bstract. To determine the mechanism and
the site of action of catecholamines as well as hormones
including thyrotropin-releasing hormone (TRH)' and so-
matostatin on pituitary hormone release in patients with
acromegaly and in normal subjects, the effects of these
substances on growth hormone (GH) and prolactin (PRL)
secretion from adenomatous and nonadenomatous hu-
man pituitary cells in culture were examined. When do-
pamine (0.01-0.1 M) or bromocriptine (0.01-0.1 uM)
was added to the culture media, a significant inhibition
of GH and PRL secretion from adenoma cells from ac-
romegalic patients was observed. This inhibition was
blocked by D, receptor blockade with metoclopramide
or sulpiride, but not by D, receptor blockade. Similarly,
dopamine suppressed GH and PRL release by nonaden-
omatous pituitary cells in a dose-dependent manner,
which was again blocked by D, receptor blockade. The
minimum effective concentration of dopamine required
for a significant inhibition of PRL secretion (0.01 pM)
was lower than that for GH release (0.1 uM). Norepi-
nephrine, likewise, caused a suppression of PRL secretion
from adenomatous and nonadenomatous pituitary cells.
This effect was blocked by sulpiride, phentolamine, how-
ever, was ineffective. When TRH was added to the media,
both GH and PRL secretion were enhanced in adenoma
cells, while only the stimulation of PRL release was ob-
served in nonadenomatous pituitary cells. Coincubation
of TRH and dopamine resulted in variable effects on GH
and PRL secretion. Somatostatin consistently lowered
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Human Pituitary Cells in Culture
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University of Tokyo, Hongo, Tokyo 113, Japan

GH and PRL secretion in both adenomatous and nonad-
enomatous pituitary cells and completely blocked the
TRH-induced stimulation of GH and PRL secretion from
adenoma cells. Opioid peptides (1 uM) failed to affect
hormone release. These results suggest that no qualitative
difference in GH and PRL responses to dopaminergic
agonists or to somatostatin exists between adenoma cells
of acromegalic patients and normal pituitary cells, and
that the direct effect of catecholamines on GH and PRL
secretion from human pituitary cells is mediated mainly
through dopamine receptor activation.

Introduction

Anomalous or paradoxical responses of growth hormone (GH)"
secretion to various stimuli in acromegalic patients have been
well documented. Administration of dopaminergic agonists to
normal men results in an elevation of the circulating levels of
GH (1-4). In contrast, the same maneuver has been shown to
decrease serum GH levels in most, though not all, patients with
acromegaly (3, 5-8). On the basis of this finding, bromocriptine,
a dopaminergic agonist with a prolonged action, has been suc-
cessfully introduced into the medical management of this dis-
order (9-12).

We have previously shown, using an in vitro perfusion tech-
nique, that dopaminergic agonist does inhibit GH and prolactin
(PRL) secretion from perfused pituitary adenoma tissues of ac-
romegalic patients (13). This finding was subsequently confirmed
by other investigators (14-18). We have also demonstrated by
this experimental approach that thyrotropin-releasing hormone
(TRH) acts on adenoma tissues from acromegalic patients to
induce GH and PRL release (13), which is in good agreement
with the observation that administration of TRH elevates serum
levels of GH and PRL in many acromegalic patients (19, 20).

1. Abbreviations used in this paper: GH: growth hormone; L-dopa, 1-
3,4-dihydroxyphenylalanine; hGH, human GH; PRL, prolactin; TRH,
thyrotropin-releasing hormone.



These results indicate that dopaminergic agonists and TRH
affect GH and PRL secretion in these patients by their direct
action on pituitary adenoma, and further suggest that a possible
alteration in cellular membrane receptors of the pituitary ad-
enoma of acromegalic patients may be responsible for anomalous
GH responses. Of importance in this regard is the fact that the
in vitro responses of normal human pituitaries to these stimuli
are not well established. Moreover, a number of substances, in
addition to dopaminergic agonists and TRH, has been shown
to affect GH and PRL secretion in acromegalic subjects, which
includes adrenergic (21, 22) and serotoninergic antagonists (23,
24). The present study was undertaken to examine the effects
of these substances on GH and PRL secretion from pituitary
adenoma cells of acromegaly at the cellular level using monolayer
tissue culture, and to correlate them with the responses of non-
adenomatous human pituitary cells in culture.

Methods

Subjects. 11 patients with acromegaly were studied. They consisted of
seven men and four women aged between 24 and 56 yr. Their preoperative
clinical data are summarized in Table I. They exhibited physical features
of acromegaly, elevated base-line plasma GH concentrations, and failure
of plasma GH levels to suppress during an oral glucose tolerance test.
Intravenous injection of 0.5 mg of synthetic TRH stimulated PRL release
in all of the subjects and GH release in 10 of them (patients 1-3 and
5-11) shortly after the TRH administration. In seven patients studied
(patients 1, 3-6, 10, and 11), administration of a single dose (5 mg
orally) of bromocriptine (2-brom-a-ergocriptine, CB 154; Sandoz Ltd.,
Basel, Switzerland) significantly suppressed their plasma GH and PRL
levels; the nadir after bromocriptine administration reached 8.0-60.8%
of the base line for GH and 20.5-51.2% for PRL. The response to a
given stimulus was judged to be positive when an elevation or a reduction
in plasma GH and PRL concentrations exceeded twice the standard
deviation from the mean value of the spontaneous fluctuation of plasma
hormone levels examined in the control study without drug adminis-
tration in each patient. Light microscopy of the pituitary adenomas
removed from these patients at surgery revealed that five (No. I, 3, 6,
8, and 9) of them were eosinophilic, while the remaining six were chro-
mophobic.

Nonadenomatous anterior pituitary tissues were obtained from a
subject with metastatic breast cancer (N1), who received neither adre-
nocortical hormones nor other steroidal regimen and three patients with
Cushing’s disease (N2-N4) at the time of hypophysectomy.

Monolayer culture of pituitary tissues. Pituitary tissues obtained at
surgery were cultured in monolayer. The method for the monolayer
culture of pituitary cells has been previously described in detail (25).
Pituitary adenomas or nonadenomatous pituitary tissues were cut into
small pieces and dispersed by incubation with 10 ml of trypsin-collagenase
solution at 37°C with gentle magnetic stirring. The solution contained
0.25 g trypsin (Difco Laboratories, Detroit, MI), 20 mg collagenase (type
IV; Worthington Biochemical Corp., Freehold, NJ), and 0.05 g glucose
in 100 ml of Ca**-free, Mg**-free phosphate-buffered saline (pH 7.6).
After 10 min of incubation, the supernatant suspension containing dis-
sociated cells was removed, diluted with cold culture medium and kept
on ice until the final centrifugation. To the remaining tissue fragments
was then added another 10 ml of trypsin-collagenase solution and the
digestion procedure was repeated two to three times until cells were

Table I. Laboratory Findings in the 11 Acromegalic
Subjects Studied

Response to Response to
Basal level TRH* bromocriptinet
Case
no. Age Sex GH PRL GH PRL GH PRL
yr ng/ml ng/ml % % % %
1 33 M 68 9 456 433 80 385
2 29 F 40 S 146 315 — —
3 48 M 144 12 1,444 174 19.9 20.5
4 48 M 171 7 119 143 60.8 303
5 24 M 57 36 1,096 261 329 236
6 56 F 41 8 204 481 252 279
7 29 F 143 19 1,014 156 — —
8 38 M 40 8 375 240 — —
9 46 M 24 13 637 260 — —
10 35 M 34 9 250 292 237 220
11 46 F 97 28 289 143 56.8 51.2

* TRH (0.5 mg) was injected intravenously and blood samples were
collected at 0, 15, 30, 60, 90, and 120 min after the injection. Peak GH
and PRL concentrations were expressed in terms of a percentage of the
control levels.

} Bromocriptine (5 mg) was administered orally and blood samples were
collected at 30-min intervals for 4 h. The lowest GH and PRL concen-
trations observed after the bromocriptine administration were expressed
in terms of a percentage of the control levels.

completely dispersed. The supernatant fluids were pooled followed by
centrifugation at 150 g for 10 min. Cells were washed with cold culture
medium and resuspended in an appropriate volume (usually 60 ml) of
culture medium, which consisted of Eagle’s minimum essential medium
in Earle’s solution including 10% fetal calf serum, 100 U/ml penicillin,
and 100 pg/ml streptomycin sulfate. A 2-ml aliquot containing 2-8
X 10° dissociated cells was planted in each plastic petri dish (35 X 100
mm, Corning Glass Works, Corning Medical and Scientific, Corning,
NY) and incubated at 37°C in a humidified atmosphere of 95% air and
5% CO,. Viability of the cells at plating determined by trypan blue
exclusion was always >95%.

GH biosynthesis experiment. To validate the monolayer culture
system utilized in the present study, biosynthesis of GH in pituitary
adenoma cells from patient 11 was studied. On 19th d of culture, the
medium was replaced by 2 ml of leucine-free medium supplemented
with 10 xCi/dish of L-[*H]leucine (136 Ci/mmol, Amersham Corp.,
Amersham, England). Cells were incubated at 37°C for varying periods
of time under the atmosphere of 95% air and 5% CO,. At the end of
the incubation, the medium was removed and the cells were washed
with 0.9% saline followed by extraction.

Extraction and immunoprecipitation of GH were conducted ac-
cording to the general method described by Mains and Eipper (26) for
adrenocorticotropic hormone with a modification (27). Cells were frozen
and thawed several times on dry ice and homogenized in 0.6 ml of 0.01
N NaOH (28) with a Teflon pestle. Extracts were titrated to pH 7.5
with 1 N HCI and centrifuged at 2,300 g for 15 min at 4°C. An aliquot
(10 ul) of the supernate was incubated at 4°C with a sufficient amount
(0.5 ul) of a specific rabbit anti-human (h)GH serum or nonimmune
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rabbit serum in the presence of 40 ul of 0.5% bovine serum albumin/
0.1 M borate buffer (pH 8.6). This antiserum was generously provided
by Dr. H. Demura of Tokyo Womens’ Medical College. After 24 h of
incubation, anti-rabbit IgG was added in an amount that maximally
precipitated the rabbit IgG and incubation was continued overnight.
Tubes were then centrifuged, and the immunoprecipitates of cell extracts
were washed once in 2 ml of 0.05 M phosphate buffer containing S mM
Na,EDTA and 0.25% Triton X-100 (pH 7.6) and once in 2 ml of 0.01
M phosphate buffer containing 15 mM NaCl (pH 7.2). The immune
complex was dissolved by incubation in 0.2 ml of NCS tissue solubilizer
(Amersham Corp., Arlington Heights, IL) and counted in a liquid scin-
tillation spectrometer with 10 ml of scintillation fluid containing 6 g
PPO and 0.1 g POPOP/liter of toluene.

Incubation of cells with test substances. Incubation studies were
started after the cells formed a monolayer and performed at an interval
of at least 2 d. Individual cultures were randomly allocated for each
experiment. Four or more cultures were used for the control and variables,
and run simultaneously.

On the day of experiment, the medium was replaced by 2 ml of
Eagle’s minimum essential medium in Earle’s solution containing 0.5%
human serum albumin instead of fetal calf serum. Cells were incubated
for 1 h at 37°C in a humidified atmosphere of 95% air and 5% CO,.
The medium was then removed and cells were further incubated for 2
h in 2 ml of fresh medium with or without the following substances:
dopamine hydrochloride, L-3,4-dihydroxyphenylalanine (L-dopa),
bromocriptine mesylate, haloperidol, metoclopramide, sulpiride, pi-
mozide, YM-09151-2 (Yamanouchi Pharmaceutical Co., Tokyo, Japan)
(29), norepinephrine, phentolamine mesylate, TRH, somatostatin (Pro-
tein Research Foundation, Osaka, Japan), a-endorphin (Peninsula Lab-
oratories, Inc., Belmont, CA), 8-endorphin (Peninsula Laboratories, Inc.),
and methionine enkephalin (Calbiochem-Behring Corp., American
Hoechtst Corp., San Diego, CA) In general, fresh solutions of these
substances were prepared before each experiment by dissolving them
directly in the incubation medium, with a few exceptions. Bromocriptine
mesylate and haloperidol were first solubilized in glacial acetic acid and
then diluted to a concentration of 10 mg/ml with distilled water. These
stock solutions were serially diluted to an appropriate concentration
with 0.9% saline and then with the incubation medium. YM-09151-2
was initially dissolved in 0.01 N HCI at a concentration of 1 mg/ml
followed by dilution with 0.9% saline and the incubation medium. Do-
pamine, norepinephrine, and L-dopa were dissolved immediately before
the experiment in the incubation medium, which contained ascorbic
acid at the final concentration of 0.1 mM. Control dishes received vehicle
alone. When the combined effect of two test substances on hormone
release was examined, they were added simultaneously to the incubation
media. After incubation, the medium was centrifuged at 150 g for 10
min, and the supernate was stored at —20°C until analyzed.

Radioimmunoassays. GH and PRL concentrations in the medium
of both preincubation and experimental incubation were determined
by radioimmunoassays, as previously described in detail (7, 30). Im-
munological materials for the radioimmunoassays were kindly donated
by the National Institute of Arthritis, Metabolism, and Digestive Diseases
and the National Pituitary Agency, U. S. Public Health Service. Cross-
reactivity of GH in PRL radioimmunoassay was 0.13% and that of PRL
in GH radioimmunoassay was 0.73%. The coefficients of variation for
GH averaged 5.3% for intraassay error and 9.6% for interassay error,
while they were estimated to be 7.4 and 8.2%, respectively, for PRL.
Results are expressed as the percentage of hormone secreted in the
experimental incubation, compared with that secreted during the prein-
cubation for individual cultures. For comparison, the mean values ob-
tained in the control study were designated as 100%.

68 M. Ishibashi and T. Yamaji

cpmx10~% g GROWTH HORMONE

il 1 L L 1 J
2 46 12 24 48
HOURS OF CULTURE

Figure 1. Incorporation of [*H]leucine into immunoprecipitable GH
in cell extracts. Cultured cells obtained from a patient with
acromegaly (patient 11) were incubated with leucine-free medium
supplemented with L-[*H]leucine for varying periods of time. No
significant radioactivity was observed in the immunoprecipitate when
anti-hGH serum was replaced by nonimmune rabbit serum. Each
group consists of four dishes. Results are the mean+SEM.

Statistical analysis. Values in figure and text are given as the
mean+SEM unless otherwise specified. The significance of differences
was calculated using Student’s ¢ test and analysis of variance.

Results

GH biosynthesis in cultured pituitary adenoma cells. Dispersed
cells of pituitary adenomas from acromegalic patients formed
a monolayer attaching to the culture dishes within the first 48—
72 h. The plating efficiencies of cells ranged from 20 to 39%
(mean 29%).

To observe the kinetics of labeling of GH in cultured pituitary
adenoma cells from acromegalic patients, cells were incubated
with labeled leucine and harvested after increasing periods of
time from 2 to 48 h. Incorporation of [*H]leucine into im-
munoprecipitable GH in cell extracts proceeded linearly for the
entire 48-h incubation (Fig. 1), while no significant radioactivity
was observed in the immunoprecipitates when anti-hGH was
replaced by nonimmune rabbit serum. The result suggests that
de novo hormone synthesis is actively taking place in pituitary
cells in monolayer culture under the present experimental con-
ditions.

GH and PRL secretion from cultured pituitary cells. Fig.
2 A shows the hourly secretion rates of GH by adenoma cells
of acromegaly on different culture days. Secretion of GH was
well maintained throughout the period of observation by chang-
ing culture medium at 2-4-d intervals, although a gradual de-
crease in GH release was seen when the culture was continued.
In all of the adenoma cells with a single exception (No. 3), the
concomitant secretion of PRL was observed (Fig. 2 B). The



Figure 2. Hourly
secretion rates of GH (4)
and PRL (B) on different
days of culture from
pituitary adenoma cells of
the 11 patients with
acromegaly. Cells were
incubated with fresh
medium (minimum
essential medium in
Earle’s solution)
containing 0.5% human
serum albumin for 1 h.
Each group consists of
3 18-30 culture dishes.
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secretion rates of PRL varied from tissue to tissue and were
quantitatively less when compared with those of GH, being 15.8
(No. 1), 4.8 (No. 2), 0.63 (No. 4), 10.9 (No. 5), 7.6 (No. 6), 2.6
(No. 7), 8.1 (No. 8), 47.6 (No. 9), 32.8 (No. 10), and 15.9%
(No. 11) of GH secretion rates at the initial incubation study,
respectively. That adenoma tissue was contaminated with ad-
jacent normal pituitary lactotrophs seemed unlikely, since the
tissue was obtained at transsphenoidal selective removal of ad-
enomas and histologic examination performed in randomly se-
lected tissue pieces revealed that all of them possessed char-
acteristics of eosinophilic or chromophobe adenoma. In view
of the degree of the cross-reaction of GH in PRL radioim-
munoassay, PRL secretion by adenoma cells obtained from
patient 3 was judged to be only minimal.

Similarly, nonadenomatous human pituitary cells in culture
actively secreted both GH and PRL. The amounts of GH ac-
cumulated in the media at the initial incubation study were
83.7+5.0 (mean+SEM, n = 30) (N1), 151.1£5.0 (n = 25) (N2),

10 15 20 25 30 3% 40 Results are the
DAYS OF CULTURE mean+SEM.

12.1+0.5 (n = 16) (N3), and 4.3+0.3 ng/h per dish (n = 30)
(N4), respectively. The secretion rates of PRL, on the other
hand, were 201.3+11.1 (N1), 90.1+3.1 (N2), 8.3+0.4 (N3), and
74.2+2.8 ng/h per dish (N4), respectively.

Effect of dopamine and dopaminergic agonists on GH and
PRL secretion from cultured pituitary cells. The effect of varying
doses of dopamine on GH and PRL secretion from different
nonadenomatous pituitary cells is shown in Fig. 3. In all of the
experiments, both GH and PRL secretion were inhibited by
dopamine and, in addition, a dose-response relationship was
observed between the dopamine concentrations and the amounts
of hormones secreted into the media. The minimum effective
concentration of dopamine required for a significant inhibition
of PRL release (0.01 uM) was lower than that for GH secretion
0.1 uM).

When dopamine at a concentration of 0.01 or 0.1 uM was
added to the incubation media, both GH and PRL release were
significantly suppressed in adenoma cells of acromegaly. This

20
GH PRL
100
* % *
0 " 1 Figure 3. Effect of varying doses of dopamine on GH and
g N1 PRL secretion by cultured nonadenomatous human pituitary
§ 80} m N\t .. cells obtained from a subject with metastatic breast cancer
e "; " - :z; (patient N1) and twc? patients with Cushing’s disea}se‘ (patients
= 0 L — *I‘:ms N2 and N3) at the time of hypophysectomy. A minimum of
b kA four replicates was used for each variable. Results are expressed
) as the percentage of change in secretion relative to a
preincubation in medium alone. For comparison, the mean
0 L values for control incubation were designated as 100%. Results
0001 001 01 1 10 100 1.000 0001 001 01 1 10 100 1000 are the mean+SEM. *P < 0.05 vs. control; **P < 0.01 vs.
DOPAMINE. nM DOPAMINE. nM control.
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Figure 4. Time course of the inhibitory effect of
dopamine on GH (4) and PRL (B) secretion by
cultured adenoma cells obtained from a patient with
acromegaly (patient 11). Cells were incubated with
(open circles) or without (filled circles) 0.1 M DA
and aliquots (0.1 ml) of the incubation media were
taken every 1 h during 5 h of incubation. Each group

TIME IN HOURS

inhibitory effect of dopamine on GH and PRL secretion was
unequivocally demonstrated in cells taken from 11 different
tumors of acromegalic patients. In one experiment, adenoma
cells (No. 11) were incubated with 0.1 uM of dopamine and
aliquots (0.1 ml) of the incubation media were collected every
hour. As shown in Fig. 4, the accumulation of GH and PRL
in the incubation medium increased in a linear fashion in the
control, while a significant decrease in both GH and PRL release
by dopamine was observed over the 5-h period, indicating that
dopamine is fairly stable in the incubation medium, or alter-
natively, the inhibitory effect of dopamine on GH and PRL
release lasts for at least 5 h.

When haloperidol, a nonselective dopaminergic antagonist
(31), was coincubated, the effect of dopamine on GH and PRL
secretion was blocked in all of the six adenoma cells examined
(No. 2, 3, and 8-11, Fig. 5). The addition of metoclopramide
or sulpiride, selective D, dopamine receptor antagonists (31),
also blocked the inhibitory action of dopamine on GH release
in four experiments (Fig. 5), although it did not completely
abolish the suppressive effect of dopamine on PRL release in
three different adenoma cells (No. 4, 8, and 9, Fig. 5). A selective
D, dopamine receptor antagonist, YM-09151-2 (29), on the
other hand, failed to overcome the inhibitory effect of dopamine
on both GH and PRL secretion in four different adenoma cells
studied (No. 8-11, Fig. 5).

In an attempt to determine whether L-dopa, which is known
to lower serum GH levels of some acromegalic patients (5),
may act on pituitary adenomas to affect GH secretion, the direct
effect of L-dopa was studied using three different adenoma cells
of acromegaly in culture. L-Dopa at a concentration of 0.1 uM
showed little effect, although the equimolar concentration of
dopamine significantly inhibited both GH and PRL secretion
in all of the experiments (Figs. 4 and 5). In one experiment,
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consists of 10 dishes. Results are the mean+SEM,
**P <0.01.

PRL secretion showed a slight but a significant reduction in
response to this dose of L-dopa.

The effect of dopamine on GH and PRL secretion from
nonadenomatous pituitary cells is shown in Fig. 6. The addition
of 0.1 uM dopamine to the culture media induced a significant
inhibition of GH release in all of the three experiments conducted
on different nonadenomatous somatotrophs. This inhibitory ef-
fect of dopamine on GH secretion observed in nonadenomatous
GH cells was abolished by coincubation with an equimolar
concentration of haloperidol. Similarly, sulpiride competed with
the inhibitory action of dopamine on GH release (N2, Fig. 6),
while YM-09151-2, a D, receptor antagonist did not. The in-
hibitory effect of dopamine on PRL secretion from nonadeno-
matous lactotrophs was more pronounced than that on GH
release. This action of dopamine was again blocked by the ad-
dition of haloperidol or sulpiride. A D, receptor blockade with
YM-09151-2 was inert in this regard.

Bromocriptine, likewise, significantly suppressed GH and
PRL secretion from five adenomatous and one nonadenomatous
pituitary cells at a concentration of 0.01 or 0.1 uM. The addition
of haloperidol or pimozide blocked this inhibitory effect of
bromocriptine. The concentration of haloperidol required for
the reversal of the inhibitory effect by bromocriptine was larger
(10-100-fold concentrations of bromocriptine) than in the case
of dopamine.

Effect of norepinephrine on GH and PRL secretion from
cultured pituitary cells. In Fig. 7 is shown the effect of nor-
epinephrine on GH and PRL release by pituitary adenoma cells
from acromegalic patients. Norepinephrine at a concentration
of 0.01 M did not produce any significant effect, however, the
addition of 0.1 M norepinephrine equally resulted in a sig-
nificant decrease in PRL secretion in experiments using adenoma
cells from five different acromegalic patients. This effect of nor-
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Figure 5. Effect of dopamine (DA) alone or in combination with
dopaminergic antagonists (haloperidol, metoclopramide, sulpiride,
and YM-09151-2) on GH and PRL secretion by cultured adenoma
cells obtained from patients with acromegaly (patients 2-4 and 8-
11). Open histograms represent GH and shaded histograms PRL. A

epinephrine on PRL secretion was blocked by the addition of
an equimolar concentration of sulpiride in all of the four ad-
enoma cells studied (No. 8-11, Fig. 7), while phentolamine was
ineffective. The effect of norepinephrine on GH secretion from

A1 i
SULPIRIDE 010 KALOPENIDOLO.1,M

DAD.I4M m.*um DAD.I M

oL 010
minimum of four replicates was used for each variable. Results are
expressed as the percentage of change in secretion relative to a
preincubation in medium alone. For comparison, the mean values in
the control incubation were designated as 100%. Results are the
mean+SEM. *P < 0.05; **P < 0.01.

adenoma cells of acromegalic patients, on the other hand, was
variable. In two experiments, norepinephrine at a concentration
of 1 uM induced a significant decrease in GH secretion, which
was blocked by coincubation with an equimolar sulpiride (No.

71 GH and PRL Secretion by Human Pituitary Cells in Culture



% OF CONTROL

DA 041 [
HALOPERIDOL 0.1 M

CONTROL

#N4

% OF CONTROL

wf

CONTROL 001N

HALOPERIDOL 0.1 M

DAO.1M

% OF CONTROL

DA ﬂi.!yl DAO.IM DA n\.‘l L)
YMO.1uM  SULPIRIDE 0.1 HALOPERIDOL 0.14M

Figure 6. Effect of dopamine (DA) alone or in combination with
dopaminergic antagonists (haloperidol, sulpiride, and YM-09151-2)
on GH and PRL secretion by cultured nonadenomatous human
pituitary cells obtained from a subject with metastatic breast cancer
(patient N1) and two patients with Cushing’s disease (patients N2
and N4) at the time of hypophysectomy. Open histograms represent
GH and shaded histograms PRL. A minimum of four replicates was
used for each variable. Results are expressed as the percentage of
change in secretion relative to a preincubation in medium alone. For
comparison, the mean values in the control incubation were
designated as 100%. Results are the mean+SEM. *P < 0.05;

**P < 0.01.
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10 and 11, Fig. 7). Phentolamine did not show any effect also
in this occasion. In the remaining three experiments, no sig-
nificant effect of norepinephrine (0.1 or 1 uM) on GH secretion
by adenoma cells of acromegaly was observed.

Similarly, as in adenoma cells, norepinephrine at a concen-
tration of 0.1 uM consistently suppressed PRL secretion from
nonadenomatous human pituitary cells in culture in two ex-
periments. This inhibitory action of norepinephrine was blocked,
though partially, by the addition of an equimolar concentration
of sulpiride, phentolamine, however, failed to block the nor-
epinephrine-induced inhibition of PRL release. GH secretion
from nonadenomatous pituitary cells was significantly inhibited
by norepinephrine (0.1 uM) in one experiment. The addition
of sulpiride blocked this effect, while phentolamine at an equi-
molar concentration did not compete with norepinephrine. In
another experiment, the mean secretion rate of GH was atten-
uated in response to norepinephrine (0.1 uM), but this difference
was not statistically significant.

Effect of TRH on GH and PRL secretion from cultured
pituitary cells. The addition of TRH to the incubation media

significantly stimulated both GH and PRL secretion from cul-
tured adenoma cells of acromegalic patients (Fig. 8). Further-
more, a dose-response relationship was obtained between the
concentrations of TRH added and the amounts of hormones
secreted into the media. This stimulatory effect of TRH on GH
secretion was most clearly demonstrated in the adenoma cells
of acromegaly obtained from patient 3, in whom TRH induced
a marked elevation of plasma GH levels (Table I). Similarly,
TRH at a concentration of 0.1 uM significantly stimulated PRL
secretion from nonadenomatous pituitary cells in culture (N4,
Fig. 8). TRH failed to enhance GH release from nonadenoma-
tous somatotrophs in this experiment.

To study the interaction between the stimulatory effect of
TRH and the inhibitory effect of dopaminergic agents, cultured
adenoma cells from acromegalic patients were coincubated with
TRH and dopamine. As shown in Fig. 9, dopamine at a con-
centration of 0.1 or 0.01 uM significantly suppressed both GH
and PRL release, whereas the addition of 0.1 or 0.01 xM TRH
to the incubation media resulted in a significant increase in GH
and PRL secretion. When cells were incubated with dopamine
in the presence of an equimolar concentration of TRH, the
inhibitory effect of dopamine was overcome in two experiments
(No. 3 and 6, Fig. 9). In the remaining one experiment, the
effect of dopamine was not reversed by the addition of an equi-
molar concentration of TRH (No. 1, Fig. 9). When cells were
incubated with bromocriptine instead of dopamine in three
experiments, the doses of TRH required for the reversal of the
inhibitory effect of bromocriptine were different from tissue to
tissue and, in general, a higher dose of TRH was necessary.

Effect of somatostatin on GH and PRL secretion from cul-
tured pituitary cells. Fig. 10 illustrates the effect of somatostatin
on GH and PRL secretion from adenoma cells of acromegalic
patients and from nonadenomatous pituitary cells in culture.
Somatostatin at a concentration of 0.1 uM significantly sup-
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Figure 7. Effect of norepinephrine (NE) alone or in combination
with phentolamine (PH) or sulpiride on GH and PRL secretion by
cultured adenoma cells obtained from patients with acromegaly
(patients 4 and 8-11). Open histograms represent GH and shaded
histograms PRL. A minimum of four replicates was used for each

pressed both GH and PRL release by adenoma cells in culture.
The stimulatory effect of TRH on PRL secretion was completely
blocked by coincubation with somatostatin at an equimolar
concentration (No. 4, Fig. 10), although GH release was not
enhanced in response to TRH in the adenoma cells studied,

variable. Results are expressed as the percentage of change in
secretion relative to a preincubation in medium alone. For
comparison, the mean values for control incubation were designated
as 100%. Results are the mean+SEM. *P < 0.05; **P < 0.01.

which was in good agreement with the in vivo GH response to
TRH in this patient (Table I). Further increase in TRH con-
centration (1 uM) did not reverse the inhibitory effect of so-
matostatin on both GH and PRL (No. 1, Fig. 10).

Moreover, in nonadenomatous pituitary cells, somatostatin
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at a concentration of 0.1 uM exerted an inhibitory action on
both GH and PRL secretion (N2, Fig. 10). The magnitude of
suppression by somatostatin was more pronounced in GH se-
cretion than in PRL release, contrary to the inhibitory effect of
dopamine on hormone secretion.

Effect of opioid peptides on GH and PRL secretion from
cultured pituitary cells. The addition of a-endorphin, (-en-
dorphin, or met-enkephalin alone at various concentrations up
to 1 uM to the incubation media did not alter the secretion
rates of GH and PRL in three different adenoma cells of ac-
romegaly and in one experiment conducted using nonadeno-
matous human pituitary cells. When coincubated with dopa-
mine, opioid peptides did not affect the suppressive effect of
dopamine on GH and PRL secretion from adenoma cells of
acromegaly in three experiments and from nonadenomatous
pituitary cells in one experiment.

DISCUSSION

The foregoing results have clearly shown that dopaminergic
agonists such as dopamine and bromocriptine act on pituitary
adenoma cells from acromegalic patients to inhibit GH secretion,
which is consistent with our earlier observation that bromo-
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criptine directly suppressed GH and PRL release by perfused
pituitary adenoma tissues of acromegaly (13). The minimum
effective concentration of dopamine required for a significant
inhibition of GH secretion was in the range of 0.01 to 0.1 uM,
which indicates that pituitary adenoma cells of acromegaly are
sensitive to dopaminergic agonists. This action of dopamine
may be occasioned via a dopaminergic mechanism, since the
addition of a nonselective dopaminergic antagonist, haloperidol,
blocked the dopamine effect. It is now apparent that dopamine
receptor exists in more than one subtype (31), although an
argument is raised against this view by some of the workers
(32). A selective D, receptor antagonist, metoclopramide or
sulpiride, was shown in the present study to reverse the inhibitory
effect of dopamine on GH secretion from pituitary adenoma
cells of acromegaly, while a D, receptor blockade was ineffective.
It was concluded that dopaminergic agonists may suppress GH
secretion by acting at D, receptor on pituitary adenoma cell
membranes of acromegaly.

Similarly, dopamine exerted its direct action to reduce hor-
mone release in a dose-dependent manner in nonadenomatous
pituitary somatotrophs. This inhibitory effect of dopamine was
again blocked by D, receptor blockade. The result suggests that
no qualitative difference exists in GH response to dopamine
between nonadenomatous human pituitary somatotrophs and



adenoma cells of acromegaly. Of interest is the observation that
infusion of dopamine to man abolishes the GH response to
hypoglycemia (33). This fact might be explained by the direct
inhibitory effect of dopamine on pituitary somatotrophs to
overcome the stimulation of GH release mediated via central
nervous system. Very recently, the in vitro inhibition of GH
secretion from human pituitary cells with higher concentrations
of dopamine (1-10 uM) or bromocriptine has been reported
by other investigators (16, 17, 34). Whether the observed effect
was ascribed to a specific dopaminergic action, however, is un-
clear, because the reversal of the effect by dopaminergic blockade
was not established in their studies. It should be noted in this
regard that the minimum effective concentration of dopamine
to suppress GH secretion from nonadenomatous somatotrophs
was 0.1 uM. In view of this rather high concentration, the phys-
iological significance of the dopamine-induced inhibition of GH
release remains obscure.

Dopaminergic agonists showed a suppressive effect on PRL
secretion from nonadenomatous human lactotrophs as well as
from pituitary adenoma cells of acromegaly in culture. That
this is secondary to the degradation of PRL in the incubation
media by dopaminergic agonists recently observed by Dannies
and Rudnick (35) seems unlikely, since PRL release was restored
by dopaminergic blockade. The minimum effective dose of do-
pamine required for a significant inhibition of PRL release was
smaller than that for GH release. Dopamine at a concentration
of 0.01 uM or less effectively inhibits the secretion of PRL,
which is close to the dopamine concentration in hypophysial
stalk blood of the rat (36-39) and the monkey (40). Recently,
Denef et al. (41) reported that dopamine at concentrations of
1-100 pM enhanced PRL release from perfused rat pituitary
cells. Such a phenomenon, however, was not observed in non-
adenomatous human lactotrophs in culture, suggesting that the
dual action of dopamine in the regulation of PRL secretion
does not operate in man.

The direct effect of L-dopa on GH and PRL release by
pituitary adenoma cells of acromegaly was not clear. The result
may indicate that pituitary adenoma cells of acromegaly have
little, if any, L-dopa decarboxylase activity. Peillon et al. (15)
reported that L-dopa significantly lowered both GH and PRL
secretion from human pituitary adenomas of acromegaly. The
reason for discrepancy between their study and ours remains
unclear. That pituitary adenomas were exposed to higher con-
centrations (1-100 uM) of L-dopa for a longer period in their
study may be one of the possible explanations.

Norepinephrine inhibited PRL secretion from both adenoma
cells of acromegaly and nonadenomatous lactotrophs. This effect
of norepinephrine was blocked by D, receptor blockade, how-
ever, alpha adrenergic blockade with phentolamine was inef-
fective. The result suggests that norepinephrine induced the
inhibitory effect on PRL secretion through its intrinsic dopa-
minergic activity. In fact, L-norepinephrine has been shown in
bovine anterior pituitary cell membranes to compete for
[*H]dihydroergocriptine binding with a potency of 15% relative
to dopamine (42). The direct effect of norepinephrine on GH

#1
160
- 120"
(-]
[-
s
x
[V
S = |2
82 40- "ﬂ- o _** 'Y B
0 L
covhoL  oaoieM OABMM mygium
TRH 0.1 M
*%
150} T #6
* %
2 1} ——
= T
g x%k
(&) 80’
[V
o
® gt
n :.'.
CONTROL DAGIAM  1hy01uM
TRH 0.14M
w0} . #3
T
o}
-
o
2 mf —
=
o
© E 2 3
s 160" s il
53
b
Bllr x%
- -
] S R
0
cowtRoL  oaooraw DA DO ogium
TRH 0.014M

Figure 9. Effect of dopamine (DA) and TRH alone or in
combination on GH and PRL secretion by cultured adenoma cells
obtained from patients with acromegaly (patients 1, 3, and 6). Open
histograms represent GH and shaded histograms PRL. A minimum
of four replicates was used for each variable. Results are expressed as
the percentage of change in secretion relative to a preincubation in
medium alone. For comparison, the mean values in the control

incubation were designated as 100%. Results are the mean+SEM.
*P < 0.05; **P < 0.01.
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secretion, on the other hand, was not consistently observed,
although norepinephrine (1 uM) significantly inhibited GH re-
lease in some experiments, which was blocked by the D, receptor
blockade. It was concluded that the action of catecholamines
on GH and PRL secretion from adenoma cells of acromegaly
and nonadenomatous pituitary cells is mainly mediated through
a dopaminergic mechanism.

In adenoma cells of acromegaly, TRH stimulated both GH
and PRL secretion, while it did only the latter in nonadenoma-
tous pituitary cells in one experiment. This is consistent with
the in vivo observation that TRH does not exhibit any effect
on GH secretion in healthy subjects. Somatostatin, on the other
hand, inhibited GH and PRL secretion in adenoma cells of
acromegaly as well as in nonadenomatous pituitary cells in
culture. Although it is now well established that somatostatin
suppresses the circulating levels of GH in normal men and in
patients with acromegaly (43-45), its effect on PRL is contro-
versial. Somatostatin may reduce plasma PRL levels in some,
but not all, acromegalic patients, whereas plasma PRL concen-
trations are generally unaffected by somatostatin in healthy in-
dividuals. The discrepancy between in vivo and in vitro responses
to somatostatin in normal subjects may be explained in part
by the fact that nonadenomatous lactotrophs are less sensitive
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CONTROL

SRIF 0.11M incubation were designated as 100%. Results are

the mean+SEM. *P < 0.05; **P < 0.01.

to somatostatin than somatotrophs as demonstrated in the pres-
ent study and in part by the assumption that somatostatin may
be more rapidly degraded in the circulation than in the incu-
bation media.

When dopamine and TRH were coincubated, the response
of GH secretion from adenoma cells of acromegaly was variable.
In contrast, the stimulatory effect of TRH was unequivocally
blocked by somatostatin even when a 10-fold higher concen-
tration of TRH was used. These results, along with a difference
in the sensitivity of GH and PRL cells to two substances alluded
to above, suggest that there may exist a difference in the mode
of the inhibitory action on hormone release between dopamine
and somatostatin.

Although it has been recently shown that opioid peptides
elevate the circulating levels of GH and PRL in man and in
experimental animals (46-50), there is a controversy regarding
the mechanism of action of opioid peptides to stimulate hormone
release. In rat pituitaries, opioid peptides were found to coun-
teract the inhibitory effect of dopamine on PRL secretion in
vitro (51). However, opioid peptides alone or in combination
with dopamine were completely inert in stimulation of PRL
secretion from both adenomatous and nonadenomatous lac-
totrophs in the present study, which may agree with the ob-



servation that the inhibition of PRL secretion induced by do-
pamine was not overcome by opioid peptides in perfused rat
pituitaries (52). The result may support the view that in man
the site of action of opioid peptides on GH and PRL secretion
may be the hypothalamus or higher central nervous system.
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