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Right atrium cardiomyocytes were studied in cowdisi of streptozotocin-induced type 1 diabetes msland with the
use of N-acetylcysteine as an antioxidant. Theyssimwed that potential damage of fine mechanisnsgmthesis and secretion
of atrial natriuretic peptide may be the causeavfiovascular pathology in diabetes. Use of antiawt drugs has revealed that
N-acetylcysteine partially reduces cardiomyocyteling, increases the number of atrial granulestaioing atrial natriuretic
peptide and stimulates autophagy. Based on ulicistial studies of atrial cardiomyocytes in typdidbetes it was found that
damage to protein synthesis and accumulation amdformation of abnormal proteins happen via tbi@nination in two ways:
through the ubiquitin-proteasomal and autophagodgmal systems. Autophagosomes occur both withubldanembrane, i.e.
the newly formed one, and with a single membraner afontact with lysosomes. These processes ta@e gb maintain
homeostasis in cardiomyocytes and in the myocardiara whole. Impairement of these systems maytteaévelopment of
diabetic cardiomyopathy.
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The work is a fragment of the research project dgtof cellular and molecular mechanisms of pharnhagioal
influence on the reprogramming of macrophages fanat phenotype in wound regeneration in the presesf hyperglycemia”,
state registration No. 0119U1011219.

Cardiovascular complications are often the causkeath of patients with diabetes mellitus (DM).
Acute hyperglycemia is associated with heart failand cardiogenic shock [5]. In the study of tesue
preference is given to the left ventricle [2]. Gamtly, given the endocrine function of the heaitjch is
mainly performed by the right atrium, and possilolemplications of diabetes the state of atrial
cardiomyocytes attracts considerable interest. doemt years, the role of secretory granules, the
morphological equivalent of atrial natriuretic piept (ANP), in the development of chronic heartuesl
has been actively studied. The role of ANP in diebemellitus, and in pathological complications
accompanied by hyperglycemia-induced oxidativesstie unknown. The latter leads to the formation of
abnormal cellular proteins that are eliminated tigfothe ubiquitin-proteosomal pathway or by autgyha
In violation of these mechanisms, the risk of detation of cardiac function increases. Disruptidthese
mechanisms increases the risk of cardiac functietertbration. It is known that aberrant proteinsl an
destroyed organelles are engulfed by autophagosanmkedestroyed in lysosomes [4]. At the molecular
level DM was found to initiate apoptosis of cardiaoytes by reducing cardiac autophagy, which i fac
causes the development of diabetic cardiomyopa&hypairement of these mechanisms increases the
risk of cardiac function deterioration. This indiea the key role of oxidative stress in the reguoiabf
autophagy and the possibility of using drugs wititicxidant action to modulate cardioprotective
autophagy with the aim of preventing and correctiiapetic cardiomyopathy. [3,4].

The antioxidant drug N-acetylcysteine (NAC) attgsactignificant attention. In an
ischemia/reperfusion experimental model NAC hasiigantly reduced induced oxidative stress and
cardiomyocyte apoptosis thus preventing postiscbhemtophagy in DM. [9]. In our earlier studies we
have found a positive effect of N-acetylcysteineheart rate, ventricular contractile activity, aigns of
hypertrophy in rats in the early stage of diabeticdiomyopathy in the left ventricle. [2]. Currgnthe
guestion of whether NAC will demonstrate a cardidpctive effect on ANP and activate or inhibit
autophagy and apoptosis in rats in a model of diabardiomyopathy remains unresolved?

The purpose of the study was to investigate the features ofrigbt atrium cardiomyocytes
ultrastructure in conditions of streptozotocin-indd type 1 diabetes mellitus and the use of N-
acetylcysteine as an antioxidant.

Materials and methods Type 1 diabetes mellitus (DM) was simulated bynemistration of 50
mg / kg of streptozotocin (STZ) to ratSeneral Ethical Principles for Animal Experimemgproved by
the 1st National Congress on Bioethics (Kyiv, 200Bve been observed throughout the study.
Experimental animals were divided into 3 groupscbntrol group (intact rats receiving 0.9% saljriz)
DM1 (a group of animals with DM1 simulated by stagwmtocin administration); 3 - NAC (group of
diabetic rats receiving N-acetylcysteine at a dofs&.5 g/kg per o0s). Used as the material for ebect
microscopic examinations were pieces of the rightum myocardium, which were fixed with 2.5%
solution of glutaraldehyde on phosphate buffer witistfixation in 1% solution of osmium tetroxidedan
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treated according to conventional methods. Sectiv®@re made on an ultramicrotome LKB Il (Sweden).
The preparations were studied and photographea efeatron microscope PEM-125K.

Results of the study and their discussianThe study revealed that under experimental type 1
diabetes mellitus cardiomyocytes in the right atrionyocardium demonstrate both cytoplasmic swelling
and hyperosmia, local myofibril hypercontractiomdaincreased number of agranular tubules of the
endoplasmic reticulum in comparison with controh &ccumulation of collagen fibers was found in the
interstitium. Ultrastructural analysis of atrialrdmmyocytes showed their heteromorphic structure i
simulated diabetes mellitus. In some of them cweplic swelling, myocytolysis, disorganization of
myofibrils, compaction of intercalated discs andatihondria and destruction of their cristae werentb
(fig. 1A). Other cardiomyocytes preserved strudtur@anization of myofibrils and mitochondria, but
cardiomyocytes in the pre-apoptotic state also wedufig.1B). Chromatin in the nuclei of such seNlas
located only near the nuclear envelope, the integf which was lost with cytoplasmic contents
(lysosomes, destructively altered mitochondriagpliagosomes) found in the center of the nucleuthe
cytoplasm of atrial cardiomyocytestime context of diabetes, autophagosomes were aseatwdifferent
stages of formation: with a double membrane (prifhasr a single (secondary) one and electron-dense
contents (mostly protein), and in contact with s@mes.

Flg 1.A -a fragment of an atrial cardlomocymeﬂne context of diabetes mellitus: 1 - cytoplasswellmg 2- mltochondrla 3-
myofibrils. Magnification: 10000; B - fragment ohaatrial cardiomyocyte: 4 - lysosomes,- autophagosomes, 5 - nuclear apoptosis.
Magnification: 20000

The sarcolemma of such cells is partially lysedeaglenced by the detection of individual
mitochondria in the interstitium.

Autophagosomes were observed in cardiomyocytesuite @ large number. The latter were
detected both with a double membrane, i.e. theynéwined (primary) and with a single one (seconylary
after contact with lysosomes. The number of autgphames increases compared to the control, some of
them contain cellular detritus, or individual orgﬂes such as mitochondria (figA2 B)

Fig. 2. gents of ariom ces the righiuat in conditions of diabetes mellitus - primry autophagosomes, 1 - mitochondria
in the autophagosome, 2 - intercalated disc, 3ofibgils. Magnification: 18000
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The nuclei of some cells had deep invaginationschvtevealed cytosigresomes containing cellular
detritus, a large number of vacuoles and autoptmges. (fig.3). Accumulation of abnormal proteins i
the cytoplasm of atrial cardiomyocytes in diabeteslitus is due in part to impaired atrial natriice
peptide secretion. Concurrently large cytosigresomeluding both autophagosomes and elements of the
ubiquitin-proteasomal system were observed, whiimirated the damaged (aberrant) intracellular
proteins. (fig. 3).

St

Fig. 3. Fragments of the right atrium cardiomyosyiteconditions of diabetes mellitus. 1 - invagioatof the nuclear membrane,
2 - cytosigrisome, 3 - autophagosomes, 4 - lysospmeproteasomes. Magnification: A - 10000, B - 20000

2

The electron micrograph shows the cytosigresontesiimvagination of the nuclear envelope, which
contains elements of cellular structures: vacudfkslifferent sizes, lysosomes, autophagosomes and
complexomixes, which seem to be proteasomes e@gmitgal They include microtubules formed for
ubiquitination, after which they break down, whaleino acids seem to be used again.

Simulation of diabetes mellitus in the right atriumyocardium revealed a few atrial granules
containing ANP, as compared with the control (sge X, 2, 3). In the perinuclear zone, where these
granules are formed in the Golgi complex, somelévgednd granules of type | too small in size anerfd.
They are newly formed and present in small quanBiygle granules are located between myofibrite T
density of the atrial granules is much higher timatihe control, which seems to be due to the cardibf
the granules themselves. They are mainly typedh(biensity) and are not released into the blocalstre
which may be the result of increased pressure eiver type 3 granules (diffusing) are found iabdites
mellitus. It is obvious that changes in the synithaad secretion of such a strong vasodilator aP &hh
be a cause of diabetes complications.

The use of antioxidants has shown that N-acetydiyst partially reduces the swelling of
cardiomyocytes. In addition to the typical nuclecardiomyocytes, there occur nuclei with invagioas
of the nuclear membrane. The number of autophagesasincreased as compared with animals with
simulated diabetes. Most autophagosomes have dedmgimbrane, they are located both in the periaucle
zone and subsarcolemmally and are formed by diffeneembrane structures: endoplasmic reticulum

EA  SRe A e st . B
Fig. 4. Fragments of the right atrium cardiomyosyiteconditions of diabetes mellitus during the ofs-acetylcysteine. A: 1 - nucleus,
1 - autophagosomes, 2 - mitochondria, 3 - myofibBIs4 - atrial granules, 5 - clusters of mitosomdagnification: A - 12000, B - 14000.
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A special type of autophagosomes - mitosomes areef by mitochondrial membranes. In the
zone of mitosome formation the latter have a hygpmio matrix, if it is preserved, or a vacuolated
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intercristal space. Atrial granules containing ABife localized perinuclearly in the Golgi complerar
they are different in size and mainly belong toetylp

Thus, the conducted study showed that possible garntathe fine mechanisms of synthesis and
secretion of atrial natriuretic peptide may be ¢hese of cardiovascular pathology in diabetes tuslli
The use of antioxidant drugs revealed that N-acegtyine partially reduces the swelling of
cardiomyocytes, increases the number of atrialiesncontaining ANP and stimulates autophagy. Based
on the conducted ultrastructural studies of at@tiomyocytes in type 1 diabetes mellitus anddiigre
data, it can be assumed that damage of proteitheasistand accumulation and cleavage of abnormal
proteins occur by their elimination in two ways:dhgh ubiquitin-proteasomal and autophagous-lymphat
systems. [1, 2, 3]. Autophagosomes occur both aitlouble membrane, i.e. the newly formed ones, and
with a single membrane after contact with lysosaoriiégse processes take place to maintain homewstasi
in cardiomyocytes and in the myocardium as a whiolgairement of these systems may lead to the
development of a diabetic cardiomyopathy [7].

The tubular complexomixes found in cytosegresonveg;h are analogs of protesomes may serve
confirmation of these processes. The authors desdtiem as a radial symmetric protein complex
consisting of 26 subunits that form four 7-member@tys packed on top of one another [1].
Hyperglycemia-induced oxidative stress accompangiabetes leads to the formation of damaged cellula
proteins that must be eliminated through the uliigigroteasomal pathway or autophagy. This proeess
utilization of proteasomes through autophagy itedalproteaphagy". Impairement of these mechanisms
increases the risk of cardiac function deterioraff]. Large areas of mitophagosomes found by héghv
are signs of mitochondrial autophagy, indicateditigvation of mitophagia as a response to oxidaikess
caused by diabetes. According to some authorspimtgia is responsible for the elimination of dantage
mitochondria [6]. This indicates the key role ofidative stress in the regulation of autophagy drel t
possibility of using drugs with antioxidant actifam prevention and correction of diabetic cardiompgthy.

The conducted ultrastructural study of atrial cangdyocytes in type 1 diabetes showed that
impairement of protein synthesis as well as accatiar and transformation of abnormal proteins happe
via their elimination in two ways: namely, throutite ubiquitin-proteasomal and autophago-lysosomal
systems. Autophagosomes occur with both a doublabrene, i.e. the newly formed ones, and with a
single membrane after their contact with lysosoriiégse processes take place to maintain homeostasis
in cardiomyocytes and in the myocardium as a whble antioxidant drug -N-acetylcysteine partially
reduces the swelling of cardiomyocytes, increaBesnumber of atrial granules containing ANP and
stimulates autophagy and mitophagia.
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OCOBJIMBOCTI BYJJOBHU IMPABOT'O IIEPEJACEP51 OCOBEHHOCTHU CTPOEHMS TIPABOI'O
IMIPU EKCIIEPUMEHTAJIBHOMY YKPOBOMY NPEACEPANUS IIPU EKCIIEPUMEHTAJIBHOM
JIABETI TA 3A YMOB 3ACTOCYBAHHS CAXAPHOM JIUABETE U B YCJIOBHUSIX
AHTUOKCHUJIAHTIB NMPUMEHEHUS AHTUOKCUJAHTA
Creuenko JI.O., YaiikoBcskuii FO.B., Kpuomeesa O.1., Creuenko JIA., YaiikoBcbkuii FO.b., KpuBomeesa O.U.,
Yyxpaii C.M.,IlactyxoBa B.A., Ipxa C.B. Yyxpaii C.H.,IIactyxosa B.A., Ipxa C.B.
JlocmipKyBanch KapIiOMiOIUTH TPABOTO MEepeNCepAs HccnenoBanuch KapAMOMUOLUTHI IPAaBOTO IMpelcepIust

33 yMOB CTPENTO30TOLHH-1HIyKOBAHOIO IIyKpPOBOTO fiabeTry 1 mpH CTPenTo30TOLMH-UHAYLHPOBAHOM caxapHoM auabere 1
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THIy Ta IpH 3acrtocyBaHHi N-aunerunuucreiny sk
aHTHOKcHaaHTa. IIpoBeneHe IOCHIUKEHHS II0Ka3ayo, MI0
MOXXJIUBE, YIIKO/UKCHHS TOHKHX MEXaHi3MIB CHHTE3y Ta
cekpelii mepencepJHOro HaTPiiypeTHYHOrO MENTHAY MOXKE
OyTH NPUYMHOK BUHUKHEHHSI CEPIICBO-CYANHHOT MATONIOrii 38
YMOB ILYKPOBOTO mdia0eTy. 3acTOCyBaHHSAM IpenapariB
AQHTHOKCHAAHTHOI  aii  Oyno  BcraHoBieHo, mo  N-
ALETHILUCTETH YaCTKOBO 3MEHIIYE HAOPSK KapIHOMiOLUTIB,
MiABHUIIYE KUTBKICTh MEpeACEepIHUX TPaHyJ, IO MICTATh
nepencepaHnil HATPiMypeTHYHUI MeNnTH Ta CTUMYIIOE
aBrodarito. ba3yunch Ha MPOBEICHUX YIBTPACTPYKTYPHUX
IOCHIDKEHHAX  TEpelICepAHHX  KapAioMiomUTax  IpH
LYKPOBOMY [iabeTi MepLIoro THIly, BCTAHOBJIEHO, IO
YIIKO/DKEHHs OIIKOBOrO CHHTE3y Ta  HAKOIMYEHHS |
TpaHcopMaIlis aHOMAJIbHUX O1nKiB BinOyBaeThCs
emiMiHamier0  IX  [gBOMa  LULIX:  4epe3  yOIKBUTHH-
IpoTeacoMalibHy Ta aBTO(Aro-yiizocoMaibHy CHCTEMH.
ABTo(harocomu TpAIUISIOTHCA SK 3 MOIBIHHOIO MEMOPaHOIO
TOOTO HOBOYTBOPEHI, TaK i 3 OJUHAPHOIO MICJII KOHTAKTY 3
nmizocomamu. Ii mporecu 3MIHCHIOIOTHCS U MiATPUMKH
TOMEOCTa3y y KapAioMioLUTax Ta y Miokapai B minomy. [Ipu
MOPYLICHH]I LUX CHCTEM MOXKJIMBHH PO3BHTOK [iabeTHIHOL
KapJiomionarii.

Kio4oBi cjioBa: KapAioMiONHUTH IPaBOTo Mepecepas,
LyKpoBHH riabet y urypis, aBrodaris

Cratta Hagiiinua 15.06.201%.

THMAa M B YCIOBUSX mnpuMmeHeHnH N-ametunnucreina, Kak
aHTHoKcHaaHTa. [IpoBeneHHOE MCCleNOBaHUE MOKA3aJio, YTO
BO3MOJKHOE, IOBPEKACHHE TOHKHX MEXAaHH3MOB CHHTE3a U
CEKPELMH NPEICEPAHOT0 HATPillypeTHYECKOro MEeNTH A MOXKET
OBITh IPUYNHON PA3BUTHUS CEPACUHO-COCYUCTON MTATONIOTHH B
ycHoBHAX caxapHoro guabera. IlpuMeneHwe mpemapara
AQHTUOKCHUIAHTHOTO AeHCTBUS OKa3ano, yTo N- aneTninuucTein
YaCTHYHO YMEHBLIAET OTEK KapIHOMHUOIMTOB, MOBBIILIACT
KOJIMYECTBO MPEICEPIHBIX TPAHYI, COAEPKAIINX MIPEACePIHUIN
HaTpuilypeTuueckuil MenTug W CTUMYJIUpPYeT aBTO(aruio.
OCHOBBIBaSICE ~ Ha  TIPOBEACHHBIX  YJIBTPACTPYKTYPHBIX
HCCIIEOBAHUSX NPEACEPAHNX KapAHOMHOLIUTOB IIPU CAXaPHOM
quabeTe MEpPBOTO THIA, YCTAHOBJIEHO, 4YTO MOBPEXACHHE
0ENKOBOrO  CHHTE3a, HAKOIUICHHE M  TpaHchopManus
AQHOMAJIFHBIX OEJTKOB OCYIIECTBIISETCS YIMMHUHAINECH UX IBYMS
OyTAMH. d4epe3 YOUKBUTHH-TIPOTEACOMAalbHUM U aBTOdaro-
JIM30COMAIIBHYIO CHCTEMBI. ABTO(Aarocomu oOHapy>KHUBAIOTCS
KaK ¢ IBOMHOW MeMOpaHoii, TO ecTh HOBOOOPa30BaHHBIE, TAK U
C OZIMHAPHOI MOC/Ie KOHTAaKTa C JIM30COMAMH. DTH TPOLECCHI
OCYWIECTBIIIOTCS Al TOJJEPXKKHM ~ romeocrasa  y
KapJHOMHUOIMTaX M B MHOKapiae B nemom. Ilpm Hapymenue
3TUX  CHCTEM  BO3MOXKHOE  pa3BUTHE  JIHabOEeTHYECKON
KapZAMOMHOIIATHH.

KioueBblie cioBa: caxapHslid quader 1 Tuma y Kpeic,
KapJMOMHOLUTBI ~ TPAaBOTO  TMpPEACEpAus,  INpPeACepAHBIE
rpaHyJbl, aBTodarus.
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SUBMICROSCOPIC CHANGES IN PERIODONTIC TISSUES UNDER EXPERIMENTAL
OPIOID ACTION WITHIN TEN WEEKS
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This paper presents the results of soft perioddissilies sub-microscopic examination under theraxpatal effect of
an opioid analgesic within ten weeks. The study egased out on 22 male rats of reproductive agpe.dnimals were administered
opioid analgesic in multiple ascending dose froBi2.mg / kg to 0.283 mg / kg. At the ultrastructiegel, it has been established
that the prolonged action of opioid for ten weekads to marked heterogeneity and reorganizatiotheofperiodontal cell
components against the background of the chroflanimatory process development, which is exaceddayesclerotic changes.

Key words: electron microscopic examination, periodontalutss opioid analgesic, rats.

The work is a fragment of the research project "Muar-functional features of organs in pre- and pathperiods of
ontogeny, under the influence of opioids, nutriiosupplements, reconstructive operations and ¢fesstate registration No
0120U002129.

Opioid analgesics, due to their pronounced analg#fact, are indispensable medicines in medical
practice [2]. Conversely, long-term and not alwegstrolled use of drugs causes formation of toleean
physical and psychological symptoms of withdrawadlich often leads to overdose and death [7, 12. Th
urgency of this issue is determined by the fact tha negative impact of psychoactive substances, i
particular, opioids leads to the destruction of @imall organs and systems of the body, espediadly
mouth, periodontal tissues [3, 5, 8, 10]. Howeweaany issues regarding structural changes in tsand
organs in the use of opioid drugs remain unresofldd 13]. It should be noted that comprehensive
information on the features of the periodontal comgnts structural organization is extremely imparta
in view of the recent data on formation of a newdeiaf periodontitis pathogenesis [1, 4, 6, 9, Gilien
the above, we believe that the peresent studydsssary and relevant in terms of both experimentdl
practical dentistry and periodontology.

The purposeof the work was to study the depth and dynamiahefof submicroscopic changes
growth in the periodontium after ten weeks of opiexposure.

Materials and methods.The study was carried out on 22 white male rateepfoductive age,
Wistar line, weighing 160 - 255 g, 4.5 - 7 montlisage. The experimental animals were divided into 2
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