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Abstract 
 
Purpose: The purpose of this article is to summarize the 

literature data of our thirty years research on the 

pathogenesis of diabetic retinopathy. 

Methods: literature data of our and foreign studies. 

Results and Conclusion: 

Diabetic retinopathy is a chronic inflammatory process in the 

retina. It is known that all inflammatory processes occur in 

the glia. In the retina, one types of the glial cell are Müller 

cells. There are located between neurons and capillaries. It is 

their destruction that leads to increased vascular 

permeability and loss of pericytes. 

Lipid peroxidation can damage Müller cells.  

There is high activity of glutathione peroxidase in the 

vitreous body, which neutralize lipid peroxidation. 

Therefore, these enzymes help the retina neutralize toxic 

products. An absence of direct contact between the vitreous 

and the retina’s antioxidant system will severely impair the 

protection of that part of retina against the harmful effects of 

lipid peroxidation lipoxidation, which in turn, will accelerate 

the disruption of cell membranes in retinal neuronal and 

glial elements, the loss of pericytes, and endothelial damage. 

Connective tissue can develop at the site of local vitreous 

detachment. Thus, in diabetic retinopathy, glial cells of the 

retina are primarily affected. 

In diabetes, only the inner part of the retina is damaged, and 

photoreceptors remain intact. Thus, the inner and outer parts 

of the retina are opponents. We believe that the positive 

effect of panretinal laser photocoagulation on diabetic 

retinopathy is associated with the destruction of the 

photoreceptor (outer) layer of the retina. That is, artificial 

retinal dystrophy is induced. In addition, the centre of the 

retina and its periphery also have an opposing relationship.  
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Diabetic retinopathy also develops less often in diabetic 

encephalopathy, dementia. A "parquet type" fundus 

indicates a lack of blood supply to the vessels of the brain 

and a risk of ischaemic stroke. 

 

The question is which microbiota is responsible for diabetic 

retinopathy and other acquired retinal diseases. This is an 

interesting question that we will answer. 
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Introduction  
 

Diabetic retinopathy (DR) is one of the largest causes of 

vision loss worldwide and is the principal cause of impaired 

vision in patients between 25 and 74 years of age1,2,3.  

 

Clinically, diabetic retinopathy (DR) is divided into two 

stages: non-proliferative diabetic retinopathy (NPDR) and 

proliferative diabetic retinopathy (PDR). 

 

NPDR represents the early stage of DR, in which increased 

vascular permeability and capillary occlusion are two main 

symptoms in the retinal vasculature. In this stage, retinal 

pathologies, including microaneurysms, haemorrhages and 

hard exudates, can be detected by fundus photography, 

although patients may be asymptomatic. PDR, a more 

advanced stage of DR, is characterized by 

neovascularization. 

 

During this stage, patients may experience severe vision 

impairment when new abnormal vessels bleed into the 

vitreous (vitreous haemorrhage) or when tractional retinal 

detachment is present.  
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The most common cause of vision loss in patients with DR is 

diabetic macular edema (DME). DME is characterized by 

swelling or thickening of the macula due to sub- and intra-

retinal accumulation of fluid in the macula triggered by the 

breakdown of the blood-retinal barrier (BRB)4.  

 

Many authors believe that leukostasis (leucocytes attached 

to the endothelial wall) and loss of pericytes are involved in 

the pathogenesis of diabetic retinopathy5,6. 

 

Hyperglycaemia is considered to play an important role in 

the pathogenesis of retinal microvascular damage. 

 

The earliest responses of the retinal blood vessels to 

hyperglycemia are dilatation of blood vessels and blood flow 

changes. These changes are considered to be a metabolic 

autoregulation to increase retinal metabolism in diabetic 

subjects7. 

 

Pericyte loss is another hallmark of the early events of DR. 

Evidence of apoptosis of pericytes triggered by high glucose 

has been shown in both in vitro and in vivo studies8,9. 

 

Since pericytes are responsible for providing structural 

support for capillaries, loss of them leads to localized 

outpouching of capillary walls. This process is associated 

with microaneurysm formation, which is the earliest clinical 

sign of DR10. 

 

In addition to pericyte loss, apoptosis of endothelial cells and 

thickening of the basement membrane are also detected 

during the pathogenesis of DR, which collectively contribute 

to the impairment of the BRB11. 

 

Furthermore, pronounced loss of pericytes and endothelial 

cells results in capillary occlusion and ischemia. Retinal 

ischemia/hypoxia leads to upregulation of VEGF through 

activation of hypoxia-inducible factor 1 (HIF-1)12. 

 

Moreover, as an angiogenic factor, VEGF promotes 

proliferation of endothelial cells through activation of 

mitogen-activated protein (MAP)13. 

 

DR has long been recognized as a microvascular disease. 

 

 

The role of Muller cell damage 
 

In the studies I conducted from 1982 to 2004, it was shown 

that microvascular changes in the retina are secondary and 

that Müller's cells are primarily affected14. Müller's cells are 

glial cells that are located between neurons and capillaries, 

and their destruction leads to increased vascular 

permeability and the loss of pericytes. 

These effects, in turn, lead to extensive ischemic areas and 

the production of VEGF factors, which triggers the formation 

of new vessels. Müller cells are known to contain a yellow 

pigment, lipofuscin. Hard exudates in the outer plexiform 

layer do not release lipids but cause Mueller cell 

degeneration15. 

 

I hypothesised that the vitreous fibrils are of intracellular 

origin16,17,18, which has been confirmed by 

immunocytochemical studies19. 

 

Muller cells also form endfeet on the large retinal blood 

vessels at the inner surface of the retina. The surface of the 

Muller cell membrane facing the vitreous is covered with a 

mucopolysaccharide material and thus its processes are 

associated with the formation of the true basement 

membrane20.  

 

At the same time, some authors have reported that vitreous 

fibrils are linked directly with the basement membrane of 

retinal Müller cells21. They estimate the vitreoretinal 

interface to account for 95% of these cells membrane 

conductivity as regards potassium ions. That proves the 

region in question to be highly labile22.This process can 

apparently progress to the complete destruction of the 

vitreoretinal interface and the appearance of local vitreous 

detachment. 

 

In 1985, I defended my dissertation entitled “The Effect of 

Lipid Peroxidation on the Course of Diabetic Retinopathy” 

at the Moscow Institute of Eye Diseases23. This thesis states 

that lipid peroxidation can damage Müller cells. Later, a 

paper on this topic was published in the journal 

“Ophthalmosurgery”24. 

 

In my earlier studies, it was shown that there was high 

activity of glutathione peroxidase in the vitreous body25,26.  

These enzymes neutralize lipid peroxidation, which forms as 

a result of the breakdown of rhodopsin. Therefore, these 

enzymes help the retina neutralize toxic products formed 

during the breakdown of rhodopsin. 

 

An absence of direct contact between the vitreous and the 

retina’s antioxidant system will severely impair the 

protection of that part of retina against the harmful effects of 

lipid peroxidation lipoxidation (Figure 1), which in turn, will 

accelerate the disruption of cell membranes in retinal 

neuronal and glial elements, the loss of pericytes, and 

endothelial damage. Connective tissue can develop at the 

site of local vitreous detachment24. Thus, in diabetic 

retinopathy, glial cells of the retina are primarily affected. 
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Figure 1. Schematic structure of the retina. 

1 - pigment epithelium cells, 2 - axons of the ganglion cells, 3 - 

bipolar cells, 4 - ganglion cells, 6 - Muller cells, 7 - intracellular 

fibrils, 8- vitreous fibrils, 9- toxic products formed during the 

breakdown of rhodopsin. 

 

 

Our research results have begun to be confirmed by modern 

investigation26. 

 

Müller cells are the principal glial cells of the retina. Müller 

cells form architectural support structures that radially 

stretch across the thickness of the retina and are the limits of 

the retina at the outer and inner limiting membranes. 

The figure 1 shows the retina in two colours. The green 

colour is the inner part of the retina, and the red colour 

indicates the outer part of the retina. I believe that the border 

between these parts is the outer boundary membrane. 

 

Theory about the diseases of opponents 
 

In diabetes, only the inner part of the retina is affected, and 

photoreceptors remain intact. However, some authors do 

not believe this is the case27. 

 

Thus, the inner and outer parts of the retina are opponents. 

In some cases, diabetic retinopathy develops (changes in the 

inner part of the retina) without senile macular degeneration 

(changes in the pigment epithelium and photoreceptors).  

 

In the presence of senile macular degeneration, diabetic 

retinopathy does not progress. 

 

If, in diabetic retinopathy, the outer layers of the retina are 

involved in the process, then diabetic retinopathy does not 

progress, but senile macular degeneration begins. That is, 

diabetic retinopathy and senile macular degeneration are 

diseases that are induced in opposition to one another. 

 

We believe that the positive effect of panretinal laser 

photocoagulation on diabetic retinopathy is associated with 

the destruction of the photoreceptor (outer) layer of the 

retina. That is, artificial retinal dystrophy is induced15,17. 

Various authors have observed that if atrophy of the optic 

nerve28 or glaucoma occurs in the presence of diabetic 

retinopathy 29,30, then retinopathy does not progress15. 

 

In addition, the centre of the retina and its periphery also 

have an opposing relationship because they "contend" with 

one another, forming full-fledged vision. Azerbaijani 

physiologists have provided evidence of this 

relationship31,32. 

 

Several channels carry visual information into the cortex: 

through the lateral geniculate body (corpus geniculatum 

laterale), through the upper tubercles (superior colliculi) of 

the quadruplet bodies (corpora quadrigemina) and through 

the more ancient path through the thalamus.  

 

Information collected at the centre of the retina mainly 

passes through the lateral geniculate body and from the 

periphery of the retina through the upper tubercles of the 

quadruplet bodies. 

 

These centres have an opposing relationship with each other. 

One centre slows the other. Study of oscillatory potentials 

has shown that when the upper tubercles of the quadruplet 

bodies are damaged, it is easier to carry information through 

the lateral geniculate body. These relationships are carried 

out both at the level of the subcortex and the cortex. 

 

We observed a patient with retinitis pigmentosa who often 

said, "Today, I see better, but at the same time worse. A few 

days ago, I saw worse, but at the same time better". For a 

long time, I did not understand his words until I 

remembered the relationship between the centre and the 

periphery of the retina. 

 

When his peripheral vision was improved (his field of vision 

was expanded), then, at that moment, he was better oriented, 

but his vision was worse (his central vision deteriorated). 

The next moment he saw better, but the deterioration of his 

peripheral vision led to a deterioration in his orientation in 

space. The same struggle takes place between the two eyes. 

Ophthalmologists often encounter patients in whom one eye 

sees worse than the other. Patients say that when they close 

the worse seeing eye, the vision of the other eye improves. 

This is because the inhibitory effect of the closed eye on the 

opposite eye is turned off. 

 

Additionally, we observed for the first time that diabetic 

retinopathy develops less often with concomitant diabetic 

encephalopathy. At the same time, a "parquet type" (Figure 

2) fundus is noted on the fundus, which indicates a lack of 
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blood supply to the vessels of the brain and a risk of 

ischaemic stroke. 

 

 
Figure 2. “Parquet type” of fundus.  

 

Interestingly, even in the absence of diabetes, the presence of 

a "parquet" type fundus (in the absence of myopia) also 

indicates a risk of ischaemic stroke in elderly people. In 1997, 

I issued a methodological recommendation approved by the 

Ministry of the Republic of Azerbaijan for ophthalmologists 

and neuropathologists33. 

 

Thus, the pathogenesis of diabetic retinopathy is based on 

damage to the glial cells of the retina. It is known that all 

inflammatory processes occur in glia. 

 

Composition of the commensal microbiota 

as a trigger of ocular diseases 
 

Connections between populations of microbiota and ocular 

disease are now being established. The roles of non-ocular 

microbiota in complex retinal diseases are being evaluated. 

For example, the gut microbiota has been implicated in the 

pathogenesis of uveitis. This short review summarizes the 

few studies linking the gut or oral microbiota to diabetic 

retinopathy (DR), glaucoma and age-related macular 

degeneration (AMD)34. 

 

Conclusion  
The question is which microbiota is responsible for diabetic 

retinopathy and other acquired retinal diseases. This is an 

interesting question that we will answer. 
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