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Effects of histamine on lung permeability in normal
and asthmatic subjects
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ABSTRACT The permeability of respiratory mucosa, as measured by clearance of diethylene-
triamine penta-acetate (DTPA) labelled with technetium 99m, was similar in seven normal and
nine asthmatic subjects. Histamine induced bronchoconstriction was associated with a 50%
increase in permeability in both groups of subjects. In normal subjects inhaled salbutamol, given
as 1 mg acutely or as 200 ,ug four times daily for two weeks, had no effect on pulmonary
permeability. Salbutamol, given before histamine challenge, prevented bronchoconstriction, but
did not affect the increase in permeability seen in normal subjects. Low doses of histamine,
sufficient to cause bronchoconstriction in the asthmatic subjects, produced little bronchoconstric-
tion in normal subjects but caused increases in lung permeability similar to those seen in asthma-
tic subjects. These studies suggest that these two effects of inhaled histamine, bronchoconstric-
tion and increased permeability, are independent.

The cause of increased responsiveness of the airways
in asthma is unknown. One possible cause might be
that the respiratory mucosa is abnormally perme-
able to antigens and mediators of allergic respon-
siveness. Although it was suggested that permeabil-
ity may be increased in asthma,' Elwood et aP
showed that permeability was no greater in 10 sub-
jects with stable asthma than in nine normal sub-
jects. When bronchoconstriction was induced by
inhaled histamine, however, permeability increased
in both normal2 3 and asthmatic3 subjects, while
exposure to specific antigen was found to increase
permeability in allergic monkeys.4 Thus although
increased respiratory mucosal permeability is not a
primary underlying abnormality in stable asthma it
might play a part in the development of bron-
choconstriction induced by various stimuli. In this
study we have examined the characteristics of his-
tamine induced permeability changes in normal and
asthmatic subjects, and investigated the effects of
salbutamol on these changes.

Methods

SUBJECTS
Seven non-asthmatic subjects, aged 20-40 years,
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were studied. None was having any medication. One
subject, whose results are indicated in table 3, was a
smoker. In addition, nine non-smoking asthmatic
subjects, aged 20-55 years, were studied. They were
having various inhalation treatments, but all treat-
ment was withheld for at least four hours before the
studies.

MEASUREMENT OF PULMONARY PERMEABILITY
Pulmonary epithelial permeability was measured by
the technique of Jones et al.5 Two scintillation coun-
ters were used, one centred 7 cm below the mid-
point of the right clavicle and one over the middle of
the left thigh, directed away from the bladder.
DTPA (diethylenetriamine penta-acetate, molecu-
lar weight 492 daltons) labelled with technetium
99m, in a concentration of 0.5 mCi/ml normal
saline, was inhaled from a Hudson nebuliser, via a
particle separator comprising a column of beads.
The mass median diameter of the aerosol droplets
was 0.9 ,.um. The subject, wearing a noseclip,
inhaled the aerosol through a mouthpiece by tidal
breathing for two to three minutes until the lung
scintillation counter registered about 2000 counts
per minute. Throughout the study subjects lay still
on a couch with a backrest at 300. Counting con-
tinued for 60 out of every 90 seconds until the count
had fallen by about 50%. Subsequently, a bolus of
50 uCi of 99mTc DTPA was administered intraven-
ously. From the ratio of the increases in thigh and
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lung counts,5 a correction factor for tissue radioac-
tivity in the field of the lung probe was calculated.
The corrected lung count was used to calculate the
half time clearance of 99mTc DTPA, as a measure of
the permeability of lung epithelium. On each occa-
sion the linear correlation coefficient between log
corrected count and time was 0.90 or greater.

HISTAMINE CHALLENGE STUDIES
All subjects underwent bronchial challenge with his-
tamine in a standardised fashion6 for estimation of
the dose of histamine required to decrease baseline
specific airways conductance by about 50%. Pulmo-
nary permeability was measured in six non-smoking
normal and nine asthmatic subjects. Pulmonary
counting was carried out until sufficient readings
were available to calculate the half time clearance of
99m1Tc DTPA. Five submaximal breaths of histamine
were then inhaled from a Hudson nebuliser and the
counts continued for a further 10 minutes. The dose
ranges of histamine were 10-100 mg/ml for normal
subjects and 0.4-8 mg/ml for asthmatic subjects.
Histamine acid phosphate was diluted in normal
saline.
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The effect of histamine on pulmonary epithelial
permeability was also studied in normal subjects 20
minutes after they had inhaled 1 mg salbutamol via
10 actuations from a metered dose inhaler. On
another occasion measurements of pulmonary
epithelial permeability were made in the normal
subjects before and after histamine at a dose of
0.2 mg/ml (the mean concentration given to asthma-
tic patients) and continued after a further challenge
with histamine at the concentration known to
decrease specific airways conductance by 50%.

Recordings of peak expiratory flow rate (PEFR)
were made before and every five minutes after his-
tamine inhalation. The decrease in PEFR was taken
as the difference between baseline and minimum
values after histamine.

Effect ofsalbutamol on pulmonary permeability
In seven subjects, including one smoker, permeabil-
ity was measured 20 minutes after the administra-
tion of 1 mg salbutamol via 10 actuations of a

metered dose inhaler. In six subjects, including one

smoker, permeability was measured before and after
a one week course of inhaled salbutamol, 200 ,ug

Table 1 Effect ofinhalation ofhistamine on 99mTc DTPA clearance in nine asthmatic and six normal subjects

ASTHMATIC SUBJECTS

Subject No Histamine DTPA clearance (min) Peak flow rate (1 inn')
concentration
(mg ml ) Before After Before After

1 0.4 53.7 30.8 475 380
2 8 60.7 48.3 385 180
3 2 40.8 33.5 520 330
4 1 44.1 24.3 540 270
5 1 59.2 39.0 500 280
6 0.8 31.5 22.7 560 480
7 1 75.9 30.4 570 505
8 8 48.5 19.6 450 160
9 1 50.6 23.0 480 440

Mean 51.7 30.2 498 336
SD 12.8 9.2 58 125
t 5.45 5.20
p <0.001 <0.001

NORMAL SUBJECTS

Subject No Histamine concentration
(mg ml ' DTPA clearance (min) Peak flow rate (l min -

A B Baseline After A After B Baseline After A After B

1 2 20 54.4 17.5 24.2 540 460 340
2 2 16 56.6 33.4 34.4 580 550 195
3 2 20 43.6 31.2 22.2 605 510 340
4 2 128 66.2 44.9 42.6 690 660 210
5 2 32 66.8 31.4 27.1 440 380 180
6 2 32 69.4 41.4 43.4 460 440 175

Mean 59.5 33.3 32.2 551 498 240
SD 9.8 9.6 9.2 85 109 78
t 6.95 0.44 4.4 4.92
p <0.001 NS <0.01 <0.01
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four times a day taken by metered dose inhaler. The
measurement was performed 20 minutes after the
final dose.

ANALYSIS
The half time clearance of 99mTc DTPA was calcu-
lated by linear regression after logarithmic trans-
formation of the corrected lung count.5 The half
time clearance values after various interventions
were compared by paired t tests.
The mean coefficient of variation of the clearance

was calculated for the eight subjects for whom there
was more than one baseline measurement. Meas-
urements after salbutamol were used in this calcula-
tion after salbutamol had been found to have no
significant effect on clearance. Thirty four meas-
urements in eight subjects produced a mean
coefficient variation of 14.5%.

Results

There was no significant difference in baseline clear-
ance of 99mTc DTPA between asthmatic and normal
subjects (51.7 v 59.5 min; table 1).

EFFECT OF INHALED HISTAMINE
The peak expiratory flow rate fell by a mean of 55%
after inhalation of histamine in the six normal sub-
jects (table 2). The half time clearance of 991Tc
DTPA fell in all subjects by 50% (from 65.4 to 32.4
min; p < 0.001). When histamine was preceded by
salbutamol (1 mg) the fall in PEFR was much smal-
ler (15%) but the increase in the rate of clearance of
99mTc DTPA was 51%, similar to that seen with his-
tamine alone (from 64.5 to 31.8 min; p < 0.01).

In the nine asthmatic subjects low concentrations
of histamine reduced PEFR by 33% and the clear-
ance time by 42% (table 1).

In the six normal subjects given 2 mg/ml his-
tamine clearance time fell by 44%, while PEFR fell
by only 9%. Further inhalation of histamine at a
concentration of 10-12.8 mg/ml caused another
decrease in PEFR, by 48%, but no further effect on
clearance of 99mTc DTPA.

EFFECT OF SALBUTAMOL ON PULMONARY
PERMEABILITY
Neither the acute administration of 1 mg salbutamol
by inhalation nor a week's course of 800 Ag
salbutamol daily had any significant effect of DTPA
permeability (table 3) in six normal subjects.

Discussion

Although our normal and asthmatic subjects were
not matched for age, our results support previous
findings that lung mucosal permeability is normal in
patients with stable asthma.2 They also show that the
inhalation of a selective f2 stimulant has no effect on
mucosal permeability.

Histamine inhalation has been shown previously
to increase permeability23 and our results confirm
these findings in both normal and asthmatic sub-
jects. The prior inhalation of salbutamol in a dose
sufficient to block most of the histamine induced
bronchoconstriction did not affect the increase in
permeability in the normal subjects. Although sal-
butamol was administered by metered dose inhaler
and histamine by nebuliser, the particle size is simi-
lar and the lack of effect is unlikely to be related to a

different distribution. Salbutamol was used in this
way as this is the most common method of adminis-
tration. This indicates that bronchoconstriction itself
is unlikely to be an essential part of the change in
permeability. The increased permeability after his-
tamine inhalation is presumably related to a direct

Table 2 Effect ofhistamine with and without pretreatment with salbutamol on the lung clearance oftechnetium 99m
labelled diethylenetriamine penta-acetate in six normal subjects

Subject No Histamine Histamine and salbutamol

Clearance (min) Peak flow (I min') Clearance (min) Peak flow (I min')
Before After Before After Before After Before After

1 63.5 38.3 530 320 74.3 42.2 520 400
2 69.2 22.9 580 200 71.2 24.3 - -
3 76.2 45.4 490 320 45.8 22.1 530 495
4 60.0 25.3 490 190 73.8 40.5 500 440
5 71.0 40.4 730 150 86.7 32.1 710 550
6 52.7 22.2 520 340 35.1 29.9 610 545

Mean 65.4 32.4 557 253 64.5 31.8 574 486
SD 8.5 9.2 91 82 17.9 7.6 87 73
t 11.27 4.72 4.59 3.87
p <0.001 <0.01 <0.01 <0.025
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Table 3 Effect ofsalbutamol on the ckarance oftechnetium 99m labelled diethylenetriaminepenta-acetate (99mTc DTPA)
from the lung
Subject No DTPA clearance (min)

Baseline After ) mg salbutamol After I week salbutamol

1 61.3 71.0 81.7
2 41.2 39.9 51.8
3 90.4 61.8 70.8
4 70.6 65.8 82.0
5 85.3 65.0 68.1
6 (smoker) 29.4 32.0
7 (smoker) 27.4 _ 31.1

Mean (1-6) 63.0 55.9
Mean (1-5 + 7) 62.7 64.2
SD 10.8 10.1 7.1 8.8
t 1.20 (NS) -0.23 (NS)

effect of histamine on the epithelium, probably at
the alveolar or terminal bronchiolar level. Borland
et al have shown that a "fog" of distilled water can
increase DTPA clearance from the lungs without
inducing bronchoconstriction,' although in this case
the mechanisms of increased clearance may be
related to osmotic change. We used histamine in
normal saline to avoid this effect.
The much lower dose of histamine required to

produce bronchoconstriction in asthmatic subjects
produced a similar change in clearance in normal
and asthmatic subjects. This also suggests that there
is no direct relationship between the two effects of
histamine in the lungs, bronchoconstriction and
increased permeability. Braude et al8 have suggested
that the bronchoconstrictor and permeability effects
of histamine may be related to stimulation of differ-
ent histamine receptors. Using histamine anatagon-
ists they were able to block bronchoconstriction with
an Hi blocker (terfenadine) and to inhibit the per-
meability change with an H2 blocker (ranitidine) in
five normal subjects. Our results do not provide evi-
dence of an increased susceptibility to histamine
induced permeability change in asthma, although we
did not give concentrations of histamine too dilute
to produce bronchoconstriction in the asthmatic
subjects. These findings suggest that abnormalities
related to hyperreactivity to histamine in asthma
relate to airway muscle but not to respiratory
epithelium.

We are grateful for the help of Philip Chowienczyk
in setting up the apparatus.
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