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To invest ig a te th e effe cts o f  (1 ®® ®® ® 3)- bb bb b -D -g lu ca n  a fter in -
h a lat io n ,  a n im a ls  we re ex p o sed  to  d if fe ren t fo rm s of
g lu ca n  a n d  th e n u m b e r o f  lu n g  lava ge c ells w a s d eter -
m in ed  24 h  a fter e x p o su re . N on e o f  th e d if fe ren t  fo rm s
a ssa yed  ca u sed  a n y  in c rea se  in  cell n u m b ers. In  a n i-
m a ls  ex p o sed  to  en d o to x in , a ll  t y p es of  c ells w e re  in -
c rea sed  a fter 2 4 h . A  sim u lta n eo u s ex p o su re  to  c u r d la n
red u c ed  th is in crea se in  a  d o se-rela te d  fa sh io n . T h e  re-
su lts su ggest  th at (1 ®® ®® ® 3)- bb bb b -D -glu can -rela ted  a cu te in ju ry
to  th e lu n g  is  in d u ce d  b y  m ech a n ism s o th er th a n  th o se
in d u c ed  b y  in fla m m a g en ic a g en ts su ch  a s en d oto xin .
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Introduction

T h ere  is  accu m u la tin g  ev id en ce  th a t  a irb o r n e  m ic ro -

b ia l ce ll- wall  ag en ts a re  im p o rtan t r isk  fac to rs  fo r th e

d evelo p m en t o f resp ira to ry  d isease  in  g en e ra l  an d  in

o ccup ation al env iro nm en ts  [1 ]. W h er eas th e  eff e c ts

o f  o n e  su ch  agen t, b ac teria l  en d o to x in , a re  re la t ive ly

w e ll  u n d e rs to o d  [2 ±4 ]  a n o th e r  ag e n t,  (1 ® 3 ) - b - D -

g lucan , h as n ot y e t b een w id ely  research ed fo r in h a-

l at io n  to x ic ity.

A s (1 ® 3 ) - b -D -g lucan s are  p r esen t in  m any diffe r-

en t o rg an ic  d usts, th e  e ffec ts a fte r in h a lation  are  o f

p art icu lar  in te rest. A cute in hala tion  stu dies o n b -D -

g lucan  h ave  u sed  cu rdlan ,  a  no n -b ran ch ed  wa ter- in -

so lu ble  (1 ® 3 ) - b -D -g lu can . In  co n trast to  e f fec ts  seen

af te r end o to x in  in h ala tio n ,  exp o su r e  to  cu d lan  d o es

n o t in d uce  a  n eu tro p hil invasio n  in to  th e  a ir w ay s [5 ].

F u rth erm o re , th e  en d o to x in - in d u ced  n eu tr o p h il  in va-

sion  w a s rep o rted  to  b e  d ep ressed  in  an im als p r e-ex -

p o sed  to  cu rd lan  [5 ] .

In  an o th er  ex p erim en t, an im als  w ere  ex po sed  fo r

5  w eek s to  an  aero so l o f  cu rd lan , en d o to x in  o r a  co m -

b in atio n  [6 ] . T h e  rep eated  ex po su r e  to  cu rd lan  cau sed

n o  n eu tro p hil invasio n , bu t en d o to x in  ind u ced a  sl ig h t

in crease  in  th e  to ta l  n u m b er  o f in flam m ato ry  ce lls .

W h e n  b o th  c u rd lan  an d  en d o to x in  wer e  g ive n  to -

ge ther, a  m arked  inf lam m a to ry  resp o n se  w as presen t,

b o th  in  th e  a irways an d th e  lu n g  p ar en chy m a.

It  h as a lso  b een  show n  th a t th e  end o to x in -b o o sted

im m u no glob ulin  G  antibo d y respo nse  to  inh aled  oval-

bu m in  i s  b lo c k e d  b y  a  s im u l ta n e o u s  ex p o su re  to

cu rd lan  (R . R y lan d er, P.G . H o lt , m an u scr ip t su bm it -

ted  fo r p u b lication). T aken  to geth er,  th ese  d a ta  su g -

g est th a t a lth ou g h  cu rdlan  in terferes w ith  th e  n o rm al

fu nctio n in g o f  th e  defen se  sy stem  o f th e  lun g , i t d o es

n o t cau se  an  acu te  n eu tro p h il  in f lam m ation .

F u rth er  wo r k  h as b een  co n cern ed  w ith  th e  in te r-

feren ce o f  (1 ® 3 ) - b - D -g lu can  o n  th e  d efen se m ech a-

n ism s o f  th e  lu n g , in  term s o f th e in flam m ato ry  re-

sp o n se  e lici ted  b y  en d o to x in . H ere  w e rep o rt w o rk

o n  su p p ressio n  o f th e  en d o tox in -in du ced  neu tro p h il

respo n se  an d  o n th e  do se  o f  cu rd lan . D ata  on  th e  in -

h a lat io n  ef fe c ts  o f  d iff e r en t fo r m s  o f  (1 ® 3 ) - b - D -

g lucan  are a lso  presen ted .

M aterials and methods

We u sed  fu ll -g row n  g u in ea  p ig s in  th e  exp er im en ts.

T h ey  w e re  k ep t in  an  ex p o su r e  cage  an d  su b jec ted  to

a  co n tinu o u s-f low  aero so l. D ifferen t fo r m s o f (1 ® 3 ) -

b - D -g lu can  an d  en d oto xin  (E sch e ri chia  co li  0 2 6 :B 6 ,

D ifco  L ab o ra to ries, D etr o it, M ich igan ,  U S A ) w ere

su sp en d ed  in  water (1 0 0  an d  2 5  m g /m l, re sp ec tive ly )

an d  p laced  in  a  C o ll ison  sp ra y  fo r  aero so lization .  T h e

an im als were e xp o sed  to  (1 ® 3 ) - b - D -g lu can  fo r 4 h

an d  to  en d o to x in  for  4 0  m in .

A f te r  th e  exp o su r e , th e  an im als  we re  g iven  a  le -

th a l in jec tio n  o f so d iu m  p en to th a l in tr ap erito n ea lly

an d  a  lu n g  lavag e  was p erfo rm ed  acco rdin g  to  a  tech -

n iqu e  d escrib ed  p rev io u sly  [6 ] . T h e  lavag e  flu id  w as
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cen tr if u g ed  an d sta in ed,  an d  then  a  d if fe ren tia l cou n t

o f th e  free  lun g  ce lls  w as per fo rm ed .

Results

Table  1  sh o w s the  cellu lar resp on se  af te r  ex p osu re to

d ifferen t f o rm s o f (1 ® 3 ) - b - D -g lucan . N o n e  e lic ited

a  ch an g e  in  the  nu m ber  o f  d iff e ren t ce ll  ty p es.

T h e  en do to x in -ind u ced n eu tro p hil invasio n  in to  th e

a ir way s afte r d iff e ren t do ses of  cu rd lan  is  sh ow n  in

F ig . 1 . D ep ressio n  o f th e  n eu tr o p h il  in flu x  afte r en -

d o tox in  ex p osu r e  was d o se- r e lated  to  th e  am o u n t o f

c u r d la n .  A  s i m i l a r  d e p r e s s i o n  w a s  f o u n d  f o r

eo sin op h ils (d a ta  n ot sho w n ) .

Discussion

T h e resu lts  fro m  th ese  ex p erim en ts co n firm  earl ie r

resu lts in d ica tin g  th a t  cu rd lan  d o es n o t cau se  n eu -

tr o p hilia  in  th e  a ir w ay s afte r a  sin g le  in h ala tio n . S im -

ilar  resu lts w ere o b ta in ed w h en o th er fo rm s o f (1 ® 3 ) -

b - D -g lu can  w e re  u sed . H ow ever,  th ere  is  ev iden ce  th at

so m e fo rm s of  (1 ® 3 )- b -D -g lu can  m ay  cau se  an  in-

f l a m m a to ry  re sp o n se  w h e n  a d m in i s te r ed  th ro u g h

ro u tes o th er th an in h ala tio n . S ak ura i e t a l . [7 ] in jec t-

ed  a h ig hly  branch ed  (1 ® 3 ) - b -D -g lucan  iso la ted  fro m

S clero tin ia  sc lero tio ru m  in traveno u sly  in  m ice . S ev -

era l  fu n ctio n s  o f p u lm o n ary  m a cro p h ag es, su ch  as

ly soso m al en zy m e ac tiv ity  an d  cyto k in e  p ro d u ctio n ,

w e re  e levated  1  d a y  afte r th e  ex p osu re an d  in te r fe r-

o n - g  m essen g er  R NA  ex p ressio n  w as e leva ted  in  lun g

tissu e . In  in  v it ro  stu dies o n  m u rine  per iton ea l m ac-

ro p h ag es, O k azak i e t a l.  [8]  d em o nstra ted  an  in crease

in  h y d ro g en  p erox id e  p ro d u ctio n  af te r ex p o su re  to

zym o san but n ot a fte r ex po sure  to  g el- fo rm ing  (1 ® 3)-

b - D -g lu can s. In  a  la te r p u blicatio n  [9 ] ,  i t w as su g -

g ested  th a t  th e  b ran ch in g  ra tio  an d  m olecu la r  w eig h t

w ere  im p o r tan t d e te rm in ato rs fo r  th e  in d u c tio n  o f

cy to kin e  p ro d u ction . S im ilar find in gs w ere  rep o rted

by  O h n o  e t a l . [1 0 ] , w h o  sh ow ed  th a t th e  in  v i tro  p ro -

d u ctio n  o f tu m o r n ecro sis  facto r- a , n it ric  o x id e an d

hy d rog en  p eroxid e  by  m o u se  p er ito nea l m acr o p h ag -

es was re la ted  to  th e  sin g le  h e lix  co n fig u ra tio n  o f th e

(1 ® 3 )- b -D -g lu can .  T h ey  a lso  sh ow ed  th at the  (1 ® 3 ) -

b - D -g lu can  rec ep tor  b in d ing  w as str on gest  for  the  tr i-

p le  h e lix  co n fig u r a tio n , w h ich  su ggests th at  d if fe r-

en ces in  th e  co n fig u ra tio n  o f (1 ® 3 ) - b - D -g lu can w ill

cau se  d iffe ren t e ff ec ts. F u rth er  w o rk  is  req u ired  to

d ete rm in e  w h eth er  th e d e p ression  in  ovalb u m in  an ti -

b od y  form atio n  b y  cu rd lan ,  w h ich  w e h ave  o b serve d

(u n p u b lish ed  d a ta ) , is  a lso  e lic i ted  b y  th e  (1 ® 3 ) - b -

D -g lu cans th a t in d uce  in flam m atio n  o r w heth er th e

two p r ocesses a re  in d epen d ent.

T h e  presen t resu lts co n fir m  p rev io u s o b serva tio n s

o f a  b lo ckin g  eff ec t  on  th e  n eutro p h il  resp on se  afte r

en do tox in  exp o su re  [5 ], an d  fur th er dem o n str ate th a t

th is e ff ec t  is  d ep en d en t o n  th e  d o se  of  cu r dlan . T h e

m e ch an ism  is p ro b ab ly  n o t re la ted  to  th e  rec ep to r

fu n ctio n  b in din g,  as th is is  ve ry  spec ific  fo r (1 ® 3 ) -

b - D -g lu can . A  m o re l ik e ly  m ech anism  is  an  eff ect  o n

m acro p h ag e  fu n ction  w ith  a  d ecreased  secre tio n  o f

ch em o tac tic cy to k in es.

In  su m m ary,  o u r re su lts sh o w  th a t th e  e ff ec ts  o f

in h aled  (1 ® 3 ) - b - D-g lu can  are  co m p lex  an d  th a t th e

in f lam m ato ry  an d  im m u n e co m p eten t ce lls resp o n d

Table 1. In flamm ator y cells  (́ 106/g lung) in  lung lavage 24 h afte r exposu re to differen t
fo rm s of (1® 3)- b -D-glucan (100 m g/m l)

Exposure Macrophages Lymphocytes Neutrophils Eosinophils

Control 2.3  (0.4) 0 .1 (0.1 ) 0.09 (0 .05) 0.7 (0 .3)
Curdlan 2.6  (1.6) 0 .2 (0.2 ) 0.05 (0 .04) 2.3 (1 .2)
Schizophyllan 1.7  (0.8) 0 .0 (0.0 ) 0.02 (0 .01) 0.7 (0 .3)
Pullalan 1.6  (0.8) 0 .1 (0.1 ) 0.07 (0 .07) 1.7 (1 .1)
Par ticulate g lucan 2.0  (0.7 ) 0 .1 (0 .5) 0.07 (0.02) 1.3 (0.7)
Barley glucan 3.0 (0 .9) 0.1  (0.1 ) 0.02 (0.02) 1.7  (0.8)
Grifolan 5.5  (1.8) 0 .1 (0.1 ) 0.04 (0 .04) 1.9 (0 .6)
Grifolan* 4.1  (2.0) 0 .0 (0.0 ) 0.02 (0 .01) 1.4 (0 .5)

Values a re means (SD), n = 5. *100 0 m g/m l.

FIG . 1. Lung lavage neutrophils (́ 106/g  lung) 24 h  after 40 m in of
exposure to endotoxin (LPS, lipopolysaccharide) and 4 h of expo-
su re to  curdlan  a t different doses.
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d i ff e r e n t ly  to  o th e r  a g e n ts  w h e n  p re tr e a te d  w i th

g lu ca n .  T h is  agen t m ay  therefo re b e  an  im p o rtan t f ac-

tor  in  th e  develo p m en t o f p a th o lo g ical  reac tio ns in

the  lu n gs.
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