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الأدٌٚح ٚاٌغَّٛ / وٍٍح  فشعٌذساعح فً ِخرثش أتحاز اٌذساعاخ اٌؼٍٍا / ا ٌٙزٖ اٌؼًٍّ اٌعضءذُ ذٕفٍز 

ٌؼذ عشغاْ اٌثشٚعراذا شأً  .2022إٌى أتشًٌ  2021اٌطة / ظاِؼح تاتً خلاي اٌفرشج ِٓ دٌغّثش 

ٌٍٛفاج تاٌغشغاْ تٍٓ اٌشظاي فً ظٍّغ  اٌخاِظ  شئٍغًاٌ  غثةٚاٌ شٍٛػًا اخأوصش أٔٛاع اٌغشغأ

 359000حاٌح عشغاْ ظذٌذج ٚ  1276000فاْ ٕ٘ان ٔحٛ  2018ٚتحغة ذمذٌش ػاَ أٔحاء اٌؼاٌُ ، 

                                                                                       .2018حاٌح ٚفاج فً ػاَ 

 LNCaP اٌغشغأٍحخلاٌا اٌثشٚعراذا  ػٍى خػ حذعاسب ِخرثشٌ خّغحاظشاء  فً ٘زٖ اٌذساعٗذُ   

  عثٍشٚٔٛلاورْٛ ٚ اٌرغرٛعرٍشْٚ ٘شِْٛ ٌىً ِٓ اٌخلاٌاذؼشٌط  فً اٌرعشتح الاٌٚى حٍس ذُ

،  500،  1000) راٌٍحاٌرشاوٍض اٌ حٍس ذُ اعرخذاَ تشىً ِٕفصً  اٌذٚعٍراوغًٍ  اٌؼلاض اٌىٍٍّائًٚ

 ذؼشٌط اٌخلاٌا ذُ فً اٌرعشتح اٌصأٍحٚ . ِادجٌىشٚغشاَ / ًِ( ٌىً اِ 31,25ٚ  62,5،  125،  250

ٍٚ ٌىً  اٌرغرٛعرٍشْٚ ٚ ٍشٚٔٛلاورْٛاٌغث اٌى ِضٌط ِٓ +  500) ِادجاٌرً ذحرٛي ػٍى ذشوٍض ِرغا

500  ،250  +250  ،125 +125  ،62,5  +62,5  ،31,25  +31,25  ،15,625  +15,625 

ذشوٍض شاتد  ٌّضٌط ِٓذؼشٌط اٌخلاٌا فمذ ذُ فً اٌرعشتح اٌصاٌصح اِا  ٌىشٚغشاَ / ًِ(. اِ

،  500) ٍغثاٌشٚٔٛلاورٌّْٛخففح اٌعٍغٍح ِٓ اٌرشاوٍض ِغ  (/ ًِ ِاٌىشٚغشاَ 500(ًراوغٍٍٍذٚعٌ

ذؼشٌط ذُ   فً اٌرعشتح اٌشاتؼحٚ  .(ٌىشٚغشاَ / ًِاِ 15,625ٚ  31,25،  62,5،  125،  250

عٍغٍح ِٓ اٌرشاوٍض ِغ ( ِاٌىشٚغشاَ/ًِ 500 (ٍغثاٌشٚٔٛلاورٌْٛذشوٍض شاتد  ٌّضٌط ِٓ اٌخلاٌا

اِا ٚ ٌىشٚغشاَ / ًِ(. اِ 15,625ٚ  31,25،  62,5،  125،  250،  500) راوغًٍٍذٚعٌ اٌّخففح

 ٚ ٍشٚٔٛلاورْٛاٌرغرٛعرٍشْٚ ِغ اٌغث ّضٌط ٌِٓذؼشٌط اٌخلاٌا فً اٌرعشتح اٌخاِغح فمذ ذُ 

 ٌىً ُِٕٙ حٍس ذُ اعرخذاَ عٍغٍح ِٓ اٌرشاوٍض اٌّخففح ٌٙزا اٌّضٌط ترشاوٍض ِرغاٌٚح دٚعٍراوغًٍ

(500  +500  +500  ،250  +250  +250  ،125  +125  +125  ،62,5  +62,5  +62,5  ،

 ٌىشٚغشاَ / ًِ(. اِ 15,625+  15,625+  15,625،  31,25+  31,25+  31,25

(  MTT) اٌغٍّح اٌخٌٍٛح اٌررشاصٌٍَٚٛػٓ غشٌك اخرثاس فً اٌرعاسب اػلاٖ ذُ لٍاط حٌٍٛح اٌخلاٌاٌمذ 

 48ٚ  24ٚذُ رٌه تؼذ فرشج حعأح  ELISAػٍى لٍاط شذج اٌٍْٛ تٛاعطح لاسئ   ٚاٌزي ٌؼرّذ

. عاػح فً اٌرعشتح اٌخاِغح 48فً اٌرعاسب الاستؼح الاٌٚى فً حٍٓ ذُ حعٓ اٌخلاٌا ٌّذج  عاػح

حٍس أظٙشخ ٔرائط اٌذساعح أخفاض ػذد اٌخلاٌا اٌحٍح تشىً ٍِحٛظ ِغ صٌادج ذشوٍض 

 .ٚاٌرغرٛعرٍشْٚ ٍشٚٔٛلاورْٛاٌغث



ٌىشٚغشاَ / ًِ ِٓ اِ 62,5ٚ  1000،500،250،125اٌرشاوٍض أظٙشخ إٌرائط أْ  ٌمذ

ِماسٔح  LNCaPخلاٌا اٌ( فً حٌٍٛح P >0.05صٌادج ِؼٌٕٛح ) فً حصٛي داٌرغرٛعرٍشْٚ ذغثث

اْ  ٕرائطاٌ عاػح ِٓ اٌحعأح أظٙشخ 48تؼذ  اِا  عاػح ِٓ اٌحعأح. 24تؼذ  اٌغٍطشجتّعّٛػح 

 أِؼٌٕٛ ِّٙحصٌادج غٍش فً حصٛي غثثدذ/ ًِ  ٌىشٚغشاَاِ 31,25ٚ   62,5 ، 125 اٌرشاوٍض

(P˃0.05 فً حٌٍٛح ) خلاٌاLNCaP  أخفاظًا فً حصٛي غثة ذٌىشٚغشاَ / ًِ اِ 250، تٍّٕا

فمذ ٌىشٚغشاَ / ًِ اِ 1000ٚ  500 اٌرشاوٍضاِا ، LNCaP فً حٌٍٛح خلاٌا   (p < 0.05)ِؼٌٕٛاً 

 .اٌغٍطشجػٕذ ِماسٔرٗ تّعّٛػح  LNCaPخلاٌا  حٌٍٛحفً  (p<0.001) وثٍشأأخفاظًا ِؼٌٕٛاً  عثثا

ِؼٌٕٛأ  ِّٙح صٌادج غٍش عثة فً حصٛيأظٙشخ إٌرائط أْ ظٍّغ ذشاوٍض اٌغثٍشٚٔٛلاورْٛ ٚوزٌه 

(p>0.05)   خلاٌا فً حٌٍٛحLNCaP  اِاعاػح ِٓ اٌحعأح.  24تؼذ  اٌغٍطشجِماسٔح تّعّٛػح 

 فً حصٛي غثةٌىشٚغشاَ / ًِ ذاِ 62,5ترشوٍض  عثٍشٚٔٛلاورْٛفاْ  ِٓ اٌحعأح عاػح 48تؼذ 

وٍض . تٍّٕا اٌرشاِعّٛػح اٌغٍطشجتاٌّماسٔح ِغ LNCaP خلاٌا فً حٌٍٛح   (P<0.05)صٌادج ِؼٌٕٛح 

٘زٖ فً حٌٍٛح  أِؼٌٕٛ أأخفاظ د فً حصٛيعثثفمذ شاَ / ًِ ٌىشٚغاِ 1000ٚ  125 ، 31,25

 تٍٓ ِعّٛػرً  LNCaPخلاٌا  فً حٌٍٛح فشق ُِٙ إحصائٍا ٌُ ذظٙش إٌرائط حصٛياٌخلاٌا. 

 اٌحعأح.عاػح ِٓ  48ٌىشٚغشاَ / ًِ تؼذ اِ 250 ٚ ذٍه اٌرً ذؼشظد ٌٍرشوٍض اٌغٍطشج

أخفاظًا فً حصٛي  دغثثٌىشٚغشاَ / ًِ ِٓ اٌذٚعٍراوغًٍ ذاِ 250رشوٍض اٌ ٌمذ تٍٕد إٌرائط اْ

شاَ / ًِ ٌىشٚغاِ 1000ٚ  500 اٌرشاوٍضاِا   LNCaPخلاٌا خػ فً حٌٍٛح   (p<0.05)ِؼٌٕٛاً 

فٍّا ٌُ ٌىٓ ،  LNCaPخلاٌا خػ  فً  (p<0.001)وثٍشا أخفاظًا ِؼٌٕٛاً د فً حصٛيذغثثفمذ 

ٚوً ِٓ  اٌغٍطشج تٍٓ ِعّٛػح  LNCaPفً حٌٍٛح خلاٌا  ( p>0.05) اٌفشق ُِٙ إحصائٍا

عاػح ِٓ  24/ ًِ تؼذ  ٌىشٚغشاَاِ 125ٚ  62,5 ، 31,25 اٌّعاٍِغ اٌرً ذؼشظد ٌٍرشاوٍض

أْ ظٍّغ ذشاوٍض اٌذٚعٍراوغًٍ ذغثثد  عاػح ِٓ اٌحعأح فمذ أظٙشخ إٌرائط 48أِا تؼذ  اٌحعأح.

 ِماسٔح تّعّٛػح LNCaP  (  فً حٌٍٛح خػ خلاٌاp<0.001أخفاظًا ِؼٌٕٛاً وثٍشا) فً حصٛي

 .اٌغٍطشج

 ٍشٚٔٛلاورْٛ ٚاٌغث ٌىً ِٓ ٌّضٌط ِىْٛ ِٓ ذشاوٍض ِرغاٌٚح LNCaPاِا ػٕذ ذؼشٌط خػ خلاٌا 

 ( فً حٌٍٛح ٘زٖ اٌخلاٌاP˂0.001) أوثٍش أِؼٌٕٛ أخفاظا اٌرغرٛعرٍشْٚ فمذ أظٙشخ إٌرائط حصٛي

 فً حٍٓ ذغثثدٌىشٚغشاَ / ًِ. اِ 1000ٚ  500 ، 62,5،  31,25  ػٕذ ذؼشٌعٙا ٌٍرشاوٍض



فً حٌٍٛح ٘زٖ اٌخلاٌا ( P˃0.05)صٌادج ِؼٌٕٛح تحصٛي ٌىشٚغشاَ / ًِ اِ 250ٚ  125وٍض ااٌرش

فمذ   عاػح ِٓ اٌحعأح 48أِا تؼذ . عاػح 24تؼذ فرشج حعأح ٌّذج  تاٌّماسٔح ِغ ِعّٛػح اٌغٍطشج

 31,25ترشوٍض  LNCaP( فً حٌٍٛح خػ خلاٌا P<0.05تٍٕد إٌرائط حصٛي أخفاض ِؼٕٛي )

ػٕذ اٌرشوٍض  اٌخلاٌاحٌٍٛح فً ( p>0.05) أِؼٌٕٛ غٍش ُِٙ ٌىشٚغشاَ / ًِ ٚواْ ٕ٘ان أخفاضاِ

 .ِعّٛػح اٌغٍطشجٌىشٚغشاَ / ًِ تاٌّماسٔح ِغ اِ 500

ٍشٚٔٛلاورْٛ ِغ ذشاوٍض ِخرٍفح ِٓ اٌغث ٌّضٌط ِىْٛ ِٓ LNCaPذؼشٌط خػ خلاٌا اِا ػٕذ 

 125+  500اٌّضٌط  ِاٌىشٚغشاَ/ًِ( فمذ أظٙشخ إٌرائط أْ ذشاوٍض 500 )ذشوٍض شاتد ٌٍذٚعراوغً

( P <0.05لذ ذغثثد فً حصٛي صٌادج ِؼٌٕٛح ) ًِ/  ٌىشٚغشاَاِ 500+  500 ٚ 250+  500 ،

 ٚ 31,25+  500 ، 15,625+  500  اٌّضٌط أْ ذشاوٍض ، فً حٍٓ LNCaP  فً حٌٍٛح خػ خلاٌا

 فً حٌٍٛح خػ خلاٌا فشٚلاخ ِّٙح إحصائٍا ٌُ ذرغثة فً حصٛي ًِ/  ٌىشٚغشاَاِ 62,5+  500

LNCaP فٍّا أظٙشخ إٌرائط أْ ظٍّغ  .عاػح 24تؼذ ِذج حعأح  تاٌّماسٔح ِغ ِعّٛػح اٌغٍطشج

( فً حٌٍٛح خػ p<0.001 ) أخفاظًا ِؼٌٕٛاً وثٍشا ذشاوٍض اٌّضٌط أػلاٖ لذ ذغثثد فً حصٛي

 عاػح ِٓ اٌحعأح. 48تؼذ  ِماسٔح تّعّٛػح اٌغٍطشج  LNCaP خلاٌا

ِغ ذشوٍض  راوغًٍذشاوٍض ِخرٍفح ِٓ اٌذٚعٌّضٌط ِىْٛ ِٓ LNCaP ذؼشٌط خػ خلاٌا اِا ػٕذ 

 +31,25500 اٌرشوٍض أْ إٌرائط أظٙشخ فمذ ِاٌىشٚغشاَ/ًِ( 500ٍشٚٔٛلاورْٛ )شاتد ِٓ اٌغث

 خلاٌا خػ حٌٍٛح فً (P˃0.05) ِؼٌٕٛح غٍش صٌادج فً حصٛي غثةمذ ذف ًِ/  شاَغٌىشٚاِ

LNCaP ، غٍشُِٙ ٔمص فً حصٛي غثةفمذ ذ ًِ/  شاٌَىشٚغاِ 500+15,625 اٌرشوٍض تٍّٕا 

 125 ، 500+ 62,5  اٌّضٌط أْ ذشاوٍض فً حٍٓ. LNCaP  خلاٌا حٌٍٛح فً (P˃0.05) أِؼٌٕٛ

 فً (P <0.05) ِؼٌٕٛاً أخفاظًا لذ ذغثثد فً حصٛي ًِ/  ِاٌىشٚغشا250+500َ ٚ 500+

ِؼٌٕٛأ  أأخفاظفمذ ذغثة فً حصٛي   ًِ/شاَاٌىشٚغِ 500+  500 رشوٍضاِا اٌ خلاٌا خػ حٌٍٛح

 .اٌحعأح ِٓ عاػح 24 تؼذ اٌغٍطشج ّعّٛػحت ِماسٔحا حٌٍٛح ٘زٖ اٌخلاٌ فً (p˂0.001) وثٍشا

عاػح لذ ذغثثد فً  48ٚتؼذ فرشج حعأح  اٌّضٌط أػلاٖ ذشاوٍضاْ ظٍّغ  أٌعًا إٌرائط أظٙشخ

ِماسٔح تّعّٛػح LNCaP ( فً حٌٍٛح خػ خلاٌاP <0.001أخفاظا ِؼٌٕٛا وثٍشا ) حصٛي

 .اٌغٍطشج

 



 ِرغاٚي ٌؼذج ذشاوٍض ِٓ ِضٌط ٌحرٛي وً ِٕٙا ػٍى ذشوٍض LNCaPفٍّا ٌخص ذؼشٌط خػ خلاٌا 

 ِغ ٚتاٌّماسٔح عاػح  48 حعأح ِذج ٚتؼذ راوغًٍٚاٌذٚع اٌغثاٌشٚٔٛلاورْٛ، اٌرغرٛعرٍشْٚ ِٓ ٌىً

 ًِ/ ٌىشٚغشاَاِ 125ٚ 62,5  اٌرشوٍض  ِٓ اٌّىْٛ اٌّضٌط أْ إٌرائط تٍٕد فمذ اٌغٍطشج ِعّٛػح

 لذ  أػلاٖ اٌّىٛٔاخ ِٓ ِىْٛ ٌىً ًِ/  ٍِىشٚغشاَ 500 ٚ 250 اٌرشوٍض  ِٓ اٌّىْٛ ٚاٌّضٌط

 اٌرٛاًٌ ػٍى(  p<0.001)وثٍشا ِؼٌٕٛا ٚأخفاظا( P˂0.05) ِؼٌٕٛا أخفاظا حصٛي فً ذغثثد

 اٌحاٚي ٌٍّضٌط ٘ٛ اٌخلاٌا ٘زٖ ػٍى عٍّح الأوصش اٌرأشٍش واْ ٚلذ LNCaP  خلاٌا خػ حٌٍٛح فً

 اٌرشوٍض  ِٓ اٌّىْٛ اٌّضٌط ذاشٍش ٌخص فٍّا أِا.  ِىْٛ وً ِٓ ًِ/  ٌىشٚغشاَاِ 500اٌرشوٍض ػٍى

 إحصائٍا ُِٙ غٍش أخفاض حصٛي إٌرائط أظٙشخ فمذ ًِ/  ٌىشٚغشاَاِ 31,25  ٚ 15,625

(p>0.05 )ًاٌخلاٌا ٘زٖ حٌٍٛح ف . 

 48 حعأح  فرشج ٚتؼذ) اٌرغرٛعرٍشْٚ ِٓ اٌؼاٌٍح ٌٍرشاوٍض أْ اٌحاٌٍح اٌذساعح ٔرائط ِٓ ٌغرٕرط

 ٌٍٚرشاوٍض LNCaP  اٌثشٚعراخ عشغاْ خلاٌا خػ ٌحٌٍٛح ِصثطا ذأشٍشا ٚاٌغثاٌشٚٔٛلاورْٛ(  عاػح

 عاػح 48 حعأح  فرشج تؼذ ذشاوٍضٖ ٚظٍّغ عاػح 24 حعأح  فرشج تؼذ  اٌذٚعٍراوغًٍ ِٓ اٌؼاٌٍح

 ِٓ وً ٌّضٌط  ٚاْ LNCaP.اٌثشٚعراخ عشغاْ خلاٌا خػ ٌحٌٍٛح ِصثطا ذأشٍشا  اٌرٛاًٌ ػٍى

 راوغًٍاٌذٚع ِغ( ذشاوٍض تؼذج) اٌغثاٌشٚٔٛلاورْٛ ٚ اٌرغرٛعرٍشْٚ ِغ اٌغثاٌشٚٔٛلاورْٛ

 ٌحٌٍٛح ِصثطا ذأشٍشا( ذشوٍضشاتد) اٌغثاٌشٚٔٛلاورْٛ ِغ(  ذشاوٍض تؼذج) راوغًٍاٌذٚع  ٚ( ذشوٍضشاتد)

 اٌغثاٌشٚٔٛلاورْٛ، اٌرغرٛعرٍشْٚ ٌّضٌط ٚأٌعا LNCaP.  اٌثشٚعراخ عشغاْ خلاٌا خػ

 واْ الافعً ٚاٌراشٍش LNCaP  اٌثشٚعراخ عشغاْ خلاٌا خػ ٌحٌٍٛح ِصثطا ذأشٍشا راوغًٍٚاٌذٚع

    .   ُِٕٙ ٌىً ًِ/ِاٌىشٚغشاَ 500اٌرشوٍض رٚ ٌٍّضٌط
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Conclusions 

At the end of this study, the conclusions were:  

 

1. Testosterone  has concentration  and  time  dependent  proliferative  effect  on 

the  prostate  cancer  LNCaP cell line. 

  

2.  Spironolactone  at high  concentrations  have  antiproliferative   effect on the 

prostate  cancer  LNCaP cell line. 

 

3. Docetaxel   has  concentration  and  time  dependent  antiproliferative  effect  

on  the  prostate  cancer  LNCaP  cell line. 

 

4. Docetaxel  plus  spironolactone  have  antiproliferative  effect  on the  prostate  

cancer LNCaP cell line. 

 

 

 

 

 

 

 

 

 

 

 

 



 

67 
 
 

Recommendations 

 

 

The main recommendations were: 

1.  In vivo  studies  on  lab  animals  are  recommended. 
 

2.  Investigate  the  effect  of  spironolactone  on  other  androgen dependent  

cancer  cell line. 
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Summary 

The practical work of the present research study was performed at the Postgraduate 

student’s research laboratory/Department of Pharmacology and Toxicology / 

College of Medicine / University of Babylon during the period from December 

2021 –April 2022. 

The aim of the present study is to evaluate the effect of spironolactone alone  and 

in combination with  testosterone and    or docetaxel on prostate cancer cell line 

LNCaP.  

The following experiments were done to investigate:   

1. Effect of docetaxel, spironolactone and testosterone on the viability of  

LNCaP cell line after 24 and 48 hours of incubation. The  LNCaP cell line was 

exposed  to serial dilutions  of  each  testosterone,  docetaxel and spironolactone 

(1000, 500, 250, 125, 62.5 and 31.25 µg/ml) separately. The cytotoxicity was 

assessed  by using   MTT assay.  

2. Effect of spironolactone in combination  with  testosterone  on the viability of 

LNCaP cell line after 24 and 48 hours of incubation. The LNCaP cell line was 

exposed to serial dilutions of spironolactone plus testosterone combination 

which contain equal concentration of each agent (500+500, 250+250, 125+125, 

62.5+62.5, 31.25+31.25, 15.625+15.625 µg/ml). Then the cytotoxicity was 

assessed  by using   MTT assay.  

3. Effect of different concentrations of spironolactone in combination with 

constant concentration (500 µg/ml) of docetaxel on the viability of LNCaP cell 

line after 24 and 48 hours of incubation. The LNCaP cell line was exposed to 

the combination  of docetaxel (500 µg/ml) plus serial dilutions of 



ii 
  

spironolactone (500, 250, 125, 62.5, 31.25 and 15.625 µg/ml). Then the 

cytotoxicity was assessed  by using   MTT assay.   

4. Effect of different concentrations of docetaxel in combination with constant 

concentration (500µg/ml) of spironolactone on the viability of LNCaP cell line 

after 24 and 48 hours of incubation. The LNCaP cell line was exposed to 

combination of spironolactone (500 µg /ml) plus serial dilutions of docetaxel 

(500, 250, 125, 62.5, 31.25 and 15.625 µg /ml). Then the cytotoxicity was 

assessed  by using   MTT assay  

5. Effect of the spironolactone, testosterone and docetaxel combination on the 

viability of LNCaP cell line after 48 hours of incubation. The LNCaP cell line 

was exposed to serial dilution of spironolactone plus testosterone and docetaxel 

combination which contain equal concentration of each agent (500+500+500, 

250+250+250, 125+125+125, 62.5+62.5+62.5, 31.25+31.25+31.25, 

15.625+15.625+15.625 µg /ml). Then the cytotoxicity was assessed by using   

MTT assay.   

Cell viability was measured in the above experiments by tetrazolium 

cytotoxicity test (MTT), which is based on chromatography by ELISA reader. 

This was done after 24 and 48 hours incubation in the first four experiments, 

while the cells were incubated for 48 hours in the fifth experiment. The results 

of the study showed that the number of live cells decreased significantly with 

the increase in the concentration of spironolactone and testosterone. 

 The results showed that the concentrations of 1000, 125, 250, 500 and 62.5 

μg/ml of testosterone caused a significant increase (P > 0.05) in the viability of 

LNCaP cells compared to the control group after 24 hours of incubation. After 

48 hours of incubation, the results showed that concentrations 125, 62.5 and 
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31.25 µg/ml caused a significant (P˃0.05) increase in the viability of LNCaP 

cells, while 250 µg/ml caused a significant decrease (p < 0.05) in the viability 

of LNCaP cells, while the concentrations of 500 and 1000 µg/ml caused a 

highly significant decrease (p<0.001) in the viability of LNCaP cells when 

compared to the control group. 

Also, the results showed that all spironolactone concentrations caused a 

significant (p>0.05) increase in the viability of LNCaP cells compared to the 

control group after 24 hours of incubation. After 48 hours of incubation, 

spironolactone at a concentration of 62.5 μg/ml caused a significant (P<0.05) 

increase in the viability of LNCaP cells compared to the control group. 

While the concentrations 31,25, 125 and 1000 µg/ml caused a significant 

decrease in the vitality of these cells. The results did not show a statistically 

significant difference in the viability of LNCaP cells between the two control 

groups and those that were exposed to a concentration of 250 µg/ml after 48 

hours of incubation. 

The results showed that a concentration of 250 µg/ml of docetaxel caused a 

significant (p<0.05) decrease in the viability of the LNCaP cell line, while 

concentrations of 500 and 1000 µg/ml caused a significant decrease (p<0.001) 

in the LNCaP cell line. , while the difference was not statistically significant 

(p>0.05) in the viability of LNCaP cells between the control group and each of 

the groups exposed to concentrations 31,25, 62,5 and 125 μg/ml after 24 hours 

of incubation. After 48 hours of incubation, the results showed that all 

concentrations of docetaxel caused a significant decrease (p<0.001) in the 

viability of LNCaP cell line compared to the control group. 
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When the LNCaP cell line was exposed to a mixture of equal concentrations of 

spironolactone and testosterone, the results showed a significant (P˂0.001) 

decrease in the vitality of these cells when exposed to concentrations 31,25, 

62.5, 500 and 1000 μg/ml. While the concentrations 125 and 250 μg/ml caused 

a significant increase (P˃0.05) in the viability of these cells compared to the 

control group after a 24-hour incubation period. After 48 hours of incubation, 

the results showed a significant (p<0.05) decrease in the viability of LNCaP cell 

line at a concentration of 31.25 μg/ml, and there was a significant (p>0.05) 

decrease in the viability of cells at a concentration of 500 μg/ml in comparison. 

with a control group. 

When the LNCaP cell line was exposed to a mixture of different concentrations 

of spironolactone with a fixed concentration of docetaxel (500 μg/ml), the 

results showed that the concentrations of the mixture 500 + 125, 500 + 250 and 

500 + 500 μg/ml caused a significant increase ( P < 0.05) in the viability of the 

LNCaP cell line, while the concentrations of the mixture 500 + 15,625, 500 + 

31,25 and 500 + 62.5 μg/ml did not cause statistically significant differences in 

the viability of the LNCaP cell line compared to the control group after The 

incubation period is 24 hours. While the results showed that all concentrations 

of the above mixture caused a significant (p<0.001) decrease in the viability of 

LNCaP cell line compared to the control group after 48 hours of incubation. 

When the LNCaP cell line was exposed to a mixture of different concentrations 

of docetaxel with a fixed concentration of spironolactone (500 μg/ml), the 

results showed that the concentration 31,25500+ μg/ml caused a non-significant 

increase (P˃0.05) in the vitality of the line. LNCaP cells, while the 

concentration of 15,625 + 500 µg/ml caused a non-significant (P˃0.05) 

decrease in the viability of LNCaP cells. Whereas, the concentrations of the 
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mixture 62.5 + 500, 125 + 500 and 250 + 500 μg / ml caused a significant 

decrease (P < 0.05) in the viability of the cell line, while the concentration 500 

+ 500 μg / ml caused a highly significant decrease (p˂0.001) in the viability of 

these cells compared to the control group after 24 hours of incubation. 

The results also showed that all concentrations of the above mixture and after 

incubation period of 48 hours caused a significant decrease (P<0.001) in the 

viability of LNCaP cell line compared to the control group. 

With regard to exposing the LNCaP cell line to several concentrations of a 

mixture, each of which contains an equal concentration of testosterone, 

spironolactone and docetaxel, and after an incubation period of 48 hours, and in 

comparison with the control group, the results showed that the mixture 

consisting of the concentration 62.5 and 125 μg/ml and the mixture consisting 

of the concentrate 250 and 500 μg/ml for each of the above components caused 

a significant (P˂0.05) and significant (p<0.001) decrease, respectively, in the 

viability of the LNCaP cell line, and the most toxic effect on these cells was for 

the mixture containing the concentration 500. µg/ml of each component. As for 

the effect of the mixture consisting of 15,625 and 31.25 µg/ml, the results 

showed a statistically non-significant decrease (p>0.05) in the vitality of these 

cells. 

     The conclusion of our study: The development of prostate cancer cell is 

suppressed by high testosterone concentration whereas cell growth is stimulated by 

low testosterone concentration. The viability of LNCaP cell line decreased when 

spironolactone concentration increased to 1000µg/ml. Docetaxel  suppresses the 

development of cultured prostate cancer in a dose- independent way after 48 hours 

of incubation.    
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Abstract 

Background: Prostate cancer, also known as malignant neoplasms of the prostate, typically begins in the glandular 
tissue. While these malignancies, which are mostly adenocarcinomas, are usually indolent, prostate cancers that are 
extremely aggressive and have a poor prognosis are discovered in a small percentage of men. and strongly affected by 
steroid hormones, especially androgens. Testosterone hormone interferes with cancer cell invasion into surrounding 
tissue by cell migration, which is the first stage of tumor metastasis.  
Aim of the study : was to evaluate the results of testosterone, spironolactone, and testosterone plus  spironolactone 
(on the  viability) percentage of  LNCaP cell line. 
Materials and Methods: LNCaP, a human prostate cancer cell line that is sensitive to androgen, was employed; it was 
subjected to various concentrations of testosterone, spironolactone, and testosterone plus 
spironolactone combination. After 24 and 48 hours of incubation, the MTT test was used to analyze their influence on 
the viability proliferative or antiproliferative effect of the LNCaP cell line. 
Results: At low concentrations, testosterone increased the viability of LNCaP cells significantly (p>0.05), whereas after 
48 hours, it caused a high significantly p < 0.001 decreased viability at high concentrations. Spironolactone treatment 
increased the viability of the LNCaP cell line significantly p>0.05, but it decreased) the viability of the LNCaP cell line 
at high concentrations. The reduction in cell viability caused by testosterone plus spironolactone is significantly 
high P˂ 0.001. 
Conclusion: On the LNCaP cell line, high testosterone and spironolactone concentrations and spironolactone plus 
testosterone had an antiproliferative effect. 
 
Key Words: Testosterone, Spironolactone, LNCaP cell line, prostate cancer  
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Introduction 

Prostate cancer, also known as malignant neoplasms 
of the prostate, typically begins in the glandular 
tissue. Prostate cancers that are particularly 
aggressive and have a bad prognosis are discovered 
in a certain population of men, despite the fact that 
these tumours, primarily adenocarcinomas, are 
frequently indolent.[1] More than 80% of cases are 
significantly correlated with age, with elderly men 
(> 65 years of age) experiencing the highest 
prevalence.  Prostate cancer is the fifth most 
common cause of death worldwide and the second  
 

most frequently diagnosed malignancy in men.  
Despite this, only 10% of men with prostate cancer 
die as a result of their condition. 39 % of men aged 
70 to 79 and 43 % of men over 80 are found to have 
prostate cancer. Sex hormones (testosterone) are 
thought to affect prostate cancer risk. Some men 
may have higher levels of testosterone than others, 
the hormone responsible for male sex.   Because a 
boost in testosterone levels causes the prostate 
gland to enlarge, men who use testosterone therapy 
are more likely to develop prostate cancer.[3] 
Aldosterone binding to the mineralocorticoid 
receptor is inhibited by the aldosterone antagonist 
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spironolactone. Additionally, This medication has an 
antiandrogenic effect, which may be caused by, 
among other things, a peripheral androgen 
antagonistic effect. In vivo studies suggest that 
spirolactone prevents [3H] 5 alpha-
dihydrotestosterone [3H] DHT from binding to the 
cytosolic and nuclear receptor of the rat ventral 
prostate. For the particular S cytosolic receptor, 
spirolactone can outbid [3H] DHT. Additionally, 
testosterone's production is hampered by 
spirolactone. [4] 
 

Materials and methods 

In RPMI-1640 media with the addition of (penicillin) 
(100 U/ml), (streptomycin) (100 g/ml), and 5%  
(fetal bovine serum) at  37°C in 5% CO2, the LNCaP 
cell line was cultured. These cancer cells are 
androgen-dependent, human prostate 
(adenocarcinoma) cells originating from lymph 
node metastases. At a density of 5*105 cells/ml, 
(LNCaP) cells were planted in (tissue culture) 96-
well plates before 24 hours of the treatment with 
either testosterone (Testopel) 100mg/1ml, 
spironolactone (Aldacton) 25mg, or testosterone 
plus spironolactone combination treatments. 
Distilled water 5ml was used to dissolve 
spironolactone and placed in sonicator at 37 C0. 
Sonication accelerates the dissolution of a solid into 
a liquid by agitating particles in a solution with 
sound waves[5], which is then  diluted  with 
complete growth media) to obtain (final 
concentrations) of (1000, 500, 250, 125, 62.5, 31.25 
µg/ml) for spironolactone, also similar 
concentrations were prepared for testosterone. The 
combination of spironolactone plus testosterone 
was prepared by adding equal concentrations of 
each agent (500+500, 250+250, 125+125, 
62.5+62.5, 31.25+31.25, 15.625+15.625 µg/ml).  

Subsequent that, 200 µl of  each concentration was 
poured  into each  well and left to incubate for 
another 24  or 48 hours. After  24 and 48 hours 
exposure period, the wells were cleaned with 200 µl 
of (sterile PBS.  The MTT assay was used to 
investigate the effects of testosterone, 
spironolactone and combinations of testosterone 
plus spironolactone on the growth of the (LNCaP) 
cell  line. The MTT assay determines how quickly a 
(tetrazolium) salt is converted into a (formazan) 
product in the cell (purple  color).  The opacity of the 
purple color is (directly proportional) to the number 
of live cells; this may be evaluated using 
(spectrophotometry) and gives a relative  estimate  
of cell viability. Three replicates for each 
concentration was considered. Microsoft Office 
Excel 2010 was used to collect and analyze all of the 
data. A one-way Anova test was used to examine the 
differences between each treated group and the 
control group.  P-values below 0.05 and above 0.001 
were considered statistically significant and highly 
significant, respectively. 
 

Results 

Results showed that the concentrations 
1000,500,250,125 and 62.5 µg/ml of testosterone 
cause significant (p<0.05) increase in the viability of 
(LNCaP)cell line in comparison to the control group 
after 24 hours of incubation.   
After 48 hours of incubation results showed that the 
testosterone concentrations 125, 62.5 and 31.25 
µg/ml cause insignificant (P˃0.05) increase in the 
viability of LNCaP cell line, while testosterone 
concentration 250 µg/ml cause significant (p < 0.05) 
decrease and 500 and 1000 µg/ml cause highly 
significant (p<0.001) decrease in the viability of  
LNCaP cell line when compared to the (control 
group) as shown in (figure 1).  
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Figure 1: Effect of (Testosterone) on the Viability Percentage of (LNCaP) cell line after 24 and 48 

hours of incubation 
 
Results showed that all concentrations of 
spironolactone cause insignificant (p>0.05) increase 
in the  viability of  LNCaP cell  line in comparison to 
the control group after 24 hours of incubation.   
After 48 hours of incubation results showed that the 
spironolactone concentration 62.5 µg/ml compared  
 

to the control group, results in a significant (P<0.05) 
increase in cell viability. While at concentration 
31.25, 125 and 1000 µg/ml causes a significant 
decrease in cells viability. There were (no 
significant) differences  between  the control  group  
and 250 µg/ml groups for the same time of 
incubation as shown in (figure 2).  
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Figure 2: Effect of spironolactone on the viability percentage of LNCaP cell line after 24 and 48 

hours of incubation. 
 

The results showed that at concentrations of 31.25, 
62.5, 500, and 1000 µg/ml, there was a 
highly significant drop in cell viability (P˂ 0.001). 

After 24 hours of incubation, cell viability 
increased  significantly; (p˃ 0.05) at concentrations 
of 125 and 250 µg/ml in comparison to control 
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group. After 48 hours of incubation, there was a 
significant (p>0.05) drop in cell viability at  
 

concentrations of 31.25 g/ml and 500 g/ml when 
compared to the control group as shown in (figure 
3). 
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Figure 3: Effect of spironolactone plus testosterone combination on the viability percentage of 

LNCaP cell line after 24 and 48 hours of incubation. 
 

Discussion 

Regarding the role of testosterone in promoting or 
surpassing prostate cancer, evidences are 
inconsistent. Testosterone is not a tumor-promoting 
factor for prostate cancer, but it is possible that it 
caused prostate epithelial cells to develop 
hypersensitivity to androgens, giving them a 
selective growth advantage that led to a few of those 
cells progressing to malignancy.[6]  
Through ligand-mediated activation of the androgen 
receptor (AR), testosterone increases the 
propagation of LNCaP cells, which drives prostate 
cancer  progression .[7] The androgen  receptor 
(AR) is a key player in the prostate,  muscle,  bone, 
and  adipose tissue. Additionally, dysregulated  AR  
activity is a catalyst for the onset and spread of 
prostate cancer (PCa). According to the androgen 
receptor,  androgens  promote LNCaP  propagation 
via  PI3K/Akt-independent  activation  of  mTOR and 
subsequent post-transcriptional  increases in cyclin 
D protein synthesis. [8]                                                                               
There was an evident increase in cell proliferation at 
low concentrations and this rise remained largely 
consistent even as the hormone concentration 
increased. Morgentaler and Traish (2009) found 
that despite logarithmically higher testosterone 
concentrations, cell propagation increased 

gradually with rising testosterone at low 
concentrations, then plateaued with no further 
response. [9] 
A study by Anagnostopoulou et al., (2013) stated 
that in animal models, testosterone has been shown 
to inhibit cancer cell proliferation by counteracting 
the proliferative effects of endogenous hormones 
like DHEA. [10] 
Because very high testosterone levels inhibit the 
proliferation of prostate cancer cells, this effect 
could be used in prostate cancer treatment. 
However, these pathways have largely remained 
undiscovered at the molecular and cellular levels. As 
a result, the purpose of this study is to see how 
different testosterone concentrations affect the 
viability of (prostate cancer) cells. High testosterone 
has an inhibitory effect on cell viability in the LNCaP 
cell line due to androgenic receptor (AR) 
downstream signaling or (non-genomic) AR activity. 
Furthermore, hormonal activation of the androgen 
receptor causes the receptor to self-stabilize, 
resulting in an increase in AR activity. As a result, in 
clinical practice, a therapeutic decline in (androgen 
levels) is a clinical target that would result in a drop 
in AR activity and, as a result, a reduction in AR-
driven prostate cancer progression. [11] 
The viability of the LNCaP cell line increased after 
treatment with a low dosage of spironolactone, but 
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decreased significantly when the concentration was 
increased to 1000 µg/ml. These results agree with 
Isla, (2016) who found that taking spironolactone 
was linked to a decreased risk of prostate cancer in 
a retrospective, matched cohort study.[12] Also, this 
result agrees with Walsh, (1975) who found that 
spironolactone can suppress the level of plasma 
androgens by spironolactone. These findings could 
be attributed to the effect of spironolactone as an 
inhibitor of androgen synthesis, as found in a Walsh 
study in which men with metastatic prostate cancer 
who had been castrated received spironolactone. 
Due to spironolactone's capacity to inhibit the 
production of adrenal androgens, this study 
discovered that plasma levels of testosterone, 
androstenedione, and dehydroepiandrosterone 
were significantly decreased. [13] 
Also, agree with Jody, 2020 who found that 
spironolactone because of its anti-androgenic 
properties binds non-selectively to other steroid 
receptors, including progesterone and androgen 
receptors. The investigators found that men who 
had ever used spironolactone had significant 17% 
decreased odds of PCa. The effect was strongest 
among current users of the drug, who had significant 
23% decreased odds of PCa. Spironolactone 
exposure was significantly associated with 18% and 
22% decreased odds of intermediate- and high-risk 
PCa, respectively. Spironolactone use had no effect 
on the risk of metastatic PCa diagnosis. [14] 
It was found that the risk of prostate cancer 
decreased directly with dose, implying that an 
increase in dose reduced the chance of prostate 
cancer. In contrast, the link between spironolactone 
exposure and prostate cancer in groups at low and 
high risk for advanced/metastatic illness was not 
statistically significant. Between symptomatic and 
asymptomatic patients, the risk of prostate cancer 
was reduced equally. Prostate cancer risk is 
decreased by spirolactone by 17%. [15] 
 

Conclusion 

Prostate cancer cells multiply more quickly when 
testosterone is present, however after 48 hours of 
incubation, high testosterone concentrations induce 
a (highly significant) (p<0.001) decline in cell 
viability. Spironolactone has an antiproliferative 
effect on the LNCaP cell line due to its 
antiandrogenic effects.  
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Abstract 

Background: Prostate cancer is the (most frequent) type of cancer among males. Androgenic hormones have a big role 
in prostate cancer, which is a kind of glandular malignant neoplasia. Testosterone hormone play important role in the 
cancer cell propagation) and invasion into (surrounding tissue) by  cell migration, which is the first stage in tumor  
metastasis. 
Aim of the study: The aim of the study is to determine the effects of testosterone, spironolactone, docetaxel, 
combination of either testosterone plus spironolactone or testosterone plus spironolactone and docetaxel on the  
viability percentage of (LNCaP) cell line. 
Materials and Methods: This study used the LNCaP (androgen-sensitive human prostate cancer) cell line, which was 
treated with various concentrations of testosterone, spironolactone, docetaxel, and a combination of testosterone plus 
spironolactone and testosterone plus spironolactone and docetaxel. After 48 hours of incubation, the MTT test was 
used to analyze their influence on the viability (proliferative or antiproliferative effect) of the LNCaP cell line. 
Results: At low concentrations, testosterone increased the viability of LNCaP cells significantly (p>0.05), whereas at 
high concentrations, it caused a (highly significant) (p <0.001) decrease in  viability. Spironolactone treatment 
increased the viability of the LNCaP cell line significantly (p>0.05), but it decreased the viability of the LNCaP cell line 
at high concentrations. In a dose-independent way, docetaxel-treated cells demonstrated a highly significant (p<0.001) 
decrease in viability. The viability of (LNCaP) cell line treated with the combination of testosterone plus spironolactone 
was high significantly (P˂0.001) decreased, and in the cells treated with the combination of testosterone pus 
spironolactone and docetaxel the viability was significantly (p < 0.05) decreased by low concentration and high 
significantly (p < 0.001) decreased at 250+250+250 and 500+500+500 µg/ml.  
Conclusion: On the LNCaP cell line, high testosterone and spironolactone concentrations had an antiproliferative effect. 
 
Key Words: Testosterone, Spironolactone, LNCaP cell line, prostate cancer  
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Introduction 

The second (most frequent) cancer  in men  and  the 
(fifth  most  common) cause of death globally is 
prostate  cancer. Incidence of (prostate cancer) and 
fatality rates are directly linked to age, with older 
men having the greatest incidence (more than 65 
years old). [1] According to (GLOBOCAN) estimates,  
1,276,106 new  cases will be registered worldwide 
in 2020, with 449,761  in Europe and 64,955  in  
 

France. Meanwhile, 358,989 men died of cancer 
(worldwide, with 107,315 in Europe and 9002 in 
France. [2] Because androgens play a role in a 
variety of illnesses, androgen receptor signaling is a 
critical factor in pathological states. The expression 
of genes involved in sexual development, prostate 
cell proliferation and survival, and, to some extent, 
cancer progression is regulated by the androgen 
receptor, a transcription factor that is activated by 
the testosterone metabolite 5-dihydrotestosterone.  
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[3] Spironolactone is a nonselective aldosterone 
receptor antagonist. Its antiandrogenic action 
lowers testosterone, (androstenedione, and 
dehydroepiandrosterone) levels in (castrated 
males) with prostate cancer, making it a potentially 
effective medicine in the treatment of prostate 
cancer. Its antiandrogenic properties are supported 
by a report  of a clinical and  (prostate specific 
antigen (PSA) response) in a man with prostate 
cancer  treated  with spironolactone. [4] 
Spironolactone prevents cancer stem cells from 
growing by inhibiting the DNA damage response. 
Spironolactone activates the ataxia-telangiectasia 
mutant checkpoint pathway ATM-Chk2-mediated 
checkpoint pathway in (colon cancer) cell lines, 
upregulating the expression of a set of major 
histocompatibility  complex class I-like molecules 
known as the Natural Killer Group 2D (NKG2D) 
ligands. [5] Docetaxel (Taxotere®), a cytotoxic 
taxane with antineoplastic action against a variety of 
cancer cells, has shown synergistic effect with a 
number of other anticancer drugs. It is a cytotoxic 
antimicrotubular drug that inhibits normal cell 
division by promoting and stabilizing microtubule 
assembly while also preventing microtubule 
depolymerization. [6] For metastatic prostate 
cancer, docetaxel is the first-line chemotherapeutic 
drug. The emergence of resistance, on the other 
hand, reduces its efficacy and decreases the survival 
advantage. [7] 
 

Materials And Methods 

The (androgen-dependent) human prostate 
(adenocarcinoma) cells derived from lymph node 
metastases that make up the LNCaP cell line were 
cultured in RPMI-1640 media with the addition of 
(penicillin) (100 U/ml), (streptomycin) (100 g/ml), 
and 5% (fetal bovine serum) at (37°C) in 5% CO2. 
(LNCaP cells) were  seeded in  tissue culture 96-well 
plates at a density of 5*105 cells/ml  before 24 hours 
of the treatment with either testosterone (Testopel) 
100mg/1ml, spironolactone(Aldacton) 25mg, 
docetaxel (Taxotere®) 120mg/6ml, combination of 
testosterone plus spironolactone or testosterone 
pus spironolactone and docetaxel. Distilled water 
5ml was used to dissolve spironolactone and placed 
in sonicator at 37 C0. Sonication accelerates the 
dissolution of a solid into a liquid by agitating 
particles in a solution with sound waves  [8] , which 

is then  diluted with  complete  growth media to 
obtain final  concentrations of (1000, 500, 250, 125, 
62.5, 31.25 µg/ml) for spironolactone, also similar 
concentrations were prepared for both testosterone 
and docetaxel. The combination of spironolactone 
plus testosterone was prepared by adding equal 
concentrations of each agent (500+500, 250+250, 
125+125, 62.5+62.5, 31.25+31.25, 15.625+15.625 
µg/ml), similarly the combination contain 
spironolactone plus testosterone and docetaxel was 
prepared by adding equal concentration of each 
agent (500+500+500, 250+250+250, 
125+125+125, 62.5+62.5+62.5, 31.25+31.25+31.25, 
15.625+15.625+15.625 µg /ml). Following that, 200 
µl of each concentration was poured  into each  well 
and left to incubate for another 48 hours. After the 
48-hour exposure period, the wells were cleaned 
with 200 µl of (sterile PBS). The MTT assay was used 
to investigate the effects of testosterone, 
spironolactone, docetaxel, and combinations of 
testosterone plus spironolactone or testosterone 
plus spironolactone and docetaxel on the growth of 
the (LNCaP) cell line. The (MTT assay) determines 
how quickly a (tetrazolium salt) is converted into a 
(formazan product) in the cell (purple  color). The 
opacity of the purple color is (directly proportional) 
to the number of live cells; this may be evaluated 
using (spectrophotometry) and gives a relative  
estimate  of cell viability. Three replicates for each 
concentration was considered. Microsoft Office 
Excel 2010 was used to collect and analyze all of the 
data. A one-way Anova test was used to examine the 
differences between each treated group and the 
(control group).  P-values (≤0.05) and (≤0.001) were  
considered statistically (significant) and (highly 
significant) respectively. 
 

Results  

Comparing to the control group (untreated cells), 
result showed that after 48 hours of incubation 
testosterone caused a significant increase (p< 0.05) 
in the viability of LNCaP cell line at the 
concentrations 125 and 62.5 µg/ml, while it caused 
a significant (p < 0.05) and a (highly significant) (p< 
0.001)  decrease in  the viability of these cells at the 
concentration 250 µg/ml and at the concentrations 
500 and 1000 µg/ml respectively as shown in 
(figure. 1). 
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Figure 1: Effect of (Testosterone) on the (Viability) Percentage of LNCaP cell line after 48 hours of 

incubation 
 
Comparing to the control group (untreated cells), 
result showed that after 48 hours of incubation 
spironolactone caused (a significant) (p< 0.05) 
increase in the viability of LNCaP cell line at the 
cancentration 62.5 µg/ml. While at the  
 

concentrations 31.25, 125 and 1000 µg/ml it caused 
significant decrease in the viability of these cells. 
Differences between the control group and 250 and 
500 µg/ml treated group was insignificant (p>0.05) 
as shown in (figure. 2). 
      

 
Figure 2: Effect of Spironolactone on the Viability Percentage of LNCaP Cell line after 48 hours of 

incubation. 
 
Comparing to the control group (untreated cells), 
result showed that after 48 hours of incubation 
docetaxel caused a highly significant (p < 0.001) 

decrease in the viability of LNCaP cell line at (all 
concentrations) as shown in (figure 3) 
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Figure 3: Effect of Docetaxel on the Viability Percentage of LNCaP Cell line after 48 hours of 

incubation. 
 
Comparing to the control group (untreated cells), 
result showed that after 48 hours of incubation the 
combination of spironolactone plus testosterone  
 
 

caused significant (P<0.05) decrease in cell viability 
at concentration 31.25+31.25 µg/ml while it caused 
insignificant (p>0.05) in the viability of these cells at 
all other concentrations as shown in (figure. 4).  

 

 
Figure 4: Effect of spironolactone plus testosterone combination on the viability percentage of 

LNCaP cell line after 48 hours of incubation. 
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result showed that after 48 hours of incubation the 
viability of LNCaP cell line was significantly (P˂0.05) 
decreased after treatment with the combination 
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containing 125 µg/ml of each component. Difference 
between the control group and 15.625 µg/ml and 
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(p>0.05). Also the combination containing 250 
µg/ml and that containing 500 µg/ml of each 
component decreased the viability of LNCaP cell line 
high significantly (p<0.001). The combination  
 
 

containing 500 µg/ml of each component showed  
the maximum cytotoxic effect against the LNCaP cell 
line (figure 5). 
 
 
 

 
Figure 5: Effect of spironolactone plus testosterone and docetaxel combination on the viability 

percentage of LNCaP cell line after 48 hours of incubation. 
 

Discussion 

Regarding the role of testosterone in promoting or 
surpassing prostate cancer, evidences are 
inconsistent. Testosterone is not a tumor-promoting 
factor for prostate cancer, but it is possible that it 
caused prostate epithelial cells to develop 
hypersensitivity to androgens, giving them a 
selective growth advantage that led to a few of those 
cells progressing to malignancy (Bosland, 2014). A 
study by Anagnostopoulou et al., (2013) stated that 
in animal models, testosterone has been shown to 
inhibit cancer cell proliferation by counteracting the 
proliferative effects of endogenous hormones like 
DHEA. [9]  
Because very high androgen levels inhibit the 
proliferation of prostate cancer cells, this effect 
could be used in prostate cancer treatment. 
However, these pathways have largely remained 
undiscovered at the molecular and cellular levels. As 
a result, the purpose of this study is to see how 

different testosterone concentrations affect the 
viability of (prostate cancer) cells. High testosterone 
has an inhibitory effect on cell viability in the LNCaP 
cell line due to androgenic receptor (AR) 
downstream signaling or non-genomic AR activity. 
Furthermore, hormonal activation of the androgen 
receptor causes the receptor to self-stabilize, 
resulting in an increase in AR activity. As a result, in 
clinical  practice, a therapeutic reduction in 
androgen levels is a clinical target that would result 
in a drop in AR activity and, as a result, a decline in 
AR-driven prostate cancer progression. [10]  
The viability of the (LNCaP) cell line increased after  
treatment with a low dosage of spironolactone, but 
decreased significantly when the concentration was 
increased to 1000 µg/ml. These results agree with 
Isla, (2016) who found that taking spironolactone 
was linked to a decreased risk of prostate cancer in 
a retrospective, matched cohort study. [11] Also, this 
result agrees with Walsh, (1975) who found that 
spironolactone can suppress the level of plasma 
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androgens by spironolactone. These findings could 
be attributed to the effect of spironolactone as an 
inhibitor of androgen synthesis, as found in a Walsh 
study in which spironolactone was given to 
castrated men with metastatic prostate cancer. This 
study found that spironolactone decreased the 
amounts of the androgens produced by the adrenal 
glands, including testosterone, androstenedione, 
and dehydroepiandrosterone. [12]  
The decreased in the viability of the (LNCaP) cell line 
after treatment with all concentrations of docetaxel 
agrees with Yang et al., (2019) study  that docetaxel 
suppresses the development of cultured  prostate  
cancer  cells in  a dose-independent way. These 
findings are connected to the function of docetaxel 
as a microtubule inhibitor, which prevents 
microtubule disintegration by binding to -tubulin. 
[13] As a result, by arresting cells in the (G2/M 
phase) of the cell cycle, docetaxel causes cell death, 
which peaked at 24 and 48 hours. Docetaxel 
inhibited PI3K/Akt activation, lowered Bcl-2 levels, 
and enhanced caspase-3/9 activation, and it had a 
higher (inhibitory effect) on (AR-dependent LNCaP 
cells) than on AR-independent PC3 cells on growth 
suppression and  apoptosis in prostate cancer cells.  
[14] 
After 48 hours of incubation, the testosterone and it 
combination with spironolactone was  significantly 
(P <0.05) reduced the viability of the LNCaP cell line. 
These findings are agree with Jeffrey (2015), who 
found that despite historical evidence that suggests 
testosterone is generally hazardous for men with 
active malignancies, testosterone therapy to 
(castrate-resistant patients) may help in   restoring  
(hormone sensitivity) and hence aid in transforming  
bad tumours into a (less aggressive phenotype). 
Prostate cancer cell development is suppressed by 
high testosterone concentrations, whereas cell 
growth is stimulated by low testosterone doses. 
Therefore, the researcher believe it is dangerous to 
use excessive doses of testosterone in men who are 
hormone resistant. It may be particularly wrong to 
give testosterone to males who have significant 
prostate tumors. [15] 
The viability of the LNCaP cell line was significant (P 
< 0.001) reduced in a time-dependent and 
concentration dependent fashion after treatment 
with the mixture   containing 250 µg/ml and that 
containing 500 µg/ml of each of testosterone, 
spironolactone and docetaxel after 48 hours of 
incubation. These findings are agree with Paula et 
al., 2021 they found that docetaxel-induced decrease 
of free testosterone blood levels in patients with 

metastatic prostate cancer plays a predictive 
significance. Docetaxel affects androgen receptor 
signaling, whereas testosterone reduces docetaxel 
absorption by cells and prevents microtubule 
stability. As a result, it was suggested that 
testosterone levels be reduced while receiving 
docetaxel chemotherapy.Although blood androgens 
(testosterone, androstenedione, and DHEA) 
decrease following docetaxel treatment, its effect on 
lowering testosterone levels is less evident. The 
majority of testosterone 6β- and 16β-hydroxylation 
is catalyzed by CYP3A4, which is also primarily 
responsible for the metabolism of docetaxel. 
Docetaxel has been demonstrated to induce 
CYP3A4. Through inactivation through 6β- and 16β-
hydroxylation, CYP3A4 upregulation can reduce 
testosterone levels. [16] 
 

Conclusion 

All high concentrations of testosterone have an 
antiproliferative rather than proliferative effect on 
the LNCaP cell line. Spirolactone has an 
antiproliferative impact. 
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3. Results 

3.1. Effect of testosterone on the viability of LNCaP 

cell line after 24 and 48 hours of incubation: 

 

     Results showed that the concentrations 1000,500 and 250 µg/ml of 

testosterone cause significant (p<0.05) increase in the viability of LNCaP 

cell line   in comparison to the control group after 24 hours of incubation. 

There were no significant differences between the control group and  

62.5, 125 µg/ml groups for the same time of incubation.   

  

   After 48 hours of incubation results showed that the testosterone 

concentrations 125 µg/ml cause insignificant (P<0.05) increase in the 

viability of  LNCaP cell line, while testosterone concentration 250 µg/ml 

cause significant (p<0.05) decrease also 500 and 1000 µg/ml cause 

significant (p<0.001) decrease in the viability of LNCaP cell line when 

compared to the control group. There were no significant differences 

between the control group and  62.5 µg/ml groups for the same time of 

incubation  as shown in (figure 3.1).  
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Figure (3.1) Effect of testosterone on the Viability Percentage of 

LNCaP cell line after 24 and 48 hours of incubation 

 

 

3.2 Effect of spironolactone on the viability 

percentage of LNCaP cell line after 24 and 48 hours 

of incubation. 

 

      Results showed that the concentrations  31.25, 62.5 and 125 µg/ml of 

spironolactone cause insignificant (p<0.05) change  in the viability of 

LNCaP cell line where as the concentration 500 and 1000 µg/ml cause 

significant decrease in the viability of LNCaP cell line in comparison to 

the control group after 24 hours of incubation.  
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    After 48 hours of incubation results showed that the spironolactone at 

concentration 62.5 µg/ml causes a significant (P<0.05) increase in cell 

viability when compared with the control group. While at concentration  

1000 µg/ml causes a significant decrease in cells viability. Also the result 

showed that there were insignificant (p<0.05) decrease in the viability of 

LNCaP cell line in comparison to control group. There were no 

significant differences between the control group and  250 and 500 µg/ml 

groups for the same time of incubation as shown in (figure 3.2). 

 

 

Figure (3.2) Effect of spironolactone on the viability percentage of 

LNCaP cell line after 24 and 48 hours of incubation. 
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3.3. Effect of docetaxel on the viability Percentage of 

LNCaP cell line after 24 and 48 hours of incubation. 

      In comparison to the control group, result showed that the 

concentration 250 µg/ml of docetaxel cause significant (p<0.05) decrease 

in the viability of LNCaP cell line and the concentrations 500 and 1000 

µg/ml cause highly significant (p<0.001) decrease in the viability of 

LNCaP cell line, while no significant difference (p<0.05) were found 

between the control and the concentrations 31.25, 62.5 and 125 µg/ml 

after 24 hours of incubation.  

Also results showed that after 48 hours of incubation all concentrations of 

docetaxel cause highly significant (p<0.001) decrease in the viability of 

LNCaP cell line in comparison to the control group.  

According to the time of incubation, the results revealed that docetaxel 

causes a highly significant (p < 0.001) decrease in the viability of LNCaP 

cell line at all concentrations after incubation for 48 hours but it caused 

significant (P < 0.05) decrease in the viability of LNCaP cell line at high 

concentrations after incubation for 24 hours as shown in (figure 3.3).  
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Figure (3.3) Effect of docetaxel on the viability Percentage of LNCaP 

cell line after 24 and 48 hours of incubation. 

 

3.4 Effect of spironolactone plus testosterone 

combination on the viability percentage of LNCaP 

cell line after 24 and 48 hours of incubation. 

      The results showed there were a highly significant (P˂0.001) decrease 

in cell viability at concentrations 31.25, 62.5, 500 and 1000 µg/ml. while 

at concentration 125 and 250 µg/ml there were a significant (P<0.05) 

increase in cell viability when compared with control group after 

incubation for 24 hours. While there were significant (P<0.05) decrease 

in cell viability at all concentrations  in the same level when compared 

with the control group after 48 hours of incubation.  

The results indicated that the testosterone plus spironolactone 

combination induces a significant (P<0.05) drop in the viability of 

LNCaP  cell line depending on the length of incubation, with a highly 
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significant (P˂0.001)  decrease in the viability of  LNCaP cell line after 

24 hours compared with 48 hours as shown in (Fig 3.4). 

 

 

Figure (3.4) Effect of spironolactone plus testosterone combination 

on the viability percentage of LNCaP cell line after 24 and 48 hours 

of incubation. 

 

 

 

 

 

 

 

 

 

 



Chapter Three                                                                                             Results  

51 
 

3.5 Comparison the effects of testosterone with 

spironolactone-testosterone combination on the 

viability percentage of LNCaP cell line after 24 hours 

of incubation 

      Results showed that the concentrations 1000,500 and 250 µg/ml of 

testosterone cause significant (p<0.05) increase in the viability of LNCaP 

cell line  in comparison to the control group after 24 hours of incubation. 

There were no significant differences between the control group and  

62.5, 125 µg/ml groups for the same time of incubation. There were a 

highly significant (P˂0.001) decrease in cell viability at concentrations 

31.25, 62.5, 500 and 1000 µg/ml  of  spironolactone-testosterone 

combination. while at concentration 125 and 250 µg/ml there were a 

significant (P<0.05) increase in cell viability when compared with control 

group after incubation for 24 hours as shown in (Fig 3.5). 
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Figure 3.5 Comparison the effects of testosterone with 

spironolactone-testosterone combination on the viability percentage 

of LNCaP cell line after 24 hours of incubation   

 

3.6 Comparison the effects of testosterone with 

spironolactone-testosterone combination on the 

viability percentage of LNCaP cell line after 48 hours 

of incubation   

 

After 48 hours of incubation results showed that the testosterone 

concentrations 125 µg/ml cause insignificant (P<0.05) increase in the 

viability of  LNCaP cell line, while testosterone concentration 250 µg/ml 

cause significant (p<0.05) decrease also 500 and 1000 µg/ml cause 

significant (p<0.001) decrease in the viability of LNCaP cell line when 

compared to the control group. There were no significant differences 

between the control group and  62.5 µg/ml groups for the same time of 

incubation. While there were significant (P<0.05) decrease in cell 

viability at all concentrations  in the same level when compared with the 

control group after 48 hours of incubation as shown in (Fig 3.6). 
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Figure 3.6 Comparison the effects of testosterone with 

spironolactone-testosterone combination on the viability percentage 

of LNCaP cell line after 48 hours of incubation   

 

3.7 Comparison the effect of docetaxel with docetaxel 

plus 500µg/ml spironolactone combination  on the 

viability percentage of LNCaP cell line after 24 hours 

of incubation  

      In comparison to the control group, result showed that the 

concentration 250 µg/ml of docetaxel cause significant (p<0.05) decrease 

in the viability of LNCaP cell line and the concentrations 500 and 1000 

µg/ml cause highly significant (p<0.001) decrease in the viability of 

LNCaP cell line, while no significant difference (p<0.05) were found 

between the control and the concentrations 31.25, 62.5 and 125 µg/ml 

after 24 hours of incubation. 
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Also the results showed that the concentration 500+15.625 µg/ml of 

docetaxel-spironolactone combination cause   significant (P<0.05) 

increase in the viability of LNCaP cell line, while the concentration 

500+31.25 µg/ml cause insignificant (P<0.05) decrease in the viability of 

LNCaP cell line. There were significant (P<0.05) decrease in the viability 

of LNCaP cell line at concentrations 500+62.5, 500+125 and 500+250 

µg/ml and highly significant (p˂0.001) decrease in the viability of 

LNCaP cell line at concentration 500+500 µg/ml when compared to 

control group after 24 hours of incubation  as shown in (Fig 3.7). 

  

 

 

 

Figure 3.7 Comparison the effect of docetaxel with docetaxel plus 

500µg/ml spironolactone combination  on the viability percentage of 

LNCaP cell line after 24 hours of incubation  
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3.8 Comparison the effect of docetaxel with docetaxel 

plus 500µg/ml spironolactone combination  on the 

viability percentage of LNCaP cell line after 48 hours 

of incubation  

      Results showed that after 48 hours of incubation all concentrations of 

docetaxel cause highly significant (p<0.001) decrease in the viability of 

LNCaP cell line in comparison to the control group.  

Also the result  showed  that  after 48 hours of incubation all combination 

of docetaxel plus 500 µg/ml spironolactone cause highly significant 

(P<0.001) decrease in the viability of LNCaP cell line in comparison to 

the control group as shown in (Fig 3.8). 

 

 

 

Figure 3.8 Comparison the effect of docetaxel with docetaxel plus 

500µg/ml spironolactone combination  on the viability percentage of 

LNCaP cell line after 48 hours of incubation  

0

20

40

60

80

100

120

control 31.25 62.5 125 250 500 1000

V
ia

b
ili

ty
 %

 

Conc µg/ml 

doc

doc+500 SP



Chapter Three                                                                                             Results  

56 
 

3.9 Effect of spironolactone different concentrations 

combined to 500 µg/ml docetaxel on the viability of 

LNCaP cell line after 24 and 48 hours of incubation:  

 Results showed that the combination of docetaxel (500µg/ml) plus 

spironolactone (different concentrations) 500+125, 500+250 and 

500+500 µg/ml caused significant (P< 0.05) increase in the viability of 

LNCaP cell line, while concentrations 500+15.625, 500+31.25 and 

500+62.5 µg/ml significant differences in the viability of LNCaP cell line 

when compared to control group were not found (p<0.05) after 24 hours 

of incubation.  

Results also showed that after 48 hours of incubation all combination of 

spironolactone plus 500 µg/ml docetaxel cause highly significant 

(p<0.001) decrease in the viability of LNCaP cell line in comparison to 

the control group.   

According to the time of incubation the results showed there were a 

significant (P ˃ 0.05) increase in cell viability after incubation for 24 

hours when compared with incubation for 48 hours that  causes a highly 

significant (p < 0.001) decrease in cells viability at all concentrations as 

shown in (figure 3.9). 
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Figure (3.9) Effect of spironolactone different concentrations 

combined to 500 µg/ml docetaxel on the viability percentage of 

LNCaP cell line after 24 and 48 hours of incubation 

 

3.10 Effect of docetaxel different concentrations 

combined to 500µg/ml spironolactone on the viability 

of LNCaP cell line after 24 and 48 hours of 

incubation:  

Results showed that the concentration 500+15.625 µg/ml cause   

significant (P<0.05) increase in the viability of LNCaP cell line, while the 

concentration 500+31.25 µg/ml cause insignificant (P˃0.05) decrease in 

the viability of LNCaP cell line. Also the results showed significant 

(P<0.05) decrease in the viability of LNCaP cell line at concentrations 

500+62.5, 500+125 and 500+250 µg/ml and highly significant (p˂0.001) 

decrease in the viability of LNCaP cell line at concentration 500+500 

µg/ml when compared to control group after 24 hours of incubation.   
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Results also showed that after 48 hours of incubation all combination of 

docetaxel plus 500 µg/ml spironolactone cause highly significant 

(P<0.001) decrease in the viability of LNCaP cell line in comparison to 

the control group. 

According to the time of incubation the results showed there were a 

significant (P< 0.05) increase in cell viability at low concentration of 

docetaxel and highly significant (p˂0.001) decrease in cell viability at 

high concentrations after incubation for 24 hours when compared with 

incubation for 48 hours that causes a highly significant (p < 0.001) 

decrease in cells viability at all concentrations as shown in (figure 3.10). 

 

Figure (3.10) Effect of docetaxel different concentrations combined to 

500µg/ml spironolactone on the viability of LNCaP cell line after 24 

and 48 hours of incubation  
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3.11 Effect of spironolactone plus testosterone and 

docetaxel combination on the viability percentage of 

LNCaP cell line after 48 hours of incubation. 

       Comparing to the control group (untreated cells), result showed that 

after 48 hours of incubation the viability of LNCaP cell line was high 

significantly (P˂0.001) decreased after treatment with the combination 

containing 250 and 500 µg/ml of each component. There was non-

significant difference between the control group and 15.625 µg/ml and 

31.25 µg/ml treated groups.  The  combination containing 250 µg/ml and 

that containing 500 µg/ml of each component decreased the viability of 

LNCaP cell line high significantly (p<0.001). The combination 

containing 500 µg/ml of each component showed the maximum cytotoxic 

effect against the LNCaP cell line (Fig 3.11). 

 

 

Figure (3.11) Cell viability Percentage of LNCaP cell line of docetaxel 

in combination with spironolactone and testosterone after incubation 

for 48 hours by MTT assay 
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4.  Discussion 

      In men, prostate cancer is one of the  commonest type of cancer. In the early 

stage of prostate cancer different treatment can be used including  androgen 

deprivation therapy, radical prostatectomy, external-beam radiation, and prostate 

brachytherapy.     

 For patients who develop metastatic illness, the two main therapeutic modalities 

are taxanes  and androgen deprivation therapy. For castrate-resistant metastatic 

prostate cancer, taxanes such as paclitaxel, docetaxel, and a combination of 

docetaxel and platinum  are routinely utilized chemotherapy . New medications, 

such as androgen receptor inhibitors like abiraterone acetate and enzalutamide, 

have been approved for the treatment of metastatic castration-resistant prostate 

cancer  

4.1. Effect of testosterone on the viability of prostate cancer 

cell line. 

       Regarding the role of testosterone in promoting or suppressing 

prostate cancer, evidences are inconsistent. Testosterone is not a tumor-

promoting factor for prostate cancer, but it is possible that it caused 

prostate epithelial cells to develop hypersensitivity to androgens, that can 

result in a selective growth advantage thus a few of those cells progressing 

to malignancy (Bosland, 2014). 

Through ligand-mediated activation of the androgen receptor (AR), testosterone 

increases the proliferation of LNCaP cells, which drives prostate cancer 

progression (Morrissey et al., 2020). In the prostate, muscle, bone, and adipose 

tissue, the  (AR) plays a critical role. In the prostate tissue the dysregulation in the 

activity of AR is a driving force for the initiation and progression of (PCa). 
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Androgens stimulate LNCaP proliferation through PI3K/Akt-independent 

activation of mammalian Target of Rapamycin (mTOR) and consequent post-

transcriptional increases in cyclin D protein production, according to the (AR) (Xu 

et al., 2006).                                                                                                          

This effect profile is agree with  Morgentaler and Traish (2009) whom 

documented that cell proliferation increased gradually with rising testosterone 

concentrations, then plateaued with no further response despite logarithmically 

increase in the concentration of testosterone.  

   Anagnostopoulou et al. (2013) study which is an animal model study 

stated that testosterone has been shown to inhibit cancer cell proliferation 

by counteracting the proliferative effects of endogenous hormones like 

DHEA.  

     Our results showed that high testosterone concentrations reduce the cell 

viability of LNCaP cell line after 48 hours of incubation.  

As very high testosterone levels inhibit the proliferation of prostate cancer 

cells, this effect could be useful in the treatment of prostate cancer. 

However, these pathways have largely remained undiscovered at the 

cellular and molecular levels. thus, this study was performed to evaluate 

the effect of different testosterone concentrations on the viability of 

LNCaP prostate cancer cell line. High testosterone has an inhibitory effect 

on cell viability in the LNCaP cell line due to androgenic receptor (AR) 

downstream signaling or non-genomic AR activity. Furthermore, 

hormonal activation of the androgen receptor causes the receptor to self-

stabilize, resulting in an increase in AR activity. As a result, in clinical 

practice, a therapeutic reduction in androgen levels is a clinical target that 
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would result in a drop in AR activity and, as a result, a reduction in AR-

driven prostate cancer progression (Tiziana Siciliano et al., 2022). 

 

4.2 Effect of spironolactone on cell viability of LNCaP cell 

line: 

     The viability of the LNCaP cell line increased after treatment with a 

low concentrations of spironolactone, but decreased significantly when the 

concentration was increased to 1000 µg/ml. These results agree with Isla, 

(2016) who found that taking spironolactone was linked to a decreased risk 

of prostate cancer in a retrospective, matched cohort study (Isla et al., 

2016). Also, this result agrees with Walsh, (1975) who found that 

spironolactone can suppress the level of plasma androgens. These findings 

could be attributed to the effect of spironolactone as an inhibitor of 

androgen synthesis, as found in a Walsh study in which spironolactone 

was given to castrated men with metastatic prostate cancer. This study 

found that plasma levels of testosterone, androstenedione, and 

dehydroepiandrosterone were significantly reduced, which could be 

related to spironolactone's ability to suppress adrenal androgen production 

(Walsh and  Siiteri, 1975). 

Also, the present study agree with Jody, 2020 who found that 

spironolactone binds non-selectively to progesterone and androgen 

receptors due to its anti-androgenic properties. The investigators found 

that men who had ever used spironolactone had significant 17% decreased 

odds of PCa. The effect was strongest among current users of the drug, 

who had significant 23% decreased odds of PCa. Spironolactone exposure 
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was significantly associated with 18% and 22% decreased odds of 

intermediate- and high-risk PCa, respectively. Spironolactone use had no 

effect on the risk of metastatic PCa diagnosis (Jody, 2020). 

A direct dose-dependent decrease in prostate cancer was observed; meaning an 

increase in dose resulted in a decrease in the risk of prostate cancer. However, 

spironolactone exposure association with prostate cancer was not statistically 

significant in low-risk and advanced/ metastatic disease risk populations. 

Risk reduction of prostate cancer was also equal between symptomatic and 

asymptomatic patients. Spironolactone results in a 17% reduced risk of prostate 

cancer (Samhita, 2020). 

 

4.3 Effect of docetaxel on cell viability of LNCaP cell line: 

        

      After a 24-hour incubation period, there are no significant (P<0.05) differences 

between the control group and concentrations of 31.25, 62.5, and 125 g/ml. The 

present study agree with Yang, 2019 who found that  a low dose of docetaxel 

causes no apoptotic cell death, which is accompanied by senescence necrosis and 

mitotic catastrophe. Resistance to docetaxel  is induced by dysregulation of AR 

signaling and transcriptional activity (Chongyi Yang, et al; 2019).  

 

     The decreased in the viability of the (LNCaP) cell line after treatment with all 

concentrations of  docetaxel after 48 hours of incubation agrees with Yang et al., 

(2019) study  that docetaxel suppresses the development of cultured  prostate  

cancer  cells in  a dose-independent way. These findings are connected to the 

function of docetaxel as a microtubule inhibitor, which prevents microtubule 

disintegration by binding to -tubulin. (Yang  et al., 2019) As a result, by 
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arresting cells in the (G2/M phase) of the cell cycle, docetaxel causes cell death, 

which peaked at 24 and 48 hours. Docetaxel inhibited PI3K/Akt activation, 

lowered Bcl-2 levels, and enhanced caspase-3/9 activation, and it had a higher 

(inhibitory effect) on (AR-dependent LNCaP cells) than on AR-independent PC3 

cells on growth suppression and  apoptosis in prostate cancer cells. ( Nehmé  et al., 

2001)
 

 

4.4. Effect of spironolactone plus testosterone combination 

on the viability of LNCaP cell line:  

        Testosterone promotes the proliferation of  LNCaP cells which drives  

prostate cancer growth via ligand-mediated activation of the androgen receptor 

(AR) (Morrissey et al., 2020).  Spironolactone possesses an antiandrogenic effect 

therefore decrease the promoting effect of testosterone on the growth of prostate 

cancer. These results agree with Patrick,  (2017) who found  that  the  treatment of   

castrated  men  with  metastatic  carcinoma  of  the  prostate with spironolactone 

caused significant decrease in the plasma levels of testosterone, androstenedione 

and dehydroepiandrosterone  due to the activity of  spironolactone to suppresses 

adrenal androgen production and  it has been suggested  that it may be of benefit in 

the treatment of orchiectomized patients with advanced carcinoma of the prostate.  

The  reduction in the viability of the LNCaP cell line after 48 hours of exposure to 

testosterone –spironolactone  combination  reported by the current study agrees 

with Jeffrey and Marina (2015) study which  found that despite historical evidence 

which suggested  that testosterone is generally hazardous for men with active 

malignancies, testosterone therapy of  the (castrate-resistant patients) may help in   

restoring  (hormone sensitivity) and hence aid in transforming  bad tumours into a 
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(less aggressive phenotype. The  development of prostate cancer cell  is suppressed 

by high testosterone concentrations, whereas cell growth is stimulated by low 

testosterone doses.  

 

4.5 Effect of different concentrations of spironolactone in 

combination with constant concentration (500 µg/ml) of 

docetaxel on the viability of  LNCaP cell line: 

In the current study the decrease in the  viability of  LNCaP cell line after 48 hours 

of exposure to different concentrations  of  spironolactone  in combination to 

500µg/ml  of  docetaxel  agrees with Yang  (2019)  who study the effect of 

docetaxel on the regulation of proliferation and apoptosis of human prostate cancer 

cells and  confirmed that docetaxel exerted an inhibitory effect on the growth of 

human  prostate cancer cell line in a dose-independent manner   and  induced the 

apoptosis  of these cells.                                                                                       

4.6 Effect of different concentrations of docetaxel  in combination 

with constant concentration (500µg/ml) of spironolactone on the 

viability of LNCaP cell line: 

In the present study the decrease in the viability of LNCaP cell line at high 

concentration  and  the  increase in the viability of  these cells at low 

concentrations of  docetaxel  after 24 hours  of  incubation  as compared to 48 

hours of incubation which result in a decrease in the viability of  LNCaP cell line 

at all concentrations. These result agree with Dongbo et al.  (2022) whose found 

that a preclinical study to repurpose spironolactone for enhancing chemotherapy 

response in bladder cancer moreover, spironolactone exhibited the potential 
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synergistic effects with other clinical chemotherapy regimens in bladder cancer 

cell lines. 

Our results suggest that, the combination of spironolactone  and  docetaxel could 

be considered as a potent strategy in enhancing the efficacy of treatment, 

decreasing  the docetaxel therapeutic dose and thereby  lowering systemic 

toxicities and resistances. 

 

4.7 Effect of testosterone plus spironolactone and docetaxel 

combination on the viability of LNCaP cell line after 48 hours of 

incubation: 

      In the present study the reduction in the viability of LNCaP cell line 

which was concentration dependent after 48 hours of exposure to the 

mixture containing 250 µg/ml and that containing 500 µg/ml of each agent 

(testosterone, spironolactone and docetaxel) agrees with Charles et al. 

(2020) study which demonstrated that androgen levels decline in some 

patients during treatment with docetaxel. Also, the results showed that a 

greater decline in androgens during docectaxel therapy is associated with a 

greater overall survival. The mechanisms of this phenomenon, include 

certain facets that the androgen receptor relies on microtubules for 

transport from the cytoplasm to the nucleus following ligand stimulation. 

Via microtubule stabilization, docetaxel impairs androgen transport after 

ligand activation, thus docetaxel’s activity in CRPC can be attributed in 

part to its effect on AR transport. These observations suggest dual effects 

of androgen decline and microtubule targeting, when they occur, may 

convey additive, if not synergistic, benefits (Charles et al., 2020) 
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Appendices 

Table 3.1 Effect of testosterone on the viability of LNCaP cell line after 24 

hours of incubation                                                                                                    

                                  

Comparison of  control 

group with testosterone 

concentrations µg/ml on 

LNCaP cell line after 24 

hours of incubation  

Mean 

Difference 

(I-J) 

Std. Error p. value 

control vs. 31.25 0.028000 0.028369 0.337 

control vs. 62.5 -0.009000 0.028369 0.755 

control vs. 125 -0.013000 0.028369 0.653 

control vs. 250 -0.061333 0.028369 0.045* 

control vs. 500 -0.019667 0.028369 0.498 

control vs. 1000 -0.039667 0.028369 0.180 

 

Table 3.2 Effect of testosterone on the viability of LNCaP cell line after 48 

hours of incubation: 

 

Comparison of  control 

group with testosterone 

concentrations µg/ml on 

LNCaP cell line after 48 

hours of incubation  

Mean 

Difference 

(I-J) 

Std. Error p.value 

control vs. 31.25 0.037667 0.030414 0.232 

control vs. 62.5 0.004333 0.030414 0.888 

control vs. 125 -0.042667 0.030414 0.179 

control vs. 250 0.073000 0.030414 0.028* 
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control vs. 500 0.178667 0.030414 0.000* 

control vs. 1000 0.182667 0.030414 0.000* 

 

Table 3.3 Effect of spironolactone on the viability percentage of LNCaP cell 

line after 24 of incubation 

Comparison of  control 

group with spironolactone 

concentrations µg/ml on 

LNCaP cell line after 24 

hours of incubation  

Mean 

Difference 

(I-J) 

Std. Error p.value 

control vs. 31.25 -0.030333 0.035067 0.399 

control vs. 62.5 -0.014667 0.035067 0.681 

control vs. 125 -0.020000 0.035067 0.576 

control vs. 250 0.021333 0.035067 0.551 

control vs. 500 0.052000 0.035067 0.156 

control vs. 1000 0.062667 0.035067 0.092 

 

Table 3.4 Effect of spironolactone on the viability percentage of LNCaP cell 

line after 48 hours of incubation 

Comparison of  control 

group with spironolactone 

concentrations µg/ml on 

LNCaP cell line after 48 

hours of incubation  

Mean 

Difference 

(I-J) 

Std. Error p.value 

control vs. 31.25 0.012333 0.032752 0.711 

control vs. 62.5 -0.062333 0.032752 0.074 

control vs. 125 0.024667 0.032752 0.462 

control vs. 250 -0.006667 0.032752 0.841 

control vs. 500 0.002667 0.032752 0.936 

control vs. 1000 0.039333 0.032752 0.246 
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Table 3.5 Effect of docetaxel on the viability Percentage of LNCaP cell line 

after 24 hours of incubation 

Comparison of  control 

group with docetaxel 

concentrations µg/ml on 

LNCaP cell line after 24 

hours of incubation  

Mean 

Difference 

(I-J) 

Std. Error P.value 

control vs. 31.25 0.00000 0.02887 1.000 

control vs. 62.5 -0.00667 0.02887 0.820 

control vs. 125 -0.00133 0.02887 0.964 

control vs. 250 0.08233
 
 0.02887 0.011* 

control vs. 500 0.12667     0.02887 0.000* 

control vs. 1000 0.14800 0.02887 0.000* 

 

Table 3.6 Effect of docetaxel on the viability Percentage of LNCaP cell line 

after 48 hours of incubation 

Comparison of  control 

group with docetaxel 

concentrations µg/ml on 

LNCaP cell line after 48 

hours of incubation  

Mean 

Difference 

(I-J) 

Std. 

Error 

p.value 

control vs. 31.25 0.299000 0.024438 0.000* 

control vs. 62.5 0.296667 0.024438 0.000* 

control vs. 125 0.303333 0.024438 0.000* 

control vs. 250 0.305333 0.024438 0.000* 

control vs. 500 0.304333 0.024438 0.000* 

control vs. 1000 0.303667 0.024438 0.000* 
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Table 3.7 Effect of spironolactone plus testosterone combination on the 

viability percentage of LNCaP cell line after 24 hours of incubation 

Comparison of  control 

group with testosterone plus 

spironolactone combination 

concentrations µg/ml on 

LNCaP cell line after 24 

hours of incubation 

Mean 

Difference 

(I-J) 

Std. Error p.value 

control vs. 31.25 0.162667     0.015191 0.000* 

control vs. 62.5 0.051000    0.015191 0.004* 

control vs. 125 -0.012000    0.015191 0.440 

control vs. 250 -0.044333    0.015191 0.010* 

control vs. 500 0.158333     0.015191 0.000* 

control vs. 1000 0.219333    0.015191 0.000* 

 

Table 3.8 Effect of spironolactone plus testosterone combination on the 

viability percentage of LNCaP cell line after 48 hours of incubation 

Comparison of  control 

group with testosterone plus 

spironolactone combination 

concentrations µg/ml on 

LNCaP cell line after 48 

hours of incubation  

Mean 

Difference 

(I-J) 

Std. Error p.value 

control vs. 31.25 0.090333 0.042093 0.047* 

control vs. 62.5 0.069000 0.042093 0.120 

control vs. 125 0.072000 0.042093 0.105 

control vs. 250 0.065000 0.042093 0.141 

control vs. 500 0.079000 0.042093          0.078 

control vs. 1000 0.072000   0.042093 0.105 
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Table 3.9 Effect of spironolactone different concentrations combined to 500 

µg/ml docetaxel on the viability of LNCaP cell line after 24 hours of 

incubation 

Comparison of  control group 

with docetaxel 500 µg/ml plus 

different concentrations of 

spironolactone combination on 

LNCaP cell line after 24 hours 

of incubation  

Mean 

Difference 

(I-J) 

Std. Error p.value 

control vs. 500+15.625  -0.009500 0.047396 0.844 

control vs. 500+31.25   -0.023167 0.047396 0.631 

control vs. 500+62.5 -0.001167 0.047396 0.981 

control vs. 500+125 -0.106500 0.047396 0.038* 

control vs.500+250  -0.132167 0.047396        0.013*     

control vs. 500+500 -0.124833 0.047396 0.017* 

 

Table  3.10 Effect of spironolactone different concentrations combined to 500 

µg/ml docetaxel on the viability of LNCaP cell line after 48 hours of 

incubation 

Comparison of  control group 

with docetaxel 500 µg/ml plus 

different concentrations of 

spironolactone combination 

on LNCaP cell line after 48 

hours of incubation 

Mean 

Difference 

(I-J) 

Std. 

Error 

p.value 

control vs. 500+15.625  0.196833 0.007798 0.000* 

control vs. 500+31.25   0.196167 0.007798 0.000* 

control vs. 500+62.5 0.196833 0.007798 0.000* 

control vs. 500+125 0.183167 0.007798 0.000* 

control vs.500+250  0.184167 0.007798       0.000* 

control vs. 500+500 0.197500 0.007798 0.000* 
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Table  3.11  Effect of docetaxel different concentrations combined to 500µg/ml 

spironolactone on the viability of LNCaP cell line after 24 hours of incubation 

Comparison of  control group 

with spironolactone 500 µg/ml 

plus different concentrations of 

docetaxel combination on 

LNCaP cell line after 24 hours 

of incubation 

Mean 

Difference 

(I-J) 

Std. 

Error 

p.value 

control vs. 500+15.625  -0.084167 0.0466 0.088 

control vs. 500+31.25   0.069500 0.0466 0.154 

control vs. 500+62.5 0.145167 0.0466 0.006 * 

control vs. 500+125 0.146167 0.0466 0.006 * 

control vs.500+250  0.175833 0.0466  0.001* 

control vs. 500+500 0. 0.2151 0.0466 0.000* 

 

Table 3.12 Effect of docetaxel different concentrations combined to 500µg/ml 

spironolactone on the viability of LNCaP cell line after  48 hours of incubation 

Comparison of  control group 

with spironolactone 500 µg/ml 

plus different concentrations of 

docetaxel combination on 

LNCaP cell line after 48 hours  

Mean 

Difference 

(I-J) 

Std. 

Error 

p.value 

control vs. 500+15.625  0.135833 0.020901 0.000* 

control vs. 500+31.25   0.179167 0.020901 0.000* 

control vs. 500+62.5 0.183167 0.020901 0.000* 

control vs. 500+125 0.190833 0.020901 0.000* 

control vs.500+250  0.193833 0.020901       0.000* 

control vs. 500+500 0.196167 0.020901 0.000* 
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Table 3.13 Effect of spironolactone plus testosterone and docetaxel 

combination on the viability percentage of LNCaP cell line after 48 hours of 

incubation 

Comparison of  control group 

with spironolactone plus 

testosterone and docetaxel 

combination on LNCaP cell line 

after 48 hours  

Mean 

Difference 

(I-J) 

Std. 

Error 

p.value 

control vs. 

15.625+15.625+15.625 

0.050333 0.046731 0.296 

control vs. 31.25+31.25+31.25   0.085667 0.046731 0.084 

control vs. 62.5+62.5+62.5 0.146000 0.046731 0.006* 

control vs. 125+125+125 0.162667 0.046731 0.003* 

control vs. 250 +250+250 0.214000 0.046731 0.000* 

control vs. 500+500+500 0.387000 0.046731 0.000* 
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