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Abstract. In the western world, there is an increasing trend 
of occurrence in testicular cancer. Treatment of malignant 
testicular cancer is primarily combined surgery with various 
chemical drugs. Propofol has been frequently used as an 
anesthetic and sedative induction agent, which could modulate 
different γ-aminobutyric acid receptors in the central nervous 
system. Studies demonstrated that propofol activates endo-
plasmic reticulum stress to induce apoptosis in lung cancer. 
However, it remains elusive whether propofol regulates caspase 
and/or mitogen-activated protein kinase (MAPK) pathways to 
induce apoptosis in Leydig tumor cells. In the present study, 
MA-10 mouse Leydig tumor cells were treated with propofol, 
and possible signal pathways associated with apoptosis were 
investigated. Results demonstrated that increasing dosage of 
propofol (300‑600 µM) for 24 h significantly decreased cell 
viability in MA‑10 cells (P<0.05). In flow cytometry analysis, 
the amount of sub-G1 phase cell numbers in MA-10 cells was 

significantly increased by propofol (P<0.05). Additionally, 
Annexin V/propidium iodide double staining further confirmed 
that propofol could induce MA-10 cell apoptosis. Furthermore, 
cleaved caspase-8, -9 and -3, and/or poly(ADP-ribose) poly-
merase were significantly activated following treatment 
of propofol in MA-10 cells. In addition, c-Jun N-terminal 
kinase, extracellular signal-regulated kinase 1/2, and p38 were 
significantly activated by propofol in MA‑10 cells (P<0.05), 
indicating that propofol may induce apoptosis through the 
MAPK pathway. Additionally, propofol diminished the 
phosphorylation of Akt to activate apoptosis in MA-10 cells. 
In conclusion, propofol may induce MA-10 cell apoptosis by 
activating caspase and MAPK pathways, and inhibiting the 
Akt pathway in MA-10 cells, demonstrating that propofol may 
be a potential anticancer agent against Leydig cell cancer. 

Introduction

Propofol (2,6-disopropylphenol) is a short-acting drug, which 
has been extensively used as a sedative and anesthetic induction 
drug prior to medical procedures, which could modulate the 
different γ-aminobutyric acid receptors in the central nervous 
system (1). It has been indicated that the use of sedative tech-
niques could affect long-term outcome following cancer surgery, 
including propofol, which has potential to impede metastasis 
and to activate apoptosis in cancer cells (2). Besides, previous 
studies demonstrated that propofol has antitumor effects 
inhibiting invasion or proliferation in ovarian cancer cells and 
osteosarcoma cells (3,4). A number of reports demonstrated 
that propofol could induce apoptosis in different cancer cells, 
including pancreatic cancer (5), lung cancer (6,7), epithelial 
ovarian cancer (8) and hepatocarcinoma (9). Thus, propofol has 
the ability to be a therapeutic drug for malignancies.

The control of cell number is important in tissue homeo-
stasis, and its dysregulation could give rise to the occurrence 
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of tumors, which could be regulated by cell death, proliferation 
and differentiation (10). A previous study demonstrated that 
cancer cells exhibit different characteristics progressing from 
normal cells to tumor cells, which include tissue invasion and 
metastasis, unlimited replicative capability, self‑sufficiency in 
growth signals, avoidance of apoptosis, continued angiogen-
esis, and resistance to antigrowth signals (11), and the majority 
of anticancer therapies are against these properties (10,11). 
Notably, when cells experience environmental stresses or the 
stimulation of intracellular signals, cell death may occur (12). 
Cell death is classified in three categories from morphological 
appearance, including autophagy, necrosis and apoptosis (13). 
Apoptosis and autophagy are types of programmed cell 
death (12,13). Autophagy is contradictory for cancer cells with 
pro-survival or pro-death roles (14). Compared with apoptosis, 
necrosis is a procedure of cell death in an unregulated manner 
resulting from severe insults or adverse conditions (15). 
Therefore, the induction of apoptosis could be a beneficial 
therapy for patients with cancer. Apoptosis in cells consistently 
features cell shrinking, nuclear condensation and then frag-
mentation, membrane blebbing and the formation of apoptotic 
bodies from the separation of cellular components (16).

There are two major pathways in apoptosis: Extrinsic pathway 
and intrinsic pathways (17). Extrinsic pathways, also termed death 
receptor pathways, begin with the activation of death receptors 
by pro-apoptotic ligands, including Fas ligand, tumor necrosis 
factor-α (TNF-α) and TNF superfamily member 10 (17,18). 
Following ligand binding, intracellular death domains of these 
receptors bind to Fas-associated death domain, which causes 
the recruitment of death-induced signaling complex and the 
activation of caspase-8 to trigger downstream effector caspases, 
including caspase-3 and -7 (18). An intrinsic pathway involves 
mitochondrial and endoplasmic reticulum pathways. It has been 
demonstrated that the mitochondrial pathway could be triggered 
by ultraviolet radiation, chemotherapeutic agents and growth 
factor withdrawal, resulting in the release of cytochrome c 
from mitochondrial intermembrane space to cytosol (19). 
Cytochrome c binds to apoptotic peptidase activating factor-1 to 
recruit pro-caspase-9 forming apoptosome to cleave caspase-9, 
and then the active caspase-9 activates caspase-3 to orchestrate 
apoptosis (20). The intrinsic and extrinsic pathways induce 
poly(ADP-ribose) polymerase (PARP) cleavage following 
activating downstream caspase effectors, and the cleaved-PARP 
impedes DNA repair (17). 

The mitogen-activated protein kinase (MAPK) pathway 
serves key roles in cancer development, which also regulates 
cell growth, proliferation, differentiation, migration and apop-
tosis (21). MAPKs, including extracellular signal-regulated 
kinase 1/2 (ERK1/2), c-Jun N-terminal kinase (JNK) and p38, 
are protein-serine/threonine kinases, which could be activated 
through a cascade of phosphorylation events and regulate cell 
fate (22,23).

Akt signaling is a pro-survival pathway, which inhibits 
apoptotic signal cascades and activates pro-survival 
signal (24). Akt signaling inhibits a number of pro-apoptotic 
B-cell lymphoma-2 (Bcl-2) family members, including Bcl-2 
associated agonist of cell death, Bcl-2-associated X and Bcl-2 
like 11 (25). Akt also positively regulates anti-apoptotic 
pathways to induce the nuclear factor-κB transcription factor, 
promoting anti-apoptotic genes, including Bcl-2 and Bcl-extra 

large (24,25). Numerous studies demonstrated that the suppres-
sion of Akt prompts apoptosis in human testicular germ tumor 
cells (24-26).

Testicular cancer is a cancer type that develops in the testis, 
which is primarily classified into two categories: Germ cell 
tumor; and stromal tumor (27). Leydig cell tumor types are 
the most common form of stromal tumors with a significantly 
increasing incidence, and ~10% of Leydig cell tumor cases are 
malignant; however, this has not been clearly documented (28). 
Malignant Leydig cell tumors do not respond to irradiation 
and chemotherapy (29). Thus, it's important to determine an 
improved therapeutic method for Leydig cell tumors (29). The 
majority of the studies demonstrated that propofol induces 
apoptosis resulting in beneficial therapy for patients with 
different cancer types (3-5). Therefore, whether propofol 
promotes apoptosis in MA-10 cells to provide a potential anti-
tumor therapy was investigated. 

Materials and methods

Chemicals. Propofol (cat. no. 1572503; 0.962 g/ml), MTT 
(cat. no. M5655), penicillin-streptomycin, propidium iodide 
(PI; cat. no. P4170), RNase A (cat. no. R6513), ethylenedi-
aminetetraacetic acid (EDTA; cat. no. E5134), Triton X-100 
(cat. no. T8787), sodium orthovanadate (cat. no. S6508), 
Waymouth MB 752/1 medium (cat. no. W1625), monoclonal 
antibody against β-actin (cat. no. A5441; 1:8,000) and 
30% acrylamide/Bis-acrylamide solution (cat. no. A3574) were 
purchased from Sigma-Aldrich (Merck KGaA, Darmstadt, 
Germany). DS (cat. no. 822050), EGTA (cat. no. L808635342), 
Tween-20 (cat. no. 817072) and dimethyl sulfoxide (DMSO; 
cat. no. 102952) were purchased from Merck KGaA. 
Dulbecco's modified Eagle medium/F12 (cat. no. 12400-024), 
trypsin-EDTA (cat. no. 15400-054) and fetal bovine serum 
(FBS; cat. no. 10437-028) were purchased from Gibco 
(Thermo Fisher Scientific Inc., Waltham, MA, USA). Tris 
base (cat. no. 4019-06), potassium chloride (cat. no. 3040-01), 
glycine (cat. no. 4059-06) 4-(2-hydroxyethyl)-1-pipera-
zineethanesulfonic acid (cat. no. 4018-04) and sodium chloride 
(NaCl; cat. no. 3624-05) were purchased from J.T.Baker 
(Avantor Performance Materials, Center Valley, PA, USA). 
An Annexin V‑fluorescein isothiocyanate (FITC) apoptosis 
detection kit (cat. no. AVK050) was purchased from Strong 
Biotech Corporation (Taipei, Taiwan). A Micro BCA protein 
assay kit (cat. no. 23235) was purchased from Thermo Fisher 
Scientific Inc. An Enhanced chemiluminescence detection kit 
(cat. no. WBKLS050) was purchased from EMD Millipore 
(Billerica, MA, USA). Donkey anti-rabbit and anti-mouse IgG 
conjugated with horseradish peroxidase (HRP) were purchased 
from PerkinElmer, Inc. (Waltham, MA, USA). Polyclonal 
antibodies against cleaved caspase-8 (cat. no. 9429; 1:1,000), 
cleaved caspase-9 (cat. no. 9509; 1:1,000), cleaved PARP (cat. 
no. 9544; 1:1,000), phospho-ERK1/2 (cat. no. 9101; 1:4,000), 
ERK1/2 (cat. no. 9102; 1:4,000), phospho-JNK (cat. no. 9251; 
1:2,000), JNK (cat. no. 9252; 1:2,000), phospho-p38 MAPK 
(cat. no. 9215; 1:4,000), p38 MAPK (cat. no. 9212; 1:4,000), 
phospho-mechanistic target of rapamycin kinase (mTOR; 
cat. no. 2971; 1:2,000), mTOR (cat. no. 2983; 1:2,000), 
phospho-Akt (cat. no. 9271; 1:4,000) and Akt (cat. no. 9272; 
1:4,000) were purchased from Cell Signaling Technology, 
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Inc. (Danvers, MA, USA). Isoton II (cat. no. 8546719) was 
purchased from Beckman Coulter, Inc. (Brea, CA, USA). 
Monoclonal antibody against cleaved caspase-3 (cat. no. 9664; 
1:1,000) was purchased from Cell Signaling Technology, Inc.

Cell culture. The MA-10 cell line was provided by Dr. Mario 
Ascoli (Department of Obstetrics and Gynecology, University 
of Iowa, Iowa City, IA, USA), which is a mouse Leydig tumor 
cell line cultured in the Waymouth medium containing 
10% FBS. MA-10 cells were regularly maintained in a humidi-
fied atmosphere incubator containing 5% CO2 at 37˚C. 

Cellular morphological examination. MA-10 cells were 
seeded at a concentration of 6x105 cells/ml in a 6 cm petri dish 
with 2 ml Waymouth culture medium, and treated without 
or with different concentrations of propofol (300, 350 and 
400 µM) for 3 h at 37˚C. Propofol was diluted with DMSO. Cell 
morphology was observed under Olympus CK40 light micros-
copy at x100 magnification and the images were recorded by 
Olympus DP20 digital camera (Olympus Corporation, Tokyo, 
Japan).

MTT viability assay. An MTT assay is a colorimetric assay 
to detect cell viability (30). MA-10 cells (1.2x104 cells/well) 
were seeded in 96-well plates. When cell density reached 
70‑80% confluence at 37˚C, cells were treated with different 
concentrations of propofol (0, 10, 50, 100, 300, 400, 500 and 
600 µM) for 1, 3, 6, 12 and 24 h. Subsequently, 0.5 mg/ml 
MTT was added in each well at different time points (1, 3, 
6, 12 and 24 h) and incubated at 37˚C for 4 h. The medium 
was then discarded, and 50 µl DMSO was added into each 
well for dissolving the crystals by shaking the plate with 
a shaker at 37˚C for 20 min in the dark. Cell viability was 
then detected at λ=570 nm using a VersaMax ELISA reader 
(Molecular Devices, LLC, Sunnyvale, CA, USA) for the 
MTT assay (31).

Cell cycle analysis assay. To further investigate if propofol 
induces MA-10 cell death through apoptosis, the DNA 
contents were examined by PI staining through a flow cyto-
metric analysis assay. The 6x105 MA-10 cells were seeded in 
a 6 cm petri dish with 2 ml Waymouth culture medium, and 
treated with different concentrations of propofol (0, 100, 300 
and 400 µM) for 3, 6, 12 and 24 h. Cells were then harvested 
through trypsin digestion and centrifugation (400 x g at 25˚C 
for 10 min), and washed by isoton II (1:4,000 dilution) and 
fixed with 70% ethanol for 2 h at ‑20˚C. Following fixation, 
MA-10 cells were washed with cold isoton II (1:4,000 dilu-
tion) and collected by centrifugation (400 x g at 25˚C for 
10 min). Cell suspensions were then mixed with 100 µg/ml 
RNase A and stained with 40 µg/ml PI solution for 30 min 
at 25˚C. The stained cells were further analyzed for PI detec-
tion at λ=488 nm with the BD FACScan flow cytometer 
(Becton-Dickinson and Company, Franklin Lakes, NJ, USA). 
Cells in sub-G1 phase contained reduced DNA contents in cell 
cycle distribution, which is considered as DNA fragmenta-
tion, a consequence of cell apoptosis (32). The percentages 
of cells in sub-G1, S and G2/M phases were calculated and 
analyzed using FACStation v6.1x and Modfit LT v3.3 software 
(Becton-Dickinson and Company).

Annexin V and PI double staining assay. After MA-10 cells 
were harvested by trypsin, which was rinsed with 2 ml 
Waymouth culture medium, cell suspensions were centrifuged 
(400 x g at 25˚C for 10 min). The pellets were then resus-
pended by cold isoton II (1:4,000 dilution) and centrifuged 
again (400 x g at 25˚C for 10 min). The pellets were mixed 
with 100 µl staining solution for 15 min at 25˚C according to 
manufacturer's protocols of the Annexin V-FITC/PI apoptosis 
detection kit. The stained cells were analyzed at λ=488 nm 
excitation using 515 nm band pass filter for FITC detection 
and >600 nm band pass filter for PI detection with the BD 
FACScan flow cytometer (Becton‑Dickinson and Company). 
The double-negative cells (viable), Annexin V single positive 
cells (early apoptotic), PI single positive cells (necrotic) and 
double positive cells (late apoptotic) can be depicted in four 
quadrants (33). The percentage of cells in four quadrants were 
calculated using FACStation v6.1x software.

Protein extraction and western blot assay. Following propofol 
(0, 100, 300 and 400 µM) treatment for 3, 6, 12 and 24 h, the 
medium was removed and cells were washed 3 times with 
cold PBS. Attached cells were then lysed by 20 µl lysis buffer 
(20 mM Tris pH 7.5, 150 mM NaCl, 1 mM EDTA, 1 mM 
EGTA, 1% Triton X-100, 2.5 mM sodium pyrophosphate and 
1 mM sodium orthovanadate) with proteinase inhibitor cock-
tail (Sigma-Aldrich; Merck KGaA; cat. no. P5655). The cell 
pellets were resuspended with 10 µl lysis buffer and mixed 
with cell lysates, and it was centrifuged at 12,000 x g for 
12 min at 4˚C. The supernatants were then collected and stored 
at ‑80˚C. Cell lysate protein concentrations were determined 
with a Lowry assay (34).

For western blot assay, 30 µg total protein were sepa-
rated by 12% SDS-PAGE gel with standard running buffer 
(25 mM Tris, 0.1% SDS and 192 mM glycine; pH 8.3) at 
25˚C, and electrophoretically transferred to a polyvinylidene 
difluoride membrane at 4˚C. After 1% milk at 25˚C for 3 h 
blocking of the membranes, the membranes were incubated 
with primary antibodies overnight at 4˚C, the membrane was 
washed 3 times and then incubated with HRP-conjugated 
secondary antibodies at 25˚C for 1 h, which was detected 
with an enhanced chemiluminescence kit through UVP EC3 
BioImaging Systems (UVP; LLC, Phoenix, AZ, USA). 

Statistical analysis. All data are expressed as mean ± standard 
error of the mean of three independent experiments. Statistical 
significance of differences between control and propofol 
treated groups were analyzed by one-way analysis of variance 
and then least significance difference comparison. Statistical 
analysis was performed by using GraphPad Prism 6 software 
(GraphPad Software, Inc., La Jolla, CA, USA). P<0.05 was 
considered to indicate a statistically significant difference.

Results

Propofol induces morphological changes in MA‑10 cells. 
MA-10 cells were treated with different concentrations of 
propofol (0, 300, 350 and 400 µM; Fig. 1). The morphology 
of cells was observed with light microscopy. Without propofol 
treatment, MA-10 cells firmly attached with polygonal 
shapes (Fig. 1). Following treatment with 400 µΜ propofol for 
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3 h (Fig. 1), cells transformed to round shape and possessed 
apparent blebbing in the plasma membrane. These results 
demonstrated that propofol causes membrane blebbing in 
MA-10 cells, indicating that propofol may induce cell death 
through apoptosis in MA-10 mouse Leydig tumor cells.

Propofol decreases MA‑10 cell viability with time‑ and 
dose‑dependent associations. For investigating the effect 
of propofol upon MA-10 cell viability, an MTT viability 
test was conducted on MA-10 cells with 0, 10, 50, 100, 300, 
400, 500 and 600 µM propofol for 1, 3, 6, 12 and 24 h treat-
ments (Fig. 2). The results demonstrated that cell viability was 
significantly reduced by propofol from 300‑600 µM for 24 h 
(P<0.05; Fig. 2). The results indicated that propofol induces 
cell death in MA-10 cells.

Propofol regulates the cell cycle in MA‑10 cells. To investigate 
whether propofol could influence the cell cycle and result in 
apoptosis, MA-10 cells were treated with propofol, and their 
DNA contents were determined with flow cytometry. Different 
dosages of propofol were used to treat cells examining the 
impacts on cell cycle progression. The results demonstrated 
that increased sub‑G1 phase cells were significantly increased 
at 400 µM propofol for 3-24 h in MA-10 cells (P<0.05; Fig. 3A). 
Additionally, the significant increases of G2/M phase cells 
were observed at 300 µM propofol at 6 and 12 h in MA-10 cells 
(P<0.05; Fig. 3B). These results demonstrated that propofol 
regulated the cell cycle to increase sub-G1 phase cells and 
then induced apoptosis in MA-10 cells. Furthermore, propofol 
reduced the cell population of MA-10 cells in the G2/M phase.

Propofol induces cell apoptosis in MA‑10 cells. It was observed 
that propofol stimulated cell death, causing DNA fragmenta-
tion and membrane blebbing. To confirm that propofol could 

Figure 1. Propofol induces morphological changes in MA-10 cells. MA-10 cells were treated with different concentrations of propofol (0, 300, 350 and 400 µM) 
for 3 h, and then the morphological changes were observed under light microscopy (scale bar, 50 µm; arrow, cell membrane blebbing).

Figure 2. Propofol decreases MA-10 cell viability with time- and dose-dependent associations. MA-10 cells were treated with 0, 10, 50, 100, 300, 400, 500 and 
600 µM propofol for 1, 3, 6, 12 and 24 h. Cell viabilities were examined with an MTT viability assay. Results are depicted as the percentages of cell growth 
relative to control groups. **P<0.01 and ***P<0.005, compared with control. DMSO, dimethyl sulfoxide.

Figure 3. Propofol induces cell apoptosis upon MA-10 cells. MA-10 cells 
were treated with 0, 100, 300 and 400 µM propofol for 3, 6, 12 and 24 h. 
Cell were fixed and stained with propidium iodide, and (A) sub‑G1 phase 
and (B) G2/M phase cells in MA-10 cells were then analyzed and depicted. 
Sub-G1 phase indicates cells containing reduced DNA content, compared 
with normal control cells, demonstrating apoptosis. **P<0.01 and ***P<0.005, 
compared with control.
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induce MA-10 cell apoptosis, the Annexin V and PI double 
staining method followed by flow cytometry were conducted. 
It is well known that percentages of double-negative cells 
(viable), Annexin V single positive cells (early apoptotic), PI 
single positive cells (necrotic) and double positive cells (late 
apoptotic) are observed in four quadrants by double staining, 
to demonstrate the cell apoptotic phenomenon (35). The results 
demonstrated that the number of Annexin V-positive cells was 
significantly increased by propofol at 350 and 400 µM for 3 h 
in MA-10 cells (P<0.05; Fig. 4). These results indicated that 
propofol induces apoptosis in MA-10 cells.

Propofol activates the caspase cascade to induce apoptosis 
in MA‑10 cells. The caspase cascade is an essential inducer of 
apoptosis, which is involved with extrinsic and intrinsic path-
ways (17-19,36). According to previous experiments, propofol 
promotes apoptosis in MA-10 cells (Figs. 3 and 4); therefore 
whether propofol induced apoptosis through apoptotic extrinsic 
and intrinsic pathways, inducing cleavages of caspase-8, -9 and 
-3, and PARP, was investigated. The present data demonstrated 
that propofol at 400 µM for 3 h significantly induces cleaved 
caspase-8, -9 and -3, and PARP expression levels in MA-10 
cells (P<0.05; Fig. 5A-E). Furthermore, 350 µM propofol for 6 h 
also significantly induced cleaved caspase‑8 and ‑3, and PARP 
expression levels in MA-10 cells (P<0.05; Fig. 5A, B, D and E). 

Propofol activates MAPK pathways to induce apoptosis in MA‑10 
cells. Previous studies demonstrated that MAPK pathways regu-
late cell proliferation, apoptosis and growth (21,32). Therefore, 

whether propofol-induced MA-10 cell apoptosis is modulated 
by MAPK pathways was examined by determining the expres-
sion levels of MAPK proteins with a western blot assay. The 
data demonstrated that propofol at 400 µM for 3 h significantly 
induced the expression levels of phospho-JNK, phospho-ERK 
and phospho-p38 (P<0.05; Fig. 6A-D), and the expression of 
phospho-p38 was prolonged to 6 h by 400 µM propofol in MA-10 
cells (P<0.05; Fig. 6A and D). Dosage at 350 µM of propofol 
for 3 and 6 h significantly induced the expression levels of 
phospho-JNK and phospho-ERK (P<0.05; Fig. 6A-C). Notably, 
a reduced dosage of propofol at 300 µM for 3 h also signifi-
cantly induced the expression of phospho-ERK in MA-10 cells 
(P<0.05; Fig. 6A and C). These results demonstrated that propofol 
at different dosages and temporal durations significantly induce 
MAPK signal pathways, implying that propofol may activate 
MAPK pathways to induce apoptosis in MA-10 cells.

In fact, the stimulation of MAPKs, caspases and the 
cleavage of PARP occurred at 3 h of propofol treatment in 
MA-10 (400 µM) cells, indicating that propofol could induce 
the caspase cascade and MAPK pathways within a similar 
time frame.

Propofol suppresses the Akt pathway to induce apoptosis 
in MA‑10 cells. Studies demonstrated that Akt pathway is 
a pro-survival pathway, which can inhibit apoptotic signal 
cascades and activate pro-survival signal cascades (24,25). To 
further determine whether propofol would induce apoptosis in 
MA-10 cells through inhibiting the Akt pathway, the expres-
sion levels of Akt, phospho-Akt, mTOR and phospho-mTOR 

Figure 4. Propofol induces cell apoptosis in MA-10 cells. MA-10 cells were treated with 0, 300, 350 and 400 µM propofol for 3 h. (A) The apoptotic status 
of propofol-treated cells was detected by Annexin V and PI double staining assay. The double-negative cells (viable cells), Annexin V single positive cells 
(early apoptotic cells), PI single positive cells (necrotic cells) and Annexin V and PI double positive cells (late apoptotic cells) were depicted. (B) The various 
percentages of late apoptotic cells, early apoptotic cells, necrotic cells, and normal cells in each treatment. (C) The difference of Annexin V positive cells (early 
apoptotic and late apoptotic status) was then analyzed with propofol treatment. ***P<0.005, compared with control. PI, propidium iodide; FITC, fluorescein 
isothiocyanate.
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were investigated with a western blot assay. The results demon-
strated that 400 µM propofol for 3‑12 h significantly reduced 
the expression levels of phospho-Akt and phospho-mTOR,, 
but not at 6 h for phospho-mTOR, in MA-10 cells (P<0.05; 
Fig. 7A-C). A reduced concentration of propofol (350 µM) 
downregulated the expression levels of phospho-Akt at 12 h, 
and 300 µM reduced the expression of phospho-mTOR at 3 h 
(P<0.05; Fig. 7A-C). These results demonstrated that propofol 
at different dosages and temporal durations significantly 
inhibits the Akt pathway, implying that propofol decreases the 
Akt pathway to induce apoptosis in MA-10 cells.

Discussion

Numerous studies regarding sedative drug effects have focused 
on the clinical dosages and their side effects (37,38), and a 

number of researches demonstrated that propofol induces 
neurotoxicity (38,39). A previous study indicated that sedative 
drugs, including propofol, induce apoptosis in various cancer 
cells (8). Additionally, it has been demonstrated that propofol 
has anticancer ability on numerous cancer types, including 
pancreatic (5), lung (6) and epithelial ovarian cancer (8). 
Nevertheless, whether propofol could serve as anticancer drug 
for Leydig tumor cases and the involved mechanisms are not 
clear. Therefore, whether propofol induces apoptosis in MA-10 
cells and the mechanism was investigated in the present study.

Intense transformations in cellular architecture are essential 
characterizations in apoptosis, and the activation of caspases 
regulates the weakening of the cell cytoskeleton, triggering 
morphological changes, including membrane blebbing and cell 
shrinkage (40). The present results demonstrated that propofol 
induces membrane blebbing and cell shrinkage, indicating 

Figure 5. Propofol activates the caspase cascade to induce apoptosis in MA-10 cells. MA-10 cells were treated with different concentrations of propofol (0, 300, 
350 and 400 µM) for 3, 6, 12 and 24 h. (A) A western blot assay was used to determine cleaved caspase-8 (43/18 kDa), -9 (39/37 kDa) and -3 (17/19 kDa), and 
PARP (85-90 kDa). Integrated optical densities of (B) cleaved caspase-8, (C) -9 and (D) -3, and (E) PARP proteins were normalized by β-actin (43 kDa) in each 
lane. *P<0.05, **P<0.01 and ***P<0.005, compared with control. PARP, poly(ADP-ribose) polymerase.
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that propofol influences the cytoskeleton and morphological 
changes to induce apoptosis in MA-10 cells. In the present 
study, the effects of propofol in MA-10 cell viability were 
investigated. 

Propofol significantly increased MA‑10 cell in the sub‑G1 
phase, indicating that propofol causes DNA fragmentation 
and induces MA-10 cell apoptosis. Notably, propofol did not 
induce increased MA-10 cells in the G2/M phase. Previous 
studies demonstrated that sub-G1 phase increase and/or G2/M 
phase arrest could induce cell death through apoptosis (41,42). 
Therefore, the present results advocated that propofol-induced 
apoptosis is associated with cell cycle regulation, and 
the detailed mechanisms require further investigation. 
Additionally, the Annexin V and PI double staining assay also 
demonstrated that propofol induces MA-10 cell apoptosis in a 
dose-dependent manner, indicating that propofol induces cell 
apoptosis. 

Apoptosis is primarily started by extrinsic and intrinsic 
signals to activate caspase cascades (17). The present data 
demonstrated that propofol activates extrinsic and intrinsic 
pathways to induce MA-10 cell apoptosis. Previous studies 
reported that propofol has the same effects in murine hepato-
cellular carcinoma (9,43). Thus, the present observations are in 
line with other studies.

Apoptotic pathways are controlled by numerous pathways, and 
the MAPK pathways, including JNK, ERK1/2 and p38 MAPK, 
may respond to cellular stress regulating cell survival and/or 
apoptosis (21). Studies demonstrated that JNKs can be stimulated 
by numerous different stimuli, including stress factors, growth 
factors and cytokines (44,45). Additionally, studies indicated that 
the JNK pathway results in a switch from apoptosis to autophagy 
to survival in choriocarcinoma cells (46), and inhibit apoptosis 
in acute myeloid leukemia cells (47). However, it was reported 
that JNK triggers apoptosis by activating c-Jun and mitochondria 

Figure 6. Propofol activates MAPK pathways to induce apoptosis in MA-10 cells. MA-10 cells were treated with different concentrations of propofol (0, 300, 
350 and 400 µM) for 3, 6, 12 and 24 h. (A) p-JNK (54/46 kDa), JNK, p-ERK (44/42 kDa), ERK, p-p38 (43 kDa) and p38 were detected by western blot analysis. 
The integrated optical densities of (B) p-JNK, (C) p-ERK and (D) phospho-p38 proteins were normalized by β-actin (43 kDa) in each lane. *P<0.05, **P<0.01 
and ***P<0.005, compared with control. ERK, extracellular signal-regulated kinase; JNK, c-Jun N-terminal kinase; p-, phospho-.
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apoptotic pathways, which are induced by irradiation, DNA 
damage and oxidative stress (48). Studies demonstrated that 
ERK may induce apoptosis by mediating cell cycle arrest due 
to DNA damage (49). Similar to the JNK pathway, the role of 
p38 in apoptosis is diverse, which could inhibit caspase-3 activity 
in neuronal cells (50), which may enhance the expression of 
TNF-α, and then result in cell apoptosis (51). Numerous studies 
reported that propofol inhibits MAPK pathways in different cells 
to inhibit migration (9,52) or inflammation (53,54). In the present 
data, propofol increased the expression levels of phospho-JNK, 
phospho-ERK and phospho-p38 in MA-10 mouse Leydig tumor 
cells, indicating that propofol induces MAPK pathways and as 
a result apoptosis in MA-10 cells. Notably, propofol reduced the 
total protein expression levels of JNK, ERK and p38, indicating 
that propofol may rapidly stimulate phosphorylation of MAPKs 
and result in MAPK instability, and then result in MAPK degra-
dation.

It has been demonstrated that Akt signaling is a pro-survival 
pathway, which can inhibit apoptotic signal cascades and 
activate pro-survival signals (24). It is known that activation 
of the phosphoinositide 3-kinase/Akt pathway is observed in 
the formation of a number of cancer types, including breast, 
endometrial and gastric cancer (55-57). In fact, the role of 
propofol in the Akt pathway is diverse, which may inhibit 
Akt activity in macrophages to induce cell apoptosis (58), 
while propofol may also keep rat cardiomyocytes alive whilst 
avoiding doxorubicin-induced toxicity through activation of 
the Akt pathway (59). The present data demonstrated that 
propofol decreases the expression levels of phospho-Akt and 
phospho-mTOR in MA-10 cells. Thus, propofol attenuates Akt 
activity to induce apoptosis in MA-10 cells.

A previous study demonstrated that patients treated with 
propofol would receive total doses ranging between 90-600 mg 

with an initial bolus dose, depending on patient age and body 
weight, followed by intermittent intravenous bolus infusion to 
maintain the appropriate level of sedation (60). The dosages 
of propofol ranging from 90-600 mg are approximately equal 
to 500-3,000 µM. In the present study, propofol doses ranging 
from 300‑400 µM had a significant inhibitory effect on cell 
viability and induced apoptosis in MA-10 cells, implying that 
a low dosage of propofol would have an effective potency to 
exterminate tumor cells.

In conclusion, propofol induces cell apoptosis through the 
stimulation of caspase and MAPK pathways, and the inhibi-
tion of the Akt pathway in MA-10 mouse Leydig tumor cells. 
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