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The involvement of central histaminergic mechanisms in stimulation of the
hypothalamic-pituitary-adrenal (HPA) axis by carbachol, a muscarinic cholinergic
agonist, was investigated in conscious rats. The HPA activity was assessed indirectly,
through corticosterone secretion. Carbachol given intracerebroventricularly elicited
a dose-related increase in serum corticosterone levels. The corticosterone response
to carbachol was totally abolished by systemic pretreatment 2h earlier with
a-fluoro-methylhistidine (a-FMH), a specific inhibitor of brain histamine synthesis,
which also significantly decreased histamine level in hypothalamus. Mepyramine,
a histamine H,-receptor antagonist, moderately diminished the carbachol-induced
corticosterone response and abolished the rise in hypothalamic histamine levels.
Ranitidine, a H,-receptor antagonist, considerably diminished the corticosterone
response to carbachol but did not change the elevated hypothalamic histamine
levels. Also atropine, a cholinergic antagonist, abolished the corticosterone response
to carbachol, but did not significantly affect the carbachol-induced increase in
hypothalamic histamine concentration. Ranitidine and atropine can directly block
homologous hypothalamic receptors involved in CRF secretion. Partial inhibition
of the carbachol-induced corticosterone secretion by mepyramine may be connected
with prevention of the carbachol-induced increase in hypothalamic histamine
content.

These results suggest that hypothalamic histamine and histamine receptors are
involved in the HPA stimulation by the muscarinic agonist carbachol.

K ey words: pituitary-adrenal axis, corticosterone, carbachol, hypothalamic histamine, brain
histamine receptors.

INTRODUCTION

Considerable evidence indicates that cholinergic neurons modulate the
HPA axis, predominantly via stimulation of the hypothalamic release of CRF-.
Acetylcholine (ACh) and other cholinergic agonists are considered to stimulate
the HPA axis (1—4). The muscarinic cholinergic agonist arecoline stimulates
the PHA axis centrally, mainly via release of the endogenous CRF (1). Choline
acetyltransferase (ChAT) neurons have been identified in the rat and human
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hypothalamus. Also biochemical and pharmacological studies clearly indicate
the presence of intrinsic cholinergic neurons in the hypothalamus (5). Several
studies have demonstrated that ACh induces the release of CRF from the
rat and sheep hypothalamus (3), but the response of an isolated tissue in
vitro may not be representative of the normal physiological functioning.
The anterior pituitary has no cholinergic nerve supply, nor does it contain
the ACh forming enzyme choline transferase (6) but muscarine cholinergic
receptors have been identified in the anterior and posterior pituitary (7).
ACh appears in anterior pituitary, apparently as a humoral factor (8). Plasma
corticosterone correlated positively with ACh levels in the cortex and striatum
in physostigmine-treated rats (2). Evidently the CNS mechanism by which
ACh can affect the HPA activity remains unclear and requires further
investigation.

The participation of histamine and its receptors in the central
stimulation of the HPA axis induced by cholinergic agonists is unclear.
Our preliminary experiment suggested that the level of neuronal histamine
is essential for the carbachol-induced stimulation of the HPA axis (9).
Brain histamine and central histamine receptors are also significant for the
expression of the stimulatory effects of clonidine (10), an o,-adrenergic
agonist, and PB-endorphin (11) as well as opioids (12) on the secretion of
corticosterone. In those experiments a significant depression of the
neuronal histamine synthesis by a-FMH, a specific inhibitor of histidine
decarboxylase (13, 14), diminished the HPA responses elicited by the
opioids, clonidine and carbachol given intracerebroventriculary (icv).
Histamine seems to be indispensable to the normal functioning of the
corticotropinergic system (15—17). Also the histamine release, synthesis
and turnover in the brain is regulated by muscarinic receptors (18, 19). In
addition, histamine immunoreactive neuronal fibres and terminals are most
numerous in the different hypothalamic nuclei (20).

Hence in the present study we attempted to find out whether, and to what

extent central histamine receptors and hypothalamic histamine participate in
the carbachol-induced HPA response.

MATERIALS AND METHODS

The experiments were performed on male Wistar rats weighing 200—230 g. The animals were
housed in groups of 7 animals to a cage, for at least one week, on a diurnal light cycle at an
ambient room temperature of 21°C. Water and standard laboratory food were available ad
libitum. Drugs were injected in a volume of 10 pl, into the right lateral cerebral ventricle, using
a Hamilton microsyringe, to rats whose skulls were prepared 24 h earlier, under light ether
anesthesia, for free-hand icv injections (15). After injections of the drugs, the rats were returned to
their cages and decapitated 1 h later. Control animals received simultaneously 10 pl of saline and
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were left undisturbed until decapitation, concurrently with the animals injected with the drugs.
Alpha-fluoromethylhistidine was injected intraperitoneally 2 h before icv administration of
carbachol, ie. 3 h before decapitation. Atropine and the histamine receptor antagonists
mepyramine and ranitidine were administered 15 min before carbachol, given by the same route.
All the experiments were performed between 9—11 h, and all decapitations took place between
11—12 h to avoid corticosterone fluctuations due to the diurnal rhythm.

Immediately after removal from the cage, the rats were decapitated and their trunk
blood was collected and refrigerated. Within 2 h, the blood was centrifuged and the serum
was removed and frozen at —80°C. The concentration of corticosterone was measured
fluorometrically (21). For histamine determinations the rats were decapitated at the required
time, their brains were quickly removed, placed on glas plates kept on ice and washed with
ice-cold saline. The cerebella were discarded and the hypothalami were isolated and stored
at —80°C until use. For determination of the histamine concentration a 10 or 20% (w/v)
homogenate of the tissue was made in 04 M perchloric acid. The homogenate was
centrifuged and supernatant was adjusted to pH 5—6 with 0.2 M KOH. Isolation and
analysis of histamine was then carried out by modification of the procedure described by
Kremzner and Pfeiffer (22). A 0.5 ml aliquot was passed through a Cellex P column
(5x30 mm) and washed sequentially with 0.5 ml of 0.03 and 0.1 M sodium phosphate
buffer (pH 6.2). Histamine was eluted with 1.5 ml of 0.07 M hydrochloric acid ‘and, after
condensation with O-phtaldialdehyde, it was estimated fluorometrically at 360/450 nm (23).

The first experimental series was performed to examine dose-related effects of carbachol
on the HPA axis. Different doses of atropine were given to another group of rats 15 min
prior to carbachol, to determine to what extent the stimulatory effect of carbachol on the
HPA axis was mediated by muscarinic cholinergic receptors. In the second series of experiments
we evaluated the effects of the a-FMH and histamine H,; and H,-receptor antagonists
mepyramine and ranitidine on the carbachol-induced effects on corticosterone secretion. The
rats were pretreated ip with a-FMH or icv with either antagonist 2 h or 15 min before
carbachol, respectively. Hypothalamic histamine levels were assessed following intraventricular
carbachol administration, and were correlated with changes in the HPA activity measured by
serum corticosterone levels. The hypothalamic histamine levels were also measured in rats
pretreated with atropine or histamine antagonists before carbachol, to compare the effects of
those antagonists on serum corticosterone and hypothalamic histamine levels.

RESULTS

Effect of carbachol and atropine on serum corticosterone levels

Carbachol (0.1—10 pg), a cholinergic muscarinic receptor agonist, given icv
induced a dose-related increase in serum corticosterone levels measured 1 h
after administration (7able I). Atropine, a cholinergic receptor antagonist,
given alone icv in doses of 0.001—O0.1 pg, did not substantially change the
resting serum corticosterone levels. When given 15 min prior to carbachol,
atropine (0.1 pg) abolished a typical rise in the serum corticosterone level
elicited by carbachol (Fig. /). This finding suggests that carbachol activates the
pituitary-adrenocortical axis by a fairly selective stimulation of central
muscarinic receptors.
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Table I. Effect of carbachol on serum corticosterone and hypothalamic histamine levels

Corticosterone Histamine
Treatment .
pg/dl ng/g tissue
Saline control 10 pl 52408 400+ 17
Carbachol 1 pug 140+1.17 455433
Saline control 10 pl 7.8+0.8 516+24
Carbachol 2 ug 33246177 642+ 88"

Carbachol was given icv 1 h before decapitation of the rats. Values represent the mean + SEM
of 7 animals. * p < 0.05 and ** p < 0.001 vs. saline control.
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Fig. 1. Effect of atropine on carbachol-induced serum corticosterone concentration. The drugs were

given icv, atropine 15 min prior to carbachol. In Fig. 1-—6 the rats were decapitated lhafter

carbachol administration. Values represent the mean +SEM of 7 rats. *+ p < 0.001 vs. saline
controls and ** p < 0.001 vs. carbachol treated group.

Reduction of the hypothalamic histamine and carbachol-induced corticosterone
response by o-FMH

Systemic administration of a-FMH (20 mg/kg), a brain histamine synthesis
inhibitor, considerably decreased both the hypothalamic and whole brain
histamine levels, measured 2 h later, but did not change the basal serum
corticosterone level (10). a-FMH administered ip 2 h before carbachol almost
totally abolished the increase in corticosterone secretion induced by that
agonist in control saline pretreated rats (Fig. 2).
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Fig. 2. Effect of a-FMH on carbachol- © /
induced corticosterone response. a-FMH
was given ip 2 h before icv carbachol. 0 /A
** p < 0.001 vs. saline controls and a-FMH 20 mg/kg
** p < 0.001 vs. carbachol-treated group. CARBACHOL 1 1 ug/rat

Effect of histamine blockers on the carbachol-induced corticosterone response

Pretreatment of rats with mepyramine (0.1 pg icv) markedly, but not
significantly, diminished - by 30% - the rise in the serum corticosterone level
elicited by carbachol. Ranitidine, a potent histamine H,-receptor antagonist,
diminished highly significantly - by 57% - the corticosterone response to
carbachol (Fig. 3). Intraventricular injections of mepyramine and ranitidine in
the absence of carbachol did not affect the serum corticosterone levels.
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Fig. 3. Effect of mepyramine and ranitidine on carbachol-induced corticosterone response. The
drugs were given icv, the antagonists 15 min before carbachol. ** p < 0.001 vs. saline controls
and ** p < 0.001 vs. carbachol treated group.
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Changes in hypothalamic histamine levels

Carbachol given icv increased the serum corticosterone and also
hypothalamic histamine levels. When used in doses of 1 and 2 pg, carbachol
significantly raised the serum corticosterone level, by 169 and 434%, and
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Fig. 4. Hypothalamic histamine content
0 . ; )
after icv carbachol and atropine given 15
ATROPINE 1 ug/rat min before carbachol. * p < 0.05 vs.
CARBACHOL 2 2 saline controls.
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Fig. 5. Hypothalamic histamine content X
after icv carbachol and mepyramine given
15 min before carbachol. * p < 0.05 vs. 0
saline controls and ** p < 0.001 vs. MEPYRAMINE 1 ug/rat
carbachol-treated group. CARBACHOL 2

markedly increased the hypothalamic histamine content, by 14 and 24%
(p < 0.05), respectively (Table I). Neither atropine nor ranitidine exerted any
significant effect on the carbachol-induced rise in the hypothalamic histamine
level, but they reduced the carbachol-elicited increase in the serum
cirticosterone (Figs 4, 6). On the other hand, mepyramine (0.1 pg) in a dose



425

which inhibited most effectively the carbachol-induced increase in the
corticosterone secretion, considerably decreased the hypothalamic histamine
level, even below the control level in saline-treated rats (Fig. 5). This result
suggests that the antagonistic effect of atropine and ranitidine on the
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Fig. 6. Hypothalamic histamine content 0
after icv carbachol and ranitidine given 15
min prior to carbachol. * p < 0.05 vs. RANITIDINE 1 ug/rat
saline controls. CARBACHOL 2 2

corticosterone secretion is exerted by a mechanism independent of the
hypothalamic histamine levels, whereas the effect of mepyramine may be
connected with changes in hypothalamic histamine.

DISCUSSION

The present results show that carbachol, a cholinergic muscarinic receptor
agonist, given icv dose-dependently stimulates the HPA axis. Total inhibition
of the carbachol-induced corticosterone response by icv pretreatment with
atropine indicates a fairly selective cholinergic receptor stimulation of the HPA
axis by carbachol. Our present results suggest the prevalence of hypothalamic
site of a cholinergic muscarinic mechanism in the HPA stimulation by
carbachol in conscious rats.

It is also inferred that the level of histamine in the hypothalamus and
central histamine receptors may be involved in the carbachol-induced
mediation of the HPA axis stimulation. The corticosterone response to
carbachol was almost totally abolished by pretreatment of rats with a-FMH,
a specific inhibitor of histidine decarboxylase and brain histamine synthesis (13,
14). Since o-FMH did not significantly affect the levels of catecholamines
in most brain structures in rats (24), the powerful inhibition of the
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carbachol-induced HPA activity by a-FMH may be connected with the
reduction of the hypothalamic histamine synthesis. Furthermore, the
carbachol-induced increase in the hypothalamic histamine levels found in the
present experiment, suggests some role of histamine in mediation of the HPA
activity via cholinergic muscarinic receptor stimulation. Mepyramine,
a histamine H,-receptor antagonist, moderately diminished, by 30%, the
carbachol-induced corticosterone response. A participation of central
histamine H,-receptors in neostigmine-induced hyperglycemia was found in
anesthetized rats (25). Ranitidine, an H,-receptor antagonist, significantly
reduced, by 57%, the rise in corticosterone levels elicited by carbachol. In our
former experiment, cimetidine exerted a weaker inhibitory effect than
mepyramine (9). However, ranitidine is known to be an H,-receptor antagonist
several times more potent than cimetidine in different reactions mediated by
these receptors, including the pituitary hormone secretion (26). Also in the
carbachol-induced stimulation of the HPA axis, ranitidine turned out to be
a more potent inhibitor than cimetidine.

The above results demonstrate that pretreatment with atropine does not
diminish the carbachol-evoked increase in the hypothalamic histamine level,
but it almost totally inhibits the carbachol-induced corticosterone response.
Similarly, ranitidine does not change carbachol-induced elevation in the
hypothalamic histamine content, but it considerably impairs the
carbachol-evoked increase in the serum corticosterone concentration. This
finding may suggest direct inhibition, via homologous receptor blockade of
CRF-secreting neurons, of the carbachol-induced HPA response by these
antagonists. The possible stimulation of the CRF release by increased neuronal
histamine levels elicited by carbachol may be antagonized by the blocking
effect of muscarinic and histamine H,-receptors on CRF secreting neurons.

The final stimulatory effect of carbachol on the corticosterone secretion
may thus involve both the direct stimulation of CRF containing neurons by
hypothalamic muscarinic receptors and the increased histamine content in the
hypothalamus. Both these actions are selectively blocked by atropine or
histamine H,-receptor antagonists.

The substantial, yet insignificant, diminution of the carbachol-induced
corticosterone response by mepyramine was accompanied with the totally
inhibited increase in the hypothalamic histamine levels. This finding suggests
that only part of the corticosterone level increment elicited by carbachol may
be connected with the carbachol-induced increase in the hypothalamic
histamine.

In vitro studies did not indicate muscarinic stimulation of the histamine
synthesis or its release from the rat brain slices and synaptosomes (18).
Muscarinic heteroreceptors, located directly on histaminergic nerve terminals,
may control the release and synthesis of histamine in the brain; however
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carbachol reduces the K *-induced histamine release from rat cortical slices in
vitro (18). In the rat brain, the muscarinic agonist oxotremorine and
physostigmine decreased the histamine turnover in the striatum and cerebral
cortex, 1.e. in the structures where muscarinic receptors are present in a high
density. These data suggest that stimulation of central muscarinic receptors
presumably inhibits the histaminergic activity in the brain. However, in in vitro
experiments, the range of drug concentrations used and the brain structures
examined by these authors have no close relevance to a possible hypothalamic
interference of histamine or its receptors in the carbachol-induced stimulation
of the HPA axis in intact, conscious rats.

Part of the increase in the HPA response elicited by carbachol may also be
caused by vasopressin, which is coreleased with CRF. Approximately half of
the parvocellular CRF neurosecretory perikarya and axon terminals contain
vasopressin, and carbachol applied to the paraventricular nucleus induced
a severalfold increase in vasopressin secretion (27).

In conclusion, the present results show an involvement of the hypothalamic
histamine and central histamine H,- and H,-receptors in the carbachol-
induced increase of the HPA activity in conscious rats.
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