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Quantitative Analysis of **"Tc-GSA Liver
Scintigraphy with Graphical Plot Method

Hiroyuki Shinohara, Yasuo Niio, Shin Hasebe,
Shin Matsuoka, Masao Obuchi,
Timothy Suminori Higashi, Morihisa Yamada,
Tsutomu Takagi, Kenji Takizawa, Minoru Honda
and Yoshio Kuniyasu

#mTe-galactosyl human serum albumin (*¥"Tc-GSA )is a
newly developed receptor-binding agent, specific for the
asialoglycoprotein receptor, which resides exclusively on the
plasma membrane of mammalian hepatocytes. Liver
scintigraphy using *"Tc-GSA was performed on 65 patients
with liver diseases. Dynamic data were obtained by gamma
camera during 20 minutes after the intravenous injection of
3 mg (185 MBg)of “"Tc-GSA. The maximum removal rate
of *Tc-GSA (denoted as P(2))was measured by two methods
: nonlinear five-compartment model analysis adopting the
Michaelis-Menten constant for the transfer of “"Tc-GSA from
hepatic blood to receptor, and a graphical plot using com-
partmental dose curves. The graphical plot could estimate:
easily the maximum removal rate in terms of two data points
of 0 and 1 minutes without nonlinear least squares and nu-
merical integration. The results indicated that the maximum
removal rate was decided immediately after the intravenous
injection of *"Tc-GSA. Although *"Tc-GSA is recognized
to accumulate nonlinearly on the liver, the rate constant P
(2)* (1/min) of transfer from hepatic blood to the receptor
was estimated by graphical plot, assuming a linear five-com-
partment model. P(2)* Km, which was given by the prod-
uct of the rate constant P (2)* and the Michaelis constant Km,
was well correlated with P(2). Next, for ®"Tc-GSA liver
scintigraphy, we applied a Patlak plot that was applicable
to the linear system, and the rate constant Ku of transfer from
extrahepatic blood to the liver was estimated. From the re-
sults of graphical plot, it was theoretically shown that Ku
represented P(2). This was confirmed by clinical data.
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Fig.1 ®"Tc-GSA compartment model proposed by Kawa et al”: #. It is com-
posed of five compartments that are 1)extrahepatic blood, 2)hepatic blood, 3)
receptor, 4)interstitial fluid, and 5)urine. Km is the Michaglis constant. The amount
of ligand (D1-D5)in each compartment is expressed as mg of *"Tc-GSA. This
mocdlel is denoted as "Non-Linear Model", while "Linear Model" denotes the lin-
ear compartment model, where the rate of removal of the ligand per min from
the hepatic vascular space to the receptors in the sinusoidal membrane of hepa-
tocytes is assumed to be in proportion to the amount of the ligand.

Table 1 Symbols

s MR

P (2)-Michaelis AR A IN— AP ETIIZE S
(mg/min) mARER (3)R

PT-M-P (2) FRHETNOTS 770y ML D
(mg/min) mAMEE (13)R

PT-L-P (2)° BEEFLOTS 7709 bD
(1/min) BITEEEH (17)

PT-L-P (2) BMEETILOIZ 770y FMIEB
(mg/min) mARER (14)R

Patlak-Ku' BEREEMBERIRO1 (1) ~D3 (1) RV /=
(1/min) Patlak 70 v +DOBITEETEH

Patlak-Ku R AT RERRIRA (1), L (D) 2BV
(1/min) Patlak 7’0 hOBITEEESH (18)K

Wh, FIZT, FHUIFES-L72TcGSA 3mg &4 7= i#tHD
(1%, 2EMEBRITE (ML + FFAIRE) P ORER ¢ 128
I ATCGSADERZET. 9 LTRDAHD (1) LB
S OBFAMIME T > 78— b A » P ORI,

HD(r)=D1(r)+D2(t) (0<r<20)

- (5)
DRRERZ. MRS, FFREREBGTGEMRIC OV TH 5
th2 srLAE% 2 SRE B L LT, FHEEERZ H Wi
S$HRED © TGS AD B B2 LIRSS B HIARLD (1) 215
72. LD (6) \EFFAILIE D > 78— b A 2 b ERFFT 8=
A bORMEARL,

LD(t)=D2(t)+D3(r) (0<r<20)

. (6)

/5. 22T, (6)FA0—25KMZEELDILL & FEIC

55



210 7770y ML BTe-GSANF > v F OF R

i3 28—k 22 bOFD 2 GLENHZB T ENRRICHE
)T HINEEICL 5.

K2, BFo1)~3) 2KEL(S), (6)R & YD1()~D3
(N %EEBY. DHD()I2DWT, B 0 TOMEHD(0) 11
TcGSADIZHEDO (= 3mg) IZZE Lvr. 2)LD ()22,
B 0 CTcGSAIZAFAIMLIEIC D AFFTE LSBT E L
V. 3)TeGSADRFAMILTE R EE & FFPIIL K i BE VS R
CHEBIRICE L. —, B L &SR0 KHBEOM
ERGREEY, 2057 HDORPHEREUD (20) & mg BT
i, P(7), DS IZLUTOTE K EHEA.

plr)=—2220). ()
J|oDl[s)ds
Ds(r)=P(7) _Em(s]ds S [

DA I EGRDOE MO T 2 %— A v P TOHYROEL
LTUTOIL {EES,

D4(t)= DO~ (D1(1)+ D2(t) + D3(t) + DS(t)) woevrrrcrcrcs (9)

MM E Ve, FFAIMAEEVAIL, RE3) % 1= 012588 LLL
TOZTE{FEE5,

Vh=TBV x ;ﬁ%ﬁ% S | | )

Ve=TBV -Vh —( ) )

ZZ T, TBVIIEHEROERETH ) HELEEICEINT
BHLAY,

Fig 1D T HlOLinear modelld, ZEAFE~DTcGSADIIT
HEEDFFAMLIE H D% DIRBE BT 5 L RE L 74
TNERY. D2, DIEDEEEHOT NIRRT TN &
R, MIENELFALZ2OTEOHGOAFRRLE. P
(2)*iXLinear-model I B 17 A, FFAIMHE D & FFAIHL~D
TcGSADBATHEEES (1/min) TH 5.

INTG A—=4P(1)~P(6) DMAHEEME % 5 2, Runge-
Kutta-GilliE TE B HER (1) ~ @) X% ED1 (1)) ~D4
() DFHEAEE RO, KIZZNS LB L72D1(t) ~D4(r)
D 2 FEPHREFEN /N & 72 B P (1) ~P (6) % Damping Gauss-
Newton{%IZ & 1) Pisg LIk KIRZHEP (2) (mg/min) %1572, #
F5 3=y MERARBRICP(1), PQ)'~P(6) %K
©, P2)'%(14)RIRA LRKBRERELEL., Fursa
7oA KESFT— 5 WEEE (Sophy NXT) 2k 1,
FORTHS 8" % A\ ER L 7.

5. 72770y MLLBBAREENDEH
B)Rx2MTT5 L,

D3(r)= Jz%;(—%ds - I;P(.’i]DS(s]ds — V)

(12) D% 1| HIITcGSADZEE~DOEITE, 42 HIZT
BRITHE S L7-TcGSADREER K. TcGSAKSHERT

56

X, ZEGEIPLZOBMEERTELLTELTO LS
25,
D3{r) = r P(z)z)z(s] (13]
D3 () & MEEIC A LOMS ML ) Tay b B L,
TeGSAR G475 70 F THZIIEHMERIZH Y, B4
TOWMEE LTOG L 1 HE#ESEROEEISPQ) %
87, ThidEREEF Vo rs 770y Mok bsBEKE
ERTHY, PI-M-PQR)EETILIZTS,

(13)3Ckm »>> D2 () #1RE LKmZ4 LD2 () M N
X,

P{z) =L [14]
ELT, 2), BRI T LIk s,

3l -{P(z)* + P(4)]D2(x) +P(1)D1(t)+ P(3)D3(t) .... (15)

dt
dD3(t)
Cdr

(15), (16)IIMEEFNORTHS. TcGSATEEILEL
TiE, (16)30% | HAEHTES L+,

D3(r)= P(:z)*j;m(s)ds e (17)

D3 (r) ZHt#h AL ORS ML ) Tay b L, 150
5 5 530 COBEMEDOME & 7 S BATHEEERP (2)* (1/min)
157z, P2) % (14)KIARA LK 72P (2) (mg/min) 1355
ETFNDTF 770y ML AERRERTHY, PT-L-P
R)eFFTIELITE, B, ZIT190L55FTOHE
MEhs & V72D, Patlak 70 v N OBATHEEEERATZ D
BEX S CTHESRTWAZ LICHIGS R LDTH S,
6. Patlak 70Oy ML B3BITEETH

Fig.2? L 9 12 5% B DO TGS A DT I ML A &
FFO—HBDARERET 5 &, FORBBEHEMEL () %
LT OPatlak 70y P CHRT I ENTE S,

=~P(3)D3(1)+ P(2) D2(1)

(1) Ku r;H(s)afs
;f((t)) - '[21 (I) B B e e s vl s (18)

2 CTH ()3T R O TGS A DEFRI SRR, Kul
FF~OBATHEEL (1/mim), VridIEERIICFFAICHEE
L, MHDTcGSA &V F#IZdH 5TcGSAD DA B &+
§. H() & LU STl 2 v (18)RX 2 7o v b
ThE, HER145PE 55077200 THEBEHS DS
RobNh, ZOWEL VK, YH L VVvazig.
TcGSADRFFERIIAE, IR TH 555, MEETIVIC
I 2R KBRERIIFERICE TV OFNICE VB R
9, LT, BEEFNDIT77ay b iz, BkkE

HAERERR #£56% H35



I ILAT 0% 211

H(t)
L(t)

VinH ()
—— - Ku
—T>

‘__—_

Fig.2 Schematic representation of Patlak plot for liver scintigraphy
with #"Tc-GSA. H(t)and L(r)are the time activity curves of heart
and liver, respectively. Ku is the transfer rate constant from the
extrahepatic blood to the liver, where linearity is assumed. Vnis
the nonspecific volume of distribution of *"Tc-GSA in the liver.
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Fig.3(A) An example of the compartmental dose curve (D1 (r)-D5
(1)) derived from nonlinear compartment model 40 min after injec-
tion. The data (@)are expressed as mg of **™Tc-GSA every 1 min
and the solid lines represent fitted curves.

y=.968x+.002, r’=.998

I 4

1.2-

PT-M-P (2) (mg/min)

0 .2 4 .6 .8 1
P(2)-Michaelis (mg/min)

Fig.3(B) An example of graph plot with Michaelis-Menten model
using dose curves of D2(s)and D3 (¢)in Fig.3(A). @ shows the plot
of Eq. (13)with D2 (r)and D3 (rJevery 1 min, while solid line is the plots
with fitted curves.Vertical arrow shows the dose at 1 min after injec-
tion. Using the data of 0 and 1 min, the maximum removal rate (denoted
as PT-M-P(2)) is estimated.

Fig.4 Correlation of the maximum re-
moval rate by graph plot with Michae-
lis-Menten model (PT-M-P (2))and that
of nonlinear 5 compartment analysis
(P(2)-Michaelis).
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Fig.5(A) Correlation of the transfer rate constant by graph plot Fig.5(B) Correlation of the maximum removal rate by graph plot

with linear model (PT-L-P (2)*)and the maximum removal rate of 5
compartment analysis (P (2)*-Michaelis).
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Fig.6(A) Correlation of P(2)*/(P(4)+P(2)*)obatined in linear 5 com-
partment analysis and the maximum removal rate of 5 compartment

analysis (P (2)-Michaelis).

(B)
Fig.8 (B)Correlation of P(1)P(2)"/(P(4)+P(2)*) obatined in linear
5 compartment model and the maximum removal rate of 5 com-
partment analysis (P (2)-Michaelis). The correlation improves
significantly by multiplying P (1)with P (2)*/(P(4)+P(2)*), in compari-
son with Fig.6 (A).
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Fig.7(A) Correlation of the transfer rate constant Ku of Patlak plot
using compartmental dose curves D1 (¢)-D3(r) (Patlak-Ku")and the
maximum removal rate of 5 compartment analysis (P (2)-Michaelis) .
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B4 D7 — & NIREE CTRHE L T A 720, F—?OROIAH
WHONT, ZOEELETZI WA LHEHSIND,

FH84E3H25H

(B)
Fig.7(B) Correlation of the transfer rate constant Ku of Patlak plot
using the time activity curves of heart H (r)and liver L (1) (Patlak-Ku)
and the maximum removal rate of 5 compartment analysis (P (2)-
Michaelis).
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