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One of the most effective anticancer drugs for breast cancer, lymphoma, soft tissue
sarcoma, leukemia, some solid tumors is Doxorubicin. However, its antitumor effect
directly correlates with the dose-dependent manifestation of toxicity to healthy tissues
and body systems. The purpose of the study is to study the dynamics of ultrastructural
changes of the hemomicrocirculatory bed under the influence of Doxorubicin. Animals
were divided into 3 groups: | - intact rats (n=10); Il - control (n=20); Il - rats with
Doxorubicin model (n=40). Doxorubicin was administered intraperitoneally at a dose
of 5 mg/kg body weight once a week for 4 weeks. An animal control group was
intraperitoneally injected with an equivalent volume of saline. Pulmonary tissue sampling
for electron microscopic examination was performed under thiopental anesthesia 7,
14, 21, 28 days after the start of the experiment. Pieces of pulmonary tissue were fixed
in 2.5% glutaraldehyde followed by fixation in 1% osmium tetroxide. After dehydration,
the material was poured into araldite-epon. The sections obtained on a "Tesla BS-490"
ultramicrotome were examined in an electron microscope "PEM-125K". It is established
that within 7 days after the first injection of Doxorubicin in the lungs changes in the
structural organization of the hemomicrocapillary bed and the disturbance of blood
rheological properties are determined, as evidenced by the excessive accumulation of
neutrophils in the hemocapillaries, their adhesion and aggregation. With the extension
of the study period (14-28 days) there is a progressive disturbance of the submicroscopic
structure of hemocapillaries of the alveolar wall and marked changes in the rheological
properties of blood. In endothelial cells, swelling phenomena with organelle
disorganization are determined, and in some areas there is a desquamation of
endothelial cells into the lumen of the hemocapillaries with basal membrane exposures.
In the lumen of the microvessels, red blood cells and leuco-platelet aggregates are
noted. Thus, the introduction of Doxorubicin leads to pronounced submicroscopic
changes in the hemomicrocirculatory bed. Violation of the ultrastructural organization
of the hemomicrocirculatory bed of the lungs is determined after 7 days after the start
of the study.
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Introduction

Today, cancer is among the most common causes of
death. Cancer ranks second after cardiovascular disease
in the structure of mortality in Ukraine [17].

The analysis of the literature shows that chemotherapy
occupies a significant place among the methods of treatment
of malignant tumors [6, 14, 18]. The use of cytostatic therapy
leads to improved immediate and long-term results of
treatment of patients [19-21]. Most often in the treatment of
cancer, anthracycline antibiotics are used, which are
included in many cancer treatment regimens. To date, it has

been proven that among the anthracycline antibiotics,
Doxorubicin is one of the most effective anticancer drugs for
the treatment of breast cancer, lymphomas, soft tissue
sarcomas, leukemia, and some solid tumors [1, 4, 7, 20].
However, the antitumor effect of Doxorubicin directly
correlates with the dose-dependent manifestation of toxicity
to healthy tissues and body systems, which causes its
adverse reactions [15, 22]. Most of the lethal cases in cancer
patients do not occur due to the disease itself, but due to the
side effects of anticancer drugs [9, 16].
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It is known that the use of anthracycline antibiotic
Doxorubicin in the treatment of malignant tumors in patients
develops heart failure, which leads to the formation of
Doxorubicin cardiomyopathy [2, 6, 18].

But, in addition to cardiac injuries, there are also
pronounced extra-cardiac changes of organs and systems.
Pathological changes in the lungs, kidneys, liver, spleen
and impaired function of the reproductive organs are most
often observed [1, 3, 5, 8, 10].

The aim of this study was to study the dynamics of
ultrastructural changes in the hemomicrocirculatory bed of
the lungs under the influence of Doxorubicin.

Materials and methods

The experiments were performed on 70 white male
rats weighing 180-220 g. Animals were divided into 3 groups:
| - intact group of animals (n=10); Il - control (n=20); lll -
animals with Doxorubicin model (n=40).

Doxorubicin was administered intraperitoneally at a dose
of 5 mg/kg body weight once a week for 4 weeks. An animal
control group was intraperitoneally injected with an equivalent
volume of saline.

Pulmonary tissue sampling for electron microscopic
examination was performed under thiopental anesthesia 7,
14, 21, 28 days after the start of the experiment. Pieces of
pulmonary tissue were fixed in 2.5 % glutaraldehyde followed
by fixation in 1 % osmium tetroxide. After dehydration, the
material was poured into araldite-epon. The sections
obtained on a "Tesla BS-490" ultramicrotome were examined
in an electron microscope "PEM-125K".

Retention, manipulation and withdrawal from the
experiment were carried out in accordance with the
requirements of the European Convention for the Protection
of Vertebrate Animals Used for Research Purposes
(Strasbourg, 1986), Council of Europe Directive 86/609/EEC
(1986), the provisions of the Law of Ukraine "On the
protection of animals from ill-treatment" dated 15.12.2009
and orders of the Ministry of Health of Ukraine Ne 690 dated
September 23, 2009, Ne 616 dated August 3, 2012.

The Commission on Bioethics of the Ivano-Frankivsk
National Medical University found that scientific research
did not contradict basic bioethical standards (protocol
Ne 96/17 of 24.05.2017).

Results

Conducted submicroscopic analysis after 7 days after
the first injection of Doxorubicin showed that the nuclei of
individual endothelial cells with a matrix of low electron-
optical density and marginal placement of chromatin
granules. The nuclear envelope has tortuous contours and
produces shallow invaginations. Some mitochondria are
enlarged in size with single crystae. Tanks and tubules of
the Golgi apparatus and granular endoplasmic reticulum
are moderately expanded. The basement membrane is
locally thickened. In the peripheral departments of the
endothelial cells there is a large number of micropinocytotic

vesicles. In the lumen of some hemocapillaries, an
increased amount of leukocytes with adhesion and
aggregation is determined (Fig. 1).

With the increase of the study period (14 days after the
firstinjection of Doxorubicin), the nucleus of many endothelial
cells with nucleoplasm of low electron-optical density.
Chromatin granules are placed along the inner surface of
the nuclear envelope. Perinuclear region is moderately
expanded. Mitochondria swollen with single short crystae.
The Golgi apparatus consists of expanded tanks, various
sizes of bubbles and vacuoles. In individual cells,
fragmentation of membranes of the granular endoplasmic
reticulum with a reduced number of ribosomes on their outer
surface is noted. On the luminal surface of the plasmalemma
of some endothelial cells, its sail projections are observed.
The basement membrane is thickened in many places. In
the lumen of the hemocapillaries, the aggregation and
adhesion of leukocytes and platelets are noted.

Electron microscopic data from the 21st day indicate that
the severity and prevalence of edema in endothelial cells is
much greater than at the previous stage of the experiment.
The nuclei of many endothelial cells with enlightened
nucleoplasm. Mitochondria enlarged in volume with single
fragmented crystae. At the same time, mitochondria with
complete lysis of the crystae are noted, but without tearing of
the outer membrane. The Golgi apparatus is represented
by single extended tanks and vacuoles. Tanks of granular
endoplasmic reticulum are expanded and vacuolated. The
number of ribosomes on their outer surface is greatly
reduced. Fragmentation of the membranes of the granular
endoplasmic reticulum is also observed. In some
hemocapillaries, the areas of lysis of the luminal
plasmalemma of the endothelial cells are determined,
accompanied by the release of intracellular contents into
the lumen of the microvessels. In the lumen of many
hemocapillaries, erythrocyte sludge, adhesion, and platelet

aggregation are noted (Fig. 2).
|
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Fig. 1. Ultrastructural organization of the hemocapillaries of the
alveoli wall 7 days after the start of the experiment. 1 - the lumen
of the hemocapillary; 2 - leukocyte; 3 - erythrocyte; 4 - peripheral
part of the endothelial cell; 5 - the lumen of the alveoli. Electronic
micrograph. x6400.
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Fig. 2. Platelet adhesion and aggregation and erythrocyte sludge
in the hemocapillaries of the alveolar wall 21 days after the start of
the experiment. 1 - the lumen of the hemocapillary; 2 - erythrocyte;
3 - platelet; 4 - peripheral part of the endothelial cell; 5 -the lumen
of the alveoli. Electronic micrograph. x9600.

The expressed disturbances of ultrastructural
organization of hemocapillaries are determined after 28 days
after the beginning of the experiment. Endothelial cell nuclei
are enlarged in size with low electron-optical density
nucleoplasm. Chromatin granules are placed along the inner
surface of the nuclear membrane or grouped into separate
tubercles. Perinuclear region is expanded. Mitochondria are
swollen in various sizes and shapes with disoriented crystae.
Focal destruction of the crystae, fragmentation and
destruction of both the inner and outer membranes of the
mitochondria are often noted. The components of the Golgi
apparatus and the granular endoplasmic reticulum are
enlarged, fragmented. In some areas, the desquamation of
endothelial cells in the lumen of the hemocapillary with the
basal membrane exposure is determined. Erythrocyte
sludge and platelet aggregates are observed in the lumen
of the hemocapillaries.

Discussion

Thus, studies have shown that within 7 days after the
first injection of Doxorubicin in the lungs are determined
changes in the structural organization of the
hemomicrocapillary bed and impaired blood rheological
properties, as evidenced by the excessive accumulation of
neutrophils in the hemocapillaries, their adhesion and
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YNBbTPACTPYKTYPHA OPrAHI3ALIA TEEMOMIKPOUUPKYNATOPHOIO PYCIA NEFEHb Nig BNJIMBOM OOKCOPYBILUUHY
3aauyb J1.M., Aukie O.0., NyHac I.B., lWanoean O.M., WuniyuHa O.B.

OO0HuM i3 HaliegheKmuHIWUX MPOMUMyX/AUHHUX fpernapamie, KOmpuM fiKylomb pak MOJIOYHOI 3a/io3u, niMghoMu, capKoMu M'aKuUx
mKaHUH, neukemii, 0esiki coniOHi nyxnuHu € 0okcopybiyuH. Pa3om i3 mum, Uo20 npomunyxnuHHUU egeKkm rnpsMo KOpese 3
00303anexxHUM rposi8OM MOKCUYHOCMI 8i0HOCHO 300pPO8UX MKaHUH i cucmem opaaHiamy. Mema pobomu - sugdyumu 8 AduHamiui
yrbmpacmpyKmypHi 3MiHU 2eMOMIKPOUUPKYISIMOPHO20 pycra nez2eHb rid ennueom dokcopybiyuHy. TeapuHu bynu po3dineHi Ha 3
epynu: | - iHmakmti wypu (n=10); Il - koHmpornsHa (n=20); Il - wypu 3 dokcopybiyuHosoto modenmo (n=40). [JokcopybiyuH esodunu
8HYMPIWHBOOYEPEBUHHO y 003i 5 Ma/ke macu mina meapuHu 1 pa3 Ha muxoeHb 8rnpodoex 4 muxHie. KoHmponbHit epyni meapuH
8HYyMpIiWHbOOYEepPe8UHHO 8800UMU eKeigarieHmMHuUl 06'em ¢pizionoziyHo2o po3duHy. 3abip neeeHe8ol mKaHUHU O €eKMPOHHO-
MIKpOcKomniyHo20 00cnidxeHHs npoeodusnu nid miorneHmanoguM Hapko3om yepes 7, 14, 21, 28 0i6 nicns moyamky eKkcriepumMeHmy.
LlImamoyku neeeHesoi mkaHuHU ¢bikcysanu y 2,5% posduHi ermromaparnbiezidy 3 nodansbworo dogikcauieto 8 1% posHUHi YHomupuoKuUCy
ocwmiro. lMicnsi deegidOpamauii mamepian 3anueanu e ernoH-apandim. 3pi3u, ompumaHri Ha yrnbmpamikpomowmi "Tesla BS-490", eusyanu 8
ennekmpoHHoMy Mmikpockori "TIEM-125K". BcmaHoeneHo, wo exe 4Yepe3 7 0i6 nicrisi nepuwio2o egedeHHs OOKCOpyOBiyuHy 8 rie2eHsix
8U3Ha4armbCs 3MIHU CMPYKMYPHOI opaaHi3auji 2eMOMIKpOKaninsgpHo20 pycna i MopyweHHs1 peosiogivHux enacmusocmel Kposi, rnpo
wo ceid4ump HadMipHa aKyMynsuis Heumpoagirnie y eemokaninspax, ix adzesiss ma azpeaauis. 13 NpodosxeHHsIM mepMiHy 00CHIOKEHHS
(14-28 0i6) criocmepieanu npoepecyroye nopyweHHs1 cybmikpockoniyHoi 6ydosu 2eMoKaninsapie anb8eosnsspHOI CMIHKU ma 8UpaXeHi
3MiHU peoroaidHuX erracmusocmeli Kposi. B eHdomenianbHUX KrnimuHax eu3Ha4arombscsi Habpsikosi ssieuuia 3 de3opaaHizauicto opaaHer,
a 8 okpemux dinsiHKax criocmepizaembcsi Oeckeamauisi eHOomesioyumie 0o npoceimy 2eMokarninsapie 3 o20/1eHHsIM ba3asibHol
membparu. Y nipoceimi mikpocyduH sidMmidarombcsi epumpoyumapHi crnadxi U nelkompomboyumapHi agpeeamu. TakumM YUHOM,
8e8edeHHs1 okcopybiyuHy Mpu3eodums A0 8UPaKEHUX CYOMIKPOCKOMIYHUX 3MiH 2eMOMIKPOUUPKYISIMOPHO20 pycra feeeHb. [opyweHHs
ynbmpacmpyKkmypHoi opaaHi3ayil 2eMOMIKPOUUPKYIIMOPHO20 pycra /ie2eHb eu3HadYaembCsl exe 4dyepes 7 0i6 nicrissi moyamky
0ocCidXKeHHs.

KnroyoBi cnoBa: siezeHi, 2eMOMIKPOUUPKYISIMOpHe pycrio, OKCcopybiyuH.

YNbTPACTPYKTYPHAS1 OPFAHU3ALINS TEMOMUKPOLIMPKYNATOPHOIO PYCINA NEMKUX Noa BO3OENCTBUEM
OOKCOPYBULIMHA

3asay JI1.M., Slukue E.O., l'yHac U.B., llanoean E.H., lunuyuHa A.B.

OOdHUM u3 Haubonee 3ghghekmuBHbIX MPOMUBOOIYXO/EBbIX MPerapamos, KOmopbIM sie4am pak MOSIOYHOU Xere3bl, TUMGOMbI, CapKOMb!

Vol. 25, Ne3, Page 58-62 61



Ultrastructural organization of hemomicrocirculatory bed of the lungs affected by Doxorubicin

MsigKuX mkaHel, nelkemMuu, HeKomopble coudHble onyxonu siensiemcsi OOKCopybuuyuH. Bmecme ¢ mem, e20 rpomueoorlyxonesbil
aghghexm rpsamo koppenupyem ¢ 00303a8UCUMbIM POSI8IIEHUEM MOKCUYHOCMU OMHOCUME IbHO 300p08bIX MKaHel U cucmeM op2aHu3ma.
Llenb pabombl - usyqyums 8 OUHaMUKe yrbmpacmpykmypHble USMEHEHUs] 2eMOMUKPOUUPKYISIMOPHO20 pycna fieekux nod enusHuem
dokcopybuyuHa. XueomHbie bbinu pa3deneHbl Ha 3 epynnbl: | - uHmakmHbie Kpbickl (n=10); Il - koHmponsHas (n=20); Ill - Kpbickl ¢
dokcopybuyuHosoli modernbio (n=40). HokcopybuyuH egodunu eHympubprowuHHO 8 do3e 5 me/ke macckbl mena xueomHozao 1 pa3 8
Hedermo 8 meyeHue 4 Hederb. KOHMpObHOU epyrine XXU8OMmHbIX 8HyMPUBPIOWUHHO 8800UIIU 3K8UBaNIEHMHbIU 06beM ¢hu3uo102u4ecKo20
pacmeopa. 3abop rne2o4Hol mKaHu 05151 31EeKMPOHHO-MUKPOCKOMUYECKO20 uccriedosaHusi nposodusiu nod muoneHmarsnogbiM HapKo30M
yepe3s 7, 14, 21, 28 cymok nocrne Hadana akcriepumeHma. Kycodku ne2o4Hol mkaHu ¢hukcuposanu e 2,5% pacmeope entomaparnsoeauda
¢ nocnedyrowetli dogpukcayueli 8 1% pacmeope yembipexokucu ocmus. lNocne deacudpamayuu Mamepuarn 3anusasnu 8 3roH-apandum.
Cpe3bl, rnonyvyeHHble Ha yrnbmpamukpomome "Tesla BS-490" usyvanu e anekmpoHHoM mukpockorne "MTOM-125K". Yema+oeneHo, ymo
yXe yepes 7 cymok rnocrie nepeoeo egedeHusi OoKcopybuyuHa 8 rieakux ornpedesisiomess U3MEHeHUs CmpyKmypHoOU opeaHu3auyuu
2eMOMUKPOKaNUIIISPHO20 pycra U HapyueHue peosioeudecKux ceolicms Kpoeu, 0 Yyem ceudemeribcmeayem Ype3mepHas akkymynayus
Helimpocghuriog 8 cemokanunnspax, ux adeesus u azpezayusi. C npodneHuem cpoka uccnedosaHusi (14-28 cymok) Habnrodanu
rpozpeccupyrowee HapyuieHue cybMUKPOCKOMUYECKOU CMPOeHUSs 2eMOKaruisapos anbeeosapHOU CMeHKU U 8bipaXeHHbIe USMEeHeHUs
peoroaudeckux ceolicme Kposu. B aHdomernuarnbHbIx Kiemkax onpedesisitomcsi omeyHble sisrieHusi ¢ 0e3opaaHu3ayueli opaaHerss, a 8
omoernbHbIX ydacmkax Habmwodaemcs deckeamauyus 3HOOMETUOYUMOS8 8 Mpoceem 2eMoKanumispos ¢ obHaxeHuem 6asanbHol
membpaHbl. B ipoceeme Mukpococydoe ommedaromcsi apumpouyumapHble cradxbel U nelikompombouumapHbsie agpezamsbl. Takum
obpasom, seedeHue OokcopybuyuHa npueooum K 8blpaXeHHbIM CyOMUKPOCKOMUYECKUM USMEHEHUSM 2eMOMUKPOUUPKYISMOPHO20
pycna neakux. HapyweHue yrnbmpacmpykmypHoU opaaHu3ayuu 2eMOMUKPOUUPKYISIMOPHO20 pycra fieekux onpeoensiemcs yxe yepes
7 cymok rnocre Hayana uccriedo8aHus.

KnroueBble cnoBa: sie2kue, 2eMOMUKPOUUPKYISIMOPHOE pycrio, OOKCOPYOULUH.
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