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COMPREHENSIVE EVALUATION OF SPERM
QUALITY AFTER EXPOSURE TO EPOXICONAZOLE
IN MALE WISTAR HANNOVER RATS

ABSTRACT. Epoxiconazole is a triazole that serves as a broad-spectrum fungicide, renowned for its enduring efficacy against cereal
leaf spots, rust fungi, etc. There is increasing evidence from animal studies that exposure to epoxiconazole may affect reproductive
function. Additionally, several studies in rats have confirmed the endocrine-disrupting properties of epoxiconazole. However, there are
few studies examining its adverse effects on spermatogenesis.

Aim. This study aimed to assess sperm quality following exposure to two generic pesticides, epoxiconazole (Epox). The test substances
epoxiconazole technical were sourced from different manufacturers, and the purity of the active ingredient was at 98. % (Epox-1) and
97.3 % (Epox-2).

Material and Methods. The test substances were administered intragastrically as an aqueous emulsion daily for 10 weeks to two
groups of 10 male animals each. The doses administered were 0.5 and 2.0 mg/kg body weight. Control animals, comprising 10 males,
were administered an equivalent amount of vehicle, consisting of distilled water with an emulsifier. Upon completion of the exposure
period, an assessment of functional indicators of gonadal status was conducted. Specifically, the evaluation included counting motile
sperm, total sperm concentration, and quantifying pathological forms of germ cells. Also, the absolute and relative weight of the testes
and epididymis were evaluated. The sperm quality of males following exposure to Epox-2 was assessed using a computerised sperm
analyser, specifically the CASA (Computer-aided Semen Analysis) SCA® Pack TOX Edition. In the case of Epox-1, the analysis of
male sperm was conducted manually, utilising light microscopy.

Results. The findings indicated that exposure to Epox-1 at 2 mg/kg in males resulted in a significant reduction in the number of motile
sperm and a decrease in the absolute and relative testicular weights. More severe outcomes were noted following exposure to the test
substance Epox-2 at the identical dose of 2 mg/kg body weight. The observations included an elevated proportion of pathological
sperm forms and immotile sperm, a decreased percentage of motile sperm, and a reduction in the absolute and relative testicular
weights. At a dose of 0.5 mg/kg, neither test substance, Epox-1 nor Epox-2, exhibited a general toxic effect and did not adversely affect
gonad function when exposed to male rats.

Conclusions. According to the results, the two test substances, Epox-1 and Epox-2, exhibit notable antiandrogenic activity when
administered to male rats at 2 mg/kg body weight. This is evidenced by a deterioration in male sperm quality and a reduction in the
weight of their gonads. Furthermore, the observed variation in toxicity following exposure to Epox-2 may be attributable to the lower
purity of the test substance relative to Epox-1 in this instance. This underscores the significance of assessing generic pesticides with
varying percentages of impurities.
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KOMIMJIEKCHA OLIIHKA SIKOCTI CEPMWU Y CAMLLIB
LLLYPIB JIIHII WISTAR HANNOVER MICJ14 BMJIUBY ENOKCUKOHA30J1Y

PE3IOME. Enoxcuxonason — ye mpuasoi, Wo UKOpUcmogyemup s K QyHeiyuo wupokoeo cnekmpa Oii, 6i0oMutl c60€10 Mpuganoio
ehexmueHicmo npomu NAAMUCIOCHeN TUCA 31AKOBUX, Ipxcacmux epudis, mowo. 3 'a615emvcs 6ce Oiibuie 0OCTIONCEHb HA MBAPU-
HAX, WO BKA3VIOMb HA HE2AMUHULL 8N.1UE eNOKCUKOHA30IY Ha penpodyKmusHy (yHkyito ccasyis. Kpin moeo, nuska dociioocens Ha
wypax niomeepouna eHOOKpUHHO-0eCmpyKmuHi 61acmugocni enokcukonasony. Boonouac icuye obmedgicena Kinbkicmov 00Ctiodicet,
NPUCBAYEHUX 11020 BNAUBY HA 20HAOU MA CHEPMAINO2EHES.

Mema. Memoio yboeo docnioscenns 6yno oyinumu AKicmo cnepmu nicis 6NAUGY 080X 2eHEPUYHUX NECMUYUOI8 HA OCHOBI eNOKCUKO-
nasony (Epox). Jlocniooicysani peuogunu mexuiuno2o enokCUKOHA30Iy OVIU CUHME308AHT PISHUMU 6UPOOHUKAMY, d YUCIOMA Oil04oi
peuosunu cmarnosuna 98 % ona Epox-1 ma 97,3 % oxa Epox-2.

Mamepianu ma memoou. JJocniosxcysani peuosunu 8600 8HYMPIUHbOULTYHKOBO Y 8u2ns0i B00HOT eMynbCii wjodenHo npomsazom 10
mudicnie deom 2pynam no 10 camyie y kovcuit. JJosu cmanosunu 0,5 ma 2,0 me/ke macu mina. Kowmpononum meapunam (10 camyie)
8600UU BIONOBIOHY KibKICb POZUUHHUKA (OUCIIUTBOBAHY 800V 3 eMynbeamopom). Ilicia 3aseputents nepiody ekcho3uyii nposoou
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OYiHKY (hyHKYIOHATBHUX NOKA3HUKIE cmaty 20Had. 30Kpema, 6USHAYANY KITbKICMb PYXTUGUX CHEpMAmo30i0is, 3a2anbHy KOHYeHmpa-
yito cnepmamo30idie ma 6iocomox namono2iunux gopm cmamesux kuimun. Takoow oyiniosan abconomuy ma giOHOCHY MAacy Cim am-
HUKIB [ npuoamkie cim aunuka. Axicms cnepmu camyis nicis eniugy Epox-2 oyiniosanu 3a 00nomo2oto Komn 1omepu3o8anoi cucmemu
ananizy cnepmu CASA (Computer-aided Semen Analysis), SCA® Pack TOX Edition. V eunaoxy Epox-1 ananiz cnepmu nposoounu
BPVUHY 3 BUKOPUCIAHHAM C8IMI0801 MIKDOCKONII.

Pesynomamu. Ompumani oani nokazanu, wjo énue Epox-1y 003i 2 me/ke y camyie npuzeo00us 00 3Ha4HO20 SHUNCEHHS. KLIbKOCI pyX-
JIUBUX CNepMamo30i0i6 ma 3MeHWerHs ADCOTOMHOL ma iOHOCHOT Macu CiM sIHHUKIG. Bitowi supasiceni ehpexmu cnocmepieanucs nicis
enaugy Epox-2 6 mit camiti 003i 2 me/ke macu mina. byno eiosnaveno nioguujents i0comKa namono2iyHux opm cnepmamo3soiois i
HEPYXUBUX CHepMAMO30i0i8, 3HUNCEHHS BI0COMKA PYXIUBUX CHePMAIMO30i0i8, a MAKO’C 3MEHUIEHHsL AOCOTIONHOI ma 8I0HOCHOI Macu

cim ’annukie. Ilicas enaugy 0osu 0,5 me/ke scooua 3 docnioncysanux pewosut (Epox-1 ma Epox-2) ne nposgnana 3a2aisHoi mokcuyHoi

0ii ma He 6NIUBANA HE2AMUBHO HA (YHKYIIO 20HAO CaMyis ypis.

Bucnosku. 32iono 3 ompumanumu pesynomamamu, oo6udei docriodcysari pewosuni, Epox-1i Epox-2, nposgisiomo eupalcery anmu-
AHOPOZEHHY aKIMUGHICIb NICIIA BNAUBY 003U 2 Me/Ke Macu mina Ha camyie uypie. Lle niomeepoicyemvpcsi noipuieHHIM AKoCmi cnepmu
ma 3veHueHHaM macu 2onao. Kpiv moeo, Oiibu 6upaxicena mokcuuHicms, ujo cnocmepieanacs nicis eniugy Epox-2, mooce Oymu
3VMOBNEHA HUNCUOIO YUCHOMOI0 Oitouoi peuosunu nopienano 3 Epox-1. Lle niokpeciioe 8axciugicmy oyiHKu 2eHepuyHux necmuyuoie

i3 pisHuM pigHeM OOMIUIOK.

Knitouosi cnosa: enokcukonason, mokcuuHicmo, 20Ha0U, AKiCMb Cnepmil, CnepMamozenes, camyi wypis

Introduction. Epoxiconazole is a triazole
fungicide that inhibits cytochrome P450-
dependent enzymes involved in sterol biosyn-
thesis. Beyond its antifungal activity, increas-
ing evidence indicates that epoxiconazole can
interfere with mammalian steroidogenesis,
raising concerns about its potential endocrine-
disrupting and reproductive effects. In the lit-
erature, several experimental studies across
different laboratory animal species have
shown that epoxiconazole induces adverse
effects on reproduction and development.
Reported effects include changes in anogenital
distance, altered timing of vaginal opening and
testes descent, modified fetal and maternal
steroid hormone levels, and fetotoxicity.
Similar endocrine-mediated effects have been
described for other azole fungicides, support-
ing the hypothesis that disruption of key
steroidogenic enzymes, such as CYP17, repre-
sents a central mechanism underlying their
reproductive toxicity [1-5].

Notably, available data indicate that epoxi-
conazole can interfere with reproductive func-
tion across species, primarily through
endocrine-mediated mechanisms [5].
However, few studies have examined its
adverse effects on spermatogenesis. For
instance, in a study of Japanese quail
(Coturnix coturnix japonica), dietary exposure
to epoxiconazole resulted in a significant
reduction in spermatid numbers and
histopathological alterations in the testes [6].

One of the epoxiconazole modes of action
is its inhibition of aromatase, which is impor-
tant and can impair the process of spermatoge-
nesis. Moreover, it has been found that epoxi-
conazole can not only inhibit aromatase,
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which catalyses the conversion of androgens
to estrogens, but also reduce 11- and
21-hydroxylase activity, resulting in higher
androgen and lower corticosterone and aldos-
terone levels, as shown in rodent studies and in
vitro [1, 2].

According to the European Food Safety
Authority (EFSA) (2008) [7], the original mol-
ecule of epoxiconazole was evaluated in a
two-generation reproductive toxicity study,
which demonstrates adverse effects in parental
and offspring animals. Specifically, reduced
food consumption, dystocia, impaired fertility,
prolonged gestation, vaginal haemorrhages,
and liver effects were reported for parental
animals, and offspring effects included
reduced numbers of viable pups and increased
perinatal mortality. The observed reproductive
effects led to the classification of epoxicona-
zole as Xn; Repr. Cat. 3 (R62) “Harmful;
Possible risk of harm to the unborn child”,
indicating possible risk of impaired fertility.
However, assessment of sperm parameters
was not included in that study, despite their
critical importance in the evaluation of male
fertility and reproductive capacity.

Given that azole fungicides are potent aro-
matase inhibitors and have been shown to
impair reproductive function, including fertili-
ty, through endocrine-disrupting mechanisms,
there remains limited information regarding
their effects on spermatogenesis in mammals.
Notably, sperm quality parameters were not
comprehensively evaluated in previous studies
of the original epoxiconazole molecule.
Therefore, the present study aimed to provide
a detailed assessment of sperm quality in male
rats following exposure to epoxiconazole.
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Materials and Methods. The studies were
conducted in a Good Laboratory Practice
(GLP)-certified Laboratory of Experimental
Toxicology and Mutagenesis at the L.I.
Medved’s Research Centre of Preventive
Toxicology, Food and Chemical Safety,
Ministry of Health of Ukraine.

Identification of test substance

The two pesticides epoxiconazole (generic
formulation) were obtained from different man-
ufacturers. The purity of the active ingredient
was 98.7 % for the first technical-grade epoxi-
conazole (Epox-1) and 97.3 % for the second
technical-grade epoxiconazole (Epox-2).

Animals

Male Wistar Hannover rats were sourced
from the SPF Animal Nursery of the L.I.
Medved’s Research Centre of Preventive
Toxicology, Food and Chemical Safety,
Ministry of Health of Ukraine. All animal pro-
cedures were conducted in compliance with
the requirements and provisions of the
Commission for the Ethics of Medical and
Biological Research of the same institution, in
accordance with the Law of Ukraine No.
3447-1V of February 21, 2006, “On the
Protection of Animals from Cruelty,” and the
European Communities Council Directive
86/609/EEC of November 24, 1986.

Animal husbandry and condition

To evaluate the morpho-functional state of
the male gonads, specifically spermatogenesis,
30 males aged 9-12 weeks were included in
each study. Animals were housed in a clean area
of a conventional barrier-type vivarium with
controlled environmental conditions: forced
ventilation (12 air changes per hour), tempera-
ture of 19-25 °C, humidity of 30-70 %, and a
12-hour light/dark cycle. They had ad libitum
access to deionized, UV-disinfected, reverse
osmosis—filtered water and a balanced, low-
phytoestrogen pelleted diet (Altromin 1326 R,
Germany). The animals were randomly
assigned to groups. During a five-day acclima-
tion period, animals were monitored and
excluded if they showed signs of pathology or
significant deviations in body weight. Each
animal was individually identified and housed
in polysulfone M4 cages with sterilized paper
bedding, which was changed weekly; cages
were washed and disinfected weekly.

Preparation of solutions, doses and route
of administration

EXPERIMENTAL TOXICOLOGY
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The test substances were administered by
oral gavage daily for 10 weeks to two groups
of 10 male animals each. The doses adminis-
tered were 0.5 and 2.0 mg/kg body weight. For
both test substances, suspensions were pre-
pared daily using water as the solvent with
OP-10. The concentrations of test substances
were 0.01 % and 0.04 %, at a dose volume of
0.5 mL per 100 g body weight. Control ani-
mals (10 males) received an equivalent vol-
ume of water with OP-10 as a vehicle.
Animals were weighed weekly to adjust dos-
ing according to body weight.

Morpho-functional evaluation of the male
gonads’ state (sperm analysis Male fertility
depends on the continuous daily production of
millions of spermatozoa. Spermatogenesis is
an exceptionally complex process that
involves a coordinated series of mitotic and
meiotic divisions, highly specialised stages of
cytodifferentiation, and dynamic intercellular
interactions regulated by autocrine, paracrine,
and endocrine signalling pathways [8, 9, 10].
All stages of spermatogenesis in male rats take
approximately 70 days to complete, which
determined the duration of exposure to the test
substances. At the end of the 10-week expo-
sure period, functional indicators of gonadal
status were evaluated. Animals were
euthanised by C02 asphyxiation. After the epi-
didymis was removed and weighed, qualita-
tive and quantitative evaluations of sperm
were performed. In the Epox-1 study, sperm
parameters in males were assessed manually
using light microscopy, as previously
described in recent work [11]. The analysis
included the determination of total sperm con-
centration, the enumeration of motile sperm,
and the quantification of pathological germ
cell forms. In the Epox-2 study, sperm quality
was assessed using a computerized sperm ana-
lyzer (CASA; SCA® Pack TOX Edition). In
addition to the parameters evaluated in the
Epox-1 study, this system enabled detailed
assessment of sperm motility, including classi-
fication of progressive motility into fast- and
medium-progressive categories. In both stud-
ies, the absolute and relative weights of the
testes and epididymides were also measured.

Statistical analysis

The obtained results from the studies were
statistically assessed. Statistical analyses were
performed using GraphPad Prism (version 10,
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GraphPad). Group mean values and standard
error of the mean (SEM) were calculated as
appropriate. For all statistical analyses, the
significance level was set at p < 0.05. The sta-
tistical comparison between treated and con-
trol groups was assessed using a one-way
analysis of variance (ANOVA) followed by
Fisher's LSD test.

Results and discussion

Clinical observations and body weight

During the 10-week exposure period, Epox-1
and Epox-2 did not cause premature mortality
in treated rats. Throughout the study, no clin-
ical observations were noted at the daily
examinations of all males. Across the expo-
sure period by Epox-1 and Epox-2, no mean-
ingful differences in body weight gain were
observed between the other dosed male
groups and the control group. Additionally,
there were no significant differences in termi-
nal body weight compared with the control
group value (see Tab.).

Males reproductive organs weight

Assessment of male reproductive organ
weights in both the Epox-1 and Epox-2 studies
demonstrated a statistically significant reduc-
tion in absolute and relative testicular weights
in the high-dose group (2.0 mg/kg bw/day). In
the Epox-1 study, exposure resulted in
decreases of 9.5 % in absolute testicular
weight and 10.1 % in relative testicular weight
compared with the concurrent control group

EXPERIMENTAL TOXICOLOGY

(Tab; p <0.01). Similarly, in the Epox-2 study,
males in the high-dose group exhibited reduc-
tions of 10.7 % in absolute testicular weight
and 10.4 % in relative testicular weight rela-
tive to controls, as shown in Table 1 (p <
0.002). No significant differences were
observed in the absolute or relative weights of
the epididymides in males exposed to either
Epox-1 or Epox-2 compared with the respec-
tive control groups.

Sperm parameters

Male sperm analysis after exposure to
Epox-1

As noted previously, in the Epox-1 study,
sperm quality was assessed manually using
light microscopy. Sperm concentration, motil-
ity, and morphology were evaluated using a
Goryaev chamber. As shown in Fig. 1A, expo-
sure to Epox-1 at a high dose of 2.0 mg/kg
bw/day resulted in impaired sperm motility in
males. The number of motile and immotile
spermatozoids were lower on 15 % (p < 0.05)
in comparison to the control value. Sperm
motility was not affected in a group of males
after exposure to a low dose of 0.5 mg/kg
bw/day. Assessment of sperm morphology
revealed a small proportion of abnormal
forms, with a dose-dependent increase that did
not reach statistical significance (Fig. 1B). No
significant differences in total sperm count
were observed in either treatment group com-
pared with the corresponding control group
(Fig. 1C).

Table
Reproductive organ weights of Epoxiconazole-treated male Wistar Hannover rats
Epox-1 Epox-1
Parameters Dose Dose
Control Control
0.5 mg/kg 2.0 mg/kg 0.5 mg/kg 2.0 mg/kg
Terminal body |36 o . 5 04]391.70  2.65 | 399.80 + 3.88 [412.10 = 4.99| 408.50 + 3.70 | 411.40 + 5.50
weight (g)
Testes (g)
Absolute 3.78+0.08 | 3.64+£0.06 | 3.42+0.07* | 3.94+£0.10 | 3.72+£0.04 |3.52£0.11**
Relative 9.53+0.21 | 9.29+£0.15 | 857+ 0.21* | 9.56 £0.22 | 9.11 £0.09 |8.57 + 0.32**
Epididymis (g)
Absolute 1.18£0.03 | 1.13+0.03 | 1.13£0.04 | 1.19+0.04 | 1.17+0.03 1.16+0.05
Relative 297+0.08 | 2.89+0.09 | 2.82+£0.09 | 2.88+0.08 | 2.88+0.08 | 2.82+0.10
Note: g = grams. Results presented as mean per group £ SEM (n = 10 per group).
Statistics were compared with the control group; * p < 0.01; ** p < 0.002.
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Male sperm analysis after

exposure to Epox-2

In the Epox-2 study, sperm quality in male
rats was assessed using a computerized
Computer-Assisted Sperm Analysis (CASA)
system, which enables objective evaluation of
sperm motility, including progressive motility,
as well as more detailed morphological assess-
ment while minimizing observer-related bias.

EXPERIMENTAL TOXICOLOGY

Sperm motility decreased in a dose-depen-
dent manner following Epox-2 exposure and
reached statistical significance at 2.0 mg/kg
bw/day, with a 27 % reduction compared to the
concurrent control group (p <0.0001). As shown
in Fig. 2A, the overall decline in motility was
primarily attributable to a marked reduction in
progressively motile sperm, which decreased by
47.3 % relative to the control level (p < 0.01).

Sperm motility A Sperm morphology Total sperm number ¢
100 -
- 120 o
100 O Motile :3_ -
80 B Immotile 85— * Normal 100
80— ® Abnormal _ 80
E
% &0 % 153 % o
40 1.5 40
1.0+
" il N . P
[} 0.0- r . - 0 T T T
Control  0.5mghkg 2.0 mg/kg Control 0.5 mglkg 2.0 mglkg Control 0.5 mg/kg 2.0 mglkg

Doses of Epox-1 Doses of Epox-1 Doses of Epox-1

Fig. 1. Sperm parameters of male Wistar Hannover rats exposed to the Epox-1 via manual analysis.
Data presented as Mean + SEM (n = 10 per group). A — a percentage of motile and non-motile sperm,
B — a percentage of normal and abnormal forms of spermatozoids, and C — the total amount of spermato-

zoids (mln/mL). Statistics were compared with the control group — * p < 0.05.
Sperm motility A Progressive sperm motility B
80~ 30+
60 |L| O Progressive [ Fast-progressive
I Non-progressive 204 * 3 Medium-progressive
—
% 40- %
10+
204
0- 0-
Control 0.5mg/kg 2.0 mglkg Control 0.5mg/kg 2.0 mg/kg
Doses of Epox-2 Doses of Epox-2
SPerm morphology [ Total Sperm number D
T =
100+ = = T 6- T
o bl [J Normal 5 T
I Abnormal -El 4 T
% %07 £
E 3
404 2]
204 1+
0- 0 T T T
Control  0.5mgl/kg 2.0 mgl/kg Control 0.5 mg/kg 2.0 mglkg
Doses of Epox-2 Doses of Epox-2

Fig. 2. Sperm parameters of male Wistar Hannover rats exposed to the Epox-2 using CASA.

Data presented as Mean = SEM (n = 10 per group). A — a percentage of motile sperm (progressive and
non-progressive motile sperm), B — progressive motile sperm (fast-progressive and medium-progressive
motile sperm), C — a percentage of normal and abnormal forms of spermatozoids, and D — the total amount
of spermatozoids (mln/mL).

Statistics were compared with the control group - * p <0.01; ** p <0.001; *** p <0.0001.
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Consequently, further analysis of progres-
sive motility (Fig. 2B) demonstrated dose-
dependent decreases in both fast- and medium-
progressive spermatozoa. A statistically signif-
icant reduction (p < 0.001) was observed in
medium-progressive sperm in males receiving
the high dose (2.0 mg/kg bw/day), with a 47.8
% decrease compared with the control group.

Assessment of sperm morphology revealed
a significant increase in abnormal sperm forms
in males exposed to Epox-2 at 2.0 mg/kg
bw/day (36.8 %; p <0.0001), accompanied by
a 24.3 % decrease in the proportion of normal
sperm (p < 0.0001) compared with the concur-
rent control group. In contrast, no significant
differences in sperm morphology were
observed between males receiving the low
dose (0.5 mg/kg bw/day) and the correspon-
ding control group (see Fig. 2C).

Evaluation of total sperm count showed a
dose-dependent decrease Fig. 2D). However,
the reduction did not reach statistical signifi-
cance.

Taking into account the results of the two
studies evaluating morphofunctional gonadal
parameters in males exposed to generic epoxi-
conazole formulations of differing purity, the
test substances were associated with adverse
effects on male reproductive function, includ-
ing impaired sperm quality and reduced
gonadal weight, when administered at 2 mg /
kg body weight. These alterations suggest
antiandrogenic-like effects, consistent with
endocrine-mediated mechanisms affecting
male reproductive function, and are supported
by the existing literature demonstrating that
azole fungicides interfere with steroidogenic
pathways [12, 13].
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