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pol len a l le rgens (JCPA).  Two major  a l le rgens have been iso la ted and
charac te r i  zed  as  Cry  j  I  and  Cry  j  l l  (Yasueda  e t  a l . ,  1983 ;  Qakaguch i
e t  a l . ,  1990 ) .  l n  ano the r  s t udy  us ing  a  pe r i od i ca l  hea l t h  e$m ina t i on
of 892 universi ty students,  the percentage of subjects with JCPA-speci f ic
IgE  an t i body  was  27% and  the  i nc idence  o f  t hose  w i th  Japanese
ceda r  po l l i nos i s  was  12% (Nakamura ,  1990 ) .  I n  Japan ,  Japanese  ceda r
po l l i nos i s  i s  cons ide red  to  be  a  f requen t l y  occu r r i ng  immed ia te - t ype
a l l e rg i c  d i sease  w i th  symptoms  such  as  sneez ing ,  rh ino r rhea ,  nasa l
congest ion,  and lacr i rnat ion.

Seve ra l  
"p idemio log i ca l  

s tud ies  have  sugges ted  tha t  t he  rap id
inc rease  o f  sub jec ts  w i th  po l l i nos i s  by  compar i son  o f  t he  i nc idences  o f
po l l i nos i s  i n  d i f f e ren t  pa r t s  o f  t he  N i kko  d i s t r i c t  o f  Japan  i s  r e l a ted  t o
a i r  po l l u t i on  (Kaneko  e t  a l . ,  1980 ;  Mo r i  ,  1995 ;  l sh i zak i  e t  a l . , ' 1987 ) .
Resu l t s  showed  tha t  t he  i nc idence  o f  po l l i nos i s  among  res iden ts  a long -
s ide  ma in  roads  w i th  heavy  t ra f f i c  was  h ighe r  t han  tha t  o f  res iden ts
in  d i s t r i c t s  w i th  l ess  t ra f f i c .  S ince  the  po l l en  coun ts  i n  t hese  a reas
were  a lmos t  t he  same and  the re  were  no  s ign i f i can t  d i f f e rences  i n  t he
age  o r  sex  d i s t r i bu t i ons  o f  t he  sub jec ts  examined  i n  these  env i ron -
men ts ,  a i r  po l l u t i on  was  conc luded  to  be  a  poss ib le  enhanc ing  fac to r .

Muranaka  e t  a l  (1986)  repo r ted  tha t  t he  l gE  an t i body  responses  to
ova lbumin  (OA)  i n  m ice  immun ized  by  i n t rape r i t onea l  i n jec t i on  o f  OA
mixed  w i t h  d i ese l  exhaus t  pa r t i c l es  (DEP)  we re  h i ghe r  t han  w i t h  OA
a lone .  Moreove r ,  Suzuk i  and  Kanoh  (1993)  repo r ted  tha t  py rene ,  wh ich
i s  abundan t  i n  t he  neu t ra l  f r ac t i on  ex t rac ted  f rom DEB p roduced  an
ad juvan t  e f fec t  on  l gE  an t i bOdy  p roduc t i on  i n  m ice  immun ized  by
in t raper i tonea l  in jec t ion o f  OA or  JCPA.

These invest igat ions suggest  that  a i r  po l lu tants  emi t ted f rom auto-
mob i l es ,  espec ia l l y  DEB enhance  po l l i nos i s .  However ,  t he re  a re  few
repor ts  on whether  the enhanc ing e f fec t  on lgE ant ibody product ion is
character is t ic  o f  DEP or  whether  o ther  resp i rab le  par t ic les  may a lso
exert  t l re same effect .  Therefore, in the present study, the potent ial
enhanc ing  e f fec ts  o f  va r i ous  k inds  o f  f i ne  pa r t i c l es  IKan to  l oam dus t ,
f l y  ash ,  ca rbon  b l ack ,  DEB and  a l um inum hyd rox ide  (a l um) l  on  l gE
ant ibody product ion in  mice exposed to  aeroso l ized JCPA or  Japanese
cedar  po l len (JCP)  were examined.

MATERIALS AND METHODS

Mice

Fema le  BDFr  m ice  aged  10  wk  (22 -23  I  body  we igh t )  we re
ob ta ined  f rom CLEA Japan ,  I nc .  Dur ing  the  expe r imen t ,  t he  an ima ls
were  housed  6  to  a  p las t i c  cage  w i th  wood  shav ings  i n  an  a i r - cond i -
t i oned  room ( tempera tu re  23  *  1 "C ;  re la t i ve  humid i t y  65  t  10o /o ) ,
w i t h  a r t i f i c i a l  l i gh t i ng  f o r  12  h /d  f r om 7  a .m .  t o  7  p .m .  They  we re
p rov ided  w i th  a  no rma l  d ie t  (CE-2 ,  CLEA Japan ,  I nc . )  and  wa te r  ad
I  ib i tum throughout  the exper iment .
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A D T U V A N T  A C T I V t T t E S  O F  V A R T O U S  F t N f  P A R T t C L E S

E x p e r i m e n t  I  s i x  g r o u p r s  o i  6  m i c e  \ v e r e  i m m u n i z e c j  B  t i m e s
1 - w k  i n t e r v a l s ,  f o l l o v v e c i  i r y ' o n c e  i n  3  r v k  o r  t h e  n e x t  9  w k .  i v 1

Al lergens and Far t ic les
T h e  c r l r c i e  j c P A  u s e d ' i - n  t h i . s  s , t y d y  t e x p e r i m e n t  1 ;  r v a s  k r n d l y  p r o -

v ided  t r1 , ,  I  l av . rsh iba ra  B iochenr i ca l  La 'bo ra to r ies ,  okay ,ama,  Japan .  one
l i t e r  o i  0 ' 1 2 5  l v l  a m m o n i u n r  b i c a r b o n a t e  v v a s  a c l ' c i e c l  i o  5 O  g  o f
Japanese  r -edar  po i len  f rom Ak i ta  p re fec tu re ,  anc l  c ru r , l e  JCpA was
e x t r a c t e d  b v  s h a k i n g  t l e  q . ' i x t u r e  í o r  z  h  a t  4 o C  a n d  t f r e r r  . " n t t i f u g ar ^ . ' -t r o n  l o r  J 0  n r i n  a t  I 0 , 0 0 0  x  g  T h e  c o n t e n t s  o f  t o t a l  p r o t e i n  a n c { " o ;
t w o  m a j g r  a l l e r g e n s  ( C r y  j  i a n d  C r y  j  l l )  i n  t h e  s u p c r n a t a n t  w e r e
m e a s u r e d  

. b v  i h e  m e t h o c l  o f  B r a d f o r t J  ( 9 7 6 )  a n d '  e n z y m e - l i n k e d
i m m u n o s o r b e n t  a s s a y  ( S a w a t a n i  e t  a r l . ,  1  9 9 3 ) ,  r e s p e c t i v e l y .  Í h "  u r n o u n t
o f  p r o t e i n  i '  r h e  c r u d e  i c p A  u u î : ,  g 5  F g  c o n r a i n i n g  1 7  4  p g  o  f  C r y  1I  a n d  1  

i . 3 . , q 8 , o f  C r v  , j  l l  p e r  n r i l l i l i t e ' r . " T h e  c r u c j e  í c p n  u u u í . 1  i a l y z ' e c l ' l
a g a i n s t  c l i s t i l l e d  w ' a t e r  b e i o r e  a c i r n i n i s t r a t i o n  t o  m i c e  b v  i n h a l a t i o n .  T h e
1 ? t j y "  c l r y ' J C p  u s e d  i n  t h i s  s r L r c l v  ( e x p e r i m e n t  2 )  i u u ,  c o l l e c t e c J  i n
Ch iba  p re fec tu re .

K a n t o  l o a m  c i u s t  ( d u s t  f o r  i n d u s t r i a l  t e s t i n g  n o .  1 ' l ) ,  i l y  a s h  ( n o .
1 0 ) ,  a n d  c a r b o n  b l a c k  1 n o .  i 2 )  w e r e  o b t a i n e d  f T o n r  t h e  A s s o c i a t i o n  o i
P o w d e r  P r o c e s s . , l n d u s t r y  a n c !  E n g i n e e r i n g ,  K y o t o ,  J a p a n .  D E p  w e r e  c o l -
l e c t e d  i n  t h e  c i i l u t i o n  t t - r n n e l  u s é d  f o r  a í  i n n a l a ' t i o n . * p . r i m e n t  i n  o u r
i n s t i t u t e  ( N a k a j i m a  &  S r , r  z u k i ,  1 9 9 5 ) .  A l u m r n u m  h y c l r o x i d e  ( a l u r n )  u s e c j
a s  a  p o s i t i v e  c o n t r o l  o f  t h e s e  p a r t i c l e s  \ v a s  p r e p ' a r e d  b y  t h e  m e . t h o c l
o f  L e v i n e  a n d  V a z  ( . 1 9 7 0 ) .  T h e  c h a r a c t e r i s t i c s  o f  t h e s e  p a r t i c l e s  a r e
s h o w n  i n  T a b l c  1

I  nrmun izat ion Schedules

c t t

i c e
o iw e r e  a n e s t h e t i z e d  w i t h  e t h e r ;  a  n c J  2 5  F g  o f  p a r t i c l e s  i n  1  o  p  I

p h o s p h a t e - b u f f e r e d  s a l i n e  s o l u t i o n  ( p B S , ' p H  7 . 2 )  w a s  c i r o J r p e d  o n t o

T A B L E  1 .  C h a r a c t e r i s t i c s  t . r i  n i r r t i t . l e s

I ' l r t i c l c  s i z t :
(pr t t )

t h e

N'1a r n r_orll. lonerì ts
t:.1',,)

St . l r i . t< - { : , . r rc ' . r

(mr/g)

Karr to  loar r r  dust

F l y  a s h

Carbon  b lack

D E P

Alum i  r rurn  hyc l rox ic le  (a lur r r )

t . 6 - -2 .3

, 1  . r ) - : ) .  /

0.01-0.2

0.3- -0 .5

0.2 6- - t .2

5io, r34--,10)
At ,o ,  (2ó-12)

s io ,  (>4 5)
,\ l r( .) ,  (>20)

Ca rbon  (1  00 )

Ca rbon  (40 )
soo ' -  (20)
Sol r " r t r le  organi r -

, \ l (Ol - l )J  (100)

1 . 9

20 .4
' )  . t
t .  - \ l

f . . , , - r ; - . ^  /  1 r \ , tl l r l ( . t l \ r l l  r a t / , 1

6.2

i . 9

' The  rna in  comt )o r . ì cn ts  i n
threne,  an c l  beinz Ia f  a r r t l r racr . :ntr

t l r c  so lub le  o rgan  i c  i rac t i on  vve rc  py rene ,  r  -n  i t ropy rene ,  phena  r r -
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nost r i l s  o f  each mouse.  The groups were then exposed to  crude JCPA
aerosol  generated with a glais nebul izer at  a toia ' l  p l ,otein-poncentra-
t i on  o f  1  Vg /L  f o r  30  m in /d  (Mae j ima  e t  a l . ,  1995 ) .  Ove r '@% o f  t he
aeroso l i zed  JCPA d rop le t s  were  l ess  than  1 .0  pm in  d iamete r .  Ano the r
g roup  o f  s i x  m ice  was  exposed  to  ae roso l i zed  JCPA w i thou t  admin i s -
t ra t ion o f  par t ic les .

Nasa l  rubb ing  movemen ts  i n  m ice ,  a  pa ramete r  o f  a l l e rg i c  rh in i t i s
(Sa i to  e t  a l . ,  1994 ) ,  we re  coun ted  fo r  5  m in  a f te r  nasa l  cha l l enge  fo r
1  wk  a f t e r  t he  f i na l  immun i za t i on .  The  a l l e rgen  used  f o r  nasa l  cha l -
l enge  was  500  pg  o f  po l l en  g ra i ns  suspended  i n  PBS  and  adm in i s -
te red  by  the  same rou te  as  pa r t i c l es .

M ice  i n  each  g roup  we re  b l ed  f r o rn  t a i l  ve i n  a t  3 -wk ' i n t e r va l s
a f te r  t he  f i r s t  immun iza t i on .  One  week  a f te r  measuremen t  b f  nasa l
rubb ing  movemen ts ,  b lood  was  d rawn  f rom the  hea r t  o f  m ice  under
e the r  anes thes ia .  Se ra  ob ta ined  f rom the  m ice  i n  each  g roup  were
poo f  ed  and  s to red  a t  -B0oC un t i l  use .

Exper imen t  2  S i x  g roups  o f  6  m ice  were  immun ized  tw ice  a
week  f o r  16  wk .  Doses  o f  25  p rg  o f  t he  respec t i ve  pa r t i c l es  i n  PBS
were  adm in i s te red  t o  5  g roups  o f  m i ce  by  t he  same  p rocedu re  as  i n
exper imen t  1 .  A f te r  t he  admin i s t ra t i on  o f  pa r t i c l es ,  B  un i t s  o f  JCP were
d ropped  on to  the  t i p  o f  t he  nose  o f  each  mouse  by  m ic rop ipe t .  One
un i t  o f  JCP  con ta i ned  abou t  20 ,000  po l l en  g ra i ns  coun ted  by
microscopy.  Other  exper imenta l  procedures and measurements  were as
descr ibed for  exper iment  1  .

Assays o f  Serum Ant i - ICPA lgE and lgG Ant ibody f ters

Ant i -JCPA lgE ant ibody t i te rs  were measured by the pass ive cuta-
neous  anaphy lax i s  (PCA)  reac t i on  us ing  ra t  do rsa l  sk in  w i th  a  24 -h
sens i t iza t ion per iod by the method o f  Watanabe and Ovary  (1977) .
B r ie f l y ,  0 .1 -m l  samp les  o f  se r i a l  two fo ld  d i l u t i ons  o f  t he  tes t  se ra  were
in jec ted in t racutaneous ly  in to  the back o f  male  Sprague-Dawley ra ts
we igh ing  500 -200  g  (CLEA Japan ,  l nc . )  and  24  h  a f t e r  t h i s  pass i ve
sens i t iza t ion the ra ts  were cha l lenged in t ravenous ly  w i th  Sugi  bas ic
p ro te i n  (SBP)  i n  1  m l  o f  1% Evan ' s  b l ue  dyu .  The  dose  o f  an t i gens
used  f o r  cha l l enge  was  130  pg  o f  SBP  con ta i n i ng  100  pg  o f  C ry  j  I
and  30  Fg  o f  C ry  j  l l .  SBP  pu r i f i ed  f r om JCP f r om Ch iba  p re fec tu re
by  t he  me thods  o f  Yasueda  e t  a l .  ( 1983 )  and  Tan iguch i  e t  a l .  ( 1989 )
was a lso prov ided by Hayash ibara B iochemica l  Laborator ies .  The tes t
was  ca r r i ed  ou t  i n  dup l i ca te  and  the  PCA t i t e r  was  exp ressed  as  the
rec ip roca l  o f  t he  max ima l  d i l u t i on  g i v i ng  a  spo t  o f  5  mm in  d i ame te r .

Enzyme- l inked immunosorbent  assay (ELISA)  o f  ant i -JCPA lgC ant i -
body  t i t e rs  was  ca r r i ed  ou t  by  a  mod i f i ca t i on  o f  t he  me thod  o f
lmaoka  e t  a l .  ( 1993 ) .  B r i e f l y ,  t he  we l l s  o f  m i c ro t i t e r  p l a tes  ( lmmu lon
2 ,  Dyna tech )  were  coa ted  w ' i t h  100  p r l  SBP (1  t rg lm l )  and  i ncuba ted
ove rn igh t  a t  4oC.  Then  the  p la tes  were  washed  5  t imes  w i th  PBS

*
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{-Ún[al i l ' l r ]g Q- '85!1'  Tween 20 using a mi,cropiate washer (rnod,el  15s0,i i io -Rad t$b 'orà tor ies)  The weí1,  i í " ru  the.n  , r . . *ur ìve ly  in i -ubate .J  a ti ' oom temoera tu re  w i th  i he  fo i l ow i l s_  reagen ts ,  was i r i nu  :  , ìmesbe i r veen  each  pa i i  o r  , t " ps : J00  p r l  q l -B loc f , ; ; ;  (Da in i hon  Se i yaku ,osaka '  
] t pon )  f o r  b l ock ing ;  100  i i l  o f  se r í a l  t o - f o i d  cJ i l L r r i ons  o i  t heies l  anc l  no rma l  se r ; ì ;  10Ó p l  o i  b io t i ny la te r l  r abb ì t  an t i - i nouse  l gct 'Z ; ' rnecì )  d l iu  ted r  ' .20 ,0??,_  i ,og p  i  . , i ,  s t reprav id in-perox i rJ . rse is igma)r J i i u t ed  t : 1000 ;  1 r ] 0  u l  o f  subs r ra re  so ru r i o '  con ra i ; ì ; ;  i ' ; - ; g ' ' f , ,  o_Phenv lened ia r t i ne r -2HCl  rna  ò .óò i "Z  nya r ;à ; r - [ " r " - i . r "  i r r  r  0d '  m l  o fsubs t ra te  bu f fe r ,  (4  7  g  c i t r i c  ac i c i  an  d '7 .3  g  Na , l l po r /L  r j i s t i l l ec l  wa te r ;p t J  5  0 )  r \ bso rbancJuuns  read  a t  490  n rn "w , i t h  a  n r i c rop la te  reader( rnoc je l  3550,  l l io -RacJ Labo. ra tor ies)  lgC t i te rs  were expressec j  as  rec ip_roca ls  o i  t he  number  o f  d i l u t i onu -o t  i " ì ,  se ra  exh ib i t i ng  twc - r f , o l c i  h ighe ra l ; so rbances  t han  [ he  same  d i r u t i on  o i  no rn .a r  se rum.

Protein-Adsorbing capaci t ies of  the part icres
Samp les  o f  1  o r  10  m8 ,  o f  each  t ype  o f  pa r t i c l e  we re  ac l cJecJ  t o  2n r i  o f  c rude  JSPA,c j i aJyzed  aga ins t  Égs .  pa r t i c l es  i n  t l r e  r - - r r r cJe  JC :pArVCro  cJ i sPersed  w i i h  t r l i r ason iòwaves  anc i  a  vo r tex  m ixe r  i r> r  1  n r i neach '  A l ' te r  t l i : ! |ng ,  n- t  jo : r  remperature  io r  3o n- . r in ,  rhe preparar ionswere  cen t r i f uged  a t  30 ,000  x  g  r ' o r . r  h  a t  21 ,C .  Th ;tein ads'rbed'i., àn.n"iio" of pi,.t i.t* was esrinratecl rrl j l j ' i ' ;:: ;J"?Jl;c o n c e n t t - a t i o n  i n  t h e  s u p e r n a t a n t  a s  m e a s u r e c J  w i t h  p r o t e i r r . r s s a v  k i t( l l i o - R a d  L a b o r a t o r i e s )  

' b a s e d  
o n  r h e  d y e - b i n c l i n g  J r ; ; ; , , , " , i l t l  o iUrac j ford ( t  9 t  6)

H istopathological Exam inations
T f r ree  un t rea tecJ  m ice  were  adc lec l  to  the  s i x  a l reac ly  n - ren t ionedg r o L r p s  a s  ( - o n t r o l s  f o r  l r i s t o p a t h o l o g i c a l  e x a m i n a t i o n .  A f t e r  b l o o c l  w a sc i rawn '  th r :  b ra in  anr j  the  mancJ ib r i ' u *  were  re rnovec j  f r r :m t i re  hear j sr r i  t h e s e  r n i c e  a n d  t h e  r n a x i l r o p È u r y n g * r r  * g i ; ; - - ; ,  r i r e , l  w i r h  4 , , r ,

l rarafornra ldehyde/0, . r  
\ r  .ph,o:phate 'b, i r rer  (pr- r  7  4)  ic t r  sevorar  crays.Spec in re t l s  were  deca lc i f i ecJ  by  t rea tment  w i th  s% io rn r i c -  . r c i cJ  anrJ10" i "  [o rn ta l i n  io r  severa l  g rv r  Th i * "  r ron t r t  sec t ions  were  macJe  asd e s c r i b e d , b y  N ; r g a n o  e t  a l .  l r  g g g l ; - i n . t  í s ,  a n  a n t e r i o r  s e c t i o n  w a sn r i l c j e  a t  t h e  p o s i e r i o r  e d g e  o f  t h e ' í n . i i o r  t e e t h ,  a  m i d c j l e  o n e  a t  t h el c ' v e l  r : f  t h e  i n c i s i y e  g a p i l T a ,  a n d , a , p o s t e r i o r  o n e  a t  t h e  a n t e r i o r  e d g eo f  the  rn ' l a r  ree th .  rhàse  t i ssue  b làcks  were  c rehydra , - . i ' r "  j  ; ; ; r : :_c ied  in  ' a ra f f i n .  The  para f f i n  r " . t ' o , i i " *u r *  s ta inecJ  r , v i th  hematoxy r ina n d  e o s i n ,  a n d  t o l u i d i n e  [ r l u e .

lmmunos ta in , ing . fo r  l gE  ,  A f te r  c l i ges t ion  o f  the  sec t ions  w i th  0 .05u / . ,prorease rype 
,y ' l t  J: igma, sr.  Louir ,"  rurotzo as M r i i i_Hc t  buffer,  óH7 '€ t ,  a t  37 ' c  f o r  30 ; ,  t he  sec t i ons  we re  immersed  i n  su /n  no rma lgoat  serL lnr  for  20 min a t  room temperature  anc l  subsequent ly  incubatedwi th  ar r t i -mouse lgE monoc lona l  J" t iÉoay t r . ì r iJ r / - ; ; " ic1ec j  t ry  D r .
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N. Watanabe; Departrnent of Tro,p_{_eal Medjci 'ne, Jikei University School
o f  Medic ine)  a t  4 'C overn ight , 'T ,he sect ions wer 'e  then vyashed and
treated with horseradish peroxidase-labeled anti-rat lgC F(ab'p (Organon
. Iekn ika 

Corporat ion,  Durham,  NC)  for  2  h  a t  room temperature .  lgE
was then detected wi th  0 .02% 3,3 ' -d iaminobenz id ine (DAB;  Doj indo,
Kumamoto,  Japan)10.05 M Tr is -HCl  buf fer ,  pH 7.6 ,  w i th  0 .005"h hydro-
gen perox ide.  Sect ions were counters ta ined wi th  methy l  green.

Statistics

Data were ana lyzed by two-way ana lys is  o f  var iance (ANOVA) fo l -
lowed by Student 's  t - tes t  to  compare ind iv idua l  group.  The leve l  o f
s ign i f i cance  was  es tab l i shed  a t  p  <  .05 .

RES U LTS

Experiment 1

Ant i - fCPA lgE and IgG Ant ibody Product ions and Nasal  Rubbing
Movemen ts  The  an t i - JCPA lgE  an t i body  t i t e rs  i n  each  g roup  a re
shown  in  F igu re  1 .  The  an t i JCPA lgE  an t i body  (PCA)  t i t e rs  i n  m ice
immun i zed  w i t h  ae roso l i zed  JCpn  p lus  a l um o r  f l y  ash  we re  1 :5  and
1 :10 ,  respec t i ve l y ,  i n  wk  3  a f te r  t he  f i r s t  immun iza t i on ,  whereas  those
in  t he  o the r  g roups  we re  be low  1  : 5  .  I n  wk  6  a f t e r  t he  f  i r s t  im  m  u -
n i za t i on ,  t he  t i t e rs  o f  a l l  g roups  immun ized  w i th  the  respec t i ve  pa r t i -
c l es  were  h ighe r  t han  1 :80 ,  whereas  tha t  o f  t he  g roup  t rea ted  w i th
ae roso l i zed  JCPA a lone  was  l ower .  M ice  immun ized  w i th  ae roso l i zed
JCPA p lus  ca rbon  b l ack ,  DEP,  a l um,  f l y  ash ,  o r  Kan to  l oam dus t
exh ib i t ed  peak  l eve l s  w i t h  PCA t i t e r s  o f  1  : 320 ,  1 :640 ,  1 :640 ,  1 :640 ,
and  1 :1280 ,  r espec t i ve l y ,  i n  wk  18  a f t e r  t he  f i r s t  immun i za t i on .  No
increase in  the PCA t i te r  was observed throughout  the exper iment  in
m ice  i nha l i ng  ae roso l i zed  JCPA a lone .

The  changes  i n  the  an t i - JCPA lgC  an t i body  t i t e rs  i n  each  B roup
are  shown  in  F igu  re  2 .  P rev ious l y  i t  was  found  tha t  mos t  o f  an t i - JCPA
lgc ant ibody i  n  m ice  was the ant i -JCPA lgC,  ant ibody type (data  not
shown).  Therefore, the ant i -JCPA lgC ant ibody rather than the ant i -JCPA
lgC,  ant ibody was measured.  The ant i -JCPA lgC ant ibody t i te r  in  mice
immun i zed  w i t h  ae roso l i zed  JCPA p lus  DEP was  1 :1000  i n  wk  3  a f t e r
the f i rs t  immunizat ion,  whereas those in  the o ther  groups were be low
1 :100 .  l n  wk  6  t he  EL ISA  t i t e r s  o f  g roups  immun i zed  w i t h  ae roso l i zed
JCPA p lus  the  respec t i ve  pa r t i c l es  were  a l l  g rea te r  t han  1 :1000  excep t
for  t reated wi th  aeroso l ized JCPA a lone.  The mice immunized wi th
ae roso l i zed  JCPA p lus  f l y  ash ,  Kan to  l oam dus t ,  a lum,  ca rbon  b lack
and  DEP exh ib i t ed  EL ISA  t i t e r s  o f  1 :100 ,000 ,  1 :500 ,000 ,  1 :500 ,000 :
1 :500 ,000 ,  and  1 :500 ,000 ,  respec t i ve l y ,  i n  wk  1B  a f te r  t he  f i r s t  immu-
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n i za t i on '  No  i nc rease  i n  t he  EL ISA  t i t e r  r vas  obse rved  t h roughou t  t heexper imen t  i n  m ice  t rea ted  w i th  ae roso l i zecJ  JCpA a lone .
The  mean  nasa l  r ubb ing  coun ts  o f  m i ce .  i n rn run i zec l  w i t h  ae ro -so l i zed  JCPA p lus  the  respec t i ve_  pa r t i c l es  * " ru  n ign* r  t han  thoseinha l ìng  ae roso l i zed  JCpA a lone , (F ib , r19_ r l  - I he  

nu r r i  r ubb ing  .o rn1 ,o f  m i ce  immun i zed  w i t h  ae roso l i ze?  JCPA p lqs  Kan to  l oam dus t ,  f l yash ,  o r  DEP we re  s i gn i f i can t l y  h i ghe r  t han  t hose  o f  an ima l s  immu-n i zed  w i th  ae roso l i zed  JCP,q  a lon . . i ne re  was  no  marked  c j i f f e rence  i n
: : : l l ^ ry .? !1 ,1s  

between mice immunized wi rh  aerosor ized JCpA pru,
ca rbon  b l ack  and  a l um f r om JCpA  a lone .

Amounts of  Protein Absorbed to Part ic les The concentrat ion of  pro-
te in  i n  c rud*  JcPA adso rbed  to  Kan to  l oam dus t ,  f l y  asÀ ,  . r rbon  b lack ,
DEB and  a l um was  4 -2 ,  4 .7 ,  2 .1  ,  r 4 .8 ,  and  zo  vg / ^g , , r espec t i ve r y .is topatho log ica l  

.F ind ings No apparenr  ie ina i l iab le  h is to lóg ica l
a l tera t ions were noted in  thé mucosa ' l  membrane o f  the nasa l  c -av i ty

ffi Kanro loam dust * aerosolized JCpA ffi DEp t'=E- 
[,x..YJ

kil Fly ash * aerosolized JCp,r r-*-r\ I j Carbon black * aerosoiized JCpA

ffi Alum -i- aerosolized JCpA
L_l Aerosolized JCpA alone
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F I G U R E  2 .  A n t i - J C P A  l g C  a n t i b o d y  p r o d u c t i o n  i n  m i c e  i n  r e s p o n s e  t o  i n t r a n a s a l  a d m i n i s t r a t i o n  o f

a e r o s o l i z e d  J C P A  w i t h  o r  w i t h o u t  2 5  p g  o f  p a r t i c l e s .  E L I S A  t i t e r s  w e r e  m e a s u r e d  o n  p o o l e d  s e r a

f r o m  s i x  m i c e  i n  e a c h  g r o u p .  L e g e n d  i s  p r e s e n t e d  i n  F i g u r e  1 .

o f  m  i ce  t rea ted  w i th  ae roso l i zed  JCPA a lone  as  compared  to  con t ro l .
Howevef  th icken ing o f  the ep i the l ia l  layer  and hyper t rophy o f  gob le t
ce l l s  was  obse rved  i n  the  resp i ra to ry  ep i the l i um o f  m ice  t rea ted  w i th
aeroso l ized JCPA and the respect ive  par t ic les .  The th ickness o f  the
ep i the l i um o f  t hese  m ice  was  nea r l y  tw i ce  tha t  o f  t he  con t ro l s  (F igu re
4 ) .  S l i gh t  i n f i l t r a t i on  o f  eos inoph i l s  and  neu t roph i l s  was  no ted  i n  t he
subepi t t re t ia l  reg ions.  There were no marked a l tera t ions in  the o l fac tory
and the squamóus ep i the l ia  o f  the nasa l  cav i ty .  No apparent  d i f fe rences
in  h is to log ica l  f ind ings were noted among the f ive  groups t reated wi th
aerosolized JPCA plus the respective particles.

The  l ympho id  t i ssue  benea th  the  mucous  membrane  o f  t he  an te r i o r
or i f i ce  o f  the nasopharyngeal  duct ,  wh ich is  known as nasa l -assoc ia ted
l ympho id  t i ssue  (NALT) ,  does  no t  deve lop  i n  con t ro l  m ice .  M ice  tha t
had inha led aeroso l ized JCPA a lone or  w i th  the respect ive  par t ic les
showed  h igh  dens i t i es  o f  l y rpho id  ce l l s ,  we l l - deve loped  h igh  endo the -
l i a l  venu les  (HEV) ,  and  p resence  o f  ge rm ina l  cen te rs  (CC)  i n  NALT.
There were no marked d i f fe rences in  the grades o f  deve lopment  o f
lymphoid  t issue in  the respect ive  groups.
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F I C U R E  3 .  N a s a l  r u b b i r ì s  a t r e r
g r o u p s  c t i  s i x  n r i c e . ; \ s t e r i s k s
, r e r o s o l i z e c J  J C P A  a l o n e  ( p  < . 0 : i )
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. J  c f ' A  c h a l l e n g e .  c o l L r r n n s ; r r r r . j  b a r s  r e p r e s e n r  r n . a , s  +  s D  f o r
inc l i ca te  s ign i f i c ; l n t  r J  i f í e re tn r_ r . , s  f ro r l  i he  g rou l . r  t r r - . ; r i ecJ  w i th
.  L e g e n c l  i s  p r e s e n t i . r l  r n  i , i q u r - e  i  .

A few  subep i t he l i a l  r nas t  ce l l s  r v i t h  g ranL r l es  we re  f ound  i n  con t ro l
m i ce  anc f  m i ce  t r ea ted  w i t h ; ì e roso l i l e c i  JCPA a lone .  I n  con t ras r
c i eg ranu la ted  mas t  c re l l s  we l î  i r equgn l i y  obse rved  i n  subep i t he l i a í
r e ,q i ons  and  t he , i n t r aep i t . he l i q l  

l l ye r ' o f  i he  w ,a i l  c f  r he  nasa l  cav i r y  o frn i ce  f rea ted  w i th ; l e roso l i zed  JCPn  p lus  the  r cs [ )ec t i ve  pa r t i c l es

a
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F I C U R E  4 '  T h i c k e n i n g  o f  t h e  r r : s p r r a t o r y  e J r i t h e l i u m  r : i  ( h t :  t u r [ : i n a t e  i n  m i c e  t r e a t e c j  w i u r
' l e r o s o l i z c r j  J C P A  ( o r i g . i n a l  r n a g n i i i c ; r t i o n  x 4 0 ) . ' I h e  h i g l r  m a q n i f i r : a t e c J  p h o t o g r a p h s  i n  l o w e r  p a r t  o f
e a c h  c o l u r n n  s l r o w  s u t r e p i t h e l i a l  l e u k o c y t e  i n f i l t r a t i o r i  ( o r i g i n a l  r r r a g n i f i c a t i c i , r  * t 0 0 ) :  ( a )  u n t r e a t c : c J
con t ro l ,  (b )  rnouse  t reà tec j  w i th  l e r r : so l i ze rc l  JCpA anc l  D tp ,  ( c )  mouse  t rea tec l  r v i t h  ae roso l i zec l
J C P A  a r r c l  a l u r n .
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There were no lgE-posi t ive cel ls in the wa l l  of  the nasal eav;tv 6l f
contrsf 'sl' n?ic€ tr,eated with aerosolized jCPA alone. Òn tle*: ,of.her
hand ,  immr :nos ta ìn ing  o f  l gE  was  no ted  i n  the  fo l l i cu la r  de$ r i t i c  ce l l s
o f  t he  cC  o f  NAL I ,  p l asma  ce l l s  a round  NAL I  and  t he  " ce l l  mem-
b rane  o f  subep i the l i a l  and  i n t raep i the l i a l  mas t  ce l l s  i n  m ice  t rea ted
w i th  ae roso l i zgd  jCPA p lus  the  respec t i ve  pa r t i c l es  (F igu re  5 ) .  As
shown i r t  Tab le  2 ,  the d is t r ibut ions and grades o f  lgE-pbs i t ive  ce l ls
we re  s im i l a r  i n  t he  d i f f e ren t  g roups .  Mòs t  l gE -bound  mas t  ce l l s
showed complete  degranu la t ion. -  In t raep i the l ia l  ìgE-bound mast  ce l ls
were res t r ic ted to  the resp i ra tory  ep i the l ium f rom the anter ior  to  the
poster ior  o f  the nasa l  caví ty .

Experiment 2

Ant i - fCPA !Sf  1nd IgC Ant ibody Product ions and Nasal  Rubbing
Movements Tl^ ie changes of the ant i -JCPA lgE ant ibody t i ters in each
Sroup  a re  shown  i n  F igu re  6 .  The  PCA t i t e r s  i n  m i ce  immun i zed  w i t h
J9p  p l us  Kan to  l oam dus t  o r  a l um we re  1 :5  and  1 :10 ,  r espec t i ve l y ,  i n
wk  3  a f te r  t he  f i r s t  immun iza t i on ,  whereas  those  i n  the  o the r  g roups
were  be low  1  : 5 .  l n  wk  6 ,  t he  t i t e r s  o f  a l l  g roups  we re  h i ghe i  t hàn
1 :10 .  The  m ice  immun i zed  w i t h  JCP  a lone  ànd  JCP  p lus  Kan to  l oam
dus t ,  f l y  ash ,  ca rbon  b l ack ,  DEB and  a l um exh ib i t ed  peak  l eve l s  w i t h
PCA t i t e r s  o f  1 :80 ,  1 :80 ,  l : 80 ,  1 :160 ,  1 :160 ,  and  1 .320 ,  r espec t i ve l y ,
a t  1B  wk  a f t e r  t he  f i r s t  immun i za t i on .

F ICURE 5 .  lmmunos ta in i nB  o f  l gC .  A  and  b  show l gE -bound  mas t  ce l l s  i n  t he  ep i t he l i a l  l aye r .
(a)  Mouse t reated wi th  aeroso l ized JCPA and DEP.  (b)  Mouse t reated wi th  aeroso l ized JCPA and
alum (or ig ina l  magni f icat ion x80) .  (c )  React ive product  showing lgE in  p lasnra ce l ls  accumulated
bes ide  t he  basa l  po r t i on  o f  NnL t  and  oÀ  the  su r face  o f  l ymphocy tes  benea th  t he  ep i t he l i a l  l aye r
(ar row)  (or ig ina l  magni f icat ion x40) .
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T A B t f  2 .  D i s t r i i > u t i o r r ; r n c i  a v e i - ; r g e  h s r o l o g i c a i  q r a d i ' g  o í  r s [ .  c e i i s  i n
t rea ted  r ^ ; i t l r  , t e roso i i zed  JCpA

' )  . t  . !

t h e  r . r  s a l  r í r v i i ' .  o f  r n i r . t :

l r l I r a m u c o s a i  i g t '  m ; i s t  c . e l i s
Per i -NAIT
p l a s m a  c e l l s Anter- ior  ,Vl iddlr : Í )ostr : r ior

N o  t r e a t m e n t
A e r o s o l i z e d  J C p A  a l o n e
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F l y  a s h  , i ,  a e r o s o l i z e d . l C p A
C a r t r o n  b l a c _ k  +  a e r o s o l i z c , c l  J C t ) i \
D  E  P  +  a e r o s o l  i z e d  1 C p  r t
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FlcuRE 6.  Ant i - jCPA r6E ant ìboc ly  procr r . rc r ron in  nr ice in  response ro
. J C P  w i t h  o r  w i t h o u r  2 s  p g  o f  p a r t i c r e s .  p C A  r i t e r s  w e r e  m e a s u r e c l  o n
in  each f { rou; ) .

i n t r a n a s a l  a d r n i n i s t r a t i o n  o f
p o o l e c l  s e r a  f r o m  s i x  m i c c
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The change; of th_e Tti-l-qll lgC antibody fters iri each group
are  shown  in  F igu re  7 .  The  EL ISA t i t e r  i n  m ice  immun ize .Sw i th  JC i '
p lus  ca rbon  b lack  was  1 :1000  a t  3  wk  a f te r  t he  f i r s t  ímmEn iza t i on ,
whereas  those  i n  o the r  g roups  were  be low  1 .100 .  S i x  weeks  a f te r  t he
f  i rs t  immu n izat ion,  the ELISA t i te rs  o f  groups immun ized wi th  JCP p lus
the  respec t i ve  pa r t i c l es  were  g rea te r  t han  1 :1000 ,  wh i l e  t ha t  o f  

' t he

g roup  t rea ted  w i th  JCP on ly  was  l ower .  I n  a l l  g roups ,  t he  EL ISA t i t e rs
we re  l : 10 ,000  a t  1B  wk  a f t e r  t he  f i r s t  immun i za t i on .  No  s i gn i f i can t
d i f fe rences in  nasa l  rubb ing movements  were observed in  thè immu-
n ized groups wi th  and wi thout  par t ic le  t reatments .

Histopathological  Findings Thickening of the respiratory epi thel ium,
hyper t rophy o f  gob le t  ce l ls ,  d i la ta t ion o f  subepi the l ia l  vesse ls ,  hyper t ro-
phy  o f  NAL I  and  deve fopmen t  o f  HEV were  no ted  i n  a l l  g roups
t rea ted  w i t h  JCP  o r  JCP  p lus  t he  respec t i ve  pa r t i c l es  (F i gu re  B )
Fu r the rmore ,  mucus  sec re t i on  i n  t he  nasa l  cav i t y  and  subep i the l i a l
i n f i l t r a t i on  o f  eos inoph i l s  and  neu t roph i l s  were  obse rved  i n  the  m ice
t reated wi th  JCP p lus  the respect ive  par t ic les .  ln  these groups,  degran-
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t IGURE 7.  Ant i -JCPA lgC ant ibody product ion in  mice
JCP w i t h  o r  w i t hou t  25  Vg  o f  pa r t i c l es .  EL ISA  t i t e r s
m ice  i n  each  g roup .  Legend  i s  p resen ted  i n  F igu re  6 .
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F I C U R E  B .  l ' i r i c k e n i n g  o f  t h e
c l i l a t a t i o n  o i  v e s s e l s  i n  t l r r :
[ , l l . r r - k , . r n d  ( c )  j C t ,  a n d  f l v

r c . ' s J r i r a t o r y  e p i t h e i i u m ,  i n f i l t r a t i o n  o f  e o s i n r : o h i l s  a n d  r r e r - r t 1 6 1 : h i l s  ; i r r c J
t u r b i n a t e  o f  m i c e  t r e a t e d , , v i t h  ( a )  J C I ' , r j o n e ,  ( b )  l C I r , r n c J  r _ a r b o r r

, r s h .  ( o r i g i n ; l l  r r a g n i i i c a t i o n  x - 1 0 )

u la t i on  o f  mas t  ce l l s  was  no t  comp le te ,  w i t h  ce l l s  f r eque r ì t l y  con t . l i n -
i ng  a  few  g ranu les .

ISE-pos i t i ve  p l asma  ce l l s  we re  l oca tec i  i n  t he  basa l  po r t r on  o f
NALT  i n  m ice  t r ea ted  w i t h  JCP  a lone .  l n  m i ce  r r ea red  w i t h  JC t  p l us
the respect ive  par t ic Ies ,  however ,  lgE-pos i t ive  p lasm,  . " t ls  were wic le ly
c l is t r iL ru ted beneath  $q resp i ra tory"ep i the l ium (F igu re  g  ,  a  a  ncJ b)  The
lymphoc) ' tes  rn  NAIT d isp layec i  sur iace lgE,  and igE rvere  a lso r ]e tec- tecJ
in  t he  CC (F igu t " , . 9 : i  l gE -bounc l  r - n r t i ' ce l l s  *ó ru  f ouncJ  w i c l e l y  nà t
on l y  i n  t he  ep i t he l i a l  l a yò r , gnd  subep i t . he l i a l  r eg ion  o f  t he  resp iL t , r r l ,
ep i t he l i un r  l : u t  a l so  i n  t he  o l f ac to r , v  ep i the l i um (È ' i g r ru  10 ) .  T t re  cJ i s t r i b -
u t i on  anc l  g rad ing  o f  l gE  pos i t i ve  ce l l s  a re  p resen tec j  i r r  Tab le  3 .

DISCUSSION

Since  Wor l cJ  War  l l ,  t he  Japanese  gove rnmen t  has  been  p romot ing
a pro8, ram.  for  p lant ìng . lgRanese cec lar i to  improve forest  resources.  As
a  resu l t ,  t he  a rea  o f  a i t i f i c i a l  f o res t s  con ta i n i ng  j apanese  ceda r  i n  t he
1980s  was  abou t  tw i ce  t ha t  i n  1950s .  F l owe r i " ng  ; ì ncJ  seec1  bea r i ng  o f
these  t rees  became ac t i ve  abou t  30  y r  a f te r  i n i t i i l  p : l an t i ng  ( yokoy íma
&  Kanazash i ,  

, l  990 ) .  The  p r i n r . a r y  cause  o f  t he  rap id  i nc réase  o f  
' sub -

j ec t s ,w i t h  po l l i ng : i l  may  be  due  ro  a  r i se  i n  t he  amoun t  o f  po l l en
S t , l l e rgens ,a l  h i gh  exposu re  t o  po l l en  i s  known  to  be  a  r i s k  f ac to r
f o r  deve lop ing  hay  î eve r ' (Cha rp in  e t  a l . ,  t  gg3 )

T l re re  a re  seve ra l  repo r t s  on  the  e f fec t  o f  p rope r t i es  o f  pa r t i c l es  on
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F I C U R E  9 .  l g E  s t a i n i n g  o f  N A L T  I g E - p o s i t i v e  p l a s n r a  c e l l s  a c c u r n u l a t e d  b e s i d e  t h e  b a s a l  p o r t i o n

o f  N A L T  i n  r n i c e  t r e a t e d  w i t h  r a )  J C P  a l o n e  o r  ( b )  J C P  a n d  c a r b o n  b l a c k .  T h e  s u r f a c e  l g E  o f

l y r n p h o c y t e s  ( a - < )  a n d  l g E - p o s i t i v e  g e r m i n a l  c e n t e r  ( c )  a r e  n o t e d  ( o r i g i n a l  m a g n i f i c a t i o n  x 4 0 ) .

'Tot 
t,*'

\ .  
. . )  1
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F ICURE 10 .  l gE -bound  n ras t  ce l l s  obse rved  i n  t l r e  r esp i ra to r y  ep i t he l i un r  o f  r n i ce  t r ea ted  w i t l r  ( a )

. l C P  a l o n e ,  ( b )  J C f  p l u s  D E P ,  o r  ( c )  j C t ' p l u s  K a n t o  l o a n r .  l g E - b o u n d  m a s t  c e l l s  a r e  a l s o  n o t e d
in  t he  o l f ac to r y  ep i t he l i u rn  i n  à  mouse  t r ea t c ' c l  w i t h  (d  JCP and  Kan to  l oa rn .  ( o r i g i na l  magn i f i ca -
t i o n  x B 0 ) .
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I A B  L E  . J .  D r s l n i ; t ;  t  i o r r  . i  i r r . i  ; t v e r . a g e  h  i s i o i o q r  i  ; r  ; , . : : i i j  i  n  ;  l i
i r e a t e d  ! v r t h  J L i )

245

r  i l r  g  n ; t s . r l  c ._ r r , ! t v  i t f  r l i t : < . .i l f _  , i , , l l s

l r t i - . ì i t ì i i {  t s è í  l L l i - -  r n a s t  c e l l s
Pr : r r  \  \ t ;
p las i r . r  r , , . : l  l s r \ r r terrr t r  ,V1 i r l r i l , . :  poster ior

N o  t r e a t r n r . n t

J C P  a  l o n e
K a n t o  l o a r r  r l L r s t  +  J C p
F l y  a s i r  r .  J C f - ,
C a r b o n  f ; l a c k  r  J ( _ i , ,
D E P  +  J g ; r
^ \ l u m  +  j C P

0
0
0
0
0 .3
0 .5
0

i)
0 . 9
r . i i
2 . 0
1 . 5
1 . 8
r . B

t . l

(.).()
: . 3
2 . 5
t . : ì
. 1 . 5
i . 0

0
t . 0
2 . 5
2 . 8
2 . 5
2 . 0
r . B

r V o f e  i - l i s t o l o g i c ; r l  g r a d i n g :  v e r y  s i i g h t ,  0 . 1 ;  s i i , q n t ,  i . r j ;  r r o c j e r , ì t e ,  l . ; r ,  i r r a r k e r . J .  - J . 0 .

t h e  l g F  r e s p o n s e  i n  m i c e .  T a k a f u l i  e t  a i .  ( 1 9 8 9 )  c o l l e c t e c J  s u s p e n c 1 e dp a r t i c u f  a t e  m a t t e r  ( s P M )  f r o m  u r b a n  a t n r o s p h e r e s  u s r n g  a  h i g h - v o l u m ea i r  s a m p l e r ' ,  T h e  
l a m p l e r  r o u g h l y  s e p a r a t e d  t h e  a i r b o r n e  p a r t i c i e s  i n t of rac t ions  o i  rwo  s izes ,  spM-1" ( , r i  ò  l r i  nn . t  spM ,  i r  1_2 .0  p . )  ThesP l l s  cons i s ted  n r ,a in , r  y  . o f  ca rbon , ,  qL r i l r t z ,  ca i c i t e ,  rock  sa r t ,  ca rc iumsu l fa te ,  ch lo r i t e ,  c r i s toba l i t e ,  anc l  i e i c l spa r .  The1 ,  f o rnA  inn t  t he  l gE  an t i -body  responses  o f  m i ce  immun i zec r  w i t n  0 . , i 5  pg  o i oA  p rys  2s  Fg9 f  pu r t i c i es  by  t he  i n t r anasa l  r ou te  r ve re  h i , ghe r  t f . ;  t hose  o f  a rn ima fsimnrun ized  w i th  oA  a lone  

^ , ) , o .  s ìg .n i f i can t  
' ' ' d i f f e rence  

i n  the  a tc juvan t' rc t iv i t ies  o f  the sPM-1 and sP/v1-4 ' i rac t i?n. r  was repor tec j ,  a l though thecapac i t y  o f  sPM-4  to  adso rb  p ro te in  (on ;  
.was  rpó iox ima te l y  seve r . ìt imes  Rrea te r  t han  sPM-1 .  F ron r  t hese  resu l t s ,  i t  , uu ,  sugges tec l  t ha tpa r t i c l e  s i ze  and , t he . capac i t y  t o  adso rb  p ro re i n  do  no t  a f f ec t  an t i - oA

fsE  an t i body  p roduc t i on  i n  -m ice .  Fu j íma 'k i  e r  a l  i i  qg+ l  t rea ted  n r i cei n t r a t r ac l r ea l l v  w i t h  0 ' 2  t g  f J y  ash  o r  0  i  r g  a l un rn r rm  s i l i ca te  m ixec j
: l i l  l9^  Pq oA.  No s ig f r i f icant  , r i r t " r *ce 'berween rhe t ,gF r i rers  in
l l - ' *u* ,  $ , t .o . 'ps  vvas observed,  a l though a  s ign i f icant  cJ i f f l rence betweenihe  ab i l i t i e s  o f  f l y  ash  anc l  a l um in? rm  r i l i i . t "  r o  acJso rb  rhe  an t i gensvvas  repo r ted .  I n  t he  p resen t  s tudy ,  t he  an t i - JC ,pA  rFÉ ;no  rgc  an t i bodyp : roduc t i on  i n  an ima l i  immun ized  r v i t h  ae roso r i zec j  JCpA was  enhancedby  the  respec t i ve  pa r t i c l es ,  bu t  r ro  ruÀr r r .ub le  cJ i f f é rences  i n  t he  mag-n i tudes o f '  the ant i - lcpA ant i ,boc ly  , . . rponr* r ,  nasa l  rubrburg counts ,  or
I : ! : f r j h : l og iga l  changes  i n  rhe  na r r i  . av i r y  o f  m ice  r rea red  w i rh  c f i f -f e ren t  t ypes  o f  pa r t i c l és  were  founcJ  r l - Lese 'du t ,  r rg ! - i t  t ha r  t he  com-ponen ts  o f  pa r t i c l es ,  t he i r  capac i t i es  to  adsc r rb  an t i gens ,  anc l  t he i r  s i zesmay  no t  be  re l a ted  t o  t he  obse rvec l  r i se  i n  l gÈ  p roc luc t i on  ancJinc reased  i nc iden : - . ^ i f  

- a i l e rg i c  rh in i t i s  svmproms .
Tamura  e r  a l .  ( j  986 )  r e f l o r t ec j  r ha t  l a i i v  i nha la r i on  o f  JCp  i nducec jan  l 8E  an t i t r ody . responses  i n  f ema le  BDF ;  m ice .  l n  t he i r  expe r imen t ,' l i rway  sens i t í za t i on  to  JCp  was  pe r fo rmec j  r r v  rpp ru ing  JCp  da i l y  ro

' , , '  l . : : . - ; i ' r ' : , ' ; :È . r . , , ;S : : ' I  - :  : { / - ! , - r :
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t he  t i p  o f  t he  nose  fo r  t hgee  5 -d  pe r iods  w i th  2 -d  i n te rva l s  be tween
treatments.  Treatments,w.,SE cont inued for about 1 min/d unt i l  t 'he
m ice  had  d i f f i cu l t y  i n  b rea th i ng  due  t o  i nges t i on  o f  po l l e$  i n to  t he
nasa l  cav i t y .  The  an t i - JCPA lgE  PCA t i t e rs  i n  m ice  were  1  .4ó  i n  wk  4
a f te r  t he  f i na l  immun iza t i on .  l n  t he  p resen t  s tudy ,  s im i l a r  resu l t s  were
obse rved  i n  m ice  immun ized  w i th  JCP a lone .  However ,  t he  quan t i t y
o f  po l l en  g ra i ns  t aken  i n to  t he  nasa l  cav i t y  o f  m i ce  i s  unce r ta l n .  l t  i s
o f  in terest  that  no remarkab le  d i f fe rences were observed in  the f ina l
PCA t i t e rs ,  nasa l  rubb ing  coun ts ,  o r  h i s topa tho log i ca l  changes  i n  the
s i x .g roups .  l t  shou ld  be  no ted  tha t  t he  pa r t i c l es  àcce le ra ted  fgE  an t i -
body  p roduc t i on  i n  m ice  immun ized  w i th  JCP.

Kan to  l oam dus t  i s  so i l  dus t  ob ta i ned  f r om the  Kan to  a rea . i nc l ud -
!nS  Tokyo ,  wh i l e .  f l y  ash  i s  an  env i ronmen ta l  po l l u tan t  p roduced  by
burn ing  powdered  coa l .  The  ma in  componen ts  o f  bo th  o f  t hese  pa r t i -
c l es  a re  S i  and  A l ,  and  t hey  we re  t hus  used  as  t yp i ca l  so i l  dus t s  i n
th i s  s tudy .  M .anc ino  e t  a l .  ( 1983)  repo r ted  tha t  t he  ad juvan t  e f fec t  o f

$,
!

s i l i ca  was  re la ted  to  the  damage  induced  in  mac rophages .  Our  resu l t s
m a y  b e  i n  a g r e e m e n t  w i t h  t h i s  n o s s i t ^ r i l i t v .  a l t h o r r s h -  t h e  e f f e c t s  o fmay be  in  amay be  i n  ag reemen t  w i th  th i s  poss ib i l i t y ,  a l t hough-  the  e f fec ts  o f
Kan to  l oam dus t  and  f l y  ash  on  macrophages  were  Ào t  i nves t i ga ted .  Aphages were not  invest igated.  A
p redom inan t  componen t  o f  DEP  i s  e l emen ta l  ca rbon  ( see  f àb le  i ) .
Ca rbon  b lack  i s  a Imos t  equa l  i n  compos i t i on  to  e lemen ta l  ca rbon .
SPM cons i s t s  ma in l y  o f  DEB  so i l  dus t ,  and  seconda ry  ae roso l s  i n
urban d is t r ic ts  o f  Japan.  Secondary  aeroso ls  are  formed by chemica l
reac t i ons  i n  t he  a tmosphere .  The  re la t i ve  con t r i bu t i ons  o f  t hese  pa r t i -
c l es  t o  SPM a re  30 -40o / " ,  15 -25o /o ,  and  1  0 -1  5o /o ,  r espec t i ve l y
(Koyama,  1990 ;  Yosh izumi  e t  &1 . ,  1989) .  The re fo re ,  i n  v iew  o f  t he
gompos i t i on  o f  SPM in  t e rms  o f  DEB i t  wou ld  appea r  t ha t  DEp  may
be  a  . s ign i f i can t  componen t  i nvo l ved  i n  enhanced  lgE  p roduc t i on .

The  me thod  o f  admin i s t ra t i on  o f  a l l e rgens  i n  e ipe r imen t  1  may  no t
seem rea l i s t i c ,  as  the  a l l e rgens  were  app l i ed  by  sp ray  to  the  an ima ls .
In  expe r imen t  2 ,  a l l e rgens  were  app l i ed  d i rec t l y  on to  the  nose ,  wh ich
more c lose ly  resembles inadver tent  exposure in  humans.  However ,  the
concent ra t ion o f  par t ic les  cou ld  not  be determined.  A l though both
methods  o f  admin i s t ra t i on  o f  a l l e rgens  i n  expe r imen ts  1  and -2  have
mer i t s  and  demer i t s ,  t he  resu l t s  were  s im i l a r .  A lmos t  a l l  p rev ious  an i -
mal  s tud ies  invo lved the re la t ionsh ip  between the par t ic les  admin is tered
by intraper i toneal,  intratracheal,  and intranasal routes and lgE ant ibody
product ion.  Inha la t ion s tud ies  are  necessary  to  assess the e f fec ts  o f  a i r
po l . l u tan ts  on  the  onse t  o f  po l l i nos i s .  S tud ies  on  the  e f fec t  on  IgE  an t i -
body product ion in  mice f rom automobi le  exhaust  w i th  nat ive  dry  JCP
admin i s te red  by  i nha la t i on  a re  now be ing  ca r r i ed  ou t .

REFERENCES

Brad fo rd ,  M .  1976 .  A  rap id  sens i t i ve  me thod  f o r  t he  quan t i t a t i on  o f  m ic rog ram quan t i t i es  o f  p ro -
t e i n  u t i l i z i ng  t he  p r i nc ip l e  o f  p ro te i n -dye  b ind ing .  Ana l .  B iochem.  72 :248 -254 .



" \ D ' L J V A N T  A C T I V I T T T S  O F  V A R I O U S  F I R V E  P , " \ R T I C L T 5

" 'o""?o'u;:11::: : j : ; [ i ; ; 'J" j i ' . f ] ;  l ' "1:3rr 
' '  

f ; ,uj i l , :1: s, shigehara, s,; ,rrcl  Noguchi, y'3:',1;"'î1","#3;lJ:':,?, 
::,,:':'j::rli$i:J:'ì'lll;ì,"ì;';ì'',f:i:::': ,:''';;':Ji5xi',;J;

):"1",,i,'J.:::î?, Iî.,i; rsnklio ar,:;unti :, ,o,iói_r'oi , ""t.'u.""i_itnouve, s ,,,j;tr,:;t;.i ,, 
il.".ii,^I,.::í *."".,,1, i 

'l';;;;:"'ii""'.?"o,o",n 
orosicai

?/:X',";':,J1E_;:::, lîl::::.:^,."cr0,) i,'c,'in.sis: u,.,u,u'i",íì,;:.::'i;'i"':::iff|il";:iJ ::

i , . i : ; r r i ; i n ,  { J . ,  l i u g h e s ,  i ì . ,  f u 1 , r í l c a ,  i V 1 . ,  S u t r a .  j  _ i , ,  B a l a * s a r r l .  l - ì . .; l l e r g i c  s v n r p t o r n s  a n t l  t h e i r  i - e l ,
,  t lergy 2- l :435-a3g 

t ron io ooi len exposLrre

t  t , r j i r r ; t k i ,  i i . ,  O z a r v a ,  A , 1  . ,  l n r ; t ì .  Ì  ,  K u b o ( ; r ,  ( . .  , r n i l
n t i n u n r  s Ì l i c a
tmmunor. zs,',!"r_!'- lu.'tt 

r"rr ' ig(ì r a'ribocJv

l i naoka ,  
,  
* . ,  - l :  kaguch  i ,  M . ,  and  l nouve ,  S .  I  ! l 9 l .

3o t l l r , l  
a l i e rge rn  (C ry  i  t )  i n  r i i f f e ren r  s r ra r r s  c_ i iEng l i sh  summary ) .

\ . ,V . r i : , r r i , r i r c ,  N .  ' i  
9 , JJ .  z \ c I1 , - l van i  e i fec ts  o i  a lu -

p r r - r r j i r c t ìon  rn  r r_ . i cc .  l n ! .  t \ r ch  A l l e rgy  App l .

A n t i f - r o d y  r e s p o n s e s  a g a  i n s t  J a p . r n e s e  c e c J a r
r . ì t s .  É . \ p .  , \ n ì r n .  4 2 : 6 1 _ . 6 : j  ( i n  J a p a n e s e  w i t h

1 A -L 7  /

Ver , r i o r : i ,  L ) .  I  ! ì ! , i  1 .  Sc ; i sona l
sor i th-r :ast  Frrnce.  Ci in.  F.xp

lgaku no

1 9 8 7  .  S t i r r l i e s  r t f  p r e v a  l e n c e
cu l t i va te rJ  a rea .  Ann .  A l l e rgy

i n b r e c l  s t r a i n ,  a n t i g r : r r  c l o s r :  o n
Int. ,"\rch. Allergy ,.\ppl. lmrnunr.sl.

A ,vumi  1  36 :959_960  ( i n  Japanr :se ) .
, ' , " r : f  , ;  

,1 . : I : : : l :  
*  ,  t kernor i ,  R . ,  rsh iy . r r r ra .  y . ,  rnc i  Kush ib ik i ,  ro f  J a p l a n e s e  c e c J a r  p o i l i n o s i s  A r ì 1 ó n o  r  

'  I  ' \ t r ' r r r r r , , r K I ,  t -

5 B : 2 ( , S J 7 '  
, , . . , , - , h e  r e s i c i e n t s  i n  a  r l e : n s e l v5B:265-270.

K a n e k o ,  S . ,  S h i r n a c J a ,  K- fak ig r_ r r :h í ,  
K .  I  980 .

( i n  J a p a n e s e ) .
K o y ; i n r a ,  T .  1 9 9 0 .

R e i a t i o n s h i p
scturcr :s.  Bul / .
sumrnary ) .

,  i - l o r i u c l r  i ,  t . | . ,  E n c j o
N a s , r l , r l i r : r g y , r n r j , r i r

Reg iona  I  c l i f f e ren r :e rs
b e t w e e n  < : h c r r i r _ l l
K a n a,gaw a p re t't: c t u r a I

, \ . ,  K o c J a m ; r .  r \ , 1  ,  S h i n o d a ,  N . ,  l r n a i ,  f . ,  a n r l
1rr ; l l r r t io i r .  Oto-Rhinct .Laryngol .  Tokyo 2.1:)70_2f)1

o f  a t m o s o l t e r i r .  1 _ r a r l i r : u l r t e _ ,  i n  K r n a e a w a  1 - l r e i e c t u r c  ( 2 ) _
c o m ' o s i t i ' '  r i  s u s J r c n c l e r l  l t , r r t i c u l i i t e s  ; r n r J  c r n i s s i o n
Env i r t 'men  ' ' r i  ( en f r r r  l  2 :  l  -  i  4  i n  Japares r :  w i t l r  I n t r  i sh

L c v r n e ,  B .  I l  . ,  a n c l  V a z ,  N .  i V 1  .
i  rn  rn  u  r r c  res l l ons  i vc - ,nc :ss  ; r  r r r J
l9 :1  56 -171  .

1 9 7 0 .  I f f e c t  o f  r  o m b i r r a t i t : r r  r r i
r c a g i n  l t r o c l u c t i o n  i r r  t l t t :  n t o l J s c l

t , , , , , ,J; i . , , ; ,1;. l j l : , ; : i ,1.;  
î i l , ) , : f : : ,  :sl  

ree, , . \Lrrornonirr, :  r ìxrr,rtrsr ancj altergy*rxrrrr i , .ar iorrs <,f
[: ;]:l'l;:T;;j,?;, i,l l:lii::l:": ,',ll ':,,:: :,,r1 i',,,'.,.,,,,,"'lìj,,i;:,i:;'.îI.uillT ;l:"jl;,:
: : :  

' l i t  ' " : : : :?- :?0 Nn rapanesc with rngr ish surnrnarv),u,,,n_..1?lll D-, tir-rcmo, C., Cusa'o, r\,1., ,,, '.,.f iti l,,..,, ;ì. ' ' i '. j i i.,.
s i l i r - a  o n  l o F  : r n , l  t d r - 1  . . - . , : r ^  r  

|  / \ )  )
, ó . . , , , , J  l g C l  a n t i b o d y  p t r o c l u c t i o n  i n  n r i c r _ ,

z \ r j j u v a r r t  e f f e c t s  o f  a  c r y s t a l l i n e

m a c r c r p ' a g e  s t a b i r i z e r  p o r y - 2 - v i n y r p y r i r ) i n e  N - . x i c i e .  r r t7 l :279-2f11 .

a n c l  t h e i r  p r c v e n t i o n  b y  t l r e
r \ rch Al lergy Apy:1,  lnt inurt r>1.

M r l r r '  A '  r 1 ) 9 5 '  s e r r s i t i z a t i ' n  a n c J  , r r s c t  r l f  J , r J l ; r r r t , s t ,  r  t ) r r i l r( i n . J ; l p ; r n e s e  w i t h  E ' g l i s 6  s L l r ' t ì a r y )  .  
r ( ì 1 ' / ( r " ( : ) r :  (  t ' i l i ì r  J ) o l l l l ì ( r s l s  t n  t  h i l r j r e n .  A l l e r g y  ' 1 4 : 7 - 1  5

Mi r r ' r naka .  rV . l . ,  suzuk i ,  s . ,  Ko i zum i ,  K ' . ,  T i r ka fu j i ,  s . ,  / v r i ya r r ro to ,  T . ,  r kcmor i ,  R . ,  anc j  ] _ok iwa ,
l'lll iit;:,;;';;:"i:'-,i:;i;];ilT;'i'p'""'"'i.'t"' io,. rr':e prorrucr on olsr a'rir,oliv

N i ì 8 a n o '  K ' '  I r t o m o t o ,  M ' ,  Y a m a n o t r t - h i ,  K . , , , \ i s c . r ,  s . , , r n c l  K . r t , r g i r i ,  T .  ] , l t J g .  r r : x i c o l o g i c  p a t h o l o g yo f  t ' r p rJ re r  resp i ra to ry  t rac t '  /  Tox ico l  Pa tho l .  l : l  l 5 * l  )7  ( i r i  )apar rese  rv i t l r  Eng l i sh  su rnmary ) .N a k a j i t r t a '  T ' '  a n c J  s r - r z u k i ,  T '  I 9 9 5 '  A u t o m o [ : i l e  e m i s s i t : n  a n c J  c h r r : n i c  . b s t r u c t i v e  r J i s e a s c  i n  s n r a r lan i tna ls *Exper in ten ta l  c les ign  and  concen t ra t i o r ì  o f  key  ( . : on r [ )o r . ì r ] '  t s .  r .  rpn .  Au to .  Res .  rns t .1 7 : 2 0 - 2 i  ( i n  J a . Í : a n e s e  w i t h  È n g l i s h  s u m r n a r y ) .
N a k a m u r a ,  S .  l g g 0 . .  l r r v e s t i g a t i o n " i r r t o  t h e  f r e q u e n c v  . i  c , a s e s  w i t h  l . r p a n e s e  r : e c l i t r  ' o l l i n c l s i snmonB the  s tuc len ts  ancJ  s ta f i  r t ren rbe rs  i r r  ou r  r rn i v r : r  s i t y .  l pn .  / .  r \ l l e : rgo t .  )g :476* ,182  ( i nlapan t_ .se  w i  th  Eng l  i sh  sunrn ra  r v ) .
S a i t o ,  i - | . ,  r \ s a k u r a ,  K . ,  a n t j  K , l t a u i a ,  A .  I 9 9 4 .  T l r e  i r r  v i v o  e r i í e : r : t s  o f  a n t i _ C r \ M  a n t i b o c l y  o n  O A
,.o,jlll ',i '1;' ;:::, ,!::' 

'.  ̂ l::,:: 
^1,'' 't^1,u;'o't ti' 'Jar"rnes': 'uitrr Errutish sumnìarvjsaka,quchi ,  M.,  Inouye,.S.,  l -anlai ,  ,Vl . ,  A'c lo,  S. ,  tJsu' i ,  v ' , ' ' : ; ' ; : ' ; Í ; ] : ; r ì : ,T"ìTI ,ó

,ouur.i, l l?" ff. ' 'J1Jll: lL'. l j*,s1,1ur J;rpanese,!.*,J.1r" poitcn r\ i lerst,4s:lOe*.r12.sawatan i ,  M. ,  yasuecJa,  11 . ,  Ak iya ; ; ; ,  * . ; - ; ; ì ; . , " ; ' , ' ' ; , , , i l i ; ' , Í , í , ; r ; : r . ' i l , í ; ,  tu1 , ,  Ancro ,Kur imo to '  M ' '  ' t r r c l  Ma t r - rhash i ,  i '  19q3 .  lmmuno log ica l  an rJ  J :hys i t : oc l ren r i ca l  r : roper t i e l s

'1$tlqt*,i;i*..:1""



248 K .  MAEI IMA ET  AL .

Cry j  l l ,  the second al lergen of  Japanese cedar pol len (Cryptomeria laponica).  Aleryy

42:738-747.

S u z u k i ,  T . ,  a n d  K a n o h ,  T .  1 9 9 3 .  T h e  a d j u v a n t  a c t i v i t y  o f  p y r e n e  i n  d i e s e l  e x h a $  o n  l g E  a n t i -

bocJy production in mice. Jpn. 1. nlteígol. 42:963-9i68. 
rtr

T a k a f u j i ,  S . ,  S u z u k i ,  S ,  K o i z u m i ,  K . ,  O h a s h i ,  H . ,  M u r a n a k a ,  M . ,  a n d  M i y a m o t o ,  T .  1 9 8 9 .

E n h a n c i n g  e f f e c t  o f  s u s p e n d e d  p a r t i c u l a t e  m a t t e r  o n  l g E  a n t i b o d y  p r o d u c t i o n  i n  m i c e .  / n t .

Arch. Allergy Appl. Immunol. 90:1-7.

T a m u r a ,  S . ,  K o b a y a s h i ,  T . ,  K i k u t a ,  K . ,  N a k a g a w a ,  M . ,  S a k a g u c h i ,  M . ,  a n d  I n o u y e ,  S .  1 9 8 6 .  l g E

an t ibody  responses  aga ins t  Japanese  cedar  po l l en  in  the  mouse .  M ic rob io l .  lmmuno l .  30 :BB3-

8 9 1 .
T a n i g u c h i ,  Y . ,  l k e g a w t ,  H . ,  U s u i ,  M . ,  A n d o ,  S . ,  K u r i m o t o ,  M . ,  S a k a g u c h i ,  M ' ,  I n o u y e ,  S . ,  a n d

M a t u h a s h i ,  T .  1 9 8 9 .  B i o l o g i c a l  a n d  i m m u n o l o g i c a l  p r o p e r t i e s  o f  S u g i  b a s i c  p r o t e i n - p u l l u l a n

con juga te :  l .  Suppress ive  e f fec t  on  lgE  an t ibody  p roduc t ion  and  on  lgE  mec l ia ted  reac t ions .

lnt. Arch Allergy Appl. lmmunol. B9:136-142'

W a t a n a b e ,  N . ,  a n d  O v a r y ,  Z .  1 9 7 7 .  A n t i g e n  a n d  a n t i b o d y  d e t e c t i o n  b y  i n  v i v o  m e t h o d s :  A

reeva lua t ion  o f  pass ive  cu taneous  anaphy lac t i c  reac t ions . l .  lmmuno l ,  Me thods  
.14 :381-390 .

y a s u e d a ,  H . ,  y u i ,  Y . ,  S h i m i z u ,  T . ,  a n d  S h i d a ,  T .  1 9 8 3 .  l s o l a t i o n  a n d  p a r t i a l  c h a r a c t e r i z a t i o n  o f

the  ma jo r  a l l e rgen  f rom Japanese  cedar  (Cryp tomer ia  j apon ica )  po l l en .  /  A l l e rgy  C l in .

Immunol .  /  l : /  / -ót) .
y o k o y a m a ,  T . ,  a n d  K a n a z a s h i ,  T .  1 9 9 0 .  A  c h a n g e  i n  t h e  a r e a  o f  S u g i  f o r e s t s  a s  a  s o u r c e  o f

po f  l en  source  .  l n  l gE  p roduc t ion  and  env i ronmenta l  f ac tc t r s ,  eds .  M.  Muranaka  and

K .  T a n i g u c h i ,  p p .  6 7 - 7 9 .  T o k y o :  M e d i c a l  T r i b u n e ,  I n c ,  ( i n  J a p a n e s e  w i t h  E n g l i s h  s u m m a r y ) .

Y o s h i z u m i ,  K . ,  W a t a n a b e ,  T . ,  l s l r i i ,  K . ,  Y o s h i o k a ,  H . ,  A s a k u r a ,  K . ,  T a m u r a ,  T . ,  K a n ,  M . ,  a n d

Y o s h i n o ,  N .  1 9 8 9 .  T h e  s o u r c e  a p p o r t i o n m e n t  e v a l u a t i o n  o f  a m b i e n t  p a r t i c u l a t e  m a t t e r  i n  t h e

Tokyo metropol i tan area by a receptor  or iented model  .  Ann.  Rep. Tokyo Metropol i tan Res.

lnst .  Environ.  Protect .  3-10 ( in Japanese).

sr
I)
I

iÈ:!l .' ,j

*tii.,;" ' i ' : '


