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Triclosan  (TCS) is an  antibacterial  agent  used  in  a variety  of  consumer  products  such  as:  soaps,  deodor-
ant,  and toothpaste,  among  others.  Some  studies  have  reported  the  (anti)androgenic  effects  of  TCS  in
the male  reproductive  system,  raising  concerns  about  its effects  on  the reproductive  axis.  In this study,
the  (anti)androgenicity  of  TCS  was  evaluated  in the  Hershberger  assay  in 52-day  old  male  Wistar  rats.
Additionally,  the  sexual  behavior,  sperm  motility,  sperm  viability,  and  testicular  histomorphometry  were
eywords:
ntibacterial
perm parameters
exual behaviour
nvironmental contaminant
ndocrine disruptor

evaluated  in  a  second  protocol  to investigate  the  reproductive  effects  of  TCS  in  49-day  old  male  Wistar  rats.
The dosages  were  administered  based  on the  acceptable  daily  intake  for TCS,  in addition  to 3 and  10-fold
higher  doses.  Our  results  demonstrated  that TCS,  in  the doses  administered,  did  not  act  as  an  endocrine
disrupter  (ED),  with  no (anti)androgenic  effect  in  the Hershberger  assay  and  without  interfering  with  the
parameters  evaluated  in  the  reproductive  toxicity  study.

©  2017 Elsevier  Inc.  All  rights  reserved.
. Introduction

Interest in monitoring environmental contaminants (such as
esticides, heavy metals, therapeutic drugs, phenolic derivatives,
nd/or other persistent xenobiotics) is mainly due to recognition
f their negative effects relative to environmental endocrine dis-
uption in wildlife and human health [1]. Endocrine disrupters
EDs) are environmental contaminants described by the Interna-
ional Programme on Chemical Safety as an exogenous substance
r mixture that alters function(s) of the endocrine system with
dverse health effects in an intact organism, its progeny, or
sub)populations [2]. In human populations, exposure to EDs points
owards an association with reproductive disorders, such as early
uberty [3,4], poor sperm quality and/or function [5,6], and prostate
ancer [7].
Triclosan (TCS) (2,4,4′-trichloro-2′-hydroxydiphenyl ether) is
 phenolic compound with antibacterial properties applied to a
ariety of consumer products, such as personal care products (cos-

Abbreviations: EDs, endocrine disrupters; TCS, triclosan; CTR, control; PND,
ostnatal day; TP, testosterone propionate; EPA, Environmental Protection Agency;
ABC, levator ani bulbocavernosus; DSP, daily sperm production; LST, total length of
he  seminiferous tubules; TSV, tubule seminiferous volume; �R2, area of transverse
ection of seminiferous tubules.
∗ Corresponding author at: Department of Physiological Sciences, State University
f Londrina- UEL, Londrina, Paraná, 86051-980, Brazil.

E-mail address: dcgerardin@uel.br (D.C.C. Gerardin).

ttps://doi.org/10.1016/j.reprotox.2017.11.010
890-6238/© 2017 Elsevier Inc. All rights reserved.
metics, toothpaste, shampoo, hand soaps, deodorants, and body
oils), textiles, and toys, among others [8–10]. Due to its widespread
use over the past decades, TCS has become one of the most com-
monly detected contaminants in solid and water environmental
compartments [11,12]. In rivers in the state of São Paulo (Brazil), the
measurable concentrations of TCS in surface waters ranged from 2.2
to 66 ng/L [13], and as TCS is only partially removed in wastewa-
ter treatment plants [12], this compound has also been found in
drinking water [14].

In humans, the major routes of exposure to TCS occur through
topical absorption and the gastrointestinal tract [15–17], in addi-
tion, it has been demonstrated that frequent contact with TCS is
associated with higher concentrations of this compound in the
urine of individuals ≥6 years of age [18], in breast milk [19], and
in human umbilical cord blood plasma [20]. Some experimental
evidence has demonstrated the potential for TCS to act as an ED
in the reproductive system. In Sprague-Dawley rats, TCS showed a
tendency to accumulate in the epididymis after a single oral admin-
istration (50 mg/kg), and after 8 weeks of treatment starting on
post-natal day (PND) 42, decreased daily sperm production was
observed at doses of 50 and 200 mg/kg [21]. Moreover, the oral
treatment (200 mg/kg) for 31 days decreased serum testosterone
in immature male Wistar rats (23 days old) [22], and in 10 week

old rats, there was a decrease in the synthesis of androgens fol-
lowed by reduced daily sperm production, after 60 days of oral
administrations (20 mg/kg) [23]. In vitro, TSC demonstrated antian-
drogenic action by disrupting the activity of the adenylyl cyclase

https://doi.org/10.1016/j.reprotox.2017.11.010
http://www.sciencedirect.com/science/journal/08906238
http://www.elsevier.com/locate/reprotox
http://crossmark.crossref.org/dialog/?doi=10.1016/j.reprotox.2017.11.010&domain=pdf
mailto:dcgerardin@uel.br
https://doi.org/10.1016/j.reprotox.2017.11.010
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nzyme, decreasing biosynthesis of testosterone in rodent Leydig
ells [24], and inhibiting transcriptional activation by testosterone
n human embryonic kidney cells [25], while exhibiting androgenic
ctivity by displacing testosterone of the androgen receptor binding
omain in androgen-responsive breast cancer cells [26].

Therefore, considering the extensive use of TCS, its occurrence
n the environment, its endocrine-disrupting potential in the male
eproductive system and given the few data available in the liter-
ture regarding the reproductive toxicity of TCS, this study aimed
o detect possible (anti)androgenic effects of TCS using the Hersh-
erger assay, in addition to evaluating the sexual behavior, sperm
otility, sperm viability, and testicular histomorphometry in a

eproductive toxicity study.

. Material and methods

.1. Drugs

TCS was obtained from Vivimed Labs Limited (Habsiguda Hyder-
bad, India) (CAS no. 3380-34-5, 99.38% pure), and testosterone
ropionate (TP) (CAS no. 57-85-2, 99.41% pure) and flutamide
CAS no. 13311-84-7, 99.60% pure) were obtained from Fragon
São Paulo, Brazil). Except for TP, which was administered subcu-
aneously, all chemicals were dissolved in corn oil (vehicle) and
dministered orally, by gavage, in a volume of 2.5 ml/kg.

.2. Animals

Male and female Wistar rats were obtained from the colony of
he State University of Londrina and maintained in a controlled
nvironment with a temperature of 21 ± 2 ◦C; a 12 h light/dark
ycle (lights on at 6:00 AM); and free access to regular lab chow
NuvilabTM, Quimtia SA, Brazil) and tap water. Animals were
oused in collective polypropylene cages (29 × 18 × 13 cm)  with
ood shavings as bedding, and were mated after 1 week of acclima-

ization. Litters with 8–10 pups were used and, if litters had more
han 10 pups, culling was conducted. The day of birth was  consid-
red postnatal day (PND) 0 and male pups were weaned on PND
1. After weaning, male pups were distributed for the Hershberger
ssay or assessment after puberty. No littermates were used in the
ame experimental group. All animal procedures were approved
y the State University of Londrina Ethics Committee for Animal
esearch (CEUA/UEL: 283.2015.27) and were elaborated and devel-
ped based on the principle of the three R’s (Refine, Reduce, and
edesign).

.3. Hershberger assay

The study design followed the guideline OPPTS 890.1400 from
he U. S. Environmental Protection Agency (EPA) [27]. On PND 42,
he rats were anesthetized with sodium pentobarbital (40 mg/kg,
p) and castrated by making an incision in the scrotum and remov-
ng both testes and epididymis with ligation of blood vessels and
eminal ducts. On PND 52, the rats were randomly assigned to the
xperimental groups. Weight variation among the animals on the
rst day of treatment was 10%.

In order to evaluate the possible androgenicity of TCS, the rats
ere distributed into the following groups (n = 6/group):

 CTR (vehicle): rats were treated with corn oil (solvent of TCS);

 TP: rats were treated with 0.4 mg/kg of TP;
 TCS 0.8: rats were treated with 0.8 mg/kg of TCS;
 TCS 2.4: rats were treated with 2.4 mg/kg of TCS;
 TCS 8.0: rats were treated with 8.0 mg/kg of TCS;
Fig. 1. Diagram of Hershberger assay design. PND: postnatal day.

For evaluation of the possible antiandrogenicity of TSC, the rats
were distributed into the following groups (n = 6/group):

- TP: rats were treated with 0.4 mg/kg of TP.
- TP + flutamide: rats were treated with 0.4 mg/  kg of TP in addition

to 3 mg/kg of flutamide.
-  TCS 0.8 + TP: rats were treated with 0.8 mg/kg of TCS in addition

to 0.4 mg/kg of TP.
- TCS 2.4 + TP: rats were treated with 2.4 mg/  kg of TCS in addition

to 0.4 mg/kg of TP.
- TCS 8.0 + TP: rats were treated with 8.0 mg/  kg of TSC in addition

to 0.4 mg/kg of TP.

All chemicals were administered for 10 consecutive days after a
3-h food restriction. Twenty-four hours after the final dose (i.e., PND
62), the animals were weighed and euthanized by decapitation.
The ventral prostate, seminal vesicle (plus fluids and coagulating
glands), levator ani-bulbocavernosus (LABC) muscles, paired Cow-
per’s glands, glans penis, liver, paired kidneys and paired adrenals
were removed, trimmed free of fat and weighed. In addition, during
the 10-day treatment period, animals were observed daily for mor-
tality, morbidity, and general signs of toxicity, such as changes in
behavior (e.g., agitation, lethargy, and hyperactivity), neurological
changes (e.g., convulsions, tremors, muscle rigidity, and hyper-
reflexia), and autonomic signs (e.g., lacrimation, piloerection, pupil
size, and unusual respiratory patterns). The experimental protocol
is diagrammed in Fig. 1.

2.4. Reproductive toxicity study

The study treatment period was undertaken following the prin-
ciples of the OECD Guideline for Testing of Chemicals 416 [28]
designed to provide general information concerning the effects of
a xenobiotic on the reproductive system. On PND 49, the male rats
were randomly distributed into four groups (n = 10/group):

- CTR (control): rats were treated with corn oil;
- TCS 0.8: rats were treated with 0.8 mg/kg of TCS;
- TCS 2.4: rats were treated with 2.4 mg/kg of TCS;
- TCS 8.0: rats were treated with 8.0 mg/kg of TCS.

The treatment was performed by gavage once a day, always fol-
lowing the same administration schedule routine (11:00 a.m.–1:00
p.m.) and was  conducted until PND 140.

2.4.1. Dose justification
According to the U. S. EPA [29], the acceptable daily intake of TCS

is up to 0.3 mg/kg, for humans. This value was  corrected discount-
ing the allocation factor adopted for TCS exposure in drinking water

[30,31], which corresponds to 20% (i.e., 0.2) of the acceptable daily
intake value. Subsequently, an approximate value of 0.2 mg/kg was
generated, which was applied to the BW3/4 scale [32] for dosimetric
adjustment, where the weight of a human of 70 kg was  consid-
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Fig. 2. Diagram of reproductive toxicity study design. PND: postnatal day.

red and of a rodent of 250 g to obtain the value of 0.8 mg/kg as an
cceptable daily intake value for rats, which is below the estimated
CS exposure in humans (about 0.13 mg/kg/day) [33]. The dose of
.4 mg/kg was adopted as an intermediate dose and the dose of
.0 mg/kg as the factor 10, assuming intra-species variations. The
xperimental protocol is diagrammed in Fig. 2.

.4.2. Body weight
The determination of body weight was performed every three

ays during the treatment period, for analysis of body weight gain
nd volumetric correction of the doses administered. In addition,
igns of toxicity (lacrimation, piloerection, unusual respiratory pat-
ern, and tremors) were observed daily.

.4.3. Sexual behavior evaluation
All behavioral assessments were performed in adult rats (begin-

ing on PND 120) during the dark phase of a reversed light/dark
ycle, under dim red light. The animals were allowed a 15-
ay period of adaptation to the reversed light/dark cycle before
he beginning of evaluations. The observations always started
wo/three hours after the onset of darkness and were recorded by

 video camera, linked to a monitor in an adjacent room.

.4.3.1. Copulatory behavior. For the copulatory behavior evalua-
ion, each male was placed into a Plexiglass cage with dimensions
f 20 × 40 × 50 cm (height × width × length) and, after 5 min, a
emale in natural estrous was introduced into the cage. For
0 min, the latencies and numbers of intromissions and ejacula-
ions were observed as described previously [34]. If a male did not

ount within 10 min, the evaluation was interrupted and repeated
nother day with another female. If the male failed again in the
econd evaluation, it was considered sexually inactive [35].

.4.3.2. Sexual incentive motivation. The same animals evaluated
or copulatory behavior were submitted to the sexual incentive

otivation test. In this test, a rectangular arena, 50 × 50 × 100 cm
height × width × length), was used containing two openings that
ommunicated with two small arenas of 25 cm2. The small arenas
ere diagonally opposed to each other and the communication
ith the main arena was closed with wire mesh. For the test, an

strous female (sexual incentive) was placed in one of the small
renas and a sexually active male (social incentive) was  placed in
he other. The floor of the main arena had two 25 cm2 divisions
zones) in front of each small arena opening, named sexual incen-
ive and social incentive zones, respectively. The experimental male
as placed in the center of the main arena and observed for 20 min.

he number of visits and total time spent visiting each zone were
uantified, and a preference score was calculated as (time spent in
emale zone/total time spent in both incentive zones) × 100 [36].
.4.4. Collection of organs
Male rats were euthanized by decapitation twenty days after

ating (to replace the spermatic stock). The testis (pair), vas def-
 Toxicology 75 (2018) 65–72 67

erens (left), epididymis (left), ventral prostate, liver, kidneys (pair),
adrenal glands, and seminal vesicle (pair) (without the coagulat-
ing gland and full of secretion) were removed and their weights
determined. The right testis and epididymis were frozen at −80 ◦C
for sperm counting and the left testis was  collected for histomor-
phometric analysis. The right vas deferens was used for analysis of
motility, viability, and sperm concentration and the left for sperm
morphology.

2.4.5. Plasma testosterone quantification
Blood samples were collected from the abdominal aorta into

syringes containing heparin, centrifuged (2500 rpm for 20 min  at
4 ◦C), and the plasma was  frozen until assayed. Plasma testosterone
quantification was  measured by chemiluminescence micropar-
ticle immunoassay (ARCHITECT

®
2nd Generation Testosterone)

according to the manufacturer’s instructions, with an intra-assay
coefficient of variation and minimum sensitivity of the assay of 4.6%
and 0.15 nmol/L respectively.

2.4.6. Sperm parameters
2.4.6.1. Sperm motility, viability, concentration and morphology.
Sperm was obtained from the right vas deferens and diluted in 1 ml
of GV HEPES medium (Ingamed, Brazil) pre-warmed to 34 ◦C. For
sperm motility, a 10 �l aliquot was placed in a Makler chamber
(Sefi-Medical, Haifa, Israel) and analyzed under a phase-contrast
microscope (OSM-223287, Olympus) at 100 × magnification. One
hundred spermatozoa were evaluated per animal and classified as
motile or immotile [37,38].

For sperm viability, the one step eosin–nigrosin staining tech-
nique was  used [39]; 50 �l of spermatozoa in GV HEPES medium
(Ingamed, Maringá, Brazil) was  mixed with eosin–nigrosin and
directly examined, and 100 spermatozoa per animal were evalu-
ated and classified as viable or non-viable.

Sperm concentration (106/ml) analysis was performed in the
Makler chamber (Sefi-Medical, Haifa, Israel) [40]. Sperm was
counted in 10 different squares chosen at random, in four different
fields, and the average was obtained.

The evaluation of sperm morphology was performed accord-
ing to Fernandes et al. [41]. Sperm were recovered from the left
vas deferens by flushing with 1 ml  of formol-saline (10%) and
smears were prepared on histological slides that were left to dry
for 90 min. In total, 200 spermatozoa were analyzed per animal in a
phase-contrast microscope (400 × magnification) [42]. Morpholog-
ical abnormalities were classified into two general categories: head
morphology (without characteristic curvature or isolated form, i.e.,
no tail attached) and tail morphology (broken or isolated i.e., no
head attached) [43].

2.4.6.2. Daily sperm production per testis, sperm number and tran-
sit time in the epididymis. The left testis was decapsulated and the
caput/corpus and cauda segments from the epididymis were sep-
arated. Homogenization-resistant testicular spermatids (stage 19
of spermiogenesis) and sperm in the caput/corpus epididymis and
cauda epididymis were assessed as previously described by Robb
et al. [44] with adaptations of Fernandes et al. [41]. Mature sper-
matids were counted in a Neubauer chamber. To calculate daily
sperm production (DSP), the number of spermatids at stage 19
was divided by 6.1, which is the number of days in one seminif-
erous cycle when these spermatids are present in the seminiferous
epithelium. Sperm transit time through the epididymis was deter-
mined by dividing the number of sperm in each segment by the
DSP.
2.4.7. Testicular histomorphometry
The right testis of rats with PND 140 was promptly dis-

sected, weighed and fixed by immersion in Bouin’s solution for



68 K.V. Pernoncini et al. / Reproductive Toxicology 75 (2018) 65–72

Table 1
Evaluation of TCS for androgenicity in the Hershberger assay. Body weight and absolute accessory sex organ weight.

CTR [6] TP [6] TCS 0.8 [6] TCS 2.4 [6] TCS 8.0 [6]

Initial body weight (g) 204.38 ± 11.78 194.71 ± 7.19 206.64 ± 9.04 208.10 ± 4.15 208.52 ± 8.74
Final  body weight (g) 250.70 ± 9.39 261.07 ± 9.72 253.35 ± 8.72 258.61 ± 3.89 256.49 ± 9.19
Seminal vesicles (mg) 27.00 ± 4.40 341.73 ± 27.49* 24.30 ± 3.41 23.65 ± 1.99 32.18 ± 2.96
Prostate  (mg) 6.97 ± 1.03 96.42 ± 4.03* 4.93 ± 0.79 6.25 ± 1.68 8.38 ± 2.33
Cowper’s glands (mg) 3.70 ± 0.53 27.15 ± 2.54* 2.90 ± 0.56 4.12 ± 0.77 4.62 ± 0.84
LABC  muscle (mg) 119.83 ± 7.81 362.38 ± 21.88* 107.22 ± 3.53 126.82 ± 4.84 120.38 ± 8.83
Glans  penis (mg) 17.17 ± 2.14 63.00 ± 4.48* 16.48 ± 1.06 16.97 ± 1.95 17.92 ± 1.39
Adrenals  (mg) 53.53 ± 3.95 43.68 ± 2.56 53.32 ± 2.65 57.62 ± 3.87 50.67 ± 3.92
Liver  (g) 10.29 ± 0.43 12.10 ± 0.50 9.97 ± 0.52 10.85 ± 0.21 11.49 ± 0.54
Kidneys  (g) 1.72 ± 0.10 1.87 ± 0.07 1.73 ± 0.07 1.74 ± 0.06 1.77 ± 0.07
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ata are means ± SEM. ANOVA complemented with Dunnett, *p < 0.05 compared t
ulbocarvenosus muscle. CTR (vehicle): oil corn; TP: testosterone propionate 0.4 m
.4  mg/kg; TCS 8.0: triclosan 8.0 mg/kg.

4 h before being stored in ethanol at 70%. The testis was  cut
nto tissue fragments and routinely processed for embedding
n Paraplast. Blocks were sectioned at 7 �m and stained with
ematoxylin–eosin. The diameter of the seminiferous tubules was
easured at 100 × magnification using an ocular micrometer. Fif-

een cross sections of tubule profiles that were either round or
early round were chosen randomly and measured for each ani-
al. The volume densities of testicular tissue components were

etermined by light microscopy using a 100-intersection grid
laced in the ocular of the light microscope. A total of 10 (1000
oints) randomly chosen fields were scored for each animal at
00 × magnification. The volume of each component of the testis
as determined as the product of the volume density and testis vol-
me. For subsequent stereological calculations, the specific gravity
f testis tissue was considered to be 1.0 [45]. To obtain a more
recise measure of testis volume, the testis capsule (∼6.5%) was
xcluded from the testis weight. The total length (in meters) of sem-
niferous tubules (LST) was estimated by the tubule seminiferous
olume (TSV) in the testis and the average area of tubules obtained
rom each animal (�R2; R = tubular diameter/2, according to the
ormula: LST = TSV/�R2) [46,47].

.5. Statistical analysis

An exploratory analysis was conducted to evaluate the nor-
al  distribution (Shapiro-Wilk test) and homogeneity of variance

Levene’s test) of each variable. Variables that presented normal
istribution and homogeneity of variance were analyzed by ANOVA
omplemented with the Bonferroni or Tukey post-hoc test, with
ata being presented as mean ± standard error of the mean (SEM).
onversely, for other variables (latency to the first ejaculation,

atency of the first post-ejaculatory intromission, no. of post-
jaculatory intromissions, plasma testosterone quantification, and
otal length of seminiferous tubules, viable and non-viable sperma-
ozoa) the Kruskal-Wallis H complemented with Dunn’s test were
erformed with the presentation of data as median (1st and 3rd
uartiles). In the Hershberger assay, the weight of the androgen-
ependent tissues were analyzed by ANOVA complemented with
-tailed Dunnett as suggested in the guideline from U. S. EPA [27].
oreover, the Coefficient of Variation (CV) presented in the present

tudy, for the target sex accessory tissues, met  the criteria from the
ECD validation studies [48]. Analysis of covariance (ANCOVA) was
sed to detect the effect of the treatment on organ weight using the

nal body weight as the covariate. However, since the ANCOVA and
NOVA provided similar results, the ANOVA results are reported.
he Chi-Square test was used to examine differences in categorical
ariables. Differences were considered significant if p < 0.05.
. Numbers in brackets represent the number of animal/group. LABC: Levator ani-
positive control for androgenicity); TCS 0.8: triclosan 0.8 mg/kg; TCS 2.4: triclosan

3. Results

3.1. Hershberger assay

As shown in Table 1, in the study designed to evaluate the possi-
ble androgenicity of TCS, ANOVA complemented with the Dunnett’s
test indicated that TP treatment significantly increased the weight
of the androgen-dependent tissues, compared to rats that received
the vehicle (p < 0.05). No statistical differences were observed in
the weight of the organs of the TSC-treated groups compared to
the vehicle group (ANOVA, p > 0.05).

In the evaluation of the possible antiandrogenic effect of TCS,
the concomitant administration of TP with the androgen antago-
nist flutamide significantly reduced tissue weight gain compared
to animals that received only TP (p < 0.05) (Table 2), however, no
statistical differences were observed in the TCS-treated groups plus
TP (ANOVA, p > 0.05).

No mortality, morbidity, or general signs of toxicity such as
changes in behavior (e.g., agitation, lethargy, and hyperactivity),
neurological changes (e.g., convulsions, tremors, muscle rigidity,
and hyperreflexia), or autonomic signs (e.g., lacrimation, piloerec-
tion, pupil size, and unusual respiratory patterns) were observed
during the treatment period.

3.2. Male reproductive toxicity

The sexual behavior evaluation results are shown in Table 3. No
statistical difference was detected in the parameters of copulatory
or sexual incentive motivation parameters (p > 0.05). There were
no significant differences between the percentage of animals that
displayed copulatory behavior or the frequencies of ejaculations
of the TCS-treated groups compared to the CTR group (Chi-Square
test, p < 0.05) (data not shown).

As indicated by ANOVA, body weight gain (g) (PND 140–49) was
not influenced by TCS treatment (CTR: 237.71 ± 11.08; TCS 0.8:
215.78 ± 13.26; TCS 2.4: 234.47 ± 11.75; TCS 8.0: 224.93 ± 10.30
n = 10/group) [F(3,36) = 0.723, p = 0.545].

The final body weight (g), organ weights, and plasma testos-
terone quantification of adult males are presented in Table 4. No
significant differences as a result of the TCS treatment were found
in final body weight (PND 140) [F(3,36) = 0.202, p = 0.895], organ
weights (ANCOVA, p > 0.05), or plasma testosterone quantification
(ng/dL), �2 (3) = 0.678, p = 0.878 (Kruskal-Wallis H test, p > 0.05).

No statistical difference was observed in sperm morphology,
viability, motility or concentration (Table 5), or in the sperm count
(Table 6) (p > 0.05).
The testicular histomorphometry is presented in Table 7. No
changes in testicular volume [F(3,35) = 0.110, p = 0.954], intersti-
tial content volume [F(3,35) = 0.317, p = 0.813], seminiferous tubules
volume [F(3,35) = 0.088, p = 0.966], or the diameter of seminifer-
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Table  2
Evaluation of TCS for antiandrogenicity in the Hershberger assay. Body weight and absolute accessory sex organ weight.

TP [6] TP + FLUT [6] TP + TCS 0.8 [6] TP + TCS 2.4 [6] TP + TCS 8.0 [6]

Initial body weight (g) 194.71 ± 7.19 211.21 ± 10.11 203.94 ± 13.30 209.24 ± 5.99 207.43 ± 8.64
Final  body weight (g) 261.07 ± 9.72 266.03 ± 9.43 264.59 ± 15.59 269.05 ± 9.48 268.31 ± 11.63
Seminal vesicles (mg) 341.73 ± 27.49 112.35 ± 14.05* 374.38 ± 45.62 412.78 ± 49.32 381.53 ± 38.20
Prostate (mg) 96.42 ± 4.03 40.77 ± 5.61* 110.28 ± 10.64 98.90 ± 13.23 90.08 ± 13.53
Cowper’s glands (mg) 27.15 ± 2.54 15.40 ± 1.46* 27.83 ± 3.49 31.33 ± 2.89 27.78 ± 2.62
LABC  muscle (mg) 362.38 ± 21.88 224.23 ± 7.79* 347.12 ± 32.70 374.95 ± 12.92 365.00 ± 26.12
Glans  penis (mg) 63.00 ± 4.48 35.45 ± 3.06* 59.02 ± 4.04 61.92 ± 2.59 57.93 ± 5.92
Adrenals (mg) 43.68 ± 2.56 48.23 ± 1.85 47.10 ± 3.81 44.97 ± 2.68 45.30 ± 2.89
Liver  (g) 12.10 ± 0.50 12.04 ± 0.70 11.21 ± 0.90 12.34 ± 0.70 12.02 ± 0.59
Kidneys  (g) 1.87 ± 0.07 1.89 ± 0.08 1.68 ± 0.18 1.80 ± 0.09 1.87 ± 0.07

Data are means ± SEM. ANOVA complemented with Dunnett, *p < 0.05 compared to CTR. Numbers in brackets represent the number of animal/group. LABC: Levator ani-
bulbocarvenosus muscle. T: testosterone 0.4 mg/kg; TP + FLUT: testosterone propionate 0.4 mg/kg in addition to flutamide 3 mg/kg (positive control for antiandrogenicity);
TP  + TCS 0.8: testosterone propionate 0.4 mg/kg in addition to triclosan 0.8 mg/kg; TP + TCS 2.4: testosterone propionate 0.4 mg/kg in addition to triclosan 2.4 mg/kg; TP + TCS
8.0:  testosterone propionate 0.4 mg/kg in addition to triclosan 8.0 mg/kg.

Table 3
Sexual behavior of male rats at PND 120.

Copulatory behavior CTR TCS 0.8 TCS 2.4 TCS 8.0

Latency to the first
intromission (s)

282.90 ± 74.72 {6/10} 344.40 ± 98.56 {5/10} 400.10 ± 65.20 {4/10} 173.90 ± 37.65 {6/10}

Number of
intromissions until the
first ejaculation

21.33 ± 4.02 {6/10} 14.60 ± 4.26 {5/10} 17.25 ± 6.34 {4/10} 17.67 ± 5.29 {6/10}

Latency to the first
ejaculation (s)

853.59 (794.92 − 944.64)
{5/6}

963.08 (838.90 − 1208.54)
{4/5}

1135.44 (913.00−1357.87)
{2/4}

877.03 (657.36 − 916.19)
{5/6}

Latency of the first
post-ejaculatory
intromission (s)

298.89 (298.44 − 316.14)
{5/6}

309.18 (306.12 − 314.60)
{4/5}

326.44 (289.60 − 363.27)
{2/4}

350.80 (332.40 − 375.22)
{5/6}

Number of
post-ejaculatory
intromissions

13.00 (10.00 − 14.00) {5/6} 14.00 (9.75 − 17.00) {4/5} 12.50 (10.25 − 14.75) {2/4} 16.00 (12.00 − 17.00) {5/6}

Number of ejaculations 2.00 ± 0.44 {5/6} 1.60 ± 0.60 {4/5} 1.00 ± 0.70 {2/4} 1.66 ± 0.33 {5/6}

Sexual  incentive
motivation

CTR [10] TCS 0.8 [10] TCS 2.4 [10] TCS 8.0 [10]

Time spent in male
zone (s)

406.64 ± 56.52 424.62 ± 52.90 339.32 ± 64.40 431.50 ± 57.14

Time  spent in female
zone (s)

462.55 ± 50.42 442.15 ± 64.11 584.54 ± 74.55 479.84 ± 63.08

Number of visits in
male zone

18.00 ± 1.15 17.20 ± 1.28 17.00 ± 1.44 17.10 ± 0.99

Number  of visits in
female zone

19.40 ± 1.39 17.40 ± 1.51 18.10 ± 1.33 17.30 ± 1.30

Preference Score 53.65 ± 5.91 49.98 ± 6.57 62.63 ± 7.19 52.33 ± 6.15

Data are means ± SEM. ANOVA, p > 0.05 compared to CTR. Latency to the first ejaculation, latency of the first post-ejaculatory intromission, n◦ of post-ejaculatory intromissions
are  presented as median (1◦ and 3◦ quartile) and were analyzed by the non-parametric test of Kruskal–Wallis, p > 0.05. Numbers in brackets represent the number of
animal/group that displayed the behavior. CTR: corn oil; TCS 0.8: triclosan 0.8 mg/kg; TCS 2.4: triclosan 2.4 mg/kg; TCS 8.0: triclosan 8.0 mg/kg.

Table  4
Body weight, organ weights, plasma testosterone quantification of male rats at PND 140.

CTR [10] TCS 0.8 [10] TCS 2.4 [10] TCS 8.0 [10]

Final body weight (g) 421.96 ± 14.85 405.97 ± 18.97 420.93 ± 16.05 416.86 ± 14.92
Organs weight
Tests (g) 3.26 ± 0.23 3.24 ± 0.28 3.19 ± 0.26 3.22 ± 0.21
Vas  deferens (left) (mg) 104.42 ± 12.07 106.25 ± 18.68 110.50 ± 13.38 102.35 ± 16.79
Epididymis (left) (mg) 617.43 ± 44.77 618.55 ± 71.19 605.84 ± 55.03 618.93 ± 52.45
Ventral prostate (g) 0.36 ± 0.09 0.44 ± 0.10 0.41 ± 0.09 0.44 ± 0.13
Liver  (g) 13.63 ± 1.41 12.59 ± 2.21 14.24 ± 1.36 13.72 ± 1.99
Kidneys  (g) 2.53 ± 0.27 2.40 ± 0.30 2.59 ± 0.25 2.50 ± 0.33
Adrenal glands (mg) 50.65 ± 8.62 54.20 ± 10.69 53.83 ± 16.13 51.51 ± 11.11
Seminal  vesicle (g) 1.63 ± 0.34 1.48 ± 0.32 1.72 ± 0.40 1.57 ± 0.30
Testosterone (ng/dl) 206.83 (124.93–390.20) 191.73 (146.16–302.25) 268.13 (210.50–305.58) 260.42 (162.09 − 314.05)

Data are means ± SEM. Final body weight was compared using ANOVA (p > 0.05). Organs weight was  considered by analysis of covariance (ANCOVA) on final body weight
(p  > 0.05). Plasma testosterone quantification is presented as median (1◦ and 3◦ quartile) and was  analyzed by the non-parametric test of Kruskal–Wallis, p > 0.05. Numbers
in  brackets represent the number of animal/group. CTR: corn oil; TCS 0.8: triclosan 0.8 mg/kg; TCS 2.4: triclosan 2.4 mg/kg; TCS 8.0: triclosan 8.0 mg/kg.
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Table 5
Sperm morphology, viability, motility and concentration of male rats at PND 140.

Sperm parameters CTR [10] TCS 0.8 [10] TCS 2.4 [10] TCS 8.0 [10]

Abnormal head morphology sperm (%) 17.44 ± 1.96 14.26 ± 3.41 15.85 ± 2.03 13.50 ± 1.01
Abnormal tail morphology sperm (%) 2.16 ± 0.41 2.73 ± 0.38 2.14 ± 0.42 2.78 ± 0.70
Concentration of sperm (106/mL) 39.40 ± 5.38 44.70 ± 4.87 40.37 ± 6.07 41.22 ± 4.73
Viable  sperm (%) 84.50 (79.00 − 87.00) 80.00 (75.00 − 85.75) 84.00 (57.25 − 88.75) 85.00 (73.25 − 88.75)
Non-viable Sperm (%) 15.50 (13.00 − 21.00) 20.00 (14.25 − 25.00) 16.00 (11.25 − 42.75) 15.00 (11.25 − 26.75)
Mobile sperm (%) 77.20 ± 2.93 77.50 ± 2.13 73.40 ± 3.59 79.70 ± 1.92
Immobile Sperm (%) 22.80 ± 2.93 22.50 ± 2.13 26.60 ± 3.59 20.30 ± 1.92

Data are means ± SEM. ANOVA, p > 0.05 compared to CTR group. Viable and non-viable spermatozoa (%) are presented as median (1◦ and 3◦ quartile) and were analyzed by
the  non-parametric test of Kruskal–Wallis, p > 0.05. Numbers in brackets represent the number of animal/group. CTR: corn oil; TCS 0.8: triclosan 0.8 mg/kg; TCS 2.4: triclosan
2.4  mg/kg; TCS 8.0: triclosan 8.0 mg/kg.

Table 6
Sperm count of male rats at PND 140.

Sperm count CTR [10] TCS 0.8 [10] TCS 2.4 [10] TCS 8.0 [10]

N◦ of spermatids (106/testis) 74.64 ± 8.15 67.00 ± 1.91 78.26 ± 6.13 62.58 ± 5.20
No of spermatids (106/g/testis) 52.05 ± 4.91 46.66 ± 1.82 54.97 ± 4.22 43.49 ± 3.08
Daily  Sperm Production (mg) 12.24 ± 1.34 10.98 ± 3.12 12.83 ± 1.00 10.26 ± 8.52
N◦ of spermatozoa x 106/caput + corpus of epididymis 59.26 ± 4.21 56.24 ± 3.53 61.28 ± 3.50 56.46 ± 2.90
N◦ of spermatozoa x106/g/caput + corpus of epididymis 172.14 ± 10.93 180.73 ± 17.86 198.61 ± 13.36 174.34 ± 8.45
N◦ of spermatozoa x 106/cauda of epididymis 100.44 ± 7.50 92.74 ± 6.11 124.20 ± 7.07 100.31 ± 9.88
N◦ of spermatozoa x 106/g/cauda of epididymis 357.07 ± 19.52 322.85 ± 18.75 397.51 ± 36.78 343.95 ± 30.86
Sperm  transit time (days) through caput/corpus of epididymis 5.18 ± 0.50 5.12 ± 0.30 5.14 ± 0.62 5.85 ± 0.54
Sperm  transit time through cauda of epididymis (days) 8.90 ± 0.94 8.58 ± 0.71 10.24 ± 0.95 10.78 ± 1.63

Data are means ± SEM. ANOVA, p > 0.05 compared to CTR. Numbers in brackets represent the number of animal/group. CTR: corn oil; TCS 0.8: triclosan 0.8 mg/kg; TCS 2.4:
triclosan 2.4 mg/kg; TCS 8.0: triclosan 8.0 mg/kg.

Table 7
Volumetric composition (ml) and biometric evaluation of testicular parenchyma of male rats at PND 140.

CTR [10] TCS 0.8 [10] TCS 2.4 [10] TCS 8.0 [10]

Testicular volume (ml) 1.52 ± 0.03 1.51 ± 0.04 1.49 ± 0.04 1.50 ± 0.03
Volume of interstitial content (ml) 0.47 ± 0.02 0.45 ± 0.02 0.45 ± 0.01 0.45 ± 0.01
Volume of seminiferous tubules (ml) 1.04 ± 0.02 1.05 ± 0.03 1.03 ± 0.03 1.05 ± 0.02
Diameter of seminiferous tubules (�m) 291.35 ± 5.20 294.10 ± 5.63 308.82 ± 6.30 303.80 ± 4.74
Total  length of seminiferous tubules (m)  15.52 (14.76 − 16.65) 16.09 (14.88 − 16.50) 13.54 (13.06 − 13.75) 14.85 (14.19 − 16.03)
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riclosan 8.0 mg/kg.

us tubules [F(3,35) = 2.202, p = 0.105] were found. Non-parametric
nalysis performed by the Kruskal-Wallis H test did not identify
ignificant changes in the total length of seminiferous tubules, �2
3) = 7.269, p = 0.064, between experimental groups.

No signs of toxicity, such as: lacrimation, piloerection, unusual
espiratory pattern, or tremors were observed during the treatment
eriod.

. Discussion

In the present study, the (anti)androgenicity of TCS in male Wis-
ar rats was assessed by the Hershberger assay after 10 consecutive
ays of oral administration with TCS, and in a second protocol, the
ale reproductive toxicity of TCS was investigated in post-pubertal

ats after 13 weeks of daily oral administration with TCS. The doses
sed in this work were based on the acceptable daily intake of
CS allowed by the U. S. EPA [29], in addition to 3 and 10-fold
igher doses. All three doses were selected to determine the possi-
le effects of low doses for risk assessment to the male reproductive
ystem and were below the LD50 (>5000 mg/kg), when adminis-
ered orally [29,49].

The Hershberger assay is a short-term screening assay designed

o identify substances that act as androgen agonists or antago-
ists and is part of the Endocrine Disruption Screening Program
EDSP) developed by the U. S. EPA [27]. In the Hershberger assay,
CS administration did not increase the weight of the androgen-
nted as median (1◦ and 3◦ quartile) and was analyzed by the non-parametric test
. CTR: corn oil; TCS 0.8: triclosan 0.8 mg/kg; TCS 2.4: triclosan 2.4 mg/kg; TCS 8.0:

dependent tissues in the androgenic evaluation, or decrease the
weight of the androgen-dependent tissues co-treated with TP in the
antiandrogenic evaluation. Although some previously published
results from the literature suggest that TCS exhibits antiandro-
genic activity in different endogenous androgen-mediated in vitro
assays [9,25,26,50], a review by Mihaich et al. [51] does not sup-
port the hypothesis that TCS exhibits the potential to interact with
components of the androgen pathway. The lack of effects in the
Hershberger assay in the present study suggests that TCS does
not induce any androgenic/antiandrogenic effects in Wistar rats,
at least at the doses used. This result is similar to that reported in
the study of Zorrilla et al. [22], where the oral treatment with TCS
from PND 23 to 53 (3, 30, 100, 200, and 300 mg/kg) did not affect
the weights of androgen-dependent tissues (ventral prostate, sem-
inal vesicles, LABC, epididymal and testes) of pubertal male Wistar
rats.

The reproductive toxicity of TCS was  also evaluated in 49-
day-old pubertal male rats after approximately 90 days of oral
treatment. The present work was  based on the OECD Guideline
for Testing of Chemicals 416 [28], and as suggested by the guide-
line, animals were treated with TCS for 71 days prior to mating,
when analysis of sexual behaviors (copulatory behavior and sex-

ual incentive motivation) was  conducted (PND 120). In the rodent
brain, both testosterone and 17b-estradiol in the medial preoptic
area are needed for the dopamine response and full expression of
male sexual behavior [52,53]. Decreased serum testosterone con-
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entrations have already been described in adult Wistar rats (10
eeks old), after 60-day oral administration of TCS, at the dose of

0 mg/kg [23] and in pre-pubertal Wistar rats, after 31 days of oral
reatment with TCS (beginning on PND 23), at the dose of 200 mg/kg
22]. Despite the potential effects of TCS on testosterone levels,
o influence on sexual behavior was observed following the TCS
reatments in this analyze. The highest dose used in the present
tudy (8.0 mg/kg) was, respectively, 2.5 and 25 times lower than
he doses used in previous studies (20 and 200 mg/kg) [22,23], and

ay  explain the absence of effects on sexual behavior as well as
lasma testosterone concentrations at the time of euthanasia.

In toxicity studies, the growth of an animal and the weight of
rgans are sensitive to the toxic effects of a xenobiotic [54,55]. In
he present study, long-term treatment with TCS did not influence
ody weight gain during the treatment period. This result is consis-
ent with those observed in Wistar rats (around 10 weeks old) orally
reated with TCS, for 60 days, at doses of 5, 10, and 20 mg/kg [23],
s well as in pre-pubertal (PND 23) rats, after 31 days of TCS admin-
stration, by gavage, at doses of 3, 30, 100, 200, and 300 mg/kg [22].
n this research, the repeated treatment with TCS also did not affect
he organ weights. In the study conducted by Kumar et al. [23], pre-
iously discussed, oral treatment with TCS decreased the weight of
he testis, but only at the higher doses (10 and 20 mg/kg), and not
t the dose of 5 mg/kg, suggesting that the toxic effects of TCS on
ormone dependent organs only appears from oral doses above
0 mg/kg. Considering that the selected reference dose for TCS by
ietary exposure in humans is 0.3 mg/kg/day [29], the absence of
ffects on body weight and organ weights observed in our study
uggests that the environmental exposure levels of protection for
CS incorporated by regulatory frameworks are safe for general
oxicity.

Related to sperm parameters, it is known that reduction in
perm quality is commonly linked to the effects of a drug on the
permatogenesis process [56,57], which is totally dependent on the
ction of testosterone [58]. There are few studies investigating the
ffects of TCS on sperm quality in rodents. In Sprague Dawley rats
PND 42), oral doses of 50 and 200 mg/kg decreased daily sperm
roduction and increased the number of abnormal sperm in rats
reated with TCS for 8 weeks [21], while in Wistar rats, oral treat-

ent with TCS, for a period of 60 days, reduced the daily sperm
roduction at the dose of 20 mg/kg [23]. Despite the evidence of
permatic toxicity of TCS in rodents, repeated administrations with
CS did not affect the sperm parameters in this study, suggesting
hat long-term treatment with TCS, at the tested doses, is not able
o impair spermatogenesis related processes in rats. These find-
ngs were expected, since plasma testosterone concentrations were
nchanged at the time of euthanasia.

The volume of seminiferous tubules has a direct correlation with
esticular parameters, such as tubular length, sperm production,
nd Sertoli cell population [59]. Changes in seminiferous tubules
ay  reflect changes in testes weights [55], an association already

eported in Wistar rats, in addition to histopathological malfor-
ations [23]. In Kumar et al. [23], daily treatment with TCS at a

osage level of 20 mg/kg also decreased mRNA levels of proteins
ssociated with steroidogenesis, suggesting a reduction in Leydig
ell number. The lack of studies investigating the effects of TCS on
he integrity of testicular parenchyma restricts the discussion and
einforces the need for future research. However, based on the his-
omorphometric results observed in the present study, it can be
tated that long-term treatment with TCS did not cause any damage
o the integrity of the testicular parenchyma.

In conclusion, the absence of effects of TCS in the Hershberger

ssay, as well as on the parameters evaluated in the reproductive
oxicity study in male rats, reinforce that the exposure limits of
CS imposed by regulatory authorities are safe regarding the TCS

[
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endocrine disrupting effects on reproductive function for the gen-
eral population.
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