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ABSTRACT

A method for the radioimmunoassay of diethylstilbestrol (DES) was established to
evaluate the distribution of DES in patients with prostatic carcinoma receiving in-
travenous infusion of 500 mg of diethylstilbestrol diphosphate (DES-DP). The plasma
DES concentration was markedly elevated to 4.9 ug/ml immediately after DES-DP in-
fusion and rapidly decreased to 0.8 ug/ml at 3 hr after the DES-DP infusion. The DES
concentration in the prostatic tissue was 1.6 ug/g w.w. at 1 hr after infusion, and there-
after was predominantly similar to that in the plasma. The DES excretion in the urine
was 23.7 mg at 0 to 8 hr after DES-DP infusion, and decreased gradually thereafter.
In addition, the DES distribution in the subcellular fractions of benign hypertrophic
prostates was studied following DES-DP infusion. The DES concentration in the nuclear
fraction decreased with time. Furthermore, the protein specifically bound to DES was
not detected in the cytosolic fraction. Therefore, the DES converted from DES-DP
did not accumulate in the prostate. Subsequently, the bioavailabilities of DES were
examined. The dihydrotestosterone (DHT) content of the prostatic tissue was signifi-
cantly decreased at 24 hr after DES-DP infusion. However, the cytosolic androgen
receptor content was insignificantly changed within 24 hr of infusion. Since the plas-
ma luteinizing hormone (LH) level in the castrated patient with prostatic cancer was
significantly lowered 38 hr after infusion, and further decreased with time, the main
effect of DES was considered to be suppression of hypophyseal function.
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Endocrine therapy is accepted to be an effec-
tive method for managing advanced prostatic
carcinoma. Diethylstilbestrol diphosphate (DES-
DP) has been used as a synthetic estrogenic
agent was for the endocrine therapy of the pa-
tients with prostatic carcinoma. DES-DP has
been postulated to be converted to diethylstil-
bestrol (DES) by acid phosphatase in vivo and
this converted DES to exert its clinical effect
by suppressing hypophyseal function, by decreas-
ing free testosterone (T) in the blood via
testosterone-estradiol binding globulin (TEBG)
and by inhibiting the formation of 5a-dihydro-

testosterone (DHT) from T in the cell of the
prostate. Five hundred mg of DES-DP tended
to decrease the plasma free T concentration in
castrated patients with prostatic carcinoma.
However, few reports on plasma and prostatic
tissue DES concentration in patients with
prostatic carcinoma are available. The investiga-
tion was undertaken to establish a radioim-
munoassay (RIA) for DES and to evaluate the
distribution of DES in the prostate. In addition,
the influences of DES to the DHT content and
the cytosolic androgen receptor in the prostatic
tissue were also examined.
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SUBJECTS AND SAMPLING

Five-hundred mg of DES-DP dissolved in sa-
line was infused intravenously in 19 patients
with prostatic carcinoma over a 2 hr period.
Blood samples were obtained before and immedi-
ately after infusion, and 1, 3, 6, 12, and 24 hrs
after the DES-DP infusion. In addition, prostatic
tissue samples were obtained 1, 3, 6, 12 and 24
hrs after the DES-DP infusion. Meanwhile, urine
samples were collected before and 0 to 3, 3 to
6, 6 to 12, 12 to 24, 24 to 48 hrs after DES-
DP infusion in 11 patients with urethral
catheterization.

Thirteen specimens of benign prostatic hyper-
trophy (BPH) were used to determine the con-
centrations of DES, DHT and androgen receptor
contents. These samples were obtained surgically
within 3 hr, and 6, 12, and 24 hrs after the
DES-DP infusion. Prostatic tissues were either
used freshly or frozen in liquid nitrogen and
stored at —-70°C until analysis.

EXPERIMENTAL PROCEDURES
1) Prostatic tissue preparation

The specimen of prostatic carcinoma was
homogenized in 5 volumes of 0.25 M sucrose, the
DES in the prostatic homogenate was extract-
ed twice with 5 ml of diethylether, and then this
phase was evaporated to dryness with a N: jet.
The residue was dissolved in 1 ml of methanol.
An aliquot of the methanol extract was used for
DES determinations by RIA.

The specimen of BPH was homogenized in 5
volumes of buffer 1 (0.25 M sucrose, 10 mM
Tris, 3 mM CaCl;, pH 7.4) using glass-glass
homogenizer and then was dispersed using a
Dounce homogenizer (ten strokes with the loose-
fitting pestle followed by five strokes with the
tight fitting pestle). The homogenate was filtered
through a nylon mesh. The filtrate thus obtained
was centrifuged at 1,500 g for 10 min. The su-
pernatant was further centrifuged at 105,000 g
for 1 hr to obtain the cytosol fraction. On the
other hand, the crude pellet was suspended in
a heavy sucrose buffer (2.1 M sucrose, 10 mM
Tris, 3 mM CaCl;, pH 7.4) and then cen-
trifuged at 50,000 g for 1 hr. To obtain the
nuclear fraction, the pellet was washed twice
and suspended in buffer 1. Either fraction was
extracted with diethylether as for the specimen
of prostatic carcinoma.

2) Measurement of DES

Materials. The tracer solution, [monoethyl-°H]
diethylstilbestrol (H-DES, Amersham Int. Ple.,
Buckinghamshire, England, S.A. 406 mCi/mg),
was purified with Sephadex LH-20 (Pharmacia
Fine Chemicals, Uppsala, Sweden) column chro-
matography. The labeled and unlabeled DES
were stored in methanol containing 0.05% as-
corbic acid. As an assay buffer, a mixture of
0.155 mol/liter NaCl and 0.1% normal rabbit se-
rum added 0.07 mol/liter phosphate buffer (NRS-
PBS) was used; and as a dextran coated char-
coal reagent (DCC), a 0.5% suspension of Norit
A charcoal in 0.05% dextran T-70 in saline was
used. The radioactivity was counted using a li-
quid scintillation spectrometer (Packard Instru-
ment Inc., Chicago).

Methods.

Preparation of anti-DES antibody. DZIS-
carboxymethyl ether-bovine serum albumin
(DES-CME-BSA) was prepared according to the
method of Erlanger®. An emulsion of DES-
CME-BSA (1 mg/ml) in saline and Freund’s com-
plete adjuvant (1:1, V/V) was used to raise the
antisera in two rabbits. With the method of
Ouchtelony, immunodiffusion was carried out.

Hydrolysis of conjugated DES in urine. Fifty
ul of urine, 1,000 units/100ul of B-glucuronidase
(Helix pomatia, Sigma, St. Louis) and 50 ul of
acetate buffer (pH 5.0) were incubated at 37°C
for 24 hr to hydrolize the conjugated DES.

RIA of DES. Five hundred ul of NRS-PBS,
200 ul of anti-DES antibody, 200 ul of *H-DES
and 100 ul of standard DES (50 to 1600 pg of
DES) or of the prepared samples were incubat-
ed at 4°C for 8 hr, and then 200 ul of DCC was
added to the mixture above-mentioned. The reac-
tion was allowed to proceed at 4°C for another
15 min. The radioactivities of the supernatants
were counted. The dose-response curve obtained
was plotted as a log-logit transformation.

3) Measurement of prostatic DHT content

Prostatic DHT content was measured using a
Testosterone/Dihydrotestosterone RIA kit
(Amersham Int. ple., Buckinghamshire, En-
gland). Briefly, the tissue of BPH was
homogenized in 1 ml of 50 mM Tris buffer. The
ether extract was evaporated and suspended in
distilled water. The oxidation step was carried
out for the measurement of DHT level. The so-
lution was extracted again. The dried extracts
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were used for DHT radioimmunoassay.
4) Characterization and quantitation of cytosol-
ic androgen receptors in prostatic tissue.

Preparation of prostatic cytosol. The tissue
specimen was homogenized with 5 volumes of
TED buffer (10 mM Tris, 1.5 mM EDTA, 0.5
mM dithiothreitol). After -centrifugation at
105,000 g for 1 hr, the supernatant containing
the cytosol was collected for further studies.

Binding assay. The incubation was carried out
with the [6, 7-°H]-labeled synthetic androgen
methyltrienolone (178-hydroxy-17a-methyl-4, 9,
11-estratrien-3-one, R-1881, S.A. 55.5 Ci/m mole)
as ligand in the presence or absence of a 100
fold excess of unlabeled ligand. Moreover, 100
nM triamecinolone acetonide (TA) was added to
the incubation media to eliminate the binding of
R-1881 to progesterone receptors.

Quantitation of androgen receptor. The incu-
bation was generally done using 7 different con-
centrations (approximately 0.1 nM to 5 nM) of
the ligand to allow construction of Scatchard
plots®®, The incubation was performed over
night (16 hr) at 0°C. After incubation, the sam-
ples were treated with DCC suspended in the
buffer described above. Aliquots were taken for
counting of radioactivity. The maximum number
of binding sites (Bmax) and apparent dis-
sociation constant (Kd) were calculated from
Scatchard plots.

Characterization and isolation of androgen-
receptor complex in prostatic cytosol. The sys-
tem for gel filtration high performance liquid
chromatograph (HPLC) analysis was a
HLC-803D with a UV-8 model II as a spec-
trophotometer and a TSK gel G3000SW column
(Toyo Soda manufacturing Co., Japan). The
cytosol fractions of prostatic tissue were incubat-
ed in the presence of 10 nM of *H-R-1881 and
1 yM TA without any addition of radioinert
R-1881 and in the presence of 1 uM R-1881 for
16 hr at 0°C. After free steroids were removed
by treating the cytosol with 1% DCC. 0.3 ml of
the aliquots filtrated through a milipore filter
(0.45 um, Gelman science, Japan) were applied
for HPLC analysis. The column was maintained
at 0°C, 0.07 mol/liter phosphate buffer (pH 7.4)
was collected to count the radioactivity of each
fraction (0.85 ml). Furthermore, as marker pro-
teins, a MW-Marker (HPLC) (M.W.
12,400—290,000, Oriental Co., Japan) was used

to determine the sedimentation coefficients(S) of
the androgen-receptor complex.
5) Characterization and isolation of specific bind-
ing protein to DES in prostatic cytosol

The incubation was carried out with 100 nM
*H-DES in the presence or absence of a
100-fold excess of unlabeled DES for 16 hr at
4°C. After free steroids were eliminated, an ali-
quot was applied to examine the specific bind-
ing protein to DES by means of the
above-mentioned HPLC likewise androgen recep-
tor analysis. In addition, an aliquot was applied
to sucrose density gradient analysis (SDG). 0.2
ml of the aliquot of a clear supernatant was
layered onto 5 to 20% linear sucrose gradients
containing 10 mM Tris, 1.5 mM EDTA and 10%
glycerol at pH 7.4. Gradients were formed in 3.0
ml cellulose nitrate tubes using a gradient form-
er (Densi-Flow Ile, Buchller Instruments, Fort
Lee, N.J.). SDG was then -centrifuged at
230,000g for 12 hr at 0°C. Fractions (0.0 ml)
were collected from the top of each tube for
radioactivity estimation. Bovine serum albumin
(4.6S) and +-globulin (7.1S) were used as mar-
ker proteins to estimate sedimentation coeffi-
cients.
6) Measurements of serum T and LH concen-
trations

Serum T levels were determined using a
Testosterone Direct RIA-kit (Commissariat A
L’Energie Atomique, Italy) with 7.2% cross-
reactivity to DHT. Since T was not separated
from DHT before the assay, the evaluated T lev-
els may contain small amounts of DHT.

Serum LH levels were also determined using
a LH I-125 kit (Commissariat A L’Energie
Atomique).
7) Other experiments

Protein concentrations in the subcellular frac-
tions were measured according to the method
of Lowry®. Furthermore, DNA concentrations

were measured by the method of Labarca®.

STATISTICAL ANALYSIS
All numerical values were expressed as mean
+ standard deviation (SD). Student’s t-test was
used to compare differences in values between
the means of the experimental groups.

RESULTS
1) RIA of DES
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Fig. 1. Anti-DES carboxymethyl ether-BSA dilu-
tion curve
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Fig. 2-a. The standard curve for DES and the di-
lution curve of the plasma
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Fig. 2-b. The standard curve and the dilution curve
of the extract of prostate

With a percent binding of *H-DES radi-
oligand to antiserum, the titration curve indicat-
ed that the antiserum was suitable for measur-
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Fig. 2-c. The standard curve and the dilution curve
of the urine hydrolized with B-glucuronidase
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Fig. 3. Hydrolysis percent of the conjugated DES
in the urine on the condition of incubation at 87°C
for 24 hr
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Fig. 4. Changes of hydrolysis percent of the con-
jugated DES in the urine on the condition of in-
cubation with 1,000 units of B-glucuronidase at
37°C

ing DES by RIA at a level of dilution of
1:15,000 (Fig. 1). Figure 2 shows the standard
and dilution curves obtained. The straight line
was obtained between 50 and 1600 pg of DES,
and the dilution curves of the plasma, the ex-
tract of the prostate and the hydrolized urine
were in parallel with the standard curve (Fig.
2-a,b,c). By the addition of an antibody diluted
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Fig. 5. The standard curve for DES and inhibition
curve of DES-DP over the range 10 to 100 ng
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Fig. 6. Plasma DES concentrations in 19 patients
with prostatic carcinoma following intravenous drip
infusion of DES-DP

to 1:15,000, an amount of DES as small as 40
pg per tube could be detected in this assay sys-
tem, and 0.1 pl of plasma obtained from a pa-
tient at 3 hr after infusion was sufficient to
determine the DES concentration.

The percent of hydrolysis on the conjugated
DES in the urine was 96% at 24 hr (Fig. 3). The
dose of B-glucuronidase between 1,000 units and
2,000 units did not influence the percent of
hydrolysis.

DES concentrations determined by RIA in the
urine sample were gradually increased until 24
hr after the start of hydrolysis (Fig. 4).

The intra-assay coefficient variation by nine-
plicate assays was 6.2% and the inter-assay
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Fig. 7. Prostatic DES concentrations in patients
with prostatic carcinoma following intravenous drip
infusion of DES-DP
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Fig. 8. Changes of prostate/plasma ratio of DES
concentration following DES-DP infusion

coefficient variation by 5 different assays was
14.9%.

The cross-reaction of the anti-DES antibody
with the steroids, testosterone, estradiol and
ethynylestradiol, was less than 0.01% the reac-
tion with DES, however, that with DES-DP was
0.7% (Fig. 5).

2) DES concentrations in plasma and prostatic
tissue following DES-DP infusion.
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Fig. 9. DES excretions in urine of 11 patients with
prostatic carcinoma following intravenous drip in-
fusion of DES-DP
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Fig. 10-a. DES concentrations in the prostatic
cytosol fractions following intravenous drip infusion
of DES-DP

Plasma concentrations of DES were elevated
markedly to 4.9 pg/ml immediately after the ter-
mination of infusion and decreased rapidly to 0.8
ug/ml at 3 hr after the infusion. Then, the plas-
ma DES concentrations were decreased gradu-
ally to 0.2 ug/ml at 24 hr after infusion (Fig. 6).
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Fig. 10-b. DES concentrations in the prostatic
nuclear fractions following intravenous drip infu-
sion of DES-DP
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Fig. 11. Changes of prostatic nuclear/cytosol ra-
tio of DES concentration following DES-DP in-
fusion

The DES concentration in the prostatic tissue
was 1.6 uglg wet weight (w.w.) at 1 hr, and
rapidly decreased to 0.25 ug/g w.w. at 3 hr af-
ter the infusion. The decrease in DES concen-
tration in the prostatic tissue was predominantly
similar to that in the plasma (Fig. 7).

The tissue/plasma ratio of DES concentration
was decreased rapidly within 8 hr, and then
gradually decreased until 24 hr after DES-DP
infusion (Fig. 8).

3) Excretion of DES in urine following DES-DP
infusion (Fig. 9).

DES excretion in the urine was 23.7 mg at
0 to 3 hr after DES-DP infusion. Later, DES
excretion was decreased gradually to 5.3 mg
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from 12 to 24 hr after infusion. DES was still
detected in the urine 24 to 48 hr after infusion.
4) The DES concentration in subcellular frac-
tions of prostatic tissue following DES-DP.

The DES concentration in the cytosolic frac-
tion was 18.5 = 13.4 ng/ug DNA within 3 hr
of DES-DP infusion, and then declined rapidly
to 6.9 = 0.5 ng/ug DNA at 6 hr after infusion.
The change in the cytosolic DES concentration
was gradually decreased with time thereafter.
However, the DES in the cytosol was still de-
tected 24 hr after infusion (Fig. 10-a).

Meanwhile, the DES concentration in the
nuclear fraction was 1.12 £+ 0.51 ng/ug DNA wi-
thin 3 hr of DES-DP infusion. At 6 hr after in-
fusion, the nuclear DES concentration was the
same as that within 3 hr of infusion. The nuclear
DES concentration was decreased rapidly there-
after (Fig. 10-b).

Prostatic nuclear/cytosol ratio of DES concen-
tration was momentarily increased at 6 hr af-
ter infusion, but, this ratio was gradually

Vo

1500 Glutamate dehydrogenase 10
Lactate dehydrogenase
Enolase
-5
Adenylate kinase ¢
Cytochrome ¢ L1
1000
e—e : Cytosol + 3H-R1881
=8 : Cytosol + *H-R1881
+ R-1881
500
0 T T T T 1
10 20 30 40 50

Fraction No. (0.35ml)

Fig. 12-a. The HPLC pattern of R-1881 binding
in prostatic cytosol from a patient with BPH
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decreased thereafter with time (Fig. 11).
5) Effects of DES to DHT contents of prostat-
ic tissue (Table 1)

In the 5 specimens of BPH without infusion
of DES-DP, the DHT content of the prostatic
tissue was 5.92 * 1.27 ng/g w.w..

In the 13 specimens of BPH with infusion of
DES-DP, the DHT content was 6.10 = 1.30 wi-
thin 3 hr, 5.42 £+ 0.66 at 6 hr, and 4.81 = 0.93
ng/g w.w. at 12 hr after DES-DP infusion.

Table 1. Changes of prostatic DHT contents follow-
ing DES-DP infusion

Time after

infusion (hr) No. of pts. DHT (ng/g w.w.)
Without DES-DP 5 592 + 1.27%
=3 4 6.10 = 1.30
6 3 4.81 £+ 0.93
12 3 542 += (.66
24 3 392 = 0.17”
a vs. b : significantly different by p<0.05
Vo )
‘ Glutamate dehydrogenase =10
7004 Lactate dehydrogenase
Enolase
=5
600
Adenylate kinase @
Cytochrome ¢ L1
500
o—o : SH-R1881
400~ == : *H-R1881
+ R1881
3004
200~
100
0

T T T T
5 10 15 20

Fraction No. (0.7ml)
Fig. 12-b. The HPLC pattern of R-1881 binding

in prostatic cytosol from a patient with BPH fol-
lowing DES-DP infusion
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Fig. 13. The sucrose density gradient pattern of DES binding in prostatic
cytosol from a patient with BPH
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Fig. 14. The HPLC pattern of DES binding in
prostatic cytosol from a patient with BPH
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Table 2. Changes of cytosolic androgen receptor con-
tents (Bmax) in the prostates following DES-DP in-
fusion

Time after No. of pts Bmax
infusion (hr) - o pis. (fmol/mg protein)
Without DES-DP 4 343 = 97
=3 3 294 + 50
6 3 340 = 86
12 3 363 = 99
24 3 3717 £ 79

DHT contents were insignificantly changed wi-
thin 12 hrs, but, the contents were significant-
ly decreased to 3.92 £+ 0.17 ng/g w.w. at 24 hr
after infusion.

6) Effects of DES to cytosolic androgen recep-
tor contents in prostatic tissue (Table 2)

The mean Bmax as the cytosol receptor con-
tents was 343 + 97 fmol/mg protein in 4 speci-
mens of BPH without infusion of DES-DP. In
12 specimens of BPH with prior infusion of
DES-DP, the mean Bmax was 294 = 50
fmol/mg protein within 3 hr of infusion, but, the
Bmax was insignificantly changed with time
compared to that without infusion of DES-DP.
7) Influence of DES to androgen receptor com-
plex in prostatic cytosol

The HPLC pattern of R-1881 binding in the
cytosol obtained from a patient with BPH in-
cubated with 10 nM of *H-R-1881 demonstrat-
ed a distinct R-1881 binding protein. The
addition of 100 fold excess of unlabeled R-1181
abolished the radioactive peak indicating the
presence of specific R-1881 binding protein (Fig.
12-a).

In contrast, the HPLC pattern on the cytosol
from a BPH removed at 3 hr after DES-DP in-
fusion was similar to that without any DES-DP
infusion (Fig. 12-b).

8) Characterization and isolation of specific bind-
ing protein to DES in prostatic cytosol.

The SDG pattern of the DES binding in the
cytosol obtained from a patients with BPH in-
dicated the presence of a nonspecific binding
protein with a sedimentation coefficient of ap-
proximately 4.5S which corresponded with the
peak of BSA. However, the simultaneous addi-
tion to the incubation medium of 10 uM of un-
labelled DES as a competitor reduced the peak
of radioactivity (Fig. 13).

Figure 14 illustrates the HPLC pattern of

cytosol obtained from the same patient. Two
radioactive peaks of *H-DES corresponded with
approximately 5.8S and 9.1S. However, the ad-
dition to the incubation medium of 10 uM of un-
labeled DES had no effect on the absence of a
detectable specific DES binding protein under
this experimental condition.

9) Effect of DES to plasma LH and T levels in
the patients with prostatic carcinoma after cas-
tration

Plasma LH and T levels were measured in 7
of 19 patients whose blood was sampled to de-
termine their plasma DES concentrations.

Before infusion of DES-DP, the average plas-
ma LH level was elevated to 206.4 * 284
mlIU/ml. The LH level was significantly lowered
to 150.2 = 20.6 mIU/ml at 8 hr after infusion,
and further decreased with time. At 48 hr af-
ter infusion, the LH level was suppressed to
90.0 = 16.4 mIU/ml (Table 3).

The average plasma T level was decreased to
0.49 £ 0.12 ng/ml before DES-DP infusion.
Plasma T levels were insignificantly changed
with time after DES-DP infusion compared with
the level before infusion (Table 4).

Table 3. Changes of plasma LH levels in 7 patients
with prostatic carcinoma following DES-DP

Time after Plasma LH
infusion (hr) concentration (mIU/ml)

Before 206 + 28
Immediately after 169 = 37
3 150 = 21

6 123 + 27

12 143 = 30

24 117 = 15

48 90 = 16

a vs. b : significantly different by p<0.05

Table 4. Changes of plasma testosterone levels in 7 pa-
tients with prostatic carcinoma following DES-DP infusion

Plasma testosterone

Timer after infusion (ur) concentration (ng/ml)

Before 0.49 = 0.12
Immediately after 0.57 = 0.27
3 0.44 = 0.13
6 0.51 * 0.25
12 0.50 £+ 0.19
24 0.41 = 0.17
48 0.43 = 0.22
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DISCUSSION

For measuring the DES concentration, both
thin layer chromatographic-fluorimetric®*"*?
and gas chromatographic methods®*® have
been employed. RIA for DES is also sufficient
to measure clinical materials because of its sim-
plicity and sensitivity’***, The anti-DES an-
tibody used in this study did not cross-react with
some endogeneous sex steroid hormones, i.e.,
testosterone and estradiol, and the sensitivity of
this assay system was sufficient to detect 40 pg
of DES at a final antibody dilution of 1 : 15,000.
In addition, the cross-reaction of this antibody
with DES-DP was only 0.7% of the reaction
with DES. The antibody was regarded as hav-
ing high specificity and sensitivity to DES. The
validity of this assay for the measurement of
DES in plasma without ether extraction was
proved. Moreover, the ether extract of DES in
plasma and prostatic tissue could be measured
by RIA without prior hydrolysis, since the dilu-
tion curve of the extract was parallel with the
standard curve of DES. Therefore, we believe
that DES-DP was metabolized to DES as an ac-
tive form in the plasma and the prostatic tis-
sue at the early phase following DES-DP.

DES-DP is metabolized to DES through DES-
monophosphate and finally DES is metabolized
to DES-monoglucuronide and - sulphate'®*”. Us-
ing radiolabeled DES, the liver was found to be
the major site of accumulation of DES and its
metabolites in mice since the total radioactivity
in this organ accounted for 50% of the injected
dose within 2.5 min of treatment®®. Other in-
vestigators also obtained similar results in rat
and humans™®. DES-glucuronide in the liver
excreted into the intestine through the bile was
hydrolized to unconjugated DES by intestinal
bacterial B-glucuronidase, and then some of the
DES was recirculated in blood through the por-
tal vein, and also transfered into the entero-
hepatic circulation'®'**”, The plasma DES
concentration at 24 hr after the infusion was
judged to be 4% of that at the termination of
DES-DP infusion.

The maximum DES concentration in the plas-
ma was 3.6 pg/ml after a 1 hr infusion of 1,000
mg of DES-DP? and about 2.5 ug/ml after a
3.5 hr infusion of 1,500 mg of DES-DP*". High
concentrations were supposed to induce objec-
tive responses in patients refractory to conven-

tional oral DES therapy®. The plasma concen-
tration of DES produced after a 1,000 mg infu-
sion of DES-DP was 1,500 times the DES
concentration produced by conventional oral
DES doses?. After a 2 hr infusion of 500 mg
of DES-DP in men, the maximum DES concen-
tration was 4.9 pg/ml immediately after DES-
DP infusion. The plasma DES concentration was
clearly higher than that reported previously**”.
This may be due to the different methods of
DES measurement and the different patients ex-
amined. The elimination of DES from the plas-
ma was quite rapid and the plasma DES
concentration at 3 hr post-dosing was 16% of
that at 0 hr post-dosing. This observation sup-
ported the report that the DES produced from
DES-DP was rapidly declined from the plasma
and t1/2 for DES following administration of
DES was 80 = 10 min®. Sheehan et al demon-
strated a lack of high affinity binding of DES
to human TEBG®. DES bound more strongly
than E: to normal plasma, conversely, much
more weakly to the high affinity binding protein
found in humans. The competition studies with
TEBG suggested that DES was a weak
binder**. From the above-mentioned facts, the
DES converted from DES-DP in serum did not
bind to TEBG, thus the plasma DES quickly de-
cays after it is metabolized in liver.

Fifty eight to 85% of the urinary metabolites
of synthetic estrogen as ethynyl-estradiol (EE2)
was reported to be hydrolyzable with -
glucuronidase, while the sulphate conjugate com-
prised 8.4 to 11.8%*". Meanwhile, approximate-
ly 20% of the administered radioactivity was
excreted in the urine after a single small oral
dose of *H-DES in steers*. In another study,
about 60% of the total radioactivity in the
glucuronide fraction of 24 hr urine was DES
glucuronide after administered *H-DES in
humans®. DES excretions in the urine of cat-
tles were detectable up to 22 days after in-
tramuscular treatment with DES®*. As
determined by RIA, DES excreted into the urine
was detectable with prior hydrolysis by B-
glucuronidase. Most of the glucuronized DES
was hydrolyzable with g-glucuronidase likewise
other synthetic estrogens. DES excretion into
the urine within 3 hr following DES-DP infusion
was about 48% of the total DES excretion un-
til 24 hr. DES excretion into the urine is rapid
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after administration of DES-DP.

On the results of rats, prostatic tissue concen-
trations of DES converted from DES-DP did not
appear to liberate or to accumulate DES selec-
tively in the prostate®. Neither study was car-
ried out for the determination of DES
concentrations in human prostatic tissue follow-
ing DES-DP infusion. RIA for DES allows the
measurement of a trace amount of DES®.
Therefore, we could measure the tissue/plasma
ratio of DES concentration after the termina-
tion of infusion. The data we obtained on hu-
mans coincided with the results obtained with
the rat?.

Though DES in known to liberate DES in the
phosphatase-rich environment of the prostatic
tissue, DES in not considered to accumulate
selectively into the prostate of man.

The change in the DES concentration of the
total prostatic tissue was almost similar to not
only to that of the cytosolic but also the nuclear
DES concentration. In addition, except for in-
creasing temporarily at 6 hr after infusion the
nuclear/cytosol ratio of the DES concentration
decreased with time. Also, the sedimentation
pattern of DES binding in the cytosol indicated
the absence of a specific binding protein with
approximately 4.5S with corresponded to the
peak of BSA on the SDG and HPLC analysis.
These results indicate that no accumulation of
DES occurs in the prostatic nuclear fraction and
that DES was merely perfused into the prostatic
nuclei.

On the other hand, only 10% of the prostatic
tissue from men under the age of 65 were es-
trogen receptor positive, whereas nearly 80% of
those over the age of 75 were estrogen recep-
tor positive®™. Furthermore, some authors have
suggested the existence of an estrogen receptor
in human prostatic tissue®*, but others have
failed to demonstrate its presence?®**. Ekman
et al indicated that the lack of cytosolic estro-
gen receptors in hyperplastic prostates might be
caused by intranuclear accumulation of an estro-
gen receptor complex'. However, the studies
of cytosolic estrogen receptor were performed
by using 178-*H-estradiol and unlabeled DES as
a competitor*®®®, Whether a specific binding
protein to DES exists in the human prostatic tis-
sue still remains to be studied.

The specific receptor for DHT is known to be

present in the prostatic cells and DHT as an ac-
tive form of androgen could influence the
growth of the prostate. The accumulation of
DHT in BPH depends upon the increase of 5 a-
reductase activity'*®. On the other hand, the
prostatic DHT content has an influence on the
5a-reductase, 178-hydroxysteroid dehydroge-
nase and 3o-hydroxysteroid oxidoreductase®*".
Estradiol inhibits a process of 5a-reduction and
stimulates the process of 178-dehydrogenation in
the prostate®®. These effects have been ex-
plained to be direct actions of DES to the
prostate. Conversely, Lee et al demonstrated
that T had only a negligible effect on DHT in
the prostatic tissue®. Intravenously ad-
ministered DES-DP in humans dose not appear
to act via the inhibition of 5a-reductase into the
prostatic cells for producing the clinical
improvement®. However, we found that the
prostatic DHT content was decreased within 24
hr of DES-DP infusion. This activity has been
reported to be unreliable as a biochemical indi-
cator of prostatic carcinoma since the response
of antiandrogenic hormone therapy to prostatic
carcinoma is inconsistent with 5a-reductase
activity?”. These results indicate that the DHT
content reduced by DES-DP infusion is not as-
sociated with the inhibition of DES to 5a-
reductase activity. Furthermore, the direct ac-
tion of DES in human prostate may not be
mediated through the inhibition of 5 a-reductase
activity in vivo.

DES treatment has been shown to increase
the prostatic androgen receptor concentration in
patients with BPH compared to untreated
patients®. In addition, a single dose (35 pg/rat)
of estradiol to intact rats could increase the
prostatic cytosolic *H-R-1881 binding at 24 hr
after injection”. Since the ability of estrogens
to increase the androgen receptor concentration
was closely related to their estrogenic potency,
the increase could be mediated by the estrogen
receptor presented in the prostate”. The andro-
gen receptor has been considered to increase due
to a lowering of the plasma T concentration
caused by the effect of DES on the testicular
synthesis of androgen'**®. In addition, it is well
documented that DES substantially reduces plas-
ma T levels by inhibiting gonadotrophin produc-
tion as well as stimulating TEBG in man®.
DES does not have any inhibitory effect on the
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cytosolic binding of DHT to the receptor®*.
Furthermore, DES has been reported to have
only a slight effect on the nuclear retention of
DHT even at a 500 times higher
concentration'”®®. In this investigation, the
cytosolic androgen receptor contents with DES-
DP infusion insignificantly differed from those
without infusion. Furthermore, the receptor con-
tents were not correlated with the changes in
cytosolic DES concentration until 24 hr after
DES-DP infusion. In addition, on the elution pat-
tern of HPLC, the binding site of *H-R-1881 to
the androgen receptor and the radioactivity of
specific binding in the prostate with DES-DP in-
fusion were not clearly changed compared to
that without infusion. Therefore, we suggest
that a single infusion of DES-DP does not in-
fluence directly the cytosolic androgen receptor.

The change of T and some of its metabolites
following the treatment of patients with DES
has been examined by various worker!>#:5)
Almost all of them have reported that the cir-
culating T level declined significantly. The use
of 3 mg of DES per day reduced the level of
T to approximately that of the castrated
male®™. The mean percentage for suppression
of serum T in the patients receiving 3 mg of
DES per day was 96.8% and the corresponding
value in orchiectomized patients was 98.2%%,
Basically, similar results have been reported by
other investigators®®. Serum T levels were
decreased to 180-870 pg/ml in patients with
prostatic carcinoma after castration®™. In ad-
dition, it was reported that serum T were fur-
ther reduced to about 100 pg/ml following
administration of DES in castrated patients®.
However, in this study, serum T in the castrat-
ed patients was not altered following DES-DP
infusion. From the above findings, serum T lev-
els were completely inhibited 1 to 2 weeks af-
ter castration, and the T levels did not further
declined following DES-DP infusion. On the
other hand, serum LH levels elevated after cas-
tration were significantly decreased immediate-
ly after DES-DP infusion, and remained so until
48 hr after infusion. The marked decrease in LH
levels seen with DES administration is consis-
tent with the results obtained by a number of
investigators®*'*®, Thus, the hypophyseal func-
tion is inhibited immediately after single ad-
ministration of DES-DP.

In conclusion, DES converted from DES-DP
did not accumulate selectively into the prostate.
It was speculated that the main effect of DES
was suppression of hypophyseal function.
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