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Abstract

Triclosan (TCS) is a broad spectrum antimicrobial agent showing its effect by deactivating the fatty acid synthesis of bacteria. The aim of this
study was to investigate the effects of TCS on in vitro embryonic development in rats and to determine the levels of caspases 2, 7, 8, and 9
inducing cells to apoptosis through gene expression. According to the TCS dose added to the culture whole rat serum, 3 experimental groups
and a control group were formed with each including 10 embryos. After 48 h culturing period, embryos were subjected to morphological scoring
for developmental evaluation. The levels of caspases 2, 7, 8, and 9 were measured by performing gene expression on 40 embryos. Significant
decreases were obtained in all parameters of morphological scoring in the experimental groups as the dose of TCS increased. While the caspase-2
level showed a significant decrease among the groups and was inversely proportional to the level of TCS, the caspase-9 level showed a significant
increase among the groups and was directly proportional to the level of TCS. In conclusion, TCS was determined to cause apoptosis in the cells via
the intrinsic pathway during pregnancy period and lead to embryonic growth retardation, which increased with increased dose of TCS.
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Triklosanin In vitro Embriyonik Rat Gelisimi Uzerine Etkisi

Oz

Triklosan, bakterilerin yag asidi sentezini bozarak etkisini gésteren genis spektrumlu bir antimikrobiyal ajandir. Bu calismanin amaci, triklosanin
ratlarda in vitro embriyonik gelisim tizerindeki etkisini arastirmak ve gen ekspresyon yontemi ile hiicreleri apoptoza surlkleyen kaspaz 2, 7, 8 ve
9 degerlerini belirlemektir. Kiltiir sisesine eklenen triklosan dozuna gore, kontrol ve 3 deney grubu olusturuldu. 48 saatlik kiiltlr periyodundan
sonra embriyolar gelisimsel degerlendirme amaciyla morfolojik skorlamaya tabi tutuldu. Ardindan 40 embriyoya gen ekspresyonu yapilarak
kaspaz-2, kaspaz-7, kaspaz-8 ve kaspaz-9 degerleri 6l¢lildi. Morfolojik skorlamaya ait tim parametrelerde istatistiksel olarak anlamli bir gerileme
tespit edildi. Kaspaz-2 degerlerinin triklosan miktari ile ters orantili bir sekilde, gruplar arasinda istatistiksel olarak anlamli bir azalma gosterdigi,
kaspaz-9 degerlerinin ise triklosan miktariyla orantili bir bicimde istatistiksel olarak anlamli bir artis gésterdigi tespit edildi. Bu verilere gore,
gebelik déneminde triklosan kullaniminin, hiicrelerde intrinsik yol araciligiyla apoptoza yol agarak, embriyonik gelisme geriligine neden oldugu,
bu durumun doza bagli olarak arttigi belirlendi.

Anahtar sézciikler: Triklosan, Rat embriyo kiiltlirl, Apoptoz, Gen ekspresyonu, Kaspaz

INTRODUCTON of its usage was first expanded into antibacterial soaps
and then into products such as toothpastes, cosmetics,

Triclosan (TCS) is a fat-soluble, broad-spectrum anti- and deodorants in the following years . TCS can pass
microbial agent produced in laboratory in 1966. The area  the biological barriers because of its lipophilic property
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and can aggregate in living organisms @, The target
organs have been reported to be the liver, spleen, brain,
heart, reproductive system, and the immune system.
Compared with other well-identified target organs, high
concentrations of TCS up to 7 ng/mL can be detected in
the placenta, cord blood, and amniotic fluid, which directly
indicate a high risk of adverse effects on the embryo
in an utero B TCS is a relatively small compound with a
molecular weight of 289.5 g/mole ¥. Owing to its molecular
weight, TCS can pass the placenta and affect the embryo.
TCS metabolism mainly occurs in the liver; however, it can
also be metabolized in the skin in small amounts . TCS is
metabolized to glucuronide and sulfate conjugates (phase
Il metabolism) and primarily excreted by urine . As a result
of metabolism, it passes to body fluids, breast milk, and
urine "# and then merges into sewerage system via wastes,
which causes wide contamination in the environment,
such as in drinking water and surface waters ', Therefore,
people using TCS-containing products are directly at risk
and individuals drinking water contaminated with TCS are
indirectly at risk. Many cell culture studies have shown that
TCS is cytotoxic to human hepatocytes and cardiotoxic
to cardiomyocytes, has neurodegenerative effects on rat
neural stem cells, and shows strong embryotoxic effects on
bone development %2, However, only a few studies have
reported its embryotoxic effects on embryo culture ¥'314,
Moreover, the exact mechanism of the effects of TCS on
early embryonic development is still not well understood.
In a study with zebrafish embryos, growth retardation
has been detected in the embryos exposed to 300 pg/L of
TCS 131, Another study has also demonstrated embryotoxic
effects of TCS at high doses (250 pg/L) in zebrafish
embryos, such as abnormal phenotypes, short tails, heart
edema, and decreased hatching rate . Developmental
parameters are proved to be excellent indicators of TCS
toxicity .

Developmental delay in babies has made the reliability
of drugs and chemicals used in pregnancy period a
current issue. The European Center for the Validation of
Alternative Methods, established in 1991, has accepted
the Rat Whole-Embryo Culture Test as one of the methods
used to determine the teratogenic and toxic effects of
chemical substances "% Therefore, this test is a preferred
method in toxicology studies ¢, Previously, it was
suggested that toxic substances triggered pregnancy loss,
embryonic death or structural abnormalities by affecting
the mechanisms that regulated normal embryonic
development. However, today, it is known that apoptosis
plays an important role in embryogenesis with cell
proliferation and cell differentiation and that toxic sub-
stances disrupt the apoptosis pathway in the embryonic
organs and cause malformations 2%, Apoptotic stimulus
leads to intracellular activation of caspases. Pathways that
activate initiator caspases vary with an apoptotic stimulus
and there are two different pathways; extrinsic and intrinsic
pathways. Extrinsic pathway is driven by caspase-8 and

caspase-7. Intrinsic pathway, which is also called classical
or mitochondrial pathway, is the major route to apoptotic
death in mammalian cells. This step triggers caspase-9 and
caspase-2. These caspases are not specifically present in
the tissue 2122,

In the present study, we aimed to investigate the direct
toxic effects of TCS on embryonic growth and development
in cultured rat embryos and to evaluate its possible
genotoxic effects by determining the potential role of
apoptosis on the toxic effects of TCS using the gene
expression method. Real-time PCR is the most sensitive
molecular method with high sensitivity (10°-10°), which
has the risk of contamination and has a short lead time.
The activations of caspase-2, caspase-7, caspase-8, and
caspase-9, which may adversely affect cell survival, were
measured to explore the mechanisms underlying the
effects of TCS in embryo.

MATERIAL and METHODS

The study was approved by the Animal Care and Use
Committee (Ethics Committee) of Erciyes University (date:
13.01.2016 and No: 16/012). All procedures throughout
the study were carried out in accordance with the ethical
issues. Wistar rats were obtained from the Clinical and
Experimental Research Center in the Medical Faculty of
Erciyes University.

Chemicals

TCS used in the study was provided from Sigma-Aldrich
(CAS No 3380-34-5) (Lot# LRAA9502) and GAPDH (Lot#
0000054846), caspase-2 (Lot# 0000054850), caspase-7
(Lot# 0000054845), caspase-8 (Lot# 0000054847), and
caspase-9 (Lot# 90017681) were obtained from Roche.

Embryo Culture and Morphological Scoring

Female rats approximately 4-10 months of age and weighing
150-250 g were paired with their male partners in cages
at about 5.00 pm and left overnight. On the next day
morning around 8 am, the female rats were examined
regarding the presence of vaginal plugs as an indication
of mating and thereby fertilization. The female rats with
vaginal plug were considered as 0.5 day pregnant at noon.
The conceptuses were dissected from the uteri, decidua
and Reichert’s membranes by general anesthesia on day
9.5 of gestation after the blood samples of the females
were collected from the abdominal aorta. The conceptuses
were explanted into whole embryo culture by the method
of New &,

In order to assess the toxic effect of TCS on embryonic
growth, the embryos were divided into four groups (each
consisting 10 embryos); three experimental groups and
one control group. In the literature, no study of TCS dose
to be applied in embryo culture was found. Therefore, the
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administration dosages of TCS were determined according
to the data gained from previous studies and the reference
dose was accepted as 300 ng/mL ¥'324, The control group
embryos were cultured in whole rat serum (WRS) and the
experimental groups were cultured in WRS containing 100
ng/mL, 200 ng/mL, and 300 ng/mL of TCS, in accordance
with the technique developed by New 23, Using this method,
the effects of TCS on in vitro embryonic development
during the early organogenesis period (between 9.5
and 11.5 days) were evaluated. Moreover, the embryonic
development was also compared between the embryos
of control and experimental groups morphologically on
day 11.5 (after 48 h of culturing period) via morphologic
scoring system ', In this scoring system, taking the growth
and differentiation of different embryological features into
consideration, 11.5 day embryos were evaluated by 17 para-
meters; each parameter was divided into 6 stages; and each
stage was scored with a numerical value between 0 and 5.
As morphological parameters, mean yolk sac diameter; yolk
sac vessel development; allantois development; embryonic
flexion; heart and caudal neural tube development; hind-
brain, midbrain and forebrain development; development
of eye, ear, nose and pharynx; maxillary and mandibular
processes; differentiation fore and hind limbs; crown-rump
length; and somite number were evaluated.

Gene Expression Stages

Tissue specific RNA isolation was not possible in immature
embryos due to TCS toxicity. Therefore, we used the whole
embryo to perform RNA isolation of caspases that are not
specific to any tissue.

RNA isolation and cDNA synthesis: Rat embryos were
placed into 500 uL of TriPure Isolation Reagent (Roche
Applied Science, Basel, Switzerland) for RNA isolation.
Total RNA isolation was performed using the protocol for
High Pure RNA Tissue Isolation Kit (Roche Applied Science,
Mannheim, Germany). Qualification and quantification of
RNA samples was performed using the Nanodrop 1000
Spectrophotometer (Thermo Fisher Scientific, Dreieich,
Germany). RNA concentrations were assessed by optical
density measurement at 260 nm and 280 nm and purity was
determined by the ratio of 260/280 nm. Synthesis of cDNA
from the total RNA (100 ng) was performed using random
hexamer as a primer via the Transcriptor High Fidelity cDNA
Synthesis Kit (Roche Applied Science, Mannheim, Germany)
according to the manufacturer’s protocol.

Quantitative real-time polymerase chain reaction (PCR)
analysis: From the obtained cDNA samples, mRNA expression
levels of caspase-2, caspase-7, caspase-8, and caspase-9
genes, which have roles in apoptotic pathways, were
investigated using quantifier real-time PCR via LightCycler®
480 Il device (Roche Diagnostics, Mannheim, Germany).The
primer sequences specific to the cDNAs of the investigated
genesand the Universal Probe Library (UPL) probe numbers
are presented in Table 1. Amplifications were performed
in the total reaction volume of 20 pL using cDNA, mRNA-
specific primers, UPL probe, LightCycler® probe master
mixture (Roche Diagnostics, Mannheim, Germany), and
distilled water according to the PCR cycling program: 95°C
for 10 min, then 45 cycles of 95°C for 10 sec, 60°C for 30 sec,
followed by 72°C for 10 sec. The level of mRNA expression
of glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
was accepted as reference for normalizing the amounts
of caspase-2, caspase-7, caspase-8, and caspase-9 gene
expression. The procedure was repeated three times for
each concentration of TCS. The expression levels of target
genes were calculated using the relative quantitation
method using the software program of the LightCycler
480 Il device (Table 1).

Statistical Analysis

Data were analyzed using the IBM SPSS Statistics for
Windows, Version 22.0 (IBM Corp., Armonk, NY, USA). The
conformity of variables to normal distribution was assessed
using the Shapiro-Wilk test, Q-Q plot, and histogram
graphs. In multiple independent group comparisons,
one-way analysis of variance was used for normally
distributed numerical variables. In post-hoc comparisons,
Tukey’s test was used for normally distributed variables.
The Pearson’s correlation analysis was performed to
determine the correlation between the levels of caspases
and the morphological parameters. A P value <0.05 was
considered statistically significant.

RESULTS

There was severe growth retardation in the embryos of the
experimental groups as compared to the control group
(Fig. 1). According to the morphological scoring system,
the retardation of embryonic growth and development
was increased as the dose of TCS increased (Fig. 2). The
lower morphological scores were related with the poor

Table 1. Assay ID numbers, Universal probe number and primer sequences of genes used in expression study

Gene Symbol Assay ID Forward Primer Sequence Reverse Primer Sequence UPL No
Casp2 506708 5'-GGAAATGAGGGAGCTAATCCA-3! 5'-GGCAGCAGGTTGAGGAGTT-3' 129
Casp7 500441 5'-CTCTTGCGCAAAGATGCAG-3' 5-AGCAGGCTGAGTTGCTGTG-3! 110
Casp8 504044 5'-GCCTGAGGGAAAGATGTCCT-3! 5'-TCACATCATAGTTCACGCCAGT-3' 89
Casp9 502880 5'-CGACATGATCGAGGATATTCAG-3' 5'-TGCCTCCCTCGAGTCTCA-3! 27
Gapdh 503799 5'-CATCGTGGAAGGGCTCAT-3' 5'-CGCCACAGCTTTCCAGAG-3' 158
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yolk sac vessel development, failure of fusion of the
neural folds; incomplete embryonic flexion; retardation
in the development of otic, optic, and olfactory systems;
branchial bars; maxillary and mandibular processes; and
limbs (Table 2). The mean morphological scores of the
embryos in the control groups was 62.80+6.42 whereas
those of the embryos cultured in the WRS containing 100
ng/mL, 200 ng/mL and 300 ng/mL of TCS were 30.4+6.34,
14.9+6.55, and 1.8+3.01, respectively. The difference in the
morphological scores was statistically significant between

Fig 2. Embryos after 48 h culture. A: control group, B: 100 ng/mL
‘ triclosan group, C: 200 ng/mL triclosan group, D: 300 ng/mL triclosan

group; Bar: 500 um

Table 2. Data variance analysis on morphological scoring between the control and experimental groups

‘ Fig 1. Normally developing embryo cultured in WRS

Groups

Parameters P

Control 100 ng/mL Triclosan | 200 ng/mL Triclosan | 300 ng/mL Triclosan
Yolk Sac Vessel Development 4.8+0.4222 3.3+0.422° 1.6+0.823¢ 0.3+0.483¢ <0.001
Allantois 32 1.9+0.568" 1+£0.471¢ 0.3+0.483¢ <0.001
Flexion 4.9+0.7382 2.7+0.949° 1.5+0.707¢ 0.3+0.483¢ <0.001
Heart 4.9+0.316° 3+0.471" 1.7+0.823¢ 0.3+£0.483¢ <0.001
Caudal Neural Tube 4.7+0.4832 2.4+0.516" 1.1£0.568¢ 08 <0.001
Hindbrain 4.4+0.516° 2+0.471" 1.2+0.632¢ 0.2+0.422¢ <0.001
Midbrain 4.1+0.7382 1.8+0.632" 0.9+0.316°¢ 0.2+0.422¢ <0.001
Forebrain 4.1+0.7382 1.6+0.516"° 0.9+0.316°¢ 0.2£0.422¢ <0.001
Otic System 4.1+0.5682 2.2+0.789° 1+0.667 04 <0.001
Optic System 4.5+0.527° 2.3+0.675" 1+£0.816¢ 04 <0.001
Olfactory System 2.7+0.483° 1.1£0.316" 0.4+0.516°¢ 0¢ <0.001
Pharyngeal Arch 2.9+0.5682 1.3+£0.483" 0.6+0.516¢ @c <0.001
Maxillary Processes 2.5+0.5272 1.1£0.316" 0.5+0.527¢ 0g <0.001
Mandibular Processes 2.5+0.5272 0.8+0.422¢ 0.6+0.516"¢ 04 <0.001
Forelimbs 2+0.471 0.3+0.483 0 0 <0.001
Hindlimbs 1.9£0.316 0.1£0.316 0 0 <0.001
Somits 4.8+0.422° 2.5+0.707® 0.9£0.738¢ 0g <0.001
Total Morphological Score 62.8+6.426* 30.4+6.346" 14.9+6.557 1.8+3.011¢ <0.001
Yolk Sac Diameter 3.590+0.21322 2.68+0.3011° 1.61+£0.3872¢ 1.1540.1434¢ <0.001
Crown-Rump Length 2.95+0.2173 1.97+0.4057 0.86+0.2459 = <0.001
Somit Number 26.8+1.751 15.9+4.067 7.1£2.025 - <0.001
The data are as average and standard deviation. The same letters in the same row show similarity among groups, and different letters indicate differences
among groups
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Fig 3. Yolk sac vessel development. A: Control group, B: 100 ng/mL triclosan group,
C: 200 ng/mL triclosan group, D: 300 ng/mL triclosan group; Bar: 1 mm
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Fig 4. Effect of triclosan on total morphological score, yolk sac diameter mean, crown-
rump length and somit number mean
Values are given as Mean and Standard Error, * P <0.001

the control and experimental group (P<0.001). In addition

3.59+0.21 mm in the control group, it was
2.68+0.30 mm, 1.61+£0.38 mm, and 1.15+0.14
mm in the experimental groups exposed to
100 ng/mL, 200 ng/mL and 300 ng/mL of
TCS, respectively (Fig. 3). The mean crown-
rump length was 2.95+0.2 mm in the control
group; however, in the experimental groups,
it gradually diminished as the dose of TCS
increased (1.97+0.40 mm, 0.86+0.24 mm,
and not measured for 100 ng/mL, 200 ng/
mL and 300 ng/mL, respectively). The mean
somite number was 26.8+1.75 in the control
group and it was also gradually diminished
in the experimental groups as the dose of
TCS increased (15.9+4.06, 7.1+2.02 and, not
measured for 100 ng/mL, 200 ng/mL and
300 ng/mL, respectively (Fig. 4). The heart
development values of embryos was also
lower in the experimental groups (3+0.47,
1.7+£0.82, and 0.3+0.48 for 100 ng/mL, 200
ng/mL and 300 ng/mL, respectively) compared
with that in the control group (4.9+0.31)
(P<0.001) (Fig. 5).

The molecular mechanisms underlying the
toxic effects of TCS on early development of
rat (whole embryo culture) was assessed
via quantitative real-time-PCR and gene
expression. TCS significantly altered four
caspases genes (MRNA expression levels)
associated with apoptosis. When caspase
levels of the experimental groups were
compared with the control group, TCS
caused upregulation of expression of
caspase-7, caspase-8, and caspase-9 and
downregulation of expression of caspase-2
(Table 3). There were significant differences
between the experimental and control groups
regarding the gene levels of caspase-2 and
caspase-9 (P<0.001) (Fig. 6). However, no
significant difference was found between the
groups in terms of the gene levels of
caspase-7 (P=0.566) and caspase-8 (P=0.396).
According to the correlation analysis of the
levels of caspase-2, caspase-7, caspase-8,
and caspase-9 with all study parameters,
significant positive correlations were obtained
between caspase-2 and morphological score,
somite number, and yolk sac diameter.
Additionally, there were significant negative
correlations between caspase-9 and all
morphological parameters (P<0.01).

to the total morphological scores, yolk sac diameter, somite  DISCUSSION

numbers, and crown-rump length were significantly lower

in the experimental groups than those in the control group  Triclosan has been widely used in personal care products or
(P<0.001 for each). While the mean yolk sac diameter was  medical devices, such as sutures, owing to its antibacterial



600
The Effect of Triclosan on ...

Fig 5. Heart development. A: control group, B: 100 ng/
ml triclosan group, Arrow: Heart; Bar: 500 pm
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Fig 6. Caspase levels of groups
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Table 3. Mean variance analysis of experimental groups and control group

Groups
Caspase P
Control 100 ng/mL Triclosan | 200 ng/mL Triclosan | 300 ng/mL Triclosan

Caspase 2 0.733£0.1942 0.570+0.1672 0.564+0.166* 0.303+0.14° <0.001
Caspase 7 1.047+0.444 1.112£0.319 1.389+0.512 1.31+0.977 >0.05
Caspase 8 0.852+0.209 0.870+0.166 1.701+0.802 1.888+3.36 >0.05
Caspase 9 1.041+0.285% 1.333£0.17920 1.805+0.643 1.937+0.740° <0.001
The data are as average and standard deviation. Different letters in the same row indicate differences between groups

properties. It is known that TCS has potential risks to
reproduction and development. Although the adverse
effects of TCS on different organs have been studied for
decades, the mechanism of its toxicity is still not well
understood, especially during the stages of embryo
development “'3, Whole embryo culture method is a
valuable model for assessing the effects of toxic agents
on early embryogenesis. In this method, rat embryos
are cultured in vitro after the gestational day 9.5-11.5,
which is a critical period for organogenesis in rats and
corresponds to 3-6 weeks after fertilization in human
embryos. However, to the best of our knowledge, there are
no studies in the literature verifying the toxic responses to
TCS during embryo development in rat embryo culture.
The present study highlighted the effects of TCS on in vitro
embryonic development using cultured rat embryos and
demonstrated the negative effect of TCS on cell viability
leading to induction of apoptosis.

The in vitro embryotoxic effect of TCS using embryo/larvae

of zebrafish (Danio rerio) was previously reported by Oliveira
et al.™. Embryos were exposed to different doses of TCS
(500 ng/mL, 700 ng/mL, and 900 ng/mL) for 6 days and
embryotoxic effects (including delay in hatching, abnormal
eye and body pigmentation, spinal malformations, cardiac
edema, and body size smaller than normal) were observed .
In another study, Chen et al." found no significant
increase in the mortality after TCS treatment; however, 300
pg/L of TCS caused developmental retardation in zebrafish
embryos at 24 h post fertilization. Ho et al.”*! examined the
morphology of zebrafish larvae after TCS exposure and
they observed that the zebrafish embryos exposed to 250
ng/mL of TCS developed normally, similar to the control
groups. They concluded that low-dose TCS exposure did
not affect general embryonic development ', In the study
by Guo et al.?¥, TCS was administrated in ovo to evaluate its
toxic effects in the chicken embryos. Tarsus length (mm)
was significantly shorter in the embryos exposed to 10
pg/g TCS compared with that in the embryos administered
corn oil 29, In another study, it was reported that exposure
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to 8-10 pM TCS led to a high rate of developmental delay
at 24 h post fertilization in zebrafish embryos 7. In the
present study, for the first time, effects of TCS on cultured
rat embryos were examined. The results showed that
the total embryonic growth was normal in the embryos
cultured in the WRS only as opposed to the embryos
cultured in the WRS containing TCS; this figure decreased
depending on the dose of TCS. Embryonic retardations
were observed in total embryonic growth, especially in the
yolk sac diameter and vascularization, crown-rump length,
somite number, body flexion, and neural tube development.
These parameters were significantly lowerin the experimental
groups compared with the control group.

Researches have reported that TCS exposure can induce
apoptosis in various biological systems 2839, |n the present
study, cultured embryos were also evaluated regarding
apoptosis to investigate the potential role of apoptosis on
the embryotoxic effects of TCS via caspases using the gene
expression method. Since caspase-2, caspase-7, caspase-8,
and caspase-9, which were measured to assess apoptosis,
were present in all tissues, we performed RNA isolation
on the whole embryo. Several studies have showed that
caspase-2isactivated by DNA damagein the nucleolus 532,
Dubey et al.?? reported that TCS induced apoptosis in human
skin keratinocytes and responsible for DNA damage. In
contrast, our data showed that TCS reduced the activity
of caspase-2; if TCS had caused DNA damage, an increase
in the level of caspase-2 would have occurred. Therefore,
we could say that TCS did not cause DNA damage within
the cell and that the decrease in caspase-2 level was
associated with growth retardation. On the other hand,
there is no data in the literature concerning the caspase-7
levels of TCS. Lamkanfi and Kanneganti % claimed that
caspase-7 was related to inflammation; the activation of
inflammatory caspase-1 and incorporation with caspase-7
could cause inflammation in the cell by the formation
of a structure called inflammasome. Brentnall et al.®*
reported that caspase-9 and caspase-7 had different roles in
intrinsic apoptosis. While intrinsic apoptosis resulted in the
activation of caspase-9, caspase-7 did not have a role in
intrinsic apoptosis but enabled apoptotic cell detachment 34
In the present study, as the dose of TCS increased,
caspase-7 levelsincreased; however, no significant difference
was observed between the groups. This finding suggested
that TCS added to the embryo culture medium did not
cause inflammation within the cell. In the in vitro study
investigating the apoptotic effect of TCS on mouse neo-
cortical neurons, Szychowski et al.?® evaluated the levels
of caspase-8 and caspase-9 and they found that the level
of caspase-8 significantly increased as the exposure
duration to TCS and the concentration of TCS increased.
However, they observed the increase in caspase-9 level in
the groups at high concentration of TCS. Accordingly, the
researchers claimed that non-cytotoxic concentrations
of TCS caused apoptosis through the extrinsic pathway;
however, long-term exposure of TCS activated intrinsic

pathway via caspase-9 by releasing cytochrome-c from
the mitochondria &, In the present study, caspase-7 and
caspase-8 levels increased as the dose of TCS increased;
however, the difference was not statistically significant
between the groups. Caspase-9 has a key role in the early
stage of mitochondrial apoptosis pathway by activating
downstream caspases and initiating apoptosis °. Li et al.2®
reported that methyl-TCS was a dominant transformation
product of TCS, exposure to which induced the increased
expression of caspase-9 on cell culture. In the present
study, caspase-9 levels were found to be increased among
the groups in proportion to TCS. It is known that TCS causes
cell apoptosis via caspase-9.

In the present study, TCS significantly decreased all growth
and developmental parameters in a dose-dependent
manner in the embryos of the experimental groups
compared with the control embryos. This finding suggests
that TCS can activate the intrinsic pathway in the cell by
passing directly through the cell membrane and that the
intrinsic pathway is functional in the embryonic period.

In conclusion, the results of the present study revealed
that TCS was a toxic agent and led to growth retardation
by causing apoptosis through the intrinsic pathway
without resulting in inflammation and direct DNA damage
in the cell. Moreover, the current results highlighted the
potential role of TCS as a strong embryotoxic in embryonic
rats. These results would be an important source for the
effects of TCS on embryonic development. Future studies
isolating embryonic tissues and measuring the caspase
levels by gene expression would also make contribution to
investigate the effects of TCS on embryonic development.
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