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MexaHu13Mbl, OTBETCTBEHHbIE 32 HOTOEMOMOAY/IALMOHHBIN OKUC/IUTE/NbHBIN CTPECC, MHAYLMPOBAHHbIN
Nlasepom 1265 HM, B AaHHbI MOMEHT HesICHbl, OfHaKO HanboJiee BepOATHbIMU aKL,eNTOpaMu Jia3epHoro
M3JlyYeHUsl Ha 3TOM [JIMHE BOJIHbl CYUTAOTCS MUTOXOHAPUU. Mbl U3YUMIU OKUCIUTENbHBIA CTPecC,
MUTOXOH/PUA/bHbIN NOTEHL M, YPOBEHb BOCCTAHOB/IEHHOIO IIyTaTUOHA U XXKM3HECNOCOB6HOCTb K1eTOK
afleHOKapLMHOMbI YesioBeka. O6/yyeHne y3KonoaoCHbIM (BbICOKOKOrepeHTHbIM) U LIMPOKOMOAOCHBIM
nasepamm ¢ pgosamm 9,45 n 66,6-400 [X/CM?> COOTBETCTBEHHO BbI3bIBAJIO KJIETOUYHYIO ruéenb,
NoBbILLEHME YPOBHS aKTUBHbIX POPM KUC/IOpPOAA U HapyLueHue pa6oTbl MUTOXOHAPUIA. Taknum o6pasom,
nasepbl C AJIMHOM BOJIHbI 1265 HM BO3AEACTBYIOT Ha kneTku HCT116 Yepe3 noBpeXaeHrne MUTOXOHAPUNA,
a yBesinyeHue 103bl CNOCO6CTBYET NOBPEXAEHMIO KNETOK 6e3 3¢ ¢dekTa HarpeBaHUs.

To date, the mechanism responsible for photobiomodulation oxidative stress induced by 1265 nm
laser light is unclear, but mitochondria are considered the most probable acceptors of laser radiation
at this wavelength. We studied oxidative stress, mitochondrial potential, the level of reduced
glutathione, and the viability of human adenocarcinoma cells. Narrow-band (high-coherent) and
broad-band laser irradiation at the doses of 9.45 and 66.6-400 J/cm?, respectively, caused cell
death, an increase of reactive oxygen species intracellular concentration and a disturbance of the
mitochondrial functions. Thus, lasers at the wavelength of 1265 nm affect HCT116 cells through
mitochondrial damage, and the dose increase contributes to cell damage without the heating effect.
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BBEJAEHUE
B mocnemHue mecsaTUIETUS 00/1acTh OMOMeIUIIHMH-
CKOT0 IPUMeHEHHU S /1a3epoB 3HAYMUTEbHO yBeIHYU-
71aCh ¥ CMeCTH/IACh OT XUPYPIUYeCKUX HHCTPYMEHTOB
(1] 1 dr3roTepaneBTUUECKUX METOAUK [2, 3] B CTOPOHY
JleyeHH s OITyX0JeBbIX 3ab0/1eBaHUH [4, 5] 1 MaHUITY/IS-
LM B KJIETOYHOM U MOJIEKYISIPHOM MeuLIMHe (6], Tpe-
Oyromrux bosee r1yboKoro IOHUMAHM I MEXaHH3MOB B3a-
MIMOJEHNCTBHS U3/TyUeHHU s C OHOTOTHYeCKUMHU CTPYKTY-
PaMHu u mpoleccaMy. Ha cerogHsAIIHUMN feHb 1a3ep-
Hasi Tepalusl LKHPOKO UCIIONb3YeTCsl B CTOMATO/IOTHH [7,
8], doToprHaMuyeckor Tepanuu [9, 10], 1edeHUH KOXK-
HBIX 3200/1eBaHUH 1 KOCMETUYECKUX HeJOCTATKOB [11,
12] ¢ ucnionp3oBaHUeM QOTOCEHCHOMIN3ATOPOB U 6e3
Hero. F3BeCTHO, YTO pa3/TMYHble AUAIIa30HBI IJIMH BOITH
MOTYT BBI3bIBaTh JHAMeTPaabHO IIPOTHBOIOIOKHBIE
KJIeTo4uHble 3¢deKThI - 0T IIOBpeskaeHUs (13, 14] no pere-
HepauuH (15, 16], uTo UMeeT BoJIBIIHe IIE€PCIIEKTHBEI KaK
IUIS1 JIedeHHU s, Tak U 17151 peabrIUTALIHY [10CIe Hero.
OLHOHM W3 CaMBbIX BOCTpebOBaHHBIX obsacTel
HCIIOJIb30BAaHUS J1a3epoB sBIsieTCs poTobHOMOAY-
nsuroHHas Tepanus (PEMT), mKUPoKo IpUMeHse-
Masl B COBpeMeHHON MefHIMHe. OCHOBHOM Mexa-
HU3M JeHCcTBUS $oTOOHOMOAYISLHUU CBI3aH C BO3-
JlelICTBHEeM HU3KOMHTEHCHBHOIO JIa3epHOT0 U3JY-
yeHus: (HHUJIM) Ha BHYTPUK/IETOYHbIE IIPOL[eCCHI
IyTeM aKTHBAaLlMM BHYTPUKJIETOUHBIX CUTHAIbHEIX
IIyTel Yepe3 B3aMMOJeHCTBHe Ha SHAOreHHbIe OoTo-
ceHcubunusartopsl [21, 22, 23, 24], KOTOpBle MOTYT
OBITH NIPeLCTaB/IeHbl SHAOTeHHBIMU MOPOUPHUHAMHU
C TUHUSMHU 1orjoeHus 400-900 M v 1000-1550 HM
[25-27]. CTOUT OTMETUTD, YTO OOIBIIMHCTBO BHYTPH-
KJIETOYHBIX YHAOTeHHBIX GOTOCEeHCHOUIN3aTOPOB

JIOKaJIN30BaHbl B MUTOXOHAPHUSX, KOTOpble 61aro-
Jlapsi 3TOMY CTAHOBSATCS OCHOBHBIMU aKIEITOPaMH
nasepHOro u3nydeHus [28, 29]. KpoMe Toro, ofHUM
M3 guanasoHoB HWIH, MHAYLHPYIOIIHX BHY TPUKIIE-
TOYHBIM OKHUC/IUTEJIbHBIN CTPecC, SIBASeTCa Arara-
30H JUIMH BOJIH 1264-1270 HM, SBISIOLIUICS IUHUEH
MOIJIONeHU S MOJIeKYIsipHOro Kucaopoga (17, 18, 19,
20, 30, 31, 32].

MOKHO IIPeAIIoNIOKUTh, YTO IIPU HATUYKMHU B KJIeTKE
3H/IOTeHHOT0 GOoToCeHCHOUIN3aTopa, YYBCTBUTEIb-
HOIO K JIa3€pHOMY H3Iy4YeHHI0 1264-1270 HM, MeCTOM
€ro JIOKAIK3aL UK 6yAyT MUTOXOHIPHH H3-3a UX CTPO-
eHHUS U GYHKIIHOHAIBHBIX 0cObeHHOCTer. Takske MHTe-
PecHBIM Ipe[CTaBJIsIeTCsl BOIIPOC, HACKOIbKO THHeH-
HoM 6yleT 3aBHCHMOCTb BHYTPUK/IETOUHBIX 3 dek-
TOB OT IIOIJIOI@HHOM 03Bl JIa3ePHOI0 M3JIyUYeHHS.
B paboTe MBI M3y4yaeM BIMSHHUE 1a3€PHOTO U3/TyYeHH s
C IVIMHOM BOJIHBI 1265 HM H IIJIOTHOCTBIO SHEPruu 9,45-
400 JIxx/cM? Ha AUHAMMKY OKHCIMTEeIBHOrO CTpecca
M MUTOXOH[PHAIPHOIO IOTEeHIIMAIA, a TAKKe Ha ypo-
BEHb BOCCTAHOBJIEHHOTO [Ty TATHOHA U BEI)KMBAEMOCTb.

MATEPWA/JIbI U METO/1bl UCC/IE[LOBAHNSA

ITapameTpBhl 1a3epHOro U3Ty4YeHHsI. B KauecTBe UCTOY-
HHKa HU3KOMHTEHCHBHOTO JIa3ePHOT0 U3/1yYeHUS MbI
HCII0IB30BAJIH T10JIYIIPOBOJHUKOBBIE Y3KOIIOIOCHBIH
(BBICOKOKOT€PEHTHBIH) 1a3ep C LI PUHOM JIMHUH HU3TTy-
yeHHUs ~ 0,001 HM (Yenista Optics, OSICS T100 Tunable
Laser Module T100 1310) [14].

Jlist U3y4yeHUs BO3JeHCTBUS 6oee BBICOKHX J103
Ja3epHoOro ob/1y4eHus IPUMEHSTH BOJIOKOHHBIH J1a3ep
C M PHUHOM JINHUH ~2 HM, TI03BOJISIIOLIIMH UCII0/Ib30BaTh
MaKCHMaJbHYIO IJIOTHOCTB 3Hepruu 400 JIx/cm? 6e3

INTRODUCTION

Within the last decades the sphere
of biomedical application of lasers
increased significantly and shifted
from the surgical instruments [1]
and physiotheraputical practices
[2, 3] into the direction of tumorous
lesions treatment [4, 5], and manip-
ulations in cellular and molecu-
lar medicine [6], which require
deeper understanding of the mech-
anisms of irradiation interaction
with biological structures and pro-
cesses. Nowadays laser therapy is
widely used in dentistry [7, 8], pho-
todynamic therapy [9, 10], skindis-
ease and cosmetic defects treatment

(11, 12] with the use of photosensi-
tizers and without their use. It is
known that the various range of
wavelength can cause diametrically
opposite cellular effects from dam-
age [13, 14] up to regeneration (15,
16], which have great perspectives
both for treatment and rehabilita-
tion after it.

One of the most demanded
spheres of laser use is photobio-
modulation therapy (PBMT), that is
widely used in modern medicine.
The main mechanism of action of
photobiomodulation is connected
with the influence of low-level laser
therapy (LLLT) on the intracellular

processes via activation of intracel-
lular signaling pathways through
mutual action on the endogenous
photosensitizers [21, 22, 23, 24],
which can be represented by endog-
enous porphyrins with lines of
absorption 400-900 nm and 1000-
1550 nm [25-27]. It should be noted
that most intracellular endogenous
photosensitizers are located in mito-
chondria, that become the main
acceptors of the laser irradiation
due to this fact [28, 29]. Beside that,
one of the ranges of LLLT inducing
intracellular oxidative stress is the
range of waves of 1264-1270 nm,
which is the line of absorption of
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JOIIONTHUTEIBHOr0 3bdeKTa HarpeBaHU s 06beKTa 0011y-
venwus [17].

PacueT 1036l 06/1yueHHs1. [I0OBepXHOCTHAS /033
(IIOTHOCTH SHEPrUH), IOITIOMEeHHas 610IOrHYecKom
TKaHbo (E, [I’K/CM?), pacCUUTBIBAIACH IO popMyJIe:

E=DPt/S, o)

rze P - cpefiHsIsI MOIIHOCTD JIa3ePHOr0 HCTOUHHKA (BT),
t - BpeMsi 3KCIO3ULIMH (), S - IuToImaab obnydeHus (cM?)
[17].

Ky/npTypa K/I€TOK H peaKTHBbI. DKCIIePUMeHTbI
BBIIIOJTHEHBI HA KY/IBTYpe K/IeTOK paKa TOJICTOTO KHIIIey-
HUKa (aIeHOKapLIHOMEI) yenoBeka HCT116 (ACCT CCL-
247™) miony4yeHHON U3 AMePHKAHCKOM KOJIJIEKIIUH
THUIIOB KJIeTOYHBIX Ky/IbTyp (MaHaccac, BalilOMUHT,
CIIA). KneTKu cofep>kalu B CTAHAAPTHBIX YCIOBHSIX,
PeKOMeHJ0BaHHBIX ITPOU3BOJUTENIEM.

KynsTypanbHyto cpesly DMEM/F12 1 53M6pHOHAIbHYIO
CBIBOPOTKY IIOCTABJISIU COOTBETCTBeHHO OO0 "T1aH3K0"
(Poccust) u PAA Laboratories (ABcTpasiusi); ITpoure peak-
THBBI 6bI/TH IOy 4eHB! 0T Sigma-Aldrich (CIIIA).

O6nyueHue kaeTok. KneTku obny4yanu B caamji-
dnaxonax (SPL LifeSciences, Kopes) mpu Ha4aabHOH
IJIOTHOCTH I1acca’ka 10°/MJI B cepeIiHe SKCIIOHEHIIU-
aJIbHOM $a3bl B HACTOJIBHOM KaMepe MUKpockora (UNO,
OkoLab). ITornomeHHY0 103y PAaCCIUTHIBAIN OTHOCH-
TeJIBHO XapaKTepUCTHK UCTOYHHKA U BpeMeHH 06/1y4de-
HUA (5-30 MUH).

KaskABI 5KCIIepHMEHT IIOBTOPSLICSL He MeHee Tpex
pas. B KauecTBe KOHTPOJISI UCIIOb30BANIH SIUeHKHU
crana-¢rakoHa, BO BpeMsi oblIydeHHs 3aKphHIThIe
MeTaJUTUYeCKOH GOJIbroH.

®nyopecueHTHass MHKPOCKOMHS. KJeTOYHYIO
BBIKMBA@MOCTbD OIIpe/ie/Isi/Ih Yepe3 CyTKH Iociie 06/y-
YeHU s IIPHU 033X 9,45-400 [x/cM?. KIeTKH OKpalIu-
Ba/IM PAaCcTBOPOM HOJHUCTOrO IMPOMUIMS, KaK OBIIO
OIIHMCaHO paHee [33].

Yepes 30 MUH U 3 4 1I0C/Ie 00/1yUeHHUsI OIIpefe/Isiiu
BHYTPHUKJ/IETOYHYIO KOHLIEHTPALMI0 aKTUBHBIX GOPM
Kkucnoposa (AQPK), MUTOXOHAPHAIbHBIN IIOTeHLIHAI
Y YPOBEHb BOCCTAHOBJIEHHOI'O I/IyTATHOHA, KaK OITK-~
caHo B [17].

CKOPPeKTHPOBAHHYIO MHTEIPAJIbHYIO QpJIyOpecLieH-
nuio kineTky (CHPK) paccuuThIBaIM I1ocIe 06paboTku
JaHHBIX, IOJYYEHHBIX C IIOMOIIbIO IIPOrpPaMMBbI
Image J [34]. 3HadeHM s NIpelCTaB/ISIN KaK OTHOIIe-
Hue CUPK B 3KCIIepUMEHTA/IBHBIX U OIBITHBIX T'PYII-
Iax, a CTATUCTHYeCKWUU aHaJIM3 IPOBOJHIIH C IIOMO-
mpio t-Tecta CThIOAEHTA AJI4 IIaPHBIX [IepeMeHHBIX
(p<0,05).

PE3Y/IbTATDI

A. BiusgHue nasepHoro usnyyeHus c ANMHOWN BO/HbI

1265 HM Ha XXM3HECNOCO6HOCTb PaKOBbIX KNETOK

MBI CpPaBHUIM BIIMAHUE Ja3epa 1265 HM Ha >KH3He-
criocobHOCTH KieTok HCT116 yepes 24 4 mocjie ob6yue-
Hu4 (1035l 9,45; 66,6; 200 1 400 [I;x/cM2). Jlo/ns morub-
IIMX KJIETOK BO3pacTaeT IPU YBeIUYeHUHU [IJIOTHOCTH
SHepruH JIa3epHOro u3aydeHus (puc.l).

b. OKMCAUTENbHDBIN CTPECC NoCNe BO3AECTBUS Na3epHOTO
U3Ny4eHUS C ANNHON BOHbI 1265 HM

I[)'[SI OLleHKH OJHHAaMHUKHU BO3,ELEfICTBI/I$[ JIa3epHOTro
M3JIyYeHHU s Ha JJIMHe BOJHBL 1265 HM Ha BO3HHK-
HOBE€HHEe OKHCIHTEJIBHOIO CTpecCa OIIpeneasinu

fiberlaser with the width of line~2nm

the molecular oxygen [17, 18, 19, 20,
30, 31, 32].

It may be supposed that at the
presence in the cell of an endoge-
nous photosensitizer sensitive to the
laser irradiation of 1264-1270 nm,
its localization will be mitochon-
dria due to their structure and
functional peculiarities. Also there
exists another interesting issue
which is: how linear will be the
dependance of intracellular effects
on the adsorption doze of the laser
irradiation. In the work we study
the influence of the laser irradia-
tion at the wavelength of 1265 nm
and the fluence of 9,45-400 J/cm2on

the dynamics of oxidative stress and
mitochondria potential, and also
the level of reduced glutathione and
viability.

MATERIALS AND THE METHODS OF
RESEARCH
Parameters of the laser irradiation.
As the sourse of the low-fluence laser
irradiation we used a semiconduc-
tor narrow-band (high-coherent)
laser with the width of the irra-
diation line ~ 0,001 nm (Yenista
Optics, OSICS T100 Tunable Laser
ModuleT100 1310) [14].

For the study of the influence of
the higher doses of laser irradiation a
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was applied, allowing using the max-
imum fluence of 400 J/cm? without
the additional effect of heating the
object of irradiation [17].

Irradiation dose calculations.
The surface dose (the fluence),
which is absorbed by the biological
tissue (E,J/cm?) was calculated by
the formula:

E=DPt/S, )

Where P - is the medium capacity of
the laser source (W), t - the exposi-
tion time (s), S - the area of irradia-
tion (sm?) [17].
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Puc.1. BAusiHUE y3KON0oA0OCHO20 U WUPOKONOAOCHO20 Ad3ePHO-
20 U3AY4eHUs ¢ 0AUHOL 80AHbI 1265 HM HA XXU3HECNOCO6HOCMb
Kknemok HCT116 vepe3 24 4 nocae 06ayyeHus. * - cmamucmu-
uecku 0ocmosepHoe omau4ue mexxoy KOHmMpPOoAbHOU U Onblm-
Hol 2pynnamu, p <0,05

Fig.1. The influence of the narrow-band and broad-band laser irra-
diation at the wavelength of 1265 nm on the viability of HCT116
cells in 24 hours dfter the irradiation. * - the statistically reliable
difference between the control and test groups, p <0,05

BHYTPHUKJ/IETOUHYIO KOHIIEHTPALlHI0 aKTHBHBIX GOpPM
kuciaopona (A®K) yepes 30 MUH U 3 4 locsie obinyde-
HUS (10351 9,45 1 400 [I>x/cM?). Yepes 30 MHH II0oCIIe
06/1y4eHHU S OTMeUYaeTCs CTATUCTHYECKH JOCTOBEPHOe
yBe/lMUYeHHe KoHLleHTpauuu AQK (puc.2). Yepe3 3 u
3ddexT azepHoro obnyuenus npu 400 Ix/cm? ycu-
JIuBaeTcs MOYTH B 2,5 pasa (oTHomeHue CTCF 1,45
Y 3,5 711 HU3KOM U BBICOKOL /103bl COOTBETCTBEHHO),
B TO BpeMsl KakK BO3/IeICTBHeE JIa3epHOTO U3/1ydeHU s
npu 9,45 I5k/cm? Ha kneTku HCT116 B 3KCIIepHMeH-
TaJIPHOM TPyIIle CHUXKAETCS N0 3Ha4YeHUH B KOH-
TPOJIbHOMU TpYIIIIe.

B. M3meHeHUs MUTOXOHAPWUANbHOTO NOTEeHLMaNa nocne
BO3AeﬁCTBmI N1a3epHOro usny4yeHuns c AHMHOﬁ BOJ/IHbI

1265 Hm

MUTOXOHpHUA/IbHEII [TIOTEHIIHAJI OIIpefeNsiIt Yepes
30 MHH U 3 4 II0CJ/Ie BO3JI@HUCTBH S JIA3ePHOTO U3/yde-
HUA 1265 HM (mo3s1 9,45 1 400 [I>k/cm?). Yepes 30 MUH
nocse obnydeHUs IPU MUHHUMAJIBHOM /103€ OTMeYa-
eTCsl CHUKeHHe MUTOXOHPHUAJIBbHOIO IIOTeHHajla
B 9KCIIePHMeHTaJIBHOM I'pyIiiie (PHC.3), a 101 BO3/eH-
CTBHEM MaKCHMaJIbHOM A03BI JIAa3€pPHOTO U3Ty4YeHHUs
HM3MeHeHHU He IPOHUCXONHT.

Puc.2. BHympukaemoyHas KoHueHmpayus ADOK 8 kaemkax
HCT116, nodsepaiuuxcs 8030elicmeuto Aa3epos HU3KOU U 0MHO-
CUMeAbHO 8bICOKOL MOULHOCMU C OAUHOU 80AHBI 1265 HM uepe3
30 MUH U 3 Y nocAe 06Ay4eHus. * — cmamucmuyecku 0ocmosepHoe
omaudue mexxoy KOHMpoAbHoU U onbimHol zpynnamu, p <0,05
Fig.2. The intracellular concentration of ROS in HCT116 cells,
that had been affected by lasers of low and relatively high capac-
ity at the wavelength of 1265 nm in 30 min and 3 hours after the
irradiation. * - the statistically reliable difference between the
control and test groups, p <0,05

I. BAusHUe na3epHOro U3Ny4eHus C ANMHOM BOAHBI 1265 HM

Ha ypoBeHb BOCCTAHOB/IEHHOI0 MYTATUOHA

YpoBeHb BOCCTAHOBJIEHHOTO [JIyTaTHOHA (GSH) ouienu-
BaJIX 4Yepe3 30 MHUH U 3 4 II0C/Ie BO3JEHCTBHU S Ia3€PHOI0
u3nydeHus (qo3el 9,45 1 400 [I5k/cm?). Yepe3 30 MUH IToCIIe
obnyueHus npu gose 9,45 Jisk/cm? B KieTkax HCT116 He
oTMeuaeTcst u3MeHeHU GSH, ofHaKo 4epe3 3 4 Hab1Io-
IaeTcs ero IoBbIIIeHYe Ha 38% (pHC.4). ITocne 06J1yqu1/151
nipu fo3e 400 J[5k/cM? HabmI0qa0TCSI ITPOTHBOIIONIOSKHBIE
3¢deKThl, ¥ ypoBeHb GSH 3HAUYMTE/IBHO CHMYKAETCH.

OBCY)XXAEHUE

HaMmu 6BIIM HMCC/IeI0BAHEl U3MEeHEHU I K U3HeHHBIX
I1apaMeTpoB PaKOBBIX KIeTOK IMHKUK HCT116 B oTBeT
Ha BO3JelCTBHEe [BYX JIa3epOB C IJIMHOH BOJTHBI
1265 M, obecrmeyUBaIOIIUX IJIOTHOCTHU 3Hepruu
oT 9,45 1o 400 JIxx/cm2.

Yepes 24 4 riocyie 061ydeHUs IIpH fo03ax 9,45, 66,6, 200,
400 I>x/cM? HabmomaIk 40303aBUCHMOE yBeIHYeHHe
OTHOCHUTEIPHOI'0 KOJTMYeCTBa ITOrubIKX KJIeToK (puc.l),
IIpHYeM MOKHO OTMETHTb, UTO 3TOT IIPOLIeCC [IPOTeKaeT
HeJIMHEeMHO, 9TO MOKHO 00BSACHUTh KaK OTIMYAOL[H-
MHCS MeXaHH3MaMH, JIeSKAITHMH B OCHOBE BO3/IeHICTBH S
HM3KOMOIIHOT'O Y3KOII0JIOCHOI'O (BBICOKOKOT€PeHTHOI'0)
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15+
= [03a 06nyyeHns, Ox/cm?

Irradiation dose, J/cm?

B 045
B 200

Mitochondrial potential
(CTCF fold change compared to control)

MMWTOXOHAPUAbHBIA NOTEHLMAN
(OTHOLWeHne CUDK onbiTa K KOHTPOJIO)

30 MWH | 30 minutes

34]3hours

Bpems nocne 061y4eHns nasepom 1265 HM
Time after 1265 nm laser irradiation

Puc.3. Vi3meHeHue MumoxoHOpUaabHO20 NOMEHULUAAA 8 KAem-
kax HCT116, nodsepzHymblx 8030elicCmeur Ad3epHbIX UCMoY-
HUKO8 MAanol U OMHOCUMeAbHO 8bICOKOU MowHocmu 1265 Hm
uepe3 30 MUH U 3 4 nocae 06AyveHus. * - cmamucmuyecku 00-
cmogepHoe omau4ue Mmexoy KOHMpoAbHOU U onbimMHoOU 2pyn-
namu, p <0,05

Fig.3. The change of the mitochondria potential in HCT116 cells,
that had been affected by lasers of low and relatively high capacity
at the 1265 nm wavelength in 30 min and 3 hours after the irra-
diation. * - the statistically reliable difference between the control
and test groups, p <0,05

71a3epa v OTHOCHTEIBHO MOITHOIO J1a3epa, Tak U CIIeLlu-
rdecKkor peakIHer PaKoBbIX KJIeTOK Ha UCII0/Ib3yeMble
no3bl. Tax, B [35] 66110 IT0OKa3aHO, YTO IIPH 60JIee BHICOKOH
J03e, IOITIOIeHHOH KM3y4aeMbIMH Ky/IBTYPaMH KJIETOK,

The culture of cells and reagents.

Irradiation of the cells. The cells

Hab/oganack aKTUBALIMS AIIOIITO3a HEIIOCPeICTBEHHO
aKTUBHBIMH QopMaMHU KUCIOPOAA, B TO BpeMs KaK
npu 6osee HU3KOM [103e IPOUCXOAMIIA AKTHBALIMS
Kackaga Kacma3s [35]. PaHee oTMe4ajaoCh, YTO OJis
JIa3epHBIX CUCTeM C OT/IMYAIOIIKMMUCSA [TapaMeTpaMHU
IIPUCYTCTBYIOT Pa3lM4YHble TUIIBI U MeXaHH3MBbI
noBpexaeHus [JHK B knetTke [36]. Bonee Toro, BhISIC-
HHUJIOCH, YTO IIOJIHAS 3HePrus O/l UHAYKIUH OSHOIO
U TOro 3Ke Iporecca (HampuMmep, pochopuarpoBaHue
H2AX) BappupyeTcst MeXy Pa3IUUHBIMH CHCTEMaMH.

M3yyeHHe IMHAMHKKU OKHUCIMTEJIBHOIO CTpecca
II0Ka3ao, YTO Yepe3 3 4 IOCJIe Ja3epHOro obnyde-
HUA IpHU fo3e 9,45 I>k/cm? B kiteTkax HCT116 KOHIIEH-
Tpauus AOK cHHU3UIACh N0 KOHTPOJBHBIX 3HAaUEeHUH
(puc.2), Ipy 5TOM, HECMOTPSI Ha OTCYTCTBHeE JJOCTOBEP-
HBIX OTIMYHUI MeXXJy OIBITOM H KOHTPOJIEM, B OTBET
Ha OKHMCJIMTeJIbHBIH CTPecc B KIeTKaX HHAYLHPYIOTCS
HeKOTOpble HeraTHBHBIe IIPOLIeCChl: 3HaYMUTe/lbHas
ux rubenb yepes 24 4 nocse o61ydeHUs U CHHUKeHUe
MHUTOXOHIPHAIBHOIO IIOTeHIHaJla II0YTH Cpasy IIocjie
BO3/JIeMCTBHSI, COXPaHsIolerocs 4epes 3 4 (puc.3). B 1o
ke BpeMs Ha JAaHHBIM MOMEHT CJIOKHO OOBSICHUTD
HeCTaHJapTHhIEe H3MeHeHHUs yPOBHS BOCCTAHOBJIEH-
HOTO I[JIyTaTHOHA, KOCBEHHOTO I0Ka3aTejs ycuje-
HU S OKUC/IUTENIbHBIX peakIlUi B MUTOXOHAPUSX, IIPU
06J1y4yeHN Y HU3KOMHTEHCUBHBIM (BBICOKOKOI'€PEeHT-
HBIM) 1a3epoM (puc.4).

Yepe3s 30 MHUH IOCJIe BO3JEHCTBHUS Ja3ep-
Hoe u3ay4YeHHe IpH Jose 400 JI>k/cM2 He ITOKa3bl-
BaeT KaKHUXIHOO oTIUUUM 0T ypoBHS APK mpu
9,45 Isk/cM?, HO 4epe3 3 4 3TO 3HaUeHHEe 3HAYUTEIbHO
yBelnuuBaeTcs. OMHUM U3 BePOSTHBIX MeXaHH3MOB
YCUJIeHHU S OKUC/IUTEIBHOIO CTpecca sBseTcsa 3¢ pexT

Fluorescent microscopy. The
cellular survival was detected in

The experiments were conducted on
the culture of human colonic can-
cer cells (adenocarcinoma) HCT116
(ACCT CCL-247™)  obtained from
the American collection of cel-
lular culture types (Manassas,
Wyoming, USA) The cells were kept
under standard conditions recom-
mended by the manufacturer.

The culture medium DMEM/
F12 and the embryonic serum
was delivered respectively by
000 "Paneco” (Russia ) and PAA
Laboratories (Australia); the
reagents were obtained from
Sigma-Aldrich (USA).

were exposed to the irradiation in
the slide-flasks (SPLLife Sciences,
Korea) with the initial fluence of
passage of 10°/ml in the middle of
the exponential phase in the desk-
topchamber of the microscope
(UNO, OkoLab). The absorbed dose
was calculated relative to the char-
acteristics of the source and time of
irradiation (5-30 minutes).

Each experiment was repeated
not less than three times. As the
control samples the chambers of
the slide-flasks covered with the
metal foil during the irradiation
were used.
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24 hours after the irradiation at
the doses of 9,45-400 J/cm2. The
cells were marked by the solution
of propidium iodide, as it had been
described before [33].

In 30 minutes and 3 hours after
the tirradiation the intracellular
concentration of reactive oxygen
species (ROS), mitochondria poten-
tial and the level of the reduced
glutathione were measured as it is
described in [17].

The corrected integral fluores-
cence of the cell (CIFC) was calcu-
lated after the processing of data
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"AOK-UHAYIHPOBAHHOTO BhICBObOsKmeHU ST ADK", KoTO-
PBILI XOPOIIIO OITHCAH /1J151 MUTOXOHIPUI KaK OCHOBHBIX
nocTaBmyKoB AOK BHYTpH KieTKH [37]. JlasepHoe
u3nydeHue npu 400 JIk/cM? BBI3BIBAEeT MOBpeXe-
Hu4 sgepHor JHK, B ToM 4ncie B fuHaMuke [17],
4YTO He Habnrogaercs npu 6onee HU3KUX [03aX, yKa-
3bIBasi HA POJIb 3TOr0 MexaHHu3Ma B bosee mmo3nHeM
OKHCJIMTeIbHOM CTpecce. KpoMe TOro, JOCTOBEPHO
HU3KHI YPOBeHb BOCCTAHOBJIIEHHOI'O [NyTaTHOHA, He
BOCCTAHAaB/IMBAIOUIXICS Yepe3 3 4, KOCBeHHO yKa3bl-
BaeT Ha HapylleHHe QYHKIMOHHUPOBAHUS MUTOXOH-
nput (puc.4) [38].

CTOUT OTMETHUTH, UYTO B JAHHOM HCCIeJOBAHUU
3aperucTpHUPOBAHO OTCYTCTBHE KaKUX-THO0 3ddek-
TOB IIHMPOKOIIOJOCHOIO OTHOCHUTEJIBHO MOIIHOIO
71a3epHOrO0 U3/y4YeHU s C JIMHOM BOMTHBI 1265 HM NIpHU
nmose 400 I>k/cM? Ha MUTOXOHJPHATBHBIN IIOTEH-
LI aJI PAKOBBIX KJIETOK (PHC.3). B TO ke BpeMs B OZHOH
M3 HaIlMX NPeIbIAYIIHX PaboT 6b110 ITOKA3aAHO, UTO
3TOT THII JIA3epHOTO HU3/IyUeHH I MOXKeT YBeJIMIHNBATh
MHTOXOHPHUAIBHBII IIOTEHIIH A/ B HEPAKOBBIX KJIeT-
Kax CHO-K [17]. To Mo>KeT OBITH CBSI3aHO C MHIUOU-
poBaHHeM cuHTe3a AT® B paKOBbBIX KJIETKaX BCIe-
CTBHMe aKTHUBAIMH IVIMKOIM3a [39].

[lupuHa NTUHUK 71a3epPOB HU3KON U OTHOCHU-
TeJIBHO BBICOKOI MOIIHOCTH COOTBETCTBEHHO PaBHA
AN~0,001 HM 1 AAy~2 HM. COOTHOIIEHHE CIIeKTPAJIbHBIX
IJIOTHOCTEE MOIIHOCTH JI/ISL COOTBETCTBYIOIMX UCTOY-
HUKOB JIa3epHOT0 U3/TyYeHHU S

P, O\ E
P, A

e

L-2x 103£ Q)
1 Eh Eh

>

2,0 7
[l03a 061y4eHuns, [x/cm?
Irradiation dose, J/cm?
B o5

1,54 Il 400

YpoBeHb BOCCTAHOB/IEHHOTO F/lyTaTUOHA
(OTHOWeHNe CUDK onbiTa K KOHTPOIO)
Reduced glutathione
(CTCF fold change compared to control)

30 MUH | 30 minutes

34| 3hours

Bpems nocsie 06nay4eHns nasepom 1265 Hm
Time after 1265 nm laser irradiation

Puc.4. i3meHeHUs BHYMpPUKAEMOYHO20 YPOBHS 80CCMAHO08-
AEHH020 2AymamuoHa 6 kKnemkax HCT116, nodeepauiuxcs 803-
delicmeuto Ad3epHbIX UCMOYHUKO8 MAA0L U OMHOCUMeAbHO
8bicokol mowHocmu 1265 Hm vepe3 30 MUH u 3 4 nocae 06-
AYYeHUs. * - cmamucmuy4ecku 00CmosepHoe omauyue mexoy
KOHMPpoAbHoU U onbimHol zpynnamu, p <0,05

Fig.4. The change of the intracellular level of the reduced glutathion
in HCT116 cells, that had been affected by lasers of low and rela-
tively high capacity with the 1265 nm wavelength in 30 min and
3 hours after the irradiation. * - the statistically reliable difference
between the control and test groups, p <0,05

rze PNl - crieKTpasibHasI IJIOTHOCTh MOIIHOCTH Y3KOIIO-
nocHoro uctouyHuka (Bt), P\h - crekTpanbHas muioT-
HOCTb MOIIHOCTH IIMPOKOIIOJIOCHOIO UCTOYHHUKA (BT),
El - moBepxXHOCTHAS IIOTHOCTH S3HEPTUH HHU3KOMOII[HOTO

received via the program Image ]
(34]. The values were represented as
the ratio of CIFC in the experimental
and test groups, and the statistical
analysis was conducted via Student’s
t-test for paired variables (p<0.05).

RESULTS

A. The influence of the laser irradiation
at the wavelength of 1265 nm on the
viability of cancer cells

We compared the influence of the
1265 nm laser on the viability of
HCT116 cells in 24 hours after the
irradiation (doses 9,45, 66,6, 200 and
400J/cm?) The part of the dead cells
increases under the condition of the

increase of the fluence of the laser
irradiation (Fig.1).

B. Oxidative stress after the influence of
the laser irradiation at the wavelength
0f 1265 nm

The intracellular concentration of
reactive oxygen species (ROS) was
measured after 30 min and 3 hours
after the irradiation (doses 9,45 and
400 J/cm?) for the evaluation of the
dynamics of the influence of the
laser irradiation at the wavelength
of 1265 nm on the occurrence of the
oxidative stress.In 30 minutes after
the irradiation the statistically reli-
able increase of ROS concentration

was registered (Fig.2). In three hours
the effect of the laser irradiation at
400 J/cm?increased almost 2.5 times
(the ratio CTCF 1.45 and 3.5 for low
and high doses respectively), while
the influence of the laser irradiation
at 9.45]/cm? on HCT116 cells in the
experimental group decreased uptill
the values in the control group.

C. The changes of the mitochondria
potential after the influence of the laser
irradiation at the wavelength of 1265 nm
The mitochondria potential was
measured in 30 minutes and 3 hours
after the influence of the 1265 nm
laser irradiation (doses 9,45 and 400

Vor.12 No. 2 (88) 2019 NANO INDUSTRY
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nasepHoro usnydeHus ([xx/cm?), Eh - moBepxHOCTHas
IIJIOTHOCTD SHEPIUM OTHOCHTEIbHO BBICOKOMOIIHOTO
Na3epHOro usnydeHus (Jsk/cm2), AM - mupHHa THHUU
HH3KOMOII[HOTO (BbICOKOKOTePEeHTHOI0) J1a3epHOT0 HCTOY-
HHUKa (HM), ANh - Y pHHA THHUY OTHOCHUTEIBHO BBICOKO-
MOIITHOT'O JTa3ePHOI0 UCTOYHHKA (HM).

Tak1M 06pa3oM, [1s1 HACTOSIIIIETO UCCIeJOBAHH CIIeK-
TpaJIbHAsI IVIOTHOCTh MOITHOCTH HHU3KOMOIIIHOTO J1a3epa
B MaKCHMYMe BBIIIe, YeM COOTBETCTBYONIAS BeTUIHHA
OTHOCHTEe/IbHO BBICOKOMOIIIHOTO 71a3epa. Bce 3To yKa3kl-
BaeT Ha BO3MOXHOCTb QOPMHPOBAHHUS Y3KOIIOJIOCHOTO
Pe30HaHca, IPeAIONIOKUTENTbHO, Ha IIOBEPXHOCTH MeM-
6paH MHUTOXOHZPHE. ITO IIpeJIIoNOKeHHe TpebyeT nass-
HeHIIero pacCMOTPeHHUSI ¥ IIPOBEPKH, HO MOXKeT IIPo-
JIUTB CBET HA HEKOTOPhIe 3GPeKThl BO3AEHCTBHUS JIa3ep-
HOTO H3/TyueHHsI, He 0ObSICHEHHBIE IO HACTOSIIET0 Bpe-
MeHH, HaIlpUMep, TaK Ha3bIBaeMbIH 'CBETOKHUCIOPOZA-
HbI 23bderT" [40].

3AK/TIOYEHUE

Hame mccnemoBaHue NPOAeMOHCTPHUPOBAJIO CPaBHHU-
TesbHbIe 3G eKTHl BO3AEHCTBH S Y3KOIIOJIOCHOTO (BBICO-
KOKOrepeHTHOI0) HU3KOMHTEeHCHBHOIO [101yIIPOBOAHU-
KOBOT'0 JIa3epa 1 IIHPOKOIIOIOCHOI0 OTHOCHUTE/IBHO BBICO-
KOMHTEHCHBHOI'O BOJIOKOHHOTO Jla3epa IIpH Lo3ax 9,45
U 66,6400 JI>k/cM2, COOTBETCTBEHHO. Pe3yabTaThl 3KC-
IepHUMEeHTOB [T0Ka3aJIH, 4To 06a HCTOUHHKA JIA3ePHOTO
H3/Ty4eHM 4 C JJIMHOM BOMHBI 1265 HM BBI3BIBAIOT OKHC-
JIUTENBHBIHN CTPeCcC, IIPUBOIS K rHben pakoBhIX Kile-
TOK, ¥ MOTYT HapylaTh QYHKIMOHHUPOBaHKe MHUTOXOH-
Ipuil. OqHaKo HeKOTOpble Q3K UecKkye XapaKTePUCTHUKHI
J1a3epoB, TAKHe KaK [I0BePXHOCTHAS [VIOTHOCTE SHePIUH,

XapaKTepH3yIollas 03y, IOIJIOMEHHYIO KYIbTYPOI Kile-
TOK, Y IIMPHHA TUHUHU U3Ty9IeHHs, MOTYT ObITh BasKHBL
IJ1s1 MHTepIIPeTaLluH II0JIyYeHHBIX Pe3yJIbTaToB U JajIb-
HEUIITHUX HCCIeTOBAHMM.
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J/cm?). In 30 minutes after the irra-
diation at the minimum dose the
decrease of the mitochondria poten-
tial was registered in the experi-
mental group, and at the influence
of the maximum dose of the laser
irradiation no changes occur.

D. The influence of the laser irradiation
with the wavelength of 1265 nm on the
level of the reduced glutathione

The level of the reduced glutathione
(GSH) was measured in 30 minutes
and 3 hours after the influence of
the laser irradiation (doses 9,45 and
400 J/cm?).In 30 minutes after the
irradiation at the dose of 9,45 J/cm?
in HCT116 cells no changes of GSH

were registered, but in 3 hours its
increase by 38% was observed (Fig.4).
After the irradiation at the dose of
400 J/cm?the opposite effects were
observed, and the level of GSH sig-
nificantly decreased.

DISCUSSION

We have studied the changes of the
life parameters of the HCT116 cancer
cells in response to the influence of
two lasers with the wavelength of
1265 nm, providing the fluence from
9,45 to 400 J/cm?.

In 24 hours after the irradia-
tion at the doses of 9,45]/cm?,
66.6 J/cm?, 200 J/cm?, 400 J/cm? the
dose dependant increase relative
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to the quantity of dead cells was
observed (Fig.1), also it should be
noted that the process runs nonlin-
early. It can be explained by either
the differing mechanisms that lie
in the basis of the influence of the
low capacity narrow-band (high-
coherent) laser and relatively high-
capaity laser or the specific reaction
of cancer cells to the applied doses.
Thus in [35] it was shown that ata
higher dose absorbed by the stud-
ied cultures of cells, the activation
of apoptosis by precisely the reac-
tive oxygen species was observed
while at a lower dose the activation
of caspase cascade occurred [35]. It
was noted before, that for the laser
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systems with differing parameters
there are different types and mech-
anisms of DNA damage in the cell
[36]. Furthermore it was found that
the full energy for the induction of
one and the same process (for exam-
ple, phosphorylation of H2AX) varies
between different systems.

The study of the dynamics of
the oxidative stress showed that
in 3 hours after the laser irradia-
tion at the dose of 9,45 J/cm? the
concentration of ROS in HCT116
cells decreased to the control val-
ues (Fig.2), at the same time
despite the absence of valid differ-
ences between the test and con-
trol in response to the oxidative

stress some negative processes were
induced in cells: the death of the
majority of them in 24 hours after
irradiation and the decrease of the
mitochondrial potential almost
immediately after the treatment
which was still preserved after 3
hours (Fig.3). At the same time to
date it is difficult to give account
for the nonstandard changes of the
level of the reduced glutathione,
the indirect indicator of intensifi-
cation of the oxidative reactions in
mitochondria at the irradiation of
low intensity (high-coherent) laser
(Fig.4).

In 30 minutes after the influence
the laser irradiation at the dose of

400 J/cm? did not show any differ-
ences from the level of ROS at 9,45 J/
cm?, butin 3 hours this value signif-
icantly increased. One of the prob-
able mechanisms of the intensifi-
cation of the oxidative stress is the
effect "ROS-induced release of ROS",
which is well described for mito-
chondria as the main mean of ROS
inside the cell [37]. The laser irradi-
ation at 400 J/cm? causes damage
to the nucleus DNA in the dynam-
ics also [17], which is not observed at
lower doses demonstrating the role
of this mechanism in the later oxi-
dative stress.Beyond that the truly
low level of the reduced glutathi-
one, that is not restored in 3 hours,
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It should be noted that this study
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of the broad-band relatively high
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the wavelength of 1265 nm at the
dose of 400 J/cm? on the mito-
chondria potential of cancer cells
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our previous works showed that
this type of the laser irradiation
can increase the potential of mito-
chondria in non-cancerous CHO-K
cells [17]. It may be linked to the
inhibition of the synthesis of ROS

in cancer cells due to glycolysis
activation [39].

The width of the laser lines
of the low and relatively high
capacity, respectively, equals
AM~0,001 nm and AA~2 nm. The
ratio of the spectral fluence of
capacity for the respective sources
of laser irradiation:

P AME S 0h @)
P, A\NE, E,

where P, - the spectral fluence of
the capacity of the narrow-band
source (W), PAh - the spectral flu-
ence of the capacity of the broad-
band source (W), E; - the surface
fluence of the low capacity laser
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irradiation (J/cm?), E;, - the sur-
face fluence of the relatively high
capacity laser irradiation (J/cm?),
AN, - the width of the line of the
low capacity (high-coherent) laser
source (nm), AAy, - the width of
the line the relatively high capac-
ity laser source (nm).

Thus for the present research
the spectral fuency of the capac-
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of mitochondria membranes. This
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theory requires further research
and verification, but it can shed
the light on some effects of the
laser irradiation influence which
haven’t been explained yet such
as, for example, so called "light
oxygen effect"” [40].

CONCLUSIONS

Our research demonstrated com-
parative effects of the influence of
the narrow-band (high-coherent)
low capacity semiconductor laser
and broad-band relatively high
capacity fiber laser at the doses of
9,45 and 66,6-400 J/cm?, respec-
tively. The results of the experi-
ments showed that both sources

of laser irradiation at the wave-
length of 1265 nm cause oxida-
tive stress, which results in the
death of cancer cells and can dis-
turb the function of mitochon-
dria. Nevertheless some of physi-
cal characteristics of lasers such
as surface fluence which charac-
terizes the dose absorbed by the
culture of cells, and the width of
the line of the irradiation, can be
important for the interpretation
of the obtained results and fur-
ther researches.
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