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      ANTI  IgE-INDUCED  ASTHMA  IN GIJINEA PIGSI A NEW  MODEL  FOR  ASTHMA
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 We  established  an  experimental  animal  model  for IgE-mediated  asthma  by the  use  of

intravenous injection ot rabbit  anti  guinea pig IgE in normal  guinea pigs. The  degree ef

asthmatie  airway  obstruction  was  quantitatiyely  estimated  by  Mead's  apparatus  which

enabled  us  to use  unanesthetized  guinea pigs. With  the injection of  anti  IgE, enly  an  early

asthmatic  respanse  was  observed.  Inhalation of  anti  IgE  did  not  trigger asthma.

 Histe-pathological changes  {n the  lung obtained  immediately  after  the  injectiDn of  anti  IgE
resembled  those  reported  in human  asthma.  This system  rnay  be used  for pathological  and

pharmacological studies  of  the IgE-dependeitt early  asthmatic  response.
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INTRODUCTION

  Guinea pigs have been "'idely  vsed  in exper-

imental asthma,  because their bronchial smooth

rnuscles  contract  easily  on  nonspecific  or  specific

stimulation.  For instance, the anirnals  have
lower threshold fer inhaled histamine than other

animals,  and  sensitized  guinea pigs show  asth"
   'matic

 symptoms  to antigen  challengei].

  In humans, IgE antibodies  are thought  to play a
leading role  in immediate allergic reactions2},  al･

though  short-term  sensitizing antibodies  belong-
ing to another  class  of immunoglobulin may

contribute3',  Guinea pigs have two  types  of  tissue

sensitizing  antibodies:  IgE- and  IgGl  anti-

bodies4)'8). The former is long-term sensitizing
and  heat labile, and  the latter is short-term

sensitizing  and  heat stable. FoT studies  of  allergic

reactions  due to only  IgE antibedles,  guinea pigs
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IgGl; a-GP  IgG2 rabbit  anti  guinea pig IgG2; asGP
IgE  rabblt  anti  guinea  pig IgE; DSCG  disodium
cromQglycate;  Rfp respiratory  fiow pattern; Rrs re-

splratory  reslstance

passively sensitized  with  an  isologous serum  con-

taining  IgE antiboclies  are usually  challenged  8
days later to avoid  confusion  with  reactionsdue  to
IgGl antibodiesS]'.

  As previously reported9},  intravenous injection
of an  Etppropriate  amount  of rabbit anti  guinea pig
IgE (a-GPIgE) caused  imrnediate asthmatic  re-

sponse,  whereas  intravenous injection of anti-
IgG1 or  anti-IgG2  did not  cause  such  a response9).

The narrowing  of  the airway  was  not  judged
quantitatively bul by symptems  of  airway  ob-
struction.  Highly diluted anti IgE still caused
irnmediate skin  reactions  in guinea pigs9]. Recent-
ly, a  very  potent a-GPIgE  became available  for
furtherinvestigationiej.

  The purpose of this study  is te examine  quanti-
tatively the degree of  asthmatic  response  in un-
anesthetized  guinea pigs and  to examine  the
pathological changes  in the lungs of  animals

injected with  this a-GPIgE,

        MATERIALS  AND  METHOD

Test animais  (Guinea pigs>

  Hartley-strain guinea pigs were  used  through-
out  this study.
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PreParution of rabbit  a-GPIgE

 The  detailed procedure for preparing a-GPIgE

has been described previousiyiO). Briefiy, 5 guinea

pigs <600 g) were  orally  infected "'ith  1,OOQ larvae

of Trichinetla spiratis, One  month  after  infection,

the anirnals  were  sacrified. Their sera  were  pooled

and  fractionated to obtain  an  IgE-rich fraction.

Thls fraction centaining  5 mg  protein was  mixed

with  compiete  Freund's adjuvant  and  was  injected

twice with  a two  week  interval between the

injections into each  of two  rabbits. The  rabbits

were  bled Iwo  weeks  after  the last injection and

the sera  were  pooled. The rabbit  serum  was

abserbed  with  an  equa]  volume  of normal  guinea

pig piasma, The  absorbed  serum  was  monospeclf-

ic to guinea pig IgE when  examined  by immuno-

diffusion and  radioimmunodiffusion  using  guinea

pig serum  containing  IgE antibodies  to oval-

buminie]. The antiserum  contained  an  excess  of

IgGl, IgG2 and  IgM, as shown  wheR  tested with

antisera  specific  to these immunoglobulins in

dollble diffusion. IgE antibodies  determined by

ELISA  using  this antiserum  correlated  well with

the  titers of  passive  cutaneous  anaphylasis

(PCA)ii). A  gamma-globulin  fraction was  obtained

from the absorbed  antiserum  by sa% ammonium

saturation,  dialyzed against  pH  7.4 phosphate
buffered saline  and  passed through a  milipore

filter (O.22 ptm, Milipore Corperation, Bedford,

MA), The  protein concentration  of the  iraction
was  adjusted  te 10 mglml.  This gamma-giobulin
was  used  as a-GPIgE  in our  animal  experiments,

Rbbbit anti  gninea Pig igG! ic-GPIgt JS and  anti

gztinea pig IgG2 {lr-CPIgt;ev
 a-GPIgGl  and  a-GPIgG2  were  purchased from
Miles Laboratories Inc. Naperville, Ili,, U.SA. A

gamma-giobulin  fraction containing  10 mg!ml

protein was  obtained  from each  antiserum  by a

procedure similar  to that  descrlbed above.  The
fraction was  used  as  a-GPIgG1  or  a･GPIgG2  in the
    -expertments.

Measurement of airway  respensiveness  to intra-

venous  injection or  inhatation of anti-imm#ncrgio-
bulins

 Normal guinea pigs weighing  approximetely  4oo

g were  used  in the  experirnents,  PuEmonary func-
tion of  the guinea pigs was  estimated  according  to

              P:pressure ":fiow

 Fig. 1. Apparatus used  to measure  resplratory

resistance.  The  respiratery  flow pattern was  also

recorded  with  this apparatus,

Pi pressure. V: fiow. Amp:  amplifier.

Mead's  methodi2]'  with  some  modifieationsi3),  A
diagram  of the apparatus  is shov,'n  in Fig. 1, The

detailed description of the appa  ratus  was  given in
our  previous paperi3). The guinea pig was  placed
in a small  box, and  the  head protruded out  of box
through a hole in the center  of the lid to allow
breathing. A soft rubber  board with  a hole, a little
smaller  than the animal's  neck,  was  attached  to

the front of the lid to form an  airtight seal around

the neck  The  chamber  was  supplied  wlth  an

oscillating pressure of over  10 cmH20  with  a 6-r20
Hz sine  wave  through  a loud speaker  attached

behind the aniinal.  The  air  flow of  the guinea pig
was  measured  via  a  plastic cone  mask  fitted to the

animal's  face, At the top of  te mask  cone,  there

was  a  small  opening  of  8 mm  diameter containing
a  400  mesh  wire  screen  which  provided a  small

but constant  resistance  to air  flow.

  The  fiow threugh  the screen  due to breathing oi

the guinea pig was  measured  with  a pressure
transducer as  the pressure difference between the
interior of the  mask  and  the room.  The  pressure
signal  from the chamber  and  the fiow from the
mask  were  recorded  by a differen{ial pressure
transducer  (Nihon Kagakll Kogyo, Ltd., Tokyo,

Japan, Model TP  602 T>. After amplification  by a

carrier  amplifier,  the  signal  was  transferred  to an

oscilloscope. The  respiratory  resistance  (Rrs> was

obtained  from osci!loscope  vectors  of  flow and

pressure. The  respiratory  fiow pattern <Rfp) was

recorded  with  a  polygraph.

  The  procedure for measuring  the airway  respon-
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siveness  to injection or inha;ation of anti-immu-

noglebu]in  was  as  follows. The animal  was  ptaced
in the apparatus,  Rrs was  measured,  and  the Rfp
was  recorded,  Then, the animal  was  given anti-
immunog)obulins by intravenous inSection or  by
inhalation. Thereafter, the time  course  of Rrs and
Rfp was  examined.  Inhalation of  anti･immvnogle-

bulin was  achieved  with  a jet nebulizer  and  a

single  phase induction motor  (Hitachi Co. Ltd,,
Tokyo,Japan} at  a flow rate  of 10e mVsec.

  Our criteria  of asthma  in guinea pigs were  as

follows, l) Rrs reached  twice the level before
injection or  inhaiation, or 2) the expiratory  phase
in Rfp was  prolonged; duration time of  the expir-
a{ery  phase <'E)lduration time of the inspiratory
phase (I) was  mere  than 1.5,

ffistotagicatexamination

 Animals which  died from the immediate as-
thmatic  response  after  the injection of a-GPIgE

were  immediateiy dissected, and  the lungs were
frozen with  liquid nitrogen.  Animals which

showed  asthmatic  symptoms  but survived  were

sacrificed immediatejy or 6 hours after the injec-
tion, and  the iungs were  frozen as aboNJe mention-
ed. Animals injected with  aGPIgGl  or  aGPIgG2

were  sacrificed  immediately or  6 hours after the

mjectlon.

Animal ca re and  ma  nagement

 We  followed 
'`Stafidards

 Relating to the Care
and  Management of Experimental Animais" (No-
tification No. 6, March  27, 1980 of  the Prime
Minister's Office, Tokyo, Japan) for the care  and

use  of the animals,

RESULTS

Intravenous inJ'ection ofanti-imtnunagiebntins
V  a･GMgE

  O.02, O.05, O. 1, or  O.2 ml  a-GPIgE  was  inj ected  in
each  group of  5 normal  guinea pigs, a-GPIgE  was

mixed  with  saline  and  the final volume  injected
was  O.4 ml,  All animals  which  got 02  ml  died
within  a  few minutes.  Three of  5 animals  inj ected
with  O,1 ml  died,2 showed  retardation  of  the
expiratory  phase in Rfp and  laso more  than  a

doubling of Rrs. Atthe same  time, wheezing  was

audible  like in asthmatic  patients. The attack

disapl)eared within  30 minutes.  All animals  in-

jected with  O.05 ml  showed  similar  Rfp and

elevation  of Rrs and  improved simi}arly.  Three of
5 animals  injected with  O.02 ml  showed  an  as-
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 Fig. 2. Changes in respiratory  resistance  (rnean ± SE) in 5 guinea pigs
after anti-fgE  inj ection. A  typical ;espiTatery  fiow pattern was  shown  in a-e.

 <a) respiratery  pattern before the injection of anti  igE
 <b> 3minutesaftertheinjection

 {c) 10 minutes  after  theinjection

 <d> 1houraftertheinjectien

 (e> 6hoursafterthe{njection
E: expiratory  phase. I: inspiratory phase, O: base Iine,
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Tab]e 1 Relation between volume  of  a-GPIgE

intravenously injecled a･GPIgE  and

    appearance  of asthma

Volumemlofa･GP]gE
injectediv. o,02.O.05.o.1.o,2.

NumberofGPsinjected 5555

NumberofGP$gettlng
asthma

3555

NumberefGPsdyingdueto
asthma

oe35

'Saline
 added  to a volume  of  O,4 ml,

The  optimal  vo]ume  for non-lethal  a$thma  was  around

e.es  mL

      <b>

(a)

thmatic respanse.  Control guinea pigs injected
with  O.5 ml  of norma]  rabbit  serum  showed  no

asthmatic  response.  These results are  surnma-

rized  in Table 1. Fig, 2 shows  the time ceurse  of

Rrs and  Rfp seen  in 5 animals  injected with  O,05
ml  of  a-GPIgE.  The  typical Rfp of  asthma  is the
appearance  of  a  sharp  and  smali  peak  in the
expiratory  phase and  retardation  of the expiratory

pase, The  5 anirnals  which  survive{l injectioB of

O.05 m}  a-GPIgE  were  foliowed, and  their Rrs and
Rfp were  recorded  1, 2, 3, 4, 5, 6and 24 hours after
the  injection. No changes  were  observed  in Rfp or
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3. Histologicobservatiofiofguineapigbronchi.
Normal guinea pig bronchi.

<e)

 Fig.

 <a}
 (b> Imrnediately after the injection of a-GPIgE:  Narrowing of the bronchiat lumen, increased plication of the

epithelial  lining celt$ into the bronchial lumen due to contraction  of  the brenchial smooth  muscle,  desquamated
bronchial epithelial  tells and  edema in the peribronchial space  are  ebserved,  The  bronchial lumen is fitled with

mucous  plugs.

 (c) 6 hours after  the injection of a-GPIgE:  There was  no  marked  change  compared  with  the normal  guinea pig
]ung.
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in Rrs after that acute  attack  had subsided.

  After the intravenous injection of anti IgE,

almost  all guinea pigs showed  scratching  ef noses

or!and  sneezing  before the  starting  of  asthma  or

anaphylatic  shock.

22 a-GPIgGl

 a-GPIgGl  was  inj ected  sirnilarly  to GPIgE. How-

ever, no  change  was  observed  in Rfp or  Rrs in any

of the animals.  Therefore, O.5 or  1.0 ml  of a-

GPIgGl was  injected in another  gorup  of animals,

blit again  no  asthma  was  observed.

3) a-GPIgG2

 aGPIgG2  was  injected similarly to a-GPIgGl.

No change  in respiratory  mechanics  was  observed

in any  of the animals  injected, "

Inhalationofanti-im)nuncrgiobuiins

  O,05, O,2 or  1,O ml  a-GPIgE  was  given by
inhalation to one  of  3 groups, Each group contain-

ed  3 animals.  The a-GPIgE  was  mixed  with  added

saline  to a final inhaled volume  of  1.0 ml.  Three

guinea pigs which  inhaled 1.0 ml  of normal  rabbit

serum  were  used  as  cQntrols,  An  inhalation period
took approximately  4 minutes  for 1.0 ml  of  the

antiserum.  All animals  were  followed as  above.  No
change  in respiratory  mechanics  was  observed  in
any  of the animals  within  24 hours. Similar
experiments  were  carried  out  using  a-GPIgGl  or

a-GPIgG2,  but again  no  asthma  was  observed.

Pbelmona, v histqPatholqgy
1] a-GRi7gilinjection

  The  lung obtained  immediately after the injec-

tion of a-GPIgE  showed  narrowing  of  the bron-

chial lumen and  increased p]ieation of the epithe-
lium protruding into the bronchial lumen  due to
contraction  of the bronchial smooth  muscle  (Fig,
3b). Desquamated bronchial cells and  edema in

the peribronchgal space  were  also  observed,  The

bronchial lurnen was  filled with  mucous  plugs,
For comparison,  the bronchial tissue from a

normal  guinea pig is shown  (Fig, 3a),

  Six hours after  the injection of  a-GPIgE,  there

was  no  marked  change  compared  to the normal

lung <Fig. 3c). Cellular infiltration was  not also

observed  in the tissue of  injected animals,

O  a-GPirLI(]linjectien

  Immediately after  the injection of a-GPIgGl,

there was  ne  narrowing  of the bronchial lumen

and  no  plication in mest  bronchi, but in some

brenchi ef relatively  large diameter, slight  digita.

tion of the epitheliurn was  observed.  Six heurs
after  the injection, some  bronchi showed  weak

plication (data are not shown).

3? a･GPIgt[;2injeciion

  Immediately after  the injec{ion, some  bronchi
showed  epithelial  shedding  and  slight  digitation.

Six hours after  the injection, there was  no  nar-

rowing  or  plication (data are  not  shown).

DISCUSSION

 Guinea pigs activeiy  or  passively sensitized

show  symptoms  simliar  to human  asthma  wheT]

challenged  with  appropriate  antigens,  As shown

by our  results,  asthmatic  responses  induced by
the injection ef  a-GPIgE  resemble  the immediate
asthmatic  responses  in humans, although  the

duration time  was  shorter  than ant{gen  induced

asthma  in humans. The  respiratory  mechanics  of

the asthmatic  responses  confirms  our  previous
observation9).

  The  pathological changes  such  as  narrowing  ef

bronchial lumen and  shedding  of  cells  into the
lumensalso fesembles  the pathological changes  in
human  bronchial asthmai").  As anti  IgE was

injected intravenous;y, chemical  mediators  re-

leased from peripheral cells  might  contribu{e  to

the bronchoconstrictions. Hewever, these reac-

tions in guinea pigs may  be mainly  due to a

reaction  of  anti-IgE  with  IgE melecules  in the
bronchial tissues, because a  prior inhalation of

Disodium cromqglycate  (DSCG> cornpletely  block-

ed  the asthmatic  response  caused  by an  intrave-
neus  injection of  anti  IgEi5).

  Gutnea pigs can  produce homocytotropic anti-

bodies which  belong to two  separate  classes;  IgGl

and  IgES]. IgGl antibodies  are  heat stable,  while

IgE antitx)dies  are destroyed by heating at 56eC
for 2-4 hours. IgE antibodies  are  able  to persist in
the skin  much  longer than IgGl antibodies,  Davis
et a}. report  that, when  guinea pigs were  sensi-

tized for 24 hours with  heated antiserum,  anal-

phylaxis was  still observed  although  the severity

decreased by about  20%i]. This would  suggest  that

IgGl antibodies  are  also responsible  for anaphyl-

axis  which  is supparted  by our  previous finding
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that a-GPIgGl  contracted  the guinea pig trachea

in vitro9).  However, as  shown  in the present study,

an  injection of a-GPIgGl  did not  provoke anaphy-

laxis or  asthmatic  symptoms,  while  a  small  a-

mount  of a-GPIgE  did. Although the precise rea-

son  for these observations  is not  clear,  one  reason

may  be that  the  quantity of  IgGl present in the

serum  was  sufficient  to neutralize  the a-GPIgGl

injected intravenously, which  partly or  totally

inhibited the reaction  with IgGl in the  brDnchial

tissues, even  if IgGl could  fix to the  bronchial

tissues. On  the other  hand, lgE is present in

normal  guinea pig serum  only  at ]ow concentra-

tions. Therefore, the IgE in the serum  may  not  be

enough  to neutralize  the a-GPIgE  iniected intra-

venously.  We  examined  up  to one  ml  of  a-GPIgGl

containg  10 mg  of 7-globulin, and  it did not  cause

any  reaction.  However, higher amount  of a-

GPIgGl might  cause  anaphylatic  shock.

  The  present study  demonstrated that a-GPIgG2

did not  cause  asthma  in guinea plg. Probably the

injected a-GPIgG2  was  neutralized  by serum  IgG2,

In our  previous study,  a-GPIgG2  did not  cause

contraction  of the guinea pig trachea in vitro,

while  a-GPIgGl  did9}, This may  support  the find-

ing ef  OvaryS' that IgG2 antibodies  do not  fix to

homoiogous tissues.
  There is pessiblity that immune  complex  con-

sisting  of immunoglobulin and  anti  immunQglob-
ulin  may  contribute  to the reactions  through

activation  of complement  or  Fc receptors,  al-

though  only  a-GPIgE  caused  allergic reactions  in

guinea pigs, whereas  a-GPIgGl  and  a-GPIgG2  did

 not,  or  if any,  caused  only  slight  reaction.  There-

 fore, comparison  between the reaction  to whole

 molecule  of a-GPIgE  and  that te F(ab)2 of  a-GPIgE

 should  be done.

  Remarkably enough  inhalatien of a-GPIgE  did

 not  induce any  asthmatic  response  in the guinea
 pigs. This may  indicate that the molecules  of a-

 GPIgE do not  reach  to bronchial mast  cells

 th rough  inhalatien. It is not  clear  that the inhaled

 a-GPIgE  did net Teach  to bronchial airways  or  the

 inhaled a-GPIgE  could  net  react  with  bronchia}

 mast  eells. Our recent  study  shows  that a  nasal

 drop of  a-GPIgE  causes  bronchoconstriction m

 normal  guinea pigs. Therefore, there may  be sorne

 mechanical  reasons  for that the nebuiized  a-

 GPIgE did not  reach  to the bronchial airways.  The

507

details will be reported  in another  paper.

  In the present study,  the change  in lung  me-

chanics  due to the asthrnatic  response  by a-GPIgE

could  be quantitatively estimated  by Mead's

method.  The presented method  for experimental
asthma  has advantages  in comparison  with  the

conventional  systems,  namely  ]) Normal guinea

pigs can  be used  without  any  active or  passive
sensitization.  2) Only the reaction  due to IgE, not

due to IgGl or  IgG2, can  be observed.  3) For
observations  of allergle reactions  due to IgE, this

system  is time-saving because an  intravenous

injection of a-GPIgE  can  cause  immediate asth-

matic  responses,  while  the conventional  challenge

tests take at least 8 days to show  reactions  due to

only  lgE, The presented symtem  may  be advan-

tageous for patholegical and  pharmacological

studles  of IgE-dependent asthma,

  Intravenous injection of aGPIgE  ln our  system

did not  produce late asthmatic  responses  (LAR).
This may  indicate that  LAR  needs  factors other

than IgE reactions,  However, Shampain showed
that rabbits  passively sensitized  with  IgE anti-

boclies to Alternaria showed  dual asthmatic  re-

sponses  upon  challenge  wlth  the  antigeni6}.  We

are  now  performing further stlldies en  LAR  by the

use  of  the a-GPIgE  system,  cornparing  it with

conventional  systems.

  We  have reported  that  inhalation ef DSCG  dose-

dependently inhibited asthmatic  responses  caused

by injection of a-GPIgE'5i,  We  are  now  examming

several  antiallergic  agents  using  this system,

  Thus, the system  may  be useful  ior studying

 the effects  of  antiasthmatic  agents  and  the  pa-

 thological changes  related te asthma,
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「

抗 IgE惹起モ ル モ ッ ト喘息 （新 しい 喘息モ デ ル ）の

生理学的 ， 病理学的研究

　 　 　 　 　 　 東 京大 学 医 学 部 物療 内科

石井 　彰　　伊藤幸治　　山下直美　　宮本昭正

　　　　　　　 東京大学医学部病理学

　　　　　　　　　 志賀淳治

　　　　　 東京 慈恵 会 医 科 大 学寄 生 虫学

　　　　　　　　　 渡辺直煕

　我 々 は，IgE 依存性 の喘息モ デ ル と し て 正常 モ ル モ ッ トに ウ サ ギ抗 モ ル モ ッ F　 lgEを静注する事 に

よ っ て 惹起 され る 実験喘息を確立 した．そ の 喘息の 程度は
， 非麻酔下 の モ ル モ

ッ ト を使用 で きる Mead
の 装置を用 い て 定量的 に 測定 した．

　抗 IgE の 静注 に よ っ て ，即時型反応 の み が 認 め られ た，抗 IgE の 吸入 に よ っ て は 鴫息反応は認め られ

なか っ た．抗 IgEの 注射後た だ ち に得られ た肺の 病理学的変化は ヒ トの 鳴息に 類似 して い た．

　こ の 系は，IgE依存性即時型喘息反応 の 病理学的，薬理学的研究 の 良好な手段 とな り得る と思 わ れ る．
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