ISSN 0030-0675. Journal of Ophthalmology (Ukraine) - 2020 - Number 6 (497)

Changes in endothelial nitric oxide synthase activity over time
after induction of experimental diabetic retinopathy
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Purpose: To examine changes in the activity of endothelial nitric oxide (NO) synthase
in the development of endothelial dysfunction in experimental diabetic retinopathy
corrected by various methods.
Material and Methods: Albino (Wistar) rats (weight, 180-200 g) were used in this
study and divided into 7 groups 60 animals each.
Results: We found impaired endothelial function at day 30 of the experiment, and,
subsequently, animals exhibited progression of pathological changes. Hypoglycemic
agent only caused a mild, but not significant improvement in endothelial dysfunction, and
did not allow restoration of normal synthesis of the proper amount of NO. Application
of L-arginine and aflibercept in combination with hypoglycemic therapy for diabetic
retinopathy led to repair of endothelial dysfunction and contributed to restoration of the
physiological pathway for production of NO. Application of aflibercept and bromfenac
in combination with hypoglycemic therapy for diabetic retinopathy led to a less
pronounced effect than multi-component therapy including L-arginine, and this effect
was not durable and significantly decreased by day 180. Application of aflibercept,
L-carnitine and bromfenac in combination with hypoglycemic therapy showed more
promising results than the above methods: endothelial NO synthase (eNOS) activity
increased at time point 1, and continued to increase subsequently, although normal
values were not achieved.
Conclusion: Aflibercept, L-arginine and citicoline in combination with hypoglycemic
therapy was the most effective method among those tested in this study, with eNOS
activity not only increasing as early as day 30, but also continuing to increase
subsequently (days 60 and 180) and achieving normal values at day 180.

Introduction

Diabetes mellitus (DM) is still a menacing challenge in
the 21st century, and although a wide variety of advanced
medications are available to treat type 1 DM (T1DM) and
type 2 DM (T2DM), the disease progresses with time [1].
Approximately half of patients with T2DM exhibit signs
of vascular abnormality by the time of diagnosing [2].
The American Heart Association has classified T2DM
as a major controllable risk factor that can potentially
lead to cardiovascular disease [3]. Vascular lesions
(microangiopathies and macroangiopathies) are the main
pathogenetic components of various disorders involving
the cardiovascular system, which is mainly because of
vascular endothelium abnormalities [4]. In addition,
diabetes mellitus is a pandemic of the 21st century.
According to the International Diabetes Federation (IDF),
424.9 million people had diabetes mellitus in 2017, and
the disease is a global problem of modern society [5].
Microvascular and macrovascular complications result
from the development and progression of endothelial
dysfunction, and worsen the prognosis of patients with
diabetes [5].
Endothelial dysfunction in diabetes mellitus is
manifested by loss of endothelial cell vasomotor,
antithrombotic, anti-inflammatory and adhesive functions
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[6]. Most antidiabetic medications have no endothelial
protective effect. Therefore, undoubtedly, there is a need
for the development of novel means of correction of
diabetes, which would not only have hypoglycemic effect,
but also would be capable of improving vasodilatation
and other endothelial functions in diabetes, activating
endothelial NO-synthase (eNOS) and normalizing nitric
oxide production [5].
Endothelial NO synthase catalyzes the production of
nitric oxide from L-arginine in endothelial cells. Three
isoforms of NO synthase (neuronal, NOS1; macrophage or
inducible, iNO, NOS2; and endothelial, NOS3) differ from
each other by their location and the way of their activation
[7]. Endothelial NO-synthase is a constitutive form of
NO-synthase, i.e., it (a) catalyzes continuous synthesis
of nitric oxide, (b) is produced in vascular endothelial
cells, and (c) regulates the tone of vascular smooth muscle
cells [8, 9]. Diabetes mellitus is characterized by an
impaired production of nitric oxide. Reduced production
of free nitric oxide results in insufficient capillary dilation,
vasospasm and dominance of vasoconstriction factors [10,
11 , 12].
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Local concentration of NO is the main contributor to
its biological effect. Production of small (physiologically
required) amounts of nitric oxide is essential for proper
regulation of important body functions [13]. In high
concentrations of NO, its indirect effects begin to
dominate due to its prolonged overproduction, and
cause its cytotoxic effects. Impaired NO production and
impaired NO bioavailability are not only a risk factor
for cardiovascular disorders, but a predictive factor in
the progression of the pathological process. A decrease
in the level of biologically active NO and a decrease in
NO bioavailability are a key phase in the development of
endotherlial dysfunction [13].
The purpose of the study was to examine changes in
the activity of endothelial NO-synthase in the development
of endothelial dysfunction in experimental diabetic
retinopathy corrected by various methods.
Material and Methods

Albino (Wistar) rats (weight, 180-200 g) were used in
this study and divided into 7 groups 60 animals each:
Group 1, intact animals;
Group 2, animals in which diabetic retinopathy was
induced without subsequent correction;
Group 3, animals in which diabetic retinopathy was
induced with subsequent correction of hyperglycemia;
Group 4, animals in which diabetic retinopathy was
induced with subsequent correction of hyperglycemia,
injection of aflibercept and L-arginine solution;
Group 5, animals in which diabetic retinopathy was
induced with subsequent correction of hyperglycemia,
injection of aflibercept and bromfenac;
Group 6, animals in which diabetic retinopathy was
induced with subsequent correction of hyperglycemia,
injection of aflibercept, L-carnitine and bromfenac;
Group 7, animals in which diabetic retinopathy was
induced with subsequent correction of hyperglycemia,
injection of aflibercept, L-arginine and citicoline.
Type 2 diabetes mellitus and diabetic retinopathy
were induced in animals by intraperitonal injection of
streptozotocin (Sigma, St. Louis, MO) dissolved in 0.1
M sodium citrate buffer pH 4.5 [14]. Mice were fed with
a high-fat diet for 28 days [15] followed by a dose of
streptozotocin of 55 mg/kg given in two injections.

Aflibercept, an anti-VEGF, was administered by
subconjunctival injection daily at a dose of 0.08 mL (25
mg/mL) [18].
Bromfenac ophthalmic solution 0.09% was instilled
daily [19].
L-carnitine (Sigma) was administered by intragastrical
injection at a dose of 25 mg/ 100 g body weight given
as aqueous solution through the syringe attached to an
intragastric tube [20, 21].
Citicoline was administered by intramuscular injection
daily at a dose of 81.8 mg/kg (0.33 mL/kg).
Animals were euthanized at particular time points, days
30, 60 and 180 after induction of experimental diabetes
mellitus. Animals were euthanized by decapitation under
light anesthesia with ethyl ether in compliance with the
Decree No.249 of the Ministry of Health of Ukraine
dated 01.03.2012 and the Law of Ukraine on Protection
of Animals from Cruel Treatment No. 3447-IV (with
amendments dated 15.12.2009 and 16.10.2012).
Blood was collected from the retroorbital venous
plexus located in the orbit behind the globe. A puncture
was made by rotating a glass pipette with a sharpened tip
and capillary tube attached. After the conjunctival sac was
punctured at the medial cantus of the eye, between the
globe and the orbit, the pipette was introduced at 2-4 mm
posterior to the globe. The pipette tip was considered to be
placed in the venous plexus when the capillary tube of the
pipette was full with blood.
Activity of endothelial NO-synthase was determined
spectrophotometrically [22].
Statistics

Longitudinal comparisons (between time points) and
intergroup comparisons of endothelial and inducible
NO-synthase activity were evaluated by parametric
statistical tests. Data was checked for normality using
Pustylnik’s asymmetry and excess test. Data distribution
was considered normal when empirical asymmetry and
excess values did not exceed threshold values, i.e., Aemp
< Atr, Eemp < Etr, where Aemp and Eemp were calculated
asymmetry and excess values, whereas asymmetry and
excess threshold values were calculated as follows [23]:

Doses of drugs used

Metformin (Merck Santé s.a.s, Lyon, France), a
hypoglycemic agent, was administered at a dose of 300
mg/kg given in 0.9% saline daily through the oral syringe
attached to an intragastric tube.
The NO donor, L-arginine (SIMESTA, China; quality
standard: USP32), was administered by intragastrical
injection at a dose of 500 mg/kg given in 0.9% saline
through the syringe attached to an intragastric tube. The
volume of saline injected depended on animal weight and
was not more than 1 mL. The agent was injected daily
before morning feeding for 10 days [17].

Because all the data was found to be normally
distributed, sample mean values were used for further
statistical analysis. Independent samples were used for (a)
intergroup comparisons and (b) longitudinal comparisons
within each group. The statistical hypotheses were as
follows:
H0: the variance of Group 1 = the variance of Group 2;
H1: the variance of Group 1 > the variance of Group 2.
Since both hypotheses are directed, we can apply a
one-sided test.
Hypothesis H0 can be rejected if Femp > Ftr. If the
p-value of the test statistic is more than some significance
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level, the null hypothesis (H0) is accepted; otherwise it is
rejected. The level of significance p ≤ 0.05 was assumed.
The parametric Student t test was used for comparisons
of means. For comparisons of mean values, the directed
hypotheses were as follows:
H0: the mean value for Group 1 = the mean value for
Group 2;
H1: the mean value for Group 1 is larger than the mean
value for Group 2.
In order to make a decision, an absolute value of
calculated t was compared with a one-sided threshold
value. If |temp| < |ttr|, the null hypothesis could not be
rejected. The conclusions could be also made based on the
p-value. Statistical analyses were conducted with PASW
statistics 18 (SPSS Inc., Chicago, IL) software. We applied
the t-test procedure for independent samples which
includes comparisons both for variances and mean values.
Let us test the hypothesis of homoscedasticity of
variances and equality of mean values for animals of group
1 and group 2 at time point 1 with regard to von Willebrand
factor (Table 1). PASW statistics 18 software uses Levene's
test to assess the equality of variances. Since 0.078 > 0.05,
the variances were homoscedastic. Correspondingly,
to assess the equality of mean values, values of the first
series with the equality of variances should be used. In
this series, we had a two-sided p-value of 0, which was
less than the selected level of significance (0.05). In
subsequent comparisons, if a two-sided p-value was not 0,
it was divided by 2 to obtain a one-sided p-value, because
we were interested in a directed hypothesis. Therefore, in
this example, the mean value of von Willebrand factor for
Group 2 was larger than that for Group 1 at time point 1.
In subsequent tests, we noted whether the mean
values were equal or not, and, if they did not, we had to
specify the difference between them. The t-test determines
whether the mean values are equal or not, but it does not
allow assessing the difference between the mean values
accurately. It should be mentioned that this difference is
rather relative. We calculated the percentage difference
between mean values for Group 1 and Group 2:
Therefore, we demonstrated the comparison in mean
von Willebrand factor between groups of animals.
The Mann-Whitney test was used to determine
the statistical significance of differences in particular
parameters, with box plots used to show distribution of
parameter levels for the groups (Figs 1-3). The level of
significance p < 0.05 was assumed.
Results

The results of our study of changes in activity of
endothelial NO-synthase are shown in Table 2 and Figs
1-3.
There was a significant decrease (by 58.07%) in eNOS
activity in group 2 (animals in which diabetic retinopathy
was induced without subsequent correction) compared
to group 1 (intact animals) as early as at time point 1 (р
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< 0.05). In addition, at time point 2, eNOS activity in
group 2 was significantly decreased, by 76.45% (р < 0.05)
compared to intact animals, and by 10.95% (р < 0.05)
compared to time point 1. Moreover, at time point 3, eNOS
activity in group 2 was significantly decreased, by 87.5%
(р < 0.05) compared to intact animals, and by 20% (р <
0.05) compared to time point 1, but a decrease compared
to time point 2 was not statistically significant.
There was a significant decrease (by 41.41%) in eNOS
activity in group 3 (animals in which diabetic retinopathy
was induced with subsequent correction of hyperglycemia
with metformin) compared to intact animals at time point
1 (р < 0.05). However, at this time point, due to positive
effect of the hypoglycemic agent, eNOS activity in group
3 was 10.54% higher than in animals in which diabetic
retinopathy was induced without subsequent correction
(р < 0.05). In addition, at time point 2, eNOS activity
in group 3 was significantly decreased, by 51.01% (р <
0.05) compared to group 1, and significantly increased, by
14.42% (р < 0.05), compared to animals in which diabetic
retinopathy was induced without subsequent correction,
but a decrease compared to time point 1 was not statistically
significant. Moreover, at time point 3, eNOS activity in
group 3 was significantly decreased, by 68.92% (р < 0.05)
compared to intact animals, and significantly increased,
by 11.6% (р < 0.05), compared to animals in group 2. At
this time point, eNOS activity in group 3 was significantly
decreased, by 18.58% (р < 0.05) compared to time point 1,
and by 11.71% (р < 0.05) compared to time point 2.
In animals of group 4, L-arginine solution and
aflibercept were used in addition to the hypoglycemic
agent for correction of endothelial dysfunction. At time
point 1, eNOS activity in this group was significantly
decreased, by 28.81% (р < 0.05), compared to intact
animals, and significantly increased, by 18.51% (р < 0.05),
compared to group 2 (no correction of hyperglycemia), and
by 8.91% (р < 0.05), compared to group 3 (correction of
hyperglycemia with metformin). In addition, at time point
2, eNOS activity in group 4 was significantly decreased,
by 21.20% (i.e., less apparently than at time point 1) (р
< 0.05), compared to intact animals, but there was no
significant difference in eNOS activity between time point
2 and time point 1 for group 4. Moreover, at time point 2,
eNOS activity in group 4 was significantly increased, by
31.31% (р < 0.05), compared to group 2, and, by 19.74%
(р < 0.05), compared to group 3. At time point 3 (day 180),
a decrease in eNOS activity in group 4 (12.95%; р<0.05)
compared to intact animals was less pronounced than at
time point 2. In addition, eNOS activity in group 4 was
significantly increased, by 40.89% (р < 0.05), compared to
group 2 (with a pathologically decreased eNOS activity),
and by 33.13% (р < 0.05), compared to group 3. At this
time point, eNOS activity in group 4 was significantly
increased, by 12.95% (р < 0.05) compared to time point 1,
and by 6.93% (р < 0.05) compared to time point 2.
In rats of group 5, diabetic retinopathy was induced
with subsequent correction of hyperglycemia, injection
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of aflibercept and bromfenac. At time point 1, eNOS
activity in group 5 was significantly decreased, by 34.51%
(р < 0.05), compared to intact animals, and significantly
increased, by 14.91% (р < 0.05), compared to group 2.
There was, however, no significant difference in eNOS
activity between group 5 and group 3 or group 4 at this
time point. At time point 2, eNOS activity in group 5 was
significantly decreased, by 42.26% (р < 0.05), compared
to group 1, but there was no significant difference in eNOS
activity between time point 1 and time point 2 for group
5. In addition, eNOS activity in group 5 was significantly
increased, by 19.37% (р < 0.05), compared to group 2, and
significantly decreased, by 17.38% (р < 0.05), compared
to group 4, but there was no significant difference in eNOS
activity between group 5 and group 3. At time point 3,
eNOS activity in group 5 was significantly decreased,
by 50.3% (р < 0.05), compared to intact animals, and
significantly increased, by 21.34% and 11.02% (р < 0.05),
compared to group 2 and group 3, respectively. Of note
that eNOS activity in group 5 was significantly decreased,
by 33.07% (р < 0.05), compared to group 4 (correction
of hyperglycemia with metformin, L-arginine solution and
aflibercept). At time point 3, eNOS activity in group 5 was
significantly increased, by 10.92% (р < 0.05) compared
to time point 1, but there was no significant difference in
eNOS activity between time point 3 and time point 2 for
group 5.
In animals of group 6, injection of aflibercept, L-carnitine
and bromfenac were used in addition to metformin for
correction of induced diabetic retinopathy. At time point
1, eNOS activity in group 6 was significantly decreased,
by 18.93% (р < 0.05), compared to intact animals, but
this decrease was substantially less pronounced than
decreases in other groups at this time point. In addition,
eNOS activity in group 6 was significantly increased, by
24.76% (р < 0.05), compared to group 2 (no correction
for induced diabetic retinopathy), by 15.89% (р < 0.05),
compared to group 3, by 7.67% (р < 0.05), compared to
group 4, and by 11.58% (р < 0.05), compared to group 5.
At time point 2 (day 60), eNOS activity in group 6 was
significantly decreased, by 13.06% (р < 0.05), compared
to intact animals, but this decrease was less pronounced
than at the previous time point, and there was no significant
difference in eNOS activity between time point 1 and time
point 2 for group 6. Moreover, at this time point, eNOS
activity in group 6 was significantly increased, by 35.92%
(р < 0.05), compared to group 2, by 25.13% (р < 0.05),
compared to group 3, and by 6.72% (р < 0.05) and 20.53%
(р < 0.05), compared to group 4 and group 5, respectively.
At time point 3 (day 180), eNOS activity in group 6 was
significantly decreased, by 7.76% (р < 0.05), compared
to intact animals, and this decrease was less pronounced
than at time point 2. In addition, at this time point, eNOS
activity in group 6 was significantly increased, by 43.61%
(р < 0.05), compared to group 2, by 36.21% (р < 0.05),
compared to group 3, and by 28.3% (р < 0.05), compared
to group 5; it was increased, compared to group 4, but the

difference was not statistically significant. At time point 3,
eNOS activity in group 6 was significantly increased, by
10.06% (р < 0.05) compared to time point 1, but there was
no significant difference in eNOS activity between time
point 3 and time point 2 for group 6.
In group 7, injection of aflibercept, L-arginine solution
and citicoline, in addition to metformin, were used for
correction of induced diabetic retinopathy. In this group,
positive changes in eNOS activity were observed as early
as time point 1, and the level was decreased just by 15.6%
compared to intact animals, but was higher than in all other
groups at this time point. In addition, at this time point,
eNOS activity in group 7 was significantly increased,
by 27.15% (р < 0.05), compared to group 2, by 18.56%
(р < 0.05), compared to group 3, by 10.6% (р < 0.05),
compared to group 4, and by 14.39% (р < 0.05), compared
to group 5, but there was no significant difference in eNOS
activity between group 6 and group 7. At time point 2, a
positive tendency of restoration of eNOS activity in group
7 was still observed, and the level was decreased just by
8.95% compared to intact animals, and was significantly
decreased, by 38.25% (р < 0.05), compared to group 2,
by 27.85% (р < 0.05), compared to group 3, by 10.11% (р
< 0.05), compared to group 4, and by 24.42% (р < 0.05),
compared to group 5. There was, however, no significant
difference in eNOS activity between group 6 and group 7
at this time point. At time point 3 (day 180), there was no
significant difference in eNOS activity between group 7
and intact animals, which confirmed that the best efficacy
of this approach to correction of eNOS activity was most
pronounced at late time points. In addition, at this time
point, eNOS activity in group 7 was significantly increased,
by 48.36% (р < 0.05), compared to group 2, by 41.58%
(р < 0.05), compared to group 3, by 12.63% (р < 0.05),
compared to group 4, by 34.34% (р < 0.05), compared to
group 5, and by 8.42% (р < 0.05), compared to group 6.
Moreover, at time point 3, eNOS activity in group 7 was
significantly increased, by 14.93% (р < 0.05), compared to
time point 1, and by 9.54% (р < 0.05), compared to time
point 2.
Discussion

Nitric oxide plays key role in the regulation of
endothelial function and vascular tone in patients with
diabetes mellitus [24].
Endothelial nitric oxide synthase is an enzyme that
transforms NO donor, L-arginine, into NO and citrulline
(the physiological pathway of NO production) [25].
Experimental studies have demonstrated that
prolonged inhibition of eNOS led to organic sequelae
such as severe and prolonged arterial hypertension (AH)
with atherosclerosis and organic vascular lesions [26-28].
Evidence of NO involvement in blood pressure regulation
has been reported and NO deficiency or rapid NO
breakdown in endothelial dysfunction was shown to result
in arterial hypertension and cardiovascular disorders [29].
Nitric oxide is a regulator of major endothelial
functions, plays a key role in relaxation and decreased
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migration and proliferation of vascular smooth muscle
cells, inhibition of platelet and white cell adhesion to the
endothelium, and inhibition of oxidation of low-density
lipoproteins [26, 30-32].
NO formation occurs via NO synthase, a Ca2+/
calmodulin-dependent enzyme, by oxidation of the
guanidine nitrogen of L-arginine to L-citrulline with NO
as a by-product [33].
In the current study, there was evidence of endothelial
dysfunction and low physiological production of NO as early
as day 30 of induced diabetic retinopathy, with progression
of pathologic changes at day 60 and especially 180, which
was indicated by decreased activity of endothelial NO
synthase in group 2 (р < 0.05). The results of group 3
showed that, the hypoglycemic agent only caused a mild,
but not significant improvement in endothelial dysfunction,
and did not allow restoration of normal synthesis of the
proper amount of NO, which confirmed once more that
additional means (aside from hypoglycemic agents)
should be used for these purposes. The results of group
4 showed that, application of L-arginine and aflibercept
in combination with hypoglycemic therapy for diabetic
retinopathy led to repair of endothelial dysfunction and
contributed to restoration of the physiological pathway
for production of NO, with the most pronounced effect
observed at day 180, but normal values were not achieved.
Application of aflibercept and bromfenac in combination
with hypoglycemic therapy for diabetic retinopathy (in
animals of group 5) led to a less pronounced effect than
multi-component therapy including L-arginine, and this
effect was not durable and significantly decreased by day
180. Application of aflibercept, L-carnitine and bromfenac
in combination with hypoglycemic therapy in experimental
diabetic retinopathy (in animals of group 6) showed more
promising results than the above methods. These results
indicated that eNOS activity increased as early as time
point 1, and continued to increase subsequently, although
normal values were not achieved.
We found that aflibercept, L-arginine and citicoline
in combination with hypoglycemic therapy was the most
effective method among those tested in this study, with
eNOS activity not only increasing as early as day 30, but
also continuing to increase subsequently (days 60 and 180)
and achieving normal values at day 180.
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Table 1. Comparison of means for two samples
Test for independent samples
Levene’s
test of
equality of
variances

F

Assumption
of equality of
variances

Value

T-test for equality of means

t

3.288 .078 -13.325

Standard
Difference
error of the
in means
difference

95% confidence
interval for the
difference in means

Degree
of freedom

Two-sided
significance

38

.000

-20.60400

1.54627

-23.73427 -17.47373

.000

-20.60400

1.54627

-23.74834 -17.45966

Lower
limit

Upper
limit

VAR00001
No assumption
of equality of
variances

50

-13.325 33.442
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Table 2. Activity of endothelial nitric oxide synthase (μMol/L/hr) in blood of experimental animals in experimental diabetic
retinopathy corrected by various methods at days 30, 60 and 180
Time points
Groups

Time point 1
(day 30)

Time point 2
(day 60)

Time point 3
(day 180)

Group 1

0.74 ± 0.02

0.75 ± 0.02

0.75 ± 0.02

Group 2

0.47 ± 0.02

0.42 ± 0.02

0.4 ± 0.02

Group 3

0.53 ± 0.02

0.5 ±0.02

0.44 ± 0.02

Group 4

0.58 ± 0.02

0.62 ± 0.02

0.66 ± 0.02

Group 5

0.55 ± 0.02

0.53 ± 0.02

0.5 ± 0.02

Group 6

0.63 ± 0.02

0.66 ± 0.02

0.7 ± 0.02

Group 7

0.65 ± 0.02

0.69 ± 0.02

0.76 ± 0.02
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Fig. 1. eNOS activity at day 30 after induction of diabetic retinopathy
(A) Box plots show distribution of eNOS levels for each group of the study. * denotes a significant difference between the
control group (group 1) and experimental group (groups 2 to 7, 20 animals each); Mann-Whitney Test, р <0.05. (B) Box
plots show distribution of eNOS levels for groups 2 and 3. The difference in eNOS levels between group 2 and group 3 was
statistically significant (Mann-Whitney Test, р <0.05). (C) Box plots show distribution of eNOS levels for groups 2 and 4.
The difference in eNOS levels between group 2 and group 4 was statistically significant (Mann-Whitney Test, р <0.05). (D)
Box plots show distribution of eNOS levels for groups 2 and 5. The difference in eNOS levels between group 2 and group
5 was statistically significant (Mann-Whitney Test, р <0.05). (E) Box plots show distribution of eNOS levels for groups
2 and 6. The difference in eNOS levels between group 2 and group 6 was statistically significant (Mann-Whitney Test, р
<0.05). (F) Box plots show distribution of eNOS levels for groups 2 and 7. The difference in eNOS levels between group 2
and group 7 was statistically significant (Mann-Whitney Test, р <0.05). (G) Box plots show distribution of eNOS levels for
groups 4 and 7. The difference in eNOS levels between group 4 and group 7 was statistically significant (Mann-Whitney
Test, р <0.05). (H) Box plots show distribution of eNOS levels for groups 5 and 7. The difference in eNOS levels between
group 5 and group 7 was statistically significant (Mann-Whitney Test, р <0.05). (I) Box plots show distribution of eNOS
levels for groups 6 and 7. The difference in eNOS levels between group 6 and group 7 was not statistically significant
(Mann-Whitney Test, р >0.05).
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Fig. 2. eNOS activity at day 60 after induction of diabetic retinopathy
(A) Box plots show distribution of eNOS levels for each group of the study. * denotes a significant difference between the
control group (group 1) and experimental group (groups 2 to 7, 20 animals each); Mann-Whitney Test, р <0.05. (B) Box
plots show distribution of eNOS levels for groups 2 and 3. The difference in eNOS levels between group 2 and group 3
was statistically significant (Mann-Whitney Test, р <0.05). (C) Box plots show distribution of eNOS levels for groups 2 and
4. The difference in eNOS levels between group 2 and group 4 was statistically significant (Mann-Whitney Test, р <0.05).
(D) Box plots show distribution of eNOS levels for groups 2 and 5. The difference in eNOS levels between group 2 and
group 5 was statistically significant (Mann-Whitney Test, р <0.05). (E) Box plots show distribution of eNOS levels for
groups 2 and 6. The difference in eNOS levels between group 2 and group 6 was statistically significant (Mann-Whitney
Test, р <0.05). (F) Box plots show distribution of eNOS levels for groups 2 and 7. The difference in eNOS levels between
group 2 and group 7 was statistically significant (Mann-Whitney Test, р <0.05). (G) Box plots show distribution of eNOS
levels for groups 4 and 7. The difference in eNOS levels between group 4 and group 7 was statistically significant (MannWhitney Test, р <0.05). (H) Box plots show distribution of eNOS levels for groups 5 and 7. The difference in eNOS levels
between group 5 and group 7 was statistically significant (Mann-Whitney Test, р <0.05). (I) Box plots show distribution
of eNOS levels for groups 6 and 7. The difference in eNOS levels between group 6 and group 7 was not statistically
significant (Mann-Whitney Test, р >0.05).
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Fig. 3. eNOS activity at day 180 after induction of diabetic retinopathy
(A) Box plots show distribution of eNOS levels for each group of the study. * denotes a significant difference between the
control group (group 1) and experimental group (groups 2 to 7, 20 animals each); Mann-Whitney Test, р <0.05. (B) Box
plots show distribution of eNOS levels for groups 2 and 3. The difference in eNOS levels between group 2 and group 3 was
statistically significant (Mann-Whitney Test, р <0.05). (C) Box plots show distribution of eNOS levels for groups 2 and 4.
The difference in eNOS levels between group 2 and group 4 was statistically significant (Mann-Whitney Test, р <0.05). (D)
Box plots show distribution of eNOS levels for groups 2 and 5. The difference in eNOS levels between group 2 and group
5 was statistically significant (Mann-Whitney Test, р <0.05). (E) Box plots show distribution of eNOS levels for groups
2 and 6. The difference in eNOS levels between group 2 and group 6 was statistically significant (Mann-Whitney Test, р
<0.05). (F) Box plots show distribution of eNOS levels for groups 2 and 7. The difference in eNOS levels between group 2
and group 7 was statistically significant (Mann-Whitney Test, р <0.05). (G) Box plots show distribution of eNOS levels for
groups 4 and 7. The difference in eNOS levels between group 4 and group 7 was statistically significant (Mann-Whitney
Test, р <0.05). (H) Box plots show distribution of eNOS levels for groups 5 and 7. The difference in eNOS levels between
group 5 and group 7 was statistically significant (Mann-Whitney Test, р <0.05). (I) Box plots show distribution of eNOS
levels for groups 6 and 7. The difference in eNOS levels between group 6 and group 7 was not statistically significant
(Mann-Whitney Test, р >0.05).
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