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Summary. An in vitro system for testing steroids which might be effective in treating benign pros- 

tatic hypertrophy (BPI-I) has been developed based upon the transformation of H 3 - testosterone into the 

5a-reduction products dihydrotestosterone and 3a-androstanediol. In scrutinizing the influence of the 
amount of BPH-tissue, time, and pH, 300 mg of tissue incubated for 2 h at the physiological pH of 7.4 

were used in the standard experiment. - The H 3-testosterone concentration was varied from 0. 17 - 
i00 x 108M. Plotting the resulting 5a-reduction products as a function of testosterone concentration a 

hyperbolic pattern of enzyme kinetics ensued. Performing a double reciprocal plot of 4 experiments with 

double determination of each value regression lines could be computed. Those two regression lines most 

different in their slopes were considered "normal" limits. The rate of H 3-testosterone metabolism 

could not be enhanced after the endogenous testosterone content within the prostate glands had been used 
up by means of a preincubation. Scrutinizing the effect of heparin, a weak non-specific enzyme inhibitor, 

no suppression of the appearance of 5a-reduction products was found. Damaging the BPH-cells, how- 
ever, by repetitive freezing and thawing lead to an almost complete inhibition of H 3 -testosterone turn- 

over .  
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Introduction 

The growth promoting and differentiating effect 

exerted by testosterone (T) is well established. The 

present knowledge has been gained as a result of 

investigations of the androgenic action upon BPH in 
the human prostate gland in vitro. Thus the 17 fl - 
hydroxy steroid dehydrogenase, 3 a- hydroxy 
steroid dehydrogenase, delta 4_3_ ketosteroid 5 a- 

reductase, 3 13 - hydroxy steroid dehydrogenase, 
and the delta4 _ 3 - ketosteroid 5 [3 - reductase were 
discovered inBPH (2, 3, 14). Of these five enzymes 

Thus suppressing the rate of appearance of DHT 
would antagonize the effect of the "pre"-hormone T 
on the susceptible cells of the prostate (i, 4, 9). Of 
the available steroids with gestagenic or antian- 

drogenic properties which have been found effective 
in this regard, the most suitable for the treatment 

of BPH might be selected according to the results 
of an in vitro test. 

Herein attempts are described to standardize the 
rate of T metabolism in BPH - tissue in vitro. 

the 5 a- reductase is of utmost importance in trans- Material and Methods 

forming T into 5 a -dihydrotestosterone (DHT)which 
is the essential mediator of T action (12). Chemicals. 7 a-I-I3-testosterone (Amersharn, 

Buckinghamshire, England), supplied in a benzene 
solution had a specific activity of 5 Ci/mmole and 
the impurity did not exceed 1% as determined by 
paper chromatography in benzene : petrol (80-I00 ° C) 

* Supported by the Helmut Horten foundation :methanol:water (250:250:350: 150; v/v). 4 - C 14 
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- testosterone (Amersham) supplied in benzene : 
ethanol (9 : I; v/v) had a specific activity of 59 rnCi/ 
mmole and was not more than 1% impure as deter- 
mined by paper chromatography (systems cf. above). 

The following unlabelled steroids served as re- 
ferences and carriers (i mg/ml chloroforrne) : 
testosterone (androst-4-ene-17 ~ ol-3one; Serva, 
Heidelberg); dihydrotestosterone (5 a-androstane- 
17 ~ ol-3one; Merck, Darmstadt); 5 ~-dihydro- 
testosterone (5 ~-androstane-17 ~-oi, 3-one; 
Merck, Darmstadt); andostenedione (androst-4ene- 
3, 17-dione; Merck, Darmstadt); androstanediol 
(5 a-androstane-3alT-diol); 5 ~-androstanediol 
(5 ~-androstane-3a, 17 ~-diol); 5 a-androstane- 
dione (5 a-androstane-3, 17-dione) and 5 I~-andro- 

stane-3, 17-dione; Ikapharrn, Rarnt-Gan, Israel). 
The organic solvents were of analytical grade. 

Incubation. The tissue of 12 prostatic adenomata 
as confirmed by histology was placed in ice-cold 
normal saline immediately after transvesical re- 
moval, blotted and sliced into dices (0.5-1 ram). 

The standard incubation procedure has been describ- 
ed previously (Altwein et al., 1974). In addition to 
this basic experiment the achievement of a steady 
state condition was attempted by varying the time, 
pH, and the amount of tissue. The HO-T concentra- 
tion was increased from 0. 17 to i00 x 10-8M per- 
forming each study in duplicate. 

In the preincubation studies the standard incuba- 
tion was done initially without the tracer. There- 
after the medium was discarded, the tissue rinsed 
with Ringers-phosphate-buffer, and the medium re- 
placed containing the tagged T, glucose (10-2M), 
and NADPH (5 x 10-4M) (Boehringer, Mannheim). 
In 2 experiments heparin was added (500 and I00 
units/ml U. S. P. ). In one additional experiment the 
cells were destroyed by repeated freezing to -20 o C 
and thawing. 

Extraction and Counting. The incubation was 
terminated by adding 2 volumes of chloroforme: 
methanol (2 : i; v/v) to the incubation mixture. After 
evaporation 2 ml normal saline (4 ° C) and 5 000 dpm 
CI4-T serving as internal standard were added. The 

tissue was minced by means of the Ultra-Turrax 
(Ika-Werke, Staufen) and transferred together with 
i0 rnlchloroforme : methanol (2 : i; v/v) into centri- 
fugation vials and shaken at 150 rpm on a bottle 
shaker (Biihler, Tiibingen). The lipids were ex- 
tracted and backwashed according to Folch et al. 
(1956). 

The whole extract is taken to dryness, reconsti- 
tuted with chloroforme and an aliquot is spotted on 
silica gel sheets F 254 (Merck, Darmstadt). The 
sheets are chromatographed along with i0 mcg cold 
reference steroids in saturated tanks: first ascent 
chloroforrne: methanol, 97.5 : 2.5 (v/v) at room 
temperature; second ascent dichlorrnethane : ethyl- 
acetate, 80 : 20 (v/v) again at room temperature. 
The delta4-steroids were visualized by their ab- 
sorption of light with a wavelength of 254 nm 
(Desaga, Heidelberg). The areas of radioactivity 

were outlined by means of a thin layer chromato- 
gram scanner (Berthold, Bad Wildungen). Finally 
the sheets were sprayed with acetic acid : sulphuric 
acid : anisaldehyde (i00 : 2 : i; by vol. ) and the color 
was developed by heating at 120°C for 15 rnin. The 

steroids were identified by recrystallization to a 
constant specific activity (Tab. i; cf. Altwein et al. ). 

The position of the various steroids was marked, 
each strip was cut into I0 parts, and transferred 
into counting vials together with 20 ml of a 0.4 % 
diphenyloxazole, i0 % methanol toluene-solution. 
The radioactivity was assessed in a Liquid Scintil- 
lation Counter (Packard, Frankfurt). The background 
cprn was substracted and dpni was calculated by cor- 
rection for quenching (counting effiency approx. 
35%), interference in the H 3- channel by C 14 (ap- 
prox. 23% spillover for the cl4-testosterone 
standard), and recovery of the cl4-internal stand- 
ard (55 - 65 %). 

Results 

As metabolic products of H 3 - T in BPH in vitro 
the subsequent androstanes were recovered and 
identified: T, DHT, 3a , 5a- and 3a , 5 ~ - an- 
drostanediol, androstenedione, 5 fi - dihydrotestos- 
terone, 5 a -, and 5 ~ - androstanedione. Identifi- 

cation of polar and non-polar C 19 - steroids was 
not attempted. Quantitatively T, the 5 -reduction 
products DHT, 3 a , 5 a -androstanediol, and andro- 
stenedione accounted for approximatively 85 % of 
the radioactivity discovered (Fig. i). 

Furthermore, less than 1 prnole 5 a - reduction 
products or testosterone - androstenedione inter- 
conversion was observed when no tissue was added 
to the incubation medium (Fig. i). 

In looking for an appropriate amount of tissue as 
to the attainment of a steady state turnover of H 3 - 
T, 300 mg of BPH was found suitable (Fig. 2), In 
addition, it may be concluded from this experiment 
that H 3 - T enters the minute tissue dices by pas- 
sive diffusion along a concentration gradient. 

In Fig. 3 the rate of DHT plus 3 a, 5 a- andro- 
stanediol formation has been plotted as a function of 
time. After an initial steep increase in the forma- 
tion of 55 -reduction products the curve levels off 
at 120 rain. With regard to the pH-dependency, an 
acceleration of T turnover below the physiological 
pH of 7.4 is noticeable with a peak at pH 6.8 (Fig. 4). 

In Fig. 5 the amount of 5 a -reduction products 
is plotted as a function of the T concentration. Each 
determination represents the mean of two values. 
The resulting graphs obey hyperbolic enzyme kinet- 
ics where at a substrate concentration of i00 x 10 -8 
M the marginal velocities (ordinate) range between 
15 and 35 prnoles. Adding heparin, a non-specific 
enzyme inhibitor, the resulting velocities (quantity 
of 5 a -reduction products) slightly exceed the upper 
normal limit depicted in Fig. 5. A difference be- 
tween 500 and i00 units/rnl has not been measured 

(cf. below). 
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S y s t e m  A n d r o s t a n e d i o l  T e s t o s t e r o n e  D i h y d r o -  A n d r o s t e n e d i o n e  
testosterone 

Methanol : H20 . /. 1 979 1 922 2 010 

Acetone : H20 1 810 1 900 1 910 1 980 

Benzene : n- 
Hexane 1 760 1 874 1 875 1 810 

Ethylacetate : 
Cyclohexane 1 488 1 790 1 710 1 800 

Diethylether 1 485 1 770 1 700 1 780 

C3 

in 
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However, damaging the intraprostatic enzymes 
by exposing the tissue to repetitive freezing and 

thawing resulted in a significant decline of T meta- 

bolism (cf. below). 
Preincubation without the tracer should utilize 

the endogenous T opening receptor- and enzyme 
binding sites. The second incubation in t.he pres- 
ence of H 3 - T failed to enhance the T turnover 

rate (Fig. 6). 
By doing a double reciprocal plot of i/v (v = 

velocity = concentration of DHT and 3 a, 5 a- an- 

drostanediol/300 mg tissue/2 hrs) versus 1/ S 
( S = substrate concentration = H 3 - T added to 
the medium) of the data depicted in Fig. 5 the 
Fig. 7 is obtained. The shaded area represents  the 
normal limits of T metabolism. Comparing these 
values with those obtained by performing a double 
reciprocal plot of the data obtained after incuba- 
tion with heparin will result  in the graphs of 
Fig. 8. There is obviously no difference in T 
metabolism with and without haparin in BPH. The 
dotted line (tagged PA 11 in Fig. 8) reflects the 
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enzyme inhibition due to alternate freezing and 
thawing. 

Discussion 

In this study the various factors influencing the 
in vitro metabolism of H 3 - testosterone in BPH 

were scrutinized. A standard model yielding suffi- 

cient reproducible results as the enzyme activity 

in non-homogenized tissue has been established. 
Thus the unfruitful attempts at homogenizing or 

even fractionating the BPH-tissue rich in collagenous 
fibres as hinted at by Mainwaring et ai.(1973) is 
avoided. 
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Furthermore, there is no need to add cofactors 

which can influence the metabolic activity consider- 

ably (2). In using increasing amounts of tissue it 

has been demonstrated that the radioisotope diffuses 

evenly within the merged BPH tissue. Steady state 
conditions were attained as to time and pH in keep- 
ing with the findings of others (7, 13). The activity 
peak of the 5 a - reductase at pH 6.8 is in keeping 
with the observations made onthe rat prostate (5). 

The viability of the tissue appears to be main- 
tained after short term incubation (I I) making the 

use of organ cultures which have been used by 

Lasnitzki et al. (1974) for the ventral prostate of 
the rat unnecessary. 

In incubations with increasing concentrations of 
H 3 - T a hyperbolic pattern of the formation of the 

5 a - reduction products has been achieved compar- 

able to the finding of Frederiksen and Wilson (1971) 

using rat ventral prostates. The rate ofH 3 - T 

reduction was roughly linear between 5 and 60 x 
10 -8 M as has been described for the dog prostate 

homogenate (6). The double reciprocal plot of the 
reduction rate of H 3 - T may be used for the evalua- 
tion of the effect exerted by different drugs which 
appear to be of pharmacological interest. In a first 

approach heparin, a known non-specific enzyme 
inhibitor, was found to be relatively ineffective, 
whereas damaging the enzyme by freezing inter- 
fered considerably with the H 3 - T catabolism. 

Using this system it has also been shown that 
"emptying" the endogenous T compartments within 

the BPH-cells did not augment the metabolic activ- 
ity of exogenous T, i.e. H 3 - testosterone. This 

is apparantly due to the ratio of 600 : 1 between 
exogenous and endogenous T (ii). 

In essence, these experiments employing human 

BPH-tissue for scrutinizing the in vitro T- meta- 

bolism demonstrate the development of an vitro 

system for testing steroid pharmaca. In performing 

the double reciprocal plot for the formation of 5 a- 

reduction products of H 3 - T metabolism the degree 
and type of inhibition exerted by the steroid in ques- 

tion may be derived. 
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