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1 We investigated the adrenergic mechanisms of the two venous systems that drain the nasal
mucosa, thereby their exact role in eliciting nasal decongestion. The action of endogenously released
noradrenaline and exogenous adrenergic agonists on di�erent segments of the nasal venous systems,
i.e. collecting (LCV, SCV) and out¯ow (SPV) veins of posterior venous system, collecting (ACV) and
out¯ow (DNV) veins of anterior venous system and venous sinusoids of the septal mucosa (SM),
were studied. In vitro isometric tension of the vascular segments was measured.

2 Transmural nerve stimulation (TNS) produced constriction in ACV, DNV and SM, primary
constriction followed by secondary dilatation in LCV and SCV and dilatation in SPV. Tetrodotoxin
(1076 M) abolished all responses. Phentolamine (1076 M), prazosin (1076 M) and rauwolscine
(1077 M) inhibited the constriction in all venous vessels. Propranolol (1076 M), atenolol (1076 M) and
ICI 118,551 (1076 M) inhibited the relaxation in SPV but not in LCV and SCV. Phenylephrine and
clonidine constricted whereas dobutamine and terbutaline relaxed all venous vessels dose-
dependently.

3 These results indicate a1-, a2-, b1- and b2-adrenoceptors are present in both venous systems. TNS
causes constriction of anterior venous system, venous sinusoids and posterior collecting veins
primarily via postjunctional a2-adrenoceptors but relaxation of posterior out¯ow vein equally via
postjunctional b1- and b2-adrenoceptors. The combined action of the two adrenergic mechanisms
can reduce nasal airway resistance in vivo by decreasing vascular capacitance and enhancing venous
drainage via the posterior venous system.
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Introduction

In man and experimental animals, a layer of highly vascular
mucosa, comprising of sinusoidal venous plexuses, lines the

nasal cavity (Cauna, 1982; Dawes & Prichard, 1953; Lung &
Wang, 1989a). Blood from the nasal cavity is drained via the
high-¯ow and high-pressure dorsal nasal vein while blood
from the posterior nasal cavity is drained via the low-¯ow

and low-pressure sphenopalatine vein (Lung & Wang, 1987;
1989a). It is conventionally believed that when the venous
sinusoids are distended with blood the mucosa will swell and

this must be a major factor in nasal blockage. As the
collecting veins of both systems are located within the nasal
cavity, their dilatation (especially that of the posterior

collecting veins because of their large size and highly
muscular nature) can increase considerably mucosal blood
volume (Lung & Wang, 1989a). In contrast, the out¯ow veins

(dorsal nasal vein and sphenopalatine vein) are located
outside the nasal cavity and their dilatation favours venous
drainage (Lung & Wang, 1989a). Hence, mucosal congestion
may be caused by dilatation of venous sinusoids and/or

collecting veins and constriction of out¯ow veins. Opposite
changes in the mechanisms would lead to mucosal deconges-

tion. The vasomotor activity of each vascular segment is of
unique importance in the control of nasal airway resistance.
The nasal vascular bed is under sympathetic nervous

controls (Eccles, 1978; 1982; Lung & Wang, 1989b). Both

resistance and capacitance vessels receive adrenergic nerve
supply, with the supply to the former being richer than the
latter (AÊ nggaÊ rd & Densert, 1974; DahlstroÈ m & Fuxe, 1965).

In the dog, sympathetic nerve stimulation causes constriction
of the resistance vessels via an a-adrenergic mechanism and
constriction of capacitance vessels via a-adrenergic as well as

non-adrenergic and non-cholinergic mechanisms (Lung &
Wang, 1989b). Other studies have demonstrated that both
postjunctional a1- and a2-adrenoceptors are involved in

mediating the nasal blood ¯ow and airway patency
responses (Berridge & Roach, 1986). Similar results have
also been obtained in pigs (Lacroix & Lundberg, 1989) and
humans (Andersson & Bende, 1984). Apart from a-
adrenoceptors, b-adrenoceptors have been shown to in¯u-
ence nasal blood ¯ow and mucosal volume. b-adrenergic
agonists increase arterial blood ¯ow and mucosal volume in

the nasal mucosa of the pig and dog (Lacroix et al., 1995;
Lung et al., 1984), suggesting that b-adrenoceptors are
vasodilatatory in action.
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Both a- and b-adrenoceptors seem to exist in the nasal
mucosa, modifying not only blood ¯ow but also vascular
capacitance. Where do they act on the two nasal venous

systems in eliciting change in nasal airway resistance? What is
their relative contribution to the sympathetic control of nasal
vascular capacitance and hence airway resistance? These
questions prompted us to examine the action of endogenously

released noradrenaline (NA) and exogenous adrenergic
agonists on the di�erent segments of nasal venous vascular
bed so as to identify their site(s) of action and to characterize

the receptors involved.

Methods

Tissue preparation

Mongrel dogs of either sex (weighing 15 ± 25 kg) were ®rst
anaesthetized with pentobarbitone sodium (30 mg kg71, i.v.)
and then killed by an overdose of the same anaesthetic agent

(200 mg kg71, i.v.). Dorsal nasal vein (DNV), anterior
collecting vein (ACV), sphenopalatine vein (SPV), lateral
collecting vein (LCV), septal collecting vein (SCV), and the

septal mucosa (SM) were isolated from the nasal cavity
(Figure 1). All isolated segments were immediately immersed
in chilled modi®ed Krebs ±Ringer bicarbonate solution of the

following composition (in mM): NaCl 119, KCl 4.7, CaCl2
(CaCl2-6H2O) 2.5, KH2PO4 1.2, MgSO4 (MgSO4-7H2O) 1.2,
NaHCO3 25, calcium disodium EDTA 0.026 and glucose

11.1. The solution was previously aerated with a gas mixture
of 95% O2 and 5% CO2. With the aid of a dissecting
microscope, the isolated tissues were cleaned of extraneous
tissue. Only one vascular ring of 4 mm in length from each

blood vessel and a strip of 6 mm long and 6 mm wide from
the septal mucosa were cut o� for experimentation. Care was
taken to minimize rubbing of the internal surface when

preparing rings so as to keep an intact and functional
endothelium. The diameters of various collecting and out¯ow
veins were: 3.5 ± 4.5 mm for LCV, 1.5 ± 2.5 mm for SCV,

0.5 ± 1 mm for ACV, 2 ± 3 mm for DNV, 0.5 ± 1.5 mm for

SPV. The septal mucosa contained a network of venous
sinusoidal vessels of diameters ranging from 0.1 ± 0.5 mm
(Lung & Wang, 1989a).

Tissue bath studies

The venous ring or mucosal strip was suspended in an organ

chamber ®lled with 5 ml of the modi®ed Krebs ±Ringer
bicarbonate solution, which was aerated with a mixture of
95% O2 and 5% CO2 and maintained at 378C. The tissue

segment was connected to a Grass force FT 03 displacement
transducer and changes in isometric force were recorded on
PICO model and fed on-line to a computer. After a 30-min

equilibrium period, the tissue segment was stretched to its
optimal resting tension. The optimal resting tension was
determined in preliminary experiments by constructing the

length-tension relationship of the isolated tissue segment. The
optimal tension used to set up various tissue segments were
as follows: 2.0 g for LCV; 1.5 g for SCV; 1.0 g for ACV;
1.5 g for DNV; 1.0 g for SPV and 1.0 g for SM. The tissue

was allowed to equilibrate for another 60 min under the
optimal resting tension and was washed every 20 min during
the equilibration period. The tissue segment was then exposed

to 80 mM KCl until two reproducible contractions (with
variation less than 10%) developed. After washout, cocaine
(361075 M) and hydrocortisone (361075 M), inhibitors of

neuronal and extra-neuronal uptakes (O'Rourke & Van-
houtte, 1990), were added to the tissue bath 30 min before a
protocol began. At the end of experiments, the maximal

relaxation or passive tone of the vessel was determined by the
addition of NaNO2 (561072 M). The total active tone (TAT)
in the present study was de®ned as the di�erence between the
tone at 80 mM KCl and the tone at 561072 M NaNO2.

Transmural nerve stimulation (TNS)

The tissue segments were subjected to an electric current to
stimulate nerves. The electrodes, two 1-mm platinum wires,
were placed 3 mm from each side of the tissue so as to

establish an electrical ®eld in the longitudinal direction of the
tissue. Rectangular constant-current pulses were delivered
between the electrodes through a Grass S48 stimulator at
supramaximal voltage (100 V), varying frequency (0.5 ±

64 Hz), 0.3 ms impulse duration, and duration of 30 s. A
recovery period of 10 min was given between stimulations. In
preliminary studies, the preparation was subjected to full

range stimulation several times at 30 min intervals. The
responses were reproducible, showing minimal changes in
tissue sensitivity or the amount of released neurotransmitters

over the time course of the experiment.

Experimental protocol

To examine the action of endogenously released NA on the
nasal venous vessels, TNS was used to activate the
sympathetic nerve and the frequency-response (0.5 ± 64 Hz)

curves were constructed. To con®rm if the responses were
neurogenic in nature, action of tetrodotoxin (1076 M) was
studied after the control frequency-response curve in a group

of vessels. To characterize the a-adrenoceptors involved, after
the control frequency-response curve, the frequency-response
curve was repeated in the presence of one of the following:

Figure 1 Diagrammatic illustration of location of the nasal venous
vessels. ACV, anterior collecting vein; DNV, dorsal nasal vein; SM,
septal mucosa; LCV, lateral collecting vein; SCV, septal collecting
vein; SPV, sphenopalatine vein; NC, nasal cavity.
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phentolamine (1076 M), prazosin (1076 M), rauwolscine
(1077 M) or prazosin (1076 M) plus rauwolscine (1076 M).
Some vascular segments demonstrated a vasodilatatory

response to TNS after pretreatment with phentolamine. To
investigate if b-adrenoceptors were involved and the receptor
subtypes responsible, the phentolamine-treated vascular
segments were stimulated in the presence of one of the

following: propranolol (1076 M), (+)-atenolol (1076 M), ICI
118,551 (1076 M), or atenolol (1076 M) plus ICI 118,551
(1076 M). All antagonists were added to the tissue bath

30 min before nerve stimulation for incubation of the tissues.
The concentration of the adrenoceptor antagonists was
e�ective in blocking the e�ect of the corresponding

exogenous agonists given at a dose that caused a response
comparable to the maximal response evoked by TNS in the
same tissue. The agonists used in testing the adequacy of a1-,
a2-, b1- and b2-adrenoceptor blockades were phenylephrine,
clonidine, dobutamine and terbutaline respectively.
To assess the e�ects of a-adrenoceptor agonists, pheny-

lephrine or clonidine was cumulatively added to the organ

bath in 10 fold increments until a maximum contractile
response was attained. To assess the e�ects of b-adrenoceptor
agonists, the preparation was ®rst contracted with pheny-

lephrine (at a dose ranging from 1077 M to 1075 M) so as to
raise the tension to approximately 70% of TAT. After a
stable contraction had been obtained, dobutamine or terbuta-

line was cumulatively added to the organ bath in 10 fold
increments until the relaxation had reached a maximum and
stabilized. Only one cumulative dose-response study was

carried out on each tissue segment.

Drugs

The following drugs were used: (+)-atenolol (RBI, U.S.A.),
clonidine (Boehringer Ingelheim, Germany), cocaine hydro-
chloride (May & Baker, U.K.), dobutamine hydrochloride

(Eli Lilly, U.S.A.), hydrocortisone sodium succinate (Sigma,
U.S.A.), ICI 118,551 (RBI, U.S.A.), noradrenaline hydro-
chloride (Sigma, U.S.A.), pentobarbitone sodium (Rhone

Merieux, Australia), phenylephrine hydrochloride (Sigma,
U.S.A.), phentolamine mesylate (Ciba, U.K.), prazosin
hydrochloride (P®zer, U.S.A.), DL-propranolol hydrochlor-
ide (Sigma, U.S.A.), rauwolscine hydrochloride (RBI,

U.S.A.), sodium nitrite (Sigma, U.S.A.), terbutaline sulphate
(Astra, Sweden) and tetrodotoxin (Sigma, U.S.A.).
All solutions were freshly prepared before each experiment

by dissolving the compounds in distilled water. All drugs
were added in volumes of 0.015 ml, i.e. 0.3% of the organ
bath volume. Vehicle experiments were performed in

preliminary studies. Identical volume of drug vehicle was
found to have no e�ect on all tissue preparations.
Concentration of an agent was expressed as the ®nal

concentration in the organ bath.

Analysis of data

All responses were expressed as a percentage of TAT of the
same tissue. The data are the means+s.e.mean and n refers
to the number of animals. The dose-response curve was

computer-®tted using nonlinear regression and the maximal
response elicited by the agonist (MR), the concentration
required to achieve half response (EC50) and pD2 value

(pEC50=7log EC50) were calculated (Graphpad prism,
Version 2.1, U.S.A.). Comparison of MR and pD2 values
between various groups was performed with one-way analysis

of variance, followed by Student-Neuman-Keuls test. Com-
parison of frequency-response curves was performed using
GLM repeated measures analysis of variance. When the F-
test was signi®cant, the Bonferroni test was carried out to

determine the frequencies for which the responses were
statistically di�erent. P values of less than 0.05 were
considered statistically signi®cant.

Results

TNS-induced responses

In DNV, ACV and SM, TNS produced frequency dependent
constriction; in LCV and SCV, TNS produced primary
constriction followed by secondary dilatation; in SPV, TNS
produced dilatation. Similar responses were obtained after

the addition of drug vehicle (0.015 ml of distilled water)
(Figure 2A). Figure 2B shows the typical tracings obtained in
LCV, DNV and SPV. The maximal constrictive response

induced by TNS in LCV, SCV, ACV, DNV and SM was
reached at 32 Hz while the maximal relaxant response in
LCV, SCV, and SPV occurred at 8-16 Hz. The responses at

all frequencies were completely blocked by tetrodotoxin.

The effects of a-adrenoceptor antagonists on the
TNS-induced responses

Phentolamine, prazosin and rauwolscine signi®cantly de-
creased the TNS-induced constriction in LCV, SCV, ACV,

DNV, and SM (Figures 3, 4 and 5). Phentolamine and
rauwolscine were stronger than prazosin in inhibiting the
constriction (P50.05). The residual response to TNS in the

presence of prazosin was markedly reduced by the addition of
rauwolscine (P50.05) (Figure 6).
Phentolamine and prazosin but not rauwolscine produced

signi®cant increases of the TNS-induced relaxation in SPV
(P50.05). Combined treatment with prazosin and rauwols-
cine produced no additional in¯uence with respect to the
isolated e�ect of prazosin (Figure 7). Phentolamine and

prazosin exerted similar potentiating e�ect on the relaxation
response in SPV (P=NS).
Phentolamine did not a�ect the TNS-induced relaxation in

LCV and SCV (P=NS (Figure 8).

The effects of b-adrenoceptor antagonists on the
TNS-induced relaxation in LCV, SCV and SPV
after blockade of a-adrenoceptors

In the presence of phentolamine, TNS produced frequency
dependent relaxation in LCV, SCV and SPV. Maximum
relaxation was achieved at 8 ± 16 Hz. The maximal relaxation
in LCV and SCV was similar in magnitude (P=NS) but both

were less prominent than the maximal relaxation in SPV
(P50.05). The relaxant responses were e�ectively antag-
onized by propranolol in SPV (P50.05), but not in LCV and

SCV (P=NS) (Figure 9). Both atenolol and ICI 118,551
suppressed to a similar extent the TNS-induced relaxation in
SPV (P=NS) and combined treatment with atenolol and ICI

British Journal of Pharmacology vol 138 (1)

Adrenergic control of nasal venous vasculatureM. Wang & M.A. Lung 147



118,551 produced greater suppression of the relaxation
(P50.05) (Figure 10).

Effects of extraneous adrenoceptor agonists

Phenylephrine and clonidine caused dose-dependent constric-

tion in all vascular segments studied (Figure 11). The pD2

value for clonidine was greater than that for phenylephrine in
all venous segments (P50.05), whereas the maximal response

to phenylephrine was larger than that to clonidine in all
venous segments (P50.05) except SCV (Table 1). For the
blood vessels of the posterior venous system, the pD2 values

for phenylephrine and clonidine were higher in LCV and SCV
than in SPV (P50.05); the maximal responses to these
agonists were also greater in LCV and SCV than in SPV

(P50.05). For the blood vessels of the anterior venous system,
pD2 values for phenylephrine and clonidine and the maximal
responses to these agonists were similar in ACV and DNV.

A B

Figure 2 (A) The TNS frequency-response curves of nasal venous vessels and the action of drug vehicle on the curves. Each point
represents the mean+s.e.mean. n is the number of animals. O, normal response. &, response at 30 min after addition of drug
vehicle (0.015 ml of distilled water). LCV (18) and SCV (18), primary response of LCV and SCV respectively. LCV (28) and SCV
(28), secondary response of LCV and SCV respectively. (B) Experimental tracings illustrating the e�ects of TNS at di�erent
frequencies (Hz) on LCV, DNV and SPV.
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In phenylephrine-precontracted nasal venous vessels,

dobutamine and terbutaline caused dose-dependent relaxa-
tion in all vascular segments studied (Figure 12). The pD2

values for dobumatine and terbutaline were similar in ACV

and SM. The pD2 value for dobutamine was greater than
that for terbutaline in SPV (P50.05), while the pD2 value for
dobutamine was lower than that for terbutaline in LCV, SCV

and DNV (P50.05). The maximal response to dobutamine
was larger than to terbutaline in LCV, SCV, ACV and SM
(P50.05). The maximal responses induced by dobutamine
and terbutaline were similar in DNV and SPV (Table 2).

Discussion

In the present study, we found that TNS caused contraction
in ACV, DNV and SM, contraction followed by dilatation in

LCV and SCV, but dilatation in SPV. The drug vehicle did
not a�ect the responses. All the responses were abolished by
TTX, indicating the TNS-induced responses are neurogenic in

nature. The contractile responses in LCV, SCV, ACV, DNV
and SM were markedly inhibited by phentolamine whereas
the relaxant responses in SPV were markedly inhibited by

propranolol. These results strongly suggest that the contrac-
tion in LCV, SCV, ACV, DNV and SM and the dilatation in
SPV be mediated via the release of NA from adrenergic nerve

endings in the wall of the blood vessels. As the dilatation in
LCV and SCV was resistant to propranolol, further studies
are required to identify the mechanism(s) involved.

Alpha-adrenoceptors

We found that both prazosin and rauwolscine inhibited the

TNS-induced contraction in LCV, SCV, ACV, DNV and
SM. We also demonstrated that the e�ect of rauwolscine in
inhibiting the TNS-induced constriction was much stronger

Figure 3 The e�ects of phentolamine on TNS frequency-constric-
tion curves in nasal venous vessels. Each point represents the
mean+s.e.mean. n is the number of animals. *P50.05, vs
corresponding control.

Figure 4 The e�ects of prazosin on TNS frequency-constriction
curves in nasal blood vessels. Each point represents the mean+
s.e.mean. n is the number of animals. *P50.05 vs corresponding
control.
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than that of prazosin. In addition, rauwolscine markedly
reduced or almost abolished the prazosin-resistant response
to nerve stimulation. These ®ndings suggest that the role of

a2-adrenoceptors is predominant over that of a1-adrenocep-
tors in the TNS-induced responses. Based on experiments
with local infusion of a1-agonist and a2-agonist to the nasal

mucosa, other investigators have also found that a2-
adrenoceptors predominate over a1-adrenoceptors in control-
ling nasal airway patency in dogs (Berridge & Roach, 1986)

or nasal blood ¯ow in pigs (Lacroix & Lundberg, 1989).
However, their studies cannot specify the exact vascular
segment(s) involved. In this study, using TNS-induced
contraction, we are able to demonstrate that, in the control

of the nasal venous vasculature by endogenous NA, the a2-
adrenergic mechanism is predominant over a1-adrenergic
mechanism in all nasal venous vessels except the posterior

out¯ow vein (SPV).
The e�ects of a2-adrenoceptor antagonists on responses to

sympathetic nerve stimulation may be complicated by

enhancement of neurotransmitter release produced by

blockade of inhibitory prejunctional a2-adrenoceptors (Lan-
ger, 1974; Starke, 1977). In LCV, SCV, ACV, DNV and SM,
the a2-adrenoceptor antagonist, rauwolscine, which should

enhance neurotransmitter release, potently reduced contrac-
tile responses to nerve stimulation. In addition, rauwolscine
was more e�ective than prazosin in antagonizing the

contractile responses to nerve stimulation. These results
suggest that rauwolscine most probably acts primarily on
the postjunctional receptors which might have outnumbered

the prejunctional receptors. That rauwolscine or yohimbine is
more e�ective than prazosin when tested against contractile
responses to nerve stimulation has also been found in other
venous preparations, e.g., dog saphenous vein and rabbit

portal vein (Starke & Docherty, 1982; Flavahan et al., 1984).
It has been hypothesized that both the a1- and a2-
adrenoceptors are di�erentially located in relation to the

nerve terminals in blood vessels; in veins, the former in
extrajunctional sites whereas the latter in the vicinity of the
sympathetic nerve terminals (Guimaraes & Moura, 2001).

Figure 5 The e�ects of rauwolscine on TNS frequency-constriction
curves in nasal blood vessels. Each point represents the mean+
s.e.mean. n is the number of animals. *P50.05 vs corresponding
control.

Figure 6 The e�ects of prazosin plus rauwolscine on TNS
frequency-constriction curves in nasal blood vessels. Each point
represents the mean+s.e.mean. n is the number of animals. *P50.05
vs corresponding control.
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Hence, like other systemic veins, nasal veins might have the

a2-adrenoceptors situated closer to the sympathetic nerve
terminals than a1-adrenoceptors, resulting in preferential
stimulation by the endogenous NA. However, further

experiments are required to verify this.
In SPV, the TNS-induced relaxant response was poten-

tiated by phentolamine, indicating a hidden constrictive

component mediated via a-adrenoceptors. Prazosin also
enhanced the relaxant response to TNS in SPV. Rauwolscine
alone had no e�ect on the response and also additional
rauwolscine did not cause the further enhancement with

respect to the isolated e�ect of prazosin. These results suggest
that the hidden constrictive response to TNS in SPV be
related to the a1-adrenoceptors rather than the a2-adreno-
ceptors and that SPV may have mainly a1-adrenoceptors. As
aforementioned, the a1-adrenoceptors in veins might not be
strategically situated to be preferentially activated by

endogenous NA. However, we cannot rule out the possibility

that they might be stimulated by the same endogenous NA
which have di�used away from the nerve terminals. As the
amount of NA di�used away would be small, the e�ect

elicited by a1-adrenoceptors will be masked by the e�ect due
to a2-adrenoceptors activation. However, if there is a
de®ciency or insu�ciency of functional a2-adrenoceptors,

Figure 7 The e�ects of a-adrenergic antagonists on TNS frequency-
relaxation curves in SPV. Each point represents the mean+s.e.mean.
n is the number of animals. *P50.05 vs corresponding control.

Figure 8 The e�ects of phentolamine on TNS frequency-relaxation
curves in LCV and SCV. Each point represents the mean+s.e.mean.
n is the number of animals.

Figure 9 The e�ects of propranolol on TNS frequency-relaxation
curves in LCV, SCV and SPV after blockade of a-adrenoceptors.
Each point represents the mean+s.e.mean. n is the number of
animals. *P50.05, vs corresponding control.

Figure 10 The e�ects of atenolol and ICI118,551 on TNS
frequency-relaxation curves in SPV after blockade of a-adrenoceptors.
Each point represents the mean+s.e.mean. n is the number of
animals. *P50.05, vs corresponding control. #P50.05, vs atenolol or
ICI118,551.
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the a1-adrenoceptors mediated e�ect may be unmasked. That
SPV has insu�cient receptor density/coupling e�ciency of

postjunctional a2-adrenoceptors may lead to the manifesta-
tion of the constrictive response via the a1-adrenoceptors.
This is supported by the ®nding that both pD2 value and

maximal response for clonidine in SPV were the lowest
among all nasal veins. An insu�ciency of postjunctional a2-
adrenoceptors may also explain why rauwolscine had no
e�ect on the TNS-induced dilatation as the antagonist's

actions on the prejunctional and postjunctional a2-adreno-
ceptors might have cancelled each other.
We also studied the action of selective a-adrenoceptor

agonists on the nasal veins. PE is selective for the a1-
adrenoceptors and clonidine is selective for a2-adrenoceptors
(Starke, 1981). Both PE and clonidine contracted all the nasal

Figure 11 The e�ects of PE and clonidine on nasal venous vessels.
Each point represents the mean+s.e.mean. n is the number of
animals.

Table 1 The pD2 values and MR (% of TAT) for PE and
clonidine in nasal venous vessels at resting tension.

PE Clonidine
Vein pD2 MR (%) pD2 MR (%)

LCV 6.3+0.14# 108+8.0# 8.3+0.05*# 61+5.5*
(n=5) (n=5) (n=5) (n=5)

SCV 6.3+0.09# 116+8.9# 8.4+0.06*# 106+4.1#
(n=6) (n=6) (n=6) (n=6)

ACV 6.2+0.16 102+5.6 7.8+0.10* 60+4.2*
(n=6) (n=6) (n=6) (n=6)

DNV 6.0+0.07 96+7.7 7.9+0.08* 63+6.3*
(n=5) (n=5) (n=6) (n=6)

SPV 5.9+0.05 71+5.6 7.0+0.07* 42+5.6*
(n=7) (n=7) (n=6) (n=6)

SM 5.5+0.05 75+6.1 7.0+0.07* 42+4.2*
(n=5) (n=5) (n=5) (n=5)

The values represent means+s.e.mean. #P50.05 vs SPV,
*P50.05 vs PE.

Figure 12 The e�ects of dobutamine and terbutaline on PE-
precontracted nasal venous vessels. Each point represents the
mean+s.e.mean. n is the number of animals.
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venous vessels studied. PE is an e�cacy driven agonist of low
a�nity (full agonist) while clonidine is an a�nity driven
agonist of low e�cacy (partial agonist) (Kenakin, 1997). If

both agonists act on the same receptor in the same tissue, PE
would have higher pD2 value and maximal response than
clonidine. When the responses of the two agonists are

compared, PE has lower pD2 values (5.5 ± 6.3) and higher
maximal responses (71 ± 116% of TAT) while clonidine shows
higher pD2 values (7 ± 8.4) and lower maximal responses (42 ±
106% of TAT). The results indicate that the two agonists

may act on di�erent receptors in all nasal veins, presumably
a1-adrenoceptors for PE and a2-adrenoceptors for clonidine.
It had been found in preliminary studies that prazosin and

rauwolscine antagonized their e�ects respectively. However,
further radioligand saturation binding and displacement
experiments are required to verify the receptor type(s)

involved.
Tissue factors, i.e. receptor density and coupling e�ciency,

vary dramatically from tissue to tissue. The pD2 value and

maximal response to an agonist are dependent on not only
intrinsic e�cacy of the drug but also tissue factors. A partial
agonist can behave as a full agonist if receptor density/
coupling e�ciency is high (Kenakin, 1997). That pD2 values

and maximal responses to PE and clonidine vary greatly in
various nasal veins indicates that there is considerable
regional variation in the density or coupling e�ciency of

both a1- and a2-adrenoceptors in the nasal venous vascu-
lature. That SCV has the biggest pD2 and largest maximal
response for PE and clonidine as compared with other veins

implies that the vessel might have the highest receptor
density/coupling e�ciency for both a1- and a2-adrenoceptors
among all nasal veins.

The potency of clonidine relative to PE (as revealed by pD2

value for clonidine and PE) is about 100 in LCV, SCV and
DNV; 30 in ACV and SM; 10 in SPV, showing that the nasal
veins are more sensitive to clonidine. However, clonidine

induced a lower maximum in most vessels when compared to
PE. This may be due to clonidine being a partial agonist for
a2-adrenoceptors or di�erences in the excitation-contraction

coupling mechanisms utilized by a1- and a2-adrenoceptors, as
demonstrated in other systemic venous vessels (Roach et al.,
1983; Ru�olo, 1986).

Taking together the results of the TNS studies and of
exogenous application of agonists, it is likely that the
response of the nasal venous vasculature to low and

moderate levels of a-adrenergic stimulation, e.g. physiological
or low pharmacological doses of NA, represents primarily the
e�ects of a2-adrenergic activation. With maximal a-adrenergic
stimulation, e.g. large pharmacological doses of NA, a1-
adrenergic mechanism will contribute more to the response,
as the maximal response of PE on the nasal venous vessels is
greater than that of clonidine.

Beta-adrenoceptors

In this study, TNS caused primary relaxation in SPV,
secondary relaxation in LCV and SCV, and no relaxation
in ACV, DNV and SM. If both a- and b-adrenoceptors were
present in the same tissue, the endogenously released NA will
elicit the b-adrenoceptor e�ect when the a-adrenoceptor
in¯uence is removed. The relaxant response in SPV was
enhanced after phentolamine, suggesting that the b-adreno-
ceptors present were responsive to endogenously released
NA. However, the relaxation in LCV and SCV was not
enhanced and there was unmasked relaxation in ACV, DNV

and SM after phentolamine. Since all these vessels were
responsive to dobutamine and terbutaline, the results imply
that the b-adrenoceptors present were not responsive to the

endogenously released NA. Hence, it seems likely that b-
adrenoceptors are favourably located in relation to the
sympathetic nerve endings in SPV but not in other nasal

veins. Like a-adrenoceptors, b-adrenoceptors are not evenly
distributed in the blood vessels (Guimaraes & Moura, 2001).
Propranolol, a b-adrenoceptor antagonist, markedly inhibited
the relaxant response in SPV but did not a�ect the relaxant

responses in LCV and SCV, con®rming that the relaxation in
SPV is related to b-adrenoceptor activation but not in LCV
and SCV. One may think that the relaxation in LCV and

SCV, though elicited through other mechanism(s), should be
enhanced after the removal of the vasoconstrictor response.
As the vasoconstriction is before the vasodilatation (bipha-

sic), it is likely that the vasoconstriction is a fast event while
the dilatation is a slower process. The dilatation maximum
may occur at the time when the constriction is subsiding.
Hence, removal of the constriction may not be able to

in¯uence appreciably the subsequent dilatation.
We demonstrated that the TNS frequency-relaxation in

SPV after blockade of a-receptor was decreased to similar

extent by atenolol (b1-selective antagonist) and ICI 118,551
(b2-selective antagonist). This suggests that the relaxation of
SPV to TNS be mediated via both postjunctional b1- and b2-
adrenoceptors. Combined treatment with atenolol and ICI
118,551 produced greater decrease of the TNS frequency-
relaxation than the isolated e�ect of atenolol or ICI 118,551,

providing additional support for the co-involvement of b1-
and b2-adrenoceptors in the relaxation.
In the present study, dobutamine (a selective b1-adreno-

ceptor agonist) and terbutaline (a selective b2-adrenoceptor
agonist) relaxed all the nasal venous segments. In preliminary
studies, we found that atenolol and ICI 118,551 blocked their
e�ects respectively. Hence, the results imply that both b1- and
b2-adrenoceptors are present in the nasal venous vascular
bed. However, further radioligand saturation binding and
displacement experiments are required to con®rm their

Table 2 The pD2 values and MR (% of TAT) for
dobutamine and terbutaline in nasal venous vessels at PE
raised tone.

Dobutamine Terbutaline
Vein pD2 MR (%) pD2 MR (%)

LCV 4.2+0.08# 768+3.1 5.0+0.10* 721+3.3*#
(n=9) (n=9) (n=7) (n=7)

SCV 4.3+0.04# 761+4.6 5.2+0.23* 719+4.4*#
(n=10) (n=10) (n=5) (n=5)

ACV 5.7+0.05 767+2.7 5.6+0.08 731+3.9*+
(n=7) (n=7) (n=6) (n=6)

DNV 5.2+0.06 766+1.7 5.9+0.06* 759+3.6
(n=7) (n=7) (n=7) (n=7)

SPV 6.2+0.05 760+5.5 5.5+0.10* 764+5.4
(n=6) (n=6) (n=6) (n=6)

SM 5.2+0.08 753+3.1 5.0+0.19 718+2.9*
(n=5) (n=5) (n=5) (n=5)

The values represent means+s.e.mean. #P50.05 vs SPV,
+P50.05 vs DNV, *P50.05 vs dobutamine.
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presence. Early investigators doubted the existence of b-
adrenoceptors in the nasal mucosa (Andersson & Bende,
1984). However, more recent studies demonstrated the

presence of both b1- and b2-adrenoceptors in the resistance
and capacitance vessels of the nasal mucosa of pigs, humans
and dogs (Lacroix et al., 1995; Lung et al., 1984). These
authors measured changes in nasal blood ¯ow, perfusion

pressure or nasal airway patency to de®ne the e�ects of the
extraneously administered b-agonists. Actually, nasal blood
¯ow or nasal patency refers to the overall function of the

whole vascular bed and does not re¯ect the actual situation in
di�erent vascular components. In this study, we directly
applied the b1- and b2-adrenoceptor agonists onto the

di�erent components of nasal venous systems to study their
e�ects. The results suggest the presence of both b1- and b2-
adrenoceptors in all segments of nasal venous systems. Most

beta-receptors in vascular tissue are b2-adrenoceptors. But b1-
adrenoceptor dilatatory mechanism has been described in rat
pulmonary artery (O'Donnell & Wanstall, 1981) coronary
artery of several species (Baron et al., 1972; Toda, 1981),

feline cerebral artery (Edvinsson & Owman, 1974), rat
femoral artery (Fujimoto et al., 1988) and rat jugular and
portal veins (Cohen & Wiley, 1978).

Dobutamine showed great variations in the pD2 value but
not of the maximal response whereas terbutaline had much
less varying pD2 value but bigger ¯uctuating maximal

response between nasal veins. Dobutamine is a full agonist
while terbutaline is a partial agonist (Ho�man & Lefkowotz,
1991; Johnson, 1998). Changes in tissue factors will a�ect the

dose-response curve of full and partial agonists in di�erent
ways. As full agonists are e�cacy driven, changes in receptor
density/coupling e�ciency will shift the location of the curve
a�ecting greatly the pD2 value without signi®cant e�ect on

the maximal response. However, for the partial agonists,
which are a�nity driven, similar changes in tissue factors will
alter the maximal response with a slight change in the pD2

value (Kenakin, 1997). Hence, di�erences in tissue factors can
account for the great variation of pD2 value for dobutamine
and large ¯uctuation of maximal response for terbutaline

between vessels. That SPV had the highest pD2 value for
dobutamine and the biggest maximal response to terbutaline
suggests that receptor density/coupling e�ciency for both b1-
and b2-adrenoceptors is highest in SPV among the nasal

veins. This is in line with what was found in TNS studies that
b-adrenoceptor vasodilatation was manifested in SPV and
not other veins.

When compared to dobutamine, terbutaline was found to
be more potent in LCV and SCV but of similar potency in
ACV and SM (as re¯ected by pD2 values). The results imply

that b2-adrenoceptors will be preferentially activated in the
posterior collecting veins while the b1- and b2-adrenoceptors
will be equally activated in the anterior collecting veins and

venous sinusoids if exposed to low and moderate levels of b-

adrenergic stimulation. However, the maximal response to
dobutamine in these vascular segments was larger when
compared to terbutaline, indicating that the action of b1-
adrenoceptors is predominant over that of b2-adrenoceptors
during maximal b-adrenergic stimulation in these venous
segments. For the out¯ow veins, dobutamine was less potent
than terbutaline in DNV but more potent than terbutaline in

SPV, suggesting that b2-adrenoceptors will be preferentially
activated in DNV whereas b1-adrenoceptors preferentially
activated in SPV when exposed to low and moderate levels of

b-adrenergic stimulation. The maximal responses of DNV
and SPV to dobutamine and terbutaline are similar in
magnitude. Hence both b1- and b2-adrenoceptors contribute

equally to the e�ects in the out¯ow veins during maximal b-
adrenergic stimulation.

Role of adrenergic mechanisms in sympathetic control of
nasal venous vasculature

In the present study, we found that more than 80% of TNS

induced constriction in LCV, SCV, ACV, DNV and SM was
inhibited by phentolamine and about 80% of TNS induced
relaxation in SPV was inhibited by propranolol. These results

suggest that adrenergic mechanisms play a very important
role in the sympathetic control of nasal venous systems.
Although both a- and b-adrenoceptors were identi®ed in all

nasal venous vessels, upon sympathetic nerve stimulation the
a-adrenergic constrictive e�ect was seen in LCV, SCV, ACV,
DNV and SM whereas the b-adrenergic relaxant e�ect was

seen in SPV. According to the vascular arrangements in the
nasal mucosa, constriction of the venous sinusoids (SM) and
collecting veins (ACV, LCV, and SCV) of both venous
systems will decrease mucosal blood volume. Relaxation of

posterior out¯ow vein (SPV), coupled with constriction of
anterior out¯ow vein (DNV), will favour venous drainage
through the posterior venous system.

The results of this study clearly demonstrate, for the ®rst
time, the exact role of adrenergic mechanisms in the
sympathetic nervous control of nasal venous vasculature.

Both a-adrenoceptors and b-adrenoceptors are concurrently
involved, the former responsible for the fall in vascular
capacitance of both venous systems while the latter favouring
venous out¯ow from the posterior nasal cavity. The

combined e�ect of the two mechanisms will lead to a fall
in nasal airway resistance. The action of the a2-adrenoceptors
is predominant over that of a1-adrenoceptors in causing the

vasoconstrictive e�ect whereas both b1- and b2-adrenoceptors
are equally important in causing the vasodilatatory action.
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