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Abstract 

Background. As is known, the modeling of chronic renal failure against the background of diabetic 
nephropathy is associated with the need to maximally approximate the conditions for its reproduction to the 
clinical one. Based on the foregoing, the priority in the reproduction of chronic renal failure should come 
from the modeling of diabetes mellitus, in particular diabetic nephropathy.     
Purpose. To develop an experimental model of chronic renal failure against the background of diabetic 
nephropathy.    
Methods. Experimental studies were carried out on rabbits with the choice of the optimal method from 5 
series of experiments. The evaluation was carried out according to the abortive course of the process, the 
development of hyperglycemic coma, the presence of angiodillation and the reproducibility of the model. 
For morphological studies, tissue samples in the form of pieces of kidney tissue were taken by performing 
an operation under ether anesthesia.   
Results. The 3 stages of nephropathy identified by us during the experiment (I - minor, II - moderate and 
III - severe) testified to the choice of terms for modeling chronic renal failure. The main criteria for a possi-
ble period of transition from nephropathy to the development of chronic renal failure is the presence of hya-
linosis of microvessels with thickening of the membranes, which indicated the occurrence of irreversible 
angiogenic changes. This period is defined by us as 40 days of modeling diabetic nephropathy.    
Conclusion. In the development of chronic renal failure in a model with diabetic nephropathy, both the 
lack of expression of the angiogenic factor VEGF by podocytes and tubular epithelial cells and the in-
creased expression of the antiangiogenic factor thrombospondin-1 in the renal glomeruli and interstitium 
play a certain role in the disruption of angiogenesis. Thrombospondin-1 inhibits the proliferation of endo-
thelial cells stimulated by VEGF and oFRF, causing their apoptosis. As a result, the density of glomerular 
and peritubular capillaries decreases, glomerulosclerosis and interstitial fibrosis develop.     
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INTRODUCTION 

The reproduction of chronic renal failure against 
the background of diabetic nephropathy, today, is 
becoming increasingly important. [3,4] This is due, 
on the one hand, to the high proportion of the preva-
lence of this form of diabetes mellitus complication 
in clinical practice, and, on the other hand, to the 

need to develop adequate methods of drug correc-
tion of this pathology in experimental conditions. [5] 

As is known, the modeling of chronic renal fail-
ure against the background of diabetic nephropathy 
is associated with the need to maximally approxi-
mate the conditions for its reproduction to the clini-
cal one. [6,9] Based on the foregoing, the priority in 
the reproduction of chronic renal failure should 
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come from the modeling of diabetes mellitus, in par-
ticular diabetic nephropathy. [10,16,17] 

The objective of the developed method was to 
create a method that would improve the accuracy of 
the reproduction of the model of diabetic nephropa-
thy. 

MATERIALS AND METHODS 

The first version of the model of diabetes mellitus 
was a model in which, under aseptic conditions un-
der ether anesthesia, the animals underwent lapa-
rotomy, followed by resection of a flat half of the 
pancreas from the caudal pole (series 1). When ani-
mals had relatively smaller volumes of the pancreas 
(1/3 of the tail part) removed, diabetes mellitus did 
not occur in 75% of cases - the animals recovered. 
There were no signs of hyperglycemia in the blood, 
and biomicroscopy of the vascular bed of the tissues 
of the extremities, carried out 7–10 days after mod-
eling, revealed intravascular erythrocyte aggregation 
in 40% of cases, and the absence of any vasomotor 
disorders in 45% of cases. Only in those 10-15% in 
which the disease occurs, a decrease in the arteriolo
-venular ratio to 1: 2 and extravascular inflammatory 
reactions in the form of edema were found. When 
removing large volumes (up to 2/3 of the free part of 
the pancreas), in 90% of cases, rabbits died from 
hyperglycemic coma with a high level of glycemia in 
the blood in the next 3–4 days (series 2). Biomicros-
copy revealed intravascular stasis with hemorrhage 
into tissue structures in these rabbits. In a word, 
even though diabetes mellitus was formally repro-
duced, in essence, we were dealing with a hypergly-
cemic coma, the initial onset of which was the re-
moval of the main part of the pancreas, including its 
secretory zone. 

To clarify this issue, we conducted other series of 
experiments in which the chemical method of model-
ing diabetes mellitus was used, that is, by reproduc-
ing the model because of the introduction of certain 
organic substances that damage the β-cells of the 
pancreatic islets. The value of chemical models lies 
in the fact that they can be reproduced in represent-
atives of a wide variety of species, in small animals, 
as well as in animals with diffuse pancreas. Chemi-
cal shutdown of the islet apparatus is not accompa-
nied by a violation of the exocrine function of the 
pancreas. The chemical models are also noteworthy 
because some of the substances that cause diabe-
tes are metabolic products in humans and animals 
(series 3 and 4). 

The results of these series of experiments were 
generally like those described above, namely: when 
using alloxan at a dose of 200–300 mg/kg of body 
weight, in 85.7% of cases, the animals developed a 
pattern of hyperglycemic coma (series 3) with a fatal 
outcome within 10 days after intravenous admin-
istration of a chemical agent. This was associated 
with fulminant damage to insulin-producing pancre-
atic β-cells, which corresponded to the development 
of type 1 diabetes mellitus (insulin dependent) and 
did not meet the requirements for reproducing dia-
betic nephropathy. In other words, diabetic nephrop-
athy simply did not have time to develop in these 
terms of diabetes. 

To prolong the process of damage to β-cells, as 
well as to prevent the development of a fulminant 

course of diabetes mellitus and bring the process 
closer to clinical conditions, we for the first time used 
the drug doxorubicin as a chemical substance, 
which has a side effect of a selective effect on pan-
creatic β-cells. The drug was administered intraperi-
toneally at a dose of 100–110 mg/kg in 0.9% sodium 
chloride solution (series 4). With intraperitoneal ad-
ministration of doxorubicin, the outcomes were dif-
ferent: out of 21 rabbits, 2 (9.5%) died from hyper-
glycemic coma, in 14 (66.7%) the process took an 
abortive course, and only 5 (23.8%) developed a 
typical picture of diabetes mellitus. with stable hy-
perglycemia. 

Comprehension of the stated facts led us to the 
following three conclusions. First, massive removal 
or chemical damage to the pancreas, regardless of 
the nature of the agent, does not lead to the devel-
opment of diabetic nephropathy in the clinical sense 
of this term, but to hyperglycemic coma due to the 
lack of insulin in the body. Secondly, the severity of 
the condition is so great that diabetic nephropathy, 
and even more so chronic renal failure, simply does 
not have time to develop. 

This logically led us to the third: chronic renal 
failure in diabetic nephropathy as a special form of 
vascular complication of diabetes mellitus is possi-
ble only if there is a full-fledged link in the pathoge-
netic mechanism of its development. 

As is known, the mechanism of microangiopa-
thies consists of non-enzymatic glycosylation of ca-
pillary basement membrane proteins under condi-
tions of hyperglycemia and activation of the conver-
sion of glucose into sorbitol under the influence of 
aldoserectase (normally 1–2% of intracellular glu-
cose is converted into sorbitol, and in diabetic angi-
opathy this figure is 8–10 times higher norms). An 
excess of sorbitol in the vascular bed leads to thick-
ening and compaction of the vessels themselves. 
This, in turn, leads to disruption of blood flow in the 
vessels of the microvasculature with the develop-
ment of tissue ischemia. There is a vicious circle 
with glycosylation of basement membrane proteins 
and accumulation of sorbitol in the walls of mi-
crovessels. As a result of the course of this patho-
logical process, the structure of the cells of the walls 
of the vessels is disturbed, the structures of the pro-
teins of the intercellular substance of the vascular 
walls change with the acquisition of antigenic prop-
erties by them. All this testifies to the high role of 
sorbitol in the development of diabetic angiopathy 
and neuropathy, which means that the use of this 
substrate in the process of modeling this pathologi-
cal condition has a natural biological character. 

Experimental confirmation of this was obtained in 
a new series of experiments (series 5), which dif-
fered from the previous one in that in order to in-
crease the reproducibility of the model and bring the 
process closer to the clinical course under ether an-
esthesia according to our invention, 100-110 mg / kg 
of doxorubicin preparation in 0.9% sodium chloride 
solution, and 48 hours after the administration of 
doxorubicin, 0.2-0.4 ml of 70% sorbitol solution was 
injected intraperitoneally and retroperitoneally once 
daily for 3 days. 

In dynamics, starting from the first day after the 
injection of sorbitol, the development of diabetic 
nephropathy was observed. Over the next 3–4 days, 
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the rabbits developed a clinical picture of diabetes 
mellitus (hyperglycemia, polyuria, glycosuria), and 
on the 10–20th day of diabetic nephropathy: a viola-
tion of the permeability of the vascular walls, the 
formation of microaneurysms, the formation of mi-
crothrombi, the expansion of venules and postcapil-
laries, neoplasms microvessels, microhemorrhage, 
formation of seals and scars in the perivascular tis-
sue of the kidneys. 

Conducted intravital studies of microcirculation in 
the kidneys of this series of experiments revealed 
the presence of intravascular disorders in the form 
of thrombosis, an increase in arteriolo-venular ratios 
up to 1:4-1:6, with a pronounced infiltration of tis-
sues of extravascular zones. Here we deliberately 
do not dwell on these issues in more detail since 
they will be discussed later. 

Such consequences (table 1) of the combined 
modeling method occurred in 22 (73.3%) of 30 rab-
bits of this series; in 2 (6.7%) animals, only paralytic 
expansion of capillaries and an increase in vessel 
diameters were detected, 2 (6.7%) rabbits died from 
hyperglycemic coma, and 4 (13.4%) animals did not 
develop diabetes mellitus. 

Table 1 
Results of different ways to reproduce diabetes 

mellitus and diabetic nephropathy 

It is possible that diabetes mellitus in these ani-
mals was hidden. However, animals that did not 
have morphofunctional confirmation of the develop-
ment of diabetic nephropathy were removed from 
the subsequent study. 

Comparative characteristics of changes in the 
total area of the lumen of the capillaries in the kid-
neys in the dynamics of reproduction of various 
methods of diabetes mellitus showed that the nor-
mal state of the area equal to 240 mm2 progressive-
ly decreased with the introduction of sorbitol against 
the background of doxorubicin utilized by the body. 
These changes were noted in all series of experi-
ments and were characterized by their reliability 
both in relation to the control series and in relation 
to the group of animals with alloxan diabetes (Fig. 
1). Accordingly, morphometric parameters were also 
characterized by specific changes within the groups 
themselves, namely: counting and calculation of the 
capillary/non-capillary ratio also indicated a de-
crease in capillary areas compared to nephron are-
as. Moreover, the capillary/non-capillary ratio of 
1:8.4, which took place in the control series of ex-
periments, did not change significantly in alloxan 
diabetes. However, the introduction of sorbitol led to 
a progressive decrease in the ratio, which reached 
the ratio of 1:73.4 by the 40th day of modeling. 

The second step in our research work was the 
selection of the optimal model of chronic renal fail-

ure. 

Figure 1. Comparative characteristics of changes in 
the total area of the lumen of the capillaries in the 

kidneys in the dynamics of the reproduction of vari-
ous methods of diabetes 

The currently known methods for modeling 
chronic renal failure are largely based on the crea-
tion of surgical methods. The most widely used 
technique is subtotal nephrectomy. As a result, 
acute renal failure develops, turning into chronic, 
which in clinical practice is equivalent to a shock 
kidney and its consequences. These variants of 
models of chronic renal failure also do not corre-
spond to the clinical and morphological characteris-
tics of diabetic nephropathy in the variant where the 
level of damage falls on arterioles and the capillary 
network of the kidney. Functional insufficiency of the 
kidneys as a result of an acute decrease in its vol-
ume is more characteristic of the consequences of 
operations of oncological genesis, the study of 
which was not included in the goals and objectives 
of our research. 

The aim of the experiments was to increase the 
reproducibility and reliability of chronic renal failure 
against the background of a model of diabetic 
nephropathy in laboratory animals by anatomically 
preserving the organ in the body. Given that the 
main glomerular apparatus is in the subcortical zone 
of the kidney, we decided to coagulate the surface 
of the kidneys while maintaining their anatomical 
location. To do this, under ether anesthesia, the kid-
neys were mobilized in animals by translumbar ac-
cess and diffuse wounds were applied to the cortical 
layer of the kidneys with an electrocoagulation. 

Thus, the above methods of modeling diabetic 
nephropathy and electrothermal burns of the kid-
neys have their own distinctive features, isolated by 
the mechanisms of their reproduction. Reproduction 
of the model of diabetes mellitus, considering the 
pathogenetic significance of the role of sorbitol in 
the development of angiopathy, makes it possible to 
obtain the possibility of studying nephropathy at a 
reliable level. At the same time, the preservation of 
the organ avoids possible errors associated with 
situations of acute renal failure. 

The solution to this problem should be carried 
out by a phased combination of the reproduction of 
diabetic nephropathy and the application of burn 
wounds to the cortical layer of the kidneys. 

For morphological studies, tissue samples in the 
form of pieces of kidney tissue were taken by per-
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forming an operation under ether anesthesia. 

RESULTS 

The first variant of the dynamic study were mod-
els with diabetic nephropathy. With a 5-day period 
of diabetes mellitus, mild symptoms of diabetic 
nephropathy were noted, which were based on mi-
croangiopathies (Fig. 2). 

Figure 2. 5-day diabetic nephropathy. Swelling of 
arteriole endotheliocytes with their destructive 

changes, perivascular edema and weak lymphohisti-
ocytic infiltration. Hemotoxylin and eosin. 400 times 

magnification 

They were manifested by some increase in prolif-
eration and swelling of arteriole endothelial cells, 
and areas of plasma impregnation of their walls, 
mainly in the subendothelial zones with plasma pro-
teins, detected in the form of small foci. Swelling of 
endotheliocytes in places was accompanied by de-
structive changes in some of them. Occasionally 
there was perivascular edema and mild lymphohisti-
ocytic infiltration around individual arterioles. On the 
10th day of observation in the capillaries and ven-
ules, along with the phenomena of congestive pleth-
ora, with a tendency to hemolysis, there was a thin-
ning of the walls of the vessels containing in the lu-
men, in addition to erythrocytes, many neutrophils 
(Fig. 3). 

Figure 3. 10-day diabetic nephropathy. Plethora of 
blood vessels with the presence of many lympho-

cytes and neutrophilic leukocytes. Hemotoxylin and 
eosin. 400 times magnification 

On the 20th day of reproduction of diabetic 
nephropathy, morphologically, more significant vio-
lations of most capillaries and arterioles were noted, 

compared with those of the previous observation 
period. They were manifested in a pronounced 
swelling of endothelial cells, flattening of the nuclei 
with a thickening of their basement membrane, and 
in some cases, their desquamation into the lumen of 
the vessels. Plasma impregnation with fixation of 
plasma components in the subendothelium was not-
ed in the vessel wall. In addition to thickening of the 
basement membranes in arterioles, thickening of 
their layers and the presence of pericytes in small 
vessels, as well as smooth muscle cells in arteri-
oles, were observed. The connective tissue sur-
rounding the blood vessels showed edema and peri-
vascular infiltration. 

On the 30th day of reproduction of diabetic 
nephropathy, the lumens of small vessels looked 
wide with signs of congestive plethora. Some of 
them were in a state of thrombosis (Fig. 4). Arteri-
oles and venules were characterized by changes in 
blood cells in the form of adhesion of erythrocytes to 
the surface of endotheliocytes, and in some places, 
to the basement membrane. In addition to the nar-
rowing of the lumen of individual arterioles, due to 
thickening of the walls, as a result of plasma impreg-
nation, swelling and desquamation of endothelial 
cells into their lumen, there were areas of thinning of 
the walls (Fig. 5) with the release of erythrocytes.  

Figure 4. Day 30 of modeling diabetic nephropathy. 
Plethora of capillaries with signs of their thrombosis 
and adhesion of erythrocytes to the basement mem-
brane. Hemotoxylin and eosin. 400 times magnifica-

tion 

Figure 5. 30 simulations of diabetic nephropathy. 
Plasma impregnation, swelling and desquamation of 
endotheliocytes. The site of thinning and destruction 
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of the wall of arterioles. Hemotoxylin and eosin. 400 
times magnification 

The venules were characterized by an enlarged 
lumen and a pronounced perivascular infiltration. 

The 40-day period of modeling diabetic nephrop-
athy was manifested by a pronounced swelling of 
endothelial cells, their hypertrophy, destruction, de-
tachment from the basement membrane, as well as 
their rejection into the lumen of the vessel (Fig. 6). 

Figure 6. 40-day simulation of diabetic nephropathy. 
Swelling of the endothelium, their hypertrophy, de-

tachment from the basement membrane, destruction 
of the vessel walls. Hemotoxylin and eosin. 400 

times magnification 

 Sometimes, the processes of pericytes or 
smooth muscle cells were immersed in the formed 
gaps. The noted thickening of the walls of most arte-
rioles was accompanied by hyalinosis of their walls, 
which was both segmental and circulatory in nature. 
More significant, in comparison with the early peri-
ods of observation, plasma impregnation of vessel 
walls was revealed, moreover, it was observed in all 
layers. Significant thickening of the walls of arteri-
oles occurred mainly due to an increase in the thick-
ness of the basement membrane of endothelio-
cytes. In some cases, its profusion into the lumen of 
the vessel was determined, leading, together with 
the above changes, to its significant narrowing or 
complete obliteration (Fig. 7). In separate observa-
tions, on the 50th day of modeling, recalibration was 
detected in arterioles, leading to the appearance of 
"vasa vasorum" (Fig. 8). 

Figure 7. 40-day simulation of diabetic nephropathy. 
Hyalinosis, thickening of the arteriole wall with a 

sharp narrowing of the lumen (obliteration). Hemo-
toxylin and eosin. 400 times magnification 

In the late terms of the experiment (60–80 days), 
while maintaining all the above morphological signs 
of microangiopathy, phenomena of complete loss of 
the endothelial lining by hyalinized vessels are not-
ed. In view of this, they were represented by cell-
free tubules, the lumen of which was filled with ac-
cumulations of erythrocytes, with the occurrence of 
thrombosis. These periods were characterized by 
significant disturbances in the blood cells, in particu-
lar, the phenomena of hemolysis, and areas of 
thrombosis. As a result, there was a redistribution of 
erythrocytes to the surface of endotheliocytes (Fig. 
9). 

In addition to the accumulation of erythrocyte 
aggregates resembling the shape of mulberries, 
swollen and torn off from the basement membrane, 
endotheliocytes clogged the lumen of the vessels. 
At the same time, in some cases, a pronounced pro-
liferation of connective tissue was observed peri-
vascularly, forming a kind of connective tissue 
“clutch”.   

Figure 8. 50-day diabetic nephropathy. The phe-
nomenon of pericolibration with the appearance of 
"vasa vasorum". Hemotoxylin and eosin. 400 times 

magnification 

Figure 9. 60-day simulation of diabetic nephropathy. 
Hyalinosis of the wall of arterioles with the complete 
absence of the endothelial layer, the phenomenon 

of hemolysis of erythrocytes with their location at the 
basement membrane. Hemotoxylin and eosin. 400 

times magnification 

The results of our morphological studies in the 
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dynamics from 5 to 80 days of modeling diabetic 
nephropathy indicate the development of diabetes 
mellitus with its complication, the manifestation of 
which was the presence of its most characteristic 
indicator of vascular damage in the form of various 
degrees of microangiopathy. It was noted that the 
severity of pathomorphological changes in blood 
vessels was directly dependent on the duration of 
the process. Characteristically, all structural compo-
nents of the vascular wall were subjected to chang-
es in experimental diabetes. 

In the dynamics of the reproduction of diabetes 
mellitus with diabetic nephropathy throughout the 80
-day duration of the disease, in accordance with the 
stages of microangiopathy, we identified 3 periods 
of its pathomorphological changes: 

   I period up to 10 days was characterized by 
mild signs of angiopathy in the form of swelling of 
the endothelium of arterioles, slight impregnation of 
their walls with plasma protein, light, perivascular 
infiltration, and edema in the form of congestive 
plethora. Thinning of the capillary walls was ob-
served. 

 In the II period of experimental modeling (20–30 
days), the progression of the process was noted, 
manifested in deeper structural changes in most 
vessels. In addition to plasma impregnation of sub-
endothelial sections of arterioles, proliferation of 
endothelial and perithelial cells, as well as their des-
quamation, narrowing of the lumen due to thicken-
ing of the walls was observed. There was also an 
expansion of the lumen of small vessels, their stag-
nant plethora, infiltration of adventitia layers. 

III period (40-80 days) was characterized by a 
more significant development of morphological signs 
of diabetic microangiopathy. Along with the morpho-
logical changes identified in the early stages, the 
phenomenon of hyalinosis of most arteriole walls, as 
well as their pronounced plasma impregnation, was 
noted. Swelling and detachment of endotheliocytes 
with the introduction of smooth muscle cells into the 
vessel wall with their percalibration and the for-
mation of vasa vasorum, as well as a significant nar-
rowing of the lumen of arterioles. At the same time, 
perivascular edema, infiltration, and proliferation of 
connective tissue were observed. Changes in blood 
cells were manifested in their tendency to hemoly-
sis, adhesion of the luminal surface, the appearance 
of erythrocyte aggregates with the development of 
thrombosis. At the same time, pronounced damage 
to endotheliocytes, their detachment from the base-
ment membrane led to an increase in the lumen of 
arterioles, and the reaction of smooth muscle cells 
and pericytes contributed to the thickening of the 
basement membranes. Prolonged plasma impreg-
nation causes the development of hyalinosis of mi-
crovessels. 

Continuation of experimental studies showed 
that the application of burn wounds to the cortical 
layer of the kidneys in the arteries revealed fibrinoid 
disorganization of collagen with hyalinosis phenom-
ena. There was a lack of an internal elastic mem-
brane in the area of damaged endothelium. At the 
same time, the middle shell in these areas was 
thinned. Throughout the vessel, calcifications were 
encountered, between which areas of inflammation 
were determined, sometimes with the transition of 

their fibrosis. In the adventitia associated with ves-
sels, there are signs of productive vasculitis and 
obliteration of the lumen, as well as the presence of 
vasa vasorum with a circular thickening of its intima 
(Fig. 10).  

Figure 10. Simulation of chronic renal failure on the 
background of diabetic nephropathy. Arteriole wall 
thickening, hyalinosis, plasma impregnation, peri-

vascular edema. Hemotoxylin and eosin. 400 times 
magnification 

In the subsequent periods after the application of 
burn wounds, in general, the same type of angio-
genic changes characteristic of nephropathy were 
revealed, some of which turned out to be deeper, 
such as stenosing sclerosis, as well as fibrosis of 
the tunica media. In the adventitium layer, along 
with vasculitis vasa vasorum, there are lymphohisti-
ocytic infiltrates, indicating the phenomena of focal 
periarteritis. In adjacent thickenings of the intima 
with the phenomena of fibrosis, as well as signs of 
vasculitis. 

By the 60th day of modeling chronic renal failure 
against the background of diabetic nephropathy, a 
pronounced stenosis and thickening of the intima of 
the artery of a circular nature were characteristic. It 
noted the phenomena of hyperplasia and fibrosis of 
connective tissue structures, as well as muscle fi-
bers. The expansion of the collateral structures of 
the capillary network of muscle tissue had no in-
crease in the luminal area (Fig. 11).  

Figure 11. 60-day modeling of chronic renal failure 
on the background of diabetic nephropathy. Hyper-
plasia and fibrosis of connective tissue structures. 
Hemotoxylin and eosin. 200 times magnification 

Based on the foregoing, it follows that when 
modeling diabetic nephropathy by a combined 
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chemical method, all elements of the vascular wall 
of the kidneys undergo structural changes. At the 
same time, the degree of their violation in angiopa-
thy is directly dependent on the duration of the ex-
periment. 

The 3 stages of nephropathy identified by us dur-
ing the experiment (I - minor, II - moderate and III - 
severe) testified to the choice of terms for modeling 
chronic renal failure. The main criteria for a possible 
period of transition from nephropathy to the devel-
opment of chronic renal failure is the presence of 
hyalinosis of microvessels with thickening of the 
membranes, which indicated the occurrence of irre-
versible angiogenic changes. This period is defined 
by us as 40 days of modeling diabetic nephropathy. 

DISCUSSION 

According to a number of authors, diabetes melli-
tus refers to metabolic-vascular diseases, called 
diabetic microangiopathy. [ For it, the most charac-
teristic morphological features are thickening of the 
basement membranes of varying severity, plasma 
impregnation, hyalinosis of the capillary walls and 
arterioles, narrowing of the lumen of the vessels, 
proliferation of endothelial cells, perithelial cells, 
their destruction and rejection, changes in the rheo-
logical properties of blood.  [1,2,7,8] 

The morphological characteristics of chronic re-
nal failure against the background of diabetic 
nephropathy is characterized by the development of 
glomerulosclerosis and proteinuria. In response to a 
decrease in the functioning renal mass as a result of 
burn wounds, structural and functional hypertrophy 
of the remaining glomeruli occurs. The diameter of 
the renal glomeruli increases due to dilatation of 
glomerular capillaries, extracellular matrix deposi-
tion, and cell proliferation. Hypertrophied proximal 
tubules increase in diameter and length. There is an 
infiltration of the deep structures of the renal tissue 
with myofibroblasts, deposits of interstitial collagens, 
and tubulointestinal fibrosis develops. [11-15] 

It is known that glomerular and tubulointerstitial 
sclerosis is caused not only by increased synthesis 
of extracellular matrix components, but also by their 
reduced degradation. According to the data of a few 
authors obtained on the model of subtotal nephrec-
tomy, the level of cysteine and metalloproteinases is 
reduced both in the renal glomeruli and in the proxi-
mal tubules. [18,19] 

Infiltration of the interstitium with inflammatory 
cells is a characteristic feature of many chronic kid-
ney diseases. Infiltrating cells contribute to renal 
tissue fibrosis through several mechanisms: leuko-
cytes synthesize oxygen radicals and pro-
inflammatory cytokines that damage renal tissue; 
lymphocytes and macrophages are the source of 
profibrinogenic molecules such as TFR-b, oFRF, 
platelet growth factor, which in turn activate fibro-
blasts and stimulate epithelial-mesenchymal trans-
differentiating. In contrast, nephrocyte growth factor 
reduces inflammation in the renal glomeruli and tu-
bulointerstitial, suppresses the expression of MCR-1 
and RANTES, and reduces fibrosis of renal tissue in 
a model of chronic renal failure. [20] 

CONCLUSION 

Damage to the microvascular bed, followed by 

hypoxia and ischemia of the renal tissue, plays an 
important role in the development of chronic renal 
failure in a model with diabetic nephropathy. At 1–2 
weeks from the onset of the disease, proliferation of 
glomerular and peritubular endothelial cells increas-
es, the length and number of capillaries of the renal 
glomeruli increase, i.e., active angiogenesis is not-
ed. This process stimulates vascular endothelial 
growth factor (VEGF), the production of which by 
podocytes is increased. But then, at 4–8 weeks, a 
progressive decrease in the number of glomerular 
and peritubular capillaries develops due to the loss 
of endothelial cells under the action of oxidants, an-
giotensin II, FAS, and an inadequate response to 
angiogenic stimuli. Both the lack of expression of 
the angiogenic factor VEGF by podocytes and tubu-
lar epithelial cells and the increased expression of 
the antiangiogenic factor thrombospondin-1 in the 
renal glomeruli and interstitium play a certain role in 
the disruption of angiogenesis. Thrombospondin-1 
inhibits the proliferation of endothelial cells stimulat-
ed by VEGF and oFRF, causing their apoptosis. As 
a result, the density of glomerular and peritubular 
capillaries decreases, glomerulosclerosis and inter-
stitial fibrosis develop. 
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DIABETİK NEFROPATİYA FONIDAGI SURUNKIY 
BUYRAK ETISHMOVCHILIK YANGI EKSPER-
MENTAL MODELINING MORFOLOGIK 
XUSUSIYATLARI 

Shadmanov A.K., Oxunov A.O.,                           
Abduraxmanov F.M. 

Toshkent tibbiyot akademiyasi 

Abstrakt. 

Dolzarbligi. Ma'lumki, diabetik nefropatiya fonida 
surunkali buyrak etishmovchiligini modellashtirish 
uning klinik ko'rinishi uchun sharoitlarni maksimal 
darajada yaqinlashtirish zarurati bilan bog'liq. Yuqor-
ida aytilganlarga asoslanib, surunkali buyrak et-
ishmovchiligini modellashda ustuvorlik qandli diabet, 
xususan diabetik nefropatiyani modellashtirishdan 
kelib chiqishi kerak. 

Maqsad. Diabetik nefropatiya fonida surunkali 
buyrak etishmovchiligining eksperimental modelini 
ishlab chiqish. 

Usullari. Eksperimental tadqiqotlar quyonlarda 5 
ta tajriba seriyasidan optimal usulni tanlash bilan 
olib borildi. Baholash jarayonning abortiv kechishi-
ga, giperglikemik koma rivojlanishiga, angiodillatsi-
yaning mavjudligiga va modelning takrorlanishiga 
qarab amalga oshirildi. Morfologik tadqiqotlar uchun 
efir behushligi ostida operatsiya o'tkazish orqali 
buyrak to'qimalarining bo'laklari ko'rinishidagi 
to'qimalar namunalari olindi. 

Natijalar. Tajriba davomida biz tomonidan 
aniqlangan nefropatiyaning 3 bosqichi (I - kichik, II - 
o'rtacha va III - og'ir) surunkali buyrak et-
ishmovchiligini modellashtirish uchun muddatini tan-
lashdan dalolat beradi. Nefropatiyadan surunkali 
buyrak etishmovchiligining rivojlanishiga o'tishning 
mumkin bo'lgan davrining asosiy mezonlari - bu 
qaytarilmas angiogen o'zgarishlarning paydo 
bo'lishini ko'rsatadigan membranalarning qalinlash-
ishi bilan mikrotomirlarning gialinozining mavjudligi. 
Ushbu davr biz tomonimizdan diabetik nefropatiyani 
modellashtirishning 40 kuni sifatida belgilanadi. 

Xulosa. Diabetik nefropatiyali modelda surunkali 
buyrak etishmovchiligining rivojlanishida VEGF angi-
ogen omilining podotsitlar va quvurli epiteliya hujay-
ralari tomonidan ifodalanmasligi ham, buyrak glo-
meruli va interstitiumda antiangiogenik trombospon-
din-1 omilining ko'payishi ma'lum bir rol o'ynaydi, 
ayniqsa angiogenezning buzilishidagi roli. Trombos-
pondin-1 VEGF va oFRF tomonidan qo'zg'atilgan 
endotelial hujayralarning ko'payishini ingibitsiya qi-
ladi va ularning apoptozini keltirib chiqaradi. Na-
tijada glomerulyar va peritubulyar kapillyarlarning 
zichligi pasayadi, glomeruloskleroz va interstitsial 
fibroz rivojlanadi. 

 
Kalit so'zlar: qandli diabet, diabetik nefropatiya, 

surunkali buyrak etishmovchiligi, eksperimental 
modellashtirish, buyrak morfologiyasi, diabetik ne-
fropatiya patogenezi 

 
 
 
 
 
 
 

МОРФОЛОГИЧЕСКАЯ ХАРАКТЕРИСТИКА НО-
ВОЙ ЭКСПЕРИМЕНТАЛЬНОЙ МОДЕЛИ ХРО-
НИЧЕСКОЙ ПОЧЕЧНОЙ НЕДОСТАТОЧНОСТИ 
НА ФОНЕ ДИАБЕТИЧЕСКОЙ НЕФРОПАТИИ 

Шадманов А.К., Охунов А.О.,                             
Абдурахманов Ф. М.  

Ташкентская Медицинская Академия 

Аннотация. 

Актуальность. Как известно, моделирования 
хронической почечной недостаточности на фоне 
диабетической нефропатии сопряжено с необхо-
димостью максимального приближением усло-
вий его воспроизведения клиническим.  Исходя 
из вышеизложенного, первоочередным, в вос-
произведении хронической почечной недоста-
точности должно исходить из моделирования 
сахарного диабета, в частности диабетической 
нефропатии.  

Цель. Разработать экспериментальную мо-
дель хронической почечной недостаточности на 
фоне диабетической нефропатии. 

Методы. Были проведены эксперименталь-
ные исследования на кроликах с выбором опти-
мального способа из 5 серии опытов. Оценку 
проводили по абортивному течению процесса, 
развития гипергликемической комы, наличие ан-
гиодиллятации и воспроизводимости модели. 
Для морфологических исследований тканевые 
пробы в виде кусочков почечной ткани забира-
лись путем выполнения операции под эфирным 
наркозом. 

Результаты. Выявленные нами на протяже-
нии эксперимента 3 стадии нефропатии (I – не-
значительная, II - умеренная и III - выраженная) 
свидетельствовали о выборе сроках моделиро-
вания хронической почечной недостаточности. 
Основными критериями возможного периода пе-
рехода от нефропатии к развитию хронической 
почечной недостаточности является наличие 
гиалиноза микрососудов с утолщением мембран, 
что свидетельствовало о возникновение необра-
тимых ангиогенных изменений. Этот период 
определен нами как 40 сутки моделирования 
диабетической нефропатии. 

Выводы. В развитии хронической почечной 
недостаточности в модели с диабетической 
нефропатией определенную роль в нарушении 
ангиогенеза играет как отсутствие экспрессии 
ангиогенного фактора VEGF подоцитами и эпи-
телиальными клетками канальцев, так и увели-
ченная экспрессия антиангиогенного фактора 
тромбоспондина-1 в почечных клубочках и ин-
терстиции. Тромбоспондин-1 ингибирует стиму-
лируемую VEGF и oFRF пролиферацию эндоте-
лиальных клеток, вызывает их апоптоз. В итоге 
уменьшается плотность гломерулярных и пери-
тубулярных капилляров, развивается гломеру-
лосклероз и интерстициальный фиброз. 

 
Ключевые слова: сахарный диабет, диабе-

тическая нефропатия, хроническая почечная не-
достаточность, экспериментальное моделирова-
ние, морфология почек, патогенез диабетиче-
ской нефропатии 
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