(R #*)

Ty TuEs s Ns—T LT NOZRERY
JoF L7cgr LW B sE A D B 3%

— %34 OTc ER A AL V7 7 VT T v AT IC
X B EERER ORI —

FIf gh* FOMEY ARBER* NG BE

EsEE" WEr R NEE HE—* i B

KB LB ER)IREKY™  RA Eh* HfG

Hf S®E* HF =27 e =T

BE 7VT7eEr A —TYT el N RBRREIEA LIV v F ST 74— X BH LW
BERELEOFRAERBRE L. 7V 7 ulEs vy L ABNICSHICAFEIRICER Y AEh 38R EAHES
YAy %, ¥MTc TERL, 77 M3 UAMFREER XU CCly BHATREE 7 v M 50 1g/100 g K E
PREL, Vv F o574 —2XY, 2975 AHBREEM L. 20T, FI7IT 7V ABLTNER
BRETEHED, SMFEETIIME GOTfE, 2V AFuv— VX7V (E/T ), BHEFEEC >\ TR
hydroxy proline (Hyp) &, EWASBREIRL OBEBRERBE L. ¥k, AN IUBHFEECRST
5, FF7 V75 v RLZRGEEOMMRE LEBRHML, UTORBEEL.

Thbb, FEERCIX, °"Tc XAHEFI VR I 2 VT 5V ADER L ZREFEMOETAALNS A,
Zhbix, 2MFREETIE GOT 0 LAB LU E/THOET L, BHAFREEICH YV TIZAF Hyp &M
3 X Ut cytochrome Paso, cytochrome bs SEOMD L BICHBEL 72, 7z, FEEROFZ VT 7 v 23,
ZARGEHCRESNTER TSI LA LM Lo T,

PEiRX9OmTc XA$EHZ R 7 7 VT 5 AEBBITIC L B2 V 7 7 AORER, FFREEE* g

917

IR T B8 L WATBRBRERIC R 5 L& 1 5.

L xC®»Ic

7 ¥ 7 ulE x v 2 ¥ (asialoglycoprotein:
ASGP) i, MiEEE ¥ v <7 OHESIERTEE D
T NVEERIXTHh, KEBICHS 7 b~ 2BRENR

* FAEERKEE=NF
** =l U
b A F—AE
A ARAVT 4 Vv I AR
ZfH:60412 412
BRI 16144 A8 H
BIRIFERSE © KBRAFST R HisCERT 1 (8 570)
BEER KRB =
M 5l

HLkEZ v 7 Thbsb. 0 ASGP O¥EFER
W E BRI 2 A (L 2 F V) SRR I TR
L, ASGP3Z&GEE M L TABICRRAICERD
RENB, WbWw3d 2 )T IV RBEENBESH
T3,
SEbhbihix. ASGP LABIZZEMTh 5
BREEE Vv Ry DX F v 7 (galactosyl
human serum albumin: GHSA)?, iz, 9mTc # &
WL, FI727 I AMFFREEL CCly BHATF
BETy MiPBEELT, FYvFr 74—
XYV Z2V 752 E L. £, FF2Y
77 v A& ASGP ZR{RIEM, 3 XU SR
ETCIME GOT, 2 v 25w — 257 VH (E/
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T i) &, BHFREE 2V T JF hydroxy pro-
line (Hyp) 4 &, cytochrome Paso (Paso), cyto-
chrome bs (bs) & & DRI OWTHRE L.

IL M¥REFVHE

1) RFAELNH O OTe F&U 15T D

=

B2 v—2%, L MFETNVTIVIEHY T
Vv &% GHSA ZfFEHLY, 9°7Tc 1% SnCls
PEITAIE L TERLEY. £, BlEred
SUTHY CTERLEL. B, AERTIY
SO N—R|TNVTIVOELMEBRROLDOEE
Al

(2) ASGP ZR&FFtE, TMAMBERIEL &

U Hyp FE RO RIRE

ASGP Zx&EM1X. Ehrenreich 5 D FHE? i
X v, total microsome 4} Z #iH#, Hudgin &
@ Assay-A 8 |z # U 15]-GHSA # v T,
competitive radioreceptor assay iz kX Y JlIE L72%.

P4s0 X Omura, Sato » F &9 i2 X v, bsix
Omura, Takesue ® 510 12 X Y HIE L7z,

FF Hyp & & X Blumenkranz & @ J5 1D 12 &
YRIE L.

Q) HI3Y +H = AaHiFREE

T4 RAF—FBEHET Y, KE20g i, D-
I v v 0.5~09¢g/kg (AE & EEMIC 1
E#E L, & 5% 8RBT — TV HEBETIC
9mTc-GHSA 50 ug/100 g {AE % BHFHIR & » 2
BEL, TOFNVy B ATEE GCAOBIZL D
YUFh A TEBELE LK.

0%, +HCEMLDS FERE, 1.15%
% KCl iz X v §Ejf. total microsome 43H % HhiH
L, ASGPZEMAE®EZIE L.

¥7z, M GOT fEB X E/T b JE L 7.

@ CCly 1BiERTiES

U4 A —REEMET v b, KE 200~220 g i,
CCly+ VY — T H%EREASYX 0.2 m/100 g {AH,
H2E, 3~4pAMBETEHRL, REPLEES
A B i ®mTc-GHSA 50 ng/100 g {5 # BH#AR X
VEALTYVF TSI 74—k L. 20K,

23 % 75 (1986)

8L, kiEo TKM (50 mM Tris-HCI pH
7.8, 25 mM KCIl, 5 mM MgClz) ¢ homogenate
L7z, 7 1&2490L, 15XY ASGP &
&3 X U Paso, bs &, fifiJ5 X D AT Hyp &% H|
E L.

(5) 9mTc-GHSA Y7 5V Xhip

YU F N A T ERO DT CELERE BRE L,
BOBOOELFROE 7 v — A DOBHETEEROE
b5+, 7977 AEREERLE. DB X
CHFZ V7o 2, SERELLIE
{12, two compartment model iZ X ¥ [»{H kR
Ko, FFERE K, 23RD, £, FZ7IT7 702
HRARAS ©— 7 ICEE T DR 2 Tmax & L, Ko, Ky,
Tmex % 9"Tc-GHSA 7 V7 7V RAFEED T 2
— & & Ll (Fig. 1). %7, HEimhHR o&5 Rk
BT 55 TR EITHo 2.

L. & ®

(1) EHRIgh#R & ERERBRIRD BH TIEH

Figure 2 ([ZTE%, SR L CBHFEE R
BLRFZ V7 T v AR E, TOERERE LD
R Le, BEfeRicE S CERfRE, A&
et LT ChrelEatEds~L, Tc-GHSA 7
V7 TV AMBRIIRT AR NT A -2 ORYMEE
FEFA L7z,

Plasma % Liver K—e'lgcra Hepatic Space ]

c (ti) =Co (e—-Ket_e—Kut )

Cc(t)=Cie Kdt4 e krt

Liver Clearance Curve

Heart Clearance Curve

Fig. 1 Heart and liver clearance curves of 9°mTc-
GHSA. These curves were analyzed by the
two-compartment model.
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Al

-
B e —

TWO COMPARTMENT ANALYSIS'

Fig. 2 Representative heart and liver clearance curves of °"Tc-GHSA in various liver
diseases. White and green curves demonstrate the measured and calculated curves
respectively. A: normal rat. B: acute hepatopathy. C: chronic hepatopathy.
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2000f . e - . Fe
r=-0.691 r=-0.726 r=0.619 r=—0.854

P<0.001 P<0.001 | P<o.001 P<0.001

1500

1000

GOT (1u/L)

500

oo
i .-.o%%?/_

60

Cholesterol ester/total (%)

40 r=0.192 r=-0.192 3 r=0.192
2l ¢ P<0.001 | P<0.001 | P<o0.001 .. o P<0.001
007 0.4 05 08 1.0 02 04 06 08 10 & 6 & 10 12 2 ¢ §
Kd (/mn) Ku (/mn) Tmax (mn) ASGP receptor (ug bound/g liver)
O - control ® - acute hepatopathy
Fig. 3 Relationship among the parameters (Kd¢, Ku and Tmax), the ASGP receptor
activities, the serum GOT and the serum ratio of esterified cholesterol in the rats
with D-galactosamine induced acute liver disorder. The livers were homogenized,
and the total microsomal fructions were prepared according to Ehrenreich,
et al”. The ASGP receptor activities were determined by discribed previously?.
o,m—l
L]
.
—<0.01— .
4 - L] @
H
° L]
% . H
s -
£
]
g <0.01 .
H o .
% .
g
5 I
-5 -
L4
L]
Fig. 4 Relationship between the development of mor-
T ] phological hepatic fibrosis and the content of
‘* liver hydroxyproline in the rats with CCly4
induced chronic liver disorder.
Grade 0: No increase of connective tissue
Grade I: Slight increase of connective tissue

0 I 1 11l Grade II: Obvious increase of connective tissue
Grade Grade IIT: Pseudolobules were formed
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2) AEAFESR(CHTS ¥mTc-GHSA S )7
SYUREDUVIZ ASGP 2RE&EM L, MmN
GOT {E# & U E/T & DBAR

AMRTREEIZOWT, 5 2 —# Kq, Ko, Tmax
i & U ASGP 225t iE M &, M GOT fH,
E/T lb & oBRERA L.

Figure 3 {2577 X 9 12, i3 GOT A & Kq, Ky,
Tmax [ © 48 B 4% ¥ 1%, GOT Kq iz —0.691,
GOT K, ffix —0.726, GOT Tumax [ i 0.619 T
» Y, GOT fEL ASGP ZAMAIEMERM  HEREK
X, —0.854 L, WFhi 0.1% UFDBEBRET
ARCHB L.

1% E/T H & Ka, Ku, Tmax B0 FHBIEREKT,
E/T i Ka [8ix 0.792, E/T i K. [8ix 0.854, E/T
e Tomax iz —0.792. E/T lo & ASGP Z R {Ki%
PRI O FAREET 0.792 LRy 01% LT o
fERRR CHE DO MHBBERIARNL L .

L E®Tc-GHSA 7 V 7 5 v 27z bV IZ
ASGP ZAMKIEMX, SMHEFEECRW T, i
HREERE RS X OCFARENET 2, X {RBT
2tEZDNI.

Kd (/mn) Ku (/mn)

0.4

0.2

Kmax (min)

r=-0.902
P<0.001

r=-0.881
P<0.001

L Il

921

Q) BHEFEECHITS PTc-GHSA Y U7
5V R1EBUIC ASGP RR&FM L, IF Hyp
SR L ORF

BHEFEECR W TIE, FRMEETICE 2%
TR DB IV, ASGP R AATEMERET
T5LEZONBD, FRELETCES
®wnTc-GHSA 7 Y7 5 v 2 8 & U8 ASGP 24k
EHEOLEB 2 RFE L.

I EITEDIREL LTIk, aF7—FviC
BEHRTI/BTHZHp 0ffBEER18Y
Y OERREME L.

F—Kikic > T, Ff Hyp BF R LEBFEN
12 R 7 FFRME(LEATEE & 2 3 L7z b » % Fig. 4
IRT. BRFERHIE, ~<rFxY Ve UF
— Y UREIZ X ARERBYU R X VB LM
BOBFBMERAEREICL Y, O~ EicHE L.
Tihbb, HEHEBOEMAELL Adohiznb o
¥ ORE. hbERIR S ) v v BICIREE DR LS
Rohsboz 1 FULEIRS S Y ¥ VEICH
BREBHEIENRO N Db 0% ITE. A/NEETE
RLTWBL0% IIEL L. Hyp FRE&H

ASGP receptor

r=0.928
P<0.001

2

2 4

2 4

Hydroxy proline (mg/g liver)

O - control

® - chronic hepatopathy

Fig. 5 Relationship among the content of liver hydroxyproline, the parameters, and
the ASGP receptor activities, rats with CCls induced chronic liver disorder.
Hydroxyproline content was assayed as described Blumenkranz, et allD),
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i r=0.908

P<o0.001

r=0.897
P<0.001

23 % 7 £ (1986)

r=-0.992
- P<0.001

r=0.929
P<0.001

Cytochrome bs (nmol/gliver)  Cytochrome Puso (nmol/g liver)

r=0.907
P<0.001

r=0.940
o P<0.001

A

Kd (/an) Ku (/an)

O -~ control

07 0.4 0.5 0.8 07 04 0

N R R TRRT) T8 912

Tmax (sn) ASGP receptor (ugbound/g liver)

@ - chronic hepatopathy

Fig. 6 Relationship among the parameters, the ASGP receptor activities, and the amount
of the drug metabolised enzyme, cytochrome P-450, cytochrome bs in the rats
with CClgs-induced chronic liver disorder. The amount of cytochrome P-450
and cytochrome bs were determined as described by Omura and Sato® and

Omura and Takesuel? respectively.

TricFmy ML, BOBOOLHE L EERET
ER®ILZ B, FHBCIX 1%L UTOBRKRET
EEERED b0 T, Ff Hyp &I,
MALEITE 2 SR+ 2B Ch 5 L EX D
hie.

O Hyp & ¥, ®0Tc-GHSA 7 V7 5+
2T A —FhbUC ASGP ZAA&TEM L ol
RELBERMN Lb0% Fig. 5 iRLE. B0
0 OIS GE, Hyp Ka iz —0.902, Hyp Ky
f 12 —0.881, Hyp Tmax 1% 0.928, Hyp ASGP
ZRERIE —0.892 Lvh i 0.1% LT o fEkRk
RTHBEOHBBRIRRL L.

PEick Dy, ¥nTc-GHSA 2 V75 v 2 bW
iz ASGP ZRMAEMIZ, BHEFEECSW TR,
PR DT X S ML, BRMEILEETTICRES
BEFMROBPIC—BRLTEST5LELLR
7z,

@ REFFEERICE T S PmTc-GHSA H U7
SR DUIZ ASGP SB5FEML, Paso
BLU bs R EDBAGR

BHEFREECO W TR, FREEORELLT,

Psso, bs D 1 g JFBEERY - VO SHEZHEL,
9mTc-GHSA 7 V7 5 v 2 iz b Uiz ASGP 2%
REEMEL O BREBRFE L (Fig. 6). Paso &5
#— % Ka, Ku, Tmax 38 X 8 ASGP 224 FEMER
D FEFREE, Paso Ka [HiX 0.908, Paso Ku i
0.897, Paso Tmax [ i3 —0.992, P4so ASGP Z &
ik 0.937. % 72, bs & Kq, Ku, Tmax 8LV
ASGP 2k IEMEM o 48 B8 R ¥1x, bs Ka ik
0.929, bs Ky 8] ix 0.907, bs Tmax [8]1% —0.902,
bs ASGP Z28{kR1X 0.940 &, Wi b 0.1 %L
TOERETHREOHBBRRL L 7.

PLEizX Y, ¥nTc-GHSA 7 V75 v 2 bW
iz ASGP Ak EM T, BEFEECSW T,
FFREEDET L LR —ET 5REE R LK.

5) BHESIUVRMEFEEICEIT S P0Tc-

GHSA )75 R & ASGP ZREFFHD
BA{R

S EAREE TIX, ®2Tc-GHSA 7 V75V XD
ERH, ASGPZAHFEHVETHESH T
BT RTCIREBE LLNY, SN, B4R
EiTBIF 5 ®nTc-GHSA 7 Y 75~ 2 &, ASGP
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A

0.8}
06}

Kd(/min) _
0.4} r=0.866

P<0.001

0.2
0.6}
04}

Ku(/min)

0.2F %

3 8 9
ASGP—receptor activities (/g bound/g liver)

o+ control

1
12

®:+-chronic hepatopathy

923
B
08}
0.6}
Kd(/min)
0.4f
0.2f
08}
06
Ku(/min)

04}

0.2

2 4 6
ASGP—receptor activities (ug bound/gliver)

o::rcontrol e acute hepatopathy

Fig. 7 Relationship between the ASGP receptor activities and the parameters in the
rats with chronic hepatopathy (Fig. 7A) and in those with acute hepatopathy

(Fig. 7B).

ZREEE L OBBREREL, STBELELE
PERFRETE 1233 1 2 Rl & LR AT L 7.

Figure 7-(A) iz, BMFEEICRBITIZ 2075
v AL ASGP ZEMGIEM L 0BIfR%E, Fig. 7-(B)
2, AHUFEECRTE2Y7 7R ERRERE
HOBRER L. BEFEECSTZ20T7 7
v AR5 A — 48 Ka, Ku, Tmax & ASGP KIS
PR oA, Ko A HH 1 0.866, Ku 5%
ZEREX 0.875, Tmex ZRMEMIX —0.798 L,
Fhd 1% UToARRBCAECHEELE. &
HRTREEIC BT 5855 2 — 715, ASGPZR&k
EHEDIETICRE> T linear KEBL7zDICHL,
18 1 F BE % © 13, ASGP 32 k75 14 25 4 ug

bound/g fF# 8 LT 2 i LB L, ASGP =
FARTEMAS 4 pgbound/g FFEA T IZIET 5L &
biZ, 7V 75V A0EELEEREBD LRI,

Iv. £ %

Ashwell 512 X 9, ASGP-ASGP ZAKFRHH
HEIh TR, Bxc0RBBELC>W T
ASGP pJlE s h, FFEBBE TIIHEREMICiH
ASGP D LA ABH b 5 Z LaHEShTY
B9, R®Rifbix, FRABICH b h 5HE ASGP
MEPRELEHT B0, ¥5737 v HIva
HFFREES v MizoWT, IH ASGP &, ASGP
SREEELBIEL, £z, 1250 E#% ASGP
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V7 7 v AREAMICBE LR, fih ASGP
D k7 & ASGP ZEEEHOBWAH, 12 EHEhK
2 LUCEH L, s ASGP ORI Z ) 7
FUAPEBET DS L EFEA L. ORI X
D fix, & ASGP ez ASGP SRR
ML, ASGP 7 ) 7 5 v AREET B H5E, i
ASGP )& T 2720 Th D LB L, &b
X, fEx OfFEBBREICBWT, ASGPEZA
HiEHED, SHEFEBBECRS W TE, MF
GOT, GPT, LDH, vV L Ev D L&, Bav =z
Fwu—i, EITHOET, 7u be v ErEo
ERE, £z, BEFEBBHEIRSW TE,
ICGR15 o {53, ME=Y =255 —+, E/T
W7V T IvoETE, BB 3 L 2RE
L7178, X560z, FEaREiLsNT, CT 2%
¥ VCHIE LB o NS BERoMc—3% L

T, f{H ASGP X ER+3Z L 250 L7,

i b OfiE, fc OfFEBICEL, ASGPZ
BARTEMERS, SMERFRSB CIRRITHMEERE -, 8
MAFREBRRB XU IS T FERFRED LIk
FFRGFERL—E L TE8 L, Thit ASGP 7

V7 7V ADEBCERICKMESh S Z & &R%
T35LDTHB.

4 [Elix, ASGP L % ffi ic ASGP ZRM&KIZHES
UHFigICE VA h 5 GHSA #F|HL T, 5 v k
ZtR L CBIFEECK T 5 "Tc-GHSA 7~
V75 Ak bUNT ASGP A EEM2HIE L,
Fhon, 2MFEE CIFHRBEEEZ, £
BYERTREE TIIAFRRMELEITRE 3 X O FFEtRE ©
BF#$ickB+ 52 L 23EH L, ¥0Tc-
GHSA 7 V77 v AREN, Fc O EBOE
EEHIENHIEL LTHEATH I LEHIbRI
Liz.

4], ¥mTc-GHSA 7 V7 5V AD AT A — 4
LK, K il IfE % © & v, fractional
clearance ¥ 7%, BAIREH (1 43/ i, 794
TAY =7 BRESh 2 MERO, £k
B (V) et s28&2%kbT. bbb, BRFFM@M
k% F, FBRER% E L+5 ¢, KaKu)=Fx
E/V L72Y, FBRERERECRRIZITELD

23 % 7 5 (1986)

ASGP ZAREMIC—B L TEBT 5 LH#EESH
5. BHAFREEICS T 2FRENFEEIC £ T
BT 3L, BHFMLKESBRDOTBZ LR
BRATVWAM, AEROBUAEECEWTY,
5 A — 5 H ASGP ZRATEN 4 ng bound/g AT
PEIC LT 2N EB L. CoEAL LT,
ASGP Z K& A 4 ng bound/g FFLLT D EIE
BYERTREE T3, ASGPSZEMAIEMEET ICfE 5 AT
BREROETICMZ, AZF MRS D
FTHZLICEBLHERLE. Thbb, BIIBRR
TR M LT Ltk & 5 &, BARRIC
JBI e D {4 A R B 7 grade IT dRABX Y,
grade Il o fA/NEEICHEE S TY BRRICRT
ZEYFMRBEOBIVELVWLEZ DR,
AENE, Ty bEWS MR RRITIT o I
BChV, BIEEREICEBFOELMITONT
D FAH=>, multicompartment analysis |2 X HER
Mo b 3 FMEOFMIE#ETH -2, LEALE
HIRTIE L BEEOER FR B b h 2REET
»HY, SPECT 2+ 5z Licky, XYM
RPN RIRETH D L EX DN S.
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Summary

A New Liver Function Test Using the Asialoglycoprotein-receptor System
on the Liver Cell Membrane: III. Evaluation for Usefulness by Liver
Function Test Using the Tc-99m-Neoglycoprotein

Hiroshi HazamA*, Soukichi KAwA**, Yoshitsugu KUBOTA*, Michimasa KOJIMA**,
Toshihiko MURASE*, Hiroyasu OKUNO*, Yuji NAITOH*, Yutaka NISHIYAMA**,
Koumei WASHINO**** Takeo HASEGAWA** Takaya SAWAMURA¥*,

Yutaka TASHIRO***, Yoshimasa TANAKA**, Yasuko SHIOZAKI*
and Yoshiko SAMESHIMA*

*The Third Department of Internal Medicine, ¥* Department of Radiology,
***The First Department of Physiology, Kansai Medical University
**** Nihon Medi-Physics Co., Ltd.

We evaluated the vilidity of a new liver function
test using liver scintigraphy based on the asialogly-
coprotein (ASGP) receptor system on the liver
cell membrane in rats with galactosamine-induced
acute liver disorder and those with carbon tetra-
chloride-induced chronic liver disorder.

Neoglycoprotein (GHSA) produced by combin-
ing human serum albumin with 32 galactose units
was labeled with 99mTc¢ and administered (50 ug/
100 g body weight) to rats with acute or chronic
liver disorder. Clearance curves were produced
based on liver scintigrams and analysed using the
two-compartment model to obtain parameters.

In acute liver disorder, the prolongation of
99mTc-GHSA clearance and the decrease in ASGP
receptor activities correlated well to the increase
in serum GOT and the decrease in the esterified
to total cholesterol ratio (E/T ratio); in chronic

liver disorder, they correlated significantly to the
increase in the content of liver hydroxyproline
(Hyp) which increased in proportion to the
severity of liver fibrosis studied histologically,
and to the decrease in the contents of cytochrome
P-450 and cytochrome bs in liver microsomes.
Significant correlation was observed between the
prolongation of 99mTc-GHSA clearance and the
decrease in ASGP receptor activities in both acute
and chronic liver disorders.

These findings indicate that the measurement of
9mTc.GHSA clearance can be a new liver func-
tion test sensitively reflecting the severity of liver
damage.

Key words: Liver function test, Asialoglyco-
protein, Asialoglycoprotein receptor, Neoglyco-
protein, Liver scintigraphy.
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