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CRITICAL REVIEW

MONOAMINERGIC REGULATION OF GROWTH HORMONE
SECRETION IN RATS

Kazuo CHIHARA, M. D.

Third Division, Department of Medicine
Kobe University School of Medicine
Kobe, Japan

In recent years evidence has been accumulated which suggests an important
role of brain biogemic amine in regulating the secretion of growth hormone (GH)
in man and animals. However, the exact mechanism by which brain monoamines
participate in regulating GH secretion remains unclear. To study further these
problems, proper animal models are required, although species differences must be
always considered. In this article, I want to describe the effect of various drugs
which may affect brain monoamines on plasma GH levels in rats with hypothalamic
surgery and to discuss possible roles of monoamines in the regulation of GH secre-
tion.

The Rat as an Animal Model for Studying the Regulation of GH Release.

Although primates are the most preferable animal model for the study of the
regulatory mechanism of pituitary hormone secretion, they are expensive and usually
difficult to be handled. Rats have been used in this field due to several advantages,
especially availability of radioimmunoassay of GH and easiness of handling. One
of the difficulties in studying the regulation of GH secretion in rats is the remarkable
variability from animal to animal in plasma GH levels, when they are decapitated while
awake.?** 7  Kato et al.?® have demonstrated that plasma rat GH showed the lowest
basal values with least variability under urethane anesthesia. We confirmed this
observation and, therefore, all experiments in the present study were performed under
urethane anesthesia according to the experimental procedure shown in Table 1.

Table 1 Experimental protocol.

Time Event

—30 min Intraperitoneal injection of urethane (150 mg/100 g, body wt.)

—15 min Preparation of the jugular vein

— 1 min Withdrawal of pretreatment blood sample from the right jugular vein
0 min Injection of test material into the left jugular vein
10 min Withdrawal of the second blood sample from the right jugular vein
20 min Withdrawal of the third blood sample
40 min Withdrawal of the fourth blood sample
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Plasma rat GH was measured by specific radioimmunoassay using talcum powder
(Table 2) which is detectable as little as 1.0 ng/ml of rat GH (Fig. 1).

Table 2 Radioimmunoassay procedure of rat GH.

Using 1.5X10.5 cm test tubes, the following solution are added in order
and mixed by gentle shaking.

0.2 ml 2% BSA in Phosphosaline (pH 7.6)

0.1 m! Hypophysectomized Rat Plasma (or Sample)

0.1 ml Rat GH Reference Preparation

(or Buffer only)

0.1 m! Anti-Rat GH Serum
Incubation at 4° C for 24 hrs.

0.1 ml 123I-Rat GH
Incubation at 4° C for 72 hrs.

0.2 m! Human Pooled Serum

1.7 ml Talc Solution (200 mg in 0.07 M Barbital Buffer, pH 8.6)
Mixture of the content.
Centrifugation at 2500 rpm for 30 minutes.
Decantation into the second set of numbered tubes.

Count of both supernatants and precipitates in the auto gamma-counter.

]_01 10 b

B/,.- Monkey Arti RGH Serum B/F Rabbit Arti RGH Serum
( NIAMD-Rat GH-S-1) (Kobe-R-1-3)

1:6x 10*

0 10 50 10 0 10 50 100
RGH "l RGH "/l

Fig. 1 Typical standard curves of radioimmunoassy for rat GH
using two different antisera. Anti-rat GH serum (Kobe-
R-1-3) was produced in a rabbit by weekly injections of
rat GH (NIAMD-RatGH-B-1) with complete Freund’s
adjuvant. NIAMD-RatGH-I-1 and NIAMD-RatGH-RP-1
were used for iodination with 125] and as reference pre-
paration, respectively.
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Effects of Various Catecholaminergic Agents on Rat GH Release.

Stimulating and inhibiting effects of various adrenergic agents on plasma GH
suggest the participation of the catecholaminergic mechanism in the regulation of GH
secretion in the rat,?” although adrenergic receptor mechanisms were reciprocal
between the rat and man.%» 4 ¥

We observed that the intravenous injection of isoproterenol, a beta-adrenergic
stimulating agent, raised plasma GH, which was inhibited by propranolol, a beta-
adrenergic blocking agent, in the rat (Fig. 2). These findings are in agreement with
the previous report.?® In contrast, propranolol stimulates GH secretion in man.?s 2®
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Fig. 2 The left panel shows effect of isoproterenol (50 pg/100 g,
iv) alone or with propranolol (200 2g/100 g, iv) on plasma
rat GH. The right panel shows effect of phentholamine
(500 pg/100g, iv) alone or with methoxamine (500 pg/
100 g, iv) on plasma rat GH. Means+SE are shown. The
number of animals in each group is indicated in paren-
theses.

The intravenous injection of phentolamine, an alpha-adrenergic blocking agent, caused
a significant increase in plasma GH in the rat, which was suppressed by methoxamine
(Fig. 2) and phenylephrine,*” alpha-adrenergic stimulants, whereas phentolamine in-
hibited GH release in man.”’

Chlorpromazine (CPZ) administration depresses GH secretion in man.??» 3%
We?® confirmed, however, that intravenous injection of CPZ in the rat caused a
significant and dose-related increase in plasma GH,*™ as shown in Fig. 3. CPZ is
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Fig. 3 Plasma rat GH responses to intravenous injections of vary-
ing doses of chlorpromazine (CPZ). Means+SE are shown.
The number of animals in each group is indicated in paren-
theses.

known to block dopamine receptors??: #1’ and alpha-adrenergic receptors in the central
nervous system.® As shown in Fig. 4, we observed that stimulation of GH release
by CPZ was significantly inhibited by the concomitant injection of either phenyl-
ephrine, alpha-adrenergic stimulant, or L-dihydroxyphenyl alanine(L-dopa), a precursor
of dopamine. The suppressive effect of L-dopa on CPZ-induced GH release is in
agreement with the previous report?” and also support the observation that the
intraventricular injection of dopamine depressed plasma GH levels in rats.'® It is
possible, therefore, that stimulation of GH secretion by CPZ in the rat is caused
through the blockade of dopaminergic or alpha-adrenergic receptors.
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Fig. 4 Effect of phenylephrine (30 1g/100 g, iv) (left panel) and
L-dihydroxyphenylalanine (L-dopa, 1 mg/100 g, iv) (right
panel) on plasma rat GH rises induced by CPZ (200 pg/
100 g, iv), respectively. Means+SE are shown. The
number of animals in each group is indicated in paren-
theses.

Effects of Central Catecholamine and Serotonin Depletors on Plasma Rat GH
Response to CPZ.

Plasma rat GH response to CPZ was significantly blunted after the pretreat-
ment with reserpine or alpha-methyl-p-tyrosin («-MT) in our studies (Fig. 5).
Reserpine depletes both catecholamines and serotonin in the brain.'® «-MT inhibits
the action of tyrosine hydroxylase, the rate-limiting enzyme in the biosynthesis of
brain catecholamines, thus depleting dopamine and norepinephrine in the central
nervous system.®®

In contrast, we observed that CPZ-induced increases of plasma rat GH were
not suppressed either by the simultaneous injection of 5-hydroxytryptophan (5-HTP),
a precursor of serotonin, nor by pretreatment with para-chlorphenylalanine (PCPA),
an inhibitor of tryptophan hydroxylase, which caused a decrease of brain serotonin
levels?® (Fig. 6).
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Fig. 5 Effect of reserpine (0.3 mg/100 g, ip, 17 h before CPZ injection) (left panel)

and a-methyl-p-tyrosine (a-MT, 10 mg/100 g, ip, 16, 12 and 6 h before CPZ
injection) (right panel) on plasma rat GH rises induced by CPZ (500 pg/
100 g, iv), respectively. Means - SE are shown. The number of animals
in each group is indicated in parentheses.
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Fig. 6 Effect of para-chlorphenylalanine (PCPA, 15 mg/100 g, ip, 40 and 16 h

before CPZ injection) and 5-hydroxytryptophan (5-HTP, 5 mg/100 g, ip.
16 and 3 h before CPZ injection) on CPZ {200 pg/100 g, iv)-induced rat
GH release. Means+SE are shown. The number of animals in each
group is indicated in parentheses.
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These findings suggest that catecholamines, but not serotonin, in the brain
are involved in CPZ-induced rat GH secretion.

Effects of Hypothalamic Surgeries on Plasma GH Responses to CPZ.

In order to study further the site of action of CPZ, the medical basal hypo-
thalamus (MBH) was stereotaxically deafferentated or ablated and then plasma GH
responses to CPZ was studied.

Deafferentation of the MBH was performed with a modification of the Halasz’s
knife'™ (1.5 mm lateral X1.5 mm vertical), as described previously.® 2% Complete
ablation of the MBH was performed by a modification?s 2% of the method described by
Arimura et al.,® using a stirrup-shaped knife (3.0 mm diameter X 2.0 mm vertical)
to interrupt the vascular supply from the ventral surface of the brain.

We observed that rats with hypothalamic deafferentations (complete, anterior
and antero-lateral cuts) showed higher basal levels and greater responses of plasma
GH to CPZ compared with results in sham-operated control rats®s 23 (Fig. 7).
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Fig. 7 Effects of various hypothalamic cuts on basal levels of
plasma rat GH and the maximum increments of plasma
rat GH (ARGH) after injection of CPZ (200 pg/100 g, iv).
Means+SE are shown. The number of animals in each
group is indicated in parentheses.

In contrast, plasma GH responses to CPZ were smaller in rats with posterior and
postero-lateral cuts than in control rats. These results suggested the existence of
the extrahypothalamic influences on the regulation of rat GH secretion: the inhibi-
tory influence on GH secretion reaches the MBH through anterior neural pathways,
whereas the stimulating influence possibly reaches from the posterior.

177



K. CHIHARA, M.D.

cpPz

ol Lo

— N [}

[S ~ 1

< 120 ’,

2 = i

c i
~ 100 1 'l
. !

z ,'
(O] 80— i
] !
i ]

o 604 Deafferentation ',
| (8) ,
c g4 !
[ ] 1
o 40 S !
. S

20 {»-——-{*”'
d Hypothalamic Ablation (10)
O T H T T T 1
0 10 20 40 50 60
min

Fig. 8 Plasma GH responses to CPZ (200 pg/100 g, iv) in rats
with complete deafferentation and ablation of the hypothal-
amus. In rats with hypothalamic ablation, prostaglandin
E1 (PGE1, 5 #g/100 g, iv) was given at 40 min after CPZ
injection. Means+SE are shown. The number of animals
in each group is indicated in parentheses.

Our findings that CPZ injection caused GH release even in rats with the MBH
neurally isolated from the surrounding hypothalamus suggest that CPZ acts either
However, plasma GH

on the isolated island of MBH or on the pituitary or both.
responses to CPZ were significantly blunted in rats with extensive hypothalamic
The pituitary gland is considered to be functionally intact

ablation?s 2% (Fig. 8).
in these animals since prostaglandin E; raised plasma GH in rats with hypothalamic
These results strongly

ablation, probably by acting directly on the pituitary gland.
suggest that CPZ acts at the level of the MBH in regulating rat GH release.

Effects of Drugs Influencing Brain Catecholamine Levels on Rat GH Release.

In order to examine further the relationship between hypothalamic catechol
amines and rat GH release, a-MT, a central depletor of catecholamines, was admin-
istered into rats with complete deafferentation or ablation of the hypothalamus and
in control rats with sham operation.

In our studies,’® pretreatment with a-MT caused significant increases of

plasma GH in rats with complete deafferentation as well as sham operation (Fig. 9),
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Fig. 9 Effects of pretreatment with «-MT (10 mg/100 g, ip, 16,
12 and 6 h before blood sampling) on plasma rat GH in
rats with sham operation, complete deafferentation and
hyrothalamic ablation. Means+=SE are shown. The
number of animals in each group is indicated in paren-
theses.

supporting the hypothesis that catecholamines in the MBH are involved in the secre-
tion of GH in rats. Since norepinephrine, but not dopamine, is known to decrease
considerably in the MBH isolated by deafferentation,?® 3% the stimulating effect of
a-MT on plasma GH may be explained by the depletion of dopamine which is assumed
to inhibit GH secretion. The important role of depamine of the MBH in regulating
GH release was further endorsed by our findings'® that markedly elevated levels of
plasma GH in o-MT pretreated rats with complete deafferentation were decreased
following the injection of L-dopa, but not by DL-erythro-dihydroxyphenylserine (DL-
dops) (Fig. 10). Since L-dopa restores dopamine and norepinephrine levels'® and
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Fig. 10 Effects of L-dopa (20 mg/100 g, ip, 2 h before blood
sampling) and DL-erythro-dihydroxyphenylserine (DL-
dops, 10 mg/100 g, ip, 2 h before blood sampling) on plasma
GH levels in completely deafferentated rats with a-MT
pretreatment. Mean#SE are shown. The number of
animals in each group is indicated in parentheses.

DL-dops is postulated to restore only the norepinephrine content,'® we can assume
that dopamine has a tonic inhibitory influence on GH secretion in rats and that CPZ
stimulates GH release by antagonizing the action of dopamine.

Effects of Somatostatin (GIF) and Thyrotropin-Releasing Hormone (TRH) on Rat
GH Release Induced by CPZ.

GH secretion from the pituitary has been believed to be regulated by dual
mechanisms, namely GH releasing factor (GRF) and GH inhibiting factor (GIF),
somatostatin. The structure of GRF and its localization in the brain have not been
clarified yet, whereas somatostatin has been isolated from the hypothalamus of the
sheep and identified as a tetradecapeptide.®’
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As shown in Fig. 11, we observed that somatostatin inhibited plasma GH
responses to both CPZ and isoproterenol.2#» 24> Since somatostatin was reported to
be localized in nerve endings mainly in the median eminence and the ventromedial
nucleus, and in nerve cell bodies of the supraoptic area of the hypothalamus,?:18:32
stimulation of GH release induced by CPZ and isoproterenol may be caused by a
decrease of somatostatin release from the hypothalamus. However, the possibility
that GRF is the mediator of the hypothalamus in GH release induced by these agents
can not be ruled out completely.
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} 60 DL-Isoproterenot _
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+ Somatostatin (5) e
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Fig. 11 Effects of somatostain (5 #g/100 g, iv) on plasma rat GH
responses to isoproterenol (100 pg/100 g, iv) or CPZ (100
¢g/100 g, iv). Means*+SE are shown. The number of
animals in each group is indicated in parentheses.

Very recently, the role of thyrotropin-releasing hormone (TRH) in regulating
GH release in rats was proposed.l’» '?: 220 We observed that the intravenous injec-
tion of TRH caused a dose-related increase in plasma GH in a range from 0.04 to 3 pg
/100 g body wt in rats.?® TRH stimulates GH release in the rat by possible direct
action on the pituitary gland, since enhancement of GH release by TRH was observed
even in rats with extensive hypothalamic ablation in our studies.' We also found that
plasma GH responses to the intravenous injection of CPZ (200 png/100 g body wt)
were significantly augmented by the concomitant intravenous injection of TRH in a
dose of 3 g/100 g body wt (Fig. 12). However, a larger dose of TRH (25 1g/100 g
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Plasma GH responses to TRH (3 pg/100 g, iv), TRH with

chlorpromazine (200 #g/100 g, iv) and chlorpromazine
alone in rats. Means+SE are shown. The number of

animals in each group is indicated in parentheses.

Fig. 12

body wt) injected intravenously with CPZ caused a significantly smaller increase in
plasma GH than did smaller doses of TRH (0.2 and 3 pg/100 g body wt) with CPZV
(Fig. 13). Furthermore, we demonstrated that TRH in relatively smaller doses (0.02
and 0.2 pg/100 g body wt) injected into the lateral ventricle significantly inhibited
CPZ-induced GH release'?’ (Fig. 14). Brown and Vale™ have also reported that
plasma GH rise induced by morphine and pentobarbital was inhibited by TRH iz

vivo, although TRH failed to inhibit prostaglandin E: induced GH release from en-
zymatically dispersed anterior pituitary cells n witro. These results suggest that
TRH exerts its inhibitory action on GH release through the central nervous system.
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Fig. 13 Plasma rat GH responses to intravenous injections of
different doses of TRH (3 and 25 xg/100 g) with CPZ
(200 g/100 g, iv). Means +SE are shown. The number
of animals in each group is indicated in parentheses.

The exact mechanism by which TRH inhibits CPZ-induced GH secretion
remains to be investigated. CPZ caused GH release, possibly by antagonizing the
dopaminergic neurons or receptors in the MBH.1!® 1720  TRH enhanced the
behavioral effects of L-dopa in pargyline treated mice®® and stimulated the conver-
sion of L-1*C-tyrosine to **C-norepinephrine.?¥’ It is possible, therefore, that TRH
stimulates catecholamine synthesis and/or enhances the action of catecholamines in
the hypothalamus, thus leading to an inhibition of GH secretion in rats. An alternate
explanation is that TRH may act through the cholinergic mechanisms. The inhibitory
effect of TRH on pentobarbital induced sleep and hypothermia was known to be
blocked by atropine.®’ Since nicotine, a cholinergic agent, showed an inhibitory effect
on GH secretion in rats in our studies,?* cholinergic mechanisms may participate
in the inhibition of GH release by TRH.
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Fig. 14 Effect of intraventricular injection of TRH (0.02 and 0.2
#g/100 g) on plasma rat GH release induced by CPZ (200
7g/100 g, iv). Mean+SE are shown. The number of
animals in each group is indicated in parentheses.

ACKNOWLEDGMENTS

The author is indebted to Professor Hiroo Imura, Dr. Yuzuru Kato and Dr.
Shozo Ohgo for their valuable suggestions, encouragements and co-workings. I am
grateful to Dr. Fumihiko Kobayashi for the valuable technical advice in hypothalamic
surgery, and Mr. Hiromasa Komatsu for the excellent technical assistance in histolo-
gical studies. I also thank the National Institute of Arthritis, Metabolism and
Digestive Diseases, Rat Pituitary Hormone Program, for supplying with materials
for radioimmunoassay of rat GH.

184



MONOAMINES AND RAT GH RELEASE

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Alpert, L. C., Brawer, J. R, Patel, Y. C. and Reichlin, S. Endocrinology. 1976.
98. 255/258. Somatostatinergic neurons in anterior hypothalamus : Immunohisto-
chemical localization.

Arimura, A., Dunn, J. D. and Schally, A. V. Endoerinology. 1972. 90. 378/383.
Effect of infusion of hypothalamic extracts on serum prolactin levels in rats treated
with nembutal, CNS depressants, or bearing hypothalamic lesions.

Blackard, W. G. and Heidingsfelder, S. A. J. Clin. Invest. 1968. 47. 1407/1414.
Adrenergic receptor control mechanism for growth hormone secretion.

Boyd, A. E., Lebovitz, H. E. and Pfeiffer, B. N. Engl. J. Med. 1970. 283. 1425/
1429. Stimulation of human growth hormone secretion by IL-dopa.

Brazeau, P., Vale, W., Burgeus, R., Ling, N., Butcher, M., River, J. and Guillemin,
R. Scinence. 1973. 179. 77/79. Hypothalamic polypeptide that inhibits the secre-
tion of immunoreactive pituitary growth hormone.

Breese, G. R, Cott, J. M., Cooper, B. R, Prange, A. ], Lipton, M. A. and
Plotnikoff, M. P. J. Pharmacol. Exp. Ther. 1975. 193. 11/22.  Effects of
thyrotropin-releasing hormone (TRH) on the actions of pentobarbital and other
centrally acting drugs.

Brown, M. and Vale, W. Endocrinology. 1975. 97. 1151/1156. Growth hormone
release in the rat: Effects of somatostatin and thyrotropin-releasing hormone.
Carlson, A. and Lindgvist, M. Acta. Pharmac. Tox. 1963. 20. 140/144. Effect
of chlorpromazine or haloperidol on formation of 3-methoxytyramine and nor-
metanephrine in mouse brain.

Chihara, K., Kato, Y., Ohgo, S. and Imura, H. Endocrin. Jap. 1975. 22. 105/109.
Studies on the mechanism controlling growth hormone release induced by chlor-
promazine in the anesthetized rat.

Chihara, K., Kato, Y., Ohgo, S. and Imura, H. Neuroendocrinology. 1975. 18,
192/203. Effects of drugs influencing brain catecholamines on GH release in rats
with hypothalamic surgery.

Chihara, K., Kato, Y., Ohgo, S., Iwasaki, Y., Abe, H., Maeda, K. and Imura, H.
Endocrinology, 1976. 98. 1047/1054. Stimulating and inhibiting effects of thyro-
tropin-releasing hormone on growth hormone release in rats.

Chihara, K., Kato, Y., Ohgo, S., Iwasaki, Y., Maeda, K., Miyamoto, Y. and Imura,
H. Endocrinology. 1976. 98. 1396/1400. Effects of hyperthyroidism and hypothy-
roidism on rat growth hormone release induced by thyrotropin-releasing hormone.
Collu, R, Farschini, F., Visconti, P. and Martini, L. Endocrinology. 1972. 90.
1231/1237. Adrenergic and serotoinergic control of growth hormone secretion in
adult male rats.

Corrodi, H. and Hanson, L. C. F.  Psychopharmacologia. 1966. 10. 116/125.
Central effects of an inhibitor of tyrosine hydroxylation.

Creveling, C. R, Daly, J., Tokuyama, T. and Witkop, B. Biochem. Pharmacol.
1968. 17. 65/70. The combined use of a-methyltyrosine and threo-dihydroxy-
phenylserine——selective reduction of dopamine levels in the central nervous
system.

185



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

31.

32.

186

K. CHIHARA, M.D.

Dahlstrém, A., Fuxe, K. and Hillarp, N. A. Acta. Pharm. Trox. Kbh. 1965. 56.
72/96. Site of action of reserpine.

Halasz, B. and Pupp, L. Endocrinology. 1965. 77. 553/562. Hormone secretion
of the anterior pituitary gland after physical interruption of all nervous pathways
to the hypophysiotropic area.

Hokfelt, T., Efendic, S., Johansson, O., Luft, R. and Arimura, A. Brain Res.
1974. 80. 165/169. Immuno-histochemical localization of somatostatin (growth
hormone release-inhibing factor) in guinea pig brain.

Imura, H., Kato, Y., Ikeda, M., Morimoto, M. and Yawata, M. J. Clin. Invest.
1971. 50. 1069/1079. Effect of adrenergic-blocking or -stimulating agents on
plasma growth hormone, immunoreactive insulin, and free fatty acid levels in man.
Imura, H., Kato, Y., Ikeda, M., Morimoto, M., Yawata, M. and Fukase. M. .
Clin. Endocrinol. Metab. 1968. 27. 1079/1081. Increased plasma levels of growth
hormone during the infusion of propranoclol.

Jonsson, G., Fuxe, K. and Hokfelt, T. Brain Res. 1972. 40. 271/281. On the
catecholamine innervation of the hypothalamus with special reference to the
median eminence.

Kato, Y., Chihara, K., Maeda, K., Ohgo, S., Okanishi, Y. and Imura, H. En-
docrinology. 1975. 96. 1114/1118. Plasma growth hormone responses to thyrotropin-
releasing hormone in the urethane-anesthetized rat.

Kato. Y., Chihara, K., Ohgo, S. and Imura, H. Endocrinology. 1974. 95. 1608/
1613. Effects of hypothalamic surgery and somatostatin on chlorpromazine-
induced growth hormone release in rats.

Kato, Y., Chihara, K., Ohgo, S. and Imura, H. J. Endocr. 1974. 62. 687/688.
Inhibiting effect of somatostatin on growth hormone release induced by isopre-
naline or chlorpromazine in rats.

Kato, Y., Chihara, K., Ohgo, S. and Imura, H. Neuroendocrinology. 1974. 16.
237/242. Effect of nicotine on the secretion of growth hormone and prolactin
in rats.

Kato, Y.. Dupre, J. and Beck, J. C. Clin. Res. 1971. 19. 772. Effects of sampl-
ing conditions and of dibutyryl cyclic AMP on plasma growth hormone in rats.
Kato, Y., Dupre, J. and Beck, J. C. Endocrinology. 1973. 93. 135/146. Plasma
growth hormone in the anesthetized rat: effects of dibutyryl cyclic AMP, pro-
staglandin E(, adrenergic agents, vasopressin, chlorpromazine, amphetamine and
L-dopa.

. Keller, H. H., Bartholini, G. and Pletscher, A. Nature. 1974. 248. 528/529.

Enhancement of cerebral noradrenalin turnover by thyrotropin-releasing hormone.
Koe, B. K. and Weissman, A. J. Pharmacol. Exp. Ther. 1966. 154. 499/516.
P-Chlorophenylalanine: a specific deplector of brain serotonin.

Kolodny, H. D., Sherman, L., Singh, A., Kim, S. and Benjamin, F. N. Engl. J.
Med. 1971. 284. 819/992. Acromegaly treated with chlorpromazine: a case study.
Nyback, H. and Sedvall, G. J. Pharmacol. Exp. Ther. 1968. 162. 294/301. Effect
of chlorpromazine on accumulation and disappearance of catecholamines formed
from tyrosine-'*C in brain.

Pelletier, G., Labrie, F., Arimura, A. and Schally, A. V. Am. J. Anat. 1974. 140.



34.

35.

36.

37.

38.

MONOAMINES AND RAT GH RELEASE

445/450.  Electron microscopic immunohistochemical localization of growth
hormone release-inhibiting hormone (somatostatin) in the rat median eminence.
Plotnikoff, N. P., Prange, A. J., Breese, G. R., Anders, M. S. and Wilson, 1. C.
Science. 1972. 178. 417/418. Thyrotropin releasing hormone: enhancement of
dopa activity by a hypothalamic hormone.

Schalch, D. S. and Reichlin, S. Endocrinology. 1976. 79. 275/279. Plasma
growth hormone concentration in the rat determined by radioimmunoassay: in-
fluence of sex, pregnancy, lactation, anesthesia, hypophysectomy and extrasellar
pituitary transplants.

Sherman, L., Kim, S., Benjamin, F. and Kolodny, H. D. N. Engl. J. Med. 1971.
284. 72/74. Effect of chlorpromazine on serum growth hormone concentration in
man.

Spector, S., Sjoerdsma, A. and Udenfriend, S. J. Pharmac. Exp. Ther. 1965. 147.
86/95. Blockade of endogenous norepinephrine synthesis by a-methyl-p-tyrosine,
an inhibitor of tyrosine hydroxylase.

Takahashi, K., Daughaday, W. H. and Kipnis, D. M. Endocrinology. 1971. 88.
909/914. Regulation of immunoreactive growth hormone secretion in male rats.
Weiner, R. 1., Shryne, J. E.,, Gorski, R. A. and Sawyer, C. H. Endocrinology.
1972. 90. 867/873. Changes in catecholamine content of the rat hypothalamus
following deafferentation.

187





