W3 84 uccrnenoBaHHbIX 00pa3oB KpoBH OakTeprn oOHapyxKe-
HBl B 21 (25%) cinyqasx; B 19 (90,5%) U3 HUX reMOKyJIbTypa
Obl1a MOHOMUKPOOHOI, B 2 (9,5%) citydasix - HOJIMMUKPOOHOM.

Ha ocHoBaHMM MHKPOOHOIOIHYECKHX, KIMHUYECKUX U IIIH-
JIEMUOJIOTMYECKUX JaHHBIX 21 MalMeHTy MMOCTaBJeH JAWArHo3:
aCCOLMPOBAHHAS C PEaHHMMAIMOHHBIM OT/CJICHUEM HMH(EKIHs
KpoBoToka. Y 16 (76,2%) nmanyeHToB AMAarHOCTUPOBAHbBI IEp-
BUYHbIC HHPEKIUH KPOBOTOKA U C LICHTPAIbHBIM BEHO3HBIM Ka-
TETEPOM aCCOIMUPOBAHHBIC HH(PEKIINU KPOBOTOKA, Y 4 (23,8%)
HALHEHTOB - BTOPUYHBIE MHPEKIINH KPOBOTOKA; 3 M3 HUX BbI3Ba-
HbI THEBMOHHEH, CBSI3aHHOI ¢ BEHTWIISITOPOM, | - ¢ nHpeKunei
MOUEBBIX ITyTeH, CBSI3aHHOM C KaTeTepoM.

HawuGosnee yacTo B OT/HENCHUH peaHUMAINH TPH MHPEKIHSX
KPOBOTOKA BBIJICISUINCH KOAryJla30HEeraTHBHbIC CTAa(pHMIOKOKKH
(30,4%), A. baumannii (21.7%) u K. pneumoniae (17.4%).

IpenorBparenne nHGEKIMI KPOBOTOKA TOKHO OBITH IIPUOPH-
TETOM JUtst OONIBHHMLL, ¥ JUIS1 3TOTO B HUX JIOJDKHBI OBITH BHEIPEHBI
COBpPEMEHHbIE METOIbI KOHTPOJISI M POMHIIAKTUKH HHOEKIHIL.
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THE EFFECT OF COMBINED ACTION OF ANTIBACTERIAL DRUGS WITH LOW-INTENSIVE LASER
RADIATION ON CLINICAL STRAINS S. AUREUS AND S. SALIVARIUS IN THE ORAL CAVITY

"Panas M., 'Kyryk K., 'Dzhalilova E., 2’Kaminsky R., ?Kefeli-lanovska L., 2Sokurenko L.

!Danylo Halytsky Lviv National Medical University; ’Bogomolets National Medical University, Kyiv, Ukraine

The change in the species composition of the oral cavity flora
plays one of the major roles in the etiology of diseases that affect
the quality of life and cause systemic diseases in patients [10].
The recent data on the structure and composition of microbial
accumulation have revealed the stability of the human oral mi-
croflora. The improvement of knowledge on the factors affecting
the etiology and pathogenesis of oral cavity diseases contributed
to the clarification of traditional approaches to control the for-
mation of biofilms, which served to develop new preventive and
curative strategies [1,4,7].
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Much of the current attention has focused on photodynamic
therapy as an approach for influence on microorganisms. The
method relies on light-absorbing photosensitizers that can pen-
etrate into the bacteria. Once the photosensitizers are activated
by light, they can generate cytotoxic singlet oxygen and free
radicals. Photodynamic therapy has been increasingly used to
treat infectious diseases of the oral cavity. Antimicrobial photo-
sensitizers, such as toluidine blue and methylene blue, may be
activated by the laser radiation and affect both gram-positive and
gram-negative microorganisms [5,6,12].
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Aim - to evaluate the effect of combined action of antibac-
terial drugs under the influence of low-intensity laser radiation
on the clinical strains of S. aureus and S. salivarius in the oral
cavity.

Material and methods. The examination of the oral cavity
with a material sampling for microscopic smear was carried out
in 20 individuals with dental caries, 20 individuals with peri-
odontitis and 10 individuals without any signs of dental disease.
All individuals were aged 30-50. The material for microscopic
study was taken from the surface of the teeth and cavities with
caries of infected teeth and from periodontal pockets.

The material was collected with a sterile excavator. The bio-
logical substrate was inoculated within one hour after the col-
lection: Mitis-Salivarius Agar (Hi-media, India), 5% blood agar,
meat peptone agar (MPA) - to detect other oral streptococci,
Christovich yolk-salt agar - to detect staphylococci from leci-
thinase activity incubated at 37°C. for 24 hours.

The generic affiliation of aerobic bacteria was determined
based on morphological and tinctorial characteristics (smear and
Gram staining), cultural properties (determination of the shape
and size of colonies, the nature of edges and surfaces, structure,
consistency of colonies, the pigment presence) and the establish-
ment of appropriate biochemical features. The microorganisms
were identified according to the classification given in the ninth
edition of Bergey’s manual [9].

The intensity of the microorganism isolation was evaluated
by two parameters - the frequency of selection and percentage
content among other aerobic microorganisms which included
cariogenic streptococci, streptococci of other groups (e.g. en-
terococci), staphylococci, Escherichia, coryneform bacteria,
Candida species and others microorganisms.

The specific affiliation to S. salivarius was determined based
on the morphological and tinctorial characteristics, cultural
properties and establishment of appropriate biochemical fea-
tures - utilizing Streptotest (Lachema, Czech Republic).

14 strains of S. salivarius and 5 strains of S. aureus were iden-
tified in dental caries, 10 and 8 strains in the periodontitis S.
salivarius and S. aureus, respectively. As well, 5 strains of S.
salivarius were found according to investigated biochemical ac-
tivity tests. For the control, the reference strain of Staphylococ-
cus aureus ATCC 25923 (F-49) and pure cultures isolated from
healthy individuals were studied.

The intensity of microorganism isolation was evaluated by the
frequency of microbial strain isolation. The latter was expressed as
two values: the absolute number and corresponding percentage.

The pure cultures isolated from individuals with dental caries or
periodontitis were used as the experimental samples to study the ef-
fect of laser radiation combined with pharmacological drugs.

The source of radiation was a laser diode module BAKU BK
- 1502DD with the blue spectrum and a wavelength of 445 nm,
the output power was given by a direct current of a pump.

The bacterial suspension with a density of 1.0 according to
McFarland were placed in sterile tablets in a volume of 0.1 ml
and then exposed to the laser radiation. The culture was previ-
ously diluted to 10-4 microbial bodies/ml.

The method of double serial dilutions in the Miiller-Hinton

broth [1] was used for investigation of microbial sensitivity to
antibacterial drugs [2]. The bacterial suspension from the inves-
tigated and control groups in a volume of 1.0 ml were added to
the tablets by 0.1 ml in the resulting antibacterial drugs (AD) di-
lution to 1: 160 (minimum inhibitory concentration). A 5 minute
exposition to laser beam of the blue spectrum with the capacity
of 700 mW was applied during the logarithmic phase of growth.
After irradiation, the entire volume of bacterial suspension (0.1
ml) was recollected with a micropipette onto a solid medium,
sprayed with a spatula and kept in a thermostat at 37 °C. In 24
hours the number of colonies was counted and the obtained re-
sults were compared with the control group (intact).

Statistical comparisons were performed utilizing the applica-
tion package for statistical analysis of data «Instat» (GraphPad
Software Inc., 1993). During statistical processing, results were
obtained as the average value of the investigated parameter (M),
the standard error (m) (deviation) and the reliability index (p).

Results and their discussion. The selective study of the oral
cavity showed a wide range of dysbiotic changes among sub-
groups with dental caries and periodontitis. Dental caries sub-
group included leading factors such as excessive colonization
of S. Salivarius 44 (97.8%) and S. aureus 8 (17.8%). Along with
that, oral microbial flora of the investigated individuals with
periodontitis had a different trend. In particular, staphylococcus
demonstrated an excessive growth in 12 (26.7%) and S. salivar-
ius 38 (84%) individuals assigned to the periodontitis subgroup.

Twenty-nine individuals were found to have S. salivarius even
though they did not suffer from any dental pathology. It is im-
portant to note that no case of S. aureus isolation was reported in
the subgroup without any signs of dental disease.

The use of antibiotics with no irradiation was defined as the
control (Table 1). The growth intensity of 7.4 + 1.0 CFU/ml
was found in the periodontitis subgroup when both antibiotics
and 5 min low-intensity laser radiation (LLR) were introduced,
whereas the growth intensity was equal to 29,8+1,1 CFU/ml (p
<0.001) after antibiotic use. In case of a S min exposition to LLR,
isolates from the dental caries subgroup showed the growth in-
tensity of (18,5 = 1,1) CFU / ml (p <0,001). The dental caries
cultures that were not exposed to LLR indicated (29.8 + 1.2)
CFU/ml (p <0.001) growth. The comparison between S. aureus
growth intensity from periodontitis samples in irradiated and
non-irradiated subgroups was respectively equal to (44,0+1,7)
CFU/ml and (73.9 + 1.5) CFU/ml (p <0.001). The number of S.
aureus microbial cells in isolates obtained from individuals with
dental caries after a 5 min LLR was (17,5 + 1,2) CFU/ml. While,
the same parameter was (68,5+1,3) CFU/ml in isolates that were
not exposed to LLR (p<0.001).

Table 2 shows that in case of penicillin application to S. sali-
varius isolated from individuals with dental caries, the microbial
number was equal to 20,7+2,6 CFU/ml, whereas in periodontitis
isolates - 19,6+4,4 CFU/ml, both results are greater than the con-
trol - 15,243,2 CFU/ml (p<0,001). In case of amoxicillin / cla-
vulanate use, a slight decrease was observed in the quantitative
level of S. salivarius cultures from dental caries - 15.0+3.6 CFU/ml
(p<0.001) and periodontitis isolates - 17.0+4.2 CFU/ml (p<0.001),
respectively, compared to the control - 19.3+3.4) CFU/ml. The

Table 1. Growth intensity of S. salivarius and S. aureus under conditions of LLR

. Control . .e Control

LLR Dental caries (without LLR) Periodontitis (without LLR)
Source of S. salivarius (CFU/mlx10%) 18,5+1,1 29,8+1,2 7,4£1,0 29,8+1,1
Source of S. aureus (CFU/mlx10?) 17,5+1,2 73,9+1,5 44,0+1,7 68,5+1,3
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Table 2. Growth intensity of S. salivarius under conditions of combined antibacterial drug use with LLR

Soul(’EeF(g /f;llsfll:)‘;‘)mus Dental caries Parodontitis Control
Penicillin 20,7+2,6%* 19,6+4,4%* 15,0+3,6%*
Amoxicillin / 19,343 4%+ 17,044 2%+ 15,043 2%+
Antibacterial clavulanate
drugs Cefalexin 14,8+2,8%%* 13,23, 4% %% 10,4+1,5%*
Cefotaxime 15,442, 9%** 14,444 3%* 10,14+3,3%*
Lincomycin 20,9+3,9%* 18,743,8%* 16,1+3,1%*
Penicillin 0 0 0
Amoxicillin /clavulanate 0 0 0
Antibacterial B
drugs +LLR Cefalexin 0 0 0
Cefotaxime 0 0 0
Lincomycin 0 0 0

notes: * — statistically significant differences compared to the * control (p<0,001)
** _ statistically significant differences compared to the cultures unexposed to LLR (p<0,05)

Table 3.Growth intensity of S. aureus under conditions of combined antibacterial drug use with LLR

So?é;e[;)/ﬁ'x‘%:)e s Dental caries Periodontitis Control
Penicillin 16,8+1,7%%* 16,0+£2,6%* 16,8£1,7%*
Amoxicillin / 17,443,3% %% 16,6+3,1%* 17,443,3%%
Antibacterial clavulanate
drugs Cefalexin 14,5+4,6%* 15,444,1* 16,6£2,5%%*
Cefotaxime 14,542 5% %% 15,1£2,5%* 17,6£2,1%*
Lincomycin 19,94+1,9%* 19,942, 3%* 20,1+3,1%*
Penicillin 0 0 0
Amoxicillin / 0 0 0
Antibacterial clavulanate
drugs +LLR Cefalexin 0 0
Cefotaxime 0 0
Lincomycin 0 0

notes: * — statistically significant differences compared to the * control (p<0,001)
** — statistically significant differences compared to the cultures unexposed to LLR (p<0,05)

application of cephalosporins presented lower antimicrobial
activity in the investigated groups - 10,1+3,3 compared to the
control - 10.4+1.5 CFU/ml (p<0,001). Their level was equal to
14.842.8 and 15.4+£2.9 CFU/ml (p<0,05) for dental caries and
periodontitis - 13,2+3,4 and 14,4+4,3 CFU/ml (p<0,001). In
case of lincomycin use in relation to S. salivarius, the microbial
number was equal to 20.9£3.9) CFU/ml (p>0.05) and 18.7+3.8
CFU/ml (p<0.001) that showed statistically significant differ-
ence from the control - 16,1+3,1 CFU/ml.

In case of benzylpenicillin use in relation to S. aureus iso-
lated from individuals with dental caries, the number of sprouted
microbial cells was equal to (16.8 + 1.7) CFU / ml, whereas
isolated from individuals with periodontitis (16.0 £ 2.6) KUO
/ ml (Table 3). When applied amoxicillin / clavulanate, a slight
decrease in the quantitative level of S. aureus cultures was ob-
served. In particular, for dental caries the microbial number
was equal to (17,4 + 3,3) CFU / ml, for periodontitis - (16,6 +
3,1) CFU / ml. As for the reference strain, the number of colo-
nies for both antibacterial drugs were - 16.8+1.7 CFU/ml and
17.443.3 CFU/ml, respectively, however there was no statisti-
cally significant difference between the compared isolates. The
use of the 1st generation cephalosporins as a drug of choice for
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the treatment of oral infection showed a decrease in the anti-
microbial activity compared to the control isolates. Their lev-
els were equal to 14,5+4,6 CFU/ml for dental caries, whereas
for periodontitis 15,4+4,1 CFU/ml, and the control - 16,64+2,5
CFU/ml (p<0.001). The efficacy of the 3" generation cephalo-
sporins was expected to be slightly lower or similar to the 1st
generation cephalosporins. For the control strains, a decrease in
culture growth was found to a lesser extent - 17.6+£2.1 CFU/ml
(p<0.001). The application of cefotaxime in dental caries iso-
lates caused the growth rate of 14,5+2,5 CFU/ml, and in peri-
odontitis isolates - 15,1+2,5 CFU/ml.

In case of lincomycin applied to isolated S. aureus from indi-
viduals with dental caries, the number of colonies was equal to
19.9+1.9 CFU/ml, whereas periodontitis 19.9+2.3 CFU/ml, and
20.1+3.1 CFU/ml for the reference strain, respectively.

The obtained data analysis has revealed that the use of an-
tibacterial drugs of various groups has different impact on the
activity of S. salivarius and S. aureus strains in regard to the
microbial source.

No presentations of S. salivarius bacterial growth was detect-
ed during the combined use of laser radiation and antibacterial
drugs for 5 minutes.
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There was not any difference in the antimicrobial activity of
penicillin and amoxicillin / clavulanate when S. salivarius was
collected from healthy individuals, which may indicate that iso-
lates acquire P-lactamase from individuals affected by dental
caries. The use of the first and third generation cephalosporins
showed moderate antimicrobial effectiveness. The application
of lincosamides demonstrated minimal antimicrobial activity
compared to other classes of antibiotics.

Several studies [11,16] investigating the effectiveness of LLR
have revealed minimal or insufficient influence on the viabil-
ity of microorganisms [14]. A slight loss and decrease in the
level of the examined strains have been previously reported [3,
13]. However, the use of photosensitizer for methylene blue
or other dye significantly increased the efficacy when exposed
to short-wave exposure, as the number of grown colonies was
significantly reduced [7,8,15]. The combination of LLR and
photosensitizers demonstrated a direct dependence between the
bactericidal effect and concentration of the drug, exposure du-
ration and radiation power. According to the obtained results,
the effectiveness of the combined AD and laser therapy reduced
the concentration of drugs by the LLR activation. On the con-
trary, the use of AD in 1: 160 concentrations did not show any
inhibitory effect on the growth of clinical and reference strains
of the examined cultures. The application of various AD with
LLR caused a decrease in growth rates of the investigated mi-
croorganisms.

Conclusion. The combined use of antibacterial therapy and
laser radiation has demonstrated increased effectiveness for all
investigated drugs followed by a complete delay in the growth
of S. aureus and S. salivarius that indicates an improved com-
bined effect.

The application of photodynamic therapy, including LLR,
combined with the antibacterial drugs can achieve a complete
inhibition of microorganism growth.
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SUMMARY

THE EFFECT OF COMBINED ACTION OF ANTIBAC-
TERIAL DRUGS WITH LOW-INTENSIVE LASER RA-
DIATION ON CLINICAL STRAINS S. AUREUS AND S.
SALIVARIUS IN THE ORAL CAVITY

"Panas M., 'Kyryk K., 'Dzhalilova E., ’Kaminsky R.,
?Kefeli-Ianovska L., 2Sokurenko L.

!Danylo Halytsky Lviv National Medical University, *Bogomo-
lets National Medical University, Kyiv, Ukraine

The oral mucosa is constantly contaminated by a large number
of microorganisms that may cause diseases such as periodontitis
and caries. The present paper aims to study the effectiveness of
the antimicrobial effect of combined use of antibacterial drugs
(AD) and low-intensity laser radiation (LLR) on S. aureus S.
salivarius isolated from the oral cavity. The study included 20
individuals with dental caries, 20 individuals with periodon-
titis and 10 without any signs of dental disease. The material
for the microbacterial study was collected from surfaces of the
teeth, oral cavity with dental caries and periodontal pockets. The
intensity of bacterial isolation was estimated by two factors: the
frequency of isolation and percentage of other aerobic microor-
ganisms.
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The obtained data demonstrated that the use of several anti-
bacterial drugs had a different impact on the strains of S. sali-
varius and S. aureus, depending on the source of their collection.

The collected isolates were used to determine the effect of
a 5 minute laser radiation combined with antibacterial drugs.
The simultaneous use of antibacterial therapy and laser radia-
tion showed an increase in the therapeutic effect of all inves-
tigated antibiotics followed by the inhibition of the growth
presentations in S. aureus and S. salivarius. The application
of photodynamic therapy, e.g. LLR, combined with antibac-
terial drugs allowed to achieve a complete inhibition of the
microbial growth.

Keywords: Staphylococcus aureus, Streptococcus salivarius,
low-intensity laser radiation, antibacterial drugs, oral cavity.

PE3IOME

OCOBEHHOCTHU COYETAHHOI'O JEMCTBUS AH-
TUBAKTEPUAJIbHBIX TPEIAPATOB C HU3KOWH-
TEHCUBHBIM JIAZEPHBIM U3JIYUEHUEM HA KJIHU-
HUYECKME LLITAMMBI S. AUREUS U S. SALIVARIUS
POTOBOM MOJIOCTU

Manac ML.A., 'Kupux X.A., [xamnosa E.A.,
Kamunckuii P.®., ’Kepenn-sInockas JLU., 2Coxypenko JI.M.

JIb606CHbKUTL HAYUOHATbHBIN MECOUYUHCKULL YHUBCPCUMEM. UMe-
nu Jlanuna Fanuyrozo; *Hayuonanbhsiti MeOuyunckuil ynusep-
cumem um. A. A. bocomonvya, Kues, Yxpauna

Cnusucrast 0005104Ka MOJIOCTH PTa MOCTOSIHHO KOHTAMHUHHPY-
eTcsl OONBIINM KOJIMYECTBOM MHUKPOOPTaHU3MOB, KOTOPBIE BbI-
3bIBAIOT TaKue 3a00JI€BaHUsI, KaK APOJOHTHUT U KapHec.

Ienbro mcciienoBaHus SBUIOCH M3yueHHE ()(PEKTUBHOCTH
MPOTUBOMHUKPOOHOTO  JICHCTBUSI COYETAHHOTO TMPUMEHEHUS
aHTHOAKTEepUAIBbHBIX IPENapaToB U HU3KOMHTEHCHBHOTO Jla3ep-
HOTO M3IydeHust Ha S. aureus u S. salivarius, BbIJEJICHHBIX U3
pOTOBOM TIOJIOCTH.

O6cnenoBano 20 nui ¢ kapuecoM 3y0oB, 20 - ¢ HapomgOHTHU-
ToM H 10 - 6e3 NPU3HAKOB CTOMATOJIOIMYECKOr0 3a00IeBaHMs.
Marepuai it HoceBa cOOMpaICs ¢ HOBEPXHOCTH 3yOOB U T10-
JIOCTH PTa MPH Kapuece 3y0OB U U3 MapOJIOHTAIBHBIX KAPMaHOB
Ipu 1nmapagoHTHUTE. MHTEeHCHBHOCTD BBIJICJICHUST UCCIICNYEMBIX
MHKPOOPIaHM3MOB OL[EHUBAJIH I10 JIByM ITOKa3aTeJIsIM - 4acTOTa
BBIACJICHUS U ITPOLEHTHOC COACPI)KAHUE CPEAU APYTUX MHUKPO-
OpPraHU3MOB a3pOOHOH IPyIIILL.

HpI/I OLICHKE ITOJYYCHHBIX JAaHHBIX YCTAHOBJICHO, YTO aHTU-
OakTepHalbHbIe penaparsl Pa3HbIX IPYII HPOSBILIIOT Pa3iny-
HYI0 aKTHBHOCTb Ha IITaMMbl S.salivarius u S.aureus B 3aBHCH-
MOCTH OT HCTOYHHKA UX HU30JIALMU.

BrigeneHHble U30JITHl OBUTH HCIIOJIB30BAaHBI YISl HCCIIEI0-
BaHUS DPE3y/IbTaTOB BO3ICHCTBUS JIA3€pPHOIO M3IY4EHUS IPU
COBMECTHOM HCIIOJIb30BaHHH C aHTHOAKTEPUAJIbHBIMH Iperia-
paramu B TeueHue 5 MuH. [Ipu oqHOBpeMEHHOM NPUMEHEHUU

MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSBLI6()

AQHTUOAKTEPUAILHON Teparuy 1 JIa3epHOro U3JIyYeHUs yCTaHOB-
neHa 3((QEeKTHBHOCTb JCHCTBHSI BCEX IPEraparoB, TOCKOIBKY
HaOJIIOaIach MOJTHAs 3a/epKKa pocta S.aureus u S.salivarius,
4TO YKa3bIBAaeT Ha BHICOKYIO A ()EKTHBHOCTH COYETAaHHOTIO Jeii-
ctBus. [Ipumenenne poToarHaMHYECKOI Tepalu, B TOM YKCIIe
HU3KOMHTEHCHUBHOI'O JIA3€PHOTO U3JIYUCHUS, B COYCTAHUU C aH-
TI/IGaKTepHaHbeIMH npenaparamMu 1o3BOJIACT JOCTUYD ITOJIHOTO
MOJIaBJICHHE POCTa MUKPOOPTaHH3MOB.
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