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Effect of Terfenadine on Substance P and Vasoactive
Intestinal Polypeptide Concentrations in Nasal Secretions
from Patients with Nasal Allergy
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Abstract—Before terfenadine treatment, the mean substance P and vasoactive intestinal polypeptide (VIP)
concentrations in nasal secretions from nasal allergy patients tended to be higher than the values of healthy
subjects. During terfenadine treatment, the mean substance P concentrations in nasal secretions from
patients allergic to house dust or pollen were significantly decreased to 62 and 39% of the initial values,
respectively. The mean VIP concentrations in nasal secretions from the house dust allergy patients and the
pollen allergy patients were significantly decreased to 52 and 18% of the initial values, respectively. Plasma
substance P and VIP concentrations were not affected by nasal allergic symptom and terfenadine treatment.

Allergic reaction in nasal mucosa is considered to be
modulated by histamine, and neuropeptides, such as sub-
stance P and vasoactive intestinal polypeptide (VIP). Sub-
stance P and VIP are generated and contained in neural cell
bodies, and released from the nerve endings. However, their
precise roles in the allergic reaction are still unclear.

In nasal mucosa, substance P is present in nociceptive
trigeminal sensory nerves, found in epithelium, around
blood vessels and surrounding submucosal glands. Sub-
stance P has been reported to induce vascular permeability,
vasodilation, mucus secretion and other physiological
phenomena (Lundblad et al 1983; Lundberg et al 1984;
Mcdonald 1987; Baraniuk et al 1991). In particular, its mast
cell-degranulating effect via axon reflex is considered to
contribute to the development of neurogenic inflammation
(Barnes 1991).

VIP is localized with acetylcholine in post-ganglionic
para-sympathetic nerves, which originate in sphenopalatine
ganglia. VIP-immunoreactive nerves are found around
blood vessels and surrounding submucosal glands (Lund-
berg et al 1981, 1987; Barnes 1987; Baraniuk et al 1990). VIP
is considered to be an inhibitory factor of the allergic
reaction (Said 1990, 1991).

Substance P and VIP may be involved in sensory and
autonomic neuromodulation in nasal mucosa, and may play
important roles as chemical mediators. However, there are
few reports concerned with the effects of anti-allergic agents
on the substance P and VIP levels.

Terfenadine is frequently used for the treatment of nasal
allergy. Terfenadine was originally regarded as an antihista-
mine (Cheng & Woodward 1982). Subsequently, the anti-
allergic effect of terfenadine became considered to be closely
related to its mast cell-stabilizing action as well as its
antihistamine action (Tasaka et al 1986; Akagi et al 1987;
Tanizaki et al 1987). Its effect on substance P and VIP levels
in nasal mucosa is a matter of increasing interest.
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We have previously reported that the raised plasma
substance P concentration of subjects with the common cold
was decreased by terfenadine administration (Mori et al
1992). We also reported the abundance of substance P and
VIP in nasal secretions from nasal allergy patients (Chaen et
al 1993). In the present study, to examine the effect of
terfenadine on substance P and VIP levels in upper airway
more precisely, substance P and VIP concentrations in nasal
secretions from nasal allergy patients were measured before
and during terfenadine treatment.

Materials and Methods

Subjects

Sixteen patients with nasal allergy to house dust (HD
allergy), 10 patients with nasal allergy to Japanese cedar
pollen (pollinosis), and 16 healthy volunteers participated in
this study (Table 1). The healthy volunteers were classified
into a younger control group and an older control group.
The mean ages of the HD allergy group, pollinosis group,
younger control group and older control group were 156,
33-5,17-5 and 31-8 years, respectively. Informed consent was
obtained from all the subjects, and this study received
approval from our Ethical Committees in Oita Medical
University.

Medication

Patients received treatment with the usual daily dose (120
mg) of terfenadine (Triludan tablet 60 mg, Shionogi Co. Ltd,
Osaka, Japan) for at least two weeks.

Sampling
Nasal secretion samples (50-200 uL) were quickly taken
using Juhn tap tubes, and placed into chilled test-tubes
containing 0-3 mL aprotinin-EDTA mixture (500 kallikrein
inhibitor units mL~! aprotinin and 1.2 mg mL-! EDTA). At
the same time, 10 mL venous blood was taken, and placed
into chilled test-tubes containing 0-5 mL aprotinin-EDTA
mixture.

The subjects underwent sampling before and 2-5 (median
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Table 1. Subject data.

Group n Mean age
HD aliergy 16 15-6
Pollinosis 10 335
Control (younger) 6 17-5
Control (older) 10 31-8

Before terfenadine
During terfenadine
Before terfenadine
During terfenadine

Condition
Symptomatic
Respondent to medication
Symptomatic
Respondent to medication
Healthy
Healthy

4) weeks after the start of terfenadine treatment. Before
treatment, all the patients displayed relevant symptoms.
During treatment, the patients were respondent to the
medication.

Samples from the healthy volunteers were collected when
nasal mucosa received ordinary stimulations (not IgE-
mediated), such as the fluctuation of temperature.

Preparation of nasal secretion extract

The nasal secretion samples were diluted 20-fold with 4%
acetic acid, pH 4-0, and mixed for 10 min. After 20 min
centrifugation (40000 g, 4°C), supernatants were loaded
onto reversed-phase C18 cartridges (Sep-Pak C18, Waters
Co. Inc., Milford, MA, USA). After washing with 4% acetic
acid, substance P and VIP in nasal secretions were eluted
with 70% acetonitrile in 0-5% acetic acid, pH 4-0. Eluates
were concentrated by spin vacuum evaporation, lyophilized
and kept at —40°C until use.

Preparation of plasma extract

After 20 min centrifugation (1670 g, 4°C), the plasma
samples were diluted 5-fold with 4% acetic acid, pH 4-0, and
treated as for the preparation of the nasal secretion extract.

Enzyme immunoassay (EIA) for substance P and VIP

EIA for substance P and VIP was performed as previously
reported (Takeyama et al 1990a,b). For substance P assay,
antiserum RA-08-095 (Cambridge Research Biochemicals
Ltd, UK) and g-p-galactosidase-labelled Tyr®-substance P
were used. For VIP assay, antiserum 604/001 (UCB-Biopro-
ducts SA, Belgium) and f-D-galactosidase-labelled VIP (11—
28) were used. EIA was performed by the delayed addition
method. Separation of bound and free material was per-
formed by the double antibody solid phase method. The
detectable minimum amounts of substance P and VIP were
0-4 and 0-1 fmol/well, respectively.

Measurement of total protein concentration in nasal secretion
Ten microlitres of nasal secretions were collected at the same
time. The total protein concentration in nasal secretions was
measured by the method of Lowry et al (1951).

HPLC of nasal secretion and plasma extracts

For the biochemical characterization of substance P-
immunoreactive substance (SP-IS) and VIP-immunoreactive
substance (VIP-IS), nasal secretion and plasma extracts were
applied onto a reversed-phase C18 column (Cosmosil 5C18-
AR, 4-6 x 150 mm, Nacarai Tesque, Inc., Kyoto, Japan). The
column was equilibrated with 0-1% trifluoroacetic acid. The
nasal secretion or plasma extracts were applied to the
column. Substance P-related compounds were eluted with a
linear gradient of acetonitrile (15% in 6 min and 15-50% in
35 min) in 0-1% trifluoroacetic acid. Synthetic substance P
and its sulphoxide were applied to the column under the
same conditions. VIP-related compounds were eluted with a
linear gradient of acetonitrile (10% in 6 min and 10-45% in
35 min) in 0-1% trifluoroacetic acid. Synthetic VIP was
applied to the column under the same conditions. The flow
rate was | mL min—! and the fraction size was 1 mL. Each
fraction was concentrated by spin-vacuum evaporation, and
lyophilized. The residue was submitted to EIA.

Statistical analysis

All results were expressed as mean+s.d. Comparison of
mean values was made by the one-way analysis of variance.
A value of P <005 was regarded as significant.

Results

Total protein concentration in nasal secretions

The mean total protein concentrations in nasal secretions
from the HD allergy group before terfenadine treatment, the
HD allergy group during treatment, the pollinosis group

Table 2. Substance P in nasal secretions and plasma (pm).

Nasal secretion

Plasma

Group Without terfenadine ~ With terfenadine ~ Without terfenadine ~ With terfenadine

Younger control 22444976 2:7+12 —
(27-2%10-8)

Older control 2488 +86-2 2-:8+1-0 —
(31:74+13-3)

HD allergy 293-8 41834 238-5+135:1 3:0+09 3:0+£1-0
(62:6+35-6) (38-84+18-5)

Pollinosis 394-4 42041 201-14+90-8 28+1-1 31+10
(89-5139-9) (34-6123-3)

Values in parentheses are concentrations expressed as fmol (mg protein) .
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Table 3. VIP in nasal secretions and plasma (pm).

Nasal secretion

Plasma

With terfenadine

Group Without terfenadine ~ With terfenadine ~ Without terfenadine
Younger control 3534299 09+04 —
(3:71+2-6)
Older control 28-1+16-0 —— 1-0+0-3 —
(34122
HD allergy 263491 19-9+74 08404 1-0+0-5
(6:3+3-2) (33112
Pollinosis 61-41+41-6 146 1+10-3 09104 1-1£04
(13-7+7-5) (241 1-8)
Values in parentheses are concentrations expressed as fmol (mg protein) .
A : Substance P B : VIP
a
10 L nasal secretion P 50 0.5 | nasal secrelion I 50
° g N LTI
T a .- {1 40 0.4 } T 1 40
n on.- —_ -
— 4y 1 30 7,03 i 30
T 5T =
2 1207 o~ 02} PRt 120 ™
< F -
e I-“] 108 ¥ o - |'[I'| 110 3
& L Z
- 0 — - - 0 v @wv o0 . . . 0 o
u, 0 10 20 30 40 50 = 1 0 10 20 30 40 50 =
— - a. | .
' - = +
a = = =
: 10 L plasma " Jr— s0 S & 0.5 | plasma 50 S
o -~ ] PRI 4 @
prid [¥) c s s
5 ot 1 40 < 2 04 =t 1 40 <
c s 8 JPiad
S - 1 30 0.3 Lo 30
© 5 } Jotaar Pt T
L { 20 0.2 i {1 20
,-].l {0 0-1 frememer”’ rl‘[” {10
0 N N 0 0 N . . 0
0 10 20 30 40 50 0 10 20 30 40 50

Fraction number

Fraction number

FiG. 1. HPLC profiles of nasal secretion and plasma extracts. A, substance P. Extracts from nasal secretion (100 L) and
plasma (5 mL) were applied. The arrows indicate the elution regions of synthetic substance P and substance P sulphoxide
(SP(O)). SP-IS: substance P-immunoreactive substance. B, VIP. Extracts from nasal secretion (100 uL) and plasma
(5 mL) were applied. The arrows indicate the elution region of synthetic VIP. VIP-IS: VIP-immunoreactive substance.

before treatment, the pollinosis group during treatment, the
younger control group and the older control group were
53+26,64+25,45+1-5,691+28,86+2-1and 9-1+2-9
mg mL -, respectively. The substance P and VIP concentra-
tions in nasal secretions were expressed as fmol (mg pro-
tein)~ L.

Substance P concentrations in nasal secretions and plasma
Substance P concentrations in nasal secretions and plasma
are shown in Table 2.

For the HD allergy group, the mean substance P concen-
tration in nasal secretions before treatment was significantly
higher than the value of the young control group (P <0-05).
The value during treatment was significantly lower than the
value before treatment (P < 0-05).

For the pollinosis group, the mean substance P concentra-
tion in nasal secretions before treatment was significantly
higher than the value of the older control group (P <0-01).

The value during treatment was significantly lower than the
value before treatment (P <0-01).

VIP concentrations in nasal secretions and plasma
The VIP concentrations in nasal secretions and plasma are
shown in Table 3.

For the HD allergy group, the mean VIP concentration in
nasal secretions during terfenadine treatment was signifi-
cantly lower than the value before treatment (P < 0-01).

For the pollinosis group, the mean VIP concentration in
nasal secretions before treatment was significantly higher
than the value of the older control group (P<0-01). The
value during treatment was significantly lower than the value
before treatment (P < 0-01).

HPLC of nasal secretion and plasma extracts
Typical HPLC profiles of the nasal secretion and plasma
extracts are shown in Fig. 1.
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The main SP-IS in nasal secretion and plasma extracts
were eluted at the same elution volume as the synthetic
substance P in the region of 32% acetonitrile with a minor
peak at the same elution volume of substance P sulphoxide in
the region of 28% acetonitrile. The main VIP-IS in nasal
secretion and plasma extracts were eluted at the same elution
volume as the synthetic VIP in the region of 30% acetonitrile
with an unidentified minor peak in the region of 25%
acetonitrile. The assays of the nasal secretion and plasma
extracts were considered to be specific.

Discussion

Substance P and VIP concentrations in nasal secretions from
nasal allergy patients and healthy subjects were significantly
higher than the values in plasma. Therefore, substance P and
VIP were considered to exist in nasal secretions as the result
of the peripheral releases from the endings of substance P-
and VIP-immunoreactive nerves.

Before terfenadine treatment, the mean substance P and
VIP concentrations in nasal secretions from the nasal allergy
patients tended to be higher than the values of the healthy
subjects. In nasal mucosa of the nasal allergy patients,
substance P- and VIP-immunoreactive nerves were consid-
ered to be continuously over-excited.

Barnes (1986, 1991) reported that the axon reflex of
substance P-immunoreactive nerves could account for the
pathophysiology of asthma. Perhaps the axon reflex mechan-
ism may also be functioning in nasal allergic reaction.
Substance P may act as a promoting factor of the neurogenic
inflammation in nasal mucosa.

The mean substance P concentrations in nasal secretions
from the patients during terfenadine treatment were signifi-
cantly lower than the values before treatment. This signifi-
cant decrease in the substance P concentrations in nasal
secretions may reflect the indirect substance P-decreasing
effect of terfenadine. Terfenadine has a mast cell stabilizing
action and an antihistamine action. Mast cells were reported
to be in close contact to the endings of substance P-
immunoreactive nerves (Newson et al 1983; Skofitsch et al
1985). Substance P-immunoreactive nerves possess hista-
mine receptors, and are directly excited by the degranulation
of mast cells (Payan et al 1984). The stabilization of mast cell
and the blockage of histamine receptor which were caused by
terfenadine might be followed by the suppression of the axon
reflex of substance P-immunoreactive nerves; the peripheral
release of substance P from the endings of SP-immuno-
reactive nerves would then be decreased. This decreasing
effect of terfenadine on the substance P level in nasal mucosa
may contribute to its anti-allergic effect.

Undem et al (1983) reported that VIP inhibited antigen-
induced histamine release. Said (1990, 1991) has suggested
that VIP is an inhibitory modulator of inflammation.
Therefore, VIP was considered to be released, not as the
inflammation promoter, but as the inflammation controller.
In nasal mucosa of the symptomatic patients, VIP may be
actively released from the endings of parasympathetic
nerves, in order to control the inflammation, with VIP being
diluted into nasal secretions.

The mean VIP concentrations in nasal secretions from the
nasal allergy patients during terfenadine treatment were

significantly lower than the values before treatment. VIP-
immunoreactive nerves are essentially efferent. Therefore,
the inactivation of VIP-immunoreactive nerves might follow
the suppression of substance P-immunoreactive nerves ref-
lexively, via the central nervous system. The decrease in VIP
concentration in nasal secretions may reflect the termination
of the inflammation. However, the meaning of the decreasing
effect of terfenadine on the VIP level in nasal mucosa is stil}
unclear.

The alterations of the substance P and VIP concentrations
in nasal secretions were observed more clearly in the
pollinosis patients, rather than in the HD allergy patients.
This disparity may be due to the immunochemical character-
istics of HD and Japanese cedar pollen as antigens.

Plasma substance P and VIP concentrations were not
affected by nasal allergic symptom and terfenadine treat-
ment. Neuropeptides such as substance P and VIP are
considered to be released from the nerve endings, and diluted
into circulating blood. The inflammation as occurs with
nasal allergy may be restricted within nasal mucosa. The
extent of the local alterations of substance P and VIP levelsin
nasal mucosa might not be large enough to affect the
background levels of the plasma substance P and VIP
concentrations.
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