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SUMMARY 

A comparative study of in vitro binding and metabolism of Sa-dihydrotestosterone (Sa-DHT), testoster- 
one (T) and 19-nortestosterone (19-Nor-T) in the prostate (PR), bulbocavernosus/levator ani (BCLA) 
and skeletal muscle (SM) of the rat was performed. After the homogenate of the organs was incubated 
at 0°C for 2 h, the 100,000 9 cytosol was processed. Binding was analyzed by agargel electrophoresis 
at low temperature and androgen metabolism by t.1.c. 

The overall physico-chemical characteristics of the androgen receptor are similar if not identical 
in the PR, BCLA, and SM. The dissociation constants being within the organs different, in the prostate 
K,(19-Nor-T) < K,(Sa-DHT) < K,(T) and in the BCLA &,(5x-DHT) c-K,(19-Nor-T) i K,(T). The 
range being 7 x lo-” M-4 x 10e9 M. Significant differences were found between the available 
and;ogen &ding sites expressed as fmoljmg cytosol protein: being 170 in PR, 24 in BCLA and 
2 in SM. In the PR after ~G(-DHT incubation at WC, 26% of the extracted radioactivity was found 
as Sa-androstanediols, while after T incubation 10% was converted to 5~DHT and 6% to Sa-andros- 
tanediols. In the BCLA and SM only small amounts of 5a-DHT were metabolized to Sa-androstanediols 
(5-8x), and no conversion of T to 5~DHT was measurable. 

In conclusion, no different physico-chemical characteristics of the androgen receptor of the PR, 
BCLA and SM, but rather differences in the affinity of the receptor to various steroids, differences 
in metabolism of the steroids and especially differences in the amount of available androgen binding 
sites might be responsible for the different androgen dependency of PR, BCLA and SM. 

INTRODUCTION 

Our knowledge of the interaction of androgens with 

specific intracellular binding proteins has been de- 
rived mostly from the prostate [l, 21. On the other 
hand the knowledge of the interaction of androgens 
with organs like the bulbocavernosus/levator ani 

(BCLA) or skeletal muscle, which show also a signifi- 
cant degree of androgen responsiveness [3-S], is rela- 

tively poor. 
This prompted us to study in more detail and 

always in comparison with the prostate the binding 
behaviour of SE-dihydrotestosterone (SC+DHT),* tes- 
tosterone and the “anabolic” steroid 19_nortestoster- 
one in the BCLA and skeletal muscle, i.e. the mus- 
culus quadriceps femoris. Because of the extensive 
metabolism of androgens in target organs, some 
metabolic studies are included in this investigation. 

The findings indicate that the three organs differ 
in their androgen binding more quantitatively in 
terms of available binding sites than qualitatively in 

* The following trivial names and abbreviations are 
used: Sa-Androstanediols = 5a-androstane-3a,l7j-diol + 
5a-androstane-3p,17P-diol; BSA = bovine serum albumin; 
Cortisol = llfi,l7,21-trihydroxy-4-pregnene-3,20-dione.; 
Cyproterone acetate = 6-chloro-17-hydroxy-la,2cc-methyl- 
ene-4,6-pregnadiene-3,20-dione acetate; Sa-Dihydrotesto- 
sterone (Sa-DHT) = 17p-hydroxy-5a-androstan-3-one; 3~ 
dial= 5cc-androstane-3a,l7j&diol; Estradiol-17p = 1,3,5(10)- 
estratriene-3,17fl-diol; 19-Nortestosterone = 17p-hydroxy- 
4-estren-3-one ; Sa-Reductase = 3-oxo-5a-steroidA4-dehy- 
drogenase; Testosterone = 17P-hydroxy-4-androsten-3-one. 

terms of physico-chemical characteristics of the bind- 
ing protein. Discussed is a positive correlation 
between the extent of androgen action in uiuo and 
the amount of androgen receptor protein available 
for a steroid, the cellular Sa-reductase activity and 
the degree of affinity of the receptor to the various 
androgens. 

MATERIAL AND METHODS 

Chemicals. [1,2,4,5,6,7-3H]-5clDihydrotestosterone 
(S.A. 130Ci/mmol) was obtained from Amersham 
Buchler (Braunschweig). [1,2-3H]-Sa-Dihydrotesto- 
sterone (S.A. 40 Ci/mmol) and [1,2,6,7-3H]-testo- 
sterone (S.A. 85Ci/mmol) were obtained from NEN 
Chemicals (Dreieichenhain). [6,7-3H]-19-Nortesto- 
sterone (S.A. 29 Ci/mmol) was kindly provided by 
Organon International (Oss), as well as, antiserum 
raised in rabbits against 1 lee-OH-testosterone-1 l-suc- 
cinyl-BSA. The radioactive solution was evaporated 
to dryness and the hormone redissolved in ethanol. 
Radiochemical purity was monitored by t.1.c. and was 
greater than 96%. Non-radioactive steroids were 
obtained from Merck AG (Darmstadt). Cyproterone 
acetate was generously supported by Schering AG 
(Berlin). Ribonuclease A (RNase), desoxyribonuclease 
(DNase), pronase and lipase were purchased from 
Serva (Heidelberg). 

Animals. Male Wistar rats, weighing 34&4OOg, 
were castrated 24 h before the experiments were 
started. 
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Tissue processing and labeling. BCLAs and ventral 
prostates of five rats and skeletal muscle, i.e. musculus 
quadriceps femoris, of three rats were pooled in each 
experiment. The tissue was pulverized in a mortar 
chilled in liquid nitrogen. The fine tissue powder was 

tram&red to the centrifuge tubes and 1 vol. buffer 
(0.01 M Tris-HCl, 0.002 M EDTA, 0.005 M NaNO,, 
0.01 M MgCl, ‘6 H,O, 0.002 M 2-mercapto-ethanol, 
pH 7.4 at +2”C) was added to the BCLA and skeletal 
muscle and 2 vol. to the prostate. All procedures were 
carried out near 0°C. The thawed homogenate was 
labelled for 2 h at 0°C with various concentrations 
of tritiated steroids (2 x lo-‘-2 x lo- lo M). After 
the incubation, the homogenate was centrifuged at 
35.OOOrev/min for 1 h and the clear supernatant was 
defined as 100,OOOg cytosol, in which the final 
concentration range of the tritiated steroids was 
2 x lo-* M-3 x lo-” M. 

Agargel electrophoresis. Agargel electrophoresis at 
low temperature was performed according to 
Wagner [9] and details have been published pre- 
viously [lo]. 

Estimation of the uvailuble binding sites and upparent 

dissociation constants (K,). By convention. the differ- 
ence between the tritiated steroid bound in the 
absence and presence of the excess unlabeled steroid 
is referred to as “specific” binding. Therefore, we 
determined the peak decrease in the anodic part of 
the gel (left from the start) obtained by adding in 
a parallel tube a 100-fold excess of the respective un- 
labeled steroid together with the tritiated one to the 

homogenate. From this binding difference we calcu- 
lated the specifically bound hormone. The means of 
at least three experiments were plotted according to 
Scatchard [ll], whereby total cytosolic tritiated ster- 
oid concentration was determined in an aliquot of 
the respective cytosol and the free fraction by subtract- 
ing the specifically bound fraction from total one. The 

dissociation constant (K,) and the maximal binding 
sites were found by the intercepts of the straight line 
with the “bound” and “bound/free” axis. 

Metabolic studies. Under identical conditions, as 
mentioned above for the binding studies, after 2 h of 
incubation at 0°C the homogenate of the organs was 
processed into the 100,OOOg cytosol. The steroids 
were then extracted with ether and chloroform and 
separated by t.1.c. on silica gel in chloroform:acetone 
(9: I, v/v). To separate Sa-DHT from androsterone 
and epiandrosterone the respective fraction from the 
first chromatography was acetylated and then chro- 
matographed on Al,OsG (type E) in cyclohexane:eth- 
ylacetate (9: 1, v/v). Details have been reported pre- 
viously [ 121. 

Treatment of the cytosol with anti-testosterone unti- 

body. The principle of the method was first described 
by Castaiieda and Liao [13]. We used this method 
for the qualitative characterization of the steroid 
receptor complex: To 100 ~1 of the cytosol, which has 
been processed from homogenate incubated with tri- 
tiated steroids. 10 ~tl of a 1:50 diluted anti-testoster- 

one antibody solution was added and incubated for 
2 h at 0°C. The antibody, having a 30”” cross reaction 
with Scr-DHT, was able to bind more than 90”,, of 
unbound or unspecifically bound testosterone or 
SC+DHT. After incubation, antibody bound tritiated 
steroid was separated from receptor bound one by 
agargel electrophoresis. as the antibody migrated to 
the cathode while the receptor protein migrated to 
the anode. 

Other methods. (1) Enzyme digestion : Pronase. 
lipase, DNase and RNase in a final concentration of 
1 mg/ml cytosol were added to aliquots of the cytosol 
and incubated at O’C for 90min. (2) Protein concen- 
tration of the cytosol was measured by the biuret 
reaction. (3) Before measurement of radioactivity the 
gel slices were frozen in the counting vials in order 

to destroy the gel structure and to facilitate the clu- 
tion of the radioactivity into the scintillation fluid. 
The elution was carried out for at least 2 h under 
gentle shaking. Analysis was performed in a Packard 
scintillation counter 3380 (efficiency 40”,,) without 
external standardization because of a constant AES 
ratio. 

RESULTS 

Common characteristics of the [3H]-androgen binding 

in target organs 

The well defined androgen binding peak shown in 
Fig. 1 can be demonstrated by agargel electrophoresis 
in the 100,OOOg cytosol of the rat prostate and bul- 
bocavernosus/levator ani (BCLA) with tritiated 5c(- 
DHT, testosterone and 19-nortestosterone. while in 
the skeletal muscle this binding peak can be achieved 
only with highly labeled Ss(-DHT and testosterone. 
The common characteristics of this binding are sum- 
marized in Table 1. The principles of point 6 are de- 
scribed in more detail under the Material and 
Methods section “Treatment of the cytosol with anti- 
testosterone antibody”. 

Androgen binding in the rat skeletal muscle c)!to.sol 

Analyzing the skeletal muscle cytosol (Fig. 2) of 
male and female rats, besides a specific Sa-DHT bind- 

ing peak (II) which fulfills all points of Table 1, a 
further peak (I) is demonstrated constantly which is 
not displaceable by a lOO-fold excess of unlabeled 
Scr-DHT and which does not display most of the com- 
mon characteristics: only points 1. 5 and 9 of Table 
1 hold true for this binding protein. Using highly 
labeled testosterone, a specific binding (peak II) can 
be demonstrated which is much smaller than the re- 
spective peak obtained with C3H]-Sa-DHT and which 
has therefore not been characterized quantitatively. 

The high binding affinity and low binding capacity 
of peak II is shown in Figs. 3 and 4. Figure 3 shows 
that the maximal binding capacity is very low. The 
values have been obtained from four different exper- 
iments, whereby each point represents the binding dif- 
ference of peak II before (= total binding) and after 
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Fig. 1. Typical cytosolic binding pattern of rat androgen 
target organs, analyzed by agargel electrophoresis. Organ 
homogenate was incubated with the tritiated androgen for 
2 h at @ C. After processing the 100,OOG g cytosol, 40 ~1 
were applied between slice nos. 14 and 15 (arrow). Bound 
hormone migrates to the anode (left), unbound to the cath- 
ode (right). Radioactivity was measured in c.p.m./slice, each 

slice being 3 mm wide. 

(= non-specific binding) adding a lOO-fold excess of 
unlabeled 5a-DHT. Each experimental point is plot- 
ted in Fig. 4 according to Scatchard [ll], and a 
regression line can be calculated ~bound/fr~” = 
2.41-1.05 x “bound”; r = 0.66; P < 0.01) with a 
resulting KD of 2.4 x 10e9 M and an intercept with 
the abscissa corresponding to 2.3 x IO-l5 mol 5~ 
DHT-binding sites per mg cytosol protein. 

Androgen binding in the bulbocavernosus/levator ani 
(BCLA) Fm.iscte cytosol 

As shown in Fig. 5, a saturation of the cytosolic 
androgen receptor is obtained with tritiated SIX-DHT, 
19nortestosterone and testosterone. Each point is the 
mean of at least three different experiments. The cor- 
responding Scatchard plots revealed straight lines 
(Fig. 6). The lowest apparent K, (7.1 x lo-” M) is 
found with 5~DHT and the highest (1.7 x 10W9 M) 
with testosterone. The binding sites, derived by the 
intercepts of the straight lines with the abscissa are 
in the same range of order for each steroid, amount- 
ing to 27 fmoh’mg protein when calcuiated from the 
experiments with Sa-DHT. 

Androgen binding in the prostate 

Also in the prostate cytosol, the androgen receptor 
can be saturated with each of the three tritiated ster- 
oids used (Fig. 7). Starting the experiments, we added 

Table 1. Common characteristics of the specific 
C3Hj-androgen binding peak found by agargel electro- 
phoresis. The binding of Fig. 1 fulfilled each of the nine 

points 

1. 
2. 
3. 
4. 
5. 
6. 

1. 

8. 

9. 

Migration to the anode 
Migration distance of the peak maximum: -4.5 mm 
Destroying by temperature (45°C 1 h) 
Destroying by pronase (0°C 1.5 h) 
No destroying by lipase, DNase and RNase 
No significant “stripping” of the binding by’an antibody 
against testosterone and SE-DHT 
Displa~ment by low excess (5~1~-fold) of various 
androgens 
Displacement by high excess (lOOO-fold) of cyproterone 
acetate or estradiol-17fi 
No displacement by high excess of cortisol 

increasing amounts of tritiated 5a-DHT in a relative 
low concentration range which resulted in a Scat- 
chard plot as shown in the middle panel of Fig. 8. 
A straight line can be found only in the higher con- 
centration range. Therefore, in the following exper- 
iments with 19-nortestosterone and testosterone, we 
used only higher steroid concentrations. Also in the 
prostate, the highest K, is found with testosterone, 
while the lowest is obtained with 19-nortestosterone. 
The binding sites, derived by the intercepts of the 
straight lines with the abscissa, are in the same range 
of order for each steroid, amounting to 170 fmol/mg 
protein when calculated from the experiments with 
5~DHT. 

Androgen metabolism in vitro at 0°C 

Table 2 summarizes our study on androgen meta- 
bolism in vitro at 0°C. After a 2 h incubation of the 

T 

FREE 

m 

CE NO 

Fig. 2. Binding and displacement of [3H]-5z-dihydro- 
testosterone in the ~~,~g cytosol of the rat skeletal 
muscle, analyzed by agargel ele~trophoresis. Pooled skele- 
tal muscle homogenate of three rats was incubated for 2 h 
at 0°C with 2.2 x 10-s M (final concentration} tritiated 
5x-dihydrotestosterone alone (A) or in the presence of a 
lOO-fold excess of unlabeled Sa-dihydrotestosterone (0). 
After processing the cytosol, 40~1 were applied between 
slice nos. 14 and 15 (arrow). Bound hormone migrates to 
the anode (left), unbound to the cathode (right). Radioacti- 
vity was measured in c.p.m.jslice, each slice being 3 mm 

wide. 
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Fig. 3. Saturation of the rat skeletal muscle cytosol recep- 
tor, analyzed by agargel electrophoresis. Increasing 
amounts of [3Hj-Sa-dihydrotestosterone (Sa-DHT) were 
added to the homogenate. The concentration of the cytoso- 
lit [“HI-Su-DHT was measured and plotted versus specifi- 
cally bound C3H]-Scr-DHT, determined in the respective 
cytosol by subtracting from the totally bound the non- 
specifically bound SPDHT. Each experimental point from 

four different experiments is plotted. 

organ homogenates with tritiated steroids, varying 
amounts of 5x-DHT are converted to Sa-androstane- 
dials in the processed cytosol, being highest in the 
prostate while BCLA and skeletal muscle metabolize 
oniy small amounts of Scr-DHT to the Str-androstane- 
diols. When incubating with testosterone, a substan- 
tial amount is converted to Sa-DHT and Scc-andros- 
tanediols only in the prostate. Furthermore, when 
adding 5cc-androstane-3cr,l7b-diol to the prostate, the 
metabolism to SC+DHT is not as high as the conver- 
sion of Sa-DHT to the dials after adding Sa-DHT. 

Table 3 and Fig. 9 compare the binding sites, I&s, 
tia-reductase activity and qualitative binding charac- 
teristics found in the prostate, BCLA, and skeletal 
muscle. Most striking is the difference in the amount 

p l h 

I \ 

1 2 3 4 
BOUND %+5cr-DHT(fmol/mg PROTEIN) 

Fig. 4. Scatchard plot of the specific [3H]-5a-dihydrotes- 
tosterone (5ff-DH~-binding in the rat skeletal muscle cyto- 
sol. The plot is derived directly from the saturation study 

of Fig. 3. 
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Fig. 5. Saturation of the bulbocavernosus/levator ani 
muscle cytosol receptor with tritiated Scc-dihydrotestoster- 
one (SE-DHT), 19-nortestosterone (19-nor-testo) and tes- 
tosterone (testo.), analyzed by agargel electrophoresis. In- 
creasing amounts of the tritiated androgens were added 
to the homogenate. The concentration of the total cytosolic 
tritiated androgens was measured and plotted versus 
specifically bound tritiated androgens, determined in the 
respective cytosol by subtracting from the totally bound 
the non-specifically bound androgen. The points are means 

of at least three experiments. 

of available binding sites and the fact that the Kn 
within one organ is, as far as investigated, always 
twice as low for Sa-DHT as for testosterone. Striking 
differences were found also in the See-reductase acti- 
vity, being in citro at 0°C practically absent in the 
BCLA and skeletal muscle while in the prostate even 
at 0°C conversion of testosterone to Scr-DHT 
occurred. 

DISCUSSION 

The data presented in this investigation indicate 
that the binding protein of three androgen dependent 
organs, i.e. the prostate, BCLA and skeletal muscle. 
shows similar if not identical qualitative binding 
characteristics when analyzed by agargel electro- 
phoresis. Together with the facts that the three tritiated 
androgens Sa-DHT, testosterone and 19-nortestoster- 
one exhibit similar high binding affinities and that 
each of them can be displaced by an excess of the 
other two, a common receptor protein for their 
actions in androgen dependent organs is assumed. 
Verhoeven et al. [t4] came to the same conclusion 
when comparing the androgen binding behaviour of 
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BoLND 3H-ANDRocENS (f mdltng PFKXEIN) 

Fig. 6. Scatchard plots of the specific binding of tritiated 
5~-dihydrotestosterone @a-DHT), 19-not-testosterone (19- 
nor-testo.) and testosterone (testo.) in the rat bulbocaver- 
nosus/levator ani muscle cytosol. The plots were derived 

directly from the saturation study of Fig. 5. 
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Fig. 7. Saturation of the prostate cytosol receptor with tri- 
tiated 19-nortestosterone (19-nor-testo.), Sa-dihydrotestos- 
terone (5a-DHT) and testosterone (testo.), analyzed by 
agargel electrophoresis. Increasing amounts of the tritiated 
androgens were added to the homogenate. The concen- 
tration of the total cytosolic tritiated androgens was 
measured and plotted versus specifically bound tritiated 
androgens, determined in the respective cytosol by sub- 
tracting from the totally bound the non-specifically bound 
androgen. The points are means of at least three 

experiments. 

I§-MX-TESTO.:Kd =1.2x10-Qhf 

oh-= .,.I,-;, 

100 150 

exM, ‘H-ANCROXNS tf mdlmg PROTEIN) 

Fig. 8. Scatchard plots of the specific binding of tritiated 
19-nortestosterone (19~nor-testo.), 5a-dihydrotestosterone 
(5a-DHT) and testosterone (testo.) in the rat prostate cyto- 
sol. The plots are derived directly from the saturation 

study of Fig. 7. 

BlNDlNG SITES(fmol/mgP~TE~N) 
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27 

C= SKELETAL MUSCLE 2 

2 30 150 

BOUNO 3H-5cr-DHT~fmol/mgPROTEIN) 

Fig. 9. Comparison of the Scatchard plots and the respec- 
tive maximal binding sites, found for [3H]-5a-dihydrotes- 
tosterone (Sa-DHT) in the prostate (A), bulbocavernosus/ 
levator ani (B) and skeletal muscle (C) cytosol. The straight 

lines have been depicted from Figs. 4, 6, and 8. 
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Table 2. Percentage 
of the rat prostate, 
at 0°C with tritiated 

distribution of the main metabohtes obtained by thin-layer chromatography in the 100,000 9 cytosol 
bulbocavernosus/levator ani and skeletal muscle after 2 h incubation of the organ homogenate 
So-dihydrot~tosterone (5~DHT), testosterone, 5~-~drostane-3~~7~-diol(3a-diol), and icf-nortestos- 

terone. The concentration of added steroids to the homogenate was I--2 x 10-a M 

Prostate 

Bulbocavernosus~ 
levator ani muscle 

Skeletal muscle 

Metabolites found (9;) 

Sa-Androstanediols 
Testosterone 
SC+DHT 
19-Nor-testosterone 

5~-Androstanediois 
Testosterone 
Sa-DHT 
19-Nor-testosterone 

5x-Androstanediols 
Testosterone 
Sr-DHT 
19”Nor-testosterone 

Tritiated steroids added 
5x-DHT Testosterone 3cc-Diol 19-Nor-testosterone 

- 
26 6 81 

<5 14 45 
61 10 1’ 

x1 

5 15 96 
<<5 83 <5 
84 <5 45 
-_ 87 

8 <5 94 
%5 87 <5 
78 65 <5 

89 

Table 3. Comparison of available binding sites, dissociation constants (R,), Sa-reductase activity and qualitative binding 
characteristics in various androgenic endpoints 

Prostate 
BulbocavernosusJ 
levator ani muscle 
Skeletal muscle 

Binding 
Sa-DHT-binding sites Kn’s ( x lo- lo M) Sa-Reductase characteristics 

(fmol/mg protein) Sa-DHT Testosterone activity (qualitative) 

170 15 36 present 
27 7 17 not measurable 

T 
nearly 

identical 
2 24 not determined not measurable I 

the rat prostate and kidney. Also Liao and Liang [lS] 
discussed a common receptor protein in androgen 
sensitive tissues. On the other side, Steinetz et al., 
in a short communication [16] suggested that at feast 
the BCLA may have two types of receptor, one sensi- 
tive to anabolic and the other to androgenic stimu- 
lation. It should be emphasized, however, that all 
these assumptions are based on indirect evidence and 
that only the purification of the receptor protein and 
protein structure analysis will give a definite answer 
as to whether or not a single androgen receptor popu- 
lation exists in androgen dependent organs. 

The detailed characterization of the androgen bind- 
ing pattern in the rat skeletal muscle and the com- 
parison of our findings with the data from others 
[ 17,183 will be discussed elsewhere [19]. Despite 
some discrepancies, one may state that the androgen 
responsiveness of the rat skeletal muscle [S-S] could 
be mediated by this receptor protein. Furthermore, 
we may conclude from our in aitro studies, supported 
by the finding [20] of always a greater weight increase 
of various muscles of the guinea-pig after .%Y-DHT 
than testosterone administration, that the affinity of 
the receptor is higher to 5c(-DHT than testosterone, 
though due to the extreme small testosterone peak 
a quantitative binding study has not been performed. 

Concerning the androgen binding in the BCLA, 
earlier results from the laboratory have been con- 
firmed [S, 211. The highest affinity to the receptor dis- 
plays Sa-DHT followed by 19nortestosterone and 

testosterone. The finding of Jung and Baulieu [22], 
that in the perineal muscle testosterone is bound with 
higher affinity than 5~-DHT, is not supported by our 
data. The question arises whether the affinity differ- 
ences of the three steroids to the BCLA receptor will 
reflect their differences in biological activities in terms 
of growth stimulation. Compiling the litera- 
ture [23334], the bioassay data are not quite consis- 
tent. Most investigators found that 19-nortestosterone 
and its esters acted more upon the BCLA than testos- 
terone and its respective esters. Furthermore, Sa-DHT 
showed always greater biological activity than testos- 
terone. We also found a tremendous weight increase 
of the BCLA of castrated rats when SE-DHT was ad- 
ministered S.C. for 12 days [S]. 

The apparent i&s, as determined in the prostate, 
must be discussed in the light of two facts: 

(1) Even in oirro at 0-C metabolism occurs. When 
SIX-DHT is added to the homogenate, 26”!,,(, of the 
extracted radioactivity, which is nearly the same as 
Verhoeven et rtl., found 1143, is recovered as 
5ff-androstanediols, which are little if at ali bound 
to the receptor [35]. This might not lead to a signifi- 
cant underestimation of the total available binding 
sites for Sa-DHT under saturation conditions, i.e. 
when at least twice the amount of Sa-DHT needed 
for saturation has been added to the medium. In ex- 
periments, however, in which the concentration of 
SC+DHT is smaller than the available binding sites, 
the aforementioned metabolism of Sa-DHT to the 
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Sa-androstanediols will further reduce the amount of 
SC+DHT interacting with the receptor. 

(2) Using low SCX-DHT concentrations, in the pro- 
state one gets no straight line with a negative slope 
of the Scatchard plot but rather an increase of the 
“bound/free” ratio. Very similar data have been 
obtained in the uterus [36]; as explanation, a cooper- 
ative binding is discussed. Such phenomenon can 
alternatively be explained by degradation of the 
receptor protein. It is known that the receptor protein 
is more stable with bound ligand [37,38]. From this, 

it follows that the lower the androgen concentration 
in the medium, the more receptor protein is accessible 
to degradation. Both possibilities, cooperativity 
and/or degradation, lead to the same result, which 
can be avoided only by using either higher steroid 
or lower protein concentrations [36]. As far as 
Sc(-DHT is concerned, its conversion to Scr-andros- 
tanediols will potentiate the phenomenon. Therefore, 
the determination of K, for Sc+DHT in the prostate 
seems problematical and might result in slightly too 
high values. This is reflected by the wide range of 

KUs reported from lO~‘M[14,39,40,41] ,to 
lo-l3 M 1421. The grades of the affinity of the ster- 
oids to the receptor in prostate are similar to those 
found in the BCLA. The only exception being the 
slightly higher affinity of 19-nortestosterone when 
compared to Sc(-DHT. This is also in contrast to a 

previous report [21] in which we have found for the 
prostate, under high receptor saturating conditions, 
statistically proved higher binding for Sa-DHT than 
for 19-nortestosterone to the receptor. In the litera- 
ture three groups [ 14,39,41] also observed by compe- 
tition studies that 19-nortestosterone was slightly 
more effective than SC+DHT, while Liao et al. [42] 
reported just the opposite. In conclusion and based 
on previous results [21], we tend to believe that in 
the prostate-Scr-DHT is bound more than 19-nortes- 
tosterone, which, by the way, will better explain the 
bioassay data showing that Sa-DHT is more active 
upon the prostate than 19-nortestosterone [29,33]. 

From our comparative study in vitro, three points 
might be important for a better understanding of the 
graded androgen responsiveness of the organs in vivo 
(prostate > BCLA > skeletal muscle), as well as, the 
graded “myotrophic/androgenic” ratios of the steroids 
(19-nortestosterone > testosterone) : (1) The amount 
of available androgen binding sites is quite different 
in the organs (prostate > BCLA > skeletal muscle). 
(2) The See-reductase activity is present in the prostate 
even in vitro at O”C, while not measurable in the 
BCLA and skeletal muscle, thus reflecting well the 
situation in uiuo [S, 12,4447]. (3) A single class of 
androgen binding sites, which is similar if not iden- 
tical in each investigated organ, has a higher affinity 
for Sc(-DHT and 19-nortestosterone than for testoster- 
one. From these points, it seems attractive for us to 
speculate that there exists a positive correlation 
between the extent of androgen action at the cellular 
level of target organs and the amount of androgen 

receptor protein available for a steroid, the cellular 
Sa-reductase activity and the degree of affinity of the 
receptor to the various androgens or their metabo- 
lites. When applying this reasoning to the prostate, 
it must show a high androgenic responsiveness due 
to the high amounts of available binding sites and 
high Sa-reductase activity present, the latter convert- 
ing testosterone to Sa-DHT which is bound with 
higher affinity to the receptor than testosterone. Con- 
cerning the skeletal muscle, on the other hand, this 
organ must be a poor androgenic endpoint as only 

low amounts of receptor protein are available which 
will bind with comparatively low affinity testosterone 
itself due to the absence of significant Sa-reductase 
activity. Discussing the BCLA along this line, it must 
be more responsive to androgens than the skeletal 
muscle due to higher amounts of androgen binding 
sites, but less than the prostate as it does not show 
measurable amounts of Sa-reductase activity and has 
less receptor protein. Furthermore, the higher “myo- 
trophic/androgenic” ratio of 19-nortestosterone com- 
pared to testosterone is in accordance with this 
hypothesis, as stated in a previous paper [21]. 
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DISCUSSION 

Afunck. I wonder what significance the results expressed 
as binding sites per milligram protein has in physiological 
terms. Is that per milligram cytosol protein? Or is it per 
milligram tissue weight? 

Kreig. It is the estimation of available binding sites per 
mg soluble cytosol protein. 

Munck. Have you compared the binding sites per cell 
between tissues? 

Kreig. No. 
Munck. Would that not be more significant when you 

are comparing different tissues in this way? 
Kreig. Yes, this might be true. However, in contrast to 

glandular tissues like the prostate, the estimation of bind- 
ing sites per muscle cell is very difficult and up to now 
not practicable for us. 

O’Malley. You could make the calculation on the basis 
of DNA. 

Kreig. Yes, the calculation of binding sites per DNA 
would be an acceptable approach. However, in the litera- 
ture, we found no examples concerning the estimation of 

binding sites which reverse the results if relating the 
amount of binding sites per mg DNA instead of mg soluble 
protein. 

Siiteri. I would like to raise a note of caution also. As 
you recall, Dr. Wilson and I about five years ago found 
a great deal of dihydrotestosterone in benign prostatic 
hypertrophy tissue and suggested that this may be a causa- 
tive factor. As it turned out we were unsuccessful in induc- 
ing ex~rimentally benign prostatic hypertrophy in dogs 
by treatment with dihy~ot~tosterone, However, recent 
work in Dr. Wilson’s laboratory indicates that for the very 
first time prostatic hypertrophy can be induced in the dog 
by the administration of androstenediol. In fact the action 
of androstenediol is potentiated by estradiol administered 
simultaneously. So I would urge you to consider in your 
thinking about interaction of steroids with receptors the 
fact that we cannot dismiss compounds which do not 
apparently bind to the receptor as being physiologicaliy 
unimportant. 


