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Introduction. The use of nuclear energy may give rise to emergency situations accompanied by the release of radioactive elements into the
environment, potentially leading to radiation injuries to personnel of such enterprises or the entire population. In this context, the development
of effective and safe approaches for protecting the body from radiation injuries remains highly relevant [1].

Objective. Study of the radioprotective properties of purified turpentine oil (PTO) and its combination with sunflower oil.

Materials and methods. At the first stage of research, the composition of PTO was determined and an optimal solvent was selected. The ad-
ministration route (subcutaneous, intraperitoneal, intramuscular) of turpentine-oil solutions (at doses of 1806 mg/kg, 1290 mg/kg, 774 mg/kg,
516 mg/kg, and 2580 mg/kg) in 360 mice of both sexes (weighing 18-20 g) was established. At the second stage, the radioprotective efficacy
of turpentine—oil solutions was evaluated in 50 white mice (70%, 50%, 30%, 20% turpentine-oil solutions were administered intramuscularly
at doses of 1806 mg/kg, 1290 mg/kg, 774 mg/kg, 516 mg/kg 24 h before and after irradiation at a dose of 8.0 Gy (LD, ,,)). At the third stage,
the optimal dose ensuring the greatest radioprotective efficacy was determined in 120 white mice of both sexes (irradiation at a dose of 7.7 Gy
(LD, p0ss0) intramuscular administration of a 70% turpentine—oil solution at doses of 1806 mg/kg, 180.6 mg/kg, 90.3 mg/kg, 45.15 mg/kg,
22.57 mg/kg 72 h before and after irradiation). At the fourth stage, the radioprotective efficacy of 50% and 70% turpentine—oil solutions was
evaluated in 36 outbred white rats of both sexes (irradiation at a dose of 9.3 Gy; after 3 days, a single subcutaneous administration of PTO at
a dose of 2568 mg/kg, anti-radiation serum at a dose of 50 mg/kg; intramuscular administration of a 70% turpentine—oil solution at a dose of
90.3 mg/kg, a 50% solution at a dose of 64.5 mg/kg). The content of malondialdehyde in the blood serum was determined on days 3, 5, 7, and
14 after irradiation. At the fifth stage, the optimal timing for the administration of the 70% turpentine—oil solution was determined in 80 white
mice irradiated at a dose of 8.0 Gy. Statistical data analysis was performed using the GraphPadPrism v. 8.0 software package.

Results. Highly purified, high-oleic refined sunflower oil was identified as the optimal solvent for PTO. The preferred route of administration
is intramuscular for turpentine—oil solutions and subcutaneous for PTO. The most pronounced radioprotective activity was observed for 70%
and 50% turpentine—oil solutions administered as a single intramuscular injection 24 h before and after irradiation. To ensure 80% survival of
lethally irradiated animals with a single prophylactic use and 60% survival with therapeutic use, intramuscular administration of the developed
agent at doses of 90.3-180.6 mg/kg is required during the first 12 days before or during the first 4 days after lethal irradiation. The application
of turpentine—oil solutions in various concentrations modified the course of the pathological process: by day 5 after treatment initiation, lethally
irradiated animals showed a decrease in lipid peroxidation intensity.

Conclusions. A radioprotective agent has been developed that exerts both prophylactic and therapeutic effects by inhibiting lipid peroxida-
tion products induced by ionizing radiation. The formulation is characterized by a a simple preparation technology, an effective route of admin-
istration, and an optimized ratio of components that ensures good absorption. As a result, a single intramuscular injection of the developed
formulation can serve as an alternative to prolonged oral administration of terpenoid-based biologically active compounds.
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PA3PABOTKA PAAVNOSALLNTHOW KOMMNO3ULIMKN HA OCHOBE TEPMEHOWAO0B N U3YYEHUE
EE PAOVONPOTEKTOPHOW, PAOVOTEPANEBTUYECKON AKTUBHOCTU B 9KCNEPUMEHTE
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TdepepanbHbIi LIEHTP TOKCUKOMOMMHYECKOW, paamaLmnoHHon 1 bronorndeckon besonacHoct, KasaHb, Poccus
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8 KazaHckasi rocynapcTBeHHas MevumHeKkas akagemus — dpunman Poccrinckon MeguUmnMHCKON akaaeMum HenpepbiBHOMO
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BeepeHue. VIcrnonb3oBaHne aToMHON SHEPT M MOXET MPUBOAMTL K YpEe3BblHaliHbIM CUTYaLMSIM, COMPOBOXAAIOLLIMMCS BbI6pOcaMi paamoaK-
TVBHbIX 3IEMEHTOB B OKPY>KatOLLYIO Cpefy, B Pe3yfrate Yero BO3MOXKHO BO3HUKHOBEHME JyHYEBbIX MOPaXKeHWin y NepcoHana nam HaceneHus.
B 3101 CBA3M aKTyaibHOW 3a4a4en ABAAEeTCA MONCK aPMEKTUBHBbIX 6€30MacHbIX CPEACTB 3aLLnThbl OT PaANaALMOHHBLIX MOPaXKEHMN OPraHn3Ma.
Llenb. VI13y4eHne pagnosalimTHbIX CBOMCTB OYULLIEHHOIO CKUMWAApa U ero CoMeTanns ¢ NoACOHEYHbIM MaCIOM.

MaTepuanel n meToabl. Ha nepBom aTane pabdoTbl NPOBEAEHO ONpeaeNnieHne cocTaBa W Nogdop pacTBOPUTENS A5 OYMLLEHHOMO CKUMU-
hapa; yCTaHOBMEH Crnocob BBeAeHWS (MOOKOXHOE, BHYTPUOPIOLLNHHOE, BHYTPUMbILLEYHOE) CKUNMAAPHO-MACsAHbIX PACTBOPOB (B 403ax
1806, 1290, 774, 516, 2580 mr/kr) 360 MbilLam oboero nona (Maccon 18-20 r). Ha BTopoM aTane npoBegeHa oLieHka paamo3allnTHOM ad-
PeKTUBHOCTIN CKUNMAAPHO-MaCsSHbIX PacTBOPOB Ha 50 6ebix Mbllax (BHY TpUMbILLe4HO BBoamAm 70, 50, 30, 20% ckmnuaapHoO-MacnsHble
pacTBopbl B fosdax 1806, 1290, 774, 516 Mr/kr 3a 24 4 no n nocne obnyyernd e nose 8,0 [p (J10,,,..)- Ha TpeTbem sTane onpeaenany ontui-
MaslbHY0 003y, 0becrnevmBaloLLyo HanbobLLyO paamMo3alLnTHYO 3 dEKTUBHOCTL, Ha 120 6enbiX MbilLax o6oero nona (0bny4veHne B 0o3e
7,7 Tp (J'Iﬂ,mo/ao), BHYTPUMbILIEYHOE BBeaeHue 70% CKMnaapHO-MacnsHoro pactesopa B fosax 1806, 180,6, 90,3, 45,15, 22,57 mr/kr 3a 72 4
0O 1 nocne obayyeHns)). Ha 4eTBepTOM aTane NpoBefeHa OLeHKa paamosalmTHom ahdekTmBHoCcT 50 1 70% CKUNUOapPHO-MaCsHbIX
pacTBOpOB Ha 36 HecrnopoaHbIx Benbix Kpbicax oboero nona (0bnyverHve B nose 9,3 o, 4epes 3 cyT ogHOKPATHOE MOOKOXHOE BBeAeHNe
OYULLIEHHOrO CKMNMaapa B A03e 258 MI/Kr, MPOTUBOSYHEBOM CbIBOPOTKM B 036 50 MI/Kr; BHYTpUMbILIEYHOe BBeaeHne 70% CKunmgapHo-
MacnsHoro pacteopa B fo3e 90,3 mr/kr, 50% pacTteopa B o3e 64,5 mr/kr). CogeprkaHne ManoHOBOro ananbaernaa B CbiIBOPOTKE KPOBU
onpenensinu Ha 3, 5, 7, 14 cyT nocne obny4eHust. Ha natom atane paboTsl onpeaensnm onTuMarbHble CPoku npuMeHeHnst 70% ckunuoap-
HO-MacnsHoro pacTteopa Ha 80 6ebIx Mbllwax, 06/1y4eHHbIx B Aose 8,0 [p. CTaTucTmieckunin aHanna gaHHbIX MPOBEAEH C MCMONb30BaHNEM
nakeTa npvknagHom nporpammsl GraphPadPrism v. 8.0.

Pe3ynbTaTtbl. YCTaHOBNEH ONTUMAaSbHbIN PAaCTBOPUTEND AN1S OYMLLEHHOIO CKMNAapa Ha OCHOBE BbICOKOOYULLIEHHOIO BbICOKOOENHOBOIO
paUHMPOBaHHOIO MOACONHEYHOO Macna; onTUMasbHbIM MNyTb BBEAEHMS AN CKUMMOAPHO-MaCNSHbIX PACTBOPOB — BHYTPVMbILLIEYHBINA,
00151 OYMLLEHHOrO CKMnnaapa — NOOKOXHbIA. Hanbonee BbIpaXXeHHOW paamo3allyTHON akTUBHOCTLIO obnagann 70 n 50% ckunngapHo-
MacnsiHble PpacTBOPbI MNP X OAHOKPATHOM BHYTPUMbILLEYHOM BBEAEHMN 3a 24 4 0 1 nocne obnyyeHuns. Ons obecnedveHnst 80% BbKU-
BaeMOCTU NeTanbHO 061yHEHHbIX XXMBOTHbBIX MPW OAHOKPATHOM MpodunakTndeckoM 1 60% nevebHOM MCMONb30BaHMM HEOOXOAMMO BHY-
TpUMBILLEYHOE BBEeAEHNE pa3dpaboTaHHOro cpeacTtaa B fosax 90,3-180,6 Mr/kr B TeveHne nepBbix 12 CyT 4O UK B TeYeHWe NepBbiX 4 cyT
nocne netanbHoro obaydeHns. MNpuMeHeHre nccnenyemMbiX CKUNMaapHO-MacsiHbIX PacTBOPOB Pa3NMYHON KOHLIEHTPaLM MOANMULIMPO-
Basio Te4YeHWe NaToNorM4eckoro npoLecca: Yepea 5 cyT nocne Hadana neveHrst y fnetanbHO 06yHeHHbIX XKMBOTHBIX OTMEYanv CHUKeHNe
VHTEHCUBHOCTW MEPEKMCHOro okncneHns nunnaos (MOJ).

BbiBofbl. PaspaboTaHo paanosalimMTHoe CpeacTBo, okasbliBatoLlee NpodunakTieckoe 1 ne4ebHoe aencTamne nyTeMm MHriMbupoBaHns Npo-
OYKTOB MEPEKUCHOr0 OKMCAEHWS NMMMA0B, VHOYLMPOBaHHBIX MOHU3MPYIOLLEN padvauven. PagpaboTaHHas KOMMO3ULMS UMEET NMPOCTYHO
TEXHOJIOMMIO MPUrOTOBAEHNS, 9PdEKTUBHBIM CNOCOO BBEAEHWSA 1 ONTUMANBHOE COOTHOLLEHNE KOMMOHEHTOB, 06€CMEYMBAOLLIX XOPOLLYIO
paccacblBaeMOCTb, YTO NMO3BOJSIET 3aMEHUTb OAHOKPATHBLIM BHY TRVMbILLIEYHbIM BBEAEHNEM pa3paboTaHHOro CpeacTsa AmMTenbHoe nepo-
panbHOe BBeAeHME BNONOMMYECKM aKTUBHBIX BELLECTB, COAEePKaLLMX TeprneHonabl.

KntouyeBble cnosa: ny4esas 6onesHb; NPOAYKTbI MepoKCHaaLIMN INNVUAOB; PAANONPOTEKTOPDI; PaAVIOMUTUIaTORbI; OYAULLIEHHBIN CKUNAAP;
noAacosiHe4YHOEe Macsio; BbXXKMBAEMOCTb

Ons untupoBaHus: lanHytanHoB T.P., PepxkkuH C.A., Bolvyk C.B., KypbaHranees 9.M., LLlasannes P.®., MNnotHukosa 3.M., Huzamos P.H.,
KanumynnnH ®.X. PagpaboTtka paano3alyTHon KOMMO3ULIN Ha OCHOBE TEPMEHONOOB U U3yYeHne ee pagmnonpOTEKTOPHOM, paanoTepa-
NeBTUYHECKOW aKTUBHOCTU B aKCMepUMeHTe. SKcTpemasibHas buomeauimHa. 2026. https:/doi.org/10.47183/mes.2026-448
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INTRODUCTION emergency situations [1-5]. In the event of an accident,

priority is given to comprehensive measures aimed at
lonizing radiation is currently used across various indus-  mitigating the radiation hazard and ensuring the ra-
trial and economic sectors, creating a potential risk of  diation safety of personnel in these sectors. Numerous
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methods for the prevention and treatment of radiation
injuries, intended to enhance the body’s resistance to
the effects of ionizing radiation, have been developed by
both domestic and foreign researchers [6-15]. Research
in this field is still underway.

Studies of the effect of the radioprotector indralin
(B-190), administered alone or in combination with moni-
zol, have shown that, as an a,-adrenergic agonist, indra-
lin induces a hypertensive response with the develop-
ment of bradycardia in rabbits, decreases blood supply
and spleen weight in rats and hybrid mice, and reduce
markedly blood loss from wounds [16]. Chemical radio-
protectors may have side effects, including toxicity to
vital body systems, or demonstrate low efficacy. These
limitations restrict the application of chemical radiopro-
tectors and underscore the relevance of searching for
safer radioprotectors of biological origin [17, 18]. Thus,
peptides have been investigated in various preclinical
models as biological radioprotectors, exerting their ef-
fect through free radical scavenging, alteration of cellular
signaling pathways, and inhibition of cell apoptosis [19].

Nizamov et al. [20] reported the development of a
biological preparation based on turmeric, using a culture
fluid obtained during the cultivation of bifidobacteria as
a suspension medium, designed for treating radiation
injuries. In experimental studies, a single subcutaneous
injection of a 0.5% turmeric suspension in a volume of
0.1 cm® increased the survival rate of lethally irradiated
animals. lvanov et al. proposed a preparation based on
a mixture of biologically active honey-based substanc-
es, propolis, beebread, pollen, bee venom, bee brood,
royal jelly, wax moth and their larvae, wax, dead bees,
and grass meal, obtained by extraction with 70% etha-
nol. This preparation protected animals from lethal ir-
radiation [21]. Nizamov et al. developed a feed additive
aimed at enhancing the body’s resistance, consisting of
dead bees, Jerusalem artichoke tuber powder, grass
meal, and a sorbent, which is recommended for use un-
der combined irradiation [22]. Avilov et al. proposed a
method for protecting the body from radiation injuries
by a single subcutaneous administration of anti-radiation
serum at doses of 100-125 mg/kg bw for young ani-
mals and 200-250 mg/kg for adults, administered within
10 days before and after irradiation [23].

Despite these achievements, the review of available
literature on radioprotective agents reveals significant
limitations of the aforementioned approaches. These in-
clude a delayed onset of biological effects following oral
administration, the need for repeated dosing, and tech-
nological challenges associated with the production of
the therapeutic agents, such as anti-radiation serum and
the bifidobacteria-turmeric-based preparations.

Another line of research considers plant-derived ter-
penoids as potential agents with radioprotective activ-
ity. One such compound is miliacin (3-B-methoxy-A18-
oleanene, a natural cyclic triterpenoid belonging to the
group of natural cyclic triterpenoids and isolated from
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millet oil), which demonstrated antitoxic effects in [24,
25]. This compound was used as a protector against
chromosomal aberrations induced by cyclophospha-
mide in mouse bone marrow cells [26].

Terpenoids derived from pine are known to exhibit
anti-stress effects, realized through the inhibition of toxic
radicals upon exposure of the body to ionizing radia-
tion, chemical toxicants, and other pathogenic agents.
Among them, turpentine oil (turpentine) is one of the
most important terpenes used in medicine and veteri-
nary medicine. It demonstrates a broad spectrum of bi-
ological activities, such as anti-inflammatory, analgesic,
antibacterial effects, activation of granulation, stimulation
of the central nervous system, immune- and hemato-
poiesis.

Our previous studies on the therapeutic efficacy of
purified turpentine oil (a hydrocarbon-type compound
(C,Hy),) in white mice confirmed its high therapeutic ef-
ficacy, ensuring survival rates in the treatment of acute
radiation sickness ranging from 60 to 100% in animals
irradiated with gamma rays at doses 5.5-8.0 Gy [27]. In
the development of therapeutic agents for protecting the
body from radiation injury, it is essential to increase their
efficacy while simplifying the treatment protocol, reduc-
ing its cost, and shortening duration.

The aim of this study was to investigate the radiopro-
tective properties of purified turpentine oil (PTO), both
alone and its combination with sunflower oil.

MATERIALS AND METHODS

The first stage of research consisted in the develop-
ment of a radioprotective therapeutic agent based
on PTO, i.e., a hydrocarbon-type compound (C.,H,).,
GOST 1571-82.

The selection of an optimal solvent (depot-forming
agent) for turpentine oil was guided by such its proper-
ties, as insolubility in water, good solubility in alcohol and
chloroform, miscibility in any ratio with ether, chloroform,
gasoline, and vegetable oils. As a result, vegetable oils
were chosen as the solvent, since other components
listed above are highly toxic to the body.

The studies were conducted on experimental ani-
mals provided by the vivarium of the Federal Center for
Toxicological, Radiation and Biological Safety (Kazan).
The animals were kept under standard vivarium con-
ditions (GOST 33215-2014). A 12-hour light cycle was
maintained, with food and water provided ad libitum.

The experiment comprised five consecutive stages,
outlined in Table 1.

Clinical observation of the animals was carried out
over a 30-day period following irradiation. Survival rates
and the mean life expectancy of deceased animals were
recorded, along with the timing of edema formation and
the rate and completeness of its resorption.

The concentration of malondialdehyde in the
blood serum was determined on days 3, 5, 7, and
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Table 1. Experimental design by stage

Stage number
and title

Experimental conditions

1. Determination

of an optimal
composition and
selection of potential
solvents for PTO
and their ratios.
Study of optimal
administration
routes for
turpentine-oail
solutions and
assessment of the
body's response to
these routes

The selection of potential solvents for PTO was carried out using sunflower oil (unrefined,
refined, high-oleic refined sunflower oil "Solpro", TU 9141-006-70316851-2012, manufactured
by Atkarsky Oil Extraction Plant (Russia)). High-oleic refined sunflower oil was selected as the
solvent.

Turpentine-oil solutions were prepared in various ratios (PTO / oil):

S1 — 70% turpentine—oil solution;

S2 — 50% turpentine—oail solution;

S3 — 30% turpentine—oil solution;

S4 — 20% turpentine—oil solution.

The indicated turpentine-oil solutions, as well as PTO, were administered to 360 white mice
(weighing 18—-20 g) of both sexes, divided into experimental and control groups. Administration
was performed subcutaneously, intraperitoneally, and intramuscularly at doses of 1806 mg/kg
(S1), 1290 mg/kg (S2), 774 mg/kg (S3), 516 mg/kg (S4), and 2580 mg/kg (PTO)

2. Evaluation of

the radioprotective
efficacy of experi-
mental composi-
tions (in white mice)
based on PTO and
high-oleic refined
sunflower oil, and
selection of the
most effective com-
ponent ratios

Experiments were conducted on 50 white mice of both sexes (females n = 25; males n = 25),
divided into 10 groups of 5 animals each.

Animal irradiation was performed using a Puma gamma unit manufactured by the All-Russian
Association Izotop (Russia) with a '*’Cs radiation source at a dose of 8.0 Gy (LD with an
exposure dose rate of 5.38 R/min (2.31 x 10-° A/kg).

Group 1 (n = 5; males — 3; females — 2) — 24 h before irradiation at a dose of 8.0 Gy, S1 was
administered intramuscularly at a dose of 1806 mg/kg;

Group 2 (n = 5; males — 3; females — 2) — 24 h before irradiation (8.0 Gy), S2 was adminis-
tered intramuscularly at a dose of 1290 mg/kg;

Group 3 (n = 5; males — 3; females — 2) — 24 h before irradiation (8.0 Gy), S3 was adminis-
tered intramuscularly at a dose of 774 mg/kg;

Group 4 (n = 5; males — 3; females — 2) — 24 h before irradiation (8.0 Gy), S4 was adminis-
tered intramuscularly at a dose of 516 mg/kg;

Group 5 (n = 5; males — 2; females — 3) — 24 h after irradiation at a dose of 8.0 Gy, S1 was
administered intramuscularly at a dose of 1806 mg/kg;

Group 6 (n = 5; males — 2; females — 3) — 24 h after irradiation at a dose of 8.0 Gy, S2 was
administered intramuscularly at a dose of 1290 mg/kg;

Group 7 (n = 5; males — 2; females — 3) — 24 h after irradiation at a dose of 8.0 Gy, S3 was
administered intramuscularly at a dose of 774 mg/kg;

Group 8 (n = 5; males — 2; females — 3) — 24 h after irradiation at a dose of 8.0 Gy, S4 was
administered intramuscularly at a dose of 516 mg/kg;

Animals in groups 1-8 received the studied agent in a volume of 0.1 cmé;

Group 9 (n = 5; males — 3; females — 2) — irradiation control (irradiation at a dose of 8.0 Gy);
Group 10 (n = 5; males — 2; females — 3) — biological control (intact animals)

100/30)

3. Determination of
an optimal dose of
70% turpentine-oil
solution providing
the greatest radio-
protective efficacy in
the prophylactic and
therapeutic applica-
tion of the studied
agent

Experiments were conducted on 120 white mice of both sexes (females n = 60; males n = 60)
weighing 18-20 g, divided into 12 groups of 10 animals each. The animals were irradiated
using a Puma gamma unit at an LD dose (7.7 Gy) with an exposure dose rate of 5.38 R/min
(2.31 x 107° A/kQ).

Group 1 (n = 10; males — 5; females — 5) — intramuscular administration of S1 at a dose of
1806 mg/kg 72 h before irradiation;

Group 2 (n = 10; males — 5; females — 5) — intramuscular administration of S1 at a dose of
180.6 mg/kg 72 h before irradiation;

Group 3 (n = 10; males — 5; females — 5) — intramuscular administration of S1 at a dose of
90.3 mg/kg 72 h before irradiation;

Group 4 (n = 10; males — 5; females — 5) — intramuscular administration of S1 at a dose of
4515 mg/kg 72 h before irradiation;

Group 5 (n = 10; males — 5; females — 5) — intramuscular administration of S1 at a dose of
22.57 mg/kg 72 h before irradiation;

Group 6 (n = 10; males — 5; females — 5) — intramuscular administration of S1 at a dose of
1806 mg/kg 72 h after irradiation;

Group 7 (n = 10; males -5; females — 5) — intramuscular administration of S1 at a dose of
180.6 mg/kg 72 h after irradiation;

100/30
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Table 1 (continued)

Stage number
and title

Experimental conditions

Group 8 (n = 10; males — 5; females — 5) — intramuscular administration of S1 at a dose of
90.83 mg/kg 72 h after irradiation;

Group 9 (n = 10; males — 5; females — 5) — intramuscular administration of S1 at a dose of
45.15 mg/kg 72 h after irradiation;

Group 10 (n = 10; males — 5; females — 5) — intramuscular administration of S1 at a dose of
22.57 mg/kg 72 h after irradiation;

Animals in groups 1-10 received the studied agent in a volume of 0.1 cmé;

Group 11 (n = 10; males — 5; females — 5) — irradiation control (irradiation at a dose of 7.7 Gy);
Group 12 (n = 10; males — 5; females — 5) — biological control (intact animals)

4. Evaluation of

the radioprotective
efficacy of the com-
position based on
PTO and high-oleic
refined sunflower oil
in white rats

The experiments were conducted on outbred white rats of both sexes (females n = 18 and
males n = 18) weighing 200 g, irradiated using a Puma gamma unit at a dose of 9.3 Gy with an
exposure dose rate of 2.31 x 1075 A/kg.

Group 1 (n = 6; males — 3; females — 3) — 3 days after irradiation, a single subcutaneous
injection of PTO was administered at a dose of 258 mg/kg;

Group 2 (n = 6; males — 3; females — 3) — 3 days after irradiation, a single intramuscular
injection of 70% turpentine-oil solution was administered at a dose of 90.3 mg/kg;

Group 3 (n = 6; males — 3; females — 3) — 3 days after irradiation, a single intramuscular
injection of 50% turpentine-oil solution was administered at a dose of 64.5 mg/kg;

Group 4 (n = 6; males — 3; females — 3) — 3 days after irradiation, a single subcutaneous
injection of the comparison drug — anti-radiation serum (ARS) with known radioprotective ef-
ficacy — was administered at a dose of 50 mg/kg (0.2 cm?) [23];

Group 5 (n = 6; males — 3; females — 3) — irradiation control (irradiation at a dose of 9.3 Gy);
Group 6 (n = 6; males — 3; females — 3) — biological control (intact animals).

Animals in groups 1-3 received the studied agent in a volume of 0.1 cm?®.

The level of lipid peroxidation products — malondialdehyde — was studied [28]

5. Determination of
optimal timing for
administration of the
studied agent (S1)
for prophylactic and
therapeutic pur-
poses

Experiments were conducted on 80 white mice of both sexes (females n = 40; males n = 40)
weighing 18-20 g, divided into 16 groups of 5 animals each. Irradiation of animals in all

groups at a dose of 8.0 Gy was performed using a Puma gamma unit. White mice in groups
1-8 received S1 intramuscularly at a dose of 1806 mg/kg for prophylactic purposes 1, 2, 4, 6,
8, 10, 12, and 14 days before lethal irradiation. Animals in groups 9-16, under similar conditions,
received S1 at the same dose 1, 2, 4, 6, 8, 10, 12, and 14 days after lethal irradiation (for
therapeutic purposes)

Table compiled by the authors based on their own data

Note: S1 — 70% turpentine-oil solution; S2 — 50% turpentine-oil solution; S3 — 30% turpentine-oil solution; S4 — 20% turpentine-oil solution.

14 after irradiation and expressed as the equivalent
amount of MDA, using a molar extinction coefficient of
1.56 x 10° (mol/L) x cm~". The absorption spectrum of the
thiobarbituric acid-colored product was recorded using
an SF-46 double-beam spectrophotometer (Russia).

Statistical data analysis was performed using the
GraphPadPrism v. 8.0 software package. The reliability
of the data obtained was determined using Student’s t-
test with Bonferroni correction.

RESULTS AND DISCUSSION

During the selection of an optimal solvent for PTO, it was
established that, among the tested turpentine—oil formu-
lations prepared with sunflower oils of varying degrees
of refinement, solutions based on highly purified, high-
oleic refined sunflower oil (Solpro) were the most suit-
able in terms of tolerability and route of administration.
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When administered intramuscularly, these solutions did
not cause edema formation at the injection site.

The results of studies on the application of turpen-
tine—oil solutions containing highly purified high-oleic
sunflower oil are presented in Table 2.

Observations of the clinical condition of white mice
over a 30-day period showed (Table 2) that intraperito-
neal administration of all studied turpentine—oil solutions
(S1, S2, S8) and native PTO resulted in mortality in all ex-
perimental groups, with the exception of the group (50%
of animals survived) receiving turpentine—oil solution S4.
All mice that received intraperitoneal injections of native
(undiluted) PTO died on days 1-2; animals that received
S1, S2, and S3 died on days 2-5 in the setting of diffuse
edema and inflammation reaction at the injection site.
In contrast, intraperitoneal administration of S4 led to a
50% mortality rate in white mice on days 14 and 17 after
administration of the test solution.
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Table 2. Results of applying turpentine-oil solutions administered to white mice

The therapeutic agent Route and site of administration Numbe_r of deceased Survival rate, %
under study animals, abs
subcutaneously in the back area - 100
0 ine—
St (70. Yo turpentme intraperitoneally in the abdominal area 8 0
oil solution)
intramuscularly in the thigh area - 100
subcutaneously in the back area - 100
0, i —
S2 (50. %o turpentme intraperitoneally in the abdominal area 8 0
oil solution)
intramuscularly in the thigh area - 100
subcutaneously in the back area - 100
O ine—
S3 (SQ Yo turpentme intraperitoneally in the abdominal area 8 0
oil solution)
intramuscularly in the thigh area - 100
subcutaneously in the back area - 100
0, i —
S4 (20. %o turpentme intraperitoneally in the abdominal area 4 50
oil solution)
intramuscularly in the thigh area - 100
subcutaneously in the back area - 100
Purified turpentine ol intraperitoneally in the abdominal area 8 0
intramuscularly in the thigh area 8 0

Table compiled by the authors based on their own data

Note: “=” — absence of deceased animals; 0 — absence of surviving animals.

Intramuscular administration of S1, S2, S3, and S4
to mice was associated with edema at the injection site
on day 6, with no lameness observed in the animals. On
day 8 of the study, animals in three groups (receiving
S2, S3, and S4) showed slight inflammation at the injec-
tion site, while in animals receiving S1, no pronounced
inflammation was noted. On day 12, the condition of ani-
mals that received turpentine-oil solutions did not differ
significantly from animals in the control group.

In all animals, intramuscular administration of na-
tive PTO resulted in edema in the thigh area and lame-
ness on day 6. On days 7-8, the lameness progressed,
inflammation at the injection site became more pro-
nounced (palpation revealed edema of a dense con-
sistency), and movements in the limb were limited. On
day 20 after drug administration, muscle atrophy of the
specified limb was observed in the animals. In the set-
ting of progressive weight loss, atrophy, and necrosis
of the limb, all mice that received intramuscular injec-
tions of native PTO died between days 21 and 27 of the
experiment.

Upon subcutaneous administration of PTO and its
mixtures with oil at 20%, 30%, 50%, and 70% concen-
trations, animals in all experimental groups developed
localized edema in the back area with scab formation at
the injection site during the first 7-8 days post-injection.

By day 14 of observation, animals that received 20%,
30%, and 50% turpentine—oil solutions showed scab
detachment accompanied by hair regrowth at the site. In
animals that received PTO, mild swelling was observed
at the injection site by this time point, which had com-
pletely disappeared by day 25. A slight edema with clear
boundaries was recorded with the administration of the
70% turpentine—oail solution. From days 15 to 17, in ani-
mals that received S2, S3, and S4, the appearance of a
minor ulcer in the back area was observed; by day 20,
the ulcer disappeared followed by scab formation and its
detachment by day 25 with the onset of hair regrowth.
On day 20, in animals that received subcutaneous in-
jections of the 70% turpentine—oil solution, a bright red
scab was observed, which detached by day 27 with res-
toration of hair cover. On days 26—-28 of the experiment
and until the end of the observation period, animals in
all groups showed the absence of all previously existing
signs of skin damage.

The obtained experimental results on assessing
the efficacy of different administration routes for na-
tive turpentine oil (PTO) and its various combinations
with sunflower oil at 20%, 30%, 50%, and 70% con-
centrations indicate that PTO is most suitable for
subcutaneous administration, as it is associated with
weight gain in mice. Intraperitoneal administration of
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PTO at this dose is toxic, while intramuscular adminis-
tration leads to tissue necrosis at the injection site and
results in complete mortality. Turpentine—oil solutions
should be administered intramuscularly: this adminis-
tration route allows rapid absorption of the solutions
without toxic effects. Subcutaneous administration
of turpentine—oil solutions causes a well-demarcated
aseptic abscess, which resolves more slowly com-
pared to that observed following PTO administration.
Intraperitoneal administration of these solutions is
also associated with toxic effects.

Therefore, the optimal route of administration for tur-
pentine—oil solutions is intramuscular, whereas subcuta-
neous administration should be preferred for PTO.

Studies aimed at determining the optimal ratio of
PTO to highly purified high-oleic sunflower oil (Solpro) for
good resorption of the administered composition identi-
fied the 70:30 (S1) ratio as the most optimal.

The results of the second research stage on studying
the radioprotective efficacy of compositions based on
PTO and sunflower oil are presented in Table 3.

It was established that turpentine—oil solutions S1
(70%) and S2 (50%) exhibit radioprotective activity both
after a single intramuscular injection 24 h before irradia-
tion and when administered 24 h after irradiation. The
highest survival rate of lethally irradiated animals was
observed with prophylactic administration of S1 (80%)
and with therapeutic administration (60%). The optimal
component ratio in both routes of drug administration

was 7:3 (PTO:SO), corresponding to S1 (PT:SO = 70:30).
Any deviations from this ratio resulted in decreased ra-
dioprotective efficacy.

During the third stage of the study aimed at deter-
mining the optimal dose for maximal radioprotective ef-
ficacy under prophylactic (before irradiation) and thera-
peutic (after irradiation) conditions, S1 demonstrated the
maximum radioprotective effect (60-80% survival) at
doses of 1806 mg/kg, 180.6 mg/kg, and 90.3 mg/kg.
Administration of S1 at a dose of 4515 mg/kg led to
a decrease in the therapeutic effect (20% survival). The
optimal therapeutic and prophylactic doses were found
to be 90.3 and 180.6 mg/kg, administered in volumes of
0.25 and 0.5 cm®/kg.

The results of the fourth stage aimed at evaluating
the anti-radiation efficacy of the studied preparations in
white rats are presented in Table 4.

It was established that rats in group 5 (irradiation
control) exhibited the bone marrow form of acute ra-
diation sickness of an extremely severe degree, with
100% animal mortality and the mean life expectancy
of 8.2 days. The studied solutions reduced the severity
of acute radiation sickness, transitioning the extremely
severe degree of the disease to a severe degree and
significantly increasing the mean life expectancy of the
deceased animals.

In animals of group 3 (S2 administration), a severe
degree of the bone marrow form of acute radiation
sickness was observed; the survival rate under these

Table 3. Survival rates of white mice irradiated at a dose of 8.0 Gy when using compositions based on purified

turpentine oil and sunflower oil

Test results
Component ratio Time points before and
Group of turpentine-oil after administration of Animal Surviving animals
solutions (PTO:SO) turpentine—-oil solutions mortality,
abs count | abs count %
1 70:30 24 hours before irradiation 1 4 80
2 50:50 24 hours before irradiation 2 3 60
3 30:70 24 hours before irradiation 3 2 40
4 20:80 24 hours before irradiation 4 1 20
5 70:30 24 hours after irradiation 2 3 60
6 50:50 24 hours after irradiation 3 2 40
7 30:70 24 hours after irradiation 4 1 20
8 20:80 24 hours after irradiation 4 1 20
. o 9 not used administration was not 5 0 0
irradiation control performed
. . 10 not used administration was not B 5 100
biological control performed
Table compiled by the authors based on their own data
Note: PTO — purified turpentine oil; SO — high-oleic refined sunflower oil; 0 — absence of surviving animals; “~” — absence of animal mortality.
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experimental conditions was 50%, with the mean life ex-
pectancy of 11.7 days.

The application of PTO and S1 (groups 1 and 2)
exerted a modifying effect on the course of the bone
marrow form of acute radiation sickness, reducing its
severity from extremely severe to severe, increasing the
survival rate of lethally irradiated animals to 66.7% and
the mean life expectancy to 12.5-13.5 days compared to
the irradiated control.

The anti-radiation serum used in the experiment as a
comparison drug exerted a radiotherapeutic effect, also
mitigating the course of acute radiation sickness by tran-
sitioning the extremely severe degree of the disease to a
severe degree. However, the survival rate in this group was
significantly lower than that following the administration of
PTO and turpentine—ail solutions (groups 1 and 2), amount-
ing to 50% with the mean life expectancy of 13 days.

The clinical condition of intact animals in group 6 did
not change throughout the entire experimental period.
The animals were active, and their appetite, mobility, re-
action to external stimuli, and skin condition were nor-
mal. No cases of mortality were observed.

Thus, the results of assessing the radioprotec-
tive efficacy of the studied preparations in white rats
showed that PTO and its combination with sunflower
oil (S1) exerted a mitigating effect on the course of
the bone marrow form of acute radiation sickness.
These interventions reduced condition severity from
extremely severe to severe, increased the survival
rate of lethally irradiated animals (groups 1 and 2) by
66.7%, and extended the mean life expectancy to
12.56-13.5 days, compared to complete mortality and

the 8.2-day mean life expectancy in the irradiation
control group (group 5).

The results of studies on lipid peroxidation activity
under the influence of the tested agents are presented
in the figure.

The course of acute radiation sickness in white rats
was accompanied by a drastic increase in the intensity
of lipid peroxidation processes. Already on day 3 after ir-
radiation, the MDA concentration in the blood of irradiat-
ed rats (group 1) showed a twofold increase (p < 0.001),
gradually rising and reaching its maximum value by
day 14 at a level of 10.14 + 0.58 nmol/mL, compared to
4.64 + 0.08 nmol/mL in intact animals.

The studied agents — PTO and turpentine—oil solu-
tions of various concentrations (in animals from groups 1,
2, and 3) and anti-radiation serum (group 4) — modified
the course of the pathological process. Thus, five days
after treatment initiation in lethally irradiated animals, a
prolonged decrease in the intensity of lipid peroxidation
was noted compared to animals in the “irradiation con-
trol” group, which accounted for the increase in the sur-
vival rate of animals in these groups.

The results of the fifth stage of research, aimed at
determining the optimal timing for administration of the
70% turpentine—oil solution, showed that the highest
prophylactic (80% survival) and therapeutic (60% sur-
vival) effects were achieved with a single intramuscular
administration of the agent to animals at doses of 90.3
and 180.6 mg/kg within 12 days preceding irradiation
and within the first 4 days after irradiation.

Thus, the use of optimal administration routes for
PTO (subcutaneous) and the turpentine—oil solution

Table 4. Survival rates of white rats irradiated at a dose of 9.3 Gy following administration of the developed

solutions
Severity of . .
Group Experimental conditions acute radiation Average life Survnéal
. expectancy, days rate, %
sickness
1 Irradiation at a dose of 9.3 Gy + single subcutaneous severe 12.5 66.7
administration of PTO at a dose of 258 mg/kg
2 Irradiation at a dose of 9.3 Gy + single intramuscular severe 13.5 66.7
administration of S1 at a dose of 90.3 mg/kg
3 Irradiation at a dose of 9.3 Gy + single intramuscular severe 1.7 50
administration of S2 at a dose of 64.5 mg/kg
4 Irradiation at a dose of 9.3 Gy + single subcutaneous severe 13 50
administration of ARS at a dose of 50 mg/kg
5 Irradiation at a dose of 9.3 Gy, no treatment extremely severe 8.2 0
administered (irradiation control)
6 No irradiation or treatment was administered intact animals survived until the end of 100
(biological control) the experiment

Table compiled by the authors based on their own data

Note: PTO — purified turpentine oil; ARS — anti-radiation serum; S1 — 70% turpentine—oil solution; S2 — 50% turpentine—oil solution.
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B Group 1 (irradiation dose 9.3 Gy + PTO)
B Group 2 (irradiation dose 9.3 Gy + S1)
B Group 3 (irradiation dose 9.3 Gy + S2)

Malondialdehyde concentration, nmol/ml

Day 3

Day 5

B Group 4 (irradiation dose 9.3 Gy + ARS)
™ Group 5 (irradiation control)
m Group 6 (biological control)

3a

©
™

Day 7

Day 14

Observation period

Figure prepared by the authors based on experimental results

Fig. Malondialdehyde content in the blood serum of white rats irradiated and treated with turpentine-oil
solutions: PTO — purified turpentine oil; ARS — anti-radiation serum; S1 — 70% turpentine—oil solution; S2 —
50% turpentine—oil solution; a — statistically significant differences compared to biological control (@ — p < 0.05;
2a— p < 0.01; 3a— p < 0.001); b — statistically significant differences compared to irradiation control (b — p < 0.05;

2b —p < 0.01; 3b — p < 0.001)

(intramuscular) prevents the development of a demar-
cation effect, ensures effective direct action on the bi-
omembranes of radiation-damaged cells, stabilizes their
functional state, and inhibits the pathological biochemi-
cal effects of toxic agents. Moreover, this approach sim-
plifies the technology for obtaining the biological prepa-
ration and replaces the need for multiple, prolonged oral
administration of biologically active substances contain-
ing terpenoids with a single intramuscular parenteral in-
jection.

The use of PTO in combination with highly puri-
fied refined sunflower oil exerts both radioprotective
and radiotherapeutic effects on the irradiated organ-
ism, primarily by inhibiting the formation of toxic lipid
peroxidation products. As demonstrated in previous
studies [17, 18, 27], these products cause apoptosis
of immunocompetent cells (lymphocytes), leading to
post-radiation mortality. Suppression of lipid peroxida-
tion formation under the influence of the terpene-based
mixture (turpentine oil and sunflower oil) enhances the
body’s resistance to the damaging effects of ionizing
radiation.

CONCLUSION
1. The conducted study aimed at evaluating the body’s
response to the administration of compositions contain-

ing PTO and sunflower oils in different ratios and with
varying degrees of refinement, their optimal ratio was
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established as 7 parts PTO to 3 parts highly purified
high-oleic refined sunflower oil. The developed com-
position, when administered as a single intramuscular
injection, does not induce a demarcation effect at the in-
jection site and demonstrates good absorption, thereby
enabling direct action on the biomembranes of radia-
tion-damaged cells.

2. The established composition and component ra-
tio of turpentine—oil solutions enable the achievement
of pronounced radioprotective and radiotherapeutic ef-
fects, while simplifying both the preparation and admin-
istration process. Specifically, the developed composi-
tion replaces multiple and prolonged (over 30 days) oral
administration of biologically active substances with a
single intramuscular injection.

3. A single intramuscular injection of the developed
70% turpentine—oil solution to lethally irradiated animals
at doses of 90.3 and 180.6 mg/kg 1-12 days before or
1-4 days after irradiation ensured an 80% and 60% sur-
vival rate of irradiated animals under the conditions of
prophylactic and therapeutic use, respectively.

4. Intramuscular administration of the developed ra-
dioprotective composition (70% turpentine) inhibits the
formation of lipid peroxidation products. These prod-
ucts cause apoptosis of immunocompetent cells —
lymphocytes — leading to post-radiation mortality. By
inhibiting through terpene components, the composi-
tion increases survival rates following exposure to ion-
izing radiation.
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