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Chemotherapy with Hybrid Liposomes without Any Drug in Vivo
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Prolonged survival was seen in a carcinoma model in mice intraperitoneally inoculated with B-16 melanoma cells af-
ter the intraperitoneal treatment with hybrid liposomes composed of L-a-dimyristoylphosphatidylcholine (DMPC) and
polyoxyethylenedodecyl ether (C,,(EO),, n=10 and 23 respectivery) which had a uniform and stable structure. No
drug was administered. The therapeutic effects of the single-component liposomes composed of lipids with a variety of
hydrophilic head groups and different hydrophobic alkyl chains were investigated. Markedly prolonged survival (248% )
of mice was achieved after treatment with DMPC liposomes. However, DMPC liposomes have the disadvantage of an
unstable structure, requiring daily sonication. On the other hand, no life-prolonging effects or toxicity occured with the
admistration of the other single-component liposomes employed in this study. Next, we successfully prepared stable,
uniform liposomes composed of 90 mol% DMPC and 10 mol% C,;,(EO), (n=10 and 23, respectively) , which have di-
ameters of 70 nm and 100 nm, respectively. Interestingly, prolonged survival (173—186%) of mice was achieved after
treatment with hybrid liposomes of 90 mol% DMPC/10 mol% C;,(EO), (n=10 and 23) . Finally, we conducted toxici-
ty tests using normal rats to determine hybrid liposome stability. There were no abnormal findings in blood chemistry or
relative organ weights at autopsy of normal rats after hybrid liposome administration. In addition, hybrid liposomes
were metabolized in the liver after intravenous administration to normal mice. These results suggest that hybrid lipo-
somes could be used as a new single chemotherapeutic agent in the treatment of carcinoma with no side effects.
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Fig. 1. Schematic Representation of Hybrid Liposomes
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Fig. 2. Time Courses of dy, Change for Single-Component Liposomes
O : DLPC, @: DMPC, A: DPPC, A: DMPG, B: DMTAP. [lipid] =5.0X10-2 M, in 5% glucose solution for 3 min at 45°C in a nitrogen atmosphere and,

subsequently, filter sterilized through a 0.22 um pore filter.
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Fig. 3. Time Courses of dy, Change for Hybrid Liposome

A: DMPC/10 mol%C;, (EO) 19, O : DMPC/10 mol% C;, (EO) ,;, @: DPPC/10 mol% C;,(EO) 19, A: DMPG/10 mol% C;,(EO) ;o, : DMTAP/10 mol%C,,

(EO) 1. [lipid] =5.0X 1072, in 5% glucose.
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Fig. 4. An Electron Micrograph of Hybrid Liposomes Com-
posed of DMPC and Cy, (EO) 5,
[DMPC]=3.0X10"2M. An electron micrograph was obtained by
means of negative-staining techniques using Ammonium molybdate.

100}

Survival ratio (%)
N

[$)]

T

N
)]

. REED R WNIREET O U R — A, 1F
%%@;%«T%@ﬁ@ﬁﬁ@@k%mkabmf
WDNAMIZIZH L TORMEHYNEE->EE X
6’5:753"6‘%6 UL U7RIN G, BRI AR
ETHDDIT, BEHITEFTRLEZL T/
‘J$‘/~A7&a}§1§%b, BELRINT RSN EN
S RSNBAMEIC /> /=, —J, DPPC (734 mg/kg)
H—mlaURY —ATIiEa> bao—)L EFRBED 106
% Cdh > 7. DPPC B—plks U Ry — LIIHEEBE
B (40°C) MKRIREK D HENWZOIARNAMIT T
FINROENETH 0, NAMBEKEEELIZ< <
Kokl ENBEZL5ND. 51, DLPC (620 mg
/kg) HB—RaURY —AICBWTIIEER 2% &
#E &R U7z, DLPC I3HHERMEE MKE (0°C)
THHZETMAT, RERITFEAEFELIRVIE
BHTh27=D, Ptz RUZTREE SV, £
HBHEOBRNISFEAENAERL, #RELTEOH
g, AEDRER IS NS Z & <EKNITE
FBLEEZRLUZAREEDEZE AN,

3. BEHBUYERORLDIEESFCTHEEREINDE
—mWa ) R —LOIENRAT T X(CHT B EBTIR
B B BHEIIEMNRNE 5N/ DMPC &7 )L
EMNFEC 14 T, SEEMEENRLRS Y ZF %D
DMPG B — kU R — LA KO A FA > HD
DMTAP B —p5r ) R — A2 DWW THEmMmEh 1 &
BEtL, #EE % Fig. 6 IR 2.

DMPG B — U RY —LADOEFERIZI > b
O—)V EFERD 106% TH D, HEMENRZE RS R

50 CT
o

40 50

Survival time (day)

Fig. 5. Survival Curves of Mice Treated with Single-Component Liposomes after the Intraperitoneal Inoculation of B16-Melanoma

Cells

@: Control, O : DLPC (620 mg/kg) (p<0.01), A: DMPC (678 mg/kg) (p<<0.01), l: DMPC (67.8 mg/kg), A: DPPC (734 mg/kg) . Six mice were em-

ployed in each experiment.
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Fig. 6. Survival Curves of Mice Treated with Single-Component Liposomes after the Intraperitoneal Inoculation of B16-Melanoma

Cells

@: Control, O : DMPG (689 mg/kg), A: DMTAP (590 mg/kg) (p<0.01). Six mice were employed in each experiment.
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Fig. 7. Survival Curves of Mice Treated with Hybrid Liposomes after the Intraperitoneal Inoculation of B16-Melanoma Cells
@: Control, O : DMPC/10 mol% C,, (EO) ,; (DMPC 678 mg/kg, C,,(EO),; 135 mg/kg) (p<<0.01), A: DMPC/ 10 mol%C,, (EO),, (DMPC 678 mg/kg, C,
(EO) 4 69.7 mg/kg) (p<0.01), M: DPPC/10 mol%C,,(EO),; (DPPC 734 mg/kg, C;,(EO),; 135 mg/kg) . Six mice were employed in each experiment.
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Fig. 8. Survival Curves of Mice Treated with Hybrid Liposomes after the Intraperitoneal Inoculation of B16-Melanoma Cells
@: Control, O : DMTAP/10 mol% Cy, (EO) ,, (DMTAP 590 mg/kg, C,(EO) 10 69.7 mg/kg) (p<0.01), A: DMPG/10 mol%Cy, (EOQ),, (DMPG 689 mg/

kg, C1,(EO) ;o 69.7 mg/kg) (p<0.05). Six mice were employed in each experiment.
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Table 1. Hematological Findings in Male Rats Treated Intravenously with Hybrid Liposomes Com-
posed of 90 mol% DMPC and 10 mol% C;,(EO),; for 7 Days

Sample Dose (mg/kg) RBC (x104/ul) WBC (x102/ul)
Control — 671.6+47.6 70.4+20.4
DMPC 67.8 656.4+19.1 92.4+26.3
DMPC 678 370.8+39.5 1149.6 +224.2
DMPC 67.8
DMPC/10 mol%C;,(EO) 710.2+23.7 87.6+11.1
C,(EO)»; 3.30
DMPC 678
DMPC/10 mol%C;,(EO) 242.2+3.0 1548.2+257.6

C(EO),; 33.0

Values represent mean=+S.D.

Table 2. Biochemical Findings in Male Rats Treated Intravenously with Hybrid Liposomes Composed of 90 mol% DMPC and 10
mol% C;,(EO),; for 7 Days

GOT GPT ALP BUN Phospholipids
Sample Dose (mg/ke) a/y 1/ U/ (mg/dD) (mg/dl)
Control — 72+4 15+1 456+ 150 13.7+1.2 124+12
DMPC 67.8 81+6 15+2 543 + 87 12.9+2.0 126+ 12
DMPC 678 85+6 18+3 493 +76 15.1t1.6 144 +£20
DMPC 67.8
DMPC/IOmOl%Clz(EO)u 75+13 16+3 406 + 88 154+1.7 137+£20
C12(EO),; 3.30
DMPC 678
DMPC/10 mol%Clz(EO)zg 78 +8 17+1 453 £ 54 16.4+1.5 151+6.0

C,(EO),; 3.30

Values represent mean=+S.D.

Table 3. Relative Organ Weight in Male Rats Treated Intravenously with Hybrid Liposomes Composed of 90 mol% DMPC and 10
mol% Cy, (EO) 3 for 7 Days

Relative organ weight (g/100g B.W.)

Sample Dose (mg/kg)
Heart Thymus Lung Liver Spleen Kidney
Control — 0.46+0.04 0.35+0.01 0.46+0.02 3.45+0.14 0.27+0.02 0.84=+0.05
DMPC 67.8 0.46+0.03 0.35+0.04 0.49+0.05 3.30%£0.13 0.34+0.05 0.84=*0.04
DMPC 678 0.49+0.02 0.27+0.05 0.58+0.02 3.74+0.07 1.29+0.08 0.93+0.04
DMPC 67.8
DMPC/10 mol% C,(EO) 53 0.43+0.01 0.29+0.04 0.47+0.02 3.46+0.13 0.33+0.03 0.85+0.06
C1;,(EO) g3 3.30
DMPC 678
DMPC/10 mol% C,(EO) 53 0.54+0.02 0.27+0.06 0.59+0.01 3.62+0.11 1.37+0.07 0.93+0.06
C1;,(EO) 93 3.30
Values represent mean=+S.D.
212k ED. A bO—VEENATY v REY o7z,
R —L#EGHICERZIASNT, U IEEST Table 3 i DMPC/10 mol % C;, (EO) 3 /N1 7V
DMPC TR S NS /NA 7 U v REYRY — L8 v R RY — N EFIRNRER S L7725 v b O
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470w REIYRY — L35 1 R TR AL R
NOFEEMBENICIIDIAENERL, ZOBER
M CHFREMANEICBNTOM® - @S Tns
EEAOGND, E£, MHBYFNHORE R E DR
BERANOZEREIIBRINRN o —F, Bl M
fig, MiiCBNTIXEEmEICE(bIT7s < Blgas12HE
BEINBWIZ ENHSMNTkR>7Z., Dl Z &n
5, EEIEEBREFEREGEREICBSHTRH SN
RETHDHZENHIEIZRD .

100
=
2 80
Q
£ 60
[0
e
o 40
(&)
8
§ 20
T ———¢
0 6 12 18 24

Time (h)

Fig. 9. Fluorescence Intensity of NBDPC Incorporated into
Hybrid Liposomes in Various Organ of Normal Mice after
the Intravenous Administration

@: Lung, @: Spleen, A: Kidney, l: Liver. [DMPC]=1.00X10"2wm,

[NBDPC] =4.40X107%m, [C,(EO),;] =5.49X10~%m, Excitation

wavelength: 460 nm, Emission wavelength: 534 nm.

] i

U 2 JEE & PEG RS HETE A 5 HERL S 3115 )\
ATy REYRY — LD T A R EM A E
(B16-FO melanoma) #MifEERENBAE < 7 2 IZxT
DIEMNRIZDONTHEF L2 ET A, ROLD HE
d S H AN S N,

(1) 7 IVEHEMN 14 THIED DMPC (678 mg/

kg) H—pkir R —LAEBHITBNWTAERE
R 248 % & WD THHE 7S IRIBEN R & ) & Tx
o7z, LML S, BENREMNICARERR
DTG F RIS 2 BN S ) &
7so7z. 7 IIVEEED 12 @ DLPC 13 # M 2R
L, $8E 16 ® DPPC 3> hO—)L &[T
Hol.

(2) T IVEHED 14 THEIMMEIL D 7 F A 1
®D DMTAP B —pksr U RY — A3 #HE Mz R
L, 7=2# > ® DMPGIZa> bo—)L & A
RTHoz.

(3) DMPC/10 mol % C;, (EO) 1, % " DMPC/10
mol% Cy, (EQ) 3 N 7 U w REIYRY — L
FEN$ G REIT B W TR IR IEa ) R 0e 5 1,
FFIZ DMPC/10 mol % C1, (EOQ) o3 /Nf 71U v R
B RY — A TUE 186 % DIEMEh BN S M &
720, HFEZRBERNTERBZERYRY — L
L C 2B OGN /RS S Nz,

(4) DMPC/10 mol % C;, (EO) 1, % " DMPC/10
mol % Cp, (EQ) 3 N 7 U w RELY RV — A
1%, FNFENEL 70nm, 100 nm Fif% T 438
MU EIEEITHEH-TLRETHD I ENHLNE
2o,

(5) DMPC/10 mol% Cy, (EO) 53 /N1 7 U v R
URY —LDIEH Ty &AW RERGHE
MBS, RE, Mk, S ER, F
BT RICBWTRERERD 5N @m0 e,
BAfE E7e o7z, 51, N7 Uy REYR
V— A%, RNERERER S, FEiCB0n TR
BMINLETHD I ENWHMEITIE- -

LEDEXDIT, 7 2IVEHED 14 THRIED DMPC
& PEG R ALHEIEMEA] Cip (EO) 1o & UF C2 (EO) o3 D
585N\ 7Yy REYRY —AIX, AT/ —<Hi
faf it~ ™7 2%t U CEE R IE M 2 /R 2 &
BAfEE /x> 7. NA T Uy REYRY —AL in
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HL, 7R AZFETHILEIM 707 1
VAA—F =12 ETHERL TN, 1519 In vivo ITH
WTHNAL T Uy BB RY —LDBDIREITED
BT LT AR b= X 5 &4k 2Nk
BN S & 5 R IIEERIC L 0 BHE R MR R &
R ATHEME BRI I Nz, 51, EMBREROET
VB % B W TR 4 OIEEITT B IEmE R E AT
ZALEHEET S,
PRAEIEZEERANA Ty REIYRY —LD
HERANT, AT/ =B~ A1 L THER
FINAEZRL, D, EHTY MWL THESE
PETEWER D720 &0 D B 525k OfE I35 [E1234)
DTTHD., INETIABVWEIHLVWY 1 T OH
BAIEL TR TESEE5 X5,
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7= R CERER PR R 258 BT I ZE T D /N B VA 18 T OV
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