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In male rats under anaesthesia, dialysis of the venous blood from sella turcica region
was carried out, Vasopressin and oxytocin content was determined in the dialysates
by radioimmunoassay. The obtained results indicate that:

1. Electrical stimulation of the superior cervical ganglion causes an increase in

TR

vasopressin and oxytocin release.

. 20 days after superior cervical ganglioncctomy the vasopressin and oxytocin

release increased.

. Superior cervical ganglionectomy immediately before the dialysis evoked a several

times increase in vasopressin and oxytocin release.

. Application of a,-blocker, prazosin, as well S-blocker, propranolol, has partially

prevented the increase in vasopressin release which was found immediately after
superior cervical ganglionectomy.

. Contrary to vasopressin, the increase in oxytocin release after superior cervical

ganglionectomy is completely prevented by the - blocker, propranclol, and only
partially by the «,- blocker, prazosin.
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Neurons

" INTRODUCTION

of the hypothalamic supraoptic and paraventricular nuclei are

known to synthesize vasopressin and oxytocin and to release these neurohor-

mones from

axon terminals in the neural lobe of the pituitary gland. These

nuclei receive a rich and historically well described innervation from brainstem

The data were presented as an abstract at the XXXIIT International Congress of Physiological
Sciences, held in St. Petersburg (Russia) June 30 — July 5 1997, and III International Congress of
Pathophysiology 28.06—3.07.1988 Lahti {Finland).
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noradrenaline (NA)-containing cell groups, prompting several investigations
into the role of NA of in neurohypophysial hormone release (1).

The existence of the functionally relevant peripheral noradrenergic (sym-
pathetic) projection to the hypothalamic-pituitary axis, derived from the
superior cervical ganglia (SCG), has been proposed on the basis of anatomic
and physiologic studies (2, 3). Bilateral superior cervical ganglionectomy
(SCGx) brought a decrease in NA (4, 5), vasopressin (5, 6) and oxytocin in the
posterior pituitary lobe (7, 8).

On the neurochemical basis three phases are apparent following peripheral
denervation of medial basal hypothalamus (MBH) after SCGx. After an initial
phase of nerve paralysis, lasting about 10 h and reflecting in low MBH
cyclic adenosine monophosphate accumulation, the anterograde (walerian)
degeneration of sympathetic nerve endings starts, NA is released from
degenerating nerve varicosities, and it exerts postsynaptic effects as shown by
the MBH cyclic adenosine monophosphate synthesis and occupation of the
cyclic adenosine monophosphate binding sites (9, 10). 24—48 h after surgery,
an irreversible paralytic phase ensues, resulting some time later in a significant
increase in alpha-adrenoreceptor binding in MBH membranes, as well as in
pharmacological evidence of alpha-adrenergic supersensitivity of rat MBH (11).
In paralytic phase 5 h after SCGx vasopressin content of the pituitary
neurointermediate lobe decreases, and an increase in vasopressin release into
the blood, in degenerating phase is observed (6).

Our earlier studies point to the stimulatory influence of SCG in the
function of the posterior pituitary lobe, because after electric stimulation of
preganglionic fibres of SCG the release of vasopressin and oxytocin release
increased (12, 13, 14).

The objective of the present study is to examine how the abolished
sympathetic pulsation arising from SCG influences the release of vasopressin
and oxytocin, and what kind of adrenergic receptors is involved in mediating
the effect of increase in vasopressin and oxytocin release during paralityc phase
after SCGx.

MATERIAL AND METHODS

Animals

The experiments were performed on male rats, weighing 300--320 g, 5—9 months old
F, generation cross-strains of male August and female Wistar, from the Institute of Oncology in
Warsaw, The animals in surgical experiments were anaesthetized by an i.p. injection of a solution
containing 6 mg of chloralosc (Roth) and 60 mg of urethane (Flucka Ah, CH—9470 Bucks) per 100
g body weight. In chronic experiments the animals were anaesthetized by i.p. injection of
hexabarbitane 80 mg/kg b.w.
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Experimental protocols

Two series of experiments were performed.

In the first experiment the animals were divided into four groups: 1. control (n = 10); 2. 20 days
after SCGx (n = 10); 3. immediately after SCGx (n = 8); 4. after the preganglionic fibers of SCG
stimulation (n = 7).

In the second experiment, groups of 8—10 rats subjected to SCGx or control, and the animals
which reccived the x,-adrenergic blocker, prazosin, (Sigma, St. Louis Mo USA; 1,25 mg/kg), the
B-adrenergic blocker, propranolol, (Sigma, St Louis Mo USA; 6,25 mg/kg/dose), or a combination
of both drugs, as intraventricular injection in 0,2 mL of saline before dialysis were included.
Applied dose of blockers did not change arterial blood pressure.

Exposure and superior cervical ganglionectomy

Care was taken to administer and to attain a surgical stage of anaesthesia and to allow
a rapid recovery of the animal. The salivary glands were exposed through a ventral incision
in the meck; the glands were retracted to expose through a ventral incision in the neck; the
glands were retracted to expose the strap muscles and each SCG was identified at the
bifurcation of the common carotid artery into its internal and external branches, The ganglia
were totally removed from both sides.

Electrical stimulation of the superior cervical ganglion

Bipolar platinum electrodes were slipped under the preganglionic fibers of SCG so that the
electrodes did not come into contact with adjacent tissues. Electrodes were connected to a Disa
stimulator Type 13 GO4. Stimulation parameters were monitored by a Cossor oscilloscope ST
509A. For stimulation of SCG monophasic electric pulses of the following parameters were applied:
frequency 20 Hz, duration 3 msec, amplitude 10 V, (30 sec stimulation on and 30 sec stimulation
off) for 30 min. Ipsilateral dilatation of the palpebral fissue was observed during the stimulation,

Dialysate blood sampling

In order to obtain blood dialysate samples from the vicinity of the pituitary, one polyethylene
cannula was inserted into the heart end of the internal maxillary vein, and the second cannula into
the maxillary vein, in the vicinity of cavernous sinus of the sella turcica. Blood was drawn from the
region of sella turcica through the polyethylene cannula to the minidialysator with the use of the
peristaltic pump. It was then returned to the organism through the cannula inserted into the heart
end of the maxillary vein. At the beginning of the experiments, 2 mL of Lock solution with heparin
(400 UJ/mL) was injected into the internal maxillary vein.

The whole amount of dialysing fluid was exchanged every 30 min for 2 hrs, by draining
it directly into a test tube. Four 1 mL samples of dialysate were obtained this way. Before
refilling the minidialysator with dialysing fluid, its cover was rinsed with Mc Ilwain-Rodnight
solution. At the end of each experiment 1% solution of frypan blue was injected through
a cannula inserted into the internal maxillary vein. The brains were then removed from
the skull and the dye in the posterior pituitary lobes were verified under a stereomicroscope.
Only these dialysate samples, which were collected from animals showing the staining of
the posterior pituitary lobe, were included into the results. Staining of the posterior pituitary
lobe has proved proper insertion of the cannula into the vicinity of cavernous sinus of
the sella turcica, and proper blood collection.
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Fig. 1. Dialysis of venous blood outflowing from the cavernous sinus vicinity of the sella turcica in
rats: a) | — cannula inserted into the heart end of the internal maxillary vein. 2 — cannula inserted
into the sella turcica end of the internal maxillary vein. 3 — peristaltic pump. 4 — inflow tube for
filling minidialysator housing. 5 — outflow tube for collecting dialysating medium from the
minidialysator housing; b) exposed superior cervical ganglion with preganglionic nerve electrodes.

Minidialysator characteristics

Minidialysators have been manufactured according to our design by EURQ-SEP-Lid
Warsaw. They have two tips for Luer's needles for connecting one side through a cannula with
a vein, and the side- with a peristaltic pump. At the side of the minidialysator there are two tips for
Louer's needles for the exchange of the dialysing fluid.

Minidialysators were tested in in vitro experiments. Inulin clearance, inulin flow and
ultrafiltration were elaborated elsewhere (15). Yasopressin and oxytocin recovery for concentra-
tions 30—24 000 pg/ mL amounted to 52+ 4.8%, and 63+ 5.3%, respectively, for vasopressin and
oxytocin, irrespective of the concentration.

Radioimmunoassay of vasopressin and oxytocin

The content of vasopressin and oxytocin in dialysates were radioimmunoassayed and
expressed in pg/mL (16).
Statistical analysis

Statistical analysis of results was performed with a two-way factorial analysis of variance
(ANOVA) followed by Duncan’s test.
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RESULTS

Vasopressin and oxytocin release after superior cervical stimulation and superior
cervical ganglionectomy.

The release of vasopressin and oxytocin into the dialysis fluid in control
rats did not change during 180 min of the experiment. The arterial pressure
measured with a mercurial manometer in femoral vein did not change either.
Electric stimulation of preganglionic fibres of SCG caused a 2.5-fold increase of
vasopressin release (Fig. 2), and a 3.5-fold increase in oxytocin release (Fig. 3),
into the dialysing fluid in comparison to the control. SCGx immediately before
dialysis, increased the release of vasopressin already in the first 30 min dialysate
sample, attaining the maximal value after 60 min (16-fold increase in relation to
control); during further 60 min it maintained a high level (Fig. 2). SCGx
immediately before the dialysis, increased the release of oxytocin at its
maximum (65-fold) between 150 and 180-min (Fig. 3). SCGx 20 days earlier
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caused a 4.2-fold greater release of vasopressin (Fig. 2) and 4.6-fold higher of
oxytocin (Fig. 3).

Electric stimulation of preganglionic fibres of SCGx caused an increase
vasopressin (Fig. 2) and oxytocin (Fig. 3) release.
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The influence of blocking a,- and P-adrenergic receptors on the release of
vasopressin and oxytocin following superior cervical ganglionectomy.

The blockade of «,-adrenergic receptors with an i.v. injection of prazosin or
B-adrenergic receptors with an iv. propranolol or simultaneously o;- and
B-adrenergic ones had no influence on the basic release of vasopressin and
oxytocin into the dialysing fluid (Fig. 4).

The injection of «,-adrenergic receptor blocker did not abolish at all after
30 min, and abolished partially after 90—120 min the increase of vasopressin
release, evoked by SCGx. The blockade of S-adrenergic receptors abolished
totally the initial and partially delayed in time the increase of vasopressin
release brought about by SCGx. Simultaneous application of a,- and
B-adrenergic receptors blockers abolished thoroughly the increase of vasopressin
release evoked by SCGx (Fig. ).



Fig. 4. Vasopressin and oxytocin
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The blockade of a;-adrenergic receptors with an i.v. injection of prazosin
abolished partially the release of oxytocin caused by SCGx. However, the use
of p-adrenergic receptors blocker with an injection of propranolol, as well as
simultaneous blocking of «,- and f-adrenergic receptors, entirely abolished
oxytocin release elicited by SCGx (Fig. 6).
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DISCUSSION

Influence of superior cervical stimulation and ganglionectomy on vasopressin and
oxytocin release

Blood taken from the cavernous sinus of the sella turcica is the blood
outflowing from the brain, therefore, it contains significantly more hormones
than peripheral blood (17). The possibility of transfer of oxytocin (18),
p-endorphin (19), luteinizing hormone-releasing hormone (20), and tritiated
water (21, 22) from the cavernous sinus to arterial blood suppling the brain and
hypophysis has been demonstrated.

In connection with the above, neuropeptide concentration in blood
dialysates from cavernous sinus of the sella turcica obtained in the present
experiment results from the relase of neurohormones into blood and their
uptake in the area of the rete mirabile — sinus cavernous complex both in
control animals and after application of relase agents or blockers.
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The method of blood dialysis applied in the present study allows to observe
the dynamics of changes in vasopressin and oxytocin release in the same
animal. It enables avoiding blood sampling, which in studies on vasopressin is
of extreme importance, as blooding is the strongest stimulus releasing this
neurochormone into blood (23).

The histochemical fluorescence studies have indicated that after surgical
removal of SCG, the large, coarse, catecholamine-containing fibers primarily
associated with blood vessels in the neurcintermediate lobe disappear (35). In
studies performed in SCGx rats, a significant decrease in basal hypothalamic
3H-NA uptake was found (11), a 40—60% decrease in rat median eminence
NA content, and decrease in vasopressin and oxytocin content in neuro-
hypophysis (6—8). It has been also demonstrated, that in rats with removed
SCG the ,,miniature neurohypophysis™ is not formed at the proximal end of the
cut pituitary stalk, while in the hypothalamus there is a degeneration of
neurosecretory neurons (24).

In my present research the release of vasopressin and oxytocin was brought
about by the stimulation of SCG. The frequency of electrical pulses used in my
experiments was an efficient stimulus to release acetylocholine from pregan-
glionic (25), NA and coexisting peptides from postganglionic fibres (26). The
same stimulation, as regard frequency, duration, amplitude of electric pulses
with the same lenght of stimulation, evoked quantitative changes of the golgi
profiles and dense-core vesicles in SCG cells (27) and a decrease in amount of
neurosecretory granules in the posterior pituitary lobe (28), what can indicate
the lower synthesis or higher release of the transmitters. Lundberg and Hokfelt
(29) revealed that the release of the transmitter and/or peptide modulators from
the postganglionic endings in the autonomic nervous system, due to electric
stimulation, is dependent on the characteristics of the applied stimulatory
pulses. The fact of obtaining similar results, as concern the release of
neurohormones resulting from the stimulation of the sympathetic efferent may
be connected with release of NA and/or peptide modulators, which is
dependent on the way of stimulation of this system, or the kind of receptor with
which the separate chemical transmitter will bind. It is also possible that
electric stimulation of preganglionic fibres of SCG causes, via peptide modula-
tors present in SCG (30), a decrease of NA release on postganglionic endings,
and in consequence, increased release of the posterior pituitary neurohormones
in my experiment. In our previous work, we used short irritating pulses which
release probably only the mediator (29) and do not change vasopressin and
oxytocin release in the similar experimental conditions (12, 13).

My results are in accordance with results of Romeo et al. (6) who observed
an increase in vasopressin and oxytocin release into the blood, and a decrease
of these neurohormons in neuroitermediate lobe, 6 h after SCGx, i.e. during the
first phase of nerve paralysis following the SCG ablation (30, 31).
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20 days after SCGx, ie. after a complete denervation of structures
innervated by SCG (11), the content of vasopressin and oxytocin in dialysates
was higher, which may result from the lack of inhibition of these neurohor-
mones release from SCG. In physiological conditions the release of neurohor-
mones from the posterior pituitary lobe is probably continually inhibited by
pulsation from SCG; SCGx, however, neutralizes this inhibition, the conse-
quence of which is an increased release into blood, and decreased content in the
posterior pituitary demonstrated earlier (32). Attention is drawn especially to
a greater release of vasopressin at the beginning of dialysis, in rats 20 days after
SCGx. It may result from postdenervation hypersensitivity, and, what results
from this fact, from greater sensitivity to stimuli during preparation of animals
for the experiment. The effect of SCG on the release of the posterior pituitary
neurohormones, may occur both directly or via the pineal gland, as the
dependence between the pineal body and the release of the posterior pituitary
neurochormones has been demonstrated (33, 34).

Participation of adrenergic receptors in vasopressin and oxytocin release after
sympathetic denervation

There are anatomical and physiological reasons to believe that NA fibers of
a central origin participate in the regulation of neurohypophysial release (35).
The paraventricular and supraoptic nuclei receive a dense NA innervation,
originating from the A1 area and brainstem NA areas (36, 37). Activation of the
central NA input to the magnocellular nuclei angments vasopressin release.
This input to AVP neurons may regulate cardiovascular function, both by an
effect of vasopressin on CNS autonomic regulatory centers, or by a direct effect
of the circulating vasopressin on blood pressure (38). Recently, considerable
evidence has been accumulated indicating, that the subtypes of adrenoreceptor
exist in various areas of the hypothalamus (39, 40, 41), and they play important
roles in both pressor and depressor responses by modifying the baroreceptor
reflex (42, 43) and the activity of the hypothalamus and neurohypophysial
hormone release (45—50).

Intravenous infusion of both a;- receptors blocker, prazosin, and f-recep-
tors, propranolol, did not change significantly vasopressin and oxytocin release
in control conditions. The release of vasopressin and oxytocin occurring in
paralytic phase after SCGx, was partially blocked by prazosin and propranolol.
At the same time f-antagonist prevented the increased release of vasopressin
already in the initial phase, 30 min after SCGx, which might have been caused
by manipulations connected with SCG preparation, causing an increase of
vasopressin and oxytocin release into the blood (14). On the other hand,
a,-antagonist did not abolish this initial (30 min) increase in vasopressin
release, whereas it partially neutralized the increase at 120 min, which may be
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connected with the inhibition of NA liberation on postganglionic
endings. Stimultaneous use of x,-antagonist and f-antagonist entirely
abolished the effect of increased release of vasopressin and oxytocin, evoked by
SCGx.

Inhibitory or excitatory effects of NA on vasopressin and oxytocin release
can depend on the adrenoceptor subtype involved in mediating mechanism.
Most authors agree that the stimulating action of NA on neurones of
supraoptic and paraventricular nuclei, occurs via a,- and f-receptor, and the
inhibitory action by e,-receptor. In anesthetized dogs, the inhibition of NA
release resulted from intraventricular infusion of NA, was blocked by the
a,-antagonist yohimbine, but not the «,-antagonist, prazosin (45). In conscious
rats, centrally administered NA and the a,-agonist, phenylephrine, stimulated
vasopressin release, whereas o,-and §-agonists inhibited this release (44). In the
latter study, evidence for a tonic inhibitory influence of NA on vasopressin was
provided by showing elevations in plasma following the infusion of f- or
«,-antagonists. Intravenous administration of the o«,-agonist clonidine, also
decreased vasopressin release in anesthetized dogs, even when its peripheral
pressor effects had been abolished (45). Thus current results of in vivo studies
would suggest that central o,- and f-adrenoceptors mediate the inhibitory
effect of NA on vasopressin release, whereas the a;- subtype mediates
excitation. The inhibition of AVP release in cultured MBH explants in vitro by
NA and its prevention by nonspecific x-antagonists provides evidence that
these receptors are localized within the ventral hypothalamus, and perhaps on
the supraoptic nuclei themselves (38). Romeo et al. (6) demonstrated that both
increased vasopressin release occuring 6 h after SCGx and decreased vasopres-
sin release taking place 16 h after SCGx involved «;-adrenergic receptors.
Recent studies revealed that stimulating or inhibiting influence of receptors
may depend on the amount of released mediator and possibly on the functional
state of neurosecretory neurons (51), and also on modulators colocalized with
NA (52). Systemic administration of the a,-adrenoreceptor antagonist, idazok-
san supressed oxytocin cell bursting activity, while having no consistent action
on basal neuronal activity in the rat. Clonidine (25 ug/kg, i.v.) caused an
immediate increase in the frequency and amplitude of oxytocin cell bursting
coincident with a fall in basal activity. A high dose of clonidine (51 pg/kg, i.v.),
inhibited both bursting and basal activity (52). Kahana et al. (53) have reported
that the NA-induced inhibition of AVP release a,-receptors depended fulfilling
autoinhibitory roles involve presynaptic «,- receptors by neuropeptide-Y,
which is co-stored with NA.

Summing-up, SCG in physiological conditions may fulfil an inhibitory role
in the release of neurchormones from neurchypophysis intc the blood. Change
of pulsation from SCG increases the release of vasopressin and oxytocin from
the posterior pituitary lobe. It occurs partially in the presence of x;-, and
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partially, f-adrenergic receptors. It has been demonstrated that functional
dependence between the posterior pituitary lobe and the pineal gland occurs
via f-receptor (47). Attention should be drawn to the fact that intravenous
infusion of blockers may arouse peripheral and partially central effects.
Nevertheless, the possible peripheral effects of prazosin and/or propranolol
administered intravenously and the function of vasopressinergic and oxy-
tocinergic neurones thereby altered (e.g., by modified afferentation of volume-
and/or baroreceptor origin) cannot be excluded.
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