Structural and functional state of the seMINAL glands IN THE DYNAMICS OF ACUTE infectious inflammation
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ABSTRACT
Introduction: Negative demographic trends are often associated with high levels of infertility, including male. In the modern literature there are data on morphofunctional changes in various organs and tissues during inflammation of various origins, obtained in experiments on animals. At the same time, there are practically no studies on changes in the seminal glands in inflammation of different etiologies.

The aim of this study is to identify the morphofunctional features of the seminal glands in the dynamics of acute infectious (staphylococcal) inflammation in rats.

Materials and methods: 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. 
Results: On the 7th day of staphylococcal inflammation, morphofunctional changes in the seminal glands were detected in rats in the form of a moderate rearrangement of the spermatogenic epithelium, which was manifested by a decrease in Sertoli cells and the number of type A light spermatogonia along with an increase in the number of type A dark spermatogonia and type B spermatogonia. The described changes were accompanied by a decrease in the metabolism of nucleoproteins in epithelial cells. On the 14th day, the morphological changes were characterized by a sharp decrease in Sertoli cells, the absence of type A light spermatogonia and an increase in the number of type A dark spermatogonia and type B spermatogonia. After 28 days, there is an increase in the number of tubules with the presence of type A light and dark spermatogonia, as well as single Sertoli cells, which indicates the restoration of the morphofunctional state of the seminal glands.
Conclusions: More pronounced compensatory-adaptive processes in the seminal glands occur within a period of 28 days from the start of modeling of staphylococcal inflammation. The latter is confirmed by the appearance of various shapes and sizes of tubules with restored spermatogenic epithelium of various stages of development. The presence of type A light and dark spermatogonia indicates the reserve capacity of the seminal glands. 
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STRESZCZENIE

Wstęp. Negatywne trendy demograficzne są często związane z wysokim poziomem niepłodności, w tym płci męskiej. We współczesnej literaturze istnieją dane o morfofunkcjonalnych zmianach w różnych narządach i tkankach przy zapalaniu różnego pochodzenia, uzyskane w eksperymentach na zwierzętach. Przy tym praktycznie istnieje brak prac dotyczących zmian w gruczołach nasiennych przy zapalaniu o różnej etiologii.
Cel pracy – odszukać cechy morfofunkcjonalne gruczołów nasiennych w dynamice ostrego (gronkowcowego) zapalenia infekcyjnego u szczurów.

Materiał i metody. Badania eksperymentalne przeprowadzone na 40 nieliniowych szczurach-samcach o masie 180-200 g. Mikroskopijne i histochemiczne badania przeprowadzono przez 7, 14 i 28 dobę.
Wyniki. W 7 dniu zapalenia gronkowcowego u szczurów zostały ujawnione zmiany morfofunkcjonalne w gruczołach nasiennych w postaci umiarkowanej przebudowy nabłonka spermatogicznego, co przejawiała się spadkiem komórek Sertoliego i ilości jasnych spermatogonii typu A wraz ze wzrostem ilości ciemnych spermatogonii A i spermatogonii typu B. Opisanym zmianom towarzyszyło obniżenie wymiany nukleoprotein w komórkach nabłonka.
W 14 dniu zmiany morfologiczne charakteryzowały się gwałtownym spadkiem komórek Sertoliego, brakiem jasnych i wzrostem ilości ciemnych spermatogonii A i spermatogonii typu B. Przez 28 dni nastąpił wzrost liczby kanalików z obecnością jasnych i ciemnych spermatogonii typu A, a także pojedynczych komórek Sertoliego, co świadczy o przywróceniu strukturalno-funkcjonalnego stanu gruczołów nasiennych.
Wnioski. Bardziej wyraźne wyrównawcze i adaptacyjne procesy w gruczołach nasiennych odbywają się w terminie 28 dni od rozpoczęcia symulacji zapalenia gronkowcowego. Ostatnie potwierdzone jest pojawieniem się różnych kształtów i rozmiarów kanalików z odtworzonym nabłonkiem spermatogicznym o różnych stadiach rozwoju. Obecność jasnych i ciemnych spermatogonii typu A świadczy o rezerwowych możliwościach gruczołów nasiennych.
SŁOWA KLUCZOWE: ostre zapalenie zakaźne, gruczoły nasienne, badanie mikroskopowe, reakcje histochemiczne.
INTRODUCTION. 
Preserving the reproductive health of the nation, as a powerful lever for stopping depopulation processes and improving the demographic situation in Ukraine, is a priority task in the field of healthcare and social development of medical science [1]. The main cause of negative demographic trends remains a high level of infertility, both female and male. According to many studies, male infertility is often associated with the presence of an inflammatory process, which is the main link in the pathogenesis of most human diseases [2, 3]. From his result depends on the recovery from the disease. In adverse environmental and social conditions, inflammatory processes in people often occur atypically with a tendency to chronicity and generalization [4, 5]. Therefore, there is a need to study various forms of inflammation, conditions affecting its course, the reasons for the transition of acute inflammation to chronic. 

In the modern literature there are data on morphofunctional changes in various organs and tissues during inflammation of various origins, obtained in experiments on animals [6]. At the same time, there are practically no studies on these changes in the seminal glands in inflammation caused by various phlogogens.

Earlier, we studied the morphofunctional changes in the spermatic glands during acute aseptic inflammation [7].

THE AIM 

The aim of this study is to identify the morphofunctional features of the seed glands in the dynamics of acute infectious (staphylococcal) inflammation in rats.

MATERIALS AND METHODS 

Experimental studies were performed on 40 nonlinear male rats weighing 180-200 g, bred in the vivarium of the Kharkiv National Medical University following the recommendations 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 Protection 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 anesthesia (50 mg/kg body weight intragastrically) by bloodletting.

Acute infectious inflammation was reproduced by intramuscular injection of 2 billion microbial bodies of Starchusus aureus (strain ATCC-25923), in 1 ml of isotonic sodium chloride solution [7].

Macroscopic and microscopic studies were performed in dynamics on the 7th, 14th and 28th days. Such macroscopic characteristics were evaluated: the size of the seminal 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 histological study, which were subjected to standard wiring through alcohols of increasing concentration, Nikiforov liquid (96% alcohol and diethyl ether in a 1: 1 ratio), chloroform, and then paraffin was poured. Serial sections with a thickness of 4-5×10-6 m were made from the blocks prepared in this way. In all cases, traditional histological methods of hematoxylin staining with eosin, as well as pikrofuksin by Van Gieson were used [8]. Micropreparations were studied on an “Olympus BX-41” microscope with subsequent processing using the program “Olympus DP-soft version 3.1” and Microsoft Excel, with which morphometric studies were performed.

To determine the level of protein-synthetic activity, the content of the ribonucleoprotein (RNP) in the cytoplasm and the deoxyribonucleoprotein (DNP) in the cell nuclei were determined by measuring the optical density in sections, processed by histochemical methods for the determination of the DNP according to Felgen-Rossenbek (the control is hydrolysis with HCI), the RNP was determined by the Brachet reaction (the control with crystal ribonuclease), and the detection of glycogen using the Periodic Acid Schif (PAS) reaction (the control is amylase) [9]. The control group was the seminal glands of intact rats.

The obtained results were processed statistically using Student's t-factor for independent samples [10].

RESULTS AND DISCUSSION
For macroscopic examination: ovoid gonads, translucent membranes, thin, whitish-gray tissue at the cut, brain-like consistency. The mass and size of the seminal glands of the control and experimental groups in the dynamics are presented in Table I.
Table I. 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
	2,2х1,2
	2,2х1,2

	Staphylococcal inflammation

(7th day), n=10
	8,7±0,36
	8,1±0,28
	4,1х1,3
	3,8 х 1,3

	Staphylococcal inflammation

(14th day), n=10
	9,7±0,34*
	9,9±0,36*
	4,3х1,5
	4,8х1,5

	Staphylococcal inflammation

  (28th day), n=10
	5,9±0,19*
	6,1±0,21*
	2,7х1,2
	2,3х1,0


Note. * Differences in comparison with the control group are significant (p <0.05) 
Microscopic study of the seminal glands in the study group showed that the gonad tubules are arranged randomly, closely adjacent to each other, of ovoid, often rounded shape. All tubules have clearances. The basement membrane, on which the spermatogenic epithelium cells are located, is moderately thickened. In some cases, there are fibers of the delicate connective tissue, painted by Van Gieson in red. The tubular epithelium is represented by gonocytes, Sertoli cells, as well as type A and B spermatogonia. Part of the type A spermatogonia looks somewhat pale with a bright core, moderately saturated chromatin with a similar reaction to DNP (Table II) in conventional units of optical density. In the cytoplasm of cells there is a rather pronounced pyroninophilia, which is confirmed by an intensive histochemical reaction (Table II). The other part of the spermatogonia is represented by dark type A cells with a moderately condensed nucleus, corresponding to the intensity of the reaction to DNP and with moderate cytoplasm pyroninophilia, mainly concentrated around the nucleus (Table II). Along with this, there are type B spermatogonia, where the nucleus is saturated with chromatin, slightly larger than in type A spermatogonia and more rounded. Their cytoplasm also has moderate pyroninophilia. All described spermatogenic epithelium cells in the cytoplasm contain polymorphic PAS-positive granules diffusely located throughout the cytoplasm, with a moderate degree of intensity of histochemical reaction intensity (Table II). In the adluminal zone there are single primary sex cells or rounded gonocytes, with a large euchromatin with a nucleus in the center of the cells. The cytoplasm of many gonocytes is enlightened, vacuolation, often with focal lysis phenomena. In some monocytes, the nuclei are shifted to the cell membrane.

Spermatozoa are between the cells of the spermatogenic epithelium and in the lumen of the tubules.

There are few rounded Leydig cells in the intertubular stroma. The cytoplasm of Leydig cells is eosinophilic, with weak pyroninophilia around the nucleus, contains PAS-positive granules, which in some places merge with each other and have a rather high intensity of the reaction to glycogen (Table II). The nuclei are small, rounded, saturated with chromatin with a moderate intensity of the reaction to DNP and a similar intensity of the reaction to RNP. Polygonal Leydig cells are smaller than rounded.

The cells of the spermatogenic epithelium are actively involved in spermatogenesis, and the light type A spermatogonia are cells that are updated (the so-called stem cells), and the type A dark cells are reserve cells that are not involved in spermatogenesis. But their presence is necessary, since they can perform the function of stem cells with the induction of spermatogenesis in emergency situations with damage to the epithelium. Sertoli cells provide a complete metabolism of sex cells and the formation of spermatozoa, as well as participate in the formation of the intratubular fluid. The interstitial Leydig cells are polygonal in shape; they perform an endocrine function and are involved in the synthesis of testosterone. Glycogen in their cytoplasm is a plastic material for energy supply of the cell [11].

In the study of the seminal glands of experimental animals, depending on the duration of their stay in the conditions of modeling staphylococcal inflammation, we identified morphological and morphometric changes that characterize the function of the gland for a period of 7, 14 and 28 days.

Table II. 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

	Staphylococcal inflammation (the 7th day)

	Type A light spermatogonia 
	0,188±0,033*
	0,248 ± 0,031*
	0,265±0,031

	Type A dark spermatogonia 
	0,255±0,021*
	0,269± 0,033*
	0,244± 0,003*

	Type B spermatogonia
	0,224±0,008
	0,198± 0,007
	0,221±0,005

	Leydig cells
	0,179±0,006 
	0,112±0,002
	0,278±0,012

	Staphylococcal inflammation (the 14th day)

	Type A light spermatogonia 
	-
	-
	-

	Type A dark spermatogonia 
	0,285± 0,011*
	0,235 ± 0,008*
	0,223± 0,004*

	Type B spermatogonia
	0,237±0,008*
	0,179±0,007*
	0,194±0,005*

	Leydig cells
	0,177±0,006
	0,128±0,033
	0,168±0,009

	Staphylococcal inflammation (the 28th day)

	Type A light spermatogonia 
	0,206±0,007*
	0,279 ± 0,010*
	0,275±0,010

	Type A dark spermatogonia 
	0,238±0,008*
	0,234± 0,008*
	0,232± 0,008*

	Type B spermatogonia
	0,220±0,008
	0,168± 0,006
	0,208±0,007

	Leydig cells
	0,179±0,006
	0,112±0,004
	0,267±0,009


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

The 7th day 

A macroscopic study showed that the gonads were slightly enlarged, the membranes are slightly tense, the focal point hemorrhages are on the incision.

Microscopically by the end of the 7th day in the gonads there is a random arrangement of tubules, rounded and slightly elongated. All tubules have wide enlightenment. The basement membrane, on which the cells of the spermatogenic epithelium are located, is slightly thickened, sometimes there are fibers of the delicate connective tissue, which is colored by Van Gieson in red color. The tubular epithelium is represented by densely located type A dark spermatogonia. The nuclei of the latter have a more intense color on the DNP than in the control group and the corresponding intensity of the histochemical reaction (Table II). The nuclei of the latter have a more intense color on the DNP than in the control group and the corresponding intensity of the histochemical reaction (Table II). At the same time, the intensity of the reaction to RNP is reduced compared with the control group (Table II). In accordance with this, the intensity of the reaction of the PAS-reaction is also reduced. Type A light spermatogonies are small, with an increase in the intensity of the histochemical reaction to DNP in the nucleus and a decrease in the cytoplasm in determining the RNP and the PAS-positive material (Table II).

Along with the above, the number of type B spermatogonia increases. The latter increase the intensity of the reaction to RNP in the cytoplasm and the optical density when determining glycogen, that is, the PAS-reaction. Spermatocytes appear in leptotene and pachytene, spermatids. Sertoli cells are few, as are type A light spermatogonies. Primary sex cells or round-shaped gonocytes, in the adluminal zone, their moderate number. They have a large euchromatin-containing nucleus located in the center of the cells. The cytoplasm of many gonocytes is enlightened, vacuolated. In some gonocytes, the nuclei are displaced to the cell membrane.

Single polygonal Leydig cells were found in the intertubular stroma. Cytoplasm of Leydig cells is eosinophilic with mild pyroninophilia and low intensity of histochemical reaction. The nuclei have a rounded shape, moderately saturated with chromatin with few nucleoli with a weakly pronounced intensity of the reaction to RNP (Table II). The oval Leydig cells are also slightly. The lumen of the vessels dramatically expanded, filled with red blood cells, and there are small perivascular hemorrhages, unevenly pronounced edema of interstitial tissue.

In some cases, the canaliculi, predominantly represented by cells of the pathogenic epithelium in the form of type B spermatogonia, sparse gonocytes, as well as indifferent sex cells, are devastated.

Spermatozoa are between the cells of the spermatogenic epithelium, and in the lumen of some tubules.

Thus, on the 7th day, staphylococcal inflammation in the seminal glands experimental animals show signs of moderate adjustment of spermatogenic epithelium, Sertoli cells manifesting decrease, as well as reducing the amount of type A light spermatogonia and increasing the number of type A dark spermatogonia and increased number of type B spermatogonia.

The described morphological changes are accompanied by a decrease in the exchange of nucleoproteins in epithelial cells and emptying of the tubular epithelium, combined with a decrease in the activity of Leydig cells and documented by a decrease in more mature cell forms and a decrease in the total number. Along with the above, a decrease in the protein-synthetic function of cells and a decrease in glycogen are noted.

The 14th day
A macroscopic study showed that the gonads were slightly enlarged, small focal point hemorrhages occur on the incision.

The dimensions of the tubules are polymorphic.

All tubules have openings with few spermatozoa. A small number of tubular epithelial cells is observed (partial emptying). The basement membrane with cells of the spermatogenic epithelium located on it is slightly thickened. The tubular epithelium is represented mainly by first-order spermatocyte in pachytenas and few type A dark spermatogonia whose nuclei contain dense chromatin with a pronounced reaction intensity. Cytoplasmic pyroninophilia is mild with an appropriate intensity of the reaction (Table II).


In the area of the basement membrane with a sufficiently condensed nucleus, type B spermatogonia are few. It turns out a small number of small spermatids and sperm groups, single Sertoli cells. There are single gonocytes that have a large euchromatin-containing nucleus with a central location. The cytoplasm of many gonocytes is enlightened, vacuolated, with focal lysis phenomena. In some gonocytes, the nuclei are shifted to the cell membrane. The intertubular stroma is empty, Leydig cells are mostly absent, but in some gonads they are found and have vacuolated cytoplasm with a slightly stained nucleus.


Thus, in the period of 14 days of staphylococcal inflammation in the seminal glands of experimental animals, signs of pronounced rearrangement of the spermatogenic epithelium are revealed, manifested by a sharp decrease in Sertoli cells, as well as the absence of type A light spermatogonia and the appearance of a larger number of type A dark spermatogonia, an increase in the number of type B spermatogonia.

Moreover, the described morphological changes are accompanied by a decrease in the metabolism of nucleoproteins in epithelial cells and begins by emptying the tubular epithelium, accompanied by a decrease in the activity of interstitial tissue, in particular Leydig cells, and is documented by the appearance of only mature forms in single specimens.

The 28th day
After 28 days in a macroscopic study of the gonads, the latter approaching the control group, the shells are sometimes slightly thickened, sclerotized, on the cut visible small grayish-white cells of the tissue of the seminal glands. In microscopic study, the testis shell is thickened, represented by thin elastic fibers, in some places by coarse-fibrous tissue. Compared with the study on the 14th day, the number of tubules increased, they are of different size and shape (some are ovoid, others are close to rounded). There are small round tubules. The tubule wall is represented by small myoid cells and cells of the spermatogenic epithelium, which are loosely attached. In many tubules, the wall is significantly thickened due to the proliferation of spermatogenic epithelial cells. In the basal part of such tubules is a large number of type A and B spermatogonia. Among the type A spermatogonia, there are two options: light and dark. Type A light spermatogonia with a large oval-shaped bright nucleus, containing euchromatin, and small nucleoli scattered near the shell of the nucleus, their cytoplasm is small, moderately stained with eosin. Type A dark spermatogonia are represented by a small number of cells with a darker nucleus, intensely stained with hematoxylin, with few nucleoli located near the nuclear envelope.
Also on the basement membrane there are few type B spermatogonia and much more type A spermatogonia. The nuclei of these cells contain light euchromatin and multiple nucleoli.

Histochemical changes in spermatogenic epithelium cells are close in intensity to the control group (Table II), but the average group indices are somewhat lower. Perhaps a slight decrease in optical density can be explained by the presence of polymorphic tubules both ordinary and smaller ones.
Closer to the adluminal compartment of the seminiferous tubule there are a large number of spermatocytes and spermatids, as well as spermatozoa. Spermatozoa are localized both between the described cells and in the lumen of the tubules.

Among the epithelium of the tubules, in the adluminal compartment, single supporting Sertoli cells with a bright, irregularly shaped euchromatin-containing nucleus with the nucleolus are found.

Also, there are single small ovoid tubules with a depleted spermatogenic epithelium, represented mainly by type A dark spermatogonia, a small amount of type B spermatogonia and a small number of spermatocytes. Sertoli cells are few and are located mainly on the basement membrane.

The tubules are quite tight in relation to each other. Between them there are polygonal Leydig cells, whose nuclei are small, eccentrically located. There are also small round Leydig cells.

Vascular lumens are unevenly dilated, filled with red blood cells. Small foci of excessively developed coarse-fibrous connective tissue, intensely colored by Van Gieson in red color, occur between the tubules.
CONCLUSIONS
Analyzing the morphological data obtained in the experiment, it should be noted that the most pronounced compensatory-adaptive processes in the seminal glands occur in the period of 28 days from the beginning of the modeling of staphylococcal inflammation. This was confirmed by the appearance of various shapes and sizes of tubules with restored spermatogenic epithelium of various stages of development. The presence of type A light and dark spermatogonia indicates the reserve capacity of the seminal glands.
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