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Fig.1 Synthetic procedure of galactosylated bovine serum albumin (Gal-BSA).
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Fig.2 Chemical structures of Gal-BSA radiolabeled by different methods. (A), !!!In-
labeled Gal-BSA using DTPA dianhydride (!!!In-DTPA-Gal-BSA); (B), !!!In-labeled Gal-
BSA using benzyl EDTA (!"'In-Bz-EDTA-Gal-BSA); (C), 1#I-labeled Gal-BSA (?’I-Gal-
BSA).
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Fig.3 Plasma concentration (A) and liver accumulation (B) of radioactivity after
intravenous injection of Gal-BSA radiolabeled by different methods. Results are
expressed as the mean + SD of three mice.



10 3 AT 2 B S 3L = B RIEHEPE DK 70 % BMEREFEL - Dizxt L. "'In-Bz-EDTA-
Gal-BSA DFEITITREEDK 10% LIEEFE Lo Tz,

1 5 PR TE M DR EHEBIZ OV T BT TRV IR D 5 7s, ' In-Bz-EDTA-Gal-BSA
D M EE P AEHEME R B IX 1-Gal-BSA O TCA ILEAMEE 5 (B o FEY) LTS L #EBL, Vn-
Bz-EDTA-Gal-BSA #&5-#% M &I ITHAERB BB EHBE L RN ENTRR Sk, LL,
'PI-Gal-BSA D#HURTEEILE 514 30 /3 LA TCA (EBMEE 5 LV bEVMETHBE L. IFIELIIL
0 &4 DMBEA~BITEROMIZE VAU T MEHER S M I BRI BB+ 5 = & AR
W&, —J5. "'In-DTPA-Gal-BSA O MBEHSRTEIERE L, #E5% 5 4 F TlIfh sk L
FEFE LB LZ2b00, MEEPRERIRVIES R THHIIMOESREOHE L B LT
HrmEwEzmsLE,

Gal-BSA B E# DOMAELEDOHMICEL T, Fig. B NEDEZEt). R, 2B LR
Z Fig. 4 IZTY, WTNDOIESRER SRS R EZIMIIB~O N HRRD SN2 ol b

(A) "'In-DTPA-Gal-BSA (B) '!'In-Bz-EDTA-Gal-BSA

100 100
F)
S 51 75
Y
o
R
< S0 50
=3
e
g

25 11 25

0 0 -g_
plasma liver intestines kidney urine intestines kidney urine
/ feces / feces
100 (C) '®I-Gal-BSA
Bl 1 nin

0 f~77] : 3 min
s 7 B : 5 min
é : 10 min
z 50 | [ 1:30min
Eo L

25| = 2m

0 el o
plasma  liver intestines kidney  urine
/ feces

Fig.4 Tissue distribution and excretion of radioactivities after intravenous injection of
radiolabeled Gal-BSA in mice at a dose of 1 mg/kg. Results are expressed as the mean £
SD of three mice.
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Fig.5 Apparent hepatic uptake clearance values of radiolabeled Gal-BSA after
intravenous injection in mice.
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Fig. 6 Chemical structures of glycosylated bovine serum albumins (glycosylated BSAs).
(A), galactosylated BSA (Gal-BSA); (B), glucosylated BSA (Glc-BSA); (C), mannosylated
BSA (Man-BSA).
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Fig.7 Plasma concentration (upper) and liver accumulation (lower) of 1'In-labeled
glycosylated BSAs after intravenous injection in mice. Results are expressed as the mean
of four mice. The curves were simulated using parameters listed in Table III.
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I : Parenchymal cells
[] : Nonparenchymal cells

Amount (% of dose/107 cells)
S
T

Gal-BSA Glc-BSA Man-BSA

Fig.8 Recoveries of ''In-labeled glycosylated BSAs in the liver parenchymal and
nonparenchymal cells after intravenous injection in mice. Results are expressed as the
mean * SD of three mice.

FCORAIZEBV T, Gal-BSA. Gle-BSA DBFAIITETENEZBIE L EIFRUA O (B,
D, Wi, M) ~OBITERITREED 05 % UT LHEFITED-72012% LT, Man-BSA TiZ
BERD 35 % BEB~BTL. ZOBTERIIRERED ERIZHEWVED T AEMPED bz,

2-c KA #ERETOSf

U EDRR, AR THER L T 2HEN BSA BIFBA~FROICRVATNIZ EBHALNE
Rote, FFBIXEGME L Kupffer Al X OMENEMBEZZRIFEETRMRIIT, £hEN
galactose 3 B\ i mannose % KR OB A FFROIER L THEY VR BERYV A LR
¥ —DFEEBA LN TNWAEY, 22 CEHEEM BSA OIFIBEY :AH O EEEZRAHICT D720,
EATIEAE RN~ D A e & 57l U 72, FEEH BSA & 1 mghkg PREBTRE L=~V ADATF
i§% collagenase % & ToABIK CHEME L. B ON - MMEIK %= 0o 22 Lk v EEME
CIEEEAMN L B, SRR BURTEE 2 RIE LS, Fig. 8 (M 7= Y O e 4~
DOEEHF BSA OEINE AR L7, Gal-BSA X7 o7 ufid o RV BV ¥ —OHFEET HIEEM
Jaiz., —J5 Man-BSA IX~v v/ — ALt 7 X —DFET AHFEGEMIC L 2RV IABRBE N &2
RENTZ, F72 Gle-BSA iX. Gal-BSA FI#k EEMIIZ L 2BV AARBEE TH oz,

S 51z, FEEM BSA OFIEER Y AZ@RRIZI T SFERFEELALNET572DIC, 2 EOM
&8 BSA ORI ES EBREITV.  in ZRFEEA BSA OMEH 25 OB R L OFRIZ & 5
DA RIE T BRED IEEHFE M BSA OREIZ OV THRETL 72, Table I ILRIFEERO '
EEEOmFEPEE L ITFRBITRELEMBEROBRL L BT EDELDOTH D, Gal-BSA &
Man-BSA & # RS LB AL, 57T 2FEEREIT M in FlE O ENEIBICH L T2<E
BEEXROWIENHLNERY, INOLHEMEOITHICKIT 2R VIALBRRITEVZIM L
TWAZ EMNHERENT, —F. Gle-BSA & Gal-BSA & ##5 L6 12it, in iFakik o m 5§
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TableI Plasma concentration and liver accumulation of ''In-labeled glycosylated
BSAs after intravenous injection in mice with other glycosylated BSA

Plasma Liver

Compound Inhibitor concentration accumulation
(% of dose/ml) (% of dose)

Gal-BSA none 088 + 027? 81.1 + 30
Glc-BSA 268 + 44" 586 + 15"

Man-BSA 037 + 0.05 752 + 29

Glc-BSA none 1.12 + 020 809 + 5.1
Gal-BSA 258 + 15° 495 + 25"

Man-BSA none 622 + 1.01 592 + 24
Gal-BSA 824 *+ 1.50 61.1 £ 29

Glc-BSA 203 + 47" 514 + 238

11In-labeled glycosylated BSA (1 mg/kg) was injected with other BSA derivative (10 mg/kg),
and plasma concentration and liver accumulation were compared at 5 min for Gal-BSA and Glc-
BSA or at 10 min for Man-BSA after injection.

2 Results are expressed as the mean + SD of at least three mice.

* Statistically significant difference based on Student r-test (P < 0.0I) as compared with each
control.

1235 DRI L OFFIRIC &K D2V IASIIIEEREORBRE LV FREICHFI S, 20 b/l
PR BSA 1XR— OB L VIRVAENS Z LAVRR SN, AFETHRALEFETARL
7= Glc-BSA 1% imino BB EBMEF O LIZE VT VT ulEZ VAV BL /¥ —1238#k S
3LV BEIRHY, ZORKERESEROMERIL in vivo IZBWTH Gle-BSA BZD L&
F—% 0 U THBICIRVIAENTWEZ L &R T 550 & Bbhsd, LA L. Gle-BSA it Man-
BSA OMENLDHEEELFREICHH L= L0, BBERIIIFBZIILD L T4 DM
RIZ & D Man-BSA DY AL HEHE 2 A FLE 3 2 FIREMEDS R S LT,

2-d in vivo (RN BYRESEE O 314 %

UEDRERNG, AR TR L T 2HEEH BSA B91E L FROEGMIaD 5 WIIFEEEH
I~BIRENCBITT D EBHLNE R —F T, ZOFREY AHZBEGEOEM & 2K
FTTBZEWMRENT, T2 T, TROHEEH BSA OENEIREEEZH LT 572012, Al
ERBROFEIZ LY AUC BE U CL, 23R®, FEEM BSA OENBIROEBAF M 21T o7, £
fe. ZH 7 VT T A (Clygw) ZIRAUCTEWVFEH L 72,

dose

CLyy = VTR ‘ &)

a0
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3 75} O:l0mgke Iy 3 st
© A : 20 mg/kg 4 o)
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.8 .8
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< < (@]
5 25F 5 25 A
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— = A
O 1 1 J O 1 1 1 ]
0 05 1 1.5 0 5 10 15 20
AUC (% of dose-hr/ml) AUC (% of dose-hr/ml)

Fig.9 Relationship between the amounts accumulated in the liver and AUC of '1In-
labeled Glc-BSA after intravenous injection in mice. Results are expressed as the mean of
four mice.

T I T, AUC, I EGE % L EBREE E comEPEE — MR THETH 5,

Fig. 9 IZ Glc-BSA OFBERICBIT AP EZFDREATE TO AUC IZXH LT ay L=, ¥
HE&H 1 mgkg LLTOBRE. IFEHEIT AUC OBIMZHEVERIIML TIBY, 2 OMITIEIC
£V Clive ZEEBMNCHHFIRETHD Z LR INTE, Ein, BEED 10 mgkg. 20 mgkg DB
BT b ERIC L TRITATEETH 2 = L R AN (Fig. 9B), UL, Br5EAEOESE /IR

é\ 2001
E 100p® 2
8 - o a B 4
8 °
g ® : 0.05 mg/kg
3 A : 0.1 mg/kg
'§_ 0O : 1 mg/kg
;) 10 - o o) O : 10 mg/kg
:‘.;' A o A :20mg/kg
= A
§ AA
&
5y .
< 1 YT PRI TSI BN

0.01 0.1 1 10 100

Mean plasma concentration (mg/ml)

Fig. 10 Effect of the plasma concentration of !In-labeled Glc-BSA on its apparent
hepatic uptake clearance after intravenous injection in mice at various doses. The
apparent hepatic uptake clearances of !!!In-labeled Glc-BSA at any time point after injection
were calculated and plotted againgt the mean plasma concentration between the sampling
points.
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DEBIZHENEFRE P REL RBEMBBOONZI L5, MBPREDOWD & #IZ Cliwe
BERLTWAZ LRI, TOZLEHRTIED, ETORESED Gle-BSA IZEHL T
ZRESEOFHMEEPIRE L Clive, & OBEFREZEE LR (Fig. 10). CLyy (TMEEPREIZHK
GLIFETHAZ LW RENT, TORKRIL, epidermal growth factor 72 & DHIIE Y )AL IZI VY
THECDINTWHHIMER L &7 % —® down regulation {2 KX AH VAL DT IX, AHFFETH
B LT AREEHESFORYARIBOTIIERMETHIZLETBRTIHDTH D,

Z @ down regulation (2B L T Gal-BSA AW THF ORI 21T o7z, FEEEM Gal-BSA % 10
mgkg PSR TEE Lz~ Xioxt L, —ERRRBHEIC tracer & (% 0.03 mgkg) @ 'In-Gal-
BSA &5 L, ZOE#REOMEFEEL L OCIFBBTEL B L7, Fig 11 iZiX. #&HFTT
® "In-Gal-BSA D MLIEHERE & FFRBITRORRE(LE, FERELRE LIZRRZERILT
R LT, FEEEA L FRRE LB E (59 10 mg/kg #8512 Y) IZIXMEED 5 DIHERR b ONZ AT
~OBITIIBL D ThHho b DO, FFEEELZRE L T LEREZRGT I TOMRBE 20 7.
40 53 £ R 51201 T 'In-Gal-BSA DFIEA~DOBITITHRLN & 2 o7, Fig. 12 1ZiF, TRk z
BELUEAZEEICL TELRMET TO M'in-Gal-BSA OMmEEFRE & IFEBITREOERELE R
L7, FEAESA% 10 mgkg THEG# 40 £ ORER TS LTz tracer £ ''In-Gal-BSA i1, tracer &
DHEHEE LIEEES LTESE L VmEPERER L OCHBRBITREEZ R Lz, £, FERKLERE
% tracer BOEBA LR E T SEHEFERAE L 10 mykg D5 E TRIEERE LZEE OIFBT
BEIL, BBRET ARICRIFICERE LERRLTE—HLE, ThHDRERNL, KBTI
V% 5 FE OB ENE S F ORI X 2EVARIZBE L Tik L7 # —® down regulation X

A) (B)
sor 100

O : 0 min

(=)
o
~)
L

S
o

[\
o

Liver accumulation (% of dose)
Y W
O S

Plasma concentration (% of dose/ml)

0 10 20 30 40 50 0 10 20 30 40 50

Time (min) Time (min)

Fig. 11 Effect of the administartion of unlabeled Gal-BSA on the plasma concentration
(A) and liver accumulation (B) of !In-labeled Gal-BSA. A tracer dose of !!'In-labeled
Gal-BSA was injected in mice at 0, 20, or 40 min postinjection of 10 mg/kg dose of unlabeled
Gal-BSA. The abscissas indicate the time after the injection of unlabeled Gal-BSA. Results
are expressed as the mean * SD of three mice.
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Fig. 12 Effect of the coinjection of unlabaled Gal-BSA on the plasma concentration (A)
and liver accumulation (B) of ''In-labeled Gal-BSA. A tracer dose of !'!In-labeled Gal-
BSA was injected in mice with or without 10 mg/kg dose of Gal-BSA, or was injected at 40
min postinjection of 10 mg/kg dose of Gal-BSA with or without 10 mg/kg dose of Gal-BSA.
The abscissas indicate the time after the injection of !!!In-labeled Gal-BSA. Results are
expressed as the mean * SD of three mice.

TEDHI L, SHIKIIHEEMBESFEEYELIIX Y ) 7 — & UTRIAT 3BT ER R 5 IS TR
THDI EWRRINT,

2-e FREHT BSA OHRRBEDESFAMRRHT

LIEDRERD G, BEEM BSA OIFIEELY iIAA I Cly AW TERMICEMTE 22 LR
Nz, Ll BEFEFIZE o TUERFORBIZHENEILTEZ LRENEZEND, KB E
FETOAFENRI VT IV ADEE LTES L-BEERMEEST» HIZTRLIC WL LS
THAMD CLy 2K Q) IKRWAEH L, ZofE2EFEGOERNBEBREELRTHEEL LTHY
7

Table I {ZHEERT BSA ODEENFENRTA—F2F L DEHLDTH D, BEB~OBITHEL LLEET
7%, BAERHZYDRNPITOMBIRV AL VT T 2L THEB L, MERERY AL E
JE (tissue uptake rate index) & LR L7, F72, CLiw & CLive PEXEFAZ VT 52 2 (CLoger)
&L, TBUA~DHEROEIEL Uiz, WTFILOBEEN BSA DEBAIZH CLje A5 Cluw D KIS
EEDTEYD, WTFNOBEEMELED TEVAHSME LA T35 L8l LN ERot, T2,
BERD | mgkg UL EDBAITITHEER Clive PIETH3H 5117, Gal-BSA 3 & UF Gle-BSA T
(X, 1 mg/kg LT DOREBIFD CLywe IEFFICKRE L, FEBERBIESTIRT—EHE 2o T2,
Z DEFD CLyye 1XCRE S L ICH I U2 KE 25 g O~ 7 2 CORFBO M 4EFEE (85 mbhr) & I1EI1F
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Table I AUC and clearances of !!!In-labeled glycosylated BSAs after intravenous
injection in mice

AUC Clearance (ml/hr) Tissue uptake rate index (ml/hr/g)
% of dose

Dose (
ek " pyml)  CLgw  CLiver Clone™ CLume Liver Spleen Kidney Muscle

Compound

Gal-BSA  0.05 097 103 727 303 0.52 653 nd” nd  nd
0.1 1.03 97.1 824 137  0.12 600 011 08 0.10
1 1.34 746 567 119 057 302 008 050 0.06
10 19.1 524 322 202 005 209 003 010 002
20 20.6 486 238 248 0.2 213 nd.  nd  nd
Glc-BSA 0.5 091 110 650 450 038 609 nd. nd nd
0.1 095 105 847 203 0.17 625 160 079 0.09
1 1.62 617 515 102 039 3.5 1.03 031 006
10 11.8 846 611 235 041 455 041 012 002
20 21.9 456 267 189 002 244 nd. nd  nd
Man-BSA  0.05 3.36 27.3 18.0 930  0.36 177 945 nd. nd.
0.1 3.67 272 19.3 790  0.10 113 593 030 002
1 3.98 25.1 19.2 590 013 160 797 046 0.03
10 24.8 404 320 084 004 271 132 011 001
20 41.1 2.43 130 113 001 1.17 075 nd.  nd.

2 CL 4. Was calculated by subtracting CL,;,., from CL,,,.
® Not determined.

LLWIEMND, INHHFEKIIFEB-RERDOMIITTTRTERVAENDIZ LRI
7

RPHEHZ U T T 2 2 (Clyine) BEOER. HRICE WMV ALEE L, WTHOFEEDS
BTH/NEL, E-FEAMTRERBEVZR N ho, L L, B X 2RV AL EE
IZITBHEERT BSA BRI TEWVWBR 51, Man-BSA TiXIFIROE YV AZEE D 49~64 % & LLBHIE
WEERLEZ, 512, ZOBRBRICE 2B AREEIIBRSGEOEMIENMET LI &b,
JEBEIC & Man-BSA Z 45 R T DHMENFEAET 52 L H/RE 472, mannose ZFdak I D L
¥ 7 ¥ —iX. Kupffer #ifa, fHigiENRMBRLAC AR~ 7 7 —VFOMRIZHREEL T
WBZERHLNTE Y%, Man-BSA OBIE~DOIRVIARIZH Z 5 LicflABEE LTS Z
EBRTFRENT, LOLARNRL, BIREEILZ/NZ V2D Man-BSA O BL2T OBV AAH 7 U T
T AT & BB LT 1/14~1/50 RETH Y . BIRIC & 2BV iAZ L Man-BSA D25 HEZiT
FREEHBLR2NLDEEZLND, —FH., FRUA~DHREEDEHENE CLloue ZHWTHF
i L7238 A2, T TORHERT BSA 1BV T Cloge (I ERBOBRIZHENED LI L2 5,
Man-BSA D EEE Y AR R BN & D R {5 DR ERFH 72182 Gal-BSA ¥ & ¥ Gle-BSA
DIFBLAA~DERICHFET D Z EREENT,
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1-3 HEPHMEEEE TILICED RS BSA DRV BITRIEORT

ATz T, BEEST BSA ST O EEMID 5V I HFEEMBICRHRIBIT IO L, &
T FDIFBIZ X AV AL BRRTRERBICEFL TV L2 KBFRMFRT2ZEC THOL L
oo AHITITHEER BSA OIFIBBITEIE L 5 BT L2V THIE(L T 5720, FEEAR BSA
DENBBEZEER T 24EBENEBH LT NVEEEL, ZOETNMIEIEMBITEITo 7,

3-a SBEYHEIHPETIIORE

Fig. 13 (ZHEERT BSA ORNBIEZ NI T 2= DITRE L AR EB ST VER L, /T
iz & AYEER BSA OBV IARITAFBDO > X Y A R X O Disse BE% KT extracellular space (EC)
D> & FFHEAE Rf R AE oD Ml PN R ~2— R &% intracellular space (IC) ~DBITIZE VERINDIHDE L
7o T ORFHER Y AZBRITMEEPRE KT LZEEEZTRT L, EReLvEFF—HOEE
WETX B L5, Michaelis-Menten B TH 5 L{RE Lz, T, EHREBOBEICITEEN
BSA OJFIEIZ X BBV 5AH OREHEBENIFB~DMERETH D Z L 2E/ L. FEEM BSA 3T
BELAS DRR AR O M 8 R ~— 2B L M EN %K T plasma pool (PP) 7> 5 ATIEHL V iAZ A& Z % EC
~MEERTEIND LRE L, 52, PP 25 OIFBUSA~DHERIZEAL TS Table II TR L
72 Clope DEEBICEKGELMEE 2B LD, FHREY AZ BRI Michaelis-Menten B T &

Plasma pod clmnaton
Q
Sinusoidal and
Disse spaces
Hepatic

uptake

Intracellular
space

Fig. 13 Physiological pharmacokinetic model for analyzing the in vivo disposition of
macromolecules. X,,;and V,,,; Michaelis constant and the maximum rate for liver uptake,
respectively. K, and V,,,,, Michaelis constant and the maximum rate for extrahepatic
elimination, respectively. Q, hepatic plasma flow rate.
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HERELE, = A MIBETIHENINETUTOL ) TR TE 5,

dC v,

P may, p
—==(0C,-0C,-———=-C,)/V, Y
dt K, ,+C, 77
dc, Vet
—L=(QC,-QC,-—2=L_C, )/ V, 8)
dt PET KRG
Do Tum ©)
da K, +C

m,

ZIZT, Cpn CGIXENEN PP BETEC PRE, X, 1T IC F~DORBITEZRT, £/ Kups
Varps Kmis Vimaet 1F L ET PP 3 KX UVEC @ Michaelis-Menten ZU{ T2 D Michaelis B3 (Ko
Kn) BEOBEKEY IABEE Voaps Vo)) TH D0 06 Voo MITENENFMEBETTHE, PP B I
EC DAMBRETH Y, RPN 5FNFN 85 mbhr, 1.5 ml, 0.15ml & L7z, #I#AGHLE LT
5 XN 7-¥EEH BSA IX PP BE W EC IZHRFICRBECOM TS EREL. X (7) ~ (9) % Runge-
Kutta-Gill {12 & 2 BT & 73R A 2R/ L~ 12 75 5 MULTI(RUNGE)* % iV T
Fig. 7 {2 R THHERM BSA DT X TCOEEETOMEPERE (C,) ¥ L OFRBITR (X) (o3t LTH
REY CTIXOFHEZITON Knps Vg Koin Vonat TR L2,

FFER D SAFSBIRDNT A —F (Kpin Vi) OFIFHEIZLLT O L S IZRIED o 72, FFERY AHBE
BRI LEBE (CoK,y). R O) ITRRICEBRTE B,

dX
Ttl:V"'w‘l (10)

2 (10) 28 SE % DI ¢ £ CRST B &,

Xl(t):Vmax,l t (11)

EleB, TIT, Xyt) IR ¢ ICB T AFIBBITRETH D, o T Vi OPIHFHEIIREEDNS
WIBA (10 3 5\ 20 me/kg) DS H I DOBBITREZ R L TF 2 v b LIZRRO/EE
LHEFEL T2, —F. EC TOBEN K, LHEL THH/NIWEE (ChK,y) 121, X (9) M HRE

BELND,

|4
& — _maxl Cz (12)
dt Km’ i
= Cl‘int.livercl ( 13)
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L72%, ZZ T\ CLinve (IAFIMEERE (Q) ITEFE L R2VIFBROBEARV AR I VT T ATHD .,
Viar/Kmi TREIND, FIZELERRIZL TR (13) 2R EGEE M LM r T THEST B L.

X, 1 (t) = C[‘int,liverA UCO—t (14)

Lird, Peo T, MBEPREN K, LEEBEL THERIEVRET., FE~OBITELZZOMAE
TOAUCIZH LT ay hLEROHE L, XU ROERBELOND Ve ZAVWBZ LIZEDY
Kn I3HEETE D2 LICR2D, LU, FEEHF BSA O 1 mgkg LT DOREREMETD Clyve I1EIF
MEFFERE R CERNBVKRERETHEZ 0D, KRIZFREND Q. CLiiver CLiver O
BIfRD D K, DIIHE A HEE L 72,

- Q Clﬂiver
Cl‘int.liver - Q -C Lh-w_,, ( 15 )

JFRELISE ~DEFIBIRD/NT A —F (Kppr Vinaep) B L TR A1), (14) AV, REEN S
MERFES L BB TELZ LW E2ARME TOBTREL L THHIEOEE LT 1=,

3-b EFNIZEILNRSA—4DEH

Table I iZY TIXDFHFEICLVBONAEERZRTA—FE2BE L, ZORTA—F LV
B fx ok5RBTOMBEPRER X OB ITREORIFL( 2% T simulation curve % Fig. 7
(R L2, W NLOREES BSA OBEIZB VT, BaRthiiIEBRER2 IKRBLTBY, &
TT MK Y FEEHN BSA OENEBZFMAEETH D2 L HRENT, Gal-BSA B X O Gle-BSA
T Koy IEFINERE LR, TR OBEREIZE affinity TLEFZ—ZRB& . g

Table III Pharmacokinetic parameters of !In-labeled glycosylated BSAs

Liver Plasma
Compound
Km,l Vmax,l Vmax,ll Km,l Km,p Vmax.p Vmax,p/Km,p
(nM) (nmol/hr) (ml/hr) (nM) (nmol/hr) (ml/hr)
Gal-BSA 447 £ 025 7.09 = 0.38 1,590 160 + 45 578 + 097 36.2
Glc-BSA 553 + 003 881 +£044 1,590 807 + 1.7 393 045 48.7
Man-BSA 179 + 27 499 £ 0.46 279 430 =207 2.83 +0.85 6.57

Each parameter was calculated based on the model (Fig. 13) and was obtained by fitting the differential equations (7)-(9)
to experimental data of plasma concentration and liver accumulation time courses of each !'!In-labeled glycosylated
BSA at five doses. K,,;and V,,,.,, Michaelis constant and the maximum rate for liver uptake, respectively. K, pand

Vmax,p» Michaelis constant and the maximum rate for extrahepatic elimination, respectively.

o
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WCHRYAENDZ EWRRENT, E72. CLiiver Vet Kn)) 1 EH 5 H59 1,600 mlhr & BH S,
JIF M SEFE#E (85 mUhr) & LB L THFIZKREWZ L3R E N, —F. Man-BSA D K,,; iX Gal-
BSA. GIc-BSA DFE DK 30~40 £ L2V, Th b & OHBRIZEB W TIHIFER Y A& @R D
affinity IZZNIEEBmS RV EBTENTL DD, FFRUSA~DHERIBRED K, LIBT3 L
12 L FT®H Y. Man-BSA (2B L TH IR Y :AH D affinity B L D EWZ B3RSz, 27
T OFEEM BSAIZEL T CLiniver 1EIFBESA D IRIBTRDME (Ve y/Komp) PRI 4.3~44 L K
&<, FgIC X 2H55E8f BSA OBV IABZBENKEFIZENZ LW REINE,

-4 dextran ARBE~DEBEZHNEEEETILRIFTOER

R L ARPREER T 7T VI E- D S EIBARITIZ. BEEMT BSA DA b T D fafntko Tk
WViABEZ T DAV HLEAMETHHLEZOND, MFEHEAE L TOBRKERELDY,
FES TR DA BEN Y VR EPOENEIRESNET HEMBEME LTHORABEN
% dextran X, FFRICEKFELIZENEIEEZRL, 2 FEBEGTL LD dextran [IHEHERFICIX
KB RFFR M P I E T2 S OORMIOEB L & HIZHFBEZIIUD &7 54 ORERIZHRY A
FNBZERBFHEINTNB®ND, Fi= dextran AT uricase ZEMHi L 2B & I CIIIFRIZ L
WY ABDEEINT 22 L bMEIhTNDY, EFZEMF v ) 7 — L LTO dextran DFIALE
R EOENENELZ B LR dextran BIFBICHIR LKV RAENDZ & -2 2DfFREY
ABBEEROEMIENEDTHZ EE2RWELE?, 22T, %73 dextran OENENREZ Rt
L. £0fRERBONBREBKFR2AENEIREIZ L CRIE TRE L 2T VEITOISA RS
77

4-a dextran DRGHEBEDERE & CIKRNEE)

dextran ((F¥43 B9 70,000) D ECHIZERIL. Isbell HDFHEDIZHE, BILAIMD aldehyde EiZ
[CIKCN Z UG S ¥ 2 Z &2 8 Y dextran D “C #Z#KfAK ([carboxyl-"*C]-dextran) Z &R L 7=,
dextran Z# 58 1. 10, 100 mgkg T~ U A ZEE LB OMEHRER L CCHBBTESL
Fig. 14 12" T, BEED 10 B XV 100 mgkg DBAITIE. R UEH S TEBOIEEERK dextran &
WTBRELFAME v 2ZBE L, 1 mgkg TRE LZBA. dextran (XHEBAYEC DN M #E
KVOMEEL, 1 KMETIZERERED 60 % UL EXFEFICER S, UL, ZORFE~DOBT
XS5 EOBIMZEVEBIED OB L2 b, Iz X 5 dextran OELY AT EK TR 2
BRTHHIZEBHALNE RS, —F, RE~OHHE IR EEOHEM VML = (Fig.
15), FHigH B L ORPIZER SN EEHEEORIIW TN OB EIZLHEESED 89~98 % L& <.,
dextran D AENBNEIIIFBA~DOEY AL & RPPRIHC L VREEIND Z LRSI,

B 1E2M8 & RIROHETIFgO ZEMa, FEEMIRM TO dextran DFAARPEIC DOV THRT &
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Fig. 14 Plasma concentration (A) and liver accumulation (B) of **C-labeled dextran
after intravenous injection in mice. Results are expressed as the mean + SD of four mice.
The curves were simulated using parameters listed in Table V.

100 T L

F)

g st

Sy

1S

8 B : Urine
E; 50 (] :Liver
5 251

0

1 10 100
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Fig. 15 Urinary excretion and liver accumulation of 1*C-labeled dextran after
intravenous injection in mice. The amounts of 4C-labeled dextran at 2, 5, or 8 hr
postinjection at a dose of 1, 10, or 100 mg/kg, respectively, are expressed as the mean + SD
of four mice.

707, 1mghkg OHEERETHEE 1 FH%ICK T 2 8B~ RIREIX, FEMILT 107 EHk D
20 48 %, FEEMIT12% &0, BROCIHFBOEEMIAICIVAENDZ EBHALNE
ot
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4-b Gal-BSA L ORISR OARNEE

ATEICIV T, dextran (X5 BEFRICHBICED AEND Z & FREFOMARTEIZE
BMIIZEDDDTHDZENALNERoT2, %2 T dextran DHY AABEIZE L THEFOE
BEMZ D79, Gal-BSA % dextran & R 5 L, dextran DIFEIR D IARIZR T 2T V7 iy
VRIBLET I —DFEIZOWTRFT L, Fig 16 12, dextran & Gal-BSA &< U RX|ZENF
1, 30 mghkg OEEETRIFRS L L & O dextran DMEHRES X CHFIRBITEOZRFE(L
. RERE LT dextran BB HRFDOFER L & HIZ/RT, Gal-BSA L DRIFEHRGIZX Y, dextran D
M HDOERITALNBE L, Fio. FBA~IRESE 30 o TIFRERVATNT, &
H 2 BMEOSMMETET LERAICBO T O BEBEOLGUT (REEDHKI 30 %) LHEY A
Ihiehol, UEDZ EMD, dextran DAFIEEL Y A4 Gal-BSA ICEX VHESNDH Z LAVRE
. dextran BT U7 afEX LRI B LET Y — &4 L CIFHIRRICER Y A D WTREME AR Sz,

4-c (RRBNEDOEBPHIRT

4C =3 dextran DHMRET TOLSMRMEIIED TEWE &, E7-8RE L -FREM&A (1. 10, 100
mg/kg B ERFZNEN 2. 5. 8 BEfH]) 2B W T, BT BHEFEEROBDIIR oo /el &
b, EIE2H L FEHEDFHHET AUC, Cluas CLivers CLlugne B X ORIV AL ERE L FH L,
Table IV IZEEHE U 7=. CLy TR EBOBIMCEVEZEICEY L, 72 Clug. DARIZEBA T2

=

B)
80r 80r

QO : Dextran alone
@ : Dextran with Gal-BSA

Plasma concentration (% of dose/ml)
Liver accumulation (% of dose)

40r
20 %
0 _' Iy 1 ]
0 0.5 1 1.5 2
Time (hr) Time (hr)

Fig. 16 Plasma concentration (A) and liver accumulation (B) of *C-labeled dextran
after intravenous injection in mice coadministered with Gal-BSA. '“C-labeled dextran (1
mg/kg) was simultaneously injected with Gal-BSA (30 mg/kg). Results are expressed as the
mean + SD of four mice. The curves were simulated using parameters listed in Table IIT and
V.
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Table IV AUC and clearances of 1C-labeled dextran after intravenous injection in
mice

AUC Clearance (ml/hr) Tissue uptake rate index (ml/hr/g)
Dose
(mg/kg) (% of dose
-hr/ml) CL ot CLjiver CLtine Liver Spleen Kidney Muscle
1 17.2 5.81 3.73 1.74 2.65 0.035 0.031 0.009
10 69.4 1.44 0.906 0.412 0.749 0.017 0.015 0.007
100 149 0.673 0.323 0.293 0.257 0.015 0.008 0.005

EDIRENT, dextran ITAREREEBZZ T RPICHM IN DI Z EBHALNIZENTEP, &F
FAED 20 A LUF D dextran iXHIBREZ3Z1T 5 Z & 72 EOMNITRERBERIN D Z £, —FH Tk
SFEPRESRBITONTZOEBBBRITHBIND L DICRVFEENS0A Ll Eizhkd e
PREWBEINRRBZTEBBEINTNWDET, F/e, MBEFIZEFT S dextran Dy FESAIL
REBMOBR L L HITETFRIZC 7 MLV BEYLHY. ZNODOBRE LT Cluine
PEREBL>TEBHLELOLEZLNS,

B R, FHRORY AL EE IR BT 5 LEFITNESL, Thb DMK 2]y
WAB X dextran DENBIBIZIIFR ERBE RIS RV LBHALN LR T2,

4-d HBEEMEBZETIVICEK 58T

Table V (21X, R (7) ~ (9) iZ2E-3%, Fig. 14 O dextran DMEFEES S CIFEBITENHEH
L7 Knps Voarps Kmis Vinart % Gal-BSA DL & bR L, THOOEEZANTHEBIN %
5 & comiEhRER X ORFEBITED simulation curve % Fig. 14 1277, /5N -HimthEix
EBREREZISKBLTHDZ ENnD, REFAIIHEES BSA OERNEE ST TR, BRERK
PRI FBATENRE 2 7R T dextran DENENEMRITIZCLEHARTRETH B Z ERENT~, dextran D
Kiy 13, Gal-BSA @ K., & B L 72B6120% 100 5L EH K E . IRV iAZGBIR D affinity 1%
RN Z & BRI,

dextran & Gal-BSA & ZRIEsHRE L7=HE, MEICHBER Y AR EHAVWCAET S ERETS
& dextran DRFIRIZ K DEV IAH Y U T T 2 A (CLjyerp) HERRICE VR EN D,

V
CLliver, D= maslD ( 1 6)

C
K, p(1+ LR )+Cp

m,l,GB

ZZT, IRFDO D, GB iTFNFN dextran BE T Gal-BSA DT A —FTHAZ L %FET,
dextran D FFHIELIAA~DWRITFEICRPIE-TH B Z &35, PP 2SO EEBRE CIIAENE X 74
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Table V Pharmacokinetic parameters of 14C-labeled dextran and ''In-labeled Gal-
BSA

Liver Plasma
Compound
Km,l Vmax,l Vmax,l/Km,l Km,p Vmax,p Vmax,p/ Km,p
(ug/ml) (ughr)  (mUhr) (g/ml) (ughr)  (ml/ho)
Dextran 343 +£90 156 + 24 4.56 236 x99 388 £ 95 1.64
Gal-BSA 0.308 £ 0.017 489 £ 26 1,590 11.0 + 3.1 399 + 67 36.2

Each parameter was calculated based on the model (Fig. 13) and was obtained by fitting the differential equations (7)-(9)
to experimental data of plasma concentration and liver accumulation time courses of “C-labeled dextran at three doses.
The parameters of !!'In-labeled Gal-BSA are also listed for comparison. K,,,and V., Michaelis constant and the
maximum rate for liver uptake, respectively. K,,,and V,,,,, Michaelis constant and the maximum rate for extrahepatic

elimination, respectively.

WERET S &, Gal-BSA LA S L723HE D dextran D PP, EC, IC D& =2 3— R A MZ
BT 2PWENXAZENENLUTOL 31225,

ac V
el _oc,, -0C ,——2=L__C )V 17

dt (Q 1L.D Q »D Km,p'D‘i'Cp,D p,D) r ( )
dac, V

7 = (QCop = 0G5~ o Cup)/V, (18)

K,.p(1+ LOB )+Cip
Km,l,GB

aX vV

d;,D — ma.él,D CI‘D (19)

K, p(1+—%£-)+C,,
m,1,GB

R (17~ 19 BLOINS LT D Gal-BSA (2B 2B AT L, 7 VI E-D < iR
MOREMENZ AT A—F ERA L. Gal-BSA LFEIEE L2iE D dextran DENZEE) 7 —
ZHERE L7z, Fig. 16 IZ Gal-BSA (30 mg/kg) & [RIRF# 5 L 72355 @ dextran (1 mg/kg) DMEFIRER
XU TR OB EICH T 28GR 2T, #HE L =Bl fIIERREEROMK R L
IS RBLTE Y, Gal-BSA ORIFEEIZ L D dextran DIFEITENEDZE LA, FFIEIR VAL @R
DHEHELRET D LICL o THBAMBETH D Z EBRINT,

1-5 #£%¥

B —4F 4 v R DDS OFIZIZ. BEMHAI0NIFx v ) 7T — o FORNENREZ B FTaE 72 {b2F
EMEORBANTE R TH 5, HEHEBEEL N T 2BIRVENZ — T 7T 4 72 EEHT B2
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WREZHET 52X V7 —OFHBLEATHY . RARCHFETIHEZ VRV BEOMBOHR L LT
4 OPEEMIESTURRE INTWS, 0P TH, EBROBDIC X B ENERESIEOL(L
PELUER~NCAT 2HEOFEORFER DR 2 EE L, AMETIIZ VNI BEDEES
AL S/ imidate YR EA Lz, AETIX, ZOHFIEIZEY Gal-BSA, Glc-BSA, Man-BSA
ZETAEENE S L LTER L. FEEHE ST O RNEIERE O EBMARNTIEIC DV T
IR 21T o 7=,

FUNRNTBEEIILD LT RS FDOENEREDORFHI IR TR 2 AW CTER L 7= i
EREOFRABAEDTH Y, Brx I LEE < OBRNERESEE I TS, BoFIT
MELNCE D IAEN=%, o, RS BIEA~OHEHR EEx RBREZRDIZLBEZLN, &
BIEIZ X > TIIBHERBERNTREETH D L DESTTONRIZE > TE U BRBEWH 5y
Wy 27 %Y BHFOLMEROEENFMIIFELL 2VEERH B, BRMPH5HM
B~DHMEHEL ERWIZFHM T 2101, B FERHBINZHEE THHRKNERE SR DI
Y52 LBREELY, AFETI, 3 BEOFEICE Y MEHER L 7= Gal-BSA Z V., PEER
5 F OB T &2 G 2 D18 U 2 BURHERRIE I DWW TRE L 7z, Pl AP R TR A D $R A 25
L ZBBF L 7R3, cDTPA %4 LT "In #Z3#% L 72 B A I X R RIATIE T I U TEE N ST 5 =
EWTREN., TOHEPEEHE ST OMBIMFMH2FATE B2 L3R &Nz, cDTPA
ERNT in & L7725 VX7 BT, MIFEN T "In-DTPA-lysine DSHURMEREM & L CARKT
DT LEPRHMEINTEYO, ZOKBEOEHCORREYSHIANADBEEER L2 = oo
EMEPREMEBRTICEEIFRETHD LHRIND, ZhIZx L, Bz-EDTA % 2 BRefEx L —
FREE LTHW M L5811, AT 2 5RED OBGERMES cDTPA DBE LV b
=2 D EEBRRO R DN IR S /MBI~ & BUHER B SR S - b D L B b, —F.
] FRA T IR DO TE IR L7228, T 9 L7= radioiodine % FIV M- EESRIEIZRI L
THM VAT PICHITEER BB S5 2 L 2 B L LTz residualizing label DBIFE AT
DI TNRSE, UL Lenb, RIERTF SN T3 residualizing label 1% cellobiose 72 & D35 % Fil
RLEbDBEL, 25 LB @ FARDOENBIRICHELZ RIS RVNE D i kst
TOIMENRD B,

FEERG BSA OFFIRNIRS% OENENRES BRE L7 R, galactose /IS K U8 mannose (E8f1XF
NENTROXEMIA, FEEEMRA~DOBIRN Y — 7T 4 V7 IZRIATRER FIETH B 2 & 135k
WEINT, T, ZOEBFHRELHEBRVAR I VTSV AZAWTHEMLEL A, &5
ENMEWESICIIMEREIC BT 2O VOFEE TIFEICRY AENI 2L, —F CEREE
BRHZITER VA A IS A U D ABEENE T T 52 EBHALNE R ot

Z DFEEH BSA DREBIKFHR(ANENEZMEHTT 5 72D, Michaelis-Menten %! O fFHEER ¥ A
SRR EZMBAA A FREBETTASBE L2, TFVCE ST T3 2 Lok 0 s
i 7 DR EBIETFHRITIBBITEIRZ Koy & Ve D ZODKENZ T A — & G+ 5 = &
MAREL RoTe, ZOFFTIZE VFSN T Gal-BSA @ Ky 1% 4.5 M TH Y . in vitro WERETH
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§a % BV CEH S 7= asialoorosomucoid @ 37 °C TORR YV IAHD K, (2.6 ~ 7.7 nM)'® L 1ZiF% <,
Gal-BSA W4 D7 V7 afEZ LR BDOHPTHE G ECNIZMEEN H1HT 5 asialoorosomucoid
WIEHT 5 < HUVWHIRBORWIFMERIRN X v ) 7 —IZ 0 2 52 LARahviz, £, IFEAE
7 V75 RIFEFICKE L (1,600 mbhr), ZFORFER YV AIIFLFERETH D LBALNE
7257, Gal-BSA. Glc-BSA L8 LT Man-BSA @ K, ¥ 30 fFRRERE SEHM I, FEzk
EEOIFITE L WFHEEROFERER COBE LM LR Gal-BSA & Man-BSA OB ERK
IHEFZELNOZ L5, Man-BSA LEEMiFEEFELTHZ LI2K Y I LRI HFIBOIFEFEE
M — T AT TR ENARTHDIEELLND, —FH. RS ~DIFERIERHRIC
B LTI Man-BSA DI V iAZLISMIZ DO FEEITAL N TIZRVH DD, 25 TOIHFFRHR
MBS, MEBE~DWRER EXFERETIIRVWHEEREDI S,

MR LA EHER R T T VIL, FEHER BSA 2R 5T dextran D5 EKFHIZR EANEIEAR
oL EARRE CTH D Z L RENT, E£7-. Gal-BSA & RIEEE L7=KFD dextran D IHEHIRE
LB BITREOREE(IL. HERY AHBE TORAMELRET I LICKVHEETRETH
5L L RENT, dextran OFHE Y iAHDHEIC OV TEVEERARABE NS DD, Gal-
BSA & DRI 5 DRI dextran DIFIE Y AB T 7 ufiy VX BLET ¥ —HEEL T
WARZEETRBRTHHEDTH D,

b, HEEMiESFOREANRENEIEAEMEIC OV THHES BSA MW TRE L 2R R,
galactose IEMiE 4y F. mannose EH8iE 5 FIXFNENZED LVIFREMIE, IFHEEEMR~DR
X ) T2 DB ENTEINE, 2. FOERNBIREOKENFRIFITICE . FEM
BSA DB Y AH DR Bkl b NS B2 IFMITEE R EDEBFN AT A—F LE
B ATRE MR VAR 7 U 7 T v A & LTEBAICIHMET 2 Z L 3RIREE 2o T2, S HITHE,
AP ISR T UIZ D X FEEA BSA OBNEEZ T 5 Z &2k V. FEEM&ES T Ol
BATEIEICKIT B L8 —~ DA, MFEEREOEELH LN Lz, AEICBT Db
B, BOFICH L THEESAET I LICK VHIRRIRN Y — T 4 LV TIRARETH DL L'
RTLDOTHY, 25 LnFRIEEHLFM LY —FT 1 VIV AT LOMEEED D ET
FRRERMMREZEZDEEXD,
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FIE FREAEXYV7-—OREEENEZINALEEYS S T12T

Ko TEMDOEAMBA~DZ — 77 4 7%, BERYEEFHE L CEMERFELFEL
EEATEXY Y7L LTAVSI LI VERTETH I, BoTrEY &S TRAE
DREZITHICIIBELIBBAL T B X912, OFSTFEEDSAE - EnfE. O T &,
B BRER D TREOHBENMHEZ 2 bu—LT 5, OB LESTFORKEHK
R, ORFETMICBIEEZFOBER EORFEBRZ TN TNERT ILEND 5, FEMHLFIA
LIEIFBA~DEMZ — 5T 4 72BN ThH, BICHEEMEZE T2 T EnUADKEL S
BEET B EBMETHD, o T, RIETHWIZHEEH BSA ICEHER/BATHIZLICEVH
ROBRVIFRA~DZ =TT 4 VIV RERTEDEEZEZLNDBODY, X V7 —L L TT
ST aREY RN BROREEHY RN R EERVBEAICIE. KM EORAORES, BEK
DHRFBFHE, X VT —F R EBEPETHRE SR RNEMER R U4 ORER B ET
5B, ZH LEEENS, INHIEEDLY IZF Y VT —FORENERSEEND, B—
DHERRBERNLRBZPY = —i%, FUEHMEWZ &, F-EMTEREREELATIHE/IZES

(A) CH, (B) CH,
0 0
OH OH
“OOCH,C-0 e “00CH,C-0 0
HO &, HO &,
0 0
OH OH
“OOCH,C-O o -O0CH,C-0 0
HO CH, HO CH,
0 0
OH CH,OH H OH
-00CH,C-0 0 HD()S-CHz—C—NH(CHz)zNHCOCHz-O e
HO oH HO
HO
(©) CH,
0
OH
“00CH,C-O 0
HO CH,
0
OH
-OOCHZC—(Q)
CH,OH o &
0 2
OHHO NH -
HO S-CH,~C-NH(CH,),NHCOCH,-0 ()
2 2/2 2 7
HO

Fig. 17 Chemical structures of dextran derivatives. (A), carboxymethyl-dextran
(CMD); (B), galactosylated CMD (Gal-CMD); (C), mannosylated CMD (Man-CMD).

_26_



BOEMERBERERILRENLED I XV 7T — L LTORIHABHFINLTEY, 20OREE
LTEBERORI T IV BREBBZTOND, > T, TNOEZEREE L LEY 22N
B DOERM & 3£ galactose DV ik mannose i T Z LIZ K U IFBERNOED X v U 77—
BRFETHHLEZXLND,

FZTABEIZBWTIE, dextran'™72 5 TN poly-L-glutamic acid (PLGA)'*"9% % % U 7 —F#& &
THHRBROF YV 7 — 2B L., BIRNEEEOFRBBITEEL D OICKRF L, FRERY
BNE—TT 4 T ~OBEAERA T,

I-1 dextran Z¥F AL -FRERAESX 1) 7—OBRR

RIEIZIB W THI Sz L= K 912 dextran (XTI O EE M ~LLEAECHICIRYAEN D Z &
NHEHX Y VT —¢ LTHRESFATACRIOBHEHEZHETIZENULETHE LEL
535, dextran D/KEEE % carboxymethyl {t L 7= carboxymethyl-dextran (CMD) i, Hifa & OFEE
ARNEL, BIRNBEEERFOEP CEECHET I L0860 TWAEY, 22 CTAET
%, %9 CMD 28R L., Z#IZ galactose % 5V ¥ mannose EEfiZ i3 Z L IZ X Y dextran 2B H
&I BIFBIEAE Y v ) T —ORRERR LY,

1-a $EHH dextran BRADEH S L VT OMELFENIER

Y55 F B9 70,000 O dextran & AV, HEETFLE T monochloracetic acid & S EEDHZ LIT& D
CMD #8FK L7, /57 CMD (IZA2—4—& LT ethylenediamine % 7R T4 I FIEIZ LD
MAELE®, BIELRBEOHIEIZLD galactose fEAi CMD (Gal-CMD) ¥ & U mannose E#fi CMD
(Man-CMD) 2 &K L1z, A4 AV RBEIEZ AW ERFINL, WTNOEMELAICHEL T D
T LSRR SNT-, Fig 1712 CMD FEAKDILEEEE R LT,

EHERICIT, FIE4HEFABEOFHIEICLY “CHEMREZM L7 dextran Z AV, FEEHE L F
BOFIEIZL Y CHZ#K dextran FEE L ERL L =,

1-b RRARSEROEAES)

Fig. 18 {2 CMD. Gal-CMD ¥ X U8 Man-CMD ##5 & 1 mgkg T 7 AZ#E L =& O MR
B b NS ITEEZ T, £, SRBRBETREORMELE Fig. 191277, &E5# 2 FME
TOM., CMD iZAFIEZ X U® & T2 ME~TFREBITE T, FORKRL UOFEFICEWILPHE
YER LT, —KF. BEEHi CMD TIIAFIBRBITES KIBIZH AL, mEEF1 o OERITERNT
Hot-, BT, Gal-CMD Tk 5% 10 SOETREED 75 % BIFRICER L 7=, & 2HE
B Tl B W TR O RS I B PR P IR B & E L T e VIRV Z & 05, Gal-CMD 23
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Fig. 18 Plasma concentration (A) and liver accumulation (B) of 1¥C-labeled dextran
derivatives after intravenous injection in mice at a dose of 1 mg/kg. Results are
expressed as the mean * SD of four mice.
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Fig. 19 Tissue concentration of 1“C-labeled dextran derivatives after intravenous
injection in mice. Results are expressed as the mean + SD of four mice.

IR 2% UV 7 — L LTHBET 3 2 LR S, [AEIZ. Man-CMD 12 L T% . Man-
BSA [EFRMEIE~DBITHEFROLNZL DD, kL L TIESHIEERD 70 % M IFEIC
BYAENT,

1-c BEIBEH dextran BSEIADITREER Y AAZH51T 2 B RMEDRER
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Fig. 20 Recoveries in the liver parenchymal and nonparenchymal cells of 1*C-labeled
dextran derivatives after intravenous injection in mice. Results are expressed as the mean
+ SD of three mice.

RTEIZIB VT, BEEART CMD 2SBIRMICIFIRIZBIT T A Z E A LN E R, 22T, Zh
LYEEHT CMD O RFIERE Y AR I I81T DR RS L UMIRIBIRPEIC DWW TR L 7=,

% CMD #EE 2 # 58 | mghkg THRNES L2 OSFlgERMR~OSmECE L T, §F
1% 2 B FROFETRE L (Fig. 20), FO#E, Gal-CMD XEEHIIZ L B3RV IAHZNE
WZ &, —7 Man-CMD iZFEEEMRIC L 2V ABBE N EBHA LN E 2D, FEESM BSA O
SR LREBROSMNE — LV ER U, & 5IZHEEM CMD O FIRE D A ZBIEIZ OV T, FEEH

Table VI Plasma concentration and liver accumulation of 1!'In-labeled glycosylated
BSAs and C-labeled Man-CMD after intravenous injection in mice with other
glycosylated macromolecule

Plasma Liver

Compound Inhibitor concentration accumulation
(% of dose/ml) (% of dose)

Gal-BSA none 088 + 027? 81.1 £ 3.0
Gal-CMD 357 + 43° 330 + 31°

Man-CMD 053 * 0.09 840 *+ 19

Man-BSA none 622 + 1.01 592 + 24
Man-CMD 276 + 54° 434 + 27"

Man-CMD none 345 + 0.54 645 * 49
Man-BSA 511+ 32° 192 + 50°

H1n-labeled glycosylated BSA or 14C-labeled Man-CMD (1 mg/kg) was injected with other

glycosylated macromolecule (10 mg/kg), and plasma concentration and liver accumulation were

compared at 5 min for Gal-BSA, at 10 min for Man-BSA, or at 30 min for Man-CMD after

injection.

% Results are expressed as the mean * SD of at least three mice.

* Statistically significant difference based on Student t-test (P < 0.01) as compared with each
control.
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BSA LA ET 252 L2k VRET L7=, Table VI &, RIFFEERO B ESREO MEEHRE &
T ITR 2 M RO R L HIZRT, Gal-CMD % 10 mghkg DIREBTRELILLZ 5,
"n-Gal-BSA D IMLEEH 5 DHEAR b I X 2BV AZIIFEEICHS Sz, —F. Man-
CMD i1 ""'In-Gal-BSA DENEIZFE EHELZ RIZI RNV &, £0O—F T "'In-Man-BSA DfFEELY
AL EIMET B2 EBHALNERo T2, T2, “C-Man-CMD DRFIEE Y 5A 713 Man-BSA O [F]kF
BEZX MBI ENT, UEOREREND, dextran FEEOIFBEVIALIZE VTS, EMfiICHW
FHERLETZ I X VRRNISGERER SN, FNENIFRO EEMIE. FEEE M~ BRI
DIAENTWSZ & B8R ST,

1-d KRBEOEEFMRNT

PR CMD DOENEREREZ ERMICTHEM T 5720, FIE2H EFROGETEEENT
A—FZHEHL Table VI IZFE L ® 7, ERFEDEPLZHETIEBIHEZRBRL, CMD @ CLyu
IEHEFITAENT LBRRENT, —F., FEEMi CMD @ CLjy X CMD L HEL T30 FLLETH
D, WTFNOBEITD Cliga DRFIELED D EHBHLNLE ROV,

¥ 7= Man-BSA & [Rl#%. Man-CMD O &Iz X 2 BV AL #E IXFIIZ RV T& < . Man-CMD
2B L T MIC X ARV IALMBOGENRE IN T, LSO L 5]V ALEE T
WO CMD FEEIZB W THEW S L AVRE ., FEHES CMD TR F v U 7 —i222 Y
IBI ENRENT,

I-2 ara-C OFERADE—5 T4 20T

BTV C. BEERT CMD 2RI D X OIFRERIRIOS ¥ U 7 — b L THEET 5 TAEE
WRENE, PTH. Gal-CMD HERH ORI KEAIICER Y AE N5 - Lhb, ThE
Sy U Tk LRI~ OEY ¥ — 5T ¢ v IR TE B L ELBND, F o CAEITIH.
YL L THREAIL Y 7B (ara-C) 2RI L., Gal-CMD % ¥ v U 7— & 7 3 TR IRA & 7

Table VII AUC and clearances of ¥C-labeled dextran derivatives after intravenous
injection in mice at a dose of 1 mg/kg

AUC Clearance (ml/hr) Tissue uptake rate index (ml/hr/g)
Compound (% of dose

-hr/ml) CL,otat CLjiver CL tine Liver Spleen  Kidney  Muscle
CMD 195 0.512 0.147 0.185 0.139 0.059 0.027 0.004
Gal-CMD 5.6 17.8 15.1 1.31 122 0.013 0.547 0.057
Man-CMD 144 6.93 471 0.504 3.27 1.30 0.197 0.014
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Fig. 21 Chemical structure of ara-C conjugate with Gal-CMD (ara-C-Gal-CMD).

F7a R v 7 OREERAETY,

2-a ara-C-Gal-CMD #&HDERE L UEOMEBELFHMH

ara-C 1%, FEEEAKMIEIZL Y CMD O VARXIAVEIZRER LE"D, IS, dimethylformamide (2
B L7~ CMD (2% L T isobuthylchloroformate 33 & UF triethylamine 3£7F T ara-C ZHIN$ 5 Z &I
XY ara-C-CMD 28 L7, BHi7- ara-C-CMD (T L, Alfi & RO FIEIZ L Y galactose &
iR MTZ &I XY ara-C-Gal-CMD & L7, Fig 21 &, BRICE V& 572 ara-C-Gal-CMD
DHEEZTRT,

Table VIII Physicochemical characteristics of ara-C conjugates with dextran
derivativers

Number of ¥ Number of Adsorption at pH 7.2 (%)
Compound galactose residues ara-C CM- DEAE-

(mol/mol) (mol/mol) Sephadex  Sephadex
CMD — — 0 98.4
ara-C-CMD — 15.8 0 729
ara-C-Gal-CMD 137 12.8 0 74.1

3 The number of galactose residues was determined by trinitrobenzene sulfonic acid method.
% The number of ara-C was determined by the UV absorption at A, 300 nm.
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Fig. 22 In vitro release of ara-C from ara-C-CMD (open symbol) and ara-C-Gal-CMD
(closed symbol) conjugates. Conjugates were incubated in 0.1 M phosphate buffer of pH
5.0,7.0,7.4, or 8.0. The amount of ara-C released was photometrically determined at A,
272 nm.

Table VIII iZ ara-C # & RO YELFARINEE 2 CMD OHEF L ICE L D, ara-C FFORBEK
X, —4GFH7Y ara-C-CMD, ara-C-Gal-CMD TENF1H 16, 13l TH-o7z, F72. amino E
DWW 53R D12 ara-C-Gal-CMD D —743F 7= Y O galactose FEEXLIIH 140 B TH o7, Fi=,
WD ara-C FERBEXHICITAEMERFL THWDZ L BHR INTE, BHERSITIT.
*H-ara-C Z VW CRIBED FIEIZ X D B L7z ara-C A K EZ RV,

Fig. 22 {Z ara-C D@5 FALT 0 KT v 7060 37 °C TOHBEZ BRI LR %79, ara-C-
CMD 75 D ara-C DHEHIEEITAWBEIRO pH ITIKFE L. pH 7.0 OV U EEEER D TR B
<\ BRI 160 B TH D Z L3RIz, F72, pH D EFH B WVIHET & iz
ERN T2 Y ABIRMFT (pH 7.4) THRAEEEK 36 BRI TR SN B Z RSN, I
LTR® 7z pH 7.4 12361F % ara-C-Gal-CMD 75> 5 O 34 37 BRI TH Y . galactose FEk
DAL ara-C DRBIZITHBE L2V LIAVRINE, S561Z, v U ANLERL-mEEH o
*H-ara-C-CMD 7>5 ® *H-ara-C DHHEEENTHR 22 BEITH Y . #AEN 5D ara-C ik
AR o THEFOREIZIT 200, BIRNESH/ESGEL L TEECERLEDICHFEST
5T LRI LT,

2-b FHIRNIEROKREE)
Fig. 23 iZ ara-C 2L EDFET LT 1 FT v & E L &0 mEhRE L IFEBTE

29, 0.1 nmolkg DEES B THIRNESE Lm L 25 ara-C IZIEFITEDLTIEER 2 S L,
BELEBHEREDO D D 80 % Ll ENSHEE#% 2 BERLIPIZRPIZEIR S 17, ara-C-CMD % 1
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Fig. 23 Plasma concentration (A) and liver accumulation (B) of 3H-labeled ara-C and
its conjugates with dextran derivatives after intravenous injection in mice. Results are
expressed as the mean + SD of four mice.

mg/kg (ara-C #H TH) 0.2 nmolkg) TEE L7=H{EIZIE, ¥+ U7 —ThH5 CMD DENENERFE
2R URRBMEPICHE L. FIR~OBTRIIRER 2 REAE T TMhThol, —H.
ara-C-Gal-CMD % 1 mg/kg (ara-C #5 T#9 0.18 nmol/kg) THE L =B &IZiX, & &5 L7z ara-C D )
HH 80 % DEONIIHE~EEIND Z LR ENT, oo T ORROEFATRAERAIZ~D 537
PECBIL T, B E 2 S AFOFETRITLAERSR. ara-C-Gal-CMD DRV AL BT EE M
T 10" ERSH D S5 ED 6.0+02 %, FEEMIWTO05+£02% THY. Gal-CMD [EHRATHAL
WBRIESIZBRDIAENTWBZ ERHL N R o 2,

2-c (KABEOEEFHIRN

INFETERBEDHIEIZLY ara-C FEEERDOEEIENRT A —F 2HH L Table IX ([ZEE L 7=,
ara-C ITECMIZRPEM I N D Z L AR LIEFIZRKE VW Clyp 285, THEZ XU & 3554

Table IX AUC and clearances of >H-labeled ara-C and its conjugates with dextran
derivatives after intravenous injection in mice

AUC Clearance (ml/hr) Tissue uptake rate index (ml/hr/g)
Compound (% of dose

-hr/ml) CLigaw  CLivee  CLitine Liver Spleen  Kidney Muscle
ara-C 3.1 28.9 0357 239 0.240 0.503 0.398 0.161
ara-C-CMD 167 0.596 0.156 0.151 0.130 0.026 0.023 0.002
ara-C-Gal-CMD 6.6 15.3 13.8 1.310 9.17 0.084 0.313 0.101
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Fig.24 Apparent hepatic uptake clearances and urinary excretion clearances of C-
labeled dextran derivatives and H-labeled ara-C and its conjugates with dextran
derivatives after intravenous injection in mice. The hepatic plasma flow rate (64), the rate
of fluid-phase endocytosis in the liver (118), and the glomerular filtration rate (119) are
shown for mice with a body weight of 25 g.

BA~OBITHIIEWZ L2VRES N, Zhiaxt L, KRRl Shic < BT L{EY CMD %
F¥ V7 —LTH5ZLITLY, ara-C D Clyppe EELKBDTED Z LR ENT, S HITIE,
Gal-CMD IZfEA 32 Z L1 X Y ara-C D CLy ZRINNITHMKTEDZ LBHLNE R,

UEDRER, ara-C O~ X — 57T 4 713, BRI TH 2 TR A B3 E DK & fTi
PSNA~DERDOKE 3% ED DRPUMFEEDETICL VERTEDZ LARENZ, CMD ~D
G 72 BONT galactose ZREDEAIZ L B ara-C DIENENEBISHEDOELEZB Lz T 5729, Fig.
24 |24 dextran FHEMAKR 5T ara-C FEEED CLje & CLluyine &~ L7, ara-C-CMD. ara-C-Gal-
CMD D2HBEIIENENHANZF ¥ U 7 —45F (CMD, Gal-CMD) DEIBFELZRKIRL TE Y,
ara-C ¥ ®H b3 5 & CREAZ KIBICHBIFTEETH Y. S HIZiL galactose EMfiZ T Z &
WL VELWIFERAEZETE 52 LRI,

I-3 PLGA ZBELTIELGRETFMEBRH+Y )7 —ORE

RTEINZIWV T, dextran ZEARFTHK &3 2 FHIBROF ¥ U 7 — OB ZITV. HUEA ara-C
DE—TFT 4 T L, mafira RS v 7e LTS ENTEY PRI BT,
EHEZRBETDI23F Y U T — 0o 0. (EARL~OBITHLETH S, BIFiTHREL &
ara-C-Gal-CMD 25 @ ara-C DH¥EBIIIB TR L RN EBHLNERY, ) LEES
FIET o R v ZEROEBRICBW IR VECEM BRI SN 5 Z LI &> TER) 2R
REBH/HTE D, BRHETa RI v /By R b= X2 L VHIRIZER Y A ENT-BE.

_34_



CO-CH-NH CO-CH-NH

CH,OH NH
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Fig. 25 Chemical structure of galactosylated poly-L-glutamic acid (Gal-PLGA).

HEA D endosome ° lysosome 72 EDSRYU 7 VNIZEHAZINAZ ENB | X% ) 7T—Fh
LOEYOBGEELRET ST L2 BAIL LT, pH B35 5V X cathepsin 72 EOBERIC XL Y
ARG INRTVBES P2 EY) — X+ ) 7T —ROFBEARIFIAT I LBRFTIN TS, —
FH. Fx ) 7T—BERECHIIHBINIBETIE. ERIFEaERcBEbo B HbaIn?
EEZLI, BRI AVANLMREN~DY V—RZHRITHD LEX LN, i,
XX VT —BEBRMINDZ LT, AN~OEBEOCEPLEATHIVENTWNDILEZLN
Do

72 BERERY) v—D—FETH D poly-L-glutamic acid (PLGA) iX. £FENIEELZF L TBY,
FABERE L, ELOCFEMHTTRERERELA L TRV, EHRES EVW i EAeSMHENE
Fx VT —~OIGAZEL TV LB S, £ T, AHiTid PLGA Z'FH & 3 5 IF iR

Table X Physicochemical characteristics of PLGA and its galactosylated derivatives
(Gal-PLGA)

Apparent 2 Number of ® Galactose”

Compound molecular galactose residues content

weight (mol/mol) (%)
PLGA 25,200 — —
Gal; ,-PLGA nd.? 3.71 2.58
Gal, ,-PLGA 26,700 4.38 3.03
Galg -PLGA 26,400 6.61 451
Gal,4-PLGA 26,500 16.0 103
Gal;jg-PLGA 25,600 18.2 11.5
Gal,,-PLGA nd. 19.5 122

2 The apparent molecular weights of compounds were estimated by high-performance
liquid chromatography gel filtration.

% The number of galactose residues and the galactose content of Gal-PLGAs were
determined by anthrone-sulfuric acid method.

°) Not determined.
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¥ v U7 —OBRREZTV., RNERERMES 5 I oEDFEM 2TV, FOEYIy ) 7T — &
L COFREME 2 RRET L 7211519,

3-a Gal-PLGA DERE L UEDOYMEILENMER

%7, ethylenediamine (Zxf L Z3VE TL RO HIEIZ L VY IME-thiogalactoside Z#E& L. %k
B oy B 25,000 D PLGA &NV AETA I FEEIZKVHET5Z & T galactose fEHi PLGA
(Gal-PLGA) & L 7=, Fig. 25 I Gal-PLGA DL #HEE R LT, 2B, ARBORIGHREZE
L&D Z LIk VEHRERS T GF 6 D Gal-PLGA Z &K L 72, Table X iZ PLGA B
£ U Gal-PLGA DY L FEHIEE Z R L7, galactose DFEEIZ LV o FRIZHE VAL W
T E DR A, galactose BEB—0FHEY 3.7~20F TR S Gal-PLGA M5 b,

Doz, FIETEOFRAEZAOMNILEZFECLY Mn ik L 2 HUR1E%E 2
Wiz,

3-b PLGA BRAOHIRNZSEROAERES

ETXX VT —FHBTHD PLGA OBIERELHA LT 570, 'In 3% PLGA % 1 mg/kg
DEEET~ U R IHRANKE SO MEPRE, HBBTERELR O CICRPHEMBORRE(LZ2 K
L. #R% Fig. 26 IZ- L7z, AWz PLGA O FEMBH 25000 & HBE/NEINWZ L5,
PLGA LI mEEF A AL L EICBRIZERV AT, —HIXRP~bHRtSh 2 2 & 83

(A) B)
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A :urine
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Fig.26 Plasma concentration (A) and tissue accumulation and urinary excretion (B) of

MYn-labeled PLGA after intravenous injection in mice at a dose of 1 mg/kg. Results are
expressed as the mean * SD of three mice.
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Fig. 27 Plasma concentration (A) and liver accumulation (B) of !!'In-labeled Gal-
PLGAs after intravenous injection in mice at a dose of 1 mg/kg. Results are expressed as
the mean + SD of three mice.

bhelpole, £z, HBANIBRERBON 15% BWMVAENT, —F. M. U M. FAk
EOMBRIIIBHTEEOERIIFED bhviaho 17,

Fig. 27 124 Gal-PLGA % 1 mgkg D& G5ETHIRAHKR G L7z & & O mMBPRER 5 ICITES
TEEZTRT, —7FH7 0D galactose FREEEIZ L D Gal-PLGA O M#EN 5 DK & NI AHEE
DIABIIRESEBEINDZEBHA LN L2 o7, galactose FREEL DIV IFIEER D 3AF 8
B2 O ONZBATENAK L. Galy-PLGA. Galis-PLGA TIIEEED 70 % LLESIFB~BITT 5
TEMWRENTE, —F. RHEHEDE Gal-PLGA TIXEREED 7 % Kl L FE~IIBIT
Liaho Tz,

AN T O BRI IZ K DHY IALBOE WS Gal-PLGA 2V, F1E 2 fiL RO Lk
TRFILEEZ A, EEMRT 10" @S-V REED 35 %, FEEEMIMT 0.03% &720.
Gal-PLGA D33 E I BIAIC IR D IAE N TV D Z & B3R I,

3-c KABEOXBFEIMRIT

PLGA FEAEOENEIBHRELZEENICHMT 5720, INETLRAEOGETEBFEAT
A—FEHEH L Table XI I2F & ®7=, PLGA Tix, AT ORIV AL 7 VT T R (Cliidey)
& CLype @< ZOFNE~ U RO RREEEFEE " NTIVMETH o7, £/, Clije b 35
mlhr & BRI N E B LN LR o, —F ., Gal-PLGA @ CLyy. ISFHEEMTRESRRY,
Gal,-PLGA TiZ 55 mlhr £ 72V PLGA DO# 16 D CLy. BT 5DIZx L. Gal;-PLGA &
Gal,,-PLGA TIiX PLGA XV H/hNEWZ LB LM ER o2, FTIZ L VE LN =% Gal-PLGA 7
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Table XI AUC and clearances of 11In-labeled PLGA, Gal-PLGAs and vitamin K-
Gal3-PLGA after intravenous injection in mice at a dose of 1 mg/kg

AUC Clearance (ml/hr)
Compound (% of dose

*hr/ml) CLioal CLijiver ClLiidney CLurine
PLGA 4.68 21.3 3.45 9.66 1.44
Gal; -PLGA 7.65 13.1 0.63 9.69 1.70
Gal, 4-PLGA 10.2 9.79 1.55 5.44 2.26
Galg -PLGA 9.28 10.8 2.74 491 1.63
Gal,-PLGA 2.40 41.6 22.5 5.36 2.93
Gal,3-PLGA 1.76 56.7 37.6 1.05 3.31
Gal,-PLGA 1.53 65.5 55.1 0.71 3.14
é‘;‘l‘g“l‘,‘LKc-;A 2.48 404 34.9 220 5.40

O :PLGA
@ : Gal-PLGA
A :vitamin K5-Gal;3-PLGA

Apparent hepatic uptake clearance (ml/hr)

01Lt 1 1 1 ]
0 5 10 15 20

Number of galactose residues (mol/mol)

Fig. 28 Apparent hepatic uptake clearances of 'In-labeled PLGA, Gal-PLGAs and
vitamin K;-Gal,s-PLGA after intravenous injection in mice at a dose of 1 mg/kg.

KD CLyjve & —457F 3720 O galactose FREE & DRIRE Fig. 28 I[ZHEH L 72, galactose FRIEHIZ
XU T Cliyee ZhH X870y NL7ZE Z A, galactose ZEELOBEMIZHWEEBIEAYIIC Clyve 21
B+ 2z ERanTs,

8-d Gal-PLGA D5 fEtEET4E

Gal-PLGA D3tz L C "'In #5235 L 7= Gal,s-PLGA % V>, Sephadex G-50 777 4 (1 x 40 cm)
CEDTNVEB I o~ N T 7 4 —IZX VRRFI L7, Galis-PLGA % 37 °C T v X% 1 B
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| : Control
O : 10 min

® : 30 min

A :360 min

Radioactivity (% of recovered count)

Fraction

Fig. 29 Elution patterns on Sephadex G-25 column of radioactivity in the liver
homogenates of mice injected with !1'In-Gal;3-PLGA at a dose of 1 mg/kg. Results are
expressed as relative radioactivity in each fraction against the total counts detected.

A FaX—varLERRIZE, BUREERS FamiisBo ohidholz, e, = U X5
L 72 AFIEC Gal;s-PLGA Z RN ESLHITHRE YR — b LESAICLEE R SRITEED bk
2o 1= (Fig. 29, control), % Z T, AFEBEITH D Gal-PLGA D7 fREIC OWWTLL T OFIH TR L
2o Gal-PLGA %~ U RIZEEGHEMNICIHREZHH L., HFREZERKPCREDR—PLER
EOREZEVBONEEEEZSAVEAL, BETEEOBEHAY — 2 BRIZFE Lz, Z 0%
PRIz L 0, FFIERHEHEED 90 % LA EAS EYEHICEIR E4v7e, Fig. 29 (&R E&ERICHME L
7= HFig AR E V% — F B D Sephadex G-50 7T Azt b7 u~ NS T LaERLE, BEE 10 47
DA TR Z fH L7288 B BRI control &M T TIIaR o b ho K5y F B 43 UL
EMOBEHPHER I, 2FICED RS FLEBOLRITRFFORE L KWK L, BREHE
30 43 DOFRF R TIRIFRICEIR SN2 BEHEED 5 B 70 % LLEBMES FESIZEIR &4, Gal-PLGA
DRI THIESCPITES FIL SN TS Z RSN,

I-4 vitamin Ks OFFMRZ —45 7«1 V(& 2MEEEEREDR

RIEIDORRFHZ X V. Gal-PLGA IZfTRIIEIRME A O ICFBBI TR O S fMEEF 252 LB L
nEleot, FZTAE TR, DRIKIFBA~BITT S Z L RENTE Galiy-PLGA Z2F ¥ J 77—
ETBEME T 4 L TZONTHRI L, BREFICAVIEY L L ThREER T 2E LT
% vitamin K SFEEDO—FETH Y, FEEDO D THEAKBEMEDE vitamin K52 #R L, Galjs-
PLGA \Z X BFHM~DF — 7T 4 > 72O TRNEIER 5 NI RE~ 7 2 TOEBEZRIZD
WORR L 72",
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CO-CH-NH

Fig. 30 Chemical structure of vitamin K5 conjugate with Gal-PLGA.

4-a vitamin Ks-Gal-PLGA 88 DA B L U T OB 2T

vitamin K5 @ Gal;s-PLGA ~DREAIIINVR I A I FiEICE V7o, BONERBEE—SFH
729 O vitamin K &5 12 B TH - 72, Fig. 30 IZ vitamin Ks-Gal;s-PLGA DALZFHEE &R T,
vitamin K5-Gal;s-PLGA D ENBIREDRKRTIHZIL, BIEN & D FEIZ X Y Gal;;-PLGA H4r % 'In 2

% Ui R R 2 OV e

4-b MIRRREROFRNERE & VXS IR

<7 R 1 mg/kg (vitamin Ks #H TH 0.07 mg/kg) PEEGBTHE Lo mEFEELR 5N
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Fig. 31 Plasma concentration (A) and liver accumulation (B) of 111In-labeled vitamin
Ks-Gal 3-PLGA after intravenous injection in mice at a dose of 1 mg/kg. Results are

expressed as the mean * SD of three mice.
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JFEZITR % Fig. 31 12777, vitamin Ks-Gal;s-PLGA 13MEEF 2 53 nciEE L, /5 L7 KE
SBFRCIRYAENDZ EBHALNE R o, 2. TRETLRBOFEIZEL Y K2R T
A—FEBHLELZA ERXFTA—FEX X ) T —TH5 Gali-PLGA LIZITHEL NI EBNRE
Fu7z (Table XI. Fig. 28),

4-c vitamin Ks-Gal-PLGA 512 & 5 warfarin LB v 9 X O Mk RERERELE

ATEIZ 3N T, vitamin Ks 1% Gali-PLGA 26T 5 2 L2 & 0 FFHila ~Ee iz # —F 5 4 ~
TEINDZEWTRBRINT, £Z T, AETIX vitamin Ks DFMIE~D ¥ — 7T 4 L 7 DHEE
ZMREEERE LR L UTHRE L7z, warfarin 8 (1.5 mg/l) Z8kEKE LT 1 BREE L. B
BhonrErEEFRIELT TR L, BEWES LT 10 mgkg @ vitamin Ks & 35\ i
vitamin Ks-Gal;s-PLGA % BFRAEE L7z, TO%—ERF I iz, vV R EZBHT 5 LIz Kk
RS Y MK AL, P OmMKEBESEEZ 7 0 bo v ©URREPIC X D FEM L7~, Fig.
R, BERHTTOZa ha EUEZRT, 7o b o UL, warfarin 4812 X 9k
SVEREE (113 0.7 sec) & e L THEIZHER LTz, vitamin Ks %58 TIX, 2IRRE T Cl2E/MS
DY 4 BEABICIILDTEAR T ba Ly P URBOERRED bilis, —7F . vitamin Ks-
Gal;s-PLGA 58 CTii 5% 2 REORER T CIZMEEBROBIESFRD biv, £ORHRIT 4
BRI E TRIREL 72,

S :l: P <0.05 P<0.02 P<0.01
a |
3 30 P<0.02
E ~T [ : Control
£ H : vitamin K,
g 20 "] : vitamin K-Gal;3-PLGA
=
e
&

10

0
2 3 4
Time (hr)

Fig. 32 Antihemorrhagic effects of vitamin K; and vitamin K;-Gal;s-PLGA after
intravenous injection on the hemorrhagic mice induced by warfarin treatment. Results
are expressed as the mean £ SD of three or four mice. Differences were statistically
evaluated by Student #-test.
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ESFEXF XY T —BRE LEMBRROEN Y — 5T 4 VIV AT AR RBERICBHRET HIC
X, Mx OESFHERD ENERICET 2 KBIEOFRICE SO ANBIBMRE L T lEL
OEEEZH L NCTILERD D, B FO—RNREHEB/ELS FREPEMN R EOYE
(LB R E S BEBPZ T2 LBALNE R TE VPP, F B ERRHEDEHIC
IVFURIBERLDETARBADE S FOERNBELZHBTE L LNRENTNE™
1218 (B~ DRI X — BT 4 VY DHRITERNT & DR Y AL IRE L EH LS~ D REE
LDOARTURIZE - TRESZ EDD, FEEHiZFALEFBA~DEN S — 7T 4 7128 NT
b, EHERIFBCORVABRARET TR EHHELLERE L XX VTS FORAEE
75 NERSHD, 2 TRETIE, BE—OWBRENMDR 5 dextran & PLGA ¥ v J 7—F# L
LTRIRL., FOSF2E0mBEL NSO KL L HICHEEMfL BT 2 &2 & Y iTRiERE
X Y TV RT LADOBRREEITV. EYF—F T 4 v ~DISAEEZREI LT

dextran | carboxymethyl 2% {45 L7z CMD I3FEH TN E7R Cliwa EH T2 Z L2 5, FIRAE
B ERERMEPICEE Lz, —RICHIEREICIZY 7TV EIBR T RRICRE OB S L7 HR
WISENELFET S0, MREEZACHEELTVHIEBMLNTEY'™, EEHEHET
BESFITAI~DOEEMENE PO, Zhic L CMD HAEREAT I LnoWVTnomM
BABFEERYVRAENRVBDEEXBNS, RFP~OHZBEL T, FHoFEAT 70,000 O
dextran Z AV TW B = L 235 size barrier & charge barrier & L TD 2 DOMBRE X R DARERIK T DI
BHHE BV, 5T, CMD IZREEFMMEP I CHE T 2HRNBBRELETbDEEXD
T, BER C OB EMMICBFME R OBEDE AL VBN I — T 4 VI BEKTE S LR
bhd, EBE. CMD IZHEEMZRTZ L2V, PROBOVIFMERM X% ) 708K TE
=, EENERRANTIC K VB SILE Clyw IIFEEHH BSA LT 2 L0320/ ENL DD, FFE
A~D IR & DT 2 A 6Tt KkE <, Gal-CMD. Man-CMD (3 En 7 AFIgFR A% X v
V7 —ThHdI EBRINT,

AR TIL, e U CTHREMEEE ara-C 28R, Gal-CMD %2 ¥ v U 7 — &9 DTl ~
DE—HF 4T %RH T, ara-C 1Z DNA polymerase FAEEELZ A L. SHEFEERDKER LD
BEICHWONE L OO, BEEMENZ LS, TR L D ECHITHET 5720, filb
POFYNY = ZF DEVELTIEANTH D, Z0 ara-C & Gal-CMD IZFEETDHZ L2 &
DRI IFHIA~Y —FTF 4 V7T B ERAREL 2D, EREEEN LRI ara-C U
INAZLELARD LN, BOTFRAEDDLOKHMIT ara-C @ amino EH T EZEEL TW5HZ
ok, BEHINARPRIEERBY ara-U T3z < ara-C BEHEINTE TS LEZX BN D, LA
L. ZOBBEBEHITEVD &5 SEEVEMITICR W TRICHERD S O efflux £ EETO4E
iX72< ., *H-ara-C DERFIT 0 N v 7V OENBEFEL. Fx Y 7—I2HVWE “C-CMD #E
EOENE—HKTDZEBHLNERST,
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Fig. 33 Effect of co-injection of BSA derivatives on the liver accumulation of 'In-
labeled PLGA after intravenous injection in mice. !''In-labeled PLGA was injected at a
dose of 1 mg/kg with 20 mg/kg dose of maleylated BSA (Mal-BSA), succinylated BSA (Suc-
BSA), Gal-BSA, or Man-BSA, and the amount in the liver was determined at 1 hr after the
injection. Results are expressed as the mean + SD of three mice. Differences were
statistically evaluated by Student's ¢-test against the control: *, P < 0.01; **, P <0.001.

—J5. KIEM PLGA b#FIRNZES % ZO—FBFR~BITL, EBHNEW Cly. 2R LE, &
D FFIREL Y iAZ 1T maleylated BSA (Mal-BSA) 3 %M succinylated BSA (Suc-BSA) DRIFFEEIZ &
DAHEBIZIET L7z (Fig. 33), Mal-BSA, Suc-BSA 13 & HIZHFBO I RGN SICRB L T3
scavenger receptor (2R U 7 =4 & L TRYIAEND Z E BB TR Y PLGA IXEDA
BRI K D FEEFHRICIVIAEND Z EWRBINTZ, o> T, HHla~DZ—F7 4 7%
IO DENEFFELHRETILENDH D, LLARNE, galactose 6 G DAX—H— L LT
ethylenediamine % iV T\ 5728, galactose fEAfiIZ & ¥ PLGA DA EBFRIIE THA T D L HE I,
EBE Gal; -PLGA X Galy4s-PLGA TiX PLGA X ¥ & CLyy /NS <2072, T, galactose DH
AN L BFHIRIC L 2D A EEDOHEKL Liz, ABFROBDIZL VABWMICEIIFEER
M X BV AAETORENKED oD EELLND, 29 LEWHELENEEOUE
PERHH Y. Gal-PLGA IFHFITRIRWIIFHIE~BITT oD LB b, Mz PLGA OF
B3 FBITK 25,000 & EEERH/N S W 2D\ Gal-PLGA #BE(K G HLERY K & 7 R ER(AURIE#
EEETHHLOD, %< O galactose AT HI LICEV+57 Clje 25 TE, 2RI
B~ —TT 4 I TELFEEPREFRETH o,

ZDOFEA~RIRANICE D IAEND Gal-PLGA ¥ ¥ UV 7— &35 Z LIk V., vitamin K5 DfTHE
W& —T77 4 7 BERTE, WEHRBEESNZ, vitamin K BTN TOT 2 hr By
ZRIUD ETEMKEBRRTOFEMEIZSLETH Y, vitamin K DKZ H 5V i warfarin % D
vitamin K #HLER 512 & 0 MEEEEMET T2 2 L850 T3, vitamin Ks-Gal;s-PLGA
G HBE 5% vitamin Ks DR BRHIN B 72DI121X, F ¥ U 7—05 Ol 5 TNZ endosome.
lysosome ZEDRFINT 7 Vb OBH, (EARBRA~OBITL Vo m@REBH T IBERD
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%, Z 9 L7 vitamin Ks OFMFENBEBICBEL TIARBTH D03, BERESHICHREENRS
=2 L5 vitamin Ks (SRR VAL EERHITES FILESNEHAETBITL TS H O
EEZDLND, FTHIEATERPICOEEN S Gal-PLGA DHEE A vitamin Ks D)2 B R FEEH
EEHELTWDLHDEEDbND,

LI E, AFE T dextran 3 X 'PLGA 2B & UIEEMEZFIAT 5 Z L2k v il mttEx v U
T —%BAFE L. ara-C H 5N vitamin Ks OFFMla~D & — 57 1 V JIZi B LTz, FTH PLGA
EERLETDIFX VT -V RT AT, MBRICERYAENEHECHIIOBINEZ L LEHK
HIZERTH D L Bbiv, Gal-PLGA % M\ /= vitamin Ks DFRIIA Y — 757 4 v 712 X e H
72 MR EEFEREOEE D vz,
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SFENEDR I EVHRA~T —FT 4 v 7 TEDRIEERLMNI L, BETIE. BHYTFE
YIOMIZEIESES VR EOEER L L TOREBED LN TV HDD, 25 DIERIXR
B85 - ZZERBICIRB SN TWBEENEL . ZOEIEL R T D12 8% 2 (RN B EHI A &
Tl Xn5, RIETHNLE X OIC, BoTOENSIRIIZEOYEIFEREE OB X D Hl#E T
BTHHI LMD, TNETIZHEL O(LEEMEIZ K DEBEESY 7 BEOBRESI#ENRS
BRTNBE, ULnlLaeisb, 29 LEMEIRESTFO/BAIC X 2 REREEBOME H 5\ ik
REFHDOBEEEERNE LEEbOnREL, ENMR~ORBINS — 77 1 7% Rt L=plix
FRER LR,
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HO
| |
© CH, (D) CH,
0] 0]
OH CHZCHz\ OH
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Fig. 34 Chemical structures of SOD derivatives. (A), galactosylated SOD (Gal-SOD);
(B), mannosylated SOD (Man-SOD); (C), SOD-carboxymethyl-dextran conjugate (SOD-

CMD); (D), SOD-diethylaminoethyl-dextran conjugate (SOD-DEAED); (E), SOD-
polyethylene glycol (SOD-PEG,).
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F - TAETIL., BSOS ABENSY VAV BEOKRNBIEHIMA~NSRTZ IR
VRVBEEGOMMBIRG Y — 5T 4 v T ERBR T, ABEEF RIEFLE LT, A=—F
XY A K7 =2V 2R T B LI LV EHBREFEOMHESHF SN S e MUBRGFHEKX
superoxide dismutase (SOD) %#BIR L., BEEMIZ L DX —F T 4 V7 OEBEIT OV TR L 2

136,137)
o]

M-1 HEEFEEHIZK S SOD DRAEEHE

BURIEOENBEIIE Y DLFEHRICIVFBATRETHAIZ EBRFREINLTNEY
ILIBIE) | Bt T, ALREME O ELFATNEFE~Y —F T4 735713 T<, SOD 2
Bx R ENBESELZHETEX 3L BbN5s, 29 LEENEIRERE L IRRIR L OBEM: %2 B
LT T B, BHEMELAMC bR OYBLENNE LR ORAS T/ SEFEAL G
FTARB L. %7 SOD FHEMKDANEEESEIZ OV TRET LT,

1-a SOD B#RADERE L U ENYELFMMEE

Fig. 34 12% SOD FEAEDFEEEL R Lz, FIELFEKROHFIEIZEIY galactose £ SOD
(Gal-SOD). mannose f&ffi SOD (Man-SOD) &k L7z, £/, F¥H5FE#X 10,000 O dextran %
WAER (CMD) & 5 WXIEERFER (DEAED: dicthylaminoethyl-dextran) &k L. HFEE L
i3 TEBEBCEPNC XY SOD IR T HZ L2k Y SOD-CMD, SOD-DEAED % Fh Eh &k
L, &5, EHSFER 10,000 DOIEMAL PEG (2,4-bis(O-methoxypolyethylene-glycol)-6-chloro-s-

Table XII Physicochemical characteristics of SOD derivatives

Apparent ¥ Number of ¥ Remaining © Electric ¢

Compound molecular NH, groups enzymatic charge

weight (mol/mol) activity (pH 7.4)
SOD 32,000 24.0 100 -
Gal-SOD 35,000 2.7 79.4 -
Man-SOD 34,000 3.8 65.5 -
SOD-CMD 150,000 15.0 50.0 -
SOD-DEAED 150,000 13.0 55.0 +
SOD-PEG, 270,000 14.5 47.0 -

3 The apparent molecular weights of SOD derivatives were estimated by high-performance liquid
chromatography gel filtration.

% The number of amino groups was determined by trinitrobenzene sulfonic acid method.
9 SOD enzymatic activity was assayed by nitroblue tetrazolium reduction method.

9 Net electric charge of SOD derivatives was confirmed by a batch method using DEAE-
Sephadex A-50 anion exchanger and CM-Sephadex C-50 cation exchanger.
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triazine) &G EHH Z L2 X Y SOD-PEG, AL L 72", Table XII 2% 57z SOD FHEEDOH
BLFNE 2 £ L DT, BEEMHICL VST XOEIIFBERDONRVDIZH L, &
FEEELE-FEETIEERSFI A X0OEMBRD bz, EBHMEDF TH5 DEAED %
f&& L7= SOD-DEAED IIEEMEF - &, FEFNUSOFEFIIABH 2O LBER S
N7z, SOD BERFMEIIOT O ESICL - THHE L, FEMEIIRES SOD D 47 ~79 %
OEERBET B LR ENT, PTH. Gal-SOD, Man-SOD RIEGFEMENEL. —0Fd 1z
D 20 BEOENIEES L TV BIZHL 0050 T VTN 65 % U EOBREHEZREEFELTRY,
ZOBEEMHESBEERFEORMNLLEN TS Z LR ENTE,

1-b SOD SBRADOHIRAR SO ERES

Fig. 35 {245 SOD H¥ K% 0.1 mgkg DIXE BT~ U X ZRBHIRNE L% O Mg E L iFlES
TRZR U, REM SOD X5 #HELHIZMFP LV HERL., FRPICIBERYAENLR
>0 72, Gal-SOD, Man-SOD 1% SOD £ ¥ b & HiZ@-0c P HiEk L. FEER BSA Rk
WITNHBREERD 75 % LA EMBFEICIR Y AT, —F. SOD-CMD, SOD-PEG, Tldmim»Ffa
BICE 2 FREBROEEIC L VRRERBSIE S, REMBRMLETICHEE TS Z LR
Enhiz, —F., Bt L RBHCZIEER 2115 L7~ SOD-DEAED it. LW - < 0 LiFgICE
T332 LWRENE, HEg~BITLE 3 BEOFEMKIZOVWTEOMBIRELFE I E 2 ML
BIED 1L TR L. Fig. 36 2k 10" @H7= 0 OBITE TR L, Gal-SOD, Man-SOD iZEHE
M, FEEEMIICENENEEMICBITL TV I L SHER SN, 72, SOD-DEAED i/

(A) (B)
80r 100

:SOD

: Gal-SOD

: Man-SOD

: SOD-CMD

: SOD-DEAED

: SOD-PEG,
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Fig. 35 Plasma concentration (A) and liver accumulation (B) of 'In-labeled SOD
derivatives after intravenous injection in mice at a dose of 0.1 mg/kg. Results are
expressed as the mean * SD of three mice.
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Fig. 36 Recoveries of 1''In-labeled SOD derivatives in the liver parenchymal and

nonparenchymal cells after intravenous injection in mice. Results are expressed as the
mean * SD of three mice.
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Fig. 37 Competition in hepatic uptake of !In-labeled glycosylated SODs by co-
administration with glycosylated BSA after intravenous injection in mice. !''In-labeled
glycosylated SOD (0.1 mg/kg) was injected with glycosylated BSA (20 mg/kg) and liver

accumulation was determined at 30 min after injection. Results are expressed as the mean *
SD of three mice. Differences were statistically evaluated by Student #-test.

G G 4, A,
U (L, R a0
On %G 8¢ NINE'T Po8
"Gy, egg) Sop 42,50

RSB L, F O55F i I T MLk & AR ME & OEREARLL Y L ITTHIE L T
BZED, HEMBEEERICE Y ARERRICERT D2 LB INE"Y, Zh L& SOD
DFIRE Y AR R EE RETT 572D, Gal-SOD., Man-SOD # £ N EFN KB D Gal-BSA. Man-
BSA LRIIFHREG L= & 2 O® 5 30 n% OFIBEITEL Fig. 37 I3, Gal-SOD. Man-SOD DfF
iz & DE D AR BITENENE —OFE CIEAM L 7-FEEM BSA ORIBFRSIZEIVIETLEZZ &
5. FEEHF SOD 1IFEEM BSA L R— D@ TRV AT TWD T LR INT,
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1-c (RREEOXEFHRNT

SOD DENENEREIZ T AR EMORLERNCHEMT A72D, ZHETLERBEDOGIEL
I VEEFE AT A—FZEEH L, Table XULIZF &7, SOD & FEEAT SOD 2B L TiXENL L
BEEN 100 f£. 10 EORBOENBIEBIZOVTHRI L, TORONRT A—F b TRLTZ,

Table XIII AUC and clearances of 11In-labeled SOD derivatives after intravenous
injection in mice

D AUC Clearance (ml/hr) Tissue uptake rate index (ml/hr/g)
ose
Compound (mg/ke) (% of dose
8  homl)  Clgw  Clive Cluie Liver  Spleen Kidney Muscle
SOD 0.1 9.49 10.5 0.0426 1.23 0.0262 0.0207 23.7 0.0310
10 9.80 10.2 0.0521 3.75 0.0335 0.0149 215 0.0542
Gal-SOD 0.1 1.05 95.2 88.2 5.63 64.2 00540 059  0.158
1 3.50 28.6 16.3 6.58 12.3 0.0330 0.354 0.0728
Man-SOD 0.1 1.37 72.9 53.4 3.40 37.2 9.79 1.28 0.0673
1 5.06 19.8 11.9 5.21 8.39 4.01 0.861  0.0975
SOD-CMD 0.1 315 0.317 00218 0.0680 0.0210 00174 0344 0.0019
SOD-DEAED 0.1 348 2.87 1.44 0.561 1.44 0216 0202 0.0216
SOD-PEG2 0.1 633 0.158 0.0107 0.0124 0.0120 0.0032 0.0405 0.0124
Hepatic plasma flow rate '
100 -Z__:__________.__ A - -
Man-SOD # Gal S?D
Q |
Q |
g 10 BT !
d i
b 8
© ) B
£ SOD-DEAED @ 5
Q | s
g é . ! g
% 0'1 e ' : ‘%
& SOD-CMD 0
5 SOD-PEGA)/SQDL) ;
g 001 - -0 .
é* = Rate of fluid-phase endocytosis in the liver ¢

; : oo :
ed s aaed caaand el U uad

0.01 0.1 1 10 100

Total of apparent kidney uptake clearance and
urinary excretion clearance (ml/hr)

Fig. 38 Apparent hepatic uptake clearances and total of apparent kidney uptake and
urinary excretion clearances of 1!'In-labeled SOD derivatives after intravenous injection
in mice. The hepatic plasma flow rate (64), the rate of fluid-phase endocytosis in the liver
(118), and the glomerular filtration rate (119) are shown for mice with a body weight of 25 g.
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FAEH SOD ITFER TR & VVRIRER Y A EE & BRI K &\ Clype 2O Z L BRENL, ZDF
VAV ENBRMBICERE SN EBICECHIRIRERBEZZ T, LICRMETCHERNIND
TN EN, EERERE 100 5L LB AICH Clga OEILIZHTTHY, SOD
BEERIZE O TERNIREREER SN A Z B TRENTZ, Zhizx L. CMD ® PEG, #&&
LRS- FREE SOD FHEAE TIE, T4 XABERLET LIZ K DR EKRERADIMH 330 b
7=, F7-. SOD-DEAED TiIH#EHI/NZ W CLlyw THEIH DD, £DH) 50 % % CLjye i85
ZEBHALNE RS, —F. Gal-SOD, Man-SOD TiZ&EERED 0.1 mgkg DHFEITITNTHDY
< U ADMFMEFGEIZICE T D KE SO Clive 2B T DI EMBTRENT,

FALRHEMIZ X B SOD DENEIESIEIZ OV T, B TH DT~ DBAT & TR T DORIREIE
Bk DK% Fig. 38 [0 &k, FRENIIIRIRFEEREE 2K THIEL LT CLluine & CLiiney
DREHERWVWE, SRIEFEMICELY SOD OENBIBIIBIMIZET D2 LinSh, FBEEfz
Mo LT LYK 1,000 fEOEE CTHB~EETE S &, E£/ PEG Ui & W REREAIRIRHE %
BEGDO—CETERTTEDZ LALLM E RO T,

m-2 [FROEMD - FEREECNT S SOD FRAOHHZR
RIEIOBRTHZ LY., BEEMHLEKETZ 212XV SOD ZHBE~NBIRMIZ Y — 7T 4 VAR TH S
TEWREN, FIT, AETIIITREEETVEER L, F—F T4 72K D SOD DIEER

HRUBIZB L TR ETT oD,

i.v. injection of SOD derivatives

Y
<Occlusion> i.v. injection of BSP
201 e v
g
> .
= O : Sham operation
g 10 @ : Occlusion
=}
2
a Sk
0 e (]

50 20 40 60 80 100 120 140

Time (min)

Fig.39 Experimental procedure of the rat liver ischemia/reperfusion and bile flow
rates during the experiment. Hepatic ischemia was elicited by occluding the portal vain
and the hepatic artery for 20 min. After 60 min of reperfusion, sulfobromophthalein sodium
hydrate (BSP) was bolusly injected into the right femoral vein, and the BSP level in bile was
determined for 60 min. SOD derivatives were bolusly injected into the right femoral vein at
adose of 10,000 units/kg, at 5 min prior the occlusion. Bile flow rates are expressed as the
mean * SD of three rats.
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2-a HENM - - FBEREETTILOER

JF AT U0 & T2 E BB IZB VT, MmN SAEMIREE & 2 - %Iz A ER S
AT, EEICAKFED > TV BIEEREE LRI SZTEHEERERL AR EL, Zhi2kD
FEOMBBENEE SN Z ENALNTVWAS™, 22 C, BEREEEOMHLHEFIND
SOD FEADIEES R LRI T 5720, Kawamoto b DHE DI VITEM - BEREETT NV
RAYERK L7z, Wistar REEVET » Moxt LARBR TIHEIR & PIARE 7 5 > 7" L Tl & EBr L, 20 4
B EALMKEZER L, SOD 5\ ik SOD HEMEIIEMBAL 5 FATIC 10,000
unit/kg D5 B CREBFIRNICERRFRE LTz,

Fig. 39 CERFIEOMELBH T 5 Litic, ERPOBHOWEL YT, EMERIELITo 8
(occlusion B¥) Tid. BERBABE RIS W CIEAH O S WIEEEIZIET LT\ 5 b O DR DR
B e CEIE L, FERBAE 60 SR8 LR TIIREFNORZIT o8 (sham
operation #f) D L X/UZE TEIE T 5 Z L AVREN T,

2-b WEM - F#ERESOMMEDOMIL

FFREEDFEMIZIL. KD T v AR—F —I2 X ) mEEP 2 SR P ~GW i 5 FEEEZ I
¥E sulfobromophthalein (BSP)'*’% Fi\ ., EHEFBALA 60 o DR R TRERFIRE V&5 L7 BSP O
REH th ~ DYk Z — o Z4REIC AT M - BREFREE %7l L 7=, Fig. 40 {Z&%&M4TTO BSP O
ABH-HERE R — L 2R, BbnHEltd T — A v MEMICL VST L. IFEEHEOERL
¥1T o7, Fa(BULER). ta CEHPERERR) X2h kAL VEHEN D,

401 40 r 40

= O : Sham O : Occlusion O : Occlusion
'E" o Occlusion + SOD + SOD-CMD
v + saline @ : Occlusion @ : Occlusion
§ 30| + Gal-SOD 30k + SOD-DEAED
g A : Occlusion A : Occlusion
w + Man-SOD + SOD-PEG,
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Fig. 40 Biliary excretion of BSP during rat liver ischemia/reperfusion experiment.
Results are expressed as the mean * SD of at least three rats.
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Fa=| (7: )dt (20)

dX, dr

fa=| 1 7 1)

TIZT. t IEBMTH Y, diydr 1Z BSP ORIFHEEE CH D, FE— A MEZILELDGE
VOIZPEV, EHIARICE L THIBEEEAREZEHA L, T LIBRIZ OV T terminal phase (2% L T
RN ZREICLVEBRERD, ERFEHECOMEREN L,

2-c SOD BHHAEREICKIEEMHIR

Fig. 40 {278 L7= BSP DRAH-SEtfi#R %2 T — A > MEHT LKER % Table XIV IZEHE L7z, ##R
P#%5 L 7= BSP 1% sham operation & TiIABH s ~D PR DS 04 %, FHPEMIFRAS 152 o L5
L7 KER ST AR BRI h~ e S5 2 L AVR Sz, B - FH#WREIT Y 2 LIk Y kit
RKIT 78 % ICETIET L, F-FHPEMIEMS 182 S LHEETHZLBHALNERD, ElL - H
ERBECXVIFTEESREL WA BRI,

#% SOD FHEMEKEEIZ X HIEFNRLARICT 5729, Fig. 41 IZ&RMHET TD BSP DRk
MR & EIPEMEER] % sham operation BEIZX T 2 E R THEE L, BSP OHMIZBT 5T
A—Zzxt UTRES SOD O EIIFAEHRVBBENZ LRSI, —F . Gal-SOD. Man-SOD
B ERECIIPEm R, HEAER & b 12 sham operation B & ICE A EICE CTERIET D Z LB L L

Table XIV Moment parameters for biliary excretion of BSP after intravenous injection
of SOD derivatives in rat liver ischemia/reperfusion experiment

PY P
Fa ta
Treatment (% of dose) vS. vs. (min) VvS. vs.
Sham Occlusion Sham Occlusion
Sham operation 939 + 4.7 — <0.01 152 £ 0.5 — < 0.01
Occlusion + saline 782 + 32 <0.01 — 182 £ 14 <0.01 _
+SOD 818 +40 <001 ns.? 180 £20 <005 ns.
+ Gal-SOD 910 £ 7.5 n.s. <0.01 156 £ 1.3 n.s. <0.01
+ Man-SOD 94.6 £ 6.1 n.s. <0.01 155 £ 1.1 n.s. <0.02
+ SOD-CMD 863 + 4.2 <005 <0.01 174 £ 12 <0.01 n.s.
+ SOD-DEAED 81.7 £ 2.0 <0.01 n.s. 20.9 + 4.1 n.s. n.s.
+ SOD-PEG, 893 + 2.6 n.s. < 0.01 194 £ 35 <0.05 n.s.

% Differences were statistically evaluated by Student r-test.
® Not significant.
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Fig. 41 Biliary mean excretion time and recovery ratio of BSP after intravenous
injection of SOD derivatives in rat liver ischemia/reperfusion experiment. Results are
expressed as the mean + SD of at least three rats. Differences were statistically evaluated by
Student #-test against the group of saline administration before the occlusion: *, P <0.02;

** P <0.01.

7257, SOD-CMD. SOD-PEG, #% 5 BETIIPEMRIZ saline H G5B L L THEEVRD LN
HDODFDOFRIIHEEH SOD BEBMAZBMZ 52 LiTkdol,

m-3 #=®W

BaxREROERE L CEEBRENSEELTWAZEBHALNICEND2H D, EExD
SRR & R BT TR, MBSEIRE L 22 - % CME A H S 2R BMOGEI bIEE
MENFA L, EHRRCERT EENRKET DI EBRALNER> TNDSED, [TBOE
i - FEERESICIL, MMM, Kupffer MK, FHPERR ENEMRBERELELET OEREND D
LEZLNALDOOWTHOMIAN EEREARTHINEIRAATH S, HFHEKSI T 7—
i Y ORARMINIE NADPH oxidase ZWEBICH L, B2 ORBIZINE LTI OBREEE(LL
R R XA KT AV EEETEZENALN TR, = [FmENEMaRE
D xanthine dehydrogenase JLEEMEE & %\ M IBLAIFEERHC xanthine oxidase (CZA#R S, HEMAR
@) - B 7 yanthine Z U ABIC A — —F XY A KT =4V ERET I ENRESNT
WBBEIS) X izit, R —FF YA KT =F U b Rax v I UhN R Efe OEERSE
BONAEL DD LICk DR E NS X B Sh B Z EBRESNTND,

2= F X P A KT =A v & MET S SOD ZEHMERONRB A X7 — FO EFUZIEHT S
. FUMNVEERIGCE VEEASNSREOERIGHES TREZEEEETOLY HIELINIZ
B RFBLIERA SIS CTE 3", L L2 30,000 FRE & LB/ S W D RER(RTEEC
FOEDHICHET A END, FOEDRBCIIENBEHESAAIREEZZOND, £2T
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ABFTIE, SOD DENBESI#EEL UCOHEMiZEH L. IFB~0OBIRM Y — #7127z &
LA OEEBRREFIZX 5 SOD OBEFRSDEOKEL RS-,

SOD O lysine F&EIZxt L T acetyl L 7= 1% succinyl {LIEMiZHE L 72B4121X SOD DOBEERTEMEMN
KBIETT 52 LRENTNE, SOD S FREDEEMPERA——FFH A4 K7 =41 D
EERL A~ OB EERBEREZ L TNV IBEDHH Y, acetyl 136 & U succinyl (ki & ¥
COEBEBMOBPIT 2 LVPBEREEOET I EEITLOLEDPNS, L L, AHFETH
W HIEOC & BEEMTIE, B 1E 1 T Gal-BSA ICOWTHRLELIICF VI BOEE
RERMSEDZEBRNED'D, BRIEEZ +2I0RHFE LI HEM SOD BER T EbD LA
Lhb,

SOD (2 X SEEFMHRIZIROBRFHAHWZ BSP i3, AT =24 D—ETh Y #IRMIE 5% 87
FIZHEME S35, BSP DM S AFRIIE~DER Y AZIZIE Na" KFMRERBZEEES5 T 52
LMD F A RERBEE A LA R~ O QW R AR KB LT v FREAWERIN D
cMOAT (canalicular multispecific organic anion transporter) 23385 L T\ 3 Z L 1S9RPHE I TV 5B,
Wo T, BSP DIEHH~OHMEZIRE L T35 2 LIC X VT OB M ARETHD L EL L
. TOFEZ XY IEERRIC K FHRIC T 2EE R 5N SOD H#kE 5 Lk 3REEMmH]
BROFMEIT o 72,

AR IR 52 iFIE~1T L 7= Gal-SOD. Man-SOD %, /TR OEEME., FEEMIZELEh
receptor-mediated endocytosis IZ X VRIS NTEIREND bDEEX NG, TV T ulz Ly
HrveEF =507y /) —RLE7T—IC L VBV RAENTZ /37 BT lysosome ~Hig S
NEPDIZHMEND Z EBBESNTVAY, LrLeis, Zh bliEEs SOD #E5/ECE
WTHFETENZBRREDIRBEDONZI NS, MERCIRYVAENEEDRL &b —EN
SOD {EMEZ R L, BRFERIZOBRBoEbOLBbhb, EBE, HEE Lk~ r 7y —Un
BHHENDA—N—FFH A4 F7T =412 T 5 Man-SOD DHEERRDORITIzEB VT,
colchicine HIMZ LY = YA b= 2% E LB A 1213 Man-SOD DEENZED Lz ho
22 D bR~ A E N -FEEET SOD BEMMENEICHEEL TVWAZ L BHESN S,
#> T, Gal-SOD IZAFHIEICER VAT N, MRS R—R—FF A4 FT=F itk VEESNS
DEFH L. —F5 Man-SOD 1N EAKIR Kupffer MIBUZE VAT, Z HILOHD B R —<—
FIXYA RT=F U BEEINDIOEMH L THBDTIIenhe Bbnsd, —F, Mo
FE(KTH 5 SOD-CMD. SOD-PEG, ##%5 L= BAITHETFTOHRNAD S, ERELEDIC
FET DI L OFBERMICA——FF YA R T = U 2 EETAZ EBRE SN, -0
SOD-PEG, IXEMODOEM - HERICE 2EEL LMEIT A EBHALNER-TEY®, 20k
RABFISBSFEROTHD L Bbh 5, $72. SOD-DEAED iI#HIRA#E 5% b Tl ~B1T
THZHEDLTHERDRIIRD b0, SHICIEEA~DBIT ¥ — DN T
X° DEAED B & OMB~DEMR EBEBL TNWIOTIEARVNE BEbN 3,
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LLBRL, FOETHMNEL I ICHIRNBRE&OIFESY — 77 1« v 7 Xz X 280054
HEEDHZE > TREIN DD TIERL FBUAN~DBEREE L OANT U APREEL 2D,
#oT, ZOFEMEZAMALZMBIRNY — 7T 4 V75, SOD LA DIEEWAREES v _
JBIZOWTHEAFRTHAINE I NEA LI TR, 2. FENMNIVEEIZITER
DITRERFEIIB I D Z L2257 interferons (47 F & 15,000 ~ 25,000), interleukin 2 (% ¥ &
15,000). erythropoietin (53 F & 30,000) 72 EBIR FHAEE X HATIZ L D BRI ED STV 3
K5rF % X7 Bizxt LT, SOD FRRBEERIC L 25 — 77 4 VI DERBFERTH I E 5
LRI TR, LTI LERgFEBI/NEINVE VR BOEFARIZIZ. FFPORA
ARERBREMBBONDZ N X —FF 4 VS ICHERBEOHEENR LTSN E 5 MR
BATH D,

FZ TAETI, ARETHOSHEEMiEZABESY VAV EBDF—FF 4 ZIZEAT 5
BRCHLELRDEBENEY R BOWELENEE, 20 CICHEEHOBRED 2 REHL,
ZY B, s D galactose Efi ¥ L7 HEERK LIRS HOENBIBERIT L, Eik.
FBIETHELAEPNEDZETTNVICESBITICLY, 2V R7B0H TR E galactose &
KDEMBERNNICE VR ITEDIBA~DZ — T T 4 VT HBIZEAE LT AN OV TREL

7 172,173)
A o]

Table XV Physicochemical characteristics of galactosylated proteins with different
molecular weights

Apparent 2 Number of ® Number of © Galactose
Compound molecular NH, groups galactose residues content
weight (mol/mol) (mol/mol) (%)
Galsg-IgG 159,000 69.0 38.4 4.40
Gal,g-BSA 68,300 45.6 20.2 5.14
Gal;;-SOD 33,600 61.2 10.8 5.74
Galg-STI 21,300 78.9 6.04 5.12
Gals-LZM 15,200 729 4.82 6.03

) The apparent molecular weights of galactosylated proteins were estimated by high-performance
liquid chromatography gel filtration.

® The number of amino groups was determined by trinitrobenzene sulfonic acid method.

) The galactose content was determined by anthrone-sulfuric acid method using galactose as a
standard. The number of galactose residues was calculated using the molar ratio of galactose
residues attached and a protein.
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V-1 galactose &% /O HOERE L UL OMELFHNER

STBORBEBHZ VB L LT BSA (FE 67,0000, SOD (43 F& 32,000) DfLiZ bovine y-
immunoglobulins (IgG: %3 F & 150,000), soybean trypsin inhibitor (STI: 53-F & 20,000). chicken egg
white lysozyme (LZM: 737 & 14,000) ZRR L7z, THETLRERDOFIEIZEI Y, £F 7 EIZ
%t U galactose EffiZ L 72, FFECETIRHCIT. HEHELERHLY 5% BED
galactose Z & 1e & OB L etk %2 AV =, Table XV IZA K L7z galactose fE/i & » <7 HD
MEALFRME 2T, E/-. galactose IZ K DEMBOLEIZ OV TIE, BSA, SOD (Z*f L
galactose FREM A LA S B EHiAZ AR L7 (Table XVI), B EBRITIT, THETLRERDS
EIZ R D Vin AR L 2 BURHERR AR & A e,

V-2 HBTE8EICRIFT galactose % /AU HOHSFROER
2-a XREMHZ /RO EOMIRABRSEROERNES

galactose &M% > 7 EDNBIEORFNIIENL DL, AVky v 7 BEEOERNEIEZ KRE
L7, Fig. 42 12 1 mghkg DREBTHZ A7 BEBIRNE S L L & OmEPRE & FBST
BETT., SFERPKE W IgG & BSA BREFFMEFICHE L0 L, o7& 32,000 KL
Fd SOD. STI. LZM 1TEMIC, FhoFRICKF LREE Cmh bkl . »
THOZ VI E L EFHR~TIRYAENRNT LR RENT, Fig. 43 KERKRTROEHF
N7 BOGRE R S OICRP~DOBRATEEOEIREZ RT, MEEHHLERNITHRLEZS ]
IR FE DRESSHBEER S CICRPICBIT LTS Z ARSI, ZHE TOREPIZ

Table XVI Physicochemical characteristics of galactosylated proteins with different
numbers of galactose residues

Number of ¥ Galactose®
Compound galactose residues content

(mol/mol) (%)
Gal;6-BSA 355 8.70
Galy-BSA 10.2 2.67
Gal,4;-SOD 14.2 7.68
Galyo-SOD 9.78 5.21
Galg-SOD 7.83 421
Galg-SOD 5.84 3.18

% The galactose content was determined by anthrone-sulfuric
acid method using galactose as a standard. The number of
galactose residues was calculated using the molar ratio of
galactose residues attached and a protein,
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Fig.42 Plasma concentration (A) and liver accumulation (B) of '!In-labeled
unmodified proteins after intravenous injection in mice at a dose of 1 mg/kg. Results are
expressed as the mean + SD of three mice.
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Fig. 43 Amounts of radioactivity recovered in the kidney and excreted into urine at 24
hr for 'In-labeled IgG and BSA or at 1 hr for 'In-labeled SOD, STI and LZM after
intravenous injection in mice at a dose of 1 mg/kg. Results are expressed as the mean +
SD of three mice.

bHD K IITHFED 50,000 FRELLT OESFOBREITIIIEMS RN R RAERIC L 0 Mm% 5
WETIHIZ EBRERINT-,

2-b galactose i % >/ HOMIRNIX 5% DOIRA %S

Table XV (27844 galactose fEi & 237 B & ZNFH 0.05, 0.1, 1. 10, 20 mgkg DB EET
VU RTEARAR S L RO MR L IFRBITRE S Fig. 44 (273, 1 mgkg U TFOREEIZ

_58_



“XIX 9IqeL ur pajst| siojourered Suisn paje[nuuIs S1om SOAIND Y], °"OTUI INOJ JO UBAW AU S Passardxa ore synsoy oI ux
uopdafur snoussenul Jd)je surjold paje|Asojoeies pajaqel-uL,,; JO (4240]) UOHB[NUMIOIR IIAT pue (L2ddn) uonerjuaduod ewseld pp *Siq

(urur) sury (urur) owr, (urw) suny (urw) swry, (urw) suny
09 o€ 0 09 o€ 0 09 o€ o€
) 1 o 1 ] o ) 1 )
! h: 5
v, T T
$ : g I
")
4os dos g
et dor @
door Joor
09 o€ 0 09 o€ 0 09
0 o 0
M Y ﬂ Y.
0c 0z
oy (417 ov SyBwoz: W
8yBwor: O
Syswi: g
09 09 0 symare: o
Bwco0: @
WZ 151D (@) 08 LLS-eD(Q) 08 aos-1'en () 08 vsa-eo(q) 08 D3O (V)

v
(o]

(=]
w

vy
~

g

114

ov

09

08

(9S0p JO 95) UOB[MWINIIL IPAT]

(Jw/3sop JO 9) UOBENUIIUOD BUWISB]J

_59_



BT, Galy-IgG & Galy-BSA 13 51% 10 mLANIZEREGED 80 % L L FIB~BIT L=, BE
B% 10 mgkg A EL LAEBAICIE, FRICEZ2BVIALZMET L, MEHLOHEELEBEL -,
Gal1-SOD b 0.1 mg/kg L FTOBEE TIIEREED 70 ~ 80 % BHBICBIT L2 00, SRkEGE
BEIZIX Galie-IgG = Galy-BSA & & L TEDOFEBITHEIIRE {ET L7, —7 . Gal-STI ®
Gals-LZM 1 galactose &8I & 0 FHBA~BATT 5 £ 5 2R o b D0, EOFR~OBITRII M
O galactose FEfiZ X B LA THRVIEL, ENENREKRTS 40 %, 30 % BE LAFE~
=BT 4 T TERPoT,

Table XVII AUC and clearances of 'In-labeled proteins and galactosylated proteins
after intravenous injection in mice

AUC Clearance (ml/hr)
Dose
Compound (mg/kg) (% of dose "
*hr/ml) CLotat CLijiver CLother CLurine CLkidney
IgG 1 1440 0.069 0.016 0.054 0.005 0.002
BSA 1 1430 0.070 0.016 0.054 0.007 0.003
SOD 1 8.84 11.3 0.033 11.3 0.647 8.59
STI 1 6.39 15.7 0.355 15.3 3.84 9.77
LZM 1 4.87 20.5 0.486 200 0.832 17.4
Galsg-IgG 0.05 0.86 116 88.3 28.2 0.300 0.235
0.1 1.19 83.9 68.1 15.8 0.315 0.273
1 1.29 7.6 64.9 12.7 0.345 0.200
10 9.09 11.0 5.43 5.57 0.147 0.047
20 10.8 9.26 4.15 5.11 0.102 0.080
Gal,;-BSA 0.05 1.49 67.1 61.5 5.65 0.168 0.197
0.1 1.63 61.3 51.0 10.2 0.166 0.243
1 3.18 31.5 25.5 6.02 0.131 0.144
10 21.5 4.66 3.37 1.29 0.039 0.041
20 330 3.03 1.99 1.04 0.040 0.033
Gal,;-SOD 0.05 1.47 67.8 55.1 12.7 6.28 421
0.1 1.63 61.4 47.2 14.2 5.55 3.89
1 2.57 389 23.5 15.4 5.60 4.10
10 6.68 15.0 3.81 11.2 7.14 1.80
20 7.93 12.6 221 10.4 6.35 1.37
Galg-STI 0.05 3.33. 30.0 11.3 18.7 10.6 5.54
0.1 2.70 37.0 14.3 22.7 14.1 4.65
1 3.28 30.5 8.78 21.7 154 5.07
10 436 229 1.92 21.0 17.3 3.16
20 6.76 14.8 0.991 13.8 10.9 2.24
Gals-LZM 0.05 2.77 36.1 10.5 29.0 1.70 20.4
0.1 3.05 327 10.6 247 1.17 18.1
1 3.60 27.8 8.41 25.8 1.93 17.1
10 6.56 15.2 2.57 20.0 3.99 10.3
20 6.46 15.5 1.79 22.3 10.9 8.05

% CL 4, Was calculated by subtracting CLy;,., from CL,,;.
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Fig. 45 Effects of the dose and the molecular weight on the apparent hepatic uptake

clearances of ''In-labeled galactosylated proteins. Circles represent the apparent hepatic
uptake clearance of each galactosylated protein at doses from 0.05 mg/kg to 20 mg/kg.

Gale-STI X Gals-LZM 58, ¥ 7= Gal,,-SOD D& #xE5 B2 L2k, B & RPICE VA
EHENRRRE &7,

2-c (RNENE OB FHIRN

INETCEEBEDOHIEICLY, BREMZ 7 BRSO galactose {E8fi 5 /37 HOEEF
T A—2EEH L Table XVILIZFE & B 7, IgG & BSA iZ@\ MLSEP# Y2 i L THEFIT/D

50
S of o u I I N I
d 1] 7Ol
g [ - :CLkidney
E 3
g |

3

o5t
(Dgolie) 1 005011 10 20 1 005011 10 20 1 005011 10 20
mg/kg

SOD  Gal;;-SOD STI Galg-STI LZM  Gals-LZM

Fig.46 Apparent kidney uptake and urinary clearances of ''In-labeled proteins and
their galactosylated derivatives after intravenous injection in mice.
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VY CLlygw BEOZ EMRENT, ZHIEX L, SOD, ST, LZM @ CLywy iEKRE L, £24F
BWNSVLDIEEREL RABBEMBRD LN, THOTXTOREMS NI ED CLje 1X
0.5 mbhr LFE/NEL, INHF U ARZ7EAFICITIFBICIR VAT N SHEEITFR LRI LR
SN, EHIT. Cligmey & Cluie KKERBVNDH Y| CLua (T80 DN DEITARKREIES U
TIURZEVBATESRZ L b RINT,

IS FEA~OBITRE R 2 WZ UV BT U galactose EffiZ T Z LIk, BED
EIHBLDODNTNOEE S Clie WEINT 3 Z & MB/RE4LT, Fig 45 124 galactose ERi ¥ »
RIBED Clie ZREBEHFRIZH L TF 2y F L7, Galy-IgG. Galy-BSA. Gal;;-SOD Tid,
0.1 mgkg U FOHREBDFEITIY Clijve 137 7 ZAOFMEEHREICILE T 2ETH S L BHL
wrlpot, —H. Gale-STI & Gals-LZM D CLyy IHERSBDOBFETH 10mhr BETH o7,

SOD LUFORTFEEHOZ AV ERLRCEDBEHHETIE. Climny & Clun. P&EFHIZIX
CLoyper (ZHEY L7722 £ 535, Fig. 46 12, SOD, STI, LZM 72 H NI galactose FEHIAD CLiiane, &
CLuie %7 L72, galactose EMIIZ K 20 FRDEMDBIRERNI L ZRB L. Clitey & CLuine @
TR RENZ VB & galactose itk L TIHFE LW I LRRINEZ EMnD, ZNOHFHE
#RIZB8 LTI galactose &Ml & B IFRUAA DOWEREEDOEIID RN LIVRS T,

V-3 BF#T8MEICRIFT galactose RS >/ HD galactose SHFEDER

Bz WT, F~DZ—FF 4 VIRV EZ RV BRF O TENEEERITTZ
ERRENT, LAL, BEMEKYL Y D galactose BEEIIFTFEVPRKENVLDITELI 2o T
B, ThBFE~OBITHICEEL TWAZ ENELLNS, ZNETIZL, I—% U "7E
oxt USSR R A2 AL SR EMEEAVWERENL, Ve -RBMCB T IRERERDOER
HERERINTWAE™D, ftoT, HFEBRRZZ VT EONFBA~DI Y AL FE 2 BH T
AL, ZOBHROENLEETHILENRSD D, £Z T, BSA & SOD ZX{£IZ galactose F&EE
¥MDOR BEMEEZ AR L (Table XVI), ZOFENENEL EEVFHNIHTT 5 Z LICX VITBITE
BBIZ XU T galactose EERIR D EIZ DWW THRET LT,

3-a {EHEORL S galactose E&iF /) HORIRABZRERDOFEREES

Fig. 47 \ZEHR O R 2 5 Gal-SOD % 0.05 mgkg 5*H 20 mgkg £ TD 5 BEFEDOHRGE T 7RI
BARNB S U= MR E L FFRBITEZ T~ T, B 5SEROIFE~DORRKBITRIIFEREK
FTREX< B2, EBD 85, 75. 52, 28 % & SOD »7= ¥ O galactose ZREEMBBA ¥ DIz
NTETLE, L LUIFRICE 2B VAZBPETIHBRSEOHEITIE. FER~DOBITRICH
FVEELREIRD NPT,

BSA FiEAIZRI L CRBICENBIREZ BRI LZFER%E Fig 48 IR, EHEDOEY Galse
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(A) Gal36-BSA (B) Galm—BSA
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Fig. 48 Plasma concentration (upper) and liver accumulation (lower) of 1In-labeled
Gal-BSAs after intravenous injection in mice. Results are expressed as the mean of four
mice. The curves were simulated using parameters listed in Table XIX.

BSA OMiEdH 6 DL b NZIFE~DBITIL., &I XD Galy-BSA DPES LITERLUTH D
TLEMWRENT, —F. Gal-BSA IZREEDH 70 % BIHE~BIT T LOD, BELE—&HS
EREMEPICHE T2 BRI,

3-b (AABEOIEBFLAIRNT

Table XVIII iZ, ZHFE TEREROFEIZL W ROLEBFENST A—F2F L0, KI5 ERF,
Gal)-SOD Tt 80 mbhr 2 5K E VY CLiyer THDDITH L Gale-SOD Tid 5 mVhr BETH Y |
in vivo "COFFIBE ¥ IAZIZIBVT S galactose IEMIDBRENEE TH D Z L HB/RENT, Fig 49 iZ
% galactose f&#fi SOD @ CLyyr & SOD — 433720 @ galactose BEIHICH L TFay ML, #
SEENREVERICEOEVREBEIRD ONRZVHOD, K5 ERIZIL galactose ZREHDS CLive
EFRETHEELERTH DI LRIk, FERRERIL BSA FEATHLRD LN,
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Table XVIII AUC and clearances of '!In-labeled galactosylated proteins after
intravenous injection in mice

D AUC Clearance (ml/hr)
0se
Compound (mg/kg) (% of dose
‘hr/ml) CLjotal CLiver CLother » CLutine CLkidney
Galy-BSA 0.05 1.12 89.6 84.6 5.00 0.109 0.275
0.1 1.18 85.0 713 7.71 0.163 0.302
1 1.93 519 45.4 6.52 0.062 0.210
10 13.7 7.30 5.57 1.73 0.044 0.063
20 18.5 5.40 2.34 3.06 0.031 0.040
Gal;y-BSA 0.05 19.7 5.08 4.80 0.280 0.079 0.062
0.1 180 5.54 4.89 0.660 0.061 0.059
1 19.5 5.14 495 0.190 0.055 0.060
10 34.6 2.89 2.03 0.860 0.022 0.051
20 42.7 2.35 1.22 1.13 0.046 0.057
Gal4-SOD 0.05 0.96 105 86.5 18.2 7.07 1.05
0.1 0.88 113 89.1 243 7.46 0.945
1 1.44 69.2 48.7 20.5 7.96 1.45
10 5.94 17.1 4.64 12.5 6.98 0.791
20 7.18 13.9 2.53 114 4.53 0.860
Gal,(-SOD 0.05 2.56 39.1 29.3 9.8 422 5.17
0.1 2.46 40.6 30.5 10.1 4.51 5.28
1 3.32 30.2 16.5 13.7 5.36 4.80
10 . 6.40 15.6 3.44 12.2 7.32 2.85
20 7.15 14.0 2.51 11.5 7.42 1.89
Galg-SOD 0.05 3.87 25.8 13.4 124 2.85 7.78
0.1 3.82 26.2 119 14.2 221 6.85
1 4.30 23.2 10.0 13.2 3.95 7.21
10 6.45 15.5 2.95 12.5 5.62 4.02
20 7.46 13.4 2.02 11.4 6.15 2.60
Gal,-SOD 0.05 5.33 18.8 526 13.5 1.74 7.60
0.1 5.61 17.8 4.33 13.5 2.06 8.44
1 5.30 18.9 4.19 14.7 2.16 7.26
10 6.76 14.8 2.23 12.6 7.22 448
20 7.12 14.0 1.64 12.4 6.76 3.49

8 CL ypec Was calculated by subtracting CLyye, from CLy,.

V-4 galactose 8% L/ BORBITHEEZRET SZEOMHREH

B CORMIZL Y. galactose IEHIZ X 2% v 7 BOFMIA~DZ =57 4V 7ZiE, ¥
LRI EDSFEL galactose DEMHROMINEE CTHD I LRRENTL, I bDER L
galactose &M% > X7 BOFBITHEOHBEMEEZALNCT I &IZLY, FOAEEIZE SNV
FWIKD S FREVBFREL 25, 2T, HEEH BSA OENENEMITIC M o ERFHRBIAT
FINCES XK galactose 1685 /7 BOKNBIEDORITE1T ) 2 LItk 0, HEMHEOHBAT
BiEr 2 SOEENEAST A—F L LTEBELT S L 2RA L, ST, /BonEBF AT
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Apparent hepatic uptake clearance (ml/hr)

4 8 12 16
Number of galactose (mol/mol)

Fig. 49 Effects of the number of galactose residues on the apparent hepatic uptake
clearances of ''In-labeled Gal-SODs. Circles represent the apparent hepatic uptake
clearance of each Gal-SOD at doses from 0.05 mg/kg to 20 mg/kg.

A —2% L galactose Efi & » /N7 B OMEALFRINEE &L OB OV TR L,
4-a HEPMIESPEETILICE T galactose 8% /30 EDHRENERRNT

Fig. 50 IZfEHTICRAW=ET V&7, PP D DIHKEFELISNE Fig. 13 TR L 72 FEEH BSA 72
5 UNT dextran DENENERATIZHWZET NV ERI—TH 5, Table XVII, XVII (27K L7 CLoper
P Galyp-IgG 72 5 TNZH Gal-BSA TIXBRGEOEMIZENEAD Ll &b, ZhbicEL T
PP 7> b DAL % Michaelis-Menten B (K., Vi) EIRE LT2, ZOHFEIZIE, 22— F AU b
WZET2HENTRIEEIEIHTRLER (D ~O) LD, —F. % Gal-SOD. Gal-STI. Gals-
LZM DHEICIE Clope BREBRIZE O FTIZT—ETH o722 &2, PP 25 DHERIIRFE (CL)
ThHdE LT, ZOR, "= FA L MBET3HERZRIZLUTO L D IR TE 5,

dc,

— " (0C,-QC,-CL,C,)/V, (22)
dc, V

—d;— =(0C, -G ~— ’"j’cl C)/Y, (23)

m,]
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Plasma pool
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Disse spaces

Hepatic
uptake

Intracellular
space

Fig. 50 Physiological pharmacokinetic model for analyzing the ir vivo disposition of
galactosylated proteins. K,,;and V,,, ;, Michaelis constant and the maximum rate for liver
uptake, respectively. K, and V,,;, ,, Michaelis constant and the maximum rate for
extrahepatic elimination, respectively. Q, hepatic plasma flow rate. CL,, extrahepatic
clearance.

dX vV
utnlad _M_Cl (24)
a K, ,+C

ECBXCICIZETAR (23), 24) 1%, BIEIHOX@B). O LENENR—TH D, [gGRB &
UYBSA FHEMIZEA L TIIR (D)~ 9) &, FRUMIOWTIER (22) ~ 24) ZF [ FE 3 Hi L RRD
F1C Fig. 44, 47 (IR galactose i 5 L R/ BOTRTOHRESEBETOMPETRE (C) BIV
BT R (X) 12 L CRIEY TIIOHBE T Kupy Viasps Knis Voarn CL, ZEH L, L
7 L. Galie-BSA (ZBIL Tix Y THIBERICBWT—E LEICRENFE bz o2, Gal-BSA
IR ERBERD 70 % BERFBE~BITLEZL00RE | FEZIZBWTHMEES 1 ml
B0 10% BEFELTEY., —oTH7=0 7L 7D galactose 3FHE L TV Gal-BSA XL
T FE—LREALRVEVIBEIEH Y, ZOENEBEDORERIT galactose FEGED 2N H D
BIFHE~RVAEN R bz E B s, 6o T, EFVEITICAWE =MD Koy Vo THE
Gal,-BSA OFFIBBITENB AT CE oo b D LB DN S,

T OBRE LN RANEIE RS A —F % Table XIX IZFE &dE, ERTA—F Yy bEHD
TR 7= B3 BRIZ% galactose B % L R BOERBRE LIKBRLTWD Z EPRINT
(Fig. 44, 47), P X DMV AL EZRET S 2 DOEBNERT A —F DI Vop IXEFHEKRE
TFNIEFEREIRBVIIRONT. BH/DEV GalyglgG & B b KEV Gal-LZM DORITY 4 552
EDETHEIENHLNE RO, —F ., Kny [CEFEEH TRERBVDIRD 6072, Galys-
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Table XIX Pharmacokinetic parameters of !In-labeled galactosylated proteins

Liver Plasma

Compound K1 Vot Vimao/Km Kump Vinaxp cL,

(nM) (nmol/hr) (ml/hr) (nM) (nmol/hr) (ml/hr)
Galag-IgG 175+ 2.88 423+035 2,410 472+£238 7.00 £2.09
Galz-BSA 633+ 4.01 6.20 £ 0.37 980 839+351 7.07%1.56
Galy-BSA 220 £ 55 4.69 £0.29 213 301 £167 2.01%0.54
Gal;-BSA® — — — —
Gal;4-SOD 822+ 523 9.84 £0.59 1,200 149 09
Gal,;,-SOD 642 + 129 8.72 £0.70 136 127 £08
Gal10-SOD 118 £ 23 8.78 £0.89 74.5 12409
Galg-SOD 360 * 69 8.60 £ 1.15 239 131£1.0
Galg-SOD 1,240 £310 8.63 +1.83 6.95 135 £0.8
Galg-STI 242 £ 54 973 +1.42 40.2 32220
Gals;-LZM 922 £230 180 3.5 19.5 346122

Each parameter was calculated based on the model (Fig. 13) and was obtained by fitting the differential equations (7)-(9) to
experimental data of plasma concentration and liver accumulation time courses of each !!!In-labeled glycosylated BSA at
five doses. K, and V,,,,; Michaelis constant and the maximum rate for liver uptake, respectively. K, and V,,,
maximum rate of uptake for liver and plasma, respectively. CL,, extrahepatic clearance.

3 11In-1abeled Gal,;-BSA was not analyzed based on the model.

IgG. Gal;-BSA. Gal;s-SOD 72 EFIE~IE L < FEONCBYV AN b D TIXFDOMEITE nM &
B I, ZORF, VoK TRINDFBR YV IAHOEEZ VT 5 2 RiX 980 ~ 2,400 ml/hr
& 720 P SEREEE (85 mVhr)*™ & LR LT 10 UL ERE <, Zh SBEEDER 58 T OFFRER Y
RHBBMPBEETHD Z L BHALNER o7, LA L, Galg-SOD TiX Kny X 1.2 uM &7,
Galys-IgG & B L T 1,000 fHAVBIE B3H 2 2 L MR EnT,

4-b galactose &8 % > /0 BOEE¥/X5 A —4 & galactose EEFE & DIEE

RIEIZIRW T, ARFWEBFEETNVICESSMITIZ L Y galactose IEMiZ > /%27 B D in vivo T
DIFEATENRBOEBY FRIBE LA O NI T A LN TE L, BIMICEVEON KB YE T A —
4 & galactose fEfi 7 L7 B OMBILERIWEE & ORBIYEIZOWT, ETHFEOEE L BE T
& 5 5 FBD Gal-SOD IZHE R ZHLY |, galactose BEHDEEBIZ OWTHRH L7, Fig. 51 I24 Gal-
SOD D Ky & Via & SOD —47F 72 1 O galactose BEIIZH L THAI¥ T2 v L=, FOK
R Ky OXEAE L galactose BEEKOMIZIZFERICBFL2MBEARED bhviz, £oT, Bl—#
NIZHEIZRE L2 BEITIE—5FHT Y O galactose BEBVHFEAED K, FIREL, FORRL
U TP K 2BV IABEENREIND Z LMW RENT,

LI T, BEHTHWT T D galactose {ERi ¥ o737 BTt L galactose 1= & BEMIR & K,y &
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Fig. 51 Effect of the number of galactose residues on pharmacokinetic parameters
representing the hepatic recognition of 'In-labeled Gal-SOD. K, (A) and V ,,; (B) of

11]p-labeled Gal-SOD were plotted as means + SD against the number of galactose residues
per each Gal-SOD.

Table XX Estimated surface area and surface density and distance of galactose
residues in galactosylated proteins

Estimated ® Surface density®  Distance between

Compound surface of galactose galactose residues

area (molecule/A2) A)
Galss-1gG 37,800 1.02 314
Galz-BSA 21,000 1.69 243
Galy-BSA 21,000 0.962 322
Galp-BSA 21,000 0.486 454
Gal4-SOD 12,200 1.16 29.4
Gal,;-SOD 12,200 0.882 337
Gal;(-SOD 12,200 0.798 354
Galg-SOD 12,200 0.639 39.6
Gals-SOD 12,200 0.477 45.8
Galg-STI 8,720 0.692 38.0
Gals-LZM 6,800 0.708 37.6

8) The surface areas were calculated by the following equation using the molecular
weights of native proteins:

Surface area = 6.3 x (Molecular weight)®7?
Y The surface density of galactose residues was calculated by dividing the number of
galactose residues by the surface area.
) The distance between the vicinal galactose residues was calculated by the following

equation:
Distance = (Surface area/Number of galactose)®’
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Fig.52 Relationship between Ky, (A) or Vi, (B) and the surface density in 'In-

labeled galactosylated proteins. Parameters of !!'In-labeled galactosylated proteins were
plotted as means + SD against the surface density of galactose residues

DBURBFE Y SO E I DOV TRE Lz, L., FEEMTRELS GFIAIBRRDI L,
FToT ORI B LR E T B ) FRERIZE VT galactose 571 D SLABLE A
EETHLZ LD EE L, galactose EMBOIEL L THEMARED galactose REDEE &
FV =, galactose DRMBEE L, Miller HDFE I NWEF RV EOBHEREMEZBHL .,
HFHEK—/5F 51 ) D galactose BEME Z DR TR T Z L12 & Y galactose Dy FRMEE K
% RAEY o 7= (Table XX)o Knjv Vimea % galactose DREHEE A L TH KTy PLIZEZ S
(Fig. 52). Ko OXBUEI galactose DR HE MM AEVIZITERICHD U, REHELD 1 x
102 molecule/A? L E CIITIE—EME L R D Z L BRI, ZORRIX. galactose BRISY /37
BEORHE D AARIEY VNV BEDOY A XK 5T galactose DA FREABEICK > TRESINS
LERBTEHDTH . #EoTC. ZOMBIICTHE DU /= galactose BEiY VNV EHEEZRETH L
L D FHIBEAD Y —5'F 1+ >V JI#E LB EEORBHAEEIC RS L Bbh %,

N-5 ¥

PEEMIC L DEBENY VRV EORY — 7T 4 v 71k, TR Y A B EE & FFLAS~D
WEERELDAT UV AZL o TREIND, #€o T, FBEMT 7 HOFB~DEITZ in vivo
ST A2 LR Y ZOMBRARIICGTMET 22 LBAETH Y., BONEERE D LITH
RN 5% O IFBBTICEN-FEEORFNERTEDILDLEZILND, T, #IRNES
BOENENEZ A ENEEBIET T NVICE ST T2 LI2X D, nvivo (ZBIT 5770
BEX LRI BLETE—ENT IR RHOEBENER LB DI ENTE, ZORYAHFHE
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L galactose {8 ¥ > /7 BOMEALFRME L OMBEZBL NI T O ENTEI,

TITuER AV B L —OEERMCBE L T THE T in vitro EERERTHRIREZ AV
R P B LD galactose Y FOMBEBOEBEMBHLNE N TRV, 3 2B OFESH
KILD galactose BT 5 15A x 22 A x 25 A DZAROBRBT 7 ully v 7 EVvET
F—LORBTENTNDE VDR TNEYY, —F, GFRIICHMETH Y, £/ BSA REK
HLUTIHHoRFREMEER A ETE B2 L0 b, AR THWE K O 2 B SN IR R
R R ERESTI XV T ORARRECERTH D, ZOBEBEMOBEIZIX. BSA 71
IR S B galactose A AN S ¥ 51 ERABFESERT 5 2 L@ Sh TR ™),
ABEIZB VT HE I ETO Gal-PLGA Z W =RFIN 5 galactose ZREB D EEMEA in vivo TD
PR 0 ABRICB W THEIEENTWS, L, S FEREOMEICFOEEIRRDIEST
BT LEe 77— Al 2 EMR, BREER COFOBIRIALMTIIRL, ABEES
VRIBREDESTFIRH L TCE—FTF 4 2B E LEBERE2RL B0 FREHCET
AIERIIAE LN TRV, KNEIEOANT 28 U THEY T EA ORE—EHC X 2HREDEA
S — IR Y A BSEE OBIR AR L AN, [TRUA~DOHKRICET R LERETHZ
LItk 0 SBUREEHERIR LY — T 4 VI RERTE DD EEDbN S,

FrCAETIE, AREMY VRV BEMRE L THIRNE 5% O KNENIR A A SR KEF
EF LTI 52 L2k V. galactose IEfi % » 7 BOFBITHEREZIET 5 EROMKHA &R
Fate, FRITOREE. Gale-lgG. Galie-BSA. Galy,-SOD 72 & {E# 5 BBFIZIEF I E LM TR X
VAN BHEEETIE, Koy BEFITDEETERERERERELHOILPRINED, N
13 Koy BSIEE /NS VA I IIITIER ¥ 1A% SMER 5 BRI MREEE 2o TN O THY
S0 LD REMET T K PELOLHIIITHBITHRICHREEELRIESRNVEDTHHI L
REER ST, “DZEhb, galactose I & BERIREZREBEE L LT 1 x 10° molecule/A” LLEIZ
+ 27 LRFRRTHIVE, MR EE TR ~SETRERFEENRI TE 5 LIUR
AT, % galactose IEMi% /%y BRED galactose BEDHANH—THDHERELILLED
galactose 7% 358 D EME % Table XX (2T, FFA~Z1E & < BAT LB T, galactose AR
OB 30 A BLFTE R0, il L7558 L galactose 53 F O MABLENE L IZIEFFL NI &8
RENFE, DL, HTEELLICHELEF VAV EOBIREREN HFM LT galactose
DEEEELEEL T B2 LIc kY, 77 ulid v 7 BL e/ Y —IChREISBRINDH
BRNHATTRETHDIILETETHLDTH D,

STI. LZM TiXL B 7 ¥ —~D affinity Z+58ED 52 LB TE T, RIS BIBREL
LTRGBS KX W b EIRICh R SRS — 7T 4 v ZITER TE R ofe, T
DL 5 BB, BEENIT L ARO[ 5750 T < RS ~D MR E AHT 51k
R AT 5 2 L THB~ONROBRNWY — 5T 4 v 72 ERTHHOLEEXDND,

Db, AECIE A OB L 7 BOENBIES T FVICESEMFT T2 &I2ED, ¥
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YR B FRED galactose FREDFEE D galactose {ERfi ¥ L 237 B ORI ¥ A BFED affinity
ERELTWAZEHNTRIN, BEMLEZAHL CTABBEEY V7 EBRLPICESFXY Y
T~ =TT 4 T ORI EREEEORGNCET 2285 N TEE, =
NoOMRIL, MEBAENHEORR I OABEESY VRV EIZH L TEESZFRIRA L=

KBIRW E — 7T 4 v T 2RBD L THEBRRFEREEZXD5bDEBb 3,
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Pk, BHFIINECDREY ., FEEMERS FOMBELFHINE L ANEBAEE OBEL R L
LT, BEHERARALEZ—FT 4 v Y AT AOEEMRREHES ORESLICER Y A, FEEH
BSA % B\ THHENE S FOEANRENSEMEL KB AT 2B C THLMZ LK, K
SFEMEB X OAEBREEY VRV BOFERIRNE — 77 4 Y JHEORRERAR, SHICHAXOD
galactose 1Efi % {7 BOENEB OB FHIMBITIC LD 7 VA7 HERGO S FREITEALT
LR EToERER. UTORRERT.

(1) ¥EEH BSA FHE &K% B SR 55 F D IRNEIRR R E D AZEA

TFNAEST L UTEHIRAER S % RREMMETIZFEET 5 BSA 2BR L. WEHiE s+ O/KA
BIEREZ B 50T 572, FEEH BSA DIRNIRE% DRSS EZ KB FHFEZ AL
TRHT LTz, MUBOHOBIE L RBBMVIAAL 7 VT 7 AR BT 51213, MBBITRH
BEERK DM S D efflux MPER AR Min BHRIEPBE L TSI EWRENT, TOHETE
BB ESR R AV THRNENRE 2 R A L7 R, Gal-BSA 1RO mEWRE & 13IT%F L&
B CHIFO EEMBICIRVAEN D Z &, —F Man-BSA (3T OIEEE MR & iE~% < B S
Nz Ehd, FRNEFNOBEERRBETHILET Y-t —RTHILWRrENE, T,
Michaelis-Menten % 0D FFIEL V AR 2 0A AR A BENEEZTT AV E AW TIN5 &
1 & 1 BEERG BSA 72 & TNT dextran OIFRIEATIHEL Y A4 2 EBHNCFEE TE 52 L bRdnT,

() APt v D 7 — OB L EnEZFRRALEM I — T T 1 7

KR E ALBEMHTRARGEEZE< AL, ¥ VA7 EEHB L THERERMENR L
DHEEHET S dextran 2F ¥V 7—FHK L L GRIRL, IGAEDEWVHILERX ¥ U 7— X
F AOBERERA, BIEIZIBVT dextran DERSBEHF T ICHFEEMIAICRYIATN LI &R
BAoHneRoll b, ZNEBFTD carboxymethyl ZEZHEA L CMD 2% ¥ U 7 —HHL
LT Gal-CMD. Man-CMD % &L L7-, WsEEMiAIL, ZhEnFREME. FFREMII L
THRD TEWVERNEET XY ) 7 —ChHD I EIWREN, HlEAIT ¥ T € izs LT~
BRI Y — T4 v IRERINT, S56i12, EENTERPICHMIN D LDERLHREY
HH 238145 T % 3 poly-L-glutamic acid (PLGA) % Fi\\ THTHIRRRINK* + U 7 — (Gal-PLGA) & &
BL. ZHICKET 22 L2k Y vitamin Ks 2R I FMfa~Y — 774 7 TEH T L &H
EMZL. 2O vitamin Ks D ¥ —FF 4 7 IZE W ET 0 b U EVIERFER STV AD
MREEERE 2 HONCEIE TE 5 Z &R ENT,
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(I0) BEEMIZ L 5 SOD DTS — 77 1 v 7 L il - BHEREERICXT 5 s RikE

R 2RI U MIRIRN S — 7T ¢ V7 B ABENEY VR BEOBBHBE~NEATS 2 L
ERL, TEHEMRREEER TH D SOD 12X L. galactose 36 & OF mannose &M% i L, FFlE~EIR
BNZH — T4 T INDFEEEZER LTz, F~OmkE —EREENEZFERT 2 L1
LV FEEET T 2ER L, §IRNE S L= BSP OB ~DHE %212 SOD HE kD
EWMHIRE LM L 725 R, SOD B XU F/E%E SOD FEKR 51F & bk L CTHbE &M SOD
REBTIIEAPEHECEEIERD b, F UV BEEDH L THEEMRICE 37 —F T
VINBERHTHBZ EBRTRENTE,

(IV) RN BB DR BERRRIMRAT IZ B S BEEf & o R B D5 FiR5

BRICHBHBIN TS Y U BEERODOE X, o FESEEBI/NE RIS RERE
iR EN D, FHEME ST DR ~OFEHRIL, FEROMIIZ X 2HY AHEE L EZEH LS
~DOHEKBELDNRT VRZL>TREINDZENG, ¥—FT7 4 V78 LI EHEM ¥
7 BOFRENTIT, MHBROBEE LFEEM Y R EOHELENRME L OBREH L NICT B4
ERHD, £Z T, EFNZ NN IEE LTBSA (5FE 67,000), SOD (5F& 32,000) 12z,
IgG (%3 F & 150,000). STI (5rF& 20,000). LZM (53 F& 14,000) ZiBIR L. % galactose {EHfifkD
ENBRBIHEZRFT L, W TNORE S galactose ERilZ & Y FFE~DOBITH KRR Sz,
STI B L ' LZM FHEE TIIHREED 30 ~ 40 % LR~ — 5T 4 V7 TERWIZ EWREN
oo TR LTHFIAZXDRENT X7 E TIHIFIBBITED 80 % IZZF L., 7= galactose
BEKAHMIEDIZ L THBA~DE ST AV ITHRBERTE L WML R, &5
IZ. galactose {EffiZ VRV BDHEELITRE — 77T 4 V7R LOBREE 1 ECHEEL - XH)
FEFNERWTHRET LR, VB FRED galactose FRIEEF N galactose fEAfi 7 /%
7 &G D FFIREL 0 iAFIBIED affinity ZIREL TVWB I EWRBR I NI,

CAb. TSN T O—REO R RNBI B 2 BEEAT BSA 2V CEE L, KRICHE
Bisy T DISNBNERIT IO A A 72 A B EH RS T TN EBE L, F7-. dextran 38X F PLGA %
B LT HMBRRIF ¥ U 7T — S XTF AEBRL, EWE— 57 1 L 7 ~OBERICHE LTz,
S 512, SOD ZHEEMIZ L D Hl~% — 2T 4 L 7T B2 L CHRENENKEIND - LR,
Ry BEESOFRIEMAHEHRICET RN 2 BE, CThbDHRIL, EYTFEY
RF R EBEES, EHIZTBRFROT UFRURAFY TX T UAF R Ll A SR
WE—FT 4 VTV AT AORRBICHERRFREHEHZREBET I 0 L Ebh 5,
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Kby iCiAy, RIGEABRELR2EEYE, HEELBY ELARTKERE 2. YOIk
GEEELZHY L LR FRR CAETERCIROIVEERIBMBEELZRLET, £
ZL OFERZHEYE LABELBROERERERRECHERICUNLEHHOBERLET, &
bz, BaDBEELRMBELZBY L IREREDBEFBIEIR, REER KEERSHEF,
FRRFZUTERNF, ABERREZR RBFE, AAREERFEFRIFEAELR LI
FRRFEFBERERER —RITRSEHH L ETS

52, ERO—FIZEH @B, DIIEREL, ERBETFFEL TREHEL, ERTEH
Fh MNREZEL, RBNBEELICREBLET,
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X B O &

EIE RO

[1] A%
bovine serum albumin (fraction V. BSA) i Sigma #t & WA L7z, FH5F& 70,000 D dextran i
Pharmacia #t & VA L7z, [MIn]InClL iXAARA V74 Vv 7 ARASL L vt Shizb D%
Wiz, Na[PI RE—bFEHKEASH LY. [PCIKCN T Amersham tE & D A L 72,
diethylenetriaminepentaacetic dianhydride (¢cDTPA), 1-(4-isothiocyanobenzyl)ethylenediaminetetraacetic acid
(SCN-Bz-EDTA) IXRIAMEEFFEFT L VAL,

[ 2] ¥EEH BSA DGR

galactose fEfFi BSA (Gal-BSA) iX. Lee 5D F LI WA L7, galactose 7.5 g % acetic
anhydride 10 ml =R T 3 BRI #H%. 30 % HBI/ACOH 20 ml F&HFT CT—ReA »F a2 —a L
T b afERRAR L, ROT, T thiourea & 1:1 DE/VELT acetone (IR 15 /MR HR
L. RIGERY 45 g & CICH,CN 333 g. K,CO; 1.49 g, NaHSO; 1.95 g % 7K/acetone (1:1) 20 ml
T 2 Bk % T CRIG X, cyanomethyl 2,3,4,6-tetra-O-acetyl-1-thiogalactoside (CNM-thiogalactoside)
AR L7, B 5 7= CNM-thiogalactoside % MeOH H 0.01 M CH;ONa & ZiR T—BeA > F 2—
3 g > L 2-imino-2-methoxyethyl 1-thiogalactoside (IME-thiogalactoside) % &% L 72, BHIIZ, BSA
50 mg % & t» 50 mM borate buffer (pH 8.5) 5 ml |Z IME-thiogalactoside % 1872 E/VEL TN A, 3 KFfd
RIGEE®5Z L1285V Gal-BSA &R L. Sephadex G-25 (Pharmacia #t) 7 5 A% H W=7 V8@
2k VBRI L 7=, mannose f&£fi BSA (Man-BSA). glucose f&£fi BSA (Glc-BSA) IL#% 3L # mannose.
glucose # HFEHE & L Gal-BSA L [F#RDHIETER LT,

[ 3] ¥E&ffi BSA OB LFRIMEE OF il
(1) BREEDEER
galactose, mannose. glucose % Z L EIIEHEY'HE & L T anthrone-FiEiE "Iz X V1T o7,

(2) &R
Gal-BSA D% E UL, polybuffer exchanger 94 resin (Pharmacia #f) % iV T polybuffer 74 (2 & U &

ML, BHEOpH ZRIET A EIZEVER L,

(3) U VEDER
BSA ZEHEME L LT Lowry bOHEICHLELTCEERLE,
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(4] BUHEEBRAE DR

(1) "In-DTPA %%

Hnatowich & D FHENZREWCZEREMS L — MR cDTPA ZH VT [MInInCl; 12 & Y B E#
Lz #7378 2 ~10 mg % 0.1 M HEPES buffer (pH 7.0) 1 ml {Z#f# L. DMSO (Z&#& L 7=
cDTPA % 10 ul (¥ VX7 ED 2 {E%48) MMz, 30 MR TRIG X8 7-#, Sephadex G-25 77 A
ERWESVERICE VRRIG cDTPA ZERE. MRAE@ICK VB L=, RWOT, 0.1 M acetate
buffer (pH 6.0) 20ul & ["In]InCl; &K (74 MBg/ml) 20 ul DIRHEIZ 40 pl D cDTPA EFX V&
Nz 30 SERBETHET D2 LIZE VIEK%E1T o7, Sephadex G-25 /77 2 &AW 7 VIR
BLUORAERICE DRERIL =,

(2) "In-Bz-EDTA 1%

Meares 5 D FENTEN " EEEMEX L — FRAZK SCN-Bz-EDTA % AW T ["MIn)InCl 12 & ¥ Bk
B L7, ¥ /%78 10 mg % 50 mM borate buffered saline (pH 8.5) 1 ml \Z7&#Z L. DMF (Z##F L
72 SCN-Bz-EDTA % 15 ul (# > /X7 E®D 10 {55 &) MMZ. 37 °C T—He/RIE EW7=1%. Sephadex
G-25 T LERWESNVIERIZE D RKE SCN-Bz-EDTA %RE. BARERICK Y BHE L, K
VT, 0.1 M acetate buffer (pH 3.0) 20ul & ['V'In]InCl; %K (74 MBg/ml) 20 pl DIRHKIZ 40 pl O SCN-
Bz-EDTA fE& % VXV BEMZ | KMER THRET D Z LI X VIFE@ZTTV, Sephadex G-25 4
S LRV ZVIBIRE X CRAERIZE VBRI,

(3) ™I

Na['®T] Z A\, chloramine-T # 2 & V7o 7=, EE#fKIT Sephadex G-25 7 7 L& AW F VIR
BICEVRERLIL, RSO 1 #BRELZBEERICAVWE, Y VEGROEHIKIZIE 02 % BSA &
A 0.25 M phosphate buffer 2 FH v 7=,

(4) "C-dextran

Isbell 5D FHEDIZ LY “C-dextran ([carboxyl-"“C]-dextran) % &K L7z, dextran 1.4 g Z¥EHIK 10
ml (CEAR L, BAPMESMET [“CIKCN % 0.05 mmol X 50 °C T 7 BERAMNBA L 7=, 45 °C T 24 F¥fH
W@ L, RIGERM%E Sephadex G-25 H T L&MW AEEIZ L VBRI L, RIMNEREIZ &
DERfE LTz,

[ 5] BARNEFEE G % OBHNED

(1) Mk ER

BT OEMNEENT ddY RHEE 7 X (5 ~ 6 B, 24 ~28 g) AV TITo 72, BOHEREED
ABEHEAKBKREREIRE V5%, KBy —CNTREBEL. R, E2EBRL 2, &I
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IRERMLIZ & 0 BRE L., M8 H 5 VISR OBTEELZRIE L, £/, "'n-DTPA-BSA %
AVWTERROERZITV, BE 10 7EOHBTPRELZREL. MBPORFLIKRELMIEL T,
T, EREZBBIRNKE®%~ U X% pentobarbital BRE: TEIRE L. FARD 5 collagenase 0.5
mg/ml ZZRER CHBEZERL. Fon-MlaBBREOHELT I LTIV EREMBL
FEFEEMID L 28 L 720, SMIRE S OMEHEER S NI R BIET 5 Z L2 & Y BT
R ~D 5y A 2 5l L 7=,

(2) ¥EEH BSA O RFFR 5 EBR
Un #ZRFE 26 BSA (1 mg/kg) % FFIZRbE (A BSA (10 mg/kg) & RIRHZBEBIRNKZ S L, &S5
5 47 ("In-Gal-BSA. ""'In-Glc-BSA) & 5\ X 10 0% (''In-Man-BSA) (21§72 & QN g2 ERE L
HAHEMEZBIE LT,

(3) “C-dextran & Gal-BSA DRI 5
“C-dextran (1 mg/kg) % JEIZ#&K Gal-BSA (30 mg/kg) & RIRFIZ BRI S L. ZIEEA0IZmEER 5
NZ B 2 B LS 2 BE L,

[6] RV 7 ooErsg (TCA) ThEiL

1.Gal-BSA F#IRANB 5% O MY T OB ER Uiz, FERLZMmEE 200 ul 258D 45 %
TCA B ZM%., EHIZEHEHARELD (3,000 rpm x 10 43, 4 °C) L _EiF & b o g 2 1 E
L7z, BEIZHAVE P1-Gal-BSA DREHEMEIXZ OEEIZ X Y 99.6 % SIEEH I B iz,

[7] =FAESTOER BHREEORIE)
(1) "'In 3 X O 2T £ZR AR
RO T AT Fa—T Y7 Tk, BRREBEIITOTICEOEE well B y RV F
L—3¥a b vy — (ARC-500, Aloka #t) THIE L 7=,

(2) “C ik

A AR D UC ORUETEMEIX. Y7V 50 ~ 200 pg 2% L Soluene-350 (Packard #t) TR ¥4,
L. 2N B THPMBKES o FL—a Y BAT 475 (Clearsol I, T T AT A7%) % 5ml
Mz, WES o FL—a B v ¥— (LSC-5000C, Beckman #1) (2 & W BIE L /=,
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EIE RO

[1] RE
45> F B 25,000 @ poly-L-glutamic acid (PLGA) iX Sigma #t Xk WA L7z, [5-H]cytosine B-D-
arabinoside (*H-ara-C) ¥ Amersham tt X VA L 7=,

[2] dextran FEAEDE R
(1) carboxymethyl-dextran (CMD) D& %
BT NI Y EET. dextran 1 g Z¥EHRIK 50 ml {Z¥%HE L. monochloroacetic acid 2 g AN, 70 °C
<20 SRS X, KR TH, BEAKH T—BEEN L. RINEBRIC K Y BREk., RELHER
LTz,

(2) FEEHE CMD DOF L

CMD 1 g #%5%K 30 ml [Z% L. 1-ethyl 3-(3-dimethylaminopropyl)carbodiimide (EDC) 1 g Z /X
J-#%. ethylenediamine 100 pl ZA0% 7=, HfEH. RIGKD pH 1T 65 ICEE L, BRT-BEK
SRR, BRUKICH LT L. FRAMNEEIZE Y ethylenediamine #&& CMD (EDA-CMD) %%
=, BI1E [2) LEEOFECL Y, EDA-CMD & IME-thiogalactoside. IME-thiogalactoside % X
mEEB I LIz Y FNRFN Gal-CMD. Man-CMD Z &K L. Sephadex G-25 4 7 L& AW/ )V
EiRE L URAERIZE VERL,

(3) ara-C HEEDERK

CMD 100 mg % DMF HIZ8& L. isobuthylchloroformate 105 pl & triethylamine 100 pul 0%, 2
B _10 °C TRIS &8 72, 2212 ara-C 100 mg 2 M2 TR T 3 ARSI &k, FMERACH L
THH L. BANEBICL Y ara-C-CMD %7372, ara-C-Gal-CMD DAFIE, HO¥E [2] (2) &
FEEDFIEIZ L V. ara-C-CMD & IME-thiogalactoside & &GS ® 5 Z LIk V1To 7

[3] PLGA FEEDEK

(1) galactose f&ffi PLGA (Gal-PLGA) D& AL

w1 [2) LEBEDOHIEICEY ., ethylenediamine & IME-thiogalactoside & & ZiR T 24 KK
RS, T OKEHETIZ PLGA ML, %42 PLGA L% ED EDC #MX 7o, HRtEH,
FRSED pH 11 5.0 ICEE L, F|RICT—BERIS S B%., BRACE L TER L, RIANES
ck D EREL 7=, KSEEO PLGA & IME-thiogalactoside & DHRZE I D LTk V. &8
ROEI2 D Gal-PLGA ZER L7z,

(2) vitamin K5 #&E & D AR
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vitamin Ks 20 mg Z¥58I/k 30 ml (2% L. Gal)s-PLGA 40 mg % il 2. 7=t EDC 40 mg %R % IZ¥R
U7z, BEP, KIGKRO pHIX 5.0 ICEE L7, BRTBRRS Sk, BRKICH L TE
Fri. BRAREIC L DB L,

[4] CMD FHE K, ara-C & ROHELFHIMEE O
(1) &

A A NG CM-Sephadex C-50 (BB 3> ZZ#itlE) 36 & O DEAE-Sephadex A-50 (&1 2 &
HaRitE) (3512 Pharmacia 1) Z AWERBEERIBEIC L VITo 2, B4 4 L AZHHBE 20 mg % 20 mM
HEPES saline (pH 7.2) 5 ml TFE#{L S8, 02 mg/ml DREIZHL L= EFHEROKBER 0.5 ml %
MZTI10 FHBRTRE L, EBOSMEER,. LEPRBRFLESFEEORELZRET S Z LITK
DI ~DORER LB UEROME 25 L 7=,

(2) BREBOER

AR ETOMBEOFEEEDHZY D amino BEDENLEHE L7, amino EDE&EIL, Habeeb
DFFHEITHE L T glycine ZEEHEWE & L T trinitrobenzenesulfonic acid (TNBS) % F\ /2 26K
X707,

(3) ara-C AT DOER
¥ & 300 nm TOWIE F 721 *H-ara-C DHTEEHEZRIE TS &Ik ViTo7=,

(4) dextran DEE
glucose Z1EHEYE & L T anthrone-FiE{E""IZ L V1T o 7=,

(5) ara-C HHtED Al

ara-C # &% 0.1 M phosphate buffer (pH 5.0, 7.0, 7.4, 8.0) iZEML, EArO—RF 2—T|Z
HALE buffer PIZIB L, F2—T%37°C TA 2 Fa~~—T gL, buffer O ara-C BE%
P& 272 nm DWOLE D HRIE L7z,

M3 COMHMEIE *H-ara-C AEEEZHWTIHE L2, ~ 7 A X YEEL = Mm4E 300 pl 2 °H-
ara-C-CMD @ 0.1 M phosphate buffer (pH 7.4) ¥&# 100 pl /X, 37°C TA v FaX—a Lz,
—ERF# . Sephadex G-25 B 7 L E AW T NVIEBEITV, BAEELZRAIET D Z L2k D *H-
ara-C DR Z 37 L 7=,

[ 5] PLGA FHHEEDO WL FAIMEE O LM
(1) oFE

PLGA F#EED 5 FEORFEIL. BERIEFHERA SO Shim-pack Diol-300 77 7 A% HV /- &l
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ks vu< s 77 74— (HPLC) \Z &k V1T o7, WHHKIZIL phosphate buffered saline (pH 7.4) % H
W, BEROSFEEZRED 8 BEOIZERES X7 E (Pharmacia £t) ZHWTER L -RERM L&
FEEDRNTODFRERE L,

(2) BREBOEE
galactose Z1ZEHEW'E & L T anthrone-FREEIE I L V1T o 7=,

[6]) BUREMSAEDO G
(1) MC#Z#% dextran FHE (K
“C-CMD. "C-Gal-CMD, “C-Man-CMD DA kiZ, B1E [4] (4) LREOHEICLVE
X L 7= “C-dextran & AWV IEEGR A DA RIEL RO HEICX VT -,

(2) °HiZE# ara-C &
*H-ara-C & IV, JFEERIEDGHIE L FHRDOGEZ I VAR LT,

(3) "'In #Z3% PLGA FE kK
PLGA. Gal-PLGA. vitamin Ks-Gal;s-PLGA @ "'In £Bi&kix. F1#E [4] (1) LREOFET
ﬁo f:o

[ 7] #IRNEEERE & DA
(1) HRkoAnER
FIE[5])] (1) LRBROFETITIZ,

(2) ¥E{&Hi CMD & BEERG BSA DO RIRFR G EER

My EAREHEAT BSA (1 mg/kg) % FEIEFREEEM CMD (10 mg/kg) & BRHZBHIRAKREG Lz, &
5 5 4y (M'In-Gal-BSA) BT 10 45% ('In-Man-BSA) (ZififEe 5 ONZATIRA BRI L. HURTENE
ZRELE, F72. “C-Man-CMD & FEIZ# Man-BSA (2 OW T HRIBRD FIETHRET L. &5 30 4
% DIEHEEEZBIE L 72,

(3) PLGA & BSA FEEDORIKREGER
"Mn-PLGA (1 mg/kg) % FEiZq#% BSA FHE(K (20 mgkg) & RIFFZRBEFIRAESE L. 1 BFREIRIZATIR
EEE UBEHE M BIE L,

(4) Gal-PLGA DJITig T D53 it O ¢ fif
"Mn-Gal,s-PLGA DABBEAKEKZREFIRE VS (1 mgkg) L. 10, 30 7y, 6 RFR%IZATEE
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EREHL. BEKSml TREVR— ML, EHIZHELELD (20,000 rpm x 30 43, 4°C) L, &5
iz E1E% Sephadex G-50 7 7 AZRAWVWT/AVIER L, BRESEZRIET 3 Z Lok v it %

FEMM L 7=,

[8] HFHEAEDER (HIHTEMEDRE)
(1) "C BRI & O H £k
FIE [7] (2) LEREOFETITo

(2) "n ZEiE
FIE[7] (1) LRAEOFETIT- =,

[ 9] vitamin K5 i A& (kD ik B fES BT
ddY REEME~ 7 ZIZ warfarin /K7AHE (1.5 mg/l) Z8REKE LC 7 BRBREERZ LIZL VRS
bk rIEEFERIEE, 2O RIZx L, vitamin Ks 3 %\ vitamin Ks-Gal;s-PLGA %
FhEL LT 10 mgkg OB EBETREIRE VRFRE L, 85 2. 3. 4 BE®%IC—T LHRE:
THE L., K#IRE Y M#&% 3.8 % sodium citrate buffer eV o PHIzERL., EOBREZX
D Mg E B, SR OMKBEBRESEIX. PT-T X b U a— (FOEME TEERSH) 2AWT
Tabha v UREERIET S LI DEFEIL 21,
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EME EEROR

[1] &K
b NEE(G 74 2 superoxide dismutase (SOD: 111-Ser) iTB/LEBRR S L V5 ShiebDZ
LAY

[2] SOD ZFH#EEDEHK
(1) ¥&f&ffi SOD
BIE [2]) LRBROFETITo I

(2) SOD-carboxymethyl-dextran #&& {4 (SOD-CMD)

carboxymethyl-dextran (CMD) 1%, #1737 & 10,000 ® dextran ZVWTHEIE [2] (1) LR
BOFETEM L=, CMD 1g ZHERIAK 10 ml IZ#AZ L, sodium metaperiodate 210 mg 21X, =
BT 24 BRBEBR TRIG S ¥ 22 L2k WEg{k CMD 2737, sodium hydrogen sulfite HANZ & Y K
AR, BB X ORAERIZ X Y EE CMD 28R L7, SOD 20 mg % 50 mM borate buffer
(pH 10) 10 ml ([ZYAMR S 7= 1%, Mt CMD % 60 mg MX 4 °C T 2 BfIfHP L TRISSE, 1.8 mg
@ sodium borohydride Ti#7TH%. 4 /Uil (TOYOPEARL HW-35S, 1.8 x 40 cm, Y —#R:=)
THRK SOD 255BET 52 LiIZX VERLT,

(3) SOD-dicthylaminoethyl-dextran #5 & {& (SOD-DEAED)

diethylaminoethyl-dextran (DEAED) X, ¥#357F& 10,000 @ dextran ERAWCERLE, 87V
5 U &fETF., dextran 1 g ZIERIK 50 ml [ZVAAZ L. 2-(diethylamino)ethyl chloride hydrochloride 2 g %
Mz. 80°C T4 BHIISS B, RIS T, HRKPT—REEN L. RIMNEIC & Y Rk,
HAEER LT, SOD ~? DEAED OfE&1E (2) LRROFEZL VT2,

(4) SOD-polyethylene glycol & & & (SOD-PEG,) *”
SOD 20 mg % 50 mM borate buffer (pH 10) 10 ml {2 f# S E 72, T & 10,000 D 2,4-bis(O-
methoxypolyethylene-glycol)-6-chloro-s-triazine (ZEAL# T HEBRA L) & 300 mg MMz, 4°C T4 53|
B L CRE SR, RISRTH, (2) LREFOGFEILVERLE,

[ 3] SOD FHEEDMIELLAMEE & BERTEE DO
(1) »+E
EONE[5) (1) LEBEDOHETITo

(2) &fr
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FUE [4]) (1) LEKRDOGETITo 7

(8) amino XD EE
Habeeb D F{EIZHE U T glycine Z1ZHEY)'E & L T trinitrobenzenesulfonic acid (TNBS) # V7= 26

RSN K 01T o7,

(4) BEEHEOEER
SOD 7 & + U a2— (Fuyestigkek S tt) % AV T nitroblue tetrazolium (NTB) & Tikiz & V1T o 7=,

[4] BSHERBREDERK
BIE [4] (1) LEFEOFEICELY M E#E1To 72,

[5]) #ARPAEBE1% DN EE)
(1) KBk
BIE [5] (1) LEBEOFETIT- T,

(2) ¥E{EHH SOD & ¥EfEffi BSA D RIFFR 5 EER
" EZERPEEAF SOD (0.1 mg/kg) % FEFEFRPE(EAG BSA (20 mg/ke) & RFFIZEMIRNKR S L, #

5 30 & TR R TE R 2 RIE LT,

[6] SOD FHEAKDER (FHHTEMEDEE)
EIE[7] (1) LRBEOHIETIT T,

[ 7] SOD BEEADIEFRBR DR

(1) 7 v MNFED - BEREEET VOIERK

Kawamoto 5 D FIE" NPV, KE 200 g Rl D Wistar R#EMET »~ MK L pentobarbital (50
mgkg) MEBETREE =2 L—a V& L%, PAREIFEIRZ 7 7 2 A THAZE L Tk % H 1y
L. 20 %27 7o A& LNRE2ERT 2 Z LI VIFER - BEREEEFVEER L,
FEEDREITERRIEKIZIEAM L 7= SOD B XU SOD #EkZ ., Blbits 5 2ATZ 10,000 unitkg
DEERTHKBHFIRE V AFERETIZ 0L VTok, E2. BMATIZABRRE KDL 2 #
5 U 7= 8 (occlusion ) & E M LA DEIEEAT o IR ABERIE K% H 5 L 7=8F (sham operation &) %

SHEREE L L7,

(2) sulfobromophthalein (BSP) D AR HEME 2 F51% & U 7= FFMEE O FFAHh
FHERBASAH: 60 43 DR T BSP DABARKERK 02 ml 25 XKBHIR» L 2ERS Lz, &
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BE#MOEHE 5 98I 1 Bl 7Y L, BRSO BSP E4# % E 580 nom TRIEL
7= FFFEZEOFEMIT BSP DA ~DEINE (Fa), VHPEHEE (ta) 2L L TiTo 72, M7
A—FIIALEMESE 28 b TR LERIZE-SE BSP OlEH T~ YE iR 2 2 LEH L7,
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FVE EROK

[1] A

bovine y-immunoglobulins (corn fraction II, IgG). soybean trypsin inhibitor (STI).

lysozyme (LZM) i< Sigma ft X W EEA L 7=,

[ 2] galactose EERfi & > X7 HDEHK
FIE [2] ELRAKOFETTo T,

[ 3] galactose (&8 % >~ 7 B OB L FAMEE
(1) r+&
FBOE [5] (1) LRBROFETIToE,

(2) galactose BEBDER
BIE[3] (1) LRFEOFETITo,

(3) amino XD EE
BIE [3] (3) LEEDFIETITo R,

[4] BEEBREDOEK
FIE (4] (1) LEFOFECLY N E#E1T o7,

[5]) &R B0ERE 5% DM ER
wIE[5] (1) LEOFETIT -,

[ 6] galactose EEffi % v 7 HOEE (BIRTEEDOHIE)
FIE[7] (1) LEBEDOFETITo 2,
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