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Introduction. The relevance of the work lies in the research of the quercetin and 
lipoate effect in terms of experimental diabetes treatment.
Objective. To study the quercetin and lipoate effect on the glutathione system in 
retina in terms of diabetes progress process (in two and six months).
Materials and methods. The research was conducted using albino rats. 
Experimental animals were divided into four groups: the first one – control group 
(14 rats); the second one – experimental group (14 rats), untreated animals with 
developing diabetes; the third one – experimental group (12 rats), animals with 
developing diabetes and lipoic acid administration; the fourth one – experimental 
group (15 rats), animals with developing diabetes and quercetin administration. 
Reduced and oxidized glutathione content was determined in retinal homogenates.
Results. Lipoic acid and quercetin use enhanced the reduced glutathione level by 
107.2 and 84.3% in 2 months in terms of research, and by 134.8% and 113.0 in 
6 months after the diabetes progress compared to the group of untreated animals.
Conclusion. In terms of streptozotocin-induced diabetes progress the decrease 
of coenzyme (reduced) glutathione form by 61.9% (in 2 months) and by 68.3% 
(in 6 months) was determined. Lipoic acid and quercetin medical products 
administration had a normalizing effect on the retinal metabolism, which is 
manifested in the reduced glutathione levels increase by 107.2 and 84.3% (in 
2 months) and by 134.8 and 113.0% (in 6 months). The lipoic acid application 
creates a more distinct normalizing effect on the glutathione level.
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Introduction
Due to the fact that the number of diabetic patients 

increases, diabetic retinopathy has become one of the 
leading causes of visual impairment and blindness [1].

The absence of clear understanding regarding the 
diabetes basic complications mechanisms inhibits the 
development of effective treatment and prevention 
methods of diabetic retinopathy [3, 12, 16].

In this regard, the broad front of research aimed at 
the understanding of diabetic retinopathy molecular 
mechanisms key is deployed at the moment, as a 
meaningful research is possible only in this field regarding 
the effective treatment and prevention methods of this 
disease [7, 17, 20, 22].

It must be noted that until recently the primary 
focus of diabetic retinopathy pathogenesis was aimed 
at the glycosylation end products, whereas previously 
metabolic disorders that lead to hydroxyaldehydes 
accumulation and antioxidant system capacity 
decrease were considered as additional factors 
in the pathogenesis of this disease. At present a 
considerable progress was made regarding the research 
of the diabetes molecular basis and its accompanying 
complications, as well as the role of this process’ early 
products was disclosed. It was established that a high 
level of glucose causes metabolic disorders circuit both 
inside cells and in the extracellular space [5, 13, 19]. 
Not only an increased glucose level is considered to be 
the launching metabolic disorder that results in lesions 
of vascular nerve tissues and other body tissues, but 
also an increased level of a number of carbohydrate-
phosphorus and lipid metabolism metabolites, such 
as methylglyoxal, acetoacetate, diacylglycerol, 
deoxyglucose and others. Increasing concentrations 

of these metabolites not only adversely affect the 
metabolism state, but also cause cell metabolism 
and function dysregulation. Then a sharp activation 
of free radical oxidation processes occurs, at this the 
antiradical system of the body is not able to completely 
neutralize toxic radicals, resulting in their excessive 
amount causing damage to the membrane structure, 
proteins, lipids, nucleic acids and etc. [2, 4, 14].

Glutathione oxidation-reduction system is the most 
important element of detoxicative body system and 
eye tissues, which in particular neutralizes the above 
mentioned toxic metabolites and quenches free radicals 
[18].

This tripeptide’s protective role lies not only in 
detoxification and antioxidant function, but is also 
is of importance due to the glutathione value in the 
inflammatory and immune processes regulation and its 
antiviral effect [21].

With the consideration of detoxicative and 
membrane stabilizing properties of glutathione, its 
level plays an important role regarding the intraocular 
structures protective and adaptive mechanisms in terms 
of pathological conditions [18].

Meanwhile, the data obtained regarding this system 
during the diabetes progress are contradictory in a 
variety of cases and are extremely insufficient in terms of 
diabetic retinopathy.

In particular, in the course of experimental studies 
it was established that during the initial progress period 
of the streptozotocin-induced diabetes the glutathione 
content sharp decrease is marked in 28 days in the 
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experimental animals’ retina, primarily due to the 
concentration decrease of its reduced form. Noted 
disorders of glutathione system in the animals’ eyes 
retina in terms of diabetes simulation can certainly be 
seen as an important link of the diabetic retinopathy 
pathogenesis [9, 11].

It must be noted that an important role is played by 
the glutathione-peroxidase reaction stimulation that 
neutralizes lipid hydroperoxides, the level of which is 
known to significantly increase in terms of diabetes [10].

In this regard, it appears relevant to examine the 
level of glutathione oxidized and reduced forms in the 
eye retina in a more remote period of time (two and six 
months) of the experimental diabetes progress when 
clear signs of diabetic retinopathy are already observed.

Work objective: To study the quercetin and lipoate 
effect on the glutathione system in retina in the process 
of diabetes progress (in two and six months).

Materials and methods
Research was conducted using albino Wistar rats with 

180 – 210 g weight.
Experimental animals were divided into four groups: 

the first one – control group (14 rats); the second one 
– experimental group (14 rats), untreated animals with 
developing diabetes; the third one – experimental group 
(12 rats), animals with developing diabetes and lipoic 
acid administration; the fourth one – experimental group 
(15 rats), animals with developing diabetes and quercetin 
administration.

Quercetin and lipoic acid were orally administered 
to animals with developing diabetes during the whole 
experimental period.

The work with the animals was carried out in 
accordance with international guidelines for biomedical 
research involving animals proposed at the Council of 
International Organizations of Medical Sciences (2012).

The diabetes was induced by means of streptozotocin 
injection (55 mg per 1 kg of body weight, intraperitoneal).

In two months of diabetes progress a part of animals 
(separate groups) that participated in the experiment 
under different conditions, as well as normal rats (control 
group) were decapitated with the preliminary use of the 
thiopental sodium preanesthetic (50 mg of the medical 
product per kg of weight). The eyes were enucleated on 
the ice at 0–5ºС temperature.

In six months of diabetes progress the remaining 
part of animals, which still was used in the course of 
experiment under different conditions, was also eliminated 
in accordance with the relevant regulations.

The animals’ removed retina was immediately provided 
for the research.

Reduced and oxidized glutathione content 
determination in the retina homogenates was conducted.

The principle of the glutathione determining method 
is based on the reaction between glutathione and 
methylglyoxal under the glyoxylate enzyme influence, 
resulting in the formation of a glutathione S-lactam 
conjugate, which has a maximum absorption at a wave 
length of 240 nm.

The principle of the oxidized glutathione determining 
method consists in the enzymatic reduction of oxidized 
glutathione with glutathione reductase using the 
reduced form of nicotinamide adenine dinucleotide 
phosphate (NADPH), the decline of which is recorded 
spectrophotometrically at 340 nm wave length.

The mean variation coefficient value for the specified 
range of the reduced form amounts to 4.0% and 5.0% as 
for the oxidized form. SF-26 spectrophotometer was used 
to conduct the measurements [8,15].

The obtained data were statistically processed using 
SPSS 11.0 package [6].

Results and their discussion
The data on the reduced and oxidized glutathione 

content in retina of albino rats with streptozotocin-
induced diabetes in 2 months after being exposed to 
lipoic acid and quercetin are outlined in Table 1.

Biochemical values Statistical figures Standard
n=14

Untreated / Without the 
medical product n=14

Lipoic acid
n=12

Quercetin
n=15

Reduced 
glutathione

М
m
р

1

%1
p

2

%

2.18
0.16

-
100.0

-
-

0.83
0.06

<0.001
38.1

-
100

1.72
0.13

<0.05
78.9

<0.001
207.2

1.53
0.12

<0.01
70.2

<0.001
184.3

Oxidized 
glutathione

М
m
р

1

%1
p

2

%1

0.46
0.03

-
100.0

-
-

0.55
0.03

<0.05
119.6

-
100

0.48
0.04

>0.05
104.3
>0.05
87.3

0.49
0.04

>0.05
106.5
>0.05
89.1

Reduced glutathione / oxidized glutathione 4.74 1.51 3.58 3.12

Table 1. Content of reduced and oxidized glutathione in the retina of albino rats with streptozotocin-induced diabetes in two months 
in terms of lipoic acid and quercetin effect (µmol/g).

Note: р
1
-level of significance of data difference in relation to the standard; р

2
-level of significance of data difference in relation to 

the ‘Diabetes’ group.
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As is evident from reported data the reduced 
glutathione content in the untreated diabetic animals’ 
retina has reduced to 61.9% with respect to the standard 
of (2.18 ± 0,16) µmol/g.

In terms of lipoic acid application in two months after 
the diabetes progress the reduced glutathione content in 
the retina has increased up to (1.72 ± 0.13) µmol/g; that 
is it increased by 107.2% (p <0.001) compared to the 
‘untreated’ group (0.83 ± 0.06) µmol/g.

In terms of quercetin effect the reduced glutathione 
content has increased by 84.3% (1.53±0.12) µmol/g 
with respect to the group animals that did not receive the 
medical product (р<0.001).

In two months of the diabetes progress in terms 
of lipoic acid application the reduction of oxidized 
glutathione content down to (0.48 ± 0.04) µmol/g 
is indicated in the retina, which amounted to 87.3% 
compared to the ‘untreated’ group (0.55 ± 0.03) µmol/g.

In terms of quercetin effect the oxidized glutathione 
content has decreased with respect to the group of 
untreated animals by 10,9%, i.e. (0.49 ± 0.04) µmol/g. 
The oxidized glutathione content in the group of 
untreated animals has increased by 19,6% compared to 
the standard of (0.46 ± 0.03) µmol/g.

The data on the reduced and oxidized glutathione 
content in albino rats’ retina with streptozotocin-
induced diabetes in 6 months after being exposed to 
lipoic acid and quercetin are outlined in Table 2.

In six months of the diabetes progress in terms of 
lipoic acid application the oxidized glutathione content 
in the retina has increased up to (1.62±0.14) µmol/g, i.e. 
it has increased by 134.8% (p <0.001) compared to an 
‘untreated’ group (0.69 ± 0.04) μmol/g.

In terms of quercetin effect the reduced glutathione 
content has increased by 113.0%, which amounted to 
(1.47±0.13) µmol/g with respect to the group animals 
that did not receive the medical product (р<0.001). The 

reduced glutathione content in the diabetic untreated 
animals group has reduced to 68.3% with respect to the 
standard of (2.18 ± 0.16) μmol/g.

The oxidized glutathione content in the retina in 
terms of experimental diabetes progress and lipoic acid 
application was reduced to (0.47 ± 0.03) μmol/g, i.e. it 
amounted to 81.0% with respect to the untreated group 
of diabetic animals (0.58 ± 0.04) μmol/g (p<0.05).

In the group of diabetic animals in terms of quercetin 
application the content of oxidized glutathione has 
decreased by 13.8%, i.e. (0.50 ± 0.04) μmol/g, compared 
to the ‘untreated’ group. The oxidized glutathione 
content in terms of diabetes without the medical product 
application has increased by 26.1% compared to the 
standard of (0.46 ± 0.03) μmol/g.

Analysis of the research being conducted on our part 
shows a sharp decline in the glutathione system reduction 
potential, primarily due to a sharp reduction of the 
coenzyme reduced form level. Thus, the concentration of 
reduced glutathione form in two months of the diabetes 
progress has reduced by 61.9%, and in six months – by 
68.3% without the medical product application.

The obtained data provide grounds to believe that the 
main metabolic targets, on which it is necessary to focus 
while developing the diabetic retinal lesions prevention 
and treatment methods, are the following: the antioxidant 
system potential reduction, in particular, the reduced 
glutathione concentration reduction that contributes 
to the lipid peroxidation products accumulation in the 
retina and the retinal pigment epithelium intracellular 
membranes disintegration (lysosomes labilization).

In our opinion, the glutathione levels normalization 
should contribute to the methylglyoxal neutralization in 
glyoxalase reaction with the use of glutathione. Also, the 
glutathione system potential normalization activates the 
free radical compounds quenching processes due to the 
reduced glutathione form.

Biochemical values Statistical figures Standard
n=14

Untreated / Without the 
medical product n=14

Lipoic acid
n=12

Quercetin
n=15

Reduced 
glutathione

М
m
р

1

%1
p

2

%

2.18
0.16

-
100.0

-
-

0.69
0.04

<0.001
31.7

-
100

1.62
0.14

<0.05
74.3

<0.001
234.8

1.47
0.13

<0.01
67.4

<0.001
213.0

Oxidized glutathione М
m
р

1

%1
p

2

%1

00.46
0.03

-
100.0

-
-

0.58
0.04

<0.05
126.1

-
100

0.47
0.03

>0.05
102.1
<0.05
81.0

0.50
0.04

>0.05
108.7
>0.05
86.2

Reduced glutathione / oxidized glutathione 4.74 1.19 3.45 2.94

Table 2. Content of reduced and oxidized glutathione in the retina of albino rats with streptozotocin-induced diabetes in six months 
in terms of lipoic acid and quercetin effect (µmol/g).

Note: р
1
-level of significance of data difference in relation to the standard; р

2
-level of significance of data difference in relation to 

the ‘Diabetes’ group.
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On the basis of the above, we have conducted 
research in order to identify the possibility of described 
metabolic processes correction by means of lipoic acid 
and quercetin medical products.

Lipoic acid and quercetin application allowed to 
increase the reduced glutathione level by 107.2 and 84.3% 
in two months of the research and by 134.8 and 113.0% 
in six months of the diabetes progress as compared to 
the untreated animal group. It is noteworthy that lipoic 
acid has a more distinct normalizing effect on the retinal 
reduced glutathione concentration.

Conclusions
1.	 In terms of streptozotocin-induced diabetes 

progress the decrease of coenzyme (reduced) glutathione 
form by 61.9% (in 2 months) and by 68.3% (in 6 months) 
was determined.

2.	 Lipoic acid and quercetin medical products 
administration had a normalizing effect on the retinal 
metabolism, which is manifested in the reduced 
glutathione levels increasing by 107.2 and 84.3% (in 
2 months) and by 134.8 and 113.0% (in 6 months). 
The lipoic acid application creates a more distinct 
normalizing effect on the glutathione level.

References

1.	 Gogina IF, Andriu LV, Ogranovich OE. [Diabetic angio-, 
retino-, neuropathy: patogenesis, clinic, treatment], Lviv: 
Liga press. 2000:186. Ukrainian.

2.	 Kravchuk EA. [The role of free radical oxidation in 
pathogenesis of eye diseases]. Vestnik oftalmologii. 
2004;5:48-51. Russian.

3.	 Kryzhanovskaya TV. [Nosotropic rehabilitation aspects of 
diabetic retinopathy patients]. Mater. of 2nd Inter. Conf. 
‘Modern Aspects of Cardioendocrinopathy of Ocular 
Organ’. K. 2005:73-74. Russian.

4.	 Leus NF. [Metabolic development mechanisms and 
pharmacotherapy aspects of diabetic retinopathy]. 
Oftalmol Zh. 2003;5:75-80. Russian.

5.	 Maltsev EV, Rodin SS, Chernyaeva SN. [Diabetic 
retinopathy, mechanisms of development]. Oftalmol Zh. 
2003;2:82-88. Russian.

6.	 Nasledov A. [SPSS computer data analysis in psychology 
and social sciences]. Spb. Peter. 2005:416. Russian.

7.	 Nedzvetskaya OV. [Modern trends in diabetic retinopathy 
treatment]. Intern. Med. J. 2000; 3:56-58. Russian.

8.	 [New methods of biochemical analysis]. Leningrad 
university edition. 1991:395. Russian.

9.	 Olejnik ТV. [Possibility of correcting the glutathione 
levels within the retina during the streptozotocin-induced 
diabetes progress]. Oftalmol Zh. 2007;3:68-72. Russian.

10.	Pavlyuchenko KP, Mogilevsky SYu, Chujko AL. [The 
state of antioxidant enzymes system in the retina during 
experimental diabetes and application of vitamin В6]. 
Oftalmol Zh. 2011;3:73-78. Russian.

11.	Pavlyuchenko KP, Olejnik ТV. [Investigation of glutathione 
in the retina in rats with streptozotocin-induced 
diabetes]. Issues of ecological and medical genetics and 
clinical immunology. Collection of scientific works. 
2004;8(61):355-362. Russian.

12.	Sidorova MV. [Diabetic retinopathy. Pathogenesis, clinic, 
treatment]. K. SMP “AVERS”. 2006:156. Russian.

13.	Aiello LP, Cahill MT, Wong JS. Systemic considerations 
in the management of diabetic retinopathy. Am. J. 
Ophthalmol. 2001;32:760-776.

14.	Bayness JW. Role of oxidative stress in development of 
complications in diabetes. Diabetes. 1991;40:405-412.

15.	Bergmeyer HU. Methoden der enzymatischen Analyse. 
Herausgegeben von H. U. Bergmeyer. Berlin. 1986:2220.

16.	Brownlee M. Biochemistry and molecular cell biology of 
diabetic complications. Nature. 2001;414:813-820.

17.	Dervan E, Lillis D, Flynn L. Factors that influence the 
patient uptake of diabetic retinopathy screening. Irish. J. 
Med. Sci. 2008;177:303-308.

18.	Dickinson DA, Forman HJ. Cellular glutathione and thiols 
metabolism. Biochem. Pharmacol. 2002;64:1019-1026.

19.	Fong DS, Aiello LP, Ferris FL, Klein RK. Diabetic 
retinopathy. Ophthalmol. 2004;27:2540-2553.

20.	Lang GE. Pharmacological treatment of diabetic 
retinopathy. Ophthalmologica. 2007;221:112-117.

21.	Riley M, Meyer R, Yates E. Glutathione in the aqueous 
humor of human and other species. Invest. Ophthalmol. 
Vis. Sci. 1980;19:94-96.

22.	Speicher MA, Danis RP, Criswell M. Pharmacologic 
therapy for diabetic retinopathy. Expert Opion Emerg 
Drugs. 2003;8(1):239-250.


