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ABSTRACT 

To test the hypothesis that the hypothalamic tuberoinfundibu-

lar dopaminergic neuronal system plays a role in the dynamic 

regulation of pituitary prolactin secretion, its activity was 

correlated with experimentally-induced prolactin secretory episodes 

in the male rat. Direct estimates of tuberoinfundibular neuronal 

activity were made by measuring its rates of dopamine and norepineph-

rine synthesis or release. Prolactin secretion was assessed in vivo 

by measuring radioimmunoassayable prolactin levels in peripheral 

blood and the pituitary and in vitro by measuring prolactin concen-

trations released into incubation media. 

The anesthetic urethane and a substance isolated from the 

pineal gland were both demonstrated to inhibit prolactin secretion. 

Significant elevations of newly synthesized tuberoinfundibular 

dopamine were observed concomitant with this decreased prolactin 

secretion suggesting that acute increases in tuberoinfundibular 

dopaminergic neuronal activity were perhaps causally related to 

acute decreases in prolactin secretion since these substances were 

without a direct effect on the pituitary in vitro. Conversely, 

acute decreases in tuberoinfundibular neuronal activity induced by 

dopamine biosynthesis inhibition or mimicked by pituitary receptor 

blockade induced acute increases in prolactin secretion. 

xv 



xvi 

As another prerequisite for its involvement in the dynamic 

regulation of prolactin secretion, the tuberoinfundibular neuronal 

system was demonstrated to be involved in the negative feedback 

control of prolactin over its own secretion. Elevated circulating 

prolactin levels produced by pituitary homografts transplanted 

beneath the kidney capsule accelerated tuberoinfundibular dopaminergic 

neuronal activity. 

In two unrelated experimental conditions, rats rendered 

blind and anosmic or hyperprolactinemic, the chronic inhibition of 

prolactin secretion was not associated with the maintenance of an 

increased tuberoinfundibular neuronal activity, but rather with a 

supersensitivity of the anterior pituitary to the prolactin-release

inhibitory action of dopamine. Long-lasting alterations in tubero

infundibular dopaminergic neuronal activity appeared to induce this 

pituitary supersensitivity to dopamine. 

The tuberoinfundibular neuronal system appears to have the 

capacity to modulate prolactin secretory episodes via the alteration 

of its dopaminergic activity. Long-lasting alterations in this 

activity may induce changes in anterior pituitary sensitivity to 

dopamine essential for the chronic inhibition of pituitary prolactin 

secretion. 



INTRODUCTION 

Control of Prolactin Secretion 

Prolactin (PRL) has long been recognized as a lactogenic 

hormone in a variety of mammals, however, compared to other anterior 

pituitary hormones it has received relatively little attention. It 

was not until 1973, ~Yhen PRL was unequivocally demonstrated to be 

a separate entity from other primate lactogens [1], that a resurgence 

of interest occurred in the mechanisms regulating its secretion. 

This interest has been spurred by many factors. First, the control 

of PRL secretion is unique among pituitary hormones since it is 

achieved predominantly by hypothalamic inhibition of the gland's 

autonomous capacity to secrete PRL. Secondly, the innovation of 

PRL radioimmunoassay has greatly facilitated its quantification in 

blood, and serum levels of PRL have been shown to be altered in many 

clinical and experimental conditions, not necessarily related to 

reproduction. Finally, the list of peripheral effects of this 

hormone has been expanded. Prolactin can no longer be considered 

as a hormone whose effects are exclusively limited to the ovaries 

and mammary glands. 

General History 

The importance of the anatomical relationship between the 

hypothalamus and pituitary gland in the physiological control of PRl 
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secretion was first demonstrated by Everett [2] who reported on the 

hypersecretion of PRL from anterior pituitary glands when isolated 

from the hypothalamus and transplanted beneath the kidney capsule. 

Likewise, isolation of the pituitary from the hypothalamus by 

infundibular stalk section resulted in the hypersecretion of PRL [3]. 

One of the first demonstrations for the existence of a hypothalamic 

factor responsible for the inhibition of PRL secretion was provided 

when hypothalamic acidic extracts inhibited PRL synthesis and release 

in vitro [4]. This in vitro system of Talwalker et al. [4] was 

refractory to neuropharmacological agents such as acetylcholine, 

epinephrine, norepinephrine (NE) , serotonin, histamine, oh7tocin and 

vasopressin. These investigators concluded that the hypothalamus 

contained an unidentified factor(s) responsible for the inhibition 

of PRL secretion. 

Inhibitory effects of hypothalamic extracts on PRL secretion 

in vivo were also demonstrated. The injection of crude hypothalamic 

extracts into male rats via the jugular vein resulted in decreased 

serum PRL levels as early as eight minutes after injection [5]. 

Kamberi ~ a!. [6] provided evidence that systemically administered 

hypothalamic extracts act directly on the pituitary. The infusion of 

such extracts into portal vessels leading to the pituitary resulted 

in a dose-related inhibition of plasma PRL. 

Evidence implicating hypothalamic catecholamines in the 

control of PRL secretion was provided by Ben-Jonathan ~ al. [7] 

who reported that the PRL-inhibiting activity of hypothalamic 



extracts was abolished after pretreatment with rat brain monoamine 

oxidase, an enzyme that inactivates catecholamines. Also, when 

catecholamines were removed by their prior adsorption on alumina 

hypothalamic extracts were rendered devoid of PRL-inhibiting 

activity. The injection of reserpine, a neuropharmacological agent 

which depletes brain catecholamine stores, produced lactation and a 

decreased pituitary PRL concentration in rabbits but failed to 

induce lactation in animals with electrolytic lesions in the 

hypothalamus [8]. These results further implicated catecholamines 

in the control of PRL secretion. 

3 

HBkfelt [9] characterized the tuberoinfundibular dopaminergic 

(TIDA) neuronal system and provided important insight into the 

mechanisms by which the hypothalamus controls the pituitary secretion 

of PRL. Hokfelt described a system of catecholamine containing 

neurons whose cell bodies are located primarily in the arcuate and 

periventricular nuclei of the medial basal hypothalamus (HBH) and 

whose axons project to the external lamina of the median eminence 

and there terminate in close proximity to the capillary plexus of the 

hypophysial portal system. 

Two possible mechanisms of hypothalamic catecholamine action 

on the secretion of PRL have been considered. Catecholamines 

contained in the TIDA neurons may be transported to the pituitary by 

the hypophysial portal vessels and thus affect pituitary PRL secre

tion directly. Alternatively, catecholamines may have an indirect 

effect on the pituitary by acting on the hypothalamus to promote the 
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release of an alternate PRL-inhibiting factor (PIF). Evidence 

exists in support of both of these contentions. 

In support of the first contention Kamberi et a1. [10] demon-

strated that direct perfusion of the pituitary gland with catecho1-

amines through one of the portal blood vessels did not decrease 

plasma PRL levels, whereas the intraventricular infusion of 

catecho1amines did suppress plasma PRL levels. In other studies 

cortical extracts were shown to significantly inhibit PRL release in 

pentobarbito1-anesthetized rats [11]. These cortical extracts were 

without effect in rats with hypothalamic lesions suggesting that the 

active component did not act directly on the pituitary but rather 

caused the release of a hypothalamic factor which in turn inhibited 

secretion by the pituitary. Furthermore, Enja1bert ~ a1. [12] 

demonstrated the existence of PRL-inhibiting activity in hypothalamic 

extracts devoid of catecho1amines, and this activity was not 

antagonized by catecholamine blockers. Non-catecho1aminergic 

substances which inhibited PRL secretion in vitro [13] were also 

found in fractions obtained from porcine hypothalamic extracts. 

Van Maanen and Sme1ik [14] were the first to support the 

alternate contention that "the TIDA neuronal system was directly 

responsible for the neurohormonal control of PRL secretion via the 

release of the inhibitor neurotransmitter into the portal vascula-

ture." Shortly thereafter, several investigations [15-17] 

demonstrated that PRL secretion from pituitaries in vitro was 

inhibited when catecho1amines were added to the incubation media. 
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The physiological significance of the above was questioned because 

the amounts required to inhibit PRL secretion in vitro were 

considerably greater than the catecholamine content of the hypothal

amus. MacLeod et ale [18] proposed that the relatively large amounts 

of catecholamines required for the in vitro inhibition of PRL 

secretion could be explained by the active oxidation of the agents 

by atmospheric oxygen and the presence of pituitary monoamine 

oxidase capable of metabolizing large quantities of catecholamines. 

Shaar and Clemens [19] were the first to demonstrate that physio

logical amounts of catecho1amines inhibited PRL release from 

pituitaries in vitro. Several investigations utilizing the catechol

amine precursor L-dihydroxyphenyla1anine (L-DOPA) obtained results 

which supported the possibility that catecho1amines formed in the 

brain act directly on the pituitary and not at the hypothalamic level 

to inhibit PRL secretion. The administration of L-DOPA, fol10\ving 

its metabolic conversion to dopamine (DA) and norepinephrine (NE) , 

decreased elevated serum PRL levels in rats with destructive lesions 

of the median eminence [20]. This compound was also effective in 

decreasing the elevated serum PRL levels produced by ectopic 

pituitary transplants [21]. Additionally, the inhibition produced 

by L-DOPA in rats with pituitary transplants was prevented if drugs 

were administered that blocked the conversion of L-DOPA to DA in the 

brain. Brown et a1. [22] provided further evidence for a direct 

role of DA on PRL secretion by demonstrating that DA is not able to 

produce post-synaptic effects at the hypothalamic level and, 



consequently is unable to stimulate the release of the proposed 

hypothalamic PIF. Furthermore, they del:lonstrated that post-synaptic 

DA receptors which are absent in the MBH are present in the anterior 

pituitary. 

Dopamine as the Physiological Prolactin-Inhibiting Factor 

Early observations that the administration of drugs which 

modify brain NE concentrations failed to alter PRL secretion [23] 

indicated that DA was the hypothalamic catecholamine involved in the 

inhibition of PRL secretion. Similarly, the lack of an effect on 

PRL secretion after total hypothalamic deafferentation, which 

significantly depletes NE levels in this region [24], implicated DA 

as the hypothalamic catecholamine involved in the inhibition of PRL 

secretion. Since then many lines of evidence have accumulated which 

support this hypothesis. 

6 

The first of these is the demonstrated presence of the amine 

in the blood circulating in the pituitary portal vessels. Dopamine 

has been detected in portal blood draining the MBH [25] at concentra

tions considerably higher than those found in systemic blood [7] and 

the levels of DA in portal blood have been shown to be sufficient to 

inhibit PRL release [26]. Also, levels of DA in portal blood have 

been shown to correlate with certain physiological or pharmacologi

cally induced PRL secretory episodes [7, 27, 28]. The demonstrations 

that pharmacologically elevated or decreased DA levels in animals 

with destructive lesions of the MBH suppressed or stimulated their 
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PRL secretion, respectively, provided additional evidence that DA 

directly inhibits PRL secretion [20, 21, 29, 30]. 

A pituitary site of action suggested by the above data has 

been demonstrated in vitro. Dopamine at concentrations ranging from 

10-9 to 10-6 Inolar has been shown repeatedly to inhibit PRL synthesis 

and secretion by glands taken from male or female animals [31-34]. 

Additionally, DA agonists such as apomorphine and certain ergot 

alkaloids inhibit PRL secretion in vitro [33, 35-37]. Further 

evidence for a direct action of DA at the pituitary level stems from 

infusion experiments. Dopamine infused into hypophysial portal 

vessels significantly inhibited PRL secretion by the pituitary in 

situ [38]. Similarly, DA infused into the renal artery inhibited PRL 

secretion by pituitaries transplanted beneath the kidney capsule [39]. 

Pimozide, haloperidol and other neuroleptic drugs which 

specifically block DA receptors antagonize the effects of DA, or of 

DA agonists, on pituitary PRL secretion [33, 37, 40, 41]. These 

antagonists are for the most part without effect on PRL secretion in 

the absence of DA [33, 40]. 

The identification of a DA receptor site present on cell 

membranes of pituitary PRL-secreting cells from several species 

including the rat [22, 42-29], provided additional evidence that DA 

acts as a physiological PRL-inhibiting factor (PIF). This identifi-

cation was based on the stereoselective, reversible, high affinity-

low capacity binding of labelled DA, dihydroergocryptine, or 

spiperone on crude pituitary membrane preparations. The binding 
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affinity constants observed in these studies correlated reasonably 

well with the lower range of DA concentrations shown to inhibit PRL 

secretion in vitro. In higher concentrations other catecho1amines 

compete with this binding site providing probable explanation for the 

in vitro action of NE and epinephrine on PRL release [15-17]. 

Chronic pharmacological or surgical disruption of normal 

dopaminergic transmission in the central nervous system leads to the 

phenomenon of postsynaptic supersensitivity [50, 51]. The pituitary 

DA receptor system also appears to undergo alterations in sensitivity 

after such treatment. Destruction of the MBH has been sho~vn to 

induce a marked increase in sensitivity of DA receptors to both DA 

and its agonists [52, 53]. Chronic treatment with a1pha

methy1tyrosine (A}IT) , which blocks the rate-limiting enzyme in the 

biosynthesis of DA, results in a supersensitivity of pituitary DA 

receptors [54]. Similarly, La1 et a1. [55] have demonstrated that 

the withdrawal from prolonged haloperidol treatment results in lower 

circulating levels of PRL in male rats. Recently, the number of DA 

receptors has been shown to change significantly during the estrous 

cycle, with the sharpest increase occurring concomitant with the 

proestrous surge of PRL [56]. Median eminence DA turnover is 

decreased in proestrous [57] suggesting that the increase in DA 

receptor number may be related to a decrease in DA levels reaching 

the pituitary. 

Although the existence of DA receptors present on pituitary 

1actotrophs is generally accepted in the literature, relatively few 



investigations were directed towards the actual measurement of 

anterior pituitary DA levels. Histochemical fluorescent techniques 

provided the initial evidence for the presence of catecholamines in 

the anterior lobe [58]. Later enzymatic radioisotope techniques 

demonstrated the specific presence of DA [59]. Anterior pituitary 

DA levels have been shown to fluctuate during the estrous cycle in 

the rat, reaching lowest levels on the afternoon of proestrous [60]. 

Estrogen treatment [61] and the onset of suckling [62] were also 

shown to induce a decrease in anterior pituitary DA levels. An 

elegant experiment, utilizing freely moving, unanesthetized rats 

with catecholamine-sensitive electrodes implanted in the anterior 

pituitary for the electrochemical detection of DA, demonstrated that 

the administration of amphetamine, an agent that increases DA 

release from dopaminergic neurons and inhibits PRL release, leads to 

an increase in DA levels present in the anterior pituitary [63]. 

Posterior Pituitary and Dopamine 

9 

It is generally held that DA released by the TIDA neuronal 

system reaches the anterior pituitary via the long hypophysial portal 

vessels draining the median eminence. Evidence has now accumulated 

suggesting that DA may also reach the anterior pituitary via short 

hypophysial portal vessels which connect with the posterior lobe of 

the pituitary [64, 65]. Axons of TIDA neurons project to and 

terminate not only in the median eminence, but also in the posterior 

lobe of the pituitary [9, 66] and higher levels of DA have been 
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recorded in the posterior lobe than in the anterior pituitary 

[59] . 

The physiological importance of the posterior pituitary 

(short portal vessels) in the regulation of PRL secretion has yet to 

be determined. Posterior lobectomy in anesthetized male rats 

results in an immediate and significant increase in circulating PRL 

levels that is reversed by the injection of DA [67]. Estrous female 

rats subjected to long-term posterior lobectomy were observed to have 

elevated circulating PRL levels which were sufficient to induce 

pseudopregnancy [68]. Ben-Jonathan [69] has suggested that posterior 

lobe DA may plan an important role in the regulating of PRL secretion 

during lactation. She has observed significantly lower posterior 

lobe DA synthesis in lactating rats with suckling pups compared to 

that in lactating rats separated from their pups 18 hours earlier. 

It is possible that DA is synthesized in hypothalamic nuclei 

and only stored in the posterior lobe as is the case with oxytocin 

and vasopressin. The demonstration of the presence of tyrosinp 

hydroxylase [59] and the synthesis of DA from its precursor tyrosine 

de novo [67] in the posterior pituitary provides evidence for its 

independence from total hypothalamic contribution. 

Prolactin-Releasing Factors 

Certain PRL secretory episodes suggest the existence of a 

PRL-releasing factor (PRF), possibly of hypothalamic origin. Rats 

with eleveted PRL levels due to brain catecholamine depletion have 

been shown to respond to stress with a further increase in plasma 
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PRL, suggesting that the release of PRL is not only due to the 

inhibition of PIF release [23]. It also appears that a PRF may be 

involved in the stimulation of PRL release during suckling in lacta-

ting rats [70, 71]. Methanol extracts of rat and porcine pituitary 

stalk-median eminence fragments have been shown to stimulate PRL 

secretion in a dose-dependent manner in male rats pretreated with 

estradiol and progesterone [72]. Recent data demonstrate the 

presence of a factor of hypothalamic origin in the plasma of lacta-

ting rats which is capable of stimulating PRL release .in vitro [73]. 

As yet the identity of a hypothalamic PRF has not been established 

with certainty. Although many substances have been shown to stimu-

late PRL release, most of these appear to act on the hypothalamus to 

modify PIF release. Several substances have been shown to stimulate 

PRL release by a direct action on the pituitary and are candidates 

for the physiological PRF. 

Thyrotropin releasing hormone (TRH) was one of the first 

hypothalamic peptides shown to stimulate PRL release by a direct 

action on the pituitary [74, 75]. Thyrotropin releasing hormone 

has since been shown to be a potent PRF in several animal species 

[76-79] including man [80, 81]. The physiological role of TRH-

stimulated PRL release remains to be clarified. Gautvik et al. [82] 

reported that suckling elevated serum PRL levels were not associated 

with an increase in thyrotropin stimulating hormone, throxine or 

triiodothyronine. Several investigations have reported that 

hypothalamic extracts devoid of TRH still demonstrate PRF activity 



[83-85]. Interestingly, DA and NE have been shown to stimulate the 

in vitro release of TRH from hypothalamic fragments [86]. 
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Vasoactive intestinal peptide (VIP), first identified in the 

digestive tract, is present in the MBH [87] and has been detected in 

significant amounts in hypophysial portal blood [88]. This peptide 

stimulates PRL release in vitro and its mechanism of action appar

ently involves distinct recognition sites on PRL-secreting cells 

[89]. As is the case with TRH, the physiological importance of VIP 

in PRL regulation remains to be determined. 

The existence of PRL-stimulatory effects of opioid peptides 

is now well established [90-93]. However, these substances do not 

exert their effects by a direct action on the pituitary but appear 

rather to induce PRL release by antagonizing dopaminergic inhibition 

[94, 95]. A physiological role for endogenous opioids in the 

control of PRL secretion is now supported since the opioid antago

nists naloxone and naltrexone have been shown to suppress PRL 

release induced by stress [73] or by suckling [96-98]. 

Bombesin, alytesin, ranatensin and litorin [99], arginine 

vasotocin [100], neurotensin and substance P [101] are among a 

number of substances which have been shown to stimulate PRL release 

after intraventricular or intravenous injection. However, only AVT 

was shown to release PRL by a direct action on the pituitary [100]. 

A physiological role for serotonin in the control of PRL 

secretion has been suggested. Serotonin, its precursors 

5-hydroxytryptophan and tryptophan and its agonist quipazine 
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stimulate PRL release when administered to experimental animals 

[102-106], however, not via a direct action on the pituitary [107]. 

Clemens et al. [108] have shown that a serotonergic stimulus released 

considerably more PRL than did treatment with DA synthesis inhibitors 

or DA receptor blockers. They concluded that serotonin releases PRL 

not by inhibiting dopaminergic neurons but rather by stimulating the 

release of PRF. Serotonin receptor blockade and biosynthesis 

inhibition have been shown to significantly block both sleep-induced 

[109] and suckling-induced [110, 111] increases in serum PRL concen

trations. 

Another substance implicated in PRL regulation is histamine 

which, when administered intraventricularly or intravenously, can 

stimulate PRL release in the estrogen-progesterone primed rat [112, 

113]. Histamine's distribution in the brain is similar to that of 

other amines known to modify PRL secretion, with its concentration 

highest in the median eminence [114]. Libertun and McCann [115] 

reported that diphenhydramine, a histaminic receptor blocker, blocks 

stress-induced PRL release. The PRL release stimulating activity of 

neurotensin, substance P and morphine sulfate all appear to involve 

a histaminic pathway [116]. This histaminic path\.;ray is CNS-media ted 

since histamine is inactive at the pituitary level [113]. \\"hether 

histamine plays a significant role in the physiological regulation 

of PRL secretion has yet to be established. 
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Non-Dopamine Prolactin-Inhibiting Factors 

Substances, other than DA which exhibit PRL-inhibiting 

activity, have been extracted from the hypothalamus. The elimination 

of catecholamines from hypothalamic synaptosomal fractions has been 

shown to result in only a partial removal of PRL-inhibiting activity, 

and the remaining activity could not be blocked by DA antagonists 

[12]. These results are in conflict with other reports demonstrating 

that all PRL-inhibiting activity can be removed from hypothalamic 

homogenates by their prior treatment with either alumina or monoamine 

oxidase, an enzyme that inactivates catecholamines [19, 31]. 

Recently, the idea has emerged that gamma-aminobutyric acid (GABA) , 

an inhibitory synaptic transmitter in the central nervous system, is 

at least partially responsible for this activity. High levels of 

GABA will inhibit PRL release from the anterior pituitary in vitro. 

However, the maximum level of PRL inhibition is only approximately 

half of that observed with DA [117]. Lower concentrations of the 

GABA agonist muscimol are effective in inhibiting PRL secretion [118]. 

These inhibitory actions of GABAergic agents in vitro are reversed 

by the GABA antagonists picrotoxin and bicuculline, but not by DA 

antagonists [117, 118]. A relatively high-affinity, saturable 

binding site for [3H]-GABA has been observed in anterior pituitary 

membrane preparations [118], with binding characteristics similar to 

those seen in the cerebral cortex. 

Evidence for an involvement of GABA in the physiological 

regulation of PRL secretion is lacking. The tonic inhibition of PRL 
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secretion does not appear to involve GABA, since injections of GABA 

antagonists not only fail to increase PRL levels in rats but instead 

decrease PRL levels [119]. Taken in concert, these data and in vitro 

data suggest that GAB A may act at the pituitary level to inhibit 

PRL release and at some brain site to stimulate secretion [119]. 

Levels of GAB A in portal blood have not been measured, and it is 

unlikely that concentrations high enough to inhibit PRL secretion 

will exist. High levels of GAB A are found in hypothalamic extracts 

[117], however, the lowest levels of GABA in the brain and the 

enzyme necessary for its synthesis, L-glutamate decarboxylase, are 

found in the median eminence [120]. Furthermore, only a small 

insignificant portion of the PRL-inhibiting activity in hypothalamic 

extracts could be inhibited by concentrations of picrotoxin capable 

of antagonizing the inhibitory action of exogenous GABA [117]. 

Neither DA nor GABA has been shown to account entirely for 

the PRL-inhibiting activity found in median eminence extracts. A 

reduced, but significant inhibitory effect is found in such extracts 

in the presence of concentrations of DA or GAB A antagonists which 

totally block the response to their respective agonists [117]. 

Biochemical fractionation studies have suggested that this non-DA, 

non-GABA PIF is a peptide [121]. Although its precise nature has 

not been characterized as yet, a naturally occurring metabolite of 

TRH, histidyl-proline diketopiperazine (DKP) [122], could be a good 

candidate to account for this activity. It is present in the median 

eminence and the pituitary [122], and it is capable of inhibiting 



PRL release in vitro from both normal pituitaries [123] and cloned 

PRL-secreting cells [122]. However, the presence of an inhibitory 

substance in a hypothalamic extract in no way establishes it as a 

physiological regulator of a pituitary hormone. 

Tuberoinfundibular and Tuberohypophysial 
Dopaminergic Neurons 

Dopamine may serve in cellular communication by one of two 

chemical processes, as either a neurotransmitter or a neurohormone. 

The two are differentiated by the distance between the site of DA 

release and the site of its effector cell. When the transfer of 

information is localized over a short distance, such as when DA is 

released from mesotelencephalic neurons, it serves as a neurotrans-

mitter. When released from the terminals of tuberoinfundibular 

neurons into the hypophysial portal blood, the transfer of informa-

tion is more generalized and is over a long distance. Under these 
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conditions DA serves as a neurohormone. Additionally, DA may function 

as both a neurotransmitter and a neurohormone when released from 

tuberohypophysial neurons. 

Anatomical Distribution of Dopaminergic Neurons 

The topography of DA neurons in the rat brain has been 

revealed primarily by histofluorescent methodology. Cell bodies 

of the major ascending DA neuronal systems are densely packed in 

the ventral mesencephalon, primarily in the pars compacta of the 

substantia nigra and areas just medial to this region. The 

ascending DA neurons which terminate in the caudate nucleus and 



putamen have been designated as nigrostriatal neurons. Mesolimbic

cortical dopaminergic pathways consist of ascending DA neurons 

which terminate in allocortical (olfactory tubercle, septum and 

amygdala) and neocortical (frontal, cingulate and entorhinal) 

regions. Collectively these two groups of ascending DA neurons 

constitute the mesotelencephalic system [124] (Figure 1). 

Dopaminergic neurons within the hypothalamus project to the 

median eminence and the neurointermediate lobe of the pituitary 

(posterior pituitary) and constitute the tuberoinfundibular and 

tuberohypophysial neuronal systems, respectively (Figure 1). Cell 

bodies of the tuberoinfundibular and tuberohypophysial DA neurons 

are both diffusely distributed in the arcuate and periventricular 

nuclei in the medial basal hypothalamus. Tuberohypophysial cell 

bodies are believed to be located in the more rostral regions of 

these nuclei. Their axons project ventrally through the median 

eminence and terminate near endocrine cells in the intermediate 

lobe of the pituitary, and in close proximity to neuronal axons 

and pericapillary spaces in the neural lobe [125]; their function 

remains to be determined. 
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By comparison, axons of neurons comprising the tuberoinfun

dibular system are short and project ventrally to terminate in the 

median eminence. In the rat, the median eminence is the most 

ventral portion of the medial basal hypothalamus. It forms the 

floor of the third ventricle and is contiguous with the infundibular 

stalk of the pituitary. Capillary loops of the primary plexus of 
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Figure 1. Anatomical distribution of dopaminergic neuronal systems 
in the rat brain. The medial basal hypothalamus and the pituitary 
gland are enlarged in the lower left figure. Abbreviations: ~S, 
nigrostriatal neurons; MLC, mesolimbic-cortical neurons; TI, tubero
infundibular neurons; TH, tuberohypophysial neurons; AP, anterior 
pituitary; NIL, neurointermediate lobe (posterior pituitary). 
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the hypophysial portal circulatory system invaginate the median 

eminence on its ventral surface. 

For descriptive purposes the median eminence has been 

divided and subdivided into different regions. The region between 

the surface of the third ventricle and the dorsal projections of 

the capillary loops of the hypophysial portal system comprises the 

subependymal layer of the median eminence. The external layer of 

the median eminence is ventral to this region. Dopamine nerve 

terminals are located throughout the entire median eminence but are 

most abundant in the external layer where they are packed close to 

pericapillary spaces in a palisade-like manner. The external layer 

of the median eminence has been further divided into the medial 

palisade zone, the region containing capillary loops on either side 

of the midline, and the lateral palisade zones, which are located 

on either side of the medial palisade zone [126]. Dopamine, trans

ported to the anterior pituitary lactotrophs via the hypophysial 

portal system, is believed to be released from nerve terminals in 

the medial palisade zone. Dopamine terminals in the lateral 

palisade zones appear to terminate in close approximation to 

neurosecretory neurons containing luteinizing hormone-releasing 

hormone [127]. The release of this releasing hormone may be 

influenced by DA released from tuberoinfundibular neurons in the 

lateral palisade zones. 
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Biochemical Dynamics of Dopamine in Neuronal Terminals 

Studies on the nigrostriatal neuronal system have provided 

most of what is known about the properties of DA neurons. However, 

many of the biochemical events occurring in these neurons also take 

place in the tuberoinfundibular DA neuronal terminal (Figure 2). 

Tyrosine is converted to L-dihydroxyphenylalanine (DOPA) in 

the neuron by the enzyme tyrosine hydroxylase. This is the rate

limiting step in the synthesis of DA. Aromatic L-amino acid 

decarboxylase, in turn, decarboxylates DOPA to form DA. Newly 

synthesized DA is released from the neuronal terminal in response 

to an action potential of sufficient magnitude, or it is stored in 

synaptic vesicles at the terminal. Steady state concentrations of 

DA in brain tissue primarily reflect the amount of the amine 

stored in synaptic vesicles. Under most conditions, steady-state 

levels of DA remain constant despite altered rates of release. 
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This is due, primarily, to the end-product inhibition of tyrosine 

hydroxylase. That is, if the intraneurona1 concentration of DA 

decreases due to increased neuronal activity and neurotransmitter 

release, the activity of tyrosine hydroxylase and thus the rate of 

DA synthesis increases. The converse is also true, when the 

intraneurona1 concentration of DA increases the rate of DA synthesis 

slows. Therefore, changes in steady-state DA concentrations 

generally do not reflect alterations in DA neurona] activity. 

Changes in steady-state DA levels may reflect changes in neuronal 

population size. In addition, the activation of putative presynaptic 
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Figure 2. Schematic of nigrostriatal (A) and tuberoinfundibular 
(B) dopaminergic neuron terminals. Abbreviations: DOPA, 
L-dihydroxyphenyl-alanine; DOPAC, dihydroxyphenylacetic acid; DA, 
dopamine; 3MT, 3-methoxytyramine; HVA, homovanillic acid; CO~IT, 

catechol-o-methyltransferase; MAO, monoamine oxidase; TH, tyrosine 
hydroxylase; AAD, L-amino acid decarboxylase. 
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or DA autoreceptors located on DA nerve terminals may alter steady

state DA levels via the inhibition of synthesis, and possibly the 

release of DA. Tuberoinfundibular DA neurons, however, lack DA 

autoreceptors [128]. 

Once DA is released from the nerve terminal it can activate 

DA receptors on dendrites, axons or cell bodies of postsynaptic 

neurons. Removal of DA from the synaptic cleft by an active uptake 

mechanism that transports the amine back into the presynaptic 

22 

nerve terminal terminates the actions of DA at post- and presynaptic 

receptors. Once transported back into the neuron, DA can re-enter 

the synaptic vesicles and subsequently be re-released, or it can be 

oxidatively deaminated by mitochondrial monoamine oxidase to form 

dihydroxyphenylacetic acid. This inactive metabolite is then lost 

from the neuron and methylated to form homovanillic acid by the 

enzyme catechol-o-methyltransferase. Alterations in brain levels 

of these metabolites have been used as estimates of mesotelencephalic 

DA neuronal activity with an increase in metabolite level reflecting 

an increased impulse propagation, and vice versa. 

The amount of dihydroxyphenylacetic acid present in the 

median eminence is much lower than that present in other brain 

regions that contain DA nerve terminals [129]. This is due perhaps 

to the fact that following release from the tuberoinfundibular 

neuron DA is quickly removed from the terminal area by hypophysial 

blood, thereby reducing the amount of amine available for recapture. 
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Tuberoinfundibular DA neurons also lack a high affinity amine uptake 

system [130]. 

Methods for Estimating Dopaminergic Neuronal Activity 

Biochemical and e1ectrophysio10gica1 techniques have been 

utilized to estimate DA neuronal activity in the mesote1encepha1ic 

system. However, only biochemical techniques have been employed 

successfully in estimates of tuberoinfundibu1ar and tuberohypophysial 

DA neurons. Electrical recordings have been made from neurons in 

the medial basal hypothalamus [131, 132]. But because the neurons 

in the arcuate and periventricular nuclei are not densely packed, 

it has not been possible to positively identify these recorded 

cells in the medial basal hypothalamus as dopaminergic. Biochemical 

techniques to estimate tuberoinfundibular and tuberohypophysial 

DA neuronal a inevitably involve oversimplifications yet 

these techniq justifiable if for no other reason than that 

they provide framework to obtain more detailed information. 

Labelling of atecholamine Stores with Precursor Amino Acids 

The c of 14C-tyrosine to labelled catecholamines 

has been utilized to estimate brain catecholaminergic neuronal 

activity in vivo. In these experiments, a relatively large amount 

of precursor amino acid must be administered since only a small 

f . d 14 .. d 1 I· d part 0 in]ecte C-tyros1ne 1S converte to catec10 am1nes an 

the specific activity of commercially available radiolabelled 

amino acids is relatively low. Also, when plasma levels of tyrosine 
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are elevated by a rapid injection of tyrosine, a large amount is 

metabolized to DOPA in the liver. In normal rats, DOPA decarboxylase 

and monoamine oxidase rapidly reduce the levels of DOPA and DA in 

liver and other tissues. These relatively large doses of tyrosine 

do not appear to influence the rate of catecholamine synthesis [133]. 

This technique has the advantage that it does not depend on 

pharmacological manipulation of the synthetic or metabolic enzyme 

systems. However, it is based upon several important assumptions 

[134] summarized as follows: 1) kinetically, the catecholamines 

behave as if they were contained in an open single-compartment 

system; 2) enzymatic hydroxylation of tyrosine is rate-limiting for 

catecholamine synthesis; 3) the intermediate hydroxylated amino 

acids are rapidly converted to their respective catecholamines; 

4) a steady state exists where synthesis equals release; and 5) the 

radioactive catecholamine is incorporated into a pool of biosyn

thetic units which behave as a reliable sample of the kinetic 

properties of the catecholamine-containing neurons. 

Accumulation of DOPA Following Decarboxylase Inhibition 

The rate of accumulation of DOPA in the median eminence of 

rats treated with a centrally acting inhibitor of the activity of 

DOPA decarboxylase has been used as an estimate of tuberoinfundibular 

neuronal activity [135]. The concentration of DOPA in the median 

eminence is extremely low [135] and DOPA is rapidly transformed to 

DA in the median eminence, as it is in other tissues. Therefore, 

the rate of DOPA accumulation in the median eminence during DOPA 



decarboxylase inhibition reflects the rat2 of biosynthesis of DOPA 

and, theoretically, the rate of biosynthesis of DA that would have 

occurred had the activity of the enzyme not been inhibited. One 

shortcoming of this technique is that DOPA accumulates in both 

noradrenergic and dopaminergic neurons. Demarest et~. [135] 

presented evidence that NE is synthesized at a much slower rate 

than is DA in the median eminence so that under most conditions, 

DOPA accumulation in this region primarily reflects the activity 

of tuberoinfundibular dopaminergic neurons. Two advantages of the 

DOPA accumulation technique are that measurements can be made 

quickly, i.e., 10 minutes after intravenously administered DOPA 

decarboxylase inhibitors, and that it is not necessary to run 

"zero-time controls" (see MIT technique below) since the concentra

tion of DOPA in the absence of a decarboxylase inhibitor is 

essentially zero. 

Alpha-Methyltyrosine-Induced Decline of DA 

When tyrosine hydroxylase activity is completely inhibited 

2':'; 

by an appropriate dose of alpha-methyltyrosine (MIT), i.e., 250 mg/kg 

body wt., catecholamines are no longer synthesized and the amine 

levels decline at a rate that is proportional to the rate of 

catecholamine release. Gudelsky and Porter [136] have provided 

evidence that DA released into hypophysial portal blood is primarily 

derived from newly synthesized DA; an important contribution to~ards 

the reliability of this technique is the estimation of tuberoinfun

dibular neuronal activity. One advantage of the ~~IT technique is 



that it allows concurrent estimation of both dopaminergic and 

noradrenergic neuronal activities in the same brain regions. 

Disadvantages of this technique are that the concentration of DA 

and NE should be measured before (zero-time concentration) and at 

several times (i.e., 30, 60, 90 minutes) shortly after the adminis

tration of AMT, which requires a relatively large number of 

experimental animals. This technique also disturbs the endocrine 

status of the animal (i.e., increases secretion of PRL). 

Quantitation of DA Released from the Median Eminence 
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The quantification of DA in hypophysial portal blood 

provides a direct measurement of the release of DA from the median 

eminence and thereby, an estimate of tuberoinfundibular dopaminergic 

activity. This technique provides the advantage of an estimate of 

the activity of principally tuberoinfundibular neurons, as DA is 

not released from tuberohypophysial neurons into the portal blood, 

but it may cloud the data in other ways. This procedure requires 

elaborate surgical procedures to expose the median eminence and 

pituitary gland for the collection of portal blood from either a 

cannulated portal vessel or a transected pituitary stalk. The 

effects of surgical stress on PRL secretion, and perhaps on tubero

infundibular activity, are well documented. The animal must also 

be anesthetized and anesthetics can alter the activity of tuberoin

fundibular DA neurons [137, 138]. There have also been efforts to 

quantitate DA release from tuberoinfundibular neurons in freely

moving unanesthetized animals by employing catecholamine-sensitive 



carbon electrodes chronically implanted in the anterior pituitary 

[63]. No reports to this date have appeared on the quantitation of 

DA released from tuberohypophysial neurons terminating in the 

neurointermediate lobe of the pituitary. 
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STATEMENT OF PROBLEM AND SPECIFIC AIMS 

Abundant morphological, pharmacological and physiological 

evidence has accumulated which supports the proposed role of the 

tuberoinfundibular neuronal system and its neurohormone dopamine in 

the tonic inhibition of pituitary prolactin secretion. However, to 

this data a definitive role for the tuberoinfundibular system in 

the dynamic regulation of prolactin secretion has not been 

established. Observed alterations in tuberoinfundibular neuronal 

activity concomitant with physiological or pharmacologically 

induced prolactin secretory episodes are essential to establish such 

a role. These experiments were designed to test the hypothesis 

that the tuberoinfundibular neuronal system is involved in the 

dynamic regulation of prolactin secretion. 

The specific questions addressed in this study are: 

1. Is prolactin secretion altered by the stress of urethane 

anesthesia? (Experiments 1-7) 

2. Is a prolactin-inhibiting substance present in the ;)illeal 

gland? (Experiments 8-12). 

3. Are acute increases in tuberoinfundibular neuronal 

activity found coincident with acute decreases in serum 

prolactin levels? (Experiments 5 and 12) 
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4. Does an acute decrease in tuberoinfundibular neuronal 

activity lead to an acute increase in serum prolactin? 

(Experiments 13 and 14) 

5. Does the tuberoinfundibular neuronal system maintain 

an accelerated activity in order to chronically inhibit 

prolactin secretion? (Experiments 15-17) 

6. Is the tuberoinfundibular neuronal system involved in 

the negative feedback control of prolactin over its own 

secretion? (Experiment 17) 
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MATERIALS AND METHODS 

Animals 

Eight-week-old male Sprague-Dawley rats (250-300 gm body wt.) 

were utilized in all experiments unless otherwise indicated. The 

animals were housed five per cage under conditions of controlled 

lighting (12h light:12h dark) and temperature (23.0 ± O.SOC) prior 

to the experiments. Laboratory chow and water were provided to the 

animals ad libitum. Animals were fitted with indwelling intra

atrial cannulae (Silastic medical grade tubing, 0.025 in. I.D. by 

0.047 in. O.D.) via the right external jugular vein 72 hours prior 

to testing. The cannulae were flushed daily with physiological 

saline to maintain their patency. 

Prolactin Radioimmunoassay 

Rat serum, aliquots of pituitary incubation media and 

aliquots of pituitary homogenates were assayed for immunoreactive 

PRL using the radioimmunoassay kit supplied by the NIA}IDD Rat 

Pituitary Hormone Distribution Program. The procedures were as 

follows: 

I. Iodination of PRL 

A. Preparation of the column 

1. Twenty-four hours prior to the iodination, 

Sephadex G-7S gel was swelled in O.OIM 

3U 



phosphate-buffered saline (PBS) at 4°C. On the 

morning of the iodination the Sephadex was 

brought to room temperature and de-aeriated. 

31 

2. Disposable 10 ml pipettes to which a glass bead 

was added to prevent the Sephadex from running 

out of the tip were used for iodination columns. 

3. The column \l7as filled with Sephadex to a height 

of 20 cm and PBS perfused through it for one 

hour. 

4. The column was then coated with 1 ml of 2% bovine 

serum albumin (BSA, Sigma Chemical Co.) in PBS 

and the column then washed with an additional 

10 ml PBS. 

B. Iodination 

Each substance was added to a 400 wI disposable 

reaction vial in the following order and mixed as 

indicated: 

1. 2.5 Wg iodination grade rat PRL (1-3, 1-4) 

previously dissolved in 25 ~l of O.OIM sodium 

bicarbonate buffer. 

2. 100 wI of O.SM fBS. 

3. 1.0 mCi Na_125I (New England Nuclear Corp.) 

10 'f.Jl 0.5M PBS. 

4. 25 'f.Jl chloramine-T (5 mg/IO ml PBS) (Sigma 

Chemical Co.) 



C. 

5. Vortexed for 30 seconds. 

6. 250 ~g sodium metabisulfite in 100 ~l PBS. 

7. Vortexed for 15 seconds. 

8. 50 ~l 5% BSA-PBS. 

9. Vortexed for 10 seconds. 

125 Chromatography of I-PRL 

1. The entire iodination reaction mixture was 
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layered on top of the Sephadex column and washed 

with two 0.5 ml aliquots of PBS and then 

eluted with PBS. 

2. Five drop aliquots of the column eluent were 

collected in 10 x 75 mm glass test tubes 

containing 50 ~l 5% BSA-PBS. 

3. Fifty aliquots were collected. 

4. Ten ~l aliquots of each tube were then counted 

in a gamma counter (Packard). ~vo peaks of 

iodination are detected. Tubes on the trailing 

shoulder of the first peak were taken to be 

run through the talc check. 

D. Talc-check was performed to determine the percent of 

125I _PRL left intact after iodination. 

1. Ten ~l aliquots from each of the above tubes 

were added to 1 ml of 2% BSA-PBS. 
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2. One 50 mg talc tablet was then added to each 

tube and the tube vortexed, counted and centri-

fuged for five minutes at 2,500 rpm. 

3. The supernatant was aspirated and the pellet 

counted. 

4. The counts in the pellet were divided by the 

counts obtained prior to centrifugation to 

d t . h t of 1251 bound. e erm~ne t e percen The tubes 

which contained the highest binding (70-90%) and 

the most counts were utilized in the assay. 

II. Assay Protocol 

A. The following were added to each 10 x 75 mID glass 

test tube: 

1. 350 ~l 1% BSA-PBS. 

2. 50 ~l of sample or the appropriate amount of 

rat PRL standard (RP-1, RP-2). Each sample was 

run in duplicate. Each rat PRL standard was 

run in triplicate. 

3. 50 ~l 125I _PRL diluted to contain approximately 

25,000-30,000 cpm/50 ~l in 0.1% BSA-PBS. 

4. 100 ~l anti-rat PRL (S-7, S-7) diluted to 

1:2,500 in 3% normal rabbit serum (NRS) in PBS 

containing 1.88 gl100 ml ethylenediamine 

tetracetic acid. 
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B. Each assay required two additional sets of tubes: 

1. Total count tubes containing 50 ~l 125I _PRL only. 

2. Non-specific binding tubes containing 50 ~l 

125I _PRL and 500 ~l 1% BSA-PBS. 

C. Incubation was carried out either at 4°C for five 

days or at room temperature for 24 hours. 

D. After the incubation period, to each tube excluding 

total count tubes, were added: 

1. 100 ~l 2% NRS-PBS. 

2. 25 ~l of sheep anti-rabbit gamma globulin (TLC 

Antibodies) and vortexed. 

E. These tubes were covered and incubated for another 

24 hours. 

F. The tubes were then centrifuged at 2,500 rpm for 

20 minutes. 

G. The resulting supernatant was aspirated clear from 

all tubes except total count. 

H. The remaining pellet was counted in a gamma counter 

for one minute. 

I. Percent binding was calculated for each tube by 

dividing its cpm by the average cpm of the total 

count tubes. 

J. A standard curve was plotted as percent binding for 

each dilution of rat PRL standard versus the log of 



the PRL concentration of that dilution of rat PRL 

standard and the slope determined by linear regres-

sion. 

Luteinizing Hormone Radioimmunoassay 

Rat serum was assayed for luteinizing hormone (LH) levels 

using the radioimmunoassay kit supplied by the NIADDK Rat Pituitary 

Hormone Distribution Program. The procedures were as follows: 

I. Iodination of LH 

A. Preparation of the column 

3j 

1. Twenty-four hours prior to the iodination, 

Sephadex G-7S gel was swelled in O.OIM phosphate

buffered saline (PBS) at 4°C. On the morning of 

the iodination the Sephadex was brought to room 

temperature and de-aeriated. 

2. Disposable 10 ml pipettes to which a glass 

bead was added to prevent the Sephadex from 

running out of the tip were used for iodination 

columns. 

3. The column was filled with Sephadex to a height 

of 20 em and PBS perfused through it for one 

hour. 

4. The column was then coated with 1 ml of 2% 

bovine serum albumin (BSA, Sigma Chemical Co.) 

in PBS and the column then washed with an 

additional 10 ml of PBS. 



B. Iodination 

Each substance was added to a 400 ~l disposable 

reaction vial in the following order and mixed as 

indicated: 

1. '2.5).1g iodination grade rat LH (1-5) previously 

2. 

3. 

dissolved in 25 ).11 PBS. 

100 ~l of 0.5M PBS. 

125 1.0 mCi Na- I (New England Nuclear Corp.) 

diluted to 10 ~l of 0.5M PBS. 

4. 25).11 Chloramine-T (5 mg/10 m1 PBS) (Sigma 

Chemical Co.) 

5. Vortexed for 50 seconds. 

6. 250).1g sodium metabisulfite in 100 ~l PBS. 

7. Vortexed for 15 seconds. 

8. 50 ~l 5% BSA-PBS. 

9. Vortexed for 10 seconds. 

C. Chromatography of 125I _LH 

1. The entire iodination reaction mixture was 

36 

layered on top of the Sephadex column and washed 

with two 0.5 ml aliquots of PBS and then eluted 

with PBS. 

2. Five drop a1iquots of the column eluent were 

collected in 10 x 75 mm glass test tubes 

containing 50 ~l 2% BSA-PBS. 

3. Fifty aliquots were collected. 
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4. Ten ~l aliquots of each tube were then counted 

in a gamma counter (Packard). Two peaks of 

iodination are detected. Tubes on the trailing 

shoulder of the first peak were taken to be 

run through the talc check. 

D. Talc-check was performed to determine the percent of 

125r _LH left intact after iodination. 

1. Ten ~l aliquots from each of the above tubes 

were added to 1 ml of 2% BSA-PBS. 

2. One 50 mg talc tablet was then added to each 

tube and the tube vortexed, counted and then 

centrifuged for five minutes at 2,500 rpm. 

3. The resulting supernatant was then aspirated 

clear and the pellet counted. 

4. The counts in the pellet were divided by the 

counts obtained prior to centrifugation to 

d . h of 1251 bound. etermlne t e percent The tubes 

which contained the highest binding (70-90%) and 

the greatest counts were used in the assay. 

II. Assay Protocol 

A. The following were added to each 10 x 75 mm glass 

test tube: 

1. 200 ~l 1% BSA-PBS. 

2. 200 ~l serum sample or appropriate amount of 

rat LH standard (RP-2). Each serum sample was 



run in duplicate. Each rat LH standard was run 

in triplicate. 

3. 50 ~l 125I _LH diluted to contain approximately 

25,000 to 30,000 cpml50 ~l in 0.1% BSA-PBS. 

4. 100 ~l anti-rat LH (S-6) diluted to 1:2,500 in 

3% normal rabbit serum (NRS) in PBS containing 

1.88 gl100 ml ethylenediamine tetracetic acid. 

B. Each assay required two additional sets of tubes: 

1. 
125 Total count tubes containing 50 ~l I-LH only. 

2. Non-specific binding tubes containing 50 ~l 

125 I-LH and 500 ~l 1% BSA-PBS. 

C. Incubation ,,,as carried out at room temperature for 

24 hours. 

D. After the incubation period, to each tube excluding 

the total count tubes, were added: 

1. 100 ~l 2% NRS-PBS. 

2. 25 ~l of sheep anti-rabbit gamma globulin (TLC 

Antibodies) and the tubes vortexed lightly. 

E. These tubes were covered and incubated for another 

24 hours. 

F. Tubes were centrifuged at 2,500 rpm for 20 minutes. 

G. The resulting supernatant was aspirated clear from 

all tubes except the total count tubes. 

H. The remaining pellet was counted in a gamma counter 

for one minute. 
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I. Percent binding was calculated for each tube by 

dividing its cpm by the average cpm of the total 

count tubes. 

J. A standard curve was generated as percent binding for 

each dilution of rat LH standard versus the log of 

the LH concentration for that dilution and the slope 

determined by linear regression. 

Isolation and Partial Purification of Bovine Pineal 
PRL-Inhibiting Substance 

The following established methods were utilized to obtain the 

bovine pineal PRL-inhibiting substance used in experiments ten 

through twelve (Figure 3). Two hundred and fifty gm quantities of 

fresh frozen bovine pineal glands purchased from Roth Products, Inc. 

(Lansdale, PA) were heated at approximately 80°C in 35 ml of 0.2N 

acetic acid for 20 minutes to denature proteolytic enzymes. The 

mixture was then cooled to ice bath temperature and homogenized 

with a Tekmar Tissumizer. The homogenate was subjected to low 

temperature (4°C)-high speed (16,300 x g) centrifugation for 60 

minutes. The resulting supernatant was gel-filtered through a 

5.0 x 90 cm bed of Sephadex G-25 equilibrated and eluted with 

distilled H
2
0. Ten ml aliquots were collected at a flow rate of 

approximately 100 ml/hour. The optical density of the eluate was 

monitored at 280 nm with a Beckman Hodel DB spectrophotometer. An 

elution profile was constructed and aliquots pooled into fractions 

according to peaks of optical density (Figure 4). 



Bovine pineal glands 

Sediment 

Filtrate 

Homogenize in 0.2 N HOAc 

Centrifuge 

Filtrate 

Su ernate 

Chromatograph on Sephadex G-25, 

elute with H20 

Ultrafiltration, UM2 membrane 

Residue 

Ultrafiltration, UM05 membrane 

Residue 

Chromatograph on Sephadex G -15, 

elute with 0.2 N HOAc 

Chromatograph on Sephodex G-15, 

elute with H20 

40 

Figure 3. Purification scheme for the partial purification of bovine 
pineal PRL-inhibiting substance. 
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Figure 4. Elution profile for the Sephadex G-25 chromatography of 
the 0.2N acetic acid extract of bovine pineal glands (250 gm total 
wet wt.). Fl. F2 and F3 represent aliquots pooled into fractions 
according to optical density peaks. 
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Various fractions from Sephadex G-2S were subjected to 

ultrafiltration through UH2 and ill10S Diaflo membranes in an Arnicon 

heavy-duty cell under 70 psi N2 pressure. The UN2 membrane retains 

molecules of approximately MW 1,000 or greater. The UM2 filtrates 

were ultrafiltered through UMOS membranes which allow passage of 

molecules of ~~ SOO or less. Prolactin-inhibiting activity in vivo 

was initially demonstrated in the UMOSR (~~ > SOO and < 1,000) of 

Sephadex G-2S fraction F2 (see Figure 4) [139]. 

The biologically active G-25 F2 fraction was then gel

filtered through a Sephadex G-IS column (2.5 x 90 cm), equilibrated 

and eluted with 0.2N acetic acid. Four ml aliquots were collected 

at a flow rate of approximately 80 ml/hour. An elution profile was 

constructed and aliquots pooled into fractions according to optical 

density peaks monitored at 280 nm (Figure 5). The PRL-inhibiting 

activity in vivo was present in Sephadex G-IS fraction F2 (see 
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Figure S) [140]. This biologically active G-IS fractiou was then 

rechromatographed on a second Sephadex G-IS column (2.S x 90 cm), 

equilibrated and eluted with distilled H20. Four ml aliquots were 

collected at a flow rate of approximately 80 ml/hour and aliquots 

pooled into fractions according to peaks of optical density monitored 

at 280 nm (Figure 6). The PRL-inhibiting activity in vivo was 

present in Sephadex G-15 fraction F 1 (see Figure 6) [141]. These 

procedures were carried out at 4°C and in darkness as much as 

possible since the pineal gland is known to contain photolabile 

compounds [142]. 
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Figure 5. Elution profile for the Sephadex G-IS chromatography of 
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Figure 6. Elution profile for the Sephadex G-lS chromatography of 
the biologically active Sephadex G-lS fraction F2 . Fl , F2 and F3 
represent aliquots pooled into fractions according to optical 
density peaks. 
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4S 

Gas Chromatographic/Mass Spectrometry Quantitation 

This new procedure for the quantitative analysis of endogenous 

and newly synthesized hypothalamic DA and NE was designed with the 

help of Dr. Brent R. Larsen in the Department of Anatomy. Dr. Larsen 

has had extensive experience with gas chromatographic/mass spectrom

etry (GC/MS) methodology. This novel technique is based on 

published mass fragmentography procedures with the following 

modifications in extraction and derivatization methods. 

1. Extraction Procedure 

Perchloric acid is normally used for the extraction of 

catecholamines from brain tissue. However, we found 

that a solution of 70% ethanol/water was superior for 

three reasons. Using the aqueous ethanol solution we 

consistently recovered 86 ± 4% (mean ± SEM) of the 

internal standard (d
3

-DA) from the hypothalamic tissue 

as compared to a 68% recovery for that of perchloric 

acid. Secondly, the ethanol/water precipitated molecules 

not soluble in the acetonitrile/pentafluoropropanyl (PFP) 

anhydride derivatization reagent. This resulted in a 

final derivatization solution clear of precipitate. And 

finally, the aqueous ethanol provided a solvent which 

was easily removed by nitrogen gas jet evaporation prior 

to derivatization. 
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2. Derivatization 

Several derivatization schemes were investigated in order 

to determine which procedure would provide the greatest 

yield of derivatized catecholamine. We found that a 

derivatization solution containing 50% dry acetonitrile 

and 50% PFP anhydride provided the greatest yield. These 

reagents were quantitatively added to the dried 

hypothalamic extracts and the resulting solution heated 

to 60°C for 20 minutes. Unlike many published procedures, 

aliquots were removed from the solution and injected 

directly into the gas chromatograph using the derivative 

solution as a solvent. 

3. Mass Fragmentography 

Mass spectrometric quantitative analysis (mass fragmen

tography) was accomplished by algebraically comparing the 

integrated base peak for each of the PFP-derivatized DA 

and NE analogs to that of the internal standard added 

prior to extraction. The base peaks for each of the 

above were integrated using the mass spectrometer's 

computerized data system. In order to verify that the 

base peak for PFP-DA and -NE were as reported in the 

literature [143] deuterated DA and NE were derivatized 

and subjected to GC/MS. The complete spectra were 

obtained for DA and NE (Figure 7) which showed their 

base peaks at mle 431 and 592 respectively, which is 
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J~J 

Figure 7. Complete electron impact mass spectra of pentafluoropro
panyl anhydride derivatized DA (lower spectrum) and NE (upper 
spectrum). The structures adjacent to the base (100%) peak depicts 
the structure of the ions resulting from the McLafferty rearrangement 
of the derivatized DA and NE molecules (center structures). 



consistent with literature reports. These ions, whose 

structures are shown in Figure 7, arise via the 

McLafferty rearrangement which involves the carbonyl 

4L 

of the PFP-amide extracting a proton from the carbon 

atom adjacent to the aromatic ring of the catecholamine 

molecule. The base peak ions for the deuterated DA 

internal standards and the newly synthesized DA and NE 

are shifted proportional to the number of deuteriums 

each contains. Therefore, the mass spectrometer's data 

system was set to monitor these ions at mle 428 

(endogenous DA); mle 431 (d
3

-DA internal standard); mle 

434 (d
7
-DA internal standard); mle 433 (d

6
-DA, newly 

synthesized from d7-tyrosine); mle 590 (endogenous KE); 

and mle 595 (dS-NE, newly synthesized from d7-tyrosine). 

4. Linearity of Response 

The linearity of the mass spectrometer's response to 

varying concentrations of DA was tested. Amounts of 

PFP-derivatized DA, both dO and d3-internal standard, 

from 1 to 500 ng, were chromatographed and the resulting 

peaks integrated. The results, when analyzed by linear 

regression, showed excellent linear agreement giving a 

correlation coefficient (r) of 0.9993 (Figure 8). 
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Figure 8. Plot showing the linear relationship of peak area, 
determined by integration of the data system's response to the ion 
at mle 428, with respect to DA concentration. 
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Determination of Hvpotha1amic 

14C-Dopamine and 14C-Norepinephrine 

The hypothalami were dissected via cuts made caudal to the 

optic chiasm, rostral to the mammillary bodies, parasagittal1y 

through the hypothalamic fissures formed with the temporal lobes, 

and horizontally approximately 3.0 mm dorsal to the ventral surface 

of the median eminence (avg. tissue wt. = 30 mg). Radio-labeled DA 

and NE were extracted from the tissue following the procedure of 

so 

Ogasahara ~ a1. [144], with minor modifications. Immediately after 

removal, each hypothalamus was sonicated at O°C with a Kontes 

microultrasonic cell disrupter at maximum setting for 60 seconds in 

3.0 ml of 3% perchloric acid containing 0.2% ethylenediamine 

tetracetic acid and 0.2% ascorbic acid. The suspensions were 

centrifuged at 12,350 x g for 15 minutes at 4°C, and supernatant 

fractions removed and stored at -120°C until final processing. Upon 

thawing, 2.0 ~g of DA and NE (Sigma Chemical Co.) were added to each 

perchlorate solution and the pH raised to 6.5 ± 0.2 using 4.0 or 

O.IM potassium hydroxide. Each solution was placed on a 0.6 x 9.0 

cm bed of Bio-Rex 70 (Bio-Rad Laboratories) equilibrated with 0.1:! 

sodium phosphate at pH 6.0. The column was first washed with 10 ml 

of water. NE and DA were then eluted from the column \"ith 0.01~1 

sodium phosphate (pH 6.0) containing 1.5% boric acid and O.lm! 

sodium phosphate (pH 6.0) containing 4.0% boric acid, respectively. 

The elution of the DA and NE standards was monitored by subjecting 

50 ~l of each collected 1.0 ml fraction to high pressure liquid 
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chromatography (HPLC). A Waters Associates Model 6000A chromato-

graphy pump, a U6K injector, and a 0.39 x 30 cm alkyl phenyl column 

coupled with a Model 440 absorbance detector were used for the HPLC. 

NE and DA were eluted with O.OIM acetic acid (2.0 ml/min flow rate) 

and detected using the maximum sensitivity of the absorbance 

detector (ABS at 280 nm monitored). NE and DA were pooled according 

to the elution profile indicated by the HPLC chromatograms. Each 

pooled sample was lyophilized, reconstituted in 2.0 ml water and 

subjected to scintillation counting. 

Calculation of Dopamine and Norepinephrine 
Turnover Rates and Rate Constants 

Turnover rates and rate constants were calculated from the 

regression coefficient of the depletion curve generated by analysis 

of the medial basal hypothalamus (MBH) DA and NE concentrations 

after treatment with ANT [145]. This depletion curve after ANT 

administration has been extensively examined and is linear between 

0, 60, and 120 minutes [146-149]. In this study a single time point, 

90 minutes after AMT administration, was used to estimate the DA 

and NE depletion rate. Previously published studies have utilized 

a single time point estimate [150-152]. Steady state (initial) 

concentrations of DA and NE were derived from saline-treated 

animals. 

Initial DA and NE concentrations and those 90 minutes after 

blockade of catecholamine biosynthesis by A}IT were calculated on the 

basis of per mg protein. Protein content of each }lBH was determined 
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by the method of Lowry et al. [153]. Dopamine and NE concentrations 

were logarithmically transformed and the rate constant of DA and 

NE loss (k) calculated by the method of least squares. The turnover 

rate (K) is the product of the rate constant and the initial DA 

concentration [DA]O' The standard deviation (SD) of K is not simply 

the product of the standard deviations associated with k and [DA]O' 

therefore the following formula was used to calculate the SD of the 

turnover rate [154]: 

This SD estimate has been utilized in previously published reports 

[146, 154, 155]. 

Calculation of Percentage Relative 
Dopaminergic Inhibition 

The relative increase in serum PRL levels after DA biosyn-

thesis inhibition by AMT was used as an estimate of the degree of 

dopaminergic inhibition of PRL release. Percentage relative 

dopaminergic inhibition (I) was calculated using the formula: 

I = (S-B/S) 

where S is the stimulated serum PRL level after A}IT administration; 

B is the basal serum PRL levels for saline treated animals [156]. 

Statistical Analyses 

To evaluate the significance of difference between values 

recorded from animals serving as controls versus animals receiving 
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one treatment paradigm, a two-tailed Students' t-test was utilized. 

The level of significance was chosen at p less than 0.05. 

Values recorded from animals in which the treatment involved 

more than one variable (i.e., the effects of urethane 30, 60, 90 or 

120 minutes after injection) or when values were obtained from more 

than one treatment group (i.e., short term or chronic hyperprolac-

tinemia) and compared to the same control value, a one-way analysis 

of variance coupled with the Duncan's multiple range test [157] was 

utilized to evaluate the significance of difference. The level of 

significance was chosen at p less than 0.05. 

The significance of difference between DA and NE turnover 

rates and rate constants of DA and NE decline were evaluated by 

calculating a Z score according to the following formula [154]: 

Z 

and entering on a table of the standard normal distribution (t\oJo-

tailed). The level of significance was chosen at p less than 0.05. 

Experiment 1: Serum Prolactin Levels in 
Urethane-Anesthetized Male Rats 

Urethane is an anesthetic used extensively in neuroendocrine 

studies, many of which require the measurement of PRL. There was 

little information in the literature as to its effects on PRL 

secretion, and in view of the fact that many other anesthetics have 

been shown to alter PRL secretion, it was of interest to investigate 
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urethane. To study the possible effects of urethane on PRL secretion 

serum PRL levels were measured in urethane-anesthetized male rats. 

Seven animals were anesthetized with urethane (Sigma Chemical Co.) 

administered via subcutaneous injection at a dosage of 200 mg/IOO gm 

body wt. while an additional seven animals received single subcuta

neous injections of saline. Sixty minutes after injection each 

animal was sacrificed by decapitation. Truncal blood was collected 

for subsequent serum PRL measurement via radioimmunoassay. Two 

groups of six animals each were treated as described above and 

sacrificed by decapitation 120 minutes after injections. 

nventy additional animals were divided into four groups of 

five animals each. Each group received a subcutaneous injection of 

saline or urethane at a dosage of 30, 60 or 120 mg/IOO g body wt. 

Animals were sacrificed 180 minutes after injections and truncal 

blood collected. 

For unanesthetized control serum PRL measurements five animals 

were sacrificed by decapitation and truncal blood collected. An 

additional five animals were anesthetized with urethane (200 mg/IOO g 

body wt.). Thirty minutes after urethane administration the right 

external jugular vein was surgically exposed and (0.7 ml) blood 

samples withdrawn via jugular venipuncture immediately after exposure 

(30 minutes postinjection) and at 60, 90 and 120 minutes postinjec

tion. 



Experiment 2: The Effects of Apomorphine on Serum 
Prolactin Levels in Urethane-Anesthetized Rats 

In order to determine if serum PRL levels in urethane-

anesthetized rats could be further decreased by the activation of 

pituitary DA receptors, these animals were treated with the potent 

DA agonist apomorphine. Fifteen animals were divided into three 

groups of five animals each. One group of animals was immediately 

sacrificed by decapitation and truncal blood collected to provide 

serum PRL values in unanesthetized controls. Animals in the 

remaining two groups were injected with urethane and blood samples 

(0.7 ml) were taken via jugular venipuncture at 60 and 120 minutes 

postinjection. In addition, one group of urethane-anesthetized 

animals received 2.0 mg of apomorphine (Merck, Sharp and Dohme 

Research Labs) in 0.2 ml physiological saline administered intrave-

nously via the external jugular vein 30 minutes after urethane 

injection. The remaining group received saline alone. 

Experiment 3: The Effects of Pimozide on Serum 
Prolactin Levels in Urethane-Anesthetized Rats 

The potent DA antagonist pimozide was administered to 

urethane-anesthetized rats to determine whether urethane's PRL-

inhibitory action could be prevented by the blockade of pituitary 

DA receptors. Forty-two animals were divided into six groups of 
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seven animals each. One group of animals was immediately sacrificed 

by decapitation and truncal blood collected to provide unanesthetized 

control serum PRL values. Animals in the remaining five groups were 
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anesthetized with urethane. Thirty minutes after urethane injection 

the right external jugular vein was surgically exposed and blood 

samples (0.7 ml) taken subsequently via external jugular venipuncture 

60 minutes postinjection. In addition, animals in four of the five 

urethane-anesthetized groups received the following treatments 

administered via the external jugular vein immediately following 

its surgical exposure: 0.1 ml of 0.05M tartaric acid or 0.1 ml of 

0.05}! tartaric acid containing either 8, 40 or 200 ~g of pimozide 

(McNeil Labs). Animals in the remaining urethane-anesthetized 

group received no additional treatment. 

Experiment 4: The Direct Effect of Urethane on Anterior 
Pituitary Prolactin Secretion In Vitro 

To study the possible direct effects of urethane on PRL 

secretion by the pituitary in vitro seventeen animals were sacrificed 

by decapitation and their anterior pituitary glands removed, 

bisected and weighed. One-half of each gland was incubated in 

flasks containing 2.0 mls Krebs-Ringer bicarbonate media containing 

glucose (KRBG) (100 mg %, wt./vol.) and either 5.0, 50 or 500 mg of 

urethane while its respective half was incubated in KRBG media 

alone. The KRBG media containing 5.0 or 50 mg of urethane approxima-

ted the serum concentrations in urethane-anesthetized rats in vivo 

[158]. All incubations were carried out in a Dubnoff metabolic 

shaking incubator with constant agitation (60 cycles/min). constant 

temperature (37.5° ± 0.5°C) and constant oxygenation (95% O2-5% CO2). 

At 30, 60, 90 and 120 minutes of incubation 10 ~l of media were 



removed from each flask to be assayed for immunoreactive PRL. A 30 

minutes preincubation period in KRBG media followed by the addition 

of fresh media preceded the incubation media sampling. 

Experiment 5: Effects of Urethane Anesthesia 
on Dopamine and Norepinephrine Synthesis 

in the Medial Basal Hypothalamus 

Dopamine and NE synthesis were measured in the MBH of 

urethane-anesthetized rats in an attempt to elucidate urethane's 

mechanism of action on PRL secretion. Sixteen animals were divided 

into two groups of eight animals each. Seventy-two hours prior to 

testing, one group of animals was fitted with intra-atrial cannulae 

via the external jugular vein. On the morning of the experiment, 

animals of the remaining group were anesthetized with urethane via 

subcutaneous injection while the cannulated animals received a 

subcutaneous injection of saline. One hour after the injections, 
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animals of both groups received 0.2 ml of saline containing 35 ~Ci of 

14C-tyrosine (specific activity 473 mCi/rnMol) (Research Products 

International Corp.) administered via intra-atrial catheters in the 

unanesthetized animals and via injection into the surgically exposed 

external jugular vein in the anesthetized animals. One hour after 

the 14C-tyrosine administration the animals were sacrificed by 

decapitation, truncal blood was collected and the hypothalami 

removed for determination of 14C-tyrosine incorporation into DA and 

NE. 



Experiment 6: In Vitro Release of Prolactin 
from Anterior Pituitaries Removed 

from Urethane-Anesthetized Rats 

Eleven animals were anesthetized with urethane while 

physiological saline was injected into an equal number of control 

rats. Two hours after the injections the animals were sacrificed, 
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anterior pituitaries removed and bisected, and incubated individually 

in KRBG media. At 30, 60, 90 and 120 minutes of incubation 10 ~l of 

media were removed from each flask to be assayed for immunoreactive 

PRL. There was no preincubation period in this experiment. 

Experiment 7: Serum Prolactin Levels in Estrogen
Progesterone Pretreated Urethane-Anesthetized Rats 

It was of interest to determine whether the PRL-stimulatory 

actions of estrogen could prevent the urethane-induced decrease in 

serum PRL levels. Ten animals were given 0.1 ml corn oil containing 

50 ~g estradiol and 25 mg progesterone by subcutaneous injection 72 

hours prior to the experiment (estrogen-progesterone pretreatment). 

An equal number of rats received corn oil alone. On the morning of 

the experiment, five each of the estrogen-progesterone treated and 

vehicle control animals were anesthetized with urethane. The 

remaining animals in each group received saline injections. Two 

hours after these injections the animals were sacrificed by decapita-

tion and truncal blood collected for subsequent serum PRL level 

determinations via radioimmunoassay. 



Experiment 8: Initial Identification of Prolactin
Release-Inhibiting Activity in the Rat Pineal Gland 
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Twenty-seven animals were sacrificed by decapitation and the 

pineal glands and small pieces of cerebral cortex were dissected 

free and removed. The pineal glands were homogenized with 1.0 ml 

0.2N acetic acid in a 2.0 ml Wheaton glass homogenizer. The 

homogenate was then centrifuged at 16,300 x g for one hour. The 

resulting supernatant fraction was subjected to Amicon ultrafiltra-

tion (3.0 ml ultrafiltration cell) through a UM2 membrane with an 

approximate molecular wt. partition at 1,000. The material passing 

through this membrane, designated the UM2 filtrate, was then sub-

jected to ultrafiltration through a UM05 membrane with a molecular wt. 

partition at 500. Each ultrafiltration included two 0.5 ml 0.2N 

acetic acid washes. The resulting UH2 residue, UM05 residue and mlOS 

filtrate were lyophilized and stored at -120°C. These fractions were 

reconstituted in saline immediately prior to testing. 

The cerebral cortex fragments (100 mg total wet wt.) were 

homogenized with 0.2N acetic acid and centrifuged as described above. 

The resulting supernatant was chromatographed on a 2.5 x 31 cm bed of 

Sephadex G-25 gel, equilibrated and eluted from the column with 

distilled H
2
0. The eluted material was collected into three fractions 

as shown in Figure 9. These resulting fractions were lyophilized, 

stored at -120°C and reconstituted in saline immediately prior to 

testing. 

The fractions obtained from the extraction of pineal glands 

and those obtained from cerebral cortex extract were tested for 
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Figure 9. Elution profile for the Sephadex G-lS chromatography of 
the O.2N acetic acid extract of cerebral cortex fragments (100 mg 
total wet wt.). Fl, F2 and F3 represent aliquots pooled into 
fractions according to optical density peaks. 
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effects of PRL secretion in estrogen-progesterone pre-treated, 

urethane-anesthetized male rats in vivo. Two hours after urethane 

administration, each right external jugular vein was surgically 

exposed and a 0.7 ml blood sample was removed via jugular venipunc-

ture. This was followed immediately by the injection of five gland 

equivalents (material derived from five pineal glands) of the pineal 

fractions UH2 residue, UM05 residue or UM05 filtrate dissolved in 

0.7 ml physiological saline. Animals serving as controls received 

saline injection alone or 20 mg equivalents (material derived from 

20 mg cerebral cortex) of cerebral cortex fractions F1 , F2 or F
3

. 

Subsequent 0.7 ml blood samples were withdrawn 15 and 30 minutes 

after these injections for subsequent serum PRL determinations by 

radioimmunoassay. 

Experiment 9: Presence of Prolactin-Release-Inhibiting 
Activity in Rat Pineal Gland Incubation Media 

To determine if the PRL-inhibiting substance found in rat 

pineal gland extracts could possibly be released by the gland, 

pineals were incubated and the PRL-inhibitory activity of the media 

investigated. 

Thirty animals were sacrificed by decapitation and the 

pineal glands and small pieces of cerebral cortex were dissected free 

and removed. Pineal glands were incubated in oxygenated KRBG buffer 

and the incubation media was collected after two hours. Fresh media 

was then added and the incubation continued for an additional two 

hours. The incubation media were then subjected to serial Amicon 
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ultrafiltration, first through a UM2 membrane. The material passing 

through this membrane was then ultrafiltered through a UMOS membrane. 

The resulting UM2 residue, UMOS residue and UMOS filtrate were 

lyophilized and stored at -120°C. These fractions were reconstituted 

in saline immediately prior to in vivo testing. 

The pieces of cerebral cortex (100 mg total wet wt.) were 

incubated and subjected to Amicon ultrafiltration as described above. 

The resulting UM2 residue, UMOS residue and UMOS filtrate were 

lyophilized, stored at -120°C and reconstituted in saline immediately 

prior to in vivo testing. 

The media obtained from the incubation of pineal glands and 

from the incubation of cerebral cortex tissue were tested for effects 

on PRL secretion in estrogen-progesterone pre-treated, urethane-

anesthetized male rats in vivo. Two hours after urethane administra-

tion, the right external jugular vein was surgically exposed. A 0.7 

ml blood sample was removed via jugular venipuncture followed 

immediately by the injection of five gland equivalents (material 

derived from the incubation of five pineal glands) of the ill12 

residue, UMOS residue or UMOS filtrate of the first two-hour media or 

second two-hour pineal incubation media. Animals serving as controls 

received an injection of saline or 20 mg equivalents (material derived 

from the incubation of 20 mg of cerebral cortex) of either the first 

two-hour or second two-hour cerebral cortex incubation media frac-

tions. Subsequent 0.7 ml blood samples were withdrawn IS and 30 

minutes after injections for hormone determination. 



Experiment 10: Effects of Bovine Pineal Extract 
Sephadex G-15 Fraction F] on Serum Prolactin 

Levels in Unanesthetized Male Rats 

A partially purified PRL-inhibiting substance was also 

isolated from bovine pineal glands. This substance was previously 

shown to inhibit PRL secretion in vivo in urethane-anesthetized, 
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estrogen-progesterone pretreated male rats [140]. It was of interest 

to determine its action in unanesthetized animals. Twenty-one male 

rats were fitted 'vith indwelling intra-atrial cannulae 72 hours prior 

to the experiment. On the morning of the experiment an initial blood 

sample (1.0 ml) was dra,m from the freely moving unanesthetized 

animals via the cannulae. At this time thirteen of the animals 

received an intravenous injection via the cannulae of 0.5 ml physio-

logical saline containing 1.0 gm equivalent (material derived from 

1.0 gm wet wt.) of a partially purified bovine pineal substance 

followed immediately by an additional injection of 0.5 ml saline to 

flush the cannulae. The remaining eight animals received a single 

intravenous injection of 1.0 ml saline via the cannulae. The animals 

were sacrificed 20 or 40 minutes after injections and truncal blood 

collected for subsequent serum PRL determination. 

Experiment 11: Direct Effects of Bovine Pineal Extract 
Sephadex G-15 Fractions on Anterior Pituitary 

Prolactin Secretion In Vitro 

This experiment was carried out to study the possible direct 

effect of the partially purified bovine PRL-inhibiting substance on 

the anterior pituitary in vitro. Eighteen animals were sacrificed 

by decapitation and their anterior pituitary glands removed, bisected 



and weighed. One-half of each gland was incubated in 2.0 ml KRBG 

media containing 2.0 gm equivalents (material derived from 2.0 gm 

wet wt.) of the bovine pineal Sephadex G-lS fractions F1 , F2 or F3 

(see Figure 6). The respective half of each anterior pituitary was 

incubated in KRBG media alone. At 30, 60, 90, 120 and ISO minutes of 

incubation 10 ~l of media were removed from each flask and assayed 

for immunoreactive PRL. A 30 minute pre-incubation period in KRBG 

media followed by the addition of fresh media and test fractions 

preceded the incubation media sampling. 

Experiment 12: Effects of Bovine Pineal Extract 
Sephadex G-lS Fraction Fl on Dopamine and 

Norepinephrine Synthesis in the 
Medial Basal Hypothalamus 

In order to elucidate a possible mechanism of action, dopamine 

and NE synthesis were measured in the ~fBH of unanesthetized rats 

treated with a partially purified PRL-inhibiting substance isolated 

from the bovine pineal gland. Male rats were fitted with indwelling 

intra-atrial cannulae 72 hrs prior to the experiment. On the morning 

of the experiment an initial blood sample (1.0 ml) was drawn from 

the freely moving, unanesthetized animals via the cannulae. At this 

time one-half of the animals received an intravenous injection of 

O.S ml physiological saline containing 2S0 ~g of the deuterated 

catecholamine precursor tyrosine, d7-tyrosine ([L-4-hydroxyphenyl-

2,6-d 2-alanine-2,3,3-d3], Merck & Co., Inc.) and 1.0 gm equivalent 

of the bovine pineal Sephadex G-lS fraction F}. Animals serving 3S 

controls received an injection of O.S ml saline containing 2S0 ~g 
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d
7
-tyrosine only. Following this initial treatment both controls 

and treatment animals were given an additional 0.5 ml saline to flush 

the cannulae. Twenty minutes following these injections the animals 

were sacrificed by decapitation and truncal blood was collected for 

serum PRL determination. The MEH was rapidly dissected free as 

described by Kalra et al. [147], and weighed. Upon removal each MBH 

was immediately sonicated for 15 seconds in 300 ~l 70% ethanol/water 

cooled to DoC containing 50 ng ofd
3

-DA [2,3,4-dihydroxyphenyl-d
3

-

ethylamine HCl, Merck & Co., Inc.] which served as an internal 

standard. Suspensions prepared in this manner were stored at -85°C 

until processing. The procedure was completed by centrifuging the 

suspensions at 12,000 x g for 20 minutes. The supernatants were 

transferred to conical reaction vials and the ethanol/water solvent 

removed by nitrogen jet evaporation. The concentrations of DA and KE 

in each tissue extract were determined by computerized gas chromato-

graphic/mass spectral (GC/MS) selected-ion monitoring. 

Experiment 13: Effects of Alpha-Methyltyrosine 
on Prolactin Secretion 

To determine the possible effect of a decrease in TIDA neuronal 

activity on PRL secretion, serum PRL levels were measured in animals 

treated with the catecholamine biosynthesis inhibi tor A.\1T. Male rat s 

were fitted with indwelling intra-atrial cannulae 72 hours prior to 

the experiment. On the morning of the experiment an initial blood 

sample (1.0 ml) was drawn from the freely woving unanesthetized 

animals via the cannulae and the volume was immediately replaced with 
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1.0 ml physiological saline. At this time one-half of the animals 

received 250 mg/kg body wt. of DL-AMT methyl ester (Sigma Chemical 

Co.) in saline via an intraperitoneal injection. The remaining 

animals received an intraperitoneal injection of saline only. A 

subsequent blood sample was drawn 60 minutes later and replaced with 

saline. One hundred and twenty minutes after injection the animals 

were sacrificed by decapitation. The MBH was rapidly dissected-free, 

weighed and truncal blood collected for serum PRL determination. The 

concentration of endogenous DA in each MBH fragment was determined by 

computerized GC/MS selected ion monitoring as described previously. 

Experiment 14: Effects of Inovar-Anesthesia 
on Prolactin Secretion 

One of the actions of Inovar, a morphine-like substance, was 

thought to be an antagonism of hypothalamic dopaminergic pathways. 

It was therefore of interest to determine Inovar's possible effect 

on PRL secretion. Fifteen male rats were divided into three groups 

of five animals each. One group of animals Has immediately sacrificed 

by decapitation and truncal blood collected to provide unanesthetized 

control serum PRL values. Animals in the remaining two groups were 

anesthetized with Inovar-Vet (Pitman-Moore, Inc.) via intramuscular 

injection at a dosage of 0.3 ml/kg body wt. These animals were 

sacrificed by decapitation 60 and 120 minutes after injection and 

truncal blood collected for serum PRL determination. An additional 

six animals were fitted with indwelling intra-atrial cannulae 72 hours 

prior to the experiment. On the morning of the experiment an initial 
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blood sample (1.0 ml) was drawn from the freely moving unanesthetized 

animals via the cannulae and immediately replaced with 1.0 ml of 

physiological saline. At this time the animals were anesthetized 

with Inovar-Vet as described previously. Subsequent blood samples 

were withdrawn 60 and 120 minutes after injection and replaced with 

saline. 

Experiment 15: H*pothalamic Synthesis of 14C-Dopamine 
and 1 C-Norepinephrine In Vitro 

It was of interest to determine if an increased TIDA neuronal 

activity occurs in an animal in which its PRL secretion is chronically 

inhibited by the stimulated pineal gland, as in the male rat rendered 

blind and anosmic for eight weeks. An experiment was designed in 

which the MBH would be removed from blind-anosmic rats and incubated 

h f 14C . in t e presence 0 -tyroslne. After the incubation, newly 

synthesized radiolabelled DA and NE would be extracted from the }ffiH 

and their levels quantitated to provide an estimate of TIDA neuronal 

activity. Before this experiment was undertaken, it was necessary 

to first determine if the MBH would synthesize significant quantities 

of radiolabelled catecholamines from the precursor molecule 14C_ 

tyrosine in vitro and secondly, to determine if alterations in 

hypothalamic catecholamine synthesis in vitro would reflect prior 

changes in hypothalamic catecholamine synthesis in vivo. Eighteen 

adult male rats were sacrificed by decapitation and the MBH dissected 

free [147]. Six of an additional twelve animals received 250 mg/kg 

body wt. of DL-AMT methyl ester HCI (Sigma Chemical Co.) in saline 
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as an intraperitoneal injection 120 minutes prior to sacrifice and 

MBH removal while the remaining animals received saline alone. Each 

MBH was sectioned into four pieces of approximately equal size and 

incubated in 2.0 m1 KRBG media containing 10 ~Ci 14C-tyrosine 

(specific activity 473 mCi/roMol) (Research Products International 

Corp.) for 60, 120 or 180 minutes. Six MBH were removed after each 

of the above incubation periods. The MBH of AJIT-treated and sa1ine-

treated rats were removed after 60 minutes of incubation. Each HBH 

was then sonicated at O°C in 2.0 ml of 3% perchloric acid containing 

0.2% ethylenediamine tetracetic acid and 2% ascorbic acid. The 

suspensions were centrifuged at 12,350 x g for 150 minutes at 4°C. 

The resulting supernatant fractions were stored at -85°C prior to 

separation and quantitation of radiolabe11ed DA and NE using proce-

dures described previously. 

Experiment 16: Tuberoinfundibu1ar Neuronal Activity 
in ~la1e Rats Rendered Blind and Anosmic 

Thirty-four, 21-day-old male Sprague-Dawley rats were housed 

five per cage under conditions of controlled lighting (12h 1ight:12h 

dark) and temperature (23°C). Laboratory chow and water were 

provided to the animals ad libitum. At 27 days of age 26 animals 

were rendered blind and anosmic by optic enucleation and olfactory 

bu1bectomy. The remaining animals were left intact. Of the 26 blind 

anosmic animals, nine were pinealectomized, eight were sham-

pinealectomized, and the remaining nine received no additional 

treatment. All animals were returned to the controlled environment 



69 

described above for eight weeks. At the end of this period the 

animals were sacrificed by decapitation and the MBH was dissected 

free [147]. Each MBH was sectioned into four pieces of approximately 

equal size and incubated in 2.0 mls KRBG media containing 20 ~Ci 

14C-tyrosine (specific activity 473 mCi/mMol) (Research Products 

International Corp.). The incubation was carried out for 20 minutes. 

At the end of the incubation period, each MEH was removed and sonica-

ted in 2.0 ml of 3% perchloric acid containing 0.2% ethylenediamine 

tetracetic acid and 0.2% ascorbic acid (O°C). The suspensions were 

centrifuged at 12,350 x g for 150 minutes at 4°C. The resulting 

supernatant fractions were stored at -120°C prior to the separation 

and quantitation of radiolabelled DA and NE using procedures 

described previously. 

Experiment 17: The Effects of Short Term Versus 
Chronic Hyperprolactinemia on Tuberoinfundibular 

Neuronal Activity and Anterior Pituitary 
Sensitivity to Dopamine 

This experiment was designed to test the following hypotheses: 

1) the TIDA neuronal system is involved in the negative feedback 

control of PRL over its own secretion; 2) the TIDA neuronal system 

does not maintain persistent hyperactivity to chronically inhibit PRL 

secretion; and 3) long-lasting alterations in TIDA neuronal activity 

induce changes in anterior pituitary sensitivity to DA. Twenty-four 

male rats received implants of three anterior pituitary glands 

beneath the right kidney capsule. The intermediate and posterior 

lobes were removed by dissection from each homograft before 



70 

implantation. Twelve rats were sham-operated, i.e., the right kidney 

was exposed and a slit cut in the capsule but no tissue was trans

planted. Surgery was done under Inovar-Vet anesthesia. Animals were 

sacrificed by decapitation four days or eight weeks following surgery. 

For estimation of MBH DA concentration and turnover, the 

sham-operated, short term transplant (four days) and chronic 

transplant (eight weeks) groups of animals were each further divided 

into two subgroups. Animals in one subgroup received 250 mg/kg body 

wt. of DL-AMT methyl ester HC1 (Sigma Chemical Co.) in saline as an 

intraperitoneal injection 90 minutes prior to sacrifice. Animals in 

the remaining subgroup received saline injections. 

Upon sacrifice, truncal blood samples were collected for 

hormone determinations, and the anterior pituitary and ~mH removed 

from each animal. Anterior pituitaries from the saline-treated 

animals were bisected and weighed. One-half of each pituitary was 

incubated in 2.0 m1 of Medium 199 (Microbiological Assoc.) containing 

5.6 x 10-4M ascorbic acid (Ma11inckrodt Chemical Works) and 10-5M DA 

(Sigma Chemical Co.) while its corresponding half was incubated in 

the above media containing 10-7
M DA. Incubation was carried out under 

constant oxygenation and agitation in a metabolic shaking incubator. 

At one, two and three hours of incubation a 20 ~l aliquot of media was 

removed from each incubation cup for hormone determination. Anterior 

pituitaries removed from AMT-treated animals were weighed and sonica

ted in buffer for subsequent hormone determination by radioimmuno-

assay. 
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The MBH was dissected-free [147], weighed (avg. tissue wt. 

14.7 ± 0.4 mg) and immediately sonicated in 300 ~l 70% ethanol/water 

containing 50 ng d7-deuterodopamine (2-[3,4-dihydroxyphenyl-d
3

]ethyl-

1,1,2,2-d4-amine HCl). The above was synthesized from 2-(3,4-

dihydroxyphenyl)ethyl-1,1,2,2-d
4

-amine HCl (Merck & Ce., Inc., 

Rathway, N.J.) via procedures previously described [143]. Suspensions 

prepared in this manner were stored at -85°C until processing. The 

procedure was completed by centrifuging the suspensions at 12,000 x g 

for 20 minutes. The supernatants were transferred to conical reaction 

vials and the ethanol/water solvent removed by nitrogen jet 

evaporation. 

The protein content of the tissue pellets was determined by 

the method of Lowry ~ al. [153]. The concentration of DA and NE in 

each tissue extract was determined by computerized gas chromato

graphic/mass spectral (GC/MS) selected-ion monitoring. The GC/~IS 

methodology was identical to that described previously with the 

following modifications. The base peak for the PFP-derivatized 

non-deutero endogenous DA and NE analog (m/e 428 and 590, respectively) 

and for the deutero-DA internal standard (m/e 434) 'vas monitored. 

Quantitation was accomplished by algebraically comparing the response 

of the endogenous DA and NE analogs to the response of the DA 

internal standard analog added prior to extraction. 



RESULTS 

Experiment 1~ Serum Prolactin Levels in 
Urethane-Anesthetized Male Rats 

Prolactin concentrations in male rats anesthetized 'vith 

urethane (200 mg/100 gm body wt.) for 60 or 120 minutes 'vere signifi-

cantly reduced 78 or 76%, respectively, relative to those of unanes-

thetized control animals (Table 1). Whereas at a dosage of 60 or 120 

mg/100 gm body wt. urethane significantly reduced serum PRL levels 

by 93 and 95%, respectively, 180 minutes after its administration 

(Table 1). At a dosage of 30 mg/100 gm body wt. it was observed to 

be without an effect on serum PRL levels. 

Compared to the PRL concentrations in truncal blood collected 

from unanesthetized control animals PRL concentrations in serial 

blood samples collected via external jugular venipuncture from 

urethane-anesthetized rats demonstrated a significant increase 30 

minutes after urethane administration (Figure 10). Subsequently, 

serum PRL levels in the anesthetized animals demonstrated a signifi-

cant decrease at 60, 90 and 120 minutes following urethane injection. 

These values represent an approximate 78 to 87% reduction relative 

to serum PRL levels of the unanesthetized control animals. 
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Table 1. Serum PRL levels in male rats anesthetized with urethane for 60, 120 or 180 minutes and 
in unanesthetized control animals. 

Treatment 

Urethane 200 mg/100 gm body wt. 

Urethane 200 mg/100 gm body wt. 

Urethane 120 mg/ 1 00 gm body \vt. 

Urethane 60 mg/100 gm body wt. 

Urethane 30 mg/100 gm body wt. 

Unanesthet. 
controls 

18.6 ± 3.1 

5.5 ± 1.3 

18.7 ± 4.0 

18.7 ± 4.0 

18.7 ± 4.0 

PRL, ng/ml of serum 
mean ± SEM 

Urethane 
60 min. 

4.0 ± 1. l*"~ 

Urethane 
120 min. 

1.3 ± 0.3* 

Urethane 
180 min. 

1.0 ± 0.1* 

1.3 ± 0.2* 

23.3 ± 9.4 

% Reduction 
from controls 

78 

76 

95 

93 

N.S. 

Serum PRL concentrations were determined in truncal blood collected after decapitation. Each 
control and treatment group contained five to seven animals. * = p < 0.01 and ** = p < 0.005 
versus the values of respective unanesthetized control animals. 
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Figure 10. Serum PRL levels in male rats at various times after the 
administration of urethane (U). Each bar represents the mean ± SEN 
for five animals. * = p < 0.05 and ** = p < 0.01 versus the value 
for unanesthetized controls. 



Experiment 2: The Effects of Apomorphine on Serum 
Prolactin Levels in Urethane Anesthetized Rats 

Similar to the results obtained in Experiment 1, PRL 

concentrations in blood samples withdrawn via external jugular 

venipuncture from rats anesthetized with urethane for 60 or 120 

minutes were significantly lower relative to PRL concentrations in 

truncal blood collected from unanesthetized control rats. The 
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intravenous injection of 2.0 mg of the potent DA agonist apomorphi~e 

30 minutes from urethane failed to further suppress serum PRL levels 

at 60 and 120 minutes after urethane administration (Figure 11). 

The rats receiving apomorphine and urethane showed serum PRL levels 

at 60 and 120 minutes which were not significantly different from 

those of urethane-anesthetized animals receiving saline injection. 
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Figure 11. Serum PRL levels in male rats anesthetized with urethane 
(U) and treated with 2 mg apomorphine (A). Apomorphine injections 
were made 30 minutes after urethane administration. Blood samples 
were taken via jugular venipuncture 60 and 120 minutes after urethane 
administration. Each bar represents the mean ± SEM for five animals. 
* = p < 0.01 versus the value for unanesthetized controls. N.S. 
not significantly different versus values for urethane treatment 
alone. 



Experiment 3: The Effects of Pimozide on Serum 
Prolactin Levels in Urethane-Anesthetized Rats 

Again in this experiment serum PRL concentrations in rats 

anesthetized with urethane for 60 minutes were significantly lower 

than PRL concentrations in truncal blood collected from unanesthe-

tized control animals. As shown in Figure 12, the intravenous 

injection of 8 ~g of pimozide, a potent DA antagonist, 30 minutes 

after urethane administration slightly elevated serum PRL levels 

in animals anesthetized with urethane for 60 minutes. Increasing 

amounts of pimozide, viz. 40 or 200 ~g, resulted in a 265 or 538% 

increase in serum PRL levels, respectively, compared to serum PRl 

levels in unanesthetized control animals. The animals which 

received vehicle administration of O.OSH tartaric acid (not shown 
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in Figure 12) showed serum PRL levels at 60 minutes not significantly 

different from serum PRL values of urethane-anesthetized animals 

receiving no additional treatment. 
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Figure 12. Serum PRL levels in male rats anesthetized with urethane 
(U) and treated with 8, 40 or 200 ~g of pimozide (P). Pimozide 
injections were made 30 minutes after urethane administration. Blood 
samples were taken via external jugular venipuncture 60 minutes 
after urethane administration. Each bar represents the mean ± SEN 
for seven animals. * = p < 0.05 and ** = p < 0.01 versus the value 
for unanesthetized controls. N.S. = not significantly different 
from unanesthetized controls. 



Experiment 4: The Direct Effect of Urethane on Anterior 
Pituitary Prolactin Secretion In Vitro 

The in vitro release of PRL from hemipituitaries incubated 

in 2.0 ml of KRBG buffer containing 5.0 or 50 mg of urethane was 

not significantly different from that of their respective anterior 

pituitary halves incubated in media alone. No significant differ-

ences in media PRL levels were observed in these urethane versus 

control pituitary incubations at all sampling times (Figure 13). 

On the other hand 500 mg of urethane significantly inhibited PRL 

release, as media PRL levels were significantly lower relative to 

control pituitary incubation media at both 30 and 60 minutes of 

incubation. 
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Figure 13. Depicted are the results of the incubation of hemipitui
taries in the presence of 5, 50 or 500 mg of urethane. Data are 
expressed as a percentage of the PRL found in incubation media of the 
treatment hemipituitary as compared to corresponding control pituitary 
halves. Each point represents the mean ± SEM for six pituitaries. 
* = p < 0.01. 



Experiment 5: Effects of Urethane Anesthesia 
on Dopamine and Norepinephrine Synthesis 

in the Medial Basal Hypothalamus 

The mean quantity of newly synthesized 14C_DA extracted 

from the hypothalami of animals anesthetized with urethane for 120 

81 

minutes was 76% greater than that extracted from the hypothalami of 

unanesthetized control animals (Figure 14,A). No significant 

difference was observed in the amount of newly synthesized 14C_NE 

extracted from hypothalami of urethane-anesthetized versus unanes-

thetized rats (Figure 14,B). Prolactin concentrations in truncal 

blood collected after decapitation were reduced 70% in the animals 

anesthetized with urethane for 120 minutes relative to those of 

unanesthetized rats (Figure 14,C). 
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Figure 14. Hypothalamic synthesis of 14C_DA (A) and 14C_NE (B) and 
serum PRL levels (C) in male rats anesthetized with urethane for 120 
minutes. Each bar represents the mean ± SEM for eight animals. 
* = p < 0.001 versus unanesthetized controls; ** = p < 0.005 versus 
mean PRL levels in unanesthetized controls. 



Experiment 6: In Vitro Release of Prolactin From 
Anterior Pituitaries Removed From 

Urethane-Anesthetized Rats 

The in vitro release of PRL from hemipituitaries removed 

from rats anesthetized with urethane two hours prior to sacrifice 

was significantly greater than that of hemipituitaries removed 

from saline treated control animals (Figure 15) after 60, 90 and 
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120 minutes of incubation. No significant difference in incubation 

media PRL concentrations was observed between treatment and control 

hemipituitary incubations 30 minutes into the incubation period. 
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Figure 15. Proiactin release in vitro from anterior pituitary glands 
removed from unanesthetized (control) male rats or from animals 
anesthetized with urethane for two hours prior to sacrifice. Aliquots 
of incubation media were removed at 30, 60, 90 and 120 minutes of 
incubation for PRL concentration determinations. Each point 
represents the mean ± SEM for eleven pituitary glands. ~~ = p < 0.05 
versus control incubation media PRL levels. 



Experiment 7: Serum Prolactin Levels in Estrogen
Progesterone Pretreated Urethane-Anesthetized Rats 

Prolactin concentrations in truncal blood collected from 

urethane-anesthetized rats were significantly reduced by 94% 

relative to those of unanesthetized animals. When treated with 
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50 ~g estradiol and 25 mg progesterone 72 hours prior to decapitation 

serum PRL levels in urethane-anesthetized rats were not significantly 

reduced relative to those of the above unanesthetized control 

animals. Serum PRL levels in urethane-anesthetized, estrogen-

progesterone treated rats were however significantly reduced to 66% 

of the serum PRL levels observed in estrogen-progesterone treated, 

unanesthetized animals (Figure 16). 
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Figure 16. Serum PRL levels in male rats anesthetized with urethane 
(U) for 60 minutes and injected with estrogen-progesterone (EP) 72 
hours prior to anesthetization. Each bar represents the mean ± SE~I 
for five animals. * = p < 0.01 versus the value for their respective 
unanesthetized control animals; ** = p < 0.01 versus the value for 
non-estrogen-progesterone pretreated urethane-anesthetized animals; 
and *** = p < 0.01 versus the value for non-estrogen progesterone 
pretreated unanesthetized control animals. 



Experiment 8: Initial Identification of Prolactin
Release-Inhibiting Activity in the Rat Pineal Gland 

When injected intravenously into estrogen-progesterone 

pretreated, urethane-anesthetized male rats the ultrafiltrate 

residues (UM05 and UM2) of a 0.2N acetic acid extract of 27 pineal 
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glands decreased serum PRL levels significantly at 15 and 30 minutes 

postinjection (Figure 17,A). The remaining pineal extract ultra-

filtrate fraction (UM05 filtrate) (Figure 17,A) and all fractions 

obtained from the extraction of cerebral cortex tissue were without 

significant effect on serum PRL levels (Figure 17,B). 
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Figure 17. Depicted are the effects of rat pineal gland extract 
fractions (UMOS-F, UMOS-R and UM2-R) (A) and cerebral cortex extract 
fractions (Fl, F2 and F3) (B) on serum PRL in male rats. Serum PRl 
data are expressed as a percentage of PRL levels found in initial 
blood samples withdrawn via jugular venipuncture prior to the injec
tion of test substances or saline. Each point represents the mean ± 
SEM for four or five animals. * = p < 0.05 and ** = p < 0.01 versus 
values for saline-injected control animals. 



Experiment 9: Presence of Prolactin-Release-Inhibiting 
Activity in Rat Pineal Gland Incubation Media 

The incubation of 30 rat pineal glands in KRBG buffer with 

subsequent ultrafiltration of the media through UM2 and UMOS 
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membranes, resulted in two fractions (UM2 residue and UMOS residue) 

which, when injected intravenously into estrogen-progesterone 

pretreated, urethane-anesthetized male rats, significantly decreased 

serum PRL levels IS and 30 minutes postinjection (Figure 18). The 

remaining pineal incubation fraction (UMOS filtrate) and all 

fractions obtained from the incubation of cerebral cortex tissue 

were without significant effect on serum PRL levels. 
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Figure 18. Depicted are the effects of rat pineal gland incubation 
media fractions (UM05-F, ll105-R and UM2-R) and cerebral cortex 
incubation media (C.C.) on serum PRL in male rats. The media were 
collected after two hours of incubation (left panel). Fresh media was 
then added and collected after an additional two hour incubation 
period (right panel). Serum PRL data are expressed as a percentage 
of PRL levels found in initial blood samples withdrawn via jugular 
venipuncture prior to the injection of the test substances or saline. 
Injections were made immediately follmving the withdrawal of the 
initial blood sample. Subsequent blood samples were \vithdrmm 15 
and 30 minutes postinjection. Each point represents the mean ± SE~! 

for three to nine animals. * = p < 0.05 and *)~ = p < 0.01 versus 
values for saline injected control animals. 



Experiment 10: Effects of Bovine Pineal Extract 
Sephadex G-15 Fraction F1 on Serum Prolactin 

Levels in Unanesthetized Male Rats 

The intravenous administration of 0.1 gm equivalent of a 
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bovine pineal Sephadex G-1S fraction F1 (see Figure 6, MATERIALS AND 

METHODS) resulted in a rapid decrease of circulating PRL levels in 

unanesthetized male rats. Relative to saline-treated control 

animals serum PRL levels in truncal blood collected after decapitation 

were reduced significantly 66 and 68% at 20 and 40 minutes, 

respectively, after the injection of the bovine pineal fraction 

(Figure 19). 
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Figure 19. Serum PRL levels in truncal blood collected from male 
rats decapitated 20 or 40 minutes after the intravenous administration 
of bovine pineal extract Sephadex G-lS fraction Fl. Each bar 
represents the mean ± SEM for three to eight animals. * = p < 0.05 
versus values in animals 20 minutes after saline injection; ** = p < 

0.005 versus values in animals 40 minutes after saline injection. 



Experiment 11: Direct Effects of Bovine Pineal Extract 
Sephadex G-IS Fractions on Anterior Pituitary 

Prolactin Secretion In Vitro 

The in vitro release of PRL from hemipituitaries incubated 

in KRBG containing 2.0 gm equivalents of bovine pineal Sephadex 

G-IS fraction F1, F2 or F3 (Gee Figure 6, MATERIALS AND }lETHODS) 

was not significantly different from that of their respective 
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pituitary halves incubated in media alone (Figure 20). No significant 

differences in media PRL concentrations were observed in these 

pineal extract treated hemipituitary incubations versus control 

hemipituitary incubations at all media sampling times. 
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Figure 20. Depicted are the effects of bovine pineal extract 
Sephadex G-15 fractions Fl, F2 and F3 on anterior pituitary PRL 
release in vitro. Data are expressed as a percentage of the PRL 
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150 

found in~he incubation media of treatment hemipituitaries as compared 
to corresponding control pituitary halves. Aliquots of incubation 
media were removed at 30, 60, 90, 120, and 150 minutes of incubation 
for PRL concentration determinations. Each point represents the 
mean ± SEM for six pituitary glands. No significant effects are 
evident. 



Experiment 12: Effects of Bovine Pineal Extract 
Sephadex G-IS Fraction Fl on Dopamine and 

Norepinephrine Synthesis in the 
Medial Basal Hypothalamus 

9S 

The intravenous injection of 1.0 gm equivalent of the bovine 

pineal Sephadex G-IS fraction Fl (see Figure 6, MATERIALS A~~ 

METHODS) into unanesthetized male rats via intra-atrial cannulae 

resulted in a significant increase in MBH DA synthesis 20 minutes 

after its injection (Figure 21,A). Significantly greater amounts of 

deuterated (d
6

)-DA synthesized from its deuterated precursor 

molecule (d
7
)-tyrosine, injected simultaneously with the pineal 

fraction, were observed in the MBH of pineal extract treated rats 

versus amounts measured in saline injected control animals. The 

significant increase in MBH DA synthesis was concomitant with a 

significant decrease in serum PRL levels (Figure 21,B). No significant 

alteration in MBH levels of non-deuterated endogenous (dO)-DA was 

observed between treatment and control groups (Figure 21,C). 

Additionally, no significant change was observed in serum luteinizing 

hormone (LH) levels; neither were MBH levels of deuterated newly 

synthesized (dS)-NE nor non-deuterated endogenous (dO)-~E levels 

significantly different between pineal extract treated and saline 

treated groups of rats (Figure 22,A,B and C). 
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Figure 21. Depicted are the effects of bovine pineal extract 
Sephadex G-15 fraction F1 on levels of newly synthesized DA (d6-DA ) 
(A), serum PRL levels (B) and on MBH DA levels (do-DA) (e) in male 
rats. Each bar represents the mean ± SEN for eight treatment and 
four control animals. * = p < 0.005 and ** = p < 0.025 versus values 
for saline-injected control animals. 
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Figure 22. Depicted are the effects of bovine pineal extract 
Sephadex G-IS fraction Fl on serum LH levels CAl, levels of newly 
synthesized NE CdS-NE) (B) and MBH NE levels (do-NE) (e) in male 
rats. Each bar represents the mean ± SEM for eight treatment and 
four saline-injected control animals. No significant effects are 
evident. 



Experiment 13: Effects of Alpha-Methyltyrosine 
on Prolactin Secretion 

The intraperitoneal injection of AMT into unanesthetized 

male rats induced a significant inhibition of MBH DA synthesis as 
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evidenced by an 80% decrease in MBH DA levels 120 minutes following 

its administration (Figure 23,A). The decrease in MBH DA synthesis 

was concomitant with a highly significant increase in PRL secretion 

(Figure 23,B). Serum PRL levels in blood samples withdrawn via 

intra-atrial cannulae 60 and 120 minutes postinjection were 

increased 520 and 700%, respectively, relative to the PRL levels in 

initial blood samples withdrawn prior to injection. 

Conversely, serum LH levels were significantly decreased 

60 and 120 minutes after AlIT administration (Figure 23,C). 
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Figure 23. Medial basal hypothalamic DA concentrations (A), serum 
PRL levels (B) and serum LH levels (C) in male rats at various times 
after the administration of alpha-methyltyrosine (AMT). Each point 
and bar represent the mean ± SEM for six animals. * = p < 0.01 
versus values in initial blood samples drawn prior to the injection 
of AMT; ** = p < 0.01 versus values for saline-injected control 
animals. 



Experiment 14: Effects of Inovar-Anesthesia 
on Prolactin Secretion 

100 

In male rats anesthetized with Inovar for 60 or 120 minutes 

PRL concentrations in truncal blood collected after decapitation 

were increased 760 or 740%, respectively, as compared to PRL levels 

in unanesthetized control rats (Figure 24,A). Similarly, serum PRL 

levels in blood samples withdrawn via intra-atrial cannulae 30 and 

90 minutes after the injection of Inovar were increased 350 and 

400%, respectively, relative to PRL levels in initial blood samples 

withdrawn prior to injection (Figure 24,B). 
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Figure 24. Serum PRL levels in truncal blood collected from male 
rats after decapitation (A) and in blood samples collected via 
indwelling intra-atrial cannulae (B) at various times after the 
administration of Inovar-Vet anesthesia. Each point and bar 
represent the mean ± SEM for three to six animals. * = p < 0.01 
versus value for saline-injected control animals; ** = p < 0.01 
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versus value in initial blood samples withdrawn prior to the injection 
of Inovar. 



Experiment 15: H!pothalamic Synthesis of 14C-Dopamine 
and I C-Norepinephrine In Vitro 
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Each MBH removed from male rats synthesized measurable amounts 

of 14C_DA and 14C_NE from their precursor 14C-tyrosine in vitro. The 

highest rate of 14C_DA synthesis occurred during the first 60 minutes 

of incubation while the rate of 14C_NE synthesis was greatest between 

120 and 180 minutes of incubation (Figure 25,A). Medial basal 

hypothalami removed from AMT-treated rats and incubated for 60 

minutes synthesized significantly greater amounts of 14C_DA than did 

those removed from saline-treated control animals (Figure 25,B). 
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Figure 25. In vitro synthesis of 14C_DA and 14C_NE from their 
precursor 14C-tyrosine after 60, 120 and 180 minutes of incubation 
(A). In vitro synthesis of 14C-DA by hypothalamic tissue removed from 
male rats receiving alpha-methyl tyrosine (AjIT) or saline 180 minutes 
prior to sacrifice after 60 minutes of incubation (B). Each point 
and bar represent the mean ± SEM for six hypothalami. * = p < 0.001 
versus value for hypothalami removed from saline-injected animals. 



Experiment 16: Tuberoinfundibu1ar Neuronal 
Activity in Male Rats Rendered Blind and Anosmic 

104 

Each MBH removed from male rats eight weeks after they were 

rendered blind and anosmic, blind-anosmic and pinealectomized, 

blind-anosmic and sham-pinealectomized or left intact synthesized 

significant amounts of 14C_DA and 14C_NE from 14C-tyrosine in vitro. 

14 However, no significant differences in MBH levels of C-labelled DA 

or NE were observed between the treatment and intact groups after 

20 minutes of incubation (Figure 26). 
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Figure 26. In vitro synthesis of 14C_DA and 14C_NE by hypothalamic 
tissue removed from male rats rendered blind and anosmic, blind
anosmic pinealectomized (pinx), blind-anosmic sham-pinealectomized or 
left intact eight weeks prior to sacrifice. Each bar represents the 
mean ± SEM for eight or nine animals. No significant differences 
between groups are evident. 



Experiment 17: The Effects of Short Term Versus 
Chronic Hyperprolactinemia on Tuberoinfundibular 

Neuronal Activity and Anterior Pituitary 
Sensitivity to Dopamine 

106 

Three anterior pituitary homografts transplanted beneath the 

kidney capsule produced a significant increase in serum PRL levels in 

male rats sacrificed four days (short term) or eight weeks (chronic) 

following transplantation as compared to sham-operated values (Figure 

27). The difference in serum PRL levels between chronic and short 

term groups was not significant. 

In situ pituitary PRL levels are shown in Figure 28. No 

significant difference in total PRL per gland was observed between 

the pituitaries of chronic versus short term animals. When levels 

were expressed on the basis of pituitary tissue weight a small, but 

significantly greater, pituitary PRL content was evident in the short 

term animals. Sham-operated animals had significantly greater 

pituitary PRL levels than those of hyperprolactinemic animals. Both 

pituitary PRL content and concentration were significantly greater 

in these animals relative to the short term and chronic hyperprolac-

tinemic animals. 

The degree of dopaminergic inhibition of PRL secretion in 

short term hyperprolactinemic rats was not significantly different 

from that in chronic hyperprolactinemic rats (Figure 29). By 

contrast, sham-operated animals had a significantly greater degree of 

dopaminergic inhibition of their PRL release than those of hyperpro-

lactinemic animals. The relative increase in serum PRL levels after 
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Figure 27. Serum PRL levels in male rats sacrificed four days (short 
term) or eight weeks (chronic) after receiving anterior pituitary 
homografts transplanted beneath the kidney capsule. Each bar repre
sents the mean ± SEM for six animals in each treatment group and for 
six sham-operated (control) animals. * = p < 0.05 versus the value 
for controls. Variations in serum PRL levels between treatment 
groups was not significant. 



108 

10.0 1.0 

"0 
c:: 
0 

"01 ao "-
0.8 

0'1 
::J... 1J 

0 !:. 
:§ C ..... 

'< 

....l 1J 
c:: 6.0 0.6 ::0 
a.. r 
>-... 'l: 
.£ to 

2 " 
0:: 

3 
to 

4.0 0.4 ~. 
II) 

c:: 
(1) 

2.0 02 

Chronic Short Controls Chronic Short Controls 
term term 

Figure 28. In situ pituitary PRL content expressed per gland and per 
mg tissue wt-.-in male rats sacrificed four days (short term) or eight 
weeks (chronic) after receiving anterior pituitary homografts trans
planted beneath the kidney capsule. Each bar represents the mean ± 
SEM for six animals in each treatment group and for six sham-operated 
(control) animals. * = p < 0.05 versus the value for pituitaries 
removed from controls. 
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Figure 29. Percentage relative dopaminergic inhibition of PRL secre
tion in male rats four days (short term) or eight weeks (chronic) 
after receiving anterior pituitary homografts transplanted beneath 
the kidney capsule or in sham-operated (control) animals. Each bar 
represents the mean ± SEM for six animals. * = p < 0.05 versus 
values of controls. 



DA biosynthesis inhibition by Am was used as an estimate of the 

degree of dopaminergic inhibition as described previously. 

110 

In vitro PRL secretory profiles of pituitaries removed from 

homograft bearing and sham-operated animals in response to DA are 

illustrated in Figure 30. Compared to values for short term and 

sham-operated animals, the pituitaries of chronic hyperprolactinemic 

animals showed a greater response to the PRL-release-inhibiting 

activity of DA at both concentrations employed. Significantly lower 

incubation media PRL concentrations were seen for this group after 

one, two and three hours of incubation. By contrast, no significant 

differences were observed in media PRL concentrations of short term 

relative to sham-operated pituitary incubations. 

Medial basal hypothalamus DA concentrations, before and 90 

minutes after DA biosynthesis inhibition by A}IT administration, and 

calculated values for rate constants of DA decline and turnover 

rates are listed in Table 2. Variations in the initial DA concentra

tions between sham-operated and homograft bearing groups were not 

significant. Four days following the transplantation of pituitary 

homografts, the A.."'1T-induced depletion of DA in the MBH was signifi

cantly increased over that observed in sham-operated animals. Eight 

weeks after pituitary homograft transplantation, a significant 

increase in Am-induced DA depletion in the MBH was no longer evident 

relative to sham-operated animals. 

Medial basal hypothalamus NE concentrations, before and 90 

minutes after NE biosynthesis inhibition by A}!T administration, and 
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Figure 30. In vitro PRL secretory profiles of anterior pituitary 
glands removed from male rats sacrificed four days (short term) or 
eight weeks (chronic) after receiving anterior pituitary homografts 
transplanted beneath the kidney capsule or from sham-operated 
(control) animals in response to 10-7M DA (upper panel) and to 10-5~ 
DA (lower panel). Each point represents the mean ± SEM for six media 
PRL determinations. * = p < 0.05 versus values obtained from the 
incubation of pituitary glands removed from controls. 



Table 2. Dopamine concentrations and kinetic data for DA turnover in the medial basal hypothalamus 
of male rats sacrificed four days (short term) or eight weeks (chronic) after receiving anterior 
pituitary homografts transplanted beneath the kidney capsule or of sham-operated animals. 

Treatment 

Sham-operated 

Pituitary transplants 
(short term) 

Pituitary transplants 
(chronic) 

Initial conc. 
(ng/mg protein 
± SEN) 

27.29 ± 4.44 

24.44 ± 2.65 

21.67 ± 5.56 

Conc. 90 min. 
after AMI' (ng/mg 
protein ± SEM) 

18.22 ± 4.99 

8.38 ± 1. 97* 

15.31 ± 1.83 

Rate constant 
of DA decline 
(k ± SEM) 

0.14 ± 0.05 

0.81 ± 0.06* 

0.14 ± 0.06 

Turnover rate 
(ng/mg protein/ 
h ± SEM) 

3.76 ± 2.02 

17.45 ± 2.78* 

2.99 ± 1.68 

Each pituitary transplant group and the sham-operated control group contained six animals. 
* = p < 0.05 versus values for sham-operated animals. 

f-' 
f-' 
N 
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calculated values for rate constants of NE decline and turnover rates 

are listed in Table 3. No significant differences in any of these 

parameters were observed between sham-operated rats and rats bearing 

pituitary homografts for four days or eight weeks. 

Hyperprolactinemia produced by the transplantation of 

anterior pituitary homografts reduced in situ pituitary luteinizing 

hormone output. Serum luteinizing hormone levels were significantly 

reduced both four days and eight weeks after the onset of hyperpro

lactinemia relative to levels in sham-operated control animals 

(Figure 31). 



Table 3. Norepinephrine concentrations and kinetic data for NE turnover in the medial basal 
hypothalamus of male rats sacrificed four days (short term) or eight weeks (chronic) after receiving 
anterior pituitary homografts transplanted beneath the kidney capsule or of sham-operated animals. 

Treatment 

Sham-operated 

Pituitary transplants 
(short term) 

Pituitary transplants 
(chronic) 

Initial conc. 
(ng/mg protein 
± SEN) 

128.04 ± 5.47 

140.04 ± 6.68 

114.62 ± 11.00 

Conc. 90 min. 
after MIT (ng/mg 
protein ± SEM) 

79.60 ± 7.38 

98.43 ± 9.51 

62.10 ± 4.60 

Rate constant 
of NE decline 
(k ± SEH) 

0.32 ± 0.07 

0.25 ± 0.07 

0.41 ± 0.07 

Turnover rate 
(ng/mg protein/ 
h ± SEM) 

40.97 ± 9.30 

35.01 ± 10.30 

46.99 ± 8.97 

Each pituitary transplant group and the sham-operated control group contained six animals. No 
significant differences are evident. 
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Figure 31. Serum LH levels in male rats sacrificed four days (short 
term) or eight weeks (chronic) after receiving anterior pituitary 
homografts transplanted beneath the kidney capsule. Each bar repre
sents the mean ± SEM for six animals in each treatment group and for 
six sham-operated (control) animals. * = p < 0.05 versus the value 
for controls. 



DISCUSSION 

Abundant morphological, pharmacological and physiological 

evidence has accumulated in support of the proposed role of the 

TIDA neuronal system in the tonic inhibition of PRL secretion. To 

this date however, no c1earcut elucidation of a dynamic role for the 

TIDA system and its neurohormone DA in the control of PRL secretion 

has emerged. Attempts to establish an unambiguous correlation 

between increased TIDA dopaminergic activity and decreased peripheral 

plasma PRL levels, and vice versa, during physiologically or 

pharmacologically induced PRL secretory episodes have failed [159, 

160]. These latter studies estimated TIDA neuronal activity 

indirectly by measuring endogenous hypophysial portal plasma DA 

concentrations; a technique requiring elaborate surgical procedures 

and an anesthetized animal. Both the stress of surgery and anesthe

sia are known to significantly alter PRL secretion. Therefore, the 

results of these studies are perhaps difficult to interpret. The 

results of experiments presented in this dissertation may provide 

some first glimpses of the dynamic regulatory capacity of the TIDA 

neuronal system in PRL secretion. Direct estimates of TIDA neuronal 

activity were made in these experiments utilizing techniques widely 

accepted in the literature, as well as a novel technique devised to 

measure newly synthesized DA from its deuterated precursor molecule, 

tyrosine. 

116 
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Effects of Urethane on Prolactin Secretion 

The results of the first series of experiments indicate that 

urethane anesthesia modifies the control of PRL secretion in the male 

rat. First, PRL concentrations in serial blood samples collected 

via external jugular venipuncture demonstrated that following a 

transient increase in serum levels of PRL, rats anesthetized with 

urethane had significantly lower serum PRL levels relative to those 

of unanesthetized animals. Changes in serum PRL levels generally 

reflect alterations in anterior pituitary PRL release rather than 

changes in its rate of clearance from the circulation [161, 162] 

since the clearance rate of PRL from the circulation remains fairly 

constant during PRL secretory episodes. Therefore, it appeared 

that urethane anesthesia affected anterior pituitary PRL secretion. 

The transient increase in serum PRL levels observed 30 

minutes after urethane administration occurred immediately following 

the surgical exposure of the external jugular vein and was perhaps 

due to this additional surgical stress. In support of this 

possibility, PRL levels in blood samples collected via indwelling 

cannulae surgically implanted 72 hours prior to testing failed to 

demonstrate an initial increase in serum PRL levels in urethane

anesthetized rats (data not shown). Serum PRL levels were, instead, 

reduced at this same time period. 

This method of blood sampling, i.e., serial bleeding without 

fluid replacement has been shown to induce a decrease in plasma PRL 

[163]. However, in these studies PRL concentrations in truncal blood 
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collected after decapitation also demonstrated significantly lower 

serum PRL levels in animals anesthetized with urethane. Since PRL 

concentrations in serial blood samples and in truncal blood collected 

after decapitation were reduced 70 and 76% respectively, it does 

not appear that blood sampling without fluid replacement signifi

cantly decreased serum PRL in these studies. 

Urethane at lower dosages, i.e., 60 and 120 mg/l00 mg body 

tvt., also significantly decreased serum PRL levels. Thirty mg/lOO gm 

body wt. of urethane was without effect on serum PRL levels. 

Interestingly, 60-80 mg/l00 gm body wt. is the threshold dosage of 

urethane to induce narcosis in rats [158]. 

The low levels of serum PRL observed in urethane-anesthetized 

rats corroborate the results of a previous study by Smythe and Lazarus 

[164] who demonstrated that plasma PRL levels in male rats were 

significantly suppressed two hours after urethane administration. 

Burnet and Wakerly [165] found that although the suckling-induced 

rise in serum PRL in rats treated with urethane was not abolished, 

its rate was much slower compared with the dramatic PRL surge 

displayed by unanesthetized animals. An anesthetic dose of urethane 

also affects luteinizing hormone-releasing hormone elaboration and 

blocks spontaneous ovulation in the rat when administered during or 

just prior to proestrus [166]. 

The second indication that urethane anesthesia was modifying 

the control of PRL release was provided when the administration of a 

potent DA antagonist, pimozide, to urethane-anesthetized animals 
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resulted in increased serum PRL concentrations. The blockade of DA 

receptors with pimozide prevented the urethane induced depression of 

serum PRL levels and indicated that these receptors were tonically 

activated in the urethane-anesthetized animal. In further support 

of this possibility, the administration of the potent DA agonist, 

apomorphine, at a dosage repeatedly shown to suppress plasma PRL 

levels in rats [167], failed to further suppress serum PRL levels in 

urethane-anesthetized rats. Similarly, L-DOPA administration did 

not further suppress PRL levels in urethane-anesthetized rats [164]. 

A lack of a direct effect of urethane on PRL release in vitro 

provided the third indication that it was modifying the central 

control of PRL secretion. The in vitro release of PRL from hemi

pituitaries incubated in the presence of 5.0 or 50 mg of urethane 

was not significantly different from that released by respective 

anterior pituitary halves incubated in media alone. Five mg of 

urethane added to the incubation media closely approximates the 

serum concentration in an anesthetized rat one hour after urethane 

administration [158]. Five hundred mg of urethane added to the 

incubation media did however, significantly inhibit PRL release in 

vitro. This effect was believed to be due to a toxic action, as 

evidenced by an abnormal appearance (i.e., discoloration and 

swelling) of the hemipitui taries follmving incubation. Hhereas 

hemipituitaries incubated in media containing 5.0 or 50 mg urethane 

failed to demonstrate this abnormal appearance. 
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The final indication that urethane was affecting the central 

control of PRL release was provided when the hypothalamic synthesis 

14 14 . 14. of C-DA and C-NE from ~ts precursor C-tyroslne was measured 

in both urethane-anesthetized and unanesthetized rats. The results 

indicated that urethane inhibited PRL secretion by increasing the 

hypothalamic synthesis of DA. This was evidenced by the presence 

of significantly greater amounts of newly synthesized 14C_DA in the 

hypothalamus of urethane-anesthetized animals compared to that 

present in hypothalamic tissue of unanesthetized animals. 

Amphetamine exerts similar effects on PRL secretion. The 

administration of amphetamine has been demonstrated to inhibit PRL 

secretion in rats [168] and appears to exert its effects through 

the release of newly synthesized DA. Increased DA levels in 

hypophysial portal blood have been observed after amphetamine 

administration [136]. Pilotte and co-workers [137] reported that 

male rats under urethane anesthesia had lower serum PRL levels and 

greater concentrations of DA in hypophysial portal plasma than 

animals anesthetized with pentobarbital. In possible disagreement 

with observations reported in this dissertation, these authors 

reported that DA turnover in the hypothalamus of urethane-anesthetized 

rats was not significantly different from that in pentobarbital-

anesthetized animals. However, a significant difference in hypo-

physial portal plasma DA levels without a significant difference in 

hypothalamic DA turnover is difficult to reconcile. Moreover, since 

Pilotte et ~. die not measure hypothalamic DA turnover in 
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unanesthetized control animals a comparison of their results to 

results presented in this dissertation is difficult. 

Serotonin-containing neurons located in the raphe nuclei of 

the brainstem, and NE-containing neurons located in the locus 

ceruleus, project to the TIDA neurons and possibly modulate PRL 

secretion [169]. Serotonin and NE do not appear to be required for 

the tonic inhibition of PRL release, but may regulate TIDA neuronal 

activity and thus mediate phasic changes in PRL secretion. The 

possibility exists that urethane may exert its PRL-inhibiting 

effects through changes in the activity of this extrinsic innervation 

to TIDA neurons. In the present study, urethane did not appear to 

affect NE synthesis in the hypothalamus. Hypothalamic levels of 

newly synthesized 14C_NE in urethane-anesthetized animals were not 

significantly different from those levels in unanesthetized rats. 

The levels of radio labelled DA extracted from the hypothalamus 

of urethane-anesthetized and unanesthetized rats, although signifi

cantly different, were low as were those of radiolabelled NE. 

Several factors presumably account for the low levels. First, the 

specific activity of the 14c-tyrosine obtained commercially was 10\.]. 

Secondly, only a small amount of injected radiolabelled tyrosine was 

converted to catecholamines. A large amount is converted to DOPA in 

the liver and subsequently metabolized by aromatic amino acid 

decarboxylase and monoamine oxidase. Thirdly, Gudelsky and Porter 

[136] have provided evidence that DA released into hypophysial portal 

blood is derived mainly from newly synthesized DA. It is therefore 
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possible that much of the newly synthesized radio labelled DA was 

released into the portal blood and carried to the anterior pituitary 

prior to the removal of the hypothalamus. 

The finding that urethane modifies the central control of 

PRL secretion is important as this anesthetic is used extensively in 

neuroendocrinological studies, many of which require the measurement 

of PRL. Perhaps of greater importance, this information demonstrates 

that an acute increase in hypothalamic DA synthesis, indicating an 

increased TIDA neuronal activity, was causally related to an acute 

decrease in serum PRL levels. 

Pituitary glands removed from animals anesthetized with 

urethane for two hours and incubated in vitro, surprisingly released 

significantly greater amounts of PRL than did those removed from 

unanesthetized rats. The existence of mUltiple intracellular 

processing routes for PRL secretion recently proposed in the litera

ture may provide a plausible explanation for the above results. In 

a series of papers Grosvenor and co-workers [for review see Dannies, 

170] provided evidence that at least two different stores of PRL 

exist in the pituitary lactotroph, a slowly releasable pool and one 

which is rapidly releasable. Furthermore, they suggest that a 

transformation from the slowly to the rapidly releasable pool is 

required for the subsequent release of PRL. Although it is not 

known what factor(s) is responsible for the transformation, it is 

possible that urethane, via a dopaminergic mechanism, primarily 

inhibited PRL release from the rapidly releasable pool \vithout 
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significantly affecting the transformation step. This may have led 

to a relatively larger pool of rapidly releasable PRL present in 

the pituitary gland of urethane-anesthetized animals and therefore, 

a greater amount of PRL available for release in vitro. Further 

experiments are required to test this hypothesis. 

The Effect of Estrogen-Progesterone Pretreatment 
on the Urethane-Induced Inhibition of Prolactin Secretion 

Estrogen-progesterone pretreatment partially blocked the 

suppression of PRL secretion in urethane-anesthetized rats. 

Estrogen is known to exert major effects on PRL secretion which 

result in the stimulation of its synthesis and release [171]. One 

of estrogen's purported effects, which may very well explain hm, 

estrogen-progesterone treatment partially blocked the suppression of 

PRL release by urethane, is that it antagonizes the action of DA on 

the pituitary 1actotrophs [172]. Estrogen appears to interact with 

anterior pituitary DA receptors [173] and has also been shown to 

suppress hypothalamic secretion of DA into the hypophysial portal 

blood [27]. Additionally, the mitoses of cells in the anterior 

pituitary is stimulated by estrogen. The most sensitive cells appear 

to be the 1actotrophs [171]. Allor any of these effects may have 

been involved in the partial prevention of urethane's inhibition of 

PRL secretion and may also explain the observation that estrogen-

progesterone treated rats had significantly greater serum PRL levels 

than non-estrogen-progesterone treated animals both prior to and 

while anesthetized with urethane. 
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It is difficult to attribute the partial block of urethane's 

inhibitory actions on PRL secretion to progesterone. The evidence 

implicating progesterone in the modulation of PRL secretion is 

fraught with conflicting data. Evidence exists to indicate that 

progesterone inhibits PRL secretion, at least when PRL secretion is 

stimulated by estrogen [174]. The injection of large doses of 

progesterone into rats has been shown to significantly increase DA 

concentrations in hypophysial portal blood [174]. Further evidence 

that this steroid is inhibitory to PRL secretion stems from in vitro 

data indicating that progesterone inhibits PRL release from lac to-

trophs in culture [176]. Evidence exists to indicate that progester-

one may also stimulate PRL secretion. The injection of progesterone 

into female rats can induce pseudopregnancy, \vith its resultant 

diurnal and nocturnal PRL surges [177]. The implantation of 

progesterone-containing capsules can delay the normal cessation of 

PRL surges of experimentally induced pseudopregnancy [178]. 

Injections of progesterone have also been shown to be without 

significant effect on PRL secretion [179]. 

Pineal Prolactin-Release-Inhibiting Substance 
and TIDA Neuronal Activity 

Studies in this dissertation point to the possible involvement 

of the mammalian pineal gland in the modulation of PRL secretion. 

A number of studies have suggested that the effects of the pineal on 

reproductive activity may be mediated by PRL. 
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The intravenous injection of UM05 residue and UM2 residue 

fractions originating from extracts of rat pineal glands induced in 

rats a significant decrease in serum PRL levels, reflecting an 

inhibition of PRL secretion. The presence of pineal PRL-release

inhibiting activity in the rat pineal was confirmed in subsequent 

studies. It was observed that if rat pineal glands are incubated 

for four hours and the incubation media collected and ultrafiltered 

through UM2 and UM05 membranes, both of the resulting residues when 

injected into rats significantly decreased serum PRL levels. These 

effects appeared to be specific to the pineal, since similar 

fractions originating from both the extraction and incubation of 

cerebral cortex tissue were without significant effect on serum PRL 

levels when injected into rats. 

At present, the finding that PRL-release-inhibiting 

activity was observed in both u}12 residue, a fraction of higher 

molecular weight, and in the u}105 residue, a fraction of low molecular 

weight, is difficult to interpret. It is perhaps possible that 

biologically active complexes of this substance bound to carrier 

molecules were present in the UM2 residue. It is also perhaps 

possible that this relatively high molecular weight substance may 

represent a storage or inactive form, which when injected intrave

nously into rats was cleaved, unwound or somehow altered by a compo

nent in the circulation or at its target site to form a biologically 

active product. 
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Relatively few workers have reported the presence of PRL-

regulating factors in the pineal gland. B1ask and co-workers [180] 

isolated a peptide-containing fraction of partially purified bovine 

pineal isobutanol extracts which demonstrated PRL-release-inhibiting 

activity. Chang and co-workers [139] observed PRL-release-inhibiting 

activity in a crude Sephadex G-2S fraction of dilute acetic acid 

extracts of bovine pineals. ~~en this fraction was subjected to 

ultrafiltration through Diaflo u}f2 and U}fOS membranes, biological 

activity was retained in the U}fOS residue. Larsen and Benson [140] 

further purified the biologically active U}fOS residue utilizing 

Sephadex G-lS chromatography. A fraction was obtained which when 

injected intravenously into estrogen-progesterone pretreated, 

urethane-anesthetized rats significantly decreased serum PRL levels. 

Studies in this dissertation further purified this PRL-release-

inhibiting substance activity and attempted to elucidate its site 

of action. 

The active fraction isolated by Larsen and Benson [140] was 

subjected to a second gel filtration on Sephadex G-1S. Again a 

fraction was obtained which demonstrated PPIF activity in vivo. 

When injected intravenously into unanesthetized rats via an indwelling 

intra-atrial cannulae this fraction significantly decreased serum 

PRL levels. An unanesthetized animal was used in this study rather 

than an anesthetized estrogen-progesterone treated rat to remove the 

complications associated with urethane anesthesia. As reported 

previously, estrogen-progesterone only partially prevented the 
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inhibitory actions of urethane on PRL secretion. Since this pineal 

substance was capable of inhibiting PRL secretion in an unanesthetized 

animal it provides evidence that the PRL-release-inhibiting activity 

observed in urethane-anesthetized animals was at least partially, if 

not completely, due to the action of the pineal substance. 

The chemical identity of this pineal PRL-release-inhibiting 

substance has yet to be elucidated. The presence of this activity 

in a peptide-containing fraction [180] together with evidence 

provided by Chang and co-workers [139] that the PRL-release-inhibiting 

activity was trypsin-labile indicate this substance to be a protein 

or at least to contain a protein moeity. The molecular weight of 

this substance, 500-1,000 could suggest a small peptide of 5-10 

amino acid residues. Larsen and Benson [140] further purified this 

PRL-release-inhibiting substance activity by means of high pressure 

liquid chromatography. Interestingly, the PPIF activity was eluted 

with water, which is not characteristic of proteins. The structural 

characterization of this pineal substance is not within the scope 

of this dissertation but the demonstrations of PRl-inhibiting 

activity present in both bovine and rat pineal extracts do however, 

strongly suggest the possible involvement of the pineal gland in the 

regulation of PRL secretion. 

The pineal PRL-release-inhibiting substance appears to act 

in vivo at a site other than at the pituitary level since the 

incubation of hemipituitaries in the presence of this substance did 

not alter significantly their secretion of PRL into the incubation 
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media. Chang and co-workers [139] observed similar results with 

their UMOS residue fraction. It was shown to inhibit the secretion 

of PRL in vivo, but failed to affect pituitary PRL secretion in 

vitro. A lack of an effect at the pituitary level suggested a 

probable site of action at the hypothalamic level. This hypothesis 

was confirmed when the pineal PRL-release-inhibiting substance 

induced a significant increase in hypothalamic DA synthesis. 

Concomitant with decreased serum PRL levels, the intravenous 

injection of the pineal PRL-release-inhibiting substance signifi

cantly increased the synthesis of deuterated DA from its deuterated 

precursor molecule tyrosine in the MBH of unanesthetized freely 

moving rats. The stimulated synthesis of DA was not associated 

with a significant alteration in actual MBH DA concentrations. It 

is agreed in the literature that hypothalamic DA is synthesized only 

to replenish that which is released. It is also generally held that 

the DA released from the hypothalamus, i.e. , into the hypophysial 

portal blood, is derived primarily from newly synthesized DA. It 

was therefore not unexpected that a significant alteration in actual 

MBH DA concentrations was not observed. 

The pineal PRL-release-inhibiting substance induced neither a 

significant alteration in ~lliH NE synthesis nor were actual }lliH NE 

concentrations significantly changed. It thus appears that this 

pineal substance specifically affected the TIDA neurons. Luteinizing 

hormone levels in the serum were not significantly affected by the 

pineal PRL-release-inhibiting substance. The interrelationship 
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between pituitary luteinizing hormone release and hypothalamic 

noradrenergic activity is well documented in the literature. The 

finding that both hypothalamic noradrenergic activity and serum 

luteinizing hormone levels were not altered is in concert with this 

documentation. 

It may be proposed that the increase in MBH DA synthesis was 

in fact, a secondary change in response to significantly altered 

circulating PRL levels induced by the pineal PRL-release-inhibiting 

substance. Tuberoinfundibular dopaminergic neuronal activity is 

sensitive to circulating PRL levels [146, 150, 181-183]. If the 

abave was in occurrence, it would suggest a site of action other 

than at the pituitary or hypothalamic level. However, two important 

points must be considered which may discount this possibility. 

First, a latent period of 16 to 26 hours appears to exist between an 

alteration in circulating PRL levels and its inducement of a change 

in TIDA neuronal activity [181, 182]. This delayed activation of DA 

synthesis in the TIDA system may be due to the time required for 

the synthesis of tyrosine hydroxylase, the rate limiting enz)~e in 

DA biosynthesis [184, 185]. Since an increased DA synthesis was 

observed twenty minutes after the injection of the pineal substance, 

it is highly unlikely that alterations in serum PRL levels induced 

secondary changes in TIDA neuronal activity in this investigation. 

Secondly, an increased DA synthesis is associated with an increase 

in circulating PRL levels. To this investigator's knowledge, no 

reports exist in the literature to indicate that an acute decrease in 
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circulating PRL levels can activate DA synthesis in the TIDA system. 

Indeed, one may expect an actual decrease in TIDA neuronal activity 

to be associated with decreased circulating PRL levels. The opposite 

of which occurred in this study. 

The demonstration that a PRL-release-inhibiting substance 

isolated from the pineal gland can stimulate MBH DA synthesis in the 

rat is a unique finding. Little information in the literature is 

available to support this finding. Blask and Reiter [186] observed 

that the hypothalamic content of PIF is not significantly altered in 

rats in which pineal activity has been chronically stimulated by 

anosmia and blinding; surgical manipulations which lead to an 

inhibition of PRL secretion. As reported in this dissertation, 

actual MBH DA concentrations were not significantly changed by the 

pineal substance, only the rate of DA synthesis, reflecting an 

increased rate of DA release. This paradigm may similarly explain 

the absence of an alteration in hypothalamic PIF content in the 

study by Blask and Reiter [186]. Interestingly, these investigators 

did demonstrate an increase in hypothalamic PRF activity to occur 

after pinealectomy and after the inhibition of pineal activity by 

transection of the nervi coronarii. Perhaps of greater importance 

to the context of this dissertation was the finding that the 

increased MBH DA synthesis presumably induced by the pineal PRL

release-inhibiting substance was concomitant with decreased serum PRL 

levels, thus providing another indication that an acute increase in 
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TIDA neuronal activity was causally related to an acute decrease in 

PRL secretion. 

The mere presence of a substance in the pineal which can 

alter TIDA neuronal activity in no way establishes it in a physio-

logical role. It must be considered that this effect may be without 

physiological significance. For example, Ebels [187] has demonstrated 

the existence of pteridine molecules in the mammalian pineal gland. 

A pteridine cofactor is required for the activity of tyrosine 

hydroxylase, the rate-limiting enzyme in DA biosynthesis [188]. The 

presence of pteridines in the pineal fraction could account for its 

PRL-inhibiting activity by stimulatory effects on the activity of 

tyrosine hydroxylase and DA synthesis. The possibility that the 

pineal could increase pteridine levels in the hypothalamus physio-

logically is unsubstantiated and may be unlikely. A subsequent 

experiment was performed to determine if an increased TIDA neuronal 

activity occurs in an animal in which PRL secretion is inhibited by 

the stimulated pineal gland. 

Tuberoinfundibular Neuronal Activity 
in the Blind-Anosmic Rat 

Rendering the male rat blind and anosmic leads to a signifi-

cant inhibition of PRL secretion. Circulating PRL levels, anterior 

pituitary weight, PRL content and concentration are all reduced 

following these surgical manipulations [189, 190]. Increased pineal 

activity appears to mediate these effects as both pinealectomy or 

pineal denervation fully or partially prevents each of the above. 
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When the MBH was removed from blind anosmic male rats and incubated 

i h f 14c · f 14 n t e presence 0 -tyros1ne, no signi icant increase in C-DA 

synthesis was observed. Results of a previous experiment indicated 

that an alteration in TIDA neuronal activity in these blind-anosmic 

rats should have been reflected in the above incubation. In this 

experiment, a significant increase in 14C_DA synthesis was observed 

in MBH removed from rats in which TIDA neuronal activity was altered 

by AMT-treatment. This increase was presumably due to the lack of 

end-product inhibition of tyrosine hydroxylase by DA, since DA 

biosynthesis was inhibited in these animals for two hours prior to 

sacrifice. The absence of an increased TIDA neuronal activity in the 

face of dramatically inhibited PRL secretion ",as difficult to 

reconcile until the results of a subsequent experiment were reported 

by Leadem [191]. He reported that the anterior pituitaries removed 

from male rats rendered blind and anosmic displayed a supersensitivity 

to the PRL-release inhibitory action of DA in vitro. This suggested 

that a dopaminergic mechanism was indeed involved. The pituitary DA 

receptor appears to undergo changes in sensitivity induced by 

alterations in normal hypothalamic dopaminergic transmission [53, 54]. 

This interrelationship may provide an explanation for the observed 

pituitary DA supersensitivity in blind-anosmic rats. Initially, 

after blinding and olfactory bulbectomy, TIDA neuronal activity may 

have been increased sensitizing the pituitary DA receptors to 

increased levels of DA. It is perhaps possible that the TIDA neurons 

failed to maintain this chronic hyperactivity. After eight weeks, 
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their activity returned to normal levels resulting in a relative 

decrease in DA titers reaching the pituitary. The pituitary DA 

receptor response to the relative decrease in DA levels may be 

analogous to the well documented receptor supersensitivity induced 

by neurotransmitter deprivation. An experiment was designed to test 

this hypothesis; the results of which will be discussed in the 

section of this dissertation concerning the effects of hyperprolac-

tinemia on TIDA neuronal activity. 

Effects of Alpha-Methyltyrosine and Droperidol 
on PRL Secretion 

To this point, this discussion has focused on the effects 

of an acute increase in TIDA neuronal activity on PRL secretion. It 

is of interest to examine the effects of an acute decrease in TIDA 

activity, particularly in view of reports indicating that PRL 

release is stimulated by a PRF, rather than by a decrease in TIDA 

catecholamine turnover [70, 71]. Alpha-methyltyrosine is a competi-

tive inhibitor of tyrosine hydroxylase activity [192]. The 

intraperitoneal administration of A}1T induced a highly significant 

decrease in MEH DA levels after two hours. According to earlier 

studies [193, 195], the dose used in this experiment should block 

95% of tyrosine hydroxylase activity within the first five minutes 

after its administration and continue to block catecholamine 

synthesis for at least three hours. Concomitant with the decrease 

in MEH DA synthesis, serum PRL levels were dramatically increased 

at one and two hours after A}IT administration, demonstrating that an 
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acute decrease in TIDA neuronal activity is capable of producing an 

acute increase in serum PRL levels. 

Pituitary luteinizing hormone secretion was also affected 

by the administration of AMT since serum luteinizing hormone levels 

were significantly decreased at one and two hours after ~IT 

administration. Although MBH NE levels were not determined in this 

investigation, it is well established in the literature that 

blockade of tyrosine hydroxylase activity also leads to a significant 

decrease in }ffiH NE synthesis. This decrease in MEH noradrenergic 

activity presumably accounted for the decrease in serum luteinizing 

hormone levels. The interrelationship between hypothalamic 

noradrenergic activity and pituitary luteinizing hormone release is 

well documented in the literature. Increased circulating PRL levels 

have been shown to ~educe pituitary luteinizing hormone output [196]. 

However, the suppressive effect of high circulating PRL levels has 

been attribu~ed to the accelerated MBH DA synthesis associated with 

the negative feedback control of PRL over its o\m secretion. Since 

~IT induced a decrease in MBH DA synthesis, it is unlikely that the 

decreased serum luteinizing hormone levels observed could be 

attributed to the inhibitory effects of high PRL levels. 

Inovar-Vet anesthesia induced a highly significant increase 

in serum PRL levels 30, 60, 90 and 120 minutes after its administra

tion. The PRL-stimulating effect of Inovar was initially thought 

to be due to its opioid-like activity. One of the principle 

pharmacologic actions of this anesthetic is analgesia induced by 
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fentanyl, a narcotic with a pharmacological spectrum similar to that 

of morphine. The existence of PRL-stimulatory effects of morphine

like substances (opioids) is well established [90-93]. The exact 

mechanisms by which opioids stimulate PRL secretion are not clear 

but the antagonism of hypothalamic dopaminergic pathways has been 

suggested [90, 91]. Thus, the above interpretation of these results 

would have possibly provided another example of an acute increase 

in PRL secretion associated with an acute decrease in hypothalamic 

dopaminergic activity. However, Inovar also contains the tranquilizer 

droperido1. Droperido1's actions are due, in part, to catecho1amin

ergic blockade. Its molecular structure is very similar to other 

potent DA receptor blocking agents. The effects of fentanyl last 

approximately 30 minutes, while those of droperidol several hours. 

Since Inovar's effects on serum PRL levels were observed to last at 

least two hours, it was concluded that the increase in PRL secretion 

was due primarily to the blockade of DA receptors. The observation 

that PRL secretion was acutely stimulated by Inovar, likely owing 

to the effects of droperido1, is an important contribution to the 

context of this dissertation. The blockade of pituitary DA 

receptors would, in effect, mimic an acute decrease in TIDA neuronal 

activity. 

Effects of Hyperprolactinemia on TIDA Neuronal Activitv 

If the TIDA neuronal system is involved in the dynamic 

regulation of PRL secretion, its activity should be sensitive to 

circulating PRL titers. A study was designed to determine whether a 
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prolonged elevation in serum levels of PRL would provoke an 

activation of these neurons. In preliminary studies (data not shown) 

anterior pituitary homografts were transplanted beneath the right 

kidney capsule in male rats. These homografts appeared to function 

independently of hypothalamic control, releasing significant amounts 

of PRL into the circulation in response to the absence of hypothalamic 

inhibition and releasing insignificant quantities of luteinizing 

hormone in response to the lack of hypothalamic stimulation. This 

paradigm was utilized to establish hyperprolactinemia in male rats 

and TIDA neuronal activity estimated therein by measuring MBR DA and 

NE turnover. 

The results of this study show clearly that MBR DA turnover 

was significantly accelerated in response to over a five-fold 

elevation in circulating PRL levels. This accelerated MBR DA 

turnover was observed in male rats four days after homograft 

transplantation. The high circulating PRL levels also induced a 

significant reduction in the PRL content of the in situ pituitary. 

Other studies have shown that in situ pituitary PRL synthesis and 

release are both significantly decreased in rats bearing PRL-

secreting tissue implants [197, 198]. These effects on the in situ ---

pituitary are presumably owing to an accelerated TIDA activity 

increasing levels of DA reaching the pituitary lactotrophs via the 

hypophysial portal blood. Thus, in attempts to return circulating 

PRL levels to normal, further PRL secretion is inhibited and the PRL 

autoregulatory mechanism is completed. In support of this 
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presumption the administration of DA receptor blocking agents or 

reserpine, which depletes brain catecholamine stores, has been shown 

to restore the in situ pituitary PRL content in rats bearing PRL

secreting transplants [199, 200]. Hyperprolactinemia does not 

decrease PRL production via a direct action at the pituitary level 

[201]. 

The above finding is not unique to the literature. Studies 

showing an increased TIDA neuronal activity in response to hyperpro

lactinemia are found in the literature [146, 150, 181-183]. 

Nevertheless, this finding is important with regard to the context 

of this dissertation. This investigator considers the involvement 

of TIDA neuronal system in the autoregulatory feedback mechanism of 

PRL to be a prerequisite for the acceptance of a role for the TIDA 

neuronal system in the dynamic regulation of PRL secretion. 

A relative lack of information does exist however in the 

literature pertaining to the duration of increased TIDA activity in 

response to chronic hyperprolactinemia. This study demonstrated 

that TIDA neurons failed to maintain a continually accelerated DA 

turnover eight weeks following homograft transplantation, despite 

the fact that over a five-fold elevation in serum PRL levels 

persisted. A five-fold elevation in serum PRL is sufficient to 

increase TIDA DA turnover in intact male rats [150, 202]. A slight 

reduction in the degree of hyperprolactinemia produced by homografts 

after eight weeks was noted relative to that produced by homografts 

after four days, probably due to an immune phenomena interfering 
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with the functional survival of the homografts. The above finding is 

substantiated by previous work of Smythe and Brandstater [203] who 

reported increases in hypothalamic DA synthesis to occur four days 

after the induction of hyperprolactinemia by estrogen treatment, but 

not after three months of chronic hyperprolactinemia. 

In situ pituitary PRL content was equally decreased in rats 

both four days and eight weeks after the onset of hyperprolactinemia. 

This is interesting in vie\y of the data showing that an accelerated 

DA turnover was not maintained eight weeks after the onset of 

hyperprolactinemia suggesting that another mechanism may have been 

involved in the suppression of in situ pituitary PRL production. 

Examination of in situ pituitary PRL secretory profiles in response 

to DA in vitro indicated that pituitaries removed from chronic 

hyperprolactinemic rats displayed a markedly increased sensitivity 

to the PRL-release inhibitory action of DA. No change had occurred 

in pituitary sensitivity to DA four days after the induction of 

hyperprolactinemia. One interpretation of these data is that the 

diminished secretion of PRL observed in the pituitaries of chronic 

hyperprolactinemic rats in response to DA was simply a reflection of 

a decreased PRL pool available for secretion. This may be unlikely 

since total in situ pituitary PRL content in chronic versus short 

term hyperprolactinemic animals were not significantly different yet 

their secretory profiles in response to DA were markedly so. 

Furthermore, although the in situ pituitary PRL concentrations in 

sham-operated animals were almost two-fold greater than in short 
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term hyperprolactinemic rats, their PRL secretory profiles in 

response to DA were not significantly different. It is tempting to 

speculate that the in situ anterior pituitary supersensitivity to DA 

observed in response to chronic hyperpro1actinemia was compensatory 

to the decrease in MEH DA turnover, thus explaining why in situ 

pituitary PRL content was still significantly decreased in rats with 

low TIDA neuronal activity. This anterior pituitary.supersensitivity 

to DA may also explain why the degree of dopaminergic inhibition of 

PRL release in chronic hyperpro1actinemic rats with low TIDA activity 

was not significantly reduced relative to short term hyperprolactine-

mic rats with high TIDA dopaminergic activity. 

The increased anterior pituitary sensitivity to DA in response 

to hyperpro1actinemia may be difficult to reconcile in view of 

existing data demonstrating that accelerated DA turnover leads to 

desensitization of postsynaptic DA receptors [204, 205] rather than 

supersensitivity. Supersensitivity of receptors is associated with 

prolonged deprivation of the neurotransmitter [52-55]. Increased 

sensitivity to DA may be explained by the changes which occurred in 

TIDA DA turnover. The levels of DA reaching the pituitary are 

presumably increased concomitant with the significant increase in DA 

turnover observed in animals under short term hyperprolactinemia. 

Anterior pituitary DA receptors are sensitized to these increased 

levels of DA. However, with failure of the TIDA neurons to maintain 

an accelerated dopaminergic activity in response to chronic hyperpro-

lactinemia, the increased levels of DA reaching the anterior 
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pituitary are presumably also no longer maintained. The pituitary 

DA-receptor response to the relative decrease in DA levels reaching 

the anterior pituitary may be analogous to one of neurotransmitter 

deprivation. 

This phenomena of anterior pituitary supersensitivity has now 

been demonstrated in two unrelated experimental conditions; the 

chronic hyperprolactinemic male rat and the male rat rendered blind 

and anosmic. In both of these conditions, this DA supersensitivity 

was observed in animals with chronically inhibited in situ pituitary 

PRL secretion. This chronic inhibition did not appear to be due to 

an increased hypothalamic inhibitory activity. It is perhaps 

possible that the TIDA neurons do not have the capacity to maintain 

persistent hyperactivity to chronically inhibit PRL secretion belo,v 

normal levels. Furthermore, it is possible that the relative 

changes in TIDA neuronal activity lead to alterations in anterior 

pituitary sensitivity to DA. It may be hypothesized that an increased 

pituitary sensitivity to DA may act in a compensatory role to 

maintain an increased inhibitory influence when the TIDA neuronal 

system fails to maintain chronic hyperactivity. To this investiga

tor's knowledge this contention has not heretofore been proposed in 

the literature and certainly requires further documentation for its 

acceptance. In its support, several investigators have proposed that 

persistent hyperactivity of the TIDA system may lead to the 

exhaustion and perhaps degeneration of its neurons. 
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Smythe et al. [156] demonstrated that chronic severe 

hyperpro1actinemia (levels 100 fold greater than normal) induced by 

systemic estrogen treatment for three months led to highly significant 

decreases in steady-state MER DA concentrations. Below normal 

hypothalamic DA turnover rates were observed in these animals and an 

increase in PRL secretion following inhibition of brain DA synthesis 

was absent, suggesting autonomous pituitary PRL secretion. Similarly, 

chronic severe hyperpro1actinemia induced by implants of anterior 

pituitary adenoma tissue led to a highly significant decrease in 

hypothalamic DA levels [206]. The reduced DA concentrations in the 

hypothalamus may represent neuronal loss. Degenerations ofaxons, 

terminals and dendrites have been observed in the arcuate nucleus of 

rats chronically treated with estradiol [207]. Sarkar and co-workers 

[208] also observed degenerated TIDAneurons in PRL-secreting tumor

bearing rats, characterized by the presence of distorted neuronal 

fibers and autof1uorescent phagocytic cells. 

The loss of hypothalamic DA inhibitory control of PRL 

secretion in the chronic hyperpro1actinemic rat takes on added 

significance in view of similar findings in human pathological 

hyperprolactinemia. Patients with PRL-secreting adenomas, while 

retaining the inhibitory actions of DA on PRL secretion via an action 

at pituitary DA receptors, have been sho\Yn to exhibit a marked 

reduction of central dopaminergic inhibition of PRL secretion [209, 

210]. It is possible that in some cases an underfunctioning TIDA 

neuronal system controlling PRL secretion may be a contributing 
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factor in the development of hyperplasia or of microadenomas secreting 

PRL. Cronin et al. [211] have demonstrated in the rat that loss of 

central dopaminergic inhibition of PRL secretion due to destructive 

lesions of the MBH leads to hyperplasia and/or hypertrophy of 

pituitary PRL-secreting cells. 

In this study a significant decrease in MER DA concentration 

was not observed in the rats made chronically hyperprolactinemic, 

nor were MBH DA turnover rates below normal levels observed as has 

been reported to occur in response to chronic severe hyperprolactine

mia (levels 100 fold greater than normal) in rats [156, 206]. These 

animals failed to maintain an accelerated MBH DA turnover despite 

the persistence of hyperprolactinemia, but DA turnover rates 

returned to control levels. This cessation of an accelerated DA 

turnover was also not associated with a diminished capacity of the 

dopaminergic system to inhibit PRL secretion as has been reported to 

occur in response to chronic severe hyperprolactinemia [156]. It 

must be stressed that only mildly elevated (five-fold greater than 

normal) circulating PRL levels were produced by the transplantation 

of anterior pituitary homografts. The above results suggest that 

chronic mild hyperprolactinemia may simply render the TIDA neurons 

refractory to PRL. This in turn may allow the TIDA neurons to be 

protected (within limits) from the possible degenerative effects of 

persistent hyperactivity due to PRL stimulation. 
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Hyperprolactinemia produced by the transplantation of anterior 

pituitary homografts has been shown to reduce in situ pituitary 

luteinizing hormone output [196]. In the present study, serum 

luteinizing hormone levels were significantly reduced both four days 

and eight weeks after the onset of hyperprolactinemia. Since DA has 

been proposed to inhibit luteinizing hormone secretion [212, 213], 

the suppressive effect of high circulating PRL levels has been 

attributed to accelerated TIDA neuronal activity. Eight weeks 

after the onset of hyperprolactinemia, however, the reduced serum 

luteinizing hormone levels were neither associated with an increased 

TIDA DA turnover, nor were they associated with an alteration in MBH 

NE turnover. Both short term and chronic hyperprolactinemia failed 

to significantly affect noradrenergic acitivity in the MBH. This 

would suggest that another mechanism 1vas involved in the inhibition 

of luteinizing hormone secretion, at least in response to chronic 

hyperprolactinemia. Beck and Wuttke [204] have proposed that 

changes in the DA-sensitive mechanism which inhibits luteinizing 

hormone release occur at the pituitary level in response to chronic 

hyperprolactinemia. They further suggest that these changes may be 

induced by long-lasting alterations in hypothalamic neurohormone 

turnover. This may explain the observed decreased serum luteinizing 

hormone levels in the present chronic hyperprolactinemic rats. This 

mechanism proposed by Beck and Wuttke [204] is remarkably similar to 
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the one herein proposed for the continued inhibition of PRL secretion 

in the absence of increased hypothalamic TIDA inhibitory activity_ 



SUMMARY 

This study was undertaken to further define the role of the 

TIDA neuronal system and its neurohormone DA in the inhibition of 

pituitary PRL secretion. From the observations presented, it is 

. evident that this neuronal system is not only involved in the tonic 

inhibition and maintenance of baseline PRL secretion, but also appears 

to have the capacity to modulate PRL secretory episodes via the 

alteration of its dopaminergic activity. Specifically, the answers 

to the questions addressed in this study·are: 

1. Is prolactin secretion altered by the stress of urethane 

anesthesia? 

Urethane anesthesia depressed significantly serum PRL 

to levels which could not be further suppressed by DA 

receptor stimulation. The blockade of pituitary DA 

receptors prevented the urethane-induced depression in 

serum PRL. 

2. Is a prolactin-inhibiting factor present in the pineal 

gland? 

A substance was isolated from both pineal gland acid 

extracts and short term incubation media which when 

injected intravenously into male rats decreased signifi

cantly serum PRL levels. 

145 



146 

3. Are acute increases in TIDA neuronal activity coincident 

with acute decreases in serum PRL levels? 

Decreased serum PRL levels induced by urethane 

anesthesia and by a partially purified PRL-inhibiting 

substance isolated from the pineal gland were coincident 

with significant increases in MBH DA synthesis. Moreover, 

these increases in TIDA activity may be causally related 

to the inhibition of PRL secretion, since both urethane 

and the pineal substance were without an effect at the 

pituitary level. 

4. Does an acute decrease in TIDA neuronal activity lead to 

an acute increase in serum PRL? 

An inhibition of }IDH DA synthesis, or a blockade of 

DA receptors at the pituitary which would in effect mimic 

a decrease in TIDA activity, both lead to an acute, highly 

significant increase in serum PRL levels. 

5. Does the TIDA neuronal system maintain an accelerated 

activity to chronically inhibit PRL secretion? 

It appears that the TIDA neuronal system does not 

have the capacity to maintain persistent hyperactivity, 

but perhaps instead, it appears to have the capacity to 

significantly alter anterior pituitary sensitivity to DA. 

This pituitary supersensitivity to DA may act in a compen

satory role to maintain an increased inhibitory influence 
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when the TIDA neuronal system does not maintain chronic 

hyperactivity. 

6. Is the TIDA neuronal system involved in the negative 

feedback control of PRL over its own secretion? 

Elevated circulating PRL levels produced by anterior 

pituitary homografts transplanted beneath the kidney 

capsule significantly accelerated MBH DA turnover. To 

inhibit further PRL release and return circulating PRL 

levels to normal, the increased TIDA neuronal activity 

led to a significant decrease in in situ pituitary PRL. 
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APPENDIX 

Abbreviations 

Apomorphine 

L-Amino Acid Decarboxylase 

Absorbance 

Alpha-methyltyrosine 

Anterior Pituitary 

Bovine Serum Albumin 

Degrees Celsius 

Cerebral Cortex 

Centimeter 

Central Nervous System 

Catechol-o-Methyl Transferase 

Counts Per Minute 

Deuterated 

Dopamine 

Histidyl-Proline Diketopiperazine 

Dihydroxyphenylacetic Acid 

Estrogen-Progesterone 

Gamma-Amino Butyric Acid 

Gas Chromatographic/Mass Spectrometry 

Gram 

Hours 
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LH 
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m/e 

mg 

ml 
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High Pressure Liquid Chromatography 

Homovanillic Acid 
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Inches 

Rate Constant 

Turnover Rate 

Kilogram 

Kreb's Ringer Bicarbonate Glucose Buffer 

L-Dihydroxyphenylalanine 

Luteinizing Hormone 

Molar 

Monoamine Oxidase 

Medial Basal Hypothalamus 

Millicurie 

Mass/Charge Ratio 

Milligram 

Millili ter 
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Millimeter 

Millimolar 

Molecular Weight 
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Microgram 
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nm 

NRS 

NS 

OD 

P 

PBS 

PFP 

PIF 

PINX 

PPIF 

PRF 

PRL 

psi 

r 

rpm 

SD 

SEN 

3-Methoxytyramine 

Normal 

Norepinephrine 

Nanogram 

National Institute of Arthritis, Diabetes and 
Digestive and Kidney Diseases 
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National Institute of Arthritis, Hetabolism and 
Digestive Diseases 

Neurointermediate Lobe 

Nanometers 

Normal Rabbit Serum 

Nigrostriatal 

Outside Diameter 

Pimozide 

Phosphate-Buffered Saline 

Pentafluoropropanyl 

Prolactin-Release Inhibiting Factor 

Pinealectomized 

Pineal Prolactin-Release Inhibiting Factor 

Prolactin Releasing Factor 

Prolactin 

Pounds per Square Inch 

Correlation Coefficient 

Revolutions Per Hinute 

Standard Deviation 

Standard Error of the Hean 
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TI 

TIDA 

TRH 

VIP 

U 
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Tuberohypophysial 

Tyrosine Hydroxylase 

Tuberoinfundibular 

Tuberoinfundibular Dopaminergic 

Thyrotrophin Releasing Hormone 
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Gravity 
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