
Introduction. The work was carried out within

the framework of the research of the State

Enterprise “Scientific Centre of Preventive

Toxicology, Food and Chemical Safety named

after Academician L.I. Medved of the Ministry of

Health of Ukraine” on the topic “Scientific sub-

stantiation of modern regulatory requirements

for the use of pesticides and agrochemicals: pre-

dicting long-term effects of action (carcinogenic,

mutagenic, teratogenic activity, reproductive

toxicity, chronic intoxication)”; State registration

number 0108U007458.

Triazoles are the largest group of fungicides

belonging to the azole class. These preparations

can be used for spraying plants in the early phas-

es of disease development or for preventive

treatments. They are used against pathogens of

various diseases of fruit and vegetable crops.

Triadimefon was one of the first fungicides

from the triazole group that have got application

in the USSR since the 1970s [1]. Fungicides of

the triazole group have replaced the aging benz-

imidazoles and, thanks to their unique mecha-

nism of action and a wide spectrum of activity,

have become the most widely used fungicides.

Difenoconazole, tebuconazole, cyproconazole

and epoxiconazole are the most popular among

them [2].
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The fundamental mechanism of action of tria-

zoles is inhibition of sterol biosynthesis. In many

species of fungi, it exists mainly in the form of

ergosterol and plays an important role in the sta-

bilization and functioning of cell membranes, and

affects the processes of cell division, stimulation

of growth and sexual reproduction [3]. Different

representatives of triazole derivatives affect dif-

ferent stages of sterol biosynthesis. As a result,

the spectrum of activity of substances of this

chemical class is somewhat different. For exam-

ple, cyproconazole also has specific activity

against rust fungi [1].

However, azole compounds play a key role not

only as an antifungal agent in agriculture, but are

also used for human mycoses, as well as non-

steroidal antiestrogens in the treatment of estro-

gen-dependent breast tumours in post-

menopausal women. This widespread use of

azoles is based on their universal mechanism of

action for both target and non-target organisms,

i.e. inhibition of certain pathways of steroidogen-

esis by binding with high affinity to sterol 14-

alpha-demethylase enzymes and aromatase

enzymes.

As it is known, sterol 14-alpha-demethylase is

critical to produce sterols that activate meiosis,

which modulate the development of germ cells in

mammals of both sexes. Aromatase is responsi-

ble for the physiological balance of androgens

and estrogens. In high doses, azole fungicides

and other azole compounds affect reproductive

organs, fertility, and development in many

species [4].

Aim. The aim of these studies is to research

the effect of pesticides cyproconazole and epox-

iconazole on the reproductive system of male

and female Wistar Han rats at the level of the

organism when exposed during gametogenesis,

to identify and characterize their hazard, and to

assess the risk of reproductive toxicity of these

compounds.

Materials and Methods. Research on ani-

mals was carried out in accordance with the

requirements and provisions of the “European

Convention for the Protection of Animals used for

Experimental and Other Scientific Purposes”

(Strasbourg, 03/18/1986) ETS No. 123, “Guide

for the Care and Use of Laboratory Animals”

(National Academies Press, USA, 2011) [5-6].

The experiment investigated generic active

ingredients from different manufacturers, name-

ly cyproconazole (cyproconazole – 98% purity)

and two samples of epoxiconazole (epoxicona-

zole 1 – 95.75% and epoxiconazole 2 – 98.7%

purity).

The experiments were carried out on male and

female Wistar Han rats obtained from the SPF

breeding station of the State Enterprise

“Scientific Centre of Preventive Toxicology, Food

and Chemical Safety named after Academician

L.I. Medved of the Ministry of Health of Ukraine”

at the age of 5-6 weeks and weighing 80-100 g.

The adaptation period lasted five days.

The animals were housed in a “clean” zone of a

conventional barrier-type vivarium. The room

was provided with forced ventilation (12 volumes

per hour) with prepared air. Temperature and

relative humidity were recorded daily. The light-

ing was artificial (12 hours light, 12 hours dark).

The animals received ad libitum deionized fil-

tered drinking water, which was disinfected by

UV irradiation and purified by reverse osmosis,

as well as a balanced granulated hypo-phytoe-

strogenic food produced by Altromin (Germany).

When studying each test substance, the ani-

mals were divided into three groups of 20 males

and 20 females each. The test substances were

administered to experimental animals in the form

of a freshly prepared aqueous emulsion daily,

except Saturday and Sunday, intragastrically at

doses of 0.2 mg/kg and 2.0 mg/kg of body

weight (bw) for cyproconazole and 0.5 mg/kg

and 2.0 mg/kg bw for epoxiconazole 1 and epox-

iconazole 2. Control animals also received an

equivalent amount of a solvent (distilled water

with an OP-10 emulsifier) intragastrically using a

probe.

In parallel with the control and experimental

animals, intact males and females intended for

mating were kept (10 males and 20 females for

each experimental group of animals).

Each animal was assigned an individual num-

ber and marked by marking on the tail. The cage

was labelled with the study number, animal num-

bers, sex, group number, and the dose of the

test substance.

The animals were examined daily throughout the

experiment to register any visible signs of reaction

to the effect of the compound under study.

Test males were weighed weekly during the

entire exposure period. The experimental

females were weighed weekly until the mating

period and at 0, 6, 13 and 20 days роst соitum.

During the last 2 weeks of the exposure period,

the experimental females received daily vaginal
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swabs to determine the duration of the entire

estrous cycle, the frequency and duration of its

individual stages. Smears were also prepared

from the first day of adding intact males to exper-

imental females and experimental males to intact

females to determine the moment of mating.

After finishing the exposition, the functional

indicators of the state of the gonads and the abil-

ity of animals to reproduce offspring were stud-

ied. From the experimental groups, 10 males

were randomly selected, which were subjected

to the study of the morpho-functional state of the

gonads. The number of motile spermatozoa,

their total number, the number and percentage

of abnormal forms of germ cells, as well as the

absolute and relative weight of the testes and

epididymis were evaluated. The rest of the

experimental males were mated with intact

females, and the experimental females were

mated with intact males (in a ratio of 1 male to 2

females). Every morning during the mating peri-

od, vaginal smears were prepared for each

female and examined for the presence of sperm.

The day of detection of sperm in the vaginal con-

tents of the female was taken as day 0 of preg-

nancy. The duration of the mating period did not

exceed 3 weeks.

The state of reproductive function was consid-

ered on the 20th day of pregnancy in experimental

females who became pregnant from intact males,

as well as intact females mated with experimental

males. At the same time, the number of corpora

lutea in the ovaries, the number of live, dead and

resorbed foetuses and embryos, the body weight

of the foetuses, the litter weight, and the presence

of gross developmental anomalies were recorded.

The indices of mating, conception, fertility, preg-

nancy were determined, and the duration of the

pre-coital interval was considered.

All data obtained in the experiment were

processed statistically. Data were presented as

group means (M) with standard error of the mean

(m). The statistical significance of the intergroup

differences (P <0.05) was assessed by the

Student’s t-test.

Studies were conducted in accordance with

the guidelines and requirements of Good

Laboratory Practice (GLP).

Results and Discussion. None of the test sub-

stances influenced the general condition and

behaviour of the animals, there were no clinical

signs of intoxication, and no animal mortality was

recorded.

However, cyproconazole at the maximum stud-

ied dose (2.0 mg/kg) had a general toxic effect

characterized by a significant decrease in the

body weight of males from the seventh to the

eleventh week of the experiment (Fig. 1).

The data obtained on the morpho-functional

parameters of the experimental male rats indi-

cate that all the test substances under study at a

dose of 2.0 mg/kg bw showed antiandrogenic
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Fig. 1. Dynamics of body weight of male rats during the period of exposure to cyproconazole

Note: * - Р≤0.05; ** - P≤0.03; *** - Р≤0.02 relative to control.



effect to one degree or another. It was estab-

lished a significant decrease in the total number

of spermatozoa (epoxiconazole 1), in the number

of motile spermatozoa (cyproconazole, epoxi-

conazole 1 and epoxiconazole 2), in the percent-

age of motile sperm (cyproconazole and epoxi-

conazole 1), in the absolute and relative weight of

the testes (epoxiconazole 2), as well as an

increase in the percentage of pathological forms

of germ cells (epoxiconazole 2) (Table 1).

As can be seen from the above data, under the

influence of the maximum dose of all three tested

compounds, there is a tendency to a decrease in

the total number of spermatozoa in the epi-

didymis of the test males, reaching statistical

significance when exposed to the epoxiconazole

1 sample. As for the sperm motility, all three sub-

stances at a dose of 2.0 mg/kg bw reduce the

absolute and relative value of this indicator. The

tendency to an increase in pathological forms of

spermatozoa is also induced by all studied test

substances, however, this tendency reaches a

statistically significant value under the influence

of cyproconazole. The absolute and relative

weight of the testes decreases with a high

degree of reliability in the group of experimental

males who received the epoxiconazole 2 sample

at the maximum dose, which allows to conclude

that this generic has the most significant antian-

drogenic effect among the tested compounds.

However, it should be noted that the detected

antiandrogenic activity of this sample did not

have a noticeable effect on the ability of animals

of this group (2.0 mg/kg bw) to reproduce off-

spring, which was judged by the reproductive

parameters of the intact females that became

pregnant from them (Table 2). There are trends

towards a decrease in the number of live foetus-

es in the litter, the total weight of the litter, and an

increase in the absolute and relative pre-implan-

tation death of embryos. However, these tenden-

cies do not reach a statistically significant level,

in contrast to the results of exposure to the epox-

iconazole 1 sample (2.0 mg/kg bw), which

induces a significant decrease in foetus weight in

intact females, and in this group, there is also a

tendency to a decrease in the conception and

fertility indices.

The greatest changes in male reproductive

capacity are found under the influence of the

maximum dose of cyproconazole. There is a sig-

nificant, although statistically equivocal,

decrease in the number of live foetuses in a litter

(by 26.7%), a statistically significant decrease in

the average weight of foetuses and the total

weight of an offspring, statistically significant

decrease in the indices of conception and fertili-

ty. All three test substances did not have a dam-

aging effect on the studied parameters of males

when exposed to minimal doses (0.2 mg/kg bw

for cyproconazole and 0.5 mg/kg bw for epoxi-

conazole).

In the process of analysing the data concerning

the effect of the tested compounds on the repro-

ductive system of females, their toxic effect was

also found at a dose of 2.0 mg/kg bw, but of an

antiestrogenic nature.

Thus, a 2-week observation of the estrous

cycle in females receiving cyproconazole at a

dose of 2.0 mg/kg bw showed a statistically sig-

nificant increase in the duration of the estrous

cycle, and when exposed to epoxiconazole 1, an

increase in the progesterone-dependent stage

of dioestrus in relation to the control (Fig. 2).

The most significant changes in the reproduc-

tive function in experimental females are
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Fig. 2. Estrous cycle of experimental females

Note: * - Р≤0.05; ** - P≤0.01 relative to control.
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observed when exposed to cyprocona-

zole and epoxiconazole 2.

Cyproconazole induces, with a high

degree of statistical significance, a

decrease in the number of live foetuses

in the litter, a decrease in the average

weight of foetuses and the total weight of

the litter, a decrease in the conception

and fertility indices. There is a tendency

towards an increase in pre-implantation

death of embryos.

Exposure to epoxiconazole 2 also leads

to a decrease in the number of live foe-

tuses in the litter, to a decrease, albeit

not statistically significant, in the average

weight of foetuses and, consequently, to

a significant decrease in the total weight

of offspring. Pre-implantation death of

embryos is statistically significant.

The results we obtained eloquently

indicate the endocrine-disruptive nature

of the toxic effect of cyproconazole and

epoxiconazole on the reproductive sys-

tem of female and male rats.

As already mentioned, azole fungicides

affect the construction of cell mem-

branes of fungi and yeast, blocking the

synthesis of the main membrane compo-

nent, namely ergosterol. They do this by

competitively inhibiting the enzyme of

lanosterol 14a-demethylase (CYP51A1),

which depletes ergosterol and accumu-

lates lanosterol and other 14-methylated

sterols. As a result, the structure of the

plasma membrane is disrupted and

becomes more susceptible to further

damage [7-9]. These changes also

affect the activity of several membrane-

bound enzymes, including those involved

in nutrient transportation and chitin syn-

thesis [10].

It is also known that sterol 14a-

demethylase plays an important role in

the synthesis of cholesterol in mammals

[11]. However, many azole compounds

are nonspecific in binding to the haem

component exclusively of CYP51, they

can also inhibit many different CYPs

[4,12,13] and, in particular, CYP19 (aro-

matase), which in the context of this

communication is of particular interest

considering its importance in biosynthe-

sis of estrogen [14]. Influence on CYP19
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РЕПРОДУКТИВНА ТОКСИЧНІСТЬ ТРІАЗОЛОВИХ ФУНГІЦИДІВ ЦИПРОКОНАЗОЛУ 
І ЕПОКСИКОНАЗОЛУ ПРИ ДІЇ НА САМЦІВ І САМИЦЬ ЩУРІВ WISTAR 

У ПЕРІОД ГАМЕТОГЕНЕЗУ
Н.Р. Шeпельська, Я.В. Колянчук 

Державне підприємтво «Науковий центр превентивної токсикології, харчової та хімічної безпеки 

імені академіка Л.І. Медведя Міністерства охорони здоров'я України», 

м. Київ, Україна

РЕЗЮМЕ. Мета. Вивчити на організменому рівні вплив генеричних пестицидів ципроконазолу (98 %) і

двох зразків епоксиконазолу (епоксиконазол 1 – 95,75 % і епоксиконазол 2 – 98,7 %) на репродуктивну

систему самців і самиць щурів Wistar Han при впливі в період гаметогенезу, ідентифікувати і характери-

зувати їх небезпеку, а також оцінити ризик репродуктивної токсичності цих сполук. 

Матеріал та методи. Досліджувані зразки вводилися щодня (5 днів на тиждень) внутрішньошлунково,

в дозах 0,2 і 2,0 мг/кг для ципроконазолу і 0,5 і 2,0 мг/кг для епоксиконазолу протягом 11 тижнів для сам-

ців 10 тижнів для самиць. Також утримувались інтактні самці та самиці, призначені для кросоверного

спаровування з експериментальними тваринами. Після закінчення експозиції вивчались функціональні

показники стану гонад і здатність тварин до відтворення потомства. У самиць вивчали тривалість та

частоту кожної стадії естрольного циклу, а у самців кількість рухливих сперматозоїдів, загальну кількість

сперматозоїдів, кількість аномальних форм статевих клітин та реєстрували морфометричні показники

сім'яників і придатків. Стан репродуктивної функції у самиць досліджували на 20 день вагітності.

Оцінювали кількість жовтих тіл в яєчниках, кількість живих, мертвих та резорбованих плодів та ембріонів,

масу плоду, загальну масу приплоду. Дослідження проводились відповідно до рекомендацій Комісії з

біоетики та стандартних операційних процедур Центру, відповідно до вимог належної лабораторної

практики (GLP).

Висновки. Всі досліджувані речовини у високій дозі 2,0 мг/кг маси тіла викликають репродуктивну ток-

сичність та ендокрин-деструктивний ефект, справляючи виражену антиандрогенну дію на самців та

антиестрогенну дію на самиць щурів. Встановлено недіючі дози (NOАEL) за гонадо- і репродуктивною

токсичністю для самців і самиць щурів Wistar Han - 0,2 мг/кг маси тіла для ципроконазолу і 0,5 мг/кг маси

тіла для епоксиконазолу.

Ключові слова: азольні фунгіциди, ципроконазол, епоксиконазол, репродуктивна токсичність, анти-

андрогенна та антиестрогенна дія, щури Wistar Han.

РЕПРОДУКТИВНАЯ ТОКСИЧНОСТЬ ТРИАЗОЛОВЫХ ФУНГИЦИДОВ ЦИПРОКОНАЗОЛА 
И ЭПОКСИКОНАЗОЛА ПРИ ВОЗДЕЙСТВИИ НА САМЦОВ 

И САМОК КРЫС WISTAR В ПЕРИОД ГАМЕТОГЕНЕЗА
Н.Р. Шeпельская, Я.В. Колянчук 

Государственное предприятие  «Научный центр превентивной токсикологии, 

пищевой и химической безопасности имени академика Л.И. Медведя 

Министерства здравоохранения Украины», г. Киев, Украина

РЕЗЮМЕ. Целью работы было изучение на организменном уровне влияния генерических пестицидов

ципроконазола (98 %) и двух образцов эпоксиконазола (эпоксиконазол 1 – 95,75 % и эпоксиконазол 

2 – 98,7 %) на репродуктивную систему самцов и самок крыс Wistar Han при воздействии в период гаме-



тогенеза, идентификация и характеристика их опасности, а также оценка риска репродуктивной ток-

сичности этих соединений. 

Материалы и методы. Испытуемые образцы вводились ежедневно (5 дней в неделю) внутрижелудоч-

но, в дозах 0,2 и 2,0 мг/кг для ципроконазола и 0,5 и 2,0 мг/кг для эпоксиконазолов в течение 11 недель

для самцов 10 недель для самок. Также содержались интактные самцы и самки, предназначенные для

кроссоверного спаривания с экспериментальными животными. После окончания экспозиции

изучались функциональные показатели состояния гонад и способность животных к воспроизводству

потомства. У самок изучали продолжительность и частоту каждой стадии эстрольного цикла, а у самцов

количество подвижных сперматозоидов, общее количество сперматозоидов, количество аномальных

форм половых клеток и регистрировали морфометрические показатели семенников и придатков.

Состояние репродуктивной функции у самок исследовали на 20 день беременности. Оценивали коли-

чество желтых тел в яичниках, количество живых, мертвых и резорбированных плодов и эмбрионов,

массу плода, общую массу приплода. Исследования проведены согласно рекомендациям комиссии

биоэтики и стандартных операционных процедур Центра, разработанных в соответствии с рекоменда-

циями и требованиями Надлежащей лабораторной практики (GLP). 

Выводы. Тестовые субстанции в максимальной дозе 2,0 мг/кг массы тела обладают репродуктивной

токсичностью и эндокрин-деструктивным эффектом, оказывая выраженное антиандрогенное действие

на самцов и антиэстрогенное действие на самок крыс. Установлены недействующие дозы (NOАEL) по

гонадо- и репродуктивной токсичности для самцов и самок крыс Wistar Han — 0,2 мг/кг массы тела для

ципроконазола и 0,5 мг/кг массы тела для эпоксиконазола.

Ключевые слова: азольные фунгициды, ципроконазол, эпоксиконазол, репродуктивная токсичность,

антиандрогенное и антиэстрогенное действие, крысы Wistar Han.
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