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stucivwas ctesigtreci to examine the possible mechanisms by rvhiclr l racr.ù-
l ide antibiot ics favorably inf luence the cl inical course of asthrlat ic patients. Iu
the fir:st set ol'cxperittrents, rve investigatecl the ef{èct of roxithrolryci' (RXl\4). a
ttewly synthesized ttracrol ide antibiot ic, on in vitro cytokine secretion by 'r i to-
gen-activated hurnan peripheral blood leulcocytes: RXM suppressed the secre-
tiorr ol'T cell cytokine inte rleulcins (lL) 2-4 and monocyte cytokilc rurnor r.ìe cro-
sis factor alpha. This inhibitory effe'cts on cytokine secretion was do.se clepe'dent
ancl firstly rloted at a concentration of as little as 0.5 pg/rnl which is nruc6 lorr,,er
than therapeutic Lrlood levcls. In the second part of experiments, we examinecl tlrc
inflr"rerlce of RXVI on cytokine appearance in mouse lung extract inducecl by
lipopolysaccharicle (LPS) inhalation and on bronchial responsiveness to methl-
choline in LPS-treateci mice. As aornpared wit'h mice pretreated with phgsphatc-
bLrffered saline, RXfut achninistred oral'ly ai a single close of 5 mglk€{ once a clay,
fìrr2l days inl i ibl ted the a;rpcararìce of l [ ."3, LT-.-4,IL-5, and turnoinecrosis factor
alpha in aqrieotts lung cxtracts, Pretreatment with IìXM also clccrcasecl the hrori-
chial respousiveness to trcthacholine' induced by intratracheal inject iorr of. l" .pS.
We conclucie tlrat the atlenuating effect of macrolicle altibiotics 6n 1s11'ratic
syndrorttes nright bc extrr lainecl part ial ly by their inhi l i i tory ef lbcts on c_vtokine
seclct jon fronr leul<ocytcs.

In t roduct ion

J'herc is rnrrch evidence that a invay hype r-r-e spc-rnsive ncss
is ;r clran"rclcl ist ic fbatr:rc o1'bronchral asthnra and that air-
wly irrf larnnration wil l r  predorninirnt infì l trat ion clf '  nrast
c(,ì l '  :urr l  co: i inophiJs 1: lnys an irrrpor-tani r.olc in the .. tc,. .ul-
oprrrcnt ol 'asthrua i l*3:1. Antial lergic elrugs such as cl isoci i-
Lrln cronìoglycatc l4l, azelastine [5"l and ketotiten [6'l are

rvcl l  l<.rrourn tt)  luve i ' i rvnrable el ' fbcts on usthrrur. [ ]cnel ' ic irr l
e f ' f 'ects ol ' thcse clrr:gs are cunsiclercrl  to bc clepcn<lcnt pirr--
l ia l l rv  on ant i - in f lamrnatory act ions or l  a i r rv ty  in f lernrr : rn-
t ior rs  f  /J  Sevcra l  s tuc l ies,  have showrr  fhat  r r rauro l i i l , :  r r r r t i -
Lriot icrs sucir as eryt l i ronrycin ancl trolenncirornycirr crn f, l .r-
r . ' r : i 'ah ly  i f i i lue i iuu t i re  c i iu ica l  s tarus o l  ucr t i , r i r r  p i t t ic l ts  vvr i l i
nsthnra l l l " ." I2l.  Although investignl iorr of '  ther mechanisrns
of inrprovenlenî has suggested that i t  is rrot r lue to ihe anfi-
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nr i c'o b.io Jog*e-al eilbc ts,ol' t*,l e, drug f 8; *3:l ;rthe,prec i s e me c h -
it,nisnrs àr:e ps1 well untlelstooil.

lìystemic a*riinistrutiori cÍ' er5rthromycin hav'e bcirr
: l rcwlr to be effect ir ,c in r lre treahrrent of inf lanrJrìatot '_\:
tlicases such as acne, i{.}sacr:it" and dennati-tis herpetiforrnis
l l . l .  l - l l . ' l 'hc ef ' f icacy oi ' this therapy of !1gp,e inf larnrnarory
rll'n'ìirioses is trelieved geire rall,v to be duè1to its anti-inflan-r-
rnattlr"y effe cts ll-ì. l4]. Furthcnr'ìore, a lo!,bf,rgpofis cleariy
cieur onstrated tlr at the macro I ide antio"ì ofi cS erythrornycirj.
froleandrolnyciu. alrd RU 28965 ,(roxithromycin: RXM)
stron gI y inliibit cIiemotaxi s and generation' bf infl arnmatory
rn e ci i a to rs ( O 2 a n d 

.Hr 
O 1, .e{c.) lry, q gjy *o. 

H-h,o:fu"l ear I euko.
cytes when the ceils wei,e,cultìired in vitrbin the presence'of
nracrol ides [5-17]. Fronr these repofts, i t  is reasonable to
speculate that oral ly adnrinistered n:acrol ide antibiotrcs in-
l i ibi t  airu,ay inf lar.runation and rcsult in an improvenrent of
tire ciinical statr-rs in certii in asthnratic patients. Ilorvever,
thcre is l i t t le rnforrnation about a relat ionship arnong ani i-
inf lanrurator"y actions of nracrol ide antibiot ics and the
nrcchanisnrs of a fàvorable inf lLrence on the cl inical status of '
:rstlr rrratic pati ents.

irr i lanruratory responses rvith eosinophil ia. rr iast ce l l  re-
plcnishrnent, ancl IgE proclttcticln observee'l in astlima pa-
tients iìre now knor,vn to be urediatecl by helpcr T lynipho-
c)/tcs ancl their pro<iucts, so-cal led cytokines: helper T lym-
ir irocytes, upon contact rvi th approptiate antigens, act ivate
ancl then release cytokines that control ,establishment and
rcgulat iorr of inf lanrl latory respotlses. I t  is,also u,el l  known
tl i l i  r lacropl iagcs. through their secretion of interleukjn I
( l f  .-  l )  and tumor ne ci 'osis Iactor alpha (TNI,-s) are irrrpr_ri--
firnt in the rnecliation of inflammatory re$pont;es.'lhcrefbre. 

we perfontrecl the present sfueiy to,answer un-
rr-ì s o i r. r: tl rl Ll e s t i o n s re garcl i n g th e f"avo rab l e,e ffb ct s o f' rnrrc ro -
l i<lc antibiot ics on asthrna by eramining the ef lbcts of R\N,{
ttrr urvrokincs, u'hicir are knorvn to inJJuence thE pathogcrrc-
sis of asthnta, and on ihc secretion fi:orl human peripheral
bloocl leuhocytes in i,itro. Irurthernrore, \,ve evaluated effbc;t
ol [ ìXVI un thc broncheal responsivene"ss (BI{) to nrctha-
c l to i i t t t :  {Mi : i r ) in  r l ice r , r , 'h ic l i  in i ra lated cnclotox in.  s in i :c  l l r is
i tqc l ì t  i r r  crpcr i r t re  u la l  an i t t i i i ls  carrscd i i i rway i t r t lan i rn i r t i r i r r
n  l r ic l t  is  t :or rs i r lercd to bc r : lo : ; r , : Ì r ,  l r r rk i : r l  to  the c lcvelo l l r r rcr r l
o i ' l l [ ì  l l S  : 0 1

Mster ia ls  and Methods

\  l i L  t '

Spcc i l ' i c  f ru t l ruccn - f ì ' e r - ' 5 - r v te l< -o l r l  r l a l c  Ì l l \ f  . f 3 . c  t r r i c rc  r v , c r ' , :  l r rn ' -
. ' l r i t ' ; e r l  l i o rn  ( ' l r i t r l cs  l ì . i v i : r . l ap iu r  ( , { t rug r .  . f  l r p l r r } .  i \ l Ì c l ' i r r r i r , l l  r t t  i l r c
I ) r ' r ) lu ' Ì lncr ' Ì t  o l  \ lc t i rcal  IJ io log, l , ,  t l " tuv tvu ' rJ l ronrcr l  i r r  l j l tc t ' -harr i r , r rcr{
r : l l l c$ ,  i l t t c l  a t t t r . t , . : l l r i c r l  f i t t x l  {Or i cn ta l  Kobo  l t ogyo .  
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tap$,/iìtgf wefe gi'\'€nad libutum to preverìt fungal and bacteli-.ìI ainr,lv
inf'ectiolt.

Drug.s'
RXh4 was kindly supplìed by N{orishita-Roussel (Osaka, Japan) as

a r,vafer-insr:luble pure po"\.vder. The agenr *:as dissolved in rletl-15:l ril-
cohoi  a t  50 rng imi  and t l i lu ted wi th  Àpnl t - tO+O (F low Laborator ics .
Ir-virle, UK)'supplerlenteà with 10 mil,l HEPES, 2x l0 5 ̂ 4.2ME. 109,í,
fètal calf semnr (Flolv Laboratories, North Ride. Australia), 100 U,'rnl
penici l l in. and 100 pLglml streptonrycin (RPMI-FCS). so as to give a
concentration of 1.0 mgiml. This solutiorl was then filtered throtrglt a

-0.22"p1q fllt"er (Nihon,'Mji{ipore. Yonezar,r,a, Japan) and storecl as a
stock sorlúiioù àt a"C'tiiìtil 'use. All dilutions used in this:s{udy r.i,er.e
plepared f i 'orn thìs stock solut ion by di lut ing with RPMI-FCS. N4ctab-
o l ized RXM, RU 28l l l .  RU 39001,  RU 44981,  anc l  RU 45179 u 'erc
kinclly supplied b-i7 Morishita-Roussel, as u,ater-insollible pure porvd-
ei's. Th'ey wers,.$issolv'ed iir RPMI-FCS as in the case'éf RXM. The
citenrical stmctllies of theÈè agents are shor,r,n in fìgure i.

Prepuru Íion and Puri/ication o.f' Huntan Pe.riphera| B \ortrl
I-cukot'.t.,|es ( P B l,)
f{eparirr ized peripheral blood was obtained f iom 5 healthy donors

rvho gave rvritten inf,ormed consent. The blood was diluted twice rvith
0.99zo NaCI irntl overlayeredon Iyrnphocyte separation meditrm (Orga-
non Tbchnika. iJurharn. N.C., USA). Afler centr i l lgat ion at 1"500 rpnr
fbr i0 rr i in at 25!2"C, the mediunr-piasma interf ircc. wrhìch contained
nlÒr ' ro l ruc lcr r r -  ce ' l ls .  ivas co l lcc tc 'd .  l ' l re  cc l ls  locatc 'c l  i r r  th is  f ì - lc t ion
u,ere rvashed f ive t inres at 600 rpnr for l0nlrr at 25tl"C to rentovc
platelets. J 'he re.sultant cel l .c were susltcndccl to I ìPI\41-FCS at A r:on-
ccr t t ra t ion o f  2x  l0( 'ce l ls , 'n r l  unc l  usc-c l  ns  P13l , .  î l  pur i f ,v  PBL.  thc  cc l l
susl len:; iclns wore transfbrreri  to plast ic culture plates (t . \o. l-439t{2;
Nunc. Denrnerrl t)  and al lorved to attaclr fbr I  h at 37'C'. ' fhe platcs r. l ,erc:
l l tctt  lvashcd t l toror"rqhly t lrree t inres rvith RPN4I-FCS lo renlovc rrorxrcl-
hcrc:nt ce l ls. l"he adherent cel ls r.r . 'crc col lcctcc' lby scrtpirrg r l ' i t l r  rr .rbb,.:r
pol iccntan. washcd once. resuspenclccl in l lPi\41-F(lS at a cor.ìr:c11tt ' l ì -
l io r t  u f '?x  10"  cc l ls , 'n r l ,  and uscd r ìs  nro l locytss .  Pe ro .x idase s ta in i rLr r
t 'cvcaler" l  that rnore than 95'fo oJ'the adherent c,el ls wcre l l ìol locvtcs.
Nonadhcrcnt  cc l ls  rvere f iac t ionr tec l  in to  l 'anc i  B ce l ls  by purr r r i r rp l

[ 211 .  T -hc  cc l l s  ( 2x1O( ' / r n l ) r vc re  p l l ced  i n to  p l as t i c  Pe t r i  d i shes  iNo .
l -5032t i r  Nrrnc)  coated r .v i th  nronoc lonal  ant ibody to  CD22 ( inrnrLuro-
teeh.  Fruncc;  f ìna l  vo lurne -5 .0  nr l ) .  Af ier  i r rcubat ion a t  i7o( '  l ì i r '
30 ruin, t l rc t l i -qlres rvcrc gently rotntcd 1ìrr - i0 s. anrl  rronirclhcrcnl e:r: l l : ;
rvcrc t lren lror:red off 

' l -hc 
ce l ls rvcrc washcd once arrclrcincubatecl irr  l

seconc i  set  0 f 'ant ibody-corr ted t l i shcs fbr  30 nr i r r  a t  i7" ( '  in  i l r r " lc r  to
deplc tc 'adhcrent  r . :c l ls .  Nonac lhercnt  ce l ls  f iont  the seconc l  set  o l 'd ishr 's
\\ ,ere renlovetl ,  *,ashcrl .  resrrspcnclcd in RPVII- l lCS at a concentmtioir
o f  2  x  10"  ce l ls /ml ,  and used as pur i f ìcd T ce l l  popule t ion.  

' f  
h i :  v i lb i l i r -v

o l ' t l tc  cc l lpopul r t ion cxceec lc t l  98 ' ) /0 ,  as" judged by t ry l tan [ r lu*  cxe lu-
s tor t .  " i l tc  pr r r i ty  o1 ' t l tc  cc l ls  u ' i rs  c l rcckcrJ  by i r rcubnt r r rg  scp l rn lcr lcc l ls
r i ' i t l r  r r ror roc lonal  ant iboc ly  to  ( ' l )7  ( l r r r r l rnotcch;  f ì r l lo r , i , , - . r l  by  f ' lL ro-
t 'c : t t ' c i r r i t tc r ia l t t i r r tor tsc  l1 l ( ì  l tn t ibor ly  ( l l ln r t rnr ) tech) .  I ì lu r>rusccncrc  nr i -
rrroscopic crnrtt i r tat iclrr rcverì lc 'd thert rnore than 98t){,  of ' thc rrortarJhcr-
en t  r : e l l s ' , i ' c r c  C  I ) 7  nns i t i ve  ( ' l - c : c l l s ) .

( ' , ' l l ( ' u l t a ' e

' \ t t  a l i rquot  o t ' [ ' l -11-  ( ( ) .1  rn l l 'u r , ' i rs  i r r t rocJuced in to  eac l t  l l ,e l lo I  a  l ) t j -
rvc i l  l l r t -bot lo t rcrJ  r r t ic r r .cu l t r r rc  p la tc  (Nunc)  th l t  cor r ta incr l  0 .1  rn l  o l '
va l ior rs  concer t t r Í r t ion o f -  agcr r ts  a t tc l  ?( ) .01rg inr l  c ( lnc l r r t rv i r l i r ì  , \
{ ( . 'o r rA.  S igr ra  ( .henr ic l r ls .  St ,  [ . ,or r is .  Mo. .  USA).  

' fhe 
p la t*  t r ' ; rs  n t r . r i r ' ì -

tairterl  at. i7"L',  59' i ,  (  ( .) ,  in uir,  rrnrJ 90')/n humicj i ty, After 40 h. 1.0 pLCi
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Fig. 1. Cl iernical sinrcture of 'RXM and metabolized RXM.

' F{ -thymidine ('r FI-'fd lì ; Amersham, Iluckinghamsh ire, U K) was acldecl
to each well, and the plate was nraiutained for a.further 8 h. The cells
r,r,ere harvestecl onto glass f-rber filter, and the thymidine incorporation
\À 'as assessed by l rq i r ic l  sc i r r t i l la t ic l r r  count ing (cpnr  +  SD of  t r ip l icarc
culturres). To prepare the f cel l  culture sLrpernatant, l .0ml cel l  suspen-
sitin was dispensecl into 24-wellplates (Nr-rnc) containing 1:0 rnl of v.ari-
or"ls concen{.rations of'agr:nts and 20.0'pginl] ConA; After incubatrr:n
ibr "t t i  h. the supcr-narant was col lectcl after pei let ing the ce l ls by centr i f ' -
usetión at 2,000 rprn filr l0 rnin .rt" 25+2oc, Monocyte culture super-
n:rtant was prepiìrccl i rr  a sini i lar nìanner. except thar 2.0 pg/nri  of l ipo-
polysacchirr ide (1". l)s) fronr K/rró.s ieÌ lu stneurnoníae (sigma Chemicals)
q'ars used as mitogen and thrt the. culhrre periocl was 24 h, T'he super-
natant was stofed fì'ozen at 40oC until assayed for cytokine activities.

'11'ea 
tnte nt cl' tVl i<.'e t' i t h IlÀ',1[

RXM c i isso lvcc l  iu  nrerhy l  a lcohol  a t  50 rng i rn l  was d i lu tcc ì  rv i th
phosphate-bufferecl sal ine (Pl lS) so as ro give a conccntrat ion of I  nrg/
nrl ,  This solut icln was thcrr ste:r i l ized by passing t lrrough a 0.22-pm
f i l ter  (N ihon Mì l l iporc)ar rc l  s t t i red a t  4 ' r ( . l  unt i l  usec l , ' l "he rn ice wcrc
sirzcrr 5 nrg/ l ig ol ' l lXl\ ,1 orrcc rr clav lbr 21 clays via a stonrach lui:e. Irr
t l r is  exper inrcnt ,  thc  c lu i ly  r l t ' r ;c  lvns cc} r iva lent  to  - i00 nrg/c lay  in  a  pa-
t ic r i t  ivc ig l ' r ing ( r ( )  l tg , ' l ' l rc  cont ro l  nr rce rcce ived ora l ly  I ) l l s  a lor re .

li 'eutttttttt of r\,lite: r: tth 1./,"\'' l 'he 
nric,. . :  r .vcre l islr t l r , '  ancstlret ize<1 interpert iorrcrl lv r.vi th 0.5 nrg

pentobarbital (Abbon l , .at:orirrories, North Ctr icago, l l l . .  LJSA). ancl a
nri t ldl t :  i r tcision w;rs pcrl ìrnrrt :cl  sbove the stq.r 'num. J'he trar:hca was cx-
pOsccl lry blr.rnt cl isstrcî iorr.  I  ?l ì-g; iugc rtcerl lc was in\()t tci i  into t f ie t ;et-
c l tc r  i tbot ,e  thc  c l r r in l r , ; . rnr ì ( )  I  r r r l  o f  PfSS conta in i r rg  l .0  r19/61 L. l rS ts ig-
ntn Chetnicals) was injc:crcd. Control mice receivecl0. l  nr l  FFIS alone,

Tt'etttntent o.f tVÍice y,,itIt Anti-TNF-rz tlntibod.tt
The nrice were pretrcated by intraperitoneal inject ion lvi th 1 nrl  9f

rabbi t  anti  nrouse fNF-cr pol yc lonal arrt ibody (Genzyme,,Claurbridge,
Mass., USA). Accorcl ing to the nranufìrcturer 's instruct iorrs, 10.0 prl  of
th is  ant ibody neLr t ra l izes 1000 (J  o l ' the n ìoLrse TNF-t i  b ioact iv i ty  in-
vi ' , ,o. Control nrice wcrc in. jectecl r.vi th nornral rabbit serl i l .n. After I  h.
t l te rnice rVere in jecter1 intratracheally with LPS.

P r e trt rtrct t i o n n f 
',"1 

q t t e t t u,s L Lr tt g Ex tr a <: t (,'1 l, E )
Tb pr:epare AI"-8, the rnice rvere ki i led [:y intrapcri toneal inject ion

of pe ntobafbital (Abl.)ot) at l  close of '60 nrgikg bocly weight 24 h after
t.PS iryectiotr.  

' l l t t -r  
l r"rngs rvere inf latecl rvi th l .0 ml PBS nncl homogc,.

r r ized in  2 .0  rn l  Pt ' ìS r rs i r rg  a  g lass t issue honrogenizcr  (Takashi lna,  To-
kyo) tbr 60 s in an icc-colcl water lrath. ]ìhe lrontogeneites were t]ren
centnfìrged at 2,000.q fbr (r0 nin at 4"Ci, 

' l 'he: jui lentatal l ts 
were coi-

lec ted and s torcd i t t  " { f ) "C un l i l  L rsc ,

R(.s p i t'ct t o t'.\, À,! * u,s' r t t" ( nt rt n t
-fhe 

nrice werc rìr ' rcr i lhetizecl bv i tr t laperitorreal inject ion with pcn-
tobar:bital at a ckrse ol '1.8 mg/kg bocly r.vcight. Irnnrecl iately after in-
drrct iun of i tnestl tcsir,  t l re tracl:ca rvais cani lulaterl  aricl  corinectecl to a
constant -vo lunrc  rcsp i la lor  for  smir l l  an i rna ls  (SN-4tJ0. i ;  Sh inano Sei -
sa l< t ts l to , ' lb l t i ,o )  i r t  I  t ida l  vg lL tn" tc  o10,5 ml  a 'd  a t  a  f iequcncy of '60
clzcles/rnin. [Jnrlcr thesc conci i t ions, rve 1'orrni j that urtef ial oxygen tcn-
sion of t i re nricc was l<cp1 be t"veen 70 anci 80 mnr l{g, as rrreasured wit lr
a  t ranscutaneous tcr ìso l l t0 ter  (OKV710l ;  N i l ion KocJen,  1Okyo) .  ' l - l re

f ìOu,  a t  the out le t  t , l  t l rc  in t l 'n t rar :heal  cannula  was n lea$urcc l  us i r rg  a
t l i t ' i c re  n t ia l  t r 'anr ; t luccr . (  I  I ' -602;  Ni l ron Kode n) .  One enc l  o f  the d i l lè r -
enf ia l  p l 'css l l rc  tn ins t i t rccr  (Nihon Kt rdcn) ,  wf ls  cot ìnecte( l  to  the nLr t lc t
o f  the t rncheal  c i . rn t t i t l i t "  the t t t l te r  end bc i r rg  ex; rosct l  to  a tnrosphel ic :

Ii o n n oli\ str rror K u ro k lnvui l k cd ir/O k am o to /
Adnch i

'Hil. ̂ fl KIX'.-----'Mr-_ll\'""=

o ocHSohY
| ,/---:--\ nu i''lK*t'

l r 0 Arr t r  as thrnnt ic  Act i  v i tv  o  l '  I {ox i thro f i tvc  In



press{rre. The respíratory resistailce was cieternrined by the methocl of
i{onz,ettand Rossier as ciescribed Lry Burden and parkes f2zl frorn the
transp:ril*tiónaf1,':'pressnre. air f:ìolv, ancl respiratory volumes:nrea$ùres.
Tire tsR'to Mch (sigura) was measired bv inrraverio*s arlrninistation
ot ' increasiag qrranti t ics,o'1' lvlch{i0"d'.  l0 5, l0 t .  l t}-r,  and i0-2 rnol) in a
volurne óf0.1 nrl .

A s,s a y for (,.t' t o A i n cs
lL-2, I l  -3, l l . --4, anri  TNF-cr act ivi t ies i 'c l i l tui-c supernatants were

assayed using a conlnrercial ly ai,ai lable human cytokine enzyme-l ink- '
ed immunosorbent assay tcst ki t  (Amersham). IL-3, rL-4, IL-5. and'INF-a 

in ALE rvere also assayed by a mouse cytokine enzymé:.linked
immunosorbent assay test kit pr-rrchased fiorn cenzyme. This assay
rvas performed irr duplicate according to the method clescribed previ-
ously [23]. The cvtokine activi t ies in cultr:re supeiîarant and in ALE
\,vere expressecl as pe rci3 nt of control and as picograms per milliliter,
respectively.

Sfn t ist ic:u |  . ,{  i rrr l} ,sr, l
stt i t ist ical dif fercnces betr i 'een the ciata rvere eslabl ished by em-

ploying the Martn-Whitney iJ tcst.

Hesults

Inhibìtort' Ì:flbc:ts rl'llX|t on P[ìL ,4r:tit'ation'[ io 
exanrine inf lrrence of i ìxM on PBL activation, cel is

were cuiturerJ in thc pre sence or ab-qence of RXM. The cel l
activation was assayed by exaniining rH-TdR uptake into
DNA and by quantitation of cytokine levels in culture sr-r-
pernàtants. Typical resr-rlts of 2 out of 5 different strbjects are
shor.vn in fìgure 2 ancl demorrstrate that RXM and metabo-
l izct l  RXM ct i t r lc l  not  i r rh ib i t  cc l ì  r ìc t ivat ion as assesseci  by
"I"{-lilR uptakc whii:li r,r,as nearly identical in experirnental
and in  contro l  an i r la ls  (p < 0.05) .  A l though thc act ivat ion of
l 'ccrl ls by antigelìs or rr i togens has been measured routinely
by assays that measurc the rate of incorporation of radiola-
belcd precursors into ner, ' ly synthesized DNA, there is
much evidenee that quantitation ol'cytokines is a nlore sen-
sit ive indicator of 

' I 'cel l  
aci ivat icln than measuring the pre-

cLìrsor uptake fn"7.51. we . the refbre, examinc<j the inf luen-
ce of l lxM on cytokinic sccrct ion f iurrr PIl t ,  in response ro
mitngcnic st irnulut ion. - l 'he 

cl;rra sl iol ,r 'n i l r  f ìgure 3 ciearly
incl icate that I{Xi\{ causcrj  a lcr luct ion in cytokinc sccretioir.- l 'his 

suppressron was obscr"r 'ecl when thc cel ls .uvere culturecl
in t tre preserì(:c o1' l{XVI at a conccntrat iern as l i t t le as 0.5 lLi i i
rr l .  The lburth cxperinrurt wrìs cnn' iecl out to exarrr ine
rvhether uretabol izerl  ILXM coLrlcl  also inhibit  cS,tokin$ se-
crel ion l iorr IrLlt . .  As niso shorvn in i .rgurc i ,  rnetabolizect
I txM st rongly  inh ib i tec l  thc cyto l< ine secret ior r .  ' l 'h is  

i r rh-
llitiorr oceun'ccl in a cJose-elcpenrlerrl rr.riirrr"it:r. ntCIst sigrrif '-
icant  Í r t  10.0 t { { . l t1 l .

J

{r$ttence r$ RXful on Ct;toltine Ag;pearttftce in vivo
Tb examine the in vivc effect oi'lìXfuf on,$ytqkiRe sÈcre-

tlen, BALB/c mice whicli were treated wi*r,RS{Àil once i.ì
day for 2i days weÍe intratracheally iniected witlr I.0 trsiir:i
LPS, and ALE was prepared 24 h after LPS injection. .,\s
shown in table tr, ALE prepareci from noninjected.mice con-
tained,undetectable levels of IL-3, iL-4. arid IL-5 (<3. < 15.
and <5 pg/ml, respectively). T' irc TNF-cr level in colrtrol
ALE was detectable only (table I). inrrarracheai injection of
LFS resulted in the appearance of high leveis of cytokines in
ALE. Themost striking effects of LPS injection on cytokine
appearance was observed in the TNF concentration (ta-
brfe 1), The,results in table I also indicate ihat oral adminis-
tmtion of RXM irrto mice signifrcantly suppressed the ap-
pearance of cytokines in ALE in response to LPS.iq|ectiorr
(p<0 .05) .

Influence o/'R'YM on the BR to tlte ùlc'H in Mice Injectetl
In îratrachea lly with LP S
To examjne the influence of llXful on BR, mice orally

adtninistered with RXM were injectecl intratracheally vvith
1.0 pLg/ml LPS, and B'R to Mch was assayedZ4h after LpS
iniect ion. As show'n in f ìgLrrc 4. l .PS inlcct ion caused signif ' -
icant changes in the BR to lVIch as compareci r.vith pllS-in-

. jected nrice: the rrr inimum concentrat ion of Mch to cause a
signifìcant increase in air overflor,v in experirnental mice
was l0*i rnol Mch and that irr cr:ntrol lnice w"as l0-r rnol Mch
(p<0,05). Pr"etreatrnent of mice rvrth RXM strongly inhib-
i ted airway changes to l0 { ' rol vlch: the volurne of air over-
flow in nontreated rrice was 0.14"t().0I nrl ancl that in l{xi\4-
treatedmice was 0:03+0.01 ml (ratr le 2).

E/fect o.f Anti-T'Ìt{F-u Antihoth, lnjecÍion on rlirwa1,
Changes írt Mic'e.fblI owirtg l"l'S Injer:tian
Since intratracheal injection of rnicc with LPS causes an

increase in both several types of cyrokirres in At,E anel IIR
[o Mch, the present study was ulrrlcrtakert to exanrine t)/pc
of cytokine(s) responsiblc fcrr [ltì to N,{ch. 

'Ihe 
rcsr,rlts in fa-

tlle 3 clearly inclicate that "1"1.'lF-tr in an important mediator
in l lR to Mch: pretrcatnrent of L.PS-injected mice with anti-
"I 'NF arrt ibody completely blocked t"PS-incJucecl increasc in
Mch resporrsiveness"

Discusrion

Macrol ide antibiot ics rtre trscd fherapeutical ly in thc
chronic nlal lagement ancl thc trcatr lcnt of asthnra [S . l i l .
l lowever. the nrechanisms hy whicir rnacrol icie antibiot ics
nrocl i f  y t l re cl inical status of asthnia nrc r:ert well  r ,rnderstoocl.

l l l

ttfp***
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RXM

RU 2E111

Fig.2 .  I t t f l i tencer  o f  RXl r4  on C.rnz\ - in t lur :c t l  pr t r l i l c ra t ic ln  Er f 'hu-
nr r r r r  PLSl - ,  in  v i t ro .  P l i t ,12x l0 j i0 . l  rn l ) rverc  cLr l rurcc l  in  the J l resencc o l
v l r jour ;  c t l r rccr r t ra I ions ( ind icntcc l )  o I  I ìXVl  ur rc l  nrc tnbol izcc l  RXlv l .
T ' l re  ce l ls  rvcre pu lsed wi th  l . { )  pCì  r l " { - thyr r r i , l i r re  l ì r r  the las t  l l  h  6 l ' thc
: { . ' r . i ì i . }ur .c r r l turo .  NIc tn  va lucs t  SD f ionr  t r rp l rca lc  cu l tu les  t l f  .?  ou{  o t '
5 ci i f l 'crcnt. sLrbjccts are shorvrt.  Vert ical bars siror,r, ' inq the SI) ar,c ornit-
ter l t r r  c l i r r i fy .  O *  su l r jcc t  nc t .  l ,  t r  =  sub jcc : t  no.  2 .
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ì,*bi* ?. initibition of cytokir,le air!)ear-
aiìce in 3qu_galls luag extract prcparcd f-r-cin
iì.'i I r3'c iitice orall1, treaterJ u itli R]. \,1
( i rc i l i l  t  S 'D)

. 
Tahte 2, 

fn,fluenge 9f fu\lvl on broncirial
changes to l0 arnol Mch in BALBic nrice fol-
Iorving i"PS in1ection

Graup_r C;.,toki ne qctivi ty, pgiqil

t L -  ) lL-r+ IL.5 TNF-cr

Nbrrtreat*C
.L.PS

LFS + RXM

Nt)
8.48+2.07
2.91x0.79

j\iD

100 .63 t3 .1s
I5.65+6.62

ND
20.00+ó.99
I  .50 . r t .27

t  5 .57 r  13 .9
5,316.30+652.0
2,229.00+409.30

Each groLrp consisted of 6 animals; ND: not determined.

(ìroup Air overflow. ml

fNF.c-{", pg/ml Air overflo$,, nll

0.2

0.  l5

0 . t

0.05

0

Fig.4. BR to Mch.in l3Al-l]/c mice. T'he BR was rneasurecr al'ter
irrtruverlror.rs irlection of valious concentrations (inclicated) of Mch.
\4can valucs -r" SD of 5 individual nice of 'one of two cl i{ ferctrt  exlrcr i-
r i lents u,hich gave reproducible results. Vert ical bars shorvng SD arir
or r r i t fed to  c la f i fy .  ù  *  PBS: in jectd  mice:  [ :  l . l lS- ìn icc tcc j  ruce ,

biol. ics adminislered oral ly into asthmatic patients inhibit
c-vtokine secretion ft'om 'l ' cells and result in fbvoralrre ef'-
lccts on asthma. [n the f irst experinrents, theretbrs, we ex*
arnineci the inf luence of:RXh4 orr in vitro cytokine secretiorì
ll 'orn human peripìreral blclod leukocytes. l 'hc present re-
sults clearly demc.rrrstrate that RXM and rîetalrolizecl I{Xlv,l
strongly inhibit  cytokine secretion fronr hunran rnonerc:ytes
nnrJ ' i"  cel is in response to nri togcnic st irrrulat ion in vitro rrnd
i- irat t l iu rninnxlrrìr  amount of agents that causr' inhiLrr i i rr i i  of '
cvtokine secretion is as l i t t le as 0.5 pLglr l l .  Pharmacokinet-
ics of Il"xM are characterized hy rapid and conrplete absorp-

Nonnal controls
I -PS
[-PS +' l ìXM

0.02+0.01
0 . 1 4 + 0 . 0 1
0.03 *0.0 r

Lrarìh sroull rvas consisted ofi6 anirìral.c.
L

Table 3. Inf lrrence of anti-TNIj-u antibocly inir--cr ion
ch.ngcs irr BA[.I ] /c rnice fol lorvirr i l  LpS i ' ieci ion lnrcan t

Ol"ì alf \Vi: Iy

S D )

Gloup

I ' i3S- in  jcc ted

r \n t i - ' i 'N  F '  r n  j e  c t cd
I - P S
L i ' , j  i  : :n l i - ' i ' l . i l : : ' -rr
I ,PS  . I -  RXM

N D
Nr)
5 , 7 8 1 . 2 0 r 3 1 3 . q
i , r i50 .40+621 .0
2 ,532.50 t520.0

0 . 0 5 + 0 . 0 1
0.04' ' :0.01
0 .  l 4 J : 0  0  I
0 . u 3 * 0 . 0 1
0 . 0 6 i 0 . 0 1

Oncr representi l t ive experiment of two.
[: i :r t : i r  glclrrtrr consistecl of '5 animalsr NI) '-  i lot cletcr]rr inccj.- l-Nf.-o" 

corrcenlral iotr in aque orls lur.rg cxrrarcrs.

l1  is  ac, , :cp lec l  that  ' f  ce l ls  (e specia l ly  helper ' r  ce l ls)  ls : ioc i -
alct l  rvi th the developrlent of ast lrmn cl irect ly resl- loncl l t .r  al-
lcrqcns and elabrirate cytcl l<incs of I I .- i  ancl l l --4. i l rrr.rrs.
othcrs L?6.27] t .  

' l .hese 
cytok ines and lL-2 a lc  [ rc ] in ,cd t r  bc

involvec l  in  scvcr i ly  and length of  t l rc  c l iscases f2g,  291.  l {c ,
ccntly, RXl\4 was analyzed ancl rrsecl thernpeutical lv, sincc
its cf ' f .er:ts arc quite sirni lar to thnt of 'erythr:ourycin, wc pr-c-
rt tottsly rcptlr tct l  that oral at lnr inistrt i t ion of ' t{X[/ l  intr i  l ' t ] iLìc
or l r . 'c  i i  c ia l  lo l  i  wcck in l r ib i ts  t i rcr r r .  u i i l rac i ry  of 's1r  j , . r i ie  ' i

ce l ls  to  proc luce l l , . -5  when the cel ls  were st inru latec l  in  v i r r .o
'uvit i r  Clon,A [9]. ' l 'his report nlay $Lrggest that uracrol i ,Jc anti-

KonnoiA sa n oi K rr rok lrvai I  k cda/Okarrrotoi
Aclar:hi

I  1 í l A rr t i  asth nrat ic A ct i  v i  ty of '  I ì  ox i  rh rorrrvc i  rr
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tion after oral adruinistration. resrrlting in higir plasma lev-
eis ancl in proiongeel iralf-ii{è, since the macrocycline of
R.xM is locilliy' modified ro pre,yent inactivafion,in gastric
.;uice. it is aiso reported that, after oral arirninistr-ation of
RXI'1, plasrla le'els rif agent lvas gradually increased ancl
attainecl a pla{eaLi at a.concentration of' about 10.0 pg/ml
i30] RXM i' plasrna \,vere then metaborized into f'our dif-
ferent metabolized materials (fig. l) and metabolized rnate-
rials except fìrr rwo types of therl si-rch as RU 449g1 and RIJ
45119. are ercreted into urine and feces [30], suggesting that
increase in r-rnmetabolized and harcly excreted metaboliseci
RXM mav occLrr progressiveiy. Judgi'g fiom these reports
and the present results, it is reasoriable to speculate that
macrolide antiblotic. RXM inhibits human monocyte and T
cell activa{.ion, e:;pecially cytokine secretion, ancl helps to
firvorably rnociif y cire clinical conditions of patients rvith
asthrna. I-{ower.,er. before drai,ving the conclusiorr that inhib-
itory action of RXM on cytokine secretion is responsible fbr
beneficial efTèct of nracrolides on asthrna, it is necessary ro
exarl ine the fbì lowing questions: ( l)  u,hetirer inhjbitor.v ef '_
ièct of RXVI on cvrokine secretion coulcJ bc also obse rved in
vivo, anci (2 ) n lrcthe r this inhi i l i tory ef l ict nrigirr be contr ib-
Litcr to therapcutir:  nrodc o1'act ion of r i iacrol ides on asthnra.

Hndotoxin. LPS conrponents of gfarl l -ncgative bacteria
are krrown to be one of important st ir l r .r l i  in the clevelopment
of astlrnra. Potcnti;i l sources of air-borne enclotoxin in our
cnvironment include domestic water, air humicl i f iers. ancl
ht-ruse clusts f  is 20]. organic dusts have also been shown to
l;e co'tamirrat*d by cndotoxin I lB, 20'ì .  t ioth i ' 'o 'rr i i l  ancl
asthrrr: i t ic subjecrs, inhalat ion of endotoxin l ias becn report_
ccl to calrse an increase in BR [31]. t t  is also reportccl that
locírl administration of enelotoxin to air:ways in experirrlsn-
tal anirrrals causes pulmonary inflarnmatory responses witlr
an ir icrease in BIì f  l8,20j,"fherefor.e, we usecl an enclotox-
in-nluuse systr:nr ancl carliecl out il second part r:f experi,.
i t tcrrfs to i ìr lsrvcr the questions describecl above. "fhe clata
shorvrr irr  tr ible I  clcarly clenronstrate trrat irr tratr.achei: l  i rr-
jcct ion o{ 'L I )s  l t :su l ts  in  the appear-a i lcc of .  in f lanrmator .v
cytokrne s in airrvavs and lungs l l ,hich rvas inhibrtccJ by prc:-
t 'catnr*nt r,vrth I{Xtvt.  An incrt:asc in l l l ì  to Mch t lbservccl in
l .Ps ' in jccrcd rn icc is  e lso c l imin is l rcd by prct r .eat rnent  r ,v i th
fìxN' l  ( lablc J). I 'hcse resulrs strongly sLrggcsr that RXVI
ornIly eicln'r inistcrcd irrto ni ice inhibits inf lanimalory cyto-
kirrc;:rodur:r jrrn in ainvays ancj results in a therapeutic ef fbct
on [- l ]s- incluc':cl  increasc in [ ìR to Mch. l ._ps is known to bc
iI  \ , 'cr) '  l l () tgrt . ; t imulus ol ' l 'NF synthesis arrd release f i .onr
rrrncrophagu:S i ìnLl nrorìocy'tcs, " lNlì-u has especinl ly havc
l:ecrr p'op,scd rs a rna.jor rtre ci iators of: cndo{oxin-inclucecl
rr irrvav chirnp,cs l lg, 201, In the lrresent stLrciy, pretreatment
rv' i t l i  I{XVl part ial ly blr:cl<eci not only f lppcelt.ance ol. ' I"NF irr

t

ALE" i,' i ir aiso an i*crease in BR to Mch (tables I and 2).
L.ikeli'i:rc. pretreatment with anti-TNIr antibody inhibirs the
L-PS-inijuceri jnciease ir:: Mch responsiveness tt plu:;,
Thesc r*suirs strangly indicate tJrat the prctective ellbct of
RXvl ori LìR may be dtre to its suppres-sive effect on TNF-a
relcase anrl that TNlis mediates at lcast partly tlie increasc
i n responsi' ',,eness oc cr:rring after L p s acirni nistrati on.

Althor-rgh the present results sugge st that macrolide anti-
iriotics inhibit lymphocyte and macrophage activation espe-
cialiy cytokine secretion and result in lavorable rnodifica-
tion o1'clinical status of asthmatic patients, lrìore in-clepth
analysis of the relat ionship between inhibit ion of secretion
of inl ' ìarr inratory meil iators by inacrorides and airwav
chanse:; shoulcl allor.v us to identily the precise mechanisrns
inr,'ollccl in the therapeLrtic mocle of action of macrolicles orr
asthlna. frurtlrcnlore, the mechanisnis by rvhich RXM in-
hibits c),tokinc secretion in vitro and in l ' ivo are not 'clear at
prcsent. i f  is ptrssible t lrat RXM binds to immunophil . l in,
intr i lce i lulai binding pr:otein, anci the complexes interfercs
cytol:nrc scnc tr i inscript ion^ iesult ing in inlr i l_r i t ion of cyto-
krne sccrei ion. BccaLrsc IrK-506 anri rapamvcin. nracrolrcle:
anti b i ot i cs c r t lrictccl from the fì:nrien {ati or; brotli ol' strerpto-
nlyc0s sl lp, cxcrt thcir i rrrniunosuppressive ct ' fects by fbr-
mation ol '  cclrrplex betu'een imnrunophil l in anci agenI
v 'h ich inh ib i ts  cytok ine genc t ranscÌuct ion [32,  33] .  Any-
r.vayi f ìrr ther expcrir-nentation is needed to clari fy this poirrt .

r3,e kn€wlecignrents

\ \ ic thani i  NiFpon Rorrsscl ( lbkyo,. lapan) lbr kincl thc clonation ol
l ì -x t ' l  ln t in i r : tabu l izet l  I ì .XM,  wc are t r la r r ic r - r lar . ly  gr .a te f i r l to  L : isa i i l ì r -
kvo. . lapln ) r r  rr. l  l . , f  ol i  sir  i  t  r-  l ìoussel iOsali ; t ,  Jal larr ) f ì :r  support of '  th is
s t u (l\'.
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I  Fcrguscn , ' \{ ' .  \ \ i , t tg I ' ' \ \ 'N, l :  l - ìro:tchial 6,u-tcr-
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