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PREFACE 

The research presented by the authors enables to substantiate and implement into clinical 

practice new approaches to the preventive measures, treatment and rehabilitation of patients 

with diabetes mellitus and lung diseases.The administration of glucose in large doses to rats 

leads to the development of sustained hyperglycemia, increased reactions of lipid 

peroxidation, and negative changes in the structure of the pancreas. The administration of 

dihydroquercetin in the setting of experimental hyperglycemia causes a blood glucose 

decrease, a decrease in the reaction level of lipid peroxidation and an increased concentration 

of vitamin E in peripheral blood and lung tissue; it also leads to the improvement of structural 

changes in the pancreatic islets of Langerhans. Dihydroquercetin from Dahurian larch is 

produced by Ametis under the trademark “Lavitol” by means of its own patent-protected 

technology.“Lavitol” is registered not only in Russia, but also abroad. 

ThecompanyiscertifiedinUS FDA (United States Food and Drug Administration) and 

“Lavitol” was granted the status GRAS (generally recognized as safe), revealing that the 

product was generally recognized as safe. “Lavitol” is on the list of the International 

Nomenclature of Cosmetic Ingredients and it is registered as a cosmetic raw material in India. 

The data were obtained by the authors with the use of modern histo-, electron-

immunohistochemical methods of the morpho-functional relations of the cell organization of 

the pancreatic islets of Langerhans, airway and respiratory units of the lungs; they introduce 

new ideas about the diseases process in violation of the regulation of carbohydrate 

metabolism. 

Identified in the tested object of experimental hyperglycemia, the anti-hypoxic effect of 

dihydroquercetin bioflavonoid enables to use it in the combination therapy of diabetes 

mellitus, as well as in other morbid conditions accompanied by the development of tissue 

hypoxia.The obtained data can be used in research work and teaching issues at the 

departments of medical universities. 

 

RyzhavskiyBorisYakovlevech – Doctor of Medical Sciences, professor 

RevaGalinaVasilevna - Doctor of Medical Sciences, professor 
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INTRODUCTION 

THEMATIC JUSTIFICATION: At the present time diabetes mellitus (DM) occupies 

one of the leading positionsin the list of the morbidity. Considering the fact that this 

pathology is accompanied by a large number of complications, specifically the 

development of organ-specific lesions of many organs and systems, the problems of 

preventive measures and treatment of DM are of particular importance[Geller, L. I., 

1975;Baranov, V. G., 1983;Mazoveckiy, А. G., 1987; Demidova, I. Y., 2000; Williams, 

G., 2003; Ametov, А. S., 2005; Dedov, I. I., 2006;ShestakovaM. V., 2012; Zimmet, P., 

1999; Tenerz, A., 2001; Wild, S., 2004; YujiK., 2013; PhungO. J., 2014].For instance, 

according to the International Diabetes Federation (IDF), by 2010 the total number 

of patients with DM in the world was 239.4 million people, and by 2025 - will be 

380 million.More than 90% of patients suffer from type 2 diabetes of this number. 

In Russiathere are about 300 thousand people with type 1 diabetes and more than 

2.5 million with type 2. 

Today WHO experts classify diabetes as an epidemic of noncommunicable 

disease. There are works indicating that mortality of patients with DM from non-

specific lung diseases in Russia is up to 5.8%, and in some countries this number is 

higher. The data obtained testify that pulmonary dysfunction with asymptomatic 

DM are more than 60% in patients who are officially registered [Titova,Е. А. et al, 

2008; ShishkovaV. N., 2015; Kaparianos, A., 2008]. At the same time the condition 

of the respiratory system with this pathology has been understudied[Kodlova, I. М., 

1982; Shcherbak, А. V., 1986; Balabolkin, М. I., 1994; Titova Е. А. and others, 2008]. 

It is considered that the main role in DM is played by hyperglycemia. As far back as 

the 1990s, scientists established that there is a kind of “point of no return”in the 

development of the DM, after which it is almost impossible to influence the 

progression of complications associated with the disease.It has been suggested that 

the effect of high blood glucose concentrations over a relatively short period of 

time forms a metabolic memory that reserves even after normalization of its 
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level[Baranov, V. G., 1983; Dmitriev, L. F., 2005; Matthaei, S., 1986; Ciriello, A., 

1999; Fonseca,V., 2011]. 

Alongside this, hyperglycemia has a negative effect on the morphofunctional 

condition of B cells of the pancreas.The pathogenetic basis of type 2 diabetes is 

insulin resistance (IR), which causes different metabolic disturbances.Often as a 

result of IR, hyperinsulinemia occurs, causing endothelial dysfunction and 

vasospasm[Saltykov, B. B., 1984; Genyk, S. N., 1989; Balabolkin, М. I., 2000; 

Sazonova, О. V., 2000; Popov, D., 2001; Balabolkin, М. I., 2004; Bashkirova, Y. V., 

2008; Lukyanchikov, V. S., 2009; Veneman,T.F., 2012; Lieverse,A.G. 2013]. In the 

setting of hyperglycemia, the level of lipid peroxidation in the body is activated; this 

leads to the excess formation of free radicals, which do a cytotoxic action on the 

cells and tissues of the body.Oxidative stress leads to the development of 

angiopathies, as a result, the most active induction of free radical oxidation in the 

vascular bed.Free radicals damage the cellular and non-cellular structures of the 

vessel wall leading to angiopathies [Suhanova, L. Y., 1988; Lyaifer, А. I., 1993; 

Bobireva, L. Е., 1996; Dedov, I. I., 2003; Churchill, L., 1993]. In this setting, capillary-

trophic insufficiency appears; gas exchange is disrupted and, as a result, 

pronounced hypoxia emerges, which further aggravates the lesion of the vessel 

wall.Therefore, an assigned role in the development of all diabetic complications is 

attributed to hypoxia [Galenok, V. А.,  1985; Lukyanova, L. D., 2004; Khnychenko, L. 

K., 2006; Sokolov, Е. I., 2008; Mazo,V.K., 2014].  

According to many researchers, widespread vascular lesions (diabetic macro- 

and microangiopathies) with DM in most organs already occur in its early 

stages.I.e., diabetic angiopathies are the morphological substrate in the setting of 

which pathological changes develop [Balabolkin, М. I., 2000; Balabolkin, М. I.,2000; 

Dedov,I. I., Melnichenko,Т. А., 2008;Lipatov,D.V., 2012;Ditzel, J., 1979]. Initially, 

they are scattered in nature, and therefore remain compensated and appear under 

certain specific conditions, in particular when lung diseases occur.It is known that 
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acute pneumonia in patients with DM is characterized by a large spread of the 

process, significant severity and prolonged course [Kodolova, I. М., 1982; Lysenko, 

L. V., 1990; Arthur, C.W., 2004; Kaparianos, A., 2008]. Developing in type 2 diabetes 

chronic hyperglycemia and hypoinsulinemia induce the pro-inflammatory activity of 

the cellular and humoral effects of the immune system [Nazhmutdinova, D. К., 

2000; Lukyanchikov, V. S., 2009]. 

For a long time treatment of type 2 diabetes was limited to controlling the 

symptoms of the disease[Gendeleka, G. F., 1989; Gorbenko, N. I., 1999; Alexandrov, 

А. А., 2004; Smolyanskiy, B. L., 2004; Khnychenko, L. К., 2006; Zhestovskiy, S. S., 

2007; Zilov, А. V., 2007; Balabolkin, М. I., 2008; Gavrovskaya, L. К., 2008; Havinson, 

B. H., 2008; Shishkova, V. N., 2008; Ametov, А. S., 2009;  Dedov, I. I., 

2009;Shestakova,E.А. 2012;Blinkova,Т.М., 2015;Hansen, S. H., 2001; Faerch, K., 

2009; Veneman,T.F., 2012]. At the present timeconsiderable success has been 

achievedwith regard to diabetes treatment, but there are still a lot of unresolved 

issues and thus there is a need for a comprehensive correction of pathogenetic 

factors that lead to structural changes in tissues and organs.The modern tactics of 

treating patients with strict control of blood glucose level does not lead to the 

achievement of the desired result; in lightof this it is impossible to avoid the 

development of various complications.There is a need for additional impact on 

various parts of the pathological process by reducing tissue hypoxia and the 

reaction level of lipid peroxidation (LPO).Lack of efficacy of glycemic control alone 

makes it necessary to search for drugs that can actively affect various parts of the 

pathogenesis of DM, both for preventive measures and treatment.This will reduce 

the progressive decrease of B cells of pancreas and activate their functions. 

There is evidence indicating that in the complex therapy of DM and its vascular 

complications, the use of antioxidants, in addition to reducing the intension of LPO, 

led to the stabilization of carbohydrate metabolism and the improvement of the 

clinical state of patients [Dedov, I. I., 1992; Bobyreva, L. Е., 1998; Gorbenko, N. I., 
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1999; Dedov, I. I., 2003; Volchegorskiy, I. А., 2008; Paolisso, G., 1993; Fonseca, V., 

2011; Lieverse, A.G., 2013]. In addition, antioxidant drugs can have a normalizing 

effect on the blood rheology, the glycemic index, contributing to faster 

normalization of blood glucose levels in the setting of the use of smaller doses of 

glycemic agents.Thus, on the one hand, antioxidants are able to prevent the 

development of hypoxia, and on the other hand, to improve the survival of cells 

under these conditions.It is important to evaluate the efficacy of drugs based on 

the results of a morphological examination of experimental animals taking into 

account the duration of antioxidant use.These drugs are among the most advanced 

ones since the use of vasoprotectivesin the setting of antihyperglycemic therapy 

does not give a proper result and leads to the progression of diabetic angiopathies 

[Efimov, А. S., 1989; Galstyan, G. R., 2002;DedovI. I. идр., 2003; Williams, G., 

2003;Chernikova, N.А., 2010;Rogovskiy, V.S., 2013;Adler, A. I., 2000; Estacio, R.O., 

2000]. Therefore the issue of morphofunctional state value of the vascular bed of 

the respiratory organs in case of DMin the setting of the use of antioxidant drugs 

becomes particularly important.The most appropriate in this case is the use of 

already created drugs that have high antioxidant activity.Phytogenic medicationsof 

flavonoid nature, in particular dihydroquercetin, make the difference. It has an 

antioxidant activity, is resistant to auto-oxidation and is low-toxic; it also reduces 

vascular permeability and positively affects the hemostatic system [Teselkin, Y. О., 

1996;Lukyanova, L. D., 2007; Uminskiy, А. А., 2007; Zhanataev, А. К., 2008;Mazo, 

V.К., 2016;Blostein-Fujii, A., 1999;Nijveldt, R. J., 2001; Wang, J.Y., 2014].  

Thus, the use of the drug can be very useful with the aim of preventing the 

progression of diabetic complications, because type 2 diabetes is a chronic disease 

that leads to functional and structural disorders of various organs and systems, 

which requires long-term and targeted treatment. 

 



11 
 

CHAPTER 1.Rationale for the application of the model of experimental 

hyperglycemia in rats 

The study of the effect of drugs means involving the use of laboratory animals 

and the application of the method of experimental modeling. 

Carbohydrate metabolism disorder and the production of hyperglycemia, 

capable of initiating biochemical and structural disorders similar to those observed in 

patients with DM, were the main condition of this study.In our work it was necessary 

to cause permanent disabilities in carbohydrate metabolism, i.e. an increase in the 

glycemic index for a long time, leading to the appearance of a phenomenon such as 

glucotoxicity, which results in the damaging action of glucose on various structures of 

cells and tissues.One of the ways to implement the phenomenon of glucotoxicity is to 

increase the reaction of peroxidation of glucose, as well as lipids and proteins, 

accompanied by an increase in the level of extremely reactive free radicals. 

Furthermore, it should be considered that in the conditions of hyperglycemia the 

activity of individual links of the antioxidant defense system decreases, and this 

ultimately leads to the destruction of many organs and systems. Taking into 

consideration these circumstances, it was necessary to comply with a number of 

fundamental conditions: the glycemia should be high enough, its duration during the 

day should be several hours, and the total duration of the violation of the 

carbohydrate status - several months. 

There is a wide range of experimental models for creating hyperglycemia, but in 

most cases, these methods are based on the destruction or significant metabolic 

disturbances of Bcells of pancreatic islets. 

The model of alloxan diabetes and diabetes caused by streptozotocin are 

traditional and generally accepted in experimental endocrinology.As its significant 

deficiencies, a direct cytotoxic effect on B cells can be called, as well as high toxicity of 

these drugs, inducing severe damage to internal organs, in particular the liver, which 

significantly limits the life span of experimental animals and does not allow the 
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development of complications, the appearance of which is associated with the 

duration of hyperglycemia. 

At the department of Pharmacology of the Amur State Medical Academy, 

experimental work was carried out to create hyperglycemia in rats and the maximum 

possible non-lethal dose of carbohydrate loading was determined based on the 

experiment, which was 600 mg of glucose/100 g of the animal's weight. The 

administration of glucose solution at the indicated dose led to the development of 

sustained hyperglycemia, along with a long enough hyperglycemic period, the 

duration of which was on average about 4 hours, and the use of a double injection 

allowed increasing the total daily hyperglycemia to 8 hours. Confirmation of this 

served as indicators of blood glucose, estimatedin the fasting state, after 30 minutes 

and every hour before their normalization[Bitiutckaya, L. G., 2005].  The difference of 

current model is the absence of direct damage to the islet apparatus of the pancreas, 

and the severityanimals’ condition in the experiment is due to significant and 

prolonged hyperglycemia. Taking into consideration this circumstance, in our work we 

have created a hyperglycemic state in experimental animals using this dose. 

In consideration of the foregoing premises it was decided that the most 

convenient and appropriate way to create high and prolonged hyperglycemia is the 

intraperitoneal administration of glucose solution.But, unfortunately, the 

intraperitoneal administration of such an amount of glucose into the body of 

experimental animals, in addition to the growth of glycemia, led to a disruption of 

the water-electrolyte balance during the first four weeks, the development of water 

depletion and the appearance of crystalluria in 25% of rats, and by the 8thweek - the 

appearance of stone formation in the kidneys. 

But it should be noted that there are other alternatives with which an 

imbalance in carbohydrate metabolism can caused; this is the creation of artificial 

hyperglycemia in animals using different ways of administration of glucose solutions 

into the body of experimental animals - peroral through a probe[Bitiutckaya, L. G., 

2005] and parenteral. This technique enables to avoid double intraperitoneal 
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administration of a glucose solution and consequently to reduce the degree of 

disturbance of water-electrolyte balance and water depletion, especially in the early 

stages of the experiment. 

In our work, we also took into account the fact that absorption of glucose from 

the gastrointestinal tract leads to the greatest stimulation of B cells and the release 

of insulin, than when glucose enters the blood, bypassing the gastrointestinal 

tract.Taking into account this circumstance, we believe that this is critically 

important for the creation of a more prolonged hyperglycemia. 

For this reason we tried to create a state of hyperglycemia in a way that 

eliminated substantial damage to the structures of internal organs and allowed us to 

control the severity of the disturbance of carbohydrate metabolism, which is highly 

important for a long experiment for 8-16 weeks. 

The main criteria for assessing the state of hyperglycemia in our work were 

glucose levels in the peripheral blood of rats in the fasting state in the period from 

8.00 to 8.30, i.е. before glucose intake, which was measured weekly during the 

experiment.These data are presented on the table below, and during the first two 

weeks of the experiment the glucose content of rats was increased in the fasting 

state, but the data had sizable fluctuations in different animals. By the 4thweek of the 

experiment, the stabilization of glucose content was noted in most rats. A significant 

increase of the glucose level to 5.9 ± 0.58 mmol/L in experimental animals was noted 

at the 4th week of the experiment (Table 1).At the same time limits the natural 

application of the glucose solution by peroral way leads to an increase of its level in 

the blood after 60 minutes to 11.5 ± 0.85 mmol/L, with a high level maintained for at 

least 2 hours.At 8 weeks of hyperglycemia, the glucose level in the fasting state rose 

to 6.6 ± 0.61 mmol/L, and 60 minutes after peroral administration it was 12.8 ± 0.73 

mmol/L (table 1).This testifies that during this experiment we obtained a model with 

a hyperglycemic syndrome and this allows us to study the effect of drugs with the 

following background. 
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Table 1 

CONCENTRATION OF GLUCOSE OF BLOOD RATS  
IN THE FASTING STATE AND 60 MINUTES AFTER THE PERORAL 

ADMINISTRATION OF GLUCOSE (MMOL / L) 
 

Groups of animals 
 
Type of experiment 

Hyperglycemia during: 

Intact 4 weeks 6 weeks 8 weeks 16 weeks 

Hypergly-
cemia 8 
weeks 

In the fasting 
state (control) 5,9 ± 0,58* 6,2 ± 0,37* 6,4 ± 0,53* - 

3,1 ± 0,24 
After taking 

glucose 11,5 ± 0,85** - - - 

Hypergly-
cemia 16 

weeks 

In the fasting 
state (control)  - - 6,6 ± 0,61* 7,1 ± 0,63* 

3,4 ± 0,26 After taking 
glucose - - 12,8±0,73** - 

* р< 0,05 in comparison with intact animals 
** р< 0,05 in comparison with animals with hyperglycemia in the fasting state 

Thus, unlike other methods that cause disturbance of carbohydrate 

metabolism, this model allows obtaining a steady rise in the glucose level in the 

peripheral blood in the setting of peak rises of this indicator for a sufficiently long 

period, in the absence of damaging effects on the B cells of pancreatic islets. 
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CHAPTER 2.Morphofunctional characteristics of pancreatic islets 
 

Overview of pancreatic islets 

The endocrine portion of the pancreas is represented by peculiar clusters of 

glandular cells forming islets that are scattered among the acini of the exocrine part. 

Pancreatic islets make up from 2 to 10% of the total mass of the pancreas, they do 

not have excretory ducts; the hormones secreted by them are secreted into the 

blood.The islets have a round or oval shape, and their diameter varies from 50 to 

500 microns. Most large pancreatic islets are surrounded by a thin connective tissue 

capsule separating them from the acinar tissue.Small islets do not have such capsule 

and they are in close contact with exocrine cells.The number of glandular cells (islet 

cells) in different islets varies considerably, depending mainly on the size of the 

islets [Gordienko, V. М., 1978; Baranov, V. G., 1983; Balabolkin, М. I., 1994; Lacy, 

P.E., 1974;Orci, L., 1974;Tushuizen, M. E., 2007].  

The islet is represented by several types of cells, differing in size, shape, 

nucleus structure, nucleoli and cytoplasmic components.The cells are located 

between capillaries, abundantly anastomosing with each other, organizing a kind of 

sinusoidal network.In the central part of the islets there are numerous sinusoidal 

capillaries, which are bounteously fenestrated, thatapparently discharges the intake 

of hormonelike materialsfrom the cytoplasm of islet cells into the bloodstream and 

determines the rate of response of the islets to metabolic signals.Endothelial cells of 

capillaries are separated from islet cells by a fairly wide periendothelial space, in 

which two basement membranesunderlying the secretory cells on one side and the 

endothelial cells on the other are clearly defined [Puzyrev, А. А., 1974;Baranov, V. 

G., 1983; Kondratiev, Y. Y., 1986;Mazovetskiy, А. G., 1987;Chumasov,Е.I., 2015;Lacy, 

P.E., 1967;Orci, L., 1971; Veld, P., 2015].  

The predominant type of islet cells in most mammals are B cells, which amount 

75-80% of the total number of islet cells; the number of α-cells is 15-20% while the 
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portion of D cells is not more than 2-5%. In intact animals there are from 3-4 to 

several hundred B cellsin pancreatic islets.α-cellsare located mainly on the periphery 

of the islet. D cells are found not in all islets, but mainly in medium and large ones 

[Gordienko, V. М., 1978; Lacy, P.E., 1974; DominguezBendala, J., 2009]. 

Ultrastructural criteria for the identification of different types of islet cells were first 

developed by P. Lacy (1967, 1974), who used serial ultrathin sections and then 

studied them under an electron microscope, that enabled to  draw a clear 

distinctionbetween the main types of islet cells. 

Characteristics of Bcells 
B-islet cells are the main cells of the islets of the pancreas; their cytoplasm is 

selectively stained with aldehyde-fuchsin according to Gomori in blue-violet 

color.These cells usually occupy a central position in the pancreatic islets, 

comparatively often they are found near the acinar cells, ducts and peripheral 

capillaries; they can be presented between α-cells [Puzyrev, А. А., 1974; Puzyrev, А. 

А., 2006; Barabanov, V.М., 2014;Lacy, P.E., 1967; Govendir, M., 1999]. B cells are 

usually polygonal or irregular in shape and are the largest in size. The nucleus of B 

cells is usually eccentrically located, it is large, and contains numerous granules of 

chromatin.In the cytoplasm of B cells there are numerous secretory granules that 

have a significantly lower electron density in comparison with α-cells.In addition, the 

boundary membrane is separated from the contents of the secretory granule of the 

“core” by a wider bright rim, and it is located, as a rule, somewhat eccentric. The 

boundary membrane of B granules usually has sinuous contours; the “core” of 

granules is round, of medium electron density and fine granular structure.  

In some B cells, in addition to numerous granules of average electron density, 

denser ones also occur. Sometimes there is a close contact of secretory granules of 

medium density with the plasma membrane and the release of their contents into 

the intercellular spaces or periendothelial space of the capillary [Gordienko, V. М., 
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1978; Severgina, E. S., 1992; Hellman, B. O., 1974;Johnston, C., 1987; Elbein, S. C., 

1988; Dominguez Bendala, J., 2009].  

Each B cell contains about 13,000 secretory granules that are at different 

developmental stages and are a kind of insulin repository. In addition to insulin, 

other peptides, amylin, monoamines, enzymes and various minerals are also found 

in the secretory granules of B cells. 

The species specificity of the morphology of secretory granules in B 

cellsshould be noted.Thus, the morphology of secretory granules described above is 

characteristic of B cells of pancreatic islets of rat and mouse. 

The rough endoplasmic reticulum is well developed; it is formed by short 

tubules, as well as by small vacuoles, on the membranes of which there are bound 

ribosomes.There is also a significant number of free ribosomes, located singly or in 

small groups between cell organelles. All of this makes the cytoplasm of B cells more 

“dark” in appearance in comparison with α-cells. Mitochondria are elongate, contain 

obliquely located cristae, they are numerous and concentrated mainly near the 

Golgi apparatus, which is well developed and occupies a large area of the 

cell[Puzyrev, А. А., 2006;Orci, L., 1971; Aerts, L., 1998;Bouwens, L., 2005].  

B-islet cells can be represented by “light” cells, in the cytoplasm of which 

there are few granules that have different sizes and densities. They are usually 

arranged in the cytoplasm or concentrated in one of the poles. Organelles are 

represented by single cisterns of the granular endoplasmic reticulum, elements of 

the Golgi apparatus and small elongated mitochondria. “Dark” B cells contain a large 

number of granules of different sizes, varying intensity of color, equally located in 

the cytoplasm. In these cells there are few organelles, small mitochondria and some 

densely located small lipid inclusions are usually found there. The third type of cells, 

which can be defined as “intermediate”, has an equal distribution of the average 

number of granules, a typical set of elements of organelles, small lipid inclusions, 

vacuoles. Among the three types of B cells, the cells with obvious signs of 
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destruction can be found: a sharp vacuolization of the cytoplasm, the lipid inclusions 

that sometimes displace the cytoplasm [Puzyrev, А. А., 1974;Utekhin, V. I., 1979; 

Puzyrev, А. А., 2006; Barabanov, V.М., 2014]. 

Regeneration of islet cells 

During the fetal life endocrine and exocrine cells are formed from stem cells, 

i.e., they can be developed from the pancreatic ducts. Consequently, in the 

postnatal period the formation of endocrine cells from the cells of the pancreatic 

ducts is possible. In embryogenesis the islets, apparently, grow owing to the 

proliferation of precursor cells and their differentiation into the cells of islets; the 

increase in the total mass of islet cells in the period of postnatal growth is due to the 

mitotic division of these cells themselves. A number of studies have shown that the 

formation of endocrine cells in the pancreas of an adult occurs due to the mitotic 

activity of endocrine cells themselves or by differentiation of duct cells. Normally, 

the mitotic activity of endocrine cells of islets is small [Vesnina, I. А., 2001; Adler, A. 

I., 2000; De Haro-Hemandez, R., 2004; Chong, A.S., 2006; Wu, X., 2009; Garber, A. 

2011]. 

For many years it was believed that B cells differentiate toward the end of the 

prenatal period and their number in postnatal life does not change [Apple, А., 1977; 

Baranov, V. G., 1983; Dominguez Bendala, J., 2009]. However, owing to the 

numerous experimental studies and new technologies, it has become clear that the 

total pool of B cells in the pancreas is unstable, it is dynamic and the number of B 

cells changes (increases or decreases) to maintain glucose homeostasis depending 

on various external and internal factors. It is proved that the increase in the number 

of endocrine cells, usually observed during the fetal life, is carried out not only by 

means of the replication of existing islet cells, but also through their neo-

transformation from the pool of rapidly dividing the cells of gland ducts [30, 

Goldberg, E. D., 2006]. 
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This is proved by data in which it was shown that cytokeratins are the markers 

of differentiation of duct cells and the process of neogenesis of islets in the pancreas 

of neonatal rats. Studies using this technique made it possible to follow up and 

confirm the formation of islets from the cells of the exocrine part of the pancreas 

[Kolesnik, Y. М., 1996; Dedov, I. I., Melnichenko, Т. А., 2008].    

Pancreatic islets of adult animals and humans are also characterized by low 

values of cell reproduction.Accordingly, the regeneration of the islet cell population 

takes place in 103 days [Gordienko, V. М., 1978]. Under the conditions of 

experimental and clinical pathology, the process of rearrangement of acinar 

epithelium in endocrine cells is observed, which develops in several cells of one or 

several adjoiningadenomeres at once.The final result of this change is the formation 

of new pancreatic islets. 

In general, the recovery processes in the endocrine apparatus of the pancreas 

are carried out by the formation of new islets as a result of the acini-insular 

rearrangement and by increasing the proliferative activity of present islet cells 

[Balabolkin, М. I., 1994; Kolesnik, Y. М., 2004; Butler, A.E., 2003]. It is considered 

that the adult has a slow renewal of the B cell population. Normally the number of B 

cells in the islet in the postembryonic period depends on the balance of their 

neoplasms and apoptosis, which, first of all, is determined by the level of glycemia. 

The new formation of islet cells is mainly due to the activation of the division 

of already differentiated B cells [Teta, M., 2007; DominguezBendala, J., 2009]. 

Hyperglycemia has a mitogenic effect on B cells. With diabetes there is a lack of B 

cells in order to compensate for their loss because they lost the ability to proliferate 

at a rate commensurable with the rate of their loss.Therefore, there may come a 

moment when the remaining B cells can no longer completely ensure the body's 

need for insulin[Vesnina, I. А.,2001;30,Zakiryanov, А. R., 2008;Chumasov,Е.I., 

2015;Lipsett, M., 2002;Rooman, I., 2002]. 
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Brief description of insulin biosynthesis 

The insulinproduction is regulated by the negative feedbackmechanism, 

depending on the concentration of glucose in the blood plasma. Rising glucose levels 

contribute tothe increase in production of insulin; in conditions of hypoglycemia, the 

formation of insulin, on the contrary, is inhibited [Ivanova,  V. F., 2006; Hellman, B. 

O., 1974; Bolaffi, J. L., 1990; Abe, N., 2002].  

The bulk of pancreatic islet cells produce insulin, which is an albuminous 

compound with a molecular weight of about 60,000.Each molecule of insulin is 

connected to three zinc atoms, which reduces its solubility and promotes the 

transition of insulin into a crystalline form. 

Onthebasisofevidence[Gordienko, V. М., 1978; Bolaffi, J. L., 1990], it can be 

assumed that the synthesis of insulin in B cells begins on the ribosomes of the 

endoplasmic reticulum, then the precursor of insulin (proinsulin) is transferred to 

the Golgi apparatus, where it is reacted to  form insulin, which accumulates in the 

mature secretory granules.Under certain conditions, the formation of secretory 

granules can take place either in elements of a rough endoplasmic reticulum or in 

the Golgi apparatus.If the granulation normally ends in the Golgi apparatus, then 

with a sharp increase in the secretory activity of islet cells, when the body needs an 

increased amount of the hormone, the latter can be partially or completely 

synthesized and formed into secretory granules in the tubules of the endoplasmic 

reticulum. It may be possible that the above granule formation mechanisms in islet 

cells do not exclude each other [Lacy, P.E., 1967; Hellman, B. O., 1974].  

At the present time, there are also two points of view on the way to remove 

the contents of secretory granules from the islet cells into the blood.According to 

the first point of view, the release of the secret granules happens by means of their 

dissolution (granulolysis) near the plasma membrane.In the granulopoiesis stage, 

the granules have a high electron density. In the stage of preparation for secretion 

they reach their maximum value and gradually lose the electron density.With a 



21 
 

decrease in the density of secretory granules, the phase of granulolysis begins, 

accompanied by the release of the granule contents through the perforations of its 

boundary membrane into the cytoplasm.The released hormone enters specialareas 

of the plasma membrane – “active sectors”, which contain certain enzymes that 

promote the movement of the hormone through the plasma membrane into the 

pericapillary space and cytoplasm of the endothelial cells. 

On the other hand, a number of researchers believe that the removal of the 

contents of secretory granules from the islet cells occurs by means of exocytosis 

(emiocytosis).The results of electron microscopic studies show that the secretory 

granules are transferred to the cell surface by intact ones.Then the granule 

membrane fuses with the plasma membrane of the cell, an opening is formed at the 

fusion site, through which the granule contents enter the intercellular spaces or into 

the pericapillary space, where its solution occurs. During the studying of the small 

mechanisms of emiocytosis it was noted that in stimulated B cells, secretory 

granules often form chainsprovided that the granule in contact with the plasma 

membrane can release its contents.Sometimes the connection of granules between 

themselves can be observed, as well as with a plasma membrane by means of 

microtubules and microfilaments[Galstyan, G. R., 2008;Lacy, P.E., 1974; Kaparianos, 

A., 2008].   

The main action of insulin consists of enhancing the transport of glucose 

through the cell membrane. The enhancement with insulin leads to an increase in 

the rate of glucose intake inside the cell in 20 - 40 times.In healthy individuals, there 

is a constant basal secretion of insulin, even then, when there are no exogenous 

stimulation pulses for insulin secretion.In most mammalian cells, this process is 

carried out by means of diffusion of carrier proteins. 

Insulin reduces the sugar content in the blood of a healthy person by changing 

the metabolism in the body tissues, inaddition, the following changes appear: 1) 

absorption of sugar in the gastrointestinal tract after taking generous fare would 
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significantly increase the sugar content in the blood, if part of it was not deposited 

in the hepatocytes and muscle cells in the form of glycogen, i.e. insulin promotes the 

conversion of sugar into glycogen; 2) excess sugar is also removed from the blood as 

a result of its transformation into fat, which accumulates in various fat stores; 3) 

insulin also stimulates the metabolism of carbohydrates in muscle cells, i.e. the 

acceleration of the utilization of carbohydrates in the muscles leads to a decrease in 

the concentration of sugar in the blood [Galenok, V. А., 1985;Kendysh, I. N., 1985; 

Ametov, А.S., 2008;Gordiunina, S.V. 2012;Bouwens, L., 2005;Kahn, S. E., 2009]. 

It has been established that insulin regulates the metabolism of lipids in the 

lungs, where specific receptors of it are identified in the membrane structures of 

normal lungs of rats. Insulin interacts with these receptors rapidly, and saturation 

capacity is reversible and depends on time and temperature.In experimental 

diabetes mellitus, the incorporation of glucose in neutral fats and phospholipids 

decreases by 40% in the lung tissue of rats, which may cause a decrease in the 

synthesis of surfactant, and also increases the content of non-esterified fatty acids 

(NEFA).Histochemical and electron microscopic studies have shown the deposition 

of triglycerides in the endothelium and smooth muscle cells of the pulmonary artery 

with DM [Kodolova, I. М.,1982; Lysenko, L. V., 1990]. 

Characteristics of alpha cells 

Acidophilic cells (α-cells) are usually irregular in shape, while Gomori’s stain in 

their cytoplasm reveals a red granularity.In pancreatic islets of rats, α-cells have a 

rounded, oval, rarely polygonal shape and they are arranged in a single layer along 

the periphery of the islets.A characteristic feature of α-cells is the presence in their 

cytoplasm of numerous secretory granules, which are made as round bodies of high 

electron density, surrounded by a clearly discernible smooth membrane.Between 

the thick contents of the secretory granule and its boundary membrane there is a 

narrow electron-transparent zone (halo). The electron dense “core” of granules is 

usually of a regular rounded shape; its contents have a fine-grained appearance.The 
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nucleus of α-cells is rounded, located somewhat eccentrically. Mitochondria have an 

elongated rod-like shape and sinuous contours.In the cytoplasm of some α-cells, 

there is sometimes a small amount of glycogen granules [Puzyrev, А. А.,1974; 

Gordienko, V. М., 1978; Mazovetskiy, А. G., 1987;Lacy, P.E., 1974; Veld, P., 2015]. 

Some researchers marked a decrease in the secretory activity of α-cells of 

pancreatic islets in diabetes.In such animals, in the setting of high hyperglycemia in 

the cytoplasm of α-cell, numerous lysosome-like structures appear that contain α-

granules, which are at different stages of decomposition.It is known that glucagon is 

not only the most powerfulglycemic factor, but it also has a stimulating effect on the 

state of B cell secretion, which is one of the compensatory mechanisms in diabetes 

mellitus.In addition, the hypersecretionof glucagonis possibly related to the loss of 

regulating action of insulin, since the level of the latter plays an important role in 

supporting adequate activity of α-cells [Baranov, V. G., 1983; Mazovetskiy, А. G., 

1987;Puzyrev, А. А., 2003;Williams, G., 2003]. 

Characteristics  of other islet cells 

D cells in pancreatic islets may be found quite rare, they are located singly or 

in small groups throughout the islet, have a polygonal or stellate shape and long 

cytoplasmic processes.D cells either directly are in contact with the capillaries, or 

send their processes to them. A characteristic feature of D cells is the presence in 

the cytoplasm of specific secretory granules, the size of which varies considerably 

(from 200 to 400 nm).The greatest accumulation of granules is observed in the 

cytoplasmic processes and at the vascular pole. The nucleus of D cells is large, has a 

round or somewhat elongated shape and contains a compact nucleolus.The 

contents of the granules are somatostatin, which has the ability to inhibit the 

secretion of insulin and glucagon, and also limit the absorption of glucose in the 

intestine.Perhaps this plays an important role in the conditions of a pronounced 

hypersecretion of glucagon in order to limit its hyperglycemic effect. This effect 
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somatostatin can perform, acting as a local hormone, i.e., paracrinely [Ogneva, V. V., 

1972; Gordienko, V. М., 1978; Kolesnik, Y. М., 2004]. 

During the electron microscopic examination of pancreatic islets of intact rats, 

it was possible to observe single PP cells with an angular shape, usually located near 

the capsule, which contain very small secretory granules (80 nm) in their 

cytoplasm.The latter are usually arranged in a single line along the plasma 

membrane[Gordienko, V. М., 1978; Baranov, V. G., 1983].  

Acinar-islet cells are located on the boundary between islet cells and acinar 

cells and are very rarely found inside the islets.In the cytoplasm of such cells, there 

are two types of secretory granules, mitochondria and elements of the rough 

endoplasmic reticulum, characteristic for both endocrine and exocrine cells of the 

pancreas.Secretory granules in acinar-islet cells are represented by large zymogen 

granules and small granules with a distinct light rim, characteristic of islet 

cells.Acinar-islet cells with one pole can be in contact with the capillary, and the 

other - with the duct.In this case, the bulk of the endocrine secretory granules is 

concentrated on the vascular pole of the cell, and the zymogen granules are 

concentrated near the duct. 

Acinar cells with structural features of islet B cells generally have a non-

regular distribution of granules in the cytoplasm.It should be noted that acinar-islet 

cells in higher vertebrates, in particular in the human pancreas, are rare. Their 

number increases noticeably with various pathological conditions, when the body's 

need for hormones produced in islet cells is significantly increased. This may serve 

as evidence that the exocrine epithelium is among the main sources of islet tissue 

formation [Kolesnik, Y. М.,1996; Kolesnik, Y. М., 2004;Ivanova,  V. F., 2006;Snigur, G. 

А., 2008].  
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Hyperglycemia and its importance in the development of complications of 

diabetes mellitus 

Hyperglycemia is the result of a carbohydrate metabolism disorder, in which 

the level of glucose entering the body exceeds its consumption by organs and 

tissues.The cause of hyperglycemia may be an increase in glucose excretion, or a 

decrease in the utilization of glucose by tissues, or, finally, a combination of these 

effects[Geller, L. I., 1975; Kendysh, I. N., 1985; Mazovetskiy, А. G., 1987;Balabolkin, 

М. I., 1994; Demidova, I. Y., 2000;Dedov, I. I., 2006;Shestakova, E.А. 2012;Marzo, V., 

2008;Panzram, G., 1987;Zimmet, P., 1999; Fonseca, V., 2011].  

In humans and animals, in of spite hyperglycemia, the intake of glucose in the 

tissue is disrupted, and cells experience carbohydrate deficiency, energy 

shortage.The body responds by secretion of metabolic hormones (glucagon, 

adrenaline and others), which are aimed at mobilization of glucose from the 

available reserve - to activate the glycogenolysis in the liver.However, the intake of 

additional amounts of glucose in the blood only intensifies hyperglycemia, but does 

not lead to the desired result - the glucose uptake into the tissues. 

It is known that the regulation of glucose depends on the feedback 

mechanism in the pancreatic B cell system - liver - peripheral tissues.In lightof this, 

hyperglycemia in type 2 diabetes mellitus is caused by a disruption of the normal 

relationship between the function of the pancreatic B cells and insulin sensitivity at 

the level of peripheral tissues or liver [Baranov, V. G., 1965;Dmitriev, L. F., 

2005;Zanchetti, A., 2002].   

Chronic hyperglycemia can cause a dysfunction of B cells (glucose toxicity), 

inducing the acceleration of glycosylation processes of various proteins and lipids.An 

increase of glucose level in blood intensifies the insulin resistance condition and, 

possibly, leads to a decrease in the sensitivity of B cells, therefore causing 

dysinsulinism.A vicious cycle is developing: increasing glucose levels enhances 

insulin resistance, which contributes to the development of even more 
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severehyperglycemia [Balabolkin, М. I., 2000;Ametov, А. S., 2002;Balabolkin, М. I., 

2003;Tenerz, A., 2001]. 

It is well known that in the human body there is an insulin-mediated glucose 

uptake (IMGU) and non-insulin-mediated glucose uptake (NIMGU). At basal (in the 

fasting state)NIMGYU predominates, it is responsible for almost 70% of the total 

distribution of glucose in the human body.Normally, in order to increase IMGU by 2 

times, less than double hypersecretion of insulin is required.On the contrary, in case 

of type 2 diabetes mellitus, by reason of the presence of insulin resistance, an 

increase in insulin levels by 5 to 6 times is necessary to the IMGU boost.Due to the 

fact that in patients with type 2 diabetes mellitus the possibilities for an acute 

increase in IMGU are limited, postprandial glycemia will be significantly increased.It 

must be emphasized that postprandial hyperglycemia develops and exists for 

several years before the development and appearance of fasting hyperglycemia. In 

type 2 diabetes, due to the weak sensitivity of insulin receptors to its hormone 

and/or weak intensification of the hormonal signal, the liver is unable to serve as a 

buffer in regulating the content of glucose in the blood plasma, and here one of the 

crucial tasks is to find ways to activate glycolysis. With hyperglycemia the glucose 

metabolism shifts toward the formation of sorbitol, which is unable to leave the 

cellquickly.The latter leads to a change in the osmotic pressure in the cells and to 

the disruption of the glyco-and phospholipid composition of cellular membranes 

due to the accumulation of sorbitol.In metabolic disorders with DM, the appearance 

of the so-called “vicious circle” due to “error”, i.e., inappropriate response of 

regulatory mechanisms, can be traced. In chronic hyperglycemia the glycosylation 

process serves as a pathogenetic background of the development of complications, 

the frequency and severity of which is directly dependent on the level and duration 

of hyperglycemia [Galenok, V. А., 1985;Balabolkin, М. I., 1994;Dmitriev, L. F., 

2005;Matthaei, S., 1986;Vlassara, H., 1995; Bensellam, M., 2009]. 
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Morphological changes of the pancreas in clinical and experimental hyperglycemia 
 

Pancreatic islets in patients with type 2 diabetes mellitus, both in volume and 

in cell structure, do not differ from pancreatic islets of apparently healthy individuals 

of the same age, although the total volume of endocrine tissue in them is 

significantly reduced.In these patients, the loss of the compact structure of the islets 

is observed. The islets are separated by fibrous septa; the number of B cells in them 

is reduced. Detailed studies have shown that the extensive relationships of α-, B-, 

and D cells in pancreatic islets of patients with type 2 diabetes correspond to 

developmental norms, but the total cell volume is smaller due to a decrease in the 

number of islet tissue.The bulk of B cells hasone or another signs of destructive 

changes: various degrees of vacuolization of the cytoplasm, lipid inclusions. 

Degenerating B cells are in frequent contact with macrophages, the number of 

which increases significantly in comparison with the norm. As a rule, a sharply 

thickened capsule is found around these clusters.In the islets of the pancreas in 

diabetic patients, hydropic (waterborne) degeneration can appear later along with 

the constantly occurring degenerative processes.The hormone level in α-cells 

increases, which depends on the severity of the disease and is apparently 

determined by the degree of decrease in insulin secretion, and is one of the 

compensatory mechanisms in diabetes mellitus. In the pancreas of more than 60% 

of patients with type 2 diabetes mellitus pancreatic arterial sclerosis is diagnosed. 

The advanced fibrosis of the entire pancreas is observed. Fibrotic changes in 

pancreatic islets are associated with vascular sclerosis. Often in the stroma of the 

islets of the gland, there are accumulations of hyaline or amyloid. The concentration 

of amyloid in the islet of the pancreas with diabetes leads to a deterioration of B 

cells function. During the electron microscopic examination in the focus of sclerosis, 

multidirectional collagen fibers are determined, which formed “couplings” around 
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the capillaries [Mazovetskiy, А. G., 1987; Balabolkin, М. I., 1994;Kolesnik, Y. М., 

1996; Titok, Т. G., 1999; Dedov, I. I., 2006;Lipatov, D.V., 2012]. 

In animals with mild diabetes mellitus, the signs of destruction of B cells are 

discovered in 2 weeks, which come into sharp focus after 5 weeks [Bitiutskaya,L. G., 

2005]. To a greater extent, large islets were damaged at this, while small ones 

remained practically intact. The decrease of the insulin level of these animals was 

also marked [Gordienko, V. М., 1978; Kolesnik, Y. М., 1996;Ivanova,  V. F., 

2006;Snigur, G. А., 2008]. 

Brief information about the pathogenesis of diabetes mellitus 

In a healthy person, the insulin secretion is described in terms of two 

characteristics: constant secretion and secretion of insulin, which has a discrete 

character throughout 24 hours.Discrete insulin secretion occurs in response to an 

increase in glucose levels observed postprandially and after absorption of glucose 

from the intestine into the blood.Such peaks of hypersecretion of insulin after 

ingestion are performed in the setting of basal insulin release from the pancreas at a 

rate of 1 to 2 units of activity per hour within 24 hours.Diabetes mellitus is a chronic 

disease caused by absolute or relative insulin insufficiency, leading to a breakdown 

in all types of metabolism, primarily carbohydrate metabolism, vascular damage 

(angiopathy), and pathological changes in various organs and tissues [Dedov, I. I., 

2006; Dedov, I. I., Melnichenko,Т. А., 2008; Ametov, А. S., 2009;Khalimov, Y.S., 

2012;Schneider, S. H., 1988;Hadjiliadis, D., 2005;Phung, O.J., 2014]. 

Present knowledgeabout the pathogenesis of type 2 diabetesmellitus indicate 

that it can develop both as an insulin-sensitive and as an insulin-resistant 

variant[Mazovetskiy, А. G., 1987; Balabolkin, М. I., 1994].The insulin-sensitive 

variant is characterized by a diminished function of the pancreatic B cells in relation 

to the secretion of insulin. In the meantime, the action of insulin on organs and 

tissues in terms of regulation of glucose homeostasis is intact.This option can 

develop in the setting of a number of defects associated with a breakdown of the 
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“recognition” of glucose or sensitivity to glucose at the level of B cells of the 

pancreas, or ion channels disorders, or disorders of the synthesis of insulin.Essential 

type 2 DM is a heterogeneous and polygenic disease, in the development 

mechanisms of which several factors participate - genetic and epigenetic or external 

environment [Baranov,V. G., 1983; Demidova,I. Y., 2000; Balabolkin, М. I., 

2003;Gordiunina,S.V. 2012]. 

According to the currently accepted point of view, in the pathogenesis of type 

2 DM, two components are involved: 1 - insulin resistance of peripheral tissues (fat 

and muscular) and the liver, which is primary and whose presence has been proved 

practically in all patients early during the stage of pre-diabetes. 2 – B cell 

dysfunction, being expressed by a decrease of the first phase of insulin secretion 

and/or disappearance of pulsatile secretion of insulin, as well as B cells depletion 

and an apparent insufficiency of insulin secretion with a simultaneous modest 

increase of glucagon secretion [Baranov,V. G., 1965; Balabolkin, М. I., 2003; Ametov, 

А. S., 2008]. 

At the early stages the organism tries to compensate for the heightened need 

for insulin tissues by means of starting the processes of reparative regeneration and 

hypertrophy of the residual B cells, thatis expressed by a temporary (up to 7-10 

months) clinical remission of the disease, known as the “honeymoon” phase.A 

certain contribution to keeping hyperglycemia in type 2 DM makes an excessive 

formation of glucose by the liver, which allows one to consider the violation of the 

glucose-forming liver function as the third element in the pathogenesis of type 2 

DM.It should be emphasized that the increased glucose formation by the liver 

results from the dominance of catabolism, i.e. the decay of liver glycogen 

(glycogenolysis) and the increase in the rate of glucose formation by the liver 

(gluconeogenesis). Long-term hyperglycemia promotes the development of insulin 

resistance and has a damaging action on cells (the phenomenon of glucotoxicity), 

leads to a decrease in carrier proteins of glucose and secretory activity of B cells.All 
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of this reduces thecarbohydratesutilization by tissues and causes breakdown of 

other types of metabolism. As a result, with diabetes mellitus, progressive damage 

of various organs and tissues takes place [Ametov, А. S., 2002;Balabolkin, М. I., 

2003;Francini, F., 2001;Yuji, K., 2013]. 

Angiopathies 

The key reason of early disability and mortality of patients with pathology of 

carbohydrate metabolism is vascular damage, which is of generalized nature.It has 

been established that along with the vascular lesion of large and medium-size 

(macroangiopathy), large changes occur in the vessels of the microcirculatory 

bloodstream (microangiopathy), which is characterized by a thickening of the 

basement membrane, a violation of its selective permeability, proliferation of 

smooth muscle cells.Endothelial cells are essential to the regulation of normal 

vascular function.The manipulations that cause damage or dysfunction of the 

endothelium may lead to the development of severe vascular disorders.In particular, 

an increase in the osmotic pressure in the endothelium of the capillaries leads to 

fluid entering the cytoplasm, swelling, edema, and luminal narrowing of small 

vessels. 

A certain role in the progression of microangiopathy is attributed to hypoxia.In 

patients with various forms of disturbance of carbohydrate metabolism, a decrease 

in the efficiency of the oxygen transportation system was noted, which is to a certain 

extent due to the presence of capillarotrophic insufficiency syndrome.In 

hyperglycemia, there are significant changes in the shape of erythrocytes, there is a 

tendency towards hemolysis, adhesion to the luminal surface of the endotheliocytes 

and sometimes to their basement membranes, the appearance of an irregular form 

of aggregates, erythrocytes such as mulberries [Bobyreva, L. Е., 1996; Sazonova, О. 

V., 2000; Galstyan, G. R., 2002; Jialal, I., 1989;  Vlassara, H., 1995].  

High glucose concentration in DM changes the metabolism of proteins and 

sulfoglycoproteins of the basement membrane and intercellular matrix.The 
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characteristic of it permeability increase of the basement membrane of the vessels, 

regardless of the presence and type of angiopathy, led to the assumption of the 

universal role of these disorders in the development of diabetic angiopathies. In 

macrovessels, the changes in the intima in the form of its thickening of varying 

length and degree were most pronounced.Mucoid swelling and proliferation of 

smooth muscle cells of the intima often lead to a significant thickening.Among the 

proliferating smooth muscle cells, there are "obese" and decaying ones, which is 

associated with their capture of low density lipoprotein (LDL) modified by 

malondialdehyde by means of uncontrolled endocytosis, after which they become 

"foam cells".In small arteries of the muscular type, a widespread hyalinosis of the 

intima or the entire vessel wall develops [Kupriyanov, V. V., 1979;Genyk, S. N., 1989; 

Saltykov, B. B., 2000; Bregovskiy, V. G., 2001; Lipatov, D.V., 2012; Phung, O.J., 2014]. 

It is testified that with DM changes similar to the ones in other organs that are 

the most pronounced and common in the long course of the disease develop in lung 

vessels.In the wall of small arteries, arterioles and veins, there are granuloma 

formations consisting of macrophages, lipofagans, among which there were giant 

cells, fibroblasts located around the products of insudation, represented by 

homogeneous anhistic masses [Efimov, А. S., 1989; Balabolkin, М. I., 2000]. In the 

arterioles, the phenomena of plasmorrhagia, the proliferation of endothelial cells 

with its exfoliating into the lumen of the vessels, as well as the proliferation of 

adventitia cells were observed.Along with these changes in the alveolar septa there 

were peculiar pericapillary nodules that look like eosinophilic, hyaline-like masses of 

round shape, spherically covering the capillary whose lumen is constricted. 

In other words, diabetic microangiopathy in the lungs has a morphological 

singularity: changes in the arterioles of the pulmonary artery and capillaries of the 

alveolar septa predominate, evidently under the conditions of the pathology of the 

byproducts involved in excretion into the wall and lumen of the alveoli [Saltykov, B. 

B., 2000]. Often in the capillaries we can observe the red blood cell adhesion, the 
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accumulation of platelets closely in contact with the endothelium, which leads to a 

vessel constriction, and sometimes to its obstruction.According to several authors, a 

decrease in the number of functioning capillaries caused microcirculatory 

hypoxia.The basement membrane of the blood capillaries often thickened and lost 

clear boundaries.Dystrophic changes in endothelial cells are observed, which is 

characterized by the formation of vacuoles, mitochondrial swelling, and expansion 

of the tubules of the cytoplasmic reticulum.Lipid drops appear in the cytoplasm of 

the epithelial cells of the capillaries of the alveoli.They are also found in the 

cytoplasm of polymorphonuclear leukocytes, in capillary lumens, alveolar 

macrophages, type II alveolocytes and fibroblasts of alveolar septa [Lysenko, L. V., 

1990; Balabolkin, М. I., 2000; Dedov, I. I., 2006]. 

Thus, with hyperglycemia along with nonspecific changes in the vascular wall 

(plasmorrhagia, hyalinosis, dystrophy, proliferation and cell atrophy), there is also a 

characteristic symptom complex for diabetes mellitus: basement membrane 

thickening of the endothelial lining due to the accumulation of PAS-positive 

substances and, first of all, type IV collagen [Galenok, V. А., 1985;Efimov, А. S., 1989; 

Lukyanchikov, V. S., 2009; Adler, A. I., 2000; Estacio, R. O., 2000]. 
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CHAPTER 3. Histological, histochemical, electron microscopic and morphometric 
characteristics of the islets of the pancreas of rats 

 
Morphofunctional characteristics of pancreatic islets in intact rats 

 
The islets of the pancreas of the rat have a different shape and size,they are 

separated from the acinar tissue by a thin connective tissue capsule (Fig. 1).The 

number of cells in the islet on the section is different and this allowed them to be 

divided into three groups according to the number of islet cells in their structure: 

small- 12,3± 1,4; medium - 75,2± 2,5; large - 110,3 ± 3,1 (Table. 2). It should be 

pointed out that islets of medium size are found much more often, their number is 

more than 50%. B cells mainly occupy the central part of the islet. On semi-fine 

sections it can be seen that the cytoplasm of B cells is more basophilic than in α-islet 

cells, most of which are located along the periphery of the islet (Fig. 2). Electron-

diffraction patterns show that B cells have a shape close to prismatic, and numerous 

granules are contained in their cytoplasm. Theirnumberoveranareaof 10 

μm2amountsto-44 ± 2,3, along with this the number of granules with an average 

density predominates– 24,6 ± 2,07. The area of secretory material in 1 granule is 

39400 ±  223nm2.  The granules have dense contained “core”, a wide bright bezel 

and a membrane.The contents of the granules are located somewhat eccentrically, 

has a different density. In a number of cells, the content of the granules released 

into the intercellular space is observed. Numerous tubules of the endoplasmic 

reticulum are revealed in the cytoplasm.The nucleus of the cell is rounded, intensely 

colored, located eccentrically, chromatin is mainly located near the nuclear 

membrane and in a smaller amount in the center (Fig. 3). 

Capillaries between cells have a fairly wide periendothelial space, numerous 

fenestra appear in the endothelium. 

α-cells are oval in shape, their nuclei rather large, round in shape, lighter than 

in B cells, the nucleolus is compact.The cytoplasm is colored lighter than in B-islet 

cell, contains numerous granules located in groups and near the plasma membrane. 
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Fig. 1.Pancreas of an intact 
rat 

A large islet contains 
numerous large cells. 
Connective tissue capsule is 
thin (↑). 

Staining: hematoxylin and 
eosin. 

Magnification: 400X. 

 

 

 

 

Fig.2.   Pancreas of an intact rat 

Bcells (Вc) are localized mainly in the center of the islet, their cytoplasm is basophilic.α-cells (αc) have 
alighter cytoplasm and a round shape. 

Semi-fine section. 

Staining: methylene blue. 

Magnification: 1000X. 

 

 

 

 

 

 

 

 

 

 

Bc 

αc 
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                                                                                                                               Fig.3. Pancreas of an intact rat 

In the cytoplasm of B cells, the 
number of granules is different, 
they are located in foci. There are 
signs of cytoplasmic vacuolization, 
secretion of granules into the 
intercellular space (↑).  

Staining: uranyl acetate, lead 
citrate.Magnification: 4000X. 

 

 

 

 

 

Fig.4. Pancreas of an intact rat 

α-cells (α). The nuclei are located eccentrically, the granules are mostly near the cell membrane. The 
borders  are clear. Nearby there is the B-cell (↑) with a large number of granules.Staining: uranyl acetate, 

lead citrate. 

Magnification: 
4000X. 

 

 

 

 

 

 

a 
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Almost all of them have an equally high electron density (Fig. 4). In all structures of 

the islet, a low intensity of staining on glycosaminoglycans is revealed. The reaction 

level to PAS-positive substances is the highest in the capsule and in the wall of the 

capillaries of the islets (Table 4). 

SUMMARY. Thus, the structure of pancreatic islets of intact rats studied by us 

practically does not differ from the structure plan described in the literature 

[Ogneva, V. V., 1972; Puzyrev, А. А., 1974; Gordienko, V. М., 1978;Utekhin, V. I, 

1979; Kolesnik, Y. М., 2004;Barabanov, V.М., 2014;Govendir, M., 1999; 

DominguezBendala, J., 2009]. The largest number is islets of medium size. As a 

component of the islets, B islet cells predominate, generally containing granules 

with an average electron density (55.8%). It should be noted that in most granules, 

the area occupied by the secretory material is approximately equal. 

 

Morphofunctional characteristics of pancreatic islets in rats during the 
experiment 

 
With hyperglycemia for 8 weeks 

The study of the pancreas testified that in experimental hyperglycemia there is 

an increase of 30.5% in the number of mostly small islets and the preservation of a 

considerable number of medium-sized islets.In the latter, the number of cells is 

accurately reduced to 50.2 ± 5.6, in intact– 75,2 ± 2,5 (Table 3). During aldehyde 

fuchsin staining, a decrease in the number of B cells in the islets is discovered (Fig.5). 

The greatest changes were observed in large islets (Fig. 6), in which the islet cells are 

mostly arranged by groups, and focal accumulations of small cells with a light 

cytoplasm and large rounded nucleiare identified around the capsule.In most islet 

cells the enlightened cytoplasm, its vacuolization and dystrophic changes in the 

nuclei are observed. Usually the nuclei make an irregular shape, are hypertrophied, 

have clear, but irregular boundaries; they are intensely colored, with a considerable 

number of heterochromatin granules.The area of the nuclei varies, in 22.4% of B-
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islet cells it ranges from 12.6 ± 2.7 μm2 to 23.2 ± 4.5 μm2 (in intact ones this index is 

15.2 ± 3.7 μm2). The study of B cells made it possible to distinguish significant 

variations in the distribution of granules and the intensity of their staining (Fig. 7). 

Small islets are generally located near the excretory ducts (Fig.8). In some cells, 

dystrophic changes are observed in the islet architecture: cytoplasm vacuolization, 

chromatin condensation in the nucleus, or its leaching (Fig. 9, 10). An electron 

microscopic study showed that in these cases the architecture of B cells is 

characterized by significant structural changes. 

In some elements, which were marked as cells of the first type, the number of 

granules is sharply reduced (Fig. 10,11) and there is an increase in the width of the 

electron-transparent gap between the membrane and the secretory material (the 

“core”), whose electron density varies, but primarily has a high osmiophilicity 

(73.1%).In these cells, the total number of granules can decrease to 14.5 ± 1.8, 

whereas in intact cells this value is -44 ± 2.3 (Table 4). The area of the secretory 

material in the granules significantly decreases to 25,800 ± 337 nm2 (in intact - 

39400 ± 475 nm2). 

In other cells, the secretion of granules has the usual osmiophilicity; they are 

arranged by groups, merging into conglomerates near the cell membrane (Fig. 11). 

In the third ones, the granules are filled with osmiophilic contents, the electron 

density and the volume of them are different. In a number of instances, granules do 

not have secretory material and they appear optically empty. 

The B-islet cells, which we classified as the second type, are 62.3% in the large 

islets, 46.4% in the medium ones;they retain the usual plan of the structure and 

contain 46.6 ± 3.8 granules in an area of 10 μm2, and the area of the secretory 

material in the granules is 37000 ± 475 nm2. In some B cells, the number of vacuoles 

increases, the intercellular spaces expand considerably; degeneration and swelling 

of mitochondria are observed (Fig. 12).α-cells are localized mainly in large and 

medium islets, are arranged by groups and contain a large number of intensely 
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stained granules (Fig. 13).Between the acinar cells there are single large D-islet cells, 

irregularly shaped, with a light cytoplasm, containing numerous granules (Fig. 14), as 

well as B--islet cells and acinar-insular elements (Fig. 15).The layers of connective 

tissue inside the islet are usually thickened; they have a fairly high PAS-positive 

activity (Fig. 16).A large number of PAS-positive granules is detected in the wall of 

blood vessels and in a capsule.The content of glycosaminoglycans slightly increases 

in the layers of connective tissue and in the wall of blood vessels (Fig. 17). In large 

islets, the reaction to glycosaminoglycans in capillaries is focal (Fig. 18). Electron 

diffraction pattern show that in the connective tissue of the islet and in its capsule, a 

focal increase in collagen fibers is observed, some of which are homogenized and 

decayed, and there are significant areas of mucoid swelling.Blood vessels are usually 

dilated and in the layers of connective tissue there are numerous mast cells 

containing a large number of granules (Fig. 19). Clump of erythrocytes in the form of 

columns or conglomerates are revealed in the lumen of the vessels (Fig. 20). In most 

blood vessels, especially arteries, perivascular edema and hyperelastosis are 

revealed (Fig. 15).In the capillaries of the islet there is a focal extension of the 

pericapillary spaces, endothelial cells are enlarged in size, especially in the nucleated 

part. 

SUMMARY. Hyperglycemia for 8 weeks leads to an increase in the number of 

mostly small islets. The number of cells in the islets decreases and some of them 

undergo a dystrophic change.Morphological and morphometric data made it 

possible to identify the appearance of two types of B-islet cells. The number of 

granules in B cells decreases, most of them show a high density of osmiophilic 

contents.In the connective tissue, the intensity of the reaction to PAS-positive 

substances increases, mucoid swelling zones appear, and the number of collagen 

fibers increases focally.Changes in the wall of blood vessels are revealed, especially 

in capillaries, specifically, perivascular edema; also there is an expansion of the 

nearendothelial space and stasis of the formed elements in them. 
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Table 2 

NUMBER OF CELLS AS PART OF DIFFERENT ISLETS  OF PANCREAS OF INTACT AND EXPERIMENTAL 
ANIMALS 

 

Object 
 

Groups of animals 

Size of islets 

Large Medium Small 

Intact 110,3 ± 3,1 75,2 ± 2,5 12,3 ± 1,4 

Hyperglycemia for 8 weeks 95,1 ± 4,8 50,2 ± 5,6* 7,8 ± 2,1 

Hyperglycemia for 16 
weeks 85,4 ± 5,1* 35,2 ± 4,9* 7,4 ± 2,6 

 
* р< 0,05 in comparison with intact animals 

 

Table 3 

MORPHOMETRIC CHARACTERISTICS OF B  CELLS OF PANCREATIC ISLETS IN INTACT AND EXPERIMENTAL 
ANIMALS (on an area of 10 μm2). 

 

Indices 
 
 
 
Groups of animals 

Total number 
of granules 

Granules with high 
density 

Granules with an 
average density 

Area of 
secretory 
material of 
one granule in 
nm2 

Quantity in % Quantity in % 

Intact 44 ± 2,3 19,5 ± 1,05 44,2 24,6 ± 2,07 55,8 39400 ± 223 
Hyperglycemia for  8 
weeks 
 -1st type of cells 
 -2ndtype of cells 

 
 
14,5 ± 1,8*  
46,6 ± 3,8 

 
 
10,6 ± 1,7* 
34,6 ± 2,7* 

 
 

73,1 
74,2 

 
 

3,8 ± 0,8* 
12,1 ± 0,8* 

 
 

26,7 
25,9 

 
 
25800 ± 337* 
37000 ± 475 

Hyperglycemia for16 
weeks 34,6 ± 2,7* 21,8 ± 1,87 63,0 12,8 ± 1,5* 37,0 36600 ± 517 

16450 ± 306* 
 
* р< 0,05 in comparison with intact animals 
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Fig.5. Rat pancreas at 8 weeks of 
hyperglycemia. 

The number of B cells and their distribution 
in the islets (↑) vary. 

Staining: aldehyde-fuchsin by Gabe. 

Magnification: 300X. 

 

 

 

Fig.6. Islet of pancreas of rat. Hyperglycemia 
for 8 weeks. 

The distribution of cells in the islet is focal (
↑). In most islet cells, the cytoplasm is 
enlightened and the dystrophic changes in 
the nuclei are observed. 

Staining:  hematoxylin and eosin. 

Magnification: 1000X. 

 

 

 

Fig. 7.Large pancreatic islet of rat at 8 weeks 
of hyperglycemia. 

The localization of B cells (↑), the 
distribution of granules and the intensity of 
staining in them varies. In the cytoplasm of 
some B-islet cells, a large number of basophil 
granules are detected. The space (SP ) 
between B cells is significant. 

Staining: aldehyde-fuchsin by 
Gabe.Magnification: 1000X. 

 

 

SP 
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ED 

Bc 

 

Fig.8. Rat pancreas at 8 weeks of 
hyperglycemia. 

Around the excretory ducts (ED), small cells 
with intensely stained nuclei (↑) are 
revealed. 

Staining:  hematoxylin and eosin. 

Magnification: 400X. 

 

 

 

 

Fig.9. Rat pancreas at 8 weeks of 
hyperglycemia. 

In some small islet cells, signs of dystrophic 
changes in the nucleus and cytoplasm are 
revealed (↑).  

Staining:  hematoxylin and eosin. 

Magnification: 1000X. 

 

 

 

Fig.10. Rat 
pancreas at 8 
weeks of 
hyperglycemia. 

B-islet cells (Bc) are detected with a small 
number of diffusely arranged granules. In 
cells, the number of vacuoles increases 
(↑). Focal enlargement of intercellular 
spaces. 

Staining: uranyl acetate, lead citrate. 

Magnification: 4000X. 
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Fig.11. Rat pancreas at 8 weeks of 
hyperglycemia. 

Granules in B cells are of various sizes, 
partially empty, are assembled into 
chains, located near its coat. In this 
cell (Bc) there are signs of dystrophy, 
many vacuoles, granules are singular. 
Focal enlargement of intercellular 
spaces (↑). 

Staining: uranyl acetate, lead citrate. 

Magnification: 4000X. 

 
 
 
Fig.12. Rat pancreas at 8 weeks of 
hyperglycemia. 

B cells (Bc) with a moderate quantity 
of granules that are localized near 
the cell membrane. In the cytoplasm 
of this cell (Cl) granules are singular, 
there are many vacuoles. 
Degeneration and swelling of 
mitochondria. The presence of 
lysosome-like structures (Ls). 
Staining: uranyl acetate, lead 
citrate.Magnification: 4000X. 

 
 

Fig.13. Rat pancreas at 8 weeks of 
hyperglycemia 
α-cells (αc) contain numerous, 
intensely stained granules, 
concentrated mainly around the 
cytolemma. In the capsule there is a 
focal increase in the number of 
collagen fibers (↑), as well as the 
growth of mucoid swelling areas. 
 
Staining: uranyl acetate, lead citrate. 
Magnification: 4000X. 

Bc 

Bc 

Cl 

Ls 

 αc 
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Fig.14. Rat pancreas at 8 weeks of 
hyperglycemia 

Between the acinar cells there is 
Dcell (↑), irregularly shaped with a 
large number of granules arranged in 
groups near the cell wall. 

Staining: uranyl acetate, lead 
citrate.Magnification: 5000X. 

 

 

 

Fig.15. Rat pancreas at 8 weeks of 
hyperglycemia  

Hyperelastosis and perivascular 
edema of the artery are identified 
(↑). Between the acini, single B-islet 
cells  and acinar-insular cells appear 
(Ai) 

Semifine section 

Staining: methylene blue. 

Magnification: 1000X. 

 

Fig.16. A large islet of the 
pancreas.Hyperglycemia for 8 
weeks. 

In the interlayers of the 
connective tissue of the islet 
and the wall of the 
hemocapillaries, a high intensity 
of the PAS-reaction is identified 
(↑).  Staining: PAS-reaction of 
McManus 

Magnification: 1000X. 

 

Ai 
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Fig.17. Rat pancreas at 8 weeks of 
hyperglycemia  

Near the excretory duct (↑), the 
number of islet cells increases. The 
reaction to glycosaminoglycans in 
the capsule and in the connective 
tissue layers of the islet is 
moderately expressed. Alongthe 
vessels there isa large number of 
mast cells. 

Staining:  alcyan blue after Stidman. 

Magnification: 400X. 

 

Fig. 18.A large islet of the pancreas of a 
rat at 8 weeks of hyperglycemia. 

The blood vessels of the islet are 
significantly expanded, in their wall a 
focal enhancement of the reaction of 
GAGsis identified (↑). 

Staining:  alcyan blue after Stidman. 

Magnification: 400X. 

 

 

 

 

 

Fig. 19.Rat pancreas at 8 weeks of 
hyperglycemia 

Greatly enlarged blood vessels around which 
there are numerous mast cells (Mc). 

Staining:  aldehyde-fuchsin after Gabe. 

Magnification: 400X. 
 

Mc 
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Fig.20. Rat pancreas at 8 weeks of 
hyperglycemia. 

In the capillary there is an aggregation 
of erythrocytes (ER). Perecapillary space 
is focally extended. B cells contain a 
moderate quantity of granules arranged 
by groups. 

Staining: uranyl acetate, lead 
citrate.Magnification: 4000X. 

 

 

 

With hyperglycemia for 16 weeks 

Under conditions of experimental hyperglycemia, a significant number of 

islets is revealed in the pancreas. In the setting of maintaining the size of the 

islets, there is a statistically significant decrease in the number of cells: in large 

ones, up to 85.4 ± 5.1; in the middle  - to 35.2 ± 4.9; in small -  to 7.4 ± 2.6 

(Table2). This picture in the majority cases is associated with an increase in the 

size and number of hemocapillaries in the islet. Islet cells of the islet are arranged 

by groups (Fig. 21).  In large islets in the subcapsular zone there are 

accumulations of small cells. In most islet cells, dystrophically altered nuclei and 

vacuolated cytoplasmare revealed (Fig. 22). When the B cells are stained with 

aldehyde-fuchsin, it can be seen that most cells contain a small number of 

granules (Fig. 23). In small islets, there is a similar tendency, the blood capillaries 

are enlarged, there is an aggregation of red blood cells, and some of the islet cells 

are dystrophically altered (Fig. 24). The size and shape of B cells are different, the 

number of specific granules in them decreases to 34.6 ± 2.7 on an area of 10 

μm2, while in intact cells, this index is44 ± 2,3 (Table3). At the same time, the 

number of average density granules is statistically-valid reducedto 12.8 ± 1.5 on 

ER 



46 
 

an area of 10 μm2.In some cells the granules are located near the membrane, 

there are signs of secretion.The area of the secretory material in the granule 

varies considerably from 16450 ± 306 nm2 to 36600 ± 517 nm2 (in intact - 39400 ± 

123 nm2).Most granules have a small size and quite a considerable electronic 

density. In the cytoplasm of Bcells, vacuoles of various sizes are revealed; the 

intercellular spaces are focally widened. In a number of instances, two types of B 

cells are clearly differentiated. Some have a light cytoplasm with a large number 

of vacuoles, dystrophically altered, with vacuolated mitochondria and singular 

granules.In othersthe cytoplasm is darker; specific granules are located either 

diffusely, or have focal localization. In these cells, granules are of a larger size 

(Fig. 25).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.21. Pancreas of the rat at 16 weeks of hyperglycemia. 

As part of the islet, cells are unevenly distributed; some of them have dystrophically altered nuclei and 
vacuolated cytoplasm.Blood capillaries (BC) are focal-enlarged. In the subcapsular zone of the islet there 
are areas consisting of small cells (↑). 

Staining: hematoxylin and eosin.Magnification: 1000X. 

BC 
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A       B 

Fig.22. Pancreas of the rat at 16 weeks of hyperglycemia. 

In a large islet, some cells have a vacuolated cytoplasm and obscure boundaries. The lumen of the 
capillaries varies and in some of them the abnormal red blood cells (↑) are detected.  
Semi-fine section. 
Staining: toluidine blue.Magnification: A– 600X; B– 1000X. 
 

 

 

 

 

 

 

 

 

 

Fig.23. Pancreas of the rat at 16 weeks of hyperglycemia. 

As part of a large islet (↑), there is a moderate quantity of B cells focally located, with a small number of 
granules, the distribution of which in the cytoplasm varies.Staining:aldehyde-fuchsin by 
Gabe.Magnification: 1000X. 
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Fig.24. Pancreas of the rat at 16 
weeks of hyperglycemia. 

Cells in the small islet are focally 
located, between them there 
are well developed interlayers 
of connective tissue (↑) with 
signs of mucoid swelling. The 
structure of the cells is 
dystrophically altered. 

Semi-fine section.Staining: 
toluidine blue. Magnification: 
1000X. 
 
 

Fig.25. Pancreas of the rat at 
16 weeks of hyperglycemia. 
 
Light and dark B cells. Light 
islet cell (Lc) contains many 
vacuoles, dystrophically 
altered and vacuolized 
mitochondria, few granules.In 
dark islet cells (Dc), granules 
have focal localization and 
singular vacuoles. 
Staining: uranyl acetate, lead 
citrate. 
Magnification: 4000X. 

 

 

The nuclei of B cells are generally hypertrophied, round in shape, and have 

abrupt but clear boundaries. Inα-cells, thenumberofgranulesvaries.In some cases, 

they are located mainly near the cell membrane, in others they are diffusely 

scattered along the cytoplasm (Fig. 26). Between the acini, large cells with a light 

vacuolated cytoplasm are identified, located singly or in small groups. Acinar-insular 

cells appear in the structure of the acini.Between the acini, large D cells are 

generally located alone, several of them are binucleated, contain singular granules. 

A part of the large and medium islets have a well-defined capsule and developed 

connective tissue interlayers that extend toward the interior (Fig. 27). In their 

Lc 

Dc 
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structure, numerous bundles of collagen fibers located in groups are identified (Fig. 

26). The lumen of the blood capillaries is usually constricted due to endothelial cell 

hypertrophy.In their lumen, erythrocytes of various forms are detected. The 

periendothelial space is diffusely expanded. In the interlayers of the connective 

tissue of the pancreas, most blood vessels are enlarged in size and filled with a large 

number of formed elements (Fig. 28).Erythrocytes are usually adhered together in 

conglomerates. In arterial vessels, hyperelastosis, swelling of endothelial cells, 

increased thickness of the muscular membrane, perivascular edema and intensive 

PAS-positive reaction, especially in the intima are identified (Fig. 29, 30).In all islets, 

a significant number of PAS-positive granules in the capsule and in the wall of the 

blood capillaries are revealed (Fig. 30). The intensity of the reaction to 

glycosaminoglycans along the blood capillaries of the islet is moderately 

strengthened and has a focal nature(Fig.31). 

Summary.Thus, prolonged hyperglycemia is accompanied by a decrease in the 

number of cells in all islets, dystrophic changes in B-islet cells, a decrease in the 

number of mature granules in their cytoplasm. 

 

 

Fig.26. Pancreas at 16 weeks of 

hyperglycemia  
In the interlayer of connective tissue, the 
amount of collagen fibers is increased. 
Perecapillary space is widened. α cell (αc) 
contains a moderate amount of granules 
diffusely located in the cytoplasm. 

Staining: uranyl acetate, lead 
citrate.Magnification: 4000X. 

 

 

 

αc 
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Fig.27. Pancreas of the rat at 16 
weeks of hyperglycemia. 
The large islet has a well-defined 
connective tissue capsule from 
which numerous interlayers (↑) 
come off. The lumen of the blood 
vessels in the islet varies. 
 
Semi-fine section. 
Staining: methylene blue. 
Magnification: 400X. 
 

 

Fig.28. Pancreas of the rat at 16 
weeks of hyperglycemia. 
 
In the interlayers of the connective 
tissue, the blood vessels are 
expanded and filled with a large 
number of formed elements in the 
form of aggregations(↑).   

Semi-fine section. 
Staining: methylene blue. 
Magnification: 400X. 
 
 

 
Fig.29. Pancreas of the rat at 16 
weeks of hyperglycemia. 
In all layers of arteries and in 

interlayers of connective tissue, a 

high response to PAS-positive 

substances is revealed. A 

particularly large number of 

granules is localized in the intima 

(↑), and partially in the middle 

layer.Staining: PAS-reaction of 

McManusMagnification: 400X. 
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Fig.30. Pancreas of the rat at 16 
weeks of hyperglycemia. 
An islet is of medium size with a 
well-defined capsule, in which an 
intense reaction to PAS-positive 
substances is detected (↑). 

There is a diffuse increase in 

neutral polysaccharides in the walls 

of blood vessels (Bv). 

Staining: PAS-reaction of 

McManusMagnification: 400X. 

 

 
Fig.31. Pancreas of the rat at 16 
weeks of hyperglycemia. 
 

In some parts of the islet, the cells 
are unevenly distributed, the 
lumen of the capillaries is sharply 
widened in a focal point. The 
reaction to glycosaminoglycans 
along the blood vessels has focal 
localization (↑).  

Staining:  alcyan blue after 
Stidman. 

Magnification: 1000X. 

Two types of B cells with different structures appear. Numerous granules are 

found in αcells. In D-islet cells, granules are singular. Acinar-insular cells appear.The 

lumen of the capillary capillaries of the islet is focally constricted; the engorgement 

of the formed elements, endothelial cell hypertrophy, plasmorrhagic basement 

membrane lesions, pericapillary edema are revealed.In the interlayer of connective 

tissue, the amount of collagen fibers increases. In the wall of the arteries, the 

thickness of the muscular membrane increases and dystrophic changes in the 

smooth muscle cells are detected.The intensity of the reaction to PAS-positive 

Bv 
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substances in the wall of blood vessels increases, and this is especially expressed in 

the vessels of the microcirculatory bloodstream. 

The study of the effect of hyperglycemia on the pancreatic islets through the 

administration of glucose seems to be the most reasonable, since it creates the 

targeted functional load on insulin-producing B-endocrine cells. 

In our study, hyperglycemia during 8 weeks is accompanied by a decrease in 

the number of B cells in all islets. But at the same time, there are quite numerous 

small islets, in which there are mainly B cells that have an intense staining of the 

cytoplasm.The number of B cells in the islet normally in the postembryonic period 

depends on the balance of their neoplasm and apoptosis, which is primarily defined 

by the level of glycemia. The new formation of B cells is mainly due to the activation 

of the division of already differentiated B-islet cells [Gordienko, V. М., 1978; 

Vesnina, I. А., 2001; Adler, A. I., 2000;Lipsett, M., 2002;Rooman, I., 2002; Chong, 

A.S., 2006;Veld, P., 2015]. Hyperglycemia has a mitogenic effect on Bcells in diabetes 

mellitus, thence they lose the ability to proliferate at a rate commensurate with the 

rate of their decrease.And as a corollary to this, a new formation of B-islet cells 

occurs by differentiating the cells of the ducts of the pancreas [Demidova, I. Y., 

2000;Goldberg, Е. D., 2006;Wu, X., 2009].  

During the experiment, in most islet cells dystrophic changes in the cytoplasm 

are observed. There is a significant variability in the structure of B cells, and along 

with this the most pronounced changes are noted in the granules.In most cases, the 

number of granules in B cells decreases sharply; the electron density of the 

secretory material increases and the area occupied by it increases. It has been 

established that under the preparation for secretion, the granules lose their electron 

density, the process of granulolysis starts, which is accompanied by the release of 

the contents of the granules into the cytoplasm and then into the pericapillary 

space. Taking into consideration all above, there is reason to believe that the 

capacity of these B cells has decreased. In some cases, the secretory material in the 
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granules is practically absent. The appearance of small islets containing a large 

number of granules with high osmiophilia of the secretory material seems to 

indicate the activation of granulopoiesis in the islet cells. It is likely that in this case 

there may be periodic increases in insulin levels, which probably leads to 

hyperinsulinemia [Gordienko, V. М., 1978; Puzyrev, А. А., 2006; Galstyan, G. R., 

2008].α-cells in this period are quite numerous and contain a large number of 

secretory granules, promoting suggestionsabout their secretion of glucagon. It is 

necessary to take into account the fact that glucagon has a stimulating effect on the 

state of secretion of Bcells. 

In large and medium-sized islets, the interlayers of connective tissue increase, 

in which the number of PAS-positive granules increases, and zones of mucoid 

swelling are observed.Blood vessels and especially capillaries in the islets are 

dilated, large erythrocytes accumulations are often detectedin them. There is 

pronounced perivascular and pericapillary edema.All these signs indicate the 

damage of both large vessels and vessels of the microcirculatory 

bloodstream.Neutral polysaccharides mainly come from the blood channels, so an 

increase in the PAS-positive substances in the wall of the blood vessel is at faster 

rate under the conditions of hyperglycemia.And as a result, transport of interstitial 

fluid through the vascular wall slows down, metabolic processes are disrupted, 

perivascular and pericapillary edema occur [Genyk, S. N., 1989; Bobyreva, L. Е., 

1996; Saltykov, B. B., 2000;Jialal, I., 1989]. The constant presence of an increased 

amount of glucosein the blood, its “peak” rises lead to the growth of significant 

structural damage to blood vessels. 

With an extension of the experiment to 16 weeks, the number of cells in the 

islets is significantly reduced. It is considered that the adult has a slow renewal of 

populations of islet cells, and in diabetes mellitus B cell deficiencyappears.It is 

proved that in diabetes mellitus the death of B cells occurs by means of apoptosis. It 
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has been established that B cells divide and developslowly; their specific feature is a 

very long pre-replication, refractory period [30, Wu, X., 2009;Veld, P., 2015].  

More often, dystrophic changes are detected in the cytoplasm and nuclei of B 

cells. In the latter, the number of specific granules can even increase, most of which 

have a small size and high electron density of the “core”.Chronic hyperglycemia 

significantly reduces the ability of the remaining B cells to respond to insulin 

secretion to acute stimulation of glucose, resulting in the accumulation of secretory 

granules in the cytoplasm of islet cells.Structural changes in α-cells are observed; 

quite often their granules are localized near the cell membrane, which indicates 

their secretory activity.The increase in the hormone level in α-cells depends on the 

severity of the process and is determined, apparently, by the degree of decrease in 

insulin the secretion, because it is known that glucagon is not only the most 

powerful glycemic factor, but it also has a stimulating effect on B cells, which is one 

of the compensatory mechanisms during hyperglycemia.Numerous insular-acinar 

cells with signs of functional activity appear, probably this is the result of 

compensation with a decrease in tumor formation of islet cells, or a way of doubling 

structures to ensure a diminished function of the organ[Gordienko, V. М., 1978; 

Kolesnik, Y. М., 1996;Kolesnik, Y. М., 2004]. In the connective tissue of the islets, the 

number of collagen fibers increases, the response to glycosaminoglycans (GAGs) 

increases, the number of PAS-positive substances increases (Table 6). 

It has been established that prolonged hyperglycemia is accompanied by the 

development of metabolic disorders, in particular, the nonenzymatic glycosylation 

of proteins, and, in the first place, the blood proteins, in particular, hemoglobin, is 

enhanced. And this, eventually, leads to a deterioration in the oxygen-transport 

function of the blood and the development of  tissue hypoxia, especially those that 

provide trophic support [Genyk, S. N., 1989; Bregovskiy, V. G., 2001;Shestakova, E.А. 

2012;Estacio, R. O., 2000]. There are data indicating that in diabetes mellitus the 

relationship between the processes of anabolism and catabolism of GAG in the 
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basement membranes of blood vessels is broken.It hasbeen established  that free 

radical oxidation products, and their quantity increases with hyperglycemia, cause 

disorganization of connective tissue, in particular, these products affect GAG, the 

decay of which can lead to degeneration of the extracellular matrix and increase its 

permeability. According to several authors, the increase in sclerotic processes in 

diabetes mellitus is a consequence of the imbalance between the formation and 

destruction of collagen fibers in the setting of changes in carbohydrate metabolism 

[Geller, L. I., 1975; Baranov, V. G., 1983; Dedov, I. I., 2006;Lipatov, D.V., 2012]. With 

prolonged hyperglycemia, narrowing of the blood capillaries is observed, due to a 

diffuse increase in the subendothelial spaces.Most blood vessels are dilated, filled 

with a large number of formed elements, agglutinated together in conglomerates.In 

the arterial vessels there is a thickening of the muscular membrane, perivascular 

edema and an increase in the level of reaction to PAS-positive substances.The high 

concentration of glucose has a multidirectional effect on the biosynthesis and 

metabolism of proteins and GAG of the basement membranes of the vessels, as well 

as the intercellular matrix, which eventually leads to an increase in permeability and 

the development of angiopathies, in the morphological appearance of which there 

are several important points.Firstly, there is a thickening of the basement 

membrane, the significance of which for the vessels of the microcirculatory 

bloodstream is great, since it provides the structural stability of the vascular wall, as 

well as the endothelial cells adhesion to its regenerating layers, which is necessary 

to restore the inner layer of blood vessels after their damage.It is the increase of 

glucose concentration that leads to an increase in the biosynthesis of such 

components of the basement membrane of endothelial cells, as fibronectin, 

collagen IV and laminin, which apparantly causes its thickening [Saltykov, B. B., 

1984; Efimov, А. S., 1989;Saltykov, B. B., 2000; Bregovskiy, V. G., 2001;Podgrebelniy, 

А. N., 2005]. Quite often, along with the thickening of the basement membrane, its 

segregation into layers is observed, between which collagen fibers are defined. 
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Secondly, there is an increase in vascular permeability, caused by dysfunction of 

endothelial cells and the extracellular matrix.And since the cells of the vascular 

endothelium are insulin-independent by the consumer of glucose, in hyperglycemia, 

the intracellular content of this monosaccharide also sharply increases, so the 

endothelial cells become the predominant targets of glucotoxicity [Geller, L. I., 

1975;Lysenko, L. V., 1990;Saltykov, B. B., 2000; Balabolkin, М. I., 2004;Gordiunina, 

S.V. 2012].  

The nature of morphological changes with sustained hyperglycemia in the 

setting of developing compensatory-adaptive reactions is indicative of the 

progression of pathological processes in the cells and blood vessels of the islets of 

the pancreas.Thus, the biological essence of compensatory-adaptive reactions in 

some cases may be appropriate and lead to positive results, in others it may turn this 

process into a retroaction of the body leading to the development of damages. 

 

Dihydroquercetin and its rolein the treatmentof  complications of hyperglycemia 
and diabetes mellitus 

The purpose of DM therapy is to achieve the maximum lowering of 

hyperglycemia to the level observed in a practically healthy person, which should be 

accompanied by a decrease in the frequency of vascular complications of 

diabetes.Traditional treatment of hypoglycemia does not interfere with the 

development of diabetic microangiopathy and only slightly slows it down with solid 

compensation for metabolic disorders.Even with the use of vasoprotectives and 

with sufficient stabilization of metabolic shifts the progression of diabetic 

microangiopathyis marked [Gorbenko, N. I., 1999; Demidova, I. Y., 

2000;Nedosugova, L. V., 2004; Smolyanskiy, B. L., 2004; Ametov, А. S., 

2005;Dmitriev, L. F., 2005;Zhestovskiy, S. S., 2007;Balabolkin, М. I., 

2008;Gavrovskaya, L. К., 2008;Nedosugova, L. V., 2008;Shestakova, Е.А. 

2012;Estacio, R. O., 2000;Calafiore, R., 2004;Faerch, K., 2009;Fonseca, V., 2011; 

Phung, O.J., 2014]. 
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Consequently, the drugs affecting mainly hemocoagulation, do not provide 

sufficient prevention of the damage of microcirculatory bloodstream, which requires 

further development of drugs that “strengthen” the vascular wall. 

Bioflavonoids are natural protectors against “oxidative stress” caused by an 

increase in the amount of free radicals in the body. 

Recent years are characterized by a growing interest of researchers to 

oxidative stress, as one of the key mechanisms for the development of diabetic 

microangiopathies[Balabolkin, М. I., 2003; Lukyanova, L. D., 2007; Volchegorskiy, I. 

А., 2008;Androsova, О.G. 2014; Mazo, V.К., 2014;Orci, L., 1974; Rice-Evans, СA., 

1995; Blostein-Fujii, A., 1999;Fushiya, S., 1999;Liang, Y. C., 1999;Wang, J.Y., 2014]. 

This is not surprising, since high-reactive products of oxidative lipid degradation and 

free oxygen radicals formed as a result of self-oxidation of glucose have a damaging 

effect on the vascular endothelium and are involved in the formation of insulin 

resistance, the main pathogenetic part of type 2 diabetes mellitus.The 

determination of angiotropism of lipid peroxides led to progress in the field of 

antioxidant therapy of diabetes mellitus.In particular, it was testified that with the 

help of antioxidants it is possible to achieve a pronounced clinical effect in patients 

with diabetes mellitus. Not all antioxidants retard the development of micro- and 

macroangiopathies to the same extent. 

At the present time, the greatest hopes are connected not with synthetic, but 

natural antioxidants [Nifantiev,E. Е. and others., 2002;Uminskiy, А. А., 2007; 

Volchegorskiy, I. А., 2008;Rogovskiy, V.S., 2013; Mazo, V.К., 2014;Nijveldt, R. J., 

2001]. Among the natural antioxidants from plant material, bioflavonoids are of 

special interest, which not only “catch” free oxygen radicals, its so-called “active 

forms”, but also have a positive effecton the vascular wall and hemostatic system. 

A greatscope of work on the search for new antioxidant drugs is represented 

by combinations with flavonoid nature from plant material, among which 

dihydroquercetin (DHQ) takes not the last place.It is a lipophilic substance with very 
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valuable qualities: firstly, DHQ exhibits high antioxidant activity, it is resistant to 

auto-oxidation and has low toxicity. Secondly, Siberian and Dahurian larch can serve 

as a rich raw material for industrial production of DHQ.Dihydroquercetin is 

manufactured by Ametis companyaccording to Technical Requirements 2455-003-

4875962-04, has a state registration of medicines of the Russian Federation. 

Dihydroquercetin is the main flavonoid compound of Siberian and Dahurian 

larch, its content is up to 3.5% of dry weight.Flavonoids reduce the aggregation of 

formed elements, decreasing the negative charge of blood vessel walls; they prevent 

thrombosis, and also reduce vascular permeability, which explains their 

antiedematous, anti-inflammatory and antiallergic action[NifantievE. Е. andothers, 

2002; Teselkin, Y. О., 1996; Uminskiy, А. А., 2007; Zhanataev, А. К., 

2008;Chernikova,N.А., 2010; NifantievE. Е., 2012]. 

As a result of the experimental preclinical study of DHQ, it was shown that the 

medication has antioxidant characteristics, capillaroprotective and antiedematous 

activity, which exceeds the activity of quercetin. In its chemical analysis DHQ is an 

exceptionally active antioxidant [Teselkin, Y. О., 1996; Volchegorskiy, I. А., 

2008;Mazo, V.К., 2014; Wang, J.Y., 2014], i.e. a substance that connects free radicals 

and deprives them of harmful activity. At the same time the level of antioxidant 

activity makes it possible to place it on the first positions among substances of a 

similar spectrum of action. The antioxidant effect of DHQ is associated with their 

ability to accept free radicals and/or chelate metal ions that catalyze oxidation 

processes.It is expected that the mechanism of the antioxidant effect of 

dihydroquercetin consists of intercepting lipid radicals.A number of studies have 

shown that increasing the resistance of body tissues to the damaging effect of high 

blood sugar, caused by DHQ, makes it possible to reduce the likelihood of diabetes 

and to ease the course of developing complications [Uminskiy, А. А., 2007]. 
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With hyperglycemia in the setting of dihydroquercetin administration during 8 
weeks 

The administration of dihydroquercetin in the setting of hyperglycemia leads 

to an increase in the number and size of mostly large and to a lesser degree medium 

islets, many of which are located near the excretory ducts of the gland (Fig. 32, 33). 

The number of cells in the islets increases significantly: in large islets up to 150.3 ± 

5.4; in small ones up to 15,3 ± 1,8, in intact rats their amount is correspondingly 95,1 

± 4,8 and 7,8 ± 2,1 (Table 4). The majority of islet cells have a typical structure, the 

capsule of the islets is thin, and numerous small cells are diffusely located in the 

subcapsular zone (Fig. 34).The use of aldehyde-fuchsin for the evaluation of B cells 

has revealed that they are predominant in the islet structure, have an intensive 

staining in most cases (Fig. 35). Most of the B-islet cells in their cytoplasm contain 

numerous granules, the number of which is 48.1 ± 2.3 on an area of 10 μm2 (Table 

5). Along with this the number of granules having an average density of secretory 

material is 29.8 ± 3.07, which is almost 40% more than in hyperglycemia, without 

the administration of dihydroquercetin.Granules are generally located diffusely, but 

the largest accumulations are discovered near the cell membrane, in places where 

there are zones of increased intercellular space and in the perivascular zone (Fig. 36, 

37).In most granules, the average area of the secretory material is 48,200 ± 278 nm2, 

while with hyperglycemia in control this indexvaried from 25,800 ± 337 nm2 to 

37,000 ± 475 nm2 (Table 5).The nuclei of B cells are mainly round in shape, 

hypertrophied and their area is 28.2 ± 2.1 μm2, with hyperglycemia in control this 

index varied from 12.6 ± 2.7 μm2 to 23.2 ± 4.5 μm2.The boundaries of the nuclear 

membrane are abrupt, and in some areas are indistinct. Often there are signs of 

secretion of granule contents into the intercellular space. 
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Table 4 

THE NUMBER OF CELLS AS PART OF  
VARIOUS PANCREATIC ISLETS  
OF EXPERIMENTAL ANIMALS 

 

Object 
 

Groups of animals 

Size of islets 

Large Medium Small 

Hyperglycemia for 8 weeks 
(control 1) 95,1 ± 4,8 50,2 ± 5,6 7,8 ± 2,1 

Hyperglycemia for 8 weeks in 
the setting of dihydroquercetin 150,3 ± 5,4* 45 ± 3,7 15,2 ± 1,8* 

Hyperglycemia for 16 weeks 
(control 2) 85,4 ± 5,1 35,2 ± 4,9 7,4 ± 2,6 

Hyperglycemia for 16 weeks in 
the setting of dihydroquercetin 185,3 ± 7,5** 72,3 ± 3,7** 18,7 ± 2,2** 

 
* р< 0,05 in comparison with 1st control group 
** р< 0,05 in comparison with 2nd control group 

Table 5 

MORPHOMETRIC CHARACTERISTICS OF B CELLS OF PANCREATIC 

ISLETS IN EXPERIMENTAL ANIMALS (on an area of 10 μm2). 

 

Indices 
 
 
 
 
Groups of animals 

Total number 
of granules 

Granules with high 
density 

Granules with an 
average density 

Area of 
secretory 
material of 
one 
granule in 
nm2 

Quantity in % Quantity in % 

Hyperglycemia for 8 
weeks (control 1) 
-1st type of cells 
-2nd type of cells 

 
 
14,5 ± 1,8  
46,6 ± 3,8 

 
 
10,6 ± 1,7 
34,6 ± 2,7 

 
 

73,1 
74,2 

 
 

3,8 ± 0,8 
12,1 ± 0,8 

 
 

26,7 
25,9 

 
 
25800 ± 337 
37000 ± 475 

Hyperglycemia for 8 
weeks in the setting of 
dihydroquercetin 

 
48,1 ± 2,3 

 
18,2 ± 1,24* 

 
37,8 

 
29,9 ± 3,07* 

 
62,1 

 
48200 ± 248* 

Hyperglycemia for 16 
weeks (control 2) 

 
34,6 ± 2,7 

 
21,8 ± 1,87 

 
63,0 

 
12,8 ± 2,5 

 
37,0 

36600 ± 
517 

16450 ± 306 
Hyperglycemia for 16 
weeks in the setting of 
dihydroquercetin 

 
51,6 ± 4,05** 

 
25,75 ± 4,1 

 
49,9 

 
25,8 ± 0,7** 

 
50,1 

 
33900 ± 
475** 

* р< 0,05 in comparison with 1st control group 
** р< 0,05 in comparison with 2nd control group 
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Fig.32. Pancreas of the rat at 8 
weeks of hyperglycemia in the 
setting of the administration of 
dihydroquercetin. 

Large islets (↑) are identified, most 
of which are located next to the 
excretory ducts of the gland. 

Staining:  hematoxylin and eosin. 

Magnification: 400X. 

 

Fig.33. Pancreas of the rat at 8 
weeks of hyperglycemia in the 
setting of the administration of 
dihydroquercetin. 
Near the excretory duct (Ed), 
between the acini, there is a small 
islet with a thin capsule, the 
capillaries of the islet are 
moderately expanded (↑). In the 
interlayer of connective tissue 
there is a mast cell (MC). 
Staining:  methylene 
blue.Magnification: 1000X. 

It should be noted that in a number of cells there are signs of vacuolization, 

organelle dystrophy, a decrease in the number of granules (Fig. 37), but these 

changes are much less common than in hyperglycemia without the administration of 

dihydroquercetin. Therearefewα -cells. 

The reaction to glycosaminoglycans in the islet has focal localization and is 

strengthened in the connective tissue along the blood vessels. The intensity of the 

reaction to PAS-positive substances in the islets is moderate, tends to decrease, 

although much higher than in intact animals.The blood capillaries of the islet are 

enlarged, and singular formed elements are revealed in the lumen. A focal extension 

of the pericapillary space is observed; usually in this area there is an accumulation of 

granules in B cells near the cell membrane, also there are signs of secretion. 

 

Ed 

MC 
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A       B 

Fig. 34 A. Pancreas of the rat at 8 weeks of hyperglycemia. 

Fig. 34B. Pancreas of the rat at 8 weeks of hyperglycemia in the setting of the administration of 
dihydroquercetin. 
The large islet contains numerous cells, the interlayers of connective tissue between the cells are thin, and 
there are a lot of blood vessels. In the subcapsular region, there isa large number of small cells (↑). 

Staining: hematoxylin and eosin. Magnification: 1000X. 

Fig.35. Pancreas of the rat at 8 weeks of 
hyperglycemia in the setting of the administration 
of dihydroquercetin. 
 
Between the acini there are small islets containing 
numerous intensely stained B cells (↑).  

 

Staining:aldehyde - fuchsin by Gabe. 

Magnification: 600X. 

 

 



63 
 

Fig.36. Pancreas of the rat at 8 weeks of 
hyperglycemia in the setting of the 
administration of dihydroquercetin. 
 
The nuclei of Bcells (N) have uneven 
contours, the granules in the cytoplasm 
are located diffusely. There is a 
secretion of the contents of the 
granules into the intercellular space (↑
). The secretory material of most of 
them has an average density. 
 

Staining: uranyl acetate, lead citrate. 

Magnification: 4000X. 

 

 

 

Fig.37. Pancreas of the rat at 8 weeks of 
hyperglycemia in the setting of the 
administration of dihydroquercetin. 
 

B cell (Bc) with a large number of 
granules in the cytoplasm, some of 
which are located in the membrane 
space. The pericapillary space (Ps) is 
widened focally. There are signs of 
secretion.A nearby located B-islet cell 
(Bi) contains singular granules. 

Staining: uranyl acetate, lead citrate. 

Magnification: 5000X. 

 

 

 

 

 

Ps 

Bc 

Bi 

N 

N 



64 
 

Summary.Thus, with hyperglycemia in the setting of the administration of 

dihydroquercetin, there is an increase in the number and size of islets, an increase in 

the number of B cells and the number of granules having an average electron 

density. The signs of secretion of the contents of the granules are often observed. 

The content of glycosaminoglycans slightly increases and the intensity of the 

reaction to PAS-positive substances in the connective tissue and in blood vessel wall 

decreases. 

With hyperglycemia in the setting of dihydroquercetin administration         
during 16 weeks 

In the setting of sustained hyperglycemia, the administration of 

dihydroquercetin during 16 weeks leads to the appearance of predominantly large 

islets of various shapes formed around the excretory ducts of the exocrine part(Fig. 

38).In the structure of all islets, the number of cells almost doubles: in large cells up 

to 185.3 ± 7.5; in middle ones to 72.3 ± 3.7; in small -  to 18.7 ± 2.2 (Table 4).The 

detection of B cells showed that in large islets they are localized more often in the 

form of foci. In middle islets, B-islet cells are located in the center; most cells contain 

numerous basophilic granules (Fig. 39). A part of islet cells have a vacuolated 

cytoplasm (Fig. 40).Between the acini and in the structure of the acini single cells 

appear; sometimes they are united in small islets with a weakly basophilic 

cytoplasm, containing small granules (Fig. 41); also there are large cells with a very 

light cytoplasm, an eccentrically located nucleus and numerous granules 

accumulated near the cell membrane (Fig.42).The number of granules in B cells 

increases to 51.6 ± 4.05 on an area of 10 μm2, with hyperglycemia this index is 34.6 

± 2.7. Along with this, almost equal number of granules of high and medium 

electron density of osmiophilic contents is contained, while in case of 

hyperglycemia, granules with high density predominate in control. 
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   А       B 

Fig.38 A, B. Pancreasoftheratat 16 
weeksofhyperglycemiainthesettingoftheadministrationofdihydroquercetin. 
The islets are mainly located around the excretory ducts (ED), they have an irregular shape (↑).  
Staining: hematoxylin and eosin. 
Magnification: A-200X; B-400X. 
 

 

Fig.39A, B. Pancreasoftheratat 16 

weeksofhyperglycemiainthesettingoftheadministrationofdihydroquercetin. 
B cells in large numbers are concentrated in the central part of the islet and have an intense basophilic 
staining(↑). 
 
Staining:aldehyde - fuchsin by Gabe. 

ED ED 
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Magnification: 600X. 
 
 

 

Fig.40A, B. Pancreasoftheratat 16 

weeksofhyperglycemiainthesettingoftheadministrationofdihydroquercetin. 
The large islet contains numerous cells, some of which have a strong vacuolated cytoplasm (↑). In the 
subcapsular zone, there are small accumulations of small cells (SC) 
Staining: hematoxylin and eosin. 
Magnification: 1000X. 

 

 

Рис.41. Pancreasoftheratat 16 

weeksofhyperglycemiainthesettingoftheadministrationofdihydroquercetin. 
There are singular cells isolated and collected in the form of small islets with slightly light basophilic 
cytoplasm in the acinus (↑).Bloody capillaries are located in the interlayers between the cells, they have 
the usual structure. 
Semi-fine section. 

SC 
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Staining: methylene blue. 
Magnification: 1000X. 

 

 

 

Fig. 42.Pancreasoftheratat 16 

weeksofhyperglycemiainthesettingoftheadministrationofdihydroquercetin. 
The boundaries of B cells (Bc) are clearly visible. There are signs of secretion into the intercellular space, 
which is focally widened. Specific granules (Gr) are located diffusely, or form large accumulations. 
Staining: uranyl acetate, lead citrate. Magnification:5000X. 

Bc 
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Fig. 43.Pancreasoftheratat 16 weeksofhyperglycemiainthesettingoftheadministrationofdihydroquercetin 
The boundaries of Bcells (Bc) are clearly visible. Most cells contain numerous granules. There are signs of 
secretion of granules into the intercellular space (↑). In some B-islet cells  the number of granules is 
insignificant, there are dystrophic changes in the cytoplasm. 

Staining: uranyl acetate, lead citrate. Magnification: 5000X. 

Fig. 44.Pancreasoftheratat 
16 

weeksofhyperglycemiainthesettingoftheadministrationofdihydroquercetin 

Bc 
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Numerous granules of B cells (Bc) fill the entire cytoplasm. The nucleus of the endothelial cell is swollen. 
Nearendothelial space is widened (↑). 

Staining: uranyl acetate, lead citrate. 

Magnification: 6000X. 

 

B cells contain specific granules in which the average area of the secretory 

material is 33,900 ± 475 nm2 (Table 5).The granules are arranged by groups, 

sometimes form conglomerates (Fig. 42). The boundaries between the cells are 

clearly defined, focally expanded; near these areas there is an accumulation of 

granules and signs of secretion are revealed (Fig. 43).In some cells, there are 

dystrophic changes, mitochondrial swelling, and the number of granules in them is 

insignificant.The nuclei of B cells have a round shape, they are hypertrophied, their 

average area is 26.4 ± 3.8 μm2, and the nucleolus is clearly defined.The cytoplasm 

of α-cells is light, it contains a few granules. The blood vessels are moderately 

expanded, have a small diameter with singularformed elements in the lumen; 

perivascular edema is revealed in the form of small foci.In the blood capillaries, the 

endothelial cells are hypertrophied, the nearendothelial space is focally widened 

(Fig. 44). The fascicles of collagen fibers in the interlayers of connective tissue are 

small.The intensity of the reaction to PAS-positive substances and 

glycosaminoglycans varies.In the connective tissue and walls of capillaries of islets, 

the level of reaction to neutral polysaccharides decreases; it has focal localization 

(Fig. 45).The content of glycosaminoglycans in some capillaries located along the 

periphery of the islet increases significantly (Fig. 46). 

SUMMARY. Under the conditions of this experiment, the number of cells in 

the islets and the size of the islets themselves are significantly increased. The 

number of granules in B cells is considerable;along with this half of them are in a 

more mature state. The signs of dystrophy are noted in a small number of islet cells. 

The number of acinar-insular cells increases. The changes in the blood vessels, in the 

Вк 
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interlayer of connective tissue and the vessels of the microcirculatory bloodstream 

are substantially fewer than in the control. 

Fig.45. Pancreasoftheratat 16 

weeksofhyperglycemiainthesettingoftheadministrationofdihydroquercetin. 

The reaction to PAS-positive substances in small interlayers of connective tissue, in the wall of the blood 
capillaries and in the capsule is expressed moderately (↑). 

Staining: PAS-reaction of McManuswith hematoxylin staining 

Magnification: 200X. 

 

 

Fig.46. Pancreasoftheratat 16 

weeksofhyperglycemiainthesettingoftheadministrationofdihydroquercetin. 
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The reaction to glycosaminoglycans in interlayers of the connective tissue of the islet and in the capsule is 
moderately expressed and has a focal nature. A more intense reaction is detected along the blood 
capillaries (↑) of the islet. 

Staining:  alcyan blue after Stidman. 

Magnification: 400X. 

  

The administration of dihydroquercetin,which has an antioxidant effect,in 

the setting hyperglycemia during 16 weeks leads to an increase in the number of 

islet cells in various islets of the pancreas. The majority of small islets are located 

near or around the excretory ducts of the exocrine gland.Many researchers 

indicate that the increase in the number of endocrine cells is not only due to the 

multiplication of the islet cells, but also with the participation of rapidly dividing 

cells of the ducts.It is proved that pancreatic ductal epithelial cells differentiate 

into cells that produce and secrete insulin [Lipsett, M., 2002;Liu, T., 2007].  

The critical role in the process of B cell differentiation is played by the high 

oxygen content which is typical of the natural microenvironment of the islets. 

The increased oxygen level is a signal for mass maturation of stem cells [Fraker, 

C. A., 2007].  In the setting of dihydroquercetin effectthe number of islet cells 

significantly decreases, in which dystrophic changes in the nucleus and 

cytoplasm are revealed in comparison with animals with experimental 

hyperglycemia.The second positive point that we noted with the administration 

of dihydroquercetin is that most B cells contain an abundance of granules; along 

with this the number of granules having an average electron density of the 

contents increases, as well as the area occupied by the secretory material.Often 

the accumulation of granules is localized near the cell membrane, there are 

signs of secretion, i.e. the situation is more typical for intact animals. By all 

appearances, these changes are associated, on the one hand, with the 
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antioxidant effect of drug substances on B cells, on the other - the appearance 

of signs of normalization of connective tissue and blood vessels in the islets. 

The changes in the blood capillaries are much lower defined than in the 

control, more specifically: they are moderately dilated, there are no congestive 

phenomena in the lumen, there is a slight expansion of the pericapillary spaces 

and a small focal reaction to PAS-positive substances (Table 6). In other words, 

the presence of angioprotective activity of the drug substances is evident, which 

probably reduces the hypoxia of cells and tissues.With the extension of the 

experiment to 16 weeks, the tendency toward a significant increase in the 

number of cells in the isletscontinues, many of which have a basophilic staining, 

typical of B-islet cells. 

In part of the cells of large islets, dystrophic changes are revealed. 

Numerous secretory granules are preserved in B cells, many of which have an 

average density of osmiophilic contents.This indicates active granulopoiesis as 

well as granulolysis of the secretory material in B-islet cells [Gordienko, V. 

М.,1978; Baranov,V. G., 1983; Ametov, А. S., 2008;Veld, P., 2015]. Quite often 

numerous granules are localized near the cell membrane, there are signs of 

secretion.The foregoing allows considering about some compensation for the 

secretory process that developed in the setting of hyperglycemia.Within this 

framework, hypersecretion of insulin can promote the reduction of the level and 

duration of hyperglycemia.In the experiment quite often there are acinar-insular 

cells located between the acini, in which a small number of B-granules is 

preserved.According to a number of authors, unregulated compensatory 

increase in insulin levels in the blood can cause disruption of metabolic 

processes in insulin-dependent organs [Mazovetskiy, А. G., 1987; Gendeleka, G. 

F., 1989; Аmetov, А. S., 2002;Gordiunina, S.V. 2012;Kaparianos, A., 2008].  

In comparison with the previous period of the experiment, we noted 

minor structural changes on the part of the vessels of different links, i.e. the 



73 
 

angioprotective effect of the drugsubstances proved to be quite effective in 

spite of such an extended period of hyperglycemia (16 weeks).This is evidenced 

by a decrease in the level of reaction to PAS-positive substances in the vessel 

wall and small foci of perivascular edema, the absence of congestive phenomena 

in the vessels (Table 6). 

In the setting of the administration of dihydroquercetin, structural 

changes in the connective tissue were less significant. Apparently, the effect of 

this drug substance is more multifaceted, i.e. it is not only an antioxidant, but 

also has a capillaroprotective effect; it reduces the aggregation of formed 

elements, prevents thrombosis, consequently improving blood supply, lowers 

the level of hypoxia and possibly reduces the effects of intoxication, thus 

increasing the resistance of cells and tissues to the damaging effect of high 

blood glucose [Saltykov, B. B., 1984; Sukhanova, L. Y., 1988; Balabolkin, М. I., 

2003].  Apparently, this will normalize the delivery of oxygen to the islet cells, 

which is a signal for the process of regeneration and differentiation of  Bcells. 

Table 6 

AUTHENTICITY OF CHANGES OF INTENSITIVENESS OF THE REACTION TO PAS-POSITIVE SUBSTANCES 
AND GLYCOSAMINOGLYCANES IN ISLETS OF THE PANCREAS OF INTACT AND EXPERIMENTAL 

ANIMALS (in conventional units) 

 

 Glycosaminoglycans PAS-positive substances 

 Connective 
tissue 

Blood 
capillaries Capsule Connective 

tissue 
Blood 

capillaries 

 
Capsule 

 
 

Hyperglycemia   * 
for 8weeks (control)  0 0    

Hyperglycemia^ 
for8 weeks 
with dihydroquercetin 

 0 0    

Hyperglycemia   * 
for 16weeks (control) 0  0    

Hyperglycemia                    # 
for16weeks 
with dihydroquercetin 

  0    

 
*in comparison with intact animals; 
^ in comparison with a control of 8 weeks; 
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# in comparisonwith a control of 16 weeks; 
statistically significant increase; statistically significant decrease;  0 absence of significant 
differences.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 4. Histological, histochemical, electron microscopic and 
morphometric characteristics of rat lung tissue 

Morphofunctional characteristics of the lung 

The right lung of the rat consists of 4 lobes, the left one - of two. Each major 

bronchus continues into the caudate lobe of this lung.Before this, the right bronchus 

makes 3 branches to the middle, cranial and adventive lobes of the lung.Similarly, 

the left main bronchus gives off a branch that goes to the cranial lobe of this lung.In 

the hilum of each lung, the main bronchus and its main branches come into close 

contact with the arteries, which in this area penetrate into the lung and with the 

veins leaving it.All these tubular formations are surrounded by a dense connective 

tissue. The whole complex is called the root of the lung. Each of the lobar bronchi is 

divided into large zonal, and then into intrapulmonary segmental ones [Veibel, E. R., 

1970;Techver, Y. Т., 1977; Erokhin, V. V., 1987;Chumasov,E.I., 2015]. 
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The lobar and segmental bronchi have a wall consisting of the same 

membranes as in the main bronchi. The mucous coat includes the epithelium, the 

basement membrane andlamina propria.Epithelium is multilayered ciliated, contains 

numerous goblet cells. Its height decreases with the transition from larger bronchi 

to small ones. Lamina propria is located under the basement membrane and 

consists of a loose connective tissue containing collagen, elastic and reticular fibers. 

In all large bronchi, the elastic network is well defined and is located in the form of 

longitudinal layers under the basement membrane. Among the cellular elements of 

the lamina propria, there are single fibroblasts, macrophages, mast cells, 

lymphocytes and plasmocytes. Clusters of lymphatic follicles are revealed. 

The specific feature of the mucous coat of the lobar bronchi is the presence of 

a more developed smooth muscle tissuein comparison with the main 

bronchi.Smooth muscle cells are grouped in the form of loose parallel beams, 

separated by a network of elastic fibers. Themucouscoathasdistinctfolds.The 

submucosa consists of a loose fibrous connective tissue and contains adenomeres of 

bronchial glands that are located in small groups on both sides of the 

cartilage.Fibrous-cartilaginous layer is represented by an irregular shape of two or 

three epiphyseal plates of hyaline cartilage, surrounded by a connective tissue, 

directly passing into the perichondrium.As the caliber of the bronchus decreases, 

the size of the cartilaginous plates gradually decreases in it.A dense fibrous layer 

connecting the cartilaginous plates passes into the adipose tissue. The outer shell is 

formed by a loose fibrous connective tissue [Chuchalin,А.G., 2007;Fournier, M., 

1977]. 

Segmental and subsegmental bronchi have the structural plan, typical of the 

bronchial tree, but at the same time a number of features are revealed. The 

multilayered ciliated epithelium of the mucosa consists of lower cells. In lamina 

propria, represented by a loose connective tissue, elastic fibers are well developed. 

The muscle plate is more powerful and consists of muscular fascicles forming almost 
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closed rings, well-defined longitudinal fascicles[Tekhver, Y. Т., 1977; Grappy, 

Michael, А., 1997]. The mucous coat is folded, which is due to the contraction of 

muscle layers.The submucosa is represented by a loose connective tissue, with the 

predominance of collagen and elastic fibers, and in addition to the normal cells, it 

contains fat cells, the number of which is different.There are small glands in it. 

Elastic cartilage plates are small; they are located at a considerable distance from 

each other.The outer adventitial membrane gradually transforms into interlobular 

connective tissue, where lymphatic follicles are found.The decrease in the caliber of 

bronchi leads to the appearance of the non-cartilaginous, membranous bronchi 

located deep in the lung parenchyma; the cartilaginous plates and glands gradually 

disappear in them. At the same time, the muscle plate becomes relatively more 

powerful, and therefore the mucosa is aggregated in numerous folds.The wall of 

these bronchi consists of epithelium, lamina propria and muscle plates, mucous and 

adventitial membranes. The epithelium is cylindrical, ciliated, more often two-rowed 

and it is lower than in the previous bronchi.Under the basal layer of the epithelium 

there is a loose connective tissue and then the smooth muscle elements, between 

which there are quite numerous elastic fibers [Erokhin, V. V., 1987; Motavkin, P. А., 

1998; Tseluyko, S. S., 2000]. 

Terminal bronchiole is the terminal element of the bronchial tree. The mucous 

coat of the bronchioles is lined with a single-layered cubic, ciliated epithelium.In the 

lamina propria, longitudinal elastic fibers are located, between which there are 

singular fascicles of smooth muscle cells.In small bronchi and bronchioles there are 

loose, quite extensive accumulations of lymphoid elements, which are especially 

dense on the border with the alveolar parenchyma[Veibel, E. R., 1970; Erokhin, V. 

V., 1987; DedovI. I. et al, 2003;DeDiosEscolar, J., 1994]. The walls of the respiratory 

bronchioles and alveolar ducts are much thicker than the interalveolar septa; under 

their epithelium there is a developed basis of elastic and reticular fibers, as well as 
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smooth myocytes, between which not only capillaries, but also pre- and 

postarterioles passes. 

In different representatives of mammals (mouse, rat), including humans, the 

researchers did not observe any significant differences in the fine structure of the 

alveoli of the lung [Polikar, А., 1972; Tekhver, Y. Т., 1977; Motavkin, P.А., 1998]. The 

alveoli are separated by interalveolar septa, in which the blood capillaries pass. Each 

septum generally simultaneously serves as a wall for two alveoli, on which cells of 

the alveolar lining are located.The internal surface of the alveoli is covered with 

respiratory alveolocytes (type 1) and secretory alveolocytes (type 2). Alveolocytes of 

type 1 have an irregular flattened prolate form. A thicker nucleated part, where 

most of the organelles are located, and a thin anucleate one are defined in them. On 

the surface of the cell which faces the alveolar cavity, there are short cytoplasmic 

outgrowths, and in the cytoplasm there are small mitochondria and pinocytic 

vesicles, a limited number of ribosomes and polysomes; microfilaments are 

dispersed throughout the cytoplasm. The cell has low metabolic activity,it also has a 

multitude of micropinocytotic vesicles and vesicles [Erokhin, V. V., 1987; Grappy, 

М.А., 1997].Alveolocytes of type 2 are cubic in shape, they are considered to be the 

largest and in addition to the usual organelles they contain osmiophilic lamellated 

corpuscles. These cells are proliferating; sometimes 2-3 cells are located side by 

side.Alveocytes of the 2 type can proliferate and generate eitherof its kind cells or 

alveocytes of type 1.In the wall of the alveoli and on their surface there are 

macrophages, in the cytoplasm of which there are many lipid droplets and 

lysosomes.“Brush” cells, or alveocytestype III, have absorption, contractile, 

secretory and chemoreceptor functions.Their distinctive feature is the presence of 

cylindrical microvilli (in the form of a brush) consisting of filamentson the apical 

surface [Tekher, Y. Т., 1977; Tseluyko, S. S., 2000;McDonald, R. J., 1991].  

Alveolocytes are located on the basement membrane; from the outside of it 

there is a septal stroma, in which there is a dense narrow-looped network of 



78 
 

capillaries, elastic and thin collagen fibers and various cells.In some animals with 

thicker interalveolar septa, for example in rats, the capillaries may be adjacent to 

one alveolus.Almost all the alveolar interstitial connective tissue is on one side of 

the capillary, which contains collagen and elastic fibers that create the structural 

framework of the alveolar walls; it promotes the exchange of fluid in the 

microcirculatory system.The aerugematic barrier is formed by three tissue 

components: 1) the endothelium lining the blood capillaries of the alveoli; 2) the 

epithelium lining the alveoli from the side of the airspace;3) a layer of the basic 

substance with fibrous structures and connective tissue cells (interstitium) located 

between the basement membrane of the endothelium and the alveolar epithelium 

[Polikar, А., 1972;  Motavkin, P. А., 1998; ChuchalinА.G., 2007]. 

The lungs receive blood from the pulmonary and systemic circulation. The 

pulmonary circulation makes gas exchange. Venous blood enters the lungs through 

the pulmonary artery, and the arterial blood flows through the pulmonary 

vein.Bronchial arteries are arteries of the muscular type with a well-developed 

internal and external elastic lamina. These arteries can be detected up to the level of 

interlobular bronchi.On the periphery of the bronchial tree, they branch into 

arterioles, precapillaries, capillaries and they anastomose with vessels of the 

pulmonary circulation.Subsegmental arteries are divided into arteries of the level of 

interlobular and intralobular bronchi, terminal and respiratory bronchioles, which 

refer to arteries of the muscular type [Chuchalin,А.G., 2007, Weibel, E.R., 1984]. 

Blood capillaries are located in the thickness of the alveolar wall, i.e. they are 

separated from the alveolar air by means of alveocytes.Unlike endothelium of the 

bronchial capillaries, the endothelium of the alveolar capillaries forms a continuous 

fenestrated lining of the vessels.The thickness of the endotheliocyte in the core part 

is 3 ± 5 μm. The extranuclear portion of the cytoplasm of endotheliocytes has a 

thickness of 200 ± 500 nm, but can become thinner to 100 nm.The nuclei of 

endothelial cells are oval or round, the nuclear membrane is moderately plicated. In 
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the cytoplasm of endotheliocytes, there are rare lysosomes, lipid droplets, Weibel–

Palade bodies.Endothelial cells of the alveolar capillaries are on the basement 

membrane - an electronically dense formation of 150 nm thickness, along with this 

there are areas with protrusions of basement membranes, type II alveocytes and 

endotheliocytes in the air-alveolar barrier zone [Tekhver, J. Т., 1977; DeDiosEscolar, 

J., 1994].  

The basal layer performs not only a supporting function for endotheliocytes, 

but also determines the differentiation and stage of the formation of the cell 

population.If the layer is damaged, the process of restoring the endothelial lining is 

broken. The basal layer performs the leukocyte migration through the cell wall. The 

capillaries of the pulmonary artery system anastomose with capillaries of the 

bronchial artery system and form a single capillary network.After the fusion, the 

capillaries pass into postcapillary venules with a diameter of 40-50 μm, then into the 

gathering venules and after that into the veins.The main function of the alveolar 

blood capillaries is to participate in gas exchange between the alveolar air and the 

blood of the capillaries.In addition, the endothelium of the capillaries carries out 

synthesis, secretion, absorption and deterioration of a large number of biologically 

important compounds [Strukov, А. I., 1990; Chuchalin, А.G., 2007; Riley, D. J., 1987].  

 

Changes in the lung with hyperglycemia and diabetes mellitus 

The metabolic disorders that occur in DM lead to disruption of the functions 

of various parts of the respiratory system.In clinical studies it was demonstrated that 

with DM lung lesions may be a background for the development of secondary 

changes of an infectious nature, the emerging pneumoniae in this case proceed 

longer and are slowly treated. More often, patients with diabetes mellitus suffer 

from chronic nonspecific lung diseases [Lysenko, L. V., 1990;Shishkova, V.N. 

2015;Kaparianos, A., 2008;].  
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One of the characteristics of diabetes mellitus isan increase in the 

arteriovenous difference due to a decrease in the oxygen content in the venous 

blood and an increase of its utilization by tissues, which testifies to tissue hypoxia, 

whichto some extent is compensated by a change in lung function.With DM 

hyperventilation is detected, but the oxygen utilization coefficient decreases with 

increasing severity of the disease, which indicates the debilitation of compensation 

abilities of lung for gas exchange [Kodolova, I. М.,1982;Shcherbak, А. V., 1986; 

Balabolkin, М. I., 1994; Shoikhet, Y.N. andothers, 2008].  In the experimental works 

of a number of authors it has been established that in diabetes mellitus, as a result 

of the destruction of connective tissue synthesis in the lungs, changes in the 

structure and size of the alveoli are observed.At the same time, the volume of DNA 

decreases, the amount of collagen and elastin increases, the air-filled space of the 

lungs decreases, the number of alveoli increases, the total amount of phospholipids 

and phosphatidylcholine decreases.In the lumen of the alveoli, an accumulation of 

alveolar macrophages, containing PAS-positive material, hemosiderin, and lipoids 

was observed. The number of macrophages in the lumen of the alveoli depends on 

the blood sugar level and the severity of vascular changes, i.e., the intensity of 

plasmorrhagia. With diabetes in conditions of plasmorrhagia and induction, 

macrophages play an active role in the resorption and removal of byproducts 

coming from the vascular bed into the wall and the lumen of the alveoli - neutral fat, 

cholesterol and its esters, polysaccharides [Nathan, C. F., 1982;McDonald, R. J., 

1991;Toso, C., 2008]. Resorbing the byproducts, the alveolar macrophages to some 

extent purify the lung tissue, but as the sclerosis and hyalinosis increase in the 

vessels of the microcirculatory bloodstream and the alveolar septa due to repeated 

processes of insudation, the lung tissue is loaded with byproducts, alveolar 

macrophage deficiency develops, their phagocytic activity decreases. 

One of the ways to study the differentiation of macrophages is the 

identification of lectin receptors on their surface.Lectins are represented by protein 
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multivalent ligands, which specifically and reversibly bind carbohydrates without 

causing their chemical transformation.It is based on the formation of molecular 

complexes of carbohydrates with protein, while the specificity of the interaction is 

determined by the structure of the active center of the lectin.Specific for 

macrophages in defining the level of differentiation is the lectin of Helix pomatia 

(HPL).It has been established that for a cell that is capable of morphogenetic 

transformations, a higher content of carbohydrate residues on the surface is typical 

[Lupa, H., 1980; Tseluyko, S. S., 2000;Imat, Y., 1995; Imberty, A., 2004; Tielker, D., 

2005].   

With DM, the dystrophic processes extend to the pulmonary interstitium, 

where collagen fibers are disarranged; stratification and partial lysis of the elastic 

fibers are observed.Along with this, the growth of fibroblastic processes promotes 

the formation of interstitial fibrosis with the development of an incapable fibrous 

connective tissue. The periarteriolar and peribronchial fibrosis of a diffuse and focal 

character are microscopically revealed. With electron microscopy, changes are more 

often found in type 2 alveocytes, their swelling is noted.This is due to a moderate 

expansion of the tubules of the rough endoplasmic reticulum, which is associated 

with inhibition of secretion and synthesis in these cells.The consequence of this is a 

decrease in the oxidation of glucose and a decrease in the rate of its incorporation 

into neutral lipids and phospholipids. Apparently, insulin plays an important role in 

the normal function of the rough endoplasmic reticulum of type 2 

alveocytes[Lysenko, L. V., 1990; Lysenko, L. V., 1990; Demidova, I. Y., 2000; 

Nazhmutdinova, D. К., 2000].   

Thus, non-specific morphological features of DM are: combined edema (intra-

alveolar, interstitial), sclerotic changes in artery walls, foci of interstitial fibrosis, 

emphysema, accumulation of alveolar macrophages.Specific morphological features 

include a symptom complex, which involves: pericapillary nodules in interalveolar 
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septa, granulomatous perivascular formations with cellular inclusions, thickening of 

the basement membrane of capillaries and small vessels. 

The morphological structure of the intralobar bronchi and lung parenchyma of 

rats practically does not differ from the plan for the organization of these parts 

characteristic of man and many mammals.Based on the purpose of our study, the 

features of the structure of subsegmental and intralobar bronchi, as well as the 

walls of the alveoli were studied. Special attention was given to the structural 

changes in the large vessels and vessels of the microcirculatory bloodstream. For the 

objectificationof the results of the experiment and taking into account the presence 

of numerous lymphoid formations in the lungs, the calculation of various classes of 

cells in their structure was carried out.A loose connective tissue of the bronchi, 

septal wall and alveoli was described; an evaluation of the intensity of the reaction 

to PAS-positive substances and glycosaminoglycans was carried out.Various 

experimental effects did not lead to a change in the general structural plan of a 

number of structures of the bronchial tree and the respiratory part of the lungs of 

rats. 

 

 

Morphofunctional characteristics of the lung in intact rats 

Subsegmental bronchus has a typical plan of the structure and from the inside 

it is limited by the mucous coat lined with multilayered ciliated epithelium.In the 

lamina propria of mucous membrane there are vessels of the microcirculatory 

bloodstream and numerous elastic fibers having a longitudinal direction.The mucous 

membrane is collected in folds due to a well-developed muscle plate. The 

submucosa is poorly developed.The outer shell passes into the interlobular 

connective tissue with numerous blood vessels and lymphoid formations.In 

membranous bronchi, the lamina propria is thin, collected in folds. The muscle plate 
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of the mucosa is well developed. In the adventitious membrane, the lymphoid cells 

are located diffusely.The connective tissue of the outer shell is connected to the 

elastic tissue of the interalveolar septa. In rats, septa between the alveoli are fairly 

thick and contain numerous blood capillaries (Fig.47).Elastic fibers have 

approximately the same thickness and are represented by separate fragments. 

Alveolar macrophages are revealed in the structure of interalveolar septa.Inside the 

alveolus is lined with type 1 alveolocytes located on the basement membrane, a 

blood capillary is attached to it from the outside.The largest size of the alveolocyte is 

located near the nucleus; the thin, elongated, anucleate part contains pinocytotic 

vesicles (Fig. 48).Alveolocytes of type 2 are the largest and contain a significant 

number of lamellated osmiophilic bodies.The most intensive reaction to PAS-

positive substances (Fig. 49) and glycosaminoglycans is detected in the wall of 

bronchial vessels and somewhat lower in the interalveolar septum.Calculation of the 

cells of the peripheral zone of lymphoepithelial formation testified that the largest 

number belongs to small lymphocytes 49.8 ± 2.19% (Table 7).The reaction to the 

lectin of Helix pomatia is mainly detected in the form of small accumulations of 

granules in cells that are located in the lumen of the alveoli, probably in 

macrophages (Fig. 50). 

SUMMARY. Thus, the intralobar bronchi have a typical structure plan.The 

interalveolar septa are quite wide. The content of glycosaminoglycans and the 

intensity of the reaction to PAS-positive substances are expressed moderately in the 

blood vessels and vessels of the microcirculatory bloodstream.In the peribronchial 

connective tissues being a part of lymphoepithelial formation small lymphocytes 

dominate.A positive reaction to the lectin of Helix pomatia is revealed in the cell 

membrane, apparently macrophages. 
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Fig. 47.Respiratory portion of the lung of 
an intact rat. 

The interalveolar septa are quite thick, 
and numerous blood capillaries are 
revealed in them. 

Staining: hematoxylin and 
eosin.Magnification: 280X. 

 

 

 

 

 

Fig. 48.Respiratory portion of the lung of 
an intact rat. 

In the lumen of the alveoli, the nucleated 
portion of the alveolocyte of type 1 bulge 
(А1), located on the basement 
membrane (BM). On the opposite side, 
the endotheliocyte of the capillary(Ec) 
adjoins it. 

Embedding: araldite – epon 

Staining: uranyl acetate, lead citrate. 

Magnification: 20000X. 

Fig. 49.Respiratory portion of the lung of an 
intact rat. 

The greatest number of PAS - positive granules is 
detected in the wall of blood vessels (↑). In the 
alveoli, the reaction is moderate. 

 

Staining: PAS-reaction of McManus. 

Magnification: 280X.   

 

BМ 

А1 
Ec 
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Fig. 50.Respiratory portion of the lung of an 
intact rat. 

A small number of granules of reaction 
products are detected on the cell surface in 
the form of accumulations(↑) in the 
cytoplasm. Semi-fine section. 

The reaction to the lectin of Helix pomatia 
in addition to methylene blue staining. 

Magnification: 420X. 

 

 

 

Fig. 51.The lung of  rat with hyperglycemia 
for 8 weeks. 
The structure of the bronchi (Br) is not 
changed, marked folding is noted, the 
muscle plate of the mucosa is well revealed. 
Peribronchial connective tissue is infiltrated 
by numerous lymphocytes (↑). In the 
lumen of the blood vessels (Bv) there is 
stasis of the formed elements; the signs of 
perivascular edema are defined. 
 
Staining: hematoxylin and eosin. 

Magnification: 280X. 

 

 

 

 

Fig. 52. The wall of intralobular rat 
bronchus with hyperglycemia  for 8 
weeks. 

The distance between the fascicles 
of smooth muscle cells (Sc) is 
increased in the focal point. 

Semi-fine section 

Staining: methylene blue. 

Br 

Bv 

Sc 
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Magnification: 560X.  

 

 

Morphofunctional characteristic of the lung of rats in experiment 

with hyperglycemia during 8 weeks 

 

In the setting of hyperglycemia, the general plan of the bronchial wall structure is 

preserved, but there is an increase in the folding of the mucosa (Fig. 51).Focal 

hypertrophy of myocytes and an increase in the distance between the cells are 

revealed (Fig. 52).The peribronchial connective tissue is infiltrated by numerous 

lymphocytes and macrophages, and also contains large lipid droplets.Elastic fibers in 

the bronchial wall are fragmented, thickened, and arranged in groups. A similar 

tendency is noted in interalveolar septa and only in some alveoli its usual structure 

remains unchanged (Fig. 53). The perivascular edema of different degree is often 

defined, especially around venous vessels, in which the stasis of blood cells is noted 

(Fig. 51).Changes in the respiratory portion are characterized by the appearance of 

atelectasis zones and emphysema portions, extensive infiltration and blood filling of 

capillaries (Fig. 54).The increase in the thickness of the wall of the alveoli is 

especially clearly visible on the electron diffraction patterns. In septal walls there are 

numerous accumulations of fibers (collagen and elastic), zones of mucoid swelling 

(Fig. 55).In the lumen of the alveoli there are large macrophages with a great 

number of vacuoles (Fig. 56).The electron diffraction patterns show that the 

contents of the vacuoles and their size vary considerably (Fig. 57).The reaction to 

the lectin of Helix pomatia revealed the presence of cell groups in the alveolar wall, 

probably macrophages, most of which contain a significant number of granules of 

reaction product with various sizes (Fig. 58).Most alveolocytes of type 1 show signs 

of hypertrophy. In alveolocytes of the 2nd type, the tubules of the endoplasmic 

reticulum are enlarged, the mitochondria are swollen, the number of osmiophilic 
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bodies is insignificant (Fig. 59).In the structure of the alveoli, the basement 

membrane thickens in some areas, its loosening is observed, and numerous small 

vacuoles appear in alveolocytes of type 1 and endotheliocytes (Fig. 60).There is a 

focal increase in the response to glycosaminoglycans in peribronchial connective 

tissue (Fig. 61), in the wall of large vessels and in interalveolar septa.The reaction to 

PAS-positive substances that have diffuse or focal localization in the blood vessels 

increases.Its intensity in the basement membranes of the capillaries of the alveoli, 

as well as in the inner and middle layers of the bronchial vessels, significantly 

increases; around the latter there is a perivascular edema (Fig. 62).In the peripheral 

zone of the lymphoepithelial formation of the bronchi, the infiltration zones 

increase, the number of cells increases in them (Fig. 63).Moreover, on the area of 

10000 μm2, the number of small lymphocytes significantly increases to 68.7 ± 4.01%; 

lymphoblasts to 6.7 ± 0.32%; macrophages to 8.3 ± 1.72% (Table 7). 

Table7 

THE NUMBER OF CELLULAR ELEMENTS IN THE PERIPHERAL ZONE OF LYMPHOEPYTELIAL 
FORMATIONS OF SUBSEGEMENTAL AND INTRALOBULAR BRONCHI IN INTACT AND EXPERIMENTAL 

RATS (on an area of 10.000 μm2) 

 

Indices 
 
 
Groups of animals 

Lymphoblasts Average 
lymphocytes 

Small 
lymphocytes 

Macrophages Plasmocytes Mast cells 

Intact 3,04± 0,2 18,7± 2,22 49,8± 2,19 0,5± 0,12 0 0,3 ± 0,17 
Hyperglycemia 8 
weeks 6,7± 0,32* 23,2 ± 2,8 68,7 ± 4,01* 8,3 ± 0,72* 3,1± 0,48 1,4 ± 0,3* 

Hyperglycemia 16 
weeks 5,3± 0,54* 27,8 ± 1,57* 85,6 ±3,61*  12,3 ± 2,07* 3,7± 0,18  5,3± 0,74* 

* р< 0,05in comparison with intact animals 
 

Summary. With hyperglycemia, in the setting of the preservation of the 

general plan of the structure, numerous zones of atelectasis and emphysematous 

areas appear in the lungs. The walls of the alveoli thicken; numerous formed 

elements are present in their blood capillaries. Pericapillary and perivascular edema 

is revealed.Extensive infiltration zones are found in the peribronchial connective 

tissue and in the walls of the alveoli. The number of macrophages and alveolocytes 
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isincreased.The zones of intensive reaction to PAS-positive substances in the vessel 

wall and focal increase of glycosaminoglycans in connective tissue are revealed. 

Fig. 53.Respiratory portion of the lung in hyperglycemia for 8 weeks. 

interalveolar septum, elastic fibers (↑) are thickened and arranged by groups. In the 
Perivascular edema  (PE) is expressed. 

 

Staining: Weigert's resorcin-fuchsin. 

Magnification: 260X.  

 

 

 

 

Fig. 54.Respiratory portion of the lung in hyperglycemia for 8 weeks. 

The walls of the alveoli are thickened. In the blood capillaries (↑) there is a stasis of the formed elements. 
Infiltration zones (I) are revealed. 

Staining: hematoxylin and eosin. 

Magnification: 560X.  

 

Fig. 55.Septal wall of the lung in 
hyperglycemia for 8 weeks. 
 

 

PE 

I 
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Thickening of alveolar wall. 
 Between the fascicles of collagen fibers (Cf), the areas of mucoid swelling (↑), the focal increase of elastic 
fibers (Ef) are revealed. 
Embedding: araldite-epon. 
Stainingа: uranyl acetate, lead citrate. 
Magnification: 15000X. 

 

 
Fig. 56.Respiratory portion of the lung in 
hyperglycemia for 8 weeks. 
 
Numerous large macrophages (↑) with a large 
number of vacuoles are revealed in the lumen of 
the alveoli. 
The wall of the alveole (Al) is thickened due to the 
hypertrophy of the cells and the expansion of the 
blood capillaries. 
Staining: methylene blue. 
Magnification: 1000X. 
 

 

 

Fig. 57.Respiratory portion of the lung in hyperglycemia 
for 8 weeks. 
The macrophage contains vacuoles (V) whose contents 
and size are different. In the lumen of the alveoli, 
clusters of membranes (M), different in size, are 
revealed. 
Embedding: araldite-epon 
Staining: uranyl acetate, lead citrate. 
Magnification: 20000X. 

 

 

 

Fig. 58.Respiratory portion of the lung 
in hyperglycemia for 8 weeks. 
In the wall of the alveoli, groups of cells 
with a large number of granules of 
product reaction with different sizes (
↑) are localized. 
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In some cells, the granules are only detected in the layer.  
Semi-finesection. 
The reaction to the lectin of Helix pomatia in addition to methylene blue staining. 

Magnification: 520X.  

Fig. 59.Type 2 alveolocyte of the lung of rat with 
hyperglycemia for 8 weeks. 

The tubules of the endoplasmic reticulum (Er) are enlarged, 
the mitochondria (M) are enlarged in size, the osmiophilic 
bodies (Ob) are singular. 
Embedding: araldite-epon 
Staining: uranyl acetate, lead citrate. 
Magnification: 35000X. 

 

 

 

 

 

  
 A 
  
  B 

Fig. 60. Wall of the alveole of the rat: A - intact, B - with hyperglycemia for 8 weeks.Focal increase in the 
thickness of the basement membrane (Bm), the appearance of small vacuoles (V) in the cytoplasm of the 
endotheliocyte (Ec) and in the alveocyte type 1 (A1).Embedding: araldite-eponStaining: uranyl acetate, lead 
citrate.Magnification: 25000X. 

М Ob 

Er 

Bm 

Ec 
V 

Bm



91 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 61.The wall of the intralobular bronchus of the lung of the rat with hyperglycemia for 8 weeks. 

Focal increase in the intensity of the reaction to glycosaminoglycans in the mucosa of the bronchus (Br), in 
the wall of the alveoli and in the peribronchial connective tissue, which is infiltrated by numerous 
lymphocytes (Ly).Staining: alcian blue 8 GX by Steedman. Magnification: 420X.  

 

 

 

 

 

 

 

 

 
Fig. 62.Respiratory portion of the lung in hyperglycemia for 8 weeks. 
An increase in the intensity of the reaction to PAS-positive substances (↑) in the wall of the blood vessels 
of the alveoli, in the basement membranes of the bronchi, in the inner and middle layers of the 
peribronchial vessels around which there are signs of perivascular edema (Pe). Along with the normal plan 
of the structure of the respiratory portion, the emphysematous zones (Ez) are revealed. 

Staining: PAS-reaction of McManus.Magnification: 280X. 
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Fig. 63.The lung of rat with 
hyperglycemia for 8 weeks. 
In the peribronchial and interalveolar 
connective tissue there are significant 
areas of leukocyte infiltration (Lc) 
Staining: hematoxylin and eosin. 

Magnification: 400X. 

 

 

Morphofunctional characteristics of the lung of rats in the experiment with 
hyperglycemia during 16 weeks 

Long-term hyperglycemia leads to significant changes in both the bronchial 

tree and in the respiratory portion.In subsegmental and intralobular bronchi, 

significant hypertrophy of smooth muscle cells is revealed, between which the 

intercellular space increases, probably as a result of edema.In the peribronchial 

tissue, largelipiddropletsappear (Fig. 64). A part of the blood vessels is dilated, 

others are in a collapsed condition, and perivascular edema is defined.In some 

areas, concretionin the connective tissue, especially near the collapsed blood 

vessels, is noted; mast cells with signs of degranulation appear here (Fig. 65).In the 

peribronchial connective tissue, mature fibroblasts are usually located between 

bundles of collagen fibers, and numerous vacuoles are revealed in their cytoplasm 

(Fig. 66). A part of the bronchi is in a collapsed condition, in others the lumen is 

sharply enlarged. The zones of infiltration in the bronchi have mainly focal 

localization.Part of the alveoli is in a collapsed condition and filled with liquid. The 

walls of the alveoli are thickened due to a significant number of collagen fibers 

having different directions, usually located around the blood capillaries (Fig. 

67).Sometimes there is a significant swelling of endotheliocytes and then their 

nucleated part almost covers the capillary lumen (Fig. 68).Numerous formed 

elements of blood are revealed in the lumen of the capillaries of the alveoli, and 

Lc 
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around them there are zones of infiltration from lymphocytes and 

macrophages.Macrophages are usually large in size, arranged by groups, and have a 

light vacuolated cytoplasm (Fig. 69).The reaction to the lectin of Helix pomatia 

enabled to identify groups of cells containing a great amount of reaction products; 

along with this the granules are located along their entire surface (Fig. 70).Around 

the blood vessels there is a perivascular edema, and in some cases a pronounced 

diffuse or focal infiltration with lymphocytes and macrophages with the formation 

of nodules and infiltrates of the “granuloma” type (Fig. 71).The reaction to 

glycosaminoglycans increases, in the peribronchial connective tissue and in the 

blood vessels around which perivascular edema is detected (Fig. 72, 73). An 

extremely positive reaction to PAS-positive substances is detected in the wall of 

bronchial vessels and in interalveolar septa.A particularly large number of PAS-

positive granules is observed in hypertrophied smooth muscle cells of the tunica 

media of the arteries. In the area of the perivascular edema the PAS - positive 

substances have focal localization. In the peribronchial connective tissue of 

lymphoepithelial formation the number of cells per unit area significantly increases. 

Among them, small lymphocytes are up to 85.6 ± 3.61%; medium lymphocytes to 

27.8 ± 1.57%; macrophages up to 12.3 ± 2.07%; mast cells up to 5.3 ± 0.74%; 

plasmocytes to 3.7 ± 0.18% (Table 8). 

SUMMARY.In the setting of prolonged hyperglycemia in the bronchial wall, 

there is an increase in the muscle plate of the mucosa, the appearance of large lipid 

droplets, the induration of peribronchial connective tissue, the increase in the 

number of cells in the lymphoepithelial structures, structural changes in bronchial 

vessels and perivascular edema.The intensity of the reaction to PAS-positive 

substances and glycosaminoglycans in the connective tissue of the bronchial wall 

and in the blood vessels around which “granulomas” formations are developed, 

increases. In the respiratory portion, the wall of the alveoli thickens, pericapillary 

sclerosis, swelling of endotheliocytes, stasis of formed elements in the lumen of 
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capillaries, extensive infiltrates from lymphocytes and macrophages, as well as a 

significant increase in the reaction to PAS-positive substances in the interalveolar 

septa are observed. 

Fig. 64.The lung of a rat with 
hyperglycemia for 16 weeks. 

Hypertrophy of smooth muscle cells 
(Mc) of the bronchus wall. In the 
peribronchial tissue, there are 
focalzones of induration of connective 
tissue. The blood vessels (Bv) are 
enlarged. Here a significant number of 
large lipid droplets (Ld) isidentified. 

Semi-fine section. 

Staining: methylene blue.Magnification: 
480X. 

 

 
 
Fig. 65.The lung of a rat with hyperglycemia for 
16 weeks. 

Some blood vessels (Bv) are dilated, others are in 
a collapsed condition, around them there is a 
focal induration of the connective tissue (↑).In 
some cases, there are signs of a perivascular 
edema. There are mast cells (Mc) containing 
numerous granules 
Semi-fine section.Staining: methylene blue.   
Magnification: 1000X. 

 

Fig. 66. Peribronchial connective tissue of rat in 
hyperglycemia for 16 weeks. 

Mature fibroblast (F) is located between the 
bundles of formed collagen fibers. In its 
cytoplasm there are many large vacuoles (V), 
under the karyolemma there is a layer of 
compact chromatin. 

Embedding: araldite-epon 

Staining: uranyl acetate, lead citrate. 
Magnification: 15000X. 
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Fig. 67.The wall of the alveoli of the rat in 
hyperglycemia for 16 weeks. 

The lumen of the blood capillaries (Bc) is 
enlarged, has a different size and is 
surrounded by bundles of numerous fibers (F) 
having different directions. 

Embedding: araldite-epon. 

Staining: uranyl acetate, lead citrate. 
Magnification: 10000X. 
 

 

 

Fig. 68. Respiratory portion of a rat in 
hyperglycemia for 16 weeks. 

In the lumen of the capillary (C) the 
nucleated part of the endotheliocyte (N) is 
bulging, covering its lumen. 

Embedding: araldite-epon. 

Staining: uranyl acetate, lead citrate. 
Magnification: 7000X. 

 

 

Fig. 69. Respiratory portion of a rat in 
hyperglycemia for 16 weeks. 

The interalveolar septa are thickened, 
infiltrated by numerous lymphocytes and 
macrophages (↑), which predominantly 
have focal localization. 

Staining: hematoxylin and eosin. 

Magnification: 680X. 
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Fig. 70. Respiratory portion of a rat in 
hyperglycemia for 16 weeks 

In the alveolar wall, groups of cells 
containing numerous granules of reaction 
products (↑) are localized. 

Semi-fine section. 

The reaction to the lectin of Helix pomatia 
in addition to methylene blue staining. 

Magnification: 1000X.  

 

 

 

 

Fig. 71. Respiratory portion of a rat in 
hyperglycemia for 16 weeks 

Most alveoli are in a collapsed condition, 
there are numerous cellsin the lumen. There 
is perivascular edema (↑) and in these areas 
diffuse or focal infiltration of lymphocytes (L) 
(granuloma formations) is detected. 

Staining: hematoxylin and eosin. 

Magnification: 280X. 

 

Fig. 72.The lung of a rat with 
hyperglycemia for 16 weeks. 

Atelectasis and extensive infiltration of 
alveoli (↑) by lymphocytes. 

Increased intensity of reactions to 
glycosaminoglycans in the bronchus wall 
and in the perivascular edema  zone (Pe). 
In the wall of the alveoli, the reaction is 
moderate. 

Staining: alcian blue 8 GX by Steedman. 
Magnification: 280. 
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Fig. 73. 
Respiratoryportionofaratinhyperglycemi
afor 16 weeks. 
Pronounced hypertrophy of the 
muscular membrane of blood vessels 
with a high content of PAS-positive 
substances (↑).Perivascular edema 
(Pe).PAS- positive reaction in the wall of 
the blood vessels of the alveoli. 
Staining: PAS-reaction of 
McManus.Magnification: 280X. 

 

 

Constant contact of the lung with a large amount of oxygen, especially in the 

setting of hyperglycemia, leads to a significant activation of the LPO reaction, which 

is one of the causes of cell damage and death. This leads to the development of 

pathological changes in all structures of the respiratory system and especially in the 

blood vessels. It is known that the high activity of LPO reactions in DM directly 

correlates to the severity of vascular complications[Efimov, А. S., 1989; Balabolkin, 

М. I., 2000; Saltykov, B. B., 2000]. 

With hyperglycemia for 8 weeks, the general plan of the structure of the 

respiratory system is preserved, but at the same time there are numerous areas of 

atelectasis and emphysema parts in the respiratory portion. There is an increase in 

the thickness of the muscle plate of the bronchial mucosa and perivascular edema 

mainly around the venous vessels, in which stasis of the formed elements is 

noted.The infiltration of peribronchial connective tissue increases, and the number 

of lymphoblasts, small lymphocytes, macrophages statistically significant increases 

in the lymphoepithelial formations; plasma cells appear.In the interlayers of the 

connective tissue of the bronchi, in the wall of the blood vessels and interalveolar 

septa, the intensity of the reaction to glycosaminoglycans and PAS-positive 

Pe 
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substances increases. In the septal walls, the number of collagen fibers increases, 

and zones of mucoid swelling appear.There are signs of hypertrophy in the 

alveocytes of type I, the basement membrane of the alveoli thickens.In alveocytes of 

type II, the number of osmiophilic bodies is significantly reduced, which probably 

reflects a decrease in their secretory activity, a decrease in the surfactant lining of 

the alveoli, and this contributes to the development of injuries of the respiratory 

portion of the lungs.In the alveolar lumen there are numerous macrophages, in 

most of which ligands of the lectin Helix pomatia are detected, which indicates the 

activation of the differentiation process and the appearance of maturing 

macrophages.It is fair to assume that this is associated with hyperglycemia. It is 

known that the number of macrophages in the lumen of the alveoli depends on the 

level of glucose in the blood and the severity of plasmorrhagia [Kodolova, I. М., 

1982; Shcherbak, А. V., 1986; Toso, C., 2008].  Apparently, in such conditions with a 

high level of blood glucose, macrophages play an active role in the resorption and 

removal of byproducts coming from the vascular bed into the wall and lumen of the 

alveoli. 

In the dilated capillaries of the walls of the alveoli, aggregates of 

erythrocytes, focal edema of the subendothelial space, structural changes in the 

endothelial cellsappear, i.e. these changes indicate a decrease in the transportation 

of gases of the respiratory portion of the lung.It is considered that with DM 

intracellular accumulation of sorbitol in the vessel walloccurs, this leads to 

hyperosmolarity, development of edema and swelling of cells and intercellular 

substance, and as a result of impaired vascular wall permeability[Genyk, S. N., 1989; 

Bobyreva, L. Е., 1996; Lipatov, D.V., 2012; Jenning, Р. Е., 1987]. 

Thus, in the setting of 8-week hyperglycemia, a complex of nonspecific 

changes appears which plays a very significant role in the development of lung 

pathology. 
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Hyperglycemia for 16 weeks is accompanied by pronounced changes in the 

lungs. A part of the bronchi is in a collapsed condition, in others the lumen is 

enlarged, the walls of the alveoli are thickened.The distances between smooth 

muscle cells of the bronchial mucosa are increased, in the peribronchial connective 

tissue, signs of sclerosis and the appearance of large lipid droplets are revealed.In 

connection with this, it should be noted that during such a long-term experiment, 

the age of rats at the time of slaughter was about 9 to 10 months; however such 

pronounced sclerotic changes in the connective tissue of the lung were observed 

only in experimental animals.Around the bronchial blood vessels there is 

perivascular edema and marked infiltration of lymphocytes and macrophages by 

the type of granuloma formations, which indicates the leading role of metabolic 

disturbances in carbohydrate metabolism and plasmorrhagic processes in the 

development of diabetic angiopathies [Saltykov, B. B., 1984; DedovI. I. et al, 2003]. 

According to a number of authors, the excessive lipid hydroperoxidation plays an 

important role in the progression of structural disorders in the lungs [Lysenko, L. 

V.,1990; Lyaifer, А. I., 1993; Sazonova, О. V., 2000;Wang, J.Y., 2014]. Taking into 

consideration that the lungs are constantly in contact with oxygen, as well as with 

such active initiators of peroxidation as ozone and nitrogen dioxide, there are all 

conditions for activation of the LPO reaction in the development of a hyperglycemic 

state.In addition, there are numerous macrophages in the lung, which, under 

pathological conditions, can affect the activity of the free radical oxidation reaction 

[Romanova, L. К., 1991; Nathan, C. F., 1982;McDonald, R. J., 1991].  

In hyperglycemia, the vascular bed and especially the endothelial cells are the 

most vulnerable because the highly reactive products of LPO and oxygen free 

radicals formed as a result of glucose oxidation have a damaging effect on them.It 

has been established that the lung structure abnormalities by products of free 

radical oxidation leads to an increase in the secretion of biologically active 

substances, which increase vascular permeability, that can lead to the development 
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of an inflammatory reaction.In the peripheral zone of lymphoepithelial formations, 

the number of cells increases due to a considerable increase in the number of small 

lymphocytes, macrophages, plasma and mast cells. Along with this, macrophages 

usually have a large size and a light vacuolated cytoplasm. It appears that in 

conditions of high plasmorrhagia macrophages actively provide resorption and 

removal of byproducts coming from the bloodstream into the wall and lumen of the 

alveoli. However as the structural changes in the vessels of the microcirculatory 

bloodstream and in the alveolar septa increase, due to the repeated process of 

induction, there is an excessive accumulation of byproducts and, as a result, a 

decrease in the phagocytic activity of macrophages, as evidenced by the 

accumulation of an abundance of vacuoles in their cytoplasm. 

According to some authors, the weakening of the local lung protection 

system is a negative pathogenetic factor that worsens pathogenic mechanism in 

respiratory organs in diabetes mellitus [Strukov, А. I., 1990; Nazhmutdinova, D. К., 

2000; Fournier, M., 1977]. In the peribronchial connective tissue, bundles consisting 

of collagen fibers grow in size, their number increases in the wall of the alveoli, 

especially around the blood capillaries. Reactions to PAS-positive substances and 

glycosaminoglycans are preserved at a high level of in the connective tissue and 

wall of blood vessels. The swelling of endotheliocytes in the blood capillaries of the 

alveoli is revealed, frequently enough accumulations of formed elements are found 

in them, almost completely covering the lumen. Basement membranes of 

capillaries thicken, the number of PAS-positive substances increases in them. 

Consequently in the lungs of a large network of blood vessels, developing 

angiopathy take on particular significance. The whole complex of changes leads to a 

decrease in the number of functionally active capillaries, and this initiates the 

development of hypoxia, the growth of dystrophic processes in connective tissue 

and, as a result, the formation of interstitial fibrosis. 



101 
 

Thus, the changes observed by us with 16-week hyperglycemia indicate the 

appearance of specific morphological features, such as granulomatous perivascular 

formations, collapsed capillaries with a thickened wall, typical for lung lesions with 

DM [Lysenko, L. V., 1990; Zhestovskiy, S. S., 2007; Shoikhet,Y.N., 2008]. If in the 

beginning in pulmonary tissue with DM, the above-described changes are of a 

diffuse nature, and therefore they can be compensated for a long time, then in the 

future this leads to aggravation of pathological processes in the lungs and 

complication of the DM itself, which defines the necessity of finding ways to correct 

them. 

 

 

Morphofunctional characteristics of the lung of rats in the experiment with 
hyperglycemia in the setting of dihydroquercetin administration for 8 weeks 

 

Changes in the mucosa of subsegmental and intralobular bronchi are of a 

focal character: on longitudinal sections it is seen that the elastic fibers are 

fragmented, the muscle plate is somewhat thickened in comparison with the 

control.Migration of numerous mast cells through the epithelium is observed. In the 

respiratory portion, the majority of the alveoli retainthe structural plan typical of 

intact animals (Fig.74). A part of the alveoli are emphysematically dilated, their walls 

are thinned. Elastic fibers of the alveoli are focally thickened, in some areas they are 

fragmented (Fig. 75).  

In the lumen of the alveoli and in the connective tissue of the bronchi there is 

a significant number of small macrophages.The reaction to the lectin of Helix 

pomatia showed that the number and size of the granules of the reaction product in 

cells in the lumen of the alveoli decreases in comparison with the control.The 

granules have focal localization (Fig. 76). The reaction to glycosaminoglycans is 

reduced, especially in the interalveolar septa, but remains at a fairly high level in the 

bronchial blood vessels.The reaction to PAS-positive substances remains rather high. 
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In the wall of the alveoli it has a mosaic character; the largest number of granules is 

detected in the basement membranes of the capillaries.The most intensive reaction 

to neutral polysaccharides persists in the peribronchial connective tissue and in the 

walls of blood vessels. 

Fig. 74.Respiratory portion of the lung in 
hyperglycemia for 8 weeks in the setting of 
dihydroquercetin administration. 

Most alveoli have a normal structural plan. 
There are emphysematous zones (Ez). 

Staining: hematoxylin and eosin. 

Magnification: 260X.  

 

 

Fig. 75.Respiratory portion of the lung in 
hyperglycemia for 8 weeks in the setting of 
dihydroquercetin administration. 

Elastic fibers (Ef) in the wall of the alveoli are 
focally thickened, located in groups.In some 
alveoli they are fragmented. Elastic membranes 
in the artery wall (A) are well defined. 
Staining: Weigert's resorcin fuchsin. 

Magnification: 260X.  

 

Fig. 76.Respiratory portion of the lung in 
hyperglycemia for 8 weeks in the setting of 
dihydroquercetin administration. 

In the alveole there are cells containing 
mostly small granules of the reaction product, 
which have focal localization (↑).Semi-fine 
section. 

 

The reaction to the lectin of Helix pomatia in  

addition to methylene blue staining. 

Magnification: 560X.   
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Fig. 77.Respiratory portion of the lung in 
hyperglycemia for 8 weeks in the setting of 
dihydroquercetin administration. 

Reaction to PAS - positive substances in the 
wall of the alveoli is mosaic. Intensification 
of the reaction was noted in the basement 
membranes of hemocapillaries (↑) 

Staining: PAS-reaction of 
McManus.Magnification: 200X. 

 

 

 
Fig. 78.The adventitious membrane of rat 
bronchus with hyperglycemia for 8 weeks in 
the setting of administration of 
dihydroquercetin. 
Lymphoepithelial formation includes 
numerous lymphoblasts, prolymphocytes, 
macrophages and a moderate number of 
mature lymphocytes (↑). 
 
Staining: hematoxylin and eosin. 

Magnification: 1000X. 
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Table8 

THE NUMBER OF CELLULAR ELEMENTS IN THE PERIPHERAL ZONE OF LYMPHOEPYTELIAL 
FORMATIONS OF SUBSEGEMENTARY AND INTRALOBULAR BRONCHI  

 

Indices 
 
Groups of animals 

Lymphoblasts Medium 
lymphocytes 

Small 
lymphocytes 

Macrophages Plasmocytes Mast cells 

Hyperglycaemia 
for 8 weeks 
(control 1) 

6,7± 0,32 23,2 ± 2,8 68,7 ± 4,01 8,3 ± 0,72 3,1± 0,48 1,4 ± 0,3 

Hyperglycemia for 
8 weeks with 
dihydroquercetin 

8,4± 0,35 29,1± 1,01* 45,3± 5,7* 10,1± 0,82 0,5±0,17* 0,8± 0,21 

Hyperglycaemia 
for 16 weeks 
(control 2) 

5,3± 0,54 27,8 ± 1,57 85,6 ± 3,61 12,3 ± 2,07 3,7± 0,18 5,3± 0,74 

Hyperglycemia for 
16 weeks with 
dihydroquercetin 

4,7± 0,42 20,3± 2,6 51,7± 
3,71** 7,92± 0,57** 1,4± 0,27** 1,7±0,29** 

* р< 0,05 in comparison with 1st control group 
** р< 0,05 in comparison with 2nd control group 
 

In the peripheral zone of the lymphoepithelial formation of the bronchi, 

cellular elements are located diffusely; sometimes they cover the adjacent sections 

of the lung parenchyma. In their structure the number of lymphoblasts increases 

significantly (up to 8.4 ± 0.35%) and medium lymphocytes (up to 29.1 ± 2.01%) in 

the setting of a decrease in small lymphocytes (up to 45.3 ± 5.7%) and plasmocytes 

(Table 8). The number of macrophages increases to 10.1 ± 0.82% (in control - 8.3 ± 

0.72%). 

SUMMARY. Thus, the administration of dihydroquercetin in the setting of 

hyperglycemia makes it possible to preserve the typical plan of the structure in most 
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alveoli.In the lumen of the alveoli and their walls, a large number of mature 

macrophages are detected, since the number of granules of the reaction products to 

the lectin decreases as the cells maturation.In lymphoepithelial formations, the 

number of lymphoblasts and medium lymphocytes increases in the setting of the 

decrease of the number of small lymphocytes, plasmatic and mast cells. At the same 

time, the migration of the latter through the epithelium increases.The phenomena 

of perivascular edema are moderately expressed. The intensity of the reaction to 

PAS - positive substances and glycosaminoglycans in the walls of bronchial blood 

vessels significantly decreases. 

 

Morphofunctional characteristics of the lung of rats in the experiment with 
hyperglycemia in the setting of dihydroquercetin administration for 16 weeks 

 

In the setting of sustained hyperglycemia, the administration of 

dihydroquercetin somewhat reduces the structural changes in the wall of the intra-

lobular bronchi in comparison with the control.The focal folding of the mucous coat 

is revealed, in these areas the smooth muscle cells are hypertrophied (Fig. 79). In 

the peribronchial connective tissue, the indurated parts alternate with the zones of 

mucoid swelling. There, mainly young fibroblasts with dilated tubules of the 

endoplasmic reticulum and nuclei of usually irregular shape are found, in which the 

chromatin is located on the periphery by a narrow rim, the nucleolus is well 

contoured.The fibers surrounding the fibroblast are located at a considerable 

distance from each other (Fig. 80). In the respiratory portion the shape and size of 

the alveoli varies, some of them preserve the usual plan of the structure, there are 

emphysematous zones. In the majority of alveoli, the wall is thickened, there are 

elastic fibers in it, the number and size of which are different.Hypertrophy of 

alveolocytes is revealed. Lymphoid infiltration in the respiratory portion has focal 

localization, macrophages are rare.The reaction to the lectin of Helix pomatia made 

it possible to identify in the lumen of the alveoli individual cells containing small 
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granules of the reaction product unevenly distributed along the cell contour.In the 

part of bronchial vessels, there is a perivascular edema, here the reaction to PAS-

positive substances is poorly expressed (Fig. 81).The high level of PAS-positive 

substances was noted in the wall of bronchial vessels and in interalveolar septa (Fig. 

82), although in the latter the level of the reaction is much lower than in the control. 

The reaction to glycosaminoglycans significantly decreases in the 

peribronchial connective tissue, in large blood vessels it remains at a fairly high 

level.In the wall of the alveoli, the glycosaminoglycan content is moderate and has a 

focal localization (Table 9). 
 

Fig. 79. Respiratory portion of lung of a rat 
at 16 weeks of hyperglycemia in the setting 
of  dihydroquercetin administration. 

The shape and size of the alveoli (A) vary. 
There is swelling of alveocytes and a 
moderate amount of macrophages in the 
lumen of the alveoli. The wall of the 
bronchi is thickened (↑). 

Staining: hematoxylin and eosin. 

Magnification: 420X. 

 

Fig. 80. Peribronchial connective tissue at 
16 weeks of hyperglycemia in the setting of  
dihydroquercetin administration. 

Fibroblast (F) has rugged contours of the 
nucleus. Chromatin in the form of a narrow 
zonule,is located along the periphery of the 
nucleus. The nucleolus (N) is well 
contoured. The tubules of the endoplasmic 
reticulum (Er) are widened in a focal 
point.Fine fibrous structures are visible 
around the cell (↑). 

Embedding: araldite-epon. 

Staining: uranyl acetate, lead citrate. 
Magnification: 12000X. 
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Fig. 81. Respiratory portion of lung of a rat 
at 16 weeks of hyperglycemia in the setting 
of  dihydroquercetin administration. 

Focal enhancement of PAS - reactions in the 
wall of the alveoli (↑), blood vessels and 
bronchial mucosa.Perivascular edema (Pe). 

Staining: PAS-reaction of McManus 
hematoxylin staining.Magnification: 280X. 
 

 

 

Fig. 81. Respiratory portion of lung of a rat at 
16 weeks of hyperglycemia in the setting of  
dihydroquercetin administration. 

Focal increase in PAS - positive substances in 
the blood capillaries of the alveoli, in the 
peribronchial connective tissue and in the 
middle layer of the blood vessels (↑
).Perivascular edema. In the peribronchial 
connective tissue, the effects of edema are 
focal. 

Staining: PAS-reaction of McManus. 

Magnification: 280X. 

 

Analysis of the peripheral zone of lymphoepithelial formation revealed a 

decrease in the total number of cells on an area of 10,000 μm2, a significant 

decrease in the number of small and medium lymphocytes, macrophages, mast and 

plasma cells (Table 9). 

SUMMARY. With a long-term hyperglycemia, the administration of 

dihydroquercetin reduces the level of structural changes in the bronchial tree and in 

Pe 

Pe 
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the respiratory portion of the lung.In the peribronchial connective tissue, in the 

setting of areas with an increased number of fibers, the areas of mucoid swelling are 

revealed; the intensity of the reaction to glycosaminoglycans and PAS-positive 

substances is reduced, the infiltration zones are small, the number of cells of various 

types decreases.Perivascular edema is less significant. In the respiratory portion, the 

majority of the alveoli preserves the general plan of the structure.The number of 

PAS - positive granules and the content of glycosaminoglycans in the bronchial 

vessels and vessels of the microcirculatory bloodstream of the alveolar wall 

decreases. 

Table9 

AUTHENTICITY OF CHANGES OF INTENSITIVENESS OF THE REACTION TO PAS-POSITIVE SUBSTANCES 
AND GLYCOSAMINOGLYCANES IN THE LUNG OF INTACT AND EXPERIMENTAL ANIMALS (in 

conventional units) 

 
 Glycosaminoglycans PAS-positive substances 

 
Peribronchial 

connective 
tissue 

Bronchial 
blood 

vessels 

Interalve- 
olar 

septum 

Peribronchial 
connective 

tissue 

Bronchial 
blood 

vessels 

Interalve- 
olar 

septum 
Hyperglycemia * 
for 8 weeks (control)       

Hyperglycemia ^ 
for 8 weeks with 
dihydroquercetin 

0   0   

Hyperglycemia * 
for 16 weeks 
(control) 

  0    

Hyperglycemia      # 
for 16 weeks with 
dihydroquercetin 

0  0 0   

* in comparison with intact animals; 
^ in comparison with a control of 8 weeks; 
# in comparisonwith a control of 16 weeks; 
statistically significant increase;  statistically significant decrease;  0 absence of significant 
differences.  
 
 

The administration of dihydroquercetin in the setting of 8-week 

hyperglycemia made it possible to preserve the plan of the structure typical of 

intact animals in most alveoli.Changes in lymphoepithelial formations with the 

administration of drug substances were as follows: a large number of lymphoblasts, 
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medium lymphocytes and mature macrophages are preservedin the setting of a 

decrease in the number of small lymphocytes.Positive dynamics is observed in the 

peribronchial connective tissue and in the interalveolar septa; a tendency to reduce 

the level of reaction to glycosaminoglycans and PAS-positive substanceshas been 

noted here.At the same time, both in the wall of the blood vessels and in the 

basement membranes of the hemocapillaries, a fairly high focal intensive reaction 

to neutral polysaccharidesremains there. 

In the setting of 16-week hyperglycemia, the administration of 

dihydroquercetin somewhat reduces structural changes in the respiratory portion 

of the lung, but the observed situation is very mosaic.The part of the alveoli 

preserves the usual plan of the structure, the others are emphysematically dilated, 

and some have a thickened wall due to the increase, generally, of the elastic 

fibers.There is moderate hypertrophy in the alveocytes, focal alveolar wall 

infiltration and a slight decrease in activity to the PAS-positive substances in the 

interalveolar septa and in the basement membrane of the capillaries. 

Infiltration zones in the peribronchial connective tissue are reduced, along 

with this, a decrease in the number of lymphoblasts, medium lymphocytes, 

plasmocytes and mast cells is observed.It is believed that a decrease in the number 

of young forms of lymphocytes, in the setting of increased mature ones, is most 

often associated with an improvement in the blood supply of this area [Strukov, А. 

I., 1990]. In the connective tissue of the bronchial tree there are small foci of 

sclerosis and mucoid swelling areas, a fairly high response to glycosaminoglycans 

and PAS-positive substances remains (Table 

9).Perivascularedemainbronchialvesselsismoderatelyexpressed. 

Taking into consideration the above, we may come to the conclusion that in 

the course of experimental hyperglycemia the angioprotective effect of 

dihydroquercetin is quite high.It is known that dihydroquercetin has a beneficial 

effect on the wall of blood vessels and it increases the resistance of tissues to the 
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damaging effect of hyperglycemia [Teselkin, Y. О., 1996; Lukyanova, L. D., 2007; 

Uminskiy, А. А., 2007]. The increase in the period of administration of this drug 

substance did not lead to a full recovery of structures in the lung, but in this case 

the nature of the disturbances was less significant and it allowed reducing the level 

of pathological changes in the respiratory organs. 

CHAPTER 5. Biochemical values of peripheral blood and lung tissue of rats in 
different periods with hyperglycemia in the setting of dihydroquercetin 

administration 
 

Glycemic parameters of peripheral blood 
 

Studies of the glycose profile in rats were performed in the fasting state in the 

morning.In each of the experimental groups, all the animals were examined for 

baseline blood glucose level and further work was carried out individually with each 

one. The consistant results of changes in the level of the glucose profile were 

obtained at week 4 of the experiment, when the glucose values were 5.9 ± 0.38 

mmol / L (Table 10).At this periodof time, in 60 minutes after oral administration of 

glucose, its level in the blood of rats increased to 11.5 ± 0.85 mmol / L (Table 11).In 

the course of the following experiment, an increase of glucose level at a period of 8 

weeks was noted.This index was 6.4 ± 0.53 mmol / L, which almost twice exceedsits 

level in intact rats.Animals administrated with dihydroquercetinat week 4 had a 

blood glucose level of 4.5 ± 0.41 mmol / L (5.9 ± 0.58 mmol / L in the control). After 

oral intake of glucose in 60 minutes, its level was significantly lower than in the 

control and was 5.8 ± 0.51 mmol / L (Table 11).Dihydroquercetin caused a significant 

decrease in the blood glucose to 5.2 ± 0.44 mmol / L (in the control 6.4 ± 0.53 mmol 

/ L, Table 10).In the group of animals with experimental hyperglycemia for 16 weeks, 

changes in blood glucose were as follows: 8 weeks - 6.6 ± 0.61 mmol / L; 12 weeks - 

6.9 ± 0.31 mmol / L; 16 weeks - 7.1 ± 0.43 mmol / L (Table 12). 

 

 



111 
 

 

 

 

Table 10 

The blood glucose indicators of intact rats, with hyperglycemia for 8 weeks and with dihydroquercetin 
administration (mmol / L) 

 

Duration of the experiment 
 
Groups of animals 

Hyperglycemia for: 
Intact animals 4weeks 6 weeks 8 4weeks 

Animals with hyperglycemia 
(control) 5,9 ± 0,38* 6,2 ± 0,37* 6,4 ± 0,53* 3,1 ± 0,24 

Animals with hyperglycemia in the 
setting ofdihydroquercetin 
administration  

4,5 ± 0,41** 4,0 ± 0,6** 5,2 ± 0,44** 3,2 ± 0,28 

* р< 0,05 in comparison with intact animals 
** р< 0,05 in comparison with the control group 
 

Table 11 

The blood glucose levels of rats (4th week from the start of the experiment) 

in the fasting state and 60 minutes after oral intake of glucose (mmol / L) 

 

Groups of animals 
 
Levels 

Hyperglycemia 
(control) 

Hyperglycemia in the setting of 
dihydroquercetin administration 

 
In the fasting state 5,9 ± 0,58 4,5 ± 0,41* 
60 minutes after 11,5 ± 0,85 5,8 ± 0,51* 
* р< 0,05 in comparison with the control group 
 

Table12 

Blood glucose levels of intact rats with hyperglycemia 

for 16 weeks and in the setting of dihydroquercetin administration (mmol / L) 

 

Duration of the experiment 
 

Groups of animals 

Hyperglycemia for: Intact 
 animals 8 weeks 12 weeks 16 weeks 

Animals with hyperglycemia 
(control) 6,6 ± 0,61* 6,9 ± 0,31* 7,1 ± 0,43* 3,4 ± 0,26 
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Animals with hyperglycemia in the 
setting ofdihydroquercetin 
administration 

5,3 ± 0,42** 5,7 ± 0,38** 5,8 ± 0,32** 3,2 ± 0,35 

* р< 0,05 in comparison with intact animals 
** р< 0,05 in comparison with the control group 

 

The administration of dihydroquercetin in these periods of time showed that 

the blood glucose level was significantly lower, by the 16thweek of the experiment it 

was 5.8 ± 0.32 mmol / L. 

SUMMARY: Thus, the obtained data testify that under conditions of 8 and 16 

weeks of the experiment, sustained hyperglycemia was produced in the body of 

rats.The administration of dihydroquercetin under these conditions leads to a 

significant decrease in blood glucose levels at all periods of time. 

 

Oxidative stress and its role in hyperglycemia 

Lipid peroxidation (LPO) exists in properly functioning cells, where lipid 

hydroperoxides are constantly kept in low concentration.It plays an important role 

in regulating the permeability of cell membranes, the state of cellular oxidative 

phosphorylation.Under certain conditions, the formation of reactive radical entities 

increases, which leads to oxidative stress.It has been established that in mechanisms 

of increasing oxidative stress in diabetes not only hyperglycemia but also 

hyperinsulinemia is involved [Khrapova, N. G., 1981;BobyrevaL. Е., 1996; Balabolkin, 

М. I., 2000;Zenkov, N. К., 2001; Volchegorskiy, I. А., 2008;Mazo, V.К., 2016;Ciriello, 

A., 1999; Wu, Z., 2004;Wang, J.Y., 2014]. In healthy tissue, the process of lipid 

peroxidation, the intensity of which is inversely related to the activity of the natural 

antioxidant systems, constantly proceeds.Excess formation of reactive oxygen 

intermediates can cause damage and death of cells.Diene conjugates, which are the 

primary products of LPO, refer to toxic metabolites that have a damaging effect on 

lipoproteins, proteins, enzymes and nucleic acids.Further products of LPO are 

aldehydes and ketones which, with free groups of membrane compounds, form the 
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final products of LPO (Schiff’s base, etc.); their continuous accumulation destabilizes 

membranes and promotes cell destruction. The unlimited increase in free radicals 

and hydroperoxides of lipids must have led to the rapid destruction of cellular 

structures, but under natural conditions this does not occur due to the presence in 

the body of a complex and multicomponent system of bioantioxidants and natural 

antioxidants that can chemically inhibit free radical lipid oxidation.The activity of the 

lipid peroxidation reaction in tissues is controlled by an antioxidant system that 

provides not only protection against the damaging effect of free radicals, but also 

has an impact on adaptive responses.However, it should be noted that the negative 

consequences of lipid peroxidation occur only when there is a depletion of  reserves 

of endogenous antioxidant defense system[Vladimirov, Y. А., 1972;Kagan, V. Е., 

1979; Gazko, G. G., 1985;Sukhanova, L. Y., 1988;Balabolkin, М. I., 2000;Mazo, V.К., 

2014;91, Wolff, S. P., 1991]. 

In the absence of antioxidant correction, the level of functioning of protective 

systems progressively decreases, the level of LPO products reaches a maximum; 

along with this the hard-disposed secondary compounds (malondialdehyde) 

predominatein their structure. The reduction of the primary products of LPO, such 

as diene conjugates, hydroperoxides, due to uncompensated “burning out” of 

substrates for their formation, can lead to a false conclusion about the well-being in 

the LPO system - antioxidants [Kagan, V. Е., 1979; Ivanov, V. V., 1984; Mazhul, L. М., 

1987;Sazonova, О. V., 2000; Romanenko, I. А., 2005; Kllebanova, Е. М., 

2006;Rogovskiy, V.S., 2013]. 

Vitamin E prevents the formation of end products of LPO, functions as an 

antioxidant, inhibits lipid peroxidation and eliminates free radicals, including singlet 

oxygen, which is a powerful oxidant.According to some authors, [Volchegorskiy,I. А., 

2008;Gavrovskaya, L. К., 2008;Bondar, I. А., 2009;Paolisso, G., 1993] insulin also 

inhibits LPO reactions, but this antioxidant effect decreases as the body ages. 
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In conditions of hyperglycemia, the vascular bed is considered to be the most 

“favorable” place for inducing free radical oxidation, which is due to the high level of 

oxygen in the blood, which, as is well-known, appears to be a necessary substrate 

for the formation of highly reactive compounds.Free radicals damage the cellular 

structures of the vascular wall, cause desquamation of the endothelium, destruction 

and fragmentation of the elastic fibers, free radical depolymerization of 

glycosaminoglycans and the appearance of collagen cross-linking.The prolonged 

exploration of the products of peroxidation to the components of the vascular wall 

is accompanied by the development of cellular proliferation with enlargement of 

connective tissue structures, fibrosis and calcinosis.All this contributes to the 

thickening of the vascular wall and a decrease in the response to the action of 

various vasoactive substances, which leads to various circulatory disturbances 

[Borodin, Е. А., 1992;Lyaifer, А. I., 1993;Bobyreva, L. Е., 1998;Dedov, I. I., 

2003;Balabolkin, М. I., 2008;Ren, S., 2000;Phung, O.J., 2014].  

Intensification of lipid peroxidation is of particular importance for the 

functioning of the respiratory system.Lungs present the largest biological membrane 

of the body, the external surface of which is constantly in contact with oxygen, as 

well as with such active initiators of peroxidation as ozone and nitrogen dioxide.Free 

radical damage of the lungs is characterized not only by ventilatory disorders, but 

also by hypersecretion of biologically active substances, which leads to 

inflammatory cell infiltration, increased vascular permeability, edema of tissues, 

local hypoxia.Ischemia and hypoxia of tissues, observed in diabetes mellitus, are 

additional factors contributing to the increased formation of reactive oxidants in 

various organs and tissues.It is unlikely that tissue hypoxia limits free-radical 

processes; on the contrary, there is a lot of data indicating an increase in lipid 

peroxidation during hypoxic and ischemic injuries [Vladimirov, Y. А., 1972; Kagan, V. 

Е., 1979; Zenkov, N. К., 2001;Rogovskiy, V.С., 2013; Wolff, S. P., 1991; Ciriello, A., 

1999].  
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Thus, with hyperglycemia, oxidative stress leads to a violation of the balance 

in the body between pro-oxidants and components of the antioxidant defense 

system.It causes a different degree of insulin deficiency and the development of 

insulin resistance, which are considered to be indispensible components of the 

pathogenesis of vascular complications of diabetes. 

The level of reactions of lipid peroxidation (LPO) in hyperglycemia and in the 
setting of dihydroquercetin administration 

In peripheral blood 

Experimental 8-week hyperglycemia in peripheral blood of rats showed a 

prominent and significant increase in the content of most LPO products, especially 

diene conjugates (up to 81.6 ± 4.04 nmol / L) and ceruloplasmin (up to 30,4 ± 2,1 mg 

/ 100 ml ).In intact animals, these indices were respectively 18.6 ± 0.38 nmol / ml 

and 18.4 ± 0.37 mg / 100ml.The level of vitamin E decreased and was 27.8 ± 0.62 μg 

/ ml, whereas in intact ones it was - 32.5 ± 0.57 μg / ml (Table 13). 

The administration of dihydroquercetin in the course of the experiment leads 

to a significant and prominent reduction in the diene conjugate parameters to 68.8 

± 2.03 nmol / ml, malondialdehyde to 4.1 ± 0.38 nmol / ml in the setting of an 

increase of vitamin E to 30.8 ± 0,43 μg / ml.At week 16 of experimental 

hyperglycemia, a high level of LPO products was preserved in the blood of rats, 

although the content of diene conjugates was lower than in the previous 

experiment and was 52.8 ± 39 nmol / ml.Vitamin E was reduced to 24.6 ± 0.67 μg / 

ml (in intact - 31.7 ± 0.48 μg / ml, Table 14).Dihydroquercetin at 16 weeks of 

hyperglycemia reduced the level of LPO reactions, as evidenced by the diene 

conjugate indices - 42.7 ± 2.68 nmol / ml and hydroperoxides - 21.9 ± 0.42 nmol / 

ml.ThevitaminEcontentwasincreasedto 28.4 ± 0.36 μg / ml. 

SUMMARY: Thus, hyperglycemia, both during 8 weeks and 16 weeks, leads to 

an increase in the peripheral blood of primary, as well as secondary products of LPO, 

in the setting of this the content of vitamin E decreases. The administration of 

dihydroquercetin during 8 weeks, and especially 16 weeks, revealed a significant 
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decrease in the level of LPO reaction, in the setting of increased antioxidant 

defence. 

 

 

 
Table13 

Biochemical blood indices of intact rats, with hyperglycemia for 8 weeks and in the setting of 
dihydroquercetin administration 

 

Groups of animals 
 
 
Indices 

Intact 
Hyperglycemia for 8 

weeks 
(control) 

Hyperglycemia for 8 
weeks in the setting of 

dihydroquercetin 
administration 

Diene conjugates, nmol / ml 
18,6 ± 0,38 81,6 ± 4,04* 68,8 ± 2,03** 

Hydroperoxides, nmol / ml 21,7 ± 0,42 26,8 ± 1,12* 28,4 ± 1,4 
Malondialdehyde, nmol / ml 

3,1 ± 0,17 5,6 ± 0,37* 4,1 ± 0,38** 

Ceruloplasmin, mg / 100ml 18,4 ± 0,37 30,4 ± 2,11* 32,1 ± 1,17 
Vitamin E, μg / ml 32,5 ± 0,57 27,8 ± 0,62* 30,8 ± 0,43 
 
* р< 0,05 in comparison with intact animals 
** р< 0,05 in comparison with the control group 
 

Table14 

Biochemical blood indices of intact rats, with hyperglycemia for 16 weeks and in the setting of 
dihydroquercetin administration 

 

Groups of animals 
 
 
Indices 

Intact 
Hyperglycemia for 

16 weeks 
(control) 

Hyperglycemia for 16 
weeks in the setting of 

dihydroquercetin 
administration 

Diene conjugates, nmol / ml 
17,4 ± 0,44 52,8 ± 3,09* 42,7 ± 2,68** 

Hydroperoxides, nmol / ml 22,4 ± 0,51 24,3 ± 0,72 21,9 ± 0,42** 
Malondialdehyde, nmol / ml 

3,3 ± 0,31 4,75 ± 0,54* 3,9 ± 0,27 

Ceruloplasmin, mg / 100ml 31,7 ± 0,48 24,6 ± 0,67* 28,4 ± 0,36** 
 
* р< 0,05 in comparison with intact animals 
** р< 0,05 in comparison with the control group 
 

In the lung tissue 
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In conditions of hyperglycemia, statistically significant activation of LPO 

processes in lung tissue is observed.This can be judged from the increase in the 

content of lipid peroxidation products already at week 8 of the experiment - diene 

conjugates increase to 77.4 ± 1.45 nmol / g; hydroperoxides up to 35.9 ± 2.1 nmol / 

g (for intact these parameters are respectively equal to 53.8 ± 0.33 nmol / g and 

21.1 ± 0.54 nmol / g).It should be noted that the amount of vitamin E practically 

does not change (Table 15).The administration of dihydroquercetin during this 

experiment led to a significant decrease in the content of primary LPO products, 

namely, diene conjugates up to 59.8 ± 1.19 nmol / g and an increase in vitamin E to 

45.9 ± 0.41 μg / g, with hyperglycemia in the control its content was 40.3 ± 0.87 μg / 

g.An increase in the duration of the experiment with hyperglycaemia to 16 weeks 

maintained the high activity of LPO reactions, which is indicated by fairly high 

indices of diene conjugates - 61.9 ± 1.47 nmol / g, hydroperoxides - 31.7 ± 1.82 nmol 

/ g, in intact animals the content of these substances was accordingly equal to - 49.1 

± 0.42 nmol / g and 19.4 ± 0.65 nmol / g.The low level of vitamin E is indicative of a 

decrease in the level of antioxidant defence - 37.4 ± 1.75 μg / g, in intact ones it was 

equal to - 43.71 ± 1.07 μg / g (Table 16).The administration of dihydroquercetin 

under conditions of 16-week hyperglycemia led to a statistically significant decrease 

in the products of LPO reactions and an increase in the antioxidant defence 

index.This is evidenced by a decrease in the indices of diene conjugates to 48.7 ± 

1.04 nmol / g, hydroperoxides to 21.3 ± 0.81 nmol / g and an increase in vitamin E to 

44.4 ± 0.79 μg / g with the administration of dihydroquercetin. 

SUMMARY: Thus, experimental hyperglycemia leads to the activation of LPO 

reactions, as evidenced by an increase of diene conjugatesin the tissue of the lung, 

hydroperoxides of lipids and a decrease in vitamin E.The level of LPO reactions 

depends on the duration of the experiment. The administration, under the 

conditions of the activation of the reactions of lipid peroxidation, of 

dihydroquercetin allows reducing the intensity of these processes, activating the 
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antioxidant system, and preventing excessive accumulation of peroxidation products 

in the lung.It should be noted that dihydroquercetin more actively affects the 

accumulation of vitamin Ein the lung tissue. 

 

Table15 

Biochemical indices of intact rat tissue, with hyperglycemia for 8 weeks and in the setting of 
dihydroquercetin administration 

 

Groups of animals 
 
 
Indices 

Intact 
Hyperglycemia for 

8 weeks 
(control) 

Hyperglycemia for 8 weeks 
in the setting of 

dihydroquercetin 
administration 

Diene conjugates, nmol / ml 53,18 ± 0,33 77,4 ± 1,45* 59,8 ± 1,19** 
Hydroperoxides, nmol / ml 21,1 ± 0,54 35,9 ± 2,1* 34,8 ± 1,72 
Vitamin E, μg / g 42,65 ± 1,08 40,3 ± 0,87 45,9 ± 0,41** 
 
* р< 0,05 in comparison with intact animals 
** р< 0,05 in comparison with the control group 

 

Table 16 

Biochemical indices of intact rat tissue, with hyperglycemia for 16 weeks and in the setting of 
dihydroquercetin administration 

 

Groups of animals 
 
 
Indices 

Intact 
Hyperglycemia for 

16 weeks 
(control) 

Hyperglycemia for 16 
weeks in the setting of 

dihydroquercetin 
administration 

Diene conjugates, nmol / ml 49,1 ± 0,42 61,9 ± 1,47* 48,7 ± 1,04** 
Hydroperoxides, nmol / ml 19,4 ± 0,65 31,7 ± 1,82* 21,3 ± 0,81** 
Vitamin E, μg / g 43,71 ± 1,07 37,4 ± 1,75* 44,4 ± 0,79** 
 
* р< 0,05 in comparison with intact animals 
** р< 0,05 in comparison with the control group 

 

In our work, when creating sustained and long-term experimental 

hyperglycemia, morphological and biochemical disturbances were found, similar to 

those observed in patients with type 2 diabetes mellitus.Hyperglycemia is the result 

of a metabolic disorder, in which the level of dietary carbohydrates exceeds their 

consumption by organs and tissues.In this case, glucose has a long and uncontrolled 
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effect on various cell structures, which leads to the development of glucose toxicity 

[Baranov, V. G., 1965; Williams, G., 2003; Bensellam, M., 2009]. One of the 

phenomena of this process is the activation of peroxide oxidation of glucose, as well 

as lipids and proteins, which is accompanied by an increase in the level of extremely 

reactive free radicals.In addition, the state of hyperglycemia leads to the fact that 

individual links of the body's antioxidant defense system do not cope with the 

increased load. 

Such a disturbance of the balance of oxidative processes and an increase in 

uncontrolled free radical reactions due to hyperglycemia are sometimes called 

oxidative stress, which is particularly detrimental to the cells and tissues of the 

body[Vladimirov, Y. А., 1972; Ivanov, V. V., 1984; Mazovetskiy, А. G., 1987; Lyaifer, 

А. I., 1993; Ciriello, A., 1999]. One of the main criteria in choosing the model of 

experimental hyperglycemia was the absence of direct detrimental effect or the 

occurrence of significant metabolic disturbances of B cells of pancreatic islets.In 

addition, it should be taken into consideration that the absorption of glucose from 

the gastrointestinal tract leads to the greatest stimulation of B cells, active secretion 

of insulin, which ultimately can lead to depletion or a decrease in the functional 

activity of islet cells of pancreatic islets[Baranov, V. G., 1983; Mazovetskiy, А. G., 

1987; Balabolkin, М. I., 1994;Shestakova, Е.А. 2012]. It has been known that in 

patients with type 2 DM, the secretion of insulin with food intake is reduced, and 

sometimes there is no insulin response at all.A number of studies have shown that 

in the setting of hyperglycemia, the ability of insulin to stimulate the glucose uptake 

by means of peripheral tissues is reduced [Baranov, V. G., 1965; Ametov, А. S., 2002; 

Dedov,I. I., Melnichenko,Т. А., 2008]. Taking in consideration the above, in our work 

we used various ways of introducing glucose solution into the body of experimental 

animals: oral and parenteral (intraperitoneal).The most clear and statistically 

significant data were obtained in the study of fasting blood glucose levels of rats.In 

the course of the experiment, a “peak” increase in glucose levels was detected 
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already 60 minutes after its administration.With the extension of the experimental 

period, there was a clear tendency to the increase of the blood glucose 

concentration, which indicates the development of hyperglycemic syndrome in 

experimental animals.The level of glucose in the blood is indicative of the state of 

two constantly changing processes that are under the control of insulin: the 

utilization of glucose by the tissues and the intake of glucose into the bloodstream. 

The consistent results were obtained at the 4thweek of the experiment, when blood 

glucose levels increased in 2 times in comparison with intact animals.During this 

period, the oral administration of glucose in rats resulted in an rapid increase in 

blood content in 60 minutes, which is somewhat similar to postprandial 

hyperglycemia (hyperglycemia after eating) in patients with type 2 DM. 

It is considered that this is an important pathogenetic factor in the 

development of angiopathies and it occurs as a result of the fallout of the early 

phase of insulin secretion [Mkrtumyan, А. М., 2002; Balabolkin, М. I., 2004].During 

the further extension of the experiment to 16 weeks, there was a clear tendency to 

the increase of blood glucose level.Thus, an increase in blood glucose level 

intensifies the state of insulin resistance and, possibly, leads to a decrease in the 

susceptibility of B cells, thereby causing disinsulinism, which leads to the formation 

of a vicious circle: increasing glucose levels intensifies insulin resistance, and this 

contributes to the development of even more pronounced hyperglycemia 

[Mazovetskiy, А. G., 1987; Dmitriev, L. F., 2005; Ametov, А. S., 2008; Francini, F., 

2001]. 

Evaluation of the glycemic profile in experimental rats made it possible to 

reveal regularity in the growth of blood glucose content with an increase in the 

duration of the experiment. The most significant increase of this indicator occurred 

during the first 4-8 weeks.Further, at a period of 12-16 weeks, there was some 

stabilization, but the blood glucose level in rats in the fasting state was constantly 

almost 2 times higher than in intact animals. This allowed suggestingabout the 
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development of hyperglycemic syndrome during the experiment.The administration 

of dihydroquercetin allowed lowering the level of glucose, but the indices remained 

elevated and this tendency persisted during all the periods of the experiment.The 

positive thing is that the “peak” rise of blood glucose 60 minutes after its oral intake 

was significantly lower than in the setting of hyperglycemia. 

It is known that the intensity of the LPO reaction and the state of the 

antioxidant system are among the most significant in the development of 

complications in DM [Mazhul, L. М., 1987; Bobyreva, L. Е., 1996; Balabolkin, М. I., 

2000; Sazonova, О. V., 2000;Mazo, V.К., 2016;Ciriello, A., 1999].With hyperglycemia 

at a period of 8 weeks, there is a significant increase in the peripheral blood of 

diene conjugates, malondialdehyde in the setting of a decrease in the 

concentration of vitamin E.In the lung tissue, the content of hydroperoxides 

increases significantly. The activation of LPO reactions is observed at all 

levels.When the experiment is extended to 16 weeks, in the peripheral blood the 

above-described regularity is preserved.In the lung tissue in the setting of an 

increase in the content of diene conjugates and hydroperoxides, there is a 

significant decrease in vitamin E.The state of hyperglycemia leads to a decrease in 

the level of antioxidant defencein the setting of the intensification of LPO reactions, 

namely, the excessive formation of reactive oxygen intermediates that can cause 

damage and death of cells in the pancreas and lung [Khrapova, N. G., 1981; Zenkov, 

N. К., 2001;Veneman, T.F., 2012].  

The administration of dihydroquercetin during 8-week hyperglycemia leads 

to a significant decrease in diene conjugates (although their level is quite high), 

malondialdehyde and an increase in the concentration of vitamin E.In lung tissue, 

the level of diene conjugates decreases in this experiment, the content of vitamin E 

increases, but a sufficiently high level of hydroperoxides is maintained. In other 

words, despite the positive dynamics of the reaction of LPO in the lung tissue, the 

increased activity of free radical oxidation is preserved and it is likely that the 
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release of oxidation products into the total blood flow occurs from the 

lung.Elongation of hyperglycemia to 16 weeks and the administration of 

dihydroquercetin somewhat reduces the level of diene conjugates in the peripheral 

blood and lung tissue in the setting of an increase in vitamin E.It should be noted 

that the content of diene conjugates in blood is significantly higher than that in 

intact animals, and although these substances are classified as primary products of 

LPO, they are toxic metabolites that have a damaging effect on proteins, enzymes, 

lipoproteins and nucleic acids [Ivanov, V. V., 1984; Lyaifer, А. I., 1993; Zenkov, N. К., 

2001; Romanenko, I. А., 2005]. Perhaps this is one of the factors that is involved in 

the development of microangiopathies.Therefore, the administration of 

dihydroquercetin, which in addition to the antioxidant effect has a beneficial effect 

on the morphology of the vascular wall, is fully justified.Vitamin E inhibits LPO 

reactions and removes free radicals, i.e. it is a natural antioxidant and the growth of 

its content in lung tissue with hyperglycemia makes it possible to evaluate the 

administration of medications as a positive fact. 
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Conclusion 

The aim of this research was to study the morphofunctional state of pancreatic 

and lung islets in experimental hyperglycemia and to evaluate the efficacy of the 

antioxidant drug sunstance - dihydroquercetin. 

To carry out this study, a model of experimental long-term hyperglycemia was 

created by means of combining the intake of glucose solution into the body of rats - 

orally and parenterally.The main difference of the model was that the necessary degree 

of severity of hyperglycemia was reached, direct toxic effect on islet cells of pancreatic 

islets was avoided, and oral administration provided an active stimulating effect on B 

cells. 

The complex study made it possible to reveal the stage-by-stage development of 

structural changes in B cells, vessels of the microcirculatory bloodstream of pancreatic 

islets during hyperglycemia at various times.A detailed electron microscopic description 

of the morphological changes in B cells in hyperglycemia was carried out.It is shown that 

as the duration of the experiment is extended, dystrophic changes in B-islet cells 

increase, structural changes in the vessels of the microcirculatory bloodstream and in the 

connective tissue layers of the islets of the pancreas increase. 

The dynamics of morphological changes in the lung is shown in the course of the 

lengthening of the experiment, which was developed by the appearance of a symptom 

complex typical for type 2 DM, namely pericapillary and interstitial edema, emphysema, 

alveolar macrophage accumulations, perivascular formations of the “granuloma” type, 

thickening of the basement membranes of capillaries. 

The data obtained allowed us to objectively estimate the effectiveness of the 

antioxidant drug used any further and come to the following conclusion that 
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dihydroquercetin shows pronounced antioxidant characteristics, lowers the level of LPO 

reaction, activates antioxidant defence, reduces the rate of increase in structural changes 

in pancreatic and lung islets resulting from hyperglycemia. 

Thus, the antioxidant drug, normalizing the level of free radical oxidation reduces 

the destructive changes and damage to cells and tissues of the body in conditions of 

hyperglycemia. Taking into consideration the fact that dihydroquercetin reduces the 

level of metabolic and structural changes in the setting ofsustained hyperglycemia, it can 

be recommended as a drug of pathogenetic treatment to enhance baseline therapy with 

hypoglycemic agents, in order to reduce the likelihood of early development of 

complications, in particular, angiopathies arising in the setting of carbohydrate 

metabolism disorder [Teselkin, Y. О., 1996; Uminskiy, А. А., 2007;Chernikova, N.А., 

2010; Mazo, V.К., 2014; Blinkova, Т.М., 2015].  

According to many authors, diabetes mellitus type 2 is impossible to cure 

[Balabolkin, М. I., 1994; Nedosugova, L. V., 2004; Smolyanskiy, B. L., 2004; 

Zhestovskiy, S. S., 2007; Gavrovskaya, L. К., 2008]. But this disease can be controlled 

and patients will remain the ability to work and feeling of well-being for many 

years.The main thing in this case is the systematic monitoring of metabolism, which 

allows eliminating the symptoms of hyperglycemia and the use of drugs that 

prevent the development of vascular complications.Morphological substantiation 

of the structural changes that arise in the pancreas and lungs in carbohydrate 

metabolism disorder in the body made it possible to study in detail possible 

mechanisms for correcting this condition, to justify the use of medications in order 

to facilitate the course of such a disease as type 2 diabetesmellitus. 
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