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MEDIATORS OF PASSIVE
LUNG ANAPHYLAXIS IN THE RAT
J.B. FARMER, I.M. RICHARDS, P. SHEARD & AUDREY M. WOODS
Department of Pharmacology and Biochemistry, R. & D. Laboratories, Fisons Ltd., Pharmaceutical Division, Bakewell
Road, Loughborough, Leics

1 Passive lung anaphylaxis (PLA) was investigated in rats sensitized by the intravenous
injection of high titre reaginic antiserum prepared in rats.
2 The effect of various pharmacological antagonists on anaphylactic bronchoconstriction in
vivo were examined. An antihistamine (mepyramine), a kallikrein inactivator (aprotinin) or a
prostaglandin synthesis inhibitor (aspirin) did not inhibit PLA, whereas an
anti-5-hydroxytryptamine agent (methysergide) and an anti-slow reacting substance-A agent
(FPL, 55712) significantly reduced the response.

3 Isolated perfused lungs taken from sensitized rats released, on challenge with the sensitizing
antigen, histamine, 5-hydroxytryptamine, slow reacting substance of anaphylaxis (SRS-A) and
prostaglandins, but no rabbit aorta contracting substance (RCS).
4 Disodium cromoglycate inhibited both anaphylactic bronchoconstriction in vivo and the
anaphylactic release of mediators in vitro. Inhibition in vivo was dose-related.
5 Mediators from the intestine, the primary shock organ of anaphylaxis in the rat, did not
contribute to the lung response.

6 Vagal reflex pathways were found not to be important in PLA in vivo.
7 The relationship between the mediators released following antigen challenge of passively
sensitized rat lung in vitro and passive lung anaphylaxis in vivo is discussed.

Introduction

One of the tests which has been widely used in the
search for new compounds effective in the
treatment of bronchial asthma, is passive
cutaneous anaphylaxis (PCA) in the rat induced by
homologous reagin (IgE)-like antibodies (Goose &
Blair, 1969). These antibodies have properties (e.g.
they are heat labile, non-precipitating and act with
long latency) similar to human reagins which are
associated with immediate hypersensitivity in man.
No study has been reported of anaphylactic
bronchoconstriction in rats passively sensitized
with rat IgE. A study of this reaction with regard
to mediator release and activity of the anti-asthma
agent, disodium cromoglycate, both in vitro and in
vivo has therefore been made. A preliminary
report of this work was communicated to a Joint
Meeting of the British Pharmacological Society
and the Deutsche Pharmakologische Gessellschaft
(Farmer, Richards, Sheard & Woods, 1973).

Methods

Passive sensitization

Female Sprague Dawley rats weighing 200-250 g
were sensitized by the injection of conalbumin

5 mg/kg intramuscularly and 0.5 ml Bordetella
pertussis vaccine 2 x 1010 organisms intraperi-
toneally, on day 0. On day 10 the animals were
injected with 4 x 103 larvae Nippostrongylus
brasiliensis subcutaneously to potentiate the
production of antibodies to conalbumin (Orr &
Blair, 1969). On day 24 or 25, the blood was
collected by cardiac puncture under anaesthesia
and the antisera collected, pooled and stored at
-20 C. Groups of 100 or 200 rats were used to
provide a large bulk of antiserum. The titre (or
highest effective dilution which gave a mean 72 h
PCA response of 5 mm in diameter in a rat) of the
antiserum used was 1:512. Wistar rats were
passively sensitized by intravenous injection of
0.5-1 ml of this high titre antiserum.

Passive lung anaphylaxis in vivo

Twenty-four hours after sensitization, rats were
anaesthetized with intraperitoneal pentobarbitone
sodium 80-100 mg/kg, a dose sufficient to abolish
spontaneous respiration. The tail vein of each rat
was cannulated with a hypodermic needle tut
from its mount and inserted in narrow polythene
tubing to provide a flexible connection to a
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syringe for intravenous injection. Airways
resistance was then measured by the overflow
technique of Konzett & Rossler (1940) as

modified by Burden, Parkes & Gardiner (1971).
The trachea was cannulated and the animal
ventilated by means of a Starling miniature
respiration pump at a rate of 72 strokes/minute.
Inflation pressure was kept constant at 9 cm water
by means of a water valve. The air overflow from
the water valve passed through a pneumotacho-
graph tube connected to a differential air pressure

transducer. Changes in overflow were displayed on
a Devices recorder. The animals were challenged
with egg albumin 25 mg/kg. Anaphylactic
bronchoconstriction was recorded as % of the
maximal overflow (obtained by clamping off the
trachea). The inhibitory effect of antagonists was

given by the formula:
% bronchoconstriction in control group -

% bronchoconstriction in test group
--x 100.

% bronchoconstriction in control group

Evisceration of rats

The abdomen was opened, the viscera exposed and
3 branches of the superior mesenteric artery
(ileo-colic, colic and pancreatic-duodenal) tied off.
The intestines were then removed from just below
the stomach to the anus. In 'sham' operations, the
intestines and blood vessels were left intact.

Passive lung anaphylaxis in vitro

Rats were killed 24 h after sensitization and the
lungs removed and perfused via the pulmonary
artery with Krebs solution gassed with 95% 02

and 5% C02, as described by Piper & Vane (1969)
for guinea-pig lungs. The Krebs solution had the
following composition (mM): NaCl 118,
MgSO47H20 1.17, NaHCO3 25.0, glucose 5.6,
KCI 4.7, CaCl26H2O 2.5, KH2PO4 1.2. The
effluent was superfused over six tissues at
6 ml/min using a Watson-Marlow flow inducer.
The tissues were suspended in polycarbonate
chambers and arranged in two banks of three. The
actions of acetylcholine, histamine, 5-hydroxy-
tryptamine (5-HT) and catecholamines were

eliminated, except where indicated, with a

combination of antagonists (referred to as

combined antagonists), consisting of atropine
sulphate 0.1 pg/ml, mepyramine maleate
0.1 pg/ml, methysergide bimaleate 0.1 ,ug/ml,
phenoxybenzamine hydrochloride 0.1 g/ml and
propranolol hydrochloride 2 gg/ml. These
ant#gonists were infused at 0.1 ml/min into the
superfusing fluid so that the antagonists reached
some or all of the assay tissues.

Histamine was assayed on the cat terminal
ileum treated with the combined antagonists
excluding mepyramine and methysergide.

Several tissues were tested for sensitivity to
5-HT. In preliminary experiments rat stomach
strips were used, but it proved difficult to separate
the actions of 5-HT and prostaglandins. The most
useful tissue for 5-HT assay was the rabbit aorta.
After it had been verified that no rabbit aorta
contracting substance (RCS) was released from
sensitized rat lungs by antigen challenge, as found
by Piper & Walker (1973) in actively sensitized
rats, the rabbit aorta was used regularly for the
detection of 5-HT. Higher sensitivity was found in
spirally cut strips taken from young female
rabbits. The superfusion fluid for this tissue
contained the combined antagonists excluding
methysergide.
A guinea-pig ileum treated with the combined

antagonists was used to detect slow-reacting
substance (SRS)-A. Standard responses were
obtained with crude SRS-A prepared from
guinea-pig lungs.

Prostaglandins were assayed on the rat stomach
strip, chick rectum and rat colon treated with the
combined antagonists (Piper & Vane, 1969).

Standard solutions of agonists were injected
either in known volumes (1 ml or less as a bolus
injection) before the roller pump to avoid any
injection artefacts, or by slow infusion
(0.1 ml/min) for 1 or 3 min over the assay tissues.
Bolus injection was the most useful procedure
when a series of bench samples were to be assayed,
while slow infusion produced tissue responses
which more closely resembled those obtained after
challenge of sensitized lungs suspended above the
assay tissues. The isolated lungs were challenged
with 400,ug of 5 x crystallized egg albumin
solution.

Drugs and reagents

The drugs and other agents used were histamine
acid phosphate (BDH), 5-hydroxytryptamine
sulphate (BDH), bradykinin (Sandoz), prosta-
glandin F2a (Upjohn), prostaglandin E2 (Cam-
brian Chemicals), methysergide bimaleate
(Sandoz), mepyramine maleate (May & Baker),
aprotinin (Trasylol, Bayer), disodium cromo-
glycate (Fisons), FPL 55712 (Fisons), atropine
sulphate (Sigma), phenoxybenzamine hydro-
chloride (ICI), propranolol hydrochloride (ICI),
sodium pentobarbitone (May & Baker), acetyl-
salicylic acid (BDH), egg albumin (BDH),
conalbumin Type II (Sigma), 5 x crystallized egg
albumin (Koch-Light) and B. pertussis vaccine
(Burroughs Wellcome).
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Figure 1 Time course of anaphylactic bronchocon-
striction in passively sensitized rats. (-) Control
response; (A) response in animals pretreated with
mepyramine (10 mg/kg, i.p. 30 min before antigen);
(s) methysergide (4 mg/kg, i.v. 15 min before antigen)
or (o) FPL 55712 (10mg/kg, i.v. immediately before
antigen). (n = 9).

Results
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Figure 2 Inhibition of anaphylactic bronchocon-
striction in passively sensitized rats after pretreatment
with methysergide (4 mg/kg, i.v. 15 min before
antigen) indicated by dashed line; (m) FPL 55712, and
(e) FPL 55712 + methysergide (4 mg/kg) (n = 7).

Effect of heat treatment of reaginic antiserum on
its ability to sensitize rats for anaphylactic
bronchoconstriction in vivo

One group of 7 rats was sensitized with unheated
serum and another with serum which had been
heated at 560C for 1 hour. The increase in
respiratory overflow (% maximum mean ± s.e.
mean) was, in the first group 58 ± 8.3 and in the
second group 10.7 ± 1.2 (n = 7). These results
suggested that a heat labile reagin-like antibody
was responsible for the greater part of the lung
anaphylactic responses produced in these
experiments.

Effect of pharmacological antagonists on
anaphylactic bronchoconstriction in vivo

Figure 1 shows the time course of anaphylactic
bronchoconstriction in untreated rats and in rats
after pretreatment with an antihistamine (mepyr-
amine 10 mg/kg i.p. 30 min before antigen), an
anti-5-HT agent (methysergide, 4 mg/kg i.v.
15 min before antigen) or a selective antagonist of
SRS-A (FPL 55712 10 mg/kg i.v. immediately
before antigen; Augstein, Farmer, Lee, Sheard &
Tattersall, 1973). The increase in respiratory
overflow (% maximum) was as follows: control

group 42.7 ± 7.2, mepyramine-treated group
47.4 ± 7.3, methysergide-treated group 25.0 ± 1.7
and FPL 55712-treated group 21.7 ± 4.4. The %
inhibition produced by the drugs was nil, 41.3
(P < 0.05) and 49.2 (P < 0.25), respectively.

The dose of FPL 55712 used in these
experiments inhibits PCA in the rat (unpublished
results). A further experiment was therefore
performed to determine if the effects of FPL
55712 and methysergide were additive in PLA.
FPL 55712, 1, 3 and 10 mg/kg was tested against
anaphylactic bronchoconstriction in the presence
and absence of methysergide 4 mg/kg. The results
(Figure 2) show that the effects of the compounds
were additive at each dose of FPL 55712.

FPL 55712 (10 mg/kg) did not inhibit
bronchoconstrictor responses produced by intra-
venous injection of 5-HT (12.5,g/kg) in the rat,
which confirmed the selectivity found in vitro
with FPL 55712 (Augstein et al., 1973).
Intravenous injection of other possible mediators
of anaphylaxis (histamine, bradykinin, prosta-
glandins E2 or F2. at doses up to 100,ug/kg) did
not produce bronchoconstriction in the rat,
although all of these agents produced a fall in
blood pressure.
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Figure 3 Mediators released after antigen challenge of lungs taken from passively sensitized rats: (a) standard
solution of individual agonists, histamine 20 ng/ml (H), 5-hydroxytryptamine 20 ng/ml (HT), prostaglandins E2
2 ng/ml and F2. 2 ng/ml and crude SRS-A 1.0 ml (S); and combined agonists (CA) excluding SRS-A; superfused
over cat terminal ileum (CTI), rabbit aorta (RA), rat stomach strip (RSS), guinea-pig ileum (GPI), chick rectum
(CR) and rat colon (RC); (b) the effluent from isolated lungs superfused over the same assay tissues, L = lungs
suspended above the assay tissues, Ag = injection of 400 ,ug of 5 x crystallized egg albumin. Selective antagonists
were superfused over the assay tissues as described in the text.

Aspirin pretreatment in vivo

Following treatment with aspirin (5 mg/kg i.v.)
10 min before challenge, the % maximum
bronchoconstriction (mean ± s.e. mean) was
86.0 ± 2.9 (n = 5) compared to 67.1 ± 16.2 (n = 5)
for controls. The difference between these
responses was not significant (P > 0.05).

Aprotinin pretreatment in vivo

Intraperitoneal injection of aprotinin, 100,000
kallikrein-inhibitor units/kg 10 min before chal-
lenge, produced a slight inhibition of the
bronchoconstrictor response, but this was not

significant (P > 0.05). The % maximum broncho
constriction (mean ± s.e. mean) was 55.0 ± 11.5
(n = 5) compared to 63.6 ± 7.0 (n = 5) for control
rats.

Influence of mediators released from the intestine
in vivo

There was no significant difference (P > 0.05) in
the anaphylactic bronchoconstriction obtained in
eviscerated or 'sham' operated animals. The %
maximum bronchoconstriction (mean ± s.e. mean)
was 44.9 ± 10.2 (n = 7) in eviscerated rats and
42.8 ± 7.1 (n = 7) in 'sham' eviscerated rats.
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Figure 4 Inhibition by disodium cromoglycate (DSCG) of release of mediators after antigen challenge of lungs
taken from passively sensitized rats; (a) control lungs; (b) lungs perfused with DSCG 10,ug/ml for 1 min before
and 5 min after antigen challenge. Other details as in Figure 3.

Vagal involvement in vivo

In groups of 6 rats there was no significant
difference (P> 0.05) in the anaphylactic
bronchoconstriction obtained in bilaterally vago-
sympathectomized animals (64.5 ± 6.1) or in
'sham' operated animals (71.0 ± 10.8).

Mediators released from passively sensitized lung
in vitro

After challenge of isolated perfused lungs taken
from passively sensitized rats, the perfusing fluid
was allowed to superfuse a series of assay tissues
(Figure 3). The release of histamine was
demonstrated by a contraction of the cat terminal
ileum; of 5-HT by a methysergide-sensitive
contraction of the rabbit aorta; of SRS-A by a

slow, prolonged contraction of the guinea-pig
ileum superfused with combined antagonists; and
of prostaglandins by contractions of the rat
stomach strip, chick rectum and rat colon. It was
noticeable that prostaglandins could only be
detected after severe shock when large amounts of
the other mediators were also released. In some
experiments only histamine and 5-HT and no
prostaglandins were released. After a second
antigen challenge no mediators could be detected
in the perfusing fluid.

No contraction of a rabbit aortic strip
superfused with a combination of antagonists
including methysergide was seen after challenge of
8 sets of sensitized rat lungs. That lung shock had
actually taken place was shown by the presence of
the other mediators and the contraction of a
second aortic strip which was not superfused with

a
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b

CA
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methysergide. These results agree with the findings
of Piper & Walker (1973) that RCS is released
after mechanical stimulation, but not after antigen
challenge of lungs taken from actively sensitized
rats.

Effects of disodium cromoglycate on PLA in vivo
and in vitro

In vivo dose-dependent inhibition of passive lung
anaphylaxis was obtained by disodium cromo-
glycate (DSCG) given intravenously 1 min before
challenge in groups of 7 rats. Doses of 0.4, 1, 2
and 5 mg/kg DSCG gave respectively 28.2, 46.6,
52.3 and 84.5% inhibition of PLA, the ID50 being
1.25 mg/kg.

In vitro DSCG (10 or 100 Ag/ml) was infused
through the isolated lungs from 1 min before
antigen challenge until 5 min after challenge.
DSCG at 100,g/ml totally inhibited mediator
release in 5 out of 6 rats and at 10 pg/ml in 3 out
of 7 rats (Figure 4). Sixteen control sets of lungs
all showed some mediator release.

Discussion

A chemical substance can be accepted as a
mediator of a biological reaction only if several
criteria are satisfied (Vane, 1972a). The present
experiments allow some conclusions about the
contribution of various potential mediators to
anaphylactic bronchoconstriction in rats passively
sensitized with reaginic antiserum.

The evidence that 5-HT participates as a
mediator of PLA in the rat is conclusive. 5-HT
injection into the normal rat produced
bronchoconstriction. Methysergide, an antagonist
of 5-HT, reduced anaphylactic bronchocon-
striction in vivo. Rat lungs contain relatively high
quantities of 5-HT (Weissbach, Waalkes &
Udenfriend, 1958, 3.5,Mg/g; Sadavongvivad, 1970,
1.91 lg/g) and we have shown that 5-HT can be
released from rat lungs during PLA in vitro.

Although histamine is present in rat lungs
(Aviado & Sadavongvivad, 1970, 5.0 ,g/g) and can
be released during anaphylactic shock in vitro,
histamine injection did not produce broncho-
constriction in vivo, nor did mepyramine reduce
anaphylactic bronchoconstriction in vivo. It
appears therefore that histamine is not an
important mediator of anaphylactic bronchocon-
striction in the rat, in contrast to conditions in the
guinea-pig (Parrat & West, 1957; Austen, 1963).

The lungs of actively sensitized guinea-pigs
release SRS-A upon challenge with specific antigen
(Brocklehurst, 1960). We have demonstrated the
release of SRS-A following antigen challenge of

lungs from passively sensitized rats in vitro. In
addition, the partial inhibition of anaphylactic
bronchoconstriction in passively sensitized rats in
vivo by FPL 55712 suggests that SRS-A is involved
in this response. FPL 55712 has some anti-PCA
activity in the rat, which might suggest that the
inhibitory effect on anaphylactic bronchocon-
striction which we obtained was due to a general
anti-allergic property of this compound. However,
the additive effects of FPL 55712 and
methysergide in the present experiments suggest
that FPL 55712 acts mainly as an antagonist of
SRS-A. Conclusive evidence for SRS-A involve-
ment in rat PLA will be possible only when rat
SRS-A has been purified.

Main (1964) and Horton (1969) have suggested
that prostaglandins are normally involved in the
local control of bronchial smooth muscle tone.
This view is supported by Vane (1972b) who
suggests that prostaglandins function as homeo-
static regulators in the lung by modulating the
effects of other mediators rather than by
producing anaphylactic bronchoconstriction them-
selves. Our results to some extent support this
view. Aspirin pretreatment did not modify PLA in
vivo. During in vitro experiments prostaglandins
were detected in the perfusates from lungs only
after severe anaphylactic shock. Moreover, the
ratio of prostaglandins to other mediators released
was far higher during the mechanical stimulation
involved in setting up the lungs than during
anaphylactic shock (Figure 3). During anaphylac-
tic shock in rats bradykinin is found in the blood
(Csaba & Went, 1971), bradykininogen levels fall
and kinin-forming activity is increased (Dawson,
Starr & West, 1966; Csaba & Went, 1971). Because
no true bradykinin antagonists were available,
aprotinin which inhibits kinin formation was used.
Aprotinin did not modify anaphylactic broncho-
constriction. In addition, the injection of
bradykinin into rats did not induce bronchocon-
striction. This argues against bradykinin being a
mediator of anaphylactic bronchoconstriction in
the rat.

In the experiments reported here, DSCG
produced a dose-related inhibition of PLA in vivo
and complete inhibition of mediator release in
vitro (Figure 4). This is in contrast to the
'bell-shaped' dose-inhibitory response curve
produced against anaphylactic bronchocon-
striction in actively sensitized rats (Church, Collier
& James, 1972).
DSCG is thought to act primarily at the cellular

level by preventing the release of tissue damaging
substances following antigen interaction with mast
cells sensitized with IgE (Cox, 1971).

Evidence has been presented that DSCG blocks
cyclic adenosine 3',5'-monophosphate (AMP)
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phosphodiesterase in vitro (Roy & Warren, 1974).
However, the drug has no spasmolytic activity on
smooth muscle and therefore, probably has no
effect on smooth muscle phosphodiesterase.
Taylor, Francis, Sheldon & Roitt (1974), carried
out experiments using rat PCA and peritoneal mast
cell degranulation which led them to suggest that
the anti-asthmatic activity of DSCG might be due
to its inhibitory effect on a specific mast cell
phosphodiesterase iso-enzyme. However, experi-
ments of Koopman, Orange & Austen (1970) had
previously suggested that the action of DSCG in
inhibiting antigen-induced release of SRS-A from
the rat IgE-sensitized peritoneal cavity of rats was
independent of the cyclic AMP system. Thus, the
relevance of phosphodiesterase inhibition by
DSCG to its anti-asthmatic effect, particularly
when considered in relation to the respective doses
needed to exert these effects, is still uncertain.

The unusual bell-shaped dose-response curve
with DSCG in actively sensitized rats in vivo can
probably best be explained by the presence of
antibodies other than IgE, which may contribute
to, or initiate events leading to, anaphylactic
bronchoconstriction in these animals. In contrast,
in the passively sensitized rat, the long latency and
heat lability of the antibodies involved in the
anaphylactic bronchoconstriction suggest that the
reaction is primarily due to interaction of antigen
with IgE attached to the lung tissue. Thirteen
other compounds (each of which produced a
dose-related inhibition of rat PLA) had almost
identical activity, relative to DSCG, both in rat
PLA and PCA and therefore, PLA was no more
predictive as a screen for anti-allergic activity than
PCA (Farmer et al., 1973).

Orange, Stechschulte & Austen (1970), have
demonstrated the release of histamine and/or

SRS-A during passive peritoneal anaphylaxis in the
rat. Mediators released were dependent on the
immunoglobulins involved. As our experiments
with eviscerated animals showed, mediators
released from the intestine, considered to be the
primary 'shock' organ of anaphylaxis in the rat
(Sanyal & West, 1958; West, 1959), did not
contribute to anaphylactic bronchoconstriction.
The mediators which produce bronchoconstriction
in vivo are probably released from the lungs
themselves.

It has been suggested that vagal reflexes are
partly responsible for anaphylactic bronchocon-
striction in guinea-pigs (Mills & Widdicombe,
1970), dogs (Gold, Kessler & Yu, 1972) and
rabbits (Karczewski & Widdicombe, 1969). In our
experiments, vagotomy did not modify PLA in the
rat. This species difference could be significant in
the search for a predictive animal test for
anti-allergic activity in man. However, the
involvement of vagal reflexes in human bronchial
asthma has not been clearly established. Some
workers have shown atropine to be an effective
inhibitor of antigen-induced bronchoconstriction
in asthmatic patients (Yu, Galant & Gold, 1972)
while others report little (Itkin & Anand, 1970),
or no effect (Orie, Van Lookeren Campagne, Knol,
Booij-Noord & De Vries, 1973; Rosenthal,
Summer, Permutt & Norman, 1974). The
relevance of anaphylactic bronchoconstriction in
rats (or other animals) to asthma in man, with
respect to vagal reflex involvement, cannot be
resolved at present.

We are grateful to Mrs Diana R. Allebon and Miss Mary E.
Leeson for technical assistance, and to Dr Priscilla J. Piper
and Mr T.W. Smith for advice on the technique of cascade
superfusion.
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