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Mühlbachstr. 7 

71522 Backnang 

Deutschland 

 
Der Abdruck, auch auszugsweise, ist nur mit ausdrücklicher Genehmigung der InterGING gestattet. Die Meinung der 
Redaktion oder des Herausgebers kann mit der Meinung der Autoren nicht übereinstimmen. Verantwortung für 
die Inhalte übernehmen die Autoren des jeweiligen Artikels. 

 
INDEXING: Index Copernicus, Google Scolar, Ulrich’s Periodicals Directory, Fachzeitungen, MIAR. 
 
 
 
© InterGING  
© Deutscher Wissenschaftsherold – German Science Herald  

REDAKTIONSKOLLEGIUM / INTERNATIONAL EDITORIAL BOARD: 

Jurga Bernatoniene, Dr., Prof.  Physics, Lithuania, 

mailto:info@dwherold.de
http://www.dwherold.de/


Deutscher Wissenschaftsherold • German Science Herald, N 1/2021 

58 

DDC-UDC 611.631.068.08:616.379-008.64                DOI:10.19221/2021110 
 

Kondrat A-I.V., 
Graduate student of the Department of Pathological Anatomy of Ivano-Frankivsk National Medical University, Ivano-

Frankivsk, Ukraine, e-mail: lilia_kondrat@ukr.net 

Zhurakivska O.Ya. 
Doctor of Medical Sciences, Professor of the Department of Human Anatomy of Ivano-Frankivsk National Medical 

University, Ivano-Frankivsk, Ukraine, e-mail: zhurakivska.o.ya@gmail.com 

 

AGE FEATURES OF TESTICULAR MORPHOLOGICAL CHANGES IN DIABETES MELLITUS 
 
Abstract. The paper investigates changes in the testicular structure of 2-month-old and 6-month-old 
white male rats with streptozotocin-induced diabetes mellitus. It was found that on the 42nd day of 
streptozotocin-induced diabetes mellitus on the background of hyperglycemia and high levels of 
glycosylated hemoglobin in the hemomicrocirculatory bed, the development of diabetic 
microangiopathy was observed, which led to destructive changes in the testicular parenchyma. In 2-
month-old and 6-month-old rats, a 1.1–1.6-fold decrease in the diameter of convoluted seminiferous 
tubules and a 1.6–2-fold decrease in spermatogenic epithelium height were found. At the same time, 6-
month-old rats were dominated by processes of spermatogenic epithelial separation and pronounced 
destructive changes in sustentocytes, spermatogonia, and spermatids, whereas in 2-month-old rats 
violations of spermatogenesis were revealed (vacuolar dystrophy of spermatogonia, almost complete 
lack of spermatids). Thus, streptozotocin-induced diabetes mellitus leads to atrophic-destructive 
changes in the spermatogenic epithelium of the testes, which grow against the background of the 
development of diabetic microangiopathy and violation of the blood-testis barrier. 
Key words: testis, hemomicrocirculatory bed, streptozotocin-induced diabetes mellitus. 
 

Introduction. In the last decade, the most 
acute medical and social problem of the national 
health care system of all countries in the world is 
diabetes mellitus (DM), which is associated with 
its steady growth, complications, disability and 
high mortality, especially among the working 
population [6, 11]. In diabetes, vasculogenic 
erectile dysfunction is quite common [10, 18]. 
Erectile dysfunction in men with these diseases 
often occurs before the development of their 
clinical signs and is therefore considered to be 
their early marker [19]. Besides erectile 
dysfunction, males suffering from diabetes also 
have retrograde ejaculation or its absence and 
impaired spermatogenesis, which significantly 
impairs their quality of life [14, 18]. It has been 
experimentally proven that in diabetes, insulin 
deficiency leads to disruption of metabolic 
processes in Sertoli-Leydig cells [9]. Moreover, the 
hypothalamic-pituitary-testicular axis is impaired 
[2, 7], which is manifested by insufficient 
production of follicle-stimulating and luteinizing 
hormones, and as a consequence, leads to Leydig 
cell dysfunction and impaired spermatogenesis 
[12, 15]. 

Based on the above, the aim of our work was 
to investigate the age-related morphological 
changes in the testes of 2-month and 6-month rats 
with streptozotocin-induced diabetes mellitus 
(SIDM). 

Material and methods. The material for the 
study were the testicles of twenty 2-month-old 
and 6-month-old white outbred male rats, which 
were equally divided into 2 groups: the control 
and experimental ones. SIDM in experimental 
animals was simulated by a single intraperitoneal 
injection of streptozotocin (“Sigma”, USA) 
(dissolved in 0.1 M citrate buffer solution with a 
pH of 4.5) at a dose of 7 mg/100 g of body weight 
in 2-month-old rats and 6 mg/100 g of body 
weight of 6-month-old rats. The control group of 
animals had intraperitoneal injection of citrate 
buffer at an equivalent dose of 0.1 M. Glucose 
levels in animals were measured daily by 
collecting a drop of blood from the tail vein using 
test strips on an Assu-Schec glucometer 
(Germany). The level of glycated hemoglobin was 
measured in a private certified laboratory 
“Diameb”. The material was collected on the 42nd 
day of the SIDM development. All manipulations 
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carried out with animals during the experiment 
did not contradict the provisions of the European 
Convention for the Protection of Vertebrate 
Animals Used for Research and Other Scientific 
Purposes (Strasbourg, 1986), Council of Europe 
Directive 86/609/EEC (1986), Law of Ukraine “On 
protection of animals from cruel treatment” of 
December 15, 2009 and orders of the Ministry of 
Health of Ukraine No. 690 of September 23, 2009, 
No. 616 of August 3, 2012. 

Histological (staining with hematoxylin and 
eosin, Trichrome according to Masson, semi-thin 
sections stained with methylene blue), 
biochemical and electron microscopic methods 
were used. 

For morphometric studies, photographs of 
histological and semi-thin sections saved in TIF 
format were used. Morphometry was performed 
using ImageJ version 1.47t. The diameter of cross 
section of the convoluted seminiferous tubules 
and their lumen, the height of the spermatogenic 
epithelium were determined. Computer data 
processing was performed using the statistical 
package STATISTICA (StatSoft, Inc. (2010), 
STATISTICA (data analysis software system), 
version 10. All data were reported as Mean±SD. 
Differences were considered to be statistically 
significant if p<0.05. 

Results of the research. On the 42nd day of 
SIDM, the level of glucose and glycosylated 
hemoglobin in 2-month-old rats increased, 
respectively, to 17.54±1.42 mmol/l (control 
3.25±0.57 mmol/l, p=0.0001) and 9.82±0.56% 
(control 1.89±0.54%, p=0.0001), in 6-month-old 
rats – up to 17.65±1.84 mmol/l (control 4.85±0.93 
mmol/l, p=0.0001) and 9.28±1.02% (control 
2.34±0.41%, p=0.0023), respectively which 
indicates the development of decompensated 
diabetes mellitus of moderate severity. 

On the 42nd day of SIDM, 6-month-old rats have 
violations in the histostructure of convoluted 
seminiferous tubules. In most spermatic tubules, 
there is a separation of the germinal epithelium, 
vacuolation of spermatogonia, and atrophy of the 
spermatogenic epithelium (Fig. 1). In the 
interstitial tissue, the vessels of the 
hemomicrocirculatory bed are filled with 
erythrocyte sludges (Fig. 1d). Morphometric 
analysis shows a probable decrease in the 
diameter of convoluted seminiferous tubules up  

 

 
Fig. 1. Testicular histostructure of a 6-month-old rat of 
the control group (a) and with SIDM (b-d). Separation 

of spermatogenic epithelium (1), vacuolation of 
spermatogonia (2), atrophy of spermatogenic 

epithelium (3), erythrocyte sludges in the venule (4) 
and adhesion of the erythrocyte in the capillary (5). 

Staining: a) semi-thin section stained with methylene 
blue; b-d) H&E. 
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to 410.72±32.73 μm (control – 470.61±20.16 μm, 
p=0.0005) and the height of the spermatogenic 
epithelium up to 92.12±13.04 μm (control – 
149.26±14.65 μm), p=0.0002, while the diameter 
of the lumen of the convoluted seminiferous 
tubules increases up to 226.48±27.98 μm (control 
– 172.09±17.27 μm, p=0.0003) (Fig. 2).  

In 2-month-old rats with SIDM, atrophic-
destructive changes of the spermatogenic 
epithelium of convoluted seminiferous tubules 
are observed: vacuolar and balloon dystrophy of 
spermatogonia (Fig. 3 b), disappearance of 
spermatids (Fig. 3 b). In the lumen of individual 
seminal tubules, there are groups of exfoliated 
cells of the spermatogenic epithelium (Fig. 3 c). In 
the interstitial tissue, the venules of the 
hemomicrocirculatory bed are filled with 
erythrocyte sludges (Fig. 3 c). The morphometric 
analysis showed a decrease in the diameter of 
convoluted seminiferous tubules up to 
188.18±10.79 μm (control – 293.07±32.15 μm, 
p=0.0002), the height of the spermatogenic 
epithelium – up to 50.25±5.27 μm (control – 
101.74±14.95 μm, p=0.0002), while the diameter 
of their lumen probably did not change and was 
87.68±4.40 μm (control – 89.60±4.51 μm, 
p=0.3447) (Fig. 4). 

 
Fig. 2. Morphometric changes in convoluted 

seminiferous tubules of 6-month-old rats. 
Designation: DST_C – diameter of convoluted 

seminiferous tubules of rats of the control group, 
LDST_C – diameter of the lumen of convoluted 

seminiferous tubules of rats of the control group, 
HGE_C – height of the spermatogenic epithelium of 

rats of the control group, DST_DM – diameter of 
convoluted seminiferous tubules of rats with SIDM, 

LDST_DM – diameter of the lumen of convoluted 
seminiferous tubules of rats with SIDM, HGE_DM –
height of the spermatogenic epithelium of rats with 

SIDM. 

 
Fig. 3. Testicular histoarchitecture of 2-month-old rats 

of the control group (a) and with SIDM (b, c). 
Vacuolization of spermatogonia (1), atrophy of 

spermatogenic epithelium (2), luminal sloughing of 
germ cells (3), erythrocyte sludges in the venule (4). 

Staining: a, b) semi-thin section stained with 
methylene blue; c) H&E.  

At the ultrastructural level, in the testicular 
parenchyma of 2- month-old and 6- month-old 
rats the development of diabetic microangiopathy 
stands out. It is characterized by hemorheological 
disorders in the vessels of the hemomicrocircula- 
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Fig. 4. Morphometric changes in convoluted 

seminiferous tubules of 2-month-old rats. 
Designation: DST_C – diameter of convoluted 

seminiferous tubules of rats of the control group, 
LDST_C – diameter of the lumen of convoluted 

seminiferous tubules of rats of the control group, 
HGE_C – height of the spermatogenic epithelium of 

rats of the control group, DST_DM – diameter of 
convoluted seminiferous tubules of rats with SIDM, 

LDST_DM – diameter of the lumen of convoluted 
seminiferous tubules of rats with SIDM, HGE_DM –
height of the spermatogenic epithelium of rats with 

SIDM. 
 

tory bed (erythrocyte sludge, microthrombi, 
adhesion of erythrocytes and thrombocytes to the 
lumenal surface of endothelial cells) (Fig. 5a), 
destruction and desquamation of endotheliocytes 
in capillaries, thickening and proliferation of the 
basement membrane of capillaries in the form of 
individual plates. There is a vacuolar dystrophy of 
expansion and destruction of cisterns of a smooth 
endoplasmic reticulum, disorganization and 
destruction of mitochondrial cristae, formation of 
vacuoles and lipid drops in sustentocytes of 
different age groups of rats (Fig. 5b). 
Spermatogonia undergo the most pronounced 
changes in the spermatogenic epithelium of the 
testes. In the latter, the development of vacuolar 
and hydropic dystrophies is observed, which 
ultimately leads to colliquative necrosis of these 
cells (Fig. 5 b, d). In spermatocytes, at different 
stages of their maturation, the following is 
observed: nuclear edema and karyolysis, 
apoptosis, vacuolar dystrophy, proliferation and 
expansion of the cisterns of smooth endoplasmic 
reticulum, increase in the number of lysosomes 
and the appearance of autophagosomes (Fig. 5 c, 
e). In 2-month-old rats with SIDM, the spermatids 
are practically not detected, while in the control 

group they are differentiated even at the 
histological level, which indicates a violation of 
spermatogenesis and atrophy of the 
spermatogenic epithelium. Degranulated Leydig 
cells (Fig. 5 f) with sharply expanded and partially 
destroyed cisterns of the smooth endoplasmic 
reticulum, karyorexis and karyolysis are found in 
interstitial tissue, which may indicate their 
functional insufficiency. 

Discussion. In diabetic rats of different age 
groups a decrease in the diameter of convoluted 
seminiferous tubules is noted. It is associated with 
atrophic and destructive changes in the 
spermatogenic epithelium. Such changes in 
diabetes are associated with several factors. First 
of all, insulin deficiency and hyperglycemia cause 
dysfunction of the hypothalamic-pituitary axis [4]. 
This is due to both a decrease in the synthesis of 
gonadotropins and a violation of the receptor 
apparatus of correlations between testosterone 
and gonadotropins [16]. Davoud Kianifard et al [8] 
proved that SIDM leads to reduced weight of the 
testes due to their atrophy and impaired 
spermatogenesis. In the blood of rats with SIDM, 
a decrease in blood testosterone levels was 
observed, which may be associated with a 
decrease in the synthesis of its precursors 17-β 
estradiol and progesterone [8] and a decrease in 
the blood of gonadotropins [22]. In diabetes, 
metabolic changes in the body lead to dysfunction 
of endocrine organs. Thus, a strong direct 
relationship is found between the level of follicle-
stimulating hormone (FSH) and insulin [20], so the 
lack of one leads to a decrease in the other in the 
blood, and as a result low levels of FSH cause 
decreased synthesis of androgens [8]. DM leads to 
a decrease in luteinizing hormone (LH) in the 
blood, which is responsible for the normal 
functioning of Leydig cells [13]. Insulin is known to 
maintain LH levels on Leydig cell receptors. LH 
deficiency provokes a decrease in synthesis and 
secretion of testosterone by Leydig cells due to a 
decrease in the number of LH binding sites in 
Leydig cells in diabetic rats [13, 22]. 

Impaired synthesis and secretion of FSH and LH 
are primarily associated with a decreased number 
of gonadotropic endocrinocytes in the 
adenohyprosis of diabetic rats [24]. These cells die 
due to apoptosis and necrosis [3, 25]. Other 
researchers have noted a decrease in blood levels 
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Fig.5. Ultrastructural changes in the testes of 6-month-old (a-c) and 2-month-old (d-f) rats on the 42nd day of 

SIDM. Electronic microphotographs. Designations: 1 – erythrocyte sludges; 2 – sustentocyte, 3 – vacuolar 
dystrophy of sustentocytes, 4 – balloon dystrophy of spermatogonia, 5 – proliferation and expansion of cisterns 
of the smooth endoplasmic reticulum in a spermatocyte, 6 – karyolysis in a spermatocyte, 7 – autophagosomes, 

8 – Leydig cell. 

of gonado-, somato-, prolactoliberin in diabetic 
rats, which in immature animals lead to delay of 
growth and puberty [17, 21] and explains the 
atrophic-destructive changes in the 
spermatogenic epithelium of the testes of 2-
month-old rats. 

Along with changes in the neuroendocrine 
system, there are violations of testicular blood 
supply in diabetic rats, which leads to destructive 
changes in the convoluted seminiferous tubules. 
Thus, in 2-month-old and 6-month-old rats with 
SIDM, the development of diabetic 
microangiopathy was observed. Thus, in 
microhemovessels the erythrocyte sludges, 
adhesion of erythrocytes and thrombocytes, 
microclasmatosis were revealed by us. 
Hemorreological disorders are a response to 
hyperglycemia and high levels of glycosylated 

hemoglobin. It is believed that the initiating factor 
of endothelial damage in diabetes is the process 
of glucosylation of hemoglobin, as a result of 
which erythrocytes change their surface S-charge. 
This leads to true capillary stasis, erythrocyte 
sludge and agglutination, and later to 
microthrombosis, which creates local circulatory 
and hemic hypoxia and activates a cascade of 
molecular mechanisms of cell membrane damage 
[5, 9]. An important factor in endothelial damage 
in diabetes is the sorbitol pathway of glucose 
metabolism, which is associated with the 
activation of aldoreductase with subsequent 
accumulation of sorbitol in endothelial cells, 
leading to osmotic edema and destruction of the 
latter [5, 9, 12]. Such changes in the vessels of the 
hemomicrocirculatory bed, along with destructive 
changes in sustentocytes, lead to a violation of the 
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blood-testis barrier in the testicles and to 
destructive changes in the spermatogenic 
epithelium. Hypoxia and hyperglycemia cause 
oxidative stress and increased formation of 
reactive oxygen species (ROS) [2, 23], which in 
turn make a significant contribution to the 
development of male infertility. Oxidative stress 
can cause a decrease in testosterone levels, 
changes in the structure of convoluted 
seminiferous tubules and impaired 
spermatogenesis [12]. High concentrations of 
reactive oxygen species in semen were observed 
in 30-40% of cases of male infertility [1]. 

Conclusions. Thus, SIDM leads to diabetic 
microangiopathy, which is manifested by: 
hemorheological disorders in microhemovessels, 
microclasmatosis, thickening and proliferation of 
the basement membrane of capillaries. Changes 
in sustenocytes against the background of the 
development of diabetic microangiopathy lead to 
a violation of the blood-tests barrier, and as a 
consequence, to the development of atrophic-
destructive changes in the spermatogenic 
epithelium of convoluted seminiferous tubules 
and to disruption of spermatogenesis in rats of 
different ages. 

Prospects for further research consist in a 
comprehensive study of the patterns of changes 
in the testicular parenchyma in SIDM and its 
correction by administration of various 
antidiabetic drugs. 
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