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ABSTRACT: Sesamol, a pure compound of sesame, has been reported to have antitumor effects. In the present study, the apoptotic
and steroidogenic effects of sesamol on MA-10 cells, a mouse Leydig tumor cell line, was investigated by morphological
observations, cell viability assay, flow cytometry analysis, radioimmunoassay, and immunoblotting assay. We found that the number
of rounded-up cells increased as the treatment duration of sesamol increased from 3 to 24 h and that the plasmamembrane blebbing
phenomenon could be observed after 12 h of treatment. In the cell viability assay, the cell surviving rate significantly decreased as the
dosage and duration of sesamol treatment increased (p < 0.05). Moreover, cell cycle studies illustrated that the percentages of subG1
phase cells significantly increased after 1 mM sesamol treatments for 12 h, and 0.1 and 1 mM sesamol treatments for 24 h,
respectively (p < 0.05). Furthermore, 0.1 mM sesamol for 24 h and 1 mM sesamol for 12 and 24 h treatments, respectively,
significantly induced the cleavage of caspase-3 (p < 0.05). These results confirmed the apoptotic event of sesamol treatment on
MA-10 cells. Meanwhile, we also found that sesamol at 1 mM for 24 h and 10 mM for 12 and 24 h significantly increased
progesterone production (p < 0.05), and 1 mM sesamol for 24 h treatment significantly activated the expression of steroidogenic
acute regulatory (StAR) protein (p < 0.05). However, the expression of P450scc enzyme remained no different among all treatments
(p > 0.05). In conclusion, sesamol could concurrently induce apoptosis through the activation of the caspase pathway and
steroidogenesis through the induction of StAR protein expression in MA-10 mouse Leydig tumor cells.
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’ INTRODUCTION

Sesamol is a natural constituent of sesame oil recognized as awell-
known antioxidant that inhibits lipid peroxidation and cleans up the
free radicals.1�3 It has also been reported that sesamol has anticancer
effects upon different cell types through various mechanisms.4,5

Moreover, it is reported that sesamol can induce nitric oxide (NO)
release,6 which could regulate Leydig cell steroidogenesis.7,8 How-
ever, little is known about the direct action of sesamol on apoptosis
and steroidogenesis in the MA-10 mouse Leydig tumor cell line.

Apoptosis is defined initially as a phenomenon of a morpho-
logically distinctive form of cell death associated with normal
physiology, which can be triggered by a wide variety of stimuli,
but not all kinds of cells will die in response to the same stimulus.9

This type of cell death is often difficult to observe in vivo because
the dying cells are rapidly phagocytosed by tissue macrophages.
The most common characteristic of apoptosis is the fragmenta-
tion of DNA into ∼180 bp fragments, a relatively late event
during the process.10,11 It is also well-known that the activation of
cysteine-dependent aspartate-directed proteases (caspases) is
commonly thought to be one of the earliest points in the no-
return pathway of apoptosis. Caspases are broadly categorized into
upstream initiator caspases and downstream effector caspases.12

The initiator caspases, such as caspase-8 (death receptor apop-
tosis pathway) and caspase-9 (mitochondrial apoptosis pathway),
typically have a long N-terminal prodomain that, after activation
by alternative stimuli, facilitates recruitment and interaction with

other caspases proteins.13,14 The effector caspases, such as
caspase-3, -6, -7 with short prodomains, could be activated by
initiator caspases. The activated effector caspases, in turn, cleave a
number of cytoplasmic and nuclear substrates, such as poly ADP-
ribose polymerase (PARP), lamin B, PKCθ, and inhibitor of
caspase activated DNase (ICAD),15,16 which will result in the
execution of cell death.12

In the male reproductive system, gonadotropin-releasing hormone
(GnRH) from the hypothalamus stimulates the anterior pituitary to
release luteinizing hormone (LH), which will be transported to the
testis to stimulate Leydig cells. LH is associated with the receptor to
activate adenylate cyclase through the G-protein. The activation of
adenylate cyclase results in the hydrolysis of ATP to cyclic AMP
(cAMP), which subsequently activates protein kinase A (PKA) and
results in protein phosphorylation and de novo protein synthesis, such
as StARprotein.17,18 StARprotein can translocate free cholesterol from
the outer to the inner mitochondrial membrane,19 where cholesterol
will be converted to pregnenolone by the P450 side chain cleavage
enzyme (P450scc).20 Pregnenolone will then be transported to the
smooth endoplasmic reticulum for further synthesis to testosterone, an
inevitable steroid hormone for reproduction in males.21,22
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It has been shown that mitochondria and steroidogenic
enzymes are indispensible in steroidogenesis. However, both
organelles are prone to generate reactive oxygen species (ROS)
when steroidogenesis proceeds. There are several investigations
illustrating that overproduced ROS disrupts mitochondria and
inhibits steroidogenesis.23,24 Thus, the present study was de-
signed to investigate whether sesamol could regulate MA-10 cell
apoptosis and steroidogenesis.

’MATERIALS AND METHODS

Chemicals. Sesamol, penicillin�streptomycin, RNase A, trypan blue,
and propidium iodine (PI) were purchased from Sigma-Aldrich Co.
(St. Louis, MO, USA). Fetal bovine serum, Dulbecco’s modified Eagle's
medium (DMEM) and Keratinocyte-SFM medium were purchased from
Gibco Co. (Grand Island, NY, USA). Sodium hydroxide was from Merck
Co. (Dermstadt, Germany). HEPES was purchased from Mallinckrodt
Baker, Inc. (Philipsburg, NJ, USA). Sodium bicarbonate, sodium carbo-
nate, and sodium chloride were purchased from Riedel der Haen (Seelze,
Germany). Pure charcoal powder was purchased from Showa Chemical
Inc. (Tokyo, Japan). Progesterone [1,2,6,7-3H (N)] (90�115 Ci/mmol
or 3.33�4.255 TBq/mmol) used for the radioimmunoassay was
purchased from PerkinElmer Inc. (Boston, Massachusetts, USA).
The antiserum to progesterone and testosterone was a kind gift from
Dr. Paulus S. Wang (National Yang Ming University, Taipei, Taiwan).
Cell Culture. The MA-10 cell line was a gift from Dr. Mario Ascoli

(The University of Iowa, Iowa City, IA, USA) and was maintained at
37 �C in a humidified environment containing 95% air and 5% CO2 for
all of the following experiments. Cells (6.0 � 105) were plated in 6 cm
culture dishes and grown for 24 h inWaymouthmedium containing 10%
fetal bovine serum. The medium was removed, and the cells were
washed twice with 1� PBS and then treated with various concentrations
of sesamol in serum free Waymouth medium (100 μL) for the indicated
time periods. The media after treatments were collected for the radio-
immunoassay to detect progesterone production. The cells were then
isolated for total protein. The expression of target proteins was deter-
mined by Western blot analysis.22

Morphological Study. The MA-10 cell line was seeded in a 6 cm
dish with 2 mL of serummedium, which contained 6.0� 105 cells. After
the cells reached 70�80% confluence, the cells were treated with serum
free medium containing 0.1, 1, and 10 mM sesamol for the indicated
time points (0, 1, 3, 6, 12, and 24 h). Cell morphology was then observed
and recorded under light microscopy (Olympus, CK40, Hamburg,
Germany). Apoptosis was characterized by the loss of cellular contact
with the matrix and the appearance of plasma membrane blebbing.25

Cell Viability Assay. Cell viability was determined by the trypan
blue exclusion assay. After MA-10 cells reached 70�80% confluence,
cells were treated with serum free medium containing 0.1, 1, and 10 mM
sesamol for the indicated time points (0, 1, 3, 6, 12, and 24 h). Cells were
then trypsinized after respective treatments and washed with 1� PBS.
Equal amounts of cell suspension and trypan blue were mixed and left to
stand for 5 min at room temperature. Stained and unstained cells were
counted using a standard hemocytometer. The percentage of cell viability
was calculated as % cell viability = (number of unstained cells/total cell
number) � 100.
Flow Cytometric Analysis. In order to investigate whether

sesamol could induce cell apoptosis, flow cytometric analysis was used
to determine the DNA fragmentation and the redistribution of cell
cycle.26,27 MA-10 cells were seeded in a 6 cm dish with 2 mL of serum
medium, which contained 6.0 � 105 cells. After cells reaching 70�80%
confluence, cells were treated with medium containing 0.1 and 1 mM
sesamol for the indicated time points (0, 1, 3, 6, 12, and 24 h). Sesamol-
treated cells were harvested with trypsin, washed with PBS, and fixed in
75% ethanol for at least 2 h at�20 �C. After fixation, cells were washed

in cold PBS and then collected by centrifugation and stained with PI
solution containing 40 μg/mL in PBS and 100 μg/mL RNase. The
stained cells were analyzed using a fluorescence-activated cell sorter
(FACScan, Becton-Dickinson, Moutain View, CA, USA) at λ = 488 nm
using CellQuest software (Becton-Dickinson,Moutain View, CA, USA).
The DNA content distribution of normal growing cells was characterized
by two peaks, G1/G0 and G2/M phases. The G1/G0 phase possesses
normal functioning and the resting state of the cell cycle with most
diploid DNA content, while the DNA content in the G2/M phase is
more than diploid. Cells in the subG1 phase have the least DNA content
in cell cycle distribution, called hypoploid. The hypoploid DNA content
represents DNA fragmentation.
Radioimmunoassay (RIA). Media from cell cultures with differ-

ent treatments were harvested. Twenty microliters of sample was loaded
into a glass tube, and 100 μL each of progesterone antiserum and 3H
progesterone were loaded at 37 �C of temperature for 30 min. The
reaction was stopped by putting the tubes in ice for 3 min. Charcoal
solution (100 μL at 2.5 g/L PBS) was added into the tubes at 4 �C for 15
min and centrifuged for 10 min in order to spin down the charcoal�3H
progesterone complex.22 Approximately 250 μL of the supernatant was
poured into 2 mL of scintillation fluid, and samples were counted in a
β-counter for 2 min.
Immunoblot Analysis.MA-10 cells (6.0� 105) were cultured in a

6 cm dish. After treatment, cells were rinsed with cold PBS. Then, the

Figure 1. Effect of sesamol on morphological changes in MA-10 cells.
MA-10 cells were cultured in a 6 cm dish until 70�80% confluence and
then treated without or with different dosages of sesamol (control, 0.1, 1,
and 10 mM) for 0, 1, 3, 6, 12, and 24 h. Morphological changes of cells
were examined under light microscopy (C = control; arrow heads,
membrane blebbed cells).
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cells were harvested by 100 μL of lysis buffer (20mMTris-base, 150mM
NaCl, 1 mM EDTA, 1 mM EGTA, 1% Triton X-100, 2.5 mM sodium
pyrophosphate, 1 mM β-glycerolphosphate, and 1 mM Na3VO4). The
cell lysate was subjected to centrifugation at 12,000g for 12 min at 4 �C.
The supernatant was stored at �20 �C until use. The protein concen-
tration was determined by the Lowry method.28 Total protein was
solubilized in 1� SDS sample buffer and loaded on a 12.5% SDS�
PAGE. Electrophoresis was performed in SDS�PAGE running buffer
(24 mMTris/HCl, 0.19 M glycine, and 0.5% SD, pH 8.3). The proteins
were transferred to polyvinylidence difluoride membranes (PVDF) in
transfer buffer (20 mM Tris/HCl, 150 Mm glycine, 10% methanol, and
0.01% SDS). The PVDF membrane with protein on it was incubated in
blocking buffer (TBS buffer containing 5% carnation nonfat dry milk
and 0.1% Tween-20) at room temperature for an hour. After washing,
the membrane was incubated in different primary antibodies [StAR
primary antibody is a generous gift from Dr. Strauss (University of
Pennsylvania Medical Center, Philadelphia, USA); caspase-3 primary
antibody was purchased from Cell Signaling (Beverly, MA, USA); and
the P450scc primary antibody is a generous gift from Dr. Bon-Chu Chung
(Academia Sinica, Taipei, Taiwan)] for 16�18 h at 4 �C. Themembrane
was washed 3 times (10min each) with TBS containing 0.1% Tween-20.
It was then incubated for 1 h at room temperature with fresh blocking
buffer containing the secondary antibody, antirabbit IgG. The mem-
brane was washed and the signal was detected by using the Renaissance
chemiluminescence reagent (NEN; DuPont, Boston, MA, USA). The
desired protein was quantitated by a computer-assisted image analysis
system. The amount of β-actin in each lane was detected and quantified
in order to normalize the expression of target protein.22

Statistical Analysis. All data were expressed as themean( SEMof
at least three independent experiments. Statistically significant differ-
ences between the control and treatments were determined by one-way
analysis of variance (ANOVA) and then the least significant difference
(LSD) analysis. Statistical significance was set at p < 0.05.

’RESULTS

Effect of Sesamol on Morphological Changes in MA-10
Cells. MA-10 cells were treated without or with different con-
centrations of sesamol (0, 0.1, 1, and 10mM) for 0, 1, 3, 6, 12, and

24 h, respectively, and morphological changes were examined
under light microscopy. Cells without sesamol treatment showed
polygonal shape with healthy appearances, blurred outline, and
firm attachment, which are normal cell growth phenomena
(Figure 1 control from 0 to 24 h). After 3 h of sesamol (1 and
10 mM) treatment, cells appeared rounded-up but still adhered
to the ground matrix (Figure 1). After 6 h of sesamol treatment,
the adherent cells appeared with a black-dotted outline, and some
cells expressed plasma membrane blebbings with few floating
cells (Figure 1). After 12 and 24 h of sesamol treatments, more
adherent cells appeared with membrane blebbings, and there
were more floating cells (Figure 1). These phenomena suggest
that sesamol might induce apoptotic cell death in the MA-10
Leydig tumor cell line.
Effect of Sesamol in MA-10 Cell Viability. Previous results

regarding the morphological changes indicated that sesamol

Figure 2. Effect of sesamol on cell viability in MA-10 cells. Cells were
treated without or with different dosages of sesamol (control, 0.1, 1, and
10 mM) for 0, 1, 3, 6, 12, and 24 h, and cell viability was quantified by
trypan blue exclusion assay. Results are expressed as percentages of cell
viability of unstained cells/total cells. Data represent themean( SEMof
four separate experiments. “a” represents significant difference from the
control (C= control) (p< 0.05); “b” represents significant difference from
the 0.1 mM sesamol treatment (p < 0.05), and “c” represents significant
difference from the 1mMsesamol treatment (p< 0.05) in each time point.

Figure 3. Effect of sesamol among subG1, G1, and G2/M cell cycle
phases inMA-10 cells. The 2D histogram plot of flow cytometry analysis
in MA-10 cells treated without or with sesamol (control, 0.1, and 1 mM)
for 0, 1, 3, 6, 12, and 24 h is illustrated, representing one of three
independent experiments. After treatments, cells were fixed, stained with
propidium iodide, and analyzed for cell cycle progression by flow cytometry
as described inMaterials andMethods.M1=SubG1 (cells with less than the
normal amount of DNA content); M2 = G1 (cells in G1 cell cycle phase);
M3 = G2/M (cells in G2/M cell cycle phase) (C = control).
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could induce cell death in MA-10 cells. Thus, the trypan blue
assay was further used to assess cell viability after sesamol
treatment. Cells were treated without or with different concen-
trations of sesamol (0, 0.1, 1, and 10 mM) for different time
durations (0, 1, 3, 6, 12, and 24 h), and the viability was
determined. The results clearly demonstrated the decreasing
trend of viability in MA-10 cells among time and dose effects
(Figure 2). In fact, 0.1 mM sesamol at 24 h of treatment reduced
35% cell viability; 1 mM sesamol at 12 and 24 h reduced 39% and
82% cell viability, respectively; and 10mMsesamol at 6, 12, and 24 h
reduced 57%, 97%, and 98% cell viability, respectively (p < 0.05).
These results demonstrated that sesamol significantly reduced
cell viability inMA-10 cells and that a higher dose of sesamol with
prolonged treatment could cause much more cell death.
Effect of Sesamol on Cell Cycle Redistribution in MA-10

Cells. Previous results illustrated that sesamol could induce cell
death inMA-10 cells. Flow cytometry analysis was further used to
determine whether DNA fragmentation occurred and if there
was any change in cell cycle progression. The subG1 phase in cell
cycle distribution represents the occurrence of DNA fragmenta-
tion, which demonstrates the phenomenon of apoptosis.29 The
distribution of PI stained MA-10 cells with the treatment of
sesamol (0, 0.1, and 1 mM) for 0, 1, 3, 6, 12, and 24 h were
illustrated in Figure 3. Statistical analysis from 3 independent
experiments of Figure 3 regarding the change of the subG1 phases
of the cell cycle in percentages was analyzed and illustrated in
Figure 4. We found that the percentage of subG1 phase cells
significantly increased 17.5% by 0.1 mM sesamol treatment for
24 h and 24.0% and 32.0% by 1mM sesamol treatment for 12 and
24 h, respectively (Figures 3 and 4) (p < 0.05). These cell cycle
redistribution analysis results confirmed the apoptotic event of
sesamol on MA-10 cells.
Effect of Sesamol on the Cleaved Caspase-3 Expression in

MA-10 Cells. To briefly investigate possible apoptotic pathway
through which sesamol might induce MA-10 cell apoptosis, cells
were treated without or with 0.1 or 1 mM sesamol for 0, 1, 3, 6,
12, and 24 h, respectively. Then, the expression of cleaved
caspase-3 was determined by Western blotting. Results showed
that cleaved caspase-3 significantly expressed by 0.1 mM sesamol

treatement for 24 h (Figure 5A) and by 1 mM sesamol treatment
for 12 and 24 h (Figure 5B) (p < 0.05). These data demonstrated
that sesamol could activate caspase-3 expression to induce MA-10
cell apoptosis.
Effect of Sesamol on Steroidogenesis in MA-10 Cells.

During the investigation of the apoptotic effect of sesamol on
MA-10 cells, these cells appeared rounded-up, which is very
similar to the steroidogenesis in Leydig cells activated by
steroidogenic agents. Thus, we used a radioimmunoassay to
examine the steroidogenic effect of sesamol on MA-10 cells. We
found that 1 mM sesamol after 24 h and 10 mM sesamol
treatment after 12 and 24 h treatments could significantly induce
progesterone production (Figure 6) (p < 0.05). These results
demonstrated that sesamol could concomitantly induce apopto-
sis and steroidogenesis in MA-10 mouse Leydig tumor cells.
Effect of Sesamol on the Expression of Steroidogenic

Proteins in MA-10 Cells. To briefly investigate possible ster-
oidogenic pathway through which sesamol might activateMA-10
cell steroidogenesis, cells were treated without or with 0.1 or
1 mM sesamol for 0, 1, 3, 6, 12, and 24 h, respectively. Then, the

Figure 4. Quantification in percentage of the subG1 phase of MA-10
cells. Statistical analysis from 3 independent experiments in Figure 3
regarding the change of cell cycle in percentages of the subG1 phase was
analyzed and illustrated. Data represent the mean ( SEM of three
separate experiments (C = control). “a” represents significant difference
from the control (C = control) (p < 0.05); “b” represents significant
difference from the 0.1 mM sesamol treatment (p < 0.05); and “c”
represents significant difference from the 1 mM sesamol treatment (p <
0.05) in each time point.

Figure 5. Effect of sesamol on the cleaved caspase-3 expression in MA-
10 cells. Cells were treated without or with 0.1 mM (A) and 1 mM (B)
sesamol, respectively, for different times (0, 1, 3, 6, 12, and 24 h). The
caspase-3 (19 kDa) and β-actin (43 kDa) proteins were detected by
Western blots. Immunoblot represents the observations from one single
experiment repeated three times. The integrated optical densities (IOD)
of caspase-3 protein after normalization with β-actin in each lane using
the PDI image system were demonstrated. Each data point in panels A
and B represents the mean ( SEM of three separate experiments.
* indicates statistical difference compared to the control in each time
point (p < 0.05) (C = control).
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expressions of StAR protein and P450scc enzyme were deter-
mined by Western blotting. Results showed that 1 mM sesamol
for 24 h significantly induced StAR protein expression (Figure 7B)
(p < 0.05). However, sesamol treatment (0.1 or 1 mM) for
different durations (0, 1, 3, 6, 12, and 24 h) did not induce
P450scc enzyme expression (Figure 8) (p > 0.05). These results
illustrate that sesamol could activate StAR protein expression,
but not P450scc enzyme, to induce MA-10 cell steroidogenesis.

’DISCUSSION

Sesamol is a well-known antioxidant with the ability to induce
NO release.1,2,6 It is also reported with anticancer effects upon
different cell types.4,5 However, little is known about the actions
of sesamol on apoptosis and steroidogenesis in Leydig cells.

In anticancer effect, we confirmed that sesamol could induce
cell membrane blebbing with the decrease of cell number with
prolonged time in MA-10 cells. Also, cell viability detected by
trypan blue exclusion assay demonstrated that sesamol could
decrease cell viability in a time- and dose-dependent manner in
MA-10 cells. It should be noted that 10 mM sesamol treatment
for 12 and 24 h killed entireMA-10 cells. Therefore, we only used
lower dosages (0.1 and 1 mM) of sesamol for the rest of
experiments in this study. In flow cytometry analysis, the subG1
peak, representing the DNA fragmentation of a well-accepted
phenomenon of apoptosis,10 was also induced by sesamol in a
time- and dose-dependent manner in MA-10 cells. Moreover, we
found that sesamol could specifically activate the expression of
caspase-3 in dose- and time-dependent relationships. These data
highly indicated that sesamol did induce apoptosis through the
activation of the caspase pathway in MA-10 mouse Leydig tumor
cells, and our finding is not unprecedented compared to other
studies.4,5,30,31

Besides apoptosis, we found that sesamol could significantly
increase steroidogenesis in MA-10 cells, and it is the first time
that it has been demonstrated that sesamol could regulate stero-
idogenesis in Leydig cells. Steroid production in Leydig cells is
regulated by various factors, which will activate the cAMP/PKA-
dependent pathway to induce the expression of StAR protein,

and then to stimulate steroidogenesis through different steroido-
genic enzymes.20 In the present study, 1 mM sesamol after 24 h
and 10 mM sesamol after 12 and 24 h treatments significantly
induced progesterone production. In order to briefly define how
sesamolmight induce steroidogenesis, StAR protein (an essential
protein in steroidogenesis) and P450scc (an important steroido-
genic enzyme in steroidogenesis) were examined. We did find
that sesamol significantly activated the expression of StAR protein,
but not the P450scc enzyme.

Author: Please verify that the changes made to improve the
English still retain your original meaning.It has been shown that
some factors can induce StAR protein expression with no effect
on P450scc enzyme expression in steroidogenic cells.32 It has also
been demonstrated that factors could increase P450scc activity,
but not protein expression, to induce steroidogenesis.33 It is
possible that sesamol increased P450scc activity, but not the
protein expression, to induce steroidogenesis in MA-10 cells.
Another possibility is that sesamol might disrupt mitochondrial
functions, as 10 mM sesamol could kill all of the MA-10 cells,
which made cholesterol more exposed to P450scc and other
steroidogenic enzymes for more production of progesterone in
MA-10 cells. This phenomenon should be further investigated

Figure 6. Effect of sesamol on sesamol-stimulated progesterone pro-
duction in MA-10 cells. Cells were treated without or with 0.1, 1, and
10 mM sesamol for 0, 1, 3, 6, 12, and 24 h. Media were collected and
assayed by RIA for progesterone production. Each data in the figure
represents the mean the mean ( SEM of three separate experiments.
* indicates that those groups differ significantly from the control in each
time point (p < 0.05) (C = control).

Figure 7. Expression of StAR protein in sesamol treated MA-10 cells.
Cells were treated without or with 0.1 (A) and 1 mM (B) sesamol,
respectively, for 0, 1, 3, 6, 12, and 24 h. The StAR protein (30 kDa) and
β-actin (43 kDa) proteins were detected by Western blots. Immunoblot
represents the observations from one single experiment repeated three
times. The integrated optical densities (IOD) of the StAR protein after
normalization with β-actin in each lane using the PDI image system are
demonstrated. Each data point in panels A and B represents the mean(
SEM of three separate experiments. * indicates statistical difference
compared to the control in each time point (p < 0.05) (C = control).
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with the treatment of the precursor to the P450scc enzyme to
uncover the detailed mechanism.

Comparing the apoptotic and steroidogenic results, we found
that the expression of StAR protein and caspase-3 was timely
overlapped. This intriguing phenomenon should be examined in
detail to determine whether there is an interaction activated by
sesamol on apoptosis and steroidogenesis in MA-10 cells.
Evidences have shown that StAR protein could inhibit human
THP-1 monocyte-derived macrophage apoptosis,34 and the
suppressing of the StAR protein expression impaired Leydig cell
function by increasing apoptosis,35 which seems to imply that
StAR protein will help to prevent cell apoptosis. It has been
shown that steroidogenesis will increase the production of ROS
from mitochondria and that the ROS is an apoptotic factor to
induce cell apoptosis.36,37 It is highly possible that sesamol
stimulated steroidogenesis, which then induced the release of
ROS from mitochondria to further activate the apoptosis in MA-
10 cells. We will investigate the temporal relationship between
steroidogenesis, ROS production, and apoptosis in MA-10 cells
activated by sesamol to clarify the facts in the future.

It has been demonstrated that sesamol could induce nitric
oxide (NO) release6 and that NO could inhibit Leydig cell
steroidogenesis.7,8 In the present study, we do not know whether
sesamol could induce the production of NO in MA-10 cells.

However, we did find that sesamol could stimulateMA-10mouse
Leydig tumor cell steroidogenesis. It is possible that sesamol
could not induce MA-10 cells to release any NO to regulate MA-
10 steroidogenesis. Sesamol has been recognized as a well-known
antioxidant.2,38 The antioxidant effect of sesamol has been
proved to inhibit lipid peroxidation3,39 and cleanup the free
radicals. It is also possible that sesamol could suppress the NO
production during the steroidogenesis activated by sesamol in
MA-10 cells. Otherwise, steroidogenesis would not be stimu-
lated. This inconsistency might indicate that sesamol could
directly associate with Leydig cells to stimulate StAR protein
and then steroidogenesis. Thus, further study to investigate
whether sesamol could induce or suppress the release of NO in
MA-10 cells will be worthy. Also, the binding assay of sesamol on
MA-10 cells will be necessary to determine if there is a direct
association of sesamol on MA-10 Leydig cells.

In conclusion, sesamol could induce the antitumor effect
through the activation of the caspase pathway in MA-10 mouse
Leydig tumor cells, and sesamol could simultaneously stimulate
steroidogenesis through the activation of StAR protein inMA-10
mouse Leydig tumor cells, which suggest that sesamol might be a
good potential antitumor drug for chemotherapy.
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