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Abstract

To study the asthmatogenic effect of certain airborne elements of the home envi-
ronment, we studied a group of guinea pigs exposed to aerosolized cockroach
allergen (CRa) and side-stream cigarette (S-SC) smoke. Four groups of guinca
pigs were exposed to aerosols, either saline or CRa, for 4 weeks. afte: a sham or
S-SC smoke pretreatment. Anaphylactic antibodies were measured by passive
cutaneous anaphylaxis (PCA) assay and by skin test. Animals were challenged
with aerosol CRa on day 35, and lung function and leukotrienes (LTB, and LTC ,/
D) were measured. Skin tests were positive on days 21 and 29. The antibodies
were heat-stable, IgGla-like antibodies (PCA titers 1:2-18). The CRa challenge
caused an immediate reduction in both the maximal expiratory flow rate at 50%
of the lung capacity and respiratory compliance. The decreased lung function
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Key Words continued for up to 6 h (p<<0.0001). LTB; and LTC /D, were -levated (p<0.0001)
Asthma in the sensitized animals at the corresponding times of reduced lung function.
Side-stream cigarette smoke S-SC smoke did not affect the CRa sensitization; instead. a protective effect on
PCA the CRa-induced bronchospasms was noted. Thus. the study indicates that a sim-
Leukotrienes ple airborne CRa exposure without an adjuvant sensitizes guinea pigs. and that

Inhalation challenge the animals respond to antigen challenge with CRa-specific airway obstructions.

Introduction childhood and they are clustered in families of low socioec-

onomic status where smoking commonly takes place. These

The mortality and morbidity rates of inner-city asthmat-
ics are risi g despite substantial progress in understandir g
the immunopathog.nesis of asthma as well as its pharmaco-
modulations [1-7]. Imer-city asthmatics generally have se-
vere asthma and heavily utilize hospitals and cinergency
rooms. Moreover, they are frequently allergic to multiple
inhalants. including indoor allergens such as dust mites and
cockroaches [8-10]. A cockroach-allergic subgroup, which
can be up to 40-60% of inner-city asthmatics, usually shows
highly elevated IgE antibodies [11-13]. These high-risk
asthimatics have often lifelong asthma starting in early

suby_cts often live in crowded urban dwellings infested with
cockroaches, and the rate of cockroach sensitivity scems to
correlate with the severity of the infestation of the pest [14].

The role of acroallergens in the severity of asthma is well
documented, particularly the role of indoor ergens [8-
10]. Cockroach allergen (CRa). one of the indoor environ-
mental allergens of the inner city, is well known for induc-
ing dual asthmatic reactions in patients shown to have al-
levgic sensitivities [11, 12]. However, the mechanism of the
allergic sensitization process or asthmatogenesis of the in-
docr allergen is not yet clearly understood. Moreover, de-
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spite considerable recent interest in inner-city. high-risk
asthma. few attempts have been made to delincate whethera
factor or factors in the indoor environment are responsible
forthe development of the allergie sensitization and usthma,

In order te study the risk factor(s) of mner-city asthma,
the authors clected to study the asthimatogenic effects of
cockroach infestation and indirect cigarette smoking. both
of which are often common denominators of the indoor en-
vironment in the clusters of high-risk asthmatics. The au-
thors designed an experiment in which ZUINEa pigs were ex-
posed to the airborne CRa and or indirect cigarette smoke.
The sensitization to CRa was used 1o determine whether
animals become allergic and asthmatic. w hile exposure to
indirect cigarette smoke acts as an adjuvant in the allergic
sensitization.

Animal models have been used 1o investigate allergic
diseases [15-21]. Guinca pigs are frequently used, and sen-
sitization s often achieved by intraperitoneal injection of 1n
antigen boosted with an adjuvant. i.c.. Al(OH); or pertussis
vaceme, ¢ produce a human IgE equivalent of reaginic anti-
bodies. 1. Gla and IgE |18, 19]. However. the traditional
model in which animals are sensitized by intraperitoneal in-
jection of an antigen with or without an adjuvant is inappro-
priate for testing the hypothesis that chronic exposure to an
airborned indoor allergen. with or without indirect cigarette
smoke. sensitizes the animals to become asthmatic.

The present study is based on our earlier work [21, 22],
and extends it to confirm that these sensitized guinea pigs
develop the cockroach allergic asthma. Simultaneously, the
authors compared the reliability and accuracy of skin test
\ersus passive cutaneous anaphylaxis (PCA) assays in de-
tecting the allergic state of the animals. This study has the
tull approval of the Institutional Review Board of the Uni-
versity of Kentucky.

Materials and Methods

Experimental Design

English short-hair g ea pigs were divided into four aroups (8 in
cach groupy: control receiv od sham - moke follow cd by diluent <ensiti-
zation, Smok ¢ + CRarecen ed stde--iream cigarette (S-SC) smoke fol-
lowved by CRa sensitizaton, CRa received sham smoke followed by
CRa sensitization, and S noke recejved S-SC smoke followed by di-
luent sensitization. The v ler of the experiinental groups was selected
randomly. Four guinea pis s from each group were placed in a semi-
clesed charsbher during s ke pretreatment and acrosol sensitization.
During the  eriod of sensitization. blood (1.Oml) was drawn via car-
diae punctus. atday 0,19, and 30, and the serum was stored at -20°C 10
be used later “or PCA assay. An allergy skin test was performed on the
shaved skin ¢ “the ventral side on days 21and 29 of sensitization. A fier
afullweel of resting. all animals were challenged with CRa inhalation
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on day 35 Arterial cannalation was done using a polyethylene tube.
PE SO (Clay Adams, Parsippanny. NLL). for measurement of leuko-
trienes.and an endotracheal tube was surgically inserted under pento-
Rrbrtal sedation, Pulmonarny responses and changes inanaphy lactie
mediators were measured at 1 3043 and 360 min atter compistionola
30-min challenge.

Animals

Male English short-hair guinea pigs weighing 200-250 g. used for
sensitization, and male Hartley guinea pigs weighing 200-300 g, used
for PCA. were obtained from Hilltop Laboratory (Scotsdale. Pa.). The
anmals were maintained at the animal quarters of the Tobacco and
Health Rescarch [nstitute and Division of Laboratory Animal Re-
sources, University of Kentucky.

Cockroach Sensitization

Caockroach acrosol sensitization was done as previously described
[22.23]. Briefly. 4 guinea pigs were placed in @ semiclosed chamber
connected to an ultrasonic nebulizer (Ultra-Neb 100, DeVilbiss). CRa
(0.5mg in 10 ml of i~otonic saline) or diluent was aerosolized for
45 min. and animals were kept in the chamber for an additional
60 min. This treatment was performed twice a day, 3 days a week. The
CRa used was a lyophilized German cockroach extract obtained from
Greer Laboratorics (Lenoir, N.C.). The Smoke  CRa and the Smoke
groups were exposed to S-SC smoke for a per. +d of 10 min prior to
antigen or diluent exposure. S-SC smoke was done as previously de-
scribed by Griffith and Hancock [24]. Sham smoking was accom-
plished by keeping the animals in the chamber without alitcigarette,

Measurement of Anaphviactic Antibodies

Guinea pig anaphylactic antibodies were measured by two inde-
pendent methods, PCA assay and skin testing. First. PCA for both IgE
and lgGla-like antibodies was measured by the same method de-
scribed in our earlier study [22. 23]. Briefly, thawed serum was divid-
ed into 2 aliquots, 1 nonheated for IgE, and the other heated (56 °C for
4h) for IgGla antibodies. Fach aliquot was serially diluted, 1:2, 16,
118, 1:54. 1:162 and 1:486. and inoculated to the shaved back skin of
the Hartlev guinea pigs. The ronheated serum was further divided into
2aliquots. ane of which was heat-treated at 56°C for 30 min. Both
main aliquots for IgE antibody were assayed 7 days after inoculation.
The heated serum for IgGla was assayed for PCA 4 hafter inoculation,
by challenging with CRa intray enously (I mg mixed with Evans blue
in phosphate-buffered saline). Mean diameters of the bluing areas
were measured 30 min after challenge. Second, a skin test was per-
formed with 0.03-ml injections intracutancously for three strengths of
CRa. 0.5, 5 and 50 pg/ml, plus negative and positive (histamine hase
0.1 mg/ml) controls. The resulting *wheals’ were measured lenghtivise
and vertically 30 min afier antigen injection,

Meaurements of Ainvay Responses 1o Antigen Chall, inge

A sensitized guinea pig was anesthetized with an ntraperityeal
injection of sodium pentobarbital (30-35 mg’kg). cannulated for
blood drawing. intul id with an endotracheal tube. paralyzed with
gallamine tr-ethiodide administered intra cnously (10 v kg). and ar-
tifictally ventilated. The animal was placed supine e a 2.8-liter
whole-body plethysmograph. The maximal evpiratory flow volume
mancuver was carried out as described previously [25.26]). Briefly, the
flow rate was monitored with a Statham PM 15 differential pressure
transducer as the pressure dropped across three layers of 325-mesh
wire screen in the wall of the plethysmograph. The lung volume
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Table 1. Results of atlergy skim test

Group Diluent CRaO3ng  CRalug CRa Mg Histamine
Controltn - §8) 020 0=0 0.1+0.1 0.620.3 87202
Smoke - CRan ™) 0.3-0.3 2o-0477 6.8+0.3" AVENVREE 0102
CRam M) 06203 35002 6340377 So2040" 0.2:02
Smoke (- N) 03+0.2 0.3+0.2 0.6+0.3 1.4+0.3 8.640.2

Values are means + SEM. Size of wheals in diameters (mm) is given in the four groups of

cuinea pigs onday 21.
' p<<0.05 vs. control:
P <<0.05 vs. Smoke.

h

change was measured via integration of flow. Airway opening pres-
sure (Pao) was measured and the lung was inflated 3 times to total
capacity (lung volume at Pao = 30 em HO). At peak volume during
the third inflation. the inflation valve was shut off. an immediately
another solenoid valve for deflation was automatically wined on. The
deflation valve was connegted to a 20-liter container with a negative
pressure of 40 cm H: 0. This negative pressure produced the maximal
expiratory flow (Vmax). The maximal expiratory flow volume plot
was recorded and stored on a cathode ray storage oscilloscope (Hi-
tachi. V-134). Respiratory compliance (Crs) was obtained by dividing
the tidal volume by iis accompanying Pao difference during artificial
ventilation. The Pao difference was measured between end inspiration
and end expiration (i.e.. instrument zero flow). The maximal cxpirato-
ry flow rate at 300 total lung capacity (Vmax30) was obtained.

After baseline measurements of lung function were made and
blood was drawn. the animal was challenged with CRa. 1 mg 10 mi of
buffered saline. The acrosolized CRa was delivered by an ultrasonic
nebulizer. connected to the respirator for a duration of 30 min. The
Harvard ro spirator used was set at a rate of 60 breaths per minute witha
tidal volume of 8-10 ml kg.

Measurement of Leukotrienes By and Cy D in Arterial Blood

Leukotrienes B, (LTB,)yand C, Dy (LTC, Dy) were measured by
ELISA Technologres kit (product B.: No. 406110 and . Dy No.
106210) according to the manufacturer’s instructions. Reagents for
leukotrienes. LTB, and LTC, D,. were bought from ELISA Technol-
ogies (Lexington. Ky.). Heparinized blood was drawn from a carotid
artery at 0, 5, 45, and 360 min after completion of the CRa challenge
and stored at ~20°C for later use. The minimal detectable level was
0.02 ng/m! with a constant variance of =10%.

Statisti-al Methods

Values dre reported as means = SEM. Variances in deviation from
the mean were analy zed to establish the statistical significance of the
four groups for cach variable collected. A vopeated-measure ANOVA
was performed on the raw values. Post hoe comparisons were based on
Fisher's least significant difference procedure. p values less than 0.05
were deemed statistically significant. A mainframe SAS application
wias used.

Cockroach Asthmain Guinea Pig
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Fig.1. Result of PCA for IgGla antibody. Guinea pig serum was
collected on day 30. Results shown are means = SEM (n=8, each
group). ‘p<<0.05 vs. controk: "p<0.05 vs. Smoke: “p<c0.01 vs. con-
trol: Yp<<0.01 vs. Smoke.

Results

Development of Anaphylactic Antibodies upon

Allergen Sensitization A

A skin-sensitizing anaphylactic antibody was detected
on days 21 and 29 by means of allergy skin testing in the
Smoke + CRa and the CRa groups (see table 1). Potencies
ind dose responsiveness were similar on both days of sensi-
tization in both antiger-sensitized groups. “Flare’ reactions
cory thema) were mild, ihe flares only slightly larger than the

vheals themi-elves. However, PCA assays did not pick up

positive reactions on dis 0 and 19 in these animals (the
Smoke ~ CRa and the CRa groups) and failed to do so until
day 30 when low titers (1:2 18) of 1gGla-like antibodies ap-
peared (see fig.1). No lgk-like heat-labile antibodies were
detected on day 19 aud 30. The noted IgGla-like antibodies
were similar in potency in both groups of animals, the
Smoke + CRa and CRa.
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Table 2. Comparative changes in Vmax30 following CRa challenge in the four groups

Group Vimax30, mls
baseline Smin 45 mm 6Gh p values
Control (n = &) 77.91£6.6 774£6.8 74.826.6 70.9£74 R
(99+£2) (96%1) (98x3)
> p<0.0001
Smoke + CRa(n=&: 73.3+3.0 57.0%3.0 56.3£3.8 58.7+2.8
(78+4) (77+4) (R0%3)
> p<0.0001 p<0.0001
(Ra(n=7) 72.0x1.3 312243 SES=35 SO.1+3.8
(71%4) (69£5) (69+3)
> p<0.0001
Smoke (n - 7) 76.0£2.4 70.6£2.6 70.1£2.1 71.3+34
(93+4) (93%3) (94+2)

Values are means = SE. Numbers in parentheses represent %o baseline values.

Pulmonary Function Changes upon Inhalation of

Cockroach Extract

The CRa challenge did not induce any changes in the ani-
mals of the control group. A decrease in Vmax350 of more
than 20% of baseline values was noted in 14 of 15 CRa-sen-
sitized guinea pigs, regardless of S-SC smoking status, as
compared to | of 14 of the non-antigen-sensitized animals
{p<<0.0001). The decreased Vmax50 was apparent at 5 min
and was sustained steadily up to 6 h postchallenge in both of
the antigen-sensitized groups, Smoke + CRa and CRa, as
compared to the groups without antigen, control and Smoke
(p<<0.0001). Table2 shows the comparative changes in
Vmax50 induced by CRa challenge for each group of ani-
mals. Of the two groups of CRa-sensitized animals, the CRa
group showed the greater reduction in Vmax50, compared
with the Smoke + CRa group (p<0.0001).

Crs was also significantly reduced in the antigen-sensi-
tized guinea pigs, the Smoke + CRa and CRa groups, com-
pared to that in the control and Smoke groups. The reduc-
tion started at 5 min postchallenge, persisted, or slowly
worsened during the measured duration, up to 6 h, in a simi-
lar pattern (see fig. 2).

Production of Leukotrienes, LIB ,; and LTC /D, upon

CRa Challenge

To investigate the nature of the reduced lung function in
response to the allergen challenge. we measured LTB, and
LTC,/Dy in arterial blood (postpulmonary). Neither leuko-
triene chang~d from the baseline values in the control
group. But both leukotrienes (LTB, and LTC,/D,) were
markedly ~levated in the CRa and the Smoke + CRa animals
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Fig. 2. Effect of acute CRa challenge on Crs. Crs was compared in
4 groups. Bar means + SEM. *p<<0.05 vs. control; "p<<0.05 vs.
Smoke; ‘p<<0.01 vs. control: “p<0.01 vs. Smoke.

(sce table 3) as a result of CRa challenze (both p<<0.0001).
The high leukotriene levels noted at S min were also sus-
tuined during the rest of the observed duration and did not

- fluctuate significantly from the values at S min postchal-

lenge, at 45 min, and 6 h postchailenge. The clevation was
more pronounced in the Smoke + CRa group than in the
CRa group (p<<0.0001).

Kang/Zhou/Lai Hong



Table 3. Comparative changes in LTB, following CRa challenge in the four groups of guinea pigs

Group LTB. ng'ml
baseline Smin 45 min 6h p values
Control (n = 8) 0.23+0.005 0.192£0.04 0.242£0.05 0.18£0.04
(91£12) (127£31) (95+19)
p<0.0001
Smoke + CRa (n= §) 0.22%0.06 0.87+£0.23 0.65%0.20 0.79%0.18
(522+216)  (449£235)  (504+208)
p<0.0045 p<0.035
CRan=7) 0.4220.06 1.10=0.28 0.9220.09 0.94£0.25
(261+43) (236%27) (220+40)
p<0.0006
Smoke (n=7) 0.45+0.05 0.45=0.04 0.3420.06 0.24+0.04 o
(105£13) (82%13) (5713)

Values are means = SE. Numbers in parentheses represent %o bascline values.

Effects of S-SC Smoke on CRa Sensitization

The effects of the S-SC smoke pretreatment in the pro-
duction of anaphylactic antibodies are ncgligible (tablel,
fig. 1). CRa-specific reagins in the guinea pigs of the Smoke
+ CRa group did not differ from those of animals in the CRa
group as detected by either allergy skin test or PCA assay.
The effects of the pretreatment, however, were shown in the
bronchoconstrictive responses of the sensitized animals to
the CRa challenge (table 2, fig. 2) and in the levels of leu-
kotrienes (table 3). The CRa challenge induced more signif-
icant reductions in Vmax50 and in Cs in CRa animals than
in that of Smoke + CRa animals (both p<<0.0001). The bron-
choconstrictive responses began at 5 min postchallenge and
continued throughout the duration. The S-SC pretreatment
effects were again reflected in the Crs. 1.e., less severe re-
ductions in the Smoke + CRa group than in the CRa animals
(p<<0.0001).

The changes in the leukotriene LTB, level of the Smoke
+ CRa group were more exaggerated than those of the CRa
group in response to the CRa challenge (table 3). Changes
in the levels of LTC /D, followed a pattern similar to those
of LTB,.

Effects of S-SC Smoke in Nonsensitized Guinea Pig

The effects of repeated S-SC smoke alone in the devel-
opment of anaphylactic antibody are shown in the Smoke
group by skin test (table 1) and by PCA assay (fig.1). Base-
line Vmax50 and Crs of the Smoke animals were 76.0
+2.4 ml/s and 0.44+0.02 ml.em H,O, respectively. In com-
parison, those of control animals were 77.946.6 ml/s and
0.42+0.02 ml/cm H,O, respectively. The pulmonary re-

Cockroach Asthma in Guinea Pig

sponse of the Smoke animals to the CRa challenge was
slightly exaggerated from the baseline values in Vmax50
compared to that of the control animals (p<<0.0001). Yet
there was no difference in the changes in the Crs (fig. 2).
Levels of LTB, in Smoke animals were higher than those in
the control animals; still, the changes from the baseline val-
ue after the CRa challenge were negligible (table 3). LTC,/
D, levels in Smoke animals were not different from those of
control animals at baseline or of the control group in the
postchalienge period.

Discussion

Our findings indicate that repeated exposure of animals
to air contaminated with CRa makes animals allergic.
Moreover, the sensitized animals appear to develop ‘asth-
ma-like’ responses to CRa inhalation challenges. The CRa-
sensitized animals develop IgGla-like, but not IgE-like an-
tibodies in contrast to other guineca pig asthma models re-
ported [15-18]. In our carlier work animals sensitized by
CRaaerosol produced IgGla antibody, while animals sensi-
tized by the intraperitoneal route produce both IgE and
IgGla antibodies 122, 23]. The reasons for the absence of
IgE, one of two guinea pig reagins, in aerc-ol-sensitized
animals are not clear. The absence could be r+lated to either
the entry of allergens or the lack of adjuvant furing the sen-
sitization process. In our animal model, unlike in other asth-
ma models, no adjuvant or intraperitoncal injections were
used. Importantly, however, the present study shows clearly
that the CRa-sensitized guinea pigs with 1gGla show ‘asth-
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ma-hike™ bronchoconstrictions lasting at least 6 h atter CRa
challenge.

In addition. this study indicates that the sensitized state
of the animal is casily determined by a simple skin test for
immediate hypersensitivity in vivo. The dose-responsive-
ness and the minute doses of allergen eliciting a positive
reaction serve to document the specificity and the sensitiv-
ity of the skin test method (0.0125 pg of allergen elicited
positive reactions). The skin test appears to detect the ana-
phylactic antibody as accurately as a PCA assav. if not more
s0. The test was positive by day 21. while the PCA assay was
still negative on day 19 in the sensitized groups. Th - rosult
suggests that the skin test may be more sensitive than a PCA
assay in detecting anaphylactic antibodies. This finding is
of significance in that it simplifies the detection of the al-
lergic status of animals. While the PCA assay has been con-
sidered the *gold standard” in determining the atopic status
in experimental asthma [15-20]. it is both expensive and
time-consuming. and it requires that many animals be sacri-
ficed. Skin testing on the other hand. is simple. reproduc-
ible, and cost-effective.

The significant allergen-specific decreases in both of the
lung function parameters. Vimax50. which dciects large air-
way dynamics [27], and Crs, which represents peripheral
airway changes [28, 29]. indicate that the narrowings occur
in both large and small airways. Moreover. the data reveal
that the airway obstructions begin immediately upon CRa
challenge and persist for up to at least 6 h. the point at which
we ceased taking measurements. Such persistent airway
narrowings appear to differ from common ovalbumin-in-
duced, short-term, immediate bronchoconstriction. which
lasts about 30 min [30]. It is known. however. that allergic
animals. if observed for more than 6 h. show bronchocon-
strictions of varying durations in various patterns. including
dual bronchoconstrictions - early bronchospasms and late-
phase inflammation [31-33]. Dual persistent obstructive
airway responses have been reported in ovalbumin-sensi-
tized guinea pigs [31], in Alternaria tenius-sensitized rab-
bits [32] and in Ascaris sum-extract-sensitized guinea pigs
[33]. Such persistent airway obstruction has been observed
inthe cockroach-sensitive huian asthmatics [11]. The simi-
larity of hur:an and guinea pig responses .0 the cockroach
allergen underscores the usability of the present animal
model to investigate cockroach-allerg:. asthma.

The elevated levels of selected leukotrienes. both LTB,
and LTC, Dy in this study support -he supposition that the
bronchoconstriction is most likely sccondary to an allergen-
induced inflammation. Apparently, the CRa-allergic guinca
pigs that develop IgGla antibody are producing the leuko-
trienes in response to the CRa challenge. Bioactive leuko-
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trienes. known to be reflective mediators of allergic asth-

matic responses. are generated de novo by a large number off

inflammatory cells: LTB. is the predominant cicosanoid
product of mast cells neutrophils. monocytes. and macro-
phages. whereas LTC is one of the predominant lipoxyge-
nase products of many inflammatory cells. including cosi-
nophils and basophils [34-37]. Recent studies, however,
convincingly argue that mast cells account for virtually all
of the reagin-depend 'nt release of leukotrienes in humans
[38]. The noted LTB. and sulfidopeptide leukotrienes in
this study arc likely derived from mast cells in the carlier
phase and from macrophages and other intluxed inflamma-
tory cells in the latter part of the observed period, as noted in
ourearlier report [23]. Consequently. the appearance of leu-
Kotrienes in the carotid arterial blood is not unexpected.
Other mast cell mediators might well have been detected
had measurements been made. The seemingly early appear-
ance (within S min) of both LTB, and LTC,/LTD, may be
somewhat puzzling. as both are considered to be newly gen-
erated sccondary mediators of anaphylactic inflammation.
However. the carly appearance can be accounted for by the
fact that the animals underwent antigen challenge for a du-
ration of 30 min before measurements were initially record-
ed. The levels of the leukotrienes in the antigen-sensitized
and challenged groups did not change at 6 h postchallenge.
Leukotrienes are found to be increased in bronchoalveolar
lavage fluid in allergic dogs [36]. Also. elevated LTC,/
LTD, and LTE, have been noted in sheep during acute sys-
temic anaphylaxis [39]. However. there have been no re-
ports, to the authors” knowledge. of elevated leukotrienes in
arterial circulation after bronchial challenge. particularly. in
conjunction with pulmonary function changes. Further
study is in progress to clarify the kinetics of mediators in
this animal model.

Finally. the present study shows an unexpected and in-
teresting fact, namely that S-SC smoke exposure failed to
exert any additive harmful influence on the allergen sensiti-
zation. There was no difference in the levels of anaphylactic
antibodies detected by either skin test or PCA assay in the
two groups of sensitized animals (the Smoke + CRa and the
CRa groups. sce table 1 and fig. 1). Furthermore, the pre-
treatment with S-5C smoke actualiyv resulted 1 a protective
cffect on the allergic bronchospasms induced by the CRa
challenge. This is contrary to the anticipated harmiful effect:
the pulmonary responses in the animals of the Smoke = CRa
group were weaker than those of the CRa group. The S-SC
smoke pretreatment tended to lessen the antigen-induced
airway constrictions (see table 2). The explanation for this
effect is speculative at present. The effect could be due to
the reduced CRa penetration to lungs during antigen sensiti-
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zation. It is well known. for example. that acute inhalation
of cigarette smoke causes transient airway constriction in
humans as well as inanimals {29, 40, 41]. The transient air-
way constriction and or bradypnea in guinea pigs caused a
reduction in the amount of allergen entering the lungs. On
the other hand. the cigarette smoke might also have directly
caused suppressed inflammation in the lungs by the effect
of repeated exposure to cigarette smoke during the sensiti-
zation. as described by Bjermer et al. [42]. Our study re-
veals clearly that indirect cigarette smoke does not exert an
adjuvant effect in the allergic sensitization in this animal
model of asthma.

Our demonstration that cockroach allergic guinea pigs
show ‘asthma-like' airway obstruction may have practical
implications, since the model may provide a tool for study-
ing high-risk inner-city asthma. Although one cannot extra-
polate an animal experiment to the human disease directly.
the study offers a possible explanation as to why and how
humans living in cockroach-infested dwellings develop a
cockroach-allergic state. Particularly the sustained airway
obstructions in the sensitized animals show a striking re-
semblance to the pulmonary responses of humans to CRa

[11]. To fully clarity the mechanisms involved. further stud-
ies are needed. and several are in progress. To our knowl-
edge. ours is the first study in which a cockroach-allergic
animal model has shown “asthma-like” sustained broncho-
constrictions accompanied by elevated LTB, and LTC, D,
in postpulmonary circulation. Because the animal model
used in our study was developed without unnatural immun-
ological manipulation. it may be uniquely qualified to serve
as a model for the further study of naturally occurring “in-
door-allergen-induced allergic airway disease’.
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