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A B S T R A C T

Triclosan (TCS) is a broad-spectrum antibacterial compound which is used in many cosmetic products, medical
devices and house hold products. Toxicity attributed to TCS has recently become a focus of research. Recent
studies showed that TCS can easily migrate into the human brain and animal tissues and cause adverse changes
in various target organs. Our knowledge of the neurotoxicity of TCS is largely based on very limited data. In this
regard, adult male NMRI mice were administered TCS (1000, 2000, and 4000mg/kg) by gavage for 14 con-
secutive days, whereas the control animals were given corn oil. At the end of the exposure, all mice were
evaluated for locomotor activity, motor coordination and anxiety behaviors through the use of an open-field test,
rotarod test, and elevated-plus maze (EPM) test, and for muscle strength in a grip strength test. A significant
change in locomotor activity and coordination was observed in TCS treated mice. In parallel anxiety-like be-
haviors and muscle strength were affected by TCS. Haematoxylin-eosin staining also showed significant adverse
effects in brain tissue of the TCS exposed mice. Based on these results, we conclude that a 14-day TCS exposure
resulting in some behavioral disturbances in mice.

1. Introduction

Triclosan [5-Chloro-2-(2,4-dichlorophenoxy)phenol; TCS] also
known as Irgasan, is an antimicrobial agent that has been added to
many personal care products such as toothpastes, hand soaps,
mouthwashes, shampoos, deodorants, and cosmetics since the 1960s
(Cherednichenko et al., 2012; Dayan, 2007). It is also found in nu-
merous consumer products, including toys, bedding, fabrics, clothes,
cleaning supplies, detergent and medical devices (Rodricks et al.,
2010). TCS imposes a destructive impact on wide range of organisms,
including bacteria, plants, fish, birds, protozoa and mammals with
aquatic ecosystems being among the most sensitive to its deleterious
effects (Yueh and Tukey, 2016). Bioaccumulation of this compound and
its lipophilic metabolite, methyl-triclosan (M-TCS) in algae and snails
and their relative stability are growing concerns about the harmful and
negative effects it can cause on the environment (Coogan et al., 2007).

Many studies have been published on the human health effects that
may result from exposure to TCS. It can reaches the systemic circulation
via oral mucosa and gastrointestinal tract (GIT), dermal, and inhalation
routes (Bagley and Lin, 2000). Dermal absorption of TCS is considered
to be less than 10%, while it is readily and almost completely absorbed

after oral exposure. Following absorption, TCS is widely distributed in
blood, urine and most of the soft tissues. A number of studies have
indicated that significant amounts of TCS are found in urine, breast
milk, plasma, brain samples, and adipose tissue (Adolfsson-Erici et al.,
2002; Allmyr et al., 2006; Sandborgh-Englund et al., 2006). It is me-
tabolized by conjugation to glucuronide and sulfate and renal excretion
is the predominant route of excretion (Dann and Hontela, 2011;
Rodricks et al., 2010). Due to wide variety sources of triclosan ex-
posure, the levels of human exposure cannot be accurately estimated
(Dann and Hontela, 2011). Previous studies reported that this com-
pound was detected in wide concentration range in human samples. For
example it was detected in urine samples at a concentration range of
2.4–3,790 μg/L (Calafat et al., 2007). It was determined in human milk
at concentrations ranging from 100 to 2,100 g/Kg (Dayan, 2007).
Plasma concentrations of TCS ranged from 0.010 to 38 ng/g by Allmyr
et al. (2006). Although metabolism and excretion restrict TCS brain
accumulation to a rather large extent; however, there is considerable
concern about its harm even in trace amounts.

TCS possesses intrinsic estrogenic and androgenic activity and it has
been mentioned with endocrine disrupting potential capable of altering
sex hormone function and thyroid hormone homeostasis (Olaniyan
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et al., 2016). Besides, Rodricks et al. reported “when evaluated in
chronic oncogenicity studies in mice, rats and hamsters, treatment-re-
lated tumors were found only in the liver of male and female mice”
(Rodricks et al., 2010) through both constitutive androstane receptor
(CAR) and peroxisome proliferator activated receptor α (PPARα) acti-
vation resulting in significant augmentation of DNA synthesis and cell
proliferation (Wang et al., 2017). Recent studies have also concluded
that TCS may also negatively alter the immune system response
(Anderson et al., 2016; Rees Clayton et al., 2010).

Neurotoxic effect of TCS has been reported in several in vitro stu-
dies. Assessment of the developmental neurotoxicity of TCS by Muth-
Köhne et al. showed that TCS at high concentration (2.8 μM) could
slightly delay development of secondary motor neurons (SMNs) in
zebrafish (Muth-Köhne et al., 2012). TCS (10 μM) contributed to induce
DNA fragmentation and formation of apoptotic bodies in primary cul-
tures of neocortical neurons through caspase-3, caspase-8, and Fas re-
ceptor (FasR) signal activation (Szychowski et al., 2015). As demon-
strated by Kyung Park et al. TCS (50 μM) could increase expression of
pro-apoptotic markers such as Bax and Bcl-2. It also significantly re-
duced antioxidant defenses by GSH reduction and ROS homeostasis
alteration. Their research on cultured rat neural stem cells (NSCs)
showed that TCS can induce neurotoxicity in developing rat brains
through mentioned mechanisms (Park et al., 2016). Furthermore, ex-
posure of TCS to Pangasianodon hypophthalmus altered behavioral
parameters and normal neurological functions that may be due to
augment ROS generation (Sahu et al., 2018). Szychowski et al. reported
that TCS at environmentally relevant concentrations could induce
neurotoxicity in mouse neocortical neurons via enhanced caspase-3
activation and ROS production that may be related to transient de-
gradation of N-Methyl-D-aspartate receptors (NMDARs) subunits
(Szychowski et al., 2019). Taken together, Oxidative stress, inflamma-
tion, and apoptosis pathways have been purported as potential patho-
mechanisms involved in the neurotoxicity induced by TCS (Ruszkiewicz
et al., 2017).

It has been shown that exposure to triclosan could put the plasma
concentration of this compound in a concentration range of
74.5–94.2 μg/ml (Lin, 2000). There is also evidence report that tri-
closan administration at a dose of 3000mg/kg could result in plasma
concentration of 54 or 86 μg/ml in male and female rats (DeSalva et al.,
1989).

However, even though many studies have reported that TCS in-
duced adverse changes in various target tissues, few researchers have
addressed the behavioral neurological activity of this compound. So
this study attempts to evaluate the neurotoxic effect of TCS at doses
1000, 2000 and 4000mg/kg on brain using in vivo experimental
models.

2. Materials and methods

2.1. Animals

All experiments were performed on male NMRI mice (BUMS, Babol,
Iran) weighing 20–25 g (12 weeks). The animals were housed under a
12 h light/dark cycle in a temperature-controlled (22 ± 2 °C) en-
vironment and standard mouse diet and water were provided ad li-
bitum. The mice were used after one week adaptation and handling
period. All experimental procedures were accomplished in accordance
with National Institutes of Health (NIH) Guide for the Care and Use of
Laboratory Animals.

2.2. Chemicals and treatment

Triclosan (Irgasan, ≥97.0%, CAS#3380-34-5) was obtained from
Sigma-Aldrich Chemical Company (St Louis,MO, USA). All other che-
micals were of the highest commercial grade.

TCS (1000, 2000, and 4000mg/kg) was dissolved in corn oil as

vehicle and given via oral gavage for 14 consecutive days (Crofton
et al., 2007); the experiments were held on the day 15 (n= 8 for all
groups). Dosing volume was 1.0ml corn oil/kg body weight and solu-
tions were prepared fresh weekly and stored at room temperature. The
selected doses are lower than LD50 (4350mg/kg in mice) (Fang et al.,
2010).

2.3. Behavioral assessments

2.3.1. Open-field activity
The open-field test was carried out to assessment of locomotor ac-

tivity, exploratory and anxiety-like behaviors. Assessment was per-
formed in a cage made of transparent Plexiglas
(40 cm×40 cm×40 cm). After habituation to the testing room, mice
were placed gently and individually in the center of the arena and al-
lowed to move freely for 10min while being monitored by automated
tracking system (EthoVision® XT, Version 8, Noldus, the Netherlands).
Between trials, the surface of the arena was cleaned with 10% alcohol.
For analysis, the arena was subdivided into central and peripheral
zones. Distance moved and peripheral and central zone spent time were
recorded (Farzanehfar et al., 2016).

2.3.2. Rotarod test
The rotarod apparatus (Harvard, United States) was used to eval-

uate motor coordination and balance. Fixed speed rotarod was per-
formed at a constant speed of 20 rpm with a 300-s maximum time limit.
After acclimation, all mice received training for 2 consecutive days. On
the test day, the mice were tested in three consecutive trials of 1min
each, with 1min rest between trials. The latency to fall during each of
the three trials was averaged to give the overall time for each mouse (Di
Pardo et al., 2012; Terrando et al., 2011).

2.3.3. Elevated plus maze
The elevated plus maze (EPM) test was employed to assess anxiety-

like behavior in mice. The apparatus was arranged as across with two
open arms (50 cm×10 cm) facing each other and two other arms en-
closed by high walls (50 cm×10 cm×40 cm) and that originated from
a common central platform (5 cm×5 cm). The entire maze was ele-
vated to a height of 50 cm above the floor (Vieira et al., 2013). To begin
a test session, mice were placed on the center square region of appa-
ratus with the head facing towards an open arm and allowed to move
through apparatus for 5min. The number of entries and the proportion
of time spent in the open and closed arms were recorded by automated
tracking system (EthoVision® XT, Version 8, Noldus, the Netherlands).
The maze was cleaned with 10% alcohol between trials and dried with
napkin.

2.3.4. Grip strength
The grip strength test is a simple non-invasive method designed to

assess mouse muscle strength in vivo. The experiment was conducted
using a digital force-gauging apparatus (GS 5000, Borj Sanat, Iran).
Then the mouse was gently pulled parallel away from the bar by the tail
until the forelimbs released the bar. The maximum force prior to release
of the mouse's paw from the bar was recorded. The test was repeated 3
times and the mean value was reported as the final grip strength (De
Luca et al., 2008).

2.4. Histological analysis

Histological analysis of entire brains sections was used to determine
severity of pathological changes. At the end of the behavioral experi-
ments, mice were anesthetized with ketamine and xylazine then sacri-
ficed and brain tissue was removed rapidly. All brains were fixed for
48 h in 10% buffered formalin, and embedded in paraffin. Then con-
secutive sections (10-μm diameter) were obtained using a microtome
device (Leica, Vienna, Austria), and mounted on glass slides.
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Subsequently, the sections were deparaffinized, rehydrated, and stained
with Haematoxylin and Eosin (H & E; Sigma– Aldrich, Steinheim,
Germany). Then the number of neuron cells in each region (brain
cortex, hippocampus, and cerebellum) was counted. The thickness of
cerebellar layers were measured using Axio version 4.8 software
(Rahimi et al., 2015).

2.5. Statistical analysis

Results were statistically analyzed in GraphPad Prism (version 6.0,
GraphPad Software Inc., San Diego, CA) and presented as
mean ± SEM. A one-way analysis of variance (ANOVA) followed by
Tukey's test were used for multiple comparison. For all statistical ana-
lyses, p < 0.05 was considered significant.

3. Results

3.1. Open-field test

The open-field test was performed for evaluation of locomotor ac-
tivity of animals in a novel environment. It is apparent from Fig. 1A that
although high dose of TCS (4000mg/kg) significantly decreased dis-
tance movement comparing to the control group which was received
vehicle (p < 0.001), post-hoc analysis by Tukey's multiple comparisons
test revealed no significant change in total distance moved between
mice treated with either TCS 1000mg/kg or TCS 2000mg/kg compared
to control group. In addition, the significant decrease in the central to
peripheral zone spent time observed in all TCS groups compared to the
control mice (p < 0.001, Fig. 1B) and there were no differences be-
tween groups treated with TCS.

Fig. 1. Effects of triclosan on total distance movement in open field test (A).
Effects of triclosan on central to peripheral zone spent time in open field test
(B). Each bar represents mean ± SEM. Each group consisted of 6–10 mice.
***p < 0.001 significant difference compared to the control group.

Fig. 2. Effects of triclosan on percentage of open arms spent time in EPM test
(A). Effects of triclosan on closed arms entry in EPM test (B). Each bar re-
presents mean ± SEM. Each group consisted of 6–10 mice. *p < 0.05,
**p < 0.01, ***p < 0.001 significant difference compared to the control
group.
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3.2. Elevated plus maze test

In the elevated plus-maze test one-way ANOVA showed, TCS sig-
nificantly reduced the percentage of open arms spent time in mice re-
ceiving TCS (1000, 2000, and 4000mg/kg) comparing to the control
group as shown in Fig. 2A (p < 0.01 in TCS 1000mg/kg and
p < 0.001 in TCS 2000 and 4000mg/kg). There were also showed a
significant reduction in the number of entries into the closed arms when
TCS administered mice compared to control group (p < 0.05 in TCS
1000mg/kg and p < 0.01 in TCS 2000 and 4000mg/kg, Fig. 2B).
There were no differences between groups treated with TCS.

3.3. Rotarod test

Motor coordination was assessed using the Rotarod apparatus. At
fixed rotarod speed (20 rpm), a significant difference was observed in
latency to fall between the control and treated mice (p < 0.001;
Fig. 3). No significant differences were observed among groups were
received TCS in various doses.

Fig. 3. Effects of triclosan on latency to fall in rotarod test. Each bar represents
mean ± SEM. Each group consisted of 6–10 mice. ***p < 0.001 significant
difference compared to the control group.

Fig. 4. Effects of triclosan on grip force (gram) in grip strength test. Each bar
represents mean ± SEM. Each group consisted of 6–10 mice. **p < 0.01
significant difference compared to the control group.

Fig. 5. Effects of TCS in the brain tissue of the control (A) and TCS (1000, 2000 and 4000mg/kg/day) treated mice (B, C and D). N and G indicate neuronal necrosis
and gliosis respectively. (H&E staining X 40).

Fig. 6. Effects of triclosan on cell count in cerebral cortex. Each bar represents
mean ± SEM. Each group consisted of 6–10 mice. ***p < 0.001 significant
difference compared to the control group. ##p < 0.01 significant difference
compared to the TCS (4000 mg/kg) group.
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3.4. Grip strength test

No significant difference was observed in grip strength force be-
tween the control group and TCS treated mice (1000mg/kg and
2000mg/kg), however the grip force significantly decreased in TCS
(4000mg/kg) compared to the control group (p < 0.01, Fig. 4).

3.5. Histopathological changes

Pathological changes in the brain, hippocampus, and cerebellum of
TCS intoxicated mice were examined under light microscopy. Fig. 5 A,
B, C and D shows the haematoxylin-eosin stained neuronal cells of brain
tissue in the control and TCS exposed mice (1000, 2000, and 4000mg/
kg/day) respectively. Sever necrosis and reactive gliosis were obviously
seen in tissue brain of the TCS treated mice comparing to the control
mice. The number of neuron cells in brain cortex significantly decreased
in mice treated with TCS 4000mg/kg (p < 0.001) comparing to the
control mice (Fig. 6). The hippocampus is a key brain area for many
forms of learning and memory. The hippocampal neurons of mice in
control and TCS (1000mg/kg) groups were in distinct and regular
structure (Fig. 7A–D). In contrast, higher doses of TCS (2000 and
4000mg/kg) altered morphologic features of neurons and kar-
yopyknosis and necrosis were increasingly observed in hippocampus
(Fig. 7E–H). The neuronal density slightly decreased in TCS (4000mg/
kg) group (Fig. 7G and H). . The number of neuron cells in hippocampal

Fig. 7. Effects of TCS in the hippocampus of the control (A,B) and TCS (1000mg/kg; C,D), TCS (2000mg/kg; E,F), TCS (4000mg/kg; G,H). N and LD indicate
neuronal necrosis and low density respectively. (H&E staining X 40).

Fig. 8. Effects of triclosan on cell count in hippocampal region. Each bar re-
presents mean ± SEM. Each group consisted of 6–10 mice. *p < 0.05,
***p < 0.001 significant difference compared to the control group.
###p < 0.001 significant difference compared to the TCS (4000 mg/kg)
group.

S.A. Tabari, et al. Food and Chemical Toxicology 130 (2019) 154–160

158



region (CA1-CA4) in mice treated with TCS 2000mg/kg (p < 0.05)
and TCS 4000mg/kg (p < 0.001) was lower than control mice (Fig. 8).
Histological analysis in the cerebrum showed the sever loss of Purkinje
cells and necrosis in mice exposed to high doses of TCS (2000 and
4000mg/kg) comparing to the control mice (Fig. 9). . The number of
Purkinje cells in the cerebrum significantly decreased in mice treated
with TCS 4000mg/kg (p < 0.001) comparing to the control group
(Fig. 10). Furthermore, there was a significant difference between
control group and TCS (2000 and 4000mg/kg) groups when the
average thickness of the molecular and granular layers as well as that of
the total cortex was compared. The total cortical thickness in TCS

(2000mg/kg) and TCS (4000mg/kg) groups decreased by 24.2% and
33.44% respectively in compared with control group (Table 1). The
thickness of molecular and granular layers in mice treated with TCS
also showed statistical significance; in the molecular layer the thickness
decreased by 25.53% in TCS (4000mg/kg) group and in the granular
layer by 44.27% and 41.87% in TCS (2000mg/kg) and TCS (4000mg/
kg) groups respectively (Table 1). The diameter of white matter also
significantly decreased in all groups received TCS compared with con-
trol group (p < 0.0001; Table 1).

4. Discussion

To the best of our knowledge, the present study reports the effects of
TCS on behavioral changes in mice for the first time. Based on the lo-
comotor activity results, high dose of TCS (4000mg/kg) reduced total
distance movement in open field test. In parallel, the ability of triclosan
to modulate the anxiety-related behavior in mice was assessed by the
open-field and the elevated-plus maze, both of which are widely used
behavioral tests for the study of anxiety in rodents (Hoffman, 2016). In
the open-field, TCS-exposed mice were more anxious than controls, as
reflected by the significant decrease in central to peripheral zone spent
time (Fig. 1B). In this test, TCS treated mice revealed the tendency to
remain close to walls and showed less exploration behaviors in the
central zone. Concomitantly, the results of the EPM test indicated that
the TCS treated mice spent more time in the enclosed arms than the
control mice. The findings from these two mazes suggest the capacity of
TCS to induce anxiety in mice.

In addition, the neurotoxic effect of this compound was observed
when administration of TCS resulted in significant differences in mo-
bility, motor coordination and muscle strength as assessed through the
rotarod test and the grip strength test. Since impaired rotarod perfor-
mance is referable to cerebellar dysfunction (Furnari et al., 2014), it
might be concluded that the data on open field test and EPM test could

Fig. 9. Effects of TCS in the cerebellum of the control (A) and TCS (1000, 2000 and 4000mg/kg/day) treated mice (B, C and D). N and LD indicate neuronal necrosis
and low density respectively. The arrows indicate Purkinje cells. (H&E staining X 40).

Fig. 10. Effects of triclosan on Purkinje cells count in the cerebrum. Each bar
represents mean ± SEM. Each group consisted of 6–10 mice. ***p < 0.001
significant difference compared to the control group. ##p < 0.01,
###p < 0.001 significant difference compared to the TCS (4000 mg/kg)
group.

Table 1
The thickness of cerebellar layers in control and TCS-exposed mice.

Control TCS (1000mg/kg) TCS (2000mg/kg) TCS (4000mg/kg)

The thickness of cerebellar cortex (μm) 0.3098 ± 0.0104 0.2764 ± 0.0101 0.2348 ± 0.0131c 0.2062 ± 0.0037c

The thickness of molecular layer (μm) 0.1598 ± 0.0048 0.1486 ± 0.0059 0.1512 ± 0.0081 0.1190 ± 0.0067 b

The thickness of granular layer (μm) 0.1500 ± 0.0123 0.1278 ± 0.0063 0.0836 ± 0.0064c 0.0872 ± 0.0037c

The thickness of white matter (μm) 0.1078 ± 0.0072 0.0722 ± 0.0042 b 0.0662 ± 0.0054c 0.0530 ± 0.0052c

Data are presented as mean ± SEM. bp < 0.01, cp < 0.001 significant difference compared to the control group.
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be related to lack of motor coordination, muscle weakness or neuro-
muscular function impairment in the TCS treated mice. Our results are
consistent with Schultz et al.’s findings stating that TCS had attenuated
predator-avoidance performance in larvae and decreased activities in
behavioral aggression assays (Schultz et al., 2012). It also impaired
swimming behavior of larval fathead Minnows (Fritsch et al., 2013) and
altered behavioral patterns and normal neurological functions in Pan-
gasianodon hypophthalmus (Sahu et al., 2018).

Histological examination of haematoxylin and eosin stained sections
revealed that TCS particularly with high doses induced profound mor-
phological abnormalities in brain tissues (cerebrum and cerebellum)
including necrosis, gliosis, karyopyknosis, and cell density alteration.
The reduction in neuronal count has also seen in mice treated with TCS.
The significant loss of Purkinje cells in cerebrum also observed in TCS
treated mice. Purkinje neurons, the sole integrating center of cerebellar
cortex, have a critical role in coordination, neuromuscular strength,
learning functions, and motor movement (Zhang et al., 2014). So the
results obtained from open field, grip strength, and rotarod tests may
relate to Purkinje cells loss in cerebellar cortex of mice treated with
TCS. Due to the pivotal role of the hippocampus in anxiety-related
behaviors (Cominski et al., 2014), our findings from histopathological
examination confirm the results of anxiety response in the EPM test.
Our results are in agreement with the results of previous in vivo and in
vitro studies that have shown TCS exerted highly damaging impacts on
rodent hippocampal neuronal function (Arias-Cavieres et al., 2018).

5. Conclusion

The evidence from this study intimates that TCS might be con-
sidered as a toxicant that impacts the neurobehavioral parameters in
mice. Considering the broad usage of this compound as an antiseptic in
several commercial products and its detection in human samples, fur-
ther studies are required to investigate whether TCS cause neurobe-
havioral toxicity in humans.
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