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SUMMARY

The urinary excretion of LH. low polar oestrogens (oestrone + oestradiol-178). dehydroepiandrosterone,
androsteone, aetiocholanolone, pregnanediol and total 17-keto-and 17-ketogenic steriods has been deter-
mined in 30 men aged 60-84 years with benign prostatic hyperplasia and in 39 healthy men aged
60-79 years. The results show a significantly elevated oestrogen excretion in benign prostatic hyperplasia
as compared with the control group. No other significant differences were found in the urinary hormone
excretion. It is speculated that the increased oestrogen levels might stimulate the prostate growth
mainly by facilitating the transport of peripheral testosterone into prostate cell.

INTRODUCTION

In 1933, Lacassagne[1] demonstrated that treatment
of mice with oestrone caused a considerable growth
of the dorsal prostatic lobes, accompanied by typical
signs of prostatism. Zuckerman[2, 3] confirmed these
results using monkeys as experimental animals and
he was also able to demonstrate that the effect of
oestrone could be reversed by simultaneous administ-
ration of testosterone propionate. Since then the role
of oestrogens and the oestrogen—-androgen balance in
the etiology of benign prostatic hyperplasia (BPH)
has been frequently discussed (for reviews, see 2-5).

The studies concerning the urinary excretion of oes-
trogens in BPH have hitherto failed to provide evi-
dence for a distinct role of the oestrogens in this case.
Marmorston and co-workers[6] as well as Kauf-
mann[7] found no significant differences in the uri-
nary oestrogen excretion in BPH and in a control
material. However, it should be pointed out that 389
of the control material in the [ormer study had
enlarged prostrate glands by rectal examination and
that a less specific oestrogen method was used in the
latter investigation[8]. Griffiths and co-workers have
recently studied the plasma levels of unconjugated
oestradiol-17f in BPH and normal males and found
no significant difference in this respect[9]. However,
there are indications that the levels of unconjugated
oestradiol-178 in isolated plasma samples might not
give a true picture of the oestrogen production in
the male[10].

When considering androgens and related steroids,
Marmorston and co-workers[11] found a signifi-
cantly lower excretion of urinary androsterone in
BPH but no differences in the excretion of dehydroe-
piandrosterone and aetiocholanolone. Kaufmann[7]
found a significantly lower urinary excretion of conju-
gated testosterone and epitestosterone in BPH. The
decreased urinary excretion of C,o steroids has led
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to speculations about an increased oestrogen/
androgen ratio as the cause of BPH[6.7,10]. On the
other hand, no significant differences in the plasma
levels of unconjugated testosterone and Sz-dihydros-
tosterone have been found between BPH and normal
healthy subjects[9. 12-14]. However, there are indica-
tions for a larger protein bound [raction of the uncon-
jugated plasma androgens in BPH than in healthy
males[ 14].

Studies on the plasma levels of LH, FSH and pro-
lactin have hitherto not revealed any significant differ-
ences between BPH and healthy subjects[9].

The present communication deals with the results
from determinations of the urinary excretion of LH,
low polar oestrogens (oestrone + oestradiol-174) and
neutral C,4 and C,, steroids in BPH and in normal
healthy subjects. The results show a significantly ele-
vated urinary oestrogen excretion in BPH as com-
pared with the control group, while no significant dif-
ferences were found in the excretion of the other hor-
mones.

EXPERIMENTAL

Clinical material. The normal material consisted of
39 healthy men aged 60-79 years (mean age
66.7 + 0.9 years). They had been admitted to the hos-
pital for minor operations, predominantly for hernia
and varices. There were no signs of prostatism and
their prostates were found to be of normal size by
rectal examination.

The BPH material consisted of 30 men aged 60-84
years (mean age 71.4 + 1.2 years), operated for BPH
by trasvesical adenoma enucleation. With the excep-
tion of one specimen of 12g, the weight of the
adenomas ranged from 30 to 160 g (mean 67.0 + 7.7 g).

In the BPH as well as the normal material values
for haemoglobin, Na*, K*, sedimentation rate, uri-
nary residual nitrogen and urinary sediment were
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normal. Subjects in which renal, hepatic or biliary
malfunction was confirmed or suspected were not in-
cluded in the study. There was no evidence of endo-
crinological disorder and all patients were free from
medications. 24 h urine samples were collected pre-
operatively.

Abbreviations and trivial names. Aetiocholanolone:
3a-hydroxy-58-androstan-17-one; Androsterone: 3o-
hydroxy-5«-androstan-17-one; BPH: Benign pros-
tatic hyperplasia; Dehydroepiandrosterone: 3f-hyd-
roxy-5-androsten-17-one; 5a-dihydrotestosterone: 175-
hydroxy-5a-androstan-3-one; Epitestosterone: 17a-
hydroxy-4-androsten-3-one; FSH: Follicle stimulat-
ing hormone; HMG: Human menopausal gonadotro-
phin; LH: Luteinizing hormone (synonym
ICSH = Interstitial cell stimulating hormone); Oes-
tradiol-17f: 1.3.5, (10)-oestratriene-3,17f-diol; Oes-
trone; 3-hydroxy-1,3,5 (10)-oestratrien-17-one; Oes-
trone sulphate: 3-sulphoxy-1,3,5 (10-oestratrien-17-
one; Pregnanediol: 58-pregnane-3a, 20a-diol; Testos-
terone: 17f-hydroxy-4-androsten-3-one.

METHODS

LH was measured by the radioimmunosorbent tech-
nique of Wide and co-workers[15] and was expressed
as IU of the 2nd International Reference HMG Pre-
paration/24 h. Low polar oestrogens were determined
by the method of Carlstrém & Furuhjelm[16]. Frac-
tionated 11-deoxy-17-ketosteroids (androsterone,
aetiocholanolone and dehydroepiandrosterone) and
pregnandiol were determined by a combination of the
methods of Carlstrém et al. and Carlstrém and Fur-
uhjelm[17, 18]. 17-ketogenic steroids were assayed
according to Birke et al.[19] and total 17-ketosteroids
by the method of Vestergaard[20].

RESULTS

The results from the hormone analyses are given
in Table 1. The only significant difference between
the two given groups was found in the excretion of
the low polar oestrogens which was higher in the
BPH group (mean 5.2 4 0.5, range 1-11 ug/24h) than

in the control group (mean 3.2 + 0.3, range 1-7
ug/24h) (highly significant, P < 0.001). In accordance
with previous findings [[11] the excretion of androster-
one and the 5a/5f-ratio was numerically lower in the
BPH than in healthy subjects. This difference was,
however, not statistically significant in the present
study.

No significant correlation was found between the
prostate weight and the urinary excretion of any of
the hormones.

DISCUSSION

The present results give additional support to the
hypothesis involving an oestrogen/androgen imba-
lance in favour of the oestrogens as the cause of BPH.
While other authors have stressed the declined
androgen levels as a cause of this imbalance[6,7, 11),
our results indicate an additional contribution of an
elevated oestrogen production. It has been shown in
a previous report from this laboratory[10] that the
urinary excretion of low polar oestrogens in the
human male remains constant at 52 + 0.4 ug/24h
(mean) from 20 to 59 years. but declines abruptly at
approximately 60 years to 3.2 £ 0.3 ug/24h (mean)
and remains rather constant at this level to at least
80 years. It is well known from several studies that
the androgen production in the male declines con-
tinuously with increasing age. Thus the appearance
of BPH at approximately 60 years might be related
to a persisting high oestrogen level combined with
a decline in the androgen production.

At present one can not exclude the possibility that
the increased urinary oestrogen excretion is a pheno-
menon which is not directly related to the BPH, but
rather a consequence of other metabolic changes
more closely involved in the etiology of BPH. Hy-
droxylations and conjugation in the liver and the bili-
ary and enterohepatic circulation play a vital role in
the metabolism and excretion of oestrogens and an
impaired liver function or decreased biliary excretion
might lead to changes in the urinary excretion and
in the pattern of urinary metabolites[21-25]. How-
ever, there were no indications for any hepatic or bili-

Table 1. Urinary hormone excretion in normal healthy males and in males with benign prostatic hyperplasia (BPH)

Normal healthy males BPH
Age 66.7 £ 0.9 years Age 71.4 + 1.2 years Significant
(60-79); N = 39 (60-84); N = 30 difference
LH, 1U/24h 409 + 3.2 (8-95) 47.2 £ 5.5 (8-144) n.s.
Low polar oestrogens, ug/24h 32+ 03 (1-7) 52+ 05 (1-11) P < 0.00!
Total 17-ketosteroids, mg/24h 5.67 + 0.33 (2.7-13.0) 6.19 £ 0.53 (2.1-15.2) ns.
11-desoxy-17-ketosteroids, mg/24h 3.07 + 0.23 (0.5-7.5) 2.74 £ 023 (0.8-5.5) ns.
Dehydroepiandrosterone, mg/24h 0.11 + 0.02 (0.05-0.70) 0.12 £ 0.03 (0.05-0.60) n.s.
Androsterone, mg/24h 1.71 + 0.14 (0.3-4.1) 1.48 + 0.12 (0.5-2.7) n.s.
Aetiocholanolone, mg/24h 1.22 + 0.12 (0.1-3.4) 1.28 + 0.14 (0.3-3.0) n.s.
5a:5p-ratio 1.78 + 0.17 (0.59-5.00) 1.58 + 0.18 (0.37-4.00) n.s.
Pregnandiol, mg/24h 0.14 + 0.02 (0.05-0.60) 0.22 + 0.04 (0.05-0.80) n.s.
17-ketogenic steroids, mg/24h 7.81 + 0.54 (3.6~16.2) 8.67 + 0.50 (1.8-13.3) n.s.
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ary malfunction in the BPH as well as in the control
material used in the present study.

An incresed oestrogen production caused by aro-
matization of androgens in the hyperplastic prostate
itself seems less likely. As far as we know from the
literature. hydroxylation of C,4 steroids in positions
2f3, 6 and 7 are the only oxygenase catalyzed steroid
transformations reported to occur in prostatic tis-
sue[26].

Several studies in vitro and in animals have shown
that oestrogens affect the prostate gland in different
ways and that a dose-effect relationship seems to exist
in this respect. Thus stimulatory or synergistic cffects
together with androgens have been demonstrated on
the entry and uptake of androgens and on the growth
of the prostrate at oestrogen concentrations below
4 x 1077 M or oestrogen/androgen ratios less than
2[27-30]. Observations concerning ‘inhibitory or
antagonistic effects seem to be restricted to higher
oestrogen levels or oestrogen/androgen ratios
[27. 29-36]. It should be kept in mind that the
concentration of biologically active oestrogens (oes-
trone + oestradiol-17ff + oestrone sulphate) in peri-
pheral human male plasma is normally less than
35 x 107°M and the maximal oestrogen/androgen
ratio less than 10! (calculated from the data in refer-
ences 13.37-39).

Oestrogen binding macromolecules have been
demonstrated in the cytosol and the nucleus of the
prostrate cell, although the existence of nuclear oes-
trogen receptors has been disputed[36,4044]. Direct
interaction with these macromolecules might be one
possible mode of action of oestrogens on the prostrate
cell. analogous to a speculated mechanism for the tes-
tosterone stimulated growth of the uterus [45]. How-
ever, the role of the oestrogen binding macromole-
cules in the prostate is still not clear.

Several mechanisms might be speculated for a poss-
ible synergistic action between oestrogens and an-
drogens on the prostrate cell. It is known that
hyperplastic human prostates are far richer on the
terminal androgenic steroid S5a-dihydrotestosterone
than normal glands[46]. As far as we know from the
literature, no differences between BPH and normal
males have been found neither in the prostate cytosol
Sa-reductase activity[46]. nor in the peripheral
plasma levels of 5x-dihydrotestosterone, testosterone
and 4-androstene-3,17-dione[9, 12-14]). The higher
levels of Sa-dihydrotestosterone in hyperplastic tissue
might therefore be attributed to an increased entry
and uptake of peripheral androgens into the cells.
Giorgi and coworkers have demonstrated that oestra-
diol-17f in moderate concentrations (1.1-2.2 x
10~ 7 M) increases the entry and uptake of androgens
in human prostatic tissue [30, 55]. This is in agree-
ment with recent resuits of Lee and co-workers [47]
who found that administration of oestradiol valerate
to rats in vivo caused an accumulation of testosterone
and So-dihydrotestosterone in the prostate and
seminal vesicles. A facilitation of the transport of peri-
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pheral testosterone into the prostate cell might there-
fore be an important- mechanism for a synergistic
action of oestrogens on the androgen-stimulated pro-
state growth.

Studies on the effects of oestrogens on the transfor-
mation of testosterone into 5x-dihydrotestosterone by
the cytosol Sa-reductase have yielded conflicting
results. Stimulatory or insignificant effects have been
reported for low oestrogen concentrations[35. 48-50]
while higher oestrogen levels cause inhibitory
effects[ 34, 35,50, 51]. However, the Sa-reduction of
testosterone might not be the limiting step in the for-
mation of S¢-dihydrotestosterone[46, 52, 53].

Finally, one might speculate about a stimulatory
effect of oestrogens upon the entry of the 5x-dihydro-
testosterone receptor into the prostate cell nuclei,
analogous to the effect of Su-dihydrotestosterone on
the accumulation of oestrogen receptor in the nuclei
of uterine tissue[45, 54]. However, such a presumptive
oestrogen accumulated S«-dihydrotestosterone recep-
tor might have empty binding sites as has been shown
for the 5¢-dihydrotestosterone accumulated oestrogen
receptor in uterine nuclei[45], and might therefore
be more or less inactive.

At present all hypotheses discussed above must be
regarded as speculative. If, however, the oestrogens
are directly involved in the etiology of BPH according
to one of these or to some alternative mechanism,
clinical studies with antioestrogens would be of great
interest.
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