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Abstract—The responsiveness of tracheal and lung parenchymal strips isolated from actively sensitized
guinea-pigs to CaCl, (in K *-depolarized tissue), KCl, acetylcholine and histamine was compared with that
of strips from unsensitized animals. The concentration-response curves to the mentioned agonists
exhibited, in the sensitized group, a left upward displacement (greater maximal effect, lesser effective
concentration 50% and a steeper slope) compared with those obtained in the unsensitized group. These
results indicate the existence of a non-specific increase in responsiveness in the airway smooth muscle from

sensitized animals.

Airway hyperreactivity to physical, chemical, immunologi-
cal and pharmacological stimuli is a characteristic feature of
asthma (Boushey et al 1980). Focusing upon pharmacologi-
cal agents, the heightened responsiveness to autonomic
drugs (cholinomimetics) and endogenous autacoids (hista-
mine, 5-hydroxytryptamine, bradykinin and prostaglandin
F,.) is well documented in asthmatics (Boushey et al 1980).

The sensitization of laboratory animals, in particular of
the guinea-pig, has become a widely adopted method used to
create in-vivo and in-vitro models of allergic asthma that, as
closely as possible, mimic the disease state in man (Giembycz
& Rodger 1987).

The characteristics of the antigen-induced contraction of
isolated airway smooth muscle, the mediators involved in its
generation and its modification by a wide array of antago-
nists have been extensively studied in various animal species
(Chand et al 1979; Yen & Kreutner 1980; Fleisch et al 1982;
Burka 1983; Songsiridej et al 1983; Creese & Temple 1986a,
b; Mansour & Daniel 1986). By contrast, there are fewer
studies comparing the response to a certain agonist in normal
vs sensitized animals (Brink et al 1981; Souhrada & Souh-
rada 1981; Turner et al 1983; Nakagoshi et al 1987) and very
few with a systematic approach, considering the main
physiological and pharmacological agents under the same
experimental conditions (Saad & Burka 1983; Morcillo et al
1984; Mansour & Daniel 1987).

The present work was designed to see if trachea and lung
parenchyma isolated from actively sensitized guinea-pigs
exhibit hyperresponsiveness to four distinct agonists: CaCl,
(in K+*-depolarized tissue), KCl, acetylcholine and hista-
mine.

Materials and Methods

Isolated preparations and sensitization procedure

Male guinea-pigs (300-400 g) were randomly allocated to
one of two groups, control (non-sensitized) and sensitized.
The sensitization procedure was: on day 0 the animals were
injected subcutaneously with 0-25 mL of Freund’s complete
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adjuvant plus 1-25 pg g~! body weight of bovine serum
albumin (BSA) dissolved in 0-25 mL saline, on day 2 and day
4 the animals received the same amount of Freund’s
complete adjuvant and BSA by the intramuscular route. The
animals were used for experiments on days 21 to 25. The
control group was subjected to the same protocol but
received only saline. The guinea-pigs were transported from
the animal house to the laboratory at least two weeks before
entering the sensitization or sham procedures, kept in
individual cages under controlled conditions of light and
temperature and with supplementary amount of ascorbic
acid included in their diet, according to Hitchcock (1980),
until killed.

Each animal was killed by stunning and exsanguination,
the thorax opened and its contents rapidly transferred to a
Petri dish with oxygenated physiological salt solution (PSS).
The trachea was excised, cleaned of adhering tissues, opened
by cutting longitudinally through the cartilage rings dia-
metrially opposite the trachealis and divided into 4 mm wide
segments. Parenchymal strips, 20 mm in length with 3 x 3
mm cross section, were trimmed from the pleural edge of the
right and left lower lobes of the lung. The tissue strips were
mounted in jacketed 20 mL organ baths containing a PSS of
the following composition (mm): NaCl 118-4, KCl 4.7,
NaHCO; 25-0, CaCl, 2-5, MgS0, 0-6, KH,PO, 1-2, dextrose
11-1, maintained at 37°C and continuously gassed with 5%
CQ; in oxygen (pH 7-4+0-1). An isometric recording was
obtained with force transducers (Hewlett-Packard FTA
100-1 or Grass FT 0-3 C) connected through amplifiers to a
polygraph. Baths and tranducer holders were wall-mounted
to minimize mechanical disturbances which may interfere
with the recording of the small changes in force generated by
the strips.

The strips were gently stretched, by using a precision
micrometer, up to 1 g of initial isometric force and a 90 min
equilibration period was permitted with changes of the PSS
at 15 min intervals before any pharmacological intervention.
During this period the tracheal strips normally tended to
increase in tone whereas the parenchymal strips relaxed
slightly, but care was taken to maintain the resting tension
constant until the end of the equilibration period. The
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loading tension of 1 gimposed on the preparation was found
by preliminary experiment to allow optimal responses to

agonists.

Concentration-response curves 10 agonists

" The agonists were added to the bath in a cumulative fashion
to obtain concentration-response curves (CRC). Only one
complete CRC to a given agonist was obtained from each
strip. In those experiments in which CaCl, was the contractile
agonist the following protocol was used. The strip was
initially set up in Tris-buffer solution of this composition
(mm): NaCl 134-8, KC1 4-7, CaCl, 2-5, MgS8O, 1-2, Tris 5-0,
HCl1 50, dextrose 10-1 (pH 7-4). After 60 min of equili-
bration, this medium was changed for a Ca?*-free (neither
Ca?+ nor a Ca?* chelating agent was present) Tris solution
where the strips remained for 30 min. Then, this medium was
replaced by a K*-rich (55 mm KCl in equimolar replacement
for NaCl), Ca?*-free Tris solution and after an equilibration
period of 30 min, CaCl, was added cumulatively to the bath.
Tris-buffer solution was aerated with pure oxygen and
allowed the construction of complete (up to 100 mm) CRC to
CaCl,. In previous experiments it was found that CRC to
CaCl, obtained in depolarizing, Ca?*-free, Tris solution did
not significantly differ from those constructed in depolariz-
ing, Ca?*-free, PSS.

Responses to BSA

The strips from actively sensitized guinea-pigs were tested,
once the experiment was terminated, with BSA 1 mg mL-!,
to confirm the existence of an antigen-induced contraction.
This was also done in the strips from non-sensitized animals
to check the lack of responsiveness. All tracheal strips from
sensitized animals reacted with a rapidly developing and
sustained contraction which reached a peak of 174 +44 mg
mg~! (n=33). All lung parenchymal strips from sensitized
guinea-pigs reacted with a rapidly developing contraction
which reached a peak of 101 +27 mg mm~—2 (n=24) usually
decaying to a plateau representing 30 to 40% of the peak.

Calculation of results and data analysis

The changes in force resulting from drug addition were
determined directly from the recordings and transformed
into force (mg)/tissue dry weight (mg) for the tracheal strips,

or force (mg)/cross-sectional area (mm?) for the lung paren-
chymal strips. The cross-sectional area was determined by
dividing the tissue wet weight by the tissue length which was
measured at the end of the equilibration period by means of a
graduated magnifying lens (+0-1 mm). Immediately after
completion of the pharmacomechanical studies, the strips
were removed from the bath, blotted and the wet and dry
(24 h at 64°C) weights of the sample obtained on a precision
balance (4 0-1 mg).

The pD; values were defined as the negative logarithm
(base 10) of the EC50 values which were interpolated from
individual CRC. EC50 is the drug concentration causing
50% of maximal effect. The slope of the steepest portion of
CRC was measured and expressed as % per log unit (Foster
et al 1984). Data are presented as mean+s.e.m. and were
analysed for statistical significance by the use of Student’s
t-test for unpaired data. The difference between groups was
considered significant when P <0-05.

Drugs and solutions

Drug concentrations are expressed as final molar (M) bath
concentrations of the active species. The following chemicals
were used: acetylcholine chloride (Sigma), bovine serum
albumin (Sigma), Freund’s complete adjuvant (Difco) and
histamine dihydrochloride (Sigma).

Stock solutions were prepared in twice-distilled water just
before experimentation and serially diluted as necessary.
Drug solutions were kept on ice and added to the organ bath
in small volumes (0-1 mL).

Results

In the non-sensitized group of animals, addition to the bath
of cumulative concentrations of CaCl, (acting on K+-de
polarized tissue), KCl, acetylcholine and histamine resulted
in concentration-related contraction of tracheal and lung
parenchymal strips (Fig. 1). The parameters of the CRC to
these agonists are shown in Table 1. When the responses to
these agonists were determined in strips from sensitized
animals, it was found that their CRC exhibited a left upward
displacement and a steeper slope compared with those
obtained in the unsensitized group (Fig. 1) which translates

Table 1. Characteristics of concentration-response curves to CaCl, (in K *-depolarized tissues), KCl, acetylcholine (ACh) and histamine (HA)
in tracheal and lung parenchymal strips obtained from control (non-sensitized) and actively sensitized guinea-pigs.

Non-sensitized

Trachea Emax pD2

CaCl, 171439 2:64 +0-05 63
KCl 212430 1-794+0-02 61
ACh 337+£70 5024011 44
HA 363131 4-85+0-06 57
Parenchyma

CaCl, 8246 2:634+0-07 49
KCl 140410 1-71 +0-03 91
ACh 8745 4754+0-14 51
HA 136 +14 537+ 0-09 72
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Sensitized
Emax PDz S
6 356 +38* 2-7940-05* 11404+ 5-6*
6 541 +36* 1-87+0-02* 132-.8+7-7*
7 649 +99* 5-45+0-13* 77-449-2*
1 488 +47* 6-064+0-16* T1-4+453*
174 +11* 2:7940-05* 100-8 +4-3*
230+17* 1-8240-03* 135-443-0*
168 +-8* 579+0-17* 71-84+3-4*
229 +29* 5:-554+0-07* 122-448-1*

The number of experiments was 12 in each group; Epa, is the maximal effect of the agonist expressed as mg mg ™! (trachea) or mg mm -~

2

(parenchyma): pD; is —log EC50: S indicates the slope of steepest portion of curve (% per log unit); data are mean +s.e.m. All values in the
sensitized group were found to be significantly different (* is P <0-05) from those in the non-sensitized group.
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FiG. 1. Concentration-response curves for contraction of tracheal (left panels) and lung parenchymal (right panels) strips
by CaCl, (in K *-depolarized tissues), KCl, acetylcholine and histamine in control (a) and sensitized (&) guinea-pigs.

into the differences of the parameters of CRC shown in
Table 1.

This kind of displacement of the CRC for the four agonists
used in this study indicates the existence of a non-specific
hyperresponsiveness in the preparations obtained from the
sensitized guinea-pigs. To further analyse this finding, the
two components of the shift of the CRC, i.e. the horizontal
and vertical shift, have been measured according to the
procedure of Kalsner (1974) which gives the results of
Table 2.

Discussion

The results from this study show the existence of an increase

in responsiveness to CaCl, (in K *-depolarised tissue), KCl,
acetylcholine and histamine in tracheal and lung parenchy-
mal strips obtained from actively sensitized guinea-pigs. This
finding confirms a previous report from this laboratory using
various pharmacological stimuli in lung parenchymal strips
(Morcillo et al 1984) and extends the observation to other
agents and to the central airways of the same animal species.

The agonists used in the present study were selected to be
representative of two, theoretically possible, agonistical
procedures (Giembycz & Rodger 1987): (i) opening of
potential sensitive calcium channels (PSC) by K+*-induced
membrane depolarization leading to the influx of extracellu-
lar Ca?* present in the medium (electromechanical coupling)
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Table 2. Analysis of the sensitization-induced displacement of the concentration-response curves to CaCl, (in K *-depolarized tissue). KCl,
acetylcholine (ACh) and histamine (HA) in tracheal and lung parenchymal strips isolated from control and actively sensitized guinea-pigs.

Horizontal shift

Dose-ratio at fixed
percentages of the maximal
response (control/sensitized)

25% 50% 75%
Trachea
CaCl, 1-74 1-41 I-13
KCl 1-22 1-20 I-11
ACh 9-65 2:37 0-82
HA 3-81 16-:09 7-74
Parenchyma
CaCl, 1-26 1-44 1-30
KCl 1-55 1-19 1-03
ACh 15-62 10-94 2:94
HA 1-06 1-51 1-48

Vertical shift

Effect-ratio at fixed concentrations producing
a determined percentage of the control
maximal response (sensitized/control)

25% 50% 75% 100%
2:79 2:33 2:17 207
2-98 271 2:41 2-46
2:90 2:14 1-90 1-93
2:67 213 1-60 1-36
2:34 2:24 221 2-10
2:40 1-86 171 1-64
37 272 2-14 1-95
1-57 1-88 1-86 1-69

or exogenously supplied (Ca?*-induced contraction), and
(ii) activation of receptor-operated ion channels (ROC) or of
release mechanisms from intracellular calcium stores follow-
ing occupation of cell-surface receptors (muscarinic, H;) by
their specific agonists (acetylcholine, histamine), with or
without simultaneous depolarization permitting extracellu-
lar Ca?* entry and/or promoting intracellular Ca?* release
(pharmacomechanical coupling). The situation in the airway
smooth muscle has not yet been fully elucidated. The
existence of PSC in trachealis seems well established whereas
there is little experimental evidence for the presence of ROC
(Small & Foster 1986; Giembycz & Rodger 1987).

Nevertheless, the contractile responses elicited by the four
distinct agonists used in the present study were all augmented
in the sensitized specimens compared with the non-sensi-
tized. This, together with previous data (Morcillo et al 1984),
indicates the existence of a non-specific increase in respon-
siveness, with CRC to the agonists lying on the left upper side
of their controls. The analysis of this displacement, accord-
ing to Kalsner (1974), shows that while the degree of
horizontal shift is variable, depending on the level of the
response at which it was evaluated, the degree of vertical shift
remains reasonably constant at the four levels of response
considered. If a pure horizontal shift (equal dose-ratio at all
response levels) is known as type I (Kalsner 1974), prejunc-
tional (Fleming et al 1973) or deviation (Westfall 1981)
supersensitivity and a pure vertical shift as type I1, postjunc-
tional or non-deviation supersensitivity, the results from this
study indicate that the type of hyperresponsiveness observed
fits better with a type II supersensitivity mechanism, having a
component of type I. It is known that both types coexist in
various experimental models (Westfall 1981).

The airway response of asthmatics is characterized both by
a leftward shift of CRC and by an increased maximal
response (steeper slope) to various agonists (Orehek et al
1977, Woolcock et al 1984), i.e. a non-specific hyperreactivity
that is also compatible with a mixed type of supersensitivity.
Many factors could contribute in-vivo to produce hyper-
reactivity (Boushey et al 1980; Morley 1982; Moreno et al
1986) and among them, in accord with the presence of a
postjunctional supersensitivity, an alteration in the intrinsic
properties of airway smooth muscle has been postulated.

However, attempts to demonstrate hyperresponsiveness

in-vitro of airway smooth muscle obtained from patients
with hyperreactivity in-vivo have failed (Roberts et al 1983;
Vincenc et al 1983; Armour et al 1984; Taylor et al 1985),
with few exceptions (Schellenberg & Foster 1985), although
conclusions from these experiments should be accepted with
caution because of the methodological difficulties inherent to
the use of human samples (Moreno et al 1986; Mansour &
Daniel 1987).

Unfortunately, studies using sensitized animals have
reported conflicting results. Thus, Krell et al (1976), Brink et
al (1981), Saad & Burka (1983), Turner et al (1983) and
Mansour & Daniel (1987) found no increase of responsive-
ness or sensitivity to agonists in sensitized tissues which is in
contrast with the results from the present study. This
discrepancy may be explicable in a number of ways such as
the different animal species or strain used, the sensitization
procedure (differences in the antigen and coadjuvant used,
route of administration, time elapsed between sensitization
and death of the animal, resensitization, challenge with
antigen before testing the agonists), the additional supply of
ascorbic acid in the diet of animals (Hitchcock 1980), the
tissue preparation (type of strip mounted in the organ bath,
presence or absence of intact epithelium, size of loading
tension imposed to the tissue), and the type of recording
(isometric vs isotonic, etc.) Notwithstanding, other authors
(Popa et al 1973; Weiss & Viswanath 1979; Kleinstiver &
Eyre 1980; Souhrada & Souhrada 1981; Iwayama et al 1982;
Rubinfeld et al 1982; Morcillo et al 1984) have found
increased airway responses to various agonists in sensitized
animals.

The characteristics of the hyperresponsiveness observed in
the present study closely resemble those reported for the
reserpine-induced supersensitivity in rabbit aorta (Kalsner
1974) which has been associated with an enhanced ability of
the tissue to retain and utilize calcium (Carrier & Hester
1976; Krishnamurty & Mukherjee 1981). Results with CaCl,
and KCl in this study may be interpreted as due to more
extracellular Ca?* being able to enter the cell and/or more
PSC opening after depolarization by K +. Studies in trachea
isolated from actively sensitized guinea-pig have demon-
strated an increased sensitivity to extracellular Ca?t (Weiss
& Viswanath 1979; Martorana & Rodger 1981; Dhillon &
Rodger 1981). Studies with ¥*Ca show that although basal
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Ca?* uptake is not modified (Reaburn et al 1987), the K*-
stimulated Ca?* uptake was enhanced in sensitized tissues
(unpublished observation).

On the other hand, acetylcholine and histamine, and also
in part KCl, promote mobilization of Ca?* of intracellular
origin (Giembycz & Rodger 1987) and, therefore, their
enhanced contractile responses in sensitized tissues may be
due to augmented intracellular Ca+ release. An additional
piece of evidence in favour of this is that caffeine, a drug
producing intracellular Ca?* release, elicits a contraction in
guinea-pig trachealis under certain experimental conditions
(Small et al 1988) which is increased in sensitized tissues
(Ortiz et al 1988). The efficacy of trifluoperazine, an intra-
cellular calcium antagonist, is augmented in lung parenchy-
mal strips from sensitized guinea-pigs (Perpifia et al 1987;
Sanz et al 1988). Finally, an alteration of the contractile
proteins in the sensitized state should not be discarded
although preliminary evidence from this laboratory shows
equal responses to calcium in skinned trachea (Cortijo et al
1987) from sensitized and control guinea-pigs.

The biochemical basis of these alterations in the character-
istics of the membrane of airway smooth muscle cells and in
the intracellular Ca?* movements remain uncertain (Nath et
al 1983; Souhrada & Souhrada 1984; Weiss & Bellino 1985)
but warrants further research since a future therapeutic
approach to asthma may be the finding of more selective
intracellular calcium antagonists.
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