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ABSTRACT

Introduction. Current challenges in toxicology include the development and modernization of biological prevention strategies to
reduce the risks of long-term toxic effects of lead.

The aim of this study was to determine changes in certain biochemical and histomorphological parameters of the reproductive
system of male rats following subchronic exposure to lead acetate and to establish efficacy of a bioprophylactic complex (hereinafter
referred to as BPC) specially developed to reduce the severity of toxic effects.

Material and methods. The experiment was conducted on albino outbred male rats aged from 4 to 6 months. The administration
was carried out orally, daily for 45 days. The dose of lead acetate was 819 mg/L. Some of the animals received a vitamin and
mineral complex, the composition of which was selected based on the mechanisms of lead toxicity. The effectiveness of BPC and
the toxic effects of lead acetate were evaluated 21 days after the end of the exposure.

Results. According to the obtained data, lead exposure resulted in a significant decrease in the lumen of the seminiferous tubules
and an increase in the proportion of Sertoli cells with degenerative and dystrophic changes. A significantly higher number of
abnormal spermatozoa in testicular smears was detected in rats treated with lead acetate compared with control. An increase in
the activity of the enzyme 3[3-hydroxysteroid dehydrogenase was observed in exposed rats compared to controls.

Although this study did not measure sex hormone levels in the blood of laboratory animals, we believe that the observed increase
in HSD3b1 is more likely a consequence of compensatory responses to the destruction and/or dysfunction of cells responsible for
androgen synthesis than a direct consequence of lead toxicity.

Limitations. We did not assess sex hormone levels or the activity of the HSD3b2 isoform of the 3bHSD enzyme.

Conclusion. Male rats exposed to lead acetate showed a slight increase in the activity of 33-hydroxysteroid dehydrogenase, an enzyme
that plays an important role in regulating sex hormone synthesis and delta-ALA metabolism. The observed histomorphometric
changes included a decrease in the lumen of the seminiferous tubules, an increase in the number of abnormal Sertoli cells and
degenerated spermatozoa. Our findings prove the protective potential of biological prevention strategies but highlight the importance
of further profound studies of the mechanisms of lead toxicity on the male reproductive system and the effects of BPC.

Keywords: lead; long-term effects; bioprophylaxis; BPC, reproductive system; in vivo; 33-hydroxysteroid dehydrogenase; 3bHSD;
HSD3b1
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PE3IOME

Beedenue. Paspabomia u modepHuzayus cmpameeuii 6u0102U4eCKoll nPoPUAAKMUKU, NO360AAIOUUX CHUNICAMb PUCKU 0MOd-
AEHHBIX MOKCUMECKUX I(DPeKmOo6 CeUHYA, OMHOCIMCA K AKMYAAbHbIM 3a0a4am MOKCUKOA02UU.

Ileavb uccaedosanus — onpedeneHiie usMeHeHUIl HeKOMOPbIX OUOXUMUHECKUX U 2UCMOMOPGHOA0UMEeCKUX NOKA3ameneil MyMCCKOU no-
JN060LL CUCMeMbl KPblC HA (hOHe CYOXPOHUUECK020 0elicmaus auemama CGUHUA U OUeHKA 3hgexmusHocmu pa3padomantoeo 6uonpo-
unaxmuueckoeo komnaexca (danee — BITK), npednasnauennoeo 045 yMeHbUeHUsL 8bIPANCCHHOCMU SMUX MOKCUMECKUX 3heKmos.
Mamepuaa u memoovt. Ixcnepumenm nposedén Ha 6eavix 6ecnopoOHbIX Kpbicax-camyax 6 eozpacme om 4 do 6 mecsyes. Bee-
deHue ocyu,ecmensnoch nepopanbHo, exce0nesHo Ha npomsaicenuu 45 ouell. Jloza ayemama ceunya cocmaguaa npu OpasbHOM
npuéme 819 me/a. Yacmo sHcusomuvix noay4ara sUMamMuHO-MUHEPAAbHBLIL KOMIACKC, COCIAE KOMOP020 NO0OUPAAcs Ucxoos
U3 0cobeHHoCmell MeXanu3mo8 mokcu1eckozo deticmeaus ceunua. Ipgpexmusnocmo BIIK u moxkcuueckue s¢pghexmot ayemama
ceunya oyenusanu yepes 21 denvb nocie OKOHUAHUSA SKCRO3UUUU.

Pezyavmamot. Coenacno noayuenHviM OQHHbIM, 6030€UCMEUe CBUHUA NPUBEAO K 3HAUUMOMY YMEHbULCHUIO NPOCEEMA CEMEHHbIX
Kananvyes u ygeauueHuto ooau kaemox Cepmoau ¢ 0ecenepamueHo-0UCmpopuUecKumMu usmeHeHuamu. Y Kpuic, noAy4asuiux
auemam CeUHUA, BbIAGACHO 3HAYUMO D0AbULeE KOAUYECMBO NAMOA0UHECKUX QOPM CNepMamo3oudos 6 MasKax-omne4amax
CeMEHHUKO08 N0 CPABHEHUIO0 ¢ KOHMPOAbHbIMU 3HaueHuamu. Habaodanrocy yeeauvenue akmusnocmu ghepmenma 3f3-euopoxcu-
cmepoudde2udpozerasvl y IKCHOHUPOBAHHBIX KPbIC O CPABHEHUIO C KOHMPOIEM.

B nacmosiem uccaedosanuu He 0b110 onpedeneHo codepicanue noa08biX 20PMOHO8 6 KPOBU AAO0PAMOPHLIX HCUBOMHBIX, 00-
HaKo Mol noaazaem, ymo Habardaemoe nosvienue akmusnocmu HSD3b 1 seasemces credcmeuem KoMREHCAMOPHLIX PeaKyuil
opeanusma Ha paspyuterue u (Uau) OUCQYHKUUIO KAemoK, OMEemCMBEEeHHbIX 3a CUHMe3 AHOPOREHO8, A He NPAMbIM CAe0CMEUeM
MOKCU4eCcK020 6030eiicmaust C8UHYA.

Ocpanuuenus uccaedosanus. Hamu ne Oviau oyeHeHvl ypoGHU HON0BIX 2OPMOHO8, A MAKIce aKkmueHocms uzogopmor HSD3b2
thepmenma 3f3-eudpokcucmepouddecudpozeHasbl.

Sakarouenue. Y Kpoic-camiy08, IKCNOHUPOSAHHBIX AUEMAMOM CUHUA, HADAH0AN0C, HEKOMOPOe NOBblIUEHUE AKMUBHOCMU (hep-
Menma 3f3-eudpokcucmepoudoecudpoeeHasvl, Uzpaioueeo 8alCHy poib 6 peyAsaull CUHme3a noA08biX 20PMOHOE8, a4 MAKICe
memaboausme deavma-AJIK. Buviseaenvt eucmomopghomempuueckue UsMeHeHUs: YMEHbUEHUe NPOCEema CeMEHHbIX KAHAAbYEs,
yeeauuenue Koauvecmea namonoeuteckux gopm kaemok Cepmonu u deceHepamueHo U3MEHEHHbIX CnepMamo30udos. Pe3ynb-
mamot NOOMeepIHCOarom Haiu4ue NPOMeKmopHo20 NOMEHYUALA cmpame2ul OU0A02UMECKOU NPOPUAAKMUKU, 0OHAKO COXPAHS-
emcst Heobxo0umocmo danvHeiue2o, boaee 2nyb0K020 U 0emanbHO20 U3YHeHUsI MEXAHU3MO8 MOKCUMHOCMU CBUHUA HA MYNCCKYIO
nonogyrw cucmemy u s¢pgpexmosé bIIK.

Karouesote caosa: ceuneuy; omoanrénusie sgpgpexmot,; 6uonpogpurakmuxa; BIIK; nososas cucmema; in vivo; 33-eudpokcucme-
pouddeaudpoeenasa; 3bHSD; HSD3b 1

Cobarodenue smuneckux cmanoapmos. Hccaedosanue 00obpero nokanvhoil komuccueil no 6uosmuxke ObYH EMHI] ITO3PITIT
Pocnompebrnaodzopa (npomoxona JIDK No 1A om 03.02.2025). Ycaosus nposederus s3kcnepumeHma cooOmeemcmeosdnu
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Introduction

Among the reasons for Russia’s low demographic
potential, exposure to harmful chemical factors of
various origins occupies a significant place. The
population of regions with developed production is
traditionally exposed to a high complex chemical load
in the habitat and working area'. In this case, lead acts
as one of the most widespread industrial pollutants
that contaminate the environment, causing health
risks for both humans and their offspring. Many
studies have been conducted on the toxic effects of
inorganic lead compounds, but the long-term effects
as a serious threat to the health of future generations
have not been sufficiently studied.

A key role in combating high chemical exposure
is played by the strategy of biological prevention
on the population, which increases the body’s
resistance, adaptation, and elimination capabilities.
The developed bioprophylactic complexes
(hereinafter referred to as BPC), which include
harmless substances with protective properties,
have demonstrated their effectiveness in previous
experiments implemented on the basis of the
Federal State Scientific Institution ‘Yekaterinburg
Medical Research Center for Prevention and Health
Promotion of Industrial Workers’ of Rospotrebnadzor
[1-3]. Current challenges in toxicology include
the development and modernization of biological
prevention strategies to reduce the risks of long-term
toxic effects of lead.

The aim of this study was to determine changes
in certain biochemical and histomorphological
parameters of the reproductive system of male rats
following subchronic exposure to lead acetate and
to establish efficacy of a bioprophylactic complex
(hereinafter referred to as BPC) specially developed to
reduce the severity of these toxic effects

Material and methods

The study was approved by the Local Bioethics
Committee of the Federal State Scientific Institution
‘Yekaterinburg Medical Research Center for
Prevention and Health Promotion of Industrial
Workers” of Rospotrebnadzor (protocol LEC No. 1A

' On the State of Sanitary-Epidemiological Well-Being of
the Population in the Russian Federation in 2024: State Report.
Moscow: Federal Service for Supervision in Healthcare Federal
Service for Supervision on Consumer Rights Protection and
Human Wellbeing, 2025. 424 p.
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dated February 3, 2025). The experiment was
conducted on albino outbred male rats aged from
4 to 6 months (Andreevka branch of the Federal
State Scientific Institution ‘Scientific Center for
Biomedical Technologies of the Federal Medical
and Biological Agency of Russia’, 141551, Moscow
Region, Solnechnogorsk, Andreevka settlement,
bldg. 49. Certificate No. 181164, issue date:
09.12.2024) Before the experiment, the rats were
kept in quarantine, after which they were allowed
to enter the vivarium, which was equipped as per
GOST 33216—20142. The rats received specialized
diet as per GOST R 50258—-92% and purified drinking
water. The temperature, humidity, and air flow were
carefully controlled to ensure comfort and safety for
the laboratory animals during the experiment. A
day-night cycle was artificially created in the animal
housing areas, simulating sunset and sunrise. Daily
veterinary inspections were conducted throughout the
experiment.

Four groups, each consisting of eight male rats,
were formed for the experiment.

1. The control group was not exposed.

2. The Pb group received lead acetate orally for 45
days at a dose of 819 mg/L.

3. The Pb + BPC group received the
bioprophylactic complex along with lead acetate
exposure.

4. The BPC group received the bioprophylactic
complex without lead acetate exposure.

For the composition of the bioprophylactic
complex and dosages for laboratory animals, see
Table.

Collected whole blood from the rats twenty-
one days after the end of exposure for subsequent
assessment of the content of the HSD3bl isoform
of the enzyme 3B-hydroxysteroid dehydrogenase
(hereinafter referred to as 3bHSD) in the serum,
as well as the testes for morphometric analysis of
histological specimens (hematoxylin and eosin
staining) and cytomorphological analysis of smears
(Leishman staining). Determined HSD3b1 isoform
content using an enzyme-linked immunosorbent
assay according to the kit instructions. Evaluated
during the histomorphological analysis changes in

2 GOST 33216—2014 Guidelines for Accommodation and
Care of Animals. Species-Specific Provisions for Laboratory
Rodents and Rabbits.

3 GOST R 50258-92 Complete Compound Feeds for
Laboratory Animals. Specifications.

Toksikologicheskiy vestnik / Toxicological Review - Volume 34 - Issue 2 - 2026
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Composition and dosage of the bioprophylactic complex
CocrtaB u J03UPOBKA 6“011])0(1)HJ13KTH‘160K01‘0 KOMIIJIEKCa

Ho3a
Tpenapar Ha 1 Kpbicy
P " B CYTKH
reparation Dose per rat

a day
Kanpuwuii, mr / Calcium, mg 160
XKenezo, mMr / Iron, mg 1
Won, Mxr / lodine, ug 4
ImunuH, mr / Glycine, mg 12
I'motamuHoBas kucnota, Mr / Glutamic acid, mg 160
Pri6umii xup ¢ conepxkanuem 35% IMTHXKK 133
KJlacca oMera-3, Mr
Fish oil containing 35% omega-3 PUFAs, mg
IlexTuH, Mr / Pectin, mg 200
Butamunu A, MKT / Vitamin A, ug 35.2
Buramunu C, mr / Vitamin C, mg 3.0
Buramun E, mr / Vitamin E, mg 0.27
Buramuu B1, Mr / Vitamin Bl, mg 0.038
Buramuu B2, Mr / Vitamin B2, mg 0.08
Buramuu PP, Mr / Vitamin PP, mg 0.3
Burtamun B6, Mr / Vitamin B6, mg 0.08
Buramuu B9, Mxr / Vitamin B9, ug 4
Buramuu B12, Mxr / Vitamin B12, ug 0.12
Buramuu D3, MK / Vitamin D3, ug 1.7

seminiferous tubule lumen, sperm head angle, and
counted abnormal sperm forms and Sertoli cells with
degenerative-dystrophic changes.

Performed statistical analysis using the Student’s
t-test and the Mann-Whitney U-test. Evaluated data
normality using the Shapiro-Wilk test. The differences
were considered statistically significant with a
probability of at least 95% (p < 0.05).

Results

The study revealed that content of the HSD3bl
isoform of the 3bHSD enzyme exhibited a 1.5-fold
increase in the Pb rat group compared to the Control,
though these differences did not attain statistical
significance. The rats of the Pb + BPC and BPC groups
demonstrated values of this indicator equivalent to
those of the Control (Fig. 1).
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Fig. 1. Activity of the HSD3b1 enzyme in blood of experimental
animals, pg/mL.

Puc. 1. AKTuBHOCTb pepmeHTa HSD3b1 B KpOBM 3KCNEepUMEH-
TanbHbIX JTAOOPATOPHDBIX }KUBOTHBIX, NI/MJ1

A comparison of the histological pattern of
the testes from the Contro/ and the BPC group
demonstrated no significant differences. Pathological
morphological changes were not observed in either
group. Microscopic analysis of histological sections
showed that the testicular fibrous membrane consists
of a thin layer of connective tissue. The organ’s
parenchyma is composed of convoluted seminiferous
tubules with rounded or ellipsoid shapes, depending
on the orientation of the passing section (either
longitudinal or transverse). The outer sheath of the
tubules is a very thin layer of annular connective
tissue, with a smooth layer of myoid cells along
the inner contour, including an inner myoid layer
directly adjacent to the basement membrane and
a layer of fibroblast-like cells. The spermatogenic
epithelium layer is evenly distributed. Different
stages of spermatogenesis were observed depending
on the level of the sections. Nevertheless, all layers
were preserved in almost all tubules: spermatozoa
and late forms of spermatids were present in the
greatest number, and Leydig cells were detected
in the periphery of blood vessels in the amount
of 3—5 cells per field of view.

The histological analysis of the Pb group showed
a slight reduction in the number of spermatozoa
and spermatocytes compared to the Control. This
suggested a marginally lower level of spermatogenesis.
In contrast to the Controlu BPC groups, fewer Leydig
cells were observed in the interstitium: 2—3 per field
of view. At the same time, in thePb + BPC group, the
changes were less pronounced than in the Pb group.
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Fig. 3. Morphometry of the lumen of the seminiferous tubules,
pum. * — statistically significant difference compared to the
Control group; # - statistically significant difference compared
to the Pb exposure group.

Puc. 3. MopdomeTpryeckas OLEeHKAa MPOCBETa CEMEHHbIX
KaHanbLeB, MKM. ¥ — CTaTUCTUYECKN 3HAYMMOE U3MEHEeHMe No
CpaBHeHWI0 ¢ rpynnon KoHmpose; # — CTaTUCTUYECKN 3HaYK-
MO€e U3MEHeHMe Mo CPaBHEHMIO C rpynnon Pb.

The histological analysis showed that the number
of spermatozoa and spermatocytes was slightly
lower than in the Control, but higher than in the
experimental group. A higher number of Leydig cells
was also observed compared to the Pb group: 3—5 per
field of view (Fig. 2, see on the insert).

According to the obtained data, lead exposure
resulted in a significant decrease in the lumen of the
seminiferous tubules in the Pb group. In the Pb +
BPC group, changes were minor and consistent with
those in the Control and BPC group (Fig. 3).
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Fig. 4. Results of counting pathological forms of Sertoli cells
with degenerative dystrophic changes in a testicular smear,
units per 10 fields of view. * - statistically significant difference
compared to the Control group.

Puc. 4. Pe3ynbTtaTbl NogcyeTa natonornyecknx Gopm Knetok
CepTonu ¢ pereHepaTUBHO-AUCTPOPUYECKUMY U3MEHEHWS-
MW B Ma3Ke-oTrneyaTke CEMEHHVKOB, eq. B 10 nonax 3peHus.
¥ — CTaTUCTNYECKN 3HAUYMMOE M3MEHEHMe MO CPaBHEHUIO C
rpynnon KoHmpone.

Analysis of testicular smears in the Pbh group
revealed a tendency to increase the number of
degeneratively altered Sertoli cells. The Pb + BPC and
BPC groups demonstrated values equivalent to those
of the Control (Fig. 4).

A significant increase in abnormal sperm forms,
particularly cells with altered head angles, was
observed in the Pb group, compared to the control.
However, changes in the Pb + BPC group were less
pronounced or did not differ at all from control values
(Fig. 4,a, b).

2,54
21 I
1,51
1 i I
T I
0,51 T
0 T T T 1
KoHTponb Pb Pb +BINK BIMK
Control Pb +BPC BPC

6

Fig. 5. Abnormal cell count in a testicular smear (U/200 cells): a - total number of abnormal spermatozoa; 6 — number
of spermatozoa with a change in head angle. * - statistically significant difference compared to the Control group.
Puc. 5. Pesynbrathl nofcuéTa natofornyecknx Gopm KNeTok B Maske-oTneyaTke ceMeHHUKOB (en/200 Kn):

a - obLee KoMYeCTBO NaToornyecknx Gopm CnepmaTo3onaos; 6 — KONMYeCTBO CrepmMaTo30Mg0B C U3MEHEHUEM YT/ia FONOBKU.
* — CTATUCTUYECKU 3HAUMMOE M3MEHEHNIE NO CPABHEHWUIO C rpynnoit KoHmposs.
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Discussion

One of the key regulators of sex hormone synthesis
is the membrane-bound enzyme 3bHSD from the
oxidoreductase class [4,5]. Several studies demonstrate
that exposure to inorganic lead compounds results in
a reduction of the 3bHSD enzyme level in the testes
[6—8]. Meanwhile, the increase in the content of the
HSD3bl1 isoform of the 3bHSD enzyme in blood
serum observed in the current study could be the
result of the destruction of cells involved in androgen
synthesis due to toxic lead exposure.

Leydig cells are known to be responsible for
the synthesis of male sex hormones, particularly
testosterone [10, 11]. The highest number of Leydig
cells is observed during puberty, but their number
gradually decreases with age. Testosterone is one
of the main regulators of spermatogenesis and
sexual function in general [12, 13]. In this study, we
did not determine sex hormone levels, which does
not allow us to objectively assess the disruption of
androgen synthesis. Nevertheless, the results of the
histomorphometric analysis suggest a positive effect
of BPC on the functional activity of spermatogenesis
mechanisms in exposed male rats.

It should be noted that changes in spermatogenesis
parameters are likely related not only to the direct
effect of lead acetate on seminal cells, but also to
disturbances in the hypothalamic-pituitary system,
which is responsible for neuroendocrine regulation
of the reproductive system. Lead is known to inhibit
the synthesis of luteinizing hormone [14, 15] in the
anterior pituitary gland, one of whose main functions
is to stimulate testosterone synthesis. This hypothesis
is also supported by the results of our previous studies,
which demonstrated the pronounced toxic effect of
lead acetate on the central nervous system of laboratory
animals and the neuroprotective effect of BPC [16,

MPOOUITAKTUYECKAA TOKCMKOJ10OTUA

17]. The identified changes only provide indirect
evidence of impaired neurohumoral regulation, and
confirmation of this hypothesis requires determination
of sex hormone levels. However, based on the
parameters studied, the developed BPC demonstrated
a protective effect against lead acetate exposure.

Limitations of the study. We did not assess sex
hormone levels, as well as the content of the HSD3b2
isoform of the 3bHSD enzyme. To complete the
study and substantiate the genotoxic risks of the
factor under study, it is advisable to determine the
expression of the HSD3B1 and HSD3B2 genes in the
testes and adrenal glands. To determine the possible
reasons of an increase in the content of the HSD3bl
enzyme in the blood, it is necessary to assess its level
in tissues involved in the synthesis of androgens. We
were limited to the use of a single test substance, route
of administration, and exposure time.

Conclusion

According to the study results, male rats exposed
to lead acetate showed a slight increase in the
blood content of the enzyme 3b-hydroxysteroid
dehydrogenase, which plays an important role in
regulating sex hormone synthesis. The observed
histomorphometric changes included a decrease in
the lumen of the seminiferous tubules, an increase in
the number of abnormal Sertoli cells and degenerated
spermatozoa. As a whole, the experimental findings
confirmed the protective effect of the bioprophylactic
complex based on histomorphometric parameters. The
findings revealed the protective potential of biological
prevention strategies but highlight the importance of
further profound studies of the mechanisms of lead
toxicity on the male reproductive system and the
effects of of the developed bioprophylactic complex
(BPC).
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Fig. 2. Testes of the rats from the Pb exposure (a) and Pb + BPC (b) groups.
Hematoxylin and eosin staining; X200 magnification.

Puc. 2. CemeHHVKM Kpbic rpynnbl Pb (a) v rpynnbl Pb + BIIK (b).
OKpacka reMaToKCUIHOM 1 303MHOM. YBennyeHune x200.
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