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ANALOGS ENHANCES RESPONSIVERESS OF CULTURED RAT PITUITARY
CELLS TO GRF

MABK L. HEIMAN, WILLIAM A. MURPHY, MARY V. NEKOLA,
VALERTINE A. LANCE AND DAVID H. COY.

DEPARTMENT OF MEDICINE, TULANE UNIVERSITY SCHOOL OF MEDICINE,
NEW ORLEANS, LA 70112

Received August 29, 1984

The aim of this study was to investigate whether anterior pituitary
responsiveness to human pancreatic growth hormone-releasing factor containing
29 amino acids (GRF-29) can be modulated by GBRF-29 itself. Male rats were
injected (sc) daily for 3 days with 50 ug of GRF-29, or were treated twice
daily for 14 days with 5 ug of [D-Ala-2]-GRF-29 (a potent GRF agonist).
Control animals were injected with saline. After the last injectionm,
pituitaries were removed, dispersed, cultured for 96 h and then challenged
with either GRF-29 or [D-Trp-6]-LHRH (a LHRH agonist). Cultured cells from
analog-treated rats were more responsive to GRF-29 stimulation than were cells
obtained from controls. In contrast, neither treatment altered the response
to [D-Trp~6]-LHRH., These studies indicate that periodic administration of GRF
analogs can increase hypophyseal GRF responsiveness. Such control may be an
important component in the physiological regulation of GH secretion and has
important implications for potential therapeutic uses of GRF analogs. © 1984 Academic
Press, Inc.

Physiological regulation of anterior pituitary hormone secretion is
dependent, in part, on the responsiveness of the target cell to its respective
hypothalamic hormone(s). For example, pituitary semsitivity to LHRH (1,2)
changes immediately prior to the spontaneous preovulatory LH surge.
Modulation of such responsiveness can be accomplished by the hypothalamic
hormone itself, by other circulating hormones, or by both. Indeed, estradiol
both inhibits and augments pituitary responsiveness to LHRH (3,4) and LHRH
enhances pituitary responsiveness to itself (5-7).

Regulation of GH secretion from the pituitary is mediated in part by a
hypothalamic inhibitory hormone (somatostatin) and a hypothalamic releasing
factor (GRF). Recently, two peptides, structurally characterized from human

pancreatic tumors, were reported to be highly potent in stimulating GH

Abbreviatjons: LHRH, luteinizing hormone~releasing hormoue; LH,
luteinizing hormone; GH, growth hormone; GRF, growth hormone-releasing factor;
GRF-29, GRF(1-29)NH2.
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secretion (8,9). Moreover, pituitary semsitivity to synthetic GRF is
increased by glucocorticoids (10,11) and triiodothyronine (10). The aim of
the present study was to investigate whether an additional modulator of GRF

responsiveness could be provided by GRF itself.

MATERIALS AND METHODS

Animals and Cell Culture

Adult male Sprague-Dawley rats, weighing 250-300 g and housed under controlled
temperature and lighting conditioms (lights on from 0500-1900 h) were used.
Food and water were available ad libitum. Groups of 6-7 rats were

injected (sc) daily for 3 days at 1500 h with either 50 ug of GRF-29 (a
shortened N-terminal GRF analog that is as active as its parent—44 amino acid
peptide (9)) or saline. Other rats were injected (sc) twice daily (0900 and
1500 h) for 14 days with either 5 ug of [D-Ala-2]-GRF-29 (a potent GRF agonist
(12)) or saline. On the morning after the last injection, rats were killed by
decapitation and anterior pituitary cells were dispersed and cultured for 96 h
by a previously described method (13, 14). Cells were then challenged with
either GRF-29 (doses ranging from 0.1 fM to 60 £fM) or [D-Trp-6]-LHRH (ranging
from 0.006 nM to 2 nM) for 3 h at 37 C. Each dose was administered to the
cells in triplicate.

Synthetic Peptides

GRF-29 (GRF(1-29)-N32), (D-Ala-2]~GRF-29, and [D-Trp-6]1-LHRH were
synthesized by solid=phase methodology and purified by multiple preparative
and high performance reverse-phase liquid chrowmatographic steps as previously
described (15).

Hormone Assay and Data Analysis
Measurement of rat GH and LH in the media were performed in duplicate by a

standard double antibody RIA using reagents kindly supplied by the National
Pituitary Agency and the NIADDK, Differences in GRF~29 and [D-Trp-6)]-LHRH
responsiveness of the cells were analyzed by comparing the dose-response data
obtained from the treated group with that observed from its control using the
computer program ALLFIT described by DeLean et al.(16).

RESULTS
Pituitary cells plated from the rats treated with GRF~29 were more

responsive to GRF-29 stimulation than were cells cultured from their saline
injected counterparts (Fig. 1). The median effective GRF-29 concentration
(EC-50) calculated for the treated groups was significantly (p < 0.05) smaller
than that computed for their controls in each of 3 different experiments. A
significant (p < 0.05) increase in pituitary responsiveness to GRF-29 was also
evident in cells cultured from animals treated with {D-Ala-2]-GRF-29 (Fig. 2).
This effect was observed in each of two separate experiments. Slopes of each

dose-response curve, as well as the stimulated to basal GH ratio (estimated
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Fig. 1. Dose-related stimulation of GRF-29 mediated GH secretion
(stimulated to basal ratio). Cultured cells were prepared from rats injected
daily with either GRF-29 (o) or saline (o) for 3 days, as described in
Materials and Methods. Each point is the mean + SE of triplicate
incubations of 200,000 cells/well. The data are from 1 of 3 similar
experiments.

Fig. 2. Dose-related stimulation of GRF-29 mediated GH secretion
(stimulated to basal ratio). Cells were prepared from rats sfter Z weeks of
treatment with either [D-Ala-2]-GRF-29 (o) or saline (o), as described in
Materials and Methods. The data are from 1 of 2 similar experiments.

for an "infinite" GRF~29 dose), were unaffected by either treatment. In

contrast, GRF analog administration did not affect [D-Trp-6]-LHRH pituitary

responsiveness (Figs, 3 and 4),.
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Fig. 3. Dose-related stimulation of [D-Trp-6]-LHERH mediated LH secretion

(stimulated to basal ratio). Cells were prepared from rats injected daily
with either GRF-29 (o) or saline (o) for 3 days as described in Materials

and Methods. The data are from 1 of 3 similar experiments.

Fig, 4. Dose-related stimulation of [D-Trp-6]-LHRH mediated LH secretion
(stimulated to basal ratio) in cultured cells. Cells were prepared from rats
after 2 weeks of treatment with either [D-Ala-2]-GRF-29 (o) or saline (o), as
described in Materials and Methods. The data are from 1 of 2 similar
experiments.
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DISCUSSION
Our results demonstrate that daily administration of GRF-29 for 3 days
can enhance pituitary responsiveness to GRF-29, A similar increase in
sensitivity was also observed after the longer treatment regimen with
[D-Ala-2]-GRF-29, These analog mediated changes in pituitary semsitivity were
not generalized for all cell types since [D-Trp~6]-LHRH responsiveness was

unaltered.

We think these observations reflect the endocrine status of the animal at
the time the pituitary cells were isolated. That pituitary cells isolated
from animals in different physiological states retain, in short-term primary
culture, their previous responsiveness to hypothalamic hormones has been
previously documented (13, 17-19). Further, manipulation of the endocrine

system in situ can be observed in cultured cells obtained from such

treated animals. Indeed, castration of either male or female rats more than
doubled the LHRH mediated LH and FSH release from pituitary cells cultured 7
days after gonadectomy (20). Moreover, the culture medium used for each
treatment group was identical to that employed for comntrol cells except for
the inclusion of rat serum which was obtained from the respective pituitary
donor groups. However, culturing cells derived from control animals in medium
that was supplemented with serum from either GRF-29 or [D-Ala-2]-GRF-29
treated rats did not affect cell responsiveness to GRF-29 (not shown).
Therefore, it is unlikely that the data resulted from changes induced by the

addition of sera from donor rats.

The responsiveness of pituitary cells to their hypothalamic hormones
depends, in part, on the quantity of specific receptors available for binding.
That the number of binding sites can alter the pituitary responses to its
hypothalamic hormone has been demonstrated directly for TRH (21) and
somatostatin (22). Additional evidence has been derived indirectly by
correlation. The enhanced LHRH responsiveness of pituitary cells obtained
from castrated rats and placed in culture (20) reflects the higher number of

LHRH receptors after gonadectomy (23,24). Additionally, preincubation of
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primary pituitary cultures with estradiol blunts the dopaminergic inhibition
of PRL secretion (25), an effect that may be mediated by an estradiol-induced
decrease in pituitary dopamine receptors (26)., Thus, the increased GRF-29
cellular responsiveness observed in the present study could be mediated, in

part, by an increase in the number of GRF receptors.

Pathophysiological states of ectopic GRF secretion from bronchial and
pancreatic tumors are reported to be associated with chronically elevated GH
levels and the clinical manifestations of acromegaly (27-30). Such clinical
findings probably would not have been as apparent if the pituitaries of these
patients were desensitized to the ectopically secreted GRF. Since synthetic
GRF analogs are potent stimulators of GH release in the rat (8,9,12), it
follows that administration of synthetic GRF analogs to rats could either
enhance or not affect pituitary responsiveness to GRF. Indeed, our data
suggest that such treatment increases GRF responsiveness, even following
injections with a potent GRF agonist for 2 weeks. Such a long-term treatment
regimen with a potent LHRH agonist desensitizes the pituitary to LHRH (31),
The increase in hypophyseal sgnsitivity to GRF-29 may be attributed directly
to the GRF analog treatments themselves. However, we cannot rule out the
possible involvement of other hormones, secondary or tertiary to GRF
stimulation, such as GH and the somatomedins. Recently, Wehremberg et al. (32)
and Dieguez et al. (33) reported that the rat hypophysis could be desensitized
to GRF by constant exposure to GRF for 24 h. The discrepancy between these
data and ours may be due to differences in GRF treatment regimen (intermittent

vs. constant).

In conclusion, these data indicate that intermittent administration of
GRF analogs increases pituitary responsiveness to GRF-29. Since
[D-Trp-6]-LHRH sensitivity was unchanged after either short- or long—term
treatment, this enhanced responsiveness to GRF-29 was not generalized for all
cell types. Such a change in pituitary responsiveness may be an important
component in the physiological regulation of GH, and could be of comsiderable

value in the potential therapeutic uses of GBF agonists.
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