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The Effects of Vagal Stimulation on Laryngeal Vascular
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YeLMEN, N.K., SaHIN, G. and Orug, T. The Effects of Vagal Stimulation on
Laryngeal Vascular Resistance and Intraluminal Pressure in the Dog. Tohoku J.
Exp. Med., 2004, 202 (4), 283-294 — In anaesthetized dogs (sodium pentobarbitone
30 mg/kg, i.v.) laryngeal vascular resistance was measured by unilateral perfusion
at constant flow of the branch of the cranial superior thyroid artery that supplies the
larynx. Arterial perfusion was at constant flow and inflow pressure was divided by
flow to give laryngeal vascular resistance (R;y). Intraluminal laryngeal pressure
(P) and systemic arterial blood pressure (BP) were also measured. Stimulation (20
V, 20 Hz, 0.2 milliseconds) of the central end of cervical vagus caused an increase
in Riy (+22.9+£6.1%) and a decrease in P, (—12.1+4.4%). Stimulation (10 V, 10 Hz,
0.2 milliseconds) of the central end of the recurrent laryngeal nerve (RLN) reduced
Riy (-3.4%0.8%) and P, (-7.5+4.1%). Stimulation of the peripheral end of the RLN
decreased Ry (—=7.1£1.9%) and increased P, (+21.6x7.7%). Stimulation of the
central end of the superior laryngeal nerve (SLN) increased Ryy (+17.9+3.2%) and P_
(+59.8+2.7%), whereas stimulation of the peripheral end of the SLN decreased R;y
(—4.8+1.6%) and P, (-4.1£2.4%). After treatment with ¢r-adrenoreceptor antagonist
phentolamine (0.5 mg/kg, i.v.), stimulation of the central end of cervical vagus nerve
reduced Ry by 25% and decreased BP. Phentolamine caused a decrease in BP
and reduced the magnitude of increase in Ry in response to stimulation of central
end of SLN. After atropine sulphate (0.5-2.0 mg/kg, i.v.), the stimulation of both
central and peripheral ends of RLN reduced R;y. The decrease in Ryy during
stimulation of peripheral end of SLN was reduced by atropine. Thereafter,
pancuronium bromide (0.06-0.1 mg/kg, i.v.) was given and dogs were artifically
ventilated. After paralyzed, stimulation of the central end of the SLN decreased Ry
(+26.0+4.5%) but produced no change in P;. It is concluded that parasympathetic
motor fibers in the RLN and SLN are effective for the laryngeal vascularity and
non-adrenergic system may be responsible for laryngeal vasoconstriction.
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The larynx is a highly reflexogenic area
and stimulation with mechanical and chemical
stimuli results in a number of protective reflexes.
Investigators have used anatomical, behavioral
and neurophysiological techniques to examine
the receptors responsible for initiating these
reflex responses (Sant’Ambrogio and Sant’
Ambrogio 1996; Shiba et al. 1997; Bradley 2000;
Widdicombe 2001). The pharmachological
and neural control of laryngeal calibration have
been studied frequently (Brouillette and Thach
1979; Jodkowski and Berger 1988; Shiba et al.
1997; Widdicombe 2001). As is well known,
stimulation of the mechanosensitive, irritan and
chemosensitive endings of the larynx cause
respiratory, cardiovascular and broncomotor
reflexes. Their clinical importance in sleep
apneas, sudden infant death syndrome and
gastroesophageal aspiration syndrome have been
studied (Widdicombe 1986a; Sataloff et al. 1993).
In contrast, the chemical and neural reflex control
of laryngeal vasculature has not been studied.

The afferent and efferent innervation of
larynx are mediated by superior laryngeal nerve
and recurrent laryngeal nerve. The laryngeal ar-
teries are supplied from the systemic circulation
and drain entirely into systemic veins. We have
recently developed a model of perfused laryn-
geal vasculature and used it to study the phar-
machological and neural control of the laryngeal
circulation (Sahin and Guner 1992; Giiner and
Sahin 1993). Our previous study has suggested
that stimulation of respiration by hypoxia and hy-
percapnia increases laryngeal vascular resistance
and decreases laryngeal intraluminal pressure.
Laryngeal vasoconstrictor response to hypoxia
and hypercapnia is produced by the effect of hy-
poxia and CO: on the central nervous system and
the resultant increase in sympathetic discharge to
the larynx (Sahin et al. 1999).

It is well known that nasal, tracheobronchial
circulation are mainly under sympathetic vaso-
constrictor control (Godden 1990; Widdicombe
1990). Sympathetic nerve stimulation increases
their vascular resistance. Although the role of

parasympathetic and sympathetic nerves to the
laryngeal vascular bed are not well established,
the stimulation of superior laryngeal nerve causes
nasal and tracheal vasodilatation (Laitinen et al.
1987a; Dylewska et al. 1993). This response
can be blocked by muscarinic agents such as
atropine and may be caused by acetylcholine
and metacholine (Laitinen et al. 1987b). On the
other hand, Laitinen et al. (1987a) suggested that
vasodilatation caused by parasympathetic nerve
stimulation in nose and trachea after atropine
administration, may be mediated by the release
of neuropeptides such as VIP. Recent studies in
which the role and distribution of neurotransmit-
ters and neuromodulators are investigated, sug-
gest that NPY, VIP, NOS-1 and CGRP take an
important part in the regulation of laryngeal blood
flow (Hisa et al. 1999 ; Lyon 2000).

It was shown that the parasympathetic
innervation of the dog trachea is partly in the
SLN, stimulation of which causes vasodilatation
on both sides (Laitinen et al. 1987a). On the
other hand, stimulation of the central end of a
vagus nerve causes tracheal vasoconstriction,
systemic hypertension and smooth muscle
contraction via impulses came from the cardiac
nerves not the pulmonary or abdominal branches
of the vagus (Sahin et al. 1987a). Whether or
not parasympathetic cholinergic fibers to the
laryngeal vasculature can cause relaxation is more
controversial, and in general histological studies
do not support a close cholinergic innervation of
the vessels (Laitinen et al. 1987b). Furthermore,
the exact motor pathways have not been identified.

For this reason, in this study, we have inves-
tigated the effects of the stimulation of central (af-
ferent) and peripheral (efferent) ends of the vagus
and its branches on laryngeal vascular resistance.
We have also attemped to determine whether
these vasodilatator or vasoconstrictor responses
are of parasympathetic or of sympathetic origin
by using adrenergic and cholinergic antagonists.
Further we aimed to investigate a relation
between changes in laryngeal vascular resistance
and laryngeal muscular tone.
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MATERIAL AND METHODS

The experiments were carried out on twelve
dogs of both sexes with a mean weight of 24.6+0.7
kg. Animals were anaesthetized with sodium pen-
tobarbitone (initial dose, 30 mg/kg, i.v.: thereafter
5 mg/kg/h, i.v.) to produce a steady level of anaes-
thesia. Supplementary doses of anaesthetic were
given if mean arterial blood pressure increased
initial value, respiratory frequency increased
above 25 min~, irregular fluctuations in heart
rate. Animals were euthanized by i.v. injection of
an overdose (500 mg/kg, i.v.) of sodium pentobar-
bitone that caused rapid and irreversible cardiac
arrest. Our protocol and methods were approved
by the Animal Care and Use Committee of the
Laboratory Animal Service of the University of
Istanbul, Turkey. Catheters were inserted into
the femoral arteries during the operation. One
catheter was connected to a pressure transducer
for the measurement of systemic arterial blood
pressure and the other was used to supply blood
to the laryngeal perfusion circuit. Another cath-
eter was inserted into the left femoral vein to give
heparin and supplemental doses of anaesthetic. A
low cervical tracheostomy was performed, and a
tracheal cannula was inserted. Recurrent, supe-
rior laryngeal nerves and the cervical portion of
the vagus nerve were isolated. In all experiments
a thin-walled balloon catheter was inserted into
the larynx and filled with 2-5 ml of saline to give
an initial intraluminal laryngeal pressures usually
5-10 mmHg.

Nerves were stimulated via bipolar platinum
electrodes with a Palmer stimulator. Stimulus
duration was 0.2 milliseconds. Strength was 20V
for the vagus and 10V for other nerves, and fre-
quencies were 10-20 Hz. Stimulus burst durations
were 30 seconds. If maximum response was ob-
tained earlier than 30 seconds then the stimulation
was ended. However no maximum response was
obtained in a duration of less than 25 seconds.

Measurement of laryngeal vascular resistance
Laryngeal vascular perfusion was performed

by a technique modified from a tracheal vascular
perfusion model which was previously described
(Sahin et al. 1987a, b and c). On both sides of the
trachea, the common carotid arteries were iso-
lated at the level of the superior thyroid artery and
superior laryngeal arteries. Superior laryngeal
arteries were tied off bilaterally. On the left side,
the branch of the superior thyroid that supplies
the larynx was tied off. On the right side, the
branches of the superior thyroid artery to skeletal
muscle, trachea and thyroid gland were tied off.
On this side the branch of the superior thyroid ar-
tery that supplies the larynx was left intact. Both
caudal and cranial to the superior thyroid artery,
the common carotid artery was tied off. The
isolated and artifically perfused segment of the
common carotid artery was bypassed by a plastic
tube so that carotid sinus pressure and blood flow
to the brain was maintained (Fig. 1).

The isolated segment of the common carotid
artery was perfused by blood from the femoral
artery using a reservoir and peristaltic pump.
Thus perfusion of the larynx on the right side was
provided. The perfusion pressure was measured
with pressure transducers from a point between
the pump and the carotid arterial catheter. Each
perfusion pump flow rate was initially adjusted so
that mean laryngeal perfusion pressure was ~120
mmHg close to mean arterial pressure. In order to
determine the changes in laryngeal muscle tone,
intraluminal laryngeal pressure was recorded
(Grass PTS5 volumetric pressure transducer Statam
Laboratories, Inc., Hato Rey, Puerto Rico) to
indicate the changes in calibration of the laryn-
geal orifice. As is well known, changes in cali-
bration of the laryngeal orifice is brought about
by changes in laryngeal muscle tone. A fall in
pressure indicates widening of the orifice, which
in turn indicates a decrease of air-flow resistance.
Each dog was injected with heparin (500 U/kg
i.v.). The distribution of perfusion was tested by
close arterial injection of Evans Blue. Laryngeal
vascular resistance (Rrv) was calculated from
the determined values of perfusion pressure (in-
flow pressure, Rt P. P) and flow rate (usually 13



286 N.K. Yelmen et al.

Laryngeal
Pressure

Laryngeal Artery

SLN%%Q

LUNGS
/ RLN

9] Vagus
Thyroid To Larynx
Trachea . ‘ Superior
o Skeletal muscle Lperior Laryngeal
Thyroid Artery Artery
Pertusion
Pressure XY 1)/:>
\ / Common \
Carotid
Artery

@

Femoral Artery

PUMP

Fig. 1. Experimental arrangement caudal tracheal cannula for ventilation of lungs and ballon inserted
larynx to indicated changes larynx muscle tone, and the nerves of larynx. O indicates the points of
stimulation and cutting of the nerves perfused segment of common carotid artery from which supe-
rior thyroid artery aries. All its branches have been tied off except that to larynx.

ml./min).

Experimental protocol

The laryngeal vascular perfusion pressure
(Rt P. P), intraluminal laryngeal pressure (Pr)
and systemic arterial blood pressure (BP) were
recorded on the polygraph (Grass Model 7, West
Warwick, RI, USA) by means of pressure trans-
ducers. The nerves that were stimulated were
cervical vagus nerve (vagosympathetic trunk),
recurrent laryngeal nerve (RLN), and superior la-
ryngeal nerve (SLN) respectively. The exact level
of vagal stimulation was midcervical which corre-
sponds to the point 4 cm. below the point where
superior laryngeal nerve leaves the vagus nerve.
Each nerve was cut, central (afferent) and periph-

eral (efferent) endings were stimulated separately.
Electrical stimulus frequencies were increased
until clear vascular responses were seen, but they
were never >20 Hz. Firstly, vagus nerve was cut
bilaterally. After stimulation of both ends of right
vagus, firstly RLN and then SLN were cut sepa-
rately and stimulated respectively. Only the SLN
was left intact on the counter-lateral side. During
the stimulation procedures, it was waited for the
Riv, Pu and BP values to settle down near the
initial values (approximately 5-10 minutes) after
each stimulation.

As a result of the nerve stimulation, the na-
ture of the responses (whether parasympathetic or
sympathetic) were investigated with atropine sul-
phate (0.5-2.0 mg/kg, i.v. muscarinic antagonist)
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and phentolamine (0.5 mg/kg, i.v. a-adrenoceptor
antagonist). After administration of the antago-
nists, indicated nerves were again stimulated. In
order to prevent the effects of somatic nerves on
laryngeal responses and to prevent the effects
of change of laryngeal muscle tone on laryngeal
vascular resistance, the dogs were paralyzed with
an intravenous injection of pancuronium bromide
(0.06-0.1 mg/kg, i.v.) and ventilated with a tidal
volume of 10-15 mg /kg at a constant rate of 14-28
breaths min~'. All biochemicals are supplied from
Sigma.

Statistical analysis

Control values of the Riv, PL and BP were
expressed as means = S.D. error of the mean. The
control values of the indicated parameters were
taken as 100% and percentage values of variables
were calculated. The statistical significance of
the change in responses observed after the elec-
trical stimulation with the initial values were
analyzed with Wilcoxon-Matched Pairs test. The
statistical significance of the percent changes
before and after atropine and phentolamine ad-
ministration were analyzed with Mann-Whitney’s

U-test. To compare Riv and PL before and after
cutting vagal nerve and its branches, the analysis
of variance (ANOVA) were used. Differences
were taken to be significant when p<0.05.

RESULTS

Control values

At the start of the experiments the initial
values (meanx=s.E.) of Rwv, PLand BP were 9.3+0.4
mmHg.ml™' min, 9.7+1.0 mmHg and 109.8+5.2
mmHg respectively. After cutting of vagus, RLN
and SLN, there was no significant difference in
the initial values of Rrv (9.2+0.5, 8.8+0.7, 8.4+0.4
respectively). On the other hand, after cutting of
vagus and RLN there were significant increases in
P (13.1+1.1, p<0.01; 15.0+1.9, p<0.05) and BP
(118.3+6.3, p<0.05; 118.7+4.1, p<0.05) respec-
tively.

Stimulation of cervical vagus. Stimulation
of the intact vagus nerve at cervical level (vago-
sympathetic trunk) caused a significant decrease
in Rov (-5.8+3.2 %, p<0.01) (Table 1). The initial
decrease in Riv which took place 5 seconds after
the beginning of vagal stimulation was followed
by an increase (+15.4+2.8%, p<0.01). The minute

TaBLE 1. Effects of vagal stimulation on Rry, P, BP of dogs in the indicated experimental phases

Ruv PL BP
Experimental phase
(n=12) Control Change Control Change Control Change
(mmHg.ml~".min) (%) (mmHg) (%) (mmHg) (%)

Vagi intact -5.8+3.2° b
(Vagi cut) 9.3+0.4 +15.442 8 9.7+1.0 =7.1£7.2 109.8+5.2 +13.5£2.3
Central end 9.2+0.5 +22.9+6.1°¢ 13.1+1.18 —-12.1+4.4* 118.3+6.3F  +14.1+2.8"
Peripheral end 8.8+0.8 +2.2+15.2 10.9+1.4 +36.7+£6.4° 119.6+4.2 -11.6+3.2°
Atropine (i.v.) 9.00.4 12718545 12.9+13  —12.8453  117.9459  +20.5+2.5
+ Central end
Phentolamine (i.v.

entolamine (i.v.) 9.5+0.7 +16522.9° 128409  —11.6£3.8°  120.6485  —8.622.6"

+ Central end

Values are meanzs.E. of dogs.

Ruwv, Laryngeal vascular resistance; P, , Intraluminal blood pressure; BP, Mean arterial blood pressure.
1p<0.05, °p<0.01, p<0.001 for change compared with zero effect.
4p<0.01, °p<0.001 for response of stimulation after drug compared with response of stimulation without

drug.

p<0.05, €p<0.01 indicates statistical significance of the difference between the response of cut RLN and

intact RLN.
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Fig. 2. Responses to stimulation of central cut end of right vagus nerve before (A) and after (B) phen-
tolamine (0.5 mg/kg, i.v.) injection. From top, traces represent intraluminal laryngeal pressure (PL),
right laryngeal perfusion pressure (Rt P. P) and blood pressure (BP). Signal bar, stimulus applied
for 30 seconds.

TaBLE 2. Effects of recurrent laryngeal nerve (RLN) stimulation on Ry, P. and BP of dogs in the indicated

experimental phases
Ruv PL BP
Experimental phase
(n=12) Control Change Control Change Control Change
(mmHg.ml~".min) (%) (mmHg) (%) (mmHg) (%)

RLN intact a b
(RLN cut) 9.4+0.5 -4.8+1.9 12.2+1.6 +15.0+5.0 115.9+8.2 -2.2+59
Central end 8.8+0.7 -3.4+0.8% 15.0+1.9¢ —7.5+4.1% 118.7+4.1¢ -1.5+34
Atropine (i.v.) 8.120.6 ~0.1£0.7¢  13.9:0.5 _1.1202¢  1189£52  —0.9+4.5
+ Central end
Peripheral end 8.5+0.2 -7.1+1.9° 13.5+1.5 +21.6+7.72 116.149.1 -2.9+2.3
Atropine (i.v.

ropine (i.v.) 8.3+0.3 S12+04° 13813 422.9+6.7°  120.3+6.1  +1.1+3.4°

+ Peripheral end

drug.

Values are meanzs.E. of dogs.
Ruwv, Laryngeal vascular resistance; Py, Intraluminal blood pressure; BP, Mean arterial blood pressure.
1p<0.05, °p<0.01, for change compared with zero effect.
p<0.05, 9p<0.01, for response of stimulation after drug compared with response of stimulation without

'p<0.05, indicates statistical significance of the difference between the responses of cut RLN and intact
RLN.
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Fig. 3. Responses to stimulation of central cut end of right superior laryngeal nerve before (A) and after
(B) Pancronium Bromide (0.06-0.1 mg/kg, i.v.) injection. From top, traces represent intraluminal
laryngeal pressure (Pv), right laryngeal perfusion pressure (Rt P. P) and blood pressure (BP). Signal

bar, stimulus applied for 30 seconds.

TaBLE 3. Effects of superior laryngeal nerve (SLN) stimulation on Ry, P. and BP of dogs in the indicated

experimental phases
Riv PL BP
Experimental phase
(n=12) Control Change Control Change Control Change
(mmHg.ml™".min) (%) (mmHg) (%) (mmHg) (%)
SLN intact 8.8+0.3 +13.6£152° 126513 4567102 113.5£97  +12.54.6°
(SLN cut)
Central end 8.4+0.4 +17.9+3.2¢ 11.1£1.0 +59.8+2.7° 112.3+5.8 +13.7+3.3°
Peripheral end 8.8+0.2 —4.8+1.6° 14.7+2.1 —-4.1+2.4* 112.6+11.0 +6.8+1.4*
Atropine (i.v.) 8.5+0.3 ~03+1.8 128405  -0.5+1.6° 1137498  +5.1:1.6"
+ Peripheral end
Pentolamine (i.v.) 7.9+0.4 +83+0.9% 13514 45774245 1105859  —42+1.7%
+ Central end
Pancronium B. (i.v.) 8.140.5 1260445  17.6£1.6 0 1107483  +12.146.9°

+ Central end

Values are meanzs.E. of dogs.

Ryv, Laryngeal vascular resistance; Py, Intraluminal blood pressure; BP, Mean arterial blood pressure.
1p<0.05, °p<0.01, p<0.001 for change compared with zero effect.
4p<0.01, ©p<0.001 for response of stimulation after drug compared with response of stimulation without

drug.
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decrease (—7.1+£7.2%) in P. upon stimulation of
intact vagus nerve was not found to be significant.
BP, on the other hand, increased singificantly (+13.5
+2.3%) in response to stimulation of intact vagus
nerve (Table 1).

After bilateral cervical vagotomy, stimulation
of the central end of cervical vagus nerve increased
Ruv significantly. The initial drop in BP was
followed by a significant increase. Pron the other
hand was reduced (Fig. 2A, Table 1). When the
peripheral end of the cervical vagus nerve was
stimulated, variable responses in RLv were observed.
Pv increased significantly . There was a significant
fall in BP (Table 1).

Stimulation of recurrent laryngeal nerve.
RLN was stimulated to see the individual effects
of laryngeal motor nerve on same parameters.
After cutting of the RLN, stimulation of the
peripheral end of RLN produced a significant
decrease in Riv. Pi, on the other hand, increased
significantly. There was no significant effect on
BP (Table 2). Stimulation of the central end of
RLN caused a significant decreases in Rrv and Pv.
There was no significant change in BP (Table 2).

Stimulation of superior laryngeal nerve.
After cutting the SLN, stimulation of the peripheral
(efferent) end decreased the Ruv significantly along
with a significant decrease in P.. There was an in-
crease in BP (Table 3). Stimulation of the central (af-
ferent) end of the SLN caused increases in R.v and P..
The response of BP was an increase (Fig. 3A, Table 3).

After atropine injection

Stimulation of cervical vagus. In order to
determine the effect of parasympathetic fibers on
the laryngeal vasculature, atropine was adminis-
trated. After administration of atropine (0.5-2.0
mg/kg, i.v.) stimulation of central end of a vagus
nerve again caused significant increases in Riv
and BP. The increases of both parameters were
higher than that of before atropine. The decrease
in P. was uneffected (Table 1).

Stimulation of recurrent laryngeal nerve.
When the peripheral end of RLN was stimulated,
the decrease in Riv was less than before atropine

and not significantly different from zero effect.
The increase in P. was uneffected. There was
also no significant change in BP (Table 2). After
administration of atropine stimulation of central
end of RLN abolished the decrease in Rrv. PL, on
the other hand, increased significantly. There was
no significant effect on BP (Table 2).

Stimulation of superior laryngeal nerve.
When the peripheral end of SLN was stimulated
after atropine administration, the increase in Riv
was abolished. In contrast, the decrease in PL was
virtualy uneffected. There was also a increase in BP
(Table 3).

After phentolamine injection

Stimulation of cervical vagus. Vagotomy
would interrupt part of the motor nerves innervat-
ing the laryngeal vasculature coming from the
sympathetic nerve. Stimulation of the central end
of the cervical vagus nerve would also activate
this sympathetic component. To exclude, the ef-
fect of the sympathetic component, phentolamine
(0.5 mg/kg, iv), an ¢r-adrenergic antagonist, was
administrated and stimulation of central end of
the cervical vagus nerve was repeated.

After phentolamine, stimulation of the cen-
tral end of a vagus nerve produced a significant
increase in Rv. However, the magnitude of
increase was less than before phentolamine ad-
ministration. Phentolamine, on the other hand,
produced no significant change in the decrease in
P. to the stimulation of central end of vagus. BP
decreased significantly in response to stimulation
of central end of the vagus after phentolamine
(Fig. 2B, Table 1).

Stimulation of superior laryngeal nerve.
After phentolamine, the vasoconstrictor response
to stimulation of the central end of SLN was about
halved. The increase of BP was abolished. There
was a significant decrease in BP. The increase in
PL was uneffected by phentolamine (Table 3).

After pancuronium bromide
Stimulation of superior laryngeal nerve. In
order to determine whether somatic motor nerves
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take part in the increases of Ruv and Pv in response
to stimulation of central end of SLN, the experi-
mental animals were paralyzed with pancuronium
bromide (0.06-0.1 mg/kg,i.v.) and artifically ven-
tilated. Stimulation of central end of SLN caused
a significant increase in Riv. On the other hand,
the increase in Pv that was observed before pan-
curonium bromide was completely abolished (Fig.
3B, Table 3).

DiscussioN

In the present study, after bilateral cervical va-
gotomy, the baseline value of Riv was not affected
but Pr and BP increased. Cutting of RLN and SLN
did not produce a change in Riv. These results show
that no significant vagal tone is present in laryngeal
vasculature of the anaesthetized dog.

According to our results, the stimulation of cen-
tral ends (afferent) of the cervical vagus and SLN
produced similar changes in response of Riv which
was an increase. On the other hand, the stimulation
of peripheral ends (efferent) of the RLN and SLN
decreased Ruv. In contrast, while the stimulation of
central end of SLN increases Rwv, the stimulation of
central end of RLN decreased Ruv.

In our previous study on tracheal circulation,
we observed increases in tracheal vascular
resistance, tracheal smooth muscle tone and blood
pressure by stimulating the central end of the
cervical vagus nerve (Sahin et al. 1987a). These
results are in accordance with the present findings.
Our previous studies have shown that vagal
reflexes from lung C-fiber receptors and cardiac
receptors, stimulated by capsaicin and veratrine
respectively, cause a laryngeal (Sahin and Guner
1992) and a tracheal vasodilation via vagus (Sahin
et al. 1987c). Our present finding also rule out the
possibility of a direct action of vagal stimulation
on the laryngeal vasculature via cardiac and lung
receptors. Furthermore, it has been investigated
that intravenous administration of cholinergic
agonists such as methacholine and acetylcholine in
appropriate doses increase bronchial (Charan et al.
1985) and tracheal blood flow (Godden 1990).

Upon stimulation of the central end of vagus

nerve, impulses arrive laryngeal vasculature
through contralateral RLN and SLN. In fact,
the stimulation of the peripheral ends of RLN
and SLN caused laryngeal vasoconstriction by
the stimulation of the motor fibers innervating
laryngeal vessels. After atropine, the increase in
Rwv was higher. This response which occur on the
stimulation of the central end of the vagus is due to
the elimination of the effect of the postganglionic
parasympathetic activity on the laryngeal vessels
by way of SLN and contralateral RLN.

In the present study, the cervical sympathet-
ics were not separated from the vagosympathetic
trunk. For this reason, laryngeal vasoconstriction
observed during the stimulation of the central end
of vagus may be due to the stimulation of the sym-
pathetic fibers. The motor nerves to the laryngeal
vasculature come down by the superior laryngeal
nerves and come up from the sympathetic ganglia
in the chest via the recurrent nerve and the tracheo-
esophageal plexus (Widdicombe 1986a; Laitinen
et al. 1987b). Cervical vagosympathectomy would
effect neither of these pathways directly. However
much of motor supply to the laryngeal muscle
would be interrupted. Hence, the laryngeal vaso-
constriction seen after stimulation of the central
end of the cervical vagus nerve could be mediated
by stimulation sympathetic fibers that come up
with vagus nerve from the thoracic chain.

After ¢z-adrenergic antagonist phentolamine
(0.5 mg/kg, i.v.), stimulation of the central end of
vagus nerve still produced laryngeal vasoconstric-
tion. However with a smaller magnitude. As
expected, PL response was not affected. It is well
known that, stimulation of sympathetic fibers de-
crease the blood flow in bronchial (Godden 1990)
and tracheal vessels (Sahin et al. 1987a). When
the a-adrenoceptor agonist phenilephrine is added,
flow decreases with an increase in vascular resist-
ance in bronchial (Charan et al. 1985) and tra-
cheal circulations (Laitinen et al. 1987a, b). In the
present study, phentolamine decreased the laryn-
geal vasoconstriction but could not abolish it com-
pletely. This increase might be due to the release
of a vasoconstrictor neuropeptide such as NPY.
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Neuropeptide tyrosine (NPY) known to modulate
blood vessel diameter and smooth muscle tone has
been found in many mammalian organs. Its distri-
bution is similar to that of sympathetic nerve fibers
and has been found in noradrenergic ganglion
cells (Sheppard et al. 1984; Barnes 1986). In fact,
immunohistochemical studies show the presence
of NPY in the vicinity of superior and inferior
laryngeal arteries (Lyon 2000). The abolition of
the increase in BP on the stimulation of central end
of vagus nerve after injection of phentolamine is
due to the sympathetic effect on the central ner-
vous system. Also, this result shows that the laryn-
geal circulation is more isolated than the systemic
circulation.

As was indicated before, when the central
end of the SLN was stimulated, significant in-
creases in Riv, P and BP were observed. Laitinen
et al. (1987a) suggested that the superior laryn-
geal nerve carries predominantly vasodilatory
impulses, since electrical stimulation of it always
decreases tracheal vascular resistance. This in-
vestigator had observed tracheal vasodilation and
an increase in tracheal muscle tone, after stimulat-
ing the central end of the SLN (vagus intact and
RLN intact). Our findings indicate the activation
of efferent fibers in the contralateral SLN by af-
ferent impulses in SLN. The results of direct
stimulation of the peripheral ends of the RLN and
SLN seem to agree with Laitinen’s (1987a) obser-
vations.

The increase in Riv during the stimulation of
central end of SLN may be due to a sympathetic
effect or to the release of excitatory neurotrans-
mitters. After phentolamine administration, the
laryngeal vasoconstrictor response to stimulation
of the central end of SLN was about halved. The
response of BP was also abolished. As expected,
the decrease in P. was unaffected by phentol-
amine. The decrease in laryngeal vasoconstric-
tion, and total disappearance of hypertension
show that the sympathetic system is responsible
for the increases in Riv and BP.

According to our intraluminal laryngeal
pressure recording method, the decrease and an

increase in P. shows contraction of the laryngeal
muscle (closing and widdening of the glottic ori-
fice). Laryngeal muscle contraction as a result of
vagal stimulation is the expected result (Stransky
et al. 1973). Most previous studies suggested
that stimulation of vagus nerves or electrical field
stimulation of airway tissue results in contraction
of lower airways muscles which are blocked by
atropine (Widdicombe 1986a, b). These responses
are also mimicked by drugs such as acethylcho-
line, methacholine and enhanced by anticho-
linesterase (Widdicombe 1986a; Laitinen et al.
1987a). As is well known, the striated muscles of
the larynx have a cholinergic innervation through
the recurrent and, to a smaller extent, the superior
laryngeal nerves. Hence, cholinergic effects are
mediated via nicotinic receptors on the striated
fiber, and cholinergic control of the laryngeal
structures can therefore not be assessed by the use
of antimuscarinic drugs (Widdicombe et al. 1991).
Laryngeal tone can be affected by mediators act-
ing directly or indirectly through reflexes from
the upper and lower airways (Widdicombe et al.
1991; Kobler et al. 1994). This is why, in our
study, after atropine administration the response
of P. was uneffected on the stimulation of central
end of the vagus.

The increase in P obtained on the stimula-
tion of the peripheral end of cut vagus nerve could
be mediated by motor fibers running through the
RLN. As is well known, the recurrent laryngeal
nerve, which is responsible for the motor innerva-
tion of the larynx, leaves vagus at the upper tho-
racic region and goes to the larynx (Stransky et al.
1973; Widdicombe 1986a, b). The decrease in BP
depends on the general cardiovascular response.

After atropine administration, the decrease in
Rwv by the stimulation of the central end of RLN
was abolished. These results suggest that RLN
include afferent parasympathetic fibers. When the
peripheral end of RLN was stimulated in order to
the determine motor effects of RLN on laryngeal
vascularity and muscle tone, the decrease in Riv
was observed more prominently. There was an
increase in PL. After atropine, the increase in la-
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ryngeal muscle tone did not change, as expected,
while the response in Ruv decreased profoundly.
It is known that the RLN is a mixed type of nerve,
containing parasympathetic and sympathetic nerve
fibers (Widdicombe 1986a). The parasympathetic
motor fibers (vasodilator component) in the RLN
were observed to be effective on the laryngeal
vascularity. The significant decrease in Ruv after
stimulation of the peripheral end of SLN, which is
the afferent nerve of larynx, suggests the presence
of motor fibers in this nerve which innervate the
laryngeal vasculature. The absence of any signifi-
cant changes in Ruv after atropine administration
indicate that SLN also include parasympathetic
efferent fibers which innervate laryngeal vessels.
The increase in BP may be mediated by the effect
of non-neural substances such as NPY.

In this situation, the laryngeal vasoconstric-
tion that was observed during stimulation of the
central end of the vagus and nonsignificant laryn-
geal vasoconstriction obtained during stimulation
of the peripheral end of the vagus imply that mo-
tor fibers causing laryngeal vasoconstriction are
not present with in the recurrent laryngeal nerve.
This finding also indicates that other mechanisms
are responsible for laryngeal vasoconstriction in
response to stimulation of the central end of the
vagus.

It may be thought that laryngeal muscle
contraction may have a mechanical effect on the
vasculature and may compress the blood vessels
in the laryngeal muscles. Hence, it may cause an
increase in Rv. However, in the present study,
on the stimulation of both ends of RLN, opposite
responses in Rrvand P. were observed. Therefore,
our results show no evidence of this effect.

After pancronium bromide, the abolition of
the increase in P. and the persistence of an in-
crease in Riv on the stimulation of central end of
SLN indicate that the changes in Rrv are not pas-
sively mediated by laryngeal muscle contraction or
relaxation.

After cutting of vagus and RLN, the stimula-
tion of central end of SLN again increased Ruv.
The persistence of laryngeal vasoconstriction after

sympathetic antagonist suggests that nonadrener-
gic system may be effective on Ruv.

In conclusion, our findings suggest that,
parasympathetic motor fibers in the RLN and
SLN are effective for the laryngeal vascular-
ity. On the other hand, the both vagal and SLN
afferents activate vasoconstrictor pathways to the
laryngeal circulation and systemic circulation via
partly sympathetic system. Nonadrenergic system
may be also responsible for laryngeal vasocon-
striction. Furthermore, there is no resting vagal
tone in the laryngeal vascularity of anaesthetized
animals.
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