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AHHOTAIIUA

BBenmenue. Ha ceromHsAmHuH eHb TOKA3aHO, YTO OAHUM U3 BO3MOXKHBIX ITyTel MOBBIIIEHU d(PHEKTUBHOCTH JIeUe-
HUS 3JI0KAUeCTBEHHBIX OITyXOJIel SBJISIETCS MPUMeHeHe KOMOMHIPOBAHHBIX METO/IOB JIEUEHUs.

Ilenp. VByunTh MHTEHCUBHOCTH MepPeKUCHOr0 okucaeHus aunuzoB (I10JI) U akTUBHOCTH CYNEPOKCH/IIUCMYTA3bI
(CO) mpu runeprepMuu Ha HOHE AEHCTBUS TYETHHOTO /14 B KPOBU KPBIC-OITyX0JIEHOCHUTEIEH.

MaTepuasyibl U METO/bl. DKCIIEPUMEHTAIbHBIE }KUBOTHBIE OBLITN Pa3/ieIeHbl Ha 5 TPYIII: 1-51 — HHTAKTHBIE; 2-5T —
KOHTPOJIb (?KUBOTHBIE-OIyX0JIeHOCUTeNMH (0IyxosieBbld mrtaMM PC-1) ¢ BHyTpuOpIOmMHEBIM (B/6) BBe/ileHHEM (GU3U0JIO-
THYECKOTO PAaCcTBOPA); 3-A, 4-5 U 5-5 TPYIIIBI — »KUBOTHBIE-OIIYXOJIEHOCUTENH C B/0 BBEIEHUEM 0.5 MJI P-Pa IMYEINHOTO
Ana Ha GoHe TUIepTepMun 42, 43 U 44 °C cooTBeTcTBeHHO. OIpeiesisain co/ilepKaHie B KPOBU KUBOTHBIX JTUEHOBBIX U
TPUEHOBBIX KOH'BIOTaTOB, ocHOBaHui [[Tudda (OI) u aktusHocTu CO/I.

PesynpTaThl. C1-X CyTOK ITOCIe OKOHYAHHUA SKCIIEPUMEHTA PETUCTPUPOBAJIOCH CTATUCTHYECKU 3HAYNMOE CHIKe-
HUe TPHEHOBBIX KOH'BIOIaTOB BO BCEX OIBITHBIX I'PYIINAX [I0 CPABHEHUIO ¢ Ipynnoi KouTposa. OIll cHmkamuch Ha 1-7-€
CYTKHU II0CJIe OKOHYAHUS SKCIIePUMeHTA IIPH eUCTBUY runepTepMuu 42 °C U M4eJIMHOro A/, Ha 7—28-e CyTKU — IIpU
JeticTBuU runeprepMun 43 °C ¥ MUYEJTHHOTO s/1a U HA 28-e CYyTKU — MPU JeHCTBUU MUYETUHOTO s/1a U THIEPTEPMUHN
44 °C, uTo compoBOXk1I0Ch pocToM akTUBHOCTH CO/J ¢ 7-X CyTOK BO BCEX ONBITHBIX TPYIIIIAX 0 CPABHEHHUIO C TPYIIIOHN
KOHTPOJIA.

3aknoyeHue. ['uneprepMmus B KOMOMHAIIUY C IEHCTBHUEM ITYETHHOTO 5712 0OYCIOBINBAET CHUKEHUE MTPOJYKTOB
JIMIIOTIEPOKCH/IAIINN M POCT aHTUOKCH/IAHTHON aKTHMBHOCTH B KPOBH KpBIC-oIlyxosieHocuTesei. Hanbosee abdexTrn-
HBIM JIEHCTBHEM, Ha HAIIl B3IJIAJ, 00JIa/1aeT HCIIOJIH30BAHUE ITUEJIMHOTO si71a Ha poHe runeprepmuu 43 °C, mpu KOTOPOH
perucTpupyercsi IpOJIOHTHPOBAHHOE JIeHCTBHE KaK B OTHOIIEHUU CHIDKeHHS KoHIeHTpanuu OIIl, Tak M pocTa akTHUB-
Hoctu CO/I.

Karouesente caosa: TuIeprepMmusd, TTYEeTUHBIA A4, AHTUOKCHUJaHTHAsA CUCTEMA, CYIIEPOKCUAANCMYTa3a, IPOOKCUAAHT-
Has CUCTEMa, JKUBOTHBIE-OITYXOJIECHOCUTEJIHN.
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ABSTRACT

Introduction. Nowadays, it has been shown that one of the possible ways to increase the effectiveness of the treat-
ment of malignant tumors is the use of combined treatment methods.

Aim. To study the intensity of lipid peroxidation (LPO) and the activity of superoxide dismutase (SOD) in hyperther-
mia against the background of bee venom in the blood of tumor-bearing rats.

Materials and methods. The experimental animals were divided into 5 groups: 1t — intact; 2" — control (tumor-
bearing animals (PS-1 tumor strain) with intraperitoneal (IP) administration of saline solution); 3, 4™ and 5" groups —
tumor-bearing animals with IP administration of 0.5 ml of bee venom against the background of hyperthermia 42, 43 and
44°C respectively. The content of diene and triene conjugates, Schiff bases (SB) and SOD activity in the blood of animals
was determined.

Results. From the 1% day after the end of the experiment, a statistically significant decrease in triene conjugates was
recorded in all experimental groups compared to the control group. SB decreased on the 1%—7" day after the end of the
experiment with the action of hyperthermia 42°C and bee venom, on the 7*"—28% day — with the action of hyperthermia
43°C and bee venom, and on the 28" day — with the action of bee venom and hyperthermia 44°C, which was accompanied
by an increase in SOD activity from the 7 day in all experimental groups compared to the control group.

Conclusion. Hyperthermia in combination with the action of bee venom causes a decrease in lipid peroxidation
products and an increase in antioxidant activity in the blood of tumor-bearing rats. The most effective action, in our opin-
ion, is the use of bee venom against the background of hyperthermia of 43°C, at which a prolonged effect is recorded both
with respect to a decrease in the concentration of SB and an increase in the activity of SOD.

Keywords: hyperthermia, bee venom, antioxidant system, superoxide dismutase, prooxidant system, tumor-bearing

animals.

BBEJIEHNE

PasBuTHE OIyX0JIEBOTO IIPOIECCA COIIPOBOK/IAET-
cs1 3HAUWUTEJIFHBIM yBeJIMYEHUEM B IUIa3Me KPOBHU
IIPOAYKTOB IIEPEKUCHOTO OKMCsIeHus sunuzaoB (I10JT)
[1]. [Ipu sTOM ecTecTBEHHAsT aHTUOKCUJAHTHAS CH-
CTeMa OpraHu3Ma OKAa3bIBAeTCs IEPErpPYy:KeHHOH U
OBIBaeT He B COCTOSTHUY MHAKTUBUPOBATH OTPOMHOE
KOJIMYECTBO CBOOOZHBIX PAJMKAJIOB, YTO BJIEYET 3a
co00¥i OBBIIIEHHBIN PUCK OITyX0JIEBOTO pocTa [2].

Obmiasi rumepTepMus OpraHU3Ma OTHOCUTCSI K
(dakTopam, OKa3bIBAIOIIMM yTHETAIOIIEe IEHCTBHE
Ha pocrt omyxosu [3]. IIpu Bo3aeicTBUM 00IIEH TH-
[IEPTEPMUN ITPOUCXOUT YCUIEHUE OKHUCIUTEBHO-
MeTaboTMIecKOH (QYHKIUHM JIEUKOIUTOB KPOBU H
KJIETOK KOCTHOTO MO3Ta, YTO MOXKET OKa3bIBaTh I10-
3UTHUBHBIA 3G @EKT IIPU OITyXO0JIEBBIX Iporeccax. Ox-
HaKO YCUJIEHUE OKUCIUTEIHHOTO MOTEHITHAIA IPU-
BOJUT K HETaTUBHBIM IIOCJIEACTBUIM B 37[0POBBIX
KJIeTKaxX opraHu3Ma [4]. B ¢cBoio ouepen, TIeTHHBIH
ST, KaK ¥ JII0O0U JIPYTOU pas3IpaskuTesib (CTpeccop),
crioco0eH BBI3BIBATH B OPTaHU3Me DPa3BUTHE CTaH-
JIAPTHBIX IIPUCIIOCOOUTENTBHBIX (HecrenuduuecKkux)
peaknuii [5]. B MasbIX KOHIIEHTPAIUAX MTYETHHBIN
SI7T BBICTYIIAET B KaUecTBe a/lanTorexa [6, 7]. B cBsasu
C YKa3aHHBIM BQJKHBIM IIPE/ICTABIISETCS UCCIIEI0BA-
HIe COBMECTHOTO IPUMeHEH s TUIIEPTEPMUHU U ITUe-
JIMHOTO /1 Y )KUBOTHBIX-OITyX0JIEHOCHUTEJIEMN.

IOEJIb NCCJIEJOBAHUA

I/IBy‘—II/ITb HUHTEHCHUBHOCTb IIEPEKHCHOI'0 OKHCJIE-
HUA JIMIIUA0B U aKTUBHOCTD CYIIEPOKCUAAUCMYTAa3bl

INTRODUCTION

The development of the tumor process is accom-
panied by a significant increase in the blood plasma
of lipid peroxidation products (LPO) [1]. At the same
time, the body’s natural antioxidant system is over-
loaded and is unable to inactivate a huge amount of
free radicals, which entails an increased risk of tu-
mor growth [2].

Whole-body hyperthermia refers to factors that
have a depressing effect on tumor growth [3]. When
exposed to whole-body hyperthermia, the oxida-
tive-metabolic function of blood leukocytes and
bone marrow cells increases, which can have a pos-
itive effect in tumor processes. However, an in-
crease in the oxidative potential leads to negative
consequences in healthy cells of the body [4]. In
turn, bee venom, like any other irritant (stressor),
is able to cause the development of standard adap-
tive (non-specific) reactions in the body [5]. In low
concentrations, bee venom acts as an adaptogen
[6, 7]. In this regard, it is important to study the co-
use of hyperthermia and bee venom in tumor-bear-
ing animals.

AIM OF THE RESEARCH

To study the intensity of lipid peroxidation and
the activity of superoxide dismutase (SOD) in hyper-
thermia against the background of the action of bee
venom in the blood of tumor-bearing rats.

26

Journal homepage: http://jsms.ngmu.ru



Shabalin M.A. et al. / Journal of Siberian Medical Sciences 3 (2021) 25—-33

(COT) mpu runieprepMuu Ha GOHE JIEUCTBUSA ITYEITH-
HOTO 5713 B KPOBU KPbIC-OITyX0JIE€HOCUTEIEH.

MATEPUAJIBI 1 METO/IbI

B skcmepuMeHTe KCIIOIB30BAIA KPBIC-OIyX0JIe-
HocuTened guanu SD, Maccor 200—250 T. 2KuBoT-
Hble OBUIN pasJiesieHbl Ha 5 rpynn (1o 5 ocobelr B
KaKIon):

1. IHTaKTHHIE.

2. KoOHTpoJib (3KHMBOTHBIE-OIYXOJEHOCUTETN C
BHYTPHUOPIOITUHHBIM (B/0) BBEZIEHHEM 0.5 MJI HHU3HU-
0JIOTUYECKOTO pacTBOpPa).

3. OnbIT 1 (;KUBOTHBIE-OIYXOJIEHOCUTETU C B/O
BBeJIEHHEM 0.5 MJI PAaCTBOpA IMUETMHOTO siia IIPHU TH-
neprepmuu 42 °C).

4. OmpIT 2 (CKUBOTHBIE-OITYX0JIEGHOCUTENIHN C B/O
BBeJIEHHEM 0.5 MJI PAaCTBOpA IMUETUHOTO sifia IIPHU TH-
neprepmuu 43 °C).

5. OnbIT 3 (CKUBOTHBIE-OIYX0JIEHOCUTEIU C B/O
BBeJIEHHEM 0.5 MJI PACTBOpA IMUETMHOTO sifia TP TH-
neprepmuu 44 °C).

OmyxoJseprii mramm PC-1 (30 % B3BecH OIyxo-
JIEBBIX KJIETOK B pacTBope XeHKca), IMOJIyYeHHBIN B
HarpoHagbHOM MEIUITHHCKOM HCCIe0BATETBCKOM
neHTpe oukosioruu uMm. H.W. bioxuHa, nepeBuBaiu
ITOIKO’KHO B MaxoByI0 o0siacth. CiycTs 14 CyT K-
BOTHBIX BBOJIMJIM B DKCHEPHUMEHT. KHMBOTHBIX CO-
JlepsKajTv B CTAHIAPTHBIX YCJIOBUSX BUBAPHUS CO CBO-
GOZHBIM IOCTYTIOM K KOPMY. KCIIEpUMEHTHI IIPOBO-
JILJTHACH B COOTBETCTBUU ¢ EBpomelickoi KOHBEHITH-
el 110 3aIIHTe T03BOHOYHBIX JKUBOTHBIX, UCIIOJIb3Ye-
MBIX B 9KCIIEPUMEHTATBHBIX K MHBIX HAYYHBIX [IEJIAX
(1986 r.), ¢ y4ETOM 3THUYECKHX HOPM OOpalleHus ¢
JKUBOTHBIMH U OTBeuasu TpebGoBaHusM OOIecTBa
3alIUTHI )KUBOTHBIX [8].

I yBeqWUYeHWs aJJalTallMOHHBIX BO3MOKHO-
cTell OpraHu3Ma SKCIIEPUMEHTATbHBIX KUBOTHBIX K
THIIEPTEPMHUN HCIOJIb30BAIA PACTBOP s ITYEJIbI
MeIOHOCHOH (papMakoImeiiHast cTaThs 42-26583-89
«fI7 mueuHEIE») B 00beMe 0.5 MJT 0.9% Hu3noso-
TUYECKOT0 pacTBOPA H JI03€ 0.5 MT'/KT, KOTOPBIA BBO-
JIAJICST BHYTPUOPIOIIMHHO 3a 15 MUH [0 Havaja Td-
IIepTEpMUYECKOTO BO3JIEUCTBUs [6], TPOBOUBIIIE-
rocs B KJIMMAaTHYECKOH KamMepe ¢ aBTOMAaTHYECKOU
crabumusanye temmnepaTtypbl. JKUBOTHBIM ITPOBO-
JIJTH CEaHChl OOIIel TUIIepTePMUHU, JOCTUTAS] TEM-
TepaTypsl Tena 42, 43 u 44 °C. PekranbHylo TeMIiie-
paTypy U3MEpPSUIH C IIOMOIIBI0 TEPMOMETPA MEIH-
nuHckoro TIIOM-1. ITpo1o/I2KUTEIBHOCTD SKCIIEPH-
MEHTaILHOTO BO3/IEHICTBHUS COCTABJISIA 7 CYT.

KpoBb y sKCIIepUMEHTaIbHBIX KUBOTHBIX 3a0U-
paTu U3 OIbSI3BIYHON BEHBI B IPOOUPKHU C AaHTHKO-
aryJITHTOM Ha 1, 7, 28-e CyTKHU IOCJie MPOBEAEHUs
SKCIEPHUMEHTA. B KPOBH OIPEAEsIN COep:KaHe

MATERIALS AND METHODS

In the experiment, SD tumor-bearing rats were
used, weighing 200—250 g. The animals were divid-
ed into 5 groups (5 individuals each):

1. Intact.

2. Control (tumor-bearing animals with intraper-
itoneal (IP) administration of 0.5 ml of saline solu-
tion).

3. Experiment 1 (tumor-bearing animals with IP
administration of 0.5 ml of bee venom solution at
42°C hyperthermia).

4. Experiment 2 (tumor-bearing animals with IP
administration of 0.5 ml of bee venom solution with
hyperthermia of 43°C).

5. Experiment 3 (tumor-bearing animals with IP
administration of 0.5 ml of bee venom solution with
hyperthermia of 44°C).

The PC-1 tumor strain (30% of the suspension of
tumor cells in Hanks’ solution), obtained at the NN
Blokhin National Medical Research Centre of Oncol-
ogy, was transplanted subcutaneously into the ingui-
nal region. After 14 days, the animals were introduced
into the experiment. The animals were kept in stan-
dard vivarium conditions with free access to feeding
stuff. The experiments were conducted in accordance
with the European Convention for the Protection of
Vertebrate Animals used for Experimental and other
Scientific Purpose (1986), taking into account the
ethical standards of animal treatment and met the re-
quirements of the World Animals Protection [8].

To increase the adaptive capabilities of the body
of experimental animals to hyperthermia, a solution
of honey bee venom (pharmacopoeia article
42-26583-89 “Bee venom”) was used in a volume of
0.5 ml of 0.9% saline solution and a dose of
0.5 mg/kg, which was administered intraperitoneal-
ly 15 min before the onset of hyperthermic exposure
[6], carried out in a climate chamber with automatic
temperature stabilization. The animals underwent
sessions of whole-body hyperthermia, reaching body
temperatures of 42, 43 and 44°C. Rectal temperature
was measured using a TPEM-1 medical thermome-
ter. The duration of the experimental exposure was
7 days.

Blood from experimental animals was taken from
the sublingual vein into tubes with anticoagulant on
the 1%, 7th 28 day after the experiment. The content
of diene and triene conjugates (DC and TC), Schiff
bases (SB) [9] and the activity of SOD indicators [10]
were determined in the blood. The content of these
indicators was expressed in arbitrary units.

The obtained data were processed using BIO-
STAT (Analystsoft, USA) and Excel (Microsoft, USA)
application software packages using the Student’s t-
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JINEHOBBIX M TpHUEHOBBIX KoHbIoraTtoB (K u TK),
ocHoBaunu# [Iudda (OI) [9] 1 akTUBHOCTH TTOKa-
saresnieii CO/I [10]. ComeprkaHue ykazaHHBIX ITOKa3a-
TeJIEH BBIPA’KAJIOCh B OTHOCUTEJBHBIX YCJIOBHBIX
eIMIIMHHIAX.

[TonyueHnHsle JlaHHbIE ObLTM 00pabOTAHBI C IO-
MOIIBIO ITaKeTOB NPUKIaAHbIX TporpaMm BIOSTAT
(Analystsoft, CITIIA) u Excel (Microsoft, CIIIA) c uc-
mosib3oBaHueM Kpurtepusi CThIOZEHTA 1A MHOMKe-
CTBEHHBIX CpDaBHEHUU. Pe3yIbTaThl Mpe/ICTaBJIEHbI B
Buzie M + m, rne M — cpefHee apudmeTHUyueckoe,
m — craHjapTHas omubka cpefHero. Pazmuuus
CUUTAJIM JIOCTOBEPHBIMH IIPU YPOBHE 3HAUYMMOCTH
p < 0.05 [11].

PE3YJIBTATBI 1 OBCYXK/IEHUE

Ha mepBble cyTku mocse Tepanuu ObUIO OTMeYe-
HO CTaTHUCTUYECKU 3HAUMMOe yBeJIMUeHUe co/leprKa-
HuA JJK B KOHTPOJIBHOH U BO BCEX OIIBITHBIX IPYIIIaX
10 CPAaBHEHMUIO C UHTAKTHOH rpymnmno# (tabi. 1). Pocr
koHIeHTparuu /IK B ONBITHBIX TPyIIax HaOJII0maI-
cs1 Ha BCceM MpOTsKeHUM uccsienopanusda. Ha 7—28-e
cyTku (kpome Tpynmbl «OmbIT 1» B 1-€ CYyTKH) CO-
nepxnanve JIK ObUIO CTAaTHCTHYECKU 3HAYHUMO
BBIIIIE 110 CPABHEHUIO C aHAJIOTUYHBIM TOKa3aTeaeM
B KOHTPOJIbHOH rpyIine. MeHee BbIpakeHHas JUHA-
MHKa pocta cogep:kanus JIK O6pL1a 3aperucTpupoBa-
Ha TpU JEeHCTBUN MYEJTUHOTO f/la U TUIEPTEPMUN
42 °C (OmsIT 1).

B otiinuue ot JK copepxkanue TK Bo Bcex OmbIT-
HBIX TpyMIax ObLJI0O CHHXKEHO Ha 1-€ CYyTKU HCCIIeN0-
BaHUSA OTHOCUTEIBLHO I'PYHIIBI KOHTPOJIA, B KOTOPOU
3HAUeHUs IOKaszaTessd ObLIN BbIIE 3HAUYEHUH HH-
TaKTHOU TPYNIbI HA IPOTSKEHUU BCETO CPOKA Ha-
6ronenus (Tabi. 2). Ha 7-e cyTku moce Tepanuu B
rpynnax «OneIT 1» u «OOBIT 2» COXPAHAJIOCh CHU-
skeHue ypoBHs TK oTHOCHTEIPHO 3HAUEHUN IPYIIIHI
KOHTpoJisA. B rpymme «OmbIT 3» Ha 7-€ CyTKH OBLIO

test for multiple comparisons. The results are pre-
sented in the form M + m, where M is the arithmetic
mean, m is the standard error of the mean. The dif-
ferences were considered significant at the signifi-
cance level p < 0.05 [11].

RESULTS AND DISCUSSION

On the first day after therapy, a statistically sig-
nificant increase in the DC content was observed in
the control and in all experimental groups compared
to the intact group (Table 1). Throughout the study,
an increase in the DC concentration was observed in
the experimental groups. On the 7%"—28% day (with
the exception of the Experience 1 group on the
1%t day), the content of DC was statistically signifi-
cantly higher compared to the same indicator in the
control group. A less pronounced dynamics of the
growth of the DC content was recorded under the ac-
tion of bee venom and hyperthermia of 42°C (Expe-
riment 1).

In contrast to DC, the TC content in all experi-
mental groups was reduced on the 1% day of the study
relative to the control group, in which the values of
the indicator were higher than the values of the in-
tact group throughout the entire follow-up period
(Table 2). On the 7" day after therapy, the TC level
decreased relative to the values of the control group
in the Experiment 1 and Experiment 2 groups. In the
Experiment 3 group on the 7% day, a sharp increase
in the content of TC was noted compared to the con-
trol and intact groups. On the 28™ day, a decrease in
the TG content was noted in the group of animals
with hyperthermia of 44°C and the introduction of
bee venom (Experiment 3).

The level of end products of LPO (SB) on the
1%t day increased in the control and experimental
groups with hyperthermia of 43 and 44°C compared
with the intact group (Table 3). On the contrary, by

Taoauna 1. lIameHeHue cozepsxanus JIK B KpDOBU KPbIC-OIlyX0oJleHOCUTe el IIpU e CTBUN ITUEJINHOTO Aa

u runeprepmud (yei. ef.)

Table 1. Changes in the content of DC in the blood of tumor-bearing rats under the action of bee venom

and hyperthermia (arbitrary units)

pymma / Group 1-e cytku / 1%t day

7-e cyTku / 7™ day 28-e cyTku / 28" day

WNuraktable / Intact 0.071 £ 0.06

Koutpouis / Control 0.133 + 0.01%
OmpiT 1 / Experiment 1 0.279 + 0.05%
OmpiT 2 / Experiment 2 0.124 + 0.03**

Omusit 3 / Experiment 3 0.134 + 0.01%

0.072 £ 0.06 0.177 £ 0.01

0.163 + 0.01% 0.279 + 0.05%
0.173 + 0.09% 0.475 £ 0.11%*
0.201 £ 0.08** 0.732 £ 1.15%*

0.822 + 0.14** 0.771 £ 0.68**

* CTaTUCTUYECKHU 3HAYMMble Pa3JIMYus [10 OTHOIIEHHIO K TpyIie « HTakTHBIe» (p < 0.05).
Statistically significant differences in relation to the Intact group (p < 0.05).

* CTaTUCTUYECKU 3HAYNMbIE PA3JINUHs 10 OTHOLIEHUIO K rpymre « KoHTposb» (p < 0.05).
Statistically significant differences in relation to the Control group (p < 0.05).
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Ta6uuna 2. smeHeHue coiep:kanus TK B KpOBU KPIC-OITyX0JI€HOCUTEIEN TIPH JIEUCTBUH ITUEJTMHOTO S7a

U runeprepMuu (yc. ex.)

Table 2. Changes in the TC content in the blood of tumor-bearing rats under the action of bee venom

and hyperthermia (arbitrary units)

Ipynma / Group 1-e cyTku / 1% day

7-e cyrku / 7™ day 28-e cyrku / 28" day

WNuraktasle / Intact 0.075 + 0.03

Kountpous / Control 0.181 + 0.01*
Ompit 1 / Experiment 1 0.022 + 0.02*
OmnpiT 2 / Experiment 2 0.125 + 0.01%*

Ompsit 3 / Experiment 3 0.158 £ 0.01%**

0.013 + 0.01 0.024 + 0.01

0.204 + 0.06* 0.176 £ 0.02*
0.104 + 0.01%* 0.465 + 0.58%*
0.445 £ 1.77%*

0.048 + 0.03

0.160 + 0.01%*

0.892 £ 0.04**

* CTaTUCTUYECKU 3HAYMMbIE PA3JIHYMS 10 OTHOIIEHUIO K TpyIe « MHTakTHBIE» (P < 0.05).
Statistically significant differences in relation to the Intact group (p < 0.05).

* CTaTUCTUYECKY 3HAYNMbIE PA3INYUs 10 OTHOLIEHHUIO K rpymnie «KoHTposas» (p < 0.05).
Statistically significant differences in relation to the Control group (p < 0.05).

OTMEUYeHO pe3Koe yBesnnuyeHue cozgep:kanud TK 1o
CPaBHEHUIO C KOHTPOJIBHON U UHTAKTHOU TPyTIIIaMH.
Ha 28-e cyTku ObLJI0 OTMEUEHO CHIXKEHUE COZIEPIKa-
HusA TK B rpy1imne >KUBOTHBIX ¢ THIIepTEpMUEN 44 °C
U BBeJleHHeM mueTnHOTrO sifa (OmbIT 3).

Yposenb koHeuHbIX poaykToB [T0JI (OIII) B 1-€
CYTKH BBIPOC B KOHTPOJIPHOU U OIBITHBIX TPYIIIaX C
rurneprepmueit 43 u 44 °C 1o cpaBHEHHIO C HHTAKT-
HOU rpymmo# (tabs. 3). HanmpoTtus, K 7-M CyTKaM BO
BCEX OIBITHBIX IPYIIIAaX ObLJIO BHIABJIEHO CHIKEHHE
OIIl oTHOCHTENTBHO 3HAUEHUH WHTAKTHOU M KOH-
TposibHOU rpym. K 28-M cyTkam yBeanueHUe mMoKa-
3areJsisi ObIJIO 3aPETUCTPUPOBAHO TOJIBKO B TPYIIIE C
runeprepmueii 42 °C 1 BBeJIeHUEM ITUEIMHOTO S7a.

AxtuBHOCT, COJl B KOHTPOJILHOH TpYyIIIE BO3-
pocJia K 1—7-M CyTKaM CO 3HAUYUTEIbHBIM TaJ[eHHEM
K 28-M CyTKaM OTHOCUTEJIbHO MHTAKTHOU TPYHIIBI.
B OIBITHBIX TPyNIIaX PETUCTPUPOBAJICS POCT AKTUB-
HOCTU (epMeHTA K 7-M CyTKaM OTHOCHUTEJIbHO KOH-
TPOJIBHOW W WHTAaKTHOU rpymnn. Hawubosiee 3HA4U-
Mble U3MEHEHUS PETUCTPUPOBAINCH IIPU JI€HCTBUH
MMUEeJTUHOTO 712 U runeprepmuu 42 u 43 °C. K 28-m

the 7" day, a decrease in SB was detected in all ex-
perimental groups relative to the values of the intact
and control groups. By the 28" day, an increase in
the indicator was registered only in the group with
hyperthermia of 42°C and the introduction of bee
venom.

The activity of SOD in the control group increased
by the 157" day with a significant drop by the 28®
day relative to the intact group. In the experimental
groups, an increase in the activity of the enzyme was
recorded by the 7% day relative to the control and in-
tact groups. The most significant changes were regis-
tered under the action of bee venom and hyperther-
mia of 42 and 43°C. By the 28™ day, the increased
activity of SOD was observed in all experimental
groups with bee venom and hyperthermia compared
to the control (Table 4).

The results of the study showed that against the
background of tumor growth, the content of the anti-
oxidant enzyme, SOD decreases in the body. It is
shown that during the tumor process, the enzymes of
the antioxidant system are the first to be destructive-

Ta6auna 3. i3amenenue copep:kanus ocHoBaHui [lludda B KpoBU KPHIC-OIyX0JIEHOCUTEIEH TP IEHCTBUY TYETHHOTO

sijia v runieprepmuu (ycii. ef.)

Table 3. Changes in the content of Schiff bases in the blood of tumor-bearing rats under the action of bee venom

and hyperthermia (arbitrary units)

7-e cyTku / 7" day 28-e cytku / 28" day

I'pynma / Group 1-e cyTku / 1%t day
WuraktHele / Intact 3.444 + 0.93
Koutpous / Control 7.812 + 0.26
OmsiT 1 / Experiment 1 3.357 + 0.18*
OmsiT 2 / Experiment 2 8.159 + 4.10*

OmusiT 3 / Experiment 3 7.188 + 1.95%*

6.510 + 0.95 6.655 + 0.79

7.561 + 0.88 6.397 + 0.48*
2.873 + 0.01* 9.068 + 1.91**
2,142 £ 0.02%* 4.345 + 0.22%*

5.008 + 0.44%* 3.771 + 0.68**

* CTaTUCTUYECKU 3HAYHMMbIE PA3/INYUs [10 OTHOLIEHHUIO K rpyiie « MHTakTHBIE» (P < 0.05).
Statistically significant differences in relation to the Intact group (p < 0.05).

* CTaTHCTUYECKH 3HAYMMbIE PA3JIMYKsI 10 OTHONIEHUIO K rpymie « KoHTposib» (p < 0.05).
Statistically significant differences in relation to the Control group (p < 0.05).

Journal homepage: http://jsms.ngmu.ru

29



IIabanun M.A. u dp. / Journal of Siberian Medical Sciences 3 (2021) 25-33

CYTKaM Ha0JII0/IAJIOCh COXPaHEHUE TOBBIIIEHHOHN aK-
tuBHOCTH CO/] BO BCEX ONBITHBIX IPYIIAX C MTUeTH-
HBIM fJIOM U THUIIEPTEPMUEN 0 CPAaBHEHUIO C KOH-
TposieM (Tabs. 4).

PesysnbpraThl HcCIeOBAHUSA IIOKa3aad, YTO HA
¢one pocra OIyx01 B OpraHu3Me IIPOUCXOAUT CHU-
JKeHHe cofiepyKaHNA aHTUOKCUJIAHTHOT'O (pepMeHTa —
CO/I. TTokaszaHo, 4TO MPU OIyX0JI€BOM IIPOIleCCe IIep-
BBIMH I10/IBEPTaIOTCs JECTPYKTUBHOMY BO3/IEHCTBUIO
(epMeHTbI AHTHOKUCTUTETFHOU cucTeMbl. CHUKe-
Hue akTuBHOCTH CO/] criocOOCTBYET HAKOIIEHHIO Cy-
TIEPOKCUIHOTO PajiiKajia, YTO BHI3bIBAET IOBpEXkKe-
mue JJHK, pocr ymesa mMytanuii 1 MaJIUTHU3AIIIO
KJIeTOK [12]. B pesysbTaTe eHACTBUSA TUIIEPTEPMUH U
ITYETMHOTO si71a HabJTIo1aeTcst n3MeHeHHe Mpo- U aH-
TUOKCUIAHTHOTO CTATyCa KPBIC-OIyXOJIEHOCUTEIEN.
B wactHOCTH, 5TO BBIpaXKaeTcs B yTHETEHUH IIPOLIeC-
coB I10JI u ycunenuu aktusHoctu CO/.

Ha ceropgusAmHuii AeHb U3BECTHO, YTO OJTHUM U3
BO3MOXKHBIX ITyT€H THOBBIIIEHUsT 3(DHEKTUBHOCTH
JledeHusl 3JI0KAYECTBEHHBIX OIyXOJIeH sABJISAETCA
IIpUMeHeHne KOMOWHUPOBAHHBIX METOJIOB Jieue-
HUSA, KOTZA JUIS JOCTYKEHUS MaKCHUMAaJIbHOTO 5¢-
(dekTa mocaea0BaTEIBHO UCIOJIB3YIOTCH JIBA PA3HBIX
BUja jeyeHus [13]. B wactHocTH, TpUMeHEeHUE TH-
[IepTEPMUU U IMUEINHOTO 514, 10 BCedl BUIUMOCTH,
BBI3BIBAET CUHEPTHYHOE JieiicTBue. ['mneprepmus
IIPUBOAUT K aKTUBAIUU (DATOIUTAPHON AaKTUBHOCTH
UMMYHOKOMITETEHTHBIX KJIETOK KDOBH, BJIHAET Ha
pa3BUTHE TUTOKUHIIPOAYLIUPYIOeN GyHKIINU Kile-
TOK U TKaHeH [14, 15]. IIpoTHBOOITyX0JI€Bast aKTHB-
HOCTD ITUEJINHOTO $17Ia CBA3aHA C €T0 OCHOBHBIM KOM-
IIOHEHTOM — MEJIUTTUHOM, KOTOPBIH ABJIAETCH MOIII-
HBIM WHTHOHUTOPOM KaJabMOyJIWHA [16] — KIeTou-
HOTO NIOCPEJHUKA C IMUPOKUM CIIEKTPOM /IeHCTBHUS.
Tak, U3BeCTHA ero peryJaaTopHas poJyib B GOPMUPO-
BaHUU U GYHKIIMOHUPOBAHUM HUTEU BepeTeHa Jie-
JIeHUA IIPU MUTO3€ KJIETOK, II03TOMY YIHETeHHE aK-

ly affected. A decrease in the activity of SOD contrib-
utes to the accumulation of a superoxide radical,
which causes DNA damage, an increase in the num-
ber of mutations and cell malignancy [12]. As a result
of the action of hyperthermia and bee venom, a
change in the pro- and antioxidant status of tumor-
bearing rats is observed. In particular, this is ex-
pressed in the suppression of LPO processes and in-
creased activity of SOD.

Today, it is known that one of the possible ways to
increase the effectiveness of the treatment of malig-
nant tumors is the use of combined methods of treat-
ment, when two different types of treatment are con-
sistently used to achieve the maximum effect [13]. In
particular, the use of hyperthermia and bee venom,
apparently, causes a synergistic effect. Hyperthermia
leads to activation of phagocytic activity of immuno-
competent blood cells, affects the development of
cytokine-producing function of cells and tissues [14,
15]. The antitumor activity of bee venom is associat-
ed with its main component — melittin, which is a
powerful inhibitor of calmodulin [16] — a cellular
mediator with a wide spectrum of action. Thus, its
regulatory role in the formation and functioning of
the threads of the cleavage spindle during cell mito-
sis is known, therefore, the inhibition of calmodulin
activity under the action of bee venom is probably
the most important mechanism of its antitumor ac-
tivity. In addition, it should be taken into account
that bee venom causes activation of the pituitary-
adrenal system [17]. The release of corticosteroids,
on the one hand, leads to a decrease in LPO, on the
other hand, it increases the adaptive capabilities of
the body [18].

Consequently, hyperthermia and bee venom, ac-
ting on different targets, can provide an increase in
the antitumor effect. The obtained data indicate the
effectiveness of the combined use of hyperthermia

Ta6JII/IIIa 4. HN3meHeHne akTUBHOCTU CYIIEPOKCUAANCMYTa3bl B KDOBU KpblC-OHyXOJ'[eHOCHTe.TIeﬁ npu ﬂeﬁCTBHH

ITYEJIMHOTO Si/]a ¥ TuieprepmMuu (yc. ef.)

Table 4. Changes in the activity of superoxide dismutase in the blood of tumor-bearing rats under the action

of bee venom and hyperthermia (arbitrary units)

7-e cyTku / 7% day 28-e cytku / 28" day

I'pynma / Group 1-e cyTkH / 1%t day
WMuraktHele / Intact 2.541 + 0.34
Kountpouis / Control 5.863 + 0.64*
Omsit 1 / Experiment 1 2.917 + 0.32

OmsiT 2 / Experiment 2 1.265 + 0.24%*

OmpbiT 3 / Experiment 3 1.513 + 0.24**

2.473 + 0.40 3.440 + 0.61
6.975 + 0.31%

38.761 + 3.11**
44.372 £ 2.1%%

7.994 £ 0.62*

0.265 + 0.10*
6.716 + 0.14*
5.834 + 0.65%*

2.183 + 0.71*

* CTaTUCTHYECKU 3HAYHMMbIE PA3/INIUs [10 OTHOLIEHHUIO K rpyiie « AHTakTHBIE» (P < 0.05).
Statistically significant differences in relation to the Intact group (p < 0.05).

* CTaTHCTUYECKH 3HAYMMbIE PA3JIMYHsI 110 OTHOLIEHUIO K rpymie « KoHTposb» (p < 0.05).
Statistically significant differences in relation to the Control group (p < 0.05).
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TUBHOCTHU KJIBMOZYJINHA IIPU I€CTBUH ITUETMHOTO
si71a, BEPOSITHO, SIBJISIETCA BAXKHEUIITUM MEXaHU3MOM
€ro MPOTUBOOIYX0JIEBOU aKTUBHOCTH. Kpome TOTO,
HEeOOXOMMO YUHUTHIBATh, UTO ITUETUHBIN S/ BBI3BI-
BAaeT aKTHBAIUIO TUITO(DU3aPHO-HAAIIOUEUHUKOBOU
cucteMbl [17]. BbiZiesieHHE KOPTUKOCTEPOU/IOB, C
OJTHOM CTOpPOHBI, MPUBOAUT K cHikeHuto [10JI, ¢
JIDYTOH — TOBBIIIAET aJANITAIIMOHHBIE BO3MOKHO-
¢ty opranusma [18].

Takum 06pa3om, THIEPTEPMUS U ITUETUHBIN 7,
JIEUCTBYS HA pa3JINIHbIE MUIIIEHU, MOTYT O0eCIIeYH-
BaTh TOBBIIIEHUE IIPOTUBOOIYXO0JIEBOTO 3ddekTa.
[TosyueHHBIE JJAHHBIE CBUJIETEILCTBYIOT 00 3 Pek-
THBHOCTU KOMOWHHPOBAHHOTO HCIIOJIb30BAHUS TH-
MIEPTEPMUU U ITYETUHOTO s/1a B KOPPEKIIUU IIPO- U
AHTHOKCHJIAHTHOTO 0aylanca »KUBOTHBIX-OIIyXOJIe-
Hocuteser. Hambosee 3 dEKTUBHBIM JIEHCTBUEM,
Ha HAaIIl B3I, 00/1a/1aeT UCIOIb30BaHUeE ITUETMHO-
ro sfiga Ha GoHe runeprepmuu 43 °C, mpu KOTOPOH
pervcTpupyercs MPOJIOHTHPOBAHHOE JIENCTBHE KaK
B OTHOIIIEHUHU CHIKeHus KoHIeHTpanuu OIIl, Tak u
pocra aktuBHOCTH CO/I.

3AK/TIOYEHUE

[Ipu runeprepmun Ha GhOHE AEHUCTBUS ATUTOKCH-
Ha B KPOBU JKMBOTHBIX-OIYX0JIEHOCUTEIEH HAOJIIO-
iyt HanboJiee 3HAYMMOE YBEJIMUEHUE ITPOJIyKTOB
smnonepokcuaanuu — JIK Bo BceX ONBITHBIX TPYII-
rmax Ha 28-e CyTKU IPU IEPBOHAYAITLHOM €TI0 CHIKE-
HUU B TPyINax C BBeJIEHUEM ITUEJIUHOTO f7ja U TU-
neprepmMued 42 u 43 °C OTHOCUTEIbHO 3HAYEHUH
rpynnsl KoHTposa. Copepxxanue TK cHm»kanoch Ipu
JIECTBUU ITUEJIMHOTO 5I/1a ¥ TUIIEPTEMUH 42 U 43 °C
Ha 1—7-€ CyTKH, Ha 28-€ CyTKU — IPU JeUCTBUH ITUe-
JIMHOTO si/ia ¥ runiepreMun 44 °C. YCTaHOBJIEHO CHU-
skenne koHneHTparuu OIIl 1o ypoBHS 3HaYeHHH
WHTAKTHOUW Tpynubl mpu runeprepmun 42 °C Ha 1,
7-e CYyTKH, Ipu runeprepmun 43 °C — Ha 7 u 28-e
CyTKHU, TIpu runeprepmun 44 °C — Ha 28-e CyTKU.
BrrsaBieno yBenuuenue aktuBHoctu CO/l Ha 7, 28-e
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and bee venom in correcting the pro- and antioxi-
dant balance of tumor-bearing animals. The most ef-
fective action, in our opinion, is the use of bee venom
against the background of hyperthermia of 43°C, at
which a prolonged effect is recorded both with re-
spect to a decrease in the SB concentration and an
increase in the activity of SOD.

CONCLUSION

With hyperthermia against the background of the
action of apitoxin in the blood of tumor-bearing ani-
mals, the most significant increase in lipid peroxida-
tion products, DC was observed in all experimental
groups on the 28" day, with its baseline decrease in
the groups with the administration of bee venom and
hyperthermia of 42 and 43°C relative to the values of
the control group. The TC content decreased with the
action of bee venom and hyperthermia 42 and 43°C
on the 15t—7™ day, also on the 28™ day with the action
of bee venom and hyperthermia 44°C. A decrease in
the concentration of SB to the level of the values of
the intact group was found in hyperthermia of 42°C
on the 1 and 7" days, in hyperthermia of 43°C was
on the 7" and 28" days, in hyperthermia of 44°C was
on the 28% day. An increase in the activity of SOD on
the 7 and 28" day was revealed in the experimental
groups relative to the control group, the most signifi-
cant one was under the action of bee venom and hy-
perthermia of 42 and 43°C.
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CYTKU B OIIBITHBIX T'PYIIIAX OTHOCUTEJIbHO T'PYIIIBI
KOHTPOJIsSI, HanboJiee 3HAYUTEIHHOE MIPU JIEHCTBUN
MYEeJIMHOTO A7]a U TUIlepTepMuu 42 u 43 °C.

KoHdaukT nHTEepecoB. ABTOPHI 3asBJIAIOT 00
OTCYTCTBUY KOH(JINKTA UHTEPECOB.
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CBEJIEHUA Ob ABTOPAX

Tacasus Muxana AJIEeKCAHAPOBUY — AaCCUCTEHT
kadenps! pusuosoruu u aaromun MHcTHTyTa 6UO-
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