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Effect of pH on bronchial response to inhaled
histamine
DW COCKCROFT, BA BERSCHEID
From the Division of Pulmonary Medicine, University Hospital, Saskatoon, Saskatchewan, Canada

ABSTRACT In order to investigate the effect of pH on bronchial responsiveness to inhaled histamine,
15 subjects with non-specific bronchial hyperreactivity performed two histamine inhalation tests,
one with unbuffered, and the other with buffered histamine acid phosphate solutions. The unbuffered
histamine solutions were prepared with 09 0% sterile saline and had a pH range from 4-3 to 7-3,
while the buffered histamine solutions were prepared with a phosphate buffer and had a pH range
of 6&5 to 7-4. The two histamine inhalation tests were similar in all other regards. The geometric
mean histamine provocation concentration required to produce a 200% reduction in FEV, (PC20)
was significantly lower for the unbuffered histamine (1f33 mg/ml) than for the buffered histamine
(1f67 mg/ml), p < 0-05. The two PC20s differed by less than one doubling dilution, the range of
reproducibility of the test, in 12 of the 15 subjects. The pH effect was only noted when the pH of the
histamine solutions was below five (histamine concentrations from one to eight mg/ml). We conclude
that the acid pH of higher concentrations of histamine acid phosphate solutions has a slight but
significant enhancing effect on the bronchial responsiveness to inhaled histamine.

Inhaled histamine induces bronchoconstriction in
most subjects with bronchial asthma,'-5 in some
with other respiratory diseases2 4 6 and in a few
normal subjects.5 The mechanism of histamine's
action and the mechanism underlying such non-
specific bronchial hyperreactivity are not entirely
clear. One feature of histamine which may affect
bronchial response is its acidity. In this investigation,
the effect of acid pH on bronchial responsiveness
to inhaled histamine was examined by comparing
bronchoconstriction induced by buffered and un-
buffered inhaled histamine in 15 stable subjects with
known non-specific bronchial hyperreactivity.

Methods

HISTAMINE INHALATION TEST
Histamine inhalation tests were performed as
described by Cockcroft et al5 and Juniper et al.7
Solutions were nebulised with a Wright nebuliser
operated with an airflow rate of seven litres per
minute, delivering an aerosol with an output of
0-130 ml/min and a mass median diameter particle
size of one ,um. The nose was clipped, and inhala-
tions were made by quiet breathing through the
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mouth for two minutes. After a control inhalation
of the diluent, doubling concentrations of histamine
acid phosphate from 0 03 to 8-0 mg/ml were inhaled
at five-minute intervals. The forced expiratory
volume in one second (FEVy) was measured in
triplicate with a Godart nine-litre water spirometer
prior to the inahalations and was repeated 30 and 90
seconds after each inhalation. The test was continued
until the FEV, had fallen by 20% or more, or until
the top concentration of histamine had been
administered. The results were expressed as the
provocation concentration of histamine producing
a 20% reduction in FEV1 (PC20).

Unbuffered histamine acid phosphate solutions
were prepared with 0 9% sterile saline (pH 7 3)
and the buffered histamine solutions were prepared
with a sterile isotonic phosphate buffer (NaH2PO4
H20 1808 grams, Na2HPO4 7-576 grams, and
NaCl 4 4 grams in 1000 ml H20) with a pH of 7-4.
The pH of each solution was determined using a
Corning p14 and blood gas anlyser (Model no 165).

SUBJECTS
Fifteen subjects with known bronchial hyperrespon-
siveness to unbuffered inhaled histamine (PC20 <
8-0 mg/ml) were selected from the Respiratory
Clinic at the University Hospital in Saskatoon.
These subjects were selected to have a wide range of
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bronchial responsiveness to inhaled histamine.
Twelve of these subjects had documented asthma
with episodic wheezing and dyspnoea and clinical
response to inhaled bronchodilator. The remaining
three had mild histamine responsiveness associated
with allergic rhinitis or as a mild variation of
normal.

STUDY DESIGN
Studies were done on two consecutive days at the
same time of day. Factors known to influence non-
specific bronchial reactivity were controlled. Subjects
were not smoking, had not had symptoms of a
respiratory infection for at least four weeks, and
had not been exposed to relevant allergens for at
least four weeks. Baseline FEV1 was stable within
10% on the two test days. Inhaled bronchodilators
were withheld for six hours before the tests, oral
theophylline preparations for 12 hours before the
tests, and steroids were continued in the same dose.
No subjects were using oral adrenergic broncho-
dilators, sodium cromoglycate or antihistamines.
On one day, the histamine inhalation test was done

using the buffered solutions and on the other day
using the unbuffered solutions. The tests were
performed in random order.

ANALYSES
Logarithmic transformation of histamine PC20
was used in the analysis. Analyses were performed
using the paired t test8 and the method of least
squares linear regression.

Results

The pH of the unbuffered and buffered histamine
solutions is shown in the table. The pH ranged
from 4.3 (8 mg/ml) to 7-3 (diluent) for the unbuffered
solutions and from 6-5 (8 mg/ml) to 7-4 (diluent)
for the buffered solutions.
The geometric mean buffered and unbuffered

PC20s were compared with the paired t test. The
geometric mean buffered PC20 was 1-67 mg/ml

Table pH of histamine solutions

Histamine acid Unbuffered (0-9% Buffered (phosphate
phosphate NaCl diluent) buffer diluent)
concentration (mg/mi)

Diluent 7-3 7-4
0-031 6-4 7-4
0-062 6-3 7-4
0-125 5-7 7-3
025 5.4 7-3
050 5 3 7-2
1 0 4-8 7-1
2-0 4-7 6-9
40 4-4 6-7
8-0 4-3 6-5

(geometric standard deviation 5-5) and the geometric
mean unbuffered PC20 was 1f33 mg/ml (geometric
standard deviation 4 68). There was a significant
difference between these two means (p < 0-05).
The buffered and unbuffered PC20s were plotted

graphically in the figure. Ten of the subjects had
both results very close to the line of identity, and 12
of the 15 subjects showed a difference less than one
doubling dilution between the two tests. The remain-
ing three subjects had a buffered PC20 that was
> twice the unbuffered PC20. These significant
deviations from the line of identity only occurred
with concentrations of histamine .1-0 mg/ml
that is, those with a pH less than 5-0. Below a
concentration of 1-0 mg/ml all points were near the
line of identity.
The regression line for this plot was as follows:

Logio (unbuffered PC20) = 0 9 x Logio (buffered
PC20) - 0-07 (r = 0-98, s = 7 03).

0.1 1.0 10

Histamine PC20 buffered (mg/ml)

Figure Logarithmic plot of unbuffered histamine PC20
and buffered histamine PC20. The PC20 in mg/ml
determined with unbuffered histamine solutions (09%
NaCI diluent) is on the vertical axis and the PC20 in
mg/ml using buffered solutions (phosphate buffer diluent)
is on the horizontal axis. The heavy line is the line of
identity and the lighter lines represent one doubling
dilution either side of the line of identity-the range of
reproducibility of the test.7 9 10

Discussion

The results demonstrated that the acid pH of hista-
mine solutions had a slight but significant effect
in increasing the histamine-induced bronchocon-
striction. This effect was evident when mean buffered
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PC20 and unbuffered PC20 were compared; the
overall slight difference, 1-67 and 1-33 mg/ml
respectively, was significant p < 0-05). However
when individual data were examined, only three
subjects had results outside the limits of reproduci-
bility of the test. The histamine inhalation test
performed in this manner is reproducible to within
one doubling dilution.7 9 10 All three subjects
outside this limit showed a greater bronchoconstric-
tor effect with the more acid unbuffered histamine.
The test differences appeared to relate to the

pH of the solutions. There was little difference
when the histamine concentrations were under
mg/ml (figure)-that is, where unbuffered solutions
had pH above 5 0 (table). The acid pH (< 5 0) of the
higher histamine concentrations, 1-0 to 8-0 mg/ml,
was associated with slight enhanced effect in five
of 10 (figure), three of these five beyond the limits
of reproducibility. There was no difference between
the two tests in the remaining five responders to
concentrations between 1 and 8 mg/ml. Thus this
pH-enhanced bronchoconstriction was suggested
in about 50%1 of subjects responding to histamine
in concentrations of 1-0 to 8-0 mg/ml and none of
the subjects responding to concentrations below
1 0 mg/ml.
The mechanism of action of inhaled histamine

is not completely understood. Inhaled histamine is
currently thought to act in part by stimulating
subepithelial irritant receptors and inducing reflex
vagal bronchoconstriction"12 and in part by a

direct bronchoconstrictor effect on the bronchial
smooth muscle.12 13 The low pH of the higher
histamine concentrations may contribute to broncho-
constriction by increasing irritant receptor stimula-
tion. Aerosols of citric acid have been shown to
produce bronchoconstriction;611 an effect which
has been attributed to the low pH.6 This effect can

be inhibited by atropine suggesting that vagal
pathways, probably stimulation of subepithelial
irritant receptors, are relevant in acid-induced
bronchospasm.611
The importance of this slight pH effect on the

performance of inhalation tests depends on the
purpose of the test. Since the effect is small and almost
certainly nonspecific, it is probably not an important
consideration in the design of bronchial provocation
tests used clinically to measure nonspecific bronchial
reactivity. The histamine inhalation test described
here is considered normal if the unbuffered histamine
PC20 is greater than 8-0 mg/ml.5 The results of the
current investigation suggest that if buffered
histamine were routinely used, the lower limit of
normal would need increasing, perhaps to 16
mg/ml. This would require use of a 16 mg/ml
histamine solution which has been shown to produce

an unacceptable incidence of systemic side-effects
for routine clinical use.7 On the other hand, if
bronchial provocation tests are being designed to
investigate the mechanism of action of a broncho-
constrictor agent, or if the tests are designed to
demonstrate "specific" bronchial hyperreactivity-
for example allergen inhalation tests-then clearly
this non-specific pH effect should be considered. In
such circumstances, solutions for inhalation should
be buffered so that the pH is above 5 0 and preferably
above 6-0. In any event, it is important that inhala-
tion tests performed for any reason should be well
standardised,14-17 and pH is one factor which must
be considered in such standardisation.17

In conclusion, the acid pH, below 5-0, of histamine
acid phosphate solutions > 1.0 mg/ml plays a small
but significant role in enhancing the bronchocon-
strictor effect of inhaled histamine in some subjects.
The effect is probably non-specific and probably
involves stimulation of afferent vagal irritant recep-
tors. Although of minimal importance in identifica-
tion of nonspecific bronchial hyperreactivity, this
effect is important to consider when examining
mechanisms of bronchoconstriction or when design-
ing specific (allergen) inhalation tests.

We thank the subjects for participating in this study
and Mrs R Day and Mr A Campbell for help in
preparing the manuscript. The work was supported
by the Medical Research Council of Canada
(Grant no MA 7051).
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