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Abstract  
In this study, PC12 cells were induced to differentiate into neuron-like cells using nerve growth factor, 

and were subjected to oxygen-glucose deprivation. Cells were treated with 0, 10, 20, 30, 50,    

100 ng/mL exogenous Activin A. The 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl tetrazolium bromide 

assay and Hoechst 33324 staining showed that the survival percentage of PC12 cells significantly 

decreased and the rate of apoptosis significantly increased after oxygen-glucose deprivation. 

Exogenous Activin A significantly increased the survival percentage of PC12 cells in a 

dose-dependent manner. Reverse transcription-PCR results revealed a significant increase in 

Activin receptor IIA, Smad3 and Smad4 mRNA levels, which are key sites in the Activin A/Smads 

signaling pathway, in neuron-like cells subjected to oxygen-glucose deprivation, while mRNA 

expression of the apoptosis-regulation gene caspase-3 decreased. Our experimental findings 

indicate that exogenous Activin A plays an anti-apoptotic role and protects neurons by means of 

activating the Activin A/Smads signaling pathway. 
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Research Highlights 

(1) Activin A-mediated signal transduction mainly relies on the Activin A/Smads pathway, which has 

multiple functional sites and related regulatory factors. However, little is known about the changes in 

pathway expression and target genes, and the mechanism of action after ischemic brain injury. 

(2) To date, most studies on Activin A have focused on its neuroprotective effects in in vivo 

experiments. Here, we used in vitro conditions and aimed to explore the role of Activin A in the 

Activin A/Smads pathway. We found that exogenous Activin A had a neuroprotective effect following 

oxygen-glucose deprivation-induced neuronal injury.  

(3) Exogenous Activin A plays a neuroprotective role by preventing apoptosis, and protecting 

neurons from injury through activation of the Activin A/Smads signal transduction pathway. 
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INTRODUCTION 

    

According to the definition of the World Health 

Organization, ischemic stroke is one of the leading 

causes of death and adult disability worldwide
[1-2]

. 

Ischemic stroke occurs when blood supply to the brain is 

obstructed. Accumulating evidence suggests that the cell 

death observed during the first few hours of cerebral 

ischemia is a result of apoptosis as opposed to necrosis, 

which was considered the predominant form of neuron 

damage generated by ischemia
[3-5]

. The ischemic 

damage of nerve cells leads to the disruption of a series 

of complex signaling pathways that produces an effect 

on corresponding biological functions and thus affects 

brain function
[6-8]

. A better understanding of signal 

transduction mechanisms that are involved in the 

process of brain ischemic injury could identify key targets 

for neuroprotective substances. 

 

Activin A, a member of the transforming growth factor-β 

superfamily, was initially isolated from gonads and 

served as a modulator of follicle-stimulating hormone 

secretion
[9-14]

. In the Activin A/Smads signaling pathway, 

Activin A interacts with two types of transmembrane 

receptors (Activin receptors IA and IIA), and Activin 

receptor IIA is a key component in the pathway that can 

bind Activin A and initiate the signal
[15-16]

. After ligand 

binding, Activin receptor IIA phosphorylates and thereby 

activates Activin receptor IA, which conducts the signal 

to specific intracellular receptors, Smads (Smad2/ 

Smad3), and forms heterodimers with Smad4 (Smad2/4 

or Smad3/4). The heterodimers translocate to the 

nucleus and recruit transcriptional co-activators or 

co-repressors, regulating transforming growth factor-β 

target genes
[17-19]

. Activin A is an important factor in 

modulating tissue and cellular function, participating in 

the regulation of cellular development in a variety of 

tissues
[20]

. Activin A is also expressed in the central 

nervous system. In vivo studies have shown that Activin 

A expression is up-regulated in asphyxiated full-term 

newborns with hypoxic-ischemic encephalopathy
[21]

 and 

Activin A may be essential for neurogenesis following 

neurodegeneration
[22]

. Recently, interest in the role of 

Activin A in central nervous system diseases has 

emerged
[23-24]

. A number of in vivo studies have shown 

that Activin A may have a protective effect on neurons in 

some degenerative diseases such as Huntington’s 

disease
[25]

. In mouse models of neurological deficits, 

Activin A plays a neuroprotective role in combination with 

basic fibroblast growth factor
[26]

. However, direct 

evidence of the neuroprotective effect of Activin A is 

poorly documented. In addition, the interaction of Activin 

A with downstream Smads remains undefined in in vitro 

models of ischemic neuronal injury.  

 

PC12 cells are developed from the rat adrenal 

pheochromocytomas, and have been the object of 

intense neurobiological study for the investigation of 

signal transduction mechanisms
[27-28]

 and studies on cell 

differentiation, survival
[29-30]

, apoptosis
[31]

, and 

Huntington’s disease
[32]

. The oxygen-glucose 

deprivation-damage model is most commonly used in 

studies addressing cerebral ischemia. The principle of 

the oxygen-glucose deprivation model is that Na2S2O4 

quickly clears the oxygen in the culture matrix, does not 

damage the cell membrane, and is better able to 

simulate the hypoxic environment when compared with 

in vivo models
[33]

. In this study, we used nerve growth 

factor to induce the differentiation of PC12 cells into 

neuron-like cells. PC12 cells were cultured in different 

oxygen conditions, followed by oxygen-glucose 

deprivation to establish a cerebral hypoxia-ischemia 

model. In addition, we measured mRNA expression of 

major factors in the Activin A/Smads signaling pathway 

after pretreatment with exogenous Activin A and 

oxygen-glucose deprivation treatment, in a broader 

attempt to clarify possible mechanisms involved in the 

neuroprotective effects of exogenous Activin A in a model 

of hypoxic-ischemic brain disease.   

 

 

RESULTS 

 

Effect of exogenous Activin A on the survival of 

PC12 cells subjected to oxygen-glucose deprivation 

The 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl tetrazolium 

bromide (MTT) assay showed that the survival of PC12 

cells in the 6-hour oxygen-glucose deprivation group was 

significantly decreased compared with the control group 

(P < 0.05). The survival of PC12 cells in the exogenous 

Activin A plus oxygen-glucose deprivation 6-hour group 

was much higher than that in the 6-hour oxygen-glucose 

deprivation group (P < 0.05), and the effect was 

dose-dependent. Because there was no significant 

difference between the survival rates of the 50 and   

100 ng/mL exogenous Activin A-treated cells (P > 0.05), 

50 ng/mL Activin A was used in all subsequent 

experiments (Figure 1).  

 

Hoechst 33342 fluorescence staining was carried out on 

normal activated PC12 cells, which were subjected to 

oxygen-glucose deprivation for 6 hours with or without 

different concentrations of exogenous Activin A for    
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24 hours to observe the morphological changes of 

apoptotic cells and the rate of apoptosis in different 

groups. In the control group, the nuclei of cells were 

ellipse in shape and stained light blue, with little apoptotic 

cells. After 6 hours of oxygen-glucose deprivation, 

apoptotic cells were classically shrunken and 

hyperchromatic. In the exogenous Activin A plus 

oxygen-glucose deprivation group, the number of 

apoptotic cells was decreased compared with the 

oxygen-glucose deprivation group (Figure 2).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Exogenous Activin A activated the Activin A/Smads 

pathway of PC12 cells subjected to oxygen-glucose 

deprivation  

Effect of exogenous Activin A on Activin receptor IIA 

mRNA expression in PC12 cells 

The expression of Activin receptor IIA mRNA increased 

significantly after 6-hour oxygen-glucose deprivation 

compared with the control group, and was dramatically 

up-regulated in the exogenous Activin A plus oxygen- 

glucose deprivation group compared with the 6-hour 

oxygen-glucose deprivation group (Figure 3). 

 

Effect of exogenous Activin A on Smad3 mRNA 

expression in PC12 cells 

The expression of Smad3 mRNA increased significantly 

after 6-hour oxygen-glucose deprivation compared with 

the control group, and was dramatically up-regulated in 

the exogenous Activin A plus oxygen-glucose deprivation 

group compared with the 6-hour oxygen-glucose 

deprivation group (Figure 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Effect of exogenous Activin A on Smad4 mRNA 

expression in PC12 cells 

The expression of Smad4 mRNA increased 

significantly after 6-hour oxygen-glucose deprivation 

compared with the control group, and was dramatically 

up-regulated in the exogenous Activin A plus 

Figure 1  Effect of exogenous Activin A on the survival 
percentage of PC12 cells subjected to oxygen-glucose 

deprivation (OGD) for 6 hours.  

The 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl tetrazolium 
bromide assay was used to assess cell viability. PC12 
cells at a density of 5 × 104 cells/well were treated with 10, 

20, 30, 50 and 100 ng/mL exogenous Activin A in a 96-well 
plate for 24 hours. The survival percentage of PC12 cells 
in the exogenous Activin A plus OGD group was much 

higher than that in the OGD and control groups. Cell 
viability percentage = (absorbance of experimental group/ 
absorbance of control group) × 100%. Data are expressed 

as mean ± SD of three independent experiments. 
One-way analysis of variance was used to compare the 
mean values. aP < 0.05, vs. control group; bP < 0.05, vs. 

OGD 6 h and 50 ng Activin A + OGD 6 h groups. 

I: Control; II: OGD 6 h; III: Activin A 10 ng + OGD 6 h; IV: 
Activin A 20 ng + OGD 6 h; V: Activin A 30 ng + OGD 6 h; 
VI: Activin A 50 ng + OGD 6 h; VII: Activin A 100 ng+ OGD 

6 h; h: hours. 
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Figure 2  Morphological changes and rate of apoptosis  
in PC12 cells after oxygen-glucose deprivation (OGD) and 

exogenous Activin A treatment at different concentrations.  

(A) Morphological changes in PC12 cells treated with 
exogenous Activin A plus OGD. Morphologic changes of 
condensed or fragmented nuclei were considered to be 

markers of apoptosis. The nuclei of cells in the control 
group (A1) were ellipse in shape and stained light blue, 
with little apoptosis. In the 6-hour OGD group (A2), 

apoptotic cells were observed to be shrunken and 
hyperchromatic. In the exogenous Activin A + OGD group, 
apoptotic cells (arrows) decreased compared with the 

OGD group (Hoechst 33342 fluorescence staining). Scale 
bars: 50 μm. 

(B) Rate of apoptosis in PC12 cells. The rate of cell 
apoptosis in the OGD group was significantly higher than 

that in the control group. Treatment with exogenous 
Activin A for 24 hours resulted in reduced damage of cells 
compared with the OGD group. The percentage of 

apoptosis following Hoechst 33342 staining was inversely 
correlated to the concentration of exogenous Activin A. 
Five fields were chosen randomly, and 200 cells were 

counted in each field to obtain the rate of apoptosis. Data 
are expressed as mean ± SD. One-way analysis of 
variance was used to compare mean values. aP < 0.05, vs. 

control group; bP < 0.05, vs. OGD 6 h group. 

I: Control; II: OGD 6 h; III: Activin A 10 ng + OGD 6 h; IV: 
Activin A 20 ng + OGD 6 h; V: Activin A 30 ng + OGD 6 h; 
VI: Activin A 50 ng + OGD 6 h; VII: Activin A 100 ng+ OGD 

6 h; h: hours. 
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oxygen-glucose deprivation group compared with the 

6-hour oxygen-glucose deprivation group (Figure 5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Effect of exogenous Activin A on caspase-3 mRNA 

expression in PC12 cells 

The expression of caspase-3 mRNA increased 

significantly after 6-hour oxygen-glucose deprivation 

compared with the control group, and was dramatically 

up-regulated in the exogenous Activin A plus 

oxygen-glucose deprivation group compared with the 

6-hour oxygen-glucose deprivation group (Figure 6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 

 

To gain further insights into the Activin A/Smads pathway 

following ischemic brain injury and determine the signal 

transduction mechanism and protective substances in 

the Activin A/Smads pathway, a stable in vitro neuronal 

Figure 3  Effect of exogenous Activin A on Activin 
receptor IIA (ActR IIA) mRNA expression in PC12 cells 

subjected to oxygen-glucose deprivation (OGD).  

ActR IIA mRNA levels were analyzed by reverse 
transcription-PCR and expressed as the absorbance ratio 

of ActR II A to GAPDH. Data are expressed as mean ± SD 
of three independent experiments. One-way analysis of 
variance was used to compare mean values. aP < 0.05, vs. 

control group; bP < 0.05, vs. OGD 6 h group. h: Hours. 
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Figure 4  Effect of exogenous Activin A on Smad3 mRNA 
expression in PC12 cells subjected to oxygen-glucose 

deprivation (OGD).  

Smad3 mRNA levels were analyzed by reverse 
transcription-PCR and expressed as the absorbance ratio 
of Smad3 to GAPDH. Data are expressed as mean ± SD 

of three independent experiments. One-way analysis of 
variance was used to compare mean values. aP < 0.05, vs. 
control group; bP < 0.05, vs. OGD 6 h group. h: Hours. 
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Figure 5  Effect of exogenous Activin A on Smad4 mRNA 
expression in PC12 cells subjected to oxygen-glucose 
deprivation (OGD).  

Smad4 mRNA levels were analyzed by reverse 
transcription-PCR and expressed as the absorbance ratio 
of Smad4 to GAPDH. Data are expressed as mean ± SD 
of three independent experiments. One-way analysis of 

variance was used to compare mean values. aP < 0.05, vs. 
control group; bP < 0.05, vs. OGD 6 h group. h: Hours. 
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Figure 6  Effect of exogenous Activin A on caspase-3 
mRNA expression in PC12 cells subjected to 
oxygen-glucose deprivation (OGD).  

Caspase-3 mRNA levels were analyzed by reverse 
transcription-PCR and expressed as the absorbance ratio 

of Smad4 to GAPDH. Data are expressed as mean ± SD 
of three independent experiments. One-way analysis of 
variance was used to compare mean values. aP < 0.05, vs. 

control group; bP < 0.05, vs. OGD 6 h group. h: Hours. 
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ischemia model was established
[34]

. Existing animal 

models are affected by many factors; therefore, a stable 

cell model of cerebral ischemia has clear advantages as 

it allows the researcher to control the experimental 

conditions, and requires smaller amounts of samples and 

short experimental periods. In this study, nerve growth 

factor stimulated PC12 cells combined with oxygen- 

glucose deprivation were adopted to establish an in vitro 

ischemia model
[34]

. The MTT assay and Hoechst 33324 

staining were both used to detect the survival of PC12 

cells exposed to hypoxic-ischemic conditions. Results 

showed that the survival percentage of PC12 cells in the 

oxygen-glucose deprivation group decreased compared 

with the control group, while the rate of apoptosis 

increased. This evidence was similar to previous reports 

and further confirmed establishment of an ischemic injury 

model (oxygen-glucose deprivation model)
[35-38]

. 

 

To determine the effect of Activin A and the downstream 

signaling of Smads on ischemic brain injury, exogenous 

Activin A was introduced to neuron-like cells subjected to 

oxygen-glucose deprivation. We found that the survival 

percentage of cells in the presence of exogenous Activin 

A following 6 hours of oxygen-glucose deprivation was 

much higher than that of the oxygen-glucose deprivation 

group without Activin A treatment. In addition, the rate of 

cell apoptosis significantly dropped following treatment 

with exogenous Activin A. Our results indicated that 

exogenous Activin A maintained the survival of neurons, 

preventing them from damage following ischemic and 

hypoxic injury. 

   

Activin A regulates cellular growth and differentiation, 

and controls morphogenesis, angiogenesis and repair 

processes involved in wound healing and brain 

injury
[39-42]

. The transmembrane Activin receptor 

combines with Activin A to subsequently propagate 

downstream signaling by phosphorylating specific 

receptor-regulated Smad proteins
[41]

. Activin A may 

combine with Activin receptor II to activate Smad2 and 

Smad3, and promote the dimerization of Smad4 and 

Smad2/3, which enter the nucleus to influence gene 

transcription and activation of a series of biological 

functions
[43-45]

. 

 

To determine the signal transduction mechanism of the 

protective effect induced by exogenous Activin A, gene 

expression of the main factors in the Activin A/Smads 

pathway was detected. Compared with the control group, 

the expression of Activin receptor IIA, Smad3 and 

Smad4 mRNA significantly increased in the oxygen- 

glucose deprivation group, and were further up-regulated 

after treatment with exogenous Activin A compared with 

the oxygen-glucose deprivation group. Our results prove 

the existence of the Activin A/Smads pathway in 

ischemia and hypoxia injuries, which can stimulate the 

activation of this pathway. Because the Activin A/Smads 

pathway was also activated and provided a protective 

function under ischemic/hypoxic stimulation
[46-47]

, we 

deduce that Activin A is an extracellular activator of the 

Activin A/Smads signal transduction pathway, and plays 

an important role in protecting neurons against apoptosis 

induced by ischemia.  

 

Activin A can regulate the growth and apoptosis of liver 

cells through influencing the synthesis of DNA induced 

by mitogens, and there is a dose-dependent relationship 

between the quantity of apoptotic cells and Activin A
[48]

. 

However, in brain ischemic injury, the intranuclear target 

genes of the Activin A/Smads pathway remain undefined. 

The caspase-3 gene is the convergence point of various 

apoptotic pathways as well as the final approach for 

implementing apoptosis. It is an important effector that 

results in the apoptosis of ischemic neurons, which can 

lead to the death of cells directly
[49-52]

. In this study, the 

expression of caspase-3 mRNA in the oxygen-glucose 

deprivation group was markedly increased compared 

with the control group. This result confirmed that 

oxygen-glucose deprivation injury can up-regulate 

caspase-3 expression. We also observed down- 

regulation of caspase-3 gene expression following 

exogenous Activin A treatment, which correlated with a 

reduction in the rate of apoptosis after treatment with 

exogenous Activin A plus oxygen-glucose deprivation. 

Our experimental findings showed that exogenous 

Activin A can restrain neuronal apoptosis by activating 

the Activin A/Smads pathway, which may down-regulate 

caspase-3 expression.  

  

In summary, ischemic injury could stimulate the activation 

of the Activin A/Smads pathway; exogenous Activin A can 

play an anti-apoptotic role and protect neuron-like PC12 

cells from oxygen-glucose deprivation damage through 

further activation of the pathway and down-regulation of 

caspase-3 gene expression. Further research is required 

to fully understand the beneficial role of Activin A in 

ischemic injury, which may eventually lead to clinical 

interventions in ischemic cerebrovascular disease. 

 

 

MATERIALS AND METHODS 

 

Design 

A controlled observational cell study. 
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Time and setting 

This study was performed at the Central Laboratory, 

China-Japan Union Hospital of Jilin University, China 

from January 2010 to December 2012.   

 

Materials  

PC12 cells were purchased from the Cell Bank of the 

Chinese Academy of Sciences, China. 

 

Methods 

PC12 cell culture 

The PC12 cell lines, at a density of 1 × 10
8
 cells/L, were 

maintained in Dulbecco’s modified Eagle’s medium  

supplemented with 10% (v/v) fetal bovine serum, 5% (v/v) 

fetal bovine serum (Gibco, New York, NY, USA),     

100 IU/mL streptomycin and 100 IU/mL penicillin (pH 7.0). 

The cells were detached using 0.25% (w/v) trypsin 

(Sigma, New York, NY, USA). PC12 cells were grown at 

37°C in 5% (v/v) CO2
[34]

. 

 

Differentiation of PC12 cells 

PC12 cells, at a density of 1 × 10
8
 cells/L, were treated 

with 100 ng/mL nerve growth factor (Promega, Madison, 

WI, USA). Twenty-four hours later, the cells were 

transfected and cultured for an additional 5 days in a 

medium containing nerve growth factor at a final 

concentration of 50 ng/mL
[34]

. PC12 cells were treated 

with nerve growth factor for 6 days.  

 

Preparation of oxygen-glucose deprivation model 

Cells at a density of 1 × 10
8
 cells/L were rinsed three 

times with Dulbecco’s modified Eagle’s medium, and 

cultured with glucose-free Dulbecco’s modified Eagle’s 

medium containing 1 mM NaS2O4 in hypoxic conditions 

(37°C, 5% (v/v) CO2 and 95% (v/v) N2) for 6 hours
[34]

. The 

control group was neuron-like cells transformed from 

PC12 cells without any treatment. 

 

Pretreatment with exogenous Activin A 

The experimental group was made up of cells (at a 

density of 1 × 10
8
 cells/L) pretreated with different 

concentrations of exogenous Activin A for 24 hours in 

vitro and then subjected to oxygen-glucose deprivation 

for 6 hours. The experimental group was divided into five 

subgroups according to different concentrations of 

exogenous Activin A (10, 20, 30, 50 and 100 ng/mL)
[53]

. 

According to the results, we chose a concentration of  

50 ng/mL Activin A for use in the exogenous Activin A 

plus oxygen-glucose deprivation group.  

 

Cell viability detected by the MTT assay 

The MTT assay was used to assess cell viability
[54]

. The 

cells were grown at a density of 5 × 10
4
 cells/well and 

then treated with 10, 20, 30, 50 and 100 ng/mL 

exogenous Activin A in a 96-well plate for 24 hours. At 

the end of the treatment, the Activin A-containing 

medium was carefully removed and the cells were 

subjected to oxygen-glucose deprivation for 6 hours. The 

culture medium was removed and 200 μL of medium 

containing MTT (20 μL, 5 mg/mL in PBS; Sigma) was 

added to each well. After cells were incubated for 4 hours 

at 37°C, the medium was removed and dimethyl 

sulfoxide (100 μL) was added to each well. The 

absorbance of each well was read at 490 nm. Cell 

viability percentage was calculated as follows: 

(absorbance of experimental group / absorbance of 

control group) × 100%
[55]

. 

 

Cell apoptosis detected by Hoechst 33342 

fluorescence staining 

PC12 cells were cultured at the same density (5 000 

cells/well) in 12-well plates with Coverglass for Growth 

(Fisher Scientific, Pittsburgh, PA, USA) placed in 

advance
[56]

. After treatment as mentioned above, cell 

medium was removed, and cells in each well were fixed 

with 0.5 mL stationary liquid, which was removed after  

10 minutes, and rinsed with PBS twice for 3 minutes 

each. Slides were incubated in 0.5 mL Hoechst 33342 

(Sigma) at room temperature for 5 minutes, and rinsed 

with PBS before observation using the confocal 

microscopy (Olympus, Tokyo, Japan)
[57]

. Morphologic 

changes such as condensed or fragmented nuclei were 

considered to be apoptotic. Five fields were chosen 

randomly, and 200 cells were counted in each field to 

obtain the rate of apoptosis. 

 

Activin receptor IIA, Smad3, Smad4 and caspase-3 

mRNA levels analyzed by reverse transcription-PCR 

Total RNA was extracted from cells using the RNAEasy 

kit (Qiagen Inc., Valencia, CA, USA) according to the 

manufacturer’s recommendation. cDNA was synthesized 

using the retrotranscriptase enzyme according to the 

manufacturer’s specification, and then stored at –20°C. 

GAPDH was used as an internal control. Reverse 

transcription-PCR was performed with 35 amplification 

cycles.  

 

The products of reverse transcription-PCR were 

electrophoresed on a 1.2% (w/v) agarose gel, and the 

image was scanned using an image analysis system. 

The Bandscan system (Media Cybernetics, Bethesda, 

MD, USA) was used to analyze the absorbance of each 

band compared with GAPDH in cells to determine the 

mRNA expression of the genes.  
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Primer sequences are as follows:  

 

Primer Sequence 
Product 

length (bp) 

Activin 

receptor  

IIA 

Forward: 5’-ATG TCA TCT ACT GCC 

GCT TGT GG-3’  

Reverse: 5’-ATG CTG TGG TTC ATC 

TGG TGG TC-3’ 

416 

Smad3 Forward: 5’-ATG TCA TCT ACT GCC 

GCT TGT GG-3’  

Reverse: 5’-ATG CTG TGG TTC ATC 

TGG TGG TC-3’ 

346 

Smad4 Forward: 5’-TCA CCG GCA GAT GCA 

GCA GC-3’  

Reverse: 5’-GGC CCC AGC CCT 

TCA CGA AG-3’ 

203 

Caspase3 Forward: 5’-TGG CCC TGA AAT ACG 

AAG TC-3’  

Reverse: 5’-GGC AGT AGT CGC 

CTC TGA AG-3’ 

210 

GAPDH Forward: 5’-GCA GTG GC'A AAG 

TGG AGA TT-3’  

Reverse: 5’-TGT CTT CTG GGT GGC 

AGT GAT-3’ 

490 

 

Statistical analysis 

Data were expressed as mean ± SD from three to six 

independent experiments. SPSS 10.0 software (SPSS, 

Chicago, IL, USA) was used for statistical analysis. 

One-way analysis of variance was used to compare 

mean values. A P-value less than 0.05 indicated 

statistically significant differences.   
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