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Abstract 

Benign hyperplasia of prostate and prostatic carcinoma are two important diseases of aging male with 

very high incidence rate. Androgens have been implicated in the pathogenesis of both BHP and Ca 

prostate. Dihydrotestosterone (the 5-α reduced derivative of Testosterone) is the major metabolite of 

testosterone in prostate. So DHT is thought to play an important role in the development and progression 

of both the diseases. The present study was aimed at assessing the inter-relationship between the tissue 

level of 5α-dihydrotestosterone and pathogenesis of benign hyperplasia of prostate and prostatic 

carcinoma. The tissue level of DHT has been estimated in transition zone and peripheral zone of prostate 

in BHP and Ca prostate patients the comparative analysis of the above parameters suggests that, 5α-DHT 

is implicated in the pathogenesis of BHP and Ca prostate in a zone-wise manner. The findings of the 

present study also reveal that, prostatic tissue level of 5α-DHT may be explored as a possible marker for 

the diagnosis of benign hyperplasia of prostate and prostatic carcinoma.  

Keywords: Benign hyperplasia of prostate, prostatic carcinoma, Dihydrotestosterone, transition zone, 

peripheral zone of prostate. 

 

Introduction  

Aging is the progressive, universal decline in 

functional reserve that varies widely in different 

individuals and in different organs within a 

particular individual. Aging is not a disease; 

however, the risk of developing disease is 

increased, often dramatically, as a function of age. 

One important organ, showing such changes with 
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aging and consequently contributing to significant 

amount of morbidity and mortality, is the prostate 

gland. Benign as well as malignant changes in the 

prostate increase with age. Prostate cancer is the 

most common cancer in men and the second most 

common cause of cancer-related death in the 

United States. From 2006-2010, the median age at 

diagnosis for cancer of the prostate was 66 years 

and the median age at death for cancer of the 

prostate was 80 years 
(1,2)

. 

The development of benign prostatic hyperplasia 

an almost universal phenomenon in ageing men
(3)

. 

It commences in the fifth decade as a secondary 

growth spurt, which begins characteristically in 

the periurethral region (transition zone) as a 

localized proliferation involving fibronodular and 

glandular elements. There is considerable 

evidence that the second spurt, like the growth of 

the prostrate during puberty, requires a 

functioning testis and it has been hypothesized 

that some form of endocrine imbalance in the 

ageing male might trigger this process
(4,5)

. On the 

other hand, prostatic carcinoma, occurring 

typically in men above the age of 50,  

predominates in the peripheral zone of prostate . 

As with BHP, androgens are hypothesised to play 

a role in the pathogenesis of prostatic carcinoma 

also 
(6,7, 8, 9, 10)

. 

In the past, serum hormone levels have been 

studied in both these conditions 
(11,12,13)

 to validate 

the primary role of androgens in the origin or 

promotion of these diseases yielding various 

results 
(14,15,16)

. In the present study, however, the 

tissue level of the major metabolite of testosterone 

in prostate, namely, DHT (the 5-α reduced 

derivative of Testosterone) 
(17)

, was measured in a 

zone wise manner (transition and peripheral zone) 

in both BHP and carcinoma prostate patients  and 

their  co-relation with the serum level of 

testosterone was studied in the respective patients 

 

Materials and Methods 

This observational Cross Sectional study was 

carried out among the patients attending the 

outdoor patients department in the Department of 

Urology, I.P.G.M.E. & R., S.S.K.M. Hospital, 

Kolkata. Only clinically diagnosed and 

histologically confirmed patients of BHP and 

Prostatic Carcinoma were taken as cases in the 

present study. Patients of Benign Hyperplasia of 

prostate and Carcinoma of the prostate in the age 

group of 55 to 85 years were included as cases in 

the study. Early cases of carcinoma prostate were 

selected before the initiation of anti-cancer 

therapy. Patients of BHP and Ca Prostate not 

proven histologically or already operated or 

receiving anti-cancer therapy were excluded from 

the study. The cases were divided into two groups, 

one-those suffering from BHP and another those 

with prostatic carcinoma. 

After clinical examination, the patients were asked 

to answer a detailed  questionnaire and informed 

consent was taken from them. Radiological 

reports (chest X-Ray and ultrasonography of 

abdomen) are collected from all the patients. 

Fasting morning blood samples were collected 

from all the patients in fluoride, clot vials and 

EDTA vials with proper aseptic precautions and 

transported with care to prevent haemolysis. A 2 

hours post prandial blood sample was also 

collected in the same way in fluoride vial. After 

separation of the serum by centrifugation, the 

serum levels of Testosterone were measured by 

ELISA. The serum levels of FBS, PPBS, urea, 

creatinine, total protein, albumin, globulin and 

SGPT were estimated using auto-analyser. All 

these estimations were done in the Biochemistry 

department in I.P.G.M.E.R. 

Samples from the peripheral zone of prostate were 

collected by true cut biopsy, and samples from the 

transition zone were collected following 

transurethral resection of prostate (TURP). These 

Surgical prostate specimens obtained by either 

transurethral resection (TURP) or ultrasound 

guided true cut biopsy of prostate were first 

cleaned of excess blood, charred remnants, 

connective and adipose tissue, weighed and stored 

in parafilm at -20°C until extracted. 10 mg sample 

of the minced tissue was mixed with 500 μl of 50 

mMol phosphate buffer (pH 7.4) and 
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homogenised on ice with mortar and pestle till a 

homogeneous solution was obtained. 500 μl of 

homogenate was then mixed with 500 μl of 1 N 

NaOH and kept in 60˚C for 1 hour in order to 

dissolve the tissue 
(18)

. After centrifugation of the 

solution at 2000g for 10 minutes, the resulting 

supernatant was collected in a 1.5ml eppendrof 

and further centrifuged at 5000g for 15 minutes. 

This supernatant was then collected in a 1.5ml 

eppendorf and stored at -20°C in a chiller tray till 

estimation of DHT. The tissue preparation was 

thawed to 23°C in an incubator before using it for 

ELISA.  

The DHT in the prostatic tissue was estimated by 

solid phase enzyme-linked immunosorbent assay 

(ELISA)  by Demeditec Diagnostics GmbH, Lise-

Meitner-Straβe2, D-24145 Kiel (Germany) 

diagnostic kits using a TECAN ELISA reader. 

The numerical variables were analysed and the 

mean, median and the Interquartile Range were 

calculated. Association between tissue levels of 

DHT and serum Testosterone levels were 

explored through correlation analysis. Pearson’s 

Correlation Coefficient was calculated as both the 

variables were normally distributed. The tissue 

level of DHT is compared between groups by the 

Student’s Unpaired T Test. 95% Confidence 

Interval (CI) of  the difference was calculated. The 

analysis was two tailed and p<0.05 was 

considered as statistically significant. 

 

Results and Analysis 

Numerical variables have been summarized as 

Mean, Standard Error of Mean and Standard 

Deviation. The Median and Interquartile Range 

have also been calculated. Association between 

tissue levels of DHT and serum Testosterone 

levels have been explored through correlation 

analysis. Pearson’s Correlation Coefficient is 

calculated as both variables are normally 

distributed. Similarly, correlation analysis has also 

been employed to explore association between 

tissue levels of DHT and serum PSA levels. Here 

also Pearson’s Correlation Coefficient is 

calculated as both variables are normally 

distributed. Tissue level of DHT is compared 

between groups by Student’s Unpaired T Test. 

95% Confidence Interval (CI) of difference has 

been calculated. Analysis is two tailed and p<0.05 

is considered as statistically significant.  

 

Table 1: Comparison of 5α DHT level in prostate tissue between transition zone  (TZ)and peripheral zone 

(PZ)of prostate in BHP patients: 

                                           TZ BHP 

                                 (ng/mg wet tissue)  

                   PZ BHP  

           (ng/mg wet tissue)  

Minimum  4.780  0.5600  

25% Percentile  4.990  0.573  

Median  5.395  0.650  

75% Percentile  6.035  0.718  

Maximum  6.840  0.790  

Mean  5.533  0.651  

Std. Deviation  0.645  0.083  

Std. Error of Mean  0.132  0.029  

Upper 95% CI  5.806  0.721  

Lower 95% CI  5.261  0.582  

 

P value (two tailed)  P<0.0001  

    

Difference between means  4.882 ± 0.2310  

95% confidence interval  4.247 to 5.517  

 

As shown in this table, the prostatic tissue level of 

DHT is much higher in transition zone (5.533 ± 

0.645 pg/mg of wet tissue) compared to peripheral 

zone (0.6513 ± 0.083 pg/mg of wet tissue). Tissue 

level of DHT is calculated to be approximately 8.5 

folds higher in transition zone than peripheral 

zone of prostate in benign hyperplasia of prostate 

(P<0.0001). 



 

Atrayee Roy Choudhury et al JMSCR Volume 06 Issue 01 January 2018 Page 32451 
 

JMSCR Vol||06||Issue||01||Page 32448-32455||January 2018 

Table 2: Comparison of 5α DHT level in prostate tissue between transition zone and peripheral zone of 

prostate in Ca prostate patients 

                                                    TZ Ca 

                                            (pg/mg wet tissue)  

                          PZ Ca  

                  (pg/mg wet tissue)  

Minimum  1.830  7.160  

25% Percentile  1.955  8.565  

Median  2.160  8.900  

75% Percentile  2.310  9.208  

Maximum  2.380  9.980  

Mean  2.127  8.869  

Std. Deviation  0.191  0.634  

Std. Error of Mean  0.053  0.142  

Upper 95% CI  2.242  9.166  

Lower 95% CI  2.011  8.572  

  P<0.0001  

P value summary    

Difference between means  -6.742 ± 0.1819  

95% confidence interval  -7.133 to -6.371  

 

As shown in this table, the prostatic tissue level of 

DHT is much higher in peripheral zone (8.869 ± 

0.191 pg/mg of wet tissue) compared to transition 

zone (2.127 ± 0.634 pg/mg of wet tissue). 

Therefore, tissue level of DHT is approximately 

4.17 folds higher in peripheral zone than transition 

zone of prostate in case of prostatic carcinoma 

(P<0.0001). 

 

Table 3: Comparison of the prostatic tissue levels of 5α DHT in transition zone (TZ) of prostate in patients 

of BHP and Ca prostate 

                                                     TZ BHP  

                                               (pg/mg wet tissue)  

                  TZ Ca prostate  

                  (pg/mg wet tissue) 

 

Minimum  4.780  1.830  

25% Percentile  4.990  1.955  

Median  5.395  2.160  

75% Percentile  6.035  2.310  

Maximum  6.840  2.380  

Mean  5.533  2.127  

Std. Deviation  0.645  0.191  

Std. Error of Mean  0.132  0.053  

Upper 95% CI  5.806  2.242  

Lower 95% CI  5.261  2.011  

 

Difference between means  3.406 ± 0.184  

  

95% confidence interval  3.033 to 3.780  

P value (two tailed)  P<0.0001  

 

The mean value of DHT in transition zone of 

prostate in case of BHP is 5.533 ± 0.645 pg/mg of 

wet tissue whereas in case of Ca prostate it is 

2.127 ± 0.191 pg/mg of wet tissue. Therefore, the 

tissue level of DHT in transition zone of prostate 

in BHP is approximately 2.6 folds higher in 

comparison to Ca prostate. (P<0.0001) 
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Table 4: Comparison of 5α DHT level in prostatic tissue of the peripheral zone between BHP and Ca 

prostate patients: 

                                                  PZ BHP  

                                             (pg/mg wet tissue)  

                       PZ Caprostate  

                    (pg/mg wet tissue) 

Minimum  0.560  7.160  

25% Percentile  0.573  8.565  

Median  0.650  8.900  

75% Percentile  0.718  9.208  

Maximum  0.7900  9.980  

Mean  0.6513  8.869  

Std. Deviation  0.083  0.634  

Std. Error of Mean  0.029  0.142  

Upper 95% CI  0.721  9.166  

Lower 95% CI  0.582  8.572  

 

Difference between means  -8.218 ± 0.2275  

95% confidence interval  -8.868 to -7.750  

P value (two tailed)  P<0.0001  

 

The value of DHT in peripheral zone of prostate 

in case of BHP is 0.6513 ± 0.083 pg/mg of wet 

tissue whereas in case of Ca prostate it is 8.869 ± 

0.634 pg/mg of wet tissue. Therefore, prostatic 

tissue level of DHT in peripheral zone of prostate 

in Ca prostate is approximately 13.62 folds higher 

in comparison to BHP (P<0.0001). 

  

Table 5: Comparison of serum Testosterone level between benign hyperplasia of prostate and prostate 

carcinoma patients: 

 

                                                                   BHP                                Ca Prostate 
                                            (ng/mL)                        (ng/mL)  

Minimum  10.80  20.10  

25% Percentile  11.68  22.20  

Median  12.80  23.40  

75% Percentile  14.03  26.45  

Maximum  15.60  28.70  

Mean  12.89  24.03  

Std. Deviation  1.319  2.645  

Std. Error of mean  0.2331  0.4605  

Upper 95% CI  13.37  24.97  

Lower 95% CI  12.42  23.09  

 

  P value (two tailed)  P<0.0001  

    

Difference between means  -11.13 ± 0.5210  

95% confidence interval  -12.18 to -10.09  

 

Thus, serum Testosterone level is approximately 

1.86 folds higher in case of Ca prostate (24.03 ± 

2.645 ng/mL)  in comparison with benign 

hyperplasia of prostate (12.89 ± 1.319 ng/mL), 

(P<0.0001). 

The results of the study are briefly summarized 

here. In case of BHP, the level of 5DHT in the 

transition zone is about 8.5 times greater than in 

the peripheral zone. But, in case of Ca Prostate, 

the level of 5DHT in the peripheral zone is 4.17 

times greater than in the transition zone. Further, 

the serum level of Testosterone is found to be 

higher in prostatic carcinoma (24.03 ± 2.645 

ng/mL) compared to BHP (12.89 ± 1.319 ng/mL). 

Correlation analysis between prostatic tissue level 

of DHT and serum Testosterone level reveals that, 
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prostatic tissue level of DHT correlates with 

serum Testosterone level in case of Ca prostate 

patients when data from peripheral zone of 

prostate was taken into account (p=0.005) but not 

when transition zone was considered. In contrary, 

tissue level of DHT has no such correlation with 

serum Testosterone level in case of BHP (data 

from both transition and peripheral zone were 

considered separately).   

 

Discussion 

As BHP and Ca Prostate involve anatomically 

different zones of prostate, so the Prostatic tissue 

level of DHT, which is the active metabolite of 

Testosterone in Prostate tissue, in a zone wise 

manner, might be helpful for a better insight into 

the pathogenesis of these diseases 
(19,20,21)

. 

As BHP primarily involves Transition zone of 

Prostate and Ca prostate primarily involves 

peripheral zone of prostate, so, in this study, 

prostatic tissue level of DHT has been measured 

in both transition and peripheral zones of Prostate 

gland in both diseases 

In the present study, the findings show 8.5 folds 

increase in tissue level of DHT in Transition zone 

of prostate compared to Peripheral zone of 

prostate in BHP patients. Again, there is 4.17 

folds increase in tissue level of DHT in Peripheral 

zone of prostate compared to Transition zone in 

prostate in Ca Prostate patients. The tissue level of 

DHT in Transition zone of Prostate is 2.6 folds 

higher in BHP compared to Ca Prostate. Whereas, 

the tissue level of DHT in Peripheral zone of 

Prostate is 13.62 folds higher in Ca Prostate 

compared to BHP.  

These values indicate that, androgens, to be more 

specific, Testosterone and its active metabolite 

5α-DHT may be implicated in the development of 

BHP and prostatic carcinoma.  

In this study, only early diagnosed cases of Ca 

Prostate have been included, before the initialize-

ation of anti-cancer therapy, because, anti-cancer 

therapy can influence the tissue level of DHT.  

In the present study, the findings show 8.5 folds 

increase in tissue level of DHT in Transition zone 

of prostate compared to Peripheral zone of 

prostate in BHP patients. Again, there is 4.17 

folds increase in tissue level of DHT in Peripheral 

zone of prostate compared to Transition zone in 

prostate in Ca Prostate patients. The tissue level of 

DHT in Transition zone of Prostate is 2.6 folds 

higher in BHP compared to Ca Prostate. Whereas, 

the tissue level of DHT in Peripheral zone of 

Prostate is 13.62 folds higher in Ca Prostate 

compared to BHP. 

These values indicate that, androgens, to be more 

specific, Testosterone and its active metabolite 

5α-DHT may be implicated in the development of 

BHP and prostatic carcinoma. 

In this study, correlation analysis has been done 

between tissue level of 5α DHT and serum level 

of Testosterone in case of BHP and Ca 105 

prostate. As described earlier, Testosterone is 

converted to its active metabolite 5α 

dihydrotestosterone by the enzyme 5α reductase. 

It is found in the present study that, the increased 

prostatic tissue level of DHT does not correlate 

with the serum testosterone level in case of BHP 

(taking into account values from both zones of 

prostate separately). This finding suggests that 

there may be some deviation from the normal 

physiological process of conversion of 

Testosterone to 5α DHT in prostate tissue in case 

of BHP. This absence of correlation may also be 

attributed to the probability that the rate of 

dihydrotestosterone formation exceeds the rate of 

its destruction and turnover in hyperplastic 

prostate tissue
(22)

. It is possible that, 

dihydrotestosterone formation is selectively 

increased in periurethral tissue rather than in the 

gland as a whole
(22)

, and the increase in DHT level 

in transition zone compared to the peripheral zone 

of prostate in case of BHP lends support to this 

possibility. Finally, some unexplored pathways 

other than the direct reduction of testosterone 

within the gland might account for the 

accumulation of dihydrotestosterone in the 

hyperplastic prostate gland, specifically in the 

transition zone of prostate 
(22)

. 
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Thus, other than throwing some insight into the 

pathogenesis of BHP and Ca Prostate, this study 

elucidates the role of tissue level of 110  5α- 

dihydrotestosterone as a diagnostic and probable 

prognostic marker in Benign Hyperplasia of 

Prostate and Prostatic Carcinoma. This may be 

useful in establishing the diagnosis of these 

diseases as biopsy results are often non-

confirmatory and inconclusive. Furthermore, the 

required amount of prostatic tissue is very little 

and is easy to achieve following TURP and true 

cut biopsy of prostate. Thus tissue level of 5α-

DHT may be explored as a potential diagnostic 

tool for these very common diseases of aging 

male. 

Moreover, prostatic tissue level of 5α-DHT in a 

zone wise manner may be further explored as a 

potential marker in order to predict future 

development of prostate carcinoma in apparently 

benign prostate tissue in patients undergoing 

TURP or true cut biopsy of prostate. So, patients 

with apparently benign prostatic tissue but having 

a high tissue level of DHT can be recommended 

to undergo frequent follow up so as to avert any 

untoward incident in future. Future prospective 

studies can be carried out in this regard. 

 

Summary and Conclusion 

Benign hyperplasia of prostate and prostatic 

carcinoma are two important diseases of aging 

male with very high incidence rate. Androgens 

have been implicated in the pathogenesis of both 

BHP and Ca prostate. Testosterone is the major 

circulating androgen in men. Dihydrotestosterone 

(the 5-α reduced derivative of Testosterone) is the 

major metabolite of testosterone in prostate. So 

DHT is thought to play an important role in the 

development and progression of both the diseases. 

The present study was aimed at assessing the 

inter-relationship between the tissue level of 5α-

dihydrotestosterone and pathogenesis of benign 

hyperplasia of prostate and prostatic carcinoma. 

Correlation analysis between prostatic tissue level 

of DHT and serum Testosterone level reveals that, 

tissue level of DHT does not correlate with serum 

Testosterone level in case of BHP (in case of data 

from both zones calculated separately) and in case 

of prostate carcinoma patients when data from 

transition zone of prostate is used. But tissue level 

of DHT correlates with serum Testosterone level 

in case of Ca prostate patients when data from 

peripheral zone of prostate is taken into account 

(p=0.005).  

So, the comparative analysis of the above 

parameters suggests that, 5α-DHT is implicated in 

the pathogenesis of BHP and Ca prostate in a 

zone-wise manner. The findings of the present 

study also reveal that, prostatic tissue level of 5α-

DHT may be explored as a possible marker for the 

diagnosis of benign hyperplasia of prostate and 

prostatic carcinoma. 
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