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Pe3rome. JleiicTBrE BBICOKOMHTEHCUBHOIO Ja3€pHOIO
M3JIyYEHUS Pa3IMYHON JIJTMHBI BOJIHBI HA OHMOJIOTHYECKHE
TKaHU OTIMYAETCS MO TITyOWHE MPOHMUKHOBEHUS W BO3-
MOXKHOCTSIM B3aUMOJICHCTBHSI ¢ XpOMO(OpPaMH, 4TO MO-
JKET BIUSTH Ha CTEIEHb MOBPEXKIEHUS TKAHEBBIX CTPYK-
Typ ¥ (pyHKIIMOHAIBHYIO aKTUBHOCTH KJIETOK. I]envo pa-
Oompl Obla OLICHKA JTUHAMUKH COJICPIKAHUS PEryJIsTOp-
HBIX KJIETOK B HOPMOTPO(GHUIECKOM KOXKHOM PyOlIe B 3aBH-
CHUMOCTHU OT JUIMHBI BOJHBI BBICOKOMHTEHCHUBHOTO JIa3ep-
HOro Bo3AeicTBUs. Mamepuanvt u memoowvl. JKCrepu-
MEHT rnpoBejicH Ha 30 OeCoOpOJHBIX KPhICAX C MOJICIIBIO
pyO110B B mapaBepTeOpaibHbIX oOmacTsx. MccienoBanu
3¢deKThl J1a3epHOro M3JIy4YeHUs ¢ JUIMHOW BOIHBI 0,66
MM, 1,060 mxm, 10,6 MkM. Jl03a ¥ INIOTHOCTH MOIIHO-
CTH JIa3€pHOU PHEPTHH B OIBITHBIX Ipynmnax ObUIA COMO-
CTaBUMBIMU. JKHBOTHBIX BBIBOJIWIIHA U3 SKCIIEPUMEHTA Ye-
pe3 1 uac, 1, 3 u 7 cyrok. KonnuecTBO KISTOK aHAITU3UPO-
BaJIM B TUCTOJIOTUYECKUX CPe3axX MOP(HOMETPUICCKIM Me-
TonoM. Pe3ynbmameut uccinedosanus moxasaiu, 4To MpH
BO3IEHCTBUN J1a3epoB ¢ AMUHOM BomHEI 0,66 1 1,060 MxM
O0TMEYaJoCh yBEIIMYCHNE KOJIMYECTBA W WHJEKca Jerpa-
HYJISIIAM TYYHBIX KIIETOK ¢ | 9aca rmociie BO3IEHCTBUS H
710 3-X CYTOK, IpH BozaeiicTBun nazepa 10,6 MKM TydHbIe
KJIETKH BO BCEX CJIOSAX pyOIlla aKTUBHUPOBAINCH, HAYMHAS
co cpoka 1 cytku. KonmmaectBo muMdOITUTOB BO3pacTaso
Ha cpoke | CyTku U 3 CyTOK Mpu BO3JEHCTBUM BCEX Jia-
3epoB. ConeprxaHue Makpo(haroB yBeIHMIHBAIOCH € 1 cy-
TOK IpH Bo3aekicTBuu jasepa 1,06 MK, 7151 BCEX OCTalb-
HBIX JJIMH BOJH — Ha cpoke 3 cyTok. Ha 7 cyTku ormeua-
JIOCh TOJIBKO YBEJIMYCHHUE COJICpKaHuUs MaKpo(haros B Cy-
OommmepMaibHOM ciioe pyoroB B rpymnme 10,6 MkM. Boi-
600b1. TakuMm 00pa3oM, peryssTOpHbIE KJIETKH B PyOIIOBOM
TKaHU TIOCIIE BO3JICHCTBUS JIa3ePHOTO M3ITYUYCHHUs TMOCIIe-
JIOBaTEIILHO YBEIMYHUBAIIN CBOE MTPEICTABUTEILCTBO. OCo-
OCHHOCTH pEaKIUil PeryJsTOPHBIX KICTOK, 3aBUCSIINAE OT
JUIMHBI BOJIHBI JIA3€PHOTO M3JyUYCHHMsI, MOTYT CKa3aThCs Ha
aKTUBHOCTH (UOPOOIACTOB, MPOMYKIIMH KOJIJIareHa M pe-

Abstract. The effect of high-intensity laser of different
wavelengths on biological tissues differs in penetration
depth and interaction with chromophores, which can affect
the degree of tissue structure damage and functional activity
of cells. The aim of the work was to assess the dynamics
of the regulatory cells content in the normotrophic skin
scar depending on the wavelength of high-intensity laser
exposure. The experiment was carried out on 30 rats with a
model of scars in the paravertebral regions. The effects of
laser with wavelengths of 0.66 pm, 1.06 um and 10.6 um
were studied. The dose and power density of laser energy
in the experimental groups were comparable. Animals
were removed from the experiment after 1 hour, 1, 3 and
7 days. The number of cells was analyzed in histological
sections by morphometric method. The results of the study
showed that 0.66 and 1.06 um laser exposition increased
the number and index of degranulation of mast cells from
1 hour to 3 days after; 10.6 um laser activated mast cells
starting from the 1st day in all layers of the scar. The
number of lymphocytes increased on 1 day and 3 days
after all laser expositions. The number of macrophages
increased from 1 day after 1.06 um laser irradiation, and on
the 3 day for all other wavelengths. On 7 day, the number
of macrophages increased only in the subepidermal layer
of scars in the 10.6 pm laser group. Thus, the regulatory
cells consistently increased their representation in the scar
tissue after exposure to laser. Features of regulatory cell
reactions on laser of different wavelengths may affect
the activity of fibroblasts, collagen production and scar
remodeling.
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Cpenn pa3HOOOpPA3HBIX METOAOB KOPPEKITMH KOKHBIX
pyOIIOB Ja3epHble METOAWKH 3aHWMAIOT BEIYyIUE ITO3H-
MU Onmarojgapss TOYHOCTH W CTPOTOH JO3MPOBAHHOCTH
[TyOWHBI IPOHUKHOBEHUsI W3my4eHus [1, 2].

OpnHako, A0 CUX MOP MHEHUSI CIICHHAINCTOB B 00JIacTH
ICTETUUECKON MEJTUIIMHBI B OLICHKE ITOJIOKHUTEILHBIX U OT-
pHUIaTENbHBIX CTOPOH MPUMEHEHUS J1a3epOB Pa3HOM -
HBI BOJTHBI B KOPPEKIIMA HOPMOTPOPHUUECKHUX PYOIIOB JI0-
BOJILHO IPOTHUBOPEUUBBI, YTO CBS3aHO C HEIOCTATOYHO
MOJHBIMU  (DYHJJAMEHTAJIBbHBIMU HMCCIICIOBAaHHUSIMHA  BITHSI-
HUS BBICOKOMHTEHCUBHOTO JIa3epHOTo u3nyueHus [1, 3].

OubporeHes3 B 30HE MOBPEXKICHUST TKAHU OCYIICCTBIISI-
etcs (ubpodiracTtaMu MPU AaKTUBHOM YIaCTHH PETYISITOP-
HBIX KJIETOK, B TOM YHCJI€ TYYHBIX KJIETOK, JUM(OIUTOB H
Makpodaros. JlelicTBHE BBICOKOMHTEHCUBHOTO JIa3€pHOTO
W3TYYeHUs] Pa3IMYHON JJIMHBI BOJIHBI Ha OMOJOTHYECKHUE
TKaHW OTIMYACTCS IO IIyOMHE NMPOHMKHOBEHHUS U BO3-
MOXHOCTSIM B3aUMOJICHCTBHUSI ¢ XpoMo(hopamH, 4TO MO-
JKET CyIIECTBEHHO BIUATH Ha CTEIIEHh OBPEXKICHUS TKa-
HEBBIX CTPYKTYP U (PYHKIIMOHATHHYIO aKTUBHOCTD KIIETOK
[4, 5].

Henbro nanHoil padoThI Obla OLICHKA TUHAMHUKH CO-
JEpKaHWs PETYISITOPHBIX KIETOK B HOPMOTPO(PUIECKOM
KOYKHOM pyOIle B 3aBHCHMOCTH OT JUTUHBI BOJHBI TIPUMeE-
HSIEMOTO BEICOKOMHTEHCHBHOTO JIA3€PHOTO BO3JICHCTBUS.

MarepuaJ ¥ MeTOABI HCCIeT0BAHMS

OxcriepuMeHT nposeneH Ha 30 GecriopomHbix jadopa-
TOPHBIX KpbIcax o0oero nosa. Ha mepBom sTamne 3xkcnepu-
MEHTa KpbICaM MOJIEIMPOBAIM KOXHBIA pyOewu. st 3T0-
ro KMBOTHBIM 1OJ 00IKMM 00€3001MBaHIEM MPENapaToM
«Bonerunm» (VirbacSanteAnimale, ®panius) B mapasep-
TeOpaJIbHBIX OOJIACTAX CIUHBI CHMMETPHUYHO HCCEKaJH
KOKHBIC JIOCKYTHI pa3mepamu 6 cm?. Kpas nony4usiiei-
csl paHbl (PUKCUPOBAIM K MBIIILAM OIXUHOYHBIMHU Y3JIOBbI-
MU 1mBamu. [TomHoe pyOrieBaHne KOXKHBIX J1e(hEKTOB MPo-

Among the various methods of skin scar correction, laser
techniques occupy the leading position due to accuracy
and strict dosage of radiation penetration depth [1, 2].

However, the opinions of aesthetic medicine specialists
in assessing the positive and negative aspects of the
use of lasers of different wavelengths for the correction
of normotrophic scars are quite contradictory, due to
insufficient fundamental studies of the influence of high-
intensity laser [1, 3].

Fibrogenesis in the tissue damage site is carried out
by fibroblasts with the active participation of mast cells,
lymphocytes and macrophages. The effect of high-intensity
laser of different wavelengths on biological tissues differs
in penetration depth and interaction with chromophores,
which can affect the degree of tissue structure damage and
functional activity of cells [4, 5].

The aim of the work was to assess the dynamics of
the regulatory cells content in the normotrophic skin
scar depending on the wavelength of high-intensity laser
exposure.

Material and methods

The experiment was carried out on 30 rats of both sexes.
In the first stage of the experiment, the model of skin
scar was done. Skin flaps of 6 cm2 were symmetrically
excised in the paravertebral sites of the back of animals
under general anesthesia («Zoletil», VirbacSanteAnimale,
France). The edges of the resulting wound were fixed to the
muscles with a single nodular suture. Complete scarring
of skin defects accomplished within a month. Scars in the
right paravertebral region were exposed to laser, and the
left served as a dynamic control.

In the second stage of the experiment, the animals were
divided into three groups of 10 each. The first group
included rats, which skin scars were once exposed to 0.66
um laser («Milony», St. Petersburg, Russia), 2 W power,
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HCXOMMIIO B TeueHHe Mecsita. PyOibl B mpaBoii mapasepre-
OpasibHOH 00IacTH TOABEPralv Ja3epHOMY BO3/ICHCTBHIO,
a JIeBbIe — CIIY>KUJIM TUHAMUYECKUM KOHTPOJIEM.

Ha BTOpOM 3Tamne skcnepuMeHTa JKUBOTHBIX Pa3lIesIniIn
Ha Tpu rpymmsl o 10 ocobelt B kaxaoii. B mepByro rpym-
My BOLUIM KPBICHL, KOTOPBIM OIHOKPAaTHO BO3/AEHCTBO-
BaJIM HA KOKHBIM pyOer Ja3epHbIM H3JIyUYeHHEM JITMHOM
BoHBI 0,66 MKM (J1a3epHBIi anmapar «Jlaxra — Munony,
r. Cankr-IlerepOypr, Poccust), MomuocTsio 2 BT B HEnpe-
PBIBHOM PEKUME, B TEUEHHUE 3-X MUHYT. Y KMBOTHBIX BTO-
poii rpynmsl pyder; oOpabarbiBaiy W3ITy4eHHUEM IHOTHO-
ro jasepa ¢ JuHoM BonHbl 1,060 MKkM, MOIIHOCTBIO 2 BT
B HETMIPEPHIBHOM PEXHME, B TeueHHe 3-X MUHYT. Kpbicam
TpeThell Tpynibl 00padaThiBaIN KOXKHBIN pyOell B TEXHU-
Ke «r1a3epHoi nu(oBKm» (AepmMadpa3un) B TeueHHE 3-X
MUHYT JIa3€pHBIM U3JIyYeHUEM JJIMHOW BOJHBI 10,6 MKM
(mazepnbrit armmapar «Jlanner-2», . Tyma, Poccus), B cy-
MEPUMITYIBLCHOM PeXUMe «MeAUMITYIBC» ¢ COOTHOIICHH-
eM ummynbe — may3a 500 mxc: 0,1 ¢, MOUTHOCTBIO MM-
nynsca 50 Bt u nuamerpom msatHa 0,5 mM. Jlo3a u mioT-
HOCTh MOIIHOCTH JIa3€PHOW SHEPTHH B ONBITHBIX TPYIIIax
OBUIN COTIOCTaBUMbIMH.

JKMBOTHBIX BBIBOAWIJIN U3 KCIIEpUMeHTa yepes 1 gac, 1
CyTKH, 3 cyToK u 7 cyTok. C mapaBepTeOpaibHBIX 00Ja-
CTel CIIMHBI HCCEKATU KOJKHBIE JIOCKYTHI, (PUKCHPOBAIIN B
HelTpansHOM pacTBope 12% dopmannHa, TPOBOIUIHN TT0
CIIMPTaM BO3pACTaroOILeil KOHIEHTPALUH U 3aJIUBaJIU B I1a-
padwun. IlapaduHOBBIE Cpe3bl TOMMUHONW 5-7 MKM OKpa-
LIMBAJIA TeMaTOKCHINHOM-303HHOM U TOJIYUANHOBBIM CH-
HuM ¢ pH 2,0. Mukpockonuieckoe HCCIeJOBaHUE OCY-
mecTBisin Ha Mukpockone LEICA DMRXA (I'epmanus).

MopdomeTrpruueckoe Hcciae0BaHWE MPOBOAWIN C TIO-
MOIIbIO KOMITBIOTEPHOH NpOrpaMMbl aHaJIM3a M300paske-
Huit «Imagescope» (Leica, I'epmanus). Onpenensiim Ko-
JIMYECTBO JETPaHyIMPOBAHHBIX M LEJIBIX TyYHBIX KIETOK
B 0,1 MM’ F'HCTOJIOTHYECKOTO Cpe3a, PaCCUNUTHIBAIH HX 00-
11ee KOJIMYECTBO U ONPEIEISIIIN HHIEKC JeTrPaHyIsALUH 110
¢dhopmyne U/1=]lerpanyaupoBaHHbIC KICTKH/O0IEE KOIH-
4yecTBO. [1oCUNTHIBAIM KOMUYECTBO JUM(OIUTOB U Ma-
kpoaro Ha 0,1 MM? THCTOIOTHYECKOTO Cpe3a. 3aMephl
MIPOM3BOIMIN B CyORTHIEpMaIbHON 001acTH PyOIIOBOM
TKaHHU U Ha TPaHUIIE C TUIIOACPMOH.

OO6paboTraHHble JaHHBIE TPEICTaBIeHbl B Buae M+m,
rame M — cpeaHee apudmMeTndeckoe, m — cTaHAapTHAs
omubOKa cpemnHero. st MeXrpynmnoBoro CpaBHEHHUS HC-
nosib3oBalics F-kputepuil qucriepcioHHoro aHanusa. Jlo-
CTOBEPHOCTh OTIMYMHA MEXIYy CPEAHUMH B Pa3IMYHbBIX
rpylmnax OIBITOB HAaXOAWIM HPU TOMOIIN t-KpUTEPHS
CrpronenTa, ucrnons3ys nonpasky boudepponu [1]. Paz-
JIMYUS CUUTAIIM JOCTOBEPHBIMU MPH YPOBHE 3HAUUMOCTH
P<0,05.

Pe3ysabTraTrhl cOOCTBEHHBIX HCCJIEJOBAHUNA M 00CYXK-
AeHHe

Yepes 1 yac nocie BO3AEHCTBUS JIa3epHBIM U3ITYUYEHU-
€M KpacHOro CHeKTpa U MH(PPAKPACHOTO CIIEKTpa BO3pac-
TaJIO KOJIMYECTBO TYUYHBIX KJIICTOK U X UHACKC ACTPaHyJIsd-

continuous mode, for 3 minutes. In animals of the second
group, the scar was treated with 1.06 pm diode laser, 2 W
power, continuous mode, for 3 minutes. In the third group
the skin scars were treated with 10.6 um laser («Lancet-2»,
Tula, Russia), in the «laser resurfacing» (dermabrasion)
technique n the superimpulse mode «Medimpulse» with a
pulse — pause ratio of 500us:0.1s, pulse power of 50 W
and spot diameter of 0.5 mm for 3 minutes. Dose and laser
power density in the experimental groups were comparable.

Animals were removed from the experiment after 1 hour,
1 day, 3 days and 7 days. Skin flaps were excised from the
paravertebral regions of the back, fixed with 12% neutral
formalin, dehydrated in alcohol solutions of increasing
concentration and embedded into paraffin. Paraffin
sections 5-7 um thick were stained with hematoxylin-eosin
and toluidine blue pH 2.0. Microscopic examination was
carried out with LEICA DMRXA microscope (Germany).

The morphometric study was carried out using the
computer image analysis program «Imagescope» (Leica,
Germany). The number of degranulated and whole mast
cells in 0.1 mm2 of histological section was determined,
their total number was calculated and the degranulation
index was determined as ID= degranulated / total number.
The number of lymphocytes and macrophages per 0.1
mm?2 of histological section was counted. Measurements
were made in the subepidermal area of scar tissue and at
the border with the hypodermic.

The processed data are presented as M+m, where M is the
arithmetic mean, m is the standard error of the mean. The
F-criterion of variance analysis was used for intergroup
comparison. The reliability of the differences between the
averages in different groups of experiments were found
using the Student's t-test with Bonferroni correction [1].
The differences were considered significant at P<0.05
significance level.

Results and discussion

1 hour after red and near-infrared laser exposure, the
number of mast cells and their degranulation index in the
surface and deep layers of the scar increased, and after far
infrared laser treatment the number of mast cells increased
only in the surface layers of scar tissue. s Lymphocyte
and macrophage reaction was not observed for any of the
lasers (table 1).

After 1 day, the degranulation index of mast cells
acquired maximum values in all experimental groups,
their number also increased significantly compared to
the control. The number of lymphocytes increased in all
layers of the scar in all exposured animals. The number
of macrophages significantly increased only for 1.06 um
laser in the deep layers of the scar (table 2).

After 3 days, the index of mast cell degranulation in
animals of all experimental groups decreased compared to
the first day, but was still significantly higher than control
values. The total number of mast cells in animals of all
experimental groups compared to control values remained
significantly increased (table 3).
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UK B MOBEPXHOCTHBIX U TIIYOOKHX CIIOAX pyOIia, a mocie
00pabOoTKH Ja3ePHBIM U3JTyUYECHUEM JaJIbHEr0 HH(ppaKpac-
HOI'0 Juara3oHa KOJIMYCCTBO TYUHBIX KJICTOK YBCJIMYMBa-

Table 1
Number of cells (M+m) in 0.1 mm? of normotrophic skin
scar 1 hour after laser treatment

JIOCh TOJBKO B MOBEPXHOCTHBIX CJIOSAX PyOIIOBOM TKaHH. control | 2eroup | 2group [ 3egroup
t
Peakruu co cTopoHBI JIMM(OIUTOB 1 MakpodarosB He OT- oMo 1 (0.66 um) | (1.06 um) | (10.6 pm)
MeJanoch HH MPU OTHOM M3 Ja3epHbIX Bo3aeicTuil (Ta- Vast | Subepidermal | 5.760.46 | 8:55:0.72* | 9.6740.87* | 8.4540.75*
Gmuma 1). Cells | MYPodermis |y 2201 12| 19.0141.52% | 22.0841.76* | 13.87¢1.01
border
H * *
Ta6nmua 1 N Subepidermal | 0.33:0.02 | 0.67+0.05" |0.78+0.05 | 039+0.03
Konunuectso knetok (M+m) B8 0,1 mMm? HOpMOTpOpUYECKo- ¢ HVEOd;rm'S 0.35£0.02 | 0.58+0.04* | 0.67+0.05* | 0.42+0.04
oraer
ro KoXkHoro pybua yepes 1 yac nocne obpaboTkn nasep-
pybua Hep P P lym- | Subepidermal | 3.13£0.23 | 4.340.31 | 3.98+0.28 | 5.56£0.45
HbIM M3/ly4eHneMm oho- | Fypodermis
Ty 1 2oy | 3 roym ytes Doy | 15818126 | 14874118 | 16.67£145 | 17.43£1.81
koWTponb | na (0,66 | na(1,06 | na(106 Subepidermal | 4.54+0.41 | 5.01£0.49 | 3.98+0.41 | 5.55+0.50
MKM) MKM) MKM) Macro- -
CyGannnen- phages | HYPOUerMis |1 014088 | 8.9240.78 | 12.76+1.12 | 11.62¢1.09
5,76+0,46 | 8,55+0,72* | 9,67+0,87* | 8,45+0,75* border
Tydble | Ma/bHas 30Ha Note: * — P<0.05
KNETKM | TPAHUMLA CTU- | 1) 33,1 19 | 10,0041,52* | 22,08+1,76* | 13,87+1,01
nogepmoit
CyGannaep- Table 2
i Lansian sons 0,330,02 | 0,67£0,05* | 0,780,05* | 0,39:0,03 | Number of cells (Mtm) in 0.1 mm? of normotrophic skin
. scar 1 day after laser treatment
fPaHULa € M- | 3540,02 | 0,5840,04* | 0,6740,05* | 0,42¢0,04
nosepmon Control 1 group 2 group 3 group
- 0.66 um) | (1.06 um) | (10.6 um
CYOINMACP- | 5 134093 | 4,3420,31 | 3,98£0,28 | 5,5620,45 : (0.66 um) | (1.06 um) | (106 hm)
NMmbo- | ManbHan 30Ha Viagq | Subepidermal | 5.76+0.46 [ 104420.88* | 12.76+1.07* | 9.6540.75*
as’
UTbI - .
4 PaKUAC T | 16 014126 | 14,87+1,18 | 16,67:1,45 | 17,4341,81 Cells | MYPOUCIMIS 1) 3341 12| 21,1341 88" | 28.9542.03* | 19.6441.73*
noAepmonm border
- H * * *
. Mcaiﬁt,aHnav;p,aeopHa 4,5450,41 | 5012049 | 3,98£0.41 | 5,55£0,50 - S:beplddermal 0.3340.02 | 0.89+0.07* | 0.88+0.06* | 0.65+0.05
voo- -
¢a:; —— T | 035002 |0.79:0.07* | 0.84£0.06* | 0.77:0.06*
PAHMLA €TV 10.04+0,88 | 8,92¢0,78 | 12,76+1,12 | 11,62+1,09 orcer
nosepmoit Lym- | Subepidermal | 3.13:0.23 | 6.55:0.55* | 7.88+0.65* | 6.44+0.55*
Mpumeuanue: * — P<0,05 ho- [
’ cpytes Hyzgfger;“'s 15.8141.26 | 22.78:1.58* | 29.8242.05% | 22.311.67*
Tabauua 2 " Subepidermal | 4.54+0.41 | 5.120.49 | 6.02£0.55 | 3.89+0.23
acro-
+ 2 - i
Konnuectso knetok (Mtm) 8 0,1 MM* HopmoTpoguuecko phages | YPOUerMis |10 011088 | 8.9240.78 |17.6141.33* | 11.62¢1.09
ro KoXHoro pybua yepes 1 cyTku nocse obpaboTku na- border

3epHbIM U3/lyYeHnEM

Note: * — P<0.05

Table 3
Number of cells (M+m) in 0.1 mm? of normotrophic skin
scar 3 days after laser treatment

1 group 2 group 3 group
|
Control | (066 um) | (1.06 um) | (10.6 um)
Vot | Subepidermal | 5.76:0.46 [ 0.83+0.74* [10.454095* [9.21+0.80*
as -
Cells | FYPOdermis |1y o001 19 | 18.408162% | 20.544168* | 16.3341.43%
border
Subepidermal | 0.33£0.02 | 0.59+0.04* | 0.6240.05* | 0.44+0.03*
ID MC i
Hypodermis | o 3002 | 0.6540.05* | 0.74£0.06* | 0.66:0.5*
border
Lym- | Subepidermal | 3.13+0.23 | 7.05+0.59* | 10.18+0.95* | 8.67+0.50*
b -
pho- | Hypodermis | /¢ o111 96 | 23.4341.60* | 25.2242.25% | 18874171
cytes border
" Subepidermal | 4.54+0.41 | 10.2740.%87 | 12.66¢1.11* | 9.05+0.83*
acro- -
phages Hyzg‘:;erf"s 10.04+0.88 | 12.55+1.08 | 17.6141.33* | 11.62+1.09

1rpyn- 2 rpyn- 3 rpyn-
KoHTponb | ma (0,66 | na (1,060 | na(10,6
MKM ) MKM) MKM)
Cybanuaep- | ¢ 2c0.46 | 10,4440,88* | 12,76+1,07% | 9,65:0,75*
quHb|e ManbHaA 30Ha
KNeTKn -
TPAHAUACTU- 1)) 5341 19 | 21,1341,88* | 28,9542,03* | 19,6421,73*
noAepMmoi
CYbanMAeP- | 2310,02 | 0,89+0,07* | 0,88+0,06* | 0,65£0,05*
Ma/ibHaA 30Ha
MATK
PaHALA LTV 4 3540,02 | 0,79+0,07* | 0,84+0,06* | 0,77+0,06*
noAepMoi
e | CYO3MBED™ | 5 151693 | 6,5540,55% | 7,8840,65* | 6,4420,55%
Ma/ibHasA 30Ha
douu- -
T | (PAMMUBCTU 0 014126 | 22,78+1,58% | 29,8242,05* | 22,3141,67%
nogepmou
CYOaMMACP- | ) o110 41 | 5124049 | 6,0240,55 | 3,89£0,23
MaKpO— MaJibHaA 30Ha
aru -
¢ fpannuacru- |, 11088 | 8,9240,78 |17,6141,33* | 11,6241,00
nozepmoii

MNpumeyaHue: * — P<0,05

UYepes | cyTKM MHAEKC NETPAHYISLUHN TyYHBIX KJIETOK
nproOpeTan MakCUMaJibHbIe 3HAYEHUSI BO BCEX OIMBITHBIX
IpymnInax, Takke JTOCTOBEPHO 0 OTHOIIEHHUIO K KOHTPOJIIO

Note: * — P<0,05

The number of lymphocytes after treatment with red and
near infrared laser was significantly higher than control
values in all layers of scar tissue, and in animals of the
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YBEJIMYHMBAJIACh UX YUCIEHHOCTh. KomudecTBo mumMdoru-
TOB HapacTajiao BO BCEX CIOSIX pyOlia y JKMBOTHBIX, MOy~
YUBIIKX JIa3epHOE Bo3xeicTBue. KommdectBo makpoda-
TOB JIOCTOBEPHO YBEJIHYMIIOCH JIUINb JUIS JITHHBI BOJHBI
1,06 mxM B TiryO0KHX cnosx pyora (Tadmuma 2).

Uepes 3 cyTOK WMHJACKC ACTPAHYISAIMHA TYYHBIX KJIETOK
y HUBOTHBIX BCEX OIBITHBIX TPYII CHUXKAJCS [0 OTHO-
LICHUIO K TMEPBBIM CyTKaMm, HO Bce emle ObUI TOCTOBEp-
HO 00JIbIlIe KOHTPOJIbHBIX 3HaYeHUU. OOIIIee KOITMUSCTBO
TYYHBIX KJIETOK y dKHBOTHBIX BCEX OIBITHBIX I'PYIII IO OT-
HOIIICHUIO K KOHTPOJIBHBIM 3HAYCHUSIM OCTABAIOCH JIOCTO-
BepHO yBennueHHbIM (Tabnuna 3).

Tabnuua 3

Konnuectso Knetok (M+m) 8 0,1 mm? HopmoTpoduyecko-
ro KOXHoro pybua yepes 3 cyTok nocse obpaboTku na-
3EPHbIM U3/TyYeHNEM

1 rpyn- 3 rpyn-
2 rpynna
KoHTponb | na (0,66 (1,06 mkw) na (10,6
MKM) MKM)
CYOIMMACP- | 5 26,0 46 | 9,8340,74* | 10,45:095% | 9,2140,80*
TyuHble | MasbHas 30Ha
KNEeTKn -
PaHALA € MM |1, 334112 | 18,4421,62* | 21,54£1,68 | 16,3341,43*
nosfepmoi
CYOIMMARD- | ) 330,00 [ 0,59:0,04* | 0,62:0,05 | 0,440,03*
Ma/ibHaA 30Ha
Tk =
PANYIa € ™M™ 1 6 35+0,02 | 0,6520,05* | 0,7440,06* | 0,6640,5*
nosepMoi
fam- | SYOMBER- |5 13,093 | 7,0540,59% | 10,18:0,95* | 8,6740,50¢
Ma/ibHaA 30Ha
douu- m
Thl PARNLA € T | 15 8141,26 | 23,43¢1,60* | 25,2242,25% | 18,87¢1,71
nosiepmoi
CYOIMMARD- | 510,41 |10,2740,%87 | 12,6641,11 |9,05:0,83*
Makpo- | MasibHas 30Ha
aru -
¢ FpaHMLl.aCFVVI 10,0440,88 | 12,55+1,08 | 17,61+1,33* | 11,62+1,09
nogepmoun

MNpumevaHue: * — P<0,05

KosnuectBo JIMM(OIMTOB MOCIe 0OpabOTKH H3ITyde-
HHAEM KpacHOTO W OMMKHET0 WH(]paKpacHOTO Iuaraso-
Ha OBUIO JOCTOBEPHO OOJbINIE KOHTPOJIBHBIX 3HAYCHUM
BO BCEX CJIOSIX PyOIIOBOM TKaHH, a Y HBOTHBIX TPEThCH
IPYTITBI OHO OBLIO MOBBIIICHHBIM JIUII B TOBEPXHOCTHBIX
ciosix pyOra. YncieHHas MI0THOCTh Makpo(haroB B Imep-
BOM M TPEThEW OIBITHBIX I'pylnax Hapacraja B IOBEpX-
HOCTHBIX CIIOSIX PyOI1a, a y Y)KHBOTHBIX BTOPOH T'PYIIITHI ATH
3HA4YEeHUs1 OBUIH JOCTOBEPHO OOJbIIE KOHTPOJBHBIX BO
BCEX CIIOSIX PyOLIOBOH TKaHH.

K koHIly 7-X CYTOK MHJIEKC JIeTPaHYISIIIUUA TYYHBIX KJIe-
TOK U MX 00Iee KOJIMYECTBO BO BCEX ONBITHBIX TPYIIax
HE OTJIMYAJINCh OT KOHTPONBHBIX 3HaueHui (Tabmuma 4).

KonmdecTBo TMMQOITUTOB Y )KUBOTHBIX OTIBITHBIX TPYIITT
OBLTO Ha YpOBHE KOHTpOIsl. KomndyecTBo Makpodaros mo-
ciie 00pabOTKU HM3IIy4YeHHEM KpPacHOTO M ONMKHETro WH-
(pakpacHOro jaMana3oHa B MOBEPXHOCTHBIX CIIOAX PyO-
1[a YMEHBIIAJIOCh JI0 KOHTPOJBbHBIX 3HAYCHUl, HO OCTa-
BaJIOChH MOBBIIIEHHBIM B TIOBEPXHOCTHBIX O0NACTAX Y KH-
BOTHBIX TPEThEH TPYIIIBI, TOCIE BO3ACUCTBHUS YITIEKUCIIO-
ro Jjlazepa.

third group it was increased only in the surface layers of
the scar. The numerical density of macrophages increased
in the surface layers of the scar in the first and third
experimental groups; and these values were significantly
higher than control in all layers of scar tissue in animals of
the second group.

By the end of 7 day the index of mast cell degranulation
and their total number did not differ from the control
values in all experimental groups (table 4).

Table 4
Number of cells (M+m) in 0.1 mm2 of normotrophic skin
scar 7 days after laser treatment

1 group 2 group 3 group
Control 15 66 um) | (1.06 um) | (10.6 um)
Vot | Subepidermal | 5.76:046 [ 7,11:056 | 555030 | 6,39:043
Cells | HyPodermis |y 000 15| 10506001 | 10482089 | 13334125
border
Subepidermal | 0.33£0.02 | 0.35£0.02 | 0.32+0.02 | 0.29+0.01
ID MC i
Hypodermis | 210,02 | 0.40£0.02 | 038:0.02 | 033:0.1
border
lym- | Subepidermal | 3.13£0.23 | 4.85:0.31 | 4.1840.38 | 6.7240.53
o :
pho- | Hypodermis | ¢ 01196 | 17774147 | 1635¢1.29 | 13374104
cytes border
" Subepidermal | 4.54+0.41 | 3.84+0.27 | 5.03+0.41 | 10.430.91*
acro- -
phages Hyggf;erf"s 10.040.88 | 11.1240.94 | 9.75:0.75 |14.03+1.12

Note: * — P<0,05

The number of lymphocytes was at the control level. The
number of macrophages after treatment with red and near
infrared laser in the surface layers of the scar decreased to
control values, but remained elevated in the surface areas
in third group animals after exposure to carbon dioxide
laser.

Thus, the number of regulatory cells in the skin scar
was associated with both the time after scar exposure and
the depth of penetration of laser radiation. The stages of
inflammatory process development were evident in all
groups but had their own characteristics.

The phases of alteration and exudation were
characterized by the participation of mast cells and were
more pronounced when exposed to red and near infrared
laser. 1 hour after CO, laser exposure mast cells were
activated only in the surface layers of the skin, which was
associated with the lowest penetrating depth of this laser.

Biologically active substances of mast cells help to
attract lymphocytes and macrophages to the lesion. Tissue
decay products activate T-lymphocytes, which through
lymphokines or directly connect macrophages to the
inflammation process. Moreover, macrophages act as true
regulators of fibrogenesis process, since they not only
stimulate fibroblasts, but also can inhibit their function [4,
5]- Though the increase in the number of lymphocytes in
the scar tissue occurred 1 day after any laser exposition,
the number of macrophages increased only when exposed
to 1.06 pum laser, and in the deep layers of the scar. This
laser caused the most pronounced changes in the cellular
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Tabnuua 4

Konnuectso Knetok (M+m) B 0,1 mm? HopmoTpoduyecko-
ro KOXKHOro pybua 4yepes 7 CyTOK nocne obpaboTku na-
3epHbIM U3/lyYeHNEM

1rpyn- 3 rpyn-
2 rpynna

KoHTponb | na (0,66 (1,06 mkm) na (10,6

MKM ) MKM)

Cybanuaep- | ¢ 2 046 | 7115056 | 555:030 | 6,3940,43
quHb|e MaibHaA 30Ha
KNeTKn -

TPAHAUACTU- | 1) 334119 | 11,5061,01 | 104820,89 | 13,3341,25
noAepMOoi

CYbanMaeP- | 2310,02 | 0,35:0,02 | 0,3240,02 | 0,29¢0,01
Ma/ibHadA 30Ha

MATK

PaHALA LT 4 3540,02 | 0,40£0,02 | 0,3840,02 | 0,33+0,1
noAepMmOoi

e | CYO3MBED” |5 101093 | 4,8540,31 | 4,180,38 | 6,7240,53
Ma/ibHasA 30Ha

douu- -

T | (PAMMUBCTU T 0 014106 | 17,77:1,47 | 1635129 | 13,37+1,04
nogepmou

CYOaMMACP- | o110 41 | 3,8420.27 | 5,0340,41 | 10,43:0,91*
Makpo- | ManbHas 30Ha
a -

darv | Tparmuacri- |\ o008l 11 1260,94 | 9754075 | 14,0341 12
nozepmoit

MNpumeyaHue: * — P<0,05

Takum 00pa3oM, KOIMYECTBO PETYISTOPHBIX KIETOK B
KO)XKHOM pyO1ie ObIITO CBSI3aHO KaK C BpeMEHEM, IpoLIe/-
UM TI0CJIE€ BO3JCHCTBHS Ha PyOel, Tak U C TIIyOUHOM
MIPOHUKHOBEHHMS JIA3€pHOTO M3JIy4eHHUs. DTaIlbl Pa3BUTHA
BOCIAJINTEIHHOTO TPOIIecca YeTKO MPOCIICKHBAINCEH MTPH
BO3/ICHCTBHH BCEX JIa3epOB, HO IMEITH CBOM OCOOCHHOCTH.

daza anprepalui U IKCCYJAIMH XapaKTepH30Bajach
y4acTHEM TYYHBIX KJIETOK M ObUIa sSipye BBIPAKECHA IMPH
BO3/ICHCTBUU KpacHOTo M MH(paKkpacHOTO nazepa OIvxK-
Hero nuanasona. Ilpu Bospeiicteun CO, nazepa TydHbIe
KJIETKH Ha CpOKe | 4ac akTHBHPOBAIUCH TOIBKO B TOBEPX-
HOCTHBIX CJI0SIX KOKH, 4TO OBLIIO CBSA3aHO C CAMOM HHU3KOM
MIPOHUKAIOIICH CITOCOOHOCTHIO ATOTO Jla3epa.

Buonornyeckn akTUBHBIC BEIIECTBA TYYHBIX KIIETOK
CIIOCOOCTBYIOT TPHBJICUEHUIO JINMM(OIIMTOB ¥ Makpoda-
roB B ouar nospexzacHus. IIponykrel pacnana TkaHen ak-
TUBUPYIOT T-muMdOIHTHI, KOTOpBIE Yepe3 JTUM(OKUHBI
WJIH HAITPSMYO TIO/IKITIOYAI0T MakpoQaru K mporeccy Boc-
najenus [4]. Eciu moBbIIeHHe KOJIMYeCTBa TUMQOIIUTOB
B pyOLIOBOH TKaHH OTMEYAJIOCh Ha CPOKe | CyTKH IpH BO3-
JICCTBUH BCEX JIA3€POB, TO KOJIMYECTBO Makpodaros yBe-
JITIUBAIOCH TOJBKO MIPHU Bo3AeicTBUH Ja3epa 1,060 Mk,
TIPUIEM B TITyOOKHX CIIOSIX PyOIta. DTOT Jia3zep XapaKTepu-
30Bajics HauOOIbIIeH TITyOWHOW POHUKHOBEHUS U3 U3Y-
YEHHBIX HAMH, U BBI3bIBAT HanOOJIee BBIPAKEHHBIE U3Me-
HEHMS B KJIIETOUHOM COCTaBe COCIMHHTENbHOW TKaHH. K
TPETHUM CYTKaM ITPOUCXOMII IIEPEX0]T BOCIIAJICHU B ITPO-
nmudepatuBHyo (pasy U MakpodaraabHas peakius oTMe-
YaJrach )K€ BO BCEX OIBITHBIX Tpymnmnax. Makpodaru BbI-
CTYNarT HMCTUHHBIMHU PErylsTOpamu Iporecca ¢Guodpo-
reHesa, Tak Kak He TOJBbKO CTUMYJIHPYIOT GpuOpoOiacTsl,
HO MOTYT TOPMO3HTh UX (YHKIIHIO KOJUTareHooOpa3oBa-
Hus [4, 5]. PerynsaTopHble KIETKH B pyOIIOBOM TKaHH, TOJ-
Bepra,Ilieiicss BO3EUCTBUS J1a3€PHOI0 U3JIyUYEHHUs, ITOCIIe-

composition due to the most depth of penetration. By 3
day the inflammation shifted to the proliferative phase and
macrophage reaction was observed in all experimental
groups, and only in the CO, laser group on the 7 day.
Regulatory cells in scar tissue exposed to laser radiation
consistently increase their representation: mast cells first,
then lymphocytes and macrophages. By the seventh day of
their involvement in the process of tissue remodeling their
number reduced to the control level.

Thus, laser exposure to different wavelengths in
comparable doses of laser energy has different effects
on the quantitative and functional characteristics of cell
populations of scar tissue, which can further affect the
functional activity of fibroblasts and reorganization of skin
scar collagen matrix.
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JIOBaTEJIHO YBEJINYHMBAIOT CBOE MPECTABUTEILCTBO: BHA-
Yajie Ty4HbIe KJIETKH, 3aTeM JUM(OLUUTH U Makpodar,
K CEIbMbIM CyTKaM MX BOBJIEYEHHOCTH B MPOIECC TKaHe-
BOTO PEMOEIUPOBAHNS CHIKAECTCS IO YPOBHS KOHTPOJIA.
I'pynma CO, naszepa oTiMyanach OTHOCHTEBHbBIM 3arias-
JBIBAHMEM PEAKLUH TyYHBIX KJIETOK M 00Jee JTUTEIbHOM
MakpodaraibHON peakuei.

Takum 00pa3oM, j1a3epHOE BO3JICHCTBUE PA3IMYHOTO
CIIEKTpa B COIMOCTABUMBIX J/103aX JIa3€pHOW dHEPTUH TO-
pa3sHOMY BIMsIET Ha KOJIMYECTBEHHbIE M (DYHKIMOHAJIb-
HBIC XapaKTEPUCTUKU KJICTOUHBIX HOMYJISALUH pyOLOBOM
TKaHH, 4TO B JAJIbHEHIIIEM MOYKET OKa3bIBaTh BIUSHUE HA
(YHKIMOHAIBHYIO aKTUBHOCTH (pOpOOIacTOB U Mpoliec-
CBI MIEPECTPOMKH KOJIJIAareHOBOTO MaTPHUKCa KOKHOTO pyo-
na.
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