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Abstract

Objectives: We are proposing the adaptation of a method for the assessment of the activity of 5 alpha-reductase type 1 
and type 2 isoenzymes in human prostate tissue to be used in studies of the relationship of enzymatic activity and cancer. 
Material and Methods: We have been developing a method, based on Thomas et al., 2003 which consists of collecting human 
prostate samples and performing 5 alpha-reductase activity assessment. We are proposing a method based on samples 
obtained from prostate biopsies, according to a pilot study developed by Oliveira et al. 2006. We have obtained two samples 
of the same prostate area, and our idea is to send one of these samples for pathological examination and another for 5 
alpha-reductase evaluation. Herein we have showed the feasibility of this assay. Through a thin layer chromatography with 
14C-testosterone and NADPH (nicotinamide adenine dinucleotide phosphate) cofactor, we have obtained radioactive spots 
which were detected by autoradiography. The areas associated with testosterone and its metabolite DHT (dihydrotestosterone) 
were scrapped and counted with a scintillation chamber. Results: We believe that it is possible to demonstrate the activity 
of 5 alpha-reductase through the adaptation of this biochemistry method. Conclusions: This method is feasible and can be 
utilized to assess 5 alpha-reductase type 1 and type 2 activity in prostate tissue samples.
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Introduction 

The relation between the androgens and 
cancer of the prostate is not completely established.  
Dihydrotestosterone (DHT) is the most powerful 
androgen in the prostate.  DHT is the result of an 
irreversible reaction that occurs in the cytoplasm of the 
prostate cell, where the testosterone (T) is metabolized 
by the catalytic action of the enzyme 5 alpha-reductase 
with the presence of cofactor NADPH. T and DHT 
act on the same androgenic receptor (AR), since 
DHT has greater affinity for AR.  The interaction of 
this hormone with the nuclear receptor triggers the 
transcription process that is translated to proteins that 
act in the cell-target.1-3 The importance of DHT and 
the role played by 5 alpha-reductase was studied in 

masculine pseudohermaphroditism for deficiency of this 
enzyme.  Actually, two isoenzymatic forms of 5 alpha-
reductase exist:  type 1, present in the skin, liver and in the 
prostate epithelium; type 2, present abundantly in stroma 
and in a smaller amount, in the prostate epithelium.4-6 In 
masculine pseudohermaphroditism there is a mutation 
only in the responsible gene for the production of 5 alpha-
reductase type 2 (gene SRDA52) present in the short arm 
of chromosome 2 (band p23). This deficiency is called 
pseudovaginal perineoescrotal hypospadia.  In this genetic 
syndrome, the development of the internal male structures 
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occurs; however, without the development of the prostate 
or genital external with male phenotype.  In addition, 
the patient does not develop benign prostate hyperplasia 
(BPH), prostate cancer or androgenic alopecia. 4,7,8 Based 
on this and also on studies where the administration 
of DHT in dogs provoked BPH, randomized clinical 
trials have been performed where a selective inhibitor 
to 5 alpha-reductase type 2 (finasteride) reduced the 
size of the prostate in approximately 25%. Additionally, 
finasteride, according to these trials, has modified the 
natural history of the BPH in voluminous prostates, 
improving International Prostatic Score Symptoms, 
urinary flow, and diminishing the possibilities of acute 
urinary retention and surgical treatment for BPH.9,10 
Due to the successful use of this medication in this 
pathology, the possibility of using finasteride to prevent 
prostate cancer was considered.  To solve this question, the 
Prostate Cancer Prevention Trial (PCPT) was designed 
and performed.11 Although finasteride has prevented the 
occurrence of prostate cancer in this study, the group that 
received the treatment with this drug has increased the 
possibility of high grade prostate cancer.  Hypothetically, 
perhaps 5 alpha-reductase type 1 also needs to be 
blocked to improve the chemoprevention strategy in 
prostate cancer. In preclinical studies it was demonstrated 
by immunohistochemical methods that it is 5 alpha-
reductase type 1 expression that is increased in prostate 
cancer and not 5 alpha-reductase type 2. Actually, the 
isoenzyme type 2 could have a lesser expression than in 
the normal prostate since the stromal component would 
be less preserved in cancer.  In BPH, 5 alpha-reductase 
type 2 would have increased expression, explaining why 
the inhibitors of this isoenzyme (finasteride) have such 
a remarkable action in this disease.12 As 5 alpha-reductase 
type 1 predominates in the epithelium modified by prostatic 
adenocarcinoma, while 5 alpha-reductase type 2 is increased 
only in the stroma, some studies have demonstrated that only 
5 alpha-reductase type 1 is expressed in lymphatic node 
metastasis of prostate cancer. 6,12-17 However, there is a study 
that demonstrates through DNA amplification, using 
the Reversal Transcriptase Polymerase Chain Reaction 
(RT-PCR) and detected by probes (Southern blot), that 
there is an expression of the genes of both isoenzymes in 
metastasis of prostate cancer.18 In the Clínicas Hospital 
of Porto Alegre and in the Federal University of Rio 
Grande do Sul, we adapted an evaluation method of the 
5 alpha-reductase type 1 and type 2 isoenzymes in human 
prostate tissue.  In the present study we are presenting the 
development of an assessment method for the evaluation 
of both isoenzymes in prostate tissue obtained from 
transrectal prostate biopsies.

Material and Methods 

Patient and Samples  

Thirty-eight patients submitted to transrectal ultra-
sound prostate biopsies due to suspicions of malignancy 
(hard nodules on digital rectal examination or PSA 
alterations) had their samples analyzed by pathological 
examination. Two patients did not agree to participate. 
Four patients were excluded due to prostatic intraepithelial 
neoplasia (PIN), and three patients were also excluded due 
to prostatitis. Fifty-eight samples were obtained during 
the study in order to analyze 5 alpha-reductase activity. 
Considering these 58 samples, 19 presented no cancer on 
the left lobe and 7 presented cancer. On the right lobe,20 
had no cancer whereas 8 presented prostatic neoplasm.  We 
obtained samples to perform an adaptation of a method 
similar to the method demonstrated by Thomas et al.13 
to evaluate 5 alpha-reductase type 1 and type 2 activities. 
However, in our study, we used human prostate obtained 
from biopsies. The study was approved by the Research 
Ethics Committee of the Clínicas Hospital of Porto 
Alegre.  Samples were put in formalin before pathological 
examination, but one sample was immediately frozen in 
liquid nitrogen and stored in a freezer at -80°C for later 
evaluation of the 5 alpha-reductase activity.

5 Alpha-Reductase Assay 

The frozen prostate tissue was defrosted and 
homogenized with Polytron PT 1200 CL (manufactured 
by Kinematica).  In the homogenized prostate tissue we 
added 0.3M Tris-Citrate for pH 5.0 (to 5 alpha-reductase 
type 2) and for pH 7.0 (to 5alpha-reductase type 1). 
Radioactive testosterone (14C-T) 1.4µM (2.1GBq /
mmol, Amersham Biosciences) was added and then we 
included 0.5mM NADPH (nicotinamide dinucleotide 
adenine phosphate) (Sigma), cofactor, with a final volume 
of 500µl.  The 14C-T added to the solution reacted with 
the 5 alpha-reductase of the homogenized tissue, forming 
radioactive dihydrotestosterone (14C-DHT).  Afterwards, 
the solution was incubated at 37°C for zero, twenty, thirty, 
and sixty minutes. After that, the reaction was interrupted 
by the addition of frozen ethyl acetate.  The solution was 
shaken for 5 minutes and, soon after, was centrifuged by 
an equal period to separate ethyl acetate with the steroids 
from the watery residue. The pH was controlled by the 
addition of Tris-Citrate to differentiate the action of 
isoenzymes type 1 and 2.  The organic phase was separated 
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and evaporated under nitrogen, as ethyl acetate has high 
volatility, and the residues were dissolved again in a small 
amount of ethyl acetate sufficient to transfer them from 
the assay to the chromatography plate. After application 
in the chromatography plate (Kieselgel 60 F254, Merck), 
these residues underwent migration in ethyl acetate: 
benzene (2:1), separating 14C-DHT from the14 C-T. The 
radioactive points were detected by autoradiography and 
the areas corresponding to testosterone and its metabolite, 
14C-DHT, were scraped and put inside of vials with 
scintillation liquid (4g/L POP; 50mg/L POPOP; toluene) 
and the activity was counted with scintillation counter 
Wallac 1409 Liquid Scintillation Counter. It is possible 
to tell that it is indeed 14 C-DHT because we also had a 
standard DHT that formed a band in the same position of 
the14 C-DHT obtained from the 14 C-T by Oliveira.21 
The radioactive vials with material were evaluated in a 
scintillation liquid counter and the enzymatic activity 
expressed as picomoles of dihydrotestosterone formed 
by 1mg of protein during 1 minute (pmol DHT/mg 
protein/min).18-20,22-25 

Results 

The processed samples of prostate through the 
method in question showed the presence of testosterone, 
DHT, diols and triols corresponding bands. Through 
DHT standard we could verify the position of the same in 
the autoradiography (Figure 1) and then we were able to 
make the counting in a scintillation chamber through the 
scraping of the respective bands from the chromatography 
plate.  The activities obtained from Figure 1 were 0.03 
and 0.065 picomoles DHT/mg protein/min for pH 5 
and pH 7, respectively.                         

Discussion 

The evaluation of both 5 alpha-reductases could 
have been carried out through different methods.  The 
choice of a certain method would take into consideration 
the feasibility, as well as the cost and usefulness in future 
research.  Some methods would require the importation 
of antibodies or DNA or RNA probes. As the proposal 
was to evaluate the action of the prostate enzyme, 
we chose a biochemical method which evaluates the 
activity of the enzyme through the DHT formation.  
We differentiated isoenzymes 1 and 2 through the pH 
values of the homogenate solutions. Thomas et al.13 
had validated a new antibody to 5 alpha-reductase. For 
this validation the related researchers compared the 
immunohistochemical findings to the expression of the 
enzyme by the formation of 14C-DHT from 14C-T. 
The DHT migration in the chromatography plate was 
very similar to ours.13 

The adaptation of a method for 5 alpha-reductase 
activity evaluation opens the possibility of innumerable 
studies related to the hormonal mechanisms of prostate 
neoplasm. It could also be used in studies with 5 alpha-
reductase inhibitors, prognostic studies, just to name a 
few examples.    

The method in question is relatively cheap, and 
the importation of antibodies or probes of nucleic acids 
is not necessary; only the necessity of acquisition of 
radioactive testosterone as well as the NADPH cofactor.  
But the incorporated technology, as the homogenizer 
and the standard of DHT, can permanently be used in 
further studies. 

Considering the 58 samples, a total of 15 presented 
cancer and 43 did not. These samples have been analyzed 
for 5 alpha-reductase activity and the results are the object 
of another study to follow. The aim of the present assay is 
to present the steps to the development of the technique 
herein described as well as the initial pathological 
evaluation. From the present study we then move to lead 
another where we are evaluating the enzymatic activity 
of 5 alpha-reductase in radical prostatectomy samples of 
patients with prostate cancer.  Simultaneously, we are 
carrying out another comparative study between biopsies 
obtained by transrectal ultrasound in patients with and 
without diagnosis of prostate cancer.  Presently we are 
going to evaluate the activities of the two isoenzymes in 
prostate cancer and in benign prostate hyperplasia.  In the 
near future we will also be able to evaluate the enzymatic 
expression in androgenic blockade patients.  Moreover, 
we intend to correlate this with tumor virulence and 
grade, and with PSA. DHT was the main inductor of 

Figure 1 - Autoradiography of the thin layer chromatography analysis of 
radioactive lipid extracts from enzymatic system of 5α-R2 performed (R) 
at pH 5.0 and pH 7.0 with 100 µg of biopsy protein, incubated during 
60 minutes, in presence of NADPH.  Control reaction incubated without 
NAPDH (C).
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the PSA increasing according to a study that evaluated 
isoenzymes type 1 and 2 in lymph nodes with prostate 
cancer metastasis, where the methods used were PCR 
and Southern blot.18 However, no study of correlation 
between PSA and the activity of the enzyme 5 alpha-
reductase using a method similar to ours could be 
found in the literature.  Therefore, we are exploring the                                                                                                                                              
possibility of studying these aspects from what we have 
developed so far.  We are also planning to evaluate the 
activity of the enzyme in lymph node metastasis using 
the method developed by us.  Later on, we will also 
be able to compare our findings to others obtained by 
immunohistochemistry and see if they are equivalent, as 
Thomas et al. did.13 At the moment we did not make 
the comparison mentioned above due to financial 
limitations.  

We believe that these studies are the beginning 
of a new and promising research line that we are 
developing.

Conclusions 

We suggest a cheap and replicable adaptation 
of a biochemist method for evaluation of the 5 alpha-
reductase type 1 and type 2 activities in human prostate 
tissue samples.  
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