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MOP®O®PYHKIIUOHAJIBHBIE CBOMCTBA TPOMBOIIUTOB YEJOBEKA,
HOABEPKEHHBIX IN SITU HU3BKOMHTEHCUBHOMY JIASEPHOMY OBJIYYEHUIO

M.C. Makapos, B.b. XBatoB
I'bY3 «HWU cropoii momorn um. H.B. Cridocosckoro /13 r. Mocksbi», MockBsa, Poccust

Pesiome
Lenv: onernTh MOPYODYHKIIMOHATBHBINA CTATYC TPOMOOIMTOB, OOITYUEHHBIX 11 Sifu MOHOXPOMATHYECKUM CBETOM C Pa3HOM JTHHOM
BOJIHBI BUUMOM YacTu criektpa. Mamepuan u memoost. TpoOMOOLUTHI JOHOPOB, IIOTY4YCHHBIE IIyTEM alnapaTHoOro adepesa, OKpalnBaii
BUTAIIBHBIM KPACUTEJIEM H 00Jydasn ¢ IIOMOIIBIO JTa3ePHOI YCTAHOBKH B cocTaBe KoH(pokamsHOoro mukpockomna «Nikon D-Eclipse C1y»
(Nikon, SAnonus). [lnst 06:1yueHus UCIOIb30BAIN MOLYJIMPOBAHHBIN ynbTpaduoneTosblii ceet (A = 408 Hm), roay06oii ceet (A = 488 HM),
3eseHbli cBeT (A = 543 um) u kpacHsii cBeT (A = 637 um). [IpogomkuTensHOCTs 00MydeHust coctapisuia ot 0,5 1o 60 mun. Pesyivmamei.
ITpu o6imyuennu cBetom A =488 HM 1 A = 543 HM TPOMOOLMTHI HE TIPETEPIIEBAIN BUAUMBIX H3MEHEHHH, ITPH 00JIy4eHHH KPACHBIM CBETOM
(A =637 um) HaOmMrOAIACh OBICTPAs AKTUBALIMS U ICTPAHYIISINS OHOIOTHYESCKH TTOTHOIICHHBIX TPOMOOIIMTOB, HHTEHCUBHOCTH JICTPaHYy-
JISILMH 3aBUCEIIA OT MPOJODKUTEIBHOCTH 00IydeHHs. CXOxKHH 3 HEeKT OTMEUCH IIPU BO3ACHCTBUY JJIMHHOBOIHOBOTO YIBTPa(HOIETOBOIO
cera (A =408 HM), IPU 3TOM CKOPOCTh JETPAHYIISIIMNA TPOMOOIIUTOB C TPaHyJIaMU ObLiIa HIDKE, YeM ITPU BO3ACHCTBUU KPACHOTO CBETA.
CMeleHne TPOMOOLMTAPHBIX TPAHYI K epU(epHu LUTOIIIa3Mbl HAYHHATIOCh Yyepe3 0,5—1 MUH py BO3EHCTBUM KPAaCHOTO CBETA H 4epe3
10 MUH — 1IpU BO3/I€HCTBUH YIBTPAdHOIETOBOTO CBETA, IOJIHAS aKTHBAIIUS OHOJIOTHUECKU TOITHOLCHHBIX TPOMOOIIMTOB HACTYyIIaNa Yepe3
30 1 yepe3 60 MHH COOTBETCTBEHHO. 3akiroueHue. OOIyueHne TPOMOOLIMTOB YEIOBEKA KPACHBIM U YJIBETPa(HOIECTOBBIM CBETOM in Situ
CTUMYJIMpPYET MX CIIOHTaHHYIO aKTHBAIMIO O€3 HapyIIeHUs 00IIeH CTPYKTYPbl TPOMOOIIUTOB.
KinoueBble ciioBa: mpomboyumot, mpomooyumaphvle epamynvl, HUSKOUHMEHCUBHOE IA3ePHOe U3NTYYeHUe, AKMUBAYUs MmpomMooyumos,
OezpanynAyus mpomooyumos.
Jas untupoBanusi: Makapos M.C., XBaros B.b. MopdodyHKIroHaNbHBIE CBOMCTBA TPOMOOIIMTOB YETIOBEKA, MIOIBEPIKEHHBIX 71 Sifu
HHU3KOMHTEHCUBHOMY Jla3epHoMy oOiyuenuto // Jlazepnas mequiuna. — 2019, — T. 23. — Boin. 2. — C. 26-31.
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MORPHOFUNCTIONAL PROPERTIES OF HUMAN PLATELETS
AFTER LASER IRRADIATION IN SITU

Makarov M.S., Khvatov V.B.

Sklifosovsky Research Institute of Emergency Care, Moscow, Russia

Abstract

Purpose. To study morphofunctional characteristics of human platelets irradiated in sizu with modulated light of the visible spectrum.
Material and methods. Donor platelets were harvested by the automatic apheresis, stained with vital dye and irradiated with a laser system
attached to the confocal microscope «Nikon D-Eclipse C1» (Nikon, Japan). Modulated light with long UV-wave (A = 408 nm), blue light
(A =488 nm), green light (A = 543 nm) and red light (A = 637 nm) was used for the irradiation; irradiation sessions lasted for 0.5-60 min.
Results. After low-dose light irradiation with A = 488 nm and A = 543, human platelets did not have any visible changes; after irradiation
with red light (A = 637 nm), platelets with normal biological status were quickly degranulated and activated; degranulation intensity
depended on the irradiation time. A similar effect was registered during long wave UV-irradiation (A =408 nm), while the followed platelet
activation was lower than after red light irradiation. Granules offset to the cytoplasm periphery started in 0.5—1 min after red irradiation

26



Jlazepnas megununa. —2019. — T. 23, Bbim. 2

OpI/II‘I/IHaJ'IBHLIG HUCCICA0OBAHUA

and in 10 minutes after ultraviolet one. Total activation of biologically high-grade platelets was seen in 30 and 60 min, respectively.
Conclusion. Exposure of human platelets to red and ultraviolet light in situ stimulates their spontaneous activation without any damage

to the platelet structure.

Key words: platelets, platelet granules, low-dose irradiation, activation of platelets, degranulation of platelets.
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Beenenne

HuskonntencuBnoe nazepuoe usnyuenue (HUJIN)
B BUJJMMOM YacTH CIIEKTpa CIOCOOHO CTUMYJIMPOBATh MHO-
TUe MPOIECCH B KlleTKax uenoBeka [2, 8, 18]. [TokazaHo,
4TO O0JIy4YeHHUE JAUIUIOMIHBIX KIETOK MOHOXPOMATHYHBIM
KpacHbIM cBeToM (630—-638 HM) noBbIIIaeT ux nponudepa-
THUBHYIO 1 MUTPAIlMOHHYIO aKTUBHOCTS [8, 15], 3amyckaer
paboTy cucTeM BHYTPUKJIETOYHOTO CHUrHaiuHra [2, 16],
B YCJIOBHUSAX in Vivo CTUMYJIUPYET MPOIECChl aHIMOTeHe-
3a, CIIOCOOCTBYET YIIYUIIEHUIO COCTOSIHUS MAL[UEHTOB MPH
OCTPBIX OTPaBIICHUSIX, TAHKPEATHTE, XOJICLHCTUTE U JIPY-
rux maronorusx [3, 7, 8, 11]. Knuaudeckwuii apdexr poro-
MOJM(HKALUY KPOBH B 3HAYUTEIBHOW CTEIIEHH OCHOBaH
Ha YBEJIMYEHHH aKTUBHOCTH KJIETOYHBIX KOMIIOHEHTOB
KpoBH, B yacTHOCTH TpomOouuToB [11, 18]. Cunraercs,
YTO BUAMMBIN CBET B ()MOJIETOBO-CUHE-3€JICHOH 00J1acTH
MOJIYJIMPYET arperandoHHY0 aKTUBHOCTh TPOMOOIIMTOB,
a KpacHbIi 1BetT — noaasisiet [7, 10, 12]. Onnako 3tu uc-
CJICJIOBAHUS IIPOBOJMINCH 0€3 MOoapoOHOro MOphodyHK-
LIMOHAJILHOTO aHaJIM3a KJIETOK. AJEKBaTHO OILIEHUTh MOP-
¢dodyHKIMOHANBHBINA CTaTyC TPOMOOLIMTOB, OOIYyUEHHBIX
HWJIN, MOKHO ¢ MOMOUIBI0O MUKPOCKOITMUECKUX METOA0B
HCCIeI0OBaHMs, BKIIOUAIOIINX BUTAIBHOE (TPHXKU3HEHHOE)
OKpalluBaHue KIeToK [5, 13].

Heap paborsl — u3y4uTh MOP(HOPYHKIMOHAIBHBIE
CBOICTBa TPOMOOIIMTOB YeJIOBEKA, OOITyUEHHBIX in Siti MO-
HOXpOMAaTU4Y€CKHUM CBETOM pa3H0171 JJINHBI BOJIHBI.

Marepuasa 1 METOABI

Hccnenoany TpoMOOLUTHI JOHOPOB KPOBH, TOJTyYEH-
HBIE ITyTEM aBTOMaTH4YECKOro ajepesa Ha cernaparope KpoBH
Trima Accel (Tepymo BCT, CIIA). dnst mopdodyHkuumo-
HaJILHOTO aHaJIM3a TPOMOOIIMTOB HCIIOJIb30BaJIN OPUTHHAIIb-
HBIIl METO/I, OCHOBAaHHBI! Ha BUTAJIbHOM OKPAIIMBaHHUH KJIe-
TOK TpunadiaBUHOM M aKPHMHOBBIM OPaH)KEBBIM C IOCIIE-
JYIOIIUM X aHAIA30M BO (hIIyOpEeCIIEHTHOM MUKpOCKoIe [5].
BuranbHoe okpanimBaHue M03BOJISIET OLIEHUTh CTPYKTYPHYIO
LEJOCTHOCTH U (PYHKIIMOHAJIBHYIO aKTHBHOCTh TPOMOOIIUTOB
0e3 HapylIeHus uX Ku3HecrnocoOHocTd. CyCIIeH3UI0 ¢ BH-
TaJIbHO OKpAIEHHBIMU TpoMOoITaMu B 00beme 10-20 MK
HAHOCWJIM Ha MPEAMETHOE CTEKJIO, HAKPhIBAJIN IIOKPOBHBIM
ctexsoM (tommuna 0,2 MM), TOCIIe €T in Sifi TPOBOIUIH
HU3KOUMITYJIbCHOE O0JIydeHHE C TIOMOIIBIO JIA3EPHOU yC-
TAHOBKU B COCTaBe KOH(OKaibHOro Mukpockomna «Nikon
D-Eclipse C1» (Nikon, SInonust) nox oobexruBom x4. Jlmst
00JTy4eHHS KCII0JIb30BAII MOJIYJIMPOBAHHBIN yibTpadHoe-
ToBBIH cBeT (A = 408 uM, II0THOCTE MoIHOCTH 40 MBT/CM?,
gacrora 150 I'm), rony6oii ceeT (A = 488 HM, IUNIOTHOCTH
momtroctu 20 MB1/cm?), 3enenbiii ceet (A = 543 uM, 1UI0T-
HocTh MorHocTd 20 MBT/cMm?, yacrora 80 ') U KpacHblii
cBeT (A= 637 HM, IIIOTHOCTL MOLIHOCTH 5, 10 1 20 MBT/cM?,
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gactorta 80 I'm). [IponomKkuTenbHOCTh OOIyYCHUS COCTAB-
nsna 0,5-60 muH. B mponecce MophopyHKINOHATEHOTO
HCCIIeIOBaHMs TPOMOOIIMTOB JI0 M ITOCIIE 00Ty HIeHHs OTpeie-
JISUTA COJIeprKaHue a/ire3MBHO aKTHBHBIX KJICTOK C TPaHyJIaMU
(OMOMOTHYECKH MOTHOLIEHHBIC TPOMOOIIUTEI), OI[CHIBAIN
o0uryro MopdoIorHIo TPOMOOILIUTOB M PHCYHOK pacIpesie-
JICHUSI B HUX TPaHyll, HAINYNE U pasMep TPOMOOIMTapHBIX
arperaroB. [lomyueHHbIe aHHbIe 00padaThIBaIM C TOMOIIBIO
METOIOB BapHAMOHHON CTATHCTUKH C HCTIOIb30BAHHIEM I1a-
keta porpamm «Microsoft Excel 2000». Beraucinsim cpen-
Hue apudmerndeckne 3HadeHust (M) U cpenHeKBapaTHy-
HBIC OTKJIOHEHUS (G). J{j1s OLleHKH pa3iuyuii HCIIOIb30BaIH
t-xpurepnit CThIOCHTa M KPUTEPUH XU-KBAJPAT JJISI MAJIBIX
BBIOOPOK. Pa3ninumst 3HaYSHUI CUUTAIN JOCTOBEPHBIMHU IPH
ypoBHe 3HaunMocTH 6oiee 95% (p < 0,05).

Pe3ysbTarsl u 00cy:KaeHHE

Bosneiicteue romyooro (A = 488 M) u 3eneHOTO (A =
543 HM) cBeTa HE BBI3BIBATIO HUKAKHX M3MCHCHHU B MOp-
(o yHKIIMOHATEHOM cTaTyce TPoMOOIUTOB (puc. la, 10),
UX CTPYKTypHbIE U (yHKIMOHAJIBHbIE XapaKTEPUCTHKHN OC-
TaBAJIUCh TAKMUMH XK€, YTO U 10 OOIydICHUS.

Crout 0c000 MOAYEPKHYTH, UTO roTy0oit cBeT ¢ A = 450—
490 HM HCHONB3yeTCsl B HALIEH METONMKE JUJIsl HHULMALUN
(yopecueHIN BUTAIBLHO OKPALIEHHBIX TPOMOOLIUTOB, TIPH
9TOM JaKe TIPH JUTHTEIIHHOM 00yueHnn (2—4 gaca) TpoM00-
ILIUTHI TIOJTHOCTBIO COXPAHSIOT CBOM MOP(O(DYHKIIMOHAIBHBIN
craryc [5]. HanpoTus, npu Bo3ieHCTBUM KPACHOTO CBETA yKE
gepe3 0,5-1 MuH B TpoMOOIMTaX HAONIONAIOCH CMEIICHHE
IpaHyJI K KJIETOYHO! epu(epun 1 KJICTOYHON TpaHHIIe, a de-
pe3 5 MuH 00ITydeHHs YacTh TPOMOOIIUTOB YKe JeTpaHyIIH-
poBaJa, coaepkKaHue HHTAKTHBIX TPOMOOIIMTOB C TpaHylIaMu
CHIKAIOCH ¢ 50,6% 10 39,4%. OMHOBPEMEHHO C STUM HAOJFO-
JIaJI0Ch N3MEHEeHHe popMbI TPOMOOLIMTOB —Yepe3 1—5 MuH 00-
JIy4eHHUs! TPOMOOIMTHI ¢ IpaHyJlaMi HaYMHAIIN yBEJIUIHBATh
CBOM JIMaMeTp, CTAHOBSICH O0JIee YIIOMECHHBIMH, Yy HEKOTO-
PBIX KJICTOK B CYCTICH3UHM MO>KHO OBLIO BUJICTh BBITISTYNBAHHS
TUIa3MaTHYEeCKOi MeMOpaHbI (JJAMEJIIONONH ), XapaKTepHBIE
JUTSL aITe3UPYIOMIIX TpoMOonnToB. Yepes 15—20 MuH MHOTHE
TPOMOOIMTHI (POPMUPOBAIN MEJKHE arperarsl IHaMeTpoM
1o 10—12 MkM, 3HaUMTEIbHASI YACTh KJIETOK B UX COCTaBe
yKe He cofepiKajia rpaHyll, TAK)KE aKTUBHAs IeTPaHYIISIIINSL
HaOIFoaach CPpeIy OJJMHOYHBIX TPOMOOIIUTOB (pHuC. 1B).

OOumit ypoBeHb TPOMOOIIMTOB € TpaHyllaMH IOCIE
o0ydeHHst KpaCHBIM CBETOM HPH IJIOTHOCTH MOITHOCTH
20 MBT/cM? TOCTOBEPHO CHIDKAIICS B TECYCHHE BCETO BPEMe-
HU HaOJIIOZIEHNST: Yepe3 5 MUHYT 1ocJIe 00IydeHusI conepxKa-
HHUE TPOMOOIIMTOB C IpaHyJIaMi COCTaBHJIIO B cpeaHeM 78%
OT UCXOIHOro 3HaueHwus, yepe3 10-15 mun — 15%, uepes
30 muH — 1% (cM. Tab.).

Kak BugHo 3 Tabmwmier, 30 MUH 00IyYeHUS KpPAaCHBIM
CBETOM BBI3BIBAJIO PAKTHUECKH TOTAIBHYIO AT PAHYIISIIHIO
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2 MKM 2 MKM

Puc. 1. Mopdonorust TpoMOOIINTOB YenoBeka mociie Bosaeiictsus moxymuposannoro HUJIN in situ. ButransHoe okpamrnBanue TpHIadIaBHHOM
1 aKPHUANHOBBIM OPAH)KEBBIM: 2 — HCXOIHBIE HEOOIyUeHHbIE TPOMOOLHTHI (KOHTPOIIb). OTYETIMBO BHIHO 3€JICHOS CBEUCHHE UTOILIA3MbI U OPAHKEBO-
KpacHOE CBEeUeHHe IpaHyil. TpoMOonuTapHble IPaHyIIbl PACHOIOKEHBI KaK B IIEHTPAIBHOI acTH TPOMOOLUTOB, TaK U Ha UX Hnepudepu; 6 — odmydeHue
TpoMOOIHTOB TosIyObIM cBeTOM (A = 488 M) B Teuenue 60 mun. Ob1mas MophoIorust TPOMOOLUTOB, PAaCIIpeieNIecHHe IPAaHyIl B HX COCTAaBe He IPETePIIeIIH
BUJIVIMBIX H3MEHEHUH 110 CPAaBHEHHUIO C KOHTPOJIEM; B — 00JTydeHHe TPOMOOIIMTOB KPACHBIM cBeTOM (A = 637 HM) B TedeHne 15 mun. [IporcxonuT 3ameTHoOE
yBEJIMYECHHE JHAaMEeTpa TPOMOOIMTOB, CMEIICHNE TPaHyIl K KJIETOYHOHU Nepupepr, 4T0 0OBIMHO HAOIIONAETCS IIPY aAre3ur TPOMOOLIUTOB Ha cybcTpare.
3HauUTeNbHAs YacTh TPAHyJI Y ke BBIIILIA 32 IIPEEeIIbl TPOMOOUTOB; T — 00mydeHne TpombonutoB YD-cBetoM (A =408 HM) B Teuenue 15 mun. TpomOonuTs!
pHOOpeTaloT hopMy, XapaKTEPHYIO JUL pAHHUX CTAAUi are3ut (Kak Ipy 0OJIyYeHIH KPAaCHBIM CBETOM), TPaHYIIbI B COCTAaBE TPOMOOIIUTOB HE BBISBIISIIOTCS
WU BBISIBJISIIOTCS B HE3HAYNUTEIBHOM KOJINYECTBE

Fig. 1. Morphology of human platelets after exposure to low-level laser irradiation (LLLI) modulated in situ. Vital staining with acridine orange
and trypaflavine: a — native (non-irradiated) platelets (control). Green glow of cytoplasm and orange-red glow of granules are clearly visible. Platelet
granules are located both in the central part of platelets and on their periphery; 6 — irradiation of platelets with blue light (A = 488 nm) for 60 min. General
morphology of platelets, distribution of granules in their composition did not have any visible changes compared to the control; B — irradiation of platelets
with red light (A = 637 nm) for 15 min. There is a noticeable increase in platelet diameter, displacement of granules to the cell periphery which is usually
observed in platelet adhesion to the substrate. A significant part of granules have already gone beyond platelets; r — irradiation of platelets with UV light
(A =408 nm) for 15 min. Platelets take the form which typical for early stages of adhesion (as when exposed to the red light); granules in platelets are not
detected or detected in small amounts

TPOMOOIIUTOB in Situ. AHATOTHYHBIN 3PPEKT ObUT OTMe- 15 munyt nerpanynupoBainu 50% TpoMOOLHMTOB, Yepes
YeH B OIBITaX, IJIe INIOTHOCTh MOIIHOCTH KPAacHOTO CBETa 30 muH — 85%, uepes 60 muH — 93%.
cocrapisiia coorBerctBerno 10 u 5 MBt/cm?. Tlpu sToM Cwmenienue rpanyn K nepudeprun MUTOIUIa3Mbl HauH-
o0rrast Mopdotorust TPOMOOIIMTOB HE MTpeTepIieBaia HUKa- Hanoch uepe3 10 muH oOmydeHHs, oOpa3oBaHHE TPOM-
KHUX BUIUMBIX HApyIIEHUH, OONTHI PUCYHOK OKpAlIeHHON OoumrapHBIX arperaroB — uepe3 15-20 mun. Ilpu 3TOM
LUTOIUIa3MBI, a TaKXKe €€ SIPKOCTh, OBIITH TAaKUMH XKe, KakK B 00pa3yIoImuXCs arperarax rpaHyiIbl COXpaHSIN CBSA3b
TIPH AATE3UH TPOMOOIIUTOB Ha CTEKJIC MITH TIPH BO3ACHCTBUI C TPOMOOLIMTAMHU JOJNBIIE, YeM B OTACIBHBIX KJIETKaX:
CTaHJAAPTHBIX HHIYKTOPOB arperaruu [4—6]. naxe yepes 30—40 MuH rmocine o0IydeHus MPY BUTATLHOM
Bozneiicteue ynerpaduoneroBoro ceta (A = 408 HM) OKpAITUBAHUHA MO’KHO OBLIO BBISIBUTH TPAHYJIbI HA TIOBEPX-
OKa3bIBajio P PEeKT, aHATOTHIHBINA JTEHCTBUIO KPACHOTO HOCTH TPOMOOITUTAPHBIX arperaroB, TOTrAa KaK OTJACIBHO
cBeTa (YMCHBIICHUE YHCIIa KIETOK C TPaHyJaMH), OTHAKO PaCIIOIOKEHHBIE KJIETKH B 3HAYUTEIBHOW CTENEHU Jie-
CKOpPOCTH JICTPAHYIALINNA TPOMOOIIMTOB OBLIA HECKOIBKO rpanyaupoBanu (puc. 11, puc. 2). ITonHbIH BEIXOA rpaHy
MeHbIe. Yepe3 5 MUHYT 0OITydeHHs] YpOBEHb TPOMOOIIH- U3 TPOMOOIIMTOB, 00Pa3yIOIINX arperarsl, HaOIIOHaNCs
TOB C TPaHyJIaMH B CyCIICH3UH 3HAUNMO HE MEHSIICS, depes TONBKO Yepe3 60 MuH.
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Taoaunma
Coneprxanue TpOMOOIMTOB € IPaHyJIaMH B IUIA3Me 10ciIe 00IyYeHHs! MOLYIMPOBAHHBIM KPACHBIM U YIBTPa()HOIETOBBIM CBETOM in Situ
Table
Level of platelets with granules in plasma after irradiation with modulated red and ultraviolet light in situ
Yucrno [IponomKuTeIbHOCTD Conepare Tp OM6OOHHTOB
N ¢ rpanynamu (%)
Tun o6pasua UCCIIeI0BaHUI o0ydeHus (MHH) .
g . Level of platelets with
ample type Number Duration o
of studies of exposure (min) granules (%)
M=*o
Hcxonuble TPOMOOIUTHI 10 00TyYeHust (KOHTPOJIb) 18 _ 506+ 1.7
Initial platelets before irradiation (control) > K
13 0,5-1 50,3+ 1,3
O0iyyeHHe KpacHbIM CBETOM, INIOTHOCTh MOIITHOCTH 15 5 39,4 + 1,3%
5-20 mBt/cm? "
Red light irradiation, power density 15 10-15 7,5£3,0
5-20 mW/cm? 12 30 1,0+ 1,0%
10 60 0
O6nmyuenne YD-cBETOM, TUIOTHOCTh MOIITHOCTH 10 S 502+1,5
40 mBt/cm? 12 10-15 25,2+ 1,0%
UV light irradiation, power density 12 30 7,7 +2,4%
2
40 mW/em 10 60 34+ 1,9%

Tpumevanue. * — pa3auuus ¢ KOHTpoJieM gocToBepHsI (p < 0,05).

Note. * — differences with controls are significant (p < 0,05).

Puc. 2. BersiBieHne TpOMOOIMTAPHBIX arperaroB B ILIa3Me MOCIIE
obnyuenus: TpombonuToB Y®-ceetoM (A = 408 HM) B Teyenue 30 MUH.
BuranasHOE OKpaIliBaHue TpUNa(IaBHHOM — aKPUIHMHOBBIM OPAHKCBBIM.
Haburomaercst GOpMHPOBaHIE MHOTOYHCIICHHBIX MEIIKUX arperaros, B CO-
CTaBE KOTOPBIX COXPAHSCTCS 4acTh rPaHyil. [IpH 9TOM OANHOYHBIC KICTKH
B IUIa3ME YK€ [OJTHOCTBIO IETPaHyINPOBAIIH

Fig. 2. Formation of platelet aggregates after plasma irradiation with
UV light (A = 408 nm) for 30 min. Vital staining with acridine orange and
trypaflavine. There is the formation of numerous small aggregates in which
one can still see some part of granules. At the same time, single cells in the
plasma have completely degraded

Cunraercs, 9T0 TPOMOOIIUTHI YEIOBEKa HE COIepIKaT
CHJIBHBIX XpPOMO(OPOB, CIIOCOOHBIX aKTHBHO IIOIVIOMIATH CBET
BUANMOI1 yacTH ciiekTpa [9]. BmecTe ¢ TeM ycTaHOBIICHO, UTO
MOJYTUPOBAHHBIN KpacHBIH cBeT (630—638 HM) BBI3BIBAET
aKTHBAILIUIO CYIIEPOKCHAINCMYTa3bl U BEIPAOOTKY SHIOTEH-
HOI1 IepeKHCH BOIOPOIa, KOTOPask MOXKET 3aIlyCKaTh CHCTe-
MBI BHYTPHKJIETOYHOTO CUTHAJIMHT'A U BEI3BIBATH AKTUBAIIUIO
TPOMOOLIUTOB aXKe B OTCYTCTBHE MHIYKTOPOB arperanuu
nn cyoctpara s aaresun [ 1, 4, 6]. Kpome Toro, HUJIN
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B KPaCHOM JTHANa30HE CTUMYIUPYET BBIXO HOHOB KaJIbLIUI
U3 BHYTPHUKJIETOUHBIX jemo [8, 13, 16], uTo Taxxke sBiIseT-
Csl CHJIBHBIM CTUMYJIOM JJISl aKTUBAIK TpomOouuToB. Kak
MOKAa3bIBAIOT HAIIIM UCCIJICIOBAHNS, HaYaIbHbIE CTAUN aKTH-
BAllMH, CBSI3aHHBIC C MEpEeMEIEHUEM IPaHy.1 K nepudepun
TpomOoIuTa, HaunHatoTcs yxke yepes 0,5—1 MuH oOmyueHus
KpacHBIM CBETOM, a yepes 5 MuH yxe 6omnee 20% TpoMOOITH-
TOB C TPaHyJIaMHU OKa3bIBAIOTCS BBICOKOAKTHBHPOBAHHBIMU
U JIerpaHyIupyroT (cMm. Tadi.). C y4eToM TOTo, Y4TO BBICO-
KOaKTUBHPOBAHHBIE TPOMOOIIUTHI YK€ HE MOT'YT HPOSIBIISITh
aJIr€3UBHOM WJIM arperalioHHON aKTUBHOCTH, 00LIMH (yH-
KI[HOHAJIBHBII MOTEHIMAJ TPOMOOIMTOB JIOJKEH CHIKATh-
cst. DTO MOXKET 0OBSCHATH AP(EeKT, OTMEUSHHBII B paboTe
H.H. Iletpumesa u ap. [10], xoraa mocie 3 MuH 00Iyde-
HUSI KpacHBIM cBeToM (630 HM) arperaiioHHas akTUBHOCTh
TPOMOOIKUTOB CHWXaNach moutu Ha 40%. U, Hanportus,
HWJIN putenbHOCTHIO 0,5 MUH IOCTOBEPHO YBEITMYUBAIIO
arperanuoHHy0 akTUBHOCTS [10]. OueHb BepOsITHO, UTO 3TO
CBSI3aHO MMEHHO CO CMELICHUEM I'paHyJll ¥ BHyTPEHHEH I1e-
pecTpoiikol QyHKITMOHATBHO MOTHOLEHHBIX TPOMOOITUTOB,
KOTOpasi B yCIOBUSAX BCEH MOMYJISIUU CO3/1ACT YCIOBHS IS
Oosiee MHTEHCHBHOM arperannu. Takum obpazom, HUJIN
KPAaCHBIM CBETOM JJMTEIBHOCTBIO 10 | MUH CO31aeT CBOETO
pozia NpeICTUMYIIAINIO TPOMOOIIUTOB.

Y®-006mydeHne TpOMOOIMTOB UCTIONIB3YETCs B IPHOOPax
cuctembl Adi-Light, koTopbie o3BoustoT nosy4ars hoToax-
THUBHPOBAaHHYI0, Ooraryio TpomOonnTamu miasmy [18]. ITo-
Ka3aHO, YTO HHBEKINN YD-aKTUBUPOBAHHBIX TPOMOOIIUTOB
MOTYT OBITh 2(p()EKTUBHBIMHU TMIPH JICYUEHUN OCTEOAPTPUTA
W JAPyTHUX TATOJOTUH KoJeHHoro cyctasa [14, 17], ogHa-
KO TIPU 9TOM HE MPOBOAMUTCS HUKAKOTO KOHTPOJIS KayecTBa
TpoMOo1TOB. He BEI3BIBaCT COMHEHUS, YTO MUHTEHCHUBHOCTh
AKTHBALMU BCETO ITyJIa TPOMOOIIMTOB, €r0 OMOJOTHUYCCKUI
U KIMHAYEeCKUH 3((PEKT NPUHIMIHAIBLHO 3aBHCUT OT CO-
JICpKaHuUs B UCXOIHOM JI03€ CTPYKTYPHO M (PyHKIIHOHATIBHO
MOJTHOIICHHBIX KJIETOK.

B nporiecce paboThl HamMmy OBLTO HEOTHOKPATHO OTMEUEHO,
YTO TOCIIE Ja3epHOTro 00My4YeHus py JIuHE BOJTHBI 408 HM
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wi 637 HM B pOpMUPOBAHUH TPOMOOIMTAPHBIX arperaToB
Y4acTBOBAJIM MCKIIOYATEIBHO TPOMOOINUTHI ¢ TPAHYJIAMH.
TpoMOOLUTEI, N3HAYATIBHO HE COZIEPKABIINE TPAHYJI, OCTa-
BAJINCH B BUJIE OTICIBHBIX AUCKPETHBIX KJIETOK, XOTS TPH
JeHCTBUN CTAHJapPTHBIX MHIYKTOPOB arperannu (KoJjularcH,
BbIcOKHE 10361 AJ[D) HabmrogaeTcs maccMBHOE BOBJICUCHHUE
TpoMOOIIMTOB Oe3 TpaHysl B oOpa3oBaHme arperara [5, 6].
B cnyuae Bosneiicteust HUJIU atoro nporecca He HaOmoma-
110¢b. [ToaTOMy MOXXHO 3aKITFOUHUTh, YTO (JOTOAKTHBALNS TPOM-
OOLIMTOB CBsI3aHa C 3aITyCKOM BHYTPHKJIETOYHBIX CUTHAJIBHBIX
CHCTEM, KOTOPHIE IPUCYTCTBYIOT TOJBKO y OMOJOTHMYECKH
TIOJTHOIIEHHBIX KieTok. [Ipu 3ToM mox feficTBHeM KpacHOTo
cBeTa TPOMOOLUTHI aKTUBHPYIOTCSI 3aMETHO ObICTpee, YyeM
IPU BO3ICHCTBHUH YABTPa(HOIETOBOTO CBETA. DTO YKa3bIBa-
et Ha 1o, yto HUJIM KpacHBIM CBETOM TaKKe MOXKET OBITh
UCTIONB30BAHO VISl JOTOAKTUBALIMN TPOMOOIIMTOB YeTIOBEKa.

C npyroi CTOpOHBI, IPH MPOLEAYypax reMOKOPPEKIINH
u poromomudukauu kposu ¢ momornbo HUJIN Bugnmoit
YaCTH CIIEKTPa BO3MOXHO M3MEHEHHUE KadecTBa TpOMOONH-
TOB, OCOOCHHO €CJIN UCTIONB3YyeTcsl 00IydeHne B KpaCHOM
WM yAsTPadHoICTOBOM Anana3one. TpoMOoIuTh! yenose-
Ka SIBIISIIOTCSI BBICOKOUYBCTBUTEIBHBIMHU KIIETKAMH, OYCHb
TOHKO pearupyromuMHi Ha U3MEHEHHS TOMEOCTa3a BCEro
oprannsma, ux Mop(oQyHKIIHOHATIBHBIC TAPAMETPHI MOTYT
OBITH MapKepaMH MHOTHX NaTO(GHU3NOIOTHIECKUX TPOLIEC-
coB. [ToaToMy akTyanbpHOM 3a/1a4ei SIBISIETCSI HCCIICOBAHME
MOp(HOPYHKITMOHATBHEIX CBOHCTB TPOMOOIIUTOB Ha (hOHE
IIPOBOMMBIX ITPOIIEAYP JIA3EPHOM TePaINy KaK JUIsl OLICHKH
KJIETOYHOTO 3B€HA FeMOCTa3a, TaK | C IeJIbI0 MOHUTOPUHTA
OMOJIOTNYECKOl TTOJIHOLIEHHOCTH BCEH MOIYIISIINH [IUPKY-
JIMPYIOINX TPOMOOLIUTOB.

3aki0ueHue

Bosnaeiicteue HUJIN B romybom (488 HM) U 3eneHOM
(543 um) nuama3oHe HEe OKa3bIBACT BUIUMOTO BO3ICHCTBHS
Ha MOP(HOPYHKIINOHAIEHBIE CBOHCTBAa TPOMOOITUTOB YEII0-
Beka. Bosneiicteue HUJIU B ynerpaduoneroBom (408 HM)
1 KpacHOM (637 HM) muama3oHE BBI3BIBACT aKTHBAIUIO
1 JeTPaHyISINI0 TPOMOOIIMTOB, TP STOM HE TIPOUCXOAUT
HapyIIEHHU UX 00MIel cTpyKTyphl. [IprMeHeHre B KITMHH-
YEeCKOH MpaKTHKe TEXHOIOTHH (poToMoanduKanuu KpoBU
¢ momotsio HNJIM Tpebyet mapamiensHOTO aHaIn3a MOp-
(hopyHKIMOHATFHBIX CBOHCTB TPOMOOIIMTOB ISl OIICHKH
KadecTBa TPOMOOIMTAPHON MMOMYJISAINH, UTSI BHISBICHUS
BO3MOKHOM aKTHUBAIIMX TPOMOOIIUTOB.
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JIABEPHAS TEPAIIUSA KBASUHEIIPEPBIBHBIM U3JIYYEHUWEM 1265 HM B JIEUEHUU
BOJIE3HEM MMAPOJIOHTA (QKCITEPUMEHTAJIBHOE HUCCJIEJOBAHME)
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Pe3rome
L]env — onpeiesieHre ONTHMAIIBHBIX MOIIHOCTHBIX M KCHO3UIIMOHHBIX XapaKTEPUCTUK JIA3€PHOTO BO3AEHCTBUS 1265 HM NpH JIeYeHUH
OoJie3Hel MapoJoHTa IKCIEPUMEHTAIBHbIX JKUBOTHBIX. Mamepuan u memooul. B uccnenosanuu yuactsosasno 30 kpbic auHuu Bucrap,
KOTOPBIM I10CJIE MOJICITHPOBAHHUS [TAPOIOHTUTA C UCTIOJIB30BAHUEM «JIUTaTyPHOI» METOIMKH IIPOBONIIH JIA3EPHYIO TEPAIHIO C UCIIOJIb30Ba-
HHUEM KBa3WHEIPEPHIBHOTO JIA3EPHOT0 U3JIyYCHHUS C JUTMHOW BOJIHBI 1265 HM € pa3InyHOI MOIIHOCTBIO M 9KCIIO3UIIMeH. Pe3ynbrarhl iedeHns
OLICHUBAJIN Ha 7-€ CYTKHU MOCJIE Ha4aJia JICYSHUS 110 OObEKTUBHBIM NPU3HAKAM COCTOSIHUS TKAHEH B IOJIOCTH PTa IKMBOTHBIX U C TOMOLIBIO
MOP()OIOrHYECKOro HCCIEI0BAHMS, B KOTOPOM OLICHUBAIHM COCTOSIHUE TKAHEH MePHOIOHTA, HATMYME PEaKTHBHOTO BOCHIATICHHS, HATUUHE
(parMeHTOB HEKPO3a allbBEONSIPHOM KOCTH. Pesyibmamul. OCMOTP B TOJIOCTH PTa )KUBOTHBIX MOKA3aJl HAMJTYUILIHE PE3yJIbTaThl TEPATUU
B rpymmax ¢ napamerpamu usinyuerus 1,6 Br—300 c u 1,8 Br — 180 c. [Ipu 3ToM Moponornueckuii aHaau3 B JaHHBIX TPYIIHaX TaKkKe
OTIpe/IeNIiI HAWITY LNl pe3ynbrar. 3axaouenue. ONTUMaNIbHBIMU U 3G ()EKTUBHBIMU TEPANCBTHYSCKUMU PEXKUMAMH SIBIISIOTCS CPETHSS
MomHOCTh u3ny4enus 1,6 Bt B teuenne 300 ¢ (480 [Ix) u 1,8 Bt B Teuenne 180 c (324 [Ix).
KiroueBble ciioBa: napooonmum, iazepomepaniis OonesHell napoooHma, KeasuHenpepwigHoe iazeproe usiyverue 1265 Hu.
Jas uurupoBanus: Uynuxun A.A., basuxsa D.A., MBanos A.B., lllunos W.I1. JlazepHas Tepanusi KBa3UHENPEPHIBHBIM H3ITyUYCHHEM
1265 uM B neueHnn OoJe3HeH MapooHTa (IKCIeprIMeHTaIbHOe nccienoBanue) // Jlasepuas meauumna. —2019. — T. 23. — Beim. 2. — C. 31-36.
Konrakrel: MBanoB A.B., e-mail: ivavi@yandex.ru

LASER THERAPY WITH 1265 NM QUASI-CONTINUOUS IRRADIATION FOR
TREATMENT OF PERIODONTAL DISEASES (AN EXPERIMENTAL TRIAL)
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Abstract

Purpose. To determine optimal power and exposure characteristics of laser procedures with 1265 nm laser light for treating periodontal
diseases in experiment. Materials and methods. 30 Wistar rats were taken into the study. After modeling periodontitis in these animals with
the ligature technique, they had laser treatment with 1265 nm quasi-continuous laser light using various power and exposure parameters.
The effectiveness of the discussed therapy was assessed on day 7 after the trial beginning. The following objective parameters were
analyzed: state of tissues in the oral cavity; morphological picture in periodontal tissues, presence of reactive inflammation and necrotic
fragments in the alveolar bone. Results. The obtained findings has demonstrated that the best results were seen in the groups of animals
where irradiation parameters were 1.6 W — 300 s and 1.8 W — 180 s. Similarly, morphological picture was also the best in these groups.
Conclusion. The most effective and optimal therapeutic regimes are: average power 1.6 W for 300 s (480 J) and 1.8 W for 180 s (324 J).

Keywords: periodontitis, laser therapy of periodontal diseases, 1265 nm quasi-continuous laser irradiation.
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