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Electromagnetic and acoustic technologies
in antibacterial preparation development

Subject and Purpose. The present paper is concerned with the use of wave technologies in the development of antibiotics-alternative
approaches for pathogenic microflora suppression. Lactobacilli strains picked in different ecological niches and their activity against
pathogenic strains are studied with a focus on a targeted modification of adhesive and antagonistic properties of lactobacilli by expo-
sing them to low-intensity electromagnetic (EM) fields and the ultrasound.

Methods and Methodology. Lactobacilli picked in different ecological niches are experimentally studied, including (1) standard
strains from probiotic preparations and (2) circulating strains picked in humans and bees. For the ultrasonic and electromagnetic ra-
diation sources, G3-109 and G3-F and G4-141 and G4-142 generators are taken, respectively. The adhesive properties of Lactobacillus
spp. strains and their antagonistic activity are estimated against C. diphtheriae, S. aureus, and yeast-like fungi of Candida genus in
aerobic and microaerophilic culture conditions. Statistical technology is employed in the data processing and analysis.

Results. It has been established that L. plantarum strains picked in the gut of healthy bees are most antagonistic towards patho-
gens. It has been demonstrated that the priority culture conditions for lactobacilli are microaerophilic conditions simulating their stay
in vivo. It has been shown that it is possible to modify properties of microorganisms by their exposure to ultrasound and low-intensity
electromagnetic fields in narrow bands of the EHF range. The effect efficiency versus frequency has a dispersion character. Individual
features of various pathogenic strains have been recognized.

Conclusion. The obtained results open up prospects for electromagnetic and acoustic technologies in the development of safe alter-
native means to antagonize persisting pathogens and increase human body resilience. Fig. 6. Tabl. 6. Ref.: 24 items.
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modification.

Nowadays, environmentally friendly technolo-
gies have received extensive attention in medi-
cine, vaccinology, pharmacology, microbiology.
A strong need exists in new methods and means
based on physical impacts on biological objects
of different classes, including microorganisms, to
purposefully modify their functional properties
[1, 2]. Ultrasound and low-intensity electromag-
netic (EM) fields in the extremely high frequency
(EHF) range are considered such impact factors,
with environmental requirements and maximum
allowable levels and doses of radiation taken into
account [1, 3, 4].
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Antibiotics that are widely used in today’s me-
dicine can quickly and effectively suppress various
infections, including particularly dangerous ones.
Yet a positive effect from antibiotic therapy is ac-
companied by such functional disorders affecting
the human body as slower hematopoiesis, inhibi-
ted metabolic processes, maldigestion, etc. Under
the action of antibiotics, polyresistant strains of the
agents increase their diversity, thus causing atypi-
cal forms of common infectious diseases, such as
pneumonia, tuberculosis, meningitis, typhoid, etc.
Therefore, in non-life threatening conditions, pro-,
pre- and synbiotic preparations must be taken to
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keep the flora of the macro-organism in the nor-
mal state [5, 6].

A search for new sources of pro-, pre- and syn-
biotic preparations against pathogenic bacteria is
very important. Synbiotic preparations based on
representatives of normal flora and having high
colonization capacity and high antagonistic activi-
ty towards pathogenic and opportunistic microor-
ganisms [6-9] hold promise. Probiotics, which in-
clude lactobacilli living on the body mucous mem-
branes, are most commonly used to cope with dys-
biotic conditions. Their species composition is
very diverse [8, 10-14]. At present, certain lactoba-
cilli species that persevere in the human body are
only studied for their general biological properties.
Consequently, it is necessary to find and select can-
didates for production strains among representa-
tives of alternative econisches.

The differentiation and identification of probio-
tic bacteria is a critical point in the main micro-
biological study. Potential strain candidates should
not only be certified according to their basic cha-
racteristics, but “probiotic” properties as well,
among which are, first of all, adhesive and antago-
nistic activities. The adhesion property determines
the bacteria ability to gain a foothold in an eco-
niche and provides colonization resistance to the
mucosa. The antagonistic properties in biocenosis
ensure production of antimicrobial compounds of
protein origin (bacteriocins), which exerts a posi-
tive effect on the human body [15].

We seek to investigate abilities of lactobacilli
strains isolated from different econisches in an ef-
fort to antagonize pathogenic strains of diphtheria,
golden staphylococcus, and yeast-like fungi of the
genus Candida under different culture conditions
(aerobic and microaerophilic). Of interest is also a
targeted modification of adhesive and antagonis-
tic properties of lactobacilli by exposing them to a
low-intensity EM field and the ultrasound.

1. Equipment and measurement technique.
The irradiation of microorganism strains and their
exometabolites was carried out on a special exper-
imental bench.

To implement the EM field effect in a nar-
row frequency band of the EHF range, genera-
tors G4-141 (f = 37.5...53.57 GHz) and G4-142
(f=53.57...78.33 GHz) were used for P <5 mW
power signals. During the irradiation, the genera-
tor waveguide outputs were loaded with horn an-
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tennas of 6.0 x 5.0 cm? and 8.5 x 6.5 cm? apertures.
The examined objects were placed 5...7 cm away
from the horn mouth, i.e. in the antenna near zone.
The power flux density (PFD) was 0.1 mW/cm?
with an irradiation non-uniformity of no more
than 3 dB in the object location. The non-unifor-
mity is connected with the near zone specifics, fi-
nite sizes of the aperture and irradiated objects and
with a low impedance of the load.

To implement the ultrasound effect, generators
G3-109 (f=60kHz, P=5W)and G3-F (f=18 kHz,
P =16 W) under the load of circular piezoceramic
converters-radiators of PZT type (radiators based
on synthetic Plumbum Zirconate Titanate cera-
mics) were used. When irradiated with G3-109 ge-
nerator, the excitation amplitude of the signal was
U=15V ataload of R=50 Q (P=5 W). The coef-
ficient of the electric into acoustic power trans-
formation was y = 5%, i.e. the average power of
acoustic vibrations in the biological object location
reached (0.25...0.50) W. The bacterial suspension
tubes were located in the near zone of the radiator.
The irradiation took place in an aqueous medium.

The conditions for microaerophilic bacteria cul-
ture were created in microanathestates using Gene-
rator GENbox microaer gas generating packs (bio-
Merieux, France) or an industrially manufactured
gas mixture consisting of O, (5%), CO, (10%), and
N, (85%). The examination was given to strains
of Lactobacillus spp. picked in different ecological
niches, including: 1) probiotic preparations: strain
L. acidophilus from preparation “Symbilact” pro-
duced by Vivo, Ukraine, strain L. rhamnosus from
preparation “PREMA®” produced by Delta Medi-
cal Promotions, Switzerland, 2) L. plantarum strain
picked in the gut of bees (19 bee families) with
the participation of NPC “IEKVM” NAAN, and
3) strain from the mucosa of the upper respirato-
ry tract and the contents of the intestine of people
aged 17 to 23.

For pathogenic bacteria, we use circulating and
museum strains Corynebacterium diphtheriae and
S. aureus obtained by the City Student Hospital of
Kharkov. The reference strain is S. aureus 209 P
(ATCC 6538-R) from the laboratory of medical
microbiology in cooperation with the Museum of
Microorganisms of SA “IMI NAMN”.

The electromagnetic exposure was carried out
in discrete 42.2 and 61.0 GHz bands for 3 hours.
The ultrasonic exposure was carried out in the
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18.0 and 60.0 kHz bands for 1 hour. Standard pro-
biotic strains of lactobacilli: L. rhamnosus, L. aci-
dophilus and strains of L. plantarum picked in the
gut of bees, were exposed to the EM field and the
ultrasound.

The evaluation was given to: 1) adhesive activi-
ty of lactobacilli using the mean adhesion index
(MALI), adhesion coefficient (AC) and the micro-
organism adhesion index (MOAI) [16, 17] and
2) antagonistic activity of lactobacilli and their exo-
metabolites towards pathogenic strains of C. diph-
theria, of S. aureus and yeast-like fungi of the ge-
nus Candida. The method of delayed antagonism
on the spectrum of action was used, i.e. it was con-
sidered the ability to suppress the vital activity of
different number of test cultures with the indica-
tion of growth retardation zones and determina-
tion of their biofilm formation during inter-micro-
bial interaction [18, 19].

The results were processed according to the rules
of variation statistics [20] using standard programs.

2. Discussion of the exposure results. Prelimi-
narily potential strain-candidates of lactobacilli
were selected from alternative econiches, specifi-
cally from practically healthy people aged 17 to
23 and among representatives of normocenosis
of bees. Nineteen bee families were examined to
pick 10°...10° CFU/g of lactobacilli in the gut of
healthy bees.

The cultivation of bacteria was held under aero-
bic and microaerophilic conditions. The main rea-
son is that in the biological niches of the human
body in vivo, the culture conditions of the bacte-
ria differ significantly when extracted in vitro. One
of important parameters of the existence and deve-
lopment of microorganisms is the gas composition

of the incubation atmosphere. The atmosphere of
reduced partial pressure of oxygen and increased
partial pressure of carbon dioxide (the microaero-
philic conditions) reproduces, to a certain extent,
the conditions of lactobacilli in vivo.

The application efficiency of the agents is de-
termined also by the ability of lactobacilli probio-
tic strains to gain a foothold in human epithelial
cells and propagate themselves before mucosal lay-
er cells are renewed. For the experimental investi-
gation results on adhesive properties of Lactobacil-
lus spp., see Table 1.

According to the obtained data, the strains
L. plantarum and L. rhamnosus under aerobic con-
ditions of cultivation have average adhesive abili-
ties. The adhesive abilities of the strain L. acidophi-
lus are worse (the MOAI is under 2.5).

Under microaerophilic culture conditions, the
adhesive activity of all lactobacilli strains gets bet-
ter. The MATI increases by 1.2 to 1.3 times (p < 0.05),
the AC for L. rhamnosus and L. plantarum strains
increases, on the average, by 1.2 times (p < 0.05)
(Fig. 1).

Thus, a reduced partial pressure of oxygen stimu-
lates the lactobacilli ability to gain a foothold in
eukaryotic cells.

According to the evaluation results on the an-
tagonistic activity of lactobacilli picked in different
econiches, all the studied lactobacilli strains can-
not suppress the growth of yeast-like fungi of Can-
dida genus under both aerobic and microaerophi-
lic cultivation conditions.

The amount of antagonistic properties of Lacto-
bacillus spp. towards C. diphtheriae and S. aureus
depends on the primary residence range of the an-
tagonistic strains.

Table 1. Adhesion indicators of lactobacilli strains under different conditions of cultivation

. Adhesion indicators Cultivation conditions
Lactobacillus spp. +
(MEm) aerobic microaerophilic
L. plantarum MAI 1.77 £0.11* 2.15+0.14*
AC, % 63.3+0.67* 733+£1.76*
MOAI 2.79%0.16 2.95+0.24
L. rhamnosus MAI 1.49£0.09* 1.98+0.16*
AC, % 52.0+2.00* 61.2+1.84*
MOAI 2.87£0.23 3.04£0.23
L. acidophilus MAI 1.09+0.08* 142+£0.16%
AC, % 51.3 £4.81* 58.0 £ 2.00
MOAI 2.13+0.06 2.44+0.20
*p < 0.05.
42 ISSN 1028-821X. Radiofiz. Electron. 2021. Vol. 26, No. 4



Electromagnetic and acoustic technologies in antibacterial preparation development

80

70

60

50

40

AC, %

30

20

10

a m a

L. plantarum

L. rhamnosus

m a m conditions

object

L. acidophilus

Fig. 1. AC changes in L. plantarum, L. rhamnosus and L. acidophilus lactobacilli cultivated under aerobic ( a ) and microaero-

philic (m) conditions

Table 2. Antagonistic activity of L. plantarum picked

in the gut of bees towards pathogens under different culture conditions

Functional indices Pathogens

Culture conditions

aerobic microaerophilic
Growth dynamics, mm (M £ m) C. diphtheriae 1.71 £0.71** 8.14+1.18*
S. aureus 0.0** 2.67 +0.40*

* p < 0.001 compared to aerobic culture conditions; ** p < 0.001 compared to probiotic strains.

In 100 percent of cases, the greatest anti-diph-
theria activity is offered by L. plantarum strain
picked in the gut of bees. Lactobacilli strains
picked in humans mostly show moderate antago-
nistic properties. On the average, 24.7% (aerobic)
and 76.7% (microaerophilic) of the pathogens and
the standard probiotic strains (L. rhamnosus and
L. acidophilus) did not affect the growth of the test
cultures in all the aerobic cultivation conditions
and were 86.96% ineffective.

The ability to suppress the growth of golden
staphylococcus strains under the aerobic and
microaerophilic cultivation conditions is shown by
all the lactobacilli strains examined. Circulating
strains of lactobacilli, no matter whether picked
in humans or bees, suppress the growth of about
a third of the S. aureus crops studied, and the pro-
biotic strains do not possess antagonistic proper-
ties towards more than 90% of the test crops. As
with diphtheria, an increase in the antagonistic ac-
tivity was observed under microaerophilic culture
conditions.

The reason is that lactobacilli are microaerophils,
i.e. the environment with an increased partial pres-
sure of carbon dioxide and reduced oxygen is more
favourable for their growth.
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For the further research, L. plantarum strain
picked in the gut of bees is chosen as having pro-
nounced antagonistic properties towards C. diph-
theriae and S. aureus strains. The investigation re-
sults are shown in Table 2.

As a result, the diameter of the growth retarda-
tion zone of C. diphtheriae strain under the micro-
aerophilic cultivation conditions increased signifi-
cantly: by 4.8 times (p < 0.05) as compared to the
aerobic conditions, and in S. aureus strain from 0
to 2.67 mm, respectively (p < 0.05).

Among the most significant factors that influ-
ence the nature of inter-microbial relationships,
namely the development of other members of bio-
cenosis, are the effects of bacteria-produced sub-
stances. The effect of exometabolites of L. planta-
rum strain on the growth dynamics and biofilm
formation of C. diphtheriae and S. aureus is illus-
trated in Table 3.

A statistically significant inhibitory effect on the
growth properties of pathogenic bacteria is exerted
by the addition of exometabolites of strain L. plan-
tarum in the amount of 0.1 and 0.3 ml per 1.0 ml
of the nutrient medium. The exometabolites of the
candidate strain in the amount of 0.1 ml suppres-
ses, on the average, the growth dynamics of patho-
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Fig. 2. Change of biofilm formation in pathogenic test cultures of C. diphtheriae and S. aureus as a result of the antagonistic
activity of exometabolites of strain L. plantarum (N is the number of exometabolites in 1.0 ml of the medium)

Table 3. Effect of L. plantarum ekzometabolit

on growth dynamics and biofilm formation of C. diphtheriae and S. aureus

Ekzometabolit quantity in 1.0 ml of medium
Functional indices Pathogens
control 0.1 ml 0.3 ml
Optical density, con. units (M * m)
Growth dynamics C. diphtheriae (n=7) 2.1+0.3 1.6+0.3* 0.9+02*
S. aureus (n=15) 6.9+0.4 57+04% 39+04%
Biofilm formation C. diphtheriae (n=9) 45+0.6 24+£02% 1.4+£0.1*
S. aureus (n=18) 7.1+0.7 36+0.3% 2.7+£02*

*p < 0.05.

genic corynebacteria by 1.3 times (p < 0.05), and of
golden staphylococcus by 1.2 times (p < 0.05) com-
pared to the control one. By increasing the dose
of exometabolites in the medium, the pathogen
growth dynamics is inhibited by 2.3 and 1.8 times
(p < 0.05), respectively.

The addition of exometabolites in the amount
of 0.1 ml to strains of pathogenic corynebacteria
decreases the biofilm formation on the average by
1.9 times (p <0.05), and in golden staphylococ-
cus — by almost 2.0 times (p < 0.05). The addi-
tion of a 0.3 ml dose inhibits the biofilm forma-
tion in C. diphtheriae on the average by 3.2 times
(p<0.05), in S. aureus — by 2.6 times (p < 0.05)
(Fig. 2).

It should be noted that the inhibition of the co-
rynebacteria ability to form biofilms is directly
proportional to the concentration of exometabo-
lites in the medium.

According to the WHO recommendations with
regard to the identification of candidate strains to
be put into production, they should not inhibit the
host normal flora. Investigations were carried out
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on the effect exometabolites of candidate strain
L. plantarum exert on the bioplane formation abi-
lity in clinical strains Lactobacillus spp. The result
is a moderately decreased biofilm formation as
opposed to pathogenic bacteria with suppression
significant.

In addition, the effect of exometabolites of
L. plantarum strain on enzymatic and phagocy-
tic activity was investigated. The inhibition of inva-
sion enzymes in S. aureus in vitro plasmocoagulase
and lecithinase strains [21] has been established.
A stimulation of phagocytosis values in neutro-
philic leukocytes of donors was noted, including
phagocytic activity, oxygen metabolism of neutro-
phils and opsonization of bacteria [22].

It has been shown that exometabolites of L. plan-
tarum strain can inactivate or partially degrade
an enzyme of aggression, such as diphtheria to-
xin. The determination of the toxicity of diphtheria
toxin was carried out on laboratory animals (gui-
nea pigs weighing 350...400 g) [23].

The analysis of the obtained results suggests that
the candidate strain L. plantarum picked in the
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gut of bees can be recommended as a production
strain in the development of potential methabio-
tic complexes for therapeutic and prophylactic pur-
poses. The suppression of the functional properties
of pathogenic bacteria by co-culturing them with
lactobacilli is the basis of the subsequent search
for alternative and safe ways to suppress persistent
pathogens.

Next, the use of EM and ultrasonic technologies
for targeted modification of the functional indices
of lactobacilli will be considered.

Microwave radiation is known to affect the elec-
trostatic relationships in the bacterial agent-host
cell system and to change the adhesive properties
on the surface of bacteria. The previous experi-
mental works revealed a possibility to modify ad-
hesive properties of pathogenic bacteria C. diph-
theriae [24]. In the present research, normophlora
representatives are exposed to EM fields and the
ultrasound.

The electromagnetic field exposure of lactobac-
teria L. plantarum, L. rhamnosus, and L. acidophi-
lus was held in the 42.2 and 61.0 GHz frequen-
cy bands under aerobic cultivation conditions for
3 hours. Table 4 illustrates the corresponding chan-
ges in the adhesive activity.

As a result, for L. plantarum and L. rhamno-
sus strains, the average number of microbes at-
tached to one erythrocyte decreases on the aver-
age by 1.7 and 3.8 times (p < 0.05), respectively,
when irradiated in the 42.2 GHz band. The per-
centage of erythrocytes having adhesive microor-
ganisms on their surface decreases on the average
by 1.3 and 2.0 times (p < 0.05), and the adhesion

Table 4. Effect of low-intensity EM field and ultrasound

index of the microorganisms decreases by 1.3 and
1.9 times (p < 0.05) (Table 4). The L. acidophilus
strain, in contrast, exhibits an increase in the MAI
and MOALI, on the average, by 1.4 and 1.2 times,
respectively (p < 0.05), whereas the AC tends to be
suppressed.

The use of the millimeter waves in the 61.0 GHz
band leads to the stimulation of the adhesive pro-
cess in L. plantarum and L. acidophilus strains. The
MALI increases on the average by 1.2 (p < 0.05) and
2.1 times (p < 0.05) and the AC — on the average, by
1.3 times (p < 0.05) in both cases. As for the MOAI,
L. acidophilus shows its average increase by 1.6 times
(p <0.05), whereas L. plantarum shows little change
in the adhesion index. L. rhamnosus strain irradia-
tion in the 61.0 GHz band results in the MAI sup-
pression by 2.2 times (p < 0.05) on the average and
the MOAI — by 2.0 times (p < 0.05) (Fig. 3).

Thus, the frequency dependence of electromag-
netic effect efficiency on the functional state of pro-
biotic strains of lactobacilli cultured under aero-
bic conditions is observed. In most cases, the ex-
posure in the 42.2 GHz band inhibits the adhesive
properties, and in 61.0 GHz band stimulates them.

The exposure to the ultrasound was held in the
18.0 and 60.0 kHz frequency bands for 1 hour. In
the result, the lactobacilli adhesion significant-
ly decreases in all probiotic strains (Table 4). At
the 18 kHz frequency band exposure, the MAI
decreases by 1.8...7.5 times (p < 0.05), the AC —
by 1.2...2.9 times (p <0.05), and the MOAI —
by 1.3...2.5 times (p < 0.05). The exposure to the
60 kHz band ultrasound reduces the average num-
ber of microbes attached to one erythrocyte (MAI)

on the functional indices of the adhesion of probiotic strains at the cultivation in aerobic conditions

Adhesion Effect mode
Lactobacillus spp. indices Control EM field ultrasound
(M m) 422 GHz 61.0 GHz 18.0 kHz 60.0 kHz
L. plantarum MAI 1.77£0.11 1.05£0.02* 2.05%£0.06* 0.8+£0.03* 0.73£0.07*
AC, % 63.3+0.67 50.0f£1.2* 79.3+1.76* 53.33+3.5* 50.7+4.67*
MOAI 2.79+0.16 2.11+0.04* 2.78+£0.08 1.5+0.04* 1.45+0.03%
L. rhamnosus MAI 1.49 £ 0.09 0.39+0.02* 0.67+0.04* 0.2+0.02* 0.41£0.02*
AC, % 52.0+2.0 25.3+0.67* 48.0 £3.46 18.0£3.05* 28.6+1.33*
MOAI 2.87%0.23 1.53+£0.07* 1.41+0.02* 1.13£0.07* 1.44£0.02*
L. acidophilus MAI 1.09£0.08 1.54£0.16* 2.36%£0.17* 0.61+0.02* 0.42+0.01*
AC, % 51.3+4.81 46.67 £2.7 68.7+1.76* 36.7+0.67* 28.7+1.33*
MOAI 2.13+0.06 3.28+0.17* 3.43+0.16* 1.65£0.02* 1.52£0.06*
* p<0.05.
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Fig. 3. Changes in AC of lactobacteria L. plantarum, L. rhamnosus and L. acidophilus cultivated under aerobic conditions and
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Fig. 4. Changes in AC of lactobacteria L. plantarum, L. rhamnosus, and L. acidophilu cultivated under aerobic conditions and

exposed to the ultrasound

by 2.4...3.6 times (p <0.05). The percentage of
erythrocytes having adhesive lactobacilli (AC) on
their surface decreases by 1.2...1.9 times (p < 0.05)
and the adhesion index of microorganisms de-
creases by 1.4...2.0 times (p < 0.05) (Fig. 4).

Thus, the ultrasound exposure is a factor that
can lead to a change in the state of the objects un-
der study, which is evident, in particular, in the
suppression of the adhesive properties of Lactoba-
cillus spp. under aerobic conditions of the cultiva-
tion. Also, the frequency dispersion dependence
can be seen in the effect magnitude, with general
behavioral trends retained.

One of the tasks was to increase the ability of
Lactobacillus spp. strains to suppress the growth of
C. diphtheriae and S. aureus test cultures due to the
EM field and ultrasound exposures.

46

For this purpose, L. plantarum strain was ex-
posed to the EM field in the 42.2 and 61.0 GHz fre-
quency bands for 3 hours. The antagonistic activi-
ty of lactobacilli after the co-cultivation in aerobic
and microaerophilic conditions was determined by
the change of the growth retardation zone diame-
ter of pathogenic strains.

The obtained data analysis (Table 5) suggests a
significant increase in the diameter of the growth
retardation zones of the test crops when they are
co-cultured with irradiated L. plantarum strains
compared to the control (non-irradiated) ones.

After the L. plantarum treatment in the 61.0 GHz
frequency band, the antagonism of lactobacilli ri-
ses by 3.3 times (p < 0.05) compared to the strains
of C. diphtheriae. For S. aureus, the diameter of
the growth inhibition zone increases from 0 to
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Fig. 5. Changes in the growth properties of the pathogenic C. diphtheriae and S. aureus strains as a result of the antagonistic
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Table 5. Influence of low-intensity EM field on the antagonism

of L. plantarum strains towards pathogens under different conditions of cultivation

N Cultivation conditions

Pathogens - - o

functional indices Pathogens aerobic microaerophilic

control 42.2 GHz 61.0 GHz control 42.2 GHz 61.0 GHz
Growth C. Diphtheriae | 1.71£0.71 | 3.71£0.36* | 558+0.7* | 8.14%+1.18 | 9.57+£1.25 | 12.7+0.84*
dynamics, mm (n=7)
(M+m) S. aureus 0.0 0.0 247+047% | 2671040 | 1.13+0.41* | 527+0.28*
(n=15)
*p <0.05.

2.47 mm (Fig. 5) under aerobic conditions of the
co-cultivation.

At the lactobacillus exposure to the EM field in
the 42.2 GHz band, a double increase of the growth
inhibition zones was observed only for C. diphthe-
riae strains (p < 0.05). The S. aureus test cultures
sensitivity to the irradiated antagonist strain does
not change.

Under the microaerophilic conditions, the EM
field exposure of L. plantarum in the 61.0 GHz
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band increases the antagonistic properties towards
C. diphtheriae by 1.5 times (p < 0.05) and towards
S. aureus — by 2 times (p < 0.05). The irradiation in
the 42.2 GHz frequency band yields an opposite ef-
fect. The growth retardation zone of S. aureus gets
2.4 times less (p < 0.05). For C. diphtheriae, this ef-
fect is not observed (Fig. 5).

Thus, the irradiation of L. plantarum strains
changes their antagonistic properties towards the
C. diphtheriae and S. aureus test cultures.
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Fig. 6. Changes in the growth properties of C. diphtheriae and S. aureus pathogenic strains due to the antagonistic activity of
L. plantarum strain after the ultrasound exposure for the co-cultivation in aerobic (a) and microaerophilic (b) conditions

Table 6. The ultrasound exposure effect on the antagonistic activity
of L. plantarum strains towards pathogens in view of different co-cultivation conditions

Cultivation conditions
Pfxthogf:ns. Pathogens aerobic microaerophilic
functional indices
control 18.0 kHz 60.0 kHz control 18.0 kHz 60.0 kHz

Growth C. diphtheriae 1.71+£0.71 2.57£0.53 2.42+0.48 8.14+1.18 8.0+ 1.05 6.43+1.56
dynamics, mm (n=7)
(M £m) .

S. aureus 0.0 1.27 £ 0.41 0.0 2.67 £0.40 2.410.48 3.0+£0.35

(n=15)

*p<0.05.

This effect exhibits the radiation frequency dis-
persion. Namely, the 61.0 GHz exposure raises the
antagonism of lactobacilli in all the cases. Yet, the
exposure to the 42.2 GHz field brings an opposite
result, which in turn depends on pathogenic bac-
teria strains and conditions of their co-cultivation.

There is a dependence of the antagonistic activi-
ty of the irradiated lactobacilli with non-irradiated
pathogenic strains on conditions of the co-cultiva-
tion. Under the microaerophilic (in vivo) and aero-
bic (in vitro) co-cultivation conditions, a biologi-
cal response to the EM field exposure may have an
opposite result.

The ultrasound exposure was in the 18 and
60 kHz bands and lasted for 1 hour.
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The results of the lactobacilli antagonistic activi-
ty towards pathogens after the ultrasound expo-
sure and in view of different cultivation conditions
are shown in Table 6.

Under the aerobic culture conditions, the ult-
rasound exposure at 18 kHz is effective, with the
growth retardation zone diameter increase from 0 to
1.27 mm for S. aureus. For the microaerophilic con-
ditions, no significant changes are observed (Fig. 6).

Conclusions. It has been found that among lac-
tobacilli strains taken from standard probiotic
preparations and picked in alternative econiches,
i.e. from humans and bees, those selected from the
gut of healthy bees, L. plantarum, have the greatest
antagonistic activity. Exometabolites of candidate
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strain L. plantarum are able to suppress enzymes
of aggression and invasion of pathogenic coryne-
bacteria and golden staphylococcus, reduce their
growth potential and ability to form biofilm, and do
not inhibit human normal flora. The use of L. plan-
tarum strain is promising as a production one in
the development of potential methabiotic comple-
xes for therapeutic and prophylactic purposes.

The effect of the environmental atmosphere
gas composition on the viability of microorga-
nisms when co-cultivated with other strains under
aerobic and microaerophilic conditions has been
shown. Microaerophilic cultivation conditions that
imitating the in vivo residence of bacteria have
been prioritized.

A possibility has been found to modify proper-
ties of microorganisms by their irradiation with
the ultrasound and a low-intensity EM field in the
UHF range, implying, in particular, the adhesive
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EJTEKTPOMATHITHI TA AKYCTUYHI
TEXHOJIOT B PO3POBII AHTUBAKTEPIAJIbHUX TTPEITAPATIB

ITpepmert i MeTa po6oTH. PO3IIAHYTO MOXK/IMBOCTI 3aCTOCYBaHHSA XBIIbOBYX TEXHOJIOTiN B PO3POOIIi a/IbTepHATYBHMUX aHTHU-
6ioTMKaM CIIOCO6IB IPUTHIYEHHsS PO3SBUTKY IIaTOreHHOI MiKpodopyu. MeTa — HOC/IIAUTY KOHKYPEHTHI MOXX/IMBOCTI IITaMiB
JTAaKTOOAIT, BUAUIEHNX 3 PISHMX €KOHIIl, 1I0J0 MaTOTeHHMX IITaMiB, IPOBECTY LiiNecHpsAMOBaHy Moaudikaliio afre3sBHIX
i aHTaroHiCTUYHMX BIACTUBOCTEN TAKTOOAINIT IIJIIXOM BIUIMBY Ha HUX HM3bKOIHT@HCUBHUX eleKTPOMArHiTHuX nonis (EMIT)
Ta ynbTpassyky (¥Y3).

MerTopu i MeTomonOrisA po6oTH. Po60Ta € eKcIIepuMeHTaNbHO0. [IoCIiIKyBamucs NTaKTO6aIIN 3 PisHMUX eKOHi: 1) cTaH-
IapTHi WTaMM 3 IPO6GIOTMYHNX Ipenaparis, 2) LUPKYIIO0Yi IITaMu, BU/iIeH] Big mropeit 1 6mpkin. s onpominenus EMIT
BUKOPUCTOBYBanucsA reHeparopu 1'4-141 i I'4-142, nna ynprpasByKoBoro BIMBY — reHeparopu I'3-109 i I'3-®. OuinroBanucsa
aire3VBHi IOKA3HNKIY Ta aHTArOHICTMYHA aKTUBHICTD wTaMiB Lactobacillus spp. mopo C. diphtheriae, S. aureus i ppibxmxomno-
ni6Hux rpu6bis popy Candida B aepobHMX i MikpoaepodinbHIX yMOBax KyJIbTVBYBaHH:A. [Ipu 06po6ui it aHaisi pesynbraris
BUKOPVCTOBYBA/INCA CTaTUCTUIHI METOIM.

Pesynbratu po6oTn. BcranosieHo, o mram L. plantarum, BUpieHnit 3 KUIIeYHNKaA 3[OPOBUX O, BO/IOJie HaibiIbLI
BUP@XEHNMI KOHKYPEHTHVMMM BIACTMBOCTAMM 110 BiTHOLIIEHHIO 10 HaToreHiB. ITokasaHo, [0 MPiOpUTETHUMM [IA IAKTOOAK-
Tepiii € MikpoaepoQi/IbHi YMOBY KY/IBTUBYBAHHS, 1110 iMITYIOTb IlepeOGyBaHHA iX in vivo. BcTaHOBIEHO MOX/IMBICTh MOAMiKaltii
BIACTUBOCTEN MiKpOOPraHisMiB 3a JOMOMOToX ix onpoMiHeHHs Y3 i HusbkoinTeHcuBHMMM EMII y Bysbkux cmyrax H3BY-
niamazony. CrocTepira€Tbcs fucepciiiHa 3ameXHicTb e()eKTMBHOCTI BIUIMBY BijJj YacTOTH. BcTaHOB/IEHO iHAMBIAYanbHi 0c06-
JIMBOCTI [JIs PiSHMX ITATOr€HHMX IITAMIB.

BucnoBok. OTpuMaHi pe3ynbTaTy BiKpMBAaIOTh IEPCHEKTUBY POSBUTKY €1€KTPOMATHITHMX i aKyCTMYHMX TEXHOJIOTi y
CTBOPEHH] a/IbTePHATUBHYX i 6e3IIeYHNX 3aC00iB, 3IATHIX IPOTUCTOATH IePCUCTYIOUMM ITaTOreHaM Ta MiIBUIYBATH CTIMKICTD
TI0 HUX OpraHisMy JIIOIMHIL.

Kniouosi cnosa: enexmpomaznimue nose, ynompaseyx, naxkmooaxmepii, ougdmepis, 3onomucmuii cmadinoxkox, adze3usHa ma
AHMAZOHICMUYHA AKMUBHICMb, MOOUPIKAUiS.
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