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Studies on the Biological Behaviors of Taxol Derivatives
Ok Doo Awh, Ph.D., Dae Wung Yoo, M.S. and Sang Moo Im, M.D.

Department of Medical Technology, College of Health Science, Yonsei University, Wonju,
Kangwon-do, Department of Nuclear Medicine, Korea Cancer
Center Hospital', Seoul, Korea

This study was designed to prospect the Un-labelled paclitaxel as tumor imaging
agent. In order to provide a taxol molecule with a functional group which is able to
chelate In-111, taxol-DTPA conjugate and 2’-hemisuccinyltaxol were synthesized by
esterification of taxol at C-2° on C-13 carbon with DTPA anhydride and succinic
anhydride, respectively. Synthesis yield of the taxol derivatives was 34% for taxol-
DTPA and 80% for 2’-hemisuccinyltaxol. Cytotoxicity of the taxol derivatives were
measured by MTT method toward cell lines HTZ29, B16, P388, and CT26. The
cytotoxic activities of the taxol derivatives were maintained, although less active
than taxol. Radiolabelling of the taxol derivatives were proceeded directly with
"nCls or indirectly with 11lln—citrate(ligand—exchange method). The ligand-exchange
method was not suitable because some precipitates appeared during the reaction. On
the contrary, by direct radiolabelling method, we were able to obtain taxol-
DTPA-""In in 100% radiochemical yield. However, 2’-hemisuccinyltaxol was not
labelled by both methods. Yield and radiochemical purity of the radiolabelled com-
pound were determined by HPLC, paper chromatography and instant thin layer
chromatography. Taxol-DTPA-"In was characterized to be hydrophilic by lipophi-
licity test, and nearly non-adhesive to HTZ29, B16, P388, and CT26 by cell binding
affinity test. Binding affinity of the taxol-DTPA-"In complex to serum proteins was
also examined by protein precipitation with 309 trichloroacetic acid. The results
showed that 30% of the taxol-DTPA-""In complex binds with serum proteins.
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Fig. 1. Structure of taxol.
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tubule® A3} 715 ohh S XA|RE in vivodtd
AZEA = 2 BA7} gl 2oz 28A g,

Taxol® HEFAF(cytotoxicity)A| gl dut
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anhydride @ DTPA anhydride®} ¥t3-A}A carbo-
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taxol-DTPAE #4381, ©]5 taxol FrEANEY AX
E9%5 S taxold 7 MTTHEE o839 Ag3ich
Taxol-DTPAE In-1112 EX|5le] 1 X5 2 v}
AEE g Bgton, o] WA EXSGEY Bt
A AESH EAT Azl g AFE FP3ych

M= 3 Wy
1. 7190 & A%

UVE#7)E WallacAt®] ULTROSPECIE AH%:
393, HPLCE MilliporeAte] Waters 51071F2 A}
431900 uBondapak™C18, 3.9%300mm column
£ AH39Y. 7counteri= WallacAle) Wizard 1480
712& A3, ELISA reader: Molecular Devi-
ces 9] Emax7]€ ¢ microplate readerd ARgaM4c

Gelman SciencesAt8 TLC % ITLC(nstant

thin layer chromatography) plate(ITLC-SG =&

ITLC-SA, 5%X20cm)$} Whatman No. 1 chroma-
tography paper® AM&3t91, 24 2 96 well plate
£ NuncAhe] AFL A3

Paclitaxel(Taxol), DTPA anhydride, succinic
MTT(3-(4,5-dimethythiazol-2-y1)-2,5-
diphenyl-tetrazoliumbromide) £ SigmaAle] A
E& AH3l9 3, J.T BakerAte] metanol®} MerckA}
9] ethylacetate @ TCAdUrichloroacetic acid), Flu-
kaAle] DMSOE AM&3kich Visualizing solvent®
H:SO; 54.2ml, molybdic acid 10g, cerium(IV)
hydrate 10g, H,O 880mlE T3 £AL8 ALE3s
I, DMEM(dulbecco’'s modified eagle’'s medium),
FBS(fetal bovine serum)< GIBCOBRLANS} A3#
& AHE3I

Indium-111¢ F2Al)(carrier free)3ele] 'InCls
(2mCi/200 p1)E 9= AmershamAlelA] T AR
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2. 2'-Hemisuccinyltaxol2| &4

JG. Leu 59 #®e @uz sl AAsigh
Z, paclitaxel 20mg(0.023mM)3} succinyl anhyd-
ride 36mg(0.36mM)E& ®hg &7 w1, JAFHA=x%
Al A AT BT FEBAAT Z2 F ig &)
ol dry pyridine 500 £1Z 7}t AolFH 18A17F &
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AR EY bandE BIE I &EE I,
taxol(5.6 X10 °mole/l), 2’'-hemisuccinyltaxol(4.6X
107%mole/), succinyl anhydride(1.4X10 ®mole/1) &
methanolel o UV F4%E &334k
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)
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< 39 lipophilicity & LEFASIT
8. Taxol-DTPA-"In HERIQ] MEZSS A

24 well plateol] HT29, B16, P388, CT26 A%
%2 FBS serum 10% % 5% #7+¥ DMEMHj= 2
A3(5x10°70/ml) & welld 1ml¥ £33}z,
COz 5%, 37T &2 F57I00A 2443 Bk widsl
Atk wiSEE 7T welld]l A2AE AA}I, taxol-
DTPA-""Ing& DMEMHAZ 3Aa (1 xCi/iml)
€ 7t welld 1ml¥ BFsignt £3F 1, 5, 15, 30,
60, 120, 240, 360% VAT & Ax7)o] 22 u)
%stxn, HUAEAL  AASGY Welld PBS
buffer 1ml& 33] washingd® F 1% Triton X-100
2 1% SDS E#5E422 AILE 59 test tubed]
&7 wob AeASYIR 187 A PAEE A
Sich. o3zl AA PAbsel i 2 AP Bl
A WBREE B8 taxol-DTPA-""In9} A
EAYSE BRI

9. Taxol-DTPA-"""In H&tH|2|

Mo AEE AlS

Az A4d dxte "8Yg Fske 4TeA 1242
wsle] gdo] AAHESE & F 3,000rpmolAl 30
27k guEdsld "3e AYT. ¥F 5004100
TPA-"In ®AEE 5018 753, 37C

o
o
X
=X
|
)

old zZ+zt 1, 3, 6AIZHES AHAEAT YE 30%
trichloroacetic acid -89 500 418 7}ete] 41 ¥
4,000rpmefl A 30&7F |AEsTh FA(TE
A&sn 45ae W F4F PASBIE AS3
o] B/T(%)& 3382 2A taxol-DTPA-"In9l &
ool e 25 AT

g2

Paclitaxel 20mg(0.023mM)€ succinyl anhy-
dride 36mg(0.36mM)$} ¥H$AlA  2'-hemisucci-

2’-hemisuccinyltaxol »

Fig. 2. Thin-layer chromatogram of 2’-hemisucci-
nyltaxol reaction mixture [developing solu-
tion(EtOAc : acetone : n-hexane=4:2:1)].
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Fig. 3. Ultraviolet spectra of 2’'-hemisuccinyltaxol and related
substances [2'-hemisuccinyltaxol(4.6 X 10-5mole/1), taxol(5.6
X 10-6mole/1), succinic anhydride(1.4 X 10-2mole/l) were di-

ssolved in MeOH].
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nyltaxol 17.8mg-& €0} 79.9% 9 w3588 Jeh)
et 2'-Hemisuccinyltaxol®] TLC %4€ taxol
band®] Reg1(0.87-0.93) 20 ¥ R¢3£(0.74~0.83)2
HERIZAcHFig. 2). UVEZIAAA taxold 227nm
oA, 2’-hemisuccinyltaxol® 230nmol4], succinic
anhydride® 220nmolA 424 =2 F
#BAEAHFig. 3).

Paclitaxel 25mg(0.029mM)S DTPA %} #H&(Fig.

¥ peak7}

DA AASEe], taxol-DTPA A 12.1mg
Taxo\ /O\H
P2
+
o) HOOC\ <0
o N/\/N\/\N 0
o: :o
|
o]
Taxol\zl O C/CHz\ N/\/N\/\N/ P\o
& |\COOH \—(Q

Fig. 4. Synthetic scheme of taxol-DTPA conjugate.

1.4

E S

01lmM)& 9o 345%9 ws,&s e
SEFES methanold H7jAo shed AN
Al taxol-DTPA H&A 9 RFE 0.45-0.50] 1, ta-
xol9 Re@e 0.9-0.9501%tHFig. 5). Taxol(5.6%
10°mole/l) 2 taxol-DTPAZ (5.6 X10 mole/1)
+ MeOH®l %0}, DTPA(1.3%10”°mole/)E 57
o] =o] 210-300nmAtolel FR=E A UVER
FTA(Fig. 6)A taxold 227nmelA, taxol-DTPA
BEAE 210nmolA 27t 1 HANES peakE UE

o

Taxol-DTPA

conjugate

»

Fig. 5. Thin layer chromatogram of taxol-DTPA
conjugate reaction mixture.
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04

0.2 1
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Fig. 6. Ultraviolet spectra of taxol and taxol-DTPA [taxol(5.6X

10-6mole/1),
in MeOH].

taxol-DTPA(5.6 X 10~-6mole/l) were dissolve
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You DTPAE F42 UVHFIAME FZ=E o
ERA] gFgke

HT?29, B16, P388, CT26 AXFE 96 well plate
o w3l taxol® HEAS} paclitaxels FEEHZ
d2 F MTTHE o83ty fF=A9 AXEHFS
aAst7] 918, Wl plates] 7t welld] $3=8 =
RS & 7 =W E taxold taxol FEAE A}
AETe Rz HEXe HbeA gL $4u=
9 3= FEAE A<1>d 939 percent
survival(%)2 #4143t IC& AR tHTable 1).
Percent survivak%) =

Taxol 1= 58 FRE
4 dzx2Y FI=

Zk N EFA taxol¥} taxol-DTPA HEA =2
2'-hemisuccinyltaxol®] ICs F=+E Table 13 2o
o, 4743 AEFANA 25 taxol®) ICxol 7173 Wk
o1 taxol-DTPA AH#A, 2'-hemisuccinyltaxol?]
o2 BA vEyich
FrEA In-1114 FAAI7L 934

WInClag citrate®t W8A1A Mn-citrate® AZ3}

<A 1>

*100

Taxol

Table 1. ICsy of Taxol and Taxol Derivatives

31 taxol-DTPAY 2’'-hemisuccinyltaxol® citrate
7} ngHA e = wPgdAe #eESF A
Mol AA AP Fe Aoz AzEo 4YL T
ek A4 FA PN FAE 4 ¥ HPLCE
A8t Fig. 79 235 QAvh 2ddA 26k
2], taxol-DTPA H#Ae A$ HASHEZIE A}
£3 HPLC Z2vlEaddME 3% 40244 vd
peakE Ho] uhgo] 100% AHHUSE FAstH)
2’'-Hemisuccinyltaxol®] A$dE peaks #EHZA
ol whgo] HA=X gk EF, taxol-DTPA-
W EAug %8S paper chromatography 9t
ITLColA 75% methanol® AARo=2 AsAMNT
A3E Fig. 8ol Jehch 2HdA B Higzto],
paper chromatographyol A& 05-0.69 RS 2#E
@ peak’} YEN, ITLC-SG9 ITLC-SAeA
% Rf# 0.9-19] & peakE B w80l 100% A
FHN e A%V Taxol-DTPA-""In9 Ii-
pophilicity &3 Ao -0.85%0.33(n=3)¢] 43}
£ ERigIch

Taxol-DTPA-"'In8] AEZZAZs 2HAFINE,

Unit : nM Table 2. Serum protein  Binding affinity of
Taxol-DTPA-'""In
- +
Taxol Tiﬁﬁ?ulg)athA 2’-Hemisuccinyltaxol mean*SD
Elapsed Time Binding with serum protein(%6)
HT20 87 12.4 443 '
BI6F4 235 60.2 69.7 1hr 3L.9£20
CT2%6 253 50.3 577 3hr 340*11
P38 258 63.2 62.8 6hr 351*0.1
45
S40 A
E35 -
%‘3.0 1
5 25 1
g 2.0 A
S 15 A
g10
0.5 A
0.0 - : : -
0 2 4 ) 8 10

Elapsed time(min)

Fig. 7. High performance liquid chromatogram of taxol-DTPA-111In labelling mixture.
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T3 @ —t— Taxol-DTPA~ In complex |
o ; |
- —0— lnCla i
X2 |
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10 T »
8 —a— Taxol-DTPA=In complex
S (b) —0—InCls
— 6 -
X
E 4
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20 131 o
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£
o
(8]
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Fig. 8. Ramochromatogram of taxol-DTPA-"In complex
"InCI3 [(a): paper chromatography, (b):ITLC-SG,

ITLC-SA, developing solvent; 75% MeOH].

HT29, B16, P388, CT26 MEF RFoA Al7tdE=
2243 ¥APso] 0-50cpmO2 backgroundol 7}7heb
BEEIABRE 9 AL 00 7 FAF B o)E
A= A9 A¥e] HA @S AL BANY. &
3o hF taxol-DTPA-"In9] ZES AYA,
Table 29} 22 EAE T3l Table 2014 BE
uke} o), 37TAAM AL FAsHE Ajzre] 147+
B4 31.9%, 3A17ke) B9 34%, 6ANME 351%
B Azkel dojo) ute}t HMFe whalbge] At F
713kt

10
and
(©):
nl &
Taxol®] EATxE WYL taxold C-13 ZE7HA
C-2'B%9] hydroxyl7]®t DTPA anhydride 2

succinic anhydride®& ¥W-&-AA esterg W51, A3
Ao 2 carboxyl acid7|E #%38}7] 4% AdS 5§
3ttt Taxold FZols C-13 2A7HA C-2'8E o]
o= C-7 ¥ C-1 HEJAX hydroxyZ|7} ou,

C-7 $X9 hydroxy7le 23 <4F, C-193¢9
hydroxyl7|& 33 4Z+2E 7FA3 ok C-13 2
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7FA C-2'9 A9} hydroxy?Z|& 23 &Zeo] +X& 7}
A} x20] A carboxylic acid anhydride$} ¥+g-o]
Z o]Fo] Ay}, C-13 Z C-181%9 U= hydroxy
718 A% ukgo] A9 A gE Ao LA
A, Taxol-DTPA HEA FALEAAE 34%2)
E-g-S JERIAT. ol pyridines gH-EUiE
AHg-8te} ¥k AIF oy DTPAY} pyridineo] %3
ol taxol ¥R} FEH HEE A Reged, A
A7 o] A 23 DTPAS taxold] 3%
HAo] @ol 1o WE &Aoo BE RAo® Azt
HHSAIZES 48A1%E2.2 EE AR WEAges W
&S Bola A 9, AATA ] o} AdF e
2 £4do] AL Ao AAYe AZAIHE A=}

21}, taxol-DTPA iAol AAo] A7|x] ¢ho}
AFARZsA FEspach Eg FARSA w8l
pyridine$ 05mlE AH§atRe W =3 &3z P
DTPAd] ©J3] pyridineo] nAg}E = ddo] 2=
o] o]Z ur] 93 pyridine® Iml2 EHME wH-EA|
A Bgtor} whgpgo] S FAFHA kit

2'~-Hemisuccinyltaxol®] A%, 80% Ax9 =&
+88 e ole Leu $%0] 92 70%] ¥
L8R & ALE taxol? succinic anhydride
o}e] WhgAIZHE 181t 2 R3] AFn, 2AHE ¥
Asle AR 2443 AZE 23] sHEoEA g
ST7&o] YE A2 AZ4E. Taxol-DTPARE
A gL ANM = @8 wg8ul¢) pyridined)] ta-
xol ¥ succinic anhydrideZ7} 25 % o} A@4}9)
olE &% gtk ¥8EE I rotary evaporators
o] &3}e] pyridineg AAY W, pyridined LAAA
7t g flon, ofES Azt FiEl A FRPeR
A AAEEES Y F AUk

B dFolA A AEFE HT29, B16, P388,
CT26°]%ich. HT29 AZF e AgolAl £28 colo-
nic adenocarcinoma cell2 FBS serum 10% 37}
¥ DMEMH¥HIA] ®E= RPMIuiA| oA At} B16F4
MEFE melanoma cello]®, P383 AHEFE leu-
kemia cellol®], CT26 AHIXFE colorectal carci-
noma cell2 E5 ulg2olr Eg=Hlow FBS
serum 5% 719 DMEMdA Z A&E S4do] Q)
o} Taxol FE=AE taxold] H|sle AMEEAH0] oF
Az,

2'-hemisuccinyl’ taxole] taxol-

DTPA AgAd w3l o7t o ZFigth ole
Swindell $°] 13 ¥4 27/ 2'9A 9 =& ¥
BRoz wgsld in vitrodMs AEEAT 7
Zash in vivoolAl e Atel7t WAl &gtk B
£93 AXsATh EF in vitroolA Abge] F g
A} 2238 human A¥E7} w29 ZUAFEL] mu-
rined) AE B} 1738 murine AXe] -9 taxol
o that AL " Ao dEA ok B A4
Ax AXELEE 50% dAstE FE x4 ICoa
taxol 2 taxol FEAlA human AESQ HT29 Al
X7} YA murined) AEF) vldtd Fe 3hE
el taxol 2 taxol SEAo] 97283 taxol H =
A7r ALELTE 2A 4R FASS AU

MnClLE taxol FrEASt FANSA7IE FANA
Wh-citrate ©]4% == z@Es MInChE
AR taxol FE=A FAANZI= WE BF AE3Y
t. 3= 2P A4S In-111 X H3EF A
g9 Aol BEH o] A 43| olgglen, In-111
9] AF FAPHAME 1-10mg/ml9 taxol-DTPA
FEAMAE WSF FAol AASHA &kt whebA =
7= 2gYPL & dYol= F&3}r) oy A¥YPL
Z taxol-DTPA-""In¥EA HAES AUt oj9} 2L
42 0.1M9] citrate €99 F=7} ¥o} DMSO7}
2FolglE Eojrtd JUlHoR citrate?] &3|E7}
dojxd AAe] A7l Aoz A7 AL e &
< HPLC, paper, ITLC ‘%94 IgntEgYggz 89l
3 A3 ZF 100%°|th HPLCE $&& dAgq
EAEZHEE 94 HPLC columng E3AA @Y
peaks #elstgiont, MInChE In-111 free form
Helz 422 wl, columndl &3ol doh} E3}s}
A B3s}gith. ulekbA] paper chromatography(PC)$}d
instant thin layer chromatography(ITLC)E %3
FEANGTEEA FASATE HPLCS o422 A
4399 75% methanol® A/MNETE & PC%
ITLCAIA "InCl: 94l ¥k, taxol-DTPA-
Yn AR FOHES 9 peakE vEhHo]
uhg-o] 100% ©olFo] &S &UE F AL

WA oFEe] ofeiskA] &4 F lipophilicity =
ANAAIH A 9] mechanisme HEE F U= T 8
JdeozH WA eEe] AXURY FHE dEdh
b o]lg3t #718Eo2 AME3 n-octanold H|F

..448_



— Ok Doo Awh, et al.:

3023 WA FEo 7
25 dig s=&HF W }% 1] log%k~ -0.88
Eton, ol taxol-DTPA-'"In o] A54& 7}
12 oA 9 2ed 29 o] 2R op AE
3 ABAdo] o= ALE 98 AoF oE3F
F Atk AgAol F Ffol LA LtF ] f7)
19Mlipoidal membrane)S E3}3to] MF Ao
VedttF . ¢@Aeh. WA taxol-DTPA-""In
BASEY AEALTS HE oz dFHen,
HT29, B16, CT26, P388 MEFTE AMEFH XA
SAYAN FPIAs cpmel AhRAbsel Fhzke
538 Hol EAHUEY se402 g8 A &
AR A EgozM HATATS0| o} 3
Aog AtgH)
In vitrodlAl WA EX3IEES] 83 gl ste)
AgsAEL dNFS AAAI= YHOE trichlo-

mN Mo 8 o L
L

roacetic acid, ammonium sulfate, uranulacetate,
alcohol, perchloric acidE AFEslE AAWI Adds)
WEol dejA glen ZF WS 72 AR
AAE ikl zpolrt AT, MmN U A
g Agstel YA Mme] stk & A7
ol 30% trichloroacetic acid(TCA)¥Hoz ¥
Faudste AP AU, oF 30% BE9
AdsSs Ryt dHdwPoht AHYFpolel Aol
g% wujdel wW2n F JFgol P
d3A gk Aol taxol-DTPA-"Inc] S8
73 o 1/3 who] YAy Ajtsl Agstn
HAE FEAdHE AFE ZUE 458 & & Uk

2

o)

2 o

= A taxold] MIn WA EA 5}
%%% 2}"6“0@4 FAGAZEA ) 0§ 7MFAE B
F83tdc}. Taxol? MIn EA3%
2 C7l -rlﬁﬂ taxol'?7‘°ﬂ/\1 C-139] 7R Q=
C-2’ H%9 hydroxyl”]& DTPA anhydride %
succinic anhydrldeQ} 3H-8-A1 A taxol-DTPASH 2'-

hemisuccinyltaxol& FAIH. ¥HF&2 taxol-
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DTPA HE&AY 2% 34%°|91eH, 2'-hemisucci-
nyltaxol& 80%°Iith. MTTHS AHste] HT29,
B16, P388, CT26 A¥3FollA taxol-DTPAS} 2'-
hemisuccinyltaxol®] HEE53FAdodAE taxol B
e 2ujag o NESAC] fAES FAsuch §
4B taxol FEAES U= BPIH} AHES AL
&35t In-111§ EA3IUTH Taxol-DTPA A
9 In-111 EXP’}%S’J 73S, 7wy e wnens
o] AA wgo] oj2¥ AHYeE In-111 A3}
FES S T Ad%en 1 #AFES 100%012114
2'-hemisuccinyltaxol® F W& ETF A=
yokgo] s selstsich In—111-4
taxol-DTPA #H&A ¥ 2'-hemisuccinyltaxold] o
3 FAWE 48L& HPLC, paper, instant thin-
layer chromatography® AAst) ZASFHT Li-
pophilicity?] HFAME AFAdLde]l FAHRLH,
AEASSe AgdA= HT29, B16, P388, CT26
AEFo o] dgol w$ g YET 39y
Ao AddEL B7|Y8d 30% trichloroacetic
acid B& FYsiglon], oF 0% LT iy
I At 1 gho] IA FUth

030 O
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