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Nogrady, S G, and Bevan, C (1978). Thorax, 33, 700-704. Inhaled antihistamines-
bronchodilatation and effects on histamine- and methacholine-induced bronchoconstriction. To
assess further the bronchodilator activity of inhaled antihistamines ten stable asthmatic
subjects inhaled aerosols of clemastine, 1 mg/ml, and saline placebo administered double blind.
Subjects underwent bronchial challenge with increasing concentrations of histamine and
methacholine, and specific airways conductance was measured by whole body plethysmography
at each concentration. There was a significant 21-9% increase in specific airways conductance
after inhalation of clemastine. Subjects could tolerate significantly higher mean concentrations of
histamine when treated with clemastine than with saline. The shift of the cumulative log
histamine dose-response curve suggests that such protection is due to competitive antagonism
to the inhaled clemastine. Clemastine did not protect subjects against methacholine-induced
bronchoconstriction, which suggests that its bronchodilator properties are not related to any

anticholinergic action.

The role of histamine in human bronchial asthma
and the place of histamine antagonists in its man-
agement remains controversial. While histamine
causes bronchoconstriction at significantly lower
doses in asthmatic than in normal subjects (Curry,
1946), bronchial hyper-reactivity to a range of
stimuli is seen in asthma (Curry, 1947; Mathe et al,
1973). Histamine is released in vitro from human
asthmatic lung sections on appropriate allergen
challenge (Schild et al, 1951), and in-vivo release
of histamine after allergen, but not methacholine
challenge, has also been shown (Bhat et al, 1976).
Slightly raised plasma histamine concentrations
have been noted in patients with acute exacerba-
tions of asthma (Bruce et al, 1976), while more
pronounced elevations correlating with the severity
of the asthma attack have recently been described
(Simons et al, 1977).

In theory, antihistamines ought to be effective
in the management of asthma, but there is little
evidence of therapeutic efficacy for this group of
drugs (Lancet, 1955). Large doses, given by mouth
or parenterally, cause some bronchodilatation
(Popa, 1977), but dose-related systemic side effects

limit their use in this way. Inhaled antihistamines
cause bronchodilatation but have previously been
found to be too irritating, and may, themselves,
cause bronchoconstriction (Herxheimer, 1948,
1949; Hawkins, 1955).
In an earlier study (Nogrady et al, 1978) we

showed that the H1-receptor blocking anti-
histamine, clemastine, administered as an aerosol
from a Wright nebuliser was a potent broncho-
dilator with a prolonged action, and without ob-
served side effects. As most antihistamines have
anticholinergic side effects the current study was
undertaken to investigate the relative importance
of anticholinergic and specific H1-receptor blocking
functions of clemastine inhalation in producing
bronchodilatation.

Materials and methods

SUBJECTS
Ten stable asthmatic subjects (six men, four
women: age range 24-38 years, mean 29) gave
informed consent to the study after it had been
approved by the hospital ethical committee. All
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had previously shown a greater than 15% increase
in peak expiratory flow rate or forced expiratory
volume in one second (FEV1) after inhaled salbuta-
mol. All had positive prick skin tests to more than
one allergen. The severity of their asthma ranged
from currently asymptomatic to moderate in-
capacity with a work time loss, due to asthma, of
up to four weeks a year. None was steroid de-
pendent at the time of the study. They were asked
to abstain from bronchodilators and inhaled
corticosteroids for 12 hours before each study
day. None had taken antihistamines within one
week of each study. Only two were using disodium
cromoglycate, and this was discontinued 12 hours
before the study.

MEASUREMENT OF AIRWAYS OBSTRUCTION
Each study included measurement of airways
resistance (AWR) and thoracic gas volume (VTG)
by whole body plethysmography using a constant
volume plethysmograph (Dubois et al, 1956).
Specific airways conductance (sGaw) was deter-
mined according to the equation sGaw=l/(AWR
XVTG). The mean of the three most technically
satisfactory recordings was obtained. FEV1, forced
vital capacity (FVC), and maximum expiratory
flow rate at 50% of vital capacity (MEF50) were
measured using a McDermott spirometer, a stereo
tape recorder, and a Hewlett Packard 9830 pro-
grammable calculator (McDermott et al, 1976;
McDermott and McDermott, 1977). The means of
the three most technically satisfactory results of
each measurement were obtained.

HISTAMINE CHALLENGE STUDY
Subjects were investigated on two separate days.
Baseline measurements of sGaw, FEV1, FVC, and
MEF50 were obtained on each day. Subjects then
inhaled 1 5 ml of clemastine (1 mg/ml) on one day,
and 15 ml of physiological saline on the other,
administered from a Hudson 1700 nebuliser: 1 0 ml
of each dose was delivered with 0 5 ml being left
to the dead space of the apparatus. Each test sub-
stance was administered double blind and in a
random sequence. SGaw, FEV1, FVC, and MEF50
were measured 30 minutes after the inhalation to
assess bronchodilatation.

Increasing concentrations of histamine were
then inhaled at three-minute intervals from
another Hudson 1700 nebuliser. The concentra-
tions were 0 1, 025, 0 5, 10, 2 5, 5-0, 10, 25, 50,
100, 250, and 325 mg/ml. Five tidal breaths of
each concentration were taken and sGaw was
measured before each concentration increment
(Chai et al, 1975). This was continued for the whole
concentration range, or until there was a 50% fall

in sGaw from the post-treatment baseline. At the
end of the challenge sequence relief of broncho-
spasm was provided by the inhalation of salbutamol
aerosol 200 ytg.

METHACHOLINE CHALLENGE STUDY
On two separate days baseline measurements of
sGaw, FEV1, FVC, and MEF50 were obtained
before and 30 minutes after inhalation of
clemastine 1 mg/ml and physiological saline. This
was administered as outlined above. Subjects then
inhaled five tidal breaths of increasing concentra-
tions of methacholine at three-minute intervals
administered as described above. SGaw was
measured at each concentration increment, and
the sequence ended when sGaw had fallen by
50% from the post-treatment baseline. Fresh
solutions of methacholine, 0 05, 01, 0 25, 110, 2 5,
5 0, 10, 25, 50, 100, and 250 mg/ml, were pre-
pared no more than 30 minutes before challenge.
Relief of bronchospasm was provided at the end
of the challenge sequence by the inhalation of
salbutamol aerosol 200 yg.

ANALYSIS
Cumulative log dose response curves were con-
structed for each challenge, and the slope of the
regression line was calculated for the fall in sGaw
in each patient. Results on clemastine and saline
treatment days were compared by Student's t test
for paired observations.

Results

INITIAL BRONCHODILATATION (table 1)
There was no significant difference between mean
baseline values of sGaw, FEV1, FVC, or MEF,0
on the clemastine and saline treatment days. Thirty
minutes after clemastine inhalation there was a
mean percentage increase in sGaw of 21-9%.
FEV, FVC, and MEF5,, rose by 7 4%, 4 5%, and
12-2% respectively. The mean percentage increase
in sGaw, FEV1, FVC, and MEF50 produced by
clemastine was significantly better than with
saline (P<0-002, P<0002, P<0.05, and P<0-002,
respectively).

HISTAMINE CHALLENGE
Onset of bronchoconstriction (table 2)
After starting the histamine challenge sequence
there was an initial period where sGaw remained
unchanged despite the inhalation of increasing
concentrations of histamine. Bronchoconstriction,
as shown by a sudden fall in sGaw, was seen in
all patients on saline treatment days, but clemas-
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Table 1 Baseline and percentage change in FEV,, FVC, MEF. and sGaw with saline and clemastine
inhalations

FEVI (1) FVC (1) MEFf, (I/min) SGaw (I/sec-1 CN H,0-1)
Baseline Mean Y. Baseline Mean Y. Baseline Mean Y. Baseline Mean %

increase increase increase increase

Saline 2-97±1-12 -070±9 04 4-14±1-32 -050±11 40 2-99±1-36 -3-12±12-57 0-100±0-049 -1 00±15 86
Clemastine 2-91±1-14 7-44±8-83 4-06±1-28 4 50+ 9 75 2-91±1-45 12-16±14-75 0-100±0-045 21-92±21-72
P NS < 0-002 NS < 0 05 NS < 0-002 NS < 0-002

Table 2 Histamine challenge: sGaw (mean+SE)

Saline Clemastine

Baseline 0099 ±0017 0-086±0-014
Post-treatment baseline 0-096±0-015 0-103±0-015
Histamine (mg/ml)

0-1 0-092±0-013 0 106±0 016
0-25 0-095±0 013 0106±0 015
05 0 095±0 013 0 107±0-017
1I0 0 093 ±0-013 0-109±0-016
2 5 0-093±0-014 0-107±0-014
50 0-085±0-014 0-113±0-017
10-0 0-086±0-015 0-109±0-016
25-0 0-081±0-015 0-110±0-015
50 0 0-057±0-013 0-106±0-018
100 0 0-051±0-017 0-096±0-021
250 0 0-087±0-020
325 0 0-070 0-022

tine gave complete protection in four subjects, in
that no bronchoconstriction was caused by the
highest available histamine concentration. The
remaining six patients did exhibit broncho-
constriction despite clemastine, but at significantly
higher concentrations of histamine. The mean
histamine concentration causing a 20% fall in
sGaw from the post-treatment baseline was
18-5±18 7 mg/ml with saline, compared to 178-6+4
117-6 mg/ml when treated with clemastine
(P<0 01). The degree of protection would be very
much greater than this if one could take into
account the four patients in whom no broncho-
constriction could be elicited when treated with
clemastine.

The cumulative log histamine dose response curve

(fig 1)
Inhalation of clemastine caused a parallel shift to
the right of the cumulative log histamine dose
response curve when compared with the curve
after saline. Regression lines were calculated for
the fall in sGaw on each treatment for the six
patients in whom bronchoconstriction occurred on
both treatments. The slope of these regression lines
was obtained and compared by Student's t test for
paired observations. There was no significant
difference in the slopes between the saline and
clemastine treatment days.

Histamine challenge study
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Fig 1 Mean cumulative log dose response curves

for histamine.

Methacholine challenge (fig 2, table 3)

Methacholine challenge produced a rapid fall in

sGaw in all patients on both treatment days. The

mean concentration of methacholine causing a

20% fall in sGaw from post-treatment baseline

Methachaline challenge study
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Fig 2 Mean cumulative log dose response curves

for methacholine.
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Table 3 Methacholine challenge: sGaw (mean+SE)

Saline Clemastine

Baseline 0-103±0 016 0 115±0-014
Post-treatment baseline 0-101 ±0-016 0 131 ±+0-01 5
Methacholine (mg/ml)
005 0085±0013 0 107±0013
0-1 0-072±0-014 0 111±0015
0 25 0-071±0 014 0 095±0±015
0 5 0-066+0-015 0-080±0-015
10 0-070±0-017 0-069±0-016
2 5 0-060±0*013 0-064±0 011

was 066+100 mg/ml when treated with saline,
and 071+096 mg/ml when treated with clemas-
tine (no significant difference). The inhalation of
clemastine appeared to give no protection against
methacholine-induced bronchoconstriction.

Discussion

H,-receptor blocking antihistamines have been
shown to have bronchodilator properties, but when
given by mouth or parenterally in sufficient dose
to cause bronchodilatation they produce un-
acceptable anticholinergic side effects and sedation
(Popa, 1977). When given by inhalation they are
more effective but can cause cough, throat
irritation, and occasionally, bronchoconstriction
(Herxheimer, 1948, 1949; Hawkins, 1955). Inhala-
tion of clemastine causes bronchodilatation com-
parable to that produced by salbutamol aerosol
and is without observed side effects (Nogrady et al,
1978).
Most antihistamines have anticholinergic pro-

perties, and any bronchodilatation produced
could be mediated by blockade of vagal reflex
bronchoconstrictor mechanisms. Clemastine is a
potent, highly specific, H1-receptor antagonist,
giving virtually no protection against broncho-
constriction induced in guinea pigs by aerosols of
acetylcholine and serotonin (Kallos, 1971). In this
study we have shown that clemastine causes highly
significant protection against histamine-induced
bronchoconstriction in asthmatic subjects. The
parallel shift of the cumulative log dose response
curve to the right suggests that this protection is
due to clemastine acting as a competitive antag-
onist to histamine (Popa, 1976). While causing
bronchodilatation, its failure to protect against
methacholine-induced bronchoconstriction sup-
ports the suggestion that its bronchodilator action
is not related to anticholinergic properties. There
is no information available regarding antagonism
to the effects of prostaglandins, kinins, or slow
reacting substance of anaphylaxis (SRSA).
Similarly, it is not known if clemastine has any

beta agonist or phosphodiesterase inhibiting
activity, to which its bronchodilator properties
could be attributed. Clearly, further studies need
to be undertaken in this direction.
The mechanism of histamine-induced broncho-

constriction is not clear. While some authors have
reported some protection against histamine-
induced bronchoconstriction by atropine (Drazen
and Austen, 1975), most workers have found the
protection to be of minor importance (Itkin and
Anand, 1970; Casterline et al, 1976; Casterline and
Evans, 1977). Histamine, however, does increase
the rate of firing of bronchial irritant receptors,
and this effect is blocked by atropine (Mills et al,
1969). These findings suggest that histamine-
induced bronchoconstriction is due more to a
direct action on the airways and to a lesser extent
to stimulation of vagally mediated broncho-
constrictor reflexes. The failure of clemastine to
block methacholine-induced bronchoconstriction
suggests that vagal mechanisms may act directly
on bronchial smooth muscle and are not mediated
by local histamine release.
The findings that inhaled clemastine causes

bronchodilatation in stable asthmatic subjects, and
that this action may be related to specific com-
petitive antagonism of the H1-receptor, suggest
that histamine is constantly present in the vicinity
of the H1-receptor and that such low grade
mediator release is present even in remission. Free
histamine could cause airways obstruction by
direct action on bronchial smooth muscle, or by
a mucosal inflammatory response, leading to
oedema, mucosal swelling, and the formation of an
inflammatory exudate. Such low grade histamine
release might not be measurable in the systemic
circulation, but in asthmatic exacerbations exces-
sive release, related to large-scale degranulation
of mast cells, may cause a rise in plasma histamine
concentrations (Simons et al, 1977).
We believe that inhaled antihistamines, such as

clemastine, will gain a place in the management of
bronchial asthma, and their actions again raise the
question of the relative importance of mediator
and reflex mechanisms in human bronchial asthma.

We would like to thank Dr J Cotes and Mr G
Berry of the MRC Pneumoconiosis Research Unit,
Llandough Hospital, for advice and criticism, and
Dr G S Kilpatrick, Dr B H Davies, and Dr A P
Smith for their permission to study their patients.
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