
J. Physiol. (1986), 373, pp. 261-275 261
With 4 text-figures
Printed in Great Britain

EFFECTS OF HYPERCAPNIA AND HYPOXIA ON NASAL
VASCULATURE AND AIRFLOW RESISTANCE IN THE

ANAESTHETIZED DOG

BY M. A. LUNG AND J. C. C. WANG*
From the Department of Physiology, University of Hong Kong,

Sassoon Road, Hong Kong

(Received 16 April 1985)

SUMMARY

1. The experiments were performed on anaesthetized dogs which breathed spon-
taneously or were artificially ventilated and paralysed.

2. The spontaneous nasal arterial blood flow was measured on one side of the nose
while nasal vascular resistance was determined on the other side simultaneously.

3. Nasal arterial blood flow was measured by means of an electromagnetic flow
sensor placed around the terminal branch of the internal maxillary artery, the main
arterial supply to the nasal mucosa.

4. Nasal vascular resistance was measured by constant-flow perfusion of the
terminal branch of the internal maxillary artery.

5. Nasal airway resistance was assessed by monitoring the transnasal pressure at
constant airflow through each side of the nose simultaneously.

6. Hypercapnic gas challenge (8 % C02, 30 % 02 in N2) to the lungs increased nasal
vascular resistance and decreased nasal airway resistance. Similar gas challenge to
the nose did not affect nasal vascular resistance but decreased nasal airway resistance.

7. Hypoxic gas challenge (6 % 02 in N2) to the lungs did not affect the nasal
vascular resistance but decreased nasal airway resistance only when the nasal
vascular bed was under controlled perfusion. Similar gas challenge to the nose did
not affect either nasal vascular or airway resistance.

8. Arterial chemoreceptor stimulation by intracarotid injection of sodium cyanide
increased nasal vascular resistance and decreased nasal airway resistance.

9. The nasal vascular response to hypercapnia and arterial chemoreceptor stimu-
lation was reflex in nature, being abolished by nasal sympathectomy.

10. The nasal airway response to hypercapnia, hypoxia and arterial chemoreceptor
stimulation was reflex in nature, being partially or completely abolished by nasal
sympathectomy.

11. Hypercapnia probably induced a local vasodilatatory effect on the capacitance
vessels whereas hypoxia had no direct action on the vasculature.

* To whom reprint requests should be addressed.
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INTRODUCTION

Early work by Tatum (1923) on respiratory reflexes demonstrated that nasal
airway resistance was decreased during breath holding in man and during asphyxia
in animals. Several decades later, Dallimore & Eccles (1977) showed that re-breathing
air decreased nasal airway resistance and believed that carbon dioxide was the major
stimulant. Takagi, Proctor, Salmon & Evering (1969) also reported that breathing
7 % carbon dioxide resulted in a decrease in nasal airway resistance and suggested
that carbon dioxide might have a direct action on the nasal vasculature causing a
shrinkage of the nasal mucosa. McCaffrey & Kern (1979 a) recently demonstrated that
the nasal airway response to hypercapnia and hypoxia was abolished by sympath-
ectomy and suggested that the response was mediated via the sympathetic nervous
system. Although the above studies have shown undoubtedly that carbon dioxide
and oxygen are involved in the control of the nasal airway resistance, there has been
no study demonstrating the sensitivity of the nasal vasculature to carbon dioxide
and oxygen.

In the present study, we measured the nasal arterial blood pressure and flow,
perfusion vascular resistance and airway resistance simultaneously. We related
changes in these variables in response to hypercapnia and hypoxia in order to
elucidate the mode and site of action of carbon dioxide and oxygen on the nasal
vascular bed. Some of the results have been presented in an abstract (Wang & Lung,
1983).

METHODS

The experiments were carried out with mongrels (body weight 17+ 1 1 kg; n = 60) of either sex.
The animals were anaesthetized with intravenous injection of sodium pentobarbitone (25 mg kg-').
Body temperature (rectal) was maintained at 37 TC by means of an electric heating pad placed
underneath the animal. Tracheotomy was performed and the tracheal cannula was connected to
a Fleisch pneumotachograph (Gould) to give airflow and tidal volume by electric integration. The
animal was either allowed to breathe spontaneously or under controlled ventilation and muscular
paralysis. Artificial ventilation was given by means of the Starling's Ideal Pump (Palmer, London)
via the tracheal cannula. The ventilation rate (12-15 strokes min-) and tidal volume (200-300 ml)
were given according to the ventilation graph prepared by Kleinman & Radford (1970). Gallamine
triethiodide (Flaxedil, May & Baker) in a dose of 2 mg kg-' h-1 was given via a femoral venous
catheter to produce muscular paralysis and the injection being repeated if the animal made
respiratory movements. Tidal expired carbon dioxide (vol. %) was measured by means ofan infra-red
carbon dioxide analyser (Siemens), with a sampling tube connected between the pneumotachograph
and the tracheal tube. Both femoral arteries were cannulated. One catheter was connected to a
pressure transducer (P23ID, Gould) for measurement of the systematic arterial blood pressure. The
other catheter was used to supply blood to the nasal perfusion circuit. Heparin (1000 u. h-') and
supplementary doses of anaesthetic were given via the femoral venous catheter.
An infraorbital dissection was made in the zygomatic region to expose the internal maxillary

artery and its infraorbital and terminal branches. The terminal branch of the internal maxillary
artery is the main arterial supply to the septum, turbinates and lateral walls of the nasal cavity
(Dawes & Prichard, 1953). Measurement of the nasal arterial blood flow and vascular perfusion of
the mucosa was carried out as previously described (Lung, Phipps, Wang & Widdicombe, 1984).
Nasal arterial blood flow was determined on one side while vascular perfusion was carried out on
the other side of the nose. For measurement of the nasal arterial blood flow, an electromagnetic
flow sensor (SP7518, Statham) of suitable size was placed around the internal maxillary artery just
proximal to the origin of the terminal branch. The zero base line of the flow sensor was determined
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before, at intervals and at the end ofeach experiment, by occlusion of the artery distal to the sensor.
Nasal arterial blood pressure was measured with a pressure transducer (P231D, Gould) via a
catheter inserted retrogradely into the infraorbital artery. For perfusion of the nasal mucosa, the
terminal branch of the internal maxillary artery was perfused via the infraorbital arterial catheter
from a reservoir which was continuously filled with blood from a femoral artery. Perfusion was
carried out at a constant flow rate by means of a peristaltic pump (MHRE MK4, Watson-Marlow).
The perfusion pressure was measured using a pressure transducer (P23ID Gould) inserted between
the peristaltic pump and the infraorbital arterial catheter. Perfusion rate was adjusted to give a
perfusion pressure close to the nasal arterial blood pressure (or systemic arterial blood pressure).
Perfusion rate ranged from 15 to 20 ml min'. Nasal vascular resistance was calculated as the ratio
of the mean perfusion pressure (mmHg) to its related flow (ml min-). In a series of preliminary
studies, the sphenopalatine vein was retrogradely cannulated and the nasal venous outflow was
allowed to bypass to the deep facial vein. Nasal venous pressure was measured from a T-tube
connected to the bypass circuit and found to be close to zero. Therefore, this variable was neglected
in the calculation of the nasal vascular resistance.

Nasal airway resistance was assessed as previously described (Lung et al. 1984). Two cuffed
endotracheal tubes (5 mm, Portex) were inserted into the posterior openings of the nasal cavities
via an oesophageal incision. The cuffs were inflated to produce air-tight seals. A continuous stream
of humidified air was allowed to pass through both tubes at a rate ranging from 1-5 to 2X5 1 min'.
The pressure difference between the back of each nasal cavity and the atmosphere was measured
with a differential pressure transducer (PE5, Gould). Nasal airway resistance was calculated as the
ratio of the pressure difference (mmH20) to its related airflow (I min'). The independence of each
airflow system was tested by occluding each nostril and confirming that only the pressure in the
occluded side was increased.
A deep dissection was made between the sternohyoideus and scalenus muscles at the cranial end

of the sternum. The vagosympathetic trunk at the level of the caudal cervical ganglion was exposed.
Denervation of the pulmonary vagal sensory fibres was performed by severing the vagal trunk just
distal to the origin of the cardiovagal branches (Widdicombe & Nadel, 1963). The nasal nerves were
also exposed in the region of the infraorbital pterygopalatine fossa. The vidian nerve which contains
mostly the preganglionic parasympathetic fibres and the palatine and caudal nasal nerves which
contain mostly the post-ganglionic sympathetic fibres were traced and identified (Miller, Christensen
& Evans, 1964). Parasympathetic denervation of the nasal mucosa was performed by severing the
vidian nerve. Sympathetic denervation of the nasal mucosa was performed by severing either the
palatine and caudal nasal nerves or the sympathetic trunk just cranial to the caudal cervical
ganglion or the cervical vagosympathetic trunk. All denervation was carried out on both sides.
For stimulation of the carotid chemoreceptors, a catheter was inserted retrogradely into the

auricular artery until the tip was located in the common carotid artery. Sodium cyanide solution
(0-1 % wt. vol1) of volume 0-1 ml was injected into the catheter for stimulation of the carotid
chemoreceptors (Elsner, Angell-James & de Burgh Daly, 1977).
Gas challenges were conducted in both spontaneously and artificially ventilated paralysed

animals. For the spontaneously breathing dog, hypercapnic (8% C02, 30% 02 in N2) or hypoxic
(6% 02 in N2) gas mixture was given to the animal for inhalation from a Douglas bag via a Lloyd
valve (Collins) to which the tracheal cannula was connected. For the artificially ventilated dog,
the Douglas bag was connected to the inlet tube of the Starling's Ideal Pump. Hypercapnic or
hypoxic gas challenge was also carried out by allowing the gas mixture to pass through the nasal
cavities via the endotracheal tubes. Each gas mixture was administered for a period of 5 min during
which steady response was usually achieved. The gas mixture was humidified by bubbling it through
the water at room temperature before it was delivered to the animal. Arterial blood samples were
taken from the femoral arterial catheter to measure the P0o, Pco, and pH before and towards the
end ofeach gas challenge. Blood analyses were carried out using the Radiometer Blood Micro System
(BMS 3MK2, Copenhagen).

All flows and pressures were recorded on a Dynograph (Beckman). The results were given as
means+S.E. of the means. Paired t tests were used to determine the level of significance of
difference between the means.
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HYPERCAPNIA AND HYPOXIA ON NASAL VASCULATURE

RESULTS

Responses to hypercapnia
Table 1 and Fig. 1 summarize the nasal vascular and airway responses to

hypercapnic gas challenges in normal dogs and in dogs with different types of
denervation.
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Fig. 1. Responses of the nasal airway resistance (Raw) and nasal vascular resistance (Rar)
to hypercapnic gas challenge (8% C02, 30% 02 in N2) to the nose (n.) and to the lungs
(1.) in spontaneously breathing (hatched columns) and paralysed artificially ventilated
(open columns) dogs with constant-flow vascular perfusion of the nasal mucosa. P.v.
indicates dogs with pulmonary vagotomy, n.s. with nasal sympathectomy and n.p. with
nasal parasympathectomy. Values expressed as percentage changes (% A) of controls are
given as means + S.E. of the means. n indicates the number of animals tested. * P < 0 05,
when compared to corresponding control.

Hypercapnic gas challenge to the lungs with a gas mixture of composition 8 % CO2,
30 % 02 in N2 increased the arterial PCO2 from the normal level of 38 + 2-3 mmHg to
64 + 2-8 mmHg (n = 9) without altering the PO2 level (normal value of98 + 3 1 mmHg,
n = 9). Nasal vascular and airway responses to systemic hypercapnia in spontaneously
breathing dogs were similar to those in artificially ventilated paralysed dogs.
Systemic or nasal arterial blood pressure and the spontaneous nasal arterial blood
flow were decreased while the nasal vascular resistance was increased. Nasal airway
resistance was decreased and the response was similar in dogs with or without
controlled perfusion of the nasal mucosa (Fig. 3A). The nasal vascular and airway
responses to hypercapnia were not affected by pulmonary vagotomy or nasal
parasympathectomy. However, nasal sympathectomy completely abolished the
vascular resistance response but only reduced the spontaneous nasal blood flow and
airway resistance responses (P < 0 05; Fig. 3B).

Hypercapnic gas challenge to the nose did not cause any change in the arterial PCO,
and PO2. Nasal vascular resistance was not significantly affected. However, nasal
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Fig. 2. Responses of nasal airway resistance (Raw) and nasal vascular resistance (Rar) to
hypoxic gas challenge (6 % 02 in N2) to the lungs (1.) in spontaneously breathing (hatched
columns) and paralysed artificially ventilated (open columns) dogs with constant-flow
vascular perfusion of the nasal mucosa. P.v. indicates dogs with pulmonary vagotomy,
n.s. with nasal sympathectomy and n.p. with nasal parasympathectomy. Values expressed
as percentage changes (% A) of controls are given as means+ S.E. of the means. n indicates
the number of animals tested. * P < 0 05, when compared to the corresponding control.

airway resistance was decreased although the response is much smaller than that
occurring during systemic hypercapnia (P < 0 05).

Responses to hypoxia
Table 2 and Fig. 2 summarize the nasal vascular and airway responses to hypoxic

gas challenges in normal dogs and in dogs with different types of denervation.
In spontaneously breathing dogs, hypoxic gas challenge to the lungs with a gas

mixture of composition 6 % 02 in N2 decreased arterial PO2 from the normal level of
95+28 mmHg to 34+1-5 mmHg (n = 7) as well as the PCO2 from the level of
37 + 241 mmHg to 26 + 3 0 mmHg (n = 7). In paralysed ventilated dogs, the decrease
in PO2 during the hypoxic challenge was similar but PCO2 remained within the normal
range. Nasal vascular and airway responses to systemic hypoxia in spontaneously
breathing dogs were similar to those in artificially ventilated paralysed dogs.
Systemic or nasal arterial blood pressure and the spontaneous nasal arterial blood
flow were increased while the nasal vascular resistance was not affected. Nasal airway
resistance remained unchanged in dogs with spontaneous nasal arterial blood flow
but decreased in dogs with controlled vascular perfusion of the nasal mucosa
(Fig. 4A). In dogs with spontaneous nasal arterial blood flow, pulmonary vagotomy
completely abolished the nasal arterial blood pressure and blood flow responses and
induced a decrease in nasal airway resistance to hypoxia. Nasal parasympathectomy
had no effect on either the vascular or airway response. Nasal sympathectomy
reduced the nasal arterial blood pressure and blood flow responses (P < 0 05). In
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Fig. 3. Records from an experiment illustrating the nasal airway and vascular response
to hypercapnia in A, normal dog and B, dog with nasal sympathectomy. During the period
indicated by the continuous line, the dog was breathing a gas mixture of 8% C02, 300 02
in N2. Traces from above downwards: systemic (nasal) arterial blood pressure (B.P.), left
nasal airway pressure (Piaw)~left nasal arterial perfusion pressure (Plar), right nasal airway
pressure (14aw)' right nasal arterial blood flow (Qrar), end-tidal expired carbon dioxide
(VECO2) and tracheal airflow (rX).
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Fig. 4. Records from an experiment illustrating the nasal airway and vascular responses
to hypoxia in A, normal dog and B, dog with nasal sympathectomy. During the period
indicated by the continuous line, the dog was breathing a gas mixture of 6% 02 in N2.
Traces from above downwards: systemic (nasal) arterial blood pressure (B.P.), left nasal
airway pressure (P,,), left nasal arterial perfusion pressure (Piar), right nasal airway
pressure (Prw), right nasal arterial blood flow (Qrar), end-tidal expired carbon dioxide
(VECO2) and tracheal airflow (V).
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paralysed ventilated dogs, nasal airway response was completely abolished by nasal
sympathectomy; however, in spontaneously breathing dogs, nasal airway response
was reversed and showed a small but significant increase in nasal airway resistance
(P < 005; Fig. 4B).
Hypoxic gas challenge to the nose did not alter the arterial Po2 and Pco2. Nasal

vascular and airway resistances were not affected during the challenge.

Responses to sodium cyanide
In four out of six paralysed ventilated dogs, intracarotid injection of sodium

cyanide caused a small but significant increase in nasal vascular resistance
(+ 5+ I0%, n = 4, P < 005) while the remaining two dogs showed no vascular
response. The nasal airway always responded by a decrease in resistance (-14+ 3-3 %,
n = 6, P < 0 05). Both vascular and airway responses to intra-carotid sodium cyanide
injection were abolished by cervical vagosympathectomy.

DISCUSSION

In many previous studies, information concerning the sensitivity of the nasal
vascular bed to carbon dioxide and lack of oxygen is derived indirectly from the
response of the nasal airway, based on the assumption that the nasal airway
resistance is directly proportional to the nasal mucosal blood volume as the nasal
cavity is made up of a bony structure (Takagi et al. 1969; Dallimore & Eccles, 1977;
McCaffrey & Kern, 1979a, b). Stimulation ofarterial chemoreceptors by excess carbon
dioxide and lack of oxygen affects systemic arterial blood pressure and respiratory
drive (de Burgh Daly & Scott, 1962; de Burgh Daly & Hazzledine, 1963; Calvelo,
Abboud, Ballard & Abdel-Sayed, 1970). Such systemic effects during hypercapnia or
hypoxia may alter the arterial blood flow to the nasal mucosa and hence the nasal
airway resistance. Consequently, measurement of nasal airway resistance without
controlling the arterial blood flow to the mucosa cannot yield accurate information
concerning the primary effects of hypercapnia or hypoxia on the nasal vasculature.

In the present study, one side of the nose is under constant-flow vascular perfusion
of the mucosa while the other side is allowed to have spontaneous arterial blood flow.
Airway resistance is measured separately and simultaneously from the two sides.
Primary changes of the resistance and capacitance functions of the nasal vascular
bed to any experimental stimulus will be reflected in the vascular and airway
resistances on the side with vascular perfusion while secondary changes due to the
systemic effects will be superimposed on the primary changes on the side with
spontaneous arterial blood flow. We have demonstrated that there is little collateral
communication between the vascular beds of the two nasal cavities (Lung et al. 1984)
and hence events occurring on one side can then be assumed to have a negligible
mechanical influence on the other side. Using such a method to study the effects of
hypercapnia and hypoxia on the nose, we are able to differentiate the primary from
the secondary changes of the nasal vascular bed to carbon dioxide and oxygen lack.

Recent studies have shown that nasi alae, the dilator muscle of the external nares,
can dilate the nostrils and thus decrease the airflow resistance on purely a mechanical
basis (Salmon, Proctor, Swift & Evering, 1971). Carbon dioxide inhalation causes an
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increase in the nasal alae electromyographic activity (Strohl, O'Cain & Slutsky, 1982).
In order to take this variable of alae nasi activation into account, the present study
was carried out in both spontaneously breathing and paralysed ventilated animals.
The phenomenon of nasal cycle is well documented in man and experimental

animals (Hasegawa & Kern, 1977; Eccles, 1978). The venous sinusoidal tissue of the
mucosa exhibits cycles of congestion and decongestion and this causes an alteration
of airflow from one nasal passage to the other over a period of hours. Such slow
oscillation in vasomotor activity would affect the long-term nasal airway and vascular
responses to any experimental stimulus. Therefore, in the present study, only the
acute nasal airway and vascular responses to brief periods of hypercapnic or hypoxic
gas challenges were examined.
As far as we know, this is the first study describing the nasal vascular responses

to carbon dioxide. Hypercapnia at arterial Pco, of 64 + 2-8 mmHg (n = 9) decreased
the spontaneous nasal arterial blood flow and increased the nasal vascular perfusion
pressure. The results suggest that carbon dioxide increases nasal vascular resistance
probably through constriction of the resistance vessels. Direct hypercapnic gas
challenge to the nasal cavity was not effective in initiating any nasal vascular
response. This shows that carbon dioxide exerts its effect on the nasal vessels probably
via humoral and/or neural pathways. Arterial chemoreceptor stimulation increases
the depth and rate of ventilation and this in turn evokes secondary reflex effects from
the pulmonary receptors (Salisbury, Galetti, Lewin & Rieben, 1959; de Burgh Daly
& Hazzledine, 1963; de Burgh Daly, Hazzledine & Ungar, 1967; Glick, Wechsler &
Epstein, 1969). The nasal vascular resistance response to hypercapnia in dogs which
breathed spontaneously was similar to that in dogs with controlled ventilation, and
with or without sectioning of the pulmonary vagal afferents. Therefore, the nasal
vascular resistance response is not a secondary reflex effect from the pulmonary
receptors. Parasympathetic denervation of the nasal mucosa did not affect the
response while sympathectomy completely abolished it. This shows that the nasal
vascular resistance response is the primary reflex action to hypercapnia via the
sympathetic nervous system.

In dogs with spontaneous nasal arterial blood flow, hypercapnia decreased nasal
airway resistance and this observation is in accord with the findings of other workers
(Takagi et al. 1969; McCaffrey & Kern 1979a, b). The nasal airway response in dogs
with controlled vascular perfusion was similar to that in dogs with spontaneous blood
flow. This suggests that the decrease in nasal airway resistance may not be related
to the decrease in blood flow. Some workers suggest that the hypercapnic nasal airway
response is due to alae nasi activation by carbon dioxide (Strohl et al. 1982). Our
finding that the hypercapnic nasal airway response is similar in dogs which breathed
spontaneously or under muscular paralysis and controlled ventilation indicates that
alae nasi activation is not the major factor accounting for the decrease in airway
resistance during hypercapnia. We also found that the nasal airway response was
similar in dogs with or without sectioning of the pulmonary vagal afferents.
Therefore, as with the vascular response, airway response is not due to a secondary
reflex effect from the pulmonary receptors. Many believe that the hypercapnic nasal
airway response is a direct action of carbon dioxide on the capacitance vessels, causing
vasoconstriction (Takagi et al. 1969) while others have demonstrated that the
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response is mediated via the sympathetic nervous system (McCaffrey & Kern, 1979 a).
Our results show that parasympathetic denervation of the nasal mucosa has no effect
on the response while sympathetic denervation has significantly reduced the response,
indicating that the response is not wholly a reflex action to hypercapnia. Direct
hypercapnic gas challenge to the nasal cavity induced a decrease in nasal airway
resistance with magnitude similar to that obtained in dogs with nasal sympathectomy.
Therefore, this further suggests that nasal airway response to hypercapnia is partly
due to a reflex action via the sympathetic nervous system and partly due to a local
effect of carbon dioxide on the nasal capacitance vessels.

There has never been any report describing the nasal vascular responses to hypoxia.
We found that hypoxia at arterial Po2 of 34 + 1-5 mmHg (n = 7) has no effect on the
nasal vascular resistance. Besides, direct hypoxic challenge to the nasal cavity did
not initiate any response. This shows that moderate level of hypoxia has no direct
or reflex action on the resistance vessels of the nose. However, the spontaneous
arterial blood flow increased during hypoxic challenge but in the presence of an
increase in systemic or nasal arterial blood pressure. In dogs with pulmonary
vagotomy, both nasal arterial blood pressure and blood flow responses were abolished.
Therefore, it is highly probable that the increase in the spontaneous nasal arterial
blood flow to hypoxia is caused by the increase in the systemic arterial blood pressure.
There has been a report stating that the nasal airway is much less sensitive to

hypoxia than to hypercapnia and that only a very severe level of hypoxia could
induce any airway response (McCaffrey & Kern, 1979a). This is supported by our
finding that hypoxia did not affect nasal airway in dogs with spontaneous arterial
blood flow. However, in dogs with controlled vascular perfusion of the nasal mucosa,
hypoxia induced a significant decrease in nasal airway resistance with magnitude
comparable to that of hypercapnia. Hypoxia increases systemic arterial blood
pressure and ventilation through arterial chemoreceptor stimulation (de Burgh Daly
& Scott, 1962; Little & Oberg, 1975). Therefore, it is likely that the hypoxic decrease
in nasal airway resistance is usually masked or compensated by the increase in arterial
blood flow and hypocapnia resulted from the reflex increase in systemic arterial blood
pressure and ventilation through chemoreceptor stimulation.

Direct hypoxic gas challenge to the nasal cavity did not induce any nasal airway
response indicating that the response is not a local but a reflex action on the
capacitance vessels. The response in spontaneously breathing dogs was the same as
that in paralysed ventilated dogs, with or without sectioning of the pulmonary vagal
afferents. This shows that the response is neither associated with alae nasi activation
nor a secondary reflex from the pulmonary receptors. Parasympthetic denervation
of the nasal mucosa did not affect the response. Sympathetic denervation completely
abolished the response in paralysed ventilated dogs but reversed the response in
spontaneously breathing dogs. The reversal ofthe response after sympathectomy may
be associated with hypocapnia resulting from the reflex increase in ventilation.
Therefore, the decrease in nasal airway resistance is due to a primary reflex action
via the sympathetic nervous system.

McCaffrey & Kern (1979 a) reported that chemoreceptor stimulation by sodium
cyanide injection resulted in a decrease in nasal airway resistance. We observed
similar airway response to intracarotid sodium cyanide injection and in addition an
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increase in nasal vascular resistance. The similarity between the effects of sodium
cyanide injection and the effects of hypercapnia and hypoxia suggests that the nasal
responses to hypercapnia and hypoxia are largely due to stimulation of the arterial
chemoreceptors although we found that part of the hypercapnic airway response is
due to the direct action of carbon dioxide on the capacitance vessels.
The nose has a unique vascular arrangement. Precapillary resistance vessels supply

blood to the rich subepithelial and periglandular capillary networks from which the
blood drains into a plexus of large venous sinusoids and finally into thick walled (i.e.
muscular) veins (Temesrekasi, 1969). Besides, there are numerous arteriovenous
anastomoses whch may allow the blood to bypass the capillaries (Cauna, 1982). An
increase in vascular resistance to hypercapnia, hypoxia or arterial chemoreceptor
stimulation is undoubtedly brought about by the constriction of the precapillary
resistance vessels as in other systemic vascular beds (Abboud, Heisted, Mark &
Schmid, 1975). As mentioned in a previous study (Lung et al. 1984), a decrease in
airway resistance may be caused by (1) an increase in arterial resistance to inflow
via active constriction of the arterioles; (2) an opening of the arteriovenous
anastomoses; or (3) a decrease in vascular outflow resistance by dilatation of the
thick-walled veins. The effect of chemoreceptor stimulation on the venous segment
ofdifferent vascular beds is not uniform; there is vascoconstriction in the splenic veins
(Pelletier & Shepherd, 1972) but vasodilatation of the large veins of the cutaneous
vascular bed (Calvelo et al. 1970; Shepherd & Pelletier, 1975). All arteries, veins and
arteriovenous anastomoses in the nasal mucosa have a rich autonomic nerve supply
in the form of an adventitial plexus of non-myelinated nerve fibres (Cauna, 1970a,
b). The thick-walled veins have, in addition, a separate intrinsic nerve supply of
adrenergic and cholinergic fibres for their longitudinal subendothelial musculature
(Cauna & Cauna, 1975). Therefore, the nasal vasculature is under strong autonomic
nervous control. It is highly probable that the reflex decrease in nasal airway
resistance to hypercapnia, hypoxia or chemoreceptor stimulation is due to a
withdrawal of the sympathetic discharge to the arteriovenous anastomoses and in
particular to the thick-walled veins causing the opening up of the arteriovenous
anastomoses and a decrease in the venous outflow resistance resulting in a diminution
of blood volume in the nasal mucosa.
The present study also demonstrates that hypoxia does not exert appreciable local

effect on the nasal vasculature. This is not surprising because hypoxia has been found
not to be important in the regulation ofthe resistance and capacitance vessels ofmany
other vascular beds (Cuthbert, 1967; Daugherty, Scott, Dabney & Haddy, 1967; Voth
& Lell, 1973; Vanhoutte, 1976). Hypercapnia, on the other hand, acts locally on the
nasal capacitance vessels, most probably via dilatation of the thick-walled veins and
opening up of the arteriovenous anastomoses as excess carbon dioxide or a decrease
in pH has been known to be vasodilatatory in many other vascular beds (Daugherty
et al. 1967; Vanhoutte & Clement, 1968).
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