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introduction

(1→3)‐β‐D‐glucan is a glucose polymcr with a main chain
composed ofβ-1,3 1nkage.(1→3)―β‐D―glucan is a structural
p o l y s a c c h a五d e  o f  t h e  c e n  w a l l  a n d  o c c u r s  i n  h n g l  s u c h  a s

molds and mushroolns,higher plants,and algae.(1→3) β̈―

D―glucans isolatcd froln the fruiting body,InyceLuln,and

products in the lnediunl of fungi show antitumor activity.1“
Curdlan,a nonbranching(1→3)―β‐D―glucan produccd by
えたα″=ικ̀Sル̀ Cα麻ツαた協ッχοg`“ω,is a food addit市e used
for thickening and gel formation.7

(1→3)‐β―D―glucan h the blood is a diagnostic markcr of
fungal infection,because it is released froln the fungal cell
wall.Recently,a method of measuring(1→3)β̈―D―glucan
for thc diagnosis of fungal infection was developed.諄11「Fhe
level of(1→3)‐β―】D―glucan in a healthy person is usually
under 10pg/ml.恥 en the level is over 20pg/ml,a fungal

infection is diagnoscd.

However,false positive results may occur.An increase of

t h e ( 1→3 )―β
―D―g l u c a n  l e v e l  i n  t h e  b l o o d  a f t e r  a d m i n i s t r a―

tion of blood components or hemodialysis using cellulose

membranes has been reported.12 15 High levels Of(1→ 3)―β‐

D―glucan were in fact detected in blood components.Usanli
et al.reported that(1→3)‐β‐D‐glucan lcvds in blood com¨
ponents rallged tom O to 6930pg/ml.“(1→3)―β―D―glucan
levels over 1000pg/ml were detected in 28%(14 of 50)of

samples of blood components(24 albulnin and plasma

protein fractions, 10 blood coagulation fractions, and
16 immllnoglobulin sohltions).16 Furtherlnore,relcase of

(1→3)‐β―D g̈lucan from cellulose mters was also shown
during in宙 tro mtration.16 1t is strongly suggested that the

false positive is caused by contamination of blood compo―

nents宙 th(1→ 3)―β
‐D―glucan released iom cellulose mate―

Experimental proof of oontamination of blood components by

11→3卜β‐D‐Jucan Caused by籠‖ratton with cdlubse ttners h the
manufacturing process

Abstract The level of(1→ 3)―β
‐D―glucan in blood is a diag―

nostic index of fungal infection because it is released from

the fungal cell wau.Howevcr,high levels of plasma(1→ 3)‐

β-lD―glucan in patients adnunistered blood components lnay
givc falsc posit市c results.High levels of(1-〉3)‐β‐D―glucan
have been detected in blood components.We suspected

that(1→3)―β―D‐glucan iom cellulose mters had been
eluted into blood components by futration in the lnanufac―

turing process.To investigate the contanunation of blood

components by(1→3)‐β―D‐glucan iom cellulose nltcrs,in
vitro expeHllnents were perfomed by using six cellulose

nlters and a nylon mter.Human serum albumin(HSA)

solution(100ml)Was■ Owed through e"h nlter after rinsing

with 100ml of distilled water,and(1→ 3)―β
―D‐glucan in

each fraction was deternlined by Fungitec G test WIK.The

concentration of(1→3)―β―D―glucan eluted iom cellulose
nlters in loO―■■distincd watcr fractions rangcd from 6 to

207pg/1nl, and that of HSA fractions ranged from 33 to

20,784pg/n■. Thcse data showcd that remarkably higher

(1→3) β̈‐D‐glucan levels were dctectcd in HSA fractions
■owcd through ccnulosc■ lters in spite of advance dnsing

with 100■1l of distilled water.In the case of a nylon nlter,

(1-→3)‐β‐D‐glucan was not eluted in cithcr fraction.These
rcsults indicate that(1→3)‐β―D―glucan contamina●on in
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rials.Because cellulose materials are made from higher
plants containing(1→3)―β―D―glucan in the ceu waⅡ,con―
tanunation of blood components with(1→3)―β‐D―glucan in
mtration processes using cellu10se fliters is conccivable.
We performed an in vitro experllllent to test the hypo‐

thesis that(1→3)―β‐D―glucan cOntamination of blood com―

poncnts was caused by■ ltration with cellulose llters in

the lnanufactu五ng process.

Materials an d methods

Materials

Zetaplus‐■A(LA)■ herS and zetaplus‐UP(LP)mters were

pro宙ded by Cuno(Yokohama,Japan).EkSP nlters,EKlP

nlters,and EK mters were pro宙 ded by U,S.Fntcr Japan

(TOkyO,Japan)。 Nllilligard CWSS(CWSS)Was provided by

Minipore(BillCrica,MA,USA).UltipOr N66(N66)was

provided by Nihon Pall o「Okyo,Japan).Otsuka Disttted
Water(distined wattt fOr tteCtiOn)was purchased ttom
Otsuka PharIIlaceutical cokyO,Japan).Bu面 nate 25%

(25%human serum albumin[HSA])was p■ 0宙ded by

Baxter(Deerneld,IL,USA).Fungitec G test MK was

provided by Seikagaku(TOkyo,Japan).

Sterilization of nlters

A■ lter was autodaved in a sterilization bag(121°C for

2 0面■) a n d  i n c u b a t e d  a t  5 0°C  f o r  2 4 h  i n  a  d r y e r .

Elution of(1→3)β̈‐D―glucan

EaCh atcr was itted on an autodaved■ ltcr holdcr in ascp‐

tic condition,and 100ml of Otsuka Distilled Water was

■owed tll■ough each nlter,using a Perista Pump(Atto,tube

3mmo)at iOW ratc of 2.5mVmin.The■ ow ratc was decidcd

according to the futer rlrlsing protocol of Cuno.The eluate

was divided into 25‐lnl fractions.Then 5°/。HSA solution

(100ml)prepared by diluting 25%HSA(Buminate 25%)
with distined water was■ owed th■ough Ll the same way,

and di、ided into 25-nll fractions.The futration process was

performed ttree times for each■ lter,and the lnean± SD

levels of(1-→3)―β―D―glucan were deterlnined from thrce
expeninents.

Determination of(1→3)‐β‐D g̈lucan

(1→3)―β‐D―glucan was dctcrmined by the Fungitec G test
MK.1l A sample solution(25μ l)waS added to a Multiplate

96F(SunlitOmo bakelite),and loO μ l of ellzyme solution,

a nlixture of limulus coagulation factor G system and

synthetic substrate(p‐mtrOanilne‐pepdde coniugate),waS
addcd.A two‐ step enzyme reaction is induced in the pres―

ence of(1→ 3)―β
‐D―glucan,and p‐nitroaniline is released by

hydrolysis of the synthetic substrate.Detection of the re‐

leased p‐lutroaniline was carried out by reading the absor‐

bance at 40511nl and 490nm、 nth incubation at 37°C.The

rcaction was monitorcd by Microplate Flucrescence

Rcader FL600(BiO‐Tek),and the con"ntra■on of(1→3)‐

β‐D―glucan was calculated by the kinetic measurcment
mcthod.ヽ Vhen the samples clutcd by 5°/。HSA were deter‐

mined,the(1→3)‐β̈D‐glucan concentration in 5%HSA for
the blank value was subtracted from each value.

Results

(1→3) β̈―D―glucan lcvels of solu■ons to elutc

ln this study,Otsuka Distiucd water was used for the dilu―

tion and rinshg ofmters.口he conccntration of(1→3)‐β―D‐

3 1 u c a n  i n  t h e  d i s t i l l e d  w a t e r  w a s  u n d e r  t h e  l i m i t  o f  d c t e c‐
t i O n ( l e s s  t h a n  l . 5 p g / d ) , a n d  t h a t  o f  5 % H S A  w a s  2 3 . 7±

0.9pg/m (″ =5).

Mate五 al and measured valuc of each mter

Wc uscd s破 cellulose■lters(LA,P,EKSP,EKlP,EK,

a n d  C W S S ) a n d  a  n y l o n■l t e r ( N 6 6 ) . A l l  o f  t h e  m t e r s  a r e

uscd in thc lllanufacture of blood components,according tO

a questionnaire sulvey ofpharmaceutical corporations,The

size and weight ofthe nlters are shown in Table l,CWSS

and N66 were hght and thill compared with otherfuters.In

the experilnent using CWSS,two pieces Of■ lter were used

atthe same tune(CWSS RW03 and CWSS RW06).

(1→3)‐β―D g̈lucan level of each iaction eluted
from LA fllter

Figure l shows the(1→3)‐β‐D g̈lucan level of each 25皿of
fraction■lter with the Zetaplus‐LA nlter. The data are

Table L MateHal and measured values of each mtera

Fiter       Mate五 al   Diametcr(lllnl) Tは ckness(mm)  Weight(g)

Zetaplus―LA

Zetaplus LP

EKSP

EKlP

EK

～IilLgard CWSS

Ultlpor N66

Cellulose

Cellulosc

Cellulose

Cellulose

Ce■ ulose

Ccllulose

Ny1011

″

４７

″

″

″

″

″

310

3.66

3.38

3.52

362

0.35(2 PieceS)

0 . 2 4

2192

2465

2497

2459

2337

0.254

0189

aThc thumess(″ =15)of eaCh mer was measured by a micrometer



shown as means■ SD(れ =3).In the nrst 25ml of thc

disti■ed water iaction,over 50%of the total(1→ 3)‐β
‐D‐

glucan content in 100■ 1l of fraction was eluted. As thc

volumc of the■ ow increased,the levcl decrcased littlc by

little.The same tcndency was recognizcd in the 5,6 HSA

fl・actiOn.

The(1→ 3)‐β
‐D‐glucan levelin the last 25ml of the d愚―

t」led water fraction was 14± 14.l pg/ml(ん=3).Ahhough

a■ow of morethan 200n■of distilled watcr was desttable to

decrcase the elution of(1-)3)―β
―D―glucan tO under the limit

l  Di3tilied Water   l   1     5%HSA    l

Fraction

Fig.1.(1→3)_β―D―glucan levels in distilled water fraction and 5%
HSA fraction:each 25-ml鮨 action flltcred with Zctapllls―LA fllter
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of detection,about 95%of thc total(1-〉3)―β
‐D―glucan con―

tent in thc 2001nl of distilled water fraction was eluted by

■owing 100n1l of distilled wtter.Consequcntly,it is con‐

cludcd that the LA nlter was washcd enough by flowing

100ml of distillcd watcr.

However,the level of(1→3)‐β―D‐glucan in the nrst 25ml
o f t h e  5 % H S A  f r a c t i o n ( 2 0 5±2 6 . 6 p gんd ,れ= 3 ) w a s  a b O u t

15 tinles the value in thc last 25ml of the distillcd water

t a c t i o n ( P < 0・0 1 ,′‐t c s t ) . A l t h o u g h  t h c  c e l l u 1 0 s e  m t e r s  h a d

been washed with 100Hll of distilled water,much higher

(1→3)‐β‐D‐glucan levcls wcre dctected in the 5%HSA
fractions.Other nlters also showed the samc tendency.

Eluion of(1→3)―β―D‐glucan from mtcrs

Figure 2 shows the(1→3)‐β‐D―glucan levels in each total
ia(対on(100mり Of diStuled water and 5%HSA.The

(1-→3)―β―D―glucan lcvcls h distillcd watcr fract10ns■ltcrcd
with LA,LP,EKSP,EKlP,EK,CWSS,and N66 ilters

wcre 65± 22.7pg/1nl,207± 52.Opg/1nl,6± 3.3pg/1nl,23±

5 8pg/ml,150± 51.2pg/ml,39± 20.2pg/ml,and under the

五mit of detectiOn,rcspecavely.「rhe levels in 5%HSA frac‐

■ons■ltered with LA,LP,EKSP,EKlP,EK,CWSS,and

N66■ lters were 101± 9.lpg/ml,165± 21.2pg/ml,4,848±

288 8Pg/ml,215± 28.3pg/コd,20,784± 1990.6pg/ml,33±

7.Opg/ml,and under the limit of detection,respect市ely.In

cellulose nlters,mucll more(1→3)‐β
‐D g̈lucan was elutcd

ill thc 5°/。IIISA fl・action than in the distimed water fraction.

The tendency was remarkable in EKSP,EKlP,and EK.

These data show that a high ievel of(1-→ 3)‐β‐D―glucan is
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Fig.2.Elutlon of(1→3)‐β‐D―
glucan to 100rnl of distilled
water fraction and 100rnl of 5°/。

HSA fraction from cach mter
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Fig.3.(1→ 3)‐β―D―glucan level

p γ u n i t  w e i g h t  o f  e a c h  m t e r  i n
1001nl of distiled water fraction

and 100ml of 50/O HSA flaction

□ D:sulled water(0‐100 ml)

■ 5%HSA(0‐ 100mり

1,942
300

eluted by a flow of 50/O HSA in spite of advance rinshg with

100ml of distillcd water.The lcvel of(1→3)―β―D‐glucan in
100n」of 5°/O HSA fl・action fntered wlth()綺/SS wasremark‐

ably low(33± 7.Opg/ml),aS COmpared宙 th the levelsin the

fractions ■ltered witll other ccⅡulose nlters. In the casc

of the nylon nlter(N66),(1→3)―β―D―glucan did not elute
(under the limit of deteCtiOn)in either fraction.
Figure 3 shows the(1→ 3)―β

‐D―glucan cOncentration per
unit weight of each■ lter.To a1low for thc difference in

weight among the mters, the value shown in Fig.2 was

d市ned by the weight of each alter.The levels in 100ml of

distimed water fractions mtered with LA,LP,EKSP,EKlP,

EK,and CWSS■ lters were 30± 10.4pg/1nl・g,84± 21.lpg/

ml.g,2± 1.3pg/ml・g,9± 2.4pg/m・g,64± 21.9pg/ml・g,and
153± 79.6pg/」・g,rcspectively.lme lcvclsin 100ml of 5%
HSA fractions mtered with LA,LP,EKSP,EKlP,EK,and

CWSS■ lters were 46±4.2pg/1nl・g,67± 8.6pg/1nl・g,1942±
115,7pg/ml・g,87± 11.5pg/ml・g,8893± 851.8pg/ml・g,and
131± 27.6pg/1nl・g,respcctively.The(1→ 3)―β

‐D―glucan
levels in fractionS mtered with CWSS were relatively high,

because this■lter is very thin(Table l).TO a greater or

lesser degrec,contamination wi■(1→3)‐β‐D‐glucan h
both fractions fronl all ce■ulose nlters was shown.

Discusslon

Although the cellulose■lters had been washed with 100d

of distilled water,much higher(1→ 3)‐β
―D‐glucan levels

w e r e  d e t e c t e d  i n  H S A  f r a c■o n s ( F i g s . l  a n d  2 ) . T h e  t e n _

dcncy was particularly remarkable in EKSP,EKlP,and

EKSP  EKlP EK CWSS N66
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EK.It is noteworthy that a(1-→3)―β‐D‐glucan level of
20,784± 1990.6pg/ml(れ =3)was detectcd in 100ml of 5%

HSA frac●on■owed through EK.ne(1→3)―β̈D―glucan
level released from CWsS Was relatively low,as shown in
Fig.2,because of the difference in thickness.Itis possible to
decrcase the degree of contalnination of blood components
by(1→3)‐β‐D―glucan by the use of a thin cellulose mem―
brane such as CWSS.Judging by thc elution of(1→3)―β―D―

glucan in 100ml of both fractions per u血t weight of each
mter(Fig.3),rclatiVely high(1→3)―β―D―glucan levels werc
found in both iactions mtered with CWSS,compared with
tl■e results with other ceuulose■lters Consequently,elution
of(1→3)―β‐D―glucan iom cellulose mters is inevitable.
It is tllought that the relation between elution of(1→3)‐

β
―D‐glucan from cenulose nlters and thc diffcrcncc m
the specics of cellulose nlter dcpends oll the dcgrcc of

purincation of cellulose mate五al or additives.16 cenu10se

flltcrs usuamy contain diatomaceous earth or acid―washed

diatomaceous earth as an addれive to enhance mtration effl―

ciency. Diatoms, the source of diatomaceous earth,store
(1→3)β̈―D‐glucan(chrys01aminaran)prOduced by photo―
synthcsis.Itis suspected that(1→3)―β―D‐glllcan from diato‐
maceous earth inight be elutcd by futration,although there
is■o informa■on on(1→3)―β―D―glucan levels in diatoma―
ceous ea■h.
According to the data in tllc Seitz‐mtcr ẃcrkc catalog,

characte五stic retention rates of EKSP,EKlP,and EK for

practical purposcs are O.lЮ.4 Lll,0・2Ю .4口,and O・411,6μl,

respect市ely.The bacteria retention capacides of EKSP,

EKlP,and EK tested with Esc力 ι′たんJα εο″m phySi01ogical

Na(l solution are under 109CFU/cn12, 108cFl」 /cm2, and

8:803



107cFu/cn12,rCSpect市cly.Thesc data indicate that the pore
size dccreascs h tllc ordcr EKSP,EKlP,and EK.Tlle

parallcl relation betwcen the difference in(1-→3)―β―D‐

glucan levels in 100■1l of disducd water fractions elutcd

from EKSP,EKlP,and EK and the difference m pore sizes

of EK fllter series was rccognizcd.Howevcr,therc was no

relauon betwccn thc differcncc m(1→3)―β―D―glucan lcvels
in lClllml of 5%HSA fractions eluted from EKSP,EKlP,
and EK and the differcncc in porc sizes.
We dcmonstrated the release of high levels Of(1→3)―β̈
D‐glucan from cellulose nlters by floM/ing HSA through
them.Further,Usarm et al.reportcd that(1二〉3)―β‐D―glucan
levcls of O-6930pg/1nl were detected in blood componcnts.16

However,the meOhanism of contallunation of blood com―

ponents by(1→3)‐β
―D‐glucan is not clcar.In tlle manuねc―

ture of blood components,the iniuencc of ethanol addition

and pH adiustment has been suspected.HSA has been

prcpared by ethanol fractionations17,18 undCr the 8%-40%
cthanol conccntrations bascd on the llnetllod of Cohn et al.19

To investigate the effect of ethanol on the eluion of(1→3)―

β―D―glucan from LA,we performed the samc mtration pro‐
cess as mentioned above using 100H■  of 10°/。 and 40%

ethanol solutions. Each 10011nl of ethanol solution was

aOwcd through LA aftcr rlllsing with 10011nl of distilled

watcr,and the levcl of(1→3)‐β‐D―glucan was determined
h cacll ethanol fraction.Thc(1→3).β‐D‐glucan levels in
100 ml of both ethanol iactions were extrcmely low(under

the limit of dctcction)・ThiS result suggcsts that the elution

of(1→3)―β‐D‐glucan from cellulose mters is not affected by
the addition of ethanol in the process of manufacturing

blood components.

Adiustments of pH in tllc practical manufacturing pro―

ccss have been car五ed out. According to the method of

Cohn et al.19 pH adiustmetllts were perforlned rangingfrOm

4.8to 7.2.It is thought that thc possibility of an increasc in

elution of(1→3)―β―D‐glucan±om cc■ulose mtcrs is cx‐
tremely low underthis pH range,sincc(1→3)―β―D―glucan is
usually soluble in alkaline solutions.
On the othcr hand, one of the functions of the HSA

moleculc is binding and transPo■ tatiOn of vanous hydro―

phobic ligands.Part of the(1→ 3) β̈
‐D‐glucan molccule

shows hydrophobidty,depending on tlle molccular weight

and structural properties.For example,(1→ 3)‐β
―D―glucan

in 5%HSA fraction futrated with I]KSP is ahnost msolublc

i n  d i s t i l l e d  w a t e r , j u d g i n g f r o m d a t a  s h o w n  i n F i g . 2 . A c c o r d―

i n g l y , i t  i s  t h o u g h t  t h a t  H S A  m o l e c l l l e s  b i n d  t o  s u c h  h y d r o―

phobic(1→3)―β―D―glucan Miura et al.strongly suggested
the binding of serum or plasma protcins to particulatc

(1■〉3)‐β―D―glucan.20 01son et al.reported that vitronectin,
a glycoprotein in plasma, serunl, and connective tissue,

spec五cauy binds to fungal(1→3)―β―D‐glucan and augments
macrophage cytokine rclcase.21 vaSSallo ct al.rcportcd that

宙tronectin and ib■onectin bind to fungal(1→3)‐β‐D―

glucan and augment macrophage innanllnatory responses.22
Thc binding of crustacean plasma proteh and(1■〉3)―β‐D‐

glucan was also reported.23 A relation betweell the billding
of(1→3)―β―D―glucan to protcins and thc structual pro‐
perties was also reported.(Dsmond et al. repOrted that
llnbranched(1→3)―β‐D―glucans showed tight binding
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to barley thaumatill-lkc protehs,and the(1→6)―β-llnked
branch inade the binding weak.24 TheSe reports support the

pOssibihty of binding of(1→ 3)―β―D‐glucan to plasma pro―
teins such as HSA,vitronectin,and ibroncctin,though the

binding ability would depend on the structural propcrties of

(1→3)―β‐D―glucan.In this study,we determined the(1→3)―
β―D―glucan lcvel clutcd by only onc■ltration.Sillce thcre
arc mulaplc mtratiOn stcps in thc proccss Of manufactur‐

ing blood components,the dcgrec of contalnination with

(1→3)‐β―D‐glucan would clearly incrcase with incrcase h
the number of■ltration steps.Itis quite possible that blood

components are contaminated with more than 1000pg/ml of

(1→3)‐β―D―glucan,although thc degrce depcnds on thc
selection of the mter.

Removal of(1→3)―β―D‐glucan fl・om cc■ulose nhers by
washing with alkaline solution beforehand should be effec‐

t市c to avoid contalnlnation,bccausc(1→3)―β‐D―glucan is
solublc in alkalinc solutions,and extracion with alkaline

solutions has bcen car五ed out25,26

The biological act市ity of(1→3)‐β―D―glucan from
cell■lose materials is not dear.Antitumor―act市c(1→3)‐
β―D―glucans isolated flom mushrooms arc well known,1“
but inacdve(1→3)―β―D―glucans also e対st.6 The degree of
the act市ity is delicately related tO the molccular weight,

solubility,branching form,branching rate,and difference

in helical confomation.627つ
9 Furthermorc, activation of

(1→3)―β―D‐glucan by chenucal modncaions such as Sm■h
dcgradation,formolysis,and carboxymcthylation has also
been reported.6.31133 HenCe,the act市ity of(1→3)‐β―D¨

glucan seems to be inlluenccd by its structural properties.
Wc can■ot prcdict thc biological activity of(1→3)―β‐D―
glucan from ccllulosc materials,because its structural fea―
tures arc not clear(1→3)―β―D―glucan remainsin thc organs
because of the lack of a specinc enzyme to digest it in the

human body.Contamination with (1■〉3)―β―D―ghcan,
whose biological activity in the human body is unk■own,is

undesirable.

In summary,clu■ on of(1→ 3)―β
‐D―glucan to HSA

solution fronl cellulose■ltcrs,despite advance rinsing with

100■1l of distilled watcr,was shown by experiinent lt is

evidentthat contamination of blood components by(1-〉 3)―

β―】D―glucan is caused by nltration with cellulose ilters in
the manufacturing process.To ellninate false posiave re_
suns due to clevatcd Plasma(1→3)―β―D―glucan lcvcls from
adlninistration of blood components,development oftreat‐
mentto prcvcnt(1=〉3)―β―D‐glucan contalmnation of blood
components and investigation of the biological activity of

(1→3)―β―D―glucan in cellulosc mters are necded.
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