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Role of prostaglandins (PGs) in the activation of the hypothalamic-pituitary-adrenal
(HPA) axis by the adrenergic agonists, corticotropin-releasing hormone (CRH) and
vasopressin (VP) in rats under basal and social stress conditions was investigated.
Systemic or intracerebroventricular (icv) pretreatment with indomethacin powerfully
reduced the corticosterone response to ivc phenylephrine, an a,-receptor agonist,
significantly diminished the response to clonidine, an a,-receptor agonist, but did not
alter the response to isoprenaline,a B-adrenergic agonist. Consequently, indomet-
hacin considerably reduced the corticosterone response to noradrenaline, an a,- and
a,-adrenergic agonist, but did not change the response to adrenaline, a predominant
B-adrenergic agonist. Thus, prostaglandins considerably mediate the HPA activity
stimulated via central a;-and a,-but not B-adrenergic receptors. Social crowding
stress for 3 days did not affect the corticosterone response to ip or icv CRH, bhut
drastically reduced the response to VP. In stressed rats indomethacin did not alter
the corticosterone response to CRH but significantly further impaired the dimirushed
by stress corticosterone response to VP. Neither social stress nor endogenous
prostaglandins affected the responsiveness of the CRH system. By contrast, both
social stress and prostaglandins considerably diminished the HPA response to VP.
The above results indicate that both these neurohormone systems have a distinct
mode of adaptation and interaction with PG systems during social stress. Inter-
leukins, particularly IL-1B and IL-6, activate the HPA axis. Most immunological
stimuli and interleukins also activate both the central and the peripheral noradrener-
gic systems. Activation of the HPA axis in vivo depends on the secretion of CRH, an
intact pituitary and the ventral adrenergic bundle innervating the hypothalamxc
paraventricular nucleus. Interleukins may cross the blood-brain-barrier or be
produced in the CNS to stimulate their receptors in brain structures involved in the
regulation of the HPA axis.
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INTRODUCTION

Prostaglandins have been implicated in regulation of a wide variety of
tissue functions and may be found in almost all tissues, including the
hypothalamus, hippocampus and pituitary gland (1—3). Prostanoids are not
stored by cells, but rather are synthesized in response to cell-specific proteolytic
or hormonal stimuli. Neurons can take up free arachidonic acid (AA) and store
it rapidly by esteryfying it to membrane phospholipids. As a result, only trace
levels of free arachidonate may be found in resting cells. Although free AA is
thought to be generated either directly or indirectly by the three phos-
pholipases, phospholipase A, (PLA,), C (PLC), and D (PLD), PLA, plays
a key role in the AA release. It releases AA from the position 2 of membrane
phospholipids, such as phosphatidylethanolamine, phosphatidylinositol and
phosphatidylcholine. Arachidonic acid is further metabolized to prostaglandin
H, the precursor of prostaglandins, by the action of prostaglandin H synthase,
also called cyclooxygenase (COX) (2, 3). ’

Several neuromodulators such as amino acids, biogenic amines and
peptides stimulate the deacylation of phospholipids causing a release of free
arachidonate which can modulate the prostanoid synthesis. Noradrenaline has
been shown to stimulate the synthesis and release of PGs in different tissues,
such as the kidney, heart and blood vessels, as well as in various rodent brain
areas (4—6). Involvement of particular adrenergic receptors in the formation of
PGs is still unclear. In some peripheral tissues such as rabbit heart, the
synthesis of PGs elicited by adrenergic stimuli is mediated by the activation of
B,-adrenergic receptors (7). The B-adrenergic activation induced by isop-
roterenol may generate PGE, in pulmonary tissues and evoke a direct increase
in the arachidonic acid metabolism in lung mast cells. In other tissues such as
the rabbit and rat kidney and rabbit aorta, the PGs synthesis is linked to
a-adrenergic receptors (5, 8, 9). The coupling between neurotransmitter
receptors and PLA , appears to involve GTP-binding proteins, in particular the
By subunits of the heteromeric G proteins. Adrenergic receptors acting by G;,,
can induce the Ca®*-dependent translocation of an AA-specific cPLA, from
the cytosol to the cell membrane, and its subsequent activation (1, 2, 4).
Noradrenaline induces PGE, release in various rodent brain areas, and in
higher concentrations noradrenaline elicits PGF,, release. In primary cultures
of spinal cord neurons, noradrenaline stimulated the release of AA as well as
the turnover of inositol phosphates via o,-adrenergic receptors (10).

Conflicting reports describe various roles of PGE, in the mechanism of
ACTH and corticosterone secretion (11—14). The circulating PGs can induce
ACTH secretion either indirectly via stimulation of CRH and/or AVP
secretion, or directly, by acting on the pituitary gland. In addition, prostaglan-
din E, can stimulate the corticosterone production by isolated, perfused rat
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zona glomerulosa cells of the adrenal cortex (15). On the other hand, according
to some authors, PGE, neither stimulate nor inhibits ACTH release from the
anterior pituitary in vitro in response to the ACTH secretagogues CRH and
AVP. Inhibition of the PGs biosynthesis by systemic treatment with indomet-
hacin impairs the normal corticosterone secretion in response to acute
elevation in the plasma ACTH.

INVOLVEMENT OF PROSTAGLANDINS IN ADRENERGIC STIMULATION OF THE
HYPOTHALAMO-PITUITARY-ADRENOCORTICAL AXIS

Watanabe et al. (16) have reported that PGE, mediates ACTH
release induced in rats by noradrenaline. We recently examined the
contribution of PGs to the central stimulation of HPA axis by a,-, a,- and
B-adrenergic receptor agonists, as well as by noradrenaline and adrenaline in
conscious rats. Also the site of action of the PGs linked to the HPA
stimulations was investigated by administering indomethacin systemically or
intracerebroventricularly prior to selective adrenergic receptor agonists
(17). Systemic pretreatment with indomethacin (2 mg/kg) 15 min before icv
administration of phenylephrine (30 pug), an a,-receptor agonist, almost totally
blocked the phenylephrine-induced corticosterone response. Also pretreatment
with indomethacin (10 pg icv) considerably diminished the corticosterone
response to phenylephrine. Indomethacin given by either route elicited a potent
diminution of the corticosterone secretion induced by clonide (10 pg icv), an
a,-adrenergic receptor agonist (18). By contrast, indomethacin given by either
route was unable to markedly affect the corticosterone secretion stimulated by
isoproterenol (20 pg icv), a B-adrenergic receptor agonist. (Fig. /). Systemic or
icv pretreatment with indomethacin considerably reduced the increase in
corticosterone secretion elicited by noradrenaline (10 pg icv), but did not
markedly affect this response to icv adrenaline (10 pg) (17). These results clearly
demonstrate that PGs significantly mediate the HPA activity induced by
central stimulation of a,-adrenergic receptors by phenylephrine. Although
indomethacin poorly penetrates the blood-brain barrier from the systemic
circulation, it may reach hypothalamic CRH neurons through the organum
vasculosum of the lamina terminalis, a site almost devoid of the blood-brain
barrier (19—21). Indomethacin may also inhibit the PGs synthesis at the
median eminence and anterior pituitary. The latter sites contain adrenergic
terminals and adrenergic receptors and are readily accessible from the systemic
circulation. Although the hypothalamic paraventricular aucleus (PVN)
represents the ulimate region mediating the stimulatory effect of adrenergic
agonists administered icv, systemic indomethacin probably acts first at the level
of CRH and adrenergic terminals in the median eminence situated outside the
blood-brain barrier. Stimulation of central a,-adrenergic receptors by icv
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phenylephrine or methoxamine induces release of vasopressin (22, 23) which,
according to our recent findings, is almost as potent as CRH in evoking ACTH
and corticosterone secretion (24). Catecholaminergic neurons terminate in the
vicinity of both CRH and AVP neurons in the regions of PVN where
«,-adrenoceptors were identified by an autoradiography. Brain prostaglandins
play a central role in the control of AVP secretion, and AVP has been found to
stimulate PGE synthesis in peripheral tissues (25). Vasopressin stimulates the
PGE, synthesis in the rat adenohypophysis. Therefore our present results
strongly suggest that phenylephrine may induce AVP release which, in turn,
stimulates the PGs synthesis, and that both AVP and PGs enhance ACTH and
corticosterone secretion.
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30 ug icv 10 ug icv 20 ug icv

A INDOMETHACIN 2 mg/kg ip + agonist
E INDOMETHACIN 10 ng icv + agonist

Fig. 1. Effect of indomethacin on corticosterone secretion induced by adrenergic receptor agonists.

The corticosterone response to clonidine (10 pg icv), an a,-adrenergic
agonist, was significantly diminished by systemic or icv pretreatment with
indomethacin, though that diminution was somewhat smaller compared with
the reduction of the phenylephrine-elicited response (17, 18). It may be expected
that activation of a,-adrenergic receptors, like that of a,-adrenergic receptors,
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also promotes PGs synthesis, since it is associated with increased cellular levels
of calcium which are known to activate lipases to release arachidonic acid for
the PGs synthesis. Therefore the considerable impairment of the
clonidine-induced corticosterone response by indomethacin may be connected
with promotion of the PGs synthesis via intracellular calcium ion mobilization
(26). Alpha,-adrenergic receptors are known to be mainly involved in
stimulation of the PGs synthesis in the isolated rabbit aorta, and clonidine can
enhance the biosynthesis of PGs in the isolated perfused rabbit kidney.
Hypothalamic a,-adrenergic receptors, stimulated by icv clonidine, may be
responsible, at least in part, for generation of PGs and stimulation of the HPA
axis. By contrast PGs are not markedly involved in stimulation of the
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Fig. 2. Effect of indomethacin on corticosterone secretion elicited by noradrenaline and adrenaline.

HPA axis by B-adrenergic receptor agonist isoproterenol since indomethacin
does not significantly alter the isoproterenol-elicited corticosterone response.
The B-adrenoceptor activation by isoproterenol, is known to generate PGs in
isolated pulmonary tissues and airway mucosa, lung mast cells and cardiac
tissue. We have also shown that PGs mediate the HPA response to icv
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noradrenaline but not to adrenaline, since icv or ip pretreatment with
indomethacin considerably inhibits the rise in the corticosterone secretion
elicited by noradrenaline, but did not markedly affect such a response to
adrenaline (Fig. 2). Noradrenaline stimulates the CRH release from in vitro
superfused rat hypothalamus mainly via a,- and a,-adrenergic receptors (27).
On the other hand, adrenaline is known to stimulate ACTH secretion mainly
via B-adrenoceptors located in the brain (28). The results obtained with
adrenaline and isoproterenol consistently show a lack of involvement of PGs in
the HPA axis stimulation by the B-adrenergic agonist (Fig. 3). Activation of -
and a,-adrenoceptors on the hypothalamic paraventricular nucleus CRH
secreting neurons by icv administration of an adrenergic agonist may promote
the synthesis and release of PGs which mediate the stimulatory effect of a,- and
a,-adrenergic agonists on the CRH and ACTH secretion. Watanabe et al (29)
demonstrated that the ACTH responses induced by intrahypothalamic
injection of PGE, were significantly though not totally suppressed by systemic
pretreatment with anti-CRH antibody, which indicates that CRH is, at least in
part, involved in the ACTH response to PGE,. A portion of this response
could be mediated by induction of AVP from the pituitary gland or/and from
the magnocellular part of the hypothalamic PVN and supraoptic nucleus (30).
Involvement of PGs in the anterior pituitary corticotrops seems unlikely in the
case of adrenergic agonists given icv. Adrenergic a,-receptors have not been
found on these cells, and the possibility of a direct stimulation of pituitary
a,-adrenoceptors by icv phenylephrine and noradrenaline reaching the
anterior pituitary via the portal circulation to promote the PGs synthesis, and
ACTH secretion, seems to be of negligible significance. It is still far less likely
that icv adrenergic agonists in the doses used can reach, via peripheral
circulation, the adrenal cortex at concentrations sufficient to directly stimulate
the PGs synthesis and corticosterone secretion.
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Fig. 3. Schematic intensity of involvement of prostaglandins in corticosterone secretion induced by
icv adrenergic receptor agonists: phenylephrine (a,), clonidine (a,) and isoprenaline ().
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The present data clearly show that in vivo PGs potently mediate the
stimulation of the HPA axis transduced by a,- and a,-, but not -adrenergic
receptors. Prostaglandins can mediate adrenergic stimulation at a hypo-
thalamic and/or a pituitary levels. Although in isolated perfused rat zona
glomerulosa cells PGE, can directly stimulate the steroidogenesis and
corticosterone secretion (15), during an in vivo activation of the central
adrenergic system, the adrenal cortex may be excluded as a site of a direct
stimulatory action of PGs on the corticosterone secretion.

THE ROLE OF PROSTAGLANDINS IN THE PITUITARY-ADRENOCORTICAL
RESPONSE TO INTERLEUKIN-1

Interleukin-1 is the predominant immune cytokine secreted from activated
monocytes and macrophages. Interleukin-1 is one of the key mediators of
complex changes in the immune, physiological and behavioral functions
induced by infection or tissue injury, collectively called as the acute phase
response. It is generally accepted that there is a bidirectional network between
the neuroendocrine and immune systems. The immune system, through
cytokines, such as IL-1, IL-6 and the tumor necrosis factor-a, and the HPA
axis through the CRH release by the hypothalamus and a subsequent increase
in the ACTH and corticosteroid secretion, are functionally linked in expressing
a coordinated response to immune challenges (31).

Arachidonic acid metabolites or eicosanoids can mediate the interleukins
(ILs) modulation of the rat HPA axis (29, 32—34). The effect of IL-1 on CRH
released by isolated fragments of the hypothalamus 1is blocked by
indomethacin, suggesting mediation of eicosanoid pathways in this process.
In the rat, indomethacin totally abolished the effect of IL-1 on the HPA axis
(16, 29, 35). Interleukin-1 injected iv, ip or icv caused, a significant increase in
circulating ACTH levels. Because of its high molecular weight IL-1 given
systemically may access to the brain through structures devoid of the
blood-brain barrier, such as the median eminence, subfornical organ, organum
vasculosum lamina terminalis (OVLT) or area postrema. Katsuura et al (20)
reported that IL-1p can possibly enter the brain through the OVLT, where it_
binds and stimulates its receptors on astrocytes and induces the release of
PGE,. Liberated PGE, may reach and activate neurons in the medial preoptic
area (MPOA) which send stimulatory signals to CRH neurons in the PVN.
Indomethacin or a PGE antagonist, microinjected into the OVLT or POA,
suppressed or abolished that response. Komaki et al (36) observed that iv
administered IL-1p induced a significant and a greater rise in PGE, in the
OVLT and the MPOA, than in the PVN and suggested that the OVLT and
MPOA may be the primary sites of activation of the HPA axis by circulating
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IL-1B. It is accepted, however, that central administration of IL-1p primarily
activates directly the PVN to increase the CRH and ACTH secretion. To
identify brain sites at which IL-1B exerts stimulation of the HPA axis c-fos
protein expression as an index of cellular activation was used in order to
determine possible differences between the effects of peripheral and central
injection of IL-1B on the activation of specific brain areas. It appears that the
stimulatory effect of blood-borne IL-1p on the ACTH secretion does not cause
an immediate increase in the brain c-fos protein suggesting that peripherally
administered IL-1p acts at the level of median eminence-to induce the release of
CRH from nerve terminals (37). Also irn vivo data indicate CRH secretion in the
median eminence after iv administration of IL-1 (38). Watanobe et al (33)
found that PGE, may be a trigger in the PVN for the activation of CRH and
AVP neurons, and thereby ACTH secretion which follows IL-1B injection.

A role of the cytokine IL-6 in the neuroendocrine systems is suggested by
several recent studies (39). Interleukin-6 has many similarities to IL-1, both
structurally and functionally. There appear to be multiple pathways regulating
IL-6 production, one of which involves induction of IL-6 by IL-1 and IL-2 (40).
In the rat anterior pituitary gland the presence and expression of a IL-6
binding site as well as the presence of a IL-6 binding site on human
gonadotrophs have been demonstrated, suggesting the important role of IL-6
in the pituitary hormone release in both these species (41). Interleukin-6 has
been reported to stimulate also the release of LH, FSH, PRL and GH from the
anterior pituitary gland. Interleukin-1 and IL-6 are involved in the acute phase
response and activation of the HPA axis. Interleukin-6 has been reported to be
a more potent secretagogue for ACTH by AtT-20 pituitary tumor cells than
CRH. Interleukin-6 may function as a paracrine mediator of the anterior
pituitary hormone release. Also iv injection of IL-6 increases the plasma ACTH
via CRH release, since a CRH antibody CRH blocked the rise in ACTH
induced by IL-6 as by IL-1 (40).

Also in hypothalamic explants in vitro the cytokines IL-1B and IL-6
stimulate directly the release of CRH (42). These cytokines significantly
increase the release of PGE, from the incubated hypothalamus, and this effect
was antagonized by indomethacin which indicates that IL-1B and IL-6
specifically stimulate the PGE, release possibly implicating this PG in CRH
secretion (43). The release of IL-6 from rat anterior pituitary cells in vitro has
been found to be stimulated by both IL-1B and arachidonic acid (44).

The potential role of peripheral and brain noradrenergic neurons in the
stimulation by interleukins of the HPA axis is not clear. Interleukins can
increase circulating catecholamine levels which, however, is not a major
mechanism of the IL-1-induced activation of the HPA axis, since the blockade
of adrenergic receptors does not alter the stimulatory effect of IL-1. Systemic
administration of the human recombinat IL-1B accelerated the noradrenaline
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turnover in the hypothalamus and some peripheral organs. Indomethacin
abolishes the IL-1-induced hypothalamic NA turnover. This action of IL-1 is
mediated through PGD, production to activate noradrenergic neurons in the
hypothalamus, whereas PGE, mediates, increased NA turnover in the spleen
(45, 46). It appears that the IL-1-induced activation of the HPA axis in vivo
depends upon the ventral noradrenergic bundle which innervates the
CRH-containig neurons in the hypothalamic PVN (47). On the other hand,
Shintani et al (48) using an in vivo brain microdialysis reported that IL-1f acted
directly on the anterior hypothalamus to augment the release of NA without
involvement of PG or elevation of the CRH levels. Besides CRH, interleukin-1
can also release vasopressin, a secretagogue of ACTH. Using electron
microscopic immunocytochemistry to directly assay the IL-1 induced depletion
of secretory vesicles from the identified VP-expressing and VP-deficient CRH
neurosecretory axons, Whitnal et al (49) found that IL-1 induced the release of
VP from neurosecretory axons in the portal capillary of the extrenal zone of
the median eminence. Activation of the VP-system by an inflammatory
mediator involves mechanisms different from these mediating the stress
response.

Of different prostanoids, PGE, has been repeatedly reported to be the most
important PG mediating the rat HPA stimulated by interleukin-1 (20, 29, 33,
36, 50—53). However, some authors suggest PGE,, PGF,, and PGD, as
a mediator of the IL-1 effect on the ACTH secretion (46, 54, 55). Watanobe et
al (55) using icv administration examined the effects of neutralizing antibodies
against PGE,, PGE, and PGF,, on the ACTH response induced by icv
injection of IL-1P. They demonstrated that not only PGE, but also PGE, and
PGF,, can mediate the IL-1B stimulation of ACTH secretion in the rat brain.

Some reports indicate that interleukins can directly stimulate the adrenal
gland to secrete corticosterone. Although interleukins enhance the hypophyscal
ACTH release mainly by stimulating hypothalamic CRH secretion, IL-1p was
found to elevate dose-dependently the corticosterone blood concentration in
hypophysectomized rats, without inducing any significant increase in the level
of circulating ACTH. The secretory effect of IL-1p was completely blocked by
both the a-helical-CRH and the CRH-inhibiting peptide, two competitive
inhibitors which were able to abolish corticosterone response of adrenal slices
to CRH and ACTH, respectively (56). Also interleukin-6 was shown to
stimulate corticosterone release from primary cultures of rat adrenal zona
glomerulosa cells (57). This immune cytokine may play an important paracrine
role in integrating signals derived from the immune and endocrine systems.
Interleukin-1 can induce corticosterone secretion from the incubated rat
adrenal gland directly by a local release of adrenaline. This stimulatory effect is
transmitted by a- but not B-adrenergic receptors (58). Although there is scant
evidence that IL-1 can cross the blood-brain barrier, many effects of IL-1, such
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as fever, anorexia and modulation of the neuroendocrine function, suggest an
action of the circulating IL-1 at regulatory sites within the hypothalamus.
Accumulating evidence suggests that IL-1 may originate within the central
nervous system. In acute rat hypothalamic explants interleukin-1, released by
stimulation by PGE, and lipopolysaccharide, may specifically stimulate the
release of hypothalamic PGE, which, in turn, may mediate communication
between the circulating and CNS-derived IL-1 (51). In the functional
interactions between the immune and CNS systems participate the same
mediators and receptors. Interleukins have been shown to be powerful
regulators of activity of both these systems and IL-1 receptors have been found
in the murine nervous structures, hippocampus and frontal cortex and in the
neuroendocrine structure, anterior pituitary (59).

INVOLVEMENT OF PROSTAGLANDINS IN CORTICOTROPIN-RELEASING
HORMONE AND VASOPRESSIN-INDUCED PITUITARY-ADRENOCORTICAL
RESPONSE

Multiple hypothalamic and peripheral factors control the activity of the
HPA axis. (60) CRH synthesized by pericarya in the hypothalamic
parvocellular paraventricular nuclei is known to play an integral and
obligatory role in regulation of the pituitary ACTH secretion and
proopriomelanocortin gene expression (61, 62). Arginine vasopressin is
regarded as an intrinsically weaker secretagogue acting sinergistically in
stimulating ACTH secretion (30). However, we have recetly shown that after
systemic administration AVP is almost as potent as CRH in stimulating ACTH
and corticosterone secretion (24). Therefore AVP can no longer be considered
to be of minor importance to the control of ACTH release (30, 63, 64). It has
been established that AVP and CRH coexist in the same parvocellular
pericarya of the PVN, and that AVP is present in half of the CRH axons while
the other half of the CRH axons contain little or no detectable AVP (65). Brain
prostaglandins play a central role in the control of AVP secretion (25) and
AVP has been found to stimulate the PGE synthesis in peripheral tissues.

The mutual involvement of CRH and AVP in regulation of the
hypothalamic-pituitary-adrenal axis during various stressful circumstances
has not been satisfactorily elucideted as yet. Single and repeated exposure
of rats to immobilization stress can significantly upregulate the AVP as
well as the CRH mRNA generation in the hypothalamic CRH neurosecretory
system (66, 67). Moreover, in -stressed rats the number of AVP-expressing
parvicellular CRH neurons increased more potently than AVP-deficient
CRH neurons (66—69). Also chronic psychosocial stress increases the
AVP, but not the CRH, content in the zona externa of median eminence
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(70). We have found recently that only the AVP neuropeptide system that
stimulates the HPA axis undergoes a significant desensitization during chronic
social crowding stress in rats while the CRH system fully retains its
responsiveness (71, 72). The latter finding is in contrast to some earlier reports
which show significant diminution of the HPA response to CRH following
prolonged stimulation both in vitro and in vivo (73). The stimulatory action of
CRH and AVP on the anterior pituitary corticotroph receptors depends on
and may be modulated by different neuromodulators which are known to be
released under stressful circumstances. The possibility has been recently
suggested that the ACTH response during physical or psychosocial stress is
mediated by prostaglandins. Pretreatment with indomethacin, an inhibitor of
PGs synthesis, significantly supresses the increase in plasma ACTH induced by
swimming or cage-swith stress (74). The mechanism by which stress stlmulates
PGs synthesis is not known at present.
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Fig. 4. Effect of indomethacin on corticosterone secretion induced by corticotropin-releasing
hormone (CRH) and vasopressin (AVP) in rats unstressed or exposed to 3 days social crowing
stress.

A stereotyped response to stressful stimuli includes the activation of the
central adrenergic system and release of noradrenaline in brain structures
involved in regulation of the HPA axis. We have recently found that in
nonstressed rats the rise in corticosterone secretion elicited by systemic
administration of CRH, was not altered by ip pretreatment with indomethacin
which suggests that PGs are not substantially involved in the
ACTH/corticosterone response to the corticotroph CRH receptor stimulation
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(75). These results exclude a possibility of direct stimulation by PGs of the
adrenal steroidogenesis and corticosterone secretion. (Fig. 4). Also, the
stimulation of corticosterone secretion elicited by icv CRH was not markedly
changed by icv indomethacin. Although CRH given icv can stimulate the
central adrenergic system (76), which in turn, may induce PGs secretion and
activation of HPA axis (17, 18) we have not found any significant CRH
interference with central adrenergic receptors or the hypothalamic
noradrenaline level (71). Watanabe et al. demonstrated that PGE, mediated
the release of ACTH stimulated by icv noradrenaline in rats (16). Our present
results suggest that stimulation of the central adrenergic system and PGs
synthesis by CRH to markedly activate the secretion of CRH and ACTH seems
unlikely. Our data show that PGs are not significantly involved in the
stimulation of the ACTH and corticosterone secretion by CRH within
a medium to submaximum range. Only during the maximal hormonal response
induced by CRH, moderate mediation of PGs may appear, yet this may reflect
an unphysiological mechanism (77).

Social crowding stress did not affect the corticosterone response to ip CRH
nor did pretreatment with indomethacin substantially change that response,
indicating that PGs are not involved in corticosterone secrection in sressed rats
(75). Thus neither the CRH nor the PG systems become desensitized during
social crowding stress which dramatically impaired the responsiveness of the
HPA axis to stimulation of central B-adrenergic and AVP receptors (72, 78).
Social crowding stress did not impair the HPA responsiveness to stimulaton of
the central o, -adrenergic receptor (78) which is known to stimulate both the
CRH and PGs release. Vasopressin is known to mediate the stimulatory effect
of central a,-adrenergic receptor on the ACTH secretion. Although the release
of endogenous AVP depends on hypothalamic a,-adrenergic receptors, the
activation of ACTH secretion by AVP does not involve a,-adrenergic receptors
on pituitary corticotrophs, since the AVP-evoked corticosterone response is
significantly diminished by pretreatment with propranolol, a B-adrenergic
antagonist, but not by prazosin, an a,-adrenergic antagonist (24, 71). The
present data show that PGs significantly mediate the stimulatory action of
AVP on the HPA axis under both basal and social stress conditions. (Fig. 4).
The rise in corticosterone secretion induced by systemic administration of AVP
was significantly reduced by ip pretreatment with indometacin. This suggests
that the action of AVP is directed towards anterior pituitary corticotrophs,
since indomethacin does not penetrate easily the blood-brain barrier. The
increase in corticosterone secretion by icv AVP may be elicited by a leakage of
the peptide from the cerebral ventricles to portal vessels with delivery to the
anterior pituitary. This may account for significant supression of the icv
AVP-induced HPA response by systemic pretreatment with indomethacin. On
the other hand, a still stronger reduction of the icv AVP-elicited corticosterone
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response by central pretreatment with indomethacin also suggests
a hypothalamic site of action of both these agents. Therefore the present data
indicate that PGs are not involved in the pituitary-adrenocortical response
elicited by direct homologous stimulation of pituitary CRH receptors under
both basal and social stress circumstances. On the other hand, PGs are
significant mediators of the stimulatory action of AVP on the HPA axis, and
both the hypothalamus and the anterior pituitary may be involved in this
interaction. Social crowding stress does not affect the significant participation
of the PGs system in the transduction of AVP hypophysiotropic signals found
in nonstressed animals. Our results show for the first time a distinct role of PGs
in stimulation and adaptation of the CRH and the AVP regulatory systems.
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