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ABSTRACT 
Introduction: Diabetic retinopathy (DR) is a main reason for vision loss worldwide. It is manifested by 
neurovascular dysfunction rather than pure vascular lesion.                                                                                                                     
 Aim of the work: This research aimed to examine the impact of gabapentin on diabetic retinal neurodegeneration 
induced by streptozotocin (STZ), identifying the crucial role of neurodegeneration in DR.                                                                                  
Material and methods:  Forty-two adult male albino rats were randomly classified into three groups. Control group 
I: subdivided into subgroup Ia; plain control, subgroup Ib; vehicle control and subgroup Ic; positive control. Group II 
(Diabetic or STZ-treated group); administered STZ one time intraperitoneally at a dosage of fifty milligrams per 
kilogram, that was dissolved freshly in a 0.1 mole per liter citrate-buffered solution (pH 4.5). Animals detected with 
high levels of blood glucose of 250 milligrams per deciliter or greater forty-eight hours after STZ administration were 
classified as diabetic and included in the research. Group III (Gabapentin-treated diabetic group); The diabetic rats 
administered gabapentin orally by intragastric tube at a dosage of 300 milligrams per kilogram dissolved in distilled 
water twice daily for four weeks, following the administration of STZ at the same previous dosage. After four weeks, 
preparation of specimens of retinae was done for histological & immunohistochemical study using anti-caspase-3, anti-
GFAP and anti-VEGF antibodies. Results were morphometrically & statistically studied.  
Results: Diabetic group II revealed a significant decrease in the retinal sections thickness, reduced cell number of 
inner & outer nuclear layers and also a significant decrease in ganglion cells number. Significant upregulation of 
caspase-3, GFAP and VEGF immune reaction was observed. Gabapentin-treated diabetic group III showed preserved 
histological structure with retinal thickness restoration and down regulation of caspase-3, GFAP & VEGF immune 
reactions. 
Conclusion: Gabapentin effectiveness in the prevention of neurodegeneration in rat models of diabetes was proved. 
Therefore, gabapentin might be considered as a valuable drug for future neuroprotective therapy. 
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INTRODUCTION 
Diabetes mellitus (DM) is considered as one of the most common metabolic disorders. Diabetes is 
manifested by hyperglycemia due to deficient insulin production and/or insulin resistance. Exposure 
to chronic high blood glucose levels leads to multiple complications [1]. Diabetic complications 
involve diabetic retinopathy (DR), cardiomyopathy, neuropathy, nephropathy, liver diseases and 
impaired healing [2,3]. 
Diabetic retinopathy (DR), a significant complication of DM, is an important reason of visual 
affection and irreversible vision loss globally. With the continued increase in the prevalence of DM, 
the burden of DR is significantly increasing. Beyond the well-recognized vasculopathy as a hallmark 
of DR; recent studies suggest that neurodegeneration is a crucial part in occurrence of DR [4]. 
Streptozotocin (STZ) caused diabetes is a widely utilized animal model for investigating the retinal 
complications of DM. Streptozotocin causes many histological and biochemical changes. Glucose 
transporter two (GLUT2) facilitates the transport of streptozotocin into pancreatic beta cells, where 
it functions as a toxic glucose analogue. Glucose and methyl nitrosourea are the products of STZ's 
cleavage. The pancreatic beta cells are damaged as an outcome of the multiple DNA strand breaks 
and fragmentations that are induced by the potent alkylating agent, methyl nitrosourea [1,5,6]. 
Gabapentin is a widely used medication for management of seizures and neuropathic pain, 
particularly in diabetic patients. Gabapentin, a structural analogue of gamma-aminobutyric acid 
(GABA), has been approved as medication in the nineties. It acts through inhibition of the alpha 2 
delta accessory subunits of voltage-dependent calcium channels [7]. Gabapentin binding at the pre- 
& post-synaptic membranes leads to suppression of excitatory neurotransmitters secretion [8,9]. 
Gabapentin is documented to display anti-oxidant and anti-apoptotic actions in rats with DR [7]. 
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This research has been designed to elucidate the retinal neurodegenerative and microvascular 
alterations in adult male albino rats following induction of diabetes by STZ & to assess possible 
neuroprotective effect of gabapentin as a promising therapy against diabetic retinal 
neurodegeneration. 
 
MATERIAL AND METHODS: 
Chemicals: 
Vials containing 1 gm streptozotocin (STZ) (Sigma Aldrich, catalogue number 327506, USA) were 
used. The vials should be stored at -20º C. 
Gabapentin (300 mg capsule) is a product of Pfizer, United Kingdom, marketed under the trade 
name Neurontin. 
 
Experimental protocol and animals: 
The present experimental research was done at Medical Experimental Research Center (MERC), 
which is a part of Faculty of Medicine at Mansoura University. The experiment was conducted in 
accordance with the international guidelines for the use and care of laboratory animals. Faculty of 
Medicine, Mansoura University Institution Research Board approval was obtained (code number: 
MD/17. 06.37). Forty-two adult male albino rats three months old weighing (180-200) grams were 
utilized. Rats were obtained from MERC. Acclimatization of rats for a week before the experiment 
was done. They were housed in plastic cages in controlled environment with adequate temperature 
and ventilation. A standard laboratory diet and water were provided without restriction, and the 
animals were exposed to a twelve-hour light-dark cycle. 
 
Induction of Type 1 Diabetes Mellitus: 
The rats were fasted overnight prior to i.p administration of a single dosage of fifty milligram per 
kilogram of STZ dissolved freshly in 0.1 moles per liter citrate-buffered solution (pH 4.5). Within 48 
hours of STZ injection, animals were provided with 10% sucrose water after STZ treatment to 
prevent fatal hypoglycemia resulting from extensive pancreatic beta cell necrosis and abrupt insulin 
release after STZ injection [10]. Tail vein blood samples were collected to determine the fasting serum 
glucose level after 48 hours of STZ injection utilizing a One Touch Ultra Glucose meter (Roche, 
USA). Animals detected with high levels of blood glucose ≥ 250 mg/dL were classified as diabetic, 
while those with levels ≤ 250 mg/dL were excluded from the experiment [11]. 
 
Animal Grouping: 
The rats were classified into 3 groups: 
Group I: Control Group (n=18) 
The animals were further subclassified into 3 subgroups, 6 rats each; 
    Subgroup Ia: Rats in the non-diabetic negative control subgroup were fed a standard diet only all 
over the experimental period. 
    Subgroup Ib: Non-diabetic vehicle control group. The animals administrated 0.1 moles per liter 
citrate-buffered solution (pH 4.5) intraperitoneally once (solvent of STZ). 
    Subgroup Ic: Non-diabetic gabapentin-treated group. The rats received gabapentin (Neurontin) 
orally by gastric intubation, at a dosage of 300 milligrams per kilogram dissolved in distilled water, 
twice daily all over the experimental period (12). 
- After 4 weeks of the experiment. Rats were sacrificed  
 
Group II: Diabetic (STZ-treated group) (n=12) 
Diabetes type I was induced as previously described and the diabetic rats were sacrificed 4 weeks after 
diabetes confirmation test. 
 
Group III: Gabapentin -treated diabetic Group (n=12). 
The diabetic rats received oral gabapentin, by intragastric tube, at a dosage of 300 milligrams per 
kilogram dissolved in distilled water, twice daily [12]. The rats were sacrificed 4 weeks after diabetes 
confirmation test. 
Just prior to sacrifice, the animals were anaesthetized with sodium pentobarbital (forty milligrams 
per kilogram) intraperitoneally [13]. Samples of blood were gathered from the vein of the tail for 
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biochemical study to measure fasting serum glucose level. Initially, the rats were perfused with 500 
milliliters of 0.1 moles per liter phosphate buffer (pH 7.4), then by 500 milliliters of phosphate buffer 
containing 2.5% glutaraldehyde and 2% paraformaldehyde, administered through the left ventricle. 
 
METHODS: 
1. Biochemical Study: 
    The samples of blood were obtained from the tail vein 4 weeks after diabetes confirmation test for 
biochemical study to determine the fasting serum glucose level, utilizing a One Touch Ultra Glucose 
meter (Roche, USA) [11]. 
 
2. Histological Study: 
Light Microscopic Study:   
Right eyeball was enucleated from each animal then the lens was extracted, and the rest of the eyeball 
was preserved in 10% buffered formaldehyde for twenty-four hours, subsequently dehydration was 
done in alcohol (ascending grades), followed by clearing within xylene. This is followed by 
impregnation and sagittally embedding the specimen in paraffin. Transverse consecutive paraffin 
sections (4-5um) thickness were cut. Lastly, staining of the specimens was done using hematoxylin 
and eosin (H&E) stain [14] & immunohistochemical stain [15] using anti- Caspase-3 antibody as 
apoptotic marker [16], anti- Glial fibrillary acidic protein (GFAP) antibody as a marker for astrocytes 
and Müller cells (gliosis) [17], and anti-Vascular endothelial growth factor (VEGF) antibody as an 
angiogenesis marker [18]. 
 
Immunohistochemical staining technique: 
The detection kit Ultravision Antipolyvalent, horseradish peroxidase /Diaminobenzidine, catalogue 
number 092806E was used. Thermo Fisher Scientific Company, UK (ready to use). The reagents 
used in the detection kits constitute a labelled streptavidin-biotin- (LSAB) immunoenzymatic antigen 
detection system (K 0673, DakoCytomation, Denmark). First, the specimens were deparaffinized in 
xylol for thirty minutes, rehydrated in alcohol (descending grades) (2 changes, five minutes each), 
then distilled water for five minutes. Next the specimens were incubated in hydrogen peroxide for 
fifteen minutes at 37° for inhibiting endogenous peroxidase activity, thin were rinsed in phosphate 
buffered saline (2 times, five minutes each). Antigen unmasking was done by specimens heating at 
95°C in citrate buffer pH 6.0 for ten to twenty minutes, then cooling for twenty minutes at standard 
room temperature, followed by washing in phosphate buffer saline 4 times. Ultraviolet block was 
applied to the specimen to block nonspecific background staining. Incubation of specimens was 
done at standard room temperature for 5 minutes. Anti-caspase-3 antibody (rabbit polyclonal 
antibody, class IgG1, catalogue number: RP096, Diagnostic Biosystem, Pleasanton, California, 
United States) at dilutions of 1:100 (according to Manufacture Company), anti-GFAP antibody 
(mouse monoclonal antibody, (2A5), class IgG1 catalogue number: ab4648, abcam, Cambridge, 
United Kingdom) at dilutions of 1/500 (according to Manufacture Company) and anti-VEGF 
antibody (mouse monoclonal antibody, catalogue number: IHC682, GenomeMe, Richmond, 
Canada) at dilutions of 1:200 (according to Manufacture Company) were added to the specimens. 
Humidity chamber was used for incubation of specimens, for sixteen minutes at standard room 
temperature. Then sections were rinsed in phosphate buffer saline (3 times, 5 minutes each). 
Biotinylated goat antipolyvalent antibody (from the LSAB 2 Kit) was added to the specimens then 
incubated for ten minutes in humidity chamber at standard room temperature. Then rinsing of the 
specimens was done in phosphate buffer saline (three times, five minutes each). Following this, the 
sections were treated with solution of avidin–biotin–peroxidase complex (also from the LSAB 2 Kit) 
and incubated with 0.05% 3,3′-diaminobenzidine tetrachloride (Sigma Chemicals Co., St. Louis, 
MO, USA) in a 10 millimoles solution of Tris-buffered saline to visualize the sites of binding of the 
antibody to the tissue. Lastly, Mayer’s hematoxylin, a counterstain, was utilized for  1 minute. Next 
the Tap water was used for washing specimens, then dehydration in alcohol (ascending grades) two 
changes, five minutes each was done, after that xylol was used for clearing of the specimens, finally 
mounting of the specimens in Canada balsam was done to be cover-slipped. Negative controls were 
included in the specimens, where instead of the primary antibodies, the specimens were incubated 
in Tris-buffered saline [19]. Human palatine tonsil [20], rat cerebellum [21], and human breast 
carcinoma (according to Manufacture Company) were used as positive control sections, to 
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demonstrate anti-caspase-3, anti-GFAP and anti-VEGF immunoreactivity respectively. 
 
3. Morphometric Study: 
Six non-overlapping microscopic fields, covering entire retina of every rat in all groups, images were 
captured by an Olympus digital camera (E420, China) mounted on an Olympus microscope with a 
0.5X photo adapter and an objective lens X 40 or X 100 (TX 31Philippines). Image analysis was 
performed using VideoTest Morphology software (VideoTesT, Russia, Saint-Petersburg) on an Intel 
Core I3 computer. The following measurements were obtained: 
1. The total thickness of the retina and the thickness of the outer & inner nuclear layers (μm) in H 
& E-stained slides (X 400). 
2. The mean number of ganglion cells in the ganglion cell layer in H & E-stained slides (X 400). 
3. The percentage area of Caspase-3 positive reaction within the ganglion cell layer, inner plexiform 
layer, inner & outer nuclear layers in Caspase-3 immunohistochemical stained slides (X 400). 
4. The percentage area of GFAP positive immune reaction in GFAP immunohistochemical stained 
sections (X 400). 
5.The mean number of blood vessels in the inner nuclear layer, inner plexiform layer, ganglion cell 
layer and nerve fiber layer in VEGF immunohistochemical stained sections (X 1000). 
 
4. Statistical Study: 
Data from biochemical and morphometric analyses were analyzed using statistical package for social 
sciences (SPSS) software version 15.0 (SPSS, Inc., Chicago, IL, USA). Parametric data were 
represented as (mean ± SD) and ANOVA (one-way analysis of variance) then post-hoc Tukey test 
were used to compare the different groups of the study. Non parametric data were represented as 
range and median and Kruskal-Wallis test was used. P-value < 0.05 was statistically significant [22]. 
 
RESULTS: 
A. Biochemical results: 
Diabetic group II and gabapentin-treated diabetic group III rats demonestrated a significant elevation 
(P < 0.05) in fasting blood glucose level compared with control group I. However, there was 
insignificant difference (P >0.05) in the fasting blood glucose level between diabetic group II and 
gabapentin-treated diabetic group III rats (Histogram 1). 

 
Histogram 1. The mean value (± SD) of the fasting blood glucose level in the different groups of the 
study. Significance: P < 0.05. a: Significant difference in relation to subgroup Ia. b: Significant 
difference in relation to subgroup Ib. c: Significant difference in relation to subgroup Ic.  
 
B. Light microscopic results: 
1. H and E stain: 
The sections from the retinas of all subgroups of control rats (Ia, Ib & Ic) showed similar histological 
structure. The retina revealed well-organized layers from the outside inward; the pigmented epithelial 
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layer (RPE), the photoreceptor cell layer (PRL) with its deeply stained inner segments & pale-stained 
outer segments, the outer limiting membrane (OLM). Outer nuclear layer (ONL) is present inner to 
OLM containing closely packed deeply stained cones and rods nuclei. Outer plexiform layer (OPL) 
was observed as a pale eosinophilic narrow area. Inner nuclear layer (INL) was observed less thick 
than ONL with fewer cells which vary in density, size and shape. Inner plexiform layer was observed 
as acidophilic fibers forming a loose network. Ganglion cell layer (GCL) showed cells which are 
arranged in a single row with lightly stained open face large nuclei. The nerve fiber layer (NFL) 
appeared thin and made up of axons of ganglion cells. The inner limiting membrane (ILM) was 
considered the innermost layer (Fig. 1A). 
Diabetic group II revealed no apparent structural alternations in the pigmented epithelium layer. 
Spaces among the inner & outer segments of the photoreceptor processes were noticed. Nuclei of 
ONL & INL appeared darkly stained and less packed with empty spaces in between. Total thickness 
of retinal layers and ONL& INL thickness were significantly reduced (P < 0.05) compared to the 
control group I (Fig. 1B and histograms 2-4). The ganglion cells seemed shrunken with condensed 
dark nuclei and wide spacing areas around. The mean ganglion cells number revealed a significant 
reduction (P < 0.05) compared to control group I. Furthermore, ILM appeared interrupted (Fig. 1B 
and histogram 5)  
Gabapentin-treated diabetic group III showed retinal histological architecture more or less similar to 
group I control rats. The photoreceptor layer was intact with their dark stained inner segments and 
pale-stained outer segments. The total thickness of the retinal layers and thickness of ONL & INL 
were significantly elevated (P < 0.05) compared to diabetic group II and non-significantly (P> 0.05) 
reduced compared to control group I (Fig. 1C and histograms 2-4). The ganglion cells had large 
vesicular nuclei. Mean number of ganglion cells was significantly increased (P < 0.05) compared to 
diabetic group II and non-significantly (P> 0.05) reduced compared to control group I. Inner limiting 
membrane appeared intact (Fig. 1C and histogram 5). 

 
Fig. 1. Retinal sections stained with H & E (A, Control group I; B, Diabetic group II; C, Gabapentin-
treated diabetic group III). A: showing the different layers of the retina from the outermost to 
innermost; the retinal pigmented epithelium (RPE), outer (OS) and inner (IS) segments of 
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photoreceptor layer (PRL), outer limiting membrane (OLM), outer nuclear layer (ONL), outer 
plexiform layer (OPL), inner nuclear layer (INL), inner plexiform layer (IPL), ganglion cell layer 
(GCL) containing ganglion cells with vesicular nuclei, nerve fiber layer (NFL) and inner limiting 
membrane (ILM). Microglia (Mg) in the IPL is seen. A small blood vessel (arrow) lined with 
endothelial cells in the GCL is observed. B: mild spacing (black asterisks) between the photoreceptor 
processes of the photoreceptor layer (PRL) is seen. The nuclei of the outer nuclear layer (ONL) and 
the inner nuclear layer (INL) are darkly stained and less packed with empty spaces (white asterisks) 
in between. Apparent decrease in the thickness of the retina and the thickness of the ONL and the 
INL are noticed. Shrunken ganglion cells with condensed dark nuclei (tailed arrow) and wide spacing 
around them (crossed arrow) are seen.  Apparent reduction in the ganglion cells number is also 
noticed. Microglia (curved arrows) in the IPL& GCL and many blood vessels (arrows) in the GCL 
are seen. Notice interrupted inner limiting membrane (arrowhead). C: Photoreceptor layer (PRL) 
with pale stained outer segments (OS) and dark stained inner segments (IS) is seen. The retinal 
thickness and the thickness of the outer nuclear layer (ONL) & inner nuclear layer (INL) are 
relatively similar to the control group I. The ONL& the INL show packed nuclei. The ganglion cells 
in the GCL have large vesicular nuclei. The inner limiting membrane (ILM) appears intact and 
continuous. Notice the microglial (Mg) cell nucleus and the blood vessel (arrow) in the GCL. (H&E 
stain X 400). 

Histogram 2. The mean value (± SD) of the total retinal thickness (μm) in the different groups of 
the study. Significance: P < 0.05. a: Significant difference in relation to subgroup Ia. b: Significant 
difference in relation to subgroup Ib. c: Significant difference in relation to subgroup Ic. d: 
Significant difference in relation to diabetic group II. 

 
Histogram 3. The mean value (± SD) of the thickness of the outer nuclear layer (μm) in the different 
groups of the study. Significance: P < 0.05. a: Significant difference in relation to subgroup Ia. b: 
Significant difference in relation to subgroup Ib. c: Significant difference in relation to subgroup Ic. 
d: Significant difference in relation to diabetic group II. 



International Journal of Environmental Sciences 

ISSN: 2229-7359 

Vol. 11 No. 24s, 2025 

https://theaspd.com/index.php 

2843 

 
Histogram 4. The mean value (± SD) of the thickness of the inner nuclear layer (μm) in the different 
groups of the study. Significance: P < 0.05. a: Significant difference in relation to subgroup Ia. b: 
Significant difference in relation to subgroup Ib. c: Significant difference in relation to subgroup Ic. 
d: Significant difference in relation to diabetic group II. 

 
Histogram 5. The mean number (± SD) of ganglion cells/ HPF (X400) in the different groups of the 
study. Significance: P < 0.05. a: Significant difference in relation to subgroup Ia. b: Significant 
difference in relation to subgroup Ib. c: Significant difference in relation to subgroup Ic. d: 
Significant difference in relation to diabetic group II. 
 
2. Immunohistochemical staining for caspase-3: 
The control group I showed nearly a negative cytoplasmic and nuclear immune reaction for caspase-
3 in all layers of retina (Fig. 2A). However, diabetic group II revealed a positive caspase-3 immune 
reaction that was mainly cytoplasmic in the IPL and to less extent in the OPL. Ganglion cells showed 
positive nuclear reactions. A positive reaction in the cytoplasm around nuclei of some neurons of 
the INL & ONL was observed (Fig. 2B). The Gabapentin-treated diabetic group showed positive 
cytoplasmic caspase-3 immune reaction in few cells in GCL (Fig. 2C). Percent area of caspase-3 
immune reaction was significantly elevated (P < 0.05) in diabetic group II compared to the control 
group I. Moreover, it was significantly reduced (P < 0.05) in gabapentin-treated group III compared 
to diabetic group II and significantly elevated (P < 0.05) compared to the control group I (Histogram 
6). 
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Fig. 2. Caspase-3 expression in immunohistochemically stained retinal sections (A, Control group I; 
B, Diabetic group II; C, Gabapentin-treated diabetic group III). A: showing nearly a negative caspase-
3 immune reaction in all layers of the retina. B: showing the positive caspase-3 immune reaction is 
mainly cytoplasmic (arrowheads) found in the inner plexiform layer (IPL) and to less extent in the 
outer plexiform layer (OPL). Ganglion cells in the ganglion cell layer (GCL) show positive nuclear 
reactions (arrows). The inner nuclear layer (INL) and the outer nuclear layer (ONL) show positive 
reactions (arrowheads) in the cytoplasm around nuclei of some neurons. C: showing positive 
cytoplasmic (arrow head) caspase-3 immune reaction in few cells in the ganglion cell layer (GCL). 
(IHC of caspase-3 X 400).  

 
Histogram 6. The mean value (± SD) of the percentage area (%) of caspase-3 positive reaction the 
different groups of the study. Significance: P < 0.05. a: Significant difference in relation to subgroup 
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Ia. b: Significant difference in relation to subgroup Ib. c: Significant difference in relation to 
subgroup Ic. d: Significant difference in relation to diabetic group II.  
 
3. Immunohistochemical staining for GFAP: 
   The control group I administered a positive cytoplasmic GFAP immune reaction in the few 
astrocytes of NFL & GCL (Fig. 3A). Diabetic group II showed positive cytoplasmic GFAP immune 
reaction in many astrocytes of NFL & GCL. A positive reaction also found in processes of Müller 
cells extending between the inner & outer limiting membranes (Fig. 3B). Gabapentin-treated 
diabetic group III showed positive cytoplasmic GFAP immune reaction in few astrocytes of GCL & 
NFL and in few number of Müller cells processes (Fig. 3C). The percent area of GFAP immune 
reaction was significantly elevated (P < 0.05) in diabetic group II compared to control group I. 
Moreover, it was significantly reduced (P < 0.05) in gabapentin-treated group III compared to diabetic 
group II and non-significantly elevated (P > 0.05) compared to the control group I (Histogram 7). 

 
Fig. 3. GFAP immunostaining in the retinal sections (A, Control group I; B, Diabetic group II; C, 
Gabapentin-treated diabetic group III). A: showing a positive cytoplasmic GFAP immune reaction 
in the astrocytes (arrowheads) of ganglion cell layer (GCL) & nerve fiber layer (NFL).  B: showing a 
positive cytoplasmic GFAP immune reaction in the astrocytes (arrowheads) of the ganglion cell layer 
(GCL) & nerve fiber layer (NFL). Müller cell processes (arrows) that extend from the outer limiting 
membrane (OLM) to the inner limiting membrane (ILM) also showed a positive cytoplasmic GFAP 
immune reaction.  C: showing a positive cytoplasmic GFAP immune reaction in few astrocytes 
(arrowhead) in the ganglion cell layer (GCL) & nerve fiber layer (NFL) and in few number of Müller 
cell processes (arrow). (IHC of GFAP X 400). 
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Histogram 7. The mean value (± SD) of the percentage area of GFAP positive cells in the different 
groups of the study. Significance: P < 0.05. a: Significant difference in relation to subgroup Ia. b: 
Significant difference in relation to subgroup Ib. c: Significant difference in relation to subgroup Ic. 
d: Significant difference in relation to diabetic group II. 
 
4. Immunohistochemical staining for VEGF: 
     The control group I demonestrated a positive cytoplasmic VEGF immune reaction in the blood 
vessels endothelial cells of GCL (Fig. 4A). Diabetic group II revealed positive cytoplasmic VEGF 
immune reaction in the endothelial cells of many blood vessels of INL & GCL (Fig. 4B). The 
Gabapentin-treated diabetic group III showed a positive cytoplasmic VEGF immune reaction in the 
endothelial cells of occasional blood vessels of GCL (Fig. 4C). The number of blood vessels positively 
stained with VEGF was significantly elevated (P < 0.05) in diabetic group II compared to control 
group I. Moreover, it was significantly reduced (P < 0.05) in gabapentin-treated group III compared 
to diabetic group I and insignificant (P > 0.05) to control group I (Histogram 8). 

 
Fig. 4. VEGF immunohistochemical staining in the retinal sections (A, Control group I; B, Diabetic 
group II; C, Gabapentin-treated diabetic group III). A: showing a positive cytoplasmic VEGF 
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immune reaction (arrowhead) in the endothelial cells of a blood vessel of the ganglion cell layer 
(GCL). B: showing a positive cytoplasmic VEGF immune reaction (arrowheads) in the endothelial 
cells of the blood vessels of the inner nuclear layer (INL) near the outer plexiform layer (OPL) and 
also of the ganglion cell layer (GCL). C: showing a positive cytoplasmic VEGF immune reaction 
(arrowhead) in the endothelial cells of a blood vessel of the ganglion cell layer (GCL). (IHC of VEGF 
X 400). 
 

 
Histogram 8. The number of blood vessels in VEGF immunohistochemical stained sections in the 
different groups of the study. Significance: P < 0.05. a: Significant difference in relation to subgroup 
Ia. b: Significant difference in relation to subgroup Ib. c: Significant difference in relation to 
subgroup Ic. d: Significant difference in relation to diabetic group II. 
 
DISCUSSION: 
To our knowledge, the histological and immunohistochemical (GFAP& VEGF) effects of 
gabapentin on diabetic retina haven’t been assessed before. The current study demonstrated 
degenerative changes in diabetic group II retinal tissue. These results were consistent with the 
morphometric alternations in the total thickness of the retina and thickness of ONL & INL in 
addition to the number of ganglion cell nuclei. Similar degenerative changes were reported by 
Gawish et al. [11] in the retina of STZ treated rats. A decrease in thickness of ONL & INL was also 
observed and can be explained by apoptosis of the neurons which are incapable to regenerate or 
proliferate, leading to cell loss and neurodegeneration. The observed empty spaces in group II may 
be explained by apoptotic neurons phagocytosis by glial cells [23,24,25]. 
     In the current immunohistochemical study, anti-caspase-3 antibody was utilized because caspase-
3 activation is common in DR [26]. The Control group I showed nearly negative caspase-3 expression 
in all layers of the retina. A similar finding was observed by Mohamed and Mubarak [27] and Gawish 
et al. [11]. 
A positive caspase-3 immune reaction in the GCL, IPL, INL, OPL & ONL was detected within the 
retina of diabetic group II. This result was observed by Gawish et al. [11] within retinae of rats 
administered STZ. These findings were statistically confirmed by a highly significant elevation in the 
percentage area of a positive caspase-3 immune reaction in the diabetic group II in comparison with 
the control group I.  
      Apoptosis and anti-caspase-3 immune reaction in DR can be explained by persistent 
hyperglycemia which contributes to the overproduction of reactive oxygen species (ROS) & high 
oxidative stress. This disrupts the mitochondrial membrane with subsequent imbalance of the 
apoptotic molecules. Pro-apoptotic molecules are elevated while, anti-apoptotic Bcl-2 is reduced [25, 
26, 28]. 
Moreover, hyperglycemia causes glutamate excitotoxicity that leads to the apoptosis of the retinal 
tissues [29, 30, 31]. The neurotransmitter glutamate, a primary excitatory neurotransmitter, has a 
vital role in transmission of sensory signals within the retina. N-Methyl-D-aspartate receptor (NMDA) 
is a 1ry glutamate receptor responsible for calcium influx into the neurons. Glutamate excitotoxicity 
is a major mechanism implicated in ocular neurodegenerative illnesses, for example optic nerve 
injury, DR, retinal ischemia and glaucoma. Over activation of NMDA receptors can induce neuronal 
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cell death through multiple pathways, such as p38 mitogen-activated protein kinase, nitric oxide, 
cytochrome c and other pathways [32]. 
      GFAP is a non-specific marker of injury or stress of the retinal tissue during DM [33]. GFAP 
expression in the retina is confined to the astrocytes but not related to Müller cells in normal 
conditions [17]. Diabetic group II revealed a positive cytoplasmic GFAP immune reaction in the 
astrocytes & Müller cell processes which extend from ILM to the OLM. This finding comes in 
agreement with that stated by Jung et al. and Gu et al. [33, 34]. Statistical analysis confirmed this by 
a significant elevation in the percentage area of a positive GFAP immune reaction in the diabetic 
group II compared to the control group I. 
     During hyperglycemia the activated Müller cells secrete neurotoxic factors and proinflammatory 
mediators, with subsequent reactive gliosis, decline in the function of the neurons and cell death 
[35, 36, 37, 38].  
   VEGFs function as signaling proteins for angiogenesis. VEGF is multiple isomers that segregate 
into VEGF-B, VEGF-A, VEGF-D, VEGF-C and placental growth factor. VEGFA is the primary 
regulator of both pathological and physiological conditions of angiogenesis [39,40].  
        Diabetic group II demonstrated a positive VEGF immune reaction in more endothelial cells of 
the retinal blood vessels compared to control group I. This finding is similar to that observed by Gu 
et al. [34] who used immunofluorescent stain to reveal VEGF immune reaction in retina of rats 
administered STZ. Statistical analysis confirmed this result by a significant elevation in the number 
of endothelial cells of the retinal blood vessels positively  immunostained by VEFG in the diabetic 
group II compared to the control group I .Kusari et al. [41] stated that levels of VEGF protein were 
significantly increased in vitreous fluid and retinas of male brown Norway diabetic rats 5 weeks from 
STZ administration at dose of 65mg/kg. However, Foureaux et al. [42] reported no significant change 
was found in the VEGF immune reaction in retinas among the control and hyperglycemic groups. 
VEGF immune reaction results in the present study were statistically confirmed by a significant 
elevation in number of blood vessels in diabetic group II compared to control group I. Elevated levels 
of VEGF in DR may be explained by the several alterations in the retinal capillaries as a result of 
hyperglycemia, including reduction of levels of nitric oxide. Consequently, flow of blood in these 
vessels decreases & neovascularization starts to occur, in order to supply the ischemic retina [42].  
      Regarding gabapentin-treated diabetic group III, a marked morphological improvement of the 
retina was observed in spite of the non-significant effect on hyper glycemia occurring in this group. 
The morphometric data revealed an elevation in number of ganglion cells & in total thickness of 
retina. These results come in agreement with Ali et al. [30] who used pregabalin as a neuroprotective 
drug for the diabetic retina. Pregabalin and gabapentin have the same mechanism of action. They 
bind to the α2-δ accessory subunits of voltage-gated Ca+2 channels. This binding leads to the 
modulation of Ca+2 influx, inhibition of glutamate release with subsequent inhibition of 
excitotoxicity [8,30]. Downregulation of caspase-3, GFAP and VEGF immune reaction was 
demonstrated.  
      Downregulation of caspase-3 immune reaction in the retina of gabapentin-treated diabetic group 
III rats comes in agreement with results reported by Ola et al. [43]. This can be explained by reduced 
expression of the Bax gene & elevated expression of Bcl-2 gene by gabapentin treatment. The 
downregulation of GFAP immune reaction in the diabetic retina following gabapentin treatment 
aligns with results reported by Rossi et al. [44] who demonstrated that administering gabapentin 
effectively reduced reactive gliosis and decreased loss of neurons in the hippocampal CA-1 region 
during the latency period after status epilepticus. This decrease was indicated by a decrease in GFAP 
immunostaied area. This can be explained by the ability of gabapentin to reduce glutamate 
neurotoxicity, that causes production of free radical in brain with overexpression of GFAP [45]. 
Downregulation of VEGF under the effect of gabapentin treatment of the present study aligns with 
that observed by Kusari et al. [41] who stated that memantine treatment decreased elevated levels of 
VEGF protein in the retinas and vitreous fluid of diabetic rats. Both memantine and gabapentin 
interfere with N-Methyl-D-aspartate receptors activation [46, 47]. 
 
CONCLUSION: 
Streptozotocin induced diabetic structural degenerative changes in the retinal tissue, and gabapentin 
could protect against STZ induced diabetic retinal neurodegeneration. 
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RECOMMENDATION 
Gabapentin should be taken as an adjuvant therapy with insulin in diabetes type I to protect the 
retina from the neurodegeneration. Additional studies are recommended to confirm this assumption 
or to find other protective substances which may be more effective. 
 
CONFLICT OF INTEREST: 
None. 
 
REFERENCES 
1. Abd El-Halim, H.S.; Helal, O.K.; Salem, N.E. and Elazab, N.E. (2020): The Possible Therapeutic Effect of Mesenchymal 
Stem Cells and their Exosomes on Experimentally Induced Diabetic Retinopathy in Rats: Histological and 
Immunohistochemical Study. Egyptian Journal of Histology, 43(2): 390-411. DOI: 10.21608/ejh.2019.18175.1185. 
2. Stolf, A.M.; Cardoso, C.C. and Acco, A. (2017): Effects of Silymarin on Diabetes Mellitus Complications: A Review. 
Phytotherapy Research, 31(3):366-374. DOI: 10.1002/ptr.5768. 
3. Kaur, P.; Sharma, K.; and Goyal, R.K. (2023): Moringa Oleifera Extract Ameliorates Diabetic Retinopathy via NF-Κb and 
VCAM-1 Pathway in Streptozotocin Induced Diabetic Rats. South African Journal of Botany, 162: 519-530. DOI: 
10.1016/j.sajb.2023.09.040. 
4. Yadav, M.; Grezenko, H.; Kanukollu, V.M.R.; Rehman, A.; Bokhari, S.F.H.; Reza, T. et al. (2023): A Systematic Review of 
the Neuroprotective Effects of Vascular Endothelial Growth Factor (VEGF) in Diabetic Retinopathy and Diabetic Macular 
Edema: Unraveling the Molecular Mechanisms and Clinical Implications. Cureus, 15(12): e51351. DOI 10.7759/cureus.51351. 
5. Jiang, T.; Chang, Q.; Cai, J.; Fan, J.; Zhang, X. and Xu, G. (2016): Protective Effects of Melatonin on Retinal Inflammation 
and Oxidative Stress in Experimental Diabetic Retinopathy. Oxidative Medicine and Cellular Longevity, 2016:3528274. DOI: 
10.1155/2016/3528274 
6. Luippold, G.; Bedenik, J.; Voigt, A. and Grempler, R. (2016): Short- and Longterm Glycemic Control of Streptozotocin-
Induced Diabetic Rats Using Different Insulin Preparations. PLOS One, 11(6): 1-12. DOI: 10.1371/journal.pone.0156346. 
7. Asfour, H.Z.; Alhakamy, N.A.; Ahmed, O.A.A.; Fahmy, U.A.; Shadab, M.; El-Moselhy, M.A. et al. (2022): Enhanced 
Healing Efficacy of an Optimized Gabapentin-Melittin Nanoconjugate Gel-Loaded Formulation in Excised Wounds of Diabetic 
Rats. Drug Delivery, 29(1):1892-1902. DOI: 10.1080/10717544.2022.2086943. 
8. Surcheva, S.; Todorova, L.; Maslarov, D. and Vlaskovska, M. (2017): Preclinic and Clinic Effectiveness of Gabapentin and 
Pregabalin for Treatment of Neuropathic Pain in Rats and Diabetic Patients. Biotechnology & Biotechnological Equipment, 
31(3):568-573. DOI:10.1080/13102818.2017.1290550 
9. Zhang, Y.; Zhang, C.; Yi, X.; Wang, Q.; Zhang, T. and Li, Y. (2023): Gabapentinoids for the Treatment of Stroke. Neural 
Regeneration Research, 19(7):1509-1516. DOI: 10.4103/1673-5374.387968.  
10.  Furman, B. L. (2021): Streptozotocin-Induced Diabetic Models in Mice and Rats. current protocols, 1(4): e78-e98. DOI: 
10.1002/cpz1.78. 
11.  Gawish, M.F.; Mazen, N.F; Hassen, A.Z. and Adbelhady, M.E. (2018): Light and Electron Microscopic Study on the 
Possible Ameliorative Role of Adipose-Derived Mesenchymal Stem Cells on Diabetic Retinopathy in Adult Male Albino Rats. 
Egyptian Journal of Histology, 41(4): 582-596. DOI: 10.21608/ejh.2018.4129.1011. 
12.  Ola, M.S.; Xu, Y.; Barber, A.J. and Lanoue, K.F. (2007): Gabapentin Ameliorates Apoptosis of the Diabetic Retina. ARVO 
meeting abstract, 48(13): 632. 
13.  Zatroch, K.K.; Knight, C.G.; Reimer, J.N. and Pang, D.S. (2017): Refinement of Intraperitoneal Injection of Sodium 
Pentobarbital for Euthanasia in Laboratory Rats (Rattus norvegicus). BMC Veterinary Research, 13(1): 60-67. DOI: 
10.1186/s12917-017-0982-y. 
14.  Bancroft, J.D. and Layton, C. (2019): The hematoxylins and eosin.  In: Suvarna, S. K., Layton, C. and Bancroft, J. D. 
(Eds.), Bancroft's Theory and Practice of Histological Techniques, 8th ed. Elsevier, China, PP: 126-138. 
15.  Sanderson, T.; Wild, G.; Cull, A. M.; Marston, J. and Zardin, G. (2019): Immunohistochemical and immunofluorescent 
Techniques. In: Suvarna, K.S.; Layton, C. and Bancroft, J.D. (Eds.), Bancroft's Theory and Practice of Histological Techniques, 
8th ed. Elsevier, China, PP: 337-395. 
16.  Sadek, E. M.; Salama, N. M.; Ismail, D. I. and Elshafei, A. A. (2016): Histological Study on The Protective Effect of 
Endogenous Stem-Cell Mobilization in Adriamycin-Induced Chronic Nephropathy in Rats. Journal of Microscopy and 
Ultrastructure, 4 (3): 133-142. DOI: 10.4103/JMAU.JMAU_35_18. 
17.  Yang, S.; Qi, S. and Wang, C. (2022): The Role of Retinal Müller Cells in Diabetic Retinopathy and Related Therapeutic 
Advances. Frontiers in Cell and Developmental Biology, 10:1047487. DOI: 10.3389/fcell.2022.1047487. 
18.  Ebrahim, N; Abd El-Halim, H.E.; Helal, O.K.; El-Azab, N.E.; Badr, O.A.M.; Hassouna, A. et al. (2022): Effect of Bone 
Marrow Mesenchymal Stem Cells-Derived Exosomes on Diabetes-Induced Retinal Injury: Implication of Wnt/ B-Catenin 
Signaling Pathway. Biomedicine & Pharmacotherapy, 154:113554. DOI: 10.1016/j.biopha.2022.113554. 
19.  Mazroa, S.A. (2012): Immunohistochemistry: A need for standardization. Egyptian Journal of Histology, 35(2): 191-197. 
DOI: 10.1097/01.EHX.0000414291. 44156.ef. 
20.  Huang, K.H.; Fang, W.L.; Li, A. F.; Liang, P.H.; Wu, C.W.; Shyr, Y.M., et al. (2018): Caspase-3, a key apoptotic protein, 
as a prognostic marker in gastric cancer after curative surgery. International Journal of Surgery, 52: 258-263. DOI: 
10.1016/j.ijsu.2018.02.055. 
21.  Sanad, S.M.; Farouk, R.; Nassar, S.E.; Alshahrani, M.Y.; Suliman, M.; Ahmed, A.E. et al. (2023): The neuroprotective 
effect of quercetin nanoparticles in the therapy of neuronal damage stimulated by acrolein. Saudi Journal of Biological Sciences, 
30(11):103792. DOI: 10.1016/j.sjbs.2023.103792. 
22.  Rosner, B. (2010): Fundamentals of Biostatistics: Multisample Inference, 7th ed. Duxbury Press; Belmont, Canada, USA, 
PP: 516-587. 



International Journal of Environmental Sciences 

ISSN: 2229-7359 

Vol. 11 No. 24s, 2025 

https://theaspd.com/index.php 

2850 

23.  Marc, R.E.; Jones, B.W.; Watt, C.B.; Vazquez-Chona, F.; Vaughan, D.K. and Organisciak, D.T. (2008): Extreme Retinal 
Remodeling Triggered by Light Damage: Implications for Age Related Macular Degeneration. Molecular Vision, 14: 782-806. 
24.  Nedzvetskii, V.S; Pryshchepa, I.V.; Tykhomyrov, A.A.; and Baydas G (2016): Inhibition of Reactive Gliosis in The Retina 
of Rats with Streptozotocin Induced Diabetes Under the    Action of Hydrated C60 Fullerene. Neurophysiology, 48(2): 130-140. 
DOI:10.1007/s11062-016-9579-5. 
25.  Fragiotta, S.; Pinazo-Durán, M.D. and Scuderi, G. (2022): Understanding Neurodegeneration from a Clinical and 
Therapeutic Perspective in Early Diabetic Retinopathy. Nutrients, 14(4): 792-806. DOI: 10.3390/nu14040792. 
26.  Kang, Q. and Yang, C. (2020): Oxidative Stress and Diabetic Retinopathy: Molecular Mechanisms, Pathogenetic Role and 
Therapeutic Implications. Redox Biology, 37:101799. DOI: 10.1016/j.redox.2020.101799 
27.  Mohamed, N.A. and Mubarak, H.A.E. (2015): Effect of Green Tea on Age-related Histological Changes in The Retina of 
Rat. Al-Azhar Assiut Medical Journal, 13(2): 92-110. 
28.  Ola, M.S.; Alanazi, A.Z.; Malik, A.; Malik, A.; Ahmed, M.; Al-Rejaie, S.S. et al., (2022): Loranthus Regularis Ameliorates 
Neurodegenerative Factors in The Diabetic Rat Retina. Applied Scinces, 12(6): 2875-2885. DOI: 10.3390/app12062875 
29.  Araszkiewicz, A. and Zozulinska-Ziolkiewicz, D. (2016): Retinal Neurodegeneration in the Course of Diabetes-Pathogenesis 
and Clinical Perspective. Current Neuropharmacology, 14(8):805-809. DOI: 10.2174/1570159x14666160225154536. 
30.  Ali, S.A.; Zaitoneb, S.A.; Dessouki, a.A and Ali, A.A. (2019): Pregabalin Affords Retinal Neuroprotection in Diabetic 
Rats: Suppression of Retinal Glutamate, Microglia Cell Expression and Apoptotic Cell Death. Experimental Eye Research, 
184:78-90. DOI: 10.1016/j.exer.2019.04.014 
31.  Arnold, F.J.; Putka, A.F.; Raychaudhuri, U.; Hsu, S.; Bedlack, R.S.; Bennett, C.L. and La Spada, A.R. (2024): Revisiting 
Glutamate Excitotoxicity in Amyotrophic Lateral Sclerosis and Age-Related Neurodegeneration. International Journal of 
Molecular Sciences, 25(11): 5587-5610. DOI: 10.3390/ijms25115587. 
32.  Ma, D.; Deng, W.; Khera, Z.; Sajitha,T.A.; Wang, X.; Wollstein, G. et al. (2024): Early Inner Plexiform Layer Thinning 
and Retinal Nerve Fiber Layer Thickening in Excitotoxic Retinal Injury Using Deep Learning-Assisted Optical Coherence 
Tomography. Acta Neuropathologica Communications, 12(1):19-35. DOI: 10.1186/s40478-024-01732-z. 
33.  Jung, K.I.; Han, J.S. and Park, C.K. (2022): Neuroprotective Effects of Nicotinamide (Vitamin B3) on in Diabetic Rat 
Retinas. Nutrients, 14(6): 1162-1176. DOI: 10.3390/nu14061162. 
34.  Gu, L.; Xu, H.; Zhang, C.; Yang, Q.; Zhang, L. and Zhang, J. (2018): Time-Dependent Changes in Hypoxia- and Gliosis-
Related Factors in Experimental Diabetic Retinopathy. The Royal Colleges of Ophthalmologists, 33(4):600–609. DOI: 
10.1038/s41433-018-0268-z. 
35.  Moran, E.P.; Wang, Z.; Chen, J.; Sapieha, P.; Smith, L.E. and Ma, J. (2016): Neurovascular Cross Talk in Diabetic 
Retinopathy: Pathophysiological Roles and Therapeutic Implications. American Journal of Physiology-Heart and Circulatory 
Physiology, 311(3): H738-H749. DOI: 10.1152/ajpheart.00005.2016. 
36.  Hassan, N.H.; Abd El-kader, M.; Sherif, R.N. and Saleh, D. (2019):  Does Metformin Protect Against Diabetic Retinopathy 
in Albino Rats? An Immunohistochemical Study. Cytology & Histology Reports, 2: 110-119. DOI: 10.29011/CHR-110.100010. 
37.  Pillar, S.; Moisseiev, E.; Sokolovska, J. and Grzybowski, A. (2020): Recent Developments in Diabetic Retinal 
Neurodegeneration: A Literature Review. Journal of Diabetes Research, 2020: 5728674. DOI: 10.1155/2020/5728674. 
38.  Zhou, J. and Chen, B. (2023): Retinal Cell Damage in Diabetic Retinopathy. Cells, 12(9):1342-1354. DOI: 
10.3390/cells12091342. 
39.  Stewart, M.W. (2012): The Expanding Role of Vascular Endothelial Growth Factor Inhibitors in Ophthalmology. Mayo 
Clinic Proceedings, 87(1):77-88. DOI: 10.1016/j.mayocp.2011.10.001. 
40.  Gupta, N.; Mansoor, S.; Sharma, A.; Sapkal, A.; Sheth, J.; Falatoonzadeh, P. et al. (2013): Diabetic Retinopathy and 
VEGF. Open Ophthalmology Journal, 7:4-10. DOI: 10.2174/1874364101307010004. 
41.  Kusari, J.; Zhou, S.; Padillo, E.; Clarke, K.G.; Gil, D.W. (2007): Effect of Memantine on Neuroretinal Function and 
Retinal Vascular Changes of Streptozotocin-Induced Diabetic Rats. Investigative Ophthalmology & Visual Science, 48 (11): 
5152-5159. DOI: 10.1167/iovs.07-0427. 
42.  Foureaux, G.; Nogueira, B.S.; Coutinho, D.C.; Raizada, M.K.; Nogueira, J.C. and Ferreira, A.J.  (2015): Activation of 
Endogenous Angiotensin Converting Enzyme 2 Prevents Early Injuries Induced by Hyperglycemia in Rat Retina. Brazilian 
Journal of Medical and Biological Research, 48(12):1109-1114. DOI: 10.1590/1414-431X20154583. 
43.  Ola, M.S.; Alhomida, A.S. and LaNoue, K.F. (2019): Gabapentin Attenuates Oxidative Stress and Apoptosis in the 
Diabetic Rat Retina. Neurotoxicity Research, 36 (1):81-90. DOI: 10.1007/s12640-019-00018-w. 
44.  Rossi, A.R.; Angelo, M.F.; Villarreal, A.; Lukin, J. and Ramos, A.J. (2013): Gabapentin Administration Reduces Reactive 
Gliosis and Neurodegeneration after Pilocarpine-Induced Status Epilepticus. PLoS ONE 8(11): e78516-e78532. DOI: 
10.1371/journal.pone.0078516. 
45.  Baydas, G.; Sonkaya, E.; Tuzcu, M.; Yasar, A. and Donder, E. (2005): Novel Role for Gabapentin in Neuroprotection of 
Central Nervous System in Streptozotocine-Induced Diabetic Rats. Acta Pharmacologica Sinica, 26(4):417-422. DOI: 
10.1111/j.1745-7254.2005.00072. x. 
46.  Shaseb, E.; Farashi, E.; Ghadim, H.H.; Asdaghi, A.; Sarbakhsh, P. and Ghaffary, S. (2022): Memantine as a Potential 
Therapy in Subacute Herpetic Neuralgia: A Randomized Clinical Trial Journal Pharm Care, 10(4): 205-210. DOI: 10.18502/jpc. 
v10i4.11579. 
47.  Rusciano, D. (2024): Molecular Mechanisms and Therapeutic Potential of Gabapentin with a Focus on Topical 
Formulations to Treat Ocular Surface Diseases. Pharmaceuticals, 17(5):623-638. DOI: 10.3390/ph17050623. 
 


