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T h e  p h a r m a c ok in etics, b io lo gic al  e ffects  a n d  d istr ibu -
tion  in  blood  an d  o rga n s of  1 25I-lab eled  (1 ®® ®® ® 3)- bb bb b -D-g lu ca n
p u rified  from  C a n d id a  a lb ica n s  w e re  a n a ly zed  in  ra b -
b its  d u rin g  th e 2 4-h  p erio d  fo llo w in g a n  in tr ave n o u s
a d m in istra t io n .  T h e in tr ava sc u la r h a lf - life  o f  (1 ®® ®® ® 3)- bb bb b -
D-g lu c a n  w a s 1 .8 m in  in  th e  low -d o se  g ro u p  (9 .3 mm mmm g /k g )
a n d  1 .4 m in  in  th e h ig h -d o se g ro u p  (2 22 mm mmm g /k g ), an d  th e
m ea n  (‰S D ) to tal  b o d y clea ra n ce w a s 1 .1 2 ‰0.3 0  a n d
1 .1 7 ‰0 .1 6 m l/m in , re sp ectively.  T h e rab b its r em a in ed
w ell  a n d  (1 ®® ®® ® 3 ) - bb bb b -D -g lu c a n  fa ile d  to  a lte r b lo o d  c ell
co u n ts. L e ss  th an  3 %  o f th e 1 25I- (1 ®® ®®® 3)- bb bb b -D-glu ca n  w a s
in it ia l ly  a ssoc ia ted  w ith  th e cellu la r co m p a rtm en t, a n d
th is  v a lu e d ecre ased  fu rth er d u rin g  th e 2 -h  p erio d  fol-
lo w in g  a d m in istra tio n  (P = 0 .0 0 0 1 ). O ver 97 %  o f 1 25I-
(1 ®® ®® ® 3 )- bb bbb -D-glu ca n  w a s a sso cia ted  w ith  cell-free p la sm a ,
a n d  th e  m a jo rity  in  p la sm a  a p p e ar ed  to  b e p resen t in
th e u n b ou n d  fo rm  (n o t  a sso cia t ed  w ith  lip o p ro tein s o r
p la sm a  p ro tein s) . T h e li ve r co n ta in ed  m o re  th a n  8 0 %
o f th e 12 5I-(1 ®® ®®® 3)- bb bb b -D -glu c a n  d etec ted  in  th e  six  m a jo r
o rg a n s a n a ly zed .
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Introduction

Invas ive  d e ep  m y c o se s a re  b eco m in g  in cre asin g ly

co m m o n . R ecen tly,  a  test  to  d e te rm in e  th e  p lasm a

co ncentratio n o f (1 ® 3 ) - b - D -g lu can, a  ub iq uitou s co n-

stitu ent o f fu n g i, h as b een  d evelo p ed  in  o rd er  to  a l-

low  an  ear ly  d iag n o sis  o f  d eep  m y co sis an d  fun g a l

sep sis  [1 ,2 ].

K no w led g e  o f  th e  b io lo g ical  ac tiv ities o f  (1 ® 3 ) -

b - D -g lu can  is ex pan d in g , w ith  th e  r ecen t re cogn ition

th a t th is su b stan ce  can  stim u la te  th e  p ro d u ctio n  o f

p late le t- ac tivatin g  fac to r, tu m o r  n ecro sis fac to r,  in -

te rleuk in -1  ( IL -1) , IL -1  rec ep tor  an tago n ist an d  sev -

e ra l p ro stag land in s in  so m e ex p erim en ta l  m o dels [3 ±

5]. T he  (1 ® 3 ) - b - D -g lu can  re cep to r  h as b een  id en ti -

fied  in  m o no cy te s [6 ] an d a lso  h as b een  fo un d  in  sev -

e ra l o th er in flam m ato r y  cells . T h erefo re , in  th e  case

o f  d eep  m y co s is  o r fu n gem ia , fu n g i co u ld  ac tiva te

c e ll s th ro u g h  th e  (1 ® 3 ) - b - D -g lu c an  re c ep to r,  an d

cau se  in flam m ato r y  resp o n ses. A lso  o f in te rest  is th e

m etabo lic  fa te  o f (1 ® 3 ) - b -D -g lu can  in  v iv o . In  en d o -

to xem ia , th e  m ajo r ity  o f l ip o p o ly sacch ar ide  is  fo un d

in  ce ll -f ree  p lasm a, esp ec ia lly  in  th e  h ig h -den sity  l i-

p o pro te in  (H D L ) f rac tio n. T h is  l ip o p oly sacch arid e±

H D L  co m p lex  is th o u g h t to  b e  le ss b io ac tiv e  th an

free  l ip o p o ly sacchar id e  [7] . H o w ever,  n o  in fo rm atio n

i s  av a il ab le  ab o u t  p o te n t ia l  a sso c ia tio n s  b e tw e e n

(1 ® 3 ) - b -D -g lu can  an d  p lasm a p ro te in s. T h ere fo re  we

evalu a ted  th e  p h arm aco k in e tic s o f  in tr aven o usly  ad -

m in iste red  (1 ® 3 ) - b -D -g lu can  an d  i ts  d istr ibu tio n  b e-

tw een  b lo o d  ce lls an d p lasm a p ro te in s, u sin g  rad i-

o lab e led  (1 ® 3 ) - b - D -g lu can  p u rified  f rom  C a n d id a

a lb ica n s .

M ethods

(1 ® 3)- b -D -glucan

(1 ® 3 ) - b -D -g lu can  w as p ur ified  fr om  C a nd id a  alb i-

can s [ In sti tu te fo r  F erm en ta tio n  ( IF O )  1 3 8 5 , A m er i-

c a n  Ty p e  C u ltu re  C o llec tio n (AT C C ) 1 8 80 4 ] . T h e  av -

e ra ge  m olecu la r  w eigh t o f g lu can  d isso lv ed  in  N aO H

w as 92 0 00 . P u rified  g lucan w as d issolv ed w ith  0 .0 9 N

N aO H , an d  rad io - iod in ation  w ith  125I  w as then  p er-

form ed u sing  the  m etho d  in itia l ly  d esc r ib ed  fo r rad io-

l ab e l in g  e n d o to x in  [8 ] . T h e  sp e c ifi c  a c t iv ity  w as

2 .5 0 m C i/ m g . T h e  p u r ifie d  (1 ® 3 ) - b - D -g lu ca n  co n -

ta in ed  less th an  2 0 p g  en d o to x in /m g  g lu can,  as d e-

t e rm in e d  b y  th e  e n d o to x in - sp e c if ic  c h ro m o g e n ic

lim u lu s t e s t  ( E n d o sp e cy, S e ik a g a k u  C o rp o ra tio n ,

To ky o, Jap an ) . C o n tam in a tio n  by  en d o to x in  d u r in g

rad io labe lin g  w as m in im al (1 .2 n g  en do to x in /m g  125I-

(1 ® 3 ) - b - D-g lu can ) .

Experim enta l protocol

N ew  Z ealan d  W h ite  f em ale  rab b its w ere  d iv id ed in to

th re e  g ro u p s :  ( 1 )  c o n tro l  ( d i s t i l l e d  w a te r  gro u p )
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(n = 2 ) , (2 ) low -d o se  (1 ® 3 ) - b -D -g lu c an  (n = 3 ) and

(3 )  h ig h -do se  (1 ® 3 ) - b -D -g lu can  (n = 3 ). A  b o lu s in-

tr av en o u s in jec tio n  of  9 .3 m g /k g  125I-(1 ® 3 )- b -D -g lu -

can  (sp ec if ic  ac tiv ity  2 .5 0 m C i/ m g ; low -d o se  g ro u p)

o r a m ix tu re  of 1 2.1 m g /k g  125I -(1 ® 3 ) - b -D -g lu can  plu s

2 0 9 .9 m g /k g  n o n -rad io lab e led  (1 ® 3 )- b -D -g lu can  ( to -

ta l 2 22 m g /k g , sp ec if ic  ac tiv ity  0 .1 4 m C i/ m g; h ig h-do se

gro u p ) w as a d m in iste red  in to  a  m argin a l  e ar  v e in .

B loo d  sam p les fo r  m easu rem en t of  the  in tr avascu la r

c learan ce  of  (1 ® 3 ) - b - D -g lu ca n  we re  d raw n  f ro m  th e

o p p o site  ear ve in  u sin g  a  cap illa ry  tu b e  (7 0 m l) , a t

0 .2 5 , 0 .5 , 1 , 2 , 3 , 5 , 1 0 , 1 5 , 2 0 , 2 5 , 3 0 , 6 0  an d  9 0  m in ,

an d  2 , 3 , 6 , 1 2  an d  2 4  h . R ad io ac tiv ity  o f th e  w h o le

blo o d  sam p les w as m easu red  w ith  a  g -co u n te r  (m o d -

e l 5 0 0 ; Pack ar d  Instru m en t C o ., D ow n ers G rove , Il-

lin o is , U S A ) .

B loo d  sam p les (3 m l)  fo r b loo d  ce ll  co u n ts an d  fo r

th e  f rac tio n atio n  o f  ce llu lar an d  plasm a co m p o nen ts

w e re  a lso  d raw n  a t  1 , 5 , 1 0  an d 3 0  m in,  an d  2  an d

2 4 h . B lo o d  sam p les (2 m l) fo r th e  F u n g itec  G  test

(S e ik ag ak u  C orp o ratio n )  w ere  o b ta ined  at  1 , 2 ,  5 , 1 0 ,

2 0 , 3 0 , 6 0  an d  9 0 m in , an d  2 , 3 ,  6 , 1 2  an d  2 4 h . D u r-

in g  th e  2 4 -h  p er io d  o f o b se rvatio n , th e  ra bb its r e -

m ain ed  w ell .

T o  study  th e  d istr ibu tio n o f 125I- b -g lu can  in  w h ole

blood in  v it ro , b lo o d  sam p les (3 m l)  w ere  co llec ted

b efor e  ad m in istra t io n  o f  (1 ® 3 ) - b -D -g lu can . T h ese

sam p les w ere  th en incu bated  w ith  2 0 0 m l rad io lab eled

(1 ® 3 )- b -D -g lu can  (8 5 .4 n g ) fo r 2 0 m in  a t ro o m  tem -

p era tu re , b efo re  f rac tio n atio n .

Analysis of 125I-(1 ® 3)- b -D -g lucan clearance in whole
blood

To determ in e  the  125I- (1 ® 3 ) - b - D -g lucan  c lear an ce  in

w h o le  b lo o d , th e  t im e 0  va lu e  (c o u n ts/m in  p er  m l

w h o le  b lo od )  was ca lcu la ted  u sin g  th e  fo rm u la :  to ta l

cou nts/m in o f in jec ted  125I -(1 ® 3)- b - D -g lu can/estim at-

ed  b loo d  vo lum e (70  m l/k g ´ rab b it  weig ht in  k ilo -

gram s). T he  in travascu lar ha lf-l if e  (T
1/2

)  w as d e ter-

m ined  f ro m  th e  c lear an ce  cu rve . T h e area  u n d er th e

co n cen tratio n ±tim e cu rv e  (AU C  in  n g /m l ´ m in ) was

c a lc u l a t e d  b y  t r a p e z o id  i n te g r a t io n : S ( 1 / 2 ( t
n + 1

±

tn)(C n +1 + C n) , w h ere t is  tim e in  m in utes, n  is  tim e

p o in t o f b lo o d  sam p lin g  an d  C  is  co n cen tra tio n. To -

ta l  b o dy  c lear an ce  was th en  ca lcula ted  as:  to ta l d o se

o f in jec ted  125I -(1 ® 3 ) - b - D -g lu can /AU C  ( in  m l/m in ).

Determination of (1® 3)-b -D-glucan concentration in
serum  using the G test

T he (1 ® 3 ) - b - D -g lucan  co n cen tr a tio n in  seru m  w as

d ete rm in ed  w ith  th e  G  test [9 ]. (1 ® 3 ) - b - D -g lu can ex -

tr ac ted  f ro m  th e  m u shr oom  Poria  co co s  w as u sed  a s

a  stan dard . S ince  th e  fac to r  G -ac tivatin g  ac tiv ity  o f

(1 ® 3 )- b -D -g lu can  p u rifie d  from C a n d id a  a lb ica n s

w as 1 :2 0 0  o n  a  w eig h t b asis  co m p ared to  P oria  co-

co s , th e  co ncen tra tio n of  (1 ® 3 ) - b -D -g lu can , as m eas-

u red  b y th e  G  te st, w as m u ltip lied  b y  2 00  to  o b ta in

th e  co rrec ted  co ncen tr a tio n s fo r C a n d id a  a lb ica n s .

S eru m  sam p les o utsid e  th e  ran ge  o f th e stan dar d  cu rve

w e re  m easu red  af te r d ilu tio n  w ith  d is t il led  w ate r.  T h e

lim it  o f de tectio n  in  water  (or  0 .9 %  N aC l) o f  Por ia

cocos w as 1 .0 p g /m l.

Fractionation of whole blood and separation of
lipoproteins from  cell-free plasm a

F rac tio n atio n s w ere  per fo rm ed  a t  ro o m  tem p era tu re ,

as d esc rib ed  prev io usly  [1 0 ]. P late le ts, m o no n u clear

c e ll s, p o ly m o rp h o n u cle ar  l eu ko cy tes , e ry th ro cy te s

an d  ce ll- free  p lasm a w ere  co llected . C ell -f ree  p la s-

m a was su b jec ted  to  sequ en tia l u lt racen tr if u ga tio n  a t

8ÊC  at p lasm a d en sity  (1 .0 0 6 g /m l)  fo r  1 8 h , a t  a  d en -

sity  o f 1 .06 3 g /m l w ith  K B r fo r  1 8 h,  an d fina lly  a t a

d en sity  of  1 .2 1 g /m l w ith  K B r fo r 4 0 h  in  o rd er  to

iso la te  v ery -low -d ensity  l ip o p ro te in s (V L D L ), low -

d en sity  l ipo p ro te in s (L D L ) an d  H D L ,  resp ec tive ly,

an d  to  iso late  l ip o p r o te in -d efic ien t p la sm a (d en si ty

> 1 .2 1  g /m l) .  Fo llow ing in  v i tro  in cu b ation of 125I -

(1 ® 3 ) - b -D -g lucan  w ith  n orm al sa lin e (0 .9 %  N aC l) ,

th ese  step s w ere  also  p er fo rm ed  to  d e te rm in e  th e  d en -

sity  d istribu tion  p at te rn  o f (1 ® 3 ) - b - D -g lu can .

Separation of lipoproteins by precipitation

S ep ar atio n  o f V L D L  an d  L D L  fr o m  serum  w as p er -

fo rm ed  u sin g  the  m eth o d p ro v id ed  by  S igm a D iag -

n o stic  K it 3 5 2 -4  (S ig m a C h em ica ls, S t  L o u is , M is-

s o u ri ,  U S A ) . T h e  sep a r a t io n  o f  a l l  l i p o p r o te in s

(V L D L , L D L  an d  H D L ) f ro m  ser u m  was p erf o rm ed

u sin g  d ex tr an  and  M gC l
2
.

Separation of serum  proteins by gel-permeation
chrom atography

S o lu tio n s  o f  125I- (1 ® 3 ) - b -D -g lu can in  w ater (8 5 .4  n g

in  200 m l)  an d  in  rab b it  seru m  (af te r  in cub atio n  o f
125I-(1 ® 3 ) - b - D -g lucan  w ith  1  m l rab b it  seru m  fo r 3 0

m in  a t 37ÊC  in  v it ro )  w e re  c h ro m ato g rap h ed  o n  a

S u p ero se  1 2  co lu m n , u sin g  a  fast  pro te in  liq u id  ch ro -

m atog rap h y sy stem  (P h arm acia  L K B  B iotech, U p p -

sa la , S w ed en ). P r o te in s w ere  m on ito red  a t A 280 ,  an d
125I-(1 ® 3 ) - b - D -g lu can  w as m on ito red  by  de ter m in a-

tion  o f 125I  in  co u nts/m in .

Distribution of 125I-(1 ® 3)-b -D-g lucan in tissues

T h e d istribu tio n of  125I - (1 ® 3 ) - b -D -g lu can  in  liver,

sp leen , k id n ey, adr enal, lun g  and  h ear t w as stud ied

in  an im als k il led  2 4 h afte r th e  in jec tio n .

Data analysis

A  tw o-ta iled  t -test an d  an aly sis  o f varian ce  w ith  r e -

p eated  m easu r es  w ere  p erf o rm ed . P < 0 .0 5  was  co n -

sidered  sig nifican t.
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Table 1. Pharmacokinetics after an intravenous injection of (1® 3)-
b -D-glucan

AUC Total body T1/2

Dose (m g/kg) (ng/m l ´ m in) clearance (m l/m in)  (m in )

Low dose  (9.3) 11 811 ± 2 718 1.12 ± 0.30 1.8
High  dose (222) 460 451 ± 75 982 1.17 ± 0.16 1.4

Values are means ± S D. AUC, area under the concen tration–time curve;
T1/2, half-life.

FIG . 1. In travascula r clearance  (means ± SEM ) o f (a) 125I-(1 ® 3)-
b -D -glucan and (b) to ta l (1® 3)- b -D-glucan de ter m ined by the G
test, after intravenous adm inistration in rabbits. Open circles, low-
dose group [9.3 m g/kg  o f 125I-(1 ® 3)- b -D-g lucan, n = 3]; closed cir-
cles, high-dose group [12 .1 m g/kg  of 125I-(1 ® 3)- b -D-glucan plus
209.9 m g/kg of non-radiolabeled (1® 3)- b -D -g lucan, n = 3].

Results

In travascular clearance of 125I-(1 ® 3)-b -D-g lucan

Fig . 1a  sh ow s the  p attern  o f in tr avascu lar c lear an ce

of 125I- (1 ® 3 ) - b - D -g lu can  d u r in g  th e  in it ia l  3 h. T h e

in travascu la r  h a lf -l if e  (T
1/2

)  o f  125I-(1 ® 3 ) - b - D -g lu can

in  th e  low -d o se  gr ou p  w as 1 .8 m in ,  an d  th a t  in  th e

h ig h-d o se  gro u p  w as 1 .4 m in  (n o t sig n if ican tly  d if -

fe rent). T he AU C  and  to ta l  b o d y c lear an ce  in  each

gro u p  are  sh ow n  in  Ta ble  1 .

R a p id  c lear an ce  o f  g lucan  b io log ica l  ac tiv ity  w as

d em o n str ated  b y th e  G  test fo r b o th  lo w -  an d h ig h-

d o se g ro u p s, w ith  T
1/2

 v a lu es o f 4 .1  an d  2 .1 m in , r e -

sp e c tive ly  (F ig . 1b). T h e re  w as a  g o o d  co rre la tio n

b etw een  th e  iso to p ic  an d  th e  b io lo g ic  m eth od s.

Blood cell levels

T h e effec ts o f  (1 ® 3 ) - b -D - g lu can  o n  b lo o d  ce ll  levels

w e re  m in im al over  2 4 h  (d a ta  n o t sh ow n ) .

Distribution of 125I-(1 ® 3)- b -D -glucan in blood

A lm o st a l l 125I-(1 ® 3 ) - b - D- g lu can  w as asso ciated  w ith

th e  ce ll -f ree  p lasm a in  b o th  g ro u p s (Tab le  2 ) . L ess

th an 3 %  was asso c ia ted  w ith  th e  ce llu la r  co m p art-

m en t, an d  th is  va lue  d ecreased  fu rth er  d u r in g  the  in -

i tia l 2 -h  p er io d  af te r  125I-(1 ® 3 ) - b -D -g lu can  ad m in is-

tra tio n  (P = 0 .0 0 0 1 ).

Distribution of 125I-(1 ® 3)- b -D -glucan in the cellu lar
compar tm ent

M o st 125I- (1 ® 3 ) - b - D -g lu can in  b loo d  ce lls  w as asso -

c iated  w ith  p la te lets 1 m in  afte r the  in jec tio n . A f te r

2 h , the  percen tage  assoc ia ted  w ith  p la te lets decreased

(P = 0 .00 0 1 ). C o n co m itan tly,  th e  p ro po rtio n of 125I-

( 1 ® 3 ) - b - D - g lu c a n  a s so c ia t e d  w i th  p o ly m o r p h o -

n u c l e a r  n e u t ro p h i l s  a n d  e r y th r o c y te s  i n c r e a s e d

(P = 0 .0 0 0 8  an d  P = 0 .0 0 0 1 , re sp ec tiv e ly ). H ow ev e r,

th e abso lu te  q u an ti ty  o f  125I -(1 ® 3 ) - b - D -g lu can  asso -

c iated  w ith  b o th  f rac tio n s d ecreased  b ecau se  the  p er -

cen tag e  in  th e ce llu la r  co m p artm en t d ecreased  from

2 .5 ±3 .0  to  0 .4%  d u ring  th is p erio d  (Tab le  3) .

Distribution of 125I-(1 ® 3)- b -D -glucan am ong the
com ponents of cell-free plasm a

M ore th an 60 %  o f th e  in jec ted  125I-(1 ® 3 ) - b -D -g lu -

can  w as re covered  f ro m  th e  l ip op r o te in -f ree  f rac tio n

Table  2. Dis tr ibu tion  of 125I- (1 ® 3)- b -D -g lucan (counts /m in) in  w hole  blood

% Plasm a %  Ce lls

Low dose High  dose Low dose High dose

T ime after injection
1 m in 97.0 ± 0.3 97.5 ± 0.8 3.0 ± 0.3 2.5 ± 0.8
5 m in 97.7 ± 1.5 98.6 ± 0.3 2.3 ± 1.5 1.4 ± 0.3
10 m in 98.8 ± 0.5 99.1 ± 0.3 1 .2 ± 0.5 0.9 ± 0.2
30 m in 99.3 ± 0.2 99.4 ± 0.2 0 .7 ± 0.2 0.6 ± 0.1
120 m in 99.6 ± 0.2 99.6 ± 0.2 0 .4 ± 0.2 0.4 ± 0.2

In vitro  incubation 99.1 ± 0.3 0 .9 ± 0.3

Values are means ± SD.
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Table 3 . D istribu tion o f 125I-(1 ® 3)- b -D-glucan (counts /m in) in blood  cellu lar com par tm ents

% Platelets %MNC %PM N %  Er ythrocytes

Low dose High dose Low dose High  dose Low dose High dose Low dose High dose

T im e afte r injection
1  m in 51.9 ± 8.4  70.4 ± 6.1 33.4 ± 8.9  14.6 ±10.6  5.2 ± 2.4  6.9 ± 5.4  9.5 ± 3.6  8.1 ± 2.3
5  m in  53 .4 ± 19.0   61 .2 ± 11.6 23.4 ± 7.8  11.6 ± 11.8  9.3 ± 5.4 11.5 ± 6.8 13.9 ± 7.2 15.8 ± 3.1
10 m in  48 .2 ± 32.0  36.7 ± 4.9  17 .1 ± 17.1  16.3 ± 14.4 10.2 ± 4.5  21.0 ± 15.9   24 .4 ± 10.7 26.0 ± 3.6
30 m in 25.5 ± 7.6  22.1 ± 6.2  22.3 ± 23.3 23.8 ± 8.7 12.5 ± 3.8 20.0 ± 2.4   39 .7 ± 12.5 34.0 ± 3.6
120 m in  17.9 ± 19.4    5 .1 ± 8.8   0 ± 0  19.1 ± 20.5  30 .7 ± 11.8  38.8 ± 23.8   51.4 ± 20.0 36.9 ± 9.8

In vitro incubation 44.2 ± 10.5 17.3 ± 11.5 14.1 ± 7.9 24.4 ± 11.9

100% represents total counts /m in of 125I-(1 ® 3)-b -D-glucan in the cellular compar tment; MNC, mononuclear cells; PM N, polymorphonuclear neutrophils.

Table 4 . 125I-(1 ® 3)- b -D-glucan distribu tion (% to tal counts/m in) in norm al sa line  and cell-free plasm a

Density <1.006 g/m l Density 1.006–1.063 g/m l Density 1.063–1.21 g/m l Density >1.21 g/m l

Sample Low dose High dose Low dose High dose Low dose High dose Low dose High dose

Normal saline 13.3 ± 0.4 7.7 ± 1.1 14.7 ± 3.7 64.5 ± 4.6
Plasm a

In vitro  incubation  9 .5 ± 0.7 7 .2 ± 0.5 17.7 ± 0.9 65.6 ± 2.1
T ime a fter injection

1min  8 .4 ± 1.7  9 .8 ± 1.0  6.8 ± 1.7  7.4 ± 0.9 16.3 ± 2.5 19.1 ± 2.1 68.5 ± 5.0 63.7 ± 3.6
5 m in 10.7 ± 1.4 11.8 ± 0.5  8.1 ± 0.8  8 .7 ± 0.6 20.2 ± 1.3 22.1 ± 0.9 60.9 ± 3.5 57.5 ± 1.5
10 m in 12.0 ± 0.9 12.4 ± 0.5  9.2 ± 0.6  9.4 ± 0.4 21.3 ± 0.3 23.0 ± 1.0 57.5 ± 1.6 55.3 ± 1.7
30 m in 12.8 ± 0.2 13.6 ± 0.5 10.0 ± 0.2 10.2 ± 0.4 23.4 ± 0.4 24.4 ± 0.1 53.7 ± 0.5 51.8 ± 0.8
120 m in 14.2 ± 0.5 14.9 ± 0.4 11.3 ± 0.1 11.8 ± 0.5 25.0 ± 1.1 25.0 ± 0.3 49.5 ± 0.8 48.3 ± 1.0

(d en sity  > 1 .2 1 g/m l) . Tw o  h o u r s  a fte r  th e  ad m in is-

tration  of 125I-(1 ® 3 )- b -D -g lu can , th ere  w as a  sm all

bu t s ig n i fi c a n t in c r e a se  in  th e  p ro p o rtio n  o f  1 2 5I -

(1 ® 3 )- b -D -g lu can  asso c ia ted  w ith  th e  three  lo w e r-

d en sity  frac tio n s (P = 0 .0 0 0 1  fo r  each  frac tio n ), an d

a  sig n ifican t d ecrease  in  th e  frac tion  w ith  a  d en sity

o f > 1 .2 1 g /m l (P = 0.00 0 1; Ta ble  4 ) .

T he  K B r d en sity  centr ifu ga tio n  re su lts su g gest  th a t

(1 ® 3 )- b -D -g lu can  in  b lo od  h ad  o n ly  m in im al asso -

c iatio n  w ith  lip o p r oteins. To  ex am in e  th is b y  in d e-

p en d en t tech n iq ues, so lu tio n s of  125I-(1 ® 3 )- b -D - g lu -

can  in  no rm al sa lin e  an d  in  seru m  sam p les o b ta in ed

3 , 1 0  an d  1 2 0  m in  afte r ad m in istra t ion  o f  125I- (1 ® 3 ) -

b - D -g lu can w ere  sub jec ted  to  co nd itio ns k no w n  to  pre -

c ip it a te  l ip o p ro te in s  ( o n e  f o r  th e  p r e c ip it a t io n  o f

V L D L  an d  L D L  o n ly,  an d  th e  o th er fo r V L D L , L D L

and  H D L ). W ith  p re c ip ita t io n  b y  th e  fo r m er  te ch -

n iq u e , o n ly  4 .1%  of 125I- (1 ® 3 ) - b - D -g lu can w as r e -

c ove red  in  th e  V L D L + L D L  p rec ip itate s fro m  ser u m ,

an d  th is  was n o  d iff e ren t fro m  th e  p ro p o r tio n p r ec ip-

itated  f ro m  n o rm al sa lin e  (3 .9% ) . T h e  seco n d tech -

n iq u e , fo r prec ip ita tio n  o f a l l l ip op ro te in s, p rec ip i-

ta ted  1 0%  o f  th e 125I-(1 ® 3 ) - b -D -g lu can  in  se ru m  com -

p ared  to  1 .9 %  f ro m  a  sa lin e  so lutio n  o f 125I -(1 ® 3 ) - b -

D -g lu can , su g g estin g  so m e asso c ia tio n  w ith  H D L .

In  th e  g e l- p erm eatio n  ch ro m ato g rap h ic  ana ly sis  o f

ra bb it  ser u m , a ll lip o p ro te in s ap p ear ed  in  th e  vo id

volum e, and  there fo re  were d ist in gu ishab le fro m  o th er

p la sm a p ro te in s. T h e  p atte rn s o f  d is trib u tio n  o f  rad io -

activ ity  in  th e  so lu tion s o f 125I-(1 ® 3 )- b -D -g lu can  in

ra bb it  seru m  o r  in  w ate r  w ere  a lm ost iden tica l; 4 7

and  5 1 %  were recov ered  in  the  v o id  v olum e f ractio n s,

re sp ec tive ly,  an d  th e  rem ain d er  wa s re cove red  in  th e

in c lud ed  vo lum e (F ig . 2) .

Distribution of 125I-(1 ® 3)-b -D-g lucan in tissues

T h e l iver  co n ta in ed  m o re  th an  8 0 %  o f  th e  125I- (1 ® 3 ) -

b - D -g lu can distr ibu ted in  th e  six  m ajo r org ans, fo l-

FIG . 2 . Separation of rabbit serum proteins by gel-permeation chro-
m atography. So lu tions o f 125I- (1 ® 3)- b -D-g lucan in  wate r o r rabb it
serum  were chromatographed on a  Superose 12 co lumn. Pro-
te ins were monitored at A280 and (1® 3)-b -D -glucan was monitored
by de term ina tion of 125I in counts /m in. The void  volum e (V0) and
the m o lecu lar we igh t standards a re ind ica ted . VLDL, ve ry- low-
density lipoprote in ; LDL, low-density lipoprote in; HDL, h igh-den-
sity lipoprotein.



Pharmacokinet ics, biologic al effects and distributi on

 Mediators of Inflammation � Vol 6 � 1997        283

the  rem ain d er  elu ted  bro adly  w ith in  th e  in clu d ed v o l-

u m e (< 2 ´ 1 0 6 d a lto ns)  w ith o u t an y  a lte ra tion  in  size

d istr ibu tio n , su g gestin g  th a t b in din g of  125I - (1 ® 3 ) -

b - D -g lu can  to  p lasm a pro te in s was u n lik e ly. In  ad d i-

t io n , b ased  o n  th e  resu lts  o f b o th  lip o pro te in  p rec ip i-

ta tio n  m eth od s, on ly  a  m in or  p rop or tion  of 125I -(1 ® 3)-

b - D -g lu can  ap p arently  b o un d  to  H D L , an d  b in d in g  to

V L D L  an d  L D L  was n o t d em o n str a ted .

In  co n c lu sio n, so lu b le  (1 ® 3 ) - b - D -g lu can  p u rified

fro m  C a n d id a  a lb ica n s  sh o w ed a  ra pid  c learance  r a te

an d  fa iled  to  a lte r bloo d  ce ll co u n ts . M o st (1 ® 3 )- b -

D -g lu can  seem s to  o ccu r in  th e  u n b o u nd  fo rm  in  p la s-

m a. It  is u n lik e ly  th a t  c ircu la tin g  (1 ® 3 ) - b - D -g lu can

is th e  m olecu le  re sp on sib le  f o r the  p a th o p h y sio lo g ic

ch an ges o b serv ed in  pat ien ts w ith  d eep  m y cosis o r

fu n g em ia .
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low ed  b y  th e  k id n ey  (ap p rox im ate ly  1 0 % ) . In  b o th

d o se  gro u p s,  th e  sp leen , liver  an d  k id n ey  co n ta in ed

h ig h  co ncen tra tio ns of  125I-(1 ® 3 )- b -D -g lu can .

Discussion

O n  th e  basis o f  o u r c lin ica l o b se rvatio n s [1 ,2 ,11 ] , th e

e levatio n  o f  p lasm a (1 ® 3 )- b -D -g lu can  lev e ls in  p a-

t ien ts w ith  fu n g em ia  is  m ore  co m m o n  an d  m o re  p ro -

lo nged  th an  e leva ted  en d o tox in  leve ls  in  G ram -n eg a-

tiv e  b a c te re m ia  [ 1 2 ] .  H o w e ve r,  th e  in tra va sc u la r

c learan ce  o f  125I- b - D-g lu can  w as u n ex p ected ly  rap id .

T h is  su g g ests th at  a co n tin u o us re lease  of  b -g lu can

w o u ld  b e necessary  to  m ain ta in  h ig h  p la sm a levels

in  p a tients w ith  fu n g em ia . D esp ite  th e  rep o rted  b io -

log ica l ac tiv it ie s o f b -g lu can, in jected  so lu b le  (1 ® 3 ) -

b - D -g lu can  d id  n o t p r o d u ce  sig n ifican t a lte ra tio n s in

blo o d  ce ll  lev e ls.  M o re o ver,  th e  ad m in is tra t io n  o f

(1 ® 3 ) - b -D - g lu can  d id  n o t p ro d u ce  a  sig n ifican t a l-

te ratio n  in  th e  p ro d u ctio n  o f  tu m o r  n ecro sis  fac to r

(da ta n o t sh ow n ) .

In  th e p resen t stu dy,  a lm o st a l l in jec ted  (1 ® 3 )- b -
D -g lu can  w as fo u n d in  ce ll -f r ee  p lasm a. A fter seq u en -

tia l u ltracen tr ifu gatio n , m o re  th an  6 0 %  o f in jec ted

(1 ® 3 ) - b -D -g lu can  was re cove red  f ro m  th e  lipo p ro -

te in - free  f r ac tio n  (d en sity  > 1 .2 1 g/m l). T he V L D L ,

L D L  an d  H D L  f rac tio n s w ere  each  asso c ia ted  w ith

ap p ro x im ate ly  1 0 %  o f th e  in jec ted  (1 ® 3 ) - b -D -g lu -

can  in  th e  earl y  tim e-p o in t  sam p les. H ow ever, a  sim -

ila r  d en sity  d is tribu tio n  p a tte rn  w as o b ta in ed  wh en

th e  (1 ® 3 ) - b -D -g lu can  h ad  b een  in cu b ated  w ith  n o r -

m al sa line in  vi tro . T h ese  re su lts in d ica ted  th a t  th e

d is tribu tio n  o f  (1 ® 3 ) - b - D -g lu c an  fo u n d  in  p lasm a

f rac tio n s d oes n o t rep resen t a  tru e  b in d in g to  lip o-

p ro te in s o r o ther  p la sm a p ro tein s, bu t rath er  is  p ro b -

ab ly  a  re flection  o f  th e  h etero g en eity  o f o u r p repara-

t io n  o f (1 ® 3 )- b -D -g lu can , w h ich  co n ta in ed co m p o -

n en ts  w ith  d iff e ren t d ensities. O u r  d ata  f r o m  g el- p er-

m eatio n  ch rom a tograp h y  su p p o rt th is in te rpre ta tio n .

A p p ro xim ate ly  5 0 %  o f th e  125I-(1 ® 3 ) - b - D- g lu can  in

e ith er  wa te r  o r  seru m  w as recove red  f r o m  th e  void

vo lu m e f rac tio n (w h ich  co nta in s a ll  lip op rote in s)  an d


