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The article reveals the results of the research of the influence of currents of minor intensity without ex-
ternal sources of power on the culture of Pr. vulgaris. It has been proved, that the usage of currents of minor
intensity in complex therapy does not require much of investment; it is efficient and available non-
pharmacological method of influence on the micro flora of the thermal injury.
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Y cmammi euknaleHi pe3ynbmamu 8U8YEHHSI 8ruU8y CmMpyMy HU3bKOI iHMeHcUugHocmi 6e3 308HilHIX
oxepen Ha Kynbmypy Pr. vulgaris. [JosedeHo, w0 8UKOPUCMaHHSI CMpPyMi8 HU3bKOI iHmeHcusHocmi 6e3 308H -
WHiX Oxepesn 8 KOMIIIIEKCHIU meparnii € MmariogapmicHUM, egpekmusHUM i docmyrnHum 6e3meduKkameHmo3HUM
memodom eriniugy Ha Mikpoghbsiopy Oniko8UX pPaH.

KntoyoBi cnoBa: onik, iHekuida, mikpodriopa, aHTUGioTMKN, MIKPOCTPYMU.

B cmambe usnoxeHbl pesynbmamabl U3yYeHUsT 8MUSHUSI moKa HU3KOU UHMmMeHcusHocmu 6e3 8HewWHux
ucmoyHuUKo8 Ha Kynbmypy Pr. vulgaris. [JokazaHo, 4mo ucronb308aHue moKog HU3KOU UHmeHcusHocmu 6e3
B8HEWHUX UCMOYHUKO8 8 KOMIIEKCHOU mepanuu sensemcsi masocmosuue, 3¢hgpekmusHbiM U 00CmYynHbIM
6e3 medukameHmMOo3HbIM MemoOoM 8030elicmeusi Ha MUKPOGIIOPY 0XK0208bIX PaH.

KntoueBble cnoBa: oxor, MHekuus, Mukpodnopa, aHTUbMOTUKN, MUKPOTOKM.

Introduction

According to the scientific literature, thermal injury possesses a good environment
for the development of infection-based complications that challenge effective treatment.
Infection-based complications, in combustiology, are the main causes of lethal outcomes
[2]. For the prevention and treatment of infection-based complications, that patients usu-
ally face with, antibacterial drugs are usually used during pre- and post-operational peri-
ods.

Antibacterial prevention practice is usually based of the prescription of broad spec-
trum antibiotics. In addition, the usage of durable de-escalation schemes of antibiotic
therapy results in the development of high resistance level. Thus, thermal injuries be-
comenidi of poliresistant microorganisms [1]. One of the ways of struggle against poli-
resistant micro flora, which vegetates in thermal injuries, is the development and usage of
non-pharmacological, effective and available means and methods of influence on the
agents of complications [2,3]. The specific method of influence is the usage of the cur-
rents of minor intensity without external sources of power. The aim of our research was
the action of the current of minor intensity without external sources of power on the cul-
ture of Pr. vulgaris.

Materials and methods. We studied the possible change of sensitivity of Pr. vul-
garis to the direct influence of antibiotics under the durable action of the currents of mi-
nor intensity without external sources of power. For this purpose, we had developed and
patented the device for the assessment of the influence of currents of minor intensity
(fig.1) on the cultures of microorganisms (Ukrainian patent Ne 43358).

The change of sensitivity of Pr. vulgaris to antibiotics in the result of durable action
of the current of minor intensity without external sources of power was studied in the
series of researches that covered 12 experiments. Each of the experiments was studied
according to the development of the colonies of Pr. vulgaris that were located in the test
tubes with saline solution within inter-electrode environment with the constant action of a
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micro current. The strength of the micro current was 40mcA and the voltage 0,03V under

the temperature of 36°C.

PRobok Fig.1 The device for the study of the BA influence on the cultures microor-
:F:f 3::75 ganisms: support 1, test tubes with microorganisms 2, electrode-donor of
b oAbyt electrons (DE) 3, electrode-acceptor of electrons (AE) 4, measuring device
5, conductor 6.
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ig\ | In 24 hours, from every series of the test tubes we
‘ took samples (0,1 ml) of the culture Pr. vulgaris, diluted
with 1000 ml of the saline solution, seeded in Petri dishes
on meat-peptonic agar. Further, we placed standard discs
antibiotics on the samples and put them within thermostat for 24 hours under the temper-
ature of 36°C. In 24 hours we estimated the sensitivity of Pr. vulgaris to antibiotics ac-
cording to the diameter of growth inhibition. A culture of Pr. vulgaris without micro cur-
rent influence served as the control sample.

The action of the current of minor intensity without external sources of power was
also studied according to the character of its influence on the development of the colonies
of Pr. vulgaris on meat-peptonic agar. For this purpose, we located discs with activated
and non-activated xenoskin, discs with ceftriaxonum and discs with electrodes on the
suspension of the microbe culture in Petri dishes. The suspension was taken according to
the process of standard turbidity (500 thousands of microbe bodies per 1 ml). The entire
test was designed to create different conditions of influence on the microbe test-objects.

We used a copper plate as the electrode-donor of electrons. For the electrode-
acceptor of electrons we used aluminum-magnesium-zinc (AMZ) plate. The action of the
current of minor intensity without external sources of power on the culture Pr. vulgaris
was studied in the conditions of closed and disconnected electric circuit. A standard disc
with ceftriaxonum and the culture of hemolytic staphylococcus served as the control
sample for the research of the strength of the antibacterial action of the micro current on
the culture of Pr. vulgaris.

Results and discussion. The series of 12 experiments has shown that the number of
colonies of Pr. vulgaris was equal to the number in the test sample. At the same time, af-
ter the action of the current of minor intensity without external sources of power on the
culture of Pr. vulgaris, sensitivity of the latter to antibiotics grew (fig. 2) from 7,1% to
66,7 %. Thus, after 24-hour action of the micro current, sensitivity of Pr. vulgaris to gen-
tamycin grew by 7,1%, ceftriaxonum and ciprofloxacinum by 15,0%, cefasolin by 66,7.
In addition, changes of sensitivity of Pr. vulgaris to cefipime, cefuroxime, norfloxacin,
ophlocaine and sulbactame after the influence of the current of minor intensity without
external sources of power was not observed.

Fig.2 Sensitivity of Pr. vulgaris to the
antibiotics in the experimental sample (1)
and control sample (2).

The result of the experiment revealed that the diameter of growth inhibition of the
culture Pr. vulgaris under activated xenoskin (fig. 3) was 11,0 = 1,8 mm, which was in
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27,3% bigger than the diameter of growth inhibition under non-activated xenoskin
(P<0,05). Additionally, the character of influence was similar to bacteriostatic.

Fig.3 diameter of growth inhibition of
Pr. vulgaris (1) and hemolytic staphy-
lococcus (2) under activated (a) and
non-activa-ted (b) xenoskin.

Antibacterial action of the activated xenoskin on the culture of hemolytic staphylo-
coccus had the character of a bactericidal action and was in 48,1% stronger in compari-
son with antibacterial action of activated xenoskin on the culture of Pr. vulgaris
(21,2£1,9mm versus 11,0+1,8mm — P<0,001), and in 35,5% stronger in comparison with
non-activated xenoskin (12,4+0,9 mm versus 8,0+0,3 mm — P<0,01). It was found, that
the diameter of growth inhibition of the culture of Pr. vulgaris under standard discs with
ceftriaxonum was 15,0 + 0,2 mm (P<0,05), which was in 32,1% smaller than the diame-
ter of growth inhibition of hemolytic staphylococcus under the analogical discs with
ceftriaxonum (fig. 4).

Fig. 4. Diameter of growth inhibition of Pr. wlgar-
is (1) and hemolytic staphylococcus (2) on the agar
under the standard discs with ceftriaxonum.

Antibacterial action of the current of minor intensity without external sources of
power on the culture of Pr. vulgaris in the conditions of closed circuit of energy circula-
tion was insignificant (fig.5), depended of the nature of the electrochemical electrodes
and was in 1,5 times stronger under the negative electrode (12,0 £ 0,46 mm versus 8,0 +
0,3 mm — P < 0,001) in 3,4 times weaker under the positive electrode, and in 1,4 times
stronger under the negative electrode, in comparison with the anti-bacterial action of the
current of minor intensity without external sources of power on hemolytic staphylococ-
cus.

Fig. 5. Diameter of growth inhibition of Pr. wul-
garis (1) and hemolytic staphylococcus (2) on the
agar under the electrodes in the conditions of
closed circuit of energy circulation.

Additionally, analogical action of the current of minor intensity without external
sources of power on the culture of hemolytic staphylococcus revealed strong dependency
of lysogenic phenomenon on the nature of electro-chemical electrode. Thus, the zone of
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growth inhibition on meat-peptonic agar under the positively charged electrode was in
3,2 times stronger than under the negative: 27,2 + 2,4 mm versus 8,5 + 0,7 mm (P <
0,001).

The bactericidal influence under the positive electrode was in 1,2 times stronger in
comparison with the standard disc with ceftriaxonum and in 3,4 times stronger in com-
parison with antibacterial action on Pr. vulgaris. Under the negative electrode, antibacte-
rial action against Pr. vulgaris was 29,2% stronger, in comparison with the antibacterial
action against hemolytic staphylococcus.

Bacteriostatic action of the current of minor intensity
without external sources of power on the culture of Pr.
vulgaris in the conditions of disconnected circuit of energy
circulation (fig. 6) was insignificant and did not depend of
the nature of electrochemical electrode. t was in 1,1 times
stronger in comparison with the action of the positive
electrode on hemolytic staphylococcus (7,0 = 0,2 mm ver-
sus 7,4 £ 1,2 mm — P < 0,05) and in 2,9 times weaker un-
der the influence of the negative electrode on the culture Fige Diameter of growth inhibition
of Pr. vulgaris (7,0 £ 0,2 mm versus 20,5 = 2,6 mm — P < of Pr. wlgaris (1) and hemolytic
0,001), and in 2,4 times weaker in comparison with the Staphylococcus (2) on the agar under

. . . . the electrodes in the conditions of
action of the standard disc with ceftriaxonum (7,0 + 0,3 gisconnected circuit of energy circu-
mm versus 17,0 + 0,1 mm — P < 0,05). lation.

In order to check the validity of the results, we located the electrodes - donor and

acceptor of electrons in separate Petri dishes (fig. 7).

Fig. 7. Diameter of growth inhibition of Pr.
vulgaris on the agar under the electrodes in
separate Petri dishes.

The bacteriostatic influence of the electrode potentials
on the culture of Pr. vulgaris in different Petri dishes was
analogical and did not differ from the bacteriostatic action
of the electrodes that were located in a single Petri dish.
However, it was less apparent in comparison with antibac-
terial action of the electrode potentials in separate Petri
dishes on the culture of hemolytic staphylococcus (fig. 8).
Thus, under the positive electrode in was smaller in 1,1
times (7,0+0,5 mm versus 7,4+1,2 mm — P< 0,05), while
under the negative electrode in 1,7 times (7,0£0,4 mm ver- Fig- 8 Diameter of growth inhibi-

) . tion of hemolytic staphylococcus
sus 12,1+1,4 mm — P<0,05). It was also in 2,4 times smaller ' the agar under the electrodes in
in comparison with antibacterial action of the standard disc separate Petri dishes.
with ceftriaxonum (7,0£0,5 mm versus 17,0+£0,1 mm — P<
0,001).

There was also conducted a series of experiments for the research of the bactericidal
action of xenoskin on the culture of Pr. Vulgaris in the conditions of the disconnected cir-
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cuit of energy circulation.

For this purpose, standard discs of xenoskin that had been located on the culture of
Pr. vulgaris (previously seeded on the meat-peptonic agar), were covered with standard
discs of the electrodes (donor and acceptor of electrons with the diameter of 5 mm).

According to the fig.9, the bactericidal action of xenoskin in the conditions of dis-
connected circuit of energy circulation on the culture of Pr. vulgaris was insignificant and
under the electrode-donor of electrons was 8,0+0,5 mm, which in 2,0 times weaker in
comparison with the electrode-donor of electrons on the culture of hemolytic staphylo-
coccus (8,0+1,5 mm versus 15,8+ 1,9 mm, P<0,01) and in 2,1 times weaker in compari-
son with antibacterial action on hemolytic staphylococcus under the electrode-acceptor of
electrons (8,0+0,4 mm versus 16,6+1,5 mm, P<0,001).

Fig.9 Diameter of growth inhibition of Pr. wulgaris
(1) and hemolytic staphylococcus (2) on the agar
under xenoskin in the conditions of disconnected
circuit of energy circulation.

Antibacterial action of xenoskin in the conditions of disconnected circuit of energy
circulation on the culture of Pr. vulgaris was also weaker in 2,1 times in comparison with
antibacterial action of the standard disc with ceftriaxonum (8,0 = 0,5 mm versus 17,0 +
0,1 mm — P < 0,01). The results of the research of the antibacterial action of xenoskin on
the culture of Pr. vulgaris in the conditions of closed circuit of energy circulation (fig.10)
suggest that under the electrode-donor of electrons is weaker in 3,2 times (7,1 = 1,2 mm
versus 22,5 = 1,3 mm — P < 0,001) and in 1,4 weaker (12,9 = 1,3 mm versus 18,7 = 0,8
mm — P < 0,05) in comparison with antibacterial action on hemolytic staphylococcus.

The bactericidal action of xenoskin under the electrode-donor of electrons in the
conditions of closed circuit of energy circulation decreased in 1,1 times (7,1£1,2 mm ver-
sus 8,0+0,5 mm). At the same time, under the electrode-acceptor of electrons it increased
in 1.6 times (12,9+1,3 mm versus 8,0 £ 0,4 mm, P<0,05).

Fig.10 Diameter of growth inhibition of Pr. wl-
garis (1) and hemolytic staphylococcus (2) on the
agar under xenoskin in the conditions of closed
circuit of energy circulation.

In addition, in comparison with the antibacterial action of the standard disc with
ceftriaxonum it was weaker in 1,3-2,4 times (7,1+1,2 mm, 12,9+1,3 mm versus 17,0 +
0,1 mm — P < 0,05). the growth of sensitivity of Pr. vulgaris to antibiotics by 7,1% -
66,7% under continuous and durable action of the current of minor intensity without ex-
ternal sources of power, and moderate and high antibacterial action of the micro current
on hemolytic staphylococcus in the conditions of closed circuit of energy circulation
condition its urgent usage in combustiology.
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Conclusions and perspectives for further development

1. Antibacterial influence of the electrodes and xenoskin on the culture of Pr. vul-
garis in the conditions of closed and disconnected circuit of energy circulation is moder-
ately apparent, which testifies to its natural resistance to the influence of the currents of
minor intensity without external sources of power.

2. Lysogenic phenomenon of the action of the micro current without external
sources of power depends of the nature of the electrochemical electrode and is stronger in
33,3% under the acceptor of electrons.

3. Durable action of the current of minor intensity without external sources of pow-
er in 7,1% - 66,7% increases the sensitivity of Pr. vulgaris to antibiotics, and also pos-
sesses moderate bactericidal and bacteriostatic action. in this view, the method can be
recommended for the usage in complex therapy of pyoinflammatory diseases.

For the complete discovery of the bactericidal action of the current of minor intensi-
ty without external sources of power it is necessary and reasonable to continue to study
its influence on the micro flora of thermal injuries, especially on gram-negative bacteria.
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