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REGULAMIN PRZYJMOWANIA I OGŁASZANIA PRAC 
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1.	�� Miesięcznik Wiadomości Lekarskie jest czasopismem Polskiego Towarzystwa 
Lekarskiego, ma charakter naukowo-edukacyjny. Zamieszczane są w nim prace 
oryginalne, kliniczne i doświadczalne oraz poglądowe w języku polskim lub an-
gielskim oraz innych językach (za zgodą redakcji).

2. 	� Publikacja pracy w Wiadomościach Lekarskich jest płatna. Od stycznia 2017 roku 
koszt opublikowania artykułu wynosi 1000 zł plus 23%VAT. Jeżeli pierwszym 
autorem pracy jest członek Rady Naukowej czasopisma lub zespołu recenzentów 
– za druk nie pracy nie pobieramy opłaty, jeśli zaś jest kolejnym współautorem 
– opłata wynosi 500 zł plus 23%VAT. Wydawca wystawia faktury. Opłatę należy 
uiścić po otrzymaniu pozytywnej recenzji, przed opublikowaniem pracy. Z opła-
ty za publikację zwolnieni są członkowie Polskiego Towarzystwa Lekarskiego 
z udokumentowaną opłatą za składki członkowskie za ostatnie 3 lata.

�3. 	� Prace zapisane w formacie DOC (z wyłączeniem rycin, które powinny stanowić 
osobne pliki) należy przesłać pocztą elektroniczną na adres redakcji: Agnieszka 
Rosa - amarosa@wp.pl. 

4.	� Objętość prac oryginalnych – łącznie z rycinami i piśmiennictwem – nie może 
przekraczać 21  600 znaków (12 stron maszynopisu), prac poglądowych – do 
36 000 znaków (20 stron). 

5.	� Strona tytułowa powinna zawierać:
	 – tytuł w języku angielskim i polskim,
	 – pełne imiona i nazwiska autorów,
	 – afiliację autorów,
6.	� Praca oryginalna powinna mieć następującą strukturę: wstęp, cel pracy, materiał 

i metody, wyniki, dyskusja i wnioski, które nie mogą być streszczeniem pracy. 
Przy zastosowaniu skrótów konieczne jest podanie pełnego brzmienia termi-
nu przy pierwszym użyciu. W pracach doświadczalnych, w których wykonano 
badania na ludziach lub zwierzętach, a także w badaniach klinicznych, należy 
umieścić informację o uzyskaniu zgody komisji etyki badań naukowych.

7.	� Streszczenia zarówno w języku polskim, jak i angielskim powinny zawierać 200-
250 słów. Streszczenia prac oryginalnych, klinicznych i doświadczalnych powin-
ny posiadać następującą strukturę: cel, materiał i metody, wyniki wnioski. Nie 
należy używać skrótów w tytule ani w streszczeniu.

8.	� Słowa kluczowe (3-6) należy podawać w języku angielskim  i polskim, zgodnie 
z katalogami MeSH (Medical Subject Headings Index Medicus http://www.nim.
nih.gov.mesh/MBrower.html). Słowa kluczowe nie mogą być powtórzeniem ty-
tułu pracy.

9.	� Materiał ilustracyjny - ryciny, wykresy, rysunki, fotografie, slajdy - powinien być 
opisany cyframi arabskimi i zapisany jako pliki JPG, TIFF lub EPS o rozdzielczości 
300 DPI (nie w plikach tekstowych). Ich opisy  należy przesłać w osobnym pliku. 
W tekście muszą znajdować się odniesienia do wszystkich rycin (w nawisach 
okrągłych). 

10. 	�Tabele – ich tytuły (nad tabelą) i  treść - powinny być zapisane w programie 
Microsoft Word, ponumerowane cyframi rzymskimi. Wszystkie stopki dotyczące 
tabeli powinny znajdować się poniżej tekstu tabeli. W tekście pracy należy umie-
ścić odniesienia do wszystkich tabel (w nawiasach okrągłych).

11.	� W  wykazie piśmiennictwa ułożonym według kolejności cytowania należy 
uwzględnić wyłącznie te prace, na które autor powołuje się w tekście. W pracach 
oryginalnych nie powinno być więcej niż 30 pozycji, a w poglądowych nie więcej 
niż 40 pozycji. Każda pozycja powinna zawierać: nazwiska wszystkich autorów, 
pierwsze litery imion, tytuł pracy, skrót tytułu czasopisma (wg Index Medicus), 
rok, numer, stronę początkową i końcową. Przy pozycjach książkowych należy 
podać: nazwisko autora (autorów), pierwszą literę imienia, tytuł rozdziału, 
tytuł książki, wydawnictwo, miejsce i  rok wydania. Dopuszcza się cytowanie 
stron internetowych z podaniem adresu URL i daty użycia artykułu oraz o ile to 
możliwe nazwisk autorów. Każda pozycja piśmiennictwa powinna mieć odwo-

łanie w tekście pracy umieszczone w nawiasie kwadratowym, np. [1], [3−6].  
Pozycje zapisuje się w sposób zaprezentowany w Załączniku nr 1 do niniejszego 
regulaminu. 

12.	� Po piśmiennictwie należy podać adres do korespondencji, nazwisko i imię pierw-
szego autora, adres, numer telefonu oraz adres e-mail.

13.	� Do pracy należy dołączyć oświadczenie podpisane przez wszystkich autorów 
określające udział poszczególnych autorów w przygotowaniu pracy (np. koncep-
cja i projekt pracy, zbieranie danych i  ich analiza, odpowiedzialność za analizę 
statystyczną, napisanie artykułu, krytyczna recenzja itd.), a także oświadczenie, 
że biorą oni odpowiedzialność za treść. Ponadto należy zaznaczyć, że praca nie 
była publikowana ani zgłaszana do druku w innym czasopiśmie.

14.	� Jednocześnie autorzy powinni podać do wiadomości wszelkie inne informacje 
mogące wskazywać na istnienie konfliktu interesów, takie jak:

	 – �zależności finansowe (zatrudnienie, płatna ekspertyza, doradztwo, posiadanie 
akcji, honoraria),

	 – zależności osobiste, 
	 – �współzawodnictwo akademickie i inne mogące mieć wpływ na stronę mery-

toryczną pracy,
	 – �sponsorowanie całości lub części badań na etapie projektowania, zbierania, 

analizy i interpretacji danych  lub pisanie raportu.
	� Konflikt interesów ma miejsce wtedy, gdy przynajmniej jeden z autorów ma po-

wiązania lub zależności finansowe z przemysłem bezpośrednie lub za pośrednic-
twem najbliższej rodziny. Jeśli praca dotyczy badań nad produktami częściowo 
lub całkowicie sponsorowanymi przez firmy, autorzy mają obowiązek ujawnić 
ten fakt w załączonym oświadczeniu.

15.	� Każda praca podlega weryfikacji w systemie antyplagiatowym (zapora  
ghostwriting).

16.	� Redakcja przestrzega zasad zawartych w Deklaracji Helsińskiej, a także w Inter-
disciplinary and Guidlines for the Use of Animals In Research, Testing and Educa-
tion, wydanych przez New York Academy nof Sciencees’ Adhoc Resarch. Wszyst-
kie prace odnoszące się do zwierząt lub ludzi muszą być zgodne z zasadami etyki 
określanymi przez Komisję Etyczną.

17.	� Czasopismo recenzowane jest  w trybie podwójnej, ślepej recenzji. Nadesłane 
prace są oceniane przez dwóch niezależnych recenzentów, a następnie kwalifi-
kowane do druku przez Redaktora Naczelnego. Recenzje mają charakter anoni-
mowy. Krytyczne recenzje autorzy otrzymują wraz z prośbą o poprawienie pracy 
lub z decyzją o niezakwalifikowaniu jej do druku. Procedura recenzowania arty-
kułów jest zgodna z zaleceniami Ministerstwa Nauki i Szkolnictwa Wyższego za-
wartymi w opracowaniu „Dobre praktyki w procedurach recenzyjnych w nauce” 
(Warszawa 2011) i szczegółowo została opisana na stronie http://www.nauka.
gov.pl/g2/oryginal/2014_02/307f933b1a75d6705a4406d5452d6dbf.pdf

18.	� Redakcja zastrzega sobie prawo redagowania nadesłanych tekstów (dokony-
wania skrótów i poprawek). Prace są wysyłane do akceptacji autorów. Poprawki 
autorskie należy przesłać w terminie 3 dni od daty wysłania wiadomości e-mail 
(pocztą elektroniczną). Brak odpowiedzi w podanym terminie jest równoznacz-
ny z akceptacją przez autora nadesłanego materiału. 

19.	� Przyjęcie pracy do druku oznacza przejęcie praw autorskich przez Redakcję Wia-
domości Lekarskich. 

20.	� Autorzy otrzymują nieodpłatnie plik PDF wydania, w którym znajduje się ich 
praca, a na życzenie - egzemplarz drukowany. Plik elektroniczny przeznaczony 
jest do indywidualnego użytku autora, bez prawa do rozpowszechniania bez 
zgody redakcji.

21.	� Prace przygotowane niezgodnie z regulaminem zostaną zwrócone autorom do 
poprawienia. 

22.	� Redakcja nie odpowiada za treść zamieszczanych reklam.
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INTRODUCTION
The concept of the parathyroid glands` structure has been 
formed during hundreds of years due to the development 
of microscopic technique and biological sciences [1]. Mod-
ern technologies have helped to obtain information about 
the ultramicroscopic structure of the parathyroid glands 
and their numerous compounds at different levels of the 
organization [2]. However, there are plenty of questions, 
the answers to which have not yet been found.

Parathyroid glands are aimed at sustaining one of the 
main components of the normal functioning of the body 
- calcium [3].The interaction of the nervous, immune and 
endocrine systems plays an essential role in the homeo-
stasis maintaining [4].On the one hand, hormones affect 
the immune reaction rate; on the other hand, the activity 
of immunocompetent cells depends on the endocrine 
status of the organism [5].This is a reason to assume that 

the disturbance of one of the components of this complex 
status can lead to the imbalance of others. Moreover, the 
interaction between the immune system and bony tissue 
is beyond the doubt [6]. However, the morphogenetic in-
fluence of the immune system on the parathyroid glands 
has not been extensively studied yet. Therefore, in the case 
of treatment of patients with bone and joint pathology 
by immunotropic medications the effect of this group of 
drugs on the condition of the parathyroid glands must be 
taken into account. 

Recent studies show that different types of immunotropic 
medicines have a significant role in the reducing endocrine 
diseases’ risk factors. The parathyroid glands have a pro-
nounced ability to rebuilding of their structure under the 
influence of various endogenous and exogenous factors 

[7,8]. However, the authors mostly focus on immunolog-
ical and immunohistochemical studies of the parathyroid 

ULTRAMICROSCOPIC CHANGES OF RATS PARATHYROID 
GLANDS AND THYMUS AFTER SINGLE ADMINISTRATION 
OF CYCLOPHOSPHAMIDE AT THE DIFFERENT PERIODS 
OF OBSERVATION

ULTRAMIKROSKOPOWE ZMIANY W PRZYTARCZYCACH 
I GRASICY U SZCZURÓW PO POJEDYNCZYM PODANIU 
CYKLOFOSFAMIDU W RÓŻNYCH OKRESACH OBSERWACJI

Victoria Erokhina1, Olga Avilova2

1DEPARTMENT OF HISTOLOGY, CYTOLOGY AND EMBRYOLOGY, KHARKIV NATIONAL MEDICAL UNIVERSITY, KHARKIV, UKRAINE
2DEPARTMENT OF HUMAN ANATOMY, KHARKIV NATIONAL MEDICAL UNIVERSITY, KHARKIV, UKRAINE

ABSTRACT
Introduction: Cyclophosphamide has wide spectrum usage as first-line drug in cancer chemotherapy that is why a detailed study of its effect on individual cell populations is 
of great interest for science and practice. The interaction of the nervous, immune and endocrine systems plays essential role in the homeostasis maintaining. 
The aim: This study aimed to investigate the ultramicroscopic changes that occur in the parathyroid glands and thymus of male rats after cyclophosphamide administration. 	
Materials and methods: Twenty-four WAG matured male rats were divided randomly into two groups. The first group served as control and was provided 0.9% soluble sodium 
chloride. The second group received cyclophosphamide in a dosage 200 mg/kg of body weight of animal by intramuscular single injection. All animals were sacrificed on the 7th 

and 30th day after injection. Parathyroid gland and thymus specimens were dissected out and processed for electron microscopy. 
Results: The results showed that cyclophosphamide exposure caused marked ultramicroscopic changes in rats parathyroid glands and thymus. On the 7th day after immunosuppression, 
the nuclei of parathyrocytes have deep wavy invaginations, amount of the organelles that participate in the protein synthesis is reduced to a minimum in the cytoplasm of the 
chief cells. Characteristic feature is the appearance of numerous plasma cells and active macrophages in thymus. There is a tendency to normalization of the parathyroid structure 
on the 30th day after  administration of cyclophosphamide and reduction of mitotic activity of lymphocytes in thymus, which points to the development of  involution process. 	
Conclusions: This data can be successfully extrapolated from experimental animals to humans.

	� KEY WORDS: Immunosuppression, Parathyroid glands, Thymus, Ultrastructure, Cyclophosphamide 
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glands while the morphological aspects remain practically 
unexplored [9].

The thymus is a primary lymphoid organ that provides 
the microenvironment required for the development of 
T-lymphocytes. Many investigators have reported that 
thymus actively respond to a huge variety of exogenic 
and endogenic factors [10-12]. Therefore, one of the most 
promising directions in the problem solving of maintaining 
homeostasis is the study of the immune system due to the 
influence of immunotropic medications [13-14]. In the last 
few decades, chemotherapeutic drugs are widely used in 
healthcare settings as well as in the treatment community 
of cancers and other diseases. Unfortunately, acute and 
chronic dosing of chemotherapeutic agents is associated 
with numerous side effects. Cyclophosphamide has wide 
application as first-line drugs in cancer chemotherapy for 
various tumors that is why a detailed study of the drug’s 
effect on individual cell populations and the timing of their 
recovery under various administration schemes is of vast 
interest for science and practice [15].

Proceeding from all above-mentioned electron micro-
scopic study of the immune and endocrine system organs’ 
structural features is essential for the development of new 
approaches for effective immunocorrection of the immune 
and endocrine systems [16-17].

THE AIM
This research aimed to investigate the ultramicroscopic 
changes that occur in the parathyroid glands and thymus 
of male rats after cyclophosphamide administration.

MATERIALS AND METHODS

ANIMALS
The following experimental work was conducted on 
24 WAG matured male rats with initial body weight 180-
200 g. White rats were used in the experiment because the 
structure of their organs of the immune and endocrine sys-
tems is not fundamentally different from those of humans. 
Keeping and manipulation of animals were carried out in 
compliance with national and world norms of bioethics [18, 
19]. Experimental protocols were approved by the ethical 
committee of the Faculty of Medicine, Kharkiv National 
Medical University. 

EXPERIMENTAL DESIGN
Rodents were randomly divided into two groups. The first 
group served as a control and was provided 0.9% soluble 
sodium chloride. The second group of animals received 
cyclophosphamide in a dosage 200 mg/kg of body weight 
of animal by intramuscular single injection. Rats used in 
the study were culled by cervical dislocation of the neck and 
tissue samples were collected on the 7th and 30th day after the 
injection. The parathyroid glands were extracted according 
to the original method, which has been described in detail 

in the patent[20]. The thymus was dissected with adjacent 
adipose and connective tissue in order to save its structure 
for further investigation.

ELECTRON MICROSCOPY 
Materials for electron microscopy studies were further 
immersed in Karnovsky’s fixative, postfixed in 1% osmium 
tetraoxide for 1hour, dehydrated in an increasing ethanol 
series, infiltrated and embedded in EponAraldide resin. 
Ultrathin sections were cut with UMTP-4 ultramicrotome. 
The ultrathin sections were mounted on copper grids, dou-
ble-stained with uranyl acetate and lead citrate and observed 
in EM-125 transmission electron microscope (TEM).

RESULTS 
The parenchyma of the parathyroid glands of the control 
group of animals is represented mainly by chief cells, which 
contain numerous membrane-limited secretory granules 
as well as usual cytoplasmic organelles. Chief cells play 
an essential role in calcium homeostasis by releasing the 
appropriate amount of parathyroid hormone to maintain 
normal blood calcium levels. Chief parathyrocytes are 
organized as cords or clusters of cells supported by a loose 
connective tissue in which capillaries are embedded. 
Membrane interdigitations are well developed and form 
extensive complexes. Desmosomes also occur, but less 
frequently than interdigitation. In addition, the chief cells 
are classified into light cells and dark cells showing differ-
ent functional phases of a single cell type. It is presumed 
that individual cells undergo periods of active secretion 
followed by periods of physiologic rest.

The cytoplasm of active chief cells in the parathyroid 
glands of the control group animals is finely granular and 
contains an abundant narrow rough endoplasmic reticu-
lum, numerous dictyosomes of Golgi apparatus and occa-
sional granules of glycogen, numerous secretory granules, 
and rare cilia. The nuclei are oval or spherical with occa-
sional shallow invaginations. Inactive chief cells contain 
rare cisternas of rough endoplasmic reticulum and small 
Golgi apparatus, few secretory granules, and abundant 
glycogen. Lipid inclusions are membrane-limited and they 
are also prominent in many of inactive chief cells (Fig. 1).

The oxyphilic parathyrocytes derived from chief cells as 
aging or some metabolic derangements. They are observed 
either singly or in small groups between chief cells. Elec-
tron microscopy of the control series rats has shown that 
oxyphils are found in less number. The size of oxyphils is 
larger than size of chief cells. The cytoplasm of oxyphils is 
filled with numerous rod-shaped mitochondria. Organelles 
involved in protein synthesis are reduced to a minimum. 
Glycogen and lipid droplets are found in almost all cells, 
in some, there are single secretory granules.

On the 7th day after immunosuppression, most of parathy-
rocytes have irregular shape, clear boundaries and well-de-
fined intercellular contacts. Active chief cells are fewer than 
in rats of the control group. Some cells shrink and contain 
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signs of apoptosis. The nuclei of chief parathyrocytes are 
shifted to the periphery. They are irregular in shape and 
contain deep wavy invaginations, chromatin condenses. 
The electronic density of the nuclei increases in comparison 
with the control group of rats. The chromatin is located in 
the form of clumps on the periphery of the nucleus.

The cytoplasm of the chief cells contains poorly devel-
oped organelles and infrequent secretory granules. The 
Golgi apparatus is small and relatively inconspicuous. 
There are numerous lipid droplets and lysosomes. The 
number of mitochondria increases; they have a bean-
shaped or oblong form with deep transverse cristae and an 
increased electronic density of their matrix. The capillaries 
are distended, slightly curved, and narrowed along the 
whole length. Additionally, some capillaries are marked 
with erythrocyte aggregations (Fig. 2).

Lastly, the oxyphills increase dramatically in number on 
the 7th day after immunosuppression. General structure 
of the oxyphills has no significant changes in comparison 
with control rats. 

On the 30th day after the administration of cyclophospha-
mide to rats, the morphological pattern of the parathyroid 
glands at the ultramicroscopic level of the organization is 
different. At the same time, there is a tendency to normal-
ization of the shape of cells and their nuclei. In the field of 
vision there are single dark cells. Some parathyrocytes have 
electronically dense nuclei with invaginations. The number 
of secretory granules in the cytoplasm is visually reduced in 
comparison with control animals. Lipid droplets of various 
electron densities are located on the periphery of parathy-
rocytes. There are single blood capillaries with a smaller 
diameter than in the slides of the control animals (Fig. 3). 

The cellular composition of the cortex of the intact ma-
tured rats’ thymus is represented by two main populations 
- lymphocytes and REC (reticuloepithelial cells). Lympho-
cytes of the control group animals’ thymus have a regular 

rounded or slightly elongated shape with a smooth outer 
surface and characterized by high nuclear-cytoplasmic ra-
tio. Small lymphocytes predominated in the inner layer of 
the thymus cortex. Their large, rounded nuclei are localized 
somewhat eccentrically, sometimes are invaginated, and 
have compact chromatin. The narrow electron-enlightened 
cytoplasm contains single spherical mitochondria and 
many free ribosomes. 

Well-developed agranular endoplasmic reticulum is rep-
resented mainly by tubules and cisterns. The elements of 
the smooth endoplasmic reticulum are connected with the 
cisterns of the granular endoplasmic reticulum and the cell 
membrane. The mitochondrial matrix of lymphocytes is 
characterized by a significant electron-optical density. The 
lysosomal apparatus is represented by primary lysosomes, 
secondary lysosomes, and residual bodies. 

The medium-sized lymphocytes were detected, the nuclei 
of some of them had 2 nucleoli. In the subcapsular zone of 
the thymus, lymphoblasts, the precursors of T lymphocytes, 
were detected. In subcapsular and, less, in the cortical 
zones are located mitotically dividing cells, a characteristic 
feature of which is the presence of dilated tubules of the 
endoplasmic reticulum near the plasmalemma (Fig. 4).

Within 7 days after the administration of cyclophos-
phamide, the ultrastructure of lymphocytes has a typical 
structure: chromatin in the form of lumps located along 
the periphery of the nucleus, a thin cytoplasm contains 
ribosomes and polysomes, sometimes there occur mito-
chondria.

Along with this, a large number of dark lymphocytes ap-
pear, representing a special pool of cells. They have smaller 
dimensions, vague boundaries, an electronically dense 
nucleus with condensed chromatin, a narrow cytoplasm 
rim around it with practically indistinguishable organelles. 

Characteristic feature of the ultramicroscopic structure of 
the thymus after the application of cyclophosphamide is nu-

Fig. 1. Parathyroid gland of the control rat (7th day). TEM.  
Magnification x8000.
CP – chief parathyrocyte, N – nucleus, NU- nucleolus, I – interdigitation,  
G – secretory granules. 

Fig. 2. Parathyroid gland of the experimental rat (7th day). TEM.  
Magnification x8000. 
DP – dark parathyrocyte, A – signs of apoptosis, NU- nucleolus,  
M – mitochondria.



ULTRAMICROSCOPIC CHANGES OF RATS PARATHYROID GLANDS AND THYMUS AFTER SINGLE ADMINISTRATION...

365

merous plasma cells, apparently migrating to the parenchyma 
of the organ from perivascular spaces. They have a rounded 
shape, large size, smooth contours. Nucleus of various sizes, 
irregular shape, invaginated, often located eccentrically, 
electronically dense, contain condensed chromatin. The cyto-
plasm is filled with dilated tubules of a granular endoplasmic 
reticulum with electronically dense contents. Only a light 
perinuclear region, poor in organelles, is preserved. Some-
times rounded mitochondria with destroyed cristae occur.

Many active macrophages are noted, as can be seen from 
the presence of secondary lysosomes and residual bodies 
in their cytoplasm. This picture is similar to electron 
microscopic changes in the structure of the thymus in 
involution, which indicates its active response to the use 
of an immunosuppressant (Fig. 5).

30 days after the administration of cyclophosphamide, 
the general features of the ultramicroscopic structure of the 
thymus are similar to those of the control group of animals. 
The presence of a large number of plasmа cells is observed, 
the distinctive feature of which is the presence of dilated 
and deformed tubules of the granular endoplasmic retic-
ulum filled with electron-dense contents, which indicates 
a disturbance of the metabolism of immunoglobulins with 
a shift towards intracellular accumulation. Distinctively 
seen their clock-face chromatin pattern where small dots 
symmetrically rim the nuclear membrane according to 
numbers on a clock.

Within eyeshot, the number of large macrophages increases, 
a large round or oval nucleus with a predominance of decon-
densed chromatin, numerous mitochondria, and lysosomes in 

Fig. 3. Parathyroid gland of the experimental rat (30th day). TEM.  
Magnification x8000. 
CP – chief parathyrocyte, N- nucleus, G – secretory granules,  
BC –blood capillary. 

Fig. 4. Thymus cortex of the control rat (7th day). TEM.  
Magnification x8000.
L- lymphocyte, Lb – lymphoblast, N – nucleus of the lymphocyte,  
Ch – chromatin, Cp – cytoplasm.

Fig. 5. Thymus cortex of the experimental rat (7th day). TEM.  
Magnification x8000. 
L – lymphocyte, DR – dark lymphocyte, Pl – plasma cell, N- nucleus,  
Cp – cytoplasm.

Fig. 6. Thymus cortex of the experimental rat (30th day). TEM.  
Magnification x8000.
 L – lymphocyte, M – macrophage, lz – lyzosomes, N- nucleus,  
Cp – cytoplasm.
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the cytoplasm. Sometimes appear eosinophils and neutrophils of 
a typical structure. There is an increase in the number of connec-
tive tissue elements of the thymus stroma, in particular, collagen 
fibers, in comparison with the control group of animals (Fig. 6).

DISCUSSION
The principal change in the parathyroid glands of exper-
imental rats compared to control animals of a similar age 
is the transformation of the population of active chief cells 
into inactive cells in less active stage of their secretory 
cycle. Ralph Y.C. reported that after the administration of 
methotrexatum active chief cells are fewer than in rats of 
the control group [21]. Moreover, cells were characterized 
by an electron-transparent cytoplasm which contained few 
organelles and secretory granules. A similar condition was 
reported by Toneto M. G. et al. [22]

Fournier  C. et al. suggested that administration of high 
doses of cyclophosphamide is based on its ability to inhibit 
the proliferation of any metabolically active cells [15]. This 
allows us to explain the tendency to a decrease in all the 
organelles that are involved in protein synthesis. Kafetzis 
I. D. observed that the initial response (within 24 hours) to 
parathyroid suppression caused by heavy metals in rabbits 
was depletion of secretory granules, however, chronically 
stimulated chief cells had similar numbers of granules to 
cells in control rabbits [1].

Ge Q. and Zhao Y. were the first who discover that the 
administration of immunosuppressive drugs could lead to 
transformation of the nuclei and formation of the numer-
ous invaginations of the nuclear envelope [21]. 

Avilova et. al. investigated the impact of xenobiotics on 
the thymus ultramicroscopic structure and revealed similar 
immunosuppressive effect as during administration of cy-
clophosphamide. Was observed thymocyte loss with more 
active process of involution due to activation of apoptosis 
and appearance of degenerative changes [10].

In research of  Elmore S. [11] thymus has been shown to 
be a sensitive target organ following exposure to immuno-
toxicants and endogenous corticosteroids, and a decrease 
in size or weight is often one of the first noted measures 
of compound-induced effects with cortical lymphocytes 
being especially susceptible. Therefore, changes in thymus 
histopathology and architecture are considered to be of 
particular relevance for immunotoxicity screening.

CONCLUSIONS
1. �The results showed that cyclophosphamide exposure 

caused marked ultramicroscopic changes in the rats’ 
parathyroid glands and thymus. On the 7th day after 
the administration of cyclophosphamide parenchyma of 
the parathyroid glands consists of mainly inactive chief 
cells. The nuclei of the parathyrocytes are shifted to the 
periphery and have deep wavy invaginations. Amount of 
the organelles that participate in the protein synthesis is 
reduced to a minimum. The outcome of thymus investi-
gation allows to trace clearly the propensity to accidental 

involution development: there is a large number of dark 
lymphocytes, plasmocytes, macrophages.

2. �There is a tendency to normalization of the shape of 
parathyrocytes and their nuclei on the 30th day after 
the administration of cyclophosphamide to rats. In the 
field of vision, there are active dark chief cells, which 
may indicate the resumption of active synthesis of the 
parathormone. Reduction of lymphocytes mitotic activ-
ity, the presence of a large number of plasmocytes and 
macrophages with a characteristic structure, prolifera-
tion of connective tissue indicates the development of 
involutive processes in the thymus.

3. �Investigating dynamic ultrastructural changes of para-
thyroid gland and thymus indicating intensive reactions 
of this organs to exogenous effects, cause huge interest 
in further study of their structure in immunostimula-
tion, the results of which will be reflected in our future 
publications.

4. �The results of a comprehensive evaluation of the morpho-
logical structure of rats’ parathyroid glands and thymus 
at the ultramicroscopic level complement and extend the 
theoretical understanding of the interaction between 
endocrine and immune system. Revealed changes may 
be related to the generality of embryonic development 
of the parathyroid gland and thymus.
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