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ABSTRACT KEYWORDS

The acute promyelocytic leukemia (APL) is a rare disease, affecting 0.1/100,000 individuals Arsenic trioxide; sperm
globally. Despite significant advances in APL therapy, some patients still experience relapsed malformation;
disease. Currently, arsenic trioxide (As,O3) was found to be effective in relapsed APL treatment post-implantation loss;
and considered as standard treatment for these cases. However, it has been shown that exposure ~ 2ndrogen receptor;
to As,03 may exert adverse effects on the male reproductive system since this substance might toxicology

also induce apoptosis of other important cell types including stem cells. Studies demonstrated

that treatment with this metallic substance decreased plasma levels of testosterone and interfered

with sperm parameters such as concentration, motility, and viability. In addition, As,03 was found

to produce significant damage to spermatocytes, which may be associated with testicular toxicity

and consequent inhibition of spermatogenesis. The aim of this study was to determine sub-

chronic treatment effects of As,Os on sperm and testicular morphology, androgen receptor (AR)

immunoreactivity in testes and epididymis, in addition to evaluation of fertility parameters in

adult male mice. Thirty adult Swiss mice were divided into three experimental groups: control;

received distilled water (vehicle) while treated received 0.3 or 3 mg/kg/day As,0O5 subcutaneously,

for 5 days per week, followed by 2 days of interruption, for 5 weeks. Results showed that As,03 (1)

decreased spermatozoa number, (2) produced seminiferous epithelium degeneration and exfolia-

tion of germ cells tubule lumen (3) altered nucleus/cytoplasm proportion of Leydig cells and (4)

reduced AR immunoreactivity in both Leydig and epithelial epididymal cells. Further, fetal viability

tests demonstrated an increase in post-implantation loss in females that were mated with As,Os-

treated males. Data indicate that As,0s; exposure altered the spermatogenic process and subse-

quently fetal viability.

Introduction chemotherapy with arsenic trioxide (As,O3) (Shen
et al. 1997; Soignet et al. 1998, 2001; Mathews et al.
2006, 2011). The estimated incidence of APL
among population is 0.1/100,000 affecting mainly
male young patients (77%, between 21 and
40 years of age), which is considered a rare disease
(Cicconi and Lo-Coco 2016; Shah et al. 2012). The
Latino-American population represents the major
proportion of affected population (Testi et al.
2014). Despite the advances in APL therapy, 20%
of patients present relapsed disease, and for these
patients As,O; was found to be the standard treat-
ment (Yanada et al. 2017).

Arsenic trioxide is involved in several mechan-
istic pathways against malignant carcinoma cells,
and its mechanism of action is dose-dependent:

Arsenic (As) is a widely trace metal present in the
environment, characterizing it as an environmen-
tal contaminant whose exposure is considered a
significant concern for global health due to vascu-
lar, ocular, dermal, carcinogenic, and mutagenic
effects (Bernstam and Nriagu 2000; Golub,
Macintosh, and Baumrind 1998; Kleiman et al.
2016; Li et al. 2012; Morales-Marin et al. 2015;
Tsai, Wang, and Ko 1998). However, in 1970,
researchers discovered the effectiveness of an As-
based drug in the treatment of acute promyelocytic
leukemia (APL), capable of promoting complete
remission in some cases (Chen et al. 1997). Since
then, several studies demonstrated the efficacy of
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low concentrations induce cell differentiation,
whereas high concentrations induce apoptosis.
Apoptosis is induced by caspases cascade activa-
tion, decreased mitochondrial membrane poten-
tial, and production of reactive oxygen species
(ROS) due to oxidation of reduced glutathione.
Since ROS is known to play role in DNA and
tissue damage, As,O; exposure has been correlated
to intrinsic mitochondrial-mediated apoptosis
(Fan et al. 2016; King et al. 2016; Zhang et al.
2015). Further, downregulation of Bcl-2, an anti-
apoptotic protein, produced cell cycle arrest and
disrupted cell proliferation (Emadi and Gore 2010;
Qin, Huang, and Wu 2008).

However, despite the significant usage and pro-
ven effectiveness in the treatment of APL and
other cancer types such as hepatocellular carci-
noma and lung cancer (Hu et al. 2016; Walker
et al. 2016), it is important to perform risk assess-
ment and benefit determination due to the side
effects of this drug since it is known that exposure
to As,O3 may exert adverse effects on male repro-
ductive system (da Silva et al. 2016), and adminis-
tration of As-containing substances may also
induce apoptosis in other important cell types
including stem cells.

Studies demonstrated that treatment with As-
containing substances decreased plasma levels of
testosterone and interfered with sperm parameters
such as concentration, motility, and viability. In
addition, significant damage to spermatocyte,
which may be associated with testicular toxicity
and consequent inhibition of spermatogenesis,
was reported (Chiou et al. 2008; Golub,
Macintosh, and Baumrind 1998; Nava-Hernandez
et al. 2009; Souza et al. 2016). However, the precise
morphological changes that occur in reproductive
organs of animals exposed to As-containing sub-
stances that lead to loss of fertility potential and
reduced fetal viability remain to be determined.

Based upon findings thus far, it was postulated
that exposure to As,O; comparable to doses used
in human chemotherapy might induce testicular
damage leading to sperm malformations and
alterations in androgen receptor (AR) immunor-
eactivity with consequent impact on fertility of
exposed individuals. Thus, the objective of this
investigation was to examine influence of sub-
chronic treatment with As,O; on sperm and

testicular morphology, AR immunoreactivity in
testis and epididymis. In addition, evaluation of
fertility parameters of adult male mice exposed to
the drug was also undertaken.

Materials and methods
Animals and treatment

Thirty adult Swiss male mice (SPF) 70 days of age,
weighing 30-40 g, supplied by the Multidisciplinary
Center for Biological Investigation, State University
of Campinas, were used in this study. Procedures
were approved by the Ethics Committee for the Use
of Experimental Animals from UNESP - Univ
Estadual Paulista, Brazil (protocol number: 429).
Animals were maintained in a controlled environ-
ment with temperature at +23°C, humidity of
55% + 5%, and 12 h light/dark cycle (lights on
7:00 a.m.) and free access to regular lab chow and
tap water. During the experiment, body weight gain
was monitored to enable volume calculation of
As,05 to be administered.

Animals were randomly allocated into three
experimental groups (n = 10): control received
distilled water (vehicle) while treated groups
received 0.3 or 3 mg/kg/day of As,O; (Acros -
1327-53-3, Arsenic (III) Oxide, 99.5%), subcuta-
neously (sc), for 5 days per week, followed by
2 days of interruption, for 5 weeks. At the end of
treatment, animals were weighed and euthanized
by cervical dislocation to assess treatment-related
effects on male reproductive organs. The doses
used in this study were based upon chemotherapy
concentrations utilized for humans, wherein the
effective dose for the treatment of APL varies
from 0.06 to 0.2 mg/kg; above this dose, there is
no difference in efficacy (Soignet et al. 1998). The
highest dose of 3 mg/kg corresponds to the dose of
0.2 mg/kg in humans, based on the normalization
for body surface area proposed by (Reagan-Shaw,
Nihal, and Ahmad 2008).

Sperm morphology

Sperm were removed from the left vas deferens by
internal rinsing with 0.5 ml formol-saline solution.
Smears were prepared on histological slides that
were left to dry for 90 min and observed with a
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phase-contrast microscope (400x magnification)
(Seed et al. 1996). Two hundred spermatozoa
were analyzed per animal, and morphological
abnormalities were classified into two general cate-
gories: head morphology and tail. Sperm were also
classified as to the presence or absence of cytoplas-
mic droplet (Filler, 1993).

Histopathological evaluation

The left testis and epididymis were collected and
fixed in Bouin’s fluid for 24 h (25% formaldehyde,
70% saturated solution of picric acid, and 5% glacial
acetic acid). The pieces were embedded in paraffin
wax and sectioned at 5 um (cross sections of the
testis). Sections used for histopathological and
stereological evaluation were stained with hematox-
ylin and eosin (HE), examined and photographed
by light microscopy. The assessments were per-
formed in blind assays and photomicrographs for
documentation were captured by a digital camera
coupled to the Nikon Eclipse E-400 light microscope
(Nikon, Tokyo, Japan). Seminiferous tubule cross
sections were randomly selected in three non-serial
sections per animal, totaling 100 tubules per animal.
These were classified as normal (presence of con-
centric and normally organized germ cell layers in
seminiferous epithelium) or abnormal (presence of
germ cells and cellular debris in the lumen, multi-
nucleated formation, few germ cell layers, vacuole
formation).

Evaluation of the spermatogenic process

In the seminiferous tubules, 100 cross sections per
animal were analyzed (those which displayed more
regular and circular form possible in stage I to XII)
and characterized as follows:
Stages I to III: two generations of spermatids;
Stages IV to VI: mature spermatozoa located in
the lumen border;
Stages VII to IX: only one generation of spermatids;
Stages X to XII: presents secondary spermatocyte.

Testis stereological analysis

Ten photomicrographs randomly obtained on the
Image Pro Plus software associated with a Nikon
Eclipse E-400 light microscope (Nikon, Tokyo,

Japan) with 400x magnification were employed.
A grid with 432 intersections was placed over the
photomicrographs and the proportion of tubular
epithelium, tubular lumen and interstitium was
obtained based on total of intersections according
to the method modified by de Souza Predes,
Diamante, and Dolder (2010). Taking into consid-
eration the density of this organ as 1, testis weight
was considered the same as its volume (Franc¢a and
Russel 1998). Thus, these results were used to
calculate the volume of testicular components.

To evaluate the interstitial components (lym-
phatic space, blood vessels, macrophages, and
Leydig cells), 2000 intersections were counted on
photomicrographs randomly obtained with 400x
magnification. A grid with 432 intersections was
placed over the photomicrograph and the propor-
tion of each component was obtained based on the
total of intersections according to the method
modified by de Souza Predes, Diamante, and
Dolder (2010). To calculate their volume, the
total volume of testis was used (Franga and
Russel 1998).

The individual Leydig cell volume was deter-
mined counting 500 intersections on random
photomicrographs with 1000x magnification. A
grid with 432 intersections was placed over the
photomicrographs and 10 nuclei diameters per
animal were measured modified from Leite et al.
(2013). The nuclear and cytoplasmic proportions
were calculated based on the total of intersections.
According to these results and with the following
formulas, the nuclear and cytoplasmic volume was
calculated: nuclear volume = 4/3nR’, considering
R = nuclear radius and the cytoplasmic
volume = (% cytoplasm x nuclear volume)/%
nucleus. The sum of those volumes enables calcu-
lating the individual Leydig cell volume. To calcu-
late the number of Leydig cells per testis, the total
Leydig cell volume was divided by individual
Leydig cell volume. The number of Leydig cells/g
testis was calculated dividing the number of Leydig
cells per testis by the respective parenchyma
weight.

Immunohistochemical analysis

The testes and epididymis collected from animals
in control and 3 mg/kg groups were also used for
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immunohistochemical analyses. Antigens were
retrieved by boiling the sections in 10 mM citrate
buffer, pH 6 in a microwave oven. Subsequently,
sections were incubated in 0.3% H,O, for 20 min
to block endogenous peroxidase and nonspecific
binding was inhibited by incubating the sections in
a blocking solution (BSA 1%) for 1 h at room
temperature. Primary rabbit polyclonal anti-AR
(sc-816) (Santa Cruz Biotechnology, California,
USA) for AR were diluted in 1% bovine serum
albumin (BSA) (1:50) and applied to the sections
overnight at 4°C. Samples that were not incubated
with primary antibody were used as negative con-
trols. The sections were incubated for 2 h with
rabbit secondary horseradish peroxidase -conju-
gated antibodies (Promega, Madison, diluted
1:100 in 1% BSA). Harris’ hematoxylin was used
for counterstaining. In the testis, positive AR was
found in different cell types including Sertoli cells,
Leydig cells, and cells surrounding seminiferous
tubule (peritubular cells) such that immunoreac-
tivity for these cells were counted separately and
expressed as mean value per um” obtained from
the 15 fields in each animal, totaling 75 fields per
group. The epididymal sections of each group
were determined using a multipoint system with
160 intersections (Weibel 1963). For this analysis,
10 fields of head and 10 fields of cauda epididymis
were captured randomly per animal, totaling 100
tields per group. Values were determined by
immunoreactivity counting coinciding with the
grid intersection divided by total number of
points. Results were expressed as a relative fre-
quency of positive staining for AR in all experi-
mental groups.

Fertility test

At the end of treatment, animals from control and
treated groups (n = 10) were mated with female
mice (60 days of age) to assess the effects of the
drug on male fertility capacity. For this, each male
was paired with two females for the night and, the
next morning females were evaluated for the pre-
sence of vaginal plug, which was determined as
gestational day (GD) 0. The weight of females was
recorded on GD 0, 6, 12, and 18. On GD 18,
females were euthanized by cervical dislocation
for assessment of following parameters: fertility

potential as evidenced by number of implants/cor-
pora lutea x100 and fetal viability as evidenced by
number of live fetus/implants x100. At the birth,
the fetus and placenta weight were recorded.

Statistical analysis

Data are presented as mean + standard error of
mean (SEM). Parametric variables were compared
by analysis of variance (ANOVA) followed by the
test of Dunnet or Dunn’s. Differences were con-
sidered significant when p < .05. Statistical ana-
lyses were performed by the software GraphPad
Prism (version 5.0).

Results

Effect on sperm morphology and germ
epithelium degeneration

The 3 mg/kg As,Os-treated animals produced a
significant reduction in % normal sperm
(Figure 1A); although the lower dose (0.3 mg/kg)
initiated a numerical non-significant lower number
of normal sperm. Further, the most frequent
abnormality observed was the presence of isolated
sperm heads (i.e., without tail) in the tissue samples
from animals that received the drug (Figure 1B).
There was no significant difference in the presence
of cytoplasmic droplet in sperm tail (Figure 1C).

Testicular histopathology demonstrated a signifi-
cant decrease in normal seminiferous tubule number
in both As,05-treated groups (Figures 2A and 3). In
these animals, the most frequent abnormalities
found were increase of seminiferous epithelium
degeneration and germ cell exfoliation of tubular
lumen. Spermatogenic process analysis displayed
no marked differences among the proportions of
tubules in certain stages in experimental groups
(Figure 2B).

Effect on Leydig cells

Interstitial cell component evaluation demon-
strated a reduction in volumetric proportion
and Leydig cells volume in the group treated
with 3 mg/kg As,O;. In addition, there was a
significant increase in volumetric proportion of
lymphatic space (54%) in this same group
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Figure 1. Sperm morphology. (A) Percentage of normal spermatozoa, (B) of isolated head (i.e., without tail), and (C) cytoplasmic
droplet presence in the control and As,0Os-treated groups (n = 10). Values expressed as percentage. One-way analysis of variance

(ANOVA) test, followed by Dunn’s test.
*Significant from control p < .05.

compared to control (45%) (Figure 2C). No
marked differences were observed in macro-
phages and blood vessels volume (data not
shown). Although an alteration in lymphatic
space and Leydig cells volume was noted in
0.3mg/kg group, the results were not significantly
different from control. There was no marked
difference in volume of seminiferous tubules,
interstitial space, epithelium, and tubular lumen
between experimental groups (Figure 2D).
Further, there were no marked alterations in
testicular volumetric proportion of these compo-
nents (data not shown). Finally, there were no
significant differences in volumetric proportion
and macrophage volume and blood vessels fol-
lowing all treatments. The highest concentration
3 mg/kg As,O; significantly elevated nuclear
region of Leydig cells accompanied by a decrease
in cytoplasmic region. Regarding the nuclear dia-
meter, total volume of a Leydig cell, number of
Leydig cells per testis or per gram of testis, no
marked differences were detected between all
experimental groups (Table 1).

Testis from 3 mg/kg As,O; treated animals dis-
played significant decreased AR immunostaining
in Leydig cells (Figures 4A and 5) accompanied by

a numeric reduction in immunoreactivity in
Sertoli and peritubular cells (Figures 4B, 4C, and
5), as well as in epididymal epithelial cells (Figures
4D and 5), both in the caput/corpus and cauda of
this organ.

Influence on fertile capacity

When 3 mg/kg As,Os-treated male mice were
mated with non-exposed females, a significant
fall in fetal viability was noted as evidenced by a
rise in fetus mortality rate after implantation
(Figure 6A). No marked changes were observed
on fertility potential or body weight gain of preg-
nant females (Figure 6A and 6B).

Discussion

Soignet et al. (1998) reported that As,O; is capable
of inducing complete remission in APL patients,
since this drug produces cytodifferentiation of leu-
kemic cells, followed by caspases activation and
apoptosis induction. A portion of this efficiency
may be attributed to release of a mitochondrial
apoptosis-inducing factor that is translocated to
the cell nucleus, altering chromatin condensation
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Figure 2. Histopathological and stereological evaluation of testis. (A) Normal tubule frequency, (B) evaluation of the spermatogenic
process, (C) interstitium elements volume, and (D) testicular components volume in the control and As,0s-treated groups. Values
expressed as percentage in (A) and (B) (ANOVA followed by Dunnett test), and expressed as mean % SD in (C) and (D) (ANOVA

followed by Dunnett test).
*Significant from control p < .05.

with consequent DNA breakage (Lorenzo et al.
1999; Susin et al. 1999). In addition to DNA
damage, As inactivates approximately 200 enzymes
related to replication/repair cell system (Bernstam
and Nriagu 2000; Ratnaike 2003). Despite the ther-
apeutic benefits of As,0s, there are numerous
studies indicating the As exposure produces dis-
turbances including hepatitis, hyperpigmentation,
keratosis, ocular defects, leukocytosis, and neuro-
pathies, in addition to reproductive system
damage such as spermatotoxicity, inhibition of
testicular androgenesis and testes and accessory

organs reduced weight (Au et al.,, 2003; Bernstam
and Nriagu 2000; Kleiman et al. 2016; Mazumder
et al. 1998; Pant, Murthy, and Srivastava 2004;
Sarkar et al. 2003; Shen et al. 1997; Souza et al.
2016).

Among other pathways not completely clear in
As,0j; therapeutic use of APL is the role of ROS
generation, which produces cell cycle arrest and
apoptosis in several cell types, leading to pro- and
anti-apoptotic imbalance (Liu et al. 2015).
Generation of ROS occurs normally and it is con-
sidered necessary for cell physiology, including
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Figure 3. Photomicrograph of the testis from different experi-
mental groups. (A, B) Control group (A, 200x e B, 400x); (C, D)
treated with 0.3 mg/kg (C, 200x e D, 400x); (E, F) 3 mg/kg (E,
200x e F, 400x) of As,0s. SE = seminiferous epithelium;
Lu = lumen; Int = interstitium; Va = vacuole.

mediation of spermatozoa normal function.
However, uncontrolled or excessive production
disturbs normal redox state of the cell, leading to
damage of cellular components such as proteins,
DNA, and lipids, resulting in several pathological
processes in reproductive system of exposed indi-
viduals as evidenced by decreased sperm concen-
tration and abnormal sperm formation (Li et al.
2015; Sharma and Agarwal 1996). The abnormal-

process since these alterations present high quan-
tities of DNA damage, leading to infertility (He
and Tan 2015). Therefore, As,O; exposure has
been attributed to result in malformations both
in spermatozoa as detected in seminiferous tubule
components as well as increased DNA damage in
spermatogenic cells (Mukhopadhyay et al. 2013).
Recently, Li et al. (2016) showed that 5 mg/kg/day
As,0; treatment of mice for 35 days reduced nor-
mal sperm number. In agreement with these find-
ings Xia, Hao, and Yang (2009) noted that these
effects also occurred in rats treated with 4 or 8 mg/
kg/day as the rate of malformed sperm was ele-
vated. In the present study, low As,O; dose
administration also produced damage in mice
sperm. Although humans receive treatment intra-
venously, the chosen route for drug administration
herein was subcutaneous since when anticancer
drugs are given subcutaneously they display higher
bioavailability (+80%) compared to the other
routes, also being rapidly absorbed. Besides, the
drug delivery by this route does not have impact
on the elimination rate when compared to the
intravenous route (Leveque 2014).

Although a recent case study showed that six
patients successfully treated with As,O; parented
healthy child (Gupta et al. 2012), several studies
demonstrated the harmful effects of heavy metals
such as As, cadmium (Cd), and nickel (Ni) on
male reproductive function due to their ability to
enhance production of ROS and subsequent DNA
damage as evidenced by altered testicular ultra-
structure, depletion/degradation of seminiferous
tubules, and alterations in interstitial components
(da Silva et al. 2016; de Souza Predes, Diamante,
and Dolder 2010; Lamas, Gollucke, and Dolder

ities found in spermatozoa affect the fertilization ~ 2015; Li et al. 2015; Morales et al. 2016;
Table 1. Leydig cell stereology.
Parameters Control 0.3 mg/kg 3 mg/kg
Nuclear diameter (um) 16.68 £ 0.4 16.70 £ 0.2 16.97 £ 0.4
Nucleus (%) 2425 + 1.1 29.48 + 1.5* 32.84 + 0.9*
(um®) 2242 + 4472 2577 + 786" 2878 + 1.87%
Cytoplasm (%) 7575 £ 1.1 70.52 + 1.5% 67.16 + 0.9%
(um3) 7775 £ 1.0 5952 + 5.6 5266 + 3.6
Total volume of a Leydig cell (um3) 9037 + 4.7 9106 + 7.8 7845 + 5572
Number Leydig/testis (x107%) 1.95% + 1.5 1.98% + 2,0*° 243%¢ £ 20"
Number Leydig/g Testis (x107) 168" + 6.5 1.67%7 + 2.2%6 23177 + 227

Values expressed as mean + SEM. One-way analysis of variance (ANOVA) test, followed by Dunnet test.

*Significant from control p < .05.
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Mukhopadhyay et al. 2013; Pandey et al. 1999).
Several mechanisms have been described for
adverse effects of toxic chemicals on reproductive
system. First, As,O; metabolites accumulate
mainly in liver, kidneys, and blood and elevated
ROS production generates systemic toxicity, affect-
ing the testis (Thomas, Styblo, and Lin 2001).
Secondly, chemicals also may affect the hypotha-
lamic-pituitary and change LH and FSH plasma
concentrations, resulting in an impairment of
Leydig cell function and decreased testosterone
production; and finally, the toxic chemical might
exert an inhibitory action directly on testis (Kim
and Kim 2015).

These substances might reach the immune-pri-
vileged environment provided by the blood-testis
barrier (BTB) and resultant oxidative stress might
damage the Sertoli supporting cells by disrupting
the inter-Sertoli tight junctions. The disruption on
these cells may increase BTB permeability, leading
to changes in Leydig cells and decreased testoster-
one levels (Marettova, Maretta, and Legath 2015;
Stanton  2016). Guvvala, Sellappan, and

Parameswaraiah (2016) showed that As accumula-
tion in the testes is responsible for damage in the
testicular architecture, and that the metal gained
access to testicular compartment by crossing
the BTB.

One of these alterations is increased volumetric
proportion of lymphatic space in the testis, prob-
ably due to lymphatic vessel proliferation. The
lymphatic system is organized as lymphatic sinu-
soids around the seminiferous tubules that occupy
the interstitial periphery. Leydig cells are found
surrounding these lymphatic vessels and testoster-
one exits the testis through these lymphatic vessels
in addition to blood vessels (Fawcett, Neaves, and
Flores 1973). The lymphatic space increase found
after exposure to the higher dose of As,O; may be
related to the capacity of these vessels to scavenge
toxic substances to maintain testicular homeostasis
following intoxication. Another explanation for
this alteration might be associated with endoplas-
mic reticulum (ER) stress, which is noted when
there is elevated protein folding demand that
exceeds the ER capacity, leading to an
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Figure 5. Androgen receptor (AR) immunolabeling. (A) Testis in the control group and (B) As,0s-treated group; positive AR markers
are indicated by arrows in Leydig cells, arrow heads in peritubular cells and asterisks in Sertoli cells. Epididymis from control group
(C, D) and treated (E, F) groups; positive markers for AR in epididymis epithelium are indicated by arrows. Counterstain: Harris

hematoxylin, 400x.

accumulation of these proteins within the ER.
Foufelle and Fromenty (2016) proposed that ER
stress was related to toxic action of some drugs
such as As,O; since ROS accumulation occurred
due to metallic exposure resulting in impaired
protein folding and subsequent deleterious effects
including inflammation. During inflammatory
processes, changes such as increased lymphatic
vessel proliferation rate occur in the lymphatic
system in order to deliver immune cells to the

damaged tissue to be regenerated, which may
account for the elevated lymphatic space after
As,0; exposure (Granger and Senchenkova 2010).

Trivalent form of As produced adverse effects
as evidenced by rise in abnormalities in semini-
ferous tubules histoarchitecture characterized by
germinative epithelial degeneration and germ
cell exfoliation in tubular lumen. These altera-
tions might be associated with lower levels of
serum testosterone, which may lead germ cells
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to detach from epithelium, as this hormone
plays an important role in enabling germ cells
to remain attached to the lumen (Blanco-
Rodriguez and Martinez-Garcia 1997;
Mohammad et al. 2013). Previously da Silva
et al. (2016) showed that in animals exposed to
As,0O; reduced serum testosterone levels were
found, even after termination of treatment, indi-
cating that this alteration on steroidogenesis may
be persistent and impairs reproductive functions
of male mice. In agreement with these findings,
Chiou et al. (2008) reported that As,O3 exposure
reduced gene expression of key enzymes
involved in testosterone synthesis. The altered
serum testosterone levels produced by As,O;
exposure might be related to changes in reduced
volume of Leydig cells and diminished volu-
metric proportion of interstitium space noted
in this study.

In mammalians, AR is mainly found in Sertoli
cells; however, this receptor may also be found in
Leydig cells and peritubular cells. The activation of

AR is attributed to testosterone and dihydrotestos-
terone binding, leading to activation of target genes,
which is fundamental to successful spermatogen-
esis. Interference by chemical exposure of AR bind-
ing leads to infertility (Chojnacka et al. 2012).
Rosenblatt and Burnstein (2009) reported that As-
induced toxicity in male reproductive system might
be associated with inhibition of AR activity since
metallic exposure was able to block transcriptional
activity of this receptor. In this study, significant
decreased AR immunoreactivity in Leydig and epi-
didymal epithelial cells may be related to As,O;
interference with the cysteine residues present in
DNA-binding domain of AR (Rosenblatt and
Burnstein 2009), since AR staining was significantly
less frequent in the 3 mg/kg dose group. The AR
expression in Leydig cells regulates hormonal pro-
duction, and lack of a functional AR expression
interferes with steroidogenesis, inducing spermato-
genic cycle arrest and increasing the number of
sperm abnormalities (Abd El-Meseeh et al. 2016;
Tsai et al. 2006). Taken together, these findings
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corroborate the abnormal sperm morphology
found herein and in a study previously published
by da Silva et al. (2016) where mice given As,O;
showed reduced testosterone levels.

In toxicological studies, assessment of semini-
terous tubule staging is important as a bioindicator
of defects in spermatogenic process since it is
possible to identify which cell type are affected
by chemical exposure (Meistrich and Hess 2013).
However, administration of low dose As,O; did
not disrupt seminiferous tubule staging in the pre-
sent study.

Since As,O; is widely used for treatment of
APL, it is important to evaluate the chemothera-
peutic side effects. Administration of As,O;
impaired fertility both in men and women and
thus concern arose that patients treated with this
drug may adversely affect reproductive perfor-
mance in childbearing years (Stein and Tallman
2012). Genomic alterations such as sperm DNA
damage induced by As,0O;-related oxidative stress
may compromise fertilization, embryo viability,
and intrauterine development, making pregnancy
not feasible to progress due to consequent post-
fertilization detrimental effects (Borini et al. 2006;
Dimitriadis et al. 2009). It is noteworthy that
reduced fetal viability in non-exposed females
mated with high-dose As,O;-treated males
demonstrated that exposure to this drug also ele-
vated post-implantation loss.

Limitations

Although our study showed harmful effects of
As,O; on male reproductive system, the results
are not sufficient to discard its efficient use in
APL chemotherapy since further studies are
required to demonstrate the influence of this
metallic drug in pregnancy outcome and birth
defects.

Conclusions

Our study indicated that exposure to As,O;
impaired reproductive function in adult male
mice associated with oxidative damage. Effects
noted were concomitant adverse alterations in
germ epithelium and steroid hormone receptors
as well as post-implantation loss observed in

females mated with drug-treated males. All these
changes on sperm parameters led to altered sperm
quality and lower fetal viability. These findings
indicate that patients treated with As,O; may be
at risk if individuals are contemplating having
children in the future.
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