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Using estramustine of high specific radiocactivity, we have investigated the uptake of estramustine
in the different organs and some properties of binding proteins which bind estramustine and/or its
metabolites in the ventral prostate of rat in in vive experiments. The results and conclusions are as
follows:

1. 3H-radioactivity was accumulated selectively in the ventral prostate of the castrated male
Estramustine and its metabolites were retained in
the ventral prostate for longer time, comparing with estradiol-i78 or cyproterone acetate. The am-
mount of radioactivity in purified nucleus of the ventral prostate was only 0.39% of that in the cytosol
at 24 hours after the injection of SH-estramustine.
the mechanism of retention of estramustine and its metabolites in the cytosol of rat ventral prostate.

2. The sucrose density gradient analysis demonstrated that the ventral prostate cytosol binding

rat after the administration of 3H-estramustine.

These results strongly suggested that there existed

proteins, which bind estramustine andjor its metabolites, have sedimentation coefficient of 3 to 58
and the pretreatment with injection of estradiol-178 reduced this 3-58 radicactive peak. Thin layer
chromatographic analysis showed that SH-compounds which bird 3-58 macromolecules were mainly
estramustine and estrone-cytostatic complex (Leo 271f) and that smaller amounts of estradiol-178
and estrone were detected. It is sure from these results that there exist in the cytosol of rat ventral
prostate a macromolecule which bind hormone-cytostatic complexes and is different from androgen

receptor.

In the cells which have sensitivity to a
hormone, there exists a receptor that has
specific affinity to this hormone. On
elucidation of the mechanism of hormone
-receptor interaction, investigators got an
idea to utilize a hormone as a carrier of a
chemotherapeutic agent. Estracyt® (estra-
mustine phosphate) is a nitrogen mustard

derivative of estradiol-178, which is one of
a series of alkylating agents synthesized in
the Research Laboratory of AB Leo,
Sweden and has been reported to have an
excellent palliative effect on advanced
prostatic cancer'~®. (Fig. 1) 'The observed
effects of Estracyt in the animal experiments
are similar to estrogenic effects’™!, But
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The formulae for Estracyt®, estramustine and Leo 271f.
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several experimental results indicate that
effect of Estracyt cannot be attributed
solely to its antigonadotropic or estrogenic
effect’~19, Plym Forshell et al'™. demon-
strated that estramustine was found to be
the major metabolite in peripheral blood
after oral as well as intraveneous administ-
ration. Using estramustine of high specific
radioactivity, we have investigated the
uptake of estramustine in the different
organs and some properties of binding
proteins which bind estramustine and/or
its metabolites in the ventral prostate of
rat in the in vivo experiments.

MATERIALS AND METHODS

Animals: Male adult Wistar strain rats
were maintained on laboratory chow of
Japan Clea Co. and water at libitum.
Animals were housed in metabolic cages in
a temperature-controlled room under 12
hours light ~12 hours dark lighting schedule
Animals had orchiectomy via the scrotal
route under ether anaesthesia 24 hours
before the injection of tritiated compounds.

Chemicals: The radioactive compounds
used were *H-estramustine ((6,7-3H)-estra-
diol-174-3N-bis-(2-chloroethyl) carbamate;
41.0 Ci/mmole), 3H-estradiol-178 ((2,4,6,7
-3H)-estradiol-178;  90.0 Ci/mmole), 3H-
cyproterone acetate (17a-(3H)-acetoxy-6-
chlor-1, 2a-methylen-4,6-pregnadiene-3, 20-
dion; 4.2 Cijmmole). Estramustine, estra-
cyt (estradiol-3N-bis-(2-chloroethyl) carba-
mate-178-phosphate), Leo271f (estrone-3N
-bis-(2-chloroethyl) carbamate) were kindly
supplied by AB Leo, Hilsingborg, Sweden.
*H-cyproterone acetate was a gift from
Schering AG, Berlin. S3H-estradiol-178 was
obtained from New England Nuclear, Bo-
ston, Mass.

Preparation of subcellular fraction: The
ventral prostates were removed and homo-
genized with a Potter-Elvehjem homogeniz-
er in cold 0.05M Tris-HCIl buffer, pH 7.4
containing 0.25M sucrose and 1.0mM Mg-
Cl;. The homogenate was centrifuged at
700 xg for 10 min. and then at 10000 xg
for 15min., to get the mitochondrial
fraction. The supernatant was centrifuged
at 105,000 xg for 60 min., to get the
microsomal fraction and the cytosol fraction.

The crude nuclear fraction (700 xg) was
suspended in 2.4M sucrose-1.0mM MgCl,,
and then centrifuged in a Hitachi RPS 27
roter at 93700 xXg for 40 min., to get the
purified nuclear fraction.

Sucrose density gradient analysis: An equal

‘volume of 0.259, dextran— 2.5%, charcoal—-

10% (v/v) glycerol was added to the cytosol
fraction, and then the sample was vortexed
for 5 sec. and centrifuged immediately at
8,000 xg for 10 min., 200x] of the super-
natant was layered over performed 5-20%
(v]v) sucrose gradients in 50mM Tris-HCI
buffer (pH 7.4)-2mM 2-mercaptocthanol—
10% (v/v) glycerol. The gradients were
centrifuged for 21 hours at 144,900 xg at
2°Cin a Hitachi RPS 65T roter. Fractions
(10041 each) were collected using a density
gradient fractionator (ISCO, Model 640)
and then dissolved in 1.0ml of distilled
water, 1.0ml of ethyl alcohol and 10ml of
toluene containing 0.4%, PPO and 0.019,
POPOP, and then vortexed for 30 sec., to
extract the labelled steroid from the
aqueous phase. Radioactivity was counted
in a Packard Tri Carb liquid scintillation
spectrometer, Model 3380, with a counting
efficiency of 37~489%,. “4C-methylated
bovine serum albumin was used as the
sedimentation coefficient marker protein.

Thin layer chromatographic analysis: 'The
radioactivity bound to macromolecules in
the cytosol of ventral prostate was analyzed
with thin layer chromatography. After
sucrose density gradient centrifugation, the
appropriate fractions were pooled and then
characterized with thin layer chromato-
graphic method, as described by P.A.
Haisaeter.18?

RESULTS

1) The twissue distribution of >H-radioactivity
after the administration of 3H-estramustine and
3H-estradiol-178

The tissue distribution of 3H-radioactivity
in the arious organs of the castrated male
rats at the different intervals after the
administration of 3H-estramustine is shown
in Table 1. The patterns of the tissue
distribution of 3H-radioactivity are the
same among the examined organs excepting
the ventral and dorsolateral prostates. The



Table 1.
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Each castrated animals received either 50 p#Ci 3H-estramustine. of
Groups ofthree animals were killed at different intervals after the
intraperitoneal administration of 3H-estramustine. Specimens were
taken from the ventral prostate, dorsolateral prostate, liver, muscle,
pancreas, kidney, pituitary gland, hypothalamus and also from
serum. An appropriate amount of each tissue was dissolved in
1 ml of Soluene 350 (Packard) overnight, and then performed as
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pescribed in text. The results are the mean of three independent

determinations.

Radioactivity (DPM/10mg of tissue)

hours  ventral
prostate prostate

dorsolateral liver muscle pancreas kidney pituitary hypothalamus serum®

gland

0.5 636 320 10880 306
1 2536 533 13672 581
2606 747 8085 275

3842 430 10354 300

3040 468 6880 223

20 2462 232 3776 120

2297 2161 738 398 405
2137 1396 1095 617 874
782 847 558 260 m
340 683 444 173 842
405 645 357 160 699
283 439 202 87 352

* Radioactivity of serum are shown as d.p.m./0.01 ml. -

ventral and dorsolateral prostates showed
the increased concentration of 2H-radio-
activity at 2 hours after *H-estramustine
administration, compared to 30 minutes.
In the ventral prostate, the radioactivity
uptake increased gradually and reached to
maximum at 4 hours after the injection of
3H-estramustine. The uptake of tracer at
20 hours was 649, of that at 4 hours. On
the other hand, the maximum peak of
concentration of radioisotope in the dorso-
lateral prostate was observed at 2 hours
after the injection of 3H-estramustine.
Table 2 shows the distribution of 3H-
radioactivity in different organs of the

Table 2.
castrated rat.

intervals after the administration of

castrated male rat at the various intervals
after the administration of 2H-estradiol-178.
The same distribution pattern was observed
in all organs, with a maximum concentra-
tion at 30 minutes after the injection. It
is worthy to note that high and prolonged
uptake of 3H-radioactivity was found in the
pituitary gland. In both the ventral and
dorsolateral prostates, the peak concentra-
tion of ®H-radioactivity was observed after
30 minutes.

These results from Table 1 and Table 2
indicate that the rat prostate, especially the
ventral prostate, is capable of accumulating
estramustine but not estradiol-1783.

50 pCi of 3H-Estradiol-17 8 was intraperitoneally given to each
Groups of three animals were killed at different

3H-estradiol-17 8. The

following procedures were the same as those in the experiment

shown in Table 1.
determinations.

The results are the mean of three independent

Radioactivity (DPM/10mg of tissue)

ventral
hours  prostate prostate

dorsolatera! liver muscle pancreas kidney pituitary hypothalamus serum*®

gland

0.5 1493 590 9058 368
1 415 411 6705 357

2 268 329 3344 281

4 258 295 3421 329

6 271 271 3324 285
20 245 252 1070 285

1083 1824 1702 435 655
791 1521 1542 373 653
547 871 1076 269 578
438 738 1050 227 560
366 608 925 180 587
261 387 575 164 478




246 Acta Urol. Jap. Vol. 27 No. 3, 1981
Table 3. 50 ¢Ci of ®H-compounds was intraperitoneally given to each
castrated rat. The results are the mean of three independent
determinations.
*H-Cyproterone acetate *H-Estradiol-17 8 *H-Estramustine
hours ventral  dorsolateral ventral  dorsolateral ventral dorsolateral
(after injection) prostate prostate prostate prostate prostate prostate
0.5 1.465 1.010 2.279 0.901 1.953 2.050
1 1.312 0.926 0.636 0.629 2.705 0.611
2 1.660 0.994 0.463 0.570 2.593 0.928
4 0.877 0.852 0.461 0.528 4.377 0.482
6 0.868 0.612 0.462 0.462 3.287 0.350
20 n.d* n.d* 0.511 0.527 6.997 0.661

* not determined.

2) The ratio between the radioactivity in the
prostate and that in serum afier the injection of
vartous 3H-compounds

The ratio between the radioactivity in the
prostate and that in serum at different inter-
vals after the injection of 3H-compounds to
castrated rats was shown in Table 3. In

the ventral prostate, the ratio after the -

injection of 3H-estramustine was much
higher, compared with that after 3H-estra-
diol-178 or *H-cyproterone acetate injec-
tions. On the other hand, there existed no
difference of the ratio among three tritiated
compounds in the dorsolateral prostate.
3) The subcellular distribution of 3H-radio-
activity in the ventral prostate of castrated vat
The uptake of 3H-radioactivity in the
subcellular fractions of the ventral prostate
was measured at the different intervals
after the intraperitoneal administration of
75 uCi of 3H-estramustine to castrated rats
(Table 4). It was observed that the

Table 4.

amount of radioactivity in the whole homo-
genates increased sharply to 6076 d.p.m.
per 10mg tissue at 4 hours and then
gradually decreased to about 73%, of the
maximum value at 24 hours after the
injection of *H-estramustine. The radio-
activity in the cytosol fraction also reached
a maximum value of approximately 4000
d.p.m. per 10 mg tissue at 4 hours, and
then slightly decreased to about 909, of the
4 hours value at 24 hours after the injection
of 3H-estramustine.

The result from this Table indicates that
estramustine and/or its metabolites are
retained only in the cytosol of the ventral
prostate for a long time after the injection
of this compound.

4) Analysis of 3H-radioactivity in the cytosol of
ventral prostgte following labelling in vivo

Fig. 2 shows estramustine and its meta-
bolites bound to macromolecules from the
cytosol of ventral prostate of castrated rats

Groups of five rats castrated 24 hours previously were injected
with 75 uCi of 3H-estramustine.

Then 0.5, 1, 4, 24 hours later,

the rats were killed and the subcellular fractions were prepared as

descrired in text.

The results are the mean of three independent

determinations.
Subcellular Radioactivity (DPM/10mg tissue)
fraction 0.5 1 4 24 hr
whole homogenates 2321 2590 6076 4481
cytosol 1290 1473 3954 3592
crude nuclei 707 1125 1371 495
purified nuclei
(2.4Msucraose) 15 13 26 14
mitochondria 227 174 286 83
microsome 78 64 116 100
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Fig. 2. The 24 hours previously castrated rats were divided into two groups

(the control group and the estradiol-17 8 treated group) Each group
consisted of 5 rats. The estradiol-17 8 treated group were injected
intraperitoneally with 500 pg of estradiol-17 8 and the control group
rats with the vehicle. 30min. later, the animals were injected
intraperitoneally with 90 #Ci of SH-Estramustine. At 60 min. after
the second injection, the rats were killed and the cytosol fraction was
prepared as described under “MATERIALS AND METHODS”.
After treatment with dextran-charcoal solution, 200 ¢l (protein, 2.16
mg) charcoal resistant supernatant were layered on sucrose gradients
and sedimented at 144900 x g for 21 hrs at 2°C in Hitachi RPS 65T
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rotor.

in a linear 5~209%, sucrose gradients with
or without pretreatment of estradiol-178.
A prominent peak of 2H-radioactivity was
observed at 3--5S regions. It was also
observed that 3-5S radioactive peak was
reduced about 209, with the pretreatment
of estradiol-178. A prominent peak of 3H-
radioactivity (Fraction No.8 ~No.23) from
the cytosol of the ventral prostate without
pretreatment of estradiol-178 was pooled
and analyzed by thin layer chromatography
(Fig. 3). Two major spots were those
which correspond to estramustine and
estramustine-congener, Leo 271, respect-
ively. The smaller radioactivities had
mobilities corresponding to those of est-
radiol-178 and estrone.

DISCUSSION

According to the present results, 3H-
radioactivity was accumulated selectively
in the ventral prostate of the castrated male
rat after the administration of 3H-estra-
mustine. It was also demonstrated that
estramustine and its metabolites were
retained in the ventral prostate for longer
time, comparing with estradiol-178 or
cyproterone acetate. It was strongly sug-
gested from these results that there existed
the mechanism of retention of estramustine
and its metabolites in the cytosol of rat
ventral prostate. In fact, Haisaeter!® has
observed that the ventral prostatic cytosol
contained macromolecules which have
higher affinity towards the hormone-cyto-
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Fig. 3. Chromatography of ethyl acetate extracts
from the pooled fractions after suerose
density gradient centrifugation was perfo-
rmed with chloroform as the solvent phase.
The positions of the reference standards
on the TLC plate are shown below. Rf.
of estradiol-17 8, estrone, estramustine
and Leo 271 are 0.145, 0.352, 0.630 and
0.903, respectively.

static complexes than have macromolecules
in rat liver or muscle cytosol. According to
the report of Forsgren et al.2®, a estramus-
tine binding protein had a molecular weight
of 40,000 to 50,000, a Stokes’ radius of 2.9
nim, a fractional ratio of 1.2, a sedimentation
coeflicient of 3.5 to 4S, and an isoelectric
point of 5. It has been already reported
by several investigators that there exist a
macromolecule in rat ventral prostatic
cytosol, the properties of which is similar
to a estramustine binding protein. Liao et
al.2l) designated this protein as “a-protein”
and Heynes et al.?? and Lea et al.2® did
it as ‘“prostate binding protein” and
“prostatein’ respectively.

Haisaeter'® reported that after incuba-
tion of minced ventral prostate tissue with
SH-estramustine, radioactivity was recovered

from the nuclear preparations. But, our
present results in the in vivo experiment
(Table 4) showed that the amount of
radioactivity in purified nucleus was only
0.399%, of that in the cytosol 24 hours after
the injection and that 3H-radioactivity in
the nucleus was not retained in course of
time, while the retention of *H-radioactivity
in the cytosol of ventral prostate was
observed. The sucrose gradient and thin
layer chromatographic analysis demon-
strated (Fig. 2) that pretreatment with
estradiol-178 reduced 3--58 radioactive peak
One possible explanation for this observa-
tion is that estramustine andfor its
metabolites in part are bound to the same
binding site of estradiol-178 in the prostate
cytosol. In- fact, it was demonstrated in
the present study that 3H-compounds that
bind charcoal resistant cytosol protein were
mainly estramustine and Leo 271f and
that smaller amounts of estradiol-178 and
estrone were detected. Kirdani et al.2®
observed the decreased uptake of labelled
estradiol and estriol into the prostate of the
dog treated with estramustine phosphate
and concluded that these phenomena could
have resulted from competition of unlabelled
estrogens produced by a central hydrolysis
of the compound.

It is sure from our present and other
investigator’s results that there exists in the
cytosol of rat ventral prostate a macro-
molecule which bind hormone-cytostatic
complexes and is different from androgen
receptor.

Further studies for the participation of
this macromolecule in the intracellular
regulation of steroid. receptor complex in
the cytosol of the prostate are ardently
awaited.
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