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Abbreviations

ANOVA: Analysis of Variance; BW: Body Weight; CNS: 
Central Nervous System; CPCSEA: Committee for the Purpose 
of Control and Supervision of Experiments on Animals; EDCs: 
Endocrine Disrupting Chemicals; ELISA: Enzyme-Linked 
Immunosorbent Assay; EPA: Environmental Protection 
Agency; Fig: Figure; GSI: Gonado Somatic Index; PPS: Prepuce 
Separation; PND: Postnatal Day; TCS: Triclosan

Introduction

The critical time period of physical maturation i.e., gaining 
sexual maturity and becoming capable of reproduction is 
generally referred to as puberty [1]. It is achieved by the 
maturation of multiple organs and major changes in the Central 
Nervous System (CNS) and psychosocial behavior [2]. Onset of 
puberty usually occurs between the age of 9 years to 14 years 

in human males during which physical and behavioral changes 
take place in response to the infl uence of several hormones 
[3]. Some physical changes, considered as the external sign of 
the onset of puberty, are the growth of testicles (fi rst sign), 
hair growth around the pubic area and the scrotum, penile 
enlargement, and masculine-type body growth along with 
other growth [3]. In rodents, prepuce separation (PPS) is one of 
the external indicators of the onset/induction of puberty during 
which the prepuce gets separated from the glans penis [4-6]. 
In rodents, it begins at PND 35 - 40 [5]. Puberty is considered 
an androgen-dependent phenomenon [4,7,8]. The transition 
phase of puberty is maintained/regulated by the hypothalamic-
pituitary-gonadal axis [6]. Further, the onset of puberty is 
dependent on the genetic factor [9], however, intrauterine 
events, family factors, stress, socio-economic conditions, 
exposure to toxins, and synthetic chemicals present in the 
environment can also affect such phase [10]. The progression 
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of industrialization during the last few decades has added a 
lot of toxins in the surroundings in the form of heavy metals, 
pesticides, insecticides, synthetic chemicals, etc.

The toxins and synthetic chemicals mimic the endogenous 
hormones produced by the endocrine glands, induce deleterious 
effects on the endocrine system, and thus, resulting in hormonal 
imbalance. Such chemicals are referred to as endocrine-
disrupting chemicals (EDCs). Because of having hormone-
like characteristics, EDCs may act as agonists or antagonists 
and affect puberty via their estrogenic/antiestrogenic/
androgenic or antiandrogenic activities. Exposure to various 
EDCs causes a progressive increase or decrease in the age of 
onset of puberty. Several pesticides, fungicides, herbicides, 
and synthetic chemicals, acting as EDCs, are reported to affect 
the onset of puberty [7,11]. Among such EDCs, triclosan (TCS, 
2,4,4’-trichloro-2’-hydroxydiphenyl ether, a chlorophenol), 
an antimicrobial synthetic chemical, is widely used in 
personal care products, cosmetics, toys, sports items, and 
several commercial preparations as preservative [12-18]. It 
is frequently detected in the environment, such as in urban 
effl uent [19], and surface water and soil [20-22]. The diversity 
of its occurrence in the environment and usage in a variety of 
daily products, provide a large scope of its exposure to everyone. 
TCS is detected in human urine, plasma, and breast milk [23-
25]. Its reproductive toxicity has been reported in adults (Raj 
and Singh 2018) [18,24,26-30] and in few prepubertal male 
rodent models [31,32] in which it adversely affects the fertility. 
TCS affects the pubertal development in rat pups as it has been 
reported to delay the age of prepuce separation from the glans 
penis at doses of 75, 150, and 300 mg/kg BW/day, following 
gestational and lactational exposure [32]. TCS has also been 
reported to down-regulate testosterone synthesis in the rat, 
exposed to the dose of 200 mg/kg BW/day during PND 23 to 
PND 53, however, such exposure does not affect the weights of 
the reproductive organs [31].

Since very limited studies have been carried out regarding 
the onset of the puberty and status of the reproductive health 
of young males following TCS exposure, commencing from 
prepubertal to pubertal age. Hence, the present study has been 
designed to investigate the impact of TCS exposure from PND 22 
to PND 63 to observe the age of onset of puberty, weights of the 
reproductive organs, and alterations in the levels of testicular 
cholesterol and serum testosterone, and histopathology of the 
testis of the young (PND 64) laboratory mouse. 

Materials and methods

Animals

Eighteen, three weeks (21 days) old, prepubertal male mice 
were used in this study. They were procured from the Central 
Animal House, Institute of Medical Science, Banaras Hindu 
University, Varanasi, India, and maintained under standard 
husbandry conditions of controlled temperature (25 ± 2 0C), 
light (photoperiod of 14 h light and 10 h dark) and relative 
humidity (60% to 70%) in polypropylene cages, with rice husk 
as the bedding material. Animals were maintained on pelleted 

food and water ad libitum. An experiment was performed in 
accordance with the institutional practice and within the 
framework of the Committee for the Purpose of Control and 
Supervision of Experiments on Animals (CPCSEA) of Govt. of 
India on animal welfare. Approval from the Animal Ethical 
Committee (1802/GO/Re/S/15/CPC5EA), Institute of Science, 
Banaras Hindu University, Varanasi, India was obtained to 
work on the mouse model.

Chemicals

TCS (Triclosan: 98% pure) and corn oil were purchased 
from Otto Chemie Pvt. Ltd. Chemika – Biochemika - Reagent 
Chemical Company, Mumbai, India. 

Experimental design and dosage 

After recording the initial body weights at PND 22, the mice 
were divided into three groups of six each (n = 6). Mice of Group 
I were administered with corn oil and served as vehicle-treated 
control, while that of Group II and III were administered with 
TCS at the doses of 300 and 600 mg/kg BW/day, respectively. 
The doses of TCS were selected based on earlier literature and 
converted to mice by dose converting formula [33].

Route and duration of the administration

TCS was dissolved in the corn oil and administered orally 
through gavage for 42 consecutive days, i.e., from PND 22 to 
PND 63. 

Prepuce separation (PPS)

PPS was checked visually from the day of commencement 
of treatment in all the groups.

Animal sacrifi ce and collection of reproductive organs

Twenty-four hours after the last treatment, the fi nal body 
weights of the mice at PND 64 were recorded and euthanized 
by mild ether anesthesia, followed by decapitation. Blood was 
collected immediately to measure the level of testosterone. 
The reproductive organs viz. testis, epididymis, and seminal 
vesicle of both sides were dissected out, blotted free of blood, 
and processed for the following studies:

Reproductive organs weight analyses

Wet weights of the testis, epididymis, and seminal vesicle 
were recorded to calculate the Gonado-Somatic Index (GSI) by 
using the following formula: 

GSI = (Gonad weight / total body weight) ×100.

Histology of the testis

Bouin’s fi xed testis was dehydrated in graded series of 
alcohol, cleared in xylene, and embedded in paraffi n wax. 
Sections of 5 μm thickness were cut from each testis. The 
sections were dehydrated in graded series of alcohol and stained 
with Periodic Acid Schiff reagent followed by counterstaining 
with Ehrlich’s Haematoxylin.
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Biochemical estimation of the level of cholesterol

The level of cholesterol was measured in the testis by 
using the commercial diagnostic kit, purchased from ERBA 
Diagnostics Mannheim GmbH Mallaustr, 69 - 73, D-68219, 
Mannheim/Germany.

Serum testosterone assay 

The level of serum testosterone was measured by following 
the instructions provided in the testosterone ELISA kit 
{Diametra, Foligno (PG)-Italy}. 

Statistical analyses

The values were represented as mean ± S.E. in each group. 
All the data were analyzed statistically by one-way ANOVA 
followed by Newman-Keul’s test for comparison of the 
groups. The body weight of the animals was analyzed by using 
Student’s t-test. Values were considered signifi cant at p < 0.05.

Results 

Prepuce Separation (PPS)

PPS in the control mice was observed at PND 33 while it 
appeared at PND 44 and PND 45.67 in the mice exposed to 
TCS at the doses of 300 and 600 mg/kg BW/day, respectively 
(Figure 1).

Body weight 

Triclosan exposure at both doses (300 and 600 mg/kg BW/
day) did not affect the fi nal body weights of the treated mice 
sacrifi ced at PND 64, as compared with the fi nal body weights 
of the age-matched control (Figure 2).

Reproductive organs’ weight

Signifi cant reductions were noticed in the weights of the 
testis (Figure 3), epididymis (Figure 4), and seminal vesicle 
(Figure 5) in the TCS (300 and 600 mg/kg BW/day)-treated 
mice, sacrifi ced at PND 64, as compared with that of the age-
matched control.

Testicular histology

T.S. of the testis of the control mouse obtained at PND 64 
showed normal histological features (Figure 6A). However, 
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Figure 1: Effect of oral administration of triclosan (300 and 600 mg/kg BW/day) 
on the age of prepuce separation (Values represent the mean ± SEM of 6 animals) 
*Signifi cant differences at p < 0.05.
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Figure 2: Effect of oral administration of TCS (300 and 600 mg/kg BW/day) on the 
fi nal body weight (Values represent the mean ± SEM of 6 animals)
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Figure 3: Effect of oral administration of triclosan (300 and 600 mg/kg BW/day) on 
the weight of the testis (Values represent the mean ± SEM of 6 animals) *Signifi cant 
differences at p < 0.05.
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Figure 4: Effect of oral administration of triclosan (300 and 600 mg/kg BW/day) 
on the weight of the epididymis (Values represent the mean ± SEM of 6 animals) 
*Signifi cant differences at p < 0.05
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Figure 5: Effect of oral administration of triclosan (300 and 600 mg/kg BW/day) on 
the weight of the seminal vesicle (Values represent the mean ± SEM of 6 animals) 
*Signifi cant differences at p < 0.05.
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T.S. of the testis of the mice exposed with both the doses of 
TCS (300 and 600 mg/kg BW/day) at PND 64, showed mild 
histopathological alterations as indicated by the appearance 
of the slightly decreased height of the germinal epithelium 
and disorganized and detached germ cells in the seminiferous 
tubules (Figure 6B and 6C), as compared with that of the age-
matched control (Figure 6A).

Level of testicular cholesterol

TCS, administered at both doses (300 and 600mg/kg BW/
day) caused a signifi cant decrease in the level of testicular 
cholesterol in the mice sacrifi ced at PND 64, as compared with 
that of the age-matched control (Figure 7).

Level of serum testosterone 

A signifi cant reduction was found in the level of serum 
testosterone in the TCS-treated mice sacrifi ced at PND 64, as 
compared with that of the age-matched control (Figure 8).

Discussion

The present study has aimed to evaluate the age of onset 
of puberty, and alterations in the histopathology of the testis, 
the levels of testicular cholesterol, and serum testosterone in 
the young (PND 64) laboratory mice, exposed to two doses 
of TCS from PND 22 to PND 63. It is well documented that 
prepuce separation is the external sign of the onset of puberty 
in males [4-6].In the present study, a signifi cant delay has 
been noticed in the age of PPS in both the groups of the TCS 
(300 and 600 mg/kg BW/day, from PND 22 to PND 63)-treated 
mice, as compared with that of the age-matched control. In 
the  control mice, the age of PPS was seen at PND 33 while in 
both the groups of the TCS-treated mice, it was noticed at PND 

44 (300 mg/kg BW/day) and PND 45.67 (600 mg/kg BW/day), 
respectively. Delay in PPS in such mice, thus, indicates the 
interference of TCS in achieving puberty on time. Machado, et 
al. (2017)[32] have reported similar fi ndings in the male pups 
of the rat, exposed to TCS at various doses (75, 150, and 300 
mg/kg BW/day) during gestational and lactational periods 
while in the present study delay in PPS has been noticed during 
prepubertal exposure. These fi ndings, thus, indicate that TCS 
exposure at an early age, whether during prenatal, gestational/
lactational, or prepubertal age, markedly affects the onset of 
puberty. Since PPS is a testosterone-dependent phenomenon 
(Kolho, et al. 1987), hence delay in the age of PPS may possibly 
be due to the unavailability of the required level of testosterone 
in the TCS- treated mice at PND 44 and PND 45.67, in contrast 
to that of the control.

Body weight is the initial indicator of good health. In the 
present study no signifi cant change has been noticed in the 
fi nal body weight of the TCS (300 and 600 mg/kg BW/day)-
treated mice sacrifi ced at PND 64, as compared with that of the 
age-matched controls. A similar fi nding has been reported by 
Machado, et al. [32] in 60 days old male off-springs of the rat, 
following exposure to TCS (75, 150, and 300 mg/kg BW/day), 
though during gestational and lactational periods.

Reproductive organs’ weight is the primary indicator of 
any changes taking place in the organs after an experimental 
exposure. It is well documented that the weight of the testis 
is the primary indicator of evaluating spermatogenic activity 
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Figure 6: (A-C, 40X): T.S. of the Testis of (A) control showing normal appearance 
of seminiferous tubules; (B) TCS (300 mg/kg BW/day)-treated mouse showing 
loosening of germ cells and decreased height of germinal epithelium, (C) TCS (600 
mg/kg BW/day)-treated mouse showing loosening and disorganization of germ 
cells in the seminiferous tubules.
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Figure 7: Effect of oral administration of triclosan (300 and 600 mg/kg BW/day) on 
the level of testicular cholesterol (Values represent the mean ± SEM of 6 animals) 
*Signifi cant differences at p < 0.05.
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Figure 8: Effect of oral administration of triclosan (300 and 600 mg/kg BW/day) on 
the level of serum testosterone (Values represent the mean ± SEM of 6 animals) 
*Signifi cant differences at p < 0.05.
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in the organ [34]. In the present study, testicular weight was 
signifi cantly decreased in the mice exposed to both doses of 
TCS (300 and 600 mg/kg BW/day) from PND 22 to PND 63. 
However, Zorrilla, et al. [31], have reported no signifi cant 
alteration in the weight of the testis of the rat exposed to 
different doses of TCS (3, 30, 100, 200, and 300 mg/kg BW/day) 
from PND 23 to PND 53. 

Similarly in the present study, a signifi cant reduction has 
been noticed in the epididymal weight of the mice exposed to 
both the doses of TCS (300 and 600 mg/kg BW/day) from PND 
22 to PND 63. However, fi ndings of Zorrilla, et al. [31] have 
reported no alteration in the weight of the epididymis in the 
rat, exposed to various doses of TCS (3, 30, 100, 200, and 300 
mg/kg BW/day) from PND 23 to PND 53. Likewise, Machado, 
et al. [32] have reported unaltered weight of the epididymis 
in the 60 days old offspring of the rat, exposed to various 
doses of TCS (75, 150, and 300 mg/kg BW/day) though, during 
gestational and lactational periods. The discrepancy between 
the fi ndings of the present study and that of Zorrilla, et al. [31] 
regarding weights of the testis and epididymis may be due to 
the duration of the exposure of TCS and differential responses 
of the two genera of the rodent.

The weight of the seminal vesicle is androgen-dependent 
and may show changes in endocrine functions or sperm 
functions following any treatment [35,36]. In the present 
study, the weight of the seminal vesicle exhibited a signifi cant 
decrease in the mice exposed to both doses of TCS from PND 
22 to PND 63. A similar fi nding has been reported by Zorilla, et 
al. [31] in rats, exposed to various doses of TCS (3, 30, 100, 200, 
and 300 mg/kg BW/day) from PND 23 to PND 53. Machado, 
et al. [32] have also reported signifi cantly decreased weight of 
the seminal vesicle in 60 days old offspring of the rat exposed 
to TCS, at the doses of 150 and 300 mg/kg BW/day, during 
gestational and lactational periods; though, at the dose of 
75 mg/kg BW/day, these authors reported non-signifi cantly 
reduced weight of the seminal vesicle. The dependency of the 
weights of the reproductive organs on testosterone is well 
documented [34-37]. Hence, the signifi cantly reduced level 
of testosterone found in the TCS-exposed mice at PND 64 is 
the possible cause of reductions in the weights of the testis, 
epididymis, and seminal vesicle. Signifi cant reductions in the 
weights of the testis and epididymis are also attributed to the 
depletion in the germ cell population (Predes, et al. 2010) as 
a consequence of which the sperm content also gets reduced.

In the present study, mild histopathological alterations 
have been noticed in the seminiferous tubules, as indicated 
by the loosening of the germ cells and decreased height of 
germinal epithelium in the testis of the mice exposed orally 
with TCS (300 and 600 mg/kg BW/day) from PND 22 to PND 
63. On the other hand, Zorrilla, et al. [31] have reported no 
alterations in the histopathology of the testis of the rat exposed 
orally to TCS at the doses of 3, 30, 100, and 200 mg/kg BW/day 
from PND 23 to PND 53. However, these authors have reported 
the presence of multinucleated giant cells (a marker of germ 
cell degeneration) within the seminiferous tubules in the testis 
of the rat, treated only with a high dose of TCS (300 mg/kg BW/

day from PND 23 to PND 53). Signifi cant reduction in the level 
of serum testosterone found in the TCS-treated mice refl ects 
the alterations in the spermatogenic activity, thus indicating 
the requirement of optimal level of testosterone, essential for 
the maintenance of spermatogenesis [38].

A signifi cantly reduced level of testicular cholesterol, found 
at PND 64 indicates the interference of TCS in cholesterol 
biosynthesis in the mice exposed to both doses from PND 22 to 
PND 63. Cholesterol synthesis begins with the uptake of lipid 
droplets by carrier protein (cholesterol binding protein) and 
is transported up to the mitochondria, within the cell.TCS has 
been found to destabilize the functions of the cell membrane 
[39] and suppress phagocytosis and pinocytosis [40,41] in the 
cells which could be a factor to create any hindrance in the 
uptake of lipid droplet for the cholesterol biosynthesis.

Signifi cant reduction in the level of serum testosterone, 
found in the mice following exposure to both the doses of 
TCS (300 and 600 mg/kg BW/day) from PND 22to PND 63 
is consistent with the fi nding of Zorrilla, et al. [31] who also 
reported same fi nding in the rat, exposed with TCS at the 
dose of 200 mg/kg BW/day from PND 23 to PND 53. It is well 
known that cholesterol is the precursor of biosynthesis of all 
sex steroids [42]. Hence, in the present study, a signifi cant 
reduction in the level of cholesterol could be one of the reasons 
for the reduced level of serum testosterone in the TCS-treated 
mice.

Conclusion

On the basis of the present fi ndings, it can be concluded 
that the exposure of TCS from the prepubertal to peripubertal 
period caused detrimental effects on the reproductive health of 
the young male mice as indicated by delay in the age of prepuce 
separation, reduced weight of the reproductive organs (testis, 
epididymis, and seminal vesicle), regressed histopathology of 
the testis, decreased synthesis of cholesterol and testosterone. 
However, there is a need to explore the exact molecular 
mechanism involved in the interference of triclosan on the 
various reproductive parameters from the pre-to peripubertal 
period.
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