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WA, X0 DEOPUIER %R X < EE BT
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2) fHERBIORNEY FEVEF)EY =L
(LUF L-DOC & 5d) ofEk

fgERIEDOC (FEsF N /)74 -7
NRyF4 A7 7—<H) AL, L-DOC Dff
B SRR LN R ) Ry — oA 4 L
e TiTb Nz, 3. DOC K Z ML,
reverse-phase evaporation method ( ¥ A 7% J& 1k 3
(Table 1) 12 & 1) Diphosphatidylcholine (DPPC) 240
pmol, cholesterol (CHOL) 240 pmol,DOC 7.92 pmol,
Polyetirenngrycol (PEG) 9.6 umol & 6 ml @ 7 1 H
RUVLICHERL, WHIToo—41) —T/NKL—
y—CIEEME AR Sz 27 aaskivA
% 5ml iz CHRE % & L. 10 mM HEPES-NaOH
& 145 mMNaCl (ph7.5) % 2mllllZ. £ % 50°C
T 5 5L ALY = — & — RS2 470,
WO IwVyarElElsdl, TNt 3561
50°0C o —% 1) —TNRL—F—THFILTr
Ok )V A B SE, IRE—ERE LIS RIUKRED
WA &, BARLEZ )V — 705k & e 7 IR —
IR L CIRE_HEE & L2, 24l 10mM
HEPES-NaOH. 145 mMNaCl (ph7.5) % 3 ml Jll 2 C
500Coa—%1) —T/)NKL—%—TH5HIL, 71
ORIV A FEEEE LT ERLYFRY — 4
(LUV) % 0.4 um, 0.2 um K 74 A X O polycar-
bonate membrane DJEIZH L, JRY —2DH A X
RIS o WIS, PERLL 72D RY — A0 Y IRE

Table 1 Method of Docetaxel encapsulation in liposomes

DPPC+Cholesterol+PEG (2000) -DPPE+TX in chloroform
6 ml (240 pmol/240 pmol/7.92 pmol/9.6 pmol)

} Evaporation

Lipid film

} -+ Chloroform 5 ml

Lipid/chloroform solution

| +10 mM HEPES NaOH/145 mM NaCl buffer (7.5) 2ml |

| Bath sonication (50°C 5 min)

W/O Emultion

| Evaporation (50°C)

| +10 mM HEPES NaOH/145 mM NaCl buffer (7.5) 3ml !
} Evaporation

LUV

| Filtration through polycarbonate membrane (0.4 pm—> 0.2 jim)
Sized LUV

Reverse-phase evaporation method”
DPPC : Disphosphatidylcholine
PEG : polyethyleneglycol

W/O emulsion : water/oil emulsion

H B4 % MR Y AT A By FRIVER ) R — A ORUERE R
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ML pgE A )52 L. DPPC/CHOL/PEG (2000) -DPPE/DOC-
LUV =40 pmol /40 umol /1.32 pmol /1.6 pmol/ml (= i
B 7, DLEo@BTHERLZ) Ry — A 24
I 1] AP L SEBR ) L A L 72

3)  FEEITE

C3H ~ 7 A DA KBREE~ NR-S1 Mg (1% 10°
/0. 1ml) % #AE L7z (Fig. 1) SEERE)Y) % k) HEHE,
Ft % ¥+ (DOC) B, FEF FLVER) RV —
& (L-DOC) HEIZo T JEBERMHZOFRT 215> T,
HHH S me/kg BV T ADWEENICESG- Lize £
HOEREDMLT - EEFNIEEE . AR IR & 6
BERIINE L. & 515 oI BRI 2L
i EE 2 5, L-DOC % 5-# o HilE 550 5 & 5
L7=o el AWFZRIZEMEEICE§ 5 AR
LR IS % B L TT o 720

2. DOC . L-DOC #EHD M+ - BERNERES L

VEZEEEMNREDRTE

IR FAEFE 7 HHIZ, &840 )LD C3H ¥ 7 AL
DOC & L-DOC % #5720 SEHIHET- 30 7.2 e
12 Befl, 24 BRI RIS K HE10ED~ 7 A2 A L,
TS, GO JFFNE. M. BRBR AL 7o IS
LUK moORERFHEHR, STV A AL TRE
e L., Bk a< 9574 — (HPLC) T
JE 5 & O KSR O S I & e L 72o 1o
L, PRI OGEN LD 1.0ml Ol
WA R L SO cinde % i e, maEiiis
ya~< 79 74— (HPLC) THlE L7z VLD
T, DOC BEE L-DOC BED I & JE 55 Sk

Fig. 1 Photomicrograph of the transplanted tumor showing disor-
ganized proliferation of NR-S1 carcinoma cells in the
control group (magnification X 100)
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B, B X OKERRISE i ORI % Fisch
L7z
3. DOC &. L-DOC B, MEBEDESE A & [E
BRREORE

JEIZEEDSHT 1 X 1 em (AR L 2205 0L &7 10
LD C3H ¥ 7 A2, #N21 DOC & L-DOC %* %
H-U. B0 H. 14 H. 21 HEEOMEAR % ik
MRl U7zo F720 BAlE7H~10H. 10 H~14 H.,
14 H~21 H {2 OO K E= % MR, DOC #E,
L-DOC #E[H C sk, L 72,

N R R ZR1, Giavazzi & OFHIIETEH L 72,
bbb, LXW2 (L=length mm. W =width mm)
THEREROWMEHZ. V2-VI/VI X100 (V1= %X

WO H ORES AR, V2 =% X B O 0 o f)
TR EFELZ T L St nREt 2 Student-

THEEZ ., P<0.05 ¥ HEEH Y & L7,
4. DOC ##. L-DOC &, WRBEORIEMEZFH
=1t

JESZHEAE 10 H1212 C3H Z B L. 5 % i 4.
10% RV~ 1) » Jﬁln:t/\v T4 ratTay s
ZAERLL 7o, a3 Y) L C Hematoxylin-Eosin 4
Al DOC#E. L-DOC #. o HETHE o 95 FLAL
FIEAL R BIEE L 72,

] ES

1. DOC &#. L-DOC #HDMF & LV EENEE
DIFRFHRIZAE
DOC FEDFEANM A (pg/ml) O Pk, #
530 577 042 +0.08, 2 FERIT£ 0.65£0.11, 12 4
2 0.15%0.03, 24 K[ 0.07+0.01 TH Y. L-DOC
ﬁ—% i&% 30 43 %2 0.31+0.05, 2 FE[H £ 0.88+0.19,
FE [ £ 0.25+0.02. 24 e[ 72 0.1520.01 2 7% L
f: (Flg. 2)o 72721 FHIBG 2 BEELIEEIE, W
NOE TS L-DOC #E2DOC HE L 1) @iz 7R L
726
— /7. DOC #EO JEHNEED I (ng/ml) D Py
ik, #4530 4514 1.22+0.38, 2 R £ 2.43 £0.63.
12 I 2 2.05+0.72. 24 F§ [f] £ 0.66+0.15 T,
L-DOC #1325 30 45 1% 0.78 £0.41, 2 I [l 1% 2.11
+0.53, 12 IR¢[H] 72 3.68 +0.45, 24 B[ 1% 2.50=0.48
N (Flg 3o TRbDH M ONEREFFEH
WEEHI G- 2 BEI 1% £ Cld DOC #E2vE <L 12 I
] LU 38012 L-DOC #EAS M & 7x Ly 12 BRRE #4.
AR PR AR T2 722 (P<0.05) SR H 7z,

P

1.2

1 fe
—.0'8 [ -
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oDOC
AL-DOC
S04t %

L A
0.2 o) 6
0 1 1 ]
30 min 2 h 12 h 24 h
Time
Fig. 2 Plasma concentrations of docetaxel

The concentration in blood was higher in the L-DOC
group than in the DOC group, 2 hours after injection. O :
docetaxel (+) ; A : liposome-docetaxel (+)

45 1 ODOC
4
* A | -DOC|
o] A
_ 3
£
= 25
¥

o5 i o

30min 2h 12h 24h

Time

The concentration in tumor

The concentration in tumor reached a peak at 12 hours in
the L-DOC group, and remained higher than in the DOC
group at 24 hours. O : docetaxel (+) ; A : liposome-
docetaxel (+) (*P<0.05 compared with DOC).

Fig. 3

2. DOC &f. L-DOC B D EEfzs AR E DR
HZEA(L

1) oL oD A P S i i

DOC #f - CIB AL N SE W B O S35 0E1E . 30 45
% 0.40+0.10, 2 FF [ % 0.68 £ 0.15, 12 H¢ [ % 0.30
£0.08, 24 IRE[H] 72 0.03*0.01 T, L-DOC #1430 43
£ 0.22+0.09, 2 ﬂﬁﬂm054+020 12 IR ] 1% 0.25
*£0.10, 24 B £ 0.01 £0.01 % 7% L 72 (Fig. 4A) o
3% bH. DOCHE. L-DOC BEOIY I L b1
515 2 Rl e (e il % 7% L 7228, L-DOC B 13w
THORETTEH DOC#HEL VI %R L7,

2) HffiJJiﬁ%ﬂ%iiV\]iﬁﬁf}‘%i%W

DOC T @ WAL A SE Wi e (ug/ml) P34l
&, 304012 3.22+0.84, 2 e #2 4.13=1.10, 12 [

Al £2 2.09+0.30, 24 I [H] #2 0.72+0.03 T, L-DOC
TEL 30 50142 1.50+£0.20, 2 BRI 3.51 £0.52, 12
] 2 1.85+0.20, 24 I [ £ 0.33+0.01 % /% L 7=
(Fig. 4B) o WINOEED 2 BRI RS E LR L7
25, L-DOC HEIZ Wl AT Y DOC B X b Al
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205 . A _ s oDoC
B 04 o) | : obeg £, AL-DOC
03 \ § AL-DOC s
02 f [ 1 ¢ ?
0.1 05 A A Q
| — - S 0 2 -
Hmin Zh 12k Zh 30 min 2h 12h 24h
Time Time
Spleen Kidney (D)
(B)
6 45 -
4 4
5
35
4 , E 4)
- EX | [ 0DOG
£ 3- 0oDOC ¥ 2 o [ AL-DOC
AL-DOC 15 \ i
B # 2 1
1 05 A,
@) 0 - - x*
ol A 30 min 2h 12h 24 h
30 min 2h 12h 24 h Time
Time
Fig. 4 Tissue concentrations of docetaxel
A : Heart ; B: Spleen ; C: Liver ; D: Kidney
O docetaxel (+); & : liposome-docetaxel (+)
(*P<0.05 compared with DOC)
p
N7, 3. xtEBE. L-DOC #. DOC BHDEEFIRS &

3)  FFHEALAR PN SR e e

DOC O ALK (ng/ml) O FI9MH
X, 30 4074 0.95+021, 2 B 1.23+0.31, 12
M # 0.60=0.03, 24 I [A] %2 0.11£0.01 T, L-DOC
M1 30 471 0.34+0.03, 2 B4 0.78 £0.18, 12
] % 041+0.01, 24 5 [ £ 0.06+0.01 & 28 L 72
(Fig. 4C) o WM OBED 2 BRI RmME TR L72
25, L-DOC EIZ W N ol S Td DOC # L 1 (H
L7,

4)  EFEAHARIN SE ) i

DOC B O E AP S iR (pg/ml) O FI9H
1. 30 402 1.92+0.43, 2 B £ 3.12+0.66, 12 IFf
M % 1.58+0.40, 24 IR [ 2 0.18=0.01 T, L-DOC
BEIL 30 40142 0.58 £0.01, 2 FE[HI#4 2.04+0.03, 12 [Ff
% 1.13£0.02, 24 K% 0.09+0.01 ZR L720 \»
THORED 2 B &I &z s L7722, L-DOC
B WTHoOBETY DOCH L W IRELZRL., ¥
VZH T 30 43 BRI R LSRR TN A B (P<0.05)
PR BT (Fig. 4D)o

VESERERORZFNZEIL

FTRTO~ Y ATIEEEAEA 7 H & IEGED Y
IX1em 2 L7272, [{H DOC, L-DOC % # -
L7z

1) JEE AR O L

B R A 10 H 2 0 &1 o EE AR 0PI a1,
R WEEE 2,273 (£242) mm’. DOC #if 1,720 (+164)
mm®. L-DOC #£ 999 (+136) mm’ T. 14 H {2 IIA)
IETE 5,001 (£979) mm’, DOC #if 4,386 (+826) mm’,
L-DOC #£ 2,118 (+165) mm®, 21 H #1Z 1&0f B
9.602 (+2,189) mm’. DOC # 7,939 (+1,546)
mm’. L-DOC #£ 3,791 (+321) mm’ & Z21{L L 72
(Fig. 5)o T2 b b, JEBAFEOFIGHIE 10 O £,
14 H, 21 H# L b L-DOC BEA R /MEZ 73 L
14 Hi%, 21 HRC3se2maEE (P<0.05) 7°
R oNSF (A

2) TEBIEHEOLE

BB BT B SR 7 H~10 HR DS EE
TOFIEIL, W HEEE 474%. DOC #E 300%. L-DOC

(4)
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Fig. 5 Effects of liposomal and free docetaxel on tumor growth
in the NR-S1 tumor-bearing mice. DOC and L-DOC
show the group with docetaxel, and liposome-docetaxel,
respectively.

(*P<0.05 compared with control)
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400 oDoc

| % AL-DOG
100 | b % P

7-10 10-14 14-21
(Days)
Fig. 6 Effects of liposomal and free docetaxel on tumor growth
rate in the NR-S1 tumor-bearing mice
O': docetaxel (+) ; & : liposome-docetaxel (+)
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Tumor volume (%)
N
o
o

#E 163% T, L-DOC ¥ O JE 55 58 B0 %) 5 555 b
L MEMF A B (P<0.05) RSN
(Fig. 6)o MEBFFEAE 10 H~14 H £ 125 HEEE 120%.
DOC #f 155%. L-DOC #f 112% <. 14 H~21 H #
(3R] BEAE 92%. DOC B 81%. L-DOC #: 79% & ik
AU AMENRM % 8 LT L-DOC B JE 5 5k & =2
i b IRAE 2R L 72

4. BEZHEZOREMEHBZHZL
AHERETIE, IRBY L 2RI EOR 2T B R
Rz F sk O FEAN AT 2 Jo B 2 TR L 22 A% 5 7
FEPEIZHEA LT/ (Fig. 1)o —J5. DOC #ETIt
S MG & BT IZE3EAE U, B3k L <. %Hz
DEFAR TR H 7z (Fig. 7)o L-DOC BT
DOC #f & AR DZEALHEATT 225, EHIZH LW
JE 55 I D 3 AL A DOC #E X 0 JL#PH 2780 5 AL7-
(Fig. 8) o

FS VNI S

5 st 3G

=100
2

Fig. 7 Photomicrograph of the necrotic tumor nest demonstrating
partially collapsing tumor nests in DOC group. There are
remaining viable tumor cells. Arrows in the figure show
the site of necrotic tumor nests. (magnification X 100)

Fig. 8 Photomicrograph of the prominent necrotic tumor nest in
the L-DOC group. There are scattered vacuolated tumor
cells. Tumor nest almost completely disappeared. Arrows
in the figure show the site of necrotic tumor nests. (mag-
nification X 100)

% ES

IL4FO Drug Delivery System (D.D.S.) OHf8%° 5
FEEHE LW DOH %o Adriamycin % Taxol 72 &
DPIER 2 NTIED ) RV — 2IZEHFTHZ & T,
PO & B i S R O % [ 2 BRI
FEDHET B AL, BRRIEH AN O BEMEAME ST &
7287, % HhThH . Doxorubin 1) KV — A IE AL
72 Caelyx 13, KETHRIAEIZEHEFRISH ST
BY . FEAREITNBOMBREIFE~DIE A SN T

WBIO Ty X RPERIO Ry L
(DOC) (INT4E, FESATRIE A ST\ 5 25,

HDIHOIIIDOC % E&H L7 R — LAk
HEEHE O 7 I TS A E D B i - B TR AR
THBPERE L7z, RERTIE, RFLERE
NR-S1 Ml % C3H/He ~ 7 A O KBREBICFHE L 7=

(5)
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%, DOC % &4 L) HRY—24 (L-DOC) % JERE
IC#ES- L. SRR T-H 5 2 OPUEE A 2 7 L
1o

1. DOC #. L-DOC BEHDMKEAH & VEENIR

EDRREFNZE(L

SABPIER O ML, Fig. 2 DR R &G
30 43 #1213 L-DOC 12 HLik L € DOC #EASH ¢ 2
2R AN, 2 BEfI A2 12 L-DOC #EIE DOC #ED
¥1sBIc B L. ZofEmnd 12 B R, 24 ke
BLLEDLL W EDHL NI % o 72, Papahadjo-
poulos 5™ IZZ DI EZRD L HIZHPIL T2,
Tabb, BREEBICKR)ZF L) a—)
(PEG) ZAHINT 5 L I2 & o CTEIEEM % I
L. A7V =R aWilld 52 A TE 5, 20D
KEEL )R Y — AZHER D B (]S AL THIDH
HEh, Sl B ErR I NS, RERD
L-DOC BED i e & [A DB S & - 72 L
Wsinsd,

—J7. BEEPIERE Fig. 3 AVRT £ 912, &G 2 I
7% £ i DOC A B Z 7T b OO 12 Rl %
2 1d5¥iHE L. L-DOC BRI M A EE o> T
EEER L, 4 BHEBELE LRV, $abb, 2
W £ O L E 1L L-DOC #EDSE O, [ IRE
DOIEBENIEE X DOC HEDOFNEH NI ik b, Z
OEHIZKD LI ICEZ NS, Thbb, A
5.2 Wi £ Tl L-DOC #EIZ I L Torm= D/
X\ DOC BEASEBEHLAE 0 M AR AT L9 <\
EENTEREZRTDOTHA ), 7272 L. DOC
BRI S 2 BRI Y — 2 2 2. ZFORBIART
F 2025 LT, L-DOC L 12 BRI — 2 %
Wz AH%, 24 B D DOC HEO Y — 7 L) b i
RO, b b, L-DOC FEIGMEE NRIE & i
T DR LICERH O T RPE T TwD, &
O, BEERITCRE L2 R Y — A ORLT
MIMAEYNCEITLTH . DOCHEIZHE L T » /¥
R S < L BN IR T 5006k

EZ2HN5b,
2. DOC . L-DOC BEDO X E 2z Ni=E DARRF
HZE1t

Fig. 4A-D OFEH & 0 oGP PRI IR, B e
O KA PSR i FE AL L 72 T X T B[] T
L-DOC %4 DOC BE & D Al % 7R~ L. FRICHEHIT G-
30 43 7 O BF IR P I BE R R M A R
D T OFEEA S, L-DOC #IL DOC FEL 1) i

R 44 HER Y AT B B s RV ER Y R Y — A OHFUEREHR
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BN L IEFHEICBIT LIS WEEEZELTE
D, X523~ 7 A Tl DOC D ES IZER S
LI L2k, TG EEMBANORITSA RS
olzbnbkEZobND, L7zh o> T, L-DOC #
12 DOC #E X 1) & HE s~ O RIVEM Z il & % \»
BT B 2 EAVRIB I N, 2O EiX. Caelyx
WL I EICE o T, BIERPE L (BRSNS
&9 % Gabizon'” S OEE—%KT b,

3. DOC #. L-DOC &, MBEHOESFES L

VISR ERDOZFINEL

4105 H C L-DOC #E O EBARFE AN b /M & <,
oAl 21 H # O IE G AR (X6 IREE, DOC #EDR) 12
TdH o7z (Fig.5)o TORENS S, L-DOC HET
ZIEE KNS L CHfl ST 2 eI L
PN TR o 720 — iy Al E I A o0 SO B TR 1
Fig. 6 T/R$ & 912 L-DOC HED i b RV A%, HLat
A E AR AR 7 H~10 H OB O A2
Ho b, MO TS HEOIRE R ERIZRE %
EEBO NG PoTe DT EN L, L-DOC #f
I B e L TR X 0 3 H ENEEEA O
L ENIE a2 s oS AN S Y. A RS ENTA VAL i b2 2
HENDBIZH, DOCH WA L. ZOFR, KHED
JEE ISR E B E LW EER LN L,
4. REBHRBFHEE O
AREETIE, Fig. 7. 812K 3 X 912 L-DOC 12 &
2 HEEMIE O DOC X ViR <. LA b L i
12388 5 72, SCID (severe combine immuno-defi-
cient) ¥ ADEIIZ L b FLIEMIE (16 mgkg) %
B R L. 7 BB ONESMIE A H-E QiR Tl
g2 7-92E0'9 Tld, Taxol-liposome #f T3 DAL
Ry DT 70 &, 2 L A S < AR
B 5, ZEPEE Taxol (free drug) BE X 1) v & 3R
EENT WD, E512, URY —LIZHIER Doxo-
rubicin (DXR) % &4 L 723E#] Caelyx <7 A D
PESERR I L 252807 <id, 3 H BIZHES L
12 BM-1 e EfilanZ < o, 7R =
AMBOY—27 %Kk L7z T w5, L-DOC b
S LRk, mAFLEY OO RER, Mt
CHERE S 7o, IESINAE E O TIHELC K o T
B &, ERSNLPY -0l miRkE
® DOC DWEHNICE A F 0. IBEREEDZE L <
HILENTDTHH ) EEZ LI,
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L-DOC (I H s PE A% <o T35 AL P i 1 s
RIGH, @ MRS ND . — . O, PO, .
B DA AR B AN 7200 L BIFEFH OB S I ©
Eho THbb URY—LIZFEY F+)L (DOC)
TEHT A EIZL - T AE O DOC 12 ik
L CRIE 2B LoD, L7 BB IHI %) 5 h3 5
HEENLZ LR En,

ARIFFED— IR ERF KA EEF X
5 SN WERE I L - TiTb Iz,

A 3

AHFSEICHH L Py R LEH) KV — 2t
SHERFERFBELFEWIER ) R Y — L34 F T
FREEA I B HAZ R 2K L. B s
(NR-S1 Ml % A4 5 C3H v A) (IR ER 2
WFEIr L — e L ) 35 5N D Th b, T
T BIZHIN, WLEIEHOEERL T,
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Antitumor Effect of Docetaxel Encapsulated in Liposomes
in Tumor-bearing Mice
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Masato WATANABE, Hiroshige CHIBA

Department of Oral and Maxillofacial Surgery, Tokyo Medical University

Abstract

Docetaxel (DOC) is the second member of the taxane class of cytotoxic agents to be approved for clinical use. DOC, an
antitumor alkaloid drug which stabilizes microtubules, demonstrates marked activity against head and neck squamous cell carci-
noma. Targeted drug delivery and antitumor effects of DOC encapsulated in liposomes (L-DOC) were evaluated. NR-SI
mouse squamous cell carcinoma was transplanted to one leg each of 7-week-old C3H/He male mice. L-DOC or free DOC
(DOC) was intraperitoneally injected in C3H/He mice which had been inoculated with NR-S1. We then performed an in vivo
study of the antitumor effects and concentrations of DOC encapsulated liposomes. We compared the untreated control group,
the DOC group, and the L-DOC groups in terms of the concentration in blood, tumor, and tissue (heart, spleen, liver, kidney), as
well as the tumor volume. The results showed that the tumor volume was significantly lower (p<<0.05) in the L-DOC group
than in the DOC group. The concentration in blood was higher in the L-DOC group than in the DOC group. 2 hours after in-
jection. The concentrations in tumor reached a peak at 12 hours in the L-DOC group (P<0.05), and remained higher than in
the DOC group at 24 hours (P<0.05). The concentrations in the tissues studied were always lower in the DOC group than in

the L-DOC group. L-DOC can be expected to increase drug concentrations in tumors and reduce the tumor growth rate.

(Key words) : Liposome, Docetaxel, Drug delivery system
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