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Abstract

The anticancer chemotherapeutic agent cisplatin (cis-diamminedichloroplatinum) has several
disadvantages, including extreme nephrotoxity, rapid binding to plasma proteins, and poor penetra-
tion into the central nervous system. Liposomes would seem to be suitable as carriers of cisplatin to
brain tumors. This ultrastructural study was undertaken to identify the capillary permeability of
liposome-encapsulated cisplatin in a rat brain tumor model. Brain tumors were induced transplacen-
tally with a single intravenous dose of 50 mg/kg of ethylnitrosourea (ENU). One m/ of liposome-
encapsulated cisplatin and ferritin prepared from phosphatidylcholine and cholesterol (molar
ratio 7:2) was administered via the carotid artery to rats with ENU-induced brain tumors. The
tumor platinum content and that of the contralateral hemisphere were assayed by flameless atomic
absorption spectrometry. The presence of ferritin-bearing liposomes was demonstrated by elec-
tron microscopy of brain capillary endothelium as well as tumor cells. Thirty minutes after drug
administration, the average dry-weight platinum concentrations were 3.98%0.50 ug/g within the
intracerebral tumors and 0.72%0.24 ug/g in the contralateral hemispheres. Electron micro-
scopic ultrastructural study, which can distinguish ferritin-bearing liposomes from cell materials,
demonstrated the presence of liposomes containing ferritin in both cell surface folds and capillary en-
dothelial cells and also within tumor cells. An enlarged electron micrograph of a liposome with a
diameter of approximately 0.2 um suggested the presence of ferritin molecules in the lamellar struc-
ture. Liposome-encapsulated cisplatin is apparently able to pass the blood-brain barrier and should
be useful in the chemotherapy of glioma.
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1. ENUBRI/UA—<TF b

FE14H B O Wistar £ 5 » P27 A2 /T pH
7.21Z 3% L /2 N—ethyl-N-nitrosourea (ENU ; ¥F{L2¢3E
m L3, H#ER) %50 mg/kg B#IR X DIEA L1z, ABGCH
RAEE XD ER 4 » ADH6 » FETOFT » 120
EafR e L.
2. VRY—LBALRTFF> 7z F o (Lip-

CDDP - FT) DFH

IR A i L 72 phosphatidylcholine 30 mg, cholesterol
44mg(EREALLT7 D& 7o nhLl L imliCERL,
BET TSI TUREO#HBELFRLL. Zhi
CDDP 0.5 mg/m/ & 7 = ¥ F v (FT) 10 mg/0.1 m/ (& B
Rl=—n—; v 7=, vt ) 2REAL, BHEZ
BlOL, (FHE-TREYEORL, BOSEELL
ARKEMz Clml &L, £&ERE ) E Y — 4 (multilamel-
lar vesicle) % fESL L 1c.
3. —MER{E

ENUBFHE 7 )+ —<7 , F20EOEEEFIRDNEE
k& b, FBLE48EEILIPY D Lip-CDDP - FT 1 m! %A
Liz. & OFE, pterygopalatine artery & /BB IR 1345 %
L, BEANERCEA I, 307 BB OEMT
7 & — VEER CERBEER TV, EE & IEES G
MEOVEB AR L. — L7 7 FRERED DD
RpLE Lk, ArrsvaclsZEBEAERT, HKkEE
MU, BEUTAFERL, —8IREE, REERY 7 =
v s YERRCTERE LL. Y7 REGEMEI
BAAAr s oA - SEF M) - X2HEEREL, EFR
HE R THRIE L.

I # R

. 775 TRE

Lip-CDDP @ H{ffiffl5£%, Lip~CDDP - FT 1 ml % Ifi
BRI CIEEL, L CDDP D7 57+ BEXET
WY CHIE Lz (Table 1), SHRUEDFY 755+ BE
1328.3 ug/ml TH 712, Lichi» T, CDDP DF AZHE
115.7% TH -~ 1c.

Lip-CDDP - FT 1 m/ B)iE305 % OMBA 7 5 5+ BE
W, 7T RR D TR TIEES3.98+0.50, FERES (R ER)
0.72+0.24 ug/g dry weight TH - 7= (Table 2). L7223
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T, BEFABHTERCERE TH -1 (p<0.01).
2. BEMR
Fig. 1 i Lip—CDDP O negative stain # T, B &0.1~

Table 1 Platinum concentration of liposome-encapsulated

cisplatin
Sample No. Platinum concentration (ug/ml)
1 14.6
2 44.0
3 26.4
Average 28.3

Table 2 Platinum concentrations in tumor and in the con-
tralateral hemisphere

Platinum concentration (ug/g dry weight)

Animal No.
Brain tumor Contralateral hemisphere

1 5.56 0.82

2 3.33 0.72

3 4.35 0.53

4 3.70 LTS

5 4.00 0.30

6 2.11 0.92

7 4.81 0.06
Average=SD 3.98+0.50* 0.72%0.24

*Significantly different from normal (contralateral hemisphere),

p<0.01.

Fig. 1 Electron photomicrographs showing typical multi-
lamellar liposome-encapsulated cisplatin. Negative
2% potassium  phosphotungstate.

staining  with
Bar=0.2 ym.
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Fig. 2 Electron photomicrograph of an ethylnitrosourea
(ENU)-induced brain tumor specimen after injection
of liposome-encapsulated cisplatin and ferritin. Lipo-
some containing ferritin (arrow) can be seen in the
cytoplasm near the nucleus. The specimen was ob-
served without contrast staining. Bar=0.5 ym.
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Fig. 2 EB MBI ok BT, BEEMRAAD
Lip~-CDDP - FT © FT 2B S h T, —7,
TEY A T3 Lip-CDDP - FT AVEE M8 P9 & HEh L
THIRAERLHELT VBB E vesicle JIKIR DA E R
T B2 L5t (Fig. 3A). D\ CESMRAICE »
RERLELTCABEBEBEMRENCR D AThIR
nabi, ZhboBirvTFhb @ik L b FTBtko
SEBYEY A THDZ EnHERSh (Fig. 3B, C).
¥, Bhi)#HY - A bLHH LESERO FTRTLE
EIhi(Fig. 3).

Ll k., Lip-CDDP - FT i [& % (i & I B © pinocytotic
vesicle P9IZ % 3°EX 0 3A % 11 C abluminal I BE) L, TH
Bl 7r basal lamina # B L CEEMBERNCRAL, —
AR NBRE, BRI bEEL V. mEREMRaED
junction I IXBEHEX A LN, I EEMATHBRIARDR
fehs ot

N % £

. ENUFRT7 Y M UA—VOEENECOVLT
ZELIERMEF T L LTHVOhEZ EDE
ENUFHET o P 7 VA —< L LMEABET » » 7V +
— < DEFNEMRAREDE CZEHRBEL, 7V A
—<MmEE B LRE LY. ENUFHT » F 7 )4 —
~ T REE ME MBS, surface infolding, pinocytotic
vesicle % vacuole DHEJN, perivascular space DILEKH % 5

Fig. 3 Electron photomicrographs of ENU-induced brain

tumor specimens after injection of liposome-encap-
sulated cisplatin and ferritin. The specimens were
observed with contrast staining. A: Liposomes con-
taining ferritin in a surface infolding (arrowhead) and in
the vesicle (arrow) of a capillary endothelial cell.
Bar=0.5 um. B: Liposome containing ferritin (arrow)
attached to a tumor cell surface. inset: Enlarged electron
micrograph of the liposome. Bars=1um and 0.2
um. C: Liposome containing ferritin (arrow) in the
cytoplasm close to the organelles. inset: Enlarged elec-
tron micrograph of the liposome. Bars=1 pum and 0.2
um.
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M, 0P BRI 12 luminal %> abluminal {81z BEBE
%R H R X ¥ X F O tight junction ¥R, v I
HIETIL 7~8 4D strand & D B % tight junction % 22,
pinocytotic vesicle (3 F1#18/um? & Hhn L T fo212.13.20
—77, OLMfaBHET » + /) A -~ TRESNTIER
10um DL EDOHEHIARO L 00 %<, FNEZIFFLL,
FEPTIZ fenestration % g8.8>, perivascular space 335 B I ¥ii
KLU T/ MEPN AR O junction 1, BHED 5\ T
BELTVALO, BIL TV 530K ESE Il
Abhile. V7V AETIMENRICEHD fenestration
DEFE L THFE L, pinocytotic vesicle 3 %) T23/um? &
B L TV fe 2y, tight junction (TR TE e ot T
febb, ENUFHET » b 7V 4 —~ Tl tight junction %
A L, fenestration {375 <, pinocytotic vesicle D & i X
hIMEFAMETEY 2 LTk, v 7Y+ —~EFm
FLHEUL T, L L, BERRCRERSS.

ENU#F# 7 » b 7' ) 4 — =ixF & LT oligodendroglio-
ma TH 50, BEOHEKITH, —iL ependymoma
#15 < astrocytoma R [EE % B 5 anaplastic glioma T
BB L&KL, astrocytoma L 9 L1y L A oligodendro-
glioma <% anaplastic glioma D EFRE T L L LTHDOE D
EFONEY EBbhcb 7R, T, —~EOKEXOES
RUEET L ENTE LD, REMHRHEE T VICH
bRz ENSVCILMIBIET » F 70 A—<ik, et
metastatic brain tumor & [Al 4% BB & A MR tight
junction (X 7g <, %/ fenestration "FET B Z L L hFE
BB EMTHEY TN EEL bR, Lkh-T,
ChLDERBMEE € 7 A AT 2B BTG UT
BT s - EDFETHS.
2. Lip-CDDP [CD\\T

CDDP i1 HifEE A+, E4B(HE) ¥ BA KM DX
AThHn, BREZ )+~ < x L Tinovitro T WTOR
MR R LB T B8990 in vive 1T 36\ TR IM R RS
Fla sl Loie <, FUBBMR+5 Tiu3nee ¥
fo, BEMIE<, FEOFNHAHE L Vv B, R
A=A, FAREF PV T A, RAKRTAL Y V)RRED
RTVBHA, WTFhLERLIEETH Y, BRIIIIK
SEBNMTbhT\5., 22T, EEZHXCDDP % V) &
V= ARHEHATHZ L X - TMEMEEM Y@ L, BHE%
lz, REDREYEDLZEXYHNELT, BEM 7Y F
~ < ixt4 % Lip-CDDP B O X BRI Ex T - T
7,45,10,14,23,24)

AEB T, fEBHOBEREHB~OBITVERETHS
EDBEND, FUIEEH O MKES ME BB OWT,
LipCDDP - FT# ENUZFH 7V 4+ —~<F , FEEL
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TR LK. 20RR, BEERCmERE, HNEMRO
vesicle % & 0 basal lamina O AMiliC V £ Y — A )T
HIERWER LI, 0 ki, &Y BB L CHIEES
DEE M ~ElE T 5 REOBE LB Lt d 0T,
FIES DL EREORECE R ER LY RBT LD L E
5. THIL, FICHEETALITFETH AL, ILfIlaBE
5HBD 7Y +—=<F, b &AL, CDDP 1 ml/ (0.5 mg)
#IERE & LipCDDP 5m/ (0.14 mg) #IE B T 2B #% 0
BEANT 77 rBEYRETREETHELLE Z 5,
CDDP #EH CE, I, MoHCEEETH DT
%t L, Lip-CDDP &HEB T2, IF, BOIETH - 10,
L7zhv o T, CODP OB HMIIBFIE T X o n, Hic
- BEEOHRFILLEL -7, CDDP IXFOEMA
AHERCIFEYE 2RV EEDLRTVAR, RILhAE
BIREAIC L H CODP 5 EH D7 Lizh, 600
DY FRY - ARBRMEATSZ LIC L - T Lip-CDDP ®
R RERE T e, 7752 L EDTENNETH
5.

YARY —rIKEL, BOLEE, BEREOMR, KE
HOBWME2 5 LiICd b, BEDEECHR Miac
FREL RIS LB THS. KERICAVLSE
BV &Y — 23k ) # Y — 4legg phosphatidylcholine
(PC) +cholesterol (CL) ; =4 H7:2)Th bH, CDDP
ARL5IHLEL, 70 F —<HADE DAL KD -
fo. VAERY - ADBBRBSEOMKRREETHHH, £+
CDDP H#ARAY ED LD IEERDH B /NS o~
Y 7K Y — A (small unilamellar vesicle) ¥ fE$lehTH 2. *
o, RVAY —s&i3flc, BUHREY £V — 4 (PC+
CL+stearyl amine ; £V 07 :1:3), BHAEEY £ —
4 (PC+CL+ phosphatidic acid ; €A H 7 11 3)k X VY&
WG E) M A B o ) # Y — A (dipalmitoyl PC+CL ;
EART DRABRL T 7Y F —~HADOE Y AL w3t
Lz & 2 5, dipalmitoyl PC+CL YV K Y — a2 % - & 3
B, O3B TREBEEN Lo, SHEMCKRE L
TS TFETHS.

V ¥ & 8

ENUFHE /7 V4 —~F , bicxt$ 5 Lip-CDDP - FT
BEwc LY, CODP ZEEABNCBEE BT L.
T huk, BB MmE A B MBS O pinocytotic vesicle D A0 &
{EHEAbIC X % Lip-CDDP - FT OB 0 AR THED 120 & %
Zbhi:.

ABERL, XHEREHRBRFD S (24 #FIHFF60015076
AV TThhi.
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