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Antigen-Induced Bronchial Anaphylaxis
in Actively Sensitized SD Rats
Effects of Glucocorticoid Treatment

M. DAHLBAt;K, H. BERGS'I'RAND and R. BRAT'I'SAND

Phartnacologieal Laboratory, Research and Development Department, AB Draco', Lund, Sweden

We examined the elTects of glucocorticosteroids (GCS) on atuigen-inducc;d bronchial
anaphylactic reactions (BAR) in SD rats immunized with ovalbumin (OA) and alum.
The animals were treated with vehicle, budesonide (BUD), dexamethasone (DEX), or
hydrocortisone (HC) at various times before intravenous (i.v.) antigen challenge. The
drugs were administered either intraperitoneally (i.p.) or intratracheally (it.); the BAR
was elicited by a low or by a high challenge dose of antigen. A BAR elicited by a low
ehallenge dose of antigen was reduced in a dose-dependent way by all GCS after i.p.
administration; at 1 mg/kg, BLJD and DEX significantly reduc;ed BAR and at 50 mg/kg
all three of the examined comi>ounds inhibited the BAR by 50 % or more. For BLJD,
maximum effect was recorded when it was given 12 h before test. There was only a slight
variation in the inhibitory effects of the GCS with immunization conditions of test
animals, l.t. instillation of the drugs did not markedly increase their Inhibitory capacity
as compared to i.p. administration. BAR elicited by a high antigen dose was at best
marginally affected by the GCS when given either i.p. or i.t.. 'Fhus, antigen-indueed
airway reactivity in rats can be reduced by GCS treatment provided that this is
performed sufficiently long before the test and that the challenge dose of antigen is not
too high.
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CLINICAL ASPECTS
Bronchial anaphylactic rcaetion.s induced by a low antigen dose in actively
sensitized rats are reduced if the animals are prctrcated with a single dose of a
potent GCS 5 h or more before challenge. These results may contribute to the
understanding of the recently reported "anti-allergie" effeet of GCS in asthmatics.

The development of optimal anti-asthma drugs Bronchial anaphylaxis in sensitized rats is

requires reliable animal models of the disease. one asthma model which has been used by

For screening purposes, asthma models in small many authors. In general, it does not encom-

laboratory animals are desirable. However, to pass the nonspecific hyperreaetivity component

date no such model exists which can clearly of the human disease. However, the antigen-

account for both the innmunologieal aspects of induced bronchial contraction in rats is presum-

human allergic asthma and the nonspecific ably mediated by the IgE-type of reaginic

airway hyperreaetivity which is a characteristic antibodies fixed to mast cells in the airways,

of various forms of asthma. Thus, this model probably shares some of the

immunological characteristics of the immediate

• Subsidiary of AB Astra, Sweden. reaction in human asthma. Several variants of

This paper was presented in part at the IUPFIAR 9th the rat bronchial anaphylaxis model exist.
International Congress of Pharmacology in London 1984. The reported effects of drugs in these rat
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models of asthma are not always consistent.
This applies, ior example, to the effects of
glucocorticosteroid (GCS) dexamethasone (6,
38). In part, this may be due to differences in
timing of administration of the drug. However,
other factors, such as antigen dose at challenge,
may also contribute. Moreover, we have pre-
viously shown that the inhibitory capacity of
specified "anti-allergic" asthma dings may in
fact vary with immunization conditions (11).
For example, disodium ctomoglycate (DSCG)
is an cifective inhibitor of anaphylaxis in rats
immunized with 1 or 10 |ig OA and alum 6
weeks before challenge but it is less effective in
reducing the anaphylaxis in similarly sensitized
animals challenged with the low dose of antigen
2-3 weeks after immunization. Moreover, it
does not reduce the airway reactions elicited by
high allergen doses.

Inhaled GCS, such as budestjnide, can
reduce the allergen-induced immediate bron-
choconstriction in asthmatics (10) and in
allergic sheep (14). However, information on
this effect of GCS is conflicting (30). It may
require longer pretrcatment times than the
better documented attenuation of the late reac-
tion (10, 16, 28). Whether the inhibitory effect
of GCS on the immediate bronchoconstriction
is due to "anti-allergic" (i.e., mediator-release
inhibiting) properties of the compounds is not
clarified. Indeed, GCS treatment reduces the
peak plasma level of histamine and the per eent
increase in serum neutrophil chemotactic
activity at allergen challenge of grass- or rag-
weed-pollen sensitive asthmatics (26). However,
irt vivo treatment with GCS does not seem to
reduce responsiveness of basophils to iminu-
nological stimuli when assessed in vitro; rather,
GCS treatment reduces blood levels of basophils
(31). On the other hand, dexamethasone can
reduce immunologically induced basophil (2,
32, 33) or mouse peritoneal mast cell (9) - but
not human lung tissue (34) - histainitie release
provided that the cells before challenge are
incubated with the steroid overnight in vitro. In
the rat mast cell system even ionophore
(A23187)-induced release of mediators is
reduced by in vivo treatment with DEX (25).
Moreover, in rats and guinea pigs treated in

vivo with GCS one day or more before test,
inhibition of antigen-induced bronchial anaph-
ylactic reactions (1, 6, 38) and antigen-induced
release of various anaphylactic mediators from
chopped lung tissue or serosal mast cells has
been reported (25, 35).

We therefore examined in some detail condi-
tions under which GCS treatment could affect
bronchial anaphylactic reactions in the rat
model of asthma which we have previously
characterized.

We also asked whether the inhibitory capaci-
ty of a GCS could vaty with sensitization
conditions of the animals. Ftirthermore, since
the characteristics of the inhibitory actions of
budesonide, dexamethasone, and hydrocor-
tisone were found to differ slightly in the human
basophil histamine release system (2) these
compounds were chosen for tests.

MATERIAL AND METHODS

Animals and immunization

Outbred male Sprague Dawley (SD) rats of
specii'ic pathogen iree (SPF) status (Mollegaards
Breeding Center Ltd., Ejby, Skensved, Den-
mark) were used at a weight of 200 g. After
arrival at our laboratory the animals were kept
under conventional animal housing conditions.
They were sensitized by an i.p. injection of 10
Hg or 100 (xg ovalbumin (OA; Sigma grade III,
crystallized and lyophilizcd) in 0.5 ml saline
mixed with 100 mg of dried and resuspended
Al(OH),, (F 2200 Reheis Chemical Company;
obtained through AB Astra, Sodertalje).

Respiratory measurements

At the indicated time after immunization, the
animals were used for test. They were anaes-
thetized with 40 mg/kg pentobarbital (Mcbu-
tnal®, ACO, Sweden) and 25 mg/kg metomi-
date chloride (Hypnodil®, LEO, Sweden) given
i.p.. 5 mg/kg succinylcholine (Celocurin®,
Vitrum, Sweden) was given i.p. in order to
prevent spontaneous respiration. Respiratory
measurements were performed according to the
method of Stotland & Share (37) slightly
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modified by Dahlback (1 I). In brief, the Irachea
was cannulated and the rat ventilated with a
Braun constant volutne respiratory pump in a
c:l().secl system. Intratracheal pressure was
recorded ihrough a side arm of the cannula
connected lo a Stalham i-'2.'̂ AC pressure trans-
ducer. The respiratory rate was set at 70 strokes/
min with a (racheal pressure of 8 cm H,O {tidal
volume range 2.0-3.75 tnl). All recotdings were
made on a Grass polygraph model 7B. The ani-
mals were ehalletigcd through a catheter inserted
in tlie right [ugttlar vein.

C^Jiallenge was performed by injection of a
low antigen dose (I.D; 0.3 mg OA to animals
itiiinuniz,c;d with 10 ng OA and 0.5 mg OA to
those immutiizecl with 100 (ig OA) and the
response recorded. A|jprc)ximately 2 min later
(when the response, to the low antigen dose had
levelled) an additional high dose (HD; 5 mg
OA) was itijected and the response again
recorded. The; intratracheal pt-c;ssure increase
resulling from each antigen injeclion was calcu-
lated as per cent of prechallenge pressure. At
the low anligen dose I his increase was referred
to as A P % , al the high antigen dose il was
called APmax%.

was 0.05 ml/100 g body weight. The vehicle
itsell did not inlluence the lesponse to antigen.
DSCG, BPB and QDC were given i.v. at the
indicated time belore challenge.

In ea(h experiment a similar ntttnber of vehi-
cle-treated control animals and drug-treated
experimental animals were tested from the same
scnsitization pool. Mean values ol' AP % and
APmax % were calculated for each group. Per
cent inhibition of the anaphylaclic reaclioii wa.s
calculated as follows:

Mean AP %
or APmax % of

clntg-treated aninial.s
% inhiliilion of BAR = 100 x (1 )

Mean AP %

or APmax % of

veilitle-trealCHI animals

Figures given show mean values ± SE for %
inhibition of BAR calculated from ihtce to
seven experiments each of which included at
least three drug-treated and ihtc-e veliicle-tteat-
ed anitnals.

Sc;rtitri OA-Igl \ OA-IgCi,^, antibody, and
total Igl'L levels wete detetmined as described
(17).

Druids

Drugs were administered i.v., i.]). or Ijy i.l.
inslillalion at the indicated time before antigen
challenge. The sources of drugs were Sigma
(dexamethasone, DEX; (|uinaerine dihydro-
chloride, QDC), A|:)oteksbolaget, Sweden
(hydrocortisone, HC), AB Draeo, Sweden
(budesonide, BUD; p-bromo])henacyl brtjtnidc,
HPB), Fisons Lid., UK (disodium cromogly-
eate, DSCG, Lonutdal*).

For i.p. or i.v, acltitinisltation, drugs were
dissolved and diluted iti propylene glycol,
except DSC'G and QDC which were dissolved
in 0.9% NaCI. Propylette glycol iti it.selT did
not inlluenee the response to anligen. Drugs lo
be administered by i.t. instillation were sus-
pended in a vehicle composed of Tween 80
0.04%, NaCl O.G.'i'/o and carboxymethyl cel-
lulose 0.75 7o in water. Fresh suspensions were
ptc:pared once a week, the sus])ensions being
stored at -t-5°C. The volume administered i.t.

RESULTS

Varuduni in anli-anaphylactic effect of CCS
ivith immunization conditions?

We iniiially asked whether ghictxorlico.slcroids
cotild affect antigett-indueed bionchial anaphyl-
axis in actively sensitiztxl SD rats and, if so,
whether elfecls of the (iCS varied wilh imnttt-
nizaiion eotiditiotis of the nnitttals. We thetefote
(hose lo examine a comparably high dose of the
(JCS (10 trig/kg) giveti i.p. 1 day belore lest.
Experiments were performed willi animals
imtnunized with 10 ng or 100 ng OA together
wilh 100 mg of alum 2-3 or 5-6 weeks befote
test. This dose attd lime; of achninislration of
drugs and the sensili/.ation condilions were
chosen on ihi; basis of pilot c^xperitnettls and
previottsly tecorded results (6, B, 11). l''ig. 1
gives the tesults. The following findings merit
comments: firsdy, in general, BUD and DF.X
are effective inhibitors of a BAR elicited by a



GCS EFFECTS ON RAT BRONCHIAL ANAPHVLAXIS 213

0 0

5 0

<

LD
MM

BUDESONIDE

h

HD 1

1.

IBUBOR laBugOl
2-3 5-6 2-3 5-6 WEEKS
IBugOR l a O O R

DEXHMETWBSONE

i"

in 25

i

LD . . T

2-3 5-6 2--3 5-6
laugOR leeugOR

2-3 5-6 2-3 5
IBUQOR lBSugi

-3 5-6 MCEKS

HVnROCORTISONE

a-3 5-6 WEEKS

IdugOR

I''ig. I. liiliihilion of BAR by i.p. treatment with GCS.
Rats wore immuni/.cd wilh 10 iig or 100 ng OA and 100 mg
alum and were used for test 2-3 weeks or .'i-ti weeks lalcr,
C^hallenge was performed as described in M.'Uerial and
MC'IIICKIS. PrctrCcilnicnl was perlormcd i,]), wilh \'chiclc or
10 mg/kg of die indicated C;CS ihc day bclorc lesl, Klfcc ts of
CiGS are shown :is per cent inhibilion of response recorded
in vehicle-treated animals ± SI'', (sec Material and Melhods),
Significance of inhibilion was assessed by analysis ol wiri-
ancc wilh linear contrasts on vehicle- and drug-lrcatcd ani-
mals,
• 0,01 < r < 0,05; • • 0,001 < / ' < 0.01; **• / ' < 0,001,

low antigen dose, whereas the inhibitory etiect
of HC at this dose is marginal. A BAR elicited
by a high antigen dose is much less reduced by
the GCS treatment. Secondly, al the low atiti-
gen challenge dose, BUD and DEX seem lo be
equally effeetive inhibitots irrespective ol the
immunization dose of antigen employed and the
litne of tesl. Thirdly, al ;t high challenge dose of
antigen, BAR in animals immunized with 100
ng OA are not signifieandy affected by GCS.
However, BAR in atiitnals itiminnizcd wilh 10
ng OA 2-.'̂  weeks before test are significantly,
albeit slightly, rcdticcd by all three examined
GCS. The efficacy of HC under these condi-
tions relative to that of I5UD atid D1'';X coti-
Irasts wilh ihe lack of activity tif HC when BAR
is elicited by a low atiligcn dose.

S 50 •

S 50

DOSE OF dCS mg-'kQ

iMg. 2. Oose-response relationship for inhibitory eliccls ol
i.p. administered GCS on antigen-inciueed reactions,
Kals were imnuinized wilh It) ng OA .^-0 weeks belore lest.
('.h.illcngc was jierlormccf as describee! in Material and
Melhods, rna lmr i i l was performed with vehicle or the
indie aled dose ol C C S ihe day before lest. Elfecls are slicnvn
as per t c-nl inhibition of BAR CTI \ ehiclc-lic.iicd animals (sec
Material .uid Melhods). Statistics as described in legend lo
fig, I,
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l\Mts were imimiiii/-('(l willi 1(* (ig OA and alum and were
used for tests 2"'J or r)-6 weeks later. Clhalleni^e was per-
roniicd as described in Material and Methods. Preirealnieni
was peiibrnied i.p. wilh 10 int^/kir ol R l ' D at tlie truiuaU-d
time l>eior<" lest- I'ltccts are ijiven as per rent inhibition of
vehiele-trealcd animals (see Material and Methods). Statis-
lu's as 111 I'li^. 1 .



214 M, DAHLBACK KT

5 "

.6 2

a—

.5

,

^ -

DOSE OF
le

GCS

i.t.

BUtI
DEX

HC

I'ig, 4 . Oose - r e sponse r e l a t i onsh ip for inl i ibi lory clfcels of

i,t, adn i in i s l e r ed G C S on an t ig rn - i iu lne e'el re-;ie l ions .

R a l s were imin imi /e 'd with 10 ng ( ) A anel aliini '2 wce-ks

be-lore Ie;st. (Challenge was peTleirmcd as fie-seribe'd in M.iU^-

rial a n d M e t h o d s . Pre^tre^atme'nl was pe-rformed by i.l.

admini . s t ra t ion of vc;hiclc' e>r ihc jnd iea icd de:)se- of ( j C S the

d a y before test . Rlfects u\ < ;CS are- she>wn as pe-r ee-iil

inh ib i t ion of respemse- r ecorded in vehicle'-tre:atc'el aniiiKils.

I'^ach I igure is based on at least two e x p e r i m e n t s , e-ac h

cons i s t ing of a( least iovir dr i ig-lrcafr^l .-iml Unii- vrhiele--

t r e a t e d a n i m a l s . Statistic:s as in l egend lo I ' ig. 1.

Dose-relatum for effect of i.p. administered CCS

The dosc-rclation lof the inliibilory CUCCI of i.p.

admitiistcrecj GCiS was examined tn atiitnals
imtTiunizcd with 10 ng OA and alum ."i-G weeks
before tost. These conditions were chosen since
DEX also reduc:ed the high dose antigen-induced
BAR in .such animals. The tesult.s are shown in
Fig. 2. Again, BUD and DEX tend to show equal
efficacy. Note thai al bO tng/kg, HC is nearly a.s
effective as the other iwo GCS in rcdticing a BAR
elicited by a low antigen dose. Even at .')0 mg/kg
none of the GCS redttced a BAR (-licitcd by a
high antigen dose more tVum matginally.

MUUK

l ' ' i g , U. I n i l u c n e ' e - e i l l i n i c e)l i , l , a d i i i m i s t i a l i o n o l t K l.S o n i

eflcci on BAR,eflcci on BAR,
Rats were sensili/.e'el wilh 10 (ig OA anei alum and we-re- used
lor te'sls 2-?> we'ĉ ks lale'i . (lllalienge' was pcrlbi iiicd as
ile'scribcd in Material anel Melhoels, l'le-lrealiiicnt was pcr-
feirmcd wilh 2.^^ nig/kg eif eaeh GCS at the indicaleel lime
before tesl. I'',llects eil GC'S are give-n as pe-r ee-iil inhibition of
response reeeirde-el in ve'lliele'-lrcale'el animals, l''ae li ligun- is
based on at least twei experiments each e:e)nsisting ol" at least
five' drug-treated animals and at least five vehicle-treated
anitnals. St.ilislics as in le'gcnd lei I'"ig, 1,

Kffr.ci of "lovil-ierrn " treatment with

a low dose of BUD on BAR

Witli reletence to edec ts of repeatee;! adtnitttstra-
lion of GCS in asthma {b, 29, 36), we were inter-
ested to know whether BUD could affect tlic BAR
after "long-term" administration lf)llowed liy a
short washotti period. Therefore, animals imtnu-
nized with 10 ng OA logetlier with ahim were
given 0.01 mg/kg or 0. I lrig/kg BUD, or vehicle
i.p..') days a week for 3 weeks from day 26 to day 44
after sensilizalion and were challenged 1 Week
later, day .')1. Neither BAR induced by a low nor
that induced by a liigh anligen dose differed
between BUJ3- and vehicle-trealed animals in any
respc'cl. Moreover, significant aheraliott iti speeif-
ic-OA-1gl^,() A-IgG.^,,, serum antibody or total IgE
levels were not seen in drug-lreatcd grotips com-
pared with controls (results not shown).

Influenci: of lime of i.p. adrninistratitm

on effect of CCS

W e examined with B U D (10 mg/kg) the indti-

encc of the t ime of ils adtninis l ra t ion oti ilie

inhibitory elfecl of a G C S on Ihe BAR. Experi-

ments were performed with aniiTials given 10 ̂ lg

O A either 2 -3 or .'5-6 weeks before tesl. Since
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Fig. 6. Inhibilion ol BAK by HIJO aiiel lO.SCX'. aleiiu- eir in
combinaliein.
Rats were' iniliuinizcd wilh 10 ng OA and alum and we-iv
u,seel for te'sl 2-3 or 6 weeks after .sensitization. Challenge
was pcifeirnicel as described in Material and Methods.
Treatment was performed with vehicle or BUD (1 mg/kg
i.p.), with DSCG (1 mg/kg i.v.), or wilh BUD and DSCG,
BUD was given 18-24 h and DSCG 1 min befeire challenge.
Effects are she>wn as per eeiil inhibilion of HAR eif ve-hiclc-
treated animals. l''ach figure is based em ihico cxpcriineni.s.
each consisling etl al least ihrcc drug-lrc.ile'el and a similar
numbe'r ol vehiele-lrcaled animals, Slalisties as deseribe-el in
IcgelKl lo Fig. I.

the results did nol differ for these Iwo grotips of
anitnals, the combitied results are given (Fig.
3). At a low challenge dose of OA, BUD inhib-
ited BAR significantly wheti given .'), 12, or
18-24 h bcfoi-c (esl. Unexpccledly, a( a high
allergen challenge dose, a 5-h pretreatment
period wilh BUD resttlled in a significant
increase in the BAR.

Influence of dose and time of i. t. administration

cm effect of GCS on BA R

We then examined whether locally administered
GCS could 1 educe a l^AR. Animals inimttnizcd

S 50

M 0

i
2-3 6-7 2-3

IQQugOR

2-3 6-7 I G-7
A

Fig. 7, Effect on BAR of treatment with BPB or Q D C ,
Rats were immunized with 10 ug or 100 ug OA and alum
anti wc-re used for te.sts 2-.3 or 6-7 weeks after sensitization
as indicated. Challenge was performed as described in Mate-
rial and Metheids. Prelrealmcm was pcrleirmed ."i mm bclorc
challenge, wilh BPB (10 iii,g/kg i.v,) or Q D C (I nig/kg i.v,)
as indie.ile-d. Results are- .•ilieiwn as pcreenl inhibiliein of
rcspemse re-eeirelcel in vehie le'-lrealcel animals, E.u'h figure is
based on al le'a.sl lime' ewpe-rinii-nls. carh e i>n.si,s(ing of .n
le.isl leiur driig-lrcale-d and a similar nunibcr eif vc-hielc-
Ire-ale'd animals, .Slalislies as in le-gciid lei Fig, 1,

wilh 10 ug OA and altini 2-.'i weeks before lest
were given GCS by i.t. inslillation 1 day before
test. As shown above, tinder these imtnttniza-
tion conditions all exatnined GCS at 10 mg/kg
i.p. significanlly fcdttccd (he BAR elicited by a
high challenge dose of anligen (Fig. 1). Fig. 4
shows ihe resttlts. Again, BUD and I5I''X tend-
ed to show sitnilar efficaey in leducing a BAR
induced by a low antigen dose. Optimtim
effects were reached al 2..') mg/kg. BUD atid
]5EX could also reduce a JMR clicik-d by a
high antigen dose; possibly ihe latler drug is
now somewhat tnore effeclive than the former.
HC i.t. did not significantly teduee the BAR
elicited cither by a low or by a high dose of
antigen. Fig. 5 shows effects of 2.5 mg/kg of
each GCS as a Ittnclion of the finte of its
administration. Nolc ihat HC did effeclively
redtue a BAR elicilcd by a low antigeti dose, if
givc-ti 1 or .S h before test.
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Effect on the BAR (fa
comhinaticm of BUD and DSCC

A previous report (38) described a synergistie
inhibitory effect of DSCC and DEX on the
BAR. We presently examined the effect ol a
combination of DSCC and BUD in relation to
those of each drug separately. Animals were
sensitized with 10 ng OA and alum and were
examined 2-3 or 6 weeks after sensitization.
Our previous experienee is that DSCC is an
effeetive inhibitor of BAR elicited by a low
challenge dose of antigen in .such animals at the
latter but not at the former time point (11). The
present results (Fig. 6) show that BUD at a dose
(1 mg/kg i.p.) whieh in itself is marginally
effeetive augment.s the anti-anaphylactic ef-
ficacy of DSCC at a low - but not at a high -
antigen challenge dose in rats examined 6 weeks
- but not in those examined 2-3 weeks - after
sensitizalion. Unexpectedly, both BUD and
DSCC, but not the eombination of these drugs,
in rats challenged with a low antigen dose 2-3
weeks alter sensitization, enhaneed the BAR.

Effects cf putative phospholipase A ^-inhibitors

The mode of the anti-inflammatory action of
GCS has not been fully clarified. One hypo-
thesis is that GCS can induce the synthesis/
release of a protein or proteins (macrocortin/
lipomodulin) which then mediate(.s) the effect
by inhibiting a phospholipase A.̂  activity. This
would lead to inhibition of the triggering by
various stimuli of release of araehidonic acid
from phospholipids (for ref. see 4, 19). There-
fore we examint^d the effects on BAR of BPB
and Q p C , two compounds which also are
reported to inhibit phos|)holipase A, activity.
Fig. 7 shows the results. BPB at 10 mg/kg
exerted no inhibitory effect, but in antrnals
given 10 (ig OA, BPB tended to enhanee the
response. At this dose, the drug itself increased
the BAR in many animals. At 0.1 mg/kg or 1
mg/kg of BPB no effect was recorded (not
shown). Q,DC at 1 mg/kg possibly affected the
BAR in animals given 10 ng OA at immuniza-
tion; a higher do.se of QDC (10 mg/kg) if any-
thing decreases the inhibitory efficaey (not

shown). BAR elicited by a high antigen ehal-
lenge dose were also partially affected by QDC.

DISCUSSION

The present work show.s that CCS cati inhibit
allergen-induced bionehial anaphylaetic reae-
tions in actively sensitized SD rats provided
that the drugs are admini.stered a sullieient time
befoie ehallenge and provided that the chal-
lenge dose of antigen empltjyed is not too high.

The inhibitory effects of CCS

examined are dose-dependent

These results conform to the findings of Chtireh
and eo-workers (6, 8) who recorded a tlose-
related inhibition by DEX of BAR in rats sen-
sitized by infection with Nippostrongylus
brasiliensis. Peak aetivity was recorded by these
authors 12-24 h after oral administration, and
the approximate EDr,,, value was found to be 1.8
mg/kg (oral) and approximately 0.4 mg/kg (i.p.
administration). In our hands, the examined
CCS are at best only slightly more effeetive
after i.t. instillation than after being given by
the i.p. route. On the other hand, Stotland &
Share (38) reported that DEX (1 or 10 mg/kg)
given orally 18 h before challenge did not sig-
nificantly alter the antigen-induced bronchial
response. In their experiments the rats were
sensitized with OA in alum and .supplementally
injected with B. fiertussis vaecine. Fhese authors
(hallenged the rats with a maximum dose of
antigen (10 mg/kg). In our experiments, too,
stich a high challenge dose of antigen elicits an
airway respon.se which at best ean be mar-
ginally Reduced by CCS treatment. However,
methysergide and I-benzylimidazole, ean eflee-
tively reduce the BAR elicited by .sticli a high
ehallenge dose of OA (13), which shows that
such BAR can be redueed by drug treatment.

7'he CCS do not inhibit BAR completely

I'hese results also conform to previous lindings
in antigen-indueed anaphylaetic reactions in vivo
(1, 6, 38), that inhibitory effecis of CCS are
seldom eomplete. 'Fhe reason for this is not
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clarified but since mast cell/basophil mediator
relea.se i.s at best only partially blocked by CCS
(2, 9, 2.'), 32, 33, 34), and since the spas-
mogenic effeet of the main mediators of ana-
phylaxis is at best only slightly reduced (7, 27),
it may be expected that CCS would be unable
to totally block a BAR.

GCS have to be acbuinistered a sufficient time
(12-24 h) before clialleni;r to exert inhibition

If tests were performed 5 h after its i.p. admin-
i.stiation, BUD eould even signifieantly increase
the BAR. Similarly, Chureh & Miller (8) found
pinnal anaphylaxis in mice to be |)otentiated by
DEX given 1-2 li before challenfre, and in the
hamster cheek pouch tnodel, va.scular per-
meability is increased by BUD if the drug is
given .5 min befoie test but reduced if admin-
istration of the drug preeedes test by 60 inin
(SveiLSJo, lv, pers. commun.). In tlie sheep
model, methylpiednisolone .sueeinate (15 mg/
kg) eompletely blocked antigen-iinluced airway
reaetions if given 3 h before (but not 20 min
befon;) challenge (14). CCS given al the latter
time point did not aggravate the reaction. 1 he
reasons for the potenttattng effects ol CCS seen
in some models, intituling the |3resent, are not
clear.

Inhibitory effects of CCS do not vary
with immunization conditions

In the guinea pig model, Andersson (& Biatt-
sand (1) demonstiated a partial inhibilory efle(t
of BUD on a BAR presumably mediated by
IgE-antibody but not on a BAR mediated by
IgC. In our tat model, a signilicani ct)iiclation
between BAR, induced by a low antigen chal-
lenge do.se, and .serum OA-lgl', levels was
reeonled in animals immunized with 10 ng OA
14 days (but not 42 day.s) before test (12).
Similarly, BAR induced by high allergen chal-
lenge doses correlated significantly with serum
levels of OA-lgE, but not with OA-lgC,,, in
animals immtinizcd with 10 ng or 100 ng OA
42 days before test but not at the earlier time
point. There i.s no indication in ihe present data
that inhibitory effects t)f CCS were more pro-

nounced tinder conditions where BAR corre-
lated to sertim OA-lgE levels.

Meclianism oj action oj GCS and GCS
effects are not mimicked by
putative phospholipase A, inhibitors

The mechani.sm of action of the GCS on rat
BAR i.s not unravelled by the pre.sent experi-
ments. From previous work one can conclude
that mediator-antagonism may play at best a
minor role (7). Rather, one would suspect that
the GCS inhibits antigen-induced mediator
release. The time dependeney of the effect
would fit svich a mode of action (2, 25, 32, 33)
and the ".synergistie" effect recoi'ded by Slol-
land & Share (38) and by us (Fig. 6), with
eombinations of DEX or BUD and DSCG,
would also suggest that DSCC and CCS both
aet (at least in part) by an "anti-allergic" effect
meehanism, or that CCS redtiees inereased per-
meability at the endothelial cell level (3).

On the biochemical level GCS arc thought to
inhibit mediator release by inducing synthesi.s/
release by, e.g., polymorphoniiclears (PMNs)
of lipomodulin/macroetjrtin, which by virtue of
its phospholipase A.rinhibitory properties at-
tenttales the stimuli-induced release of araeh-
idonic acid from phospholipids (4, 19). 'Fwo
other compounds wliith have been attributed
phospholipase A,-inhibitory potential are BPB
and QDC. We are aware th.it these compounds
show little speeificity for phospholipase A.,, and
results obtained with these drugs should be
interpreted with eatilion (17, 20, 22). However,
BPB atid Q13C are potent and effective inhibi-
tors of immtinologieaily induced histamine
release from human basophils and lung mast
cells (for ref. see 2). In the present study BPB
does not markedly affect the BAR even after a
dose of 10 mg/kg, irrespective of the immuniza-
tion condition of the test animals, and QIDC
only marginally reckues the BAR (Fig. 7).
Moreover, the effect pattern of QDC does not
eonfoim to that of the GCS (Fig. 1). Therefore,
the results obtained with BPB and QDC lend
little support to the possibility that inhibition of
))hospholipase A,-activity would lead to inhibi-
tion of antigen-mducetl BAR.
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Po.ssible effect meehan i sms lor the C C S other A D D E N D U M

than phosphol ipase A^-inhibition incltide indue- Kin^ ei al. (Proc. Nail. Acad. Sci. LISA 82, 1214-t2ta,
tion of and inc rease in (i) rat mast cell or possibly I'*"'') reporied depletion ot socallcd nm.o.sal ma.si (ells tVom

I I fj I intcstuial mncosa and snppressiou ol a svslenne anaphvlaetie
respiratory smooth muscle p-rcccptor number ' " " ' ' " ii y i y ̂ ^"

shock m rats jirodueed by mlection widi N. hiasuirn.si.s and

(24, 2.'-)), (ii) the C l l ' - d e p e n d e n t regulatory eoni- .i,^,,,,,,^,,, ; , ,̂, , , , ,„„ ,„ , ^i,,, (;(;s.

ponent of the adenylate cyclase (21), or (in) the

cAMF-depei ident protein kinase activity (23).

Higgs and coworkeis (18) recently showed that
BW 755C (3-amino-l - [m-( t r i l luoromethyl)-phe- '''"• ^'^'•1"' i''l"iical a.ssi.siaiKc ot Mrs. l.-H. Karllxri; and

, ., ,, I- \ • I -1 • c 1 r ,1 M r s . M . I ' ly tz is i rratctul ly a c k n o w l e d g e d . Otil" . suucre
nyl I-2-pyrazohne), an inhibitor ol both the . . ,

' I h a n k s l o t J r . 1 . I ' e r s s o n w h o t ^ a v e c . \ | K ' i t s l a l l s l K a l a ( l v K ( - .
cyclooxygenase and l ipoxygenase pa thways of p^,. |̂  iVwsnap kindly icvi.Md ihc ic.xi and Mrs. U.
araehidonic acid metabol i sm, in a carragc'enin- Larsson kindly iyp((l the inanu.s( ripi.
polyester sponge-induced model of tissue dainagt!
mimicked the effect of Dl'^X. We have previously pT.'pij l^NPFS
shown that tlu-efl^Ht olBW 7.5.')C in the rat BAR

. . . . . . . . / , . ,% 1 Ande i s . son . P . Ik H r a l l s a n d . K. : I ' r o l e d i v c elTc( I o l l h c
m t ) d e l v a n e s W i t h t m m n n i z a t i o n c o n d i t i o n s ( 1 3 ) . i i i i i i i

^ ' L;1U( ocor tK Old. h i i d c s o n i d c . on hint ; inia)>liyl;i\is in
O n t h e o t h e r h a n d , i n d o m e t h a c i n is a p a r t i a l aciively sensiii/.((l Kuinca pi^s: Inhitiiiion ol l^lv l>ui
i n h i b i t o r of B A R e v e n w h e n eli( i t ed l)y a h t g h not igG-medialed anapliylaxi.-;. Br. | . l'harina(dl. 7(i,

a n t i g e n d o s e ( 1 3 ) , w h i c h is n o t t h e c a s e w i t h \'.V^-^A^, 19H2.
T ^ T . i . v ^ A l l I I 1 - • c 1 • • J 'I. H c r t j s l r a n ( l . 1 1 . . K i o i n s s o n . A . , I . i i n c U i i i i s I . B . . N i l s s o n

DLX. Although doses and timing ol admmistra- .s • . i - i
A . & B i a l l . s . i i i d , R . : I n h i b i l o r y c t t e d s cit i ^ h u i K o r -

tion ol the drugs dll lered in these exper imen t s , luo.sicn.ids on anii-lKlvindiKcd histamine rchasc t.om
one Wt)uld suggest that a G C S inhibits BAR by human ba.sophilie lenko( yies: Kvi(len(c lor a dual iiicch-
vi r tue , not only of its bloeking the s t imulus- anism ot aeiion. Allergy 39, 2l7-2;it), t̂ lB-i.
induced generat ion of araehidonic acid meta- ' I*!"'*. .I-. Coldschmidt, T., SmedeKiird, C. & Ailor.s,
, , . , . ! . / , , . • 1 K . - l v : Me lhy lp rcdn i . so lonc acis at ihc cndol l ie l ia l c(^ll
bo l i t e s , b u t o l h e r m e c h a n i s m ( s ) ol a c t t on also , i , . . „ A i,, . ,

Icvit reducing inllammatory responses. Ada I hysiol.

c o n t r i b u t e to t he effect. S(and /2'; 22t-22'i t9ii')

In the pres(-nt m o d e l , O.I m g / k g of B U D 4. lilaikwcll. i'-. ]., CamiKcio. R.. l)i Rosa, M.. ci al.:

g iven i . p . a sufficient t i m e before clialleng(- (;iii(()((iiiH(iids iiuhid- liic lormaiion and release ol

m a r g i n a l l y r e d u c e d a B A R el ic i ted by a 1()W ann-innaiiunalory and ann-piiosph ,a.se piolcns inl.,
. d i e p c i i l o n c . i l c a v i t y o i l l i c t a t . B r . ) . P h a i t n a ( o l . 7/t,

a n t t g e n c h a l l e n g e d o s e . In a s t h m a t i e s , d a i l y i(i'"~i<)'i i(i)i9

d o s e s of p r e f l n i s o n e a v e r a g i n g a p p r o x i m a t e l y 17 5. Chiani,.. J . . I'aiicrsoti. R., MiClillcti. | . . ci at.: The

m g in o n e s t u d y (3()) a n d r a n g i n g f r o m 2 0 t o evahiation nl scle( ted patamclcrs ol imtnttit(tun( tion itt

2 5 0 m g in a n o t h e r ( 2 9 ) r e l i e v e d a s t h m a s y n i p - a.sihmaiics alter long-term ((.ni.ostetout iluiapy. c l in .
,' . . . , l i e Allergy <l, 397-410, 1979.

toms tatit t ransientlv increased serum levels ol
' (i. Cluitdi. M. K.. Collier, 11. O. ). & )ame.s, G. W I.

specihc and total Igf:. W e lound no ellects ol a .,.,„. „,,,„,;,;„„ ,,y ^kxamelhasone and di.soditim cn,-
3-week t rea tment with B U D (0.1 mg/kg i .p.) on moglyc.itc of anaphylaelie bronehoeonstric tion in the
BAR or on sertim levels ol speeilie or total IgF, '••" "r. .1 I'liarmaeol. 46. .'iti-tj.'j, 1972.
when assessed 1 week after end of I rea lment . ' c:hu,,h. M. K.: Response ol ,at hmg to humotal medi-

, , . r ^ r ^ c ^ 1 I • I a t o i s o l a n a p h y l a x i s a n d i l s n i o d i t i ( a l i o n b y d t i i g s a n d

In conclusion, CCS reduce bronchial ana- .,. ,. „ , ,,, . ,^ .,,., ..,„ ' ,,_,.
' . s c n s i l t z a l t o n . B r . J . l ' l i a r i i i a ( ( i l . )!), 4 2 . 1 - 4 . i t ) , 1 9 7 . ' ) .

p h y l a e t i c r e a c t i o n s i n d u c e d in a c t i v e l y s e n - B. Churdi . M. K. cV Miller. 1'.: Inne (otttses ot

s i t i z ed r a t s b y a low a t i t i g e n c h a l l e n g e d o s e b u t aiiiiphyhutic and atiti intlamttKitoiy (tT(cts ot (t

o n l y m a r g i n a l l y t h o s e i n d u c e d b y a h i g h c h a l - amelha.sone in tin tat and mouse. Br. j . Ph.irnia((,l. 6;?,
1 1 r It r-. I 4Ht-4()(i, 197H.lenge dose ol allergen. Contrary to what was

'̂  ^ 9. Daeton. M.. .St(ik. A. R.. tlirata, V. & l.shi/.aka T -

p rev ious ly lo t ind wi th s o m e o t h e r d r u g s , the BIOCIKmi, ai an.tlysts of glncoeortieoid-indiKrd inhibi-

el lect t)l the ( i C S is nol m a r k e d l y d e p e n d e n t on lion ol Iglvmcdialed hi.stamine release trom mouse masi

the i m m u n i z a t i o n c o n d i t i o n s of e x a m i n e d an i - " '"^ .1- lmnumol. 129, 1212-1218, 19I!2.

m a l s . H o w e v e t , to m e d i a t e i n h i b i t i o n , the CiCS ' " " ' ' ' ' ' • '^ * .l"liansson, .S.-A.: impoti.uKc ot dntation of
1 , . , - , . , , ,. t r e a l t t i c n l w i t h i t i h a l c d b u d e s o t i i d e o n i h e i t t i n i e d i a t c

has to be gtv(ni at least 5 h, tnclept-ndent o , i i , . , , . , , , , .
' a n d l . i l i - l i t ( i n ( h t a l t c : t i I t o i t s . I ' . i i r . | . R c s p t r . D i . s . 6 . ' / .

route of administration, before test. Suppl. 122, It)7-I7.'i, t9H2.

ie anti-
dex-
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