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Abstract: The work is aimed at clarifying the effect of cold helium plasma on the catalytic properties of lactate-
and aldehyde dehydrogenase in rat blood erythrocytes. The effect was studied in 20 white Wistar rats. Upon
completion of the full course of exposures (1 exposure per day for 5 days), blood samples were taken from all
animals with subsequent erythrocyte isolation performed by standard differential centrifugation for assessing
the activity of lactate dehydrogenase (LDH) and aldehyde dehydrogenase (AIDH). When assessing LDH activity,
both direct and reverse reactions were considered. Gas flow microwave ionisation was applied to the synthesis
of cold plasma using a special device developed at the Institute of Applied Physics, Russian Academy of
Sciences. The plasma treatment was established to provide stimulation of LDH activity in both direct and reverse
reactions. In the direct reaction, erythrocytic LDH activity in rats with plasma-treated skin almost doubled (94 %)
against 48 % of activity growth in the reverse reaction. Rat blood erythrocyte AIDH tends to moderate
inactivation, with catalytic properties observed to decrease by 13 %. Thus, treating the skin of healthy rats with
cold helium plasma was demonstrated to stimulate the energy metabolism of blood cells, with moderate activity
inhibition for AIDH presenting one of the detoxification enzymes. The nature of the observed shifts indicates
their adaptability. In general, according to the obtained data, the modulation of free radical processes was
confirmed to play a key role in the molecular-cellular mechanisms of the cold helium plasma action on the
biological system.
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BnusiHue renueBou xonogHou nnasmbl
Ha KaTanUTU4YeCKYK aKTUBHOCTb
HEeKOTOPbIX AernaporeHas 3puTpoumnuToB KPOBU KpPbIC
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Pesrome: Llenib pabombl — ymoYyHeHUe 8/UsIHUS 2e/iuesol Xo/100HOoU nia3Mbel Ha Kamasumuyeckue ceolicmea
nakmamaoezaudpozaeHasbl U anb0eauddeaudpozeHasbl 3pumpoyumos Kposu Kpbic. Ha 20 6ernbix Kpbicax UHUU
Wistar 6bino usydeHo enusiHue eesniueeol XxosiodHoU Mnna3Mbl Ha cocmosiHue spumpouyumos. [1o
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3aeeplueHuU rosiHo20 Kypca eosdelicmeul (no 1 ceaHcy 8 medeHue 5 OHell) y 8cex Xu8omHbix 6panu obpasubi
Kposu u OughhepeHyuarnbHbIM yeHmpugyaupogaHuem rno cmaHlapmHou memoduke 8bI0ensnu U3 HUX 836€Ch
apumpouumos 05151 OUEeHKU akmusHocmu OeaudpozeHas — rnakmamaoeaudpoaeHasbl 8 npsMol u obpamHou
peakuyusix, a makxe anb0eauddeaudpozeHasbl. XonoOHy MnasMy CuHme3upoeanu ¢ [APUMEHEHUEM
paspabomaHHoe20 8 MIHcmumyme nipuknadHol ¢pusuku PAH cneyuanbHo20 ycmpolicmea, pabomaiouje20 rno
npuryuny CBY-uoHu3ayuu ea308020 nomoka. YcmaHo8/1eHo, 4Ymo u3y4aembil hakmop obecrieyusaem
CMUMyAYU akmueHocmu flakmamoeaudpo2eHa3sbl KaK 8 MpsiMoU, mak u 8 0bpamHol peakyusix. Y Kpbic, Ybu
KOXHbIe  MOKpo8bl  bbinu  obpabomaHbl  XOMOOHOU  nasMol,  akmueHOCMb  3pUM-pouumapHoU
nakmamoOezaudpoeeHasbl 8 NPSMOU peakyuu rnpakmu4yecku ydeousnachk, npodeMoHcmpuposas rpupocm 6 94 %,
a 8 obpamHoli — noebicunack nuwb Ha 48 %. AnbdesuddezudpozeHasda 3puUMPOYUMO8 KpOBU KPbIC
deMoHcmpupyem mMeHOEeHUUI0 K yMepeHHOU UuHakmusayuu, Ymo rposieiiemcsi 8 CHUXEHUU Kamanumu4ecKux
ceolicme Ha 13 %. Takum obpa3om, rokasaHo, 4mo obpabomka KOXHbIX MOKPOB08 300p08bIX KPbIC 2e/uesol
XoroOHoU nnasmou obecriedueaem CMUMYIISIUUI0 SHEP2emu4eCKo20 0bMeHa KIemoK Kpo8uU, a makxke yMEePeHHO
yeHemaem akmueHocmb anb0eauddeaudpozeHasbl, O00HO20 U3 OemOKCUKaUUOHHbIX 3H3UMO8. Xapakmep
Habrmodaembix cO8U208 yKa3bleaem Ha ux adarmueHocmb. B ueriom roryyveHHble 8 pesyrnbmame npoeedeHHO20
uccnedosaHusi OaHHble rodmeepxdarom 6edywyro porb MOOyauUU  C8060OHOPadUKarbHbIX MPOUeccos 8
MOJIEKYISAPHO-KITIEMOYHbIX MexaHU3Max 0elicmausi 2e1uesoll Xorio0HoU nasmbl Ha bUoIo2u4ECKyHo CUCeMY,.

Knroyeenble crnioea: eenuesasi xonio0Hasi nnasma, mMemabornudeckue aghghekmenl, fiakmamoeaudpozeHasa,
anbOeauddecudpoeeHasa

Unghopmayus o cmamee: [Jama nocmynneHus 17 okmsabps 2019 e.; dama npuHamus k nedamu 25 chesparns
2020 e.; dama oHnauH-pasmeweHuss 31 mapma 2020 a.

Ans yumupoeaHusi: Maptyceud A K., Conoebesa A.l, KpacHoBa C.10., lNanka A.l., Koctpoe A.B. BnusiHue re-
NMEBOW XONOAHOMN NNa3Mbl Ha KaTanmUTUYECKYIO aKTUBHOCTb HEKOTOPbIX AernaporeHas 3puTpoLIMTOB KpbiC. M3ge-
cmusi 8y308. [lpuknadHass xumusi u 6uomexHonoeus. 2020. T. 10. N 1. C. 56-62. https://doi.org/10.
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INTRODUCTION

In recent decades, the use of cold plasma in
various therapeutic treatments has kindled the
interest of biomedical specialists' [1-4]. The
effectiveness of this treatment approach is
confirmed by in vitro (on colonies of various
microorganisms [1, 5, 6]) and in vivo (on infected
skin abrasion models [5-7]) studies on the
antibacterial activity of cold plasma-based therapies.
The relevance of the antibacterial cold plasma
effect is predetermined by the urgent need to find
an alternative to antibiotics in the context of rapidly
forming resistance in existing strains of pathogenic
microorganisms [3, 5—7], though this has tended to
eclipse research into other aspects of its effect on
biological systems [1, 8, 9]. It should be noted here
that both direct (at the place of treatment
[4, 6,9, 10]) and indirect (including systemic [1, 5])
realisation of these effects is possible. These
particular aspects of the issue under discussion are
discussed in less detail in the literature.

In previous in vitro experiments conducted by
the authors, cold plasma was demonstrated to affect
the oxidative and energy metabolism of biological
systems along with their physical and chemical
properties, as well as leading to an increase in
antibacterial activity [8, 11-13]. Moreover, shifts
were recorded in a number of metabolic parameters
for blood [12] and the state of systemic hae-

modynamics and microcirculation in animals with
dermal administration of the studied treat-
ment [14, 15]. Although one possible cause of these
transformations involves the effect on the catalytic
activity of blood enzymes, no such confirmation of
this hypothesis is provided in the experimental
literature.

Against this background, the present study
was aimed at clarifying the effect of cold helium
plasma on the catalytic properties of lactate
dehydrogenase (LDH) and aldehyde dehyd-
rogenase (AIDH) in rat blood erythrocytes.

EXPERIMENTAL PART

The study was performed on 20 healthy
sexually-mature male Wistar rats. The animals were
divided into two groups equal in number. The first
group (n = 10) presented a control group with no
manipulations performed other than a single blood
sampling. Rats of the second group (n = 10) were
treated daily over the course of 5 days with cold
helium plasma applied to a pre-epilated dorsal
surface. A single treatment time comprised 1 min.
Cold plasma was synthesised using a special
device developed at the Institute of Applied Physics,
Russian Academy of Sciences and based on the
phenomenon of gas flow microwave ionisation
[8, 11-15]. Grade A bottled helium was used as a
source gas for obtaining the cold plasma.

1 Aleinik A.N. Plasma medicine: textbook. Tomsk: Publishing house of Tomsk Polytechnic University, 2011.

45 pp.
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Upon completion of the full course of exposure
to cold helium plasma, blood samples were taken
from all animals. Subsequent isolation of an eryth-
rocyte suspension was carried out by differential
centrifugation according to the standard method for
evaluating the activity of lactate dehydrogenases
(LDH) and aldehyde dehydrogenase (AIDH). The
LDH activity was determined in the erythrocyte
hemolysate admixed with distilled water (1:40 vol.)
according to the method of G.A. Kochetov2. Both
direct and reverse reactions were considered for
evaluation of LDH activity.

AIDH activity was determined spectrophoto-
metrically according to the method described by
B.M. Kershengolts and E.V. Serkina (1981). The
pro-tein content was specified using the modified
Lowry method.

Statistical data processing was carried out
using Microsoft Excel 2007 and the Primer of
Biostatistics 4.03 software program.

RESULTS AND DISCUSSION

Cold helium plasma was shown to contribute
to significant changes in the catalytic properties
of erythrocyte enzymes. The studied treatment
was observed to stimulate LDH activity in both
direct and reverse reactions (see Fig. 1).
However, the extent of these shifts is not the
same: at the end of the course of exposure to cold
plasma, the catalytic enzyme activity in both
reactions is practically equalised, while, in the
intact animals of the first group, a moderate
predominance of the reverse reaction occurs. In
this regard, in rats treated with cold plasma, the
activity of erythrocyte LDH in the direct reaction
almost doubled (94 %, p < 0.05 as compared to
the intact animal level). Conversely, in the reverse
reaction an increase of 48 % (p < 0.05) was
observed. Indirectly, this can be seen as
indicating a stimulating effect of the considered
treatment on the intermediate element of energy
metabolism with an increase in the production of
pyruvate, the primary substrate of the Krebs
cycle [16, 17].

A different aspect of the modification was re-
vealed with respect to AIDH (see Fig. 2). The spe-
cified enzyme related to the enzyme deto-xification
system tends to a moderate inactivation with
catalytic properties decreased by 13 % (p < 0.05
relative to the level detected for intact rats of the first
group). This may be due to increased production of
free radicals induced by external exposure to cold
plasma. Although these compounds are intensively
utilised by the antioxidant system of blood and
tissues, their secondary (malon-dialdehyde) and
tertiary (Schiff's bases) products require the invo-
Ivement of appropriateenzymes in the detoxification
process [18].

160 -

=i %

#*
T
140 i i

120

100 . |

LDHdir LDHrev

O Intact rats @ Cold helium plasma treatment

Fig. 1. Lactate dehydrogenase activity in direct (LDHdir)
and reverse (LDHrev) reactions in rat blood erythrocytes
(nM NADH/min per mg protein; * — statistical significance
of differences relative to the intact animal level)
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Fig. 2. Aldehyde dehydrogenase activity in rat blood
erythrocytes (nM NADH/min per mg protein; * — statistical
significance of differencesin relation
to the intact animal level)

Puc. 2. AkmusHocmb anbO0eauddeaudpoaeHasbl
apumpoyumos Kposu KpbIc (8 HmMonb HALOH/mMuH*me
besnka; * — cmamucmuyeckasi 3Ha4uMoCmb pasnuyull
10 OMHOWEHUIO K YPOBHIO, XapakmepHOMy
Or1st UHMaKMHbIX XXUBOMHbIX)

2 Kochetov G.A. Enzymology practical guide: textbook for students of biological specialities. Moscow: Vysshaya

Shkola, 1980. 272 pp.
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This is confirmed by the increase in the
concentration of malondialdehyde in rat blood
erythrocytes exposed to the cold helium plasma
demonstrated by the authors in previous studies
[12, 13]. Moreover, no stimulating effect of cold plasma
on the intensity of free radical reactions in the
membranes of these blood cells was registered. For
this reason, together with the results obtained in the
framework of this study, the plasma effect can be
characterised as training and pro-adaptive.

It is also important to emphasise that the
presented data indirectly indicate the consistency of
the working hypothesis on the induction of free radical
processes as one of the main systemic effects caused
by cold helium plasma to the body, since all detected
metabolic transformations resulted from the studied
treatment are directly associated with a short-term

increase in the intensity of free radical oxidation in the
blood and tissues.

CONCLUSION

Thus, according to the dynamics of the
catalytic  properties of erythrocyte lactate
dehydrogenase in direct and reverse reactions,
treating the skin of healthy rats with cold helium
plasma was established to stimulate the energy
exchange of blood cells with simultaneous
moderate inhibiting AIDH activity — one of the
detoxification enzymes. The nature of the observed
shifts indicates their adaptability. In general,
according to the obtained data, the modulation of
free radical processes was confirmed to play a key
role in the molecular-cellular mechanisms of the
cold helium plasma action on the biological system.
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