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Abstract. The effects of different doses of testosterone on basal and stimulated secretion of 
prolactin (PRL) were investigated. Intact female mice of the S/W strain were injected sc with 
0, 1, 10, 20, 50, 250, 500, 1000, 2500, or 5000 pg of testosterone propionate (TP) once daily 
for 4 weeks. Serum testosterone concentrations of TP injected mice rose 2- to 5-fold above those 
of controls at 1- to 50-pg doses, and 25- to 600-fold over controls in mice given higher doses of 
the steroid. Administration of 1 pg of TP, the lowest dose tested, had no significant effects on 
basal serum PRL concentrations and only slightly inhibited the release of PRL induced by 
perphenazine, but the weight and PRL concentration of the pituitary gland were significantly 
depressed. However, at doses of 10, 20, and 50 pg TP, perphenazine-induced PRL release, 
pituitary PRL concentration, and pituitary gland weight were all reduced in a dose-related manner. 
The basal serum PRL concentrations decreased by the time the dose of TP reached 50 pg. In 
contrast, higher doses of TP (250 pg and above) reversed the suppression of these parameters: 
pituitary gland weight and basal serum PRL levels were restored to control levels, whereas 
pituitary PRL concentrations and perphenazine-induced PRL release were partially restored. 
These results suggest that administration of moderate and large doses of testosterone may suppress 
natural episodic and acute releases of PRL. 

Androgens in high doses are sometimes used 
in the treatment of breast cancer (1-4). The 
antitumor effect of androgens is also seen in 
carcinogen-induced mammary tumors in rats 
(5, 6). Still unknown, though, is how andro- 
gens act in suppressing breast cancer or mam- 
mary tumor growth. One theory holds that 
androgens exert their antitumor effects by 
blocking the mammogenic effects of prolactin 
(PRL) at the level of the tumor cell (6). How- 
ever, when Costlow et al. (7) measured PRL 
binding activity of mammary tumors after 
treatment with testosterone propionate (TP), 
they found that TP injections reduced PRL 
receptors, but not sufficiently to account for 
the entire regression. An alternative possibility, 
not yet explored, is that androgens suppress 
mammary tumor growth by interfering with 
the secretion of PRL. The objective of the 
present study was to determine the effect of 
low and high doses of a synthetic androgen, 
TP, on PRL secretion. We determined the 
effects of TP on the basal as well as stimulated 
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secretion of PRL in mice and monitored the 
levels of testosterone achieved in blood by the 
different doses of TP administered. 

Materials and Methods. Animals. Female 
mice of the outbred S/W strain, obtained from 
the Simonsen Laboratory (Gilroy, Calif.), were 
used. The mice were housed in plastic boxes 
(36 X 30 X 18 cm; 12 mice/box) and fed 
Wayne Lab Blox (6% fat, 24% protein, and 
4.5% fiber) and tap water ad libitum. The an- 
imal room was maintained at 24 * 1°C and 
was lighted from 0600-1800 hr. 

Hormone injection. Androgen was admin- 
istered in the form of TP (Sigma Chemical 
Co., St. Louis, Mo.). The steroid was dissolved 
in sesame oil and injected sc in a 0.05-ml 
volume. At approximately 100 days of age, 
the mice were divided into 10 groups, each 
consisting of 24 mice. One was the control 
group injected only with sesame oil, the vehicle 
used for dissolving TP. The other 9 groups 
were injected with one of the following doses 
of TP: 1, 10, 20, 50, 250, 500, 1000, 2500, or 
5000 pg/mouse/day. The daily injections con- 
tinued for 4 weeks. The mice were in all stages 
of the estrous cycle. 

Provocative test for PRL release. Twenty- 
four hours after the last injection of TP or 
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sesame oil, each group of mice was divided 
in half. One-half received a single ip injection 
of perphenazine (Trilafsn, Schering Corp., 
Kenilworth, N. J.), a powerful PRL-releasing 
neuroleptic (8). The dose of perphenazine in- 
jected was 1 pg/g body weight and the volume 
of injection was 2.5 pl/g body weight. The 
other half of each group was injected with an 
appropriate volume of normal saline (0.85% 
NaCl). One hour after the perphenazine or 
saline injection, between 1000 and 1 100 hr, 
all mice were decapitated, and their trunk 
blood and pituitary glands were collected. PRL 
release peaks 1 hr after perphenazine injection 
in intact as well as testosterone-treated 
mice (9). 

Preparation of sera and pituitary extracts. 
Blood was collected individually from each 
mouse in conical glass centrifuge tubes and 
allowed to clot at 4°C for 2 hr. The serum 
was separated by centrifugation at 10008 for 
30 min and stored at -20°C until assayed. 

The pituitary gland from each mouse was 
removed immediately after sacrifice and 
weighed on a Mettler analytical balance. The 
tissue was homogenized with a motor-driven 
glass homogenizer in 0.05 M Na2C03- 
NaHC03 buffer, pH 10 (10 mg/ml). A 25-pl 
aliquot of this homogenate was added to a 
centrifuge tube containing 2 ml of the same 
buffer, and the solution was centrifuged at 
lOOOg for 30 min. A 25-pl aliquot of the su- 
pernatant was then added to 2 ml phosphosa- 
line buffer (0.0 1 Mphosphate, 0.15 Msodium 
chloride, and 0.0 1 % merthiolate) containing 
1 % bovine serum albumin, pH 7.6, and stored 
at -20°C until assayed. 

Radioimmunoassays (RIA). PRL in sera 
and pituitary extracts was analyzed by a ho- 
mologous RIA for mouse PRL. The details of 
the assay procedure are described elsewhere 
(10); the only difference from the published 
method was that the tracer antigen was labeled 
using lactoperoxidase instead of chloramine- 
T. The biological potency of the mouse PRL 
standard used was 25 IU/mg. 

Testosterone in samples of sera pooled from 
four mice each was measured by RIA as de- 
scribed previously (1 1). The anti-testosterone 
serum (S250) used in the RIA was provided 
by Dr. G. Niswender and was developed in 
sheep against testosterone conjugated at the 
C-1 1 position to bovine serum albumin. The 

specificity of this antiserum has been reported 
elsewhere ( 12). 

The concentration of 17P-estradiol was also 
measured in the same samples of pooled sera 
by a previously described RIA (1 3). The an- 
tiserum to estradiol, produced in sheep against 
estradiol conjugated at C-6 to bovine serum 
albumin, was provided by Dr. L.-E. Edqvist. 

Statistical analysis. The results were com- 
pared by analysis of variance and Duncan’s 
new multiple range test. 

Results. Serum PRL concentrations. The 
effect of TP on basal PRL concentrations (sa- 
line-injected subgroups of mice) and PRL 
concentrations after a provocative test (per- 
phenazine-injected subgroups of mice) are 
shown in Fig. 1. Compared to some of the 
other strains ( 14), basal PRL concentrations 
were generally low in these mice, the control 
group (0 dose) having only 13 k 2 ng/ml. 
Administration of 1, 10, and 20 pg of TP had 
no significant effect on this level (P > 0.05). 
However, 50-, 250-, and 500-pg doses of TP 
significantly decreased this basal concentration 
to 5-6 ng/ml (P  < 0.05). At 1000-, 2500-, and 
5000-pg doses, basal PRL increased to normal 
levels (P  > 0.05). 

Injection of perphenazine caused a 20-fold 
increase in serum PRL of control mice (0 
dose), from 13 f 2 to 247 f 23 ng/ml. At the 
1-pg dose of TP, PRL values averaged 216 
k 30 ng/ml and were not significantly different 
from controls (P  > 0.05). However, lo-, 
20-, 50-, and 250-pg doses of TP caused a 
marked dose-related inhibition of perphena- 
zine-induced PRL release (P  < 0.01), the con- 
centration reaching a nadir at the 250-pg dose 
(19 k 2 ng/ml). Perphenazine-induced PRL 
release then increased at the 500-, 1000-, 
2500-, and 5000-pg doses of TP, the incre- 
ment at the 5000-pg dose being significant (P  
< 0.05), just as the basal levels had increased, 
although PRL release was still significantly 
lower than normal (P  < 0.01). 

Pituitary PRL concentrations. The concen- 
trations of PRL in pituitary glands of the var- 
ious groups are illustrated in Fig. 2. Sesame 
oil-injected control mice had 6.4 f 0.3 pg of 
PRL/mg of pituitary tissue. These concentra- 
tions decreased progressively at 1-, lo-, 20-, 
and 50-pg doses of TP (P  < O.Ol), the value 
at the 50-pg dose being only one-sixth of con- 
trol. However, pituitary PRL concentrations 
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FIG. 1. Effect of increasing doses of TP on the release of PRL in response to challenge with a single 
injection of perphenazine ( 1  pg/g body weight, ip). The vertical lines at the top of the bars represent the 
SEM. The numbers at the base of the bars represent the number of animals in each group. 

increased at all doses higher than 50 pg ( P  
< O.Ol) ,  although they still averaged about 
one-half of control values ( P  < 0.01). 

Pituitary gland weight. Changes in the 
weights of the pituitary glands, adjusted for 
body weight differences, are shown in Fig. 3. 
Pituitary gland weight was significantly de- 

creased by 1, 10, 20, 50, 250, and 500 pg TP 
(P  < 0.0 1 ), the decrease being dose-related up 
to 20 pg. However, at doses higher than 20 
pg, the decrease in weight gradually dimin- 
ished and the glands reached normal weight 
at a dose of 1000 pg and higher ( P  > 0.05). 

Body weight. All groups of mice gained 

7.0 

6.0 
h 

0 
E 
g 5.0 

'g 4.0 

3.0 

v 

C 

m - 
2 
L - m - ,z 2.0 
n 

1 .o 

c 

1 I L 
1 10 2 0  50 250 500 1000 2500 5000 

Dose of Testosterone Propionate (PO) 

FIG. 2. Effect of increasing doses of TP on pituitary PRL concentration. The vertical lines at the top of 
the bars represent the SEM. The numbers at the base of the bars represent the number of animals in each 
group. 
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FIG. 3. Effect of increasing doses of TP on pituitary gland weight. The vertical lines at the top of the 
bars represent the SEM. The numbers at the base of the bars represent the number of animals in each 
group. 

weight during the 4-week injection period (P 
< 0.01); however, the gain was somewhat 
greater (P < 0.05) in mice receiving 20 pg or 
more of TP than in those receiving lower doses 
(data not shown). No amount of TP had any 
deleterious effects on body weight gain. 

Serum testosterone concentrations. The 
serum concentrations of testosterone at the 
time of sacrifice are given in Table I. Com- 
pared to controls, mice receiving 1,  10, and 
20 pg TP showed no measurable increase in 
serum testosterone concentrations (P > 0.05). 
At the 50-pg dose, however, serum testosterone 
increased to values 5-fold greater than those 
of controls (P < 0.05). At doses higher than 
50 pg, serum testosterone levels rose further 
(P < 0.01), as expected. 

Serum estradiol concentrations. Serum es- 
tradiol concentrations averaged 29.9 f 1.24 
pg/ml in mice treated with sesame oil (0 dose) 
(Table I). This level decreased significantly at 
1-, lo-, and 20-pg doses of TP (P < 0.01). 
However, serum estradiol returned to control 
levels at 50-, 250-, and 500-pg doses of TP (P 
> 0.05) and increased to higher than control 
levels at 1000, 2500, and 5000 pg (P < 0.01). 

Discussion. The results of this study dem- 
onstrate that exogenous administration of an 
androgen influences PRL secretion. The effects 
produced, however, depend upon the dose ad- 
ministered. Furthermore, basal serum PRL 
levels do not reveal these effects as readily as 

do serum PRL concentrations after a pro- 
vocative challenge or as do pituitary PRL 
concentrations. 

Our data show that the androgen TP, even 
in very small doses, does not stimulate PRL 
secretion in mice. For example, at the lowest 
dose of TP tested, 1 pg/mouse/day for 4 weeks, 
both basal as well as perphenazine-induced 
serum PRL concentrations were unchanged. 
In contrast, the weight and PRL concentration 
of the pituitary gland were significantly re- 

TABLE I. SERUM CONCENTRATIONS (MEAN * SEM) 
OF TESTOSTERONE AND ESTRADIOL IN MICE 

TREATED WITH VARYING DOSES OF 
TESTOSTERONE PROPIONATE 

Dose of 
testosterone Testosterone Estradiol 

propionate (pg) (ng/ml) (pg/ml) 

0 
1 

10 
20 
50 

250 
500 

1000 
2500 
5000 

1 . 1  f 0.19 (6) 29.9 f 1.24 (6) 
2.0 f 0.87 (3) 20.4 rt 1.48 (5) 
2.4 f 0.49 (6) 22.9 rt 1.18 (6) 
2.4 rt 0.29 (5) 22.0 f 1.86 (6)  
5.6 k 0.30 (6) 30.1 k 0.83 (6) 

25.9 k 2.91 (6) 28.6 & 1.31 (6) 
54.0 f 3.13 (6) 30.6 f 2.54 (6) 

212.8 k 40.8 (5) 41.6 & 4.54 (5) 
258.2 f 25.8 (6) 43.8 f 4.07 (6) 
605.8 f 130.1 (4) 55.4 & 1.56 (5) 

Note. Numbers in parentheses indicate the number of serum 
pools assayed for testosterone and estradiol. 



442 ANDROGEN INHIBITION OF PRL SECRETION 

duced by this dose. These results are consistent 
with our earlier observations that castration 
of male mice produced no changes in basal 
serum PRL but increased pituitary gland 
weight (9), and differ from those reported in 
rats ( 15- 17). In moderate doses, on the other 
hand, the effect of TP on PRL secretion ap- 
peared to be markedly inhibitory. For ex- 
ample, TP in doses of 10,20, and 50 pg, which 
increased serum testosterone concentrations 
only 2- to 5-fold above normal, drastically 
reduced perphenazine-induced PRL release, 
pituitary PRL concentrations, and pituitary 
gland weights. These reductions may have re- 
sulted from an estrogen deficiency caused by 
TP, since serum estradiol levels were lowered 
by 1, 10, and 20 pg of TP. On the other hand, 
TP could have produced these effects directly, 
since serum estradiol levels returned to normal 
at the 50-, 250-, and 500-pg doses but PRL 
levels remained low. In agreement with our 
results, Nolin (1 8) has reported that dihydro- 
testosterone, a nonaromatizable androgen, 
suppresses PRL secretion in female rats. 

In large doses of TP, PRL secretion ap- 
peared to be subjected to the simultaneous 
influences of both testosterone and estradiol. 
At doses greater than 500 pg, serum estradiol 
levels increased significantly, in conjunction 
with increases in serum testosterone levels. 
The increase in serum estradiol was most likely 
due to the bioconversion of testosterone into 
estradiol (19). The net effect of the opposite 
influences of the two steroids was complete 
restoration of pituitary gland weight and basal 
serum PRL concentrations, but only partial 
restoration of pituitary PRL concentrations 
and perphenazine-induced PRL release. It was 
noteworthy that even a 2-fold increase in 
serum estradiol at the 1000-pg dose of TP was 
unable to completely reverse the inhibition of 
PRL release. 

Thus, from these results, the major influ- 
ence of moderate and large doses of TP on 
PRL secretion can only be characterized as 
inhibitory. This inhibition resembles the re- 
duction in perphenazine-induced PRL secre- 
tion produced by large doses of estradiol ben- 
zoate (20), another sex steroid sometimes used 
in breast cancer therapy (1). Furthermore, we 
have observed that high doses of TP also sup- 
press the physiologic release of PRL, such as 
that induced by pregnancy (1 1) or nursing (J. 

Kan, N. Lee, Y. N. Sinha, W. P. VanderLaan, 
and S. Ohno, unpublished). These results raise 
the question if the release of PRL is suppressed 
in patients receiving androgens for the treat- 
ment of breast cancer. At present, there is no 
convincing evidence that PRL is involved in 
human breast cancer. But if future work shows 
aberrations in daily circadian release (2 1 ), ep- 
isodic bursts (22) or sleep-related nocturnal 
surges (23) of PRL to be important in the 
development and growth of breast cancer, 
conceivably androgens could produce tumor 
regression partly by suppressing these releases 
of PRL. 
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