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Background. There are current data on the role of dyslipidemia and enhanced processes of lipid 
peroxidation (LPO) in the pathogenesis of diabetic retinopathy (DR). However, pathogenic 
mechanisms which can explain the link between main parameters of lipid metabolism and 
development of DR, especially in high myopia, are still understudied. 
Purpose. To study the parameters of lipid metabolism and lipid peroxidation in blood and 
retina of streptozotocin-induced diabetic rats with deprivation myopia with a purpose to 
reveal the pathogenetic features of the development of type 2 diabetes mellitus in the presence 
of myopia. 
Material and Methods. The study was performed on Wistar rats. The rabbits were divided 
into four groups: group 1, 15 rabbits with axial myopia; group 2, 15 rats with diabetes; 
group 3, 15 rats with myopia and diabetes; 10 intact rats serving as controls. Eyelids of two-
week animals (30 rats) were sutured to induce axial myopia, according to Beuerman R.W. 
et al. The animals were kept under poor light conditions for 14 days. After a fortnight, the 
sutures were removed. In two weeks, 15 rats with myopia and 15 intact rats were induced type 
2 diabetes mellitus (T2DM). T2DM was induced using 5 daily intraperitoneal injections of 
streptozotocin (15.0 mg per 1 kg). The control rats were kept under natural light condition. 
The criterion of diabetes onset was an increase in the blood glucose level up to 4.5mmol/L. 
After two months, the animals were sacrificed under general anesthesia and the eyeballs were 
enucleated. To assess myopia severity, axial length was measured post mortem using a digital 
sliding caliper (Topex) with 0.02 mm accuracy. Levels of total cholesterol (TC), triglycerides 
(TG), high-density lipoprotein cholesterol (HDL-C) and low-density lipoprotein cholesterol 
(LDL-C) [16, 17], diene conjugates (DC), and malondialdehyde (MDA) were evaluated in the 
blood plasma and DC and MDA levels were measured in the retina. The Atherogenic Index 
(AI) was calculated. Data obtained were processed statistically with the parametric Student-t 
test using a software program (Statistica).  
Results.  Expressed disorders were revealed in lipid metabolism, including increased levels of 
TC, LDL-C, TG, decreased HDL-C, and those in ratios of metabolic parameters in the blood 
of STZ diabetic rats with and without myopia. No significant changes in the levels of TC, TG, 
LDL-C, and HDL-C were noted in the rats with deprivation myopia, which gives evidence that 
there are no disorders in lipid metabolism in the development of the myopic process. Our study 
revealed no significant difference in lipid profile outcomes between the diabetic-only animals 
and diabetic animals with myopia. 
Studying LPO parameters in deprivation myopia showed a statistically insignificant increase 
in the levels of MDA and DC both in the blood plasma and retina of the myopic rats as 
compared with controls. STZ-induced diabetes resulted in significant changes in the level of 
LPO products in the rats’ blood plasma and retina. The MDA level was 3.8 times increased in 
diabetes (р<0.001) and 4.6 times increased in diabetes with myopia (р<0.001) as compared 
with control. Similar changes were noted in the DC level, which was increased, as compared 
with control, by 118.8% (р<0.001) and 169.4% (р<0.001) in diabetes only and diabetes with 
myopia, respectively. Statistically insignificant changes in the levels of LPO were noted in the 
diabetic rats as compared with the diabetic rats with myopia. 
Conclusions. Disorders in lipid metabolism parameters in the peripheral blood were revealed 
both in SZT-induced diabetes and in SZT-induced diabetes in combination with axial myopia. 
There was no significant difference in lipid metabolism markers between groups with diabetes 
only and diabetes with axial myopia. Thus, the presence of axial myopia does not worsen lipid 
metabolism in the SZT-induced diabetic rats. The experiment confirmed the fact that lipid 
peroxidation is activated in the blood and retina of the SZT-induced diabetic rats; it is also 
activated in diabetes developed against axial myopia. No significant difference was revealed 
in the LPO parameters between diabetic rats with and without myopia. 
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Background
Diabetic Mellitus (DM) and diabetic complications 

are the major causes of disability in the working-age 
population. In this regard, the problem of studying the 
pathogenesis of DM as well as prophylaxis and treatment 
of diabetic retinopathy (DR) is an important social task of 
ophthalmology [1, 2].

DM of type 1 and 2 are known to be accompanied by 
processes of lipid peroxidation (LPO) and atherogenic 
disorders of lipid metabolism [3, 4]. At the same time, 
dyslipidemia and intense LPO processes have been found 
to play a significant role in the pathogenesis of DR. 

Thus, Aldebasi Y.H. and colleagues have reported 
on increased levels of plasma malondialdehyde, serum 
cholesterol, triglyceride and low-density lipoprotein and 
decreased levels of serum high-density lipoprotein in 
type 2 diabetic patients with proliferative retinopathy. 
Triglyceride, total cholesterol and lipoprotein have also 
been found risk factors for developing proliferative DR [5]. 

Otherwise, Zhou Y. et al. have studied the relationship 
between dyslipidemia and DR and found no obvious 
differences in triglycerides, total cholesterol, and high-
density lipoprotein cholesterol levels between patients 
with DR and without DR. However, the paper has reported 
on the increased low-density lipoprotein cholesterol level 
in DR [6]. In addition, according to Klein B. E. et al. and 
Chang, Y. C. (2013), not only low-density lipoprotein 
cholesterol but also total cholesterol is related with the 
presence of hard exudates in patients with DR [2, 7].    

Today, pathogenetic mechanisms which can explain 
the link between main parameters of lipid metabolism and 
development of DR are not completely understood.

Based on the literature data, the incidence of non-
proliferative and proliferative DR and DR progression is 
reduced in myopia and, especially, in high myopia [8-11]. 
A meta-analysis of populational cross-sectional studies has 
demonstrated that myopia reduces the risk of development 
of diabetic complications in the retina as compared to 
emmetropic eyes. Despite the available clinical data 
indicating that myopic individuals with a longer axial 
length of globe exhibit a decreased risk of developing DR, 
a protective mechanism of myopia is unclear. It is likely 
that in high myopia, vascular and metabolic factors can 
play a role in a decrease of DR severity.

The purpose of the present paper was to study the 
parameters of lipid metabolism and lipid peroxidation in 
blood and retina of streptozotocin-induced diabetic rats 
with deprivation myopia with a purpose to reveal the 
pathogenetic features of the development of type 2 DM in 
the presence of myopia. 

Material and Methods
The study was performed on rats following the General 

Ethical Principles of Animal Experiments (Third National 
Congress on Bioethics, Ukraine, Kyiv, 2007) and European 
Convention for the Protection of Vertebrate Animals 

used for Experimental and other Scientific Purposes 
(Strasbourg, 1986).

The rats were divided into four groups: group 1, 15 
rabbits with axial myopia; group 2, 15 rats with diabetes; 
group 3, 15 rats with myopia and diabetes; 10 intact rats 
serving as controls. 

Eyelids of two-week animals (30 rats) were sutured to 
induce axial myopia, according to Beuerman R.W. et al. 
[12]. The animals were kept under poor light conditions 
for 14 days, which contributed to achieving a higher rate of 
myopia [13]. After a fortnight, the sutures were removed. 
In two weeks, 15 rats with myopia and 15 intact rats 
were induced type 2 diabetes mellitus (T2DM). T2DM 
was induced using 5 daily intraperitoneal injections of 
streptozotocin (15.0 mg per 1 kg). Besides, the rats were 
fed with hyperlipidemic diet. This would suggest that 
the animals were induced T2DM. Since, according to 
Kovaleva et al., the proliferative capacity of the pancreas 
is decreased with age, streptozotocin-induce diabetes in 
4-5-week rats can develop T2DM [14]. Based on the data 
of Kolbin et al., streptozotocin diabetes which was induced 
in newborn rats fed with hyperlipidemic diet developed 
T2DM [15]. The control rats were kept under natural light 
condition.

Throughout the experiment, a blood glucose level was 
measured using a ME-DC (Germany) glucometer. The 
criterion of diabetes onset was an increase in the blood 
glucose level up to 4.5mmol/L and higher with 6-8 week 
age norm defined as (2.80±0.13) mmol/L.

After two months, the animals were sacrificed under 
general anesthesia and the eyeballs were enucleated. To 
assess myopia severity, axial length was measured post 
mortem using a digital sliding caliper (Topex) with 0.02 
mm accuracy. Data obtained were processed using the 
non-parametric tests. Levels of total cholesterol (TC), 
triglycerides (TG), high-density lipoprotein cholesterol 
(HDL-C) and low-density lipoprotein cholesterol (LDL-C) 
[16, 17], diene conjugates (DC), and malondialdehyde 
(MDA) were evaluated in the blood plasma and DC and 
MDA levels were measured in the retina. The Atherogenic 
Index (AI) was calculated using the following formula: AI 
= (TC - HDL-C) / HDL-C and ratios:  HDL-C/ LDL-C, 
TG/HDL-C.

Data obtained were processed statistically with the 
parametric Student-t criterion using a software program 
(Statistica).  

Results and Discussion
Following 5 intraperitoneal injections of streptozotocin 

(STZ), the glucose level ranged between 4.5 and 7.9 
mmol/l, equaling (5.11±0.29) mmol/l. The glucose level 
was significantly increased in the STZ diabetic rats, by 
82.5% as compared to the intact rats. 

We evaluated the state of lipid metabolism in all four 
groups by measuring TC, TG, HDL-C and LDL-C levels 
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(Table 1). In the peripheral blood, TC was significantly 
increased in the STZ diabetic rats and STZ diabetic rats 
with myopia, by 71.0% (р<0.001) and 77.5% (р<0.001), 
respectively, compared with controls. In the rats with 
deprivation myopia only, the glucose level was within the 
control values.  

In the blood plasma of the STZ diabetic rats, the 
LDL-C level was increased by 25.0% while the HDL-C 
level was decreased by 28.9% as compared with control 
(р<0.05). In the diabetic rats with myopia, the LDL-C 
level was increased by 30.8% (р<0.05) while the HDL-C 
level was decreased by 33.3% (р<0.01) as compared with 
control. These parameters of lipid metabolism did not 
change significantly in the group of rats with myopia only. 

An increased TG level was revealed in the blood 
plasma of the diabetic rats and diabetic rats with myopia, 
by 34.2% (р<0.05) and 28.9% (р<0.05), respectively, as 
compared to control (Table 1). No changes in the TG level 
were noted in the myopic rats. 

Besides, the Atherogenic Index was assessed for the 
blood of the studied animals. AI was equal to 6.38 and 7.17 
in diabetes-only and diabetes with myopia, respectively, 
vs. 2.07 in control. Herewith, an HDL-C/LDL-C ratio was 
characterized by lower values in the diabetic rats both 
without and with myopia, 0.49 and 0.44, respectively, 
while that was 0.80 and 0.87 in the myopic rats and 
control, respectively. Based on epidemiological studies, 
changes in the pointed ratios are an important risk factor 
for cardiovascular system disorders [19]. Assessing a TG/
HDL-C ratio, which can be used as an insulin resistance 
marker [20], it was found increased in the blood plasma 
of the diabetic rats due to increased TG and decreased 
HDL-C: by 3.06 and 3.4 in the diabetic rats and diabetic 
rats with myopia, respectively, vs. 1.69 in control. 

Thus, assessing lipid profile outcomes of the study 
groups, it can be concluded that pronounced STZ diabetes-
induced disorders in lipid metabolism were noted in 
groups 2 and 3. No significant changes in TC, TG, LDL-C, 
and HDL-C levels were revealed in the animals with 
deprivation myopia, which gives evidence of the absence 
of disorders in lipid metabolism in myopia development. 
Our study revealed no significant difference in lipid profile 
outcomes between the animals with diabetes only and 
animals with diabetes and myopia.  Consequently, myopia 
did not worsen the disorders in lipid metabolism in the rats 
with SZT diabetes. 

According to different authors, as a rule, lipid 
metabolism is disordered in diabetes mellitus with increased 
levels of cholesterol, triglycerides, and other compounds. 
In turn, dyslipidemia, over time, increases significantly the 
risk of ischemia in tissues and atherosclerosis [21–24].

The following stage of the work was studying the LPO 
processes and determining such markers as MDA and DC 
in the blood and retina of the studied rats. Biochemical 
studies of LPO parameters in deprivation myopia showed 
a tendency to an increase in the intensity of the LPO 
process in the blood and retina (Tables 2. 3). A statistically 

insignificant increase was noted in MDA and DC levels 
both in the blood and retina of the myopic rats as compared 
with control. 

SZT diabetes caused changes in LPO products in the 
rats’ blood: MDA and DC levels were increased by 64.2% 
(р<0.001) and 48.6% (р<0.001), respectively, as compared 
with control and by 42.4% (р<0.01) and 36.9% (р<0.05), 
respectively, as compared with the rats with myopia (Table 
2). 

The MDA and DC levels were even more increased in 
the diabetic rats with myopia, equaling 199.6% (р<0.001) 
and 163.8% (р<0.001), respectively, as compared with 
control and 166.0% (р<0.001) and 151.0% (р<0.01), 
respectively, as compared with the rats with myopia 
only. Comparing the data obtained from the diabetic rats 
with myopia, we found that the MDA and DC levels 
were increased by 16.8% (р>0.05) and 10.3% (р>0.05), 
respectively, as compared with diabetic rats without 
myopia. 

LPO parameters in the rats’ retina were insignificantly 
increased in myopia and more pronounced changes in both 
NDA and DC levels were noted in the retina of diabetic 
rats as compared with control (Table3). Thus, the MDA 
level in the retina was increased 3.8 times (р<0.001) and 
4.6 times (р<0.001) in the rats with diabetes and diabetic 
rats with myopia, respectively, compared with control. 
Similar changes were noted in DC levels in the retina of 
the studied rats, showing an increase by 118.8% (р<0.001) 
and 169.4% (р<0.001) in the diabetic rats and diabetic rats 
with myopia, respectively, compared with control.

Comparison of the LPO data obtained from the retinas of 
the studied groups showed that the DC level was increased 
by 90.8% (р<0.001) and 115.2% (р<0.001) in group 2 
with diabetes and group 3 with diabetes and myopia, as 
compared with group 1 with myopia. The MDA and DC 
levels in the diabetic rats with myopia were increased by 
20.5% and 12.8%, respectively, compared with diabetic 
rats without myopia. However, the difference between the 
groups was not statistically significant (р>0.05) so we can 
speak only about a tendency to their increase.

Thus, we obtained the data supporting the fact that 
LPO processes are activated in experimental animals 
with diabetes. Moreover, it was found that when diabetes 
was induced in the rats with a longer axial length due to 
a model of axial myopia, metabolic changes, especially 
in the retina tissues, were more pronounced although the 
difference was not statistically significant. 

We found that the LPO processes were intense in the 
blood and retina of the rats with axial myopia, which 
confirms the data of other scientists. Thus, several papers 
have reported on the absence of significant changes in 
LPO product levels but only a tendency to increase. Eun 
Bi Kim et al. have shown no significant differences in 
MDA levels in the aqueous humor in patients with high 
myopia compared to control (aqueous humor after cataract 
extraction) and no significant correlation with axial length 
[25]. At the same time, there are papers demonstrating 
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increased levels of LPO products and decreased activity 
of the antioxidant system in the blood of children with 
myopia. Thus, however, some papers highlight a certain 
role of oxidative stress in the development of myopia, 
especially in the combination of other eye diseases [28, 
29], including diabetes [31, 31].

Yuri K. S. and colleagues have noted alterations in 
lipid profile outcomes in four-month rats with neonatally-
induced SZT diabetes as follows: levels of LPO, 
triglycerides, and cholesterol tended to be increased, 
however, due to variability, the data obtained did not differ 
significantly from the control group [32].

Lipid metabolism disorders are alleged to play a certain 
role in the development of diabetic microangiopathy [33].  
Herewith, patients with microvascular complication and 
increased glycated hemoglobin (> 8%), including those 
with diabetic retinopathy, had significantly increased levels 
of total cholesterol and atherogenic lipids [34]. According 
to Nagra P.K. and colleagues, triglyceridemia can increase 
significantly the risk of retinal vascular occlusion [35].

One of the possible mechanisms of the pathogenic 
action of increased lipid metabolism parameters can be 
considered a possibility of lipoprotein diffusion into the 
retinal extracellular space with the formation therein of 
exudates and macular edema [1].

Taking into account that the retina has a high oxidative 
activity, modification of lipoproteins can contribute to the 
accumulation of LPO products, an increased level of which 
has a pathogenetic role for diabetic complications [2]. 
Also, LPO levels in the retinal vascular tissues correlate 
with those in the blood serum and are associated with 
severity of diabetic retinopathy in patients.    

Increased levels of MDA and other free-radical 
lipid oxidation products in blood in diabetes enhance 
peroxidation processes in a lipoprotein complex and, thus, 
can affect the affinity of lipoproteins to their receptors 
and cause the formation of cholesteric thickening in the 
tissue vessels, including those in ocular tissues [36, 37]. 
Furthermore, accumulation of LPO products in diabetic 
patients contributes to the stiffening of cell membranes with 
a decreased unsaturated fatty acid level, which changes 
their functional activity, decreases an enzyme-coupling 
capacity of insulin receptors and glucose consumption by 
cells [4, 38]. 

It should also be noted that the retina, which is 
characterized by a strong need in energy metabolism, is 
under conditions of constant light effects, which causes 
increased sensitivity to oxidative stress [39].

That’s why oxidative stress today is considered as 
an important pathogenetic factor in the development of 
diabetic retinopathy in type 1 and 2 diabetes mellitus [40].

Features of metabolism in the blood and retina of type 
2 diabetic animals with axial myopia, which we revealed 
in the experiment, can be relevant for determining the 
mechanism of mutual effect between myopia and diabetic 
complications.        

Conclusions
Firstly, we revealed disorders in lipid metabolism 

parameters (increased levels of total cholesterols, 
triglycerides, low-density lipoprotein cholesterol and 
decreased high-density lipoprotein cholesterol) in the 
peripheral blood both in SZT-induced diabetes and in 
SZT-induced diabetes in combination with axial myopia. 
Herewith, there was no significant difference in lipid 
metabolism markers between groups with diabetes only 
and diabetes with axial myopia. Thus, the presence of axial 
myopia does not worsen lipid metabolism in SZT-induced 
diabetic rats. 

Secondly, the experiment confirmed the fact that 
lipid peroxidation is activated in the blood and retina of 
the SZT-induced diabetic rats, evidenced by increased 
levels of diene conjugates and malondialdehyde; it is also 
activated in diabetes developed against axial myopia. No 
significant difference was revealed in the LPO parameters 
between diabetic rats with and without myopia. 
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Table 1. Levels of lipid metabolism parameters in the peripheral blood of the rats with deprivation myopia and streptozotocin-
induced diabetes (mmol/L) 

Statistical
indices

Control
(n = 10)

Myopia
(n = 15)

Type 2 DM
(n = 15)

Myopia
+ Type 2 DM

(n = 15)

Total cholesterol (TC)
M±m

%
р

%1
р1
%2
р2

1.38±0.08 
100.0

-
-
-
-
-

1.32±0.10
96.7

>0.05
100.0

-
-
-

2.36±0.14
171.0

<0.001
178.8

<0.001
100.0

-

2.45±0.13
177.5

<0.001
185.6

<0.001
103.8
>0.05

Low-density lipoprotein cholesterol (LDL-C)
M±m

%
р

%1
р1
%2
р2

0.52±0.03 
100.0

-
-
-
-
-

0.54±0.03
103.8
>0.05
100.0

-
-
-

0.65±0.04
125.0
<0.05
120.4
<0.05
100.0

-

0.68±0.05
130.8
<0.05
125.9
<0.05
104.6
>0.05

High-density lipoprotein cholesterol (HDL-C)
M±m

%
р

%1
р1
%2
р2

0.45±0.04 
100.0

-
-
-
-
-

0.43±0.04
95.6

>0.05
100.0

-
-
-

0.32±0.03
71.1

<0.05
74.4

<0.05
100.0

-

0.30±0.03
66.7

<0.01
69.8

<0.05
93.8

>0.05
Triglycerides (TG)

M±m
%
р

%1
р1
%2
р2

0.76±0.06 
100.0

-
-
-
-
-

0.78±0.05
102.6
>0.05
100.0

-
-
-

0.98±0.07
128.9
<0.05
125.6
<0.05
100.0

-

1.02±0.09
134.2
<0.05
130.8
<0.05
104.1
>0.05

Note: n – number of animals; р – a level of significance of differences as compared with control; р1 – a level of significance 
of differences as compared with the rats with deprivation myopia; р2 – a level of significance of differences as compared with 
the rats with type 2 DM
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Table 2. Levels of lipid peroxidation products in the peripheral blood of the rats with deprivation myopia and streptozotocin-
induced diabetes (nmol/L) 

Statistical indices Control
(n = 10)

Myopia
(n = 15)

Type 2 DM
(n = 15)

Myopia
+ Type 2 DM

(n = 15)

 Malondialdehyde 
M±m

%
р

%1
р1
%2
р2

16.25±1.34 
100.0

-
-
-
-
-

18.73±1.67
115.3
>0.05
100.0

-
-
-

26.68±2.34
164.2

<0.001
142.4
<0.01
100.0

-

31.16±2.75
199.6

<0.001
166.0

<0.001
116.8
>0.05

Diene conjugates
M±m

%
р

%1
р1
%2
р2

2.82±0.23
100.0

-
-
-
-
-

3.06±0.28
108.5
>0.05
100.0

-
-
-

4,19±0,37
148,6

<0,001
136,9
<0,05
100,0

-

4.62±0.42
163.8

<0.001
151.0
<0.01
110.3
>0.05

Note: n – number of animals; р – a level of significance of differences as compared with control; р1 – a level of significance 
of differences as compared with the rats with deprivation myopia; р2 – a level of significance of differences as compared 
with the rats with type 2 DM
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Table 3. Levels of lipid peroxidation products in the retina of the rats with deprivation myopia and streptozotocin-induced 
diabetes (nmol/L) 

Statistical indices Control
(n = 10)

Myopia
(n = 15)

Type 2 DM
(n = 15)

Myopia
+ Type 2 DM

(n = 15)
Malondialdehyde 

M±m
%
р

%1
р1
%2
р2

723.16±58.25 
100.0

-
-
-
-
-

885.87±75.47
122.5
>0.05
100.0

-
-
-

2778.36±225.12
384.2

<0.001
313.6

<0.001
100.0

-

3349,74±325,12
527.2

<0.001
378.1

<0.001
120.5
>0.05

Diene conjugates
M±m

%
р

%1
р1
%2
р2

132.47±10.36 
100.0

-
-
-
-
-

151.94±12.03
114.7
>0.05
100.0

-
-
-

289.83±27.24
218.8

<0.001
190.8

<0.001
100.0

-

326,92±29,24
269.4

<0.001
215.2

<0.001
112.8
>0.05

Note: n – number of animals; р – a level of significance of differences as compared with control; р1 – a level of significance 
of differences as compared with the rats with deprivation myopia; р2 – a level of significance of differences as compared 
with the rats with type 2 DM 


