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ABSTRACT
Introduction: Diabetic retinopathy is a neurodegenerative, microvascular, and sight-threatening impact of chronic 
uncontrolled diabetes. Avocado/soybean (ASB), a relatively new nutraceutical mixture, has acquired a significant role as a 
natural substitutional therapy for numerous diseases. Glibenclamide (Gli), a potent sulfonylurea, was confirmed as a diabetic 
therapy.
Aim of the Study: To explore the protective effects of ASB versus glibenclamide on the diabetic rats’ retina induced by 
streptozotocin (STZ).
Materials and Methods: Forty rats were categorized into four groups: Normal control, Diabetic Control, Diabetes+Avocado 
soybean, and Diabetes+Glibenclamide. Retinal specimens were processed for histological, immunohistochemical, 
ultrastructural studies. Morphometrical and statistical studies were also performed.
Results: Diabetic retinal specimens demonstrated evident disorganization of the retinal layers, degenerated retinal pigment 
epithelium, photoreceptors, and outer nuclear layers with appearance of empty spaces and multiple vacuolations. Most of 
ganglion cells were lost, others appeared with pycnotic nuclei. Together with a highly significant decrease (P< 0.001) of 
the total thickness, and the thickness of the outer and inner nuclear layers of the rats’ retina, and the number of the ganglion 
cells. Immune expression of TNF-α, VEGF, caspase-3, and vimentin illustrated a highly significant elevation (P< 0.001). 
Ultrastructural findings of retinal pigmented cell layer illustrated; swollen degenerated mitochondria with cytoplasmic 
vacuolation. Degenerated photoreceptors, ganglion cells have indented irregular nucleus, destructed nuclear membrane, and 
vacuolated cytoplasm. ASB amends the diabetic retinopathy changes, structurally and immunohistochemically, more than 
glibenclamide  
Conclusion: ASB has a more, retinal-protective efficacy on DR, than glibenclamide.
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INTRODUCTION                                                                   

Retina is the sensory neuro-integrated layer of the orbit. 
It is the most complex structure and considered as a special 
area of the brain. Retinal ganglion cells (RGCs) are the 
final common pathway neurons of the retina and therefore 
are of critical importance to the visual system[1]. Therefore, 
retinal diseases mostly end with diminished sight and 
blindness[2].

Diabetic retinopathy (DR) is a progressive sight-
threatening impact of uncontrolled diabetes mellitus 
(DM) and is the commonest reason of vision loss in the 
United States between 24-75 years-old. An estimated 
universal expansion of DR will be 191.0 million by 2030, 
among them 56.3 million proceeding to sight-threatening 
manifestations[2]. DR is the most common microvascular 
complications of DM, displaying a dynamic process 
to proliferative retinopathy from non-proliferative 
retinopathy[3].

The pathophysiology of DR is complicated, in addition 
to the documented vascular alterations as, hemorrhages, 

vascular leakage, microaneurysms, and neovascularization, 
also it influences neural components of the retina[4].

Cumulation of tissue macromolecules during 
hyperglycemia progressively created advanced glycation 
end products by non-enzymatic glycation[5], that results in 
microvascular lesions; including microaneurysms, blood 
barrier dysfunction, and endothelial cell dysfunction[6]. 
Also, basement membrane thickening that leads to vascular 
wall insufficiency and raised permeability of the blood-
retinal barrier (BRB) causing diabetic leakage and edema 
of the macula[7,8].

Vascular permeability rises capillary obstruction 
leading to ischemia of the retina, and inducing an elevation 
of VEGF expression, afterwards neovascularization 
was promoted[7,8]. Many studies support the pivotal 
inflammatory and neurodegenerative changes in the 
pathogenesis and development of DR[9,10,11], including a 
previous study, when cells were drenched in a rich-glucose 
medium for some time, a process called metabolic memory 
happened where previous high-glucose exposure, could 
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not fully inhibit the inflammatory response even with 
controlling diabetes[12].

Many therapeutic approaches to DR have been found 
to be partly successful comprising; laser treatment, and 
vitreous cut surgery[13], While first-line therapies as intra-
vitreal steroids and anti-VEGF components were successful 
against DR inflammation and angiogenesis[14,15]. These 
therapies remain unattractive due to their invasive mode of 
application, inability to prohibit progression of early to late 
retinopathy stages, in addition to its high cost[16].

Hence, early interference by new approaches is of 
magnificent importance to counteract the progression of 
DR, and the vision loss associated with it.

Glibenclamide (Gli), a potent sulfonylurea, was 
approved as a type II DM therapy thirty-eight years ago. 
Gli, acts by closing ATP-sensitive potassium channels 
(KATP) that was found in pancreatic β-cells leading to 
cells depolarization and insulin secretion[17].

In growing countries, traditional curative plants were 
consumed by 80% and more of the population. It was 
accepted as a complementary medicine to treat a variety 
of diseases and improve the health condition through 
counteracting adverse effects and prices of the synthetic 
medicines[18].

From this point, finding and utilizing beneficial 
medicinal plants, and their constituents instead of synthetic 
medicines against retinopathy, is very essential. 

For example, Avocado/soybean (ASB), a relatively 
new nutraceutical mixture, that is increasing in popularity, 
it consists of the oil fractions of avocados and soybeans 
in a ratio of 1:2, this mixture is prescribed as an adjuvant 
therapy for osteoarthritic pain, hip and knee osteoarthritis, 
rheumatoid arthritis and autoimmune disorders. 
Additionally, it was recommended for postmenopausal 
women to improve the mood[19]. Studies have reported 
ASB anti-inflammatory and proliferative effects by 
downregulating the production of iNOS, TNFα, IL1β, IL6, 
and IL8 pro-inflammatory mediators[20].

In the current study, we were seeked to explore the 
protective effects of ASB versus glibenclamide on the 
diabetic rats’ retina induced by streptozotocin (STZ).

MATERIAL AND METHODS                                                  
Chemicals

Streptozotocin (STZ): was obtained from (Sigma 
Aldrich, Egypt) as a vial containing 1.5 g powder of 
STZ and 220 mg citric acid, it was dissolved in 0.1 M 
sodium citrate buffer and used freshly within 5 minutes of 
preparation.

Avocado Soybean (Avosoya, Trend pharm company, 
Egypt): was obtained from a pharmacy. The capsule has 100 
mg and 200 mg avocado oil and soya bean oil respectively. 
The experimental dose is 27.5 mg/kg/day (equal to 300 
mg/day dose in humans) dissolved freshly in 1 M distilled 
water and given orally for 14 days[21].

Glibenclamide (Daonil, Sanofi Aventis, Egypt): 
was obtained from a pharmacy. The tablet has 5 mg 
glibenclamide. The experimental dose is (2.5 mg/kg) 
dissolved freshly in 1 M distilled water and given orally 
for 14 days[22].

Induction of diabetes
Streptozotocin (STZ, Sigma, USA) was solved in 0.02 

M citrate buffer (pH 4.5) and kept on ice then immediately 
used. In order to access the appropriate dose, each rat was 
weighed before injection. One intraperitoneal injection of 
STZ (60 mg/kg) was given to fasted rats to induce diabetes. 
After injection, the rats received 5 M solution of glucose 
for 12 hours to prevent reducing of blood glucose. About 
72h later, level of fasting blood glucose was estimated 
by obtaining blood from the tail and using one touch 
glucometer, and when blood glucose levels were more than 
16.7 mmol/L (300 mg/dl), animals were assumed to have 
diabetes[23].

Animals
Forty adult male albino rats weighing 220-240 g (3-5 

months old) were resident at the animal house of Medical 
Research Institute, Alexandria University, Egypt. They 
were maintained under standard lab conditions (five rats in 
per cage, ambient temperature of 23 ± 2°C, with a 12-hour 
light/dark cycle and unrestricted access to food and drink). 
All experiment was done in conjugation with the health 
rules for the use of animals that prepared by the University 
Ethics and Committee (No: 9/2022 HIST 8), Faculty of 
Medicine, Menoufia University. 

Experimental design
After one-week adaptation, the forty rats were 

categorized into four groups (n= 10 per group).

Group 1, Normal control (NC): Rats subdivided into 
two subgroups (n= 5 per subgroup)

• Subgroup 1a: Rats received standard diet and 
ordinary drinking water.

• Subgroup 1b: Rats received 0.02 M citrate buffer 
as a single intraperitoneal injection (vehicle of 
STZ).

Group 2, Diabetic Control (DC): to induce diabetes, 
rats received STZ (60mg/kg, b.w) as a single intraperitoneal 
injection.

Group 3, Diabetes Avocado soybean (DM+ASB): Rats 
that developed diabetes 72 h after STZ injection, received 
ASB (27.5 mg/kg/day) daily orally by gavage[21].

Group 4, Diabetes+Glibenclamide (DM+Gli): Rats 
that developed diabetes 72 h after STZ injection, received 
Gli (2.5 mg/kg) daily orally[22].

After 14 days, ether inhalation (2 ml) was utilized for 
the rats for about 2 minute[24] and sacrificed by cervical 
decapitation, and both eyeballs were enucleated from all 
rat groups.
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Histological, Immunohistochemical and Electron 
microscopic studies

For histological and immunohistochemical studies, the 
right eyeballs were injected with 10% formalin and for 
electron microscopic study, the left ones were injected with 
5% phosphate buffered glutaraldehyde. 

light microscopic study, retinal tissue sections from 
right eyeballs of all rat groups were dehydrated, cleared, 
and embedded in paraffin wax. A rotating microtome was 
used to cut 5-7 μm sections, and subjected to:

I. Histological study, Hematoxylin and Eosin (H&E) 
and Toluidine blue stains[25]. Slides were observed 
using light microscope for diagnosis of retinal 
histology and morphology.

II. Immunohistochemical study:

1. Tumor necrosis factor alpha, TNF-α 
(for detection of inflammation): primary 
monoclonal antibody utilized was the 
mouse anti-TNF-α (1:300 with PBS). Cells 
appeared with brown cytoplasm. tonsil was 
used as appositive control for anti-TNF.

2. Vascular Endothelial Growth Factor, VEGF 
(angiogenesis index): primary monoclonal 
antibody (1:200; sc-152) used was the goat 
polyclonal antibody (Santa Cruz Company, 
California, USA) (1:500 with PBS). The 
cellular site of the reaction was cytoplasmic 
brown in color. Colon and Placenta 
adenocarcinoma were used as a positive 
control.

3. Caspase-3 (marker for apoptosis): Anti-
Caspase-3 (rabbit polyclonal antibody, 
Thermo Science, Fermont, CA 94539, 
USA at a dilution 1/50) was used. The 
primary antibody used was ready-to-use 
rabbit polyclonal antibody (CAT-No. RB-
3425-R2). The cellular site of the reaction 
was brown cytoplasmic color. Normal 
lymphoid tissue was used as a positive 
control for caspase-3. 

4. Vimentin (index for gliosis): primary 
monoclonal mouse antibody for Vimentin 
(Santa Cruz Biotechnology, Santa Cruz, 
California, USA, 1:300 wits PBS) was used 
to detect the whole Müller cells. cytoplasmic 
brown color was the cellular site of the 
reaction, the positive control was smooth 
muscle tissue.

Mayer's hematoxylin was used to counter-stain 
sections later.  Negative controls stained with PBS alone, 
substituting the primary antibody[26,27].

Electron microscopic study, the left eye from all rat 
groups where processed, and epoxy resin embedded by 

routine protocol. Semithin sections (1 µm thick) were 
obtained and 1% toluidine blue stained followed by light 
microscopy inspection. on copper grids, ultrathin retinal 
sections (80-90 nm) were mounted, before being stained 
with uranyl acetate as well as lead citrate. Examination of 
the grids of the retinal specimens was done by using Jeol 
electron microscope (Seo-Russia) in electron microscopic 
unit, Faculty of Medicine, Tanta University[28].

Morphometrical study
Image analysis computer system (Leica Qwin 500 C 

Image analyzer computer system; Leica Imaging System 
LTD., Cambridge, England) was used at the histology 
department, Faculty of Medicine, Menoufia University 
to measure the parameters. Ten different fields at a 
magnification of 400 were examined in each slide for: 

1. Total thickness of the rats’ retina and the thickness 
of its outer and inner nuclear layers (H&E-stained 
sections).

2. Number of the ganglion cells (per 100 μm length 
of the ganglion cell layer) (H&E-stained slides).

3. Area percentage (area %) of TNF-α, VEGF, vimentin, 
and caspase-3 positive immunohistochemical 
reaction (Immunohistochemical stained slides). 

Statistical analysis
SPSS (version 20, SPSS Inc., Illinois, Chicago, USA) 

was used to categorize, and analyze the data. Quantitative 
information that was gathered was summarized as mean, 
standard deviation and range. Mann Whitny U test was done 
to compare each two groups that were being researched.                          
P value <0.05 was statistically significant. 

RESULTS                                                                                        

The two subgroups of Group 1 (NC) showed similar 
histological, immunohistochemical, electron microscopic, 
morphometrical, and statistical analysis results over all the 
studied parameters. So, Group 1 applied to them.

light microscopic histological results
a) Hematoxylin and Eosin stain results

Group 1, Normal Control (NC), illustrated well 
organized histological architecture of the retinal layers 
from outside inwards are retinal pigment epithelium 
(RPE), clarified as a single layer of low cuboidal cells with 
flat nuclei, photoreceptor layer (PRL) established of outer 
and inner segments of rod and cone cells, outer limiting 
membrane seemed as dark line, outer nuclear layer (ONL) 
comprised of several rows of the bodies of rods and cones 
with their densely stained nuclei, outer plexiform layer 
(OPL) clarified as a small pale area, inner nuclear layer 
(INL) seemed with larger and paler nuclei than ONL, 
inner plexiform layer (IPL) has a thick pale eosinophilic 
fibrillary appearance, ganglion cell layer (GCL) composed 
of a single row of ganglion cells displaying enormous 
light stained cytoplasm, vesicular spherical or angular 
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nuclei with prominent nucleoli and nerve fiber layer (NFL) 
formed of axons of GCL, and inner limiting membrane 
seemed as dark line that distinguishing retina from vitreous 
body (Figures 1A, 2A).

Group 2 (Diabetic Control), demonstrated marked 
disorganized layers of the retina, degenerated RPE, 
photoreceptors, and ONL with appearance of empty 
spaces between the nuclei of ONL, INL and GCL. 
Multiple vacuolation within ONL, INL, IPL, and GCL. 
OPL showing disruption. INL exhibited pycnotic nuclei. 
Ganglion cell layer showed a large congested blood vessel, 
that extends to inner plexiform layer. Also, most of ganglion 
cells were lost, others appeared with pycnotic nuclei                                                                                                     
(Figures 1,2B,2C).

Group 3 (Diabetes+Avocado soybean) demonstrated 
retinal layers, more or less like control group, formed of 
well-organized PRL, outer limiting membrane, ONL, 
OPL, INL, IPL, GCL, NFL and inner limiting membrane. 
With appearance of the Muller’s cells supporting fibers                                                                                          
(Figures 1C, 3A). While Group 4 (Diabetes+Glibenclamide) 
showing improvement in some retinal layers including, 
PRL, ONL, and OPL. However, there is degenerated 
RPE and some photoreceptor layer, together with small 
capillary within INL, vacuolation within INL, IPL, GCL. 
Also, there is congested blood vessel and pycnotic nuclei 
within ganglion cell layer (Figures 1D, 3B).

b) Toluidine blue stain results

Group 1 (Normal Control) displayed the different 
layers of the retina. RPE layer cells appear as a single row 
of cuboidal cells. The PRL appeared as elongated barrel-
shaped structures. ONL is formed of several layers of the 
rods and cones cell bodies with their scanty cytoplasm and 
dark nuclei. The processes of these cells extend into OPL. 
INL contains large cells and pale nuclei than those in the 
ONL. INL layer comprised of four cell types: bipolar cells, 
horizontal cells, muller cells, and amacrine cells. IPL is 
thicker than the OPL. GCL revealed a single layer of light 
stained cytoplasm and pale nuclei with prominent nucleoli 
of ganglion cells and darkly stained nuclei of astrocytes. 
Also, inner limiting membrane seen as a dark stained line 
(Figure 4A).

Group 2 (Diabetic Control) illustrated the photoreceptor 
layer filled with multiple empty spaces. ONL appeared with 
dark stained nuclei, OPL showed marked thinning. INL 
showed widely separated nuclei, cytoplasmic vacuolation, 
many blood capillaries, and many Muller cells. GCL 
revealed total degeneration and lysis of ganglion cells 
cytoplasm with dissolution of their nuclei, and appearance 
of congested blood vessel (Figure 4B).

Group 3 (Diabetes+Avocado soybean) showed the 
different retinal layers more or less identical to control 
(Figure 4C). While Group 4 (Diabetes+Glibenclamide) 
still displayed vacuolation within ONL, INL and GCL. 
Some ganglion cells are lost (Figure 4D).

light microscopic immunohistochemical results
a) Tumor Necrosis Factor-α (TNF-α)

TNF-α immunohistochemical stained section of the 
retina of Group 1; demonstrated a very weak cytoplasmic 
intensity in all layers (PL, ONL, OPL, INL, IPL and GCL) 
(Figure 5A). Group 2; demonstrated a strong positive high 
intensity immune reaction in ONL, OPL, INL, IPL, and 
GCL layers (Figure 5B). Group 3; demonstrated a weak 
intensity immune reaction in GCL layer only (Figure 5C). 
However, Group 4; demonstrated a moderate intensity 
immune reaction in INL, IPL, and GCL layers of the retina 
(Figure 5D).

b) Vascular endothelial growth factor (VEGF)

VEGF immunohistochemical stained section of Group 
1; illustrated a negative immunoreaction in ONL, OPL, 
INL, IPL, and GCL layers of the retina (Figure 6A). Group 
2; illustrated a strong positive cytoplasmic immunoreaction 
intensity in INL, IPL, and GCL layers of the retina                                                                                                               
(Figure 6B). Group 3; illustrated a very weak 
immunoreaction intensity in INL layer only (Figure 6C). 
However, Group 4; illustrated a moderate immunoreaction 
intensity in INL, IPL, and GCL layers of the retina                      
(Figure 6D).

c) Caspase-3

Caspase-3 immunohistochemical stained section of 
retina of Group 1; demonstrated a very weak cytoplasmic 
immune reaction in ONL, OPL, INL, IPL, and GCL layers 
of the retina (Figure 7A). Group 2; demonstrated a strong 
positive high intensity immune reaction for caspase-3 in 
ONL, INL and GCL layers (Figure 7B). Section of Group 
3; showed a week intensity caspase-3 immune reaction in 
INL layer only (Figure 7C). However, Group 4 showed a 
moderate intensity caspase-3 immune reaction in ONL and 
INL layers (Figure 7D).

d)Vimentin

Vimentin immunohistochemical stained section of the 
retina of Group 1; showed a very weak immunoreactivity 
in the Muller cell end feet and Muller fibers found in IPL 
and GCL layers (Figure 8A). Group 2; showed a strong 
positive immunoreactivity in ONL, OPL, INL, IPL, and 
GCL layers of the retina (Figure 8B). Section of Group 3; 
showed a weak immunoreactivity in the Muller cell end 
feet and Muller fibers in OPL, INL, IPL and GCL layers 
(Figure 8C). However, Group 4; demonstrated a moderate 
immunoreactivity in ONL, OPL, INL, IPL and GCL layers 
(Figure 8D).

Transmission electron microscopic results
Group 1 (Normal Control), demonstrated retinal 

pigment epithelial cell layer having large euchromatic 
oval nucleus, cisterna of rough endoplasmic reticulum, 
mitochondria, melanin granules, long apical microvilli 
and phagocytosed photoreceptors outer segments                                               
(Figure 9A). The outer segments photoreceptors appeared 
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as long, straight, cylindrical structures containing regular 
flat horizontal lamellar discs (Figure 10A). Outer nuclear 
layer appeared with rounded centrally located nuclei 
with highly condensed heterochromatin, enveloped by 
a thin rim of cytoplasm and mitochondria. Cells are 
tightly backed with no intercellular spaces (Figure 11A). 
INL showed the bipolar cells cell bodies, tightly packed 
to each other and having euchromatic rounded nuclei, 
rounded or elliptical in shape and enveloped by thin rim of 
cytoplasm filled with mitochondria. Muller cells contain 
nuclei of high density (Figure 12A). Ganglion cell having 
large rounded euchromatic nucleus with intact nuclear 
envelope surrounded by thin rim of cytoplasm containing 
mitochondria, rough endoplasmic reticulum and scattered 
ribosomes (Figure 13A).

Group 2 (Diabetic Control), illustrated retinal pigmented 
cell layer resting on Bruch's membrane with destructed 
disturbed apical microvilli, small darkly stained nucleus 
and swollen degenerated mitochondria with destructed 
cristae. The cytoplasm displayed large phagosomes 
and vacuolization (Figure 9B). Multiple photoreceptors 
outer segments are separated by wide spaces. Some of 
these outer segments are degenerated, others showed 
vacuolation and distorted lamellar discs (Figure 10B). 
ONL showed cells with dark stained nuclei, others with 
cytoplasmic vacuolization. The nuclei are disconnected 
by wide intercellular spaces with debris (Figure 11B). 
Inner nuclear layer cells having condensed nuclei, swollen 
degenerated mitochondria with distorted cristae, many 
cytoplasmic vacuolization, and dilated rough endoplasmic 
reticulum (Figure 12B). In the GCL, ganglion cell appeared 
with indented irregular nucleus, and destructed nuclear 
membrane. The cytoplasm is vacuolated, together with 
presence of congested blood capillary (Figure 13B).

Group 3 (Diabetes+Avocado soybean), demonstrated 
an organization more or less like control. Where, the 
retinal pigment epithelial cell layer appeared resting on 
Bruch's membrane, having euchromatic oval nucleus, 
mitochondria, melanin granules and long apical microvilli 
(Figure 9C). Also, there is improved photoreceptors outer 
segments with intact regular flattened horizontal lamellar 
discs (Figure 10C). The outer nuclear layer showed rounded 
centrally located nuclei surrounded by mitochondria. 
Small area of the outer plexiform layer can be seen 
having intact nerve axons and containing mitochondria                                                                                           
(Figure 11C). INL showed the bipolar cells cell bodies, 
tightly packed to each other and having euchromatic rounded 
nuclei, and smooth contour of mitochondria (Figure 12C). 
Ganglion cell having large rounded nucleus surrounded 
by thin rim of cytoplasm containing mitochondria, 
and nearly normal rough endoplasmic reticulum                                                                                                                   
(Figure 13C). However, Group 4 (Diabetes+Glibenclamide), 
showed retinal pigment epithelial cell layer, resting on 
Bruch's membrane separating it from the chorio-capillary 
layer, having euchromatic oval nucleus, mitochondria, 
melanin granules and phagocytosed photoreceptors outer 
segments. But still there are degenerated microvilli, and 

large phagosomes (Figure 9D). There are some improved 
photoreceptors outer segments with regular flattened 
horizontal lamellar discs, but some segments still showing 
vacuolation and distorted lamellar discs (Figure 10D). 
The outer nuclear layer appeared with rounded centrally 
located nuclei but there are cytoplasmic vacuolation and 
the nuclei are separated by wide intercellular spaces. 
(Figure 11D). The inner nuclear layer demonstrated bipolar 
cells with euchromatic rounded nuclei, some mitochondria 
are normal others are degenerated, and cytoplasmic 
vacuolation (Figure 12D). Ganglion cells having large 
rounded euchromatic nucleus but still there are degenerated 
mitochondria, dilated rough endoplasmic reticulum 
and cytoplasmic vacuolization. Inner plexiform layer 
showed some normal nerve axons others are destructed                                                                      
(Figure 13D).

Morphometrical and statistical analysis results

Regarding the total thickness of the rats’ retina, there 
was a highly significant decrease (P< 0.001) in group 
2 when compared to group 1, a significant decrease                                         
(P< 0.05) in group 4 when compared to group 1, while 
group 3 showed non-significance (P>0.05) compared to 
group 1. There was a highly significant increase (P< 0.001) 
in group 3 when compared to group 2, a significant increase 
(P< 0.05) in group 4 when compared to group 2. Group 4 
showed a significant decrease (P< 0.05) in comparison to 
group 3 (Table 1, Histogram 1).

Thickness of the outer and inner nuclear layers of 
the retina, demonstrates a highly significant decrease                                                                                                     
(P< 0.001) in comparing group 2 to group 1, a non-
significance (P>0.05) when compared group 3 and 
4 to group 1 and a highly significant increase (P< 
0.001) when comparing group 3 and 4 to group 2. With 
a non-significance (P>0.05) between group 3 and 4                                                            
(Table 1, Histogram 1).

Regarding the number of the ganglion cells, there 
was a highly significant decrease (P< 0.001) in group 2 
compared to group 1, a significant decrease (P< 0.05) in 
group 4 compared to group 1, while group 3 showed non-
significance (P>0.05) when compared to group 1. There 
was a highly significant increase (P< 0.001) in group 3 
compared to group 2, a significant increase (P< 0.05) in 
group 4 when compared to group 2. Group 4 showed a 
significant decrease (P< 0.05) in comparison to group 3 
(Table 2, Histogram 2).

All immunohistochemical results including TNF-α, 
VEGF, vimentin, and caspase-3, illustrated a highly 
significant increase of positive immunoreaction (P< 0.001) 
in group 2 when compared to group 1, a non-significance 
(P>0.05) when compared group 3 and 4 to group 1. Group 
3 and 4 showed a highly significant decrease (P< 0.001) in 
comparison to group 2. With a non-significance (P>0.05) 
between group 3 and 4 (Table 3, Histogram 3).
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Fig.1: A photomicrograph of a retinal section stained with Hematoxylin and eosin demonstrating:
A: Group 1 (Normal Control): showing normal histological structure of well-organized retinal layers from outside inwards are retinal pigment epithelium 
(arrow head), photoreceptor layer (PRL), outer limiting membrane (red curved arrow), 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) and inner limiting membrane (black curved arrow).
B: Group 2 (Diabetic Control): showing marked disorganization of retinal layers with appearance of empty spaces (S) between the nuclei of outer nuclear layer 
(ONL), inner nuclear layer (INL) and ganglion cell layer (GCL). degenerated photoreceptor layer is also detected (D). Outer plexiform layer (OPL) showing 
disruption (arrow head). ganglion cells appeared with pycnotic nuclei (arrow). Notice, large congested blood vessel (BV) seen within the ganglion cell layer 
(GCL) extending to IPL.
C: Group 3 (Diabetes+Avocado soybean): showing retinal layers, more or less like control group, formed of photoreceptor layer (PRL), outer limiting 
membrane (red curved arrow), outer nuclear layer (ONL), outer plexiform layer (OPL), inner nuclear layer (INL), inner plexiform layer (IPL), ganglion cell 
layer (GCL), nerve fiber layer (NFL) and inner limiting membrane (black curved arrow).
D: Group 4 (Diabetes+Glibenclamide): still showing degenerated retinal pigment epithelium (arrow head) and photoreceptors layer (D), small capillary (C) 
within inner nuclear layer (INL). ganglion cell layer (GCL) showed vacuolation (V) and congested blood vessel (BV).
(Hematoxylin and eosin, ×200)
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Fig. 2: A photomicrograph of a retinal section stained with Hematoxylin and eosin demonstrating:
A: Group 1 (Normal Control): showing outer nuclear layer (ONL), formed of several rows of the bodies of rods and cones and their densely stained nuclei. 
Outer plexiform layer (OPL), cells in inner nuclear layer (INL) are larger with paler nuclei than those of the ONL, inner plexiform layer (IPL) has a thick pale 
eosinophilic fibrillary appearance. Ganglion cell layer (GCL), composed of a single row of ganglion cells displaying abundant light-stained cytoplasm. They 
have vesicular spherical or angular nuclei with prominent nucleoli, and nerve fiber layer (NFL) contains the processes of ganglion cells. Supporting fibers from 
Muller’s cells (star) are also seen. 
B: Group 2 (Diabetic Control): showing degenerated photoreceptor layer (PRL) and multiple vacuolation (V) within outer nuclear layer (ONL), inner nuclear 
layer (INL) and inner plexiform layer (IPL). Notice, most of ganglion cells were lost, others appeared with pycnotic nuclei (arrow), narrowing of outer 
plexiform layer (OPL) and small capillaries (C) appeared within inner nuclear layer (INL).
C: Group 2 (Diabetic Control): showing marked disorganization of retinal layers, degenerated retinal pigment epithelium (arrow head), degenerated 
photoreceptors and outer nuclear layers (D), pycnotic nuclei (arrow) within inner nuclear layer (INL), and ganglion cell layer (GCL). Notice, multiple 
vacuolation (V) appeared within inner nuclear layer (INL), and ganglion cell layer (GCL), large congested blood vessel (BV) seen at ganglion cell layer (GCL)
(Hematoxylin and eosin, ×400)

Fig.3: A photomicrograph of a retinal section stained with Hematoxylin and eosin demonstrating:A: Group 3 (Diabetes+Avocado soybean): showing retinal 
layers, more or less like control group, formed of well-organized, photoreceptor layer (PRL), outer nuclear layer (ONL), outer plexiform layer (OPL), inner 
nuclear layer (INL), and inner plexiform layer (IPL), ganglion cell layer (GCL), and nerve fiber layer (NFL) that contains the processes of ganglion cells. Notice, 
the supporting fibers from Muller’s cells (star). B: Group 4 (Diabetes+Glibenclamide): showing improvement in some retinal layers including, photoreceptor 
layer (PRL), outer nuclear layer (ONL), outer plexiform layer (OPL). However, there is vacuolation (V) within inner nuclear layer (INL), inner plexiform layer 
(IPL), and ganglion cell layer (GCL) that also exhibits pycnotic nuclei (arrow). (Hematoxylin and eosin, ×400)
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Fig.4: A photomicrograph of a retinal section stained with Toluidine blue demonstrating:
A: Group 1 (Normal Control): showing layers of the retina. Retinal pigment epithelium layer (RPE) cells appear as a single layer of cuboidal cells. The 
photoreceptor layer (PL) appeared as elongated barrel-shaped structures. The outer nuclear layer (ONL) is formed of several rows of the cell bodies of the rods 
and cones with their scanty cytoplasm and dark nuclei.
The processes of these cells extend into the outer plexiform layer (OPL). Inner nuclear layer (INL) contains larger cells with paler nuclei than those found 
in the ONL. Four types of cells could be identified in the INL layer: bipolar cells (B), horizontal cells (H), Muller cells (M), and amacrine cells (A). Inner 
plexiform layer (IPL) appears thicker than the OPL. Ganglion cell layer (GCL) revealed a single row of light stained cytoplasm and vesicular pale nuclei with 
prominent nucleoli of ganglion cells (red arrow) and dark stained nuclei of astrocytes (black arrow). Also inner limiting membrane seen as a dark stained line 
(red curved arrow). 
B: Group 2 (Diabetic Control): showing Photoreceptor layer (PL) filled with multiple empty spaces (S). The outer nuclear layer (ONL) appeared with dark 
stained nuclei, outer plexiform layer (OPL) showed marked thinning. Inner nuclear layer (INL) showed widely separated nuclei (red arrow), cytoplasmic 
vacuolation (V), many blood capillaries (C), and many Muller cells (M). Ganglion cell layer (GCL) revealed complete degeneration and cytoplasmic lysis of 
ganglion cells with dissolution of their nuclei (N). Note, the appearance of congested blood vessel (BV) within GCL. 
C: Group 3 (Diabetes+Avocado soybean): showing the different retinal layers more or less similar to control group; formed of photoreceptor layer (PL), 
outer nuclear layer (ONL), outer plexiform layer (OPL), inner nuclear layer (INL), Inner plexiform layer (IPL), Ganglion cell layer (GCL) and inner limiting 
membrane (red curved arrow). 
D: Group 4 (Diabetes+Glibenclamide): showing vacuolation (V) within outer nuclear layer (ONL), inner nuclear layer (INL) and ganglion cell layer (GCL). 
some ganglion cells are lost (arrow head).
(Toluidine blue, × 200)
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Fig.5: TNF immunohistochemical staining of the retina showing:
A: Group 1 (Normal Control): demonstrating a very weak cytoplasmic intensity in all layers including, photoreceptor layer (PL), outer nuclear layer (ONL), 
outer plexiform layer (OPL), inner nuclear layer (INL), inner plexiform layer (IPL), and ganglion cell layer (GCL).
B: Group 2 (Diabetic Control): demonstrating a strong positive high intensity immune reaction (arrow) in outer nuclear layer (ONL), outer plexiform layer 
(OPL), inner nuclear layer (INL), inner plexiform layer (IPL), and ganglion cell layer (GCL).
C: Group 3 (Diabetes+Avocado soybean): demonstrating a weak intensity immune reaction (arrow) appear in ganglion cell layer (GCL).
D: Group 4 (Diabetes+Glibenclamide): demonstrating a moderate intensity immune reaction (arrow) in inner nuclear layer (INL), inner plexiform layer (IPL), 
and ganglion cell layer (GCL). (TNF x 400 immunostaining)
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Fig.6: Vascular endothelial growth factor (VEGF) immunohistochemical staining of the retina showing: 
A: Group 1 (Normal Control):  illustrating a negative immunoreaction in outer nuclear layer (ONL), outer plexiform layer (OPL), inner nuclear layer (INL), 
inner plexiform layer (IPL), and ganglion cell layer (GCL).
B: Group 2 (Diabetic Control): illustrating a strong positive cytoplasmic immunoreaction intensity (arrow) in inner nuclear layer (INL), inner plexiform layer 
(IPL), and ganglion cell layer (GCL).
C: Group 3 (Diabetes+Avocado soybean): illustrating a very weak immunoreaction intensity (arrow) in inner nuclear layer (INL).
D: Group 4 (Diabetes+Glibenclamide): illustrating a moderate immunoreaction intensity appears as brown cytoplasmic deposits (arrow) in inner nuclear layer 
(INL), inner plexiform layer (IPL), and ganglion cell layer (GCL). 
(Anti-VEGF immunostaining, ×400).
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Fig.7: Caspase 3 immunohistochemical staining of the retina showing:
A: Group 1 (Normal Control): demonstrating a very weak cytoplasmic immune reaction intensity for caspase-3 (arrow) in outer nuclear layer (ONL), outer 
plexiform layer (OPL), inner nuclear layer (INL), inner plexiform layer (IPL), and ganglion cell layer (GCL).
B: Group 2 (Diabetic Control): demonstrating a strong positive high intensity immune reaction for caspase-3 (arrow) in outer nuclear layer (ONL), inner nuclear 
layer (INL), and ganglion cell layer (GCL).
C: Group 3 (Diabetes+Avocado soybean): showing a weak intensity immune reaction for caspase-3 (arrow) in inner nuclear layer (INL).
D: Group 4 (Diabetes+Glibenclamide): showing a moderate intensity immune reaction for caspase-3 (arrow) in outer nuclear layer (ONL), and inner nuclear 
layer (INL).
 (Caspase-3 x 400 immunostaining)
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Fig.8: Vimentin immunohistochemical staining of the retina demonstrating: 
A: Group 1 (Normal Control): showing a very weak immunoreactivity in the Muller cell end feet and Muller fibers (arrow) found in inner plexiform layer (IPL) 
and ganglion cell layer (GCL). 
B: Group 2 (Diabetic Control): showing a strong positive immunoreactivity in the Muller cell end feet and Muller fibers (arrow) found in outer nuclear layer 
(ONL), outer plexiform layer (OPL), inner nuclear layer (INL), inner plexiform layer (IPL), and ganglion cell layer (GCL).
C: Group 3 (Diabetes+Avocado soybean): demonstrating a weak immunoreactivity in the Muller cell end feet and Muller fibers (arrow) in outer plexiform layer 
(OPL), inner nuclear layer (INL), inner plexiform layer (IPL) and ganglion cell layer (GCL). 
D: Group 4 (Diabetes+Glibenclamide): demonstrating a moderate immunoreactivity in the Muller cell end feet and Muller fibers (arrow) in outer nuclear layer 
(ONL), outer plexiform layer (OPL), inner nuclear layer (INL), inner plexiform layer (IPL) and ganglion cell layer (GCL). 
(Anti-vimentin immunostaining, ×400) 
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Fig.9: An electron photomicrograph of the rat’s retina demonstrating: 
A: Group 1 (Normal Control), showing retinal pigment epithelial cell layer having large euchromatic oval nucleus (N), cisterna of rough endoplasmic reticulum 
(RER), mitochondria (M), melanin granules (star), long apical microvilli (MV) and phagocytosed photoreceptors outer segments (OS). 
B: Group 2 (Diabetic Control), showing retinal pigmented cell layer resting on distorted Bruch's membrane (red arrow) with destructed disturbed apical 
microvilli (MV), small darkly stained nucleus (N) and swollen degenerated mitochondria with destructed cristae (M). There are large phagosomes (PH) and 
vacuolization (V) in the cytoplasm.
C: Group 3 (Diabetes+Avocado soybean), showing retinal pigment epithelial cell layer resting on nearly normal Bruch's membrane (red arrow), having 
euchromatic oval nucleus (N), mitochondria (M), melanin granules (star) and long apical microvilli (MV), more or less like control group.
D: Group 4 (Diabetes+Glibenclamide), showing retinal pigment epithelial cell layer, resting on Bruch's membrane (red arrow) separating it from the chorio-
capillary layer (C), having euchromatic oval nucleus (N), mitochondria (M), melanin granules (star) and phagocytosed photoreceptors outer segments (OS). 
But still there are degenerated microvilli (MV), and large phagosomes (PH).
(TEMX3000)
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Fig.10: An electron photomicrograph of a section of the rat’s retina demonstrating: 
A: Group 1 (Normal Control), showing the outer segments photoreceptors (OS) appear as long, straight, and cylindrical structures containing regular flat 
horizontal lamellar discs (red arrow). 
B: Group 2 (Diabetic Control), showing Multiple photoreceptors outer segments (OS) are separated by wide spaces (black arrow). Some of these outer 
segments are degenerated (red arrow), others showing vacuolation (V) and distorted lamellar discs (blue star).
C: Group 3 (Diabetes+Avocado soybean), showing improved photoreceptors outer segments (OS) with intact regular flattened horizontal lamellar discs (red 
arrow), more or less like control group.
D: Group 4 (Diabetes+Glibenclamide), showing some improved photoreceptors outer segments (OS) with regular flattened horizontal lamellar discs (red 
arrow), but some segments still showing vacuolation (V) and distorted lamellar discs (blue star).
(TEMX4000)
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Fig.11: An electron photomicrograph of a section of the rat’s retina illustrating: 
A: Group 1 (Normal Control), showing the outer nuclear layer with rounded centrally located nuclei (N) with highly condensed heterochromatin (C), surrounded 
by a thin rim of cytoplasm (angled arrow) and mitochondria (M). Notice the cells are tightly backed with no intercellular spaces (star).
B: Group 2 (Diabetic Control), from the outer nuclear layer showing cells with dark stained nuclei (N), and cells with cytoplasmic vacuolization (V). The nuclei 
are separated by wide intercellular spaces (star) filled with debris (red arrow). 
C: Group 3 (Diabetes+Avocado soybean), showing the outer nuclear layer with rounded centrally located nuclei (N) surrounded by mitochondria (M). Small 
area of the outer plexiform layer (OPL) can be seen having intact nerve axons (red arrow) and containing mitochondria (m). 
D: Group 4 (Diabetes+Glibenclamide), showing the outer nuclear layer with rounded centrally located nuclei (N) but there are cytoplasmic vacuolation (V) and 
the nuclei are separated by wide intercellular spaces (red arrow).
(TEM, X3000)
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Fig.12: An electron photomicrograph of the rat’s retina illustrating: 
A: Group 1 (Normal Control), from the inner nuclear layer showing the cell bodies of bipolar cells, tightly packed to each other and having euchromatic 
rounded nuclei (N), rounded or elliptical in shape and surrounded by thin rim of cytoplasm filled with mitochondria (M). Muller cells contain nuclei of high 
density (MU). 
B: Group 2 (Diabetic Control), showing inner nuclear layer cells having condensed nuclei (N), swollen degenerated mitochondria with distorted cristae (M), 
many cytoplasmic vacuolization (V), and dilated rough endoplasmic reticulum (RER).
C: Group 3 (Diabetes+Avocado soybean), from the inner nuclear layer showing the cell bodies of bipolar cells, tightly packed to each other and having 
euchromatic rounded nuclei (N), smooth contour of mitochondria (M) more or less like control.
D: Group 4 (Diabetes+Glibenclamide), from the inner nuclear layer showing bipolar cells with euchromatic rounded nuclei (N), some mitochondria are normal 
(M) others are degenerated (D). vacuolation of the cytoplasm (V) also seen.
(TEM X3500)
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Fig.13: An electron photomicrograph of the rat’s retina demonstrating: 
A: Group 1 (Normal Control), showing ganglion cell having large rounded euchromatic nucleus (N) with intact nuclear envelope (red arrow) surrounded by 
thin rim of cytoplasm containing mitochondria (M), rough endoplasmic reticulum (RER) and scattered ribosomes (R) are observed. 
B: Group 2 (Diabetic Control), showing ganglion cell with indented irregular nucleus (N), and destructed nuclear membrane (red arrow). The cytoplasm is 
vacuolated (V). Note congested blood capillary (BC) is seen.
C: Group 3 (Diabetes+Avocado soybean), showing ganglion cell having large rounded nucleus (N) surrounded by thin rim of cytoplasm containing mitochondria 
(M), Rough endoplasmic reticulum (RER) more or less like control.
D: Group 4 (Diabetes+Glibenclamide), showing ganglion cell having large rounded euchromatic nucleus (N) but still there are degenerated mitochondria (M), 
dilated rough endoplasmic reticulum (RER) and cytoplasmic vacuolization (V). Notice, inner plexiform layer showing some normal nerve axons (red arrow) 
others are destructed (blue arrow).
(TEM X4000)

Table 1: Mean ±SD and range of the total thickness of the rats’ retina and the thickness of its outer and inner nuclear layers in all groups

Group 1 Group 2 Group 3 Group 4 U P value

Total retinal thickness
Mean ±SD
Range 

123.207.07±
110 – 129

83.106.94±
70 – 95

117.50±7.89
104 – 127 

103.7011.79±
85 – 119

3.79
1.44
3.11
3.78
3.10
2.42

<0.0011

0.152

0.0073

<0.0014

0.0035

0.026

Outer nuclear thickness
Mean ±SD
Range

40.90±4.53
35 – 50 

25.80±3.71
20 – 31 

38.20±3.22
34 – 43 

37.10±3.41
30 – 40 

3.78
1.25
1.64
3.78
3.68
0.50

<0.0011

0.212

0.103

<0.0014

<0.0015

0.626

Inner nuclear thickness
Mean ±SD
Range

26.80±2.70
23 – 31 

15.70±3.53
12 – 22

28.90±2.69
24 – 33 

27.903.54±
20 – 31 

3.79
1.53
1.11
3.78
3.68
0.38

<0.0011

0.132

0.273

<0.0014

<0.0015

0.706

u = Mann Whitney U test                                1 = comparing group 1 & group 2                                   2 = comparing group 1 & group 3
3 = comparing group 1 & group 4                  4 = comparing group 2 & group 3                                   5 = comparing group 2 & group 4
6 = comparing group 3 & group 4
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Table 2: Mean ±SD and range of the number of ganglion cells of the rats’ retina in all groups

Group 1 Group 2 Group 3 Group 4 U P value

Number of ganglion cells 
Mean ±SD
Range 

8.70±1.50
7 – 12  

2.93±1.69
1 – 6.8

7.35±1.62
4.2 – 10 

5.64±1.36
3.7 – 7.3

3.79
1.52
2.43
3.55
2.98
2.46

<0.0011

0.132

0.013

<0.0014

0.0085

0.016

u = Mann Whitney U test                                1 = comparing group 1 & group 2                                   2 = comparing group 1 & group 3
3 = comparing group 1 & group 4                  4 = comparing group 2 & group 3                                   5 = comparing group 2 & group 4
6 = comparing group 3 & group 4

Table 3: Mean ±SD and range of the area % of TNF-α, VEGF, vimentin, and caspase-3 positive immunohistochemical reaction in all groups

Group 1 Group 2 Group 3 Group 4 U P value

TNF-α 
Mean ±SD
Range 

4.97±2.10
0.88 – 7.4

31.91±4.07
25.2 – 36.7

5.28±1.77
2.4 – 8.2

7.20±3.26
3.5 – 13.4

3.78
0.19
1.40
3.78
3.78
1.33

<0.0011

0.852

0.163

<0.0014

<0.0015

0.196

VEGF 
Mean ±SD
Range 

4.45±1.56
2.5 – 6.5 

28.57±4.81
22.5 – 35.5

5.36±1.52
3.5 – 8.1

6.25±2.37
3.5 – 9.3 

3.78
1.17
1.74
3.78
3.78
0.76

<0.0011

0.242

0.083

<0.0014

<0.0015

0.456

Vimentin  
Mean ±SD
Range 

8.32±1.28
6.7 – 10.2 

36.18±4.97
23.5 – 40.8

9.27±3.91
4.3 – 15.6

13.90±6.07
6.2 – 22.1

3.78
0.53
1.70
3.78
3.78
1.66

<0.0011

0.602

0.093

<0.0014

<0.0015

0.106

Caspase intensity 
Mean ±SD
Range 

15.27±4.22
6.5 – 22.3 

62.24±5.36
54 – 68 

16.58±6.94
9.5 – 28.9

19.08±4.45
13.5 – 28.3 

3.78
0.15
1.74
3.78
3.78
1.06

<0.0011

0.882

0.083

<0.0014

<0.0015

0.296

u = Mann Whitney U test                                1 = comparing group 1 & group 2                                   2 = comparing group 1 & group 3
3 = comparing group 1 & group 4                  4 = comparing group 2 & group 3                                   5 = comparing group 2 & group 4
6 = comparing group 3 & group 4

Histogram 1: Mean of the total thickness of the rats’ retina and the 
thickness of its outer and inner nuclear layers in all groups

Histogram 2: Mean of the number of ganglion cells of the rats’ retina in 
all groups
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Histogram 3: Mean of the area % of TNF-α, VEGF, vimentin, and 
caspase-3 positive immunohistochemical reaction in all groups

DISCUSSION                                                                                

DR is a neurodegenerative, microvascular, and 
sight-threatening impact of chronic uncontrolled DM[2]. 
Therefore, conducting researches on prohibition and 
therapy of DR is of major indication. 

In the existing study, we first inspected the curative 
effects of ASB versus glibenclamide on the DR progression 
in STZ-induced diabetic rats.

Histological findings of the diabetic rats’ retina 
demonstrated marked disorganization of all the retinal 
layers, degenerated RPE, PRL, and ONL, with appearance 
of empty spaces between the nuclei of ONL, INL and 
GCL. Multiple vacuolation within ONL, INL, IPL, and 
GCL and cytoplasmic vacuolation in the INL. OPL 
showing disruption. INL exhibited pycnotic nuclei. These 
findings coincident with, preceding studies stated that, 
DR is widely documented by neuronal degeneration that 
precedes microvascular damage and attributed the loss of 
cells in DR to neurodegeneration as a result of extended 
hyperglycemia and microvascular disruption[29,30]. Recent 
studies strongly confirm the pivotal effect of inflammation 
in the pathogenesis and development of DR[10,11], where 
it exhibited characteristics of chronic inflammatory 
disorders, including increased vascular permeability, 
inflammatory cell infiltration, and the main expression of 
pro-inflammatory cytokines and chemokines, which led 
to edema, tissue damage, and neovascularization in the 
retina[31,32]. Additionally, elevated expression of vasoactive 
factors and cytokines may be responsible for structural and 
functional alterations in the retina[33,34].

Proinflammatory mediator in DR, promoting retinal 
epithelium damage, as well as accelerating the onset of 
diabetes[35].

Moreover, in the study GCL revealed total degeneration, 
lysis of cytoplasm and appearance of pycnotic nuclei with 
loss of most of the ganglion cells. Together with a highly 
significant decline in the number of the ganglion cells in 
comparison to control rats. These findings synchronous 
with the study that considered the main etiology of DR is 

the occurrence of mitochondrial dysfunction and damage 
of ganglion cell of the retina, before occurrence of vascular 
manifestations[36]. 

Structural insufficiency of BRB might lead to neuronal 
cell loss, particularly in the GCL, and also reduces ONL 
and total retinal thickness[37], similar to the findings, of 
complete degeneration of GCL with a highly significant 
decrease of total thickness of the rats’ retina and outer and 
inner nuclear layers of the retina, in the current study.

Retinal ganglion cells degeneration is influenced by 
many factors, embracing inflammation, oxidative stress, 
and advanced glycation end products exposure[38,39]. In 
addition, Daniel et al.,[40] observed diabetes-induced loss of 
RGC and decreased thickness of the retina and stated that 
these finding, replicated many previous studies that loss of 
RGC was the prior morphological signs of DR[41,42].

However, others explore no finding of RGC loss, even 
during chronic diabetes[43]. This conflict may be attributed 
to different RGC detection methods, quantification, used 
animals, and the degree of elevated glucose in the studies[44].

Immunohistochemical findings of inflammatory, 
angiogenesis, and apoptotic makers, TNF-α, VEGF, and 
caspase-3, in this study revealed a highly significant 
elevation of positive immunoreaction (P< 0.001) 
compared to the control rats. Concurrent with prior 
studies, that mitochondria-derived reactive oxygen species 
induce many DR pathologies including, mitochondrial 
ROS production, DNA damage, and raised inflammatory 
mediators and caspase expression, which directly lead 
to RGC loss[45], and also besides the oxidative stress that 
aggravates DR, inflammation plays a vital role in the 
pathogenesis of retinopathy[46,47]. Such elevated levels of 
oxidative stress and apoptosis in DR have been caused by 
mitochondrial dysfunction with affection of both retinal 
neurons and vascular cells by a vicious circle. Where 
mitochondrial dysfunction invigorates inflammatory 
mediators and ROS production, that destroys mtDNA, 
elevates mitochondrial pathology, and progressing to cell 
death apoptosis[15,48]. Additionally, TNF, IL-1, and IL-6 are 
mutual proinflammatory cytokines, in vitreous, or retinas 
of diabetic patients or rats[49].

Moreover, the highly significant increase of positive 
VEGF immunoreaction in the study, synchronous 
with many studies proposed that diabetes is a chronic, 
low-grade inflammatory, and autoimmune disease[49]. 
Hyperglycemia can prompt leukocyte adhesion to vascular 
endothelial cells, and this destructing BRB and aggravating 
microcirculation, leading to retinal hypoxia with increased 
expression of VEGF. Increased VEGF elevates IL-1β and 
adhesion factors expression, developing DR[50,51].

Immunohistochemical findings of gliosis maker, 
vimentin revealed highly significant increase of positive 
immunoreaction (P< 0.001) when compared to the control 
rats. DR leads to early several degenerative changes as 
deregulations of glutamate signaling and metabolism, 
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neural apoptosis, activation of microglial cell and 
expulsion of pro-inflammatory cytokines; TNF-α[52]. 
Also, retinal inflammation and elevated ROS in response 
to DR is the etiology of expression of Müller cells, that 
excrete cytokines responsible for retinal neuronal and 
vascular damage[53,54]. Moreover, reactive gliosis in a DR 
rat model with raised GFAP expression is an indicator of a 
proinflammatory phenotype[40].

Transmission electron microscopic findings, illustrated 
destructed disturbed apical microvilli of the retinal 
pigmented cell layer, small darkly stained nucleus and 
swollen degenerated mitochondria with destructed 
cristae. The cytoplasm displayed large phagosomes and 
vacuolization. Synchronous with, degenerated retinal 
pigmented epithelium with marked changes in the organelle 
morphology including; degenerated mitochondria, 
pyknotic nuclei, and dilated endoplasmic reticulum, in a 
previous study[55].

Also, in the current study, multiple photoreceptors 
outer segments are separated by wide spaces. Some of 
these outer segments are degenerated, others showed 
vacuolation and distorted lamellar discs, such changes 
were attributed to the oxidative stress in response to 
DR[56]. ONL showed cells with dark stained nuclei, others 
with cytoplasmic vacuolization. The nuclei are separated 
by wide intercellular spaces with debris. Inner nuclear 
layer cells having condensed nuclei, swollen degenerated 
mitochondria with distorted cristae, many cytoplasmic 
vacuolization, and dilated rough endoplasmic reticulum. In 
the GCL, ganglion cells appeared with indented irregular 
nucleus, and destructed nuclear membrane. The cytoplasm 
is vacuolated, with presence of congested blood capillary, 
that is also coincident with previous reports that sodium 
iodate, induced oxidative stress, damaging many retinal 
organelles[57].

Avocado/soybean composes from avocado fruits, 
seeds, and soybean oil[58]. Consequently, the mixture of 
avocado and soybean oil exerts a more potent interactive 
effects, distinct from action of each component alone[59]. 
The mixture has acquired a significant role as a natural 
therapy for numerous diseases[19].

Due to the minimal information on the enormous 
health benefits of ASB, it was chosen in the current study 
to provide for the first time, updated information on its 
benefits on DR induced by STZ versus glibenclamide. 

In the current study, Group 3 (Diabetes+Avocado 
soybean) showed remarkable improvement in 
inflammatory, apoptotic and gliosis makers demonstrated 
as a highly significant decrease (P< 0.001) compared to 
group 2 (Diabetic Control) with nearly normal histological 
appearance and morphometrical analysis that demonstrated 
a non-significance (P>0.05) compared to control.

ASB, has chondro-protective properties, important 
role in osteoarthritis and autoimmune disorders like 
rheumatoid arthritis and scleroderma and also has a 

pivotal anti-inflammatory effects, which are supported 
by the association of overregulation of pro-inflammatory 
substrates like interleukins (IL-1β, IL-6, IL-8), macrophage 
inflammatory proteins, ROS, TNF-α and TNF-β, with 
autoimmune disorder that is improved by ASB. Also, ASB 
components of phytosterols, tocopherols, tocotrienols, 
and isoflavones, has a noticeable reduction on pro-
inflammatory substrates in autoimmune and osteoarticular 
disorders together with remarked structural amelioration 
in osteoarthritis[19]. Additionally, beneficial effects of ASB 
related to its avocado oil content that is rich in carotenoids, 
which can detach cellular O2 performing a protective 
role against oxidative damage[60]. Moreover, avocado 
oil improves mitochondrial function in rat’s liver under 
oxidative stress[61]. Adjustment of anti-oxidant enzymes, 
even in control animals, confirmed that avocado oil has 
beneficial effects in many metabolic and chronic diseases 
by diminution of oxidative stress[62].

 Glibenclamide, 2nd generation sulphonylureas, has 
an effective role in medicament of moderate diabetic 
patients[17].

Histological findings in group 4 
(Diabetes+Glibenclamide) showed little improvement 
than ASB. Where there is still degenerated retinal pigment 
epithelium and some photoreceptor layer, together with 
small capillary within inner nuclear layer, vacuolation 
within INL, IPL, and GCL. Also, there is congested blood 
vessel, pycnotic nuclei, and lost ganglion cells within 
ganglion cell layer. Also, immunohistochemical findings 
of inflammatory, apoptotic and gliosis maker demonstrated 
a moderate immune reaction intensity. Sulfonylureas, 
vastly used as hypoglycemic therapy for patients with DM 
type 2, have neuroprotective effects, synchronous with the 
improvement in the current study[63]. In diabetic retinal 
injury, Gli, conserve’s retinal structure and function via 
various models including the transcriptional regulation 
of antioxidant and neuroprotective genes, and also, has 
beneficial effects on various DR signs in the goto-kakizaki 
rats, by limiting diabetes-induced neuro-retinal thickening 
and the progression of ischemic areas[63]. Moreover, Gli has 
a protective effect against lipid peroxidation, and oxidative 
damage in diabetes[22].

Gli repairs by connecting to and prohibiting the ATP-
sensitive potassium channels inhibitory sulfonylurea 
receptor 1 in β-cells of pancreas. This prohibition induces 
the cell membrane to depolarize, allowing voltage-
dependent calcium channels to open. Elevating intracellular 
calcium in the β-cells with insulin release[64].

Such a slight improvement in histological and 
immunohistochemical results of Gli compared to ASB. In 
addition to, the morphometric analysis of the total thickness 
of the rats’ retina, and the number of the ganglion cells in 
group 4 that still showed a significant decrease (P< 0.05) 
compared to group 3. Results concluded that ASB has the 
most potent retinal efficacy in DR than glibenclamide.
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CONCLUSION                                                                               

Our hypothesis indicates that diabetes induced 
structural changes, inflammation, apoptosis, and gliosis in 
the retina. Avocado/soybean supplementation promotes, 
potent structure-modifying effects on the diabetic rats’ 
retina induced by STZ via its retinal-protective, anti-
inflammatory, anti-oxidative and anti-apoptotic effects, 
which is more evident than glibenclamide
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الملخص العربى

التأثير الوقائي على شبكية العين للأفوكادو فول الصويا (ASB)  مقابل الجليبنكلاميد فى 
الجرذان المستحثه بداء السكرى الناجم عن الستربتوزوتوسين

رشا ممدوح سلامة1، سهام أحمد محمد عبد العزيز2 

1قسم التشريح والأجنة، 2قسم الهستولوجي وبيولوجيا الخلية،  كلية الطب،  جامعة المنوفي ، مصر 

المقدمة: اعتلال الشبكية السكري هو التنكس العصبي و تأثير الأوعية الدموية الدقيقة والتهديد البصرى لمرض السكري 
المزمن غير المنضبط. لقد اكتسب الأفوكادو فول الصويا، وهو مزيج غذائي جديد نسبياً، دورًا مهمًا كعلاج طبيعي بديل 

للعديد من الأمراض. الجليبنكلاميد، وهو سلفونيل يوريا قوي، تم تأكيده في الولايات المتحدة كعلاج لمرض السكري.
الهدف من البحث: استكشاف التأثيرات الوقائية للأفوكادو فول الصويا مقابل الجليبنكلاميد على شبكية الجرذان المصابة 

بداء السكري التي يسببها الستربتوزوتوسين.
المواد والطرق: تم تصنيف أربعين جرذا إلى أربع مجموعات: المجموعة الضابطة، مجموعة مرض السكري، مجموعة 
مرض السكري + الأفوكادو فول الصويا، مجموعة مرض السكري + الجليبنكلاميد. تمت معالجة عينات الشبكية من 
أجل الدراسات النسيجية والهستوكيميائية المناعية والمجهرالإلكترونى. كما تم إجراء دراسات مورفومترية وإحصائية.
النتائج: أظهرت عينة الشبكية للجرذان المصابة بمرض السكرى عدم تنظيم واضح لطبقات الشبكية، وتلف فى طبقة 
الخلايا الطلائية الملونة، والمستقبلات الضوئية، والطبقة النووية الخارجية مع ظهور فراغات وفجوات متعددة. معظم 
الخلايا العقدية فقدت، وظهرالبعض الآخرمع نوى متجمعة .بالإضافة إلى انخفاض ملحوظ في السماكة الكلية، وسماكة 
 TNF-α،VEGF الطبقات النووية الخارجية والداخلية لشبكية الفئران، وعدد الخلايا العقدية. أوضح التعبير المناعي لـ

vimentin ، 3-،caspase إرتفاعًا ملحوظا.
فجوة  مع  الميتوكوندريا  وتحلل  تورم  أظهرت  العين  شبكية  في  الملونة  الطلائية  الخلايا  لطبقة  التحتية  البنية  نتائج 
بالسيتوبلازم. وأظهرت تحلل المستقبلات الضوئية مع فجوات. كما تحتوي الخلايا العقدية على نواة مسننة غير منتظمة 
وتدمير فى الغشاء النووي وفجوة بالسيتوبلازم. يعدل الأفوكادو فول الصويا تغيرات اعتلال الشبكية السكري، بنائيا 

وهستوكيميائياً مناعياً، أكثر من الجليبنكلاميد.
الإستنتاج: يتمتع الأفوكادو فول الصويا بفاعلية حماية شبكية أكبرعلى إعتلال الشبكية السكري مقارنة بالجليبينكلاميد.


