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Abstract. The effect on prolactin (PRL) secretion of acute administration of new octapeptide
analogs of somatostatin (SS) with an enhanced and prolonged growth hormone inhibitory activity
was investigated in rats under various pretreatment conditions with estrogen and antidopaminergic
drugs. Analog D-Phe-Cys-Tyr-D-Trp-Lys—Val-Cys-Thr-NH, (RC-121), at a dose of 5 ug/100 g
body wt, did not decrease basal PRL levels in thiopental-anesthetized female rats, untreated or
treated with estrogen benzoate (EB) (8 ug/rat) for 5 days. When haloperidol was used to elevate
PRL level, a single injection of RC-121 inhibited PRL release in EB-pretreated female rats or
untreated female and male rats. Analog D-Phe-Cys-Trp-D-Trp-Lys-Val-Cys-Trp-NH, (RC-160),
which has a potency similar to RC-121 in the tests on inhibition of GH, in a dose of 0.2 ug/100
g body wt, did not lower the elevated PRL level induced by a-methyl-p-tyrosine and/or pretreatment
with EB (100 ug/rat, 3 and 6 days before) in pentobarbital-anesthetized male rats. However, both
analogs RC-121 and RC-160, in doses of 0.2 ug/100 g body wt, decreased the PRL levels elevated
by prolonged pretreatment with EB (100 ug/rat, twice a week for 3 weeks) in male rats. These
results indicate that acute administration of these SS analogs can induce a prolonged inhibition
of PRL release when PRL is acutely elevated by haloperidol or chronically elevated by 3 weeks
of estrogen administration. Future additional studies are required to investigate the effects of
chronic administration of these SS analogs on PRL levels. © 1987 Society for Experimental Biology and

Medicine.

Recently nearly 300 octapeptide analogs of
somatostatin (SS)-14 have been synthesized in
our laboratory. Among them, D-Phe-Cys—
Tyr-D-Trp-Lys-Val-Cys—Thr-NH, (RC-121)
and D-Phe-Cys-Tyr-D-Trp-Lys-Val-Cys—
Trp-NH; (RC-160) have been found to be 177
and 113 times more potent, respectively, than
SS-14 in tests for the inhibition of growth hor-
mone (GH) release (1). These analogs possess
antitumor activities as shown by the inhibition
of growth of animal models in prostate, mam-
mary, and ductal pancreatic tumors (1).
Chronic treatment with 2.5 ug/day of analog
RC-121 or RC-160 for 60-90 days lowered
serum prolactin (PRL) levels in rat models of
prostate cancer (2). Since these analogs are ex-
pected to be used clinically, it is important to
characterize carefully their biological activities,
including the effect on PRL secretion.

SS-14 decreases basal and stimulated PRL
release from pituitaries of rats and humans in
monolayer culture systems (3-7). Recent
studies in man in vivo showed that SS-14 de-
creased the PRL release augmented by various
stimuli (8, 9). Although in early studies (3, 4)

the inhibitory action of SS-14 on PRL release
was not observed in male rats primed with
estrogen for a short period (less than 1 week),
Cooper and Shin (10) found that the suppres-
sive effect could be seen in male rats primed
with estrogen for 3 weeks. They also indicated
that this effect was not observed in pimozide-
treated male rats that were not estrogen-
primed (10). The same group (11) reported,
based on electron microscopy studies, that SS-
14 induces ultrastructural changes in the ad-
enohypophysis of estrogen-primed male rats
and suggested that pretreatment with estrogen
creates a new environment for SS action
through the alteration of receptors on the lac-
totrophs. Kimura et al. (7) indicated that 173-
estradiol acts on the pituitary lactotrophs,
rendering them sensitive to SS-14, probably
by increasing the number of receptor sites for
SS-14. These results suggest that long-term es-
trogen priming plays a critical role in enhanc-
ing the inhibitory action of SS-14 on PRL re-
lease.

In the investigation of the effects of our new
SS analogs on PRL levels, we first used RC-
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121 in male and female rats pretreated with
haloperidol and/or a small dose of estrogen.
Subsequently, we investigated whether long-
term treatment with large doses of estrogen
can augment the PRL-inhibiting response to
both SS analogs.

Materials and Methods. Animals. Adult
male and female Sprague-Dawley rats weigh-
ing 200-400 g were used in all experiments.
Animals were allowed a standard rat diet and
tap water ad libitum and were maintained un-
der controlled conditions at 24 + 2°C and a
12-hr-light, 12-hr-dark schedule. Groups of
eight animals were used in each experiment.
The weight difference between the rats in a
single experiment was less than 40 g.

Treatment and experimental procedures.
Intravenous (iv) injection and blood sampling
were performed using the jugular vein. Blood
was taken in a volume of 0.7 ml and the same
volume of saline was injected after each blood
sampling. In the first experiment, one group
of female rats received 8 ug/rat of estradiol
benzoate (B-estradiol-3-benzoate (EB; Sigma,
St. Louis, MO) sc daily for 5 days before the
experiment. Other groups of normal female
and male rats were not treated with EB. An-
imals were anesthetized ip with 50 mg/kg body
wt of sodium thiopental (Sigma) 30 min before
the experiment. SS analog RC-121 (5 ug/100
g body wt) was administered iv to estrogen-
treated and untreated female rats and a blood
sampling was done after 0, 30, 60, 90, and
occasionally 120 min. Some estrogen-primed
and untreated female rats and untreated male
rats received haloperidol (Haldol, McNeil
Pharmaceutical Co., Spring House, PA), 0.1
mg/kg body wt iv, in saline, 1 min before ad-
ministration of the SS analog, and samples
were taken at the same time intervals. In the
second experiment estrogen-untreated female
rats were injected with 0.2 or 2 ug/100 g body
wt of RC-121 after haloperidol treatment. In
the third experiment, normal male rats, un-
treated or pretreated 6 and 3 days previously
with 100 ug/rat of EB, were used under pen-
tobarbital anesthesia (Nembutal, Abbott Lab.,
North Chicago, IL), 60 mg/kg body wt ip. a-
Methyl-p-tyrosine (AMT; Sigma) was injected
ip at a dose of 250 mg/kg body wt, 90 min
before administration of saline or SS analog
RC-160. AMT was first dissolved in 1.0 NV
NaOH and then adjusted to pH 10.0 by adding

1.0 N HCI (12). One control group that had
received EB treatment was not pretreated with
AMT. Thirty minutes after the initiation of
anesthesia, the animals were injected iv with
RC-160 (0.2 ug/100 g body wt) and blood
samples were taken 0, 15, 30, and 60 min later.
In the fourth experiment, normal male rats
were primed with EB (100 ug/rat, twice a week,
every 3—-4 days for 3 weeks, the last injection
being performed 3 days before the experi-
ment). The animals were injected iv with RC-
160 or RC-121 (0.2 ug/100 g body wt) or the
vehicle under pentobarbital anesthesia.
Peptides. Analogs RC-121 and RC-160 were
synthesized by solid phase methods and re-
purified by HPLC (1). Their effects on GH,
glucagon, and gastric acid secretion are de-
scribed elsewhere (1). Both analogs were 100~
150 times more potent than SS-14 on inhi-
bition of GH release (1). For the injection, the
peptides were dissolved with saline containing
0.2% bovine serum albumin.
Radioimmunoassay (RIA). All blood sam-
ples were centrifuged and sera were kept at
—20°C until assayed. RIAs for PRL and GH
were carried out with materials supplied by
the National Hormone and Pituitary Program
of NIH. Interassay variation was less than 15%
and intraassay variation was 10% or less for
both RIAs. Data are expressed as means =+
SEM. Statistical significance was assessed by
Student’s ¢ test in the first and third experiment
and by Duncan’s new multiple range test (13)
in the second and fourth experiment.
Results. The effect of SS analog RC-121 on
the basal (Experiment 1) and elevated PRL
level induced by haloperidol (Experiments 1
and 2) was investigated in EB-untreated and
-pretreated female rats and in EB-untreated
male rats. Administration of RC-121, in a dose
of 5 ug/100 g body wt, did not decrease the
basal PRL level in EB-untreated female rats
and in female rats primed with 8 ug/rat of EB
for 5 days (data not shown). Treatment with
haloperidol increased the PRL levels to various
degrees in male rats and estrogen-primed or
untreated female rats (Fig. 1). Analog RC-121,
in a dose of 5 ug/100 g body wt, inhibited the
haloperidol-induced PRL release in female rats
primed with EB (P < 0.01 vs saline control at
30, 60, and 90 min; Fig. 1a). A fall in PRL
was also seen in female rats not treated with
EB (P < 0.01 at 30 and 60 min; Fig. 1b). This
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FIG. 1. The effects of SS analog RC-121 on the PRL release induced by haloperidol in female rats primed
with estrogen (a), female rats not treated with estrogen (b), and male rats not treated with estrogen (c). The
analog RC-121 was given in a dose of 5 ug/100 g body wt, iv, under thiopental anesthesia. The estrogen-
primed group received EB (8 ug/rat) daily for 5 days.

analog also slightly but significantly inhibited idol-induced PRL release in female rats, but
PRL levels in haloperidol-treated male rats (P it was ineffective at a dose of 0.2 ug/100 g body
< 0.01 at 30 min; P < 0.05 at 60 min; Fig. wt (Fig. 2).

1¢). In Experiment 2, analog RC-121, in a dose In Experiment 3, we investigated the effects
of 2 ug/100 g body wt, depressed the haloper- of SS analog RC-160, which has a potency
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FIG. 2. The effects of different doses of SS analog RC-121 on the PRL release induced by haloperidol in
estrogen-untreated female rats under thiopental anesthesia. The analog RC-121 was given in doses of 0.2
and 2 ug/100 g body wt, iv.

similar to RC-121 in the tests on inhibition of wt, did not decrease the PRL level in estrogen-
GH, insulin, glucagon, and gastric acid release, primed male rats (Group I). This analog also
on PRL levels in male rats pretreated with a failed to decrease the elevated PRL levels in-
large dose of estrogen and/or AMT (Table I). duced by AMT in estrogen-treated (Group III)
Analog RC-160, in a dose of 0.2 ug/100 gbody or untreated male rats (Group II).

TABLE 1. THE EFFeCT OF RC-160 ON THE PRL LEVEL ELEVATED BY EB (GROUP I), a-METHYL-p-TYROSINE
(AMT) (Grour II), orR BoTH DRUGS (GROUP III) IN THE PENTOBARBITAL-ANESTHETIZED MALE RATS

PRL level (ng/ml)

Group? 0 min 15 min 30 min 60 min

1

Control 36.3+4.8 417+t 9.0 383+ 3.4 44.6 £ 10.7

RC-160 (0.2 pg) 53.4+98 489+ 9.2 346+ 34 42.6+12.0
I

Control 21.0+29 189+ 2.7 178+ 2.5 30.8+ 4.6

RC-160 (0.2 ug) 27.8+5.6 215+ 2.4 240+ 4.3 378+ 34
111

Control 81.2+8.2 95.3+16.8 91.8+11.5 101.8+ 9.8

RC-160 (0.2 ug) 91.6+9.0 99.8+ 8.9 102.8 +17.3 111.0+16.1

Note. In Groups I and III, the animals were primed with EB (100 ug/rat), 3 and 6 days previously.
4 Per 100 g body wt.
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In Experiment 4, we prolonged the pre-
treatment with EB to 3 weeks. This prolonged
priming with EB raised the basal PRL level
about 25-fold as compared with values found
in normal male rats, under pentobarbital
anesthesia. The resulting PRL level was similar
to that observed in rats treated with AMT in
combination with estrogen in Experiment 3
(Table I, Group III). Both analogs RC-121 and
RC-160, in doses of 0.2 ug/100 g body wt,
inhibited PRL levels for more than 60-120
min (P < 0.01 at 15, 40, and 60 min for RC-
121; P < 0.01 at 15, 40, and 60 min and P
< 0.05 at 120 min for RC-160) (Fig. 3). The
time course of PRL inhibition induced by both
analogs was similar to that of GH (Fig. 1, Ref.
(1) and other unpublished data).

Discussion. This work indicates that new
superactive analogs of SS can decrease PRL
levels in rats primed with estrogen or pre-
treated with haloperidol, and that the suppres-
sion of PRL release is protracted and follows

125~
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a time course similar to inhibition of GH re-
lease. We found that our SS analog RC-121
in high doses inhibited the haloperidol-in-
duced PRL release in estrogen-untreated and
short-term estrogen-treated female rats and
estrogen-untreated male rats. Cooper and Shin
(10) did not observe the inhibitory action of
SS-14 in pimozide-treated male rats without
estrogen-priming. In addition to the difference
in antidopaminergic drugs used and the much
greater activity of the SS analog as compared
with SS-14, the discrepancy between their re-
sults and ours may be due to a sex difference
because in our study, estrogen-untreated male
rats were less sensitive to the SS analog than
were the intact females.

We could not detect the inhibitory action
of SS analog on PRL release in rats primed
with estrogen for less than 1 week, although
AMT was used to elevate the PRL levels.
However, we observed the inhibitory effect of
SS analogs on PRL levels in male rats pre-

1 1
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FIG. 3. Time course of inhibition by SS analogs of estrogen-stimulated PRL secretion in male rats under
pentobarbital anesthesia. Analogs RC-121 and RC-160 were given in doses of 0.2 ug/100 g body wt, iv. The
animals were primed with EB (100 ug/rat), twice a week (every 3 or 4 days) for 3 weeks. Pentobarbital (2
mg/100 g body wt) was injected again at 50 min for the continuation of anesthesia.
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treated with estrogen for 3 weeks. These results
are in agreement with a report by Cooper and
Shin (10) on similar action exerted by SS-14,
although the inhibition of PRL induced by the
analogs was more prolonged than that of SS-
14. These results indicate that the duration of
estrogen-priming is important for enhancing
the sensitivity of the inhibitory effect of SS or
its analogs on PRL release.

Analogs RC-121 and RC-160 were shown
to possess significant antitumor activity in an-
imal models including the inhibition of growth
of prostate cancer and breast cancers (1). Var-
ious studies support the view that PRL may
play a role in the development and growth of
breast cancer in rodents as well as in humans
(14, 15). The presence of PRL receptors in
mammary tumors, including human breast
cancer cells, also lends support to the theory
that a certain proportion of mammary tumors
can be PRL dependent (15). If SS analogs sup-
press serum PRL on chronic administration,
they could be used for inhibiting the growth
of breast cancer and possibly also for aug-
menting the suppressive effects of LH-RH ag-
onists on prostate cancer (2, 14-16). This ap-
pears to be the first report on the inhibitory
effects of acute administration of new analogs
of somatostatin on prolactin levels in animals
subjected to some pharmacological manipu-
lations. Development of delayed delivery sys-
tems for once-a-month administration, similar
to microcapsules of poly(DL-lactide-co-glycol-
ide) formulated for D-Trp-6-LH-RH (17), will
permit investigation of chronic effects of SS
analogs on levels of PRL and other hormones.
These studies on chronic administration of
various dosage regimens must be performed
in several animal models in view of the
planned clinical trials with these analogs of
somatostatin in acromegaly and some hor-
mone-sensitive cancers.
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