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Glycine therapy inhibits the progression of cataract in
streptozotocin-induced diabetic rats
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Purpose: The purpose of this paper was to investigate the effect of the oral administration of L-glycine (Gly) on the
development of diabetic cataract induced by streptozotocin (STZ) in rats.

Methods: Two groups of male Wistar rats were intraperitoneally injected with a single dose of STZ (65 mg/kg
bodyweight). Then, one group of diabetic rats and a control group were administered with 1% of Gly in drinking water
for three months, ad libitum. Cataract development was monitored biweekly through ophthalmoscope inspection and was
classified into four stages. At the end of 12 weeks, the animals were sacrificed and some biochemical parameters were
determined in their lenses. The parameters include advanced glycation end products (AGEs), glycated proteins, total and
soluble protein, glutathione (GSH), superoxide dismutase (SOD), catalase (CAT), aldose reductase (AR), and sorbitol
dehydrogenase (SDH). Some parameters were also determined in the serum and blood of the rats.

Results: Diabetic cataract gradually progressed in the STZ-administered group with no other treatment. Consequently,
up to the end of the experiment, 2/3 of the animals in this group reached to the last stage of the cataract (mature cataract).
The progress of this process was much slower in the diabetic group that was treated with Gly. At the end of the study, the
visual cataract score was significantly lower in the diabetic group treated with Gly compared to those administered with
STZ. Some lens parameters, including glycated proteins, AGEs, SOD, and AR activities, were increased while some
others, including soluble and total protein, GSH level, and CAT activity, were decreased due to diabetes induction. After
Gly treatment, all the above-named parameters had reverse changes except for the CAT activity. The SDH activity in the
lenses had no changes due to diabetes or treatment. In addition, this treatment significantly decreased the amount of serum
glucose (Glc), serum AGEs, and glycated hemoglobin (HbA 1c¢) in the diabetic rats. Gly also increased the ferric reducing
antioxidant power (FRAP) in the serum of diabetic rats. However, the decreased bodyweight of animals due to diabetes
induction was not compensated by Gly administration. It is important to note that Gly had no effect on normal rat
parameters.

Conclusions: The results indicated that the oral administration of Gly significantly delayed the onset and the progression
of diabetic cataract in rats. These effects were due to its antiglycating action and to a lesser extent, due to the inhibition
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of oxidative stress and polyol pathway.

Chronic hyperglycemia is a major determinant in the
development of secondary complications of diabetes, such as
diabetic cataract. Evidence indicate that both the duration of
diabetes and the quality of glycemic control are the most
important risk factors for cataract formation [1]. Cloudiness
or opacification of the lens, which is responsible for focusing
light and for producing clear and sharp images, is a
characteristic feature of a cataract. Cataract is the leading
cause of blindness across the world, especially in developing
countries. Because of the high prevalence of diabetes in these
countries, diabetic cataract may pose a major problem in the
management of blindness [2,3]. Today, the only treatments
for cataract are surgery and intraocular lens implantation,

Correspondence to: Dr. S. Zahra Bathaie, Department of Clinical
Biochemistry, Faculty of Medical Sciences, Tarbiat Modares
University (TMU), P.O.Box: 14115-111, Tehran, Iran; Phone: (+)98
21 8288-3850 (room), 3851 (Lab.); FAX: (+)98 21 88006544, email:
bathai_z@modares.ac.ir or zbatha2000@yahoo.com

439

which are associated with significant cost and are not readily
available for everyone. In addition, these treatments may give
rise to serious complications, such as corneal edema, raised
intraocular pressure, and so on. The complications may occur
at the time of surgery or after that [4]; therefore, the
identification of effective and non-toxic materials to prevent
opacification of the lens is still important for diabetes research
and pharmaceutical development.

The diffusion of extracellular glucose into the lens is not
controlled by insulin. However, different mechanisms are
involved in the development of cataract due to hyperglycemia
[5]. Among the proposed mechanisms for the opacification of
the lens, the posttranslational modification of the lens proteins
and enzymes through reactions, such as non-enzymatic
glycation, play a major role in cataractogenesis.

Non-enzymatic glycation involves the condensation
reaction of the carbonyl group of sugar aldehydes with the
NHo:-terminus or free-amino groups of proteins. The initial
product of this reaction is called a Schiff base, which
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spontaneously rearranges itself into an Amadori product.
These compounds are relatively stable intermediates that can
undergo a series of complex reactions that may lead to the
formation of advanced glycation end products (AGEs) [6,7].
In some locations with limited protein turnover, such as in the
lens fiber cells, protein glycation due to hyperglycemia may
be increased up to tenfold [8]. Glycation causes the
conformational change, aggregation, and cross-linking of
proteins, which, in turn, leads to the formation of insoluble
materials that are responsible for diabetic cataract [9].
Therefore, inhibition of this harmful process may prevent the
progression of diabetic complications, including cataract.

A wide variety of anti-cataractogenic agents, such as anti-
glycating compounds and AGE inhibitors, have been
investigated in several in vitro and in vivo studies [10]. The
role of amino acids in preventing diabetic complications was
suggested [11]. The preliminary observations about the
reduced glycation of lens proteins by glucose or galactose in
the presence of certain amino acids are evidence [12,13]. In
addition, the anti-cataractous effect of lysine and the mixture
of some amino acids were shown in the animal model [14].
However, a comprehensive study about the anti-
cataractogenic effect of glycine (Gly) is not seen in the
literature based on our review.

Our previous works focused on preventing the effect of
various chemicals, such as amino acids, on diabetic
complications [11,15-18]. In the present study, we
investigated the inhibitory effect of Gly on the progression of
eye lens opacification in STZ-diabetic rats for a period of 12
weeks. At the end of the experiment, some biochemical
parameters of the blood and lens of the animals were also
determined and the effect of Gly on diabetic cataract was
evaluated.

METHODS

Materials: Streptozotocin (STZ), L-Glycine (Gly), Oxalic
acid, 5-hydroxymethylfurfural (5-HMF), 2-thiobarbituric
acid (TBA), Triethanolamine, nicotinamide adenine
dinucleotide  phosphate  reduced form (NADPH),
nicotinamide adenine dinucleotide reduced form (NADH),
protein, and superoxide dismutase (SOD) quantification kits
were purchased from Sigma Chemical Company (St. Louis,
MO). All other chemicals and solvents were of analytical
grade.

Experimental design: The experiments were performed using
male Wistar rats (7-8 weeks old and weighing 213+21.5 g).
The rats were housed under a 12 h:12 h light-dark cycle at
about 25 °C, room temperature. All animals had unlimited
access to water. Animal care and protocols were in accordance
with and approved by the Institutional Animals Ethics
Committee of Tarbiat Modares University and conformed to
the ARVO Statement for the Use of Animals in Ophthalmic
and Vision Research.
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After one week, 20 rats were randomly selected as the
normal groups. Half of them were administered with Gly, as
diabetic group under treatment. These groups were named as
N and NG, respectively. Thirty-five of the rats were injected
intraperitoneally with a single dose of streptozotocin (STZ;
65 mg/kg of bodyweight) [14]. They were divided into two
groups with or without treatment with Gly and were named
DG and D, respectively. STZ was dissolved in 0.1 M of
sodium citrate buffer, with a pH of 4.5. It was kept on ice and
was used within 10 min of dissolving. The control groups of
rats (groups N and NG) were injected with the vehicle alone.
Three days after STZ administration, only the rats that have a
blood glucose level of >15 mmol/l were considered as diabetic
and were included in our experiments.

The treatment of the diabetic and normal groups (groups
DG and NG) with Gly (1% in drinking water) [19] was begun
after one week (time zero in the figures and tables). The
experiments lasted over 12 weeks.

Blood measurement: Blood samples were collected from the
orbit vein at the beginning, middle, and end of the study.
EDTA-treated whole blood samples were saved for HbAlc
determination and sera samples, prepared through 15-min
centrifugation of blood at 5,000% g to separate clot, and stored
at =70 °C for further studies.

Sera glucose was measured using the enzymatic
colorimetric method (ELITech, SEES, France). For this, the
Autoanalyser Model Biotecnica BT 3500 (Biotecnica, Rome,
Italy) was employed. Glycated hemoglobin (HbA1c) in blood
samples were measured with the use of the reagent kit and
DSS5 instrument of Drew Scientific Ltd. (Barrow-in-Furness,
Cumbria, UK).

Determination of AGEs was performed according to the
method of Kalousova et al. [20]. Blood serum was diluted 1:50
with PBS, pH 7.4. Flourescence intensity was recorded at the
emission maximum (440 nm) upon excitation at 350 nm using
the spectrofluorometer Shimadzu, Model RF 5000
(Shimadzu, Kyoto, Japan). Fluorescence intensity was
expressed as a percentage of fluorescent emission (FI %).

The reducing ability of the biologic samples was
determined using the ferric reducing antioxidant power
(FRAP) assay of Benzie and Strain [21]. The FRAP assay
measures the change in the absorbance of the FRAP reagent
at 593 nm (Spectrophotometer Shimadzu, Model 3101) due
to the formation of a blue-colored Fe II-tripyridyltriazine
complex from colorless oxidized Fe III formed by the action
of electron-donating antioxidants in the serum.

Evaluation of cataract development: The progression of the
cataract was monitored biweekly using a handheld
ophthalmoscope that was equipped with a slit lamp by an
individual who had no prior knowledge of the affiliation of
the animal to the experimental group. Cataract formation was
scored essentially according to the classification of Ao et al.
[22] or Suryanarayana et al. [23] as follows: clear normal lens
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(O), peripheral vesicles (I), peripheral vesicles and cortical
opacities (II), diffuse central opacities (III), and mature
cataract (IV). Cataract formation was considered complete
(grade IV) when the red fundus reflex was no longer visible
through any part of the lens and when the lens appeared dull
white to the naked eye.

Lens preparation: At the end of 12 weeks, the animals were
killed and their eyeballs were removed for biochemical
evaluation. The eyeballs were soaked in 0.9% neutral normal
saline and the lenses were dissected using the posterior
approach then placed into pre-weighed Eppendrof tubes and
frozen at —70 °C until further analysis. A 10% homogenate
was prepared from the lens in 50 mM phosphate buffer (pH
7.4). The activity of the lens enzymes and soluble protein were
measured in the soluble fraction of the lens homogenate
(15,000% g at 4 °C) while the lens AGEs and the total protein
were determined in the total homogenate.

Biochemical assays: The determination of the lens AGEs was
performed as described by Ranjan et al. [24]. Fluorescent
measurements were performed in the total lens homogenate
samples using a Spectrofluorometer Shimadzu, Model RF
5000 and the fluorescence intensity was recorded at the
emission maximum (440 nm) upon excitation at 366 nm.
Results were expressed as a percentage of fluorescent
emission (FI %).

Determination of the amount of glycated lens proteins
was based on the method described by Blakytny and Harding
[25]. The 5-hydroxymethylfurfural (5-HMF) was released
into the solution due to the boiling of the glycated protein in
the presence of a weak acid. Any solubilized protein was then
precipitated out of the solution through centrifugation. After
the addition of thiobarbituric acid (TBA), it forms adduct with
5-HMF that absorbs at 443 nm. The amount of glycation was
determined using the standard graph that was drowned by
various concentrations of 5-HMF.

Measurement of free, reduced GSH in the lens was
performed using the 5,5'-dithiobis-[2-nitrobenzoic acid]
(DTNB) method [26]. The lens was ground in 1 ml of 10%
trichloroacetic acid (TCA) then left for 20 h before
centrifugation at 11,500x g at room temperature for 20 min.
The supernatant was removed into a tube and the precipitate
was washed twice with 10% TCA. Then, the supernatants
were combined; 0.5 ml of supernatant from each sample was
made up to 1 ml by adding 10% TCA and 2 ml of 1 M Tris,
pH 9.0 followed by the addition of 50 ul DTNB (dissolved in
ethanol at a concentration of 3.965 mg/ml) and mixed well.
Standards were made using different volumes of 0.1 mM
reduced GSH in 10% TCA and making up to 1 ml with 10%
TCA. Reaction blanks consisted of 1.0 ml of 10% TCA, Tris,
and DTNB. The reaction solutions stood for 5 min at room
temperature and the absorbance was read at 412 nm. The
concentration of GSH was read from a standard graph using
GSH.
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Lens superoxide dismutase (SOD) levels were
determined using the method of Sun et al. [27], based on the
inhibition of nitroblue tetrazolium. In the assay, the xanthine-
xanthine oxidase system was used as a superoxide generator.
The absorbance of the reduction product (formazane dye) was
measured at 440 nm. The SOD activity was determined by the
degree of inhibition of this reaction. The catalase (CAT)
activity in the lens was assayed with hydrogen peroxide as the
substrate using a method that was based on the direct
measurement of HoO» decomposition [28].

Aldose reductase (AR) and sorbitol dehydrogenase
(SDH) activities were estimated according to the methods
described by Kinoshita et al. [29] and Gerlach and Hiby [30],
respectively.

The total and soluble proteins of the lens were measured

using the method of Lowry and by using a protein assay kit
from Sigma Company.
Statistical analysis: Data was expressed as mean+SD. One-
way ANOVA was used for testing the statistical significance
between groups. Statistical analysis of the average of the
cataract score of the lens opacity was done using the Mann—
Whitney U-test. A p<0.05 was considered significant. All data
was dealt with using the SPSS 16.0 statistical package (IBM,
New York, NY).

RESULTS

General parameters: All animals in the normal groups
(treated or untreated with exogenous Gly) lived up to the end
of the experiment. Out of the 35 STZ-treated rats, 32
contracted diabetes. Mortality in the experimental groups after
five and nine weeks was five (5 of 17) rats in the diabetic
groups and two (2 of 15) rats in the treated group administered
with Gly, respectively. Thus, 70.6% and 86.7% of the rats in
these groups and all of the animals in the control groups (with
or without treatment by Gly) remained up to the end of the
experiment.

Table 1 shows the changes in the bodyweights of all four
groups of animals during the course of this study. The
bodyweights of the two diabetic groups were significantly
(p<0.01) lower than those of the normal groups and Gly had
no effect on this parameter (Figure 1).

Biochemical parameters in the serum or blood: Figure 2A
shows the changes in the serum glucose level of all four groups
of rats during the course of the experiment. The glucose level
in the sera of both diabetic groups are higher than the normal
group, but after the administration of Gly, the glucose
concentration reduced significantly (p<0.001) in the diabetic
group.

As seen in Figure 2B, the diabetic rats had a higher blood
HbA ¢ level than the normal rats throughout the experimental
period. The percentage of HbAlc showed no significant
differences among diabetic rats until six weeks, but after 12
weeks, a significant (p<0.05) decrease in the mean percent of
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HbA ¢ in diabetic rats treated with Gly in comparison with
the diabetic rats without treatment was observed.

The formation of the AGEs in the serum of the diabetic
groups increased gradually. However, it was decreased and
closed to the normal value in the diabetic group that was under
treatment with Gly. Significant differences were observed in
this parameter between the diabetic group and the other three
groups (p<0.01; Figure 2C).
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The results of the FRAP assay, as a measure of the
antioxidant activity, in the serum of rats are shown in Figure
2D. It indicates that this parameter decreased significantly in
the diabetic group, but after 12 weeks of treatment with Gly,
it increased significantly (p<0.05).

Cataract formation: Figure 3A shows the representative
photographs of the lenses from each group at the end of the
study. The onset of cataract in the diabetic group was observed
five weeks after STZ injection (Figure 3B). In the diabetic
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Figure 3. Effect of Gly therapy on the
opacity of the lenses in STZ-diabetic

Cataract score

rats. A: Photographs of lenses from each
group at the end of 12 weeks. B:
Progression of cataract in diabetic rats
throughout the experimental period.
Cataract formation was scored biweekly

according to the following
classification: clear normal lens (O),
peripheral  vesicles (I), peripheral

vesicles and cortical opacities (II),
diffuse central opacities (I11) and mature
cataract (IV). The scores of cataracts in
each group were averaged at the given
time and the average score of the
cataract was plotted as a function of

time. There was a significant difference
(p<0.001) between the average score of

Duration (week) the cataract of groups D and DG from
six weeks to the end of the study. C:
L Hclear Maturation of the cataract in diabetic
~ 100 A 100% 100% oGl rats after 12 weeks. Cataract
=2 aGll development in rats was observed on
% aGm week 12 of the study and the number of
g 80 - aG IV lenses that developed opacity against the
= total number of lenses was considered
-E 60 - for calculating the percentage of
& incidence of cataract in each group. N:
"5 normal rats; D: diabetic rats; DG:
@ 40 - diabetic rats with Gly; and NG: normal
% rats with Gly.
w2
= _
0 i . ) .
N D DG NG
Groups and stages

group, the rats developed cataract more or less at the same
rate. After eight weeks, 33.3% of the lenses of the untreated
diabetic rats were in grade 11, 66.6% in grade I1I and none of
them were clear. Conversely, at this time, all the lenses in the
diabetic group that was treated with Gly were clear. On the
10th week, 33.3% of the lenses of the animals in group D
developed mature cataracts (grade IV) and 66.6% were in
grade III. The treatment of diabetic rats with Gly delayed the
onset of the cataract because 55.6% of the lenses of this group
were in grade I and 44.4% were clear at the end of the 10"
week. At the end of the experiment (week 12, Figure 3C), all
the lenses of the animals in the untreated diabetic group
showed an advanced stage of cataract (grade III and IV). On
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the other hand, in Gly-treated diabetic rats, 44.4% of the lenses
remained clear, 44.4% were in grade I and only 11.1% were
in grade II. All the lenses in the normal groups (group N and
NG) remained clear throughout the experimental period.

Biochemical parameters of the lens: There was an increase of
AGE fluorescence in the lenses of the diabetic group in
comparison with the normal one. Gly significantly (p<0.001,
Table 2) decreased this parameter in diabetic rats.

Hyperglycemia causes an increase in the glycated protein
of the diabetic lenses. Significant differences in the glycated
protein between the normal group (group N) and the diabetic
group (group D) were noted. Gly administration had a
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TABLE 2. THE EFFECT OF GLYCINE ON THE AGE FLUORESCENCE EMISSION, GLYCATED PROTEIN, AND PROTEIN CONTENT OF RAT LENSES.

Group name Lens AGE (FI %)

Glycated proteins (pmol

of HMF/mg pr)
N 18.5+£3.1 0.52+0.06
D 82.6+5.9f 1.87+0.302%
DG 23.74+4,9b% 0.86:+0.15V*
NG 19.343.7b% 0.50+£0.14b%

Total protein (mg/lens) Soluble protein (mg/lens)

17.68+0.72 14.50+0.66
10.19+3.102# 4.79+2.28
16.69+2.02b* 8.25+0.842b%

17.17+1.47b* 13.97+1.04%*

Data are expressed as the mean+SD (n=6). “a” indicates the significance of the data that compares group N versus all groups.

“b” indicates the significance of the data that compares group D versus groups of Glycine-treated rats. #, p<0.01; and t, p<0.001.

TABLE 3. THE EFFECT OF GLYCINE ON THE CONTENT OF GLUTATHIONE AND THE ACTIVITIES OF ANTIOXIDANT ENZYMES IN RAT
LENSES.

Group name GSH (mg/g lens)
N 178.0+£36.9
D 51.0+£14.8
DG 126.9+25.5
NG 175.0+£23.6°

CAT activity (umol/g lens

SOD activity (units/min/

pr) mg lens pr)
59.848.6 6.20+0.20
31.7411.5% 15.3945.34°
39.1+10.7 11.09+1.722>"
55.7+13.2" 6.5040.45"f

Data are expressed as the mean+SD (n=6). “a” indicates the significance of the data that compares group N versu all groups.

“b” indicates the significance of the data that compares group D versus groups of Glycine-treated rats. *, p<0.05; #, p<0.01;

and T, p<0.001.

TABLE 4. THE EFFECT OF GLYCINE ON THE ACTIVITIES OF THE POLYOL PATHWAY ENZYMES IN RAT LENSES.

Group name

AR activity (umol NADPH oxidized/hr/

100 mg pr)

N 30.8+3.1
D 40.243.0°
DG 32.8+2.3%
NG 29.944.9°f

SDH activity (umol NADH oxidized/hr/
100 mg pr)
4.63+0.54
5.124+0.84
5.14+0.59
4.58+0.90

Data are expressed as the mean+tSD (n=6). “a” indicates the significance of the data that compares group N versus all groups.
“b” indicates the significance of the data that compares group D versus groups of Glycine-treated rats. *, p<0.05; and f, p<0.001.

significant (p<0.001; Table 2) effect on the decrease of the
formation of glycated protein in the diabetic rats that were
under treatment.

The total and soluble protein content in the lens of all four
groups was also determined. There was a significant decrease
of both total and soluble protein levels in diabetic rats
compared to the normal rats (Table 2). Treatment with Gly
caused a significant (p<0.01) increase in the protein levels of
diabetic lenses.

The amount of glutathione (GSH), which acted as a
reducing peptide, and CAT, which acted as an antioxidant
enzyme, decreased in the lenses of untreated diabetic rats 13
weeks after STZ injection when they were compared with the
normal group (Table 3). Gly had a statistically significant
(p<0.05) effect in raising the amount of GSH in the diabetic
group that was under treatment. No significant changes were
observed in the CAT activity (Table 3). On the other hand, the
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activity of the SOD increased in the lenses of the diabetic
group (Table 3) and significantly (p<0.05) decreased after the
treatment of this group with Gly.

AR is the key enzyme of the polyol pathway and its
activity was significantly higher in the diabetic group than in
the normal one. Meanwhile, the activity of the other enzyme
of this pathway, SDH, was not significantly altered (Table 4).
The treatment with Gly caused a significant (p<0.05) decrease
in the AR activity of diabetic rats, but had no effect on the
SDH activity.

DISCUSSION

Cataract is an opacity within the lens that interferes with
vision. It is the most frequent cause of visual impairment
throughout the world. This condition usually happens as a
consequence of diabetes and hyperglycemia [5].
Hyperglycemia may be controlled in different ways, such as
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dietary changes, the use of hypoglycemic agents, insulin, and
through islet transplantation. Cataract, as a long-term
complication of diabetes, has remained a serious problem. At
present, the only treatment for cataract is surgery. If there is a
possibility that the onset of cataract can be delayed by 10
years, the need for cataract surgery may be decreased by as
much as half [31]. Therefore, any strategy that prevents or
slows down the progression of cataract can have a significant
impact on human health.

There are possible mechanisms involved in the
pathophysiology of diabetic cataract. These include increased
formation of advanced glycation end products (AGEs),
oxidative stress, and increased polyol pathway or osmotic
stress [5]. Although there is cross talk between these
pathways, results of various studies suggest that glycation and
oxidative stress are two of the major determinants in the
pathogenesis of diabetic cataract [24,32].

It was previously shown that amino acids may be
effective in the prevention of diabetes and its complications
[33]. It has also been shown that Gly has antioxidant properties
and that it inhibits non-enzymatic glycation [19,34-36].
Therefore, as a continuation and follow up to our recent
investigation on the therapeutic and preventative effects of
some chemicals [11,16-18] and natural products [37] on
diabetic complication, we used Gly to treat the STZ-induced
diabetic rats and investigated its effect on the prevention of
cataract in our present study.

As the results indicate, there were no differences between
the determined parameters in the normal rats (N) and in the
normal rats treated with Gly (NG). Therefore, Gly has no toxic
effect on healthy rats and it even decreased the mortality of
diabetic animals. The safe dose for Gly administration has
been reported previously by others [19,36]. In addition, our
data indicate the significant reduction of the serum Glc level
of diabetic rats after six weeks of treatment with Gly. A similar
effect was observed on the diabetic rats that were orally
administered with Gly [19]. However, the specific mechanism
of Gly- induced diminution of blood Glc is still not known,
but the reaction of Gly with sugars, such as Glc has been
observed. This means that the non-enzymatic glycation of Gly
decreases the free Glc concentration in the medium [34]. In
addition, in humans, it has been found that glycine
administration increases the response to insulin [38]. Oral
glycine stimulates the secretion of a gut hormone that
potentiates the effect of insulin on glucose removal from the
circulation [39]. However, the serum glucose level of diabetic
rats treated with Gly is still high and is more than the threshold
(180 mg/dl) that is necessary for the induction of cataract
[40]. Our results also indicate that cataract was formed in the
diabetic group after the fifth week of STZ injection and
progressed up to the end of study. However, the significant
decrease in the cataract score is seen due to the Gly
administration. Therefore, the observed delay of the onset and
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inhibition of the progression of cataract after the
administration of Gly in diabetic rats is possibly due to other
factors in addition to its Glc lowering property. To investigate
this hypothesis, various biochemical pathways related to the
formation of diabetic cataract were investigated.

A significant decrease was observed in the HbAlc and
AGE:s of the diabetic group that was under treatment with Gly.
Similar results have been reported after six-month treatment
of diabetic rats with Gly [19,35]. We have also demonstrated
a significant decrease in HbAlc and AGEs after L-Lys
administration to the diabetic rats [11]. Gly administration
also significantly increased the FRAP in the serum of the
diabetic rats. A similar increase due to the administration of
Lys, aspirin, and spermine in diabetic rats have also been
shown by us in our previous studies [11,16,17]. The decreased
levels of HbAlc and AGE:s in diabetic rats treated with the
above-named compounds, including Gly, should be explained
by their inhibitory effect on protein glycation [11,16,17,34],
thereby reducing the oxidative stress that is usually associated
with increased FRAP.

During the progression of the cataract, the total and
soluble protein content of the diabetic lenses was reduced
significantly. The reduction may be due to the formation of
high molecular weight aggregates of proteins, which may
have resulted from the occurrence of oxidative stress and the
cross link formation between protein free-SH groups, AGE
formation, and protein leakage after the increased activity of
the polyol pathway and from osmotic stress, which increased
membrane permeability [9,31]. As our results show, the
treatment of rats with Gly reduced protein glycation and AGEs
formation. It also significantly prevented the total and soluble
protein loss in diabetic lenses. The preventative effect of
glycine on the lens proteins glycation in the glucose-treated
homogenates of normal lenses was also shown previously
[34]. The suggested mechanism for this action of Gly, as
explained above, is its ability to bind excess Glc and reduce
its free concentration [34].

The decreased GSH and the altered activities of the
antioxidant enzymes, including CAT, are due to the increase
of oxidative stress in diabetic conditions. Such alteration was
also reported previously in various types of cataract, including
diabetic cataract [32]. A significant increase in the activity of
SOD in the lenses of diabetic rats was also reported previously
[41]. Gly, with its antiglycating and antioxidant activities,
could significantly increase the amount of GSH and decrease
the activity of SOD enzyme in diabetic rat lenses. In several
studies, the beneficial effects of antioxidants, such as
curcumin, turmeric, N-acetylcysteine, and glutathione ethyl
ester, have been shown on the prevention of diabetic cataract
[31,32].

The dicarbonyl intermediates of the Maillard reaction,
such as glyoxal and methylglyoxal, as the substrates of AR,
are produced during the glycation process. When these
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compounds increase due to hyperglycemia, the activity of the
polyol pathway is also increased [42]. AGEs are also inducers
of AR and their increase during aging and diabetes are another
reason for the enhancement of the activity of the polyol
pathway [43]. As our results indicate, the activity of the AR
was significantly increased due to diabetes induction and the
treatment of diabetic rats with Gly caused a significant
decrease in the formation of AGEs and the activity of this
enzyme. However, SDH activity was not significantly altered
in the diabetic group. A similar observation has also been
reported previously by Saraswat et al. [31]. They reported that
Zingiber officinalis have antiglycating property and that it can
reduce non-enzymatic glycation and AGEs formation in
diabetic rat lenses.

Finally, the beneficial effects of Gly on diabetic cataract
may be summarized as follows:

1. High solubility in comparison with some other
anti-cataract agents [36].

2. Hypoglycemic, antiglycating, and antioxidant
properties.

3. Having specific transporter in the cortex and
nuclear of lenses [44,45].

4. Physiologically available and nontoxic for non-

neuronal tissues [44].

In conclusion, the present study shows that the
administration of Gly to diabetic rats delays the onset and the
progression of cataract by decreasing protein glycation,
preserving protein content, potentiating the antioxidant
system, and decreasing the activity of the polyol pathway in
the lenses. Decreasing the serum Glc, AGE formation and
HbA 1c, in addition to the increase in the FRAP are also other
reasons for the beneficial effect of Gly on diabetic cataract.
Gly did not show any toxic effect on the above-named
parameters in the normal rats.

ACKNOWLEDGMENTS
The authors are very thankful to the Research Council of
Tarbiat Modares University for supporting this project.

REFERENCES

1. Kim SI, Kim SJ. Prevalence and risk factors for cataracts in
persons with type 2 diabetes mellitus. Kor J Ophthalmol 2006;
20:201-4. [PMID: 17302203]

Minassian DC, Mehra V. 3.8 Million blinded by cataract each
year: projections from the first epidemiological study of
incidence of cataract blindness in India. Br J Ophthalmol
1990; 74:341-3. [PMID: 2378840]

3. Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence
of diabetes. Diabetes Care 2004; 27:1047-53. [PMID:
15111519]

Pokharel GP, Regmi G, Shrestha SK, Negrel AD, Ellwein LB.
Prevalence of blindness and cataract surgery in Nepal. Br J
Ophthalmol 1998; 82:600-5. [PMID: 9797657]

447

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

© 2012 Molecular Vision

Kyselova Z, Stefek M, Bauer V. Pharmacological prevention of
diabetic cataract. J Diabetes Complications 2004;
18:129-40. [PMID: 15120709]

Singh R, Barden A, Mori T, Beilin L. Advanced glycation end-
products: a review. Diabetologia 2001; 44:129-46. [PMID:
11270668]

Ahmed N. Advanced glycation endproducts: role in pathology
of diabetic complications. Diabetes Res Clin Pract 2005;
67:3-21. [PMID: 15620429]

Ahmed N, Thornalley PJ. Advanced glycation endproducts:
what is their relevance to diabetic complications? Diabetes
Obes Metab 2007; 9:233-45. [PMID: 17391149]

Luthra M, Balasubramanian D. Nonenzymatic glycation alters
protein structure and stability: A study of two eye lens
crystallins. J Biol Chem 1993; 268:18119-27. [PMID:
8349689]

Stitt A, Gardiner TA, Anderson NL, Canning P, Frizzell N,
Duffy N, Boyle C, Januszewski AS, Chachich M, Baynes JW,
Thorpe SR. The AGE inhibitor pyridoxamine inhibits
development of retinopathy in experimental diabetes.
Diabetes 2002; 51:2826-32. [PMID: 12196477]

Jafarnejad A, Bathaie SZ, Nakhjavani M, Hassan A,
Banasadegh S. The improvement effect of L-Lys as a
chemical chaperone on STZ-induced diabetic rats, protein
structure and function. Diabetes Metab Res Rev 2008;
24:64-73. [PMID: 17879961]

Ramakrishnan S, Sulochana KN, Punitham R. Free lysine,
glycine, alanine, glutamic acid and aspartic acid reduce the
glycation of human lens proteins by galactose. Indian J
Biochem Biophys 1997; 34:518-23. [PMID: 9594433]

Ramakrishnan S, Sulochana KN, Punitham R, Arunagiri K.
Free alanine, aspartic acid, or glutamic acid reduce the
glycation of human lens proteins. Glycoconj J 1996;
13:519-23. [PMID: 8872107]

Sulochana KN, Punitham R, Ramakrishnan S. Beneficial effect
of lysine and amino acids on cataractogenesis in experimental
diabetes through possible antiglycation of lens proteins. Exp
Eye Res 1998; 67:597-601. [PMID: 9878222]

Bathaie SZ, Nobakht BBF, Mirmiranpour H, Jafarnejad A,
Moosavi-Nejad SZ. Effect of chemical chaperones on
glucose-induced lysozyme modifications. Protein J 2011;
30:480-9. [PMID: 21882049]

Jafarnejad A, Bathaie SZ, Nakhjavani M, Hassan MZ.
Investigation of the mechanisms involved in the high-dose
and long-term acetyl salicylic acid therapy of type I diabetic
rats. J Pharmacol Exp Ther 2008; 324:850-7. [PMID:
18000161]

Jafarnejad A, Bathaie SZ, Nakhjavani M, Hassan MZ. Effect of
spermine on lipid profile and HDL functionality in the
streptozotocin-induced diabetic rat model. Life Sci 2008;
82:301-7. [PMID: 18164731]

Rahmanpour R, Bathaie SZ. Histone H1 structural changes and
its interaction with DNA in the presence of high glucose
concentration in Vivo and in Vitro. ] Biomol Struct Dyn 2011;
28:575-86. [PMID: 21142225]

Alvarado-Vasquez N, Zamudio P, Ceron E, Vanda B, Zenteno
E, Carvajal-Sandovala G. Effect of glycine in streptozotocin-
induced diabetic rats. Comp Biochem Physiol C Toxicol
Pharmacol 2003; 134:521-7. [PMID: 12727302]


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=17302203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=2378840
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=15111519
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=15111519
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=9797657
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=15120709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=11270668
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=11270668
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=15620429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=17391149
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=8349689
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=8349689
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=12196477
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=17879961
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=9594433
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=8872107
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=9878222
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=21882049
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=18000161
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=18000161
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=18164731
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=21142225
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=12727302
http://www.molvis.org/molvis/v18/a47

Molecular Vision 2012; 18:439-448 <http://www.molvis.org/molvis/v18/a47>

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Kalousova M, Skrha J, Zima T. Advanced glycation end-
products and advanced oxidation protein products in patients
with diabetes mellitus. Physiol Res 2002; 51:597-604.
[PMID: 12511184]

Benzie IF, Strain JJ. The ferric reducing ability of plasma
(FRAP) as a measure of “antioxidant power”: the FRAP
assay. Anal Biochem 1996; 239:70-6. [PMID: 8660627]

Ao S, Kikuchi C,Ono T, Notsu Y. Effect of instillation of aldose
reductase inhibitor FR74366 on diabetic cataract. Invest
Ophthalmol Vis Sci 1991; 32:3078-83. [PMID: 1834606]

Suryanarayana P, Krishnaswamy K, Reddy GB. Effect of
curcumin on galactose-induced cataractogenesis in rats. Mol
Vis 2003; 9:223-30. [PMID: 12802258]

Ranjan M, Nayak S, Rao BS. Immunochemical detection of
glycated B- and y-crystallins in lens and their circulating
autoantibodies (IgG) in streptozocin induced diabetic rat. Mol
Vis 2006; 12:1077-85. [PMID: 17093392]

Blakytny R, Harding JJ. Prevention of cataract in diabetic rats
by aspirin, paracetamol (acetaminophen) and ibuprofen. Exp
Eye Res 1992; 54:509-18. [PMID: 1623937]

Harding JJ. Free and protein-bound glutathione in normal and
cataractous human lenses. Biochem J 1970; 117:957-60.
[PMID: 5451916]

Sun Y, Oberley LW. LI Y. A simple method for clinical assay
of superoxide dismutase. Clin Chem 1988; 34:497-500.
[PMID: 3349599]

Kilic D. The effects of ageing and sulfur dioxide inhalation
exposure on visual-evoked potentials, antioxidant enzyme
systems, and lipid-peroxidation levels of the brain and eye.
Neurotoxicol Teratol 2003; 25:587-98. [PMID: 12972072]

Kinoshita JH, Futterman S, Satoh K, Merola LO. Factors
affecting the formation of sugar alcohols in ocular lens.
Biochim Biophys Acta 1963; 74:340-50. [PMID: 14071578]

Gerlach U, Hiby W. Sorbitol dehydrogenase. In: Bergmeyer
HU, editor. Methods of enzymatic analysis. 2nd ed. New
York: Academic Press; 1974. p. 569-73.

Suryanarayana P, Saraswat M, Mrudula T, Krishna P,
Krishnaswamy K, Reddy GB. Curcumin and turmeric delay
streptozotocin-induced diabetic cataract in rats. Invest
Ophthalmol Vis Sci 2005; 46:2092-9. [PMID: 15914628]

Zhang S, Chai FY, Yan H, Guo Y, Harding JJ. Effects of N-
acetylcysteine and glutathione ethyl ester drops on
streptozotocin-induced diabetic cataract in rats. Mol Vis
2008; 14:862-70. [PMID: 18490958]

Anuradha CV. Amino acid support in the prevention of diabetes
and diabetic complications. Curr Protein Pept Sci 2009;
10:8-17. [PMID: 19275668]

Ramakrishnan S, Sulochana KN. Decrease in glycation of lens
proteins by lysine and glycine by scavenging of glucose and
possible mitigation of cataractogenesis. Exp Eye Res 1993;
57:623-8. [PMID: 8282049]

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

© 2012 Molecular Vision

Carvajal Sandoval G, Juarez E, Ramos-Martinez G, Carvajal-
Juarez ME, Medina-Santillan R. Inhibition of hemoglobin
glycation with glycine in induced diabetes mellitus in rats.
Proc West Pharmacol Soc 1999; 42:35-6. [PMID: 10697682]

Alvarado-Vasquez N, Lascurain R, Ceron E, Vanda B,
Carvajal-Sandovala G, Tapia A, Guevara J, Montano LF,
Zenteno E. Oral glycine administration attenuates diabetic
complications in streptozotocin-induced diabetic rats. Life
Sci 2006; 79:225-32. [PMID: 16483611]

Shirali S, Bathaie SZ, Nakhjavani M, Ashoori M-R. Effects of
saffron aqueous extract on serum biochemical factors in
streptozotocin-induced diabetic rats. Iranian Journal of
Medicinal and Aromatic Plants. 2011

Gonzalez-Ortiz M, Medina-Santillan R, Martinez-Abundis E,
von Drateln CR. Effect of glycine on insulin secretion and
action in healthy first-degree relatives of type 2 diabetes
mellitus patients. Horm Metab Res 2001; 33:358-60. [PMID:
11456285]

Gannon MC, Nuttall JA, Nuttall FQ. The metabolic response to
ingested glycine. Am J Clin Nutr 2002; 76:1302-7. [PMID:
12450897]

Swamy-Mruthinti S, Shaw SM, Zhao HR, Green K, Abraham
EC. Evidence of a glycemic threshold for the development of
cataracts in diabetic rats. Curr Eye Res 1999; 18:423-9.
[PMID: 10435829]

Suryanarayana P, Saraswat M, Petrash JM, Reddy GB. Emblica
officinalis and  its enriched  tannoids  delay
streptozotocininduced diabetic cataract in rats. Mol Vis 2007,
13:1291-7. [PMID: 17679931]

Chang KC, Paek KS, Kim HJ, Lee YS, Yabe-Nishimura C, Seo
HG. Substrate-induced up-regulation of aldose reductase by
methylglyoxal, a reactive oxoaldehyde elevated in diabetes.
Mol Pharmacol 2002; 61:1184-91. [PMID: 11961137]

Nakamura N, Obayashi H, Fujii M, Fukui M, Yoshimori K,
Ogata M, Hasegawa G, Shigeta H, Kitagawa Y, Yoshikawa
T, Kondo M, Ohta M, Nishimura M, Nishinaka T, Nishimura
CY. Induction of aldose reductase in cultured human
microvascular endothelial cells by advanced glycation end
products. Free Radic Biol Med 2000; 29:17-25. [PMID:
10962201]

Lim J, Li L, Jacobs MD, Kistler J, Donaldson PJ. Mapping of
Glutathione and Its Precursor Amino Acids Reveals a Role
for GLYT2 in Glycine Uptake in the Lens Core. Invest
Ophthalmol Vis Sci 2007; 48:5142-51. [PMID: 17962467]

Lim J, Lorentzen KA, Kistler J, Donaldson PJ. Molecular
identification and characterisation of the glycine transporter
(GLYT1) and the glutamine/glutamate transporter (ASCT?2)
in the rat lens. Exp Eye Res 2006; 83:447-55. [PMID:
16635486]

Articles are provided courtesy of Emory University and the Zhongshan Ophthalmic Center, Sun Yat-sen University, P.R. China.
The print version of this article was created on 8 February 2012. This reflects all typographical corrections and errata to the
article through that date. Details of any changes may be found in the online version of the article.


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=12511184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=12511184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=8660627
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=1834606
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=12802258
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=17093392
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=1623937
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=5451916
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=5451916
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=3349599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=3349599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=12972072
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=14071578
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=15914628
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=18490958
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=19275668
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=8282049
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=10697682
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=16483611
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=11456285
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=11456285
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=12450897
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=12450897
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=10435829
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=10435829
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=17679931
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=11961137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=10962201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=10962201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=17962467
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=16635486
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=16635486
http://www.molvis.org/molvis/v18/a47

