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Abstract . Endotoxin binding and inactivating abilities of albumin were evaluated in
patients with liver cirrhosis. Endotoxin binding capacity of albumin was significantly lower
in Child C cirrhotics than that in Child A cirrhotics. There was a significant negative
correlation between endotoxin binding capacity of albumin and Child-Pugh score. Plasma
endotoxin inactivating rate in Child C cirrhotics was significantly lower than that in Child
A cirrhotics, although plasma endotoxin inactivating rate in cirrhotics was generally
greater than that in healthy subjects. Plasma endotoxin inactivating rate was positively
related to endotoxin binding capacity of albumin. Endotoxin binding capacity of albumin
was positively related to serum albumin and high density lipoprotein (HDL)-cholesterol.
The addition of human albumin to cirrhotic plasma resulted in a significant increase in
endotoxin binding capacity of HDL. Plasma interleukin (IL)-1 4, IL-6 and tumor necrosis
factor (TNF)-a were negatively related to serum albumin. Plasma samples with high
amounts of IL-18, IL-6 and TNF-a showed marked decrease in endotoxin binding
capacity of albumin. Albumin at concetrations of 1.5 or 3.0 g/dl was proved to inactivate
80 to 90 % of 250 pg/ml endotoxin in the chromogenic assay system. Albumin (10-1000 mg
/dD) inhibited endotoxin uptake and TNF production by Kupffer cells in a rat experimental
model. These results suggest that albumin is an important endotoxin binding protein which
inactivates endotoxin and suppresses cytokine secretion from the Kupffer cells in liver
cirrhosis. Thus, administration of albumin is considered to be beneficial to endotoxin
inactivation in patients with advanced liver cirrhosis.
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Table 1. Serum albumin, high-density lipoprotein-cholesterol and transferrin
lebels in liver cirrhotic Child classification

Albumin HDL-cholesterol Transferrin
(g/dD (mg/dD (mg/dD
Child A 3.58+0.39 40.6+13. 282.7x75.
]* EET T # ok K
Child B 3.12+0.4T: i|* 31.9+ 9.1 }* 241.8%67.0 i‘***
]**** ]** :|****
Child C 2.93+0.34 17.6x£15.2 180.2+22.3
HDL (high-density lipoprotein)
*p<0.001 **p<0.005 ***p<0.01 =**xxp<0.05
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Fig. 1. Correlationships between Child-Pugh score and endotoxin binding capacities
of plasma albumin, high-density lipoprotein (HDL) and transferrin in cirr-

hotics.
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Fig. 3. Relationships of endotoxin binding capacities of plasma albmin and transfer-
rin to plasma endotoxin inactivating rate in cirrhotics.



P B 2 MM > F by o REE BT 27758

69667011 pg/g, P TV A7 =Y VIiXT17+227 pg/g &

th, 77 3Iv]1 ghich o Et#EETHEER HDL,

FSVRTZ =)V 1 ghlh) DEtESTHENCKL/

150, 1/15 & &% 5.

2) BE AL CFEEEE O MR Et NEE(LR
FFEZEREGIIZ 3817 5 i Bt NEMELERIEE Ak

LARBICEETH > I (FFEE 44.9220.0 % vs EEA

(37)

31.8+11.2%, p<0.001)%%, Child 3% A= & % &

Child C TiX Child A w1, R (0<0.05) {EXRTH
<7 (Fig. 2). Fie, FEE R T Et NEELER
377 3 v o Bt #E& TR & IEDAEBIBIFR (r=0. 36,

p<0.05)(Fig. L, b+ v 27 =Y v Et fE&FEEE
L A HEBIBAfR (r=—0.44, p<0.05)(Fig. )T H - 7-.
3 MmE74+73v, HDL, r5vzr7=) vE:Zh

_ £
E 300 - = 2004 . . 2300-
S - s I s
o =
c ~ ° °
E 2 . 2
H T . & 2004 .
3 2004 51509 , . = . B
“5 > s 5 ®
2 El . 2 * . C L
.G o .G .’ .
[ ] . [ .
<% (&) - Qo
& 1004 .. > 100 1 3 1004 ..
'g . o o® g
) i} )
@ - : 50 R : . :
2 4 0 20 40 60 80 100 200 300 400
Serum Albumin (g/dl) Serum HDL-Cholesterol (mg/dl) Serum Transferrin (mg/dl)
Fig. 4. Relationships of serum albumin, high-density lipoprotein (HDL) and transfer-
rin levels to their endotoxin binding capacities in cirrhotics.
300 - §, 300 -
_—
= p <0.02 2
= r 1 £
~ 1 =
-1 (]
% 7] —_
c 4
T 200+ § 200 ]
o [
= 5
] >
(5] —
Q ——
3 g
o o
o 100+ c 100
£ o
o] o)
= £
m =]
et £
w o
0- TREE
0g/idl 0.5g/dl 1 g/l 0g/dl  05g/dl 1 g/dl
+Albumin +Albumin

Fig. 5. Effect of an addition of albumin to plasma on endotoxin binding capacities of
plasma high-density lipoprotein (HDL) and transferrin in cirrhotics.



(38) i+ H
LEHAD Et & TR

TAT IO EtBEETHERNE 7L I vEEE
OFBIEAREY R LI, HDL, r v 27 =) v Et i
BTFHERIEThLTholiFfy <A & 3HEEL 2o e
(Fig. 4). ¥, 747 3 v Et 4 FiEteiimE HDL
fE &£ EDABIEIR(r=0.41, p<0.05)I&DH 7. 21 FD
FEEREOMMIZe P 77 3 VEKBEN0.5g/d],
1.0g/dl EF3 % X 5w@inl T HDL o Et #&& T
x4 5 &, HDL 0 Et E&FMERT L7 3 v
VRIS 157.5+54 .5 pg/ml, 77 3 v 0.5g/dl B0k
162.0£48.6 pg/ml, 747 v 1.0g/dl@nkEE 190.4
+38.9pg/ml &7 A7 3 v 1.0g/dlEINC h BED
<0.02) 1 Et #E & TFEE0 BN % 27 (Fig. 5). —75, [

5

LTIV RT7 =) VO Bt EATHEYRA L L

A, TAT I VERINEE 182.5142 . 5pg/ml, 747 3

v 0.5g/dl B nk 184.5+24 . 9pg/ml, 7473 1.0
g/dlBINKE 180.2+34.6pg/ml & F SV A7 =) VD
Et# A& FHEECELIZRED bhicd - 7o (Fig. 5). %
7o, FEZEREQCMmMF HDL, F v R 7 =) vVETh
ZHEBED 25mg/dl, 50 mg/dl LH$ % X 5 i
LTh 7173 vo Bt A& TFHRECEILEIRD bhik
Ao 7o (HDL E¥RINKE 371.5+71.1 pg/ml, HDL 25 mg
/dl B nkF 380.2+76.5pg/m; b T VA7 = Y VR
B 371.4455.9pg/ml, b 5 v 27 = U v 50 mg/dl 35
I 361.4--93.3 pg/mb).

4 IMEEELEELFA AL b0k

807 1200 8001
707 1000 . *
607 . ~ 6007 .
E 501 R ’E‘ 800 L] c
B ° > D
& 401 & 6001 5 400
= 307 @ 40l * ° i .
! 1 - °
= 204 © L = ° E 200+ °
4 .
10 cocmasene me e 200 ° . .
0- : 0____.__,—~h~‘ Ve @ o 04—‘-‘..-;-'4_..
0 100 0 100 0 100
Plasma endotoxin (pg/ml) Plasma endotoxin (pg/ml) Plasma endotoxin (pg/ml)
Fig. 6. Relationships of plasma endotoxin levels to plasma interleukin (IL)-1 8, IL-6
and tumor necrosis factor (TNF)-« levels in cirrhotics.
80, 1200 . 800
70 r=-0.31 r=-0.33 r=-=0.37
| p< 0.05 1000 | * p<0.05 ¢ p< 0.02
60 . __ 600
= = 800 E °
E 50 E b . £
< * > g
2 4] ° & 600 T 004 .
=% . ;
- 304 o w °
: 2 400 * Z
= = F o200 N\° °
200 [
0 . . =, 0 b
2 3 4 5 2 5 2 3 4 5

Serum Albumin (g/dl)

Serum Albumin (g/dl)

Serum Albumin (g/dl)

Fig. 7. Relationships of serum albumin levels to plasma interleukin (OL)-1 g, IL-6
and tumor necrosis factor (TNF)-« levels in cirrhotics.



FEZR B 2 M= > P b F v O RNEE BB 2158

E A CLR#E IL-1 a, IL-18, IL-6, TNF-a (34
BIRIERELT (CehFh 5.0 pg/ml, 10.0 pg/ml, 32.0
pg/ml, 5.0 pg/ml K TH-icdy, FEETRIhD
BELELWEERL, E<iIL-6, TNF-a @ FhZFh
148.6+15.4pg/ml, 126.6+13.1pg/ml & HED <
0.01, p<0.0DEEEER L. Ei, IL-18, IL-6,
TNF-a D\WFRIEDWTHE L WEERR T mE
Et 3ZFHE L T\ ied, —HTEtREETHBI2d 20
LT, AL AAVBRERELTORWHAIEREL
(Fig. 6).

5 ME7A7IvEMmiEyr1bH14vrv~n, CRP &

(39)

DR

A IL-1 8, IL-6, TNF-a (3 & biclfifFE7 v 7 3 v
i & B DHEBRR(Fig. DIEh -t b7 L7
SVYOEtHETHIELNEY A b oM vy v EnB]
REHET5 &, IL-18, IL-6, TNF-a © EHGITT
NT7 V7 3 v Et fEETFHEES 200 pg/ml LUF i/
TFTLTWi=(Fig. 8). ¥, 747 3 v Et & F ke
LI CRP DM 3 BB O ADHBIBERAEREL =
(Fig. 9).
2. EBRIER
D 7A7 3 vEmo Bt I\ RIETERE

80 1200 . 800
_ 704 1000 ] . — .
= 60 = = 600/
E 3 - E
S 50] . :\i 8004 . D .
& ] o 2 600. < 400
S 30 g . ¢
T © 400, . L .
= 20] o o - Z 200 *
200 ° = ®
10 | ® coame o
° L ]
o 0l  Outmes RN XN
0 100 200 300 400 0 100 200 300 400 0 100 200 300 400

Endotoxin binding capacity of albumin (pg/mi)

Fig. 8. Relationships of endotoxin binding capacity of serum albumin to plasma
interleukin (IL)-1 B, IL-6 and tumor necrosis factor (TNF)-a levels in

cirrhotics.

10-

CRP (mg/dl)

r =-0.47
p <0.01

0 100
Endotoxin Binding Capacity of Albumin (pg/ml)

200 300

Fig. 9. Correlationships between endotoxin bind-
ing capacity of serum albumin and serum C
-reaction protein (CRP) levels in cirr-

hotics.



(40) T H

FHNZEE, PCA MBEHBEO T OB % v
BAETY, TAT I VIKEBKRIIZ1.5~3.0g/dl DEE
T 250 pg/ml ® Et {E#: % 80~90 %#NHl L 7= (Fig. 10).
RHLIEEARED7 V7 3 VM EL KBR Y BOEO %
FRHEAELLT, PFvA—x—BTEERYREIEL
THES, TA7 I VIKEWKIZ1.25~5.0 g/dl DEET
25, 50 pg/ml @ Et &% 100 %#0E L 7.

100 -
90
80 -
70 1
60
50 -
40 1
30 -
20
10 -

0

Heating

Percentage to the
Added Endotoxin (%)

0.75 1.5 3.0

#2 {5

2) 7 v + Kupffer #ifg® Et BuAZ, TNF E4 i XIE
FTTNT I VRIMOEE

BERMZ 30 455 60 9 1CiERE T 5 & Kupffer i
fao Et B0 A Sk — R 2 EEE D - 7o b, v
THhORERLMET TS 747 3 v ik Kupffer fifao Et
B b kB wRE R A BCHIH L Fig. 1D. 5
iz, 727 3 vk Kupffer i TNF E4 > REKRE

Perchloric Acid

0.75 1.5 3.0

Albumin (g/dl)

Albumin (g/dl)

Fig. 10. Elfect of albumin on endotoxin assay system.

Endotoxin uptake of Kupffer
Radioactivity(DPM)

cells

0- 0 10

* p<0.05

100 1000 0 10
Albumin Concentration (mg/dl)

* % p <0.005

100 1000

* % % p <0.001
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BEEDETIZE FE S WEERBERSNESHN
BHHEELZDbND. LETHT, TAT 3 VICEt BEAREN
BB EFHL BLALR T W2, ZoH Et AR
DBIATFHDEINTETEH, EtEAEHALELT
B LAHDLY, FSv a7 =) v LBPAR EMEE
ERTETWS. FE, SEHORBTcE W CHEMNER
Hich olirk 727 3 vo Etf&8 HDL, 5 v &
7 =) VO Et EARICHANILS e b ey, I
LT ABEARYE 2 55E, EENCKECERE
THETVTIVOERZERTELRVLDORD S,

&, Et#&%EA & Kupffer il ki3 Et LE 0
BIfRANEH S h T ¥ T\ %2, HDL i3 Bt NELIER %
Fo%% o o HDL iz#& & L 7= Et 13 Kupffer g ¢4
BIR L a®EHEIhTW5. Fl, A EL
#ANE(L$ % LBP 1% Kupffer #ifa1c 1) % Et ALE,
TNF EEZ L DIBETHEIRTWBY. EEIL, 7
7 3 v H Kupffer #ifam Et R b ;A& & TNF E4E %
EHIEHT A 2 EEB SR L, T DHEER Kup-
ffer fifa o Et MBIz B\ ~T7 A 7 3 v 2 HDL &% F
L@, Et U8, TNF EAFTICI T LBP &1tk
PTHZELEERBRLCWS,. bk, SEFELBREM
T A7 I vE1.0g/d¥%MT % & HDL @ Et 54
FERE I LIz E2sh, 747 3 Vi HDL oo Et
FBaEr b REME X, M Et RS b3 5 T
W5 EDHEER S huie. BREICZE 3, Kupffer g% = x
- NVEETIEEEL, ToEE EYFEEMECE
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s e Bt EABRAEENEMT S L&D, 20
Et #47%& [ 2 Kupffer fifao Et LB 2 RAEFT 5 —F
T, TNFHHEZIH T 22 LA LED. X5
Z, 7TA7 i vSLHDL Rz & 7/ — AR X D FEI N
ZORMD Et EBREHOEERBRRS X T &%
LRERL TWBCGREET — #). il lo X s
BROEtBAEANEEL TR, ThbOfEAINME
HITHE A - CHRBE L, Kupffer Mgt &Y T
FTEEZLRB.

EEOSEO—BEOPRFERIL, FEECE-TT L
TIVHIEEREFEAEA L, TWBH T L, FEE
HEFITRERTAT I VOETRT AT VEDRKARE
WCEt EBETHAWEOHMTE S o EtiEA T
A L, RNEHEOE TR TSRS S &
#ARBE LT\ 5. Et 28 Kupffer il e T5<7m
77— TABINLBICITEL DY 1 L A1 v
ENhBH, IL-1 8, TNF-a /s S FfifaEES>H L T
8O, ThbYA A A VHRMPEEECEET S
L BFEZE ORBE( IS e BRSNS 52, FBHF
Bix, KREIFEZ R it IL-1 8, IL-6, TNF-a
BEFTHC EERE LN, 5 LESTII—
iR Et 23 EF LTk H2, Et MESL A b4 v E
FAOo—RN&ELTAEERDB. XL, SERLEL)S
27 IR Bt BNEEIC S b b3, v b ag
YO EREZTFRDD, O, HIEI iz Bt ki
WrhDOEHE &AL TEBENEEIL S iz &R
Eha. SEoHT, IL-18, IL-6, TNF-« 23 0iE
TATIVEEADOHBBGRED s &, EHIKIL-1
B, IL-6, TNF-a © ERFITEFTNTT L7 3 V0D Et
EETFHEMET LT EnbFEE TR T A7 $
v OET I Et ORNERES R Y, ZoFR
Et OBENREED, 1 b A4 v O EFERBITREY
PWRBE N, EBbie—FT, 747 3 v Bt E&TH
FEWZIYE CRP & ADMHBIBEGRER LD, oz &
NHT7 T v O EtBEETMEEOETARKIESEY 1 b
A VOEETECHS BEEAL L D CRP 0EL
TLER BN TFREESE 2 bhie

Lk, 7473 v & Et & OBERIZOWTIHlO Et
AEBHEOBED D LIt bR 2ERRTh
Wie sy, SEORER, FELEEMNCK\TT
N7 I VREtBBEOBRCSWTEETHH, ME7
VT I VERBBICHT AT AT I VETENEKIER e Et
vay 7 REHTAE®RADOABRTH B LR
LT3,

= =

& B

TATIVOEtKAEAL L CoORECERL THE
BHRAZTS L Ebic, K747 3 VIEDRRERS
L CEERFBEEEEE2RRE, iF Et ORARKSA
REE L Et REMALBE S WA EERU TS &
EREREE.

1. 72073 vo Et fEAT e Child A FEZ I
L Child C FEZE CTERICEMETH Y, 7o 7 3 v Et
WA FEEE & Child-Pugh 2 = 7 L DEICIZEEDAED
MBI RED b, —F, HDL, FSv A7 =)V
D Et #4&F##E & Child-Pugh 2 = 7 o R i3 +HEIEY
FRIIRBD b leh - e,

2. FFEEZERESI O I Bt NEELER 0 —BIcfEE A
HLUEERTH - 2%, ChildC Titfic/& T L, Child A
CHLEBIERTH- =, =D, 14 Et RiEMH(LE
77 3 v o Et S THEE & EOMEBIBRIE S - 7o,
3. MMEFE7 73, HDL, b 5 v 27 = Y vfEix Child
SEPETT > TABRRET LI, 7473 vD
Et f5&FHEMmE 7 v 7 3 v, iE HDL{EE ED
BB E R L. FFEEEE OMBICe b7 LT 3 v
#1.0g/dlBn3 % & HDL @ Et A& FHEERER
Bl .

4. L CizMmiEIL-6, TNF-a NEELESELY R
L, IL-6, TNF-« ZEHEFIClZmfE Et fES ZH L T
fo. MEEIL-18, IL-6, TNF-o ZME71L7 3 viEE
AR b, IL-18, IL-6, TNF-a ©_LFHFI
X773 vo EtfEETFHENEHIETL Tk
Fie, 77 3 Vo Et#EE TR L ME CRP otk

BoAOTEBIBIRL D - 1z,
5. GRFEEERIC X 5 EtHIERCE T, 747 3 Vi
1.5~3.0 g/dl D¥REE T 250 pg/ml © Et iE ¥ % 80~90
BAREREALL, FPFv/ 2 —& - T 5 EtHERC
BWTE, 7473 v1i31.25~5.0 g/dl OEE T 25, 50
pg/ml @ Et {E#% 100 B RNEHAL L. ¥, 717 3
v ik Kupffer #ifd® Et Bt b A& 7s b O TNF EE4£ %
BEKEECERCHHE L.

D EDRE#E»D, BEZT7TALT I VIAFFELE IR\ T
EE kT Bt #AEEA% L, Bt OREMAL, 41 + b
A v oMEcE Lo fEmE S, BT v
MFE % 23 5 REPFEEEF~O 7 1 7§ VT Et
FROBENDOIERERETHH LB LD,

(R e 2 5 i, #IGHIRE /2 580, HEMY
o BRI IEFERRD OCWCEHF  HEE LD
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EEHKZOFE BEERLOCCHEFEE0ESE
BRI BB LET. i, [PH]-Et OfFlE%R
B 128 o e WA K E R BB Fe T s B et 48
W r BB EEH e L E T, Xb, AR
ETEHic» TEHIEE, HEHE2 W i W& ED
HILCRHOBEEELET.)
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