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ABSTRACT. Tamoxifen, a partial competitive antagonist to
the estrogen receptor, is a potent inhibitor of the proliferation
of experimental mammary carcinoma in the rat and is widely
used clinically in the treatment of breast cancer. Blockade of
estrogen receptors present on neoplastic cells represents the
classic mechanism of action of tamoxifen, but the drug has a
variety of other actions that may contribute to its antiprolifer-
ative properties. While it is recognized that estrogens play an
important role in modulating pulsatile GH release, the effect of
antagonists to sex steroid receptors on GH secretory dynamics
has not previously been described. In the present study we
examined the effect of tamoxifen on pulsatile GH secretion in
free-moving adult male and female rats. The drug, when admin-
istered in a manner previously shown to be associated with
antineoplastic activity, caused a marked suppression of the
amplitude of spontaneous GH secretory bursts and significantly
reduced mean 6-h plasma GH levels in both sexes compared to

those in their respective peanut oil-injected controls. Inhibition
of spontaneous GH pulses persisted for up to 7 weeks after
tamoxifen administration in both sexes. Immunoneutralization
of endogenous somatostatin in tamoxifen-treated male rats com-
pletely restored both GH pulse amplitude (121.6 + 9.5 vs. 62.5
+ 13.5 ng/ml in tamoxifen-treated rats given normal sheep
serum; P < 0.02) and mean 6-h plasma GH levels (53.3 + 6.6 vs.
17.9 *+ 3.6 ng/ml in normal sheep serum-treated rats; P < 0.01)
to levels observed in our peanut oil-injected controls. These
results demonstrate that 1) tamoxifen has potent inhibitory
effects on pulsatile GH secretion; and 2) the blunting of GH
pulse amplitude by tamoxifen is mediated at least in part by
increased release of endogenous somatostatin. These findings
motivate further investigation of the clinical significance of
tamoxifen-induced suppression of GH secretion in relation to
the antineoplastic activity of this commonly used drug.

AMOXIFEN is a nonsteroidal partial competitive

antagonist to the estrogen receptor (ER) that is
widely used clinically because of its demonstrated effi-
cacy in the adjuvant and palliative treatment of breast
cancer (for review, see Ref. 1). In humans, the principle
mechanism of action of the drug is thought to involve
direct inhibition of estrogen binding to ERs present on
neoplastic cells. There is evidence that at the cellular
level such blockade may involve inhibition of estrogen-
stimulated proliferation of human breast cancer cells via
stimulation of autocrine inhibitory loops involving trans-
forming growth factor-g (2), inhibition of autocrine stim-

ulation by transforming growth factor-« (3), and modu-
lation of responsitivity to insulin-like growth factor-1
(IGF-1) (4). When tamoxifen is administered systemi-
cally, important sequelae resulting from the activity at
ERs in certain nonneoplastic tissues also occur. Exam-
ples of such actions include inhibition of estrogen-stim-
ulated PRL secretion (5), alterations in gonadotropin
levels (6, 7), and inhibition of estrogen-stimulated rises
in uterine wet weight (8). More recent clinical studies
have demonstrated clinically useful effects of the drug
on serum lipid profiles (9).

Sex steroids, in general, and estrogen, in particular,
are known to have important and complex roles in mod-
ulating patterns of pulsatile GH release in both rats (10-
13) and humans (14, 15). The mechanisms underlying
these effects have not been fully elucidated, but there is
evidence that regulation takes place both at the level of
the pituitary (16-18) and within the hypothalamus,
where sex steroids influence the expression of somato-
statin (SRIF) (19, 20) and GH-releasing hormone
(GHRH) (21) genes. However, the effect of antagonists
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to sex steroid receptors on GH secretion has not been
studied to date. The present investigation was, therefore,
undertaken to determine whether tamoxifen, when ad-
ministered to the rat in a manner previously demon-
strated to be associated with antineoplastic activity (22),
influences GH secretory dynamics.

Materials and Methods
Animals and experimental procedure

Adult male (254-308 g) and female (217-233 g) Sprague-
Dawley rats were obtained from Charles River Canada (St.
Constant, Quebec, Canada) and individually housed on a 12-h
light, 12-h dark cycle (lights on at 0600 h) in a temperature (22
+ 2 C)- and humidity-controlled room. Chronic intracardiac
venous cannulae were implanted under sodium pentobarbital
[50 mg/kg, ip (males) and 35 mg/kg, ip (females)] anesthesia,
using a previously described method (23). After surgery, each
rat was injected im with 0.3 cc (males) or 0.2 cc¢ (females)
penicillin G (300,000 IU/ml) and placed directly in an isolation
test chamber with Purina rat chow (Ralston-Purina, St.
Louis, MO) and tap H,O available ad libitum. Body weight was
monitored daily, and the animals were sampled when body
weight returned to preoperative levels (usually within 5-7 days).
On the test day, food was removed 1.5-2 h before sampling.

In the first series of experiments, we studied the effect of
tamoxifen on spontaneous 6-h GH secretory profiles at various
times after injection in both male and female rats. Tamoxifen
(free base) was obtained from Sigma Chemical Co. (St.
Louis, MO) and administered using a dose and route previously
shown to have inhibitory effects on 7,12-dimethyl-
benz(a)anthracene (DMBA)-induced mammary tumors (22).
Briefly, tamoxifen was dissolved in ethanol and added to peanut
oil, after which the ethanol was evaporated under nitrogen
using a 60 C water bath. The rats were injected sc with 5 mg
tamoxifen in 0.2 ml peanut oil once daily, at 1600 h, on 2
consecutive days. Control rats were sc administered 0.2 ml
peanut oil at the same time points. Blood samples (0.35 ml)
were withdrawn every 15 min for 6-h periods (1000-1600 h)
beginning 18 h after the second injection of either tamoxifen
or peanut oil. Subsequent samplings were performed at weekly
intervals up to 7 weeks after the injections. All blood samples
were immediately centrifuged, and the plasma was separated
and stored at —~20 C for subsequent assay of GH. The red blood
cells were resuspended in normal saline and returned to the
animal after removal of the next blood sample to avoid hemo-
dynamic depletion.

In the second series of experiments, designed to assess the
role of endogenous SRIF in mediating tamoxifen’s effects on
GH release, one group of tamoxifen-injected male rats (5 mg/
0.2 ml at 1600 h on 2 consecutive days) was administered 2 ml
of a specific SRIF antiserum iv after removal of the first blood
sample 18 h after the second tamoxifen injection. A second
group of tamoxifen-treated male rats served as controls and
received 2 ml normal sheep serum (NSS) at the same time
point. The SRIF antiserum was the same as that used in our
previous passive immunization studies (24, 25). Blood samples
were withdrawn every 15 min from 1000-1600 h.

GH RIA

Plasma GH concentrations were determined in duplicate by
double antibody RIA, using materials supplied by the NIDDK
Hormone Distribution Program (Bethesda, MD). The averaged
plasma GH values are reported in terms of the GH reference
preparation (rGH RP-2). The standard curve was linear be-
tween 0.62-320 ng/ml. The intra- and interassay coefficients
of variation were 7.6% and 9.6%, respectively, for duplicate
samples of pooled plasma containing a mean GH concentration
of 7.4 ng/ml.

SRIF binding of plasma after SRIF antiserum administration

The SRIF binding of plasma from rats treated with SRIF
antiserum and NSS was assessed by determining the ability of
aliquots of plasma obtained 1-2 min before and 15, 180, and
360 min after the injections to bind ['*’I]Tyr;-SRIF. Plasma
samples from each rat were diluted 1:100 in the SRIF RIA
assay buffer, and binding to labeled SRIF was determined under
conditions routinely used for RIA of SRIF (26).

Statistical analysis

The plasma GH profiles of individual rats in all groups were
analyzed using the Cluster analysis program for endocrine pulse
detection (27). Briefly, a ¢ statistic between 3.2-4.1 was selected
to maintain a maximal false positive rate less than or equal to
1% by using a test cluster size of one in the prepeak nadir,
peak, and postpeak nadir. Student’s t test was used for statis-
tical comparisons between experimental groups. P < 0.05 was
considered significant.

Results

Effects of tamoxifen on spontaneous 6-h GH secretory
profiles

Figure 1 illustrates individual representative plasma
GH profiles in a peanut oil-injected control male rat (18
h postinjection) compared to those in tamoxifen-treated
rats 18 h, 2 weeks, and 7 weeks after injection. Control
animals exhibited the typical pulsatile pattern of GH
secretion; two episodes of GH release were evident during
the 6-h sampling period, with most peak GH values above
130 ng/ml and intervening trough levels below 1.2 ng/
ml. Eighteen hours after tamoxifen administration, there
was a marked suppression of the amplitude of the spon-
taneous GH surges. Cluster analysis of GH secretory
dynamics at this time point (Fig. 3) showed that tamox-
ifen treatment resulted in a 2-fold decrease in GH peak
amplitude (58.4 + 12.7 vs. 126.7 = 9.1 ng/ml; P < 0.01)
and a significant suppression of overall mean 6-h plasma
GH level (20.8 £ 2.0 vs. 35.7 £ 4.6 ng/ml; P < 0.02)
compared to that in peanut oil-injected controls, but did
not significantly alter the GH nadir (1.6 £ 0.3 vs. 1.2 *
0 ng/ml) or GH peak frequency (4.0 = 0.7 vs. 2.8 £ 0.5
peaks/6 h). Tamoxifen-treated animals continued to ex-
hibit suppressed GH pulses and reduced mean 6-h plasma
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FiG. 1. Individual representative 6-h plasma GH profiles in a peanut
oil-injected control male rat compared to those in tamoxifen-treated
male rats at varying times after injection. The sc administration of
tamoxifen (two doses of 5 mg, sc) resulted in a marked attenuation of
the amplitude of the spontaneous GH peaks 18 h after injection, and
GH pulse amplitude remained severely suppressed for up to 7 weeks
after treatment.

GH levels up to 7 weeks after the initial injections (Figs.
1 and 3).

Figure 2 shows individual representative plasma GH
profiles in a peanut oil-injected female rat (18 h postin-
jection) compared to those in tamoxifen-treated females
at varying times after injection. The GH secretory pro-
files of control females were typically more erratic than
those of control males (25) and showed more frequent,
lower amplitude GH pulses separated by elevated nadirs.
Eighteen hours after tamoxifen treatment, there was no
significant alteration of GH secretory dynamics in female
rats (Figs. 2 and 3). However, both GH pulse amplitude
and mean 6-h plasma GH levels were reduced 1-2 weeks
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F16. 2. Individual representative 6-h plasma GH profiles in a peanut
oil-injected control female rat compared to those in tamoxifen-treated
female rats at varying times after injection. Administration of tamox-
ifen (two doses of 5 mg, sc) caused a suppression of the GH pulse
amplitude 1 week postinjection, which was maintained throughout the
7-week observation period.

posttamoxifen administration (mean 6-h GH level, 11.6
+ 1.2 vs. 27.7 + 3.6 ng/ml; P < 0.02) and remained
significantly suppressed for up to 7 weeks after injection
(Figs. 2 and 3). There was also a significant inhibition of
GH nadir levels in tamoxifen-treated females compared
to peanut oil-injected controls at 3-7 weeks (1.2 + 0 vs.
7.5 + 2.3 ng/ml; P < 0.02).

Effects of passive immunization with SRIF antiserum on
GH secretory dynamics in tamoxifen-treated rats

Tamoxifen-treated male rats given NSS continued to
show suppressed GH pulse amplitudes (Fig. 4A). Admin-
istration of SRIF antiserum to tamoxifen-pretreated rats
rapidly reversed the blunting of GH peaks and resulted
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in a significant elevation of GH nadir levels (12.6 £ 1.5
vs. 1.9 + 0.5 ng/ml; P < 0.001; Fig. 4B). Cluster analysis
(Fig. 5) showed that immunoneutralization of endoge-
nous SRIF in tamoxifen-treated rats completely restored
both GH pulse amplitude (121.6 + 9.5 vs. 62.5 £ 13.5 ng/
ml in tamoxifen-treated rats given NSS; P < 0.02) and
mean 6-h plasma GH levels (53.3 £ 6.6 vs. 17.9 £ 3.6 ng/
ml in NSS-treated controls; P < 0.01) to values as high
as those observed in our peanut oil-injected male controls
(see Fig. 3).

SRIF binding of rat plasma after SRIF antiserum
administration

The mean (+SE) SRIF binding levels of a 1:100 dilution
of plasma of rats 1-2 min before and 15, 180, and 360
min after the injection of SRIF antiserum were 2.4 +
0.6%, 51.8 + 0.4%, 49.1 + 1.0%, and 45.8 + 1.1%, respec-
tively. Plasma from NSS-treated animals showed no
significant SRIF-binding activity at any of the time
points tested.

Discussion

Although a large body of literature documents the
important role of sex steroids in modulating the sexually
dimorphic GH secretory patterns (10-16), there have
been no studies to date of the effects of estrogen and/or
androgen receptor antagonists on GH secretory dynam-

ics. In the present study we describe for the first time
significant inhibitory effects of tamoxifen on GH secre-
tion in the rat when the drug is administered in a manner
previously shown to be associated with antineoplastic
activity (22).

The results reported here clearly demonstrate that
tamoxifen markedly attenuates the amplitude of the
spontaneous GH secretory bursts as well as overall mean
6-h plasma GH levels as early as 18 h after administra-
tion. The inhibitory influence of tamoxifen, administered
in the manner described, persists for at least 7 weeks in
both male and female rats. This is probably a conse-
quence of continuous slow release of the drug from the
site of injection, rather than a delayed recovery from
transient exposure to the drug. The 2-day sc injection
protocol we employed has an inhibitory effect on DMBA-
induced tumors that is measured in months (22), and
active tamoxifen metabolites persist in the tissues for
more than 8 weeks (28).

The effect of tamoxifen treatment on GH secretory
dynamics observed in the present study has features in
common with the effects of gonadectomy in adult male
rats (13); both interventions suppress GH peak ampli-
tude and mean 6-h plasma GH levels. There are some
grounds for speculation that the drug, as a partial com-
petitive antagonist to the ER, might function as an
agonist in the relatively low estrogen environment of the
male. However, the GH secretory profiles of tamoxifen-
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Fic. 4. Effects of passive immunization with SRIF antiserum on
plasma GH profiles in tamoxifen-treated male rats (B) compared to
those in tamoxifen-treated male rats given NSS (A). Administration
of SRIF antiserum rapidly reversed the blunting of GH pulses observed
in tamoxifen + NSS-treated rats. Arrows indicate the times of serum
injections.
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FIG. 5. Summary of effects of passive immunization with SRIF anti-
serum (AS) on GH secretory dynamics in tamoxifen-treated male rats.
Immunoneutralization of endogenous SRIF completely restored the
amplitude of the GH peaks and mean 6-h plasma GH levels to values
similar to those observed in control male rats (see Fig. 3), in addition
to significantly elevating the GH nadir. Each bar represents the mean
+ SE; the number of animals in each group is shown in parentheses. a,
P < 0.02; b, P < 0.001; ¢, P < 0.01 (compared to tamoxifen + NSS-
treated control rats).

treated rats show a pattern distinct from those observed
when estradiol is administered to male rats; the major
effect of estradiol in adult male rats is to elevate the GH
nadir and increase GH peak frequency (13). In female
rats, the effects of tamoxifen on GH secretory dynamics
observed here are similar to those that we recently re-
ported after ovariectomy of adult female rats, i.e. a de-
crease in GH nadir and mean 6-h plasma GH levels (29).
Thus, the present data in females are consistent with the
possibility that tamoxifen acts by blockade of ERs in the
hypothalamic-pituitary axis, leading to effects similar to
those seen when circulating estradiol levels are reduced
by ovarian ablation.

The mechanisms by which tamoxifen exerts its effects
on GH secretion are of interest. To determine if endog-
enous SRIF plays a role in mediating the inhibitory effect
of tamoxifen on GH release, we carried out experiments
involving passive immunization with anti-SRIF serum
in tamoxifen-pretreated male rats. Immunoneutraliza-
tion of endogenous SRIF reversed the tamoxifen-induced
blunting of GH pulse amplitude and completely restored
both the amplitude of the spontaneous GH surges as well
as overall mean 6-h plasma GH levels to values similar
to those in our peanut oil-injected male controls. These
results provide good evidence that the inhibitory effect
of tamoxifen on GH secretion is mediated at least in part
by increased release of endogenous SRIF. This finding is
consistent with earlier reports indicating that SRIF gene
expression in the rat hypothalamus can be influenced by
sex steroids (19, 20). Moreover, recent morphological
studies have demonstrated the presence of ERs in hy-
pothalamic neurons in both the arcuate-ventromedial
and preoptic areas (30), regions known to be involved in
the control of GH secretion. Since a majority of these
receptors was localized to a subpopulation of GHRH-
secreting cells, it is possible that in addition to actions
on the somatostatinergic branch of the neuroendocrine
axis, GHRH cells may also be a target for tamoxifen
action. Finally, the possibility of direct inhibition by
tamoxifen of GH synthesis and/or release at the level of
the pituitary gland cannot be excluded. Indeed, recent
tissue culture studies involving cultured pituitary cells in
the presence of estrogens have demonstrated a reduction
of GH output by tamoxifen (31).

The present study does not address the issue of
whether the inhibitory effect of tamoxifen on GH secre-
tion is related to the antineoplastic activity of the drug.
However, it is of interest that there is some evidence in
the DMBA rat mammary carcinoma model that at least
part of the stimulatory effect of estrogens on neoplastic
proliferation is dependent on pituitary factors (32, 33).
In view of recent data suggesting that IGF-I is a potent
mitogen for both DMBA-induced rat mammary tumors
(34) and human breast cancers (reviewed in Ref. 35), the
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possibility that tamoxifen-induced suppression of the
hypothalamic GH-IGF-I axis is related to the antineo-
plastic activity of the drug deserves investigation, as does
the possibility of synergism between SRIF analogs and
tamoxifen (36, 37). In addition, the suppressive effect of
tamoxifen on GH secretion may also contribute to the
effect of the drug on serum lipids (9), as GH administra-
tion has been associated with elevations of serum lipid
levels (38).

While tamoxifen was originally prescribed only for
patients with obvious metastases, use of the drug has
become more widespread after clinical trials demonstrat-
ing the efficacy of adjuvant tamoxifen treatment for
certain asymptomatic women after surgery for stage I or
II breast cancer (1). Furthermore, trials involving thou-
sands of women are currently planned to evaluate the
worth of tamoxifen as a cancer preventative agent (1).
While there have been no controlled clinical studies of
the effect of tamoxifen on GH secretion, we recently
reported a randomized blinded investigation that dem-
onstrated a reduction of serum IGF-I levels in breast
cancer patients receiving tamoxifen (35). The results
reported here suggest that inhibition of GH secretion
may explain this observation and motivate further in-
vestigation of the clinical significance of effects of ta-
moxifen on GH physiology.
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