PERAL 2R PE DEERIC I D K 7 /X 7 HIRFH
DRANBHRER NI 5 WFIE

e H oo



Y T GRS SR ST e 1
B B s 1
BIFE BHIOVELFHHEEREIAABHBROME 2
I —1 Dextran A D4 R EMBILERIEVE e 2
1—a Dextran F#AE L U2 DRI ERAEDEEK - 3
1l —b Dextran i BAE DY EALF RV - S 3
[=—2 2L 5RO dextran FHEDAENEERFHE e 4
Pt T 11k 3 i R 7 X L U — 4
2—bt Wiy —————  — 6
2—c BMBPOMIT e Bl Lt s, 6
=3 v W SR R R S SR 10
BIIE DEAECFNHNERICESSI O NNIJHOKARNBEHOERE 14
n—1 ETIVG 237 HOFEIRE T OYBLFERHEE - 15
l—a HHEEREKDE K 15
l—b HHETFINVY /X7 EOWBILFENHE - - 15
n—2 ¥ R OKNBBICRIZFT S FROKE 15
2—a MBI LERABH oo cneeneecee - 15
2—b EEFHIMRYT 17
n—3 ANBEIZ RIFTBAAEADKE 19
3—a WHBAY VNV BEDER e 19
3—b MHABMBICRIITEEWEAOEE - 21
3—c¢ MARABBICRITABMEAOKLE e 22
3—d EEBFORNT - 22
3—e [1lnjsucBSA # L ¥ [111In)cBSA O SMEADBH e 24
3—f [11lin)sucBSA DIFIL D AAIZH51F % BSA $5 L UF dextran S84
E DRSO KE T REREEEE 24
n—4 LA EMOMAEDRICLS P V) HOBRNERHE - 26
d—a BELFERTIVT I VFBEOGNE £ OB FRIHR 27
R N 1 - R — 28
d—c BB FMIRBHT oo 29



BIHNR RIFEHEAXEN) YA VEES—DAREAANBRE LU

EEYHROWE 34

m—1 STI-dextran conjugates D&k & T DOWBMLFMIPER]  ~---rerrreeeeeeeeaees 34
1—a BHEOKRES et e e e 35
1—b STED OWEHERIOBHE o cersreamsiormionsmsasasasssnemsaes 35
—2 STI-D DAANBIBAFHEDARES <o 41
2—a Trypsin PLEEPEZHREE & Urcilirp By 36 K OOk P HEE  -oeeeeeeee 42
2—b HOHEVEAREEE LICBAEIE s 42
PRV 1 7/ 0] 72— 43
| SIS VB XY 3.7 L A0, 1y (R — ! 44
3—a Trypsin ¥ 3 v 7 ETIVODEEK  —oremmmmmmmme e 45
3—b Trypsin ¥ 3 v 7 DIEBEHRORE e 45
SESTORE U, T ST 1)) (o A S ———— 47
3—d [UBRRDEMIRDOBRE oo 47
m—4 - A e 48

BIVE BIFEHCLZ2V)VA-CORABMMEEE REENGHE

DH - R A —_ 51

v—1 UC-dextran conjugates D& ik & £ DY BALEN) « RPEFNIFFTE - 51
l—a UC-DDEK - srmmereascs 51

1 —b  UC-D DRIFEIASHICENT BIRE  wemeemremmeeremmeemmemmeemrecremaceees 52
l—¢ UCDOEREHICET BRI —rerrrrmermmrrsremmessrvmresences 53
V—2 7 v RN S RO M P BHROBKF e 54
2—a IPEHE ---- : - . 54
2—b EEERRRT meeneennaas warememeeeaes 55
V—3  WHORED dextran FHE—UC HLROKRNBBIZT A5 - 56
3—a Dextran 8 {&— UC # 4RO AN E T OWEL R - 57
3—b ZHEEROBRABE e 57
LR 1 L) ) U —— 60
Tl . i et A e N e -

T - SRS R S 63
W AP e it G e B S e e O 65
EBROE — — PR el
WIR MBOE it 66
WER  FOE e o s s i i s 68
BER MROW - iiinsssinidiibiiiiiiiictinn e 7
WIE TR DIR o cormomcmismmnesonsmensessssamsmsaanian s SA SR ki SmiiA 74
5| F Sk e ol ey B 76




B om0 W
% =B

IAEDBIZF TFOREICE D BHSHITEBERRTF F. ¥ X7 EBRREN.
TTIREEMELTHEKEAZINTOVE D BB (1-7)0 29 ULABEHRY /37 B
REEINZ G5 FEDOEKRATRBIZ. LTS &SHSOWEALFMRE & AR O 5
Y - ABFHERONS JRICEDBESINSGEEZEZISNS (8,9). LHOLANS. B
TREDTEYOLBEEE5EO RN ABIBICHT 2HEROEMO LB 0HL . WA
REHCHEA SNSRI N bR ST,

FHIZ. VB FENHE ORI 548 dextran BBAKP Y NV HFBEEET VST
EWELUTHUO, @2 FEYO S FRPEMEOMBLE RN & BNBIE O — #1734 7%
ZEBFOLE OB LI, 51, BOoNfRITET T, soybean trypsin inhibitor
P uricase FDOETIV Y 37 B EEMBAXRIC dextran FHEE O TFEEM AT Z &
LD, THSEFTINY /237 HOKRNBBAMBICHATZ A 4R L. W0 FEf%
FR ULy 3 7 HREGOENBBHEEO I DO SBIRGHE A MR L1,

UTF. ShoD##RISOWTHRIZHhI b fwibd 3,



B1E THREOVEAFENFNELANEEDRME

IAE DR LB LUABAL FOMBITHO, MRTEROEHIREAT L0, GEH b
Wl A REMSIC OB A ARG BB BHM L TSR, 2H LIEY L LTRSS F
FhRIVEZRHA b ALY, =734 FiclE SN2 4KKE. MlaEERZERERF &
LS Htkh i LR Ex¥Fonsd, £2C0 29 LEYO@MIZHL, 2D
WREHICHTAMMEERERDAALLH LOEYRSER. 7405 drug delivery
system (DDS) DFEHVERIZED SN TS (10,11) 25 LZDDSHREDHTH, &hb
By =574 7 (BB (ZEVHERICNDIROERNDOERLTEEE LTHEH
ERED TS, BYWY 474 713, B ERL 800 SHOBFED H 24+ +
N7 — GERA) ELTHUL. F0F» I 7T—0OBX(CEYAFELL ZLICL hEkEh 5,
E¥WMF vV T—E LT WA TFHOLD (12-15). 2 FHO LD (8,16-22), HKMELED
R OFEM (23,24) EKEL 3B hah, DR THLR2> FUEEZF ¥ ) T —
KM A7 To—Fid. @2 FOb o8~ SR, BEEZRATEZAZ L0 SEAEED
Tb. EVF+ )V 7—LLTHUVLOSATOL RS TYEELT. 7 230 H (25-35). %
PEB1 (17,36-50). A& ST (51-66) L ED¥F S, REZHIEMIZH L TEDICHD
AHBONTA, LHLENS, TOLD @0 ENORFHEIHIN T 2 HRMEICH L
TRATLE A ERVAT. @aFF+ ) 7—HEOKKN BERIZE T 2 RH0075 1
bROATWEWLWONKBRIRTH 5.

AETIE. @2 FF+VT—DETIE LTEMEEER L. @2 FHHEOEKNEIER
EENEBET 5 EZZoN A YEULFERN SR & OMBEEER FNLETFEENOTT Y X
RN G RBRIC L 225 LURIVTHRE L, BB LERERET S (67).

I1—1 Dextran FBEKOSREDELLFENSEH

B FEYORNTBRF I RIZTHFH A XPBHEO YR FINEORBAH S
fohic, - Fik. WATDRIE S dextran DFBAEAE LU 72, Dextran (3EKEHEA L.
LA Efmis i LT U KBEEZHF O EH ORIV HL DEYOF v ) T—EL T
WHENTENR (17) /o, BHEHUNIEA L HEANTLEETH D, T oICHEKS
AHIZLENTV S 2 &S MFEKAR S LTE L o TS (68). AHITIE. dextran
AR F¥y )T -DETINE LTRIRL, BHORLLEWHERKDEKE, BLUZOD
B L FRIPE R A at L7,

I—a Dextran FRGE L LT EOHNBEBEDO AR

Dextran i, WHBBIZRIZTH FROVBARF TS0 F45 FRE 10000 ©
dextran (T-10) £#9 70000 @ dextran (T-70) % U 7. % 7-. dextran (T-70) ICBA L T3,
glucose BRI D KBRIEALF EMIT B &ick b, ABISH 2 UWIZIEBHAES dextran A
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carboxymethyl-dextran (CM-Dex) 2 € NENAK L1 (69, 70) X SIMELHEMAH T2
dextran &G L U THIRD dextran sulfate 2 L 7o, Fig. 1 122 DA% A7 Uiz,
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Fig. 1 Chemical structures of dextran derivatives and inulin (A) inulin, (B)

c}cxtran, (C) diethylaminoethyl-dextran (DEAE-Dex) and (D) carboxymethyl-dextran
CM-Dex).
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Table 1  Physicochemical characteristics of model polysaccharides
Molecular Electricb Type of
Compoundd Weight Charge Radiolabeling
(original)
Inulin 5,000 Neutral l4¢
Dextran sulfate 8,000 Negative l4c
Dextran (T-10) 9,900 Neutral l4¢
Dextran (T-70) 64,400 Neutral l4¢
DEAE-Dex(T-70) 64,400 Positive l4¢
CM-Dex (T-70) 64,400 Negative 14C

a DEAE-Dex: dicthylaminoethyl dextran; CM-Dex: carboxymethyl dextran
b Electric charge of model polysaccharides was measured by the bach method using ion-
exchange resins as described by Roos et al. (72).
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YRS BT o5, LItd> T, B2 FHEO BRI SEABEE ZhEBET S %
AFBACRTEI 8B, 745 T4 v /RADOTEHEHEAWET 2HATERLEDN A,
AW T M EERE U7z dextran 58k 2 < ZICHIRWZ S L2 o i 88 S L OS5
e ARG Uy BB FFEE RO TIN S dextran FHEOWE(L FH451E & AN B RE
Rt OMFRERBR L,

2—a MmMPHBLEITURASH

BB dextran FHHAK EZ KSR 100 mgkg T RIS UBE OBIRA £ 55 2 B
H BT 24 B E TOMBEPREHERE % Fig. 2. 3R Lic, 4-F9 4 X, BROZERICK
D, MUEPWIEHEB (I RIE > oI NY — %R Uiz, FI 57 8# 10,000 D dextran
(T-10) P53 7-ik#7 8,000 D dextran sulfate (2. W IH HIFEHE A PHIC MBEP L D Hk
Utee TDWER/NY — BB DS FE 474 5000 @ inulin £ FIZFRETSH -
1o 5% 2 B & TR i U X Aufz B i $E(S inulin T 88.6 %.  dextran sulfate T
75.1 % dextran (T-10) T 842 % &, #&5I NI KEHHEPHZER PITHM I TS
CEDIRENTz, 1oL P FRD 70,000 T dextran D43 HEIZ ANV EF L IVEEA B A

Plasma Concentration ( % dose/mL )

Fig. 2

(A)
100

—
o

fu—y

e
-

0.01

(A) (B)

100 p=
2 2 100 b=
E =
2 : I
= 10 ;-
& R
§ “5;
5 H\-/
E gu- 50 -
-
AN 5"‘
: A
$ e s
2 E
g =)
- & &
0.1 0 s
: 4
. '904- qﬁ- q“—r
Time (hr) 2 % %
&, N
2 %

Plasma concentration-time profiles (A) and amounts excreted in urine
(B) of radioactivity following intravenous injection of “C-labeled
low-molecular weight polysaccharides into mice. Key: inulin (£\); dextran
(T-10) (O); dextran sulfate (@). Results are expressed as the mean+S.D. of three
experiments.
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L. BEMICIIFOABMEE TS CM-Dex OMMEPEEIL. 5% 8 BT 29.9 % of
dose/mL. 24 B¥fIC 5 TH 15.8 % of dose/mL & @ LP#d %73 L7e —Ji. dextran
IZ diethylaminoethy] 2% 3 A UIE (26 L7 DEAE-Dex (3¢ 588 0 M 0 S K U
$ 5% 8 e[ T3 0.02 % of dose/mL & FEHITIRU M AR L7z, WA ICHPHEAL dextran I35
WT b ZDMEEH D S OMKIT B | #5858 BiiCHU T 0.05 % of dose/mL £73 -
fod

2—b RESH

T4 5 3% dextran & 8k D &KL, [Carboxy-14C]|dextran 2 T k(A & Ak D 1k
T > 720 F 7o dextran sulfate O EEHk/K 128 U Tid Sigma #£ @ [Carboxy-'*C]dextran
sulfate &L 72, Fig. 4 IZ8H dextran A& Z < 7 2D RIIRA I 56 O T SR I
EYEDORSZEALE R Uz, R SM oMK H Iz 2734 XH910,000 L T D dextran F4H
&, inulin TIXXERSR P AOHSERHOERIT R oNEh -7 (Fig. 4A)e —H\ ST
§|1870,000 @O dextran FEEK 1B O TIEMOM 51 L 2HF TR ENS 511 (Fig. 4B) 77
VAR VA A LSS WABMZM S Uz OM-Dex 1250 TIRW T ORSE HICH T U
EHOERIZIZLEAEIZD SN >TzDICX U, IEESiTZ 5 U7 DEAE-Dex ICHWW T
BOFBANOERSAD SN, MO ICH TS CM-Dex & H#& Uit B S %78
Uiz, BEAANTHPEL dextran 3. FFEADOELERHEED SN ORBE~DO BITIRIZ
EAEBDLNIEHI - T

2—c EBFOMHT

RIEIC RO T, <Y X2k 11 5 [14C]dextran FEED KRS KL BRI LI, €D
R DA XH510,000 LUF D dextran F¥E 3 R H5&EPCMMP X D HAEL, £S5
DRI DRPICHMEIN B ENPONER 572, —h . IEEfiT %447 % DEAE-Dex i
B H#&EPMCIMT L DKLU . BEEZUDHET 2 HEARMBICHREICNDAE
haZEppah. F8OABMEMS L 72 CM-Dex 3@ MR #AMEER L. 2k
BEORBBICIM AT T SIS bER L TO S e oh &t - 1,

Z I TABUCHE O TIES BT OFRERA FEBFI I U, dextran i FA Dk N EEE) %
SERBICTIM S 2 - L ARSI, BIRAIRG SO EMIZMRICE > TR EZM|\ERT 505,
BARBEAN D43 M h DO FEM A Z ORI B 2 MENE A E#T LI LIk
BEEZZoND, 65T, BRNZRGHOMPBEHBISHICKESSHET LI E0EZ

Concentration (% of dose/g tissue)

Concentration (% of dose/g tisuue)

[

Concentration (% of dose/g tissue)

Fig.4

(A) Inulin

o0
L=
]

8
1

S
(=]
1

b
=
L

(=]

0.5 1.0 1.5 2.0
Time (hr)
(C) Dextran sulfate

e
o

40

30 =

20=

10 =

0.0 0.5 1.0 1.5 2.0
Time (hr)
10 (E) CM-Dex(T-70)
8-
6~
4=
2*///@21:::::::2
0'1" T T T T T 1
0 4 8 12 16 20 24
Time (hr)

Concentration (% of dose/g tissue) Concentration (% of dose/g tissue)

Concentration (% of dose/g tissue)

40 =

30 =

20~

0=

(B) Dextran (T-10)

0.0 0.5 1.0 1.5 2.0

50+

40

30=

20~

10 =

0

Time (hr)
(D) Dextran (T-70)

o} Sm—p————

4 8 12 16 20 24

Time (hr)

25+ (F) DEAE-Dex (T-70)
20
15
10+
5= .\"/’ﬁ
Yy i s p—
0 -4 8 12 16 20 24

Time (hr)
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Fig. 5 Pharmacokinetic models and the corresponding equations applied for
evaluating in vivo disposition of macromolecules after intravenous
injection
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EERTIENTE, BATEYOMMMBIT I X*, & MYEPIRY) B —wy il T b
AU ARHDBZ EICED. BB VT 7V A Clog, i 3t HT5 Z EDAREL LD, KER
DFHIL dextran BRAE DS T ERBL T O SE TO AUC THRTAZ EICLDITL
CLorg, i 2K 72 (46)c AUC i3, Fig. 2. 3 THHhK (45 o i BEHERS 1230 L 2-compartment
model IS XIEEER/D _F 075 AMULTI (73) #HOTHTRDIARETI Z LI
LB Ulze Table2 iZid. =7 ABMRAE SERICE D # o/ dextran FBADLH 7
75 v RABLUVMEBAESU RO ABL 7V T 5 2 A%EF &7,
AREHAOWDALY 1) T 5 Y ABEFNBAFHTERSEH Sh. KD TROS B
FICHOTEHVBBINDAAZ | T Afli%mR Uz, 7o, DEAE-Dex iIZHUT AN 1Y
I MiiAER L, 29 L, BETAESFHICET 2RI, S/ FOELDHK
BN TH2 HFEEBFRICBOTIETD 720 Dextran (T-10) % dextran sulfate (3. HEIZ
BUORB 2 ) 75 o ZliA R U £ O inulin D KRB )T S o ZISIRTFL
Motz (14)e 9 LILEFIVRATFOLE7 VTS5 VAILEDSERPHMEZ VT 7 2 ZXDH|

Table 2 Pharmacokinetic parameters after intravenous injection of
radiolabeled polysaccharides into S180-bearing mice

AUC Clearance (uL/hr) Tissue uptake rate (4L/hr)

Compound (% of dose* .

hr/mL) CLiotal  CLurine liver spleen Kkidney muscle tumor
Dextran (T-10) 6.6 15200 12,800 191 266 210 654 236
Dextran (T-70) 146 685 257 190 205 9 s 239
CM-Dex (T-70) 1,010 99.1 66.1 9.0 3.0 06 1.1 155
DEAE-Dex (T-70) 51.1 1,960 1060 291 333 593 6.7 591
Dextran sulfate 5.4 18,500 10,900 419 140 1,000 451 qp.d.
Inulin 35 28,850 26,770 168 60.1 700 346 n.d.

Results are expessed as the mean of 3-4 experimets.
n.d.: not determined.



A1280 % BLETH D . H#HS TROME WEEBOMEPHSOF L CEOHRIES E
b LTRRBOARKRBIC LA RPHE 7 U 75 Y ADOKEZITKEL TS ZEARRE
1z (Fig. 6A).

FERAIGE A2 112 L L& b A4 Tk £9 70,000 O dextran i3 AD B &, KT RO
EF BT E AR 28 7Y 75 v ROMliA R LIz, HALLBHICED2S
275 AT AZ { RATD . CM-Dex (T-70) 12 99.1 uLhr EFFITE W EZER LD
{2#t L. DEAED-Dex (T-70) (% 1960 ul/hr &#9 8 f5 @4 MiliZ 75 L7 (Fig. 6B).
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Fig.6 Contribution of organ clearances to total-body clearance of radio-
activity after intravenous administration of '*C-labeled polysaccharides

into mice
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Fig. 7 Hepatic and urinary clearances of '‘C-labeled polysaccharides after
intravenous injection in mice. Hepatic plasma flow rate (76), rate of
fluid-phase endocytosis of liver (77), and glomerular filtration rate (74) were
calculated assuming the weight of a mouse to be 25 g.
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P ZMBIORTEHN 7 ) 75 o ZOERIZ LV AEREBEDS size barrier & UTEREL T
W3 I &, FRFES RS 70000 D dextran FHBEKICHE O THELWRPH®RZ VT 5 R
DFER S charge barrier ELTRELTWAI EWREN, B2 FOVHOERIZLISH
BRTONKBBROEREZ IV ALEREERTHHI2BEERMICEABL LN SHIC
T&l,
T, B FONRAOBHTRHHICEL TR, EffoffSickhi¥s@r@noh.
IERHT % & DEAE-Dex (3R 58 Pvic b & D kL. €DK RA~E
B L7z, dEsEIile 4 A oaic X b, IEEATZ2 &2 F IR &ifi & O 7s 48
RAEMNIC X D iR fiicBas 4 5 2 EAMRESI N TS (82) —MUICHIRL &I IZ (X 7 Vg
DM TT A ZAE A Loty /8 7 BORIEE A Z (4 LT b, Ml &ifn i3 048 L
TSI ENHONTIS (83)s HE-> Ty 9 LAIMERNSHAER XIFMlaDAICRE S
NARLTERVD, (1) FRSBRAZBE T2 WM BT K S M (4 100 nm) 4
FAELS 5 TINS5 ICITHlE S LB2 B THEOHA2MEEA LT A & (84).
(2) MmO BRI EHBLUTREZU (76). WV H5BHRICEIDIEREE bR
BHFRICGBREICANGTEIEZEZONS, —H . dextran iIZH NWFEF L NEAZBALB OB
WA 5 L 72 CM-Dex DFB177 V7 5 Ald DEAE-Dex &ML T A2 h &< .
fluid-phase endocytosis IZ X O FFRRICH DV AEF NS I &AM E XN TV 3 poly(vinyl-
pyrrolidone) Dl (77) LIFF—H LIz Z £ S5, CM-Dex (3 “h ERIBR DB L D BRI
IFREICHL D AE N D Z LR Ehic, o, OVLWTHORB~OBITZ7 VT 57 A0l
b/ha <, 29 LEBBNOBITHDOIEZ A CM-Dex DL L PMMMELE Lo o LIcE%# X
SNb. LOULELS, MUABHHEZ LD dextran THHAT 2 FHEMNRD R X D HFBIT
PEERE CRAL D Wil 4 A U7 dextran sulfate OGS VIFBIT 2 ) 75 0 2%
U7z RO REARRIZIZ, R 7= O RNEIND AH M 5T % scavenger
receptor DFENHI SN TULVS (85,86). =D scavenger receptor @ high-affinity ligand & L
T acetylated low density lipoprotein, maleylated BSA. poly[l] L EDHE XN T 551 (86).
dextran sulfate (B LT LA BROBRBE M LTHBICD AEhaEEZ 5N 5, scavenger
receptor 24 LI2R Y 7 =4 V@53 FD invivo IZHB AN AAICLTIESE N ETH
i g
APRTIE. %M dextran FEEOEEHM~OBITHII DL T HADE TR £iT-12
(Fig. 8)e —MEICHBAMARICH O TREMMESAMHITTE LTHD., £2U %R bR M
LTWABIEVHBNTIS (87)s LIchi=> T, @ FIEMMIRAR 8 ~ (< IBHIC B
THEEZON, ABRHICEOTHERE Lz WO msa 7o 0T & IS 4L ~ o fi 4t
WEYED WAL ST W FOIRITORE R, 4D T A XD/NE 25 dextran (T-10) 2

=2

20

Total tumor accumulation ( % of dose )

Dextran Dextran DEAE-Dex  CM-Dex
(T-10) (T-70) (T-70) (T-70)

g;:ait;c | neutral | [ neutral | [positive] [negative]

Fig.8 Estimated total tumor accumulation of radioactivity for '‘C-labeled
polysaccharides at infinite time after intravenous injection into S-180
bearing mice

(E®H %413 5 DEAE-Dex 5 & TiZ B K % 75 tissue uptake rate %75 L7=2%. dextran ¥
M TOERBIFR~NOBIT PRI LURTE LBV OTH -7, HSHERIFMN
TOMBE 1 g PADESFOBITRIL tissue uptake rate x AUC TED T EHTE 3 (88,
89)o Fig. 8 IS/RT L D I@O ML A PEA 25 L7z CM-Dex 12, 15 % of dose BLE EFERIZ 1
OB~ D WA RS Z & TE D, SO LSRRI, 27 % 70 kDa THRICHE
L7 mitomycin C-dextran #5604 2%, MBI (CHRSE IR U . SUEIES -0 LT #h -4t
MABS 500 %715 U 72 Takakura 512 & 345 (46) 2 W11 5 b0 TH S,

PLE. 53 F4 4 ZPBHE EHFLFNHHORL 2 2 WHOBRNZ SEOKNS G
WHERROICKRET LIER, 2791 XO/NSH LORERPHM ) 75 V205, £
BRHLOBIERHE B OLDRFMDAB ) TS5V ADFEHAE NI LR,
PoARERIA G HIE . I bk T . FFREO fluid-phase endocytosis # & O Z h & 54 70O
pharmacokinetic parameter EOMEFEEMONCTE I ENTE L, AFICH TR, &
FIVUDT FH A XPBERARMT 2 Z &2 L DIFROM It 2 BIsEHEDS AT 6T &
HIEEFRTHOTHY. 25 L. W HLeis MLy —4%7 1 v 78RO
MAREEMEDHD ETHMTERONEAE 52282 005,

=



BIE YEAFORECESS Y X7 HOKA
BB ORH

W1 ETIR, = ZALHES5TRA HOT dextran i§8A AT U &3 2 2 HBOYELF
MORENE & R B EREE S DB AR Ui, — AT, 4, YA baA VITREZNS8E
{OWEBEAERERRTF K. 737 BB - Bl h, BELELTOMZ CEH
fk2h T3, AN, ERERSY /37 HRERANOS 2R EDTLICHEVWTLEL ¥
107 TORERTEHO0EL . BERELTHO SN B 1HICIZEDURABEDOR &
NEEILEELENS, LHLED S, &9 ULIARERRTF FOAKABIBEEEICBE LT
3. HEORTF FiclT 26ABEIIOVWTRIEFICHFAICRTINTLWELOD
(90-98). M UFHHZREHOWTHFRORLLZBEORTF K » ¥ 7 HIZ>WTERD
Ik E LcBlidiain,

ZFITAETIE, BIFLAKOERZEZM., T 8HOS FRORUS Y LNV HE
ETIWNELTEORNEBERIT LI (67) X612, T LIy 230 S TiIC8 L TLFE
{Efii D FiA T 7 /37 B EICEBEBAT A8 AT 5 &1 X BRI AR O §Il 6 |
B XU 2 DILFERMIZ A G D EWELFIFHEERE HET S LIC L2 HABED
WEIZ>WT HE L. &7 /37 HEES O WAL F 0041 S AN BN RRR 1 & OB iC B
T 5 R A A (99-101).

N—1 EFTNFIUOoRN/EORBREZOHE(IFHHE

7 D5 EMRA RS EDOLSGEBR L OBRER SMIT L2 AFET
BRFROREZETNVG 237EIZHULTE | HEFARK. vV XALBRGRBET -1
ETIVY N7 HEELT [Asul'7]ee! calcitonin (eCT; Mw 3.400) 35 &£ TF neocarizinostatin (NCS;
Mw 12,000). interferon-f (IFN-B; Mw 20,000), soybean trypsin inhibitor (STI; Mw 20,100) .
superoxide dismutase (SOD: Mw 32000). bovine serum albumin (BSA; Mw 67,000). uricase
(UC; Mw 128,000) immunoglobulin G (IgG; Mw 150,000) @ 8 fi% fju /=, /o, €TV Y
87 DS B, SOD, BSA. UCICH L TIRALFERHIC LD Eh EhT =4 1L (99). #
FA AL 0) EZML. 7 /37 HORNBIBICRIZTEMORLEICH L THLRHEEMA 12,
51T, BSAICBAL TRAF A Ao L T, EsicRYF L 7Y 32— (PEG)
EfiZHlAEHESD I LIk RS 2/ 7 HOKFB~ BT HR@ O aTfEHIZ D0 T
bt L7z (100)0

S

l—a HHRBEOLK

Invivo 79 28BS EBRICH T, BIRABSHDY /37 AOKHE - 2RO E % i
ANERIZHIGI L #LAE D S D efflux 8 28640 LG A htk & LT /37 Ho Bk
M 2 X 07 o7z, Win 83857 7 03, MBNIZRDAENLE Y 0 BHASE S
wans boo, M FHANICERINS 2 EHBICHEINTLS (104, 105), 7 28
7E® Wi 83, Hnatowich 5O H ki, —HFikEFL— bRITSH 2
diethylenetriamine pentaacetic acid (DTPA) anhydride %% /S 7 Hic ¢4 a4, M %
HEIBAZ LICX D177 (106).

l1—b BEETNI V7 EOMBAENHEE
TR 7HADERANTEIZRIZTHFROEEBOBRIHICIE. 474 3400 205 150000 D

eCT 5 IgG & TO 8 FA AU Iz, Table 3 IZARIAWIETIVG 3V EOS FRRE LT
ARG TICB 5 EREAR L,

Table 3 Physicochemical characteristics of model proteins

Molecular Electric
Compound?d weight charge
eCT 3,364 positive
NCS 12,000 negative
STI 20,100 negative
rhIFNf 20,000 negative
SOD 32,000 negative
BSA 67,000 negative
uc 128.000 negative
1eG 150,000 negative

a eCT, cel calcitonin; NCS, neocarzinostatin; STI, soybean trypsin inhibitor;
rhIFNB, recombinant human interferon beta; SOD, superoxide dismutase; BSA,
bovine serum albumin; UC, uricase; 1gG, immunogloburin G

n—2 YUNIJEORAMBICRIZTHFROESE

2—a MmMPEBEITEASE
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FEHERE % Figs. 9A. 10A 1275 U1ze (FIS1H A XMt W@ ko LA 0E5H 5
N. BSA U LS FRAEATEETNG 87 EE WM H8 %75 U7, Figs. 9A,
10A T S 7= e b e BE—B5 i #2 % 2-exponential curve IZHTiEoH . 5 1 JE & [ABRDa}
WFIT XD AUC. Cligta £8H U Table 4 1277 L7z, 2 &A% 30000 LLFD ¥ 237
iz B TIRIEHIZHU Cliotal AR LALDICH L, €hll Lo FRAEATSE 5 /37
B2 H O TIZEL CLlygral 277 L. FICAERMZ TS /37 TH S BSA ¥ IgG IZH L
TIZIERITIE Cligra . WBIHEBICKEL AUCHIAZR L. Thod /37 iK%
HEICHRUTWA Z R ani,

Plasma Concentration ( % dose/mL )
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Fig. 9 Plasma concentration (A), kidney accumulation (B) and amount
excreted in urine (C) of radioactivity after intravenous injection of
"In-labeled low-molecular weight proteins into mice. Key: eCT (L]):
NCS (A); STI (O); IFN-B (). Results are expressed as the mean=S.D. of three
mice.

Fig. 9B. 10B (3 8 B0 ¥ /37 E O Flik i B2 56 O B B~ D HHE P O % i O By 3t R
A5 Ut BBAO D AAIE 5 TR 20,100 @ [Mn)STI LT 32,000 O [1n]SOD
DSEU M AR U 5% 1 BIC B O TENENK 45 % 51 % DM EEDOFERALD S
Nrze ULHLEHS, 47D 12,000 © [MnINCS (250 T BRAD B E O FEH D
BFEAERD oML o1, £l BSA LW TFROKRELE Y V37 HICBEOTHHEBR~D
EMFIEEAEZOoNTHEH 24 BRIICBVLTHHI0% LU T TH -7,

—Fi\ Fig. 9C TR & 92y IRP~EIL S22 BOERE IS [ )NCS B b < .
72 % DBk | B E TICR9cHtt & h s, [Mn)IFN-B 28 < L 2 T 32,000

kO =

100 (A 80 - (g 0

=
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e
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Kidney Accumulation ( % dose )
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Liver Accumulation ( % dose )
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Fig. 10 Plasma concentration (A), Kkidney accumulation (B) and liver
accumulation (C) of radioactivity after intravenous injection of
"""In-labeled relatively high-molecular weight proteins into mice. Key:
SOD (L 1); BSA (©); UC(QO); 1gG (A). Results are expressed as the mean+S. D,
of three mice.

DAFDY 37 H . b5 [MnjecT, [MnNcs, [Mn]STI. [MMn]SOD 12#0T
3. 1EHEFTORERE SR PHRMROBTMIMNIITTION & —FEDWMELEZ o, B
BiCH 1 2 ARERBEORMETOHRIAFEIC NS A O ¥ /37 Bl TERITFLE
THIEAHMREN,

2—b ERFIMHT

7T AMIRNI S EO B BT OB ERL D2 TRORE L 8HWODETIVY 32 HD
MBAOBITRS S CHBTREA RS, BI1E - B2MERRD HkiC#->T, MiF$
BIETHELIET VG U237 BOEBHMBA~OBIT 7 V) 7 5 » 245 LSBT 7
me Uiz,

Table 4 IZIX AUCKBLULRH 7V T 7 R KPS V72 22, FFRDAABZ ) TS
YAENRE. B, BN, AL MIBOME 1 g H1OD )T T 2 Z (tissue uptake rate
index)Zat W LR REE Loblz, DSOS E LI, KPP 2 VT 5 0 Aftis L U
FRiZ3517 5 tissue uptake rate index fifiZ. 53 82532000 LI FO 5 HBDE TIVY 37
BIZHEWTAF D 67000 LLEDETFIVG 87 B L THEICEWEER Lz, &
oo [Mnject. [MMnINCS. [Mn)STI. [MMn]SOD @ 4 HiDE F IV ¥ v /S 2 B2 50T

=] o
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Table 4

Pharmacokinetic parameters of 111In-labeled model proteins after intravenous
injection into mice

AUC Clearance ( uL/hr ) Tissue uptake rate index ( ul/hr/g )
Compound (4 dose * total urine liver liver  spleen  kidney muscle  tumor
hr/mL )
eCT 1.92 52,000 16,400 318 171 78.6 22300 69.9 n.d.
NCS 382 26,200 20,000 40.7 27.0. 197 1,050 20.6 132
STI 616 16,200 4,890 319 n 69.0 36,500 60.6 n.d.
thIFNf 12.3 8.140 428 2,850 2,080 671 8.090 43.5 69.4
SOD 949  10.500 1.230 34.8 303 186 17.200 7.23 29.8
BSA 1,340 74.6 7.1 15.8 15.0 74 27.8 1.40 18.1
uc 215 463 69.5 192 200 76.9 269 8.47 n.d.
gG 1,620 61.6 2.4 20.5 17.4 5.4 4.6 1.2 12.8
n.d.: not determined

BAEHI7VT S5 RICHT ARV 7V TS v ABLIUENOAR 7 VT 5 ADEE

(FER) 3, hORBOHFGRELUBE L TROTEVDODTH -2, o, MY 237
HTH 5 [MnBsA ® [Mn]lgG 2. LWTFNORSRICHEIT 22 ) 75 v b LU RPHERE
2075 ABENMEER L, SEBPICTFEAEMDATNE - &4 M ELEITH
BUTWLWAI EMRINI (Fig. 11)

72, [MIn)IFN-g B2 87 Y75 v Rt 2 RPHE+ B DAL 7 1) 75 2D %
HELFFRDAADFSREMTIFEHELL . HEALFSHDERIZEL D @OBITHEERY
EHBHOoME R 5T, 1o, [Mmjuc i34 F &% 128000 TH 3ic bhdhb 57,
[Y111n)BSA ® [Mn]igG LD bEEH 7 VT 5 v A flidn L. BPH7 V75 229
BRICH5 1) 2 tissue uptake rate index A TRUMEZER L7z, UC BRHAMHKONKESY
RIBETHEZEDOSHBADRD ALY VTS5 VADKEL . £40-Fit 32000 D
subunit 2 575 5 homotetramer #EX A LTV A Z &6, MBPTER % IZ tetramer 5353 8%
LERPIZHEftE 2 0L %2 603,

—%i+ [MMnNCs B £ [ nIFN-B. [1n]soD. [1n]BSA. [MlIn]igG @ 5 HDE
TG 237 BITHUWTIE Sarcoma-180 {855 = 7 242 AL TS ITHEIZM LT bRE L1c
(Table 4). T DR, FEBLHIZH1T 3 tissue uptake rate index 2135 FRIKGFHEVEDH SH. &
FROBKITHOZDMEBRED LIz, LMLEHS, BIRCEOLT ORI LcLH I8l
BB B ETOMNS 1 g P ~DEFIVY /37 HOBIT I % tissue uptake rate index x
AUC THHE - 72846, AUC flio/h &72 (M pNes, (M aiFN-p. [MnjsoD iz B0 T
TOBITRIZZNEN 05, 09, 03 %of dose TH-7-DIH L, MPFHHEDSTH
[M1gmBSA. [Mn]igG i2B W TIZEZENER 24, 20 % of dose & IEH 1T S S~ DEHR
Mo RSNz,
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Fig. 11 Hepatic and urinary clearances of '"'In-labeled eight model proteins

after intravenous injection into mice. Open symbols represent model
polysaccharides (see Fig. 7). Hepatic plasma flow rate (76), rate of fluid-phase
endocytosis of liver (77), and glomerular filtration rate (74) were calculated assuming
the weight of a mouse to be 25 g.

H—3 HAHABEBICRIZIBMEAOER

W EBLUP I W2 HETCTEEESIUET VY V87 R ROIcES FOEAR
AN BREA AR T B LN TE L, ABTIR. 2 FRORTEIWDETNG /87
B{ (SOD. BSA. UC) % MU TILFBRAIOTFEIC & ity /37 W FICIERAH D 0
AU AYA LIch FA M. T=A ALy w37 BEEBR U ¥ 2737 BORNBIRIC &
FTEENTEMEAORRIIOWTERE Uiz,

3—a RWHBAY N7HDOER

BHORLBETIVY 737 BOARKIZ 3. SOD, BSA, UCDH 3 HiEML I, ETIVY
VR IV IE BRI O A L7z cationized SOD (cSOD). cationized BSA (¢cBSA)~ cationized UC
(UC) 3. # /37 HOWIRT 3 / BOUEEED 71 )V F 2 )LHIC 1, 6-hexamethylenediamine
AUEAXBRZ L2 AU (102,103), 1o, ABHOBAR, 7 /37 HD N Kin
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BEY P D e-amino 21T succinic anhydride 2835 2 &L h e hTh,
succinylated SOD (sucSOD) % X TF succinylated BSA (sucBSA). succinylated UC (sucUC) 2 &
Bk U7zs Fig. 12 ICCNSETNG 28 AOLEBEDOBRAR AR Uz, /o THhoERf
WA 30 AHEREOWBACFHIRTEE Table 5 ITF EH 7,

(A) Cationized protein (B) Anionized protein

@
CO-NH-(CH;)s-NH3 NH-CO-CH,-CH,-C00

Fig. 12 Chemical structures of directly charge-induced proteins. (A) cationized
and (B) anionized (succinylated) proteins.

Table 5 Physicochemical characteristics of directly charge-induced model proteins

Number % remaining

Compound Molecular of NH2 enzymatic Isoelectric
weighta groupsP activity® Poinld
SOD 32,000 24 100.0 50-5.2
sucSOD 34,000 2 55.0 < 4.0
cSOD 34,000 35 47.0 > 8.5
BSA 67,000 60 - 42-4.8
sucBSA 70,000 20 - < 4.0
cBSA 70,000 75 - 9.0-9.4
uc 128,000 98 100.0 5.4
sucUC 130,000 85 43.0 <4.0
cuC 130,000 120 5.0 > 8.5

a2  The molecular weights of compounds were estimated by HPLC gel-filtration chromatography
using a Shim-pack Diol-300 column (Shimadzu, Kyoto, Japan).
The number of amino groups were estimated by TNBS method.

€ SOD and UC enzymatic activities were assayed by the nitroblue tetrazolium reduction and uric
acid oxidation methods, respectively.

d  [soclectric points of compounds were confirmed by chromatofocusing using Polybuffer
exchanger 94 resin and Polybuffer 74 elution buffer system (Pharmacia, Uppsala, Sweden).

-20 -

Plasma Concentration (% of dose/mL)

100

10

3—b HAMBCRIZITERHEAOESR

Fig. 13 ICIEBAMZHA L7z Mn 85€ 717 /87 B (cSOD. ¢BSA. cUC) D=7 R
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Fig. 13 Plasma concentration (A), Kkidney accumulation (B) and liver
accumulation (C) of radioactivity after intravenous injection of
111 - N . .
In-labeled catinoized proteins into mice. Key: ¢SOD (O); cBSA (/\);
uUC([J). Results are expressed as the mean=S.D. of three mice.

4 FHH 32000 O [M1n]SOD OHA . MUEPRE—ISRIMER I3 A FA4 AMLIZEDIZEA
ERBERZITT, LT GHEPH I FD S % Uis (Fig. 13A)e — . BE~D
[Mn)SOD DERIT A FA ALIC LD X512 EF L. B 585 1 BERITE 70 % of dose 2%
R icieDAEnz, 25 U7 [MMinjeSOD OB RO HEHICM L I3 BRI ED &
. 5% 100 50 10 mgkg & L2BE. BRAOERHRIZH 60 % of dose 1= F TR
LRt i 7 U, F7o0 KEM [1n]SOD TIRIFEAEZD SN H - 12 BF
BADMNAB S AFA AU EDET LA LI, ROBEII/NINWLDTH -7, 4 F
BTN Z 67000, 128000 TIFEA EFAREREREA 2137250 [MHnBsA. [Mn)uc
DEE. A FA ALK D FFREA~DE L OERBRO ML D Sh. € O BSA I2H
WTLDAFETH - 7 (Fig. 130).

["11n)cBSA (3. #51 0.1 ~ 20 mgkg OPHICH LTS PR E— RSB S L O L
R HER 1212 S A EZERATED SIS D - 1245, 100 mgkg DR SR HO TP aafE,
D AH Ry — I DR S v fe (Fig. 14), F/o. BE~OFRIZH LT3 AR
filik & DA L2 T ST h - F2 (Fig. 14B) »
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Liver Accumulation ( % dose )
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Fig. 14 Plasma concentration (A), and liver accumulation (B) of radioactivity
of [""'In]cBSA after intravenous injection into mice. Key: 0.1 mg/kg dose
(A\); 1 mgkg dose (O); 20 mgkg dose ([J); 100 mg/kg dose (@). Results are
expressed as the mean=S.D. of three or four mice.

3—c HANBICREITABHEAOESR

Fig. 15 I2 succinyl {Lic & D ABH A M A L7: 3 fo Win Bilke 7V V37 H (1
mgkg) D=7 X HIRAE S %O (A) P #E, (B) BERE., (O HFHFHONE#EEERL
72 [WnjsucBSA (34 BIOBG T 3D succinyl {5 » /37 HO HTHe b M  T6HR
M S % Uy 5% 2 BT 80 % of dose ZSAF BUZER L 720 [ InjsucBSA OIF
I AS i3IS A Sh, 100 mgkg O SFEES5 T, [Mn)sucBSA DIFIR Y
A2 2 BT 19.5 % of dose EHBITMEF Lz, —4 . 2+ FikA534000 @ [in]sucSOD
(1mgkg) DR MIESIC BV TRAELFR W AASZH SN, 582 KX TICHN
60 % of dose DSRHUCEIR &N 7z, [MnjsucUC 2, 3HDEFNY V37 HDH>BTHR S
BB M D S O KB - 7255, 30 % of dose LA LAY A Fhic, LS D
g~ D 1M n $558% succinyl L5 > /37 HOMF LB EHDOIND ABBH N -T2,

3—d EEFRMIKT

ChETORT ERBOBIT ARSI A FA MY NV BB LT A MLy 2387
HOEBFN/ S5 A—=7%2HH LU Table 6 12F EHTc, WTHDETFTNGY /37 HIZHENT
L. EBMOBAIZL OIFRONDIAAZ VT 5 v AL, EHNEE T THOARHE D
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Fig.15 Plasma concentration (A), Kkidney accumulation (B) and liver

accumulation (C) of radioactivity after intravenous injection of
""In-labeled succinylated proteins into mice at a dose of 1 mg/kg. Key:
sucSOD (£.); sucBSA (O); sucUC ([]). Results are expressed as the mean=S.D. of
three mice.

Pharmacokinetic parameters of native, cationized and succinylated proteins,

dextran sulfate and inulin after intravenous injection te Mice

Bl AUC Clearance ( uL/br ) Tissue uptake rate index ( ul/hr/g )
Compound (mgjkg) (% of dose
*hr/mL) total liver  urine liver  kidney  spleen  muscle
[""'n}jSOD 1 9.5 10500 427 1,230 262 23,700 207 7.2
[""InjcSOD 1 7.3 13,700 2,470 423 1600 36,200 955 496
["InjsucSOD 1 6.1 16400 238 12,100 242 10,400 343 nd.
[""1n]BSA 1 1430 69.7 158 71 15.1 28.0 75" ‘14
100 764 131 204 161 18.5 21.2 156 1.8
[1111n]cBSA 0.1 5.7 17,600 11,900 1,490 10,000 1,960 29,300 160
1 4.7 21,100 11,200 2,860 13,000 1380 8,880 583
20 4.6 21,900 12900 2,760 14,800 8,050 14,000 140
100 471 2,100 1,590 160 1,100 2160 2,230 205
["MnjsucBSA 1 181 5510 3,760 504 3,350 442 822 27.0
100 140 713 245 103 205 265 63.1 42
["njuc 215 465 192 69.5 200 269 769 85
[ jcuc 1 170 5,870 2,160 530 2,940 1,670 5,500 17.2
"M njsucUC 1 228 3,600 1,380 337 1,530 1,730 320 7.9
[4C]dextran 1 40 25300 2470 12300 1,420 2,250 486 205
sulfate 100 54 18500 553 10,900 419 1,000 140 45.1
[14 Clinulin 100 3.5 28900 154 26,800 168 700 60.1 34.6
n.d.: not determined
98



S native ¥ /S 2B EHBL T 10 58 Ei5< . B2 FORASE & D DITHNFEHE~D
BiTIZI3. B EELSANA R LTS ZEHoh i, o, MEPHAL E
DDLU THEEMOBAICLDEDZ ) TZ7 v A KREL ER LI,

S L3 HOAFA Ly 7 BHICHE O TR LHF LIFE~OERMNED o
[11n]cBSA I8 L THABIBPEIC B 1 2 B SR IEFHEA R U2FE R, 0.1 ~ 20 mgkg
O SBEMHIZH 0T AUC B LUERB 7 VT 7 » RlITiHE £ A SR ED 6N
hotse LOLIEHS, 100 mgkg DS RIESICE OVIFDASZ 2 Y T5 A% LD
ETARMB 7Y TS ADMIBARTICRI L, £ 2O#R%E M LT AUC DKM
wHohic,

—1i. ABMOBAIL L>THZ VX 7HOFBITHIZ EAL. 1 mgkg X E5ICH1A
[11n]sucBSA % [injsucUC DIFIR DiAA 7 1 7 5 » Az £ hZh KB KD FFI D A
HI VT I ADISE 5, 7215 L@ ili% T Uiz, £, [19C)dextran sulfate 126 1T b
1 mgkg HEMTREVFRVAZZ Y 75 v ZAli%5 L, [1Clinulin % [1C]dextran
(T-10) D 16.0 £%. 4.9 ff &t ot LA LAEDS, [ injsucSOD OIFID AL Z VT 7~
Zidfhd My 23 succinyl L7 /37 B E B UM MICEWEER UIc, 7,
[11n]sucSOD & [14C]dextran sulfate DRGHE 7 1) 75 Al ARERERAHEED < — 77—
E LTV SIS [MCinulin DIRGHEM 7 U 75 » A fll & 13120 UiZR Ui,

3—e ["In]eBSA LU (1 InjsucBSA OF X MB~DO 5%

EEAT, ARMOTNOBHOBAIZL-TH, ETNVY N7 EOITEBITHED LRAGE
HotzZ e, BWEAYZ 37 HOHBITBEBEZH N ET5oDITRBBEIFE
fTHELES S 7 BSA FBAE O THMK Mike~D3Hh % waf L7, Fig. 16 IZid, =7
Z IR 5% 30 2225135 [M1n)eBSA 5 &£ UF [ in]sucBSA O EEHI (PC) 5 XUk
LE ML (NPC) ~DRi/ N7 — AWl e L7 —NfEx v FY A b—v RIZE D ThE
1 PC, NPC {24434 5 [11n]GalBSA % £ TF [ In]ManBSA O#5H & HbH¥ TR
L7z [11in]cBSA d PCNPC O i kdi#1 2:1 TH O Fr R I 13 5 sk & p e &
OEREBILICIFIICUTHaM LicZ & o, FFMiMiE s OMEASHEE/ERIZE D IR
KD AEnD ZETEEENT. —F+ [MMIn)sucBSA i3 [M1In]ManBSA & i #iZ NPC
IRz LT,

3—f  [(1ynjsucBSA OFM D AAIZH 1 2 BSA L U dextran BB EOR
HESO0KER

cBSA % PC
- NPC

sucBSA

GalBSA

ManBSA

RN

0 2 4 6 b
Amount Recovery ( % dose/107 cells )

Fig. 16 Cellular localization of ['"'In]cBSA and ['"In]sucBSA at 30 min after
intravenous injection at a dose of 1 mg/kg. Results are expressed as the
mean+S.D. of three experiments.
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Fig. 17 Competition of hepatic uptake of ['"'In]sucBSA by coadministration
with BSA and dextran derivatives and polyribonucleotides after
intravenous injection into mice. |['''InJsucBSA (1 mgkg) was injected with
unlabeled competitive macromolecules (20 mg/kg) and hepatic accumulation was
determined at 30 min after intravenous injection. **p<0.01, ***p<0.001.



HF% D Kupffer Ml W EMIBE. macrophage IZ(3polyanion % &5k d % scavenger receptor
DIFEDIME S T B, Succinyl (b4 U7z BSA b#EMNICIE polyanion 2 &5
[MinjsucBSA & Z OBAN L THEEEMRICDAZh TL A0 fEENE L 5N 5,
2T, Wik O BSA #&BAk < dextran F K. polyribonucleotides & [M11In]sucBSA % [i by
#EIZRIFT (M njsucBSA OIFI D AA O EAKRES L7 (Fig. 17). SucBSA ¥ MalBSA.
heparin. dextran sulfate (Mw: 8,000 35 LT 500000). poly(l] 7% EDMULFEMAEA 450
A7, [Min)sucBSA OFF D AL AHE I B L2, LHLANS, EBHEAT S
cBSA. ¥EMEfF BSA FHAETH S GalBSA ¥ ManBSA, 5 1 EM A9 5 BSA ¥
CM-Dex B A ELMHKMRAREI Mot . poly[C] ED B FIZEKD
[1111n]sucBSA DHF I DA A3 TRE SNz, LIzdt> T, [MMin]sucBSA i3, scavenger
receptor-mediated endocytosis BEHEIZ X O FFIEEEMIBIC RERINICIND AT N TN S Z £D4R
L F=F g

I—4 (LEEHOEAEDEICLE Y VN7 HOKABRE @

P1RELUE N TR E TORFICL D VEILFIRHEORE L BB LT Y /8
7 OUNBEENEAE 7 ) 75 U ZAOBSIZ KD BB FORIT B U TFIZRNET 5 &
NTE. MEALFEIRHEOHE %8 CTES FOHOKAXBEHET S - E0MI Do N

— i AR AR L FRA~OBRRRMLIE 7 /8 7 EPRIE TS 2 FFROFE D
Mk 5 hkE LTHEEFFICEHEZRDTEZ TS (110-116), 77 BA DY
LA FR7o707 24 VEDMFBH OB 7T IALKS /3 78 (117-120) 582 9 L1z
REICHOL SN TWAL, LWDWA neoglycoprotein EPFIEh2 &MY /Y7 H b HHE
EWF v ) 7— & UTEFEEH SN TS (121-130). Neoglycoprotein 1338 A3 2 BOFH
PEREBEI L Fo—NVTE, DOHNETHH - DILEMERBRIZENTE S EWLHH A
2ALUTH D, MO MIGERBMOUAPH Y /X7 HD invivo IZH1F 56N BIED R
MEBEHC B IR ICARTH S (131).

F o, HBRIEME Y /37 HIZ X LT polyethylene glycol (PEG) 25D AW I ANTE#E S &
2 FE2MWTIL AR AR A AT, EBEESY /37 BABERENT 25 LTHEBE T3 h
Gtk - REEHEPAERANTORERELAMRTILDOE L HEELTHFEATNS
(51-54,132,133) » 7 /375 I UT PEG BMiAHEd = Sic L b il & L
LLETI—HOHGRIAP EINE I ENEBZ oL —H. 732 HB F~DR %
Wi E TTHRA LICBEMOBAICE Y & 37 BoEMRmtEZ KX { ild 5, L

HoTy 9 U LFBEMEE Y IZHAADEEZEILL->TY 7 HOKAEA X &
ICHEICHET X2 HEAZE L 505 (134,135). COLIBLET Y —2HLTHDIA
FNEY 37 HITH LT PEG %A1 L. TOENBIBIE AR LpliziE ALK
L

AICHENWTIR, 2HRE5RLEICMPAHERT 2 BSARETNVY SV BEELT., IE
B2 5 U 784K cBSA, H XU S BT 92 Bl & U JE L #0HaI BIR I
DAFZN SHERN BSA TH 5 lactose & fii BSA (LacBSA) 5 & UF mannose i BSA
(ManBSA) 58I L. ZH oS BSA 8K LT PEG B4 I L 72356 02 S B84 i
THEELIC, ALFRNEHAGDEDEZ EICL B35 /7 BORE SRR BB O o] i
IS LT HLZHEAEZNA .

4—a PWEHFEHETVT I VEREOEREEOMBAENHE

EBMGEZAT S cBSA (2. 5 11 B3 M SEBICAK Lz, BHER BSA 3. BSA i
lactose ¥ & TF mannose %3 A L 7 lactose ffii BSA (LacBSA) 3 & T¥ mannose f&fii BSA
(ManBSA) € ENAR L7z, LacBSA (3. Gray & DAk (122) 1> T, M7 3 /
{LiZ L O lactose 2 BSA IC#5A4 X €72, ManBSA (3. Lee & @l (121) 2% » T,
2-imino-2- methoxyethy!l 1-thiomannoside & BSA ZRIGE¥5 Z EiIC XD EK L7, Fig. 18
23, IS BSA FREOBRAR AR Uz, PEG ERil3. Lad 3 #D BSA FA#&kicH LT
TEPE(E PEG (2, 4-bis (O-methoxypolyethylene- glycol)-6-chloro-s-triazine: Mw = 10,000] %%
IEEEB &L DITo72 (136)0

(A) cationized BSA
(cBSA)
@
CO-NH-(CH;)s-NH;
(B) lactosylated BSA (C) mannosylated BSA
(LacBSA) (ManBSA)

CH20H
CH20H

CH20H 0,
HO OH OHHO
kon ’ (8] KOH CH2-HN H cnz-g—ﬂ o
NH
H HO

Fig. 18 Chemical structures of cationized and glycosylated BSA
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Table 7  Physicochemical properties of BSA and its derivatives
tesed in this study

Percent®  Molecular? Adsorption at pH 7.4 ©
Compound of Free Weight
NH,  (HPLC)  DEAE-Sephadex CM-Sephadex

BSA 100.0 67,000 * i
cBSA 116.7 70,000 F +
¢BSA-PEG 105.2 170,000-200,000 ¥ +
LacBSA 477 70,000 A :
LacBSA-PEG 34.4 80,000-110,000 * 3
ManBSA 73.7 70,000 7 s
ManBSA-PEG 60.0 90,000-110,000 + -

4 : The numbers of amino groups were determined by TNBS method and that of
native BSA was 60.

b The molecular weights of BSA derivatives were estimated by gel-filtration HPLC.

€ : The net electric charge of BSA derivatives was confirmed by a batch
method (72).

Table 7 IZ14 S/ PEG il BSA S B A O BEML PR PEE A8 LU 7o, D i
PEG RIEfHD BSA FBEDHER b TR L7z BSA 1O free DT I J B FERIC
£V 34-74 % ITWP Ui, o, EBMBLIUHEBIBAICLE 7+ 4 XD ERIRIFEALE
BHONIED 57208, PEG EMIICEH LD BSA BHELEE LS FH A1 XD LANE
Hohiz, £7o. PEG BNIZELMIZIZTD BSA FH A L RABOBMHAEEG LTLAE Z &0
=i,

4—b MmMPMBEIFBIEE

Fig. 19 {Z 3 O PEG {&fij BSA FEIAZ 1 58 0.1 mgkg T2 RICEHIRMNL S5O
SOh TR HER 25 L7z, PEG BHIZ X D cBSA OFIRD A EHMEIZRY L. TO&HE
BSA & FIFFREDOHFICHOMPHAULE Shtz, Fo. FRUADBOHEE~ D
b 1 % of dose LUF EAEICHIBI SN/, RIBAZ MAP#%kD, S5 — i3 LacBSA-PEG I~
THlH oI h TOREEIL cBSA-PEG £ D b 6D TH 72, 7. LacBSA-PEG D
LY AA BT LacBSA-PEG & IRIFRFE TH - 1208, DMWY A A 13 LRl 4
78 U72o ManBSA-PEG (¥ ¢BSA-PEG & ManBSA-PEG & O+ 475 (P # EEHE# 475 L. BT
BIT# b ManBSA SHE LTI a1,

100 = (A) 100 = (B)
E | S B0
e O —
Z k:
Z 10 S
i = &0
8 8
5 =
£ E 40
3] 1 B
= 3
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o o 20
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o
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Fig. 19 Plasma concentration (A) and liver accumulation (B) of '"In-labeled
PEG conjugated BSA derivatives after intravenous injection at a dose
of 1 mg/kg into mice. Key: LacBSA-PEG (/\.); ManBSA-PEG ([]):
c¢BSA-PEG (0O). Results arc expressed as the mean=S.D. of three or four mice.

4—c EMFHRHT

Table 8 IZZ 4 & PEG &6 BSA FHED T RBRAN 5% BB FNH 54— 545 F
E W7z, LacBSA %> ManBSA 73 K OBER BSA DH4 . K 5# (1 mgkg LUF) TRREFZ
VT3 2 RERFEFLE 7V T 53 VR EHFLL . 9 U1 BEER BSA 2RI & ) #5%
MIZIDAZFhAEZ ERMoh EioT, Fhoy THOMERN BSADHRVWIAA 2 )T 5
ARG EROKIHENR D Uizhs, o—BBESICE 1T58172)) 77 2 AliICiEiZ
EAERADZHONT, TOHELE7 VTV AMBIAEEITHA L 72, cBSA OIFILH
AB TN T 5 AL, 20 mgkg EFTOUBNGXGRRETEOLE7 V7 7 » RAEICiR
AL AEDEDONT . 100 mgkg ICBWTEE UTHM DALY U 75 2 ZAEDETFICE
HT2E8DN22857) 77 RIEOHKIED Shiz. —FH. PEG BRIz L D BSA
BADR U KELBHRDAA 2 )T 5 ZABHEIZIE F L. LacBSA, ManBSA, ¢BSA @
THENTHDL. 453D 1, 130 8D LICEFTRY Uk U LEDRS, 28572075
AT HD B D AS 7 1) T 7 2 2D H X PEG Bfiiid L L U PEG KERAR T2
DN T,
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TABLE 8  Pharmacokinetic parameters of '!'In-labeled BSA and its derivatives after

intravenous injection to mice

Dose AUC Clearance ( uL/hr ) Tissue uptake rate index ( gl/hr/g )
Compound (m g/k (% doses .
g) hr/ml) total liver uring liver spleen  kidney muscle
BSA 1 1430 69.7 158 Tl 15.1 7.5 28.0 1.5
100 764 131 20.4 8.5 18.5 156 21.2 1.8
cBSA 0.1 5.69 17,600 11,900 1,490 10,000 29300 1,960 160
1 4.70 21,100 11,200 2,860 13,000 8,880 1,380 58.3
20 4.58 21,900 12900 2,760 14,800 14000 8,050 140
100 47.1 2,100 1,590 160 1,100 2,160 2,230 20.5
cBSA-PEG 1 558 179 113 73 116 46.0 39.3 1.4
LacBSA 0.1 7ak3 14,000 12,800 642 15,700 47.1 414 4.6
1 8.25 12,100 11,000 2,330 13,000 51 397 10.4
20 36.8 2,720 1,510 123 1,280 155 159 13.6
100 68.9 1,450 520 222 403 131 323 18.0
LacBSA-PEG 1 29.8 3,360 1,740 249 1,710 9.7 465 2.5
ManBSA? 005 336 27300 18,000 360 17,700 9,450 nd®  nd
0.1 3.67 27,200 19,300 100 11,300 5,930 300 19.6
1 3.98 25,100 19,200 130 16,000 7,970 460 30.7
10 24.8 4,040 3,200 41.6 2,710 1,320 110 13.2
20 41.1 2430 1,300 3.5 1,170 750 n.d. n.d.
ManBSA-PEG 1 166 604 316 49.0 358 533 176 2.4

Results are expressed as mean, n = 3 - 4.
a: Data were obtained in previous report (194).
b: Not determined.

I1—5 # X
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1 EEFBRIZ= 7 X invive 2HBEOREHOTEREMZ 72, £9°, 8HO} RO R
25 37 BOLSR 5HORNEIEA KRG Ulc & 2 A, 2125 TR M ¥k S5 —
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Fig. 20 Hepatic and urinary clearances of '"In-labeled directly charge-induced
proteins after intravenous injection into mice. Hepatic plasma flow rate
(76), rate of fluid-phase endocytosis of liver (77), and glomerular filtration rate (74)
were calculated assuming the weight of a mouse to be 25 g.

BT, ABAORE %8 L7, 1.6-hexamethylenediamine Z WV TIE B A HA LS »
N7 HADOENBBFER. BAMICEE 1 FicbL TR L2 FS 5 7 70000 @
DEAE-Dex SIRIFF UTH O, MIRNIZRSHOIFID AR 2 ) 75 o 24l ik & 1 &
UREUE L, o 57032000 Tl h SO % 285 B 4 SRR i R4
% SOD D6y R~ DM DAL O & & SICRTHMBOMD 5 L UFR~OEH R
DI & St (Fig. 20).

—Ji\ acetyl-LDL %> maleyl-BSA. poly[l]. lipopolysaccharide X & MHi# O polyanion %
scavenger receptor D @ BAEY 7 o FELTHREZINTULS (86)s LAOLAEHS, AL
polyanion T - T & poly(D-glutamic) acid ¥ poly[Cls 2~ KoA F il i) 4 > K
ERWSTY 86)o o, LFEBMT VT I VICB LTS maleyl-BSA
formaldehyde-treated albumin (X scavenger receptor IZ 3 X 11 % 2% (130, 137-139).
acetyl-albumin (B X NILUNT EAHRE XN TU B, Franssen & I3 succinylated human
serum albumin 2% scavenger receptor D YA F XD 2 Z S A WG LTV A8 (140). =
2 L7z succinylated albumin %0 succinylated % 7% 2 @ scavenger receptor O 1) # K
& UTORPICBIE 2 3 MR I3 Eh T L,

315



AFEITH T B4R LD sucBSA (E7 7 ZERIRPI I 588 © 0T R SEM e ic i D A %
Nh2ZEHREn. TOMDAHITES BRIKGFHAED SN B T & scavenger receptor D Jit
REY7L ) 4 > K T& 5 MalBSA % dextran sulfate ¥ heparin 75 & O B/ 2 P D [ BF £ 512
SNHEENSE Z EDS D ELL 5 2o Heparin 1M U TIZPERK scavenger receptor DY 4

FTI3EWEEZ SN TERA(85), BaL D TIIKSr & heparin 2< scavenger receptor
2N UTHRICIWAENS Z E0REEN TS (141). 72, poly[l] % poly[C] K ED
polyribonucleotide @ [ BH% 512 & > T b sucBSA DI N AHTHEIZD o= Z b6,
sucBSA b scavenger receptor 24 U THIFLHHMBICM D AT S Z LAV E N7z,

I F TITd scavenger receptor Pamtkts 2 R U THUE AL & O K45 1 W4 BT BT
T AMEILENTVAH(142-146) Z 5 LI A2 7 L/ 87 B IRESICE A Lc T 7
D—FREINTNAEL, KETIESOD PUCEETIVG 2737 &E L T succinyl 34 2
oy 3 HICEATAZ EIT XD scavenger receptor-mediated endocyotsis B0 21 LT
HFHREMRIZY =574 7 LGAZ LMo E Lic, FEREMBIIRELIEE
CTHREO—DEBZLONTOAEHRBREORLERTHS Z LR SN THD (147). SOD
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ManBSA ﬁw?\
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Fig. 21 Hepatic and urinary clearances of '''In-labeled PEG conjugated BSA
derivatives after intravenous injection at a dose of 1 mg/kg into mice.
Hepatic plasma flow rate (76), rate of fluid-phase endocytosis of liver (77), and
glomerular filtration rate (74) were calculated assuming the weight of a mouse to be
25 g.
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DESBHBICREREAN LTI EFX LR LREHREC L AR EOEHE S
BAOSLIERICHATHEEEZ SN S,

F o, EBATOREREEM 5 U BSA IS LT PEG A I Z &ick b, ho
BSA F8E DU HR 2 HHI L% 2 2 E D3 Sdn & 78 5 72 (Fig. 21)o PEG 1K ICH L
ROEREEA L, BB TH O REFR S RI LWL BN R EMATE D
(148, 149), TN ETICH 7 37 HOHFREO K. SBIEHEOMIE. 1gE FEA OIS 4
HIOE U B8Z  OBEDL TN T B (51-55, 60,132, 150-153), A TO#ER T, PEG
ERHIZ LS8 Y /37 HD galactose % mannnose BEEZ#M T2 LT 7 — L0 affinity D
K TR EOMBHLHEAHDOIKFICERTZEEZ o, EBEHSY SV B L
77— I TRHEITHAT 52 &2 £ B down regulation @ BB, Hit &4 5 K8
YERILAA O H BTSRRI AH) U132 Itk mg d hiz,

Lk, & 230 BD55H 14 XPBATEOHBRCEAIME & ENBIBKHE - OMMAE T #
BTG5 2 ENTE, SSICHPRATOBAL LUES FENEM 2 O T i
EMEZEICED 7 N HOYBACFIHERERECHE Uy 7 /7 EOR BB &
SICIEMENNOERMTRFMLZER LB EHMOMNTT R ENTEI, 29 LA
3. A%FTETHRAROBIRMINTL 2 EBDONE YA bAA VBURESQAERE
5 X7 M OENEIERE O Sl O ICERNBIBHC AR RtT b0 L B
bhs,
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FIE JorFEMAE M) YU A EES—
DEREAANEBEL LUCEEHRO%E

AN S SN ARG S X0 DR, KN DS /87 53 BHIC L 55 R
PRIFEA BCRAARIC X 2RI DASFIZ L D, F 7 BRERIKRBIZ 517 2 BR chfk it
& D RHIRNIR SEEPHICIPOSHRTEI EXMMSN TS (154-159), F/-. E
UNOHHED Y /37 qEH OB EEICE 0O TIE, PiEH - RS - 2R84 3
% (152).

—Jin YA MAaA VBUICREINZEBEN Y 0 BOE i 7 o730 5 FINIC B
MEHATHVDWEHY 32 ATHAH. 5 Uiy /37 BIE RN L 0 BR8N 5
REBRETEIEICLD, ZOFN - EMFHNLERME T T2 o TL S
(160). F7z, KEH%Z MW TEAEX 72 recombinant human interferon-§ (thIFN-B) (£ 555448
EHRFHEUTUS AN T O rhIFN-B 1388249 2 KA D rhIFN-p & 13575 - 7ok BiE
AT EDHEINTIS (161, 162),

B E TT, Hix OZHB - 7 30 BO45 T3 A4 ZPRATEOWBLENAE E 70tk
ABYBISYE & DBIRA R ICRR T 3 2 ENTE L, AEICEOTI, WiIlETTHEO N
P 5%, soybean trypsin inhibitor (STI: Mw 20,100) IZ dextran % ] U 7= 85457 F {4
ERUSFHA XEMREIEE Z LT XB4HEN S /7 BoE AR oMEED
b Ft A5 A7 (163, 164),

[I—1 STI - dextran conjugates D&k & FOWEILENHE

Dextran (X (1) @UUKBHEEA L TE. (2) {LHESICHRSKBEIES BEEH .
(3) RLEFELME, (4) MBEREHE L THENICERIQA T 2508 hh S5k
& ¥ mitomycin C (42-47) % daunomycin (165, 166). Adriamycin (167-170) % O ¥ #; #1%
asparaginase (37, 38) *° carboxypeptidase G, (39,40). glutathione (25) HDRTF |, & %
7HOEREE LTRM SO T &/, SWBERYOME I UTIE. B3 7Lkl
B (37,171) . ALY T Lk (172)s #IVE DA 3 Fik (173). SPDP H: (174) Sk~ 15 hik
BWESNTV S LOLEHS, 9 LroliifithEB o460 ED L UBEE
HA RN LB EA ER Y S0,

FHE Kunitz IZ£ > TY A XL Bl X h/ 5314 20,100 O STI (175) 2 E TS 208
7H L UTERU (Fig. 22). dextran 2 ERF KM & LTH £ © 25KEIC £ D STI-dextran
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Fig. 22 Amino acid-sequence of soybean trypsin inhibitor. Closed symbols
represent lysine residues (K).

1 —a AREOKRH

FZ¥H13. STI & dextran & DFEA Hiks ULTH 3 vHRBEMLE 37,171) BLXTRLY T ~
H(172)s AIEDA I Kk (173)s b7 Z vk (176). =E 7 pibke FU 2k (177).
SPDP#: (174) @ 6 A BIR L. SRV F U o7 a—)nc &5 (L2 ik b L
DIzHHNE I EE LTz, &% OEKEDOMBIL X+ — L% Fig. 23 125 L7 (178).
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( 1) Periodate oxidation method
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Fig. 23 Schematic diagrams of synthesis procedures of dextran conjugated soybean trypsin inhibitors.

( 4 ) Cyanuric chloride method
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Fig. 23 Schematic diagrams of synthesis procedures of dextran conjugated soybean trypsin inhibitors. (Continued)



B S, 3 KEEELH: (95 %) PR b SLICERL o, BLFRIES T k(48
%), HIVE DA I Fik (34 %) SPDP#k (15 %) (L7 2k (94 %). TEZVEF
Y k(7.5 %) OMITICENMETF Lz $7c. TNBS#IC L DI & N5 STI Dl NH, &
12§54 L7: dextran 2 FOBIZ 1.5 ~45TH - 2. —H. PEG E 1ok ik (STI-PEG)
DA . IERIZ IS A EIUE (96 %) DS, STI & PEG L O&FAL#E S 1:5.8 & dextran

AR & Lcla L) Ry ErEshi.

STI-D @ in vitro trypsin /& ¥ O L EL R

STI-D %5 & CX STI-PEG O trypsin FLEE#E (3 Kassel & D F#k (179) IZHE0, GREETH S
benzoylarginine p-nitroaniline (BAPA) O Ik ) A it & LTl L 72, AfEfil ST1 O
H7ERE 14 #9 2.5 unitsimg protein T3 - 72 Dextran 35 & UFPEG 2 X AL FRERIICL D STI
OEHIZETF Lizdl, TEZovE FY Vi BROLTY 32 Elkd 72D OERBVLT R
b A RERAD 60 % UL EOMAERFE LT, L LEHS, RS EMEIZE->THRS
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Fig. 24 Relationship between remaining activity of STI and degree of
modification in STI-D prepared by periodate oxidation method and
STI-PEG. Solid regression lines were fitted by the least-squares method. Key:
STI-D, prepared by periodate oxidation method (O), y =-1.9x + 177, r = -0.962
(p<0.05); STI-PEG (@), y =-0.17x +48, 1 = -0.998 (p<0.05).

172 STI-D OBAFIEHEL dextran D S5 & DM 134 &5 ML ED S hish - 72, Fig.
24 128 3 7 RRB(LERIZ L D13 5072 STI-D O dextran i 5 L PEGEEIC L W o hi:
STI-PEG @ PEG SR L BRFEH L OMMAR Uiz, @37 ERBLE. PEGELTHO
BEICEOLT L EHEOHIIHOEHOE THED Shizh, £OETOREIL PEG &0
H8 3 RKBRBILELHBLTREVLDOTH 12,

FIVRM I o=z b TS5 74—

Fig. 25 {3 STI-D 35 L U STI-PEG @ Toyopearl HW-60S 77 7 L (2.4 x 65 cm) B} 5 7 0=
b7 L%R Ulce WTNORAERIZENT b T & 3731 X0 KBS &
N, REMSTI XD SFNTF 7 v a it Ui, &% OkiGERD S TR E Stokes' 8813,
RO 5 FRBE = — 71— IC X 2B S U Table 912 F &oH7,

03 p

—
o
<4— Void Volume

0.1

Absorbance at 280 nm

Elution Volume (mL)

Fig. 25 Gel-filtration profiles of native STI, STI-D and STI-PEG on a
Toyopearl HW-60S column. Key: native STI (@ ); STI-D, periodate oxidation
method (O); STI-D, cyanogen bromide method (/\); STI-D, carbodiimide method
([J); STI-D, cyanuric chloride method (A); STI-PEG ().

SDS-PAGE

Fig. 26 1213, #yckH FiZH1) 5 STI-D. STI-PEG @D SDS-PAGE ®/¥% — %51 U1z, kK
fEfii ST (3. € D4 T (20,100) 1IZHM T AL ICH D/ N FEAIR U, #aHi3. Kk
fiill STI & LE#e U THBIE RN E < | & 7 féfipfk TIH 5 dextran ® PEG D485 i & 5K L
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fe7o— RIS/ FTH -7z, Table 9IC=e—H—7 27 & ) Bl - 12 Bk 6 KD 5 T
WA ZE 27z, X 5IZ. densitometer IZE D RD SN B GHED MY PO K (&
STI BGFERL B TR UK. DR, T EZ 0k FY Uk (257 %) BLUF PEG ik
(16.7 %) - LEBEH) @O KRERM STI DRALED SNz, £/, SPDPELICE D oh ks
&iz. BuTERH FIZHBUT ST & dextran D S—S #6088 3 5 /2%. Fig. 26 THIFF

LRHGEEE ST & LTHBLI,.

Table 9 Composition and physicochemical properties of STI-D and STI-PEG

conjugates
Compound?
1 2 3 4 5 6 7
Yield, % 95 48 34 9.4 7.5 15 96
STI content, %P 47.3 39.7 536 11.4 62.2 53.3 17.7
22)f @37.49f (10.4)f  @6.2)f 14.7)f
Dextran content, %  52.3 67.4  44.4 94.3 36.8 42.4
Molar ratio
(Dextran:STI)C 4.26 6.53  3.03 31.9 2.28 3.06
4.55)f  (6.92)f 34.8)f  (3.06)f
Number of modified
NH7d 4.17 2.31 1.63 3% 1.14 2.05 4.81
(4.46)f  (2.45)f @10)f  (1.53)f (5.77)f
Retained biological
activity (% of STI)  65.0 65.5 64.5 63.1 50.2 71.7 45.3
62.6)f (67.7)f (59.8)f  (33.0)f (34.3)f
Gel filtration
Stokes' radius, A 422 355 597 32.4 48.4
Mw (x 103) 127 79 309 66 182
Electrophoresis
Mw (x 103) 36-121 32-107 >57  26-115 27-108 31-33
>48
Contamination with
free STI, %° 6.5 30 8.1 ol 93.8 16.7

4]: STI-D (periodate oxidation method); 2: STI-D (cyanogen bromide method); 3: STI-D
(carbodiimide method); 4: STI-D (cyanuric chloride method); 5: STI-D (epichlorhyrin method);

6: STI-D (SPDP method); STI-PEG.

bContent as expressed as weight percent in the total preparation.
CValues calculated from STI and dextran contents using molecular weight of 20,000 (STI) and

5,200 (dextran; Mn).

dvalues were determined by TNBS method.

€Values were determined by densitometric analysis of SDS-PAGE.
fResults corrected for free STI contamination are shown in parentheses.
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Fig. 26 SDS-PAGE patterns of STI, STI-D and STI-PEG. Key to lanes: Lane 1,
native STI; Lane 2, STI-D (periodate oxidation method); Lane 3, STI-D (cyanogen
bromide method); Lane 4, STI-D (carbodiimide method); Lane 5, STI-D (cyanuric
chloride method); Lane 6, STI-D (epichlorhydrin method); Lane 7, STI-D (SPDP
method); Lane 8, STI-PEG; Lane 9, marker proteins.

BLEL AEITIE dextran ZEM#H & UTHi % O 4 KIZ LD STI 120 U TR P s i 4
U #5072 STI-D DALMY « B LA R Lic, TO8%. B3 £kt
M7z dextran ERGAS STI IZH U Tiddk bl Bk TH B - Eoiant, 22T, L

Boilh 3 17 RIERRALIEIC L D) STI-D 28 Uy T OIS 35 & OB 4 v 4t 5t 4
At Ui,

n—2 STI-D D& BhREAF ¢t D # 3t

B fIiC 38U T STI-D DA ke LT 6 BBIOA ik A #®if L. 83 %Rk
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STI-D DAKIZH b B YL FhTH A L&MW oMUz, ARETIE, M3 7 RERMR(LEEIC
L DA L7z STI-D $ L UF STI-PEG %\ T, STI Ok E B4t 12 H KIF T{LFEmD
PEA STI DA TS trypsin BLEEN: B & CHSFERRSAZ A O /o B E A IR BRI BGT U7,

2—a Trypsin HEEHELZEEE LcmPRRE JUR 5t

Fig. 27 I STI 35 X TF STI-D. STI-PEG 2= X Rl 5% 1 Blil & TOiM + STI 78
H—BF N 5 L URC B X /s STI iEHEATR Uiz, AR STI R EFIRA 5 5 80E 20
(ImE STI iEvEDS I U Gl - #9243 « JRPIZH) 60 % of dose @D STI {EPEDGE
HoNIze —Jis STI-D 3 LU STI-PEG (3 #5548 1 Rrfilicds LT b M4 &L STI 75
2HLTHD, RPicEl&E i STIEME S 20 % of dose LT TH -7
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Fig. 27 Plasma concentration (A) and urinary recovery (B) of STI activity after
intravenous injection of STI, STI-D and STI-PEG at a dose of 250
units/kg into mice. Key: STI (O); STI-D (A\); STI-PEG ([)).

2—b HHEHELZEERE LEARRE

STI $ £ TF STI-PEG 1B L TiE. Win THMESREEZ O TR S50 1 mgkg TV 2R
AR 58 O P IRE 5 S UG i, Reh PRt A 8GES L7z, Fig. 28 (Z STI 084
(3% 5k 2 B§H). STI-PEG O54 1385 58 8 Bfi £ TOM P EE—IFHHER B L OB H R
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Fig. 28 Plasma concentration (A) and urinary accumulation (B) of radioactivity
after intravenous injection of '"In-labeled STI and STI-PEG at a dose
of 1.0 mg/kg into mice. Key: STI (O); STI-PEG (@).

3—c XEBFOMRHT

Fig. 27 % X U 30 TH S/ mBE P E—by BB 123 U one-compartment model & 4 U
{2 two-compartment model IZE S ZIFRER/N_F T 075 L MULTI (73) 2 HOTHET L.
AUC, Clyga) ZHIHT B EE BT, REBRBGFHICH T AMEBTPHRHEREL D E | TEER
DHRIZE Y CLjjver~ Cluyrine~ tissue uptake rate index %2K# Table 10 IZ/x U7z,

Table 10  Pharmacokinetic parameters after intravenous injection of STI and
STI-conjugates to mice

Dose AUC Clearane Tissue uptake rate index
(ul/hr) (uL/hr/g )
(mg/kg) (% dose total urine liver liver kidney spleen muscle
hr/mL )
ST1 0.1 4.64 21,500 17,400 454 671 47,300 146  96.5
1.0 6.16 16,200 14,200 319 377 36,500 69.0 60.6
2502 3.09 32400 19,100 n.d. n.d. n.d. n.d. n.d.
STI-D 2504 26.1 3,830 683 n.d. n.d. n.d. n.d. n.d.

STI-PEG 1.0 1530 65.3 49.1 17.8 157 28.7 126 1.59
2504 67.6 1,480 799  n.d, n.d. n.d. n.d. n.d.

Results are expressed as the mean of 3-5 experiments. n.d.: not determined.
a Units for enzymatic assay system are units/kg ( 2.5 units = 1 mg protein ).
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Fig. 29 Hepatic and urinary clearances of '''In-labeled dextran or PEG
conjugated STI, soybean frypsin inhibitor and neocarzinostatin.
Hepatic plasma flow rate (76), rate of fluid-phase endocytosis of liver (77), and
glomerular filtration rate (74) were calculated assuming the weight of a mouse to be
25 g.

ARAEf STI i3, ST iEMEIRES LA, BEHAIEEE LS00 FhichinT
HEH LS @ Clypine 278 Uy F 7o, BICH T 3 tissue uptake rate index & fth oD A&k & Lok
LARIZ@liZR LIz, —F\ dextran fEfiiH5 £ UF PEG il & & 12 STI @ CLygine 2K X
AWM ULTWABI Edma, £/ STIPEG B W TIZBMICH 175 tissue uptake rate
index b KEZ{HMHLTLWAEZ DS, BRICHIT 5 ABERBD MEIH STI-D 3 LT
STI-PEG DI S # D LI KE FE LT 5 2 EAURME s (Fig. 29)e =9 L7
fi ki3 Fig. 29 HIC 779 £ 5 IZ, neocarzinostatin (Mw: 12,000) ¥ superoxide dismutase
(Mw: 32,000) ICEWT b o, EELTARKBRBIZL VKNI SOWKTE Y /5
FIIPEG &R dextran BEARIZL D Z DM BEANE SHBE QWO ET -T2,
HI—3 STI-D OXHEHBEOKRH

BTN 50T dextran fER4° PEG A1 £ 5 STI OKPIBNEASTE O eeio il UThat Lis
ides sT-ERRIZ L D STI D4 iR & 452 & THMICHIT 2 ABRKREA I L

Rt 2mHRs ZEBH S hEE o7z, —H. trypsin (2. chymotrypsin % elastase.
kallikrein 75 & @ serine protease DIEHADERIZEELEBE R/ LTS I &M 6N
T3, AiTiE. =7 X taypsin Y a v 7ETNELIT T v FBHUREETIVD trypsin S
5 LT3 2EBOETVERNWT, Jhoma1- & STI DI FARE ¥ U7,

3—a

Trypsin ¥ 3 v 7 €7 IV DERK

Fig. 30 IZ trypsin-induced ¥ 3 v 7 RBEOEE A £ L7 (180), STI B LU EDHES &
fififk % ICR % itk <=7 Z i BERARINER 5588, 1 52 © 5 BEM% 1 trypsin (25 mgkg) % B
BWIRE D5 U, F04:5E4 2 0% Uz, £, WABHRES LTHEEREHShTL
HAKSr TP camostat mesilate % £ UF gabexate mesilate {28 U T d RO A 1700, L

60

8L,
Schedule 3 100 - &
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T T 28T
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i.v. (25 mg/kg) A
S 40}
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: o
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Timin 4 :
1 Timing ¥ 2 £ sl
Drug Trypsin 1
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Fig. 30 Experimental procedure and preventive effects of STI, STI-D and

STI-PEG on trypsin-induced shock in mice.
STI-D 100 units/kg (A); STI-PEG 100 units/kg ((J).

3—Db Trypsin ¥z v 7 OERHROKRH

Key: STI 100 units/kg (O);

Trypsin D iv. 512 L 5 3 v 7 EZREE UT STI &£ OE5 HEMIED in vivo 151
% U7z, Fig. 30 35 X TF Table 11 {Z4HH trypsin inhibitor i.v. %O trypsin & 3 » 7 #J#|2h
RAEF LD, T Po—IVBHIE T, trypsin B#E5# DY 3 v 712k D 12 KT XTO
TYANCE U2 U LIEHS, (KSR O trypsin (15 mgkg BLF) TR Y 3 v 75EI3H
WENTLD 72D THUT ap-macroglobulin @ & 9 28 NIKFED inhibitor & trypsin & O

22 Ly



Table 11  Effects of gabexate mesilate, camostat mesilate, STI, STI-D
and STI-PEG on trypsin-induced shock in mice

Drug Dosc? Timing Number of  Surviving ratio
(min)P  surviving miceC (%)
Saline 1 0/12 0
Gabexate mesilate 40 1 0/8 0
80 1 0/8 0
Camostat mesilate 40 1 2/8 25.0
60 1 3/8 37.5
80 1 7/8 87.5
80 60 0/8 0
120 1 8/8 100
120 60 0/8 0
STI 75 1 3/8 37.5
100 1 6/8 75.0
100 60 4/8 50.0
100 120 0/8 0
100 180 0/8 0
STI-D i 1 2/6 33.3
100 1 6/6 100
100 60 6/6 100
100 120 6/6 100
100 180 3/6 50.0
100 240 3/6 50.0
100 300 2/6 333
STI-PEG 75 1 4/6 66.7
100 1 5/6 83.3
100 60 6/6 100
100 120 6/6 100
100 180 5/6 83.3
100 300 5/6 83.3

T, Hifes | 53%1CB17 5 trypsin &/ 3 v ZICHT 5 RE IRV EDH SN, UL LEHS,
MifEE# 60 2T HRENED ONT | rypsin G TINTOTT AN TC LIz, 29
LA 2. 185 FPED trypsin inhibitor 2ERM PO SEPHCHELTLESI oHEE
Zohb. —H. KEN STI (100 unitskg) THILE L 2BHCH W TIE. 60 & ICH LTS
KBO =7 AHELF L TOD, Bif5% 120 2B 0 TR MEBED SO » 72,
F 7z, STI-D £ ¥ STI-PEG it SBICH LTI, Bl iS58 240, 300 FiIcBWWT HA BN
trypsin ¥ 3 v 7§ RGBS o, T 5 LIt R, @976 ST1 2% iv. 5%, #
Nzt AR U B & & G L TW A (Fig. 29 and 30).

3—c [HEREETINOMER

SHEMRET IVIZ, FricoD ik (181) I U THER Lz, 34hbb. 5 v h&pME.
BEEFMSTZ 2 07U, - HBBEALVBEA=2 V—a v ERBUI, A=ab—V s
%3 0T 1 % rypsin 10 4L & 10 % sodium taurocholate 90 uL OE#E % 8% P ¥l &
Bl AR ET IVEEKR U . ETIERE,. BE 75 0B EUH=ab—v 3
AEDHN U, MESASG®% LT OEIES 2 HR#IE Ulic, ERIE. 1 % trypsin & 10 %
sodium taurocholate DB AZTEAT S 1 4341 STI 5 LU STI-D % KERERIR L D 25 units/kg
THRETHI LITLDITL . saline 8 58F (control BF) ZIEBIZHILC,

3—d DHEREOHEBMYHROKRN

Table 12 125 v bRHEMRE T MITEHIT S STI & STI-D DIEHL R AR LT, Saline A
HEULEaZbo—-BHZE0TR, SERE2OILHLHIEC LI, v POFERIZ. #kk
ICE D MBRFRICHRORIEIZL 2 bDTH S LXMHZ Lz, STIEHBHICH L TIE, 13

Table 12 Effects of STI and STI-D on the mortality in rats with

4Units for gabexate mesiate and camostat mesilate are mg/kg; all other doses are expressed
as in units/kg. One unit is equivalent to ~0.4 mg/kg of STI.

PInterval between i.v. pretreatment with inhibitors and i.v. injections of trypsin (25 mg/kg).
ENumber of surviving mice among mice tested at 2 hr after injection of trypsin.

fERICED bDEZEZ NS, —H. 25 mgkg trypsin &5 Ti, M4+ OHEH trypsin
inhibitors TIZHFH U E NEOBFO trypsin HF serine proteases il XA D Mg 75 EPE(L A5
ERITID, Yay 7RICE-LEBZ O5NB, £, gabexate mesilate i 58 bR AT
L5 RBETIE, 3XTO=27 ZHFE- L1z, Camostat mesilate {3 80 mg/kg Ll LD 5

experimental pancreatitis?

Number of Number of rats died Mortality at
[/
Drug T 0-12hr  1224hr  24-36hr _ 00n%
Saline 13 8 0 0 61.5
STI 13 6 1 0 53.8
STI-D 13 3 0 0 23.1b

a Each compound was injected intravenously at the dose of 25 mg/kg units/kg, 1 min
before the intraduodenal injection of trypsin and sodium taurocholate.
b Significantly different ( p<0.01 ) from that of saline-treated group by %2 test.
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Pl 7 BATELC L, 32 bo— B LB UAEICAEFERN LA L, —h. STI-D iG#E8
IKHEWTH I Po—AIBREHBLABLAGRO LANZH NI DD STHREH D
ERIBEBHONE -7z, T LERIE. 3—b D4 &R STI-D OANEIEEEN L b
D[ EE LD, THDLSTIOMPAHEHE LAZIEEZ I EICLORKEICHEITS

trypsin BLRIEHATE S LS Z EHAFETH D THIC L D HERED T4 A IEAIHI L
"5 EmgEANI,

n—4 ¥ %

Dextran (2 IMMEH BH & UCHKOBE TILS EHENTE Y, £ 04K ES HITHZEE L
T A, Dextran Z{Efi##H & U T insulin (182) % hemoglobin (36), flix ORELLED Y
X7 (37-41) IS U TR EMAR L . £ORLEND & /37 3B IC0 4 2 KHiPE
ZaHizh, MPaREERDIDTEMEFTHEBLLEINTNS, LHLENS, 25 L
BRI S 1 DDA BT L > THONHEROBRERE LTV AICT XS,
RIL o P EMEM TORRE LB U REIT I, APRTIE, STIZEFIVY 7B &
LT OMMOBEMAEICEY dextran #5 6 KA (F R L THRERN Skl oWt 2 REKT L
o

STI {¥ Kunitz SICEIV KRG LDBEIN/A 1817 3 /T BEEN G2 5311 20100 O
URTFFTHY (175) FFHIC2HTFIDV R 7 4 F#sE%EA LTS (183,184), F£7=.
STI (X trypsin & 1:1 OLEBHESEELNT 5 LICX D rypsin IEEHAR L, 208
PEEBALIL 63 JRIEHD Arg & 64 REH D lle MiCH 2 Z LA EIN TS (Fig. 22) (185,
186)c AWFLT (2. dextran D#EAEALIZ STI 4 TR OMEMED NH, 2 (770 b 5| Lys ik
D e-NH, BELUN KD NH,) THB720. STI OFEHRBUCHBEMICIZEB LIS EZZ
5hb.

7o, ABGHIB L TIPS 8% 10,000 @ dextran A L 7z, TNBS #4250 1.5~
4.5 53 ¥ dextran 2% STI F A UTVA Z EAVRA N, STI DERRBEANSZZ 2
& dextran EDFERIZLY STI OEHSETF LD, STIIC R FA2BATE Lict 3
BUEOVMRFECLBEDTHEEEZ oM B, LHLEHS, Kk & 8L T 60
% VA EOFRAF trypsin FlEEFEHEZ G LT B Z EMS . B5T D dextran B A% S STI-D
OTEHETAL (63 FIHD Arg B X T 64 BIEHD le) (3 trypsin & DEAKRAEKS 575
DAR=ZZ[ALTVELDEZEZ SN B, £, FESTI 70000 @ dextran % LTl
TR £ D STI-D 26 U7 A EUKE B (STI : dextran = 1: 1.24) (2 b
DO ST S 40 % DIRAFEYEERRPE LTO BIcd ¥ ote, BLEDZ &L, dextran £
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UWT STI Z {LFEMd 2 BICIF 07 D% 10,000 BIED HEW 2 FBO/NXE 04 H
WBZ ENEE LWL EEZI SN,

ARG Liciefintk T3 7 RMEBILEI D dextran EDESHHEL 46: 1), %
IEEODIE (95 %) oz, £, ZORBREMETSH D . BN SENERICEHTT
HOERERBEIENTEZALD, STID DARICEBLBELLEMRETHEELLEZ 6N
%o

—His TVl E X U SDS-PAGE W /i EBFRICHEWT STI-D B 70— FRESFROG4
A8 L7C (Figs. 27 and 28), Z41iE, STI IZHSA T 5 dextran D3O K # OFESK TR -
TWA I &, 51T dextran HEWA T2 FRGMICERT 26D EEZ 005, £,
AWERIA I Nz X DS N7c STI-D 13 dextran DERTFEHUEL Y (STI : dextran = 1 : 1.6)
Kb bod. @oFRERIZS VB E—7 XU SDS-PAGE O8N » Fis#lo 61
1zo ZO#ERIT. STI-D 2 dextran %47 L T4 1B T crosslink L TW A0 fEtEA M4 2 &
Zzhohs,

PEG FABEHTF FOLFEHFEM & LTLRICEAZINTE Y. 25 LcEYO R
RO TPl fEDOTEICH LTHRICAMTSH S L8®EIh TS (51-55,
148-153), FEHEDOKRFIZHEWLT H. EHALPEGEM LB Z &Ik DEWIEE (96 %) B LU

GAIETSTI-PEG 2 RB T ER, TORR, 1Y 1 XDKXTL STI-PEG #7135 =
ENT XD trypsin GV DPHFEIEYE IS STI-D L K = @4 L 7= (Table 9 and Fig.
24), &AL PEG (3 M) T2 VRAN LTES -k 5,000 D PEG 54 2 K54 L-ME4
ALTHED, X ELOBAHEB N TY VRIET AEERFICRONTVWS, —
Jis dextran OHEE, Bt O HETEHALE NI dextran TP DTN TD glucose FIEDFE
L £ DR B oD AAFET 5 2 EDCTE U, AL PEG & dextran D54
RHADERD, &% D STI HARDOEHETOREDOXERERM L TWA D ESDRERTH
HEEZOND, £71:. PEGHETPD -(CH:.CH,0)- D#: DK UEDBELIF 122~ 34 1
DRKBRNT S ENMEINTHED. DI EHSTI-PEG D FH 14 XEKEL L
trypsin EOBERERERFH LTI LbFL 605,

Invivo =7 Z RN GRBOFER .. dextran ERHIZ L D STI ORPHEMAME L. i
MEAUERECERIEL LMo EL o, 29 L#RIE. @8 TFWHOZ FH A
ZHHREEEBIC BN TEREGE T THE I LERTODTH D S5 FEMIC L D ARERA
EAINEOEBUSIMB Iz oh b EZ Ooh 5, AR ICHOTIE. 4 FE®%H20
A LUF @ dextran IS PER 25217 5 2 & 15  ABRIKBIA BB T 505 42 AL LTI ¥
LUREEE 75 013 & A ESRERIK R 252 1375 15 B (78-81). AT THUL Sh 7z STI,
STI-D D4 FHRBIY VBB 02 v 7574 —IcL D EFNEFN 188 A, 422 A LREION
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5 EMS, STI R inulin OAERAKRBEE S FREOEETIRYICHEH, STID3ZE
D3 A XS ARBRERBPKRKEZ LB EINS I EDBH O E ML 572 (Table 10), F o,
STI-PEG i3 STI-D &8 L TP & FHPLEMDRVE TR OTH 1248 Zhiz 4
B O#ETIZH L7z STI-PEG @ 431t (182,000) A%, STI-D 4 f ik (127,000) £ H & K=
Z &, BEUEMEM & UTHU dextran 2% PEG & o U THF RS OAMMEN K F O MRk
WMYRAFhBNZ EICEBbDEZEZ SN S, L LD S, STI-D id STI-PEG L O STI
DOEHERE  IBDTITARARTH S 0o, FWiEHRE iv. 5T 284, STI-D
{$ STI-PEG D5 D 1 OERMUHPBLEELE LBV EWHFAHBE. Zhiz. AitO &5+
DOEIRAE S MPD I0 4 FEERE EO AR FEA-OERNBIBIEIC B4 B L 1Xd ]
BEMNHL LN bRELNETHSLLEZ OGNS,

PURHE - SRR Y N7 HIREROBKEMEZL5 H9AThb-» L b KELMED D
EDOTHAN, THULHMBLR S FEMICIhERTEZZ0[eEdH 2, £ 2T,
Freund's complete adjuvant 2 MU T STI & STI-D 274 FITHAME Lo A5, AELHUAE] %
LOPM AL ZEMTEULD - /2. Wileman S (2. Erwinia carrotovora 10 S8 L 72
asparaginase D HUEIPED dextran BERFIC K DIETTHZ EEWMEL TS (38), RIOFER
%FE b uricase-dextran #SEICB L THTH . FMIEH v iTHhiLT 3,

BIVE B FEMICEIZV)I—-FYOKNERE
w8 & RBEFRF O SE

HiFIZ BT, 2 FR5520,100 THIRAESEOHABBIEL UTHEARERATSH
BSTIA2EFNY 23 7BELTERL, AABBRHEE JUAHBREGERICEIT S
dextran ERED R RAR T LIz FUMEERIARRERBTS 27 2 S7HEDEA,. Zh
SOMPRAMEAHAI LS DI AREKRBONWLES » PTHD, GiliLIzLHIC
dextran 3 £ UF PEG TILFEM A L2 7V 4 XEMARK I LB Z &2 L h i EoOFsL
DS, T OREERITHIE U T STI-D, STI-PEG TR R STI & thg U TR WL ET IV
2 U T B i i RO/ ED S h i,

AETH. 2 FRTHBANOMDAZDE 125 HEERTH A uricase (UOIZHL T
dextran ZEREE M & UTILFEMA K L. £9° UC-dextran #5860 HUsEHE - RBEREICH
LTHREAEZMA L (187) X HIZ, BIFETHRI ULLBH DRI S dextran FJEKZ ENFHEH
ELTHOTL FEMAR L. PItEORE ZEMHEMIC L S UC-dextran #5 4 1& D& B ERF
PEIZEE UTEFMICBRE L7z (188, 189).

IV—1  UC-dextran conjugates D& & T OWELEN - REFHNFHE

Uricase ( urate:oxygen oxidoreductase. EC 1.7.3.3.: UC) (. JKEEH S allantoin ~DZ %
fiki%d 5 B peroxisome BEE TH D, 4311t 128000 ® homotetramer TH 3 (190), AT
. B R Ml Rk, £ dextran ABANEMELTH A DE K AELIZLD
UC-dextran #5831k (UC-D) %1k L £ ORI &85 L.

l—a UC-DODE&K

UC-D DEMRIZHINT S STI-D [ARITHE b &2 S RGO 21T - 72 EMAEELT
2. BITERBRIE 37.17) BIURLY T Vi (172). ANFET AL T Fik (173), ML
2T Rk (176) D A AR U, /2B O 728 PEG Efiifk b A L7z, Dextran (3l
WO 4y -k 10,00 (T-10) ® b O A RS, Fi45 78t 70,000 @ dextran (T-70) 2 U 7
Wit b — 84T - 720 Fig. 31 12383 7 BKBEERILHEIC L H AR L 72 UC-D @ dextran R &
UC DFR(FRE K IEYED HHB8% R Lz, EM#RIE UC &, dextran & L < (X PEG EDRIGE N
WAZAEEED I LIS X DMI Lc, UC-D % LU UC-PEG ORRAFIENE (SRR ORI INIZLE
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FILUTRY Utzo MhOSREIC X OEKR LA UCDIZE T b, @3 T RBEBRILIEICE O &
ik L7 UC-D D4 EHARICIZIZIZ R AHBMEN R o, U EORS XD, #H37
TN B IG Y - FIRMOHED SRb#E Y TH Y . AN S bMETH L N5,
LB oiticiz@a  FBBEIC X O AR LA UCD #H0aA I EE LTz, £/, Fig. 31
12 & 91T dextran BERED A DS, PEG ERH & L U TH TFaW ERAAEEE R LT,
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Fig. 31 Relationship between the percentage of amino-groups modified with
dextran (T-10) or PEG and the percentage of remaining enzymatic
activity in comparison with native UC. Solid regression lines were fitted by
the least-squares method. Key: UC-D, prepared by periodate oxidation method (O),
y =-0.862x +102.1 (r = -0.913); UC-PEG (@), y =-1.119x + 100.8 (r = -0.907).

l1—b UCDODORFEFNFHEICHMITIRH

UC % LT UC-D (T-10) {23 Ahuiliifis. I AQBRERISHLTImgDUCH LS
I3 UC-D (T-10) % 2 ARHIC 1 DARBIET 2 Z S DER LU, on/zimifo 1gG %
ST IgM 1P U T ring test (& DBRET L7z, Table 131 14 I ring test IZ K V4§ 54172 UC,
UC-D. UC-PEG (9 % @itk - hulsi thaf i o #5584 7”9, §iL UC-D hufkied:fig (5
EitE) % LU UC OFL UC HLliFicset 4 4 st (BuRtE) WhHE b dextran BRI K D)
RS Stz PURTEICEIL TR 57851 70,000 @ dextran TEMT A LI2 L0 .
EOIE T MMM RSNz, PEG BRiIZ & > Th UC DHUFE X, UC-D (T-70) & falf
BIZEFTIKFT A2 EDNHSNEL 572,
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Table 13 Effect of chemical modification of uricase with dextran (T-10) on
an antibody production in rabbits

Antiserum Test antigen Ring test titers

Primary Secondary Tertiary
Anti-UC ucC 2 64 128
Anti-UC-D UC-D 1 16 32
(T-10, 50% ) (T-10, 50 % )

Each pair of rabbits received UC or UC-D immunization with complete Freund's adjuvant
on day 0 and with incomplete Freund's adjuvant on day 14 and 28. The primary, secondary
and tertiary responses were assayed 10 days after each antigen injection. Numbers in
parentheses indicate the molar weight of dextran (T-10, Mw: 10,000) attached to uricase and
the percentage of amino groups modified by dextran.

Table 14  Results of ring test for UC, UC-D and UC-PEG against antisera to
UC and UC-D

Antiserum Test antigen Ring test titers

Anti-UC ucC 128
UC-D ( T-10, 50 %) 64
UC-D ( T-70, 60 % ) 32
UC-PEG (10,000, 38 % ) 32

Anti-UC-D (T-10,50%) UC 64
UC-D ( T-10, 50 % ) 32
UC-D ( T-70, 60 % ) 16

The molecular wcig_ht of dextran (T-10, Mw: 10,000; T-70, Mw: 70,000) and PEG (Mw:
10,000) attached to uricase and the percentage of amino groups modified by dextran and
polyethylene glycol are indicated in parentheses.

l—c UC-DOEEHICMT A&

Fig. 32 IC trypsin i&# ' (5 mg/mL ) i23613 % UC % K UF UC-D OFAFRERTE IR HER
AUt RIERM UC B, EPHLUBETHOETHED O, o, FHL F R
10,000 @ dextran TR L7z UC-D (T-10) b KA UC & I13I3 [ B BERTE t—Ir R 2
R Utce —Ji F5 74k 70,000 @ dextran TEERf L7z UC-D (T-70) I2HWTid, 5 Byfili
BT H 30 % UL EOBRENAH LTV, RIEDHED UC-PEG I 0T RS,
L7248 Ty trypsin IZ &% UC OREHRS RISH T B IRPU#EIZE 4> T8 D dextran i L <
i3 PEG I X > TEE B Z EM o &L 5T,
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Fig. 32 Effects of chemical modification with dextran on the stability of UC in
trypsin solution. Key: native UC (O); UC-D (T-10) (L) UC-D (T-70) (2).

Fre. 7y MR T UC, UC-D. UC-PEG WTFHICEWTHEETH D 24 Bl 1
FaR—Va YRIZBEVTH 9 % UL ELOBEEHREERH LTV,

V=2 Sy PEIRAES %O M1+ BB O K

U EIZHBWT, UC-D OME(LFER - REFMIRM AT 30T/, #2T, =
NS DHERNEHEHKRERN UC & ¥ LT dextran 8. PEG EMHIZ LD &0 L 5 ic24d
SDEPOMNTT B0, EANLLGREWORNTIRE T v FEROTRE LT,

2—a Mm¥yRHe

Fig.33 35 v MBIRNESHOE M UC FEED M BE P UC 75 i — b RSl 47 L
RbDTHS, Wit Lo 4%, 47b b UC. UC-D(T-10. T-70). UC-PEG WIFhoHa
ICBVT S, BIRNE SO ME T uC EHIIZIZ—REE R - TR L7,

UC (FHRIRAER S8 LM YEh & DA%k L. Z OB 5 2 BIMLLE Ttk R
UF L1 —Fis M4FEMIZ LD UC O MAp MR A EICER LS. B L7 3
MO &5 FEMEEICRZEIED Shish -1z,
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Fig. 33 Plasma UC activity-time profiles after intravenous injection of UC,
UC-D and UC-PEG into rats. Key: UC (O); UC-D (T-10) with amino-group
modification extent of 26 % ([]); UC-D (T-70) with amino-group modification extent
of 34 % (/\); UC-PEG with amino-group modification extent of 24 % (@). Results

are expressed as the mean+S.D. of 3-5 rats.

2—b EEFEORT

Fig. 33 T SN2 Mi#E P BIEIZX U one-compartment model (2365 & JE8IE e/ ik
07 5 4 MULTI (73) 2 AUTHEIT U ISP —as i dhd Tih AUC. 5LU0257 Y
77 A CL EHRESHHER vd, HEREEER kel HRERM T12 28 LIckR%
Table 15 127k L1,

Pharmacokinetic parameters after intravenous injection of UC and

Table 15
UC-conjugates to rats
AUC el vd kel Tip

Compound ( % dose hr/mL)  (ml/hr) (mL) (1/hr) (hr)
uc 11.5+2.26 9.08+2.06 10.1x1.66 0.91+0.18 0.80+0.17
UC-D (T-10) 110+24.5 0.96+0.23 8.83+1.16 0.1120.02 6.56+1.05
UC-D (T-70) 102+15.5 1.01£0.15 10.8£1.09 0.09£0.02 7.67=1.39
UC-PEG 134£20.5 0.77+0.13  7.66+0.43  0.10+0.02  7.16+1.37

Results are expressed as the mean+SD of 3-5 rats.
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AUC 2 @5 7 s fii 1= & D KRB UC &8 L TH 10 f5KE 4 - 7225, UC-D (T-10).
UC-D(T-70), UC-PEG M THE LR ZRIZOohL -7 £2. Vd GO THOoEYIZHE L
THH10mL THH., ZOMIZT v FDL2MIEHFRD TR & 12T B L TV (76). UC
BLUZ0 S TEMELS Ty MR TEKETHSZ & Vd lillICIZEA EENBD S
NV DS, AUC O3 75h 5 M JPEO M) LI MER kb o & O #k & & B
HTEEDEEZOND, UCDFFRH128000 TH A EAERT S EARKEEMAIZL
BRPPM O S FITMUT A LHTEZ LD, @4 FEAIC K DM S HDA 0]
WIS D AAEFE IMNERICEZ2IDASL) DIHIEH AUCHD EADBE 726D
EEZ ohb,

IV—3 WHORNLS dextran FHE—UC HEHEOKABHBIC T 583

BT HBOT, YELFENREDO R2 3 dextran F HAOENE BRI DN T= TR
LR EKBRERNOTRE L. BREPHTY A X5 L0 BLFEIEEL T2 FO AN B
BARET A LEERNTHEEEAMoMZ Lz, AFICHVWTREBMORLZ 3HD
dextran FHE%A UC 1T T2 @5 FEMEM & LTHL. BRiEHHOMHO ZRIZL S
UC DN Pt SISO alEfE Iz >V TIRET L7z,

CH,

|
CH,
o]
OH
HO 8 NalO4 U‘ &
HO | I
°°H:= we:
AR—O
HO O

I

R= — H : Dex

NaBH
HO oy = — CHCH,— NH\ : DEAE-Dex
£ Ct ISCI I&
‘QEED o B
OH = —CHC : CM-Dex
R—O

Fig. 34 Schematic diagrams of synthetic procedures of dextran derivatives
conjugated uricase using periodate oxidation method
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8—a Dextran FEE - UC HEARDARETODBILENRE

Dextran (3 P57 £ 10,000 D D% L. BHORL S dextran FHk & U TIERER
%145 7= DEAE-dextran (DEAED). 55\ 11449 % CM-dextran (CMD) @ 2 #HD
dextran FB kA AK L1z, UC FHAEKO SitH 37 KMk 37,17) 1L fT- 7
G@BQOﬁMMﬁKﬂT@ﬁﬂCWUhUODﬁ@%@%ﬂ&?%ﬁﬁ%i&bkoPf
o UC-D FH¥lk b RIERM UC B UTHFEICKELFFREA L THH . 72 dextran
FEEO WP IC G L BRAAN AR T 2 08 4 A o 3BiliE ~ D W (72) D
S E i,

Table 16 Physicochmeical properties of UC and UC-conjugates tested in this
study

Percent of " Retained enzymatic

Compound modified Apparent activity Electric charge

NH>@ molecular weight (% original) atpH 7.4
ucC 0 130,000 100 negative
UC-D 24.0 684,000 41 negative
UC-DEAED 16.1 442,000 54 positive
UC-CMD 7.0 544,000 80 negative
UC-PEG 22.0 500,000 68 negative

a The number of amino group was determinded by TNBS method and that of native UC was 98.

3—b 2BB{EHOUABMR

BAENADO KB A M in 12 X D B Rk U7 b OE AW THRGET L7c. Fig. 35 IS,
%8 UC-D kD= AL 5% 24 051 To M hREREER LI, WIThO
UC FliAIZ 5T by S aRE diis MO %k S & — &5 Lice Kl UC O
BRIMME S5 O M LB EPHTH -1, ZhISH UL BEMIZP#ED dextran TS
L7z UC-D 2 & O@ph L i kdi@od S, & SICIEBF% &> DEAED THfE L7
WA FBRONLEEIN, — 4. UC-CMD TREL M EEDREL ) S,
ST AAT 5 CMD EfiIc X h UC O MPHBUENA XL UBFEINS ZEHREN
Foo E 1o, D72 U PEG A (UC-PEG) i3 UC-CMD L1 Lot ifi h i 27
Lis
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Fig. 35 Plasma concentration of radioactivity after intravenous injection of
""In-labeled UC and its conjugates into mice. Key: UC (O); UC-D (L),
UC-DEAED ([]); UC-CMD (/); UC-PEG (@). Results are expressed as the mean
+S.D. of four mice.

Fig. 36 1= 1M1n 883 U7 UC SR DO BRI 54 24 B F TO RS L UMM, FFR.
fitiv HHPAICH (3 2 HLARY IO IE 2 /R U7c, [MIn|uC 30 MRASR S5, %2 s s S
MK L (Fig. 35). HFH L R, BB DO KIE D E/OED 5Nt (Fig. 36A).
(Unuc-D S EEPHCM P L D% L. K - MEBHA~0E LB EH OS¢
2 Stz (Fig. 36B)e [MMInJUC-D & [ In]UC-DEAED i 50 T i2 MAF P #EE AT 2 A &
MR UIES® S BHICEWT S, i - BBROBNRBED EAIZD Shicht, 25 ULk
RRBHMEROBMPICLSEDTH D 56524 5T ZHTHE - IR O Tt 5 ¢
(354 8 BER]ICH I A ML FIFH LD 572, [ In]JUC-DEAED 13# 5% & Hod T #9h
MR N SHE L, HRA~OMELERHED Shlc (Fig. 36C) — 1. CMD. PEG {&fif
W& UC OMBBATHEAIH L (Figs. 38D and 38E). D HEH [Mn|uc-cMD 5 k&
O (MM n|UC-PEG D IRAI 548 O M @M (Fig. 35) DRSS 5 LT3 & &
AEE NI, IS [MMIn]UC-PEG 12 B TIZFFK - MBS fE2 & 41 2 #0812 R L~ D L
NAHDBEITNH SN TS . PEG OH T S HIAHN B FARRIC & 2 RYZHMMMA KX <
KT ERMULI:bDTHLEEZ N3,
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Fig. 36 Tissue distribution profiles
of radioactivity after intravenous
injection of ""In-labeled (A) UC,
(B) UC-D, (C) UC-DEAED, (D)
UC-CMD and (E) UC-PEG into
mice. Key: kidney (O); spleen (A );
liver (@); lung ([J); heart (/). Results
are expressed as the mean+S.D. of four
mice,



55 24 By & TICIRICE S A AR B EYE . (M n)UC 2% 7.6 = 1.0 % of dose.
[MnJuc-D 4% 7.4 = 1.0 % of dose. [1InJUC-DEAED #% 80 = 1.1 % of dose.
[M1a]UC-CMD #£ 6.9 + 0.8 % of dose. [1In]JUC-PEG #% 1.4 0.1 % of dose T& V) . PEG
Bk RO TS UC FRAEMTHELS Z @D Shiid 572, Sephadex G-75 7 7 L%
MW Vil 7 o< b 757 4 —OFFR., IRPOBSHTERER UC 3 B DK 514 i 53
IDAED N, 7z UC DREGRIEME bR S hish - 71,

3—c EBFORT

% [Mn)UC 84D Pt dhRd £ O b ahiE s & 0 BBhFe 35 4 — 5 25
L. Table 17 {275 U7ze [MnJuc-D i, [Mnjuc 08 315K E D ASHEA S B
dextran ERiICE AMPH SOBKBEDFE A 5H I HFR~AOWNAZOWMAKIZLZ2ED
TH5HI EWRE NI, [Mn|JUC-DEAED 13 & 512 KE 75 PR D A AR A4 7 & 464z,
CLurine b [MnJUC © 5% LMl £72 0 . IER M4 > DEAED TEBMT 2 &ic kb
UC DIFR~OBITE SR PHEOMEE I NS Z Eh9rahic, —4, [njuc-cMD %
UM n|UC-PEG O AAZEEZ [MInUCOZhZEN 32D 1. 125D 1 THH.
CLyrine #Hl 22 Z &6, MOMPBEDMRFNT 5 LABRTHMINE Z 0%
BrmEans b e 12,

Table 17 Pharmacokinetic parameters after intravenous injection of Ul n-labeled

UC conjugates

AUC Clearance ( ul/hr ) Tissue uptake rate index ( pL/hr )
Compound charge (9 of doses
hr/mL) CLtotal ~ Clurine liver spleen kidney muscle
[Mmjuc - 172 582 69.5 203 241 300 10.6
M injuc-D - 114 881 102 753 687 113 4.5
(! In]UC-DEAED + 55.8 1,790 386 979 153 305 8.4
(flmm)UuC-CMD — 425 235 453 772 248 631 08
[1In]UC-PEG — 2370 42.0 11.3 95 127 156 12

Results are expressed as the mean of four mice.

YL ED#R . EMIZH U dextran FHAEA ML TR E LBic@ oh8 1 Wicki
SERELSHMIETEHDTH YD dextran EHFIC L D UC DN B ERTEH OB
FOHEICHEIFUTENT 5 278 T2 bDTH S (Fig. 37).
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Fig. 37 Hepatic and urinary clearances of ''In-labeled dextran or PEG
conjugated UC. Hepatic plasma flow rate (76), rate of fluid-phase endocytosis of
liver (77), and glomerular filtration rate (74) were calculated assuming the weight of a
mouse to be 25 g.

IV—4 % =

UC 12X LTHA DORIES dextran FSEAAE M DT BMER L. v 7 A28 SEBR
Z O TR OB FRIRE D UC DERN 2 AR IC S JIZTRREBIS OV TRE L1,
9, BXUYISPHEA dextran % HUT UC £4&fih U- BAOHUGTE - REEFMHICH LU TR
af U7cE T AL FH5FRH110000 @ dextran TEERMIdT S L H & 70,000 D dextran THERT
TH5HDBUCICHT SHURMEE MR a6 TH 5 Z LdUREhic, /. PEG BT FE5 1
it 70,000 D dextran EREDEA & IFITFEE D UC DHUFEHOMBNART Z 08P SN EL >
foo PEG ERfHIC X % UC OHEHE « R ERHEOMBIIZ. 9 TIC Chen 5 (54) B LT
Abuchowski & (55) ICE D =D R, =7 M) ZKBEEHE L THRESN TV 5. AROFER
(&, PEG BRiDA 7L 59 dextran ERFIZH T H UC DSAM 5 L B HURME - SRt
AR LSS EE2RTHDEMDNS,

UCZE MG T 5 &L MR B LTRTORE LVRANVOE LLWELIEHoh 5
EMNS MKRRIMEEICE D 472 MR KREFE OR#E L L TO o] GEREL T & h.
1950 FFARDE L D 7T H12kD UC (191) F 7 T HEKRD UC (192) 75 E D BEKRO B iIZ 510
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T—HAWSATE L, LHLUNS, UCRESEFBMTIP L hBREEN LD D
ENSIERTIIHIOHR GA LT L, fid Uc X9 ichiiitk - RERHEOMEEA4TS (193).
- T, UCZHKERT 2 E4ICHUEH - R EOMHI & & 12, KRB D G
WBHEoMBRLLEEEINS, T TEMDRILS dextran FHEEH T UCITH LTRSS
FEMAETTUN T DOENIAFEE KB UC &8 - BT L7z, TR, % UC F#k
(A & L TRV dextran A EDEIBHPE (67, 194) 2B U1 d§tE A L, IE
Wif4f 9% DEAED Z#6 3 HAZ &L, HEER UHETI2HBAK RME~D
UCORDAARHMKTZ LMooz, THhiZB 1 EICTEWLWTHHRd Uiz,
Wil 2 AR 95 Y A BRI K & A5 IBR (100 nm) DFEAE T2 &) S IEsE s . KX
I MREEI &5 bD LB s, /o, BN dextran ZHU 2 ERHIZ L 5T
bW FEROGEY Shi7z, Nishikawa 5 (194)i12, FELRBRO <7 2L G E5HBRA AL
TFEE5r -1 70000 O dextran D& NEIBRFHEZ FFMIZHRET L. M5 & (100 mgkg) Tid
MmOIMP#HREEETT 00, E%5R (1 mgkg) TIRESHEPHICMP L DL L. #
5% | BICH O THRKIZ 60 % L EASDATN 2 Z E5MEL T D, 72, galactose
{Efih albumin iZ X O dextran DD ABSMFIZ N2 &0 6, EERGRTRIFIEMR
K ICFF{ET 5 galactose receptor 24 UIZAFID AABBOB 54217 LT 4, AFTH
W7z UC FBUAD S BIT 20 unitskg (#9 2 ~ I mgkg) THAZ LA EMT 2 L% UC FHl
EPIZEENS dextran #5RIZ 1 mghkg UTTHB EEZ NS, 5T, UC-D Bi= ™
ALBESEBRICBVTROGIBITHZR L 2O EMFEM TH S dextran 23FF EE MR
f71E9 5 galactose receptor 2/t LT W AZhizb DEZZShA, LML, 79 FERAL
ZZRBRDBETIZH WOTIE UC-D @b i e % R L7122 &40 5. dextran @ galactose
receptor 24t ULICHF M D AAIZ IS FET A 0[fEHN "IN 5, UC-CMD 5 LT
UC-PEG TIZHFR~DI DAL REHKE < MBI . 4512 UC-PEG DIFHL D A A A3
polyvinylpyrrilidone % f THaE S h 72 B&i< % 13 3 fluid-phase endocytosis D & (77) &
HIEL S PEGERIC LD UCHFRE IF LA CHBERARSBL LA Lo EL -
o

P E. ARTIIEAORA S dextran FHEA EMFEH & LT UCITH LT Tl iEii%
WL &8 UCTHEREKDERND GEARE Uce £ OB, & UCTEFhoik N Bt
M. BRTEM O b OENBIBATEA B LT3 2 EAVR &N, T 9 LB Fii: B
DRI LEMBEMEEBRT 5 L1207 8 BEELOEABES BB ICHETE 2 0]
e R Ehiz,
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A am

PLE. EFENEICDIZD . UBMLFENREEDORIL S dextran BBEDL Y /37 Hik#ik
ZETIERTFEWE LT, B FEDOYIFRE & RABIBREE < 7 ZWIRN &
S5RBREAZMNNTEE LNIVTHRE U, oo Yo 8118 R k-3 T STl
BLUUCIIH LT FEERi A L. ROFRERZ,

(1) ZHBOYIILFEIRE S RN BIRRRPE DM

EVOENIFILD D OM AL LTEHEIN TV A& HZMEBIAET LG T8 Y &
LTEIRU. #FY 1 X, BHEOYELFIME SAABRIEE OMEE LG L ANVT
o ETRIHIZ, =7 A IIRANESEORE T FTE 2B Fr T A U TR L
12o BEVTORER., BRI E T2 BRI A FEDORANBREREST S LEEAR T
D, TSITHFD 10000 BEOSMBII KESIRPHEM 2 V7 5 2 %2 F 10O AR
BLUEBMEATI2HORKELFNDAS I VTS v RE DI &%, HEML AR
IKEDHRRBICBIIABRIR S RBINAZ EWRENI, Fo. ZheD 7Y TF >
Al & ARER AR o BE . BF My EE . HFR&ICH1) B fluid-phase endocytosis #5554 BESERY
NI A =2 EDMFELHONEL T,

(1) BB FENR RIS L 7 V3 BB B0 B

HBRTEYE 9 X 7 L OEN BB A B L F S I E SO TERT 2 EAHMEL T,
S FRHHT 3,400 S 150000 FTO8HD Y /3 7 EAROTEBFHFHICLORAEL
foo Min O IEREEREES LT L2 /37 BO < 9 IR N 550 P B
S UM RHEOINT L O . 22 FH A XDEAD S DB RFFEICKE L FS L. 27D
130000 L F D% 87 TRMPDSDHESZ ) T 5 2 A HNFITARERAREE BEE S L
W ENMOMENL 5Tz Fho, RBREKBEZEZIIRLOFTFHA ZDY N7 AOBE. £
DIMFNS DFRFFHEFTER SIKEL . SEE 4 U F DS /37 i scavenger receptor
ZHUT, $WABS U LD /87 BB NSHEERICE . @OFRDAAZ )T
I v AEEFRT I ENHSOEL 51, ISICLLLEOKEL D, BNPEMOBA. B8 T
(R DILFEMH I ZDOMAEDIZED Y VO YL FNMELNET S &
T, HRPEHREE SICRMEA OB IRALIOIiEE S5 2 2 o L,
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(D) @B FERIAE Y YA v EEY —DEREENEIRES L SRR R D

BRI BT, & UTHARKREICE DEALSEONIHKRT B LW onEN -
72 ST1 (43 18 20,100) 2% E L. FE545F87 10,000 @ dextran Z &Rl M IZHN T
L ERMART Z SIC X ARNBBOSEL RS, 9. GREICBL T 6 MO L%
Bt U7ckb R, o 3 7 RBBLEDS AR B L MEMADBRFAEMEEOBLG X 0 kb #
NTNWBTZ &, Fiho. BATEBMFEMEL TRIZILS LSRN TS polyethylene glycol
20D HikEEBUTHESRRFFCELUTHEBDIEWI EE2H M Ui, &5 Efi
STI Tid. 2 F YA XDWKIZX DIRPHERM 7 ) 7T > ZDKER STI DF A5 D— i1l
ENEOMPHERERULER. <V RCBHB M) Ty vvavs®Ty hTORMK
RETIVICH L TENR BRI R RE N,

(IV) &5 FEfc L 3 1 —EOEABIREHIE & Rttt

Kic, EEUTHBICHDAZENAZ EICLVEAMSHAT S UC (41& 128,000)
2RI U dextran 3 LU € DFHARE F U 1ABRHIC & 2 (kPN BYRE O RS 575548 & Sore o iy
DT A BET L7z, UC & dextran 5 KUEMDORIE S 2FD dextran A&, 970bbH
IE & fif 2# 1 9 3 diethylaminoethyl-dextran (DEAED) . U B B W A2 7 3
carboxymethyl-dextran (CMD) & D#E& &3, £ < NERTHE M OI& NEYRE & bk U7k
B4R U UC-DEAED 3@ WD AA 7 ) T 5 2 RIZ X B M HD 5 D ERN T HK
UC-CMD (I8 1T7 V7 7 » ZOMEICER T 2 @ P REDOREILAE /O Lic, £
7o« dextran TR 5 Z LIk 0, UC DHERIGHE. REFEERIVLIRbARE B L.
@ FHERRIC £ 0 7 /87 B ORIEFHIFE DU E, IR DBEREEDTLUINF -2 3y
7 PHFGUKEAIC X BTEHAR T OB IL AR ETH 2 Z ED o &5 - e,

Pk, FEZ3H 2 DETIVESFEDEFOT, £OMEALFI05E & kB & o
B4 E B LA O RRMNITER U7c, £/, Bon RIS TEs e 4
BT B EICED . STI B UC DRHENERFEDSRFIZ KT Uiz, U EomRiE. 4
BGH 7 /87 BAE U ET 5 @ EWIicxt 4 RN BIRERI 2 0 R IC 875 a8
HERMT I DL DN S,
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BhOICH A, #IHE BB 2R, E@EELZED £ UCaKFERE REREST
SRR R R AR - MRS CERICRHOL VR IHEELRLES,

X 5T, ZL OAMEHEBE EHREERNFOREER K AN E 8. 7RHKFRa
EEMHEEE L ST MERA A BSEERICRBRH LEJ, 70, KBRICHELAMR
IR, BIBS AWK E3RIT, uricase Z TR RN E F U RAR IR RN 2 » 7 —
RHFAEFICES BHLUE T, X610, H2OBRELHBSAEBDD £ LcRBAFEN H
FBBPE. FEAFEN) Tt BT, H AR RIS A AR S NS IR E &
FHERFHERFICRIBRHLET,

X 5IT. KRO—EHICEEHN B, BILERFFL KEMFEL IF (ER) 8K
L. KB LICRCEHELUES,
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[ 1] Dextran FEED A K
(1) &

-3 43 -4 10,000 (T-10). 70,000 (T-70) D dextran i Pharmacia . X b . ‘F¥ 4 Fit
8,000, 500000 @ dextran sulfate 3+ 754 727 (#%) LOMA LK. K[MCN iE
Amersham 3£, [Carboxy-14C]dextran sulfate (E#34-7-fit 8000) |2 Sigma #Ek H MEA L7z,
ZDDEKAEIRX, FHIA TR k) FITHEME () ORRLES UL,

( 2) Carboxymethyl-dextran (CM-Dex) D&k (70)
ST A7) FHET . dextran (T-70) 1 g 28R K 50 mL IZ%# L. monocholoroacetic acid
2g #MZ. 70°C T2 MG, RICETH. MEKPT-BEREN L. RIE
BIT LD REE%. SRR U,

( 3) diethylaminoethyl-dextran (DEAE-Dex) O£ hk (69)
SRT VA )& T, dextran (T-70) 1 g ZHBIK 50 mL 128 L . 2-(diethylamino)ethyl
chloride hydrochloride 2 g 2 A 80 ‘CT 4 BFfiiRICE ¥/, RIGERTH#. BlKk4T—
BEEN L. RARAIZL D RS, BRI,

(4) BUREEESE&ED AR
[carboxyl-""C]Dextran (T-10. T-70) DA HKkid Isbell 5D ik (71) I & D47 -7z, Sephacryl
S-200 THIW L7 Dextran 1.4 g ZHEK 10 mL IC%# L. BELH T T KMCON
(Amersham #t) % 0.05 mmol DA 50 °C T 7 B§RN#A U786, 45 °C T 24 B¥RHE L 72,
G % Sephadex G-25 715 LARG-F VI L OB L. IRAGEEEIC X D 2
%
[“C]CM-Dex % & TF ['C|DEAE-Dex DA%, HERMADE Kk LB O Hikic £
[“Cldextran £ ML TENENLT > 72,

[ 2] Dextran FEEOYIBALFIMEE

(1) 41
Dextran i5 B4& D4 11 OME (X, TOYOPEARL HW-608 #7 5 4 (H — (#k) ) (2.4

-6

em X 65 cm. M : 05 M NaQl) ZH VX Vil E RO, 2 FRMEF » b
(Pharmacia tf) OB &Y 37 HOBEEME» SHoN CRBEBRIZED dextran if
MEDAMI O {8, 73 1A XERE LI,

(2) WA
A A o ZEBIE ~ DG S8BT . Pharmacia £ CM-Sephadex C-50 (f4 A 28
i) . DEAE-Sephadex A-50 (&4 A Z#H#lE) £ My FEEIC X DT 572, A4 F
VA B 20 mg # 20mM-HEPES saline (pH 7.20) 5 mL TF#i{LE ¥, 0.2 mgmL D#
FEIC%E L7 dextran FHEEDOKE K 0.5 mL ZMA T 10 7 H% R TRE L. #0500 8%,
i IZRRAE U 72 dextran ifBA DREARET 5 L2k D BIE~OWBAE B AW H L
DIGREEA M L7z. F 7. dextran iS#AD pKa (2. pH 2% v P AW B—EREREIC L
HRE L7,

(3) Dextran O jE &t
Dextran DERIZ, HiBE—Anthrone # (195) 2L DT -7,

[3] =™ ZAEIRMIE 5D dextran S ¥ EDENEE)
(1) B
Dextran S58AD KN B3 sarcoma 180 {83E< 7 A& MW TIT > 7. Sarcoma 180 #ilfd

MM ddY = 7 AOBEENIZ 1 x 107 oMMk 4 1 BB L bOAMER L
foo 1 % 10" HOFE M E kEME ddY =7 2 (20 g fiitk) O FicBH®% 14 BHIC, |
SHEEAR dextran S AT AKKBRAE RIFIR L 0 5%, (Kr—DATREL. KE
P U7z, RN KERIR I X D B8 L. M€ 2 W B4 3L &R O B 7
PEARE Lz, 72, [MIn)bovine serum albumin (BSA) 2 H W TRIBEOEBRAEIT L,
["'In]BSA #4510 2% ORI PIRE A ME L. RS OB sk % #iE L7,

(2) BHEHEORE
KRR PO "C ORI, ZAMBOEERANE Lz, #102g £& D Soluen®-350
(Packard #1) THa[#fb L. Clearsolll (F#54F7R7) SmLAMA., HE 2 FlL— 2
¥#177 2% — (LSC-5000C. Beckman) IZXDBE L1, 7 X 0F 07 OHIEZI RS
LDt
F o, AR MM BHEIE IS 72 [VIn]BSA OECHIEE ORE L, FEHEBEETD T
Well By #> vF L—a 2N 24— (ARC-500, Aloka) THlE U7z,

Ao B
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[1] EFNVE /37 AOBRE Z OWEALFIME
(1) A%

[Asu"]-eel calcitonin (eCT) 3 & U recombinant human uperoxide dismutase (SOD) (FMBALAK
T.% (¥K) X V. neocarzinostatin (NCS) T — Z{b¥kin (#&) XD . recombinant human
interferon-p (IFB-B) (X # L (¥K) & . soybean trypsin inhibitor (STI) (3 A _HHh (Bk) L 0.
Candida utilis KO uricase (UC) i3 TOYOBO (#) L hzhfhfitsXhicbD% Rz,
Bovine serum albumin (BSA) 3 ICN Biochemical #h XD AUz [MIn]lng BHAEA T 7 4 Dy
72 (k) £hit5Ean bOEH 72, 16-Diaminohexane (TR G/ T (Bk) X0 .
TDMDOREZFHFIA TR () HEWBFEHE () LOBA LK.

(2) AFA ALY N7 EDEK
7 R~ DIEBHT O AL Pardridge © (102)DHEICHE LU TIT - 72, $Hb B,

2 M 1,6-diaminohexane KEWIT. 10 % KFi5 /378 (SOD. BSA. UC) &# % 5 mL fi§
FUS 30 MK FTA »F 2= 3 v U7, 1-ethyl-3-(3-demethylaminopropyl)-
carbodiimide hydrochloride (EDC) 0.5 g ZMZ 30 A fERIGH#H,. X519 —FE EDC0.5 g
Mz tz, 2TOHRMEF. RISHKD pH iZpH 27 v FARWT 6.5 IZEE Lz, kB TFT—
BRRIGE E7%. SOD. BSAIZBIL Tid/KiZH LT, UCIZE LTIt 0.2 M borate buffer

(pH 8.5) IS0 L TEN AT RAEAS L UBEEZRIZE D T £hHl cSOD. ¢BSA.
cUCZMice BoIT7a3bT74— AV 7LD EBEANBS U LEOBE %2, X5iC
Sephadex G-75 (Pharmacia #£) & L < {Z TOYOPEARL HW-558 (3 — (¥k) ) 2L TH
FEAW A2 H U IRAEBIC & % 8t HEswm U7z,

(3) T=F Ly X7 EADE Rk
10 mL @ 0.2 M Tris buffer (pH 8.65) IC&HY /37 8 20 mg % %M. 100 uL @
dimethylsulfoxide (DMSO) (215 U7z 120 BV BOMK I/ 7 BAHM L 1 BREDKES T
JGE e €EDH%. 709 b 74— AV VISR IDEBEN 40U TOH B A, 54
Sephadex G-75 (Pharmacia ) & U € {¥ TOYOPEARL HW-55S8 (Y — (¥) ) #HWTHE
BW A5 U BRAVEGEIZ X % k. Msswm U,

(4) Befm 7 VT 3 v LT polyethylene glycol EffitkD &Y
Lac-BSA (3. Gray ©®DJj#k (122) IZ6E > TARK L7z, BSA 1g. lactose monohydrate 1.5 g.

8=

sodium cyanoborohydide 1.45 g % 0.2 M potasium phosphate buffer (pH 8.0) 100 mL IZ##%2 L«
4 HfE] 37 °C TRIGS ¥/ sephadex G-25 Z WX Vi@ 7 o< b 7/5 74—k D
FiB L7z, ManBSA {3 Lee 5 D4 # (121) IZH . P4 K L 72 2-imino-2-methoxyethyl
1-thiomannoside (IME-thiomannoside) 0.1 mol % BSA 50 mg & 0.2 M borate buffer (pH 8.6)
T | B G X B, sephadex G-25 WA VBB Z o< b5 74 —ic L DRI,

cBSA. Lac-BSA. ManBSA @ polyethylene glycol (PEG) ERi& D &K iZ. € €HhD
BSA 5 #ik L& AL PEG [24-bis (O-methoxypolyethylene glycol)-6-choloro-s-triazine] @ &
JVHA 1: 100 £753 & 5 I 50 mM borate buffer (pH 9.5) T 4 °C. 2 BRI X &, RH
WaBIC X B B4 sErr D%, AR U7,

(5) BHHEAY /7 HOMBELFHHE
(i) 4rf&
SFROMEREIE [2] © (1) LREOHETHE Uiz,
(i) 7 N7 EHDER
BSA A EEXEMIE & LT Lowry SO H#k (196) IC¥UTER U1,
(i) BFE7 3/ Ko
BATHEAZD 7 SV HEDRIET 3 ) HOFERIZ. Habeeb D ik (197) 2% U T glycine
% FEHEME & U T trinitrobenzenesulfonic acid (TNBS) % fl - 2BKGIZE 05T - 12,
(iv) A
BHBHAY X BOGEORERE 1R (2] © (2) RO AHICEL O HlE LT,
%W 543 polybuffer exchanger 94 resin  (Pharmacia #) 2T, #F A4 by /2 Hit
polybuffer 96 IZX O, 7=F by /¥ 7 H (3 polybuffer 74 I XD B X EE—2 O
pH ZEST S Z EiIc kDT 572,

(5) BAHERSAD AR

BATHA Y /37 MO KSHEEIT. Hnatowitch DA (106) 12860 “HiEMEF L — Pk
¥ diethylenetriaminepentaacetic acid (DTPA) anhydride ( (#k) Dojin ) % T [MIn]Cl, T
B L2, & 27378 10 mg % 0.1 M HEPES buffer (pH 7.0) 1 mL IZ7%#% L. DMSO i
%W U7C DTPA anhydride 2 10 uL. (% 2737 B D 2 € IVR) A 30 MR TGS
728, Sephadex G-25 71 5 A% M W2 X IVIEBIC X D RS DTPA A%, BRAR#IC &
s (#91 mL) L7e RUT. 0.1 M acetate buffer (pH 6.0) 50 xL & [In]Cl %5 (74
MBq/mL) 50 uL DEMIZ 100 uL O DTPA #4737 HENZ 30 HERBTHRET 2 =
EITE D A PERATT > 720 Sephadex G-25 717 LA W2 L HEIZ L D free V'In 283

i



U~ BRAVRGEBIZ X 0BG UEBRICHE L7,

[2] =9 RAMIRMIESHOBHET VY 237 HOERNEE)
(1) =9 R 5K
B 13 3] RO HETIT o720 72, [VIn]sucBSA % 1.0 mgkg O 58 THRAR A
ik 30 4Mc 3 54— Ll (198) iIck D L EME & L SEHMIa & s L. aiETE
AfsEd 32 2L 0 [MinjsucBSA DFFHN A3 ARIE U7,
(2) BSA 5 L TF dextran ik & OB EICES ["In)sucBSA DOIFHL D 1A A B3 IR
[""In]sucBSA (1.0 mgkg) & HEEHE BSA % L U dextran K, RNA (20 mgkg) £< 7 R
ISR Uy 30 426 1 BF P U s o A2 JE Uic,

B E KROWK

[ 1] Soybean trypsin inhibitor - dextran conjugate (STI-D) D& X

Kunitz X STI 5 X UE#AL PEG B EhENA Wik () . E¥TE (k) Lofiths
a7z b D& vz, Dextran (h_'l:v—: 10,000) {3, Pharmacia tE X DA L7z, £ DDA
(1€ 8% ST i U o

STI-D iFEA T O 6 HOAMKICLDRBTHER U, Fio, WThOANEIZENTHH
AL STI & dextran DR ISENIE 1:10 & UL RIGH TR 2812 X D #46 U ok
Toyopearl HW-60S 775 A (2.4 x 65 ecm) Z HWNTH ViR 7 o< + 7 57 4 —%F1- 1,
Conjugate 77 7 ¥ a »Z2B U7z, MO M X 0 B Uk L7z,

i 3 7 EEERR(LEE (37, 171)

Dextran 1 g % 10 mL OB KICER L. B3I KEF b)) 7L 107 mg ITEDHENH T
—WomRAL U7z, BRAL dextran (ZIREBHHC L DKTEH®RA L., BEEE L. £O%. STI
50 mg 4 &t dextran 250 mg & 0.2 M bicarbonate buffer (pH 10) FTHEKL T | 4 °C, —BH&
[ % conjugate 21372, & 512 sodium borohydride 7.6 mg ZZM L. 4 °C. 2 B§fi].
ARICEREAZE T L, STI-D 272,

BALS T K (172)

Dextran 1 g % 100 mL OB KIZHEMR L. pH % 10.7 IZHEFF LIE A6 BT 2 200 mg
2 IZINA dextran 2 IEHEL U7z Z O KERPIZ STI (200 mg) 24U pH % 9.0 IZHE
£ LT BRISE 2. STI-D #1372,

AIVED A I Fik(173)

TIvA )& T, dextran 1 g & 6-bromohexanoic acid 2.8 g ARG B Z &iT LD
dextran OKEEIEIZH WEF D IVEEZBA LI, TOANEF S IVEHA dextran 250 mg %
STI 50 mg FHA /KB 10 mL IZ7#F L72#%. 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide
60 mg ZMA. pH % 5.0 05 5.5 OMIZ#EF LS — KRG X, STI-D 2%/,
L T RV (176)

Usui & Matsubayashi @ HHEA4ZHEV Y, LT 2K B dextran Z7EPHE L. D5,
dextran 1 g % 60 mL DZARKIZHEM L. dimethylformamide 40 mL (2788 L72iG(E> 7 XL
1.85g 2 pH70 %R#TF. 4°CT3BHMRIG L, RIGKRTH, SLIC L) kB
dextran (250 mg) % 7+ b THH#%. 0.2 M bicarbonate buffer (pH 10) T STI 50 mg &
2 KB IG x &. STI-D %%/,

TE7ovke FY ik (177)
Dextran 1 g # 2.5 % Zn (BE); 1 mL. TEZ o)k F1) 5 mL ORBEICHER L. 90°CT

Ly L



ABSMRIE X E, UG T #. S0ICk DR X 27 dextran (250 mg) 27 b THiF
#. 0.2 M bicarbonate buffer (pH 10) FTSTI50mg & 4°C F. —BRIEE ¥, STI-D %%

Eldjarn & Jellum O 4 #:4= & O 458 L7z aminoethyl-dextran 50 mg % 0.5 mL O ¥ / — L
IZ7sM L7- SPDP A% (1562 mg) EpH 75 DY Y+ + ) 7 LEE# P T 30 2BRIGE
Hictk, BRHOMRELENEICL DRI LI, 40 mM Dithiotheitol IZX W BILT 5 LIk
h SH- 2% A L7: dextran ZfEK L7z STI 50 mg & SPDP0.13 mg % il & U&#HT
&1k, SH- ¥ A dextran 50 mg & 3 B SG & €. STI-D 2172,

STI-PEG conjugate D)k

WNE (1] (5) EABOLEIZED . STI 40 mg EIEHEAL PEG 200 mg % I &

conjugate |$FRARGE & 7 VRUBHIZ X DR U,

[ 2] STI-D OYBMLENIHEH
(i) # 37 HDER
BSA Z MM & LT Lowry © (196) D LI UTEM LT,
(ii) Dextran OJE ik
i —Anthrone #k (197) IZ£ DT> 72,
(i) 4 Wi EAC & 5 5 RO BE
SFROMERBIRE (2] © (1) LRAKOLHETHME U
(iv) SDS-PAGE (2 X 4 4 1k Dl
Laemmli O/ #k (199) (2% U CTEuck @ FTIT 272, WEKBI# 7 #. 9 % Coomassie
brilliant blue 2 A THfa L, STI-D O3 FRB4GH A4 FRflsE+ v + (Pharmacia ¢£) OB
MapfFky 7 QOB SRE-. 61T, 207 FXAF ¢ F - DRRIE
STI DRARICOWT HEREIT- 72,
(v) BAE7 3 / Xoseht
BHNR[1] 0 (5) LAROHETAHE UL
(vi) STI-D @ trypsin Bl ¥ 5 ¥ O #l
STI-D @ trypsin P %% ¥£ DRl 13 . Kassell & DF # (179) iZ %L benzylarginine
p-nitroanilide (BAPA) Z XM & LTt -7z,

[3] = AR 5% D STI-D DIER2EE)
WHH (1] O (5) LMBROAHEIZED In THEERMAEER U, 135 [ 3]

ERBRD i TAT > 720 E£7. trypsin FLFEHZEEE Lo b S TRS STI BALIZBI L
THRMEETT > 7.

[ 4] STI-D DHEHRROKET
(1) Trypsin ¥ 2 v 71239 5 iGH KB (180)

ICR it = 7 X (16-20 g) i~ # # @ trypsin inhibitor (STI. STI conjugate. camostat
mesilate. gabezate mesilate) Z IR S5 W2 7SRFMIC trypsin % 25 mg/kg THIRA 'S
L, £O4F84A 2l E THE L.

(2) AtEpsIsd 5 mMaE (181)

Wistar R HEPES v FZHWT, Fric SOLBRICHOSHERRETIVEER LI, 59 b4
P, + IR EOBEN —a b= a YA RU, 10 4L @ 1 % trypsin & 90 ul. @ 10
% @ Na-taurocholate DEA WA ME NI S Uiz, B8E, WEH=—L—2 3 V2% E
Wb, WEAES Uiz, #H#E. uypsin & Na-taurocholate DRGSR AZBENIRS T2 ]
SR KBENRIR & D &8 trypsin inhibitor 2859 2 Z LIC X VAT - 7o, MR, W
% 36 Wil EF TDF v FOFCHEIZL DML,
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[ 1] Uricase - dextran conjugate (UC-D) @& 5K

Candida utilis KD UC H LUEHAL PEG €N E N TOYOBO (#) . HAL¥ T ¥ (#%)
bt Xhzb®% Hir 72, Dextran T-10 (Mw: 10,000), T-70 (Mw: 70,000) (4.
Pharmacia th &k D A Uic. £ ORI BB G ZE L7,

UC-D i3, #4377 KMEILIL (37,171) BAEST Y (172). AWK D A T Rk (173). 6
b7 2k (176) D A DA KIIZ L V1T o720 UC-D DARKIZEANIZIE, B3 (1]
ERBEOFHIZ LT 720 UCOEHRDOIETALZM LT XT4°C FTAKL,. 01 M
borate buffer (pH 8.0) Z M TIRABBIC L AWM AT -7z o, EHMEHET S
DEAE-dex. fA#fii% ¢ % CM-dex Z L 72 conjugate 22UV T b 3 7 KEEER(LZ L b
Akl

[2] UC-D DYER L FIPEE
(i) o237 HOER
BSA Z MM & U T Lowry HD 4k (196) ic¥ L TER L1,
(ii) Dextran DjE it
WitE&—Anthrone 7 (195) I2X D7 - 72,
(i) ¥&fFr7 2 / o i
BNE[1] @ (5) LFAROHETHE L.
(iv) SDS-PAGE iZ X %4 F-ROME
Laemmli DF5 ¢k (199) (28 U TRTEH F T 72, BWEKBK 7%, 9 % Coomassie
brilliant blue 2 THMA L, UC-D D3 &5 %45 T RAEF » b (Pharmacia £) O BE
Wor-FRY 237 MOKBLED & Rk -7,
(v) Vi85 7RO flsE
53 FROWMGEZ 7 VIRE HPLC A MGTH 1% (2] @ (1) LREOAHETHE L.
(vi) UC-D OEAFBERIEHEOHE (54)
UC OB FHEPEL 100 mM KB, 0.001 % Triton X-100. 1.0 mM EDTA 24 % 50 mM
borare buffer (pH 8.50) WX UC % Z5/M# D REED WD i [E Wl & 290 nm T )
ETHI &L hlE Lz,

[ 3] UC-D D% Pl
UC BLUFUC-D IS T 25 EAABERERGT LI EICLDER Lz, UC kL

-74 -

TF UC-D (3 mg-protein) % 517 Freund's complete adjuvant 2855 F 3 L O KBRS A1 7E
L1z Rix. W9 555 % L Freund's incomplete adjuvant 2T 2 BREEIZ | » H
MRAE Lo AR 1 0 0 BICHIBIRIEX D MR L. 58 L7z -80 °C TR
L7z, fESh/ziif% reng test ZRIC X D 1gG & IgM ICBI3 2 iikfli & L THIE L7z,

[ 4] ByEE
(1) v br2a85%%

Wistar S HEfE 7 » b (180-210 g) IZ pentobarbital #kEF T UC 35 LTF UC-D. UC-PEG %4
fik 20 unitskg TRBEFRFIR L 0 #5255 U, #RBFONIC SRR L 0 Mf# (200 pL) 2L 72, 3.0
gaEicE DR oNIcmEEh O UCTEREA (2] @ (vi) DABEICE OflE Uiz, 18 Sh i
HPEREE/ N Y — % 1-compartment €T IV TSNTHNT L, SHERF9/ 35 4 —F 25 H
L,

(2) =7 24888 5%8K

BNFE[1] @ (5) LRABDHEIZED Vin THEESIEEER Lo, B1% (3]

ERIBRD K TIT» 2.
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