Studies of desensitization and
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nonimmunologic stimuli that evoke
contraction and histamine release in
superfused guinea pig trachea
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This study examined the possibility that there is cross-desensitization berween immunologic and
nonimmunologic stimuli that evoke contraction and histamine release (HR) in the isolated
guinea pig trachea. Compound 48/80 and D-tubocurarine were found to cause homologous and
heterologous desensitization for both contraction and HR from superfused trachea. Specific
antigen challenge of trachea obtained from animals sensitized with either 1gG1 (ovalbumin
[OA]) or IgE (oxazolone-human serum albumin [OX-HSA]) also resulted in homologous
desensitization for both contraction and HR. However, in experiments with animals sensitized
with both 1gGl and IgE antibodies, prechallenge with OA resulted in cross-desensitization to
OX-HSA, whereas the reverse sequence was ineffective in eliciting this phenomenon. This may
be related to the tvpe of desensitization produced by each antigen (specific versus nonspecific)
or to heterogeneitv of mast cells in the tissue. Prechallenge of the trachea with compound 48/80
or D-tubocurarine failed to alter subsequent effects of antigen after active sensitization with OA
or passive sensitization with either 1gG1 or IgE antibodies. Small but statistically significant
decreases in tracheal responses to D-tubocurarine were observed after antigen prechallenge

to activate both 1gG1 and IgE antibodies. This is the first study to demonstrate a
cross-desensitization between compound 48180 and D-tubocurarine and the first to examine
cross-desensitization with IgG1 and IgE antibodies in the guinea pig trachea. The overall
conclusion is that there is no major overlap in the desensitization mechanisms between
immunologic and nonimmunologic stimuli in the guinea pig trachea. (J ALLERGY CLIN IMMUNOL

1991.87:655-61.)

Antigen desensitization, a decrease in response
to antigen resulting from prior antigen exposure, is
a well-described, but poorly understood, phenome-
non.'” Desensitization has also been demonstrated
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Abbreviations used

PCA: Passive cutaneous anaphylaxis
OA: Ovalbumin
OX: Oxazolone

HSA: Human serum albumin
HR: Histamine release

for a variety of nonimmunologic (and noncytolytic)
secretagogues, such as compound 48/80 and D-
tubocurarine.® Within each class of stimuli, cross-
desensitization is possible, but cross-desensitization
between immunologic and nonimmunologic stimuli
does not usually occur.”'* This finding would be con-
sistent with suggestions that sites responsible for de-
sensitization are related to activation of relatively spe-
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of cell activation than at more dlstal and, presumed
common, steps in the secretory pathways.'''”

However, Joiner et al.'® reported that prior exposure
of the isolated guinea pig trachea to a large concen-
tration of compound 48/80 resulted in a diminution
of subsequent contractions evoked by specific antigen.
Compound 48/80 and D-tubocurarine have been dem-
onstrated to have a marked preference for evoking HR
from trachea as opposed to peripheral lung tissue ob-
tained from the guinea pig, and it is suggested that
this selectivity might reflect a differential distribution
of “curare-sensitive” mast cells."” Therefore, it ap-
pears possible that the reported ability of compound
48/80 to decrease antigen-induced contractions in
guinea pig trachea was a consequence of a unique
tissue (or mast cell)-specific cross-desensitization.
The studies described in this article were designed
to examine further this possibility and to explore
the potential for a differential degree of cross-
desensitization when the challenging antigen was spe-
cific for either 1gG1 or IgE antibody.™

METHODS
Animals

Female albino guinea pigs (Bio-Lab  Corp.,
St. Paul, Minn.. and Department of Veterinary Science.

University of Wisconsin, Madison, Wis.). weighing 300 to
500 gm were used throughout the study. Animals were main-
tained in the Research Animal Resource Center of the Uni-
versity of Wisconsin. “Principles of Laboratory Animal
Care,” formulated by the National Socicty for Medical Re-
search, was the guideline used for animals in this work. and
the protocol was approved by the University of Wisconsin
Animal Welfare Committee.

Immunologic techniques

Preparation of hapten-protein conjugates, immunization
procedures for development of guinea pig IgGl and IgE
antibodies, antibody separation techniques with affinity-
column chromatography, and quantitation of serum antibody
titers by PCA have been comprehensively described in pre-
vious articles.”™ ™

Sensitization of pulmonary tissue and
mediator release and contraction

Guinea pigs were either passively or actively sensitized
for specific antigen challenge. Passively sensitized animals
received intravenous injections of antibody-rich serum 1 day
before being killed for tracheal removal. Passive sensiti-
zation was achieved by administration of (1) 0.5 ml/kg
of serum ricl in IgG1 antibody directed against QA (anti-
OA IgG1; PCA titer, 1:2560), and (2) 2.5 to 4.5 ml/kg
of pratein A-adsorbed serum devoid of all IgG antibodies
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FIG. 1. Time course for contraction (lower panels) and HR (upper panels) evoked by compound
48/80 (left panels) or D-tubocurarine (right panels) in superfused guinea pig trachea without
prechallenge {(control: 0O, compound 48/80; A, p-tubocurarine) and after homologous or heter-
ologous exposure to secretagogue {compound 48/80, 10~' mg/ml, ®; p-tubocurarine, 3 x 103
mol/L, A), Results represented in the figure were obtained with the same concentrations of each
secretagogue. Peak contractions {percent carbachol) determined independent of collection pe-
riod were 43 £ 5 (0; n =14}, 5+ 2 (m; n = 8; p<0.05), and 15 = 3 (A; n = 8; p < 0.05) for
compound 48/80 and 68 + 4 (A; n = 18),43 + 9 (m; n = 6; p < 0.05), and 14 = 2 (A; n = 10;
p < 0.05) for p-tubocurarine. Tota/ HR values (percent of total) during challenge in control ex-
periments were 2.6 = 0.4 and 8.7 = 0.9 for compound 48/80 and p-tubocurarine, respectively.
Histamine was not found in any of the superfusate samples obtained with challenge after
homologous or heterologous desensitization, and those zero values are not illustrated in the
figure. Vertical lines represent SEM and are not illustrated when they lie within the limits of the
symbol or overlap another. Where SEM did not overlap, there were statistically significant (p <
0.05) differences from control contraction values.

analyzed for residual tissue histamine content. The hista-
mine content of each superfusate sample was analyzed, and
the total superfusate and residual tissue contents were com-
bined to determine total histamine content. The amount of
histamine in each superfusate sample was expressed as a
percentage of the total histamine content remaining after the
preceding collection period. Histamine was not found in any
of the spontaneous-release samples collected before begin-
ning challenge.

Histamine assay

Histamine was measured by an automated continuous-
flow extraction (with dialyzer) and fluorometric analyzer as
described by Siraganian.” At concentrations used in these
studies, the antigens and secretagogues did not elicit non-

specific fluorescence or quenching of histamine standard
solutions.

Analyses

Means and SEMs were calculated for values obtained in
each experimental protocol. Differences between means
were determined with analysis of variance and Student’s ¢
test for unpaired samples. A p value of <0.05 was consid-
ered statistically significant.

Drugs and solutions

The following substances were used: histamine free base,
D-tubocurarine chloride, compound 48/80 (Sigma Chemical
Co., St. Louis, Mo.), and carbamylcholine chloride (car-
bachol, Aldrich Chemical Co., Inc., Milwaukee, Wis.). All
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FIG. 2. Time course for contraction {lower panels) and HR {upper panels) evoked by OA (left
paneis) or OX-HSA (right panels) in superfused trachea taken from guinea pigs passively sen-
sitized with both IgG1 (anti-OA) and IgE (anti-OX) antibodies. Experiments were conducted
without prechallenge {control: T, OA; 2, OX-HSA) and after heteroiogous antigen exposure (OX-
HSA, 107" mg/ml, &; ovalbumin, 107" mg/mil, ®).- Results represented in the figure were obtained
with the same concentrations of each antigen. Peak contractions (percent carbachol) determined
independent of collection period were 93 + 3 (control, 0; n = 8} and 95 = 4'(A, after OX-HSA
prechallenge; n = 8; p > 0.05) for OA and 67 = 6 (control, »; n = 8) and 28 + 4 (m, after OA
prechallenge; n = 8; p < 0.05) for OX-HSA. Tota/ HR values (percent of total) were 32.2 + 2.6
{control, O} and 25.6 + 3.6 (A, after OX-HSA prechallenge; p > 0.05) during challenge with OA
and 1.7 = 0.3 (»} during control challenge with OX-HSA. Histamine was not found in any of the
superfusate samples obtained with OX-HSA challenge after prechallenge with OA, and those
zero values are not illustrated in the figure. Vertical lines represent SEM and are not illustrated
when they lie within the limits of the symbol or overlap another. An asterisk denotes a-point at
which there was a statistically significant (p < 0.05) difference between a value obtained with
and without heterologous antigen prechallenge.
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drug solutions were prepared on the day of each experiment.
Drugs were dissolved in 0.9% sodium chloride and diluted
or dissolved directly in the superfusion solution.

RESULTS
Homologous antigen or
secretagogue desensitization
There was a statistically significant reduction in
second challenge contraction and histamine release

that developed as a result of a single exposure
of tracheal strips to either compound 48/80, 107’
mg/ml, or D-tubocurarine, 3 X 107°mol/L(Fig. 1).
In the case of these two secretagogues, a-small con-
tractile response was still evident, but no histamine
could be detected in superfusate samples during the
second consecutive homologous challenge.

One challenge of tracheal strips with 10™' mg/ml
of either OA (n = 2) or OX-HSA (n = 2) after sen-
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TABLE I. Summary of effects of compound 48/80 and p-tubocurarine on responses of guinea pig
trachea to immunologic challenges

Peak contraction* with SEM (n)

Total HRT with SEM

After After
Chalienge After compound After compound
(mg/mi) Controlt p-tubocurarine§ 48/80|| Controlt p-tubocurarine§ 48/80||
OAf 34 + 409) 38 = 5(8) 41 = 3(8) 24 03 24 £ 1.0 53 =28
(1079
OAY 70 = 3(8) 70 = 4(4) 72 £ 34) 193 x 28 29.2 + 3.0 27.1 = 2.0
(1079
OX-HSA(IgGh)# 77 = 2(9) 68 = 4(12) ND 143 = 2.1 12.0 £ 2.1 ND
(107"
OX-HSA(IgE)# 71 = 4(10) 59 = 7(8) ND 42 + 0.8 62 x 1.2 ND
(1079

n, Number of experiments; ND, not determined.

*Peak contraction determined independent of collection period and expressed as a percentage of the contraction produced by carbachol,

107* mol/L, added at the end of each experiment.

FTotal HR during the period of antigen challenge and superfusate collection expressed as a percentage of total histamine content.

FResponses to antigen without secretagogue prechallenge.

§ Tissues were prechallenged with D-tubocurarine, 3 X 107° mol/L.

| Tissues were prechallenged with compound 48/80, 10~' mg/ml.
Y Trachea were obtained from actively sensitized guinea pigs.
# Trachea were obtained from passively sensitized guinea pigs.

sitization of guinea pigs with both IgG1 (anti-OA) and
IgE (anti-OX) was adequate to prevent contractile re-
sponses and histamine release evoked by a second
challenge with the same concentration of each antigen
(homologous desensitization, data not presented).
Since these tissues responded in a normal manner to
subsequent superfusion with carbachol, the absence
of a contractile response to the second antigen chal-
lenge cannot be attributed to a nonspecific smooth
muscle depression (see below).

Heterologous secretagogue desensitization

Cross-desenitization between compound 48/80 and
D-tubocurarine was also evident (Fig. 1). Although
small contractile responses remained to one substance
after prechallenge with the other substance, histamine
release was not observed during the second challenge
with either substance.

Heterologous antigen desensitization

The effects of a single challenge with 10™' mg/ml
of either OA or OX-HSA on subsequent tracheal re-
sponses to the other antigen after sensitization of the
guinea pigs with both IgG1 (anti-OA) and IgE (anti-
OX) are illustrated in Fig. 2.

Prechallenge with OX-HSA had minimal effect on
subsequent responses to OA. There were no changes

in either the pattern of HR or total HR by OA. Even
though the peak contraction in response to OA was
similar to response obtained without antigen prechal-
lenge, the duration of the contraction was slightly
shorter after OX-HSA (Fig. 2).

In contrast, prechallenge of the trachea with OA
resulted in a statistically significant (p < 0.05) de-
crease in tracheal contraction and abolition of HR in
response to subsequent superfusion with OX-HSA
(Fig. 2).

Secretagogue-antigen challenges

Data in Table I demonstrate that prechallenge
with desensitizing concentrations of either compound
48/80 or D-tubocurarine did not alter contractile re-
sponses or HR produced by small and large concen-
trations of OA in trachea from actively sensitized
guinea pigs. Furthermore, D-tubocurarine did not sig-
nificantly alter contractions or HR evoked by OX-HSA
after passive sensitization of the guinea pigs with ei-
ther IgG1 (anti-OX) or IgE (anti-OX).

Antigen-secretagogue challenges

In trachea from guinea pigs passively sensitized
with IgG1 (anti-OA) and IgE (anti-OX), sequential
challenge with both antigens (OA and OX-HSA) re-
sulted in small, but statistically significant, decreases
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FIG. 3. Time course for contraction (lower panel) and HR
{upper panel} evoked by p-tubocurarine, 3 x 1072 mol/L,
in superfused trachea taken from guinea pigs passively
sensitized with both IgG1 (anti-OA) and IgE {anti-OX) an-
tibodies. Experiments were conducted without prechal-
lenge (control: o, p-tubocurarine; n = 18) and after two
consecutive challenges (antigens, ®;, n = 16), one with
OA, 107" mg/ml, and the other challenge with OX-HSA,
10" mg/ml, as described in METHODS. Half the tissues
received OA and half received OX-HSA as the first pre-
challenge. In both sequences, the results were similar, and
the values for antigen challenge were pooled. Peak con-
tractions (percent carbachol) induced by p-tubocurarine
determined independent of collection period were 68 + 4
{control, ©) and 51 * 4 (m, after OA and OX antigens pre-
challenge; p < 0.05). Total HR values (percent of total)
were 8.7 = 0.9 {control, ©) and 4.6 + 0.6 (m, after OA and
OX antigens prechallenge; p < 0.05) during superfusion
with p-tubocurarine. Vertical lines represent SEM, and an
asterisk denotes a point at which there was a statistically
significantly (p < 0.05) difference between a value ob-
tained with and without antigen prechallenge.

in subsequent contractions and HR induced by D-
tubocurarine (Fig. 3).

DISCUSSION

The results of this study do not support the postulate
that the guinea pig trachea contains a population of
mast cells having unique characteristics of desensiti-
zation or cross-desensitization. Rather, the desensi-

J. ALLERGY CLIN.IMMUNOL.
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tization patterns observed in this study were similar,
for the most part, to patterns found in easlier stud-
ies™ with isolated mast cells or basophils. Specifi-
cally, desensitization and cross-desensitization could
be demonstrated for nonimmunologic stimuli {com-
pound 48/80 and D-tubocurarine in this study), but
this desensitization did not extend to immunologic
activation, regardless of the class of sensitizing an-
tibody activated. The small decrease in response to
D-tubocurarine after establishment of immunologic
desensitization for both IgG1 and IgE antibodies sug-
gests that the process for antigen desensitization also
does not extend to any major degree to invoive a
nonimmunologic stimulus.

Although support for the original hypothesis was.
not found, the results of this study provide the first
demonstration of cross-desensitization between com-
pound 48/80 and D-tubocurarine for provoking con-
traction and HR in the guinea pig trachea. This ob-
servation is consistent with suggestions that these se-
cretagogues act at a similar site on mast cells™ and
strengthens the case for the existence, in guinea pig
trachea, of a population of mast cells containing this
site."”

Whether the absence of cross-desensitization be-
tween immunologic and nonimmunologic stimuli is
related to release by each class from different popu-
lations of mast cells cannot be ascertained at the pres-
ent time. Since activation of IgGl resuited in de-
sensitization to activation of IgE, it appears that
these two antibodies can sensitize a similar popula-
tion of tracheal mast cells. The inability of activation
of IgE to provide cross-desensitization to activation
of IgGl1 raises the possibility that an additional mast
cell population sensitized by IgG1, but not IgE anti-
body, exists. Alternatively, this difference in cross-
desensitization could be related to the type of desen-
sitization produced by each antigen. Clearly, the mag-
nitude of HR evoked by maximum activation of 1gG1
in this study was larger than that by maximum- acti-
vation of [gE. This distinction is consistent and typical
between the two types of antibody® and raises the
possibility that the type of desensitization produced
by antigen directed against IgG1 is “nonspecific” and
that produced by antigen directed against IgE is “spe-
cific”.* ** The occurrence of these two different types
of desensitization could therefore account for the dif-
ferent degrees of cross-desensitization, depending on
the sequence of antigen challenge. It is also possible
that there is a similar differential effect of the non-
immunologic stimuli used in this study. Additional
experiments will be necessary to clarify these issues.
However, since we have previously demonstrated that
1gG1 and IgE sensitize different Fc receptors in guinea
pig pulmonary tissues,'® it appears likely that acti-
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vation of IgGl in the present studies resulted in the
“nonspecific” type of desensitization.

~
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