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ABSTRACT We have investigated the effect of the D-Trp6
analogue of luteiniing hormone-releasing hormone (LH-RH), a
superactive analogue of LH-RH, on the growth of two different
models of prostate tumors in rats. Chronic administration of D-
Trp6-LH-RH in a dose of 25 pg/day for 14-21 days significantly
inhibited the growth of the chemically induced squamous cell car-
cinoma 11095 in Fisher 344 male rats. The weights of the ventral
prostate and testes were also significantly reduced by treatment
with this analogue. After 21 days of treatment, the animals no
longer showed increases in serum luteinizing hormone and follicle-
stimulating hormone levels in response to D-Trp6-LH-RH. Treat-
ment ofmale Copenhagen F-I rats bearingthe Dunning 3327 pros-
tate adenocarcinoma with 25 FIg ofD-Trp -LH-RH per day for 42
days decreased the weights of both the ventral prostate and testes
but had no effect on the weight ofthe anterior pituitary gland. The
percentage increase in tumor volume was decreased to one-third
and the actual tumor weight was decreased by 58% compared to
untreated controls. The tumor doubling time was more than 4
times longer in rats receiving D-Trp6-LH-RH than in controls.
Serum levels of luteinizing hormone and follicle-stimulating hor-
mone were significantly decreased in rats receiving this analogue.
In both Fisher 344 and Copenhagen F-I rats, serum prolactin and
testosterone levels were significantly decreased after treatment
with D-Trp6-LH-RH, whereas progesterone levels were increased.

Modification of the luteinizing hormone-releasing hormone
(LH-RH) decapeptide by replacing the glycine in the 6 position
by various D amino acid residues produces analogues with far
greater gonadotropin-releasing activity. in vivo and in vitro than
the natural hormone (1-3). Among these superactive analogues
is D-Trp6-LH-RH (1), which has been tested in animals (4) as
well as in humans (5, 6). Although an acute injection of super-
active analogues ofLH-RH causes a marked and prolonged re-
lease of gonadotropins, paradoxically, chronic administration
results in chemical castration as evidenced by decreased estro-
gen levels and atrophy of the ovaries and uterus in female rats
and by a decrease in plasma testosterone and weights of testes
and accessory sex organs in male rats (7, 8). These paradoxical
inhibitory effects, induced by chronic administration of super-
active analogues of LH-RH, have been linked with the regres-
sion of the growth of 7,12-dimethylbenzen[a]anthracene-in-
duced mammary carcinomas in the rat (9-12). In one study, an
LH-RH analogue proved to be as effective as ovariectomy or
tamoxifen treatment in causing regression of these tumors
which were estrogen-receptor positive (11).

Lamberts et aL (13) showed that administration of either ta-
moxifen or a potent LH-RH agonist significantly inhibited the

growth of transplantable prolactin-secreting rat pituitary tu-
mors, but by different mechanisms. They suggested that ta-
moxifen acts by blocking estrogen receptors of the tumor,
whereas the LH-RH agonist induces a chemical castration.
These studies (9-13) indicate that chronic administration of
large doses ofLH-RH agonists may inhibit the growth ofsteroid-
dependent tumors by suppressing both pituitary and gonadal
functions.
The present study compares the effect of chronic adminis-

tration of D-Trp6-LH-RH on the growth of two distinct hor-
mone-sensitive prostate tumors in the rat. Some ofour findings
have appeared in abstract form (14).

MATERIALS AND METHODS
Male Fisher 344 rats with body weights between 100 and 120
g were inoculated subcutaneously in the scapular region with
cubes (2-3 mm3) of squamous cell prostate tumor 11095 ob-
tained from A. Segaloff (15) (Ochsner Foundation Hospital,
New Orleans). D-Trp6-LH-RH was synthesized by solid-phase
methods and purified as described (1) or by classical synthesis
and supplied by Ayerst Laboratories (New York). In the first
two experiments, the analogue was administered subcutane-
ously once a day in a dose of 25 Ag in 200 ,ul of saline for 14-21
days. Control rats bearing the 11095 tumor received injections
of saline.

Male (Copenhagen x Fisher)F1 rats bearing the androgen-
dependent well-differentiated R-3327 Dunning rat adenocar-
cinoma were provided by Norman Altman (Papanicolaou Can-
cer Research Institute, Miami, FL). Tumors were measured
weekly with microcalipers in all animals. All three diameters
of the mass were determined and the tumor volume was cal-
culated according to the formula L x W x H X 0.5236 as de-
scribed by Janek et aL (16). Cell doubling time was calculated
by the formula:

days of treatment
[log (final vol) - log (initial vol)]/log 2

as described by Smolev et aL (17). One hundred forty days after
transplantation, the tumors were palpable, and rats bearing tu-
mors 25 mm3 or greater were selected for study. In this study,
D-Trp6-LH-RH was dissolved in a 10% polyvinylpyrrolidone in
saline and injected subcutaneously once a day in a dose of 25
tg in a volume of 200 p1 for 42 days. Control rats with tumors
were injected with a 10% polyvinylpyrrolidone.

Rats were housed five or six in a cage in a temperature-con-
trolled room with 12 hr light/12 hr dark schedule and were fed

Abbreviations: LH-RH, luteinizing hormone-releasing hormone; FSH,
follicle-stimulating hormone.
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Table 1. Effect of chronic administration of D-Trp6-LH-RH on body, organ, and tumor weights in male rats bearing
11095 squamous cell prostate tumors

Anterior Ventral prostate, Prostate
Treatment n Body wt, g pituitary, mg mg Testes, g tumor, g

Study 1 (14 days)
Control 8 169 ± 5 4.96 ± 0.28 78.6 ± 5 2.21 ± 0.06 5.4 + 0.8
D-Trpff-LH-RH 10* 171 ± 4 5.82 ± 0.17 57.8 + 3 1.01 ± 0.05 2.9 + 0.5
P NS NS <0.005 <0.001 <0.025

Study 2 (21 days)
Control 8 203 ± 15 5.16 + 0.36 ND 2.28 ± 0.17 19.2 ± 2
D-Trp6-LH-RH 8 201 ± 11 5.27 ± 0.27 ND 1.43 ± 0.10 12.0 ± 1
P NS NS 0.001 <0.01

NS, not significant; ND, not determined.

water and rat chow ad lib. They were sacrificed by decapitation
24 hr after the last injection, and trunk blood was collected. The
blood was centrifuged and serum was collected. Various organs

were removed, cleaned, and carefully weighed. Tumors were

cleaned of any adhering tissue, weighed, and then quickly fro-
zen on dry ice for chemical analyses. Some tumor tissue was

processed for histological evaluation.
Serum levels of LH, follicle-stimulating hormone (FSH) and

prolactin were measured by double-antibody radioimmunoas-
says using materials supplied by the Rat Pituitary Hormone
Distribution Program of the National Institute of Arthritis,
Metabolism, and Digestive Diseases (18, 19). The results are

expressed in terms of ng of Rat-Prl-RP-1, Rat-LH-RPL, and
Rat-FSH-RP-1 standards per ml. Serum testosterone and pro-

gesterone were measured by kits obtained from Upjohn (Ka-
lamazoo, MI).

All data are expressed as the mean ± SEM. Statistical eval-
uation oftumor growth and weight and organ and body weights
were made by using the Student t test (20).

RESULTS
The effects of chronic treatment with D-Trp6-LH-RH on body
organ and tumor weights are shown in Table 1. Neither body
weight nor anterior pituitary weight was significantly changed
by chronic administration of the analogue to rats bearing the
11095 squamous cell prostate tumor. The ventral prostate
weight in experiment 1 was decreased by about 25% and showed
a significant difference compared to control values. Testicular
weights were greatly decreased in both experiments.

Prostate tumor weights were recorded after careful removal
of the cystic fluid and loose dead tissue remaining inside the
tumor. There was a significant decrease in tumor weight in both
experiments after administration of 25 Ag of D-Trp6-LH-RH
per day for either 14 or 21 days (Table 1).

After 14 days of treatment (Exp. 1), the anterior pituitaries
still responded to D-Trp6-LH-RH as evidenced by a significant
increase in plasma LH and FSH levels 24 hr after the injection
(Table 2). Serum testosterone levels were reduced significantly,
by 34%, compared to control values. However, after injection
of the analogue for 21 days (Exp. 2), the rats no longer showed
increases in serum LH or FSH levels in response to the ana-
logue and prolactin levels were decreased by 47% (P < 0.01)
compared to control values. Serum testosterone levels in rats
treated with D-Trp6-LH-RH were decreased by >70% com-
pared to those of controls, whereas progesterone levels were

still increased by 260% 24 hr after the last injection of the
analogue.

Rats bearing the hormone-sensitive Dunning R-3327 pros-
tate tumor showed highly significant reductions in weights of
both the ventral prostate and testes (Table 3) after treatment
with D-Trp6-LH-RH for 42 days, but the weight of the anterior
pituitary gland remained unchanged. Body weights of rats
treated with D-Trp6-LH-RH were slightly decreased. How-
ever, these rats were somewhat smaller at the beginning of the
experiment, and previous and subsequent repeated experi-
ments with this analogue have failed to show any significant
effect on body weight. In this study with slowly growing R-3327
prostate tumors there was a highly significant 72% decrease in
tumor volume after 42 days of treatment with D-Trp6-LH-RH
(Table 4). The percentage increase in tumor volume was de-
creased to 30% of the control and tumor weight, at autopsy, was

decreased by 58% in rats treated with the analogue. In rats
treated with D-Trp6-LH-RH for 42 days, mean tumor cell dou-
bling time was 87 days compared to 18 days for tumors in control
rats, but this difference was not significant statistically because
of large individual variations.

Table 5 shows serum levels of some pituitary and steroid
hormones in these rats. Treatment with D-Trp6-LH-RH for 42

Table 2. Hormone levels in serum of male rats bearing 11095 squamous cell prostate tumor after chronic
administration of D-Trp6-LH-RH

LH, FSH, Prolactin, Testosterone, Progesterone,
Treatment n ng/ml ng/ml ng/ml ng/ml ng/ml

Study 1 (14 days)
Control 8 12.9 ± 1.1 316 ± 6 ND 7.81 ± 0.40 ND
D-Trp6-LH-RH 10 69.7 ± 6.0 464 ± 46 ND 5.13 ± 0.80 ND
P <0.001 <0.01 <0.025

Study 2 (21 days)
Control 8 17.0 ± 4.0 372 ± 19 52.3 ± 7.0 2.83 ± 0.36 8.2 ± 1.0
D-Trlp6-LH-RH 8 19.9 ± 4.0 364 ± 32 27.6 ± 4.0 0.80 ± 0.22 21.8 ± 9.2
P NS NS <0.01 <0.001 NS

ND, not determined; NS, not significant.
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Table 3. Body and organ weights in male rats bearing Dunning
R-3327 prostate tumors after treatment with D-Trp6-LH-RH for
42 days

Anterior Ventral
Body pituitary, prostate,

Treatment n wt, g mg mg Testes, g

Controls 6 396 + 9 8.75 ± 0.46 274 ± 56 3.06 ± 0.1
Irp6_LH-RH 3 357 ± 12 8.36 ± 0.47 111 ± 5 1.78 ± 0.17

P <0.05 NS <0.025 <0.001

NS, not significant.

days significantly decreased serum levels ofLH, FSH, and pro-
lactin in rats. Serum levels of testosterone were decreased by
>200%; progesterone levels were significantly increased com-
pared to controls.

DISCUSSION
The present study demonstrates the effects of chronic admin-
istration of D-Trp6-LH-RH, a superactive analogue of LH-RH,
on the growth of two different transplantable prostate tumors.
The squamous cell carcinoma was originally induced by Segaloff
(15) by implanting crystals of methylcholanthrene into the ven-
tral prostate of Fisher 344 male rats. Although this tumor may
not represent an ideal model for the study of human prostatic
cancer, its availability permitted us to use it for the initial ex-
amination of effects of D-Trp6-LH-RH. Segaloff reported (15)
that this tumor was hormone-sensitive and showed a decreased
growth pattern in young male rats treated with testosterone and
an increased growth in castrated males. He was able to show
that corticoids such as dexamethasone and 11-keto-6a-meth-
ylprogesterone were also capable ofinhibiting the growth ofthis
tumor (15). Later, Bogden and Esber (21) reported that dieth-
ylstilbestrol also inhibited the growth of this tumor. It is inter-
esting that chronic administration of D-Trp6-LH-RH, a sub-
stance that lowers plasma testosterone and estrogen levels, had
such a pronounced suppressive effect on tumor weight. This
also suggests that the inhibition of growth of this tumor by D-
Trp6-LH-RH may be mediated by more than one mechanism,
in accord with our findings in the Dunning prostate
adenocarcinoma.
The spontaneous prostate adenocarcinoma designated R-

3327 was first described by Dunning in 1963 (22). Histological-
ly, this slowly growing well-differentiated adenocarcinoma ap-
pears to be almost identical to the human prostate adenocar-
cinoma (23, 24). Biochemically, the enzyme profile ofthis tumor
is similar to that of the dorsal prostate of the rat and has a mod-
erate 5a-reductase level (23-25). Cytoplasmic receptors ofboth
estrogen and androgen are present in this tumor, which re-
quires androgens for maximal growth (26-28). These similarities
to human prostate adenocarcinoma have made the Dunning R-
3327 tumor an acceptable animal model for the study of human
prostatic cancer. The suppressive effect of D-Trp6-LH-RH on
this tumor might be explained in part by a reduction in serum
testosterone levels.

The principal mechanism for the regression of both types of
tumors indeed may be linked with the effect of agonists of LH-
RH on the levels of sex steroids. Burgus et al (29) were able to
show a direct steroidogenic. defect in incubated Leydig cells of
rats treated with a LH-RH superagonist closely related to our

analogue. In their studies, progesterone continued to be syn-
thesized and secreted but testosterone was progressively sup-
pressed (29). Furthermore, chronic administration, to intact
male rats, of this LH-RH superagonist which differs from our

analogue only by an ethylamide group in position 10, dramat-
ically increased plasma progesterone levels and decreased tes-
tosterone levels (30). It is possible that the high levels of
progesterone obtained under our experimental conditions
significantly inhibited the growth of the 11095 tumor because
Segalofforiginally reported (15) that -this tumor could be inhib-
ited by the administration of 11-keto-6a-methylprogesterone.
The effect of this steroid on the growth of the Dunning R-3327
tumor has not been studied by us. Our findings of increased
plasma progesterone and decreased testosterone levels in both
the Fisher 344 rats bearing 11095 prostate tumors and (Copen-
hagen x Fisher) F1 rats with Dunning R-3327 adenocarcinoma
after treatment with D-Trp6-LH-RH are in agreement with
the observations of Rivier and Vale (30) in normal male
Sprague-Dawley rats.

Hypophysectomy, alone or in combination with orchidec-
tomy, is the most effective means of suppressing tumor growth
in the Dunning animal model (31). The resulting loss of gonad-
otropins and corticotropin eliminates androgen production by
both the testes and the adrenals. Chronic treatment with D-

Trp6-LH-RH can partially mimic hypophysectomy by decreas-
ing plasma levels ofgonadotropins, prolactin, and testosterone.
Prolactin has been shown to have a stimulatory effect on pros-

tate growth without mediation through the adrenals or the
testes (32). In combination with testosterone, prolactin has been
shown to have synergistic effects on prostate growth (32). The
decreased plasma levels of prolactin and testosterone in rats
bearing the Dunning R-3327 prostate tumor and treated with
D-Trp6-LH-RH would be expected to suppress tumor growth.

Another explanation of the inhibitory action of D-Trp6-LH-
RH on prostate tumor growth may be a direct antagonism by
this substance of the effects of sex steroids. Sundaram et aL (33)
reported that D-Trp6-LH-RH ethylamide could reduce acces-

sory sex organ weight in hypophysectomized male rats main-
tained on moderate doses oftestosterone and suggested that this
superagonist could antagonize the. action of sex steroids.

In addition, it is also possible that D-Trp6-LH-RH might have
a direct inhibitory effect on prostate tissue. LH-RH receptors
have been found in the testes and ovaries, but there is a paucity
ofdata on these receptors in accessory sex organs. The presence

ofLH-RH receptors in prostate tissue could offer an additional
explanation for the effects of agonists of LH-RH on the growth
of prostate tumors because it has been shown that such ana-

logues can decrease LH-RH receptors in the testes (34).
The finding that D-Trp6-LH-RH inhibits the growth of pros-

tate tumor in rats could have a potential clinical application.

Table 4. Response of Dunning R-3327 prostate tumor to treatment with D-Trp6-LH-RH
for 42 days

Tumor volume, rnmm Tumor wt, Cell doubling

Treatment n Initial Final % increase mg time, days

Control 6 109 ± 28 633 ± 155 639 ± 115 797 ± 173 18 ± 3
D-Trp6-LH-RH 5 126 ± 51 174 ± 42 189 ± 68 322 ± 71 87.3 ± 41
P NS <0.025 <0.01 <0.05 NS

NS, not significant.
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Table 5. Serum hormone levels in male rats bearing Dunning R-3327 prostate tumor after chronic treatment with
-Trp6-LH-RH

LH, FSH, Prolactin, Testosterone, Progesterone,
Treatment n ng/ml ng/ml ng/ml ng/mI ng/ml

Controls 5 38.5 ± 5 2044 ± 412 178 ± 8 3.42 + 0.72 6.65 + 1.39
6-W-LH-RH 5 0.00 ± 0 760 ± 44 92.6 ± 9 0.81 ± 0.26 16.7 ± 1.7

P <0.001 <0.025 0.001 0.01 0.005

Tolis et aL (unpublished data; *) have reported a clinical im-
provement and reduction in tumor size in patients with prostate
carcinoma after treatment with D-Trp6-LH-RH. The analogue
ofLH-RH may thus lead to development ofa new type of ther-
apy for prostate carcinoma and other hormone-dependent tu-
mors in man.
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