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Abstract
·AIM: To investigate the effect of carnosine (Car), aspirin

(Asp) and a combination of Car and Asp eye drops on the
change of the thiol contents from glutathione (GSH) and
protein in the corneas of the diabetic rats.

·METHODS: All the animals were randomly divided into five

groups. The normal control group received injections of
vehicle only. Diabetes was induced by injection of
streptozotocin (STZ) in the Sprague-Dawley (SD) rats. The
untreated group rats received only the vehicle solution (the
placebo). One treated group rats were treated by instillation
of one drop of 10g/L Car eye drops, another were treated by
0.5g/L Asp eye drops and the last group were treated
alternately by Car 10g/L and Asp 0.5g/L eye drops for a
period of 8 weeks. At the end of 8 weeks, the animals were
killed and the thiols contents in the corneas were
investigated.

· RESULTS: About 15.6% of the rats (blood glucose

measured <14mmol/L) were rejected. In the corneas, the
levels of thiols were declined in the untreated, Asp-treated
group and combination-treated group, but they went up in
Car-treated group. The levels of thiols in the Car-treated
groups were much higher than that in the untreated group,
and there was statistically significant difference between them
( <0.05).

·CONCLUSION: The results indicated that diabetes decreases

the levels of thiols (from GSH and proteins) in the cornea.
The Car eye drops in our study may protect the cornea
against the oxidative damage caused by diabetes. And the
combination eye drops also may have a certain protection for
the diabetic corneas.
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INTRODUCTION

D iabetes was found to be ineluctably connected with
increased oxidative stress both in diabetic humans and

hyperglycaemic animals [1]. Among the number of
mechanisms proposed as a pathogenic link between
hyperglycaemia and diabetic complications, oxidative stress
and the Maillard advanced glycation remain as tenable
hypotheses. Irreversible advanced glycation end products
(AGEs) were shown to be formed via a sequence of
glycation and oxidation reactions[2].
Hyperglycaemia would not only generate more reactive
oxygen species (ROS) but also attenuate endogenous
antioxidative mechanisms through glycation of scavenging
enzymes and depletion of low molecular antioxidants, for
example, glutathione. Shifts in redox balances due to
derangement in energy metabolism of carbohydrates and
lipids also contribute to the overt oxidative stress in diabetic
individuals [3]. However, the role of oxidative stress in
diseases including diabetes and the related complications is
controversial[4-6].
Glutathione ( -glutamyl-cysteinyl-glycine; glutathione
(GSH)) and the related enzymes belong to the defence
system protecting the eye against chemical and oxidative
stress. GSH is involved in many cellular functions including
scavenging free radicals and other reactive species,
regulation of DNA and protein synthesis, signal
transduction, cell-cycle regulation, proteolysis, immune
response and cytokines, as well as in various metabolic
pathways[7,8].
In cornea, GSH plays an important role in maintaining
normal hydration level, in protecting cellular membrane
integrity, and degrading xenobiotic agents[9]. The transparent
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and refractive properties of the mammalian cornea are
essential for proper image formation on the retina.
Simultaneously, cornea functions as a protective barrier for
the eye. Because the corneal surface comes in direct contact
with various kinds of environmental stress, multiple defence
systems are required to reduce chemical and oxidative
stress, to confer mechanical strength, and to provide an
immunologic surveillance system. When the cornea is under
oxidative stress (e.g., in the presence of H2O2), a rapid
turnover of endothelial GSH via glutathione reductase and
the hexose monophosphate shunt is required. However,
unlike the rat lens, the synthesis of glutathione in rat cornea
forms a minor portion of the L-cysteine metabolic products[10].
Glycation has an important role in altering corneal
biochemistry during diabetes and ageing. Corneal layers
have been found glycated in diabetic patients, and AGEs
detected, which correlate with morphological alterations in
human cornea; age-related cross-linking occurs largely on
the collagen component of the cornea (stroma and lamina)[11].
The presence of an imbalance in the redox system under
such circumstances has been proved by the decreased GSH
level in galactose-fed guinea pigs, as well as a reduced level
and cellular uptake of GSH by cornea with age[12].
Carnosine (beta-alanyl-L-histidine) is a dipeptide, which has
recently attracted much attention as a naturally occurring
antioxidant and transition-metal ion sequestering agent [13].
The anti-ageing effect of carnosine had been demonstrated
in many studies and [12,14,15]. According to the
report, aspirin (acetylsalicylic acid) could protect patients
with diabetes mellitus against cataract [16]. Experimental
studies then showed that aspirin protected lens proteins
against a variety of chemicals relevant to cataract formation
[15]. Aspirin protected diabetic rats against cataract [15,17], and
was associated with a ptoective effect in epidemiological
studies[18,19].
Therefore, the purpose of this study was to investigate
whether the thiol (glutathione-SH and protein-SH) contents
are changed in parallel in cornea of diabetic rats, and
whether carnosine and aspirin eye-drops may prevent any
changes, and if the combination was better than carnosine or
aspirin eye drops individually.
MATERIALS AND METHODS
Materials Streptozotocin (STZ) and carnosine (Car) were
obtained from Sigma Chemical Company (Beijing, China).
Sprague-Dawley rats were provided by Animal Laboratories
of Fourth Military Medical University (Xi'an, China).
Protein and enzyme quantification kits were obtained from
Jiancheng Biology Company (Nanjing, China). Glucotrend 2

was from Roche Diagnositic Limited Company (Xi'an,
China). Tes-Tape was from Zhujiang Biochemistry Reagents
(Guangzhou, China). All other chemicals and solvents were
of analytical grade and were obtained from local companies.
Methods
Animals One hundred and two male Sprague-Dawley (SD)
rats, one-month old, initially weighing 135-180g were
selected in the study. All the animals were fed standard diet
ad libitum and randomly assigned to five groups. The
animals were housed in five individual cages in a room. All
the animals had free access to drinking water. Group A rats
(normal control, =12) received an injection of 0.02mol/L
citrate buffer (pH 4.5,65mg/kgbody weight, intraperitioneally)
as a vehicle, however, the experimental groups (Group B-E)
received an intraperitoneal injection of 1% STZ in citrate
buffer at a dose of 65mg/kg body weight (Yan . [14],
2008). After 96 hours, random blood glucose levels were
measured. The animals having blood glucose levels
<14mmol/L ( =14) were excluded from the experiment
and the rest were distributed into the following groups: B
(diabetic rats untreated, =21), C (diabetic rats treated with
Car eye drops 1% only, =17), D (diabetic rats treated with
Asp eye drops 0.05% only, =21), E (diabetic rats treated
alternately with Car 1% and Asp 0.05% eye drops, =17).
Experimental design Car eye drops (1% , pH 7.4) were
prepared by dilution of 10 ml of the 25mmol/L sodium
phosphate buffer (pH7.4, containing 2.527g of di-hydrated
sodium dihydrogen phosphate, 1.36g of dodeca-hydrated
dibasic sodium phosphate, and 800mL double distilled
water). Animals from group C and D were treated
respectively by instillation of Car eye drops 10g/L, Asp
eyedrops 0.5g/L only, one drop, twice a day for 8 weeks.
Rats from group E were combining treated alternately by
instillation of Car 10g/L eye drops and Asp eye drops
0.5g/L, one drop, twice daily for 8 weeks. However, the
animals from group B just received the instillation of the
vehicle solution, one drop, twice a day. Blood was collected
from the caudal end of rats for glucose estimation with
Glucotrend 2 every two weeks. The urine glucose was
monitored weekly.
In the eighth week, the animals were killed following
cervical dislocation under ether anaesthesia, the eyes were
enucleated, and the corneas were dissected and kept at
-70℃ until further analysis. The thiol contents and the
water-soluble protein contents were analyzed in the soluble
fraction of the homogenate.
Biochemical Estimations
Protein determination Protein concentration was
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determined by the Coomassie brilliant blue method using the
protein assay kit from Jiancheng Company (Nanjing, China)[20].
Two lenses in each rat were ground in 9g/L neutral normal
saline (1:9) and homogenized by hand in the ice-water
mixture to make the 10% homogenate, and then centrifuged
(11 500g) in Eppendorf tubes. Clear supernatant was used
for protein determination, which was according to the
method described with the kits.
Thiol determination Thiols were measured using the
DTNB method at 25oC and 412nm [21,22]. The clear
supernatant liquid used for protein determination was taken
by suction from the centrifuged Eppendorf tube, and the
thiol content was determined according to the description of
kit. Thiols react with dithio-dinitrobenzoic acid to give a
yellow compound, which has a high absorption of light at
412nm which was measured. Through this colorimetric
method the content of thiol (from GSH and protein) in each
cornea was determined.
Statistical Analysis One-way ANOVA was used for
testing statistical significance between groups of data.
Statistical analysis of stage of urine glucose were performed
by using Wilcoxon Rank Sum Test. Individual pair
difference was tested by means of Duncan's multiple-range
test. <0.05 was considered significant.
RESULTS
Forteen rats were no respond to STZ (blood glucose
measured <14mmol/L) at 96 hours after receiving an
intraperitoneal injection, two rats (respectively from Group
D and E) with the blood glucose level below 14mmol/L in
the 3rd week, and the animals that died before the end of the
experiment were excluded leaving 51 rats in the study.
There was an increase in blood glucose level in Group B-E
compared with Group A, and the treatment did not reverse
the changes in blood glucose levels. The results indicated
that the treatment of Car or Asp and combination eye drops
had no effect on the blood glucose level of STZ-induced
diabetic rats. In comparison with the normal group, the urine
glucose in all the diabetic groups increased.
The levels of thiols appeared to be decreased in the
untreated diabetic rats. Compared with the normal control
group, the level of thiols was increased in the Car-treated
group (Group C), whereas, in the other groups they were
decreased, and there was significantly statistical difference
between the Asp-treated group and the normal control group
(Group D Group A, =0.016). Moreover, the thiols
contents in the Car-treated group were higher than that in
the untreated and Asp-treated groups, and there was
significantly statistical difference (Group C Group B, =
0.003, Group C Group D, <0.001) (Figure 1).

Figure 1 Effect of carnosine, aspirin and the combination eye
drops on thiols content in the cornea The asterisk indicates
significantly different from Group B; a <0.05. The sharp (hash
mark) indicates significantly different from Group D; b <0.001. A
was group of normal control, B was group of diabetic rats
untreated, C was group of diabetic rats treated with carnosine eye
drops 1% only, D was group of diabetic rats treated with aspirin
eye drops 0.05% only, E was group of diabetic rats treated
alternately with carnosine 1% and aspirin 0.05% eye drops

DISCUSSION
Glutathione (L-g-glutamyl-L-cysteinylglycine) is the principal
nonprotein thiol involved in the antioxidant cellular defence.
It is a tripeptide composed of cysteine, glutamic acid and
glycine, and its active group is represented by the thiol
(-SH) of the cysteine residue [23]. In cells, total glutathione
can be free or bound to proteins [21]. Free glutathione is
present mainly in its reduced form, which can be converted
to the oxidised form during oxidative stress, and can be
reverted to the reduced form by the action of the enzyme
glutathione reductase. The redox status depends on the
relative amounts of the reduced and oxidized forms of
glutathione (GSH/GSSG) and appears to be a critical
determinant in the cell. In normal conditions, the glutathione
redox couple is present in mammalian cells in
concentrations between 1 and 10mM, with the reduced GSH
predominating over the oxidised form. In the resting cell, the
ratio exceeds 100, whereas in various models of oxidative
stress, this ratio was reported to decrease to values between
10 and 1 [24]. Furthermore, glutathione can be bound to the
proteins, leading to the formation of glutathionylated
proteins. Glutathione not only protects cell membranes from
oxidative damage, but also helps to maintain the sulphydryl
groups of many proteins in the reduced form, a requirement
for their normal function. Irreversible cell damage
supervenes when the cell is no longer able to maintain its
GSH content[25].
Carnosine, through its distinctive combination of antioxidant
and anti-glycating properties, is able to attenuate cellular
oxidative stress and can inhibit the intracellular formation of
reactive oxygen species and reactive nitrogen species. By
controlling oxidative stress and chelating metal ions, is able
to reduce harmful sequelae such as DNA damage [26].
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Furthermore, in Ma佾chuk's study, trials of the drug,
carnosine eye drops, on mice, rats, rabbits, and dogs showed
it to be well tolerated at both total and local levels [27]. In
animals the eye drops did not affect the diameter of the
pupil, nor did they increase the intraocular pressure. In our
previous and present studies, eye irritation was not noticed,
either [15]. Thus, this dose of carnosine used as eye drops is
safe.
In the present study, the thiol contents of the
carnosine-treated group were increased in the corneas
compared with the untreated group, suggesting that
carnosine attenuated oxidative stress through its distinctive
combination of antioxidant and anti-glycating properties.
Aspirin could protect lens proteins against a variety of
chemicals relevant to cataract formation [28]. This protective
action appears to be brought about by acetylation of
vulnerable groups of lens proteins[29], and then, acetylation of
a single lysine in human crystallin was identified [30]. The
decrease in glutathione and the related enzymes, and the
increase in glycation were related to the progression of lens
opacification. In our present study, aspirin can not raised the
thiols contents in the cornea, possibly because there were
not the single lysine to acetylation. And it is need to be a
further study.
Cornea is very important as a protective barrier for the eye.
Because the corneal surface comes in direct contact with
various kinds of environmental stress, multiple defence
systems are required to reduce chemical and oxidative
stress, to confer mechanical strength, and provide an
immunologic surveillance system [9]. GSH plays an important
role in maintaining normal hydration level, in protecting
cellular membrane integrity, and degrading xenobiotic
agents in cornea. When the cornea is under oxidative stress,
a rapid turnover of endothelial GSH via glutathione
reductase and the hexose monophosphate shunt is required[9].
However, unlike the rat lens, the synthesis of glutathione in
rat cornea forms a minor portion of the L-cysteine metabolic
products [10]. The presence of an imbalance in the redox
system under such circumstances has been proved by the
decreased GSH level in galactose-fed guinea pigs, as well as
a reduced level and cellular uptake of GSH by cornea with
age[12].
In our present study, the thiol contents in corneas of the
untreated group was obviously lower than that of the normal
control group, indicating that the diabetes would change the
thiol levels in corneas. Meanwhile, compared with the
normal control group, the levels of thiols were increased in
the carnosine-treated group, whereas, in the other groups

they were decreased. And the thiols contents in the
carnosine-treated group were higher than that in the
untreated and the aspirin-treated groups. It suggested that
carnosine protected the redox state of the cornea in the
diabetic rats.
In conclusion, the present results indicate that diabetes
decreased the levels of thiols (from GSH and proteins) in
cornea. The carnosine eye drops in our study may function
to protect the cornea to resist the glycation and oxidative
damages that diabetes caused. The combination eye drops
also have a certain protection for the diabetic cornea.
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