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INFLUENCE OF CHRONIC STRESS ON MORPHOMETRIC PARAMETERS OF RAT PINEAL CELLS

Pshychenko V., Cherno V.

Abstract. An important role in the implementation of the adaptive reactions of the organism to the action of
stress factors, as well as in protecting the body from adverse environmental factors is played by the epiphysis, which
is a neuroendocrine organ. Therefore, stress reactions are accompanied by reactive changes in the morphology of
the epiphysis, which is actively involved in the process of adaptation, changing the functional activity. Of particular
interest are changes in the morphometric parameters of the pineal cells, since they are a marker of the functional
state of the pinealocytes, and, accordingly, of the epiphysis.

The purpose of our study was to determine the morphometric changes of pinealocytes in rats under chronic
stress conditions.

The study was conducted on 16 sexually mature males of the Wistar line rats. Animals were under standard
vivarium conditions under natural changes of light and dark part of the day and were divided into 2 groups: intact
and experimental. Simulation of chronic stress was carried out through hyperdynamia. The rats were placed in a
reservoir with water of 10 liters for 10 minutes for forced swimming. One-time training was carried out for 10 days.

According to the results of our morphometric studies of pineal cells of experimental animals, a significant reduc-
tion in the area of the cytoplasm and the nucleus of active light pinealocytes compared with the control group of
animals, which is definitely the result of a decrease in their functional activity due to the influence of stress factors
and indicates a decrease in the processes of intracellular synthesis.

It was found that in light active pinealocytes, the average area of the cytoplasm decreases by 14.21% (p <0.001),
the average nucleus area decreases by 23.59% (p <0.001), the average nucleus area is 13.58%.

It was found that the average area of the cytoplasm and nuclei of low-activity dark cells decreases by 13.50%
and 24.78% respectively. The nucleus in the dark pinealocytes does not appear, which can be explained by excessive
filling of the karyoplasma with a basophilic substance that “disguises” the nucleolus of the cell.

Reducing the area of the nucleolus indicates a decrease in the synthesis of rRNA required for the synthesis of
protein. The phenomena of nucleus picnosis with the predominance of heterochromatin densification processes is
the main reason for the reduction of the area of nuclei in the experimental animals. Also, a reduction in the area
of the nucleus can be associated with the transition of a functionally active eucharoma to a functionally inactive
heterochromatin having a small transcriptional capacity. Euchromatin is a less compact and condensed form of chro-
matin, in which more genes are capable of transcription in a specialized cell. It is possible to assume a decrease in
the level of transcription and protein synthesis in conditions of chronic stress, due to the energy deficit of the pineal
cell. At the same time, an increase in the nuclear-cytoplasmic ratio indicates a decrease in the cell area, which is
consistent with the decrease in protein synthesis.

Thus, the results of the morphometric study of pineal cells indicate a decrease in the functional activity of the
epiphysis, indicating a decrease in the morphometric indices of both light and dark pineal cells.
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38’A30K nybnikauii 3 nnaHOBMMM HayKOBO-AOCNIg-
HUMM poboTamu. Pob60oTa BUKOHaHa B mexkax HAP «Mop-
dodyHKLiOHaNbHI Ta LUUTOreHeTUYHi ocobanBoCTi opra-
HiB | TKAaHWH Npu MopoaediLUTHUX CTaHaX, FiNOTUPeOosi»,
OepXKaBHUI peecTpauiiHnii Homep 0114U005624.

Bcryn. 3a manmmu BOO3, 6inbwe 1/3 HaceneHHs
3emi KMBe B 30HaX PO3BUTKY 11040AeDILUTHUX CTaHIB.
3a gaHumm Autadoro ¢oHay OOH (HOHICE®D) «npuxosa-
HUM FONOAOMY» CTPaXKAAlTb YCi 6e3 BUKAOUEHHA perio-
HU YKpainu [1,2]. | AK HacnigoK — noniopraHHi nopyLueH-
HA. Tomy npobnema 3axBOptOBaHb BHACAILOK HecTaui
noay 3aMMa€e npiopuTeTHE Micue cepes, BITYM3HAHMUX i
MiXKHapOAHUX AocniaxkeHob [3,4]. Bigpomo npo po3BMTOK
mionaTii npu rinotmpeosi [5], NPUYNHOK SKOro 4acTo €
nopopediumt [1,6]. CnoXMBaHHA CTPYMOFEHHWUX NpPO-
OYKTiB NormMbntoe meTaboniyHi nopylweHHs [2]. OgHak

CKeneTHi m’a3n B ymoBax oaoaediumty i3 AoAaBaHHAM
CTPYMOTEHIB He BMBYaNMUCA.

MeTa gocniarkeHHsa. BctaHoBMTUM 0COBIMBOCTI CTPYK-
TYPHOI OpraHi3aLii BnacHe »KyBasbHOro Ta 6iYHOro Kpu-
nonogibHoro m’A3siB WypiB Ha eTanax MOCTHATa/bHOMO
OHTOreHesy Mpu eKCnepMMEHTaNbHO 3MOAENbOBAHOMY
nopoaediumTi 3 40AaBAHHAM CTPYMOTEHHUX NPOAYKTIB.

O6’ekT i meTtogu pocnig:eHHA. Matepianom ans
OOCNIAXeHHA 6ynn BNacHe KyBa/ibHUM Ta BIYHMI Kpu-
nonoaibHuit m’asn 48 6innx 6eanopogHuUX LypiB-camu,iB.
Martepian 3abupanu B YiTKO BUIHAYEHUX CUMETPUUHUX
MiCLLAX B/IACHe »KyBasbHOro Ta BiYHOro KpuaonoaibHoro
M’a3iB. TBapUH AiAMAKU Ha rpynu: | rpyna —iHTakTHI ((n=24)
no 12 TBapuH HECTaTeBO3PINOro Ta CTaTeBO3PINIOr0 BiKY,
AKWX YTPUMYBAIM B 3BUYAMHMX YMOBaXx BiBapito, Ha npu-
POAHbOMY ANA rPU3YHIB KOpMi; |l rpyna — B ymoBax nogo-
nediunTHOT AjETV 3 4OAABAHHAM CTPYMOTEHHUX NPOAYK-
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TiB ((n=24) no 12 TBap1H HecTaTeBO3piNoro
Ta cTaTeBO3pinoro BiKy). EBTaHasia TBapuH
34jMCHIOBaNAcA LUMAXOM BHYTpiLWHbOOYE-
PEBUHHOrO BBEAEHHA TiOMEeHTasny HaTpito
(2% po3unH TioneHTany HaTpito y Ao3i 25
Mr/Kr macu).

EKcnepumeHTanbHi AoCNiAKeHHA 6yno
npoBeAeHO 3 AOTPUMAHHAM BUMOT 'yMaH-
HOTO CTaB/€HHA A0 NiAA0CAIAHUX TBAPUH,
pernameHToBaHMX 3akoHOM YKpaiHu «[1po
3aXMCT TBAPWH Bif, *KOPCTOKOTO NMOBOAMKEH-
Ha» (Ne 3447-IV Big 21.02.2006 p.) Ta
€BPOMNENCbKOI KOHBEHLLEID MPO 3axMcT
XpebeTHWUX TBAPWH, AKI BUKOPWUCTOBYHOTHCA
AN AOCNIAHUX Ta iHLWMX HAyKOBMX Linewn
(Ctpacbypr, 18.03.1986 p.).

BuKOpMCTOBYBANUCL HACTYMHI MeToau
OOCNIAXKEHHA: MoZentoBaHHA Mopoanedi-
LMTHOIO CTaHy i3 CMOXMBAHHAM CTPYMO-
reHHUX NpoaykTis [7]; iH'eKLinHUA meTop,
OOCNIAXKEHHA KPOBOHOCHOTO pyc/a Xy-
Ba/IbHMX M’AA3iB; ricToNoOriYHe AOCNiAMKEHHSA
KPOBOHOCHWX CYAMH Ta TKAaHWUHHWUX ene-
MEHTIB XKyBa/IbHUX M'A3iB (reMaTOKCUAIH i
€03uH, PyKceniH 3a XapTom, TPUXPOMHE 3a-
bapsneHHaM 3a MacoHom, 3a CTigmeHoMm,
remMaToKCUNIH-OCHOBHUI GYKCUH-MIKPUHO-
Ba KMUC/I0Ta 3a BaH lM30HOM,; ricTOXiMmiuHWI
MEeTOZ, BUBYEHHA XKYBaJlbHUX M'S3iB (CYK-
umnHatgerigporeHasa (CAIN 3a metozom
M. Haxnaca); eneKkTpoHHOMIKpPOCKoNiyHe

Puc. 1. 3miHa B po3nogini cyauH eHA0Mi3ito BaacHe KyBasbHoro (a, 6) Ta 6iuHoro
Kpunonogi6Horo (B, r) m’a3iB HecTaTeBo3pinuX Wypis npu iiogoaediunTHIN gieTi 3
A0AABaHHAM CTPYMOreHHUX NPoAyKTiB. 3a6.: a, B — iH’€KLiA NapU3bKOIO CUHBOIO i3
£,03abapBAEHHAM reMaTOKCUNIHOM | €03UHOM, B, I — iH’ €KL, NApPU3bKOIO CUHDBOIO.
Mikpodortorpadis. 36.: a, B — oK. 10; 06. 40; 6, r — oK. 10, 06. 20.

Mo3HaueHHA: 1 — HabpAK M’A30BOro BOJIOKHA.

Puc. 2. CTpyKTYypa CyAUHHOI CTIHKM apTepili pi3Horo Kanibpy BnacHe XysanbHoro (a) Ta

OOCNIAXKEHHA; MOPOOMETPUYHWUIA aHaNi3 6iunoro Kpunonogi6Horo (6) m’a3iB HecTaTeBO3piNMX Wypis B ymosax ogogediuntHoi

(cepefHE 3HayeHHA NPOCBITY KPOBOHOC-
HUX CYAMH Ta TOBLUMHA iX CTiIHKM, KiNbKICTb
remokaninapis 8 1 MKm? nonepeyHoro
nepepisy M’A30BOro BOJIOKHA; KiNbKiCTb remoKaninapis,
AKi NPUNaAaloTb HA O4HO M'I30BE BOJIOKHO; NPOLEHTHE
cnisBigHoWeHHA oKUCHUX (OMB), OKMCHO-TNIKOMITUYHMX
(OrMB), rnikonitTnuHMx (TMB) M'130BMX BOJIOKOH; cepes-
HA N10LWa M’'A30BOr0 BO/IOKHA; BioXiMiYHi; CTaTUCTUYHMI
aHanis.

PesynbTaTv focniaMeHHs Ta ix o6rosopeHHs. Moay-
pif y AaHii eKcnepuMeHTasbHil rpyni HeCcTaTeBoO3piiMX
TBapuH cTaHoBuTb 1,40 + 0,13 mKr/na (p < 0,01), y cTaTe-
Bo3pinmx — 1,88 + 0,17 mkr/n (p < 0,01).

Ha 60 poby nicha 6a3oBoi nMoaoaedi-
LIUTHOI AIETW 3 OAaBAHHAM CTPYMOreHHUX
NPOAYKTiB Npu iH’eKuii cyanHHoro pycna
iH'EKLMHOI0 Macolo y KyBaZbHUX M’'A3ax
HEeCTaTeBO3pPININX TBAPUH BiAMIYAETLCA He-
PIBHOMiPHUWI PO3MNOAiN iH EKUIMHOI macw,
3miHa B 6ya0Bi cyauHHoro pycna (puc. 1).

CnocTepiraetbca 3HaYyHe 3MEHLUEHHA
OiameTpa apTepiii nepumisito, eHaoMiI3ito,
BHYTPILUHbOM'A30BUX Ta MOTOBLUEHHA iX
CTiHKM, 0COBNMBO Y BACHE KyBaslbHOMY
w’asi. [locnigxKeHHA TiCTOCTPYKTypu apTe-

Ai€TU 3 foaaBaHHAM CTpyMmoreHiB. 3a6.: pykceniH 3a Xaptom. MikpodoTtorpadis.
36.: oK. 10, 06. 40. Mo3HaueHHs: 1 — po3WMNPEHHA Ta HAbPAK eHAOMI3ilo, 2 — HabpaKni
M’A30Bi BONIOKHA, 3 — HA6PAKOBI 3MiHU CYAUHHOI CTIHKK.

ByeTbcA 1,32 + 0,33 (p < 0,0001), B 6iuHOMY Kprnonogi6-
Homy — 1,57 £ 0,23 (p < 0,05) remokaninapis 8 1 MKM2,
3MeHLUYETLCA KiNbKICTb reMoKaninApis, WO npunagaoTb
Ha 04HO M'I30Be BOJIOKHO: B XyBasibHOMy M'A3i o 1,34
+ 0,29 (p < 0,01), B GiuHOMYy KpunonogibHomy — o 1,22
+ 0,22 (p < 0,05). Mpwn AocnigyKeHHi BeHyAapHOro pycna
MW BCTAHOBUAW 36iIbLLEHHA AiameTpa BEHYN Ta BEH, NO-
PIBHAHO 3 HOPMOIO Ta CTOHLUEHHA X CTiIHKM AK Y BAacHe
YKYBa/sIbHOMY, TaK i B 6iYHOMY KpuaonogibHomy m’a3ax.
YNbTPaMiKpOCKOMIYHO B eHA0TeNiOUNTaxX cnocTepira-
€TbCA HAbPAK LMTOMNAA3MM EHAOTENIOUMTIB 3 MOMITHO

Puc. 3. YnbTpamikpocKkoniuHi 3miHu B 6ya0Bi remoKaninapa BnacHe XyBaabHoro (a) Ta

pi NoOKa3ano NOTOBLUEHHA BHYTPILWHbOI 6iuHoro kpunonopai6Horo (6) m’asis HecTaTeBO3piNoro Wypa npu opoAediLUTHIi AjeTi

eM1aCTMYHOI MembpaHK, HabpAKNICTb Aaep
eHpoTenioumTis.  30BHIWHA  en1acTUYHa
mMembpaHa MOTOBLUEHA, HEpPiBHOMIPHO
3BuBMCTa (pumc. 2).

BigmivyaeTbcs 3MeHLWeHHA  KinbKocTi
remMoKaninapis B 1 MKm?, NopiBHAHO 3 HOp-
MOH0. Y BIaCHe »KyBa/sIbHOMY M’A3i Hapaxo-

3 A0AaBaHHAM CTPYMOreHHUX NpoAaykKTiB. EnektpoHHa mikpodoTtorpadis. 36.: 6400
. Mo3HauyeHHsA: 1 — epuTpouLUT, 2 — NPOCBIT remoKaninapa, 3 — Aapo eHaoTenioyuTa
remoKaninapa 3 MapriHanbHO PO3MiLLEEHUMU FPaHYIaMU FeTePpOXPOMaTUHY,

4 — BaKyoni3oBaHa LMTONNA3Ma eHA0TeNiouUTa, 5 — poswnpeHi CTpykTypum
rPaHYNAPHOI €HA0NNa3MaTUYHOI CiTKM eHAoTeniouuTa, 6 — po3BOJIOKHEHa i po3wiMpeHa
6a3anbHa membpaHa remoKaninapa, 7 — MiKpoKa1a3maTtos B remoKaninapi,

8 — 36inblueHe A4PO0 NepuumUTa 3 MapriHaibHO PO3MILLLEHMM reTepoXPoOMaTUHOM,

9 — niHOLUUTO3HI NyxupLi B nepuuuTi, 10 — po3unpeHnii nepuBackynsapHUii Npocrtip,
11 - aapo M’A30BOro BO/IOKHA, 12 — BaKyo0/1i30BaHi MiTOXOHAPIT M’A30BUX BOSIOKOH.
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Puc. 4. BorHuwyeBa BTpaTa nonepevyHoi NOCMYroBaHOCTi M’A30BMX BO/IOKOH BNnacHe
}KyBasbHOro (a) Ta 6iuHoro kpunonoaibHoro (6) m’sa3iB HecTaTeBO3PINUX LWYPiB NpU
opopediuunTHIN AieTi 3 AOAABAHHAM CTPYMOreHHUX NPOAYKTiB. 3a6.: remaToKCcuiH
i e03uH. Mikpodotorpadis. 36.: ok. 10, 06. 40. Mo3HaueHHA: 1 — W’A30Bi BONIOKHa
3 YiTKO BUPaXKEHOIO NOMNepPeYyHOoI0 NOCMYroBaHiCTIO, 2 — BTpaTa NnonepeyHoi
NOCMYroBaHOCTi M’A30BUX BOJIOKOH, 3 — 36inblueHi agpa Mm’a30BUX BOIOKOH.

Puc. 5. TicTocTpyKTypa Mm’Aa30BUX BOIOKOH BNAacHe »KyBanbHoro (a) Ta 6iuHoro
Kpunonogi6Horo (6) m’Aa3iB HectaTeBo3piNuX LypiB Npu oaoaediunTHIN
AjeTi 3 foAaBaHHAM CTPYMOreHHUX NpoayKTiB. 3a6.: TpuxpomHe 3a MacoHom.

MikpodoTtorpadis. 36.: a — ok. 10, 06. 40; 6 — oK. 10, 06. 20. Mo3HaueHHA: 1 — KNiITMHHa

iHpinbTpaLia cnoNyyHOi TKAHUHK, 2 — PO3BOJIOKHEHHA KOJIareHOBUX BOJIOKOH,
3 — HabpsAK M’A30BUX BOJIOKOH, 4 — KPOBOHOCHI CYAUHM.

Puc. 6. Mhiko3amiHornikaHu BnacHe yBanbHoro (a) Ta 6iuHoro Kpunonogi6Horo (6)
m’A3iB HECTaTeBO3PINUX LYPiB B ymoBax ogoaediuuTy 3 AoAaBaHHAM CTPYMOreHiB.
3a6.: anbUMHOBMIA CUHIN 3a CTigmeHom. MikpodoTtorpadis. 36.: ok. 10, 06. 10.
MNo3Ha4yeHHA: 1 — riKo3amMiHOMiKaHW CNONYYHOI TKAHUHU eHA0MI3ilo.

Puc. 7. Habpsk Ta 36inblweHHA B KinbKocTi TMB NOpiBHAHO 3 iHLWIMMK BONIOKHaMK Y
B/1acHe XyBasibHOMy (a) Ta 6iuHOMy Kpunonoai6Homy (6) m’a3ax HecTaTeBO3PINUX
TBapuH B ymoBax ogoaediuUTHOI Ai€TU 3 4OAABAHHAM CTPYMOTrEHIB.
3a6.: cyKumHataerigporeHasa 3a M. Haxnacom. Mikpodotorpadis.

36.: a, 6 — oK. 10, 06. 20. No3HaueHHsa: 1 - TMB, 2 - OTMB.

BaKyosisauieto (puc. 3). MepuBackynapHUIA NPOCBIT 3Ha-

3HAYHY KifbKiCTb MacTouuTiB Ta Audy3Hi
[eno3unTu rikosamiHornikaHis (puc. 6).

Mpu pocnigkeHHi CAM-oi akTMBHOCTI
M’A30BUX BOSIOKOH MOXKHa BiAMITUTU 3Ha-
YHWIA NepepOo3noin PisHUX TUMNIB M'A30BMX
BOJIOKOH (puc. 7).

AIKy BnacHe »KyBa/ibHOMY, TaK i biuHoMy
KpunonogibHomMy m’a3ax HecTaTeBO3PINNX
TBapWH 3MeHLyBanaca Kinbkicte OTMB. Y
B/IaCHE }KYBa/IbHOMY M’A3i HapaxoByBaso-
cs 60,03% OI'MB, B 6iuHOMY Kpuaonogi6-
Homy — 63,32%. Bigmivyanoca 3meHLweHHA
yncna OMB (15,93% y BnacHe »KyBasibHOMY
m’s3i Ta 20,34% — B BiuHOMY Kpuionogi6-
HoMmy).

Kinbkicte TMB npu ubOMy 3HA4yHO
36inblUyBanaca i CTaHOBMAA Y BIACHE XKy-
BanbHOMY M’A3i 24,04%, B 6iuHOMY Kpuno-
nogioHomy — 16,34%. Mpn mopdomeTpuy-
HOMY [OCAIAMKEHHI B eKCnepuMeHTasbHUX
HeCcTaTeBO3pPiIMX TBAPWMH 3POCTAE MAOLLA
nonepeyHoro nepepizy MB. Y BnacHe
YKyBasibHOMY M’A3i iX noLwa nonepeyHoro
nepepisy ctaHoBuTb 39,24 + 4,38 MKM?, B
6iYHOMY KpunonogibHomy m’s3i AaHWi no-
Ka3HWK pocsrae 38,67 + 4,20 mkm?, 36in1b-
LUIYETHCA NOLLLA NOMNepeyYyHoro nepepisy i B
OrMB BnacHe yBasibHOro m’sza go 36,27
+ 4,73 MKm?, y 6i4HOro KpunonogibHoro
— 0o 35,64 + 4,48 mKMm?. Bigmiuaetbca a0-
CTOBipHe 36i/bLUEeHHS N0 NonepeyYyHoro
nepepisy OMB BnacHe *KyBa/sibHOro M’A3a
0o 30,61 + 4,12 mkm? Ta go 29,01 + 3,90
MKM?B BiYHOro KpuaonoaibHoro m’asa.

Mpun €N1eKTPOHHOMIKPOCKONiYHOMY
[OCNIAXKEHHI BNnacHe »KyBasnbHOro Ta b6iu-
HOro KpuaonogibHoro m’asiB y BCix BUAAX
M’A30BUX BOJIOKOH HAaMM BUSIBIEHO 3HAYHI
CTPYKTYPHO-HabpsAKoBi 3miHu (puc. 8).

OcobnnBO BMpaAXKEHO BOHW BUABAA-
toTbCA Y FTMB i NpoABAAOTLCA NOPYLUEHHAM
ronepeyYyHoi NocmyrosaHocTi Miodibpun,
PO3LWMPEHHAM Ta PO3MMUTICTIO Z-N1iHil. Mi-
TOXOHAPIi y BCiX TMNAx M’A30BUX BOJIOKOH
36i/IblIEHi, 3 MaTPUKCOM 3HUMKEHOI enek-
TPOHHOI LWiNbHOCTI. Y [eAKUX MITOXOH-
ApifxX BUABNAKOTbCA 3pYyMHOBaHI rpebeHi.
EHpoonnasmatMyHa CiTKa  npeacTaBiaeHa
PO3LWMPEHNUMM LIUCTEPHAMK | TPybOuUKa-
MU. AnapaT lonbg)Ki pPO3LWMPIOETLCA, B
HbOMY HasfiBHI BaKyoO/li i3 CBITIMM BMiCTOM.
OfHo4YacHo 36inbluyeTbcA 06’eMHa YacTKa
MITOXOHAPIN: Y BNacHe KyBasbHOMY M’ A3i
003,96 £ 0,74%, y 6iuHoMy KpuionogibHo-
My — 4,61 + 1,05%. 36inbluyeTbca 06’emHa
YyacTka miodibpun po 78,16 + 2,78% — y

YHO po3WwmpeHunit. Mpu ubomy Binblui BUPaXKeHi 3miHK
BMABNAIOTLCA Y BJIACHE »KYBa/IbHOMY M’si3i, MOpPiBHIOOUM
3 6iYHMM KpuaonogibHum.

Mpy AocniasKeHHi ricToNoriYHOI CTPYKTYpU M’ A30BUX
BOJIOKOH Y HECTAaTEBO3PININX TBAPUH Y YKYBa/IbHMX M’ A3ax
CMOCTEpPIraeTbCsa BOTHULLLEBA BTPATa BMNOPAAKOBAHOI Mo-
nepeyHoi nocMmyrosaHocTi (puc. 4). MpoLuapKun cnoay4Hoi
TKaHMHM Bi3yaNbHO po3WMpeEHi. iHdinbTpaujto (puc. 5),

BNACHe *KyBasibHOMY M’a3i i 40 80,42 + 4,26% —y 6iuHOMY
KpunonogibHomy m’s3i. B He3HauHin mipi 36inblyeTbea
06’eMHa YacTka miToxoHapii 8 OMB BnacHe *KyBasibHOro
m’a3a (go 6,59 * 1,40%), 6iuHoro KpuaonogibHoro — Ao
6,81 = 1,09. 06’emHa yacTka miodibpun 8 OMB BnacHe
’KyBa/IbHOrO Mm’s3a cTaHOBUTL 86,57 + 4,51%, 6iuHoro
KpunonogibHoro — 82,27 + 2,60%.

Mpu mopdomeTpuyHoMy aocniarkeHHi OTMB BunAB-
NleHo He3HayHe 36inbleHHA 06’€EMHOT YacTKM MITOXOH-
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AOpili: y BNacHe xKyBanbHoMy m's3i go 5,91
+1,15%, B 6iuHOMY KpunonogibHomy — Ao
5,81 + 1,24%. O6’emHa YacTka miodibpun
Yy B/lacHe »KyBalbHOMY M’si3i 3pOCTaE Ao
82,65 * 2,66%, y 6iuHOMy KpuaonoaibHo-
my — o 81,39 £ 3,64%.

Y cTaTeBo3piNmnX LWypiB Npu iH ekl cy-
OVHHOIO pycna AK y BAACHe XyBaJbHOMY
TaK i B 6iyHOMy KpwnonogibHomy m’A3ax
BiAMIYAETbCA MOPYLUEHHA CYAUHHOTO pw-
CYHKY (puc. 9).

OfHaK 3MiHM MEHLL BUPAXKeHi, HiXK B He-
CTaTeBO3piAnX TBapWH. ApTepiasibHa CiTKa
BUMNAJAE Wwupokonetnmcroto. CnocTepira-
€TbCA 3MEHLUEHHA AiaMeTpa NPOCBITy ap-
Tepii 3 04HOYACHMM MOTOBLLEHHAM iX CTiH-
Ku. JeLo 3meHLIMAaca KinbKicTb Kaninapis
B 1 MKM? momnepeyHoro 3pisy m’s30BOro
BOJIOKHA. Y BnacHe XyBasibHOMY M'si3i B 1
MKM? HapaxoByBasnoca 1,51 + 0,21 remoka-
ninspu, B 6iuHomy KpunonogibHomy — 1,69
+ 0,29 remoKaninapu. Ha ogHe m’asoBe
BOJIOKHO NpMMNagaEe MeHLa KiNbKicTb remo-
Kaninapis, NOPiBHAHO 3 HOPMOHO. Y BNlacHe
yBasbHOMY M's3i — 1,54 + 0,27 remoKani-
napu, B 6iuHomy KpunonogibHomy — 1,40 +
0,17. Ha BcbOMy NpoOTA3i BEHO3HOrO pycnaa
MW BigMiYann po3LMpPEHNIn MatOHOK Be-
HO3HMX NeTesb Ta CiTOK.

Mpwn €/1eKTPOHHOMIKPOCKOMIYHOMY
[OCNigXeHHi B eHpoTeniouuTax crocre-
piratoTbca AenAki HabpsAKoBi 3MiHW 3 npo-
CBIT/IEHHAM AApa, YTBOPEHHAM iHBariHa-
Ui saepHoi 0B0NOHKKM, MNPOCBITIEHHAM
MaTPUKCY  MITOXOHAPIN, PO3WMPEHHAM
TpyboUOK i NyxmpLiB anapaTy fonbaxi, Tpy-
BOYOK Ta UMUCTEPH rPaHYNAPHOI eHaonas-
MaTUYHOI CiTKWU. TaKOX MOXKHa Mobauntu
HEBE/INKY KiNbKiCTb MIHOLUUTO3HUX NyXup-
uis (puc. 10).

Y M’A30BMX BOJIOKHaX nonepeyHa no-
CMYrOBaHiCTb BOTHULLEBO MopyLueHa (puc.
11). Agpa 36inblueHi Ta npocsitaeHi. Cno-
NIYYHOTKAHUHHI enemeHTW eHZoMmisito Ta
nepumisito po3LMpeHi, KonareHoBi BOMOK-
Ha po3BOJIOKHEHI (puc. 12). Mpu pocni-
OXKEHHI M’A30BMX BOJIOKOH 3 3abapBrieH-
HAM anblL,iaHOBMM CMHIM CNOCTEpIraeTbcA
andysHe po3MiLLLeHHA riKO3aMiHOMNIKaHIB
y HabpaAKAii cnonyyHii TkaHWHI (puc. 13).

Mpu mopdomeTpuyHOMY [OCNiAMKEH-
Hi BiAMIYa€eTbCA AeaKe 36iNblUeHHA MAOLLL
nonepeyvyHoro nepepisy BCiX TUMIB BO/O-
KOH. TaK, m/iolWa nonepeyvyHoro nepepisy
OMB BnacHe »yBa/ibHOro M’si3a CTAaHOBUTb
32,58 £ 5,37 MKm?, 6i4HOrO KprnonoaibHo-
ro—30,48 + 4,19 mkm?. Mnowa nonepeyHo-
ro nepepizy OFMB y BnacHe *KyBanbHOMY
m’asi 36inbwmnnack Ao 37,21 + 5,59 MKkm?,
B 6iuHomy KpunonogibHomy — no 36,93 +
5,34 MKm2. Ona TMB nnowa nonepeyHo-
ro nepepisy B *KyBaibHOMY M’A3i CKNadae
42,34 + 6,98 MKW?, B BiuHOMY Kpuaonogi6-
HOMYy M’si3i N/IOLLA NONepPeYHoro nepepisy
36inbwmnaca go 41,92 + 5,42 mkm?.

Puc. 8. YnbTpamiKpocKoniuHi 3miHu B 6yf,0Bi BracHe 3KyBasibHOrO (a, B), 6iuHoro
Kpunonogi6Horo (6, r) m’a3is HectaTeBo3pinoro wypa npu iogoaediuuTHil aieti 3
AOAABAHHAM CTPYMOreHHUX NpoaykKTis. EnektpoHHa mikpodoTtorpadis. 36.: 6400.
Mo3HayeHHA: 1 — pyiiHyBaHHA NoNepe4YHoi NOCMYroBaHOCTi B M A30BOMY BOJIOKHI,

2 - nigcapKonemasnbHe CKYNYeHHsA BEIMKUX MITOXOHAPIT, 3 — po3wwunpeHi Ta 3pyiiHOBaHi
nigcapKonemasnbHi MiTOXOHAPIN, 4 — MHOXUHHI BaKyoni30BaHi i 3pyiiHOBaHi
MiTOXOHAPIT, 5 — N0OANHOKI 3pyitHOBaHI MiToXOoHAPIT 6iuHOro KpunonoaibHoro m’s3a,
6 — popmyBaHHA mieniHONOAiIGHUX Tineub, 7 — po3LWIMPEHNiT Ta BaKyoNi3oBaHUM
nepuBacKynApHUIA NpoCTip.

Puc. 9. 3miHa B po3nogini cyauH eHAoMisito BnacHe xysasbHoro (a, 6) Ta 6iuHoro
Kpunonogi6Horo (B, r) m’a3iB cTtaTeBo3pinux Lypis npu iioaoaediuunTHiiA gieti 3
AOAABaHHAM CTPYMOreHHMX NpoAyKTiB. 3a6.: a, B — iH’ €KL NapM3bKOIO CMHBOIO i3
A033a6apBNEHHAM reMaTOKCUNIHOM i €03UHOM; 6, I — iH’EKL,iA NapU3bKOIO CUHbOIO.
Mikpodortorpadis. 36.: a, B — oK. 10, 06. 40; 6, r — oK. 10, 06. 20.
Mo3HaueHHs: 1 — HabpsaKni M'A30Bi BONOKHA.
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Puc. 10. YnbTpacTpyKTYpHi 3MiHM remoKaninapa ysanbHoro (a) Ta 6iuHoro
Kpunonogi6Horo (6) m’a3is crateBospinoro wypa npu iioaoaediumnTHil aieTi
3 A0AaBAaHHAM CTPYMOreHHUX NPOAYKTiB. EnekTpoHHa mikpodoTtorpadis. 36.:
a—9600; 6 — 6400. Mo3HauyeHHs: 1 — NPOCBIT remoKaninapa, 2 — aepopmosaHe
AAPO eHAOTeNioLMUTa FeMOKaninfapa 3 MapriHaibHO PO3MiLLLEEeHMMM rpaHyNaMuU
reTepoxXpomaTtuHy 3 — BaKyosi3auia uMTonnasmu eHaoTenioumTa, 4 — MHOMXUHHUMA
niHouMTO3, 5 — MiKpOK/N1a3MaTo3 B reMoKaninApi, 6 — po3BoNIOKHeHa i po3lWMpeHa
6a3anbHa membpaHa remoKaninapa, 7 — fpomb6ouuTt, 8 — poswwMUpeHni i
BaKyo0/1i30BaHUIi NepuUBaCKyNAPHUIA NpocTip, 9 — popmyBaHHA MieniHONoAiI6HUX
Tineup, 10 — BTpaTa nonepeyHoi NOCMyroBaHOCTi M’A30BOro BOJIOKHA.

Puc. 11. Habpsakosi 3miHu m’a30BUX BONOKOH (1) BnacHe )yBanbHoro (a) Ta 6iuHoro
Kpunonogi6Horo (6) m’a3is crateBo3pinunx wypis npu liogoaediuuTti 3 AoAaABAHHAM
cTpymoreHiB. 3a6.: remaTtoKcuniH i eo3uH. Mikpodotorpadis. 36.: ok. 10, 06. 40.

Mpu pocnigrkeHHi CA-0i aKTMBHOCTI MW BUABWMAU
3MeHLLEeHHA KinbkocTi OTMB i OMB Ta 36inbweHHA TMB
nopiBHAHO 3 Hopmoto (puc. 14).

TaK, y BnacHe XyBajJbHOMYy M’A3i CTATEBO3PIIMX
TBApWH HapaxoByeTbca 66,28% OIMB, y 6iuHoMy Kpu-
nonogibHomy m’asi — 59,86%. Biacotok TMB y BnacHe
YKyBanbHOMY m’A3i cTaHoBUTb 17,53%, B BiuHOMY Kpuno-
nogibHomy — 18,96%. Kinbkictb OMB y BacHe KyBasb-
HOMY M’s13i 3meHLWwmMnack o 16,19%, B 6iuHOMy Kpuaono-
nibHomy — 10 19,98%.

Mpyv JocnigXeHHi KyBafbHUX M'A3iB Ha  Yyib-
TpamiKpockoniyHoMmy piBHi B ymoBax Hogoaedi-

Puc. 12. PO3BONOKHEHHA Ta HABPAK CNONYYHOTKAHUHHUX | M’A30BMX BOJIOKOH B/lacHe
}KyBanbHoro (a) Ta 6iuHoro KpunonogibHoro (6) m’a3ieB ctaTeBO3pinnX TBapUH Npu
opoaediumnTHIN AieTi 3 AogaBaHHAM CTPyMOreHiB. 3a6.: reMaTOKCUNIHOM-OCHOBHUM
GYKCMHOM-NIKPMHOBOIO KMCNOTOM 3a BaH lMNizoHom. MikpodoTtorpadis. 36.: a, — oK. 10,
06. 20; 6 — oK. 10, 06. 40. Mo3HayeHHA: 1 — HA6PAK Ta PO3BOIOKHEHHA KONAareHoBMX
BOJIOKOH, 2 — HabpAK capKoniasmu m’a30BUX BOJIOKOH.

UMTY 3 [O0AaBaHHAM  CTPYMOTeHiB Y
CTaTeBO3pPiNMX TBapuMH 0COBAMBO  BU-
pa*keHi 3miHM cnocTtepiratotbca B8 MB
. (puc. 15).

byno BCTaHOBNEHO BOrHuLLEBE MOpy-
LWEHHA BMOPAAKOBAHOCTI MNOCMYrOBaHOCTI
Miodibpun. [30TponHi AMCKM (cmyKKa )
Ta aHIi30TPOMHI AMCKM (CMY}KKa A) HeuiT-
KO BUPAXKeHi, B AeAKMX MicLAX 3pyMHOBA-
Hi. Z — niHii po3muTi Ta po3wwnpeHi. Agpa
M’A30BUX BOJIOKOH 36inbluUeHi, NpocBitie-
Hi, po3mileHi nigcapkonemanbHo. Mito-
XOHAipiT BisyanbHO 36i/bLUeHi B po3mipax,
NOpiBHAHO 3 HOPMOIO, MaloTb CBITAUI Ma-
TpUKc. Jeaki mitoxoHApii MicTATb 3pyMiHO-
BaHi rpebeHi. Mpu mopdomeTpuyHomy a0-
CNigyeHHi BCTAHOB/IEHO, LLO AeLo 3pocaa
06’emHa YacTka miToxoHapi B TMB BnacHe
YyBanbHoro m's3a (4o 3,82 +0,78%), B 6iu-
Horo KpunonogibHoro — go 4,52 + 1,07%.
MorKHa BiAMITUTN He3HayHe 36i/blieHHsA
06’eMHOI YacTkM Mmiodibpun B TMB BnacHe
»KyBasibHOro m’s3a (o 82,08 + 2,83%), 6iu-
Horo KpunonoaibHoro — go 83,51 + 3,33%.
BisyanbHO BigMIYa€ETbCA 3MEHLIEHHA rpa-
HYA FNiKOreHy.

O6’eMHa 4aCTKa  MITOXOHApIA B
OFMB  BnacHe  »yBanbHOro  m’A3a
Maiike He 3MiHWacA i CTAHOBWTL

5,79 £ 1,11%, B 6i4HOrO KpUAONoaibHoro —
5,77 £ 0,98%. O6’emHa YacTka miodibpun
B8 OTMB B/iacHe »KyBa/sibHOrO M’si3a CTaHO-
BUTb 85,26 + 4,19%, 6iuyHOro Kpuaonopajib-
Horo— 82,97 £ 3,14%.

O6’emHa 4yacTka miToxoHAapih B OMB
B/1aCHe »KyBa/IbHOro mM’A3a CTaHOBUTL 7,16
+ 1,68%, B 6iyHOro KpusaonogibHoro —
7,11+0,87%. O6’emHa YacTka miodibpun y
OMB BnacHe *KyBa/JibHOTO M’A3a CTAaHOBUTb
89,27 + 3,32%, 6iuHoro KpunonogibHoro — 88,19 + 3,59%.

TakuM 4ymMHOM, Npw opoaediunTHIA aieTi 3 popa-
BaHHAM CTPYMOFEHHUX MPOAYKTIB Yy ¥KyBa/bHUX M A3ax
crocTepiraloTbca HabpAKOBI 3MiHM B eHAOTeniouuTax,
O CYNPOBOAMKYETbCA 3MEHLUEHHAM AiameTpa apTepil
3 AOCTOBIPHMM MOTOBLLEHHAM iX CYANHHOI CTIHKW. Y Be-
HO3HOMY pPYC/i € PO3LUMPEHHA MPOCBITY BEHO3HUX CYAUH
3 OA4HOYACHMM He3HAYHMM HabpAKOM eHAOTeniouuTiB.
Binbl BMpPaXKeHi 3MiHM BUABNAIOTLCA Y BAACHE XKyBasb-
HOMy M’AA3i, 0c0BANBO, HECTAaTEBO3PININX TBAPUH.

Mpu nigpaxyHKy KiNbKOCTi remoKaninapis B 1 mkm?
Ta remokaninAapis, WO MpMNagatoTb Ha
OOHO M'A30BE BOJIOKHO BCTAHOB/IEHA
TEeHAEHLA [0 X 3MeHLWeHHA, 0cobanMBO
Yy HecTaTeBO3pinMx TBapuH. B xoai ekc-
NepMMeEHTY  BCTAHOBNEHO  36iNblueHHSA
BMICTYy XO/IeCTEPUHY B KpOBi fAK HecTa-
TEBO3PINNX, TaK i CTAaTeBO3PINNX TBAPUH
(1,68 + 0,14 mmonb/n Ta 1,46 + 0,11
MMONb/N  BiANOBIAHO), MOPIBHIOKYM 3
KOHTPOJIEM, AKUI Yy AAHWUX rpynax CTaHo-
sBus 1,65 + 0,08 mmonb/n T1a 1,37 + 0,07
MMOJb/N BignosigHo. AK Bigomo, rinepxo-
NlecTepuUHemMifA € aHFOTeHHUM MOLLUKOAXKY-
FOUMM YMHHUKOM [6]. CyaMHHI 3MiHM 3anyc-
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KaloTb CTPOMA/IbHO-M'I30Bi MOPYLUEHHA,
LLLO 11 BMABAEHO HaMW.

Mpu pocnigrkeHHi M’A30BMX BOJIOKOH
6yn0 BCTAHOBNAEHO MOPYLUEHHA iX CTPYK-
Typu 3 BTpaTOK MOMepevyHOoi NOCMyrosa-
HOCTi Ta HabpAKkoBUMM 3miHamn. Ocobaun-
BO CTpaxpaatotb TMB BnacHe »KyBanbHOro
m’A3a y HecTaTeBO3pinux TBapuH. Cnocre-
piratoTbCA CTPYKTYpHi 3MiHM OMB. 3MiHK
B OFMB BuparkeHi B MeHLWiin mipi. Takox

BiMIYa€ETbCA 3MiHa KINbKICHOrO CKAaAy  Puc. 13. Miko3amiHOriKaHK BAacHe yBanbHoro (a) Ta 6iuHoro kpunonogi6Horo (6)
pi3H0r0 BUAaY M’ 930BUX BOJIOKOH. My BU- m’A3iB cTaTeBo3pinunx Wypis B ymosax ogoaediumty 3 AoaaBaHHAM CTPYMOreHiB.

ABUSM 3MEHLLEHHS KibKkocTi OFMB i OMB 3a6.: anbujiaHoBMi c?1’3:"21gfaﬂ?i?mix:mrg:ﬁgmﬂ' 36.: ok. 10, 06. 10.
Ta penake 36inbweHHA TMB nopiBHAHO 3
HOpMmoOt0. binbl BMpaxKeHi 3miHM cnocTe-
piraeTbca y HectaTeBO3pPiANX TBapuH. Bu-
ABNEHO 36iNblIeHHA MAOoLWi nonepevyHoro
nepepizy M’A30BMX BOJIOKOH, 0COBAMBO
IMB Ta OMB y BnacHe »KyBasbHOMy M’s3i
HeCTaTeBO3piNMX TBAPWH. [aHi rictono-
MYHUX Ta MOPODOMETPUYHUX AOCNIAKEHD
NiATBEPAXKYIOTbCA  €1eKTPOHHOMIKPOCKO-
NIYHUMKU  JOCNIOAXKEHHAMMW, AKI BUMABUAN
HaBPAKOBI 3MiHM B YCiX TUMAX M’A30BKX BO- Puc. 14. FicroximiuHa igeHTudiKaLina pisHUX TMNIB M’'A30BMX BONIOKOH Y BRacHe

JIOKOH, 0c06/11BO y TMB HecTaTeBoO3pinnx KyBanbHomy (a) Ta 6iuHomy Kpunonogi6Homy (6) m’sa3ax crateBo3pinnx

. . . _ TBApUH B yMOBax iogoaediuMTHOI Ai€TH 3 AoAaBaHHAM CTpymoreHis. 3a6.:
I.Ll.ypIB.’ TaKOiK CI'IOCTepI.I'alOTbCﬂ ??'nbme_H CcyKuuHatrigporeHasa 3a M. Haxnacom. Mikpogotorpadis. 36.: a, 6 — ok. 10, 06. 20.
HA 06’eMHOI YacTKu MITOXOHAPIN Ta MIO- Mo3HayeHHA: 1 — OMB, 2 - OT'MB, 3 - TMB.

dibpuny y HabpsKAMX M'I30BMX BOJIOKHAX.
Taki 3MiHW B M'I30BMX BOJIOKHaX 3yMoB/ie-
Hi TakoX i MogopediunTom, WO niaTeep-
OYKEHO HaMM MOKasHWKamM Moaypii i yaro-
OMKYETBCA AaHMMM iHLWIMX HAyKoBL,iB [2].
BucHoBKu. Mpu MopopediumnTHin aieTi
3 [0[3aBaHHAM CTPYMOreHHUX MPOAYKTIB
Y *KyBaJ/IbHUX M’'i3ax CnocTepiraTbcA Ha-
OpSAKOBI 3MiHW IK B CYAMHHOMY pyCcAi TaK
i B M’A30BUX BONOKHax. OcobanBO CcTpaK-
natotb TMB BnacHe KyBa/sibHOro m’'siza vy
HeCTaTeBO3PININX TBAPWH, LLIO MiATBEPAXKY-
€TbCA AIK FICTONOMYHMMM TaK i cybmikpoc-
KOMIYHMMM JOCAIAKEHHAMM.
MepcneKkTMBn nopganbimnx pochi-
BAKeHb. MNposeaeHi mopdodyHKLiOHaANb-
Hi [JOCNioXKEeHHA € TeOPEeTUMYHOK OCHO-
BOIO ANA PO3pPO6KM i maToreHeTUYHOro
O6rpyHTYBaHHA  3aXOA4iB, CKEpOBaHWUX !

Ha KOpEeKLilo Ta nonepeaeHHA pPO3BM- Puc. 15‘.6yanp?6t\l|il;p0CK0I1i'ﬂlHi 3MiHu B 6yA,0Bi )KyBanbHOro (aclpB)l 6iuHoro
< . Kpunonoai6Horo (6, r) m’a3iB cTateBo3pinoro wypa npu iiogoaediuUTHin aieTi 3

TRy HopopediunTHNX rlopyLUEHb,- wo, B AOAABAHHAM CTpymoreHiB. EnekTpoHHa mikpodororpadis. 36.: a, 6, B — 6400; r — 8000.

CBOIO Yepry, npu3Bege A0 3anobiraHHA i Mo3HaueHHs: 1 — pyiiHyBaHHA NonepeyHoi NOCMYroBaHOCTi B M’ A30BOMY BO/IOKHI,

3HMMKEHHA PIBHA 3aXBOPIOBAHOCTI, MOro 2= POSLWMPEHi Ta 3pyiiHOBaHi MITOXOHAPIT, 3 — GopmyBaHHA mieniHONOAIGHMX Tineup,
. 4 — BaKyoni3aLyia M'A30BUX BOJIOKOH, 5 — po3LuMpeHnii nepuBackynapHuii npocrip,

YCKNaAHEHb, CNPUYMHEHUX HUMU IHBA- 6 — MapriHanbHO PO3MiLLEHMIi reTepoXpPOMaTHH B AAPI M’A30BOr0 BOIOKHA,

NiAHOCTI Ta CMEpPTHOCTI. 7 — cnaax epuTpoumTis.
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MOP®ODYHKLIOHANIbHWUIA CTAH KYBAIbHUX M’A3IB B YMOBAX NOAOAE®ILUTHOT AIETU 3 AOOA-
BAHHAM CTPYMOTEHHUX NPOAYKTIB Y PI3HI NEPIOAU OHTOINEHE3Y

Caran H. T.

Pe3stome. Ha wypax-camuax pPi3sHUX OHTOreHeTUYHWMX rpyn (cTaTeBo- i HecTaTeBO3piNi) AOCAIANKEHO BMNAMB
nopgonediuMTHOI Ai€ETM B NOEAHAHHI 3 A0AABAaHHAM CTPYMOTEHHMX MPOAYKTIB Ha KyBasibHi m’si3u. BuKopucTo-
BYBa/INCb 3arajsibHO TiCTO/NOFYHI, CyBMiKpOCKOMiYHMI, 6ioxiMiuHi, MOpPDOMETPUYHMIA, CTAaTUCTUUHUIA MeToaMU
LOCNIAXKEHHA.

BcTaHOBNEHO, WO CYAMHHOMY PyCAi CnocTepiratoTbCA HAabBPAKOBI 3MIHWM, WO CYNpPOBOAMKYETHCA 3MEHLLIEH-
HAM AiaMeTpa apTepil 3 4OCTOBIPHMM NOTOBLUEHHAM iX CYANUHHOI CTIHKWU. BiNblu BUpPaXKeHi 3MiHW BUABNAIOTLCA Y
BN1aCHe yBaJibHOMY M’s3i, 0COBNMBO, HECTAaTEBO3PINNX TBAPUH. TaKoXK OYyN0 BCTAHOB/MEHO MOPYLUEHHA CTPYKTY-
py M’A30BMX BOJIOKOH 3 BTPATOO NOMepeyYHoi NOCMYroBaHOCTi Ta HabpakoBMMK 3miHamK. OcobMBO CTPaXKAAOTb
MB BAnacHe XyBa/ibHOro M’A3a y HecTaTeBO3piINX TBAPUH. [aHi ricToNoriYHUX Ta MOPHOMETPUYHUX AOCAIAKEHD
NiATBEPAKYHOTLCA EN1EKTPOHHOMIKPOCKONIYHUMMU.

BioximiuHO BCTaHOB/EHO 36iNbLUEHHSA BMICTy XONIeCTEPUHY B KPOBi AK HECTAaTeBO3PIiNWX, TaK i CTaTeBO3PINX
TBapuH. AIK BigOMO, rinepxonectepMHeMia € aHFNOreHHUM NOLIKOAXYIOUYMM YUHHUKOM. CyAMHHI 3MiHW 3anycKatoTb
CTPOMa/IbHO-M’A30Bi MOPYLIEHHSA, WO 1 BUABNEHO HaMu. B cevi BigmivaeTbcsa 3HauHa noaypia (p < 0,01).

KntouoBi cnoBa: iogoaediunt, m’a3o8e BOSIOKHO, OHTOreHes, reMOMIKPOLMPKYIATOPHE pyc/o.

MOP®POPYHKUUNOHA/IbBHOE COCTOAHUE MXKEBATE/IbHbIX MbILWUL, B YC/10OBUAX ﬁOAO,D,Ed)VILI,VITHOVI
OUETbI C AOBABJIEHUMEM CTPYMOTEHHbIX MPOAYKTOB B PA3HbIE NEPUOAbI OHTOTEHE3A

CaraHH. T.

Pe3stome. Ha Kpbicax-camuax pas3/IMiHbIX OHTOTEHETUYECKUX Fpynn (MonoBo3pesiblie U HENOMOBO3PEe/bIe) UcCae-
[0BaHO BAMAHWE MoaoaedUUNTHOW AMEeTbl B COMETaHMM C A0HaBeHMEeM CTPYMOTFeHHbIX NPOAYKTOB Ha »KeBaTe/b-
Hble MbllLLbI. Micnonb30Bannch 06LErncToNornieckne, cybMmnkpockonmnuieckne, buoxmmmnyeckme, moppomeTpude-
CKMe, CTaTUCTUUYECKUIA MeTObl MCCNea0BaHus.

YCTaHOBNEHO, YTO COCYAMUCTOM pycsie HabaoaaoTCA OTeYHbIE U3MEHEHUS, YTO CONPOBOXKAAETCA YMEHbLUEHUEM
AMaMeTpa apTepuini C 4OCTOBEPHbIM YTO/LEHNEM NX COCYANCTON CTEHKN. Bonee BbipakeHHble U3MEHEHMA 0bHapy-
YKMBAOTCA B COOCTBEHHO ¥KEBATE/IbHOW MblLLLLE, OCOOEHHO, HEMON0BO3PE/bIX }KUBOTHbIX. TaKkKe Obl10 YCTaHOBAEHO
HapylweHWe CTPYKTYPbl MbILIEYHbIX BOJIOKOH C NOTEpPein NnonepevyHor MCYEPUYEHHOCTU U OTEYHOW U3MEHEHUSMMU.
OcobeHHo cTpaaatoT FMB cOBCTBEHHO XKeBaTeNbHOM MblLLLbl Y HEMOOBO3PE/bIX }MBOTHbIX. [laHHbIe rMcTonornye-
CKMX U MOPDOMETPUYECKMX UCC/IeA0BaHUI NOATBEPKAAIOTCA 3NEKTPOHHOMMUKPOCKOMMNYECKMU.

BMOXMMMYECKM OTMeYaeTcs yBeMYeHre KoNnYecTsa XxonectepuHa B Kposu (p < 0,01) B pasHbIX OHTOreHeTHye-
CKMX rpynnax. B moue ycTtaHOB/IeHa 3HauuTeNnbHasA oaypusa (p < 0,01).

KntoueBble cnoBa: MogoaedpuumnT, MbilLEYHOE BOJIOKHO, OHTOreHe3, reMOMUKPOLMPKYNATOPHOE pyc/o.

MORPHOFUNCTIONAL STATE OF MASTICATORY MUSCLES IN THE CONDITIONS OF IODINE DEFICIENCY WITH
THE INCLUSION OF GOITRIFEROUS PRODUCTS IN DIFFERENT PERIODS OF ONTOGENESIS

SahanN. T.

Abstract. The problem of diseases due to the lack of iodine hastop-priority in native and international studies.
According to the WHO, more than 1/3 of the Earth’s population lives in zones of development of iodine deficiency
states. According to the UN Children’s Fund (UNICEF), all regions of Ukraine without exception are “hidden famine”.
It is known about the development of myopathy in hypothyroidism, which is often caused by iodine deficiency.
Consumption of goitriferous products deepens metabolic disorders. However, skeletal muscles in the conditions of
iodine deficiency with the addition of goitriferous products have not been studied.

Therefore, the purpose of this study was to determine the peculiarities of the structural organization of the
proper chewing and lateral pterygoid muscles of the rats at the stages of postnatal ontogenesis in an experimentally
modeled iodine deficiency with the addition of goitriferousproducts.

The influence of the iodine deficiency diet in combination with the inclusion of goitriferousproducts on the
chewing muscles was studied in male rats of different ontogenetic groups (mature and immature). There were used:
injection method for the blood stream study; histological study (hematoxylin and eosin, fuchsinaccording to Hart,
trichromic staining according to Mason, to Stidman, hematoxylin-main fuchsin-picric acid according to Van Gieson;
histochemical method (succinate dehydrogenase (SDG) according to M. Nachlas method); electron microscopic ex-
amination, morphometric analysis (the average value of the lumen of the blood vessels and the thickness of their
walls, the number of hemocapillaries in 1 um2 of the cross-section of muscular fiber; the number of hemocapillaries
that fall on the one muscular fiber; the percentage ratio of oxidation (OMF), oxidation-glycolytic (OGMF) glycolytic
(GMF) muscular fibers; the average size of muscular fibers; biochemical methods; statistical analysis.

In the injection of the vascular bed with the injectable mass in the masticatory muscles in both mature and im-
mature animals there is the uneven distribution of the injectable mass, a change in the structure of the vascular bed.
Histologically, a significant decrease of the arteries’ diameter and the thickening of their walls, especially in the mas-
ticatory muscle itself. The histostructure of the arteries showed the thickening of the inner elastic membrane, the
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swelling of the nuclei of the endothelial cells. The outer elastic membrane is thickened, irregularly tortuous. There
is a decrease of the number of hemocapillaries in 1 um2, compared with the norm. The number of hemocapillaries
in one muscular fiber decreases. In the study of the venular bed, we determined an increase of the diameter of the
venules and veins, in comparison with the norm and the thinning of their walls, both in the proper chewing and in
the lateral pterygoid muscles.

Ultramicroscopically in the endothelial cells of various ontogenetic groups there is an edema of endothelial cell
cytoplasm with marked vacuolation. The perivascular lumen is considerably expanded. At the same time, the more
pronounced changes appear in the proper chewing muscle, comparing with the lateral pterygoid one.

During the study of histological structure of muscular fibers of masticatory muscles in animals of various ontoge-
netic groups there is a focal loss of an ordered cross-striation. The growth of the cross-sectional area of all types of
muscular fibers is noted. In particular, GMF of the proper chewing muscle actually suffer in immature animals. The
layers of the connective tissue are visually expanded, diffuse deposits of glycosaminoglycans are observed. During
the study of SDG’s activity of muscular fibers, redistribution of different types of muscular fibers can be noted. Both
in the proper chewing and lateral pterygoid muscles the number of OGMF has reduced. There was a decrease of the
OMF’s amount. The number of GMF during this has significantly increased. During morphometric study in experi-
mental animals of both groups the cross-sectional area of all types of muscular fibers, especially GMF, is constantly
increasing.

In electron microscopic examination, we have determined the significant structural-edematous changes, which
are manifested through the violation of the cross-striation of myofibrils, the expansion and blurring of Z-lines. Mito-
chondria in all types of muscular fibers are enlarged with a matrix of reduced electronic density and collapsed crests.
The endoplasmic reticulum is represented by the expanded cisterns and tubules. The Golgi apparatus is expanding;
there are vacuoles with light content in it. At the same time, the volume fraction of mitochondria and the volume
fraction of myofibrils both in the proper masticatory and in the lateral pterygoid muscles increases.

Biochemically, an increase of cholesterol content in the blood of both immature and mature animals (1.68+0.14
mmol/l and 1.46+0.11 mmol/I, respectively) was observed, comparing with the control, which in these groups was
1.65+0.08 mmol/l and 1.37+0.07 mmol/l, respectively. As it is well-known, hypercholesterolemia is an angiogenic
damaging factor. Vascular changes trigger stromal-muscular disorders, as it is revealed by us. Significant ioduria is
observed in the urine (in the immature rats, 1.40+0.13 pg/I (p<0.01), in the mature ones — 1.88+0.17 pg/I (p<0.01)).

Key words: iodine deficiency, muscle fiber, ontogenesis, microcirculatory blood flow.
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TuxsuHckas O. A., Boakosa H. A., Poeynosckas E. I0., PeeeHKoO E. b., I\/La3yp C. .
3SAXUBNEHUE SKCUU3UOHHbIX KOXHbIX PAH Y MbILLEA B NPUCYTCTBUUN MATPUL],
n3 NAA3Mbl KPOBU

MHcTUTYT npo6aem Kpuobuonorum u KpMomeAuLMHbI
HaunoHanbHOW aKageMumn Hayk YKpauHbl (r. XapbKoBs)

CBA3b Ny6/MKaLUKM C NN1aHOBbIMU HAYy4YHO-UCCNEA0-
BaTeNbCKMMMU pabotamu. CTaTbA ABAAETCA GparmeHTOM
HUP «HusbKkoTeEMnepaTypHe KOHCepBYBaHHA CTOBOYpO-
BUX KNITUH Y CKNAAi TPMBUMIPHMX CTPYKTYp», N2 rocyaap-
CTBEHHOM perncTpaymm 0112U003132.

BctynneHue. [1o/IHOLEHHOE 3a*KMB/IEHME KOXKHbIX
paH pPasANYHOM 3TUONOTMWM A0 HACTOALEN0 BPEMEHMU
npeacTaBnseT coboit 3HaUYUTEIbHYIO MeauKo-b6uonoru-
YECKyHo 1 coumanbHyto npobnemy. Cpean coBpeMeHHbIX
CpeacTs, CNOCOHBCTBYIOLMX BOCCTAHOBNEHUIO PaHEBbIX
nedeKToB, BaXKHOE MeCTO 3aHMMAIOT paHeBble MOKPbI-
TUA: NJEHKKU, TeM, MUKPO- M MAKPOMOPUCTble TYOKM,
Cnpen Ha OCHOBE MPUPOAHbLIX NN CUHTETUYECKUX MaTe-
pUanos, a TaKkKe AeLenNtoNapmnsnpoBaHHbie GparmeHTbl
TKaHel. OHM NpefHa3HavyeHbl ANA 3alLMTbl paHbl OT ne-
pecbiXxaHWA, NAa3mMonoTepU U MHOULMPOBAHUSA, a TaKKe
noAfepKaHua ycnosui ana 6naronpuaTHOro TeveHus
penapaTUBHbIX NPOLLECCOB.

Ycnexu coBpeMeHHoM B1oTexHONO0rMmM cnocobCTByoT
pPa3BUTMIO NOAXOA0B, MPU KOTOPbIX PaHEBbIE MOKPbITUSA,
NMOMMMO MACCMBHOM 3alLMTbl PaHbl, AOMXKHbI obecre-
YMBaTb AAPECHYH [OCTaBKYy OMONOrMYECKM aKTUBHBIX
BELLLEeCTB, JIEKaPCTBEHHbIX CPEACTB U XMUBbIX KNETOUYHbIX

tikhvin71@gmail.com

3/1IeMEHTOB, BbINO/HAA TakKMM 06pPasoM pPo/ib MaTpu-
ubl-HocuTenn. B ngeane csolictea nogobHoOM maTtpuubl
[OONKHbI COOTBETCTBOBATb MEXaHMYeCKMm U 6uosoru-
YECKMM CBOMCTBAaM BHEK/IETOYHOIO MaTpPUKCa AepMbl,
obecneunBatb AMddy3n0 NUTATENbHbIX BELECTB N Me-
TabonnTOB, NOAAEP!KMBATL KAtoUueBble GU3UKO-XMMUYe-
CKMe NapaMeTpbl ra3o0bmeHa 1 ruapobanaHca, a Takxke
obecneynBaTb ONTUMa/bHbIE YCAOBUA ANA aAresnn, Mu-
rpauum 1 nponndepaLmm KNeTok. Kpome Toro, npoayKTbl
buoaerpagaummn maTpuubl A0MKHbI 3GEKTUBHO MeTa-
60113MpoBaThca 6e3 MHAYKUMM BocnaneHus [1,2].
AKTyanbHble TpeboBaHUA K BbibOpy maTepuana ans
CO34aHMA MaTPUL, AUKTYHOTCA KOHEYHOW Liesiblo coBpe-
MEHHOM BUMOMHXKEHEPUN — MONYYaTb MHAMBUAYASIbHbIE
AyTO/IOTMYHbIE MMMJIAHTaTbl HA OCHOBE WMCMOJ/1b30BaHUSA
COBCTBEHHbIX KIETOK M TKaHel naumeHTa. MNaasma Kposu
ABNAETCA OAHUM M3 Hambonee PU3NONOTUYHbBIX UCTOY-
HUKOB A58 GOPMMPOBAHMNA MATPULI-HOCUTENEN ANA PaH.
[ns co3naHus reneit Ha OCHOBE CbIBOPOTOYHOIO asibby-
MWHA UKW NNa3Mbl KPOBW BeNoK AeHaTypupytoT Harpe-
BaHMEM, BbICOKMM AaBneHuem, 1Mbo NoBepXHOCTHO-aK-
TUBHbIMW BELLECTBAMW UN 3MY/IbIMPOBAHMEM BOAHOW
dasbl B rnapodobHbIX XKUAKOCTAX [3-6]. OTKM benkosble
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