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Background. Environmental and human lifestyle pollution with industrial chemi-
cals, intensification of production, a long-lasting physical, emotional, and psychogenic
stress lead to the occurrence of a variety of somatic diseases, fatigue, and memory dis-
orders. This may be due to a reduced non-specific resistance and functional reserves
of an organism, as well as the development of stressful conditions. Therefore, a cur-
rent priority in preventive toxicology is the search for synthetic substances with adapto-
genic properties that can enhance the immune system’s resistance to adverse effects.
In this regard, the task of this study was to investigate the physical activity of rats under
the influence of 2,6-dimethylpyridine N-oxide (Ivin) and under conditions of additional
chemical load with chlorpyrifos. The aim of the research was to study the Ivin’s effect on
the motor activity and coordination of Wistar Hannover rats and on the resistance of an
organism to an additional chemical agent load.

Materials and Methods. 2,6-dimethylpyridine N-oxide, 99.9 % (lvin) was chosen
for the study. Adaptogen Eleutherococcus was used as a comparison agent. The study
was conducted on 50 male Wistar Hannover rats divided into 5 groups (10 rats per
group): 1 — intact animals (not treated male rats), 2 — control animals (trained male rats
were treated with distilled water as a vehicle), in groups 3 and 4 rats were treated with
Ivin at doses of 13.0 and 0.013 mg/kg (1/100 and 1/100000 LD.,), respectively, 5 — male
rats were treated with Eleutherococcus (as a positive control) at a dose of 50 mg/kg.
The exposure period with oral administration lasted for 28 days. The physical activity
of rats was studied using the rotarod test. Following the completion of lvin treatment,
the animals in the same experimental groups were administered chlorpyrifos (CHP)
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at a single dose of 37.5 mg/kg to evaluate their physical activity under conditions of an
additional toxic load.

Results and Conclusions. It was found that the time spent by rats on a rota-
ting cylinder increased by more than 11 and 10 times after a single exposure to Ivin at
a dose of 13.0 mg/kg and 0.013 mg/kg, respectively. Following 14 and 28 days of expo-
sure to lvin at a dose of 0.013 mg/kg, the covered distance was increased by 172.7 %
and 291.5 %, and the time spent on the rod was increased by 2.5 and 3.5 times, respec-
tively, in comparison with intact animals. Significantly relevant changes in the parame-
ters caused by eleutherococcus were observed after the 28-day exposure. After admini-
stration of CHP at a dose of 37.5 mg/kg to intact and control (trained) rats, the time
spent on the rod decreased by almost 2 times. In groups of animals that received CHP
in combination with Ivin, the riding time of the rats was 27—-30 % higher compared to the
effect of the combination of eleutherococcus reference drug and CHP.

Thus, Ivin at a 13 mg/kg single exposure, and at a 0.013 mg/kg single and long-
term exposure significantly increases the time spent by rats on a rotating rod (rotarod
test), which indicates an increase in motor activity, balance, and muscle strength of
animals. The efficacy of Ivin was comparable to, or greater than that of the reference
drug, eleutherococcus. chlorpyrifos significantly reduces the physical activity of intact
and control (physically trained) rats in the rotarod test. lvin, at the tested doses, dimini-
shed the negative effect of chlorpyrifos on the physical performance of rats, indicating
an increase of the organism resistance to additional chemical load.

Keywords: 2,6-dimethylpyridine N-oxide, physical activity, rats, rotarod test,
chlorpyrifos

INTRODUCTION

Latest studies have shown that environmental and human environment pollution
with chemicals, intensification of manufacturing processes, as well as long-lasting phys-
ical, emotional and psychogenic stress can lead to a variety of somatic diseases, fatigue,
and memory disorders. These may be due to decreased nonspecific resistance and
functional reserves of humans, and the development of stressful conditions (Vyunytska,
2018; Vyunytska et al., 2022; Zarudna & Mural, 2013; Kalka, 2015). Prevention of the
adverse effects of stress by herbal preparations with adaptogenic properties has been
suggested (Wiegant et al., 2009; Ajala, 2017; Salve et al., 2019). Herbal adaptogens
are characterised by pleiotropic effects, such as antioxidant, antitoxic, cytoprotective,
neuroprotective, anxiolytic, antidepressant, etc., which make it possible to correlate
disturbances in the homeostasis and, specifically, in the state of the central nervous
system, and to increase physical efficiency and cognitive functions of the human brain
(Panossian & Wikman, 2010; Panossian & Wagner, 2011; Amir et al., 2023).

In this regard, the search for synthetic substances with adaptogenic properties,
which would increase the resistance of an organism and prevent the occurrence of
harmful effects in isolation or in combination with both chemical and physical factors, is
an important aspect of preventive toxicology.

According to M. Amir et al., (2023), adaptogens are required to meet the following
criteria: to be low-toxic and cause minimal disturbances in the physiological functions
of an organism, to have a multivalent mechanism of action and pharmacological effect
on adaptation and survival, to have a nonspecific effect, i.e. to increase resistance to
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adverse effects of a wide range of physical, chemical and biological factors, to have
a normalising effect despite the orientation of pathological changes. The plant growth
regulator (PGR) — Ivin (2,6-dimethylpyridine N-oxide) can meet these criteria, as it is
a low-toxic substance, and when combined with pesticides of different chemical groups,
it reduces their toxicity and intoxication. It decreases lipid peroxidation, provides anti-
oxidant, antihypoxic, hepatoprotective, genoprotective, membrane-stabilising effects,
intensifies protein and nucleic acid synthesis, which can play an important role in both
xenobiotic toxicity and stabilisation of homeostasis (Vasetska et al., 2023).

In the plant organism, Ivin increases the intensity of transcription and translation
processes, promotes the activation of gene expression, activates RNA and protein syn-
thesis, affects membrane processes, active ion transport, and the system of regulation
of H*-ATPase activity. The effect of this agent on plants is determined by the unique
features of its structure and thermal movement of the molecule (Ponomarenko, 1999;
Ponomarenko & lutynska, 2011; lutynska et al., 2010; Ribchenko & Palladina, 2012).
Ivin has an ability to protect plants from physical and chemical factors (temperature,
salt stress, heavy metals) (Ponomarenko & lutynska, 2011; Grishko & Demura, 2009;
Havrys et al., 2013; Ryabchenko et al., 2006).

Considering the biological properties of lvin, its increased resistance to stress under
the influence of factors of different nature, in particular resistance to physical activity
under the influence of chemicals, can be expected. In this regard, the task of this study
was to investigate the physical activity of rats under the influence of 2,6-dimethylpyri-
dine N-oxide (lvin) and under conditions of additional chemical load with chlorpyrifos.

The aim of the research was to study the effect of Ivin on the motor activity and
coordination of Wistar Hannover rats and on the resistance of an organism to an addi-
tional chemical agent load.

MATERIALS AND METHODS

The PGR Ivin — 2,6-dimethylpyridine N-oxide (99.9%, liquid, clear from colourless
to yellowish, miscible with water), produced by NE ISTC ‘Agrobiotech’, Kyiv, Ukraine,
was used in the present study. The adaptogen Eleutherococcus extract (manufac-
tured by PJSC FF ‘Viola’, Zaporizhzhia, Ukraine (UA/11560/01/01)) was selected as
a reference substance (Todorova, 2021). The organophosphate insecticide chlorpyri-
fos, 97.5 % (0O-3,5,6-trichloropyridyl-2)-O,0-diethyl thiophosphate), was used for addi-
tional chemical exposure to animals administered with Ivin. Chlorpyrifos was chosen as
a model of toxic load due to its known neurotoxic effect and ability to reduce physical
activity in rodents (Hallal et al., 2019; Moser et al., 2005).

The experiments were conducted on mature Wistar Hannover male rats (50 ani-
mals weighing 230-240 g). The rats were taken from the Specific Pathogen Free (SPF)
nursery of the State Enterprise “L. |. Medved Research Center of Preventive Toxicology,
Food and Chemical Safety”, the Ministry of Health of Ukraine, and placed in a conven-
tional vivarium. The animals underwent a 7-day acclimatization period under veterinary
supervision. According to the experimental design, animals were divided into five groups
(10 rats per group): group 1 — intact animals (untreated male rats); group 2 — control
animals (treated with distilled water as a vehicle); group 3 — male rats treated with Ivin
at a dose of 13.0 mg/kg body weight (1/100 LD,,, subtoxicity dose); group 4 — male
rats treated with lvin at a dose of 0.013 mg/kg body weight (1/100000 LD,,, no effect
dose); group 5 — male rats treated with Eleutherococcus (as a positive control) at a dose
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of 50 mg of extract/kg body weight (therapeutical dose). Solutions of the test substances
were prepared extempore with distilled water as a solvent (vehicle).

The test substances were orally administered to rats during 28 days in the morn-
ing at the same time. The volume of the solution administered to the stomach did not
exceed 1.0 mL per 100 g of animal weight. Male rats were kept in standard vivarium
conditions for studying the functional state of the central nervous system.

Daily clinical examination of animals was carried out to identify possible symptoms
of intoxication and neurological disorders (Moser, 2000).

Behavioural reactions were tested according to the Guidelines (Stefanov, 2001) in
compliance with the stable environment (temperature, lighting regime and air humidity),
free access to feed and water, etc. (Hanell & Marklund, 2014).

The physical activity of animals was studied in the test of balancing on a rotating
rod or rotarod test, which was proposed by N. W. Dunham and T. S. Miya (1957) for
assessing the effect of drugs on animal behavior, in particular on neuromuscular coordi-
nation (Williams & Porsolt, 2007; Cenci & Lundblad, 2005). The rotarod is composed of
arod with a diameter of 7 cm that rotates at a constant speed of 20 rotations per minute.
The rod installed at 15 cm above the floor has blades (drums) allowing simultaneous
testing several animals. For the experiments, animals with medium endurance were
selected. The experimental scheme is illustrated in Fig. 1. The testing was conducted
on days 0 (before treatment), 1, 14, and 28 of exposure at the same time in the morning.
The riding distance and the total riding time (in seconds) on a rotating rod were deter-
mined. During intervals between tests, the animals of groups 2-5 were trained twice
a week with a 50 % load (i.e., 50% of the time from the previous test). During testing, the
possible signs of dangerous overfatigue (weakness, nosebleeds, etc.) were monitored.

Rotarod testing days

@ Voo }
0 1 14'Training 28 Day 29:

7 days Training Training

acclimatization sessions sessions sessions additional dosmg
) - e —— — » (Ivin or Eleutherococcus)
Grouping based on initial data:
groups groups groups

Group 1: Intact (no treatment) 15 min
Group 2: Control (distilled water) \ J .
Group 3: Ivin 13 mg/kg ' Chlorpyrlfos

Group 4: Ivin 0.013 mg/kg
Group 5: Eleuthero 50 mg/kg 28 treatment days

60 min

Rotarod test
Fig. 1. Scheme of the experiment

In the case of observed improvement in physical performance of animals under
the influence of lvin, it was important to investigate whether high physical activity in rats
would be maintained under additional chemical load. The day following the final testing,
rats were orally administered Ivin at doses of 13 and 0.013 mg/kg, or Eleutherococcus
at a dose of 50 mg/kg, and 15 min later with chlorpyrifos (CHP) at a dose of 37.5 mg/kg
(1/2 LDy,). Through 60 min after administration of CHP, the animals have been tested
in the rotarod test.
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The animal model study was conducted in accordance with the principles of bioethics
and the requirements of the Medical and Biological Research Ethics Commission of the
L. I. Medved Research Center of Preventive Toxicology, Food and Chemical, Ministry of
Health, Ukraine (State Enterprise) (Minutes No. 9/1 dated 09.05.2020).

Statistical processing of the obtained data was carried out using one-way or two-
way ANOVA with the factors being the effects of treatment (five experimental groups)
and treatment duration (0, 1, 14, or 28 days) followed by Fisher’'s LSD or Student’s —
t-test when appropriate. The data were tested for normality of distribution according to
Shapiro—Wilk test. The results were presented in the form of mean values and square
deviation of the mean (M + m). Differences were considered significant at p <0.05 for
all tests.

RESULTS AND DISCUSSION

Exposure to Ivin did not result in clinical symptoms of intoxication, behaviour
changes, or mortality in experimental animals.

The physical performance is an integral indicator of the functiona strength of an
organism. The rotarod test allows assessing physical endurance after the injection of
adaptogenic substances (Ray et al., 2016). As is known, during the test on a rotating
rod, the results depend on two parameters — motor coordination and muscle strength.
To eliminate the effect of motor coordination, a fixed standard rotation speed of the rod
is applied, which is usually used for all healthy animals (Hamm, et al., 1994).

The effect of Ivin and the reference substance Eleutherococcus on the physical
activity of male rats is shown in Fig. 2. The two-way ANOVA analysis of the obtained
data demonstrated significance for the main effects of the treatment factor (p = 0.005,
F(4,180)=3.854)and the treatmentduration factor (p=0.0001, F(3, 180) = 1.582). However,
no significance was observed for the interaction factors (p = 0.49, F(12, 180) = 0.9520).
Analysis of the dynamics of physical performance under the conditions of the present
experiment showed that a single administration of Ivin at a dose of 13 mg/kg signifi-
cantly increased (p = 0,04, by Student’s t-test) the total riding time of rats on a rotating
rod and, accordingly, the riding distance, in comparison to intact animals. A comparable
trend was observed with the exposure to lvin at a dose of 0.013 mg/kg and the refer-
ence drug Eleutherococcus.

As illustrated in Fig. 2A, after a single administration of Ivin at both 13.0 mg/kg and
0.013 mg/kg statistically significant changes in riding time were observed compared to
the initial data (day 0). Specifically, the former group exhibited an increase of more than
11 times the initial value (p = 0.02, by Fisher’s LSD test), the latter group demonstrated
an increase of over 10 times the initial level (p = 0.02, by Fisher’s LSD test). In the
Eleuthero group, an increase in riding time was also noted compared to the initial values
(p = 0.04, by Fisher’s LSD test).

Following exposure to Ivin over a period of 14 and 28 days (Fig. 2B,C), a statisti-
cally significant increase in physical activity was observed only at a dose of 0.013 mg/kg.
Specifically, the duration of riding increased by more than 2.5 and 3.5 times that of intact
animals, respectively.

Correspondingly, the distance traversed increased by 172.7 % (p = 0.05 by Student’s
t-test, p = 0.037 by Fisher’s LSD test) and by 291.5 % (p = 0.01 by Student’s t-test;
p = 0.001 by Fisher’s LSD test), respectively. Furthermore, there was a 144 % increase
(p = 0.009 by Fisher’s LSD test) in running time when compared to the control group.
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Fig. 2. The effect of lvin on physical activity of rats in the rotarod test (Mtm, n = 10 per group): A — before
(0 day) and after single administration of lvin and Eleutherococcus; B — after 14 days of administra-
tion; C — after 28 days of administration

Notes: i — the difference is significant compared to the initial data; * — P <0.05 the difference is significant by
Student’s t-test, # — P <0.05 the difference is significant using two-way ANOVA followed by Fisher’s
LSD test
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Significant changes in the parameters were observed only after 28 days of exposure
to Eleutherococcus. The riding distance was 232 % longer, and the total riding time on
the rod increased by 3.3 times compared to intact animals (p = 0.05 by Student’s t-test;
p = 0.009 by Fisher’s LSD test). As reported (Patel, 2024), endurance to physical load
increased in animals administered an aqueous extract of Eleutherococcus. The ingestion
of the Eleutherococcus extract by athletes promoted fatigue reduction during training.

The data obtained from the rotarod test showed that rats treated with lvin showed
an increase in the average group indicators of their physical activity compared with the
intact male group and the initial data. Since the increase in the riding time on the rotarod
indicates a slowing down of the rate of fatigue in the animals (Zhang et al., 2019), it can
be assumed that lvin causes a redistribution of the animals in the endurance structure:
namely from the “medium endurance” group to the “high endurance” group, which char-
acterises it as an adaptogen.

Physical activity of animals under additional chemical exposure. After oral
administration of chlorpyrifos at a dose of 37.5 mg/kg to intact and control (trained)
animals, the time of their holding on the rod decreased almost by 2 times, which indi-
cates a reduction in physical activity of the organism under extra chemical exposure
(chlorpyrifos). This may be due to its toxic effect (Fig. 3), which is in compliance with
the literature data on the ability of chlorpyrifos to reduce motor activity and behaviour in
rodents (Hallal et al., 2019, Moser et al., 2005).

8000__ 3 before CHP

4 @3 after dosage CHP

Riding time (sec)
N
o
o
o
1

: i T
2000 — I l J_
L1 | |

T T T
Intact Control + FA Ivin Ivin Eleuthero + FA
13 mg/kg + FA 0.013 mg/kg + FA

Fig. 3. Effect of Ivin on physical activity of male rats in the rotarod test after administration of chlorpyrifos
(CHP)

Notes: PL — physical load; * — P <0.05 significant difference compared to intact animals; # — P <0.05 signifi-
cant difference compared to control animals (using ordinary one-way ANOVA followed by Fisher’s
LSD test)

In both Ilvin-treated groups, after administration of chlorpyrifos, the riding time on
the rod equally increased. These changes were significant in relation to intact and con-
trol trained animals also with chlorpyrifos, testifying to an increasing physical perfor-
mance of rats.
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However, it should be noted that, at a dose of 13 mg/kg, despite the effect of chlor-
pyrifos, the time on the rotating rod for rats was 72 % longer than before chlorpyrifos
administration. This suggests that Ivin contributed to an increase in the body’s adaptive
reactions to the chemical factor.

In the group of Ivin in a lower dose and in the group of the reference substance
Eleutherococcus, after the administration of chlorpyrifos, the riding time of the animals
on the rod was shorter (by 21 % and 28 %, respectively) compared to chlorpyrifos
pre-injection. It should be noted that after the administration of chlorpyrifos to Ivin-
treated groups, the riding time of rats was 27-30 % longer than that observed in the
Eleutherococcus-treated group.

Therefore, the obtained results confirm that lvin enhances physical activity of rats
under an additional chemical load, such as chlorpyrifos, and to a greater extent than
Eleutherococcus.

CONCLUSIONS

1. lvin at a 13 mg/kg single exposure, and at a 0.013 mg/kg single and long-term
exposure significantly increases the time spent by rats on a rotating rod (rotarod
test), which indicates an increase in motor activity, balance, and muscle strength
of animals. The efficacy of Ivin was comparable to or greater than that of the
reference drug, Eleutherococcus.

2. Chlorpyrifos significantly reduces the physical activity of intact and control
(physically trained) rats in the rotarod test. lvin, at the tested doses, diminished
the negative effect of chlorpyrifos on the physical performance of rats, indicating
an increase of the organism’s resistance to an additional chemical load.
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DISUYHA AKTUBHICTD LLYPIB 3A NEPOPAJIbHOIO BMNNnBY
2,6-0MMETUNNIPUONH-N-OKCULY (IBIHY) B POTAPOL-TECTI

Onecs Baceuybka, IHHa Pawkiecbka, Mukosna lpodaH4yk

HepxasHe nidnuemcmeo “Haykosuli yeHmp npeseHmMuU8HOI moKcuKosoeii, xap4oeor
ma XimiyHoi 6e3aneku imeHi akademika J1. |. Medeedsi MiHicmepcmea oxopoHu 300po8’st YkpaiHu”
syrn. epoie ObopoHu, 6, Kuis 03127, Ykpaita

OOrpyHTyBaHHA. [loBedeHo, Wo 3abpydHEHHSA OOBKINNS i cepedoBULLa XUTTE-
DiSANbHOCTI NMIOANHM XIMIYHUMW peYoBUHAMW, iHTEHCcUiKalisi BUPOOHUYMX MPOLIECIB,
a Takox Tpuane disnyHe, eMoOUilHe Ta MCUXOreHHe HaBaHTaXeHHs Ha opraHiam
CnpusATb POPMYBaHHIO HU3KM Pi3HNX COMATUYHUX 3aXBOPHOBaHb, BTOMU, MOPYLUEHHS
nam’aTi, Lo Moxe OyTU HAaCMNiAKOM 3HWXKEHHS HeCNeLMdIYHOT ONiPHOCTI N hyHKLioHanb-
HMX pe3epBiB OpraHiamy, po3BUTKY CTPECOBUX CTaHiB. TOMy akTyanbHOK Npobremoto
NpodiNakTUYHOT TOKCUKOMOFiT € MOLUYK CUHTETUYHUX PEYOBUH 3 afanTOreHHUMU Briac-
TUBOCTAMMU, AKi Cnpusanyu 6y MiABULLEHHIO OMIPHOCTI OpraHiamMy i 3anobirann 6 BUHUK-
HEHHIO LWIKIANMBUX epeKTiB. Y 3B’A3Ky 3 UM 3aBAaHHAM HaLoi poboTu Byno gocnigutu
i3nYHY aKTUBHICTb LLYpIiB 3a BNAMBY 2,6-gumetunnipuguH-N-okengy (IBiHy) Ta 3a ymoB
000aTKOBOro XiMi4HOro YnHHMKa Xropnipudocy.

MeTa pocnigxkeHHs. 3'acyBaty BNAMB IBiHY HA pPyxOBY aKTUBHICTb i KOOpAMHALO
pyxiB wypis Wistar Hannover, a Takox 3gaTHICTb ONiPHOCTI OpraHiaMy Ha 40OaTKOBUN
XiMIYHUIM YMHHUK Y PoTapoa-TecTi.

Martepianu Tta metogn. Y poboTi BukopuctaHo N-okcua-2,6-auMeTunnipugnHy
(99,9 %). NpenapaTtom NOpiBHAHHA CryryBas agantoreH Eneytepokok. JocnimkeHHs
nposegeHo Ha 50 camusax wypis Wistar Hannover. KoxHa rpyna HanivyyBana 10 TBa-
PVH: 1 — iHTaKTHi TBapuHKU, 2 — KOHTPOSb (TPEHOBaHI TBApWHWU, ANCTUIbOBaHa BOAA),
314 —IeiH y po3ax 13,0 i 0,013 wmr/kr BignoBigHo, 5 — EneyTtepokok y Ao3i 50 mr/kr.
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Ekcnosuuia — 28 gHie, nepoparnbHo. Qi3nyHy BUTpUBanicTb TBapyH BMBYanu B Potapoa-
TecTi. HanpukiHui gocnigkeHb Ha TUX caMmnX rpynax LWypiB BUBYEHO (Pi3NYHY aKTUBHICTb
3a A0AAaTKOBOrO HABaAHTaXXEHHST XIMIYHOK peyoBMHOK Xnopripudocom y aosi 37,5 mr/kr
(ogHOKpaTHO).

Pe3ynbraTn. BcTaHoBMNEHO, L0 3a OOQHOKPATHOI Aii IBiHy B 060X fo3ax yac nepe-
OyBaHHS LLYpiB Ha LMNiHApPI, Wo obepTaeTbes, 3pocTas OinbL Hixk B 11 i 10 pasis, Bia-
noBigHo. Yepes 14 i 28 gHiB BnnuBy IBiHY B A03i 0,013 mr/kr 36inbLlwyBanncsa nporaeHa
anctaHuia Ha 172,7 % Ta 291,5 %, cymapHuWi Yac yTPMMaHHS LypiB Ha umniHapi y 2,5
Ta 3,5 pasn BignNoBigHO, NOPIBHAHO 3 IHTAKTHUMKW TBapuHamu. Eneytepokok cnpuyn-
HSB BipOrigHO 3HauyLi 3MiHK NoKa3HKKiB nicns 28-aeHHoT ekcnosudil. [licns BBegeHHs
Xnopnipudocy B Ao3i 37,5 Mr/Kr iHTaKTHUM | KOHTPOSNMbHUM (TPEHOBaAHMM) LLlypam 4ac
YTPUMaHHS X Ha LMniHAPI CKOPOTUBCA MalKe yaBidi. Y rpynax TBapuH, gKi oTpuMmyBanu
Xnopnipudoc Ha Tni IBiHY, Yac yTpumaHHsa Ha obepTtoBoMy LmniHAPI 6yB Ha 27-30 %
BULLIMM, HiXX 3a BNMBY pedepeHTHOro npenapaty Eneytepokoky i Xnopnipudocy.

BucHoBku. OTxe, IBiH 3a ogHOKpaTHOro BNAMBY B A403i 13 Mr/Kr, 38 OAHOKPATHOIO
i TpnBanoro Bnnuey B 403i 0,013 Mr/kr 3Ha4YHO 36ibLUye Yac yTpMMaHHS LWwypiB Ha obep-
TOBOMY CTepHi y PoTapog-TecTi, Wo cBig4nTb Npo NiaABULLEHHS MOTOPHOT akTUBHOCTI,
OanaHcy Ta M’s1I30BOi cuny TBapuH. EGeKTMBHICTb IBiHY 3a AOCNIAXEHVMM MOKa3HUKOM
He noctynanacb abo Oyna Bulle pedepeHc-npenaparty EneyTtepokoky. Xnopnipudoc
CYTTEBO 3HWXKYE (Di3NYHY aKTUBHICTb iHTAKTHUX i KOHTPONbHUX ((Pi3NYHO TPEHOBAHMX)
wypiB y PoTtapoa-tecTi. IBiH y gocnigpkeHux gosax nocnabntoe HeraTUBHUIA BMSVB
Xrnopnipudocy Ha (isnyHy npauesgaTHICTb LWypiB, WO CBigYMTb NPO NigBULLEHHSA onip-
HOCTI opraHiaMmy 40 4OOaTKOBOIrO XiMiYHOMO HaBaHTaXEHHS.

Knrovoei cnosa: 2,6-gumetunnipngnH-N-okeng, disvyHa akTUBHICTb, LLYpW,
Potapoa-tecT, Xnopnipudoc
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