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SUMMARY

Acid phosphatase of rat ventral prostate is resolved by polyacrylamide gel electrophoresis, into a
major isoenzyme (A}, and 2 minor ones (Bl and B2), essentially as described by Tenniswood and
co-workers [text, ref. 10]. Tissue specific Bl enzyme disappears within 2 days after castration. Both
high and low doses (respectively, 400 ug and 40 ug/100 g BW) of dihydrotestosterone and 38-androstane-
diol are able to maintain Bl enzyme if treatment is started at the time of castration. However, only
a high dose of dihydrotestosterone prevents the involution of prostate, indicating a differential response
for the maintenance of B1 enzyme and glandular size. If treatment commences 7 days after castration
and consists of a daily high dose of dihydrotestosterone, cell proliferation in the prostate begins on
the 2nd day and is sharply curtailed on the 5th day, but 12 days elapse before B1 enzyme is restored
to the tissue. In contrast, if treatment consists of a daily low dose of dihydrotestosterone or a daily
high dose of 3f-androstanediol, Bl enzyme is restored to the tissue on the 4th day in the absence
of any significant change in DNA content or weight of prostate. Finally, if Bl enzyme is induced
in regressed prostate by the daily administration of a high dose of 3f-androstanediol for 4 days,
it is not maintained by the subsequent daily administration of a high dose of dihydrotestosterone.
Two conclusions follow from these results. First, since the induction of Bl enzyme by high doses
of 3B-androstanediol is mimicked by low doses of dihydrotestosterone, and since 3f-androstanediol
is partly metabolized to dihydrotestosterone, it is extremely unlikely that the effects of 38-androstanediot
are independent of those of dihydrotestosterone. Second, the specific type of prostatic response, elicited
by the administration of dihydrotestosterone, depends on concentration of hormone. At a low dose,
dihydrotestosterone induces Bl enzyme; at a high dose, Bl enzyme is not induced but the prostate
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undergoes extensive growth.

INTRODUCTION

Androgens secreted by the gonads and the adrenal
glands are metabolized by peripheral hormone-
sensitive tissues to dihydrotestosteronet in amounts
roughly proportional to biological strength [1-6].
Consequently, it seems reasonable to infer that dihyd-
rotestosterone alone accounts for the action of a var-
iety of natural androgens [2]. But evidence support-
ing this view is not complete enough to exclude the
possibility that some androgens act entirely on their
own. For example, from observation of the effects of
androgens on organ cultures of rat ventral prostate,
it has been suggested that certain features of cellular
differentiation, such as the maintenance of epithelial
height and the stimulation of secretion, are fostered
by 3f-androstanediol, whereas cell proliferation is
controlled by dihydrotestosterone {7-9]. In the
present study, a similar approach was taken to exam-
ine the relationship between androgens and the in vivo
regulation of prostatic secretion and growth. This

* Recipient of a National Cancer Institute of Canada
Scholarship.

+ The trivial names wused are: 3f-androstanediol,
Sa-androstan-38, 17f-diol; 3a-androstanediol, S5a-andros-
tan-3a, 17B-diol; dihydrotestosterone, Sa-androstan-178-
ol-3-one; testosterone, 4-ene-androsten-17g-ol-3-one.

entailed a comparison of the effects of 3f-androstane-
diol and dihydrotestosterone on the induction and
maintenance of the secretory form of acid phospha-
tase recently described by Tenniswood et al[10], in
relation to regression and regeneration of prostatic
tissue.

MATERIALS AND METHODS

Experimental animals. Male Wistar rats, weighing
250-300 g, were castrated via the scrotal route while
under ether anaesthesia. The animals received daily
subcutaneous injections of dihydrotestosterone, testo-
sterone, 3f-androstanediol or 3¢-androstanediol, in
approximately 0.6 ml of an aqueous solution consist-
ing of 10% (vol/vol) ethanol and 10% (vol./vol)
polyoxyethylene sorbitan monopaimitate (Tween 40,
Sigma Chemical Co., St. Louis, MO). The dose ad-
ministered was in the range of 4-400 ug/100g BW.
Details of the treatment are given in the text.

Preparation of tissue extracts. All procedures were
performed at 04°C. The pooled ventral prostates
from 3-10 rats were minced finely with scissors and
homogenized in 3-5ml of 0.05M acetate buffer, pH
4.8, with 25 strokes of a large clearance and 10 strokes
of a small clearance ball-type Dounce apparatus.
After centrifugation at 1000g for 10min (Sorvall
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GLC-1; HL-4 rotor), the supernatant, containing
both intracellular and intraluminal secretions, was
decanted, subjected to 3 cycles of freezing and thaw-
ing according to the method of Harding and
Samuels{11], and forced under posttive nitrogen pres-
sure through a Metricel {0.45 my) filter (Gelman In-
struments, Ann Arbor. MI). The filtrates were made
to 339, glycerel {vol./vol} and then either assayed for
acid phosphatase activity immediately or stored at
—~20°C. There was no appreciable change in acid
phosphatase activity in the extracts during a storage
period of 3-4 weeks. In the present experiments the
assays were performed within 1 week after prep-
aration of the filtrates. To estimate the DNA content
of tissue, DNA determinations were performed on the
1000 ¢ crude nuclear pellet.

Gel electrophoresis of acid phosphatase. Prostatic
acid phosphatasc isoenzymes were separated using
cationic polyvacrylamide disc gels described by Wil-
fiams and Reisfeld[12] and Tenniswood er al[10].
The gels were composed of a 7.5% polyacrylamide
separating gel, pH 4.3, and a 257, peolyacrylamide
stacking gel, pH 6.7. The separating gel was polymer-
ized by the addition of 0.35%, ammonium persulphate.
The ammonium persulphate was subsequently
removed by running the gels at 3 milliamps/gel for
2 h prior to the loading of the stacking gel. Riboflavin
was used to polymerize the stacking gel. The running
buffer consisted of f-alanine (3.12 g/l) and acetic acid
(0.8 my/l) at pH 4.5. Sampiles of tissue filtrate contain-
ing 50-400 ug of protein in 25-150 yl of 0.O3 M acet-
ate buffer with 33% glycerol, pH 4.8, were layered
onto the stacking gels. These were carefully overlayed
with the running buffer, and electrophoresed for 2.5h
at 4°C with a current of 4 milliamps/gel.

Staining of specific acid phosphatase bands in the
gels was accomplished by the technique of Pais et
al(13]. The gels were first incubated for 30min at
25°C in 0.05M acetate buffer, pH 4.8, and then for
1.5 h at 25°C with 10 ml of the same buffer containing
fast garnet GBC (1 mg/ml) and a-naphthyl phosphate
(1 mg/ml). At the conclusion of the staining interval,
the gels were rinsed several times with 7%, acetic acid
and stored in acetic acid solution at 3—4°C. No appre-
ciable fading of the gel bands was observed during
a period of 8 weeks.

Acid phosphatase determinations. The procedure
used routinely was as follows: 1 ml of 0.2 (wt/vol)
p-nitropheny! disodium phosphate in 0.05 M acetate
buffer, pH 4.8, was incubated at 37°C for 10 min. Tis-
sue filtrate, (0.2 ml), was then added, and the mixture
was incubated at 37°C for 30 min. The reaction was
stopped by the addition of 3.8 ml of 0.1 N NaOH.
Measurement of the absorbance at 415nm of the
reaction mixture yielded an estimate of the amount
of p-nitrophenol formed. The enzyme activity was
expressed as moles of p-nitrophenol formed per h and
normalized on the basis of tissue protein or DNA,

Other analytical procedures. Protein was measured
by the method of Lowry et al.[14] using bovine serum

PauL S, ReEnNIE, NicHOLAS BRUCHOVSKY and SuerLy L. Hook

albumin as the reference standard. DNA determina-
tions were done by the diphenylamine method [15]
with calf thymus IDNA as the standard.

RESULTS

Effects of castration on acid phesphatase

Ventral prostate of normal rats contains 3 forms
of acid phosphatase as shown by the results in Fig.
la. The isoenzymes are resolved by polyacrylamide
gel electrophoresis into a major slow moving com-
ponent {A) and two fast moving components (Bl and
B2). These results differ slightly from the findings of
Tenniswood er al.[10] who observed only one fast
moving component equivalent to B! enzyme. This dif-
ference is probably explained by our observation that
the recovery of B2 enzyme is variable. On the other
hand, B2 enzyme does appear to be dependent on
androgens since it is never found in prostates from
castrated untreated rats {Fig. 1b). Although Tennis-
wood er af. allowed a castration interval of 2 weeks
to effect the disappearance of Bl enzyme, in the
present study it was found that a short interval of
only 2 days is sufficient to produce the same result
(Fig. lc). On the other hand, A enzyme is present
at all times even when the period of castration is 7
days or longer. Furthermore, A enzyme is present in
kidney and liver (Fig. le, f), whereas Bl enzyme is
only found in the ventral prostate. Comparison of
the levels of total acid phosphatase in prostatic
extracts from normal and castrated rats affords a
means of estimating the amount of Bl enzyme relative
to the total. The results in Table 1 indicate that the
specific aetivity of total acid phosphatase i un-
changed 2 days after castration but increases almost
threefold by 7 days. However, when the results are
normalized on the basis of DNA content there is no
significant change in specific activity of total enzyme
after castration. Since the loss of Bl enzyme from
the prostate is not reflected in any significant alter-
ation in overall specific activity, Bl enzyme is clearly
a minor component of the total acid phosphatase in
the prostate.

Maintenance of acid phosphatase

Since the Bl enzyme disappears upon androgen
withdrawal, experiments were carried out to deter-
mine whether therapy with androgens preserves this
activity. Rats were castrated and immediately treated
with a high (400 ug/100 g BW) and a low (40 ug/100 g
BW) dose of dihydrotestosterone or 3f-androstane-
diol administered daily by subcutaneous injection.
After 7 days of treatment, the ventral prostates were
removed and examined for acid phosphatase activity.
The results presented in Fig. 2 indicate that with such
therapy it is possible to maintain the B! form of acid
phosphatase regardless of whether dihydrotestoster-
one or 3f-androstanediol is given. Testosterone is
equally potent in this respect (data not shown). No
relationship exists between the maintenance of Bl
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Fig. 1. Gel electrophoresis of prostatic acid phosphatase from normal and castrated rats. Samples

consisting of 150 ug of prostatic extract protein, prepared as described in the “Materials and Methods™

section, were fractionated in 7.5%, (wt/vol.) cationic polyacrylamide gels by applying a current of 4 mil-

liamp/gel for 2.5 h. Specific acid phosphatase bands were stained with a solution of fast garnet GBC

{1 mg/ml) and x-naphthyl phosphate {1 mg/ml} in 0.05M acetate buffer, pH 4.8. Prostatic extracts

from {a) normal rats and rats (b} 1 day, {c) 2 days, and (d} 7 days after castration. Kidney (e} and
liver (f) extracts prepared from normal rats.

enzyme and the maintenance of prostatic weight and
DNA content (Table 2). Each parameter is main-
tained at the corresponding normal level by dihydro-
testosterone at a dose of 400 ug/100g BW) and at
50%; of the normal level at a dose of 40 ug/100 g BW.
In contrast, neither parameter is maintained by
3f-androstanediol and regression of prostate is
observed. Assuming that 3f-androstanediol is con-
verted in part to dihydrotestosterone [2-5], these
findings strongly suggest that less dihydrotestosterone
is required for the preservation of Bl enzyme than
is necessary for the maintanance of organs weight and
DNA content.

Regeneration of prostate: dihydrotestosterone versus
3B-androstanediol

When the number of cells in the ventral prostrate
is below normal, the administration of dihydrostestos-
Table 1. Effects of castration on acid phosphatase activity

Activity
{umol h™1)
Time after

castration {days) per mg protein  per mg DNA

2 177 +0.20 47.0 + 50
7 442 + 043 536 +90
Control {non-castrated) 1.64 +0.12 53.0 1+ 60

Prostatic tissue was recovered from groups of 3-6 male
rats (250-300 g} castrated 2 and 7 days previously, and
also from control non-castrated rats. Tissue extracts were
analyzed for total acid phosphatase using p-nitrophenyl
phosphate as substrate. The values shown represent the
mean (+S.E.) of the results of at least 3 separate experi-
ments.

terone or testosterone to castrated animals stimulates
the initiation of DNA synthesis and cell-prolife-
ration [16-18]. On the other hand, 3f-androstanediol
is without effect on DNA synthesis when added to
organ cultures of rat ventral prostate [7-9]. To extend
these observations, we checked for a stimulatory
action of 3f-androstanediol in vive, expecting that
such might be observed in a dose-response or a time-
course experiment.

{(1)Dose-response. Dihydrotestosterone and 3§-andro-
stanediol were administered daily by subcutaneous in-
jection to animals castrated 7 days previously in doses
ranging from 10 to 400 4g/100 g BW. On the 4th day,
prostatic tissue was recovered, weighed and analyzed
for DNA content. From the results presented in Fig.
3, it is clear that 3B-androstanediol has no effect on
prostatic weight even at the highest dose tested. In
contrast, at all doses of dihydrotestosterone above
40 ng/100 g BW, a significant increase in prostatic
weight is observed. Analysis of the DNA content of
regenerating tissue also yields results in keeping with
the difference in the potency of the two agents (data
not shown).

(2) Time-course. Dibydrotestosterone and 3f§-andro-
stanediol at a dose of 400 ug/100 g BW were adminis-
tered daily by subcutaneous injection fo animals cas-
trated 7 days previcusly. The changes in weight and
DNA content over a period of 14 days are shown
in Fig. 4. As expected [17] dihydrotestosterone stimu-
lates a marked hypertrophic and hyperplastic re-
sponse such that increased levels of prostatic DNA
and weight are seen after 4, 7, and 12 days of treat-
ment. In contrast, 3f-androstanediol produces little
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Fig. 2. Gel electrophoresis of prostatic acid phosphatase from castrated rats maintained by androgens.

Groups of 3-6 male rats (250-300 g) were castrated and immediately started on a course of daily

injections of androgens. After 7 days the ventral prostates were removed, homogenized, and analyzed

for acid phosphatase using the electrophoresis technique described in the legend to Fig. 1. Samples

consisting of 150 ug of prostatic extract protein from rats treated with dihydrotestosterone at doses

of (a) 400 ug and (b) 40 ug/100g BW and with 3f-androstanediol at doses of (c) 400 ug and (b)
40 ug/100 g BW.

change in DNA content and organ weight over con-
trol levels after 4 or 7 days of treatment, but after
12 days of treatment slight increases in both par-
ameters are observed. These results confirm that
3f-androstanediol behaves strictly as a weak
androgen when assessed on the basis of its ability
to stimulate prostatic regeneration.

Appearance of acid phosphatase in regenerating prostate

(1) Effect of dihydrotestosterone. In order to deter-
mine whether Bl enzyme is restored in androgen
stimulated prostate, animals castrated 7 days pre-
viously were treated daily for 14 days with dihydro-
testosterone and 3f-androstanediol at a dose of
400 ug/100 g BW. The effect of dihydrotestosterone on
the electrophoretic pattern of acid phosphatase ac-
tivity is shown in Fig. 5. Bl enzyme is detected on

the 12th day of treatment, corresponding to a time
when DNA synthesis is reduced to a low level [19].
During this period of treatment, the acid phosphatase
activity, expressed on the basis of DNA content,
remains constant; however, the activity, on the basis
of protein content, declines to 1.74molh™ ' mg~! by
the 12th day, an essentially normal level (Table 1).
If animals are treated with testosterone or with
3x-androstanediol then, as with dihydrotestosterone,
12 days elapse before Bl enzyme is detected in pros-
tate (data not shown).

(2) Effect of 3B-androstanediol. In contrast to the
foregoing results, 3f-androstanediol stimulates the
return of Bl enzyme within 4 days (Fig. 6). Thus,
under in vive conditions, 3f-androstanediol restores
the B1 form of acid phosphatase earlier than the more
potent androgens, dihydrotestosterone, testosterone,

Table 2. Maintenance of prostatic weight and DNA by androgens

Dose Weight* DNA*

Treatment (ug/100 g BW) (%, of control)
Dihydrotestosterone 400 103 104

40 51 54
3B-Androstanediol 400 31 60

40 20 32
None — 17 21
Control (non-castrated) 100 100

(300 + 17) (282 + 28)

* Per prostate.

Groups of 3-6 male rats (250-300g) were castrated and started immediately on
daily doses for 7 days of either dihydrotestosterone or 3B-androstanediol in the
amounts indicated. Following treatment, the ventral prostates were removed, weighed
and analyzed for DNA content. The results are expressed as per cent of non-castrated
control values (shown in brackets as mean + S.E. in mg and ug for weight and DNA

respectively).
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Fig. 3. Effects of dose of androgen on the weight of ventral
prostate. Male rats {250-300 g} castrated 7 days previously
were treated daily with various doses of dihydrotestoster-
one or 3f-androstanediol. After 4 days of treatment, the
animals were sacrificed and ventral prostates weighed.
Resuits are shown as mean + S.E. of 8-15 determinations.
Treatment: O, dihydrotestosterone; [, 3f-androstanediol.

and 3x-androstanediol. Also the Bl enzyme continues
to be present in prostate after 7, 12, and 14 days
of treatment with 3f-androstanediol, even though the
specific activity of total acid phosphatase (approxi-
mately 4mol h™' mg™') is not different than the
specific activity in unstimulated prostate of animals
castrated 7 days previously (Table 1} These results
indicate that the appearance of Bl enzyme is not con-
ditional on cell proliferation; in addition, they raise
the possibility that 3f-androstanediol is a more
potent inducer of Bl enzyme than dihydrotestoster-
one.

Early induction of Bl enzyme hy dihydrotestosterone

Since in vivo there is a slight but significant conver-
sion of 3pB-androstanediol to dihydrotestoster-
one [2-5], we assumed that the unusual effect of
3p-androstanediol on the induction of Bl enzyme
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Fig. 4. Time course of androgen effects on the weight and
DNA content of ventral prostate. Male rats (250-300g)
castrated 7 days previously were treated with daily injec-
tions of vehicle alone (castrated controls), or 400 ug/100 g
BW of either 3f-androstanediol or dihydrotestosterone.
After 4, 7, or 12 days of treatment the ventral prostates
from groups of 3-7 animals were removed, weighed and
analyzed for,DDNA content. The results are expressed as
mean + S.E, of at least 3 separate determination. Treat-
ment: A, vehicle alone; B, 3B-androstanediol; C,
dihydrotestosterone.

might be reproduced by low dose of dihydrotestoster-
one. Accordingly, animals castrated 7 days previously
were treated daily with dihydrotestosterone in doses
ranging from 4 to 400 ug/10Gg BW. After 4 days of
treatment, the prostatic tissue was analyzed for acid
phosphatase activity. The results are shown in Fig.
7. At doses of less than 10pug or greater than
100 ug/100 g BW, B1 enzyme is not detected, but at
a dose of 40 ug/100 g BW its presence is clear, Fur-
thermore, loading up to 500 ug of protein failed to

Fig. 5. Gel electrophoresis of prostatic acid phosphatase from castrated rats treated with dihydrotestos-

terone. Samples consisting of 180 ug of prostatic extract protein, obtained from 7-day castrated rats

treated with dihydrotestosterone (400 ug/100 g BW) for (a) 4 days, (b) 8 days, (c) 12 days, or (d) 14
days, were analyzed for acid phosphatase activity by gel electrophoresis.
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Fig. 6. Gel electrophoresis of prostatic acid phosphatase

from castrated rats treated with 38-androstanediol. The ex-

perimental conditions were identical to those described in

the legend to Fig. 5, except that the animals were injected

with 3f8-androstanediol (400 ug/100 g BW) for either (a) 2
or (b) 4 days.

reveal any Bl enzyme activity in the negative samples.
In parallel experiments using 3f-androstanediol, Bl
enzyme is only detected when the amount of steroid
injected is greater than 200 ug/100 g BW. Finally, in
all instances the levels of total acid phosphatase,
whether expressed on the basis of protein content,
or on the basis of DNA content, resemble those of
unstimulated prostate from animals castrated 7 days
previously.

Thus, the specific effect of 3-androstanediol on the
induction of B1 enzyme is mimicked by dihydrotes-
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tosterone at a low concentration. About 10 times less
dihydrotestosterone is required to elicit a comparable
response.

Treatment with combined androgens

The possibility that 3f-androstanediol acts inde-
pendently to induce Bl enzyme was further investi-
gated in experiments using combinations of
3f-androstanediol and dihydrotestosterone for ther-
apy. We assumed that if 3f-androstanediol is able
to induce Bl enzyme without being converted to
dihydrotestosterone, then concurrent injections of
dihydrotestosterone at high doses should have no
effect on enzyme induction. Outlines of the experi-
mental approaches are shown in Table 3, and the
results are summarized in Fig. 8. In the first experi-
mental approach (Table 3A) animals castrated 7 days
previously were treated with dihydrotestosterone
alone (experimental group A.l), or with combinations
of 3p-androstanediol and dihydrotestosterone (experi-
mental groups A.2 and A.3) in | cycle of therapy last-
ing 7 days. At the end of this cycle, no Bl enzyme
is detectable in prostate from any of the treatment
groups (data not shown). Furthermore, as indicated
by the results in Fig. 8A, the DNA content of prostate
in experimental groups A.2 and A.3 is similar to that
in experimental group A.l. The mean prostatic
weight, however, is slightly lower in experimental
groups A.2 and A.3 compared to that in experimental
group A.1. These results imply that 3f-androstanediol
is neither able to induce Bl enzyme in the presence
of high concentrations of dihydrotestosterone, nor is
it able to significantly inhibit prostatic growth in-
duced by dihydrotestosterone.

In the second experimental approach, we studied

C d e

Fig. 7. Early induction of Bl enzyme by dihydrotestosterone. Male rats (250-300 g) castrated 7 days

previously were treated for 4 days with daily injections of dihydrotestosterone at doses ranging from

4-200 ug/100 g BW. Samples consisting of 150 ug of prostatic extract protein were analyzed for acid

phosphatase by gel electrophoresis. Dihydrotestosterone administered: (a) 4 ug. (b) 10 ug, (c) 40 ug,
(d) 100 ug, (e) 200 ug/100 g BW.
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Table 3. Schedule of treatment with combined androgens
Cycle 1 Cycle 2
Experi- Dose Interval Dose Interval
ment  Group Treatment (1g/100 g BW) (days) Treatment (ug/100 g BW) (days)
A. 1 dihydrotestosterone 400 7
2 3B-androstanediol 400 7
+ dihydrotestosterone 400
3 3p-androstanediol 800 7
+ dihydrotestosterone 400
B. 1 vehicle — 4 dihydrotestosterone 400 7
2 3B-androstanediol 400 4 dihydrotestosterone 400 7
3 3B-androstanediol 400 4 3B-androstanediol 400 7
+dihydrotestosterone 400
4 3B-androstanediol 400 4 3p-androstanediol 800 7
+dihydrotestosterone 400

In experiments employing only 1 cycle of therapy (A), animals castrated 7 days previously were treated with dihydrotes-
tosterone alone (group A.1), or with combinations of 3f-androstanediol and dihydrotestosterone (groups A.2 and A.3).
The animals were injected daily and the therapy was continued for 7 days.

In experiments employing 2 cycles of therapy (B), animals castrated 7 days previously were treated in the 1st cycle,
daily for 4 days, with 38-androstanediol. During the 2nd cycle lasting 7 days, experimental group B.1 received dihydrotes-
tosterone, whereas experimental groups B.2, B.3, and B.4 received combinations of 3#-androstanediol and dihydrotestos-

terone as indicated.

At the end of each course of therapy, ventral prostates were recovered, weighed and analyzed for DNA content

and acid phosphatase.

the fate of Bl enzyme induced by 3B-androstanediol
during a subsequent round of cell proliferation in-
duced by dihydrotestosterone. Animals castrated 7
days previously were treated in 2 cycles as described
in Table 3B. During the 1st cycle lasting 4 days, each
group received 3f-androstanediol in order to induce
B1 enzyme. During the 2nd cycle lasting 7 days, ex-
perimental group B.1 received dihydrotestosterone,
whereas experimental groups B.2, B3, and B4
received combinations of 3f-androstanediol and
dihydrotestosterone. At the end of the 2nd cycle no
Bl enzyme is detectable in prostate from any of the
treatment groups (data not shown). Also, the results
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Fig. 8. Treatment with combined androgens. Groups of
3-6 male rats (250~300 g) castrated 7 days previously were
treated with combinations of androgens according to the
schedule in Table 3. Following the treatments, the ventral
prostates were removed, weighed, and analyzed for DNA
content. The results are expressed as mean + S.E. of at
least 4 determinations. The numbers of the abscissa corre-
spond to the experiments listed in Table 3.

presented in Fig. 8B demonstrate that the DNA con-
tent and mean weight of prostate in experimental
groups B.2, B.3, and B4, receiving both 3B-andros-
tanediol and dihydrotestosterone, are about identical
to those in experimental group B.1, receiving only
dihydrotestosterone during the 2nd cycle of therapy.
Two conclusions can be drawn from these findings:
first, Bl enzyme activity is suppressed in prostatic
cells stimulated to grow by high doses of dihydrotes-
tosterone; second, the initial presence of Bl enzyme
does not imply a degree of tissue differentiation suffi-
cient to retard or prevent the growth of prostate in
response to dihydrotestosterone.

DISCUSSION

Although it was originally believed that the acid
phosphatase of rat prostate is unaffected by castra-
tion [20, 21], it is now known that only the lysosomal
form of the enzyme is insensitive to hormones [22],
while the secretory form is hormone-dependent and
declines after castration[10,23]. Tenniswood et
al.[10], were able to distinguish between the two
types of acid phosphatase on the basis of sensitivity
to inhibition by tartrate and formaldehyde, and of
relative mobility in cationic polyacrylamide gels. In
the present investigation we used the latter method
to follow changes in acid phosphatase activity during
prostatic involution and regeneration.

Our results confirm the findings of Tenniswood et
al.[10] in that we observe 2 major forms of acid phos-
phatase in ventral prostate of normal rats (Fig. 1a);
occasionally, a 3rd form not previously described, is
also observed (Fig. 1a). The B1 form of acid phospha-
tase is hormone dependent (Fig. 1c), tissue specific
(Fig. 1e,f), and is maintained by androgens if treat-
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ment is started immediately after castration (Fig. 2).
However, Bl enzyme is a minor component of the
total acid phosphatase in prostate, since its disappear-
ance is not reflected in a significant decrease in the
specific activity of the total enzyme (Table 1).

The disappearance of Bl enzyme from prostate 2
days after castration is not associated with a decrease
in the number of cells per gland nor in the weight.
Although one can preserve both the Bl enzyme and
the size of the prostate with high doses of dihydrotes-
tosterone, treatment with 3f-androstanediol or with
low doses of dihydrotestosterone, maintains the
enzyme without maintaining either weight or DNA
content (Table 2). Thus, the hormonal mechanisms
responsible for involution or maintenance of prostate
are probably different from those which regulate Bl
enzyme.

The induction of Bl enzyme in castrated animals
occurs only when there is little or no glandular
growth. This condition is fulfilled when animals cas-
trated 7 days previously are treated with high doses
of 3f-androstanediol (Fig. 6) or low doses of dihydro-
testosterone (Fig. 7). Both types of therapy induce Bl
enzyme within 4 days without causing enlargement
of the prostate. On the other hand, if growth is in-
duced with high doses of dihydrotestosterone, the
appearance of Bl enzyme is delayed until the 12th
day. The reciprocal relationship between enzyme in-
duction and cell proliferation is further demonstrated
by the results of experiments in which castrated ani-
mals are treated with combinations of 3§-androstane-
diol and dihydrotestosterone (Table 3; Fig. 8). These
results indicate that Bl enzyme is not maintained in
glandular tissue undergoing rapid growth. It follows
that even in the presence of Bl enzyme, the state of
differentiation of prostatic tissue, may not be suffi-
ciently advanced to be incompatible with further
rounds of cell division.

Results of in vitro studies with organ cultures of rat
prostate indicate that 3f-androstanediol maintains
epithelial height and secretory activity but has no sti-
mulatory effect upon DNA synthesis [7-9]. However,
this androgen is partly metabolized to dihydrotestos-
terone [2-5], and since dihydrotestosterone itself is
able to maintain the differentiation of cultured pros-
tates, it is not entirely certain that 3f-androstanediol
independently promotes cellular differentiation. In the
present study we found that 3f-androstanediol, at a
dose of 400 ug/100 g BW, restores Bl enzyme more
rapidly than an equal dose of dihydrotestosterone
(Figs. 5 and 6). However, at a dose of only 40 ug/100 g
BW, dihydrotestosterone mimics the effect of
3p-androstanediol (Fig. 7). Relevant to this observa-
tion is our previous finding that when equal amounts
of dihydrotestosterone and 3g-androstanediol are in-
jected into castrated rats, the resultant intranuclear
concentration of dihydrotestosterone is 10 times
lower after the injection of 3f-androstanediol than
after the injection of dihydrotestosterone [2,24].
Therefore, it is reasonable that a 400 ug dose of
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3p-androstanediol would be equivalent to a 40 ug
dose of dihydrotestosterone. Taken together, our evi-
dence is consistent with the conclusion that the induc-
tion of Bl enzyme by 3f-androstanediol is mediated
by a low level of dihydrotestosterone formed as a
result of the metabolism of 38-androstanediol.

The finding that a small amount of dihydrotestos-
terone rapidly restores Bl enzyme, whereas a large
amount stimulates prostatic hyperplasia and hyper-
trophy but inhibits the induction of Bl enzyme, indi-
cates a differential control of hormonal responsive-
ness. Further evidence in support of such a mechan-
ism is drawn from the observations on the androgen
requirements for the maintenance of Bl enzyme (Fig.
2), and the maintenance of prostatic weight and DNA
content (Table 2). Thus, when the prostate is exposed
to low levels of dihydrotestosterone it maintains or
acquires the Bl form of acid phosphatase which is
normally present in the mature gland. In the case
of the involuted prostate, exposure to high concen-
trations of dihydrotestosterone both prevents the
early induction of enzyme, and results in its suppres-
sion, if it has already been induced.

Although the cellular mechanisms controlling this
differential response are unknown, one might specu-
late that it is related to the concentration of androgen
receptors or acceptors present in the nucleus of the
prostatic cell. Recently, it has been reported that a
dose-dependent response also exists for the induction
of ovalbumin and conalbumin by estrogen in the
chick oviduct [25]. Thus, differential responses may
be a general feature of steroid hormone action.
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