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EFFECTS OF
TWO

INHIBITORS OF ANAPHYLACTIC MEDIATORS IN
MODELS OF BRONCHIAL ANAPHYLAXIS
IN ANAESTHETIZED GUINEA-PIGS

PER ANDERSSON
Research and Development Laboratories, AB Draco, Box 1707, S-221 01 Lund, Sweden

1 The effects of pretreatment with various inhibitors of anaphylactic mediators on antigen-induced
bronchoconstriction were studied in anaesthetized guinea-pigs, actively sensitized according to two
different regimens (one producing IgE- and IgG-like antibodies and the otherproducing exclusively
IgG antibodies).
2 The phospholipase A2-inhibitors mepacrine and p-bromphenacylbromide caused a dose-
dependent inhibition of the antigen-induced bronchoconstriction in guinea-pigs sensitized to
produce both IgE and IgG antibodies. No effect was seen in those sensitized to produce only IgG
antibodies.
3 In both models indomethacin pretreatment led to an increased anaphylactic bronchoreactivity,
whereas mepyramine and FPL 55,712 reduced it.
4 BW 755C significantly reduced antigen-induced bronchoconstrictioninguinea-pigs sensitized to
produce both IgE and IgG antibodies. In this model, the residual bronchoconstriction evident after
combined pretreatment with indomethacin and mepyramine was prevented by additional pretreat-
ment with mepacrine, FPL 55712 or budesonide.
5 Arachidonic acid given intravenously caused a marked bronchoconstriction that was prevented
by indomethacin but not by budesonide, FPL 55712 orp-bromphenacylbromide.
6 Although the same pattern of anaphylactic mediators is released in the two models of anaphylac-
tic bronchoconstriction, a different activation mechanism is indicated by the results obtained with
phospholipase A2 inhibitors.

Introduction

IgE antibody-mediated reactions may play a major
role in the pathogenesis ofhuman asthma. The reagin
attaches to the surface of cells, notably mast cells and
blood basophils, and interaction between it and the
antigen leads to the release of mediators causing
bronchial muscle contraction and inflammatory reac-
tions (Ishizaka & Ishizaka, 1978; Johansson &
Foucard, 1978; Lewis & Austen, 1981).
Andersson (1980a) showed that guinea-pigs sen-

sitized with low doses of antigen together with
A1(OH)3 as an adjuvant produce both IgE- and
IgG-like antibodies, whereas those sensitized with
high doses of antigen without adjuvant produce only
IgG-like antibodies. Furthermore, some important
differences were shown between the anaphylactic
reactions obtained in animals sensitized according to
these two regimens. Thus higher provocation doses
are needed to obtain an effect and much more his-
tamine is released after anaphylactic challenge in
guinea-pigs sensitized to produce a mixture of IgG
and IgE antibodies compared with those sensitized to
produce only IgG antibodies (Andersson, 1980a;
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Andersson & Bergstrand, 1981). Furthermore, dis-
odium cromoglycate (SCG) and glucocorticoids do
not prevent IgG-mediated bronchial anaphylaxis
(Andersson, 1980b; Andersson& Bergstrand, 1981;
Andersson & Brattsand, 1982).

It is therefore of interest to compare the role of
different mediators in bronchial anaphylaxis
mediated by IgE or IgG antibodies. Thus in the
present paper the roles of histamine and the lipox-
ygenase and cyclo-oxygenase products of
arachidonic acid metabolism are examined by the use
of known antagonists in an antigen-induced bronchi-
al anaphylaxis in guinea-pigs sensitized to produce
either IgE or IgG antibodies.

Methods
Animals

Outbred guinea-pigs (Dunkin-Hartley bred by
Sahlins, Malmd, Sweden) were used; their weight at
sensitization was 250-300 g.
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Sensitization procedures

Two sensitization procedures (A, B) were used. (A)
Production of IgE- and IgG-like antibodies: the
animals were sensitized by one intraperitoneal injec-
tion of 0.5 ml 0.9% w/v NaCl solution (saline) con-
taining 1 tg ovalbumin and 100 mg Al(OH)3. The
adjuvant was added to the antigen solution 1 h before
injection. (B) Production of IgG-like antibodies: the
animals were injected intraperitoneally with ovalbu-
min 5 mg on day 0 and 10 mg on day 2. The injection
volume was 0.1 ml.

Details of types and titres of antibodies produced
in guinea-pigs sensitized according to procedures (A)
and (B) have been given before (Andersson, 1980a).

Respiratory measurements

The respiratory measurements were performed as
described earlier (Andersson & Bergstrand, 1981).
Guinea-pigs actively sensitized according to proce-
dures (A) and (B) were anaesthetized with pentobar-
bitone (Mebumal), 30 mg/kg i.p., and challenged on
day 42 with ovalbumin injected intravenously (doses

cmH20 1K1 s 1 a

indicated in Results) through the left jugular vein.
When a stable response was reached, 1000 ytg/kg of
ovalbumin was injected to produce maximum re-
sponse. Blood pressure was recorded throughout the
entire procedure via a catheter inserted in the right
carotid artery. The variables used to measure pulmo-
nary mechanics and bronchoconstriction were lung
resistance (RL) and dynamic lung compliance (CDy.)
as described previously. RL and CDy. have been
defined and calculated as outlined by Amdur& Mead
(1958).

Drugs

Ovalbumin (grade Ill), indomethacin, arachidonic
acid and mepacrine (Quinacrine), were from Sigma.
Other drugs were mepyramine maleate, May &
Baker Ltd., FPL 55712 (sodium 7-[3(4-acetyl-3-
hydroxy-2-propylphenoxy)-2-hydroxypropoxy]-4
oxo-8-propyl-4H- 1 -benzopyran-2-carboxylate),
Fisons; p-bromphenacylbromide, Draco, Sweden;
budesonide (16,17-(22R.S.)-propylmethylenedi-
oxy-pregna-, 4-diene-11, 21-diol-3, 20-dione)
micronized, Astra, Sweden; BW755C,

b

c
._

0

cx

(0)

c

a

a
0
C
a)
(I)
a'

mg/kg

ml/cmH20
Fgwre 1 Effect of inhibitors of phospholipase A2, cyclo-oxygenase, lipoxygenase, histamine and SRS-A on the
antigen-induced bronchoconstriction in anaesthetized guinea-pigs sensitized to produce both IgE- and IgG-like
antibodies (procedure(A)). (a) Solid columns control response to ovalbumin challenge (5 fig/kg); hatched columns
dose-response for mepacrine given 5 min before challenge; striped columns dose-response for p-
bromphenacylbromide given 5 min before challenge. (b) Solid columns control response to ovalbumin (5 jug/kg);
open columns mepyramine (0.01 mg/kg) given 5 min before challenge; hatched columns FPL 55712 (10 mg/kg)
given immediately before challenge; striped columns BW755C (3.3 mg/kg) given 2 min before challenge. (c) Solid
columns control responses to ovalbumin (2 and 5 jg/kg); indomethacin, 2 mg/kg (open columns) and 5mg/kg
(hatched columns) given 5 min before challenge. Columns represent mean results, bars show s.e.mean: figures in
parentheses indicate the number of experiments. Statistical significance of differences is shown with respect to
control anaphylaxis: *0.05>P> 0.01 **0.01 >P> 0.001 ***P< 0.001.
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Weilcome Research Laboratories. Budesonide
was suspended in a vehicle of carboxymethyl
cellulose-sodium 0.75%, Tween 80 0.4% and
NaCl 0.7%. Indomethacin and p-bromphen-
acylbromide were dissolved in propylene glycol.
The other compounds were dissolved and diluted in
saline.

Potential inhibitors of anaphylactic bronchocon-
striction were administered at various times:
FPL 55712 was given immediately before challenge;
BW 755C was given intravenously 2 min before chal-
lenge; mepacrine, p-bromphenacylbromide, in-
domethacin and mepyramine were all given intraven-
ously 5 min before challenge and budesonide was
given intraperitoneally 15-20 h before challenge.

Statistics

The statistical significance of differences was
evaluated by Student's unpaired t test.

Results

Effects ofinhibitors onlIgE/IgG-mediated
anaphylactic bronchoconstriction
Guinea-pigs were sensitized by procedure (A) which
results in the production of both IgE- and IgG-like
antibodies. Anaphylactic challenge on day 42 re-

sulted in bronchoconstriction in the anaesthetized
animals, and this could be partially prevented by
pretreatment with various inhibitors (Figure 1).
Mepacrine (0.1-10 mg/kg) and p-

bromphenacylbromide (0.01-1 mg/kg) both caused
dose-related inhibition of the antigen-induced bron-
choconstriction as measured in terms of lung resis-
tance or lung compliance (Figure la). Mepyramine
(0.01 mg/kg) caused a marked inhibition of the
antigen-induced bronchoconstriction (Figure lb).
Indomethacin (2-5 mg/kg) caused a small dose-
related increase in bronchoconstriction when low but
not when large provocation doses were used
(Figure lc). FPL55712 (10mg/kg) and BW755C
(3.3 mg/kg) both caused partial inhibition of the
antigen-induced bronchoconstriction (Figure lb).
However, BW755C at 10 mg/kg caused pronounced
bronchospasm (results not shown).

Effects ofinhibitorson anaphylactic
bronchoconstriction mediated solely by IgG-like
antibodies

Animals were sensitized according to procedure (B)
and results are shown in Figure 2. p-
Bromphenacylbromide (1 mg/kg) had no effect on
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Flgure 2 Effect of inhibitors of phospholipase A2,
SRS-A, histamine and cyclo-oxygenase on the antigen-
induced bronchoconstriction in anaesthetized guinea-
pigs sensitized to produce IgG antibodies (procedure
(B)). Solid columns control responses to ovalbumin
challenge (40 and 120 lg/kg); open columns p-
bromphenacylbromide (1 mg/kg) given 5min before
challenge; striped column FPL 55712 (10 mg/kg) given
immediately before challenge; hatched columns
mepyramine (0.01 mg/kg) given5 minbefore challenge;
cross-hatched columns indomethacin (5 mg/kg) given
5 min before challenge.
Columns represent mean results, bars show s.e.mean:
figures in parentheses indicate the number of experi-
ments. Statistical significance of differences is shown
with respect to control anaphylaxis: *0.05>P> 0.01;
**0.01 >P> 0.001.

this type of antigen-induced bronchoconstriction.
FPL 55712 (10 mg/kg) caused a marked reduction of
the antigen-induced bronchospasm when small but
not when large provocation doses were used. In-
domethacin (5 mg/kg) caused a weak enhancement
in anaphylactic reactivity. Mepyramine 0.01 mg/kg
markedly decreased the antigen-induced broncho-
spasm.

Effects ofinhibitors on IgE/IgG-mediated
anaphylactic bronchoconstriction after indomethacin
and mepyraminepretreatment

Whereas mepyramine alone caused marked inhibi-
tion of this type of antigen-induced bronchoconstric-
tion (Figure lb), combined pretreatment with
mepyramine and indomethacin resulted in bron-
choconstriction of greater intensity, although less
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than in untreated animals (RL of 54.9± 6.2 versus
79.7± 8.9, P<0.O1; compare Figure 3 with Figure
la). In untreated guinea-pigs the bronchospasm
began with 20-30 s and was maximal 2-3 min after
antigen administration. With mepyramine-
indomethacin pretreatment, the contraction began to
develop 2-3 min after antigen injection and reached
maximum 6-10min later. This bronchospasm of
longer latency was dose-dependently inhibited by
FPL55712 and mepacrine (Figure 3). Budesonide
pretreatment (50 mg/kg) also caused partial inhibi-
tion of the bronchoconstriction.
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Flgwe 3 Effects of inhibitors of phospholipase A2 and
SRS-A and of budesonide on the antigen-induced bron-
choconstriction in anaesthetized guinea-pigs sensitized
to produce both IgE- and IgG-like antibodies and pre-
treated with indomethacin and mepyramine. Solid col-
umns, control response to ovalbumin (5 jig/kg),
mepyramine (0.01 mg/kg) and indomethacin (5 mg/kg)
given 5 min before challenge; open columns, dose-
response for mepacrine given S min before challenge;
hatched columns, dose-response for FPL55712 given
immediately before challenge; striped columns,
budesonide (50 mg/kg) given 15-20 h before challenge.
Columns represent mean results, bars show s.e.mean:

figures in parentheses indicate the number of experi-
ments. Statistical significance of differences is shown
with respect to control anaphylaxis: 0.05>P> 0.01;
1*0.01 >P>O.O1; ***P<O.OO1.
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FIgure 4 Effect of inhibitors of phospholipase A2,
cyclo-oxygenase and SRS-A and of budesonide on
bronchoconstriction induced by arachidonic acid in
anaesthetized guinea-pigs. Solid columns, control re-
sponse to arachidonic acid (10mglkg); hatched col-
umns, FPL 55712 (10 mg/kg) given immediately before
challenge; open columns, indomethacin (5 mg/kg) given
S min before challenge; striped columns, budesonide
(50mg/kg) given 15-20h before challenge; cross-
hatched columns, p-bromphenacylbromide (1 mg/kg)
given S min before challenge. Columns represent mean
results, bars show s.e.mean. Figures in parentheses indi-
cate the number of experiments. Statistical significance
of differences is shown with respect to control
anaphylaxis: *10.01>P> 0.001; ***P< 0.001.

Effects ofinhibitors on arachidonic acid-induced
bronchospasm in unsensitized guinea-pigs

Arachidonic acid (1Omg/kg) given intravenously
caused a rapidly developing bronchospasm which
was unaffected by pretreatment with budesonide
(50 mg/kg), FPL 55712 (10 mg/kg) or p-
bromphenacylbromide (1 mg/kg), but almost com-
pletely inhibited by indomethacin (5 mg/kg) (Figure
4).

Dion

IgE antibodies attach themselves to the surface of
mast cells and blood basophil leukocytes, and the
subsequent interaction between antigen and anti-
body leads to the release of mediators participating in
the anaphylactic reaction. During the last few years,
understanding of the mechanisms behind the release
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of anaphylactic mediators triggered by IgE an-
tibodies has increased. With rat mast cells or human
basophils it has been shown that bridging of IgE
receptors induces activation of methyltransferases
which cause a series of phospholipid methylations.
Production of cyclic AMP occurs simultaneously
(Ishizaka, 1981). The stimulation of phospholipid
methylation at the plasma membrane results in an

increase in Ca2+ influx concomitant with histamine
release. In this process the Ca24-dependent phos-
pholipase A2 seems to play an important role. Treat-
ment of rat basophilic leukaemia cells or human
basophils with mepacrine or p-bromphenacyl-
bromide, compounds which block phospholipase A2
in various systems (Volwerk, Pieterson & De Haas,
1974; Vargaftig, 1977; Blackwell, Flower, Nijkamp
& Vane, 1978), results in a decreased antigenor
anti-IgE-induced histamine release (McGiveny,
Morita, Crews, Hirata, Axelrod & Siraganian, 1980;
Marone, Kagey-Sobotka & Lichtenstein, 1981).

Activation of purified rat mast cells and rat
basophil leukaemia cells by antigen or anti-IgE also
leads to the release of arachidonic acid from mem-
brane phospholipids, by action of phospholipase A2
(Hirata & Axelrod, 1980). Arachidonic acid is
metabolized through the cyclo-oxygenase pathway
into prostacyclins, prostaglandins and thromboxanes
or through the lipoxygenase pathway leading to pro-
duction of SRS-A (Lewis & Austen, 1981). Recent
research has led to the identification of the principal
active constituents of SRS-A, leukotrienes C4 and D4
(Bach, Brashler, HammarstrSm & Samuelsson,
1980; Borgeat, 1981).
SRS-A has long been known to take part in type I

allergic reactions (Piper, 1977; Borgeat, 1981; Lewis
& Austen, 1981). Early observations indicated ef-
fects on airway smooth muscle contractility both in
vivo and in vitro. During the last few years, the
compound FPL 55712, an antagonist of SRS-A, has
been used in several immunopharmacological studies
to define the role of SRS-A in anaphylactic reactions
(Chand, 1979). The fact that FPL 55712 has a very
short biological half-life and has to be given almost
immediately before challenge poses great difficulties
in its use in studies in vivo. However, high doses of
FPL55712 given immediately before antigen chal-
lenge have been shown to block SRS-A-induced
bronchospasm in guinea-pigs (Sheard, Lee&Tatter-
sall, 1977). Furthermore, FPL 55712 given as an

aerosol inhibits bronchoconstriction induced by
nebulized LTC4 and LTD4 inman (Holroyde, Altou-
nyan, Cole, Dizon & Elliot, 1981).
The results obtained in the present investigation

show that the phospholipase A2 inhibitors mepacrine
or p-bromphenacylbromide inhibit the IgE- but not
the IgG-mediated bronchoconstriction. The role of
histamine in both the IgE- and IgG-mediated

anaphylaxis is indicated by the blockade with the
Hi-antagonist, mepyramine.
The present investigation also shows that

FPL 55712 to some extent inhibited the antigen-
induced bronchospasm in guinea-pigs sensitized to
produce both IgE and IgG antibodies. Furthermore,
the participation of lipoxygenase-derived products in
the IgE-mediated bronchospasm was strengthened
by the use of BW755C (3.3 mg/kg), a compound
mainly acting as a lipoxygenase inhibitor (Higgs,
Flower & Vane, 1979). A higher dose (10 mg/kg) of
BW755C caused contraction. This effect might de-
pend on the ability of the compound to induce his-
tamine release (Patterson, Pruzansky & Harris,
1981). These results indicate that both SRS-A and
histamine contribute to the IgE- and IgG-mediated
bronchoconstriction in anaesthetized guinea-pigs.
The role of the products derived by the cyclo-
oxygenase pathway in the anaphylactic lung reaction
is controversial. There are reports of antigen-induced
production of prostaglandins and thromboxanes in
various species including man and guinea-pig (Piper,
1977; Al Ubaidi & Bakhle, 1980; Spannhake,
Hyman & Kadowitz, 1981). However, it has been
observed that the cyclo-oxygenase inhibitor in-
domethacin has no effect on the antigen-induced
bronchoconstriction in the guinea-pig (Michoud,
Frazer, Pare & Hogg, 1976). Furthermore, asthmatic
patients show no reduction of asthmatic symptoms
after indomethacin pretreatment (Smith, 1975).

In the present investigation, indomethacin has a
strong blocking action on the bronchospasm induced
by arachidonic acid infusion, suggesting that such a
bronchospasm is induced by thromboxane A2 or
contracting prostaglandins. However, indomethacin
causes a potentiation of the antigen-induced IgE-
and IgG-mediated bronchoconstriction. These re-
sults indicate that the antigen-induced bronchospasm
in the guinea-pig is not due to cyclo-oxygenase-
derived products. Although it was originally sug-
gested that the potentiating effect of indomethacin
was due to inhibition of formation of cyclo-
oxygenase products like prostacyclin or prostaglan-
din E2 which have been shown to inhibit mediator
release or to relax tracheal smooth muscle contracted
by histamine (Lichtenstein & Henney, 1972; Tauber,
Kaliner, Stechschulte & Austen, 1973; Orehek,
Douglas, Lewis & Bouhuys, 1973; Engineer, Jose,
Piper & Tippins, 1978), more recent evidence indi-
cates that the potentiating effect exerted by in-
domethacin is related to a redirection of arachidonic
acid metabolism through the lipoxygenase pathway
(Hamberg, 1976; Morris, Piper, Taylor & Tippins,
1980). This may result in increased production of
5-HPETE which has been shown to enhance his-
tamine release from human basophils (Peters, Siegel,
Kagey-Sobotka & Lichtenstein, 1981) and/or to in-
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creased production of SRS-A (Piper, Tippins, Morris
& Taylor, 1979). The results obtained in the present
investigation show that antigen administration to
sensitized guinea-pigs pretreated with mepyramine
and indomethacin results in a marked bronchospasm
which is inhibited by FPL 55712, the glucocorticoid
budesonide and mepacrine, at least indicating pro-
duction of SRS-A.
The results obtained in the model for IgE-

mediated bronchoconstriction seem to fit into the
theories reviewed by Hirata & Axelrod (1980) and
Ishizaka (1981). The anaphylactic response
mediated by antibodies of the IgG-type has been far
less investigated. There are reports of anaphylactic
antibodies of the IgG-type in asthmatics (Bryant,
Burns & Lazarus, 1973; 1975). However, the
pathophysiological importance of the IgG antibody-
mediated reactions for human asthma is not clear
(Ishizaka & Ishizaka, 1973).
As there are reports of IgG-mediated release of

anaphylactic mediators like histamine and SRS-A
from rat peritoneal mast cells (Moodley & Mongar,
1981) and guinea-pig lung in vitro (Andersson &
Bergstrand, 1981; Forsberg & Sorenby, 1981), it
seems reasonable to assume the release of histamine
and SRS-A induced by IgG antibodies in the present
investigation to be derived from mast cells. There are
indications of separate receptors for IgG and IgE
antibodies on mice mast cells (Daeron, Prouvost-

Danon & Voisin, 1980). This observation together
with the findings of different effects with proposed
phospholipase A2 inhibitors in the present investiga-
tion, indicate involvement of different activation
mechanisms in the IgE- and IgG-mediated
anaphylactic reaction.

In conclusion, the present investigation shows that
histamine and SRS-A are the main mediators of
antigen-induced bronchospasm in guinea-pigs sensit-
ized to produce IgE and/or IgG antibodies, whereas
products derived via the cyclo-oxygenase pathways
of the arachidonic acid metabolism contribute to a
lesser extent to the bronchospasm. An antigen-
induced, SRS-A-mediated bronchospasm can be ob-
tained in mepyramine-indomethacin-treated guinea-
pigs sensitized to produce both IgE and IgG an-
tibodies. This bronchospasm is inhibited by the phos-
pholipase A2 inhibitors, mepacrine and budesonide.
The findings that pretreatment with phospholipase
A2 inhibitors decreased the IgE- but not the IgC-
mediated bronchoconstriction indicate different acti-
vation mechanisms for the release process induced by
IgE and IgG antibodies.
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Fisons Ltd for the gift of FPL55712 and The Wellcome
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