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Context: In men, the stimulation of GH and inhibition of LH secretion by testosterone requires aro-
matization to estradiol. Tamoxifen, a selective estrogen receptor modulator (SERM), possesses central
estrogen antagonistic effect but peripheral hepatic agonist effect, lowering IGF-I. Thus, tamoxifen is
likely to perturb the neuroendocrine regulation of GH and gonadal axes. Raloxifene, a SERM, is used
for therapy of osteoporosis in both sexes. Its neuroendocrine effects in men are poorly understood.

Objective: The aim was to compare the impact of raloxifene and tamoxifen on GH-IGF-I and
gonadal axes in healthy men.

Design: We conducted a randomized, open-label crossover study.

Patients and Intervention: Ten healthy men were randomized to 2-wk sequential treatment with
tamoxifen (10 and 20 mg/d) and raloxifene (60 and 120 mg/d), with a 2-wk intervening washout period.

Main Outcome Measures: \WWe measured the GH response to arginine and circulating levels of IGF-I,
LH, FSH, testosterone, and SHBG.

Results: Tamoxifen, but not raloxifene, significantly reduced IGF-I levels by 25 + 6% (P < 0.01) and
increased SHBG levels by 20 = 7% (P < 0.05) at the higher therapeutic dose. There was a non-
statistically significant trend toward a reduction in the GH response to arginine with both SERMs.
Both drugs significantly increased LH, FSH, and testosterone concentrations. The mean increase in
testosterone (40 vs. 25%; P < 0.05) and LH (70 vs. 30%; P < 0.01) was significantly greater with
tamoxifen than with raloxifene treatment.

Conclusions: Tamoxifen, but not raloxifene, reduces IGF-I levels. Both SERMs stimulate the gonadal
axis, with tamoxifen imparting a greater effect. We conclude that in therapeutic doses, raloxifene
perturbs the GH and gonadal axes to a lesser degree than tamoxifen. (J Clin Endocrinol Metab 95:
5443-5448, 2010)

H and androgens, the main anabolic hormones in
men, interact to exert full anabolic effect (1, 2). In
hypogonadal men, testosterone replacement stimulates
GH secretion, which in turn increases IGF-I levels (3).
However, this may not be associated with direct androgen
receptor activation because nonaromatizable androgens
do not affect GH secretion (4). The stimulation of GH
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secretion by testosterone requires prior aromatization to es-
tradiol, an effect blocked by central estrogen antagonism
with tamoxifen (3). This is also supported by a recent study
of healthy older men in whom treatment with aromatase
inhibitor reduced testosterone-stimulated GH secretion (35).
In addition, inhibition of LH secretion by testosterone re-
quires prior aromatization to estradiol (6). Therefore, central

Abbreviations: CV, Coefficient of variation; SERM, selective estrogen receptor modulator.
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estrogen antagonism is likely to perturb neuroendocrine reg-
ulation of the GH and gonadal axes in men.

Selective estrogen receptor modulators (SERMs) are syn-
thetic estrogen-like compounds that possess estrogen ago-
nistic or antagonistic effects in a tissue-specific manner. Ta-
moxifen, a SERM, is used as an adjuvant treatment of breast
cancer because of its estrogen antagonistic effects in the
breast. It exerts estrogen-like effects in the liver, as indicated
by an increase in SHBG and reduction in IGF-I levels (7, 8).
However, tamoxifen blocks estrogen effects centrally in the
brain (8). Thus, the pharmacological effects of tamoxifen are
unique because it simultaneously probes peripheral endo-
crine and central paracrine effects of estrogen. The central
estrogen antagonism of tamoxifen is well established, espe-
cially on the regulation of the gonadal axis in men (9, 10).
Raloxifene, a newer generation SERM, is widely used for the
treatment of osteoporosis in both men and women because
of its estrogen-like effects on bone (11). Raloxifene effec-
tively prevents GnRH-induced bone loss in men with pros-
tate cancer (12). However, its impact on the regulation of
gonadal and GH-IGF-I axes in men at therapeutic doses is
not known. To determine raloxifene’s central estrogen an-
tagonistic and peripheral hepatic agonistic effect, we have
undertaken a comparative study with tamoxifen to investi-
gate the impact on neuroendocrine regulation of GH and
gonadal axes in healthy men.

Subjects and Methods

Subjects

Ten healthy men (aged 51-77 yr) were recruited from the
community through advertisements. Subjects were in good gen-
eral health and had normal hematological tests and renal and
hepatic function. Exclusion criteria included body mass index of
30 kg/m? or greater, hypothalamic or pituitary disorders, dia-
betes mellitus, and chronic renal or hepatic illnesses. Subjects
were not taking any medications known to interfere with endo-
crine systems. Throughout the study, subjects were instructed to
follow their usual diet and physical activity and continue on their
usual medications or supplements. St. Vincent’s Hospital Hu-
man Research Ethics Committee approved the study, which was
conducted in accordance with the principles of the Declaration
of Helsinki. All study participants gave written informed con-
sent. The study was registered with the Australian New Zealand
Clinical Trials Registry (ACTRN12607000586415).

Study design

This was an open-labeled, randomized, two-phase crossover
study of raloxifene (Evista; Eli Lilly Co., Indianapolis, IN) and
tamoxifen (Genox; Alphapharm Pty., Sydney, Australia). Each
of the phases consisted of two doses of raloxifene or tamoxifen
each given for consecutive 2-wk periods (Fig. 1). The dose of
raloxifene was 60 mg/d for the first 2 wk and 120 mg/d for
another 2 wk. The dose of tamoxifen was 10 mg/d for the first 2 wk
and 20 mg/d for another 2 wk. The washout between the two treat-
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FIG. 1. Study design. Ten healthy men were randomized to 2-wk
sequential treatment with raloxifene (60 and 120 mg/d) and tamoxifen
(10 and 20 mg/d) with washout of 2 wk in between. Studies were
undertaken at baseline and after each of the treatment periods.

ments was 2 wk. The washout period was designed such that there
is no carryover effect because the elimination half-life of tamoxifen
and raloxifene is around 1 wk and 30 h, respectively (13, 14).

Subjects were studied in the Clinical Research Facility, Garvan
Institute of Medical Research. All participants were asked to fast the
night before each visit. Participants first underwent measurements
at baseline, which were repeated after each of the raloxifene and
tamoxifen treatment doses. On each visit, assessment of GH status
using the arginine stimulation test was performed, and circulating
IGF-1, LH, FSH, testosterone, and SHBG levels were measured. We
measured circulating LH levels in five samples taken every 30 min
over a 2-h period during the arginine stimulation test. Study bloods
were collected, and serum samples were obtained by centrifugation
and stored at —20 C until analysis.

Arginine stimulation test

Subjects rested on a bed for at least 30 min before the baseline
blood samples were taken. Thirty grams of r-arginine hydro-
chloride (Phebra Pty Ltd., Sydney, Australia) was infused over a
30-min period. Blood samples for GH level measurements were
taken at baseline and 30, 60, 90, and 120 min after commence-
ment of arginine infusion. No serious side effects or complica-
tions were reported during the test. In healthy subjects, the ar-
ginine stimulation test has been shown to have good
intraindividual reproducibility (15).

Analytical methods

All samples for any individual were measured in the same
assay run for each analyte. Serum GH was measured by ELISA
calibrated against the World Health Organization (WHO) IS
80/505 (Bioclone Australia Pty Ltd., Sydney, Australia) with sen-
sitivity of less than 0.1 mIU/liter. The coefficients of variation
(CVs) for GH were 4.4% at 6.5 mIU/liter and 3.5% at 17.6
mlIU/liter. Serum IGF-I was measured by RIA after acid ethanol
extraction as previously described (2, 16, 17). The CVs for IGF-I
were 8.3% at 14.7 nmol/liter and 7.4 % at 28.6 nmol/liter. Serum
SHBG was measured by RIA using a commercial assay (Immulite
2000; Siemens Medical Solution Diagnostics, Los Angeles, CA).
The CVs for SHBG at 5.3 and 86.2 nmol/liter were 5.0 and 7.5 %,
respectively. The biological variability within individuals is
around 20% for IGF-I (18) and 2% for SHBG (19). Serum tes-
tosterone was measured by RIA using a commercial assay (Im-
mulite 2000). The interassay CVs for testosterone at 3.6 and 23
nmol/liter were 9.3 and 9.0%, respectively. Serum FSH was mea-
sured by two-site immunoassay using chemiluminometric detec-
tion on the Advia Centaur analyzer (Siemens Diagnostics, Syd-
ney, Australia) calibrated against the WHO 2nd IRP 94/632. The
CVs for FSH were 4.5% at 8.5 IU/liter and 4.7% at 14 1U/liter.
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Serum LH was measured by ELISA calibrated against the WHO
2nd IS 80/552 (Diagnostics Biochem Canada Inc., London, On-
tario, Canada). The CVs for LH were 5.1% at 5.15 IU/liter and
8.1% at 17.4 mIU/liter.

Statistical analysis

The GH response to arginine had large intersubject variation
and was not normally distributed, and therefore data were log-
arithmically transformed for the analysis. The GH response to
arginine and changes in circulating LH levels were analyzed by
repeated measures ANOVA. Peak GH levels were calculated as
maximum increment over prestimulated GH concentration.
Treatment effects on peak GH levels and on circulating IGF-I,
SHBG, FSH, testosterone, and free testosterone index, a ratio of
total testosterone over SHBG, were assessed using paired ¢ tests
with Bonferroni’s correction, and comparison between treat-
ments was analyzed by factorial ANOVA where appropriate.
Results were expressed as mean (SEM), and a P value of less than
0.05 was considered to be significant. Statistical analysis was
undertaken using the statistical software package Statview 4.5
PPC (Abacus Concepts, Inc., Berkeley, CA).

Results

Mean age of the subjects was 64.8 *+ 3 yr, with mean body
mass index of 26.3 + 1.2 kg/m?*. Mean baseline concen-
trations were 14.8 = 1 nmol/liter for testosterone and
1.3 = 0.1 IU/liter for LH. Mean baseline GH concentra-
tion was 4.1 = 3.3 mIU/liter.

Growth hormone

GH response to arginine was not significantly affected
by raloxifene or tamoxifen treatments, although there was
a trend toward a reduction with both treatments (Fig. 2A
and Table 1). There was no significant difference between
raloxifene and tamoxifen treatments in GH response to
stimulation.

IGF-1 levels

Mean IGF-I levels were not significantly affected by either
a 60- or 120-mg dose of raloxifene (Fig. 2B and Table 1).
Mean circulating IGF-1levels fell significantly (24.8 + 6.1%;
P < 0.01) with the 20-mg, but not the 10-mg, dose of ta-
moxifen administration (Fig. 2B and Table 1). The overall
treatment effect on circulating IGF-I levels with tamox-
ifen was significantly greater than with raloxifene treat-
ment (P < 0.05).

SHBG levels

Mean circulating SHBG levels did not change signifi-
cantly during raloxifene treatment (Table 1). By contrast,
mean SHBG levels significantly increased during 10-mg and
20-mg tamoxifen treatments by 23.1 = 5.4 and 20.1 =
6.9%, respectively (P <0.05; Table 1). The overall treatment
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FIG. 2. A, GH response to arginine stimulation at baseline and during
low (60-mg) and high (120-mg) dose raloxifene (Ral) treatment and
during low (10-mg) and high (20-mg) dose tamoxifen (Tam) treatment
in healthy men. Data are presented as mean increment in serum GH
after arginine infusion over prestimulation GH levels. Conversion
factor: 1 miU/liter = 0.33 pg/liter. B, Mean serum IGF-I levels at
baseline (nil) and during 60- and 120-mg raloxifene treatment and 10-
and 20-mg tamoxifen treatment. Data are expressed as means = SEm.
*, P < 0.05 compared with nil.

effect on serum SHBG levels with tamoxifen was signifi-
cantly greater than that with raloxifene treatment (P < 0.01).

LH levels

Repeated measures ANOVA revealed statistically sig-
nificant higher mean LH concentrations with both ralox-
ifene and tamoxifen treatments (Fig. 3A and Table 1).
Only the 120-mg dose of raloxifene significantly increased
mean LH levels (34.9 + 18.7%; P < 0.05). The 10- and
20-mg doses of tamoxifen significantly increased circulat-
ing LH levels by 44.2 = 18.5and 97.3 £ 23.1% (P < 0.01
and P < 0.001), respectively. The mean treatment effect on
LH during tamoxifen was significantly higher than with
raloxifene treatment (P < 0.01).

Testosterone

Mean circulating testosterone levels significantly (P <
0.05) increased with both doses of raloxifene treatment by
27.3 = 9.5 and 23.2 = 8.1%, respectively (Fig. 3B and
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TABLE 1. Serum peak GH response to arginine stimulation and mean serum IGF-I, LH, FSH, testosterone, and SHBG
levels, and free testosterone index measured at baseline and during treatments with raloxifene (60 and 120 mg/d)

and tamoxifen (10 and 20 mg/d)

Raloxifene Tamoxifen
Baseline 60 mg 120 mg 10 mg 20 mg
Peak GH (mlIU/liter) 13.8 52 7.4 +26 98 25 13.6 =59 91%x29
IGF-I (nm/liter) 189 1.6 20+ 19 17419 185 = 2.1 14 = 1.6%°
LH (IU/liter) 1.3 0.1 1.6 =0.3 1.6 =0.29 1.7 =0.2¢9 2.3 +0.22%°
FSH (IU/liter) 43 +0.7 5.7 £0.97 5.3 +0.97 55 =+ 1.07 5.7 £0.99
Testosterone (nm/liter) 14.8 + 1 18.6 = 1.52 18 + 1.52 18.6 1.7 22.6 = 2P
SHBG (nm/liter) 335+ 34 36.4 + 34 34.4 + 3.1 409 = 4.1° 38.9 + 3.5%b
Free testosterone index 48.8 + 6.3 544 +55 55.1 +4.38 488 £ 56 60 *+ 4.8°7

Data are expressed as means *+ sem. Conversion factor for GH: 1 mIU/liter = 0.33 ug/liter.

? P < 0.05 compared to baseline.
b p < 0.05 compared to treatment with raloxifene.

Table 1). Mean testosterone levels increased with 10 mg
(by 28.6 = 12.8%; P = 0.05) and 20 mg (by 52 * 14.2%;
P < 0.01) of tamoxifen. The overall treatment effect on
testosterone levels during tamoxifen was greater than with
raloxifene treatment (P < 0.05).

Free testosterone index
When compared with baseline, low- and high-dose ralox-
ifene treatment did not significantly change the mean free
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FIG. 3. Mean serum LH (A) and testosterone (B) levels at baseline (nil)
and during 60- and 120-mg raloxifene treatment and 10- and 20-mg

tamoxifen treatment. Data are expressed as means = sem. *, P < 0.05
compared with nil.

Testosterone (nmol/l)

testosterone index (Table 1). Free testosterone index signif-
icantly (P < 0.05) increased only with 20 mg of tamoxifen by
30.9 = 9.6%. The treatment effect on free testosterone index
showed a trend toward a greater effect with tamoxifen, al-
though this did not reach statistical significance (Table 1).

Discussion

We have investigated the effects of raloxifene on GH-
IGF-I and gonadal axes in healthy men and compared
these effects to those of tamoxifen. There was a nonstatis-
tically significant trend toward a reduction in the GH re-
sponse to arginine with both SERMs. Tamoxifen, but not
raloxifene, reduced IGF-I levels and increased SHBG lev-
els. Both drugs increased LH, FSH, and testosterone con-
centrations. The effects on IGF-I, LH, testosterone, and
SHBG levels were significantly greater with tamoxifen
than with raloxifene treatment. This is the first study
showing that in therapeutic doses, both raloxifene and
tamoxifen perturb gonadal axis, with tamoxifen impart-
ing a greater effect.

There is strong evidence that estrogens produced locally in
the brain play a major role in the neuroendocrine regulation
of gonadal and GH axes in men. Studies in men with aro-
matase deficiency provided evidence that estrogens are re-
quired for the negative feedback on LH secretion (6). The
evidence comes also from studies with aromatase inhibitors
and tamoxifen, which, by reducing tissue estrogen availabil-
ity and by blocking central estrogen receptors, reduce the
negative feedback of estrogen derived from testosterone on
gonadotropin secretion (9). In the current study, we found
that tamoxifen stimulates LH, FSH, and testosterone pro-
duction, responses expected from the abrogation of estro-
gen-mediated feedback inhibition (Fig. 4). Raloxifene also
stimulated the gonadal axis; however, the effect was smaller,
indicating that raloxifene, at the doses used, exerts a milder
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FIG. 4. A, Tamoxifen administered via the oral route acts on the liver
to reduce IGF-I production. The reduction in IGF-I lessens negative
feedback to the hypothalamus and pituitary gland; however, GH
secretion is not stimulated. The finding of an unchanged GH response
to stimulation despite reduced IGF-I feedback inhibition indicates
central suppression of GH output by tamoxifen. Tamoxifen stimulates
LH and testosterone production. The lack of negative feedback of
estrogen derived from testosterone on LH secretion indicates potent
central estrogen receptor antagonism by tamoxifen. B, Raloxifene
treatment, at the doses used, does not change GH and IGF-I levels,
whereas it stimulates LH and testosterone production. Raloxifene-
mediated stimulation of gonadal axis indicates a mild central estrogen
receptor antagonistic effect. T, Testosterone; E,, estradiol.
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degree of central estrogen receptor antagonism (Fig. 4).
Thus, both SERMs significantly perturbed the gonadal axis,
but tamoxifen imparted a greater effect.

Local estrogen derived from testosterone also plays a
major role in the neuroendocrine regulation of GH secre-
tion. We recently showed that local estrogen regulates GH
secretion in women (20). In hypogonadal men, testoster-
one replacement stimulates GH secretion, an effect that is
abolished by central estrogen antagonism of tamoxifen
(3). The role of local estrogen is supported by the obser-
vation that treatment with aromatase inhibitor attenuates
testosterone-induced increase in GH levels (5), and that
nonaromatizable androgens do not stimulate GH secre-
tion in peripubertal boys (4). In addition, animal studies
show that androgen receptor expression is absent in the
GHRH hypothalamic neurones (21). These findings pro-
vide strong evidence for the important role of local estro-
gen in the neuroregulation of gonadal and GH-IGF-I axes
in men. Collectively, the effects of tamoxifen on gonadal
and GH-IGF-I axes were greater than those of raloxifene.

In the present study, both raloxifene and tamoxifen
increased circulating testosterone levels, which should
have stimulated GH secretion, but this did not happen.
IGF-I mediates negative feedback inhibition of GH secre-
tion (22). Therefore, the fall in IGF-I level induced by ta-
moxifen should also have been accompanied by a stimu-
lation of GH secretion; however, this was not observed
(Fig. 4). What we observed was a strong trend toward an
inhibition of GH response to arginine stimulation. The
attenuation of GH response by tamoxifen and raloxifene
in the face of increased positive testosterone and reduced
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IGF-I feedback inhibition provide strong evidence that in
therapeutic doses these two SER Ms exert sufficient central
antagonistic effect to blunt the local effects of estrogen.

A fall in circulating IGF-I levels with tamoxifen is indic-
ative of hepatic estrogenic effect, a finding in line with pre-
vious studies (23, 24). Another marker of hepatic estrogen
action is circulating SHBG (25), which also increased with
tamoxifen treatment. However, raloxifene failed to show
significant change in mean SHBG and IGF-I levels. Thus,
tamoxifen exerts greater hepatic estrogenic effect than ralox-
ifene in the doses used. In women, raloxifene increased
SHBG and reduced IGF-I by about 25% after 4 wk of treat-
ment (17). Studies in men are sparse, with a reported 7%
increase in SHBG and about a 20% reduction in IGF-I level
after 3 months of raloxifene treatment (26, 27). The lack of
a significant effect in our study and the absence of a clear
dose-dependent effect for some measures may be due to the
relatively small sample size. If extrapolated from the earlier
publications in men, a sample size of 15-16 is required to
detect significant change in IGF-I and SHBG levels. Never-
theless, these findings indicate that raloxifene at the doses
used exerted modest hepatic estrogen agonist effect in
healthy men.

These findings could have profound clinical significance,
given the marked concurrent perturbation by SERMs on the
GH-IGF-Tand gonadal axes. Both IGF-I and testosterone are
anabolic. Tamoxifen reduced IGF-I but increased testoster-
one concentration, imparting divergent effects on protein
metabolism, the outcome of which is uncertain and deserves
further study. The consequences from raloxifene treatment
may favor anabolism because it exerted no significant effect
on the GH-IGF-I axis while stimulating gonadal axis activity.
Thus, future work into long-term effects of SERMs on the
regulation of GH and gonadal axes and how the perturba-
tion of that affects body composition is warranted.

In summary, neither raloxifene nor tamoxifen signifi-
cantly affected the GH response to stimulation. Tamox-
ifen, but not raloxifene, reduced IGF-I and increased
SHBG levels. The effect on IGF-I and SHBG levels with
tamoxifen was significantly greater than that observed
with raloxifene treatment. Both drugs significantly in-
creased LH, FSH, and testosterone concentrations. The
increases in testosterone and LH were significantly greater
with tamoxifen than with raloxifene treatment. We con-
clude that in therapeutic doses, tamoxifen perturbs the
GH and gonadal axes to a greater extent than raloxifene.
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