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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 сhlorpyrifos. 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 % (Ivin) 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 LD50), 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 Ivin 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 Сonclusions. 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 Ivin 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. Ivin, 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, 
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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 & Iutynska, 2011; Iutynska et al., 2010; Ribchenko & Palladina, 2012). 
Ivin has an ability to protect plants from physical and chemical factors (temperature, 
salt stress, heavy metals) (Ponomarenko & Iutynska, 2011; Grishko & Demura, 2009; 
Havrys et al., 2013; Ryabchenko et al., 2006). 

Considering the biological properties of Ivin, 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 (Ivin) and under conditions of additional chemical load with сhlorpyrifos.

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 % (O-3,5,6-trichloropyridyl-2)-O,O-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. I. 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 LD50, subtoxicity dose); group 4 – male 
rats treated with Ivin at a dose of 0.013 mg/kg body weight (1/100000 LD50, 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. (Hånell & 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 
a rod with a diameter of 7 сm 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.

Fig. 1. Scheme of the experiment

In the case of observed improvement in physical performance of animals under 
the influence of Ivin, 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 LD50). 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 treatment duration 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 Ivin 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 Ivin on physical activity of rats in the rotarod test (M±m, n = 10 per group): A – before 
(0 day) and after single administration of Ivin 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 Ivin 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 Ivin 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).

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)
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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 Ivin enhances physical activity of rats 
under an additional chemical load, such as chlorpyrifos, and to a greater extent than 
Eleutherococcus.

CONCLUSIONS
1.	 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. 

2.	 Chlorpyrifos significantly reduces the physical activity of intact and control 
(physically trained) rats in the rotarod test. Ivin, 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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ФІЗИЧНА АКТИВНІСТЬ ЩУРІВ ЗА ПЕРОРАЛЬНОГО ВПЛИВУ 
2,6-ДИМЕТИЛПІРИДИН-N-ОКСИДУ (ІВІНУ) В РОТАРОД-ТЕСТІ

Олеся Васецька, Інна Рашківська, Микола Проданчук
Державне підпиємство “Науковий центр превентивної токсикології, харчової 

та хімічної безпеки імені академіка Л. І. Медведя Міністерства охорони здоров’я України”
вул. Героїв Oборони, 6, Київ 03127, Україна

Обґрунтування. Доведено, що забруднення довкілля і середовища життє-
діяльності людини хімічними речовинами, інтенсифікація виробничих процесів,  
а також тривале фізичне, емоційне та психогенне навантаження на організм 
сприяють формуванню низки різних соматичних захворювань, втоми, порушення 
пам’яті, що може бути наслідком зниження неспецифічної опірності й функціональ-
них резервів організму, розвитку стресових станів. Тому актуальною проблемою 
профілактичної токсикології є пошук синтетичних речовин з адаптогенними влас-
тивостями, які сприяли би підвищенню опірності організму і запобігали б виник-
ненню шкідливих ефектів. У зв’язку з цим завданням нашої роботи було дослідити 
фізичну активність щурів за впливу 2,6-диметилпіридин-N-оксиду (Івіну) та за умов 
додаткового хімічного чинника Хлорпірифосу. 

Мета дослідження. З’ясувати вплив Івіну на рухову активність і координацію 
рухів щурів Wistar Hannover, а також здатність опірності організму на додатковий 
хімічний чинник у Ротарод-тесті. 

Матеріали та методи. У роботі використано N-оксид-2,6-диметилпіридину 
(99,9 %). Препаратом порівняння слугував адаптоген Елеутерокок. Дослідження 
проведено на 50 сaмцях щурів Wistar Hannover. Кожна група налічувала 10 тва-
рин: 1 – інтaктні твaрини, 2 – контроль (треновані тварини, дистильовaна вода), 
3 і 4 – Івін у дозах 13,0 і 0,013 мг/кг відповідно, 5 – Елеутерокок у дозі 50 мг/кг. 

https://doi.org/10.30978/CEES-2022-2-49
https://scholar.google.com.ua/scholar_lookup?title=Stress-induced+changes+in+a+body%E2%80%99s+vital+functions.+Review&btnG=
https://doi.org/10.1007/s10522-008-9151-9
https://pubmed.ncbi.nlm.nih.gov/18536978/
https://scholar.google.com.ua/scholar_lookup?title=Plant+adaptogens+increase+lifespan+and+stress+resistance+in+C.+elegans&btnG=
https://doi.org/10.1016/B978-008055232-3.63682-7
https://scholar.google.com.ua/scholar_lookup?title=Williams+M.%2C+Porsolt+R.+D.+CNS+safety+pharmacology&btnG=
https://ojs.tdmu.edu.ua/index.php/nursing/article/view/5393/4957
https://ojs.tdmu.edu.ua/index.php/nursing/article/view/5393/4957
https://scholar.google.com.ua/scholar?cluster=11544949273089527581&hl=uk&as_sdt=2005&sciodt=0,5
https://doi.org/10.1039/C9FO01182J
https://pubmed.ncbi.nlm.nih.gov/31696200/
https://scholar.google.com.ua/scholar_lookup?title=Anti-fatigue+effect+of+anwulignanviathe+NRF2+and+PGC-1%CE%B1+signaling+pathway+in+mice&btnG=
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Експозиція – 28 днів, перорально. Фізичну витривалість тварин вивчали в Ротарод-
тесті. Наприкінці досліджень на тих самих групах щурів вивчено фізичну активність 
за додаткового навантаження хімічною речовиною Хлорпірифосом у дозі 37,5 мг/кг 
(однократно).

Результати. Встановлено, що за однократної дії Івіну в обох дозах час пере-
бування щурів на циліндрі, що обертається, зростав більш ніж в 11 і 10 разів, від-
повідно. Через 14 і 28 днів впливу Івіну в дозі 0,013 мг/кг збільшувалися пройдена 
дистанція на 172,7 % та 291,5 %, сумарний час утримання щурів на циліндрі у 2,5 
та 3,5 рази відповідно, порівняно з інтактними тваринами. Елеутерокок спричи-
няв вірогідно значущі зміни показників після 28-денної експозиції. Після введення 
Хлорпірифосу в дозі 37,5 мг/кг інтактним і контрольним (тренованим) щурам час 
утримання їх на циліндрі скоротився майже удвічі. У групах тварин, які отримували 
Хлорпірифос на тлі Івіну, час утримання на обертовому циліндрі був на 27–30 % 
вищим, ніж за впливу референтного препарату Елеутерококу і Хлорпірифосу. 

Висновки. Отже, Івін за однократного впливу в дозі 13 мг/кг, за однократного  
і тривалого впливу в дозі 0,013 мг/кг значно збільшує час утримання щурів на обер-
товому стержні у Ротарод-тесті, що свідчить про підвищення моторної активності, 
балансу та м’язової сили тварин. Ефективність Івіну за дослідженим показником 
не поступалась або була вище референс-препарату Елеутерококу. Хлорпірифос 
суттєво знижує фізичну активність інтактних і контрольних (фізично тренованих) 
щурів у Ротарод-тесті. Івін у досліджених дозах послаблює негативний вплив 
Хлорпірифосу на фізичну працездатність щурів, що свідчить про підвищення опір-
ності організму до додаткового хімічного навантаження.

Ключові слова:	 2,6-диметилпіридин-N-оксид, фізична активність, щури, 
Ротарод-тест, Хлорпірифос 
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