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Experimental Study on Treatment with Local Hyperthermia and
Temperature-Sensitive Liposomes Containing Adriamycin

Toshiya HORIBE, Jyun SANADA, Yasuhiro MIZUGUCHI, Yasuo MIZUMURA,

Syuuji NIKI, Mari IDE, Kazutoshi ONODA, Kazuhiko MIWA, Hiroyuki OHNO,

Yasushi SHINOHARA, Takashi KAWAI, Hiroshi KAKUTANI, Tomoyuki SEKI,
Teitetsu NIIDO, Takashi YAMADA, Hajimu IKEDA and Toshihiko SAITOU

(The Fourth Department of Internal Medicine, Tokyo Medical College, Tokyo, Japan)

The antitumor effects of temperature-sensitive liposomes containing adriamycin (ADR-Lip)
combined with local hyperthermia were studied using tumor-bearing mice. ADR-Lip which release
the drug at 42°C, were prepared from dipalmitoylphosphatidylcholine (DPPC) and distearoylphos-
phatidylcholine (DSPC) (DPPC:DSPC=9:1 in molar ratio) by the reverse-phase evaporation
method. Colon Carcinoma 26 cells (1x10° cells) were inoculated subcutaneously in the hind feet of
BALB/c mice. When the size of tumor was approximately 8 mm in diameter, free ADR or ADR-Lip
was administered intravenously. At 5 minutes after administration, local hyperthermia was applied
to the tumor by a radiofrequency hyperthermia apparatus at 42°C for 20 minutes. The ADR
distribution in the tissues and tumors was measured at 0.5, 1, 2, and 6 hours after the treatment by
use of HPLC. The antitumor effect was evaluated by the tumor growth rate and the survival rate.
The uptake of ADR-Lip in liver and spleen were greater than those of free ADR but the putake was
decreased in combination with hyperthermia. The higher accumulation of ADR in tumor with the
combination of ADR-Lip and local hyperthermia was maintained higher than with free ADR. There
was no significant difference in survival rate but a significant difference in suppression of tumor
growth in mice receiving the combination of ADR-Lip and local hyperthermia, compared with
groups receiving the other treatment. The drug delivery system in the combination of ADR-Lip and
local hyperthermia is expected to be very useful for antitumor therapy when applied clinically.
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2. HEH

FEAEIEE 13 N-methyl-N-nitroso-urethane F¥ 2
kOIS & NI~ v AR EAEMERIERE TdH % Colon
Carcinoma 26 fifi@ % {EH L 7.

3. BEEBTT IV OIER

U AKERE T TR L @B 2, O
A Giavazzi 52 D FiE (EEFEE=REXE
F2X1/2) 1T & B HEIEEHS 200~300 mm?® 1 FE L 7z
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phosphatidylcholine (DPPC, HZH#fE) & Distear-
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Fig. 1.
liposomes containing adriamycin

Preparation of temperature-sensitive
(ADR-

Lip). DPPC: Dipalmitoylphosphatidyl-
choline DSPC : Distearoylphosphatidyl-
choline

7o, PUEFIE LT FU T ~A v (ADR, WHAIFE
BET2E) ML,

5. ADR HHABESIE!) R/ — LDOFAR

DVARY —20FE I, HERBEREE (Liquid-
crystalline phase transition temperature: Tc)
41°C» DPPC %#HEZA Iz Tc 54°Co DSPC =AW T
WHZEFEEY I X DT> /2. HEE 40 gmol (DPPC:
DSPC=9:1, molar ratio?®) % 50 ml @+ A&~
Z A a1 T chloroform Z¥EfREE, 1A% RERSE
LIEEOEHE 2R S i, JICEREE  (iso-
propylether : chloroform=1:1) 3ml 2Nz fEHE %
WL, DL TTEBERRICEREL 7 ADR (17.2
mM) 1ml 20z, NAEY =4 —5 —T 10 7
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S>7. IHEFZEO0.2 um @D polycarbonate mem-
brane (Nuclepore #) THZZ TS L, FEHAERK
TY4F L7 Sephadex-G-50 (7 7 )V~ 7%k) 7
SARTHFVEBL, VRY —sRNIZHEHALTL
ADR ri#EED ADR %248 L 7z (Fig. 1), Z Ok
WLTHEENT R 7~ A v B ABBRZNEY
KV — 24 (ADR-Lip) @ ADR # AKX 20~25%
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Rz,
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FEHJE Donryu 5 v hIZ ADR B (LT free
ADR) %7:1x ADR-Lip # ADR & & L T 5mg/kg
ZAT I VBT ICEEIRE D R5L, 5, 15,
30, 60, 120, 180 43212 T AFRIR & D ££1M, 3000 rpm,
30 43I D OSBRI TIME & L, mdligfgr o~ b
777 4 =39 (HPLC #) 12XV ADR % H#l
FE L7z, i, free ADR #5838 X ° ADR-Lip #&
5#i3zhzh n=30 £ L7,
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Fig. 2. Temperature dependence of adriamycin
(ADR) from a suspension of liposomes in
saline.
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1) EEELSHF 8 mm 2k > 72, 2> b —
Vo (BEIEET) B, IREAEIEE, free ADR ONNREE
B X UIEIESE, ADR-Lip OIEREB X OCJENIERE
D 6 BT T (BEn=10), FEEi3 LHEEDHE
THEHRETo 7. DEBMROBRSIIEE 2 8EE
DX HEEIETEER GRERTO BB AR I3 218
BREOEGEBO LR, EEEE=REXEE X1/
2) BERUEFEE 10:EMOBEHE) cLh Bk
272,

2) EEC6BFOA, REVEIMEE & ADR-Lip IiE#E
OHRREE % 30 5312 L2 RS0 E I X 25
fEBZhE DOfE & ADR-Lip #0D ADR &% 2 f£0D
10 mg/kg 1 L7235& OFUEELIROMET 2B L
2,

5. ftEtsnE

ADR BE B & CMHNHIIEEEER OB EERE
W tHREER b - TTW, p<0.05 2 BEZHD L L,
£7FEF1F Kaplan-Meier &% & O—f#{t Wilcoxon
RIS TR ERICALEE L 7z,
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DIRIRE 36~38°C CTOMEEIE5.0+£0.2~10.0%
0.3% &AEh - 72h3, 39°C TI3HHIEE 28.0+0.6%,
40~41°C TORHIEIZ 86.0+1.0~90.04+0.2% &
BMEREEE R,

2. MK+ ADR BEDERMNZEL

free ADR B W TIZHEEHS 505 3055% T
ADR 13 2.14+0.15 ug/ml 5 0.07+0.01
pg/ml & EGRIZEA L, Z LI 180 43 % T ADR
MBI 0.0410.01 wg/ml EFERICHA L 2 HHED
ERRZE (LR R LTz, Zhics LT ADR-Lip Tl
ADR BEEDHA 3G 5505 60 43 F T 32.15
+0.82 pg/ml 75 23.23+1.10 pg/ml ~ L FEFIZ
BT, 5% 180 HIcBWTH 17.0+1.38 xg/ml
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Fig. 3. Time dependent distribution of ADR in
blood after the administration of ADR-Lip
and free ADR to rats.
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— 461 —

THD, free ADR EHARTIZZ I EWIEE 2
B L Twi (Fig. 3).

3. NS L UESBA ADR BEDIRET

LD ADR I 6 FFfEItRI1IC B W T, free ADR
DIREEH 3.240.4 ug/g, FEMEFEL 3.3£0.6
ug/g, ADR-Lip ONIEEEDS 2.3+0.4 ng/g, FENNE
BN 2.610.6 ug/g THY, Fififio ADRIBE D
6 BRI IC BT, free ADR OfIREESY 4.6£1.7
ug/g, JFENMEEEA5.341.8 ug/g, ADR-Lip D&
B3 2.8+1.1 pg/g, FENNREEN 2.941.1 pg/g T
HY, L0 4 BRI RIFAIC AT O EREZ
Wimotz, —7, Bl 5 ADR EBE RS
#3051 BT ADR-Lip OHIEEEAS 21.6+5.2
ug/g T, free ADR ONIREEHS 17.942.3 ng/g,
FENMERESS 19.5+2.0 ug/g TH D IHEIIZZE
o S o7z, ADR-Lip OFEMNEEED ADR
PEREIX 13.05+5.37 ug/g. b 2D IFECHBE L TH
B (p<0.05) i{Eh» o7, L L Z IR IZFRRFRY
W ABMIcERRL s o7z (Fig. 4). fNE
2DV LD TH 5 FHEIC BT, ADR-Lip D IENIE
D ADR ¥ 1L free ADR ONME, FENMEELICLL
LT, BE5% 1EMT25.2+44.8 ug/g, 2 FERIT
25.84+4.7 ug/g, 60 T19.1+2.5
ug/g ERREFRIICAERE (p<0.05) W&E» o7z, ADR-
Lip OWNiE#E D ADR EE X Z OFEIMERICHL
T, 5% 2 BRI T 18.313.7 ug/g, 6 KT 10.9
+2.4 ug/g LEFFRIICERE (p<0.05) WZ{E» o7
73, free ADR ONIE, FENMERE L 3854 1 K
©23.8+4.8 ug/g, 2HFRIT18.3+3.Tug/g £H
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Fig. 4. Time dependent distribution of ADR in tissues (heart, lung and kidney). ADR-Lip and free ADR
were i.v. injected into mice with or without hyperthermia. ADR concentration in each tissue at 0.5, 1,
2 and 6 hours after injection was measured by HPLC.
O :free ADR, @:free ADR+heat, & : ADR-Lip, a: ADR-Lip+heat ¥p<0.05, as compared to free

ADR, free ADR+heat, ADR-Lip+heat
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Fig. 5. Time dependent distribution of ADR in RES (liver and spleen). ADR-Lip and free
ADR were i.v. injected into mice with or without hyperthermia. ADR concentration in
RES at 0.5, 1, 2 and 6 hours after injection was measured by HPLC.

O:free ADR, @ : free ADR+heat, & : ADR-Lip, a : ADR-Lip+heat
#p<0.05, as compared to free ADR, free ADR+heat
¥ 3%p<0.05, as compared to ADR-Lip+heat

B (p<0.05) CE»o7z, HAKROL IV EDD
FE o fggs T b 2 Mg T3, ADR-Lip OIFENEEED
ADR #E1Z free ADR OINE, FEMEEICHEL
THRE5# 30 43T 38.9+£23.9 ug/g, 6 BT 62.5+
7.7ug/g ERERFNCEE (p<0.05) W@E» o7z,
ADR-Lip OHEFED ADR EBE X% OIEINREEC
LT, #5%305T22.0+6.1 ug/g, 6FERT
20.1+3.8 ug/g LIERFHNICEE (p<0.05) 1{E»
27248, free ADR DOINR, FENNEEE L 9 2 &
BRFFICER (p<0.05) HE» -7 (Fig. 5).

FEEIC 5\ TiE, ADR-Lip OMEEED ADR ¥
S free ADR DR, FENIBEES & 8 ADR-Lip
DIENBEBED 3B L B L T 5% 305 T6.3+
3.0 ug/g, 6RFEIT3.122.2 ug/g LEBHNCEE
(p<0.05) IZE» -7 (Fig. 6). ADR-Lip ImEEE
DOIEEE (INERER) 2EZBE O EBNIEE
BT 2 &, INEFH 304 O ADR-Lip oD
ADR ¥E I3 5.3+1.6 pg/g & NMERFRH 20 2 D #
WCHLUTEE (p<0.01) & -7 (Fig. 7).

4. PEBSHROKRET

ERERLAE 2 AR B O R EEEERIE 2 v b
O —)VEE ERERE) $923.33+9.70 TH L DITH
LT, BEEMEEIZ 15.98+4.31, free ADR OfIE
BB X UIEMMBERIZZ L2 11.99+4.21, 15.31+
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6. Time dependent distribution of ADR in
tumor. ADR-Lip and free ADR were i.v. in-
jected into mice with or without hyperther-
mia. ADR concentration in tumor at 0.5, 1,
2 and 6 hours after injection was measured
by HPLC.

O :free ADR, @ : free ADR+heat, & : ADR-
Lip, a : ADR-Lip+heat

% p<0.05, ¥ ¥ p<0.01, as compared to
free ADR, free ADR+heat, ADR-Lip

Fig.

1.64, ADR-Lip OJmEEE S X UIEIMREEIZ T2
2.834+0.66, 13.52+3.57 L {REHMNEE (p<
0.01) iZ{Bo Tz, & SIZiREREDMN, ADR-Lip @
TREEDMD 4 BFECHER L TEE (p<0.01) i fEh
-7z (Fig. 8). X, JMERFE> ADR E0DEWIC X
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2 EEEEROE IS S o7z (Fig. 9). O 2HEMICEERERRO 51T, £/, ADR-Lip

EHERICBLTIZa Y bo— (EEER) YR OFFINEBHOEFEERICE VT, ADR B 5 mg/kg B,
ERICEERERED b5 728, ADR-Lip®  ADR # 10 mg/kg BED 2 BHEICEBELRZRIRD 5
NEEEC ERAEEEIR D s e (Fig. 10). \®E hied-odc (Fig. 11). ADR-Lip (10 mg/kg) 20 53
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Fig. 7. Effect of heating time on the distribu-
tion of ADR to tumor after the administra-
tion of ADR-Lip. ADR-Lip were i.v. injected
into mice with hyperthermia for 20 minutes
or 30 minutes. ADR concentration in tumor
at 1 hour after injection was measured by
HPLC.

A column with a vertical bar represent mean
value and SD of the mean, respectively.

#p<0.01
L 20f l l L 2f
L i
=3 =3
£ wf £ nf
heat  heat ADR-Lip ADR-Lip
(20min) ~ (30min) (5mg)  (10mg)

30

20

ok

Control  heat free ADR free ADR ADR-Lip ADR-Lip
+ +
heat heat

Fig. 8. Tumor growth rate 2 weeks after

administration of ADR-Lip with hyperther-
mia as compared with the treated or the
untreated control. Tumor growth rates were
expressed as the ratio of tumor volume after
treatments to volume before treatment.

A column with a vertical bar represent mean
value and SD of the mean, respectively.
¥p<0.01, as compared to heat, free ADR,
free ADR+heat, ADR-Lip, ADR-Lip+heat
¥ % p<0.01, as compared to heat, free
ADR, free ADR+heat, ADR-Lip

1

20

Tumor growth rate

—
=3
T

[1 ] [

ADR-Lip ADR-Lip ADR-Lip
(SJTz) (10mg)  (Smg)

+ +
heat  heat heat
(20min)  (20min) (30 min)

Fig. 9. Effect of heating time and ADR dose on tumor growth rate 2 weeks after the
treatment. Tumor growth rates were expressed as the ratio of tumor volume after

treatments to volume before treatment.

A column with a vertical bar represent mean value and SD of the mean, respec-

tively.
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ImEREE L ADR-Lip (5mg/kg) 30 5 IMEEED £1F
# 3 ADR-Lip (5mg/kg) 20 ShImEE bR LT
BE (p<0.01) E»->7 (Fig. 12).

V. £ %=
VRY —AZIRE _EEO/NMNIETHES Lz A

O———O Control

& — ——0 Heat

S——A [frsa ADR
ADR-Lip

A —a free ADR+ heat

o———0 ADR-Lip + heat

100

(<)
(=]

Survival rate (%)

i 1

0 10 20 30 40 50 60

70 day

Fig. 10. Survival rates of tumor-bearing mice
treated with no therapy as control, hyperth-
ermia alone, free ADR with or without
hyperthermia, and ADR-Lip with or without
hyperthermia.

o—o heat (20min)
a—a heat (30min)

100
L

o
o
T

Survival rate (%)

s L i

HE B R ¥ M R

Survival rate (%)

020 30 40 50 60 10

days
Survival rates of tumor-bearing mice treated with hyperthermia alone for 20

Fig. 11.

E2EEALS

TITETHY, EEEET VDD WIZEREEIR &
L THAMIEER S h, FIo3EY = Eroiiia s Es
Fx ) 7=t LTEZENCRHT 2R AT AT
bHTE, F¥ V77— LTDYRY —LIFEX
DEY) % Z OYIHEFRIEE L U THAKE & 72 138
HICHAT 5 Z EMNARETH D, HASNLFEDD
FKIEZHE, &5 EMBEOEEDOBER AR T
&5, $VRY —LBEEITEFERROIEE 2 H
WTWBDTHMELEIREELTES AL TY
589, ZOEIBFEED DY RY — LD SS
3 ) VIEEE, ThENEROHERBE LSS
LTHY, #lzi3 dipalmitoyl phosphatidylcholine
(DPPC) X 41°C, distearoyl phosphatidylcholine
(DSPC) & 54°C, dipalmitoyl phosphatidylglycerol
(DPPG) 1% 41°C, dipalmitoyl phosphatidylserine
(DPPS) 14 51°C TH V , REHEE OMHERIRE X %
NZNIEEOERLFIELSIC L > THESNIZRE
LI E 25, DEDELXOREOMEERIC X
D, BECTRETHALLERRRHE T Y
RY — L ZFBT 2 LIEARETH S, DL %
BUREZM) KXY — 2 BRI s A L0 2 5
S nid, BB RERMRENC & D AR R E L
LIRS 2 2 ik D )R Y — 2B TH
% [ & @ 5 B 7 VD S e TR RS
L, #HALLTUERIIRL s h, EERIAOTE
FIOBIRWERBNAREE 25, VRY —2 13 ZF 0O
BET multilamellar vesicle (MLV), small uni-

lamellar vesicle (SUV), large unilamellar vesicle

o—o ADR-Lip ( 5mg/kg)
a—a ADR-Lip (10mg/kg)
100

(=2
(=]
T

-

1020 30 40

5 60 70
days

minutes or 30 minutes, and ADR-Lip at a dose of 5 mgADR/kg or 10 mgADR/kg.
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o———o ADR-Lip (5mg/kg) +heat (20min)
A-——---a ADR-Lip (10mg/kg) +heat (20 min)
A -—a ADR-Lip (5mg/kg) + heat (30min)
100 T

A

= 1.
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Z 50 4

P R (N  ————
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Fig. 12. Survival rates of tumor-bearing mice

treated with ADR-Lip (5 mg/kg) plus hyper-
thermia (20 min), ADR-Lip (5 mg/kg) plus
hyperthermia (30 min), and ADR-Lip (10
mg/kg) plus hyperthermia (20 min).
%p<0.01, as compared to ADR-Lip (5 mg/
kg) +heat (30 min)

¥3%p<0.01, as compared to ADR-Lip (10
mg/kg) +heat (20 min)

(LUV) o 3fEfEIcEEs s, 2D 55 LUV
WEHNRERC 80 2 BYIMHEOMEN R L E L, B
FHEIVRY —LELTRETHS, ZhIHLT
SUV 3 EYRFFNERNME L, BEEX T T3 72720
BEREESMELS, MLV & R LET, 2
JEV IR FEERERE CEEY R U T 5 7c OBV Y R Y
— AL ELTREHRETH B9,

KW TR, LOWHEARI V7 LEFT 5
ADR %\, DPPC & DSPC # 9:1 QEI&TH
MRFRRCLVAKLL LUV OV EDTH D
REV (reversephase evaporation vesicle) CHaf L
e,

in vitro TO ADR-Lip OEBERHIZ O W T
39~41°C ORI CRBURIEEE2RL,41°Cl2 BT %
ADR DHIZEIX 86% TH D, BEHEEHFEICH
S BIERED 42.0~43.5°C ThH % 0 T, BEA LA
EREEERELTWS, £/, in vivo XBUT D
ADR-Lip OIMi&d o fERFH % ADR EE X free
ADR EHARTEZ»ICEL, EEERAIMEL T
ADR % EBICERS L) 2 TCHIREEREER
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