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Abstract 

Back ground: Cyproterone acetate (CPA) is a steroidal anti-androgen inhibits the testosterone  and  

DHT action it is used as a medicine for prostate cancer by association with the androgen receptors 

located on the surface of prostate cells, thus preventing the association of testosterone with receptors. 

Objective: Investigation of the anticancer activities of Cyproterone acetate   against cancer cell lines 

testicular (Tera-1), macrophage (RAW 264.7)  in comparison to non- tumorigenic fetal hepatic cell 

line (WRL-68). 

Material and method: The cytotoxic effect of CPA was investigated according to selected parameters 

including: MTT assay as assay of cell function to determined cell viability, high content screening 

(HCS) technique for the apoptosis of cell. Only the most cytotoxic concentration of CPA and the most 

sensitive cells  as assayed by MTT was selected to complete the other test: (HCS). (MTT) assay was 

carried out at the Centre of Biotechnology Research’s, Al- NahrainUniversityBaghdad,Iraq . The 

HCS assay was performed at the Centre for Natural Product Research and Drug Discovery, 

Department of Pharmacology,Faculty of Medicine, University of Malaya, KualaLumpur, Malaysia  

Results: The most significant cytotoxic effect of Cyproterone acetate towards 2 cancer cell lines was 

obtained when its concentration was 1.25mg/mL. The Tera-1 Cells were more sensitive to 

Cyproterone acetate compared with RAW264.7  and  WRL-68. cells. There was a significant decrease  

in valid cell count, nuclear intensity and mitochondrial membrane potential (MMP) when CPA (400 

μg/mL)was used compared with doxorubicin (20 μg/mL) as a standard. Also, there was a significant 

increase in membrane permeability and cytochrome C releasing when CPA (400μg/ml) was used 

compared with positive control.  

Conclusion: CPA showed cytotoxic effects against the Tera-1 and RAW264.7  cancer cell lines while 

the WRL-68. Cells was not affected as determined in-vitro by the MTT assay. The HCStechnique also 

showed toxic effect towards Tera-1. 
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Introduction  

     Cyproterone acetate is a steroidal antiandrogen inhibits the testosterone  and  Dihydrotestosterone (DHT) 

action by competitive association with cellular receptors and also affects the release of lutenizing hormone 

(LH) from the pituitary gland and thus affects the secretion of androgen from Leydig cells (1). 

     Cyproterone  acetate  used as a medicine for prostate cancer by  association  with  the  androgen receptors 

located on the surface of prostate cells, thus preventing the association of testosterone with receptors (2).        

The chemical  structure of  the CPA  is 6- chloro-7α hydroxy -1α 2α methylenepregna- 4,6 diene -3,20 dione 

acetate and its chemical form is C24H29ClO4  and its molecular weight is 416.9 Dalton, it dissolves in ethanol 

, methanol, benzene, and is not dissolve in water. When taken as a drug, it associated with albumin and     

spread  in the liver, kidney, brain and heart, and subtracted  from  the body with gall-bladder, urine and milk 

(2). Cyproterone  acetate is a potent  androgen  receptor  antagonist and potent  antigonadotropin as well as a 

weak androgen synthesis inhibitor (3,4).                                                                                                                                                         
Cyproterone acetate   is used as  one  of the prostate cancer treatments given with a daily dose of 300 mg (2), 

as well as for the treatment of acne (5), hairstizum and polycystic ovarian syndrome (PCOS) in women (1). 

It is also used as a contraceptive in women through its effect on the  release of LH, thus  lack of ovulation. It 

can  be used as antifertility drug for men by  controlling the  FSH hormone and by  its acting to  decrease the 

process of cellular division of spermatid and decrease the diameter of seminifeurous tubules, it also interfere    

with the process of completing  the formation of the sperm, espicially the process of forming the cover at the 

sperm cap phase, and also inhibits the spermatogenesis especially the last stages of meosis (6), in addition to 

its effect in vas defferense as it affect the  α 1- adrenoreceptor sub type receptors (7). 

 

Materials and methods 

Preparation of CPA 

      CPA was prepared according to (8) method. 
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Determined of Cytotoxicity 

       The cytotoxic effect of CPAwas investigated according to selected parameters including: MTT assay as 

assay of cell function to determined cell viability, high content screening (HCS) technique for the apoptosis 

of cell. Only the most cytotoxic concentration of CPA and the most sensitive cells  as assayed by MTT was 

selected to complete the other test: (HCS) 

3-(Dimethylthiazol-2-yl)-2,5Diphenyltetrazoliumbromid assay (MTTassay) 

       The cell viability was determined by colorimetric assay using 3-(4,5-dimethylthiazoyl)-2,5- 

diphenyltetrazolium bromide (MTT dye), and the cells viability percent was estimated according to  (9) 

procedure 

      The data of optical density were subjected to statistical analysis in order to calculate the concentration of 

CPA  cause a 50 % reduction in cell viability for each cell line (10). 

 The High Content Screening (HCS) Assay 

   The multi- parameters cytotoxicity assay was performed according to (11) method  by using the HCS kit to 

measurement of five independent parameters that monitor cell death, including viability cell count, nuclear 

size and morphological changes (nuclear intensity), changes in cell membrane integrity and cell 

permeability,  mitochondrial membrane potential and cytochrome C localization, release from mitochondria. 

Different concentrations  of CPA , 100, 200, and 400  µg/ml were used for treatment one cell line: the 

human testes cancer cell lines (Tera-1) for interval time 24 hours.  

Tera-1 cell preparation   

    The protocol of Tera-1 cells was optimized according to the instruction of ATCC (American Type Culture 

Collection).   EMEM  medium containing 10%   fetal bovine   serum and 100 units/ml   pencillium   and 100  

µlg/ml  streptomycin were used for routine culture.   

  Statistical Analysis 
    Statistical Package for Social Science (SPSS) system/ version 23 was used to perform the analysis of data. 

Results expressed as mean ± S.D. The Analysis of Variance (ANOVA), the Least Significant  Difference 

(LSD) test and Duncan was used to compare between means. 

 

Results and Discussion  

Cytotoxic effect of CPA on cancer cell lines and normal cells in vitro by using MTT assay 

     The cytotoxic effect  was determined by 3-(dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromid (MTT) 

assay on two different types of tumor cell lines: tastis cancer cell lines Tera-1, macrophage cancer cell lines 

RAW264.7 and normal hepatic cells WRL-68. This assay was performed to measure the cell viability by 

applying different concentrations of CPA on the tumor and normal cell lines Table (1). MTT colorimetric 

assay was achieved to determine cell viability at each time- point (24h.), best values were chosen for the 

most significant IC50 values Figure (1), Figure (2) and Figure (3). 

     The results indicated that the incubation of RAW264.7 cells and Tera-1 cells with CPA in concentrations 

0.0175, 0.039, 0.078, 0.156, 0.312, 0.625 and 1.25 mg/ml for 24 hours showed a reduction in cells viability 

in a dose dependent pattern by which cell viability decreased by increasing the concentrations of CPA. The 

lowest cell viability  was recorded in Tera-1 cells 20.79% in concentration 1.25mg/ml; however it was 

32.34% and 76% for RAW264.7 and WRL- 68, respectively at 1.25 mg/ml. The results showed that the 

WRL-68 cells viability was not significantly affected by the application of different concentrations of CPA 

as compared with the viability of Tera-1 and RAW246.7 cells. It was observed significant differences in the 

cell viability % between the different cell lines by calculating the IC50. The tera-1 significantly affected by 

the cytotoxic activity of CPA with IC50 0.221mg/ml, whereas IC50 values of RAW246.7 and WRL-68 were 

0.421  mg/ml and 23.49mg/ml, respectively. 

    From all results it was found that the CPA was effective on all cancer cell lines used in this study and 

Tera-1 cells were more sensitive to the CPA than RAW264.7 cells, whereas the WRL-68 cells were not 

affected by CPA. 
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Table (1): Cytotoxicity effect of CPA on RAW264.7 cells, Tera-1 cells and WRL-68 cells after 24 hours 

incubation at 37° C 

Cell viability % (mean ± SD) CPA 

WRL-68 Tera-1 RAW 264.7 Conc. mg/ml 

95.82 ± 1.52 94.01 ± 3.52 89.63 ± 4.06 0.0175 

95.06 ± 1.39 89.88 ± 1.81 89.14 ± 3.03 0.039 

95.13 ± 1.21 62.96 ± 5.03 87.82 ± 0.73 0.078 

93.82 ± 1.55 50.49 ± 3.88 81.63 ± 4.73 0.156 

91.54 ± 1.86 40.97 ± 5.67 39.08 ± 3.71 0.312 

83.60 ± 4.70 29.58 ± 3.04 38.32 ± 0.33 0.625 

76 ± 2.03 20.79 ± 4.92 32.34 ± 0.68 1.25 

                

Figure (1): IC50 of CPA- treated RAW264.7 cells after 24 hours of incubation 

                 

Figure (2): IC50 of CPA- treated Tera-1 cells after 24 hours of incubation 

           

Figure (3): IC50 of CPA- treated WRL-68 cells after 24 hours of incubation 
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     CPA increase the oxidative stress state and generating free radicals in test system (12). The cytotoxic 

effect of CPA on Tera-1 and RAW264.7 cell lines may be attributed to increased oxidative stress and free 

radicals induce apoptosis in testicular germ cells in vitro by increased expression of apoptosis signaling 

pathways that involved extrinsic (Fas, Fasl and caspase-8) and intrinsic (Bid, Bad, Bax and caspase-9) 

pathways (13). This finding was agreed with the results of Chen, et al (14), which revealed that the free 

radicals caused a marked decrease in cells viability of RAW264.7 cells  and this decrease was dose 

dependent. As well as Zhang et al (15) suggested that the treatment of RAW264.7 cells with H2O2 caused 

up- regulation of stress and apoptosis related genes and low-regulation of cell cycle and growth promoting 

genes, glycolysis and lipid synthesis related genes. 

        The results of current study showed that the IC50 of Tera-1 cells was 0.221mg/ml and IC50 of 

RAW264.7 was 0.421mg/ml, the reason may be due to that the testicular cells are more sensitive to CPA 

than the macrophage cells because of their intensive sensitivity to the free radicals that induced apoptosis 

(13), in these cells more than macrophage cells, whereas the normal hepatic cells was not affected by CPA 

where IC50 of WRL-68 was 23.496mg/ml, the reason may be due to fact that cancer cells under increased 

intrinsic reactive oxygen species (ROS) stress more than normal cells, this provide a unique opportunity to 

kill the cancer cells based on their vulnerability to further ROS insults and amplify ROS stress in cancer 

cells (16). 

 

The Multi- Parameters Cytotoxicity Activity of CPA on Tera-1 cell line 

     The multi- parameters-cytotoxic activity of CPA was achieved by High Content Screening (HCS) which 

is cellular imaging-based procedure that played an important role in the detection of toxicity of compounds 

by observed patterns of reversible and irreversible cellular damage. HCS provides multi-parameters for 

analysing the toxicity of the compound at the individual cell level (17). 
    Three concentrations of 100, 200, 400 µg/ml of the CPA were tested on Tera-1 cell line to detect the 

changes in five cellular parameters (valid cell count, nuclear intensity, membrane permeability, 

mitochondrial membrane potential and cytochrome C releasing) after 24 hours of exposure. 

Table (2) showed that 400 µg/ml concentration has the highest significant effect on all five cellular 

parameters (valid cell count, nuclear intensity, membrane permeability, mitochondrial membrane potential 

and cytochrome C releasing), when compared with Doxorubicin 20 µM (substance used as anti-cancer) 

which represent the positive control. Concentration of 100 µg/ml showed results close to those of the 

untreated cells which represent the negative control. Results indicated that the incubation of Tera-1 cells 

with CPA at concentrations of 100, 200 and 400 µg/ml for 24 hours showed a significant decrease (p<0.05) 

in valid cell count , nuclear intensity and mitochondrial membrane potential (MMP) and a significant 

increase (p<0.05) in membrane permeability and cytochrome C releasing as compared to negative control 

(untreated) in dose dependent pattern by which the decrease of valid cell count, nuclear intensity and 

mitochondrial membrane potential and increased membrane permeability and cytochrome C releasing by 

increasing the concentration of CPA. 

Table (2): Cytotoxicity effect of Cyproterone acetate (CPA) on multi cellular parameters of Tera-1 cell 

line after 24 hurs incubation at 37c° and evaluated on the Array Scan HCS Reader 

HCS parameters (mean ±  SD) 
 

Cytochrome C 

releasing 

MMP* Membrane 

permeability 

Nuclear intensity Valid cell count Concentrations 

µg/ml 

157.9 ± 6.57 

a 

320.4± 7.92 

a 

80.55 ± 11.38 

a 

304.3 ± 14.07 

a 

2069 ± 4.24 

a 

Control 

(untreated) 

 

269.9 ± 7.28 

d 

186.4 ± 4.45 

d 

162.8 ± 5.95 

c 

160.9 ± 4.17  

b 

1261 ± 9.89 

d 

Doxorubicin 

20µM 

 

173.3 ± 4.59 

a 

287.8±6.15 

b 

99 ± 8.91 

a 

281 ± 7.63 

a 

1898 ± 7.77 

b 

100 

 

191 ± 6.57 

b 

251.8 ±6.01 

c 

111.5 ± 11.38 

b 

261.2 ± 11.38 

a 

1743 ± 59.40 

c 

200 

 

219.7 ± 6.15 

c 

201.7 ± 4.73 

d 

142.6 ± 6.50 

c 

179.3 ± 10.32 

b 

1422 ± 18.38 

d 

400 

 

         Different letters refer to the significant difference (p<0.05) between groups 

         Similar letters refer to the non- significant difference (p>0.05) between groups 

        *   MMP = mitochondrial membrane potential.   
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    The reduction in valid cells count of Tera-1 cell line was correlated to the toxic effect of CPA. In a study 

done by Lippman et al (18) to detect the anti- cancer activity of CPA on human breast cancer cells, and a 

study done by Chen et al (19) to detect anti- cancer activity of CPA on prostate cancer cells and DU145, it 

were found that the CPA inhibits the growth of these three cell lines in different rates depending on cell line 

type, concentrations and exposure period. 

    Apoptosis involved chromatin condensation and nuclear fragmentation then decreasing nuclear intensity 

as the fragmentation increased (20). In a study on human peripheral blood cells reported that the treatment 

with CPA induces DNA damage in these cells which is an indicator of apoptosis (21,22). 

     It has been reported that changes in cell membrane permeability often associated with a toxic or apoptotic 

response, and the loss of cell membrane integrity is a common phenotypic feature of marked cytotoxicity 

(23). 

    The decrease in mitochondrial membrane potential (MMP) and triggering apoptosis of Tera-1 cells may 

be attributed to the down regulation of Bcl-2 anti –apoptotic gene and increase Bax and caspase-9 which are 

considered apoptotic signals to initiate intrinsic pathway of apoptosis in testicular germ cells in vitro treated 

with cell with CPA (13,24), these events lead to changes in the membrane potential which is due to the 

opening the mitochondrial permeability transition pore and allowing transition of ions and small molecules 

such as calcium ions, this leads to the decoupling of the respiratory chain and release the cytochrome C in to 

the cytosol (25). Finally the cytochrome C release activates caspase-9 which leading to caspase-3 formation 

and cysteine protease activation, which are mainly responsible for degradation and digestion of the cell from 

inside (26,27). 

            

Figure (4): Effect of CPA on multicellular parameters of Tera-1 cell line after 24 hours of incubation 

at 37 
◦
C and evaluated on the Array Scan HCS reader 
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