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ABSTRACT

We have measured the competitive antagonistic effect of chlorpheniramine
in bronchi of 8 normal and 12 asthmatic subjects. Classical pharmacological
theory states that the degree of competitive antagonism depends only upon 1)
antagonist concentration at the receptor, and 2) receptor affinity. Delivery and
affinity also influence agonist responsiveness, but measurement of bronchial
antagonism allows study of these factors in isolation. Bronchial responsiveness to
histamine was measured as the dose required to produce a 35% fall in specific
conductance (sGaw), called PD,. On different days, 2 measurements of control
PD,. were made on each subject. Measurements of PD,, were also repeated after
inhalation of 1.45 mg chlorpheniramine and intravenous injection of 0.17 mg/kg
chlorpheniramine. Antagonist effect of chlorpheniramine was measured as Dose
Ratio-1(DR-1), where DR= PD, after chlorpheniramine/control PD35. Geometric
mean of DR-1 with inhaled chlorpheniramine in asthmatic subjects (5.8) was 6.8
times that of norrnal subjects (0.86) (p=0.002), and DR-1 with intravenous
chlorpheniramine in asthmatic subjects (4.4) was 2.75 times that of normal
subjects (1.6) (p=0.005). There were significant negative correlations between
PD,. and DR-1, whether chlorpheniramine was administered by inhalation (r=
-0.87,p<0.001) or intravenously (r=-0.62, p<0.005). There was also a significant
correlation between DR-1 obtained by two routes of administration (r= 0.77,
p<0.001). Taken with our previous study showing enhanced antagonism with
atropine at bronchial muscarinic receptors in asthma,' these results suggest that
drug delivery by inhaled and parenteral routes may be increased in asthmatic
bronchi.
Keywords: histamine H, receptors, asthma, chlorpheniramine, histamine

MIJIRI, Vol. 11, No. 2, 115-122, 1997.

Correspondence: MH Boskabady, Department of Physiology, Ghaem Medical Center, Mashhad University of Medical Sciences, Mashhad, Iran.

115


https://mjiri.iums.ac.ir/article-1-1115-en.html

[ Downloaded from mjiri.iums.ac.ir on 2025-08-03 ]

Enhanced Histamine Blockade in Asthmga

INTRODUCTION

In previous studies we demonstrated that competitive
antagonism by atropine and propranolol at the bronchial
muscarinic and adrenergicreceptors was greaterinasthmatic
patients than in normal subjects.’? The highest level of
blockade was seen in asthmatic patients who were most
sensitive to inhaled methacholine and isoprenaline and the
lowest level in the least sensitive normal subjects. Classical
pharmacologicaltheory? states that the degree of competitive
antagonism produced by atropine is determined only by: 1),
its concentration at the receptor (determined by dose and
drug delivery), and 2) receptor affinity for atropine. Thus,
we concluded thatin asthma either drug delivery or receptor
affinity, or both are increased. With regard to drug delivery,
we found that enhanced blockade in asthma was seen
whether antagonist drugs were administered by inhalation
or intravenous injection, as would be expected if the
abnormality in asthma was increased receptor affinity, but
alternatively this observation would be compatible with an
abnormality of drug delivery in the inmediate vicinity of the
receptor. Significant correlations between the degree of
antagonist blockade and agonist responsiveness suggested
that these abnormalities of delivery and/or affinity underlie
hyperresponsiveness to methacholine in asthma.

In the present study we have widened the application of
this analysis to another agonist/antagonist combination,
histamine/chlorpheniramine. Chlorpheniramine is a
competitive antagonist at the bronchial H, histaminergic
receptor.* We wished to determine whether "antagonist
hyperresponsiveness" in asthma was specific to muscarinic
and beta-adrenergic receptor-mediated responses, or was a
more general phenomenon. If enhanced blockade results
from deficiency of a physical barrier to drug diffusion, then
all drugs of similar size and charge may be similarly affected;
ifitis due to a change in receptor structure it may be specific
to a single receptor, or class of receptor. We have therefore
measured antagonism produced by inhaled and parenteral
chlorpheniramine on bronchial responsiveness to inhaled
histamine in normal and asthmatic subjects.

PATIENTS AND METHODS

Subjects

8 normal subjects and 12 well-controlled asthmatic
adults were studied (Table I). The normal subjects were all
members of staff of this department and were all free of
current respiratory complaints and had normal respiratory
function: they had no past history of respiratory disease.
Five of the asthmatic subjects were also members of staff;,
at the time of study they had been asymptomatic for several
months or years without treatment but had a past history of
mild intermittent wheeziness and chest tightness requiring
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Fig. 1. Comparison of two measurements of histamine
responsiveness (PD,)). n= 20, Regression equation y=
0.0046+1.04X, r=0.99.

inhaled bronchodilator therapy. The remaining asthmatic
subjects were recruited from the Asthma Clinic, Charing
Cross Hospital and were all on active treatment for their
condition. No subjecthadsuffered from an upper respiratory
tract infection in the previous months. All the subjects were
volunteers who agreedto take partafter having the nature of
the experiments and their purpose explained to them. The
experiments were approved by the Ethical Committee of
Charing Cross Hospital.

Techniques and protocol

Each subject attended the laboratory on two occasions
with at least 48 hours between attendances over a period
exceeding two weeks. Challenge was performed at
approximately the same time of day on each occasion.’
Subjects were requested to refrain from caffeinated drinks
fortwohoursbeforechallenge and fromusing bronchodilator
inhalersforatleast 8 hours. Oneachoccasion we performed
two histamine challenges, the first without premedication
and the second after chlorpheniramine. In random order on
the two days the following experimental procedures were
performed:

1) Histamine challenge (control A) followed after a 20
min interval by administration of 33 breaths of 0.5%
chlorpheniramine maleate (MW 391) (1.45 mg; 3.71 umol).
Histamine challenge was then repeated after a further 20
min interval (post-inhaled chlorpheniramine).

2) Histamine challenge (control B) followed after a 20
minrestbypremedication with(.17 mg/kg chlorpheniramine
administered intravenously, 10minbefore a further histamine
challenge (post-IV chlorpheniramine).

Histamine challenge was performed in the following
manner: Histamine acidphosphate (molecular weight= 308),
dissolvedin 0.9% NaClsolution was delivered intermittently
asanaerosol from a Hudson nebulizer (driven by compressed
air at 20 psi) which was attached to a breath-activated
dosimeter.® The dosimeter and nebulizer were triggered by
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Table I. Characteristics of normal and asthmatic subjects.

Subjects Sex & Weight  Height FEV, sGaw  Smoking Atopy Treatment
Age (kg) (cm) L/sec s'kPal
| Normal l
1 M-27 66 175 3.94 132 - = - 1
2 M-34 58 162 3.55 141 - - :
3 F-33 52 154 2.75 1.48 - . .
4 F-29 58 151 2.35 1.96 = = :
5 F-27 65 168 3.94 1.88 - = -
6 M-31 65 170 337 1.56 - - -
7 M-36 70 173 3.98 2.09 - e -
8 M-30 80 175 3.40 1.30 - - .
Asymptomatic
asthmatic
1 F-26 58 161 3.55 134 - + -
2 M-28 69 172 4.11 1.44 - + o
3 M-28 70 175 3.78 1.83 - + -
4 F-26 58 164 3.71 1.63 S + .
5 M-29 70 180 4.23 191 - + =
Symptomatic
asthmatic
1 M-49 86 181 3.30 0.36 - + Te-Ip-Bf-Theo
2 F-42 77 158 1.05 0.28 - + Sal-Ip-Bf-Ned
3 F-62 61 168 0.55 0.21 - + Sal-Bud
4 F-68 66 162 2.10 0.48 - - Sal-Bf
5 F-47 67 162 2.05 0.26 S + Te-Bud-Pred
6 M-44 66 172 1.20 0.24 S - Sal-Ip-Bf
i F-51 56 161 235 1.04 - + Sal-Bf

Sal= Salbutamol

Te= Terbutaline

Ip= Ipratropium bromide
Theo= Theophylline

Bud= Budesonide

Pred= Prednisolone

the fall in mouth pressure at the onset of inspiration.
Nebulisationcontinued for 1.8 sec. Subjects were instructed
to inspire deeply from FRC to near TLC during 5 sec. We
attachedasmall spirometer (Coach spirometer, Intersurgical,
London) to the mouth piece which was used to display
airflow and inspiratory volume to the subject during
inspiration. The subject was given a target inspiratory
volume and flow rate, calculated to produce full inspiration
in approximately 5 sec.” The volume of solution delivered
per activation was 8.8 L. The aerosol had a mass median
aerodynamic diameter (MMAD) of 3.0 pum as determined
by laser light scattering (Malvern Instruments 2600 HSD
analyser, Malvern U.K.). The same nebulizer was used
throughout the experiment.

At the beginning of each challenge baseline specific
conductance (sGaw) was measured using a constant volume
body plethysmograph (Fenyves & Gut, Basel, Switzerland).
The subject panted at a frequency of 1-2 Hz in order to
measure airway resistance (Raw)? and thoracic gas volume
(Vtg). The output loops from the plethysmograph were

Ned= Nedocromil sodium
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Bf= Beclomethasone dipropionate

displayed on an X-Y plotter and their slopes were measured
manually. To minimize bias the loops wereread in batches,
without reference to the experimental circumstances. sGaw
was expressed as s-1 kPa-1, where sGaw= (Raw. Vtg)'.
Eachdetermination of sGaw wasobtained from thearithmetic
mean of five measurements which were performed over a
period of 30 sec. The subject then took five inhalations of
0.9% NaCl aerosol (control diluent). Two minutes later
sGaw was again measured. The subject then took five
breaths of histamine solution, followed by further sGaw
measurement after two minutes. The inhaled concentration
of histamine solution was then doubled every three minutes
with serial measurement of sGaw 2 min after each
concentration of aerosol. The challenge was terminated
when sGaw had fallen by more then 35% at which point the
subject was aware of moderate chest tightness and
wheeziness. For normal subjects the starting concentration
of histamine was 2g/L (6.5 mmol) and the maximum
concentration used was 64 g/L. (207.8 mmol) (giving inhaled
doses of 0.286 and 9.14 pmol respectively). After
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Table IL Individual values of bronchial responsiveness to histamine on two
occasions (PD, A and PD,;B) and chlorpheniramineblockade(DR-1) byinhalation

(INH) and injection (IV).

Subjects PD A DR-1 PD B DR-1 ' Mean
(wmol} INH (gmol) IV PD,
Normal
1 1.800 2.57 2.400 1.80 2.100
2 2.500 1.82 3.150 242 2.830
3 2430 0.89 2.190 1.29 2310
4 2.750 035 2.520 135 2.640
5 4310 0.50 3.970 134 4.140
6 3.240 034 3.710 1.43 3.480
7 2.240 1.02 3.780 1.17 3.010
8 2.060 1.14 1.600 2.60 1.830
Arithmetic X 2.670 1.08 2.920 1.68 2.790
SD 0.790 0.78 0.860 0.55 0.760
Geometric X 2.580 0.86 2.790 1.61 2.700
Asymptomatic
asthmatic
1 0.990 152 1.360 3.23 1.180
2 1.480 1.56 1380 0.93 1.430
3 0.450 352 0.440 545 0.440
4 1.000 3.36 0.980 4.07 0.990
5 1.100 1.76 0.530 435 0.820
Symptomatic
asthmatic
1 0.009 771 0.013 2.67 0.011
2 0.007 1734  0.004 13.44 0.006
3 0.016 747  0.014 1.69 0.015
4 0.086 9.55 0.052 8.85 0.069
5 0.132 12.13  0.160 8.28 0.146
6 0.029 28.10 0.020 16.40 0.025
7 0.089 1033 0.089 2.55 0.089
Arithmetic X 0.450 8.70 0.420 6.00 0.430
SD 0.540 7.85 0.530 485 0.530
Geometric X 0.130 5.84 0.110 441 0.120

premedication with chlorpheniramine some subjectsreceived
a maximum dose of 10 inhalations of 64 g/L. (inhaled dose
=18.28 umol). For asymptomatic asthmatic subjects the
starting concentration was 0.5 g/L (1.62 mmol) and for the
symptomatic asthmatic subjects 0.0312 g/L (0.10 mmol)
(inhaleddose=0.071, 0.004 umol, respectively). Inall cases
the nebulizer was filled with 5 mL of solution. Subjects were
asked to avoid coughing or taking deep breaths, particularly
during the phase of bronchoconstriction. Duration of each
histamine challenge was approximately 20-25 min.

Chlorpheniramine inhalation was performed using the
same dosimeter/nebulizer system and the same technique of
inhalation as was used for histamine.

At the end of each test the subject took two puffs of
salbutamol to relieve chest tightness.

Measurements

For each challenge a non-cumulative log dose-response
curve was constructed by plotting sGaw against the logarithm
to base 10 of histamine delivered to the subject. For each
curve we determined control sGaw measured afterinhalation
of diluent and the dose of histamine which produced a 35%
fall in sGaw= PD,,. PD,, in control (unpremedicated)
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Fig. 2. A) Comparison of bronchial responsiveness to histamine
(PD,,) and inhaled chlorpheniramine blockade (DR-1). n= 20,
Regression equation y= 0.26-1.503X, r=-0.87, p<0.001.
B) Comparison of bronchial responsiveness to histamine (PD,,)

and parenteral chlorpheniramine blockade (DR-1). n= 20,
Regression equation y= 0.366-1.58X, r=-0.62, p<0.005.

challenges indicates bronchial responsiveness to histamine.
The antagonistic effect of chlorpheniramine was indicated
by Dose Ratio (DR)= PD,; after chlorpheniramine/control
PD,, but more accurately, it is quantified as DR-1 because
when DR= 1 there is no blockade. Since PD, varies from
day to day we believe the most accurate estimate of DR-1 is
made by performing both control and premedicated
challenges on the same day. We have previously compared
this with the conventional approach of performing control
and post-medication challenges on separate days.'

We also obtained two values for DR-1: 1) by relating
obtained post-inhaled chlorpheniramine challenge to control
A= (DR-1), a0 and 2) by relating PD,; from post-
intravenous chlorpheniramine to control B= (DR-1),,..

Statistics

Mean values for DR-1 and PD,; quoted are geometric
means, since these values are non-normally distributed in
the study population. Ina previous study wehave shown that
geometric mean and median values are similar but
appreciably lower than arithmetic means for these types of
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Fig. 3. Comparison of chlorpheniramine blockade by two dif ferent
routes of administration. n= 20, Regression equation y=
0.252+0.501X, r=0.77, p<0.001.

data.’ We have related log PD,, to log DR-1 using least
squares regression and also using Spearman rank correlation
to avoid any assumption of normal distribution of the log
data. To avoid the same value of control PD,; being used on
both axes of this relationship, DR-1 was calculated as above
and plotted against the PD,, measured on the other challenge
day. In comparing values of sGaw, PD,; and DR-1 between
normal and asthmatic subjects we have employed the non-
parametric Mann-Whitney "U’ test.

RESULTS

sGaw

The mean baseline sGaw for all challenges in normal
subjects was 1.63+0.3 s'kPa ! and in asthmatic subjects was
0.93+0.68 s'kPa' (p=0.1). After inhalation of
chlorpheniramine, mean sGaw in normal subjects was
1.71£0.4 and in asthmatic subjects was 1.00+0.7. Neither of
the changes was statistically different from baseline. After
intravenouschlorpheniramine,sGaw increased significantly
in normal subjects to 1.9+0.3 (p= 0.039) and in asthmatics
to 1.1+0.8 (p= 0.046).

Control PD,,

Values for control PD,; on two occasions are shown in
Table II. The geometric mean control PD, in normal subjects
(2.7 pmol; range 1.83-4.0) was 22.5 times greater than in
asthmatic subjects (0.12 pmol; 0.006-1. 43, p<0.001). The
mostsensitive asthmatic subject was 700 times more sensitive
to histamine than the least sensitive normal subject.

DR-1

Values for different measurements of DR-1 are shown in
TableIL. Geometricmean DR-1,, . . inasthmatic subjects
(5.84) was 6.8 times greater than for normal subjects (0.86)
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Table III. Reproducibility and correlations of PD,, and DR-1.

Stat. tests PD,A DR-1,pyen DRI, DR-lmm
vs ¥s vs Vs
PD,B- PD,B PD,A DR,
—
Least squares [
regression (r) 0.99 -0.87 -0.62 0.77
p-value <0001  <0.001 <0005  <0.001
Coefficient of
determination 0.98 0.76 038 0.59
]
Spearman-Rank
correlation(r,) 0.88 -0.83 -0.69 0.77
p--value <0.001 <0.001 <0.001  <0.001

(p=0.002). The range of DR-1,, .. between the least
sensitive normal subject and the most sensitive asthmatic
subject was 82.5 fold. Geometric mean DR-1 , in asthmatic
subjects (4.4) was?2.75 times greater than in normal subjects
(1.6) (p=0.005). The range of DR-1, between the least
sensitive normal subject and the most sensitive asthmatic
subject was 14 fold.

Reproducibility
(a) Baseline sGaw

The mean coefficient of variation for baseline sGaw
(between days) in all challenges for normal subjects was
10.41£7.2% and for asthmatic subjects was 16.3+14%.

(b) Control PD,

There was close correlation between log PD, values
measured ondifferent occasions (Fig. 1, Table III). For PD,
control A vs PD,, control B, r=0.99, p<0.001. The mean
coefficient of variation in all two measurements for normal
subjects was 14.8+10.2 and for asthmatic subjects was
18.96%16.07.

Relationship between PD,,and DR-1

There was a significant negative correlation between
PD, and DR-1,,, . (=-0.87, p<0.001, r’=0.76, Fig. 2a,
Table IIT). There was also a significant negative correlation
between PD, A and DR-1, (r= -0.62, p<0.005, r*= 0.38,
Fig. 2b, Table III). Significant correlations were similarly
given by the non-parametric Spearman-Rank correlation
(Table III).

Relationship between DR-1,,.,,, .- and DR-1,

In the same individual, there was a significant positive
correlation between DR-1 values obtained by the tworoutes
of administration (r= 0.77, p<0.001 and r’= 0.59, Fig. 3,
Table III).

All values for least squares regression coefficient of
determination and for Speartnan-Rank correlation are shown
in Table III.
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DISCUSSION

This study has demonstrated that the H,-blocking effect
of inhaled and parenteral chlorpheniramine is enhanced in
asthmatic subjects, confirming previous work from this
laboratory.' This is also entirely in line with our previous
findings with atropine and methacholine,' and also
propranolol and isoprenaline. ‘We have therefore shown
enhanced blockade inasthma with two separate competitive
antagonists acting at different receptors.

Based on in vitro experiments,’ the degree of rightward
shift of the agonist dose-response curve measured as dose
ratio is determined by concentration of antagonist at the
receptor ([1]) and receptor affinity (ka):

DR= [I] ka+1
(DR-1)= [I] ka

To apply this principle to the more complex situakion in
vivo involves assumptions about the mode of action of
chlorpheniramine in the intact, in situ bronchus. We have
previously demonstrated that chlorpheniramine is an
antagonist at the H, receptor in the bronchial tree,* that
causes a parallel, righward shift in the log dose-response
curve, as is seen with competisive antagonists in vitro.' The
fact that three receptor systems show enhanced competitive
blockade in asthma suggests that the abnormality lies with
[I] rather than ka. This conclusion is also supported by in
vitro experiments which suggest that receptor affinity for a
given antagonist shows little variation between species and
tissues.!

If, in fact, receptor affinity is constant we have to explain
how apparently wide intersubject differences in drug
concentration could be generated in the environment of the
receptor. Evenwithintravenouschlorpheniramine there was
an 18-fold range of DR-1 values. By this route,
chlorpheniramine is delivered by the bronchial muscle
microcirculation and, if due to asthmatic inflammation
blood flow is increased, more drug may be delivered.
However, the same asthmatic subjects also showed enhanced
blockade when chlorpheniramine was inhaled and this cannot
be due to increased perfusion. In fact, increased perfusion
would probably decrease the effectiveness of an inhaled
drug by increasing clearance. Alternatively if
chlorpheniramine was more slowly metabolizedin asthmatic
bronchi this would increase [I] with both routes of
administration. Equally, a physical barrier of some kind,
close to the receptor, could impede chlorpheniramine
diffusion however administered. If the permeability of this
barrier was variable, and increased in asthma, it would
explain the variation in DR-1 produced by both routes of
administration, and the correlation between individual
degrees of blockade achieved by both routes (Fig. 3). A
physical barrier, depending onits precise nature would tend

to be non-specific in impeding the diffusion of drugs,
whereas a metabolic defect would be specific to certain
drugs. Chlorpheniramine (MW 275), histamine (MW 115),
atropine (MW 579), methacholine (MW 160), propranolol
(MW 296) amd isoprenaline (MW 248), while being
chemically distinct, are all small cationic molecules with
water and lipid solubility that may be handled similarly by
a charged molecular barrier. A deficiency of the barrier in
asthma could therefore also explain bronchial
hyperresponsiveness to the agonists as well as increased
blockade with the antagonists. It would also explain the
correlations seen in individuals between agonist and
antagonist effects (Figs. 2a & 2b), regardless of the route of
administrasion of the latter.

A wider intersubject range of values for DR-1 was seen
when chlorpheniramine was administered by inhalation (83
fold). The total intersubject variation of DR-1, , . results
from the sum of variation due to quantity of deposision and
variation in delivery from epithelium to muscle, plus any
variation that exists in receptor affinity, and these factors
mustalso partly determine responsiveness to histamine. Itis
therefore notsurprising that the negasive correlation between
chlorpheniramine DR-1 ., .-and PD,is closer (r=-0.87)
than thatbetween DR-1, and PD, (r=-0.62), where routes
of administration differ.

This study allows some approximate quantitation of the
factors controlling agonist and antagonist responsiveness.
The correlation between DR-1 ., .- and DR-1, (r=0.77;
r’=0.59) demonstrates the importance of factors common to
bothroutes(delivery in theimmediatevicinity of the receptor
and receptor affinity) in determining blockade. Thus
approximately 60% of the variance of chlorpheniramine
DR-1 is explained by the variance of DR-1,. An

INHALED

“ identical conclusion was reached when we compared DR-1
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values obtained by inhaled and intravenous atropine' and
propranolol.? If there is a molecular barrier close to the
receptor then thisis ameasure of itsimportance indetermining
DR-1.In another study with inhaled awropine approximately
30% of the variance of DR-1,,, .. was explained by the
variance of aerosol deposition in central bronchi.’ These
factors controlling DR-1 . .~ must also influence the
response to agonist. The relationship between
chlorpheniramine DR-1,, . .- and PD, histamine (r= —
0.87; r’= 0.76) suggests that approximately 75% of the
variance of PD, is explained by DR-1,,, . variance. An
identical conclusion was reached with atropine/
methacholine' and a similar conclusion with propranolol/
isoprenaline.? This means that the variances of aerosol
deposition, drug delivery from epithelium to receptor (and
possibly receptor affinity) contribute very substantially to
the variance of bronchial responsiveness to histamine and
methacholine.

However, the variance of histamine PD35 is greater than
that of DR-1 demonstrating that there are factors

INHALED
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which influence agonist responsiveness but have no effect
on the response to the antagonist: Such factors could be
receptor numbers,second messengers or muscle thickness.
The relationship between chlorpheniramine DR-1, and
PD, (r=-0.62, r>= 0.38) suggests that approximately 40%
of PD variance is explained by factors controlling DR-1,
delivery close to the receptor (and perhaps receptor affinity).
A deficiency of a molecular barrier close to the receptor
in asthma would have an equal effect on both inhaled and
intravenous chlorpheniramine. Thus inasthma, significantly
higher blocking effects are seen with both routes than in
normal subjects. However, in symptomatic asthma, the
enhancement of blockade due to the inhaled drug is greater.
Thus, theratioDR-1 ... . /DR-1  issignificantly higherin
the symptomatic asthmatic group than in the other groups
despite the fact that all subjects received the same doses of
chlorpheniramine. Individual differences in pattern and
quantity of aerosol deposition are unlikely to explain all this
enhancement’ and we therefore suggest that it may be
caused by increased epithelial permeability. Epithelial
damage is a well-recognized feature in asthma,'?!3 which is
perhaps due to airway inflammation'#' and this appears to
increase the permeability to small charged molecules.'
Airway inflammation in asthma has been known for a
long time, even in mild disease.'” One of the consequences
of thisinflammationis airway epithelial damage,'® and there
is association between airway inflammation and epithelial
damage,”” as well as a significant correlation between
epithelial damage and bronchial hyperresponsiveness in
asthma.'3? There is also close association between airway
inflammation, epithelial damage and bronchial
hyperresponsiveness, both in sensitized animals?' and in
asthmatic patients,? and all of these (airway inflammation,
epithelial damage and bronchial hyperresponsiveness) are
improved after topical corticosteroid treatment in asthma.?
Thus airway inflammation can cause epithelial damage and
this in turn can result in better access of ligand to the active
sites in the airway and bronchial hyperresponsiveness in
asthma. The increased chlorpheniramine blockade in
asthmatic subjects shown in this study as well as increased
atropine and isoprenaline blockade in ourprevious studies'*
perhaps is due to higher concentration of antagonists at the
receptor sites achieved by the above phenomenon. The
close correlation between chlorpheniramine blockade and
histamineresponsiveness as well asotherantagonist blockade
and agonist responsiveness,"? indicates that bronchial
hyperresponsiveness to different stimuliin asthmaat leastin
part is due to increased bronchial epithelial permeability.
In conclusion, the competitive H1 antagonistic effect of
inhaled chlorpheniramine is enhanced in asthma to adegree
that in individuals correlates with bronchial responsiveness
to histamine. This enhancementmay in part be due to greater
aerosol deposition and increased epithelial permeability,
but because there is also enhancement of antagonism from
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parenterally administered chlorpheniramine we suggestthat
inasthmathere is additionally anincrease in permeability of
tissues close to the receptor, or alternatively, increased
receptor affinity. Because receptor affinity to antagonists
tends to be constant'! and because we have shown very
similar results with inhaled and parenteral atropine' and
propranolol’ we favor the notion of a molecular barrier
which is deficient in asthma. Variation in the permeability
of this barrier is probably also important in determining
bronchial responsiveness to inhaled histamine and
methacholine.

This is a novel hypothesis in the study of bronchial
hyperresponsiveness in asthma that merits further analysis
by pharmacological, histological and histochemical studies.
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