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HISTAMINE-INDUCED BRONCHOSPASM IN
UNANAESTHETIZED GUINEA-PIGS

I. Aerosol Technique

By
0. A. TORSTEN OLSSON

In screening drugs for bronchospasmolytic activity, histamine
aerosol techniques are commonly used to induce bronchial
constriction in unanaesthetized animals. The principle of this
method was originally described by Kaflos & Pagel (7) and
has ever since then been recognized as valuable in pharmaco-
logical work, where preferably the histaminesensitive guinea-
pigs have been used {1). In studies accounted for in the litera-
ture, different stages in the changing pattern of respiration
in aerosolized histamine have been selected as an indication
of “bronchial asthma" (13, 5, 6, 9). The amounts of histamine
in the solutions in the used nebulizers have also varied con-
siderably; sometimes concentrations as high as 10 mg/ml
have been mentioned. However, correlations between the
amount of histamine used and the adequacy of the stages of
breathing influence have practically never been presented.
Various equipments for generating the histamine mist have
further been used, and the amount of histamine necessary to
obtain bronchoconstriction seems to a great deal to depend
on the physical properties of the aerosol produced (4). Con-
sequently, the importance of the procedure of generating the
aerosol have indicated the need to realize these problems
before choosing nebulizers for an aerosol study. A construction
described by Rooth (12}, which produces a mist of high density
and even quality, was chosen in the present study. The
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nebulizers originally adapted for clinical therapy have not
been used in animal experiments before, but the construction
seems to form a suitable basis for a sutdy of the relation
between the histamine concentrations and the breathing be-
haviour of unanaesthetized guinea-pigs in an aerosol. The ob-
tained data were intended to resuit in a defined and sensitive
method for screening bronchospasmolytic compounds of the
sympathomimetic type.

METHODS

Usuvally two nebulizers were run parallel during the experiments (Fig. 1 B).
The air was delivered from a compressor (2 kg/cm®) and the volume of aerosol
produced by each nebulizer was about 8 litres per minute requiring 0.3 ml
of solution. The diameters of the aerosol droplets were 1-2 g with the adjustable
baffle 4-5 cm from the nozzle in the nebulizer {12). Two macrolon cages
(Fig. : A) measuring 12 X 12 X 20 cm were connected to the nebulizers by a

Fig. 1.
The drawing illustrates the components and the arrangement of the apparatus
for testing guinea-pigs in histamine aerosol. At (A} two macrolon cages for
the animals. The cages are connected to two nebulizers of Rooth-Petersen type
(B} by wide glass and PVC tubes.
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short and wide polyethylene tube. Outlets for the excess of generated mist were
available through slits in the back of the boxes. The arrangement gives a slight
excess of pressure and an even flow of mist through the cages. Untreated
(saline treated) male guinea-pigs, each weighing between 200400 g, were
used. One animal placed in each box. This arrangement made a direct com-
parison possible, e.g., 2 drug-treated animal and a saline-treated control in a
screening. Each animal could be removed separately without affecting the
concentration of aerosol in the other box. The solution used to produce the
aeroscl was prepared from histamine dihydrochloride and dissolved in distilled
water containing 10 per cent glycerol by volume. Histarnine concentrations
referred to the base form were varied between o.2 and 0.8 mg/ml. These
amounts of histamine correspond to concentrations between 8 ag/litre and 35
pg/litre, respectively, in the aerosol.

For an objective registration of the successive alterations of the breathing
rhythm in the histamine milieu, a strain-gauge trapsducer on a flexible plate
(5 X 20 mm) was fixed to the thorax. The frequencies of breathing were
registered by a Grass polygraph. This objective recording was combined with
a direct observation of the animals.

RESULTS

Normal breathing frequency of guinea-pigs is about 100—130
per minute. Under the influence of histamine, the breathing
will at first increase by sometimes more than 100 breaths per
minute. This increase is reversed in a sudden drop and is fol-
lowed by irregular and laboured breathing. The disturbance
will finally result in a respiratory collapse and death. These
observations were also made and described by e.g. Landay &
Gay (8), Amdur (2) and, after s.c. histamine, by W estling
(14).

The first part of this study was intended to demonstrate
quantitative and qualitative influence on breathing behaviour
from a stay in histamine aerosols of different concentrations.
Two respiratory stages, which could be indicated with suf-
ficient certainty by registration and observation, were selected
as points of influence (POI) and analysed. The first stage
(POI-1) was related to the above-mentioned distinct drop in
frequency, after an increase. The second stage (POI-2) was
related to an advanced respiratory spasm where the animals
were “kneeling’’.
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TABLE 1

Histamine Concentration in the Aerosol and Influence on Respiration.

Histamine concentra- Time in minutes in the
tion in the solution aerosol to reach Number of
? inea-pi
neubulized (mg/ml) POI-1 POI-2 gu Pigs
0.4 2.2 * 0.2 (6 * 2) 20
0.8 1.6 = o4 1.8 £ o 20

The effect of two histamine concentrations {o.4 and 0.8 mg/ml) compared
with regard to time of treated guinea-pigs to reach two different stages (POI-t
and POI-2) of histamine-influenced respiration (see text).

Table 1 gives a representative series from this part of the
investigation. The time from introduction of the animal in the
aerosol to the appearance of the mentioned respiratory stages
(POl-1 and POI-2} was noted. The histamine concentra-
tions 0.4 mg/ml and 0.8 mg/ml were used, and 20 animals
were tested in each dose.

When using 0.4 mg/ml of histamine, POl--1 was reached
after a stay of 2.2 minutes in the aerosol. The stage was
usually registered by strain gauge without difficulties and
disturbance and was also easily observed. Fig. z illustrates
typical strain-gauge registrations from two different animals
in this series of experiment. In the registrations, POI-1 was
reached after about go sec and 114 sec, respectively, where
the breathing frequency had dropped to about 120 per minute
after an increase to about 220 and 180 per minute. In Table
1 the number of minutes to reach POI-2 in 0.4 mg/ml are put
in parentheses, because several animals exceeded 10 minutes
in the aerosol. After this time, the guinea-pigs seems to begin
to adapt to histamine, resulting in less adequate responses.
When animals were put in an aerosol emanating from 0.8
mg/ml of histamine, POI-1 was reached after about 1.6
minutes. However, the point was often difficult to localize
because the changes in respiration appeared in quick succes-
sion. Further, many animals, after the introduction in hista-
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Fig. 2.
The figure demonstrates two representative registrations from different guinea-
pigs in aerosol by use of a strain-gauge on the thorax. The aerosol was generated
from a solution containing o.4 mg ml histamine. The initial changes of the
breath are registered and an increase in frequency from about 120 breaths per
minute to about 2oo is noted after about 84 and 108 sec, respectively, in
histamine. The rise in frequency is a warning sign indicating the apparance
of the drop selected as POI-1. This stage for the guinea-pigs shown in the
figure is reached after about 9o and 114 sec. At this time in histamine, the
frequency is about the same or lower than before the inidal rise; an increasing
irregularity of the amplitude of breathing also appears.

mine, immediately started irregular breathing as a sort of
shock response to this higher concentration. POI-2 was reached
after about 1.8 minutes, but this indication stage too was less
reproducible. Registration by use of strain-gauge transducer
gave results difficult to interpret, and a direct observation of
the animals was preferable. Indication by use of POI-2 and
0.8 mg/ml of histamine must be characterized as less specific;
great individual differences were revealed in the time it took
to reach an adequate response.

As a consequence of the presented analysis, the POI~1 has
been selected as a suitable indication stage, where registration
by strain-gauge as well as observation gave a clear indication.
Further studies of breathing behaviour were performed, using
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Fig. 3.
The figure illustrates the relation between histamine concentration in the
nepulizer solution {abscissa) and the time possible for guinen-pigs to withstand
the generated acrosol before the appearance of POI-1. Each point represents
o0 animals and the vertical bars indicate S.E. of the mean.

POI-1 and histamine concentrations between 0.2 and 0.8 mg/
ml in the solution. Fig. 3 records the resuits from this part of
the studies. The doses 0.2, 0.3, and 0.4 mg/ml seem to give
a linear dose response relation. In this relation, 0.4 mg/ml
was the most effective, taking the animals to POl—1 after about
2.3 minufes of histamine treatment, l.e. within a safe time-
distance from adaptation phenomenon, According to the fig-
ure, higher concentrations of histamine were of no advantage.
From observations of a large number of animals, in aerosol
from 0.4 mg/ml of histamine, it was further obvious that
only 2 or 3 per cent could withstand the aerosol for more
than 4 minutes, Most animals (about 8o per cent) reached
the POI—1 between the first and third minute. The distribu-
tion of the number of animals with respect to time to POl—x
is given in the diagram in Fig. 4.

When the method was used for screening purpose, 4 min-

2y*
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The distribution of guinea-pigs in per cent (ordinate) in relation to time
{abscissa) to reach a defined influence on the respiration {POI-1) is jllustrated.
Most animals reach this stage of respiration during the 2nd and 3rd minute;
only 4 per cent withstand the histamine aerossl for more than 4 minutes. The
histamine concentration was o.4 mg/ml. The presented data are based on 146
animals.

utes was the limit. The guinea-pigs treated with a broncho-
spasmolytic agent and exceeding 4 minutes in the aerosol were
considered to be protected against the influence of histamine
by the administered drug.

DISCUSSION

The relation obtained between concentration of histamine
{0.2 and 0.4 mg/ml) in the aerosol and time to POI—-1 seems
to indicate the necessity of raising a certain concentration of
histamine in the respiratory tract before the spasmic stage
appears (Fig. 3). When using POI-1 no improvement seems
to be gained from using higher concentrations of histamine
than 0.4 mg/ml. On the contrary, in the next higher amount
the stay in the aerosol tends to be prolonged. A possible ex-
planation of the phenomenon is perhaps a feeling in the ani-
mals of irritation induced by histamine, i.e. in concentrations
up to 0.4 mg/ml, no obvious irritation might be noted by the
animals and no hesitation in breathing occur, whereas at 0.5—
0.6 mg/ml an repulsive reaction might begin which makes the
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animal unwilling to breathe deeply, which is why they can
endure for a longer time than in 0.4 mg/ml. In spite of the
discomfort at histamine, with a tendency to superficial breat-
ing, still higher histamine concentration will rapidly induce
bronchial constriction. It may be pointed out that the results
presented in Fig. 3 are obtained from experiments running
during the same period of time and with animals from the
same stock.

To make the best use of unanasthetized animals in experi-
ments of the presented type, a basic principle is to try to
eliminate inadequate disturbance of the breathing reflexes.
An important step is to select aerosols of suitable quality and
concentration. Not to “force down” but to “slip” the histamine
into the lungs is the ideal way.

If an initial influence of respiration (POI-1) is registered
as indication in an adequate histamine concentration, the ani-
mals show a slight individual difference in the response. As
a consequence, In this case there Is no improvement by pre-
treating the animals in histamine to determine the individual
sensitivity. On the contrary, a pretest may be advisable and
of some advantage when an advanced respiratory spasm
(POI-2) is selected because of the great variability in re-
sponse in this situation. However, it is important to remember
that also a short exposure to histamine can decrease the
compliance of the lungs for days. Furthermore, if the animals
are put back in histamine only a few hours after treatment,
they may also, in response to this earlier experience in the
histamine cage, react with a type of retarded breathing. More-
over it seems natural to “place’” the point of influence as
early as possible in the chain of breathing events, because, as
mentioned, a form of tolerance seems to appear after some
time in histamine. In this connexion, an investigation by
Atkinson, Pun & Rand (3) is relevant. These authors have
ventilated guinea-pigs with 10 per cent CO; in air and noted
a rapid decrease in the response to histamine. Changed re-
sponse by the animals to administered sympathomimetic agents
was also mentioned. Consequently, a prolongation of disturbed
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breathing could produce the same result, i.e. insensitivity to
histamine and inadequate response to tested bronchodilating
agents.

A registration of the behaviour of the animal in the mist
by observation has, of course, no influence on the motility,
and this 1s of importance for an undisturbed breathing reflex.
However, an objective registration of the breathing is always
desirable. The author, in some experiments, has tried to
analyse the respiratory change in histamine aerosol by using
body plethysmographs. The method was time-consuming and
the resuits mostly hard to interpret. The same experience of
a thoracography by use of pneumatic systems has been re-
ported by Noelpp & Noelpp-Eschenhagen (10). These aut-
hors have also tried optical and electrical devices for registra-
tion in order not to hamper the free movement and to influ-
ence the breathing reflexes as little as possible. As mentioned,
the author has found the use of a small strain-gauge, con-
nected to the writing unit by a thin wire, suitable as an un-
disturbing but effective way of registering the breathing.

SUMMARY

A correlation between different histamine concentrations,
administered as aerosol, and the influence on the respiration
of guinea-pigs was made in the present study. The intention
was to obtain basic data for developing a sensitive method
for screening bronchospasmolytic agents.

The most suitable histamine concentration for use in the
nebulizer proved to be 0.4 mg/ml. This was the highest in a
linear dose response between amount of histamine and time
to reach a defined influence on the respiration. The most
reproducible stage without obvious individual variations in
the changing pattern of breathing and consequently suitable
as a definition of histamine influence, was the marked increase
in frequency followed by a rapid drop. This stage appeared
as an early sign of histamine influence and was called POI-1.
The stage was easily localized by use of a strain-gauge on the
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thorax of the animals or by a direct observation. POI-1 was
reached in 96 per cent of untreated guinea-pigs within 4 min-
utes when the aeroscl was generated from a solution contain-
ing 0.4 mg/ml histamine.

ACKNOWLEDGEMENT

The author expresses thanks to Miss B.-L. Petersson and Mr. G. G. Hidinger
for their skilful technical assistance.

o+

IT1.

REFERENCES

Alberty, J. E.: Erzeugung von tierexperimentellen Asthmareaktionen. Hand-
buch exp. Pharmakologie XVI, Springer-Verlag, Teil 2, 77, 1969.
Amdur, M. Q. L.: The respiratory response of guinea-pig to histamine
aercsol. Arch. Environ Health 13, 29, 1966,

Atkinson, J. M., Pun, Lan-Quenn & Rand, M.J.: The effect of directly and
indirectly acting sympathomimetic amines on bronchospasm in the
guinea-pig during CO: inhalation. J. Pharm. Pharmacol. 22, 438,

1970.

. Dautrebande, L.: Microaerosols. Acad. Press 1962.

Herxheirner, H.: Repeatable microshacks of constant strength in guinea-pig
anaphylaxis. J. Physiol. rry, 251, 1952.

. Herxheimer, H.: Bronchoconstrictor agents and their antagenists in the

intact guinea-pig. Arch. int. Pharmacodyn. 706, 371, 1956.

. Kallos, P. & Pagel, '.: Experimentelle Untersuchungen iiber Asthma

bronchiale. Acta med. scand. ¢r, 292, 1937.

Landau, 5. W. & Gay, L. N.: Observations of a new antihistaminic com-
pound possessing unuswal duration of action in the guinea-pig. Bull.
Johns Hopk. Hosp. 97, 191, 1955,

Lish, P.M., Robbins,S.I. & Dungan, K. W'.: Mode of the bronchodilater
action of Phentolamine. J. Pharmacol. exp. Ther. 763, 11, 1968.
Noelpp, B. & Noelpp-Eschenhagen,I.: Das experimentelle Asthma bron-
chiale des Meerschweinchens. Int. Arch. Allergy 2, 308, 1951,
(lsson, T.: Histamine-induced bronchospasm in unanaesthetized guinea-
pigs. II. A comparison of the bronchospasmolytic agents terbutaline,

orciprenaline, and isoprenaline. Acta allergol. 26, 448, 1971.

Rooth, G.: Inhalation of liquid aerosols. Acta med. scand. suppl. 228, 1,
1949.

Siegmund, 0. H., Granger, H.R. & Lanrds, 4. M.: The broachodilator action
of compounds structurally refated to epinephrine. J. Pharmacol. exp.
Ther. go, 254, 1947.

Westling, H.: Potentiation of histarnine effects by histaminase inhibitors in
unanaesthetized guinea-pig. Acta Physiol. scand. 28, 91, 1936,



This document is a scanned copy of a printed document. No warranty is given about
the accuracy of the copy. Users should refer to the original published version of the
material.



