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At present, one of the main threats to humanity is undoubtedly endocrine disruptors (ED), since they directly disrupt the processes of 
ensuring homeostasis, which are identical to the very essence of the concept of health, considered in valeology as the ability to maintain age-
appropriate stability in conditions of sharp changes in quantitative and qualitative parameters of the triune flow of sensory, verbal and struc-
tural information. Pesticides can disrupt the physiological functioning of many endocrine chains, including the endocrine mechanisms that 
ensure reproductive health. The study aimed to compare the results of our studies of alpha-cypermethrin reproductive toxicity in the test 
system for studying gonadotoxic activity with data obtained in the test system "Three Generation Reproduction Study". The studies were 
performed on male and female Wistar Han rats with two generic samples of alpha-cypermethrin from different manufacturers at doses of 
0.2, 1.0 and 3.0 mg/kg body weight. The exposure lasted 11 (males) and 10 (females) weeks. During the last two weeks of exposure the state 
of the estrous cycle, duration and frequency of each stage in females was studied. After the end of treatment functional parameters of the state 
of the gonads in males and the ability of animals to reproduce were examined. In males, the total sperm count, the absolute and relative 
number of motile germ cells, and the number of pathologically altered forms were evaluated. The results of the study showed that exposure 
of male and female Wistar Han rats to alpha-cypermethrin at doses of 0.2–3.0 mg/kg during gametogenesis had a toxic effect on the repro-
ductive system characterized by impaired gonadal and reproductive functions. In our studies, alpha-cypermethrin was found to have repro-
ductive toxicity (reduced number of corpora luteum and live fetuses, increased absolute and relative postimplantation death, reduced average 
weight of fetuses and litters) and endocrine-disruptive effect, having a pronounced antiandrogenic effect on males. Obvious signs of endo-
crine reproductive disorders (changes in testis and epididymis weight, deterioration in semen parameters, altered length of separate stages of 
the estrous cycle) were observed in both females and males.  However, studies in a test system of three-generations did not reveal a repro-
ductive and endocrine-disruptive effect of cypermethrin, the toxicity of which was recognized as equivalent to the toxicity of alpha-
cypermethrin. The obtained results showed higher sensitivity, informative and diagnostic significance of the methods for studying gonado-
toxicity than the methodology of reproductive toxicity studies in the test system “Three Generation Reproduction Study”.  

Keywords: test system for studying gonadotoxic activity; three generation reproduction study; antiandrogenic activity; estrogen-like ef-
fects; study on rats; in vitro.  

Introduction  
 

At present, one of the main threats to humanity is undoubtedly endo-
crine disruptors (ED), since they directly disrupt the processes of ensuring 
homeostasis, which are identical to the very essence of the concept of 
health, considered in valeology as “the ability to maintain age-appropriate 
stability in conditions of sharp changes in quantitative and qualitative 
parameters of the triune flow of sensory, verbal and structural informa-
tion” (Brekhman, 1990). Pesticides can disrupt the physiological function-
ing of many endocrine chains, including the endocrine mechanisms that 
ensure reproductive health. It should be noted that research aimed at pre-
venting chemically induced reproductive disorders in the human popula-
tion is one of the central areas of preventive medicine, both in terms of its 
importance and the complexity of the tasks being solved.  

An understanding of the need to develop methodological approaches 
to examine possible violations of reproductive function under the influen-
ce of xenobiotics entering the human body through food, water, air throu-
ghout life, developed in the 1950s. As a result of long discussions (Barnes 
& Denz, 1954; Lehman, 1958) and debates, the methodological test 
“Three Generation Reproduction Study” was proposed (Lenz, 1958; Fitz-
hugh, 1968; Fishbein, 1970). According to the proposed experimental 

scheme, testing of chemical compounds provided for the study of repro-
ductive function of at least three generations and 9 litters (3 litters in each 
generation). Despite the fact that for a long time this methodological ap-
proach was used by all the leading scientific centers of the world, the 
problem of optimizing the experimental design remained the subject of 
extensive scientific discussion (Delahunt & Lassen, 1964; Раlmer, 1978; 
Раlmer, 1981), which eventually led to a significant revision of the original 
experimental design.  

Since 1982 the initial methodological approach for assessing the risk 
of xenobiotics’ reproductive toxicity, in particular, plant protection chemi-
cals, has been transformed into the most widely used test system “Two-
Generation Reproduction Toxicity Study”, which involves the study of 
two generations and one litter in each generation of animals.  

In test systems of the 2nd and 3rd generations, the research focuses on 
the assessment of qualitative and quantitative indicators that characterize 
the ability to reproduce in parental animals, that is, fertility, as well as the 
processes of offspring development. Along with the above tests, consider-
able attention is paid to histomorphological studies of the tissues of the 
internal organs of adult animals and offspring.  

It should be emphasized that the processes of gonad functioning  have 
not been evaluated for a long time. Only towards the end of the 1990s was 
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it understood that in the test system of several generations of animals, the 
most important parameters of the reproductive system state were over-
looked by researchers. Namely: direct indicators of the gonad functioning.  

In 1996, a group of experts published an article (Seed et al., 1996) that 
began with the words: “Until recently, the ability of compounds to induce 
damage to the male reproductive system was evaluated based on fertility 
studies in an experiment on rats or mice. However, it has now been found 
that fertility in rodents is not the most sensitive and reliable indicator of 
possible impairment”. The authors of the article recognized the need to 
review the research protocol in order to include in it the assessment of 
quantitative and qualitative sperm parameters. Revision was carried out in 
1998. That is, before that, reproductive toxicity was assessed without 
using the most sensitive and reliable indicators.  

Thus, the optimization of pesticides reproductive toxicity study in the 
test system of several generations of animals was reduced to a gradual 
reduction in the number of generations and litters, and the necessity to 
estimate the state of the gonads. This trend continues nowadays. But, 
despite the significant improvement in the protocols of these studies, the 
need for their further rationalization remains pressing. Thus, one of the 
disadvantages of the listed approaches is the impossibility of identifying 
the target organ and sexual selectivity for the effect of the tested com-
pounds, since both females and males are exposed simultaneously. There-
fore, if it is necessary to establish the mechanism of toxic action in a num-
ber of cases, additional experiments are required in which cross-mating of 
treated animals with untreated (intact) females and males is carried out.  

A somewhat different approach to the study of reproductive toxicity 
of pesticides has been adopted in our country. The first guidelines for the 
study of reproductive toxicity of pesticides were published in 1969. These 
included studies of the gonadotoxic activity of pesticides and studies of the 
developmental effects of these xenobiotics. A second revised edition was 
published in 1988. As the gonads, accessory reproductive glands and neu-
roendocrine system are extremely sensitive to the toxic effects of chemi-
cals, and there are sex-related differences in sensitivity to toxic factors, the 
primary focus was on studying the gonadotoxic activity of chemical com-
pounds and resulting potential reproductive dysfunction in treated male 
and female animals.  

When studying the gonadotoxic effect, females and males of experi-
mental animals are induced to mate, which then mate with intact females 
and males. The effect of the studied agent on embryogenesis is excluded 
in this experiment. Disorders of offspring development or reproductive 
function found in the course of these studies are clearly associated with the 
effect on the gonads and other reproductive organs. Planning the experi-
ment involves obtaining information on gonadal function, sexual beha-

viour of animals, their ability to mate, conception, fertilization and fertility. 
The parameters of prenatal development of F1 generation are determined 
as well.  

Changes here can be manifested by a slowdown or cessation of the 
production of germ cells, the formation of defective cells with reduced 
fertility or fertilizing ability, the production of cells that carry hereditary 
changes in their genetic apparatus or a violation of the ability to normal 
development of a fertilized egg.  

It is necessary to take into account that the toxic effect on various links 
of the reproduction process can be carried out directly by exposure of the 
gonads and other reproductive organs or as a result of the influence on the 
hypothalamus-pituitary-gonad system. All these effects are assessed both 
with the help of special morpho-functional tests, morphometric parame-
ters of the state of the gonads, histological evaluation and by studying the 
results of the F1 offspring reproduction. It should be emphasized here that 
at present, when assessing the danger of reproductive toxicity of pesti-
cides, the protocol of mandatory studies in the test system of two genera-
tions of animals also includes the study of some parameters of sperm in 
males and sexual cycles in females. However, in our opinion, the diagnos-
tic potential of such a valuable indicator of the reproductive system in 
females as the state of the estrous cycle is far from being fully utilized. 
In foreign studies of the reproductive toxicity of pesticides, only the cycle 
duration and their amount are presented. Thus, separate phases of the 
cycle, their duration and regularity are not investigated.  

But changes in hormonal status of females, accompanied by a viola-
tion of the regularity and alternation of sexual cycle phases, regardless of 
their mechanism of origin, are characterized by an imbalance of estrogens 
and progesterone. The genetic similarity of the structure of estrous cycles 
in rodents and menstrual cycles in primates (including humans) is due to 
the lack of species specificity of hormones. This makes it possible to use 
such a simple and accessible method for identifying endocrine disruptors 
and to extrapolate to humans the data obtained in experiments on female 
rodents. This paper is a fragment of long-term research devoted to the stu-
dy of reproductive toxicity of 156 samples of 20 different pesticides under 
conditions affecting the gonads of male and female rats during gametoge-
nesis and a comparative evaluation of the results obtained and the results 
of studying these pesticides in the test systems “Two-Generation Repro-
duction Toxicity Study” and “Three Generation Reproduction Study” 
(Table 1). For a comparative evaluation of diagnostic value and sensitivity 
of the approaches under consideration, we have presented the results of 
our study of the gonadotoxic activity of two samples of alpha-
cypermethrin (AC1 and AC2) and the results of study of reproductive 
toxicity of this xenobiotic in “Three Generation Reproduction Study”.  

Table 1  
List of generic pesticides researched in the test system for studying gonadotoxic activity  

Name of active ingredient Number of generic 
samples studied 

NOAEL*, mg/kg  
body weight bw Generalized results of the study of generic samples of each pesticide 

Carbendazim (C) 20 2.5 Antiandrogenic effect - impaired spermatogenesis (C, I, P, B, F, Ch, ChCh), decreased in testes 
and epididymis weight (P, B, F, Ch), hypotrophy of the testes and epididymis, azoospermia (C), 
increased intrauterine death of offspring (C, I, P, F), decreased pregnancy indexes (P), decreased 
litter size (F) in intact females when exposed to ♂♂. 

Imazalil (I)   2 0.5 
Pyrimiphos-methyl (P)   2 0.3 
Bentazone (B) 11 1.0 
Flurochloridone (F)   1 0.9 
Chlorimuron-ethyl (Ch)   2 0.01 for ♂♂ 
Chlormequat chloride (ChCh)   3 5.0 for ♂♂ 
Tebuconazole (TB)   1 5.0 Violation of sex hormones’ balance, leading to a significant change in the duration of the progeste-

rone-dependent stage of the estrous cycle (TB, TK, C, M, F, B, Q). Increase of the precoital inter-
val when exposed to ♂♂ (TK, M) and ♀♀ (TK), decrease of the indexes of conception and 
fertility, increased intrauterine death of embryos and fetuses (F), decreased pregnancy index (B), 
increased post-implantation death of embryos and fetuses when exposed to ♀♀, decreased of F1 
generation fetuses' body weight in intact females when exposed to ♂♂ (Q). 

Tetraconazole (TK)   1 0.5 
Carboxin (C)   5 1.0 
Mancozeb (M)   8 5.0 
Flutriafol (F) 17 1.0 
Benomil (B)   1 2.0 
Quizalofop-p-ethyl (Q)   1 0.2 
Cyproconazole (C) 12 0.2 Antiandrogenic effect - impaired spermatogenesis (C, E, T, A, λ-C, M), decreased weight of testes 

(E, T, A, λ-C, α-C, M, MB) and epididymis (T, A, λ-C, α-C, M, MB), decreased of the indexes of 
conception and fertility (C, E, T, λ-C, α-C), decreased pregnancy index (T) and increased in intra-
uterine death of offspring in intact females when exposed to ♂♂. Disruption of sex hormones’ 
balance (C, E, λ-C, M), increase in the duration of the estrous cycle (C), alteration of the duration 
of the progesterone-dependent (E, M) estrogen- dependent (α-C, MB) stages of the estrous cycle, 
decreased conception and fertility indexes (C, E, A), as well as the number of alive fetuses and 
their bw (C), increased intrauterine death of embryos when exposed to ♀♀. 

Epoxiconazole (E)   5 0.5 
Thiabendazole (T)   7 10.0 
Azoxystrobin (A) 14 6.0 
α-сypermethrin (α-C) 15 0.2 
Lambda-cyhalothrin (λ-C) 18 0.3 
Metolachlor (M)   5 5.0 
Metribuzin (MB)   5 <0.4 for ♂♂, 1.5 for ♀♀ 
Note: * – NOAEL – no-observed-adverse-effect-level.  
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Materials and methods  
 

Our research on the animals was conducted in accordance with the 
requirements and provisions of the European Convention for the Protec-
tion of Vertebrate Animals Used for Scientific Experiments or Other 
Scientific Purposes of 1986, and complied with the ARRIVE guide-lines 
and recommendations for using animals in scientific purposes (Kilkenny 
et al., 2010). The studies were carried out using two generic samples of 
alpha-cypermethrin technical (AC1 and AC2) from different manufactur-
ers (purity – 95.0% and 97.1%, respectively).  

Cypermethrin – (R, S)-a-cyano-3-phenoxybenzyl (1RS)-cis-trans-3- 
(2,2-dichlorovinyl)-2,2-dimethylcyclopropanecarboxylate belongs to the 
second generation pyrethroids. This compound is currently a widely used 
insecticide (mainly for agriculture) in the world.  

The cypermethrin molecule contains 3 asymmetric carbon atoms, that 
is, 2³ = 8 isomers are possible for it (Fig. 1). Each of these isomers, to one 
degree or another, exhibits insectoacaricidal properties - one of the isomers 
is more active against Lepidoptera, the other against Coleoptera, etc. Thus, 
the activity of commercial cypermethrin, as well as the specificity of this 
activity, strongly depends on its isomeric composition, and therefore, on 
the world market, various isomeric mixtures of cypermethrin are labeled 
differently.  

  
Fig. 1. Asymmetric centers in the cypermethrin molecule  

Cypermethrin is a racemic mixture of cis- and trans-isomers of cy-
permethrin, their ratio roughly ranges from 40:60 to 50:50. Alpha-cyper-
methrin is a racemic mixture containing only cis-isomers of cypermethrin – 
mainly (1R-cis)S and (1S-cis)R-isomers (Mel’nikov, 1995).  

Male and female Wistar Han rats between the ages of 5–6 weeks 
weighing 80–100 g that were obtained from SPF breeding nursery of 
L. I. Medved’s Research Center of Toxicology MH Ukraine were used 
for the experiments. The adaptation period lasted for five days. The ani-
mals were housed in a room with a forced ventilation (12 air changes per 
hour) at a temperature and relative air humidity of 19–24 ºС, humidity of 
30–70%. A 12-hour light/12-hour dark cycle was used. The animals re-
ceived both deionized drinking water disinfected with UV light and puri-
fied through a reverse osmosis system and balanced granulated hypo-
phytoestrogenic food (Altromin, Germany) ad libitum.  

To study the gonadotoxic activity of AC1, four groups of animals 
(25 males and 25 females per group) were administered AC1 at a dose of 
0.0, 0.2, 1.0 and 3.0 mg/kg, respectively, for 11 (males) and 10 (females) 
weeks. To study the gonadotoxic activity of AC2, three groups of male 
rats (20 animals per group) were administered AC2 at a dose of 0.0, 0.2, 
and 2.0 mg/kg, respectively, for 11 weeks. The test substances were ad-
ministered by gavage in the form of an aqueous emulsion daily, 5 days a 
week. Control animals received distilled water with an emulsifier (OP-10) 
in equivalent amounts. Along with control animals and treated animals, 
intact males and females (untreated) were kept intended for mating (AC1 – 
40 males and 75 females; AC2 – 60 females, Table 2). The male rats were 
weighed weekly during the entire exposure period, and the female rats 
were weighed (scales – KERN EG 4200-2NM) weekly until the mating 
period and on the 0th, 6th, 13th, and 20th days post coitum.  

During the last two weeks of the exposure period, the state of the est-
rous cycle, its length and frequency of each its stage in female animals 
were studied. Since the state of the mucous membrane of the uterus and 
vagina synchronously reacts to the functioning of the ovaries and proces-
ses associated with the rhythmic maturation of follicles, ovulation and the 
formation of corpora luteum, the composition of cells in a vaginal smear 
reflects the functional state of the ovaries, as well as the balance of steroids 
and gonadotropins (Gоldmаn, 2007). The average duration of the estrous 
cycle in rats is 4–5 days. In toxicological studies, data presented with 
characteristics of the oestrous cycle, are helpful for various reasons.  

As noted earlier, changes in endocrine connections between the hypo-
thalamus, pituitary, and ovaries as components of the reproductive axis 

can markedly affect cycling. Toxic effects on any of these links can dis-
rupt the cycle and block ovulation. In addition, the regularity of cycle 
changes can often provide valuable information about the nature of the 
compound effects on the reproductive system. Disruption of the cycle cau-
sed by xenobiotics can induce acyclicity, changes in the duration of the 
individual stages of the oestrous cycle and cause an irregular cycle of 
abnormal duration (Bretveld, 2006).  

Table 2  
Number of animals in groups, dose regimen and duration of exposure  

Active 
substance Groups Number of  

animals (sex) 
Doses, 
mg/kg 

Exposure period, 
weeks 

АC1 

I 25 (♂), 25 (♀) 0.0 11/ 9 
II 25 (♂), 25 (♀) 0.2 11/ 9 
III 25 (♂), 25 (♀) 1.0 11/ 9 
IV 25 (♂), 25 (♀) 3.0 11/ 9 

Intact 40 (♂), 75 (♀) – – 

АC2 

I 20 ♂ 0.0 11 
II 20 ♂ 0.2 11 
III 20 ♂ 2.0 11 

Intact 60 ♀ – – 
Note: “–” – animals without treatment.  

After completion of the exposure period, the parameters of the go-
nads’ functional state and reproductive capacity of males and females 
were studied. Male fertility depends on the continuous daily production of 
millions of sperm. The process of spermatogenesis is highly complex, 
including a coordinated series of mitotic and meiotic divisions, improved 
cytodifferentiated stages, and constantly changing intercellular interac-
tions, controlled by the autocrine, paracrine and endocrine systems. 
All these processes of spermatogenesis in male rats last 70 days, which 
was the reason for mode of action of the test compounds. The parameters 
assessed in our studies (such as the total number of spermatozoa, the 
number and percentage of motile spermatozoa and their pathological 
forms) indicate the quality of the spermatogenesis process (development, 
maturation, etc.) (Seed et al., 1996).  

To study the morpho-functional state of the testes, and the weight of 
the testes and epididymis, animals were euthanized in a CO2 box. 
The abdominal cavity was opened, the right testes taken, the epididymis 
removed, carefully freed from adipose tissue and weighed (scales – 
AXIS-AD300). Laboratory tubes were preliminarily prepared with 2 mL 
of physiological solution in each, which were labeled in accordance with 
the numbers of the tested males and placed in a water thermostat at 37 ºC. 
After that, about 0.5 mL of physiological solution from a corresponding 
test tube was poured onto a watch glass heated in a microthermostat (Mic-
rothermostat Termo Blok), the epididymis put in it, cut lengthwise, after 
which the physiological solution, together with the dissected epididymus, 
was returned to the same test tube. The contents of the tube were vigorous-
ly shaken and immersed in a water thermostat. After that, the resulting 
suspension of spermatozoa with leukocyte melanger was taken up to the 
first mark and diluted with physiological solution (temperature 37 ºC) to 
the second mark, the melanger (hemocytometer – model 851) was sha-
ken, lowered two drops, and the resulting suspension was filled in a Go-
ryaev chamber (model 851, MRTU 64-1-816-63) for counting blood cells 
heated to 37 ºC. The number of total sperm, motile sperm, and abnormal 
sperm were counted using a light microscope (microscope Аxioscop 
40 CarlZeiss, ×200).  

Exposed and intact animals were mated to study the reproductive fun-
ction. The state of reproductive function was considered on the 20th day 
of pregnancy in treated females which became pregnant by mating with 
intact males and intact females mated with treated males. The number of 
corpora lutea in the ovaries, the number of live, dead, and resorbed fetuses 
and embryos, fetal weight, total litter weight, and the presence of gross 
congenital malformations were recorded. The indexes of mating, fertility 
and pregnancy were determined by the following formulae:  

 

Mating index = Number of males or females mating х100 Number of males or females cohabited 

Fertility index = Number of cohabited females becoming pregnant х100 Number of nonpregnant couples cohabited 

Pregnancy index = Number of females delivering live young х 100 Number of females with evidence of pregnancy 
 

726 



 

Regul. Mech. Biosyst., 2021, 12(4) 

Precoital interval was determined as the time elapsed from males be-
ing presented to females to the confirmation of fertilization. The value of 
the precoital interval is calculated by the formula:  

∑(A • B)  
C 

A – day of mating period, B – number of females mated on this day, ∑ – 
sum (A•B) for all mating days, C – the total number of mating females.  

All data obtained experimentally were processed statistically using 
the computer program Prizm 6. The results were determined as mean ± 
standard error (x ± SE). Differences between the groups were determined 
using the Tukey test, where the differences were considered probable at 
P < 0.05, Bonferroni correction was taken into account.  

Results  
 

The studied doses of alpha-cypermethrin AC1 and AC2 did not affect 
the general condition of treated males and females and no animal mortali-
ty was recorded. The registration of body weight in treated and control 
male and female animals during the experimental period demonstrated 
that AC1 and AC2 did not affect the dynamics of body weight among 
treated animals. On the 0th, 6th, 13th, and 20th days of pregnancy, body 
weight in treated females did not differ significantly from those in control 
females.  

  
Fig. 2. Morpho-functional parameters of male sperm after exposure to alpha-cypermethrin (AC):  

n = 10; x ± SE; differences between the mean values were calculated using the Bonferroni-corrected ANOVA criterion, considered to be significant  
at * – P < 0.05; ** – P < 0.01; *** – P < 0.001 compared to control group; 0.0, 0.2, 1.0, 2.0 and 3.0 – doses of alpha-cypermethrin (mg/kg);  

a, b, c, d – group of animals treated by AC1; e, f, g, h – group of animals treated by AC2  
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Fig. 3. Morphometric parameters of the testes and epididymis of males after exposure to alpha-cypermethrin (AC):  

n = 10; x ± SE; “+” – in boxplot indicate the mean; line in boxplot indicate the median; differences between the mean values were calculated  
using the Bonferroni-corrected ANOVA criterion, considered to be significant at * – P < 0.05; ** – P < 0.01; *** – P < 0.001 compared  

to control group; a, b – group of animals treated by AC1; c, d – group of animals treated by AC2  

Macroscopic examination of the testes and epididymis did not reveal 
any visual pathology of these organs. However, according to Figure 2, 
statistically significant deviations were observed in sperm parameters 
upon exposure to AC2 at a dose of 2.0 mg/kg, which were characterized 
by a decline in the total sperm count and the absolute and relative number 
of motile sperm as compared to those in the control group (13.0%, 27.5% 
and 16.7%, respectively). In this group of male animals, a significant 
increase in the percentage of abnormal sperm (117.1% above control) was 
observed as well. In males receiving AC1 at a dose of 3.0 mg/kg, there 
was a tendency to a decline in the total sperm count and the number of 
motile sperm (26.3% and 32.4%, respectively, below control); however, 
due to the significant individual variability of these parameters in the gro-

ups, the mean values did not reach the significance level. A sample of 
AC1 compound under study induced a statistically significant reduction in 
the absolute and relative weight of the epididymis in animals receiving the 
maximum dose of 3.0 mg/kg (21.4% and 22.1%, respectively, below 
control), while exposure to AC2 at a dose of 2.0 mg/kg resulted in a statis-
tically significant reduction in the absolute and relative weight of the testes 
(10.2% and 10.1%, respectively, below control, Fig. 3).  

The fertilizing ability of treated males and their fertility, which were 
evaluated by the indices of mating and fertility of intact females, tended 
towards decrease in the indices of fertility (AC1 and AC2) as compared to 
the control group, demonstrating non-monotonic dose dependence (AC1) 
(Table 3).  

Table 3  
State of reproductive function (%, x ± SE, n = 25) in treated females and intact females mated with males receiving alpha-cypermethrin  

Parameters Control group Treated females Intact females 
0.0 mg/kg 0.2 mg/kg 1.0 mg/kg 3.0 mg/kg 0.2 mg/kg 1.0 mg/kg 3.0 mg/kg 

Index of mating, %  96 100 100 100  96 100 100 
Index of fertility, %  96  92  92 100  92 100  88 
Index of pregnancy, % 100 100 100 100 100 100 100 
Number of corpora lutea  13.38 ± 0.48a 12.39 ± 0.55 12.13 ± 0.39a 12.00 ± 0.47a 13.22 ± 0.39 13.64 ± 0.42  12.90 ± 0.40 
Number of live fetuses  11.54 ± 0.27a 10.65 ± 0.55 10.30 ± 0.50a   9.92 ± 0.73a 10.61 ± 0.77 10.96 ± 0.57 9.82 ± 0.70a 
Number of embryo pre-implantation deaths   1.42 ± 0.27   1.09 ± 0.28  1.26 ± 0.22     1.44 ± 0.62   1.87 ± 0.66   1.28 ± 0.42    1.64 ± 0.50 
Pre-implantation mortality, % 10.29 ± 1.64   8.51 ± 2.51  9.93 ± 1.51   12.90 ± 4.16 13.82 ± 4.42   8.90 ± 2.60  13.39 ± 3.80 
Number of embryo and fetal post-
implantation deaths    0.42 ± 0.10a   0.65 ± 0.22  0.57 ± 0.17     0.56 ± 0.10   0.74 ± 0.17    1.40 ± 0.47a  1.14 ± 0.23a 

Post-implantation mortality, %   2.91 ± 0.76a   4.71 ± 1.58  4.85 ± 1.51     4.96 ± 1.15   5.65 ± 1.28  10.66 ± 3.34a  8.71 ± 1.43a 
Litter weight, g 47.35 ± 1.18a 43.50 ± 1.79 40.73 ± 1.40a 39.14 ± 2.68a 40.94 ± 3.29 42.70 ± 2.45 37.94 ± 2.71a 
Fetal weight, g   4.11 ± 0.07a   4.12 ± 0.05  4.00 ± 0.13     4.01 ± 0.09    3.81 ± 0.08a   3.89 ± 0.10      3.94 ± 0.11 
Notes: no significant differences between the groups were found according to the parameters; differences between the parameters of control and experimental groups are indi-
cated by the letter – a (P < 0.05), according to the Tukey test.  

The maximal and middle doses of AC1 had a noticeable negative ef-
fect on reproductive capacity of male animals as evidenced by the para-
meters of reproductive function of intact females that became pregnant by 
mating with them. The number of live fetuses in the treated group, where 
animals received the maximum dose, decreased significantly (14.9%), 
while the number of embryo and fetal deaths after implantation and the 

percentage of post-implantation mortality increased (171.4% and 199.3%, 
respectively), as compared to the control group. In the treated group, 
where animals received AC1 at a dose of 1.0 mg/kg, absolute and relative 
mortality after implantation increased (233.3% and 266.3%, respectively, 
above control). In the experiment with AC1 in all treated groups, the aver-
age weight of fetuses’ decreased in relation to the control values, reaching 
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statistical significance in the group of males receiving the minimal dose 
(P ˂  0.01). The same tendency was observed when determining the ave-
rage litter weight that decreased significantly (19.9% below control) when 
animals were exposed to the maximum dose.  

During a two-week period of monitoring the estrous cycle in females 
exposed the middle and minimal doses of the test substance, there were no 
significant deviations in the frequency and length of the estrous cycle and 
each of its stages. Only in animals exposed to the maximum dose of AC1 
was there observed a significant increase in the length of the estrogen-
dependent stage, proestrous, by 38.3% as compared to the control group 
(0.83 ± 0.04 and 0.60 ± 0.04, respectively, P ˂  0.001).  

The values of the index of fertility in the groups where animals recei-
ved the middle and minimal doses of AC1 decreased slightly but not 
statistically significantly. As in case of male animals, AC1 had a negative 
effect on fertility of female animals. When exposed to the middle and 
maximum doses a significant decrease of the number of corpora lutea 
(9.3% and 10.3%, respectively, below control) and live fetuses (10.7% 
and 14.0%, respectively, below control) was observed. The average litter 
weight in females of these groups decreased significantly (14.0% and 
17.3%) as compared to that parameter in control females.  

Thus, according to our study, exposure of male and female Wistar 
Han rats to alpha-cypermethrin at doses of 0.2–3.0 mg/kg during gameto-
genesis had a toxic effect on the reproductive system characterized by 
impaired gonadal and reproductive functions. At the same time, there 
were no signs of systemic toxic effect, i.e., alpha-cypermethrin demon-
strated selective toxicity to reproductive function. Males were found to be 
more sensitive to the endocrine-disrupting effect of the studied agent as 
compared to females. Obvious signs of endocrine reproductive disorders 
were observed in both females and males (changes in testis and epididy-
mis weight, deterioration in semen parameters, altered length of separate 
stages of the estrous cycle).  

And since pathological changes of an endocrine nature ultimately af-
fect the processes of spermatogenesis and oogenesis, this leads to a disrup-
tion of the fertilizing function of spermatozoa in males and to a disruption 
of the ability to conceive in females, and is also accompanied by a reduced 
viability of embryos and fetuses at the stages of pre- and post-implantation 
periods of development. In the experiment with AC1, the NOAEL was 
not determined (decrease in fetal weight after exposure of male animals to 
a dose of 0.2 mg/kg).  
 
Discussion  
 

The endocrine-disrupting potential of cypermethrin and alpha-cyper-
methrin has been confirmed by numerous literature data indicating estro-
gen-like and anti-androgen effects of these compounds when studied in 
vitro, although the mechanisms of endocrine-mediated disorders are still 
unclear (Kozak et al., 2020). Thus, Saito et al. (2000) assessed the possible 
estrogenic and antiestrogenic activity of cypermethrin using three in vitro 
assays (cell luciferase reporter gene, yeast two-hybrid assay, and ligand 
competitive binding assay) with classical ligand-mediated activation me-
chanisms. The authors concluded that cypermethrin's estrogenic or anties-
trogenic activity, when tested in vitro, bypasses the classical pathway me-
diated by the human estrogen receptor α (hERα). Sumida et al. (2001) 
came to a similar conclusion, arguing that cypermethrin does not bind to 
the human progesterone receptor (hPR) in vitro, and Kim et al. (2004), 
concluding the absence of estrogenic or antiestrogenic activity of cyper-
methrin through classical ER-mediated pathways in vitro.  

However, Chen et al. (2002) indicate that cypermethrin induces an 
ER-specific agonist response. In these studies, the estrogenic activity of 
cypermethrin was also examined using 3 in vitro assays (E-screen assay, 
estrogen receptor (ER) competitive binding assay, pS2 expression assay). 
Cypermethrin significantly induced the proliferation of MCF-7 cells. 
In addition, the high concentration of cypermethrin inhibited the binding 
of (3H) estradiol to the ER and induced the expression of pS2 mRNA. 
The endocrine-disruptive activity of cypermethrin was also demonstrated 
by the work of Kakko et al. (2004), in which cypermethrin enhanced the 
proliferative effect of 0.1 nM estradiol when used in low concentrations 
(0.1–1.0 μM) together with estradiol in MCF-7 cells. Cypermethrin can 
also disrupt the processes of steroidogenesis by modulating the activity of 

such an essential enzyme as aromatase, which transforms androgens into 
estrogens. Cypermethrin induced aromatase activity in human choriocar-
cinoma cells after 24 hours of exposure, starting at a concentration of 
3 μM (Laville et al., 2006). The work of Sun et al. (2007) shows that not 
only cypermethrin but also its metabolite 3-PBA have antiandrogenic 
activity in in vitro studies. Conflicting data on the endocrine-mediated 
pathways of cypermethrin interaction may be due to the impossibility of 
identifying and studying the entire cycle of metabolic transformations of 
the tested agent in in vitro studies. This assumption is supported, particu-
larly by the studies by McCarthy et al. (2006), who showed that some 
pyrethroid metabolites, in particular permethrin and cypermethrin, have 
chemical structures that are more likely to interact with the cellular estro-
gen receptor than the parent pyrethroids. For this study, the metabolites of 
permethrin and cypermethrin 3-(4-hydroxy-3-phenoxy)benzyl alcohol,  
3-(4-hydroxy-3-phenoxy)benzoic acid, and N-3-(phenoxybenzyl)glycine 
were synthesized. Together with commercially available 3-phenoxyben-
zyl alcohol, 3-phenoxybenzaldehyde and 3-phenoxybenzoic acid, the 
synthesized metabolites in a recombinant yeast test expressing human 
estrogen receptors (YES) were studied. Three metabolites, 3-phenoxyben-
zyl alcohol, 3-(4-hydroxy-3-phenoxy)benzyl alcohol, and 3-phenoxy-
benzaldehyde, showed estrogenic activity. According to the authors, the 
results of this study indicate that pyrethroid metabolites can interact with 
human estrogen receptors and, therefore, may pose a risk to human health 
and the well-being of the environment.  

Of considerable interest are also works devoted to studying the endo-
crine-disruptive activity of various stereoisomers of cypermethrin. Zhang 
et al. (2021) studied the stereoisomeric selectivity of the endocrine-disrup-
tive capacity of α-cypermethrin (α-CYP), β-cypermethrin (β-CYP) and  
θ-cypermethrin (θ-CYP). This study used dual-luciferase reporter gene 
assays to analyze their potential endocrine disruptive effects through four 
receptors (estrogen receptor-α (ERα), glucocorticoid receptor-α (GRα), 
mineralocorticoid (MR), and retinoid X-receptor (RXR). The results 
showed that α-CYP is antagonistic to ERα, GRα and MR at concentra-
tions (RIC20) of 9.1 × 10–7, 7.6 × 10–7, and 1.0 × 10–6 M, respectively.  
β-CYP exhibited only ERα-mediated agonist activity at a concentration 
(RIC20) of 2.1 × 10–6 M. None of the CYP stereoisomers interacted with 
RXR. Molecular docking has shown that α-CYP has the most potent 
ability to bind to GRα among the compounds studied. Expression levels 
of genes associated with steroid hormones in human adrenal cortex carci-
noma (H295R) cells showed that all three compounds inhibit the tran-
scription of 3-βHSD, indicating a blockage of the conversion of cholester-
ol into various hormones. Both α-CYP and β-CYP activated genes enco-
ding estrogen- and aldosterone-forming enzymes, including 17-βHSD, 
CYP19, STAR, and CYP11B2. Toxicity analysis for mortality and mal-
formation in zebrafish embryos showed that the order of toxicity is as 
follows: α-CYP > β-CYP > θ-CYP. The authors concluded that α-CYP 
could have the most substantial damaging effects on the endocrine system.  

Guizhen Du et al. (2010) provided evidence that various pyrethroids 
and their metabolites can interfere with the function of multiple nuclear 
hormone receptors and thus potentially affect the endocrine and reproduc-
tive systems in humans. In their studies, the authors evaluated and com-
pared the activity of nine pyrethroids (cycloprotrin, cyfluthrin, cyhalothrin, 
cypermethrin, deltamethrin, etofenprox, fenvalerate, permethrin and te-
tramethrin) and their metabolites (3-(2,2-dichlorovinyl)-2,2-dimethylcyc-
lopropenecarboxylic acid (DCCA) and 3-phenoxybenzoic acid (3-PBA)) 
by acting on three hormone receptors (estrogen receptor (ER), androgen 
receptor (AR), and thyroid hormone receptor (TR)) using luciferase recep-
tor-mediated reporter gene assays. Of the 11 compounds tested, four (cy-
halothrin, deltamethrin, fenvalerate, permethrin) showed feeble agonist 
activity to ER and six (cycloprotrin, cyfluthrin, etofenprox, permethrin,  
3-PBA, DCCA) showed antiestrogenic effects, among which cyhalothrin 
and DCCA had the most potent estrogenic and antiestrogenic activity, 
respectively. AR antagonistic effects were found in 7 compounds (cyflu-
thrin, cyhalothrin, cypermethrin, deltamethrin, fenvalerate, permethrin,  
3-PBA); cyfluthrin and deltamethrin exhibited more robust AR antagonis-
tic activities. In the TR test, all chemicals tested except DCCA showed an-
tagonistic effects. These studies further support the antiandrogenic effects 
of cypermethrin. Taking into account that thyroid hormones are a critical 
regulator of the development, metabolism and homeostasis of vertebrates, 
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the destructive effects of the thyroid endocrine chain caused by pyrethro-
ids may be one of the factors inducing reproductive pathology in our 
experiments.  

Far less in vivo research on the whole organism has done; however, in 
these studies, reproductive toxicity and endocrine-disrupting effect of 
these compounds are beyond doubt.  

The contribution of decreased androgen receptor (AR) expression to 
cypermethrin-induced reproductive disorders was investigated by Hu et al. 
(2013). In this experiment, five groups of adult male Sprague-Dawley rats 
received various doses of cypermethrin (0, 6.25, 12.5, 25 and 50 mg/kg 
per day) by intragastric gavage for 15 days. At the end of the exposure pe-
riod, the testes, epididymis, seminal vesicles, and prostate were removed 
and weighed. One testis to be used for daily sperm production was frozen. 
The other testis for AR immunohistochemistry and electron microscopic 
observation was processed. It was found that prostate weight significantly 
reduced when exposed to cypermethrin at doses of 25 and 50 mg/kg per 
day. Rats treated with cypermethrin at a dose of 50 mg/kg per day showed 
a significant decrease in daily testicular sperm production. In the semini-
ferous tubules, changes, including atrophy and deformation of the semini-
ferous tubules, reduction and deformation of spermatogonia, spermato-
cytes, and dislocation of spermatoblasts, were noted. Ultrastructural chan-
ges in the cypermethrin-treated groups with impaired intercellular connec-
tions, abnormal nuclear morphology, and necrosis of spermatocytes, sper-
matogonia and Sertoli cells were found. AR expression and serum 
testosterone levels were analyzed to clarify the possible mechanism of the 
identified effects. AR expression levels in rats receiving all doses of cyper-
methrin were significantly reduced, and serum testosterone levels in rats 
receiving cypermethrin at 50 mg/kg per day were decreased. According to 
the authors, these data indicate that cypermethrin can cause a violation in 
the structure of seminiferous tubules and spermatogenesis in male rats due 
to a decrease in AR expression.  

Sharma et al. (2014) studied the effect of cypermethrin on the male 
gonads in a short-term experiment. They showed a significant damaging 
impact on the function and morphology of the testes and their epididymis. 
For 14 days, rats were exposed to cypermethrin (3.83 mg/kg body 
weight). At the end of the experiment, the testes and epididymis were 
removed and characteristics of spermatozoa, sex hormones, and various 
biochemical parameters in rats were studied.  

Exposure to cypermethrin resulted in significant reductions in testicu-
lar and epididymal weight, testicular head count, motility and live sperm 
count, and increased sperm abnormalities. Serum testosterone (T), follicle-
stimulating hormone (FSH), luteinizing hormone (LH), reduced gluta-
thione (GSH), catalase (CAT), superoxide dismutase (SOD), glutathione 
S-transferase (GST), glutathione reductase (GR) content (GPx) and total 
protein (TP) were decreased, and lipid peroxidation (LPO) level was 
increased on cypermethrin exposure.  

Cypermethrin is also toxic to the reproductive system of male guinea 
pigs. In a study by Vemo et al. (2018), four groups of adult male guinea 
pigs (10 animals each) were orally administered cypermethrin at doses of 
0, 92, 137.5 and 275 mg/kg bw/day for 90 days. Before they were killed, 
at the end of exposure, the animal's libido (time of the male's reaction to 
the presence of a female) was studied. After the animals were killed, the 
weight and volume of testes, epididymis, vas deferens, vesicular glands, 
prostate, liver and kidneys were recorded. Sperm parameters, testosterone 
concentration and biochemical parameters were determined. As a result of 
exposure, the weight of the liver increased significantly, while the weight 
of the kidneys significantly decreased in animals treated with cypermeth-
rin compared with the control. Serum concentrations of creatinine, urea, 
aspartate aminotransferase (ASAT), alanine aminotransferase (ALAT), 
total cholesterol, and prostate acid phosphatase increased significantly. 
In contrast, total testicular protein levels significantly decreased in the 
insecticide-treated groups compared to controls. Testicular weight, libido, 
serum testosterone, motility, sperm count, and percentage of whole plas-
ma membrane sperm were significantly reduced in cypermethrin-exposed 
animals compared to controls. The percentage of abnormal spermatozoa 
in animals treated with cypermethrin at 137.5 and 275 mg/kg body weight 
increased significantly compared with control animals. On histological 
sections of the testes of animals exposed to the pesticide, immature germ 
cells in the lumen of the seminiferous tubules were observed.  

To elucidate some aspects of the mechanism of the toxic effect cy-
permethrin on the reproductive system, detection markers of apoptosis 
(Caspase3, p53 and Bcl-2) in the tissues of the testes and the brain and 
determination of follicle-stimulating hormone (FSH), luteinizing hormone 
(LH) and testosterone in serum were made (Abd El-Hameed & Mah-
moud, 2020). In animals that received the test substance at a dose of 
3 mL/kg bw/day for 60 days, the biochemical analysis showed a decrease 
in serum levels of testosterone, hormones LH and FSH, an increase in the 
expression of caspase 3 and p53 in the brain and testes, as well as a de-
crease in expression of Bcl-2. Based on the studies carried out, the authors 
concluded that biochemical changes in apoptosis caused by cypermethrin 
in the tissues of the brain and rats testes contribute to the impairment of 
reproductive parameters.  

As for the study of reproductive toxicity in three generations, one 
should note that the experiments with cypermethrin, which is a racemic 
mixture of cis and trans isomers, were carried out, but the results of studies 
on three generations apply to alpha-cypermethrin, a racemic mixture con-
taining only cis- isomers since the toxicity of alpha-cypermethrin was 
found to be equivalent to that of cypermethrin.  

Reproductive toxicity studies of cypermethrin in a 3-generation test 
system were carried out twice. In 1978–1979 the first experiment in the 
Shell Toxicology Laboratory was carried out (Hend et al., 1979). Groups 
of animals containing 30 Wistar rats of each sex for three generations (F0, 
F1, F2, 2 litters/generation) were continuously exposed to cypermethrin 
(98% purity) when fed with food at concentrations of 0, 10, 100 and 
500 ppm (0.1, 10, 50 mg/kg body weight). F0 adults were exposed for five 
weeks before mating to produce F1a litters. Litter F1b was obtained by 
mating F0 animals of parental generations 5 weeks after weaning of the 
first litter. F1b rats were exposed for at least 10 weeks before mating and 
for two gestation and weaning cycles to produce litters F2a and F2b. Gene-
ration F2b was exposed similarly to F1b pups to produce litters F3a and F3b. 
In this experiment, at a concentration of 500 ppm, cypermethrin induced a 
decrease in body weight gain and food consumption in animals of both 
sexes of all generations. NOEL = 100 ppm. According to the conclusions 
of the authors of the studies, there were no other effects associated with the 
exposure of the animals to the test compound, their reproductive ability or 
on pups. There were no side effects.  

In accordance with a conclusion of California EPA Department of 
Pesticide Regulation the study was deemed unacceptable and could not be 
updated because there was no analytical data for the test material. In addi-
tion, there was no description of the method used to analyze the feed, and 
there was no justification for the doses used. The autopsy and histopatho-
logical data were found to be inadequate, and some data were lacking on 
the animals of the parental generations.  

The second study in the ICI Central Toxicology Laboratory, Alderley 
Park, UK, in 1982 was conducted. Four groups of animals, each contain-
ing 15 male and 30 female Wistar rats, continuously consumed food 
containing cypermethrin (91.5%, 93.1%, 90.6 % purity) at concentrations 
of 0, 50, 150 and 750 ppm for three generations (F0, F1, F2) with 2 litters 
per generation (F1a, F1b, F2a, F2b, F3a, F3b). Animals of the F0 generation 
received 1000 ppm for the first 12 weeks, after which the concentration of 
the test compound was reduced to 750 ppm, as the initial maximum dose 
caused neurological effects between 3 and 22 days in most animals of 
both sexes of the parental F0 generation and the death of one male on day 9. 
Ten days after weaning of F1a rat pups, the F0 generation adult animals 
crossed again to produce F1b litter. Selected F1b weaners were exposed for 
11 weeks and then bred similarly to F0 offspring to produce F2a and F2b 
litters. This cycle with selected F2b weaners to produce F3a and F3b litters 
was repeated.  

In adult F0 generations of both sexes, body weight gain decreased 
when exposed to 1000 ppm and in females fed food with 150 ppm cy-
permethrin, F1 females when exposed to 750 ppm, and in F2 males and 
females when exposed to 150 and 750 ppm were observed. These animals 
also had decreased food intake. The results obtained indicate the systemic 
toxicity of cypermethrin at concentrations of 150, 750 and 1000 ppm. 
No effect of cypermethrin on reproductive parameters was observed. 
According to the conclusion of the researchers, NOEL for parental gen-
erations = 50 ppm. Concentrations of 750 and 1000 ppm had a systemic 
toxic effect on the offspring, manifested by decreased weight and weight 
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gain in newborns and rat pups during lactation. The lactation index also 
decreased. NOEL for development in this experiment, according to the 
study authors' conclusion, = 150 ppm. This study, in accordance with a 
conclusion of California EPA Department of Pesticide Regulation was 
deemed acceptable.  

In conclusion, we would like to note that pesticides are one of the 
most common pollutants of anthropogenic origin in the environment. 
Nevertheless, their use continues to grow, since until now, humanity has 
not found an adequate replacement for chemical plant protection products. 
Synthetic pyrethroids are not the last place in the range of pesticide prepa-
rations which have high insecticidal activity and relatively low consump-
tion rates. At the same time, the majority of pesticide preparations, applied 
for their intended purpose, destroying the vital functions of agricultural pests, 
cannot be harmless when exposed to non-target organisms. And as can be 
seen from the data presented, pyrethroids have endocrine-disruptive pro-
perties when the mammalian body is exposed to them, causing disturbances 
in various organs and systems, including the reproductive system (Perry et 
al., 2007; Jin et al., 2010; Zhao et al., 2010). The endocrine-disruptive prop-
erties of pyrethroids are associated with a dysfunction of many nuclear and 
hormonal membrane receptors, which ultimately leads to pathological 
changes in the function of the gonads and the reproduction processes of 
offspring (Du et al., 2010; Kim et al., 2015; Das et al., 2017).  

Our results entirely correlate with the data of several studies, which 
showed that the stages of gametogenesis and early fetal development are 
the most vulnerable of the reproductive process to the action of endocrine 
disruptors (Sultan et al., 2001; Skakkebaek et al., 2002; Hardell et al., 
2011; Mnif et al., 2011). As shown earlier (Shepelskaya & Kolianchuk, 
2018), when studying the reproductive toxicity of 156 samples of twenty 
pesticides (Table 1), endocrine-disruptive properties of all tested com-
pounds in the test system of gonadotoxic activity were found. The pre-
sence of endocrine-disruptive potential in the pesticides studied by us, and 
the close relationship between hormonal changes and disorders of spermato- 
and oogenesis, identified in our studies, is also confirmed by the literature 
data presented in the article. At the same time, results of a comparative ana-
lytical evaluation of these substances in test systems of the 2nd and 3rd gen-
erations showed that only two drugs out of 20 have these properties.  
 
Conclusions  
 

The selective and, therefore, the most dangerous effects of pesticides on 
the reproductive system were determined for the endocrine-disrupting pro-
perties of the agents under study. Most of pathological changes in reproduc-
tive function in the case of exposure to endocrine disruptors (disruption of 
sexual behaviour, decreased indices of conception and fertilization, de-
creased fertility, deterioration in semen parameters up to azoospermia, de-
creased viability of fertilized eggs, increased intrauterine deaths of embryos 
and fetuses of F1 generation) were caused by the influence of toxic com-
pounds during the pre-embryonic stage of gametogenesis. The test system 
for studying the gonadotoxicity of pesticides meets the main requirements 
that ensure the reliability and objectivity of any research methodology; these 
are, first of all, information content, high sensitivity and resolution, scientific 
validity of approaches, and diagnostic value. The advantages of the test 
system for studying gonadotoxic activity should also include the ability to 
identify the effect of the test compound on the target organ and its sexual 
selectivity, as well as, which is important, relatively high economic efficien-
cy. Sensitivity, informative and diagnostic values of the methods for study-
ing gonadotoxicity greatly exceeded those of three-generation reproduction 
studies.  
 

This work was carried out within the framework of the government research project 
“Scientific substantiation of modern regulatory requirements for the use of pesticides 
and agrochemicals: predicting long-term effects of action (carcinogenic, mutagenic, 
teratogenic activity, reproductive toxicity, chronic intoxication)”, state registration 
No. 0108U007458.  
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