CHEMICAL, BIOLOGICAL

AND RADIATION SAFETY

UDC 616.699-06:615.451.3:547.85-018-019 DOI 10.33273/2663-4570-2020-89-2-27-31

TOPICAL EFFECT OF MINOXIDIL CONTAINING LOTION
ON MORPHOFUNCTIONAL INDICATORS OF MALE
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ABSTRACT. The problem of alopecia, for treatment of which the use of over the counter lotions containing minoxidil is recommended,
is paid considerable attention all over the world. The consumers rarely seek medical advice due to certain psychological barriers. Thus,
it contributes to the uncontrolled use of the drugs, and fixation of their side effects becomes impossible. There are isolated reports on the
effect of minoxidil containing lotions on male fertility.

The Aim. To establish organometric parameters of testes and their paradidymis, functional parameters of spermatozoa in mature rats
under topical exposure to a 10% minoxidil containing lotion.

Methods. Analytical, toxicological, statistical.

Results. It was established that under the conditions of 72-day percutaneous application of 10% minoxidil containing lotion some
changes in the reproductive system organs can be observed, which are in particular a decrease in the mass of testes and epididymis, as
well as a decrease in organs’ linear size. The total time of motor activity of gametes after exposure to a lotion containing 10% minoxidil
has statistically significantly shortened, a 6-fold inhibition of the activity of redox processes occurred in the rats of the experimental
group compared to the control one.

Conclusions. Taking into consideration the obtained data and the uncontrolled and long-term use of 10% minoxidil containing lotions
by men of reproductive age, an in-depth study of its gonadotoxic effects in experimental conditions in combination with epidemiological

studies of the patients using these lotions is deemed necessary.
Key Words: minoxidil, gonadotoxicity, mature rats.

Introduction. Scientific papers of the last
decade describe a noticeable decrease in sper-
matogenic function in men from different
regions of the world [1, 2]. Among the etiolog-
ical factors that are the cause of this situation
an important role is played by pharmaceuti-
cals. A significant number of drugs have been
studied to determine their effect on spermato-
genesis and spermatozoa parameters. It is
noted that the effect of pharmaceutical sub-
stances (except for cytotoxic drugs) is usually
reversible upon termination of treatment. The
list of drugs with possible gonadotoxic activity
includes antihypertensive vasodilator minoxi-
dil [3]. The mechanism of its adverse effect on
male fertility is probably related to the general-
ly recognized ability of calcium channel block-
ers to reduce spermatozoa viability and motil-
ity as a result of modified transmembrane cal-
cium movement, as described in vitro experi-
ments [4].

At the moment, in modern trichology
minoxidil containing lotions are recommend-
ed as the most effective means of combating
androgenic alopecia [5, 6]. They belong to the
over-the-counter group of drugs and are often
positioned by manufacturers as “medical cos-
metics”. Becausemost men with various forms
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of alopecia feel a certain psychological barrier,
they do not seek medical help, but seek solu-
tions to their problem outside medical facili-
ties. Furthermore, for those suffering from
alopecia, to significantly improve hair growth a
long-term use of lotions of at least 4-6 months,
is recommended, and to maintain the effect, it
is recommended to continue using them indef-
initely [7, 8, 9]. This situation contributes to
the uncontrolled use of lotions containing
minoxidil; therefore, trichologists cannot con-
trol the regimes and doses and record possible
side effects. The presented data is the basis for
the understanding of safety of minoxidil con-
taining lotions for male reproductive system.
It should be noted thatandrogens are the
main hormonal regulators of hair growth [10].
According to Sato et al. [11] minoxidil in
human dermal cell culture is able to increase
the activity of enzymes involved in androgen
metabolism. Later it was found that skin cells
are able to synthesize androgens from the pre-
cursors of the gonads or adrenal glands, and
enzymes involved in skin steroidogenesis are
involved in normal or pathological processes
[12]. Therefore, the use of minoxidil contain-
ing lotions can lead to disruption of biochemi-
cal regulatory processes that are associated
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with hormonal balance in the body.
Confirmation of this assumption can be found
inpublications of recent years, where a nega-
tive effect of minoxidil on male reproductive
system is described [13].

The Aim of the Research. To study the
organometric parameters of the testes, their
paradidymis and the functional parameters of
spermatozoa in mature ratsunder the topical
effect of a 10% minoxidil containing lotion.

Methods and Materials. The experimental
work was performed on 20 white outbred male
rats. The animals were on a standard diet and
drinking ration. All rats were in an active
mature state.

The experimental work with animals was
performed in accordance with the national
“General ethical principles for experiments on
animals”, which are consistent with the provi-
sions of the “European Convention for the
Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes”
[14].

Rats were divided into two groups — the
control and the experimental one, ten animals
in each. A solvent — ethyl alcohol was applied
on control animals, 10% minoxidil containing
lotion — on experimental animals. In 71 days
from the start of the experiment, rats were
weighed and removed from the experiment by
decapitation under ether anaesthesia. The
choice of the time framework of the experi-
ment was determined by the need to complete
at least one cycle of spermatogenesis. The full
cycle of development of spermatozoa in rats is
48 days; the passage through the canals of the
epididymis lasts for about 4 weeks|[15].

The internal organs of the reproductive sys-
tem were removed as a single organ complex
and carefully prepared [16]. An external exam-
ination of the gonads was performed to detect
circulatory disorders, inflammatory changes,
dystrophy (atrophy) and abnormalities.
Thetestes and their epididymis were then
weighed,and theirlinear dimensions (length,
width) were included as the biometric parame-
ters of the testes. The relative weight of testes
and epididymis in relation to body weight
(in %) was calculated.

In order to study the functional state of
spermatozoa a suspension obtained by longitu-
dinal section of the epididymis, followed by
their extraction for 2 minutes in 10 ml of saline
heated to 37°C, was used.
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To determine the total number of spermato-
zoa, a suspension of epididymis in saline, a
WBC count pipette and Goryaev chamber
were used.

The number of abnormal spermatozoa was
counted under a light microscope with a mag-
nification power of x400. A spermatozoon was
considered morphologically abnormal if at
least one of its parts (head, middle part or tail)
had structural abnormalities visible under a
light microscope.

The functional state of spermatozoa was
examinedaccordingto the following parame-
ters: duration of motility, determination of the
relative number of live spermatozoa, their via-
bility in chemical solutions that meet physio-
logical conditions (acid and osmotic resist-
ance) and respiratory rate (redox processes) in
the test with methylene blue [17].

Analysis and processing of the study results
was performed using a computer system
Microsoft Excel 7.0. The normality of the dis-
tribution was checked using the Shapiro-Wilk
test. The significance of the differences of the
mean values for the samples with parametric
distribution was evaluated using the Student’s t
test. When comparing indicators, the distribu-
tion of which did not comply with the law of
normality, the Mann-Whitney U test was used
in two independent groups. Parametric data
are described by mean value (M) and standard
deviations (SD); nonparametric — using the
median (Me) and quartiles. The critical level
of significance in testing statistical hypotheses
was taken as p < 0.05 [18].

Results and Discussion. Percutaneous appli-
cation of the 10% minoxidil containing lotion
did not cause intoxication and mortality in
experimental animals throughout the experi-
ment; the phenomena of skin irritation were
not detected. The weight of the experimental
rats was 266 + 20.25 g and had no significant
differences compared to the controlones.

A significant decrease in organometric
parameters of the testes and epididymis was
observed in animals of the experimental group
(Fig.). The average of 12% (p < 0.05) decrease
in testicular weight and mass coefficients com-
pared to animals of the control group and ref-
erence values occurred [19]. The mass of seminal
epididymis in animals of the experimental group
decreased by 13.29% (p < 0.05), their mass coef-
ficients decreased by 12.08% (p < 0.05) com-
pared to the control group. The sizesofthe
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Fig. Macrometric parameters of white rats under the influence of 10% minoxidil containing lotion
Note * - the differences are statistically significant compared to the control at < 0.05

testes in animals of experimental group were
also 12% lower than that of the animals in the
control group.

Thus, it was found that under the conditions
of 72-day percutaneous application of 10%
minoxidil containing lotion there are certain
changes in the organs of the reproductive sys-
tem, which are manifested by a decrease in the
mass of testes and epididymis, as well as a
change in organs’ linear size. These changes
indicate a decrease in the secretory function of
these organs.

The results of the study of the epididymal
suspension showed that the 10% minoxidil
lotion under these experimental conditions
does not cause statistically significant changes
in the production of gametes. Microscopic
examination of spermatozoa morphological
features revealed, along with normal cells, sin-
gle pathological forms, which occurred with
the same frequency in rats of the experimental
and control groups (Table 1).

UKRAINIAN JOURNAL OF MODERN PROBLEMS OF TOXICOLOGY 2/2020

Indicators that indirectly demonstrate the
energy capabilities of spermatozoa (the nature of
motion activity, duration of movement) and
their resistance to changes in the environment —
osmotic and acid resistancewere studied
(Table 2).

Spermatozoa viability has not changed sig-
nificantly. At the same time, the total time of
motion activity of gametes after exposure to
10% containing minoxidil lotion has statisti-
cally significantly shortened in research
groups. Activation of spermatozoa motility is a
calcium-dependent process, which requires a
balance of the calcium content of the extracel-
lular space and internal depots [20]. As men-
tioned above [4], minoxidil is actively involved
in the functioning of ion pumps and channels.
Thus, interference in the transmembrane
transportation of calcium may be the basis for
the mechanism of its negative impact on the
motility of gametes.
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Qualitative indicators of epididymal spermatozoa of male rats faled
Indicators of epididymal spermatozoa Control group Experimental group
Total number, m. 96 [80; 103] 97 [84; 99]
Pathological forms,% 0.31[0.20; 0.58] 0.3[0.2; 0.54]
The number of dead spermatozoa,% 0.25[0.0; 0.88] 0.0 [0.0; 0.0]
Table 2

Functional indicators of spermatogenesis of white rats under the
in fluence of 10% minoxidil containing lotion

Indicators Indicators Experimental group
1 2 3
Acid resistance, pH 2.5[2.13; 2.5] 2.4 [2.0; 2.5]
Osmotic resistance,% NaCl solution 242 +0.3 248 +0.21

Redox reactions, min

65.0 [40.8; 73.8] 407.0 [266.5; 460.5] *

Spermatozoa motility, min

63.5[48.5; 75.5] 50.9 [39.0; 63.0] *

Also in the rats of the experimental group
the 6-fold inhibition of redox processes com-
pared to the control group (P < 0.05) was
observed. In the test to study the redox reac-
tions of spermatozoa the restoration (discol-
oration) of methylene blue under anaerobic
conditions due to the activity of respiratory
enzymes was observed. The data obtained dur-
ing the experiment indicate a mitochondrial
respiratory impairment, the development of
energy deficiency and, possibly, a decrease in
the rate of basic biochemical processes that
ensure the normal functioning of spermatozoa.

Conclusions. 1. The per cut application of
10% minoxidil containing lotion to male rats
caused a decrease in morphometric parameters
of the generative organs, as well as a change in
the functional parameters of spermatozoa —
time of motility and respiration rate.

2. Takin into consideration the uncon-
trolled and long-term use of 10% minoxidil
containing lotions by men of reproductive age
an in-depth study of its gonadotoxic effects in
experimental conditions in combination with
epidemiological studies among patients using
these lotions is deemed necessary.
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TOITYHUH BILTHUB JOCHHOHY 13 BMICTOM MIHOKCHIHIY HA MOP®OD®YHKI[IOHAIBbHI IIOKA3HUKH
PEITPOTYKTHBHOI CHCTEMH II[YPIB-CAMI[IB
B.A. Typkina, H.€. Yemodyposa, O.1. Ipywxa, I.B. Ipusueneii
Jvsiscokuil Hayionanvhuil meduunuii ynigepcumem imeni Januna Taruupkoeo, m. Jvsie, Yipaina

PE3FOME. Bcmyn. 3naunoi yeaeu 6 ycoomy cimi suxkaukae npobaema aroneyii, 04 AiKy6ants SKoi pekomeH008aHO UKOPUCIAH-
HA Ge3peyenmypHux 3acobie — A0CbIiOHi6 i3 eMicmom miHokcuduny. Ix cnocueaui uepes neeHi ncuxonoeiuni 3acmepesicerHs pioko
36epmaiombcs 00 Meoukie. Omoice, ye cnpuse 0e3KOHMPOAbHOMY BUKOPUCIMAHHIO 3aC00i8, a ikcayis ixHix nobiuHuX egexmie cmae
HEMOXCAUB0I0. Y Almepamypi 3’364510MbCst NOOOUHOKI NOIdOMACHHS U000 8NAUBY AOCHIIOHIE [3 6MICIOM MIHOKCUOUAY Ha (hepmunb-
Hicmb Yy 40108iKi8.

Mema. Bemarosumu opeaHomempu4Hi NOKA3HUKY CiM THUKI6 Ma iIXHIX npudamkie i (YyHKUiOHaAbHI napamempu cnepmamo30ioie y
CMAmeeo3pIAUX wypie npu MoniuHOMy 6nauosi Aocoiiony iz emicmom 10% minokcuduny.

Memoou. Ananimuuni, mMoKCUK0A02IMHI, CAMUCIUYHI.

Pesyavmamu. Becmanoeneno, wjo 6 ymosax 72-0eHH020 NepKymanHo20 HaneceHHs Aocbiiony i3 emicmom 10% minokcuouny 6io0y-
8aIOMbCS 3MIHU 8 OP2AHAX PenpoOOYKMUBHOI cucmeMu, IKI NPOABASIOMbCS SHUNCCHHAM MACU CiM SHUKI6 | enidudumycis, a maxoc
3MIHOI0 NIHILIHUX PO3Mipi6 0peaHie y ik 3MeHueHHs. 3a2anbHuil Yac pyxoeoi aKMUGHOCHI cmamegux KAimuH nicas AUy A0CbiOHY
i3 emicmom 10% miHoKCUOUAY MAE CMAMUCMUYHO OOCMOBIPHE SHUNICEHHS, MAKONC CHOCMEPI2anac 3a2aibMOBAHICIMb AKMUBHOCT
OKUCHO-BIOHOBHUX Npouecie Y 6 pazie y uypie ekcnepumenmanbioi epynu NOPIGHHO i3 KOHMPOALHOIO.

Bucnosku. Bpaxosyiouu ompumani dani ma 6e3xonmposnshe i 006eompusane 3acmocy8anis A0cbiionis iz emicmom 10% minoxcuduny
Y0108iKaAMU PenpodyKmueHo2o iKY, HeoOXiOHe no2aubnene 8UsHeHHs 1020 20HA00MOKCUUHUX e(heKmi6 8 eKCnepUMeHMAanbHUX YMO-
84X y KOMAAEKCI 13 enidemionoeiuHumu 00caiONceHHAMU ceped NAUIEHMI8, Wo BUKOPUCMOBYIOMb JaHi A0CbUOHI.

Katouogi caosa: minokcudun, 20HadomokcuuHicmos, cmamegospini wypu.

TOITHYECKOE BTHAHHE JIOChOHA, CONEPKAIIIETO MUHOKCHTHI HA MOPDODYHKITHOHA/IbHBIE
IIOKA3ATEJH PEITPOAYKTHBHOH CHCTEMBI KPBIC-CAMIIOB
B.A. Typxuna, H.E. Yemodyposa, O.U. Ipywxka, A.B. Ipusueneii
JIv6o6ckuil HauuonanbHblii MeouyuHcKuil ynusepcumem umernu Janusa Tanuykoeo, e. JIvéos, Yxpauna

PE3IOME. Bsedenue. [IpucmanvHoe 6HUMAHUe 80 6cem Mupe 8bl3bieaen npobdaema aroneyiil, 015 Ae4eHus KOmopoil peKomeHdy-
emcs UCnob308aHue 6e3peyenmypHbix cpeocms — A0CbOHO8 ¢ co0epicanuem MuHokcuoura. Hx nompedumenu uz-3a onpedeneHHbix
neuxonoeuuecKux npedpaccyokos pedko obpawaiomes Kk meduxam. Tlomomy amu cpedcmea 6ecKkoHmpoabHO UCNOALIYIOMCA, A QUK -
cayus ux nodouHbIX APpeKmos cmanosumcs Hego3ModxCHol. B aumepamype nosenaromes eduHuuHble cO0OUEHUS 0 GAUSHUU A0Ch-
0H08, COOEPICAUUX MUHOKCUOUN, HA (DePMUABHOCIL Y MYHCHUH.

Ileav. Yemanosums opeanomempuyeckie nokazamenu CeMeHHUK08 U UX NPUOAMK08, a makyice QyHKUUOHAAbHbIE NAPAMempb
CRepmMamo3oudos y noa0803peabix Kpbic npu MONUYECKoM 8030elicmeuy A0cboHa, codepicaueeo 10% murnokcuduia.

Memodvt. Anarumuueckue, moKcukosoeudecKue, cCmamucmu4ecKue.

Pesyavmamut. Yemanosaerno, ymo 6 ycaogusnx 72-0HeHo20 nepKkymanHo2o HaneceHus A0cboHa ¢ codepicanuem 10% munoxcuduna
HPOUCX00SMm U3MEeHeHUs 8 OPeaHax penpooyKMUBHOU CUCHEMbl, NPOABAAIOUUECS CHUNICCHUEM MACChI CEMEHHUK08 U ANUOUOUMYCo8,
a makxaice yMeHvUieHUeM AUHeliHbIX pazmepos opearos. Obuyee spems 08ueamenbHOl AKMUBHOCHU NOA0BLIX KAEMOK nocie 8030eli-
CMBUs YKA3AHHO20 N0CbOHA CIMAMUCMUMECKU 00CMOBEPHO CHUNCEHO, MAKXce 3aMe0ASNaCh AKMUBHOCMb OKUCAUMEAbHO-80CCMAHO-
BUMENbHBIX NPOLECCO8 8 6 pa3 y Kpbic IKCHEPUMEHMAALHOL 2PYRAbL N0 CPAGHEHUID ¢ KOHMPOAbHOIL.

Bot6oobt. Yuumoieas noay4ernvie 0annbie, 0eCKOHMPOAbHOE U OAUMeNbHOe NpUMeHeHUe 10Cb0H06 ¢ codepicanuem 10% murnokcudu-
A0 MYNCHUHAMU PenpoO0yKMUBHO20 803pacma HeoOXo0UuMo yeayoneHHoe usyuenue e2o 20HA00MOKCU4ecKux pgexmos 6 sxcnepu-
MEHMANBHBIX YCA0BUSX 8 KOMNAEKCe C INUICMUO0N0UHECKUMU UCCAeA08AHUIMU cPeOU NAYUEHM08, UCNOAb3YIOUUX OAHHbIE NOCHOHY.
Katouesvie caosa: munokcuoun, 20HadomoKCcUHHOCMb, N0A0B03PENbIE KPbICHL.
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