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Context: Triclosan is widely used in personal care products for its broad spectrum of antimicrobial effects,
but triclosan is a potential endocrine disruptor. 11�-hydroxysteroid dehydrogenase type 2 (11�-HSD2) is a
cortisol-inactivating enzyme that is highly expressed in human placental syncytiotrophoblasts to ensure
normal fetal development in the presence of high levels of maternal cortisol in pregnancy.

Objective: We investigated the effects of triclosan on 11�-HSD2 and apoptosis and the relationship
between these two events in human placental syncytiotrophoblasts.

Design: Primary human placental cytotrophoblasts were isolated from term placenta. After syn-
cytialization, the levels of 11�-HSD2 and apoptosis-related proteins including caspase3, Bcl-2, and
Bax were examined after treatment with triclosan from 0.001�M to 10�M or triclosan (0.1�M) in
the presence and absence of apoptosis inhibitor Z-VAD-FMK (30�M) for 24 h.

Results: Triclosan inhibited 11�-HSD2 mRNA, protein and activity levels in a concentration-depen-
dent manner from 0.001 to 10�M with a significant inhibition at 0.01�M and above. Concurrently,
triclosan induced apoptosis of human placental syncytiotrophoblasts as demonstrated by obser-
vations of increased nuclear condensation, DNA fragmentation and pro-apoptosis proteins such as
Bax and cleaved-caspase3, decreased pro-caspase-3 and anti-apoptosis protein such as Bcl-2. Block-
ing apoptosis with Z-VAD-FMK attenuated the inhibition of 11�-HSD2 by triclosan significantly.

Conclusions: Triclosan may attenuate the expression of placental 11�-HSD2 via the induction of
apoptosis of placental syncytiotrophoblasts. This is likely to disrupt the placental glucocorticoid
barrier and impair fetal development. (J Clin Endocrinol Metab 100: E542–E549, 2015)

Triclosan (2,4,4�-trichloro-2�-hydroxydiphenyl) is a
synthetic, nonionic, broad-spectrum antimicrobial

agent that has been used extensively in personal care prod-
ucts, including dental cream, underarm deodorants, de-
odorant soaps, and dermatological preparations for ap-
proximately 40 years (1, 2). As a result of its extensive
usage, there is a high probability that a pregnant woman
would be exposed to triclosan during her normal daily
routine. Triclosan is detectable in nanomolar (nM) con-
centrations in human body fluids, such as urine (8–

13 000nM), serum (0.35–1310nM), and breast milk (345–
7241nM) (3). During pregnancy, triclosan has been detected
in maternal and fetal umbilical cord blood at concentrations
ranging from 0.1–1.3 ng/g serum (0.34–4.5nM) and from
0.5–5 ng/g serum (1.7–17nM), respectively (4).

Recently, concerns have been raised over the potential
of triclosan to disrupt endocrine functions. Triclosan has
been shown to disrupt thyroid hormone homeostasis (5)
and cause reproductive endocrine disorders (6). Several
studies have revealed that triclosan could act as an estro-
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gen receptor agonist and exhibit estrogenic activity (7). As
a transitory endocrine organ, placenta is responsible for
the synthesis of a number of steroid hormones and their
metabolizing enzymes (8). 11�-Hydroxysteroid dehydro-
genase type 2 (11�-HSD2), a high-affinity dehydrogenase
that inactivates biologically active cortisol to inactive cor-
tisone, is one such enzyme that is highly expressed in hu-
man placental syncytiotrophoblasts. The distribution of
11�-HSD2 in the placenta is well positioned to serve as the
barrier for maternal glucocorticoids entering fetal circu-
lation (9). It is well known that overexposure to gluco-
corticoids can not only retard fetal growth but also pro-
gram the development of chronic diseases such as
hypertension, diabetes, and obesity in later life (10). Thus,
high expression of 11�-HSD2 in placental syncytiotro-
phoblasts can ensure the normal development of the fetus
in the presence of approximately 10-fold higher maternal
cortisol levels (11). A prospectively controlled multicenter
study has indeed revealed low levels of placental 11�-
HSD2 in the fetus with intrauterine growth restriction,
which indicates the crucial role of placental 11�-HSD2 in
fetal development (12). Many environmental chemicals
have been demonstrated to act as potential inhibitors of
11�-HSD2 activity (13). However, whether triclosan af-
fects 11�-HSD2 directly in human placental syncytiotro-
phoblast remains unexplored.

Apoptosis is the process of programmed cell death with
caspase-3 as a predominant player in the execution of the
apoptotic process (14) with Bcl-2 and Bax as antiapoptotic
and proapoptotic proteins respectively (15). Triclosan has
been shown to induce apoptosis in several cell types in
different species including clam hemocytes, zebra mussels,
and human gingival cells (16, 17). Because apoptosis-as-
sociated regulatory mechanisms are pivotal to the main-
tenance of placental homeostasis, an imbalance of this
process may lead to placental dysfunction (18). Whether
triclosan could induce apoptosis of human placental syn-
cytiotrophoblasts and thus influence 11�-HSD2 levels re-
mains to be determined.

In this study, we investigated the effects of triclosan on
the expression of 11�-HSD2 in human syncytiotropho-
blasts and examined the underlying mechanism in relation
to apoptosis induced by triclosan.

Materials and Methods

Preparation and culture of human placental
trophoblasts and toxicant treatment

Human placentas were obtained from uncomplicated term
(37–40 wk) pregnancies after elective cesarean section without la-
borfollowingaprotocolapprovedbytheEthicsCommitteeofRenji
Hospital, School of Medicine, Shanghai Jiao Tong University. Pla-
centalcytotrophoblastcellswerepreparedusingamodifiedmethod
of Kliman (19) as described previously (20). In brief, aliquots of
villous tissue were removed randomly from the maternal side of the
placenta. The tissue was minced after washing with normal saline
and digested with 0.125% trypsin (Sigma Chemical Co., St. Louis,
MO) and 0.03% DNase I (Sigma) in Dulbecco’s Modified Eagle
Medium (DMEM) (Gibco, Grand Island, NY). The dispersed pla-
cental cells were purified using a 5–65% Percoll (GE Healthcare
Bio-Sciences, Uppsala, Sweden) gradient at stepwise increments of
5%. The cytotrophoblasts between densities of 1.049 g/mL and
1.062g/mLwerecollectedandplatedat2�104 cells/well ina96-well
plateor1�106cellsperwell ina12-wellplateor2�106cellsperwell
in a six-well plate for culture at 37°C in 5% CO2-95% air in DMEM
containing 10% fetal calf serum (Gibco) and 1% antibiotics (Gibco)
for 3 days to allow syncytialization in vitro. Previous studies have
shown that maximal syncytialization occurs 3 days after plating (19,
21, 22). To examine the effects of triclosan on 11�-HSD2 and apo-
ptosis, the cells were treated with triclosan (0, 0.001, 0.01, 0.1, 1, and
10�M) 3 days after plating in serum-free medium for 24 hours. After
triclosan treatment, thecellswerecollected forRNAorproteinextrac-
tion. Triclosan was dissolved in dimethylsulfoxide (DMSO) and the
same amount of DMSO was used as vehicle control.

Extraction of RNA and analysis with qRT-PCR
Total RNA was extracted from the syncytiotrophoblasts

treated with different concentrations of triclosan using a total
RNA kit (OMEGA Bio-Tek, Norcross, GA). RNA concentration
and quality were determined by measuring the optical density
(OD)260 and the ratio of OD260/OD280 with NanoDropND-
2000 respectively. MRNA from the total cellular RNA was re-
verse transcribed to cDNA using PrimeScript RT Master Mix
Perfect Real Time kit (TaKaRa, Dalian, China) which was used
to measure 11�-HSD2 mRNA by qRT-PCR (SYBR Premix Ex
TaqTM, TaKaRa). For qRT-PCR, the annealing temperature
was set at60°Candamplificationcycleswere set at40cycles.The
temperature range to detect the melting temperature of the PCR
product was set from 60–95°C. The absolute mRNA levels in
each sample were calculated according to a standard curve setup
using serial dilutions of known amounts of specific templates
against corresponding cycle threshold values. For sampling error
control, qRT-PCR for housekeeping gene, GAPDH, was per-
formed on each sample. The ratio of the target gene over GAPDH

Table 1. Primer Sequences Used for PCR

Genes Primer Sequences (5�-3�) GenBank No. PCR Product Size (bp)

GAPDH
�Forward CCCCTCTGCTGATGCCCCCA NM_001256799.1 122
�Reverse TGACCTTGGCCAGGGGTGCT

HSD11�2
�Forward GACATGCCATATCCGTGCTT NM_000196 118
�Reverse GCTGGATGATGCTGACCTTG
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in each sample was obtained to normalize the expression of the
target gene. The primer sequences for amplifying human 11�-
HSD2 and GAPDH mRNA are given in Table 1.

Extraction of protein and analysis with Western
blotting

Total cell protein was extracted from the syncytiotrophoblasts
treated with different concentrations of triclosan using ice-cold ra-
dioimmunoprecipitationassay lysisbuffer (ActiveMotif,Carlsbad,
CA) containing a protease inhibitor cocktail (Sigma). Protein was
quantified using the Bradford’s method. Protein levels of 11�-
HSD2, caspase3, Bcl-2, and Bax were measured following a stan-
dard Western blotting protocol. Briefly, 50 �g protein of each sam-
ple was electrophoresed in 12.5% SDS-PAGE and transferred to a
nitrocellulose membrane. After blocking with 5% nonfat milk, the

membranewasincubatedwithantibodiesagainst11�-HSD2(1:2000)
(SantaCruzBiotechnology,SantaCruz,CA),caspase3(1:1000)(Santa
Cruz),Bcl-2 (1:1000) (CellSignaling,Danvers,MA)andBax(1:1000)
(Cell Signaling), respectively,overnightat4°C.Afterwashingwith1�
Tween/Tris-buffered salt solution four times, the membrane was in-
cubated with appropriate secondary antibody conjugated with horse-
radish peroxidase (Sigma) at room temperature for 1 hour. The en-
hanced chemiluminescent detection system (Millipore, Billerica, MA)
wasused todetect thebandswithperoxidaseactivity.Tocontrol sam-
pling error, the same blot was also probed with GAPDH antibody
(1:5000) (Proteintech, Wuhan, China) as internal control.

11�-HSD2 activity assay
11�-HSD2 activity was determined by measuring the conver-

sion of cortisol to cortisone after treatment of the syncytiotropho-
blasts with triclosan (0.1�M) for 24 hours
in serum-free DMEM. After washing, the
cells were incubated with cortisol (1�M)
for 3 hours, and then the culture medium
wascollected.Cortisolandcortisone levels
were then measured with enzyme immu-
noassay kits (Human Cortisol Immunoas-
say kit, R&D Systems, Minneapolis, MN
and Human Cortisone Chemiluminescent
CLIA Kit, Innovative Research, Novi, MI,
respectively).

Placental syncytiotrophoblast
viability assay

The effect of triclosan on cell viability
was determined with 3-(4, 5-dimethylthi-
azol-2yl)-2, 5-biphenyl tetrazolium bro-
mide (MTT) assay. In brief, cells were
seeded in 96-well culture plates. After syn-
cytialization, the cells were treated with
different concentrations of triclosan for 24
hours, MTT (DOBIO Biotech, Shanghai,
China) solution (10 �L, diluted in phos-
phate buffered saline (PBS) at a concentra-
tionof5mg/mL)was thenaddedtoculture
medium (100 �L) and incubated with the
cells for 3 hours at 37°C in darkness. Dur-
ing incubation, water-insoluble formazan
crystals were formed, which were dis-
solved by the addition of 100 �L DMSO
per well. The OD of each culture well at
490 nm was measured using a microplate
reader. Wells containing culture medium
and MTT without cells were taken as
blanks. The OD490 value of control cells
without triclosan treatment was taken as
100% viability.

Observation of DNA ladder and
cell staining with Hoechst 33342

The integrity of DNA was examined
with observation of DNA ladder forma-
tion upon agarose gel electrophoresis.
Briefly, DNA was extracted from the
syncytiotrophoblasts treated with tri-

Figure 1. Effect of triclosan on 11�-HSD2 mRNA, protein, and activity in human
syncytiotrophoblasts. A and B, Concentration-dependent reduction of mRNA and protein levels
of 11�-HSD2 by triclosan (0–10�M) for 24 h. (N � 5). *, P � .05; **, P � .01; and ***, P �
.001 vs control group (0) respectively. C, Reduction of 11�-HSD2 activity by triclosan (0.1�M)
(N � 4). *, P � .05 vs control group (0).
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closan (0.1�M) using a DNA ladder Extraction kit (Beyotime,
Hangzhou, China). DNA samples (10 �L) were loaded on a 2%
agarose gel containing ethidium bromide for electrophoresis at
65V for 4 hours. The gel was photographed under UV
illumination.

Apoptotic cells exhibiting nuclear condensation can be detected
upon staining with fluorescent dye Hoechst 33342 (Sigma). After
syncytialization, the cells in six-well plates were treated with tri-
closan (0.1�M)for24hours.Cellswere thenwashedcarefullywith
PBS, and exposed to 1 mL Hoechst 33342 (1 �g/mL) at 37°C in
darkness for 20 minutes. Cells were observed under a fluorescent
microscope (Zeiss Oberkochen, Germany). Fields were randomly
selected for observation. Apoptotic cells were identified by nuclear
shrinkage with hyperchromatic fluorescence.

Immunofluorescence staining of cleaved caspase-3
After syncytialization, the cells plated in Chamber Polysty-

rene Vessel (BD Falcon, Franklin Lakes, NJ) were treated with
triclosan (0.1�M) for 24 hours. The culture medium was then

removed. After washing with PBS three times, the cells were fixed
with 4% paraformaldehyde and permeabilized with 0.2% Tri-
ton X-100 and blocked with goat serum (Jackson ImmunoRe-
search Laboratories, Lancaster, PA). Subsequently, cells were
incubated with antibody against cleaved caspase-3 (1:100)
(Santa Cruz) overnight at 4°C. Following washing with PBS, the
cells were incubated with Alexa Fluor 594–labeled secondary
antibody (red color) (1:100) (Proteintech) in darkness at room
temperature for 2 hours. Nuclei were counterstained with DAPI
(blue color) (1 �g/mL) in darkness for 5 minutes. The staining
was examined using a fluorescence microscope (Zeiss).

Caspase-3 activity assay
Caspase-3 activity was measured using Caspase-Glo Assay

kit (Promega, Sunnyvale, CA) according to a protocol provided
by the manufacturer. Briefly, 2 � 104 cytotrophoblasts were
plated in each well of a 96-well plate. After syncytialization, the
cells were treated with different concentrations of triclosan for
24 hours, and then 100 �L Caspase-Glo reagent was added to

each well for incubation at room temper-
ature for 1 hour. The luminescence that is
proportional to caspase-3 activity was
immediately measured using a micro-
plate reader.

Statistical analysis
All data are reported as mean � SEM.

The number of each experiment suggests
repeated experiments using placentas
from different pregnancies. One-way
ANOVA test followed by the Student-
Newman-Keuls test was used to analyze
the data. Significance was set at P � .05.

Results

Reduction of 11�-HSD2 mRNA,
protein, and enzyme activity by
triclosan in human placental
syncytiotrophoblasts

Treatment of syncytiotropho-
blasts with triclosan (0, 0.001, 0.01,
0.1, 1, and 10�M) for 24 hours re-
duced 11�-HSD2 mRNA and pro-
tein levels in a concentration-depen-
dent manner (Figure 1A). At the
mRNA level, significant decreases of
11�-HSD2 are seen at 0.01�M of tri-
closan and above. At the protein
level, a significant inhibition of 11�-
HSD2 was observed at a similar con-
centration range of triclosan (Figure
1B). 11�-HSD2 activity converting
cortisol to cortisone was signifi-
cantly reduced following triclosan
(0.1�M) treatment for 24 hours

Figure 2. Effect of Triclosan on the viability and apoptosis of placental syncytiotrophoblasts. A,
Syncytiotrophoblast viability after triclosan (0–10�M) treatment for 24 h as demonstrated with
MTT assay. (N � 3).*, P � .05 vs control group (0). B, Representative images of four independent
experiments showing nuclear staining with Hoechst 33342 in placental syncytiotrophoblasts
treated with triclosan (0.1�M) for 24 hours. Hyperchromatic fluorescence signal in the nuclei
suggests nuclear shrinkage in the apoptotic cells. C, Representative gel image of three
independent DNA ladder assays showing increased DNA fragmentation by triclosan treatment
(0.1�M) for 24 h in placental syncytiotrophoblasts. D, Representative images of three
independent experiments showing the immunofluorescence staining of cleaved-caspase-3 in
placental syncytiotrophoblasts treated with and without triclosan (0.1�M) for 24 h.
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(Figure 1C). The conversion rate of cortisol to cortisone
was 67.9% in the control group and 22.5% in the triclosan
group.

Effect of triclosan on the viability and apoptosis of
placental syncytiotrophoblasts

The effect of different concentrations of triclosan on the
viability of placental syncytiotrophoblasts was assessed
with MTT assay. Triclosan decreased the viability of syn-
cytiotrophoblasts in a concentration-dependent manner
(0.001–10�M) reaching statistical significance at concen-
trations of 0.1�M or above (Figure 2A). Staining with
Hoechst 33342 showed hyperchromatic fluorescence sig-
nal in the nuclei of syncytiotrophoblasts upon exposure to
triclosan (0.1�M), which suggests nuclear shrinkage in
the apoptotic cells (Figure 2B). DNA ladder assay also
revealed that exposure to triclosan (0.1�M) increased
DNA fragmentation in placental syncytiotrophoblasts
(Figure 2C).

Effect of triclosan on apoptosis-related proteins in
placental syncytiotrophoblasts

Cleaved caspase-3 from procaspase-3 is an indication
of activation of caspase-3, which is one of the hallmarks of
apoptosis. The immunofluorescence staining of cleaved-
caspase-3 showed very little staining in the control group,
whereas more intense staining was observed in the tri-
closan (0.1�M)-treated group (Figure 2D). Treatment of
placental syncytiotrophoblasts with triclosan for 24 hours
reciprocally increases cleaved-caspase-3 and decreased
procaspase-3 in a concentration-dependent manner
(0.001–10�M) reaching statistical significance at concen-
trations of 0.01�M or greater (Figure 3A). Moreover,
treatment of placental syncytiotrophoblasts with triclosan
for 24 hours increased caspase-3 activity in a concentra-
tion-dependent manner (0.001–10�M) reaching statisti-
cal significance at concentrations of 0.1�M or greater
(Figure 3B). Consistently, the levels of proapoptotic pro-
tein Bax were increased while the levels of antiapoptotic
protein Bcl-2 were decreased by triclosan in a concentra-
tion-dependent manner reaching statistical significance at
concentrations of 0.01�M or greater (Figure 3C).

Reversal of inhibition of 11�-HSD2 by triclosan
using apoptosis inhibitor Z-VAD-FMK

To understand the relationship between the reduction
of 11�-HSD2 and apoptosis induced by triclosan in syn-
cytiotrophoblasts, preincubation (1 h) of the cells with the
apoptosis inhibitor Z-VAD-FMK (30�M) followed by
coincubation (24 h) with triclosan (0.1�M) was carried
out. The results showed that the reduced cell viability,

increased caspase-3 activity, increased cleaved
caspase-3 protein levels, and decreased procaspase-3
levels by triclosan (0.1�M) were all significantly attenu-
ated by Z-VAD-FMK (Figure 4, A–C). Concurrently, the
inhibition of 11�-HSD2 by triclosan (0.1�M) was also sig-
nificantly attenuated at mRNA, protein, and activity levels
by Z-VAD-FMK (Figure 4, C–E).

Figure 3. Effect of triclosan on apoptosis-related proteins in placental
syncytiotrophoblasts. A, Changes of cleaved-caspase-3 and
procaspase-3 levels in placental syncytiotrophoblasts treated with
triclosan (0–10�M) for 24 hours. The top panel is a representative
image of Western blotting. (N � 4). B, Changes of caspase-3 activity of
placental syncytiotrophoblasts treated with triclosan (0–10�M) for
24 h. (N � 3). C, Changes of Bcl-2 and Bax levels in placental
syncytiotrophoblasts treated with triclosan (0–10�M) for 24 h. The top
panel is a representative image of Western blotting. (N � 3). *, **,
and ***, P � .05, P � .01, and P � .001 vs control group (0),
respectively.
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Discussion

In the present study it was found that triclosan was able to
reduce 11�-HSD2 levels and promote apoptosis of the
syncytiotrophoblasts, and that the inhibition of 11�-
HSD2 was due to apoptosis of syncytiotrophoblasts in-
duced by triclosan.

Triclosan is widely used in human
care products and has been detected
in body fluids in the range from
nanomolar to micromolar concen-
trations (3, 23). In this study, we
found that the concentration of tri-
closan that significantly induced ap-
optosis and inhibited 11�-HSD2 in
syncytiotrophoblasts was approxi-
mately 0.01�M, which is at the up-
per concentration range detected in
body fluids. As such, the findings of
this study are relevant to public
health and raise the possibility that
overexposure to triclosan could
impair placental functions via in-
duction of apoptosis of the
syncytiotrophoblasts.

Apoptosis is a cell suicide process
regulated in an orderly and con-
trolled fashion (24). Triclosan has
also been demonstrated to induce
apoptosis in a variety of cell types in
different species including human
cells (17). Triclosan was also found
to inhibit cell proliferation in certain
breast cancer cell lines (25). How-
ever, whether triclosan exposure
could induce apoptosis in human
syncytiotrophoblasts remains an
enigma. A series of caspase cascades,
including the initiators and the effec-
tors are known to be activated in ap-
optosis. The group of initiator
caspases comprises caspase-2, -8, -9,
and -10 (26). Once activated, initia-
tor caspases are able to process
downstream effector caspases, in-
cluding caspase-3, -6, and -7, which
can dismantle cells into easily en-
gulfed apoptotic bodies (27).
Caspase-3 is a predominant player in
the execution of apoptotic cell death
(14). Interestingly, it has been re-
ported that the differentiation of cy-
totrophoblasts into syncytiotro-

hoblasts was associated with the activation of initiator
caspases such as caspase-8 but not the effector caspases
such as caspase-3, -6, and -7 (28). In the present study,
activation of the effector caspase-3 was observed, which
suggests the occurrence of ultimate apoptosis of the syn-
cytiotrophoblasts after triclosan treatment. Moreover, in

Figure 4. Reversal of inhibition of 11�-HSD2 and induction of apoptosis by triclosan (0.1�M,
24 h) using the apoptosis inhibitor, Z-VAD-FMK (z-VAD, 30�M), in placental
syncytiotrophoblasts. A, Changes of cell viability in placental syncytiotrophoblasts as
demonstrated with MTT assay. (N � 4). B, Changes of caspase-3 activity in placental
syncytiotrophoblasts as measured with Caspase-Glo Assay kit. (N � 4). C, Changes of caspase-3
and 11�-HSD2 protein levels in placental syncytiotrophoblasts as revealed by Western blotting.
The top panel is a representative blot. (N � 3). D, Changes of 11�-HSD2 mRNA level in placental
syncytiotrophoblasts as measured with qRT-PCR. (N � 3). E, Changes of 11�-HSD2 activity as
expressed by the conversion rate of cortisol to cortisone after treatment of the
syncytiotrophoblasts with triclosan (0.1�M) for 24 hours. (N � 3). *, P � .05 vs control, #, P �
.05 vs triclosan � z-VAD.
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this study, the apoptotic effect of triclosan was observed in
fully syncytialized syncytiotrohoblasts. Therefore the ap-
optosis observed was unlikely to be related to the cytotro-
phoblasts differentiation process rather than programmed
cell death of the syncytiotrophoblasts. This was further
supported by the findings of marked nuclear shrinkage
and DNA ladder formation, one of the hallmarks of
apoptosis.

In vivo, the syncytial layer of the placental villi not only
provides the forefront interface between maternal and fe-
tal blood circulations but also fulfills most of the endo-
crine functions of the placenta (29). Thus the induction of
apoptosis of the syncytiotrophoblasts by triclosan could
affect both pregnancy and fetal development adversely.
Glucocorticoids are a class of hormones that play dual
roles in pregnancy. On the one hand, appropriate amounts
of glucocorticoids are crucial for fetal organ maturation,
in particular, the lung, toward the end of gestation. In
contrast, overexposure of the fetus to glucocorticoids that
is inappropriate to the current stage of development not
only retards fetal growth but can also alter the develop-
mental trajectory of specific tissues (10, 30). Expression of
11�-HSD2 in the placental syncytial layer is well posi-
tioned to serve as the barrier for maternal cortisol entering
the fetal circulation (31), thus protecting the developing
fetus from maternal cortisol, which is approximately 10-
fold higher than the fetal side. Failure of this barrier could
result in intrauterine growth restriction and permanent
deregulation of the hypothalamus-pituitary-adrenal axis
of the developing fetus, and may predispose the fetus to an
increased incidence of cardiovascular and metabolic dis-
eases in later life (32, 33). Animal studies have shown that
inhibition or knockout of 11�-HSD2 retard feto-placental
growth and can lead to abnormalities in cardiovascular
and metabolic function in the offspring in later life (34,
35). Furthermore, in humans, placental 11�-HSD2 activ-
ity is proportionally correlated with birth weight (36).
These lines of evidence suggest a crucial role of 11�-HSD2
in the development of the fetus. Our experimental results
for the first time suggest that triclosan overexposure may
decrease 11�-HSD2 levels in human placental syncy-
tiotrophoblasts thus potentially surrendering the fetus to
a high maternal glucocorticoid milieu. In the two-gener-
ation developmental studies carried out in mice, rats, and
rabbits, triclosan exposure significantly decreased body
weight in the offspring (1), which may be associated with
the decreased placental 11�-HSD2 levels seen after expo-
sure to triclosan. Triclosan has been detected in both ma-
ternal and umbilical blood (4) suggesting this substance
can transverse the placental barrier and enter the fetal
circulation. However, at this stage it is not clear whether
exposure to triclosan can inhibit fetal growth directly

given that arrested development was indeed observed in
embryos of S. nudus, mouse embryonic stem cells; and
zebrafish treated with triclosan (37, 38). This alternative
mechanism might coexist together with an undermined
placental glucocorticoid barrier resulting from exposure
to triclosan.

In pregnancies complicated with preeclampsia and in-
trauterine growth retardation, placental 11�-HSD2
mRNA and activity reduced significantly (36, 39) with
concurrent apoptosis in the placenta, which suggests that
there may be an association between apoptosis and atten-
uated 11�-HSD2 levels (18). In this study it was found that
blocking the apoptosis induced by triclosan with Z-VAD-
FMK reversed the inhibition of 11�-HSD2 by this sub-
stance. This strongly suggests that the reduction of 11�-
HSD2 in placental syncytiotrophoblasts by triclosan is
associated with induction of the apoptosis. However, at
this stage the possibility that triclosan might also affect the
production of NAD�, the cofactor for 11�-HSD2 enzyme
activity (20) in addition to 11�-HSD2 expression cannot
be ruled out.

In conclusion, triclosan, a broad-spectrum antibacte-
rial agent used in daily consumables, can induce apoptosis
in human placental syncytiotrophoblasts thereby reduc-
ing the level of 11�-HSD2. These findings raise the pos-
sibility that overexposure to triclosan might impair the
placental glucocorticoid barrier in pregnancy thereby ex-
posing the fetus to abnormally high levels of maternal
glucocorticoids and jeopardizing fetal development.
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