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Introduction. The problem of resistance to antimicrobial drugs continues to deteriorate, this is one of the
greatest threats to health protection and for its solution active actions in different fields are required. Antibacte-
rial drugs currently occupy one of the most important parts of the arsenal of drugs of medical institutions.
Despite the natural sensitivity of Staphylococcus aureus to most antibiotics (beta-lactams, aminoglycosides,
fluoroquinolones, macrolides, lincosamides, glycopeptides, rifampicin, etc.), its resistance to them grows
intensively and substantially extend. Consequently, results of infections treatment caused by Staphylococcus
aureus complicated and worsen. Among the solutions of the problem, special attention deserves the use of
non-drug methods, in particular radiation of the optical range, to increase sensitivity of microorganisms to
existing drugs. Due to proven positive influence on the human’s body and almost complete absence of side eff
and contra- indications, LED light application is a promising method.

Purpose of the work is to investigate direct effect and determine the optimum parameters of action of LED
radiation of blue-red and red-infrared ranges on sensitivity to antibiotics of clinical isolates Staphylococcus
aureus and test strain Staphylococcus aureus ATCC 25923.

Materials and methods. We studied the influence of LED radiation of red + infrared (MEDOLIGHT Red
device) and blue + infrared (MEDOLIGHT BluDoc device) ranges on clinical isolates Staphylococcus aureus and
collection test strain Staphylococcus aureus ATCC 25923 sensitivity to antibiotics. The radiation power density of
the Medolight Red apparatus was 5.35 mW/cm?, and the Medolight BluDoc apparatus was 10.15-8.2 mW/cm?.
The exposure time ranged from 5 to 25 minutes in increments of 5 minutes, and the frequency of radiation
modulation was 0 Hz; 10 Hz; 600 Hz; 3000 Hz; 8000 Hz. The dependence of radiation on the studied objects
depending on exposure, wavelength and frequency were defined.

The result of photomodification on the state of microorganisms was increase of their sensitivity to some
of the tested antibiotics. Based on the data obtained, we developed an algorithm and clinical recommendations
for the use of LED radiation in the complex therapy of purulent-inflammatory diseases. LED emission of blue-IR
range led to the most pronounced increase of sensitivity to ampicillin and oxacillin, while at red and infrared
radiation — to levofloxacin, tetracycline and meroponem.

Key words: red, blue and infrared LED radiation, light modulation frequency, Medolight, Staphylococcus
aureus devices, sensitivity to antibiotics.
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BIIJ/INB CBIT/IOAIOAHOT'O BUITPOMIHIOBAHHA HA YYT/INBICTD
STAPHYLOCOCCUS AUREUS 10 AHTUBIOTUKIB

B.B. ITanTpo!, I''M. KoBaJss!, B.I. [Iaatso!, E.M. /lanko!, C.O. I'yaap?
IIBH3 «YaceopodcbKuil HayloHabHUll yHigepcumem», m. Yaceopod, Ykpaina;
2ITnemumym ¢hizionoeaii imeni O.0. Bocomonvuys HAH Ykpainu, m. Kuie, Yxpaina

Beryn. [Ipo6iema cTifiKoCTi 10 TPOTUMIKPOOHUX IMpenapariB MpoJ0BKY€E 3aTOCTPIOBATHUCH, 1€ OHA
3 HaWCepHO3HININX 3arpo3 IJIA 3I0POB’A, i A1 1 BupinieHHs HOTPiOHI akTUBHI Ail B pi3HUX 06sacTsax. AH-
TubaKTepiaJbHI IpenapaTH B JAHUH Yac € OAHIEI0 3 HAWBAXK/IUBIIINX JIAHOK B apceHaJIi JIiKapchbKuX 3aco0iB
MeINYHUX ycTaHoB. He3Baskatoun Ha MPUPOIHY Uy T/IUBICTh Staphylococcus aureus /1o 6ibIocTi aHTHOI0THUKIB
(6era-makTamMu, aMiHOTUIIKO3UU, (PTOPXIHOJIOHU, MAKPOJIiIU, JTIHKO3aMiJIH, TJIIKOTIENTH/IH, prudaMIiuH
Ta iH.), HOTO CTIHKICTh /0 HUX IHTEHCHUBHO 3POCTAE i CYTTEBO PO3IIUPIOEThCA. OTKe, pe3yIbTaTH JIiKYBAaHHSI
indekIii, BUkInkanux Staphylococcus aureus, yCkIaaHIOOThCA 1 MOTipIy0Thest. Cepe IUISAXiB BUPIIIeHH
pobsieMu 0cobJIMBY yBary 3acyroBye€ BUKOPHUCTAHHS HEMEINKAMEHTO3HUX METO/IiB, 30KpeMa OIIPOMIiHEHHS
ONTUYHOTIO Jlialla30Hy CIEKTPY, AJIA HiABUIIEHHA YyTJIUBOCTI MiKPOOPTaHi3MiB /10 iCHYIOUHX JIiKiB. 3aB/IsSKU
JIOBEJIEHOMY ITO3UTHBHOMY BILUIMBY Ha OPTaHi3M JIFOJIMHU i TPAKTUYHO MOBHIH BiICyTHOCTI MOGIiYHMX e(EeKTIiB
i mpoTHIIOKa3aHb 3aCTOCYBAHHS CBIT/IO/IIOHOTO CBIiT/Ia € 6araTo00iIAI0YHNM METOOM.

MeTo¥0 PO6OTH € JTOCTi/I?KEHHS TPAMOTo e(peKTy i BUBHAUEHHS ONTHMAaJIbHUX IapaMeTpPiB BIUIUBY CBIT-
JIOZIO0/THOTO BUIIPOMIHIOBAaHHS CHHBO-UYEPBOHOTO i Y€PBOHO-1H(GPAUYEPBOHOTO ialla30HiB HA YYTJIUBICTH J0
aHTHOIOTHKIB KIiHIYHUX i3051TiB Staphylococcus aureus i Tect-mrtamy Staphylococcus aureus ATCC 25923.

Marepiaau i MmeTogu. Mu BUBUWIN BIUIUB CBIT/IOZI0/JHOTO BUNPOMIHIOBAaHHS YePBOHOTO + iH(pa-
yepBoHoro (mpuctpiti MEDOLIGHT Red) i cunboro +ingpauepBonoro (mpucrpiit MEDOLIGHT BluDoc) Ha
wriHiuHi i3oss1TH Staphylococcus aureus i kosekiifinui TecroBuit mram Staphylococcus aureus ATCC 25923
Ha YyTIuBicTh 0 aHTHOioTHKIB. [[[ibHICTE TOTY:KHOCTI BUnpomiHioBaHHs anapaty Medolight Red cranosuia
5,35 mBt/cM?, a amapaty Medolight BluDoc — 10,15—8,2 MBt/cM?. Yac BIUTUBY CTAaHOBHIJIO Bifl 5 10 25 XBUJIMH
3 KPOKOM 5 XBIJIMH, & 4acTOTa MOAYJIALII BunpoMiHioBaHHs craHoBwmiia 0 I'm; 10 I'; 600 I'i; 3000 I 8000 .
BuszHaueHo 3a/Ie3KHICTh BUTTPOMiHIOBAHHS BiJT TOCITI/IPKyBaHUX 00 €KTIB B 3aJI€3KHOCTI Bi/T €KCIIO3UIIi1, TOBKUHU
XBUWJIi 1 4aCTOTH.

PesyabTaTom doromonudikallii craHy MiKpoOpraHi3MiB CTaIO HiABUIIEHHS iX YyTIMBOCTI /10 AESKUX 3
MPOTECTOBAHUX aHTUOIOTHKIB. Ha IiicTaBi OTpUMaHUX JaHUX PO3POOJIEHO aJITOPUTM i KJIIHIUHI peKoMeHAaITii
II[0/T0 3aCTOCYBAHHSI CBITJIO/IOTHOTO BUIIPOMIHIOBaHHS B KOMIUIEKCHIH Tepariii THiHO-3amaIbHUX 3aXBOPIOBAHb.
CeiTyioio/THE BUITPOMiHIOBAHHS iH(GPauEePBOHOTO Jialla30HY AaJI0 MOIITOBX /I0 HAaHO1/IbIII BUPAKEHOTO 30iTb-
IIEHHS YyTIUBOCTI JI0 aMITIIIJIIHY Ta OKCALFUTiHY, & IPU YePBOHOMY 1 iHppauepBOHOMY BUIIPOMIHIOBaHHI — /10
JIeBO(JIOKCAIUHY, TETPAIUKIIIHY 1 MEPOTIOHEMY.

KirrouoBi citoBa: uepBoHe, CHHE i iHGpauepBOHE CBIT/IOZI0/[HE BUIIPOMIHIOBAHHS, YaCTOTA MOZYJIALIL
cBitiia, Medolight mpuctpoi, Staphylococcus aureus, 9yTIuBICTh 0 aHTHOIOTUKIB.

BJIMAHUWE CBETOANOJAHOTI'O N3JIYYEHNA HA YYBCTBUTE/IBHOCTD
STAPHYLOCOCCUS AUREUS K AHTUBNOTHUKAM

B.B. ITanTho!, I''H. KoBaas!, B.U. ITanTtho!, .M. /Ilaako!, C.A. I'yaap?
II'BY3 «¥Yxceopodckuill HQUUOHAALHBLL YyHUBEpCcUmMem», 2. Yaczopod, YkpauHa;
2Mucmumym gusuonoauu umeru 0.0. boeomoavya HAH Yxpaumot, 2. Kues, Ykpauna

BBenenwue. [IpobiiemMa yCTOWUHBOCTH K IIPOTHBOMUKPOOHBIM IIPENIapaTaM IPOJI0JIKAET 000CTPATHCS, 3TO
O/THA U3 CAMbBIX CEPbE3HBIX YTPO3 JIJIS 3/I0POBbSI, U JIJIS €€ pellleHus TPeOYIOTCSA aKTUBHBIE JIEHCTBUSA B PA3HbIX
obsacTax. AHTHOAKTepUAIbHbIE IIPEapaThl B HACTOsIIIIee BpeMsI 3aHUMAIOT O/THO M3 BaYKHEHIITX 3BEHBEB B ap-
ceHaJIe JIEKAPCTBEHHBIX CPEJICTB METUITMHCKHX yUpekaeHn. HecMOTpsi Ha eCTECTBEHHYIO UyBCTBUTEIBHOCTD
Staphylococcus aureus k GOJIBIIUHCTBY aHTUOMOTUKOB (0eTa-IakTaMbl, AMUHOTJIUKO3U/IbI, (GTOPXUHOJIOHBI,
MAaKpOJIU/Ibl, TUHKO3AMHU/IbI, TJTUKOIEIITU/IbI, pU(PaMITHIIUH U JIP.), €0 YCTOUYUBOCTH K HUM HHTEHCHUBHO
BO3pacTaeT U CYIIeCTBEeHHO paciiupsiercsa. Ciie0BaTeIbHO, Pe3yabTaThl JeUueHuss HHPEKIUN, BHI3BAHHBIX
Staphylococcus aureus, ycI0KHAIOTCA U yXyAaoTcesa. Cpenu perieHu mpobsieMbl 0co60e BHUMaHUE 3aCITy KU~
BaeT HCIT0JIb30BaHUE HEMEIUKAMEHTO3HBIX METO/IOB, B YACTHOCTH O0JIydeHHS ONITHYECKOTO JJUAMTa30Ha CIIEKTPA,
JUUTS TIOBBINIIEHU S YYBCTBUTEIBHOCTH MUKPOOPTaHU3MOB K CYIIECTBYIOIINM JieKapcTBaM. biiarogaps nokasas-
HOMY ITOJIO}KUTEJTPHOMY BJIMSTHHUIO HA OPTaHU3M UeJIOBEKA U MPAKTHYECKU ITOJTHOMY OTCYTCTBUIO TTOOOYHBIX
3¢ PeKTOB 1 MPOTUBOIIOKABAHUE TPHUMEHEHHE CBETOAUOTHOTO CBETA SBJISIETCS MHOTO00EIIAIOIIUM METOTOM.

ITeanbro paboTHI SABJISAETCA UCCIENO0BAHUE MIPAMOTOo 3¢ (eKTa U onpesie/IeHHe ONITUMAJIBHBIX ITapaMeETPOB
BO3/IENCTBUSA CBETO/IMO/THOTO U3JTyUeHUS CHHE-KPACHOTO U KPaCHO-UH(PaKPACHOTO INAana30HOB Ha YyBCTBU-
TeJIbHOCTh K aHTHOMOTHUKAM KJIMHUYECKUX U30Js1ToB Staphylococcus aureus u tect-mrramma Staphylococcus
aureus ATCC 25923.
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MarepuaJjibl 1 MEeTOAbI. Mbl U3YUYW/IN BJIUAHIE CBETOAHUO/IHOTO U3JIyYeHHUA KPACHOTO + HH(PPAKPACHOTO
(yerpoiicrBo MEDOLIGHT Red) u cunero + uadpaxpactaoro (yerpoiicreso MEDOLIGHT BluDoc) Ha kinHuYe-
ckue u30JAThL Staphylococcus aureus v KOJUTEKIIMOHHBIHN TecTOBbIH mitamm Staphylococcus aureus ATCC 25923
Ha YyBCTBUTEJIBHOCTh K aHTHOMOTHKAM. I1JIOTHOCTh MOIIHOCTH u3tyuenus ammapara Medolight Red cocras-
ssina 5,35 mBt/cm?, a anmapara Medolight BluDoc — 10,15-8,2 MBt/cM?. Bpemst BO3/ieHCTBYSI COCTABIISLIIO OT
5 /10 25 MUHYT C IIIaroM 5 MUHYT, a YacToTa MOy isinuu usaydenus cocrasisiia 0 Ty 10 '; 600 Ty 3000 i
8000 TI'tr. OmpesiesieHa 3aBUCUMOCTD U3JIydeHUs OT UCCIEAYEMBIX OOBEKTOB B 3aBUCUMOCTH OT SKCITO3UIIHH,
JUTUHBI BOJTHBI ¥ YaCTOTHI.

PesyiabraToM GoTOMOANGDUKAIUN COCTOSHUS MUKPOOPTAHU3MOB CTAJIO MTOBBIIIEHUE UX UyBCTBUTEb-
HOCTH K HEKOTOPBIM U3 IPOTECTUPOBAHHBIX AaHTUOMOTHKOB. Ha OCHOBaHUH MOJIyYEHHBIX /JAHHBIX Pa3paboTaH
AJITOPUTM U KJIMHUYECKIE PEKOMEH/IAINY 10 IPUMEHEHHUIO CBETOIMO/THOTO U3JIyYeHUs B KOMILUIEKCHOH Tepa-
I Y THOMHO-BOCHAJIUTETHHBIX 3a001eBaHni. CBeToiuoHOe n3ydyeHue MK-auanasona npuseso kK Hanbosee
BBIPYKEHHOMY YBEJIMUEHUIO YYBCTBUTEIFHOCTH K aMITUIIMJIINHY U OKCAIWJIMHY, a TIPU KPacHOM U HH(pa-

KPACHOM H3JIyYEHUH - K JIEBODIIOKCAIINHY, TETPAIIUKIUHY U MEPOIIOHEMY.
KirroueBble cJIOBa: KPacHOe, CuHee U UH(PPAKPACHOE CBETOUO/IHOE U3JIyUeHHE, YACTOTa MOYJISIUN
csera, Medolight yerpoiictsa, Staphylococcus aureus, 4yBCTBUTEIPHOCTh K AHTHOUOTHKAM.

Introduction

The problem of resistance to antimicrobial drugs
continues to deteriorate, this is one of the greatest
threats to health protection and for its solution active
actions in different fields are required [1,2]. Antibacte-
rial drugs currently occupy one of the most important
parts of the arsenal of drugs of medical institutions.
From 25 % to 35 % of all hospitalized patients receive
antibiotics according to various indications. At the
same time, according to the WHO 50 % of antibiotics
are appointed without reason [1,3].

S. aureus is one of the main pathogens of skin
and soft tissue diseases — boils, abscesses, cellulitis,
phlebitis, mastitis, causing pneumonia, osteomyelitis,
meningitis, endocarditis and others. Clinical strains of
S. aureus are the most common microorganisms which
are found in surgical patients [4,5,6].

Despite the natural sensitivity of Staphylococcus
aureus to most antibiotics (beta-lactams, aminogly-
cosides, fluoroquinolones, macrolides, lincosamides,
glycopeptides, rifampicin, etc.), its resistance to them
grows intensively and substantially extend. Conse-
quently, results of infections treatment caused by
Staphylococcus aureus complicated and worsen [5,7].
A significant concern evokes the emergence and spread
of methicillin-resistant strains of Staphylococcus au-
reus (MRSA) that cause outbreaks of nosocomial and
community-acquired infections [8].

Among the solutions of the problem, special
attention deserves the use of non-drug methods, in
particular radiation of the optical range, to increase
sensitivity of microorganisms to existing drugs [9-14].
Due to proven positive influence on the human’s body
and almost complete absence of side effects and contra-
indications [10], LED light application is a promising
method. It was also established that the microflora of
the mouth can be affected by the light from halogen and
LED sources, polarized and unpolarized. This reduces
the number of bacterial colonies and their sizes, indi-
cating to suppression or destruction of microbes [11].
But these data do not explain all the mechanisms of

antimicrobial effects of light, which depend on its
spectral characteristics, power density, frequency of
impulses and polarization. Also important is to clarify
possibilities of changes of some of the properties of
microorganisms, in particular their sensitivity to dam-
aging factors, such as antibiotics.

Purpose of the work is to investigate direct effect
and determine the optimum parameters of action of
LED radiation of blue-red and red-infrared ranges on
sensitivity to antibiotics of clinical isolates Staphylo-
coccus aureus and test strain Staphylococcus aureus
ATCC 25923.

Materials and methods

We studied the effect of LED radiation of red and
infra-red and blue and infrared ranges on sensitivity to
antibiotics of clinical isolates of Staphylococcus aureus
(n=>5) that were isolated from foci of inflammatory
processes from surgical department patients of Uzh-
gorod CRH and collection test strain Staphylococcus
aureus ATCC 25923.

Determining the impact of LED radiation on the
sensitivity of microorganisms to antibiotics we used
disco-diffusion method, according to current require-
ments of the Ministry of Health of Ukraine [15]. For
this purpose, we took a pure 16—24-hour agar culture
of microorganisms in a standardized liquid nutri-
ent medium with concentration of 1.5 x 108 colony
forming units (CFU) per 1 ml (it meets the turbidity
matching 0.5 Mcfarland standard) and reseeded on
nutrient dense Mueller-Hinton medium in Petri dish-
es. Then we carried out exposure of microorganisms
to LED radiation from a distance of 1 cm (Fig. 1),
and then we superimposed discs with antibiotics and
cultivated them in the incubator at 37 °C. Results were
determined by measuring zones of microbial growth
delay around the discs.

In order to exclude the impact of radiation on the
growth properties of the nutrient media we carried LED
radiation exposure of cultures that were in sterile Petri
dishes separately and then replanted them in the cul-
ture medium and superimposed discs with antibiotics.
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Fig. 1. Exposure of microorganisms to LED radiation (MEDOLIGHT Red and
MEDOLIGHT BluDoc devices) in Petri dishes with nutrient medium

We used sources of LED radiation, red and in-
frared (IR) (640 + 30 from 880 + 30 nm) and blue and
infrared (470 + 30 from 940 + 30 nm) ranges, respec-
tively, MEDOLIGHT Red and MEDOLIGHT BluDoc,
production of Bioptron AG by Zepter Group. Light
power density of MEDOLIGHT Red device did not
exceed 5.35 mW/cm?, and of MEDOLIGHT BluDoc it
was 10.15-8.2 mW/cm? from a distance of 0—1 cm. By
separate series we examined the effect of exposures to
LED radiation with different wavelengths (5, 10, 15,
20 and 25 minutes) and frequencies (0, 10, 600, 3000
and 8000 Hz).

The results were compared with control series of
not irradiated cultures. Also, in order to control the
quality of microbiology investigations, in each series
with clinical strains we used a collection test strain
Staphylococcus aureus ATCC 25923 with known range
values of microbial growth delays in areas of antibiotics
influence.

We tested sensitivity of the research object to
antibiotics of beta-lactam group, macrolides, fluoro-
quinolones, aminoglycosides, and vancomycin, which
are included in the list of recommended antibiotics
to determine sensitivity of Staphylococcus spp. [15].

Results and discussion

We established that the LED radiation increased
the sensitivity of clinical isolates of S. aureus and col-
lection of test strain S. aureus ATCC 25923 to some
antibiotics (compared with non-irradiated cultures).
In this case, the effect of influence depended on the
wavelength, exposure duration and frequency of radi-
ation. The most pronounced sensitivity increase was
observed when irradiation exposure of microorganisms
lasted for 5 minutes.

Fig. 2 illustrates the effect of 5-minute exposure
to MEDOLIGHT BluDoc LED device at different fre-
quencies on sensitivity of S. aureus ATCC 25923 to
ampicillin and other antibiotics.

Thus, 5-minute exposure test
strain of Staphylococcus aureus ATCC
25923 to LED emission of blue +in-
frared range with frequency of 0 Hz
(continuous emission) increased its
sensitivity to ampicillin, in average, for
15.5%. Application of LED MEDOLI-
GHT BluDoc device radiation with
exposure of 5 minutes and frequencies
of 10, 600, 3000 and 8000 Hz lead to
increased sensitivity of Staphylococcus
aureus ATCC 25923 to ampicillin for
12-13,5%.

Fig. 3 shows increased sensitivity
of Staphylococcus aureus ATCC 25923
to oxacillin after application of blue
infrared range LED radiation.

Irradiation of Staphylococcus
aureus ATCC 25923 by LED emission

Fig. 2. Impact of LED irradiation of Medolight BluDoc
device on sensitivity of S. aureus ATCC 25923
to antibiotics (exhibition 5 min)
1—control; 2 —radiation with frequency of 0 Hz;
3 —radiation with frequency of 10 Hz;
C — cefotaxime; M— meroponem;
CP — cefepime; G— gentamicin

omeiin R

Oxacillin

Fig. 3. LED irradiation effect of Medolight BluDoc device
on antibiotics S. aureus ATCC 25923 (exhibition 5 min)
1— control; 2 —radiation with frequency of 0 Hz;

C — cefotaxime; L—levofloxacin;

R —rifampicin; V—vancomycin
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of blue + IR range with frequency
of 0 Hz for 5 minutes increased its
sensitivity to oxacillin by an average
of 23.5%. After similar exposure
with frequencies of 10, 600, 3000
and 8000 Hz we observed increase
of sensitivity of these strains to
oxacillin — by 17-22 %.

Fig. 4 illustrates graphically
the rate of sensitivity increase to
ampicillin and oxacillin of Staph-
ylococcus aureus ATCC 25923 un-
der the influence of LED radiation
of Medolight BluDoc device of dif-
ferent frequencies with 5 minutes
exposure.

Table 1 shows statistically pro-
cessed results of the impact of LED
blue infrared radiation on sensi-
tivity of S. aureus ATCC 25923 to
ampicillin and oxacillin.

Using the LED irradiation of
red + IR range led to a significant
increase in sensitivity of studied
strains S. aureus to levofloxacin
(group fluoroquinolones), mero-
ponem (group carbapenems) and
tetracycline (group of the same
name) (Fig. 5).

Thus, LED red + IR irradia-
tion with exposure of 5 minutes
at a frequency of 0 Hz resulted in
increased sensitivity of S. aureus
ATCC 25923 to levofloxacin by an
average of 17%, tetracyclin — by
27 % and meroponem — by 22.47 %.
After similar exposure with fre-
quencies of 10, 600, 3000 and
8000 Hz we observed an increase
of sensitivity of S. aureus ATCC
25923 to levofloxacin by an average
of 11-12,5%, to tetracycline — by
21-23% and to meroponem — by
14-16% ( Fig. 6).

In Table 2 we present statisti-
cally processed results of the effects
of LED red + IR radiation on sen-
sitivity of S. aureus ATCC 25923
to levofloxacin, tetracycline and
meroponem.

It should also be noted that
after application of LED radiation
with 5 minutes’ exposition, we ob-
served increased sensitivity of the
examined microflora also to such
antibiotics as cefotaxime, rifampi-
cin and meroponem for 6.5-12 %,
depending on the wavelength and
frequency of light.

40

35

H] - Control
m2-0Hz
30 A
m3i-10Hz
m- 600 Hz
25
m5-3000Hz
m6- 8000 He
20
nEpoBEQ
15
Oxcacillin Anmpcillin
Fig. 4. Effect of blue+ IR LED range emission on the value
of stunted growth of S. aureus ATCC 25923
On the vertical axis — diameter of zones of stunted growth, mm
N
N o
Tetracyclin
e ) T
Fig. 5. Impact of LED radiation of Medolight Red device on sensitivity
to antibiotics of S. aureus (5 min exposure)
1—control; 2—radiation with frequencies of 0 Hz; A—ampicillin;
O — oxacillin; G—gentamicin
8 7
6 17
+
34 B Control
2y m0Hz
30 7 m10Hz
8 1 B 500 Hz
6 7 m 3000 Hz
24 A W 3000 Hz
22 A
1ﬂ T T 1
Levaflaxacin Tetracycline Merapanem
Fig. 6. Impact of LED radiation of red and infrared ranges on the size

of areas of stunted growth of S. aureus ATCC 25923
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Diameters of the stunted growth zones of control and irradiated
by LED blue +IR culture of S. aureus ATCC 25923

Table 1

Irradiation by LED radiation with exposure of 5 minutes
Antibiotic | SOntro!
(n=10) | Frequency 0 Hz | Frequency 10 Hz | Frequency 600 Hz | Frequency 3000 Hz | Frequency 8000 Hz
(n=10) (n=10) (n=10) (n=10) (n=10)
Ambicillin | 32.841.7 37,9+ 1,4 36,7+1,5 37,1+1,5 36,9+1,3 37,2+1,4
P e (P<0,001) (P<0,001) (P<0,001) (P<0,001) (P<0,001)
Oxacillin 119.1+1.1 23,6+1,4 23,0+1,1 23,2+0,6 23,3+0,9 22,5+0,9
e (P<0,001) (P<0,001) (P<0,001) (P<0,001) (P<0,001)
Table 2
Diameters of the stunted growth zones of the control and irradiated samples
by LED red and infrared radiation ranges of the culture S. aureus ATCC 25923
Irradiation by LED radiation with exposure of 5 minutes
Antibiotic | <ol
(n=10) Frequency 0 Hz | Frequency 10 Hz | Frequency 600 Hz | Frequency 3000 Hz | Frequency 8000 Hz
(n=10) (n=10) (n=10) (n=10) (n=10)

Levofloxacin | 24.45+1 3 28,6,9+1,2 27,4+1,6 27,25+1,45 27,5+1,2 27,2+0,9
e (P<0,001) (P<0,01) (P<0,001) (P<0,001) (P<0,001)

Tetracveline | 26.3+2 1 33,6+1,95 32,4+2,1 32,2+2,4 32,0+£2,0 31,75+2,45
4 e (P<0,01) (P<0,01) (P<0,01) (P<0,01) (P<0,01)
Meroponem | 30.7+1.3 37,6+1,7 35,3+1,7 35,5+0,75 35,25+1,5 35+1,05
P e (P<0,001) (P<0,001) (P<0,001) (P<0,001) (P<0,001)

This regularity also concerned clinical isolates. Conclusions

5-minute exposure to LED radiation increased sensi-
tivity of all strains of S. aureus, cultured from locus of
inflammatory diseases to ampicillin, oxacillin, cefotax-
ime, meroponem and rifampicin, and in some cases
also to gentamicin and tetracycline.

Assessing the effects of irradiation of microorgan-
isms in sterile cups, we noted the same regularities
as after irradiation of bacteria in Petri caps with Hin-
ton-Mueller agar, which allows to eliminate the impact
of light on the properties of nutrient medium. Thus, the
obtained results are related with the direct impact of
photo modifying LED radiation on the examined flora.

Prolonged exposure of microorganisms to irradi-
ation did not lead to the increase of their sensitivity,
compared with 5-minute exposure. On the contrary,
when irradiation lasted more than 15 minutes, sen-
sitivity of all the investigated strains was within the
statistical error compared with the control.

Taking in consideration almost complete absence
of contraindications to the use of LED radiation, it
can be used in the treatment of superficial suppura-
tive inflammatory diseases caused by Staphylococcus
aureus. This will allow to increase the effectiveness of
antibiotics therapy for these infections.

LED radiation of red+IR (640+30 and 880 + 30 nm)
and blue + IR (470 + 30 and 880 + 30 nm) ranges makes
photo modifying impact on the investigated strains
of Staphylococcus aureus, which manifests itself in
increase of their sensitivity to most tested antibiotics.

The degree of influence depends on the wave-
length, duration and frequency of radiation impuls-
es — the most pronounced increase of sensitivity was
noted at the exposure of 5 minutes at frequency of 0
Hz (continuous radiation).

LED emission of blue-IR range led to the most
pronounced increase of sensitivity to ampicillin and
oxacillin, while at red and infrared radiation — to levo-
floxacin, tetracycline and meroponem.
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