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Tumor Targeting of Anticancer Drugs by the Use of
Macromolecular as Carriers

Tetsuro TANAKA and Yoshiharu KANEO

ABSTRACT

Macromolecular drug carriers offer significant promise for
the selective delivery of anticancer drugs. A variety of drug-
macromolecule conjugates have been demonstrated x vitro and
in viwo. The idea behind using the conjugates is that they may -
show improvement in the distribution of the drug. This review
discusses the use.of drug-macromolecule conjugates for tumor
targeting and, as an example, shows our experimental chal-
lenge using mitomycin C-albumin conjugates.
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Table1 Amino Acid Composition of Three
Serum Albumins
Amino acid Bovine Human Rat
Aspartic acid 41 36 32
Asparagine 13 17 20
Threonine 34 28 33
Serine 28 24 24
Glutamic acid 59 62 57
Glutamine 20 20 25
Proline 28 24 30
Glycine 16 12 17
Alanine 46 62 61
Valine 36 41 35
$-Cystine "3 35 35
Methionine 4 6 6
Isoleucine 14 8 13
Leucine 61 61 56
Tyrosine 19 18 2}
Phenylalanine 27 31 26
Lysine 59 59 53
Histidine 17 16 15
Tryptophan 2 1 1
Arginine 23 24 24
Total 582 585 584
Number of nitrogen atoms 779 786 785
Calculated net charge, pH7 —18 ~15 -12
Average residue weight 113.86 113.57 112.79

From Peters T. Jr. (1985) Advances in Protein Chemistry, 37, 165.
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Daunomycin Mixed anhydride Szekerke et al., 1974
Methotrexate Carbodiimide Chu and Whiteley, 1977
Methotrexate Carbodiimide (ECDI) Magnenat et al., 1969
Methotrexate Diazotization . Harding, 1971

Actinomycin D Binding Szekerke and Driscoll, 1977
Cytosine arabinoside Carbodiimide Szekerke and Driscoll, 1977
Methotrexate - Ester linkage Isliker et al., 1964
L-Aspareginase Glutaraldehyde Poznensky, 1977, 1979

Cytosine arabinoside Carbodiimide Balboni et al., 1976
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L £ DR T X5 A B MMC 0 7 A 2 M EEE R
: (G-MMO) Z GRR LI T A 7 v FicB e Db,
280 360 440 BSA L RIGE®, /L AVEEA L BSA &
Wavelength (nm) MMC Dk &4 (BSA-G-MMC) #1585 HEETH 5o
Fig.4 Representative UV absorption ~C~MMC {2 Umemoto(1984) & DITERIHE > THM
spectra of G-BSA-MMC (A), BSA~ |+ % i+ T Furuno(1983) b 0k Tl =

G-MMC (B), MMC (C), G-BSA (D),
and BSA (E) in 0.9% NaCl. AFNELLEBLIBSA EDEERT-oT BbN
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Table 8 Yield and Composition of Acylated BSA-MMC

Acyl spacer Yield (%) MMC content
as protein as MMC {w/w%)

Glutaryl (G) —CO0(CHz) 3C0— 68.0 40.8 6.0
Succinyl (S) —C0(CHz) 2C0— 72.2  35.2 4.9
trans-Aconityl (A} —CO(CHCCOOHCH,)CO—  75.8 12.9 1.7
Methylsuccinyl (MS) —CO (CH, CHCH;) CO— 89.6 21.2 2.4
Trimellityl(T) —C0{CeH4COOH) CO— 93.0 20.4 2.2

Table9 Physicochemical Properties of G-BSA-MMC and BSA-G-MMC

G-BSA-MMC BSA-G-MMC G-BSA BSA

MMC content

wiw % 6.03£0.92 282+ 051

molar ratio 121218 559 £1.00
free amino residue,” mol 15£05 29+14 12404 28508
effective molecular size, A 4.1 36.6 . 45.5 M4
apparent molecular weight,c kDa 84 7 94 68
% helical content? 322433 . 50403 30144 516+13

* Free amino groups were determined by the method of TNBS, ® Effective molecular sizes were determined by a size-exclusion chrom-
tography. ¢ The apparent molecular weights were determined by SDS-PAGE. ¢ Helical contents were estimated by the measurement of CD
according to the method of Chang et al. (1978).



72 BSA-G-MMC DRI AR 7 b v & 7 v A fbikic & 5 G-BSA-MMC & @4, MMC @
BECHETIRNEZRDLZ LDy BSA-G-MMC 2 BSA & G-MMC hidt B4 L
BT MM 7Y v FEETHEL EE2bhl, 1K, G-BSA-MMC DO MMC &1 B
SA-G-MMC D% WIC X TH 2 fEDEME%R R L1 (Table 9),
5— 2. WE{LFHOME
oAk T 3 /) REES TNBS % i\ Fields (1972) O HERE > THEL &
(Table 9)o BSA X2 O+, VO VEREGTATHAZ LBHMLRTED, NK#
DT I/EEIEPEBEBSALIEMTIE0ELDT I/ BESYHET S (Reed, 1980), L
Lichs, TNBSHWCLBBSADRAIR, VOvDe 7 I ) RHBETSL28.5ELT
HhH. BSADT I JBEOHWESDBRETHCBE Ld 5T 2RI BSAGTHRBH
HH 5 WIZEEHEIT D AT hicEE2 oD, HMEBERECH 57 3 /7 ZRIRELT,
RECEE LT 3/ BEOADSRB LikdEEL bR, —F, BSA-G-MMC® 7
I REOREMIZ2.9ENTHolo BSADELDLZDERZE LI 2 &1Lk D BSA-
G-MMCIIBSALF1EALMYE56ENDT I ) BRENEHIZZTTVWEEEZbNTE,
Z OBHiRIZBSA-G-MMC D BSA 1 EADX¥ ) DMMCERS5.59 €L E L —FK LT,
EDE &b BSA-G-MMC 084, G-MMC I X 0 8% S0 77 3 / BELADT 3
JEIREHOIFEITHD I ENTRBE I N, Thitx LT, G-BSA-MMC ¥ Uiz G-B
SADFREIZ, VOVvOT IV ECBREATALISENLVRIL2ELTHD, Zhbid
BSA-G-MMC AT, KBHDOT I/ BREN TV ZABC LV BH2ZTTTH5 ¥
WX htco

~ 05 1 20
i T BRI BOERB YL LT b —
EQL' 115 € IAREGTFRBET OIS, — I AV
& 03 g RIBOHFRAECIE, BELCEBH
goz 15 ., BEECL5HE, HF$50ILS
g los 8 HERMSRT B HTHFF 5B
gajh g LB ABER VS VEKEKENEIL,

o Lde et | HEDOABTA b7 — ARV HTFED
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Fig.5 Elution profiles of G-BSA-MMC
(—e®—), G-BSA (--A---), BSA-G-MMC
(—0O—), and BSA (---A---). Size-exclusion
chromatography was carried out on a Seph-
adex G-150 column (1.0x47cm) with 0.2M
NaCl at room temperature. G-BSA-MMC
and BSA-G-MMC were spectrophotome-
trically detected at 363 nm, whereas G-BSA
and BSA were detected at 280 nm.

HEEDTBETH B.Fig.blet7 75 v 7
AGIS0 W TBlsa< b Ja%R
T, WFNRLBE—-DOY—-I%/RL7IH, B
SA-G-MMC DR #5283 BSA &35\ fE
ZiR LIcDic® LT G-BSA & G-BSA-
MMC TiZ BSARHRTNIAETH -
o TZTINLDOFEEHDOAR b— 7 AE



PRLMCTHcD, BEKRR 2 v RIVBEERRER L L THHT 24T/ Laurent(1984)
BOHERR >TAM—7 AR 2RO (Table 9), L DR, BRIV 2 LVBERAWLT
IMAL(T NV EN I LY BSAD A b— 7 ARIWATBHZ ERELMIC LT, BSA
DT MU LB A b— 7 ZARDOHKIL, TR IB, EXKEEEAWIEE (X7
=ty TEF L) ROWTRD BRI TV 5, Habeeb(1966) 13 BSA D A b — 7 AR
APy =ML L DR 2 EER L T2 F AL TRRIS0GHER Lict BT B, &
Rt LTy S anfhic kb BSADA b— 7 ZERi3#30% A L1z 55, Habeeb D{T -
TR I Y= bR T 2 FAfbicbRB &y A b— 7 AROWAOEGT/NE 5T,
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Fig.6 SDS-PAGE of G-BSA (lane 2), G-
BSA-MMC (lane 3), BSA-G-MMC (lane
4), and BSA (lane 5). Aliquots of the
sample were dissolved in the SDS—gel
loading buffer containing 5% mercap-
toethanol, heat—denatured, and loaded
on the gel. After electrophoresis, the gel

Fig.7 Circular dichroism spectra of G-
BSA-MMC (—), BSA-G-MMC (---),
G-BSA(-— -), and BSA (--), Each spec
trum was recorded in a 0.1lmm path
length cell on a JASCO J-20C spectropo-
larimeter equipped with a J-DPZ data
processor.

was stained with Coomassie Brilliant

Blue. Lane 1. and lane 6 show the mi-

gration patterns for the standard pro-

teins.

—Jiv RTYAREET Y Y ASDS)FETERF SRV T 7 VAT I KA AVERKE
(SDS-PAGE) %# 17 » 1= (Fig.6) o £ D#HE. G-BSA-MMC, G-BSA ¥ £ U BSA-G-
MMC 2\ d BSARKNRTRKERDTEEZHEOZLEHHEL MR Y (Table9), Z D
7T REOMALBSA DILFRIEMCHRT 5 & F 2 bhi,

LLE7 v A8 X 5 BE D by G-BSA-MMC 12 BSA-G-MMC IR TAE R X b —
JAREERTHEASTF ATV v FTHLZERELIR I otco TDR M—7 AFDHE
3 FREOEVCERT 2 EELbR S, $78bb. GBSA-MMCREWTIR, 7 3
) BEDBEIHEE DR 7 v 2 VEOLFREMIC X O ERR» b ABHALELL, =7
FNHOFTMECELVELE R L EELLND, £Z T, ZhbEEHROZK



HEI BT B B 2 AT - 1o

— R 2V RIBED ﬁ%mm\zﬁ@NH%ivcoﬁﬁoﬁﬁﬁﬁkiora—
oy 7 AEEE IR BEERTHRT B0 55 VETEUESE (5 & 424 LVIRER)
%73 % (Shibata, 1969), ZONHE LU COEXBMOHEERANE LS L DOBETERN
AL L, Z 0k dFREEME(CD) A <2 b AT R R KB L RSB S h
% (Hamaguchi, 1971) \BSA ® CD 2 < 7 b} /L3 222nm & 208nm i & DEEH 7 L,
199nm~200nm K 7 B A+ — S —H A ¥ kR BT (Fig.7)e ZDCD A =2 kA D8 &—
Vidia-~V v J ABEEREZERHALNTWER) —L— Y IVDOT AR Y HEER
(pH11) D /% & — / & & K —#% L = (Hamaguchi, 1971), ¥ EHEEEDOCD 2 X7 b
NMIZdH BSA L AKROBERIEEVWTADREEL 7 n AtX—R—RA vV PRBRD BRI &
Wby ThbiZa—~Y v 7 AEERETE I ERPALMCI T, * Z TChang(1978)
LORK LD a—~V v 7 AGEZEMH L, Table 9 CRT X 51 BSA-G-MMC D a -
Yy 7 REBIEBSADIEE L —BK Lo COZELD, HEHT X5 AKIC LB BSA
~D G-MMC DAy BSABTFD a—~Y v 7 ABBCELEBUE S fo\ & & HBE 5
MCTE > te ZhIEX LTG-BSA-MMC R L U'G-BSA Da—~Y v 7 A EIE., W
N BSARHENTRHOXHED Lico ZORRENDL, F v 2 VBEOEMIC X BSAD a-
NV o AR LSBT B L LD ot COIAEAEEEDa—~Y v
7 ABEOEE, Chang bDO A7 v = fhic X 2 &fLE FREOBERTH T LLED
ERE 0, G-BSA-MMC DALEAME & B REEE IBSAK KR TAEC R >TW5HD
X LT, BSA-G-MMC T2 BSATEWLDTH 5 EHB L,

5— 3. XHFHMERSTICHEDR
5-3—1. 7AkF94ELTOHUH
HBEETHThd BSAOEBERELZFIAT A MMCOBESF7 R 7 v 7 ELTHE
B LI b OTh D, BENAHEBSBERST7 0 K5y 7 0KE LTE, IRERCEY
., TuFYy JORBTHEE L UEERMLCER L, X THESHERCIO AT RO
by MMC # 8 L CHRR 2 RIAT S EHNEE Le LT, BEKROR
EUFBRETILIEETH S, MAEDOMMCOBERARTVThL S 2 vBE 5

O
\C*N (CH2):CH,
i BSA

Fig.8 Structure of G-BSA-MMC and BSA-G-MMC



Conjugate —ka—e(Conjugate)

J,kz. 2
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Scheme 4 Decomposition Model of G-BSA-
MMC and BSA-G-MMC

Conjugate: G-BSA-MMC and BSA-G-MMC;
G-MMC: Glutaryl MMC; MMC: Mitomycin
C: (Conjugate), (G-MMC), (MMC): decom-
position product; k,~ks: rate constant

LifEETHS (Fig.8) s LIcdi- T,
BSA L TNV ENBOREERE LIV 4
VB & MMC DR G bR S Do AL
ELTE2ZLND, T, HEkbh O
LIeMMC R B2 52 &EhE L
bhbo

% & CHREEHOSMICE LT Scheme
AVCRTETNERE LI, HEHDERIT
E4«DpHODY YEEEHEBK (p=
0.3,37C)FTA VF a2 X~ a V2T,

A5 49 sthDEREEE, G-MMCIEV I MMC O#E% UV ik & HPLC K & 9 HIE
Lico ZDRER, BEHEOBAIWThI N7 7 7 LTERPTS -2 (Fig.9) o
=T WThOKEHEA VF 2= P LIEHE T AT 1 7 4HGMMC iz & B
Eht, BEEPDIMMCOLBEEKREIND ZEBRELMIEsTe ZOHRMLDL,
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Fig.9 Stability of G-BSA-MMC (A), BSA-G-MMC (B), and
MMC (C) in 0. 1M phosphate buffer solution ( 22 =0.3) of pH5.0(
0O), 6.0(4), 7.4(0), 8.0(@), and 9.0(A) at 37°C. The dashed
lines represent the time course of the regeneration of MMC from

the conjugates.
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Scheme 5 Decomposition Model of G-BSA-
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BSA &L 7NV ENVBEDOEET I FEETHENT, MMC & IV 2 NVBBOBET 3 FREGRIARE
ETHHEEL "oh?‘;o T, BREEIMMCEYRETSZ L6, MMCOESF7
a Ny & LUTHERTAZ ENARBEINT,

F T\ BEOSBE LT, Scheme 5 CRTETARMEE L), Q&I

[Conjugate]=[Conjugate]oe (ks +ks)t 0
[MMC]= kzif%?ﬁ?é?iflo o etkat _ —kit .

[Conjugate ]y i G-BSA-MMC % 721X BSA-G-MMC O#HIBE 2R3, &), @K .«;
T\ ERHUR/N_FE 7 v /5 4 MULTI(Yamaoka, 1981) % i\ CTHEEY TiXH 21T -
foo XDRER, F v ) ¥ — 2V I HOHMERL MMC B4 D5 &\ > fe MMC B
OHBRTHI Dk DEIRVTh EniGEVWADERIEL, ZOBRIIERTE S
TERBLMRIL 5Tz £ 2Ty BAEEDS L MMC ORBHERE (k) DA L 5 EF X\
KG)\ WEAVWCEHER2T -

k.t

[Conjugate]=[Conjugate]oe (3
[MMC];kz[cl‘{’lr‘f‘lf:‘t‘ﬂo ket Rty (4)
r Fig. 10kt H TR LA &£ EEEH D

pH7 v 7 A4 %K%+, G-BSA-
MMC 8 L UO'BSA-G-MMCit,. WT°h

o1} % bEHBRFTMMCILENRTEETH

§ AT EBBELMC ST, ZORERD
[~
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CEMBBSARF Y VY —& LTHA
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Fig.10 pH profile of the rate constants in the R\ TpHDOHKE LI KEL LT,
formation of MMC from the conjugates (k) . .
and the degradation of MMC (k) in 0.1M E7cs MMC 7 A2 Y R BWTRE

phosphate buffer solutions ( 2 =0.3) at 37°C: . -1 B P B L
“@—. GBSAMMC; —O—, BSA-G-MMC ; (22T &mDy Mmakn M

-A--, MMC. Vertical bars represent SD ¢ MMC 2B BR B TR ECHEET
calculated from 15-20 sets of experimental

data by the least-squares method. 5b0EEZ LN, BEEH (k)T XE

0.001 |,




—ERRlhic, .
EEED MMC D B i B L T G-BSA-MMC & BSA-G-MMC % 3 5 &
G-BSA-MMC D k; i¥+ pH6.0-9.0 &5\ T BSA-G-MMC D+ Wi X TKERETH -
foo BECRRIzE 51, G-BSA-MMC R A AABE LD F v VY — 2V 7O T 3
) EOKRRGBEH A ST ILESFTH SO LT, BSA-G-MMC Tl G-MMC & X
0751E§®~%ﬁ@%%§6t%ﬁ%fﬁéo:@ﬁi%%@EVﬁ\MMcwﬁ%
BHEECEEYRET EELbN I, @5F7e N7y FOoEEE OSBRI L
TEALTVEREYD T AT NEEDOMKS RS 7 FRTEET 5 KA DO KB
S OMBER 205 Z ERIEHEI N TV 5 (Larsen, 1987), AL B WTIE, 5FH
DANK=NEDREET I FOMKGBEMEST 5 2 EAHRE R0, FlCOWTiRS
BOBRFABEDOEDK LW EEL TS,

5—3—2. FABEEHEESERN

5 v NERBGHBEEOENEREEL MMC LTS L, BMESEET V<Y X
350 B Ak EIAE & B IR I IC o\ THRE Lo ¥ 9. MMC % Wistar REERES o b
DOBIRAICE S L. BRI 247 HPLCER & » Mfh o MMCEBE 2 IE Lic
(Fig.11)o MMC (35 MEFHSERMITHEE L, ZOHEK A E—ViZ2 —a v -
AV IMA—=TVETARRES EE2 DR, X CBHURNDZFE T 275 4
MULTI # T RE ¥R T A — 22 A Ulc, T ORER G HEOEM (12, a) &
3.24+1.08min T& v \HEAC KT 5 LR
(ty/z, B)1322.8+9.8minTH - 2o

EREERE T v MICEE L BEOMRF O
BB X OWEER O MMC BE % Fig. 12 LR
4. G-BSA-MMC 3 U ic BSA-G-MMC # 5-
#, SREEHEmEFT L0 1 KIGBR K -
THEHET 5 LRE LHKAERIRHE LI L
Ay ThZ N 40min & 50min TH 5 Z & HH
b Rigolc, MBOBERFRMOET AT
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Fig.11 Plasma concentrations of MMC & < IRERICEABRMFLEDOK & W fas (B
after a single intravenous injection of i .

Img/kg of MMC in rats.Each point e B O Bl E) OGN, Wb THESP
represents the mean value and SD of Mzl FEAK IV DPERE L ET L%

three rats.
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TOREEED OO MMCHBERBEEER Bl Lic, £DRER. £ANI BT 5 GBS
'A-MMC ¥ ' iz BSA-G-MMC 5 5 O MMC O B H e B+ 2 £ iz +h £ h
17.4min & 59.8min TH - o Th b DfEIL invitro R BT 5 KEEE» SO MMC D
SIEBEIC BT 5 LB (ZhEh, 66h & 84h) ILHENRTE LKAV D TH o120 B
iy MR R — R MR 2 FERAAR & A d € — A v T (Yamaoka, 1984) i
LR ET- . THhbb, R EBF 5 G-BSA-MMC ¥ Uiz BSA-G-MMC /5D
MMC DERER R BE T 5 PR (FRHRR) 2Bl L, TR, &&&
O FHEFREIL. £hEh 11.424.5h £ 3.3+1.4h TH o i ZORKET L2
FELEWE—AY MEROERIL L, MMC2MET V7 I VERETAZER LD,
BERIMMC 2 #4839 285 F & LTEA Ly MMC 04BN B0 2 LA TEE T
HHLZEDNTEI N, ChEABEOBERIZ. T+ 2 b5 v EMMCOBEEHILENTY
HHNTE Y (Hashida, 1983, 1984), KHALBETHE. —BEESTF 1TV v ¥
fbic & MMC OFRFHERTTERETH 5 L& 2 bhis
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Fig.12 Plasma concentrations of the conjugated MMC (closed -
symbols) and the released MMC (open symbols) after a single
intravenous injection of G-BSA-MMC (A) and BSA-G-MMC
(B). Each dose was 0.5mg/kg in MMC equivalents. Each point
represents the mean value with SD of three rats.

Sy NOERML, MBET7ATIVEFY I Y—& LEMMCOESTF 7Y v KiZ,
HHTMMC D78 K5y 7 & LTHER Ly MMC IR ARTERLT 5 2 58 bhic
Y, BEEER~NOEEIEINTE, 2T, BHMEEET AT Y RARBT 388K
DERGHERE Lico TORBR, HARIHREE 1 h DA TERMERE DX X Wil O
FORERCELIF B BBE~SH L, ZhiZACHEE LK atcEd 5246RE
REFTADZUESTHET IERTH > Tto R Fig.131RT &£ 5 it. G-BSA-MMC ¥
O BSA-G-MMC i #E#% 24ah K B W TWFh A EERS A~ T 5 Z LAl b it »



oo Hit. G-BSA-MMCH5-#0EHEAGKCIE, SaB0L b TEENOMMCY R
Bbht, MMC &R MBI LTk, V€ v b (Fujita, 1971), WICEE< 7 2
(Takakura, 1987b) # AWV e & 03 H 5 58, LWTFh I BREBEOLBRTCIZ MMC iz H
EhThigh, TARF LT MMC2&G T A 7Yy FEFT 52 &tk MMC D
BEEEAOGMIREL{BEEIND T EBHAL LI 5T,

‘Concentration (g eq MMC/mi or g)

Concenlmﬁon (pg eqMMC/mlor g)

PTUSKWHIM PTLISKWHIM

Fig.13 Tissue distribution of the conjugate (open column) and
the released MMC (slant lines column) in mice bearing EAC 24h
after a single intravenous injection of G-BSA-MMC (A) and
BSA-G-MMC (B). The EAC cells (1Xx10’° cells/mouse) were
inoculated subcutaneously, and 14 days later each conjugate
(20mg/kg in MMC equivalents) was administered. Results are
expressed as the mean * SD of three mice. Key: P, plasma; T,
tumor; Li, liver; S, spleen; K, kidney; Lu, lung; H, heart; I,
intestine; M, muscle; ND, not detectable.

ETAHT BEBDEFRER~OFHIE LT, SEDOEVWVICLAENRD LRI,
Thbb, GBSA-MMCOB 4, BEH 24h KHE W TRHATE L EMH MMC & L
THEBABO L5 b THBMTOK VIR L OOLASHH Lich, il X OLADKE
M MMC OG5 HBEIEEEE DTN IKHERTOWThIEBETH > ZThIEX LT,
BSA-G-MMC D4, #5#24h B\ T, Fr M, Hehi~ofk a8y ok
B MMC OS5 HBEIESRE~OEAT MMCOSMBEC N TER TEARWEBET
Boto ZhHLDHERM L BSA-G-MMC i G-BSA-MMC I b XN TIEBHRBE DO L7 5
THMBAER~NAEET 2 2 DL AR > T ¥y G-BSA-MMC & BSA-G-MM
COFXT30MD%ER. TTRHLIE LEBEEHROLFHHERIABEDE VT
BkTHZENELLNT, Bic, 7yafhkic X ) &8 Lic G-BSA-MMC X, BSA
DINENVBOBMHC L AABHOEAL A N— I ZAROMALHEHETAIEDF AT
)y FTHH A0S 55, Kooistra(1980) b £ 5 7 ¥ b Lic & v /%
JERFCERIATASWEVLIHBER, B8O FOFRY AR T 5B OFEE



3 5 # 4 (Nakane, 1988) ¢ FE Lich - T2o _ v

—%. G-BSA-MMC KHRTa—~Y v 7 AGEP A b — 7 A&\ o o KRN
BSA (I LTWB EEZX b5 BSA-G-MMC 2, li~ODHEBENE L, MET IV
73 v icBI3 % Davis(1986) & O&IR £ —% Lic, %7, Taylor(1970) & i2Hio> ks &k
A0-50A DR T BAEFET B & & RAEHI L TH D S b e L G-BSA-MMC & BS
A-G-MMC D % b — 7 ARDEDRMA~DHAICHE % bk STEETH 5 LM Uiz

DL, HBERDODERBERE~NDHHIEIEREDEVCIVEFELLELL, Fran
BT BSA 2 L THB S hic A b —27 2EOKA X\ G-BSA-MMC i3, a—~1V »
JAGERA NI ARL VS RIFHEEL BSA LFLUL T3 EF L bR % BSA-G-
MMCEZHANRT, LV BROCEEAEATMTAZEBHALLE T ZOHMRMS,
WU EHLHT Z LR LD, MBETAT S Y ORRBRELHET 3 & & pFET
BEEZLRI, COKHNBBOMBEIRESTF+ ) Y—& LTORARYALEES S
DTH B, % THRAE, ERESTORABBCK T 37 » LAV PEG LOBBK
DWTEFHZT-> T\ 5,

5—3—-3. $IEDE ;

HIEDROFHIERIZ K E K T Tinvitro & invivo ZRD S DIHETE B, Inuvitro Rk
b OEEMAOEEY LET AR AT 5D THADRX LT, inviw RiTIE
Pl % < v R EOEREM~BHE L.

g

TRBEE S U CEREEIEIR R
gam RIEBRREYFHET 5D TH b, EH
é 60 ik, BWEEBEROEAKEMBTS 5
%40- Sarcoma 180 (S180) fifa # A\~ T\ &
‘Fg ol GF AT Y v K& MMC OHIgEEE %
S B Lic, Fig. MRERT O, in
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Concentration (mg eq MMC/ml)

vitro FHIE R B\ TEK A I MMC &
[FIRE, S180 MM X L CIEBEKENI

Fig.14 Cytotoxicity of G-BSA-MMC (@),
BSA-G-MMC (O), and MMC (A) against
the S180 cell line. S180 cells were cultivated
in the medium containing each test
compound for 3 days, and the number of
viable cells was determined by the trypan
blue exclusion method. Growth inhibition
(%)=(C-T)/Cx100, where T and C rep-
resent the number of surviving cells in a
treated group and that in an untreated
group, respectively. Vertical bars represent
SD of three experiments.

MRS E R R 2 7R Lo 50% DHE
PHESR A R TBRE(ICo) TRA L, &
£ A4k D S180 M F B RE E R Fid MM
CLBIFERBRETH -k (Table10), =
OBFHII=AMOAS vF 2= 3 VEE
BTHB I A A T ¢ 7 AR
HMOMMCOREES HPLCETER L



Table 10 Cytotoxicity, Antitumor Activity, and
Acute Toxicity of G-BSA-MMC, BSA-G-MMC,
and MMC

cytotoxicity:* % LDg,c
ICs, mg/mL  survival mg/kg
in MMC after no. in MMC
treatment equivalents 40 days® of mice equivalents

‘G-BSA-MMC 0.4 75.0 8 51.1
BSA-G-MMC 0.4 100.0 6 67.3
MMC 0.3 714 14 11.1
control ) 39.3 27

¢ S180 cells were cultivated in the medium containing each test
compound for 3 days, and the number of viable cells was determined
by the trypan blue exclusion method. Values express as the
concentration required to produce 50% inhibition of growth. 4 Mice
were inoculated subcutaneously with $180 cells (1 X 107 cells/ mouse).
Four days after the inoculation, mice were treated by single
intravenous injection of G-BSA-MMC (20 mg/kg in MMC equiv-
alents), BSA-G-MMC (20 mg/kg in MMC equivalents), or MMC (5
mg/kg). ¢ Acute toxicity was evaluated with the survival on the 7th
day after the intravenous single injection of the test compound to
maleddY mice. LDgvalues were determined according to the method
of Dixon (1965).
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Fig.15 Growth inhibitory effects of G-BSA-MMC,
BSA-G-MMC, and MMC on implanted S180 tumor.
Mice were inoculated with S180 cells (1x10
cells/mouse) subcutaneously. Four days after the
inoculation, a single intravenous dose of the test
compound was administered as follows: @,
G-BSA-MMC (20mg/kg in MMC equivalents); O,
BSA-G-MMC (20mg/kg in MMC equivalents); A,
MMC (5mg/kg); B, control (0.9% NaCl, 10
mL/kg). The ratio was calculated by dividing the
tumor volume by the reference volume 4 days after
the inoculation. Each point represents the mean
value of the ratio (n= 6—27).

fed& T A, HEHER MMC BE W
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oAby MMCA V¥ 2 ~X— b
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NS v /&L TDIERCEB T
Tk, BEEBEAECHEb -1
HFEEECHER LTS EELD
hic,

—F invivwo §HfIFR & LT,
S180 il %~ v A DR THET
S L CER LIcEVERE €T
VEFER L, ZOETNVOES
WHEZEL L, FRE 30 HET
PO 8O FEDOKE I T T
K L. 40 BEIZIZF D 60% H3E
- L7 (Fig.15, Table 10), Zh
KR LTy A A% BEIE
% & &0 EE AR b B
HERDZ EBBILIICT 5T,
S B 40 BEOEFEL LR E
h75.0% (G-BSA-MMC) & 100
% (BSA-G-MMC)TH D, T
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20mg/kg BE LB Din vivo R IC
B3 5 HEshEIE. MMC % 5mg/
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SRS b NEWER, Bz RS O BIEL O TR & hickE > RERANE, W
ThORBEERERE LEBCEWTABREIhih -, b, MERGTETRS D5,
up and down#: (Dixon, 1965) & & D &#5 A4 D LDs % BE L = (Table 10), Z DFER.
G-BSA-MMC & BSA-G-MMC ® LDs 12 % h 2 h MMC & LT 51.1mg/kg & 67.3



mg/kg THoTco ZNHDEIXMMC D LDs TH 5 11.1mg/kg L HNTH 5~6 5 TH
D, FREEEIMMCENTEEDECIDTHEZERELI LR T, ZOEKE
MBS AMA L, muw R TORBHRCET MR LBET L L. ChLEST A
7V v FiZ MMC KR TEEFROBCEMTH D & L HBTFEE hiz,

[&EHYIC]

HREDOBELSTF 7Y v FEELR, FORBDHRELA LS BEVEFROBERYR S
DTHbB, XRBETIE EEETTFEF+ VY —E LTHATARAEEANM L, MET
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Wy BOFANATY vy FERCZZORY— I LB ER R ORME S5, Zhb
OMEEAEZRAEL, WEBERCAORERCH S5 DL LT, SMANCS & PEG &£ 7
ARG EF—URBTOND, BABIONTF FREERSA X AMEREDES & L
TWABE, 88F 1 7)) v FERILIBEBEOERS 223K & B ~%ET 5
FHEELELT SHEIEEINZIDEELZLhD, 20X BRREOT, FELIMET
NTIVIEGFTEL, 7v7u7294Y, bIVART72VY, BRI T ) viEDE
fhEn FR2EYRE L L EYOBRNBAERLCBET 2R R L T2,
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