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IT IS now well established that the function of the pituitary is modulated by the hypo- 
thalamus (Ht) (HARRIS, 1970). In this paper we shall discuss the role of catechol- 
aminergic mechanism on the alteration of the release of luteinizing hormone releasing 
hormone (LH-RH), follicle-stimulating hormone releasing hormone (FSH-RH), and 
prolactin release inhibiting hormone (PR-IH), which in turn regulates the release of 
luteinizing hormone (LH), follicle-stimulating hormone (FSH) and prolactin. In vitro 
and in vim experiments have been applied to the problem. Hormones were measured 
by radioimmunoassays. 

In the initial experiments, we measured monoamine oxidase activity (MAOA) 
in the entire Ht and different Ht regions, in the amygdala and cerebral cortex of male 
and 4 day cyclic female rats, using radioisotopic methods (KAMBERI and KOBAYASHI, 
1970). 

As shown in Fig. 1, measurements of MAOA in the Ht and amygdala demon- 
strated cyclic changes during the estrous cycle. Extracts from the whole Ht show a 
peak of activity at Pl of the day of proestrus. A dramatic fall in MAOA occurred in 
the afternoon of the day of proestrus (P3). Subsequently, there was a smaller peak of 
MOAO on the day of estrus. Lowest levels occurred at P3, Df and M2. The amyg- 
dala, also showed cyclic changes with an increase at Pl and peaking at P2 on the day of 
proestrus. The cerebral cortex possessed much lower levels of MAOA and showed no 
cyclic changes (Fig. I). Cyclic changes were found when various Ht zones were dis- 
sected and measured individually. The median eminence showed the highest activity 
throughout the cycle, mirroring the levels of MAOA of the whole Ht. MAOA in 
other Ht-zones (anterior, lateral, posterior) was considerably less. No cyclic changes 
in MAOA have been found in the Ht of male rats (KAMBERI and KOBAYASHI, 1970). 

Number of studies recently have shown that 17p-estradiol is a major ovarian 
hormone responsible for preovulatory release of gonadotropins. Recently we have 
found that cr-methylthyrosine, an inhibitor of CA synthesis, when injected to the 4 day 
cycling rats, in the morning of the day of diestrus (D2) prior to the day of proestrus, 
affectively inhibited the proestrus rise in 17&estradiol, abolished cyclic changes in 
MAOA in the Ht and amygdala during the day of proestrus (Fig. l), and prevented 
proestrus surge of gonadotropins. This result suggests that CA are involved in reg- 
ufation of secretion of gonadotropins, but do not specify which of the CA are in 
question. 

In our further work, we decided that these results would have to be supplemented 
by further experiments, before the role of CA as synaptic transmitters could be con- 
sidered established. For this purpose different CA compounds and CA-depleting or 

703 



104 I. A. KAMBERI 

6- 

A FC (7) 

A LC (7) 
l Ht 
OAm(5) 

01 ’ ’ 
DI 0, 
I 

0 

I II I I I I L 
9 4 p3 5 E2 4 M2 DI 
I I I I 

24 48 72 96 
Time (hours) 

Rat Estrous Cycle Periods 

FIG. I.-Brain monoamine oxidase activity during the estrous cycle. The number 
of rats analysed is in brackets; each point represents the mean f SEM. Abbreviations: 
FC, frontal cortex; LC, lateral cortex; Ht, hypothalamus; Am, amygdala; D, diestrus; 
P, proestrus; E, estrus; M, metestrus; Dl, Pl, El, Ml = 10 a.m.; D2, P2, E2, M2 = 

3 p.m. ; P3 = 6-7 p.m. (From KAMBERI and KOBAYASHI, 1970.) 

adrenergic blocking agents were applied to the problem under in vitro and in vivo con- 
ditions (KAMBERI, 1973a, b). It was found that, of the CA, epinephrine and norepine- 
phrine in relatively higher dose levels (5-100 lug) and dopamine in lower doses (~1 
rg) had a stimulatory effect on release of LH, FSH, and an inhibitory effect on the 
release of prolactin (UMBERI et al., 1970a, b; 1971a, b). The effect of CA on LH, 
FSH, and prolactin release were observed only when anterior pituitary halves have 
been co-incubated in the presence of ventral hypothalamic fragments or CA were 
administered intraventricularly. The CA precursor, r_-3,4_dihydroxyphenylalanine 
(r_-dopa), injected systemically, also stimulated the release of gonadotropin and 
inhibited the release of prolactin (KAMBERI, 1973a, b). The effects of CA tested were 
actually on the discharge of hypothalamic hypophysiotropic hormones, since we have 
demonstrated that LH-RH, FSH-RH, and PR-IH activities in hypophysial portal 
blood (KAMBERI et al., 1969; 197Oc, d; 1971~) were elevated after intraventric- 
ular injection or co-incubation of pituitary halves in presence of hypothalamic frag- 
ments (KAMBERI et al., 1970b). Conversely, no effect was observed when CA agenJs 
were infused directly into anterior pituitary via a cannulated hypophysial portal 
vessel or were incubated in the presence of anterior pituitary halves alone (KAMBERI 

et al., 1970a, b; 1971a, b, c). It was found that this effect of CA on release of LH-RH, 
FSH-RH and PR-IH, could be potentiated, when clonidine-HCl, a noradrenergic 
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stimulating agent, is simultaneously administered with the CA. It is tempting to 

postulate that CA can enter the intracellular pool of the hypothalamus, be taken up by 
adrenergic nerve terminals, and subsequently re-released as norepinephrine or some 
other active monoamine metabotite, through which the discharge of LH-RH, FSH- 
RH and PR-IH is effected. Furthermore, this stimulatory effect of CA on the release 
of LH-RH, FSH-RH and PR-IH is linked to the a-adrenergic receptors of the hypo- 
thalamus. This is supported by our finding that administration of phenoxybenzamine, 
an a-adrenergic blocking agent along with CA, prevented the response seen with CA 

alone, whereas administration of pronethalol, a @-adrenergic blocking agent, with CA 
failed to do so (KAMBERI et a/., 1970b, e). 

SUMMARY AND COMMENTS 

From these experiments, it is clear that catecholaminergic mechanism is involved in 
the control of gonadotropin and prolactin secretion. In both in viva and in citm 

studies, relatively small doses of dopamine and large doses of norepinephrine or 
epinephrine, induced the release of FSH and LH and inhibited prolactin. The release 
of these hormones is mediated through the hypothalamus, secondary to a discharge of 
FSH-RH, LH-RH and PR-IH, and this effect seems to be linked to the a-adrenergic 

receptors of the hypothalamus. 
However, other investigators are not in uniform agreement with the above action 

of catecholamines on the release of FSH-RH, LH-RH and PR-IH. FUXE and 

H~KFELT (1969) on the basis of their fluorescence microscopic data suggest that 
dopamine has an inhibitory effect on LH-RH release and a stimulatory effect on 

PR-IH. The recent results of Hale and SYMINGTON (1972) may help to explain these 
divergent findings. They found that dopamine stimulates the release of FSH from 
pituitaries incubated in the presence of whole hypothalami, whereas dopamine sup- 
pressed gonadotropin release from pituitary tissue incubated in the presence of stalk 
median eminence only, These findings suggest that two different mechanisms con- 
cerning the gonadotropin release may exist. One which involves the perikaryons of the 
Ht-hypophysiotropic hormone (HHH) secreting neurons upon which dopamine or 
catecholamines have a stimulatory action, the other may involve the nerve terminals of 
the HHH secreting cells upon which dopamine or catecholamines have an inhibitory 
effect. If so, discrepancies in results obtained by us using physiological-biochemical 
techniques, with those reported by Fuxe and his associates, using histofluorescence 
microscopy, can be easily explained, Namely, intraventriciIlar injection of dopamine 
in our experiments causes an increase of dopamine in the perikaryons of HHH secret- 
ing neurons, which could be reflected in a decrease of dopamine in nerve terminals, as 

observed by Fuxe and his associate. It is interesting to note, however, that more recent 
results of LICHTENSTEICER (1973) similarly using histofluorescence microscopy, are not 
in agreement with the data of FUXE and %KFELT (1969). 
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