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The development of the pathology of indivi-
dual organs and systems undoubtedly depends
on adverse environmental factors. Particular
attention of researchers attracts heavy met-
al salts [1-3]. In some northern regions of
Ukraine, an increase in the salts of zinc, chro-
mium, lead, manganese, copper and iron, are
found in various combinations depending on
the region and have an adverse effect on the
health of the population [4, 5]. The endocrine
system together with the nervous and immune
receives a direct active participation in regula-
ting the homeostasis of the organism [6-—8]. It
is known from literary sources that the hor-
mones of the intermediate part of the pituitary
gland are one of the key places in regulating

and maintaining the basic functions of the or-
ganism [7]. Glandular cells of this part of the
pituitary gland, in addition to MSG and LTG,
may also produce some amount of ACTHs or
AKTG-like substances. [6, 9—12]. Information
on morphfunctional rearranging the structural
components of the intermediate part of the pi-
tuitary gland in rats under conditions of pro-
longed exposure to unfavorable environmental
factors is isolated.

Thus, influence of different types of stress
on the intermediate lobe of the pituitary gland
(nitrates and methylene blue, mobilization,
cold, emotional and acoustic) [1, 9, 10, 12-16,
19] has been studied. However, the question of
the influence on the intermediate part of the pi-

* The work is carried out in accordance with the scientific research plan of the Medical Institute of Sumy State
University and is part of the planned scientific theme of epy Pathological Anatomy Department «Morphogenesis
of General Pathological Processes» (State Registration Ne 013U003315) and «Patterns of Age and Constitutional
Morphological Transformations under the Conditions of the Effect of Endo- and Exogenous Factors and the ways of
their correction» (State Registration Noe 0113U001347).

The research funding institution is the MH of Ukraine.

The authors assume responsibility for the published work.

The authors guarantee absence of competing interests and their own financial interest when carrying out the re-
search and writing the article.

The manuscript was received by the editorial staff 15.01.2019.

98 IIpobremu endoxpurnoi namosoeii Ne2, 2019



Erxcnepumenmastvri 0ocaiodiceH s

tuitary gland of the combination of heavy metal
salts, morphological and immune histochemi-
cal alterations of the organ’s structural compo-
nents remains relevant, insufficiently studied
and requires further research.

The purpose of the study was to study the
morphofunctional rearranging the structural
components of the intermediate part of the pi-
tuitary gland in mature rats under conditions
of long-term influence of heavy metal salts.

MATERIALS AND METHODS

The experiment was conducted on 12 white
female rats weighing 250—300 g, 7—8 months,
which were divided into 2 groups (control and
experimental) according to the estral cycle.
Animals of the experimental group used ordi-
nary drinking water, saturated with a combi-
nation of salts of heavy metals for 60 days: zinc
(ZnSO, - TH,0) — 5 mg / 1, copper (CuSO, *
5H,0) — 1 mg / 1, iron (FeSO,) — 10 mg /
1, manganese (MnSO, + 5H,0) — 0.1 mg / 1,
lead (Pb (NO,) 2) — 0.1 mg /1 and chromi-
um (K,Cr,0,) — 0.1 mg / liter. Experimental
animals were withdrawn from the experi-
ment after the previous thiopental anesthesia
(at a rate of 30—40 mg / 10 g of body weight)
on the 60th day of experiment, in accordance
with national standards in bioethics. The histo-
logical peculiarities of the pituitary gland were
studied using serial-stepped sections, stained
with hematoxylin-eosin. Functional activity of
the structural components of the intermedi-
ate lobe of the pituitary gland was assessed
according to the following indices: the change

in the number of melanotropic and lipotropic
cells in preparations, the change in the number
of secretory granules in different types of cells,
the state of the nuclear apparatus of cells, the
state of the vascular bed, immune histochemi-
cal and biochemical indicators. Rabbit mono-
clonal antibodies (clone SP6 for the determina-
tion of KI-67, USA) were used for the immune
histochemical reaction. The evaluation of KI-67
proliferation marker expression was performed
according to [17]. The functional state of the
pituitary was evaluated by determining the ad-
renocorticotropic hormone ACTH (pg/ml) in the
serum of peripheral blood of experimental ani-
mals (by the ELISA method). A set of reagents
from the Siemens series 252 and 255 was used
on the Immulite 1000 Siemens Healtheare
Global Immune Chemiluminescent Analyzer.
Statistical data processing was carried out in
the «Statistic 8.0» program package, using the
Student-Fisher test. Significant differences
were considered for p < 0.05.

RESULTS AND THEIR DISCUSSION

The study of the structural organization
and histological formation of the intermedi-
ate pituitary gland of intact rats showed that
the results of their own observations coincide
with the data of a number of authors [1, 2, 9,
10]. After 60 days of exposure to the complex
of heavy metal salts in the intermediate lobe
of the pituitary, dystrophic-destructive rear-
rangements of the basic structural components
of the organ were observed. The hysterectomy
of the parenchyma was broken by the particle
of the gland, which nevertheless retained the
trabecular type of structure. At the same time,
there was a pronounced thickening and edema
of the stromal component of the gland, presum-
ably due to the growth of perivascular con-
nective tissue in the inter trabecular spaces.
(Fig. 1). We found that salts of heavy metals
cause noticeable hyper fluidity, hyperemia of

Fig. 1. Intermediate fraction of adenohypophysis
and neuro hypophysis in rat-females
of 60-day trial period.

1 — violation of the histo-architecture of cells;
2 — thickening and swelling of the stromal
component of the gland;

3 — neuro hypophysis.

Painting: hematoxylin and eosin. X 400.
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Table

Results of determining the ACTH hormone in blood serum
of experimental and control animals (M £ m), n =6

Indicator

Investigated animal groups

The content of hormones
in serum of blood

Control animals

Experimental animals

ACTH (pg/ml)

52,6 + 0,13

281,5 + 8,2%%*

Note:

the difference between control and experiment *** p < 0,001.

vessels adjacent to the intermediate part from
the side of the neuro hypophysis. The vascular
wall undergoes noticeable alterations. The ves-
sels were filled with a homogeneous red blood
cell mass of bright red color. The boundaries
of the blood cells are not clearly contiguous.
However, no violations of the rheological prop-
erties of blood on these terms of the experi-
ment were observed. Endothelium of capillaries
undergoes structural alterations: most of the
endothelial cells were swollen; their nuclei were
hyper chromic, condensed.

Some of the cores were somewhat reduced
in size and appeared in the gaps of the capil-
laries (Fig. 2). In the parenchyma itself, the
intermediate lobe of the pituitary vessel was
not visualized. Only in one of the vision fields,
fragments of the wall of the hemo capillary
was revealed, the lumen of which was empty,
which is undoubtedly caused by the features of
blood supply to this part of the pituitary gland
(Fig. 2). After all, according to literary sources

Fig. 2. Intermediate part of the pituitary gland
in the rat-female of 60-day trial period:
1 — full blood pressure, hyperemia
of the vessels of the neurohypophysis;
2 — edema of endothelial cells,
hyper chromatosis and nucleus edema;
3 — neurohypophysis.
Painting: hematoxylin and eosin. X 400.

[18], the intermediate part of the adenohypoph-
ysis does not have a well-organized blood sup-
ply. According to the data there is not a lot of
literature [19], the intermediate part of the ad-
enohypophysis has a vascular system common
to the neurohypophysis, as well as a neuro se-
cretory «innervation», since it is infiltrated by
the nerve fibers originating from the neurohy-
pophysis and containing the neuro secret. Nerve
fibers make synapse contacts with epithelial cells.
Cholinergic and amino genic fibers have an in-
hibitory effect on the secretion of the interme-
diate part cells of the adeno hypophysis [15].
Investigating the state of the endocrinocytes
of the intermediate part of the adenohypophy-
sis in experimental animals, we found that the
cells and their nuclei are oval and relatively
small. The nuclei were centrally located and did
not have invaginations with nuclear membrane.

The nuclear-cytoplasmic ratio was 1 : 1.6.
Chromatin nuclei of the cells was clarified, fine-
structure, condensed, and located marginally.
A small portion of the nuclei had a well-con-
toured nucleolus. The other part of the cells nu-
clei was hyper chromic, with a tendency to pyc-
nosis changes. In different fields of vision, the
number of cells with hyper chromic cytoplasm
(lipotropic cells) was significantly increased in
comparison with the control and the number
of light cells (melanotropic). At the same time,
the number of melanotropic cells significantly
increased in comparison with the control by
8.4% and amounted to 29.5 + 0.33 (p < 0.01,
t = 4.2243282), whereas the number of lipo-
tropic cells increased in comparison with the
control at 10.1% and amounted to 66.17 + 2.04
(p < 0.05, t = 2.945873). The level of ACTH,
one of the types of melanocortins, in blood se-
rum was increased by 5.4 times (p < 0.001,
t =27.91113) (Table).
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Fig. 3. The peripheral portion
of the intermediate lobe of the pituitary gland
in a female rat of 60 days of experience.
1 — Expression of Ki-67 (++) from 35 to 40 %.
x 400.

According to the results of an immune his-
tochemical study of the tissue of the intermedi-
ate pituitary gland marker of cell proliferative
activity (Ki-67), we found that on the 60th day
of the experiment, the marker KI-67 was local-
ized in single nuclei and basophilic cells with
a marked increase in reactivity on the border
between the intermediate part of the adeno-
hypophysis and the neurohypophysis. (Fig.3).
This indicates the localization of the prolifera-
tive processes precisely in the peripheral region
of the intermediate particle (35—40%, moder-
ate proliferative activity) in conjunction with
the virtually irregularity of the cells in the cen-
tral part of the parenchyma gland (0-7%, low
proliferative activity). The intensity of the col-
oration of the cells was evaluated as moderate
(++), and the cytoplasm is low.

Morph functional alterations in the gland
under conditions of influence of salts of heavy
metals had a non-specific polymorphic charac-

ter and were characterized by the development
in the structural components of the intermedi-
ate part of the pituitary gland of the adaptive-
compensatory processes with signs of increased
functional activity. According to the literature
[18, 20], morph functional perturbations are
characteristic of increased resistance stage of
the general adaptive syndrome.

Conclusions The long-term admission of
heavy metal salts to the organism of mature
female rats leads to morphological transform-
ing all structural components of the interme-
diate part of the pituitary gland. Significant
thickening and edema of the inter trabecular
connective tissue septum, depletion of capil-
laries and morphological rearranging part of
the troposites, mainly their nuclear apparatus
(condensation of chromatin and its marginal
location, initial stages of necrobiotic changes),
is manifested. However, a small part of the cell
nuclei have well-contoured nucleoli, indicating
the activation of protein synthesis in cells. This
is firmly confirmed by the results of morpho-
metric and biochemical methods of studying
experimental animals, which is manifested in
the increasing the number of basophilic cells
and the level of ACTH, one of the types of mela-
nocortins. The level of the K67 test is slightly
elevated predominantly in the tropic cysts of
the peripheral regions of the intermediate por-
tion of the gland and is practically absent in
the central regions.

Prospects for further research are ba-
sed on conducting a wider spectrum of mor-
phological and immune histochemical studies
of the intermediate fraction of adenohypophysis
in rats under conditions of prolonged exposure
to the body of a combination of heavy metal
salts.
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OOBIrOTPUBAJINN BMJINB KOMMJIEKCY COJIEN BAXKUX METAJIIB
HA MOP®O®YHKLUIOHAJIbHI NEPEBYAOBU CTPYKTYPHUX KOMMOHEHTIB
MPOMPKHOI HACTKU TINO®I3A CTATEBO3PUIMX WYPIB-CAMULLb

Pomaniok A. M., 'puanosa H. B., Kapneuxo JI. L.,
Kinreunxo JI. I., Yeraucekuii O. O., lynaesa M. M.

Cymcvruil deparcasnutl ynigepcumem, meouunuil incmumym, m. Cymu, Yepaina
pathomorph@gmail.com

PosBuTok marosiorii okpeMux OpraHiB Ta cHCTeM 0e3IepevyHO 3aJIeKUTh BlJI HECIIPUATINBUX (PAKTOPIB
HaBKOJIMIITHBOTO cepenoBuina. Jlncbamanc piBHSI BAKKUX MeTaJ1B HETaTUBHO BIIJIMBAE HA 3/I0POB’S HACEJIeH-
Hs Ta MOJKe IIPU3BECTH JI0 HelepeadadyyBaHUX HACTIIKIB. [OpMOHM MPOMIKHOI YacTKH Timodisda 3aiManwTh
OJlHe 3 KJIIDYOBUX MICIIb y peryasiii Ta miqTpuMaHHI OCHOBHUX (QyHKI#H opraniamy. [lutanus BoniuBy HaA
HPOMIKHY YacTKy rimodiza koMOiHAIIT coeil BAKKUX METAJIIB 3aJIUIIA€ThCI aKTYaJIbHUM TA HEJ0CTATHBO
BUBUEHHUM. 3 METO0 BUBYEHHS MOPPOPYHKITIOHATIBHUX 11ePeOyI0B CTPYKTYPHUX KOMIIOHEHTIB HPOMIMKHOL
YACTKU Tirogdis3a cTaTeBO3PIINX IIyPiB-cAMUILh OYB IPOBEIEHUN eKCIePUMEeHT Ha 12 TBapUHAX Macoi0 TiJia
250-300 1, y Bitl 7—8 micsaris. TBapuHU eKCIIEPUMEHTAIBHOI IPYITH MPOoTATOoM 60-TH 1106 BKUBAIA 3BUYANHY
OUTHY BOAY, HACHMYEHY KOMOIHAI[IEI COJIell BAasKKUX METAJIIB. 3aCTOCOBYBAJHUCSA MOP(OMETPHUYHI, CTATH-
CTUYHI, IMyHOTrICTOXIMI4H1, 610XIMIYH1 Ta TiCTOJIOTIYHI METOAU J0CT1IKeHHA. JloBroTpruBaie Ha X0 KeHH I
JI0 OPTAaHI3MY CTATEBO3PILJINX Iy PIB-CAMHUILH COJIEH BAKKUX METAJIIB IPU3BOJIUTH 10 MOPQOJIOTTYHUX TPAHC-
dopmariiit ycix CTpyKTYPHUX KOMIIOHEHTIB IIPOMIKHOI YacTKU rinodidy. BusBiseTsess Bupa3He MOTOBIEHHST
Ta HAOPAK MIKTPaOEeKyJIAPHUX CIOJYYHOTKAHUHHUX CEIIT, 3AIyCTIHHS KaIllJsapiB Ta MopdoJIoriuHi mepedy-
JIOBH siJiep YACTUHU TPOIOIUTIB: KOHJAeHCAIlld XPOMATUHY Ta MOT0 MapriHaJibHe PO3TaIllyBaHHS, I0YATKOBI
eranu HeKpobioTuuHmX 3MiH. MopdodyHKITioHATBH] TTepely10BY ¥ 3aJ1031 MAJIA HECTeITUMPIYHUHN ToTiMopd-
HUU XapakTep Ta XapaKTepuayBaJIUCs PO3BUTKOM IIPUCTOCYBAJIbHO-KOMIIEHCATOPHUX ITPOIIECIB 3 03HAKAMU
HIABUIIEHOI (PYyHKI[IOHAJIBbHOI akTuBHOCTl. HaBeneHni mepeby1oBu XapaKTepHl AJisd cTamil HiJBUILEHOI pe3u-
CTEHTHOCTI 3aTaJIbHOT0 aJalTAIlliiHOTO CAHIPOMY.

Kiawuosi crmosa: amenorimodis, Bamki meranu, Ki-67, AKTT.

DOJITOBPEMEHHOE BNIMAHUE KOMMJIEKCA COJIEM TAXENbBIX METANNOB
HA MOP®O®DYHKLMNOHAJTbHBIE MEPECTPOWMKN CTPYKTYPHbIX KOMIMOHEHTOB
MPOMEXYTOYHOW A0/ TMMO®U3A NMOJIOBO3PEJIbIX KPbIC-CAMOK
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PasBurwe marosioruu oTaeIbHBIX OPTaHOB U CHCTEM 0eCCIIOPHO 3aBUCHUT OT HeOJIATOIIPUATHEIX (DAKTOPOB
okpyskaIeit cpensl. Jlucbasmanc ypoBHs TA/KeJIBIX METAJJIOB HETATUBHO BJIMSET HA 3JI0POBbE HACEJIEHUS
¥ MOSKeT IIPUBECTHU K HeIpeJICKa3yeMbIM IOCJIeJCTBUAM. ' OpMOHBI IPOMEsKY TOUHOM JOJIU THIIO(pHU3a 3aHUMA-
0T OJTHO M3 KJIIOUEBBIX MECT B PETYJIAIINH U IIOIeP:KAaHUN OCHOBHBIX (DYHKIIHI opranuama. Bomrpoc BIussHuS
Ha IPOMEIKYTOUHY 0 JOJII0 THIIO(H3a KOMOMHAIIUH COJIeN TSKEeJIbIX METAJIJIOB 0CTAETCS AKTYaJIbHBIM U HEJI0-
craTouHo uaydyeHHBIM. C 11eJ1b10 n3yyeHnss MOp(odyHKIITHOHAIBHBIX IIEPECTPOCK CTPYKTYPHBIX KOMIIOHEHTOB
MPOMESKYTOYHOM O TUII0(MU3a ITOJOBO3PEJIBIX KPBIC-CAMOK OBIJI MPOBEJEH IKCIEePUMEHT Ha 12 sKHBOT-
HBIX Maccoi tena 250—300 r, B Bo3pacte 7-8 mecaAres. JKUBOTHBIE 9KCIIEPUMEHTAJIBHOM I'PYIIIBl B Te€UEHUE
60-TH CyTOR yIIOTPEeOJISIN OOBIUHYI0 ITUTHEBYIO BOJY, HACBHIIIEHHYI0 KOMOMHAIIHEN COJIel TSKeJIBIX MeTaJll-
soB. [Ipumensnucs MmopdomMeTpudecKkre, CTATUCTUIECKHE, UMMYHOTUCTOXUMHUYECKHUE, ONOXUMUYECKUEe U TU-
CTOJIOTMYECKHEe MEeTOBI uccaenoBanud. J|aurespHoe moCTyIIeHNe B OPTAHU3M IOJ0BO3PEJIBIX KPBIC-CAMOK
COJIEH TSIPKEJIBIX MEeTAJIJIOB IIPUBEJIO K MOP(MOJIIOTHYECKUM TPAHCHOPMAIIASIM BCeX CTPYKTYPHBIX KOMIIOHEHTOB
IIPOMEIKYTOUHOM 107U Tunodusa. BrIgBIeHOsT BRIPA3UTEJIbHOE YTOJIINEHNE U OTeK MeXIYTPabeKyIapHUX
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COETMHUTEJIbHOTKAHHBIX CEIIT, 3aIlyCTeHNe KAaIlUJIJIIPOB U MOPQOJIOTHYECKHE IIePEeCTPONKH SIeP YaCTH TPO-
HOIUTUB: KOHJIEHCAI[NA XPOMATUHA U er0 MapruHaJbHOE TI0JI0KeHNe, HaYaJIbHbIe TAIB HEKPOOMOTHUIECKUX
uameneHnuit. MopdodyHKIimoHATIbHBIE TTIEPECTPORKN B sKeJie3e MMeJIH HeCIeIIU(PpUIeCKUN HTOTUMOPHBIN
XapakTep U XapaKTepU30BaJUCh PA3BUTHUEM IIPHUCIIOCOOUTETHFHO-KOMIIEHCATOPHBIX IIPOIECCOB C TPU3HAKAMU
MHOBBHINIEHHONM (PYHKIIMOHAJIBHON aKTUBHOCTH. [IpuBeeHHBIe IepeCcTPONKY XapaKTePHBbI JIJIA CTA WU IOBHI-
IIEHHOU Pe3UCTEeHTHOCTH O0IIero aIanTaluoHHOT0 CHHIpoMA.

Kiawuesnie cnosa: ameHorunodus, Tsaxesrbie Merasiasl, Ku-67, AKTI.

THE LONG-TERM EFFECT OF THE COMPLEX OF HEAVY METAL SALTS
ON THE MORPHOFUNCTIONAL CHANGES IN THE STRUCTURAL COMPONENTS
OF THE INTERMEDIATE LOBE OF THE MATURE RATS’ PITUITARY
GLAND-THE FEMALE
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The development of the pathology of individual organs and systems undoubtedly depends on adverse envi-
ronmental factors. The heavy metal imbalance affects the health of the population and may lead to unpredict-
able consequences. The hormones of the intermediate part of the pituitary gland are one of the key places in re-
gulating and maintaining the basic functions of the organism. The question of the influence on the intermediate
part of the pituitary gland of the combination of heavy metal salts remains relevant and insufficiently studied.
In order to study the morph functional rearrangements of the structural components of the intermediate pitu-
itary gland of sexually mature female rats, an experiment was conducted on 12 animals weighing 250-300 g,
aged 7-8 months. The animals of the experimental group consumed normal drinking water saturated with
a combination of salts of heavy metals for 60 days. Morphometric, statistical, immunohistochemically, biochemi-
cal, and histological methods were used. Significant thickening and edema of the inter trabecular connective
tissue septum, depletion of capillaries and morphological rearranging part of the troposites, mainly their
nuclear apparatus (condensation of chromatin and its marginal location, initial stages of necrobiotic changes),
is manifested. Prolonged intake of sexually mature female rats of heavy metal salts leads to morph functional
rearrangements of all structural components of the intermediate lobe of the pituitary gland. The above morph
functional changes are of a non-specific polymorphic nature and are characteristic of the stage of increased re-
sistance of the general adaptation syndrome.

Key words: adenohypophysis, heavy metals, Ki-67, ACTH.
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