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IABETIC retinopathy (DR) is a microvascular complication of diabetes mellitus (DM) and is the 

leading cause of blindness worldwide. It is characterized by the growth of new blood vessels in 

the retina, a process known as neovascularization. The primary cause of the structural and functional 

changes associated with DR is the hyperglycemic state that accompanies diabetes.Numerous studies 

have shown that supplementing with amino acids such as hydroxyproline, lysine, and glycine can 

protect against proliferative diabetic retinopathy. The purpose of this study was to assess glycine's 

possible ability to prevent diabetic retinopathy in rats with diabetes produced by streptozotocin (STZ). 

Method: Eighty-four female Wistar rats, aged 8 to 12 weeks, were used in the study. The rats were 

divided into four groups: a control group, a glycine group (G), a diabetic retinopathy group (DR), and 

a diabetic retinopathy group administered glycine (DR+G). Electroretinographic (ERG) and 

histopathological studies were conducted to assess the protective role of glycine on the retinas of the 

rats. Results: The electroretinographic and histological findings for the glycine group showed very 

close values to the control group. In contrast, severe changes were observed in the DR group, leading 

to decreased ERG parameters and alterations in retinal structure, particularly after four weeks. For the 

DR+G group, the electroretinographic data indicated no differences from the control retina at both the 

two-week and four-week marks. The histological cross-sections taken after four weeks showed an 

intact retina and vitreoretinal interface. Conclusion: This study provides evidence that the 

administration of glycine can repair the retina’s structure and function. Additionally, supplementing 

the diet of experimental DR rats with glycine demonstrated a protective effect against the retinal 

damage typically associated with diabetic retinopathy. 
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Introduction 

 

The retina is a specialized layer of tissue located in the back of the eye, which is made up of light-sensitive 

cells in many layers. To enable the perception of visual inputs, these cells are in charge of transforming 

incoming light into electrical signals, which are then sent to the brain via the optic nerve; these electrical signals 

can be detected by special electrodes attached to the head and amplified to give what is called the 

Electroretinography (ERG). [1]  

Because of its proactive powers in the early identification and diagnosis of eye problems, ERG is regarded as 

a groundbreaking diagnostic technique in ophthalmology, and it has even been viewed as providing a window 

into brain function [2]. ERG offers important insights into retinal function that other diagnostic methods cannot 

identify. This non-invasive test gauges the retina's electrical reactions to specific light stimuli, giving information 

about the function and health of the different retinal layers and cells, so it has proactive capabilities in early 

detection and diagnosis of many eye diseases [1]. ERG is essential for diagnosing inherited or acquired retinal 

disorders, such as retinitis pigmentosa, macular degeneration, retinoblastoma, retinal detachment, and cone-rod 

dystrophy [1]. It also can help determine the appropriate treatment strategies for various retinal disorders by 

differentiating between them [3]. 

The ERG can also be used to monitor the progression of retinal diseases and evaluate the effectiveness of 

treatments. Besides, it can detect retinal toxicity due to drugs or other substances, which is essential for patient 

safety [4]. 

Diabetic retinopathy (DR) is a microvascular complication of diabetes Mellitus (DM). It is the most common 

cause of blindness worldwide. It is mainly characterized by the growth of new blood vessels in the retina 

(neovascularization) [5]. The hyperglycemic state associated with DM is the primary cause of the structural and 

functional alterations related to DR. Apoptosis, inflammation, and breakdown of the blood-retinal barrier (BRB) 
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leading to permeability changes can also be characteristic of DR [5]. Apoptosis of retinal neurons and 

consequent neurodegeneration were indicated in many studies [6] [7]. 

Numerous studies were interested in the anti-diabetic activity of amino acids and their potential incorporation 

into DR treatment and prevention [5] [8] [9]. Glycineis a new trend in treating DR due to its high antioxidant and 

anti-glycation power [11]. Glycine is a non-essential amino acid synthesized by mammals, microbes, and plants. 

It can be a flexible component of many proteins due to its small size and absence of a side chain. Glycine serves 

as an inhibitory neurotransmitter [12].Glycine has been examined in several clinical disorders, including cancer, 

arthritis, and liver fibrosis, with positive results. Glycine was therefore advised to be used in therapeutic drugs 

[13]. 

[14] investigated the preventive effect of glycine against cataractogenesis in STZ-diabetic rats Their study 

demonstrated the anti-cataract potential of glycine, with the possible mechanism being the suppression of Aldose 

Reductase (AD) activity. A study by [15] demonstrated the beneficial effects of glycine on alterations in diabetic 

rats' retinas. They indicated that the mild thinning in most retinal layers due to diabetic retinopathy was 

improved after sixteen weeks of supplementation of glycine. 

Another study by [16] examined the protective effect of glycine on the retinal ultrastructure on 

Streptozotocin develop diabetes in rats. Histological examination of retinal ultrastructure revealed apoptotic 

degeneration in the photoreceptor cell layer caused by diabetes; however, supplementing with glycine 

considerably improved such modifications. 

Bovine retinal pericytes (BRPs) were cultured and treated with different amino acids, including glycine and 

others, and insulin in high glucose conditions. The amino acids hydroxyproline, proline, lysine, glycine, and 

alanine induced the triglyceride accumulation and expression of adiponectin. Cultured cells treated with glycine 

or other amino acids had higher levels of antioxidant marker expression. These results suggested that high levels 

of amino acids, including glycine, could induce adipogenic effects in retinal pericytes. Such transformation is 

thought to be protective because it increases anti-oxidant potential while decreasing angiogenic markers [8]. 

The aim of this study was to evaluate the efficacy of amino acids supplements, especially Glycine, in the 

treatment and/or prevention of some types of ocular complications in streptozotocin (STZ) induced diabetes in 

rats. 

 

Materials and methods 

 

Experimental animals 

Eighty-four female Wistar rats aged 8 to 12 weeks, weighing 200 ± 20 grams, were used in this study. The 

rats were obtained from the Animal House at the Research Institute of Ophthalmology in Giza, Egypt. Animals 

were kept in a standard 12 h light-12 h darkcyclewith a balanced diet and free access to water at 25°C ±2°C. The 

Institutional Animal Care and Use Committee of Cairo University approved the use of laboratory animals in 

ophthalmic and vision research, which was followed in this study. 

 

Clinical examination and animal groups 

All rats’ eyes were examined before induction of diabetes by the slit lamp biomicroscope. In all eyes, there 

were no signs of edema or intraocular inflammation.The rats were divided into four main groups:The control 

group (C) without streptozotocin injection (STZ) or any treatment (n=21 rats).The Glycine group (G) received 

glycine130 mM and a concentration of 1%  in their drinking waterfor one week, two weeks, and four weeks.The 

diabetic retinopathy group (DR) in which diabetes was induced by intraperitoneal injection of STZ without 

receiving any treatment (n=21 rats). The diabetic retinopathy group was administered with glycine (DR+G), in 

which diabetes was induced by STZ (n=21 rats), andafter the onset of DR, rats received glycine in their free-

access drinking water. 

 

Induction of diabetes in the experimental groups 

Diabetes was induced in 63 rats using a single intraperitoneal injection of 40 mg/kg streptozotocin (STZ) in 

0.1 M freshly prepared sodium citrate buffer (pH = 4.4).After 72 hours of STZ injection, fasting blood glucose 

levels were measured, and animals with blood glucose levels greater than 240 mg/dl were considered diabetic 

and used in the study.The retinae of the diabetic rats were monitored for six weeks using a slit lamp bio-

microscope (Kowa SL15, Portable slit lamp, Tokyo, Japan) till the onset of DR. 

 

Electroretinogram ERG study 

Animal preparation 

Before the electrophysiological recording, the animals were dark adapted for one hour. They were generally 

anesthetized by intramuscular injection with xylazine (21 mg/kg of body weight) and ketamine hydrochloride 

(45 mg/kg). The animals were placed on a pad of the operating table where their hair around the eye area was 
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removed, and their body temperature was maintained at 37 °C. Each rat was positioned with its head resting to 

one side, and Benoxinate eye drops (0.4%) were used for local anesthesia. 

  

Electroretinographic measurements 

 

Topical 1% mydriacyl eye drops was used to dilate the pupil of the recorded eye. All groups were subjected 

to electroretinographic measurements using the Neuro-ERG system-NeurosoftMedical Diagnostics, Russia. The 

Neurosoft ERG system comprises a computer interface, light stimulus generator, electrodes, and software for 

data acquisition and analysis. The system is equipped with various stimulus modalities, including flash and 

pattern stimuli, allowing for comprehensive evaluation of retinal function. 

Extracellular ERG was recorded by using three electrodes; the active electrode was placed on the eyelid; the 

reference and earth electrodes were placed ipsilaterally and contralaterally on the two ears respectively.To record 

the effect of ultrasound on all retinal layers, we used full-field ERG stimulation (using the system mini ganzfeld 

light stimulus), with a frequency of 1 flash/second and no background intensity. Amplitudes were measured 

from baseline to the lowest point of the negative peak for the a-wave and from the latter to the positive peak for 

the b-wave. 

 

Histological examination 

 

All rat groups were euthanized according to their estimated periods using four times the dose used for 

anesthesia. Eyeballs were enucleated carefullyand injected with 4% glutaraldehyde in 0.1 M PBS (pH 7.4) at 

4°C at the corneoscleral junction of the rats' eyes. The posterior chamber of the eye containing the retina was 

immersed in a freshly prepared glutaraldehyde-buffered solution. After half an hour, the retina was dissected into 

sections (about 1.0 mm³) and then further fixed for 8.0 h with fresh glutaraldehyde buffered solution (pH 7.4). 

The sections were washed for 1.0 h with several changes of PBS at 4°C, fixed in 1.33% osmium tetroxide, 

dehydrated in cold ethanol grads (50%, 70%, 80%, 90%, and 96%), and then embedded in freshly prepared 

Araldite CY212 mixtures. Semi-thin sections were cut (about 1.0 μm) by ultratome (L.K.B. Produkter, Sweden), 

fitted on glass slides, and stained with toluidine blue for light microscope examination. 

 

 Statistical evaluation 

 

The results were calculated as a mean and standard deviation (Mean ± SD) for all experimental groups. A 

one-way analysis of variance and the student t-test was employed to contrast groups [17]. The results were 

considered statistically significant at p < 0.05. 

 

Results: 

 

The electroretinogram (ERG) response was obtained for the glycine, DR, and DR+G groups after 1 week, 2 

weeks, and 4 weeks and compared to the control group's response. To investigate the function of distinct retinal 

cell types, two major ERG parameters were examined: (i) the a-wave emanating from photoreceptor cells, and 

(ii) the b-wave produced by ON- and OFF-type bipolar cells and Müller cells. The amplitude of the a-wave is 

measured from the baseline to the a-wave trough, and the amplitude of the b-wave is measured from the a-wave 

trough to the b-wave peak [18]. 

 

  
Table 1. Mean ± SD of the amplitude of a-wave, the amplitude of b-wave, and the b/a ratio for the Control, Glycine, 

DR, and DR+G groups after periods of 1 week, 2 weeks, and 4 weeks. 

 

Parameter Amplitude of a-wave (µV) Amplitude of b-wave (µV) b/a ratio 

Period 
Groups 

1 week 2 weeks 4 weeks 1 week 2 weeks 4 weeks 1 week 2weeks 4weeks 

Control 11.5 ± 0.15 33.7 ± 0.29 2.93 

Glycine 11.7±0.3 11.1±0.1 11.24±0.6 32.9±0.12 34.2±0.18 32.9±0.2 2.81 3.08 2.92 

DR 6.1±0.7 5.17±0.8 4.19±0.2 23.3±0.23 20.8±0.4 19.7±0.19 3.81 4.02 4.70 

DR+G 7.12±0.2 8.02±0.5 9.98±0.3 24.15±0.13 27.31±0.6 29.88±0.24 3.39 3.4 2.99 
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Fig. 1. The amplitude of a-wave for the Control, Glycine, diabetic retinopathy DR, and diabetic retinopathy 

administered glycine DR+G groups after 1 week, 2 weeks, and 4 weeks. 

 
Fig. 2. The amplitude of b-wave for the Control, Glycine, diabetic retinopathy DR and 

diabetic retinopathy administered glycine DR+G groups after 1 week, 2 weeks and 4 weeks. 

 

 
Fig. 3. The b/a ratio for the Control, Glycine, diabetic retinopathy DR, and diabetic retinopathy administered glycine 

DR+G groups after 1 week, 2 weeks, and 4 weeks. 
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Table 2. The percentage of changes of amplitudes of a-wave and of b-wave for the Glycine, DR and DR+G groups 

after 1 week,2 weeks and 4 weeks compared with the control group. 

 

 

 

Percentage change of a-wave (%) Percentage change of b-wave (%) 

Period Groups 1 week 2 weeks 4 weeks 1 week 2 weeks 4 weeks 

Glycine 1.73 3.40 2.26 2.30 1.40 2.37 

DR 46.95 55.04 63.56 30.86 38.27 41.54 

DR+G 38.08 30.26 13.21 28.33 18.96 11.33 

 

The glycine groups showed negligible changes in the observed ERG parameters even after four weeks of 

treatment compared to the control group, as shown in Table (2). The percentage changes in a-wave amplitudes 

were 1.73%, 3.4%, and 2.26% after one, two, and four weeks, respectively. The percentage changes in b-wave 

amplitudes were 2.3%, 1.4%, and 2.37% after one, two, and four weeks, respectively. These minor differences in 

glycine groups were not significant, confirming that glycine had no negative effect on retinal cells, as suggested 

by the comet assay results. 

In the DR groups, there was a marked reduction in the amplitude of a-wave, which became more significant 

with the progression of the DR. The amplitude of a-wave was reduced to 6.10±0.7 µv, 5.17±0.8 µv, and 

4.19±0.2 µv with percentage changes of 46.95%, 55.04%, and 63.56% compared to the control group after 1 

week, 2 weeks and 4 weeks respectively. In addition, the amplitude of b-wave showed a gradual reduction with 

values of 23.30±0.23 µv, 20.80±0.4 µv and 19.70±0.19µv and percentage changes of 30.86%, 38.27%, and 

41.54% compared to the control group after 1 week, 2 weeks and 4 weeks respectively. This work agrees with 

many studies that reported STZ-induced ERG alterations aftersix weeks of injection [19], [20], [21]. 

The early involvement of photoreceptors and bipolar cells in DR was corroborated by these alterations in the 

a- and b-waves in the DR groups. They offered proof that vascular anomalies in DR don't manifest clinically 

until after brain deterioration has taken place. 

Such a decrease in ERG parameters raises the death of retinal neurons and indicates vascular and neuronal 

damage across the retina [18]. Reduced function of photoreceptors (a-wave) and bipolar or Müller cells (b-wave) 

may be indicated by lower ERG amplitudes or delayed (longer) ERG implicit times [22]. Lower quantal 

absorption, or the mechanism by which light is absorbed by the photopigments in the cone cells of the retina, 

may be the cause of lower a-wave amplitude, indicative of cone sensitivity loss [22] and photoreceptor 

degeneration are reported previously in DR [9]. 

The middle retinal layer, which receives its primary supply from the retinal circulation, produces the b-wave. 

Accordingly, changes in the retinal circulation, hypoxia, and ischemia are thought to be the cause of the decrease 

in the b-wave [23]. On the other hand, it was discovered that these modifications in ERG parameters were 

connected with the BRB function alteration [24]. Additionally, a link was observed between the concentration of 

retinal GSH and decreased neuronal signals [22]. According to [25], the b/a ratio is a measure of retinal hypoxia 

and ischemia, and changes in its value correspond to a worsening of the retinal blood supply and its effects. 

Furthermore, it is thought that the b-wave and the b/a ratio represent the retina's overall function and can 

serve as a strong basis for diagnosing visual function [26]. The photoreceptor layer and inner nuclear layer, as 

well as changes in the blood supply to the retina with an a-wave that changed more dramatically than the b-

wave, are all responsible for the change in the b/a ratio in DR groups. 

Glycine treatment enhanced the ERG response in the DR+G groups at both the a- and b-wave amplitude levels. 

After one week, two weeks, and four weeks, respectively, the amplitude of the a-wave was increased to 

7.12±0.2 µv, 8.02±0.5 µv, and 9.98±0.3 µv with an enhanced percentage change of 38.08%, 30.26%, and 

13.21% in comparison to the control group. After one week, two weeks, and four weeks, respectively, glycine 

increased the amplitude of the b-wave to 24.15±0.13 µv, 27.31±0.6 µv, and 29.88±0.24µv (as in Table 1),  with 

an enhanced percentage change of 28.33%, 18.96%, and 11.33% (as in Table 2) relative to the control group. 

Values improved over untreated DR even though they did not recover to control group levels. 

Glycine's antioxidant properties are responsible for the enhancement of the ERG response that was obtained 

with its administration. Glycine's antioxidant qualities allow it to counteract the effects of Reactive Oxygen 

Species (ROS), free radicals, and increased oxidative stress, which are the main causes of retinal cell death [9]  

Furthermore, it was shown that glycine functions as a retinal neurotransmitter via glycine receptors (GlyRs), 

which are primarily found in bipolar cells [27]. As a result, glycine enhances the amplitude and implicit time of 

the b-wave while also supporting the visual signals pathway. 

The improvement in both a-wave and b-wave amplitudes is what causes the b/a ratio to decrease after glycine 

is administered. The observed enhancement could be ascribed to the established cytoprotective function of 

Glycine in hypoxic and ischemic circumstances [28]. Glycine has recently been investigated for its potentially 

important function in regulating microcirculation. According to [9], this endogenous metabolite has the ability to 

widen blood microvessels, such as spasmodic arterioles, and increase microcirculatory flow. 
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Histological examination 

The Control retina (Fig. 4) with ten retinal layers identified as (1) Pigmented epithelium (PE), (2) 

Photoreceptors (PR), (3) Outer limiting membrane (OLM), (4) Outer nuclear layer (ONL), (5) Outer plexiform 

layer (OPL) (6) Inner nuclear layer (INL), (7) Inner plexiform layer (IPL), (8) Ganglion cell layer (GCL), (9) 

Nerve fiber layer (NFL) and, (10) Inner limiting membrane (ILM). 

 

 
Fig. 4. Cross section of thecontrol retina. 

 

 
Fig. 5. Cross-sections for retina samples from theGlycine groups showed no deviation from theControl group after 1 

week, 2 weeks, and 4 weeks. 

 

 
Fig. 6. Cross sections from retinal samples of DR groups (A) After 1 week, showing fragmentation of outer segments 

of PR (yellow arrows), accumulation of chromatin of the cells of INL (red arrows) with faintly stained nuclei of 

the GCL (black arrows) and thickened, dilated blood vessels (V). (B)After 2 weeks, the ONL was thinned out to 

one layer and an occluded blood vessel (white arrows). 
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Fig. 7. Cross section from retinal samples of the DR group after 4 weeks showing severe congestion of the choroid 

layer (C), the ONL was reduced in thickness and intermingled with the INL, partially occluded blood vessel 

(white arrows), and partial separation of the vitreous from the retina (black arrows). 

 

 
Fig. 8. Cross sections from retinal samples of the DR+G group after 1 week showing fragmentation of outer segments 

of PR (yellow arrows) and accumulation of chromatin of the cells of INL (red arrows). 

 

 
Fig. 9. Cross sections from retinal samples of the DR+G groups (A) After 2 weeks and (B) After 4 weeks. Both groups 

showed no deviation from the Control group. 
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Discussion 

As shown in Fig. (5), cross-sections of retinal samples from all glycine groups showed no deviation from the 

control retina (Fig. 4), which indicated that glycine has no harmful effects on the histological arrangement of the 

retina architecture. This result agrees with the ERG response results recorded from all glycine groups (Table 1) 

and (Table 2). 

In the DR groups, the changes were observed early after one week and two weeks of DR onset. These include 

fragmentation of PR outer segments, dilation of blood vessels, occlusion of other blood vessels, and thinning of 

some layers, which may be related to apoptosis, as shown in Fig. (6).All previous alterations are per the literature 

work by [10]. With the progression of the DR for 4 weeks, the samples showed severe congestion of the choroid 

layer and partial separation of the vitreous from the retina, Fig. (7). 

The fragmentation of PR outer segments, Fig. (6 A) can be interpreted by the fact that the outer segments of 

PR lose the ability to renew themselves in DR [11]. This was attributed to hypoinsulinemia associated with DR. 

Moreover, the neuronal cells of INL were seriously affected after 1 week, and the ONL was affected after 2 

weeks (Fig. 6 A&B) of DR. In addition, regional variation in blood vessel diameters is observed where dilated 

blood vessel is shown in Fig. (6A) and occluded blood vessels in Fig. (6 B), and Fig. (7). This regional variation 

in blood vessel diameters was previously reported in the work of [29]. In the macular area, the predominant 

finding is vasodilation and impaired pressure autoregulation as hyper-perfusiontransmits arterial blood pressure 

to the capillary bed and, in turn, contributes to macular edema by the formation of microaneurysms, hemorrhage, 

and BRB breakdown [30], [29], [31]. Meanwhile, the capillaries occlude in the retinal periphery, resulting in 

ischemia and hypoxia [29]. These histological changes, along with changes in ERG parameters of DR groups, 

confirmed the early involvement of photoreceptors and bipolar cells in DR and provided evidence supporting the 

fact that neural degeneration in DR may precede clinically apparent vascular abnormalities. 

The dilatation of the retina’s blood vessels may be due to disturbances in neurovascular coupling (the 

mechanism by which neural activity affects the blood flow). However, it may also be a physiological reaction to 

changes in retinal metabolism with excessive release of vasodilating compounds [29]. In addition, nonenzymatic 

glycation and oxidative stress contribute to retinal vascularbasement membrane (BM) stiffening and `irreversible 

thickening in diabetes [32]. The occlusion of the retina’s blood vessels is expected in STZ-induced models of 

DR in rats and affects the blood supply to the retina, causing hypoxia and ischemia [33]. Retinal ischemia leads 

to neuronal damage and eventual death, and the retinal non-perfusion likewise triggers the release of growth 

factors, including VEGF, which promote angiogenesis, proliferation of new vessels (neovascularization), the 

defining characteristic of proliferative DR [34]. 

In hyperglycemic conditions, two events act together and contribute to capillary occlusion.First,capillary 

endothelial cells (ECs) are stressed and liable to damage and apoptosis. This effect could be due to the direct 

effects of the high glucose level or to ROS and nitrous oxide species (NOS). Second, circulating leukocytes are 

activated and then adhere to the vessel wall, a process termed leukostasis. It is implied that increased circulating 

ROS directly damages the vascular endothelial surface, which depolymerizes and thins, eventually exposing the 

plasma cell membrane to direct contact with activated leukocytes [35]. Increased levels of adhesion molecules 

were reported and related to the severity of DR. Moreover, they were found to be related to the level ofglycated 

hemoglobin (HbA1c) and were considered measures of endothelial cell (EC) damage [36]. 

The choroidal changes observed after 4 weeks of DR, as shown in Fig. (7) may be related to the outcome of 

hyperglycemic conditions that affect the vascularity of the choroid as well as the retina [37]. Systemic 

inflammation seems responsible for the choroidal damage, which plays a role in the progression of DR [38]. 

Since the vascular tissue of the choroid supplies blood to the outer retina, photoreceptors, and retinal pigment 

epithelium, changes in choroidal capillary flow (CCF) may be associated with greater damage to photoreceptors 

and thus affecting visual function. The reduction in CCF may cause retinal dysfunction and lead to ERG 

impairment [39]. This is in accordance with the present work that reported the depression of ERG parameters, 

especially after four weeks of DR. 

In the DR+G group, after 1 week, there was no significant improvement in the retina's histological structure, 

which can be attributed to a short administration period, Fig. (8). Meanwhile,the DR+G groups showed no 

deviation from the control retina after 2 weeks and 4 weeks (Fig. 9 A&B). Glycine enabled PR to renew its outer 

segments and protect them from fragmentation due to itsinsulin-enhancing effect, as reported previously [40], 

[8], [9]. In addition, glycine protected the retina from the neural changes related to the DR group, including 

accumulation of chromatin of the cells of INL and faintly stained nuclei of GCL (Fig. 6 A) and reduced 

thickness of neural layers (Fig. 6 B and Fig. 7). This can be attributed to the protective role of glycine against 

apoptosis due to the antioxidant effect. Moreover, glycine protects retina vasculature through its protective role 

against angiogenesis and inflammation. A treatment using glycine significantly decreased the amount of serum 

glucose, serum AGEs, and glycated hemoglobin (HbA1c) in diabetic rats [41]. Another study found that glycine 

reduced the expression of RAGE and VEGF and reduced inducible nitric oxide synthase (iNOS) expression [5]. 

Glycine competitively inhibits the binding of glucose to proteins such as actin and collagen, whose glycation 

plays a role in reducing leukocytes deformability and promotes capillary occlusion [10]; [42]. Inhibition of 
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iNOS, which reduces retinal NO levels, restores neurovascular coupling in diabetic retinas [43]. Also, glycine 

reduces intracellular levels of ROS through its antioxidant effect [11]. 

During DR progression, the metabolic and functional modifications of the retinal tissue and systemic 

responses that occur can result in structural and molecular alterations of the vitreous. This, in turn, can result in 

the separation of the vitreous from the retina, known as vitreoschisis [44]. The retina sample from the DR group 

after 4 weeks showed partial separation of the vitreous from the retina, Fig. (7). Noticeably, the vitreous is 

composed mainly of collagen and hyaluronic acid (HA) that interact in the normal vitreous, forming a 

supramolecular three-dimensional complex. Elevated glucose levels in the diabetic vitreous increase the 

probability of collagen glycation and cross-linking of collagen fibrils with other structural proteins. In addition, 

the accumulation of AGEs in the vitreous accelerates the degradation of HA. The cross-linking of vitreous 

collagen and degradation of HA may contribute to diabetes-related vitreoschisis and early posterior vitreous 

detachment PVD [45]. 

In the DR+G group, the cross-section obtained after 4 weeks showed an intact vitreoretinal interface, which 

ensures the protective effect of glycine against DR (Fig. (9 B). Glycine was proven protective against the 

glycation of proteins and other macromolecules through competition with glucose and blocking initial 

nonenzymatic glycation reactions [42]. So, glycine is strongly thought to prevent the glycation of collagen and 

HA, a major step in preserving vitreous architecture. 

 

Conclusion 

Glycine's ability to act as an antioxidant and as a cytoprotectant in hypoxic and/or ischemic environments is 

responsible for the improvement of ERG readings. 

Since glycine functions as a neurotransmitter, it is postulated that it will improve the implicit timing and 

amplitude of particular ERG components. The injection of glycine prevented the fragmentation of 

photoreceptors (PR) in diabetic retinopathy (DR) and facilitated PR renewal mostly due to its insulin-enhancing 

action. 

The groups who received glycine treatment showed no vascular alterations that are typical of DR. This is 

likely because glycine has a preventive effect against inflammation and angiogenesis. Glycine repairs the 

structure and function of the retina, maintains an intact vitreoretinal interface, and prevents the vitreous and 

retina from separating, which is a characteristic of the late stages of diabetic retinal degeneration. 

 
Acknowledgments  

We would like to express gratitude to all those who contributed to the success of this research, especially the staff at the 

animal house of the Research Institute of Ophthalmology for their exceptional care and management of the animals involved 

in this study. 

Funding statement 

This study didn't receive any funding support 

Declaration of Conflict of Interest 

The authors declare that there is no conflict of interest. 

Ethical of approval 

This study follows the ethical guidelines of the Institutional Animal Care & Use Committee (IACUC) of Cairo University 

regarding the use of sentient animals for scientific purposes. 

 

References 

1-Malvasi, M., Casillo, L., Avogaro, F., Abbouda, A., &Vingolo, E. M. (2023). Gene therapy in hereditary retinal 

dystrophies: the usefulness of diagnostic tools in candidate patient selections. International Journal of Molecular Sciences, 

24(18), 13756. 

2-Thompson, D. A., Bach, M., McAnany, J. J., Šuštar Habjan, M., Viswanathan, S., & Robson, A. G. (2024). ISCEV 

standard for clinical pattern electroretinography (2024 update). Documenta Ophthalmologica, 148(2), 75-85.   

3-Cornish, E. E., Vaze, A., Jamieson, R. V., &Grigg, J. R. (2021). The electroretinogram in the genomics era: outer retinal 

disorders. Eye, 35(9), 2406-2418.  

4-Varela, M. D., Georgiou, M., Hashem, S. A., Weleber, R. G., &Michaelides, M. (2022). Functional evaluation in inherited 

retinal disease. British Journal of Ophthalmology, 106(11), 1479-1487.  

5-Devi SR B., Coral K., and Sulochana K. N. (2015). Free Amino Acids Glycine and Glutamic Acid Inhibit Angiogenesis 

Induced by AGE in Bovine Retinal Endothelial Cells, Journal of Glycomics and Lipidomics, 5(2). 

6-Antonetti D. A., Klein R., & Gardner T. W. (2012). Diabetic Retinopathy, New England Journal of Medicine, 366(13), 

1227–1239. 



  HOSSAM S. KAREEM, et al., 00 

Egypt. J. Biophys. Biomed. Eng., Vol. 26 (2025) 

7-Bandello F., Lattanzio R., Zucchiatti I., and Del Turco C. (2013). Pathophysiology and Treatment of Diabetic Retinopathy, 

Acta Diabetologica,50(1), 1-20. 

8-Vidhya S., Ramya R., Coral K., Sulochana K., and Bharathi D. S., (2018). Free amino acids hydroxyproline, lysine, and 

glycine promote differentiation of retinal pericytes to adipocytes: A protective role against proliferative diabetic 

retinopathy, Experimental eye research, 173, 179-187. 

9-Wang B., Song X., Zhang X., Li Y., Xu M., Liu X., Li B., Fu S., Ling H., Wang Y., Zhang X., Li A., & Liu M. (2024). 

Harnessing the Benefits of Glycine Supplementation for Improved Pancreatic Microcirculation in Type 1 Diabetes 

Mellitus. Microvascular Research, 151. 

10-Gholami, S., & Rostamzad, M. R. (2016). The Effect of Glycine Treatment on Histomorphometric Changes in the 

Diabetic Rat Retina. International Journal of Medical Research & Health Sciences, 5(6), 288-92.  

11-Gholami S., Kamali Y., and RezaM. (2019). Glycine Supplementation Ameliorates Retinal Neuronal Damage in an 

Experimental Model of Diabetes in Rats: A Light and Electron Microscopic Study, Journal of Ophthalmic and Vision 

Research, 14(4), 448–456. 

12-Aguayo-Cerón, Karla Aidee, et al. (2023): Glycine: the smallest anti-inflammatory micronutrient. International Journal of 

Molecular Sciences 24.14: 11236.  

13-Razak, M. A., Begum, P. S., Viswanath, B., &Rajagopal, S. (2017). Multifarious beneficial effect of nonessential amino 

acid, glycine: a review. Oxidative medicine and cellular longevity, 2017(1), 1716701.  

14-Wei L., Yujie Z., and Na S. (2019). Protective Effect of Glycine in Streptozotocin-Induced Diabetic Cataract Through 

Aldose Reductase Inhibitory Activity, Biomedicine &Pharmacotherapy, 114. 

15-SoghraGholami. and Saberi M. (2015). Histomorphometric alterations in aloe vera gel extract treatment in the diabetic 

rat`s retina, Comparative clinical pathology, 24 (5), 1021-1029. 

16-Soghra Gholami, Kamali, Y., &Rostamzad, M. R. (2019). Glycine supplementation ameliorates retinal neuronal damage 

in an experimental model of diabetes in rats: A light and electron microscopic study. Journal of Ophthalmic & Vision 

Research, 14(4), 448.  

17-Mishra P., Singh U., Pandey CM., Mishra P., Pandey G. (2019). Application of Student's T-Test, Analysis of Variance, 

And Covariance, Annual Card Anaesth, 22(4),407-411. 

18-Mcanany J. J., Persidina O. S., & Park J. C. (2022)., Clinical electroretinography in diabetic retinopathy: a review, Survey 

of Ophthalmology,67(3), 712–722. 

19-Mcanany J.J. and Park J. C. (2019). Cone photoreceptor dysfunction in early-stage diabetic retinopathy; Association 

between The Activation Phase of Cone Phototransduction and The Flicker Electroretinogram, Ophthalmology Visual 

Sciences. 

20-Jiang Y., Walker R. J., Kern T. S., and Steinle J. J. (2010).  Application of Isoproterenol Inhibits Diabetic-Like changes in 

The Rat Retina, Experimental Eye Research, 91(2), 171-179. 

21-Hammoum I., Benlarbi M., Dellaa A., Kahloun R., Messaoud R., Amara S., Azaiz R., Charfeddine R., Dogui M., 

Khairallah M., Lukáts Á., &Chaouacha-Chekir R. (2018).  Retinal Dysfunction Parallels Morphologic Alterations and 

Precede Clinically Detectable Vascular Alterations in Meriones Shawi, A Model of Type 2 Diabetes, Experimental Eye 

Research, 176. 

22-Wright W. S., Mcelhatten R. M., Busu C., Amit S. Y., Leskova W., Aw T. Y., & Harris N. R. (2011). Influence of 

glutathione on the electroretinogram in diabetic and non-diabetic rats, Current Eye Research, 36(9), 831-837. 

23-Luu C. D., Foulds W. S., & Kaur C. (2012).  Electrophysiological Findings in A Porcine Model of Selective Retinal 

Capillary Closure, Investigative Ophthalmology & Visual Science, 53(4), 2218-2225. 

24-Tzekov R., & Arden G. B. (1999). The Electroretinogram in Diabetic Retinopathy, Current Research Survey of 

Ophthalmology,44. 

25-Peresypkina A., Pazhinsky A., Pokrovskii M., Beskhmelnitsyna E., Pobeda A., &Korokin M. (2019). Correction of 

Experimental Retinal Ischemia by L-Isomer of Ethylmethylhydroxypyridine Malate, Antioxidants, 8(2). 

27-Liao, F., Liu, H., Milla-Navarro, S., Villa, P. de la, & Germain, F (2023).  Origin of Retinal Oscillatory Potentials in the 

Mouse, a Tool to Specifically Locate Retinal Damage, International Journal of Molecular Sciences, 24(4). 



12 THE PROTECTIVE EFFECT OF GLYCINE ON RETINAL FUNCTION AND STRUCTURE... 

Egypt. J. Biophys. Biomed. Eng., Vol. 26 (2025) 

28-Van E. J., Ali S. S., Horwood N., Carmans S., Brône B., Hellings N., Steels P., Harvey R. J., & Rigo J. M., (2009). 

Glycine and Glycine Receptor Signalling in Non-neuronal cells, Frontiers in Molecular Neuroscience, 2 (AUG). 

29- BekT. (2017) .Diameter Changes of Retinal Vessels in Diabetic Retinopathy, Current Diabetes Reports,17(10).  

30-Pemp B., Cherecheanu A., Garhofer G.,Schmetterer L. (2013). Calculation of Central Retinal Artery Diameters from  

Non-Invasive Ocular Haemodynamic Measurements in Type 1 Diabetes Patients,Acta Ophthalmology, 91(5),348-52. 

31-Lei J., Xu. X., Chen L., Fan X., Nizar & Abdelfattah S., (2021). Dilated Retinal Large Vessels and Capillaries Associated 

with Diabetic Macular Edema and Photoreceptor Loss Respectively, Graefe's Archive for Clinical and Experimental 

Ophthalmology, 1-7. 

32-Roy S., and Kim D. (2021). Retinal capillary basement membrane thickening: Role in the pathogenesis of diabetic 

retinopathy,Progress in Retinal and Eye Research,82. 

33-Leal E., Manivannan A., Hosoya K., Terasaki T., Cunha-Vaz J., Ambrósio A., & Forrester J. (2007). Inducible Nitric 

Oxide Synthase Isoform is a Key Mediator of Leukostasisand BloodRetinal Barrier Breakdown in Diabetic Retinopathy, 

Investigative Ophthalmology and Visual Science, 48(11), 5257-5265.  

34-Chua J., Sim R., Tan B., Wong D., Yao X., Liu X., Ting D., Schmidl D., Ang M., Garhöfer G., &Schmetterer L. (2020).  

Optical Coherence Tomography Angiography in Diabetes and Diabetic Retinopathy Journal of Clinical Medicine, 9(6), 

1–23.  

35-Forrester J., Kuffova L., & Delibegovic M. (2020).  The Role of Inflammation in Diabetic Retinopathy, Frontiers in 

Immunology, 11. 

36-Tryggestad J., Shah R., Braffett B., Bacha F., Gidding S., Gubitosi‐Klug R., Shah A., Urbina M., & Levitt Katz L. (2020). 

Circulating Adhesion Molecules and Associations With Hba1c , Hypertension, Nephropathy and Retinopathy in The 

Treatment Options for type 2 Diabetes in Adolescent and Youth study,Pediatric Diabetes, 21(6), 923-931. 

37-Hamadneh T., Aftab S., Sherali N., Vetrivel Suresh R., Tsouklidis N., & An M., (2020). Choroidal Changes in Diabetic 

Patients with Different Stages of Diabetic Retinopathy,Cureus,12(10). 

38-Scuderi L., Fragiotta S., Di Pippo M., & Abdolrahim zadeh S. (2023). The Role of Diabetic Choroidopathy in the 

Pathogenesis and Progression of Diabetic Retinopathy, International Journal of Molecular Sciences, 24(12).  

39-Deng X., LiZ., Zeng P., Liang J., Wang J., & Lan Y, (2023). The Association Between Decreased Choriocapillary Flow 

and Electroretinogram Impairments in Patients with Diabetes,Photodiagnosisand Photodynamic Therapy, 42. 

40-Yan-Do R., & MacDonald P. E (2017). Impaired “Glycine”-mia in Type 2 Diabetes and Potential Mechanisms 

Contributing to Glucose Homeostasis, Endocrinology, 158(5), 1064-1073. 

41-Bahmani F., Zahra S., Aldavood S. J., & Ghahghaei A. (2012). Glycine therapy inhibits the progression of cataract in 

streptozotocin -induced diabetic rats, Molecular Vision, 18, 439-448,. 

42-SongH., Ma H., Shi J., Liu Y., Kan C., Hou N., Han J., Sun X., & QiuH. (2023).  Optimizing Glycation Control in 

Diabetes: An Integrated Approach for Inhibiting Nonenzymatic Glycation Reactions of Biological 

Macromolecules,International Journal of Biological Macromolecules, 243. 

43-NippertA. R., &Newman E. A. (2023).  Regulation of blood flow in diabetic retinopathy, Visual Neuroscience, 37(4). 

44-Sebag, J. (2008). Vitreoschisis. Graefe's Archive for Clinical and Experimental Ophthalmology, 246, 329-332.  

45-Nawaz, M. I. (2024). Perspective Chapter: Translational Implications of Proliferative Diabetic Retinopathy (PDR) 

Vitreous Fluid.  

 

 

 

 

 



  HOSSAM S. KAREEM, et al., 01 

Egypt. J. Biophys. Biomed. Eng., Vol. 26 (2025) 

 التأثير الوقائي للجلايسين ضد تلف الشبكية في اعتلال الشبكية السكري 
 2، عزيزة عبد المنعم السعيد 2، صفاء إبراهيم شحاتة2، أميرة خالد حسين سيد1حسام الدين سيد عبد الكريم

 وحدة فسيولوجيا البصريات، قسم علوم الإبصار، معهد بحوث أمراض العيون، الجيزة، مصر1
 ، القاهرة، مصر(بنات)قسم الفيزياء، كلية العلوم، جامعة الأزهر 2
 

اعتلال الشبكية السكري هو أحد المضاعفات الوعائية الدقيقة لمرض السكري وهو السبب الرئيسي للعمى في جميع  :الخلفية والهدف
السبب . ويتميز بنمو أوعية دموية جديدة في شبكية العين، وهي عملية تُعرف باسم توسع الأوعية الدموية الجديدة. أنحاء العالم

مرتبطة باعتلال الشبكية السكري هو حالة ارتفاع السكر في الدم المصاحبة لمرض السكري، الرئيسي للتغيرات الهيكلية والوظيفية ال
وقد أظهرت العديد من الدراسات أن تناول مكملات الأحماض الأمينية مثل الهيدروكسي برولين والليسين والجليسين يمكن أن توفر 

دراسة إلى تقييم التأثير الوقائي المحتمل للجلايسين ضد اعتلال هدفت هذه ال. فوائد وقائية ضد اعتلال الشبكية السكري التكاثري 
استخدمت في الدراسة أربع وثمانون أنثى من : الطرق والأدوات المستخدمة. STZالشبكية السكري في الفئران المصابة بداء السكري 

مجموعة ضابطة، ومجموعة الجلايسين : تقُسمت الفئران إلى أربع مجموعا. أسبوعًا 21إلى  8فئران ويستار تتراوح أعمارها بين 
(G) ومجموعة اعتلال الشبكية السكري ،(DR) ومجموعة اعتلال الشبكية السكري التي أعُطيت الجلايسين ،(DR+G .) أُجريت

 . ودراسات مرضية نسيجية لتقييم الدور الوقائي للجلايسين على شبكية العين لدى الفئران( ERG)دراسات تخطيط كهربية الشبكية 
لم تظهر نتائج تخطيط كهربية الشبكية والنسيجية لمجموعة الجلايسين أي اختلافات كبيرة عن شبكية العين الخاضعة  :النتائج
، مما أدى إلى انخفاض في بارامترات تخطيط كهربية الشبكية وتغييرات DRفي المقابل، لوحظت تغيرات حادة في مجموعة . للمراقبة

، لم تُظهر بيانات تخطيط كهربية الشبكية أي Gو ( DR+G)بالنسبة لمجموعة  . د أربعة أسابيعفي بنية الشبكية، خاصة بع
أظهرت المقاطع العرضية النسيجية المأخوذة بعد أربعة أسابيع . اختلافات عن شبكية العين في كل من الأسبوعين والأربعة أسابيع

تقدم هذه الدراسة دليلًا على أن إعطاء الجلايسين يمكن أن : الخلاصة. وجود شبكية سليمة وواجهة شبكية مع الجسم الزجاجى سليمة
بالإضافة إلى ذلك، أظهرت إضافة الجلايسين إلى النظام الغذائي لفئران التجارب المصابة . يصلح كلًا من بنية الشبكية ووظيفتها

 .ل الشبكية السكري باعتلال الشبكية السكري تأثيرًا وقائيًا ضد تلف الشبكية المرتبط عادةً باعتلا
 .الجلايسين، داء السكري، اعتلال الشبكية السكري، تخطيط الشبكية الكهربائي: الكلمات الدالة


