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Abstract

Isotretinoin is a vitamin A derivative, taken orally for the treatment of several dermatoses, including
severe acne. This condition affects, principally, 80% of adolescents, males being the most affected. The
objective of this study was to analyze the effects of isotretinoin on the reproductive system of pubertal males,
and the possible teratogenic effect on the offspring. 1 mg/kg/day of isotretinoin was administered to pubertal
male Swiss mice for 45 days, via gavage. On the 35th day the animals were placed to mate with females,
after which they continued to be treated for another 10 days, and on the 46th day the male mice were
euthanized. Vital and sexual organs of the males were analyzed for toxicity assessment and determination of
reproductive function. On the 18th day of pregnancy the females were euthanized for evaluation of
intrauterine development and the presence of congenital malformations in the offspring. The results
demonstrated that the administration of isotretinoin did not promote toxicity in males, but decreased the
weight of the reproductive organs, and decreased testosterone levels and the Johnsen score, including a
decrease in Sertoli and Leydig cell numbers. Isotretinoin promoted alterations in the spermatic morphology
of both head and tail, however, did not alter the fertility rate. Regarding the intrauterine development of the
offspring, there was no impairment of fetal growth; however, the drug led to decreased fetal viability,
increased resorption rate, and post implantation loss, added to which skeletal and visceral malformations
were identified. It is concluded that isotretinoin presented a potential toxic effect on the male reproductive
system by inducing spermatic alterations which had repercussions in offspring malformations.
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1. Introduction

Acne is a genetic-hormonal inflammatory
disease of the pilosebaceous follicles, which usually
appears at puberty and persists in adulthood ™. The
overall prevalence of acne in adolescents is 80%
[2]. Adrenal maturation and gonadal development
lead to androgen production, and subsequent
sebaceous gland enlargement, culminating in the
eruption of acne at puberty. Male adolescents are
the most affected .

13-cis-retinoic acid (isotretinoin, 13-cis-RA) is
a compound derived from vitamin A, used to treat a
variety of dermatoses, principally acne !, Retinoids
act in the growth and differentiation of epidermal
cells, in addition to interfering in the activity of the
sebaceous gland, possessing immunomodulatory
and anti-inflammatory properties .

According to Ellis, 2001 |, the adverse effects
of this drug are hepatic dysfunction, altered
metabolism, e.g., mucocutaneous effects ', and
neuropsychiatric symptoms !, It becomes highly
teratogenic when administered in the first trimester
of pregnancy %,

Studies examining the effects of isotretinoin on
male reproductive performance and offspring
development are scarce. Considering the
widespread use of this drug by men during
adolescence, the aims of this work was to evaluate
the effects of isotretinoin on the reproduction of the
pubertal male mice, and the possible effects on
offspring.

2. Materials and Methods

All procedures described in this study are in
accordance with the Ethical Principles of Animal
Experimentation of the Federal Council of
Veterinary Medicine and Law no. 9605 (regulated
by Decree 3179, December 21, 1999)] and were
approved by the Ethics Committee on Animal
Experimentation of the State University of
Londrina, no. 2919201779/2017.

2.1 Isotretinoin
Isotretinoin  is used in tablet form,
commercially known as Roacutan. In the treated

group 1 mg/kg/day of isotretinoin was administered
by gavage, and the control group received the
equivalent volume of vegetable oil excipient in the
same experimental design.

2.2 Animals

Swiss mice (Mus musculus) were used in the
study; 30 pubertal males and 60 mature, nulliparous
females. The animals were 35 days old, weighed
approximately 25 grams, originating from the
central laboratory of the Biological Sciences Center
of the State University of Londrina. During the
execution of this study, the animals were
maintained in a controlled lighting system,

light/dark cycle of 12 hours, at 22 + 2°C, with
access to water and feed ad libitum.

2.3 Experimental Design

The experimental design is summarized in
figure 1. The administration period was based on the
spermatogenic cycle of mice, corresponding to 35
days ™. On the 35th day the males were placed to
mate with females that had not undergone any
treatment, at the ratio of one male to two females.
The male animals continued to be treated for a
further 10 days, corresponding to two estrus cycles
in the females.

On the following days, at 12 hour intervals, the
female vaginas were examined to verify the

occurrence of a “vaginal plug” that determined day

zero of gestation, at which time the females were
identified and weighed.

2.4 Analysis of the males

On the 46th day, the males were euthanized by
cervical dislocation. Blood from the animals was
collected and a laparotomy performed to remove
organs such as the heart, lungs, liver, kidneys,
testes, epididymis, and seminal vesicles. The organs
were weighed and analyzed externally. The
collected blood was submitted to testosterone
dosage, using the radioimmunoassay method.
During the treatment period, body mass was
monitored and observation was carried out for the
presence of piloerection; diarrhea; motor skills; and
the occurrence of death, all clinical signs indicative
of toxicity.
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Figure I The general scheme of experimental design

For evaluation of spermatic morphology, the
methodology described by Wyrobek, 1983 ™ was
used. Spermatozoa were collected from the tail of
the epididymis and 400 cells per animal were
evaluated under a light microscope at 1000x

resolution. The testes were fixed in Bouin’s solution

and histologically processed using hematoxylin-
eosin dye for observation through microscopy.For
the analysis of spermatogenesis the protocol of
Johnsen, 1970 ™ was used. A total of 40
seminiferous tubules were analyzed per animal, and
the histological evaluation was classified on a scale
of 1 to 10, according to the presentation of the
tubules. The minimum score represents some cells
of the germinal line absent and few Sertoli cells in
the epithelium of the seminiferous tubule. The
maximum score represents the epithelium of the
seminiferous tubule with all the cells that make up
spermatogenesis, including Sertoli cells, which
were also quantified. This analysis was performed
with the aid of microscopic light at a resolution of
400x. For evaluation of the interstitial tissue, the
Leydig cells were counted in 20 different areas, per
animal, with the aid of a microscopic light, at a
resolution of 400x.

2.5 Fetal analysis

On the 18th day of gestation, the females were
euthanized by cervical dislocation, and a
laparotomy and hysterectomy performed to analyze
the uterine contents, verifying the presence of
resorptions, number of live and dead fetuses, and
placental weight. From these data, the resorption
index, post-implantation loss index, fetal viability
index, and placental index were calculated.

All live fetuses were weighed, measured, and
evaluated externally. The correlation of fetal weight
to gestational age was also verified, according to
Calderon ™). For evaluation of congenital
malformations, half the fetuses were fixed in

Bodian’s solution for the visceral analysis, and the

other half in acetone for the skeletal analysis ™*.
The visceral analysis was performed through the
cuts/microdissection proposed by Barrow and
Taylor *! and to study the thorax, abdomen, and
head the strategic cuts proposed by Wilson ** were
used. The fetuses submitted to skeletal analysis
were evaluated for the detection of abnormalities of
the skull, sternum, vertebrae, ribs, pelvis, clavicle,
phalanges, metacarpal, and metatarsal, according to
the Taylor method ™. These evaluations were
carried out under a stereoscopic microscope.
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2.6 Statistical Analyzes

After verifying the normality of the samples
with the Shapiro Wilk test, the T test associated
with one-way ANOVA were used for the
quantitative analyzes, such as organ weight,
testosterone dosage, histological analysis of the
testes, and uterine contents. For the qualitative
analyzes, such as morphology of spermatozoa, the
Chi-Squared test was used and Fisher's test for
analyzes of skeletal and visceral malformations.
The statistical program used was GraphPad Prism
and the level of significance adopted was 5%.

3. Results

3.1 Analysis of the Males

There were no significant alterations in the
organs lung, heart, kidneys, and liver as shown in
table I. In addition, there were no clinical signs of
toxicity such as piloerection, redness of eyes,
decrease in body mass, diarrhea, lack of motor
coordination, or death in the males.

With regard to the reproductive organs, we
observed a decrease in epididymal, vesicle, and
testis weights significant compared to the control
group. The testosterone dosage was also lower in
the treated group, according to the data shown in
table |

Table | Parameters related to toxicity of the male mice.

Parameters G, G,

Number of males 15 15
Weight gain (g) -0.554 + 0.669 -0.650 = 0.749
Lung (g) 0.228 £ 0.015 0.239+£0.012
Kidneys (9) 0.513+0.017 0.505+0.013
Liver (9) 1.887 £ 0.065 1.882 + 0.061
Heart (g) 0.166 + 0.006 0.161 + 0.005

Data presented as average and error. Tests used T Test/ANOVA. G, corresponds to the control group and

G; to the treated group.

Table Il Evaluation of reproductive organs and testosterone dosage.

Parameters G, G,
Number of males 15 15
Epididymis (g) 0.105 + 0.002 0.080 + 0.002*
Filled vesicles (g) 0.222 £ 0.015 0.176 £ 0.013**
Empty vesicles (g) 0.147 £ 0.012 0.105 £ 0.009**
Testes (g) 0.221 + 0.009 0.199 + 0.010*
Testosterone (ng/ml) 242.3+0.592 216.2 + 0.464***

Data presented as average and error. Tests used T Testt ANOVA. Gq corresponds to the control group and G; to the treated group.

Significance * p < 0.5 **p < 0.01 and ***p < 0.001.
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Table 111 Histological analysis of the testes.

Parameters G,
Number of tubules analyzed 40
per animal
Johnsen Score 9.28 +0.108 8.47+ 132%**
Sertoli cells 8.57+0.572 8.00 + 0.348*
Leydig cells 4.41 +0.149 2.58 £ 0.193***

Data presented as average and error. Tests used T Test/ANOVA. G, corresponds to the control group

and G; to the treated group. Significance * p < 0.5 and ***p < 0.001.

Table Il shows the results of the Johnsen
analysis performed on the testes. In the
morphological evaluation of the spermatozoa, there
were head and tail abnormalities in the treated
groups. The principal morphological alterations of
the sperm heads were bifurcations,

absence, and irregular shape. The tail alterations
were extensions, shortenings, and bifurcations. Data
shown in table 1V,

The analysis of reproductive performance in
both groups presented a fertility rate of 90%,
according to the data shown in table V

Table 1V:Morphological evaluation of the spermatozoa contained in the epididymis.

Parameters Go G,

Number of spermatozoa analyzed per animal 400 400
Spermatozoa with alteration in tail 16.80% 22.57%*
Spermatozoa with alteration in head 1.70% 6.60%*

Data presented in % of malformations of spermatozoa in each group. Test used Chi-Squared test. Gy

corresponds to the control group and G; to the treated group. Significance *p < 0.5.

Table V:Analysis of reproductive performance.

Parameters G,
Fertile males/number of 15/15 15/15
mated males
Pregnant females/number of 27/30 27/30
mated females
Fertility rate (%) 90

Data expressed as absolute values and %. Tests used T Test/ANOVA. G, corresponds to the control

group and G; to the treated group.
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3.2 Analysis of fetuses resorptions, resorption rate, post implantation losses,
and fetal viability, when compared to the control
animals. The results corresponding to the numbers
of implantations, placental index, uterine weight,
and placental weights were not statistically
significant, according to the data presented in table
VI.

The uterine contents of the females were
analyzed in order to verify intrauterine development.
The parameters of the treated group which
presented statistically significant alterations were
the presence of a lower number of live fetuses,

Table VI:Analysis of the parameters of intrauterine development.

Parameters Gy G,
Number of females analyzed 27 27
Number of implantations 12.440 + 0.699 12.220 + 0.865
Number of live fetuses 10.220 £ 0.641 8.296 £ 0.736 *
Number of resorptions 2481 +£0.438 3.852 + 0.626 *
Resorption rate (%) 21.020 £ 3.392 29.330 £ 4.417**
Post Implantation Losses (%) 21.510 £ 3.347 29.540 * 4.414**
Fetal viability (%) 78.490 + 3.347 70.460 + 4.414%*
Placental Index 0.082 + 0.002 0.077 £ 0.004
Weight of uterus (g) 17.080 + 0.950 16.840 + 1.130
Individual placental weight () 0.106 = 0.030 0.098 + 0.005

Data presented as average and error. Tests used T Test/ANOVA. GO corresponds to the control group and G1 to the
treated group. Significance * p < 0.5 and **p < 0.01.

There were no statistically significant decreases in fetal weight or length, according to the data shown in
Table VII.

Table VII:Fetal weight and length.

Parameters Go G,
Number of fetuses analyzed 276 274
Fetal weight (g) 1.307 £ 0.028 1.318 £ 0.024
Fetal length (cm) 2.760 + 0.021 2.724 +0.032

Data presented as average and error. Tests used T Test/ANOVA. GO corresponds to the control group and G1 to the
treated group. Significance * p < 0.5 and **p < 0.01.

The correlation analysis of fetal weight for gestational age showed that all fetuses presented adequate
weight for gestational age (Figure 11).
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Figure Il Adequacy of fetal weight with gestational age of offspring.

Data presented in absolute values. Test used - Fischer test. G, corresponds to the control group and G; to the treated
group (PIP: low weight for the age of pregnancy; AIP: adequate weight for the age of pregnancy; GIP: high weight for
the age of pregnancy).

Skeletal  malformations that presented  supraoccipital bones presented division in the
significant alterations were irregularity of the  middle, and the sternums with irregular formats.
sternum and supraoccipital bones, the absence of  The total number of fetuses analyzed was 139 for
palates, and basisphenoids. The majority of the treated group and 143 for the control group.

Data shown in table VIII.

Table VIII:Analysis of skeletal malformations of offspring.

Parameters Frequency % Gy Frequency % G,
Number of 143 139
fetuses
analyzed
Sphenoid 0 0 6 4.31*
Hyoid Body 0 0 2 1.43
Sternum 13 9.09 36 26.90***
Interparietal 1 0.70 4 2.87
Carpal bone 2 1.40 4 2.87
Tarsus bone 2 1.40 4 2.87
Palate 1 0.70 14 10.07**
Supraoccipital 14 9.79 44 31.65***

Data presented in absolute and percentage values. Test used - Fischer test. G, corresponds to the control group and G; to
the treated group. Significance *p<0.5; **p < 0.01 and ***p < 0.001.
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The total number of fetuses analyzed was 133
for the control group and 135 for the treated group.
The data of the visceral analysis that presented

statistically significant alterations were the
olfactory bulbs, heart, lungs, kidneys, and nasal
septum. Data shown in table 1X.

Table IX:Analysis of visceral malformations of offspring.

Parameters Frequency % Gy Frequency % G,
Number of 133 135

fetuses

analyzed

3" Ventricle 0 0 3 2.22
4" Ventricle 4 3.01 8 5.93
Bladder 1 0.75 5 3.70
Olfactory Bulb 0 0 7 5.18*
Heart 4 3.01 16 11.85**
Testicular 2 1.50 2 1.48
Ectopia

Lungs 3 2.26 11 8,15*
Kidneys 2 1.50 7 5.18*
Nasal septum 2 1.50 12 8.88**

Data presented in absolute and percentage values. Test used - Fischer test. Go corresponds to the control group and G; to

the treated group. Significance *p<0.5; and **p < 0.01.

4. Discussion

Testing medicines to determine the possible
harmful health effects and exposure levels that can
be considered safe is of utmost importance. The
majority of adverse effects involving the use of
retinoids, including isotretinoin, are related to the
skin and mucous membranes, nervous system,
skeletal muscle, hematopoietic, lymphatic,
gastrointestinal, cardiorespiratory, genitourinary ™**
and effects on reproduction %,

The data obtained in the present study showed
that the use of 1 mg/kg/day of isotretinoin did not
promote alterations in animal weight gain during
treatment, there were also no alterations in vital
organs and no clinical signs of toxicity. However,
there was a significant decrease in the reproductive
organs and in the level of testosterone.

In the histological evaluation of the testicles,
the Johnsen score demonstrated that the treated
group presented alterations in cells during the
spermatogenesis process when compared to the

control group. The factors that influenced the score
were decreases in the numbers of Leydig cells,
Sertoli cells, and cells of the germinal line of the
seminiferous tubules analyzed.

Sertoli cells play a key role in the regulation of
spermatogenesis and mediate the action of
testosterone and follicle-stimulating hormone in the
testes °?. In addition, they exhibit functions of
support and nutrition of germinal cells, absorb the
cytoplasmic remains of the spermatids during
spermiogenesis, and transport the immature
spermatozoa towards the tubular lumen [,
According to MENDIS-HANDAGAMA and SIRIL
ARIVARATNE, 2005 % the Leydig cells
differentiate during the pre-pubertal period and have
as precursors the mesenchymal cells of the
peritubular region. FAWVETT et al., 1973 *°
suggest that the quantity of Leydig cells and
disposition of lymphatic vessels in mammals are
related to appropriate concentrations of androgens
in the testes and in the blood vessels. Testosterone
plays a key role in puberty, stimulating the growth,
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development, and secretory activity of vesicular
glands, in addition to prolonging the life span of
spermatozoa in the epididymis “* ?*). Testosterone
is involved in the developmental process of puberty,
spermatogenesis, and development of secondary
sexual characteristics ). According to CHAUHAN
et al., 2007 ", the structure and functionality of the
epididymis are dependent on testosterone levels.

According to ZHOU et al., 2008 ! the
combined actions of FSH, testosterone and retinoic
acid are essential for normal mammalian
spermatogenesis. FSH acts on Sertoli cells and can
affect spermatogenic populations. Retinoic acid acts
on both Sertoli cells and germinal cells and pushes
undifferentiated spermatogonia into the pathway of
differentiation and, eventually, into meiotic
prophase. Any imbalance in the concentration of
retinoic acid may cause alterations in the
differentiation of undifferentiated spermatogonia at
the beginning of meiosis and, possibly, at the
beginning of the cycle of the seminiferous
epithelium.

Testosterone also acts on Sertoli cells and is
required for the formation of spermatozoa.
TRAUTMANN et al., 2008 *” and LIVERA et al.,
2002 % demonstrate that the administration of
retinoic acid in germ cells is well regulated and that
different germinal cells can respond to retinoic acid

in different ways. It's important to mentioned that

testosterone biosynthesis is regulated primarily by
pulsatile secretion of LH %,

According to RAYCHOUDHURY et al., 2000
(321 Sertoli cells and Leydig cells may be susceptible
to the action of numerous toxic substances that
induce morphological and functional alterations,
compromising the development of spermatogenesis.
Thus, it is suggested that the administration of
isotretinoin induced functional alterations of the
testicular and morphological endocrine portion of
the epididymis, seminal vesicles, and Leydig and

Sertoli  cells and, consequently, affected
spermatogenesis.
The morphological alterations found in

spermatozoa heads were bifurcations, absence, and
irregular shape. The tails presented extensions,
shortenings, and bifurcations. According to BASTH
and OKO, 2000 ¥ spermatic defects can be
influenced by functional variations compromising
sperm  morphology, from the onset of

spermatogenesis in the seminiferous tubules as
well as during the period of maturation and storage
of spermatozoa in the epididymis. The results
obtained for the percentages of sperm abnormalities
enables establishment of a correlation with the
alterations in the seminiferous epithelium and the
reduction in the epididymides.

Although the morphological alterations of the
spermatozoa compromise the motility and,
consequently, fertilization, in this research the
morphological alterations did not affect the fertility
rate. However, the alterations influenced the
survival of the offspring, reducing the number of
live fetuses which had repercussions on the
reduction of fetal viability and placental index;
increased resorption, and post-implantation loss,
leading to a greater number of abortions. One of the
most common causes for spontaneous abortion is
morphological alterations in the heads of
spermatozoa. These alterations are associated with
chromosome aneuploidies, that is, the genetic
information necessary for the offspring is
compromised. Some aneuploid embryos implant
and evolve with chromosomal abnormalities, while
others are aborted /.

The fetuses did not present altered length or
weight when compared to the control group. The
correlation between fetal weight and gestational age
was adequate. These data demonstrate that the drug
did not alter fetal growth. With regard to the
skeletal malformations identified in the offspring of
the isotretinoin group, the bones were the sphenoid,
sternum, supraoccipital and palate, while the
principal visceral malformations observed in this
group were dilations in the heart, lungs, Kidneys,
nasal septum, and olfactory bulb. Considering that
the females were not exposed to any teratogenic
agent, the occurrence of congenital malformations
can be attributed to paternal exposure to the drug.
EVGENI et al., 2014 *°, showed that alterations in
the heads of spermatozoa cause congenital
abnormalities in the offspring of these individuals
due to modifications in paternal genetic material 1*°'.
According to the findings of the present study it is
believed that isotretinoin has genotoxic potential in
spermatozoa, promoting an increase in the abortion
rate and skeletal and visceral malformations
observed in the offspring.
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5. Conclusion

The data obtained in the present study
demonstrate that paternal exposure to isotretinoin
exerted a toxic effect on the reproductive organs,
altered the spermatogenesis, affecting the endocrine
portion of the testes, and was teratogenic to the
offspring. The decrease in numbers of Sertoli and
Leydig cells and decreased testosterone production
that culminated in alterations in the structure of
spermatozoa demonstrate a degenerative testicular
process. Structural alterations in the spermatozoa
were associated with congenital malformations
observed in the offspring. This drug at the dose and
design proposed by the present study can be
considered harmful to health, serving as an alert for
greater attention and follow-up of adolescent men
who are treated with isotretinoin.
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