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ABSTRACT. Aim. Studying the effect of generic pesticides cyproconazole (98 %) and two samples of epoxi-
conazole (epoxiconazole 1- 95,75 % and epoxiconazole 2 - 98,7 %) on the reproductive system of male and
female Wistar Han rats at the level of the organism when exposed during gametogenesis, identification and
characterization of their hazard, as well as assessment of the risk of reproductive toxicity of these compounds.
Materials and Methods. The test samples were administered daily (5 days a week) by oral gavage at doses
of 0.2 and 2.0 mg/kg for cyproconazole and 0.5 and 2.0 mg/kg for epoxiconazoles during 11 weeks for males,
and 10 weeks for females. Also, there were kept intact males and females, intended for crossover mating with
experimental animals. After the end of the exposure, functional indicators of the state of the gonads and the
ability of animals to reproduce offspring were studied. The duration and the frequency of each stage of the
estrous cycle in female rats and the number of motile sperm, the total amount of sperm and the number of
abnormal forms of germ cells of the male rats were studied. The reproductive function state in females was
evaluated on day 20th of pregnancy. Thereby the number of corpora lutea in the ovaries, number of alive, dead
and resorbed foetuses and embryos, the foetus weight, total weight of litters were registered. The studies were
carried out in accordance with the recommendations of the Bioethics Commission and the Centre’s standard
operating procedures, developed in accordance with the recommendations and requirements of Good
Laboratory Practice (GLP).

Conclusions. Test substances at a maximum dose of 2.0 mg/kg of body weight have reproductive toxicity and
endocrine-disruptive effect, exerting a significant antiandrogenic effect on males and antiestrogenic effect on
female rats. No-observed-adverse-effect-level (NOAEL) for gonadal and reproductive toxicity for male and
female Wistar Han rats were established. They are 0.2 mg/kg body weight for cyproconazole and 0.5 mg/kg
body weight for epoxiconazole.

Key Words: azole fungicides, cyproconazole, epoxiconazole, reproductive toxicity, antiandrogenic and antie-
strogenic effects, Wistar Han rats.

Introduction. The work was carried out within  can be used for spraying plants in the early phas-

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

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 unigue 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].



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)
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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.l. 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 post coitum.

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
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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

o 1 2 3 4
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Fig. 1. Dynamics of body weight of male rats during the period of exposure to cyproconazole
Note: * - P<0.05; ** - P<0.03; *** - P<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-

Cyproconazole

Epoxiconazole 1
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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

Epoxiconazole 2
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Fig. 2. Estrous cycle of experimental females
Note: * - P<0.05; ** - P<0.01 relative to control.
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Table 1

Changes in morpho-functional indicators of the state of the gonads in male rats
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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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is not limited to mammals. It has been proven
that azoles inhibit the expression and / or activity
of aromatase in birds, reptiles, amphibians, and
fish [15-20].

However, the endocrine-disruptive effect of
azole compounds on the reproductive function of
most species is not limited to inhibition of aro-
matase production. Many studies have shown
that triazoles, which include both cyproconazole
and epoxiconazole, are also antagonists of
estrogen and androgen receptors, in addition,
they also exhibit weak agonistic affinity for the
aryl-carbohydrate receptor [13, 21-25].

Thus, test compounds exhibit their endocrine-
mediated toxicity by acting through several
mechanisms of endocrine chain disruption. Their
ability to interfere with the biosynthesis of steroid
hormones leads to increased production of
progesterone and a decrease in the production
of testosterone and oestradiol, which also indi-
cates inhibition of enzymes involved in the con-
version of progesterone to testosterone [26].

In conclusion, it should be noted that, despite a
fairly extensive study of representatives of azole
compounds on the reproductive system of vari-
ous species of the animal world, there are no
data in the available literature on the study of the
effect of triazoles on the whole organism of
mammals under conditions of exposure during
gametogenesis. And, as our studies have shown,
most of the pathological changes in the repro-
ductive function under the influence of endocrine
disruptors (violation of sexual behaviour, a
decrease in the indices of conception and fertil-
ization, a decrease in fertility, deterioration of
sperm parameters, up to azoospermia, reduced
viability of a fertilized egg, increased intrauterine
death of embryo and foetuses of F1 generation)
is due to the influence of toxic compounds during
the pre-embryonic stage of gametogenesis [27].

Conclusions

1. All studied samples of triazole fungicides had a
toxic effect on the reproductive system of females
and males when exposed to a higher dose.

2. Analysis of the observed changes indicates
the endocrine-disruptive action of the tested
compounds of antiandrogenic and antiestro-
genic nature.

3. In males, the processes of spermatogenesis
suffer, i.e. a decrease in the total number (epox-
iconazole 1) and motor activity of spermatozoa
(cyproconazole, epoxiconazole 1, epoxiconazole
2), an increase in pathological forms of germ
cells (cyproconazole), a decrease in the absolute
and relative mass of testes (epoxiconazole 2).
The ability to reproduce F1 offspring is also
impaired, which was judged by the reproductive
parameters of intact females who became preg-
nant from them, i.e. a decrease in the average
weight of foetuses (cyproconazole, epoxicona-
zole 1), a decrease conception and fertility
indices (cyproconazole).

4, In females, the normal duration of the
estrous cycle (cyproconazole and epoxiconazole
1) is disrupted, the number of live foetuses in the
litter decreases, their average weight and total
litter weight decrease (cyproconazole and epox-
iconazole 2), pre-implantation death of embryos
(epoxiconazole 2) increases, the conception and
fertility indices decrease (cyproconazole).

5. Cyproconazole at the maximum studied
dose (2.0 mg/kg) also had a systemic toxic effect
on males, characterized by a significant
decrease in body weight from the seventh to the
eleventh week of the experiment.

6. In the range of doses studied, the NOAEL of
the generic test substances are 0.5 mg/kg bw for
epoxiconazole and 0.2 mg/kg bw for cyprocona-
zole, which, considering the 100-fold safety fac-
tor, corresponds to the permissible daily doses
of original analogues existing in Ukraine.
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PETIPO4YKTUBHA TOKCUYHICTb TPIA30J10BUX ®YHIILNUAIB LUINMPOKOHA30J1Y
1 ENOKCUKOHA30J1Y INPU Ali HA CAMLIB | CAMULIb LYPIB WISTAR
YNEPIOA4 TAMETOrEHE3Y
H.P. Lenenbcobka, S.B. KonsH4yk
JepxaBHe nianpuemTtBo «HaykoBuii LEHTP MPEBEHTUBHOI TOKCYKOIOrIT, Xap40Boi Ta XiMiyHOi 6e3rneku
imeHi akapemika J1.1. MeaBeans MiHicTepcTBa 0XopoHU 340P0B'a YkpaiHu»,
M. KuiB, YkpaiHa

PE3IOME. MeTa. Buuuty Ha opraHisMeHOMY PiBHI BI/IMB reHePUYHUX Nnectuunais umnpokoHasony (98 %) i
[JIBOX 3pa3kiB enokcukoHa3oy (enokcukoHason 1 — 95,75 % i enokcukoHa3on 2 — 98,7 %) Ha penpoayKTuBHy
cuctemy camuis i camuub Lwypis Wistar Han npy BnavBsi B nepios raMeToreHesy, ineHTuIikysatu i xapaktepu-
3yBaty ix Hebe3mneky, a TakoX OLIHUTV PU3MK PENMPOAYKTUBHOI TOKCUYHOCTI LUMX CrIOJIyK.

Marepian ta metoaun. [locnigxysaHi 3paskv BBOAWINCS LLOAHS (5 OHIB HA TVXXAEHb) BHYTPILLIHBOLLUTYHKOBO,
BA03ax 0,2i2,0 mr/kr ansa umnpokoHasosny i 0,5i 2,0 mr/kr ans enokcukoHa3osny npotsarom 11 TuxXHIB 415 cam-
uiB 10 TMXHIB 45151 camMuLib. TakoX yTPUMYBANNCh IHTAKTHI caMmLi Ta camMuLli, MPU3HAaYeHi 47151 KDOCOBEPHOIO
CrapoBYBaHHS 3 EKCNEPUMEHTAIbHUMU TBapUHaMU. [1ic/19 3aKiHYEeHHS eKCrio3uLlii BUBYaINChL PyHKLIIOHAbHI
r0Ka3HWKM CTaHy roHas i 34aTtHICTb TBAPUH 4O BiATBOPEHHS MNOTOMCTBA. Y camuub BUBYau TPUBAsICTb Ta
4aCTOTy KOXHOI CTaAii eCTpOJIbHOIro UKy, & y caMUuiB KiJIbKICTb PYXJINBUX CIEPMaTo30ifiB, 3araibHy KilbKiCTb
CrnepmMarto30igiB, KijlbKiCTb aHOMAasIbHUX (POPM CTaTEBUX KJIITUH Ta PEECTPYBAIN MOPGOOMETPUYHI MOKASHUKN
ciM'aHukiB | npyaatkis. CTaH penpoaykTuBHOI QyHKUI( y camuupb gocnigxysain Ha 20 [eHb BariTHOCTI.
OuiHI0Bany KinbKiCTb XOBTYX TiJ1 B IEYHVKAX, KTbKICTb XUBUX, MEDTBIMX Ta Pe30pO0BaHNX N104iB Ta eMOPIOHIB,
macy nnogy, 3arajbHy macy npunnogy. JocnigxeHHs npoBoanInCh BiAnoBigHo 40 pekoMmeHaauiv Komicii 3
bioeTuky Ta cTaHaapTHUX onepawiiHux npoueayp LIeHTpy, BiAnoBiaHO A0 BUMOI HanexHoi nabopaTopHoi
npaktuku (GLP).

BucHoBku. Bci fOChifXyBaHi pe4OBUHN Yy BUCOKIV 03I 2,0 Mr/Kr Macw Tina BUKINKaKTb PenpoayKTUBHY TOK-
CUYHICTb Ta eHOOKPUH-AECTPYKTUBHUI €peKT, CrpaB/isioyn BUPaXeHy aHTUaHApOreHHy A0 Ha caMmuiB 1a
aHTUECTPOreHHy Lito Ha camuLb LypiB. BctaHoBneHo Heqitodi 4o3n (NOAEL) 3a roHafo- i penpoaykTnBHOIO
TOKCUYHICTIO /151 camuiB i camuLb Lwypis Wistar Han - 0,2 Mr/kr macw Tina Ans umnpokoHasony i 0,5 mr/kr macu
Tina 415 ernokCcnkKoHasosy.

Knioyosi cnoBa: a30sbHi QyHriumam, UMnpokoHasoJs, ernokCUKoHasos, penpoayKTMBHa TOKCUYHICTb, aHTu-
aHAaporeHHa T1a aHTnecTporeHHa aisi, wypw Wistar Han.

PEMNMPOAYKTUBHASI TOKCUYHOCTb TPUA30J10BbIX YHINLINLOB LLUIMPOKOHA30JIA
U 3NOKCUKOHA3O0JIA NMPU BO3[EACTBUN HA CAMLIOB
N CAMOK KPbIC WISTAR B NEPUO4 TrAMETOIrEHE3A
H.P. Uenenbckasi, 4.B. KonsH4yk
locynapcTBeHHoe npeanpusitie «Hay4Hbivi LeHTP NpeBeHTUBHOM TOKCUKOIOMH,
MULLIEBOI M XUMmn4ecKoii 6e30rn1acHoCT1 uMeHn akagemuka J1.1. Menseas
MunucTepcTBa 3apaBooxpaHeHns YkpauvHbi», r. Kues, YkpanHa

PE3IOME. Lienbio paboTsi OblI0 N3y4EHNE HA OPraHN3MEHHOM YPOBHE BJINSIHUSI FEHEPUYECKMX NECTULMAOB
umnpokoHasona (98 %) v AByx 06pa3LoB 3rokcukoHa3ona (anokcukoHason 1 — 95,75 % v anokcukoHa3on
2-98,7 %) Ha penpoaykTnBHYO cucTeMy camLioB v camok kpbic Wistar Han npv Bo3aevicteum B nepuos rame-
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TOreHes3a, uaeHTugUKaUus N xapakTepucTnka nx onacHoCTH, a Takxke OLeHKa pucka pernponykTBHOM TOK-
CUYHOCTY 3TUX COEANHEHN.

Martepuanel n meToasl. VicrbiTyembie 006pa3Lbl BBOAWINCH €XEeAHEBHO (5 AHEN B HEAEI0) BHYTPVXENY0Y-
Ho, B 4o3ax 0,2 n 2,0 mr/kr ans umnpokoHasona n 0,5 n 2,0 Mr/Kr 4715 3N0KCMKOHa30J10B B TeueHne 11 Heaesb
s camuoB 10 HeZesnb A5l caMok. Takxe COAEePXannNch MHTAKTHbIE CaMLibl M CaMKW, NPEAHAa3HA4YeHHbIE 4151
KDOCCOBEPHOIro crapuBaHns C 3KCNEPUMEHTAa/IbHbIMU XUBOTHbIMU. [loc/ie OKOHYaHUs 3KCrno3vumm
U3y4anmnch QYHKUMOHASbHBIE 10Ka3aTe/M COCTOSIHUSI TOHaA M CIOCOBHOCTbL XVBOTHbLIX K BOCIPOU3BOACTBY
MOTOMCTBA. ¥ CaMOK n3y4anu MPOLOSIKUTENIbHOCTb 1 HaCTOTY KaxXA0owv CTaaum 3CTPOJIbHOMO UMKAa, a y CaML0B
KOJIM4ECTBO MOABVXHBIX CIIEPMAaTo301408, 00LLee KOIMYECTBO CrepPMaTo30Ma0B, KOIMYECTBO aHOMAsbHbIX
¢opM MosI0BbIX KIETOK U PErucTpupoBain MOPGOOMETPUYECKMNE MOKa3aTe/ CEMEHHVUKOB U MPuaaTkoB.
CocTosiHne penpoaykTuBHOU yHKLUMM y camok nccaenosanm Ha 20 feHb 6epemeHHocTU. OLeHNBam Kom-
YECTBO XENTbIX Tesl B INYHUKEX, KOJIMHECTBO XUBbIX, MEPTBLIX Y PE30POUPOBAHHbIX M10[0B N 3MOPUOHOB,
maccy nnoga, obwyio mMaccy npunioga. YiccnenosaHusi npoBeAeHbI COr/lIaCHO PEKOMEHAALMSIM KOMUCCUN
O1O3TVIKM M CTaHAAPTHbIX ONepaLmoHHbIX npoueayp LieHTpa, paapaboTaHHbiX B COOTBETCTBUN C PEKOMEHAA-
umnamu n TpeboBaHusMy Haanexatue nabopatopHow npaktuky (GLP).

BbiBoabl. TecToBble CyOCTaHLUMM B MakcumasbHoM 4o3e 2,0 Mr/kr maccbl Tenia 061a4aioT penpoaykTUBHOM
TOKCUYHOCTBIO Y SHAOKPUH-AECTPYKTUBHBIM 3((HEKTOM, 0Ka3bIBasi BbipaxeHHOe aHTUaHAPOreHHOE AevicTBue
Ha camLi0B ¥ aHTUICTPOreHHOE AENCTBMNE Ha CaMOK KpbIC. YcTaHoBAeHbl HeaevicTeyome 1o3bl (NOAEL) no
rOHaAo0- 1 PeNPOAYKTUBHOM TOKCUYHOCTM AJ1s camLoB u camok kpbic Wistar Han — 0,2 mr/kr maccel Tena ans
umnpokoHasona n 0,5 Mr/kr maccel Tena 4sas 3nokCMkoHa3ona.

KnroyeBbie cnoBa: a3osibHbie QYHrnUMabl, LMMPOKOHA30J1, 9MOKCUKOHA30J1, PENPOAYKTUBHAS TOKCUYHOCTb,
aHTMaHAPOreHHoe 1 aHTUACTPOreHHoe gevictaune, kpbickl Wistar Han.
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