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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.
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Recommendations

The main recommendations were:

1. Invivo 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 pg/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 pg/ml). Then the cytotoxicity was

assessed by using MTT assay.

3. Effect of different concentrations of spironolactone in combination with
constant concentration (500 pg/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 pg/ml) plus serial dilutions of



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

cytotoxicity was assessed by using MTT assay.

4. Effect of different concentrations of docetaxel in combination with constant
concentration (500ug/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 pg /ml) plus serial dilutions of docetaxel
(500, 250, 125, 62.5, 31.25 and 15.625 pg /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 pg /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
ug/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



31.25 pg/ml caused a significant (P>0.05) increase in the viability of LNCaP
cells, while 250 pg/ml caused a significant decrease (p < 0.05) in the viability
of LNCaP cells, while the concentrations of 500 and 1000 pg/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 pg/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 pg/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 pug/ml after 48

hours of incubation.

The results showed that a concentration of 250 pg/ml of docetaxel caused a
significant (p<0.05) decrease in the viability of the LNCaP cell line, while
concentrations of 500 and 1000 pg/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 pg/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.



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 pg/ml. While the concentrations 125 and 250 pg/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 pg/ml, and there was a significant (p>0.05)
decrease in the viability of cells at a concentration of 500 pg/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 pg/ml), the
results showed that the concentrations of the mixture 500 + 125, 500 + 250 and
500 + 500 pg/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 pg/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 pg/ml), the
results showed that the concentration 31,25500+ pg/ml caused a non-significant
increase (P>0.05) in the vitality of the line. LNCaP cells, while the
concentration of 15,625 + 500 pg/ml caused a non-significant (P>0.05)

decrease in the viability of LNCaP cells. Whereas, the concentrations of the



mixture 62.5 + 500, 125 + 500 and 250 + 500 pg / ml caused a significant
decrease (P < 0.05) in the viability of the cell line, while the concentration 500
+ 500 pg / 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 pg/ml and the mixture consisting
of the concentrate 250 and 500 pug/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. pg/ml of each component. As for
the effect of the mixture consisting of 15,625 and 31.25 pg/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 1000ug/ml. Docetaxel suppresses the
development of cultured prostate cancer in a dose- independent way after 48 hours

of incubation.



List of contents

Summary I
List of contents Vi
List of tables Xii
List of figures Xiv
List of abbreviations Xvi
Chapter One: Introduction and Literature Review

1-1 introduction 1
1-2 The aim of the study 2
1-3 prostate cancer 3
1-4 prostate gland 3
1-5 epidemiology of prostate cancer 6
1-6 pathophysiology of prostate cancer 7
1-7 risk factors of prostate cancer 8
1-7-1 age 8
1-7-2 race and ethnicity 8
1-7-3 Family history 9
1-7-4 Hormones 9
1-7-5 Smoking 10

Vi




1-7-6 Dietary factors 10
1-7-7 Obesity 11
1-7-8 Inflammation 11
1-8 Symptoms of prostate cancer 12
1-9 Prostate cancer stages 12
1-10 Diagnosis and treatment of prostate cancer 15
1-10-1 active surveillance 17
1-10-2 surgical therapy 17
1-10-3 androgen deprivation therapy 18
1-10-4 chemotherapy 25
1-11 Spironolactone 28
1-12 Cell culture 29
1-12-1 Advantages of cell culture 30
1-12-2 Applications of cell culture 31
1-13 Cell line 31
Chapter Two: Materials and Methods
2- materials and methods 33
2.1. Materials 33
2.1.1. Chemicals 33

Vii




2.1.2. Instruments and Tools 34
2.1.3. Drugs 35
2.2 Preparation of cell line 36
2.2.1 Cells thawing 36
2.2.2 Subculture of cell line 36
2.2.3 Harvesting of cells 37
2.2.4 Freezing of cell line 38
2.3 Preparation of Reagents and Solutions 38
2.3.1 Phosphate Buffer Saline (PBS) 38
2.3.2 Trypsin- Ethyl diamine tetraacetic acid (EDTA) Solution 38
2.3.3 Preparing MTT assay solution 39
2.3.4 Procedure of MTT assay 39
2.4 Preparation of culture media 41
2.5 Freezing of the media 41
2.6 Preparation of spironolactone solution 41
2.7 Experimental Design 42
2.7.1 Effect of docetaxel, spironolactone and testosterone each 42
separately on cell viability of LNCaP cell line at 24 and 48 hours

2.7.2 Effect of spironolactone in combination with testosterone on 42

the viability of LNCaP cell line at 24 and 48 hours

viii




2.7.3 Effect of different concentrations of spironolactone in 43

combination with constant concentration (500 pg/ml) of docetaxel

on the viability of LNCaP cell line at 24 and 48 hours

2.7.4 Effect of different concentrations of docetaxel in 43

combination with constant concentration (500ug/ml ) of

spironolactone on the viability of LNCaP cell line at 24 and 48

hours

2.7.5 Effect of the spironolactone, testosterone and docetaxel 44

combination on the viability of LNCaP cell line at 48 hours

2.8 Statistical analysis 44
Chapter Three: Results

3- results 45

3.1. Effect of testosterone on the viability of LNCaP cell line after 45

24 and 48 hours of incubation

3.2 Effect of spironolactone on the viability percentage of LNCaP 46

cell line after 24 and 48 hours of incubation.

3.3. Effect of docetaxel on the viability Percentage of LNCaP cell 48

line after 24 and 48 hours of incubation

3.4 Effect of spironolactone plus testosterone combination on the 50

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

incubation.

3.5 Comparison the effects of testosterone with spironolactone- 51

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

52

3.7 Comparison the effect of docetaxel with docetaxel plus
500pg/ml spironolactone combination on the viability percentage of

LNCaP cell line after 24 hours of incubation

53

3.8 Comparison the effect of docetaxel with docetaxel plus
500ug/ml spironolactone combination on the viability percentage of

LNCaP cell line after 48 hours of incubation

55

3.9 Effect of spironolactone different concentrations combined to
500 pg/ml docetaxel on the viability of LNCaP cell line after 24 and

48 hours of incubation

56

3.10 Effect of docetaxel different concentrations combined to
500ug/ml spironolactone on the viability of LNCaP cell line after 24

and 48 hours of incubation

57

3.11 Effect of spironolactone plus testosterone and docetaxel
combination on the viability percentage of LNCaP cell line after 48

hours of incubation

59

Chapter Four: Discussion

4- discussion

60

4.1. Effect of testosterone hormone on cell viability of prostate

cancer cells

60




4.2 Effect of spironolactone on cell viability of LNCaP cell line 62
4.3 Effect of docetaxel on cell viability of LNCaP cell line 63
4.4. Effect of spironolactone plus testosterone combination on the 64
viability of LNCaP cell line

4.5 Effect of different concentrations of spironolactone in 65
combination with constant concentration (500 pg/ml) of docetaxel

on the viability of LNCaP cell line

4.6 Effect of different concentrations of docetaxel in combination 65
with constant concentration (500ug/ml) of spironolactone on the

viability of LNCaP cell line

4.7 Effect of testosterone plus spironolactone and docetaxel 66
combination on the viability of LNCaP cell line after 48 hours of
incubation

Conclusion 67
Recommendation 68
References 69
Appendices 78

xi




List of tables

NO. Title Page

2.1 Chemicals used in the study 33

2.2 List of Instruments and Tools Used in the Study 34

2.3 List of Drugs Used in the Study 35

3.1 Effect of testosterone on the viability of LNCaP cell line after | 78
24 hours of incubation

3.2 Effect of testosterone on the viability of LNCaP cell line after | 78
48 hours of incubation

3.3 Effect of spironolactone on the viability percentage of LNCaP | 79
cell line after 24 of incubation

3.4 Effect of spironolactone on the viability percentage of LNCaP | 79
cell line after 48 hours of incubation

3.5 Effect of docetaxel on the viability Percentage of LNCaP cell | 80
line after 24 hours of incubation

3.6 Effect of docetaxel on the viability Percentage of LNCaP cell | 80
line after 48 hours of incubation

3.7 Effect of spironolactone plus testosterone combination on the | 81
viability percentage of LNCaP cell line after 24 hours of
incubation

3.8 Effect of spironolactone plus testosterone combination on the | 81

viability percentage of LNCaP cell line after 48 hours of

xii




incubation

3.9

Effect of spironolactone different concentrations combined to
500 pg/ml docetaxel on the viability of LNCaP cell line after

24 hours of incubation

82

3.10

Effect of spironolactone different concentrations combined to
500 pg/ml docetaxel on the viability of LNCaP cell line after

48 hours of incubation

82

3.11

Effect of docetaxel different concentrations combined to
500ug/ml spironolactone on the viability of LNCaP cell line

after 24 hours of incubation

83

3.12

Effect of docetaxel different concentrations combined to
500ug/ml spironolactone on the viability of LNCaP cell line

after 48 hours of incubation

83

3.13

Effect of spironolactone plus testosterone and docetaxel
combination on the viability percentage of LNCaP cell line

after 48 hours of incubation

84

Xiii




List of figures

NO. Title Page

1.1 The Prostate anatomy 4

1.2 Anatomical structure of prostate gland 6

1.3 Stages of prostate cancer 15

1.4 Mechanism of action of docetaxel 26

3.1 Effect of testosterone on the Viability Percentage of LNCaP cell 46
line after 24 and 48 hours of incubation

3.2 Effect of spironolactone on the viability percentage of LNCaP cell | 47
line after 24 and 48 hours of incubation.

3.3 Effect of docetaxel on the viability Percentage of LNCaP cell line 49
after 24 and 48 hours of incubation

3.4 Effect of spironolactone plus testosterone combination on the 50
viability percentage of LNCaP cell line after 24 and 48 hours of
incubation.

3.5 Comparison the effect of testosterone with spironolactone — 51
testosterone combination on the viability percentage of LNCaP cell
line after 24 hours of incubation

3.6 Comparison the effect of testosterone with spironolactone — 53
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 500 pg/ml | 54

spironolactone combination on the viability percentage of LNCaP

Xiv




cell line after 24 hours of incubation

3.8

Comparison the effect of docetaxel with docetaxel plus 500 pg/ml
spironolactone combination on the viability percentage of LNCaP

cell line after 48 hours of incubation

55

3.9

Effect of spironolactone different concentrations combined to 500
Hg/ml docetaxel on the viability percentage of LNCaP cell line after

24 and 48 hours of incubation

S7

3.10

Effect of docetaxel different concentrations combined to 500ug/ml
spironolactone on the viability of LNCaP cell line after 24 and 48

hours of incubation

58

3.11

Effect of spironolactone plus testosterone and docetaxel
combination on the viability percentage of LNCaP cell line after 48

hours of incubation.

59

XV




List of abbreviations

ADT Androgen deprivation therapy
AR Androgen receptor
AS Active surveillance
ATM-Chk2 ataxia-telangiectasia mutated checkpoint pathway
BID twice daily
CRPC Castration resistant prostate cancer
DDW deionized distilled water
DHT Dihydrotestosterone
DMSO Dimethyl sulfoxide
DRE digital rectal examination
EDTA Ethylenediaminetetraacetic acid
FBS Fetal bovine serum
IC50 The inhibitory concentration of 50% of cells
LHRH Luteinizing hormone-releasing hormone
mg milligram
Mg microgram
ml milliliter
MRI magnetic resonance imaging

XVi




mTOR

mammalian Target Of rapamycin

NKG2D Natural Killer Group 2D
PBS phosphate buffer saline
PC3 Prostate cancer cells
PCa Prostate cancer
PET positron emission tomography

PI3K/Akt | phosphatidylinositol 3-kinases / Protein kinase B (PKB, or Akt)

PSA Prostate-specific antigen

RARP

robot-assisted radical prostatectomy

XVii




NeuroQuantology | June 2022 | Volume 20 | Issue 6 | Page 6678-6682 | doi: 10.14704/nq.2022.20.6.NQ22672
Rawaa A. Alawi AL Khafaji et al / Combined Effect of Testosterone and Spironolactone on Proliferative Activity of Prostate Cancer Cell Line (Lncap)

@

Combined Effect of Testosterone and
Spironolactone on Proliferative Activity of
Prostate Cancer Cell Line (Lncap)

Rawaa A. Alawi AL Khafaji'*, Entisar J. Hamad AL-Mukhtar?, Rana A. Ghaleb?

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: Atlow 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.
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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 wused to dissolve
spironolactone and placed in sonicator at 37 CO.
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
pg/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 pg/ml).

Subsequent that, 200 pl 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 pl
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 pg/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
pg/ml cause insignificant (P>0.05) increase in the
viability of LNCaP cell line, while testosterone
concentration 250 ug/ml cause significant (p < 0.05)
decrease and 500 and 1000 pg/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 pg/ml compared
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to the control group, results in a significant (P<0.05)
increase in cell viability. While at concentration
31.25, 125 and 1000 pg/ml causes a significant
decrease in cells viability. There were (no
significant) differences between the control group

and 250 pg/ml groups for the same time of 6680

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 pg/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 pg/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

120 A

100 -

60 -

40 -

Viability of Cells%

20 -+

© QS
OO(\‘ \rL%\")\
PN

D < < N
© © o o
@° N 2= 0

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 pg/ml. These results agree with
Isla, (2016) who found that taking spironolactone
was linked to a decreased risk of prostate cancer in
aretrospective, 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. 6683
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
athigh 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 pg/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 France. Meanwhile, 358,989 men died of cancer

The second (most frequent) cancer in men and the (worldwide, with 107,315 in Europe and 9002 in
(fifth most common) cause of death globally is France. [2] Because androgens play a role in a
prostate cancer. Incidence of (prostate cancer) and Vvariety of illnesses, androgen receptor signaling is a
fatality rates are directly linked to age, with older critical factor in pathological states. The expression
men having the greatest incidence (more than 65 of genes involved in sexual development, prostate
years old). [1] According to (GLOBOCAN) estimates, cell proliferation and survival, and, to some extent,
1,276,106 new cases will be registered worldwide ~cancer progression is regulated by the androgen

in 2020, with 449,761 in Europe and 64,955 in receptor, a transcription factor that is activated by
the testosterone metabolite 5-dihydrotestosterone.

Corresponding author: Rawaa A. Alawi AL Khafaji

Address: 1University of Babylon College of Medicine Department of Pharmacology Iraq, Z3University of Babylon College of
Medicine Department of Human Anatomy Iraq.

E-mail: 1Rawaaadil281991@gmail.com, 3Rana.a.ghaleb@gmail.com

elSSN 1303-5150 www.neuroquantology.com



NeuroQuantology | June 2022 | Volume 20 | Issue 6 | Page 6683-6689 | doi: 10.14704/nq.2022.20.6.NQ22673
Rawaa A. Alawi AL Khafaji et al / Comparative Study of Testosterone, Spironolactone, Docetaxel and Their Combination Effect on Prostate Cancer Cell Line

LNCaP

[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% COZ2.
(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 CO. 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 pg/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
pg/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 pg /ml). Following that, 200
ul 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 pl 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 pg/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 pg/ml and at the concentrations
500 and 1000 pg/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), concentrations 31.25,125 and 1000 pg/ml it caused
result showed that after 48 hours of incubation significant decrease in the viability of these cells.
spironolactone caused (a significant) (p< 0.05) Differences between the control group and 250 and
increase in the viability of LNCaP cell line at the 500 pg/ml treated group was insignificant (p>0.05) 6685
cancentration 62.5 ug/ml. While at the as shown in (figure. 2).
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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), decrease in the viability of LNCaP cell line at (all
result showed that after 48 hours of incubation concentrations) as shown in (figure 3)
docetaxel caused a highly significant (p < 0.001)
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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), caused significant (P<0.05) decrease in cell viability

result showed that after 48 hours of incubation the at concentration 31.25+31.25 pg/ml while it caused

combination of spironolactone plus testosterone insignificant (p>0.05) in the viability of these cells at
all other concentrations as shown in (figure. 4).
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Figure 4: Effect of spironolactone plus testosterone combination on the viability percentage of
LNCaP cell line after 48 hours of incubation.

Comparing to the control group (untreated cells), containing 62.5 pg/ml of each component and that
result showed that after 48 hours of incubation the containing 125 pg/ml of each component. Difference
viability of LNCaP cell line was significantly (P<0.05) between the control group and 15.625 pug/ml and
decreased after treatment with the combination 31.25 pg/ml treated groups was insignificant

elSSN 1303-5150 www.neuroquantology.com



NeuroQuantology | June 2022 | Volume 20 | Issue 6 | Page 6683-6689 | doi: 10.14704/nq.2022.20.6.NQ22673
Rawaa A. Alawi AL Khafaji et al / Comparative Study of Testosterone, Spironolactone, Docetaxel and Their Combination Effect on Prostate Cancer Cell Line

LNCaP

(p>0.05). Also the combination containing 250
pg/ml and that containing 500 pg/ml of each
component decreased the viability of LNCaP cell line
high significantly (p<0.001). The combination

containing 500 pg/ml of each component showed
the maximum cytotoxic effect against the LNCaP cell
line (figure 5).
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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 pug/ml. These results agree with
Isla, (2016) who found that taking spironolactone
was linked to a decreased risk of prostate cancer in
aretrospective, 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 pg/ml and that
containing 500 pg/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 6§- and 16[3-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 6§- and 16§-
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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Chapter Three Results

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 pg/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 pg/ml groups for the same time of incubation.

After 48 hours of incubation results showed that the testosterone
concentrations 125 pg/ml cause insignificant (P<0.05) increase in the
viability of LNCaP cell line, while testosterone concentration 250 pg/mi
cause significant (p<0.05) decrease also 500 and 1000 pg/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 ug/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 pg/ml of
spironolactone cause insignificant (p<0.05) change in the viability of
LNCaP cell line where as the concentration 500 and 1000 pg/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 pg/ml causes a significant (P<0.05) increase in cell
viability when compared with the control group. While at concentration
1000 pg/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 pg/mi

groups for the same time of incubation as shown in (figure 3.2).
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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 pg/ml of docetaxel cause significant (p<0.05) decrease
in the viability of LNCaP cell line and the concentrations 500 and 1000
png/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 pg/mi
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 pg/ml. while
at concentration 125 and 250 pg/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).

Viability %

Concentrations (Mg/ml)

Figure (3.4) Effect of spironolactone plus testosterone combination
on the viability percentage of LNCaP cell line after 24 and 48 hours

of incubation.
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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 pg/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 pg/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 pg/ml of spironolactone-testosterone
combination. while at concentration 125 and 250 pg/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 pg/ml cause insignificant (P<0.05) increase in the
viability of LNCaP cell line, while testosterone concentration 250 pg/ml
cause significant (p<0.05) decrease also 500 and 1000 pg/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 pg/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 500ug/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 pg/ml of docetaxel cause significant (p<0.05) decrease
in the viability of LNCaP cell line and the concentrations 500 and 1000
pug/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 pg/ml

after 24 hours of incubation.
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Also the results showed that the concentration 500+15.625 pg/ml of
docetaxel-spironolactone combination cause significant (P<0.05)
increase in the viability of LNCaP cell line, while the concentration
500+31.25 pg/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
ug/ml and highly significant (p<0.001) decrease in the viability of
LNCaP cell line at concentration 500+500 pg/ml when compared to

control group after 24 hours of incubation as shown in (Fig 3.7).
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Figure 3.7 Comparison the effect of docetaxel with docetaxel plus
500ug/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 500ug/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 pg/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).
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Figure 3.8 Comparison the effect of docetaxel with docetaxel plus
500pg/ml spironolactone combination on the viability percentage of

LNCaP cell line after 48 hours of incubation
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3.9 Effect of spironolactone different concentrations

combined to 500 pg/ml docetaxel on the viability of

LNCaP cell line after 24 and 48 hours of incubation:

Results showed that the combination of docetaxel (500ug/ml) plus
spironolactone (different concentrations) 500+125, 500+250 and
500+500 pg/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 pg/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 pg/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 pg/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 500ug/ml spironolactone on the viability
of LNCaP cell line after 24 and 48 hours of

incubation:

Results showed that the concentration 500+15.625 pg/ml cause
significant (P<0.05) increase in the viability of LNCaP cell line, while the
concentration 500+31.25 pg/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 pg/ml and highly significant (p<0.001)
decrease in the viability of LNCaP cell line at concentration 500+500

mng/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 pg/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).
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Figure (3.10) Effect of docetaxel different concentrations combined to
500pg/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 pg/ml of each component. There was non-
significant difference between the control group and 15.625 pg/ml and
31.25 pg/ml treated groups. The combination containing 250 pg/ml and
that containing 500 pg/ml of each component decreased the viability of
LNCaP cell line high significantly (p<0.001). The combination
containing 500 pg/ml of each component showed the maximum cytotoxic
effect against the LNCaP cell line (Fig 3.11).
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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 pg/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 (lIsla 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 toits 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 pg/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
500pug/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 (500ug/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 pg/ml and that containing 500 pg/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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Table 3.1 Effect of testosterone on the viability of LNCaP cell line after 24

hours of incubation

Appendices

Comparison of control Mean Std. Error p. value
group with testosterone Difference

concentrations pg/ml on (1-J)

LNCaP cell line after 24

hours of incubation

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 Mean Std. Error p.value
group with testosterone Difference

concentrations pg/ml on (1-J)

LNCaP cell line after 48

hours of incubation

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 Mean Std. Error p.value
group with spironolactone | Difference

concentrations pg/ml on (1-J)

LNCaP cell line after 24

hours of incubation

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 Mean Std. Error p.value
group with spironolactone | Difference

concentrations pg/ml on (1-J)

LNCaP cell line after 48

hours of incubation

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 Mean Std. Error P.value
group with docetaxel Difference

concentrations pg/ml on (1-J)

LNCaP cell line after 24

hours of incubation

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 Mean Std. p.value
group with docetaxel Difference Error

concentrations pg/ml on (1-J)

LNCaP cell line after 48

hours of incubation

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 Mean Std. Error p.value
group with testosterone plus | Difference

spironolactone combination (1-J)

concentrations pg/ml on

LNCaP cell line after 24

hours of incubation

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 Mean Std. Error p.value
group with testosterone plus | Difference

spironolactone combination (1-J)

concentrations pg/ml on

LNCaP cell line after 48

hours of incubation

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

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

incubation
Comparison of control group Mean Std. Error p.value
with docetaxel 500 pg/ml plus | Difference
different concentrations of (1-J)
spironolactone combination on
LNCaP cell line after 24 hours
of incubation
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

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

incubation
Comparison of control group Mean Std. p.value
with docetaxel 500 pg/ml plus | Difference Error
different concentrations of (1-J)
spironolactone combination
on LNCaP cell line after 48
hours of incubation
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 500ug/ml

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

Comparison of control group Mean Std. p.value
with spironolactone 500 pg/ml | Difference Error

plus different concentrations of (1-J)

docetaxel combination on

LNCaP cell line after 24 hours

of incubation

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 500ug/ml

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

Comparison of control group Mean Std. p.value
with spironolactone 500 pg/ml Difference Error

plus different concentrations of (1-J)

docetaxel combination on

LNCaP cell line after 48 hours

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 Mean Std. p.value
with spironolactone plus Difference Error
testosterone and docetaxel (1-J)
combination on LNCaP cell line
after 48 hours
control vs. 0.050333 | 0.046731 0.296
15.625+15.625+15.625
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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