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ABSTRACT

CENTRAL MECHANISMS INVOLVED IN
RELEASE OF PROLACTIN AND CORTICOSTERONE
IN RESPONSE TO RESTRAINT STRESS

By

Mary S. Vomachka

The purpose of thesc experiments was to investigate the mechanisms
controlling the stress-induced rise in serum prolactin and plasma corti-
costerone.

1. The first study examined the relationship between time and the
rclcase of prolactin and corticosterone after 3-minute supine immobiliza-
tion stress in male rats. Serum prolactin and plasma corticosterone con-
centrations werc obscrved before and 0, 5, 10, 15, 30, and 60 minutes
after this stress. Prolactin rosc rapidly after immobilization stress
and reached a maximum level by 5 minutes of the onset of stress. By con-
trast, the concentration of plasma corticosterone rose gradually in re-
sponse to restraint stress and did not achieve a maximum until 15 minutes
after the initiation of stress. The elevation in the levels of these hor-
nones after acute stress was only transient. The levels of both prolactin
and corticosterone declined shortly after their initial rise and returned
to pre-stress values within 60 minutes after stress. The hypothalamus is
believed to be the site where prolactin and corticosterone release in re-

sponse to stress is regulated.

2. The second study indicated that central moncamines were intimately
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involved in regulating prolactin and corticosterone release in response
to restraint stress. Pre-treatment of male rats with drugs, which alter-
ed the levels of dopamine, norcpinephrine, serotonin, and acetylcholine,
produced marked changes in the pattern of prolactin and corticosterone
release observed before and 15, 30, and 60 minutes after immobilization
stress.  Alteration in amine activity changed peak levels, the time of
the peak, and the rate of decline of these hormones after stress. In
addition, the rcaction of each hormone to these drugs was different. En-
hancerment of catecholamine activity by l1-dopa lowered the maximum stress-
induced increascs of both prolactin and corticosterone. Depletion of
catecholamine levels by a-methyl dopa, however, clevated the resting level
of prolactin but inhibited the release of prolactin after the application
of restraint stress. By contrast, a-methyl dopa did not increase the non-
stress level of corticosterone but delayed the peak rise of corticosterone
consequent to restraint stress.

When both catecholamine and serotonin activities were increased by
the MAO inhibitor, iproniazid, this potentiated the release of corticost-
erone in response to stress but had the opposite effect on prolactin re-
lease. Specific depletion of serotonin stores by parachloroamphetamine
partially inhibited the stress-induced rise of prolactin 15 minutes after
stress. However, this drug did not adversely affect the rise of corti-
costerone in responsc to stress but did accelerate the rate at which this
hormone returned to pre-stress levels.

The cholinomimetic agent, pilocarpine, not only elevated the non-stress
level of corticosterone, but also potentiated its release in response to

immobilization stress. Both pilocarpine and its antagonist, atropine
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sulfate, inhibited the stress-induced rise of prolactin. Atropine sul-
fate, on the other hand, did not adversely affect the response of corti-
costerone to stress.

These findings suggest that the neurotransmitters, norepinephrine and
serotonin may play a role in mediating the response of prolactin and
corticosterone to acute stress. What appears to be important in the
stress-induced secretion of these hormones is not the action of one mono-
amine but an interaction between norepinephrine, dopamine, and serotonin,
all of which are increased during acute stress.

3. The possible interaction of corticosterone and prolactin in re-
sponsc to restraint stress was examined in the third study. A single in-
jection of either corticosterone or hydrocortisone acetate reduced the
basal secretion of prolactin in male rats, but did not adversely affect
the pattern of prolactin release 15, 30, and 60 minutes after immobiliza-
tion stress. In contrast, adrenalectomy did not affect the resting level
of prolactin secretion, but did result in an increased release in response
to restraint stress over that observed in sham-operated controls and in
adrenalectomized animals given corticosteroid replacement treatment. It
was demonstrated that the effect of either removal or administration of
glucocorticoids on prolactin release is mediated by the hypothalamus, since
there was no difference in pituitary prolactin content under either con-
dition. Both the non-stress and stress-induced changes in prolactin sec-
retion were releated to alterations in turnover of catecholamines and ser-

otonin after corticosteroid administration and adrenalectomy.
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INTRODUCTION

One of the prominent themes of scientific interest for many years
has been how the body participates in what Seyle has termed the 'general
stress reaction'. It has been shown that virtually every organ and
chemical constituent of the body are involved in this reaction. The
nervous and endocrine systems play an important part in maintaining re-
sistance during stress. Both systems help to keep the structure and func-
tion of the body at homeostasis despite exposure to stress producing ag-
ents or stimuli. During stress the release of 4 of the 6 hormones secre-
ted by the anterior pituitary gland may be increased. The concentration
of ACTH and prolactin in the blood rise rapidly after application of such
stressful stimuli as surgical trauma, cold, ether anesthesia, or re-
straint. Both Dunn ¢t al. (1972) and Krulich et al. (1973) demonstrated
that the levels of plasma LH are increased after application of 2 minute
ether stress. A similar but smaller rise was also observed for FSH. In
addition, the secretion of TSH was shown to be enhanced in response to
ether stress. llowever, other workers have found that the secretion of
TSH may decline after such stresses as surgical trauma, introduction to
novel stimuli, and injection of saline or nembutal (Duncommun et al., 1966
and Kraicer et al., 1963). The secretion of GH appears to be inhibited by
stress. Stresses such as etherization and cardiac puncture, cold, hypo-
gylcemia, and intense excrcise all have been shown to depress the levels

of Gl in rats (Schalch et al., 1968 and Collu et al., 1973). What is



significant is that all hormones secreted by the anterior pituitary are
changed simultaneously during the stress raction. Other stinuli may also
induce alteration in the release of all anterior pituitary hormones.

There is evidence that estrogen, thyroid hormones, suckling, and under-
feeding also can modify the sccretion of all anterior pituitary hormones.
Since stress initiates a change in all anterior pituitary hormones simul-
taneously, perhaps thcre is a common mechanism involved in controlling
their secretion in response to stress. The studies reported here were
designed to determine if there were common factors involved in initiating
the stress-induced rise of ACTH and prolactin, two hormones known to be
elevated in response to acute stress. The first experiment examined the
relationship of time to levels of serum prolactin and plasma corticoster-
one after 3 minutes of restraint stress. The second experiment determined
whether the pattern of release of these hormones after this stress could
be changed by altering the turnover of biogenic amines. The third study
investigated the intecraction between adrenal steroid secretion and release

of prolactin in response to stress.



MATERIALS AND METHODS

A pilot study examining the response of serum prolactin and plasma
corticostcrone to a variety of non-specific stresses demonstrated the
great sensitivity of both hormones to the influence of environmental stim-
uli. It was found that noise produced by opening and closing cage doors
and introduction to novel stimuli, such as transferring animals from their
animal quarters to a strange room greatly elevated the level of serum pro-
lactin and plasma corticosterone over control animals (F=13.06, P<.002).
Further, non-handled rats displayed an increased concentration of prolac-
tin and corticosterone over handled rats (Duncan's P<.05). The results
of this study demonstrated the need to avoid non-specific stresses and to
standardize the conditions for each experiment. Therefore, 24 hours be-
fore cach experiment, all experimental animals were placed in individual
cages and isolated in a separate animal room, which was not entered for
at lcast 18 hours before the start of the experiment. Before placing the
animals in scparate animal quarters, the animals were kept in groups of
3-5 rats per cage for a 5-9 day period of acclimatization under constant
temperature (2512°C) and controlled lighting (fluorescent illumination
S A.M.-7 P.M.). Wayne Lab Blox (Allied Mills, Chicago, Illinois) and
tap water werc made available ad libitum. Experimental studies were
carried out between 9 A.M. and 3 P.M. to avoid the naturnal diurnal rise
in both serum prolactin and plasma corticosteronc that occurs in the late

afternoon. All stress and collection procedures were preformed outside
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the animal quarters in a separate laboratory adjacent to the animal quar-
ters. A sccond pilot study investigating the variation between different
stress and blood collecting technics revealed that 1 minute etherization
and cardiac puncturc produced the greatest variation among the different
methods tested. Etherization and orbital sinus puncture plus etherization
and decapitation exhibited less but still a high degrce of variation.
Decapitation alone produced the least variation of all methods compared.
For this reason, decapitation was chosen as the blood collecting method
and 3-minute supine immobilization was selected as the stress. The ex-
perimental procedure cmployed for each study is outlined in each experi-

mental section.



RELATION OF TIME TO ThE SECRETION OF PROLACTIN AXND

CORTICOSTERONE IN PESPONSE TO RESTRAINT STRESS



INTRODUCTION

Stimulation of the pituitary-adrenal axis by stressful stimuli has
long been recognized. The interaction of this axis with a variety of
stresses has been reviewed by several authors (Ganong, 1963, Mangili et
al., 1966, and Saycrs and Sayers, 1947). One criterion for a stressful
stimulus has beecn a rise in the level of adrenal corticoids.

Although the rapid rcaction of ACTH to stress has been well establish-
ed, the quick response of prolactin to stress has only recently been re-
cognized. Nicoll and Meites (1960) were the first to demonstrate that
stress might play a role in the rclease of prolactin. They found that
five days of continuous exposure to a variety of stresses sucﬁ as cold,
restraint, starvation, or an injection of formaldchyde, induced lactation
in estrogen-primed female rats. Since then, several acute stress condi-
tions have been found to stimulate prolactin secretion in a variety of
species. Grosvenor ct al. (1965) demonstrated that laparotomy, bleeding,
and cervical stunning depleted pituitary prolactin stores in lactating
rats. Subseqguently, Neil (1970) found that these acute stresses were
accompanied by an elevation in plasma prolactin in the rat. Stress in-
duced by prolonged ether inhalation or soon after pentobarbital admin-
istration elevated serum prolactin in both male and female rats (Wuttke
and Meites, 1970, Wwakabayshi et al., 1971). In addition, Dunn et al.
(1972) observed that ether stress markedly increased serum prolactin in

male rats throughout a 24 hour test period. He noted that both ether



stressed and non-stressed rats exhibited a circadian periodicity in pro-
lactin levels. In contrast, stress abolished the rhythmic secretion of
LH and dampened the daily peaks found in non-stress corticosterone secre-
tion. Stress has also been found to be a stimulus for prolactin release
in cows, goats, and humans (Meites and Clemens, 1972). Increased levels
of serum prolactin were observed in cows after 10 mirutes of necise and
restraint stress (Raud et al., 1971). Both emotional anxiety and surgi-
cal trauma have becen shown to promote prolactin release in human patients.
Less traumatic situations, such as intense exercise, also were found to
increase plasma prolactin in normal men and women (Noel et al., 1972).
Since the previous studies did not investigate the relation of
time to the relecase of both prolactin and corticosterone after acute
stress, the objective of the present study was to examine this relation-
ship. The experiment was designed to test the rapidity and duration of
the relcase of these hormones in response to 3 minutes of supine immobil-

ization.



PROCEDURE

Animuls uscd in this experiment were male Sprague-Dawley rats (250-
300g) purchased from Spartan Resecarch Animals, Haslett, Michigan. One
hour before the start of the experiment, the rats were given an intraperi-
toneal injection of .5 ml. of phosphate buffer saline in .1% gelatin sus-
pension. Non-stress blood samples were obtaired by rapid decapitation
after animals werc removed from their animal quarters to an adjacent lab-
oratory (time<20 sec.). Animals were stressed by subjecting them to sup-
pine immobilization in a plastic rat restrainer. Following supine immob-
ilization, blood samples were rcmoved at 0, 5, 10, 15, 30, and 60 minutes
by decapitation. Hulf of the trunk blood was collected in glass tubes
for scrum samples to be used for prolactin assays and half in heparin-
ized tubes for plasma to be used for corticosterone assays. At the term-
ination of the experiment, blood samples were centrifuged and serum and
plasma samples were stored at -20°C. until assayed. In addition, each
anterior pituitary was removed and weighed following decapitation. At
the end of the experiment the pituitaries were homogenized, diluted, and
stored frozen until assayed. Both serum and pituitary prolactin were
measured by a double antibedy radicimmunoassay (Niswender et al., 1969)
and an average of four dilutions was expressed in terms of a purified
rat prolatin reference standard (WIAMD-RAT-PROLACTIN-RP1). Plasma corti-
costerone concentrations were measured by the fluormetric procedure of -

DeMoor and Steeno (1963).



RESULTS

The release of prolactin in response to restraint stress occurs with
great rapidity. Figure 1 shows the changes in the levels of serum pro-
lactin in male rats subjected to 3-minute supine immobilization.  Pro-
lactin levels started to rise immediately after stress, although no sig-
nificant difference was found between levels at time 0 and non-stress
levels (P>.05). VWhen the concentration of serum prolactin was compared
to both non-stress and stress levels at the other time intervals, a max-
imum level of serum prolactin was reached between 5-10 minutes after the
beginning of stress (Duncan's P<.05). However, this may not represent
the actual peak. Terkel et al. (1972) noted that 6 minute ether stress
enhanced prolactin secretion in non-suckling lactating female rats. Pro-
lactin levels started to rise between 1-2 minutes and reached a maximum
3-4 minutes after exposure to ether anesthesia. The increased levels of
prolactin release produced by restraint stress in the present study were
not sustained. Prolactin levels started to decline 15 minutes after
stress (Duncan's P<.05), even though at this time the levels were still
statistically greater than non-stress levels (Duncan's P<.05). Prolactin
levels continued to fall at 30 and 60 minutes after stress. At 60 min-
utes, the concentration of serum prolactin was not statistically different
from the non-stress state (P>.05). These results extend and confirm those
of Krulich et al. (1973) who noted a consistent 'biphasic change" in the

concentration of plasma prolactin in rats decapitated 0, 10, 30, 60, and
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120 minutes after acute stress. The stresses used in their experiment
included 2 minutes of ether inhalation, repeated ether inhalation, or ex-
posurc to a novel situation. In their study prolactin levels rose within
i0 minutes of application of stress, followed by a decline to slightly be-
low initial levels 2 hours after stress.

The fall in pituitary prolactin content seen in Table 1 appeared to
reflect the rise in serum prolactin following three minute immobilization
stress. However, analysis of variance indicated no significant difference
(P>.025) in the concentration of prolactin when all time periods were ex-
aminced. This may be because the amount of prolactin released into the
general circulation in response to acute stress is relatively small com-
pared to the pituitary stores of prolactin.

Figure 2 shows the changes in the levels of plasma corticosterone in
male rats subjected to 3 minutes of supine immobilization. Stimulation
of the adrenals after acute stress is slow relative to prolactin. Dun-
can's New Multiple Range test showed that there was no significant ele-
vation in the levels of plasma corticosterone at either 0, 5, or 10 min-
utes after stress. lHowever, the concentration of corticosterone appeared
to gradually increase following stress until it rcached a maximum level
15 minutes after stress. At this time there was a 3-fold increase in
plasna corticosterone levels above non-stress levels (P<.05). Further
analysis revealed there was no significant difference between the levels
of corticostecrone at 15 and 30 minutes following restraint stress (P>.05),
even though at 30 minutes the lecvels appeared to decline. The levels of
plasma corticosterone 60 minutes after stress were not statistically dif-

ferent from non-stress levels (b-.03).



Table 1.

Effect of 3-Minute Supine Immobilization Stress on Pituitary Prolactin

Content.

Group

azon-Stress

Minutes After Stress

0

5

10

15

30

60

5

5

6

Pituitary Prolactin Content

ng./Anterior Pituitary

21,509.5+ 3079.6

20,499.5 + 4032
17,399.0 + 1320.8
18,777.0 + 2440
15,182+ 115.5
15,214.8 + 540.1

15,145.5 4 725.9

* Standard Error of lfean

n represents the number of samples taken

12
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DISSCUSION

The secretioﬁ of prolactin and corticosterone in response to acute
stress appears to display a definite pattern. Prolactin levels rose rap-
idly after 3-minute immobilization stress and achicved a maximum level
within 5 minutes of the onset of stress. By contrast, the concentration
of plasina corticosteronc rose gradually in response to this stress and
did not reach a maximum level until 15 minutes after the initiation of
stress. Following this rise, the stress-induced rclease of each hormone
declined. Both prolactin and corticosterone at 60 minutes after stress
had returned to levels wvhich were not statistically different from pre-
stress values. Activation of the adrenal in response to stress is slow
when compared to the rapid release of ACTH after stress. Hodges (1971)
followed the concentration of ACTH in the blood of rats at various time
intervals after laparotomy under ether anesthesia. Hc observed a sig-
nificant rise in ACTIl by one minute after stress. A maximum level was
reached 2.5 minutes after the beginning of anesthesia. The concentration
of ACTH started to decline 5 minutes after stress and continued to fall
at 10, 20, and 40 minutes after stress. At 40 minutes after stress the
concentration of ACTH was barely detectable. One criticism of the exper-
iment is that the concentration of pituitary ACTH after the application
of stress was not comparcd to the concentration prior to stress. A low
initial concentration could have resulted in a smaller release of ACTH

in response to stress. It is thus difficult to assess the true

14



significance of the rapid elevation of serum ACTH after ether anesthesia
and laparotomy. liowever, the findings of lodges (1971) dcmonstrate the
rapidity with which stress promotes the release of ACTH. His study also
shows that the rclease of ACTH in response to stress exhibits a pattern
similar to that cutlined for prolactin relecase after restraint stress.
When this pattern is examincd, there are two main events which must

be explained in terms of existing mechanisms regulating the function of
the anterior pituitary. OCne event involves the rapid rise of both blood
proiactin and ACT! after the initiation of stress. The rapidity with
which the release of ACTH and prolactin occurs after acute stress is in
agreenment with the existence in the hypothalamus of neural or neuro-
humoral mechanisms controlling the function of the pituitary gland. The
hypothalamus appears to be the principal mediator of the stress response.
Disruption of the functional integrity of the hypothalamus by lesions
placed in the medial basal hypothalamus or median eminence, by pituitary
stalk scction or by pituitary transplantation has been shown to prevent
stress-induced release of ACTH {(Mangili et al., 1966). It seems likely
that the hypothalamic influence on pituitary ACTH secretion in response
to stress is mediated by CRF. Venikos-Danellis (1964) demonstrated in
female rats that ethcr or ether and surgical stress caused a rapid and
marked increase in CRF activity in the median cminence approximately one
minute after stress. The enhanced CRF activity one minute after stress
correlates with the elcvated levels of ACTH found by Hodges (1971) 2.5
minutes after laparotomy under ether anesthesia.

The influence of the hypothalamus on prolactin secretion is different
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from ACTH The prcdominant action of the hypothalamus on prolactin secre-
tion is inhibitory. Suppression or removal of this tonic inhibition by
either disruption of the hypothalamo-pituitary connecction or by appropri-
ate drug administration has been shown to increasc the release of prolac-
tin from the anterior pituitary (Meites et al., 1972). These findings
have lecd scome workers to interpret the rapid rise of prolactin following
stress as a result of acute inhibition of PIF release (Wakabayshi et al.,
1971, Meites et al., 1972). In addition to a PIF, recent evidence sug-
gests that prolactin seccretion may also be influenced by a releasing fac-
tor (PRF) (Meites and Clemens, 1972). Valverde et al. (1973) found that
ether stress further elevated the levels of prolactin in rats pre-treated
with reserpine (500ug/100z). Since reserpine has been shown to lower PIF
activity and enhance prolactin release (Meites, 1970), they proposed that
the stress augmented rise in plasma prolactin seen in reserpine-treated
animals was due to stimulation of FRF rather than to acute inhibition of
PIF. Whether acute suppression of PIF or stimulation of PRF is the mech-
anism governing the prolactin response to stress is not known. Only by
directly measuring the respective PIF and PRF activities after stress

can this question be answered.

Since catecholamines (dopamine and norepinephrine) and serotonin have
been shown to have a profound influence on the release of the hypothala-
mic hypophysiotropic hormones and the anterior pituitary horrones, it is
relevant to determinc how stress affects these neurotransmitters. A rap-
id elevation in the levels of these 3 amines has generally been observed

within only a few minutes of the inception of stress (Kato et al | 1967,
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Breitner ct al., 1963). Welch and Welch (1968a) also found that re-
straint stress produced a marked increase in the levels of norepineph-
rine, dopamine, and serctonin in various parts of the mouse brain with-
in onec to five minutes. The rise in monoamines during stress appears to
proceed and parallel the maximal stress-induced relcase of ACTH at 2.5
minutes and prolactin at 5 minutes. No direct correlation has been made
between the changes in brain monoamines and the release of the anterior
pituitary horrmones after a stressful stimulus. However, from this in-
direct cvidence it would appear that changes in brain monoamines in re-
sponse to stress might play a role in mediating the stress-induced re-
leasc of ACTIl and prolactin.

The second event is the decline of ACTH and prolactin following their
stress-induced rise. One possible explanation for this event involves
—the changes in brain moncamines following acute stress. The effects of
physical stress on brain catecholamines and serotonin are ''biphasic'".

The initial tendency at the onsct of stress is for the levels of these
amines to be elcvated. Bliss et al. (1971) found that the levels of homo-
vanillic acid, the principal dopamine metabolite, increased in the brains
of mice during clectric foot shock. At the termination of one hour of
electric foot shock the levels of homovanillic acid remained elevated for
30 minutes and then bcgan to return to normal levels. Depending upon the
type, intensity, and duration of the stress, the levels of brain amines
may be decreased. The concentration of brain norepinephrine and dopamine
was shown to decline in mice as a result of intense fighting (Welch and

Welch, 1969) and in rats by electric foot shock (Bliss et al., 1968,
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Thierry et al., 1968). ihereas low frequency stimulation of the mid-
brain raphe with implanted electrodes tended to elevate the levels of
serotonin, stimulation at higher frequencies lowered it (Sheard and
Aghajanian, 1968). Brain norepinephrine also has been reported to de-
crease as a result of intense exercise for one hour (Gordon et al., 1966
and four and eight hours of restraint stress (Corrodi et al., 1963).
Thus, it would appear that the utilization of catecholamines and sero-
tonin in response to stress follows a pattern similar to that found for
the release of ACTH and prolactin. The evidence indicates that both
brain monoamines and the anterior pituitary hormones ACTH and prolactin
rise after the inception of acute stress. This stress-induced rise is
then followed by a decline in brain amines and hormenes to normal levels
or lower than normal levels depending upon the type, intensity, or dura-
tion of the stress. The rise and subsequent fall of brain monoamines
after stress therefore, might explain the increase and decline or pro-
lactin and ACTH levels after acute stress. However, it has been reported
that hypothalanmic catecholamines inhibit both ACTH (Ganong, 1971) and
prolactin (Mecites et al., 1972). Therefore, the reclation of hypothalamic
biogenic amines to stress-induced increases in blood proiactin and ACTH
is not cntirely clear.

Another possible explanation for the decline of ACTH and prolactin
may involve the '"short loop'" feedback mechanism. It has been found that
the hypophysiotrophic area of the hypothalamus is sensitive to feedback
from anterior pituitary hormones. Thus, these hormones may influence

their own secretion through what has been termed the ''short loop"



feedback mechanism. Prolactin implants in the median emirence region
resulted in decreased levels of serum and pituitary prolactin in intact

and ovariectomized female rats. The reduction in prolactin concerntration
was linked to an incrcase in hypothalamic PIF activity (Clemens and leites,
1968). A similar autorcgulatory mechanism exists for ACTI! (Mangili et al.,
1966). ACTH or anterior pituitary tissue implanted into the hypophysio-
tropic arca inhibited ACTH release (Halasz and Szentagothai, 1960).
Therefore, the decline in ACTH and prolactin seen following a stress pro-
moted increase cf these hormones might be the result of feedback inhibi-
tion. Both ACTH and prolactin relecased after stress might possibly feed
back on neurons in the hypophysiotropic areca cf the hypothalamus to sup-
press the relecase of CRF or enhance the release of PIF. Conscaguent to

the action of these hormones on their respective hypophysiotropic factors,
the sccretion of ACTH and prolactin would be reduced. This mechanism, how-
ever, does not appear to be important since prolactin release is maintain-
ed as long as a stressful stimulus is continued.

A third possible explanation involves the role of adrenal corticoids
in suppressing the sccretion of ACTH by feedback inhibition. Corticoids
implanted into the medial basal hypothalamus resulted in a decreasc in
hypothalamic CRF and pituitary ACTH content (Chowers et al., 1967). In-
hibition of ACTH secretion has also been reported following injection or
implantation of corticoids into other brain areas, such as the midbrain,
septal region, and amygdaleid nuclei. In addition, the pituitary has
also been established as another probable site of fcedback inhibition of

ACTH by adrenal ccrticoids (Ganong, 1970). Thus, corticosterone, which
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has also bcen shown to rise in response to restraint stress, may be in-
volved in suppressing ACTH secretion. This feedback inhibition of ACTH
by adrenal corticoids does not appear to operate uncer acute stress con-
ditions, since the concentration of ACTH starts to fall before the levels

of plasma corticostercene has increased significantly.



RELATION OF BIOGENIC AMINES TO THE STRESS RESPONSE

OF PROLACTIN AND CORTICOSTERONE



INTRODUCTION

Since several pharmacological agents, which either mimic central mono-
amine neurotransmission or interfere with synaptic transmission, have been
shown to enhance both ACTH and prolactin secretion, a question arises as
to whether both hormonces are controlled by the same monoamine regulatory
nechanism. The major emphasis of existing evidence has suggested a stim-
ulatory role for the neurotransmitter, serotonin, in the reclease of both
prolactin and ACTH. A single injection of serotonin into the third ven-
tricle of male rats produced a marked incrcase in serum prolactin levels
(Kamberi et al., 1971a). Although systemic administration of serotonin
has no effect on serum prolactin concentrations, an injection of 5-hydroxy-
tryptophan (5-HTP), the immediate precursor of serotonin, did prove stim-
ulatory to the release of prolactin in both proestrous female rats and
hypophysectomized rats with an anterior pituitary graft (Lu et 2l., 1970).
S5-HTP also has been found to be capable of stimulating the pituitary-ad-
renal axis (Fiore-Donati et al., 1959). Oral administration of 5-HTP (150
mg) resulted in increased levels of both ACTH and cortisol in human male
subjects (Imura ct al., 1973). Direct application of serotonin to the
median eminence or different areas of the hypothalamus, midbrain, and fore-
brain has produced significant elevations in the tonic secretion of corti-
costeroids (Krieger et al., 1970, Naumenko et al., 1968). It has also
been shown that scrotonin may play a role in mediating the circadian per-

iodicity of the pituitary-adrcnal axis (Krieger et al., 1969). Scapagnini

o
rd



et al. (1971) observed that therc was a direct correlation between the
variations in scrotonin content of the amygdala and hippocampus and plas-
ma corticosteronc levels. Both values were low at 8 A.M. and high at 8
P.M. Koch et 21. (1971) and Dunn et al. (1972) independently showed that
the concentration of prolactin is higher during the late afternoon than in
the morning. Thus, serotoneric neurons may play a part in mediating the
diurnal changes ir both prolactin and ACTH levels. The important role
played by the serotonergic system in ACTH regulation has been indicated by
the findings of Naumenko et al. (1968) and Popova et al (1972). Inter-
ruption of neural affcrents to the hypothalamus either by midbrain trans-
section in guinea pigs or complete deafferentation of the medial basal
hypothalamus in rats did not prevent the stimulation of the pituitary-ad-
renal axis by S5-HTP or serotonin administration. Direct action of 5-HTP
on the adrenal cortex was ruled out by finding that hypophysectomy compl-
etely abolished the stimulatory effect of 5-HTP on corticosterone secre-
tion. In‘contrast, while regional injections of carbacol or norepinephrine
into the hypothalamus or midbrain significantly.increased the levels of
plasma corticosteroids in intact guinca pigs, both of these compcunds were
ineffective in midbrain transected animals. These results strongly sug-
gest that the terminal ncurons in the hypophysiotrophic area of the hypo-
thalamus stimulating the release of CRF are serotonergic in nature.

The main difference between the regulation of ACTH and prolactin re-
lease is that prolactin secretion is controlled principally by an inhibi-
tory factor and perhaps a releasing factor (Meites et al., 1972). ACTH

secretion is governed mainly by a releasing factor (CRF) (Mangili et al.,
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1966). From the ecvidence presented it appears that serotonin overcomes
the dominant inhibitory influence of the hypothalamus on prolactin secre-
tion by either suppression of PIF or relcase of PRF, although neither hypo-
thesis has been proven conclusively. CRF, on the other hand appears to
be unique among the hypothalamic hypophysiotrophic hormones in that sero-
tonin has been shown to be stimulatory to its release. In contrast, this
neurotransmitter has been suggested to inhibitory to the releasing fac-
tors controlling gonadotrophin secreticn (Kamberi et al., 1979 and 1971a).
The dominant inhibitory influence of the hypothalamus on prolactin
secretion appears to be maintained by dopaminergic neurons present in the
hypothalamus and median eminence. The correlation made between the dop-
aminergic system and inhibition of prolactin secretion is based upon sev-
eral lines of evidence. A single injection of dopamine into the third
ventricle was reported by Kamberi et al. (1971b)to depress the concentra-
tion of serum prolactin in male rats. This decrease in serum prolactin
levels was accorpanied by an increase in PIF levels in pituitary stalk por-
tal blocd. Increasing the concentrations of catecholamines, particularly
dopaminec, either by enhanced syntnesis or reduced metabolism has resulted
in the inhibition of prolactin release. L-dopa, the immediate precursor
of dopamine, was shown to depress serum prolactin and increase hypothala-
mic PIF content in hypophysectomized female rats with an anterior pitui-
tary graft (Lu and Meites, 1972). The monoanine oxidase inhibitors, par-
gyline, iproniazid, and also the catechol-o-methyl transferase inhibitor,
pyrogallol, all caused a reduction in serum prolactin (Lu and Meites, 1971,
Clemens and Meites, 1972). 1In contrast, pharmacological agents which re-

duce hypothalamic catecholamine activity by interfering with synthesis,



storage, or receptor interaction of thgse amines, have been shown to en-
hance prolactin secretion. Chlorpromazine, pimozide, and halperidol, drugs
which block central dopamine and norepinephrine receptors all have been
shown to stimulate prolactin secretion (Mcites and Clemens, 1972). In ad-
dition, rescrpine, which decreascs monoamine transmission by inhibiting the
uptake and storage mechanism of amine granules, was reported to enhance
prolactin sccretion by suppressing PIF (Ratner et al., 1965). Inhibition
of catecholamine biosynthesis by a-methyl-p-tyrosine (AMPT), a-methyl-m-
tyrosine (AMMT), or «-methyl dopa has proved stimulatory to prolactin re-
lease. A single injection of these drugs caused a marked increase in ser-
um prolactin levels within 30 minutes of administration and all resulted
in reduced pituitary prolactin content except AMMT (Lu and Meites, 1970).
From this evidence it would thus appear that dopaminergic neurons tonical-
ly stimulate PIF secrection and thcreby mediate the inhibitory influence of
the hypothalamus on prolactin secretion.

The exact neurcendocrine roie of the ncurotransmitter, norepinephrine,
on prolactin and ACTH is difficult to define. Meites and Clemens (1972)
found that disulfram, an agent which inhibits norepinephrine biosynthesis,
caused a significant reduction in the level of serum prolactin in ovari-
ectomized rats. Likewise, Donoso et al. (1972) showed that a single in-
jection of DL-DOPS (DL-threo-3,4,hydroxyphenylserine 200mg/kg) which sel-
ectively increases norepinephrine biosynthesis, caused a significant ele-
vation in plasma prolactin in ovariectomized rats. These results suggest
that while norepinephrine probably has no role in controlling tonic prolac-
tin secretion, it may be stimulatory to prolactin release under special

conditions.
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With regard to ACTH secretion, it has been found that both reserpine
and chlorpromazine are stimulatory to ACTH secretion. Bhattacharya and
Marks (1969) found that a single injection of either agent into female
rats produced a marked rise in plasma and adrenal corticosterone concen-
trations and was accompanied by a dramatic fall in CRF content in the med-
ian eminence. If these cffects are related to blockade of central cate-
cholamine neurotransmission, it would mean that norcpinephrine or dopamine
released from their various terminal systems of the brain would act to in-
hibit the secretion of ACTH. This view is also supported by the observa-
tion that an intaventricular injection of 1l-dopa (20mg), dopamine (4mg),
or l-norepinephrine (5mg) suppressed the 17-hydroxyglucocorticoid response
to laporatomy stress . in dogs. In addition, an intraventricular injection
of agents which have been shown to release catecholamines, such as tyr-
amine (20mg) and «-ethyltyramine (8mg), reduced the concentration of 17-
hydroxyglucocorticoids after surgical stress (Van Loon et al., 1971).
However, since the doses needed for ACTH inhibition were large relative
to the levels of amines normally present in the hypcthalamus, it was sug-
gested that suppression of ACTH release by catecholamines might be second-
ary to vasoconstriction of the portal blood vessels. This possiblity was
ruled out by the finding that an intraventricular injection of angiotensin
II, a proven vasoconstrictive agent, failed to prevent the adrenocortical
response to laparotomy stress (Ganong, 1971). In addition, stimulation of
the hypothalamus in animals pretrcated with a-ethyltyramine overcame this
agent's inhibition of ACTH secretion (Ganong et al., 1565). Thus, a cate-
cholamine precursor, catecholamines, and two drugs that are capable of re-

leasing catecholamines were shown to inhibit the release of ACTH when
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injected into the third ventricle of dogs. Further evidence for a poss-
ible adrenergic inhibition of ACTH secretion is based on experiments using
pharmacdlogical agents which inhibit catecholamine synthesis and release.
Van Lcon et al. (1971) found that ecither a systemic injection (100mg/kg)
or an intraventricular injection (20mg) of AMPT, which depletes brain nor-
epincphrine and dopamine, increased plasma corticostercne levels in male
rats. Wwhen rats were given l-dopa along with AMPT, the depletion of cate-
cholamines was partially prevented and the mean increase in plasma corti-
costerone was less than in those rats receiving AMFT alone. These authors
also found a negative correlation between plasma corticosterone and the
hypothalamic content of norepinephrine and dopamine after the administra-
tion of AMPT and l-dcpa. When brain catecholamines were depleted, there
was a marked increase in plasma corticosterone, but when catecholamine
levels were high, a significant decrease in plasma corticosterone was
found. Intraventricular administration of guanethidine (lmg/kg), which pre-
vents catecholamine release from adrenergic neurons, caused a marked ele-
vation in plasma corticosterone in male rats and was accompanied by a de-

1

pletion in hypothalamic catecholamines (Scapagnini et al., 1972). Use of
an inhibitor of dopamine-g-hydroxylase, which would prevent the conversion
of dopamine to norepinephrine and thereby reduce the levels of brain nor-
epinephrine, suggested that norepinephrine rather than dopamine might be
the neurotransmitter responsible for irhibition of ACTH secretion. When
the dopamine-g-hydroxylase inhibitor, FLA-63 was administered intraperiton-
eally to male rats, the hypothalamic concentration of norepirephrine de-

clined, while that of dopamine remained unchanged. A marked rise in plas-

ma corticosterone following FLA-63 administration was attributed to this



reduction in brain norepinephrine (Scapagnini et al., 1972). An inhib-
itory role for the norepinephrine terminal system on ACTH secretion is al-
so indicated by results from lesion studies. Fuxe and H8kfclt (1971) re-
portcd that lesicning the ascending norepincphrine pathways produced an
increase in the tonic secretion of corticosterone. All these pharmacolo-
gical experiments would favor the view that increased release of norepi-
nephrine from its various terminals in the brain acts to inhibit ACTH
secretion. |

The results obtained with psychoactive drugs have to be interpreted
with caution, particularly since many workers report different results,
Reserpine implants in the median eminence failed to alter ACTH secretion
in response to various stimuli, including reserpine and chlorpromazine
(Smelik, 1967). It has also been found that a stress-induced elevation
in ACTH secrction was not changed by combtine treatment with reserpine and
a-methyltyrosine (Carr and Moore, 1568), which would block central cate-
cholamine transmission. Furthermore, data recently have been obtained
suggesting that the incrcase in plasma corticosterone observed after a-
methyltyrosine acdministration was due to a non-specific stress (Kaplanski
et al., 1972). Nermbutal administration 30 minutes pricr to a-methyltyro-
sine administration prevented the subscquent rise in plasma corticosterone
found by Scapagnini et al. (1970) and Van Loon et al. (1971), even though
catecholamine depletion was still present. In addition, repeated adminis-
tration of 50 mg/kg w-mecthyltyrosine to male rats recsulted in a decrease
in brain catecholamine levels without any effect on ACTH secretion. These
findings question the inhibitory role of norepinephrine neurons on ACTH

secretion and demonstrate that intact function of hypothalanic
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norepinephrine nerve terminals is not crucial in the rcgulation of ACTH

In addition to serotonin, dopamine, and norepinephrine, cholinergic
ncurons have also been shown to be capable of influencing ACTH and prolac-
tin secretion. Krieger and Krieger (1970) and Endrocrzi et al. (1963) in-
dependently found that cholinergic chemical stimulation of the median em-
inence and different arcas of the hypothalamus, midbrain and forebrain re-
sulted in increased ACTH secretion in cats. On the other hand, injection
or implantation of cholinomimetic drugs into other areas of the hypothala-‘
mus, midbrain, or forecbrain was found to inhibit pituitary-adrenal activ-
ity. ©Naumenko et al. (1968) further demonstrated that carbacol injected
into the hypothalamus of midbrain-transected guinea pigs failed to enhance
or inhibit ACTH sccrction. Thus, while cholinergic neurons are capable
of relating information to the neurons controlling the production of CRF,
this systcm is not essential to the regulation of ACTH secrection. The ef-
fects produced by cholinergic stimulation are probably the consequence of
reflex mechanisms. This means that chelinergic stimulation serves as a
source of efferent nervous impluses and activates the hypothalamic-pitui-
tary-adrenal system through corresponding secondary mechanisms. With re-
gard to prolactin secretion, Meites and Clemens, (1972) found that both
acetylcholine and its antagonist, atropine sulfate, induced lactation in
estrogen-primed rats and rabbits. However, the mechanism by which cholin-
ergic ncurons affect PIF and prolactin release has not yet been investi-
gated.

The purpose of the present study was two fold: (1) to correlate the
presuned rise and decline in brain amines in various stresses with the

risc and fall of prolactin and corticosterone levels observed after stress.
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(2) to investigate how dopamine, serotonin, norepinephrine, and acetyl-
choline, which can infiuence the secretion of these hormones, might af-
fect their releasc in response to a stressful stimulus. Experiments were
designed using psychoactive drugs to determine which monoamines are import-
ant in the release of ACTH and prolactin during the stress reaction.

Threc minute supine immobilization was chosen as the stress stimulus.

Serum prolactin and plasma corticosterone concentrations were examined

in relation to changes in catecholamines, serotonin, and acetylcholine,

produced by specific drugs at 0, 15, 30, and 60 minutes after stress.



PROCEDURE

Animals used in the present study were adult male Sprague-Dawley rats
obtained from Spartan Research Farms, Haslett, Michigan. The same proced-
ures were used as outlined in the previous experiment for stressing, coll-
ecting blood samples, and assaying scrum prolactin and plasma corticost-
erone. Drugs were dissolved or suspended in phosphate buffered saline
.1% gelatin and given to groups of 5-6 rats. All drugs werc administered
intraperitoneally in .5 cc of the vehicle. The drugs, their doses, and

schedule of administration employed in the present study are listed below

in Table 2.
Table 2.
Schedule of Adminis-
Drugs Doses tration
L-dopa (L-3,4,dihydroxyphenyl- 20 mg/rat 1 hour before stress

alamine) (Hoffmann-LaRoche Inc.)

Iproniazid phosphate 40 mg/rat "
(Hoffnann-LaRoche Inc.)

a-methyldopa (L-3,4,hydroxy- 80 mg/rat "
phenyl-2-metylalanine (Merk
Sharp and Dohme)

P-Chloroamphetanine-HCl (Com- 0.83 mg/rat daily for 3 days be-

pound 511600) (Regis Chemical total dose 2.5 mg/| fore stress (1 hr.)

Co.) rat

Atropine Sulfate 0.8 mg/rat daily for 2 days be-

(Sigma Chemical Co.,) tctal dose 1.6 mg/| fore stress (1 hr. )
rat

Pilocarpine nitrate (Nutri- 0.25 mg/rat 15 minutes before

tional Biochemical Corp.) stress

(o3}
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RESULTS

1) EFFECTS ON CATECHOLAMINE ACTIVITY

The drug u-methyldopa, was used as an example of a drug causing de-
pletion of brain catcholamine levels through synthesis inhibition. L-dopa
vas chosen for the opposite effect, since this drug enhances catecholamine
neurotransmnission through incrcased synthesis. Only the effects produced
by 20 mg. of 1l-dopa are presented since further studies using higher doses
of 1-dopa did rnot change the response of prolactin or corticosterone.
Iproniazid was selected as an example of a monoamine oxidase inhibitor.
Use of such an agent would, therefore, enhance catecholamine and serotonin
neurotransmission as a result of inhibition of interneuronal catabolism.

The stress-induced changes in serum prolactin and plasma corticoster-
one of male rats subscauent to treatment with these drugs are shown in
Figures 3 and 4 and in Tables 3 and 4. Analysis of variance indicated a
significant difference in the non-stress levels of prolactin and corticos-
terone among treatment groups (F=11.83, P<.002; F=4.74, P<.002 for prolac-
tin and corticostcrone respectively). Treatment of rats with a-methyldopa
one hour prior to immcbilization stress increased the resting levels of
prolactin approximately 50% above the control level. In contrast, the
same drug produced no significant change in the non-stress concentration
of plasma corticosterone. Further, iproniazid administration, which fail-
ed to alter the levels of prolactin before stress, tripled the concentra-

tion of plasma corticosterone. Animals treated with 1-dopa showed no

(93]
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significant change in the non-stress levels of either prolactin or corti-
costerone from control animals.

The previous study showed that 15 minutes post-stress represented the
maxirun response of plasma corticosterone to immobilization stress and al-
so a time when prolactin levels were still increased over non-stress lev-
els. Figures 3 and 4 demonstrate how either suppressing or enhancing cate-
cholamine ncurotransmission influences the peak response of plasma corti-
costerone and serum prolactin to acute stress. All three drugs, 1-dopa,
a-methyldopa, and iproniazid, blocked the elevation in prolactin levels
seen 15 minutes after immobilization stress (Duncan's P<.05). In contrast,
neither a-methyldopa nor iproniazid prevented the peak plasma corticoster-
one response to restraint stress. There was no significant difference
(P>.05) in the concentration of plasma corticosterone between animals
treated with these drugs and control animals. However, l-dopa did decrease
the maximum levels of plasma corticosterone induced by acute stress (Dun-
can's P<.05).

The previous experiment demonstrated that 30 and 60 minutes post-stress
represented the time interval when the concentration of corticosterone and
prolactin returned to normal. Figures 3 and 4 show the effect of these
psychoactive drugs upon the rate of decline of these hormones to pre-stress
levels. The concentration of serum prolactin in animals treated with ipron-
jazid and 1l-dopa was still lower than in control animals at both 30 and 60
minutes after immobilization stress (Duncan's P<.05). In contrast, these
drugs did not cause a significant change (P>.05) in the levels of corti-
costerone 30 and 60 minutes after stress. However, a-methyldopa enhanced

the concentration of plasma corticesterone 30 minutes after stress (Duncan's



P<.05), even though the levels of serum prolactin in animals treated with
this agent were not statistically different from controls (P>.05). At 60
minutes after stress, there was no significant difference (P>.05) in the

concentration of either prolactin or corticosterone between animals treat-

ed with a-methyldopa and control animals.
2) EFFECTS ON SEROTONERGIC ACTIVITY

Figures 5 and 6 rcveal the stress promoted changes in serum prolactin
and plasma corticosterone of male rats after treatment with pharmacologi-
cal agents which affect serotonergic neurotransmission. Parachloroamphet-
amine (PCA) was chosen as an example of a drug which selectively reduces
serotonergic activity. This pharmacological agent lowers the concentra-
tion of serotonin in the brain subsequent to inhibition of the rate limi-
ting enzyme of serotonin biosynthesis, tryptophan hydroxylase. The action
of PCA on the secretion of prolactin and corticosterone before and after
stress was compared to that of iproniazid, since this monoamine oxidase
inhibitor increases serotonergic activity in addition to catecholamine
neurotransmission. Duncan's New Multiple Range test indicated that there
was no significant diffcrence (P>.05) in the resting concentration of
either prolactin or corticosterone between thrice daily PCA (2.5 mg/rat
total dose) treated animals and control animals. However, reduction in
serotonergic activity in animals treated with PCA significantly reduced the
non-stress levels of plasma corticosterone when compared to animals treated
with iproniazid (Duncan's P<.05). In addition, rats which received PCA
exhibited a lower maximal prolactin response to immobilization stress at

15 minutes than did control rats (Duncan's P<.05). However, this
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inhibition of peak prolactin levels was not as great as seen with iproni-
azid (Duncan's P«<.05). In contrast, specific deplction of serotonin stores
by PCA had no effect on the maximum levels of plasma corticosterone ob-
served 15 minutes after restraint stress. In addition, there wus no sig-
nificant differcnce (P>.05) in ;he concentration of corticosterone 15 min-
utes after stress when iproniazid and PCA treatments werc compared. The
rate of decline of both scrum prolactin and plasma corticosterone to pre-
stress levels was not significantly affected by PCA. At 30 and 60 minutes

after immobilization stress, the concentration of corticosterone and pro-

lactin in animals given PCA was not statistically different from control

animals.
3) EFFECTS O~ CHOLINERGIC ACTIVITY

Figures 7 and 8 show the stress-induced changes in serum prolactin
and plasma corticostcrone of male rats after treatment with pilocarpine
and atropine sulfate. Filocarpine was chosen as an example of a cholino-
mimetic agent. Atropine sulfate was selected as its antagonist. This ag-
ent blocks the action of acetylcholine at its reccptor by competitive in-
hibition. The administration of either pilocarpine or atropine sulfate
to male rats prior to stress produced no significant change (P>.05) in the
resting concentration of serum prolactin from that found in controls. By
contrast, vhile the adninistration of atropine sulfate produced no signi-
ficant change (P>.05) in the non-stress concentration of plasma corticost-
eronc, treatment of animals with pilocarpine did elevate the resting levels
of corticosteronc over control animals (Duncan's P<.05). Further, there

was a significant difference in the levels of plasma corticosterone when
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pilocarpine treatment was compared to atropine sulfate treatment (Duncan's
P<.05). Both pilocarpine and its antagonist, atropine sulfate, prevented
the stress-induced rise of prolactin seen 15 minutes after stress (Dun-
can's P<.05). Atropinc sulfate was equally as effective as l-dopa in sup-
pressing the elevated levels of prolactin observed in response to stress.
In addition, there was no significant difference (P>.05) between the res-
ponsc of atropine sulfate and pilocarpine treated animals 15 minutes after
stress. In contrast, pilocarpine increased the maximum corticosterone
stress-induced response (Duncan's P<.05). Atropine sulfate, however, pro-
duced no significant change (P>.05) in the concentration of plasma corti-
costerone 15 minutes after stress. At this time the levels of corticost-
erone of pilocarpinc treated animals were elevated over those of atropine
sulfatec treated animals (Duncan's P<.05). The concentration of serum pro-
lactin in animals given atropine sulfate and pilocarpine was still lower
than controls at 30 minutes after stress (Duncan's P<.05). The levels of
prolactin in atropine sulfate treated rats were also significantly decreas-
ed 60 minutes after stress (Duncan's P<.05). In contrast, there was no
significant difference in the concentration of corticosterone when atro-
pine sulfate treated animals were compared to control animals 30 and 60
minutes after stress (P>.05). However, pilocarpine did cause a marked
rise in the levels of corticosterone 30 minutes after stress. The levels
of corticosterone in pilocarpine treated animals were significantly greater
than those observed in control animals (Duncan's P<.05) and in atropine

sulfate treated animals (Duncan's P<.05).
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DISCUSSION

It is difficult to define which particular central monoamine neuro-
transmitter is responsible for the rise and fall of prolactin and ACTH
subsequent to a stressful stimulus. Part of the problem lies in our lack
of understanding of the relationship between the liberation of amines at
specific synapses by nerve impluses and the occurrence of specific post-
synaptic events in the brain. The difficulty is further compounded by
the many uncertainties that remain concerning the action of psychotrophic
drugs on synthesis, release, uptake, and metabolism of monoamines or upon
the interaction of amines with postynaptic receptors. Despite these pro-
blens, the results of this study do demonstrate that a change in the bal-
ance of central monoamine neurotransmission has a profound effect on the
secretion of ACTH and prolactin in response to stress.

An example of the way in which alteration of central amine neurotrans-
mission affects the stress-induced release of prolactin and ACTH is illus-
trated by l-dopa administration. While the administration of 1l-dopa one
hour prior to stress had no effect on the pre-stress concentration of
either prolactin or corticosterone, this drug did suppress the stress-pro-
moted rise of these hormones. Furthermore, 1-dopa appeared to be more in-
hibitory to prolactin secretion aftcr stress than to corticosterone.

There are two possible explanations for the inhibitory effect of 1-dopa
on the rclease of these hormones after stress. Glowinski and Baldessarini

(1966) reported that the administration of l-dopa increased dopamine levels
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throughout the brain, but had only a small effect on norepinephrine con-
centrations. The corrclation between elevation of brain dopamine content
subsequent to 1-depa administration and inhibition of ACTH and prolactin
sccretion is in aggreement with the findings of other workers (Ganong,

1970 and Meites et al., 1972). Another possible explanation is that the
administration of 1l-dopa has recently been fcund to interfere with seroton-
ergic transmission, which is stimulatory to both ACTH and prolactin (Ng et
al., 1970 and 1971). These workers found that 1-dopa rapicly reduces cen-
tral serotonin stores from brain slices incubated in vitro. They also
found that 1l-dopa may enter serotonergic neurons, undergo decarboxylation
to dopamire, and subsequently be liberated in respecnse to electrical stim-
ulation. Therefore, dopamine formed in serotonergic neurons, as a conseq-
ucnce of l-dopa administration, may act as a false serotonergic transmit-
ter. The suppression of the stress-induced rise of prolactin and corti-
costerone 15 minutes after stress by l-dopa may thus be explained in terms
of enhanced brain dopamine levels or to interference of serotonergic neuro-

transmission subsequent to administration of this drug.

Monoamine oxidase (MAO) inhibitors have effects upon brain amines that
are similar to the effects induced by stress. Bliss et al. (1968) found
that the MAO inhibitor, iproniazid, increascd the concentration of cate-
cholamines and serotonin throughout the brain and prevented the depletien
of thesc amines following electric foot shock stress. Various stressors,
such as restraint, fighting, and d-amphetamine, also may elevate mouse
brain norepinephrine, dopamine, and serotonin, within 5-10 minutes (Welch

and Welch, 1968b). Likewise, MAQ inhibitors may also enhance brain amine
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levels with great rapidity. Welch and Welch (1968b) found that brain cate-
cholamines and scrotonin were significantly increased within ten minutes
after the administration of pargyline, another monoamine oxidase inhibitor.
Still other workers have found elevated brain monoamine levels when meas-
ured 30 and‘GO minutes after pargyline (Spector et al., 1963, Everett and
vyiegand, 1962). Thesc worker also found that the increase of serotonin
concentration was 20% grcater than that of norepinephrine. MAD inhibitors
mimic the effects of stress on brain monoamines and prevent their deple-
tion after stress. Thercfore, the administration of the MAO inhibitor,
iproniazid, should cnhance the response of prolactin and ACTH to stress
and delay the recturn of these hormones to resting levels. Treatment of
rats with iproniazid onec hour before immobilization did appear to potenti-
ate the release of corticosterone and partially delayed the decline of
this hormone to pre-stress levels. However, the exact opposite was found
for prolactin. The administration of iproniazid prevented the stress-in-
duced risc of serum prolactin and accelerated its return to normal levels
30 and 60 minutes after stress. Although MAO inhibitors do elevate the
concentration of brain amines and prevent their depletion after stress,
they also have other effects. MAO inhibitors also have been shown to de-
press the spontancous release of Hs—norepinephrine from sympathetic nerve
endings and to prevent or diminish the release of this amine by catechol-
amine releasing agents such as reserpine, histamine, and nicotine (Bliss
et al., 1968). Therefore, the reduction in prolactin secretion in response
to stress observed after the administration of iproniazid might be the re-

sult of decreased norepinephrine release. If this assumption is correct,
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it would implicate norepinephrine as playing a part in mediating the re-
leasc of prolacfin in response to stress.

The results obtained with a-methyldopa administration illustrates the
distinction that must be made between the effects induced by this drug be-
fore stress and after a stressful stimulus. o-methyldopa administered to
male rats onc hour prior to stress did elevate the non-stress concentra-
tion of prolactin 50% above that found in controls. MHowever, after immobi-
lization stress, prolactin secretion was not further enhanced by a-methyl-
dopa treatment rather it declined. Administration of this catecholamine
depleting agent prevented the stress-induced rise in prolactin levels 15
minutes after stress. Prolactin levels remained low 30 minutes after
stress, then started to rise above those found in control animals 60 min-
utes after stress. These results are in partial agreement with those of
other workers (Lu and Meites, 1971), who found that a single injection of
a-methyldopa into female rats increased serum prolactin over pre-treatment
levels within 30, 60, and 120 minutes of injection. However, these workers
did not observe that u-methyldopa decreased prolactin secretion after
stress probably as a result of non-specific stresses inherent in their ex-
perimental design. They used serial bleeding by cardiac puncture under
repeated etherization as their method for determining whether a-methyldopa
enhanced prolactin secretion. Etherization alone has been shown to cause
a 2-4 fold rise in prolactin secretion in 1-4 minutes of application (Terkel
et al., 1972). Elevated prolactin levels induced by ether irhalation do
not return to normal until 1-2 hours after stress (Xrulich et al., 1973).

Thus, the stress of injection, repeated etherization, and bleeding might



have masked the inhibition of prolactin releasc by a-methyldopa found
after immobilization stress and decapitation in male rats. a-methyldopa
caused transient rcduction in the concentrations of depamine and serotonin
and also induced a prolonged decrease in brain norepinephrine (Glowinski
and Baldessarini, 1966). If suppression of norepinephrine neurotransmiss-
ion proves inhibitory to prolactin release under other specific stressful
conditions, such as exercise, cold, electric foot shock, or d-amphetamine,
it would further implicate norcpinephrine as having a stimulatory role in
the relecase of prolactin during stress.

Although a-methyldopa administration did not alter the pre-stress
levels of plasma corticosterone, this drug did appear to delay the peak
response of this hormone to immobilization stress. These results would
suggest that while catecholamines, particularly norepinephrine, may not
be an important factor in the regulation of tonic ACTH secretion, they may
be involved in mediating the rise in ACTH during stress. This view is
supported by the results of Lippa et al. (1973). These workers found that
an intraventricular injection of 6-hydroxydopamine, which destroys adren-
ergic neurons, resulted in a significant though transient decrease in the
resting levels of plasma corticosterone. However, chronic depletion of
catecholamines by 6-hydroxydopamine impaired the ability of the pituitary-
adrcnal system to respond to a ketamine stressor 28 days after initial
trecatment.

The idea that norepinephrine may participate in the release of ACTH
and prolactin in stress is based on the additional evidence that the syn-

thesis and utilization of norepinephrine is increased after various types
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of stresses: clectric foot shock (Thierry et al., 1968a), cold and exer-
cise (Gordon et al., 1966); and restraint (Corrodi ct al., 1967). In ad-
dition, Cprrodi et al. (1971) found that minor tranquilizers such as
chlordiazepoxide (Librium) blocked the stress-induced activation of cen-
tral norepinephrine ncurons in immobilization stress. These drugs have
also been shown to inhibit ACTH secretion (Gold and Ganong, 1967). It is
not definietly known if the increase in norepinephrine turnover during
various types of stress is related to the increased ACTH and prolactin
secretion after stress. However, the evidence presented would suggest
such‘a rclationship. An experiment to determine if drugs such as chlor-
diazepoxide, which blocks the activation of central norepinephrine necurons,
in immobilization stress would influence the increase in prolactin and
corticosterone sccretion found during this type of stress, might answer
this question.

Since serotonin has been shown to be stimulatory to both the release
of ACTH and prolactin, the increase in serotonin turnover found during
various types of stress (Thierry et al., 1968b and Welch and Welch, 1968c)
might be an important factor in the stress-induced rise of ACTH and pro-
lactin. If this necurotransmitter participates in mediating the release of
ACTH and prolactin in response to stress, then depletion of this amine by
parachloroamphetamine (PCA) should prevent the rise in prolactin and corti-
costeronc observed after immobilization stress. The administration of PCA
for three days prior to stress did not affect the resting levels of either
prolactin or plasma corticosterone. Likewise, Donso et al. (1972) found

that blockade of serotonin biosynthesis by para-chlorophenylalanine did
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not modify plasma prolactin levels. However, treatment of rats with PCA
did partially inhibit the rise in serum prolactin induced by restraint
stress. In contrast, PCA did not affect the stress-induced rise of plas-
ma corticosteronc, but did appear to accelerate the decline of this hor-
mone to pre-stress levels 30 and 60 minutes after stress. Prezoisi et al.
(1968) and De Schaepduver et al. (1969) also found that depletion of brain
serotonin content subseguent to para-chlorophenylalanine administration
failed to affect the ability of ACTH to be secreted in response to various
stresses and in response to reserpine administration. However, these find-
ings do not exclude a role for scrotonin in mediating the increased secre-
tion of ACTH and prolactin in response to stress. Fuller et al. (1973)
found that either a single injection or multiple injections of parachloro-
amphetamine (20.6 mg/kg/rat) resulted in only a 50% reduction in brain ser-
otonin content. His results and those of others (Deguchi et al., 1972)
suggest that some serotonin neurons in the brain are not susceptible to
depletion by parachloroamphetamine. Since serotonin levels are not totally
depleted after parachloroamphetamine treatment, it is possible that a small
amount of residual or newly formed serotonin could maintain effective act-
ivity in the serotonergic system. This could explain why PCA administra-
tion produced only partial inhibition of the stress-induced rise of pro-
lactin and failed to alter plasma corticosterone levels in response to im-
mobilization stress.

The exact role of acetylcholine during stress is not known. Mavnert
and Levi (1963) reported that electric foot shock stress failed to alter

the levels of acetvlcholine in rats. However, administration of



pilocarpine and its antagonist, atropine sulfate, did modify the release
of ACTHl and prolactin in response to immobilization stress. Vhile pilo-
carpine and atropine sulfate administration had no effect on the non-
stress levels of prolactin in the present study, both agents prevented

the rise in prolactin after immobilization stress. The opposite effect
was observed for corticosterone secretion. Pilocarpine not only increased
the resting level of corticosternone secretion, but also potentiated the
relcase of this hormone in response to stress. Atropine sulfate, on the
other hand, did not impair the ability of the pituitary-adrenal system to
respond to stress. In contrast, Hedge and Smelik (1968) found that im-
plants of atropine sulfate in the hypothalamus did prove inhibitory to the
release of CRF. Since both atropine sulfate and pilocarpine have been
shown to principally affect peripheral cholinergic systems (Goodman and
Gillman, 1970), the ecffect of these agents on the secretion of anterior
pituitary hormones is probably secondary to stimulation of perpherial re-
flex mechanisms. Animals subsequent to pilocarpine administration exhib-
ited sweating, salivation, watering eyes, and diarrhea. XNaumenko et al.
(1968) showed that central cholinergic stimulation of ACTH secretion was
sccondary to activation of peripheral reflex mechanisms. Whether inhib-
ition of prolactin secretion is also the result of such a mechanism is not
known. Perhaps by implanting more specific centrally acting cholinomime-
tic agents like physostigmine or its antagonist, scopolamine, into the
hypothalamus and other areas of the brain, a clearer picture of the influ-
ence of the cholinergic system on the sccretion of prolactin and ACTH

might be obtained.
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In summnary, the results of the present study reveal several points.
First, while pharmacological agents which alter central monoamine neuro-
transmission do not necessarily affect the tonic secrction of ACTH and
prolactin, they do produce marked changes in the secretion pattern of
these hormones in responsc to a stressful stimulus. Differences were ob-
served between the acute stress response of ACTH and prolactin after treat-
ment with drugs which altered the activity of adrenergic and serotonergic
systems. Second, from the cvidence presented, it would also appear that
the secretion of ACTH and prolactin is closely regulated in response to
acute stress. All drugs used in this study altered the individual patterns
of prolactin and corticosterone secretion after initiation of immobiliza-
tion stress. Whereas these agents did not always impair the ability of
ACTHl and prolactin to be secreted in response to restraint stress, they
did alter the peak lcvels, the time of the peak, and the rate of decline
of these hormones after stress. Third, the results of this study also
implicate the neurotransmitters, norepinephrine and serotonin, as being
important in mediating the release of prolactin and ACTH after immobiliza-
tion stress. Furthermore, it would appear that what is important in the
stress-induced secrction of ACTH and prolactin is not the action of one
monoamine, but an interaction between norcpinephrine, dopamine, and sero-
tonin, all of which are increased during acute stress. This raises the
interesting question as to how these neurotransmitters interact with hypo-
thalamic neurons that contain CRF and PIF, and thus control the release of

ACTH and prolactin.



POSSIBLE ROLE OF CORTICOSTERONE IN

THE RESPONSE GF PROLACTIN TO STRESS



_INTRODUCTION

Many physiological cenditions and drugs which elicit ACTH release have
also been shown to influence prolactin secretion. [Llevated levels of
ACTH have been reported after adrenalectony, suckling and varicus stress-
¢s (Sydnor et al., 1954, Turner and Bagnara, 1971, and Ganong, 1963). In
addition, the injection of different drugs which alter the balance of
bicgenic amines in the brain, such as chlorpromazine and reserpine, have
been shown to produce marked changes in ACTH secrcticn.

All these factors also affect the release of prolactin from the an-
terior pituitary. It is known that different types of stresses cause
elevated scerum prolactin in both man and animals. Pscudopreznancy, a
physiological consequence of increased prolactin levels has been induced
in rats by adrenalectomy, surgical trauma, and alsc by the administration
of rescerpine and chlorpromazine (Swingle et al., 195la and 1951b, and
Baraclough and Sawyer, 1959). Lactation, another manifestation of ele-
vated prolactin and ACTH levels, ray be initiated by acute and chrornic
stress, suckling, and injections of morphine and serotonin (Nicoll et al.,
1960 and Meites et al., 1959). Although it appears that many stimuli
wnich elicit ACTI! also cause the relecase of prclactin, the interrclation
betwecn the pituitary-adrenal axis and prolactin secretion remains unclear.

The objective of the present sot of experiments was to study the in-
flucnce of adrenal steroids on prolactin secretion in response to re-

straint stress, a condition shown to promote both ACTH and prolactin
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release. The study was divided into two parts. The first part was de-
signed to assess the cffect of glucocorticoid administration on pituitary
synthesis of prolactin and prolactin secretion. Experimental animals
were normal male Sprague-Dawley rats purchased from Spartan Research
Animals, Haslett, Michigan. The second part invelves the influence of
adrcnalectomy and subseguent replacement with adrenal steroids on the

secretion of prolactin.



PROCLDURE

The cffect of glucocorticoid administration and removal of glucocorti-
coids on prolactin secretion was studied before and after restraint stress.
Nen-stress blood sanples were obtained by rapid decapitation (time < 20
sec.) after znimals were removed individually from their animal quarters
to an adjacent laboratery. tress blood samples were taken at 15, 30,
and 60 minutes after 3 minutes of supine immobilization in a rat re-
strainer. Trunk blood was collected, centrifuged, and serum samples were
frozen at -20°C. until assayed. Pituitaries were rcmoved immediately fol-
lowing decapitation znd at the end of the experimernt were weighed, homo-
genized, diluted, and stored frozen until time for assay. Both serum
and pituitary prolactin were measured by a double antibody radioimmuno-
assay (Niswender et al., 1969) and an average of four dilutions of each
sample assaycd were expressed in terms of purified rat prolactin referen-
ce standard (NIAMD-RAT-PROLACTIN-RP1).

All experimental suhstances used in the study were prepared on the
day of the experiment in a phosphate buffer saline .1% gelatin suspension.
Fach animal reccived .5cc of their respective treatment substance intra-
peritonrcally 4 hours bcfore the start of the experiment. Intact male rats
used in the first part of the study received a single injection of either
hydrocortisone acetate (lmg/rat) or corticosterone (3mg/rat or Img/rat).

Control animals received only the vehicle. Animals in the second part

of the study were bilaterally or sham adrenalectomized under cther
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anesthesia 9 days btefore the experiment. Adrenalectomized animals were
raintained on 0.9% saline in the interim. Animals in this part of the
study were divided into the following three groups: sham-opecrated con-
trols, adrcnalectomized controls, and adrenalectonized animals given a
single injection of either hydrocortisone acetate (lmz/rat) or corticost-
eronc (3mg/rat or Img/rat). These constituted the replacement steroids

for threc scparate groups of adrenalectomized rats. Sham-operated and

adrenalcctomized controls received phosphate buffered szline .1% gelatin.



RESULTS

1) EFFECT OF GLUCOCORTICOID ADMINISTRATION ON PROLACTIN SECRETION IN

THE INTACT MALE RAT BEFORE AND AFTER STRESS.

The effect of glucocorticoid administration on serum prolactin before
and after 3-minute restraint stress in male rats is summarized in Table 6
and Figure 9. Analysis of variance indicated that there was a significant
difference in the non-stress levels of prolactin between animals treated
with glucocorticoids and control animals (F=8.95, P<.003). Both hydro-
cortisone acetate and corticosterone suppressed the resting levels of pro-
lactin by 50%. Further analysis revealed that the prolactin levels in an-
imals treated with glucocorticoids did not statistically differ from con-
trol animals at 15, 30, or 60 minutes after immobilization stress. Neither
adrenal steroid inhibited the rise in serum prolactin after stress, nor
vas the pattern of prolactin relcase after acute stress changed by the ad-
ministration of corticosteroids.

The pituitary prolactin content of control animals and animals treated
with either hydrocortisone acetate (1 mg/rat) or corticosterorne (3 mg/rat),
measured befo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>