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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
With long-term use of hormonal drugs, according to the 

principle of "negative feedback", the production of own 
hormones by the endocrine glands is inhibited. With sudden 
withdrawal, in particular, of glucocorticoids, there are processes 
that threaten the development of secondary adrenal insufficiency.

The purpose of the study: to establish the peculiarities of the 
reconstruction of the cellular elements of the testicles of white 
rats after the withdrawal of high doses of prednisolone. An 
ultrastructural study was performed on 60 male rats. It has been 
established that the sudden withdrawal of prednisolone after 
long-term introduction in high doses causes changes in the body 
that can be characterized as a state of "acute hypocorticism." 
At the same time, further progression of the dystrophic-
destructive processes that occurred during the preliminary long-
term introduction of the drug occurs. The most pronounced 
such changes were observed up to 7 days after cancellation. 
Then their intensity decreased, and by the 14th day signs of 
regenerative processes appeared, which gradually increased. 
Therefore, by the 28th day of the experiment, the ultrastructure 
of the cellular elements of the testicles was almost completely 
restored, which may be evidence of the high compensatory and 
regenerative ability of animals of this species, which must be 
taken into account when extrapolating the results to humans.

Key words. Ultrastructure, testicles, spermatogenesis, 
capillaries, prednisolone, hypocorticism.
Introduction.

Clinical and experimental studies conducted in recent years 
show that with long-term use of hormonal drugs, according 
to the physiological principle of "negative feedback", the 
production of own hormones by endocrine glands is suppressed. 
In particular, in many patients with the introduction of high 
doses of glucocorticoids, dysfunctions from the sexual sphere 
were noted: menstrual cycle disorders in women, development 
of impotence in men [1]. Such dysfunctions in men can be a 
direct consequence of morphological changes in the structural 
components of the blood-testicular barrier and the spermatogenic 
epithelium of the testicles [2,3].

At the same time, it has been established that with sudden 
withdrawal of glucocorticoids, reverse processes occur, which 
threaten the development of secondary adrenal insufficiency 
[4,5]. Morphological changes in the testicles that occur at 
the same time can also be the reason for the development of 
infertility [6,7]. Therefore, further research is needed to establish 
the ultrastructural mechanisms of such changes.
Material and Methods.

Experiments were conducted on 60 rats, which were 
daily intramuscularly administered prednisolone (synthetic 

glucocorticoid) at the rate of 0.4 mg/kg, which is the maximum 
single daily dose. Material for morphological and morphometric 
studies was taken from 30 rats - 1, 3, 7, 14 and 28 days after 
drug administration, and from another 30 rats - 1, 3, 7, 14 and 
28 days after its withdrawal. The control group consisted of 9 
intact animals.

Pieces of testicular tissue were fixed in a 2.5-3% solution of 
glutaraldehyde with an active reaction medium of pH 7.2-7.4 
prepared on Millonig's phosphate buffer. After 50–60 minutes, 
the fixed material was transferred to a buffer solution and 
washed for 20–30 minutes. Post fixation was carried out with 
a 1% solution of osmium tetroxide in a phosphate buffer of pH 
7.2-7.4 for 60 minutes, after which dehydration was carried 
out in alcohols and acetone and poured into a mixture of epoxy 
resins with araldite. Semi-thin sections with a thickness of 1-2 
μm were made using an ultramicrotome LKB -3 (Sweden), and 
they were stained with a solution of methylene blue. Ultrathin 
sections were contrasted with 1% aqueous solution of uranyl 
acetate and lead citrate according to the Reynolds method and 
studied in an EM-125K electron microscope.

Animals were removed from the experiment by intraperitoneal 
injection of large doses of concentrated sodium thiopental.

All experimental studies were carried out in accordance 
with the principles of bioethics set forth in the Declaration of 
Helsinki and the Law of Ukraine "On the Protection of Animals 
from Cruelty" (No. 1759-VI dated 15.12.2009).
Results and Discussion.

Based on the results of the research, it was established that the 
long-term introduction of high doses of prednisone to white rats 
promotes the activation of spermatogenesis with a progressive 
increase in immature forms of germ cells and a simultaneous 
decrease in the specific number of mature spermatozoa as 
a result of the potentiating and at the same time competing 
action of prednisone with the hormonal function of interstitial 
endocrinocytes.

Activation of spermatogenesis occurs against the background 
of increased blood circulation of the testicles with the expansion 
of the lumen and increased blood filling of vessels of all calibers, 
especially in the early period (7-14 days from the start of use), 
which may be a consequence of the direct blood circulation-
stimulating effects of prednisolone.

In the long term (14-28 days), there is a decrease in the 
throughput of small arteries and arterioles against the 
background of venous stasis, as well as the rate of activation 
of spermatogenesis, which can be a reaction to overloading the 
hemomicrocirculatory bed of the testicles and cause further 
development of ischemia of the organ with its functional 
insufficiency.
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Certain features of the structural reorganization of rat testicular 
tissues were also established after the sudden withdrawal of 
prednisolone after its long-term introduction in large doses. If 
1 day after the withdrawal of special ultrastructural differences 
in the cellular elements of the testicles from rats with a 28-day 
introduction of the drug were not detected, then already on the 
3rd day, significant differences were observed, which at the 
ultrastructural level were manifested by pronounced destructive 
changes. In particular, Leydig endocrinocytes were distinguished 
by a noticeable decrease in the number of organelles. Vacuoles 
of various sizes were formed in their place. A small number of 
mitochondria that could still be differentiated lost their cristae 
and had a hollow appearance.

Quite often, vacuoles acquired particularly large sizes, 
occupying most of the area of the cytoplasm. At the same time, 
the condensation of heterochromatin, especially in the near 
karyolemma zone, led to the deformation of the nucleus with 
the formation of near karyolemma voids (Figure 1).

Figure 1. Ultrastructure of the rat testicle three days after the sudden 
withdrawal of prednisolone after its previous long-term introduction 
in large doses. x 12,000. Leydig interstitial endocrinocyte nucleus – 1, 
vacuoles – 2, mitochondria with destroyed cristae – 3.

Pronounced condensation of chromatin was also observed in 
the nuclei of spermatids. In them, the thickness of the cytoplasm 
surrounding the nucleus decreased. At the same time, Sertoli 
cells looked somewhat enlarged due to the expansion of the 
cytoplasmic area. Although the noticeable decrease in the 
number of organelles in them attracted attention (Figure 2).

The number of spermatocytes significantly decreased most of 
which continued to remain incompletely formed.

Ultrastructural changes from the side of the hemomicrocirculatory 
channel were especially noticeable. First of all, the anemia of the 
micro vessels attracted attention, although their lumen remained 
quite wide. At the same time, the endotheliocyte nuclei looked 
pyknotically deformed with condensation of heterochromatin. 
As a result of their stretching along the periphery, the cytoplasm 
of cells became thinner, in the perinuclear zone, the cytolemma 
formed numerous pseudopodia, and the number of organelles 
decreased in the cytoplasm. Basal membranes looked thickened 
and homogenized in places (Figure 3).

Figure 2. Ultrastructure of the testicle of a rat three days after the 
sudden withdrawal of prednisolone after its previous long-term 
introduction in large doses. x 12,000. Spermatid nucleus – 1, Sertoli 
cell – 2.

Figure 3. Ultrastructure of the testicle of a rat three days after the sudden 
withdrawal of prednisolone after its previous long-term introduction in 
large doses. x 12,000. Capillary lumen – 1, endotheliocyte nucleus – 2, 
pseudopodia – 3, homogenized area of basement membrane – 4.

Destructive changes in cellular elements became even more 
pronounced on the 7th day after withdrawal of prednisolone 
administration. In Leydig endocrinocytes, further reduction 
in the number of organelles continued with the formation of 
vacuoles of various sizes in their place. A small number of 
mitochondria, which were still not completely destroyed, lost 
their cristae and had the appearance of small-sized cavities 
with preserved external contours. At the same time, lumps of 
condensed chromatin occupied the central position in the nuclei. 
The majority of spermatocytes were deformed with a disturbed 
structure (Figure 4).

Sometimes almost completely destroyed cellular elements of 
the testicles came into view, which were areas of homogenized 
tissue with the remains of individual fragments of certain cells 
or their destructured fragments (Figure 5).
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Figure 4. Ultrastructure of the testicle of a rat seven days after the 
sudden withdrawal of prednisolone after its previous long-term 
introduction in large doses. x 12,000. interstitial Leydig endocrinocyte 
nucleus – 1, vacuoles – 2, spermatocyte – 3, mitochondria with 
destroyed cristae – 4.

Figure 5. Ultrastructure of the testicle of a rat seven days after the 
sudden withdrawal of prednisolone after its previous long-term 
introduction in large doses. x 9,000.

The nucleus of an interstitial Leydig endocrinocyte – 1, 
destructively homogenized cells of the spermatogenic 
epithelium – 2, the nucleus of a spermatid with vacuoles in the 
cytoplasm – 3.

Certain changes were also observed from the side of the 
hemomicrocirculatory channel. The lumen of capillaries 
slightly narrowed compared to the previous period of 
observation, continuing to remain, however, still quite wide 
and many times exceeding the diameter of single erythrocytes, 
which were sometimes found in micro vessels. Endotheliocytes 
had elongated peripheral parts and thickening in the central 
parts due to the location of the nuclei here. Condensation of 
heterochromatin was observed in the nuclei with its predominant 
near karyolemma localization. White-nucleated areas of the 
cytolemma continued to form numerous pseudopodia.

The results of an ultrastructural study on the 14th day after 
the withdrawal of prednisolone indicated a certain stabilization 
of dystrophic-destructive changes, and sometimes regenerative 
processes in the cellular elements of testicles of experimental 
animals. Against the background of still quite pronounced 
vacuolization of the cytoplasm of interstitial Leydig 
endocrinocytes and the absence of cristae in the mitochondria, 
the nuclei of such cells again acquired a clear rounded shape 
and were evenly filled with diffuse euchromatin, which can be 
considered a sign of the restoration of their functional activity 
(Figure 6).

Figure 6. Ultrastructure of the testicle of a rat fourteen days after 
the sudden withdrawal of prednisolone after its previous long-
term administration in large doses. x 12,000. Interstitial Leydig 
endocrinocyte nucleus – 1, mitochondria with destroyed cristae – 2.

As for the cells of the spermatogenic epithelium, they were 
in different morpho-functional states and at different stages of 
maturation. In particular, as regards spermatocytes, the nuclei 
of some of them had a typical spindle-like shape, while others, 
on the contrary, were deformed and increased in size. In some 
cases, the formation of tails could be observed. In the cytoplasm, 
it was sometimes possible to observe an increase in the number 
of organelles, in particular, mitochondria with clear contours of 
cristae, as well as various inclusions. Covers formed around the 
cores. However, a significant part of spermatocytes still retained 
signs of immaturity (Figure 7).

On the side of the hemomicrocirculatory channel, a pronounced 
narrowing of the lumen of capillaries was observed due to the 
thickening of the lateral parts of the cytoplasm of endotheliocytes 
and the increase in the size of their holes, which led to a decrease in 
the throughput of these micro vessels (Figure 8).

However, with an increase in the number of organelles in 
the cytoplasm, the endotheliocyte nuclei were pyknotically 
deformed with scalloped contours of the karyolemma, condensed 
heterochromatin in the form of lumps accumulated near the 
nuclear envelope, which can collectively indicate the functional 
stress of these cells. The number of pseudopodia decreased in 
the perinuclear zones of the cytoplasm. At the same time, the 
basal membranes were thickened.
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Figure 7. Ultrastructure of the testicle of a rat fourteen days after 
the sudden withdrawal of prednisolone after its previous long-term 
introduction in large doses. x 12,000. Spermatocyte nucleus - 1, 
organelles in spermatocyte cytoplasm - 2.

Figure 8. Ultrastructure of the testicle of a rat fourteen days after 
the sudden withdrawal of prednisolone after its previous long-
term introduction in large doses. x 12,000. Capillary lumen – 1, 
endotheliocyte cytoplasm with organelles – 2, endotheliocyte nucleus 
– 3, basement membrane – 4, Sertoli cell nucleus – 5.

Further observation showed that in the testicles of white 
laboratory rats in the period from 14 to 28 days after the 
sudden withdrawal of prednisolone after its previous long-term 
introduction in large doses, the regenerative processes grow 
quite intensively and progressively. Thus, on the 28th day of 
observation, during the ultrastructural study, a significant 
majority of interstitial Leydig endocrinocytes, supporting 
Sertoli cells, as well as all cells from the generation of the 
spermatogenic epithelium had a normal structure and were 
in a moderately active morpho functional state. Although, 
along with that, there were cells with one or another degree of 
dystrophic-degenerative changes. The structural organization 
of the capillaries was also without peculiarities, the lumen of 
which sometimes contained individual blood cells. However, 

sometimes there were capillaries with a narrowed lumen due 
to swelling and an increase in the size of the nuclei of the 
endotheliocytes of their walls.

Thus, according to the results of an ultrastructural study, it 
was established that the sudden withdrawal of prednisolone 
after its previous long-term introduction in high doses causes 
changes in the body that can be characterized as a state of "acute 
hypocorticism." At the same time, there is further development 
and progression of dystrophic-destructive processes that 
occurred during the previous long-term introduction of high 
doses of prednisolone [8,9]. Therefore, in the early period 
after the sudden withdrawal of prednisolone, the probability of 
infertility is even greater than with its long-term administration. 
The most pronounced such changes were observed up to the 
7th day after the withdrawal of the drug. Then their intensity 
decreased, and by the 14th day there were even signs of 
regenerative processes that gradually increased. Therefore, by 
the 28th day of the experiment, the ultrastructure of the cellular 
elements of the testicles was almost completely restored, which 
can be evidence of the high compensatory and regenerative 
ability of animals of this species, which must be taken into 
account when extrapolating the obtained results to humans.

All these processes took place against the background of 
remodeling of the hemomicrocirculatory channel. Initially, a 
decrease in the blood filling of the capillaries was noted while 
maintaining their expanded lumen, and then the narrowing of 
the latter due to the functional activation of endotheliocytes. 
Such microvascular reactions can also occur under conditions of 
hypocorticism as a result of sharp dehydration of the body from 
the loss of sodium and chloride ions with urine and a decrease 
in their absorption in the intestines. A decrease in the volume of 
circulating blood at the same time leads to a decrease in blood 
pressure [10]. To maintain central and systemic pressure, the 
body reacts accordingly with organ ascending vasoconstriction 
with a decrease in the capacity of organ blood vessels, including 
the testicles. That is, with the sudden withdrawal of prednisone 
in the bloodstream of the testicles, reverse processes occur to 
those observed during its long-term introduction [4,5].
Conclusion.

1. Sudden withdrawal of prednisolone after its previous 
long-term introduction in high doses leads initially to reverse 
vascular reactions, followed by the development of ascending 
vasoconstriction and a decrease in the permeability of the blood 
vessels of the testicles (up to 14 days after the withdrawal of 
prednisolone), which is accompanied by a decrease in the blood 
filling of capillaries, the progression of dystrophic-destructive 
changes in the cellular elements of the spermatogenic epithelium 
and can be the reason for the development of infertility.

2. Subsequently, there is a partial recovery of the morpho-
functional state of the parenchyma of the testicles and their 
blood vessels, which under such conditions can be evidence of 
the high compensatory and regenerative ability of animals of 
this species, although even on the 28th day after the withdrawal 
of prednisone, cells with one or another degree of destructive 
changes in intracellular organelles.
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РЕЗЮМЕ
У Л Ь Т Р А С Т Р У К Т У Р Н Ы Е 

ОСОБЕННОСТИ ПРЕСТРОЙКИ КЛЕТОК 

ГЕМАТОТЕСТИКУЛЯРНОГО БАРЬЕРА И 
СПЕРМАТОГЕННОГО ЭПИТЕЛИЯ ЯИЧЕК КРЫС 
ПРИ ПРИ ВНЕЗАПНОЙ ОТМЕНЕ ПРЕДНИЗОЛОНА 
ПОСЛЕ ЕГО ДЛИТЕЛЬНОГО ВВЕДЕНИЯ В 
ВЫСОКИХ ДОЗАХ

Герасимюк И.Е, Герман О.М, Илькив О.П.
ГУВЗ «Тернопольский государственный медицинский 

университет имени И.Я. Горбачевского МЗ Украины», 
Тернополь, Украина

При длительном применении гормональных препаратов 
по принципу «отрицательной обратной связи» угнетается 
выработка собственных гормонов эндокринными железами. 
При внезапной отмене, в частности глюкокортикоидов, 
происходят процессы, угрожающие развитием вторичной 
недостаточности надпочечников Морфологические 
изменения возникающие при этом в яичках могут быть 
причиной бесплодия. 

Цель исследования: установление особенностей 
перестройки клеточных элементов яичек белых крыс 
после отмены введения высоких доз преднизолона. 
Ультраструктурное исследование проведено на 60 крысах-
самцах. Установлено, что внезапная отмена преднизолона 
после его длительного введения в высоких дозах вызывает 
изменения в организме, которые можно охарактеризовать 
как состояние «острого гипокортицизма». При этом 
происходит дальнейшее прогрессирование дистрофически-
деструктивных процессов, возникших при предварительном 
длительном введении препарата. Наиболее выражено такие 
изменения наблюдались до 7 суток после отмены. Затем 
интенсивность их уменьшалась, а к 14-м суткам возникали 
признаки регенераторных процессов, которые постепенно 
нарастали. Поэтому к 28-м суткам эксперимента почти 
полностью восстанавливалась ультраструктура клеточных 
элементов яичек, что может быть свидетельством высокой 
компенсаторной и регенераторной способности животных 
данного вида, которые нужно учитывать при экстраполяции 
результатов на человека.

Ключевые слова: ультраструктура, яички, сперматогенез, 
гемокапилляры, преднизолон, гипокортицизм.
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