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ABSTRACT. GnRH analogs, both agonists and antagonists,
have potential use in androgen-dependent diseases of older men,
such as prostatic cancer and benign prostatic hyperplasia. Pre-
vious experience with agonists of GnRH has suggested that
GnRH analogs may be more effective in aged men than in young
men, but little is known about GnRH antagonists in older men.
Therefore, we evaluated the hormonal effects of a single dose
and a short course of a GnRH antagonist (Nal-Glu) in normal
elderly men. Six young men (25-34 yr old) and six older men
(66-76 yr) each received single morning injections of Nal-Glu
(25, 75, and 250 ug/kg), separated by 2 weeks. Serum levels of
testosterone (T'), immunoreactive LH (LH RIA) and FSH (FSH
RIA), and bioactive LH (LH BIO) were evaluated periodically
for 7 days after each injection. In addition, six elderly men
received 25 and 75 ug/kg-day Nal-Glu for 10 consecutive morn-
ings each, and serum levels of T, inhibin, LH RIA, LH BIO,
FSH RIA, and bioactive FSH were evaluated.

Nal-Glu in all three single doses caused a significant (P <
0.01) decline in serum levels of T and gonadotropins that was
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similar in extent in the elderly and young men. For example, T
declined to a level of 19% of baseline after the 250 ug/kg dose
of Nal-Glu in both age groups. For both the young and elderly
men, the major effect of increasing the Nal-Glu dose was a
prolongation of the period of suppression. Multiple Nal-Glu
injections in the elderly men also resulted in a rapid decline in
T, inhibin, and bioactive and immunoreactive gonadotropins.
For both LH and FSH, bioactivity decreased to a greater extent
than immunoreactivity. Local side-effects of Nal-Glu tended to
be fewer and of less intensity in the elderly men compared to
those in the young men.

These results demonstrate that the regponse to Nal-Glu in
healthy elderly men is similar to that in younger men, and
extended administration of Nal-Glu in elderly men effectively
suppresses gonadal and pituitary function. These results suggest
that the role of GnRH antagonists in the effective treatment of
androgen-dependent disease in the aging male needs to be ex-
plored further. (J Clin Endocrinol Metab 71: 881888, 1990)

.

“

HE DEVELOPMENT of GnRH analogs has of-

fered the potential of alternative therapies for prev-
alent age-related androgen-dependent diseases, such as
prostatic carcinoma and benign prostatic hyperplasia (1,
2). Agonist analogs of GnRH, although stimulating an
initial increase in gonadotropins and testosterone (T),
eventually lead to suppression of pituitary and gonadal
function as a result of pituitary desensitization (1, 3).
Studies using GnRH agonist analogs in patients with
metastatic prostatic cancer have shown their effective-
ness in stabilization and/or regression of the disease (4-
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6), and there are a few reports of the efficacy of these
compounds in treatment of symptomatic BPH (2, 7-9).
However, one drawback to using GnRH agonists alone
in the treatment of prostate disease is that these agents
cause an initial physiological and biochemical exacerba-
tion of the disease (10-12).

More recently, antagonist analogs of GnRH have be-
come available for testing. The GnRH antagonists com-
pete with endogenous GnRH for binding to pituitary
receptors (13), and their suppressive effects on pituitary
and gonadal hormones occur almost immediately. In
animals, GnRH antagonists cause a rapid and profound
suppression of serum levels of gonadotropins and T
without causing an initial “flare” reaction (14-16), mak-
ing them more attractive than agonist analogs in the
treatment of diseases such as prostate cancer.

Experience with GnRH agonist administration in ag-
ing men with prostate diseases suggests that GnRH
analogs may be more effective in suppressing hormone
levels in older men than in young men (1). However,
although there have been several reports of single dose
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or short course treatment with GnRH antagonists in
young men (17-22), there are no data on their use in
elderly men. The purposes of this study are to compare,
in elderly and young men, the hormonal effects of a
single injection of a potent GnRH antagonist, Nal-Glu,
and to characterize, in the elderly men, the effects of a
10-day course of this same GnRH antagonist.

Nal-Glu is a second generation GnRH antagonist (23)
which retains ovulatory inhibition potency and sup-
presses spermatogenesis in rats (14). Chronic adminis-
tration of this compound has been shown to be effica-
cious in decreasing gonadal function in monkeys (24).
Like other second generation GnRH antagonists, Nal-
Glu has less in vitro histamine-releasing activity than
the first generation antagonists, but local allergic reac-
tions have been reported (20). The terminal serum half-
life of Nal-Glu in the adult male has been reported to be
12.8 + 2.7 h (18).

Materials and Methods
Subjects

Healthy young (age range, 25-34 yr) and elderly (age range,
66—76 yr) men were recruited for study from the community.
Before entry, all men signed an informed consent approved by
the University of Washington Human Subjects Committee. All
men were nonsmokers on no medications, and health was
determined by medical history and physical examination as
well as by normal complete blood count, urinalysis, and blood
chemistry screen. Before acceptance into the study, each man
was tested for sensitivity to a 10-ug intradermal dose of the
GnRH antagonist. Each individual received repeat blood
screening tests on the last day of the entire protocol regimen.
All testing was performed at the Clinical Research Center
(CRC) of the University of Washington.

Drug preparation

The GnRH antagonist (Acp2Nal',p4ClPhe? p3Pal® Arg’,-
DGIu®(AA),DAla'"-GnRH], Nal-Glu, previously tested for py-
rogens, was dissolved in bacteriostatic water plus 4% mannitol
to a concentration of approximately 10 mg/mL and then passed
through a 0.22-um filter into sterile vials. Once in solution, the
purity and concentration of the compound solution were con-
firmed by high pressure liquid chromatographic gvaluation.
Vials were stored at —20 C until use; once thawed, the individual
vials were kept at 4 C.

Experimental protocol

Single dose studies. Six young and six elderly men were admit-
ted to the CRC for 24 h on each of four separate occasions
(each admission separated by at least 2 weeks) to receive, in
random order, vehicle injection or one of three doses (25, 75,
and 250 gg/kg BW) of Nal-Glu antagonist, administered sc in
the abdominal wall sometime between 0800-1000 h. For each
injection, blood was drawn 30 min before and just before the
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injection, and again 30, 60, 90, and 120 min and 3, 4, 6, 8, 12,
and 24 h after the injection. Once discharged from the CRC,
subjects returned for blood sampling in the mornings (0800-
1000 h) on days 2, 3, 4, and 7 (day 0 = day of injection). Blood
was allowed to clot at room temperature, serum was separated,
and the sample was frozen and stored at —20 C until assayed.

10-day studies. Six elderly men received two dosage courses (25
and 75 ug/kg BW.day) of Nal-Glu antagonist as abdominal
wall sc injections in the mornings (0800-1000 h) daily for 10
consecutive days. The two dosage regimens were separated by
at least 3 weeks, and half of the men received the lower dosage
regimen first. Blood was drawn just before daily injection on
days O (day of the first injection), 1, 2, 3,4, 7,9, 11, and 16 (day
16 being the seventh recovery day) and processed as in the
single dose protocol.

All serum samples were assayed in duplicate for T, LH, and
FSH by RIA. LH bioactivity was measured in duplicate in the
0, 6, 12, and 24 h, day 2, and day 3 samples from the single
dose studies and in all the samples from the higher dosage (75
ug/kg BW.day) 10-day study. FSH bioactivity was assayed in
triplicate, and immunoreactive inhibin was assayed in duplicate
in all samples from the 75 ug/kg-day 10-day study. For each
hormone, all samples from one man were analyzed in the same
assay.

Hormone assays

The RIAs for serum LH and FSH have been described
previously (25). LER-907 was used as the reference standard
for both assays. Reagents were supplied by the National Hor-
mone and Pituitary Program, except for the tracers ['*I|LH
and ['"®[]FSH, which were obtained commercially (Diagnostic
Products, Los Angeles, CA). The limit of detectability of the
LH assay was 3 ug/L, and the intra- and interassay variabilities
were 5.5% and 8.4%, respectively. The FSH assay limit of
detectability was 25 ug/L, with intra- and interassay variabili-
ties of 7.3% and 9.7%, respectively. The normal range in adult
men for LH is 10-80 pg/L, and that for FSH is 30-230 ug/L.
Serum gonadotropin levels in men with idiopathic hypogona-
dotrophic hypogonadism are undetectable in the assay.

The RIA for serum T used reagents from the WHO Matching
Reagent Program, and the methodology has been reported
previously (26). T was separated from serum by ether extrac-
tion, and separation of bound from free hormone was accom-
plished by dextran-coated charcoal. The assay sensitivity was
0.35 nmol/L (0.1 ng/mL), and the intra- and interassay varia-
bilities were 5.1% and 9.8%, respectively. The normal range of
serum total T in normal adult men is 12.1-34.7 nmol/L.

Bioactive LH was measured by the mouse Leydig cell in vitro

‘ bioassay (27), using LER-907 as reference standard. The intra-

and interassay coefficients of variation were 9.4% and 15.6%,
respectively, and the assay sensitivity was 0.3 ug/L. The normal
range for bioactive LH in the serum of adult men is 103-520
ug/L.

Bioactive FSH was measured using the in vitro granulosa
cell bioassay (28, 29). The assay measures FSH-stimulated
estrogen production by rat granulosa cells obtained from ani-
mals primed with diethylstilbestrol. The inter- and intraassay
variabilities for the estrogen assay were 13% and 10%, respec-
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tively. The sensitivity of the FSH bioassay was 3 ng/culture
well for LER-907, with inter- and intraassay variabilities of
16% and 11%, respectively. The normal range for serum bioac-
tive FSH in adult men is 162-536 pg/L.

Serum inhibin was measured as previously described (30, 31)
in a heterologous double antibody RIA using purified 31-kDa
bovine follicular fluid inhibin as the tracer and antigen to
generate the antiserum. Recently, a bovine follicular fluid pro-
tein (pro-aCj, having no inhibin bioactivity but cross-reacting
in the inhibin RIA, has been reported (32). In addition, it has
been reported that recombinant «-inhibin cross-reacts in the
RIA (33). How free a-subunit or other cross-reacting substances
might affect the ability of the RIA to discriminate true dimeric
bioactive inhibin in human serum remains unclear. However,
studies of the ratio of inhibin bioactivity to immunoreactivity
in women (34) suggest that the interference of nonbioactive
substances in the present inhibin RIA probably is small. The
sensitivity (ED;,) of the inhibin RIA was 100 U/L, with an
interassay variability of 10.2%. The intraassay variabilities
were 9.8%, 3.3%, and 4.2% in the upper, middle, and lower
ranges of male quality control serum. The normal adult male
range for serum inhibin is 314-1141 U/L, while castrated men
have serum inhibin levels that are undetectable in the assay.

Statistics

The mean + SE hormone levels were calculated for all men
within each dose and age group. Values were expressed as both
an absolute and a percentage of baseline values. For the single
dose studies, baseline was the mean of seven values (—30 and
0 h on day 0 and 24 h and the morning on days 2, 3, 4, and 7)
obtained after injection of vehicle only. For the longer dosing
studies, baseline was the time zero value for each injection.

The dose and time effects on hormone concentration and
the comparison between age groups were ass€ssed by analysis
of variance with repeated measures. Mean baseline values
between age groups were compared by Student’s two-tailed ¢
test. Side-effects were compared by Fisher’s exact test.

Results
Single dose studies

Administration of Nal-Glu in all three doses (25, 75,
and 250 ug/kg) caused a significant (P < 0.001) decline
within 60 min in serum T levels that was similar in both

young and elderly men (Fig. 1 and Table 1). For example,
24 h after the 250 ug/kg dose, T levels were maximally
suppressed (to 19% of the baseline value) in both age
groups. Also, in both age groups there was a tendency
for the degree of T suppression to be greater at higher
doses of Nal-Glu (Table 1), and the duration of suppres- -
sion was significantly (P < 0.05) longer with the higher

" drug doses (Fig. 1).

Within 60 min after each dose of Nal-Glu, serum
immunoreactive LH (LH RIA) had decreased signifi-
cantly (P < 0.001} in both age groups (Fig. 2, upper
panel). Bioactive LH levels (LH BIO, Table 1) were
decreased significantly (P < 0.001) in both age groups by
6 h after each dose of Nal-Glu. For both LH BIO and
LH RIA, the duration of suppression was dose dependent
(P < 0.001, by repeated measures), although the level of
maximal suppression was not significantly dose depend-
ent. In addition, although there was a tendency for LH
BIO to be suppressed to a greater degree than LH RIA,
especially in the young men, this suppression difference
was not statistically significant in either age group.

For FSH RIA (Fig. 2, lower panel), administration of
Nal-Glu resulted in significant (P < 0.001) declines in
serum levels by 4 h after each dose in both age groups.
However, the level of suppression of FSH (as a percent-
age of baseline) was less than that for LH for each dose
of Nal-Glu (Table 1). Again, the major effect of increas-
ing the dose of Nal-Glu appeared to be in the prolonga-
tion of the period of hormone suppression.

Multiple dosing studies

Mean serum T levels for the six elderly men, who
received two dosage regimens of Nal-Glu injections daily
for 10 days, are shown in Fig. 3 (top panel). For the 75
ug/kg BW-day dose, mean T levels decreased signifi-
cantly (P < 0.001) from 16.9 = 1.6 nmol/L on day 0 to
2.1 + 0.3 nmol/L (12% of baseline) on day 2. After day
2, mean T levels increased significantly (P < 0.005) to a
maximum level on day 4 of 5.2 + 0.7 nmol/L, after which
T levels gradually declined again to a level on day 9 of
2.4 + 0.7 nmol/L. After completion of the 10 daily Nal-

25+ A YOUNG B ELDERLY 25
FiG. 1. Mean (xsE) serum T levels in 20— | 20
six young (A) and six elderly (B) men T
after single dose injections of vehicle (@)  (nmoL) 15— -15 " TIIL
or 25 ug/kg (O), 75 ug/kg (M), and 250 10 1o moi/L)
ug/kg (3) Nal-Glu. Time zero is the time .
of injection. 5 Ls

[¢] T T L o " Y T T T H ¥ LIRS A T T L LS 9
0 4 8 12 244872 96 168 0 4 8 12 2448 72 96 168

Time after-Nal-Glu {(Hours)
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TABLE 1. Average value (+SE) at maximum suppression of serum T, LH BIO, LH RIA, and FSH RIA after single dose administration of Nal-

Glu GnRH antagonist
Nal-Glu T LH RIA LH'BIO FSH RIA
(ug/kg BW) (nmol/L) (ug/L) (ug/L) (ug/L)
Elderly men Basal® 14.9 + 1.4 (100) 31 + 6 (100) 391 + 64 (100) 307 + 166 (100)°
in=6) 25 4.2 £ 0.7 (28) 15 + 4 (48) 144 + 41 (37) 239 + 143 (78)
75 3.5 £0.7(23) 12 +£ 2 (38) 132 = 51 (34) 182 £ 91 (59)
250 2803019 9+1(29) 109 + 37 (28) 148 + 64 (48)
Young men Basal 184 ¢ 1.7 (100) 24 £ 4 (100) 385 + 44 (100) 121 % 13 (100)
(n=286) 25 6.9 + 1.4 (38) 13 + 4 (54) 88 + 24 (23) 87+ 10 (72)
75 3.8+0.3(21) 11 + 3 (46) 94 + 37 (24) 82+ 8 (68)
250 3.5+03(19) 8 +2(33) 87 +£22(17 77+9 (64)
The percentage of the basal value is in parentheses.
2 Administration of vehicle only.
* P < 0.05 compared to young men.
YOUNG ELDERLY
200
175 1
150 4 N
LHRIA 125 4 ~C LHRIA
F1G. 2. Mean (+sg) LH RIA and FSH (% of baseline) 100 {- . T (% of baseline)
RIA serum levels in six young and six 751 )
elderly men after single dose injections 500 3 "% d’
of 25 ug/kg (O), 75 ug/kg (W), or 250 ug/ 257
kg () Nal-Glu. Results are presented as 0
a percentage of baseline (injection of ve- 1254
Pit.:le 'only). Time zero is the time of FSH RIA ";‘; 7 / ’,5 :1720 ESH AIA
injection. {% of baseline) . | o L5y (% of baseliine)
25 1 | 25
0 PR | IS
0 4 812 24487296 168 0 4 8 12 24 48 72 96 168

Glu injections, serum T levels increased and returned to
near-baseline levels by day 16 (no blood sampling was
performed on days 12-15). Results with the 25 ug/kg
BW .day dosage regimen were similar, although the max-
imum suppression was not as marked (8.7 £ 1.3 nmol/L
on day 2) as that seen with the higher dosage regimen
(Fig. 3, top panel).

With the 75 ug/kg BW.day dose of Nal-Glu, serum
inhibin levels in the elderly men decreased significantly
(P < 0.01) from 507 £ 58 U/L on day 0 to a nadir of 272
+ 38 U/L (54% of baseline) on day 7 (Fig. 3, lower panel).
Unlike the results for serum T levels, sérum inhibin
levels did not show a significant spontaneous increase
during the Nal-Glu treatment. The lower Nal-Glu dosage
regimen also led to a significant (P < 0.01) decline in
serum inhibin levels, but the maximal level of suppres-
sion (355 + 66 U/L on day 3) was not as great as that
with the higher Nal-Glu dose. For both dosage regimens,
inhibin levels returned to baseline levels by day 16.

Mean serum levels of LH RIA (Fig. 4A) in the elderly
men declined significantly (P < 0.001) during both 10-
day dosage regimens of Nal-Glu. For the higher Nal-Glu
dose, LH RIA declined from 28 + 6 ug/l.on day O to a

Time atter Nal-Giu (hours)

nadir of 6 + 1 ug/L. (21% of baseline) on day 2. This
decline in LH RIA was followed by a significant spon-
taneous increase in serum levels to 12 + 2 ug/L (42% of
baseline) on day 4 before the serum levels again declined
(Fig. 4A). With the lower Nal-Glu dosage regimen, LH
RIA was suppressed to 41% of baseline by day 1, but
then gradually increased to 76% of baseline by day 9.
Seven days after cessation of Nal-Glu injections (day
16), LH RIA had returned to baseline levels or above.

Serum levels of LH BIO generally paralleled those of
LH RIA (Fig. 4B). LH BIO was 447 + 103 ug/L at
baseline; after 75 ug/day Nal-Glu injections, LH BIO
declined to 10% of baseline (to 43 + 3 ug/L) by day 2.
On days 3-4, LH BIO levels were significantly increased
(P < 0.05) over the day 1 value, increasing to 31% of
baseline levels; subsequently, LH BIO levels again de-
clined to low levels (17% of baseline) on day 9 and
returned to baseline levels by 1 week (day 16) after Nal-
Glu injections ceased.

During Nal-Glu administration, the ratio of serum LH
BIO to LH RIA (B/]) significantly declined (P = 0.003;
Fig. 4E). At baseline, LH B/I was 19.7 + 5.1; this declined
rapidly, and by day 1, the ratio was 6.8 + 0.4 (35% of
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FIG. 3. Mean (%SE) serum T levels and serum inhibin levels in six
elderly men during and 1 week after 10 days of treatment with Nal-
Glu at either 25 ug/kg-day (O) or 75 ug/kg-day ().

baseline). By day 4, the LH B/I had increased to 11.7 +
2.2 and remained at that level until the antagonist was
discontinued.

Serum FSH RIA levels decreased significantly (P <

0.001) after both dosage regimens of Nal-Glu (Fig. 4C).
However, the declines in serum FSH RIA were not as
large as those in LH RIA. For example, the maximum
suppression of FSH RIA after the 25 ug/kg BW Nal-Glu
dosage regimen was to a level of 147 + 28 ug/L. on day 1,
a 27% decline from baseline. After the higher Nal-Glu
dose, FSH RIA levels declined to as low as 99 + 15 ug/L
{48% of baseline) on day 9 (Fig. 4C). FSH RIA levels
returned to baseline by 1 week after the last Nal-Glu
injection in both dose regimens.

Serum FSH BIO measured during the 75 ug/kg BW.
day dosage regimen of Nal-Glu is shown in Fig. 4D. FSH
BIO levels fell rapidly with Nal-Glu injections, reaching
a nadir of 142 ug/L. (26% of baseline) on day 3, and
remained low throughout the injection period. FSH B10
levels returned to baseline values by 7 days after cessa-
tion of Nal-Glu.

FSH B/1 declined with antagonist administration (Fig.
4F). At baseline, FSH B/I was 2.5 + 0.1. By day 4, the
FSH B/I was 1.1 + 0.1, a significant 56% decline from
baseline (P < 0.001). FSH B/I remained low until ces-
sation of Nal-Glu, at which time values returned to
baseline by day 16.

Side-effects of Nal-Glu were localized to the site of s¢
injection and included temporary erythema, pruritus, and
nontender sc induration. In the single dose studies, these
local side-effects, in general, appeared to be dose related,
occurring with greater frequency and intensity as the

A LHRIA C FSHRIA
L300
FSHRIA
200 (ugt)
‘¢
'.-i,__*"} L 100
0
B LHBIO D FSHBIO  e00
Fi1G. 4. Serum levels of LH RIA (A) and 6004
FSH RIA (C), LH BIO (B) and FSH & 500
BIO (D), and the LH B/I (E) and FSH  LHBIO i3 '.o FSHBIO
B/ (F) during and 1 week after 10 days (ngiL) 4007 ',/ ‘ R Lago  (molt)
of Nal-Glu injections in six elderly men. 1A R 1 }
Data shown are the mean *SE for Nal- 200 \ },' A T 1 7 1200
Glu at 25 ug/kg- day (O) or 75 ug/kg-day 1 -o}“-.‘__i-' - e
(M) Nal-Glu dosage regimens. od-2= 0
E LHB! F FSHBA
-3
20
LH FSH
BA }.2 BA
104 L,
: o T L) T Ll = L L) T ¥ I ¥ L Y ] T L) 0
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Nal-Glu dosage increased (Table 2). Also, in the single
dose studies, the elderly men tended to have fewer local
side-effects than the younger men, although, due to small
numbers of men in the sample size, the differences did
not reach statistical significance (Table 2).

For the multiple dosing regimens, all the elderly men
experienced local erythema after the majority of injec-
tions, and a third of the men experienced sc induration
lasting from 24 h to 2 weeks. Local site reactions did not
appear to be any more frequent in the latter part of the
regimen than after the first several injections. After the
completion of each dosage regimen each man was ques-
tioned as to whether he had experienced any changes in
libido or hot flashes during the study. These potential
side-effects had been discussed before study entry. How-
ever, none of the elderly men complained of either de-
creased libido or hot flashes during the 10-day Nal-Glu
dosing regimens, and none of the men withdrew from the
study because of side-effects.

Discussion

We compared the effects of several single dose injec-
tions of Nal-Glu GnRH antagonist on the pituitary and
testicular function of normal elderly and young adult
men. Then, in elderly men we evaluated the pituitary
and testicular suppressive effects of two 10-day courses
with two different dosage regimens of Nal-Glu. Our
results showed that healthy elderly and young men had
similar suppression of pituitary and testicular function
after single dose treatment with the GnRH antagonist.
In addition, in the older men, significant and sustained
pituitary and testicular suppression could be accom-
plished with the longer term antagonist treatment regi-
men. Although the healthy older men did not appear to
be more sensitive to the testicular suppressive effects of
the Nal-Glu GnRH antagonist than were the younger
men, the older men tended to have fewer local side-
effects from the drug injections. Overall, these results
suggest that GnRH antagonists may have a role in the
treatment of age-related androgen-dependent disease,
such as prostate cancer.

s
TABLE 2. Local injection side-effects of Nal-Glu GnRH antagonist
after single dose administration in young and elderly men

Young Elderly
{n==86) {n=86)
Nal-Glu dose 0° 25 75 250 0* 25 75 250
{ug/kg BW)
No. of men experiencing
Erythema 0 6 6 6 0 4 4 5
Pruritis 0 3 4 4 0 1 2 2
SC induration 0 1 2 2 0o 0 o 0

* Injection of vehicle only.
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Our single dose Nal-Glu data in the elderly and young
men are similar to those reported from studies of young
men using Nal-Glu (17, 18) or other GnRH antagonists
(19-21). With Nal-Glu, serum T levels were suppressed
up to 81% in both older and younger men, while others
have reported serum T suppressions between 76-91%
using similar dosages in young men (17, 18). In both age
groups, T suppression was rapid, with a decline beginning
within 1 h after injection. In addition, as reported for
young men (17, 18), increasing the dosage of antagonist
led to a longer duration of T suppression rather than a
more profound degree of suppression.

There was not a significant difference between the two
age groups in the level of Nal-Glu-induced suppression
of serum immunoreactive gonadotropins or BIO LH.
Both elderly and younger men suppressed LH RIA more
than FSH RIA, in agreement with other data from young
men (17-19).

During the 10-day multiple dosing course of Nal-Gly,
the older men demonstrated a rapid and sustained de-
cline in serum T levels, with the maximum level of
suppression being more profound at the higher Nal-Glu
dose (75 ug/kg BW). On days 3 and 4 there was a minor
increase in serum ' levels. This T escape from suppres-
sion was small in magnitude and not sustained; by day 7
the levels of T suppression were again at a low level.
These data agree well with data previously reported in
young men, in regards to both the extent of suppression
(18, 22) and the partial escape in the early course of
treatment (18).

In the older men both LH RIA and LH BIO declined
in parallel with serum T, increased somewhat on days 3
and 4, and decreased again to a maximum suppressed
level by days 9-11. These parallel changes in serum LH
and T suggest that the transient increases in serum levels
of these hormones on days 3 and 4 may be secondary to
a decrease in Nal-Glu suppression of LH secretion at the
level of the pituitary. The decrease in Nal-Glu suppres-
sion could be due to an increase in endogenous GnRH
secretion as a result of the lowered serum T levels. This
possibility is supported by the finding that treatment of
young men with the 4F GnRH antagonist, an antagonist
that has a lower pituitary-binding affinity than Nal-Glu,
results in a more profound T escape from suppression
than seen with Nal-Glu (20). Furthermore, both coad-
ministration of T with the Nal-Glu (22) and increasing
the frequency of Nal-Glu injections (18) significantly
blunt or eliminate the partial temporary escape of T and
LH from suppression.

Inhibin, a testicular product felt to have a role in the
selective suppression of pituitary FSH secretion (35),
also demonstrated a rapid and sustained decline in the
elderly men with Nal-Glu treatment. The amount of
inhibin suppression was greater at the higher Nal-Glu
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dosage regimen used, but the degree of suppression was
not as great as for serum T levels (maximum suppression
to 54% for inhibin compared to 12% for T). Furthermore,
FSH, by both bioassay and immunoassay, was not sup-
pressed as much as LH by the Nal-Glu. The weaker
suppression of FSH compared to LH may be related to
the simultaneous decline in serum inhibin levels, or it
may be due to the propensity of the pituitary to release
greater amounts of FSH than LH under conditions of
decreased effective GnRH secretion.

In the older men, with the multiple Nal-Glu dosing
regimen both bioactive LH and FSH serum levels were
suppressed to a greater extent than immunoreactive lev-
els, thus leading to a fall in the gonadotropin B/I ratios.
This decline in B/I ratio has been recognized with LH
after Nal-Glu treatment in young men (18) and for FSH
after treatment with another GnRH antagonist in hy-
pogonadal women (36). It is not known if Nal-Glu treat-
ment induces the formation of an anti-FSH, as has been
described with another GnRH antagonist (36).

Overall, the healthy older men in this study demon-
strated responses similar to those found of young men
after single dose treatment with the Nal-Glu GnRH
antagonist. In addition, our results with the 10-day
course of treatment in older men showed similar re-
sponses to that previously shown in younger men (22).
These results might not have been expected based on
experiences with GnRH agonists in the treatment of
older men with prostate disease. Older men treated with
an GnRH agonist for prostatic cancer demonstrated
profound T suppression (5), and testicular biopsies of
older men who were treated showed spétmatogenesis to
be absent, whereas this was not the case with young men
(37). Clearly, healthy older men do not seem to be more
sensitive than young men to the suppressive effects of
up to 10-day treatment with the Nal-Glu antagonist (22).
This suggests that perhaps illness, such as prostate can-
cer, may affect the physiological response of the pituitary
and testes more than does the aging process itself. Per-
haps prostate cancer patients have enough testicular
dysfunction secondary to their illness that they become
more susceptible to the suppressive effects of the GnRH
analogs (1).

Of interest is the finding that the older men as a group
tended to have fewer local reactions to the Nal-Glu
injections than the younger men. GnRH antagonists are

mast cell secretagogues (38). Since aging has been asso- -

ciated with impaired contact sensitivity response (39), it
may be that older men are not able to react as vigorously
to the histamine-releasing effects of the Nal-Glu antag-
onist as younger men. This would suggest that the local
side-effects of the GnRH antagonists may pose less of a
treatment problem in older men. In addition, third gen-
eration GnRH antagonists are now being developed (40)

that have less histamine-releasing properties.

In conclusion, Nal-Glu GnRH antagonist, whether
given in single doses or daily for 10 days, results in a
significant suppression of serum T, inhibin, and bioactive
and immunoreactive gonadotropin levels in elderly men.
In addition, the level and duration of suppression in

_healthy elderly men are similar to those reported in

younger men. This suggests that aging per se does not
seem to alter the sensitivity to the suppressive effect of
GnRH analogs. However, older men may be less sensitive
to the local side-effects often seen with the GnRH an-
tagonists, and GnRH antagonist use in older men causes
a decline in erum androgen levels within about an hour
after administration without a phase of androgen stim-
ulation. Both of these findings suggest that the GhRH
antagonists may have an important role in the treatment
of age-related androgen-dependent disorders.
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