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AbstractThis article is devoted to identification the morphological and functional features of the postnatal formation of thetesticles generative function of offspring obtained under conditions of experimental hypothyroidism of pregnancy in the mother. Hypothyroidism in female rats was induced by oral administration of the antithyroid drug Mercazolil at the rate of 0.5 mg per 100 g of body weight for 21 days. After establishing a steady decrease in the concentration of free thyroid hormones (T4 and T3), females were fertilized by healthy males. Females continued to receive a maintenance dose of the drug during periods of pregnancy and lactation. The testes o f the offspring were studied on the 60th day after birth using morphological, morphometric, electron microscopic and statistical research methods.It has been established that in the offspring o f female rats with experimental hypothyroidism, the generative function of the testes is inhibited, which manifests itself in the form of a decrease in the number of tubules that actively produce spermatozoa, the index of spermatogenesis, the number of spermatogenic epithelium cells, which is accompanied by a significant increase in the level of destructive changes in germ cells and endocrineLeydig glandulocytes.Thus, maternal hypothyroidism leads to a significant disruption of the process of postnatal growth and formation of the testes in the offspring.
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IntroductionThe problem of human reproductive health has become increasingly important in recent years and is becoming a medical and social problem. When addressing issues of birth control, two opposite situations are considered: on the one hand, a significant part of the world's population needs reliable and modern contraceptives, on the other hand, millions of married couples need medical care due to severe neuroendocrine disorders of reproductive function. The current stage in the development of biomedical science is associated with the widespread penetration of endocrinology into the problem of human reproductive health [5,6]. A close relationship between the reproductive

and endocrine systems has been shown in several works [5,12]. In this regard, the relationship of the thyroid gland with the reproductive system deserves special attention. Experimental studies have confirmed that thyroid hormones, as well as thyroid-stimulating hormone, have a modulating effect on the generative and endocrine functions of the gonads [11, 17, 18, 26].Among the dysfunctions of the thyroid gland, a special place is occupied by the so-called "maternal hypothyroidism" (hypothyroidism of pregnant women or gestational hypothyroidism), which in recent years has attracted increasing attention of researchers.
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Hypothyroidism of pregnant women, according to various data, is observed in 2-2.5% of all pregnant women and can manifest itself in subclinical or manifest forms. Since the embryo does not yet have its thyroid hormones, it uses maternal hormones for its growth and development. The relevance of the problem of hypothyroidism in pregnant women in the practice of doctors of various specialities is undeniable since, with a deficiency of thyroid hormones necessary for the normal development and functioning of almost every cell of the human body, severe changes develop in all organs and systems without exception [1,20].An analysis of the literature showed that the main attention of researchers is paid to the study of the nervous system of offspring that were born from mothers with hypothyroidism of pregnancy. Experimental studies show that hypothyroidism during pregnancy leads to certain changes in the brain neurons of the offspring, a decrease in the proliferative activity of cells with an increase in their apoptosis [20,26].Antenatal and early postnatal age are recognized as one of the main periods of ontogenesis, in which the foundations of health in the broad sense of the term are laid. There is no doubt that the nature of reproductive function at a young age is largely determined by the antenatal period [7,23].At the same time, the influence of maternal hypothyroidism on the processes of pre-and postnatal development and functioning of the reproductive system of the offspring has been studied extremely insufficiently. Structural and functional mechanisms of postnatal growth and development of the reproductive system remain practically unexplained. The extreme topicality of the problem of hypothyroidism in pregnant women, the uncertainty and insufficient knowledge of its negative consequences on the reproductive system of offspring determine the high degree of relevance of further research in this direction.The work aimed to identify the features of the morphological and functional formation of the generative function of the testicles of the offspring of female rats with experimental hypothyroidism.
Material and MethodsHypothyroidism in female rats was induced by per os administration of the antithyroid drug Mercazolil at the rate of 0.5 mg per 100 g of body weight for 21 days (experimental group). After establishing a steady decrease in the concentration

of free thyroid hormones (T4 and T3), females were fertilized by healthy males. During periods of pregnancy and lactation, females continued to receive a maintenance dose of the drug at the rate of 0.25 mg per 100 g of body weight. The control group of females received an equal volume of sterile saline.The testicles of offspring from control and experimental females on the 60th day after birth served as the material for the study, since, according to the literature data, the period of puberty in rats begins on the 60 th day [3,9].Animals were slaughtered in compliance with the principles of humanity outlined in the directives of the European Community (86/609/EEC) and the Declaration of Helsinki and by the requirements of the rules for working with experimental animals. After slaughtering the animals, the testicles were weighed and their total weight (in mg) and their ratio to body weight (mass index) were determined.For morphological studies, the testicles after weighing were fixed in 10% neutral formalin solution. Then the testis pieces were dehydrated in alcohols with increasing concentration, and embedded in paraffin. Sections 5-7 pm thick, stained with hematoxylin and eosin, were examined using morphological and morphometric methods. Morphometric studies included measuring the average diameter of the convoluted seminiferous tubules with the calculation of the spermatogenesis index, counting the average number of seminiferous tubule cells, Sertoli cells and endocrine glandulocytes (Leydig cells).For electron microscopy, testis pieces were fixed in 1.25% glutaraldehyde solution with additional fixation in 1% OsO4 solution in phosphate buffer (pH 7.3). After dehydration in alcohols and absolute acetone, the pieces were poured into a mixture of epon and araldite. Ultrathin sections after contrasting in uranyl acetate and lead citrate were examined using a JEM-100SX electron microscope (Japan).
Results and DiscussionIt is known that the weight characteristics of the gonads are one of the leading indicators of the physiological maturity of animals [4]. With this in mind, we analyzed the total weight of the testicles and their ratio to body weight (mass index) in control and experimental rat pups. The analysis showed that in rat pups obtained from females with
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experimental hypothyroidism, there was atendency to increase both the weight of the testicles and body weight in general. In 60-day-old experimental rats, the body weight was 174.3 + 13.1 g, the weight of the testes was 1.7 + 0.04 g, the mass index of the testes was 0.97 + 0.01, while in control animals data the indicators were 168.6+12.4 g, 1.45+0.14 g and 0.86+0.01, respectively. In our opinion, a slightmacroorchidism observed in experimental rat pups is primarily associated with testicular oedema, as one of the manifestations of mucous oedema in general [8,25], and there is also evidence that the increase in testicular weight in hypothyroidism is mainly due to activation of the thyroid receptor TRa 1, but the mechanism by which this occurs remains unclear [13].Morphological studies of the testicles showed that on the 60th day after birth, on the background of relatively intact seminiferous tubules, tubules with destruction and extrusion of spermatogenic cells were detected in experimental rat pups, an increase in the area of interstitial tissue between the convoluted seminiferous tubules was noted, which may be associated with its oedema. The structure of the cells of the spermatogenic layer in individual tubules was disturbed - mislocalization of spermatocytes and spermatids was observed as a result of pronounced intercellular oedema. Against the background of oedema in some tubules, attention was drawn to a decrease in the number of spermatogenic cells, mainly spermatocytes and spermatids; pronounced signs of a delay in spermatogenesis at the level of the stages of maturation and formation were found. The number of spermatozoa in the lumen of the tubules significantly decreased, and in many tubules, they were completely absent.These morphological changes, detected by light microscopy, were also confirmed by electron microscopy. In spermatocytes, vacuolization and lysis of individual sections of the cytoplasm, detachment of the outer nuclear membrane with the expansion of the perinuclear space were often detected. The appearance of large vacuoles containing membrane and granular structures was also observed in the cytoplasm of spermatids. Destructive changes, along with immature cells of spermatogenesis, were also subjected to mature spermatozoa. They manifested themselves as swelling and lysis of the plasmalemma, local oedema of the flagellar section of the cells.

Studies on rats and other mammals have shown that the efficiency of spermatogenesis depends on the total number of Sertoli cells, which are known to be one of the main regulatory cells in the process of spermatogenesis [16,21]. With the appearance of receptors for androgenic hormones in them, these cells actively create an appropriate microenvironment for maturing spermatogenesis cells. At the same time, the functional state of Sertoli cells, in turn, is closely related to the hormonal balance in the body, primarily thyroid hormones [26].According to our data, Sertoli cells also underwent pronounced morphological changes. Electron microscopic studies revealed an increase in their size, some of them showed signs of functional tension. One of the characteristic features of Sertoli cells under conditions of hypothyroidism was the presence of numerous heterophagosomes at various stages of decay and lysis. In their ultrastructure, individual phagosomes resembled phagocytosed spermatogenesis cells, all of which indicated an increase in the phagocytic activity of Sertoli cells in response to increased destruction of maturing spermatogenesis cells as a result of hormonal imbalance in the body. At the same time, it is possible that as a result of a deficiency of thyroid hormones, the process of apoptosis of spermatogenic cells is enhanced, which under natural conditions acts as one of the factors regulating spermatogenesis [19,26].It is known that Leydig cells, in addition to the general endocrine action, also have a paracrine one, since the testosterone synthesized by these cells diffuses through the basement membrane of the seminiferous convoluted tubules, thereby regulating the intensity of spermatogenesis processes [10,22, 24]. Therefore, the study of the endocrine compartment of the testes is a necessary condition to evaluate the generative function. Studies have shown that interstitial Leydig cells decreased in number and were detected in the form of clusters of 2-3 cells, while in the control they formed clusters of 10 or more cells. Electron microscopy revealed destructive changes in most Leydig cells in the form of local lysis of the cytoplasm, swelling and vacuolization of mitochondria, and a decrease in the number and electron density of granules. As a rule, there was a reduction in the granular endoplasmic reticulum and the Golgi complex, and as a result of this, a 3­fold decrease in testosterone was noted.
(§)
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All this indicates that hypothyroidism leads to a violation of not only the process ofspermatogenesis but also significant changes in the production of steroid hormones in the testes. We cannot agree with the opinion of some authors that hypothyroidism in early postnatal ontogenesis can cause an increase in the process ofspermatogenesis and an increase in the production of steroid hormones in the testes [14,15].The obtained morphological data found their full confirmation in the study of the morphometric parameters of the testicles. The results of morphometry showed that in the testes of offspring of female rats with experimental hypothyroidism, there was a decrease in the number of tubules that actively produce spermatozoa by 19%. Accordingly, the index of spermatogenesis also decreased, which was 80% of the control values, the average diameter of the convoluted seminiferous tubules was only 81% of the control value.The calculation of the average number of cells of the seminiferous tubules showed that in hypothyroidism the number of spermatogonia decreased by 43%, spermatocytes and spermatids by 19% compared to the control indicators, which led to a decrease in the total number of spermatogenic cells by 20% of the control, while the number of Sertoli cells did not differ significantly from the control values.All this indicates that hypothyroidism in the mother during pregnancy and breastfeeding significantly disrupts the process of postnatal growth and development of the testes in their offspring.
Conclusions1. Experimental hypothyroidism in the mother during pregnancy and breastfeeding leads to a violation of the morphofunctional formation of the male gonads of their offspring, which is confirmed by a change in both quantitative and qualitative characteristics of the sex and endocrine cells of the organ.2. Early diagnosis and treatment of hypothyroidism in pregnant women and their children is the most important condition for the prevention of male infertility in adulthood.
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