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ABSTRACT

Neonicotinoids are a relatively small group of organic compounds that are widely used in crop production as
insecticides. They are highly toxic to insects, and much less toxic to mammals, including humans. Accordingly, the
present study aimed to investigate the effects of chronic toxicity of insecticides from the group of neonicotinoids
Mospilan RP (active substance acetamiprid) and Actara 25 WG (active substance thiamethoxam) on white mice. The
chronic toxicity was induced by daily internal introduction of Mospilan RP and Actara 25 WG to mice for 30 days at
the doses of 1/10 of Median Lethal Dose reported as 65 and 363 mg/kg of body weight, respectively. The affected
mice showed thrombocytosis, neutrophilic leukocytosis, and lymphocytopenia. Blood plasma hyperproteinemia in
mice treated with Mospilan RP and Actara 25 WG was characterized by an increase in globulins content by almost
30.0% in both groups. In Mospilan RP and Actara 25 WG treated groups, there was a reduction in urea content by
43.6% and 31.5%, respectively, an increase in aspartate aminotransferase activity by 80% and 60.0%, and y-
glutamyltranspeptidase by 80% and almost 400%, respectively. Compared to the control group, the activity of
alanine aminotransferase increased to 23.0% only in mice that were given Mospilan RP but not in mice that were
given Actara 25 WG.
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INTRODUCTION

The latest agricultural technologies require the extensive use of pesticides and agrochemicals. There is an annual growth
of pesticide usage in Ukraine and the world. For instance, 15 years ago, the prevalence of pesticide usage in Ukraine
mounted to more than 300 active substances with about 400 preparative forms (Kovalenko et al., 2010).

The use of pesticides and agrochemicals in agriculture is a necessary condition for obtaining a high yield. Scientific
research and practical experience have proven that one of the most effective methods of protecting plants from diseases
and pests is the use of chemicals. There has been a growing concern regarding the negative effects of pesticides on
animal and human health (Christen et al., 2017; Wood et al., 2018; Wood et al., 2019). Concurrently, the agricultural
pests develop a certain level of insensitivity to the chemicals. The adaptation of pests to pesticides develops over 10-30
generations and it supports the validity of evolution theory, meaning that in the process of microevolution, a new
property is produced (Lavryshyn et al., 2016). For instance, the Colorado potato beetle has developed immunity to
insecticides. Being aware of this, the farmers may increase the concentration of insecticides used on fields up to 10 times
over recommended dosages which is harmful to many other organisms and poses the threat to food chain contamination
(Smith et al., 2016).

Over the past decades, the volume and geography of pesticide usage in the world have significantly changed. With
the introduction of modern agricultural technologies, there is a tendency to increase the use of highly effective pesticides
with low consumption rates, which can reduce their negative impact on the environment. For example, a new generation
of neonicotinoids synthetic analogs of natural nicotine is quickly developed to protect plants from harmful insect species.
Unlike nicotine, they have almost no skin-resorptive effects, which enhance their use in fighting against ectoparasites in
animals (Bal et al., 2012).

Accordingly, a large number of preparations have been made due to the high insecticidal activity of neonicotinoids.
For example, in the United States in 2008, there were about 190 commercial preparations and 600 ones in 2011.
Moreover, 45 preparations were registered in Russia in 2012, 35 in Australia in 2011, 30 in the UK in 2010, and 27 in
New Zealand in 2010 (Bazaka et al., 2017).
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In 2010, the list of permitted insecticides in Ukraine included 44 preparations based on five active substances
(thiamethoxam, imidacloprid, thiacloprid, clothianidin, acetamiprid) containing almost 11% of the total number of
registered insecticides in the world (Bazaka et al., 2018).

A large number of neonicotinoid preparations are available on the market. The spread of these pesticides requires a
deep study of their toxic effect on the organism of animals, including poultry. Neonicotinoids have a number of
advantages, compared to insecticides of other groups. However, the stability of active substances, acetamiprid, and
thiamethoxam, contributes to the long-term migration of residual amounts of the preparations in the environment and the
food chain (soil-plant-animal-human) contamination (Bal et al., 2013; Bazaka et al., 2018).

Due to the widespread use of neonicotinoids in agricultural production, veterinary medicine, and general sanitary
practice, their negative impact on the animals cannot be ignored. In case of violations of the Standard operative
procedures for the use of these substances, the poisoning of animals and people is quite possible (Felsot, 2001;
Yermalova et al., 2004).

There are few scientific publications on the toxicity of neonicotinoid preparations for laboratory and productive
animals. Only a few articles showed concerns about the effects that occur in acute poisoning (Boyko and Gonohova,
2012). Therefore, it is of utmost importance to study the chronic poisoning of animals with acetamiprid (active substance
of Mospilan RP) and thiamethoxam (active substance of Actara 25 WG).

MATERIALS AND METHODS

Ethical approval

Experimental studies were performed on white non-linear mice in accordance with the guidelines of “Toxicological
control of new animal protection products” (Lavryshyn et al., 2016), as well as existing documents regulating the
organization of work using experimental animals and in compliance with the principles of the European Convention
(Strasbourg, 1986) and Article 26 of Law on Ukraine No. 5456-VI of 16.10.2012 “On the protection of animals from
cruelty”. Provision of the commission on bioethics of the National University of Life and Environmental Sciences of
Ukraine (the order Ne544) was also obtained.

Studies to determine the chronic toxicity of Mospilan RP and Actara 25 WG were performed on non-linear white
male mice, aged 2.5 to three months old, weighing 18-20 g. The animals were kept in the vivarium of the faculty of
veterinary medicine of the National University of Life and Environmental Sciences of Ukraine. Feeding was carried out
according to the diets and norms that are recommended for laboratory animals of this species (Zapadnyuk et al., 1983).
While determining the chronic toxicity of Mospilan RP and Actara 25 WG, the mice became adapted to the laboratory
conditions for seven days before the initiation of the experiment. During this period, the mice were closely monitored for
their clinical condition. Mice were active and mobile, and they consumed food and water well. They had a neat
appearance, hair was smooth, clean, well-fitting to the skin. Visible mucous membranes were pink. There were no
pathological changes on the skin or injuries. No signs of dysfunction of the respiratory, cardiovascular, and digestive
systems were observed. The behavioral responses were characteristic of animals of this species.

Experimental mice were divided into three groups based on the principle of analogs, with seven animals in each
group. The dose of the drugs was calculated in mg of the Active Substance (AS) per one kg of body weight. In animals
of the experimental group M, chronic poisoning with Mospilan RP was reproduced by daily drinking of an aqueous
solution of the drug at a dose of 1/10 Median Lethal Dose (LDs) - 65 mg/kg of body weight. In animals of the
experimental group A, chronic poisoning with Actara 25 WG was reproduced by drinking a watering suspension of the
drug at a dose of 1/10 LDs, (360 mg/kg of body weight).

The volume of liquid forms for both drugs was 0.4 ml. The animals of group I11 (n=7) served as the control group,
and received the same amount of distilled water. The duration of the experiment was 30 days. During the experiment, the
animals were monitored, and changes in their clinical condition were constantly noted. The appearance, their reaction to
stimuli, changes in body position, behavior, food and water intake, intensity and nature of the motor activity, condition
of the skin and mucous membranes were taken into account, and the time of the intoxication development was recorded.
At the end of the experiment, when the chronic toxicity was recognized, the mice were euthanized by bloodletting after
light chloroform anesthesia. The blood from the heart was taken from all three groups of animals for morphological and
biochemical studies of the toxic effects of the Mospilan RP and Actara 25 RG.

Laboratory studies

The blood for morphological studies was previously stabilized with heparin. The investigated morphological
factors were hemoglobin content (HGB), hematocrit (HCT), number of erythrocytes (RBC), platelets (PLT), and
leukocytes (WBC) and their forms. Hematological parameters were measured using a specialized veterinary automatic
hematology analyzer Micros ABX Vet (Horiba Diagnostics, France). In the plasma, the total protein, albumin, globulin,
urea, and creatinine contents, activity of alanineaminotransferase (AIAT), aspartateaminotransferase (AsAT), and
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gamma-glutamyl transpeptidase (GGTP) were studied. Biochemical parameters were examined with the use of a semi-
automatic photo electro colorimetric biochemical analyzer Stat-Fax (Awareness Technology, USA) with reagents Kits
from the HUMAN Company (Germany). The changes in the mass coefficients of the liver, spleen, lungs, kidneys, and
heart were determined at the end of the experiment (Gerunova et al., 2012). The results of clinical and biochemical
studies were presented in accordance with the International System of Units (SI) recommended for use in clinical
laboratory practice (Giknis and Clifford, 2008).

Statistical analysis
Statistical analyses were carried out using the Microsoft Office Excel program (Shelamova et al., 2010). The
reliability of differences among indicators was evaluated using the Student's t-test.

RESULTS AND DISCUSSION

Considering the available literature, it can be inferred that acetamiprid and thiamethoxam are low-toxic substances (Bal
et al., 2012). Half of the LDs of acetamiprid for white rats is 213 mg/kg of body weight, and it is 98 mg/kg of body
weight for poultry. Half of the LDs, of thiamethoxam for white rats is 1563 mg/kg of body weight, and it is 576 mg/kg of
body weight for poultry (Gerunova et al., 2003).

During the entire observation period, there was no significant difference between the experimental groups and the
control group of animals in terms of behavioral responses as well as feed and water consumption. The animals were
active and mobile, and their coordination was not impaired. Clinical signs of poisoning and death of animals were not
observed. This was indicative of the fact that the used dose of studied preparations was not sufficient to cause clinical
changes. However, it should be noted that the animals of both experimental groups were more aggressive, and often
attacked each other, compared to the control group. The HCT, RBC, and HGB in the blood of animals of experimental
groups did not undergo significant changes when comparing with the indicators of the control group (Tablel). At the
same time, the number of WBC and platelets in the blood reliably increased in white mice of both treated groups.

It should be noted that by microscopic evaluation of the blood smears of the animals in both experimental groups,
anisocytosis and microcytosis of WBC were noted. The found leukocytosis we are inclined to explain as a consequence
of the development of inflammatory phenomena in the digestive canal after the enteral introduction of drugs (Table 1).
More pronounced changes were noted in mice undergoing Mospilan RP treatment, and this indicated that its degree of
toxicity was more pronounced than in Actara 25 WG.

Table 1. Blood counts in white mice treated with Mospilan RP and Actara25 WG, M + m* (n=7)
Group of animals

Indicator Control Group M Group A
Hematocrit (%) 0.34 £0.03 0.33+0.01 0.37 £0.02
Erythrocytes (T/L) 4.43+0.33 437+0.15 4.68 +0.24
Hemoglobin (g/L) 112.70 £9.44 110.97 £4.60 12243 £7.41
Leukocytes (G/L) 7.44 £0.38 8.70 £ 0.27** 8.49 £ 0.28**
Platelets(G/L) 274.60 +7.31 306.04 + 4.90** 308.34 + 8.05**

*Data are presented as Mean + Standard Error of Mean,**p<0.05; Group M: Mice treated with Mospilan RP, Group A: Mice treated with Actara 25
WG.

Due to the impacts of Mospilan RP and Actara 25 WGT, thrombocytosis in the blood of the experimental mice was
considered to be the result of the isolation of immunomodulatory cytokines, which secondarily stimulated the production
of platelets. For example, interleukin-6 is known as an anti-inflammatory cytokine, and also stimulates polyploidization
of megakaryocytes and platelet formation (Heinrich et al., 1990; van Gool et al., 1990). An analysis of a blood
leukogram of the mice suffering from chronic poisoning caused by Mospilan RP showed that leukocytosis had a
neutrophilic character with a shift of the neutrophil nucleus to the right leading to an increased number of segment-
nuclear neutrophils to 1.5 times (Figure 1).

The data indicated the depletion of hematopoietic organs after 30 daily administration of Mospilan RP to white
mice at a dose of 1/10 of LDsy. Along with neutrophilia, a decrease in lymphocyte count showed that their number in the
blood was almost 10% lower than in the control group (p<0.05). No significant deviations were observed in the
leukogram of white mice undergoing Actara 25 WG treatment at a dose of 1/10 of LDsy, but there was a tendency to
neutrophilia with lymphocytopenia, as with Mospilan RP. The difference in the degree of manifestation of the influence
of Mospilan RP and Actara 25 WG on the blood system and leukogram indicators was probably related to the degree of
toxicity of each drug. Taking into account these parameters, the Mospilan RP indicated higher toxicity, compared to
Actara 25 WG. To establish the functional state of organs and systems under toxic load, the determination of
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biochemical parameters in the animals’ blood plasma played an important role (Table 2). Chronic poisoning of white
mice with Mospilan RP was accompanied by an increase in the total protein content of blood plasma by 18.9%,
comparing to the control group, while in mice poisoned with Actara 25 WG only a tendency to total protein increase was
observed.
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Figure 1. Leukogram of white mice treated with Mospilan RP and Actara 25 WG (n=7). Group M: Mice treated with
Mospilan RP (65 mg/kg of body weight), Group A: Mice treated with Actara 25 WG (360 mg/kg of body weight)

Table 2. Biochemical parameters of blood plasma in white mice undergoing Mospilan RP and Actara 25 WG chronic
poisoning, M £ m* (n=7)

Group of animals

Indicators Control Group M Group A
Total protein (g/I) 50.61+1.72 60.19 + 2.26** 55.16 £ 1.75
Albumins (g/l) 24.36 £0.73 26.97 £1.27 21.64 +£1.43
Globulins (g/l) 26.25+1.95 33.22 £ 2.69** 3352+ 1.71**
Urea (mmol/l) 6.03 £0.22 3.41 £0.16** 4.13+0.18**
Creatinine (mcmol/l) 59.20 +2.13 55.91+141 54.29 + 1.53**

Notes: *data are presented as Mean + Standard Error of Mean, **p<0.05; Group M: Mice treated with Mospilan RP, Group A: Mice treated with
Actara 25 WG.

The content of albumins in blood plasma remained unchanged although it was slightly higher in animals that were
given Mospilan RP. Thus, the increase in the total protein content was associated with an increase in the content of
globulins by almost 30.0% in the blood plasma of animals of both experimental groups. This may due to “irritation” of
the phagocytic mononuclear system that originated from the toxic liver damage.

Synthesizing liver function is evaluated by the content of urea in the blood plasma because the urea is formed in the
liver. There was a 43.6% decrease in the urea content in the blood plasma of white mice undergoing chronic Mospilan
RP poisoning, and 31.5 % for Actara 25 WG poisoning (p<0.05). This result indicated an infringement of the urea-
forming function of the liver.

Urea is the final product of protein metabolism, the synthesis of which neutralizes ammonia. It is formed mainly in
the ornithine cycle in the liver and partially in the kidneys. The energy required for urea synthesis is provided by the
Krebs cycle. The concentration of urea in the blood plasma depends on the intensity of its synthesis and excretion.
Therefore, the determination of its content is an important diagnostic test of both, the liver function, where it is
synthesized, and the kidneys, through which it is excreted (Heinrich et al., 1990). A decrease in urea content in the blood
plasma of both experimental groups of mice indicated a severe course of liver pathology. There was also an 8.3%
decrease in creatinine content in the blood plasma of white mice that were given Actara 25 WG, comparing to the control
animals (p<0.05). As soon as Actara 25 WG showed less toxic impacts compared to Mospilan RP, the changes in the
total protein and urea content in the blood plasma of white mice from chronic poisoning were less pronounced in group
A than in animals that were given Mospilan RP.

Along with a decrease in urea content in the blood plasma, there was also a tendency for the decreased liver mass
coefficient in mice of the experimental group M, compared with the indicator in the control group. At the same time, a
significant decrease in the spleen mass coefficient in this group indicated the hematopoietic function suppression and the
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immunotropic effect of Mospilan RP. These data supported the results of morphological and biochemical studies of mice
in experimental group M. The mice that were chronically poisoned with Actara 25 WG revealed no changes in the mass
coefficients of internal organs (Table 3).

Table 3. The mass coefficients of internal organs of white mice undergoing Mospilan RP and Actara 25 WG chronic
poisoning, M = m* (n=7)

. Group of animals
Indicators

Control Group M Group A
Liver 6.19+0.48 5.60 £0.22 6.28 £0.35
Spleen 0.80 £ 0.08 0.52 £ 0.08** 0.82+£0.12
Lungs 0.69 £ 0.03 0.63 £0.02 0.65+0.03
Kidneys 1.66 £0.13 1.60 £0.11 1.69£0.10
Heart 0.53 £0.03 0.55+0.04 0.56 £0.02

Notes:*data are presented as Mean + Standard Error of Mean, **p<0.05; Group M: Mice treated with Mospilan RP; Group A: Mice treated with Actara
25 WG.

Aminotransferases (AIAT, AsAT) are localized in most organs and systems. They transfer amino groups from
aspartic acid and alanine in alpha-ketoglutarate acid. Both enzymes are allocated in the cytoplasm of cells (AsAT also in
mitochondria), and their activity in blood plasma increase with minor tissue damage (van Gool et al., 1990). The study of
AsAT and AIAT activity in blood plasma is mostly used for the diagnosis of liver diseases. Their activity increases in
several conditions, including acute hepatitis and other inflammatory processes. A moderate increase is observed in
mechanical jaundice and cirrhosis of the liver (van Gool et al., 1990; Moser et al., 2015). The presence of hepatotoxic
action of Mospilan RP is confirmed by changes in the activity of aminotransferases. In the present study, the activity of
AIAT increased by 23.0% (p<0.05). At the same time, there were no changes in the activity of AIAT in the blood plasma
of mice undergoing chronic poisoning with Actara 25 WG (Figure 2).
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Figure 2. Activity of plasma enzymes in mice undergoing Mospilan RP (group M) and Actara 25 WG (group A) chronic
poisoning. Group M: Mice treated with Mospilan RP (65 mg/kg of body weight), Group A: Mice treated with Actara 25 WG (360
mg/kg of body weight)

The affinity of neonicotinoids (acetamiprid and thiamethoxam) with nicotine plus their ability to interact with
nicotine-sensitive muscle receptors are the reasons for the pronounced effect of both substances on the activity of ASAT
in chronic poisoning of white mice (Bal et al., 2013). In the mice treated with Mospilan RP and Actara 25 WG, the
activity of this enzyme increased by 2.8 and 2.6 times, respectively (p < 0.05).

Gammaglutamyltranspeptidase catalyzes the transfer of a glutamyl residue and a gamma-glutamylpeptide to an
acceptor peptide or an alpha-amino acid. The enzyme is highly active in the kidneys, liver, especially in the cells that
form the renal tubules and bile ducts, as well as in the pancreas. An increase in GGTP level is an early and reliable test of
inter hepatic bile stasis, damage to hepatocyte membranes near the biliary pole, and to epithelial cells that line the lumen
of the bile ducts (Chakroun et al., 2017). In mice undergoing Mospilan RP chronic poisoning, GGTP activity increased
by 1.8 times, and a simultaneous increase in AIAT and AsAT activity indicated the manifestation of hepatocytolysis. At
the same time, the increase in GGTP activity in mice undergoing Actara 25 WG chronic poisoning by almost four times
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without changes in AIAT activity and with less prominent changes of AsSAT activity indicated the development of
lesions mainly in the bile ducts.

Other studies claim that neonicotinoids are capable to accumulate in the components of treated plants (Buszewski
et al., 2019), are found in human serum and urine (Yamamuro et al., 2014), and has the potential to act as neurotoxic
compounds (Christen et al., 2017). We consider that these findings further support the importance of our results and
sustain the necessity to continue the research in this avenue.

CONCLUSION

Daily oral administration of Mospilan RP and Actara 25 WG at 1/10 of the median lethal dose in the experimental mice
for 30 days caused the development of thrombocytosis, neutrophilic leukocytosis, lymphocytopenia, hyperproteinemia
due to an increase in the content of globulins and liver dysfunction. The liver dysfunction was more expressed in mice
undergoing a chronic poisoning by Mospilan RP that was indicated by a more pronounced decrease of urea content and
an increase in ASAT and AIAT activity comparing with animals that underwent a chronic poisoning by Actara 25 WG.
Consequently, the above results indicated the feasibility of further studies addressing the effects of Mospilan RP and
Actara 25 WG on others species of animals while paying attention to the changes of potentially more susceptible
indexes, such as genetic apparatus or reproductive function.
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