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Introduction 
Nasal stuffiness is a sensation that arises when 
there is increased resistance to airflow within the 
nose. This increased resistance may be related to a 
fxed obstruction or, as is usual in allergic rhinitis, 
a variable obstructive event. Examples of fixed 
obstruction include nasal septa1 deviation, nasal 
polyps and malignant tumours. Nasal obstruction 
in allergic rhinitis that returns to normal, either 
spontaneously or in response to treatment, is, how- 
ever, predominantly vascular in nature. Engorge- 
ment of the venous sinusoids within the turbinates 
leads to soft tissue swelling, a reduced internal 
nasal diameter and increased resistance to airflow. 
This increase in resistance may be compounded by 
the presence of intraluminal secretions. 

The nasal vasculature and its neural 
regulation 
The nasal submucosa is a richly vascularised 
tissue, being supplied by the sphenopalatine and 
anterior ethmoidal arteries. The vascular structure 
is complex with arterioles beneath the basement 
membrane feeding subepithelial and glandular 
capillary networks which empty via cavernous 

, sinusoids into the draining venules. There are also 
arteriovenous anastomoses diverting blood 
directly from the arterial to the venous system, and 
it has been estimated that 60% of the total nasal 
blood flow is shunted through these arteriovenous 
anastomoses (1). The superficial capillaries are fen- 
estrated and can allow rapid exudation of protein- 
rich fluid into the nasal cavity, thereby contribu- 
ting to nasal secretions. The cavernous sinuses, 
which compromise a plexus of venous capacitance 
vessels, are in their densest concentration in the 
mucosa of the inferior and middle turbinates. 
Their capacitance volume is under neural regula- 
tion with an intrinsic neural tone limiting the 
sinusoidal capacity. Changes in the venous capaci- 
tance volume alter the nasal airflow and nasal air- 
ways resistance due to their effect on turbinate size. 
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In the normal individual the regulation of the 
venous erectile tissue within the sinusoids, which 
controls the capacitance system, is primarily auto- 
nomic with a prominent sympathetic innervation 
and less evident parasympathetic supply. The sym- 
pathetic neurotransmitters are norepinephrine and 
neuropeptide Y, and increased sympathetic activ- 
ity, as occurs with exercise, is associated with con- 
striction of the capacitance vessels and improved 
nasal airflow. Conversely, loss of sympathetic 
innervation, as occurs in patients with Horner’s 
syndrome, leads to nasal obstruction on the side 
of the lesion. Consistent with the relevance of the 
sympathetic innervation, immunohistochemical 
studies on nasal tissue have identified the presence 
of norepinephrine and neuropeptide Y in mucosal 
nerves (2, 3) and nasal administration of these 
agents causes vasoconstriction and reduced nasal 
airway resistance. In contrast, the parasympathetic 
nervous system in the nose functions as a vaso- 
dilator, with acetylcholine, the neuropeptide, vaso- 
active intestinal polypeptide (VIP) and nitric oxide 
(NO) as co-transmitters (3, 4). Although acetyl- 
cholinesterase, VIP and NO synthase have been 
co-localised to nasal mucosal nerves, the cholin- 
ergic nervous system is only considered to play a 
relatively minor role in the maintenance of nasal 
vascular tone as histologic studies have demon- 
strated a sparse cholinergic innervation around the 
capacitance vessels ( 5 ) .  In addition to the auto- 
nomic regulation, it is now appreciated that non- 
cholinergic, nonadrenergic neural reflexes are also 
involved in vascular regulation within the nasal 
mucosa (6). Activation of sensory neurons, by irri- 
tants and locally released idammatory mediators, 
has been reported to cause vasodilation and micro- 
vascular leakage (4, 6). This is considered to occur 
both through stimulation of local axonal reflexes 
and by modfication of ganglionic neurotransmis- 
sion. The neurotransmitters for the axon reflex 
include the sensory neuropeptides, substance P, 
neurokinin A, and calcitonin gene-related peptide 
(CGRP) (2, 3). Activation of the sensory nerves, in 
addition to stimulating axonal reflexes, influences 
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neural control of the vasculature via an action on 
the nerve cell bodies in the trigeminal and spheno- 
palatine ganglia. These reflexes seem to be mainly 
vasodilatory, causing nasal blockage through regu- 
lation of intrinsic sympathetic tone. Studies under- 
taken in humans have demonstrated the presence 
of receptors for substance P, neurokinin A and 
CGRP in the nasal epithelium, venous blood ves- 
sels, arterial blood vessels, glands and neural gan- 
glia of the nasal mucosa (7, 8). 

The nasal vasculature is also known to be influ- 
enced by a large number of inflammatory and 
immunologic mediators (9). The action of 
inflammatory mediators on nasal vasculature is 
complex. Mediators such as norepinephrine, 
neuropeptide Y and prostaglandin (PGF2a) cause 
vasoconstriction (10). In contrast, mediators such 
as histamine, bradykinin, PGD2a, LTC4, LTD4 
and platelet activating factor (PAF) are vasodilator 
agents (10, 11). 

Airway inflammation and 
nasal obstruction 
Nasal allergen exposure in subjects with allergic 
rhinitis is associated with mast cell degranulation 
and the recruitment of inflammatory cells, in par- 
ticular eosinophils and basophils. These cell popu- 
lations, along with epithelial cells, represent the 
primary effector cells in this disease, with mediator 
release following their activation inducing the 
classical nasal symptoms of itch, sneeze, discharge 
and blockage (12). These symptoms arise following 
the interaction between released mediators and 
neural and vascular structures within the nose (1 3). 
An understanding of the profile of effect of dif- 
fering mediators has come from nasal challenge 
studies. These have identified that histamine, 
prostaglandin D2 leukotrienes (LTC4, LTD4), 
kinins and platelet activating factor, all mediators 
known to be released in association with allergic 
reactions, can induce nasal obstruction. In 
addition, the neural release of substance P from 
sensory nerves has also been implicated as a poten- 
tial contributor to naturally occurring nasal 
obstruction. 

Histamine 
Histamine is the predominant preformed mediator 
present within mast cell and basophil granules 
(13). Immunological activation of mast cells and 
basophils induces histamine release amounting to 
3-5 pg/106 cells and 1 pg/106 cells, respectively. 
This far exceeds the reported ability of both mast 
cells and basophils to generate leukotrienes such 
as LTC4 on immunological activation (each 60 ngl 

lo6 cells) and the ability of mast cells to generate 
prostaglandins such as PGD2 or platelet activating 
factor (PAF) (60 ng/106 cells and 2 pmoY106 cells, 
respectively). Thus histamine is quantitatively the 
major mediator generated on immunological acti- 
vation of both mast cells and basophils. In the 
nose, mast cells represent the primary source of 
histamine (14). Increments in histamine levels in 
nasal lavage have been identified during both the 
immediate and late rhinitic responses to topical 
allergen challenge (14). Although elevated levels 
have also been reported in naturally occurring dis- 
ease, this is more difficult to discern, due to its 
rapid metabolism (15, 16). Elevation of the more 
stable mediator, tryptase, in nasal lavage does indi- 
cate, however, that mast cell degranulation is a fea- 
ture of both naturally occurring seasonal and 
perennial allergic rhinitis (1 7, 18). Nasal challenge 
with histamine identifies that, in addition to its 
effects on nasal itch, sneeze and rhinorrhoea, it 
also contributes to nasal blockage (19). The 
obstructive effect of histamine is not marked, how- 
ever, requiring relatively high concentrations and 
the response being of short duration. 

The use of HI and H2 receptor antagonists has 
identified that while these agents have a partial 
modifying effect (20), their effect is far from com- 
plete in inhibiting histamine-induced nasal 
obstruction (21). This raises the potential of H3- 
receptor involvement in the nasal obstructive 
response to histamine. In animal models, H3-recep- 
tors have been identified in pre-synaptic, perivas- 
cular nerve terminals where they modify 
sympathetic neural transmission (22). Stimulation 
of H3-receptors reduces sympathetic tone and 
would thus promote engorgement of the venous 
sinusoids and nasal obstruction. To date there are 
no H3-receptor antagonists for clinical use to 
verify their involvement in allergic rhinitis. 

Prostaglandin D2 
Prostaglandin (PG) D2 is the predominant prost- 
anoid generated following immunological mast cell 
degranulation (12, 13). Elevated levels of PGD2 
have been reported in nasal lavage fluid during the 
immediate nasal response to allergen challenge (14) 
and, in view of the evidence for on-going mast cell 
degranulation in naturally occurring disease, this 
prostanoid is also likely to contribute to the patho- 
genesis of clinical forms of allergic rhinitis. 

Nasal challenge with PGD2 induces a sustained 
nasal obstruction (23, 24). This is prevented by the 
prior administration of the topical vasoconstrictor 
oxymetazoline, indicative of the vascular nature of 
the obstructive response. The nasal obstructive 
response is dose-related (Fig. 1) and comparative 
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Fig. 1. Influence of prostaglandin Dz (PGD2) 0-0 and vehicle 
0-0 in eight subjects with allergic rhinitis on nasal airways 
resistance, with incremental doses administered at 30-minute 
intervals. 

studies have suggested that PGD2 is 10 times as 
potent as histamine on a molar basis. 

The nasal effects of PGD2 may theoretically be 
mediated by one of two receptor subtypes, either a 
common thromboxane/prostanoid receptor (the 
TP receptor) or a specific PGD2 receptor (the DP 
receptor). Within the lower airways the obstructive 
effects of PGD2 on airflow are mediated by the TP 
receptor, which is present in airway smooth 
muscle. Within the upper airways, however, a 
potent and selective TP receptor antagonist has 
been shown to have no effect on PGD2-induced 
nasal obstruction (25), suggesting that at this site 
the obstructive effects are mediated by the vascular 
DP receptor. Consistent with this, the PGDz meta- 
bolite, 9a, l l p  PGF2, which is at least as potent 
if not more potent then PGD2 on human smooth 
muscle TP receptors, is ineffective in inducing 
nasal congestions (26).  

Leukotriene C, and D4 
The sulphidopeptide leukotrienes LTC4 and LTD4 
are generated from arachidonic acid by the action 
of 5-lipoxygenase enzymes. These enzymes are 
present in mast cells, basophils and eosinophils so 
all these cell populations will contribute to the 
local generation of leukotrienes within the nose. 
Indeed activated eosinophils generate increased 
amounts of leukotrienes due to upregulation of the 
phospholipase activating protein by cytokines, 
such as TNFa and IL-1p. This enzyme is essential 
for the activation of phospholipase A2 which is 
involved in the arachidonic acid cleavage from the 
phospholipid membrane. 

Increased recovery of sulphidopeptide leuko- 
trienes is evident in nasal lavage during both the 
immediate (27) and late asthmatic reactions (15) 

and also in naturally occurring seasonal allergic 
rhinitis (17,28). Nasal challenge with LTC4 or 
LTD4, which acts on the same LTD4 receptor, 
induces an increase in nasal airways resistance and 
an increase in nasal vascular permeability, consist- 
ent with the vascular effects of these mediators, 
with very little effect on nasal itch or sneeze (29- 
3 1). Pharmacological inhibition of the 5-lipoxy- 
genase enzyme abrogates acute allergen-induced 
nasal obstruction (32, 33)  and an LTD4-receptor 
antagonist has been reported to modify nasal 
obstruction in naturally occurring disease (34). 
Nasal challenge studies suggest that LTC4 and 
LTD4 are at least 10 times as potent as histamine 
on a molar basis in inducing nasal obstruction and 
thus of comparable potency as PGD2. 

Platelet activating factor 

A further product of phospholipid cleavage from 
the cell membrane following immunological cell 
activation is platelet activating factor (PAF). Plate- 
let activating factor is derived from a biologically 
inactive intermediate, lyso-PAF. This conversion to 
the active form requires the presence of an acetyl 
co-enzyme A-dependent acetyltransferase enzyme. 
Nasal lavage analysis reveals an increase in lyso- 
PAF-aceter rather than PAF following nasal aller- 
gen challenge (35). Thus although PAF nasal chal- 
lenge induces nasal obstruction in patients with 
allergic rhinitis (36, 37), this phospholipid metabo- 
lite may not contribute significantly in naturally 
occurring disease as its active conversion appears 
deficient. Nasal challenge with lyso-PAF is without 
effect. 

Kin ins 

Kinins are potent vasoactive peptides formed de 
now in biological fluids and tissues during 
inflammation (38). They are derived from the a2- 
macroglobulins, high and low molecular weight 
kininogens, through proteolytic cleavage by kinin- 
ogenases. While tissue and plasma kallikreins rep- 
resent the most important kininogenase enzymes, 
of relevance to allergic inflammation are the non- 
kallikrein kininogenases. Both mast cell and baso- 
phi1 degranulation is associated with an increase in 
kininogenase activity and kinin activity increases 
in nasal lavage in both the early and late nasal 
responses to allergen challenge. Kinins are also 
present in increased concentrations in nasal lavage 
during naturally occurring allergic rhinitis (39). 
Analysis of the kinin pool has identified the pres- 
ence of both bradykinin and its precursor kallidin 
(Ly s-bradykinin). 

Nasal challenge with both kallidin and brady- 
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kinin induces nasal obstruction, an increase in 
plasma protein exudation and rhinorrhoea (40, 
41), consequences not identified following nasal 
challenge with the metabolite of bradykinin (des- 
Arg')-bradykinin (Fig. 2). As this metabolite acts 
on bradykinin B1-receptors whereas both brady- 
kinin and kallidin exert their effects through the 
bradykinin B2-receptor, the nasal obstructive 
effects of kinins within the nose are B2-receptor 
mediated. These B2-receptors are on the nasal vas- 
culature, as ligand binding studies with (1251)- 
bradykinin identify binding to the walls of small 
muscular arteries, capillaries, small venules and 
venous sinusoids (42). 

No bradykinin B2-receptor antagonists have 
been investigated in clinical trials in allergic rhi- 
nitis. It is thus difficult to ascertain the relative 
contribution of kinins to nasal obstruction in nat- 
urally occurring disease. Although one compara- 
tive study investigating the nasal effects of 
bradykinin, histamine and PGD2, identified sub- 
jectively that both histamine and PGD2 had the 
greatest effects on nasal obstruction (23), an objec- 
tive study investigating the effects of histamine and 
bradykinin on a molar basis, rather than on a 

weight basis (mg/ml basis), found the reverse (43), 
with bradykinin being more potent than histamine. 
Obviously of relevance to such discussions are the 
relative proportions of histamine and bradykinin 
generated or released during allergic reactions. 
Measurement in nasal lavage after allergen chal- 
lenge reveals comparable release, with mean maxi- 
mum levels of histamine of 5 mg/ml and of 
bradykinins of 8 mg/ml (44). Thus until a specific 
receptor antagonist is investigated in naturally 
occurring disease, the relative importance of kinins 
in clinical rhinitis will be hard to discern. 

Substance P 
Both substance P and calcitonin-gene related pep- 
tide (CGRP) are released within 3 minutes of nasal 
allergen challenge (459, as evidenced by increased 
recovery of these neuropeptides in nasal lavage. 
Until specific tachykinin receptors are available, 
however, it is difficult to assess the contribution 
of axonal reflexes and neuropeptide release from 
sensory nerves to nasal allergy. Substance P does, 
however, have several potentially important effects. 
Nasal challenge with substance P induces nasal 

0 1 0  2 0  3 0  4 0  5 0  6 0  7 0  8 0  9 0  1 0 0  1 1 0  1 2 0  

TIME(MIN) 
Fig. 2. Influence of bradykinin, kallidin, des-Arg bradykinin and vehicle (mentioned from top to bottom of the figure) on nasal 
airways resistance (NAR) (Pa/cm3/s) in 14 normal healthy subjects with diluent (Dil) and then incremental doses. 
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blockage (46) and repeated application of sub- 
stance P to the nose enhances vascular per- 
meability. Thus substance P could be directly 
implicated in inducing nasal obstruction. The con- 
centrations of substance P that induce nasal 
obstruction are, however, associated with notice- 
able facial flushing, raising the possibility that 
these nasal effects will only occur at supraphysiol- 
ogical concentrations. Counterbalancing this, is 
the consideration that the local release of sub- 
stance P from nerves in close proximity to the 
nasal vasculature may produce effects at local con- 
centrations considerably less than those evidenced 
by nasal challenge studies. In addition to these 
considerations, substance P also has the potential 
to indirectly influence nasal blockage: it has been 
shown to induce eosinophil recruitment within the 
nose (48) and, in human nasal explants, to increase 
gene expression of cytokines that will prime 
eosinophils for enhanced activation (49). This 
effect on gene expression is more marked and more 
extensive in its profile in nasal tissue from patients 
with allergic rhinitis than in nasal tissue from 
healthy controls. 

Implications for the management of 
rhinitis 
It is thus apparent that many mediators have the 
potential to be involved in the nasal obstructive 
response in allergic rhinitis. It is on account of this 
duplicity of action that single mediator antagonists 
have proved poorly efficacious in the amelioration 
of this disorder. Both H1-antihistamines and leu- 
kotriene receptor antagonists have only partial 
effects. Specific receptor antagonists for kinins, 
PGD2, and PAF as well as SP antagonists have not 
been clinically assessed. It is probable that their 
effects would also only be partial, however, due to 
the unopposed effects of the other mediators. 

Nevertheless it is possible that substance P may 
prove a potentially rewarding target for the follow- 
ing reasons. (a) It is locally released next to blood 
vessels. (b) It has the potential to modify the nasal 
vasculature both directly and indirectly, through its 
effects of eosinophil recruitment and activation. (c) 
It is likely to be involved not only in allergic dis- 
ease, as indicated by its release following allergen 
challenge, but also in non-allergic disease, as 
repeated capsaicin treatment to the nose, which 
depletes sensory nerves of their neuropeptides, has 
been reported to have a long lasting effect in 
improving symptoms in non allergic rhinitis (50). 
(d) This neuropeptide will contribute to other fea- 
tures of nasal disease such as mucus production 
and rhinorrhoea. 

Notwithstanding these considerations, however, 

it is evident that approaches other than receptor 
antagonism are needed for the management of 
nasal blockage in allergic rhinitis. Two approaches 
are available: either the functional antagonism of 
the end organ effects of mediators on the nasal 
vasculature with a vasoconstrictor, such as a top- 
ical alpha agonist, or the regular administration of 
a medication that modifies mucosal inflammation 
and thus globally diminishes the mediator pool 
contributing to nasal obstruction, such as a topical 
corticosteroid. While the former approach is effec- 
tive in the short term, it is not advocated for long 
term use on account of the potential for the devel- 
opment of rhinitis medicamentosa. The use of reg- 
ular topical anti-inflammatory therapy is thus the 
treatment of choice as this therapy will reduce 
mucosal and epithelial mast cell, basophil and 
eosinophil recruitment and modify epithelial acti- 
vation (51). Topical corticosteroid therapy is the 
most effective single therapy in the long term con- 
trol of nasal obstruction, being shown to be more 
efficacious than HI-antihistamines and topical cro- 
molycate preparations. For topical corticosteroid 
therapy to be most efficacious, it needs to be taken 
regularly (52) and is best initiated prophylactically 
in seasonal allergic rhinitis, as under such circum- 
stances, due to its effects in inhibiting cytokine 
gene expression, it prevents the seasonal mucosal 
inflammatory changes and hence the expression of 
symptoms. 

Conclusions 
It is apparent that there is at present no single 
mediator that is responsible for nasal blockage and 
a broad treatment that reduces inflammation is at 
present the most effective treatment for chronic 
therapy. If specific antagonists come forward, it is 
potentially possible that combination therapies of 
specific antagonists will also provide a useful alter- 
native but their comparative efficacy to topical 
corticosteroid therapy in terms both of efficacy 
and safety would have to be evaluated. 
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