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The monograph presents comprehensive information on the patterns of 

development and formation of microanatomical structures of the rat prostate gland 

during postnatal ontogenesis and under chronic exposure to ethyl alcohol. Research 

has shown that throughout all stages of postnatal ontogenesis, the structural 

components of the prostate develop in a consistent and interconnected manner, 

following general biological laws while also exhibiting individual features.The data 

obtained will improve the efficiency of assessing the degree of alcohol influence on 

the prostate of experimental animals at the microscopic level and reduce the duration 

of the study. A clear understanding of the histology of the prostate gland in animals 

is necessary for studying the etiology, development and treatment of human prostate 

diseases, for which rat models are modeled. The monograph is intended for scientific 

researchers of fundamental medicine, urologists, narcologists, and master's students. 

16 The monograph provides comprehensive information on the regularities of 

development and formation of microanatomical structures of the rat prostate gland 

during postnatal ontogenesis and chronic exposure to ethyl alcohol. It was found that 

the development of the prostate components occurs sequentially and is 

interconnected at all stages of postnatal ontogenesis, obeys general biological laws 

and has individual characteristics. The data obtained increase the efficiency of 

microscopic assessment of the effects of alcohol on the prostate gland of 

experimental animals and reduces the duration of the study. A clear understanding 

of prostate histology through modeling in rats is necessary for studying the etiology, 

development and treatment of human prostate diseases. The monograph is intended 

for researchers in basic medicine, urologists, narcologists and master's students 

 

 

 

 

 

 



 

Radjabov Akhtam Boltaevich 

Rasulova Mokhigul Matyokub kizi 

 

Age-related histology of the rat prostate and their structural changes in chronic 

alcoholism [text] / Radjabov Akhtam Boltaevich, Rasulova Mokhigul Matyokub 

kizi – Bukhara: 

 

 

Authors: 

Radjabov A.B. - Head of the Department of Anatomy, Clinical Anatomy (OSTA), 

DSc 

Rasulova M.M. -assistant of the Department of Anatomy, Clinical Anatomy (OSTA) 

Reviewers: 

Oripov F.S. - Head of the Department of Histology, Cytology and Embryology of 

the Samarkand State Medical University, Associate Professor, DSc 

Dustova N.K. - Associate Professor of the Department of Obstetrics and Gynecology 

No. 2 of the Bukhara State Medical Institute, DSc 

 

 

 

 

 

 

 



CONTENTS 

INTRODUCTION………………………………………………………….....5 

CHAPTER I. MORPHOLOGY OF THE PROSTATE GLAND IN HUMANS 

AND ANIMALS IN NORMAL CONDITIONS AND UNDER THE 

INFLUENCE OF ENVIRONMENTAL 

FACTORS………..............................................……………………………….. 8 

1.1-§. Histological characteristics of the prostate gland in mammals……….…. 8 

1.2-§. Microscopic structure of the prostate gland under the influence of 

environmental factors………………………………………………………….. 19 

CHAPTER II. DESIGN AND METHODOLOGY OF CARRYING OUT A 

HISTOLOGICAL STUDY OF THE PROSTATE….………………….…. 23 

2.1-§. Characteristics of experimental studies……………………………….… 23 

2.2-§. Research methods used……………………………………………….…. 26 

CHAPTER III. DEVELOPMENT AND MORPHOLOGICAL STRUCTURE 

OF THE PROSTATE IN RATS OF THE CONTROL GROUP IN 

POSTNATAL 

ONTOGENESIS………………………………………………………………. 30 

3.1-§. Microscopic structure of the prostate gland of rats in early postnatal 

ontogenesis………………………………………………………………….…. 30 

3.2-§. Histological characteristics of the prostate gland of rats in late postnatal 

ontogenesis…………………………………………………………………….. 45 

3.3-§. Age immunohistochemical characteristics of the prostate gland of rats... 59 

CHAPTER IV. MORPHOLOGICAL STRUCTURE OF THE PROSTATE 

GLAND IN RATS OF THE EXPERIMENTAL GROUP…………………. 74 

4.1-§. Microscopic structure of the prostate gland of rats suffering from chronic 

alcoholism……………………………………………………………………... 74 



4.2-§. Immunohistochemical characteristics of the prostate gland of rats of the 

experimental group…………………………………………………………….. 95 

DISCUSSION OF THE OBTAINED DATA AND CONCLUSION………. 102 

LITERATURE………………………………………………………………. 116 

APPENDIX………………...………………………………………………....133 

                                                   INTRODUCTION 

The increased attention of practicing physicians and researchers in fundamental 

medicine to the study of the prostate gland is dictated by the high level of its 

pathology, "...sometimes disappointing indicators of diagnosis and treatment, the 

feasibility of studying the etiopathogenesis of diseases of the gland in order to 

provide high-quality medical care..."1 . To date, the anatomical argumentation of 

surgical treatment of prostate diseases has not lost its relevance, although some 

success has been achieved in its surgical treatment. The process of formation of 

epithelial-stromal elements of the prostate gland in the dynamics of development 

and their relationship with the hemomicrocirculatory bed remains unstudied. 

Organometric parameters of the gland have not been studied taking into account the 

indicators of physical development and age-related variability. From a 

morphological perspective, age-related changes are important for refining age norms 

and considering them when evaluating pathological processes. Ultimately, prostate 

pathology acquires not only medical but also social significance. 

Global research has shownthat the morphostructure of the prostate gland can 

be influenced by various environmental factors, including chemical agents. Among 

these, alcohol is one of the most toxic. According to the World Health Organization, 

harmful alcohol use is responsible for approximately 3 million deaths each year 

globally, representing 5.3% of all fatalities. The risk associated with alcohol stems 

 1 “ Aboyan I.A., Tolmachev A.N., Lemeshko S.I. Morphological characteristics of hyperplastic prostate tissue 

in chronic prostatitis. Experimental and Clinical Urology 2020(4):82-88. https://doi.org/10.29188/2222-8543-2020- 

13-4-82-88. 



from its toxic effects on multiple organs and bodily systems. Alcohol misuse is 

identified as the third leading risk factor for diseases and disabilities worldwide and 

is associated with around 60 different medical conditions. Both experimental and 

clinical studies have been conducted to investigate the effects of alcohol on various 

organs and physiological systems. The most vulnerable organs are the brain, 

kidneys, liver, and lungs. There are no reports of comprehensive studies of 

organometric changes in the prostate gland in the age aspect, as well as with chronic 

alcohol exposure. To date, the effect of alcohol on the formation and morphological 

state of the prostate gland remains unclear. The precise stages of postnatal 

ontogenesis during which alcohol exerts the most detrimental effects on the 

development and morphological formation of the prostate remain undefined, 

rendering this issue highly relevant for both theoretical and clinical medicine. 

In Uzbekistan, extensive efforts are currently being made to modernize the 

healthcare system, strengthen social protection, align medical services with 

international standards, improve early diagnosis, treatment, and disease prevention, 

and increase life expectancy. According to the Presidential Decree of the Republic 

of Uzbekistan No. UP-60 dated January 28, 2022, “On the Development Strategy of 

the NewUzbekistan for 2022–2026,” measures within the framework of ensuring 

public health include organizing primary healthcare in the regions based on the “one 

step” principle and implementing initiatives to provide primary care in mahallas, 

thereby creating more convenient conditions for the population to access high-

quality medical services... "2 

This research, to some extent, supports the implementation of the objectives 

outlined in the Presidential Decree of the Republic of Uzbekistan No. UP-60 “On 

the Development Strategy of the New Uzbekistan for 2022–2026” dated January 28, 

2022, as well as in the Presidential Resolutions No. PP-5124 “On Additional  

 

2 “Decree of the President of the Republic of Uzbekistan No. PF-60 dated January 28, 2022 “On the 

Development Strategy of the New Uzbekistan for 2022-2026” 



 

 

Measures for the Comprehensive Development of the Healthcare Sector” dated 

May 25, 2021, and No. PP-5199 “On Measures for Further Improvement of the 

System of Specialized Medical Care in Healthcare” dated July 28, 2021, along with 

other relevant regulatory and legal acts in this field. 

 

CHAPTER I. MORPHOLOGY OF THE PROSTATE GLAND IN 

HUMANS AND ANIMALS IN NORMAL CONDITIONS AND UNDER THE 

INFLUENCE OF ENVIRONMENTAL FACTORS 

1.2-§. Histological characteristics of the prostate gland in mammals 

The prostate gland in mammals is a highly specialized tubular-alveolar 

exocrine gland [32, 82, 89, 90, 91, 106].  

In rats, each lobe of the prostate is surrounded by a thin connective tissue 

capsule. Structurally, a lobe consists of individual glands (acini or alveoli) and a 

branching ductal network, with each duct opening separately into the urethra. The 

acini are separated by thin, loose connective tissue that contains stromal cells, 

smoothmusclefibers, blood vessels, and nerves. The epithelium lining both the acini 

and ducts is composed of luminal secretory cells, non-secretory basal cells, and a 

small population of neuroendocrine cells [73, 92, 123, 138]. Luminal cells range in 

shape from cuboidal to tall columnar, with their height reflecting the level of 

secretory activity and the extent of glandular distension. Each acinus is surrounded 

by smooth muscle fibers, which contract to expel prostatic secretions. Depending on 

the level of secretory activity, the lobes contain a protein rich secretion that exhibits 

mild eosinophilia[63]. Within the cane rodent, two histologically particular sorts of 

lobules were distinguished, comparing to two zones of the organ. The central zone, 

the portion of the organ closer to the pelvic urethra, had lobules with nearly circular 

diagrams, various epithelial folds, covering the lumen and encompassing 



fibromuscular tissues. The fringe zone, speaking to the portion of the organ farther 

from the urethra, had lobules with a wide lumen and a moderately littler sum of 

encompassing fibromuscular tissue [42].  

In mice, the epithelium of all prostate lobes consists of secretory epithelial cells, 

basal cells with minimal cytoplasm located beneath the secretory layer, and a small 

population of neuroendocrine cells, similar to the human prostate. Each lobe is 

enclosed by a thin mesothelial layer that also contains adipose tissue, nerves, and 

blood vessels[89]. These findings are fully consistent with the observations reported 

by D. Oliveira et al.. [110] “Each lobe of the mouse prostate is made up of individual 

tubuloalveolar glands and a network of branching ducts that empty separately into 

the urethra. The acini are divided by fibromuscular stroma” [92, 138]. 

“Each lobe of the mouse prostate consists of distinct tubuloalveolar glands 

interconnected by a branching ductal system, with each duct opening independently 

into the urethra. The acini are separated by a fibromuscular stromal framework” [92, 

138]. 12 Like the human prostate, the mouse prostate is composed of acinar glands 

and ducts, whose epithelium includes columnar luminal secretory cells, basal cells, 

and a small population of neuroendocrine cells[121]. 6 13 The foremost eminent 

histological contrast between the prostates of both species is the stromal component, 

which is exceptionally well created in people as an front fibromuscular locale, while 

in mice it is inadequate with negligible smooth muscle cells [129]. The epithelial 

lining of the agouti prostate gland is pseudocolumnar [105]. But in the guinea pig it 

is simple columnar [60]. In the Tarabula gerbil, the lobes of the prostate gland consist 

of a folded mucous membrane with secretory epithelial cells forming tubular units 

and a thin fibromuscular stroma. The stroma consisted of a subepithelial region and 

a layer of smooth muscle cells surrounding the tubules [91]. In the Mongolian gerbil, 

with the exception of the dorsal lobe, which has a tubular-acinar organization, all 

other lobes demonstrate a tubular organization and variable branching of the ducts 

[120]. These data are not consistent with the results of the studies of Campos S.G.P. 

et al. [57], who argue that the ventral prostate of the Mongolian gerbil under 



morphologically and functionally normal conditions corresponds to a group of 

tubuloacinar structures formed by simple epithelium surrounded by fibromuscular 

stroma. According to Rochel S. S. et al. [120], the dorsolateral and ventral lobes 

have equal relative volumes between the epithelial and stromal sections, together 

occupying approximately 40% of the entire organ. This result indicates that these 

lobes are more closely related to the peripheral zone of the human prostate gland in 

accordance with the zonal model of ductal architecture described by McNeal [101], 

whose stromal and epithelial structures occupy approximately half of the gland. In 

the giant anteater, the prostate gland is enclosed by a histological capsule composed 

of loose connective tissue, blood vessels, nerve ganglia, and muscle bundles. The 

central zone contains fibromuscular stroma, lined with epithelial cells of the 

prostatic ducts and urethra featuring transitional epithelium. In the peripheral zone, 

the stroma consists of fibrous connective tissue with fibroblasts, arterioles, and 

venules adjacent to the acini, which are lined by pseudostratified columnar 

epithelium. In the peripheral zone, young anteaters had 50% fewer acini and ducts 

of the prostate gland than adults. Interestingly, the prostate gland of the giant anteater 

has a continuous basal cell layer, similar to that of humans [106]. 11 It ought to be 

famous that the stroma of the prostate organ of mammoth insect eating animals has 

striated muscle bundles, more often than not the prostate in warm blooded creatures 

is spoken to as it were by smooth muscle filaments. The nearness of striated muscles 

within the central zone affirms the speculation of conceivable independent control 

of ejaculation of prostatic fluid, as was watched within the prostate organ of people 

and mutts [100]. Akmal Yusrizal [43] inspected the adornment organs of a male 

pangolin and came to the conclusion that the prostate organ includes a lobular 

structure, separated by thick connective tissue into projections and lobules, the 

acinar cells were of the mucous sort. In cold foxes and foxes, the prostate capsule is 

generally lean and is spoken to by connective tissue strands. In minks and sables, it 

is thicker and smooth muscle strands prevail in it. The parenchyma of the organ in 

hide creatures includes a tubular-alveolar structure. The sizes of acini in cold fox 

and ruddy fox are littler than those in sable and mink. The greatest thickness of the 



epithelium of the secretory segments is found in mink, normal- in ice fox and ruddy 

fox, the littlest- in sable [31]. Theinterdependence of the epithelial and stromal 

elements of the prostate in the order of carnivores varies insignificantly. This 

correspondence of glandular and non glandular structures is due to the seasonality 

of reproduction and the absence of the bulbous gland and seminal vesicles [32]. In 

the rabbit, the prostate gland is the most developed of all the accessory glands, which 

is according to their year-round reproduction, and this requires constant tension in 

the function of the sex glands. They have a minimum area of glandular tissue, which 

is explained by the well-developed muscle tissue in the stromal elements of the 

organ. [32]. Anumber of authors indicate that in the rabbit, the capsule of the organs 

of the vesicoprostatic complex is represented mainly by smooth and striated muscle 

fibers. Between them there is an insignificant layer of elastic fibers, and the number 

of bundles of collagen fibers is negligible [67, 145]. The canine family has a thin 

capsule consisting of elastic and collagen fibers. The number of smooth muscle 

fibers in the capsule, which are collected in bundles, is extremely small. A similar 

structure of the fox capsule was observed by Batueva A. B. [4]. In individuals of the 

mustelid family, in contrast to canines, the capsule is more developed, it is mainly 

represented by bundles of smooth myocytes, between whichthere are collagen fibers. 

Circularly and transversely located bundles of elastic fibers are located superficially 

[32]. Investigate by Randazzo M., Grobholz R. [116] appeared that people of the 

canine family have septa comprising of smooth myocytes with an admixture of 

collagen strands. Flexible strands are primarily included within the arrangement of 

septal layers of halfway and inner lobules. In expansion, mustelids have a small 

number of myocytes within the septa, which is practically recharged by well 

developed layers of capsular myocytes, which is affirmed within the ponders of 

Zadonskaya V. Yu. [10]. Badluev E. B. [3] provides data in his studies that the 

histological structure of the septa of the submucosa of the prostate part of the 

urogenital canal in rabbits differs from representatives of carnivores. Both in the 

submucosa and in the septa, the presence of smooth muscle fibers with layers of 

elastic fibers is noted. Collagen fibers in the stroma are almost absent. Stefanov M., 



Martín-Alguacil N., Martín-Orti R. [126] identified the main, intermediate and 

internal groups of lobules in the secretory sections of the prostate gland parenchyma 

in individuals representing carnivores and lagomorphs. 

The comes about of the ponder by V. N. Telenkov [32] concerning the 

histological structure of the organs of the vesicoprostatic complex in agents of the 

orders of carnivores and lagomorphs coincide with the information of a number of 

creators [3, 59, 67] concerning the alveolar-tubular structure of the organ in people 

and warm blooded animals. The acini of the prostate in agents of carnivores and 

lagomorphs are lined with a single-layer round and hollow epithelium. The stature 

of the epithelium can change from moo to tall columnar, this depends on the degree 

of filling of the lumen of the alveoli with glandular emission, which is affirmed 

within the thinks about of a number of creators [44, 109, 122] concerning a few 

creatures and people, Batuev A. B. [6] concerning the fox and Badluev E. B. [3] 

concerning the rabbit. Canids have prostate gland excretory ducts lined with multi-

row (two to four) prismatic epithelium; in mustelids the number of rows in the 

epithelium varies up to five, in hares from one to four rows. Depending on the 

functional state of the gland, stretching with secretion, the epithelium can become 

low single-row, which is indicated in the studies of a number of authors [10, 34, 37, 

119, 125] in relation to mammals. Having studied the morphology of the prostate of 

three species of phyllostomid bats, Fabiane F. M. et al. [72] came to the conclusion 

that the ventral region has an atypical epithelium without obvious cellular 

boundaries. The dorsolateral region of Carollia perspicillata and Phyllostomusdis 

color showed pseudostratified cuboidal morphology, and in Glossophagasoricina- 

columnar morphology. The dorsal region of the three species analyzed consists of 

pseudostratified columnar epithelium. In A. lituratus bats, each region of the prostate 

gland has unique and distinctive characteristics. The ventral region of the prostate 

gland has an epithelium with variable morphology due to its holocrine type of 

secretion. In contrast, the dorsal region has a typical cuboidal-columnar 

pseudostratified epithelium [117]. In the greater horseshoe bat, the prostate gland is 

lined by pseudostratified columnar epithelium, which can be classified as 



transitional epithelium[90]. Histologically, the prostate gland in the three species of 

bats of the genus Sturnira is differentiated into two regions: ventral and dorsal. The 

dorsal region contains tubuloalveolar glands, and the ventral region contains alveolar 

glands. The prostate gland morphology of the three species is similar to that of other 

studied Stenodermatinae and Desmodontinae, but varies from other subfamilies of 

Phyllostomidae (Carolinae, Glossophaginae and Phyllostominae), such as 

Molossidae and Vespertilionidae [59].  

The canine prostate is a morphologically homogeneous organ, not 

differentiated into regions like the human prostate, and includes mainly of secretory 

glandular tissue. Stromal projections divide the prostate gland into several lobes of 

glandular epithelium. This epithelium is mainly columnar, which is modified to 

cubic within the ductal structures. At the same time, the epithelium of the prostatic 

part of the urethra can be cubic or simple columnar or stratified [93].  

In dogs, the lobes consist of abundant complex tubular-alveolar glands lined 

with columnar epithelium [71]. 

 Morphologically, the canine prostate gland lacks differentiation into zones, it 

is a homogeneous parenchyma along its longitudinal axis [77] 

Adistinctive feature is found in newborn puppies, in which several long main 

ducts diverge from the prostatic part of the urethra to the outer periphery of the gland. 

Some of these ducts have a lumen, while others are solid structures [94]. The 

prepubertal canine prostate gland is a lobulated gland and consists primarily of dense 

epithelial aggregates with no luminal structures surrounded by a thick proliferation 

of stromal tissue. After puberty, the fibrous connective tissue is replaced by prostatic 

epithelium under the control of androgens [95]. In the canine prostate, 15 lobules 

containing glandular secretory tissue are separated by stromal projections known as 

capsular trabeculae. The majority of the prostate gland consists of glandular 

secretory tissue lined by columnar epithelium [76, 134]. Comparable to the organ in 

men, typical canine prostatic epithelium comprises of three cell sorts: basal, 

secretory, and neuroendocrine [88]. Secretory cuboidal or columnar epithelial cells 



make up the lion's share of the epithelial cells and straight tubuloalveolar organs are 

dispersed inside lobules that purge into little channels encompassing the urethra 

[127].  

In domestic animals, the parenchyma of the prostate gland consists of tubular 

alveolar glands lined with a single layer of cuboidal or columnar epithelium. The 

stroma, which constitutes approximately one-quarter of the gland’s volume, is rich 

in connective tissue fibers and blood vessels. In boars, the secretory portions of the 

prostate are organized into multiple lobules separated by connective tissue, while 

the excretory ducts exhibit numerous folds. The acini are lined with pseudostratified 

epithelium composed of basal and columnar cells, with the ductal epithelium being 

notably lower in height than that of the secretory regions. In bulls, the glandular 

parenchyma of the prostate displays both secretory sections and excretory ducts, 

which differ in size and structural organization.  

The ducts are covered with pseudo stratified epithelium, the basal cells are 

located between the columnar epithelial cells. The secretory alveolar sections are 

lined with simple epithelium of varying heights [37].  

Mahmud Muhammad Abdullahi et al. [96] examined the accessory gonads of 

dromedary bulls, rams and Sokoto red bulls and concluded that the prostate gland of 

the dromedary has the greatest amount of interstitial connective tissue and is rich in 

striated muscles that surround the lobules. Fibromuscular trabeculae penetrate the 

parenchyma and are more pronounced in the dromedary than in the other two 

species. The number of secretory acini was greater in Sokoto red males than in the 

other two species 

All Bengal goat guys have as it were a spread parcel of the prostate organ and 

are found within the submucosa of the dorsal divider of the pelvic urethra, the 

secretory units and intraglandular conduits of the prostate organ are lined with basic 

cuboidal or columnar epithelium [84].  



The prostate organ of the barka goat (Capra hircus) was encompassed by a 

connective tissue capsule, lean dorsally and ventrally, thick along the side. The 

capsule was secured by a layer of smooth muscle, comparative to those detailed by 

a few creators [84, 113]. The prostatic acini were lined by basic cuboidal epithelium 

[45]. The human prostate gland is a single gland with distinct histological zones 

(peripheral, transitional, and central zones).  

The peripheral zone makes up about 70% of the normal prostate tissue [112, 

137]. The transitional zone is located adjacent to the prostatic urethra and is not 

noticeable in most young men, making up about 5% of the prostate. The central zone 

is a cone-shaped region with a wider portion at the base of the prostate and an apex 

at the spermatic cord surrounding the ejaculatory ducts [47]. Histologically, the 

human prostate gland consists of epithelial and stromal compartments. The 

epithelium contains three cell types: cuboidal columnar secretory cells, nonsecretory 

basal cells located along the basement membrane, and rare neuroendocrine cells [81, 

130].  

The epithelial-stromal proportion shifts among species, for case, in people and 

primates the number of cells within the two components is approximately the same, 

while within the prostate organ of an grown-up rodent their proportion is 5:1 [64]. 

The comes about of these considers are steady with the information of M. Randazzo, 

R. Grobholz [116], in whom the proportion of stroma and parenchyma within the 

human prostate organ was around the same.  

The cellular composition of the prostate gland of humans and rodents differs: 

in humans the ratio of basal and luminal cells is 1:1, whereas in rodents the ratio is 

1:7 [69]. The amount and thickness of the stroma in humans is also higher compared 

to rodents [135].  

The function of basal cells in the prostate gland has long attracted significant 

interest among morphologists. These cells rest on the epithelial basement membrane 

and express specific differentiation markers that distinguish them from the luminal 



secretory cells. In humans, basal epithelial cells form a continuous layer beneath the 

luminal cell population of the prostate gland[66].  

The relatively higher proportion of basal epithelial cells in the human prostate 

compared to that in mice may have functional significance. The role of these basal 

cells in prostate carcinogenesis remains unclear, as existing data are contradictory. 

In both humans and rats[140], the loss of basal cells occurs early in the carcinogenic 

process; however, basal epithelial cells are also believed to play a regulatory role, 

suppressing the growth of human prostate cancer cells. [103].  

The stroma of the prostate is fibromuscular, containing numerous smooth 

muscle cells interspersed with fibroblasts, blood vessels, and nerves. Evidence 

indicates that the smooth muscle layer plays a regulatory role in signaling between 

the mesenchyme and epithelium during prostate development in rats, thereby 

contributing to the mechanism controlling prostate induction [133].  

 The human prostate itself is heterogeneous, consisting of 70% glandular and 

30% fibromuscular tissue, encapsulated by a thick fibrous capsule [97]. The prostate 

of newborn boys has a complex structure and is functionally similar to the body of 

an adult [8]. The decrease in the area of acini and the height of the epithelium found 

in their prostate correlate with the results of studies by Petko I. A., Usovich 

A.K.[24].Perhaps the reason lies in the decrease in the concentration of androgens 

in boys in the postpartum period [28]. The first wave of increasing secretory 

processes is observed in 13-year-old boys. The prostate of young men under 20 is a 

functionally formed organ. In the first period of mature age (22-35 years), the gland 

is in a functionally active state. After this period, due to reverse development, the 

number of functioning acini decreases. This process is possibly associated with 

stagnation of prostatic juice and the formation of concretions. Before puberty, the 

prostate gland, having insignificant dimensions, is represented mainly by connective 

tissue. The stroma formed between the secretory sections is represented by smooth 

muscle fibers. The formation of the gland in the period from 4 to 10 years is carried 

out at a slow pace. The glandular and non-glandular structures of the prostate reach 



their maximum development at theages of 16-20,i.e. at puberty. In the period of 20-

35 years, the glandular, muscular and elastic elements of the gland achieve the 

greatest morphofunctional progress. The number of normally functioning acini 

decreases after 40 years. These transformations progress every day and in old age 

cause fibrosis, which is due to involutional phenomena in the prostate gland [9] 

1.2-§. Microscopic structure of the prostate gland under the influence of 

environmental factors 

Each person is uncovered to natural variables, he cannot exist exterior the 

environment, they are interconnected and have an unrestricted impact on each other. 

Almost85%ofallillnesses within the present day world are related with unfavorable 

natural conditions caused by ordinary human mechanical movement. Natural 

components play a vital part within the event of regenerative dysfunctions [5, 22, 

38, 58, 68, 143]. In connection with the widespread pathology of the prostate gland, 

morphofunctional transformations that begin in the organ under the influence of 

environmental factors deserve special attention [102, 131]. Zakharov A.A. [13] in 

the prostate gland of immature rats under the influence of the immunosuppressant- 

cyclophosphamide, observed a decrease in mass, a decrease in volumetric-linear 

parameters and flattening of the epithelial lining of the prostate acini.  

Kashchenko S.A., Zakharov A.A.[15]noted statistically significant decrease in 

absolute and relative organ masses, micromorphometric indices of epithelial cells of 

the secretory sections of the gland, reliable deviations in linear and volumetric 

parameters of the organ during cyclophosphamide-induced immunosuppression in 

elderly rats. In experimental rats exposed to subzero temperatures, the prostate 

undergoes notable structural and functional changes. These include increased 

proliferative and secretory activity of the acinar epithelium, predominance of 

congestive processes such as venous stasis and dilation of the acinar lumens, as well 

as focal epithelial hyperplasia, diffuse connective tissue proliferation, and 

lymphocytic infiltration of the stroma. [26]. 



 Hypokinetic stress induces circulatory disturbances in the microvascular 

network of the rat prostate. Prolonged exposure to a sedentary lifestyle leads to an 

expansion of the vascular area through compensatory mechanisms, which is 

reflected in the restoration of blood flow via vessel dilation and the formation of new 

capillaries[18].  

In rats with prostatitis, the connective tissue stroma exhibited diffuse 

lymphocytic infiltration, stromal edema, and considerable variability in the shape 

and size of the glandular end sections. Secretory material was present in the lumens 

of approximately 70% of the glands, and localized hemorrhages were also 

observed[30]. 

Histological considers conducted on youthful rats with incessant prostatitis 

uncovered leukocyte penetration of the interlobar stroma, narrowing of the lumens 

of the acinuses, and atrophic marvels of the epithelial cover. Stagnation of discharge 

within the glandular sections caused an increment within the measure and distortion 

of the organ. Metaplasia of the secretory epithelium of the acini, their dystrophic 

changes, and neurotic expansion of connective tissue were watched [35]. In the 

prostate gland of rats with chronic autoimmune prostatitis, a morphological picture 

characteristic of chronic prostatitis was observed: atrophy of the epithelium of the 

acini, expansion of their lumen, diffuse fibrosis of the connective tissue stroma, 

lymphocytic infiltration. According to morphometric studies, in chronic prostatitis, 

an increase in the volume fraction of the inflammatory infiltrate, indicators of the 

volume fraction of acini not containing secretion, and the number of epithelial cells 

in the lumen of the acini were detected [36]. 

Neimark A.I. et al. [21] examined patients (agricultural machine operators) 

suffering from vibration disease and observed a decrease in the number and size of 

the main cells in prostate biopsies. In sections, the lumens of the acini had a 

predominantly folded appearance, with remnants of desquamative cells and amyloid 

bodies inside them. In places, focal atrophy of epithelial cells was detected, and 

fibrosis was noted everywhere around the acini. 



When modeling liquor inebriation in rats, against the foundation of venous 

blockage within the pelvic organs, auxiliary changes are shaped, communicated in 

edema and disorganization of the prostate structure, enlargement of blood vessels. 

Inveterate liquor inebriation leads to extension of the lumens of the acini, amassing 

of secretion, an increment within the cross-sectional region of the hemocapillaries, 

a diminish within the zone of the parenchyma and an increment within the stroma 

[40]. In the prostate of mature men (31-40 years) with chronic alcohol intoxication, 

polymorphism of the glands, a decrease in the lumen diameter and the number of 

acini, the height of the acinar epithelium, and the percentage of glandular tissue were 

observed. An increase in the proportion of muscle and connective tissue in the 

prostate of alcoholic men was noted, single lymphoid infiltrates were determined in 

the stroma, and the walls of individual arteries were significantly thickened due to 

sclerosis [6]. Histological analysis of young rats with persistent prostatitis revealed 

leukocyte infiltration of the interlobular stroma, narrowing of the acinar lumens, and 

atrophic changes in the epithelial lining. Stagnation of secretions within the 

glandular compartments contributed to organ enlargement and deformation. 

Metaplastic alterations of the acinar secretory epithelium, dystrophic changes, and 

pronounced expansion of the connective tissue were also observed. In rats with 

chronic autoimmune prostatitis, the prostate exhibited classic morphological 

features of chronic inflammation, including epithelial atrophy of the acini, lumen 

dilation, diffuse stromal fibrosis, and lymphocytic infiltration. Morphometric studies 

further indicated an increased volume fraction of inflammatory infiltrates, a higher 

proportion of acini lacking secretions, and an elevated number of epithelial cells 

within the acinar lumens [36].  

Neimark A.I. et al. [21] examined patients (agricultural machine operators) 

suffering from vibration disease and observed a decrease in the number and size of 

the main cells in prostate biopsies. In sections, the lumens of the acini had a 

predominantly folded appearance, with remnants of desquamative cells and amyloid 

bodies inside them. In places, focal atrophy of epithelial cells was detected, and 

fibrosis was noted everywhere around the acini.  



When modeling liquor inebriation in rats, against the foundation of venous 

blockage within the pelvic organs, auxiliary changes are shaped, communicated in 

edema and disorganization of the prostate structure, enlargement of blood vessels. 

Inveterate liquor inebriation leads to extension of the lumens of the acini, amassing 

of secretion, an increment within the cross-sectional region of the hemocapillaries, 

a diminish within the zone of the parenchyma andanincrement within the stroma 

[40]. In the prostates of adult men aged 31–40 with chronic alcohol intoxication, 

glandular polymorphism was observed, along with reduced acinar lumen diameter, 

a decrease in the number of acini, diminished height of the acinar epithelium, and a 

lower proportion of glandular tissue. An increase in the proportion of muscle and 

connective tissue in the prostate of alcoholic men was noted, single lymphoid 

infiltrates were determined in the stroma, and the walls of individual arteries were 

significantly thickened due to sclerosis [6]. 

Favaro W.J., Cagnon V.H.A. [127] in 45-day-old rats and Candido E. M. et al. 

[58] in 3-month-old rats with alcohol and nicotine intoxication in the prostate 

observed inflammatory cells in the stroma of the organ, a decrease in secretion, the 

number of acini and the folding of the mucous membrane, a decrease in the amount 

of nuclear volume and stromal hypertrophy. In the epithelium, atrophy of columnar 

cells and prostatic intraepithelial neoplasia were noted. In adult mice subjected to 

chronic alcohol consumption, the prostate exhibited a reduced number of acini as 

well as a decrease in the number of mucosal folds. The secretory epithelium was 

sharply atrophied, a large amount of collagen was observed in the stroma [56]. 

Martinez F.E. et al. [99] in their thinks about appeared widened cisterns of the 

endoplasmic reticulum, uncommon microvilli and sporadically formed cores within 

the epithelium of the ventral flap of the prostate in rats subjected to long-term 

harming with 35% ethanol. Afterward, Cagnon et al. [54] famous that persistent 

utilization of sugar cane brandy diminishes the stature of epithelial cells and leads 

to decay of the cisterns of the endoplasmic reticulum within the secretory cells of 

the rodent coagulation organ. Ultrastructural examination of the sidelong and dorsal 



flaps of the prostate organ of rats subjected to inveterate utilization of sugar cane 

brandy appeared dynamic decay of the glandular epithelium [55, 80]. Sattolo S. et 

al. [124] moreover affirmed characteristic morphological changes within the ventral 

prostate in rats of the alcoholic gather. Gomes I.C. et al. [83] In mice from the 

alcoholic bunch, a diminish in cell volume and changes within the secretory 

organelles of the seminal vesicles were watched. 

 

CHAPTER II. DESIGN AND METHODOLOGY OF HISTOLOGICAL 

STUDY OF THE PROSTATE 

2.1-§. Characteristics of experimental studies  

The morphological study was conducted on 213 male white outbred rats, 

ranging from the neonatal period to 18 months of age, thus covering all stages of 

early and late postnatal ontogenesis to assess age-related morphological features of 

the rodent prostate. The collection of the examined specimens is presented in Table 

2.1.1. The periods of think about of rats at the lactation arrange were chosen in 

agreement with the age periodization of research facility creatures (V.I. Zapadnyuk, 

1971) and were based on the information of their physical improvement. On the 6th 

day, hair shows up and the ears open, on the 11th day, the incisors eject, on the 16th 

day they are totally secured with hair and the eyes open, on the 22nd day the 

creatures slither out of the settle. In addition, age gradation of laboratory animals, in 

particular rats, was applied (V.G. Makarov, M.N. Makarova, 2013), according to 

which the age of rats in late postnatal ontogenesis is distributed as follows: 1- month-

old animals– infantile or immature age; 3-month-old– juvenile age; 6-9-month-old– 

young animals; 12-month-old– mature or adult animals; 18-month-old– old age. 

Laboratory animals were kept in standard recommended conditions (Zapadnyuk I.P., 

Zapadnyuk V.I., Zakharia E.A., 1983), in special cages installed on shelves. The 

date of birth and the beginning of the experiment, as well as the age of the 

experimental group, were indicated on the cage of the experimental animals. 



Table 2.1.1 

Distribution of rats by age and experimental period 
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The vivarium premises were cleaned daily in the morning hours. The bodies of 

animals that died during the experiment were buried in the ground, after being 

treated with a 20% solution of bleach. All stages of scientific research were carried 

out in compliance with the "European Convention for the Protection of Vertebrate 

Animals used for Experimental and other Scientific Purposes" [Directive 

2010/63/EU].  



 All groups were formed simultaneously. The laboratory animals participating 

in the experiment were representative in age, weight, conditions of maintenance and 

feeding. Sixteen experimental groups were formed: 1st– newborns (n=18); 2nd– 6-

day olds (n=20); 3rd– 11-day-olds (n=18); 4th– 16-day-olds (n=17); 5th– 21-day-

olds (n=16); 6th– 1-month-olds (n=14); 7th– 3-month-olds, control (n=12); 8th– 6 

month-olds, control (n=14); 9th– 9-month-olds, control (n=12); 10th– 12-month 

olds, control (n=10); 11th– 18-month-olds, control (n=10); 12th– 3-month-olds, 

experimental group (n=12); 13th– 6 months old, experimental group (n=12); 14th 9 

months old, experimental group (n=8); 15th– 12 months old, experimental group 

(n=10); 16th– 18 months old, experimental group (n=10).  

Rats in the control and experimental groups had free access to the main diet, 

which consisted mainly of root crops and grain forage. 2 In the experimental groups, 

chronic alcohol exposure was induced in animals using a 40% ethanol solution 

(Sidorov P.I., 2002). The solution was administered intragastrically via a metal tube 

once daily at a total dose of 7 g/kg body weight for one monthprior to the planned 

endpoint. Additionally, the experimental groups were subjected to a model of 

artificial polydipsia, in which drinking water was replaced with a 5% ethanol 

solution sweetened with sucrose (5 g per 100 ml of 5% ethanol) (Knyshova L.P., 

2016). Control animals received equivalent volumes of 0.9% NaCl intragastrically. 

Rats were sacrificed by rapid decapitation under ether anesthesia in accordance with 

approved ethical guidelines (Sidorov P.I., 2002; Rybakova A.V., 2015; Koptyaeva 

K.E., 2018). Slaughter was performed on days 6, 11, 16, 21, and at the end of months 

1, 3, 6, 9, 12, 18 of life of animals on an empty stomach, in the morning hours. When 

killing and dissecting laboratory animals, the rules of 1 biological safety and ethical 

principles of working with laboratory animals were observed. 

 

2.2-§. Research methods used 

 



Following macroscopic examination of the excised prostate, histological 

preparations were performed. Tissue samples were fixed in 10% buffered formalin 

for 24 hours, rinsed under running water for 3 hours, dehydrated through a graded 

ethanol series (70%, 80%, 96%, and 100%), cleared in xylene and a xylene–paraffin 

mixture, and subsequently embedded in paraffin (BIOVITRUM LLC, Russia). 

Paraffin blocks were sectioned into 3-μm slices using a microtome (Reichert-Jung 

2040, Leica Corp., Wetzlar, Germany) and mounted onto glass slides (Standard 

Grade, Citotest Labware Manufacturing Co., Ltd., China). After deparaffinization, 

sections were stained with hematoxylin and eosin (H&E) following van Gieson’s 

method, dehydrated through an ethanol series, cleared in xylene, and coverslipped. 

Additionally, for histological analysis, some prostate samples were fixed in 

10% neutral formalin and processed using a carousel-type processor STP 120 

(Thermo Fisher, Germany), followed by paraffin embedding on a Histo Star 

embedding station (Thermo Fisher Scientific, USA). Sections of 3–4 μm thickness 

were obtained using a rotary microtome HM 325 (Thermo Fisher Scientific, USA).  

For staining sections with hematoxylin and eosin, serial sections were dewaxed 

and dehydrated. After which they were kept for 2-5 minutes in a solution of Ehrlich 

hematoxylin. The sections were washed in distilled water, followed by histological 

examination on a direct microscope Axio Lab.A1 by Carl Zeiss (Germany). The 

staining was considered satisfactory if the nuclei had an intense red-violet color, 

nucleoli and chromatin clumps were visualized inside the nucleus, while the 

cytoplasm was not stained. Sections stained with hematoxylin and washed with 

water were transferred to distilled water for 3-5 minutes. To stain the cytoplasm of 

cells, sections were placed in an eosin solution for 0.5-2 minutes. The staining was 

considered successful if the section had a uniform yellowish-pink color, against 

which the blue-stained nuclei were clearly visualized. After staining in an eosin 

solution, sections were washed in distilled water, dehydrated with alcohol, clarified 

in xylene and embedded in a preservative medium. 



For van Gieson recoloring, areas were deparaffinized in xylene and passed 

through alcohols of slipping concentration. Segments were recolored in Weigert's 

press hematoxylin for 3-10 minutes, at that point washed for 2-3 minutes in running 

water, set in picrofuchsin for 2-3 minutes, rapidly washed in refined water (3-10 

seconds) and dried out in two parcels of 96% ethanol, one parcel of supreme ethanol, 

and clarified in two parcels of xylene. The segments were kept in each parcel for 1-

2 minutes.  

As a result, cell cores were recolored dark, collagen- ruddy, muscle filaments 

and erythrocytes- yellow. For immunohistochemical examination, serial areas 3 

Î¼m thick were dewaxed, got dried out, unmasked, and after that recolored with 

antigens employing a specialized mechanized framework Ventana Seat Check XT, 

Roche (Switzerland). Polyclonal antibodies to CD3 and Ki67 (Ventana, 

Switzerland) were utilized in a weakening of 1:100, carried out on histological 

glasses with an cement coating (Ventana, Switzerland). Immunohistochemical 

responses were carried out in understanding with the convention of the counter 

acting agent producer. Segments were counterstained with Mayer's hematoxylin. 

Finished histological preparations were studied under a binocular microscope 

CX40 (Soptop, China), which has a digital image transmission system of the 

microscope OD400UHW10 4 MP with a built-in morphometric program. When 

describing the epithelial-stromal structures of the rat prostate in the experiment, the 

International Nomenclature of Diagnostic Criteria for Proliferative and Non-

Proliferative Lesions in Rats and Mice (INHAND project (2012)- a joint initiative 

of the Toxicological Pathology Society of Europe (ESTP), Great Britain (BSTP), 

Japan (JSTP) and North America (STP) was used.  

At 70× magnification (7×10), the following parameters were evaluated in the 

sections:  

the shape of the glandular lumens, the number of terminal glandular segments 

within the field of view, the proportion of acini with and without secretions, the 



number of acini containing desquamated epithelial cells, and the count of intra-organ 

vessels within the intralobular stroma for each field of observation. 

 In the preparations, at 280× magnification (7×40) using an ocular micrometer, 

measurements were made of the glandular lumen diameter, epithelial height, and the 

internal diameter and wall thickness of arterioles, capillaries, and venules. The 

thickness and distribution of collagen fibers within the glandular tissue were also 

evaluated. Additionally, the extent of lymphocytic infiltration in the glandular tissue 

was assessed at 7×40 magnification. Classification was performed following the 

criteria established by the North American Chronic Prostatitis Collaborative 

Research Network and the According to the International Prostatitis Collaborative 

Network [9], lymphocytic infiltration is classified as follows:  

1. Mild — individual lymphocytes scattered with clearly defined intervening 

zones.  

2. Moderate — confluent lymphocyte areas without evidence of tissue 

destruction or formation of lymphoid nodules.  

3. Severe — confluent lymphocyte areas accompanied by tissue damage and 

the development of lymphoid nodules.  

To assess the extent of connective tissue proliferation (fibrosis), the thickness 

of the stromal layers between the glands was measured using an ocular micrometer 

at ×40 objective and ×7 ocular magnification. The degree of stromal compaction was 

evaluated according to the method described by Gorbunova E.N., Davydova D.A., 

and Krupin V.N. (2011) as follows:  

1. Mild — stromal septa thickened up to twofold in 2–4 out of 10 fields of view. 

2. Moderate—stromalsepta thickened up to twofold in more than 4 fields of 

view, or marked thickening exceeding threefold observed in 1–2 fields of view.  

3. Severe — stromal septa thickened threefold or more in 7–10 fields of view. 



To further elucidate the relationship between the glandular and stromal 

components, their volume fractions (%) were determined. Using G.G. Avtandilova’s 

morphometric grid with 100 intersection points at 100× magnification, intersections 

corresponding to glandular and stromal elements in prostate sections were counted. 

 Statistical analysis was performed using Microsoft Excel 7.0 and the Statistica 

6.0 software package. Mean (M) and relative (P) values, along with their standard 

errors (m), were calculated. Both parametric and nonparametric methods were 

applied, and the Student’s t-test was used to determine the significance of 

differences. Differences were considered statistically significant at p ≤ 0.05. 

CHAPTER III. DEVELOPMENT AND MORPHOLOGICAL STRUCTURE 

OF THE PROSTATE OF RATS OF THE CONTROL GROUP IN 

POSTNATAL ONTOGENESIS 

3.1-§. Microscopic structure of the prostate gland of rats in early postnatal 

ontogenesis 

The ponder found that in study microscopy of infant rats, the prostate does not 

have the samestructure in all cases. In a few  cases, shaped  secretory conclusion 

segments of the organs are uncovered, in others-epithelial strands, demonstrating 

continuous separation of the organ. Within the to begin with case, the secretory 

segments are spoken to by ordinary alveolar-tubular organs with a sofnowshaped 

lobules, their epithelium islined withasingle-layer mookaleidoscopic epitheliumwith 



out epithelial folds(Fig.3.3.1).

 

Fig. 3.3.1. Prostate of a newborn rat. Hematoxylin and eosin staining. 1-

prostatic urethra, 2-ejaculatory ducts, 3-glandular ducts, 4-oval and rounded 

secretory sections, 5-acini with flocculent, fine-grained secretion, 6-interglandular 

stroma, 7-single-layer low-prismatic epithelium. Approx. 10 x vol. 20. 

In the second case, epithelial (compact) cords are determined in the gland, 

which are round or oval formations limited by the basal membrane, filled with 

epithelial cells (Fig. 3.3.2). In this case, the epithelial cells have large nuclei that are 

not polarized with respect to the basal membrane. In some acini, the epithelium is 

loosely located, the cell boundaries are unclear, multi-row and polymorphism of the 

cells are noted. Cells exhibiting large, multiple nucleoli and mitotic figures were 

identified. (Fig. 3.3.3). 

In the mature acini, the epithelial lining thickness ranges from 4.2 to 8.4 μm, 

with an average of 6.3 ± 0.21 μm. The acini are oval or round in shape. The glandular 

lumen diameter ranges from 50.4 to 197.4 μm, averaging 116.8 ± 5.9 μm. The 

number of acini per field of view varies from 23 to 37, with an average of 29.7 ± 

0.8. Most acini contain vesicular, fine-granular secretions. (Fig. 3.3.1). 
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Fig.3.3.2. Prostate of a newborn rat. Hematoxylin and eosin staining. 1-

prostatic urethra, 2-stromal vessels, 3-forming glandular ducts, 4-epithelial strands 

without signs of canalization. 

Oc. 10 x ob. 10. 

 

 

Fig.3.3.3. Prostate of a newborn rat. Hematoxylin and eosin staining. 1-

interglandular stroma, 2-acinus lumen, 3-epithelial lining of the acinus (multi-row 
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and polymorphic cells are noted), 4-cells with large and multiple nucleoli, 5-mitotic 

cells. Approx. 10 x vol. 40. 

The volume fraction of acini containing secretions ranges from 70% to 94%, 

with a mean value of 82.7 ± 1.3%. The proportion of acini lacking secretions varies 

between 6% and 30%, averaging 17.3 ± 1.3%. In the lumens of certain acini, 

desquamated epithelial cells were observed. The number of acini exhibiting 

epithelial desquamation ranges from 4 to 8 per field of view, with a mean of 6.5 ± 

0.2. In the periglandular stroma, isolated lymphocytes separated by distinct gaps 

were identified, numbering between 2 and 4 per field of view, with a mean of 3.0 ± 

0.1. The thickness of stromal septa between the acini ranges from 16.8 to 50.4 µm, 

with an average measurement of 28.6 ± 1.7 µm. 

The number of stromal vessels per field of view ranges from 3 to 5, with a mean 

of 3.6 ± 0.1. The walls of the venules are composed of a single layer of spindle-

shaped endothelial cells oriented longitudinally relative to the vessel lumen. The 

internal diameter of the venules ranges from 8.4 to 12.6 μm, averaging 10.5 ± 0.21 

μm, while their wall thickness varies from 2.1 to 4.2 μm, with a mean of 3.0 ± 0.13 

μm. The capillary wall consists of a single layer of elongated endothelial cells 

arranged perpendicular to the lumen. Capillary diameters range from 4.2 to 8.4 μm, 

with an average of 4.8 ± 0.21 μm. The wall thickness ranges from 2.1 to 4.2 μm, 

with a mean value of 2.4 ± 0.13 μm. The wall of the arterioles consists of three 

layers: an inner endothelial layer, a middle muscular layer, and an outer connective 

tissue layer composed of thin bundles of connective tissue fibers. The internal 

diameter of the arterioles ranges from 4.2 to 8.4 μm, with a mean of 5.6 ± 0.21 μm. 

The wall thickness varies between 4.2 and 8.4 μm, averaging 4.5 ± 0.21 μm. The 

wall of the arterioles consists of an inner endothelial layer, a middle muscular layer, 

and an outer connective tissue layer composed of thin bundles of connective tissue 

fibers. Their internal diameter ranges from 4.2 to 8.4 μm, with a mean of 5.6 ± 0.21 

μm, while the wall thickness varies between 4.2 and 8.4 μm, averaging 4.5 ± 0.21 

μm.kness of their wall varies from 4.2 to 8.4 μm, on average 4.5 ± 0.21 ± μm. 



The volume fraction of glandular tissue ranges from 60% to 89%, with a mean 

of 72.2 ± 1.6%. The proportion of stromal tissue varies between 11% and 40%, 

averaging 27.8 ± 1.6%. 

Collagen fibers in the prostate stroma form a fine-meshed network, with most 

fibers located beneath the epithelium and encircling the prostatic acini. The collagen 

fiber layers separating the secretory sections are not expanded (Fig. 3.3.4). The 

thickness of collagen fiber bundles ranges from 2.1 to 4.2 μm, with a mean of 3.15 

± 0.13 μm. 

The study demonstrated that in 6-day-old rats, the prostate consists of glandular 

segments and connective tissue stroma containing bundles of smooth muscle cells 

and blood vessels. 

Microscopic examination revealed that the acini lack papillary structures, and 

the terminal secretory portions are lined with a single layer of columnar epithelium, 

displaying distinct cytoplasmic and nuclear boundaries. In some preparations, 

isolated epithelial strands without signs of canalization were observed. The epithelial 

height ranges from 8.4 to 12.6 μm, with a mean of 8.4 ± 0.42 μm. 

 

 

 

Fig.3.3.4. Prostate of a newborn rat. Van Gieson staining. 
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1-round acini, 2-oval acini, 3-glandular lobule, 4-interlobular septum, 5-

collagen fiber bundles around the secretory sections, 6-stromal fine-mesh network 

formed by collagen fiber bundles. Approx. 10 x vol. 20. 

The acini are oval or round in shape (Fig. 3.3.5). The glandular lumen diameter 

ranges from 29.4 to 54.6 μm, with a mean of 37.8 ± 1.05 μm. The number of 

secretory sections per field of view varies from 40 to 55, averaging 47.5 ± 0.8. 

The lumens of the acini are predominantly empty and, in 100% of cases, lack 

secretory material. The number of acini exhibiting epithelial desquamation ranges 

from 4 to 8 per field of view, with a mean of 6.5 ± 0.2. 

In the periglandular stroma, isolated lymphocytes separated by distinct gaps 

were observed. Their number per field of view ranges from 3 to 5, with a mean of 

3.8 ± 0.1. The thickness of the stromal septa between acini varies from 12.6 to 33.6 

μm, averaging 24.8 ± 1.3 μm.

 

Fig.3.3.5. Prostate of a 6-day-old rat. Hematoxylin and eosin staining. 

1-oval acinus, 2-round acinus, 3-interglandular stroma, 4-stromal vessels, 5-

formed lobule, 6-interlobular septa, 7-epithelial cords. Approx. 10 x vol. 10. 

The number of stromal vessels per field of view ranges from 3 to 6, with a mean 

value of 3.9 ± 0.2. The walls of the venules are composed of a single layer of spindle-
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shaped endothelial cells oriented longitudinally in relation to the vessel lumen. The 

internal diameter of the venules ranges from 12.6 to 16.8 μm, with an average of 

12.9 ± 0.21 μm. Their wall thickness varies between 2.1 and 4.2 μm, averaging 3.2 

± 0.13 μm. The capillary wall consists of a single layer of elongated endothelial cells 

oriented perpendicular to the vessel lumen. The internal diameter of the capillaries 

ranges from 4.2 to 8.4 μm, with a mean value of 5.4 ± 0.21 μm. Their wall thickness 

varies from 2.1 to 4.2 μm, with an average of 2.7 ± 0.13 μm. Arterioles have an 

internal – endothelial, middle – muscular and external membranes. Endothelial cells 

have an elongated shape. The middle membrane is formed by smooth myocytes 

circularly located in 1-2 layers. The outer adventitial membrane is composed of 

loose fibrous connective tissue. The internal diameter of the arterioles ranges from 

4.2 to 8.4 µm, with a mean value of 6.3 ± 0.21 µm. The wall thickness varies between 

4.2 and 8.4 µm, averaging 4.8 ± 0.21 µm. 

The volume fraction of glandular tissue ranges from 68% to 80%, with an 

average of 73.1 ± 0.6%. The proportion of stromal tissue varies between 20% and 

32%, averaging 26.9 ± 0.6%. 

Collagen fibers, forming rims around the secretory sections, create a fine-mesh 

network within the stroma. The thickness of the collagen fiber bundles ranges from 

4.2 to 8.4 μm, with an average of 4.54 ± 0.21 μm. 

It was found that in 11-day-old rats, the prostate is composed of alveolar-

tubular glands and connective tissue stroma containing bundles of smooth myocytes 

and blood vessels. 

During general microscopy, the acini do not exhibit papillary structures. The 

terminal secretory sections are lined with cylindrical epithelium showing distinct 

cytoplasmic and nuclear boundaries (Fig. 3.3.6). The epithelial height ranges from 

8.4 to 12.6 μm, averaging 11.3 ± 0.21 μm. In addition to the fully formed epithelial 

lining of the acini, some preparations reveal epithelial cords without signs of 

canalization (Fig. 3.3.7). The acini are oval or rounded in shape. The lumen diameter 

of the glands ranges from 16.8 to 29.4 μm, with an average of 23.1 ± 0.5 μm. The 



number of acini observed within the field of vision varies between 65 and 85, 

averaging 77.0 ± 1.1. In all cases (100%), the terminal secretory sections are empty 

and contain no secretion. The number of acini with epithelial desquamation ranges 

from 5 to 8 per field of vision, averaging 7.0 ± 0.16. 

In the periglandular stroma, individual lymphocytes are observed, separated by 

distinct intercellular spaces. Their number per field of vision ranges from 3 to 5, 

averaging 4.0 ± 0.1. The thickness of the stromal septa between the acini varies from 

8.4 to 16.8 μm, with an average of 13.9 ± 0.42 μm. 

 

 

Fig.3.3.6. Prostate of an 11-day-old rat. Hematoxylin and eosin staining. 

1-highly prismatic epithelium of acini, 2-interglandular stroma, 

3-bundles of smooth myocytes, 4-connective tissue cells, 

5-lymphocytes. Approx. 10 x ob. 40. 
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Fig.3.3.7. Prostate of an 11-day-old rat. Hematoxylin and eosin staining. 

1-interglandular stroma, 2-stromal vessels, 3-acinus with formed lumen, 4-

interlobular septa, 5-epithelial cords without lumen. Approx. 10 x vol. 20. 

 

The number of stromal vessels in the field of vision ranges from 3 to 6, with an 

average of 4.4 ± 0.2. The walls of the venules are composed of a single layer of 

spindle-shaped endothelial cells oriented longitudinally to the vessel lumen. The 

internal diameter of the venules varies from 12.6 to 16.8 μm, averaging 14.5 ± 0.21 

μm. The wall thickness ranges from 2.1 to 6.3 μm, with an average of 3.7 ± 0.21 μm. 

The divider of the capillaries is spoken to by a single layer of stretched endothelial 

cells coordinated opposite to the lumen of the vessel. Their inside distance across 

changes from 4.2 to 8.4 Î¼m, averaging 6.3Â±0.21 Î¼m. The divider thickness 

ranges from 2.1-4.2 Î¼m, averaging 3.0Â±0.13 Î¼m. The walls of the arterioles 

consist of three layers: an inner endothelial layer, a middle muscular layer, and an 

outer connective tissue layer composed of thin bundles of connective tissue fibers. 

The internal diameter of the arterioles ranges from 4.2 to 12.6 µm, with a mean of 

8.4 ± 0.42 µm. The wall thickness varies from 4.2 to 8.4 µm, averaging 5.4 ± 0.21 

µm. 
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The volume fraction of glandular tissue ranges from 54% to 75%, with a mean of 

64.7 ± 1.1%. The proportion of stromal tissue varies between 25% and 46%, 

averaging 35.3 ± 1.1%. Collagen fibers within the prostate stroma form a fine-

meshed network, with most fibers located beneath the epithelium and surrounding 

the prostatic acini (Fig. 3.3.8). The thickness of the collagen fiber bundles ranges 

from 4.2 to 8.4 μm, with a mean of 4.75 ± 0.21 μm.

 

 

Fig.3.3.8. Prostate of an 11-day-old rat. Van Gieson staining. 1- glandular 

lobule, 2-interlobular septum, 3-fibromuscular stroma, 4-collagen fiber bundles 

around the secretory sections, 5-stromal fine-mesh network formed by collagen 

fibers, 6-acini without lumen (epithelial cords). Approx. 10 x vol. 20. 

It has been demonstrated that in 16-day-old rats, each lobe of the prostate is 

composed of individual glands (acini) and excretory ducts that independently empty 

into the urethra. The acini are separated by a thin layer of loose connective tissue 

containing stromal cells, smooth muscle cells, blood vessels, and nerves. Under light 

microscopy, the acini generally do not exhibit stromal outgrowths, and the terminal 

secretory portions are lined by cylindrical epithelium (Fig. 3.3.9). The epithelial 

layer thickness ranges from 8.4 to 16.8 μm, with a mean of 12.6 ± 0.42 μm. In some 

preparations, single epithelial cords are occasionally observed. The acini display 

oval to round shapes (Fig. 3.3.10). The luminal diameter of the glands varies from 
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21.0 to 63.0 μm, with an average of 37.0 ± 1.7 μm. The number of acini within a 

single field of view ranges from 60 to 80, averaging 73.2 ± 1.1. In all cases (100%), 

the secretory portions are empty and lack secretion. The number of acini exhibiting 

epithelial desquamation ranges from 5 to 8 per field, with a mean of 6.7 ± 0.2. 

 

 

Fig.3.3.9. Prostate of a 16-day-old rat. Hematoxylin and eosin staining. 

1-columnar epithelium of acini, 2-interglandular stroma, 

3-smooth muscle cells, 4-connective tissue cells, 

5-lymphocytes. Approx. 10 x ob. 40. 
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Fig.3.3.10. Prostate of a 16-day-old rat. Hematoxylin and eosin staining. 1-

prostatic urethra, 2-ejaculatory ducts, 3-excretory ducts, 4-oval and round secretory 

sections, 5-formed lobule, 6-interlobular septa, 7-muscle fiber bundles, 8-epithelial 

cords. Approx. 10 x vol. 10. 

In the periglandular stroma, individual lymphocytes are observed, separated by 

clear spaces. Their number per field of view ranges from 4 to 6, with a mean of 4.7 

± 0.1. The thickness of the stromal septa between the acini varies from 8.4 to 21.0 

μm, averaging 14.7 ± 0.7 μm. The number of stromal vessels within the visual field 

ranges from 3 to 6, with an average of 4.5 ± 0.2. 

The walls of the venules consist of a single layer of spindle-shaped endothelial 

cells oriented longitudinally along the lumen. The internal diameter of the venules 

ranges from 12.6 to 21.0 μm, with a mean of 16.8 ± 0.42 μm, while their wall 

thickness varies from 2.1 to 6.3 μm, averaging 4.2 ± 0.21 μm. The capillary walls 

are composed of a single layer of elongated endothelial cells oriented perpendicular 

to the lumen. Capillary diameters fluctuate between 4.2 and 8.4 μm, with a mean of 

6.3 ± 0.21 μm, and wall thickness ranges from 2.1 to 4.2 μm, averaging 2.9 ± 0.13 

μm. Arterioles have an inside - endothelial, center - strong and outside films. 

Endothelial cells have a spindle-shaped shape. The center film comprises of 1-2 

layers of smooth myocytes found circularly. The adventitia is spoken to by bundles 
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of collagen strands. The inner distance across of arterioles varies between 8.4 and 

12.6 Î¼m, on normal - 9.24Â±0.21 Î¼m. Their wall thickness ranges from 4.2 to 8.4 

μm, with a mean of 5.8 ± 0.21 μm. 

The volumetric fraction of glandular tissue ranges from 64 to 84%, with a 

mean of 73.1 ± 1.1%. The proportion of stromal tissue fluctuates between 16 and 

36%, averaging 26.9 ± 1.1%. Collagen fibers are located within the prostatic stroma, 

forming a fine-mesh network, with most fibers situated beneath the epithelium and 

surrounding the prostatic acini (Fig. 3.3.11). The thickness of collagen fiber bundles 

varies from 4.2 to 8.4 μm, with a mean of 5.04 ± 0.21 μm. 

 

 

Fig.3.3.11. Prostate of a 16-day-old rat. Van Gieson staining. 1-collagen fiber 

bundles around the secretory sections, 2-muscle fiber bundles, 3-thick collagen fiber 

bundles around the ejaculatory ducts, 4-prostatic urethra, 5-interlobular collagen 

fiber bundles, 6-gland capsule. Approx. 10 x vol. 10. 

It was found that the prostate of 21-day-old rats consists of numerous alveolar 

tubular glands and a fibromuscular stroma composed of loose fibrous connective 

tissue, bundles of smooth muscle cells, and blood vessels. 

At survey microscopy, the acini do not have papillary folds, the terminal 

secretory sections are represented by a single-layer cylindrical, in places cubic 
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epithelium. Both formed acini and acini without lumen are found in the preparations 

(Fig. 3.3.12). The height of the epithelial layer ranges from 8.4 to 16.8 μm, with a 

mean of 14.0 ± 0.42 μm. The acini exhibit oval to round shapes, and in some 

preparations, compact epithelial strands can be observed (Fig. 3.3.13). The luminal 

diameter of the glands varies from 25.2 to 105.0 μm, averaging 55.4 ± 3.4 μm. The 

number of acini per field of view ranges from 75 to 110, with a mean of 92.5 ± 1.9. 

In all cases (100%), the terminal secretory sections lack secretion (see Appendix 1). 

The number of acini showing epithelial desquamation ranges from 2 to 5 per field, 

with an average of 3.6 ± 0.2.

 

Fig.3.3.12. Prostate of a 21-day-old rat. Hematoxylin and eosin staining. 1-

acinus with formed lumen, 2-acinus with closed lumen, 3-columnar epithelium, 4-

interglandular stroma, 5-bundles of smooth muscle cells, 6-fibroblasts, 7-

lymphocytes. Approx. 10 x vol. 40. 
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Fig.3.3.13. Prostate of a 21-day-old rat. Hematoxylin and eosin staining. 1-

prostatic urethra, 2-ejaculatory ducts, 3-excretory ducts, 4-oval and round secretory 

sections, 5-formed lobule, 6-interlobular septa, 7-muscle fiber bundles, 8-single 

epithelial strands. Approx. 10 x ob. 10. 

In the periglandular stroma, individual lymphocytes are observed, separated by 

clear spaces. Their number per field of view ranges from 4 to 6, with a mean of 5.0 

± 0.1. The thickness of the stromal septa between the acini varies from 4.2 to 16.8 

μm, averaging 9.5 ± 0.7 μm. The number of stromal vessels within the field of view 

ranges from 4 to 7, with a mean of 4.6 ± 0.2. The walls of the venules are composed 

of a single layer of flat endothelial cells oriented longitudinally relative to the vessel 

lumen. The internal diameter of the venules ranges from 12.6 to 25.2 μm, with a 

mean of 18.0 ± 0.67 μm, and their wall thickness varies from 4.2 to 8.4 μm, 

averaging 4.8 ± 0.21 μm. The capillary wall is represented by a single layer of oval-

shaped endothelial cells directed perpendicularly to the lumen of the vessel. The 

diameter of the capillaries ranges from 4.2 to 12.6 μm, with a mean of 7.4 ± 0.42 

μm. Their wall thickness varies between 2.1 and 4.2 μm, averaging 3.2 ± 0.13 μm. 

The wall of the arterioles consists of an inner endothelial layer, a middle muscular 

layer, and an outer connective tissue layer composed of thin bundles of connective 

tissue fibers. The internal diameter of the arterioles ranges from 8.4 to 12.6 μm, with 
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a mean of 10.5 ± 0.21 μm. The thickness of the arteriolar wall varies from 4.2 to 8.4 

μm, averaging 6.3 ± 0.21 μm (see Appendix 2). The volumetric fraction of glandular 

tissue ranges from 59 to 85%, with a mean of 70.6 ± 1.4%. The proportion of stromal 

tissue fluctuates within 15-41%, with an average of 29.4±1.4% (see Appendix 3). 

Collagen fibers are present within the prostatic stroma, forming a fine-mesh 

network, with most fibers situated beneath the epithelium and surrounding the 

prostatic acini. The thickness of the collagen fiber bundles ranges from 4.2 to 8.4 

μm, with a mean of 5.46 ± 0.21 μm. 

 

 

 

3.2-§. Histological characteristics of the rat prostate in late postnatal 

ontogenesis 

 

The study demonstrated that in 1-month-old rats, the prostate is fully 

differentiated and comprises numerous alveolar-tubular glands along with a 

muscular-elastic stroma, consisting of loose fibrous connective tissue, bundles of 

smooth muscle cells, and blood vessels. 

Under light microscopy, the terminal secretory portions, or acini, exhibit 

epithelial folds in 50% of cases. The acini are lined by a single layer of highly 

prismatic epithelium. The epithelial cells are polarized relative to the basement 

membrane and form a single cellular layer. The height of the epithelial layer ranges 

from 8.4 to 16.8 μm, with a mean of 14.87 ± 0.42 μm. The acini are oval to round in 

shape (Fig. 3.4.1). The luminal diameter of the glands varies from 63.0 to 168.0 μm, 

averaging 108.4 ± 4.2 μm. The number of acini per field of view ranges from 60 to 

90, with a mean of 78.1 ± 1.6. The volumetric fraction of acini containing secretion 

ranges from 15 to 30%, with an average of 22.1 ± 0.8%, whereas the proportion of 



acini without secretion ranges from 70 to 85%, averaging 77.9 ± 0.8%. The number 

of acini exhibiting desquamated epithelial cells within the lumen ranges from 3 to 6 

per field of view, with a mean of 4.6 ± 0.2. 

In the periglandular stroma, individual lymphocytes are observed, separated by 

clear spaces. Their number per field of view ranges from 4 to 6, with a mean of 5.2 

± 0.1. The thickness of the stromal septa between the acini varies from 4.2 to 16.8 

μm, averaging 12.6 ± 0.67 μm. The number of stromal vessels per field of view 

ranges from 3 to 7, with a mean of 4.7 ± 0.2. The walls of the venules are composed 

of a single layer of elongated endothelial cells oriented longitudinally relative to the 

vessel lumen. The internal diameter of the venules ranges from 12.6 to 25.2 μm, with 

a mean of 18.9 ± 0.67 μm, and their wall thickness varies from 4.2 to 8.4 μm, 

averaging 5.0 ± 0.21 μm. The capillary wall is represented by a single layer of oval-

shaped endothelial cells directed perpendicular to the lumen of the vessel. The 

diameter of the capillaries ranges from 4.2 to 12.6 μm, with a mean of 8.4 ± 0.42 

μm. Their wall thickness varies between 2.1 and 4.2 μm, averaging 4.0 ± 0.13 μm. 

The walls of the arterioles consist of an inner endothelial layer, a middle muscular 

layer, and an outer connective tissue layer composed of thin bundles of connective 

tissue fibers. The internal diameter of the arterioles ranges from 8.4 to 16.8 μm, with 

a mean of 12.6 ± 0.42 μm, while their wall thickness varies from 4.2 to 8.4 μm, 

averaging 7.0 ± 0.21 μm. 

The volume fraction of glandular tissue is 82-90%, on average 86.5±1.0%. The 

fraction of stromal tissue fluctuates within 10-18%, on average 13.5±1.0%. Collagen 

fibers are located in the stroma of the prostate, forming a fine-mesh network, most 

of the fibers lie under the epithelium and surround the prostatic acini (Fig. 3.4.2). 

The thickness of the collagen fiber bundles varies from 4.2 to 8.4 μm, on average 

6.3±0.21 μm. 

 



 

Fig.3.4.1. Prostate of a 1-month-old rat. Hematoxylin and eosin staining. 

1-prostatic urethra, 2-excretory ducts, 3-oval and round secretory sections, 4-

myocyte bundles, 5-intralobular stroma, 6-interlobular septa, 7-stromal vessels. 

Approx. 10 x ob. 20. 

 

Fig. 3.4.2. Prostate of a 1-month-old rat. Van Gieson staining. 1-oval acinus, 

2-columnar epithelium, 3-round acinus, 

4-fibromuscular stroma, 5-collagen fiber bundles around the secretory sections, 

6-stromal fine-mesh network formed by collagen fibers. Approx. 10 x vol. 20. 
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The study demonstrated that in 3-month-old rats, the prostate exhibits a normal 

structural organization and comprises numerous alveolar-tubular glands along with 

a muscular-elastic stroma, consisting of loose fibrous connective tissue, bundles of 

smooth muscle cells, and blood vessels. 

Under light microscopy, the terminal secretory portions, or acini, exhibit a 

folded appearance in most cases (70%), and are lined by highly prismatic epithelium 

composed of tall columnar and basal cells resting on a clearly visible basement 

membrane. The height of the epithelial layer ranges from 8.4 to 21.0 μm, with a 

mean of 16.5 ± 0.6 μm. The acini are oval to round in shape (Fig. 3.4.3). The luminal 

diameter of the glands varies from 105.0 to 298.2 μm, averaging 198.7 ± 8.0 μm. 

The number of acini per field of view ranges from 38 to 66, with a mean of 51.8 ± 

1.5. The volumetric fraction of acini containing secretion ranges from 70 to 100%, 

averaging 83.5 ± 1.6%, whereas the proportion of acini without secretion ranges 

from 8 to 30%, with a mean of 16.5 ± 1.2%. 

The number of acini containing desquamated epithelial cells within the lumen 

ranges up to 4 per field of view, with a mean of 1.7 ± 0.2. 

 

Fig.3.4.3. Prostate of a 3-month-old rat. Hematoxylin and eosin staining. 1-

secretory terminal sections (acini), 2-intralobular stroma, 3-acini with intraluminal 

secretion, 4-gland capsule, 5-bundles of smooth myocytes. Approx. 10 x ob. 10. 
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In the periglandular stroma, individual lymphocytes are observed, separated by 

clear gaps. Their number per field of view ranges from 4 to 9, with a mean of 5.7 ± 

0.3. The thickness of the stromal septa between the acini varies from 8.4 to 25.2 μm, 

averaging 15.5 ± 0.9 μm. The number of stromal vessels per field of view ranges 

from 3 to 8, with a mean of 5.0 ± 0.3. The walls of the venules consist of one layer 

of spindle-shaped endothelial cells located in the longitudinal direction. The internal 

diameter of the venules ranges from 16.8 to 19.4 μm, with a mean of 20.6 ± 0.67 

μm. Their wall thickness varies from 4.2 to 8.4 μm, averaging 4.7 ± 0.21 μm. The 

capillary wall is represented by a single layer of oval-shaped endothelial cells 

directed perpendicular to the lumen of the vessel. The diameter of the capillaries 

ranges from 8.4 to 12.6 μm, with a mean of 9.6 ± 0.21 μm. Their wall thickness 

varies between 2.1 and 4.2 μm, averaging 2.9 ± 0.13 μm. The walls of the arterioles 

consist of an inner endothelial layer, a middle muscular layer, and an outer 

connective tissue layer composed of thin bundles of connective tissue fibers. The 

internal diameter of the arterioles ranges from 8.2 to 16.4 μm, with a mean of 13.8 

± 0.46 μm, and their wall thickness varies from 4.2 to 8.4 μm, averaging 7.5 ± 0.21 

μm. 

The volumetric fraction of glandular tissue ranges from 62 to 80%, with a mean 

of 71.0 ± 1.0%. The proportion of stromal tissue fluctuates between 20 and 38%, 

averaging 29.0 ± 1.0%. Collagen fibers are present within the prostatic stroma, 

forming a fine-mesh network, with most fibers situated beneath the epithelium and 

surrounding the prostatic acini. The thickness of collagen fiber bundles varies from 

4.2 to 12.6 μm, with a mean of 8.2 ± 0.46 μm. The study demonstrated that in 6-

month-old rats, the prostate comprises numerous individual alveolar-tubular glands 

and a muscular-elastic stroma, composed of loose fibrous connective tissue, bundles 

of smooth muscle cells, and blood vessels. In 75% of cases, light microscopy reveals 

epithelial-stromal outgrowths within the acini. The terminal sections are lined by a 

single layer of highly prismatic, and in some areas low prismatic, epithelium 

composed of tall columnar and basal cells. The height of the epithelial layer ranges 

from 12.6 to 21.0 μm, with a mean of 17.8 ± 0.38 μm. The acini are oval to round in 



shape (Fig. 3.4.4). The luminal diameter of the glands varies from 210.0 to 441.0 

μm, averaging 330.5 ± 9.7 μm. The number of acini per field of view ranges from 

18 to 28, with a mean of 22.0 ± 0.5. The volumetric fraction of acini containing 

secretion ranges from 90 to 100%, with a mean of 93.3 ± 0.5%, while the proportion 

of acini without secretion ranges from 0 to 10%, averaging 6.7 ± 0.5%. Acini 

containing desquamated epithelial cells were not observed in any preparations. 

In the periglandular stroma, isolated lymphocytes are observed, separated by 

clear gaps. Their number per field of view ranges from 8 to 12, with a mean of 10.0 

± 0.22. The stroma is thin in most preparations, and the acini are often arranged end-

to-end. The thickness of the stromal septa between the acini varies from 12.6 to 33.6 

μm, averaging 23.1 ± 1.13 μm. The number of stromal vessels per field of view 

ranges from 4 to 9, with a mean of 7.0 ± 0.3. The walls of the venules consist of a 

single layer of flat endothelial cells oriented longitudinally relative to the vessel 

lumen. The internal diameter of the venules ranges from 21.0 to 29.4 μm, with a 

mean of 24.8 ± 0.42 μm. 

 

 

Fig.3.4.4. Prostate of a 6-month-old rat. Hematoxylin and eosin staining. 1-

round and oval acini with intraluminal homogeneous secretion, 2-interlobular 

stroma, 3-vessels of the intralobular stroma. Approx. 10 x vol. 20. 
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The wall thickness of the venules ranges from 4.2 to 8.4 μm, with a mean of 

5.8 ± 0.21 μm. Capillary walls consist of a single layer of spindle-shaped endothelial 

cells oriented perpendicular to the vessel lumen. The diameter of the capillaries 

varies from 8.4 to 16.8 μm, averaging 13.1 ± 0.42 μm, and their wall thickness ranges 

from 2.1 to 4.2 μm, with a mean of 4.1 ± 0.13 μm. The walls of the arterioles are 

composed of an inner endothelial layer, a middle muscular layer, and an outer 

connective tissue layer represented by thin bundles of connective tissue fibers. The 

internal diameter of the arterioles ranges from 12.6 to 16.8 μm, with a mean of 14.7 

± 0.21 μm, and their wall thickness varies from 4.2 to 8.4 μm, averaging 7.7 ± 0.21 

μm. 

The volumetric fraction of glandular tissue ranges from 77.0 to 90.0%, with a 

mean of 82.5 ± 0.7%. The proportion of stromal tissue varies between 10.0 and 

23.0%, averaging 17.5 ± 0.7%. 

Collagen fibers surround the terminal sections of the glands, with most fibers 

located beneath the epithelium. Within the stroma, they form a fine-mesh network. 

The thickness of collagen fiber bundles ranges from 4.2 to 12.6 μm, with a mean of 

10.0 ± 0.21 μm. 

The study demonstrated that the prostate of 9-month-old rats comprises 

terminal glandular sections and a muscular-elastic stroma. 

S Light microscopy reveals papillary outgrowths in 60–80% of acini. The 

terminal sections are lined by a single layer of highly prismatic, and in some areas 

low-prismatic, epithelium. The height of the epithelial layer ranges from 16.8 to 21.0 

μm, with a mean of 19.74 ± 0.21 μm. The acini are predominantly oval to round in 

shape (Fig. 3.4.5). The luminal diameter of the glands varies from 336.0 to 840.0 

μm, averaging 531.7 ± 20.6 μm. The number of acini per field of view ranges from 

10 to 21, with a mean of 14.9 ± 0.6. Survey microscopy reveals papillary outgrowths 

in 60-80% of cases in the acini, the terminal sections are represented by a single-

layer highly prismatic, and in places low-prismatic epithelium. The thickness of the 

epithelial lining varies from 16.8 to 21.0 μm, with an average of 19.74±0.21 μm. 



The acini are predominantly oval and rounded (Fig. 3.4.5). The lumen diameter of 

the glands varies from 336.0 to 840.0 μm, with an average of 531.7±20.6 μm. The 

number of acini in the field of view varies from 10 to 21, with an average of 

14.9±0.6. The volumetric fraction of acini containing secretion ranges from 85 to 

100%, with a mean of 92.0 ± 0.8%. The proportion of acini without secretion varies 

from 0 to 15%, averaging 8.0 ± 0.8%. Acini containing desquamated epithelial cells 

were not observed in any preparations.

 

 

Fig.3.4.5. Prostate of a 9-month-old rat. Hematoxylin and eosin staining. 1-

round and oval acini with intraluminal homogeneous secretion, 2-intralobular 

stroma, 3-vessels of the intralobular stroma, 4-epithelial-stromal outgrowths, 5-

bundles of smooth myocytes, 6-glandular capsule. Approx. 10 x vol. 20. 

In the periglandular stroma, isolated lymphocytes are observed, separated by 

clear intervals. Their number per field of view ranges from 9 to 14, with a mean of 

12.5 ± 0.3. The stroma is thin, and the thickness of the stromal septa between the 

acini varies from 42.0 to 71.4 μm, averaging 53.3 ± 1.7 μm. The number of stromal 

vessels per field of view ranges from 7 to 10, with a mean of 9.0 ± 0.2. The walls of 

the venules consist of a single layer of spindle-shaped endothelial cells oriented 

longitudinally. The internal diameter of the venules ranges from 21.0 to 33.6 μm, 
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with a mean of 29.8 ± 0.67 μm.The thickness of their walls varies from 4.2 to 8.4 

μm, averaging 7.5±0.21 μm. The wall of the capillaries is represented by one layer 

of elongated endothelial cells directed perpendicular to the lumen of the vessel. The 

diameter of the capillaries ranges from 12.6 to 16.8 μm, with a mean of 15.2 ± 0.21 

μm. Their wall thickness varies between 4.2 and 8.4 μm, averaging 5.0 ± 0.21 μm. 

Arterioles have an internal - endothelial, middle - muscular and external membranes. 

Endothelial cells have a spindle-shaped form. The middle membrane is represented 

by smooth myocytes lying circularly in one layer. The outer adventitia is formed by 

bundles of loose fibrous connective tissue. The internal diameter of the arterioles 

ranges from 12.6 to 16.8 μm, with a mean of 15.1 ± 0.21 μm. Their wall thickness 

varies from 4.2 to 8.4 μm, averaging 8.0 ± 0.21 μm.  

The volumetric fraction of glandular tissue ranges from 85 to 91%, with a mean 

of 88.2 ± 0.3%, while the proportion of stromal tissue varies between 9 and 15%, 

averaging 11.8 ± 0.3%. 

Collagen fibers surround the terminal sections of the glands, with most fibers 

located beneath the epithelium, forming a fine-mesh network within the stroma. The 

thickness of the collagen fiber bundles ranges from 8.4 to 12.6 μm, with a mean of 

11.6 ± 0.21 μm.  

The study demonstrated that in one-year-old rats, the prostate comprises 

individual alveolar-tubular glands and a fibromuscular stroma. 

In all cases (100%), light microscopy reveals that the acinar lining exhibits a 

scalloped or finely villous configuration. The acini are lined by highly prismatic, and 

occasionally cubic, epithelium. The height of the epithelial layer ranges from 4.2 to 

12.6 μm, with a mean of 9.37 ± 0.38 μm. The acini are oval to round in shape (Fig. 

3.4.6). The luminal diameter of the glands varies from 147.0 to 252.0 μm, averaging 

191.9 ± 4.2 μm. The number of acini per field of view ranges from 16 to 26, with a 

mean of 20.1 ± 0.5. All acini (100%) contain homogeneous or finely granular 

secretion (Fig. 3.4.6). The number of acini with desquamated epithelial cells ranges 

from 3 to 6 per field of view, with a mean of 4.4 ± 0.2. 



In the periglandular stroma, isolated lymphocytes are observed, separated by 

clear layers. In some areas, they are located around blood vessels and within the 

fibromuscular stroma. Their number per field of view ranges from 16 to 25, with a 

mean of 18.5 ± 0.5. The thickness of the stromal septa between the acini varies from 

37.8 to 84.0 μm, averaging 64.7 ± 2.5 μm. 

The number of stromal vessels per field of view ranges from 8 to 12, with a 

mean of 10.2 ± 0.2. The walls of the venules consist of a single layer of spindle-

shaped endothelial cells oriented longitudinally. The internal diameter of the venules 

varies from 21.0 to 33.6 μm, averaging 29.7 ± 0.67 μm, and their wall thickness 

ranges from 4.2 to 8.4 μm, with a mean of 7.7 ± 0.21 μm.  

 

Fig.3.4.6. Prostate of a 12-month-old rat. Hematoxylin and eosin staining. 1-

round acinus with intraluminal homogeneous secretion, 2-oval acinus, 3-acinus with 

fine-grained secretion, 4-folded structures of the terminal sections, 5-stromal vessels 

and single lymphocytes around them, 6-desquamated epithelial cells, 7-

interglandular stroma. Approx. 10 x vol. 20. 

The walls of the capillaries consist of a single layer of elongated endothelial 

cells oriented perpendicular to the vessel lumen. The diameter of the capillaries 

ranges from 12.6 to 16.8 μm, with a mean of 15.9 ± 0.21 μm, and their wall thickness 

varies from 4.2 to 8.4 μm, averaging 6.1 ± 0.21 μm. The walls of the arterioles are 
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composed of an inner endothelial layer, a middle muscular layer, and an outer 

connective tissue layer represented by thin bundles of connective tissue fibers. The 

internal diameter of the arterioles fluctuates from 12.6 to 16.8 μm, with a mean of 

15.5 ± 0.21 μm, and their wall thickness ranges from 4.2 to 8.4 μm, averaging 8.2 ± 

0.21 μm. 

The volumetric fraction of glandular tissue ranges from 60.0 to 85.0%, with a mean 

of 70.3 ± 1.4%, while the proportion of stromal tissue varies between 15.0 and 

40.0%, averaging 29.7 ± 1.4%. Collagen fibers surround the terminal sections of the 

glands, with most fibers located beneath the epithelium. Within the stroma, they 

form a fine-meshed network (Fig. 3.4.7). The thickness of the collagen fiber bundles 

ranges from 12.6 to 16.8 μm, with a mean of 13.31 ± 0.21 μm.

 

 

Fig. 3.4.7. Prostate of a 12-month-old rat. Van Gieson staining. 

1-end secretory sections, 2-low-prismatic epithelium, 3-fibromuscular stroma, 

4-collagen fiber bundles around the secretory sections, 5-stromal fine-mesh network 

formed by collagen fibers, 6-capsule of the gland. Approx. 10 x vol. 20. 

The study found that in one-and-a-half-year-old rats, the prostate comprises 

terminal secretory sections and a connective tissue stroma, which includes bundles 

of smooth myocytes and blood vessels. 
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Under light microscopy, the acini display an irregular to oval shape, with 

epithelial-stromal outgrowths observed in 100% of cases. The epithelial lining of the 

terminal secretory sections consists of cuboidal, and less frequently, highly prismatic 

epithelium (Fig. 3.4.8). The height of the epithelial layer ranges from 4.2 to 12.6 μm, 

with a mean of 8.4 ± 0.42 μm. In some preparations, areas of cellular expansion are 

evident within the epithelium of the secretory segments, appearing dull in color due 

to the increased epithelial thickness; a similar pattern is noted in the epithelium of 

the prostatic urethra and excretory ducts. Focal cystic degeneration is observed in 

hyperplastic regions. (Fig. 3.4.10). 

  

 

 

 

Fig.3.4.8. Prostate of an 18-month-old rat. Hematoxylin and eosin staining. 1-

oval acinus with intraluminal secretion, 2-irregular acinus, 3-concretions inside the 

secretory sections, 4-stromal vessels with plethora, 5-diffuse lymphocyte 

accumulations in the stroma. Approx. 10 x vol. 20. 

4

3 

2

3 

5

3 

1

3 

5

3 

4

3 

3

3 

2

3 



 

Fig.3.4.9. Prostate of an 18-month-old rat. Hematoxylin and eosin staining. 1-

oval acinus with intraluminal secretion, 2-irregular acinus with unevenly filled 

secretion, 3-dilated stromal septa, 4-stromal vessels with congestion, 5-diffuse 

lymphocyte clusters in the stroma, 6-lymphocyte clusters around stromal vessels. 

Approx. 10 x vol. 20. 

 

Fig.3.4.10. Prostate of 18-month-old rat of the experimental group. 

Hematoxylin and eosin staining. 1-prostatic urethra with proliferating epithelium, 2-

glandular ducts, 3-areas of cellular proliferation in the epithelium of acini, 4-

intraorgan vessels with plethora, 5-areas of connective tissue proliferation, 6-cystic 

atrophy in hyperplastic adenomatous nodes. Approx. 10 x 20 ob. 
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The luminal diameter of the glands ranges from 252.0 to 504.0 μm, with a mean 

of 381.8 ± 10.5 μm. The number of acini per field of view varies from 18 to 34, 

averaging 25.9 ± 0.9. The volumetric fraction of acini containing secretion ranges 

from 90 to 100%, with a mean of 95.0 ± 0.5%, whereas the proportion of acini 

without secretion is up to 10%, averaging 5.0 ± 0.5% (see Appendix 4). In 50% of 

cases, small concretions measuring 5–15 μm are observed within the acini, while in 

some preparations, larger concretions are detected. Focal ruptures and disruptions of 

the epithelial lining are noted in certain areas. (Fig. 3.4.11). 

In the periglandular stroma, diffuse clusters of lymphocytes are observed, 

merging without evidence of tissue destruction or lymphoid nodular formation; in 

some areas, lymphocytes are localized around stromal vessels (Fig. 3.4.9). The 

number of lymphocytes per field of view ranges from 20 to 35, with a mean of 29.3 

± 0.8. In the central regions of the gland, acinar expansion brings the secretory 

sections into close proximity, leaving minimal stroma; consequently, the thickness 

of the stromal septa varies between 4 and 12 μm. In the subcapsular zone, the stroma 

is expanded, with the septal thickness between acini ranging from 50.4 to 168.0 μm, 

averaging 108.8 ± 6.3 μm. 

 

 

Fig.3.4.11. Prostate of an 18-month-old rat. Van Gieson staining. 
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1-terminal secretory sections with signs of congestion, 2-low-prismatic 

epithelium, 3-fibromuscular stroma, 4-collagen fiber bundles around the secretory 

sections, 5-stromal fine-mesh network formed by collagen fibers, 6-intraacinar 

concretions, 7-ruptures in the epithelial lining of the acini, 8-large concrement inside 

the secretory section. Approx. 10 x vol. 20. 

The number of stromal vessels per field of view ranges from 11 to 15, with a 

mean of 13.0 ± 0.2. Most preparations show blood-filled lumens in nearly all vessels, 

particularly in venules. Lymphocyte clusters infiltrating the vessel walls are 

observed around the vessels (Fig. 3.4.9). The internal diameter of the venules varies 

from 25.2 to 33.6 μm, averaging 30.7 ± 0.42 μm, with wall thickness ranging from 

4.2 to 8.4 μm, mean 7.9 ± 0.21 μm. The diameter of capillaries ranges from 12.6 to 

16.8 μm, with a mean of 16.3 ± 0.21 μm, and wall thickness varies between 4.2 and 

8.4 μm, averaging 6.5 ± 0.21 μm. The internal diameter of arterioles fluctuates from 

12.6 to 16.8 μm, with a mean of 15.8 ± 0.21 μm, and their wall thickness ranges 

from 4.2 to 12.3 μm, averaging 8.4 ± 0.42 μm. (see Appendix 2). 

The volumetric fraction of glandular tissue ranges from 45.0 to 75.0%, with a 

mean of 61.3 ± 1.6%, while the proportion of stromal tissue varies between 25.0 and 

55.0%, averaging 38.7 ± 1.6% (see Appendix 5). Collagen fibers surround the 

terminal sections of the glands, with most fibers located beneath the epithelium. 

Within the stroma, they form a fine-meshed network, although interruptions and 

disruptions of the epithelial lining are observed in some areas. (Fig. 3.4.11). The 

thickness of collagen fiber bundles varies from 4.2 to 12.3 μm, averaging 10.5±0.42 

μm. 

 

3.3-§. Age-related immunohistochemical characteristics of the rat prostate 

gland 



Immunohistochemical analysis using the Ki67 proliferation marker 

demonstrated that newborn rats exhibit pronounced proliferative activity within both 

the stromal layer and the parenchymal structures at birth (Fig. 3.5.1). 

In 6-day-old animals, high expression of the proliferative marker is determined; 

the stroma and epithelial strands contain reaction products in the form of brownish 

precipitates (Fig. 3.5.2). 

In rat pups on the 11th day of development, high reaction activity is observed 

in the connective tissue stroma and epithelium of the acini (Fig. 3.5.3). 

In 16-day-old animals, immunohistochemical staining with antibodies to Ki67 

shows pronounced expression of the marker in the epithelium of the terminal 

sections and stromal structures (Fig. 3.5.4). 

In rat pups on the 21st day of development, high proliferative activity is 

determined. The reaction products in the form of brownish precipitates are present 

in the epithelium and singly in the stroma (Fig. 3.5.5). 

In 1-month-old rats, weak activity of the reaction is observed in the glandular 

epithelium of the acini and structures of the stromal layer (Fig. 3.5.6). In 3-month-

old rats of the control group, weak expression of the marker is observed in the 

glandular epithelium and structures of the stromal layer (Fig. 3.5.7). 

 



 

 

Fig.3.5.1. Prostate of a newborn rat. Immunohistochemical staining with 

antibodies to Ki67, chromogen diaminobenzidine, counterstaining with Mayer's 

hematoxylin. Increased expression of the marker in the structures of the prostate 

gland. 1-prostatic urethra, 2- epithelial cords, 3-connective tissue stroma. Approx. 

10 x vol. 20. 

In 6-month-old rats of the control group, immunohistochemical staining with 

antibodies to Ki67 revealed extremely weak expression of the marker in the 

glandular epithelium and stroma (Fig. 3.5.8). 

In 9-month-old animals from the control group, weak expression of the Ki67 

marker was observed in the glandular epithelium and stromal structures. (Fig. 3.5.9). 

In 12-month-old rats, immunohistochemical staining with antibodies to Ki67 

revealed extremely low expression of the marker in the structures of the prostate 

gland (Fig. 3.5.10). 

In 18-month-old animals of the control group, extremely low reaction activity 

was determined in the epithelium and stroma (Fig. 3.5.11). 
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Fig.3.5.2. Prostate of a 6-day-old rat. Immunohistochemical staining with 

antibodies to Ki67, chromogen diaminobenzidine, counterstaining with Mayer's 

hematoxylin. High proliferative activity. Reaction products in the form of brown 

precipitates are present in the stroma and epithelial cords. 1- epithelial cords, 2- 

fibroelastic stroma, 3- capsule of the gland. Approx. 10 x vol. 20. 

 

 

Fig.3.5.3. Prostate of an 11-day-old rat. Immunohistochemical staining with 

antibodies to Ki67, chromogen diaminobenzidine, counterstaining with Mayer's 
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hematoxylin. Strong expression of the marker in stromal structures and in the 

epithelium of the terminal sections. 1-acini, 2-epithelium of the terminal sections, 3-

interlobar stroma, 4-bundles of myocytes. Approx. 10 x vol. 20. 

 

 

Fig.3.5.4. Prostate of a 16-day-old rat. Immunohistochemical staining with 

antibodies to Ki67, chromogen diaminobenzidine, counterstaining with Mayer's 

hematoxylin. High expression level. Epithelium and stroma contain brown reaction 

products. 

1-secretory sections, 2-connective tissue stroma, 3-bundles of smooth 

myocytes. Approx. 10 x vol. 20. 
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Fig.3.5.5. Prostate of a 21-day-old rat. Immunohistochemical staining with 

antibodies to Ki67, chromogen diaminobenzidine, counterstaining with Mayer's 

hematoxylin. High proliferative activity. Reaction products in the form of brown 

precipitates are present in the epithelium and singly in the stroma. 1-terminal 

secretory sections, 2-fibroelastic stroma. Approx. 10 x vol. 20. 

 

 

Fig.3.5.6. Prostate of a 1-month-old rat. Immunohistochemical staining with 

antibodies to Ki67, chromogen diaminobenzidine, counterstaining with Mayer's 

hematoxylin. Weak proliferative activity in the epithelium and structures of the 

stromal layer. 1-acini, 2-connective tissue stroma, 3-organ capsule. Approx. 10 x 

vol. 20. 
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Fig.3.5.7. Prostate of a 3-month-old rat from the control group. 

Immunohistochemical staining with antibodies to Ki67, chromogen 

diaminobenzidine, counterstaining with Mayer's hematoxylin. Weak expression of 

the marker in the epithelium of the acini and structures of the stromal layer. 

1-terminal secretory sections, 2-periglandular stroma. Approx. 10 x vol. 20. 

 

 

Fig.3.5.8. Prostate of a 6-month-old rat from the control group. 

Immunohistochemical staining with antibodies to Ki67, chromogen 

diaminobenzidine, counterstaining with Mayer's hematoxylin. The reaction activity 
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in the glandular epithelium and stroma is extremely weak. 1-terminal secretory 

sections, 2-folded structures of the acinus. Approx. 10 x vol. 20. 

 

Fig.3.5.9. Prostate of a 9-month-old rat of the control group. 

Immunohistochemical staining with antibodies to Ki67, chromogen 

diaminobenzidine, counterstaining with Mayer's hematoxylin. Extremely low 

reaction activity in the epithelium and structures of the stromal layer. 

1-glandular parts of the organ, 2-intralobular stroma, 3-gland capsule. Approx. 

10 x vol. 20. 
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Fig.3.5.10. Prostate of a 12-month-old rat from the control group. 

Immunohistochemical staining with antibodies to Ki67, chromogen 

diaminobenzidine, counterstaining with Mayer's hematoxylin. Extremely low 

reaction activity. 1-terminal secretory sections, 2-fibromuscular stroma. Approx. 10 

x vol. 20. 

 

 

Fig. 3.5.11. Prostate of 18-month-old rat of the control group. 

Immunohistochemical staining with antibodies to Ki67, chromogen 

diaminobenzidine, counterstaining with Mayer's hematoxylin. The reaction activity 

in the glandular epithelium and stroma is extremely weak. 1-acini, 

2-periglandular stroma. Approx. 10 x vol. 20. 

Immunohistochemical analysis using the CD3 marker revealed weak 

expression of T-lymphocytes in the stromal structures and epithelial cords of 

newborn rats (Fig. 3.5.12). 

In 6-day-old rats, weak activity of the T-lymphocyte reaction to the CD3 

marker is observed in the structures of the prostate gland (Fig. 3.5.13). 

In 11-day-old rats, an extremely low level of T-lymphocyte expression is 

observed in the structures of the stromal layer and secretory sections (Fig. 3.5.14). 
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In 16-day-old rats, weak activity of the T-lymphocyte reaction is determined in the 

structures of the prostate gland when stained with the CD3 marker (Fig. 3.5.15). 

In 21-day-old rats, a moo level of T-lymphocyte response is watched within the 

epithelium of the secretory areas, while the response items within the frame of black-

brown accelerates are show within the epithelium of the secretory segments (Fig. 

3.5.16). 

Immunohistochemical study of 1-month-old rats with the CD3 marker revealed 

weak expression of T-lymphocytes in the structures of the prostate gland (Fig. 

3.5.17). 

In 3-month-old rats of the control group, immunohistochemical staining with 

the CD3 marker reveals a low level of marker expression in the stroma and 

epithelium of the secretory sections (Fig. 3.5.18). 

In 6-month-old rats of the control group, weak activity of the T-lymphocyte 

reaction is observed in the tissue stromal structures (Fig. 3.5.19). 

In 9-month-old rats of the control group, immunohistochemical staining with 

the CD3 marker revealed a low level of marker expression in the stroma and 

epithelium of the secretory sections (Fig. 3.5.20). 

In 12-month-old animals from the control group, weak T-lymphocyte activity 

is observed within the stromal structures and the epithelium of the secretory sections. 

(Fig. 3.5.21). 

In 18-month-old rats of the control group, immunohistochemical staining with 

the CD3 marker revealed a low level of T-lymphocyte expression in tissue stromal 

structures (Fig. 3.5.22). 



 

 

Fig.3.5.12. Prostate of a newborn rat. Immunohistochemical staining with the 

CD3 marker, chromogen diaminobenzidine. Low level of T-lymphocyte expression 

in the structures of the stromal layer and in the epithelial cords. 1-epithelial cords, 

2-interlobular stroma. 

Oc.10 x ob. 20. 
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Fig. 3.5.13. Prostate of a 6-day-old rat. Immunohistochemical staining with the 

CD3 marker, chromogen diaminobenzidine. Low activity of T-lymphocyte reaction 

in the structures of the prostate gland. 

1- epithelial strands, 2-connective tissue stroma, 3-bundles of smooth 

myocytes. Approx. 10 x vol. 20. 

 

 

Fig.3.5.14. Prostate of an 11-day-old rat. Immunohistochemical staining with 

the CD3 marker, chromogen diaminobenzidine. Extremely low level of T-

lymphocyte expression in tissue stromal structures and in the secretory sections. 1-

glandular lobule, 2-interlobular stroma, 3-prostatic urethra, 4-gland capsule. Oc. 10 

x ob. 10. 
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Fig. 3.5.15. Prostate of a 16-day-old rat. Immunohistochemical staining with 

the CD3 marker, chromogen diaminobenzidine. Weak activity of T-lymphocyte 

reaction in the structures of the prostate gland. 

1-terminal secretory sections, 2-intralobular stroma. Approx. 10 x vol. 20. 

 

 

Fig. 3.5.16. Prostate of a 21-day-old rat. Immunohistochemical staining with 

the CD3 marker, chromogen diaminobenzidine. Weak expression of the T-
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lymphocyte reaction in the epithelium of the secretory sections. 1-acini, 2-

interlobular stroma. Oc. 10 x vol. 20. 

 

Fig. 3.5.17. Prostate of a 1-month-old rat. Immunohistochemical staining with the 

CD3 marker, chromogen diaminobenzidine. Weak activity of T-lymphocyte 

reaction in the structures of the prostate gland. 1-terminal secretory sections, 2-

interglandular stroma, 3-bundles of smooth myocytes. Approx. 10 x vol. 20. 
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Fig.3.5.18. Prostate of a 3-month-old rat of the control group. Immunohistochemical 

staining with the CD3 marker, chromogen diaminobenzidine. Low level of marker 

expression in the stroma and epithelium of the secretory sections. 1-acini, 2-

intralobular stroma, 3-capsule of the gland. Oc.10 x ob. 20. 

 

 

Fig.3.5.19. Prostate of a 6-month-old rat from the control group. 

Immunohistochemical staining with the CD3 marker, chromogen diaminobenzidine. 

Weak activity of T-lymphocyte reaction in tissue stromal structures. 1-terminal 

secretory sections, 2-interglandular stroma. Approx. 10 x vol. 20. 

 

1

3 

1

3 

2

3 

1

3 

1

3 

2

3 



 

Fig.3.5.20. Prostate of a 9-month-old rat from the control group. 

Immunohistochemical staining with the CD3 marker, chromogen diaminobenzidine. 

Low level of marker expression in the stroma and epithelium of the secretory 

sections. 1-acini, 2-intralobular stroma. Oc.10 x vol.20. 

 

 

 

Fig.3.5.21. Prostate of a 12-month-old rat from the control group. 

Immunohistochemical staining with the CD3 marker, chromogen diaminobenzidine. 

Weak activity of T-lymphocyte reaction in the structures of the stromal layer and 

epithelium of the secretory sections. 1-terminal secretory sections, 2-interglandular 

stroma, 3-glandular capsule. Approx. 10 x vol. 20. 
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Fig.3.5.22. Prostate of 18-month-old rat of the control group. 

Immunohistochemical staining with CD3 marker, chromogen diaminobenzidine. 

Weak level of T-lymphocyte expression in tissue stromal structures. 1-acini, 2-

periglandular stroma. 

Oc.10 x vol.20. 

 

 

 

 

 

 

 

 

 

 

1

3 

1

3 

2

3 



CHAPTER IV. MORPHOLOGICAL STRUCTURE OF THE 

PROSTATE GLAND IN RATS OF THE EXPERIMENTAL GROUP 

 

4.1-§. Microscopic structure of the prostate gland in rats suffering from 

chronic alcoholism 

In 3-month-old rats of the experimental group, 50% of acini exhibit a folded 

morphology and are lined predominantly by a single-layer low-prismatic epithelium, 

with regions of highly prismatic epithelium also observed. The epithelial height 

ranges from 4.2 to 16.8 μm, averaging 9.1 ± 0.6 μm. Foci of epithelial stratification, 

indicative of prostatic intraepithelial neoplasia (PIN), are present in some areas. 

These regions display disrupted epithelial layering, cellular polymorphism, and 

nuclei with prominent, often multiple nucleoli (Fig. 4.2.1). The acini are polygonal 

in shape (Fig. 4.2.2). The luminal diameter of the glands ranges from 25.2 to 126.0 

μm, with a mean of 75.2 ± 0.4 μm. The number of acini per field of view varies from 

54 to 96, averaging 74.2 ± 2.3. Here’s a polished, scientifically precise paraphrase 

of your text: 

 

The acinar lumens are partially filled with homogeneous secretion. The 

volumetric fraction of acini containing secretion ranges from 15 to 46%, with a mean 

of 29.2 ± 1.7%, whereas acini without secretion constitute 54–85%, averaging 70.8 

± 1.7%. Within the lumens of certain acini, numerous exfoliated epithelial cells are 

observed, ranging from individual cells to small cell clusters (Fig. 4.2.3). Per field 

of view, the number of acini containing desquamated epithelium varies from 4 to 10, 

with a mean of 7.5 ± 0.3. 



 

Fig.4.2.1. Prostate of a 3-month-old rat from the experimental group. 

Hematoxylin and eosin staining. 1-normal epithelial lining of acini, 2-interglandular 

stroma, 3-acinus lumen, 4-area of epithelial stratification (SES). Approx. 10 x vol. 

40. 

Here’s a polished, scientifically precise paraphrase of your text: 

 

Within the interacinar stroma, isolated lymphocytes are occasionally observed. 

In most preparations, aggregations of lymphocytes are visualized, surrounding the 

terminal sections of the glands in circular or oval formations. In some areas, 

lymphocyte clusters are located within the acinar lumens and around vessels of the 

interlobular stroma, infiltrating the vessel walls. Despite these accumulations, the 

integrity of the epithelial lining is preserved, with no evidence of tissue destruction 

or formation of lymphoid nodules (Fig. 4.2.3). The number of lymphocytes per field 

of view ranges from 15 to 40, with an average of 26.0 ± 1.4. The thickness of the 

stromal septa between the glands is markedly increased in 1–2 fields of view out of 

10, ranging from 21.0 to 75.6 μm, with a mean of 40.7 ± 2.94 μm. 

Here’s a polished, scientifically precise paraphrase of your text: 

 

1

3 

1

3 

2

3 

3

3 

4

3 



The number of stromal vessels per field of view ranges from 6 to 12, with a 

mean of 9.1 ± 0.3. The walls of the venules consist of a single layer of endothelial 

cells oriented longitudinally relative to the vessel lumen. The internal diameter of 

the venules varies from 16.8 to 37.8 μm, averaging 25.2 ± 1.13 μm, while the wall 

thickness ranges from 2.1 to 4.2 μm, with a mean of 3.6 ± 0.13 μm. In capillaries, 

the endothelial cells are oriented perpendicular to the lumen. Capillary diameters 

range from 8.4 to 16.8 μm, averaging 12.6 ± 0.46 μm, and their wall thickness varies 

between 2.1 and 4.2 μm, with a mean of 3.5 ± 0.13 μm. Arterioles have an internal, 

single-layer endothelial membrane of flat cells. The middle membrane is represented 

by one layer of circularly located smooth myocytes. The adventitia is formed by 

bundles of connective tissueIn many preparations, the walls of the arterioles are not 

clearly distinguishable. The internal diameter of the arterioles ranges from 12.6 to 

21.0 μm, with a mean of 17.5 ± 0.46 μm, and their wall thickness varies from 4.2 to 

8.4 μm, averaging 5.6 ± 0.21 μm.

 

 

Fig.4.2.2. Prostate of a 3-month-old rat from the experimental group. Hematoxylin 

and eosin staining. 1-prostatic urethra, 2-ejaculatory ducts, 3-glandular ducts, 4-

myocyte bundles, 5-polygonal acini, 6-interlobular stroma. Approx. 10 x ob. 10. 
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Fig.4.2.3. Prostate of a 3-month-old rat from the experimental group. 

Hematoxylin and eosin staining. 1-secretory terminal sections (acini), 2-expanded 

stromal septa, 3-glandular capsule, 4-intraluminal desquamated epithelial cells, 5-

lymphocytes within the gland lumen, 6-diffuse lymphocyte clusters in the 

subepithelial layer of the stroma, 7-lymphocyte clusters around stromal vessels, 8-

diffuse lymphocyte clusters in the interlobular stroma. Approx. 10 x 20 obv. 

Morphometric analysis of the parenchyma-to-stroma ratio revealed that the 

relative area of parenchymal tissue ranges from 32 to 55%, with a mean of 40.6 ± 

1.24%, while the proportion of stromal tissue varies from 45 to 68%, averaging 59.4 

± 1.24%. In the experimental group, numerous collagen fibers occupy all 

interepithelial regions of the stroma. They are observed surrounding the secretory 

sections and ducts of the gland, densely enveloping the smooth muscle cells of the 

stroma. In certain areas, a coarse network of collagen fibers is formed within the 

interacinar stroma. The thickness of collagen fiber bundles ranges from 4.2 to 8.4 

μm, with an average of 6.13 ± 0.21 μm. 

Morphometric analysis of the parenchyma-to-stroma ratio indicated that the relative 

area of parenchymal tissue ranges from 32 to 55%, with a mean of 40.6 ± 1.24%, 

while the proportion of stromal tissue varies between 45 and 68%, averaging 59.4 ± 
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1.24%.  

 

 

Fig.4.2.4. Prostate of a 6-month-old rat from the experimental group. Hematoxylin 

and eosin staining. 1-prostatic urethra, 2-glandular ducts, 3-secretory terminal 

sections (acini) of polygonal shape, 4-interglandular stroma, 5-areas of connective 

tissue proliferation, 6-areas of cellular proliferation. Approx. 10 x vol. 10. 

 

 

Fig.4.2.5. Prostate of a 6-month-old rat from the experimental group. Hematoxylin 

and eosin staining. 1-interglandular stroma, 2-acinus lumen, 3-focus of epithelial 

stratification (multi-row and polymorphism of cells are noted), 4-cells with large and 
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multiple nucleoli, 5-mitotic cells. Approx. 10 x vol. 40. 

 

 

In the experimental group, numerous collagen fibers are present throughout all 

interepithelial regions of the stroma. They are observed surrounding the secretory 

sections and ducts of the gland, densely enveloping the smooth muscle cells of the 

stroma. In certain areas, a coarse network of collagen fibers is formed within the 

interacinar stroma. The thickness of collagen fiber bundles ranges from 4.2 to 8.4 

μm, with a mean of 6.13 ± 0.21 μm. The study also demonstrated that in 6-month-

old rats of the experimental group, 70–80% of the acini exhibit a folded morphology. 

(Fig. 4.2.4), The epithelium is predominantly cuboidal, with areas of highly 

prismatic epithelium observed in certain regions. The thickness of the epithelial 

lining ranges from 4.2 to 12.6 μm, averaging 9.8 ± 0.4 μm. In some preparations, 

regions of cellular proliferation are evident within the epithelium, characterized by 

a darker appearance due to the high density of epithelial cells (Fig. 4.2.4). 

Additionally, focal areas of epithelial stratification are observed, identified as 

prostatic intraepithelial neoplasia (PIN). In these regions, the normal organization of 

the epithelial layers is disrupted, with noticeable cellular polymorphism, enlarged 

and multiple nucleoli in the nuclei, and the presence of mitotic figures in certain 

areas.Fig. 4.2.5). The terminal sections of the glands are mostly irregular, with round 

and oval-shaped acini. The acinar lumens are convoluted, with diameters ranging 

from 105.0 to 327.6 μm, averaging 204.1 ± 9.2 μm. The number of acini per field of 

view ranges from 20 to 52, with an average of 35.9 ± 1.7. The lumens contain 

homogeneous secretion. The volume fraction of acini with secretion is 85–95%, 

averaging 87.8 ± 0.5%, while acini without secretion comprise 5–15%, averaging 

12.2 ± 0.5%. Many fragments of exfoliated epithelial cells, sometimes forming 

complete cell conglomerates, partially fill the acinar lumens (Fig. 4.2.6). The 

number of acini containing desquamated epithelium per field of view ranges from 5 

to 11, averaging 9.1 ± 0.3. 



Numerous diffusely distributed lymphocytes are observed in the interacinar stroma. 

In most preparations, lymphocyte aggregates are seen encircling the terminal 

glandular areas in chain-like formations. Epithelial-stromal outgrowths are 

completely infiltrated by lymphocytes. Additionally, central lymphocyte clusters are 

present within the lumens of some acini, and individual lymphocytes are detected 

around intralobular stromal vessels, occasionally penetrating the vessel walls.

 

 

Fig.4.2.6. Prostate of a 6-month-old rat from the experimental group. Hematoxylin 

and eosin staining. 1-secretory terminal sections, 2-dilated stromal septa, 3-

intraluminal desquamated epithelial cells, 4-lymphoid nodule within the lumen of 

the glands, 5-diffuse accumulation of lymphocytes in the subepithelial layer of the 

stroma, 6-accumulation of lymphocytes around stromal vessels, 7-diffuse 

accumulations of a large number of lymphocytes in the stroma, which destroy the 

epithelial lining of the acinus, 8- bundles of smooth myocytes. Approx. 10 x 20 rev. 

 

In certain areas, the epithelial lining shows disrupted integrity (Fig. 4.2.6). The 

number of lymphocytes in the stroma per field of view ranges from 30 to 70, with 

an average of 46.0 ± 2.2. The thickness of the stromal layers between the secretory 

sections measures 12–30 μm in the central zone of the gland, while in the 

subcapsular zone it is markedly increased in 1–2 out of 10 fields of view, ranging 

from 75.6 to 201.6 μm, with an average of 122.6 ± 6.7 μm. 
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A large number of venules, capillaries and arterioles are determined in the 

interglandular stroma (Fig. 4.2.7). The number of stromal vessels in the field of 

vision is within 7-12, on average 9.9 ± 0.3. The venules of the interglandular stroma 

are dilated, formed elements of the blood are detected in their lumen. The internal 

diameter of the venules is within 25.2 to 33.6 μm, on average 29.8 ± 0.42 μm. The 

thickness of their wall fluctuates from 4.2 to 8.4 μm, on average 4.5 ± 0.21 μm. The 

wall of the capillaries is represented by a single layer of endothelial cells oriented 

perpendicular to its lumen, they are tightly adjacent to each other. Formed elements 

of the blood are often found in the lumen of the capillaries. The diameter of the 

capillaries varies from 12.6 to 16.8 μm, on average - 15.8 ± 0.21 μm. The thickness 

of their walls is within 2.1-4.2 μm, on average - 3.7 ± 0.13 μm. In the arterioles, the 

endothelial cells are located at a close distance from each other. In the middle layer, 

circular smooth myocytes occupy one layer. The adventitia is formed by bundles of 

connective tissue fibers. The internal diameter of the arterioles fluctuates from 12.6 

to 21.0 μm, on average - 17.9 ± 0.42 μm. The thickness of their walls varies from 

4.2 to 8.4 μm, on average - 6.1 ± 0.21 μm. 

 

 

Fig.4.2.7. Prostate of 6-month-old rat of the experimental group. Hematoxylin 

and eosin staining. 1-glandular lobule, 2-glandular ducts, 3-vessels of the 

interlobular stroma, 4-interlobular septa, 5-areas of connective tissue proliferation, 
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6-bare area of stromal tissue, 7-areas of cellular proliferation in the epithelium of the 

acinus. Approx. 10 x vol. 20. 

In 6-month-old rats from the experimental group, the stroma predominates over the 

glandular tissue. Morphometric analysis of the parenchyma-to-stroma ratio indicated 

that the relative area of the parenchyma ranges from 37% to 55%, with an average 

of 43.6 ± 0.1%, while the stromal tissue proportion varies from 45% to 63%, 

averaging 56.4 ± 0.1%.

 

 

Fig. 4.2.8. Prostate of a 6-month-old rat from the experimental group. 

Van Gieson staining. 1-prostatic urethra, 2-excretory ducts, 3-acini, 4-

fibromuscular stroma, 5-collagen fiber bundles around the secretory sections, 

6-stromal coarse network formed by a large number of collagen fibers. 

Approx. 10 x vol. 20. 

In the experiment, the number of thickened collagen fibers increased, they 

occupy all interepithelial areas of the stroma. They are also determined in the vicinity 

of the secretory sections, where they tightly cover the smooth muscle cells of the 

stroma. In places, a coarse network of collagen fibers is formed in the interacinar 

stroma (Fig. 4.2.8). The thickness of collagen fiber bundles varies from 4.2 to 8.4 

µm, averaging 7.52±0.21 µm. 

The study showed that in 9-month-old rats of the experimental group, acini in 

50% of cases have a folded appearance, are represented mainly by flat epithelium, 
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in places cubic and highly prismatic epithelium are determined (Fig. 4.2.9). The 

height of the epithelium varies from 4.2 to 12.6 μm, on average - 7.56±0.38 μm.   

 

 

Fig.4.2.9. Prostate of a 9-month-old rat from the experimental group. 

Hematoxylin and eosin staining. 1-acinus with papillary structures, 2-acinus 

without papillary structures, 3-flat epithelium of the acinus, 4-expanded 

stromal septa, areas of exposure, the tissue structure of the gland disappears, 

5-intraluminal desquamated epithelial cells, 6-lymphoid nodule of a rounded 

shape in the interglandular stroma, 7-diffuse accumulations of a large number 

of lymphocytes in the stroma, which destroy the epithelial lining of the acinus. 

Approx. 10 x vol. 20. 

In some preparations, areas of cellular proliferation are observed in the 

epithelium, appearing darker due to the high density of epithelial cells (Fig. 4.2.10). 

In certain regions, foci of epithelial stratification are identified, with disruption of 

the normal layering, accompanied by cell polymorphism. The terminal sections of 

the glands are predominantly irregular in shape, with oval-shaped acini. The lumens 

of the acini are convoluted (Fig. 4.2.9). The diameter of the glandular lumens ranges 

from 231.0 to 483.0 μm, averaging 354.9 ± 10.5 μm. The number of acini in the field 

of vision varies from 12 to 34, with an average of 23.5 ± 1.2. The volume fraction 

of acini containing secretion ranges from 50% to 70%, averaging 58.8 ± 1.1%. The 

proportion of acini without secretion ranges from 30% to 50%, with an average of 
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41.2 ± 1.1%. In the lumens of individual acini, fragments of desquamated epithelial 

cells are observed. The number of acini containing desquamated epithelium in the 

field of view varies from 3 to 6, with an average of 5.1 ± 0.2. In the fibromuscular 

stroma, diffusely scattered clusters of lymphocytes are detected in the subepithelial 

layer. In some areas, there is disruption of the epithelial lining. Additionally, 

lymphocyte clusters are observed inside the acinar lumens and around the vessels of 

the intralobular stroma, where they infiltrate the vessel walls. The number of 

lymphocytes in the stroma is too high to be reliably counted in the field of view. In 

most preparations, focal accumulations of lymphocytes forming lymphoid nodules 

of round and oval shapes are observed in the stroma (Fig. 4.2.9, 4.2.10). The 

thickness of the stromal layers between the secretory sections in the central zone of 

the gland ranges from 40 to 80 μm. In the subcapsular zone, it is markedly increased 

in 7–8 fields of view out of 10, fluctuating between 252.0 and 462.0 μm, with an 

average of 326.3 ± 11.3 μm. In some areas, there is expansion between the acini, and 

the normal tissue structure of the gland is disrupted. (Fig. 4.2.9). 

 

 

 

Fig.4.2.10. Prostate of a 9-month-old rat from the experimental group. Hematoxylin 

and eosin staining. 1-deformed, irregularly shaped acinus, 2-ruptures in the epithelial 

lining of the acini, 3-oval-shaped lymphoid nodule in the interglandular stroma, 4-
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diffuse accumulations of lymphocytes inside the acini, 5-accumulations of 

lymphocytes in the subepithelial layer of the stroma, 6-areas of cellular proliferation. 

Approx. 10 x vol. 20. 

In the interglandular stroma, a large number of venules, capillaries, and 

arterioles are observed. In nearly all vessels, stasis of formed blood elements 

occurs, accompanied by extensive areas of hemorrhage. The vessel lumens 

are markedly dilated, while their wall thickness is reduced (Fig. 4.2.11). The 

number of stromal vessels in the field of view ranges from 12 to 18, with an 

average of 15.4 ± 0.3. The walls of the venules consist of a single layer of 

endothelial cells, spaced 5–7 μm apart. The internal diameter of the venules 

varies from 25.2 to 37.8 μm, averaging 34.4 ± 0.67 μm, and the wall thickness 

ranges from 4.2 to 8.4 μm, averaging 6.3 ± 0.21 μm. Endothelial cells of the 

capillary walls are oriented perpendicular to the lumen. The diameter of the 

capillaries ranges from 12.6 to 21.0 μm, with an average of 17.6 ± 0.42 μm. 

The thickness of the capillary walls ranges from 2.1 to 4.2 μm, with an 

average of 3.7 ± 0.42 μm. Arterioles consist of an endothelial layer, a 

muscular layer represented by a single layer of smooth myocytes, and an 

adventitia formed by fibrous connective tissue. In many preparations, the 

arteriolar layers are not clearly distinguishable. The internal diameter of the 

arterioles varies from 12.6 to 21.0 μm, with an average of 17.7 ± 0.42 μm, 

and their wall thickness ranges from 4.2 to 8.4 μm, averaging 5.6 ± 0.21 μm. 

In 9-month-old rats of the experimental group, the stroma exceeds the 

glandular tissue in volume. Morphometric analysis of the parenchyma-

stromal ratio revealed that the relative area of the parenchyma varies from 17 

to 52%, averaging 30.9 ± 1.9%, while the proportion of stromal tissue 

fluctuates between 60 and 83%, with an average of 69.1 ± 1.2%. 

By the 9th month of the experiment, numerous strands of dense fibrous collagen 

fibers occupy all interglandular areas of the stroma, tightly enveloping the bundles 

of smooth muscle cells. In some regions of the interacinar stroma, a coarse network 

of collagen fibers is formed, displacing the network from the basal membrane of the 



terminal sections. In certain areas, the fibers are torn and frayed. The thickness of 

the collagen fiber bundles ranges from 4.2 to 8.4 μm, with an average of 7.35 ± 0.21 

μm.  

 

Fig.4.2.11. Prostate of a 9-month-old rat from the experimental group. Hematoxylin 

and eosin staining. 1-twisted, irregularly shaped acinus, 2-fibromuscular stroma, 3-

acinus cavity, 4-diffuse lymphocyte clusters in the subepithelial layer of the stroma, 

5-lymphocyte clusters around the stromal vessels, 6-phenomena of formed element 

stasis in the vessels with extensive areas of hemorrhage, 7-gland capsule. Approx. 

10 x 20 ob. 

The study demonstrated that in 12-month-old rats of the experimental group, 

the acini in 30% of cases exhibit a folded appearance. They are primarily lined by 

cuboidal epithelium, with areas of flattened epithelium observed in some regions. 

The epithelial thickness ranges from 4.2 to 8.4 μm, with an average of 7.7 ± 0.21 

μm. In certain preparations, zones of cellular proliferation are detected in the 

epithelium, characterized by a darker color due to high epithelial cell density. Foci 

of epithelial stratification (FES) are also observed in some areas. The terminal 

sections of the glands are predominantly irregular and oval in shape, with convoluted 

lumens that are mostly stretched (Fig. 4.2.12). 

The diameter of the glandular lumens ranges from 336.0 to 672.0 μm, with an 

average of 448.1 ± 13.9 μm. The number of acini in the field of view varies from 10 
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to 22, averaging 15.7 ± 0.6. All (100%) of the acinar lumens are filled with 

homogeneous or fine-grained secretion. In some acini, numerous fragments of 

exfoliated and desquamated epithelial cells are present, with total epithelial 

desquamation causing complete obstruction of the acinar lumen (Fig. 4.2.13). The 

number of acini with desquamated epithelium per field of view ranges from 8 to 20, 

averaging 13.7 ± 0.6. 

 

 

Fig.4.2.12 Prostate of a 12-month-old rat from the experimental group. 

Hematoxylin and eosin staining. 1-prostatic urethra, 2-glandular ducts, 3-

ejaculatory ducts, 4-dilated polygonal acini filled with secretion, 5-

interglandular stroma, 6-areas of connective tissue proliferation (fibrosis) 

with ruptures. Approx. 10 x vol. 20. 

A large number of diffusely scattered lymphocytes are visualized in the interacinar 

stroma. In most preparations, confluent clusters of lymphocytes are observed, 

surrounding the terminal sections of the glands. Around the vessels of the 

intralobular stroma, diffuse accumulations of lymphocytes infiltrating the vessel 

walls are also noted. In some areas, tissue destruction of the stroma with disruption 

of the epithelial lining is observed (Fig. 4.2.13). The number of lymphocytes in the 

stroma per field of view ranges from 17 to 26, averaging 20.0 ± 0.5.
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Fig.4.2.13. Prostate of a 12-month-old rat from the experimental group. 

Hematoxylin and eosin staining. 1-total desquamation of the acinar epithelium 

with complete obstruction of the acinar lumen, 2-expanded stromal septa with 

exposed areas, tissue structure of the organ is absent, 3-acinus with signs of 

congestion, 4-intraluminal desquamated epithelial cells with diffuse 

accumulations of lymphocytes, 5-diffuse accumulation of lymphocytes 

around the stromal vessels, 6-tissue destruction of the stroma with disruption 

of the integrity of the epithelium, 7-combination of stasis of formed elements 

in the vessels with extensive areas of hemorrhage. Approx. 10 x vol. 20. 

 

In some places, exposed areas are found in the stroma, where the tissue 

structure of the organ is not visible. The thickness of the stromal layers between the 

secretory sections in the central zone of the gland is 40-100 μm, in the subcapsular 

zone it is sharply increased in 7-10 fields of view out of 10 and fluctuates from 151.2 

to 252.0 μm, on average it is 189.4 ± 5.5 μm. 

In the interglandular stroma, a large number of venules, capillaries, and 

arterioles are observed. Stasis of formed elements is evident in the vessels, 

accompanied by extensive areas of hemorrhage (Fig. 4.2.13). The number of 

stromal vessels per field of view ranges from 13 to 19, averaging 16.0 ± 0.3. 

1

3 

2

3 

3

3 

4

3 

5

3 

6

3 

7

3 

1

3 

4

3 

7

3 

6

3 



The internal diameter of venules ranges from 29.4 to 42.0 μm, averaging 38.1 

± 0.67 μm, and the thickness of their walls varies from 4.2 to 8.4 μm, 

averaging 6.0 ± 0.21 μm. 

Capillaries are lined by a single layer of spindle-shaped endothelial cells 

oriented perpendicular to the lumen, fitting tightly together. Their diameter 

ranges from 12.6 to 21.0 μm, averaging 18.7 ± 0.42 μm, with wall thickness 

between 2.1 and 4.2 μm, averaging 3.8 ± 0.13 μm. In the arterioles, endothelial 

cells are densely arranged and are separated from the muscular layer by the 

internal elastic membrane. 

In the middle membrane of the arterioles, smooth myocytes are arranged 

in a single layer. The outer membrane is formed by fibrous connective tissue. 

The internal diameter of the arterioles ranges from 12.6 to 21.0 μm, averaging 

19.1 ± 0.42 μm, while their wall thickness varies from 4.2 to 8.4 μm, 

averaging 5.8 ± 0.21 μm. 

Morphometric analysis of the parenchyma-stromal ratio showed that the 

relative area of parenchyma varies between 50 and 65%, averaging 58.0 ± 

0.8%, and the proportion of stromal tissue fluctuates between 35 and 50%, 

averaging 42.0 ± 0.8%. 

In the experiment, thickened collagen fibers occupy all interepithelial 

and periductal areas of the stroma. In some regions, a coarse network of 

collagen fibers is formed in the interacinar stroma (Fig. 4.2.14). The thickness 

of the collagen fiber bundles ranges from 8.4 to 12.6 μm, averaging 9.24 ± 

0.21 μm. 

The study showed that in 18-month-old rats of the experimental group, 

80% of the acini exhibited a folded appearance with epithelial-stromal 

outgrowths. The epithelium was predominantly cuboidal, with flat epithelium 

observed in some areas (Fig. 4.2.15). The thickness of the epithelial lining 

ranged from 4.2 to 8.4 μm, averaging 5.8 ± 0.21 μm. 

In certain areas of the epithelium, foci of epithelial stratification were 

observed, with disruption of the normal layering, cell polymorphism, and the 



presence of large, multiple nucleoli in the nuclei. Mitotic cells were visualized 

in some regions (Fig. 4.2.16). 

The terminal sections of the glands were predominantly irregular and 

oval in shape, and the lumens of the acini were convoluted (Fig. 4.2.15). The 

diameter of the gland lumen varied from 210.0 to 420.0 μm, with an average 

of 288.5 ± 8.8 μm. The number of acini in the field of view ranged from 25 to 

40, averaging 32.5 ± 0.8. All acini lumens (100%) were devoid of secretion 

(see Appendix 6), and no desquamated epithelial cells were detected. 

 

 

 

Fig.4.2.14. Prostate of a 12-month-old rat from the experimental group. Van Gieson 

staining. 1-acinus lumen, 2-desquamated epithelial cells, 3-folded epithelium of the 

acinus, 4-coarse network of collagen bundles in the subepithelial layer, 5-

pathological proliferation of collagen fibers in the stroma. Approx. 10 x vol. 20. 
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Fig.4.2.15. Prostate of 18-month-old rat of the experimental group. 

Hematoxylin and eosin staining. 1-gland capsule, 2-irregular acinus, 3-oval 

acinus with flat epithelium, 4-dilated stromal septa with exposed zones and 

tissue destruction, 5-intraluminal diffuse lymphocyte clusters, 6-diffuse 

lymphocyte clusters in the subcapsular zone, 7-diffuse lymphocyte clusters in 

the subepithelial layer, 8-full-blooded stromal vessels, lymphocyte infiltration 

of the perivascular zone. Approx. 10 x vol. 20. 

 

In 18-month-old rats of the experimental group, a pronounced degree of 

lymphocytic infiltration with tissue destruction and nodular formation is 

noted. A large number of diffusely scattered lymphocytes are visualized in the 

interacinar stroma. Most preparations show intraluminal diffuse clusters of 

lymphocytes, diffuse clusters of lymphocytes in the subcapsular zone, in the 

subepithelial layer and epithelial-stromal outgrowths. In places around the 

full-blooded vessels of the intralobular stroma, diffuse clusters of 

lymphocytes infiltrating the vessel walls are detected. In some preparations, 

lymphoid nodules of irregular and rounded shapes are determined (Fig. 

4.2.15, 4.2.17). It was not possible to count the number of lymphocytes in 

the stroma (in the field of view) due to their large quantity. In experiments 
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on one-and-a-half-year-old rats, a pronounced proliferation of connective 

tissue was observed in the subcapsular zones and central regions of the 

gland, with the septa enlarged in 7–10 fields of view out of 10. In some areas 

of the subcapsular zone, regions were exposed where the tissue structure of 

the organ was no longer visible. 

The thickness of the stromal septa between the acini in the subcapsular 

zone ranged from 96.6 to 231.0 μm, averaging 162.1 ± 7.1 μm. In the central 

regions of the prostate, the thickness of the stromal layers varied from 40 to 

80 μm. 

 

 

Fig.4.2.16. Prostate of an 18-month-old rat from the experimental group. 

Hematoxylin and eosin staining. 1-interglandular stroma, 2-acinus lumen, 3-

epithelial stratification focus (multi-row and polymorphic cells are noted), 4-cells 

with large and multiple nucleoli, 5-mitotic cells. Approx. 10 x vol. 40. 

 

 

A large number of venules, capillaries, and arterioles were observed in the 

interglandular stroma. Stasis of formed blood elements was detected in the vessels, 

accompanied by areas of stromal hemorrhage (Fig. 4.2.18). The number of stromal 

vessels in the field of view ranged from 14 to 25, with an average of 18.8 ± 0.6. The 
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walls of the venules are constructed from a single layer of endothelial cells located 

at a distance of 5-7 µm from each other. A great many veins are found in the 

subcapsular zones of the gland. The internal diameter of venules ranges from 29.4 

to 46.2 μm, with an average of 42.0 ± 0.9 μm. The thickness of their walls varies 

from 4.2 to 8.4 μm, averaging 5.4 ± 0.21 μm. The endothelial cells of capillary walls 

are oriented perpendicular to the lumen. Capillary diameters range from 16.8 to 

25.2 μm, with an average of 20.1 ± 0.42 μm, and their wall thickness ranges from 

4.2 to 8.4 μm, averaging 4.5 ± 0.21 μm. 

Arterioles have a three-layered wall, consisting of an internal endothelial 

membrane, a middle muscular layer, and an adventitia composed of connective 

tissue bundles. In many preparations, the arteriole membranes are not clearly 

distinguishable. The internal diameter of arterioles varies from 16.8 to 21.0 μm, 

averaging 19.5 ± 0.21 μm, and their wall thickness ranges from 4.2 to 8.4 μm, with 

an average of 5.4 ± 0.21 μm (see Appendix 7). 

 

 

 

 

Fig.4.2.17. Prostate of an 18-month-old rat from the experimental group. 

Hematoxylin and eosin staining. 1-a round lymphoid nodule in the stroma, 2-

bare areas of the stroma, no tissue structure, 3-damaged vessel wall with areas 
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of stromal hemorrhages, 4-diffuse lymphocyte clusters in the subepithelial 

layer and epithelial-stromal outgrowths. Approx. 10 x vol. 20. 

 

Morphometric analysis of the parenchyma-stromal ratio revealed that the 

relative area of parenchyma varies from 20% to 46%, with an average of 34.1 ± 

1.4%. The proportion of stromal tissue fluctuates between 54% and 80%, averaging 

65.9 ± 1.4%(see Appendix 8). 

 

 

 

 

Fig. 4.2.18. Prostate of an 18-month-old rat from the experimental group. 

Hematoxylin and eosin staining. 1-a large number of intraorgan vessels in the 

interglandular stroma with stasis and areas of stromal hemorrhages, 2-

expanded stromal septa with exposed areas, 3-diffuse lymphocyte clusters in 

the subepithelial layer. Approx. 10 x vol. 20. 

In the experiment, pathological proliferation of collagen fibers was observed 

throughout almost the entire fibromuscular stroma. Numerous, massive bundles of 

collagen fibers were formed, occupying all areas around the acini and ducts of the 

gland. In some regions, a coarse network of collagen fibers was detected in the 

interacinar stroma (Fig. 4.2.19). The thickness of the collagen fiber bundles ranged 

from 4.2 to 8.4 µm, averaging 7.69 ± 0.21 µm.

1

3 

1

3 

1

3 

2

3 

2

3 

3

3 

3

3 



 

 

Fig. 4.2.19. Prostate of 18-month-old rat of the experimental group. Van 

Gieson staining. 1-acini with a large number of epithelial-stromal outgrowths, 

2-pathological proliferation of collagen fibers in the stroma, 3-bundles of 

collagen fibers around the acini, 4-coarse network of collagen fibers in the 

subepithelial layer. Approx. 10 x vol. 20. 

 

 

4.3-§. Immunohistochemical characteristics of the prostate gland of rats 

of the experimental group 

Immunohistochemical study showed that 3-month-old rats of the experimental 

group exhibited pronounced proliferative activity in the structures of the stromal 

layer and parenchyma (Fig. 4.3.1). 

In 6-month-old rats of the experimental group, immunohistochemical staining 

with antibodies to Ki-67 revealed moderate expression of the marker in the stroma 

and singly in the glandular epithelium (Fig. 4.3.2). 

In 9-month-old animals of the experimental group, moderate reaction activity 

was determined. Reaction products in the form of brown precipitates were present 

in the stroma and vessels (Fig. 4.3.3). 

In 12-month-old rats of the experimental group, immunohistochemical staining 

1

3 2

3 

1

3 

1

3 

3

3 

4

3 



with antibodies to Ki-67 revealed moderate proliferative activity in the stroma and 

vessels (Fig. 4.3.4). 

In 18-month-old animals of the experimental group, a high level of expression 

was determined in the structures of the stromal layer and vessels (Fig. 4.3.5). 

 

 

Fig.4.3.1. Prostate of a 3-month-old rat from the experimental group. 

Immunohistochemical staining with antibodies to Ki-67, chromogen 

diaminobenzidine, counterstaining with Mayer's hematoxylin. High expression of 

the marker in tissue stromal structures and in the epithelium of the terminal sections. 

1-terminal secretory sections, 2-interlobar stroma.  

Approx. 10 x vol. 20. 
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Fig.4.3.2. Prostate of a 6-month-old rat from the experimental group. 

Immunohistochemical staining with antibodies to Ki-67, chromogen 

diaminobenzidine, counterstaining with Mayer's hematoxylin. Moderate 

proliferative activity. In the stroma and singly in the epithelium there are reaction 

products in the form of violet-brownish precipitates. 1-acini, 2-interglandular 

stroma. Approx. 10 x vol. 20. 

 

 

 

Fig.4.3.3. Prostate of a 9-month-old rat from the experimental group. 

Immunohistochemical staining with antibodies to Ki-67, chromogen 

1

3 

1

3 

2

3 

1

3 

1

3 

2

3 

1

3 

1

3 

2

3 



diaminobenzidine, counterstaining with Mayer's hematoxylin. Moderate expression. 

Reaction products in the form of brown precipitates are present in the stroma and 

vessels. 1-terminal glandular sections, 2-interlobular stroma. 

 Approx. 10 x vol. 20. 

 

Fig.4.3.4. Prostate of a one-year-old rat of the experimental group. 

Immunohistochemical staining with antibodies to Ki-67, chromogen 

diaminobenzidine, counterstaining with Mayer's hematoxylin. Moderate 

proliferative activity. Reaction products in the form of brown precipitates are present 

in the stroma and vessels. 1-acini, 

2-interglandular stroma. Approx. 10 x vol. 20. 
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Fig. 4.3.5. Prostate of a one-and-a-half-year-old rat from the experimental 

group. Immunohistochemical staining with antibodies to Ki-67, chromogen 

diaminobenzidine, counterstaining with Mayer's hematoxylin. High level of 

expression in the structures of the stromal layer and vessels. 1-terminal secretory 

sections, 2-intralobular stroma. Approx. 10 x vol. 20. 

Immunohistochemical study established that in 3-month-old rats of the 

experimental group, moderate expression of T-lymphocytes is determined in tissue 

stromal structures and in the epithelium of the terminal sections (Fig. 4.3.6). In 6-

month-old animals of the experimental group, moderate activity of the T-

lymphocyte reaction is observed in the stroma and epithelium of the terminal 

secretory sections, while the reaction products in the form of blue-violet precipitates 

are present in the epithelium and stroma (Fig. 4.3.7). 

In the experiment, moderate expression of T-lymphocytes in tissue stromal 

structures and in the epithelium of the terminal sections is noted in 9-month-old rats 

(Fig. 4.3.8). 

In 12-month-old rats of the experimental group, immunohistochemical study 

revealed moderate activity of the T-lymphocyte reaction in the stroma and 

epithelium of the secretory sections (Fig. 4.3.9). 

In the experiment, pronounced expression of T-lymphocytes in tissue stromal 

structures and in the epithelium of the terminal sections is determined in 18-month-

old rats of the experimental group (Fig. 4.3.10). 



 

 

Fig.4.3.6. Prostate of a 3-month-old rat from the experimental group. 

Immunohistochemical staining with the CD3 marker, chromogen diaminobenzidine. 

Moderate expression of T-lymphocytes in tissue stromal structures and in the 

epithelium of the terminal sections. 1-glandular sections, 2-intralobular stroma. 

Approx. 10 x vol. 20. 

 

 

Fig.4.3.7. Prostate of a 6-month-old rat from the experimental group. 

Immunohistochemical staining with the CD3 marker, chromogen diaminobenzidine. 

Moderate activity of the T-lymphocyte reaction in the stroma and epithelium of the 
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terminal sections. Reaction products in the form of blue-violet precipitates are 

present in the epithelium and stroma. 1-secretory sections, 2-intralobular stroma.  

Approx. 10 x vol. 20. 

 

 

Fig.4.3.8. Prostate of a 9-month-old rat from the experimental group. 

Immunohistochemical staining with the CD3 marker, chromogen diaminobenzidine. 

Moderate expression of T-lymphocytes in tissue stromal structures and in the 

epithelium of the terminal sections. 1-acini, 2-interglandular stroma. Approx. 10 x 

vol. 20. 
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Fig.4.3.9. Prostate of a 12-month-old rat from the experimental group. 

Immunohistochemical staining with the CD3 marker, chromogen diaminobenzidine. 

Moderate activity of T-lymphocyte reaction in the stroma and epithelium of the 

terminal sections. 1-secretory sections, 2-intralobular stroma. Approx. 10 x vol. 20. 

 

 

 

 

Fig.4.3.10. Prostate of an 18-month-old rat from the experimental group. 

Immunohistochemical staining with the CD3 marker, chromogen diaminobenzidine. 

Pronounced expression of T-lymphocytes in tissue stromal structures and in the 

epithelium of the terminal sections. 1-terminal secretory sections, 2-periglandular 

stroma. Approx. 10 x vol. 20. 

 

 

 

 

 

 

 

1

3 

1

3 

2

3 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION OF THE OBTAINED DATA AND CONCLUSION 

The think about has set up that in infant rats, in a few cases, overview 

microscopy uncovers shaped secretory terminal segments of the organs, whereas in 

others, epithelial strings are show, which speak to the starting organize of postnatal 

morphogenesis of the prostate organ. Within the to begin with case, the secretory 

areas are spoken to by alveolar-tubular organs with as of now shaped lobules, their 

epithelium is lined with a single-layer low kaleidoscopic epithelium. Within the 

second case, epithelial (compact) strings are decided within the organ, which are 

circular or oval arrangements constrained by the basal layer, filled with epithelial 

cells. In this case, the epithelial cells have huge cores that are not polarized with 

regard to the basal film. In a few acini, the epithelium is freely found, the cell 



boundaries are hazy, multi-row and polymorphism of the cells are famous. Cells 

with huge and different nucleoli and mitotic cells are uncovered.Until the end of the 

lactation period, that is, up to 21 days, differentiation of the glandular-stromal 

elements of the gland occurs due to the proliferation and branching of epithelial 

strands. Subsequently, the epithelium progressively differentiates, the cell rows 

acquire an ordered character, and from the age of one month it acquires a phenotype 

closer to the structure of the organ of an adult animal. 

Our data are consistent with studies of prostate development in newborn boys 

and in rats at birth (Petko I. A., Usovich A., 2019; Bruni-Cardoso A., 2007), which 

found that at birth, the prostate epithelium consists of compact strands. Bruni-

Cardoso A. (2007), Petko I. A. (2019) believe that by the time of birth, the prostate 

is morphologically formed and its transformations are aimed at further 

morphofunctional development. The formation of prostatic ducts from epithelial 

strands and their subsequent transformation into secretory terminal sections of the 

glands continues after birth. 

Corbier P. et al. (1995) and Hayward S.W., Cunha G.R. (2002) share a similar 

opinion that the prostate gland of rodents is characterized by a postnatal stage of 

development, which occurs during the first 3 weeks after birth in response to a surge 

in testosterone that occurs on the day of birth. 

We cannot but agree with the statement of Vilamaior P.S. et al. (2006) that the 

formation of the lumen in the prostate of rats occurs during the first 3 postnatal 

weeks. 

During postnatal ontogenesis, typical alveolar-tubular glands covered with high 

and low cylindrical epithelial cells surrounded by stromal layer structures were 

found in the prostate gland, which correlates with the descriptions of a number of 

authors (Hayashi N., 1991; Banerjee P.P., 1994; Nemeth J.A., 1996, 1997; Bossland 

M.C., 1998; Suwa T., 2001; Odum J., 2009). It is possible that the differences in the 

morphological picture of the epithelium were associated with the wave-like course 

of secretory processes. The greatest increase in the thickness of the epithelial lining 



of the acini is observed on days 6-11 of development. This coincides with the 

literature data (Zondek L. H., 1980; Bruni-Cardoso A., 2007) that progressive 

growth of the prostate gland is observed immediately after birth, and then until 

puberty it remains relatively passive. At the age of 12 months, the height of the 

epithelial layer decreases by 52.3%, at the age of 18 months - by 10.6%, which may 

be associated with age-related involutional changes in the organ. In animals aged 18 

months, areas of cellular proliferation are detected in the epithelium of the secretory 

sections, where the epithelium becomes multi-row, a similar picture is observed in 

the epithelium of the prostatic urethra and excretory ducts. A number of authors 

(Tam N.C. et al., 2003; Gomes N.N. et al., 2004; Homma Y. et al., 2004; Pechenino 

A.S., 2006; Bethel C.R., 2009) obtained similar results in the prostate gland of rats 

during aging and oxidative stress. They are of the opinion that the basis for the 

development of cell proliferation is an increase in the activity of 5α-reductase, which 

transforms testosterone into dihydrotestosterone. Due to the dual activity of 

dihydrotestosterone, it promotes protein synthesis in the epithelial cells of the gland. 

Androgens stimulate epithelial proliferation indirectly, through growth factors 

formed by epithelial-stromal cells. 

In the experiment, at all ages, a significant flattening of the epithelial cells was 

observed, which allowed us to speak of focal atrophy of the epithelial layer. The 

greatest flattening of the epithelial lining was observed in the 9th month of the 

experiment (61.6%). This is consistent with the data of Cagnon V. H. A. et al. (2001), 

who observed a sharp atrophy in the secretory epithelium of cuboidal cells in adult 

mice after chronic alcohol consumption. Martinez F. E. et al. (1993) observed a 

similar result in the seminal vesicles and ventral lobe of the prostate gland of rats. 

Cagnon V.H.A et al. (1998), Garcia P.J. et al., (1999) conducting an ultrastructural 

analysis of the prostate gland of rats subjected to chronic consumption of sugar cane 

brandy, revealed progressive atrophy of the glandular epithelium, which coincides 

with the results of our studies. 



In the rats we studied, foci of epithelial stratification (prostatic intraepithelial 

neoplasia) were detected at all age periods of the experiment, which is also 

confirmed by the data of studies by E.M. Candido et al. (2013), who observed similar 

changes in 3-month-old rats exposed to alcohol. According to some authors (Xie W. 

et al., 2000; Alberts S.R., Blute M.L., 2001), intraepithelial neoplasia of the prostate 

gland is classified as a precancerous condition that can cause malignant neoplasm as 

a result of focal epithelial stratification, decreased secretory activity, or nuclear 

deformation. Cornell R.J. et al. (2003) believe that stromal cells associated with 

tumor cells, under the influence of androgens and growth factors, affect stromal-

epithelial interaction. This can lead to apoptosis and metastasis processes (Wong 

Y.C. et al., 2000; Cunha G.R. et al., 2002; Cornell R.J. et al., 2003). 

In an experiment in rats aged 6-12 months, areas of cellular proliferation were 

detected in the epithelium of the secretory sections. 

A number of authors (Aboyan I.A. et al., 2020; Gandaglia G. et al., 2017; Magri 

V. et al., 2019) believe that the inflammatory process is of no small importance in 

triggering proliferative processes in prostate tissue and their progression. The 

presence of inflammation in the prostate tissue leads to a progressive deterioration 

of metabolic processes in the gland and increases the proliferation processes in the 

gland tissue, which leads to its growth (Spivak L.G., Platonova D.V., 2017; Aboyan 

I.A. et al., 2020; Gandaglia G. et al., 2013; Xu D., 2019). Some lymphocytes, due to 

the secretion of anti-inflammatory cytokines and growth factors, have the ability to 

activate cell proliferation. And in the case of an inflammatory process in the prostate 

tissue, the production of these factors increases, which can significantly accelerate 

proliferative processes in the gland (Ren X. et al., 2016; Xu D. et al., 2019). 

Another distinctive feature that we discovered in the secretory sections of the 

rat prostate, which is mentioned in the works (Banerjee P.P., 1994; Suwa T., 2001; 

Odum J., 2009) is the folds of the epithelium penetrating the lumens of the terminal 

sections. In the control, folds or epithelial-stromal outgrowths appear at the 



beginning of late postnatal ontogenesis, that is, by the 1st month of life of animals, 

reaching 100% at 1.5 years. 

In the experiment, compared with the control, a decrease in stromal outgrowths 

in the secretory sections of the gland is noted in all age groups. The results of our 

studies coincide with the data of E. M. Candido et al. (2013), who observed similar 

changes in rats exposed to alcohol. A. F. Budnik et al. (2016) share a similar opinion, 

that in the prostate of mature men with chronic alcohol intoxication, the number of 

folds decreases. From birth to one year of age, the secretory sections have an oval 

and round shape; in animals aged one and a half years, acini of irregular shapes 

predominate. 

At all ages of the experiment, polygonality of the glands in shape and size is 

noted, and at the same time, acini of irregular shape predominate. 

In early postnatal ontogenesis, the largest diameter of acini was found in 

newborn rats, which is possibly due to the significant influence of the mother's sex 

hormones on the morphology of the prostate at this age. Then this indicator gradually 

decreases. In the late postnatal period, the greatest increase in the diameter of the 

secretory sections is observed in rats in the period of 1-3 months (95.7% and 83.3%) 

and at 18 months of age (98.6%), which may be associated with age-related 

congestion in the gland. 

Accordingly, in the lactation period, the smallest number of acini in the field of 

vision is noted in newborns, the largest - in 21 day old animals. In late ontogenesis, 

the smallest number is observed at the 9th month of life, the largest - at the age of 1 

month. In the experiment, the diameter of the secretory sections decreases at all ages, 

especially at 3 months of age (62.2%). Sayapina I.Yu. et al. (2018) believe that the 

decrease in the lumen of the secretory sections may be associated with a spasm of 

the smooth muscles of the stroma in response to alcohol. 

Our data are consistent with the results of studies by E. M. Candido et al. 

(2013), who observed similar changes in 3-month-old rats with chronic exposure to 



alcohol. Similar changes are described in the work of Sattolo S. et al. (2004) on the 

histological material of the ventral prostate in rats of the alcoholic group. Yurov 

M.A. (2012) is of the opposite opinion, that chronic alcohol intoxication in rats leads 

to an expansion of the lumens of the terminal sections of the prostatic glands. At the 

12th month of the experiment, under conditions of a hypersecretory state at this age 

(100%), such congestive anomalies as a sharp expansion of the secretory sections by 

2.3 times and overflow of the acini with secretion are observed. 

In the experiment, an increase in the number of acini in the field of view is 

observed due to a decrease in their diameter, only at the age of 12 months is a 

decrease in the number of acini due to an increase in their diameter noted. 

In the lactation period, the highest secretory activity of acini is observed in 

newborns - 82.7%, which is possibly due to the organ's response to a surge in 

testosterone that occurs on the day of birth. Further, up to and including the 21st day 

of development, the secretory activity of the terminal sections is zero. In late 

ontogenesis, the highest growth rate of acini with secretion is noted at the age of 3 

months, when it increases by 3.8 times compared to the previous age, which is 

possibly due to the onset of sexual maturity in animals. At 12-18 months of 

development, the secretory activity of the terminal sections increases to 100%, 

which indicates congestion in the prostate gland. In the experiment, the percentage 

of acini with secretion (secretory activity) decreases compared to the control, 

especially at 3 and 18 months of development. At one year of age, secretory activity 

is 100%, which is associated with cognitive phenomena in the organ. 

In the control, the largest number of desquamative epithelial cells in the acini 

were found in newborns (7.5±0.4), then this indicator gradually decreases, starting 

from the age of 6 months, desquamated epithelial cells in the acini are not detected. 

These cells and formations in the secretory sections of the gland can be regarded as 

a structural basis for the formation of prostatic stones. In 18-month-old animals, 

concretions and single concretions were found in 50.0% of the acini, which in places 

destroyed the epithelial lining of the acini. 



Alterative changes within the prostate organ beneath persistent liquor 

introduction were showed basically by desquamation of the epithelium, which 

showed an increment within the secretory movement of the acinar epithelium and 

the passing of epithelial cells in them. Articulated desquamation of epithelial cells 

into the lumen of the acini in creatures of the test group is watched in all age bunches, 

particularly within the 6th month of the test, when the number of desquamated 

epithelial cells within the lumen of the acini increments by 9.1 times. 

At the age of one year, total desquamation of the epithelium with closure of the 

lumens of the acini is observed. This may be due to a drop in the level of testosterone 

in the blood of animals, and as a consequence, it is combined with the total death of 

epithelial cells in the secretory sections by apoptosis, as indicated by a number of 

authors (Banerjee S. et al., 2000; Omezzine A. et al., 2003). 

It should be noted that no concretions or stones were found in the 

micropreparations of animals of the experimental group throughout the entire 

development process. The study found that in the control, the greatest increase in the 

number of lymphocytes in the field of vision during the suckling period is observed 

in 6-day-old animals (26.7%), in late ontogenesis - in 6-month-old (75.4%) and 18-

month-old (58.4%) rats. In 18-month-old individuals, merging fields of lymphocytes 

without tissue destruction and lymphoid nodular formation were detected. 

Evaluation of the degree of lymphocytic infiltration in the gland tissues of animals 

of the experimental group showed that in the 3rd month of the experiment, a 

moderate degree of lymphocytic infiltration is observed without tissue destruction 

and lymphoid nodular formation. Up to one and a half years of age inclusive, a 

pronounced degree with tissue destruction, nodular formation, accumulation of 

lymphocytes in the lumens of the secretory sections and a violation of the integrity 

of the epithelium is noted. In the experiment, a relationship was observed between 

the level of lymphocytic infiltration and the presence of lymphocytes in the lumens 

of the secretory sections. The greatest reactive inflammatory changes with a 

noticeable increase in the number of lymphocytes were detected at the 9th and 18th 



months of the experiment, when, due to their very large number, it was practically 

impossible to count them. The inflammation process, according to Billis A. (2000), 

is the result of excess prostate gland secretion and extravasation of secretion into the 

stroma after duct obstruction. 

In animals of the control group, the greatest thickness of stromal septa during 

the lactation period was observed in newborn rats (28.6 ± 1.7 μm). In late postnatal 

ontogenesis, particularly in 12–18-month-old rats, areas of connective tissue 

proliferation were detected, mainly in the subcapsular zones. 

In the experiment, throughout postnatal ontogenesis, an expansion of 

connective tissue layers was observed, indicating interstitial edema. At 3–6 months, 

a moderate form of connective tissue proliferation was noted, whereas at 9–18 

months, a pronounced form was observed, with thickening of stromal layers 

occurring mainly in the subcapsular zones. In the central areas, the thickness of the 

layers remained largely unchanged. 

By the 18th month of the experiment, an increase in the thickness of stromal 

septa predominated in the central zones, where it increased up to eight times 

compared to the control. In the subcapsular zones, the thickness increased by 49.0%. 

Compared to the control, the greatest expansion of stromal layers in the experiment 

was observed at 6–9 months, increasing by 4.6 and 6.1 times, respectively. 

 

In the control, collagen fibers in the form of rims surround the secretory 

sections, forming a fine-mesh network in the stroma. The greatest increase in the 

thickness of collagen fiber bundles is noted on the 6th day and on the 3rd month, at 

18 months of age, the thickness of the bundles decreases by 21.1%, which is possibly 

due to the compaction of collagen fiber bundles. 

In animals of the experimental group, the number of thickened collagen fibers 

is increased, they occupy all interepithelial areas of the stroma. In parallel, they are 

determined around the secretory sections and excretory ducts, where they tightly 



envelop the smooth myocytes of the stroma. In places, a coarse network of collagen 

fibers is formed in the interacinar stroma. The greatest compaction of collagen fiber 

bundles is observed at 6-9 months of the experiment. 

During postnatal development, the highest rate of increase in the number of 

vessels in the visual field is observed in 6-month-old animals, and the growth rate in 

late postnatal ontogenesis is much higher than in the lactation period. 

In the experiment, an increase in the number of vessels in the visual field is 

observed. The greatest increase in the number of vessels is noted at 3 months 

(82.0%) and 9 months (71.1%) ages, especially in the subcapsular zones. 

During postnatal ontogenesis, the greatest increase in the diameter and wall 

thickness of venules, capillaries, arterioles is observed on the 6-11th day and 6-9 

months of life, and the increase in these indicators drops sharply in 12-18-month-

old animals. In 18-month-old animals, blood filling of the lumens of almost all 

vessels, especially venules, is noted. Around the vessels, clusters of lymphocytes are 

determined, which infiltrate the vessel walls. 

In the experiment, the greatest expansion of the diameter of stromal vessels was 

detected in animals at 3, 12, 18 months of the experiment, a decrease in wall 

thickness at 12, 18 months. At the 3rd month, vascular changes are observed in the 

form of lymphocytic infiltration of the perivascular zone, from the 6th month, stasis 

of formed elements in the vessels and ruptures with massive hemorrhages in the 

stroma are added. Damage is most pronounced on the periphery of the organ, while 

in the central areas, compensatory and restorative processes dominate. These 

processes are aimed at restoring circulatory disorders, which is expressed in an 

increase in the number of vessels in the field of vision and an expansion of their 

diameter. 

Budnik A.F. et al. (2016) in the prostate of mature men with chronic alcohol 

intoxication noted a similar expansion of the average diameter of blood vessels and 

an increase in their number in the field of vision. 



Sherstyuk O.A. (2013), Emberton M. (2010), Abdelwahab O. et al. (2012) 

believe that microcirculatory changes (plethora and stasis) and, as a result, 

disorganization of the prostate structure underlie various diseases of the male 

reproductive system. In animals of the control group, secretory elements prevail over 

stromal ones. The highest percentage of glandular tissue in the prostate is detected 

at 9 months of age (the period of greatest functional activity), the lowest - at 18 

months. The highest rate of stromal growth is noted in the 3rd month of life, when 

it increases by 2.1 times. At the same age, the highest secretory activity of acini is 

observed, when it increases by 3.8 times. Our data coincide with the results of the 

studies by Trotsenko B.V. (2006) that as secretory processes develop, the number of 

muscular-stromal elements increases, providing secretion drainage due to their 

powerful contractile effect. In the experiment, the proportion of glandular tissue 

decreases in all age periods, this is most pronounced in 9-month-old animals 

(65.0%). At the same time, the proportion of stromal tissue during this period 

increases by 5.9 times compared to the control, which is also confirmed by the data 

of the studies by Favaro W.J., Cagnon V.H.A. (2006) in rats of the same age with 

experimental alcoholism. Yurov M.A. (2012) when modeling alcohol intoxication 

in male Wistar rats with an initial body weight of 220-260 g, observed a decrease in 

the parenchyma area in the prostate by 10.0% and an increase in the stroma by 

32.4%. 

Thus, the development of the structural components of the prostate is carried 

out alternately and interrelated at all stages of postnatal life, while having individual 

characteristics. The data obtained can be used for the basic assessment of the 

morphology of the organ in pathological conditions. The growth process of 

epithelial-stromal elements of the gland with chronic exposure to alcohol is 

characterized by unevenness and depends on the anatomical and physiological, age-

related characteristics of the body and the time when the body was exposed to 

chronic alcohol. 



Immunohistochemical study using the Ki67 proliferative activity marker 

revealed a wide range of proliferative activity in animals of the control group and in 

the experiment. 

The immunohistochemical reaction to the proliferation marker was presented 

in the form of nuclei clearly stained brown with more intense staining of the nucleoli; 

the staining of the nuclei was granular. 

 

In animals of the control group, from the neonatal period to the 21st day of 

development inclusive, a high level of expression of the Ki67 marker is observed in 

the structures of the stromal layer and epithelial cords, which is consistent with the 

results of our histological studies, according to which the differentiation of 

epithelial-stromal elements in the rat prostate occurs during the first three postnatal 

weeks. 

Starting from the age of one month and up to one and a half years, low 

proliferative activity is noted in the stroma and epithelium of the secretory sections, 

which is possibly associated with the completed differentiation of the organ. 

The animals of the experimental group showed a moderately expressed 

immunopositive reaction with antibodies to Ki67, which indicates an increase in 

proliferative activity. At 6, 9, 12 months, moderate expression of the marker was 

noted, at 3, 18 months, a high rate of positively stained nuclei for the Ki67 protein 

was detected. It should be noted that from the 9th month of the experiment, the 

marker was determined in the structures of the stromal layer and in the vessels. 

The assessment of the state of T-cell immunity showed that in animals of the 

control group, weak expression of the CD3 marker in the structures of the stromal 

layer and glandular epithelium is determined throughout the entire postnatal 

ontogenesis. 



In the experiment, this marker is moderately expressed in rats up to 12 months 

of age, at 18 months, pronounced expression of the marker is observed, which 

indicates an increase in reactive processes in the organ in response to alcohol. 

Thus, based on the results of the study, the following conclusions can be made: 

1. Until the conclusion of the lactation period, due to the multiplication and 

branching of epithelial strands, separation of glandular-stromal components of the 

organ happens, which is affirmed by the multi-row epithelium, adjusted, huge cores 

and an wealth of mitotic figures. In this way, the epithelium dynamically separates, 

involving one layer of cells, and from the age of one month it secures a phenotype 

closer to the structure of an grown-up creature. At the 12th month of improvement, 

involutional changes win within the organ tissues within the shape of a sharp 

diminish within the tallness of the epithelial layer by 52.3%, a diminish within the 

breadth of the terminal segments by 63.9% and a diminish in secretory action. 

2. In animals with chronic alcoholism, polygonality of the glands in shape and 

size, a decrease in the size, folding, secretory activity of the acini and the volume 

fraction of the glandular parenchyma in the organ structure, alternative changes in 

the form of focal desquamation of varying severity are observed, indicating 

accelerated elimination of glandular epithelial cells. In some places, acini with foci 

of epithelial stratification are detected, which can subsequently cause a malignant 

neoplasm. 

3. Alcohol exposure leads to vascular changes manifested by an increase in the 

number and diameter of all vessels, a decrease in their wall thickness mainly in the 

subcapsular parts of the organ and lymphoid infiltration of the perivascular zones; 

there are phenomena of stasis of blood cells in the vessels, especially in venules with 

extensive areas of stromal hemorrhages. 

4. Until the end of the lactation period, the epithelium of the acini and stromal 

structures demonstrate pronounced expression of the Ki67 proliferation marker, 

which correlates with the results of our histological study on the ongoing 



differentiation of the gland up to the 21st day of development. At later stages, the 

organ structures exhibit weak immunopositive properties. With chronic exposure to 

alcohol, moderately high proliferative activity is observed, and from the 9th month 

the marker is determined both in the structures of the stromal layer and in the vessels. 

5. In animals of the control group, weak activity of the CD3 marker reaction in the 

structures of the stromal layer and glandular epithelium is noted throughout postnatal 

ontogenesis. In the experiment, this marker is moderately expressed, crowding of 

lymphocytes is noted, which indicates an increase in the reactivity of cellular 

immunity in order to maintain antigen homeostasis in the body. 
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Appendix 1.  

Morphological parameters of the prostate of control group rats in early 

postnatal ontogenesis 

       age 

 

 

features 

newborns 

 

 

6 - 

day 

11 -day 16 -day 21 -day 

number of acini 

in the visual 

field 

23-37 

 

29,7±0,8 

40-55 

 

47,5±0,8* 

65-85 

 

77,0±1,1* 

60-80 

 

73,2±1,1 

75-110 

 

92,5±1,9* 

acinus diameter 

(µm) 

50,4-197,4 

 

116,8±5,9 

29,4-54,6 

 

37,8±1,1* 

16,8-29,4 

 

23,1±0,5* 

21,0-63,0 

 

37,0±1,7* 

25,2-105,0 

 

55,4±3,4* 

height of acinar 

epithelium 

(µm) 

 

4,2-8,4 

 

6,3±0,21 

4,2-12,6 

 

8,4±0,42* 

8,4-12,6 

 

11,3±0,21* 

8,4-16,8 

 

12,6±0,4 

8,4-16,8 

 

14,0±0,4 

proportion 

of acini with 

secretion (%) 

 

70-94 

 

82,7±1,3 

 

 

0 

 

 

0 

 

 

0 

 

 

0 

proportion 

of acini without 

secretion (%) 

 

 

6-30 

 

17,3±1,3 

 

 

100 

 

 

100 

 

 

100 

 

 

100 

 

Note: * - significance of differences in relation to the previous age (P ≤ 0.05). 

 



 

 

 



Appendix 2. 

Intraorgan vessels of the prostate gland of control group rats in postnatal ontogenesis 

             vessels 

 

age 

number of 

vessels in the 

field of view 

venule (µm) capillary (µm) arteriole (µm) 

inner 

diameter 

wall thickness inner 

diameter 

wall thickness inner 

diameter 

wall thickness 

Newborns 3-5 

3,6±0,1 

8,4-12,3 

10,5±0,21 

2,1-4,2 

3,0±0,13 

4,2-8,4 

4,8±0,21 

2,1-4,2 

2,4±0,13 

4,2-8,4 

5,6±0,21 

4,2-8,4 

4,5±0,21 

6-day 

 

3-6 

3,9±0,2 

12,6-16,8 

12,9±0,21* 

2,1-4,2 

3,2±0,13 

4,2-8,4 

5,4±0,21 

2,1-4,2 

2,7±0,13 

4,2-8,4 

6,3±0,21 

4,2-8,4 

4,8±0,21 

11-day 

 

3-6 

4,4±0,2 

12,6-16,8 

14,5±0,21* 

2,1-6,3 

3,7±0,21 

4,2-8,4 

6,3±0,21 

2,1-4,2 

3,0±0,13 

4,2-12,6 

8,4±0,42* 

4,2-8,4 

5,4±0,21 

16- day 

 

3-6 

4,5±0,2 

12,6-21,0 

16,8±0,42* 

2,1-6,3 

4,2±0,21 

4,2-8,4 

6,3±0,21 

2,1-4,2 

2,9±0,13 

8,4-12,6 

9,2±0,21 

4,2-8,4 

5,8±0,21 

21- day 

 

4-7 

4,6±0,2 

12,6-25,2 

18,0±0,67 

4,2-8,4 

4,8±0,21 

4,2-12,6 

7,4±0,42 

2,1-4,2 

3,1±0,13 

8,4-12,6 

10,5±0,21* 

4,2-8,4 

6,3±0,21 

1-month 

 

3-7 

4,7±0,2 

12,6-25,2 

18,9±0,67 

4,2-8,4 

5,0±0,21 

4,2-12,6 

8,4±0,42 

2,1-4,2 

4,0±0,13* 

8,4-16,8 

12,6±0,42* 

4,2-8,4 

7,0±0,21 

3- month 

 

3-8 

5,0±0,3 

16,8-29,4 

20,6±0,67 

4,2-8,4 

4,7±0,21 

8,4-12,6 

9,6±0,21 

2,1-4,2 

4,1±0,13 

8,2-16,4 

13,8±0,46 

4,2-8,4 

7,5±021 

6- month  4-9 

7,0±0,3* 

21,0-29,4 

24,8±0,42* 

4,2-8,4 

5,8±0,21 

8,4-16,8 

13,1±0,42* 

2,1-4,2 

4,2±0,13 

12,6-16,8 

14,7±0,21 

4,2-8,4 

7,7±0,21 



9- month 

 

7-10 

9,0±0,2* 

21,0-33,6 

29,8±0,67* 

4,2-8,4 

7,5±0,21 

12,6-16,8 

15,2±0,21* 

4,2-8,4 

5,0±0,21 

12,6-16,8 

15,1±0,21 

4,2-8,4 

8,0±0,21 

12- month 8-12 

10,2±0,2 

21,0-33,6 

29,9±0,67 

4,2-8,4 

7,7±0,21 

12,6-16,8 

15,9±0,21 

4,2-8,4 

6,1±0,21 

12,6-16,8 

15,5±0,21 

4,2-8,4 

8,2±0,21 

18- month 11-15 

13,0±0,2* 

25,2-33,6 

30,7±0,42 

4,2-8,4 

7,9±0,21 

12,3-16,8 

16,3±0,21 

4,2-8,4 

6,5±0,21 

12,3-16,8 

15,8±0,21 

4,2-12,3 

8,4±0,42 

Note: * - significance of differences in relation to the previous age (P ≤ 0.05). 



 

Appendix 3. 

Morphometric indices of the prostate of control group rats in early 

postnatal ontogenesis 

       age 

 

 

features 

newborns 

 

 

6 - 

day 

11 -day 16 -day 21 -day 

number of 

acini with 

epithelial 

desquamation 

4-12 

 

7,5±0,4 

4-8 

 

6,5±0,2 

5-8 

 

7,0±0,2 

 

5-8 

 

6,7±0,2 

2-5 

 

3,6±0,2* 

number of 

lymphocytes 

in the stroma 

2-4 

 

3,0±0,1 

3-5 

 

3,8±0,1* 

3-5 

 

4,0±0,1 

4-6 

 

4,7±0,1* 

4-6 

 

5,0±0,1 

thickness of 

stromal septa 

16,8-50,4 

 

28,6±1,7 

12,6-33,6 

 

24,8±1,3 

8,4-16,8 

 

13,9±0,4* 

8,4-21,0 

 

14,7±0,7 

4,2-16,8 

 

9,5±0,7* 

volume 

fraction of 

glandular 

tissue (%) 

 

60-89 

 

72,2±1,6 

68-80 

 

73,1±0,6 

54-75 

 

64,7±1,1* 

64-84 

 

73,1±1,1* 

59-85 

 

70,6±1,4 

volume 

fraction of 

stromal tissue 

(%) 

 

11-40 

 

27,8±1,6 

20-32 

 

26,9±0,6 

 

 

25-46 

 

35,3±1,1* 

16-36 

 

26,9±1,1* 

15-41 

 

29,4±1,4 

 



Note: * - significance of differences in relation to the previous age  

(P ≤ 0.05). 

 

 

 

 

 

Appendix 4.  

Morphological parameters of the prostate of rats in the control group in 

late postnatal ontogenesis 

        age 

 

 

features 

1 – 

month 

3 –  

month 

6 - 

month 

9 – 

month 

12 - 

month 

18 - 

month  

number of 

acini in the 

visual field 

60-90 

 

78,1±1,6 

38-66 

 

51,8±1,5* 

18-28 

 

22,0±0,5* 

10-21 

 

14,9±0,6* 

16-26 

 

20,1±0,5* 

18-34 

 

25,9±0,9* 

acinus 

diameter 

(µm) 

63,0-168,0 

 

108,4±4,2 

105,0-298,2 

 

198,7±8,0* 

210,0-441,0 

 

330,5±9,7* 

336,0-840,0 

 

531,7±20,6* 

147,0-252,0 

 

191,9±4,2* 

252,0-504,0 

 

381,8±10,5* 

height of 

acinar 

epithelium 

(µm) 

8,4-16,8 

 

14,9±0,4 

8,4-21,0 

 

16,5±0,6* 

12,6-21,0 

 

17,8±0,4 

16,8-21,0 

 

19,7±0,2* 

4,2-12,6 

 

9,4±0,4* 

4,2-12,6 

 

8,4±0,4 

proportion 

of acini with 

secretion 

(%) 

15-30 

 

22,1±0,8 

70-93 

 

83,5±1,3* 

90-100 

 

93,3±0,5* 

85-100 

 

92,0±0,8 

 

 

100 

90-100 

 

95,0±0,5 



proportion 

of acini 

without 

secretion 

(%) 

 

70-85 

 

77,9±0,8 

7-30 

 

16,5±1,3* 

0-10 

 

6,7±0,5* 

0-15 

 

8,0±0,8 

 

 

0 

0-10 

 

5,0±0,5 

 

Note: * - significance of differences in relation to the previous age  

(P ≤ 0.05). 

 

 

 

 

 

 

Appendix 5. 

Morphometric indices of the prostate of rats of the control group in late 

postnatal ontogenesis 

        age 

 

 

features 

1 – 

month 

3 –  

month 

6 - 

month 

9 – 

month 

12 - 

month 

18 - 

month  

number of 

acini with 

epithelial 

desquamation 

3-6 

 

4,6±0,2 

0-4 

 

1,7±0,2* 

 

 

- 

 

 

- 

3-6 

 

4,4±0,2 

 

 

- 



number of 

lymphocytes in 

the stroma 

4-6 

 

5,2±0,1 

4-9 

 

5,7±0,3 

8-12 

 

10,0±0,2* 

9-14 

 

12,5±0,3* 

16-25 

 

18,5±0,5* 

20-35 

 

29,3±0,8* 

thickness of 

stromal septa 

4,2-16,8 

 

12,6±0,7 

8,4-25,2 

 

15,5±0,9 

12,6-33,6 

 

23,1±1,1* 

42,0-71,4 

 

53,3±1,7* 

37,8-84,0 

 

64,7±2,5 

50,4-168,0 

 

108,8±6,3* 

объёмная 

доля 

железистой 

ткани (%) 

 

82-90 

 

86,5±1,0 

62-80 

 

71,0±1,0* 

77-90 

 

82,5±0,7* 

85-91 

 

88,2±0,3* 

60-85 

 

70,3±1,4* 

45-75 

 

61,3±1,6 

volume 

fraction of 

stromal tissue 

(%) 

 

10-18 

 

13,5±1,0 

20-38 

 

29,0±1,0* 

10-23 

 

17,5±0,7* 

9-15 

 

11,8±0,3* 

15-40 

 

29,7±1,4* 

25-55 

 

38,7±1,6 

 

Note: * - significance of differences in relation to the previous age (P ≤ 0.05). 

 

 

 

 

 

 

 

 

 

Appendix 6.  



Morphological parameters of the prostate of rats of the experimental group 

        age 

 

 

features 

1 – 

month 

3 –  

month 

6 - 

month 

9 – 

month 

12 - 

month 

number of 

acini in the 

visual field 

54-96 

 

74,2±2,3* 

 

20-52 

 

35,9±1,7* 

12-34 

 

23,5±1,2* 

 

10-22 

 

15,7±0,6* 

25-40 

 

32,5±0,8* 

acinus 

diameter 

(µm) 

25,2-126,0 

 

75,2±0,4* 

105,0-

327,6 

 

204,1±9,2* 

231,0-483,0 

 

354,9±10,5* 

336,0-672,0 

 

448,1±13,9* 

210,0-

420,0 

 

288,5±8,8* 

height of 

acinar 

epithelium 

(µm) 

4,2-16,8 

 

9,1±0,6* 

4,2-12,6 

 

9,8±0,4* 

4,2-12,6 

 

7,6±0,4* 

4,2-8,4 

 

7,7±0,2 

4,2-8,4 

 

5,8±0,2* 

proportion 

of acini 

with 

secretion 

(%) 

15-46 

 

29,2±1,7* 

85-95 

 

87,8±0,5* 

50-70 

 

58,8±1,1* 

 

 

100 

 

 

0 

proportion 

of acini 

without 

secretion 

(%) 

 

54-85 

 

70,8±1,7* 

5-15 

 

12,2±0,5* 

30-50 

 

41,2±1,1* 

 

 

0 

 

 

100 

 

 



Note: * - significance of differences in relation to control (P≤ 0.05). 



Appendix 7. 

 

Intraorgan vessels of the prostate gland of rats of the experimental group 

 

             vessels 

 

age 

number of 

vessels in the 

field of view 

venule (µm) capillary (µm) arteriole (µm) 

inner 

diameter 

wall thickness inner 

diameter 

wall thickness wall thickness inner 

diameter 

 

3-month 

6-12 

9,1±0,3* 

16,8-37,8 

25,2±1,13 

2,1-4,2 

3,6±0,13 

8,4-16,8 

12,6±0,46* 

2,1-4,2 

3,5±0,13 

12,6-21,0 

17,5±0,46* 

4,2-8,4 

5,6±0,21* 

 

6- month 

7-12 

9,9±0,3* 

25,2-33,6 

29,8±0,42* 

4,2-8,4 

4,5±0,21* 

12,6-16,8 

15,8±0,21* 

2,1-4,2 

3,7±0,13 

12,6-21,0 

17,9±0,42* 

4,2-8,4 

6,1±0,21* 

 

9- month 

12-18 

15,4±0,3* 

25,2-37,8 

34,4±0,67* 

4,2-8,4 

6,3±0,21 

12,6-21,0 

17,6±0,42* 

2,1-4,2 

3,7±0,13* 

12,6-21,0 

17,7±0,42* 

4,2-8,4 

5,6±0,21* 

 

12- month 

13-19 

16,0-0,3* 

29,4-42,0 

38,1±0,67* 

4,2-8,4 

6,0±0,21* 

12,6-21,0 

18,7±0,42* 

2,1-4,2 

3,8±0,13* 

12,6-21,0 

19,1±0,42* 

4,2-8,4 

5,8±0,21* 

 

18- month 

 

14-25 

18,8±0,6* 

29,4-46,2 

42,0±0,9* 

4.2-8,4 

5,4±0,21* 

 

16,8-25,2 

20,1±0,42* 

4,2-8,4 

4,5±0,21* 

16,8-21,0 

19,5±0,21* 

4,2-8,4 

5,4±0,21* 



 

 

 Note: * - significance of differences in relation to control (P≤ 0.05). 

 

 



Appendix 8. 

Morphometric indices of the prostate of rats of the experimental group 

        age 

 

 

features 

1 – 

month 

3 –  

month 

6 - 

month 

9 – 

month 

12 - 

month 

number of 

acini with 

epithelial 

desquamation 

4-10 

 

7,5±0,3* 

5-11 

 

9,1±0,3 

3-6 

 

5,1±0,2 

8-20 

 

13,7±0,6* 

 

- 

number of 

lymphocytes in 

the stroma 

15-40 

 

26,0±1,4* 

30-70 

 

46,0±2,2* 

∞ 17-26 

 

20,0±0,5 

∞ 

thickness of 

stromal septa 

21,0-75,6 

 

40,7±2,9* 

75,6-201,6 

 

122,6±6,7* 

252,0-462,0 

 

326,3±11,3* 

151,2-252,0 

 

189,4±5,5* 

 

96,6-231,0 

 

162,1±7,1* 

volume 

fraction of 

glandular 

tissue (%) 

32-55 

 

40,6±1,2* 

37-55 

 

43,6±0,1* 

17-52 

 

30,9±1,9* 

50-65 

 

58,0±0,8* 

20-46 

 

34,1±1,4* 

volume 

fraction of 

stromal tissue 

(%) 

 

45-68 

 

59,4±1,2* 

45-63 

 

56,4±0,1* 

60-83 

 

69,1±1,2* 

35-50 

 

42,0±0,8* 

54-80 

 

65,9±1,4* 

 

 

Note: * - significance of differences in relation to control (P≤ 0.05).



 

 



 


