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ABSTRACT

Receptor affinity and drug delivery to the receptor sites could be determinant
factors for the increased bronchial responsiveness seen in asthma. Competitive
antagonism blockade which is measured as dose ratio-1 (DR-1) depends only on
these two factors. Therefore, in this study we have examined histamine H, blockade
by chlorpheniramine on isolated tracheal chains of asthmatic compared to control
guinea pigs.

An experimental model of asthma was induced in guinea pigs by injection and
inhalation of ovalbumin (OA), and tracheal chains of asthmatic and control animals
(foreach group n=12) were prepared. The responses of tracheal chains to cuamulative
concentrations of histamine (H) inthe absence and presence of SnM chlorpheniramine
was measured, and the effective concentration of H causing 50% of maximum
response (EC,, H) was obtained. The chlorpheniramine blockade (DR-1) was
calculated by (post chlorpheniramine EC, H/EC,, H)-1. The response of tracheal
chains to 0.1% OA relative to the contraction obtained by 10 mM methacholine was
also measured.

The tracheal response of asthmatic guinea pigs to OA was significantly higher
than that of control animals (mean £ SEM, 57.03%+4.99 vs. 3.92%1.14, p<0.001).
Histamine H, receptor blockade by chlorpheniramine (DR-1) was also significantly
higherin tracheas of asthmaticcomparedtocontrolanimals(17.34%3.89vs.4.11£1.08,

p<0.01). There was a significant correlation between (DR-1) and tracheal responses
to OA (r=0.51, p<0.05).

This enhanced histamine H, receptor blockade in tracheal chains of asthmatic
animals confirms our previous findings which was predicted to be due to increased
drug delivery to the receptor. Drug delivery could also be a determinant factor for
bronchial responsiveness to most stimulating agents in asthma.
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INTRODUCTION

Themost characteristic feature of asthma is bronchial
hyperresponsivenessto a wide variety of inhaled physical,
chemical, pharmacological and immunological stimuli.
Responsiveness to many agents, including
pharmacological agonists, can be accurately quantified;
andthelevel of responsiveness has been shownto correlate
loosely with the severity of asthma.! However, the
mechanisms of the bronchial response to pharmacological
agonists such as histamine and methacholine is highly
complex and inadequately understood. The response to
agonist substances involves many stages, including access
to receptor sites and receptor occupancy. Receptor
occupancy results in activation and the intracellular
synthesis and release of second messengers leading to
other intracellular reactions which finally cause airway
narrowing. It is mainly due to this complexity that little
is known about the underlying cause(s) of bronchial
hyperresponsiveness in asthma.

To elucidate this complex causation we have chosen
to compare competitive antagonists’ blockade at the
tracheobronchial tree of asthmatic and normal subjects.
A pure competitive antagonist merely has to gain access
to the receptor and bind to it. Receptor occupancy leads
to a quantifiable rightward shift in the dose-response
curve of the corresponding agonist. Based on in vitro
steady-state experiments of Arunlakshana and Schild,?
the degree of rightward shift measured as doseratio (DR)
is determined only by the concentration of antagonist at
the receptor ([I]), which depends on dose and delivery
and receptor affinity (ka).

In previous studies we demonstrated that competitive
antagonism by atropine, chlorpheniramine, and
propranolol at the bronchial muscarinic, histaminic (H, ),
and adrenergic receptors was greater in asthmatic patients
than in normal subjects.>* The highest level of blockade
was seen in asthmatic patients who were most sensitive
to inhaled methacholine, histamine, and isoprenaline and
the lowest level in the least sensitive normal subjects.

However, in our in vivo study of competitive
antagonism blockade in the tracheobronchial tree, a
steady state could not be achieved due to several
mechanisms, including: 1) local metabolism of agonist
and antagonist substances, 2) removal of substances by
local blood flow, and 3) background cholinergic,
adrenergic and histaminergic effects. So applying the
principles of Arunlakshana and Schild’s study to non-
steady state conditions in vivo is problematic. Therefore,
in the present in vitro study, we have reexamined
chlorpheniramine blockade at histamine H, receptors in
tracheal chains of control and experimentally—induced
asthmatic guinea pigs.
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METHODS

Induction of guinea pig model of asthma

Guinea pig models of asthma were induced as
previously described.s” Briefly, 24 male guinea pigs
(500-800 g) were divided randomly into 2 groups of 12.
Animals of group one were sensitized to OA (Sigma
Chemical Co. Ltd., UK) byinjecting 100mgi.p. and 100
mg s.c.onday one anda further 10 mg i.p. onday 8. From
day 14 sensitized animals were exposed to an aerosol of
4% OA for 18+1 days, 4 min daily. The aerosol was
administered in a closedchamber, dimensions 30x 20x20
cm. Group 2 served as controls and were treated
identically, except that 0.9% saline vehicle alone was
used throughout.

Tissue preparations

Guinea pigs werekilled by a blow on theneck on day
30-32, and tracheas were removed. Each trachea was cut
into 10 rings (each containing 2-3 cartilaginous rings).
All the rings were then cut open opposite the trachealis
muscle, and sutured together to form a tracheal chain.”#

Tissue was then suspended in a 10 mL organ bath
(organ bath 61300, BioScience Palmer-Washington,

Sheerness, Kent, UK) containing Krebs-Henseliet
solution of the following composition (mM): NaCl 120,
NaHCO, 25, MgSO0, 0.5,KH,PO, 1.2, KC14.72, CaCl,
2.5 and dextrose 11.

The Krebs solution was maintained at 37°C and
gassed with 95% O, and 5% CO,. Tissue was suspended
under an isotonic tension of 1 g and allowed toequilibrate
for at least 1h while it was washed with Krebs solution
every 15 min.

Table L. Values of tracheal response to ovalbumin, histamine
(EC,, H), and histamine H, receptors’ blockade by
chlorpheniramine (DR-1)in control (n= 12) and sensitized guinea
pigs (n= 12) and statistical differences between the two groups.
Values are quoted as both arithmetic mean+SEM and geometric
mean. In comparing values between the two groups, both the
unpaired "t" test and the Mann Whitney "U" test were emploved.

Tracheal Control * Asthmatic | p value p value
response " test "U" test
Albumin 3.92+1.14 57.0314.99 | p<0.001

response

Geometric 2.89 54.63 p<0.001
mean

EC,,H (uM) |26.25+534 | 26924349 | p=0918

Geometric 2231 24.08 p<0.05
mean

DR-1 4.11£1.08 17344389 | p<0.01

Geometric 2.57 11.76 p<0.005
mean v
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Fig. 1. Individual values and meantSEM (big symbols with
bars) of tracheal response to ovalbumin (a), histamine (EC,,
H) (b), and histamine H, receptor blockade by chlorpheniramine
(DR-1) (c), in control (n=12) and asthmatic guinea pigs (n=
12) and statistical differences between the two groups.

NS: non-significant difference, ** p<0.01, @: p<0.001
compared to control group.
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Measurement of tracheal response to ovalbumin

The tracheal response of all animals to 0.1% solution
of OA was measured as follows:

1)0.25mL of 4% OA solution was added to the organ
bath.

2) The degree of tracheal chain contraction was
recorded after 15 minutes.

3) The degree of tracheal chain contraction was then
expressedas a proportion (in percentage) of the contrackion
obtained by 10 mM methacholine hydrochloride (MW=
196, Sigma Chemical Co. Ltd., UK).

Assessment of tracheal response to histamine and
histamine H, receptor blockade

1) In each experiment two cumulative log
concentration-response curves (LCRC) of histamine
phosphate (MW= 308, BDH Chemical Co. Ltd., UK) -
induced contraction of tracheal chains were obtained,
one 10 min after introducing a 5 nM concentration of
chlorpheniramine maleate (MW= 391, Sigma Chemical
Co. Ltd., UK) in the organ bath (adding 0.05 mL of 1 uM
chlorpheniramine solution to organ bath = post—
chlorpheniramine histamine response curve), and the
other 10 min after adding the same volume of saline
(baseline histamine response curve).

2) Cumulative log concentration-response curve of
the tracheal chain to increasing concentrations of
histamine (0.1 uM to 10 mM) was obtained with addition
of consecutive concentrations every 2 min. To obtain the
curve, the percentage of contraction of the tracheal smooth
muscle due to each concentration of histamine in
proportion to the maximum contraction obtained by the
final concentration of histamine (10 mM), in the baseline
histamine response curve, was calculated and plotted
against the log concentration of histamine.

3) The effective concentration of histamine causing
50% of the maximum response (EC,; H) of baseline and
the post--chlorpheniramine histamine response curve in
each experiment was measured (expressed as EC, H and
post—chlorpheniramine EC H, respectively).

4) The tracheal response to histamine was considered
as EC, H.

5) The histamine H receptor blockade by
chlorpheniramine was assessed as dose ratio minus one
(DR-1) which was calculated by: (post—chlorpheniramine
EC,, H/EC, H)-1.

The experiments for measuring the tracheal response
to OA, post—chlorpheniramine histamine response curve,
and baseline histamine response curves in each tracheal
chain were performed randomly with 1h resting periods
between each two experiments while washing the tissues
every 10 min. Tracheal responses to histamine were
tested on incubated tissues with 1.4 tM indomethacin 30
min prior and during obtaining LCRC in the presence of
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Table II. Correlations between isolated tracheal response of control and asthmatic
guineapigs to ovalbumin(OA), histamine (EC,, H) and histamine H, receptor blockade

by chlorpheniramine (DR-1).

Statistical ~ OA-response DR-1
test R ¥s. . s,
E?gﬂ 5 = 1}}{.4;*95;:@
Least squares -0.034 051
regression (r)
p value p=0.873 p<0.05
Coefficient of 0.0012 0.26 0.097
determination (r2)
Spearman rank-
correlation (r) -0.157 0.506 -0.18
p value p=0.465 p<0.05 p=0.399

both saline and chlorpheniramine. In all experiments
responses were recordedon akymograph (ET8 G-Boulitte,
Paris) and measured after fixation.

Statistical analysis

Thedata of tracheal response to OA, trachealresponse
tohistamine (EC, H), and histamine H, receptorblockade
(DR-1) were quoted as both arithmetic meantSEM and
geometric mean because it has been shown previously
that these values on in vivo studies are non-normally
distributed.’ In comparing these values between asthmatic
and control guinea pigs, both the unpaired "t" test and the
Mann Whitney "U" test were employed. Tracheal
responses to OA were related to tracheal responses to
histamine (EC, H), and both of these to (DR-1), using the
least square regression and also using Spearman rank
correlation to avoid any assumption of normal distribution
of the data.

RESULTS

Tracheal response to ovalbumin

Trachealresponse to OA intracheal chains of asthmatic
animals (57.0314.99, range 29.8-89) was significantly
higher than in control animals (3.92+1.14, range 0-11.1,
p<0.001), (Table I, Fig. 1a).

Tracheal response to histamine

The mean value of EC,H in tracheal chains of
asthmatic animals (26.9213.49 uM, range 9.0-51.0 uM)
wasnotsignificantly different fromthat of control animals
(26.25+5.34 uM, range 13.0-65.0uM), (TableI, Fig. 1b).

Chlorpheniramine blockade (DR-1)
The rightward shift of the post—chlorpheniramine
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histamine response curve compared to the baseline
histamine response curve in tracheal chains of asthmatic
animals was greater than in control animals (Fig. 2).
Mean DR-1 in tracheal chains of asthmatic animals
(17.3413.89, range 2.4-44.8) was 4.1 times greater than
incontrol animals (4.11+1.08, range 0.46-11.46, p<0.01)
(Tablel, Fig. 1¢). The value of DR-1 in the mostsensitive
trachea of asthmatic animals was 97.4 times greater than
the least sensitive trachea of the control animals.

Relationship between bronchial response to stimuli
(ovalbumin and histamine) and chlorpheniramine
blockade

There was no significant correlation betweentracheal
response to ovalbuminand EC, H (r=-0.034,p=0.873),
orbetweenDR-1 and EC, H(r=-0.312,p=0.137) (Table
II). However, there was asignificantcorrelation between
DR-1 and the tracheal response to OA (r=0.51, p<0.05,
r’=0.26) (Table II, Fig. 3).

DISCUSSION

This study showed an increased tracheal response to
ovalbumin of sensitized comparedto control guinea pigs,
which was very similar to the bronchial
hyperresponsivenessofasthmatic patients. This increased
tracheal response confirms the induction of asthma in
sensitized guinea pigs. The results of this study also
demonstrated that the histamine H, receptorblockade by
chlorpheniramine is enhanced in tracheal chains of
asthmatic guinea pigs. The results of this in vitro study
confirm our previous in vivo findings with atropine,’
chlorpheniramine,* and propranolol.’

The difference of chlorpheniramine blockade (DR-1)
between asthmatic and control tracheal chains (4.1 fold)
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Fig. 2. Cumulative log concentration-response curves of
histamine induced contraction of isolated trachea in the presence
of saline and chlorpheniramine of control (a) and sensitized
(asthmatic) guineé pigs (b) (for each group n=12).

in the present study was fairly similar to our previous in
ovivo results for differences of antagonism blockade
gbetween asthmatic and normal subjects (the increased
2antagonism blockade in asthmatic patients compared to
§normal subjects of inhaled atropine, chlorpheniramine,
sand isoprenaline were 6.5, 6.8, and 11 fold, respectively).
=According to a classical pharmacological study,? the
ﬁconsistent antagonism blockade of the present in vitro
Estudy and our previous in vivo studies indicated that in
= asthma either receptor affinity (Ka) or drug delivery to
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Fig. 3. Correlation between chlorpheniramine blockade (DR-
1) and tracheal response to ovalbumin of control and asthmatic
guinea pigs. r= 0.51, p<0.05.

the receptor ([I]) or both of these factors are increased.
The fact that three receptor systems showed enhanced
competitive antagonism blockade in asthma on in vivo
studies and one receptor system on an in vitro study
suggest 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.!°We
therefore suggest thatthis enhanced antagonism blockade
may be caused by epithelial damage leading to increased
epithelial permeability and accessibility of ligands to the
receptor sites.

Epithelial damage is a well-recognized feature in
as
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 this
inflammationis airwayepithelialdamage.!” Infact,several
invitro studies have shown that epithelial damage leads
to increased bronchial responsiveness to different
pharmacological agonists.®*'®!* Serosal vs. mucosal
application of agonist ligands also leads to increased
bronchial responsiveness,?’ but denudation of epithelium
diminished this increased responsiveness.? The cause of
increased bronchial responsiveness in all of these studies
was increasing permeability and easier access of ligands
to the receptors. In addition, a significant correlation has
been observed between epithelial damage and bronchial
hyperresponsiveness in asthma.'>? There is also a close
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association between airway inflammation, epithelial
damage and bronchial hyperresponsiveness both in
sensitized animals® and in asthmatic patients.?* Thus
airway inflammation can cause epithelial damage; and
this, in turn, can result in better access of ligands to the
active sites in the airways, causing the bronchial
hyperresponsiveness observed in asthina.

However, our previous studies®* also showed
enhanced blockade when pharmacological antagonists
were administered by i.v. injection; and this cannot be
due toincreased epithelial permeability. Alternatively, if
antagonist ligands were more slowly metabolized in
asthmatic bronchi, this would increase [I] with both
routes of administration. The strongest possibility is an
increasedtissue permeabilitydueto airway inflammation.
If the permeability of a physical barrier of some kind
close to the receptor was increased in asthma, it could
increase diffusion of : atagonist ligands however
administered and would explain the variation in DR-1
produced by both routes of administration. In addition,
the results of the present in vitro study cannot be fully
explained by increased epithelial permeability because
the barrier role of epithelium against ligand diffusion®
may be appreciated only when perfused tracheal or
bronchial tubes are exposed to ligands from the mucosal
sides but not in the model used in our study. A strip of
tracheal smooth muscle is covered by epithelium only
from one side and easily exposed to chemicals from the
remaining three sides; this mostly excludes the barrier
function of the epithelium. The increased
chlorpheniramine blockade in tracheal chainso f asthmatic
guinea pigs shown in this study, as well as the increased
atropine, chlorpheniramine, and propranolol blockade in
our previous studies®* is perhaps due to the higher
concentration of antagonists atthe receptor sites achieved
by increased epithelial and tissue permeability leading to
an increase in [I].

The results of this study also showed significant
correlations between histamine H, receptor blockade by
chlorpheniramine DR-1 and the tracheal response to
ovalbumin. The significant correlation between DR-1
and tracheal response to OA in the present study, as well
as other antagonists’ blockade and agonists’
responsiveness in previous studies®* indicates that
bronchial hyperresponsiveness to most stimuliin asthma,
at least in part, is due to increased bronchial epithelial
and tissue permeability which is perhaps due to airway
inflammation in asthma.

Although our previous in vivo studies®* showed that
differences in bronchial responsiveness to
pharmacological agonists between asthmatic and normal
subjects are higher than the differences in competitive
antagonism blockade between the groups (asthmatics
were 54.6, 22.5. and 15 times more sensitive to

methacholine, histamine, and isoprenaline, respectively,
compared to normal subjects; but antagonist blockade
for atropine, chlorpheniramine, and propranolol were
6.5, 6.8, and 11 times higher in asthmatic patients,
respectively), the present in vitro study indicated
increased chlorpheniramine blockade at histamine H,
receptors but did not show enhanced tracheal response to
histamine in asthmatic compared to control animals. Itis
difficultto explain why the tracheal response to histamine
was not increased in asthmatic animals. Thompson et
al.*and Sadeghi-Hashjinet al.” also showed thatremoval
of epithelium from feline and bovine trachea did not
influence the responsiveness of tracheal strips to
histamine. This discrepancy could be explained by
differences between in vitro and in vivo conditions. It
might be thought that in vivoresults could be affected by
autonomic background effects, blood flow, and other
similar factors. The non-significantrelationship between
invivo airwayrespo

agents and in vitro sensitivity of isolated airway smooth
muscle to the same agents?®*° supports this hypothesis.
However, other studies showed an increased tracheal
response to histamine in the absence of epithelial
barrier.®’#2  Masaki et al.*' have also shown a
significant correlation between bronchial responsiveness
of sensitized guinea pigs on in vivo and in vitro
experiments. Therefore, another explanation for this
discrepancy could be the differences between
experimentally induced asthma and actual asthma disease.
Obviously all aspects of asthma cannot be produced in
the animal model of this disease; and this seems to be the
strongest explanation for this discrepancy.

In conclusion, this study demonstrated enhanced
histamine H, receptor blockade by chlorpheniramine in
tracheal chains of asthmatic guinea pigs which confirms
our previous in vivo results. The cause of this enhanced
antagonism blockade at the tracheobronchial tree in
asthma is perhaps increased epithelial and tissue
permeability due to airway inflammation. The increased
epithelial and tissue permeability of the airways is, at
least in part, responsible for the bronchial
hyperresponsiveness to most stimuli seen in asthma.
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