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Abstract: 

Purpose: Based on the literature review and previous data, an 

analogy is drawn between the structure of the vitreous body and 

somatic cells. A comparison is made between changes in the vitreous 

body with age and the aging of somatic cells.  

Methods:  A review of the literature and hypotheses. 

Results(Hypothesis): With age, the amount of hyaluronic acid and 

microfibrils decreases and the volume of “empty space” increases, 

leading to the collapse of the vitreous body and a complete 

detachment. Let us imagine the vitreous body as a giant cell with a 

central nucleus. The cytoskeleton permeates the entire cell. The 

cytoskeleton provides a structural framework for the cell, serving as 

a framework that determines cell shape and the general organization 

of the cytoplasm. Importantly, the cytoskeleton is much less rigid and 

permanent than its name implies. We see the same thing in the 

microfibrils of the vitreous body.  

Conclusion: With age, the density of the fibrillar structure of the 

vitreous body decreases. This structure is apparently, is an 

evolutionary intracellular formation that formed as a result of the 

apoptosis of the mesenchymal cells that form the primary vitreous 

body. An analogy is drawn between the loss of the density of fibrils 

of the vitreous body and the density of the cytoskeleton of asomatic 

cell. The loss of the cytoskeleton of a cell is a fatal process that cannot 

be stopped. The cytoskeleton cannot hold the nucleus in the center of 

the cell, which is why the nuclei of the older cells are not in the center, 

but are shifted to the periphery.  

Keywords: Vitreous body, aging, vitreous, nucleus.  

 

 

 

 
 

 

 

 

 

 

 

 

    

 

 

 

 

 

 

 

For many years, people have been trying to determine out the causes 

of aging, and there are so many theories. In 1908, physiologist Max 

Rubner discovered the relationship among the rate of metabolism, 

body size and life expectancy. In other words, long-lived animal 

species, on average, spend less calories per gram of body weight than 

smaller animals. The hypothesis of energy metabolism states that 

animals are born with a limited amount of some substance or 

potential energy and the faster they use it, the faster they die.1 Later, 

this theory evolved into the theory of the speed of life -the faster the 

rate of metabolism, the faster the biochemical activity and the faster 

the body will age.2 

 

Hypothesis  
 

Common issues of ageing  

 

Some authors believe that the basis of the aging process is an increase 

in free radical reactions that occur continuously in all cells and 

tissues. It is believed that this is the main factor.3 Many authors 

believe that as apoptosis increases, it plays an important role in the 

aging process and how tumors occur in vivo. Apoptosis has been 

shown to enhance the elimination of damaged and dysfunctional 

cells, presumably caused by oxidative stress, in various cells.4 With 

age, there is also a decrease in the number of cells, including in the 

pigment epithelium and retina 5, and a reduction in the number of 

corneal endothelialcells.6The immunological theory of aging is 

widespread. It was first proposed and developed by Burnet and 

Walford.7 The main theory in this hypothesis is that the change with 

age, increases autoimmune reactions increase. It is believed that the 

development of autoimmune processes and other "diseases of age" 

occur as a result of a permanent decrease in T-cell activity. This 

activity is affected by the functional state of the thymus.8,9 Thus, the 

impaired immunoregulatory function is one of the immediate causes 

of an increase in the percentage of mortality among elderlypeople.10 

An interesting hypothesis is that errors in DNA transcription lead to 

errors in proteins. These errors gradually accumulate and cause the 

cell to age and die. Errors in DNA repair also affect the accuracy of 

the flow of information in cells.11This common hypothesis failed the 

test of time.  
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Studies conducted on flies have shown that with age, protein 

aggregates accumulate in muscle cells, which ultimately impairs their 

function.12  Recently, aging has been associated with the aging of each 

cell. It is believed that aging cells act as the main cause-and-effect 

agents of aging in mammals.1 As cells age, they increase in size. 

Moreover, the nucleus increases to a lesser extent and changes its 

shape. Numerous  invaginations of cellular and nuclear membranes 

are observed.13  

Additional evidence exists that the nucleus is an integral part of the 

function of the interfacial cytoskeleton. This cytoskeleton is directly 

connected with the cytoplasm’s cytoskeleton, and through 

intercellular space, the cytoskeleton of the cytoplasm is connected 

with the other cells.14 Recently, the search for one main cause of aging 

has been replaced by the idea of aging as an extremely complex, 

multifactorial process.15 Therefore, according to the authors, various 

theories of aging should be considered not as mutually exclusive but 

as complementary. In this manner, it was interesting to conduct 

ophthalmological studies on the structure of the vitreous body 

published by us earlier. These studies can also complement the well-

known notions about the aging of each organism as well as each cell.  

 

Aging in terms of changes in the structure of the vitreous body 

of the eye with age 

 

Structure of the vitreous body 

 

The studies we conducted earlier suggested that the vitreous body 

can hypothetically be considered a giant living cell.16 

Ophthalmologists can observe the structure of the vitreous body 

and its changes both pathologically and with respect to age. A 

dispute between histologists and ophthalmologists has existed for 

a long time. Do the collagen fibrils of the vitreous body truly exist? 

 

 Collagen tissue must be stained with a special dye-hematoxylin 

and eosin–but the collagen fibrils of the vitreous body do not stain. 

Ophthalmologists claimed that collagen fibrils they were visible in 

the light of a slit lamp. The dispute was resolved after these fibrils 

were attributed to a special type of collagen -type 4 collagen. Studies 

were conducted with experimental diabetes in rabbits.17 

Histological studies of the retina were conducted. To determine 

whether retinal Müller cells are affected in diabetic retinopathy, the 

retina was stained with Amido Black-10B. This stain is effective at 

staining proteins. In parallel, it was discovered that this stain also 

stained fibrils of the vitreous body. This dye stains intracellular 

structures; therefore, it was suggested that the fibrils of the vitreous 

body may be intracellular formations. At a certain stage of eye 

development, the future cavity of the vitreous body is occupied by 

mesenchymal cells. Any of the cells can communicate with each 

other through the extracellular matrix. The fibrils of this matrix are 

designed so that they are in contact with and are a continuation of 

actin filaments and microtubules of intracellular formations.18 It 

was suggested that the membranes of the cells that filled the future 

cavity of the eyeball die off as a result of apoptosis, while the 

intracellular formations remain filamentous structures 

(cytoplasmic reticulum of all mesenchymal cells).  

 

 

 

 

They represent the substrate of the vitreous body.19 Consequently, 

fibrils of the vitreous body can be thought of as the common 

cytoskeleton (cytoplasmic matrix) of embryonic cells, which 

previously had filled up the eye, cavity, where ophthalmologists 

 

 could observe them with the help of biomicroscopy. We 

discovered an interesting phenomenon of the phased nature of 

changes in the structure of the vitreous body during the 

"pendulum" test.20 This phenomenon is determined in people 

between the ages of 30 and 50, which is the age at which the 

dilution of the structure of the vitreous body occurs. The presence 

of this phenomenon indicates that fibrils of the vitreous body have 

a fractal structure.21 What is this structure? One of the main 

components of the vitreous body is hyaluronic acid. It is believed 

that it is located in the cells of the vitreous network.22 At the same 

time, the works of Agafonov 23 showed that there is a correlation 

between the disappearance of hyaluronic acid and the adhesion of 

collagen fibrils. In other words, hyaluronic acid is not located 

among the loops of the collagen network but is connected by small 

fibrils similar to a bottle brush. It is known that hyaluronic acid 

molecules carry a large negative charge.24 This negative charge 

causes their mutual repulsion in anaquatic environment. The 

hyaluronic acid molecules are  connected with collagen fibrils, and 

their mutual repulsion provides the necessary dispersion of the 

structure and the turgor of the vitreous body.  

Therefore, the vitreous body is a complex fractal structure similar 

to multiple microfibrils ("tree branches") associated with 

hyaluronic acid molecules ("leaves on the branches"). 

 

The composition of the fluid surrounding these fibrils contains 

high antioxidant enzymeactivity.25,26 

 

    Changes in the structure of the vitreous body with age 

                                  

According to the literature and our data, the vitreous body 

liquefies with age.27 The vitreous body is homogeneous in 

structure for up to 30 years. Then, the density of the structure of 

the vitreous body decreases. Apparently, this is because of the loss 

of hyaluronic acid; that is, the "branches" are losing their "leaves". 

The remaining branches attract each other (since there are no 

negatively charged hyaluronic acid molecules). The smallest 

branches are glued together, twisted and take on various forms, 

which we see as "flying flies". This process can be enhanced in 

various eye diseases. Optically empty spaces appear in the 

vitreous region, and larger fibers are fused together, which can be 

seen biomicroscopically.  

This observation is evidenced by data from other authors.28 The 

authors make the assumption that the reorganization of molecular 

networks of hyaluronic acid is taking place. The vitreous body is 

collapsing ; i.e., it is becoming completely detached. With age, the 

amount of hyaluronic acid and microfibrils decreases, and the 

volume of “empty space” increases, leading to the collapse of the 
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vitreous body and a complete detachment.29 Let us imagine the 

vitreous body as a giant cell with a central nucleus. The cytoskeleton 

permeates the entire cell.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure.1. Scheme of vitreous body structure in a young person. The 

structure has the correct form of fractal geometry. The hypothetical 

nucleus is somewhat placed in the periphery. 

 

 

The cytoskeleton provides a structural framework for the cell, 

serving as a scaffold that determines cell shape and the general 

organization of the cytoplasm. Importantly, the cytoskeleton is 

much less rigid and permanent than its name implies.30 We see the 

same thing in the microfibrils of the vitreous body. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Scheme of the vitreous body  structure in a middle-aged 

person. The hypothetical nucleus is somewhat placed in the 

periphery.  

 

The nucleus is held by a dense skeleton of the endoplasmic matrix, 

which is composed of microfibrils in the vitreous body. If the  

microfibrils decrease in density as a result of the loss of hyaluronic 

acid and the microfibrils themselves, then the hypothetical 

"nucleus", by virtue of its "weight", may shift to the periphery and 

the outer membrane. 

 

 

 

 

 

 

 

Figure. 3. Scheme of the vitreous body structure in an older man. 

The structure is discharged, and the fractal structure is absent. A 

complete detachment of the vitreous body is observed. The 

hypothetical nucleus is placed in the periphery. This process 

occurs in every cell of the body. 

 

 

Discussion 
 

 

With age, the density of the fibrillar structure of the vitreous body 

decreases. This structure is apparently an evolutionary 

intracellular formation that formed as a result of the apoptosis of 

the mesenchymal cells that form the primary vitreous body. An 

analogy is drawn between the loss of the density of fibrils of the 

vitreous body and the density of the cytoskeleton of a somatic cell. 

The loss of the cytoskeleton of a cell is a fatal process that cannot 

be stopped. The cytoskeleton cannot hold the nucleus in the center 

of the cell, which is why the nucleus of older cells is not located in 

the center but close to the membrane. 
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