased levels of erythrocyte G6PD
and GSH. In the formation of diabetic cataracts an adequate supply of NADPH (G6PD activity)
is essential to produce osmotically active sorbitol in the lens.

viduals (osmotic cataracts) as well as in non-
diabetic individuals (senile cataracts). It is be-
lieved that osmotic and oxidative stress are
involved in the pathogenesis of cataracts
(Halliwell, 1997).

Oxidative stress may result when the cel-
lular antioxidant defense mechanisms are un-
able to keep pace with the detoxification of
reactive oxygen intermediates (ROI). ROI has
been implicated in cataractogenesis (Davies,
1995), and ROI mediated peroxidation of
membrane lipids can cause extensive dam-
age to proteins leading to irreversible delete-
rious effects (Micelli-Ferrari et al, 1996). Stud-
ies of the antioxidant enzyme status in the
blood and in the lens tissues indicate that
erythrocyte antioxidant enzymes levels are
lower in people with senile cataracts than in
those with osmotic cataracts (Ozmen et al,
2002; Chandrasena et al, 2006). Therefore,

INTRODUCTION

Cataracts are one of the leading causes
of blindness in the world today (Bunce et al,
1990). The majority of blindness can be at-
tributed to cataracts and more than twenty
million people worldwide are affected (Taylor
and Nowell, l999). The health of the lens de-
pends greatly on the production of reducing
power which helps to keep the proteins in their
reduced state. Cataracts develop due to the
concerted action of a) accumulation of sorbi-
tol within the lens, and b) the oxidized state of
the lens proteins (crystallins) in diabetic indi-
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oxidative mechanisms are believed to play a
vital role in the pathogenesis of senile cata-
racts.

Osmotic stress develops due to accumu-
lation of glucose, which is then converted to
sorbitol, which can lead to the development
of osmotic cataracts in diabetic individuals (Fig
1). The primary purpose of the hexose mono-
phosphate shunt (HMP) is to generate reduc-
ing power in the cytoplasm in the form of
reduced nicotinamide adenine dineucleotide
phosphate (NADPH). This conversion of glu-
cose to sorbitol needs NADPH and hence the
need for proper functioning of the HMP path-
way.

The key regulatory enzyme of HMP is
G6PD. NADPH is also needed in the forma-
tion of GSH, which maintains cell membrane

proteins in stable reduced form (Marjorie,
2003). Thus any reduction in the activity of this
enzyme could lead to instability of the tissues
that depend on a continuous supply of
NADPH. Primary amongst these tissues are
erythrocytes, but it is also present in other tis-
sues, such as the lens, kidneys, adrenals, liver
and platelets (Babizhayer et al, 1992).

It has been reported that persons with
G6PD deficiency are at high risk for develop-
ing cataracts whilst uncontrolled diabetics are
at a higher risk (Babizhayer et al, 1992;
Marjorie, 2003). The enzyme aldose reductase
which produces intermediate sorbitol is a
NADPH requiring enzyme with a high Km for
glucose (Crabble and Goode, 1998), thus el-
evated intracellular glucose concentrations
and an adequate supply of NADPH leads to a

diabetic cataract
(*km value for
glucose exceeded)
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Fig 1–HMP (G6PD) and its effects on cataract formation in diabetics and non-diabetics.
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significant increase in the amount of sorbitol.
Sorbitol, unlike glucose, cannot pass efficiently
through cell membranes and therefore remains
trapped inside the cells, increasing osmolal-
ity, resulting in swollen cells due to water re-
tention. This pathological alteration (opacity) in
the lens tissue leads to cataract formation and
is exacerbated in certain tissues low or defi-
cient in sorbitol dehydrogenase enzyme. There-
fore, diabetics with normal G6PD levels and
with sufficient amounts of NADPH, are at
greater risk for developing cataracts than dia-
betics with reduced G6PD levels (Babizhayer,
1992).

 The purpose of this study was to assess
the oxidation reduction status of erythrocytes
in diabetic and healthy subjects and the rela-
tionship between the oxidation-reduction sta-
tus in the formation of cataracts in diabetic
and healthy subjects in Sri Lanka.

 MATERIALS AND METHODS

Study population

A total of 108 subjects, including 54 dia-
betics on oral hypoglycemic drugs with and
without cataracts, 28 non-diabetic (senile)
cataract patients in the age 50-80 years old
who were residents of North Colombo in west-
ern Sri Lanka were studied and compared with
26 healthy controls from the same area. Writ-
ten informed consent was obtained from all
subjects at the time of recruitment into the
study.

Ethical clearance for the study was ob-
tained from the Ethics Committee of the Fac-
ulty of Medicine, University of Kelaniya, Sri
Lanka.

Blood sampling and data collection

A data sheet on the past medical history
and other relevant information was completed
for each subject. A complete ophthalmologi-
cal examination, including a silt lamp exami-
nation, was done by an ophthalmologist. Cata-

racts were defined as lens opacities visible on
axial or oblique illumination when viewed with
a slit lamp or by direct ophthalmoscopy. Blood
samples were obtained from all subjects in the
non-fasting state at the time of attending the
clinics, or in the case of home visits random
blood samples were obtained. Venipuncture
was done in the sitting position and 5 ml of
blood was obtained. Blood was placed into
EDTA bottles and brought to the laboratory
without delay and analyzed within 3 hours of
collection.

Laboratory analysis

The activity of G6PD was assayed as de-
scribed by Meloni et al (1990) using commer-
cially available reagent kits (Randox Labora-
tories, Crumlin, Antrim, UK. In this method,
the enzyme activity was determined by mea-
surement of the rate of change of absorbance
at 340 nm due to the reduction of NADP+. The
concentration of GSH was measured as de-
scribed by Beutler (1975). All analyses were
performed at the Department of Biochemistry
and Clinical Chemistry, Faculty of Medicine,
University of Kelaniya with quality control pro-
cedures to ensure the levels of precision and
accuracy required. The results were analyzed
using the Student’s t-test and EPI info 6 soft-
ware.

RESULTS

No significant difference (p>0.05) was
observed in G6PD levels in subjects with or
without cataracts. However, the GSH levels
of the subjects with cataracts were signifi-
cantly (p<0.05) lower than the subjects with-
out cataracts (Table 1).

The G6PD and GSH levels in those with
diabetic cataracts, diabetic without cataracts,
non-diabetic cataracts and healthy subjects
are given in Table 2. Although the levels ob-
served for G6PD and GSH in the diabetic sub-
jects were lower than the control subjects, the
values were not significantly different. How-
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ever, G6PD and GSH levels were significantly
(p<0.05) lower in subjects with senile cataracts
when compared with the other three groups.

The development of cataracts in diabet-
ics is due to factors such as accumulation of
glucose and its conversion to sorbitol result-
ing in an osmotic stress.

Although not significant, lower levels of
G6PD were observed in diabetics without
cataracts than healthy subjects. However, they
had higher GSH levels than normal healthy
subjects.

Higher levels of G6PD and lower GSH lev-
els in diabetic subjects with cataracts than in
diabetic subjects without cataracts suggests
a significant role of increased GSH in prevent-
ing or delaying cataract formation, especially
in diabetic non-cataract subjects.

DISCUSSION

Oxidative mechanisms play an important
role in the pathogenesis of cataracts. Re-

search regarding antioxidants has focused
mostly on either senile or diabetic cataract
patients. Risk factors for development of cata-
racts in non-diabetics without cataracts, non-
diabetics with cataracts and those with senile
cataract have not been carried out in a single
study. Our findings add more information to
the literature regarding the development of
cataracts.

The biochemical pathways leading to the
formation of cataracts in diabetics and non-
diabetic subjects are depicted in Fig 1. These
biochemical events can be separated into
Phase I and Phase II. The Phase 1 predomi-
nates in uncontrolled diabetes where the km3

value of aldose reductase is exceeded by high
glucose levels, leading to high levels of sorbi-
tol utilizing NADPH, which is produced by the
HMP shunt via G6PD. Any deficiency of G6PD
or NADPH would therefore slow down accu-
mulation of sorbitol and delay cataract forma-
tion. If there were adequate NADPH this would
augment the formation of diabetic cataracts.

With cataracts Without cataracts Statistical significance
(n = 58) (n = 50)

G6PD 138.90 ± 25.52 147.60 ± 51.12 NS
GSH 70.47 ± 20.40 83.43 ± 23.71 < 0.05

Table 1
G6PD and GSH levels in subjects with cataracts and without cataracts.

Mean ± SD (n) values for G6PD in MU/10 9 packed RBC,  RBC  GSH in mg/l packed RBC are given in the
table.

Table 2
G6PD and GSH levels of four different groups of subjects.

Non-diabetic Diabetic Diabetic Non-diabetic
without cataract (normal) without cataract with cataract with senile cataract

(n = 26) (n = 24) (n = 30) (n = 28)

G6PD 151.7 ± 27.3 142.1 ± 27 147.4 ± 29.3 134.4 ± 19.8a

GSH 79.7 ± 26 87.4 ± 22 81.4 ± 19 57.6 ± 13.6b

G6PD in MU/109 packed RBC and GSH in mg/l packed RBC
aSignificantly lower (p<0.05) than the other three groups
bTwo groups were significantly different at p<0.05
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However, in such patients if there is a high de-
mand on the reduced GSH levels due to in-
creased oxidative stress, it would create a
higher demand on the common NADPH
source. Therefore the concerted action of
Phases I and II will predispose these diabetic
patients to a higher risk for cataract formation.

In the case of non-diabetic patients, cata-
ract formation may be explained mainly by
events in Phase II, in a non-diabetic senile
cataract high oxidative stress could be due to
increased ROI production or UV radiation
which could impose a high demand on re-
duced GSH. If in such subjects this capacity
to maintain adequatly reduced GSH levels can
be reduced by inadequate NADPH levels (low
G6PD) they could be predisposed to cataract
formation. If such subjects have low G6PD
(reduced levels of NADPH) they may be pre-
disposed to forming cataracts. Unlike the
previous case where there is no involvement
of Phase I and the events are restricted to
Phase II, the common denominator is the sup-
ply of NADPH for GSH. The results of our study
are explained on the basis of this hypothesis.

The data were analyzed to examine the
relationship between the presence of cataracts
and the levels of GSH and G6PD irrespective
of diabetes. The results reveal that all subjects
irrespective of the nature of the cataract, were
associated with lower levels of G6PD, though
the relationship was not significant (Table 1),
when compared to subjects without cataracts.
A higher prevalence of cataracts in patients
with G6PD deficiency was reported by Meloni
et al (1990) in southern Sardinian men age 40-
50 years old (Meloni et al, 1990). These find-
ings are also in agreement with Zinkham (1961)
who found cataractogenesis was associated
with G6PD deficiency (Zinkham, 1961).

The GSH levels of all subjects with cata-
racts were significantly lower (p<0.05) than
those of non-cataract subjects, which is in
agreement with previous studies which showed
lenses with cataracts had significantly low

levels of erythrocyte GSH (Green, 1995).
Therefore, with high oxidative stress there will
be an increased drain on the reduced GSH
pool leading to increase replenishment of GSH
via NADPH from G6PD. However, if the drain
on the NADPH is higher due to diabetes mel-
litus, these subjects will have a higher risk of
developing cataracts. This further confirms our
findings that diabetics with cataracts have
lower GSH compared to those without cata-
racts. With senile cataracts, the decline in
G6PD activity may be a consequence of in-
creased exposure to environmental factors,
such as ROI or UV radiation and may not be
able to keep up the oxidative status. The high
content of GSH in the lens is believed to pro-
tect thiols in structural proteins and enzymes
keeping them in the reduced state for proper
biological functioning, and reduced GSH
levels were more likely to be associated with
senile cataracts than osmotic cataracts, which
is in agreement with our findings (Jacques
et al, 1998).

The highest level of GSH among the four
groups of subjects was found in the non-cata-
ract group, which would have prevented the
development of cataract in these subjects.
This prevention must have been supported by
adequate levels of G6PD resulting in adequate
supplies of NADPH preventing cataract forma-
tion (Babizhayew, 1996).

Significantly low levels of reduced eryth-
rocyte glutathione were also reported in sub-
jects with diabetic and senile cataracts (Ganea
and Harding, 2006). Previous work on the eryth-
rocyte antioxidant status in patients with and
without cataracts demonstrated a reduction in
erythrocyte catalase, glutathione peroxidase
and superoxide dismutase enzymes levels in
patients with senile cataracts to a greater ex-
tent than osmotic cataracts (Donma et al, 2002;
Chandrasena et al, 2006). In such instances
events in Phase II denominated than those in
Phase I (Fig 1).

 Green (1995) hypothesized that cataract
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formation may occur as a consequence of
degradation of enzymes that normally metabo-
lize and detoxify hydrogen peroxide and other
free radicals allowing hydrogen peroxides to
induce irreversible deleterious effects on dif-
ferent eye tissues. This data also reported re-
duced GSH levels (Table 2) indicating reduced
capacity for detoxification in subjects with
senile cataracts (Wan et al, 2006; Pinna et al,
2007).

In summary, this data confirms that a re-
duced oxidation reduction status (reduced lev-
els of G6PD and GSH) of the erythrocytes is
associated with the development of senile
cataracts, and development of cataracts in
diabetic subjects is dependent on an adequate
supply of NADPH (G6PD activity) for the con-
version of glucose to sorbitol.
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