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Summary

1. A method for the measurement of anaphylactic bronchoconstriction in the
rat is described.

2. Dexamethasone inhibited this response in a dose-related manner.

3. Disodium cromoglycate antagonized the response. A bell-shaped dose-
response curve was obtained with peak activity at 1 mg/kg i.v.

4. Meclofenamate was not active when given alone or in combination with
dexamethasone.

5. Methysergide significantly inhibited the response. Mepyramine, atropine,
propranolol and adrenalectomy did not significantly modify the response.

6. The relationships of anaphylactic bronchoconstriction in the rat to ana-
phylactic bronchoconstriction in the guinea-pig and to human asthma are
discussed.

Introduction

In 1950 Carryer, Koelsche, Prickman, Maytum, Lake & Williams reported that
injections of cortisone relieved the symptoms of bronchial asthma in pollen-
sensitive patients. Since then, glucocorticoids have often been successfully used
in the treatment of chronic asthma and status asthmaticus. Their selection for
anti-asthmatic use is, however, based on their anti-inflammatory and anti-rheumatic
activity, as no satisfactory laboratory test has been found for assessing the ability
of these drugs to lessen anaphylactic bronchoconstriction.

Since intense bronchoconstriction is a cardinal feature of anaphylaxis in the
guinea-pig (Auer & Lewis, 1910 ; Biedl & Kraus, 1910), this animal has usually
been chosen for the experimental simulation of asthma. In its reaction to drugs
this model resembles human bronchial asthma in that bronchoconstriction is
reduced by catecholamines and potentiated by agents blocking B-adrenoceptors for
adrenaline (McNeill, 1964 ; Collier & James, 1967), but it differs from bronchial
asthma in three respects. First, the antihistamines and the antiphlogistic acids
are more effective against anaphylactic bronchoconstriction in the guinea-pig than
against asthma in man. (Herxheimer, 1953 ; Stresemann, 1963a). Second, steroids
beneficial in human asthma, have not been conclusively demonstrated to reduce
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anaphylactic bronchoconstriction in the guinea-pig (Harris & Harris, 1950 ;
Humphrey, 1951 ; Gross & Haefeli, 1952 ; Herxheimer & Rosa, 1952 ; Feinberg,
Malkiel & Mclntyre, 1953 ; Goadby & Smith, 1964 ; Fregnan & Suchowsky, 1968 ;
Hicks, 1969). Third, disodium cromoglycate is ineffective against anaphylactic
bronchoconstriction in the guinea-pig (Cox, 1967).

In the rat, neither a quantitative assessment of anaphylactic bronchoconstriction
nor its modification by drugs has been reported. In this species, cutaneous ana-
phylaxis, mortality or anaphylactic hypotension (Fregnan & Suchowsky, 1968) have
been used as an indication of the level of anaphylaxis. We describe a method for
the measurement of anaphylactic bronchoconstriction in the rat and of the in-
hibitory effects of dexamethasone, disodium cromoglycate and other drugs against
this response.

Methods
Materials

Atropine sulphate, dexamethasone sodium phosphate, diethyl ether, disodium
cromoglycate (Intal), meclofenamate sodium (Sodium N-(2, 6 dichloro-m-tolyl)
anthranilate), mepyramine maleate, methysergide bimaleate and (+)-propranolol
hydrochloride were used.

Nippostrongylus brasiliensis

The nematode parasite Nippostrongylus brasiliensis was maintained, the larvae
collected for sensitization and the adult worms harvested for antigen as described
by Ogilvie (1967). To prepare antigen, adult worms were crushed in a hand homo-
genizer and the supernatant obtained after centrifugation was diluted to contain
500 worm equivalents/ml. All animals used were sensitized unless designated
non-sensitized.

Anaphylactic bronchoconstriction and its inhibition by drugs

Wistar rats weighing 200-350 g were sensitized by infection with approximately
5,000 larvae of N. brasiliensis injected subcutaneously. Five weeks later, animals
were lightly anaesthetized with ether and the brain and spinal cord destroyed by
pithing. The trachea was cannulated and the rat ventilated with a Starling minia-
ture respiratory pump of stroke volume 5-7 ml at 90 strokes/minute. The side-
arm of the tracheal cannula was connected to a non-return water valve set at a
pressure of 75 cm water. For intravenous administration of substances the jugular
vein was cannulated. Tracheal flow was measured with a pneumotachograph and
recorded on a multichannel electronic recorder. To attain greater sensitivity of
recording, only inspiratory or expiratory flow was recorded.

Animals were challenged intravenously with 500 worm equivalents/kg of N.
brasiliensis. The resultant decrease in tracheal flow was used as an assessment
of bronchoconstriction and was recorded for 10 min after challenge. At the end of
the experiment, the maximum possible bronchoconstriction was obtained by
clamping the trachea. This trace was measured at 30 s intervals from 0-10 min
with a D-Mac pencil-follower (Christianson, Dinneen, James & Perkins, 1967) and
responses expressed as a mean percentage of the maximum possible bronchocon-
striction over this time period. To test the significance of drug effect the responses
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were subjected to an analysis of variance. In any one experiment the common
residual variance was used to test pairs of individual treatments (Davies, 1954 ;
Collier & James, 1967).

Results
Response to antigen

In an experiment with 24 rats, 12 animals were sensitized with N. brasiliensis
5 weeks beforehand and 12 were not sensitized. In the sensitized group, intra-
venous challenge with 500 worm equivalents/kg antigen reduced the tracheal flow
by a mean of 64%. A mean reduction of 3% was observed in the non-sensitized
group (Fig. 1). This figure shows that the reduction in tracheal flow of the two
groups became different almost immediately and reached a peak at 2:5 minutes.
The difference between the mean responses to antigen was highly significant
(P<<0-001).

Effects of drugs on anaphylactic bronchoconstriction

In an experiment in which 39 animals were used, dexamethasone 5 mg/kg was
given intraperitoneally at 1, 4, 24 or 48 h before challenge to groups of 9-11 rats.
The resulting time-response curve for the inhibition of anaphylactic bronchocon-
striction is illustrated in Figure 2. The maximum inhibition (58%) was obtained
when dexamethasone was given 24 h before challenge. This was significantly
(P<<0-025) different from control.

In an experiment with 94 animals, one dose of dexamethasone was given intra-
peritoneally 24 h before challenge to each of 6 groups of 12-13 rats, using 4-fold
increments within a dose range of 0-0156 to 16 mg/kg. One further group of 19
animals was not treated. Dexamethasone inhibited the anaphylactic bronchocon-
striction. There was a highly significant (P<<0-001) regression of response on log
dose. The regression line did not deviate significantly from linearity.
Inhibitory effects over the dose range 00625 to 16 mg/kg were significant
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FIG. 1. The effect of sensitization on anaphylactic bronchoconstriction in the rat. Each
curve is the mean tracheal flow obtained in groups of 12 rats. O——O, Non-sensitized
controls ; @——@, rats sensitized with 5,000 N. brasiliensis larvae 5 weeks before challenge.
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(P<0-05) (Fig. 3). In a further experiment, dexamethasone administered by

the oral route produced a similar dose-related inhibition of response, but was five
times less active than when given intraperitoneally.
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FIG. 2. The time-response relationship of dexamethasone against anaphylactic broncho-
constriction in the rat. Each point is the mean response obtained in 9-11 pithed rats sensi-
tized 5 weeks previously with N. brasiliensis. The ordinate is the percentage inhibition of
the bronchoconstriction obtained in control animals. The abscissa is the time in hours
between injection of dexamethasone (5 mg/kg i.p.) and challenge with antigen (500 worm
equivalents/kg i.v.).
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FIG. 3. The dose-response relationship of dexamethasone against anaphylactic broncho-
constriction in the rat. Rats, sensitized 5 weeks previously with N. brasiliensis, were given
dexamethasone intraperitoneally 24 h before challenge. Control animals received 0-9%
NaCl (w/v) (saline). Animals were fpithed and challenged with 500 worm equivalents/kg of
antigen. The abscissa is the dose of dexamethasone and the ordinate the percentage inhibi-
tion of the control bronchoconstriction response. @——@, Experimental results ;
‘best fit’ line calculated from the regression coefficient.
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In an experiment with 72 rats, disodium cromoglycate at 0-1, 0-33, 1-0, 3-3 or
10 mg/kg was given intravenously to groups of 12 animals 5 min before challenge.
A further group of 12 animals was untreated. A bell-shaped dose-response curve
was obtained (Fig. 4). The most active dose, 1 mg/kg, was the only dose that
significantly (P<<0-05) inhibited the response on challenge.

In an experiment with 47 animals, one dose of meclofenamate was given intra-
venously to each of three groups of 12 rats at 025, 1-0 or 40 mg/kg. One further
group of 11 rats was not treated. Over this dose range, meclofenamate did not
significantly inhibit anaphylactic bronchoconstriction.

In two experiments in which 184 animals were used, 8 groups of 10-12 rats
were treated as follows: one group received no treatment, one group received
- meclofenamate 1 mg/kg iv., 5 min before challenge. Three groups received
dexamethasone at 0-0625, 0-5 or 4-0 mg/kg intraperitoneally 24 h before challenge,
and the remaining three groups received similar doses of dexamethasone combined
with 1 mg/kg meclofenamate given intravenously 5 min before challenge. In this
experiment, meclofenamate alone did not significantly inhibit anaphylactic broncho-
constriction. Dexamethasone alone at doses of 0-5 and 4 mg/kg significantly
(P<<0-05) inhibited anaphylactic bronchoconstriction. Meclofenamate in the pre-
sence of dexamethasone did not significantly increase the anti-anaphylactic effect
of dexamethasone (Fig. 5).

In an experiment with 24 rats, atropine 1 mg/kg was given intraperitoneally 30
min before challenge to one group of 12 animals, the remainder were untreated.
Atropine did not significantly alter the anaphylactic response of lung to challenge.

In four experiments with 89 animals, methysergide 0-1 mg/kg was given intra-
venously 5 min before challenge to 43 animals, the remainder were untreated.
Methysergide significantly (P<<0-001) inhibited anaphylactic bronchoconstriction in
every experiment.
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FIG. 4. The dose-response relationship of disodium cromoglycate against anaphylactic
bronchoconstriction in the rat. Rats, sensitized 5 weeks previously with N. brasiliensis, were
given disodium cromoglycate intravenously 5 min before challenge with 500 worm equiva-
lents/kg of antigen. ntrol animals received saline. The abscissa is the dose of cromo-
glycate and the ordinate the percentage inhibition of the control bronchoconstriction response.
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In an experiment in which 24 animals were used, propranolol, 10 mg/kg intra-
peritoneally, was given 30 min and 5 mg/kg intravenously was given 5 min before
challenge to one group of 12 animals. The remaining animals were not treated.
Propranolol did not significantly increase the intensity of the anaphylactic response
of lung.

In an experiment with 24 rats, bilateral adrenalectomy was performed 30 min
before challenge on one group of 12 animals. The remaining animals were intact.
Adrenalectomy did not significantly increase anaphylactic bronchoconstriction.

Discussion

The human asthmatic when in contact with the allergen to which he is sensitive,
exhibits symptoms of severe respiratory distress. Similarly, the sensitized guinea-
pig responds, on challenge with a severe bronchoconstriction (Auer & Lewis, 1910 ;
Biedl & Kraus, 1910). In the rat, anaphylaxis is characterized by hypotension and
death following engorgement of the heart and small intestine, although slight
respiratory distress has been reported (Sanyal & West, 1958 ; Ogilvie, 1967). The

experiments described here show that a severe bronchoconstriction can be elicited
in the sensitized rat in response to challenge with antigen.

The antibodies responsible for human asthma are thought to be reaginic, recently
characterized as IgE, non-precipitating antibodies (Johansson, 1967 ; Ishizaka &
Ishizaka, 1968). Anaphylactic bronchoconstriction in the guinea-pig is mediated by
IgG precipitating antibodies (Benacerraf, 1968). The antibodies responsible for
systemic anaphylaxis in the rat, as in man, are reaginic and of the IgE family
(Ogilvie, 1967 ; Stechschulte, Orange & Austen, 1970 ; Jones & Edwards, 1971).
Anaphylactic bronchoconstriction in the rat, therefore, provides a model which is
probably immunologically similar to human bronchial asthma.
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FIG. 5. The effect of meclofenamate on the dose-response relationship of dexamethasone
aiau;st anaphylactic bronchoconstriction in the rat. Each point is the mean of response
obtained in groups of 11-12 pithed rats sensitized 5 weeks previously with N. brasiliensis.
Dexamethasone was given intraperitoneally 24 h and meclofenamate, 1 mg/kg, was given
intravenously 5 min before challenge with 500 worm equivalents/kg of antigen. y
%exmethmne alone; @——@, dexamethasone and meclofenamate; A, meclofenamate
alone.
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The humoral factors involved in the mediation of human asthma and guinea-pig
and rat anaphylactic bronchoconstriction appear to differ between the various
species. The failure of atropine to reduce anaphylactic bronchoconstriction in our
preparation of the rat indicates that neither acetylcholine nor vagal responses play
a significant role in anaphylactic bronchospasm. These results have been paralleled
in the deeply anaesthetized guinea-pig (Collier & James, 1967). In man, although
atropine is effective in bronchitis, it is less effective in the treatment of bronchial
asthma.

In the rat, histamine is released during anaphylactic shock (Mota, 1963). How-
ever, mepyramine did not significantly lessen anaphylactic bronchoconstriction in
this species. This accords with the findings that histamine, injected intravenously,
does not cause bronchoconstriction in the rat in vivo (Bhoola, Collier, Schachter &
Shorley, 1962) nor does it constrict rat isolated bronchial muscle in vitro
(Brocklehurst, 1958a), although Foggie (1937) reported weak constriction of iso-
lated, perfused rat lung with large doses of histamine. This is in contrast to the
guinea-pig where histamine is released during anaphylaxis and where anaphylactic
bronchoconstriction may be partially suppressed by antihistamine (Staub & Bovet,
1937 ; Armitage, Herxheimer & Rosa, 1952; Brocklehurst, 1958a; Collier &
James, 1967).

In man, histamine causes bronchoconstriction when given by injection (Samter,
1933 ; Curry, 1946), or by inhalation (Herxheimer, 1949). It is also released from
chopped human lung in vitro (Schild, Hawkins, Mongar & Herxheimer, 1951 ;
Parish, 1967 ; Sheard, Killingback & Blair, 1967). Antihistamines, although of use
in nocturnal asthma in children (Herxheimer, 1949), are relatively ineffective when
given alone in the treatment of chronic asthma.

That methysergide reduced anaphylactic bronchoconstriction in the rat by nearly
70% suggests that, in this species, 5-hydroxytryptamine is the major mediator of
this form of bronchoconstriction. In the guinea-pig and man, however, 5-hydroxy-
tryptamine does not significantly participate in this reaction (Herxheimer, 1955 ;
Brocklehurst, 1958b ; Collier & James, 1967).

Meclofenamate, like acetylsalicylate and other antipyretic drugs, antagonizes
bronchoconstriction in the guinea-pig induced by bradykinin, SRS-A and ATP, but
not that induced by acetylcholine, histamine or 5-hydroxytryptamine (Collier, James
& Schneider, 1966). Non-steroidal anti-inflammatory drugs inhibit the release of
prostaglandin F,, from guinea-pig lung (Piper & Vane, 1971 ; Vane, 1971) but not
its bronchoconstrictor activity on injection (Berry & Collier, 1964 ; James, 1969).
Meclofenamate also significantly inhibits anaphylactic bronchoconstriction in the
guinea-pig, thus implicating at least some of the above mediators in this reaction.
Non-steroidal anti-inflammatory drugs also block the contraction of human iso-
lated bronchial muscle induced by prostaglandin F,, (Collier & Sweatman, 1968)
and the production of prostaglandins in human tissues in vitro (Smith & Willis,
1971) and in vivo (Collier & Flower, 1971). Although bradykinin and SRS-A are
bronchoconstrictors in man (Herxheimer & Stresemann, 1961a, 1963 ; Stresemann,
1963b) their antagonism by antipyretic drugs has been unsuccessful in most patients
(Herxheimer & Stresemann, 1961b ; Stresemann, 1963a). Similarly, the efficacy of
these drugs against bronchial asthma, though real in some cases, is generally dis-
appointing (Cook, 1947 ; Herxheimer & Stresemann, 1961b; Pearson, 1963 ;
Clarke, 1969). What action they have may be due to blockade of synthesis or
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action of prostaglandin F,, (Collier, 1971). The failure of fenamate to modify
anaphylactic bronchoconstriction in the rat accords with the clinical picture
(McNichol, 1966 ; H. Herxheimer, personal communication) and suggests that
bradykinin, SRS-A and prostaglandin F,, do not play a major role in the media-
tion of this reaction.

The finding that the M-adrenoceptor blocking drug, propranolol, and ad-
renalectomy did not significantly potentiate anaphylactic bronchoconstriction in
the rat was at variance with results obtained in the guinea-pig (Collier & James,
1967) and in man (McNeill, 1964). This suggests that the role of the sympathetic
nervous system is not as great in our model of rat anaphylaxis as it is in guinea-pig
anaphylaxis.

The inhibition of allergic bronchoconstriction in the rat by steroids accords
with the clinical picture in man but not with the results obtained in the guinea-pig
(Hicks, 1969). The linear dose-response relationship indicates an anti-anaphylactic
effect of dexamethasone. The doses used correspond with doses used in man. The
lowest dose that significantly protected the rat (0-0625 mg/kg) is equivalent to a
single dose of 4 mg in a human subject. The time of peak effectiveness of dexa-
methasone, 24 h, also accords with that of steroids in acute asthma. In the guinea-
pig, dexamethasone (5 mg/kg i.p.) given daily for 4 days before challenge failed
to inhibit anaphylactic bronchoconstriction (Church & James, unpublished results).
The failure of guinea-pigs to respond to steroids indicate that either: (1) the
immunological pathway leading to the release of humoral mediators differs from
that of man and the rat ; or (2) the steroid sensitive links of the chain in man and
the rat are not steroid sensitive in the guinea-pig.

Disodium cromoglycate caused a bell-shaped dose-related inhibition of ana-
phylactic bronchoconstriction in the rat. The failure to produce linear dose-related
activity and the immediate efficacy of this compound indicate that its mode of
action is not steroid-like.

In the guinea-pig, anaphylactic bronchoconstriction is antagonized by fenamate
(Collier & James, 1967) but not by steroid. In the rat the picture is reversed,
dexamethasone but not fenamate being active. In man the possibility that these
two drugs potentiate each other or have additive effects has been mooted (Jick,
Pinals, Ullian, Slone & Muench, 1965). Results cited here show that in the rat,
meclofenamate does not significantly alter the inhibition of anaphylactic broncho-
constriction by dexamethasone. Similarly, in the guinea-pig, dexamethasone did
not modify the inhibitory effect of meclofenamate (Church & James, unpublished).
In man, where both dexamethasone and fenamate may reduce the asthmatic
response (Pearson, Baylis & Smellie, 1961 ; Jackson, Raymer & Etter, 1968) some
potentiation may be possible.

We thank Dr. L. M. McEwen for his advice during this work, Dr. B. M. Ogilvie for
supplying the larvae of Nippostrongylus brasiliensis, and Messrs, J. F. L. Alexander and G.
Thomas for their technical assistance. Disodium cromoglycate was kindly supplied by Fisons
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