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Effect of Topically Applied Atropine,
Methysergide and Chlorpheniramine on
Nasal Challenge with Serotonin
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Department of Otorhinolaryngology, Rigshospitalet, Copenhagen, Denmark

Serotonin challenge in the nose produces sneezing and rhinorrhoea. To study the mode of
action of serotonin in the nose, 14 normal persons, in a double-blind, randomized study,
were provoked with serotonin in three concentrations. Fifteen minutes before challenge,
they were pretreated in the nose with cither a cholinoccptor antagonist (atropine), a
serotonin antagonist (methysergide), an Hi-histamine antagonist (chlorpheniramine) or
isotonic saline. The number of sneezes was noted, and the amount of secretions measured.
Serotonin induced dose-related increase in sneezing and hypersecretion (P < 0.02).
Atropine pretreatment reduced the amount ol secretion {P < 0.05 and P < 0.1), but had no
effect on sneering. Methysergide and chlorpheniramine had no effect on the serotonin-
induced nasal symptoms. Unilateral chiillenge with serotonin induced secretions from both
sides, .suggesting that serotonin-induced nasal symptoms are partly reilex-mediated.
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We have recently reported that nasal challenge
with serotonin induces a nasal response in nor-
mal individuals, i.e. itching, sneezes and secre-
tion, but no change in nasal airway resistance
(17). We have also found that histamine, meth-
acholine and allergen provocation produce nasal
secretions which contain serotonin in variable
concentrations (16). Serotonin might therelore
play a pathophysiological role in allergic rhinitis.

This report presents the results of the effect of a
cholinoceptor antagonist (atropine), a serotonin
antagonist (methysergide) and an H|-histamine
antagonist (chlorpheniramine) on serotonin-
induced nasal symptoms. It was studied whether
serotonin induced nasal symptoms via a reflex
mechanism by examining the secretory response
to unilateral provocation.

MATERIAL AND METHODS

Subjects

Fourteen normal females participated in the
study. The mean age was 34.3 years (range,
18-60 years). No one had a history of atopic
disease, perennial rhinitis or chronic symptoms
from the airways, neither had they had a com-
mon cold during the last 2 weeks. They did not
use any medicine during the trial period.

Provoking agents

Serotonin creatinine sulphate (serotonin) (Sig-
ma Chemicals), 0.8 mg/ml (S,), 4 mg/ml (SJ
and 20 mg/ml (S.,) in a phosphate buffer was
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Fig. 1. The effect of different pretreatments on serotonm-
induced nasal secretions in 14 normal subjects (treatment C
only 9 persons) (mean + SEM). S, = serotonin, 0.8 mg/
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F'ig. 2. The effect of different pretreatments on serotonin-
induced sneezes in 14 normal persons (treatment C only 9
persons) (mean + SEM). S, = serotonin, 0.8 mg/ml; ''

ml; S2 - serotonin, 4 mg/ml; S,, = serotonin, 20 mg/ml. = serotonin, 4 mg/ml; S., = serotonin, 20 mg/ml. P =
P = isotonic saline; A = atropine; M = methysergide; C
= chlorpheniramine. *P < 0.1; * 'P < 0.05.

isotonic saline; A = atropine; M = methysergide; C =
chlorpheniramine.

used; pH was measured to 7.3, 7.1 and 5.9,
respectively. The dilutions were made the day
before each trial day, and no preservatives were
used.

For the nasal challenge a DeVilbiss No. 15
atomizer was used, which delivered 0.1 ml per
actuation.

As pretreatment was used: atropine sulphate,
0.5 mg/ml (pH 6.7), methysergide maleate, 0.5
mg/ml (pH 5.1) and chlorpheniramine maleate,
3 mg/ml (pH 6.4). All drugs were in a phos-
phate buffer. Isotonic saline was used as
placebo. The pretreatment solutions were
coded, and the trial was undertaken with a
double-blind design.

Nasal challenge

The provocation tests were carried out at the
same time of day. The pretreatment drugs were
used in a randomized order. Each trial day
started with either atropine (0.2 mg), meth-
ysergide (0.2 mg), chlorpheniramine (1.2 mg)
or isotonic saline, two puffs into each nostril.
The subjects blew their noses after 15 min. At
first, a control provocation was done with phos-
phate buffer 0.1 ml bilaterally. Increasing doses
of serotonin (0.16 mg, 0.8 mg and 4 mg) were
then given with 5-min intervals, one puff into
each nostril. In each 5-min period, just after the

provocation, the subject bent her head forward,
and after 5 min blew her nose into a funnel to
collect the secretion, which was directly mea-
sured in ml.

In 10 persons 2 puffs of serotonin, 20 mg/ml,
were given into the right nostril, and the
amount of secretion from each nostril was col-
lected over the next 5 min into two separate
funnels.

Statistical methods

Friedman's test and the Wilcoxon's sign rank
test for paired data were used.

RESULTS

No secretion was obtained in the 5-min period
following the phosphate buffer control chal-
lenge. After pretreatment with placebo there
was a dose-dependent increase in response to
serotonin with regard to sneezes and secretions
{P < 0.02) (Figs. 1, 2). Sneezes occurred
promptly after most challenges, and hypersecre-
tion followed. A few patients experienced slight
and transient nasal blockage. The mean of the
sum of secretions (S, + S.̂  -1- S.,) after the
different pretreatments was: 1.5 ml (placebo),
1.0 ml (atropine), 1.2 ml (methysergide) and
1.7 ml (chlorpheniramine). There was a statisti-
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cal difference between total secretions (/" <
0.0005, Friedman's test, i^ = 131). Compared
with placebo pretreatment, only atropine redu-
ced the secretions after serotonin challenge (Sj:
P < 0.05, S.,: P <0.\,S^ + S^ + S.j: P < 0.05,
Wilcoxon's test). Methysergide and chlor-
pheniramine did not influence the nasal response
to serotonin.

In nine of the 14 persons, nasal challenge
with serotonin in the high dose was repeated
with 1 week's interval. The coefficient of varia-
tion was 0.04 for secretion and 0.31 for sneezes.

The application of serotonin unilaterally pro-
duced 0.24 ml ± 0.18 (mean ± SD) of secretions
on the same side, versus 0.06 ml ± 0.09 (mean
± SD) on the other side.

DISCUSSION

As recently reported by us (17), nasal provoca-
tion by serotonin induces itching, sneezes and
hypersecretion in a dose-dependent way. The
symptoms appear instantaneously after sero-
tonin application. Earlier, we found no change
in nasal airway resistance following serotonin
provocation (17), and in the present study the
volunteers reported only a slight feeling of nasal
blockage. Topical pretreatment with atropine
partially inhibited the nasal secretory response
to serotonin, probably in a competitive fashion.
Unilateral challenge with serotonin produced
small amounts of secretions on the contralateral
side. These findings suggest that serotonin-
induced nasal symptoms are partly reflex-medi-
ated (9). It is understandable that atropine did
not affect the number of sneezes, as this symptom
is initiated by afferent signals to the central
nervous system.

Pretreatment with anti-histamine and anti-
serotonin drugs did not influence the serotonin-
induced nasal response at all. Even though topi-
cal pretreatment had no effect, one cannot total-
ly exclude a possible effect of the drug: the
concentration of the drug may have been too
low, the penetration of the drug to the site of
action may be poor, or the disappearance of the
drug may be too rapid. On the other hand, in
other studies (8,11,12) topical pretreatment with
anti-histaminic drugs, including chlorpheni-

ramine in the same concentration as used by us,
has inhibited the nasal response to exogenous
histamine. Topical anti-cholinergics, including
atropine, inhibit the nasal response to meth-
acholine challenge but not to allergen (8, 10, 12),
while intramuscular administration of atropine
inhibits the allergen challenge (4). In 18 house
dust-allergic patients nasal pretreatment with
methysergide (0.5 mg/ml) did not show any pro-
tective effect on allergen provocation (12). In a
double-blind study there was no difference
between oral treatment with cyproheptadine and
chlorpheniramine in their effect on symptoms of
hay fever in 35 grass pollen-allergic rhinitis
patients (15). According to this, anti-serotonin
drugs seem to have no effect in allergen-induced
rhinitis. This is in agreement with the present
observation that pretreatment with methysergide
did not inhibit the effect of serotonin intranasally.
We have found that serotonin-induced nasal
secretion is partly reflex-mediated, acting on
afferent sensory nerve endings in and beneath the
epithelium (14-). It has been proposed that his-
tamine acts on specific H,-receptors on these
nerves. As anti-histaminics did not influence the
effect of serotonin in this study, serotonin may
act on specific sevotonergic receptors.

Based on binding studies of the brain, seroto-
nergic receptors can be divided into seroto-
nin-S, and S.̂  receptors (3). Serotonin-S, and Sr
receptors are characterized by high-affinity
binding for serotonin and serotonin antagonists
(spiperone and ketanserin), respectively (5, 13,
19). Only the S.,-receptors have been shown to
mediate various pharmacological effects, and
have primarily been found located to the brain

. (6). Peripheral S^-receptors have been demon-
strated on platelets (7). There is indirect phar-
macological evidence that S.,-receptors are pres-
ent also in the smooth muscle of the blood vessel
wall and in the bronchial tissue (2, 18), but the
presence of serotonergic receptors in the nose is
only hypothetical.

The reproducibility of the serotonin nasal
challenge was fairly good, especially regarding
the amount of secretions, and can be compared
with the reproducibility of the histamine and
methacholine nasal provocation test (1, 20). The
amount of secretion was greater than in a recent
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