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. ABSTRACT s . »
ro. The two ﬂajor ob;@ciﬂves of ﬁhﬁ@ proaect weple: tg&w o, e
.improve ﬂiposome encapsu]at1on of tr1amc1no1one acet0n1de &

A
a
.

- (TRMA) and, to dévetop and eva1uate chem01nmuno11pnsomes° . R
using methotrexate 1% as a nodeT _drug. %f" Lo ?

Formu]at1ons and .methods of prep&ratvon were varied £o . 5““!§5i
overcome the poor encapsu1at1on of IRMA with 1§ft1e B . -

! success.. High encapSu]at1on of TRMA in 41posones was = e

_; finally achleved through chem1ca1 modification. A new T o
der1vat1ve, t&MA 21-palmitate (TRMA-P9, was synihéswze ARy -

. * using a . J procedure which r%§u1ted dn high ya&Jd and :7?\\*>\\;“ (

.n,u_ o " ~Z.

’ur1tyi Encapsulation studﬂes reveaﬂedvaﬁmost compﬁete P

L .

incorporation of TRMA-P into 1iposomes. - . : o
- in the second part ofthis investj@a??sﬁ,;MTX was .° % -
) eﬁtrapped in liposomes by.reyerse phaseg evaporation. (REV)D oo 8

and by sonication method (SUV) A new lipid derivative, " N
N-[3-(2-Pyridyldithio) brop1ony1]steary1am1ne £PDP SA) % was e .

fa syn%he§1zed and used successfully,hfor COV@lent coup11ng of &

antibodies to 11posomes. In v1tro evaltation” of REV MTX $“ LR

11posomes against - IZL4 1ymphoma k1dney carc1n0ma (Cak1)

and melanoma»(MZl) cell Tlines-showed, reduced effect1veness g ®

of MTX entrapped in 11posomes. Coat1ng anti-EL4fglobu11n . o

&
4
e

3

“did not 1mprove the efflcacy of MTX Tiposomes aga1ns¢ EL4 s &
) cells. The 1ntewact1on stud1es with me]anoma cells ﬁhdwed as e ?
- @}1ncreased b1ndﬁng of REV and SUV .MTX 11posomes when coated rJ? . fﬁc
g wWi1th IgG. However, spec1f1c binding “of targeted 11posomes ’ R
o could not 'be substantiated. s, s -

v,

. JIn the in vivo evaluation aga1nst mur1ne EL4 P ’ )

Iymphoma, MTX enirapped in REV 11posomes showed a marginal
8 improvement in tfie survival time of tumor bearwng mice. 20

Coating the 11posomes with antibodies did not’ 1mprove the

°

T efficacy of MTX 11posomes. Dverall, these results seem fo .
. “indicaté no beneficial-effect of® MTX entrapbed in 1iposomes' . .
whether coated with antitumor antibodies ormnog.‘, S ‘ ~ ’
R £ T, ; v T
¥ o0 : S av T
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" STATEMENT OF, THE: PROBLEM : .
For the past several years attempts have been made to

reduce the tokicity and increase the therapeutﬁc acivity' of

2

“drugs. Often the toxicity dis due to their diépbgi%ioﬁ at -a

A

site.where the therapeutjc action is not dedired. Thus

>

conceptudlly, if it were possible to achieve a higher
concentration of drug at the site of action and a decrease
or elimination at the site gf toxicity,- the potency of the

drug could be jncreased with coficomitant reduction in its

@
e

toxicity. Such a concepf is referred to as
“drug-targeting". Qptimal tréatment of any piseafe involves
the targeting of a drug to the site of action.

JIn fbpical therapy the untoward side gffectS'are

©

invariably due to‘percutanéous aqgog;tﬁon and consequent
systemic action.of drugs. Thu§ oétimél\topica1 the}apy '
involves the reduction 1n‘systehic-actionv;nd the increase
in the local action of drug§, Despite great strides 1n‘the,
ointﬁeqt bases, it has not been possible to eliminate the
percutaneous absorpﬁion‘of drugs. -« Use of liposome entrapped
drugs has shown promising resultis-in this difect?bn (Mezei
and Gulasekharam 1980, 1982).

In canceﬁ chemotherapy tﬁe indiscriminate action of
antitumor Erugs ?i@i?s their use severely. Here ggaiﬁ
1ipbsomas have béen recently 5nvestigated as carriers of

these drugs with the hope of achieving selectiye action.

AN
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‘v systems. ~ -

“

al. 1976). Pharmaceutjca]]y, Tfposomes can be copsidered

substantiate ,this notion (Tyrrell et-al. 1976, Kimelberg

.
. . - o
’ . RN 2

Iheyzare equ1ppeé with tumor spec1f1c antﬂbod1e50to further
1mprove the1r selectivitiy (Toonen and Cvomme11n 1983 ’

Weinsten and Leserman 1984). S

uThe feasibi]ity of thérapeutic agplication of , =

11posoma$ drug del%yery approach in top1ca1 as ue11 as 7

cancer therapy deserves cageful assessment. The goal §F
this project therefore was to study .the encgpsuj§t1on of,

drugs intb liposomes. and their evaJMatiop as drug delivery
a ¥ ‘A

© 3

e

LITERATURE REVEEM S e

e
>
R

LIPOSOMES ) . ’

v

Liposomes car be defined as concentric phospholipid

bilayers separated by aqueous compartments (Tyrrell et

“

as a type of galenic dosage form. They are mic}ocapshles

oo
» O on

D made up of phaspholipids. Hﬁstorica11y9 the lipo%omes were

f1rst ‘prepared by Bangham and his co- workers in Cambridge ‘%
(Bangham et al. 1965) _ Subsgquently these liquid %

.. J
crystals (smectic.mesophases) were called "Bangosomes" for

s ¥

some time. In‘the,béginning, they were useﬁﬁgn1y as models

of biological membranes (Banghamaet al. 1965, 1974).
) A
However, as their app]icatiqns became diversified, they have
become increasingly popular as drug carriers. A number of

reviews, books and "several research reports have appeared t /.

and Mayhew- 1978, Papahadjopéulos 1978, Grezoriadﬁs 1979,

/
o

4 -
T/
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Ryman and Tyrrel1 [3g9 Gfegor1ad1s and A111son 19809
Ju11ano and Layton 1 80 Kellaway et al. 1980ab, Kn1qht\ o

. o~
1QBT R1eger 1981 Le]kes'lQSZ Puisieux and Benita 1982

Yatv1n and Le]kes 1982, Gregor1ad1s 1983 Ostro 1983, Poste
1983, Puisieus 1983, Gregor1ad1s 1984, we1n;Eémp and .

'S

Leserman 1984, Whelan 1984). i TN wot :

¢

Although drug entrapmenﬂ in ﬁipid vesicles has been

u%ﬂ?iied for almost tuo degades( the f%rm,ﬁchemo]iposomesm

for liposomes containing drugs is a recent one QHashimoto

“

b

8

et . 1983). 'Chemb1iposomes when further equipped with

al

an G; wbody’are ca]]ed "chemo1mmunol1posomes" (Hash1m0t0 °
et al. 1983) L :

Sy I . .
LIPOSOMES AND MICELLES
M1ce11es are well kngwn ;n bhafmacy mainly as .

solubilizing sysiemso There is some similarity between
Tipgsomes and micelles.. The similarity lies in the
éfwgngement of lipigd mo]écules, &n both systems, i.e.
liposomes and @ice11es, the %mphiphf1ic.{1pid ho1ecuies
align_ themselves in a similar manner, howeﬁéf in micelles
the leaflet br the T1ipid Tayer - is monomaleculary and in
liposomes is bimalecular. Another di%ﬁerence is that

1
micdelles do not possess aqueous compartments whereas °
. ; .

o

, lipdsomes do. A more important distinction is that micellar

structure is in a dynamic equilibrium state. There.is a
‘ ' U I

et

continuous equilibrium betweemmonomers, micelles and drug
82

solubilizates (Fendler and Romero 1977, Fendle? 1984). Such
‘ J .

¢ -

7
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an eqdilibrjum nature doese not exist with Tiposomes. This .
- .

uniqﬂe property makes Tiposomes more suitab1ejas drug

carriers. ',

COMPOSITION OF LIPOSOMES‘ = . :

Phospho11p1d 1s the main component of 11posomes,

.However, one or more other lipids are usually 1nc]uded for

spec3f1c reasons.- For example; the role of cho]estero] in

' membranes to béing.aboht‘"integmediate fluidity" by
hod{fying the hydrocarpon Ehains of phospholipids, is ugll

Y v &
cnown.- This, in effect, produces a tighter packing of lipid,

molecules in liposomes leading to decrease in per;meébi'rity°
Cholesterol is therefore included to reduce the
leakage of entrapped substances (Fend]er 1980) as well as. to

improve the structura] stab111ty of the 11p1d vesicle in

biological fluids (Senior and Gregor1adls 1982Y q '

Antioxidants 11ke o= tocopherol (vitamin E) aW! 1ncTuded‘to
o Pd I‘ @

preveﬁt autooxidatiqn qf unsaturated phospholipids (Hunt and

"1sang 1981 Fukuzawa et al. 1982, Guey-Shuang et al.

1982). An1on1c lipids 1ike dicetyl phosphate, phosphat1d1c
acid, phpsphat1dy1§er1ne or stearic acid and cationic lipids
such as stearylamine are usdd to impart either negative or

- © . . ’ - S
positive surface charge to liposomes. The presence of &

N ~ b
charge may ﬁrevent aggvegation-of liposomés (Page Thomas and
Ph1111ps 1979)g also 1t may 1mprove the entrapment of the
SN
aqueous phase because of 1ncreased distance between lipid

4

- JJ : \\“

-0

‘r/
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Benita 1982) Y

In addition ta “the

<

]

"layers brought about By eléctrical repu1siof (Puisieux and

wd

lipid phase discussed above the

agqueous phase (sweT]ing medium) is essential for the

formgtion of lipbsomes.

be water, ionic solution

TYPES OF LIPOSOMES

Multilamellav. (MLY) , Small unilamellart (SUY) and Largg

Such ah aqueous phase could ‘either

or a solution of drug.

2

%

Jundlamellar (LUV) vesicles:

!
ot

WL v , , -
Various types -of

on size or number of 1ip
+ +

prepaﬁationa or on-other

~

iposomes exist. The type may depend .

id‘bilayer%g on the methgd of

. L "y
chavacteristics.

@

On fhe basis of size and the number of, 1ipid bilayers,

7
11poso?esjare classified ma1n1y into 3 types-(Juldano 1981):

MLY, AUV ind SUY, (Fig.

1)Y(Schreigr 1982) The

multilamelilar or mu]ticomﬁﬁ;tment vesicles (MLV) vary in

‘size from 0.05 um to 10'um and possess up to 10 lamellae,

(Lichtenberg and Markell

0 1984). The unilamdllar or single

compartment vesicles, small, (SUY) and large (LUY) are of

size 0.025 um to 0.05 um
has a.particle weight of

of its small size cannot

of Molecular weight more

Papaﬂ%djopou1o§ 1980).

‘ -
and 0.1 um respechvelyo The SuUvy -

about 2 x ]0@ daltons and because
efficiently acqgmmodate maﬁerﬁa]s

than 4 x 104 daltons (Szoka. and

o

Ly &
.

/

\
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" Reverse phase evqporation vesicles:, . e
Vesicles obtained by the vcverse phase evaporation (J
method of Szoka and”’ Papahadaopou]os (1978) are referred to :
as REVs. These REVs are uni- to o]1go lamellar in nature

and 1arger than LUV. Terms LUV and REV are often used

synonymously. .
French press and Ether injection vesicféz: ‘ ) .
The French press vesicles or FPVs are prepared by e B

/ ° ! a o *
using af hydraulic press (Hamilton et al. 1980). These . f

are similar to LUV in their characteristics, Ether ' s
3 l ? )
1nJect1on NQSJC]ﬁS or ElVs are 11posomes resu1t1ng Fcom the
| 4
1nJectlon of ethereal so]ut1on of phospho11p1ds into farm ¥
\

agueous solut1on (Deamer & Bangham 1976) Though they are

~ unilamellar their vo]ume trapp1ng efficiency is almost 10

"n

t1m€s super1gﬂfto SUVY. ' S ‘ o

1 & <
Cell sized liposomess: ~> 0 B

y
.

Kim and Martin (1981) %ave rﬁpgr?ed the preparation of °

ce]]psize u%i]amef?a} 11posomqi which have potential for
introdugtion of, genetic hatec%%}é 1;ke DNA,achromosomes; ’ .
étc,'iqto cultured m;hma1ian sématic cells., TEese*have )
diaméters"comparcble to that of humah erythrocyte (7 um) and

i

a capture volume of 0p to 144 nl/mg. .
Giant liposomes: \ e
S Uni- and oligo-lamellar liposomes with a diameter

greater than 10 um are considered as giant liposemes. Oku

J
and MacDonald (1983ab) have reported c%e format1on of giant

.
. . .
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. .
liposomes by t&é diffeéent procedures. aIﬁl%ne procedure
(1983a) they make these liposomes from Tipids 1n chaotrﬁplc
ion solutions such as sodium tr1ch1oroacetate, guan1d1ne
hydroch]or1de and urea» The other procedure (1983b)
utilisessalkali metal ch]orides.1ik; KCT or *RBCT in
conjuncéion with freezing, thawing and dtalysis. . '

Multivesicular liposomes:

Recently, a novel type of Tiposome called ce .

L2

multivesicular liposomes, (MVL) have been described (Kim gﬁv
al 1983). THese were.prepared by evaporation of organic

solvents from chloroform ether spherules dispersed in water.

@ ° P [

Diameter%‘df,thesg vesicles\fange from 29 £ 10 um to 5.6 %
1.7 um. The striking feature is the eitre@e1y higﬁ
pércentage of encapsulation of up to 89%./
pH sensitive 11§osomes: '
The pH sensitive liposomes were suggested by Yatvipn
et al. in {980 to target anticancer drugs to metastatic
lesions. Such liposomes, constructed with a pﬁ sensitive
11pid—pa]mitoy]homocystgine (PHC), were supbosed.to release
their contents when in contact 'with areas of boﬁy in which
pH is less thanaphysiofogical e.g. primary tumors and
metastases.
Polymerized 1tposomes:

They are supposq& to be better models for

» ~

biomembranes. The polymerized liposomes (Buschl et al. -\\
/

1982, Leaver et gl, 1983, Fendler 1984) are made by

.
<
3
'

L3

c?

Lo
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. x ' us1ng polymerisable 11p1ds e.g. butadiene deriv?tives9
af® d1acety1ene conta1n1ng phospholipids. A‘recép% repért
(Juliano et al. 1984) relates to photopolymerized
o 1 ié’m‘sgmes . ‘
ﬁ%gneto]iposomes:

| . . ' Immunoliposomes containing ferromagnetic particles

@
(ferrite powder) were proposed by Margolis et al. (1983)

L @
for ngtingvo# cells. Associated wity cytotoxic drugs they

X

might gossfb]y be of use‘in cancer therapy. as.well.
» a ' ) !

"Solid" and "Fluid" liposomes:
@ "Every liposome has a gel "to liquid crygtalline phase

transition temperature. Above this phase “trapsition

-

\ "splid". For instanéé, DPPC liposomes dre’'solidxat 370
. . )

where as egg PC liposomes are fluid at the same %%mperature,

Transitioﬁ temperatures “of differént phospholipids have been
4 .

tabulated by Szoka andiPapahadjopou1os (1980). /' R

H 4 '
A comparison of the properties of 'some of the aboVe

3

mentioned 11posomes is given in Table 1.
(Y '

METHODS OF PREPARING LIPOSOMES ® i

A\

The type éf Tiﬁqsbme59 in dome respects, depends on
. * the method used %o prepare them. To date, several methods
\ E ': have been reported to pnepare 11posomes A compavativee
study of these different,methods can be found 1n excellent
reviews by Szoka and Papahadgopou]os (1980, 1981)9 Ryman and

-

‘ Tyrve]] (1979) and Hauser (}’“982)° ‘The choice of the method

2 -

- ©

v
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X . ' Table 12 . X
Types of liposoimes -
. T e SIZE INTERNAL AQUEOUS  ENTRAPIIENT *
‘ (um) N SPACE EFFICIENCY ™ »
e L (pl/umol Tipad)  ° (%/mg Ipirds) .
’ / - 0 0
UM 0.025-0.05 <0.5 .9 , T '
. MLY 0.05-1& . >4 g 5-15 . .
. LUV 0.1 10 20 .
REY 0.5 N 210 © 20-50 ‘ t
B FRY 0.04-0.08 <10A 10230, *
FIV 0.05-0.02 A, ’ 20-30 .-
& GV 1-100 100-800 A,
5 EIV 0.03-0.1 15 >3
. cuL 6.2-12.2 243 13-60 .
MvL 5.6-29 106 <8 M
. ] . /k )w b °
SUV: smail sonicated unifameiTar vesicles. ! . 2
{LY: large vortexed multilamellar vesicles.
LW. targe unilamellar vesicles. ° - ¢
REY: reverse phase evaporation vesicles. e ° g
FPYs french-pressed vesicles. A
¢ FTV: freeze~thau wesicles. . = ,
; GY: grant vesicles. . b A . o
TEIV: ether~-1njection vesicles. = .
/ CUL: cell-size unidemallar liposemes. = - " ! .
. {WL: multivesicular, 11ppsomes 2
NA:x nof available. - N s
)
; aUpclai:ed the tabl2 from Yatvin and Letkes (1982). - " | .
N . b nternat aqueous space or capture yolume is defingd as the volume enclosed -
° by a given amount of d1pid and with units liters (or m?crgliters) entrapped -
peréole (or/micromole) of total Nipid (Imol™~ or ul umel ). If is .
. ndependent of 11p1d concentration. ’ . .
cEni:rapment or encapsulation efficiency 1s defined as the percentage of the
compound that becames entrapped. It is directly proportional fo lipid *
concentration. . ° : ’
4 A s
— s . \
’ ) o ¥
o - - \ Q ° ,
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has a bearing on the type of Tiposomes desired for a

partf%hfér app]icaéiono _Shaking, sonication,and reverse
' phésé evéboration are the three most widely®used methods.
jBangham methqﬁ: " .
This method, algo Known asashaking method, is’ the
Eléssica1 method to preparg liposomes. Using a rotary
vacuum ev;pbrator, a thin film of lipiquis produced on the
inner wall of a round bottom or pear shaped f1ask°k The
. lipid film is\then shaken with the aqyéous medium at the

'

xphase traiiit{on temperature of the phospho]ibid,l Liposom&s
obtained in this way are mainly multilamellar and of ;
heterogeneous size distribution.
Sonication: . .
This method producés‘vesicies of fairly uniform size
when WMLY, obtf%ned as above, are.subqécted to high energy
ultrasonic wa;es (Juliano 1981). The sonication is usually
carried out 'at the temperature of phase transitioniof the
phpipholipidg Either the probe of the bath sonicator could
be employed for this purpose. '
Reverse phase evaporation:
The disadvantages O0f the SUY were partly overcome when
@éoka ang Papahadjopoulos (1978) reported their reverse ‘
phase evapbration method. In this pgocedure the lipids a%eﬁii
* dissolveéd in organic solvents (like ether) and then
diSpersed'@baqueousgmedium to be entrapped. The dispersion

is then sonicated to produce a w/o type of emulsion.~ After

’,

A



the removal of organic solvents, the aqueous d1sper51on is

LI

shaken at or above the phase trans1t1on temperature of the
lipid. The resu1t1ng liposomes -are uni- to oligo- 1ame?7§;

with a distinct advantage of high capture volume of aqueous
- . o
phase.

4
.

M

' sy

! . L

The importance of the method of pleparatiof of

2 e 7 ¥

11p0§0mes on the encapsulation efficiency of the drug is
eviden% from’thg sﬁudy‘éf Tsukada et glo (19@2)° They
obServed maximum encapsulation of the poorly solub]e’drug
carboquone when the 11po§%Tes Were{prepared by REV method.
Bangham,“Ethanol injection and Ethér infusion methods vere
unsuccesstul for carboquone encapsul\atmn°

Other methods and their advantages and dlsadvantages

e

are listed 1n Table 2. It 1s of interest to note that even

Ry {

some commercial equ1pment 11ke L1poprep and

R

3

M1n1—L1poprep , for preparat1on of 1lposomes on the

laboratory scale, have:s%arted to appear on the market.

Lipoprep-CLS R is suitable for continuous large scale

+~

production of liposomes. A1l these equipment work on the.

R R

%*Lipoprep ", Mini-Lipoprep " and Lipoprep-CLS R are

available from Dianovm-Gerafe, Postfach 126, D-8000, Munchen %
65, FRE. First ;Wp cost about 12480 and'945 Swiss Francs /

@

respectively.
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. Table 2 : )
e Methods of preparation of liposomes . o
L e >
ur Ny »
Method g Liposome Encapsu~ Advantages Disadvantages Reffrence
obtained lation .
efficiency * R . .
% » . ® &
~ v & R
- — ¥ N = J o
Barigham method LYV 5-15 Easy to prepare Lo encapsulation - =*Bangham et al. 1965
0.05-10 um s efficiency . .
Heterogeneou§ s1ze dis- . AN s
tribution ° - °
Not suitable for thermo- . )
™~ labile substances o IR g
Somcatign&x S 0.5-1 Homogenous swge Least encapsulation ' Huang 1969 kS c.
r 0.025-0.05 um distribution efficiency . Huang and Thompsgn 1974
o Perhaps better Proteins may be denatured
L4 . uptake by cells - 5
. " (Machy & Leserman 1983) .
™ -~ [
Re\zersé phase REV 20-60 High encapsulataion Organic solvents may be Szoka & Papahadjopoulos ]973}
evaporation 0.12-0.2 um efficiency & large - deleterious to biologically . -
(] aqueous space ‘active molecules .
7 Good for certain Heterogenous_size Szoka et.al. 1980
enzymas (Kuvosalki distribution :
. - et al. 1981) N & ¢ «
Calcium-induced LW 10-15 High encapsulation ' Restricted to acidic Papahadj%oulos et al.
fusion 0.2-1 ¢¥m N efficiency phosphalipids like 1975 3
. Suitable for macro- phosphatidylserine Dimitriadis 1978
. molecules including Heterogeneous Papahadjopoulos & Yail 1978
’ . Wilschut et al. 1983
. . c viruses -
Detergeht. un+lamel Lag Good for reconstitution Low encapsulation efficiency Brummer et al. 1976
dialysis 0.03-0.1 pym of intrinsic membrane less practical for encapsu- Milsmann et al. 1978
& Detergent < proteins lation of water soluble Enoch andeStritimater 1979
gel filtration Homogeneous stze drugs Zymbueh]l and leder °1981
distribution - .

N

“¥
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Table 2 (cont{nued) ‘

- - o
Method Liposome Encapsu~- Advantages Disaaveqtages Referénce’ -
“ - obtained lation B '
effli‘éciency
. ~ .
- T P .
French press '  SWV 10-30 Gentler handling of N Hamilton et al. 1980 )
0,04-0.06 ¥m labile materials - * -
vesicles of greater . . !
stability : ) *
Unilamellar vesicles . & A
. S uith 10 to 50 times \
. larger agueous space
. than sonicated vesicles. . o, - to
- Liposomes could bz pre-
. ‘ pared even at 18\:er Semﬂ‘ﬁ- o N
, s < .eratures like 0°, 25° /7 . . ce -
ete, .
Freezing and 0.05-0.2um  10-30 < r Sige and entrap?eg] - Pick 1981 ’
thauing - sefficiency criticdlly .
dependent on the ionic
strength of the buffer <
E:N o -
Ether injection unilamaller 1 Wol. trapping Unsuitable for heat or Deamer & Bangham 1976

0.06-0.13 um efficiency is 10-100 ¢
tines that of
sonicated preparations

suitable for macro-

ether labile drugs Deamer 1978
Los encapsulation, efficiency <
not homogensous in size.

9

molecules. - -
Ethanol SWY 0.4-1.5 Heterogeneous Batzri and Korn 1973 .
njection .03-0.11 Um Produces a dilute dispersion Kremer et al. 1977
: s « of SUV. )
. Loy encapsulation efficiency. .
D1ifferential Unilamellar Homogeneous size Barenholz ét al. 1977.
high-speed - N distydbution - -
ultracentri- . No disadvantages of .
fugation molecular sieve s
N - . chropatography. . N
Rapid method. .
. Higher vesicles yield ” - i
without dilution.
Y , .
AN

Gl
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o principle of detergent dialysis, repdrted by Mi]smanagj - P .
al.* (19789 and Zumbuehl and Weder (1981). Another »

¢ ¢ + ] . I3
liposome preparption instrument, a microemulsifier called

Z Microfluidizer M-HO'RD*TM9 has-recently emerged. It wovrks

.

- goverped by its po]arify° The nonpolar drugs are

"on the principle of fluid flow and produces liposomes of
uniform size from-50 nm to
1000 nm. ' :
DRUG ENTRAPMENT IN LIPOSOMES

The potential of liposomes as'drug carriers was
N o »
recognised 1nﬁt@e earhy 1970s. Since then the aspect of

drué entrapment into liposomes has been addressed by several
authors (Fendler and Romero 1977, Stamp and Juliano 1979,
Fendler 1980). The entrapment of a drug is accomplished by

placing the drug either in the aqueous phase or in the lipid

v

phase during the preparétion of liposomes. Drugs that are

a
v

lipid soluble are treated similar to lTipids and those that
are water so]up]é are dissolved, in the aqueous phase. DB&ugs

-of intermediate polarity could be treated either way.

.

\ The distribution of a drug within the iiposomes is

T
'

e

“ ‘

§

Al

**MicroFluidics Cgvporationg a division of Biotechnology

Development Corporatjon, 44 Mechanic Street, Newton, .
Massachusetts 02164 U.S.A.) . . “
7 . 4
r, ~ e ,
: : ( o
@‘n [ jaid
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intercalated with theulipid bi]ayer'whereas polar ones are
present in the aqueous phdse. The drugs with intermediat®
_ bolarity span both aqueoys and 1ipid phase of the vesicte

Y

(Fig. 2).

—==

4
i3

There is an interplay of several factors affecting the

entrapment of drugs within liposomes. These factors are:

e

PhysTcochemical pr&berties of the drug '
~ - so1fbi1ity o .
» - steric hindrance
Propevrties related to liposomes \
- size -
_ «£harge .
- lipid composition
-s capture volume
"~ donic concentraﬁfon, pH of hydration medium
Method of?prepar(fion
Mi§ce1laneous:
Physitpchemica] properti%s of drug:
The drugs that ‘are highly soluble either in water® or
in Tipid a@é enc;psulated well in liposomes. On the ‘
\contrary, the encapsu1ationyof druhs with only marginal
solubility both in water and lipid, e.g. G-mercaptopurine
;(Fen&ﬁer and Romero 1977), is not efficient.
. Defrise:dUertain et al. (1980) have related the Tog P

values of drugs to their encapsulation efficiency in

Jiposomes. The Tog P value is ihe Togarithm of octanol

~

J
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* Figure 2. Distribution of drugs within a Tiposome
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1

water partition coefficient of the drug and is a measure of °
its solubility. Defrise-Quertain et al. concluded that
. ‘ s
drugs with Tog P values of greater than 5 and less than -0.3
& . ) %

were optimum candidates for gncapsulat%on in Jiposomes.
D?ugs with log P values be%meen 1.7 and-4 were the.worst
candidates for ,this purpos%. Tﬁis finding was$supported by

th& Wact that.drugs 11ke cortisol palmitate (1og P= 9),

A, ~

_cortisol octanoate (1og P £ 4.75) and methotréxg\\ (log P =

- 1.85) were encapsu]ated vell in liposomes. On the\\Q

4

pontraryg the encapsu1at1on of”dﬁugs like cortisol® (0 59 %‘\\\

-

1og P< 1, 93) was very poor (Defrise- Quenta1n et al.

1980). 6 . \ ’

The Tog P valbles of drugs could be, increased by

2

chemical modification such as'palmitoylationan This‘approach

has, been succe}sfule exploited for enhancing drug ~
. . .
encapsulation in Tiposomes (Shaw et al. 1976, Goundalkar

ndeezei 1984). 'One should, however, be cautious not to
reduce the pharmaco1og1ca1 activity of the drug as a result
oi such chemical manﬁﬁu]at1on,- Hlth1n a certa1n Tim1t the
iposoéa1 engapsu]ation of palmitoyl derivative of a drug
apptiﬁphes 100% (Goundalkar and Mezei 1984).
Since in chemotherapeutic appﬁications it is the
‘ébso]uté drug concéntrationlwatﬁeh thannﬁhe percentage- - .

oy N

incorporation, that is the important factor, it is*egseﬁtia?

to increase the amounts of drug entrapment as much. as

possible (Fendler and Romero 1977). The palmitoylation not

>3
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o only provides such increased .absolute drug concentration in

100%). ?hus

pa1m1toy]at1on 15fﬁnSU¥passed by any other methodad Hence

~ e

with optimum log P values such as methotrexate.

of drug-phosphatidate compounds and hyawophobic prodrugs area.

liposomes buf also %%e encapsulation is complete (i.e.

the Tiposomal encapsulat1on obta1ned by

Preparation

other analogous approaches suggested for improving Tiposomal

w.  encapsulation’of drugs (Page Thomas and Ph1111ps ]979

* Knight 1981b).

The compound,

squalene9 stands out

d1st1ﬁ%t1y as a compound with a high log P»value and yet has

- - - very poor liposomal encapsulation.

N

- (Defrise-Quertain et al.

1980).

i

This unusua1~behav1or

Other miscellaneous

is

attributed to the steric hiﬁdranée paused‘by this molecule

principles 1ike ion pairing (Jay and Digenis 1982), charge

transfer comp]ex format1on (Tsu311 t .al.

1976, Kano and

Fend?er 1977) have also been ut1lized for enhancing. drug

entrapment in 11posomes,

v

Properties related to 11posomes:

Capture volume,

size, charge:

'volume, the higher is
The same relationship
1iposbmes, since size

; proportlon?)

. . lead to increased encapsu1at1on (ATpar pt al.

1

also applies to the size of
and capture volume are often

The presence of a charge on 11posomes may

1981) As

1

mentioned earh’ev‘9 higher entrapment is attyibuied to
> | N

The higher the capture

the entrapment of water so1gb]e drugs.

S
3
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increased agqueous space due‘tonggﬁ ostatic reputsion

< . ey R ~ N
between 1ike ctharged lamellae of lipojomes”(Puisieux and

Benita 1982). . -

®

'

. a
’ ! #

*

., Iy
¢ * Lipid compositions Hydration medidm: Cha]est%ro]

o !

'ﬁTays a majof role as a'stabilizing a%enx for liposomes. It
weduces the 1eakage of drugs out of. 11posomes,\ &bart from °

‘thls it a]so contributes -to increaSed engap§u1ation of

. drugs I?ke doxovubicin (Yotsuy&nhg1 et al., 1981)

) Converse'ljD cho1e§ﬁer51 may a]so“1nterfere w1th ; et

-

QEEiB§u1at10n (Tsukada et al.. L982) The phospho§1p1d e

)

ombos1t1on cou]d a1so play a mamor ro]e in determ1n1ng the

Ié" o

efflc1ency of drug 1ncorporat1on in 11%0 omes (Tsukada _jﬁ
al. 1982). f
The influence, of the pH of &jfzat1an medwum onvthe

1l

association of doxorubicin w1th 11%psomes hasuregént1y been

N (" o 7
reported (Cromme11n et al. 1983). o P )

SEPARATION OF FREE DRUG FROM LIWOSO?ES

s

The encapsu]at10n of drugs Within 11posomes is rare1y

one hundred percent.- A 1ot of drug remains unentrappedo

Separation of untrappedor "free" or “naked" drug is
nécessary in ‘order to obtaim a "pure" liposomal preparation.

The methods used for this pdrbose dre as, follows:

K}
2

Gel filtrdtion,

- Centrifugation T .

¥ .
BRSO L0 o Lo v
Dialysis * ) o
4 Ca . ) .
' Ultracentrifugation ‘ , ‘) .
Other methods CXa

®
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Gel filtration: .
When a crude liposomal p?eparation is passed through a
§
gel fi]tratioq (mo]gcu]ar sieve’*chromatography) column,

11posomes come out in the void volume. The free drug

[
appears later in the” retavded vo]ume, So, the ‘two can be
easily separated Houwever, problems %# mechanical b]ock1ng
of columns have been experienced with crude MLY and REV

liposomes (unpublished -observations). Filtration of

Jiposomes thvbugh smalller pore size polycarbonate filters

may pevrhaps overcome‘t is problem. Also, to be considered

is the.non specific-adsorption of lipoSomal lipids to the
3

“gel of thé column. A way—to—get around this problem is" to

presaturate ~the. column with lipids before use (Huang 1969).

2

The dilution of the 1ibosoma1 fraction is a main

< A3

drawback of this method.

a

hé)wever9 be concentrated by ultrafiltration method, for

¢

example, using amicon centriflow R

The diluted preparation can,

filters. Various gel

b
“filtration media, e.g. Sephadex G-25, &-50, Sepharose 4B, 6B

etc., are being used for this purpose. Sepharose CL ﬁB °

CL-2B and contro]led pore glass have been used also to

g

separate multﬁIgme11ar Piposomes from unilamellar ongs (Chen

3

1981). An /

and Schulle 1979, Vogsuyanagi t al.

t ¢ . . 3 !
evaluation of different gel-media for their ability to

o
1

separate Tiposomes of "different size has been reported

(Jederstrom and Russell 1981). UWhen thelunentrapped

< [y

-5
-

/
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substance is a macromolecule 1ike DNA, protein etc., the

. —_—

N . . . .
.chojce of proper gel is more important, as routine gels like

Sephadéx G-50 or G-25 cannot be used in such cases. The

upper limit of the fractionation range« of'.gels 1ike Sephadex
T . ' % ¥
G-50 or G-25 is less than| the molecular weight of the

protein, '

v
1

Centri%ugatioq:
| 23

Macrovesicles can be sedimented down by high speed

*centrifugation, The liposome pellet could furthet be washed
by centrifugation to remove the nonspecifically adhering
drug. However, this method of separat%on cannot‘ﬁe applied °

'to SUV. . Also, when the unencapsu]atgd dru&zis %n the fBrm
of’%nd15531Wed crystals this method has little value.

Simp]%éity and absence of dilution effec% are the main

advantage§ of this method., .

Diadysis aqd Ultracentrifugation:

Untrapped drug can also be seﬁ%rated from liposomes by

a4

exhéu$%fve dia]ysiose However, 1eak;ge of trapped drug out
of 1ipésomes may be a prob]em’soﬁetimes, Dialysis has also
been used to imprgve the 1ip053me size distributions
(Bosworth et al 1982). The ultracentrifugation meEhod

of separating free abd encapsulated drug is used mainly for
microvésicles,‘1ike SUV. Repeated washing of Tiposomal

pellet is needed to vremove the adhering frge drug as, in

other centrifugation methods.

-~

~

+

<
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Other methods: b ) J o
3" The method of differential centrifugation has been
used to separdte liposome encapsulated nucleic acids «from

unencapsulated material. Similarly, nuclease digestion

-

fo]]owednby gel filtration and floatation of°1iposomes on.

discontinuous polymer gradients, have been used for the

- “

separation of liposomes from free nucleiic ,acids. The Tagtger

Ed

method 1s rapid:and vell suited for the separation of

b

liposomes under sterile conditions (Fraley and
€ a v )

P§pahadjopou1os 1981).
FILTRATION OF LIPQSOMES

o

Filtration of liposomes is dome eithev to reduce the

size of liposomes (Morii et al. 1983), or to improye the

size digtribution of liposomes (Olson et al. 1979).
The filtration of liposomes is usually carried out
under positive ot negative pressurél using filters made of

polycarbonate (Olson et al. 1975)° The liposomes

“  obtained by filtration arg\%gpgised 1o be more uniform than

unfiltered onés. It is impowtqzt to note that- the "soft" -
éliposom?sg those slightly bigger than the pore size of ihe
fiH:.ev'9 are able to pass through the filter by deformation

L - rd
Mith-no change in post-filtration 1iposome size (Brendzel

*

and Miller 1980). Use of elevated tempergture is knqun to

3

facilitate the opﬁgation of filtratioen reducing the chances

‘of clogging of filters (Olson et _ql,,"‘1979)° A

@

combination of reverse phase evaporation apd extrusion

§ 4

N

&
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_through pOTyéérbonate membranégs had been showﬁ to produce A‘\"

w 5

.o un11ame11ar 11posomes of 1ntermed1ate s1ze (0.1-0. 2£/Am bt .

B 1 .
(Szoka et al. 198Q, Duzgumes et a1 1983). oo oy

i
w0 " '\i'b i K"'
. L o

The propert1es of 11posomes have pro?ound 1ﬂf#qence

,CHARNSJERIZATION OF LIPOSOHES ‘ P b t

e

on their behav10ur in vitro or in vivo. Therefore,‘phe toe
] @ 4 ) \

i i "
character1zatﬂon of 11posomes in ﬁérms of the1r §1ze,

f
! .

<& [
o u ot " ,

4 o N o
surface charge, dnug release etc. are 1mpovtantu . o

-

Size distribution of liposomes: . L e ! /
1 ) , . N
+  The average sizesandnthe sizé€ distribution of 7.

r

liposomes are,impostant pa%améigr& affecting the behaviouv{

.. .
of Tiposomes. Optical micrescopy has-been used by some,

« /

invesfigatOTS*(Rahmaﬁ'ég al. 1974, Gu]asekharam 1980) § ¢ &

to determine gross size d152r1but10h of 1iposomes éspeciai]y

°

MLV and REV Since sma]f@r 1{§osomes are beybdnd the.

resolut%on of an aptical microscope, the use of th1s method ) ‘
] 3

»

s far “from sat1sfactory to obtain .an e<act saze ’
distribution of 11posomes°* F]uoréscen@e microscopy could be -
used 1f a f]uorescent 11p1d is 1nc1uded in the 1lipid b]layer

_of Ti osomes° E]ethon mrq;qscopy seems to be th@ popu1ar 4

methof of assegsing 1iposéme size. However, it invplves 9 ,
copsiderable skill, effort and time to prepare samples for e

. " a » . \
electrjon microscopic analysis. g

NN
A . ) :

el exclusion chromatography on Sephacryl S-1000 has

been used th analyse, -as well as to fractionate, liposomes *

\

on the a;ié of their size (Nozaki et al. 1982, Machy e

4

X , .
\ ! ‘:
=
‘
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‘wsed by Morki et al. (1983) to obtain average diameter

"and Carlson 1982).

© * S R cme v amawre v

g
o

1
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and Leserman 1983, Reynolds et al. 1983). An Agarose

3

Gel TLC method is particu}ar1y suited for a quick assessment
of the efficiency of sonication, consequently the size

reduction of fiposomes (Van Renswoude et al. 1980). The

@

sedimeﬁtaiﬁon Field flow fraction “(SFFF) method described by

Kirkland et al. (1982) is répid and analyses both size

"and particle weight of liposomes. A Taser 1ight scatteriné

¢

method ca]ﬁfd dUasinglastic 1ight'scattering (QELS) has been

and polydispersity index of liposomes. It is said that this
method can fetect eveh very small liposomes down to 30 nm
(Rao 7983). A technique called photon correlation

spectroscopy has-also been used tdo study vesicle size (661e

B

D
¢ » ‘ 4 i

Another siﬁp1e methoq of obtaining liposome size
distribution is to u&e:an e]%ctfonic counter i.e. Coulter
counter with proper spécff%gations (400-channel analyser,
10-15 Hm a;eriure) as recommgnde& by Rahman (19805 and useg

by others. It isan extremély rapid method and gives an

"

accurate size distribu;ion,. Dilution of thé sample*is all.

-

that is needed to-count the 1ipoi%@es using this instrument.

o

, The recent]& introduced "Cbu]ten'Mode] N4 Analyser™ which

& . o 0 . M Cr
measures particle size in‘the range of 3 nanometers to 2 .

@ . [

miceometers would perhaps be a‘bétter model for size MR

. oL . . S
analysis of liposomes. Once the size distributrion of a

o

lTiposome preparation is known, btheiother parameters such as

e %
o

+d
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particle nuumbe\r”p surface afea, trappéd volume etc., cén
easily bé derived (Pidgen and Hunt 19§ﬁ),
Surface chgrge~of;1iposomes:

[t is qsua]]y assumed a priori that incorgoration of
a ch}é‘rged 1\\pid givés rise to &her positive or‘negative
charqeuén’thé surface of liposomes. .No tests are usually
ca;rjéd out t;\check whether this is true. However, the
surfggé potential (quantit;tive measure of surface charge)
of 1hposomes could b% measuved in a Zetameter (Bangham et
al. 1974) or by us1ng a fluorescent pH indicator W
(Fernandez 1981)
Drug release from 11ﬁgsomes ’

The in vitro test1ng of drug release from 11posomes‘
could reflect in vivo re]ease pattern. Therefore, some
1nve;t1gators have carr1eH out  efflux experiments before
administering the 11posom§s in “\nvo° Most of the
teghnﬁﬁues used to separa%e free and Hound drug could be
used to evaluate drug release from l%posomes,

The dialysis technique 'was used by Arakawa 't al. o

(1975) to test the release of model water soluble compound

. from Tiposomes. Teéhnique of ultrafiltration through Amicon

centr1f1o CF-25 was applied by Tsukada et al. (1982) in

SRR

theirnne1ease study. Im a recent veport Arvowsmith et

al. (1983) used centrifugation technigue to study in

vitro release of steroids from liposomes. . ¢
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STABILITY AND STORAGE OF LIPOSOMES ..
In many of the investzgﬁtions 1iposome§ have been

stored in the refrigerator {rom a few days to a few weeks

witﬁbut apparent instability. However, such short time
stabilityVis of little use if liposomes are ever to be used
Tike other pharmaceutfca] prepgyations° As a pharmaceutical ~
prepara%iong Jiposn%es should have a shelf Tife of at Teast L\

a year, preferably at room‘temperéture (Rao 1983). \ |
Stabj]ity and storage sgudies o% liposomes have.specia1' \ !

.significance in this ‘context. ' K
Frokjaer et glo'(1982?,have investigated the :long
term storage of liposomes. They concluded that
distéaroy]phosphatidj]cho]ine (DSPC)/cholesterol (CHOL)(2/7)
‘Iiposomes Wéée stable physicochemically when stored at 149
Pfor ;boutﬂjo months. Simi1ariy Rao (1983) has claimed t%at
a Pentﬁst?mR 1igo§ome product mag stable for several . NN
months with less than 10% leakage. Thée %ormu?ation or
composition of this product, however, was not reported.
Van Bommel and Crvommelin (1983) have tried freeze

drying and freezing of liposomes for storage. . They reported

that in most cases the aqueéuf marker wés lost considerably “
¢ ¢ Tl

as -a result of freezge thaw cycle or freeze drying. Houwever,

this was;depé@dent‘on 1ipid composition. Bést resultis were
~~. obtained .with dipalmitoylphosphatidylchgline (DPPC)/
. cifpa]mitgy]ph‘;()sphatq‘dy]g1ycero1'(D'PPG!) 10/1 vesicles. Using
i addifivesllike lactopse impvoﬁed the §tabii$%y of‘these

* )
3 .
. e !
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yelsicles t6 freeze drying. Strauss and Ingenito (1980) have
investigated the use of cryoprotective agents (e.g.
glycerol) and @embrane proteins in stabilizing Tiposomes to
freezing and thawing effect. Effect of phospholipid:
cholesterol ratio on the response of ljposomeé (3] varisus
rates of cooling to -196°C has been reported by Morris
(1982). In the absence&of DMSO, the cryoprotectant,
1iposomég'1ost fhépentrapped‘g1ucose completely following
freezing to and thawing from ~196°C. In the. presence of -
DMSO, however, liposomes containing 20 mol% cholesterol
exh1b1ted m1n1%um glucose release when subjected to similar

treatment at aécoo11ng rate of 1.7°¢ m1 1

(Morvris . ’
1982).
DRUG TARGETING -

Drugs are "double edged swords". They have beneficial

- effects as well as toxic side effects.* Severity of toxic

¢

effects méy sometimes not be as-serious as we think. But,
certainly the toxic effects are Very severe. in case of
anticanceg drugs. These toxic §i&e effects are, often, due
to the non selective drug disposition and therefore the
- \

indiscriminate action of the drugs. For instance,

anticancer drugs exevrcise their lethal effect on .
4

~
AY

proliferating cells of both normal type as well as ma.h"gnan‘i:.«m

type. Tiere is not much qualitative difference between a
cancer cell and” a normal dividing cell. Therefore in order

to reduce or elimjpate the toxic effects, drugs have to be .

0

.
e

0

e
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directed to only the diseased sites (i.e. target sites) to
EN

achieve selective action.

The concept of drug targeting has been with us ever

since Paul Ehrlich in 1906 dreamt' about the "magic bullets® |

of diphtheria toxin for the treatment of cancer (Magee and

Ristow 1983, Poste and Kirsh 1983). ‘Recently there has been

dramati; increase in research activities to solve the

problem of drug targeting. |
] The: various approaches for drug taréeting could be .

chemical, physical or biological. Prod}ugs9 the drugs which ’ |

can be cgnverted into active form at target sites, are

8

examples of chemical approaches (Henderson 1983). Physical
1 ,

approaches embrace such wide areas as emulsions (Kreuter .
1983b), polymers: (Hg/ﬂerson 1983) microspheres, magnetically .
respons1ve or otherw1sej(ll1um and Davis 1982, Widder et” .

al. 1982), nanopartic1es (111um et al. 1983, Kreuter'

—— — [}

— —

1983abc), red bTood cells (RBC) (Pitt et al. 1983) and
RBC ghosts (Ihler 1979) and liposbmes (Gregoriadis 1981,

Rogers 19823?N1dde} t al. 1982, Banker et al. 1983,

on. The biological approaches
include the use of bigMolecules such as deoxyribonucleic
acid (DNA) (deDuve 1980, Trouet et al. 1981, ‘ -
lipoproteins (Counsell and Pokland 1982), and antibodies

(Gregoriadis 1983b, Gregor1ad1s t al. 1982).

Antibodies, Tnposomes, and the combination will be dlscussed
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»in more detail since this is one of the main topics of this

thesis, n ‘ .
' ° T

ANTIBODY MEDIATED DRUG TARGETING '
1The~idea of using antibodies as Hfug farriers wasﬁ

conceived by Paul ElirTich a; early as 1906. Howﬁver, Jt was
not until 1958, that this idea Mag first put to application
by Mathe et al. (1958). Since then several sthdies- have
been reported on cytotoxic drugs as wWell as diagnostic

- agents linked to antibodies. Comprehensive review articles
have éoven@d ?Hese studies (Ghose and Blair 1978, Rankin’and
McVie 1983, Rowland 1983). |

Most invest{éatioﬁs of antibodies‘as drug carrviers

«ha;e been cohducted with heterologous (po]yc]ona])\
antibodies raised in rabbit, goat, etc.' The procedure of
extensiye absonptign of the xenogen{c antisera with normal
tissues (11verg_f51een9 kidney, RBC) has been used to

“improve the specificity of such polyctonal antibodies. fhis
procedurege however, sometimes take§ away the spécificity of
the antibodies and other ?ime& 1ea!es toxic antinormal
antibodies, resulting in an antib02§ preparation which is
ed ther toxic or non spe.ci‘f'ic° The monoclonal antibodies of
're&en@ origin may be an énswer for such m%jor drawbacks of

' poTyciona1 antibod%es. Further, the advent pf hybridoma
(hybrid myeloma) téchno1ogy has made possibfe the production
of m%hoc]%na] antibodies }n adequate amounts (Levy and -

Miller 1983). These monoclonal antibodies have exceptional

.
I -
- A 4
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antibodies in their role as carriers of Qrugs and/or

Poste and Kirsh 1985@5 Liposomes, like othe col1o%da1
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specificity and therefore they aré§disp]acing%?heupolyc]ong]»
N @ a >
d1agnost1c agentsg' Recent rev1ews signify such a &rend
(o
(Ba]dw1n 1983, Ba1€w1n and Pimm 1983, Davis and Il1um T983

Lutz 1983, Obrist 1983,.Poste &hd Kirscho1983, Conner 1984). -

.

G o
LIPOSOMAL DRUG TARGETING ¢ - . K 'uﬁz
Targeting of drugs using unmodified® iposomes is . 0
QO

referred to as @assive targeting of liposomes (Poste.1983, o

particles, are rap1d]y scgvenged by organs 11ke liver, .
o

. % . .
spleen and bone marrow which are rich in r§t1cu10end%ﬁﬁél1a1@"~- ‘

.cells, The capillaries in the Tdng can physica11x‘trap

12 a »
aggregates of liposomes. Thgs? properties have made
Bl

liposomes selective drug carriers in diseases like

leishmaniasis where target sitesZare Tliver cells., Many
I . o - ]
. | . . .
anticancer drugs fiave alsqg been tried in Tiposomes for
Vi =

targetigg or“@’/reduce side effects (Kaye 1681, Yatvin and
Lelkes 1982). Weinstein et 1. (1979) applied

hyperthermla to cause se]ect1veowe1ease .of methotrexate
&

(MTX) from Tiposomes. Stirategies Tike this, in which tpe

driug=carvier complex releases the drug only when exposed to

specific microenvironment changes such as pH or temperatureg‘

have been referred to as physical targeting by Posteoand -~

Kirsh (1983). This category also includes magnec1c drug

0

carriers which.tould be modulated by external magnet1c

-

fields. 1In many instances 1¥bosome have lmproved the-

a

[
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effectiveness of the entrapped drug for reasons other than
targeting. Those reasans-are - .protection of drug from

b1o]og1ca1 degradatlnng (Weinstein and Leserman 1984),

reduction of_toxic effects (Forssen and Tokes 1981),

®

. (9‘ s + N . .
improved transport of drugs across transport deficient tumor

cells (Pate] et al. 1982, Todd et al. 1982, L
R ‘
De11constant1nos t al. 1983) depot effect (Kaye et

al. 1981). s

However, in many instances Hiposoﬁa] entrapment of

4 a

drugs has not brought about any significant\beneficia1 .

effect’y rather in some cases it hag led 'to increased

' . 1

toxicity. Most of these negative effects have been

*attributed mainly to the uptake of Tiposomes by feticulo

endothelial system (RES). Effiorts were therefore

"\

- -
concentrated to overcome this situation. Use of antibodies

conjgbated to Tiposomes is a result of such efforts.’

As mentvoned ear]wer, the properties of ant1bod1es
which. enable them to 1nteract spec1f1ca11y with
comp]ementarj ant1gens has made them suitable as site

specific drug carriers. However, there are some major

. concerns for using antibodies .alone as drug carriers - one

is that, the carrier capacity of antibodies is limited. If

pn

too much drug 1s 10aded o an antibody, its reactivity 1s at .

. stake. Second?y, adn1n1strat1on of a lavrge quantity of

ahﬁ@bodywdrug conjugate, to compensate for the Timited
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Perhdps the combination of the higher carrier capacity

of liposomes and target seeking capability of antibodies may

be the answer for some of the prob1ems 0ut11ned above° “As a

< a

result this field of active targetlng of 11posnmes is

5

gettxng increased attention these days (Zaharko et al.

1979, Gregoriadis 1982, Magee and Ristow 1983). The term

,"act1ve target1ng of 11posomes" is, however, not restricted

to liposome- ant1body complexas but 1nc1udes all Twposomes
bearlng any ligand that will “recogn)ze“ molecular or/ -
macromo]ecu]ar determ1nants of the wurface .of the "target"
cells (Poste and Kirsh 1983).
BINDING OF ANTIBODIES TO LIPOSOMES

In order to realize the potential of active or
%mmunospeﬁific targeting of liposomes, the two entities,
narﬁely9 antibog&iand 1ipesbmes, have "to be soaékbw
assoqiatedAor conjugated. Initial studies vesorted to
physical binding of antibodies to Tiposomes. - This means
that the antibodies were bound by methods 1i§e incubation'
wi?h preformed liposomes or during liposome prepération by
co;;onicatign of imﬁunog]obu]in§ and liposomes (Gregoriadis
and Neerunjun 1975). Two.main critiéisms have been levelled
at this k#nd of binding. Thé force of a;sociation may be
too weak ﬁo keep the two entities together for suffic{eni
time until bhe 1iposdhes reach the target sites. Secondly,

[

the amount of antibody that is bound to ves1c1es may be too
\

smdll ta serve its @eeded purpose. .

LAY
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- Significant imprpvements over these-drawbacks came

% . : . R N
about when chemical or covalent binding methods were

.introduced. The advent of covalent ‘binding methods were TN

partly due to the existence of such linking procedured in

areas such as protein modification, enzyme-antibody

w

conjugation, hapten-carrier conjugation, cytoxic
%

«

agent-antibody conjugation (Carraway and Koshland 1972, Wold
1972, Bauminger and Wilchek 1980, Er]angér 1980, 0'Sullivan
and Marks 1981, Blair,and Ghose 1983, Ghose et al.®

1983).

[

¢ o
Among the several methods available to date, some ave

of barticq]ar interest.because of their higb efficiency of
binding. The’method'reported by Barbet gilgla in 1§BL

has a binding efficiency of more than 40%. In this method
fhe antibody has to be modified with the-heterobifunctional
reagent ﬂ-succinimidy]—3—(2=pyridyldithig)propionate 6
(SPDP) and then reduced with dithiothreitol before coup]%né
to liposomes: Another method by Martin et al. (1§81)

also has a high efficiency of coupling (14-26%) . , Both these
me%hbds require the presengé o} theactive disulfide group
in the Tiposome membranel‘ Reactive Tiposome 1ip%d; for this
purpose are synthes%ééd from reaction betweey SPDP anﬂ‘amine
cont;}ning phospho1%pids Tike phosphatid%lethano1amine (PE),
dipalmitoylphiosphatidylethanolamine (DPPE) eéc{ﬁthe bihding

of antibodVes to liposomes in both cases is brought about by

an exchangé reaction between the thiol group of the antibody/

> /
/

1

/

!

{
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and disulfide grbuP preseht in the liposomal membrane. The .

difference in the two methods ltes in the way the .thio

e

ko

group is generated in éhe antibody. In the metgod described
by Martin et al. (1981) the thiol antibody (Fab'-SH) is
obtained by the reduction of F(ab')z9 whereas in the other
method immunoglobulin.G (IgG) is first modified using SPDP
by the method of Carlsson et al. (1978). Modified I1gG

is then treated with dithiothreitol to produce thiolrIgG
which then reacts'with h‘pos‘émes°° In both the methods,
homopolymerization and/or jntramqleéu}ar cross linking are
kept to a minimum because thiol-disulfide reaction is faséer

ab
H

than thiol-thiol interaction. Thephethod describéd by T
Martin et al. is time consumingg as it involves many \
steps 1ike digestion of IgG, protein A sepharosg"48 and_
sephacryl S-1000 column chroﬁatography to separate

F(aig\')z° Methods similar in principle to that of Barbet

s et El,vhdye been used to conjugate anmtibodies or.

proteins to sendai virus particles (Tomasi et al. 1982) T

and to red blood cells also (Godfrey et al. 1981, Jou

t al. 1983).

4

There is a drawback 1n,usin§ a disulfide linkage to
bind antibodies to liposomes. Disulfide bonds could be
cleaved by thiols such as cysteine present in the serum. An ‘

improved method was reported by Martin and Papahadjopoulos :

(1982). to overcome such unstable linkage. The improved

method utilizes a maleimide devivative of
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phosphatidylethanolamipe and introduces an essentially
irreversible thid-e%her bond between antibody (Fab') and
liposomes. Using this same principle, Hashimoto et al. 4

(1983b) have Tinked-subunits of IgM antibodies, a different

class of antibodies, to ]1posomes° Immunoliposomes bearing

3

IgM fragments, be1ng divalent, may have a superior antigen -

b1nd1ng property compared fo Fab' bearing liposomes.

P4

The detevgeat (deoxychalate) dialysis method, a method -

to prepare liposomes, has also been used to‘anchor
ant?ggaiesdto 1iposomes° Vériations of the method have been
reported (Harsch et al. 1981, Shen et al. 1982}, ° ‘\k’

— —— LY —_—

Whatevér ihe'variation,»é derivative of the antﬁbbdy has to

be @aQe with palmiti¢ acid prior to binding. * This' is
musua]iy done By fi?s% preparing an activated ester-of 4
pa11m1t1ﬁ acid using N- hydroxysucc1n1m1de and the1 reactilng

14

this ester-with the ant1b0°dy° Based on bergeqt and1ng,=£%e
Qetergent.d1a1ys1s me%hod mayjappear to havé a “high

efficiené& of binding. However in Tact, the ?ﬁsglute

amount: of ant1body bound {; 11posomes, which is pérhaps moyre
important, is low in these cases. Furthermore9 the majority .,°
of hposi)mes did nbt.bind the antibody. Goldmacher (1983)
attributes this to tﬁe saturaced pa]mitoy] chain. The

rotations abouﬁ the C- C bend give a coiled conformation.to

the saturated hydrocarﬁon &haang mak1ng it sterically

difficu]t to yapetrate into the liposomal membrane. He,

A\ > 5
therefore, advocdtes the use of linoTeil derivative of.°
LAY

1
<
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%JDTOtEIH rather than- pa1m1toy1 derwvat1ve f04 binding to the

o |

11posom§s. A11 the, detergent dialysis methods suffer from'a

during the procedure of antibody incorporatiion.
[ I:
Carbodiimides can also be used to cross lipk *
{

antibodies to‘li*posomes° . They react with free carboxyl
groups ofﬂfge to form a redctive intermediate
reacts wiﬁh_péimdry amino group§ providpd”by 1jpids such as

PE, DPPE in liposomes. Thesesmethods, though v pidglsufver

> Iy 1

\

0 » . . a - o2 2 .
from Tow amount of b1nd1ng and reditced eff-icienc
over unde51rab1e homocoupk1ng and 1ntramo]ecu1ar

8y 'A
A Y

crossl1nk1ng i ant1bod1es9 Tiposomes or both cannot be

More-

r
«
N

ruled out. The principle, binding parameters and the
P -
chem1stry of different binding methods are glven in Tables. 3"

L

and 4. v ¢

v o L3

Ideally the choice of a method should meet’ the
i?o]lowing réquirements: 1z‘a sufficient anhtity of ant{body
musé be bound with the 4fbo§omés; 2) the liposome-antibody
bond should be stable; 3) the antibody specific binding

.properties should remain unchanged; ‘4) the liposome
° * N o Ye
integrity during the immobilization procedure shoulid\be

Q
]

spreserved Toee o . ‘

[

LIPOS@WE CELL INTERACTIONS IN YITRO ' . ’

Some 1nd1cat1on of n vivo performance of =~ .

11posomes could be obta1ned by studying thewv 1nt%ract1on

I3

with cells im vitro. Such studies neceSSItate the - pr1or

" e
\.“ ¢ . S

which further

4

e
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_ - Binding of antibodies fo Jiposomes

Table 3 N

s {lethod and Reference

a

Binding parameters

% binding of antibody
at certain protein conc.

ug antibody -

No. of antibody
/mmole Yipid

molecules/vesicle

br1nc%ple of binding

1) SPDP method «
Martin et al.
(1981) -

14% at 12.5 mo/m}
to 26% at 1 mg/ml

»t

100 €0 600 ug
Fab'fumole
phospholipid

6000 Fab'/0.2 um
ve§i€1e

” v

2~pyridy1d1sulf1de derivative
of PE is prepared using SPDP.
Flab*), 1e Fab'-s-s-Fab’ is
reduceg with DT to get
Fab'-SH uhich then reacts with
PDP-PE in liposomes. Thiol
disulfide interchange links
Fab' to liposomes via d1sul-
fide bridge.

""‘“‘\24\\PDP method ie
Leserman et ‘al,
Barbet et a}
Leserman et a1

(1981)

(1980)

>40%

{(1981) - .o ‘

1-10 antibody ..
motecule/580A%
vesicle

pE

-

Using SPDP, 2-pyridyldisulfide
groups are first ntroduced

intd both 1gG and PE. '
2-pyridyldisulfide derivative

of 196 s then reduced uith

DT and reacted vith PDP-PE in
11posomes Thol disulfide
1nterchange lTinks IgG to Vipo-
somes via disulffde bond.

. 3)-SHPB method

-

Martin & Papahadjopoulos

(1982)

20-30%

’
o

9

70-584 ug Fab' ° 3000 Fab’
Aumol phosphdlipid at 340 ugfumol -
at 0.5-4.0 mg/ml /0.2 um vesiele.”

s
3

4- (prnalelmIdophenyl) butyryl
dervvative of phosphat1dy1
ethanolamine (MPB-PE) is
prepared using SMPB. oy,
F(ab'), is reduced.uith

DTT to"give Fab'-SH, which
then reacts vith maleimide |
molety of MPB-PE in liposomes.
A]ky]at1on reaction Cross
tinks Fab' to liposames ‘via .
thicether bridge.

e

n
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Method and Refevence

Table 3 (continued)

sBinding parameters
% binding of antibody ug antibody

Principle- of binding
No. of antibody” - st :

at certatn protein conc. fimole lipid molecules/vesicle —- i‘ A
: s - o : N
TL_A.)_JJBPE Methed ¢
Hashimoto et al. 34-68% 31-61 ug Ig6 - = (m-maleimidobenzgyl) deriwa-
(1983b) at 2 - 0.5 mg/wl proteinfimole <« tive of DPPE- (i.e. MBPE)} 45
phospholipid at - obtained using m-maleimidoben-
s 0.5-2 mg/ml zoy1-N-hydroxysuccinimide
(1BS). 1IgM.is reduced uith .
4 cysteine to get”SH-bearing
- . subunits uhich is reacted , ~
. ;uith NBPE in liposomes. Igl
. N > subunits link to liposomes -
& through F_ portion via
23 . thioether bridge.
5) Detergent dialysis o
(palmitoylation) mathod 80% ar more 100 ug/mg 48 1gG/1000A o “Antibody is derivatized with *
Huang et al. (1980) phospholipid liposome palmitic acid using an acti-
Harsch ef al (1981) vated ester of HN-hydroxysuc-
Huang et al. (1982) - cinimide. Palmitoy] antibody
Shen et al. (1982) T is incorporated into 11posomes
- . . by detergept (deoxycholate)
dialysis method,
. T, B
6) Carbodiimide method 4 - :
- Johnson et al. (1966) 0.125% 19-20 uyg IgG ‘ Mlater soluble caybodiimide
Dunnick Bt al. (1975) . . /umole PC at 10 mg/m} . (EDCI) activates carboxyl
Endoh et al. (1981) @ 1gG. groups on*IgG to react vith

S

- . nucleophilic groups such as
. NH, on phospliatidylethano-
1aﬁine present in liposomes.
Amide bond 1inks IgG to
Tiposomés.

5
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. Table 3 (continued) ~
Method and Reference Binding parameters .
% binding of antibody . ~ ug antibody
at certain protein copc. Mmole lipid

4 d L -

No. of antibody
mpolecules/vésicle

Principle of binding

7) Citraconylation method”
Jansons and Mallett

+167-500 Mg
. (1981) .

F(ab'),/umole
-phosphglip%dJ S .

[y

. 4 , .
. = >

-

-

First citraconylation of
F{ab'), is done to protect

its €°NH, groups. Using
carbodiim?de, phosphatidyl
ethanolamine derivative of
F(ab'}, is prepared,

Amide Bonds are formed between
carboxyl graups of F(ab'),

and NH2 group of PE.

PE(Fab"), is incorporated

into !ip%somes by 24 hr .
igcubation

8) Glutaraldehyde method . R '
Torchilin gt al. (1979) = 40-60% ‘. 1-2 antibody
. N molecule/1000Q
- 1ipid molecules

3

T - -

* Aminoe group of PE in lipo-

F

somes were activated using
glutaraldehyde. Activated
liposomes were coupled to
NH,, groups of aatibodigs by
ovérnight incubation.

)

9) Periodate oxidation .
method - . i :

‘ Heath et al. {1980) 20%
Heath et al. (1981} .

- G

100-200 ug
protein/#mole
p 1ipid

140 motecules/ '
0.2 vm vesicle

The aldehyde groups are pro-
duced by pariodate oxidation
of vesicles containing lipids
bearing vicinyl hydroxyls

= (giycosphingolipids). These
aldehyde groups’react with
sming groups on the protein

_to form imine (Schiff base)

_-which js then stabi]izgd by
NaBHa reduction.

Ly

Y
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' Table 3 (continued)
© Method and Reference Binding parameters ’
# binding of antibody ug antibody No. of antibody
at certain protein conc. Mmole lipid molecules/vesicle °

it

- Principle of®binding

.

10} 1ado ADLPE mzthod ' R .
Sinha & Karush <~ 339 100 ug Fab“
(1979,1982) - Jumole total lipid

-

-

Sulfhydryl reactive, phospho-
lipid containing alkylating’
reagefit, N-{N*~iodoacétyl, -°-
NE ~dansyllysyl)-phosphatidy]
ethanolamine (iodo ADLPE) is
synthesized. Fab'-SH obtained
by reduction of F(ab')2

using mercaptoethanol is
alkylated with iodo-ADLPE.
Fab'-ADLPE s then incorpor- -
ated into liposomes by
incubation.

- s €

e
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.7 . Table 4
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Chemical reactions involved in covalent binding of antibodies_to-lipogomes,

3
. L

1. SPDP methods (Leserman et al. 1980, 1981, Barbet et al. 1981, Martin et al. 1981)

Obtaining thiolated antibody: . ) -
o - .
IgG-NH, + al ~00C-CH,,CH,~§~8~ —— IgG-NH-OC-CH,CH,-S~8-
2 9 \\‘ / g N-OH
.-’. o
SPDP - PDP-IgG
. ’ DTT -
A
TgG~NH-OC. CHZCHz—SH
‘ ‘ " Ab-SH
F(ab'), —2Sr . Fab'-SH, . . , »

—— N

(Ab-SH) -. . -

- Coupling antiboﬁy Ep liposcmes:

P = ’ =
14p-NH~OC—CH,CH, -s=s—® + Bb-§H ——— 1ip-NH-OC-CH,CH,-S-S-Ab + S= /
. . . N_
PDP-PE 1:1,p ~— 1ip-S-5-Ab H

- v
-

S

aEaEh km

=3 e
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Table 4 (continued) .
2., SMPB method (Martin and Papahadjopoulog 1982) ¢ )
' ®
° > f
PE-NH, -+ -000- ] v fi
“NH, N -00c-{CH,) 4 ) — , pE-nm-0C- (ch,) 4
0 . - N
y “\ SMPR 1PB-PE
1ip-NH-0C=(CH,) ; - + Fab'=SH ——» 1ip-NH-0C-(CH,) - -
MPB-PE lip Yoo 1ip=S-Fab® |
“ . ’ Q' ®
~ Y N
E] ' Ll : _G ‘@
= , - . ~ .
A )
- . B
b A
N ¢
’ 5 7 o= =
RS \
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Table 4 {(continued)

4, Periodate oxidation

1ip-glycolipid »

©

lip-9
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—_— 2HCOH e s HOCH
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Table 4 (continued) . ) . L. s
5. 1o0do-ADLPE niethod (Sinha and Karush 1979,1982): v .
. " - 0o -
- f ) NH=(CH.) § ~CH~-C-NH-PE - )
xim— (cu,) Qm(IZH-C'mNH—PE +  Fab'wSH ——— | (cH,) ; C-NH-PE -,
- , D
P i 1}11.1 2 II\TH /
c=0 . G0 .
{ (-
- _ Fab'-S-CH,
.- Sl , .
) 16d0-ADLPE, Fab'-ADLPE "

) cianéyl

=]
Il

5-dimethylaminonaphthalene~l-sulfonyl >

-

<« TFab'-ADLPE Lip . lip ADLPE~Fab' © ” .
. * B R‘ v R}
6. Glutaraldehyde method (Torchilin et al. 1979): -
1ip=NH, % CHO(CH,)jCHO + HZN'—zmtibcdy -~
.. 1ip=N=CIICH,} ,CH=N-Antibody
(l
. . . \\A
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knowledge 'of the stability of 1ipdsomes in the medium of
cell culture. The various components of the cell culture
medium may have profound effects on liposome-cell
interactioﬁsn For example, éa1ciﬁm iéns are known to, cause
increased binding of acidjc lipésomes to red blood cells.
(Eytan et al. 1982). The poor stabiTity of cholesterol
, free liposomes in the serum,fs very well known (Kirby et
al. 1980a). It may sometimes be necessary’-to eliminate
one or moré of .the interfering components of the cell
A culture medium. to simplify the interpretation of 1nteract1on
studies (Noteboom 1983). ‘ . )

There are different ways that these studies can be
undertaken. Eiﬁhéé %he liposomal contents oy the 1iposoma1
‘membraneg or more appropriate"lyD both, could be u;ed as
ﬁ3§kerso Lipid markers include radiolabelled phospholipid,
cholesterol or more stable hexadech cholesterol ether (Pool
et al. 1982). Schroit & Madsen (1983) have synthesized
12517phospholipids tp see vesicle-cell transfer.
Fluorescent 11p1ds 11ke N- (f]uoresce1n 1soth1ocyany1)=
phosphat1dy1ethanolam1ne (N=FITC=PE) could also be used to
serve the purpose. Water soluble fluogescent compounds tike
carboxyf]uoﬁescein could be used to make the aqueon
contents fluorescent (Weinstein et al. 1977).

In the case of immunoliposomes, antibodiei%ﬁ%he third

combonent could be Tabelled with 1251, Récent1y9
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Tiposomes containing colloidal gold afe reported to be
4

useful as a probe for liposome-cell.interactions (Hong gg

- A

al. 1983). Generally, in an interaction study, cells and
liposomes are incubated together for a predetermined time.

At the end of the incubation period liposomes are separated’

“

and the cells are washed to get rid of loosely boung
liposomes.- Subsequently, the cél]s are analysed for .

Tiposomal markers qualitatively (eagoaby fluovrescence
g *

microscopy) or quantitatively (e.g. by_counting

radioactivity). - N

L} AN

The .separation of free liposomes from cel1” bound . .
liposomes is an important step in vesic1e—ce&1 iﬁte;actionso°
SUVs could be separated from cells by‘§eﬁimen%iné %he‘1atter
at low speed centrffﬁgationa To faci]itatexthe separaiioﬁa
materials Tike Fipoll 1O’%9 Fico11-paqu29 dexérén‘{oﬁg\etc,

have beén used in density gradient centrifugation (Jones @

AR}

Osborp 1977, Fountain et al. 1980, Bragman et al. «

1983). Liposomes usually float and’celﬂs pelletize in-such.
density gradient mediums REV, MLV “or ‘other macrovesicles ' N

might still pose a problem with regard to their sepdration !

°

from cells. - o T .

Mechanisms of liposome cell interactions in vitro: . r
o - _‘——_‘ ’

2

-~ Whatever the method‘of study, liposomes are probosed

to interact with cells in four majov ways: 1) -stable’ \

“adsorption 2) endocytosis 3) Fusion and 4) lipid exchange. . Q,

-

.
l & . [N
a
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The definitions as giJen by‘Pagapo & Neinsteip.(1973) and a . “
brief descviptio% of each of these mechanisms fol]ow: ’
1: Stable adsorption is the association of intact Tiposomes
with the cell surface wlthoAL their internalization. The
term "stable" emphasizes that the adsorbed liposomes fare not

., removed by washing of the cells. 'However, they cou]lé

N detached by treatments such as trypsinization-.of the cells. /

be

. L (Pagano and Takeichi 19773'Chaneer et _12‘1983), The
. ' adeo;ption of liposomes ﬁo/ce11s depends ,on ehe transition
, | 8tempe_rsz,ure of phospholipids in liposomes as Qe11 as the
\ temﬁerature of study{ "So]1d@/T/posomes adsorb more than °
thﬁiéJl liposomes. Interest1;g7’/—4;e re]at]onsh1p between
ﬁempereiure and adsorption to cells, as observed bwaagano. /
and Takeichi (1977), is an inverse one. The forces‘ihvo1ved { s
‘ih ﬁhe @dsergtion process could ﬁe nonspecific (e.g~
,e]gctrostatics hydrophobic) or specific (e.g. suvfaee
v ' : ‘recep%oesg antibodies). ‘ .‘

. 2;'Endocyto§is isthe Wtake of intact 1iposome§ into

”'#:endocytetiqgv sic[es° At is an active process requiring
energy'and the eﬁore coutd be iﬁhibited by cytochalasin B or

Yo other ox1dat1ve or g]yco?ytwc metabolic 1nh1b1torso On

endoc1t051s liposomes may fuse w1th 1ysosomes wherein they b

L - - will be- acted upon by var1ous enzymes, causing the release
. 1

- -

‘- of active ingredients into the cytoplasm. "Solid" liposomes
’ L A &
are more‘proﬁe to .endocytosis than "fluid™ ones. A recent

. L investigation indicates that smaller Tiposomes are
. | 1 A
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~&i@%1taneous1yn However, certain mechanisms may be
. N o \

N

1983). - ‘ . , g . ’ i

3. Fusion is the merging of 1ipidub11ayer with;%h@ p]asha

membrane and concom1tant release ofa11posome contents into

] & v

cytop]asm1c space° It can bedistinguished from endocytos1s o

on the basis of inhibitor studies. 'FQ§ﬁon Hoes Aot require,
1)

.- e AN S ]
energy and h:ce is.noi inhibited "By metabolic: inhibitors,

A

4, Lipid transfer Hs the traﬁsfer of 1ipid0m01§cﬁ1és between .

- 1iposomes and cells without the association of the cell with-

the aqueous contents_o% the'1iposgﬁe, Proteins present at

the cei: surface or -in the medium may mediate the transfer

LY

& @ A / -
of lipid molecules. "~ Loss of liposomal phospholipid to *
plasma high density lipoproteins (HDL) is an analogous

examp]e of 11p1d transfern

Mechan1sms out11ned above are not mutual]y exclusive

@

(Pagano afid Uelnste1n ]978? Fon 1nstanceD adsorptlon is a

v

prerequ1s1te “for endocytos{s of the rest of the ves1c1e

More over, one ov more mechanisms may be taking p1ace

b 1]

predoﬁ%nant dépending oh tékj type, eog; phagocytic or '

ponphagocytic, ¢ nditions of incubation and- the properties

¢

of ]ipogomes (charge, sizqigf1uidjty)a‘ Use of fusogens Tike

polyethylene glycol, vivus, lysolecithin, lectins, e‘ifc° to

-

bring about {cell-cell fusion are well krown. These agents v

“could similarly be used to indyce fusion of liposome with

1

Q ; A .
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C perspectwe9 ma1n1y to cee thewefrect1veness of . 1ipogomes

t

3

for drwg délivery to ce11s or qrgan1ﬁms in, 1nov1tr0‘ \_

P L

\ . <

P

ce~1s\a]tﬁough lysolecithin was more toxic ﬁo cells (Szoka
. 1981). T \

4

K1me§berg and Mayhew (1978) have illustrated the

different 1nteract1on mechanisms d1agvamat1ca]ly These

authors also stéte that transcapillary passage of Tiposomes

and/or theik contents may follow similar mechan1smso

1

Severa] other repoyts have appeared to date on liposome ceTT

" interactions. Some-have addressed the question of mechanism.

el

of int%racttoﬁk Others have“%éne-such studies from anothér

I v

K .
cu1ture cond1t1ons° Both 1&creased and decvreaséd de11very N

s
y

— — ' 3

. [} )

of 11posome contents\gas been observed {(UWeinstein t al.

1978, "‘Allen et al. 1981, Noyrieiet al, 1982, Onaga

X

and Baillie 1982, Patel-et al. 1982, Todd et.al. ~ °

1982, Del?%on%tant%nbs-_ﬁ al. 1983, -Jansofis and Panzner .
i "o 1 ) ) LR > % " ¢

1983), - ' : v oo

A ©

DISTRIBUTION AND INTERACTIONS 0F LIPOSOMES IN VIVO '

L1posome thav1or w1th1n the biological mwl:ey is 4 .

- v 2;'

governed by a numbeyr of factors,, Route ‘of administration is n
) . a . - s 7 S

one such important facter. Other factors are comprised of “

]

gha%acteristics related to- Tiposomes such as”size, éhargeg X %
lipid q§mpﬂsition9 dose @gtc. aéo?e of ‘these factors would be )
. sy ‘ 3
~discussed apprqpriate1§ hﬁder~@ifferent routes of o4
administration, ~* \ , S R

: Q. l o
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1. Intravenous Voute (I.V.) ;oo
T ’ \ .
On intravenous administration: lLiposomes rapi']y

v

v - . §
interact with blood components. Serum protein$ such as

apolipoproteins, high density 1ipoprote1ns (HDL), could

cause aggregation, alteration of permea@i]ity and [

destabilization of 1iposomgs (Scherphof et al. 1978;
; Guo-et al. 1980; Allen 1981;

The extent ﬁi\izzfﬂamage to

composition (Senior and

Allen and Cleland 1@.{
Gregoriadis et al. 1983)).
liposomes depends on the'

1

Gregoriadis 1982, Bali

~

\}983)° Cholesterol

incorporation rendérs_]iboéomes less vulnerable to attack by.

‘

piasma proteins and subsequenm 160ss of their phospholipids

to HDL (Gregoriadis, and. Dav1s 1979; Kirby et al. 1980ab%

K1rby and Gregor1adls 1980)

<

N
has improved thg Stability of liposomes in sevum Jdn

vitro as well as in, wivo (Huangggj al.°1980; Kuhn *

Substitution of sphingomyelin for phosphattdylcholine

-
v

& .

°*1983). Other lipid composi%ions“e g. G-aminomafnose

[ G

devivative of cho]astero] hav&;a1s& shown similar results

.(Mauk et al. 3980) Recently, however, the view - "moreq

5 ; .

stable 1?posomes may noc be effecL1ve drug carriers® has
been put forth by Huth(1982) The authow states that
nodevate]y stab1e 11posomesg espec1a11y 1L\!’D when f1rsL
destabi1iged by blodd components actually facilitdte the

o ) ¥
release of a priming dosek of drug needed to achieve the
) &

, desired therapeutic"ﬂeve]° The subsequent release is slou

o o N

Q-
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and provides a maintenance dose ovei a Tong period of time.
Thus® these MLVs may possibly function as ide§] sustained
re{ease drug delivery ;ystems° ,. ‘
Other componénts of'blood9 name]y"]eukocytes9
pltatelets, erythrocy?és, have also been shown to interact
with liposomes (Eytan gt al. 1982, Juliano et al. ¢
1983; Kuhn et al. 1983). Leukocytes can internalize the'
11poso&es via phagocytosis (Kuhn et al. 1983).
Interestingly, stability of liposomes in whole human blodﬁ 'J
is greater than in the serum (Lelkes and Tandeter 1982; Kuhn

t al. 1983), persumably due to the protective effect of

[

After the first encounter with the components ‘of the

-0

blood, «Tiposomes probably would be carried to the Tung.

"Here, Targer liposomes ‘ov aggregates could be arvested by

Tung capillaries, Pulmonary retention could also be

influenced by charge and composition of liposomes (Fidler

R

et al. 1980). The Tliposomes would next be coming iﬁ

—

contact with the reticuloendothelial system (RES).

Interaction of liposomes with the RES has been a subject of

©

study by many finvestigators. <The organs af the RES-Tiver,
\\‘spleen9 bone marrow take up liposomes simifar to other

colloids or suspensions. A typical distributiion pro%ile of
N . W

T.Vy injected sonicated Tiposomes could be as follows:

-3

liver 22,4%, spleen 6.0%, 1ungﬁ$i6%g g&gney 0.6%, plasma
11.5% (Kimelberg and Mayhew 1978).

0 °
N ¥

L

@
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“or mes;nchymal cells) of the liver. Hepatocytes or the

56

o

Extravasatian of small liposomes from the blood stream

js possible in organs like liver, spleen and bone marrow

9

"because these organs are lined by'a>typehof capillary called

¢

sinusoidal or giscdhtinuous capi]]arie§, The gaps in the
endothelial 1ifing of sinusoidal capi11gries are in the
Arder'gf 0.7 um ov less and also these capillaries Tagk
subendothelial basement membrane. These érbpérties Jake
them amenab]eAto exéravasation of 1iposom@si Héwever,
capil]éries of other typéé lTike continuous (e.g. skeletal
éusclg and smooth muscle cap;}larieéo and Tenestrated (e.g.
G.I.T.) capiliaries do not allow extravasation of liposomes.
In inflammed tissues, permeability of blood vessels is
supposed to increase. pEven so, Poste (1983) did ngtcobserve
any extravasation of liposomes under inflammatory
condi%ions} Despite this fact goﬁé au{hors hypothesize that
in diséased'O{gans (tum%rs)% §1ood capillaries may be more
permeable to‘aﬁ]owopa§sage of 1ipo§qﬁes (onffitt t al.

1983). W
@ 12

‘7.

In the hepatic uptake‘of liposomes, the major role is

o

played by the Kupffer cells (also known as fixed macrbphagés

o
parenchymal cells possibly play a minor role. Time may be

- an impprtant factor in deciding which cell population of the

Tiver takes up liposomes preferéntia11y (Freise et al.

1980). ,Ironjga1ly9 in the presence of hepatocellular tumor,’

’ only a‘sm%][ uptake of MTX liposomes by the Tiver was

"y o
.

¢



observed (Freise et al. 1979).  Endocytosis has been'

—— —

implicated as the chief mechanism for the uptake of

liposomes b& Kupffer cells. Liposomes administered I.V.

have been shown to be present inside ihe Kupffer cells

L

associated with the ly;osoma1 compartment by light and
" eleciron microscopy (welden‘éi al. 1983). }-'urtherD the
suﬁcé]]u1ar fractionation‘studies have cqu1emented’these
findings implicating endocytic uptake. \

The pharmgcokinetic clearance and/or disposition of
1iposomes dependsbon size (Abra and Hunt 1981, 1982) lipid

composition (Fidler et al. 1980, Greg9riadis and Senior
1980, Huang et al. 1980F surface charge (Fidler et

al. 1980, koa and Lon 1980, Abraham et.al. 1984) and
the dose (Ahra|gﬁa Hunt 1981, Bosworth and Hunt 1982,

W

Beaumier et al. 1983) of liposomes. The larger the

—— ——

Jiposomes the faster their clearance (Fidler et al.

P

)

1980). The cleagance half time can range from 1 hr for SUY
to ~10 min for larger ves*ic'loes° However, the clearance of
free drug has been found to be even move rapid with
c]earaﬁce half time of 3-5 &in (Yatvin and Lelkes 1982). -
.Considering just the lipid composition 'of 1iposoﬁe§5 half
’time§ }or clearance could range from O.1 hv

’ (di1aury1ﬁhosphatidy?chofine=cho1esteroJ) ta 2 hr
(phosphatidy1éhofine) to 16.5 hr (sphingoTye1in) (Huang et
al. 19807 Yatvin and Lelkes 1982). .Negatively charged

" vesicles are cleared faster than positive and neutral

L

>
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vesicles. Recently, it has become evident that irresbective
of theif ogjgina@ charge all ljposomes acquire a_négative
charge in the presence of serum. In the light of %his, the
di%feréntiach]e@rance rates could result from differences
in the way the blood proteins interact with Tiposomes or
from,differéni@s in their net negative charge densities . -
(Kimelberg and Mayhew 19%8)° ) o ”

It is interesting to note that the blood cells, though
bigger thaﬁ liposomes, .are not scavenged by the 1iveruuntil
they are functional. This fact §uégesﬁs the possible
existence of ‘some recognition facﬁors onl%1obd cells
revealing them as "self", Regognition factors could also be ,
present iﬁ the serum. These, as ye% unknown, factors may

"

opsonize (coat) liposomes causing ithem to be perceived as
"non-self" by Kupffer cells and/or{ilﬁ;ﬁ/ﬁagrophages in.the.” -«
spleen (Kime]berg'and Mayhew 1978) There are not many o ,
studies related to clearance of liposomes linked to cell ‘

i

recognition ligands. As regards to immunoliposomes,’ -

)

_however, the cledrance is expected to be enhanced if the Fc

H

regions of tihe angiﬁody‘are expoée&9 rather than hidden, on

1

the surface of liposomes. Circulating monocytes and .

q \

retiduloendothelial c%1159:through their Fc receptors, would

rapidly react with the Fc- region of the antibody and clear
) -QN - g : ’
the Tiposomes. S

» ' 21
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RES blockade:
Several efforts have been made to veduce the RES
uptake of liposomes so that their interactions wjth other

tissues may be improved. One strategy has been to use very

small liposomes Tike SUV that ave cleared from circulation °

more slouwly than the 1arge£ MLV, “REV or LUVs. The other
approach,has been toyblock the RES. RES blockade egu1d be
accomplished hy &iv.\gdministration of substaqges Tike
charcéal (Hudson and Hay 1981, Souhami et al.%1981),

latex partilﬂes9 methylpalmitate, dextran sulfate (Souhami
et al. 1981) ov empty liposomes (Abra et al. 1980).
Perhaps empt¥ 11posémes are Tess toxic in comparison to \

Ll

other noa;@ioaegradable particulate materials. The )
efficiency of RES blockade could be improved by using
liposomes comgrised of approp?iate lipids, e.g. -
6-aminomannose derivative of cholesterol (Wuetal 1981,
Proffitt et al. ]953)9 glycolipids like lactosylceramide
(Spanjer and Scherphof 1983)., lactosylcerebroside and
dimannosyl diglyceride SSzoka and Mayhew 1983). Thus a RES
blockade which is reQersib1e ‘in 24 hrs,can be imposed
easily. Despité this, the value of t?is method in the
context of RTppsome mediated drug de1ivery,'was not been
impressive at all (Poste 1983). The reason is the inability
oﬁ.]iposomés to reach tissues outside the mononuclear

~ .

phagocyte system. Repeated administration of RES bjockers

or liposomes may paralyse thg RES “Function
- } J

-

14
*
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<leading to toxic problems (Poste 1983). Thjs point should

be borne in mind while attémptiné long' term therapy with

n
k-

liposomes.”
Finally, there are certain anatom@cai sites which the
intravenously administered liposomes cannot reach (Juliano

1981). One of them is the CNS and the other is ‘the urinary

tract. Liboéomes cannot réash the CNS because they ca%ﬁot

- \~
cross the blood brain barrier. Similarly, they are not,

filtered by glomeruli and hence cannot appear in the urinary

tract. A ’ . .

oy

2. Intraperitoneal route (I.P.)

. v .. .
Convenience makesﬁthls a common voute of

- |

administration in animal studies but not so in humans. ~QOnly

in situations suchaas diseases of’the peritoneal cavity or
> oo . -

5o

ovarian cancers?ﬁgﬁthis route of administration u;ed in
humans (Ma_yﬁew and Papahadjopqulos 1983, Ozols et al. .
1984). By-and“large, the distrigﬁﬁion of 1ipoébmes or thedr
contents ohser;eg after I.P: admin;straﬁidm, is ‘
qua]gtative1y~sim{1ar to that after I.V. administration,
Quantitative dig%erénces, however, do exist. Compared {o
I.V. route, two to three times less uptake in RES organs

Tike Tiver, spleen and higher uptake in gut, lymph glands

Lo

a ¢

-

has been -seen by I.P. vroute (Elléns et al. 19871). Also

——— ————

the peritoneal cavity functions as a reservoir of vesicles

£z

for some hours (Ellens et al. 1981), The transport of

lip%somes from the peritoneal cavity into tﬁe general

o
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circu]atiog@gnd eventually to tissues nﬁmed\above possibly o -
occurs via lymphatic pathway. It could alsqg take place

through the capillary lining of the cavﬁfy. \According to

.. Poste (1983) terminal lymphatics (i.e. lympalic capillaries)

Pl

o

£

Qu ‘_ t.‘ ¢ N K v
Liposomes administered subcutaneous]? Jiay have an- '
?ncrea ed hwu?ogxca] half—lafe depending on their -
. 4
, @omposztmon. Subcutaneaus1y adm1n1stered 1nsu11n Tlposomes g

-

; offer a far 1q;s form1dab1e barrier tgo the pa ssage of -

8 ~

o

3

Perhaps tﬁ@ I.P. route is beneficial fbr targ t1ngmo
,%

In many cases“the I.P. route is less toxic than‘}he-

I.Y. route. 'For exam@le,ttoxicfty was reduée&ﬂwﬁén Yo "

”~

act1nomyc1n~D was adm1n1st@rgd in 11posone form by I. P. -

o
©

route to ascites tumor bear1ng mice.. Howevev, it mdy not be

[

so with liposomes contai%ing E%ﬁf&?n cbher'drugs. MTX ‘ .

B ’.
L}

entrapped 11posomes adm1n1steved 1.P. (0 25 mg M#Y per & 30,

g mouse) caused sudden death of a11 The m1ce gn 24 hrs but®

no death occured on I V. adm1nrstrat1on of th@wsaL

o8 'osd

1979). Tyr?e? 4. J. (1976) reports a 100~ fold, 1ncrease

411posomes 1n the same dose for 5 days.JFgfzse etnal. b ’

We n o

in toxicity of intraperitoneally g1ven MTX”]wposomes over
g (.
" free drug Ffom unpublished dagg of Colley. ¢ &° 8

o h o~
- -

~
L)

3¢ 5ubcutan@ou§ and“fntaamuscu]ar‘route (S;C. and i.M.)

pravided: pr@?@ngad 3yp0q?ycem1c effect «@mpared to free

b ey &

¢ L - .
[ .’ . - a (
s - ’
. .
H ) )
B
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insu1iz}($tevenson'gg §l°,1982),w This proaongati6a§ '
effect was attributed to the protection of insulin from
degradation, provided by Tiposomes. Si@i1awly Segal et .
al. (1976) found delayed release of entrdpped materia1i
from large MLV injécted into the rat _tefticles. Liposomes
njected I.M. or S.C. behéve similar to the -

r ' intraperiitoneally @dministgred liposomes in, that théy
exhibit inittal slow clearance fram the site,ofﬂindection'
(Fountain et al. 1980b), Ffollowed by absorption into .-
Tymphatics and then into the blood stream 1eadingaﬁoa o

localization in RES. Liposomes injected into the foot pad

also have similar fate. Subcutaneous ov, I.M. route could

. therefore possibly be used to deliver drugs to the draining
regional Tymph node. An exam?ls,of this is the delivery of
5 EE
J. e anticancer drugs or radioimaging agenis to lymph node

metastasis (Khaio gt al.-1983, Osborne et al. 1983).

T2 4, Intraayticular route -

& Pty 5

z . This route of administration of Tiposomes has been |
« e » A

(3 P

“'Qy Cod °ast§ga{ed for the treat@ﬁnt of arthritis.. Results in ¢ :

- “animats as we11 as humans’® havershQWn proifonged 1oca112@d°

{ 4 S,

act1on of drug entrapped in 11posomes (Dingle gt al.

: 1978 PageﬁThomas and Ph1l1ips ?979)@ AiLhough nost‘siuﬂ1es

Kl

. deait with eortqsc? paimﬁfate 11p0&somes3 MTX 11p@5ﬂnes have ' -

Q u .
I N :30' \ra
. ;“ also been stud1ed by 1ntraart1cu1ar 1ﬁjeci1on to improve its - .
. N ¥ v \ © & . o v
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[ . » S0 ! v .
~ v N - ! Lt v
, R L 2] o : R ,
o . [} < e ’ L R
vb Y. S oot P . o Lt
i - i N :490 &) N ¥

e

e



e

R I

. \ : 63

N 3
.
o 2

~

anti‘inflammatory activity (Foong and Green 1983, Green and ¢

Foong 1983). °

[

5. Intratracheal route !

5 Liposomes have been administered into the tracheae in

“aerosol’ form For local treatment of lung tumors and/ov

] ) "

metastases or respiratory distress syndrome (Sachman and

"Tsao 1980). Liposomes, so adminisiered, vemain within the

"absorbed from the gut. (Deshmukh et al. 1981, Schuwinke,

s

- Nevertheless, the reports indicate the possibilities Yor

.oral administration of liposome encapsulajed drugs at least

cal. 1981). Liposomes for this purpose should be

Tung over an extended period of time. Little or no

—

redistribution vid civculation into other organs has' been
observed. - - . -

6. Oral route ) y

A veport of oral administration of insulin in

liposomes, fivrst appeared in 1976 (Paiel and Ryman 1926)5

v

Studies reported later showed much ﬁé&teﬁ hypoglygemic -

activity possibly due to better lipid composition of
liposomes (Dapergolas and Gregoriadig 1976), However, there

are veports indicating the inability of Jiposomes {o~be L

- 4

et al.' 1984), 3 ‘ -

Further, some scientisis report that the 11posomeg’are,

7

completely degraded by the detgygeht action of bile sg1kso

L4

o
q ®

to protect tﬂem'from premature digestion (Deshmukh et

formulated so _as to wiﬁhsﬁana*fhe rigors of the !

N . —,
. 3 o
v '
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gastrointestinal environménty%hah a; acjds; digesfiﬂe ®
enzymes and detergents }ike bi}e salts. Acc&rding.fg.some
reports, "solid" giba?mitoy]phogphatid&]choliné (DPPCTE |
disteavoylphosphatidylicholine (6SPC):1fpo§qmes ar% movre
stab1e in G.I.T. than "fluid® egg PCd]%phsémesa possibly ﬁué

to diminished hydro1&sis of the former by‘ﬁ%e pancreatic

pbospho1ipases (Eapergoﬁas-and Gregoriadis 1876, Rowland and

“

//@oodley 1980, 1981). Mare racently iiposomes made of -

lipids, .€.g. dietﬁér and 1a1ky1 ana]og of PC, (Deshnukh et

al. 1981), which are weswst nt to the acu1on of

)
rted. The mod@ of absorption of

L

phospho]1pase have been repo

orally administered 11pcsones%awd the1r contents could be

'Y

analogous to that of chylomic ons9 at 1east partiallye.

Atcord1ng1y liposomes might fpllow 1ymphatic pathways of the

-

is sometimes benef1c1a1 Ap;rt from iﬂsulinD oth@r

substaﬁces like gentamyc1n (ﬁorgan and U1111an¥‘1980)

heparin (Ueno et al. 1982), factor VIII (Hemker et

al. 1980) have also been shown to be abSorbed from GOIQTJ

“when encabsu1ated in liposomes. Very>recent1y Nagata et

al. (1984) have reported superior effect of oral 11posuma1

B

N1tam1n Kl over- oLher dosage forms.

4

= . ) -
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7 DernaT App11cai1®n T o T T
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‘"“The hazardsiﬁ? sysienxc adm1nvstra ion "could bhe'

3 ~

conp1ete1y avoided if 11p@somes couid be applied DTCQ1?W¢’

o
-

- RN

Jhe ingenious idea of exm]ogtat1ow of 11p©sanes as quecﬁ1v& .

e ~o N
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. topical drug de]ive%y systems ‘was conceived‘and”investigated

. first in this 1aboratory by Mezei and Gulasekharam (1980)
& ¢
+,  Studies xn~w&bb1ﬁs\(eu1a*ekharan 1980, Mezef and -

- Guiasek%awan 1980) and guiﬂea pigs (unpub11shed

o
.

observat1ons) have shown that indead drug d1spos1t%on is

altered favorably °hen applied in Tliposomal form. That is

’ tisque. rurtauw modification iato @ su1tab1e pharnaceutical

¢ N ASEN S

.

dosage form ma1nta1ngd this favourable d1spos1@1on pattern_'
v . i N L
e (Mezei and Gulasekhavam 1982). *Dermal app@gcation’of‘

Tiposone gntrapped drugs has grg&% potential from ghe . B

“a
a
€

» Il 7 > 0 * @ - - N
: fo11ow1wg§perspect1ves: systemic toxicity of some topically-

A adnihist%véd“drugé (e'gogﬂfor*icostbrﬁias) could “be reduced -
v e s

® or elimipated and the quality of top1cah t1enagy cou?d be“

3 . &

- ehhﬁnced by seTect1ve derna1 de11vevy of drugs°

~ .

»~HGW@VGT9 che mechan1=n for thé favorab]ywa1tered drug 4
- a LN

b d1spos1c1on by 11posones9 is ﬂnly specu]at1ve at Lh1 stagec,

’a N

*0ng - poss1b111gyo1s that 11@d§ongs act,as a depn% ve]eas%ng "
w A P

e Lhe dwug qum?y but 1n amsusialned Fashion (Yahv1n and, .

Y [

® w! © "‘D¢° a

: Lelkes 39&2) Derna1 use of 1i posbnas as humectants nas ‘J

i
N >
0%y ‘.‘u O o 4

. alsb beer wengrﬁaﬁ (idson T@%i R1eger }981) 7 C e
« ’ .. ,( i v Lw“‘ u ° -
[rd any p < s . ?’ . ;
' thafmﬂeﬁap£ﬁ1ca%1on » G e \

), « o o M

. v;2 . One of ‘the: eh@?y Wepovﬁ ‘o op1ca1 app?1c’fkon of -
) A (} M ~

s, ﬂapos&nc eW@@psulaxeq drug% into the tye w§s that of Smolirs

3 . \g @ 0 B " QG’ ‘

i
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i ' ‘et al. (1981)”“ According to the repovrt, in hevpes . - -

X
\ Vi

n ' . infection af the eye9 the therapeut1c action of “iodoxuridine’

N . was greatly 1nproved\uhen adn1n15tered in liposome, | S

3 @ .

> encaasu]ated form, Cornea1 uptake of 11pesone encapsu]@ted
N . ' 1ndowb1e and pen1c11]1n G was 1nvest1gated by Schaerfer and

. \ " Krohn (1982). The, findings suggested enhanced twanscornea]

. flux of hoth the dvug$§ by liposomisation.’

v

Hegauw et al.

(1981) have reported an"increased binding of liposomes .to .

4

the ocqgar ]eﬂs ned1ated by lectin ConJA. ) o .. S

e

g oo Invest1gat1ons of ocular distributidy cf tv1anc1no1one o
A N cetonlde and dihydrostreptomycin sulfate’ have been’ carrwed o

® . out in th1s 1aboratcry (S1ng 1vand Meze1 1983 19849 S1ngh . : .

e . . 1982),. Based .on these studies, tﬁe auchovs Peconmended -

p 'uﬂipnsomes as suitab]e ophtha1mic‘drwg carr1evs for Tiﬁﬁd . v
«? - s - q ied

. . so1ub1e dwugs but not fom water solub?e dvagso Stratford Sel
t ra \ i . u\ ° 0 l h

o Con et al (1983) Tfound oppos1%e erfects on’ covnea1 and ) .

[} n

NN conjunct1va1 absowpt1on of 1iposona1 ep1nuphr1me ‘and inul?n. vor L e

v

. . Epiniphrind absorption ‘decreased by 50%-whgreas inlin’ ‘é e
L o i a : a ' a’.ﬂ

' R absorption increased 10 times by Ljéosome entrapment. VYery. Coy

re@ent?y Barza et&al (1984) reported that liposame. L. '

.
) < ‘ Hot B a

encapsu1at1on m1ght exteﬂd Lhoe fo@@b of subconauct1iniy -

et - . 1nJected ant1b1ot1c 11ke gentamycin
~ e . L} a '}B

. ' 9°.M1sCe11aneous routes s '

.
[ . Q
’v . [ A ‘ \\ A <« O -::3

3

i . © A recent report (FOTSSFﬂ Qﬂd“TOKGS 7983) says that the, °?

’ -t B : N .

a )
&q o

]

T

3 ’ “lqn t 3 -
) o "“]intraderma] 1nJ@ct1on of doxorub1cin,]1posomes produced lesé SIS
v " . : o '
ot . f e ¢ e v : o "
EO}N&I«@QR?C1Cy compared to «ree dOKOfuhjcwn, It.was. .
o ’_"' n.‘ ‘,Q q- . o PRI . . 9
a O > ® an:‘v v .” ‘ L' - ! v ) e b ¥
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therg}ore implicated that the dermal toﬁicity of doxowvubicin

arising frof extravasation of drug during I.V. infusiow . .
could be eliminated by liposome entrapment. Apart from ) ;

[

intragastric route discussed earlier insulin lipesomes have

g §
also been administered via sublingual route (Ueinjfrten

t al. 1981). Results indicated enhanced effect of

insulin enivapped «in 1iposomes.

Tox 1c1ty of Liposomes

- t
o h a ”{)

< Large yo1unes of Tecithin enwls1ons (eac% ‘Intralipid) v
A~} - IS . v EY
are given intravenously without apparenu tox1c1tw, ’ 3 .

Cons1der1ng th1sm @ﬂpbj $ﬂposones which are a]so composed

a

ma1wTJ«or phospho11pids should noi be, tanvc 1ﬂohhe doses .

¢

adm1n1stered, Despite this expectation there are some

o

<o reporis concern1ng the - tox1c1ty 01 1iposomes° Such toxicity

!

depends na1n7y on theiy connosztvon and dose. Steavy]amine

@ 4 5 Q »
®
LI o

conta1n1ng 11posones vere most toxic uh11e negai1ve . T
[

Tiposgmes u1LP phosphati§y1 savine or d1cety]phnsphate ueve .

o

move toxic than neutral liposomes (Adams et al. 1977). .

[§)

Intrag@%ﬁbwaj dnjection of stearylamine or dicetylphosphate +

containing liposomes inio mice produced toxic symptoms such
Y R a N el (I‘_
as epileptit seizures, cerebral pecrésis, etc. (Adams &t
& R s * ——w L} o

al. }977)° The same Tipﬁsomgi'adminjétered in a lesser

dose, é1d not.show any ﬁon1c symptoms. To some extent the .
LomiCﬁay aT 0 depends on the’ saza of Tiposonesn‘oThough of

s1n11aracono¢a1t1on (PS PCe CHOL)V HLVs uf 517e Ooo 3 2 um

.
.

X yol E '
uere nore tox it (L950w300 nqjkg) Lh@n SUVs of »size 0.03 um .



S e e

1
s

? <o ‘ 0

. (LD50-5 5 g/kg). Mayhew and Papahadjopoulos (1983) report
’ that %hey obseryved marked initial gross necroglg\effects-oﬁ

norna? Tiver uhen n1ce were injected with 5 g /kg of

@ R

. ) DPPC CHOL hposones° But the liver reverted back to normal

t M

b
) Althaugh plain 11posom@s may he c0n51dered re1at1ve1y

Loy

o e state 1n 7 days, .

L]

\ .nan toxic’ chemollposcﬂes nay exhibit 1ncweased toxicity.
. - )

Such t0x1c1iy uou1d naturally be resu]timg from altered .

>

ti%sue distribution and pha?macokinet1cs of enbrapped drugs.

’
>
© >

-—Yptake by ﬁbcrophagea of, or sustained release "from, .

11posomes conta1n7ng cytotox1c drugs might lead to 1ncreased»

a

poxicity. This is becauseépf the simple fact that uhat is
; . . sometimes good for k1111ng cancer cells is also bad foc///

: nowna1 cef?gj\ This aspect is part1tu]ar]y hlgh]]ghted in.

P(‘J = ’ o
) the weview by kaye~(7981), SUSta1ned release of cytotox1c

v, 1 . . -

drugs of- phase.specific type (Qog, MTXQPara=Q) from . °

v
L o

R 11aosones is gqed for [%111ng canggf ce]]%: At the same

= . time this n1ght advarse1y af.ect norde“p$311ferat1ng ce]1sD

¢ Y ° A}

Lo T 1ead1ng to increased -host toxicity. Therefove9 MTX “and

« r . s @ N .

ara-c 1Tpospmes Yere more toxic than the "free" druo in some

DTN A

& siud1es (kaye 17981). .Also, the uptgke'o$icytetoxaq R

s ’ * liposomes by macrophages (fixedﬁov mobile) ‘may wipe ouﬁpoﬁe;

. N
9 A o ’

o . of the ho*t's v1ta1 defence mech&n1sm4w For exampTe, '

8

e -
- . 4 A

M systemic adm1n13tram1gn of 11Posgme encapsulated bleomycin

° @ ¢
» o . N ? L % N .f N .
Y . and several other antitumor sdrugs bf -cycle ywnspefﬁ?ﬁi.ty@eo

1 b . H o e AQ e e s ® . °; s
N B
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instead of killing cancér cells, adversely enhanced

(Y

. \ i .
metaStatjc spread ?f malignant tumor (Poste 1983). These
findings highlight the fact thai the liposome entrapment in

some instances might make an otherwise less toxic drug into
y ¢ ’
y

a_more toxic one. MNot withstanding all this, an iptravenous

i;n"fusion9 to‘mang'of‘]arge volumes of Jiposomes containing

1

"an ant1m1totlc compound has produced no tox1c1ty wvhatsoever
(Coune et al. 1983). '
POTENTIAL APPLICATIONS DF LIPOSOMES

earherg sihce the1r discovery in the

P e

- . As mentioned

<

early 19605; re§earch app]1t@i1ons of 11posomes have

e "
# pwo11ferated and davers1f5ed

The use” of 11posones as drug

carv1ers was vepowted f1rst by Gregortadws in ear]y 19705 g

°

(Gregor1adls et

—

L

“al. 5974 Gr@gbr1ad1s 1976). Fo11ﬂu1ng

5
this t%ey have been extensively Jnvestigated as carriers” of
drugs,u1ne]ud1ng enzyme% (ue1ssmanﬁ and F1nke1ste1n 1980)a

che1at1ng agents (Rahman 1980) 1tan1as (Alpar et a] N

' T981) anc12fotics (R1chardson 1983) a11a1o1ds (Todorov'add
UeJ1constant1nos 1982) and cort1cosierowds (Shau and D1ng1e

i@ao)a L1ﬁ%sones are re1at1ve1yvnonuox1c and hiodegraliable
LN ‘ M {J 1
because th%y aw < composed of, natuval const1tuen$s of body°
. JAN
',mThey are versat“ﬂeg a11ow1ng gasy nan1pu1at10n of structural

o

[ 5

cbaracter1st1cs 11ke siZe, charge, 11p1d compos1t#§ng’etcn

e 4

Th@se benef1c1a1 prope?b1es have been part1aﬂ1y‘respoﬁ51b]e“'

?

4‘ a

faor'’ nﬁliﬁg these 11p1d ves1c1es attvacu1vevdrug carrievrs.,

“ . . % o ¢

Q

.

&
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Cancer chenofherapy and enzyme therapy havé been the fields

»of most extens1ve studTesq These and other are&s of

'app11ca%ﬂons will be highiighted.- ,

w

Cancer chemoéherapy

he 1

Among the chemotherapeut1c agents anticancer drugs are

highly toxic-ones. The therapeut1c use of these ﬁrugs is

<

11m1ted by their’ tox1c1ty Hence this is the area wherein“

\
Tﬂprovement in the therapegﬁﬂc 1ndex is sought out most

‘desperately. The evforts made to use 1Pposomes in cancer

chenotherapy ave therefowe extenswe° About 15 or so
e

cytotmwic éﬁugs have S0 far been encapsu]ated«1h 'lpmosomes°

. °

Among these, methotrexate (MTX), cytos1ne arabinoside
(ara-c), doxorubitin and actinomycin are the most
extensiwely studied ones. ‘Inves%igations with liposome
encapsulated anticancer‘ag%nts have given vrise to some

interesting resul‘ts° Many of these resu1%s suggest that the

¥

tiposomes have a role in enhanc1ng the eff1cacy of certa1n

antjitumor drugsa Papahadjopﬁulo t al. (1976) §houed

that actanomyc1n D entrapped in 11posbmes cou]d overcone the

H

drug resistance ‘in Ch1nese hamster :cell line in vvﬁvn

In vivo stu&1es of the same drug with drug ves1stanﬁ
P = aepe”

gtumors gave negacive resu1ts (Kaye et ai. 1981)9 An
\ ' 2
zncreaSQd 1ntrace11u1am de11very (1n v1tro) ﬂf ara=CTP

(act1ve maﬁhbo1m1e of ara=c) Troi Tnposomes was denonstrabed

’

in dvug sensﬁtive L1210 ceHs° The 1ncvea3ed de11very ai

.
*u. S o
.

resulied “in d1qtvnct’incveagedbcyﬁatnxﬁc aﬁt?vity_ié

-

L

rg
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v

- vitro over free ara-CTP. But, ara-c and ara-CTP liposomes

s

L

when tested in vivo with drug resistant mouse lymphoma
failed to show any effect (Richardson and Ryman,f982)o

°

" Another interesting property of 1iposomes is the

]

‘prolongation’of plasma half-1ife of entrapped drdgs

resulting in a depot effect which could also depend on
lTipoSome size amd compogition (Allen and Everest 1983).

This has been observed or predicted, with cytotoxic drugs

such, as nethotre'ate (Kaye et al. 19819 R1chardson and

‘Ryman 1982)9 acc1nomyc1n D (Kaye et al. 1981)g

vincristine (Firth et al. 1984), ara-c (Rustum et '

‘al. 1979) adriamycin (Forssen and Tokes 1983b) and

flurodeoxyuridine (Juliano et al. 1983).< However such

pro1ohgationvof half-1ife may or may not be benefictal

therapeutically deﬁéndiﬂg on tﬁe type of drug or properties
> p * 4

unjque to a particular drug.

o 2

Tﬁié‘ﬂspept.hasebeen discussed sunder the toxicity of

liposomes (pleasg see page-67). Reduct1on01n tox1c1ty n1gh%

vesu1t ,4n the case of cycﬂe nonspec1f1c drugs (e.g.
a£t1nonyc1n D, cyclophosphanjde) The card1ac toxicity of
adv1amyc1n and genera1 tox1c1ty of actﬁnomycvn D was reduced

as a result of liposone entrapnent (Rahman et aT 1978

Olson et al. 1982 Ganapath1 and Kvislhian- 19&4)

SeVQra1 comﬁarat1ve gtudles on the cytotoxic effecis

.0

»
of fret and 11@05une encapsu?ated drugs hate been reported

©

h



"19)”833?'9 and doxorub1c1n (Hayheu and Rustum 1983) is actually

. studies anolvi%g solid tumors alSo began to’appear. Some

. - i :
o
2 s s 7 2
. f

EA
s

B @ . S

. a
\\

Some wovrkers claim that eff1cacy of .drugs such as cytosine

arabinoside (vayhew et 1 1976), nocodazo]e»R -

—— it

(Laduron et al. 1983)D carboqqone (Hisapka et.al.

e . e ¥

1982b), c154p]at1num d1anm1nod1ch1or1de (Sur et al.

o4

enﬁance& by Tiposomal entrapment? Many of these
-jnvestigations were carried out using ascites tumors or -I.V.

tumors (eg. L1210 Teukemia). Ascites tumor bears litile

résemblence to tuwmors in a real Tife situation. Lately,

=, oy

of the recent reports' of investigations of liposomal

cytotoxicmdrugs in solid and metastatic tumors.are: .

1 Xor %
@

methotrexate liposomes to treat solid rodent (Kosloski et

t g_ -1980),

———

a1o 1978y and-myrine tunér (Heinstein
®

doxoﬁub?c1n 11pooones to treat mouse lung ﬁumor (Abra eﬁ

~
»

al, 1983)5 actvnomyc1n D liposomes to treat nuw1ne rena?

ddenocavcinomda (Kedar et al. 1980)., doxovubac1n .

9
5

liposoines to treat mouse pr1nawy and ﬂetastat1c Tiver tungﬁx

N

-(Mayhewgand Rustum 1983). Receptly, ‘Frossen and lokes(//

A}

(1983)-fave shown improved thervapeutic benefit of

s e . s . - .y g 5
doxorubicin Tliposomes against Lewis lung carciroma. Such

-

iéproved effect was attributed to the significant reductionw

=

in immunosuppressive activity of doxovubicin in addition to
~ & N

reduced cardiac toxicity and depat effect.

4
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. The effect of liposome encapsulated antitumor drugs

_could also be influenced by lipid composition of liposomes

as évident from wrecent investigations (Kirby and Gregoriadis

1983). o < ‘ .

n

'Uge of hyperthermia resulted in selective release of
liposome entrapped cytotoxic agenis to tumors (Weinstein ., -

t al..1979,1980). Other than this, attempts to target

+ . R
liposomes to tumors have largely been unsuccessful. The B R
o' -~ . = 3
non-selectivity of anticancer liposomes prompted
. ® N

1ﬁvestﬁgatovs to make them targetable by use of cytophilic
ligands such as antibodies, lectins, etc. (Leserm?ﬁ et ‘

al. 1983; Monsigny et al..1983): Such efforts emerged

‘only recently and although many in vitro studies of

‘ 1982ab," Rogers 1982b, Bragman et al. 1983, Machy and

antibody fargeted iiposomesjhave béen reperted, most of

these dealt with cells éuqh as RBC;_ok spleen cells

P °

(Weinstein et al. 1878, Harsch et al. 1981, Herrman ' !

and Meschey 1081, Huang et al. 1981, Machy et al, -

»

Leserman 1983, Heath et al. 1084).

. 0 N . - ‘
Very few studies dealing with cancer cells have so far

L3

been reported, Binding of antigen bearing Tiposomes to

mhwipe myeloma tumor cells was shown by Leserman gt al.
] N ¥

(1979,1980b). However, bindifg did not result in increased

Hélivery of vesicle contents <dnto cells. Theve aré q}her

. %gports support%gg this observation (We{nstein et al.

'

A

— ——

3 - . . #
1978, Todd et 21. 1980). Heath ct°al. (1983) and

pradesry

t ¢ Ry
.
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-encap w7a ed ang1cancer drugs is déa]t with n wreview

!
Matthayzet al. (1984) recently reported an increase in
spe67;1c toxicity of monoclonal antibod} targeted
methotvrexate-~y -aspartate Tiposomes. t

The first and so far the only investigation of ié

vivo anticancer avaluation of monoclonal antibody targéﬁed

°

.liposomes containing an antitumor drug was reported recently

by Hash1mot et al. (1983). The authors demonstrated an = -
augmented antitumor effect of actinomycin D 11p6§0mes

A
bearing tumor specific IgM subunits against mouse mammar%‘

tumor cells in vitro as well _as in vivo (I.P. and

m—ian.

S.C. tumor). However, many more studies are needed before

<

the_relevance of immunospecific_targeting of liposomes for
therapy could become clear.

A comprehensive coverage of evaluations of 11posome -

1

articles by several authors (Yatvin and Lelkes 1982,

1987, Mayhew and, PapahadgopOLios 1983 Weindtein and , .
Leserman 1984}, ,ﬁ

s

lmmunomodulators ’ ; ‘
e

Refractory macrophages can bgmact1vated to se]ect1%gly
k111 metastat1c cancer cells by the use of immunomodulators

called macrophage activating factors (MAF) (eg. muramyl

<

" dipeptide (MDP), lymphokines). MDP is rapidly excreted

following parenteral administratdion. Encapsulation ofSMDP -
in MLV liposomes provides a mechanism to achieve an

efficient maCﬁaphagg activity in vivo. ‘Application.of -

"

» )

) TI ﬁ

: ¥
"
. . 1
s > * :
v .
I’ ®
N
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P

11posomaT MAF for tota] erad1cat1on of metastas1% has been

widely 1¢ﬁbst1qated by Fidler’ an'd co- workers':jfhro1t et

al. 1983). Their experiments“heye shown consificing’

4
‘e b

results for tumor freé survival of animals as well as humans

with lymphnode and pulmonary metdstases. T e
Immunoadjuants roa , .
s Another promising ‘aspect-of liposome$ is the promotion

<, ’ \ v

_ of strong humoral and cell mediated immune response to

< 1982). However no such antiidiotypic nesponsé was observed

antigens associatéd w1th 11posomes w1thout the side effects

¢

of other adJuants (Alvin and R1chards 1983) L1posomes in

3

this regard have been exper1mentedow1th associated antigens

i

such as ehoTera; inf1uenza vitus (v1rosomes), rubellay . -
- 3 ty :

hepatitis B virus, herpes simplex virus, diphtheria.toxoid.
b - I o . £, '

\ D,\‘ L]
1mmun1zatlon9 but, ih the context of.drug’ target1ng it is

detr1menta1 Single 1n3ect1on of, ant1body d1rected.

o

11posomes wauld:not elicit percevvab]e anthody response but

multiple injections would “(van R001jen and var Nieuwmegen :

ne
- [ 14

« on multiple injections of immunoliposomes in a study by

o ' @ i ¥ @
& 1

Leserman et al. (1983). .In the>event'of"positive
antibody response, immunoliposomes would be coated with
antibodies directed against them, @}eventing the specific

koming of liposomes. - Conse¢uent1y Fe portions of the second

antngdmeay arget the 11posomes to B 1ymﬁhocytes in

general., If ih1s reswlts in the k1111ng of such

' o
? oy . . [ N @

a N

Stimu]ation of~the"immune response is good for activé -

B



T
s
°©

ay i «
a [ S
*

1ymﬁhocyies;’the }nterference with drug targeting might be ' )

overcome (van Réoijen and’vanUNieuwmegen 19825,

& X

v e

Enzyme therapy . .. oo -

2 Metabolic diseaées’or Tysosomal storage d1seasesD e.g. T e

~ Gaucher! s, Pompe, Tay- Saoh S d1sease QT@ character1zed by Q

*

- .accumulabion of substrateg into “the lysogsomal comp@rtment of

a ] o
o %

Jivera§e11s ddé to enzyme deficiency. Treatment of these .
a 13 - o L
diseases have-failed because of the inability of exogenously ,
administered enzymes to r%ach the 1ysd§dmes, Enzymes o

> e v

administered a?e 1n@ct1vated by proteolys1s or by antibodies .

@

before they reach lysosomes. They also give,rise to .

hyper%ensit}ve and immunological reaction59§ Enc]osed in . \%

]lposomes9 the enzymes are shielded against a;y damage. ) ‘u,.”' Le

Mone 1mportantT‘ys 11Qosomes be1ng lysosomotropic, would be . ' 2
‘ﬂab1e%to ca;ry the1r enzyme pey1oad into the targets, é}é e P

lysosomes (Desn1ck et a1, 1§78 Puisieux and Benita

/- o

1982, Weissman .and Flnkeiste1nmj980)

om

Iz

Superox1de disfutases (SQD) ", ° - ‘ S :

These:hre a.c1aa5 of me@a11o .zymeé that ‘are able to

v

‘protect-the organism against the toxic effgct of‘oxybgn free

radicQ]ﬁ' ?ith the éid of‘cata1ases,“ It has been shbwn that

- ,

ce11u1ar 1ncovpprat10n of SOD is 1ncveased by 11posome .
q &

encapsu]at'ion° Some be]aeve that S0P liposomes tould also °

reducé the side effects of rad1otherapy and ;ntitumgr

chemotherapy (Pu%s1eux and Ben1ta 19é2@ ’ } e
X ' T ER ,‘)' y -
- Treatment of heavylmetajgpo1son1ng b, . s 4t ’ .
'P; [N ”w o [l Qﬂ \ g 2 Y ¢



s
ta

0 @
)

. o Iron poisoning ds well as iron stofage diseases such
. b o&:‘

as thalassaemia- have been ﬁreated §Gtcessfa11y'with Piposome

o F’ ¢

entrapped chelat1ng agents 1ike EDTA and desferr1oxam1ne o

Ivd -

(Rahman 1980) °“Naked“ adm1n?straiwon of these agents has o ”

drawbacks 11Le poor intréacellylar penetration, rap1d

excretion and side effects. Adn1n1strat1on by entrapmént in

) LA

o “11posones increases the uptake of these che]at1ng agents in

the liver, the site of metal storagen As a result ’ N

élimination of toxic metals takes‘p]ace faster, Other "
’ ) of
studies, in"which animals Toaded with plutonium, ﬁgkcuryg
,g0ld and treated with liposomes encapsq]aiedﬁchg?ators have

Again demonstrated the therapeutic value of the System 8

3

~—tRahman et-al. 1973). 3

. . - )
,Therapy of 1ntrace11u1ar paras1t1c or m1crob1a1 diseas=ss

Lelshman1as1s is a trop1ca1 d1sease caused by

&

Leishmania donovani, a protozoan which invades the cells
&

o
‘ v

. . ?
of the RES. Antimonial drugs (e.g. stibophen) are the drugs
e ! %

P s . ) , q
of c¢hoice $o~treat twlikéisease, Howeven, these antimonials

@re ﬁ%treme1y toxic t he heart and kIdney, Their,toxicity
M >
could be reduced several fold by adm1n1strat1on in liposome _/

a

encapsu]ated form. The efficacy of ant1mon3a1s has been o .

° o

increased dramatically (fOO fold) by encapsulation in

Tiposomes, presumably due to targeting of these drugs to

& 9 . N —n.

Txsosomes of }he fixed macrophages .in thg\1iver (Chapman
o - 3 5

et al. 1984). However, an.entirely different mechanis,

namely, product%on of‘par site toxic ox&gen metabolites was

L)



a=

.2

" dihydrostreptomycin

. - .
vo 4 “

imp]icatéd in the improved efficacy of primaqujﬂe‘liposomgs/ .

-.in the tHerapy of visceral aswell as cutanedus, - :

. . a \ K
leishmaniasis "(New gt §19'198i%/ C ot

&

diseast. Pirson and his co-workers (1980), (Smith et

al. 1983) studied the use of primaquine liposomes in the

o

therapy of makarial Though theyuobserQed reduction ip

toxicity of primaguine when entrapped in liposomes, there

/ :

. - . S - . » .
was no increase.in the activity of the drug. * . -

~ -

Apart from these parasitic diseases, there aré many

bacterial dissases in which the”causative bacteria reside
A S

v ]

‘ phagocy%ﬁc cells. Examples include diseases such as

tuberculosis, leprosy, trypgnoébmiasis, brucellosis,

b4 s

Dttachoma ete. Oppartun{ty exists for jmprbvement in the
2

“\  Malaria is another exampfie of intracellular parasjtic
- » - 3 -

. e

<

tvégtment of thesz diseases By using liposome éncapsu1ated

s

. drugs.(Richardson ¢£1983). In his leading a%tic]e Richardson

(1983) quotes:the study dealing with treatment of

tuberculosis using Tiposome encapsulated antitubercular

&

drug. In an,in vitro studyg“thegbaptericida1 effect, of

a

-

Qfgainﬁt'intraphagocytic Staph. aureus

increased when entrapped -in Tiposomes (Bonventre qu,
4)‘2',“

E
Ay

Gregoviadis 1978). In another investigation 1ipos6ﬁ%

&

entrappéd amphotevricin B, a Tipid qg]ubf@ antibiotiic was

Y
- -
-3
in
. .-
7
d Ve
]
)
&

shown to be Tless tpxicebut therapeutically effective against .

Candida albicans infection in mice (Juliano et ai.

\ r - 2
! . -
- »
. el i

-u " 0
. i e
B . “

1683b). “The'therapeu%ip'inﬂex was increased by 2 to 6 fold )

-
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o

o K LN el ¢
.o B & - - .
over free drug. -A recent article indicates ihat liposomal

4

. P 0 .
ampﬁoter?cin EwﬁiﬁtoxiC'to fungal cells but not to mapmalian

® d - ) -
cells (Fehta @é al. 1984). -Desiderio, and Campbell

8

=l

(1983) have reporied an enhanced ihtraphagocytic ki]1i%§ of

S. typhimuridm by 1iposome encabsuTé&ed cephalothin.

1
.

Liposomes, as diagnostic tools” -,

o

- ]
Gamma emitting radionuclides or_radio pharmaceuticaTsé

QQW?C 131,

a

l}can be trapped in 11pmsanes/3ust as

9 a
. s

drugs can. Such’ 11posones could poss1b1y be used tOvdHagnose
o
primary neop1asns and perﬂﬁps also to destroy thém if

“(e,g°

@

Tiposcmes tontain destvucti%e radipnuclides (B emi%tevsﬁox -

4

fhe'course of yv-emitting *gaionuc1ides can be déﬁegﬁed . ..

using a gamma camera or a recti1inear_scannew.(McDoug@11

\
1980). S

- v -

It”i§#inportant td note here that, G*i"or the purpﬁse nf

diagnosis, mere b1nd1ng of rad101abe11ed 11posome9 to target

[l

cells is enough9 where as se1ect1ve thérapy needs the1r o gt

1n;ernal1zat1on as well, If°1t is possible to »urthe? ST e

R oo
Ll
RESSEN

gnhance the diagnostic qbilit& of radionuclide conta1n1ng

-liposomes, they could be done so by anchoring appropr1ate* 3

antibodies to their surfaceo 2
N N 7 , " N °
Liposomes as topical drug delivery systems, 7 -

o
’

Mezei and Gﬁlasekhéyam (1980, 1982) have demonstrated

4

the feasibility dg~using Tiposomes to deliver drugs
selectively to.skin. Tﬁis“would also have an, added ,

advantage of reducing unwanted. percutaneous absorption. ° -
‘ <

’
+ N »
» -
“« - °
o . Y
RN



Oph%hafmip application of ‘drugs in liposomes has also °

' - Ol\.. :. e e,
given rise to beneficial effects, As mentioned earlier ¢ .

» o . . '
. .

&
Smolin et al.s (1981) have repovrted the superijor effect
% =3 Yr———

‘of jodoxuridine liposomes in the tweatment .of herpes

Al

infection of eye. Singh and Mezedi (1983,1984), based on

.. the¥r ocylar distribution studies, have/recqm@gnded
‘ Q ophthalmic %1posomes for: adn1n1ster1ng 11p0ph111c drugs,
H1sce1{§;eous a§$71catwons T .
~ L L1posones have been used. as fodels fow'stddyingkéﬂ

ot 1

Y

4

T, 1ntest1na1 drug absorptvon espec1a11y of B~ lacbam

Kl ~

L Qgplg%?t1cs by Kimura et aT QJ980)°~ In the f1e1d of

. -
- »

D

gehetic eng1neer1ngg,aﬁpﬁ1cation af 1iposomes“fov

P intracellular de11very of nucleie acids to alter the a S

|4 =

Uwﬂ” genotype of cells has been env1saged by PapahadgopouTos:

e

AR (193’1),q~ T ’ . C
L .
RESEARCH HYPOTHESES AND OBJECTIVES . ) ;
- ‘ 9L1aosones have been'w1de1y 4nvest1gaued as- carr1ers of
. - . e

d}ugs in generaiq Spec1f1ca11y5'pxoneew1ng stud1es from~

this Taboraﬁory'(Mézei and GuTasekharam 1980, 1982) have .
. ?@xp1oﬁed their pbtentia1 imp%rfanée in topical ihera5y°° In

“these studigs, the dermal dispos{tién of, the drug .
- o . /

triaﬁeﬁ%o1oﬁe atetanidé (TRMA) appeared to'be a1tered

favourably when 1t was app]xed topically in 11posome N .

s

enqapsuiated ?orm,ﬁ The ne t approach was to opt1mlze the

Ffactgrs for selective dermal debjvery of driugs using
N Jiposomes. Hence the reseigch'prbposaT put {gg::;wa§ to

- . )



>y,

"\

PF o P
H

©

Sinvestigate the &ffect -of factors.such as liposome 'size,

[y

sugface charge and lipid gomposifion on the di;posifigp of

topica]ly\app1'ed‘TRﬁA Tiposomes. Mowever, initia1_oo .

| -
experiments so revealed that the encapsulation of TRWA in . .
@ : ° '
Tiposdmes was far from satisfactory. In the lighg of thise
-, . ' . ] bs

o REY ?igding~bh“ goal of the prdiect was) changed to improving
the liposomal encapsu]ation:fo"?\TRMA° The present hypothesis ff\\

. \ .
was that the chemical modification of TRMA would improve its o
) - " ¢ ! P N ,

Jincorporation into-ihe liposomes. : ’ . -

Another pari of this iavestigation ré}ates to the use

of liposome encapsulated antineoplastic drugs in the @herapy .

-
i a

9 : .
of cancer. There have peen many reports of liposomes as e e

’
-

site specific carriers of anticancer dvugs. Recently,
Py * . 3 N
however, it is recognized that mere encapsuTation ¥n
. ) .

Tiposomes does not suffice and that’ Tiposomes have to be

provided with target seeking cytophi'lic ligands such as ° .
\ a .

antitumor antibodies in order to accomplish the task of .
targeting. Another hypothesis of this research, therefore

was that liposomal encapsulation of ithe model anticancer

——t

agent methotrexate, and further modification of liposomaes

< .

. S . - . .
with antibodies would improve the antitancer activity of ’

= . [a—4 [ e

L
methotrexate, ' . o

To test the above two hypotheses the following
spécific objectives were set forthy « .

K

1. To improve the enc&p&u}atfon of TRMA in 1iposomes. ‘ 1
» (’p('v:‘ o “

. AN
2. _ To prepare and characterize MTX Tiposomes.
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3. T cova]ent?y couple ant1bod1es to 11posones and g

. X ) S

characﬁer1zeﬂthemn

-
e

' ) ; ..‘ v Lg .-!
4, To evalute the anptigancer actjx1ty of MTX 1iposoimes . -
. %%’E;fziige>dﬁd in'vivo techmquas° ‘ oo S
« Selection of drugs : y ¢

Trwanc1no1one aceLon1de and mé&thotrexate were chosgﬁ“ : -

as node] drugs mainly Eecause the previous relevant-studies  °

(Mezei and GaTasekharam 1980, 1982, Kikarni et al. 7 , e,

¢ 1981) dealtowith these drugs. Studies with the same drugs”

\ ° o

- A R . o . o
would provide a basis for comparative gvaluation of

. )
different approaches. ) a

°

. -
»

D'Triamcino1one acetohide“ ; \ - o .

°
“

It is an antiinflammatory drug of intermediate poteney

»

‘ge1ong1ng to the generals c1ass of cortwcostaroxds (Popper\ !

Qe °

and Watnick 1974). -Itis §tructure and chemical ‘names are .

o .

sho@n “in Fig. 3 (Florey 1972). Use of TRMA'in the treatmént

Ve N ] ¥

-

- . . , . . <
of non-infective inflammatory skin disorders. such- as .
5 w -

N

dernat1f159 psoriasis and eczema 1s@ue11 known (Jones and. . ’ :

Barweuther 19815, T&@%cai TRMA preparac1ons are avatlable

o -
nl

in the Form of creams, oiatments and 10t10ns with a‘drug -

a

concentratlon of 0<1% or 0;5%-(Jone§ andearrentherﬁ1981)!- R

. . * o
o
N .

It.is noteworthy that top1ca11y administered ) Lt
ot

cort1costero1ds could be absorbed 1ntonthe system1c LAt T
circulation although to a very smali extent, approx1mate1} . ;
1% of thezapplieﬁ dose, . 0m entering sys%emic circulakion ‘

o ; [ . b..’,
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. : X _fﬁey;have the ‘potential to produce- toxic effeéts such as

»

,i/gﬁppressing'of nypothatamus-pituitary-adrenal (HPA) axis and

- .Cushing's syn&rome (Hallam 1980, Morman 1981). Percutaneous

. o
fc

i o absorption is more likely to occur in infants and children = N

. “\> L~ especially dpv19ng~te}m application and with the use of an .
fcciusive dressing (Gasiorqwski;méuroy 1981). A need to

<\%‘9 prevent such toxiciﬁy by reducing or elimimating the

" pencutaneous'ébsorption“of coriicosteﬁodd§'is ﬁhevefore )

evident. Hence, if liposomes cqy]d deliver TRMA se1éctive1y‘

to skin, the significance of the achievement could not be

~ L) 4 2

. . overemphasized.

e

14

‘o _ TRMA is available in 3hor Y% form allowing its

> determination in minute quaniities in biological sampTes.

. °  Methotrexate ; T )

’ <
- a
s

g It is a @ridely used cancer chemqﬁherapeut%c agent

- [}

. 'parﬂ}cuhar1y in ihe treatiment of neoplastic diseases such as

acute lymphocytic leukemia, non-Hodgkin's lymphoma, ‘
4 0 o . ot o [
osteosaﬁcomaﬁﬁ%&mriogaycinoma5 nead and *neck cancer and

v

breast qancér (Jolivet et al. 1983, Martin and -~ . -

~ Xl

o

* Ballentine -1983). \Eign 4“§ivea its chemical structure,

’

1 . djfférent chemical ﬁaqes and other. synanyms. MTX has to be C,

¢ ]

7, ,F stored protected from Iight to prevent possible .

pﬁ%todecompogition. v c

' MTX is an antimetabolite _of folic acid., Tts mode of
p® 4 o W
action i§’by copetitive and irreversible inhibition of the

'

o - enzyﬁe dihyd%ofo]ate reductase (DHFR) which in -turn inhibits
5 ' '



glutamic®acids; “4-amino-10-metliy1folic acid; amethopterin. - -

I

Figure 4.
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«

the fornat1on of tetra1ydrof911c ac1d Trom d1hydruf011c g
acid. The resulfant foT1c acid dgéQCIGncy b]ocks nuc1e1c
) ac1d synches1s and ce11 diVTS1OH’ Thus, it is a ¢ell cyc1e.

("S8 phase) spec1f1c drug, ' .

.

High cell turnover may be.e1imihated in malignant -~
. ) : e o A, s
tissue but otfher vapidiy dividing novma1 tissue such as bone

!
marrow, the epithelidl inn1ng of the gastroxntest1na1 Iract
- N

and.the bwonch1o1es an& the ce115 in the hair follicles may
also be sevgre{y damagede Immlinosuppression is an
o mdditional toxic side effect of MTk. Another side effects
‘the nephig;oxiFity, probé?Ty caused by Pre%ibjtatton of MT&
. or 1ts,Z-6& %etabo]iﬁe, could be miﬁimizea by mhin}aining
alkaline diurekis duriné ﬁrea%hent (Jolivet et al 1983,

Anonymous 19847y, -Pevelopment of resistance to‘MTX'treatment
p P

«is -not uncommon (Chabne? t al. 1984)ﬂ

L

Any attempt, be 1t 11posome or otherwise, to target
MTX or other cytotox1c Eggﬁii preferent1a11y to cancer
ce11s, is @ welcome measure because of the highly }oxic
nature of these drhgﬁ. Although it could bé analysed by
N : t - -
- methods (Florey 1976, Sadee et al. 1980, Breithaupt et
al. I%Zﬂ:he et al. 1984), Tike-HPLC, UV

spectrophotometry ande RIA, thé availability of labelled MTX

ma§es its quantitative analysis more sgnsitive and reliable.’

MTX is official in USP"XX Bﬁ 1980, BPC 1979 and

European Pharmaco?oe1a, Vot. III 1975. For human use BP

»

o 4

1980 recommends a dose of 5 to 100 mg at suitable "intervals.
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'Mdteria1s S / ’
"2 . DL—u-d1pa1m1toy1phosphat1dy1 choline (DPPC), - 1

- (DCP), d1pa1m1toy1 phosphat1dy1ethanolam1ne (DPPE}, egg

]’°specific aotivity 200 mﬁi/mmn]

=4

cho]estero] (CHOL)9 steary]am1ne (SA), dicetyl phosphate

®

phosphat1dy]ethano1am1ne (PE), palmitoyl ch]or1de .,

, triamcinolone acetonide (TRMA), s111ca gel 4chromatographic .

Egrade, 100-200 ﬁes%), mgthotrexatea(iC%methoptevin, MIX), .

abso®ute methaﬁo}, ditiiothreitol- (DTT), beovine serum

albumin (BSA), protein,standaﬁd sotution were dB%ained from
Sigma Chemical Cémpany,ﬁét.,Lﬁuis% Missburi. °[6,7;§H(N)];
L] JAS [y ~ &

triamcinolone acetonide .(H-TRMA) of -specific dctivity

R

31.3-37.0 Ci/mmol and Biofluor xscintillator solution wére

a

purchased from New Eng1and Nuc1ear, Boston, Massachusetts.

[3',5 7- H] methotrexate sodlum sa]t ( H MTX) of
. ¥ [N
1251 Nal of specific .

D a

activity 15 2 mC1/ug oﬁ 1od1ne were from Amersham, Arlington ,
Heights, Iﬂmms° Pwepacked Sephadex G- 25 M PD-10 co1umns,
Sephadex GmSO Sephacryl S 200 Protein A Sepharose CL~- 4B ,
chromaﬁograéﬁ? co1unns (K15/90’ Bed vo1 -.90 X 1.? cm o= 3
154 “ml; K9/15, Bed vol, = 15 x 0.9 om = 9.5 ml), Ficoll 400,

N- succ1n1m1dy1 3~ (2 pyr1dy1d1tnio)proplonaie (SPDP),

Sephacry] S- 400 §ppharose 4B were fram Pharmacia F1ne'
Chem1calsg Pharmac1a (Canada) Inc., Dorval, ngbec. .
AJka]ine\det;rgentj301ution DéconR 75 concentrate,

precoated silicdgel 60 F 254 TLC aluminium sheets
, :
Yoo g .
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mangfattéreduby Merck yere“purchased‘frbm,&DH‘Chgmiéélgg
Toronto, Ontario. RPMI 1640 powder medium, fetal bgvine
u serum (FBS) were from Flow Labéwaﬁories Inc., Mississauga,
- Ontarjo. Polycarbonate %i]gevs {8 um and 12 um)-were
P 'f’v procured from Nucléopore Corporatioﬁ, Pleasantion,
California. Immersible O-10R ultrafiltration units vere
' bought from Millipore, Bedfard, Massachusetts. o
s Polypropylene EppehdorfR”ﬁ{cro test tub&s (400 u{) were

from Brinkman Instvuments Inc.£ Westbury, New York.

Naphtha]ené; pyridine, calcium chloride dihydra%% and all
. . .

} - the solvents were from Fisher Scientific.Co. . - 9
. oy o 0 . )
Eqﬁipments and Instrumeiits . ’

A
< a [ -

&qulpment and instruments used were the following:
,B§ckman L1qu1d Scintillation Counter LS 3133T - Beckman
Instruments Inco, Fullerton, Cal1fgrn1a, Gamma coun'i:erg
Model 1085 - Nuc1ear Chicago Corporation, Des P1a1nes,
I1linois. Cou1ter caunte@ﬁ, mode] ZF - CouTter
Electronics Inc., Hileah, Florida. Refrigerated
centrifuges, model PR- 6 and model B 20 centrifude,
- universal model UV, c]1n1ca1 centrlfuge, model CL - —
International Equipment Company, Needham He1ghts,

. ’ Massachusetts. ‘Universﬁl Spectrophotometer PMQII and

Standard Universal_and GFL microscopes - Carl Zeiss,
Oberkothen, West Germany . Olympﬁs Inverted micr6§copé -
Tokyo. Mettler Type H207 and M1cro Gram- atxc BaTance%oTop '
1oad1ng PL300 ba1ance - E. Mettler, Zurlch Sw1tzer1an A
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LKB 700 UltroRac® Fraction Collector - LKB-Produkter AB,' " x

°

Bromma, Sweden. Metabolic Shaking Incubator - Precision-
#Scientific Company, Chicago. Wrist Action $hakerR, Model
75 - Burrell Corporation, Pitt%burghg Penisylvania. “‘Buchler

'

Portabl€ Rotary Evaporator - Buchler Instruments Inc., Fort °°

¢
<3
v, ¢ i

Lee; New .Jersey. ”Branson%g 220 Ultrasonic Cleaner - Branson

+Clganing Equipmgﬁt Company, Shelton, Connecticut. Sonic
dismembrator - ArteK System Corporation, distributed by ° &~ c2
. A ¢ '

- Fisher. BioGard Hood - the Baker Company Inc., Sanfotd{n

A o ¢ ]

Maine. Incqﬁakor’foh tissue culture - National, a Heinikke

“Co. Laboratory Counter - Clay Adams, Parsippady, NJ. ' .8

R

Beckman 152 Microfuge. Fisher .Accumet™ pH meter model

LY

210g:pSuper-m?xer - Lab-Tine Instruments, Inc., Me1rosé

Park, ILL. Eppendorf standerd fixed-volume pipettes. , - e

< . ’
Pipetman continuously adjustable digi§a1 micrometer pigettes s

Montreal, PQ:

i

- Mandel Scientific Co. Ltd., Swin-Lok

Y s

Membﬁ?ne Ho1de}s - Nucleopore,°P}easanton9 Ca. " USP '

a 2

. % e :
dissolution rate testing assembly consisting of water bath
“and Thermomix 1480 temperature regylator (B.Braun, Mg1sungen
Disso1ution stirrer‘ang stirrer-cdrive

0

A@,'weét Germany) .
mode] 53 (Hanson Research Corp., Norfhbridge, California),
MastemflexR Peristalysis pump, model<7016.20 and its speed

controller (Cole Parmerblnstrument Co., Chicagq9 fLL,) and
i+ ‘ <
Spectironic 21 Bausch,and Lomb Spectrofhotometer with flow

°9

through ocell. ° °.
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Animals -/ ,

? ' e
¢

!

. CH7BL/6J mice were ordeved fromwdackson Laboratohyg

Q
]

(e}

Antibodies:

. 3 € 4

AntleSAs anti-EL4 and anti-i2] po]yclona] antibodies
were obtained from Dro Ghos&, Department of Pathology.
Tﬁese antibodigs:weve raised 1n‘rabb1ts by ‘injecting either
BSA, EL4 cells o; M21 cells. The anti-EL4 sera,‘fﬁgctfvaied
at:56°C for 30 minc%as absorbed extensively with wgshed‘
homogénates of liver, 1ung,‘kidneyoand sﬁieen from normal

e

adult-C57BL/6J mice. After heat inactivation, the anti-M21

sera was absorbed on]yxwﬁlh human red ce1ls; Ig6 antibodies
were obta1ned from these serums by fract1onat1on with 33%
saturated ammonium sulfate. ]

Tumors:' | | . ' ) ‘

[

The EL4 1ympﬁoma is a murine tumor 6rigina11y obtained
from the Chester Beatty Research institute (London, England)
in 1969 and has been ma1nta1ned in Dv. Ghose's Tabovatory by

serial I.P. passage in C57BL/6J mice. The human melanoma

Tine M21, obtained from the Scripp's Research Institute, lLa

Jolla, Ca. in 1979, is‘maihtained in Dr. Ghose's 1aborat6wy,

fr

~
-

by serial transp1antétion of meldnoma cells S.C. in the ’ i
fiank of nude mice of BALB/c backgrounci° The human kidnex

carcinoma 1ine:caki-1, ogtained from thelAmerican Type

Culture Collection, Rockville, MD. is maintained in Dr. .

Ghose's labovratory. e

o
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METHODS ¢ .
STUDIES WITH TRIAMCIMOLONE ACETONIDE

W veww

- . Attempts to ikprove the liposomal encapsulation of

£

triamcinolone acetonide ( TRMA)

« ‘Different methods and formulations that were trvied to

improve thg liposomal entrapment of TRMA were af fo]iowsﬂ

Rotary vacuum evaporation followed by mechanical shak

Stock solutions (5 mg/ml) of lipids and TRMA in
\

i

ing:

of Tipid and TRMAuwere p1aced in a ;hitab1e pear shaped

flask. The solvent was eVaporated in &' rotary vacuum

5

evaporator at room tempevature. Alterpate addition and

dch]orpfor@:meihanol (2:7). were used. Appropriate quantities

3

evaporation of chloroform was done until a smooth thin film

was obtained,. The film_was heated to 609C for 30 minutes.

To the flask was.then added an appropriate guantity o

T

\

aqueous Swelling (dispersion) medium (in most cases agueous

8 mM CaC12 so]u%ion)'whjch had been prewarmed to 60°¢

The flask was then immediately shaken, using a wrist action

((\ -
shaker, at 60°C for 30 min.

Different formulations (expressed in molar ratio)

tried by the ébove method were:
1. DPPC:CHOL:SA (1.0:1.0:0,2)
2. DPPC:CHOL:TRMA (1.0:0.7:0.3) - g
3. DPPC:CHOL:TRHA:SA (0.7:0.5:0.5:0.4)

18

4. DPPC:CHOL:TRHA:SA(1.0:0.5:0.5:0.2) L\

5. DPPC:CHOL :TRMA:SA (4.0:2.0:0.5:0.6) - °



In all the above formulations aqueous 8 mM Cad12

o

solubion was used as the swelling medium. The final
%4 a

concentration of TRMA was app%oximate]y 0.1% w/v even though

-«

*initially the concentrations were sometimes higher than 2

) m1cvomo1es) and TRMA 5 mg (11.5 m1cwom01es) vWere added to a

this. -

-

Formulation {4 was ‘also tried with 8 mM CaC12

solution containing 5-10% v/v aJcohoW as the swelling

medium, ' o <
Reverse phase evaporation (REV):

Of DPPC- 100 mg (136 mcromo]es)g CHOL 52 66 mg (136 )

u

50 mﬁ round bottom flask with a long extens1on neck and the

. A

‘solvent was removed under reduced pressure by a rotary
L .4 o B

/

vacuum evaporator. The residue was redissolved in a mixture
[
of 8 ml of diethyl ether and.4.5 ml of ch}oroforme” Water,

4.2 ml, was then added. The resulting tuo ppase system was

[

sonicated briefly (2-5 m{n) in a bath'¥xpe sonicator at

0-5°C. The mixture was then placed on the rotary
. 5 )
evaporator and the organic solvent was removed under reduced

pressure at room temperature. The aqueous suspension was
then shaken mechanically at 50-60 C for 30 minutes.,

After preparing the Tiposomes by any of the above

methods, the preparvation was allowed to remain at room

£

temperatu;e for about an hour and then observed under the

Y,
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microsé%pe (Carl Zeiss, magnification 640X, polarized
_light). They weée further shbjected to either filtration
through a polycarbonate Filter (8 qf 12 uh pore size) and/or

. centrifugatiomﬂht 22000 x-g.

~Attempts t0 concentrate the liposomal preparation

«

By f1]trat1on through 0.45 ym millipore filter:
’ o i1posomes were prepared using 3H=TRMA by normal
’ evaporacion and shaking method. ”The‘prepgrqtion was
filtered thnough'% um polycarbonate filter. "The filtrate’
was'forged though a 0.45 um mil]ipore fi]ter yntil the-
volume above the filter was neduced to half the 8riginal
volume. This was done #sing a standard f11trat1on assembly

consisting of syringe and filter holder. High force was

needed to force the preparation through %he fi]ter 4
A |
* Rad1oact1v1ty per unit volume of the preparat1on above the

S

filter was measuved before and after filtration.
By ¢0t;ry vacuum evaporation:
' . A known volume of TRMA 11posoma1 9reparat1on &
containing radioact1ve TRMA and which was filtered through
‘%8 um polycarbdnate filter was placed inh a small pear shaped
. flask. Tﬁe preparation uasdcongéntrated to about one-third
the originq1® elume by rotary/vacuum evaporation at room
fx temperature. Measurement 0f radioactivity per unit volume

and microscopic observation of the preparation was done

. before and after concentration.
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Evaluation of the supernatant of the liposomal preparation
Gel filtration chromatography of the supernatant: rF\M//';/ -
© Sephadex G-50 (4 g) soaked in distilled water for a‘ . ‘

" day and in 8 mM CaC12 solution (containing 5%™v/v alcohol)
for about 233 hrs was packed‘into a column .of dimensions 17 .

cm x 1.5 cm.  The column was washed with 200-300'ml of 8 mM,
C£E12fso1u€ion containiﬁg’5% v/v alcohol. Vaid volume was

determined using 2 ml of Blue dextran 2000 solution. . -

¢

.. ,
Cationic liposomes with TRMA were prepared By rotary

¥

.vacuum evaporation followed By mechapical shakinggyith 8 mh
Casz solution containing 5% v/v aicohol. The formula

used was DPPC:CHOL:%R%A:SA (1.0:0.5:0.5:0.2) with 840° uCi of -
3 .

LR o

H-TRMA and 5.9 mg of TRMA. The pﬁepa;atioﬁ.was filtered

through § Um polycarbonate filter and then centrifuged at

22000 x g for 30 minutesn' Gel filtration chFomatography was

carried out on this supernatant. *’ ) ]

4

~= - One ml of ?he supevna@ant}was app]iéd to the column Co .
and eluted with.8 mM CaCl, solution (5% v/v alcohol). " T
ﬁractions of one gﬂ were collected. An aliquot of each
fraction was added to 10 m1 of Bray's solution (see

appendix) and the radioactivity was determined. - .‘

v

Dialysis of the supernatant: ’ ’ oo
A dia]ysisbb%gQMas:made using dialyzer tubihg of .

4 . o * -

» length about 5 cm Oinﬂated diameter of 1.58 cm.

¢ * - 3 3 - » 3 ) ’
Supernatant, 1.5 ml, of known specific vadioactivity was . o

added to the bag., The bag was suspended in 800 ml “of -

&
L4

’
A 1
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magnetically. stirreﬁ'disti]]ed vater containéﬁ in-a beaker. N

ba.
°
. r
6 2

. D1a1ys1s was a]]owed to proceeﬁ at room temperatﬁ?e v s

-

overmght° Rad1oacL1v1ty per unlt volume of d1a1ysate and

Vti’\'
- I
5 i .. .

dialysing me@1ﬂh was measured. * w

Sydthesis of Triamcinelone acetonide-21-palmitate .

Method of Shw(Kn ght and Dingle? (1976):

3H TRHMA (50 uC1) was p]aced in a 50 .ml glaSs

stoppered round bottom flask. The 501vent was a]lowed to

evaporate. -Unlabelled TRMA (1.4339,g, 3.3 mmol) ﬂissolvea'

N R

in @yridihe (20 m1) <and palmitoyl ch]Brideb (2.4'm1, 7a92',

mmo1) were -added. The mixture was -stirred magneticaljy at

>

room iemperature for 15 hrs. The reaciion mixture was then

) .

poured into 1N sulfuric acid with vigerous stirring. Cru&e

Y

product wag separated by filtration and purified in 0.5-0.9

g bdtches by column chromatography on 16g 5111ca gel

(60-200 mesh) e]ut1ng w1th toluenezethy!l acetate.aeet1c acid

(90:10:1), using a max1mum f]ou rate of 150-170 m1/hv and

collectiqé 25 m1 ‘fractions which were monitored by TLC.

Fract1ons can €aihing‘TRMAuZlapa1mitate were combined.and

'

recrysta111zed from methano1 .

5

4 @

a: crude product was obtained by putt1hg the reaction
mixture in 1N H2504 1nstead of by vacuum evapohat1on
as done by authors. . ’

b: purity ofgpa1mitoy1Qxh1oride was verified byhits IR

spectrum.
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o

sQverall recovered y1e1d 0.235 g, }Onﬁﬁg cgnﬂersion‘w

o

based on specific. actnhty9 37.7%; mp? ca. 143-147°;

(C

CH

" IR (NUJoJ) (append1x 2): 1760 (ester C = O), 1740 (ketone
= 03},1670 (= B, -1m's B! unsaxurated Ketone C = 0), 1620

O ,

= C’gonaugatedrw1th <etone)9 and 890 cml1 (c1s CH of A

- -1,4 system); Ly NHR (CDCI3): 60 88 (t;.3H, term1na]

i
) 0094 (s, 3H 18-CH )9 de 25 (naVrow ‘m,, 27H,

. aceton1de B - CH3 and CHQ chain), 1. 42" (5, 3H, acetonide

*e

WCH3)5-1m55 (s, BH; 19=CH3)9 1.6-2.5 (m, 4H,

GH

éQHZEOZ), 4°90_(ss 2H, 21-CH,0), 4.97 (br, TH,

"16-CHO), 6.12 (d, TH, J2 a = 0.6 Hz, 4-CH), 6.44 (dd, 1H,

L

Jp g = 06 Hz), Iy 5 = 9.5 Hz, 2-CH), and 7.22 ppm (d,
H,

Anal - Calc. for 624H6107F: C, 71.39; H, 9.44; F,

Jlsz = 9«5 HZ‘Q T"’CH)o - B ' “

N <« ey

2.82. Found: C,'71.36; H, 9.25; F, 2.80.

A portion of the reaction mixture was kept at room

1

temperature for about a week to see whether there was any

35

[ -~ 4 ’
.1mprovemen§ im the yield. ) ' -
Method using chloroform as solvent®: - ’ /.

Hpproximately 1 mmol Bf TRMA (439 mg) was dissolved in

ml of chloroform in a round bottom flask. Triethylamine,

o

@
“

: Meltiqg'point wWas dgtermined using Gallenkamp melting

2
° N o

o)

3

a

point apparatus.

< ’

: Methylene.chloride could not be used as solvent as the

solubility of TRMA was Jess°in this so?vént.

rd






