DOI: https://doi.org/10.26641/1997-9665.2014.1.90-94
VIIK 535.343:612.017.4

MOP®OJIOI'MYECKHUE UBSMEHEHUA KO-
KA ITPU BBEJIEHUHN HAHOYACTHUII CE-
PEBPA

E.N.Coipma !
T.M.CkobeeBa >
B.A.V.absinos

' Onecckuii HAIMOHATLHBIH
MEUITUHCKAN YHUBEPCUTET
2 Onecckuit HAIMOHANBHBIA
YHUBEPCHUTET AMECHH

1.1 .MeunukoBa

Pedepar. Llens pabGoTsl cocTostia B onpeneneHud MophodyHKIIMOHAIBHEIX W3MEHEHUH
TKaHe! KOXKH, KOTOpPbIe BOSHUKAIOT NPY BHYTPHKOKHOM BBEICHHM HAHOYACTHI[ cepedpa.
Hcnosnp30Banuch HaHOYACTHIBI cepedpa cheprudeckoit Gopmbr pazmepom 30 HM, cuHTe-
3UPOBaHHbIE LUTPATHBIM METOAOM. ODKCIEPUMEHT mpoBoiwmics Ha 140 kpblcax JUHHU
Bucrap. Ilocne nmoakoxuoro BBeaeHus 0,01mir pacTBopa HaHOYAacTHIl cepedpa dpdeKT
omeHuBaiucs Ha 1, 3, 7, 14, 21, 30, 45 cytku. Hcmons30Banucy cTaHIApTHBIE THCTOIOTH-
4ecKHe METOAWKH. [IoKa3aHO, YTO IpH BBEACHWHM HAHOYACTHIl cepedpa B KOXKE BOSHUKAET
KOMIUIEKC PEaKTHBHBIX W3MEHEHHH, XapaKTepu3ylommiics (azHocTsio. MopdodyHKIoHATb-
HOM OCHOBOW M3MEHEHHMH SIBISIFOTCS 3aKOHOMEPHBIE ITPOLIECCHl HOPMAJIbHOTO IHCTOTeHE3a,
KOTOpBIE IPOSBIISIOTCS] B MECTE BBEACHHS M HE 3aTPAaruBalOT MHTAKTHBIC 30HbL.
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Syrma O.I., Skobeeva V.M., Ulianov V.0O. Morphological changes in the skin after administration ofsilver nanopar-
ticles.

ABSTRACT. Background. Silver nanoparticles are of interest to be used as antimicrobial agents in wound dressings and coatings in
medical devices, but potential adverse effects have been reported in the literature. The most pronounced effect of silver nanoparticles
and the role of particle size in determining these effects, especially in comparison to silver ions, are largely unknown. Objective. To
investigate the morphological and functional changes in the skin tissues during intradermal injection of silver nanoparticles. Methods.
Spherical silver nanoparticles of 30 nm were used. The experiment was performed on 140 Wistar rats. The effect after subcutaneous
injection of 0.01 ml of silver nanoparticles solution was examined on the 1%, 34 70 140 21 300, 45'hday.Standard histological tech-
niques were used. Results. It was shown that after the injection of silver nanoparticles there is a complex of reactive changesin the
skin, which is realized in severalphases. Immediately after injection the phase of inflammation begins. Later it is replaced with the
phase of regenerative histogenesis with the formation of granulation tissue and further is finished in the phase of adaptive remodeling.
Conclusion. Morphological and functional changes after the intradermal injection of silver nanoparticles are based on the pattern of
normal histogenesis that occurs at the site of injection and do not affect the intact zone.
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BBenenue

C pa3BUTHEM HAHOXUMHH M YCOBEPIIICHCTBOBA-
HHEM METOJIOB TMOJIYYCHHUS HAHOYACTHI[ METAJLIOB
BO300HOBWJIMCH pPa3pabOTKH MO NPUMEHECHHIO Ce-
pebpa B MEIUIIMHCKHX IENsAX. 3a MOCICIHUE He-
CKONIBKO JnecsiTiietuii HaHowyactunpl (HY) cepebpa
MIPHUBJICKAIOT OOINBIIIOE BHUMAHHE B CBA3H C BO3-
MOKHOCTBIO MIX HICTIONIB30BAHUS IS TOYSUHOH JT0C-
TaBKH JIGKaPCTBEHHBIX BemiecTB. Kpome Toro, ecth
HECKOJIPKO MPUYHH sl victionb3oBanus HY cepebpa
B MEJHMILMHCKUX U (papMalieBTHYECKUX 00IacTsX.

1. HY cepebpa o6magar0T MUPOKAM aHTHOAK-
TepUaIbHBIM ceKTpoM [1].

2. W3-3a HamMuusi OTPHULATENHHOTO 3apsijia Ha
MX TOBEPXHOCTH OHU O0JIAJIAIOT BBICOKOH peakiy-
OHHOH CIIOCOOHOCTBIO, UTO JENAeT UX IMOBEPXHOCTH
MOJTU(PHUIHPYEMBIMU C TTOMOIINBI0 HECKOIBKUX OMO-
MOJICKYJI, YTO HCIIOJIB3YETCS B IOCTABKE JICKAPCTB.
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3. 3-3a cuiibHOTO B3aMMOJIEHCTBUS MEXITY T10-
BEPXHOCTBIO cepedpa M MOJIEKYJIaMH, COAepKaliue
THOJIOBBIE WJIM aMUHOTPYIIIBI (OpraHn4ecKre MoJie-
kynel, JJHK, Genku, ¢epMeHTH, W T.1.), ITOBEpX-
Hocth HY cepebpa MoryT ObITH Jierko u3MeHeHa [1].

Hawubonee pacripocTpaHeHHBIM SBIISICTCS MECT-
HOE INIpHMEHEHHE COeIMHEHHH cepebpa, Kak, Ha-
mpuMep, 00paboTKa paH, CITU3UCTHIX, B CBI3HU C ATHM
MIPUOPHUTETHBIM SIBIACTCS H3y4YCHHE B3aHMOJICHCT-
Bus HY cepebpa u koxwu [2]. BolbmmHCTBO HccIe-
JIOBAaHWH TIOCBAIIEHBI BHYTPHUKIETOYHBIM H3MEHE-
HUSIM, BO3HMKAIOIUE B KOXE IPU B3aUMOJEHCTBUH
¢ HY, a mopdomorudeckux padoT, OMHCHIBAIOIIMX
U3MEHEHHMsI, TIPOUCXOASIINE B TKAaHAX HENOCTaTOY-
HO, a UX pe3yJbTaThl IPOTUBOPEYAT APYT APYTY.

Heanbio Hameil paboTHI SBISIIOCH UCCIIEIOBATH
Mopdo-pyHKIMOHATBHbIE U3MEHEHUS TKaHEH KOXKH,
KOTOpbIE BO3HHUKAIOT ITPU BHYTPUKO)KHOM BBEICHUH
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HUY cepebpa pazHoro paszmepa.

Marepuajbl 1 MeTOABI

1.Mooenv sxcnepumenma

OKcnepyMeHTaIbHbIE UCCIIEIOBaHUs MTPOBEIe-
Hbl Ha 140 MHTAKTHBIX Kpbicax JMHUK Bucrap o0o-
ux noyioB BecoM 0,18-0,24xkr. JKuBoTHbIE coaepika-
JIMCh B CTAHJAPTHBIX yCIOBUX BUBapust Onecckoro
HaIlMOHAIFHOTO MEIMIMHCKOTO YHHBEPCUTETa CO-
TJIACHO HAyYHO-TIPAKTHYECKHMH PEKOMEHAINIMH
10 COZIEPIKAHMIO JTa0OPATOPHBIX KUBOTHBIX U pado-
Te ¢ HUMU. JKUBOTHBIE OBIIHM pa3lielieHbl Ha 4 Tpyn-
IIbI: MHTAKTHAs TPYIINA, )KUBOTHbBIE, KOTOPHIM BBO-
munck Ag HY 30HM, )KUBOTHBIE, KOTOPBIM BBOIHJI-
cs1 2 % KOJUIOMIHBIHA p-p cepebpa, )KUBOTHBIE, KOTO-
peIM BBOmWIICS (u3MONOrMueckuidl p-p. BBenenue
0,01 My pacTBOpa OCYIIECTBISUIOCH B 00JaCTh XOJI-
KM CTPOTO IOJIKOKHO Ha rimyouHy 120 MKM ¢ momo-
IpI0 MHCYJIMHOBOTO Immpuna. [locne BBexeHus 3¢-
(exr omenuBaiics Ha 1, 3, 7, 14, 21, 30, 45 cyTku.
BbIBox JKMBOTHBIX W3 SKCIIEPUMEHTa IPOBOIMICS
METOJIOM TIePEIO3UPOBKU d(HUPHOTO HAPKO3a. DKC-
TIEPUMEHT BBIMIONHSAIICA C COONIOIEHHMEM HOpM 3a-
KoHa YKpanHbl «O 3amunTe )KUBOTHBIX OT KECTOKO-
ro oOpamieHHus», a TakkKe OONMMH STUYCCKHUMH
NPUHOUIIAMH SKCIIEPUMEHTOB Ha KHBOTHBIX U OJTH-
YECKUM KOJIEKCOM YUEHOTO YKpauHBI.

2. Ilonyuenue u xapaxmepucmurxa Ag H4

B nannoii padore s nonydenus HY Ag, Obin
MIPUMEHEH LUTPATHBIH METOA, B KOTOPOM LIUTpaT
Hatpus (Na;C¢HsO;) Bbmosnser ¢yHKumm, Kak
BOCCTaHOBHTEIIS, TaK U CTaOMIIN3aTOPA YaCTHII.

B TunumyHON METOOMKE CHHTE3a K PacTBOpY
HuTpaTta cepedpa (AgNO;) ompeneneHHONW KOHIICH-
Tparuu J00aBJISIIN TaKo# ke 00beM pacTBOpa BOC-
CTaHOBUTENS (IIUTPAT HATPHS).

Cunte3 HU Ag mpoBomwics Hpu CIEIYIOIINX
TEXHOJIOTHUECKHX ITapamMeTpax:

e OKBUMOJIIpHBIE KOHIEHTpauun AgNO; u
Na;CeHsO7: 5-10M;

®  OTHOIICHHE
(AgNO3)/(Na3C6H5O7) = 14,

e Temmeparypa cunresa — 100°C;

e BpeMms CUHTE3a, MHH: 60.

XapakTepHO, YTO MPH HCIOIB3yEMBIX HAMH T1a-
pameTpax CHHTE3a ¢ IPUMEHEHHEM IIMTpaTa HaTPUs

6butn omyuensl HY cepebpa cdeprnueckoit popmsbl

(puc. 1).

Juis onpenencaus cpemnero pasmepa HY ce-
pebpa HaM¥ TIPUMEHSIICS METOJ JIa3epHON KOppeIisi-
[IMOHHOW CIIEKTPOCKOIHH, U3BECTHEIN B JIUTEPATYpE,
KaK MeTOJ TUHAMHUYECKOTo paccesHus cBeta [3]. B
OCHOBE METOJIa JICKHUT IKCIIEPUMEHTATIBHOE OTIpe/ie-
JICHUE XapaKTEPHOrO BPEMEHH PACCESIHUSI HCCIie-
JIyeMbIM O00BEKTOM MOHOXPOMATHUYECKOTO H3JIy4e-
Hus. B ciydae nuddys3un B3BelIEHHBIX B OIHOPO/I-
Hol cpene HY, xapakTepHble BpeMeHa pacCesHHOTO
M3Jy4eHHs. 7 ONPEACNSIOTCS P MOCTPOSHUH KOp-
pensiuoHHON (DYHKIUM HHTEHCUBHOCTH MOHOXPO-
MaTHYECKOTO M3IIyYCeHUs PACCESIHHOTO CBETA.

KOHIIEHTpaLuil

SEM HV: 10 kV

WD: 3.02 mm

View field: 2.97 pm Det: InBeam 500 nm
SEM MAG: 97.4 Kx SM: RESOLUTION

MIRA3 TESCAN

E TESCAN

Puc. 1. U3ob6paxeHne HY cepebpa, nonyveHHoe B
pacTpOBOM 31EKTPOHHOM MUKPOCKOTE.

B mamem ciyuae, pacuer pasmepa HY Obin
MPOU3BEICH IyTEM CPaBHEHUS KOPPEISIIHOHHBIX
GbyHKUMHA paccesHUsT KOJUIOMAHOIO pacTBOpa, Co-
nepxamiero HY cepebpa u pacTtBopa ¢ 3TaJIOHHBIM
00BEKTOM, KOTOPHIM SIBJISUIACh CHIIBHO pa30aBiieH-
Has BOJAHAs B3Bech JlaTekca. /lmameTrp uacTuil ja-
TCKCa, COrJIaCHO MNMacCIOpTHBIM JaHHBIM, 6bIJI paBcH

d =0,06 mMx™ (morpemHOCTh 5%). B aTOM Ciy-

Jamekc
gae, pasMep ONTHYECKMX HEOJHOPOJHOCTEH, BBI-
3BaHHBIX HaJIMYUEM pacCCUBAIOIINX O6'I)eKTOB OII-
penessuics o Gopmyiie [3]:
d =d. . iz
i+ étit len ’
etiilen

rne d d,. — nMamMeTphbl YaCTHILBI JIATCK-

Jniamekc

ca u uccnenyemoit H4,
T U T,. — XapaKTepHbIe BPEMEHA pac-

Jamexkc
CEesSIHUSI MOHOXPOMATHYECKOTO CBETa, MOJIyYeHHbIE
Ha o0pasiie cpaBHEHUs (JaTEKC) M Ha MUCCIIEAYEMbIX
HY cepebpa, paBHbIe, COOTBETCTBEHHO, 180 MKCEK U
90 Mxcek.

Hcxonst u3 stux paHHbIX, pasmep HY cepedpa
paBed 30 HM, 4TO COTJIACYETCSI, C JaHHBIMH, TOTY-
YEHHBIMH JIPYTUMH METOJaMH (ONTHYECKOE ITOTIIO0-
[IeHHE, AJIEeKTPOHHO-MHUKpockommueckuii). HY ce-
peopa cunTesupoBansl Ha 6aze HUU ¢dusuxku OHY
M. Me4HuKoBa.

3. Memoouxu

st Mopdoorinyeckux MccieaoBanuil 3adupa-
M KOXy cnuHbl. Marepuan ¢ukcupoBanu B 10%
HEeHTpasbHOM (POPMaIMHE U 3IMBAIM THCTAMHKCOM
(buoButpym, Poccust) coriacHo —oOmenpuHSTON
THCTOJIOTUYECKON METOJIMKE, TOTOBHJIM ITOCTOSIHHBIC
THCTOJIOTHYecKue npenaparsl. Cpessl TOIIUHON 5-7
MKM OKpAaIlMBajJy TI'€MaTOKCHIMHOM-303HHOM, IIO
Ban-I'nzoH, pe3opunHOM-()YKCHHOM H TOIYHUIHHO-
BBIM CHHHM JUIS BBISIBIICHUS TYYHBIX KIETOK [4].

ITocTostHHBIE THCTONOTMYECKUE MPETapaThl Uc-
CJIEIOBAJIM METOJOM CBETOBOW MMKPOCKOIHHM, Ha
MuKpockorie "Zeiss" "Axiostarplus", oGopymoBaH-
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HOM CHCTEMOH BHjeOaHaM3a m300pakeHui. Mop-
(omMeTpryecKue HCCIEeNOBaHHUS MOJTYYEHHBIX H30-
OpakeHUI BBINOJHSIM C HCIIOJIB30BAHHEM IIPO-
rpammbl "BuneoTecr-Macrep Mopdonorus" (Bu-
neoTect, Poccus). IlonydeHHble W300paKeHHS U
IU(pOBbIE TaHHBIE XPAaHWIH B aPXHMBE CO3/IaHHOM C
MOMOIIBI0 TTpOrpaMMHOro obecrieueHus "Buneo-
Tect Anpbom". CratucTHyeckyro o0pabOTKy pe-
3yJIBTaTOB TPOU3BOAMIN C MOMOIIBI0 KOMIBIOTEP-
Hoit mporpamMmel «STATISTIKA 6.0» Hccrnemosa-
HUS TPOBOIIUINCH Ha 0a3ze Kadenpel THCTOIOTHH,
uTosioruy u smopuonorua OHMenV.

Pe3yabTaThl U MX 00Cy:KIEeHHE

Dnudepmuc

B pesynbrare mpoBeNEHHBIX HCCIENOBAaHUI B
snuaepMuce B 1-3 CyTKM Haj MECTOM BBEJCHHS Ha-
OiromaeTcs pa3phIXiieHHe 0A3AIBHOIO CIIOS AIHUTENHS 1
3HAYUTEIPHOE PACHIMPEHHE MEXKIIETOUHBIX IIpoMe-
JKYTKOB. MUTOTHYECKHU JENSIMXCS KICTOK IPaKTHYe-
CKH He BcTpedaercs. Ha 7-e HapacTaeT MexxandepoHHast
reTepoMopQsI SIIIEPMIICa 32 CYET TeTepOKHUHEe3a Kile-
TOK KPOBH. DIHTEIUOIUTHI 0a3aIbHOTO CJIOS IIPOXOIST
yCKOpeHHyto anGdepeHIpOBKY, pacIulacTaHbl 10
HaOyxmielt Ga3anpHON MemOpane. OHH COXPaHSIOT C
HEN TECHBI KOHTAaKT, HO IPU 3TOM MEXKJIETOYHbIC
MPOMEXXYTKH 3HAYUTEIBHO PaclIMpeHs! (puc. 2).

Puc. 2. 3nnaepmnc Koxu KpbiCbl Ha 7-e CyTKu nocne
BBeAeHns. OkpallnBaHWe remMaTOKCUITMHOM W 303WHOM.
x300.

MOXXHO MpeAroNarath, YT0 U3MEHEHHUsI CBA3aHbI
¢ yckopeHHo#t muddepenumpoBkoii. Ha 14-e cytku
CTPYKTypa 3MujepMuca coxpaHeHa, mexauddepon-
Hasi reTepoMopdust CHIXKAETCS, 3aTO HApacTaeT BHYT-
puauddepoHHast cpeny SMUTEIUOLUUTOB 0a3aIbHOTO
ciost. B 0a3zanbHOM Cli0€ BCTPEYAIOTCS CIUHUYIHBIC
(burypsl MHTO3a ¥ KIICTKH CO CMOPIIICHHBIMU SIPAMHU.
Ha 21-e cytku Ham odarom B 0a3aibHOM CJIOE JITH-
JIEpMHCa TIOSBIISIOTCS MHOTOYHCIICHHBIC KIICTKH, B
LUTOIUIa3ME KOTOPBIX 32 CYET BHYTPHKICTOYHOIO
OTEeKa UMEIOTCSl KPYIIHbIE BaKYyOIH, KOTOPbBIC PacIo-
JararoTcsl epuHyKieapHo. MHOraa Bakyoib 3aHUMa-
€T MOYTH BCIO LIUTOIUIA3MY, OTTECHSS PO K Iepu-
(eprn, KOTOpOE MPUHUMAET CEPHOBHIHYIO (GopMYy.
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DT0 XapakTepHO Ul BaKyoJIbHOW muctpoduu (puc.

Puc. 3. Onugepmnc koxm Ha 21 cyTkm nocne
BBeAeHusi. OkpaluvBaHue reMaToKCUIIMHOM W 303MHOM
x600.

B 310 e Bpemst SnuTeNnraibHbIe BIarajiuiia Bo-
JIOCSIHBIX JIYKOBHI] YTOJIICHBI, PA3PBIXJICHBI U B HUX C
MOMEHTa MOBPEXKJICHUSI YBEINYMBACTCS MHTOTHYE-
CKasi aKTHBHOCTbh, HAPACTAIOT pa3Mepsl U 0a30huIns
KIIETOK, runeprpodupyercs cam miact. B mocre-
JyIOIIME CPOKHM TPOUCXOAUT THUIEPTPOPUS SIUTENHSI
MPEUMYILIECTBEHHO 32 CYET CMEILEHHS CI0J]a aKTHBHO
MPOUQEPUPYIOLIEro SIUTENHS HAPYXKHBIX BOJIOCS-
HbIX Biarammml. K 45-M cyTkam ombita pereHepanust
3aBepIIaeTCs, W B OIUIEPMUCE BOCCTaHABIMBACTCS
CTpYyKTypa Bemymiero mudpepoHa SMHUTETNONUTOB.

Lepma

B cBoto ouepenp B nepme Ha 1-e CyTKH 1ociie BBe-
JICHUSI OTMEYaeTcs OTEK, HapacTaeT KOJMUYECTBO Ty4-
HBIX KJIETOK, MOSIBJISIFOTCS €IMHAYHbIE HEUTPO(DHIIbHBIE
IPaHyJIOLUTBHI, HE3HAYUTEIHHO BO3PACTAET KOJIMYECTBO
Makpo(aroB, OCTaJIbHasl YaCTh TKAHEBBIX JIEMEHTOB —
aT0 KIeTku (udpodnactuueckoro nuddepona. Ilox
BJIMSIHUEM CEKPETOPHBIX INPOAYKTOB TKaHEBBIX Oa-
30()MJIOB TIOBBIIIAETCSI NPOHUIIAEMOCTH KPOBEHOC-
HBIX COCYJIOB, IIPOMCXOIMT TETEPOKHMHE3 KIIETOK
kpoBu. Ha 3-u cyTku mMexnudepoHHas rerepoMop-
(bust HapacTaeT 3a CUET KJIETOK KPOBH, IPEHMYIIECT-
BEHHO Makpo(}aroB, KOJIUYECTBO KOTOPBIX YBEIUYH-
Baercs 10 33% W OHM aKTUBHO (DarorUTOIUTHPYIOT.
JleiikoumrapHass MHQHIBTPALAS CMEHSCTCS THCTHOLH-
TApHOM, TpHU 3ToM MexaubdepoHHas rerepomMopdust
Bo3pacraer, u (uopodmacTuueckuii qupepoH mepe-
CTaeT OBbITh JOMUHHPYIOIIUM. ITO MO3BOJIIET KOHCTA-
THPOBATh TPAHC(HOPMALIMIO KIIETOYHOTO COCTaBa I1epBO-
Ha4aJIbHOTO, PAHHEro THCTHOHA (ha3bl BOCTIAJICHHS B
TIO3/THUI TUCTHOH (a3bl BOCIAJICHHUS, B KOTOPOM BELy-
MU 3JIEMEHTaMH CTaHOBSTCS Makpodarn. Taxum
00pa3oM, MUTPALIUS] TEMATOICHHBIX JIEMEHTOB TIPOMC-
XOJIUT TETEPOXPOHHO U MPHUBOJIKUT K BO3PACTAHHIO MEXK-
T epoHHON TeTepoMopduH, YTO XapaKTEpHO JUIA
(hOpMHPOBaHKSI THCTHOHA BOCTIAJICHIS.

Ha 7-e cyTku B Mecte BBeieHHs] HAYMHAET (GopMHU-
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poBaThCs '"TpaHyIALMOHHAS TKaHb', CHIDKAeTcs KO-
JMYECTBO KJIETOK I'€éMaTOT€HHOTO NPOUCXOXKICHUS U
YBEJIMYMBAETCS KOJMYECTBO KJIETOK (uOpodiacTu-
4eCKOro psza.

B ouare oTrmeuaeTcs HapyuieHHE CTPYKTYPBI U
OPHEHTALMHM KOJUIATCHOBBIX BOJIOKOH: OHU Pa3Bo-
JIOKHEHBI ¥ OPUEHTUPOBAHBI MTAPAILIEITBHO TPOAOIIb-
HOH ocu oyara. KpoBeHOCHBIE coCyibl BO3/I€ O4ara
pacIIMpeHsl, pacloNararoTCs TPYIIIaMH, HX KOJI4e-
CTBO yBeTHueHO (puc. 4).

Puc. 4. lepma koxu Ha 14 cyTku B MecTe BBEOEHMUSI.
Okpacka remaTtoKCUIMHOM 1 303MHOM. x300.

K 14-m cytkam ¢pubpobnacriuecknit nuddepon
npeobnanaer. MexauddeponHas rerepoMopdust He-
CKOJIBKO CHIDKAeTCs, 3aTO HapacTaer BHyTpHIuQde-
poHHas, T.e. cpemu puOpoOIacToB HabMOmaeTcs pas-
JINYHBIE 110 CTENEHN 3PEJIOCTH KIIETKH, KOTOPhIE HMEIOT
psin MOP(hOJIOrHYECKMX OCOOSHHOCTEH B 3aBHCHMOCTH
ot creneHn muddepeHimpokr. Tak Habmomaercs or-
penienieHHasi TMHAMEKA  SIEPHO-IATOMIA3MATHIECKOTO
cootHomenus 1 rpaauenta JJHK-PHK. Ha 21 cytku B
pETeHEepaIMOHHOM TUCTHOHE TIpeodianaroT mudde-
penumpoBanHble GpubpodnacTel (puc. 5).

Puc. 5. epma koxu Ha 30 cyTku B MecTe BBeAEHUSI.
Okpacka remaTtoKCUMHoM 303uHom. x300.

@aza afganTayy 3aKI0YaeTCsl B MOCTEIEHHOM pe-
OpraHu3alyy "rpaHyJISIIHOHHON TKaHK" U (POpMUpOBa-
HHUM COEJMHUTENFHOTKaHHOrO pyoOua. Ilpu stom mpo-

HCXOJIUT CHWKeHHe MexIndhepoHHoit 1 BHYyTpHAN]-
(eponHoO#t rerepomophrn MakpodaroB, TKaHeBbIX 0a-
30¢mi0B, hrUOPOOIACTOB, IHIOTEIUOIIUTOB, CHIKACTCS
YHCJIO KPOBEHOCHBIX cOCYyJI0B. [Ipeobnagaronmm Kie-
TOYHBIM THUIIOM B COEIMHUTEIILHOTKAHHOM pyOlLie sB-
JISIIOTCSL TEPMHUHAJIbHBIE KIIeTKH (pruOpobiacTiyeckoro
mddepona. "I'paHyisMOHHas TKaHp' 3aMelaeTcs
COE/IMHUTEIILHOTKAHHBIM ~ PYOIIOM, TIPE/ICTaBICHHBIM
IUIOTHO MPHJIEKAIMMHI JIPYT K APYTy ITydKaMH KoJula-
TEHOBBIX BOJIOKOH M DACIIOJIOKEHHBIMH MEXTy HUMH
¢ubpormTamy. OKOHYAaTeNbHAs pEreHepals KOXH
TIPOUCXOINT Ha 45 CyTKHL.

B oueHKe 1OCIen0BaTebHOCTH COOBITHI B 00-
JIACTH BBE/ICHUS HCIIOIB30BaHa KOHIIEMIHS TUCTHOHHOW
opranuzauu [5], KoTopasi yTOUHsIET XapaKTep CKIaIbl-
BAIOIMXCS HOBBIX B3aHMOJCHCTBUI M CITy)KUT Mapke-
POM peakuuy OpraHM3Ma Ha IOBpEXACHHE. AHaIH-
3upysl mporecc Mop(oIornIeckux NW3MEHEHUH TKa-
HU KOXXHU B pesynbrare BBenenust HY cepebpa, cie-
JyeT OTMETUTh HaJlM4Yhe IOCIIE0BATENLHO CMe-
Hstomuxcst ¢a3. Cpasy mocie BBEICHHSI HACTYIAET
(ha3a BocmaneHus1, KOTopasi cCMeHseTcst (a3ol perexe-
PALIMOHHOTO THCTOreHe3a ¢ (JOPMHUPOBAHUEM TpaHyJIs-
LIMOHHOW TKaHH, U 3aBeplIaeT mpouecc (asa alanTus-
HOH TIEpECTPOMKH, T.€. MbI HAOIIOaeM 3aKOHOMEPHBIE
MIPOLIECCHl HOPMAaJIbHOTO T'MCTOreHe3a, BO3HUKAIO-
1K€ B OTBET HA anbTepanuio [5]. DT0 MOXKHO 00B-
SICHUTh TEM, YTO OTBETHas peaKkuus OpraHu3Ma Ha
TIOBPEXICHNE OCYILECTBIISIETCS C TOMOLIBIO CaMOpery-
JIIPYIOUIEICS CUCTEMBI CO CTEPEOTUIHOHN AMHAMUKOIA,
MIPYHIMIHAATBGHO HE 3aBHCAINECH OT TMOBPEXKIAIOIIETO
(hakTOpa, XOTS OH U OIpENEIsieT HEeKOTOPOoe CBOeoOpa-
3ue peakuuu. [1pn 3TOM ciemyeT 3aMeTHTb, YTO TTOTHAs
pereHepanyi KOKH KpbICHI B OTBET Ha MEXaHHYIECKOE
TIOBPEXKIICHIE 3aKaH4IMBaercs Ha 15 cytkm [6], Torma
kak npu BBeaeHnn HY npouecc mmres 45 cytok. Oge-
BUJTHO, YTO YBEJIMYEHHE IPOJIOJDKUTEIBHOCTH TEUCHHS
BOCTIJIMTEIFHOTO M PETeHEPalMOHHOTO TIpoLiecca BbI-
3BaHO crierpgrdeckum BoznaerictBueM HY. Mexanusm
9TOTO BO3/ICUCTBUSI, BO3MOXKHO, OOBSICHSETCSI He3aBep-
IIEHHBIM  (haronuTO30M, BTOPHYHOM anbTepalyed
CO3PEBAHNEM «MaTPUKC(HOPMHUPYIOIINX» MaKkpo(haros ¢
BBIPAKEHHOM CEKpETOPHOM aKTUBHOCTHIO. Kak m3BecT-
HO, TIPH peTeHepaly TKAaHeH, WHIYIUPOBAHHON OWo-
MarepraliaMH, B MEKKIETOYHBIX M  CTPOMAIBHO-
KJIETOYHBIX B3aUMOJEHCTBUSIX OCHOBHYIO PETYIHPYIO-
LIYIO POJIb UTPAOT Makpodary. XapakTep Te4eHUs BOC-
TIATUTEIBHOTO TIPOLIECCa U MOCNIEIYIOIIHX 32 HUM TIPo-
LIECCOB PEreHepalyyl Win JMcpereHepayi B COSAMHH-
TENBHOM TKaHU ONpEAeNsieT pas3Has BBIPAKEHHOCTh
MakpodaranpHoit cramuu [7]. Beenenne HY cepeOpa
BBI3BIBACT AKTHBALMIO TOJILKO IIEPBUYHOTO 3BEHA M-
MyHHUTEeTa — MakpodaroB. [Ipu 3Tom cozmatorcst ycio-
BUS JUISL TIOJIHOTO CO3PEBAHMS PA3HBIX CYOIOITYIISLII
MakpoQaroB, B TOM YHCIIE H «MaTPUKCHOPMIPYFOIIHXY,
OTJIMYAIOLINXCS BBIPAXKEHHOM CEKPEeTOPHOM aKTHBHO-
CTBIO W BK30LMTO30M. SIBISLACH TIIABHBIM (hakTOpOM,
BIMSIIOIMM Ha TMPOLIECChl CHHTE3a KoutareHa (huopoo-
JacTaMH M CTPYKTYpHOro o(opMIICHHS pereHepara,
Makpo(ard OKa3bIBAIOT PETYJSITOPHOE BIMSHHE HA
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(hopMupoBaHHE CTPYKTYPHO a/IEKBaTHOTO pPEercHepara.
OTa runoTes3a MOATBEPKIACTCS TEM, UTO B HAIIEM JKC-
nepumMente npu BBeaeHnn HY ¢ubpoapxurekToHHKa
KOKM CHadajla HapyIIaeTcs, a 3aTeM IIOJIHOCTBIO BOC-
CTaHABJIMBAETCS, YTO COOTBETICBYET JAaHHBIM JIUTEpaTy-
PBI ¥ HOATBEPXKAAET MojoxkutensHoe BimsaHue HY ce-
pebpa Ha HeokoJUIareHorexes [§].

BoiBoabl

1. Tlpu BBeAeHWM HaHOYACTHUI] cepedpa B KOXKE
BO3HHUKAET KOMIUIEKC PEaKTUBHBIX M3MEHEHUH. I1po-
mecc xapakrepusyercst azHocThro. Cpa3y mocie BBe-
JeHUs HacTymaeT (aza BOCIIANCHHs, KOTOpas CMEHSET-
cs (hazoil pereHepalMOHHOrO rHCTOreHesa ¢ GopMupo-
BaHHEM I'PaHyJIAIMOHHON TKaHHU, U 3aBepIlIaeT MPOIECC
(haza alanTUBHHOM TIEPECTPOMKY.

2. B pesysbrare BBeleHHs] B KAMOMAJIBHOM CJIOE
SMUJIEpMHCa OTMEYaeTCsl SBJICHWS Iapakeparos3a, a
3aTeM BaKyoJbHOW mucTpoduu. Pereneparms ocyiue-

CTBILIETCS 3a CYeT Mponivdepanyy KIETOK SIUTENHs
HapY>KHBIX BOJIOCSHBIX BIIATaJIHILI.

3. B ouare ormeuaercs HapyiieHue pudpoap-
XUTeKTOHUKH. CTpyKTypa U OpPHEHTAIMs] BOJIOKOH
BOCCTaHABJIMBAeTCA Ha 45 CYTKH.

4. OCHOBHBIE 3aKOHOMEPHBIE MIPOLECCHI pere-
HEPALMOHHOTO THCTOTeHe3a M aJanTHUBHOM IHepe-
CTPOMKM TKaHEH MpOSBIAIOTCA B MECTE BBEJCHUS U
HE 3aTparuBalOT HHTaKTHHIE 30HBL

5. MopdodhyHKIHOHATHFHONH OCHOBOW H3Me-
HEHWH SIBILTIOTCS 3aKOHOMEpHBIE TIPOIECCH HOP-
MaJIbHOTO THCTOTEHEe3a

IlepcniekTHBBI AAIbHEHININX Pa3padoToK

B naspHelimeM 1iaHupyercs u3ydeHune mMopdo-
METPHUYECKHX OCOOCHHOCTEH CTPYKTYPHO# OpraHm3a-
MU KJICTOK KOXXHM B Pa3IMYHbIE CPOKH IKCIEPUMEH-
TaJIbHOTO BO3JAEHCTBUSL.

JluTepaTypHble HCTOUHUKH
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Cupma O.I., CxobeeBa T.M., Yabsinos B.O. MopdoJtoriyni 3MiHn mkipu npu BBeleHHI HAHOYACTHHOK
cpiduaa.

Pedepat. Mera poboTtr nonsrana y Bu3HauYeHHI MOPGHOPYHKIIIOHATBHIAX 3MiH TKAaHUH IIKIPH, SKi PO3BHBAOTHCS
NIPY MHTPajIepMaJIbHI iH’€KIiT HAHOYaCTHHOK Cpibia. BUKoprcTOBYBaIiCs HAHOYACTHHKY cpibia chepruaHoi hopmu
po3mipom 30 HM, cHHTE30BaHi UTpaTHUM MeTofoM. Excrniepument npoBoauBest Ha 140 mrypax minii Bictap. ITicns
mimkipHoro Beenertst 0,01 M1 po3urHy HAHOYACTHHOK cpibiia edekT omiHroBaBcs Ha 1, 3, 7, 14, 21, 30, 45 nody. Bu-
KOPUCTOBYBAJIMCS CTAHAPTHI TicTONOrUHI MeToquky. [loka3aHo, 1110 MpH BBEJEHHI HAaHOYACTHHOK cpiliia B LIKIpi
BUHUKA€E KOMIUICKC PEAKTHBHHX 3MiH, IO XapakKTepU3yeThes (haszHicTio. MophodyHKIIOHAILHOI OCHOBOIO 3MiH €
3aKOHOMIPHOCTI TPOIIECiB HOPMAJIBHOTO TICTOTEHE3a, SIKi MPOSBILTIOTHCSA B MICIli BBEJICHHS 1 HE 3a4ilalOTh IHTAKTHI
30HH.

Kiro4oBi cj10Ba: HaHOUACTUHKH cpibila, IMIKipa, TiCTOTeHe3.
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