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MORPHOLOGICAL CHANGES IN THE TESTICLES WITH ACTION ON THE BODY RUBOMYCIN HYDROCHLORIDE

Konovalenko S. O.

Abstract. It is known that toxic drugs include rubomycin (daunomycin) — an antitumor antibiotic with a pro-
nounced cytostatic effect, which is widely used in the clinic. The use of this drug can lead to various disorders of the
cardiovascular, respiratory, digestive, hematopoietic systems. In men, under the influence of rubomycin hydrochlo-
ride, the functioning of the reproductive system may deteriorate and lead to azoospermia. It should be noted that
the morphometric structure of the testis when exposed to rubomycin hydrochloride has not been studied.

The purpose of the research — to study morphological changes in testis under the influence of rubomycin hydro-
chloride.

Object and methods. The complex of histological methods examined morphological changes in the testis of 30
laboratory white male rats, which were divided into 2 groups. The first group consisted of 14 intact animals that
were under normal vivarium conditions, the 2 — consisted of 16 rats administered intraperitoneally with rubomycin
hydrochloride at a dose of 30 mg/kg. After 30 days after the beginning of the experiment, the euthanasia of the
experimental animals was performed by bloodletting in conditions of thiopental anesthesia.

The cut pieces of the testis were fixed in a 10 % neutral formalin solution, and after appropriate ethyl alcohol of
increasing concentration was poured in paraffin blocks. Histologic sections 5-7 um thick after deparaffinization were
stained with hematoxylin-eosin, for van Gizon, Mallory, Weigert, and toluidine blue. Histological micropreparations
were examined using MBD-15 and Lumam-P8 microscopes.

Results and discussion. Histological examination of testicular macropreparations of experimental animals treated
with rubomycin hydrochloride revealed pronounced structural changes. Under these experimental conditions, there
was some reduction in the size of the tortuous seminal vesicles compared with control animals. Microscopically, it
was found that most of the tortuous seminal vesicles are in a state of devastation and degeneration of spermato-
genic epithelial cells. Foci with dystrophically altered and necrotized spermatogenic epithelium were also common.
Arteries and veins of the testis were also subjected to simulated structural pathology. The wall of the arteries is
thickened, their lumen is narrowed, some endothelial cells are dystrophically and necrobiotically altered and des-
guamated. In the venules and veins of the testis in the conditions of this experiment were observed plethora, blood
stasis, stagnation. The contours of the walls of venous vessels are blurred, thickened. Swollen and sclerosed foci
alternate, their contours are tortuous, twisted, and the lumens are deformed. Endothelial cells of venous vessels are
enlarged in size with the phenomena of edema, dystrophy, necrobiosis. There were foci of endothelial cell desqua-
mation, pyknosis and lysis of their nuclei. Prolonged exposure of experimental animals to rubomycin hydrochloride
leads to a pronounced structural rearrangement of the arterial and venous channels, parenchyma and testicular
stroma, which can significantly impair its spermatogenic and endocrine function.
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38’A30K nyb6niKauii 3 nnaHOBMMM HayKOBO-AOCAIg-
HUMM poboTamu. Y cTaTTi BUKOPUCTAHO MaTepian gucep-
TaUiMHOro AOCNiAMEHHS, IKe BUKOHYETbCA BigNOBIAHO A0
nnaHy IBaHo-PpaHKiBCbKOro HaLiOHa/IbHOrO MeAUYHOro
YHiBEpCUTETY | € YaCTUHOK HayKoBO-AOC/iAHOI poboTn
Kadeapu aHaTomii noguHU  «Mopdo-PyHKLiOHaNbHA
XapaKTePUCTUKa AEeAKMX OpraHiB HepBOBOI, eHAOKPUH-
HOI, TPaBHOI Ta CTAaTEBOI CUCTEM MPU LKPOBOMY AjabeTi
B YMOBax XpOHi4Horo ctpecy» (N2 aep»kaBHoi peecTpauii
0119U003551).

Bcryn. Lykposuit giabet (L) € aKTyanbHOW npo-
671eMOt0 Cy4acHOT MeAULLMHW, OCKINIbKM 3@ MOLUMPEHICTIO
3alimae 1-we micue cepes BCiX eHAOKPUHHUX 3aXBOPIO-
BaHb [1]. LI BHECEHWUI A0 TpiaAM HaMMNOWMpPEHIWnX 3a-
XBOPIOBAHb CY4YaCHOCTI, AKi € HAMYACTILLMMM NPUYMHAMM

iHBaNiAHOCTI i CMepTi XBOPKX, L0 NOB’A3aHO 3 TAXKMMMU
YCKNAAHEHHAMM Ta BUCOKOLO NETANbHICTIO cepes, npaues-
[aTHOro HaceneHHa [2,3]. 3a AaHWMMM HayKoOBOI NiTepa-
TYpY pAg, aBTOPIB JOCAIAXKYBAAN 3MIHU HEMPOM’A30BUX
3’egHaHb (HM3) npu U4 y asuui [4], *KyBanbHOMY m’s3i
[5]. MpoTe MK He 3HaAMWAKW AOCNIAMXKEHD, AKI 6 BMBYaAU
3mMiHM HM3 npu LU/ B nocTHaTanbHOMY nepiogi oHTore-
Hesy.

Tomy MeTOK HaLloro AOCNifgMKeHHA 6yno BUBUMTM
mopdo-PpyHKLioHaNbHI 3MiHK B HM3 ckpoHeBoro m’asa y
2-Mic i 6-Mic WypiB Npn eKkcnepumMmeHTanbHOMY LyKPOBO-
My giaberti 1-ro Tvny.

O6’ekT i meTogu pocnig:KeHHA. Matepianom gns
OOCNIAXEHHA CNyryBanu CKpoHeBi m’'A3nM 16 HecrtaTe-
BO3pinunx (2-mic wypu macoto 65-95 r) i 16 crateBospi-
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Tabnuua — MopdpomeTpruHa XapaKTePUCTUKA HEMPOM A30BUX CUHANCIB M’A30BUX BOIOKOH CKPOHEBOTO
m’13a Npu eKcnepuMmeHTaIbHOMY LlyKpoBOoMYy giaberi

Mnowa HMC, Mnowa CKNaAKN 32~ BigcTaHb mix cknag- KinbKicTb CKNAAOK| | iCTh CUHANTAYHIX
I'pyrla TBapPWUH 2 CUHANTUYHOI KaMu 3aCMHANTUYHOI 3aCMHANTUYHOI .
MKM ) nyxvpuis
I'IeDETVIHKVI, MKM I'IepETVIHKVI, MKM I'IepETVIHKVI
28 noba
-anic wypn |— U8 5,110,76" 0,07+0,02" 0,32+0,07" 13,0+2,58" 135,020,28"
KoHTponb | 8,15+2,02 0,12+0,02 0,1240,03 18,8+2,66 241,5+39,51
o cuz 7,79+1,35* 0,10+0,02" 0,24+0,05" 16,0+2,49" 228,6+28,37"
TP itpons | 10,42+2,35 0,15+0,04 0,15+0,03 21,141,91 293,049,49
70 noba
- wypn |— 4,73+1,11" 0,09+0,03" 0,59+0,18"* 8,6+1,78" 119,5+30,95"*
KoWtponb | 9,23%2,21 0,14+0,04 0,13+0,03 19,2+2,48 256,4+46,89
o cuz 4,28+0,81 0,05+0,02°* 0,74+0,31°* 5,041,62°* 70,8+13,32°*
TMICHYPY T itpone | 9,85+2,74 0,16+0,05 0,14+0,03 20,641,386 289,5+9,24

Mpumitku: 1) *p < 0,05 — BipOrigHiCTb NOKA3HMKIB NOPIBHAHO 3 NonepeaHiM TEPMIHOM eKkcniepumenTy; 2) #p < 0,05 — BiporiZHICTb MOKa3HMKIB

MOPIBHAHO 3 KOHTPO/LHOIO FPYMOtO.

nux (6-mic wypm macoto 160-180 r) 6innx 6e3nopoaHmx
LLYpiB-CaMLLiB, AKi NOAINANMCA HA 2 TPYNU: KOHTPOJIbHY
(12 TBApMH) Ta eKkcnepumeHTanbHy (20 TBapwuH). CTpen-
To3oToumHosuin LU (CLLA) y TBapuH eKcnepuMeHTasibHOI
rpynv MOAENtoBasv OAHOPA30BMM BHYTPIiLLHbOOYEpe-
BMHHUM BBEAEHHSAM CTPEnTO30TOLMHY (PO3YMHEHOrO B
0,1 M umTtpaTtHOMy BydepHOMY po3UmHi 3 pH 4,5) B 103i 7
mr Ha 100 r macu Tina HeCTaTeBO3PIIMM TBapMHaM Ta 6 mr
Ha 100 r macu Tina cTaTeBo3pinMM TBapuHam. KOHTponb-
Hili rpyni 0f4HOPA30BO BHYTPILUIHBOOYEPEBUHHO BBOAUIU
LUMTpaTHUI Bydep B ekBiBaneHTHIl A03i. PiBeHb [/1l0K03M
B TBapWMH BU3HAYaNAW WOAEHHO 3 Kpanai KPOBi XBOCTOBOI
BEHW 33 LOMOMOrOH0 TECT-CMYXKOK Ha ItoKomeTpi dipmu
«Accu-Chec» (HimeuuunHa). Matepian 3abupann Ha 28
i 70 pobu ekcnepumeHTy. BuKOpUCTanu ricToximiyHui
(imnperHaujs 3a BinbloBCbKMM-TpoOC), BioxiMmiyHMI Ta
€/IeKTPOHHO-MIKPOCKOMIYHMI MeTOAN AOCAIAKEHHSA.

Yci maHinynauji, Aki npoBoauauca i3 TBapuMHaMu
BMPOAOBXK EKCNEPUMEHTY, HE Cynepeynsiv NoMOKEHHAM
€BponencbKoi KOHBEHLLi NPO 3aXUCT XPEBETHNX TBAPWH,
LLLO BMKOPUCTOBYHOTLCA A1 AOCAIAHMX Ta IHLIMX HayKo-
BUX winei (Ctpacbypr, 1986), Oupektusi Pagn €sponu
86/609/€EEC (1986), 3akoHy YKpaiHu «[po 3ax1cT TBapUH
Bi/L *KOPCTOKOro noBoaKeHHA» Big, 15 rpyanHa 2009 poky
Ta Hakazam MO3 YKpainmn Ne 690 Big 23.09.2009 p., Ne
616 Big 03.08.2012 p.

Ona mopdomeTpuyHux AocnigKeHb BUKOPUCTOBY-
Bann ¢otorpadii rictoximiuHnx 3pisis, 36eperkeHnx y
dopmari tif Ta oumdbposaHi enektpoHorpamu. Mopdo-
MeTPpilo 34iMCHIOBaNM 33 JOMNOMOro nporpamu Image)
Bepcii 1.47t. BusHavanu: nnowi HM3, Hellpom’azoBumx
CMHANMCIB Ta CKAAAOK 3aCUHANTMYHOI MEPETUHKK; BiA-
CTaHb MiXK CKNaZKaMU; KibKICTb CUHANTUYHUX NYXUPLLB.
MopdomeTpito HMC 3gjlicHioBanu Ha naoui 30 MKm2,
Komn'toTepHe onpaltoBaHHA AaHMX MpOBOAMNOCA 3a
[OOMOMOroto cTaTucTMYHoro nakety STATISTICA (StatSoft,
Inc. (2010), STATISTICA (data analysis software system),
version 10.

Pe3ynbratv pocnipgKeHHA Ta ix obroBopeHHs. Ha
28 poby nicna mopentoBaHHa CLJ, piBHi rtokosu i mi-
KoBaHoro remorno6iHy (HbA, ) y 2-mic wypis 3pocTatotb
80 16,56+0,34 mmonb/n (KoHTposnb 3,8610,49 mmonb/n,
p=0,001) Ta 8,56+0,35 % (koHTponb 2,07+0,1 mmonb/n,
p=0,0008), a B 6-mic TBapuH — A0 15,73+0,80 mmonb/n
(koHTpoAnb 4,87+0,69 mmonb/n, p=0,0253) Ta 6,53+0,94
% (KoHTponb 2,49+0,51 %, p=0,0364), W0 BKa3ye Ha Po3-
BUTOK cybrkomneHcosaHoro L. Ha 70-y poby CLA ui
MOKa3HUKKN [0CTOBIPHO 36iNbLYOTbCA NOPIBHAHO 3 MO-
nepegHim TepMiHOM CMOCTeperXKeHHA, y 6-mic Wwypis 4o

20,1242,34 mmonb/n (KoHTposib 4,56%0,83 mmosnb/n,
p=0,0001) Ta 11,21+1,36% (KOHTponb 2,46+0,59%,
p=0,0001) HaTOMiCTb Yy HECTAaTEBO3PINMX LLYpPiB AaHi Nno-
Ka3HWKW € OCTOBIPHO MEHLLMMMU, NOPIBHAHO 3 6-Mic. TBa-
pyHamK i cTaHoBAATb BignosiaHo 15,32+1,53 mmonb/n
(koHTpONb 3,76+0,25 mmonb/n, p=0,0001) Ta 9,58+0,73
% (KoHTponb 2,29+0,35 %, p=0,0012) (y BCiX BMMNaaKax
p<0,05).

Ha 28 pnoby Big nouatky mogentoBaHHa CLL Ha ric-
TONOTYHUX npenapaTtax TBapuH 3 CLUA B mieniHoBux
HEPBOBMX BOJIOKHAX Pi3HOro AjiameTtpy Ta iX npetepmi-
HaNbHUX BigAiNax CNOCTEPIraeTbCA He3HayHa KiNbKiCTb
pi3HOI BEIMYMHM NOTOBLLEHb, 3MEHLUYETLCA CNPAYTUHT
AKCOHIB, LLO BMABNAETLCA Y 3MeHLWeHHi naowi HM3 go
380,73165,27 mKM? (KoHTponb — 514,45+92,17 MKM?,
p=0,0453) y 6-mic i Ao 249,87+36,09 MKM? (KOHTpO/b —
426,71+45,48 mkm?, p=0,0008) y 2-mic. Mpu eNeKTPOHHO-
MIKPOCKONIYHOMY A0C/iOKEHHI BUABAAETLCA HAOPAK Ta
BaKyo/li3auja uutonnasmu KiaituH ¢ibpobnactmyHoro
pAAy, SIKi yTBOPIOKOTb eHAOHEBPa/bHY 06010HKY. B mieni-
HOBMX HEPBOBMX BOJIOKHAX BiAMI4atOTbCA AECTPYKTUBHO-
AUCTPodiYHi 3MiHM: Aaapa HEMPOIEMOUMTIB MatoTb 3Ha-
YHY KiNbKICTb CKNaA0K Kapiofiemu, MiCTATb MapriHoBaHWUi
XPOMATHMH; Ha TNi 3HUKEHHA OCMiOINbHOCTI LIUTOMNNA3MM
3’ABNSAETbCA 3HAYHA Ki/IbKICTb MITOXOHAPIT 3 MaTPMUKCOM
CNabKoi eNeKTPOHHOI LLiZIbHOCTI Ta AEKOMM/IEKCOBAHM-
MW Kpuctamu. MeprakcoHanbHUIA NpocTip y 6-mic wypis
PO3LUMPEHUIM, MICTUTb JIOKANbHI 3BYXKEHHA 3aMOBHEHI
6e3CTPYKTYPHUMM Macamu, B aKConnasmi 36inbLlyeTbes
KiNbKiCTb HeMpodinaMeHTiB i 3MeHLUYETbCA YMUCN0 Mi-
KpoTpyboyoK. MieniHoBa 060/10HKa BTpayaE npaBusibHe
YyepryBaHHA OKpPeMMX names, AKi PO3LIAPOBYETbCA Ha
3HAYHOMY MNPOTA3i NepumeTpa y 6-mic. TBApUH. Y 2-Mmic
LypiB 6inbLUiCTb MiENiHOBUX HEPBOBUX BOIOKOH 36epira-
I0Tb CBOIO YNIbTPACTPYKTYPHY OpraHisauito. B okpemux i3
HUX BiAMIYAETbCA PO3LUIMPEHUIM NEPUAKCOHANBHUIA NPO-
CTip Ta YMcenbHi HeMpodinameHTN B aKCOMNNA3MI.

HMC Ha paHomy TepMiHi eKCNepuMeHTYy BUABAAIOTb
3HAYHY CTiMKICTb A0 NaTOreHeTUYHOro BMAMBY rineprii-
Kemii. B HMx BigHOCHO f06pe 36epiratoTbea BCi CKNAL0BI
KOMMOHEHTU. B cybCMHANTMYHI 30Hi I0KaNi3yeTbcA 3Ha-
YHa Ki/IbKiCTb MITOXOHAPIN 3 ie30praHi3oBaHMMM Ta YacT-
KOBO 3pyMHOBaHMMM Kpuctamu. NpoTe 3a JaHUMU MOp-
domeTpii BUABNAOTLCA HACTYMHI 3MiHW Y 2- | 6-MiC LLypiB:
naowa HMC 3meHwyetbea Ha 37,3% Ta 25,2%, naowa
CKIAAKM 3aCMHANTUYHOI MEPeTUHKM 3MEHLUYETbCA Ha
41,7% Ta 33,3%; KinbKicTb CKNAJ0K 3aCMHANTUYHOI Nepe-
TUHKM 3MeHLWYeTbeA Ha 30,8% Ta 24,2%, Wwo npmu3BoaUTb
00 36inblUeHHA BiACTaHI MiXK HUMK Yy 2,7 pa3a Ta 1,6 pasa;
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PUCYHOK 1 — 3MeHLUEeHHA CNpayTUHTY PYXOBMX aKCOHIB Y CTaTeBO3PiNIMX TBApPUH (a) Ta KOMNEHCATOPHI BTOPUHHI PO3ray)XeHHA PyXOBUX
AKCOHIB y HecTaTeBo3pinux TBapuH (6). 36.: a, 6) x1000.
Mo3HaueHHs: 1 — TepmiHaNbHI raNy>KeHHA aKCOHIB, 2 — BTOPUHHI PO3rany}KeHHsA PyXOBUX aKCOHIB, 3 — AApa KiHLEBUX HeposemMmouuTiB,
4 — BapuKO3Hi NOTOBLUEHHA MiENIHOBOT 060/10HKM B MiENIHOBUX HEPBOBMUX BOJIOKHAX.

KiNIbKICTb CMHANTUYHMX NYXUPLIB, TAaKOX, 3MEHLUYETbCA
Ha 44,1% Ta 22% (Tabn.).

Ha 70 poby nepebiry CLJ, y cTaTeBO3pinnx TBapuH
6inbwictb  HM3 3a3HatoTb AECTPYKLUii, 3MEeHLUYETbCA
CNPAYTUHT X aKCOHIB y 2-mic Ao 2,1+0,74 (KOHTponb —
4,27+0,9, p=0,0006), y 6-mic go 0,73+0,65 (KoHTpONb —
0,73+0,78, p=0,0001). Cnig 3a3Ha4NTH L0 CNPAYTUHT Tep-
MiHaNbHUX ranyXeHb aKCOHIB Yy 2-Mic TBapyuH € B 3 pa3u
BiporigHo 6inbwnm 3a 6-mic wypiB (p=0,0056). Maowa
HM3 BiporiagHO 3MeHLWYETbCA, AK 3 KOHTPOAEM, TaK i 3
nonepegHim TepmiHOM gocnigxeHHA go 165,01+66,42
MKM? (KoHTponb — 542,89+45,23, p<0,001). Cepep,
BHYTPILUHbOM I30BUX ePepeHTHUX HEepBOBMX BOJIOKOH
6-MicC. LypiB CNOCTepIratoTbCA AINAHKM CTOHLUEHHA Mi€e-
NIHOBOT 060/I0HKM HA 3HAYHOMY iX MPOMINKKY, LLLO MOXKe
BKa3yBaTM Ha MOYATKOBI O3HAKM CermeHTapHOI Aemieni-
Hizaujii (puc. 1a). Y HecTaTeBO3piANX TBAPMH NpU iMnper-
Hau,ii 3a BinbwoBcbKMM-TPOC BUABAAKOTLCA NPUMITUBHOIT
dopMM TOHKI TepmiHani, fKi 40AATKOBO BiAXO4ATb Big,
HepBoBMX cToBBYpIB (pUc. 16) i AKi HeobxiaHO BiaHeCTM
[0 HOBOYTBOPEHWUX ab0 BTOPUHHMUX PO3rasyKeHb Pyxo-
BMX aKCOHIB, LLO BKA3yeE Ha PO3BMTOK KOMMEHCATOPHMUX
npouecis y HM3 uiei ekcnepumeHTanbHoi rpynu. Mpu
LbOMY, SIK i y CTAaTeBO3PiNMX TBApWH, HepBOBi CTOBOY-
pU MICTATb BapPWMKO3HI MOTOBLUEHHA MieniHOBOI 060-

JIOHKW, @ B AiNAHLI IX TEPMIHANbHMX TiIOK BUABNAETLCA
BEJIMKA KiNbKICTb AAep KiHLEBUX HEMPOIEMOLUTIB.

Ha ynbTpacTpyKTypHOMY PiBHi y 6-Mmic LLypiB 3 BOKY
npeTepmiHaibHUX BiAAINIB BHYTPiWHbOM A30BUX ede-
PEHTHWX HEpPBOBMX BONIOKOH MPOCTEXYETbLCA MacoBa
aTpodis aKCcoHIB Ta cyTTeBa AesiHTerpauis MieniHoBoi
060/10HKHM, a MicuaMM i pyrHyBaHHA (puc. 2a). MNepuak-
COHa/IbHUIM NPOCTIP PO3LWMPEHUI | MICTUTb HEPIAKO KpWU-
cTanonoAibHi BKAOYEHHA. AKCOMNNa3mMa B TaKMX aKCOHaX
€ HM3bKOI eNeKTPOHHOI LLiIbHOCTI, B AIKi BUABAAIOTLCA
TiIIbKM MOOAMHOKI HelpodinameHTn, a MiKpoTpybouKm
MalixKe BigcyTHI. B akconnasmi HasiBHi BaKyoni i MiTOXOH-
Opii 3 NPOCBITIEHNM MATPUKCOM i 3pYMHOBAHUMM KpUC-
Tamu. IHKOAM CMNOCTepiraeTbCA BMpParKeHa [ecTpyKLuia
TEPMIHANIbHUX PO3rasiy>KeHb aKCOHIB, B AKMX MpecuHan-
TUYHWUIA NONKOC BUABNAETLCA Y BUINALI OKPEMMUX KOMMO-
HEHTIB aKCOM/IAa3MaTUYHNX KOHTAKTIB.

LLlo ctocyeTbca HMC, Toy cTaTeBo3pinnx teapmH 3 CLLL,
CMOCTePIraeTbCA NOAANbLUMIA BUPAXKEHUI PO3BUTOK Ae-
CTPYKTUBHMX 3MiH. YacTmHa HMC noBHicTIo pyiHyIOTbCA,
B iHLIMX BUABAAIOTLCA 3a/IMLLIKM aKCOMNA3MATUYHUX KOM-
NMOHEHTIB, B TPETIX — MOXHa BigandepeHLitoBaTh BCi KOM-
NMOHEHTW, NPOTE KiNbKiCTb aKTUBHMUX 30H 3MEHLLYETLCA, B
YeTBEePTUX Bi3yani3yoTbCsA MOOAMHOKI 3pyMHOBaHI i dpar-
MEHTOBAHIi CKNaAKWN 3aCMHANTUYHOI NEPETUHKK. 3a AaHU-

: 73 T, ; M "

’ 2

PUCYHOK 2 — [lecTpyKLiia MieNiHOBUX HEPBOBUX BONOKOH (a) Ta HMC (6) ckpoHeBoro m’sa3a 6-mic wypa 1a HMC (8) 2-mic wypa Ha 70 goby
nepe6iry CLIA. EneKkTpoHHi mikpodoTorpadii. 36.: a) 8000, 6, 8) 12000.
Mo3HaueHHn: 1 — aKCOH, 2 — aKCONNa3Ma 3 CUHANTUYHUMM NYXMPLAMK, 3 — 3aCMHANTUYHI CKNaAKM, 4 — AAPO HelpoaemMoumTa, 5 — BiAPOCTKU
KiHUeBOro HeliponemoumTa, 6 — 3pyitHoBaHa MieniHOBa 060/10HKa, 7 — NePUAKCOHaNbHUIT HabpsaK.
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mopdomeTpuyHoro aHanisy naowa HMC i 3acMHanTuy-
HUX CKNAZOK MPOAOBNKYE 3MEHLLYBATUCh, BiACTaHb MiXK
OCTaHHIMM 3pOCTAE B 5,2 pa3a NOPIBHAHO 3 KOHTPObHMU-
MW NOKasHWKamu (guB.. Tabn.).

Taki rMBOKi AeCTPYKTUBHI 3MiHM B CK/1a40BUX KOMMO-
HeHTax HM3 cTaTeBoO3pinnx TBAPUH NPM3BOAATL 40 OCNa-
61eHHA HepBOBO-M'A30BOI iMMy/bcaLii Ta aTpodii m'AsiB
[5,6]. Tak, okpemi aBTOpK BUBYAN MOTOPHY iHHEpPBaLLito
M’A30BUX BOJIOKOH KyBasibHoro npu CLLA i nokasanu, Lo
LEeCTPYKTUBHI 3miHn y HM3 i HMC npussogaTtb 4o no-
pyweHHAa abo nosHoi 6/10KaaM HepBOBO-M'A30BOrO M-
nynbcy [6,7]. Ak cTBepAXKYOTb AenAki aTopu [7], npu UL,
NopyLIYETbCA GYHKLLA CUHANTUYHOrO anapaTy CKeNeTHUX
m’a3iB. MpK LbOMY NPOBIAHMUM MOLIKOAMKYBAbHUM areH-
TOM BBQ)KAOTbCA AYTOAHTUTI/IA A0 MNOTEHLiaN3aNeXKHNX
Ca%*-KaHaniB Ha nepeacuMHanTUUHIA nepetuHui HMC.
MpoTe BHACNIAOK iHCYNIHOPE3UCTEHTHOCTI MembpaH npwm
LA B HelpoHax i MB crnocTepiraeTbcs roctpuii gediunt
[JIIOKO3U | AK pe3ynbTaT — 3aTPyAHEHHA NpoLuecy CMHTe-
3y i BUAINEHHA CMHANTUYHOrO MeZiaTopa aueTiNXoiHy
3 TepMiHanen akcoHiB. Mpu LboMy 3MiHIOETbCA QYHKLA
nepudepitHoro HepsoBoro anapaTty MB 3 BignosigHu-
MW KAiHIYHUMK Ta EMT-npossamu y Burnagi m’a3oBoi
cnabkocrTi, rino- apednekcii Ta NoOpyLEeHHAMM YaCTOTHO-
AMMNAITYAHMX XapaKTepPUCTUK M'A30BMX ocumnauin [7,8].
Okpemunmmn aBTopammu [5,6] BctaHoBAEHO, Wo npu CUA
B YKyBaJlbHOMY M’'A3i BUABNAETLCA 3HMMKEHHA aMMaiTyam
i 36iNbLLEHHA NaTeHTHOro nepiogy F-xBUAi NapanenbHo i3
3HUKEHHAM amnniTyamn M-Bignosigi. TakuiA naTepH nia-
TBEPAKYE AaKTUBHICTb NPOLLECIB AeMiENiHi3aL,ii, OCKINbKK
CMOCTEPIraeTbCcA NPU iHWKX AEMIENIHI3YOUYMX 3aXBOPIO-
BaHHAX i CBigYMTb NPO rMMNBOKY MopdO-PYHKLIOHANbHY
nepebyfoBy HepPBOBUX MPOBIAHWMKIB 32 TUNOM CErMeH-
TapHoI gemienidisauji [5]. Cnig BiAMITUTK, WO AeMiENiHi-
3aLis € XapaKTepHot MOPOIOTiYHO 03HAKO NpW Ly-
KpoBoMmy fiabeTi byab-aKkoro reHesy [9] i 1eXKnTb B OCHOBI
BMHUKHEHHSA CYL0M.

Y 2-mic wypis HMC 36epiratoTb cBoto byaosy, npote
B HUX, AIK i B NOMNepegHii TepMiH eKCnepuMeHTy, BUAB-
NAKOTb AECTPYKTUBHI 3miHW. TakK, naowi HMC i cknagok
33aCMHANTUYHOI NEepPeTUHKU 3MeHLWyoTbea Ha 48,7% Ta
35,7% NOpPiBHAHO 3 KOHTPOJIbHUMM MOKasHUKamMu (guB.
Tabn.), npote BiporigHO He BiAPI3HAIOTLCA Big, nonepe-
OHbOro TEPMiHY ekcnepumeHTy (p=0,5678). BiactaHb mixK
CKNaAKamMM 3aCMHaNTUYHOI NepeTUHKN BiporigHO 3poc-
TA€E, @ KiNbKICTb CMHANTUYHMX MNYXMPLIB 3MEHLUYETbCA
(amB. Tabn.). Mpu ubomy 3a AaHUMU MOPDOMETPUYHO-
ro aHanisy naowa HMC i cknagoK 3acMHaNTUYHOI nepe-
TUHKM, KiNbKICTb CKNAJO0K 3aCMHANTUYHOI NEepeTUHKN Ta
CUHANTUYHMX NYXMPLiB € BiporigHo Hinbwmnmu 3a Bigno-
BiZLHi MOKA3HWKM y CTaTeBO3PiNINX TBAPWH. Ha BiamiHy Big,

6-Mic LypiB, Y 2-MiC BUABNSETbCA Bifiblue aKTUBHMX 30H i
CUHANTUYHUX NyXMpLiB (puc. 2B). B TepmiHanbHili akco-
NAa3Mi OCTaHHI KOHLEHTPYIOTbCA, B OCHOBHOMY, B340BX
npecMHanTM4Hoi membpaHu. LleHTpanbHa e 4YacTvHa
TepMiHanein MiCTUTb BEIMKY Ki/IbKiCTb arperoBaHnx He-
MpodinameHTiB. XapaktepHum ana aeakunx amiH B HMC e
NnoABa NOCTCUHANTUYHUX AiIAHOK 3 MAJIOH0 KiNbKicTio abo
BiICYTHICTIO CMHANTUYHUX CKNAZOK. B cybcMHanTUUHIN
30Hi HEPIAKO 3yCTPIYaOTbCA KPUCTANONOAIOHI BKAKOYEH-
HA. MiToxoHApiT cybCMHANTUYHOT 30HM | akcon1a3mm Npo-
ABNAOTb Pi3Hi afanTaLiMHi BracTMBOCTI. Mpu LboMy OaHI
MatoTb eN1eKTPOHHO-LLiIIbHUIA MaTpUKC | 06pe KOHTYpO-
BaHi KPUCTK, a APYri 3a3HAlOTb NPOCBIT/IEHHA MaTPUKCY
Ta gesiHTerpauii KpUCT. B okpemmx HelponemoLmTax Big-
6yBa€eTbCA KapionikHO3. [CTOMETPUYHI JOCNiIAKEHHS NO-
Kasa/u, WO HaMbiNbLIO MiPO0 3MEHLLYETLCA LOBXKMHA i
LIMPUMHA 3aCMHANTUYHUX CKIAA0K, a B PAAI BUNAAKIB BiA-
byBaeTbCa ix dparmeHTaujA.

PeiHHepBaLilHi npouecy npu LA cnoctepiranu i iHwi
pocnigHvkm [10,11] i TpaKTytoTb Le AK KOMMNEHCATOPHO-
NPUCTOCYBasIbHI MPOLLECK AaKCOHIB NPWU PiSHMX NATONOrIY-
HUX MpoLecax A0 NeBHUX aHOMasbHUX YMOB abo 6e3si-
ANbHOCTI M’A30BMX BOIOKOH. OKPiM TOr0, BOHM BBaKatoTb
O KiHUEBi HEMPONEMMOLMTU B AiNSAHLi MOLIKOAMKEHMUX
HM3 ctumyntotoTb BUpobaeHHSA iHcyniHonoAibHoro dak-
TOpa POCTy-1, TAKUM YMHOM iHiLLitOIOTb 36iNbLLEHHA KiNb-
KOCTi rasly»eHb TePpMiHaiB aKCOHIB, L0 CMOCTEepiranoch i
B HaLLMX AOCNIAXKEHHAX.

BUCHOBKU. EKcnepuMmeHTasbHUI LyKpOBWiA AdiabeT
npu3BoAnUTbL A0 AecTpykuii HM3, wo mopdomeTpmnyHo
BMPAXKAETbCA B 3MEHLLEHHA IXHbOT NJIOLL i CYNnPOBOAKY-
€TbCA 3MEHLUEHHAM CNpPayTUHIY TePMiHaNbHUX Bigainis
PYXOBMX aKCOHIB. Npn LLbOMY CNOCTEpIraeTbCcA NOpyLUEH-
HAM TOHKOI apXiTeKTOHiKM HMC, a came 3MeHLIeHHs: iX
NAOLL i NJIOLLI CKNAZOK 3aCMHANTUYHOI NEPETUHKM; KiNb-
KOCTi CKN1a40K 3aCMHANTUYHOI NepeTUHKM Ta 36iNblueHHSA
BiACTAHI MiXX HUMW; CMHANTMYHMX Nyxupuis. Mpu CLA,
Yy AuHamiui 3miH HM3 ckpoHeBoro m’asa 6-mic. wypis
MOXHA BWUAIIUTU 2 CTagji: peakTMBHO-KOMMEHCATOPHY
(28 poba) i atpodiuHo-aecTpyKTMBHY (70 A06a). Y 2-mic
wypis npu CLU/A, TakoXK, MOXHa BUAINNUTK 2 cTagii nepe-
6iry 3miH: peakTMBHO-TinoTpodiyHy (28 foba) i KomneH-
caTopHy (70 noba).

MepcnekTMBM nopanblinx AoCAifMeHb. [lepcnek-
TUBHMMMW € NOZANbLUI KOMMNAEKCHI AOCNIAMKEHHA 3MiH 3
60Ky BCiX CTPYKTYPHWX KOMMOHEHTIB CKPOHEBOro M’A3a
B MOCTHaTaNbHOMY nepioai oHToreHesy npu CLA, Aki
CTaHYTb TEOPETUYHOI OCHOBOK A/1A PO3PObKM i naTo-
reHeTUYHOro OBIPYHTYBAHHSA 3ax0A4iB, HAaMpaBAeHMX Ha
KOPEKLLO Ta nonepesyKeHHA PO3BUTKY AiabeTUyHuX mi-
onarin.
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BIKOBI OCOB/IMBOCTI MOP®O/IOMNYHUX 3MIH HENPOM’A30BUX 3'€AHAHb CKPOHEBOIO M’SI3A MNPU EK-
CNEPUMEHTA/IbHOMY LIYKPOBOMY AIABETI

KowekiH O. €., Xypakiscbka O. f.

Pestome. B ckpoHeBoMy m’a3i 2-mic i 6-mic LypiB CTPENTO30TOUMHOBMUI LyKpoBuit aiabet (CUJ) npussoanTb
[0 AecTpyKUii Helipom’a30BMX 3akiHYyeHb (HM3), wo MopdOMETPUUYHO BUPAXKAETLCA B 3MEHLLEHHA TXHbOI naoLj i
CYNPOBOAXKYETbCA 3MEHLUEHHAM CNPAYTUHIY TEPMIHANbHUX BigAiniB PyXxoBMX akCOHIB. [pn LbOMy CrnOCTepiraeTbea
NOPYLUEHHAM TOHKOI apXiTEKTOHIKM Hellpom’a30BuMx cuHancis (HMC), a came 3MeHLLIEHHSs: iX NOLL i NAOoLLi CKNagoK
3aCMHANTMYHOI NEPETUHKM; KiNIbKOCTi CKNaZ0K 3aCMHANTUYHOI NepPeTUHKKN Ta 36iNblIeHHA BiAcTaHi MiX HUmMmK. Mpu
CuUA y guHamiui 3miH HM3 cKpoHeBoro m’si3a 6-mic. LLypiB MOXHa BUAINUTK 2 CTadii: peakTUBHO-KOMMNEHCcaTOpHY (28
no6a) i atpodivuHo-aecTpykTMBHY (70 A06a). Y 2-mic wypis npu CLIA, TakoX, MOXKHa BUAINUTM 2 cTagji nepebiry 3miH:
peaKkTuBHo-rinoTpodiuHy (28 goba) i komneHcaTopHy (70 foba).

KntouoBi cnosa: Helipom’A30Be 3aKiHYEHHA, CKDOHEBUIN M'A3, CTPEMNTO30TOLMHOBMIA LlyKPOBUIA AiabeT.

BO3PACTHbIE OCOBEHHOCTU MOP®»O/IOTMYECKUX U3MEHEHWIA HEMPOMBILLEYHbIX COEAUHEHWUIA BU-
COYHOW MbILLLbI MPU SKCMEPUMEHTA/IbHOM CAXAPHOM [ UABETE

KowkuH A. E., }ypakosckas O. .

Pe3stome. B BMCOYHOW MbilLLe 2-MeC M 6-MeC KpbIC CTPENTO30TOLMHOBBIN caxapHbiit anabet (CCO) npuBoauT K
OECTPYKLUMM HEMPOMBbILLEYHbIX OKOHYaHMI (HMO), 4uTo MOpPPOMETPUYECKM BbIPAKAETCA B YMEHbLUEHMUMN UX NAOLWAAM
M COMPOBOXKAAETCA YMEHbLUEHWEM CMIPAYTUHIA TEPMUHANBHBIX OTAEN0B ABUraTeNlbHbIX aKCOHOB. lMpu 3ToM Habto-
[AETCA HapyLeHWe TOHKOW apXMTEKTOHUKKN HerpomblleyHbIX cnHancos (HMC), a UMEHHO yMeHbLUEHWE: UX NJoLLa-
A1 M NA0WAAM 3aCMHANTUYECKMX CKNAA0K; KONMYEeCTBa 3aCMHANTUYECKUX CKIAL0K U YBEIMYEHME PACCTOAHUA MeXAay
HuMmK. Mpn CCA B AnHaMMKe nameHeHnin HMO BUCOYHOM MblLLbl 6 MEeC. KPbIC MOYKHO BblAEANTb 2 CTaANN: PEaKTMB-
HO-KOMMEeHCaTopHYo (28 cyTKkn) 1 aTpoduryeckme-aecTpyKTuBHyto (70 cyTku). B 2-mec Kpbic npu CCL, TaKKe MOXHO
BblAENNTb 2 CTaANN TEYEHUA U3MEHEHWI: PEAKTUBHO-TUMOTPODUUHYIO (28 CYTKM) M KOMMNEeHCcaTOpHYHO (70 cyTKu).

KntoueBble cnoBa: HEMPOMbILLEYHOE OKOHYAHWA, BUCOYHAA MblLULLA, CTPENTO30TOLMHOBDIM CaxapHbIii AnaberT.

AGE FEATURES OF MORPHOLOGICAL CHANGES OF NEUROMUSCULAR CONNECTIONS OF THE TEMPORAL
MUSCLE IN EXPERIMENTAL DIABETES MELLITUS

Koshkin O. Ye., Zhurakivska O. Ya.

Abstract. Diabetes mellitus (DM) is included in the triad of the most common diseases today, which are the most
common causes of disability and death of patients, which is associated with severe complications and high mortality
among the working population. According to the scientific literature, a number of authors have studied the changes in
neuromuscular connections (NMC) in DM in the tongue, skeletal muscles, masticatory muscle. However, we have not
found the researches, that would study the changes in NMC in DM in the postnatal period of ontogenesis.

Therefore, the aim of our study was to investigate morpho-functional changes in the temporomandibular muscle in
2-month and 6-month-old rats in experimental DM type 1.

The material for the study were the masticatory muscles of 16 immature (weighing 65-95 g) and 16 mature (weighing
160-180 g) white outbred male rats, which were divided into 2 groups: control (12 animals) and experimental (20
animals). Streptozotocin diabetes mellitus (SDM) in the experimental group was simulated by a single intraperitoneal
injection of streptozotocin at a dose of 7 mg per 100 g of body weight in immature animals and 6 mg per 100 g body
weight in adult animals. The material was taken on the 28 and 70 days of the experiment. Histochemical (Bolshevsky-
Gross impregnation), biochemical and electron microscopic methods were used. Photographs of histochemical sections
saved in tif format and digitized electrograms were used for morphometric studies. Morphometry was performed using
Imagel version 1.47t. Computer data processing was performed using the statistical package STATISTICA (StatSoft, Inc.
(2010), STATISTICA (data analysis software system), version 10.

In the early stages of the development of SDM (28 days), we already observed destructive-dystrophic changes in
the myelin nerve fibers and neuromuscular endings (NME) of the temporal muscle of different age groups of animals.
There was a decrease in the sparing of the terminal parts of the axons, a decrease in the area of the NME by 26%
in 6-month and 41% in 2-month rats. In this case, neuromuscular synapses (NMS) showed significant resistance to
the pathogenetic effects of hyperglycemia. All their components are relatively well saved. However, according to
morphometry, the following changes were studied in 2- and 6-month-old rats: the area of the NMS decreased by 37.3%
and 25.2%, the area of the folds of the synaptic membrane decreased by 41.7% and 33.3%; the number of folds of the
synaptic membrane decreases by 30.8% and 24.2%, which leads to an increase in the distance between them by 2.7
times and 1.6 times; the number of synaptic vesicles also decreases by 44.1% and 22%.

As the duration of SDM increases to 70 days in 6-month rats, destructive processes in the nervous system of the
temporalis muscle increase. Among the intramuscular efferent nerve fibers, areas of thinning of the myelin sheath
are observed over a significant period of time, which may indicate the initial signs of segmental demyelination and
is confirmed by electron microscopic studies. Most NME are destroyed, their sputum decay decreases. In separate
terminal branches of axons the presynaptic pole is shown in the form of separate components of axoplasmic contacts.
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In this case, the synaptic folds in some NME completely disintegrate. In contrast, in 2-month-old animals, Bolshevsky-
Gross impregnation reveals primitively shaped thin terminals, which additionally leave from nerve trunks that can be
attributed to newly formed or secondary branches of motor axons, which indicates the development of compensatory
processes in NME of this experimental group. It should be noted that the sprouting of terminal branches of axons in

2-month-old animals is 3 times more likely than in 6-month-old rats (p <0.05).

Conclusion. At SDM in dynamics of changes of NME of a temporal muscle of 6 months rats can be divided into 2
stages: reactive-compensatory (28 days) and atrophic-destructive (70 days). In 2-month-old rats with SDM, also, we can
distinguish 2 stages of the course of changes: reactive-hypotrophic (28 days) and compensatory (70 days).

Key words: neuromuscular ending, temporal muscle, streptozotocin diabetes mellitus.
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JOUHAMIKA YNbTPACTPYKTYPHUX 3MIH KOMMOHEHTIB CTIHKU CMNIJIbHOI YXOBYHOI
MPOTOKW NPU TPUBANIOMY BN/IUBI ONIOIAY B EKCNEPUMEHTI

JIbBiBCbKMIA HALiOHANIbHUI MeaUYHUIA YHiBepcuTeT imeHi [,aHuna ManauubKoro (m. /1bBiB)

38’A30K ny6nikauii 3 NAaHOBMMM HAyKOBO-A40-
cnigHumu pobotamu. Pobota € pparmeHTOM HayKo-
BO-A0CNIAHOI poboTn Kadegp HOpManbHOI aHaToOMil
Ta onepaTUBHOI Xipyprii 3 TonorpadiyHo aHaTOMiE
«CTpYKTypHa OpraHisauisf, aHrioapxiTeKTOHiKa Ta aH-
TPONOMETPUYHI 0COBMBOCTI OpraHiB y BHYTPIWHbO- Ta
nosaytTpobHomy nepiofax PO3BUTKY, 3a YMOB BM/MBY
€K30- Ta eHAoreHHux ¢aktopis» (N2 aep:kaBHOI pee-
cTpauii 0115U000041), aKka BUKOHYETbCA Y JIbBIBCbKOMY
HauioHaNbHOMY MeAMYHOMY YHiBepcuTeTi imeHi JaHu-
na fannupKoro 3rigHo 3 AeprKaBHMM MNAHOM Ta Nporpa-
MOHO.

Beryn. [ocnigKeHHA CTPYKTYPHUX 3MiH OpraHis 3a
YMOB TPMBaNOro 3acTOCyBaHHA OMiOifiB 3a/MULIAETbCA
OfHi€E 3 aKTyasbHUX NpobaeM CyvyacHOT MeanUUHM
[1,2]. Cepen He OBCTPYKTMBHUX €TIONOFiN PO3LIMPEHHA
YKOBYHMX NPOTOK NepeBarka€e CNoXKmBaHHA onioiais [3].
Onioign MOXyTb BWKAWMKATK NigBULLEHHA OCHOBHOrO
TUCKY i YacToTn $pa30BMUX CKOpoUeHb chiHKkTepa Oaai, Lo
NpPU3BOAUTbL A0 PO3LIMPEHHA KOBYHMX MPOTOK. ABTOP
onucye 38'A30K MiXK NiABULLEHUM 3HAYEHHAM AiameTpa
KOBYHMX MPOTOK Ta 3a/EXKHICTIO BiZ onioigis y naLieH-
TiB, Y AKMX BiACYTHI KNiHIYHI CUMNTOMMW, HOPMaNbHUI
piBeHb 6inipybiHy Ta nyxHoi docdartasu, BiacyTHI 06-
CTPYKTUBHI YMHHMKK. ONMCAHO LWBMAKO Nporpecytoye
PYMHYBAHHA BHYTPILUHbOMEYiHKOBMX ¥OBYHUX MPOTOK,
nos’asaHe i3 3acTOCYBaHHAM HAPKOTUYHUX CEpPeaHMU-
KiB [4], BNAMB onioiay KeTamiHy Ha XOBYHi Wwaaxu [5].
MpoTe BigomocTi GpaxoBoi niTepaTypu LLOAO OKpecieHol
BULLEe NpobieMn HeaoCTaTHI, YacTo cynepeydnmsi. Yib-
TPACTPYKTYPHIM opraHisauii cninbHOI *KOBYHOI MPOTOKM
B HOPMi NMPUCBAYEHO HU3KY Mpalb, aKe Xo4ya XOo/aH-
riounTn cTaHoBNATb Anwe 3-5% BiAg 3aranbHOI KilbKOC-
Ti KNITUH NeYiHKK, ane mMakTb YHiKanbHy mopdonorito
[6]. BcTaHOBNEHO, WO XONAHTIOUUTU MO3aMeyvyiHKOBUX
NPOTOK — KoMoHOoNoAi6HOI dopmMK, ANA HUX XapaKTep-
HUM € MaNnUN AAEPHO-UMTONNA3MATUYHUIA KoedilieHT,
3epPHUCTA eHAOoNAa3MaTUYHa ciTKa [7]. XonaHriountun €
NONAPU30BAHUMM KNITUHAMM, AKi BiAMNOBIAAIOTb TaKOXK
33 BUAiNeHHs BikapboHaTy B »oBY [8]. BaxkauBumu €
MeXaHi3mu, Wwo HepyTb yyacTb y GOPMYBaHHI CUTrHaniB
Ka/ibLiit0 B XONnaHriouMTax. ABTOPU BBaXaloTb, WO NOpy-
WEeHHA B XOMaHrioumMTax KanbLin-curHanisauii sigirpae
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OCHOBHY pO/b Y nmatoreHesi xonecrtasy. [poTe ynbrpa-
CTPYKTYpPi XONaHTioumTiB 32 YMOB BMN/ANBY HAaPKOTUYHUX
cepefiHWKiB NpMUcBAYEHO NOOANHOKI npaui [9].

MeTa pocniaeHHA — BCTaHOBUTM 0COBMBOCTI 3MiH
YAbTPACTPYKTYPHOI OpraHi3au,ii CTiHKM CMifibHOI YKOBYHOT
NPOTOKM B AMHAMILi TPMBANIOrO €KCMepuMEeHTaIbHOro
BN/AMBY onioiay AnA CTBOPeHHA mopdonaoriyHoro nig-
TPYHTA pO3pOobKM meTomiB NPOodiNakTUKM CTPYKTYPHUX
3MiH YKOBYHWX MPOTOK NMPW 3aCTOCYBaHHi HAPKOTUYHUX
cepeHuKiB.

06’ekT i meTogu pocnigKeHHA. JocnigKeHHA BUKO-
HaHi Ha 24 cTaTeBO3piNMX BiANX Lypax-camuax, BiKom
4,5-5,5 micAuis i macoto Tina 180-220 r. Ekcnepumen-
TaNbHi TBAapMHW PO3MNOAINEHO HA 3 rpynu: y nepuin
rpyni (5 WwypiB) BUBYEHO YNAbTPACTPYKTYPY KOMMOHEHTIB
CTiHKM CNiNbHOT KOBYHOI NPOTOKM Binunx wypis yepes
2 TUXKHI BBeaeHHA HanbydiHy, y gpyriv rpyni (5 wypis)
BMBYEHO Ha Y/IbTPAMIKPOCKOMNIYHOMY PiBHi 3MiHM CTIHKK
CNiNIbHOT ¥KOBYHOI NMPOTOKM BiNKX LWYpPiB Yepes3 4 TUXKHI
nepebiry ekcnepumeHTy, a B TpeTin rpyni (5 wypis) BcTa-
HOB/IEHO nepebyaoBy Y/AbLTPACTPYKTYPHOI opraHisaduji
CTiHKM CMiNbHOI XOBYHOI NPOTOKM Binnx LypiB yepes 6
TUXKHIB BBeAEeHHA HanbyoiHy. KoHTponem cnyrysanum 9
6innx wypis, AkMm BBoaMAM 0,9% pPO3UMH Xxn0puay Ha-
Tpito B 06’emi 1 M.

BBeneHHsA HanbydiHy npoBoAWIN
BHYTPILLHbOM A30BO 33 HACTYMHOK CXeMmoto: | TUKAEeHb
— 8 mr/kr, Il TxKaeHb — 15 mr/kr, Il TskaeHb — 20 Mr/Kr,
IV TxaeHb — 25 mr/Kr, V TuxaeHb — 30 mr/Kr, VI TUx-
AeHb — 35 Mr/Kr.

Mpn BMKOHaHHI POBOTM BMKOPUCTOBYBAZIM METOL,
€NeKTPOHHOI MiKpocKonii. TBapuHy BMBOAMAN 3 eKcne-
PUMEHTY LINAXOM BUKOPUCTAHHA gmeTun edipy. Bigpasy
nicns cmepTi TBAPMHM 34iMCHIOBABCA 3abip i cTaHA4apTHe
npoBeAeHHA maTepiany gna enekTPOHHOI MiKpocKonii.
YNbTPaATOHKI 3Pi3n CTIHKM CNiNbHOI YKOBYHOI MPOTOKM
rotTyBann Ha ynetpamikpotomi YXKTIM-3 3a gonomoroto
CKNAHUX HOXiB. JNA JOCNiAXKEHHA Bigbupann cTpiukm
3pi3iB cpibnscToro abo HiXKHO-LUUTPUHOBOTO KOJ/bOPY.
3pi3n KOHTPACTyBanu CnoYaTky y 2% PO34mHi ypaHina-
LeTaTy, a NoTiMm — LMTpPaTy CBUHLO. BuBueHHA i doTo-
rpadyBaHHA MmaTepiany NpPoBOAMAWN 3 AOMOMOrOK Mi-
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