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non-drug methods of treatment of bacterial and fungal infections is of great relevance. One of such methods is photodynamic treat-

Uzhhorod National ment, which is a treatment procedure that uses light energy to activate a photosensitizing agent in the presence of oxygen. Due to the
University, broad spectrum of action, the efficacy against antibiotic resistant cells and the lack of selection of photoresistant strains, antimicrobial
Pidhirna st., 46,

photodynamic therapy compares favourably with traditional drug therapy, and has emerged in the clinical field as a potential alterna-
Tol +38.066.775.50-63. tive to antibiotics to treat microbial infections. In this article results of studies of the complex effect of methylene blue (0.1% aqueous
E-mail* solution) and LED radiation of the red-infrared spectrum as well as methylene blue and polarized incoherent low-energy radiation
valerijpantyo@uzhnueduua  (PILER) with a red light filter on the growth rate of some opportunistic microorganisms on solid nutrient media are presented. Stan-
dardized suspensions of microorganisms were prepared for research with the subsequent determination of direct impact of polarized
and non-polarized radiation (at duration of exposure of 5 min), photosensitizer, and also the set of these factors on growth of the
studied microorganisms. The growth intensity of bacteria and yeast-like fungi was determined by the number of their colonies after
reseeding on nutrient media in Petri dishes. The obtained data were compared with control groups, which were not influenced by any
factors. The results indicate a significant antimicrobial effect of the combined action of different types of radiation and methylene blue
on microorganisms, which was manifested in a reduction in the number of colonies by on average 35-45%, compared with the con-
trol groups. Comparing the effect of exposure when using LED and PILER light, we have noted its similarity. It is also worth noting a
certain antimicrobial activity of 0.1% methylene blue solution on the studied strains, but this was much less pronounced than in the
complex effect. The direct effect of both LED and PILER radiation with low duration of exposure caused the stimulation of the
growth of the studied microorganisms with an increase in the number of their colonies on Petri dishes by 15-35%. Given the rapid
growth of resistance to antimicrobial agents, the described technique can be used as an alternative to traditional antibiotic therapy for
the treatment of purulent-inflammatory diseases of the skin and mucous membranes.
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Introduction

The inevitable biological consequence of antibiotic therapy is the de-
velopment of resistance of microorganisms, which requires the use of new
generation drugs, stronger and more aggressive in relation to the human
body (Melnychuk & Lychkovska, 2015). This problem arose almost
simultaneously with the discovery of the first antibiotics, but over the past
few decades it has reached alarming socio-economic proportions (Bondar
et al,, 2016). Due to these, infections remain a major cause of death
throughout the developing world (Kapoor et al., 2017).

The main ways to combat and overcome antibiotic resistance are pre-
vention of transmission of resistant pathogens between patients, and ra-
tional antibiotic therapy (Svizhak & Deyneka, 2014). However, it is im-
portant to search for new means to combat bacterial infections, among
which a special place is occupied by both physical and chemical factors.
These methods include phototherapy (Pantyo et al., 2017, 2018), antimi-
crobial photodynamic effects (Braun et al., 2008; Tavares et al., 2010;
Kutsevlyak et al., 2014, 2015), ozone therapy (Melnychuk & Lychkovs-
ka, 2015), development of novel chemical entities with new mechanisms
of action (Slivka et al., 2017), use of essential oils (Kryvtsova et al., 2019),
antibiotic adjuvants (Gonzalez-Bello, 2017) etc. Advantages of physical
methods are the reduction of the drug load on the human’s body, preven-
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tion of allergic reactions and the absence of dysbiosis. In addition, non-
drug methods of combating infectious agents can, if not replace, then limit
the use of drugs, while affecting various parts of the pathological process,
improving metabolic processes and activating the body's defense reactions
(Melnychuk & Lychkovska, 2015; Bondar et al., 2016).

Photodynamic therapy (PDT) is a modem and non-invasive form of
therapy, used in the treatment of non-oncological diseases as well as can-
cers of various types and locations (Kwiatkowski et al., 2018). Antimi-
crobial PDT is based on the use of photosensitizers (PS) with the subse-
quent effect of low-intensity radiation of a certain wavelength, which
triggers a photodynamic response (Kutsevlyak et al., 2014; Hamblin &
Jori, 2015; Boiko et al., 2017). In particular, methylene blue has three
peaks of radiation absorption: in the ultraviolet (200-320 nm), green
(390-430 nm) and red (530-700 nm) regions of the spectrum (Kutsevliak
et al., 2015). Under the impact of light, the PS molecule goes into an ex-
cited state, and when it returns to the normal state, it transfers energy to
other compounds. Most often, oxygen acts as an acceptor of this energy,
which in tum triggers a cascade of free radical reactions, resulting in da-
mage to biological structures. This in tumn causes necrosis, or apoptosis of
cells. PS has the ability to selectively accumulate in cells with energy
deficiency, in particular tumour, damaged, or microbial cells (Kutsevlyak
etal., 2014; Boiko et al., 2017; Kwiatkowski et al., 2018; Lan et al., 2019).
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Such excited and highly reactive state of oxygen is known as singlet oxy-
gen. The latter is able to kill bacterial and fungal cells, as well as viral
particles (Rajesh et al., 2011).

The main advantages of this method are: effectiveness against various
pathogenic microorganisms (bacteria, fungi, viruses and protozoa); the
impossibility of formation of resistant strains of bacteria, because the basis
of photochemical processes are fiee radical reactions; painless, low inva-
siveness and almost complete absence of side effects; effectiveness in both
acute and chronic diseases, as well as in some types of bacteriocarrier
states; reducing the risk of complications in patients with general patholo-
gy; the possibility of repeating the procedure, as the effectiveness of PDT
does not decrease with the next application; the possibility of the proce-
dure in hard to reach places; selective activity of the method, so that the
surrounding healthy tissues are not damaged; positive effect on non-
specific resistance of the organism; absence of toxic and mutagenic ef-
fects, etc. (Kutsevlyak et al., 2014; Boiko et al., 2017).

The aim of the work was to investigate and compare complex impact
of LED radiation and 0.1% methylene blue solution as well as PILER
light and methylene blue on the growth rate of some opportunistic micro-
organisms on solid nutrient media.

Material and methods

The combined effect of red-infrared LED radiation (A =640 + 30 and
880 =+ 30, power density from a distance of 0-1 cm — 5.35 mW/em® at
continuous irradiation) and PILER (polarized incoherent low-energy
radiation) light with red light filter (A = 630 nm, power density on average
40 mW/em?®) and 0.1% aqueous solution of methylene blue on the growth
rate on solid nutrient media of clinical isolates of S. aureus, E. coli,
C. albicans and collection test strains of S. aureus ATCC 25923, E. coli
ATCC 25922 and C. albicans ATCC 90028 was performed at the micro-
biological laboratory of the Department of Microbiology, Virology, Epi-
demiology with the Course of Infectious Diseases of Uzhhorod National
University. All clinical strains were isolated from the periodontal pocket in
patients with chronic generalized periodontitis of II degree who were
treated at the University Dental Clinic. For experimental study we have
taken one clinical isolate of each species of microorganisms. Collection of
clinical strains was carried out using sterile disposable tampons with sub-
sequent delivery to the bacteriological laboratory in transport media.
For primary identification of isolated microorganisms we used bacterio-
scopical and bacteriological methods using universal and diagnostic chro-
mogenic nutrient media (UriSelectTM 4 Medium). For final identification
biochemical methods were performed using test systems Staphytest 16,
Enterotest 16, and Candidatest 21 by Erba Lachema.

For experimental studies, 16-24 hour agar cultures of microorga-
nisms were used, which were brought to a turbidity standard of 0.5 ac-
cording to McFarland, after which they were additionally diluted 160 tho-
usand fold. All studied microorganisms were divided into four groups.
The first, control, group included standardized in a liquid nutrient medium
microorganisms, which in a volume of 0.1 mL were subcultured on solid
nutrient media (MPA or Endo for bacteria and Saburo for fungi of the
genus Candida) to determine the number of colonies after 24 hours of
incubation at 37 °C. Standardized suspensions of microorganisms of the
second group were irradiated with LED and PILER light with the duration
of exposure 5 min. Studies of the effect of different types of radiation on
the growth of the microbial suspension were performed in separate series.
Irradiation with LED radiation was carried out immediately after the in-
oculation of a standardized inoculum in Petri dishes with a nutrient me-
dium. Irradiation of the inoculum with PILER with a red light filter was
performed in sterile Petri dishes with a diameter of 50 mm from a distance
of 50 mm, followed by reseeding on nutrient media. The volume of irra-
diated inoculum was 1 mL. After irradiation, microbial inoculum in volu-
me 0.1 mL was reseeded in the Petri dishes with solid nutrient media.

To a standardized suspension of microorganisms of the third group
0.1% methylene blue solution was added in a ratio of 1:10, kept for
30 min in a thermostat and reseeded on solid nutrient media. Microorga-
nisms of the 4th group after the addition of 0.1% methylene blue were
irradiated with LED and PILER radiation. Irradiation of the inoculum
with a solution of 0.1% methylene blue was carried out similarly to micro-

organisms of the second group. The interval between the application of
photosensitizer and irradiation was 30 minutes. During this time, the sus-
pensions of microorganisms with a photosensitizer were kept in a ther-
mostat. The growth rate of microorganisms was determined by counting
the number of colonies on the Petri dishes after 24 hours of cultivation at
37 °C. All studies were performed in 5 replicates.

Thus, one series of experiments included studies of the direct effect
on the growth rate of the investigated microorganisms of the following
factors: radiation (experimental group II); photosensitizer methylene blue
(experimental group I1I); combined exposure of photosensitizer and radia-
tion (experimental group IV). After cultivation in thermostat, number of
colonies of each experimental group was compared with the control
(group ).

It should be noted that the experimental groups of microorganisms
were formed, according to similar studies of the antimicrobial photody-
namic activity of various photosensitizers (Rolim et al., 2012; Kutsevlyak
et al,, 2014; Boiko et al., 2017). At the same time, this technique was sig-
nificantly improved, in particular the standardization of the microbial ino-
culum with the possibility of conducting a series of reproducible and sta-
tistically significant quantitative studies.

The source of LED radiation was a Medolight-Red device by Biop-
tron light therapy system by Zepter Group. The source of PILER radiation
was the Bioptron Med All device by the Bioptron light therapy system by
Zepter Group. Irradiation of the microbial inoculum was carried out in a
room without windows in complete darkness to prevent the ingress of ext-
raneous light. Data were statistically processed to determine the arithmetic
mean (x) and standard deviation (SD) of the sample using Statistica 10.0
(StatSoft Inc., USA).

Results

The combination of 0.1% solution of methylene blue and LED radia-
tion of the red-infrared range and PILER light with a red light filter had a
bactericidal and fungicidal effect on the studied strains of microorganisms.
Table 1 shows the quantitative data on the growth of microorganisms of
all four groups on nutrient media using LED radiation.

Table 1
Number of colonies of the studied groups of microorganisms
on solid nutrient media using LED radiation (x + SD; n=5)

. Il group (irradia- 11T group IV group
Hﬁcsrf;ff‘&:n‘;fm (Icgl‘;‘:ﬁ) fionwith LED  (addinga (photosensitizer
' radiation)  photosensitizer) + irradiation)

S. aureus
(clinical isolatc) 448+43 564+3.6 36.8+4.0 266+34
S. aureus
TCC25023 600+49  69.6+32 486429  394+34
E. coli
Cimoaliliey 4443 46453 W6+54  2020+44
E. coli $B8:41 540434 338+31 262430
ATCC 25922 OF o= 0= o
C. albicans
Cinical ooty J14E46 378252 266+40  206+29
C. albicans
ATCC 5008 256+48  304+32 208+5.1 160+47

Irradiation of the studied microorganisms with LED radiation of the
red-infrared range with exposure duration of 5 min (group II) caused an
increase in the number of their colonies on the Petri dishes. In particular,
the number of microbial colonies after irradiation increased by 16-35%,
comparing with the group I. Adding 0.1% solution of methylene blue
(group 1) caused decrease in the growth rate of the microflora by 16—
23% compared with the control. The most pronounced antimicrobial
effect was observed in the group IV, when combined with methylene blue
and LED radiation. The number of colonies on Petri dishes decreased by
35-41% compared with the control. The highest antimicrobial effect was
observed in relation to the clinical isolate of S. aureus and the collection
strain of E. coli ATCC 25922.

Table 2 shows quantitative data on the growth of microorganisms in
all four groups on nutrient media using PILER light. When using PILER
light, similar pattems were observed compared to LED radiation. Thus,
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the number of colonies of microorganisms of the second group on Petri
dishes was higher on average by 15-33% compared with the control, and
the highest stimulating effect of radiation was observed in relation to the
studied strains of C. albicans. The addition of a photosensitizer inhibited
the growth of the studied microorganisms of the third group by 18-23%,
compared with the microorganisms of the first group. The photodynamic
effect of 0.1% solution of methylene blue and 5-minute application of
PILER light with a red filter reduced the growth rate of microorganisms
by 35-45% compared with the control.

Table 2
Number of colonies of the studied groups of microorganisms
on solid nutrient media using PILER light (x £+ SD; n=5)

. 1 group (iradia- T group 1V group
micsrzicles (')fms (Lg;oﬁ) tion with (addinga  (photosensitizer
& PILER light) photosensitizer) + irradiation)
S. aureus
(clinical isolate) 532+69 61.8+4.7 414+39 328+56
S. aureus
ATCC 25023 662+63 76.0+63 514+5.1 390+53
£ coli 09492 8264103 552466  424+58
(clinical isolate) : i ’ : i : . :
E. coli 652465 772470 53452 424+48
ATCC 25922 : : ’ : : : : :
C. albicans
(clinical isolate) 364+44 444+56 280+2.6 20.0+3.6
C. albicans
ATCC 90028 30.8+39 38.0+42 242435 16.8+3.0
Discussion

The results showed that short-term (5 min) exposure to both LED and
PILER radiation had a stimulating effect on the studied microorganisms,
which was manifested by an increase in the growth rate of colonies of
microorganisms by 15-35%, compared with the control group, which
was not affected either by radiation, nor a photosensitizer. It should be
noted that, according to previous studies (Pantyo et al., 2017, 2018), with
increasing dose density (i.e. duration) of radiation a quite pronounced anti-
microbial effect of these types of radiation was observed against investi-
gated opportunistic pathogens.

The direct action of 0.1% methylene blue solution showed moderate
antimicrobial activity, which was manifested in a decrease in the number
of microbial colonies on solid nutrient media by 16-23%. However, the
most significant antimicrobial effect was achieved with the combined acti-
on of the photosensitizer methylene blue and low-intensity radiation of the
red spectrum. On average, the growth rate of microorganisms of the group
4 decreased by 35-45%, compared with the first (control) group.

Comparing results of our studies and results of similar investigations
of antimicrobial PDT (Kutsevliak et al., 2014; Boiko et al., 2017), we can
note that they are corresponding. But, at the same time, data of our investi-
gations of the growth rate of investigated strains of microorganisms after
impact of different factors (PILER and LED radiation; PS and set of these
factors) are both qualitative and quantitative. The significant antimicrobial
effect of PDT in the low concentration of PS (0.1% aqueous solution of
methylene blue was additionally diluted 10 fold in microbial inoculum)
could be promising for wide use of our method in medical and dental
practice. This, in turn, will help reduce the side effects of PDT.

It also should be noted that agreeably with results of experimental stu-
dies, photosensitizers with distinct characteristics result in variable activity
in cells (Rolim et al., 2012; Lan et al., 2019). In our research we observed
complex effect of different types of radiation (polarized and non-polari-
zed), but with almost the same wavelength and one PS (methylene blue
solution) on the growth rate of certain opportunistic microorganisms.
Comparing the results, obtained using LED radiation of the red-infrared
spectrum and PILER light with a red light filter, their similarity should be
noted, as should the stimulating effect of different types of radiation on
microorganisms of the second group was analogous.

The above suggests that the determining factors of the biological ac-
tion of radiation on microbial cells are its wavelength and power density,
because at similar parameters of these indicators the obtained results were
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similar. In this case, such a parameter as polarization, in our opinion, did
not play a significant role in the biological effect of low-intensity radiation.

According to the data of Ukrainian and foreign scientists, antimicro-
bial PDT can be successfully used in treatment of marginal periodontitis
(Braun et al., 2008), apical periodontitis (Garcez et al., 2007), peri-implan-
titis (Rajesh et al., 2012), localized infectious processes (Huang et al.,
2010), inflammatory diseases of the tracheobronchial tree (Boiko et al.,
2017) etc. Besides, PDT can be applied in treatment of infections, caused
by antibiotic resistant strains of microorganisms (Fu et al., 2013). Another
benefit of using PDT in treatment of infections, caused by gram-negative
bacteria is inactivation of endotoxins (Rajesh et al., 2012).

Conclusions

The combined effect of 0.1% aqueous solution of methylene blue and
polarized (PILER) and non-polarized (LED) radiation has a pronounced
antimicrobial effect against the studied gram-positive and gram-negative
opportunistic pathogens, as well as yeast-like fungi Candida albicans.
With the stimulating effect of low-intensity short-term radiation exposure
and relatively insignificant antimicrobial effect of methylene blue solution
on the studied microorganisms, the complex use of these two factors redu-
ces the growth rate of microorganisms on solid media by on average 35—
45% compared with the control group. Given the significant rate of occur-
rence and spread of antibiotic resistance, the use of the proposed technique
may be appropriate in the treatment of, in particular, pathology of perio-
dontal tissues and purulent-inflammatory diseases of the superficial locali-
zation. Perspectives of further research include investigation of the com-
plex impact of other photosensitizers and low-energy radiation on biolo-
gical properties of planktonic and biofilm forms of microorganisms. In the
future, the results obtained can be used in the treatment of pathological
processes of periodontal tissues, as well as purulent-inflammatory infecti-
ons of the skin and mucous membranes.
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