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Summary/Резюме

It is known that chronic inflammation is characterized by the persistence of a patho%
genic agent, dysfunction of the immune system and immunological deficiency, which
determines the peculiarity of morphological changes in tissues in the focus of inflamma%
tion. The result of acute or chronic inflammation, pathology of the immune system is often
anomalies in the anatomical structure of the reproductive system, accompanied by dam%
age to the spermatogenic epithelium, which lead to male infertility. Therefore, there is
great practical interest in studying the mechanisms of the development of chronic im%
mune inflammation in the seminal glands.

The aim of our work was to determine the morphological criteria for the formation of
chronic inflammation in the seminal glands of rats on a model of chronic immune inflam%
mation.

Experimental studies were performed on 40 nonlinear male rats weighing 180%200
g. Microscopic and histochemical studies were performed on the 7th, 14th, and 28th day.

In the study of the seminal glands of experimental animals, depending on the length
of stay under the conditions of modeling adjuvant arthritis (chronic immune inflamma%
tion), we found distinct morphological and morphometric changes characterizing the func%
tion of the gland at 7, 14, and 28 days.

On the 7th day, a histochemical study draws attention to a decrease in protein%syn%
thetic function in spermatogenous epithelial cells, as evidenced by an increase in the in%
tensity of the reaction to DNP in the nuclei and a decrease in the intensity of the reaction
to RNP in the cytoplasm, as well as a decrease in the optical density of the PAS%positive
material in the cytoplasm of spermatogenic epithelial cells and Leydig cells.

On the 14th day, morphological changes become less pronounced compared with
those on the 7th day and approach those described in the control group. Histochemical
reactions indicate an increase in the function of spermatogenic epithelial cells, which in%
dicates an improvement in the protein%synthetic function of the cells.

On the 28th day of experimental chronic immune inflammation, morphological chang%
es in the testes are observed, which are characterized by hyperplasia of the seminiferous
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tubules with the restoration of all stages of development of spermatogenic epithelium and
the appearance of spermatogenesis, as evidenced by the large number of spermatozoa,
both in the lumen of the tubules and between the epithelial cells in the adluminal zone.

Conclusions: 1. When studying the seminal glands of rats under conditions of mod%
eling chronic immune inflammation, more pronounced morphological and morphometric
changes characterizing the function of the gland were found on the 7th and 14th day of the
experiment. 2. The repair of the seminiferous tubules and the restoration of the clone of
spermatogenic epithelial cells with normalization of the endocrine function of the gonads
under conditions of modeling of chronic immune inflammation are observed on the 28th

day of the experiment. The indicated morphological changes are accompanied by the
restoration of the protein%synthetic function of spermatogenic epithelial cells, as evidenced
by histochemical reactions to DNP, RNP, and PAS%reaction.

Key words: chronic immune inflammation, seminal glands, microscopic study, his%
tochemical reactions.

Відомо, що хронічне запалення характеризується персистенцією патогенного
агента, дисфункцією імунної системи та імунологічною недостатністю, що обумовлює
своєрідність морфологічних змін тканин у вогнищі запалення. Результатом гострого
або хронічного запалення, патології імунної системи найчастіше є аномалії анатомічної
будови статевої системи, що супроводжуються ушкодженням сперматогенного
епітелію, які призводять до чоловічої безплідності. Тому виникає великий практичний
інтерес до вивчення механізмів розвитку хронічного імунного запалення в сім’яних
залозах.

Метою нашої роботи стало визначення морфологічних критеріїв формування
хронічного запалення у сім’яних залозах щурів на моделі хронічного імунного
запалення.

При дослідженні сім’яних залоз експериментальних тварин залежно від термінів
перебування в умовах моделювання ад’ювантного артриту (хронічне імунне запалення)
відмінні морфологічні та морфометричні зміни, що характеризують функцію залози,
нами виявлені у терміні 7, 14 та 28 діб.

На 7 добу при гістохімічному дослідженні звертає увагу зниження білково%
синтетичної функції у клітинах сперматогенного епітелію, про що свідчить підвищення
інтенсивності реакції на ДНП у ядрах та зниження інтенсивності реакції на РНП у
цитоплазмі, а також зменшення оптичної щільності ШІК%позитивного матеріалу у
цитоплазмі клітин сперматогенного епітелію та клітин Лейдіга.

На 14%ту добу морфологічні зміни стають менш вираженими порівняно з такими
на 7 добу. Гістохімічні реакції свідчать про підвищення функції клітин сперматогенного
епітелію, що підтверджується покращенням білково%синтетичної функції клітин.

На 28 добу експериментального хронічного імунного запалення відзначаються
морфологічні зміни у сім’яниках, які характеризуються гіперплазією сім’яних канальців
з відновленням усіх стадій розвитку сперматогенного епітелію та появою
сперматогенезу, про що свідчить велика кількість сперматозоїдів, як у просвіті
канальців, так і між клітинами епітелію в адлюмінальній зоні.

Висновки. 1. При дослідженні насіннєвих залоз щурів в умовах моделювання
хронічного імунного запалення більш виражені морфологічні та морфометричні зміни,
що характеризують функцію залози, виявлено на 7 та 14 добу експерименту. 2. Ре%
парація сім’яних канальців та відновлення клону клітин сперматогенного епітелію з
нормалізацією ендокринної функції гонад в умовах моделювання хронічного імунно%
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го запалення спостерігаються на 28 добу експерименту. Зазначені морфологічні зміни
супроводжуються відновленням білково%синтетичної функції клітин сперматогенного
епітелію, про що свідчать гістохімічні реакції на ДНП, РНП та ШІК%реакція.

Ключові слова: хронічне імунне запалення, сім’яні залози, мікроскопічне дослід�
ження, гістохімічні реакції.

interest in studying the mechanisms of the
development of chronic immune inflamma%
tion in the seminal glands.

The aim of our work was to deter%
mine the morphological criteria for the for%
mation of chronic inflammation in the sem%
inal glands of rats on a model of chronic
immune inflammation.

Materials and methods

Experimental studies were performed
on 40 nonlinear male rats weighing 180%200
g, bred in the vivarium of the Kharkiv Na%
tional Medical University following the rec%
ommendations for conducting medical and
biological research using animals according
to the general ethical principles of animal
experiments adopted by the First National
Congress of Ukraine on Bioethics (Kyiv,
2001), “European Convention for the Protec%
tion of Vertebrate Animals used for Research
and Other Scientific Purposes” (Strasbourg,
1986), Law of Ukraine №3447%IV dated
21.02.2006 “On the protection of animals
from cruel treatment”.

Animals were kept on a normal diet in
standard vivarium conditions. Slaughter of
animals was performed under hexenal an%
esthesia (50 mg/kg body weight intragastri%
cally) by bloodletting.

Chronic immune inflammation (adju%
vant arthritis) was caused by the adminis%
tration into the subplantar aponeurosis of
rats of a complete Freund’s adjuvant at a
dose of 0.1 ml [7].

Macroscopic and microscopic studies
were performed in dynamics on the 7th, 14th

and 28th days. Such macroscopic character%
istics were evaluated: the size of the semi%
nal glands, the condition of the membranes
of the organ, the presence of hemorrhages
in the areas of necrosis on the incision.

Tissue samples of seminal glands fixed
in 10% neutral formalin were subjected to

Inflammation, as a typical pathological
process that has developed in the process
of evolution in response to any damage to
body tissues, underlies many diseases of an
infectious and non%infectious nature [1]. In
modern theoretical and clinical medicine, the
problem of inflammation remains one of the
main. Extensive experimental and clinical
material has been obtained on the study of
inflammation at various levels of body orga%
nization using the latest models and previ%
ously inaccessible methods for research.
Despite the enormous significance of these
data, the problem of inflammation is far from
exhausted and has not lost its relevance,
and the number of patients suffering from
chronic inflammatory diseases continues to
increase [1, 2].  Unfortunately, the current
stage of the study of inflammation is char%
acterized by insufficient knowledge about
the nature of chronic inflammation. Its rea%
sons, mechanisms and dynamics of devel%
opment remain not quite clear [3, 4]. Knowl%
edge of the main external manifestations of
inflammation, the essence of the processes
underlying it, the mechanisms of their de%
velopment and consequences is necessary
for the timely correct diagnosis of inflamma%
tory diseases, rational pathogenetic thera%
py at any stages of the development of the
inflammatory process [1].

It is known that chronic inflammation
is characterized by the persistence of a
pathogenic agent, dysfunction of the im%
mune system and immunological deficien%
cy, which determines the peculiarity of mor%
phological changes in tissues in the focus
of inflammation [5]. The result of acute or
chronic inflammation, pathology of the im%
mune system is often anomalies in the ana%
tomical structure of the reproductive system,
accompanied by damage to the spermato%
genic epithelium, which lead to male infer%
tility [6]. Therefore, there is great practical
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histological study, which were subjected to
standard wiring through alcohols of increas%
ing concentration, Nikiforov liquid (96% al%
cohol and diethyl ether in a 1: 1 ratio), chlo%
roform, and then paraffin was poured. Seri%
al sections with a thickness of 4%5Ч10%6 m
were made from the blocks prepared in this
way. In all cases, traditional histological
methods of hema%
toxylin staining with
eosin, as well as pi%
crofuchsin solution
by Van Gieson were
used [8]. Micro%
preparations were
studied on an
“Olympus BX%41”
microscope with
subsequent pro%
cessing using the
program “Olympus
DP%soft version 3.1”
and Microsoft Excel,
with which morpho%
metric studies were
performed.

To determine
the level of protein%
synthetic activity,
the content of the ri%
b o n u c l e o p ro t e i n
(RNP) in the cyto%
plasm and the deox%
yribonucleoprotein
(DNP) in the cell
nuclei were deter%
mined by measuring
the optical density in
sections, processed
by histochemical
methods for the de%
termination of the
DNP according to
Felgen%Rossenbek
(the control is hy%
drolysis with HCI),
the RNP was deter%
mined by the Bra%
chet reaction (the
control with crystal

ribonuclease), and the detection of glyco%
gen using the Periodic Acid Schif (PAS) re%
action (the control is amylase) [9]. The con%
trol group was the seminal glands of intact
rats.

The obtained results were processed
statistically using Student’s t%factor for in%
dependent samples [10].

Table 1 
Organometric indicators of the seminal glands of rats of the control and 

experimental groups, (M±m) 

Experiment 
conditions 

Seminal glands 
Weight, kg×10 -3 Sizes, m×10 -3 

right left right left 
Control group 

(intact animals), 
n=10 

6,3±0,22 6,8±0,24 2,2 х 1,2 2,2 х 1,2 

Chronic immune 
inflammation  

(7th day), n=10 
7,7±0,27* 7,2±0,24 3,1 х 1,3 3,8 х 1,3 

Chronic immune 
inflammation  

 (14th day), n=10 
6,0±0,34 5,9±0,19* 3,8 х 1,5 4,8 х 1,5 

Chronic immune 
inflammation  

 (28th day), n=10 
5,9±0,19* 4,8±0,17* 2,6 х 1,2 2,3 х 1,0 

Note. * Differences in comparison with the control group are significant (p <0.05)  
 

Table 2 
The intensity of histochemical reactions to DNP, RNP and glycogen in the cells 
of the spermatogenic epithelium of the seed glands, Leydig cells (n=10, M±m) 

Cells of the 
spermatogenic 

epithelium of the 
seminal glands 

DNP in cell 
nuclei, c.u. of 

optical density 

RNP in the 
cytoplasm of 
cells, c.u. of 

optical density 

PAS-reaction in 
the cytoplasm 
of cells, c.u. of 
optical density 

Control group (intact animals) 
Type A light 

spermatogonia  0,210±0,007 0,298±0,011 0,285±0,011 

Type A dark 
spermatogonia  0,245±0,019 0,275±0,010 0,244± 0,003 

Type B spermatogonia 0,224±0,008 0,198±0,007 0,221±0,005 
Leydig cells 0,198±0,007 0,132±0,005 0,297±0,012 

Chronic immune inflammation (the 7th day) 
Type A light 

spermatogonia  
0,214±0,008 0,251±0,024 0,270±0,026 

Type A dark 
spermatogonia  

0,252±0,009 0,270±0,029 0,238± 0,002 

Type B spermatogonia 0,229±0,004 0,190±0,006 0,218±0,003 
Leydig cells 0,211±0,005 0,121±0,001 0,281±0,005 

Chronic immune inflammation (the 14th day) 
Type A light 

spermatogonia  0,223±0,009 0,218±0,011 0,287±0,011 

Type A dark 
spermatogonia  0,255±0,009 0,246±0,010 0,224±0,012 

Type B spermatogonia 0,242±0,011 0,211±0,007 0,208±0,006 
Leydig cells 0,216±0,007 0,112±0,004 0,274±0,009 

Chronic immune inflammation (the 28th day) 
Type A light 

spermatogonia  0,216±0,008 0,318±0,011 0,328±0,012 

Type A dark 
spermatogonia  0,225±0,008 0,296±0,010 0,271±0,010 

Type B spermatogonia 0,202±0,009 0,221±0,007 0,243±0,008 
Leydig cells 0,179±0,007 0,154±0,006 0,332±0,012 

Note. * Differences in comparison with the control group are significant (p <0.05)  
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Results and discussion

In the study of the seminal glands of
experimental animals, depending on the
length of stay under the conditions of mod%
eling adjuvant arthritis (chronic immune in%
flammation), we found distinct morphologi%
cal and morphometric changes characteriz%
ing the function of the gland at 7, 14, and
28 days.

On the 7th day, with a macroscopic
examination of the membrane of the go%
nads, they are slightly strained, the consis%
tency of the seminal glands is cerebral, gray%
ish%whitish in color, there are focal point
hemorrhages in the section.

The mass and size of the seminal
glands of the control and experimental
groups in the dynamics are presented in
Table 1.

Microscopic examination of the go%
nads reveals the devastation of a few sem%
iniferous tubules. In the individual tubules,
there is a partial destruction of the basement
membrane with the absence of cellular ele%
ments of spermatogenic epithelium.

At the same time, in the seminal
glands between the tubules at the periph%
ery, proliferation of small young Leydig cells
of an oval shape with a small weakly satu%
rated chromatin nucleus is detected. In
some gonads, there is proliferation of con%
nective tissue cells with the formation of
tender young connective tissue stained red
by Van Gieson.

A histochemical study draws attention
to a decrease in protein%synthetic function
in spermatogenous epithelial cells, as evi%
denced by an increase in the intensity of the
reaction to DNP in the nuclei and a decrease
in the intensity of the reaction to RNP in the
cytoplasm, as well as a decrease in the
optical density of the PAS%positive material
in the cytoplasm of spermatogenic epithe%
lial cells and Leydig cells (table. 2).

On the 14th day, macroscopic changes
become less pronounced compared with
those on the 7th day and approach those
described in the control group.

Microscopically revealed moderate

hyperplasia of the seminiferous tubules,
which are closely adjacent to each other. The
oval shape of all tubules is noteworthy. The
tubule wall is thickened due to the prolifer%
ation of spermatogenic epithelium. Sper%
matogonia type A and B are located on the
basement membrane. Spermatocytes, sper%
matids and spermatozoa, which are located
both in the lumen of individual tubules and
between the cells of the spermatogenic
epithelium, are located in the adluminal zone
of the tubules. As in the control group, a
significant number of Sertoli cells are found
between the cells of the spermatogenic
epithelium in the adluminal zone. Leydig
cells (in the amount of 1%2) are found in the
intercanalicular stroma. Small arterioles are
dilated, full%blooded. Histochemical reac%
tions indicate an increase in the function of
spermatogenic epithelial cells, which indi%
cates an improvement in the protein%syn%
thetic function of the cells (Table 2).

On the 28th day of the experiment,
with a macroscopic examination, the gonads
have an ovoid shape in the section of the
cerebral consistency, grayish%whitish in col%
or. Punctate hemorrhages are detected in
places.

A microscopic examination reveals
tightly fitting tubules with an expanded lu%
men. Noteworthy is the increase in the num%
ber of rows of spermatogenic epithelium.
Spermatogonia type A and B are located on
the basal membrane, with dark type A sper%
matogonia predominating. Light sper%
matogonia type A with a moderately satu%
rated chromatin nucleus and moderate in%
tensity of reaction to DNP, intense reaction
to RNP in the cytoplasm, and intense PAS%
reaction, as evidenced by optical density
indices (Table 2). In spermatogonia, moder%
ate chromatin saturation with corresponding
histochemical reactions is also detected (Ta%
ble 2). Spermatogonia type B is somewhat
larger, with a moderate reaction to DNP and
with a more intense reaction to RNP (Table
2). There are spermatids of both the last
stages of maturation and the early stages
of development, as well as dividing sperma%
tocytes of the first order. In the lumen and
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between the epithelial cells there are a few
sperm.

A few mature Leydig cells, a small
number of small immature cells, lymphohis%
tiocytic infiltration are found in the inter%
canalous stroma around full%blooded vessels
with an expanded lumen.

Thus, on the 28th day of experimental
chronic immune inflammation, morphologi%
cal changes in the testes are observed,
which are characterized by hyperplasia of
the seminiferous tubules with the restoration
of all stages of development of spermato%
genic epithelium and the appearance of
spermatogenesis, as evidenced by the large
number of spermatozoa, both in the lumen
of the tubules and between the epithelial
cells in the adluminal zone.

Conclusions.

1. When studying the seminal
glands of rats under conditions of modeling
chronic immune inflammation, more pro%
nounced morphological and morphometric
changes characterizing the function of the
gland were found on the 7th and 14th day of
the experiment.

2. The repair of the seminiferous
tubules and the restoration of the clone of
spermatogenic epithelial cells with normal%
ization of the endocrine function of the go%
nads under conditions of modeling of chron%
ic immune inflammation are observed on the
28th day of the experiment. The indicated
morphological changes are accompanied by
the restoration of the protein%synthetic func%
tion of spermatogenic epithelial cells, as
evidenced by histochemical reactions to
DNP, RNP, and PAS%reaction.

References
1. Klimenko N. A. Rol vospaleniya v patologii. In:

Zagalna patologiya ta patologichna fiziologiya.
2010; 2: 20%21 [In Ukrainian].

2. Shevchenko A. N., Bibichenko V. A. Dynamics
of changes of cellular composition of the cen%
tre of focus of inflammation in secondary
chronic inflammation during treatment with
glyukozaminilmuramildipeptid. Journal of Ed%
ucation, Health and Sport. 2017;7(2):415%430.

3. Chronic inflammation: molecular pathophysiol%
ogy, nutritional and therapeutic Interventions /
eds.: S. Roy, D. Bagchi, S. P. Raychaudhuri. –
Boca Raton: CRC Press, 2012. – 472 p.

4. Don’t sit on chronic inflammation / T. J. White,
A. Cronin, M. F. Lo [et al.] // ANZ J. Surg. –
2012. – Vol. 82, N 3. – P. 181–182.

5. Todd N. W. Molecular and cellular mechanisms
of pulmonary fibrosis / N. W. Todd, I. G. Luzina,
S. P. Atamas // Fibrogenesis Tissue Repair. –
2012. – Vol. 5, N 1. – P. 11.

6. Gorpynchenko I.I.  Choloviche bezpliddya: eti%
ologiya, patogenez, diagnostyka ta suchasni
metody likuvannya. In: Zdorovie muzhchiny.
2016; 1(56): 8%16 [In Ukrainian].

7. Tatarko S.V. Morfofunkcionalnoe sostoyanie
selezenki pri raznyh po techeniyu i etiologii
vidah vospaleniya. In: Medicina sogodni i zavtra.
2014; 2%3(963%640): 50%56 [In Ukrainian].

8. Horalskyi L. P., Khomych V. T., Kononskyi O. I.
Osnovy histolohichnoi tekhniky i morfofunkt%
sionalni metody doslidzhen u normi ta pry pa%
tolohii: navchalnyi posibnyk. Zhytomyr: Polis%
sia, 2015. – 388 р [In Ukrainian].

9. Varenyuk I. M., Dzerzhinsky M. E.
Metody_cytohistologichnoi diagnostiki:
navchalnyi posibnyk. – Kyiv: Іnterservis, 2019:
256 [In Ukrainian].

10. Lapach S. N., Chubenko A. V., Babich P.N.
Statisticheskie metody v mediko%biolog%
icheskih issledovaniyah s ispolzovaniem Exel.
– Kyiv: MORION, 2001: 408 [In Ukrainian].

Вперше надійшла до редакції 22.02.2025 р.
Рекомендована до друку на засіданні
редакційної колегії після рецензування


