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Objectives: Spermatogenesis, in which cell
regeneration continues, can be affected by
environmental, chemical, psychological factors or various dis-
eases. There is conflicting information in the literature about the
effect of isotretinoin, which is widely used in acne treatment, on
testes and spermatogenesis. Therefore, we planned a rat study
to evaluate the long-term efficacy of oral isotretinoin on testicu-
lar tissues and spermatogenesis.

Materials and methods: The Group 1 (n = 6) 7.5 mg/kg/day and
the Group 2 (n = 6) received isotretinoin at a dose of 30
mg/kg/day dissolved in sunflower oil, the Sham Group (n = 6)
received only sunflower oil by gavage, and the control group

(n = 6) received standard feed and water for four weeks. After
the 4" week, all animals were fed with standard feed and water
and followed for the next four weeks. At the end of the 8" week,
all animals were sacrificed under deep anesthesia. Seminiferous
tubule diameters, epithelial thickness, apoptotic index, sperm
number and motility recorded

Results: Sperm count, motility, vitality, diameter of seminiferous
tubule and germinal epithelium thickness were decreased and
apoptotic index increased in the groups received isotretinoin.
There was no significant difference between the groups in terms
of testosterone levels.

Conclusions: We consider that further comprehensive studies,
including human clinical trials, should be conducted to examine
the negative effects of isotretinoin on spermatogenesis in the
long term especially when there is a need using isotretinoin in
men for various reasons and to eliminate the contradictions in
the literature in this regard.
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INTRODUCTION

Spermatogenesis is a complex process in which mature
sperm cells are formed from spermatogonial stem cells as
a result of mitosis, meiosis, and cell differentiation. In this
active process, the cell cycle continues in seminiferous
tubules, which can make the spermatogenetic process sen-
sitive to various factors such as environmental, chemical,
toxic and pharmacological agents. One of them is

isotretinoin, which is widely used in the treatment of acne,
one of the most common and disturbing diseases among
young people. Isotretinoin is the only drug effective on all
pathogenic mechanisms of acne, such as inflammation,
increased sebum secretion, overgrowth of bacteria such as
Propionibacterium acnes, and ductal hypercornification (1).
Although oral isotretinoin is a very effective treatment, it
has a teratogenic effect in pregnant women (2). However,
there is controversial information on the effect of
isotretinoin in men. While there are several studies on
spermatogenesis, we have limited information on the
long-term effectiveness of isotretinoin use on testicles and
spermatogenesis. In addition, it may not be ethically
appropriate to conduct studies for evaluating its histolog-
ical effects in humans. As there is no clear information
about the effects of isotretinoin on spermatogenesis, this
situation can be a matter of concern and curiosity in male
patients using the drug and physicians recommending this
drug. Therefore, we planned a rat study to evaluate the
long-term efficacy of oral isotretinoin on testicular tissues
and spermatogenesis.

MATERIALS AND METHODS

Animals

The animals were procured from the Samsun Experimental
Animals Research and Ethical Application Center (EARAC)
after obtaining an ethics committee approval from the
Animal Studies Ethical Committee at Ordu University. This
study was performed in accordance to the Guiding
Principles for the Care and Use of Laboratory Animals.
In our study, we used a total of 24 male Wistar-albino
rats, 4-8 weeks old, with an initial weight of 250-300 g.
The rats were housed in rooms at 22 + 1°C and 45-55%
humidity, ensuring 12-hour light and dark cycles and
including a maximum of 3 rats in each cage. The temper-
ature and humidity were measured by thermometer and
hygrometer, respectively. The ventilation was provided
by a room aspirator. The rats had free access to feed and
water. All rats were fed with normal rat chow (Nucleon,
Ankara, Turkey).

Archivio Italiano di Urologia e Andrologia 2023; 95(3):11502

1



A. Cirakoglu, S. Onder, H. Hanc, et al.

Formation of the groups and experimental design

A total of 24 male Wistar-albino rats, 4-8 weeks old, were
used and randomly divided into 4 groups, including 6 in
each group. The Group 1 (n = 6) received isotretinoin
(Roaccutane, Roche, Basel, Swiss) at a dose of 7.5
mg/kg/day dissolved in sunflower oil, the Group 2 (n = 6)
received isotretinoin at a dose of 30 mg/kg/day dissolved
in sunflower oil, the Sham Group (n = 6) 6) received only
sunflower oil by gavage, and the control group (n = 6)
received standard feed and water for four weeks. After the
4th week, all animals were fed with standard feed and
water and followed for the next four weeks. At the end of
the 8th week, all animals were sacrificed by cervical dis-
location under deep anesthesia with intraperitoneal of
ketamine 90 mg/kg (Ketalar; Eczacibagi, Istanbul, Tiirkiye)
and xylazine hydrochloride 3 mg/kg (Rompun; Bayer,
Leverkusen, Germany). Their testicles were excised bilater-
ally and their epididymis and testicular tissues were sep-
arated from each other for analysis.

Biochemical analyses in serum

After being kept at room temperature for 30 minutes, the
blood specimens placed into gel-containing tubes were
centrifuged at 3000 g for 15 minutes. The serum samples
separated from the centrifuged blood were stored at -80°C
until analysis. Their testosterone, FSH and LH levels were
measured after the serums were dissolved (Cobas 8000 e
602, Hitachi, Roche autoanalyzer).

Histological procedure

At the end of the experiment, while the animals were
under deep anesthesia, a midline incision was made, and
their testicular and epididymis tissues were meticulously
separated from the surrounding tissues. Then their epi-
didymis and testicular tissues were separated from each
other for analysis. The epididymis tissues were placed in
Tris phosphate buffer solutions and the testicular tissues
in Bouin solutions for fixation after they were divided ver-
tically into two pieces. After the tests were fixed in Bouin
solution, the entire half tests were kept for 3 days in a dry
environment protected from light. The tissues were then
subjected to routine histological tissue follow-up proce-
dures on the Thermo Scientific Excelsior™ AS (Thermo
Fisher Scientific, Waltham, MA USA), an automatic tissue
tracking device.

After the follow-up process, the tissues were blocked by
embedding in paraffin in HistoCore Arcadia H and
HistoCore Arcadia C (Leica Biosystems Nussloch GmbH,
Nussloch, Germany).

Then, 5-um thick sections were taken with a fully auto-
matic microtome (Leica RM 2255, Tokyo, Japan). The sec-
tions were mounted on slides and stained with hema-
toxylin and eosin (H & E, Leica autostainer XL, Minnesota,
USA) for histopathological examination and measure-
ments of seminiferous tubule diameter and epithelial
thickness. The seminiferous tubule diameter and epithe-
lial thickness were measured using the Olympus DP 71
camera-mounted microscope (Olympus, Tokyo, Japan).
The Analysis 5 Research (Olympus Soft Imaging Solution
GmbH, Miinster, Germany) program was used for this pur-
pose and the properties of the interstitial space. We used
the same microscope to take photographs.

Epididymal sperm count, and sperm motility and vitality
The right epididymis was used to evaluate epididymal
sperm count, sperm motility and viability. The epi-
didymis was placed in a Petri dish with 2 ml of Tris buffer
solution and divided into 4 parts. It was incubated at
37°C for 30 min to permit sperm release. Sperm count
and motility were evaluated using the Makler sperm
counting chamber (Sefi -Medical Instrument, Haifa, Israel).
Five milliliters of sperm fluid were dropped from the
homogenate into the center of the chamber, and the glass
lid was closed. Thus, the sperms were allowed to swim in
the area with a depth of 10 pm. The sperm count was per-
formed by a light microscope at x 100 magnification.
Percentages of the motile sperm were calculated among at
least 100 spermatozoa. Then, to evaluate sperm viability,
5 ul of sperm sample was placed on slides, a drop of 1%
eosin Y was added and closed with a coverslip. It was
evaluated by counting 100 motile and immotile sperms in
different areas at x 200 magnification. Orange colored
sperms were considered dead, and the unstained ones
were considered alive. The percentage of viable sperms
was calculated (3).

TUNEL staining and apoptosis

Apoptosis was examined using TUNEL staining to detect
DNA fragmentation in the seminiferous tubule epitheli-
um. TUNEL staining was performed using the In Situ Cell
Death Detection Kit (Roche Diagnostics, Mannheim,
Germany). Evaluation of the TUNEL stained sections was
performed using the light microscope at x 400 by an
experienced histologist blinded to the identity of the
specimens. TUNEL-positive cells with no necrotic areas
and a brown nucleus were considered apoptotic. TUNEL-
positive cell numbers in 10 seminiferous epithelium
regions and the total number of cells were used to calcu-
late AI (TUNEL-positive cells/total cells x 100) (4).

Statistical analysis

The data were tested for normality using the Shapiro-
Wilk test and for homogeneity of variance using the
Levene's test prior to the analyses. One-way ANOVA fol-
lowed by Tukey as post-test was used to compare the
groups. Descriptive statistics of the data set were
expressed as means, standard deviations, and minimum
and maximum values. A p-value less than 0.05 (two-
sided) was considered statistically significant. All statisti-
cal analyses were performed using the SPSS v25 (IBM Inc.,
Chicago, IL, USA) statistical software.

RESuLTS

As a result of the analysis of variance for sperm motility,
the difference between the groups was found to be statis-
tically significant (p < 0.001). As a result of the Tukey test
performed to determine different averages, the sperm
motility rate in Group 1 and Group 2 was significantly
lower than the control and Sham groups, but there was
no significant difference between the control and Sham
groups (p > 0.05) (p < 0.05). In addition, the decrease in
sperm motility was higher in the Group 2 than in the
Group 1.

As a result of the analysis of variance for sperm count, the
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difference between the groups was found to be statistical-
ly significant (p < 0.0). As a result of the Tukey test, the
sperm count was significantly lower in the Group 2 than
in the control group (p < 0.05), but the differences
between the other groups were not statistically significant
(p > 0.05).

As a result of the analysis of variance for sperm vitality,
diameter of seminiferous tubule, germinal epithelium
thickness, and apoptotic index, the differences between the
groups were found to be statistically significant (p < 0.001)

(Table 1). As a result of the Tukey test performed to
determine different averages; while there was no signifi-
cant difference between the control and Sham groups
(p > 0.05), the Groups 1 and 2 had significantly lower
sperm vitality, diameter of seminiferous tubule (p < 0.05)
and germinal epithelial thickness (p < 0.05) and higher
apoptotic index value than the control and sham groups
(p < 0.05) (Figure 1).
As a result of the variance analysis performed to compare
the testosterone amounts of the groups, the difference
between the group averages was not

Table 1. - L ) ) found to be statistically significant
Descriptive statistics and the results of statistical analysis for the study variables. (p > 0.05).
Variables Group N Mean Std. Dev. Min-Max P-value For all groups, FSH and LH values
Spem Motity (%) Contrl § 71,802 159 69567368 | <0001 (F-5124) | were below 0.10 mIU/ml, therefore it
Sham 6 71.10a 220 68.96-75.00 was not possible to compare their FSH
Group 1 5 63.430 492 56.52-68.96 and LH values. There was no statisti-
Group 2 6 53.85¢ 209 51.72-56.52 cally significant difference between
Number of Sperm x10° Control 6 31.50a 5.58 23.00-38.00 | <0.05 (F=3.67) the groups in terms of testosterone
Sham 6 | 267 505 2000-34.00 levels.
Group 1 5 25.80ab 3.56 21.00-29.00
Group 2 6 22.67b 4.68 16.00-29.00
Sperm Vitality (%) Control 6 15.67a 4.63 70.00-82.00 | <0.001 (F = 10.20)
star ° 163 o 10008400 glostfeliisnsolﬁlN is a synthetic retinoid
Group 1 5 64.00b 583 56.00-72.00 .
Gioup 2 6 6367 557 56.00-70.00 used in the treatment of severe nodu-
Diameter of Seminiferous Tubule Contol 6 | 2393 90 28175281 | <001 (F-075 | locystic acne where other treatments
Sham 6 236.32a 6.58 297.63-244.35 have failed (5) Retinoids are also
Group 1 5 19627 759 187.96-204.48 used to manage other dermatological
Group 2 6 195340 6.44 187.20-203.68 conditions, such as rosacea, folliculi-
Germinal Epithelium Thickness Control 6 87.69a 443 82.14-92.64 | <0.001 (F=75.92) tis, sarcoidosis, granuloma annulare,
Sham 6 83.74a 44 78.96-88.93 seborrheic dermatitis, and a variety of
Group 1 5 61.730 5.20 56.66-69.10 keratinization disorders (6). Although
Group 2 6 58.580 193 55.87-60.80 isotretinoin has been used for many
Apoptotic Index (%) Control 6 3.41b 093 225484 | <0.001 (F=26347) years, hesitations about its side effects
S g i U B still exist. Both human and animal
Gioup 1 ; 2162 280 538245 studies have reported that it has seri-
Group 2 6 31.9%a 3.66 27.87-31.84 k .
oo AL ous teratogenic effects, decreasing
According to Tukey's test, means that do not share a letter are significantly different (p < 0.05). ovarian reserves after 6 months of use
of isotretinoin in women (2, 7, 8).
Given the wide clinical usage of
Figure 1. retinoids, clarification of whether
Box-plot of the study variables in the groups. retinoids affect the reproductive sys-
tem in male patients of childbearing
Comtind Comp | Crmp ! Yham age is urgently needed. In addition,
Tparm Mar My 0] lembu oioamxlse | e T W 0) there are conlflicting results regarding
T = its side effects on male reproductive
™ I system. Studies have argued that both
- ” = .rz deficiency and high levels of vitamin
w = 1 - R A suppress spermgtogenesis ).
I [ ﬂ Some other studies have suggested
o [ | 2 @ | that vitamin A is necessary for sper-
| : | T = matogenesis and its deficiency may
Plamc o #f ScminiToroes Tuinig Garmivml [ptthalium Thickies | o, Apapiots x4} cause defects in germ cell and testos-
i w % i.| terone production (10).
! E Y E| = Some human studies argue that
= = isotretinoin has a positive effect on
. m sperm parameters, however we have
1 reached the opposite results in our
2 H H - - o study. For example, Cinar et al.
: (B - - administered a cumulative dose of
Conml Crmp ] Grop? Vi Conirsl Tavap] Gioep?  Sham isotretinoin to 81 male patients to
investigate the effects of systemic
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isotretinoin on male fertility. They examined spermiogram
parameters (sperm concentration, total progressive motil-
ity, total progressively motile sperm, normal morphology
and viability) and total testosterone, FSH and LH levels
before and after the treatment. They observed no signifi-
cant change in the hormone profile after the treatment,
but found significant positive changes in the spermiogram
parameters (11). Amory et al. administered isotretinoin to
patients between the ages of 21 and 60 years with
impaired sperm parameters, and found no significant
change in their sperm motility, but observed an increase
in their sperm concentrations (12). On the other hand,
some other human studies reported that isotretinoin treat-
ment did not affect spermatogenesis and hypothalamic-
pituitary-gonadal axis (13-15).

The reason for the different results in our study and those
mentioned above may be due to the difference in molecu-
lar doses, various uncontrollable non-standard subjective
factors that affect the sperm parameters of people with dif-
ferent physical factors such as environment and diet. The
wide age range of participants or the investigation of peo-
ple with damaged spermatogenesis may be the reason for
this difference alone. In addition, due to the nature of the
research and ethical restrictions in these human studies, it
was tried to have an idea by looking at very limited sperm
parameters. Apart from this, most of these studies in
humans do not have a placebo and control groups. Our
study is valuable as it provides objective histopathological
data with peers raised in controlled environments togeth-
er with standard environment and environmental factors.
So much so that at the end of our study, we found that
isotretinoin reduced sperm motility, viability and num-
bers, decreased germinal epithelial thickness and seminif-
erous tubule diameters, and impaired spermatogenesis by
stimulating apoptotic index in testicles. Also, interesting-
ly, despite studies claiming that synthetic retinoids may
have beneficial effects on semen parameters, isotretinoin
has never been offered as a treatment option in patients
with impaired spermiogram parameters (16).

Sengor et al. examined the effects of another synthetic
retinoid, acitretin, on spermatogenesis, reported no sig-
nificant change in the spermatogenesis evaluation and
mean tubular diameter between the acitretin-treated and
control groups, and found that acitretin had no effect on
spermatogenesis (17). We found the opposite results in
our study and reached objective histopathological data
showing that retinoids stimulate the apoptotic index. This
difference may be due to dose-dependence or because
Sengor et al. could not control some valuable parameters,
including the apoptotic index.

Apoptosis is a complex event regulated by the balance of
inducer and repressor factors. It has a critical role in the
elimination of damaged spermatogonial cells to prevent
the production of abnormal sperm cells (18).
Spermatocytes that cannot complete their mitotic division
are eliminated by apoptosis (19). Apoptosis in germ cells
increases in infertile men (20, 21). Our study found sig-
nificantly higher apoptotic index in both the groups 1
and 2 than in the control group. This increase in the
apoptotic index may be a natural regulation to protect
against possible teratogenicity. In addition, although the
exact mechanism of action of retinoids is not known, they

stimulate apoptosis in sebaceous glands and disrupt cell
cycle arrest (22, 23).

Spermatogenesis is an active process in testis, including
continuous cell cycle. It is a natural result that systemic
isotretinoin acts on the seminiferous tubules, where cell
division continues, along with the sebaceous glands. We
consider that this may be the reason for the deterioration
in sperm quality and the increase in apoptotic index in
our study. Like our study, a study examined the apoptot-
ic index and suggested that isotretinoin had damaging
effects on spermatogenesis (24). Studies about the rela-
tionship between different molecules and spermatogene-
sis have shown an inverse relationship between apoptot-
ic index and spermatogenesis, and this result is in line
with those in our study (25, 26). The apoptotic index has
not been examined in any of the studies suggesting that
isotretinonin has a positive effect on spermatogenesis. If
isotretinoin had a spermatogenesis stimulating effect as
claimed, it should have decreased in the apoptosis index.
However, such information is not mentioned in the pre-
sented studies.

In particular, the germinal epithelium in the seminiferous
tubules is the testicular component directly related to
spermatogenic activity (27). Therefore, germinal epithe-
lial thickness is a useful parameter in evaluating sperm
production (28). It decreases due to decreased cell divi-
sion (29). Isotretinoin-induced cell cycle arrest may also
be responsible for the decrease in germinal epithelial
thickness, which is one of the results of our study, and
therefore the decrease in sperm counts. In our study,
isotretinoin decreased germinal epithelial thickness and
seminiferous tubule diameters and sperm concentration
in testis. These results suggest that isotretinoin has seri-
ous damaging effects on spermatogenesis, which is in line
with the histopathological results in the literature indicat-
ing impaired spermatogenesis.

Sperm motility is an absolutely necessary function for male
fertility. Although it has not been fully explained how the
sperm gain this ability while passing through the epi-
didymis, it is known that various signaling pathways are
effective in developing this ability (30, 31). To be motile,
human sperm need a morphologically complete flagellum,
be able to produce energy to power flagellar movement
and functional signaling pathways. Although our study did
not reveal precisely which part of this system isotretinoin
affects, it has clearly shown that isotretinoin decreases
sperm motility in both groups using drugs.

The effect of environmental factors on spermatogenesis is
well known. Several factors such as environmental toxins,
diet, stress, drugs, frequency of ejaculation can affect
sperm parameters (32, 33). In human studies, it is prac-
tically not possible to ensure that all subjects live under
the same conditions. This may be the reason for contra-
dictory results in studies. We consider that our results are
more reliable since the feeding and environmental condi-
tions of all animals were standard. We also think that our
study is more objective, as it revealed the drug’s negative
effects on testicular tissue histologically (Figures 2, 3).
There are also conflicting results regarding the effects of
isotretinoin on pituitary hormones. In their study with 47
patients, Karadag et al. (22). reported that isotretinoin
may have an effect on pituitary hormones. Cinar et al., on
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Figure 2.
Histological sections in rat testis stained with hematoxylin

and eosin (H=E, x400). Control group (C), sham group (S), 7.5 mg/kg
isotretinoin and 30 mg/kg isotretinoin.

Figure 3.
Histological sections in rat testis stained with TUNEL (x400). Control group
(C), sham group (S), 7,5 mg/kg isotretinoin and 30 mg/kg isotretinoin.
Normal cells (right arrow) and apoptotic cells (arrowhead).

C: Seminiferous tubule (star) with regular germinal epithelium and normal
structure observed, spermatozoa in the seminiferous tubule lumen
(arrowhead), interstitial area with normal structure and Leydig cell (lower
arrow);

S: Seminiferous tubule (star) with regular germinal epithelium and normal
structure observed, spermatozoa in the seminiferous tubule lumen
(arrowhead), occasional vacuolization around spermatogonium (dashed right
arrow)

7.5 mg/kg: Loss or reduction of spermatozoa (star), vacuolar degeneration
(right arrow), opening between seminiferous tubule basal membrane and
germinal epithelium (right bent arrow).

30 mg/kg: Opening between seminiferous tubule basal membrane and
germinal epithelium (right bent arrow), vacuolar degeneration (right arrow),
giant cells with multiple nuclei (upper arrow), disorganization and
degenerations of germinal epithelium in the seminiferous tubule
(multiplication sign).
R :.v‘,)j.;;";i( e,

the other hand, reported no significant change in FSH,
LH, and testosterone levels after the use of isotretinoin
(12). Comparing the control group with the groups using
7.5 mg/kg and 30 mg/kg of isotretinoin, our study found

no significant difference between their testos-
terone levels in the long term, but the FSH and
LH levels were below measurable values in all
groups. Therefore, it was not possible to com-
pare the FSH and LH values. However, our
results suggest that the effect of isotretinoin on
testicles is due to its direct effect on the tissue
rather than hormonal changes.

As a result, rat studies about the long-term
effect of isotretinoin are limited and include
contradictory results. Therefore, the inability to
reach sufficient studies to be a benchmark for
our study may be one of the limitations in our
study. However, considering that the results
obtained from rats subjected to the same envi-
ronmental factors and feeding are supported by
apoptotic index, parallel objective histopatho-
logical results and biochemical values, our
study makes a valuable contribution to the lit-
erature.

CoNCLUSIONS

Our study concludes that the negative effects
of isotretinoin on spermatogenesis may be due
to its direct damage to testicular tissues. In
addition to the necessity of conducting human
studies to evaluate the long-term effects of
isotretinoin on testicles, we consider that fur-
ther comprehensive studies, including human
clinical trials, should be conducted to examine
the negative effects of isotretinoin on sper-
matogenesis in the long term especially when
there is a need using isotretinoin in men for
various reasons, and to eliminate the contra-
dictions in the literature in this regard.
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