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Background and objectives

Diabetic retinopathy (DR) is one of the main causes of vision loss. Treatment
options during its early stages are not available. This study was designed to
evaluate the potential protective effects of simvastatin on experimentally
induced DR, with special emphasis on its possible modulatory effect on
vascular endothelial growth factor (VEGF).

Materials and methods

Thirty adult male albino rats were divided equally into three groups: group | (the
control group), group Il (the diabetic group), and group Ill (diabetic/simvastatin-
treated group). Diabetes was induced by intraperitoneal injection of streptozotocin
at a dose of 50 mg/kg/rat in 20 adult male albino rats. Simvastatin was administered
orally as 20 mg/kg/rat 48 h after streptozotocin injection. Blood glucose levels and
body weight were measured. Retinal specimens were processed for hematoxylin
and eosin staining and VEGF immunohistochemistry. Morphometric analysis
included measurement of retinal thickness and area percentage of VEGF. All
results were statistically analyzed using the Student t-test and analysis of
variance test.

Results

The untreated group showed histological features of DR and increased VEGF
immunoreactivity compared with controls. The simvastatin-treated group showed
improved features of DR and decreased VEGF immunoreactivity.

Conclusion

These results suggest that simvastatin has protective effects against DR by
eliminating VEGF overexpression and might be considered a promising
therapeutic agent for it.
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Introduction

Therefore, new pharmacological treatments for the

early stages of DR [1] and for prophylaxis against

Diabetic retinopathy (DR) remains a leading cause of
vision loss, despite advances in diabetes care. The
burden of DR is likely to increase as the evolving
pandemic of type II diabetes progresses [1]. DR is
usually classified into nonproliferative diabetic
retinopathy and proliferative diabetic retinopathy [2].

Diabetic macular edema is the leading cause of
blindness in diabetic patients. It involves the
breakdown of the blood—retinal barrier, with
increased vascular permeability [3,4]. In proliferative
diabetic retinopathy, angiogenic-mediated response
induced by wvascular endothelial growth factor
(VEGF) results in retinal neovascularization, which
is followed by severe complications such as vitreous
hemorrhage or tractional retinal detachment [5,6].
Current treatments for DR are indicated for
advanced DR and have significant adverse effects.

© 2017 Kasr Al Ainy Medical Journal | Published by Wolters Kluwer - Medknow

DR are needed.

Statin drugs, 3-hydroxy-3-methylglutaryl coenzyme A
reductase inhibitors, are highly effective at reducing
high blood cholesterol levels in patients at risk for
hyperlipidemia [7]. It was revealed that statins have
effects beyond their lipid-lowering effects, collectively
known as pleiotropic effects [8].

The present study was designed to detect the potential
protective effect of simvastatin on experimentally
induced DR in adult male albino rats with special
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reference to its possible modulatory effects on VEGEF,
monitored by histological, immunohistochemical, and
morphometric studies.

Materials and methods
Materials
Drugs

(1) Simvastatin (Zocor) was supplied by Global Napi
Pharmaceutical (2nd Industrial Zone, No.40,
Street No.18, 6th of October City, Giza)
(Egypt; under license from Merk & Co. Inc.,
Whitehouse Station, New Jersey, USA) in the
form of 10 mg tablets.

(2) Streptozotocin (STZ) was purchased from Sigma
Company (St Louis, Missouri, USA) in powder
form as 1g vial.

Animals

This study included 30 adult male albino rats, 180-200
(184+1.35) g body weight. They were randomly
divided into three groups of 10 rats each. They were
housed in hygienic stainless steel cages and kept in a
clean well-ventilated room. They were fed standard
chow diet and allowed free access to water. All
procedures were carried out according to the
guidelines of the Animal Ethical Committee of Kasr
Al-Ainy Faculty of Medicine, Cairo University.

Group I (control group): It included 10 rats that
received an equivalent amount of citrate buffer only
by intraperitoneal injection. Thereafter, they received
distilled water orally every day in milliliters equivalent
to simvastatin. They were killed along with groups II
and IIT after 12 weeks of receiving distilled water.

Group II: Diabetes was experimentally induced in 10
rats. They then received distilled water orally daily in
milliliters equivalent to simvastatin. They were killed
after 12 weeks of receiving distilled water.

Group III: Diabetes was experimentally induced in 10
rats. They then received simvastatin orally daily. They
were killed 12 weeks after starting the administration of
simvastatin.

Methods

Induction of diabetes

Diabetes was induced in rats by means of a single
intraperitoneal injection of STZ freshly dissolved in
citrate buffer (0.1 M, pH 4.5) at a dose of 50 mg/kg

body weight [9]. Rats with blood glucose
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concentrations greater than and equal to 250 mg/dl,
measured 48h after STZ injection, were considered
diabetic and included in this study. Diabetic rats
received subcutaneous insulin (0—4 U) (Humulin-N;
Eli Lilly & Co., Indianapolis, Indiana, USA) twice a
week to maintain body weight and maximize survival
rate [10,11]. For rats in all groups, blood glucose levels
and body weight were measured weekly.

Adminstration of simvastatin

Simvastatin was dissolved in distilled water and 0.5 ml
of it was given by means of gastric gavage at a dose of
20 mg/kg/rat starting 48 h after injection of STZ and
was continued every day for 12 weeks (group III) [12].

Laboratory investigations

Blood samples were taken from the retro-orbital veins
of the left eye and random blood glucose was measured
(48h after STZ injection) in all rats to select the rats
who proved to be diabetic. It was also measured weekly
in all rats at the Biochemistry Department (Kasr Al-
Ainy Faculty of Medicine).

Histological study

Tissue specimens (right eyeballs) dissected from all rats
were fixed in 10% buffered formalin solution for 24—48 h,
dehydrated in ascending grades of ethanol, and
embedded in paraffin. Serial of 7pm

thickness were cut and subjected to the following stains:

sections

(1) Hematoxylin and eosin (H&E) stain to evaluate
morphological changes in DR and possible effect
of simvastatin [13].

(2) Immunohistochemical staining [14] for VEGF to
detectits retinal expression as it plays a key role in the
onset and development of DR [15]. It was supplied
as prediluted ready-to-use rabbit polyclonal
antibody (RB-222-R7; Lab Vision Corporation
Laboratories, Fremont, California, USA).

Histostain SP kit (LAB_SA System, 95-9643; Zymed
Laboratories Inc., San Francisco, California, USA) was
used as the detection system. Mayer’s hematoxylin was
used for counterstaining. Negative control was
included in which primary antibody was omitted.

Morphometric and statistical analysis

Morphometric study was carried out using Leica Qwin
500 LTD image analyzer (Leica, Cambridge, UK). All
measurements were taken in five sections from both
H&E and VEGF immunostained sections from each
animal. Retinal thickness was measured in H&E-
stained sections using the distance parameters, in
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interactive measurements menu, where 10 random
nonoverlapping fields were examined using x10
objective lens. The mean area percentage of VEGF
immunoreactivity was measured in 10
nonoverlapping fields per section using binary mode
with x40 objective lens.

random

All measurements were expressed as mean+SD and
significant differences between groups were evaluated
using the Student’s #-test and analysis of variance test in
which P-value of less than 0.05 was considered
statistically significant [16].

Results

Measurements of blood glucose levels in the studied
groups

Before STZ injection (at baseline), the mean blood
glucose levels in groups II and III revealed no
statistically significant difference when compared
with the control value (81.7+3.89). The values were
80.65+2.04 and 80.28+2.86 for groups II and III,
respectively (Table 1).

At 4 weeks, the mean blood glucose levels in groups II
and III showed significant increase (P<0.05) when
compared with the control value (79.97+1.88). The

values recorded were 313.07+7.16 and 314.57+7.39 for
groups II and III, respectively.

At 8 weeks, the mean blood glucose levels in groups II
and III showed significant increase (P<0.05) when
compared with the control value (81.16+3.61). The
values reported were 320.22+9.56 and 319.48+12.29
for groups II and III, respectively.

At 12 weeks, the mean blood glucose levels in groups I1
and III represented significant increase (P<0.05) when
compared with the control value (79.54+2.27). The
values detected were 325.69+9.77 and 327.23+10.00
for groups II and III, respectively.

Measurements of body weight in the studied groups
Statistical analysis revealed significant reduction
(P<0.05) in body weight measurements in all groups

Table 1 Comparison between the mean values of blood
glucose levels (mg/di=SD) in the studied groups

Weeks Group | Group I Group Il
Baseline 81.70+3.89 80.65+2.04 80.28+2.86
4 weeks 79.97+1.88 313.07+7.16* 314.57+7.39*
8 weeks 81.16+3.61 320.22+9.56* 319.48+12.29*
12 weeks 79.54+2.27 325.69+9.77* 327.23+10.00*

when compared with the corresponding control values

at 4, 8, and 12 weeks (Table 2).

The values reported were 231.2+9.98 for control group at
4 weeks, whereas groups II and III reported 160.8+7.19
and 162.6+7.07, respectively. At 8 weeks the values
demonstrated were 183.2+8.44 and 181+6.27 for
groups II and III, respectively, and 271.5+12.7 for
control. At 12 weeks the control group showed 320.6+
7.75,whereas values for groups Il and III were 233.8+8.09
and 230.3+10.58, respectively.

The mean body weight measurements of groups II and
group III showed no significant difference between
them at 4, 8, and 12 weeks.

Histological results

Sections of the retina of the control group exhibited
normal histological architecture, demonstrating well-
organized retinal layers formed of the photoreceptor
layer, outer nuclear layer, outer plexiform layer, inner
nuclear layer, inner plexiform layer, ganglion cell layer,

and nerve fiber layer (Fig. 1).

Figure 1
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Group | showing normal histological structure of well-organized
retinal layers formed of photoreceptor layer (PRL), outer nuclear
layer (ONL), outer plexiform layer (OPL), inner nuclear layer (INL),
inner plexiform layer (IPL), ganglion cell layer (GCL), and nerve fiber
layer (NFL) (retina). Hematoxylin and eosin, x200.

Table 2 Comparison between the mean values of body weight
measurements (g+SD) in the studied groups

Weeks Group | Group I Group Il

4 weeks 231.2+9.98 160.8+7.19* 162.6+7.07*
8 weeks 271.5£12.7 183.2+8.44* 181.0+6.27*
12 weeks 320.6+7.75 233.8+8.09* 230.3+10.58*

*Significantly different from the corresponding value of the control
group at P<0.05.

*Significantly different from the corresponding value of the control
group at P<0.05.



Sections of retina in group II (untreated) showed
marked histological alterations of DR. Apparent
marked reduction of retinal thickness and marked
disorganization of retinal layers were detected.
exhibited multiple empty spaces
between the nuclei of the outer and inner nuclear
layers. Multiple cavities within the photoreceptor
layer were detected. Disruption of the outer
plexiform layer was also demonstrated. Wide clear
areas around ganglion cell nuclei were seen (Fig. 2).

Sections also

Figure 2
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Examination of sections in the retina of group III
(simvastatin treated) showed mildly reduced retinal
thickness with mild disorganization of retinal layers.
Small empty spaces between the nuclei of the outer
and inner nuclear layers were observed. Disruption of
the outer plexiform layer at certain points was also
seen. Some clear areas within the ganglion cell layer
were also detected (Fig. 3).

Vascular endothelial growth factor
immunohistochemical results

Retinal sections of group I (control group) revealed
negative immunoreactivity for VEGF in almost all

Figure 4

Group Il (untreated) showing apparent marked reduction of retinal
thickness as compared with the control group, and marked disorgani-
zation of retinal layers with the appearance of empty spaces between
the nuclei of outer nuclear layer (ONL) and inner nuclear layer (INL) (S).
Multiple cavities within photoreceptor layer (PRL) are also detected (C).
Disruption of outer plexiform layer (OPL) is seen (arrowheads). Clear
areas (arrows) within ganglion cell layer (GCL) can be detected (retina).
Hematoxylin and eosin, x200. IPL, inner plexiform layer.

Figure 3
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Group Il (simvastatin treated) showing mild reduction of retinal
thickness, with slight disorganization of retinal layers and the appear-
ance of small empty spaces between the nuclei of outer nuclear layer
(ONL) and inner nuclear layer (INL) (S). Focal areas of disruption of
outer plexiform layer (OPL) could be observed (arrowhead). Some
clear areas (arrows) within ganglion cell layer (GCL) can be detected
(retina). Hematoxylin and eosin, x200. IPL, inner plexiform layer;
PRL, photoreceptor layer.

Group | showing negative immunoreaction for vascular endothelial
growth factor (VEGF) in almost all retinal layers. Some positive
immunoreaction for VEGF (arrows) can be detected in scarce cells
of ganglion cell layer (GCL). Anti-VEGF immunostaining, x400. INL,
inner nuclear layer; IPL, inner plexiform layer; ONL, outer nuclear
layer; ONL, outer plexiform layer; PRL, photoreceptor layer.

Figure 5

Higher magnification of Fig. 4 showing positive immunoreaction for
vascular endothelial growth factor (VEGF) (arrowheads) in cells of
ganglion cell layer (GCL). The reaction appears as brown cytoplasmic
deposits. Anti-VEGF immunostaining, x1000.
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retinal layers (Fig. 4). However, detection of some
positive immunoreaction for VEGF was noted in a

few cells in the ganglion cell layer (Figs 4 and 5).

Sections of the retina of group II showed markedly
positive VEGF immunoreactivity in the photoreceptor
layer. Many cells of the outer nuclear layer and inner
nuclear layer exhibited positive immunoreactivity for
VEGF (Fig. 6). Positive VEGF immunoreactivity in
most cells of the ganglion cell layer was also

demonstrated (Figs 6 and 7).

Retinal sections of group III showed positive
immunoreaction for VEGF in the photoreceptor

Figure 6
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Group Il (untreated) showing markedly positive immunoreaction for
vascular endothelial growth factor (VEGF) (arrows) in photoreceptor
layer (PRL), in many cells of outer nuclear layer (ONL) and inner
nuclear layer (INL), and in most cells of ganglion cell layer (GCL).
Anti-VEGF immunostaining, x400. IPL, inner plexiform layer.

Figure 7

layer (Fig. 8). Some cells of the outer nuclear layer
and some cells of the inner nuclear layer exhibited
positive immunoreactivity for VEGF (Figs 8 and 9).
Positive immunoreactivity in many cells of the ganglion
cell layer was also detected (Figs 8 and 9). Apparent
decrease in VEGF immunoreactivity in relation to
group II was noticed.

Morphometric results
Mean retinal thickness

Thickness of the retina of groups II and III showed
a statistically significant decrease (P<0.05) when
compared with control values. The values reported for

Figure 8
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Group Il (simvastatin treated) showing positive immunoreaction for
vascular endothelial growth factor (VEGF) (arrows) detected in pho-
toreceptor layer (PRL), some cells of outer nuclear layer (ONL) and
inner nuclear layer (INL), and many cells of ganglion cell layer (GCL).
Note the apparent decrease in VEGF positive immunoreactivity in
relation to group Il. Anti-VEGF immunostaining, x400. IPL, inner
plexiform layer.

Figure 9
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Higher magnification of Fig. 6 showing positive cytoplasmic immuno-
reaction for vascular endothelial growth factor (VEGF) (arrowheads)
in cells of inner nuclear layer (INL) and ganglion cell layer (GCL). Anti-
VEGF immunostaining, x1000.

Higher magnification of Fig. 8 showing the positive cytoplasmic
immunoreaction for vascular endothelial growth factor (VEGF) in
cells of inner nuclear layer (INL) and ganglion cell layer (GCL)
(arrowheads). Anti VEGF immunostaining, x1000.




groups II and IIT were 91.99+10.49 and 198.60+8.78,
respectively, whereas the control value was 233.52
+19.88. A statistically significant reduction in group II
was noticed when compared with group III (Table 3).

Mean area percentage of vascular endothelial growth
factor immunoreactivity

The mean area% of VEGF positive immunoreactivity
in groups II and III showed statistically significant
increase (P<0.05) when compared with controls.
Controls reported a value of 0.37+0.11. The values
recorded for groups II and III were 6.84+1.91 and 3.70
+1.23, respectively. Statistically significant increase
(P<0.05) was reported in group II when compared
with group III (Table 3).

Discussion

The present study was designed to evaluate the
potential protective effect of simvastatin on a rat
model of DR with special consideration of its

possible ameliorating effect on VEGF.

In the present work, histological changes of DR
detected 12 weeks after induction of diabetes were
in the form of apparent reduction of retinal
thickness and disorganized retinal layers with the
appearance of empty spaces between the nuclei of
the outer and inner nuclear layers. Disruption of
outer and inner plexiform layers was also demonstrated.

Reduced retinal thickness was confirmed by morphometric
measurements, which revealed statistically significant
reduction in the diabetic nontreated group compared
with the control group. This was in line with the results
of previous studies [17,18].

The previous findings can be explained by progressive
loss of retinal neurons leading to reduction in retinal
thickness. Similarly, Barber ez a/. [19] postulated that
diabetes is implicated in apoptosis of neural and vascular
cells in the retina. In addition, it was suggested that
scaffolding of the retina may be compromised, leading to
disruption and disorganization of retinal layers [20].

Table 3 Mean retinal thickness (um+SD) and mean area
percent of vascular endothelial growth factor
immunoreactivity in the studied groups

Groups Retinal thickness VEGF immunoreactivity
(mean+SD) (mean+SD)

Group | 233.52+19.88 0.37+0.11

Group Il 91.99+10.49*# 6.84+1.91%#

Group Il 198.60+8.78* 3.70+1.23*

VEGF, vascular endothelial growth factor. *Significantly different
from the values of the control group at P<0.05. *Significantly
different from the values of group IIl at P<0.05.
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Apoptosis of retinal neurons, which are further
phagocytosed by glial cells, may also contribute to the
appearance of empty spaces [21]. In addition, retinal
edema contributes to separation between retinal cells
due to dysfunction of the blood-retinal barrier and
accumulation of fluid in the inner and outer retinal

plexiform layers [22].

Further histopathological findings were reported in the
ganglion cell layer, such as clear spaces between
ganglion cells. This may be explained by loss of
retinal ganglion cells due to apoptotic death,
followed by phagocytosis by glial cells. This was
similar to what was proposed to explain the presence
of empty spaces in both outer and inner nuclear layers.

In the current study, cavities within the photoreceptor
layer were also detected, which coincides with the
results of Hu e al [23]. They mentioned that
photoreceptor layer observed in
histological examination in diabetic rats, attributing
it to degenerative or apoptotic processes of the retina.

cavities were

In the present work, detection of VEGF
immunoexpression within the retina of the studied
groups was also performed to further explore the process
of vascular degenerative changes of diabetic retina.
Although initially thought to be endothelial specific,
VEGEF has been shown to target a variety of nonvascular
cells. VEGF is produced by retinal pigment epithelial cells,
endothelial cells, ganglion cells, Miller cells, and smooth
muscle cells. It is clear that the locally produced VEGF
mediates neural protection. The absence of active vessel
proliferation in the normal retina in the presence of
endogenous VEGF may be due to the dose, localization,
and/or the presence of opposing factors [24,25].

In the present study, VEGF was upregulated after
induction of diabetes. VEGF expression in the
control group was weak and localized to the
ganglion cell layer, whereas in the diabetic untreated
group it was more apparent in the ganglion cell layer,
inner nuclear layer, and photoreceptor layer. The mean
area percentage of VEGF positive immunoreactivity in
the untreated diabetic group showed statistically
significant increase when compared with control and
simvastatin-treated diabetic groups.

These results are consistent with previous studies
[15,26] that reported upregulation of VEGF
expression in all retinal layers, particularly the inner
nuclear layer and the ganglion cell layer, 4 weeks after

STZ
dependent

induction of diabetes. Furthermore, time-

increase in VEGF expression was



30 Kasr Al Ainy Medical Journal, Vol. 23 No. 1, January-April 2017

reported [27] where VEGF immunoreactivity in DR
increased with prolongation of time. Meanwhile, it was
reported that the retina of control rats expressed VEGF
in the ganglion cell layer [28].

VEGF expression is regulated largely by hypoxia, but it
also accumulates in the retina early in diabetes even
before any retinal hypoxia is apparent [29]. Other
causes, such as oxidative stress, may be implicated in
stimulating VEGF release [6]. VEGF is an important
mediator of increased vascular permeability in early DR
[30]; hence retinal edema occurs.

In the present study, histopathological examination
and morphometric analysis revealed that simvastatin
was able to improve histopathological alterations of
DR by preserving retinal thickness and organization of
its different layers. The improvement noticed with
simvastatin administration was in accordance with a
previous study, which demonstrated that treatment
with simvastatin [31] produced improvement in DR.
It was mentioned that statins protected the retina
against oxidative stress and the accelerated apoptosis
of retinal capillary cells in diabetic rats [32].

Moreover, it was stated that simvastatin could be useful
in the treatment of early DR by inhibiting vascular
permeability in the diabetic retina [33]. In the current
study, significant reduction in VEGF immuno-
expression was noticed in the diabetic simvastatin-
treated group in accordance with previous research
[34]. This reduction in VEGF immunoexpression
could be explained by the ability of simvastatin to
reduce hyperglycemia-induced oxidative stress [35].

Therefore, the ability of simvastatin to improve
DR could be referred to its ability to decrease VEGF
expression leading to decreased vascular permeability
and attenuated retinal edema. Having such protective
effects, simvastatin might be used for prophylaxis or as a
novel treatment option in the early stage of DR.
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