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Summary. In the light of the high incidence of cardiovascular side effects with oestrogen therapy in
patients with prostatic cancer, other medications aliering androgen metabolism are under investiga-
tion. The influence of the anti-prolactin bromocriptine (CB154) on plasma kinetics of testosterone
and on endogenous hormones was studied and compared with the effect of ethinyl oestradiol in

25 patients with prostatic carcinoma. Bromocriptine significantly suppressed both prolactin and
testosterone, inhibited the transfer of androgen from the inner pool into the deep compartment and
favoured its degradation. Ethinyl oestradiol decreased testosterone, LH and FSH, and prolonged the
biological half-life of testosterone. The effects of bromocriptine on androgen metabolism might be of
therapeutic value in patients with prostatic carcinoma.
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Bromeoecriptine.

As many as 45-80% of patients with advanced
cancer of the prostate have metastases when
first seen by a physician (8, 16, 28) and there-
fore would require treatment that is based
mainly on oestrogen preparations. However it
has been said that "'what oestrogen treatment
wins from the cancer, it more than loses to
other causes of death' (25, 26, 27). This
pessimistic statement by the Veterans Admini-
stration Cooperative Urological Research
Group on hormone therapy for prostatic
tumours is based on the high incidence of
cardiovasuclar side effects seen after long-
term oestrogen therapy in these patients and
underlines the need for other forms of medical
treatment in the advanced disease.

Since prolactin is known to have a stimulat-
ing effect on prostatic growth and function
(7, 10), anti-prolactins such as ergot
alkaloids have recently been introduced into
palliative tfreatment protocols for advanced
cancer of the prostate (4, 6).

Bromocriptine (CB154) significantly de-

creases the uptake of dihydrotestosterone by
the hypertrophic prostate, and testosterone
by carcinomatous prostate (1, 12). This
effect is reversed by previous castration in
the dog (11). The intraprostatic metabolic
changes are dose dependent and not related
to prolactin suppression. Whereas 7.5mg
bromocriptine per day results in a marked
increase of androgen uptake, the high dosage
of 15 mg daily causes a significant depression
of androgen uptake by prostate tissue (1).

In a clinical trial, Coune and Smith ad-
ministered bromocriptine in the low dose of
7.0omg per day to 25 patients with advanced
carcinoma of the prostate over 8 weeks (4).
These patients were in part already treated
by hormone manipulation and resistant to
testosterone depletion. In no case could
improvement of all objective parameters be
observed. These controversial results were
probably predictable in the light of our
unpublished findings that low-dose bromo-
criptine increases androgen uptake by
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prostate tissue, whereas with higher doses,
beneficial effects have been observed.

In the present study an attempt has been
made to quantify the metabolic changes induced
after prolactin suppression by bromocriptine.
Since the dose of 15mg bromocriptine per day
was found to inhibit testosterone uptake in
patients with carcinoma of the prostate, the
same dose was administered for the study of
plasma kinetics.

As a control, ethinyl oestradiol was also
investigated. A low dose of ethinyl oestradiol
(0.6 mg/day) was chosen because (1) the dose
of oestrogen should ensure minimal side
effects and (2) the dose should still be high
enough io suppress testosterone secretion as
much as bromocriptine. It must be pointed
out, however, that the ideal dose of exogenous
oestrogen remains undetermined (5), and
the effective dose seems to be dependent on
the tumour stage (15).

MATERIAL AND METHODS
Subjects

Twenty-five patients, all informed volunteers,
were studied. All tumours were stage C

and D lesions without previous antitumour
treatment. Histological confirmation and
grade of differentiation of the carcinoma were
obtained by trans-rectal needle biopsy prior
to the study and after a 5-day regimen of the
drug under investigation. Immediately prior
to and during the investigation, no other
medication was taken which might influence
steroid metabolism. None of the patients
selected had a history of cardiovascular,
thromboembolic or hepatic disease.

Materials

(1,2 SH)-Testosterone (S. A. 58 Ci/mmol)
was obtained from the Radiochemical Centre,
Amersham, Bucks, England and was at least
95 % pure when examined by thin layer
chromatography in the system hexane:
methanol : H,O (5 : 4 : 13 v/v/v). The non-
radioactive reference steroids and TLC
Silica Gel plastic sheets F 254 were from E.
Merck, Darmstadt, West Germany. All organic
solvents were of analytical grade. Bromo-
criptine (CB 154) was kindly supplied by
Sandoz AGy Basle, Switzerland and ethinyl
oestradiol (Progynon M) was purchased from
Schering AG, Berlin, West Germany.
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Test Procedure

After an overnight fast the study was started

at 8.00 am. Tnitial blood samples were taken
for determination of plasma testosterone,
serum prolactin, LH and FSH by means of
radioimmunoassay. SH-testosterone (58 Ci/
mmol) was injected intravenously and blood
samples were drawn at intervals up to

5 hours. In the oestrogen group, 5 patients
received ethinyl oestradiol 0.6 mg daily over

5 days and an equal number served as

controls. In the anti-prolactin group, 15 pa-
tients were given bromocriptine 15mg daily
and underwent post-treatment study. Determina-
tion of radioactive androgen metabolites by thin
layer chromatography was performed as
described previously (18).

Plasma Kinetics

The single injection technique was used for

the study of plasma kinetics, and kinetic
parameters were calculated from a computer
programme based on the two-compartment
model described by Tait et al. (23). This model
represents the two main distribution volumes
and interchanges of a hormone secreted phy-
siologically and injected. The mathematically
defined kinetic parameters are calculated
according to a Taylor regression. The inner
pool volume "V," represents androgen bound
to plasma proteins and metabolised within the
liver. "Vy'', the outer pool volume, is
characterised by androgen accumulated by
hormone sensitive tissues and can be defined
as the entity of enzymes capable of metabolis-
ing androgens not confined to organ boundaries.
This distribution volume has been characterised
by Braunsberg as the ""deep compartment'' (3).
"K," represents a rate constant, the transfer
from the inner to the outer pool, and "Ko'' the
rate of metabolism within the inner pool. When
the radioactivities in plasma are plotted on a
semilogarithmic scale against time, the
plasma disappearance curve of the hormone is
obtained: e« is the slope of the initial fast
component, fthe slope of the final slow
component of the curve. Thus, the elimination
of hormone from the application compartment
can be defined and the metabolic clearance
rate can be calculated by determining the

area under the disappearance curve. Finally,
the biological half-life (T'1/2) of the compound
under study is calculated. Values are ex-
pressed as mean + standard error of the

mean (SEM) and significance is determined

by Student's T test.
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RESULTS

Endogenous Hormones

Bromocriptine: Prolactin decreased from
12.4 + 1.2 ng/ml (SEM) to 3.7 + 0.8 ng/ml
(p < 0.001) after a 5-day treatment (Fig. 1).
Plasma testosterone decreased from 422.5 +
30.7ng % to 265.3 + 26.5ng % (p< 0.01). A
moderate elevation of serum LH was found,
whereas bromocriptine had no effect on
pituitary FSH release.

Ethinyl Oestradiol: LH decreased from
25.9 + 3.8mU/ml to 14.6 + 0.8 mU/ml
(p<0.1), FSH from 22.6 + 8.9mU/ml to
10.1 + 2.0 mU/ml (p<0.2), and plasma
testosterone from 467 + 106 ng % to 184 +

67ng % (p<0.01).

Plasma Kinetics

The initial fast component of testosterone
disappearance (slope « ) is not altered by either
oestrogen or anti-prolactin (Fig. 2). Bromo-
criptine, however, markedly enhanced the
elimination of testosterone. The slope §of the
final part of the curve increased from 9.7 +
1.7U/d to 16.1 + 4.5 U/d after bromocriptine
as compared to the controls (p<0.2). After
ethinyl oestradiol testosterone elimination
was prolonged compared to the controls, with
a significant decline of the slope § of the final
component of the curve (p<0.002). In ac-
cordance with the altered testosterone elimina-
tion and decreased (bromocriptine) or
prolonged (oestrogen) duration of androgen
within the various compartments, the overall
interconversion of androgens is influenced by
the rate of appearance of testosterone meta-
bolites with time (Fig. 3).

The prolonged elimination time for
androgen after oestrogen is also reflected by
the slightly increased outer pool volume Vo
(Fig. 4). The transfer of hormone from the
inner pool into the deep compartment (Ky)
is decreased (p<0.02; Fig. 5). Metabolism
within the inner pool (Ky) remains unchanged.

The faster elimination of testosterone
following bromocriptine administration
matches the increase of the inner pool
metabolism (KZ) and the diminished transfer
of testosterone into the deep compartment
(Fig. 6A). The outer pool itself is strikingly
reduced (Fig. 4). Consequently, the
metabolic clearance rate, i.e. volume of
plasma totally and irreversibly cleared per
unit time, is increased whereas the biological
half-life is shortened. Oestrogen treatment
causes a significantly prolonged biological
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Fig. 1. Effect of bromocriptine on serum
prolactin and plasma testosterone (n = 12).
Hormones were measured by radioimmunoas-
say before and after a 5-day regimen of 15mg
per day
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Fig. 2. The effect of bromocriptine and ethinyl
oestradiol on the elimination of labelled
androgen from plasma. After injection of
3H-testosterone blood samples were drawn at
various time intervals, androgen metabolites
separated by TLC and assayed for radio-
activity in a liquid-scintillation counter

half-life as a result of the longer duration of
the injected testosterone (p<0.025; Fig. 6B).

DISCUSSION

The investigations described have been
designed to clarify the mode of action by
which the anti-prolactin bromocriptine may
have beneficial effects in patients with
prostatic carcinoma. Therefore, its influence
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on testosterone secretion was studied in
untreated individuals. Bromocriptine did not
only suppress plasma testosterone, but
also resulted in a markedly faster elimina-
tion of androgens.

The second aim was to compare the
kinetic effects of bromocriptine with an
established oestrogen, ethinyl cestradiol.
To eliminate the fact that a high dose of
oestrogen might interfere with the experimental
model by causing a higher degree of testoster-
one suppre\ésion, the low dose of 0.6 mg ethinyl
oestradiol which is a known to produce a
similar degree of testosterone depression {22)

treatment
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Fig. 5. The effect of bromocriptine and
ethinyl oestradiol on the rate constants of
androgen kinetic metabolism; Kj = transfer
rate from inner to outer pool, Ky = rate of
metabolism within the inner pool, shaded
area = SEM

was chosen. 15mg bromocriptine has an
equivalent effect on testosterone metabolism
though it must be emphasised that these doses
are not equimolar.

In interpreting the effect of bromocriptine
on endogenous hormone levels and on the
kinetic behaviour of testosierone, it is
evident that (a) prolactin and testosterone,
both stimulators of prostatic growth, are de-
pressed; (b) bromocriptine inhibits the
transfer of androgen from the inner pool into
the deep compartment, and (c) it favours the
degradation of androgen before entering target
tissues.
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Fig. 6. A) Changes of kinetic parameters of
H-testosterone after bromocriptine and
ethinyl oestradiol according to the two-
compartment model as compared to pre-
treatment values (100 %). Kinetic parameters
are calculated from a computer programme:
abbreviations as indicated in Figures 4 and 5.

The net effect of the more pronounced
elimination of hormone along with the do-
cumented kinetic changes is a diminished
amount of androgen available for entry into
the prostate. Our unpublished observations
that androgen uptake by carcinomatous tissue
is diminished after bromocriptine would
further support our hypothesis in that the
lowered prolactin level causes intra- and
extra-prostatic changes of the androgenic
hormone milieu essential for prostate growth
and function.

No definite conclusions can be drawn, how-
ever, as to whether prolactin suppression
per se or bromocriptine per se is responsible

for the apparent prostatic metabolic alterations.

Since the hepatic synthesis of prolactin re-
ceptors is influenced by androgens (2, 13)
and by the peripheral prolactin level (20, 21),
the prostatic effect of bromocriptine could

in part be due to a diminished amount of
receptor protein attached to the cell surface
(14). Furthermore, it remains unclear to
what extent the plasma binding proteins for
testosterone are altered by prolactin sup-
pression, thus influencing the rate of distribu-
tion of the injected radiocactive androgen into
the compartments.

From this study it is evident that the known
local and systemic beneficial effect of
oestrogen on prostatic malignancies cannot
be accomplished by plasma kinetic changes
of endogenous androgens. Testosterone, al-
though suppressed to the same degree as
bromocriptine, persisted for longer after
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B) Metabolic clearance rate (MCR) and
biological half-life (T 1/2) of testosterone
after bromocriptine and ethinyl oestradiol
as computed from the disappearance of
androgen by a Taylor regression

oestrogen. As shown by other investigators,
oestrogens increase prolactin secretion by

a feedback to hypothalamic and pituitary
centres (9). Although not measured in this
study, elevated levels of peripheral prolactin
after ethinyl oestradiol might well account

for the adverse effect in the kinetic behaviour
of testosterone after oestrogen when compared
to bromocriptine administration.

It could even be argued that the initial
unresponsiveness to testosterone depletion,
or the acquired failure to respond to
oestrogen treatment seen especially in pa-
tients with poorly differentiated lesions, is
at least in part due to prolactin elevation with
concomitant activation of prostatic androgen
metabolism. It is also conceivable that the
major extraprostatic effect of cestrogen along
with the known decline of the testosterone
production rate (17) is reflected by the induc-
tion of peripheral sex hormone binding globulin
(19, 24). Thus the testosterone ''free index"
would be lowered and the amount of androgen
capable of entering the prostate diminished.

In conclusion, bromocriptine suppresses
prolactin and the endogenous testosterone
secretion in patients with untreated advanced
cancer of the prostate. Furthermore, it
favours the elimination of injected labelled
testosterone by decreasing the transfer of
hormone into the deep compartment and by
stimulating the inner pool androgen degrada- .
tion. A low but (with respect to testosterone
suppression) equivalent dose of ethinyl
oestradiol caused persistance of the injected
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androgen with a prolonged biological half-

life for testosterone.

While the beneficial

effects of prolactin suppressing compounds
observed in patients with prostatic cancer can
be explained by the reduced amount of
androgen available to the prostate, the ex-
traprostatic effects of oestrogen cannot be
explained by the alterations in the plasma
kinetic metabolism of testosterone.
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