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glucocorticoid on corticotropin releasing
factor (CRF)-induced ACTH release in
pituitary cell cultures.”
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Abstract

The effects of angiotensin II, catecholamines and glucocorticoid on CRF-induced ACTH re-
lease were examined using rat anterior pituitary cells in monolayer culture. Synthetic ovine CRF
induced a significant ACTH release in this system. Angiotensin II produced an additive effect on
CRF-induced ACTH release. The ACTH releasing activity of CRF was potentiated by epinephrine
and norepinephrine. Dopamine itself at 0.03-30 ng/ml did not show any significant effect on ACTH
release, but it inhibited CRF-induced ACTH release. Corticosterone at 10(-7) and 10(-6)M inhib-
ited CRF-induced ACTH release. These results indicate that angiotensin II, catecholamines and
glucocorticoid modulate ACTH release at the pituitary level.
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glucocorticoid
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Abstract. The effects of angiotensin I, catecholamines and glucocorticoid on
CRF-induced ACTH release were examined using rat anterior pituitary cells in mo-
nolayer culture. Synthetic ovine CRF induced a significant ACTH release in this
system. Angiotensin II produced an additive effect on CRF-induced ACTH release.
The ACTH releasing activity of CRF was potentiated by epinephrine and norepi-
nephrine. Dopamine itself at 0.03-30nng/ml did not show any significant effect on
ACTH release, but it inhibited CRF-induced ACTH release. Corticosterone at 1077
and 107*M inhibited CRF-induced ACTH release. These results indicate that an-
giotensin II, catecholamines and glucocorticoid modulate ACTH release at the pitui-
tary level.

Key words : Corticotropin releasing factor (CRF), ACTH release, Angiotensin I,
Catecholamines, Glucocorticoid.

Many investigators have suggested that several kinds of biologically active
peptides and neurotransmitter substances have effects on the release of ACTH
from the pituitary. We have examined the effect of neurogenic peptides and
neurotransmitter substances on ACTH release (1) and hypothalamic extract-
induced ACTH release (2). However, crude hypothalamic extracts contain some
substances besides CRF which may affect ACTH release. Therefore, authentic
CRF instead of hypothalamic extracts should be used to examine the effects of
substances on CRF-induced ACTH release. In 1981, Vale and co-workers (3, 4)
reported the isolation, sequence analysis and synthesis of a 41-residue ovine hy-
pothalamic peptide which potently stimulated the secretion of ACTH and }-
endorphin #n vivo and in vitro. In the present investigation, we examined the role
of angiotensin II, catecholamines and corticosterone on synthetic CRF-induced
ACTH release at the pituitary level using rat pituitary cells in culture.

MATERIALS AND METHODS

Pituitary cell cultures. Wistar rats, weighing 200-250g, were decapitated, and the anterior
pituitaries were immediately removed, minced into small pieces and placed in Hanks-HEPES
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buffer (pH 7.4). The pituitaries were then dispersed with collagenase using a previously des-
cribed procedure (2). Dispersed pituitary cells were washed 3 times with Dulbecco’s modified
Eagle medium (DMEM, GIBCO) containing 10 % horse serum, 2.5 % fetal calf serum, 1 %
non-essential amino acid (GIBCO), fungisone 2.5 ug/ml, penicillin 50 U/ml and streptomycin
50 ug/ml. The dispersed cells were resuspended in an appropriate volume of medium and
were placed in sterile Petri dishes (35 X 10mm). Usually 2-5 X 10° cells per 1.5ml medium
were placed into a single dish, and four dishes were usually cultured from one pituitary. The
dishes were cultured at 37°C for 4days in an incubator with 95 % O, and 5 % CO, and
continuously supplied with water vapor.

Experiments using cultured cells. After 3-5days of culture, the cells firmly attached to the
dishes were washed twice with non-serum-containing DMEM. DMEM containing the test
substances was then added for 3 h of incubation. Corticosterone (Sigma) was first dissolved in
ethanol and further diluted with DMEM just before use. Other test substances and their
sources were : angiotensin II (CIBA, LTD), norepinephrine (Wako Pure Chemical Industries,
LTD), epinephrine (Wako pure Chemical Industries, LTD), and dopamine (Nakarai Chemi-
cals). Synthetic ovine CRF was a gift from Drs. W. Vale and J. Rivier (Salk Institute). All
test substances were dissolved and diluted with DMEM just before use. Test incubations
were carried out at 2.0ml/dish for 3h. Three or four dishes were employed in each test group.
The amount of ACTH in the culture medium was assayed by a sensitive radioimmunoassay
employing an anti-porcine AGTH serum which reacted with ACTH, but did not cross react
significantly with other pituitary hormones and test substances employed in the present inves-
tigation (5).

Statistical analysis was conducted by Duncan’s new multiple range test.

RESULTS
Effect of angiotensin II on CRF-induced ACTH release. Angiotensin II at 0.03 and
30 ng/ml induced a slight ACTH release (p<0.05), but not in a dose-dependent
manner. Angiotensin I at 0.3 and 3ng/ml showed an additive effect on CRF-

CRF
CRF +
Angiotensin Il

ACTH Release (ng/dish)

0 0.03 0.3 3 30
Concentratien ( ng/ml )

Fig. 1. Effect of angiotensin I on basal and CRF-induced ACTH release in pituitary cell cultures.
Angiotensin II at 0.03 and 30ng/ml induced slight ACTH release (+ p<0.05). *p<(0.05 vs the a-
mount of ACTH released by CRF alone. All data are presented as the mean + SEM.
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Fig. 2. Effect of norepinephrine (NE) on basal and CRF-induced ACTH release in pituitary

cell cultures. Norepinephrine at 0.3-30ng/ml induced statistically significant (+ p<0.05) ACTH
release compared to the control group. **p<0.01 vs the amount of ACTH released by CRF alone.

CRF +Ep =
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Fig. 3. Effect of epinephrine (Ep) on basal and CRF-induced ACTH release in pituitary cell
cultures. Epinephrine at 0.3-30ng/ml induced statistically significant (4 p<0.05) ACTH release
compared to the control group. *p<0.05 vs the amount of ACTH released by CRF alone.

induced ACTH release (Fig. 1).
Effect of catecholamines on CRF-induced ACTH release. Norepinephrine and epi-
nephrine at 0.3-30 ng/ml induced significant ACTH release (p<(0.05), but the
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I Fig. 4. Effect of dopamine on basal and CRF -

induced ACTH release in pituitary cell cultures. Dop-
T amine at 0.3-30 ng/ml did not induce ACTH release.
i CRF+ Dopamine *p<0.05, ¥*p<0.01 vs the amount of ACTH released
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§ Fig. 5. Effect of corticosterone (Comp. B) on
o 3.0F synthetic ovine CRF (10 ng/ml)-induced ACTH re-
3 lease in pituitary cell cultures. Histograms and bars
& 0 represent the mean + SEM. *p<0.05, **p<0.01 vs
5 the amount of ACTH released by CRF alone.
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responses were not dose-related. They greatly potentiated CRF-induced ACTH
release (Figs. 2, 3). Dopamine at 0.03-30 ng/ml did not induce a significant
ACTH release, but suppressed CRF-induced ACTH release (Fig. 4).

Effect of corticosterone on CRF-induced ACTH release. Corticosterone at 1077 and
107°M suppressed CRF-induced ACTH release in a dose-related manner (Fig. 5).

DISCUSSION
Many investigators have reported that synthetic ovine CRF is a potent

stimulator of ACTH release i vivo and in wvitro (4, 6, 7). On the other hand,
some neurogenic peptides and neurotransmitter substances, such as arginine vas-
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opressin, oxytocin, angiotensin II, epinephrine and norepinephrine, have been
shown to have slight CRF-like activity (8-10). A variety of in vitro and in wvivo
studies have also suggested that the action of physiological CRF may be modu-
lated by glucocorticoid (8, 11, 12). Vasopressin, which has CRF activity (8, 13, 14),
appears to potentiate the effect of synthetic ovine CRF on ACTH release by isolated
pituitary cells (15). We have shown that arginine vasopressin produces a syner-
gistic effect on CRF-induced ACTH release and that the preincubation of pituitary
cells with synthetic ovine CRF enhances subsequent AVP-induced ACTH release
(16).

Maran and Yates observed that intrapituitary infusion of angiotensin Il
caused an increase in cortisol in dogs (17). In the present examination, angio-
tensin II was shown to be a slight ACTH secretagogue and at 0.3 and 30 ng/ml
showed an additive effect on CRF-induced ACTH release. Angiotensin I may
have some effect on ACTH release in vivo under the influence of authentic CRF.

Previous reports showed that peripheral administration of epinephrine in-
creased plasma ACTH levels in rats (18). A stimulatory effect of catecholamines
on ACTH release at the pituitary level was demonstrated in in vitro experiments
(19). In the present examination, epinephrine and norepinephrine stimulated
ACTH release in pituitary cell cultures, but less than synthetic ovine CRF. How-
ever, they produced a synergistic effect on CRFinduced ACTH release. Vale et
al. also reported that both catecholamines acted additively with CRF to stimulate
ACTH release (20).

Dopamine did not show any significant effect on ACTH basal release at 0.3,
3, 30 ng/ml, but suppressed CRE-induced ACTH release. We previously reported
(2) that dopamine at 10 ng/ml reduced ACTH release induced by median emi-
nence extracts and that its suppressive effect was not dose-dependent. The dis-
crepancy between our present and previous results may be ascribed to the dif-
ference in the CRF materials used.

Corticosterone at 1077 and 10 *M suppressed CRF-induced ACTH release.
We previously reported that corticosterone at 107*M inhibited ACTH release in-
duced by median eminence extracts or arginine vasopressin in a superfusion
system (21). Vale e/ al also reported that dexamethasone and corticosterone
inhibited ACTH /S-endorphin secretion induced by synthetic ovine CRF in vivo
and in vitro (6, 20). It is probable that glucocorticoids exert at least a part of
their negative feedback effects directly on the anterior pituitary corticotropic cells.

The present results suggest that pituitary ACTH secretion is controlled prin-
cipally by CRF and glucocorticoid. Our present and former results also suggest
that ACTH secretion is modified by other substances such as vasopressin, angio-
tensin II and catecholamines at the pituitary level.
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