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EXPERIMENTAL ASTHMA OF THE GUINEA-PIG

INDUCED BY BRONCHIAL SPUTUM

By

ERNESTO MENDES

In a previous paper, we demonstrated the possibility of
inducing experimental asthma in guinea-pigs by use of human
lung tissue ( l ) . Besides asthma, the animals developed anti-
bodies against human lung.

Continuing the studies on the antigenicity of the bronchial
sputum of asthmatic patients (2) it has been fountl that, main-
ly through the gel-diffusion tests, bronchial sputum not only
presents antigens common to lung, liver, kidneys, erythrocytes,
intestinal mucus and saliva, but also seems to present its own
antigens (3) .

For this reason, we decided to investigate if guinea-pigs
scnsiti/.ed by asthmatic patients' bronchial sputum are capable
of developing experiinental asthma antl if they produced anti-
bodies.

M A T E R I A L A N D M E T H O D S

Preparalmn of llir sputum: the bronchial sputum from a patient with the
diagnosis of Intrinsic asthma ivith an A. Rh-hlood gniiip was reduced to fine
powder after drying in vacuum. It was then mixed with 25 per cent saline.
After stirring, this mixture became homogenous and looked like sputum.

Sensilizaliun

Twenty five per cent sputum in saline mixed with equal parts of Freund's
adjuvant was injected intracutaneously in two doses of i ml each, with one
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week's interval, in lo guinea-pigs having an average weight of 450 g. A con-
trol group of 10 guinea-pigs was injected twice, with five days interval, by in-
traabdominal route with 10 ml of human plasma, A Rh-.

Experimental asthma

The technique described in a previous publication (4) was used. The animals
were placed in an appropriate apparatus with a capacity of 18 liters, and they
were sprayed with a De Vilbiss No. 40 nebulizer.

The bronchial sputum diluted to 2 per cent was nebulized for 10 to 20' in 12
sessions with intervals ranging from 4 to i r days. The degree of dyspnea was
evaluated in the following way: (-| ) tachypnea; ( + -|-) dyspnea; ( + + + )
dyspnea and convulsions; ( + + + + ) death after intense dyspnea.

Schultz-Dale test

Schultz-Dale test, using the ileum, was performed in 3 guinea-pigs, 71, 91
and 93 days after the last sensitizing injection.

Passive Schultz-Dale test

The iieum of a normal guinea-pig was incubated for one hour at 37° C with
slices of spleen material taken from a sensitized gninea-pig, mixed with equal
parts of Tyrode's liquid. Schultz-Dale test was performed in this passively sen-
sitized ileiim.

Gel-Diffusion test

The micromethod on microscopic slides was used (5), each basin measuring
about 4 mm and the distance between them being 5 mm.

The gel-diffusion test was performed using: i) sera of 3 guinea-pigs sensitized
with sputum whose blood was collected 3 months after the sensitizing injections;
2) sera of guinea-pigs sensitized with human plasma collected one month after
the sensitization. Part of the sera underwent absorption with human ABO red
cells.

As antigen we used the same 2 per cent bronchial sputum, 2 per cent human
fetal lung tissue in saline triturated in the Waring-blendor and i per cent
human plasma. In some circumstances the gel-diffusion test was performed using
a mixture of plasma and agar or sputum and agar, according to the technique
of Bjorklund (6).

Intracutaneous test

0,10 ml of 10 per cent bronchial sputum was injected intracutaneously in a
sensitized and in another normal guinea-pig. The test was performed about 3
months after sensitization.
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RES r LTS

The results are condensetl in table 1.

Experi menial as t Inn a.

The guinea-pigs showed signs of dyspnea only 38 days after
the sensitization and during the 6th nehuli/ation.

The intensity of the asthma was moderate tlyspnea { + + ).
The control group sensitized with human plasma, was nebu-
lized only once, with 1 % human plasma and the guinea-pigs
showed severe dyspnea (-!- + + ) after i minute.

Schuliz-Dale test.

Schultz-Dale test was positive (
for this purpose (Fig. I ) .

in the animals sacrificed
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Passive Schultz-Dalt- test. Ileum of a normal guinea-pig incubated with spleen
material taken from a sensitized guinea-pig.
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This test was also positive when the ileum of a normal
guinea-pig was sensitized passively with fragments of spleen
taken ironi a previously sensitized animal (Fig. I I ) .

Gel-Diffusion test.

The number ot precipitation hands was not itientical in the
_̂  sera. The bronchial sputum sbowed 6 precipitation bands in
one serum and 4 and 2 hands in tbe otber two sera, respectively
fTahle I ) .

fig. III.
(Jel-diffusion test. Right: serum of guinea-pig and sputum. Left: serum of
j^uiiitM-pig and hnig. A precipitation band uith identity reaction is observed.

The serum that sbowed 6 precipitation bands witb sputum
produced 2 precipitation bands witb lung, while the other two
sera presented only i precipitation band wih lung.

A precipitation band with identity reaction witb lung and
sputum was observed (Fig. I I I ) .

Control group:

The guinea-pig sera anti-human plasma produced "^ lines of
precipitation with buman plasma but did not sbow bands of
precipitation with 3 different sputum (Fig. IV).

Figure V sbows the reactions among the guinea-pig serutTi
anti-sputuni against human plasma and 3 different sputum.
The sputum showed 4 precipitation lines and only i with hu-
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Fig. ir.
Center: guinea-pij;; serum anti-human serum.
Left: human serum.
Right and Imver basin: 3 different sputum.

Fig. V.
Center: guinea-pig scrum anti-sputum.
Upper basin right: human serum, \vith i precipitation line.
I'pper basin left: sputum, with 2 precipitation lines.
Lower hasin: two different sputum showing to the left 3 lines
and to the right 4 lines.

man plasma. Besides, there was not absolute identity hetween
human serum and sputum. Figure VI shows tbe gel-diffusion
tecbnique according to Bjorklund, hetween human plasma
and guinea-pig serum anti-human plasma. The agar con-
tains 20 % of sputum. The sputum did not prevent the re-
action. Figure VII shows the reaction between guinea-pig
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Fig. n.
Center: guinea-pig serum anti-sputum.
Upper basin: sputum with 3 precipitation bands.
Lower hasin: human serum, without precipitation

The gel used in this test was mixed with 20% of human serum. Observe the
persistence of 3 precipitation lines with sputum and abscence of precipitation

with human serum.

Fig. III.

Upper basin: human serum.
Lower basin: guinea-pig serum anti-human serum.

The gel used in this test was mixed with 20% of sputum.
Observe 2 precipitation lines.



Fig. nil.
Delayed cutaneous reaction performed with sputum addut three months

after sensitization.

serum anti-sputum against sputum and human plasma. The
â âr contains 20 % of human serum, The human plasma did
not prevent the reaction.

Inlraculaneous lest.

One of the sensiti/.ed guinea-pigs showed a typical delayed re-
action (48 hours) after intracutaneous injection of bronchial
sputum. The normal control guinea pig presented only a slight
erythema. This test was made ahout T, months after the sen-
sitization {Fig. VIII) .

D I S C I ' S S I O N

Bronchial sputum of asthmatic patients is antigenic for guinea-
pigs and it is possible to produce experimental asthma in sensi-
tized animals. The inimunological mechanism of experimental
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asthma was proved by the presence of precipitins, Schult/-
Dale's test and delayed cutaneous reaction. The passive trans-
fer of sensitization to the normal animal could he demon-
strated in an ileum fragment from a normal ^umca-pig, after
previous contact with the spleen of a sensiti^.ed animal.

Bronchial sputum contains small amounts of albumin and
other protein fractions of human serum, which could be re-
vealed by immunological technique (8).

It is obvious to suppose that the bronchial sputum of any
infection, posseses the capacity of sensitizing lahoratory ani-
mals, like rabbits.

However, contrarily to what one might think, serum albu-
min contained in the bronchial sputum is not funtlamental for
the sensitization of guinea-pigs, due to the following reasons:

I ) Sera from guina-pigs sensitized with human serum yiel-
ded 3 to 4 lines of precipitation with the homologous serum
whereas no reaction was observed when the same guinea-pig
sera reacted with 3 different sputum (F'ig. IV). Thus, a di-
verse antigenicity between sero-albuimn and bronchial sputum
was demonstrated.

2) A similar fact was observed with the anti-sputum guinea-
pig serum, which, by reacting in the same slide against human
serum and various sputum samples showed 4 lines of precipi-
tation with the sputum and only one with the human serum
(Fig.V).

3) By gel-diffusion, using Bjorklund' technique, after
mixing 20 % of human serum to tbe gel, the anti-sputum
guinea-pig serum did not lose its 3 lines of precipitation on
reacting with the sputum (Fig. VII}.

This fact means that in the guinea-pig serum, certain anti-
sputum antibodies are formed which are not neutralized by
buman serum, therefore, they do not present an imnumological
relationship to it.

4) The opposite is also true; the guinea-pig serum against
human-serum did not lose its precipitation lines with the ho-
mologous antigen when sputum was mixed with the gel. This
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shows that antibodies against the human serum were not pre-
cipitated and neutralized by the sputum (Fig. VI) .

5) We observed (3), in a previous paper,, that anti-spu-
tum serum (produced in rabbits) causes, with the homologous
antigen, at least 7 or 8 bands of precipitation and only 3 bands
with some human sera, demonstrating that in the bronchial
sputum there are from 4 to 5 antigens capable of sensitizing
which are not common to sero-proteins.

6) The anti-sputum serum produced in rabbits reacted only
with 1/3 of various human sera. If the antigen responsible
for the sputum antigenicity were exclusively ascribed to albu-
min-serum, it is obvious to suppose that all human sera should
produce a precipitation reaction with the antibody serum, and
not only 1/3.

7) P'inally, by immunoelectrophoresis we succeeded in de-
monstrating that in bronchial sputum there are various anti-
gens which do not present any similarity with sero-proteins
(8).

All these facts suggest that there are antigens in the sputum
which are not common to sero-albumin; the same occurs with
saliva as Ellison et colab. (7} demonstrated by means of
immunoelectrophoresis the existence of specific antigens.

Reaction of identity between lung and bronchial sputum
were seen only in the serum that showed 6 precipitation bands.

This fact can be explained because it is well known, accord-
ing to Kabat & Mayer (9) that "the quantity of cross reacting
antibody may vary from various individuals of the species
immunized, as wxll as in serum samples obtained from a single
animal after varying times of immunization". The antigenic
relations between the bronchial sputum and other organ had
already been discussed by Mendes et al. (3) using sera of
rabbits immunized by bronchial sputum.

Various investigations are being made in order to find out
about the real nature of the antigens of sputum and whether
they present a different immunological behaviour in various
respiratory infections.
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SUMMARY

1. Experimental asthma was produced in guinea-pigs sen-
sitized by bronchial sputum from an asthmatic patient.

2. The ileum of these guinea-pigs contracted in contact with
the bronchial sputum, as seen in the Schult/-Dale test. The
same result was obtained with the ileum of normal guinea-pig
passively sensitized by spleen of a sensitized guinea-pig.

3. In the sera of these animals, anti-bronchial sputum pre-
cipitins were demonstrated by the gel-diffusion technique.
These antibodies were not common to antibodies against hu-
man serum.

4. Delayed cutaneous reaction was also observed with an
intracutaneous injection of bronchial sputum.
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