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           EFFECT  OF  IPD.1151T <SUPLATAST  TOSII.ATE)  ON  AIRWAY

                      HYI]ERRESI)ONSIVENESS  IN MICE

      Shin-ichi Konno]), Kazuhito Asano"), Yoshiki Gonokamii), Masatsugu  Kurokawai),

                      Kenta Kawazui) and  Mitsuru Adachii)
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 We  investigated  the  effect  ef  IPD-1151T  (Suplatast Tosilate, (± )-[2-[4-(3-ethoxy-2-
hydroxypropoxy)  phenyl-carbamoyl]-ethyl]  dimethylsulfonium p-toluenesulfonate)  against

allergic  brunchoconstriction induced by allergen  and  methaeholine  (MCh).BALB/c mice  were

sensitized  by intraperitoneal injection of  O.5 ug  of  keyhole limpet hemocyanin  mixed  with

Al<OH),. IPD-1151T  was  administered  orally  once  a  day  for 5 or  14 days  in doses of  10, 30 or  100

mglkg  body weight.  Bronchoconstriction  was  measured  24 hrs after  the final drug administra-

tion. IPD-1151T inhibited both antigen-mediated  allergic  bronchoconstriction and  induction of

bronchial hyperresponsiveness after  sensitization  or  allergen  challenge  in actiyely  sensitized

mice.  The degree of  inhibition was  proportionul  to the dose and  frequency of  oral  administration

of  the  agent.
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INTRODUCTION

  Bronchial asthma  is an  inflammatory  condi-

tion affecting  the  airwayi)2'.  Bronchial hyperre-

sponsiveness  (BHR)  is an  important feature of

asthma  as  it reflects  the severity  of  the dis-

ease3)").  The ultimate  task in the treatment of

asthma  is the relief  of  symptoms  to permit  a

normal  life $tyle.  The  main  measures  used  to

achieve  this goal include reducing  in airflow

resistance  and  shifting  in BIIR towards  the

normal  range.  To  aceomplish  these objectives,

several  anti-allergic  drugs with  a  bronchodilat-

ing activity  have been developed and  used

clinicallv  in the  treatment of  asthma.

  Recentlv Koda  et  a].5) investigated the im-

munopharmacoiogical  properties of  IPD-115]T

(Suplatast Tosilate, (± )-[2-[4-(3-ethoxy-2-
hydroxypropoxy)  phenyl-carbamoy]1-ethyl]
dimethylsu]fonium p-toluenesulfonate). An

interesting finding in that  study  was  the descrip-

tion of  a  inhibitor>, effect  of  II'D-1151T on  inter-

leukin (IL)-4 production from T  lymphocytes as
well  as  IgE synthesis  by B  ]ymphocytes  in

response  to antigenic  stimulation,  Since IL-4

and  IgE are  two  compounds  known  to play  an

important role  in the  development  of  a$thma,  it

is possible that IPD-1151T may  manifest  bron-

chodilating  properties  useful  for the treatment
and  prevention  of  asthma.  To  our  knowledge,
there  are  no  repc)rts  describing the inf]uence of

IPD-1151T  on  bronchoconstriction,

 We,  therefore, investigated the effect  of  IPD-

1151T  on  a]lergic  airway  hyperresponsiveness

inducecl by･ exposure  of  keyhole limpet

hemocyanin  (KLII)-sensitized mice  to repetitive

antigen  and  te methacholine  (MCh).

Receivedi December  1, 199,l

Accepted: April 11, 1995
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MATERIALS  AND  METHODS

  Mice: Five weeks  old  male  BALBIc  mice

were  purchased from  Charles River Japan.
 Agent: IPD-II51T  was  kindly supplied  by
Taiho Seiyaku Co. (Tokyo, Japan) as  a  pure

powder. The  drug  "ras  dissolved in distilled

water  at 5.0 mg/ml  just before use.
  flal]ten-Proiei;t (/onl'ugate:  KLII  was
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c)btained  from  Sigma (St. I.ouis MO). 2,4-

dinitrubenzen-sulfonic acid  sodiun]  salt  (I)NBS}
",as  purchased from Tok.vo Kasei Corp., Tokyo,

Japan, DNBS-KI.H  conjugate  was  prepared  as

previously described"}"', and  referred  to as  I)NP-

KLII.

  S('nsiti:a/ion; TV'Iice ",ere  sensitized  by
intraperitoneal inject.ion with  5.0 "gi'in]  of

DNI'-KLII  niixed  with  2 rng  of  Al(OII),, (VVJ' ako

I'ure Chemica] Ind., Osaka, Japan) in a total

volunie  of  O.5 inl  of  saline.  Teta] IgE level "Tere

measured  beforc and  14 days after  sensitizatien.

  I)rv<;g trdt;iiizist7atitni: rvlice were  admiriister-

ed  10, 3e, or 100 mgA<g  bod}' weight  of IPI)-1151
T  orally  in a  voluTne  not  exceeding  O.5 ni].

Control niice  were  orallv  adniinistered  the v･ehi-                   '

cle  only  (disti]led water),  Admlnistration was

performed  once  a  day on  the following sched-

ules:  one  group  of  inice  "Tere  treated  for 5 days
from  day 9 of  sensitization  and  the other$  for 14
days  froni com]nencernent  of  sensitization  (day
o).

  Inditt'tion o.f czinva.v  h.tPeiiseizsitit'it.v and  "iea-

srt?'e"u';it  or'  aii'bvai,  )'eactivitx/:  T"rentv-four         t " t v

hrs after  the flnal administration  of  IPD-1151T,

rnice  were  anesthetized  with  intraperitoneal
injections of  50 mgfkg  body  weight  pentobar-

bital sodium  (Abbott Lab, North  Chicago, IL).

VL'hen an  appropriate  plane  of  anesthesia  "Jas

induced, the jugular vein  was  cannulated  for

administration  ef  O.5 ]ng  KLH  in a  volume  of

O.1 ml,

  The trachea was  cannulated  and  connected  to

a respiratory  <SN-480 3, Shinano Seisakusho,
'l'okyo)

 that provided  venti]ation  at  a tidal

volume  of  1 .0 mgi'1OC)  g body  weight  and  a rate

of  100 strukes,/niinti).  Under  these  conditions,  "Je

found that the level uf  arterial  oxygen  tension

ranged  between  7e to 80 torr, as  measured  with

a transcutaneous  oxygen  tension meter  (OKV-

7IOI, Nihon Koden, Tokyo). The  respiratory

resistance  was  determined using  a  modified

method  of  Konzett  and  Rossler, as  described

earlier8',  Briefly, a  by･apss tube  with  an  opening

into the air  was  placed  between  the gas supply

of  the respirator  and  the  enclotrachea]  tube, ancl

Koiine et  ul. 55T'

   an  air  flovL: resistance  tube  (TV-241T. Nihon

   Koden)  ",as  connected  to  the bypass. 
FI'he

 vol-

   ume  of  air  passing  through  thc bypass tube was

   measured  using  a  differential pressure trans-

   ducer (TI'-602T, Nihon  Koden)  connected  to the

   air flow resistance  tube and  an  integrator (EI-
   6C}IG, Nihon Koden). All signals  were  recorded

   continuously  (RTA-1300 recorder,  Nihon

   Keden). The  side  arm  of  the tracheal cannula

   was  c()nnected  to a  differential transducer to

   monitor  volume  of  air  overflow  according  to the

   method  of  Konzett  and  RosslerU'. The  results

   were  expressed  as  mean  (± SE) volume  (mb  of

   air  overflow.

     To  examine  the influence of  a  bronchocon-

   strictor  agoni$t  on  airway  hyperresponsiveness

   Khnin  after  antigen  challenge,  mice  previously

   challenged  s･vith  KLII  were  injected

   intravcnouslv with  various  concentrations  of             '

   MCh  in a x,･olume  of  O,1 ml  t() measure  airwav

   reactivitv.          v

     Statisiics: Statistical significance  was  deter-

   mined  using  Student t-test.

               RESULTS

  The  influence of  ora]  administration  of  IDP-

1151T  on  antigen-induced  allergic  airway

responses  in mice  is shown  in Fig. 1. IgE level
were  elevated  410 nglml  from  O nglml  14 days

after  sensitization.  KLII caused  a  severe  aller-

gic bronchoconstriction in sensitized  mice.  Oral
administration  of  IPD-1151T  inhibited allergic

bronchoconstriction in a  do$e-dependent man-

ner.  A  larger dose and  higher frequency of

administration  produced  a higher volume  or

gradual]y  diminished air  overflow.  The  ED50  or

Il'D-ltt)IT were  83.7 mg/kgfday  for short-terTn

(5 days) and  17.8 mg/kgi'day  ior long-term (14
days) treatment.

  To  examine  the effect  of  IPD-1151T  on  bron-
chial  hyperreactivity induced by sensitization  or

antigen  challenge  in sensitized  mice,  we  mea-

sured  bronchial reactivity  to MCh  in sensitized

mice  that were  administered  II'D-1151T for 14
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 Fig. 1. Effect of  IPD-1151T  on  antigen-induced  a]lergic  ariway  respenses  in sensitized

rnice.  Each value  represents  meEtn  t  S,E. of  5 8 mice.  g P<O.05;  g5/P<O.Ol as  compared  with

IPD-1151T  untreated  sensitized  mice.  Open  bar: non-sensitized  mice,hatched  bars: sensitized

nlice.
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 Fig. 2. Influence of  sensitization  and  antigen

cha]]enge  on  bronchial responsiveness  to metha-

choline  in mice.  Each  value  represents  mean  ± S,E.

of  8 mice,  g/ p<U,U5; Sg: p<O.Ol, compared  with

non-sensitized  mice  before antigen  challenge.  t/ P<
e.05; tt/ P<O.01, comparecl  with  sensitized  miee

before antigen  challenge.  Open  squaresi  non-

sensitized  mice  before antigen  challenge,  closed

squares:  non-sensitized  mice  after  antigen  chal-

lenge, open  circles/  sensitized  n)ice  before antigen
challenge,  closed  circles/  snesitized  mice  after

antigen  cha]]enge.

=Ev.'eako'o".9x'gg>

O.1

O.07S

O.05

O.025

o
               O O 1(} 30  100

                  IPD-1ISIT (mglkg)

   Fig. 3. Effect of  IPD-]151T on  bronchial hypar-

 responsiveness  to IU'" mo]lmouse  of  methacholine.

 Each value  represents  mean  ± S.E. of  8 mice.  g: p<
 O.05; gg/ P<O.Ol, compared  with  no-treated  (e mg

 of  IPD-1151T) sensitized  mice.  Open  bar: non-

 sensitized  mice,  hatehed bars: sensitized  mice.

days after  sensitization.  Fig. 2 shows  that bron-

chial  reactivity  to MCh  increased in control

mice  l4 days after  sensitization,  and  that the

reactivity  was  more  enhancecl  by antigen  chal-

lenge than  sensitization,  Figs. 3 and  4 show  that

IPD-1151T inhibited bronchial hyperreactivity

induced by sensitization  as  well  as  antigen  chal-

lenge in a  dose-dependent fashion, The  ED50  of

IPD-1151T were  6.2 mg/kg/day  and  O.86 mgl
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 Fig. -l. Effect ot' II'I)-1l51'I' on  brfm('hial hyper-

responsivelless  tc) 10 "
 niol!inou$e  "t' niethacholinc,

inclLiced by antig'c/n  challeTige  iii se"s{tized  inicu.

Each value  represc/nts menn  
i
 S.E. of  6 mice,  ti: b''

{b.c)5, tiY 1) ..n.()l,
 cvmpared  "ith  nu-tretd  ed  ([) iug  c)f

II'[)-I151T) sensitizecl  mice.  Ope,n bar/ Tioii-

seTisitized  niiee,  hatched  bars/ sensitized  tnicc･.

kg,/day. respectively,

              DISCIJSSION

  A]lergen-induced airway  contraction  is n']ain-

ly due to reaction  bet"'een antigen  and  allergc,n

specific  IgE bouT)ded mast  cell.  This reaction

need  s.pccific  IgE productien  from  B

lyTnphocytes stipposed  by sensitized  
'I"h2

lymphocytes  via  cytokin  stimulation  such  as  tL-

4. Suplatast ll'osilate is able  to surpress  IL-4

production  froin 1}'niphocytes, and  results  in
inhibition of  IgE' formation"}. IIeweL'er, this

suppressien  need  inore  period than  1 '1 days  after

sens.itization"',  in spit  of  no  significant  differ-

ences  1)etween serum  Cmax  and  AUC  when

Il'D-11:-')IT was  admisterecl  for long-term, and

those when  it w･as  singly  adniinistered]O'.

E;urthern]c)re, it is known  that JPD-1151T
inhibits antigen-Tnc'diated  histaniine release

froin n)ast  ce]]s, suppresses  n]ast  cel] incluc-
tioni'],  In our  study,  antigen  induccxl-

bronchoconstriction in niore  sirrpressecl  in long-

terni C14 days) treated inice  than in short-terni  (5

Konno  et al. 5J9

   days) treated  mice.  Based  on  these  earlies

   resttlts,  together  with  the  present findings, "･'e

   conclude  that oral  administration  of  IPD-1151T

   niay  inhibit not  on]v  histainine release  but also

   IgE production  und  niast  cell induction, thus

   rnini]nizing  the bronchoconstrietive effect  of

   antigenic  cha]lenge.

     Involveinent of  the v･agal  cholincrgic  nervous

   s),･stem  and  the  release  of  acetylcholine  ancl

   serotonin,  is considered  to bc closelv  associated

   with  the developinent c)f airway  hyperrespon-
sivenessi2'.  It ]s  also  generall>' believed that

these  huTnora] factors enhance  the  Ievel of

bronchoconstriction, thus  pointing to  the in)por-

tance  of  exarnining  the influence of  agents  on

allergen-induced  airway  h3'perresponsiveness to

huii)oral factors (acetylcholine and  serutonin)

wFhen  assessing  the efficac>,  of  new  agents  ori

asthina.  ()n the other  hand, it is also  reported

that IPD-11511' has no  direct dilating effect  to

bronchial srnooth  n'iuscle  via  acethylcholine

receptori3).  
'Fhereforc.

 we  chose  to use

sensitization-  or  antigen-induced  increases in

air",ay  responsiveness  to pt'ICh and  examined

the influence of  II'l)-11511' on  N'ICh-rnediated

allergic  airway  hyperresponsiveness. As shown

in Figs. 3 and  4, IPD-1151T  dose-depnedent]y
inhibited air",ay  reactivity  tu rvlCh. AIIergen-

iTiduced increases in airxvay  hyperresponsive-

ness  paralle] IgE-mediated  allergic  reactions

within  airways  and  are  believed to be due te

airway  inflammation. There  is ample  evidence

to suggest  that platelet activating  factor and

histan]ine, released  by polyn]orphonuclear leu-

kocytes (especially rnast  cells),  in respense  to

IgE and  specific  antigens,  are  the Tnost  iinpor-
taTit chcn]ical  r]iediators  in airi･vay  hyperreac-

tivityiLn-i5i. On  the other  hand, Larsen dernon-
strated  that  developing an  IgE response  to

allergen  is associated  with  deve]oping altera-

tions in the nerval  control  of  their air"gays,  and

this a]teration  appears  to be sens.itized

lyrnphocytc' depend`"'. Thus, those  reports  and

our  results  suggest  that  inhibition of  airway

hyperrespensiveness inay  be due  to the ability

of  IJ'D-]151T to inhibit ]ymphocyte sensitiza-
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tion, IgE production, mast  cell  differentiatien

and  airway  responses  to antigen  challenge.

However, detail mechanisms  in the  suppressive

effect  of  IPD-1151T on  sensitization  in mice  are

stiil remained  to be unclear,  more  investigations

are  needed  to clarify  it.

  The  study  was  supported  in part by  Taiho  Seiyaku

Co Ltd., Tokyo.  Japan.
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IPD −1151T （Suplatast　Tosilate）の マ ウ ス に お け る

　　　　　気道過敏性 に対す る作用 に つ い て
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　我 々 は抗原 ま た は メ サ コ リ ン に よ る ア レ ル ．｝
”一

性 気道収縮 に 対す る IPD．1151T の 影響 に つ い て 検 討

L た ．BALB ！c マ ウ ス を 5μg の KLII （keyh（，le　 limpeし herno⊂yallin）を ア ラム と と もに 腹腔 内 に 投与

し免疫し た．10
，
3〔〕ま た は 1〔］Omgi

’
kg の IPD．ll51T を 5H 問 ま た は ］4日 間連 目 経 口 的 に 投 与 し た．気道

収縮 は 最後の 薬剤投与24時間後に測定し た，IPD −1151T は抗原誘発 の 気道収縮 を抑制 し ， さ ら に 感作後

ま た は感作，抗原投与後 の 気道過敏性 亢進 を 抑制 し た ，そ の 抑制 の 程度は薬剤の 投与量 お よ び投与期間

C・こ上ヒで歹i］し 7ヒニ．
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