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. Î isser a desirer, surtout*si les pages originales ont ete 
dactylograpruees^a I'aide d'un ruban use oa si I'univer-

'site <ious a fait parvenir une photocopie de-mauvaise 
qualite. 

I. 
Les documents qui font deja I'objet d'un droit 

d'auteurjarty'cles de revue, exarnens publies, etc.) ne 
son-tpas microfilmes. , ' * " ' , ' " 

La reproduction, >meme partielJe, de ce microfilm 
est soum'rse'a la Loi canadienrie sur le droit d'aujeur, 
SRC 1970, c. C-30. Veuillez prendre connaissance des* 
formules d'autorisation qui-accdmpagnent cette these. 

.THIS DISSERTATION-
HAS-BEEN MICROFSLMEC 
EXACTLY AS. RECEIVED 

LA THESE A ETE 
MICROFILMEE TELLE QUE-
NOUS L'AVONS REGUE 

£-339 ( r . 8,2/08) C "|l*l 



•1 

A Thesis 

Entitled 

t°>-

FORMATION AND EVALUATION OF .LIPOSOMAL 

DROG DELIVERY SYSTEMS • V 

(C) A*shokkumar Goundalkar s • 

M.Pharm. (Nagpur U n i v e r s t t y , . India,) 

•*Y" 

Submitted 'to th£ ' <>. 

Faculty of Graduate Studies of D'alhousie-Uni ve.rs'i ty 0 

in partial filfillment of the requirements for? 

the degree of * & 
, . ^ . . . • 

J-'Doctor of Philoso.ptiy 

0 o" 

"College of Pharmacy., Faculty of Health Professions 

Dalhousie University,, Halifax, Nova Scotia 

December 11s 1 

£> 



t IV 

o. » 

Q*> • *« . 

/ a / 
fi . ° 

rtT *y ^ 
\~> 

"w 

' N 
0̂  
. a f3 

To my parents 

'" " / Y 

*5T 

. ' > 

*$ 



5 .C 

.*<• 

Abstract 

List of Tables 

List of.Fiqures 

' List of Abbreviations 

TABLE OF CONTENTS 

<Si 

r~\ Acknowledgements 

INTRODUCTION 

* Statement of the problem 

Literature review • 

Liposomes 
o 

Composition of liposomes 

Types *of liposomes 
s 

Methods of preparing liposomes *.o 

Drug entrapment in liposomes 

Separation of free drug from liposomes 

Filtration of liposomes, 

Characterization,of liposomes 

Stability and storage of liposomes 

Drug targeting 

Antibody mediated drug targeting 

Liposomal drug .targeting 

Binding of antibodies to liposomes 
. . i > « 

Liposome cell interactions in vitro 

t « 

.) 
o-

Distribution and interactions of liposomes in 
A ' 

Toxicity of liposomes 

vivo" 

4 



/ . ' » . 

\ 

s? 

A 

o. . . \ -

1 • 
4 

0 • / , 

potential applications of liposomes 

Research hypotheses and objectives „ 

iTERIALS AND METHODS ' 
f 

Material sv.Equipment and Instruments., Animalss 
"Antibodies9 Tumors 

•STUDIES WITH TRIAMCINOLONE ACETONIDE ' ' 

• _. Attempts to improve the liposomal encapsulation 
df triamcinolone acetonide ' 

"Attempts to concentrate the liposomal preparation 

Evaluation of the supernatant of the liposomal 
. preparation 

o » 

Synthesis of Triamcinolone, acet^nide-'21-
palmitate ° " 

° ' Preparation and evaluation of TRMA and TRMA-21-
_i ' , palmitate liposomes ' * • 

STUDIES WITH METHOTREXATE . . 

'SECTION I: REV LIPOSOMES --
"• ' « 

Preparation of MTX liposomes by reverse phase, 
;' evaporation (REV) method *» ^ 

. > ' » 
'Separation of free MTX from liposome encapsulated 

MTX " " 

determination of F4TX in.-liposomes 

Preliminary stability studies of neutral MTX 
1-iposomes" - -_ c°* ' • 

Size distribution of liposomes 

In vitro -drug release studies'from positive MTX 
liposomes ,'- . •' ,. • 



ftw 

v t 

vn 

' v 

Covalent attachment of anfibodies to liposomes 

'Synthesis of N-[3-(i-pyridyldithio)propio@yl]'„ 
„ dipalnritjoyl~phosphatidylethanol amine- (PDP-DPPE.)' 

Synthesis tff. W-I3-(2-pyridyldithio)propionyl] ' " 
. phosphatidyTethaho'lamine „ « ' -

Synthesis of N-[3-(2-pyridyldithio)propionyl] 
stearylamine (PDP-SA) . " 

* Preparation of antibody fragments " _.» . ' 
. , ^ * ( ? . " • • 

Coupling of Fab1 frapents to liposomes 

Measurement of 2-thiopyridinane (2=TP)\r.elease ° 

Covalent) coupling of IgG, t̂o liposomes by ECDI 
method * 

, £ovalent coupling of IgG to/liposomes by ' * a 

' . . Barbet et. al_. (1981) method 
• ' 4 , 

M Preparation of PDP-IgG J 
• * o *» 

/ 
" , Covalent Coupling of IgG to liposomes 
Determination of-antibody activity 

* ° v IPS 
1 Preparation of I^SA ^ - , * -
Antibody activity Before binding to 

1 iposomes '- / \'' • 
. , 0 * <-\ / l 

• Antibody activity after .binding to *,"' 
liposomes 

Leakage-of drug during" coupling procedure 

' 'Studies of antfiaody mediated binding of positive Mt 
liposomes by melanoma celjs -

^ • JMejnbnane Immunofluorescence assay of PDP-anfci-
melanoma gloiulin . • <t 

* 1 , .0 

° Immunofluorescence technique * , 

Radiotracer method -

Page 

107 
<L 

107 

108* 

109 ' 

111, 

113' 

115 

1]5 

•117. 

118 

118 

121 \ 
s 

121 ' 

122 

123 

124-

124 

124 

126-' 

126 

*..' 



f 

•^ 

«\ »«* 

Page 

In vitro studies against Caki cells 128 

.In vitro studies against. EL, lymphoma cells'* 129 

Growth curve-for EL* lymphoma calls' 129 

attempts to quantitate the number of cells 
in presence of liposomes ' . 130 

Effect of fffil liposomes against ELn cells 
in vitro ^ ° 133 

\ _ * * Iri~ vitro studies against human melanoma Mp-i cells ' 133. 
14 * Growth curve for human melanoma cells . 133 
-

. Effect of MTX liposomes on human melanoma cells 
\ • ' - , ^°in vitro - * . . ' ' *' . 135 ' 
' " ( -

•n In vivo studies . 136 

.SECTION 2: SUV LIPOSOMES - ' \ " . _ 138 

"'"• ' Preparation of positively charged SUV liposomes & 
containing F̂ TX J , „ ' >. 138 

Gel filtration chromatography to separate unencapsu-
lated MTX 0 ~> ' 138 

' • > - > • < „ 

Covalent coupling of IgG to liposomes „ ' 139 
1 * Separation of "antibody coated SUV from unbpund 

" antibfdy » - ' ' 139 
/ < Attempts using Sephacryl S-400>and Sepharose 

. 4B gels ,* - -* * 139-
Ficoll floatation centrifugation ^ ° 140 

* / 

Liposome binding studies with human melanoma cells 141 

RESULTS*AND DISCUSSION - 143 

STUDIES*WITH TRIAMCINOLONE ACETONIDE ° \ 144 

„ Attempts to improve "liposomal encapsulation'of TRMA 1144 

^ 0 ' • 

• \ 



IX 

0 * 

Page 

Gel filtration chromatography and "dialysis of the1 

'supernatant *" , i . • 149 

Attempts to concentrate the liposomal preparation „ ^1 

Synthesis.of TRMA-.21-pal irritate .' ,• i ' ' " 152 

V. 

Preparation and evaluation of TRMA-21-palmitate " ^ 
liposomes ' ' - -°'5!D 

STUDIES WITH METHOTREXATE - 162
r 

i ft 

- SECTION .1: REV LIPOSOMES ' , W2 

Formulation and .preparation of MTX lipdsomes J ""̂2 

Determination of MTX in liposomes • ' ' "^3 

MTX encapsulation efficiency' \ ' ,s l
5^ 

Size distribution of liposomes . . • „ « ^S6 

In y,itro drug release studies frorrr positive MTX- •/-» . ' 

. liposome's • '. ,. • „ ''I 

Covalent attachrrjent%F antibodies, to liposomes uj 

Synthesis of PDP-DPPE ' - " ' '• * 177 ' 

Synthesis.of PDP-PE ' . : 177 " 

Synthesis of. PDP-SA » -' : 178 ; 
- Preparation of antibody fragments and coupling,' 

to liposomes - , % «• " 
IgG coupling to liposomes by ECDl method •, • 186 k 

• IgG coupling-to liposomes by Bar'bet e ^ a U / 6 

(1981) method. . » . • • • J .' 'e8 

\ ( ' a 

Antibody .mediated binding of positive MTX liposomes 
by melanoma cells ° " *J ' '^ 
Immunofluorescence staining technique *• .- • 

-i • -if ^ " • • 

J Radiotracer technique ' 195 

1 
^ 



a 

In vitro studies against-Caki"eelIs 0- . 

.( - In vitro studies against EL* lymphoma'cells' 

Attempts to quaniitate the< number W cells'™ 
presence of 1iposomas-: ' ^ 

In vitro studtes against EL* cells .• ' ' 

In vitro studies against human melanoma (M,,-.) cells 
' k . . &\ • 

In vivo studies against murine EL* lymphoma 

SECTION 2; SUV LIPOSOMES ' 

Preparation of positively charged SUV containing 
MTX .- • 

•Separation of unstrapped drug from liposomes 
0 I 

Covalent coupling of jfgG to' 2iposomes • 

Liposome binding studies with human melanoma 
cells .*• • c ... ; 

|SUMMARY AMD CONCLUSION . * , 

Studies with triamcinolone acetonide liposomes " 

Studies, with methotrexate liposomes 

REFERENCES0 ' ~ 

APPENDICES ' .. ' 

Page 

•197 

201 

' 201 " 

*- 211 ' 

215 

215 ' 

228 

228 

230 

235 

242. 

245 

246 " 

247 

252 

285 

$> 



Q 

XV 

Of 

® 

• , ' '.ABSTRACT , s 

f • The twppmajor abj^cii ves,'of thing, project-wsfte: t 
improve liposome encapsulation of triamcinolone a'cetonicle7 $• 

.(TRMA) and, td develop ahd evaj uate^ chemoimmunol i b'/gsomes"- „ 
us-inq methotrexate . ($rX1) as a model drug. "**" ' 

Formulations, and .methods of preparation -were varied -t"o 
overcame the poor encapsulation of TRMA,-with* l^f t le 
success. High encapsulation of ,TRMA In liposomes was " • 
f inal ly achieve'd through chemical modification» A fiew 

Iderivative, TR^A-21-palmita'te (TRMA-P1), was s y n t h e s i z e d ^ - ^ 
usirvg a . i procedure «which resiflte'd .in high y-ije,ld and 

i u r i t y . Encapsulation stucfa'es„ reveal ed-^almosjt complete 
incorporation of TRMA-P into liposomes. 

1 In the second part of°this investigation,I MTX was <,* / 
eritrapped< in, liposomes by, reverse phase,? evaporation. ('REV) 
and by sonication method (SUV).' A new l ipid der ivat ive, 
N-[3-(2-Pyridyl tdithio) propionyl ]ste'aryl amine j^DP-SAH was 

a- * 

synthesized and used successful ly, „for covalent coupling of 

antibodies to liposomes. In -vitro eval uatlon'of R E V M T X ^ 

liposomes against-EL,, lymphoma, kidney carcinoma- (Caki) * 

and melanoma-(M0,) cell lines-showed reduced effectiveness ' 

of MTX^entrapped in liposomes. Coating anti-EL* globulin 

did not .improve" the efficacy of MTX liposomes against -EL* <, 

cells. " The interaction studies with melanoma cells "shewed' . 

increased binding of REVand SUV .MTX .liposomes when coated v 

with IgG. However, specific binding" of targeted liposomes 

could not'be substantiated. » „ e ' 

^n the in vivo evaluation against murine EL1/ *, ' 

lymphoma, MTX entrapped in REV liposomes showed a marginal 

improvement in tfle survival time of tumor bearing mice. 

Coating the liposomes ,wi th antibodies did not' improve the 

efficacy of MTX liposomes. Overall, these results seem fo 

indicate' no be,nef icial-eff e-et of* MTX entrapped in liposomes' 

whether coated with antitumor antibodies or~not/ * 
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0 "STATEMENT OF THE- PROBLEM 

For the past several years attempts have been made to 

reduce the tonicity and increase the therapeutic activity' of 

drugs. Often the toxicity -is due to their di s'posi'tion' at 'a 

.site-where the the-rapeut^c action is not desired. Thus 

conceptually, .if it were possible to achieve a higher 

concentration of^drug at the site of action and a decrease 

or elimination at the site of toxi ci ty3- the potency of the* 

drug could be increased with coficomitant reduction in i-ts 

toxicity. Such a concept is referred to as 

"drug-targeting". Optimal treatment of any disease involves 

the targeting of a 'drug to the -site of action. " 

In topical therapy the untoward side effects'are 
< '» CI*3 

invariably tkie to "percutaneous absorption and, consequent 

systemic action of drugs. Th.u$ optimal topical therapy 

involves the reduction in systemic action'and the increase 

in the local action of drugs. Despite* great strides in the^ 

ointment basess it has not been possible to eliminate the 

percutaneous absorption' of drugs. - Use of liposome entrapped 

drugs has shown promising results-in this direction (Mezei 

and Gulasekharam 1980, V982). 

In cancer chemotherapy the indiscriminate action of 

antitumor drugs limits their use severely. Here again 

liposom&s have beea recently investigated as .carriers of 

these drugs with the hope of achieving selective action. 



- They-^are equipped with tumor specific anti bodies to further 

^improve their sel ectivYtiy (Toone'n and Crommelin 1983, 

Weinsten and Leserman 1984). " ' Q ° 

-The feasibility of therapeuttc application ofo 

liposomal drug delivery approach in topical, as well as 

cancer tb>erapy deserves careful assessment. The goal of 

this project there-fore was to study -the encapsulation of, 

drugs into liposomes, and their evaluation as drug delivery 

• systems. • • * 

LITERATURE REVIEW 

LIPOSOMES, e 

Liposomes can be defi'ned as concentric phospholipid 

bi layers separated by aqueous compartments (Tyrrel-1 _et 

al. 1976). Pharmaceutically, liposomes can be considered 

as a type of galenic dosage form. They are microcapsules 

made up of phospholipids. Ifistori cal ly, the lipo'somes were 

first "prepared by Bangham .and his co-workers in Cambridge 

(Bangham jst a_l_. 1965). Subsequently i'hese liquid 

crystals (smectic mesophase,s) were called "Bangosomes" for 

,some time. Inv the. beginning, they were usetl only as mode"! s 

of biologica-l membranes (Bangha'm»et aj_. 1965, 1974). 

However, as their applications became diversified, they have" y* 
r 

become iacreasingly popular as drug carriers. A number af 

reviews, books and "several research reports have appeared tr 

•substanti ate ,,this notion (Tyrrell ,et-&_]_. 1976, Kimelberg 

and Mayhew- 1978, Papahadjopoulos 1978, Gregoriadis 1979. 

e o 

& 

A 
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, Ryman and T y r r e l l 1979,- Gr*egori-adis and A l l i s o n 1980, 

du l iano and- Layttfn- 1980? Kel l away e_t al_. lx9480ab, Knicfht x • 

1981, Rieger 1981, Lei kes'.1#82, Pui^sieux and' Beni'ta 1982, , 

Yatvfn and Lelkes 1982, Gregori-adis V983, Os.tro 1983, Poste 

19'83,> Puisieuxl 1983, Gregor iad is 1984a WeinsteXn afocl 

Leserman 1984, Whelan 1984). ' • / " *N. *• y 

Although drug entrapment1- in / i p i d ves ic les has been 

u-yi iz 'ed f o r almost tw ô decades ( the term, "xhemol i posomes" 

f o r ' 1 iposonles con ta in ing drugs is a recent one (Hashimoto 

et a l . 1983). Chemoliposomes when f u r t h e r equipped w i t h 
~ ST 
an antibody'are called "chemoimmunoliposomes" (Hashimoto ° 

""? 
et al.' 1983). 

LIPOSOMES AND MICELLES 

Micelles age well known tn pharmacy mai'nly as 

solubil'izing systems. 'There is some similarity between 

liposomes and micelles.. "The similarity lies in the 

• • & . 

arrangement of lipid mol'eculesf. In both systems, i.e. 

liposomes and micelles, the 'amphiphfli c lipid molecules 

al i gn. themsel ves "in a similar manner, however in micelles 

the leaflet or the lipid layer-is monomolecul af and in 

liposomes is bimolecular. Another difference is that 

midelles do not possess aqueous compartments whereas * 

liposomes do. A more important distinction is that micellar 

structure is in a dynamic equilibrium state. Thereis a 

continuous equilibrium betweerr-monomers, micelles and drug 
sol ubili zates (Fendler and Romero 1977, Fendlet 1984). Su,,ch 

j . 
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an equilibrium nature does° not exist with liposomes. This* 

unique property makes liposomes more suitable as drug 

carriers. 

COMPOSITION OF LIPOSOMES ' J 

• Phospholipid is the main component of liposomes. 

.Hp'wever, one or more ,other lipids are usually included for 

specific reasons*- For example; the role of cholesterol in 

membranes to bring.about ""intermediate flu.idity" by (K 

modifying the hydrocarbon chains of phospholipids, is v^l1 
•4. '" 

known.- This, in effect, produces a tighter packing,of lipid0 
•4 

molecules in liposomes leading to decrease in permeability. 

Cholesterol is therefore included to reduce the 

•leakage of entrapped substances (Fendler 1980)° as well as.to 

improve the structural stability of the lipid vesicle in 

biological fluids (Senior and Gregoriadis 1982)V 

Antioxidants like a-- tocopherol (vitamin E) ar* included to 

prevent autooxidat.ion of unsaturated phospholipids (Hunt and 
1 rX~ 

- T-sang 1981, Fukuzawa et al_. 1982, G'uey-Shuang et aj_. 

1982). Anionic lipids like dicetyl phosphate, phosphatidic 

acid, phosphati dyl,serin<e or stearic acid and cationic lipids 

such as' stearylamine are use"d to impart either negative or 
positive surface'charge to liposomes. The° presence of- a" •, 

/> - .̂ 
. charge may prevent aggregation • of liposomes" (Page Thomas and 

<\ . 
Phillips 1979)5 also -it pay improve the entrapment'of the 

i - i 

aqueous phase because of increased distance between lipid 

.f } 
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"layers brought about by electrical repulsion (Puisieux and „ 

Benita 1982). \ *--r 

In add i t i on t a ° t h e l i p i d phase discussed above the 

aqueous phase ( s w e l l i n g medium) is essen t ia l f o r ^ t he 

format ion of l ipbsomes. -Such ah aqueous phase could e i t h e r 

be water,1 i on i c s o l u t i o n or a so lu t i on of drug. 

TYPES OF LIPOSOMES 

M u l t i l a m e l l a r . (MLV) , Smal 1. uni lamel l &r- (SUV) and Large 

/ un i l ame l l a r (LUV)' v e s i c l e s : 

1 Var'ious t y p e s ' o f J iposomes e x i s t . The type may depend 

on size or number .of l i p i d b i l a y e r s , on the method of 

' p r e p a r a t i o n , or on-other c h a r a c t e r i s t i c s . 
* , \ * 
Qn the basis of s ize 'and the number" of, l i p i d b i l a y e r s , 

/ \ ' .' 
liposora/as are c l a s s i f i e d mainly i n to 3 types-(Jul^ i ano 1981): 

/ 
MLV,/i!uV cjnd SUV, ( F i g . l ) (SchreiDer 1982). The-

m u l t i l a m e l l a r or mult icompartment ves ic les (MLV) vary in 

s ize from 0.05 urn to 10xum and possess up to 10 lamellate, 

(Li-chtenberg and Marke l lo 1984) . , The un i l ame l l a r or s ing le 

'compartment v e s i c l e s , small,(SUV) and la rge (LUV) are of 
I 

s ize 0.025 ym to 0.05 ym and 0.1 pm r e s p e c t i v e l y . The SUV 

has a . p a r t i c l e weight of about 2 x 10- da l tons and because 

of i t s small s ize cannot e f f i c i e n t l y accommodate mate r ia l s 

of Molecular weight more than 4 x 10 dal tons (Szoka. and 

Papahadjopoulos' 1980). 
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Figure 1 . I f i posomes (Schreier 1982)• 

MLV: multilamellar vesicle 

SUV: 'small uni lamel lar vesic le 

LM: l i p i d membrane 

LS: l i p i d soluble drug 

HS:- water soluble drug 

J 
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Reverse phase evaporation vesicles: 

Vesi-cles obtained by the reverse phase evaporation 

method of Szoka and "Papahadjopoulos (19,78) are referred to 

as REVs. Thes-e REVs are uni- to ol igo-lamel 1 ar in nature 

and larger than LUV. Terms LUV and REV are often used 

synonymously. ' $ * ' 

French press and Ether injection vesicles: 

The French press vesicles or FPVs are prepared^ by 

using aff hydraulic press (Hamilton et aj_. 1980). These 

are similar to LUV in their characteristics. Ether 

injection ,«vesj cl^s or EIVs are liposomes resulting from the 
• -" ' . " *. 

injection of ethereal solution, of phosp-hol ipids into Hi/arm " 

aqueous solution (Deamer& Bang|iam 1976). Though they are 

/unilamellar their volume trapping efficiency is almost 10 

times superi.jp\ to 'SUV. • .' ''. 
> i 

Cell sized liposomes* 

Kim, and Martin (19-81) have reported the preparation of 

cell size unilamellar liposomes which have potential for 
' f •- * 

introduction of, genetic material's like DNA, chromosomes, 
etc. into cultured mammalian somatic cells. These'have 
diameters 'comparable to that of human erythrocyte (7 ym) and 

i 

a capture volume of up to 144 yl/mg. 

Giant, 1 i posomes: , '". 

<, Uni- an,d o"l igo-lamel 1 ar liposomes with a d'iameter 

greater than 10 ym are considered as g.iant liposomes. Oku 

•and 'MacDonald (*1983ab) have reported t|e formation'of giant 
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liposomes by two different procedures. „ In one procedure 

(1983a) they make these liposomes from lipids in chaotrqpic' 

ion sol utions 'such as sodium tri chl oro'acetate, guanidine 

hydrochloride and urea°. The other procedure (1983b) 

uti1ises^alkali metal chlorides like KC1 or'RbCl in 

njunction with freezing, thawing and dialysis'. • < 

ultivesicular liposomes: 

Recently, a novel type of lipo-some called - » » 

ul ti vesi cular 1iposomes (MVL) Jiave been described (Kim et 

al 1983). Th'ese were-prepared by evaporation of organic 

solv&nts from chloroform ether spherules dispersed in water, 

Diameters'Of .these vesicles range from 29 ± 10 ym to 5.6 ± 

1.7 ym.' The striking feature is the extremely high 

percentage of encapsulation of up to 89%.f 

pH sensitive liposomes: 

The pH sensitive liposomes wep.e suggested by Yatviji 

et &]_. in 1980 to target anticancer drugs to metastatic 

lesions. Such liposomes,, constructed with a pH sensitive 

1ipid-palmitoylhomocysteine (PHC), were supposed to release 
< 

their contents when in contact'with areas of body in which 

pH is less than physiological e.g. primary tumors and 

metastases. 

Polymerized liposomes: 

They are supposed to be better models for * 

biomembranes. The polymerized liposomes (Buschl et al. 

1982, Leaver et a K 1983, Fendler 1984) are made by . 
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using polymerisableJipids e.g. butadiene derivatives, 

diacetylene containing phospholipids. A recent report 

(Juliano et aj_. 1984) relates to photopolymeri zed 
«'• ' ' 

li*o'somes. 
ĉ f 

Tagnetol i posomes: • ,, 

Immunoliposomes containing ferromagnetic particles 

(ferrite powder) were proposed by Margolis et aj_. (19B3) 

for sorting' or cells. Associated with cytotoxic drugs they 

might possfbly be of use in cancer t,tierap'y:
tals .wel 1 . 

"Solid" and "Fluid" liposomes: 

Every liposome has a gel "to liquid crystalline phase 
* \ ' 

transition temperature. Above this phase "traVisitio/i 
\ ^ 

temperature liposomes are "fluid" and below it\they are 

"solid". For instance, DPPC liposomes a're'sol i d\at 37 
i 

where as egg PC liposomes are fluid at the same temperature. 

Transition temperatures "of different phospholipids have been 
0 

tabulated by Szoka and- Papahadjopoulos (1980). > 
i • { - ^ 

A comparison of the properties of 'some of tne ab'oVe 

mentioned liposomes is given in Table 1. 

METHODS OF PREPARING LIPOSOMES # 

The type of liposomes, in some respects, depends on 

° the method used "to prepare them. To" date, several methods 
have been reported to prepare liposomes. A comparative 

« ' '" 

. study of these different,methods can be found in excellent 
reviews by Szoka and Papahadjopoulos (1980,1981), Ryman and 

" -X 
Tyrrell (197-9) and Hauser (1982). The choice of the method 
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"' Table l a 

Types of liposomes 

NAME 

y 

SUV 
MLV 
LUV 
REV 
FPV 
FIV 

& GV 
*' . EIV 

CUL 
MVL 

SIZ£ « 
(ym) 

„ I 

0.025-0.05 
0.05-1© 
0.1 
0.5 
0.04-0.08 . 
0.05-0.02 
1-100 
0.03-0.1 
6.2-12.2 
5.6-29 

—. 1 

INTERNAL AOUEOUS 
SPACE0 

(yl/ymol l i p id ) 

<0.5 
>4 

10 
£10 
<10A 
N.A. 
100-800 
15 
243 
106A 

ENTRAPMENT 
eFFECIENCYc , 

a (2/mg l ip ids) 
" 

<1 
5-15 
20" 

• 20-50 
IOP-30^ 
20-30 
N.A. 

>1 
15-60 

<89* » 

SUV: small sonicated unilamellar vesicles. 
f lV : large vortexed multilamellar vesicles. 
LUV. large unilamellar vesicles. ° 
REV: reverse phase evaporation vesicles. * 
FPfe frenoh-pressed vesicles. 
FTV: freeze-thau presides. . " " 

.GV: giant vesicles. . ^ * 
EIV: ether- inject ion vesicles. * =• , 
CUL: ce l l -s ize unWemallar liposomes. * - ' 
I1VL: multivesicular) lippsomes v 
NA: not avai lable. " * 

aUpdated the table f rorMatv in and Lelkes (1982). - \ 

Internal aqueous space or capture volume is define^ as the volunfe enclosed 
by a -given srnount of ' l ip id and u i th 'umts l i t e r s (or microl i ters) entrapped 
perAole (or/micrornole) of total l i p i d Omol" or yl yraol" ). I f is 
independent of l i p i d concentration. - , 

Entrapment or encapsulation eff iciency is defi?ie"d as the percentage of the 
compound that becomes entrapped. I t is d i reqt ly proportional %o l i p i d 
concentration. „ ° ' 
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has a bearing on the type of liposomes desired for a 

particular application. .Shaking, sonication.and reverse 

phase evaporation are the three most widely°used methods. 

Bangham method: 

This method, also known as shaking method, is3 the 

classical method to prepare liposomes, TJsjng a rotary 

vacuum evaporator, a th'in film of lipids is produced on'the 
J* 

inner Hall of a round bottom or pear shaped flask. The 

lipid film is then shaken with the aqyeous medium at the 

<phase transition temperature of the phospholipid.' Liposomes 

obtained in this way are mainly tmulti lamel 1 ar and of 
* • 

heterogeneous size distribution. 

Soni catio'n: • fi 

This method produce's vesicles of fairly uniform size 

when MLV, obtained as above, are subjected to high energy 

ultrasonic waves (Juliano 1981). The sonication is usually 

carried out vat the ̂ temperature of phase transi tiont of ,the 

phospholipid. Either the probe or the bath som"ca"tor could 

be employed for this purpose. 

Reverse phase evaporation: 

The disadvantages 6f the SUV were partly overcome when 

Qzoka and Papahadjopoulos (1978) reported their reverse 

phase evaporation method. In this procedure the lipids are x 

dissolved in organic solvents (like ether) and then 

dispersed i& aqueous medium to be entrapped. The dispersion 

is then sonicated to produce a w/o type of emulsion> After 
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the removal of organic solvents, the aqueous dis.persion. is 

shaken at or above the phase transition temperature of the 

l i p i d . The r e s u l t i n g 1 i posomes' -are un i - to ol i go - l ame f fa r 

w i t h a d i s t i n c t advantage of high capture volume of aqueous 

phase. . 

The importance of the method of preparation of 

liposomes on the encapsulation efficiency of the drug i's 

evident from'the sEtudy'of Tsukada _et a U (1982). They 

observed maximum encapsulation of the p'oorly sol ubl e" drug 

carboquone when the liposomes were (prepared by REV method. 

Bangham, E-thanol injection and Ethe> infusion methods were 
• A ' 

unsuccessful for carboquone encapsulation. 

Other methods and their advantages and disadvantages 

are listed in Table 2. It is of interest to note that even 

R ' 
some commercial equipment like Lipoprep * and 

R ' ' ' •• ' X 

Mim-Lipoprep s for preparation of liposomes on the 

laboratory scale, have;started to appear on the market. 

bLipoprep-CLS is suitable for continuous large scale 

» production of liposomes. All these equipment work on the. 

*Lipoprep , Mini-Lipoprep and Lipoprep-CLS are 

available from D'ianorm-&era$e9 Postfach 126, D-8000;,v Munchen 

•65, FRG. First two cost about 12480 and 945 Swiss Francs 

respectively. 

v_ 
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Table 2 
Methods of preparation of liposomes 

V - 1 

Method Liposome 
obtained 

Encapsu
lation 
efficiency 

% 

Advantages Disadvantages Reference 

MLV 
0.05-10 ym 

5-15 Easy to prepare 

Sonication \ 

Reversgj phase 
evaporation 

SUV 
,0.025-0 

REV 
0.12-0. 

.05 ym 

2 ym 

0.! 

20 

5-1 

-60 

Homogenous s**e 
distribution \ 
Perhaps better v$r 
uptake by cells ^ 
(Machy & Leserman 1983) 

High encapsulation 
efficiency & large " 

Calcium-induced 
fusion 

Detergeht. 
d ia lys is 
& Detergent -
gel f i l t r a t i o n 

Q 

LUV 
0.2-1 ym 

um-lamel \&r, 
0.03-0.1 ym 

aqueous space 
Good fo r certain 
enzymes (Kurosaki 

„ - et a l . 1981) 

10-15 High encapsulation 
. < e f f ic iency 

Suitable for macro-
molecules including 

viruses 

Lou encapsulation 
efficiency 
Heterogeneous size dis
tribution 
Not suitable for thermo-
labile substances 

Least encapsulation 
efficiency „ 
Proteins may be denatured 

Organic sol.vents may ba 
deleterious to biologically 
'active molecules 
Heterogenous/stze 
distribution 

Restricted to acidic 
phospholipids like 
phosphati dylseri ne 
Heterogeneous 

Good for reconstitutlon Low encapsulation efficiency 
of intrinsic membrane less practical for encapsu-
proteins lation of water soluble 

. Homogeneous size drugs 
distribution 

Bangham et al_. 1955 

Huang 1969 .*' 
Huang and Thompson 1974 

Szoka & Papahadjopoulos 197$^ 

Szoka et.al. 1980 

Papahadjop0oulos et a l . 
1975 < •> ~~ 
Dimi t r iad is 1978 
Papahadjopoulos & Vail 1978 
Ui lschut et a l . 1983 

Brummer et a]_. 1976 
Milsmann et a l , 1978 
Enoch and"Str i t tmater 1979 
Zumbuehl and lleder °1981 

\ 



Table 2 

Method Liposome 
obtained 

Encapsu
lation 
efficiency 

% 

Advantages Reference' 

French press ' SUV 
0,04-0.06 Um 

10-30 

Freezing and 0.05-0.2 ym 
thatn'ng 

Ether in ject ion umlamaller 
0.06-0.13 um 

10-30 

Etnanol 
in jec t ion 

D i f fe ren t ia l 
higfi-speed 
u l t r a c e n t r i -
fugation 

'SUV 
.03-0.11 Vm 

Unilamellar 

•9 

0.4-1.5 

Gentler handling of 
l ab i l e materials 
vesicles of greater 
S tab i l i t y 
Unilamellar vesicles 
with. 10 to 50 times 
larger aqueous space 
than sonicated vesi'cles. 
Liposomes could be p r e - ^ ~ -
pared even at lpuer temp

era tures l i ke 0° , 25° \ f 
etc. 

Hamilton et a l . J980 

"Vol. trapping 
ef f ic iency is 10-100 < 
times that of 
sonicated preparations 
suitable for macro-
molecules. 

Homogeneous size 
d is t r ibu t ion 
Wo disadvantages of 
molecular sieve 
chromatography. 
Rapid method. 
Higher vesicles y ie ld 
uithout dilution. 

Size ami entrapment ^» 
^eff ic iency c r i t i c a l l y 
dependent on the ionic 
strength of the buffer 

Unsuitable for heat or 
ether l ab i l e drugs 
lov .encapsulation, ef f ic iency 
not homogeneous in s ize. 

iHeterogeneous 
Produces a d i lu te dispersion 
'of sgv. 
Lev encapsulation efficiency,. 

Pick 1981 

Deamer & 8angham 1976 
Deamer 1978 

Batzri and Korn 1973 
ICremer et al. 1977 

Barenholz et al. 1977. 
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principle of detergent dialysis, reported by Milsman et 

aT_." (1,9780 and Zumbuehl and Weder (1981). Another 

liposome preparation instrument, a,microemulsifier called 

" TM 

/Microfl uidizer M-110** s has-recently emerged. It works 

".'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 

recognised in the earry 1970s. Since then the aspect of 

drug 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 

phase during the preparation of liposomes. Drugs that are 

lipid soluble are treated similar to lipids and those that ,, 

are water soluble are dissolved^ in the aqueous phase. -Q^ugs 

of intermediate polarity could be treated either way. , 

* ^ The distribution of a drug within the liposomes is 
t 
i 

governed by its polarity. The nonpolar drugs are ' 

^MicroFl uidics Corporation, a division of Biotechnology 

Devejopment Corporat/ion, 4'4 Mechanic Street, Newton, 

Massachusetts 021-54 U.S.A.) 

®°. Or 
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intercalated with the lipid bilayer whereas polar ones are 

pre'sent in the aqueous phelse. The drugs with intermediate 

polarity span both aqueous and lipid phase of the vesicle 

(Fig. 2 ) . 

There is an interplay of several factors affecting the 

entrapment of drugs within liposomes. These factors are: 

Phys'i^ochemical properties of the drug • . • 

- solubility * 

- steric hindrance 

Proper t ies re l a ted to liposomes ^ 

- size 
1 

_ ccharge 

- lipid composition 

-•> capture vol ume 
"- ionic concentration, pH of hydration medium 

Method of,preparation 

Miscellaneous \ 

Physi'cochemical properties of drug: 

The drugs that 'are highly soluble either in waters or 

in lipid ar_$ encapsulated well in liposomes. On the . \ 

'contrary, the encapsulation of drugs with only marginal 

solubility both in water and lipid, e.g. 6-rnercaptopurine 

'(FencAer and Romero 1977), is not efficient. 

Defrise-Quertain et aj_. (1^80) ĥ gve related the log P 

values of drugs to their encapsulation efficiency in 

^liposomes. The log P value is the logarithm of octanol 
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2. Distribution of drugs ,v/ithin a liposome 
(Gregoriadis'1976). 
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water partition coefficient of the drug and is a measure of 

its solubility. Defri se-*Quertain et aj_. concluded that 

dr-ngs with log P values of greater than 5 and le.ss than -0.3 
* \< . - i i 

were -optimum candidates fo 

Drugs with log P values be 

r encapsulation in liposomes. 

tween 1.7 and-4 were the.worst 

\ ' «? 

candidates for .this purpose. Tfn'S finding was supported by 

the. fact that;.drugs like Cortisol palmitate (log P « 9 ) , 

Cortisol octanoate° (log P =°4.75) and methotrexate (log P = 

- 1.85) were encapsulated well in liposomes. On the\ , 
contrary, the encapsulation of "drugs like Cortisol- (0;59 ^ ^ ^ 

log P < 1.93) wa,s 'very poor (Defrise-Quer^tain et al. 

1980) / ' " : 

The l'og P values of drugs .could be0 increased by 

chemical modification such as palmitoylation.. This approach 

has„ been successfully exploited for -enhancing drug N 

encapsulation in liposomes, (Shaw e_t aj.. 1976, Goundalkar 

and Mezei 1984)". 'One s-hould, however, be cautious not to 

reduce the pharmacological activity of the .drug as a result 

of^such chemical "mani p"ulation. -'Within a certain limit the 
n f 
iposomal encapsulation of palmitoyl derivative of a drug 

approaches 1001 (Goundalkar and Mezei 1984), 

/ Since in chemotherapeutic appl icatirons it is the 

ajbsolute ;e drug concentration gather* than ..the percentage--

incorporation, that is the important factor, it is ̂ essential' 

uo increase the amounts of drug entrapment as much, as 

possible (Fendler and Romero 1977). The palmitoylation not 
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only provides sucfe increased -absolute drug concentration in 

liposome's but also the encapsulation is complete (i.e. 
•" f 0 

100%)o thus, the liposomal encapsulation obtained by 

pal mi toyl at i OJL is—iBisur passed by "any .other method.. Hence \ 

-, r- — this approach is'worth trying even for water soluble drugs 

with optimum log P valued such as methotrexate. Preparation 

of drug-phosphatidate compounds and hydrophobic prodrugs are , 

other analogous approaches suggested for improving liposomal 

^ encapsulati-on'of drugs (Page Thoma,s and Phillips 1979^, 

* l(night 1981b). The compound, squalene, stands out 

distinctly as a compound with a high log P^value and yet has 

_- - very poor liposomal encapsulation. This unusual ••behavior is 

attributed to the steric hindrance causedby this molecule 

(Defrise-Quertain et aJL 19^80). Other'mi seel 1'aneous 

principles like ion pairing (Jay and Digenis 1982), charge 

transfer complex formation (Tsujif e_t ,aj_.' 1976, Kano and 
i 

FendTer 1977) have also been utilized for enhancing .drug 

entrapment in liposomes. ' 

Properties related to liposomes: 

Capture volume, size, charge: The higher the capture 

'volume, the higher is the entrapment of water soluble drugs. 

The same relationship also.applies to the size of 

liposomes, since size and capture volume aje often 

j proportional. The presence of 'a charge on liposomes may 

„ .lead to increased encapsulation '(Alpar &t_ al_.. 1981). As 

mentioned earlier, higher entrapment is attributed to 

«*<> 
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increased aqueous space due ̂ o/el ex%iostatic repulsion 

between like charged 1 amel l.ae 'of lip'osomes" (puisieux and 

Benita 1982). \ - ' - w .t 

• Lipid compositions Hydration medium: Cholesterol 

-'plays a major' role as a-stabi llzing a'genjt for liposomes. It 

reducers the leakage of drugs out of. .1 i posomes. ftfpart- from ' 

Uhis, it also contri butes-to increased encapsulation of 

drugs like doxorubi cin. (Yatsuyanagi- et al. ,.1981,). 

Conversely, chole^terbl may al so"interfere with • * ' 

encapsulation <Tsukada et a K - T98,2). The phospholipid , » 

composition could also play a maj°or role in determining the 
A . \ M : * 

efficiency of drug incorporation in lipo/somes (Tsukada et, 
'' . , \ | '. • 

al. 1982). . . « , ! > •* ' 

The. influence, of the p'H of l^dr-ation' medium on* the 
5, * . 

association of doxorubicin with liposomes has. recently been 
> / 

reported (Crommelin et al_. 19-83) * * 
j\. 

SEPARATION OF FREE DRUG FROM0 LIPOSOMES 
• 1 . . 

The encapsulation of drugs wMthin liposomes„is rarely 

one hundred percent!- A lot of drug remains unentrapped. 

Separation of untrapped^of "free" or "naked." drug is 

necessary in "order to obtain' a "pure" liposomal preparation. 

The methods used for this purpose are as, follows-: 

Gel filtration^ ' ' 
? • Centrifugation ° • -

' .C? * 
Dialysis * ' ' > <> Ultracentrifugation 

Other methods % 

i 
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Gel filtration: 

When a crude liposomal preparation is passed through a 
i 

gel filtration (molecular sieve^chromatography) column, 

;i liposomes come out in the void volume. The fr.ee drug 

appears later in the 'retar-d'ed volume. So, the'two can be 

eas'ily separated. However, problems of mechanical blocking 

of columns have been experienced with crude MLV and REV 
) liposomes (unpublished ^observations). Filtration of 

liposomes through sjnalller pore size polycarbonate filters 

may perhaps overcome this problem. Also, to be considered 

'is the.non specif i c -adsorption of liposomal lipids to the 

"'gel'of th£ column. A way—to—"get around this problem is" to 

presaturate "the. col umn with lipids before use (Huang 1§69). 

The dilution of the liposomal fraction is a main 

drawback of this method. The diluted preparation can, 

however, be concentrated by ultrafiltration method, for 

R 
example, using"amicon centriflow filters. Various gel 

i 

"filtration media, e:g. Sephadex G-25, G-50, Sepharose 4B, 6B 

etc., are being used for this purpose. Sepharose CL-4«B, 

CL-2B and controlled pore glass have been used also to 

separate multilamellar liposome's from unilamellar ones (Chen 

and Schulle 1979, Yotsuyanagi et aj_. 1981). An ' ' 

evaluation of different gel-media for their ability to 

separate* liposomes o f different size has been reported 

(Jederstrom and Russell 1981). When 1;he~\mentrapped 

http://fr.ee


substance is a macromolecule like DNA, protein etc., the 

-choice of proper gel is more important, as routine gel-s like 

Sephadex G-50 or G-25 cannot be used in such cases. The 
v o 

upper limit of the fractionation range4 of'-gel s 1 i Ice Sephadex 
!% ' * P 

G-50 or G-25 is less than\ the molecular weight of the 

protein. 

Centrifugatio^: ' ^ 

Macrovesicles can be sedimented down by high speed 

centrifugation. The liposome pellet could further be washed 

by centrifugation to remove the nonspecifically adhering & 
drug. However, this method of separation cannot "be applied "̂  

to SUV. .Also, when the unencapsulated drug is in the form 

of undissolved crystals this method has little value. 
. N * * 

Simplicity and absence of dilution effect are the main^ 

advantagefsof this method. , 

Dialysis and Ultracentrifugation: 

Untrapped drug can also be separated from liposomes by 

exhaustive dialysis. However, leakage of trapped drug out 

of liposomes may be a problem sometimes. Dialysis has also 

been used to imp-rqve the liposome size distributions 

(Bosworth et_ aj_ 1982). The ultracentrif ugation method 

of separating free and encapsulated drug is used mainly for 

microvesicles, like SUV. Repeated washing of liposomal 

pellet is needed to remove the adhering free drug as in 

other centrifugation methods. 
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fr Other methods: 6 . ^ 

«.' The method of differential centVifugation has been 

used to separate liposome encapsulated nucleic acids afrom 
S • 

unencapsulated material. Similarly, nuclease digestion 

followed by gel filtration and floatation of° liposomes on,, 

discontinuous polymer gradients, have been used for the 

s-eparation of liposomes from free nucl e"ic , acids. The lajtteY 

method is rapid -and well suited for the separation of 

.liposomes under sterile conditions (Fraley*and 

Papahadjopoulos 1981). 
1 

FILTRATION OF LIPOSOMES 

Filtration of liposomes isdone either to reduce the 

size of liposomes (Morii jet aj_. 19-83), or to improve the 

- size distribution of liposomes (t)lson jet a K 1979). 

The filtration of liposomes is usually carried out 

under positive or negative pressure,_ using filters made of 

polycarbonate (Olson ejt aj_. 1979). The liposomes 

obtained by filtration are^soip-posed to be .more uniform than 

unfiltered ones. It is important to note that* the "soft" •> 

4liposomes, those slightly bigger than the p'ore size of the 

filter, are able to pass through the filter* by deformation 

..with-no change in post-filtration liposome size (Brendzel ** 
* 

and Miller 1980). Use of elevated temperature is known to 
8 v 

facilitate the operation of filtration reducing the chances 
» . 

of clogging of filters (Olson et eH. 1979). A 
combination of reverse p-hase evaporation and extrusion 
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through polycarbonate membrane's (las' been shown! to produce; ' '1 v ' 

^ u n i l a m e l l a r l iposomes o.f in termedi ate -si ze- (0 . l i Q . ^ Iwm { 

(Szoka" et a l . 1.98a, Duzguries ejt a]_. 1983). -> </ •,'' \ 

, CHARACTERIZATION OF LIPOSOMES ' < ' , , ',•, ,' , , 
. • ' - ' • • , . • < . v , ' , ' , ; • f i * i . 

The p rope r t i es of l iposomes have, profound i ' t i f t fences' 
• " * / ' • 

on their behaviour in vitro or in vivo. .Therefore,, the ' 

-r~. i • T ' 

characterization of liposomes in terms of their 6'i.ze, 
' • i u v , 

surface char-ge, drug release etc. are important. . ,„' ; 

' Size distribution of liposomes: • • ' '"' 

•The average size and the size' distribution of' 

V ' 

• % 

l l < » 

/ 
/ 

liposomes are „important* parameters affecting the behaviour/ 

' ' l o 

of liposomes. Optical "microscopy has-been used by some, 

investigators-(-Rahmrn ejt aj_, 19*74, Gulasekharam 1980)/ f 

° to determine gross size distribution of Irppsomes -especially 

MLV and REV. Since smal lejr, 1 ip.osomes are beybnd the-

resolution of an optical microscope, the use of this method -

is. far°from satisfactory to obtain »an exact size 

distribution of liposomes.' Fluorescence microscopy could be 

used if a fl-uorescent lipid is included in the 1 i pid *bi layer 

of '1 iposom.es. Electron microscopy seems to be the popular 

methol of° assessing liposome size. -However, it involves 

considerable skill, effort and time to prepare samples for 
ft • « 

election microscopic analysis. 

Bel exclusion chromatography on Sephacryl S-10,00 has 

been used'tfe analyse, -as well as to fractionate, liposomes u 

on the basis of their size (Nozaki et al. 1982, Machy 

\ . 

A 

http://iposom.es


^ 
26 

and Leserman 1983, Reynolds j§_t ail_. 1983). An Agarose 

Gel TLC method is particularly suited for a quick assessment 

of the efficiency of sonication, consequently the size 

reduction of liposomes (Van Renswoude e_t a]_. 1980). The 

sedimentation field'flow fraction "(SFFF) method described by 

Kirkland e_t aj_. (1982) is rapid and Analyses both size 

'and particle weight of liposomes. A laser light scattering 

ethod called quasi-elastic light scattering (QELS) has been m 
h "^ 

\jused by M'orri e_t _al_„ (1983) to obtain .average diameter 

and polydispersity index of liposomes. It is said that thî s 

.method can detect even very small liposomes down to 30 nm . 

(Rao 1983). A technique cal led' photon correlation 

spectroscopy has-also been used to study vesicle size (Gole 

'and Carlson 1982) , • 

Another simple method of obtaining liposome size 
a ° » 

distribution is to us<e =.an electronic counter i.e. Coulter 

counter with proper specifications (400-channel analyser, 

10-15 'Pm aperture) as recommended by Rahman (1980) and used 

ty others, ft is^an extremely rapid method, and gives an 

accurate size distribution. -Dilution of the sampleMs all. 

that is needed to-count the liposomes using tfois instrument 

The recently introduced "Coulter- Model N4 Analyser" which 
o - . 

measures particle size in "the range of 3 nanometers to 2 . 
o 

micrometers would perhaps be a_ better model for size 

analysis of liposomes. Once the size distribution of a 

liposome pr&paration is known, feheJother parameters such as 

file:///jused
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particle number, surface area, trapped volume etc. can 
i 

easily be derived (Pidgen and Hunt 1981). 

Surface charge-of liposomes: 

It is usually assumed a priori that incorporation of 

a cha'rged lipid gives rise to cipher positive or negative 
' -. \ 

charge on the surface of liposomes. No tests are usually 

carried out to check whether this is true. However,- the 

surface potential (quantitative measure of surface charge) 

of liposomes could Ma measured in a Zetameter (Bangham et 

al. 1974) or by using a fluorescent p-Hr indicator 

(Fernandez 1981). 

Drug release from liposomes: 

The in vitro testing of drug re-lease from liposomes 

cojjld reflect in vivo release pattern. Therefore, some 

investigators have carries! out" efflux experiments before 

administering the liposomes in vivo. Most of the 
«• % • 

techniques used to separate free and bound drug could be 

used to evaluate drug release from liposomes. 

The dialysis technique'was used by Arakawa ejt aj_. 

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

from Tiposomes. Technique of ultrafiltration through Amicon 

centriflo CF-25 was applied by Tsukada et aj_. (1982) in 
„ V 

their, release study. Irf a recent report Arrowsmith et 

al. (1983) used centrifugation technique to study in 

vitro release of steroids from liposomes. 
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STABILITY AND STORAGE OF LIPOSOMES 

In many of the investigations liposomes have been 

stored in the refrigerator 'from a few days to a few weeks 

without apparent instability. However, such, short time 

stability^is of little use if liposomes are ever to be used 

like Oth-er pharmaceutical preparations. As a pharmaceutical 

preparation, .liposomes should have a shelf life of at lea^t 

a year, preferably at room,temperature (Rao 1983). 

Stability and storage studies of liposomes have special 1 

significance in this 'context. ' » 

Frokjaer et aj_. ' (1982)' have investigated the«long 

term storage Of liposomes. They concluded that 

distearoylphosphatidylcholine (DSPC)/cholesterol (CHOL)(2/1) 

liposomes were stable physicochemically when stored at'4°C 

for about'10 mdnths. Similarly Rao (1983) has claimed ttiat 
• d R 

a Pentostam liposome product was stable for several 

months with less than 10% leakage. The formulation or 

composition of this product, however, was not reported. 

Van Bommel an'd Crommelin (1983) have tried freeze 

drying and freezing o,f liposomes for s'torage. .They reported 

that in most cases the aqueous3 marker was lost considerably 

< / 4 " c* 

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

this was-dependent "on lipid composition. Best results were 

obtained .with di palmitoylphosphatidylchoi ine (DPPC)/ 
di'palmitoylphosphatidylglyceroi(DPPG) 10/1 vesicles. Using 

« * 
additives like lactose improved the stability of these -
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V 
vesicles to freeze drying. Strauss and Ingenito ('1980) have 

investigated the use of cryoprotective agents (e.g. 

glycerol) and membrane proteins in stabilizing liposomes to 

freezing apd thawing effect. Effect of phospholipid: 

cholesterol ratio on the response of liposomes t$ various 

rates of cooling to -196°C has been reported by Morris 

(1982). In the absence of DMSO, the cryoprotectant, 

liposomes lost the entrapped 'glucose completely following 

freezing to and thawing from *-196°C. In the- presence of -

DMSO, however, liposomes containing 20 mol% cholesterol v 

exhibited miniir|um glucose release when subjected to similar 

o ?? 1 
treatment at afcooling rate of 1.7 C m i n " (Morris 

1982). 

DRUG TARGETING 

Drugs are "double edged s.words". They, have beneficial 

effects as well as toxic side effects." Severity of toxic 

effects may sometimes not be as-serious as we think. But, 

certainly the toxic effects are 'very severe, in case of 

anticancer drugs. These toxic sid-e effects are, often, due 

to the non selective drug disposition and therefore the 

indiscriminate action of the drugs. -For instance, 

anticancer drugs exercise their lethal effect on 

proliferating eells of both normal type as well as malignant 

type. Ttfere is not much qualitative difference between a 

cancer cel.l and" a normal dividing cell. Therefore in order 

to reduce or eliminate the toxic effects, drugs have to be 
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directed to only the diseased sites (i.e. target sites) to 

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, Pos'te and Kirsh 19^3). "Recently there has been 

« dramatic increase in research activities to solve the 

problem of'drug targeting. 

The. various approaches for drug targeting coulcf be 

chemical, physical or biological. Prodrugs, the drugs which 

can be converted into active form at target sites,, are 

examples of chemical approaches (Henderson 1983). Physical 

approaches .".brace such „',d. areas as e«,sio„s (Kreuter 

1983b), polymers' (HeMerson 1983) microspheres, magnetically 

responsive or otherwi seJ (11,1 urn and Oavis 1982, Widder et " 

al . 1982), nanoparticles (111 urn ejt al_. 1983, Kreuter' 

1983abc), red bfood cells (RBC) (Pitt et al. 1983) and 

RBC ghosts (Ihler 1979) and liposomes (Gregoriadis 1981, 

* Rogers 1982,\ Widder et _§_]_. ̂ 982, Banker et al. 1983, 

Gregoriadis 1,983b) and.'sc/on. The biological approaches 

include the use of bio-molecules such as deoxyribonucleic 

acid (DNA) (deDuve/1980, Trouet et &±, 1981, 

lipoproteins (Co'unsell and Pokland 1982), and antibodies 

(Gregoriadis 1983b,' Gregoriadis e_t jH_. 1982). 

Antibodies, liposomes, and the combination will be discussed 
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•in more detail stnce this is one of the main top/fcs of this 

thesis. /> 

ANTIBODY MEDIATED DRUG TARGETING 

The idea of using antibodies as drug carriers was, 
- Q \ 

i 

conceived by Paul Ehrlich as early as 1906. However, jt was 

not until 1958, that this idea W s first put to application 

by Mathe e_t ^1_. (1958). Since then several studies-have 

been reported on cytotoxic drugs as well as diagnostic 

agents linked to antibodies. Comprehensive revie'w articles 

have covered these studies (Ghose and Bl«air 1978, Rankin and 

McVie 1983, Rowland 1983). 

Most investigations of antibodies"as drug carriers 

have been conducted with heterologous (polyclonal) 

antibodies raised in rabbit, goat, etc.* The procedure of 

extensive absorption of the xenogenic antisera with normal 

tissues (liver, spleen, kidney, RBC) has been used to 

improve the specificity of such polyclonal antibodies. This 

procedure, however, sometimes takes away the specificity of 

the antibodies and other times, leaves toxic antinormal 

antibodies, resulting in an antibody preparation which is 

e*ither toxic or no'n specific. The monoclonal antibodies of 

recent origin may be an answer for suc4r major drawbacks of 

polyclonal antibodies. Further, the advent of hybridoma 

(hybrid myeloma) technology has made possible the production 

of monoclonal antibodies in adequate amounts (Levy and 

Miller 1983,). These monoclonal antibodies have exceptional 
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specificity and therefore they are disp.lac'ing"(theo polyclonal 

antibodies in their role as carriers ,of drugs and/or . 

diagnostic agents. " Recent reviews signify such a firend 

(Baldwin 1983, Baldwin-and Pimm 1983," Da,vis and'Ilium T983, 

Lutz 1983', 'Obrist 1983 ,«4>oste &hd Kirschn1983, Cojiner 1984). 

LIPOSOMAL DRUG TARGETING < ' .» "' 

Targeting of drugs using unmodified ̂ i posomes is -

referred to as passive targeting of liposomes (Poste\1983, 

P-oste and Kirsh 1983^k Liposomes, like other colloidal 

particles, are rapidly scavenged by organs like Ij-ver, , 
"* o 

spleen and bone marrow which are rich^ in reticuloendo/iffTSI i al "' -

•cells. The capillaries in the lung can physical]y, trap 

aggregates of liposomes. These properties have made 

liposomes selective drug carriers in diseases- like 

leishmaniasis wher.e target sites?ar,e liver cells. Many 

anticancer drugs J;iave also been tried in liposomes for 

targeting orH-r/ reduce side effe'cts (Kaye 1&81 >, Yatvin and 

Le-lkes 1982). Weinstein e_t aj_. (1979) applied 

hyperthermia i;o cause selective»«release of methotrexate 
eg 

(MTX) from liposomes. Strategies like this, in which the 
o 

drug-carrier complex releases the drug only when exposed to 

specific microenvironment changes such as pH or temperature, ' 

have been referred to as physical targeting by Poste-»and --

Kirsh (1983). This category also includes magnetic drug 
s 0 

I 

carr ie rs whicjufroul d be modulated by external magnetic 
i 

f i e ld s . In many instances-Liposome's have improved the-
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effectiveness* of the entrapped drug for reason? other rthan 

targeting. Those reasons-are_- .protection of drug from 

biological degradation, (Weinstein and Leserman 1984), 

reduction of toxic effects (Forssen and Tokes 1981), 

improved transport of drugs across transport deficient tumor 

cells (Patel et al. 1982,"Todd et al. 1982, 

Del iconstantinos et £]_. 1983)depot effect (Kaye jat 

al- 1981). 

However, in many instances liposomal entrapment of 

drugs has not brought about any significant beneficial 

effect",- r̂ athe'r in some cases it has led "to increased 

toxicity. Most of these negative effects have been 

• attributed mainly to the uptake of liposomes by Veticulo 

endothelial system (RES). Efforts were therefore 
<r 

concentrated to overcome this situation. Use of antibodies 

conjugated to liposomes is a result of such efforts.' 

, vAs menti-oned earlier, the properties of antibodies 

which', enable them to interact specifically with 

complementary antigens 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 

too much drug is loaded on an antibody, its reactivity is ,at , 
'( 

stake. Secondly,, administration'of a large quantity of 
« ' i 

anWbody-drug conjugate, to compensate for the limited 

.carrier capacity, couTd lead to allergic reactions-
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• Perhaps the combination of the higher carrier capacity 

of liposomes and target seeiking capabi li ty ,of antibodies may 

be the answer for some of the problems outlined above. As a 

•result this field of active targeting of liposomes is 
t a 

getting increased attention these days (Zaharko et al. 

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

"active targeting of liposomes" is, however, not restricted 

to lipospme-antibody complexes but includes all liposomes 

bearing any ligand that will "recbgnjze" molecular or> 

macromol ecular determinants of the 'Surface .of the "target" 

cells (Poste and Kirsh 1983). 

BINDING OF ANTIBODIES TO LIPOSOMES ' 

In order to realize the potential of active or 

immunospecific targeting of liposomes, the two entities, ! 

namely, antibody and liposomes, have'to be somehow 
\ " - \ -

associated or conjugated. Initial studies resorted to 

physical binding of antibodies to liposomes. This means 

that the antibodies mere bound by methods like incubation 

with preformed liposomes or during liposome preparation by 

co-sonication of immunoglobulins and liposomes (Gregoriadis 

and Neerunjun 1975). Two^main criticisms have been levelled 

at this kind of binding. The force of association may be 

too weak jto keep the two entities together for sufficient 

time until t-he liposomes reach the target sites. Secondly, 

the amount of antibody" that is bound to.vesicles may be too 

smeil 1 td serve its tieeded purpose. , 

rx/ 
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* Significant improvements over these-drawbacks came 

* I-

about when chemical or covalent binding methods were 

•'• -introduced. The advent of covalent binding methods we're *̂  ' 

partly.due to the existence of such linking procedure^ in 

areas such as protein modification, enzyme-anti bod.y 

conjugation, hapten-carrier conjugation, cytoxic 

agent-antibody conjugation (Carra^uay .and Koshland 1972, Wold 

1972, Bauminger and Wilchek 1980, Erlanger 1980, O'Sullivan 

and Marks' 1981, Blair, and Ghose ,1983, Ghose e_t a K •' 

1983). , ' - ' 

Among th.e several methods available to date, some a're 

of particular interest.because of their high efficiency of 

binding. The method reported by Barbet e_t al. in 1981, 

has a 'binding efficiency of more than 40%. In this method 

"• the antibody has to be modified with the-heterobifunctiona,! 

reagent £-succinimidyl-3-(2-py.ridyldi thio)prop\onate 

(SPDP) and then reduced^with <Ji thiothrei tol before coupling 

to liposomes'^ Another method by Martin et al_. (1981) 

also has a high efficiency of coupling (14-26'EK Botl\ these 

methods require the presence of atreactive disulfide group 

, in the liposome membrane.'' Reactive liposome lipids for this 

purpose are synthesized from'reaction between SPDP and'amine 

containing phospholipids like phosphatidylethanolamine (PE), 

dipalmitoylpffosphati dylethanolamine (DPPE) etc. The binding 

of antibodies to liposomes in both cases is broug,ht about by / 
an exchange reaction between the thiol group of the antibody; 
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and disulfide group present in the liposomal membrane. The 

difference in the two methods lies in the way the ./thiol/ 

1 
group is generated in the antibody. In the method described 

by Martin et aj_. (1981) the thiol antibody (Fab'-SH) is 

obtained by the reduction of F(ab') ?, whereas in the other 

method immunoglobulin.G (IgG) is first modified using SPDP 

by the method of Carlsson et al. (1-978K Modified IgG 
—— * 

is then tre-ated with dithiothreitol to produce thiol IgG 

which then reacts with liposomes. In both the methods, 

homopolymerization and/or intramolecular cross linking are 

kept to a minimum because thiol-disulfide reaction is faster 

than thiol-thiol interaction. The method des-cribed by 

Martin et al. is time consuming, as it involves many 

steps like digestion of IgG, protein A sepharose -4B and^ 

sephacryl S-1000 column chromatography to separate 

F(ab')p. Methods similar in principle to that of Barbet 

.. jet al.-have been used to conjugate antibodies or, 

proteins to sendai virus particles (Tomasi et a]_. 1982) 
i 

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

et al. 1983). 

There is a drawback in .using 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 P-apahadjopoulos 
CD 

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

method utilizes a maleimide derivative of 
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p'hosphati dylethanol ami ne and introduces an essentially 

irreversible thio-ether bond between antibody (Fab1) and 

liposomes. Using t h i s> same principle, Hashimoto et al. 

(1983b) have 11 nkM**subunits of IgM antibodies, a different 

class of antibodies, to liposomes. Immunol ipo°somes bearing 

IgM fragments, being ^divalent, ma"y have a superior antigen 

binding property compared to Fab' bearing liposomes. 

The detergent (deoxychal ate) dialysis method, ,a method 

to prepare lipo-somes, has also been used to anchor 

antfoodies" to liposomes. Variations of the method have been 

reported (Harsch *eV &]_. 1981, Shen et a\_, 1982").' " _\* 

Whatever ,the'variation,-a derivative of the antibody nas to 
& * a 

be n̂ ade with palmitic a d d prjor to binding. Thi's' is 

• ? \ 
..usually done by first preparing an activated est,er of \ 

palimitic acid using N-hydroxysuccinimide and th<?i reacting 

this ester»with the antibcfdy. Based on percent binding,_ the 

detergenti dialysi s method may, appear to have a%high 

efficiency of binding. However, in fact, the absolute 

amount of antibody bound to liposomes, which is perhaps'mire 

important,' is low in tJiese cases. Furthermore, the majority 

of liposomes did nbt.bind the antibody. Goldmacher (1983) 

attributes this- to the saturaced palmitoyl chain. The 

rotations about the C-C bond give a coiled conformation•to 

the saturated hydrocarbon chain, making it sterically 

difficult to penetrate into the liposomal membrane. He, 
\ -

therefore, advocates the use of linoieil derivative of - ° 
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protein rather than-palmitoyl,-deri v-ati ve for binding to the 

liposomes. All the, detergent "dialysis methods suffer from'a 

drawback that the entrapped drug may leak out of liposome^ 

during the procedure of antibody incorporation. 

Carbodi imides can also be used to cro^s lin|j • / • 
i \{ antibodies to liposomes. „They react with free carboxyl 

groups of tIgG to form a react\ve intermediateV which further 
' ' \ •> 

reacts wit'ti prima'ry amino groups provided'by lipids suc4i as 

PE, DPP"E in liposomes. Thesedmethods,"though rapid,* suffer 
» . « ' \ 

from low amount of binding aiad reduced efficiency^ More; 

over undesirable homocoupling and intramolecular 

cross! i n1< ing . irr anti bodies, liposomes or both cannot be 

ruled out. The principle, binding parameters and the 

chemistry of different binding methods are given in Tables. 3" 
\ and 4. , . ? 

Ideally the choioe .of a method should meet'the 

•'-following requirements: l)*a sufficient quantity of antibody 

must be bound with the -liposomes; 2) the liposome-antibody 

bond should be stable; 3) the antibody specific binding 

.properties should remain unchanged; "4~) the liposome 

integrity ciuring the immobilization procedure should\be 

^preserved. 4 . ' , __ J 

: LIPOSOME CELL INTERACTIONS *IM VITRO 

Some indication of jn_ vivo performance of ' „ 

liposomes could be obtained by studying their interaction 

with eel 1 s, in- vitro. Such studies necessitate" the-prior 
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Table 3 
Binding of antibod>ie§~to liposomes 

s 

flethod and Reference Binding parameters 
% binding of antibody ug antibody 
at certain protein cone. /ymole l i p i d 

No. of antibody 
molecules/vesicle 

Pr inc ip le of ^binding 

T7SPDP method * 
Martin et a1. 
(1981) T " 

U% at 12.5 ntg/ml 
to 2S% at 1 mg/rnl 

100 to 600 ug 
Fab'#i mole 
phospholipid 

6000 Fab'/0.2yin 
vesicle 

2-pyr idy ld isu l f ide der ivat ive 
of PE is prepared using SPDP. 
F (ab ' ) , le Fab'-s-s-Fab' is 
reduced with DTT to get" 
Fab'-SH v/hich then reacts with 
PDP-PE in liposomes. Thiol 
d isu l f ide interchange l inks 
Fab' to liposomes via d i s u l 
f ide bridge. 

method"t ; 
Leserman et 'al_, (19S0) 
Barbet et a j . (1981) 
Leserman et a l . (1981) 

>40 % 1-10 antibody „ 
molecule/SSOA0^ ' 
vesicle 

Using SPDP, 2-pyr idy ld isu l f ide 
groups are f i r s t introduced 
in to both IgG and PE. 
2-pyr idy ld isu l f ide der ivat ive 
of IgG is then reduced u i t h 
DTT ana reacted with PDP-PE in 
liposomes. Thiol d isu l f ide 
interchange l inks IgG to l i p o 
somes via d isu l f fde bond. 

3KSMPB method , 
Martin h Papahadjopoulos 20-3055 
(1982) 

70-584 ug Fab' r 

Airaol phospholipid 
at 0.5-4*.0 mg/ml 

3000 Fab* 
at 340 ug/Mmol -
/0 .2 um ves ic le . 

4-(priiialeimidop.henyl) butyryl 
der ivat ive of phosphatidyl 
ethanolamine (MP-B-PE) is 
prepared using SHPB. 
F(ab ' ) ? is reduced.uith 
OTT to give Fab'-SH, yhich 
then reacts with maleimide 
moiety of MPB-PE in liposomes. 
A lky la t ion reaction cross 
link's Fab' to liposomes °via „ 
t t i ioether br idge. 

* ) 
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Method and Reference 

Table 3 (continued) 

/ Binding parameters 
% binding of antibody ug antibody Mo. of ant ibody ' ' 
at certafn protein cone. /timole l i p i d molecules/vesiel-e 

Principle.-of binding 

L43-HBPE Method 
Hashimoto et a l . 
(1983b) ~ 

34-682 . 
at 2 - 0.5 mg/ml 

31-61 Pg* IgS 
protein/Umole 
phospholipid at 
0.5-2 mg/ml 

NMm-maleimidobenzoyl) derioa-
t i ve of DPPE-.(i.e. MBPE) A% 
obtained using m-maleimidoben-
zoyl-N-hydroxysucciniraide 
(UBS). IgM.is reduced u i t h . 
cysteine to get"~SH-bearing 
subunits uhich is reacted , 

, u i t h flBPE in liposomes. I gn 
subunits l ink to liposomes- J 
through F port ion via 
thioether br idge. „ . 

5) Detergent d ia lys is 
(palmitoylat ion) irathod 
Huang et al_. (1980) 
Harsch et a l (1981) 
Huang et a l . (1982) ° 
Shen et aT7 (1982) -

80% or more 100 ug/mg 
phospholipid 

48 I g G/1000A 
liposome 

Antibody is der ivat ized with * 
palmit ic acid using an a c t i 
vated ester of fl-hydsjoxysuc-
ciniraide. Palmitoyl antibody 
is incorporated .into liposomes: 
by detergent (deosycholate) 
d ia lys is method. 

6) Carbodnmide method 
• Johnson et a l . (1966) 

Dunnick et I T . (19£5) 
Endoh et a l . (1981) 

0.12555 19-20 Vg IgG 
Aunole PC at 10 mg/ml 
IgG. 

Mater soluble carbodiimide 
(EDCI) activates carboxyl 
groups on'IgG to react uith 
nucleophilic groups such as 
NH, on phospFfatidylethano-
laffli-ne present in liposomes. 
Amide bond Utiles IgG to 
liposomes. 



Table 3 (continued) 

Method and Reference, Binding parameters 
% binding of antibody s * yg,antibody 
at certain protein cctnc. /Mraole l i p i d 

No. of antibody 
BJDI ecu 1 es"/v£s i c l e 

Princ ip le of binding 

7) Citraconylat ion method' 
Jansons and Mallettr 

•(1981) 
-167-500 Pg 
F(ab')?Aimole 

-phospheli pAd , 

% 

First citraconylation of 
F(ab')2 is done to protect 
its e NH, groups. Using 
carbodiimfde, phosphatidyl' 
ethanolamine derivative of 
F(ab')- is prepared. 
Amide Bonds are formed between 
carboxyl groups of F(ab'), 
and KH, group of PE. 
PE(Fab*)- is incorporated 
into liposomes by 24 hr , 
incubation 

8) Glutaraldehyde method 
Torchilin et al. (1979) 40-608 ' ' 1-2 antibody 

molecule/lopQjJ 
l ip i 'd molecules 

Amino group of PE in l i po 
somes were activated using 
glutaraldehyde. Activated 
liposomes were coupled to 
NH- groups o f antibodies by 
overnight indubation. 

9) Periodate oxidation 
method - . 
Heath et a l . {1980) 
Heath et I T . (1981) 

205! 100-200 ug 
protein/Pinole 
l i p i d 

140 molecules/ 
0.2 vm vesicle 

The aldehyde groups are pro
duced by periodate oxidation 
of vesicles containing l i p i ds 
bearing v ic iny l hydroxyls 

t (glycosphingol ipids). These 
aldehyde grqyps.' react with 
anino groups on the protein 

" . to form imine (Schi f f base) 
"-uhich is then s tabi l ized by 

MaBH4 reduction. 



Table 3 (continued) 

'-' Method and Reference Binding parameters 
% binding of antibody pg antibody 
at certain protein cone. ypmole lipid 

Mo. of antibody 
molecules /ves-icle 

Principle of>6inding 

10)lodo ADLPE method* 
Sinha & Karush 
(1979,1982) 

•3355 100 vg Fab* 
/pmole to ta l l i p i d 

Sulfhydryl react ive, phospho
l i p i d containing alky lat ing-
reage/Tt, N-Uf - iodoacety l , . " * 
NE -dansyl lysyl)-phosphatidyl 
ethanolamine (iodo ADLPE) j s 
synthesized. Fab'-SH obtained 
by reduction of F(ab ' ) 2 

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



. ' • Table 4 

Chemical reactions involved in covalent binding of antibodies^tp. lipo.som.es. 

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

Obtaining thiolated antibody: 

J?' 
IgG-NEU + [ q,N-00C-CH_CH„-S-S-^ /> 

• SPDP 

F (abu) P ? T ~> s- Fab" -SH . 

__ t (Ab-SH) -'. 

. Coupling antibody tip liposomes: 

lip-HH-CC-CH CH -S~S-?S^^ + Ab-SH 

PDP-PE lip "-—_ 

-> IgG-WH-OC-CH2CH2-S-S-^x A + , ^_on 

N. " 

PDP-IgG 

DTT 

IgG-NH-OC. CH CH -SH 

Ab-SH ' 

-¥ lip-NH-OC-CH„CH -S-S-Ab + S = 
2 2 

lip-S-S-Ab 

/ 

/ 

I 

http://lipo.som.es


Table 4 (con t inued) 

2 . SMBB ae-fchod (l-Iastin and Papahad jopou los 1982) 

PE-KH2 + r H -00C-tCH2) 3 - \ Q V - / | / " 

\ 

l ip -NH-OC-(CPI 2 ) 3 

MPB-PE l i p 

SI-5PB 

' 0 

4- F a b ' - S H 

> 

-» ^ PE-KH=OC,- ("CH ) -

IE>B~PE 

o 

l i p - M H - O C - ( C H 2 ) 3 r - \ ( j ) 

l i p - S - F a b " 

S~Fab' 
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Table 4 (continued) 

4. Periodate oxidation method (Heath et al. 1980,1981) 

I? 

i . 
OH 

i o 4 - HOC: .H*«i/-i' 

l i p - ' Q 
OH 

2CH 
II 

C H ° 

-rlgG-NH2 

> 
/ H O C H ^ C O H 

L\PH I c 

BH, 

l ip-o\£ o r B H C H " ' > 

HCOH l i p 

IgG 

3-^-_oVL 
HOCH. K. 

2 CH, 

-CH, 

IgG 

l i p - g l y c o l i p i d * 

4t. 

* 



Table 4 (continued) 
V 

5. iodo-ADLPB method (Sinha and Karush 1979,1982)s 

0 
' & II 
NH-(CH-) .-CH-C-MH-PE -f Fab'-SH 
1 2 4 j . 

n HH 
I ' 
C = 0 
1 

I-CH 

iodo-ADLPE. 

0 
If 

_ WH-(CH_)1-CH-C-NH-PE 
-> j 2 4 | o 

D / NH 
I 
C=^0 
I ' 

Fab!-S-CH 

Fab"-ADLPE 

D = dansyl 

= 5-diniethylaminonaphthalene-l-sulfonyl 

Fab"-ADLPE 
lip 

-> lip ADLPE-Fab" 
t>. 

6.- Glutaraldehyde method (Torchilin et al. 1979): 

lip-WHL 4- CHO(CH_)3CHO + H N-Antibody 

i 
l ip-N=SftCH f_CH=H-Antibody 

£ . 3 A 

'<*> 

~) 

-fa 

C? 
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knowledge 'of the stability of liposomes in the medium o.f 

cell culture. The various components of the cell culture 

medium may have profound effects on 1iposome-cel1 

interactions. For example;, calcium io'ns are known to, cause 

increased binding of acidic liposomes to red blood cells. 

(Eytan ejt jĵ = 1982). The poor sta,biTity of cholesterol 

free liposomes in the serum Js very well known (Kirby e_t 

al. 1980a). It may sometimes be necessary" ̂to eliminate 

one or more of .the interfering component-s of the cell 

culture medium.to simplify the interpretation of interaction 

studies (Noteboom 1983). 

There are different ways that these studies can be 

undertaken. Either the liposomal contents o;r the liposomal 

membranes, or more appropri ate1yD boths could be used as 

markers. Lipid markers include radiolabelled phospholipid,, 

cholesterol or more stable hexadecyl choles'terol ether (Pool 

et al. 1982). Schroit & Madsen (1983) have synthesized 

125 

Itphospholipids to see vesicle-cell transfer. 

Fluorescent l,ipid.s like '^-(fluorescein isothiocyanyl ) -

phosphatidylethanolamine (W-FITC-PE) could also be used to 

serve the purpose. Water soluble fluorescent compounds like 

carboxyf1uorescetn could be used to make the aqueous 

contents fluorescent (Weinstein et &]_. 1977). 

In the case of Immunoliposomes, antibodief^«;he third 

component could be labelled with 1 2 5i„ Recentlys 

\ 

i"j) « 
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liposomes containing colloidal gold are reported to b'e 

useful as a probe for 1 iposome-cel 1 .interactions (Hong- et 

al P 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 bound 

liposomes.- Subsequently, the cells are a-nalysed for . . 

liposomal markers qualitatively (e.g. "by fluorescence 

microscopy) or quantitatively (e.g. by counting 

radioactivity). 

The .separation of free liposomes from celPbo^nd 

liposomes is an important step in vesicle-cell interactions.* 

S>UVs could be separated from cells by'sedimenli ng thejatter 

at low speed centrifugation. To faci1itate"the separation, 

materials like Ficoll 10%, Ficoll-paque, dextran 10%, etc, 

have been used in density gradient centrifugation (Jones ^ 

Osborn 1977, Fountain et aj_'» 1980, Bragman et al_. ' vr 

1983). Liposomes usually float and celTs pelletize in'-sucn. 

density gradient mediums* REV, MLV or other macrovesicles 

might still pose a problem withVegard to their separation 

from cells.' * ' 

Mechanisms of liposome cell interactions in vitro: 

~ Whatever the method of study, liposomes are proposed -

to interact with cells' in four major ways: 1) -stable' 

adsorption 2) endocytosis 3) fusion and 4) lipid exchange. ." 
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The definitions as given by Pagano & Weinsteiji (197,8) and a 

brief description of each of these mechanisms follow: 

1. Stable adsorption is the association of intact liposomes 

\ with the cell surface withouvt their internalization. The 

term "stable" emphasizes thsat the adsorbed 1 iposomes/are not 

removed by washing of the cells. 'However, they coulfd be 

detached by treatments such as- trypsi ni zation °of the cells. 

(Pagano and Take.ichi 1977-,'Chander et̂  a K 1983). The 

adsorption of liposomes t-o cells depends ,on the transition 

temperature of phospholipids in liposomes as well as the 

temperature of study.* ""Sol i dVfi posomes adsorb more than „ 

"fluid* liposomes. InterestinfTyl the relationship between 

temperature and adsorption to ce|ls, as observed by^Pagano-' 

and Takeichi (1977), is an inverse, one. The forces involved 

•in Che adsorption process could be nonspecific (e.g-. 

electrostatic, 'hydrophobic) or specific (e.g. surface 

receptors, antibodies). 

2. Endocytosis iVihfiliptake of intact liposomes into 

endocytoticj vehicles. Tit is an active process requiring 

energy and therefore cou-rd be inhibited by cytochalasfn B or 

other'oxidative or glycolytic metabolic inhibitors. On 

endocytosis liposomes may fuse with lysosomes wherein they 

will be- acted upon by various enzymes, causing the release 

of active ingre_dients into the cytoplasm. "Solid" liposomes 

are more "pron'e to .endocytosis than "fl uid"' ones.. A recent 

investigation indicates that smaller liposomes are 
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V 
endocytosed more e a s i l y than lar-ger ones (Ma\hy and Leserman 

T983). .- " ' " . . ' . • . ^ 

3. Fusion is the merging of l i p i d b i l a y e r w i t h ".the. plasma 

_* " • ""l 
membrane and ^concomitant releasee ofs liposome contents i n t o 

<- ^ 

cy top lasmic space. I t can be ,sdi s t ingu ished from endocytosis 

on the basis of i n h i b i t o r studi>§_s. Fusion tl.oes riVt requ i re . 

energy and h>nce i s \ n o t i n h i b i t e d B* raataboli c; inh-ibi t o r s i 

4. Lipid transfer is the transfer of lipid molecules between 

liposomes and cells withou.t the associ ation'of the cell with-

the aqueous contents .of the' 1 i posome. Proteins presentVt 

the eel ; surface or-in, the medium may mediate the transfer 

of lipid molecules, " Loss of >) i posomal phospholipid to -

plasma high densi.ty lipoproteins (HDL) is an analogous 

example of lipid transfer* 

Mechanisms outlined above are not mutually exclusive 

(Pagano a<?d Weinstein 1978). For. 'instance, adsorption, is a 

prerequisite, for endocytosis of the rest Of the vesicle. 

Hare over, one or more mechanisms may be taking place 

• s4jpltane-ously. However9 certain mechanisms may be 
\ > 

predominant depending on cell type, e.g. phagocytic or 

nonphagocytic, con'di-tions of incubation* and-othe properties of liposomes (charge, size, fl uid,i ty).* Use of fusogens lijce 

polyethylene glycol0 virus, lysolecithin, lectins, etc. to 

bring about \cell -eel 1 fusion are we'll known. These agents 

could similarly -be use'd to* induce fusion; of liposome with 

file:///cell
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ceil ŝ  although lysolec'ithin was more'toxic to cells (Szoka \ 

et\l. 1981). ' \ 

t» > 

''Or 

D- Kim'eJberg and Mayhew (1978) have illustrated the 

different interaction mechanisms diagramatically. . These 

authors also' state that transcaptll ary passage of liposom-es 

and/or theiV contents may follow similar mechanisms. 

Several other "reports have appeared to date on liposome .'eel 1 

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

o;f Jntera-ctton\ Others have" c»$ne sJuch studies .from another 

•-t •» •• s perspective, mainly to see theXef.-fec.ti veness of .liposomes 
" ' " • ' • ^ ' l * •' ' • " \ 

for driig delivery to cells or organisms in. in- vitro^ u. 
1 \ ' ' ' -

culture conditions. Both, increased, and decrea-se'd delivery 

, of liposome contents,.has. been ob,servead (Weinstein e_t aj_. 

1978, Allen et al .* V9B1S Nonrleiet * ] _ . 1982„ 0naga> 

and Baillie 1-982," Patel-et ajk'1982, Yodd et .al_." 
^ s * » r- i ' — — 

• ' ' . ! • ' ' • 

1982, Del 1 constant! nos- et aj_. 1983, ~J~ansoils and P-anzner „ 

1983)\ - * '' , ' • ^ ' ** 

DISTRIBUTION AND IWJERACTIO'NS OF LIPOSOMES' IN VIVO 

Liposortfe-. behavior-within the biological -miliê u is s. 

governed by a number of factors. Route of admini'stratioji is. 

one such important factor. Other factors are comprised of* 

character! sties related to* li posomes such as°'size, charges 

f lipid qpmp-osition, dose etc. Role of these facto'rs would be' 

•discussed appropriately under different routes af 

administration. *" . " 

http://theXef.-fec.ti
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1. Intravenous route (I.V.) / 

On intravenous adrnini stration; liposomes rapialj 
I 

interact with blood components. Serum protein^- suoh as 

apolipoproteins, high density lipoproteins (HDL), could 
o 

cause aggregation, alteration of permeability and ( 

destabil ization of\ liposomes (Scherphof et aJL 1978; 

Allen and Cleland 1 $80; 6uo -et al.. 1980; Allen 1981; . 

Gregoriadis et al_. 1983])°. The extent <of anysdamage to 

liposomes' depends on theYc. composition (Senior and 

Gregoriadis 1982, Bali ei/aV \I983). Cholesterol 

incorporation renders 1 iposomes\-less vulnerable to attack by. 

plasma protefns and .suhsequentf loss of their phospholipids 

to HDL (Gregoriadis and- Qavis°1979; Kirby et al.' 1980ab°; 

Kirby and Gregoriadis 1980). • 

K Substitution of sphingomyelin for phosphatidylcholine 

has improved the stability of liposomes in serum =i_n 

vitro as well as i n. vi„v o (Huang,^ejt al_. 1980; Kuhn 

'1983). Other lipid compositions .'e.g. 6-aminomarfROse 

derivative of cholesterol, havê . al s©=, shown similar5 results 
8- " Q 

(Mauk et aJL ^980), Recently, however, the view""mofe 

stable liposomes may not be effective drug ca r r i e r s " has : 

been put; forth by Hunt' (1982). The author s ta tes that 

mode-fately stable .liposomes, especial ly MLV1., when''first 

destabi l ised by blood components actually f a c i l i t a t e the 
' o' \ f 

release of a priming $ose^of drug needed' to achieve the 

, desired therapeutic level. The subsequent release is slow 

file:///I983
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and provides a maintenance dose over a loag period of time." 

Thus'these MLVs may possibly function as i-deal sustained 
t * 

( 
release drug delivery systems. 

Other components of blood, namely leukocytes, 

platelets, erythrocyte's, have also been shown to interact 

with liposomes (Eytan e_t aJL 1982, Juliano et al_. * 

1983; Kuhn et aj_. 1983)'. Leucocytes can internalize the' 

liposomes v'ia phagocytosis (Kuhn et a]_. 1983). 

Interestingly, stability of liposomes in whole human blood , 

is greater than in the serum (Lelkes and Tandeter 1982; Kuhn 

et jil_. 1983), persumably due to the protective effect of 

erythocytes. 

After the first encounter wifth the components "of the 

blood, 'liposomes probably would be carried to the lung. 

'Here, larger liposomes 'or aggregates could be arrested by 

lung capillaries. Pjjlmonary retention could also be 

influenced by charge and composition of liposomes CFidler 

et al_. 1980). The liposomes would next be coming in 

contact with the reticuloendothelial system (RES). 

Interaction of liposomes with the RES has been a subject of 

study by many investigators. 'The organs of the RES-liver, , 

^spleen, bone marrow take up liposomes simitar to other 

colloids or suspensions,. A typical distribution profile of 

*I.V\ injected sonicated liposomes could be as follows: 

liver "2&A%t ^spleen 6.02, lung 8^6^, kidney 9.62, plasma 

11.52 CK-imelberg and Wayhew 1978). 

*tf <>. 



56 

Extravasation of small liposomes from the blood stream 

is possible in organs like liver, spleen and bone marrow 

because these organs are 1-ined by a'type of capillary called 
* * 

sinusoidal or discontinuous capillaries. The gaps in the 

endothelial lining of sinusoidal capill.aries are in the 

order of 0.1 nm or» less and also these capillaries lack 

subendothelial basement membrane. These properties make 

them a.menable to extravasation of liposomes. Hdwever, 

capillaries, of other types like continuous (e.g. skeletal 
r 

muscle and smooth muscle capillaries') and fenestrated (e.g. 

G.I.T.) capillaries do not allow extravasation of liposomes. 

In inflammed tissues, permeability of blood vessels is 

supposed to increase. Even so, Poste (1983) did not°observe 

a ay extravasation of liposomes under inflammatory 

conditions. "Despite this fact some authors hypothesize" that 

in diseased organs (tumors), blood capillaries -may be more 

p«ermeable, to^jajlow passage of liposomes (Proffitt et al. 

198*3). ' * 

In the Aepatic uptake of liposomes, the major role is 

played by the, Kupffer cells (als-o known as fixed macrophages 

or mesenchymal cells) of the liver. Hepatocytes or the 
I 

parenchymal cells possibly play a minor role. Time may be 

an Irap̂ srtofnt. factor in deciding which cell population of the 

liver takes up liposomes preferentially (Freise et al. 

1980). .Ironically, in the presence of hepatocellular tumor, 

,only a'small uptake of MTX liposomes by the liver was 



observed (Freise eit aj_. 1979).. Endocytosis has been 

implicated as the chief mechanism for the uptake of 

liposomes by Kupffer cells. Liposomes administered I.V. 

have been shown to be present inside the Kupffer cells 

associated with the lysosomal compartment by light and 

electron microscopy (Welden et aj_. 1983). Further, the 

subcellular fractionation studies have complemented these 

findings implicating e-ndocyt.ic uptake. 

The pharmacokinetic clearance and/or disposition of 

Tiposomes depends on size (Abra and Hunt 1981, 1982) lipid 

composition-'(Fidler ^t aj_. 1980, Gregoriadis and Senior 

1980, Huang et atj_. 1980) surface charge (Fidler et 

al_. 1980, Koa and Lon 1980, Abraham et .a].. 1984) and 
f 

the dose (Abra, and Hunt 1981, Bosworth and Hunt 1982, 

.Beaumier et aj_. 1983) of1 liposomes0. The larger the" 

.liposomes the faster their clearance (Fidler et, al. 

1980). The clearance half time can range from 1 hr for SUV 

to ~10 min for larger vesicles. However, the clearance of 

.free drug has been found to be even more rapid wxith 

clearance half time of 3.-5 min (Yatvin and Lelkes 1982). '" 

.Considering just the lipid composition of liposomes'-, half 

times for clearance could range from 0.1 hr 

(dilaurylphosphatidylcholine-chol esteral) to 2 hr 

(phosphatidylcholine) to 16.5 hr (sphingomyelin) (Huang et 

all 1980,' Yatvin and Lelkes 1982). .Negatively charged 

vesicles are cleared faster than positive and neutra-1 

if 
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ves/icles. Recently," it has become evident that irrespective 

of their oxjgina4 charge all liposomes acquire a.negative 

charge in the presence of serum. In the light of this, the 

differential clearance rates could result from differences 

in the way the blood proteins interact with liposomes or N 

from,differences in their net negative charge densities 

(Kimelberg and Mayhew 1978). 

It is interesting to note that the blood cells, though 

bigger than 1iposomes, .are not scavenged by the liver until 

they are functional. This fact suggests the possible 
9 

existence of'some recognition factors on blo'od cells 

revealing them as "self". Recognition factors could also be 

present in the serum. These, as yet unknown, factors may 

opsonize (coat) liposomes causing them to be perceived as 

"non-self" by Kupffer cells and/or f ixejtfmacrophages in. the/ 

spleen (Kimelberg and Mayhew 1978)«—^There are not many 

studies related to clearance of liposom-es linked to cell , 

recognition ligands. As regards to immunol i posomes,', -

however, the clea'rance is expected to be enhanced -if the Fc 

regions of the antibody are exposed, rather than hidden, on 

the surface of liposomes. Circulating monocytes and 

reticuloendothelial eel los, .through their •fc receptors, would 

rapidly react with the Fc~ region of the antibody and. clear " 

the liposomes. . •/ ' 
' ' - ̂ J • - " 
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RES blockade: 

Several efforts have been made to reduce the RES 

uptake of liposomes so that their Interactions wjth other 

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

small liposomes like SUV that are cleared from circulation 

more slowly than the larger MLV, "REV or LUVs. The'other 

approach has been to\block the RES. RES blockade eould be 

accomplished by I.V. Administration of substances like 

charcoal (Hudson and Hay 1981, Souhami et a_]_.%/1981), 

latex particles, methylpalmitates dextran sul/fate (Souhami 

et, al_. 1981) or empty liposomes (Abra e_t aj_. 1980), 

Perhaps empty liposomes are less toxic in comparison to 

other nonbiodegradable particulate materials. The 

efficiency of RES blockade could be improved by using 

liposomes comprised fof appropriate lipids, e.g. -

6-aminomannose derivative of cholesterol (Wuetal 1981, 

Proffitt et al_, 1983), glycol i pids like lactosylceramide 

(Spanjer and Scherphof 1983)., lactosyl cerebroside and 

dimannosyl diglyceride (Szoka and Mayhew 1983). Thus a ,RES 

blockade which is reversible 'in 24 hrsscan be imposed 

easily. Despite this, the va-1 ue of this method in the 

context of liposome mediated drug delivery,^ias not been 

impressive at all'(Poste. 1983). The reason is the inability 

of\,liposomes to reach tissues outside the 'mononucl ear 

phagocyte system. Repeated administration of RES blockers 

or liposomes may paralyse the RES 'function' 
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•leading to toxic problems (Poste 1983). This point should 

be borne in mind while attempting long'term therapy with 

liposomes." -

Finally, there are certain -anatomical sites Which the 

intravenously administered liposomes cannot reach (Juliano 

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

tract. Liposomes cannot reach the CNS because they ca^ot 
i 

cross the blood brain barrier. Similarly, they are ooto 

filtered by glomeruli and hence cannot appear -in the urinary 

tract. " ''* "*• ' 

2. Intraperitoneal route. o(I.P.) 

Convenience makes' this a common route of 

administration in. animal studies but not s'o in humans. ' Only 

in situations such as diseases of the peritoneal cavity or 
a- » . ' 1 

ovarian cancer, $$,V°this route of administration used in 

humans (Mayhew and Papahadjo'pQulo^s 1983, Ozol s, et al.' 

1984). By" and "large, the distribution of liposomes or thedr1 

contents observed after I.P. administration,, is 

qual itati vely-simi lar to that after I.V. administration. 

Quantitative differences, however, do exist. Compare-d to 

I.V. route, two to. three times less uptake in RES organs 
I 

like liver, spleen and higher uptake in gut, lymph g l a n d s — — 

has been -seen by I.P. route (Ellens ejt al_. 1981). Also 

the peritoneal cavity functions as a reservoir of vesicles 

for some hours (Ellens et_ a1_. 1981). The transport Of 

liposomes from the peritoneal cavity into the general 
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c i r c u l a t i o n and even tua l l y to t i ssues iwmediabove poss ib ly 
I 

- occurs v ia lymphat ic pathway. I t could al so\ take" place 

through the c a p i l l a r y l i n i n g of the cavitsy. 1 According to 

. . Poste (.1983) .terminal lymphatflcs ( i . e . ly'mpaiic c a p i l l a r i e s ) 

, o f fe r * a" f a r less formidable b a r r i e r to the passage of 

liposomes than continuous a'nd fenes t ra ted "bl opd ^capi l l a r i e s . 

Perhaps, the1 I .P . route is b e n e f i c i a l f o r i . t a r g f i t i n g ^ , 
• \ - ' H . ' ' \ * . • 

l iposomes to the l y j i pha t i c system -(HisaQka et k]_. 1982X,. 
i \ • * 

. I n many cases^the I .P . route is less t o x i c than t h e -

I .V. r o u t e . "For exanfple, <-toxicfty was reduced*when , • ^ 

actinomycim>D was administered in liposome fornAby. I".P. 

route to asc i tes tumor bear ing mice.* However, i\t may not be 

so w i t h liposomes con ta in ing cer ta in , ot.her'.drugsi MJX 

" entraj3pedo 1 iposomes^ a'dmini staved I ."P. (0.25 rag f r a per <? 30, 
- ' • * • "«.. ' 1 

g .mouse) caused sudden death of al<l the m,ice ^ 2jl hrs b u t * " 

no deat'h occured o n ' I . V . adm in i s t r a t i on of tlie\,same 

\ " l iposomes in the same d.ose afor 5 °d.ays..(Frsise et -iW P 

• , * fX • • >* ., ; " 
* 1979). Ty r re l et-aJ_. (19.7,6) repor ts a -KKT-f o l d . increase " 

i n t o x i c i t y of i n t r a p e r i t o n e a l ^ given MTX̂  1 i posomes over 

-' ' f r ee drug from unpublished dafea of Col ley". * ' %" \" % 

"- 31 Subcutaneous and' fnt i%piuscular route (S.C. -and -LM.) 

• * Liposomes administered subcutaheouslS? may have an° „ 
• * 

Increased b i o l o g i c a l , h a l f - l i f e depending on t h e i r 
' .. • < . - ' 

, composit ion..-Subcutaneously a d u i u i s t e r e d ^ i n s u l i n liposomes 
- p rov ided prolonged hypoglycemic e f f e c t compared to fwee 

> ' , ' • ' • . , • . - • . . ' * '• - ' t , f \ , 
• ' . e \ . 
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insulin (Stevenson et al_. 1982). > This prolongation 

effect was attributed to the protection of insuljn from 

degradation, provided by liposomes. Similarly Segal et 

al. (1976) found delayed release of entrapped materials 

from large MLV injected into the rat^teftieles. Liposomes 

Injected. I.M. or S.C. behave similar to the-

intraperiioneally administered liposomes in,that they 

exhibit initial slow clearance from the site of .injection 

(Fountain et. a K 1980b), followed by absorption into 

lymphatics and then into the blood stream leading to 

localization in RES. Liposomes injected into the foot pad 

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

therefore possibly be used to deliver drugs to the draining 

regional lymph node. An ex'ample/Of this is the delivery of 

anticancer drugs or radioimaging agents to lymph node 

metastasis (Khato et al_. -1983, Osborne et aJL 1983). 

4. Intraarticular route 

, ' This route of administration of liposomes has been . 

J\• ' ifrvastigated for the trea,triient of arthritis.- Results in * 

-. "anm animals "as well as humans ,hav,Q'*sh°own prolonged loca l i zed 

V>„ \ . * action of 'drug entrapped in liposomes (Dingle et al_. 

'1,978; Page-Thomas and Bh.i/n !ps '1979J'.. Although most'studies 

dealt with Cor t iso l , pal mutate ]jpftsomes, MTX liposomes have 

also,been studied by i n t raa r t i cu la r , i i t ject ion to improve i t s 

" . - : . * . •> ^ ' * 

S. * ^ ' ^ - " 

( o 
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antiinflammatory ac t iv i ty (Foong and Green 1983', .Green and 

F̂ oong 1983) 0\ 

5. Intratracheal route 

o, Liposomes have been administered into the tracheae in 

aerosol form for local treatment of lung tumors and/or 

metastases or respiratory distress syndrome (Sachman and 

Tsao 1980). Liposomes, so adrainfsteredD remain within the 

lung over an extended period of time. Little or no 

redistribution via0 circulation into ̂ other organs has-been 

observed. - - , 

6. Oral route 
* / 

V 

f ' 

A report of oral administration of insulin in ' 

liposomes, first appeared in 1976 (Pafcel and Ryman 1976). 
•to 

Studies reported l a t e r showed much Jbe\ter hypoglycemic -
* » 

activity possibly due to better lipid- composition of 

liposomes (Dapergolas and Gregoriadis 1976). However, there 

are reports' indicating the inability of vl,iposomes tô fae . 

absorbed from the gut, (Deshmukh et al_. 1981, Schwinke 

et al.'ISM). •• ' ^ 

Further, some scientists report that the 1 iposomes1 are. 

completely degraded by the detergent action of bile salts. 

Nevertheless, the reports indicate the possibi 1 it-ies ̂ for 
1 D 

oral administration of liposome encapsulated drugs at least 

to protect them from premature, digestion (Deshmukh et_ 

al. 198-1). Liposomes for this purpose should be 

formulated so^as to withstand-t'he rigors of the 
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gastrointestinal environment suqh as acids\, digestive % 

enzymes and detergents like bile salts- According .to. some 

reports, "solid" dipaliiiitoylphosuphatidylchol ine (DP-PC), 

di stea^oylphosphatidyl choline (DSPC) liposomes -are more 

stable in G.I.T. than "fluid-" egg PC liposomes, possibly due 

to diminished hydrolysis of the former by the .pancreatic c
 A 

phospholipases (Daperg\o1as-and Gregoriadis 1-976, Rowland and 

Woodley 1980, 1981). f-ltare recently liposomes made of-

lipids, ,e.g. di ether ao-dVialkyl analog^ of PC, (Deshmu'kh et 

al. 1981), which are resistant to the action of 

phospholipase have been reported. The mode of absorption of 

orally administered Ti posomes- an"d° their-contents could "be " 

analogous to that of chylomic 

Accordingly liposomes /might f 

*ons, at least partially*. 

allow lymphatic pathways of the 

gut with less or ,noa^sorptian via the portal' vein, which \ 

is sometimes beneficial. Apart from ,ins.ul in, other 

substarfces like gentamycin (Morgan and Ui 11 i aml^l980), 

heparin (Ueno et al_. 1982), factor VIII (fl-lemker et 

al. 1980) have also been shown to be absor-bed from G.I.T.' 

when encapsulated in liposomes. Very? recently Nagata et 

al. (198^) "have reported superior effect of oral liposomal, 

-vitamin -K- over- other 'dos'age fprms. 

7. .Dermal Application ^ , *' - * '•" 
• *̂ '" . . ' * s 
' ' • " ~ > o ' r • ' "' >' i ' " 

'"'"The hazards---of- systemic administration could .be1', 

completely avoided .if liposomes could be apQlJ'ed^fcpf) fealty* • 

The ingenious idea of1 exploitat ion of -liposomes, as salectfv-s 
<? . .' " ' ' ' . 

•9-
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.topical drug del-ivery- systems'uas conceived'and'°investigated 

first in this laboratory by Mezei and Gulasekharam U S 8 0 ) . 
0 ' "o ' 

Studies in-rabbits |(Gulasekhar,ara 1980, Mezei" and '• • 

Gulasekharam 1980) ̂ nd, guinea pigs ("unpublished 

observations) have shown that indeed drug disposition is 

altered favorably "when applied in liposomal form. That is 

to say - ..higher amounts of. drug appeared jo epidermis., 

dentins', the target sites and lower amounts in subcutaneous 

tissue. Further modification iato 'a suitable pharmaceutical 

dosage form maintained this favourable disposition pattern 

(Flezei and Gulasekharam 1982)'. "De-rmal appl\i cation "of" 

liposome entrapped drugs, has grea't potential from cthe . ' ' 

followin'g'perspectives: systemic toxicity of some topically-

admihistVred> drugs (e.'g.," corticosteroids) could'be reduced -

or elimioated and" the quality of topical ther.apy could be ' 
» j , .. • - -

Tehb-anced by'selective dermal deli very'of drugs. 

.-However, the mechanism for *the\ favo,rably.*altered drug-

disposition by liposomes, is only speculative at this\ stage.*, 

One-possibility *is .that lipo'som^s act ̂ as a .-depot" "rel-ea'sing «> 

the drug slowiy butb in a^&ustgined fashion"(Yatvin, and, „ 
" . * .' "" - " . , * \ * ' - •. „' ' ' _ „ » 

Lelkss 198-2')-.- Dermal-use of 1 i>bsomas* as'humectants has 

also been* report'^'(I'dson f9Bl ,"'Riege1* -.198-1). °*N ' ' * * W \ °<Q\" 'ORh thalweg ap^pl ic^fci on u-iVi-
v? 
»,'' -"- , Os>e of the^e^ ly "reports.*of topical appTicatkm of 

.»„ ^ *l,tposM)e etfq^psulalacj'dr.ug's into the 'eye''wis .that of" 'Smoliri?. 

I';. • 
- . * '> . tf--

««? U 
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'et al. (1981)';" According to the report, in herpes 

' ' . - ' ' • ' 
infection of the eye, the therapeutic"'-"action of'iodoxuridine ' 

. i. •• 

was greatly improved \,uhen administered in liposome*. 

encapsulated form". "Corneal' uptake of liposome encapsulated 

•indoxble and penicillin G was investigated by Schaeffer and 

Krohn (1982); The.findings suggested enhanced transcorneal 

, flux of both' the dr'ug§ by liposomisati'on.'1 Me gat; _e_t 'al_. , 

(1981) have reported an'increased bindjng of liposomes -to 

the ocular lens mediated b^ lectin Qon A. / &> ' . . 

° " 'investigations of ocular distri butiow -of triamcinolone 

" a'cetonide-and ^ihydrostreptomyc-in sulfate" have beeV carried • 

•\ out in this laboratory (Singh^and .Mezei 1983, 1984, Siri'gir . 

. 1-982)'.- .• Based con these studies, the author.s recommended. , „• 

.-liposomes, as suitable ophthalmic'driig carriers for lipid 

, soluble drugs but.-not fori water soluble drugs. Stratford 
li • • ' 

et al_. .(1983) found opposite effects on corneal" and 

, conjunctival absorption-of liposomal_epinephrine and inultrt. v 

. *Epiniphrine absorption decreased by 502 -whereas inul in" 

"absorption increased' 10 times by liposome entrapment. Very-. 

• recentl.y B-arza -_et|_al_. (1984) reported that liposome. I _. 

' "encapsulation might extend the effect- of sub'con juct ival IV 

. ifijecte'd an t ib io t ic l ike genfcamyfclEu > , . 
» ' •» „ ' J ° . ° - . "' " ' 

9.'.ftisce'-llaneous routes ' ? iw • ' v 
' » i •'<>" ° „ • > N « *» o - , 

- ^ u ." A -recent re pact .(Forsispi apd '-Takes 1983) says that "the-

' . .intrade'rpfaj, injection at doxorubicin ,1 iposomes produced less1 

I » ' , ' , . , 5 " 

•> .riartnaL .toxicity "compared to free doxorubicin. I t . was • 
-."""" "*' ' -, ' " 

» , " • * ' • > ' „ i „ > • ' • * , , " • - , " . ~ -
* 5 < i . :' : » . ' » . „ • " . " , * 

" ' a ao • , " ' " . . ' ' ' V * - ,* 
' ,. . » " ; • » . . . ' * * . . ..- . . • I " J I . ' . • 

. . ^ 

a 
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therefore implicated that the dermal toxicity of doxorubicin 

arising from extravasation of drug during I.V. infusion' 

could be eliminated by liposome entrapment. Apart from 
•"•* 

in t ragas t r ic r.oute discussed ea r l i e r insulin liposomes have 
a " * 

also been administered via sublingual route (Uein^arten 

jet aj_. J981). Results indicated enhanced effect Vf 

insulin entrapped "in liposomes. • * 

T o x i c i t y of tiposomes 

•Large volumes q,f leci thin emulsions (e„g'„ "Intra! ipid) " 
' ^ - v ' • 

are giyeti intravenously without apparent toxic i ty . 

Considering t h i s , empty liposomes uhich, aria al's.o composed 

main-ly-oF phospholipids should not be /fcQjtJc irj.the doses 

administered. Despite this expectation there ara some 

reports- conce'rning the'-toxidty of liposqmes. Such toxicity 

depends mainly on theiy composition _ and dose. Stearylamine 
•• , " " • ' j ' ' 

containing liposomes were most toxic while negative 
f ' 

liposomes with phosphatidyl serine or dicetylphosphate were 
i ° 

more toxic xha'n neutral liposomes (Adams et _a]_. 1977). 

IntraqerjsbraJ jnjection of stearylamine or dicetylphosphate 

containing liposomes into mice produced toxic ^symptoms su'ch 

as epileptic se.izures, cerebral necrosis, etc. (Adorns et 

' al_. 1977). The same liposomes." administered in a lesser ^ 

dose,} did not.show any toxic" symptoms'. To some extent the 
toxicity also depends on the size,of .li'posoraes.-. Though of 
similar, composition (PS:PC:CH0L),, fILVs of size 0.5-3.2 urn 

t/er e more toxfo (U>50*3'00 raqikg). than SUVs of «s1ze. 0V03 ym 

) 0 

' i 
i, 

c/ 

" \ / ' o 

J c ^ ^ . ' 

i ' Q B 
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• (LDgg=5.5 g/kg). Mayhew and Papahadjopoulos (1983) report 

that they observed marked initial gross necrotjc effects- on 

normal liver when mice were injected with 5 g /kg of 

0PPC:-CHOL liposomes. But the liver reverted back to normal 

state in 7 days. 

Although plajn liposome's may be considered relatively 
. o ' * . , 
.non-toxic*chemoliposOBies'may exhibit increased toxicity. 

• ''\ • ' 

Such toxicity.would naturally, be resulti-ng from altered 

tissue distribution and pharmacokinetics of entrapped drugs. 

— U p t a ^ by macrophages, of, or sustained release "from, 

.liposomes containing cytotoxic drugs mi.ght lead to increased • 

toxicity. This is because^of thevsimple fact that what is 

sometimes good for 'killing cancer cells is also bad forj^ 

normal cells. This aspect is particularly highlighted in.** 

the review* by Kaye- "(1981). Sustained release of cytotoxic 

drugs of. phase ,specif ic type (e.g. MTX, ara-q) from • * • 

liposomes js .gocid for killing cancer, .cejl s.' At the same 

time this might adversely affe,ct normaT'p-r-QlJferating cells,, 

" -leading to increased-host toxicity,. Therefore, MTX and 

ara-c liposomes ,were more toxic than the "free" drug; j-n some 
• , °* 

„ studies (Kaye V981). .Also, the uptake- of .cytotoxic. 
liposomes "by macrophages (fixed^or mobi le)'may'wipe outgone" 

i. ' ' " . " 
of the hos-t,-s vital defence mechanism's-. For e^ampTe, 

f ^ * 
a o * * ^ 

systemic administration of"liposome encapsulated bleomycin 

and several other. antitumor xlr-ugs of-cycle potiSpeclTi'c type0 

V 

» <i 

f ' 

5\ 

«> 
. , " 1 , 
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- .instead of killing cancer cells, adversely e-nhanced 

• * * '' * , . ' * 

metastatic spread of malignant tumor (Poste 1983). These 

finding's highlight the fact that the liposome entrapment in 

some instances might make an otherwise less toxic drug into 

a more toxic one. Wot 'withstanding all this, an iptravenous 

Wfusion, to man, of'large vo„lumes of liposomes .containing 

•[ an antimitotic compound has produced no toxicity whatsoever 

(Coune et al_. 1983). ' -

POTENTIAL APPLICATIONS OF LIPOSOMES , , ' ' 

- WiAs meritiooed^ ear j je r^ siVice their diseoy^erj/L in the 

earjy 1960s', research appl i'ca'tions of Tiposomes have 

h * prol i ferated and diversi'flied. The use* of. liposomes as drug 
v \ • , . « \ • 

" > . - • • 

car r ie rs was reported . f i r s t by. Gregoriadis in early 1970s ' 
<• . * • ' ' . i > * ' -

(Gregoriadis jet'al_. -1-S74, GrsgOriadis 1976). Following l 

thfs they have been extensively .investigated as ca r r i e r s ' o f 
p , . ' ' - • e 

drugs, oinel.udi ng .enzyme's (Wei ssmann and Finkelstein 1980), 

chelating agents (Rahman ^ S O h ^ i t a m i o s ' (-Alpar jet aU 

„* • ,T-98i) an t ib io t i c s "(Richardson 1983) .alkaloids (Todorov-and 
, " ' V° • - - -

~~ fte/li constantinos. 1982) and corti.costero'i-ds (Shav; and Dingle 

. l9-80)o 'Lipfisomes aVe rel.ativefy»nontoxic and biodegradable 

. " , beca'use they aY.e/.'co.mpQsed of natural const i tuents of body.' 

• i'.o.The'y are ,versa t i le , - allowing easy manipulation of s t ructural 
' " ' •' . " ' » " °. 

.' - ' c h a r a c t e r i s t i c s like siz*e, charge, l ipid composition, -e tc . 

These, beneficial propert ies have been par t ia l }y^ re'spotl si ble* 

• ' j for "ntakiYig thes.e „ 11 pi do, vesicles ' a t t ract ive* drug carriers.?. 

* \3 
4*» 

» 0 *W 
% 
a 

a <-. 

• \ , 
» ' . » i 
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Cancer chemotherapy and enzyme therapy have been the fields • 

s-of most extensive studies. These and other area's of 

'applications will be highlighted.-

Cancer chemotherapy ? • 

Affl'ong the chemotherapeutic agents anticancer drugs ar.e 

highly toxic-onfes. The therapeutic use of these drugs is' 

limited by their'toxicity. Hence this is the area wherein*-
. ' ' \ 

improvement in the therapeutic index is sought out most 

•desperately. The efforts made to use liposomes in cancer 

chemotherapy are-'therefore extensive. About IS or so rt 
- ' y • \{ 

cytotopelc ̂ fugs have so far been encapsulated^ih liposomes. 

Among these, methotrexate (MTX), cytosin'e arabinosrde 

(ara-c), doxorubicin and actinomycin are the most 

extensively studied ones'. Investigations with liposome 

encapsulated anticancer agents have given rise to some 

interesting, results. Many of these result suggest that the 

liposomes have,'a role in eahahcing the efficacy of certain 
, ' ) 

antitumor drugs. Pa^ahadjopdulos et/jLL' (1976) Showed 

that actinomycin. D•entrapped in liposomes could overcome the 

drug resistance'in Chines-e hamster .-cell line in. vH-yo. 

In vivo studies <?f the same drug with drug resistant • ,, 
/ ^ ' - \ ' ' 

tumors gave negative results ([(aye* et al. 1981). M 

Increased intracellular delivery (in vitro) -of ara-CTP 

(active mg>fabolite of "ara-c) from Tiposomes was demonstrated 

in dru-gv sensitive LI210 'cells.'' The in.creas.ed delivery ats,o 
• ' - " • < ^ ' " * ° \ < ' ' ' -,» • • ,' ~ ° 

resulted in distinct^increas'ed).,cytQto'-xic' activity, in 

< 

http://in.creas.ed


• vitro over free ara-CTP. But, afa-c afld ara-CTP liposojn-es 

whem tested in vivo with drug resistant mouse lymphoma 

failed to show any effect (Richardson and Ryman,1982). 

. -' Another interesting property of liposomes is the 

" "prolongation "of plasma half-life of entrapped drugs 

resulting in a depot effect which could also depend on 

liposome size and compfki tio-n (Allen and Everest 1983). 

This has, been observed or predicted, with cytotoxic drugs 

such,as methotrexate (tCaye et a/L 1981, Richardson and 

•Ryman 1982), actinomycin D (Kaye et aj_. 1981), 

vincristine (Firth et al_. 1984), ara-c (Rustum et • 

.al. 1979) adriamycin (Forssen and Tokes T^83b) and 

f 1 urodeoxyuridine (Jul iano et. al_. 1983). * However, such 

• prolongation of half-life may or may not be beneficial 

therapeutically depending on the type of drug or properties 

uni»que to a particular drug. „ * 

This'.aspect has; been discussed sunder the toxicity of_ 

liposomes (please see page-'67). Reduction4 in toxici ty ̂ might 

result/in the case of cycle nonspecific drugs (.e.g. 

aitinomycin D, cyclophosphamide). The-cardiac toxicity of 

adriamycin .and general toxicity of actinomycin D was reduced 

a-s a result of liposome entrapment (Rahman et a U 1978, 

Olson'* et a K 1982, -13anapathi and Krish'an "1984).«-

* ' ' , • • - • \ 

Sev-eral comparative studies on the cytotoxic effects 

*-,of frete and lipolome encapsulated" drugs halfe been reported. 

. V •' •• "•* . ' ^ ' 
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Some workers claim that efficacy of ,drugs such as cytosine 

' R "-

arabinosid'e (Mayhew et, al_. 1976), .nocodazol e>^ 

(Laduron et al_. 1983), carboqtjone (Hisaoka et-aj_. / 

1982b), cis-^pl atinum di amminod'fchloride (Sur et̂  aj_. 
r * o .» 

ft * t>* * 

'1983), and'dojto'rubicin (Mayhew and Rustum 1983) is actually 

enhanced- by liposomal entrapment, f-la/iy of these 

-investigations were carried out using ascites tumors or -I.V. 

tumors .(eg..-JLIZIG leukemia). Ascites tumor bears little 

re^semblence to tuuioVs in 'a real 1 ife situation. Lately, 

studies Trrvolvi-ng solid tumors also began to'appear. Some 

of the recent rep.orts- of investigation's of liposomal 

cytotoxic drugs in' solid and metastatic tumors-are: r 

methotrexate liposomes to treat solid rodent (Kosloski et 

al. 1-978)* and-rgurine tumor (Weinstein et al_. -19'80), 

doxorubicin'liposomes to treat mouse lung tumor (Abra et 

al. 1983) 5 actinomycin D liposomes to treat mu'r'ine renal 

adenocarcinoma (Kedar et aJL 1980)>9 doxorubicin -

liposomes to treat mouse primary and metastatic-1iver tumor^ 

•(Mayhew and Rustum 1983). Recently,'Frossen and Tokes */ 

(1983^>iiTve shown improved therapeutic benefit of 

doxorubicin liposomes against Lewis' lung carcinoma. Such 

improved effect was attributed to the significant reduction 

in immunosuppressive activity of doxorubicin in addition to 

roducejd cardiac toxicity and depot effect. 

/ 
^ .' ' ' "̂ v . 
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, The effect of liposome encapsulated antitumor drugs 

.could also be influenced by lipid composition of liposomes* 

as evident from -recent investigations (Kirby and Gregoriadis 

1983). ' ' • 

Use of hyperthermia resulted in selective release of 

.1 iposome entrapped cytotoxic agents to tumors (Weinstein. 

et al_.. 1979,1980) % Other than this, attempts to target 

liposomes to tumors have largely been unsuccessful. The 
- -> > 

non-selectlvfty of anticancer liposomes prompted 

invest-igators to make them targetable by use of c^topbilic 

ligands such as antibodies, lectins-, etc. (Lesermffri ejt 

al. 1983,- Monsigny et al_. . 1983)-. Such efforts emerged 

only recently and although many in vitro studies of 

antibody targeted liposomes have been reported, most of 

these dealt with cells such as RBCs or spleen cells 

(Uein-stein et al. 197.8, Harsch et al. 1981; Herrman 

and Mescher 1981,, Huang et al_. 19-81^ Machy ejt aj_. ' " 

' 19'82ab,' Rogers 1982b, Br-agmap et al_. 1983, Machy and 

leserman 1983, Heat,h et aV. 1984). 

Very few studies dealjng with cancer cells1 have so far 

been reported. Binding of antitfen bearing liposomes to 

mVrine myeloma tumor cells was .shown by Leserman .et- al. 

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

delivery of vesicle contents Into cells. There are other 

. Reports supporting this observation' (Weinstein et al. 

1978, Todd et al.. 1980)'. Heath et;al" (1903) and 
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Matt hay.'et aJL (1984) recently reported an increase in 

specific toxicity of monoclonal antibody targeted , 

methotrexate-Y-aspartate liposomes. 

The first and so far the only investigation of in 
•- t 

vivo anticancer evaluation of monoclonal antibody targeted 

liposomes containing an antitumor drug was reported recently 

by. Hashimoto et al_. (1983). The authors demonstrated an 

augmented "antitumor effect of actinomycin D liposomes 
_:., • g> 

bearing tumor specific IgM subunits against mouse mammary 
- • . J* 

tumor cells i_n vi tro as well as J_n_ vivo (I.P. and 

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 liposome 

-encapsulated anticancer drugs is d^alt with i'n ̂ review-v 

articles by several authors (Yatvin and Lelkes 1982, Kaye 

19813 Mayhew and.,Papahadjopoulos 1983, WeinsHein and / 
% 

Leserman 198-4). 
; • \ 

Immunomodulators * * • 

Refractory nfacrophages can bg^activated to selectively 

kill metastatic cancer cells by the use of immunomodulators 

called macrophage activating factors (MAF5 (ej. muramyl , 

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

following parenteral administration. Encapsulation of^DP -

in MLV liposomes provides a mechanism to achieve'an 

efficient macrophage" activity in vivo-. 'Application- of' 
» ¥ - \ 
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.liposomal MAF for total - eradication'of metastasis has been 

widely j'njitestigated by Fidler'and co-workers f^xhroit et 

a U 1983). Their experiments "jiaye shown coniHlicing* 

results for tumor free survival of animals as well as humans 

With lymphhode and pulmonary metastases^ ' o 
- I 

Immunoadjuants - • » 

Another promising *aspect-of liposomes is the promotion 
-• " ' \ > 

of stro/ig humoral and cell mediated immune response to 

antigens associated with liposomes without the side effects' 

of other adjuants (A'lvin and Richards 1983).- Liposomes iji 

this regard have been experimented^wlth associated antigens-

such as eholera', influenza vifus (virosomes), rube-lla-,- „ > -
<> • 

hepatitis B virus* herpes simplex vir-us, di phtheri a .toxoid." 
' Stimulation of- the'immune response is good for active -

f ' > °, < -
immunization, but, ih the context of,drug targeting it is 

detrimental. Si'ngl.e injection of, antibody directed- " 

liposomes would:not elicit percelvab-le antibody response but 

multiple injections would-(van Rooijen and van Nieuwmegen 

1982). However no such antiidiotypic response was observed 

on multiple injection,s of immunoliposomes in a study by 

Leserman et al. (1983). .In the> event-of positive 
ft — — i , A 

ant ibody response, immunoliposomes would be coa ted 'w i th 

ant ibod ies d i rec ted against them, prevent ing the s p e c i f i c 

homing of l iposomes. "Consequently Fc p o r t i o n s . o f the second 

ant ibody may ta rge t the.1iposomes t o ' B lymphocytes in 
- 4 ^ . 

«? 

genera l . I f £his r e s u l t s in the t i l l i n g of such 



76 

v 

lymp'hocytes ' the interference with drug targeting might be 

overcome (van RSoijen and "van Nieuwmegen 1982). 

Enzyme "therapy , ,,. -o 

* Metabolic diseases 'or lysosomal storage diseases, e.g. 

"Gaucher's, Pompe, Tay-Saoh's disease y e characterizedvby •» 

.accumulation of substrates into "the lysosomal compartment of 

Jiver^cells due- to enzyme deficiency. Treatment of these 
4 V ' ' 1 

diseases h-ave-failed because o4f the inability of exogenously 
. < / * " •> 

administered enzymes to reach the lysd'somes. Enzyme's 
* -s -s • ' 

administered a're inactivated by "proteolysi s or .by antibodies 

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

hypersensitive and immunological reactions,. Enclosed in 

liposomes, the enzym'es are shielded against any d-amage. 
Mone importantly, .liposomes' being lysosomotropic, would be 

* p " ' < <p „ • 

-'able tocarry their'enzynie payload into the targets, the ' 
0 f '» <• -r 

lysosomes (Desni'ck et ^1_. I<f78, Puisieux and Benita 

JI982, Weissman.and Finkel stei nt,J. 980). " . i 

Superoxide dismutases (SOD) * I • 

These fere a. class of metallo tn^zymes that are able to 

°protect-the organism against the toxic effect of oxygen free 

radicals4', with the aid of' catalases," It has been shown that 
f * { .* ' - , * . 

cellular incorporation of SOP is increased by liposome, 

encapsulation. Some believe that SOD 1iposomeV could also 

reduce* the side effects of radiotherapy and antitumor 

chemotherapy (Pui„sieux and Benita 19^2^. 
•Treatment of heavy^ meta,l-;poisoning , '»„ ' "« . /"' '' 

o "Q 



77 

»-v Iron poisoning i s weM as iron storage diseases such 
* i * • ' 

» O C T 

as thai assaemia-have been treated sifccessfal ly wi th liposome 

entrapped chelating agents like EDTA and desferoxamine 
" ' _ - ° * >-

(Rahman 1980) ."""Naked" administration of'these agents -has fl 

o : *"*1 » • 

drawbacks like poor intracellular penetration, rapid 
9 » . n ' 

excretion and side effects. Administration by entrapment in 

y ^liposomes increases the uptake'of these chelating agents_ in ," 

the liver, the site of metal storage. As a result, 

: elimination of toxic metals- takes'place faster. Other 

studies, in'which animals loaded with plutonium, mercury, 

a gold and treated with' liposomes encapsulated\chel ators have -

pigain demonstrated the therapeutic value of" the system * 

/—tftahman et •_§_!_. 1973). » 

.Therapy of intracellular parasitic or microbial diseases 

Leishmaniasis is a tropical disease caused by * 

Leis-hmania donovani!, a protozoan which invades the cells * ° 
: - t 

of the RES. Antimonial drugs, (e.g. stibophen) are the drugs 
1 is 

of choice ,to'treat this disease. Howevets, these antimonials 

a,re extremely toxic to iHie heart and kidney. Their, toxicity 

could be reduced several fold by admi-ni stration in liposome _y 

encapsulated form. The efficacy of antimonials has been' 

increased dramatically (700 fold) by encapsulation in 

4 liposomes, presumably due to targeting of these drug's to //"~\ ° * - ' - -/ ° \ a 

lysosomes of the fixed macrophages ,in the'liver (Chapman 

.et a]L TO84). However, an.entirely different mechanism, " 

namely, production of parasite toxic oxygen metabolites, was 

t. * 
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implicated in the improved- efficacy of primaquine^ liposomes-

„in the therapy'of visceral as'^ey as cutaneous • 
'' -* * .- • « ' i "' 

leishmaniasis "(New jst al_. '1983)/ 

-v Malaria is another example of intracellular parasjtic 

disease. Pirson and his co-workers ('1980), (Smith et • 

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

therapy of malaria'. Though they observed reduction in ' > 

toxicity-of primaquine when entrapped in liposomes, there , 

was no increase.in the^ activity of the drug. ' . - "-

-Apart from these parasitic diseases, there are many. 

bacterial d.iseeses in which the"'causative bacteria reside in 

phagocytic cells. Examples include"diseases such as %-

tuberculosis, leprosy,, trypanosomiasis, brucellosis, ' / 
» r r \ 

trachoma etc. Opportunity exists for improvement in the 
0 

Q to , A 

treatment of these diseases by using liposome encapsulated 

'drugs,, (Richardson il983). In his leading article Richardson 

(1983) quotes:'tjie s'tudy dealing with treatment of 

tuberculosis using liposome encapsulated antitubercular / 

drug. In an,in vitro study, the bactericidal effect of 

d'ihydrostreptomycin against intraphagocytic Staph, aureu/s 

increased when entrapped in liposomes (BOnventre and. ' 

Gregoriadis 1978). In another'investigation- liposome 

entrapped amphotericin B, a lipid soluble antibiotic was 

shown to be less toxic*but therapeutically effective against 

Candida albicans infection in mice (Juliano et al. 

1983b). 'The therapeutic'index was increased by 2 to 6 fold 
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over free drug. -A recent article indicates that liposomal 
0 ' c 

jrjimal i a n am ptioterfcin^ B#»^jjtoxic to fuagal ce l ls but not to mar 
A, \> " - I » 

cells (Mehta &t al. 1-984). pQesiderio, and Campbell 
:Ĉ  (1983) have reported an enhanced intraphagocytic killing of 

' . . . 
S. typhimurium by liposom-e encapsulated cephalothin. 

Liposome^ as diagnostic tools' - „ 

Gamma emitting radionucl.ides or.radio p-harmaceutieaTs( 

'(e.g. ™Tc3 D^can be trapped in l'ipescraies/just as, 

.drugs can. Such'Ji posomes could possibly be used to^cfiagnose 

primary neoplasms and pern<aps also-to destroy them if 

liposomes contain destructive radionuclides ( 3 emitters/). -

The course of Y -emi tting /adionucl ides can be deî e-eted 

using a ganpa camera or a recti 1 inear scanner. (McDougJjll 

1980). 

It is important to' note here that,4 for the purpose 'of 

diagnosis, mere binding'of radiol abel led liposomes- to target 

cell's is enough, where as selective therapy needs their. «. „ ,„•.>-» 

internalization'a% well, if, it" is possible to further" . " "• ' 

enhance t,he diagnostic ability of radionuclide containtng- -
- - - <?-

-1 iposomes,' they could be done so by anchoring' appropriate-. -" 

antibodies to their surface. ^ 

Liposomes as topical drug delivery systems y . 

Mezei and Gulasekh'aram (1.980, 1982) have demonstrated 

the feasibility ajjf . using liposomes to del'iver drugs t , 

selectively to-skin. This would also have an, added 

f;-

advantage of reducing unwanted, percutaneous absorption, 
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Ophthalmic application of "drugs in liposomes has also 

given ris-e to beneficial effects. , As mentioned earlier * 
Smolin et al.- (1981) have reported the s-up-enor effect 

« „ ' 

Vf iodo.xurrdine liposomes in the treatment .of herpes 

infection of eye. Singh and Mezei (1983^,1981), based on 

their ocglar distribution studies, have^ recqmmejided 

ophthalmic liposomes for-administering 1ipophilic drugs. 

f-Hscel laneous applications . ' -• 

Liposomes have been used, as -models -for- -studying 

Intestinal'drug absorption especially o'f 3-, lactam 

ajrtTbiotics. by Kimura' et aj_. CI980')'.- lno the "field of 

genetrc 'engineering, ,'a°pp£1 i.cation of 1 iposomes" for 

intracellular .delivery of nucleic acids to alter the « 
" . . . ' ' *»^ 

genotype of cells has-been envisaged fay Papahadjopoulos i 
.(198*1). ,. • ' / • 

RESEARCH HYPOTHESES AND OBJECTIVES 
\ 

Liposome's «have been t-iidely investigated as-carriers of 
/ . *^ • * .. .- " 
drugs in genera-1, Specif ical ly,'-p'ione'ering studies from" 

this laboratory '{Mezei and Gul'asefcharam 1980-, 1982) have , 

'explored their potential importance in topical .therapy." in 

-these studies, the dermal disposition of.the drug 

triamcinolone aeqtonid.e (TRMA) appeared to'be altered 

favourably when it was applied topically in liposome 

encapsulated f'orm; The pelt "approach was to' optimize the 

.factors .for selective' dermal delivery of drugs using 

^liposomes. Hence the re-seajch' proposal put f^rth was" to 
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^investigate the effect >of factors-such as liposom-a -size, 

surface charge- and lipid composition on the disposition of 

topically ,ap|j1 ifid TR!?A liposomes, HoweveV, initial. » 

J ' 
experiments socw revealed that the encapsulation of TRMA i°n 
liposomes was fiar from' satisfactory. In the ligh$ of this* 

' • i ^ . 

' " J —**-• ° 

p new 'finding -the' goal of the prdject was^ changed to improving 

the liposomal encapsulation --ifh TRMA. The present hypothesis 

was tha.fr the chemical modification of TRMA would improve its 

incorporation into-the liposomes. • 

Another par;t of this investigation relates to the use 

of liposome encapsulated antineoplastic drugs in the therapy 

of cancer. There have ,tbeen many reports of liposomes as 

site specific carriers of anticancer drugsj Recently, 

however, it is recognized that mere encapsulation tn 

liposomes does not suffice and that" 1iposomes have to be 

provided with target seeking cytophi'lic ligands such as * 

antitumor antibodies in order to accomplish the° task of 

targeting. Another hypothesis of this research, therefore 

was thâ t liposomal encapsulation of the model anticancer 

agent methotrexate, and further modification of liposomes 

with antibodies would improve the anticancer activity of 

methotrexate. < , "" 

To test the above two hypotheses the following 

spe"ci"fic objective's were set forth;, 

1. To improve the encapsulation of TRMA in liposomes. 

2. n To prepare and characterize MTX liposomes. 

o J 

http://tha.fr
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• " ' * */{< . -' 

3. > To covalently couple antibodies'to liposomes and 

characterize^ them. . t 

4. to eva lu te t he an t iqancer a c t i v i t y of MTX liposomes 

" ' "W>n viltro> and i n ' v i v o t echn iques . * ' 
• ' ' ' — — — — — ^ — — — ' — • 

- Selection of drugs 

Triamcinolone acetonide and 'methotrexate were chos-^n 

as model drugs mainly .Because the previous relevant-studies 

(Mezei and Galasekharam 1980, 1982, lUHkaYni et al_. ',0 

1981) dealtowith these, drugs. Studies with the same drugs'" 

would provide a bas"is far comparati.ve evaluation of 

different approaches. p 

o 

; "Triamcinolone ace ton ide" ' \ »,• ° •• 
» - ^ • * 

It is an antiinflammatory drug of intermediate poteney 

belonging to'the general-class of corticosteroids (Popper-

and Hatnick 1974). Its structure and chemical 'names are 
shown "in Fig". 3 (Florey 1972). Use of TRMA in the. treatment 

' « • v^ 

or non-infective inflammatory skin disorters, such'as 

dermatitis, p.soriasis and eczema isnuell known (J.ones ana, 

Barreuther 1981). _ Topical TRMA preparations are available 

in the 'form of creams, ointments and lotions with a, drug *> 
* *, '" * . ' 

concentration of Q«.°l$ .or 0.5/i- (Jones and -Barrenther 1981).'-
It»is noteworthy that topically administered^ 

iff t - " • ' • 1 
corticosteroids, could be absorbed' into* the systemic . *• 

' -P . » 

circulation although to a- very sm-all extent, approximately • 

1% of the. applied dose. . -On" entering systemic circulation 0 

•~P 

*L 
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4 <2 
9a-fluro-ll-Bs.16a, 17,21 -tetrahydroxypregna-l,4-diene-3, 
20-dion'e cyclic 16,17-acetal with apetone, 9|-f luro-l lg, 
%\ -di hydroxy-*? Sot, 17ot-i sopropyl idine-dioxy-1,4-pregnadiene-3. 
20,-dione? triamcimolone 16-,17-acetonide. •-• 

Figure 3. Chemical structure and alternative names' for 
Triamcinolone Acetonide. 
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.they.-have the "potential to produce*to%ic effects such as 

-fuppressin'g 'of hypbthaTaraus-pituitary-adrenal (HPA) axis "and. 

Cushing's syndrome (Hallam 1980,'Morman 198\). Percutaneous 

absorption is more l ikely to occur in infants and children 

especially on .long-term application and with the use of an 

occlusive dressing (Gasiorqwsfci-Mauroy 1981). A need to 

prevent such toxic i ty by reducing or eliminating the 

percutaneous'absorption of cort icosteroids ' is therefore "° 

evident. Hence, if liposomes could deliver TRMA select ively 

to skin, the significance of the achievement could not be 
' ;° , * > 

overemphasized. 

TRMA is available in 3H or 14C form allowing i t s 

determination, in mi'nute quanti t ies in biological samples. 

Methotrexate -
-b 

It is a widely used cancer chemqtherapeutic agent 

'particularly in the treatment of neoplastic diseases such as 
/ 

acute lymphocytic leukemta, non-Hodgkin's lymphoma, 

osteosarcoroass?]bborioca,rcinoma, head and °nexk cancer and 

breast qancer (Jolivet et a]_. f983a Martin and -> • 

Ballentine .1983). vFlg. 4"*gives, its chemical structure, 

different chemical ham,es and other, synonyms. MTX has to be 

stored protected from .light to prevent possible 

photodecomposition. ' ; 

MTX is an antimetabol ite^of folic acid. Its mode of-

acfion is*'by competitive and irreversible inhibition of the 
•̂  0 -

enzyme dihydrofolate reductase (DHFR) which in -turn inhibits 
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MTCH ' 

) *. ' 'COOH 
I ° 

M-[4- [(2,4-diamino-6-ptendinyl^-methyWmethylamine benzoyl,] 

glutamic*aci4; "4-amino-lO-metliyl folic acid; amethopterin. «' 

Figure 4. Chemical^structure and .alternative-.names for 
Methotrexate. „ & 
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the fo rmat ion of te t rahydro fQl - i c ac id from di hyrfrofoWc 

a c i d . Thfe r e s u l t a n t f o l i c acid de^ jc iency blocks nuc le i c 

" acid synthes is and c e l l -d iv i ' s ioK- Thus, i t i s ' a c e l l cyc le 

("S3 phase) s p e c i f i c d r u g / ' \ , - • 

High c e l l turnover may be. e l im ina ted in mal ignant 

t i s sue but other r a p \ d l y d iv id ing^ normal t i s sue such as bqne 

marrow, .the e p i t h e l i a ' l *l»ining of the g a s t r o i n t e s t i n a l . t r a c t 

and.the bronch io les ancf1 the c e l l s in the ha i r f o l l i c l e s rjia*y 

also be severely damaged.0 Immunosuppression is an 
I 

a "add i t iona l t o x i c side e f f e q t of MTX-. Another s ide e f fec t * , 

•the n e p h r o t o x i c i t y , probably caused by p r e c i p i t a t i o n of MTX 

-. or i t s , 7-0B< metabol i t e , co'uld be minimized by ma in ta in ing 

a l k a l i n e d i u r e s i s dur ing t reatment (Go! i vet jet aj_ 1983, 

Anonymous 198.4)'.' -Development of res i s tance to'MTX t reatment 

ois -not uncommon (Chabne'r et a]_. 1984). 

Any a t tempt , be i t l iposome'or otherwi se , . ' to t a r g e t " 

MTX or other c y t o t o x i c agje-Ms p r e f e r e n t i a l l y to cancer 

c e l l s , i s a welcome measure because of the h igh l y t o x i c 

nature of these drugs. Although i t could b£ analysed by 

• methods (F lo rey 1976, Sadee._et _al. 1980,, Bre i thaupt efc. 4
d 

" a l . 1982-Bfchen et a l . 1984), l ike-HPLC, UV ' 

spectrophotometry and? RIA, the a v a i l a b i l i t y of l a b e l l e d MTX 

makes i t s q u a n t i t a t i v e ana lys is more s e n s i t i v e and r e l iat>le."' 

. „ MTX i s o f f i c i a l , in USP'XX, BP 1980, BPC 1979 and 

European Pharmacopoeia, V o l . ' I l l 1975. For human use BP 
" J J» "" « "^ 

1980 recommends a dose of 50 to 100 mg at s ' u i t a b l e ^ i n t e r v a l s . 
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. ' Material s ' • , 
J* ' • 

*-, DL-sa-dipalmit'oy'lphosphatidyr choline (DPPC), 

cholesterol (CHOL), stearylamine (SA), dicetyl phosphate 

(DCP), dipalmitoyl phosphatidylethanolamxine (DPPE), egg 

phosphatidyl ethanol amine- (PE), -palmitoyl chloride', 
- *• 

IT 

„ t r iamcinolone acetonide (TRMA), s i l i c a gel ^chromatographic 

grade , l°00-200 mesh), me tho t rexa te a (± ameth.opteri n, MTX),_ 

abso>ute methanol, d i tHio th ' r e i to l * (DTT), bovine serum 

albumin (BSA), p ro te in s tandard so lu t ion were ootained from 
• - • ' * ' • *J 

Sigma Chemical Company, "St . , Louis, , Missour i . ° [6 ,7 - ;H<N)] -
•> • 

triamcinolone acetonide .( H-TRMA) of-specific activity 
D 

-31.3-37,0 Ci/mmol and Biofluor -^scintillator solution were 

purchased from New Engl and.Nuclear, Boston, Massachusetts. 

[31 ,5',7-3H]-methotrexate sodium salt (3HrMTX) of' 
it. j*. 

^ s p e c i f i c a c t i v i t y 20Q mei/iMnol „* I-Nal of s p e c i f i c 

a c t i v i t y 15'.2- mCi/pg o.f iodine *were, fro'm Amersham, Arl ington 

Heights , I M i n o i s . Prepacked Sephadex'G-25 M PD-10' columns, 

%. -Sephadex G--50, Sephacryl S-200; Pro te in A Sepharose CL-4B, 

chromatography columns (^{5/90 ' Bec* v o ' * = 90 x 1.5 cm = 

1541ml; K9/15'; Bed vo l . * 15' x 0.9 om - 9.5 ml) , F ico l l 400, 

jN-succinimidyl-3- (2-pyr i dylditf j ioOpropionate ^(SPDP ) , 

Sephacryl S-400, Sepharose. 4B were from Pharmacia Fine • 

Chemicals^ Pharmacia (Canad*a) I n c . , Dorval , Quebec. 

AJkaline detergent , s o l u t i o n D,econR 75 c o n c e n t r a t e , 

precoated s i l i c a g e l 60 F 254 TLC aluminium sheets 
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manufactured by Merck wereu 'purchased frbm, BJJH Chemicals, 

Toronto, Onta r io . RPrfl 1540 powd'er medium, f e t a l bovine 
-fa • , 

serum (FBS) were from Flow Latoratories Inc., Mi ssis,s.auga, 

Ontario. Polycarbonate filters f8 y m and 12-ym)-were 

procured from Nucle'opore Corporation, Pleasanton, 

California, immersible $(-10° ultrafiltration units were 

bought from Millipore, Bedford, Massachusetts. 

Polypropylene Eppendorf micro test tubals (400 yl) were 

from Brinkman Instruments Inc. ,* Uestbury, New York. 

Naphthalene, pyridine, calcium chloride dihydrate and all 

the, solvents were f»som Pis her Scientific.Co. - " X3 

Equipments a.nd Instruments t . «-. 

•t&quipment and instrument! used were the following: •< 

-BeCKman Liquid Scintillation Counter LS 3133T - Beckman 
Y , J 
Instruments Inc., Fullerton, California, Gamma counter, 

*' 
Model 1085 - Nuclear-Chicago Corporation, Des Plaines, 

Illinois. Coulter counted,- model Zp - Coulter 

Electronics Inc., Hil.eab, Florida. Refrigerated' 

centrifuges, mode'l^ PR-6 and model B-20=s centrifuge, 

universal model UV9_ clinical centrifuge, model CL - .— 

International Equipment Company, Needham Heights, 

Massachusetts. Universal Spectrophotometer PMQII and 

Standard Universal^and GfL microscopes - Carl Zeiss, 

ObeVkochen, West Germany. Olympus Inverted microscope -

Tokyo. Mettler Type H207 and Nicfo Gram-atic BalanceVTop 

loading PL300 balance - E. -Mettler, Zurich, Switzerland/. 

1 
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LKB 700 tiltroRacK Fra-ctiffn Collector - LKB-Produkter AB,-° 

Bromma, Sweden. Metabolic Shaking Incubator - Precision-

•-Scientific Company, Chicago. Wrisf Action Shaker , Model 

75 - Burrell Corporation, Pittsburgh, Pennsylvania. Buchler 

Portable' Rotary Evaporator - Buchler Instruments Inc., Fort 

Lee* New .Jersey. "Branson'ic 220 Ultrasonic Cleaner - Branson 

• Clej.ning Equipment Company, Shelton, Connecticut. Sonic 

dismembrator -» Artek System Corporation,, distributed by * 
.4 . 

.Fisher. BioGard Hqod - the Baker Company I'nc., S*anford/\ 

Mai/ie. Incqbator' for tissue Culture - Rational, a Heinifcke 

'Co. Laboratory Counter - Clay Adams, Parsippas*iy, WO. 
u ft " 

Beckman 152 Microfuge. Fisher.Accumet pH meter model 

210." Super-m'ixer - Lab-line Instruments, Inc., Melrose 
P e 

P„ark, ILL.-. Eppendorf standard fixed-volume pipettes. n • 

'Pipetman continuously adjustable digital micrometer pipettes 

- "Mandel Scientific Co. Ltd.,r Montreal, PQ; Swin-Lok 

Memblfne Holders - Nucleopore, "PI easanton, Ca. '" USP t 

dissolution rate testing assembly consisting of water bath 

-and Thermo'mix "1480 temperature regulator (B.Braun, Melsungen 

AQ,'West Germany). Dissolution stirrer and stirrer ̂ drive 
* O * 

' mbde]» 53 (Hanson'Research Corp., Northbridge, California), 

Masterflex Peristalysis pump, model^7016.20 and its speed 

controller (Cole Parmer Instrument Co., Chicago, ILL.) and 

S^ec't'ronic 21 Bausch.and Lomb Spectrophotometer with flow 
\ through cell. 
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Animals 4 

,C57BL/60 mice were ordered from <»i3ack son Laboratory, 
•>' ' ,' . ' ' " " " 

„.-<&ai« Harbc-ur,'Maine. ' ' '. 

Antibodies: 
i l 

Ant.f-BSA, anti-EL4 and anti-M21 polyclonal ant ibodies 
fc « 

• were obtained from Dr. Gh*os<e, Department of Pathology. 

These antibodies-were raised in rabbits by injecting either 

BSA;, EL4 cells or M21 cells. The ant;f-EL4 sera, iriactivated 

at-56°C for 30 minW-as absorbed extensively with washed -/ 

homogenates of l.iver, lung, ki.dney„and spleen from normal 

adul t •» C57BL/6 J mice. After heat inacti vatian, the anti-M21 

sera was absorbed only,with human red cells. IgG antibodies 

were obtained from these serums by fractionation with 33% 
saturated ammonium sulfate. 

Tumors: -

The EL4 lymphoma is a murine tumor originally obtained 

from the Chester Beatty Research. Institute (London., England) 

in 1969 and has been" maintained in Dr. Ghose^s laboratory by 

serial I.P. passage in C57BL/5J mice. The human melanoma 

line M21, obtained" from the Scripp's Research Institute, La 

Jol-la, Ca, in 1979, is maintained in Dr. Ghose's laboratory., 
» • • *" 

.by serial transplantation of mela*noma cells S.C. in the 

flank of nude mice of BALB/c background. The human kidney 

carcinoma line.caki-1, obtained from the American Type 

Culture Collection, Rockville, MD^ is maintained in Dr. 

Ghose's laboratory. „ •*> 
a * 
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METHODS 

Attempts 

STUDIES WITH TRIAMCINOLONE ACETONIDE 

to improv-iprove the liposomal, encapsulation- of 

triamcinolone acetonide (TRMA) 

'< 'Different methods and formulations that were tried to 

improve the liposomal entrapment of TRMA were a# follows:1 

Rotary vacuum evaporation followed by mechanical shaking: 

Stock solutions (5 m,g/ml) Of lipids and TRM'A in 

chlor^)form:me,thanol (2:f), were used. Appropriate quantities 

of lipid and TRMA were placed in a Suitable pear shaped, 

flas":k. The solvent was evaporated in a'rotary vacuum 

evaporator at room temperature. Alternate ad'dition and 

evaporation of chloroform was done until a smooth thin film 

was .obtained.^ The filnuwas heated to 60°C for 30 minutes. 

To the flask was.then added an appropriate quantity of , \ 

aqueous dwelling (dispersion) medium (in most cases aqueous 

8 mM CaCl2 solution) which had been prewarmed to 60°C. 

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 above method were: 

1. DPPC:CHOL:SA (.1.0:1.0:0.2) ' '* 

2. DPPC:CHOL:TRMA (1.0:0.7:0.3) i 

3. DPPC:CHOL:TRMA:SA (0.7:0.5:0.5:0.4) 

4. DPPC:CHOL:TRMA:SA*(1.0:0.5:0.5:0.2) -* 

5. DPPC:CHOL:TRMA:SA (4.0:2.0:0.5:0.6) ' ' 
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In* all the above formulations aqueous 8 mM CaC.lp 
o 

solution was used as the swelling medium. The"final 

concentration of TRMA was approximately 0.1% w/v even though 

* initially the concentrations were .sometimes higher than i 

this. 

Formulation i/l4 was also t r i e d with 8 mM CaCl? 

so lu t ion conta in ing 5-10% v/v aJcohoT as the, swel l ing 

medium. ' • 

Reverse phase evaporat ion (REV): 

(f DPPC- 100 mg (135 micromoles) , CHOL 52.65 mg (136- y 

micromoles) and TRMA 5 mg (11.5 micromoles) tfere added to a 

50 ml round bottom flask with a^long extension neck and the 
v \ * ' 

' solvent was removed under reduced pressure by a r o t a r y 
m .-^ ^ • 

vacuum evaporator. The residue "was redissolved in a mixture 

of 8 ml of diethyl ether and .4.5 ml of chloroform." Water, 

4*2 mis, was then added. The resulting two phase system was 

sonicated briefly (2-5 min) in a bath "type sonicator at 

0-5 C. The mixture was then placed on the rotary 

' evaporator and the o'rganic solvent was removed under reduce'd 

pressure at room temperature. The aqueous suspension was 

then shaken mechanically at 50-60°C for 30 minutes. 

After preparing the liposomes by any of the above 

methods* the preparation was allowed to remain at room 

temperature for about an hour and then observed under the 

I 
; 
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f 

microscope (Carl Zeiss, magnification 640X, polarised 

. l i g h t ) . They wer°e further subjected' to either filtration 

through a polycarbonate filter (8 or 12 ym pore size) and/or 

centrif ugation, „at 220p0 x*g. ' 

" Attempts to concentrate the liposomal preparation 

By filtration through 0.45 ym millMpore filter: 
? » 

/ -> *} 
liposomes were prepared using H-TRMA by normal 

. - I . • 
evaporation and shaking method. .The preparation was 

/ ' - , , 

filtered through 8 ym polycarbonate .filter. The filtrate 

was forced though a 0.45 ym millipore filter qntil the-

volume above the filter was reduced to half the original 

volume. This" was done using a standard filtration assembly 
o 

consisting of syringe and filter holder. High force was 
i * 

needed to force the preparation through the filter. s 

( ^ J " ° 

Radioactivity per unit volume of the preparation above the 

filter was Measured before and after filtration. 

\ By -ro-tary vacuum evaporation: 

A known volume of TRMA liposomal preparation *> 

containing radioactive TRMA and which was filtered through 

18 ym polycarbonate filter was placed in a small pear siiape'd 

flask. The preparation was concentrated to about one-third 
A / 

the original volume by rotary/ vacuum evaporation at room 

temperature. Measurement/oft 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: 

Sephadex G-50 (4 g) soaked in distilled .water for a 

day and in 8 mM CaCl? solution (containing 5%*M/v alcohol) 

. y. 
for about 2^3 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 

CaC12 solution containing 5% v/v alcohol. Void volume was 

determined using 2 ml of Blue dextran 2000 solution'. 

Cationic liposomes with'TRM'A were prepared by rotary 

.vacuum evaporation followed by mechanical shaking with 8 mM 
o 

C a C L solution containing 5% v/v 'alcohoi . The formula 
used was DPPC:C'H0L:TRJ4A:SA (1.0:0.5-:0.5 :0.2) with 840°yCi of 
3 ' -

H-TRMA and 5.9 mg of TRMA. The preparation w-as filtered 

through 8 Vm polycarbonate filter and then centrifuged at 

22000 x g for 30 minutes. Gel filtration chromatography was 

carried out on this supernatant. f " 

v* '- O'ne ml of the supernatant was applied to the column 

and elated with .8 mM CaCl2 solution (5% v/v alcohol). 

Fractions of one ,ml were collected. An aliquot of each 

fraction was added to HO ml of Bray's solution (see • 

appendix) and the radioactivity was determined. • 

Dialysis of the supernatant: 

A dialysis bag „was, made using dialy-zer tubing of 
length about 5 cm 4 H T iff1ated diameter of 1.58 cm. 

Supernatant, 1.5 ml, of known specific radioactivity- was ', 

added to the bag., The bag was suspended in 800 ml "of' 
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magnetical ly- stirred' di sti lied water contained in-a beaker, 
. > ' ' " ' " 

Dia lys i s was allowed to proceed a't rooln temper-attfre * 

ove rn igh t . Radi cac t i vi ty per unit^voTume of d i a l y s a t e ' a n d 
4\ 

dialysing medi-um was measured." "'- "•? a 
*. o * *i 

Synthesis of Triamcinolone ace ton ide -21 -pa lmi t a t e 

Method of Sha^f Knfgh^and Dingle* (f&7»6) 

3HrTRMA (50 yCi) was placed in a 50-mi glaSs 

stoppered round bottom f l ask . The Solvent was allowed to 

evaporate^. -Unlabell.ed TRMA (1 .4339 t g , 3.3'mmol") d i s s o l v e d ' 
" b h * 

in pyridine (20 ml) "and palmitoyl chloride (2.4rml, 7.92 ' ." 

mmol) vlere-added. The' mixture was -stirred magnetical.ly "at 

room temperature for 15 hrs. The reaction mixture was then 

poured into IN sulfuric acid with vigorous stirring. Crude 
" " u 

product was separa ted by f i l t r a t i o n and. pur i f ied 5 in 0 .5 -0 .9 

g belt dies by column chromatography OH 15g s i l ica" gel 

(50-200 m,esh) e l u t i n g with tol uene:ethyl a c e t a t e : a G e t i c acid 

( 9 0 : 1 0 : 1 ) , using a maximum flow r a t e of 150-yO ml/hr and 

c o l l e c t i n g 25 ml f r a c t i o n s which were monitored by TLC. u 

Frac t ions conta in ing ' T.RMA-21-palmitate were combined-and 

r e c r y s t a l 1 i z e d from methanol. , 

\.. 

V3-

""CS a: crude product was obtained by putting the reaction 

mixture in IN HpSO^ instead of by vacuum evaporation 

as done by authors. 

b: purity of palmitoyl%chloride was verified by its IR 

spectrum. 

\ 

s_ 
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\G 
" *-"•- "Overa l l recovered y reTd, 0.235 g, 10.6$". conversion 

*•' * * 

based on spec i f i c . a c t i v i t y , 3 7.'7555; mpa ,c_a. 143-147°? 

IR (NujoJ) (appe'ndix 2 ) : 1760 . (es ter "C = l f ) \ l 7 4 0 (ketone 

•C = 0),.167O (ce, A =- a•, g ' unsaturated ketone C = 0 ) , 1620 
- ' \ o fe. ' * V -

(C = Cr conjugated .wit|*i ..ketone")-, and 890 cm^ (c.is CH of A 

-1,4 system); 1H-NMR (CtfC'l,): 6 0.88 (t;.3H, terminal 

CH3)^ 0.°94 (s, 3H, 1-8-CH3)^ ,lw25 '(narro'w 'ms. 27H, 

ace,ton.ide 3- CH, and CH, chain), 1.42 (s, 3H, ace£o.nide 

cfrCH,')̂ -1.55 (s,°3H§ 19-CHo), 1.6-2.5 (m, 4H, 

CH|CH2C02), 4.90 (s, 2H,° 21-CH20), 4.97 (br, TV, 

-16-CH0), 6'.12 (d, 1H, J0 A = 0.6' He, 4-CH), 6.44 (dd, 1H, 

J2 4 ="0:6 Hz), J-, 2 = 9.5 Hz, 2-CH), and 7.22; pprn (d, 

1H, Jj 2 = 9.5 Hz-, T-CH). - • 

Anal - Calc. for C24Hg-,07F: C, 71.39; H, 9.44; F, 

2.82. Found: C9'71*^6; H, 9.25; F, 2.80. 

A portion of the reaction mixture was kept at room 

temperature for about a week to,see whether there was any 

.improvement in* the yield. 

Methad using chloroform as solvent : ' ° y 

Approximately 1 mmol of TRMA (439 .mg) was dissolved in 

35 ml of chloroform in a rxound bottom, flask. Triethylamihe, 

\ 

a: Melting point was determined using Galle'nkamp melting 

point apparatus.. 5 

b: Methylene.chloride could not" be used as solvent as the 

solubility of TRMA was less'in this solvent. 
a 

f 

Y 
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0.3 ml (202 mg, 2 mmol), and palmitoyl chloride, 0.7 ml (.550 

mg, 2 mmol) wer,e a,dded. -The mixture was then stirred 

magnetically at room temperature for- abo ' 23 hrs, then at -

42° for 19 hrs. .The reaction mixture was washed with 1 N 

H2s!f^ (f'5 ,ml). °The chloroform layer was collected and 

evaporated to dryn-ess using an air jet. Dry residue was 

then purified by ctf-l-umh chromatography as before. Yield 106* 
" •' ° 

mg; 15.6%. . ' 

Method o^Diamanti and Bianchi (1971): 

-• Approximately 1 mmol of TRMA (435 mg) was dissolved in 

4 ml of ~N,N-dime'thylformamide in a 10 ml pear shaped flask. 

One ml of pyridine (160 mg, 2 mmol) and 0.7 ml (550 mg, 2 

mmol') of palmitoyl chloride were added. The mixture was 

stirred using a magnetic stirrer for about 22 hrs. The 

solution was- then poured .into 1 N HpSO* (1600 ml) with 

vigorous stirring. .Separated solid was then filtered. This 

crude pro-duct was purified by column chromatography. Yield, 

471 mg, 70%. 

DYfferent solvent systems wer.e tried to separate 

TRMA-21-palmitate from the other components of the reaction 

mixture, by TLC using silica gel plates.. On the" basis of 

R^ values, the solvent system-containing tol uene:ethyl 

{ 
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a c e t a t e : g l a c i a l a c e t i c acid (90 ' :10: i ) was chosen .for column 

chromatography. 

Prepara t ion and comparative eva lua t ion of TftMA and • 

TRMA-21-palmitate liposomes 

"To r e l i a b l y determine encapsu la t ion e f f i c i ency , 
• 

r a d i o a c t i v e t r iamcinolone ace ton ide -21 -pa lmi t a t e was 

prepared by Diamanti and Bianchi method from 

' Vi VIM ) J - i . r i d i m 
q 

[6,7 H(N)]-triamcfnolone acetonide. Multilamellar 

liposomes were prepared as- descri bejd by Mezei, and 

G.ulasekharam (1980) using 13 mole% TRMA-21-palmitate and 87-

mole% DPPC, a formula similar to the one recommended for 

Cortisol-21-palmitate liposomes (Frldes and Oliver 1978). , 

Dipalmitoyl phosphatidyl choline (160 mg) and triamcinolone 

acetonide-21-palmitate (22 mg, 350 yd") in 

chloroform-methanol (2:1) were evaporated in a pear shaped 
n 

flask using a rotary vacuum evaporator to obtain a thin 

film. The film.was then dispersed with 22 ml of aqueous 8 

/ mM CaCl2llsol ution at 60°C. The preparation was 

evaluated microscopically and then .fiItered through a 12 ym 

polycarbonate filter. The filtrate was then centrifuged at 

22000 x g for 25 min. Radioactivity i-n each fraction was 

Measured after each treatment. Triamcinolone acetonide 

^liposomes were prepared in a similar manner. 
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STUDIES WITH METHOTREXATE 

SECTION, l:\REV LIPOSOMES " , 
' * ° 

Preparation of MTX liposomes by reverse phase°evapofa'tion 
__ . . . 7, 

(REV) method: ' " ^ • 

Three formulation Were used to prepare liposomes of 

different surface charges: 

," 1. DPPC : CHOL- : 0.5 : 0.5* (neu'tra.l' li posom'es) 

2, DPPC : .CHOL': SA :'d.4 : 0.°5: 0.1 (positive -

liposomes) " , 
v 

3. DPPC : CHOL : DCP' : 0.4 : 0.5 : 0.1 (negative 
- ' • * 

1 iposomes) " . . 
Preparat ion of neut ra l MTX** l iposomes: ' * 

DPPC 100 mg (136 ymoles) and cho les te ro l 52.*66 mg * 
•* -

, . - J> 

(136 .ymoles) were placed in $.50 ml round bottom flask with „ 

a long extension neck and the solvent was removed under 

reduced pressure by a rotary evaporator. The residue^was c 

redtssol ved in a mixture of 4.5 ml of "'chloroform and 8 ml" of v 

ether. A few drops of methanol were added to" remove ', 

turbidity, if any, then MTX solution •( 2 50 m$?MTX/6' ml with 

*mô I ar ratio 

**A11 the -operations involving MTX were conducted in dark 

for MTX is light sensitive. Also all the preparations 

containing MTX* were'stored in containers wrapped in. f 

aluminum foi1 

file://l:/REV
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' " 3 or without H-MTX") i'-n O.S'SSr'sodium bi.carbonate (4.2 ml) was 
' \ ; . ' . * 

ad'ded. The resul t ing yellowish two-phase system was * * 

sonicated bri-efly (2-5 minutes \ in a^bath type sonicator at 

0-5°C. The mixture fas then placed on a .rotary evaporator 
aftd the organi c» sol vent was removed under reducex[ pr essure 

at room temperature (in about 30 minutesr* "Care was taken 

to prevent loss of the preparation due to frothing. The 

aqueous' suspension was £hen ,shake(n mechanically at 50-60°C 

for 30 minutes. The preparation was allowed to" stay at 
9 

room temperature for about an hour and,then observed under 

the optical microscope with a magnification of 640X, 

Preparation of positively charged MTX liposomes: 

These were prepare^ similar to neutral MTX lipo-somes ' 

except that lipid ̂ concentration was:-DP,PC 80 mg v 

(109 ymoles), cholesterol 52.56 mg (136 ymoles) and 
i 

stearylami'ne 7.5 mg (27 ymoles). 

Preparations of negatively charged MTX liposomes: 

These were prepared similarly to neutral MTX liposomes 
or 

^except that l ipid concentration was: DPPC 80 rng 

(109 ymoles), CHOL 52.56 mg (136 ymoles) and dicetyl 

phosphate 14.9 mg (27 ymoles). 

Preparation of 'empty' liposomes: 

The 'empty' liposomes, containing no MTX, were 

prepared by using 0.5% sodium bicarbonate solution instead 

of the. MTX solution. -Presence or absence of charged lipid 
gave a charge or no charge to the liposome surface. 

j . 
> * 

T, 

T 
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&'" Separation of free MTX .from0 1 iposome encapsulated MTX: 

"The liposomal preparation was centrifuged in a high 

speed centrifuge at* »16000 rpm (22000 x g) for 25,minutes at 

room temperature. The pellet was then washed with 0.5% 

sodium bicarbonate solution by centrifUgation. Finally the 

pellet was made up to <the desired volume with 0.5-% sodium 

bicarbonate solution. Percentage encapsulation of MTX was 
t ' ° > 

ar r i ved at by comparing' the amount, of MTX present in the 

k j > e ! l e t to the o r i g i n a l -quanti ty of MTX taken fo r 

' ( encapsu la t ion . » 

Determinat ion of MTX in l iposomes: -, 
p - " ' 

Direct spectrophotometry as|ay of MTX in liposomes: 

An aliquot sample (100 yl) of the neutral MTX 

liposomes, was diluted to 50 ml with 0.5% sodium bicarbonate 

solution and the absorbance was read at 370 ,nm using 0.5%', 

sody-m bicarbonate solution* as blank. MTX has an extinction 
4. coefficient of 7 x-10^ M~ cm" at 370 n,m. Based on • 

- * . -
this,, MTX content was calculated. 

Spectophotometric assay after" triton-x-100 treatment:*" 

An aliquot sample (100 W ) of tiie neutral MTX * 

a* 

liposomes was diluted to 50 ml and the optical density (OD) 

at 370 'nm was'noted. Triton-X-100 (0.5 ml)" was then added 

-to 50 ml of diluted liposomal preparation (final 

concentration of triton-X^lOO = 1% v/v) and allowed to 

stand at room temperature for. 30 minutes. Optical density 

was again recorded. 
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Spectrophotometric assay of MTX in lipsomes using 'empty' 

liposome's as blank f 

'Empty' liposomes were prepared similar to ireutral TMY.X 

liposomes. Both MTX "and 'ejnpty1 liposomes were diluted to 

the sameaextent with 0.5% sodium bicarbonate solution and 

the OD of MTX liposomes was read at 370 nm using 'empty' \ 

lipo'somes as blank. . . 
. f ' * 

MTX determiantion in 1i posomes.usin°g methanol as solvents 

^ Preparation of standard curve: Standard solution of 

MTX was prepared bj' adding 1 ml'of 0.5% sodium bicarbonate 

solution (to 'assist i,n dissolving MTX) to 9.07 mg of MTX and " 

was made up to 100 ml with distilled m'ethanol. Aliquots 

(1,2,3 ^7 .ml) of standard solution were diluted to 25 ml 

with methanojl and the extinction at 303 nm was measured. 

Ca-1 i bration curve was obtained by plotting absorbance 

readings against concentration of MTX. 

Assay of MTX liposomes: 

'MTX liposomes were suitably diluted with methanol and 

the OD was read at 303\im using methanolic solution of empty 

liposomes as blank. Concentration of MTX was- read off from 

the calibration' curve.-

Radioactive assay of MTX in liposomes: *§>; 

Whenever 3H-MTX liposomes were prepared, MTX content 

was quantitated by radioactive tracer technique. Aliquots 

of .liposomes were counted in Bray's solution or Biofluor^ 

using the liquid scintiTlation counter. 
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Pre l im ina ry s t a b i l i t y s tud ies of neu t ra l MTX l iposomes: 

MTX, 58.7 mg conta in ing 10 y C*i of c3tPMTX was 

c a 

d isso lved in$6 ml of 0.5% sodium bicarbonate s o l u t i o n . 
c •> * * . 

Neutral MTX liposomes were prepared „as described earlier 

using 4.2.ml of, this MTX solution. A '2 ml sample of 

liposomes was stored at 37° and another one at room . 

temperature for one, week". Free MTX was separated from 

1 iposonral 'MTX „by centrif ugation as described earlfer. MTX 

remaining in the liposomes wa's determined by radioactive 
<t -

counting of liposome sample. 

Size distribution of liposomes: 

Size distribution of 1iposomes was.determined by using 

a Coulter Counter'equipped with a ,"10d micron aperture tube. 

The machine was precal i brated "wi't'h" monodisperse latex* 

particVes* of standard 'si ze. Size distribution of liposomes 

was generated by systematically altering the aperture 

current, threshold and attenuation settings of the 
*• < 

/ i ns t rumen t . 

In v i t r o drug re lease s tud ies .from p o s i t i v e MTX l iposomes: 

Preparat ion of c a l i b r a t i o n curve fo r MTX: 
r 0 

t, 

For the estimation of MTX in the dialysis medium, a 
• 

Calibration curve wa.s constructed as foll"ows: A-stock 

solution was prepared by dissolving ~10 mg of accurately 

weighed MTX in 50 ml of 0.5%'NaHC03 solution. The stock 

solu'tion was suitably .di 1 uted to obtain MTX solutions of 
} ' . 

strength 0.2 yg/ml to 10 yg/ml. -Absorbance of these 
J 
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solutions were determined using Spectronic Spectrophotometer 

at the wavelength of 303 nm. Calibration line was obtained 

by plotting absorbance against drug concentration. 

Drug" release studies: 

MTX liposomes, for drug release studies, were prepared 

by REV method using the formula DPPC:CH0L :JiA :0.4:0.'5 :0.1 . 

The release of, MTX from liposomes was determined by a 

modification^ of" the dynamic dialysis method of Arakaw.a-.et 

al. (1975) which in itself was a modification of original 

method of Mey,er and Guttman (1968, 1970). USP dissolution 
9 f a 

test apparatus w'as^used with' modification .as'shown in_Fig. 
\ a 

"5. MTX liposomal preparation was diluted with 0-.5% NaHCO-

solution in a volume ratio-of 241T Seven ml of.this diluted, 

liposome preparation (total MTX = 10.-5-12.25 mg) was placed 

inside a 9,5 cm Tong-, dial-ysis bag .(fnf lated diameter 1.58 
) . -

cm) suspended from a 8.3 cm length tube made, ou-t of a 10 cc 

plastic syringe. The sac was suspended- in 900 ml xof 0.5% 
* <" 1 

NaHCO-, solution, contained in the dissolution vessel. The 

system .was maintained at a fixed temperature by the 

temperature controlled water bath. The contents of the sac 
t 

were stirred with,a twisted glass rod rotated at -* 125 rpm. 
« » „ 

External solution was stirred with a-magneticstirring bar. 

In order to determine the drug content of the external 

solution, the solution was continuously circulated through a 

flow through cell placed in a spectrophotometer which read 

http://Arakaw.a-.et


:-3 ccn 

cm-

A, vessel*, B, four-hole cover ; C, stirring motor; 

D, glass stirrer; E, dialysis bag; F, stirring magnet 

Figure 5. USP XVIII dissolution testing apparatus modified 

to study the drug release from liposomes. 
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the absorbance at 303 nm.- The absorbance was recorded on a 

chart by the recording device interfaced with the ° 

spectrophotometer. Concentration of MTX was obtained by 

referring to the calibration curve. Experiments were done 
-fir 

at different temperatures. 

To see the effect of fetal bovine serum (FBS) on the 

release of MTX from liposomes, 1 he liposomal preparation was 

lixed with dfalysed FBS, in a volume ratio of 2:1 and was 

placed in the dialysis tube. The release of MTX was then 

determined as described earlier. 

Covalent attachment of antibodies to liposome-s<* 

Synthesis of N-[3-(2-Pyridyldi thio) propionyl] dipalmj-toyl 

phosphatidyl ethanolamine (PDP-DPPE): 

PDP-DPPE was synthesized by the method of Martin 

et al_. (1981). DPPE 34.6 mg (50 ymol) was "dissolved" 

\in 5 ml of absolute methanol containing 7^1 (50 ymol) of 

triethyl amine and 25 mg "(80 ymol) of SPQP. The reaction uas 

carried out under nitrogen atmosphere. Course of reaction 

was followed by TLC. Reaction was stopped after 5 hours. 

Methanol was removed by vacuum evaporation and the products 

were redissolved in chloroform and applied on a 6-7 g (10 

ml) silica gel (100-200 mesh) column which had been 

activated (1500C overnight) .^nd ..prewashed with 100 ml of 

chlorof6*rm. (The column was el uted with an additional 20 ml 

=of chloroform followed by 20 nil of each of the following, 

chloroform: methanol mixtures - 40:1; 30:1; 25:1; 20:1; 15:1 
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and ii-^aily with 60 ml of 10:1 chloroform-methanol. The 

maximum <frWj rate was about 2 mTper minute. The'phosphate 

containing fractions eluting in 15:1 and 10o:l ,' , 

chloroform-methanol"were combined and concentrated 'by rotary 
s . *• « 

vacuyjn evaporation. • . *• * 

•Anajysis by ILC (Silica gel H; solvent system: 

chloroform-methanol-acetic acid 60:20:3; detecting reagent: 
( -

molybdic acid reagent and/Or iodine vapors.) indicated 

phosphate positive spot of Rf value greater than that of 

DPPE. The product was stored at -15°C. The quantity of v 

product obtained was too sma.11„ to' determine the yield. 

Different solvents like methylene chloride, pyridine, 
J'- ° 

dimethyl formamide, ethanol, dimethylsulfoxide were tried,to 

dissolve DPPE so tha't the yield of PD'P-DPPE'could be 

improved. -, ^ „ 

Synthesis of N-[3-(2-Pyridyl dithio) propionyl] 

phosphatidylethanolamine'(PDP-PE): 

PDP-PE was 'synthesized the same way as PDP-DPPE 

(Martin1 jet al_.- 1981). The reaction was conducted in" a-

screw capped'Multivial (Supelco) with a Teflon septum 

under-nitrogen atmosphere using egg phosphatidyl ' * 
i> • 

ethanolamine 37's2 mg (50 ymol*). Uni i ke.. DPPE, egg PE was 

*Based on„dioleyl form ecjg PE has a mol. wt. of 744 as 

reported in Supelco Handbook of Lipids., 6th ed. 1980, p. 10. 
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completely soluble in methanol. A„special vial was used for 

better stability of egg PE during reaction. 

Chromatographical ly purified PDP-PE was wetg'hed and the 

yield calculated. The product was stored in a dessiccator 

at -15°C. * f ' 9 

•Synthesis of N-L"3-(2-Pyridyldithio)-propiony13 

stearlyam'irietPDP^-SA) (Fig. 6 ) : 

Though the principle of this synthesis is similar to 

the above' two* syntheses .the procedure -of synthesi s. and 

purification was developed by us. Stearylamine 260 mg 

(965 ymol) and SPDP 200 mg (640 ymol) were dissolved a 

"separately in 12 ml Actions of absolute methanol. The 

solution*of SPDPCwas added dropwise to the. stearylamine 

solution and reaction was carried out at room temperature. 

Reaction was monitored by TLC. After 30"minutes of 

reaction, the methanol-was removed by vacuum evaporation. 

The product was purified by column chromatography on 12 g of 

silica gel (100-200 mesh). Column was eluted with ethyl 

acetate-petroleum ether (40:60) using a maximum flow rate of 

85-100 ml/hr, collecting 10 ml fractions which were 

monitored by TLC. Fractions containing PDP-SA were pooled 

and concentrated under reduced pressure. Overall recovered 

yield was '282 mg,j i.e. 94%; mp 61 °C; "•' 

IR(CH2Cl2)(appendix 4 ) : 3450(-NH-), 2950 [(CH2)18]9^j 

1690(-C0-W1%>) 9 1525cm"
1 (Amide II); [13C]-NMR (CDClg) 

a. 

(appendix 5)': 175, 170(cJ_s and trans CO), 160-120 (o5, . 
V1 * 
pyridyl), 40-27 (several, C H 2 ) 9 23 ppm (CH 3). 
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Anal.-Calc. for C 2 5H 4 6H 2S 20: C, '66.90; H, 9.93; N, 

6.00; S, 13.74. "Found C, "67.28; H, 9.89; N,"-5.81; S,. 13.75. 

Preparation of antibody fragments: ^ 

PreparativOj^j-rT^fab')2 from IgG 

Normal rabbit serum, IgG, about 120 mg, stored 

° - o 
precipitated in 40% saturated ammonium sulfate at 4 C was 

centrifuged at 1000 x g for 15 min at 4°C. Precipitate 
<i o 

was dissolved in a minimum volume of CL01 M phosphate 

bu'ffered saline (.PBS) (pH 7.2). The IgG solution was then* 

dialysed agaan'st PBS at 4° until free from NH* ions 

to Nessler's reagent. This took about 2^days, changing the 

PBS (4 liters) four times. ̂ Protein content was determined 

by Biuret method. / 

Digestion of IgG: IgG (120 mg) in PBS (pH 7.2) was 

dialysed against 0.1 M sodium acetate - acetic acid buffer 

(pH 4) solution for about 13 hours to equilibrate the IgG 

solution with the buffer. Precipitate, if any, was removed 

by centrifugation. Protein concentration was then 

determined by Biuret method. Concentration of IgG was 

adjusted to lie. between 10-20 mg/ml. For each 100 mg IgG, 2 

mg of peps°in (dissolved on 0.1'M sodium acetate-acetic acid 
"Up 

buffer) was added, which was then incubated at 37° for 

18-20 hrs in a waterbath for digestion. Pepsin and other 

insoluble materials were removed by centrifugation (1000 rpm 

for 20 min). To inactivate the enzyme that was not removed 

f 
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k 1*5/90 

154 ml) pre-equilibrated 

the supernatant was dialysed against°PBS.pH 7.2 for about ?2 

hrs. . , 
**-

' Isolation of fragments: A 7.5 ml aliquot of the pqpsin 

digest was applied to a sephacryl S-200 column (I(. 

column;, Bed vol dme = 90 x 1 .lyŜ m 

with PBS. The column was eluted with PBS collecting 2 ml 

fraction's at 3-4 min time interval. Absorbance of each of 

the 100 fractions was measured at 280 nm using UV 
o 

spectrophotometer. Fractions representing included volume 

consisting mainly of F(ab'„)2 and some IgG and/or Fc, were 

pooled. 

Removal of undigested -IgG and Fc by affinity 

chromatography: Protein A-Sepharose CL-^B, 1.5 g, was 

swollen in 10 ml of PBS for 1 hr at room temperature and 

then packed into a small chromatography column ( L M T , Bed 

volume = 15 x 0.9 cm = 9.5 ml). Pool ed?>fr actions from the 
/ ' ** 

sephacryl S-200-column (20 ml) were filtered throug'ft this 

column/at a flow rate of ~45 ml/hr. To remove the unbound 

pr/oteins the. column was washed with PBS until no more 

PTnXleft the column. Fractions of 2-6 ml were 

collected. Absorption of each fraction was measured at 280 

nm-to detect the presence of protein. The bound protein 

(IgG and Fo) was eluted with a solution of 0.58% (0.1M) 

acetic acid in normal saline (pH 2.8). PBS fractions 

containing protein which represent F(ab')„ were pooled and 
concentrated using immersible CS-101^ ultrafilters 
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(millipore) to get a F(ab') 0 concentration of about 10 

mg/ml.„ F(ab') 2 yield was found to be 44%. Th"e column was 

/ 
regenerated by washing" with PBS (two column bed volumes) 

The column was stored at 4°. 

Preparation of Fab1 fragments: 

F(ab') 2 solution in PBS was dialysed against pH 5.5 

buffer for about 12 hours to equilibrate with the buffer. 

Fab' fragments were generated from the above F(ab') ? 

preparations (10 mg/ml )̂  by reduction with dithiothreitol 

(final concentration 20 mM) for 90 min 'under nitrogen 

atmosphere at 25°C. The mixture was then placed on 

Sephad'ex G-25 column and dithiothreitol was separated from 

the reduced Fab1 fragments with the aid of deoxygenated 

buffer pH 5.5. Fab' appearing in the void volume of such a 

column was maintained under nitrogen and used immediately 

for coupling'to liposomes. 

Preparation of liposomes for Fab' coupling*; 

'DPPC, cholesterol and PDP-SA in th'fi'-mole ratio of 0.4: 

0.5: 0.1 were used to prepare empty liposomes by the reverse 

phase evaporation technique described earlier*. 

Specifically, DPPC j80 mg (109 ymol), cholesterol 52.5 mg 

(136 ymol) and PDP--SA 12.5 mg (27 ymol) and 0.5% sodium 

bicarbonate solution (4.2ml) -were" 'tfsed to prepare liposomes. 

Coupling of Fabj^fragments to liposomes (Fig. 7): 

The liposomal preparation was diluted three times with 

0.5% sodium bicarbonate solution so th-at the concentration 
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Figure 7. Schematic representation of liposome-Fab' coupling 

(Martin et al_. 1981). , 
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of DPPC was about 4-12 ymol/ml. An equal- volume o^fab' 

•fragments was then mixed under nitrogen in a sealed vial. 

The pH was-adjusted to 8 with IN sodium hydroxide. The 

mixture- was stirred magnetically under ifitrogen' at 25°C 

for 2 hours. Reaction mixture was then centrifuged at 16000 

rpm (22000 x g) for. 25 min. Supe'rnatant was set aside. The 

pellet was washed with 0.5% sodium bicarbonate solution by 

centrifugation and" then made up to'the, desiredvol ume with 

0.5%' s'odi.um bicarbonate solution. Fab' concentration in 

liposomes-" was determined by Lowry's protein estimation °, . 

method. Jnsoluble lipid material was removed by 

centrifugation before measuring the absorption at 540 nm. 

Measurement of 2-Thiopyridinone (ZyTP), release:0 \ & 

An excess DTT dissolved in 0.54% M-*aHC03 solution 

(i.e..4 drops'of 40 mg/ml, DTT solution) was a'dded to a 

dispersion 'of DPPC-Chol-PDP-SA liposomes (4:5:1, 50 yl 

liposomes and 3 ml 0.5$ NaHCO, solution) at time 0. 

Absorbance was measured'at "343 nm in a dual beam recording 

spectrophotometer (PyeUnicam^SP8-100^ UV spectrophotometer).. 
- *. ' • 

Covalent coupling of IgG' to liposomes by, ECDI method 

(Fig. 8): 

Preparation of liposomes: . ^ 

REV liposomes with the formula DPPC:CH0L:DPPE:0.4: 

0.5:0.1 were prepared as described* earl ier. They contained 
1 * , - i, 

DPPC 80 mg (109 ymol), cholesterol 52.5 mg (136 ymol K-.DPPE 

18'.9 mg (27 ymol) and 0.5?o NaHC0° (PH 8) solution 4-s. 2j ml. 
v " 

S 0 . 

^ . #" 0 « " 

> "J , ) l> 
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Figures. Schematic representation of liposome-IgG co.upling 

"by carbodiimide method. 
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Coupjing of IgG to liposomes': 

The procedure described by Endoh et _al_. (1981) was, 

followed, A 20% solution (0.4 ml) (i.e. 80 mg) of 

1-ethyl-3-(.3-dimethylaminopropyl )carbodimide HCl was added 

to a mixture of liposomes (100 yl) and normal rabbit IgG 

solution (4 ml). The pH of the reaction mixture was' found*, 

to be approximately 7.5. After standing for 2 hours at 

25°C the pH was adjusted to 4.-1 with 0.3. N HCl. The 

mixture was layered over 7 ml of Flcoll-paque and 

centrifuged at 3500 rpm (750 x g) for 20 min at 21°C. The 

liposomes floating on top were carefully withdrawn using a 

pastetir pipette and resuspended in ,5 ml of' 0.5% sodium 

bicarbon-ate sOlutian and washed three times by 

centrifugation. The pellet*was .diluted with 100 yl of 0.5% 

sodium bicarbonate solution. IgG content of liposomes was, 

determined by modified Lowry's method of protein estimation 

("Methods in Enzymology" vol. 72, pp" 296-297). . 

The nonspecific binding of IgG to liposomes was-

determined by the same procedure but without using ECDI and 

0.3 N HCl. 
i 

Covalent coupling of IgG to liposomes by Barbet et al. 

(1981) method: 

Preparation of liposomes: 

Preparations containing large unilamellar and 

oligolamellar liposomes were .obtained by the reverse phase 

evaporation method "using DL-a-dipalmitoyl phosphatidyl 

\ 
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choline (DPPC), cholesterol, SAv and 'PDP-SA in a'-molar ratio 

of -4:4:1 rl. Specifically,, DPPC (80 mg, 109 ymol),, 

oholesterol (42 mg, 109 ymol), SA '(7.5 nrg," 27.8 ymojl) and ' 

PD"P-SA (12.7-mg, 27.3 ymol) were disscl-ved' 1 n a mixture of 

.chloroform, ('4.'5 ml) and diethyl ether (8 ml). Next, 4.2, ml 

of Q.5%-NaHC0, (pH 8) was added, after which, the lipid 

solution -was sonicated at 0-5°C for 5 min in a bath-type 

sonicator. Organic solvents were,removed from the resulting 

emulsion-like dispersion by a rotary vacuum evaporator. Tne -

aqueous dispersion was then shaken, at'55 C for half- an 

hour ta'obtain liposomes. " x M 

Preparation of PDP-IgG (Fig. 9):- -

Rabbit anti-BSA Ig-G was fracfeMavted witjh 33% 

'saturated "ammoni urn sulfate from'immune sera. Pyri^yl 

disulfide moieties were introduced-^ imta- IgG, 'lising the y. „ 

heterobifunctional reagent SPDP by the'method of CaiTsson 

et al_. (1978). Ten moles of SPDP\was reacted with 1 

mole of IgG in 0.1 M sodium phosphate buffer con'taining 

0.15 M NaCl, pH 7.5, for 30 min. The reaction mixture was 

dialyzed extensively against the above buffer at 4°C in ' 

order'to remove low molecular weight substances. The 

' content of 2-pyridyl disulphide groups, as determined by the 

method of Carlsson e_t al_. (1978), was 6-8.2 per mol of. 

IgG.G?T'he modified IgG was stored at -20°c until needed. 

Covalent coupling Of IgG to liposomes (Fig. 10): ^ 
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Figure 10.- Schematic representation of liposome-IgG coupling 

(Bat-bet et ah 1981). 
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PDP-IgG was pound to liposomes by the method of Barbet 

et a}I (1981). PDP-IgG w/as reduced with dithiothreitol 

(D/TT) in 0\l M sodium acetate buffer containing 0.15 Pf NaCl-, 
' . \ 

pH 4.5 for 40 min % Excess DTT and pyridine-2-thiooe were 

removed' by gel filtration on Sephadex G-25 M column 

equilibrated with 0.5$ NaHCOg. Thiolated IgG (8-l'2.5 mg) 

and liposomes (26 ymol of phospholipid) were stirred 

together overnight at room temperature and p-H 8. Liposomes 

were separated from unbound antibody twice by centrifugation 

at 22000 x g for 25 min followed by washing of the pellet 

with 0.5$ NaHCOo- In order to determine non-specific 

adherence of antibodies to liposomes, 9 mg of PDP-IgG that 

had not been reduced by DTT wasjmixed with liposomes as 

above. fhe protein content of the liposome fraction was 

analysed by the method of Lowry et aj_. (1951). 

Determination of antibody activity . * ° 
125 Preparation of I-BSA: -

Radioiodi ncftion of bovtite^serum albumin (BSA) was done 

by the chloramifle T technique (Hudson and Hay 1980, Chard 

jj§82), lodination procedure was carried out in a fume hood 

taking necessary precautions. First the following solutions 

were 'prepared: BSA, 4 mg/ml in 0.1 M PBS p H 7 . 5 , chloramine 

T, 1 mg/ml 'in 0.1 M PBS,.sodium metabisu-Tf tte, 2 mg/ml, in 

0.1 M PBS. A prepacked^Sephadex G-25 M PD-10 column was 

equilibrated with 0.01 M PBS containing 2 mg/ml of BSA'. BSA 

8 mg in 2 ml of 0.1 M PBS was placed in a small screw capped 
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glass vial and 2 mCi of Na** I .(vol. = 40 yl) was. added. ,, 
. 4 t \ 

lodination reaction was started by adding 120 ug of 1 J 

chloramine T. o The reaction" mixture was stirred ';, '*,''. ' . 
~ \ * > . • , , ' • " ' 

magnetically. "After 2, .minutes, the reaction,, was stopped, by, 

adding sodium metab isu l f i t e , 240" yg. "Af ter , male hrrjg 'up..' the 

volume to 2.5 ml w i th 0 . 1 - M PBS, f'he whole sample was-'loaded 
.' i ' 

on the4 Sepjiadex G-25 column and-elutec| w i t h 0,01 f«f PB,S 
con ta in ing BSA 2 mgVml. T h e ' f i r s t 2.5 ml of el uat,&'v;as;° , ,' 

d iscarded and the next 3.5 ml was c o l l e c t e d and- d ia lysed 

125* ' ' / 
e x tens i ve l y against 0.01uM°PBS. I-BSA prepared had a 

. . ' > • ' 

s p e c i f i c a c t i v i t y .of - 7 7 . 3 8 yCi/m>g*Of BSA. 
i s > 

Ant ibody a c t i v i t y before b ind ing to l iposomes: '» 
o 

The antigen-binding cap'acity of the. anti-BSA IgG was 

125 ' ' • - * 
determined using I-BSA as ̂ antigen by a method based on 

/* .- - • • 
Far-r assay (Hudson and Hay l1980)". An a l i q u o t ("5 yl "or so) 

125 
of stock, I-BSA was d i l u t e d w i t h co ld -BSA s o l u t i o n (4 

mg/ml in 0.1 M PBS) so tha t 400 yg of BSA ( i . e . 100 y l ) had 

an a c t i v i t y of ~50000 cpm. Varying amounts 'of anti-BSA IgG 

(from -25 to -250 yg) were placed in each of the p l a s t i c 

t e s t tubes and t o t a l volume in each tube-was made up to 
o v 

40 VI with 0.1 M PBS. In order to determine non-specific 

adherence of BSA to the tubes, only 0.1 M PBS (40 yl) was 

added to two of the tubes. To each tube was then added' 

100 yl jif-^25)l-BSA (i.e.- 400 yg and 50000'cpm) and the 

tubesTwere incubated at 37°c for 2 hr in a continuous- ' 

shaker\ Tills was followed by incubation in the refrigerator 
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(4°c) for an additional 2 hrs with* occasional shaking. At 

„ the and of the incubation period,, 350 pi of 0.1 fl PBS and 

500 yl of saturated ammonium sulfate solution were added to 

each tube and mixed rapidly. After allowing the tubes to 

. stand for 30 min, they were centrifuged at 7000 rpm for 20 
, -a ^ 

min. Supernatant was discarded. Precipitate was washed 
• v -

twice'with 50% saturated ammonium sulfate' solution by 

centrifugation. "After removing the final wash supernatant 

Vhe'gprecipitate was counted in a gamma counter. To 
125 ' 

determine non-specific binding of I-BSA to normal 
° IL-i. * - ' 

. rabbit IgG" (NRG), the experiment was repeated for various 
a 

concentrations,of NRG*similar to anti-BSA IgG. Amount of 

BSA bound to IgG was calculated and a calibration curve was 

plotted. ; The antigen binding capacity of anti-BSA IgG, 

.before coupling to liposomes was determined from this 

calibration curve. ' ° 
! " ' ' 

Antibody activity after binding to liposomes: 

For determining the antigen-binding capacity of the 

' IgG linked to liposomes, an aliquot of lipo&ome-anti-BSA IgG 

containing- 314 yg of IgG was incubated with an excess's of 

125I-BSA(400 ugs. 55000 'cpm) for 2^r at 37°C with 

j. continuous shaking. This was followed by incubation at 
c -

," 4°C for an add i t iona l 2 hr . Liposome-anti body-antigen 
> ' . ° - .' 

complex was then sedimented by-centrifugation at 22000 x" g 

for 30 min. The pellet was washed twice with 0.1 M PBS. 

The amount of BSA" bound to liposomes was calculated by ', 
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' 125 
determining the - I associated with the pellet. In 

*• i ' 1 or 

control experiments the non-specific binding-of I-BSA 

to normal rabbit IgG-1iposomes was determined. Values for 

specific binding to anti-BSA IgG were corrected by 

subtracting the amounts of radif^jfctivity that bound 

non-specifically. 

Leakage of drug during coupling procedure: 

This was investigated'by linking IgG to liposomes 

containing methotrexate in them. These liposomes were 

prepared similar to 'empty'- liposomas by REV method as 

described already, except that a 20 mM solution of MTX in 

0.5% NaHCO, was used for entrapment. Crude liposomes 

obtained were washed twice with 0.5% NaHCOg by 

centrifugation at 22000 x g for 25 min. The washed pellet, 

uhich consisted of MTX liposomes free from unentrapped MTX. 

was finally dispersed in a volume of 0.5% MaHCO.,. The 

leakage of entrapped MTX during antibody-liposome coupling 

was calculated as the difference between liposomal MTX 

content (determined spectrophotometrically at 303 nm in 

methanol) before and after attachment of thiolated normal 

rabbit IgG to the liposomes. 

Studies of antibody mediated binding of positive MTX 

liposomes \$ melanoma cells: 

Membrane Immunofluorescence assay of PDP-anti-melanoma 

g l o b u l i n : 
To see whether there was any change in the antibody 
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titer on thiolation, membrane immunof 1 uorescence .was 

performed on viable fhi melanoma cells. A cell suspension 

containing 10 cells/ml was prepared in 0.01 M PBS using 

freshly harvested cells. A series of'dilutions (2 mg, 

200 yg^ 10$ pg, 50 yg, 25 yg/ml) of thiolated and non-

thiolat'ed anti-mel anoma globulin and normal rabbit globulin 

(negative control) .were prepared in 0.01 M PBS containing 

0.1% BSA. Fifty yl of cell suspension was placed in each of 

the,several polypropylene micro test tubes of size 400 Pi. 

Diluted antibody sampl-e, «50 yl, was added tg each tube asjd 

mixed well.' Tubes,were incubated at 4°C for 30 min. 

After the incubation was over, cells were washed three times 

R 

wi th cold 0.01 M PBS by c e n t r i f u g a t i o n in Beckman 152 

microtHjge fo r 2 min. Goat a n t i - r a b b i t g l o b u l i n (GARG) -

f luores/ce in i so th iocyana te (FITC) conjugate (cone. 1:10),« 

20 yl wav§ added to the washed c e l l s in each tube and 
_ G: 

reincubated afA 4 for 30 min. Following this cells were 

again washe)d three times with 0.Q1M PBS by centrifugation as 

before. Cells were then suspended in a drop of glycerol 

(i.e. 90% glycerol in tris buffer). A droplet of the cell 

suspension was mounted on glass*slide for observation by 
/ 

fluorescence microscopy. ' 
>̂3 

Preparation of H-Ml-X liposomes and antibody con jug-atiOn: 
H-MTX containing liposomes were prepared by REV 

method using the formulation DPPC:CH0L:SA:PDP-SA:0.4:0.4: 
\ * •* 

0.1:0.1. The solution used for entrapment H-ld a MTX cone. 
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of 250 yg/ml. and a radioactivity of -5.736 y-Ci/ml. Anti-

melanoma globulin and NRG were conjugated to liposomes by 

Barbet jet jth (1981) method. Final liposome preparation 

consisted of 58 yg/ml of MTX, 2 mg/ml of antibody and 

1.545 yCi/ml of radioactivity. > i-< 

Antibody mediated binding of positive MTX liposomes by 

melanoma cells: 

Antibody mediated binding ,of MTX liposomes by melanoma 

cells was assessed qualitatively and quantitatively by 

immunofluorescence and radiotracer method respectively. ' 

Immunofluorescence technique: 

Membrane immunofluorescence straining technique used 

for assessing the titer of the antibody was adapted here. A 

series of dilutions (containing antfbody cone. 2 mg, 200 yg, 

100 yg, 50 yg, 25 yg/ml) of MTX. liposomes be-aring 

anti-melanoma globulin, NRG or no antibody were prepared in 

0.01 M PBS containing 0.1% BSA.' Melanoma cells were treated 

with these samples following by GARG-FITC conjugate and 

processed^as described under membrane immunofluorescence 

a-ssay. 

Radiotracer method: 
\ 

4-

t Single cell suspension of melanoma Mp, cells of 

concentration -0.5 x 10 cells/ml was prepared in RPMI 

1540 medium containing 10% FBS and antibiotics. These cells 

were plated in tissue culture dishes-(50 x 15 mm) at a 

concentration of ~>3t x 10
6 cells per dish and allowed to 
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grow in the incubator at 37°c. At 72 hr, floating cells 

in each dish were discarded and cells adhering to the dish 

were washed gently three times with*^3 ml of cold 0.01 M PBS. 

Cells were then incubated with 50 yl of H-MTX liposomes 

with or without conjugated antibody in 1.5 ml of RPMI 1640 

medium containing no FBS, for various times at different 

temperatures. The final concentration of various components 

in the incubation mixture were as follows: MTX, 1.9-2.0 

pg/ml (4.20-4„45yM); antibody, 54-59 yg/ml; radioactivity 

-158860 dpm/1.5 ml. At the end of the incubation period, 

unbound liposomes were discarded by, decantation and adhering 

cells were washed gently, five times with 2-3 ml of 0.01 M 

PBS. The cells were then detached with 1.5 ml of EDTA 

solution. Detached cells' (1.5 ml) along with the EDTA 

washings of the plate (1.5 rfil) were layered gently on 10 ml 

of 10% Ficol (with 5 mM EDTA) placed in a centrifuge tube. 

Tubes were centrifuged in IEC clinical centrifuge at maximum 

speed for 10 min. Cell pellet was washed with 6 ml of 0.01 

M PBS by centrifugation for 10 min. Cell pellet was then 

dissolved in 1 ml of 0.5% buffered sodium dodecyl sulfate 

solution (see appendix), to determine the cell associated 

radioactivity, an aliquot (0.5 ml) was added to 15 ml of 

Biofluor and counted in the°1iquid scintillation counter. 

Protein estimation i-/as done by the method of Lowry et 

al. (1951) using 100 V\ aliquots of lysate. 
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In vitro studies against Caki cells: 

Human renal carcinoma (Caki) cells were grown in 250 

3 x; 

cm polystyrene flasks in McCoy's medium supplemented wfth', 

15% fetal"bovine serum and antibiotics (200 u penicillin, 

200 yg streptomyci n* per ml). Ce-lls were harvested from log 

phase growth. Cells were suspended by a 3-5 min incubation 

with 0.25% trypsin in Ca- and-Mg-free bal anced' sal t- solution 

(BSS) at 37°C, followed by gentle pipetting. Cell 

viability was monitored by trypan blue exclusion 'test. 
5 

Approximately 10 cells in 2 ml were seeded into each 35 

mm plastic petri dish. After allowing the cells to grow for 

24 hours, the medium'was carefully removed. Two ml of fresh 

medium containing either liposome entrapped methotrexate, 

non-entrapped methotrexate or empty liposomes was added to 

each petri dish. In the first type of the cytostatic 

studies (i.e. in case of non-entrapped MTX and a control) 

these plates were allowed to incubate for 4 days at 37° in 

humidified atmosphere of 5% COp/95% air. On day 4, the 

final cell density in each of the petri plates was 

determined with a coulter counter. In the second type of 

cytostatic studies (i.e. the liposomal MTX, empty,,,! iposomes 

and a 'control) the medium in the plates was removed. The 

new medium containing the drug was added to each petri dish. 

This procedure was repeated every 24 hours for 3 

consecutive days. 24 hours after the last change of. medium,-

the final cell density was determined. Percent inhibition 
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of growth was calculated by compaf/fng the growth of treated 

cells to that of the untreated cell population. Growth 
•() 

curve for Caki cells was determined by counting cehl growth 

<i' o * 
at different time intervals for up to 5 days. „ 

In vitro studies against ELA lymphoma cells: 
n • w » , 

• '>. 

Growth curve for EL; lymphoma cells: 
* '3 

EL, lymphoma (EL.) cells were grown #n 200 cm 
Q 

glass bottles in RPMI 1640 medium (18 ml) supplemented with. 

10% fetal bovine ser'mp (FBS) and anti biotics \{200 u 

penicillin, 200 yg streptomycin per ml). Cells were 
a 

harvested from log p'hase growth (after approximately fTTays 

of growth). Cells were centrifuged at 1500 rpm (200 x g) 

for 6 min at 21°C to remove medium and then washed in PBS 
i — 

(50 ml) by centrifugation. After taking the initial count 

using hemoeytometer9 cell concentration was adjusted io 2 x 

10 cells/ml with the medium? This was used as stock .cell 

suspension. Cell viability was checked by trypan blue 

exclusion test. Cell suspensions of desired strength were 

prepared from stock cell suspension. Two ml of cell 

suspension in the_ medium was>placed in 35 mm'petri dishes at 
» A 

two"different initial cell densities of 5 x 10 cells/ml 

5 • '- ? 

and 1 x' 10 c e l l s / m l . The p e t r i p l a t e s were incubaWd at 
37°C in' humidified atmosphere of 5% C02/95% air. Celt 

» *-
counts per plate was obtained using a coulter counter at 

r 

settings of threshold 5, amplification 1 and aperture 

current 16. For counting, the cell suspension was diluted 
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to ' the 20 ml mark in the coulter cup. Counts were made-of 3 

or 4 repl icate. pi a tes . Ceils were counted every 24 horn 

to 4 da*ys. Growth curve was obtained by plott ing the^uifoer \ L 

of cel is ag*rmst 'time in hours'. N 

Atteiffpts to quan\titatXTh*e^q.umber of ce l l s fn pr/̂ senĵ e-Ajf 

1iposomes: • " £ 

Use of centrifugation to .selectively s e t t l e c e l l s : 

• Samples containing EL- cel ls and liposomes were 

centrifuged at 1600 rpm (200 x g) for 10 min at 21°C. 

Cell counts were made of the pel let and supernatant 

fractions ,using a coulter counter. 
- % 

Use of Fluorescence Activated Cell Sorter (FACS):' 

Samples containing cells and liposomes were^treated . 

with acridine orange as in scheme I in order to stain the 

cells. "Samples were then analysed using the cell sorter. 

Fluorescence distribution of cells and scatter distribution 

of 1iposome ,and/or eel Is were obtained. 

Use1 of Triton, X-100, sodium dodecyl sulfate, methanol and 

ether: ' 

EL. cell suspension of strength approximately 

100,000 cells/ml"was prepared. Different dilutions (i.e. 

1:50, 1:500, 1:5000) of neutral MTX liposomes in medium, 

were prepared as would be encountered in actual in vitro 

studies. , To 1 ml of cell suspension 100 yl of liposomes 

wer^added a'nd these samples were then incubated with 

different concentrations of triton-X-100, sodium 
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dodecyr sulfate, methanol and ether for 30 minutes at room 

temperature. Counts were taken in the coulter counter 

before and after incub-ation with-these/reagents. Cells 

alone and liposomes alone were also treated in the similar 

manner and counts taken. 

s 
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i Scheme I 
o ' 4 

Fluorescence staining of EL/ celjs using Acridine orange: 

k 
Prepare sample so that concentration is 1-2 x 10 cell/ml 

Take 0.2 ml of cells' 

• v A 

"Add 0.5 ml of solution A*. 

incubate for 45 sec on ice 

Add 1,2 ml of Acridine orange in solution B* 

t \ 

v 

(Final concentration of Acridine orange with cell: '30 

yg/ml). 

v 
Observe under the fluorescnece microscope or analyse in FACS 

\ 

Solut ion A*: , 

0.01% t r i t o n - X - 1 0 0 

0.08 N HCL pH 2.2 

0.15 N NaCl 

So lu t ion B*: 

63.5 ml of 0.2 M Na2HP04 

36.5 ml of 0.1 M c i t r i c acid pH 6.0 

0.0372 g of sodium EDTA (1 mM) -

/ 

*Acridine orange is made up\ in distilled water at 1 mg/m\. / 
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Effect of MTX liposomes against EL« cells in vitro: 

(Fig. 11) 

EL„ lymphoma cells were grown in"RPMI 1540 medium 

with 10% FBS and antibiotics. Cells were harvested from log 

phase growth. For in vitro studies (cytostatic studie's) 

cells were seeded by dilution into 35 mm' culture plates, 2 

ml/plate at approximately 50000 cells/ml and incubated at 

37°C in humidified atmosphere of 5% C02/95% air. Aftef 

24 hours, (cell counts were mgde of the number of cells per 

ifferent dilutions of liposomes ('empty1 or 

containing MTX) were made with medium and added to each 

plate and! incubated as-above. Three days later plates from" 

culture were counted. In case %f liposome treated samples, 

counts were made before and after treatment with . 

triton-XMOO. Each count consisted of at least three 

replicatJes. Growth inhibition was calculated by comparing 

the grovlth in treated samples to that of control«, 

p l a t e . Di 

In viferb studies against human melanoma ^21- eel Is: 

'Growtli curve for human melanoma cells 
r 
Melanoma (M„i) cells were grown in 200 cc 

prescription bottles as monolayer "cultures in RPMI 1640 
t ' / 

medium (18 ml) supplemented with 10% FBS and antibiotics. 

Cells were harvested from log phase growth (i.e. after about 

4 days of growth). Cells were suspended by a 5-8 min 

incubation with ~5 ml of EDTA solution (see appendix 1) at 

37°C, following by gentle tapping of the bottle. The EDTA 
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.iLYMPHOMA 
V^£tolU»taAaj' 

. RPM11640 MED. 
:j. + 10/= FBS 

+ ANTIBIOTIC? 

soooo CELLS/ML 

NCUBATE ATs?>/-cb2-

•• AFTER 24 HR : : . ' ' " 

'X PREPN. 

COUNT CELLS AFTER 96 HR 

*$ 

Figure Ih Anticancer evaluation of methotrexate (MTX) 

containing,liposomes in vitro. 
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faction was stopped by* adding some spent medium (5 ml) and/or 

by dilution with OlOl M PBS to a volume of 50 m.l . Cells 

were pelleted and then washed with 50' ml of 0,01 M PBS by 
* - ' p 

centrifugation. Cells were then suspended'in t-he culture 
*" a *"" 

medium at a concentration of about 2' x 10 eel Is/ml. to 
*» - . d H 

obtain a stock suspension. The" viability of the cells was 

checked by trypan b\ue exclusion test^„ An,aliquot of stock-

cell suspension was suitably 'ilil uted to-obtain a cell ' , • 

suspension of strength 5Q000 cell's/ml. Jwo ml of cell -
• 3 i « 

suspension (i.e. 100,000 ^ells) was plated in 35 x 10 .mm ' 
» - ' > 

ti.ssue culture dish and cells were allowed to grow at * 
- • • • , * -

3<7°C. At the end o-f* i n cuba t i on , f l o a t i n g c e l l s in the 

d ish wereVdi yarded-.by decan ta t i on . Cel ls s t i c k i n g to the 

surface of the dish were, released by i n d i c a t i o n w i th EDTA 

so lu t /on (1 ml) at 37°C and counted^in the cou l t e r 
ft "* ^ 

counteW Cells were counted every 24 hr up to 5 days. .The" 

growth cuVye was constructed by plotting the number of cells, 

against tiirite of growth- in hr. 

Effect of MT\1 iposomes on human melanoma cells in vitro: 

• To see the efTg^t=\of MTX liposomes on the growth of 

melanoma cells, 100,000 ceJls, i.e. 2 ml in each tissue 

culture^ dish'were jncubated at'37 C/^At 24 hr, drug 

preparations (vol. 100 yl) were added to\ach dish at 

different concentrations and the 1ncubatioW\was continqed. 

At 96 hr, incubation was-stopped and the. flo/ti ngHcefls and 

1iposomes iru each plate were discarded by decantatioh. 
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Cells adheising to the dish were released by ED IA treatment 

and counted in the coulter counter. The inhibition of 

growth v/.as calculated by comparing thfe cell, growth in drug 

treated plate to tha.t in untreated plate. **• - • 

In vivo studies (Fig. 12): 

.rfEL^ ascites tumor inhibitor! V/as tested, in 12-17 

weeks old, female C 57 BL/60 mice weighing about 20 g or 

more. E»ach mouse" was inoculated (day 0) with 1 x 10 •• 

EL» lymphoma cells washed twice in PBS after aspiration 

from the peritoneal (cavity of mouse bearing a^7 d^y old 

tumor (passaged by weekly i.p. injecti'ons of 1 x 10 . .-

cells). On days 1 $, 4 and 7 the various groups of mice w-ere* 
* ' * 

given I.P. injections of approximately 0.5 ml of MTX alone, o 

'empty' liposomes alone, physical mixture-of MTX and 'empty' 

liposomes, or MTX liposomes. Each mouse was weighed on the 

days of injection; the doses of'drugs were calculated on a 

body weight basis and the survival time was noted. Weights 

o,f mice were recorded twice weekly for 50 days and once 
Of 

• weekly later on. During treatment mice were maintained on 

alkaline water to avoid possible renal * toxicity. Whenever 
'j, "3* 

there was doubt as to the cause of death being tumor°or not), 

a gross autopsy was done and tissue's (liv'er, spleen, kidney, 

'lung, femur, heart and thymus)"were fixed in 10% buffered 

formalin phosphate ('neutral') and sent for processing and 

staining with hematoxylin' and "eosin for examination by "light 
microscopy. - " 

y 



Figure 12. Anticancer evaluation'of methotrexate (MTX) 

containing liposomes in vivo. 
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SECTION 2: SUV LIPOSOMES 

Preparation of positively charged SUV liposomes 
— i — — — — — — — — ^ — — — — — — — — • — • — — — -

containing MTX: 

Small unilamellar liposomes with a positive surface 

charge wer,e prepared using the lipid formula: DPPC^CHvQL^SA, 

(0.5:0.4:0.1).' "First, the MLVs were prepared as follows. 

DPPC 40 mg', CHOL 16.85 mg' and SA 2.94 mg were dissolved in 

chloroform-methanol (2:1) and solvents were evaporated, in a 
- a 

pe,ar shaped flask, using a rotary vacuum evaporator to 

obtain a thin film. \ The film was then dispersed with 10 ml 
3 * ~- ' t. 

.of H-MTX'sol ution (10 yCi) by shaking in a water bat4i at 

50-55°C for 30 min. The resulting MLVs" were sonicated in 
* p , 

i ' 

*5 ml portions in a' test tube (16 x 100 mm). The sonication 

was carried out using a probe-type sonicator (sonie 

dismembrator) tat aa setting-^of 50 in pulses lasting 20 sec in 

40 sec periods for,30'min. The large liposomes and probe 

fragment^ were removed by centrifugation at 22,000 x g for 

20 min. Only the upper 4 ml of the total 5 ml suspension 

was collected. "The unencapsulated MTX was removed by 

exhaustive dialysis against 0.5% NaHCO,. 

Gel filtration chromatography to separate unencapsulated 

MTX:/ 

The gel filtVati-on chromatography through Sephadex 

G-25 prepacked column was -tried for the separation of 

liposomes from yn.entrapped MTX. Prior to the . 

chromatography,.2.5 ml of, empty SUV were passed through the 
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col limn to avoid any nonspecific adsorption (Machy and 

.Leserman 19,83). A 1 ml sample of the liposome preparation 

was \oaded on the column and elu'ted with 0.5% NaHCO^. 

Fractions' of 1 ml size were collected.* An aliquot of each 
R 3 

fraction was counted in Biofluor for H-radioactivity. 
p 

The fractions containing liposomes were pooled. 

These liposomes as well as liposomes purified by 

dialysis were rechromatographed to determine the extent of 

contamination by free drug in each -sample. 

Covalent coupling of IgG to liposomes: 

Liposomes: _ 

For coup!ing'antibodies, SUV liposomes were prepared 

with PDP-SA using the, formula: DPPC: CHOL: SA: PDP-SA: 0.5': 

0.3: 0.1: 0.1. 
0 

Coupl ing^ reaction: 

PDP-IgG was 'prepared as described earlier. PDP-IgG 

was linked to SUV liposomes by the method of Barbet et 

al. (1981) essentially similar to the method described for 

REV liposomes. However, initially different quantities of 

antibody and lipid were tried for the reaction. The 

thiolated IgG and SUV were stirred together overnight at 

"room temperature and pH 8. 

Separation of antibody coated SUV from unbound antibody: 

Attempts using,Sephacryl S-400 and Sepharose 4B gels: -
" T ' -

Sephacryl S-400' superfine (1.3 x 17.5 cm,'Be'd volume = 
14.2 ml) and Sepharose 4B (1.3 x 17 cm, Bed volume = '13,, 9 

file:///oaded


140 

ml) columns were packed*,, 'dH-MTX SUV, IgG and reaction 

mixture.of SUV and thiolated IgG were gel filtered through 

these columns to see whether antibody coated liposomes could 

be separated from unbound antibody.* Prior «to the 

chromatography, 2 ml of empty SUV and 2 ml of fetal calf 

serum were passed through the coYumn to avoid nonspecific 

adsorption during chromatography. In each case volume-of 

the loaded sample was 0.5 ml. IgG fractions were followed 

by ODpof-,.-- Liposome fractions were monitored by 
3 

determin ing the H - r a d i o a c t i v i t y in the sample a l i q u o t s . " 

F ' i c o l l - f l o a t a t i o n ce 'n t r i f uga t i on : , v ' 

This technique as descr ibed by Shen et a]_. (1982) 

was used to separate the ant ibody coated liposomes from 

unbound an t ibody . Two ml of, the liposome ant ibody reac t ion 

mixture^ ' ias mixed w i th 2. ml of F i c o l l so lu t i on (25% in 0.5% 
^ *-
NaHCOg) -in a transparent 13.5 ml cellulose.nitrate tube 
(16 x 76 mm). Four ml of 10% Ficoll in 0.5%/NaHC0o was 

/ 3 . -
then o-verlaid, follow-ed by l-m,l.of 0.5% NaHCOo. The tube 

was centrifuged at 3000 rpm for 30 m p in an IEC low speed 

centrifuge. The liposomes floated to the interphase between 

0.5% NaHC03 and 10% Ficoll or between 1Q% Ficoll and 12.5% 
r 

Ficoll depending on the amount of protein associated. The 
-| . ° 

liposome, band was collected by puncturing the tube. Protein 

concentration in liposomes was estimated by BioRad method 

which is based on dye binding (Bradford 1976). Lowry et 
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al. (1951) method could- not be used because of the 

interference- by Ficoll. ' • w. 

Liposome binding studies with human melanoma cells: 

Preparation of antibody linked liposomes: 

' ' • 3 

HrMTX SUV were prepared by sonication as described 

earlier using DPPC 80 mg, CHOL 25.3 i&g, SA 5.87 mg and °tt 

PDP-SA 10.. 15 m g / Twenty ml of. 3H-MTX solution (.200 PC i) 

was used for encapsulation. The unentrapped MTX was removed 

by exhaustive dialysis. 
. • °-

3 

The H-MTX SUV obtained as above were reacted with 

thiolated antibody (,~10 mg antibody for* 2 ml SUV), in a 

volume ratio of 2:1, overnight. -The antibody coated 

liposomes were separated from unbound antibody by, Ficoll 

floatation centrifugation. The protein concentration and 
3 
H-radioactivity were determined.- The'liposome 

preparation used in the binding stud-y comprised 0.45 PCi/ml 
3 

of H-radioactiVity and 1.75-3.7 mg/ml of protein. The 

concentration of' MTX in these liposomes was negligible. 

Binding stud^s: 

These studies were carried^out similar to those J 

described for REV liposomes. Melanoma cells were incubated" 

with 50 yl .of antibody coated or plain H-MTX SUV at 

37°C for 2 hr. At.the end of the incubation period, cells 

were'separated by centrifugation 'using 10% Ficoll .(with 5 mM 

EDTA) in 0.01 M PBS. The was herd cell pellet was solubilised 

in 1 ml of 0.5% buffered SDS solution. To determine the 



cell associated radioactivity an aliquot (0.5 ml) was added 

R to 10 ml of Biofluor and counted, in a liquid 

scintillation counter. The projtein concentration was 

determined by the method of Lowry et sA_, (1951) using 

100* yl aliquots of lysate. 
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RESULTS AND DISCUSSION 

STUDIES WITH°TRlAMCINOLONE ACETONIDE 

Attempts to improve liposomal encapsulation of TRMA 

" The problem .that most of the TRMA was not getting 

encapsulated, was realized when a systematic study of TRMA 
\ 

1 i posomal preparations, was undertaken. Results are shown in 

Talfle 5.- Thie lack of liposomal encapsulation of TRMA can.be, 

assessed-by determining the nature and the amount of 

crystals in the liposomal preparation. The presence of 

^radioactivity in the non-1iposomal fraction and the presence 

of a considerable amount of crystals in a liposomal 

preparation was an indication of poor encapsulation of TRMA 

since most of the crystals are'too large to be within the -

lipid v&sicles. ^ -

The percent radioactivity found in the supernatant . 

after filtration'(through polycarbonate filter 8 m or 

12 m) and centrifugation (at 22000 x g) also indicates the 

amount of TRMA which is not associated with liposomes. The 

higher the^ percentage of radioactivity remaining on the 

filter and present in the supernatant the lower the amount "*j 

of TRMA encapsulated in the liposomes. • The-filtration * 

should remo.ve all crystals, the centrifugatijOn separates the 
& ' * 

liposomal fraction fro'm any drug in solution. 

http://can.be


Table 5 
Results of the study of different methods and/or formulations 

of liposomal preparation with TRMA 

Method and/or Formulatiol?3 Observation Comments 

DPPC: CHOL; SA 
1 1 0 .2 

2 . DPPC: CHOL: TRMA 
1 0.7 0 .3 

3. DPPC: CHOL: TRMA: SA 
0.7 0.5 0.5 0.4 

4-. DPPC: CHOL: TRMA: SA 
1 0.5 0.5 0.2 

After- filtration pf'liposomal' 
preparation through 12 vm -
polycarbonate ^ I t e r 

After filtration through 
sintered glass filter, 
(medium pore size) 

liposomes, no crystals 

liposomes and considerable 
amount of crystals 

liposomes and considerable 
amount of crystals 

liposomes and considerable „ 
amount of crystals . 

liposomes and very few crystals, 
loss of radioactivity of about 74% 
(of radioactivity before filtration) 

liposomes, hardly any crystals 
loss of radioactivity 66% 

Hence the crystals seen in TRMA 
liposomes are not due to these 
ingredients 

All the TRMA is not going into 
the liposomes. 

'* 
All the TRMA is not going into 
the liposomes. 

All the TRMA is not going into 
the liposomes. 

Filtration through 12 um poly
carbonate filter removes majority 
of the crystals. r> 

Loss of radioactivity could be due 
to-the retention of TRMA crystals 
by the filter and some liposomes 
adsorbed to the filter 

Filtration through sintered glass 
filter (M) effectively removes all 
the crystals, but there is also a 
possibility of more loss of liposomes 

a: Unless otherwise mentioned the method of preparation of liposomes is Mechanical shaking with 8 mM 
aqueous Cad- solution after rotary vacuum evaporation. * 

t - ' 
Strength is approximately 0.1% w/v TRWA. 

en 

t 



Method and/or Formulation a 
Table 5 (continued) 

Observation Comments 

DPPC: CHOL: TRMA: SA 
1 0.5 0.5 " 0.2 

Swelling l i q u i d : 8 mM CaClj 
solut ion containing 5-10% v/v 
alcohol 

After stor ing the preparation 
at room temperature for about 
24= hours 

and^then f i l t e r e d thro 
polycarbonate f i l t e r 

ah 12 um 

centr i fugat ion of f i l t r a t e 
at 16000 rpm (22,000 x g) 

6. DPPC: CHOL: TRMA: SA 
^ 2 0.5 0.6 

7. DPPC: CHOL: TRMA 
5.9 5.9 0.5 

liposomes and considerable amount of 
crystals 

crystals seem to a t ta in bigger size 

no crystals in f i l t r a t e , but 40-70?' 
loss of rad ioac t i v i t y 

,60-908 of rad ioac t i v i t y 
(of f i l t r a t e ) is in the 
supernatant 

liposomes and considerable amount 
of crystals 

bigger liposomes and considerable 
amount; of c r y s t a l s ^ 

Use of 8 n*' CaCK containing 5-10SS 
v/v alcohol helps to remove a l l the 
crystals when f i l t e r e d through 12 y(jj 

•polycarbonate f i l t e r because of 
bigger size of crysta ls 

Possibly due to subnricroscopic 
liposomes and/or f ree dissolved 
TRMA 

Increasing the l i p i d content, as-much 
as 4 times also did not prevent the 
presence of crystals 

Reverse phase evaporation which 
gives large liposomes, which are . 
used fo r encapsulating par t icu la te 
matter l i ke chromosomes, and 
viruses, did not el iminate crysta ls 

en 
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t ' First it was thought that the poor,encapsulation 

observed was duetto improper film thickness, shaking, 

temperature of preparation or other technical variations. 

Having varied and controlled each factor it was found that, 

these factors,, although important in .the preparation of the 

liposomes*-were not the causes for poor encapsulation of 
' » J>. . ' 

TRMA. Optimizing all factors related to the method of 

preparation or to lipid composition jkt was found that only a' 

small amount of TRMA could be encapsulated (Table 5"). j 

Injecting an ethanolic solution of lipidseinto a large ' 
t • f 

ft "*> 0 

• quantity of water is a reported method of preparing^ v ' 

liposomes (ICremer et al_. 1977).. Final concentration of 

alcohol in such a liposomal preparation was '5-10% v/v.* "This 

concentration of- alcohol was tolerated or was removed by-

dialysis. An idea was conceived that this concentration1 of" 
• C 

alcohol 5 if present in Q.ur TRMA liposomal preparation., may 
<*. * 

v r 
reduce'crystal fo-rmation -and -hence the filtration step could 
be avoided. Hence9 a 8 mM CaClp 'solution containing 5-10&-

v/v alcohol was used as swelling liquid.' Contrary to our 

assumption, crystals were still observed and they-were much 

bigger compared to those obtai*ned with the aqueous CaCl? 

method .(Table 5 ) . This' indicated* "that a bigger pore size* 

polycarbonate filter could be used to remove "al 1 „crystal s 

<v> 
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and thus provide *i more complete separation of crystals and 
*> . . . 

i 

lipid vesicles. The loss of liposomes due to filtration 

which may occur with polycarbonate filters of lower pore 

size5 is also reduced. , 

The next approach was to alter the lipid to drug 

ratio. It was anticipated that by increasing the 

phospholipid quantity a higher encapsulation of TRMA would 
11 

be possible. Even a four-fold increase *'1n phospholipid 

quantity-failed to prevent the presence of crystals in.the 

liposomal preparation (T,able 5 ) . 

It lias been-^reported that even particulate material 

like chromosomes,, viruses, etc. can be encapsulated in 

liposome-s. For encapsulation of that type, a technique 

called "reverse phase evaporation" has been successfully 

•used (Szoka and Papahadjopoulos 1978). The salient feature 
••- ' 

„of\this technique is that it produces large uni- to 

oligo-lamellar liposomes with high capture.volume. They are 

big enough to encapsulate particulate mafteV Ifke the ones 

mentioned above. It was thought that it/would be possible 

ato improve the encapsulation of TRMA if/the very fine* 

microcrystals of TRMA could be encapsulated in these big 

liposomes. The reverse phase evaporation, technique' was, 

therefore, tried. Unfortunately, this technique did not 

prove any better than those discussed earlier. t 

I 
I 
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a-sed onxsti Ba-sed orf^the res-ults of al,l these experiments listed 

in Table 5, it.couid be concluded that the TRMA, as such, 

can be encapsulated into liposomes only to" a very limited 

degree. •; •̂  

Sel filtration chromatography ana" dialysis of th.s 
*ff , " ' * ' , 

supernatant 
i . o. - ff\ 

Filtration of the TRMA liposomal preparation5through 8 

'*- . * *' > 

or 12-ym polycarbpnate filter removes the ^crystals.. 

Subsequent centrifugation at 22-000 x g pellets the 

liposomes. Up to about %$% of the radioactivity of thej 

filtered liposomal preparation wa*s found in the supernatant,' 

This, co-uld be^-due to JRMA in solution or to submicroscopic * 

liposomes containing TRMA, which are not sedimentable at 

22000 x g. Ultracentrifugation for one hr at 100,000 x g 

also gavesimilar results. Gel filtration chromatography 

and dialysis were'done'to determine which possibi1ity.was 

correct. 

Gel filtration .chromatography using Sephadex g-50 has 

been used to separate liposomes from the free unencapsulated 

drug (Arakawa et al. 1*975). Dialysis techniques have 

also been used for the same purpose (Parker et al.' 

1981). In the fqrmer technique, liposome associated drug 
H 

will emerge in void volumevwhile free drug remains in the 
retarded volume (Fig. 13). 

I • 
« A'fter overnight di a|ysis of the supernatant the 

initial radioactivity was greatly reduced. The dialysate 



<§ \ 

10 20 30 40 

elution volume Cml) 

Figure 13. Sephadex. G-50 elution profileof supernatant,, 

obtained by centrifugation of filtered 
3 *- » * 
H-triamcinoJone acetonide (TRMA) liposomal 

preparation; \ < 
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anddia lys ing medium had approximately the same / 

rad ioac t i v i t y per unit volume. Had there been liposomes 

containing TRMA in the supernatant, th is equal i ty wciuld not 

"be expected to be reached so eas i ly . ft 

The resul ts of both these studies ( i . e . gel f i l t r a t i o n 

and d ia lys is ) indicate the absence of liposome encapsulated 

TRMA in the supernatant. Hence the rad ioac t i v i t y in the 

supernatant can only bejaccounted for %^ the j f¥ee 

so lub i l i zed drug. 
% /- j 

Attempts to concentrate^pfe liposomal preparation / 

The liposomal preparation Veferred to here, is the one 

obtained after filtration through 8 or 12 urn polycarbonate 

filter. As there weis significant loss of drug in the 

.supernatant by centrifugation, other methods, namely rotary 

vacuum evaporation acid filtration through 0.45 Pm filter-
« ' I 

were tried in o&der.to concentrate the liposomal °° 
*• j ' , "a O " 

preparation. . * . * 

Filtration 

Filtration of the liposomal preparation through a 
** " o. 

. f i l t e r of 0.45] pm pore size would rwt allow liposomes larger 

than 1 yn f to pass through. Only the solvent and mainly the 

sol ub i l i zed,-d^rug would°pass th rough, . 

fhe rad ioac t i v i t y of , the liposomal preparation 

col lected .from above the f i l t e r was almost the same before 
' % \ f 

and after^concentrati®n to half the or ig ina l volume. This 
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implies that this preparation cannot be concentrated any 

further by this method and possibly by ultrafiltration also. 

Vacuum evaporation: „ , 

The liposomal preparation could be reduced to 

one-third the original volume by evaporation. ..Radioactivity. 

per unit .volu'me was three* times higher than the initial 
j •* j 

value. However, the preparation which had no crystals 

before now contained crystals. It is probable that some of 

the TRMA which was in solution crystallized out because of 

the removal of the solvent. 

Hence,,, these methods and also centrifugation rule out 

tire possibility of increasing the concentration of the 

liposomal preparation any further. - ' v ,,., - -

Synthesis of TRMA-21-palmitate 

One of the reasons to prepare and utilize -
i 

TRMA-.21-palmitate was to test the hypothesis that 

encapsulation efficiency can be improved by chemical 
•5-

modification of the drug and that the reason for the low 

degree of encapsulation of TRMA is due to its structure 

rather than inappropriate preparation techniques. 

The idea for the chemical modification of TRMA to 

\TRMA-21-palmitate was derived from a publication by Shaw 

et _al_. (1976). They ha-d failed in their attempt to 

prepare a stable liposomal preparation containiag the 

steroid,".-.Cortisol (Hydrocortisone^). Ofj-emical modif ic0ation-

of Cortisol to 21-octanoate or to 21-pra,imitate markedly 
•f" d 

file:///TRMA-21-palmitate
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leads to lack 

increased the.liposomal retention of this steroid; 

21-palmitate had the maximum retention. A hydrophobic 

"anchor" 1 ike« palmitate or stearate on Cortisol interacts 

'with the lipid -Silayer of the liposome and keeps the "head 

group" of Cortisol attached to liposomes. Lack of a 

sufficiently long, linear hydrophobic "anchor" 

of retention of that compound by the liposomes. Interaction 

of palmitate of corti sol-21-palmitate uith the* lipid bilayer 

was later confirmed" by Fildes and Oliver (1978). 

Synthesis Of drug-phosphatidate compound or 

drug-lecithin compound (Page Thomas and Phillips 1979) is 

another approach used for incorporation of* drug into 

liposomes. , 

I 

,It is possible that TRMA behaves similarly to 

Cortisol, both being steroids, with respect to liposomal 

retention. Conversion of TRMA to TRMA-21-palmitate may 
«. -a 

induce a sinrfTar behavioral change in TRMA. Hence, it was „ 

"deiN'ed to sy-n the size TRMA-21-palmitate, as this compound 

was not available commercially. 

The possibility of loss of pharmacological activity on 

chemical modification has-itot been overlooked here. 

Cortisol palmitate had improved antiinflammatory activity 

compared^ to the absence-'of such an activity with Cortisol 

acetate. ' Moreover, Cortisol-2.1-palmitate was resistant to 

C-21 ester hydrolysis unlike smaller esters like Cortisol 

octanoate ,(Shaw et aj_. 1978). Similar properties may be 
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expected of"TRMA-21-palmitate. Furthermore, certain C-21 

esters of T.RMA have shown s/uperior antiinflammatory effect 

for topical^use compared to TRMA (Diamanti and Bianchi 

1971). 

The method of Shaw, ICnight and Dingle*. (1976) was used 

in the 'first attempt to synthesize TRMA-21-palmitate. It 

was soon determined, by TLC techniques, that the synthesis 

was possible. -The crude product (product I) obtained by 

this method was purified by column chromatography using 

chloroform:methanol (99:1) as eluant. The product (product 

II) obtai.ned was^ expected to be TRMA-21-palmitate,. I 

Surprisingly, it had a wide melting poi.nt range, from 60 to 
\ 

86°C. Palmitic acid has a meltiyi point of 60-63°C. 

This led to the suspicion that the supposedly pure .product 

was not'plire but might have been* contaminated with palmitic 

acid. The necessity arose to find out whether product II 

contained palmitic acid or not. 

Using silica gel TLC sheet containing a fluorescent 

indicator, TRMA and -TRMA-2lTpalmitate could be detected 

under ultraviolet light. This method Could not be used for 

palmitic acid. After trying different reagents, chromic 

acid-sulfuric acid was chosen as the detecting reagent for 

all three. These compounds appear as dark spots on spraying 

the silica gel TLC plate with chromic acid-sulfuric acid and 

heating at 150°c for half an hour in' an oven. Using,the 

chromic and sulfuric acid mixture as the detecting reagent 



155 

and.the suitable solvent system, it was possible to identify 

palmitic acid in-product II. 

Then another TLC procedure followed-by column 

chromatographic procedure was developed for the separation 
f 

of TRMA-21-palmitate from TRMA and pa lmi t i c ac id . All th ree 

components frad d i f f e ren t Rf values of not more than 0.47 

in the solvent system to luene :e thy l a c e t a t e : g l a c i a l a ce t i c 

acid (90:10:1) (Table 6 ) . Hence, this system was chosen for 

column chromatography. 

Percent yield of TRMA-21-palmitate 
o 

The met-hod developed by Shaw, Knight and Dingle gave a 

poor conversion as shown by specific activity. Percent' 

recovery was very low, only 10.6% (fable 7). This could be 

loss due to manipulation. 

Other reaction conditions were tried to improve the A~ 

'conversion and/or recovered yield. It was found that the . 

Diamanti and Bianchi's method using N,N-dimethylformamide ° 

gave a much better yield (se'e Table 7) compared.-to, other 

methods.-. This method was used for farther synthesis of 

TRMA-21-palmitate, both'labelled'.and un^abelled. 

Preparation'and evaluation of TRMA-21-palmitate liposomes: 
° • 

Results of these4studies are summarized in Table 8. 

These results indicate considerable improvement in liposomal 

encapsulation of triamcinolone acetonide as a result of' 

palmitoylation,. In the case of(the triamcinolone acetonide 

liposomal preparation the first major loss oc'cured after,, 

f-i Itration through a 12 um'polycarbonate filter. This 



Table 6 
Development of TLC procedure to s e p a r a t e 
TRMA, TRMA-21-palmitate and p a l m i t i c aci.d 

Solvent system TRMA" 
R.c v a l ue 

TRMA-2Tt ^ P a l m i t i c a c i d 

0.55 

0.05 . 

0.00 

N.D. 

palmi t a t e 

0.87 

0.54 

-0.19 

0.71 

1. Chloroform: Methanol 
95 ' 5 

2 . Chloroform: Methanol 
• * 99 o 1 

3 . Chloroform 

4. Benzene: Dioxane: Glacial 
90 25 Acetic 

Ac id 
— 1 

Mot p o s s i b l e to s e p a r a t e 
from TRMA-21-palmitate 

Mot p o s s i b l e to s e p a r a t e 
from TRMA-21-palmitate 

Not p o s s i b l e to s e p a r a t e 
from TRMA-21-palmitate 

0.83 

5 . T o l u e n e : E t h y l a c e t a t e : G 1 a c i a l 0 . 0 0 9 
A c e t i c 
A c i d 

90 10 1 

0.21 0.47 

N . D . : n o t d o n e , £ 
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Table 7 
Synthesis of. TRMA-21-palmitate 

Method Percent Recovery'^"' 

1. solvent: pyridine: base: Pyridine. 

2. solvent: chloroform: base: 
triethylamine 

10.6" 

15.6 -^ 

3. solvent: dimethylformamide: base: 
pyridine 

70.0 

A 

a: it is possible that these values do not represent the 
.percent conversion. Percent conversion max-be same or 
higher as found with method 1. 

b: Percent conversion calculated on basis of radioactivity 
was 37.7. .#.!'.• 

/ ', 
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Table '8 - |„ 
Comparative data for lipos-omal encapsulation of 

triamcinolone acetonide and triamcinolone . 
acetonide-21-palmitate \ 

Procedure Fraction 
/ *•• 

c 

Concentration, ,m**/22 ml 
Triamcinolone 
acetonide 

Triamcinolone -
acetoJnide-21-
palmitate 

j . Preparation. Crud„e , 
*r ' product 

Filtration 

20 

Filtrate 

o ,» /•*• 

20 

•- }? 
*S I 

• & Centrifugation Supernatant ' 6 •'•„ 
of f i l t r a t e 

. - - , . r Pellet ••**• ' "1 
' ' ( l i poso'mes) " -

si** A 

X ". 

r\ 17« ^ 

/: '••' 

* \ ' 

" \* 

\ ' 

" l * * -
* 

- X 

/• 

' A 

». 

* 
' *.\ 

o . 

• A 

j « . , 

\ ' * \ 
T ^ - , . 
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v 
A 

filtration step is necessary with the liposomal 3 

encapsulation of a lipophilic drug. Since the drug is 

insoluble or very slightly soluble in the aqueous medium, t 

^\ only that portion is encapsulated that is in solution, or in . 

a molecular state, intimately associated with the lipid 

f -bilayers; the remaining portion is in solid form (crystals) 

* which, although it is probably unencapsulate'd, would be 

"present in the liposomal fraction, after centrifugation. The 

loss of 13 mg (i.e. 65$) triamcinolone acetonide bj- the 

filtration process was .due mainly to unencapsulated crystals 

observed in the "crude" preparation. -Such crystals were 

j, ,absent in the filtrate. No1, crystals were'seen even in the 

. * uj^ffl'tered triamcinolone \icetonide-21-palmitate liposomal 

/ 41 -fractiota; consequently only 1 mfC i . e. 5%) wasTo'st by 

', f i l t r a t i o n . This suggests that the palmitate form has a 
* 

. stronger association .with t h e l ip id layers and almost-

^ . .complete encapsulation is achieved. 

/
F~ .*•" The second major loss »in.the caseoof triamcinolone 
"4, o * - • « 

, \ ' ' ' ' . * ' 
: ' ^ acetonide liposomes w'a€ in1 the supernatant after 

- ' . < * • „ n . „" , ' * 
* • • " , / . • * • - * * . - \ »« <centrif ugation of the f i l t r a t e , , Tfiis is due mainly to the 

•drug 'in s'olu.tion but not associated^wi th liposomes. . 
' 9 , ' „ • ' > "3i ~~ 

« ' A . ' •• , . D » 

Evidence for this:was demfrstrated "by gel f i l t r a t i o n * » 

« •''"ii' ciiromatog/rapfty (F»ig 13),. -Thus the 'WeralJ encapsulation of 

- "trfam.-jinolone acetonide, determined win t«ne final purified 
° „» ° » -- ' » . „ _ , -, ,% 0 , 

. "'*liposomal0 f rac t ion, was only 5% whi1'e»t£hat of ffs palmitate 
\. - *•* - . ? = ? , ' - „ '' ., " '-

•derivative could "be- qlose' Jo almost 100&, if one*considers . 
°l : , • / A • *•* ' • . *" » -\% \ . " V 

file:///icetonide-21-palmitate
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the unavoidable loss due to the filtration and 

centrif Ligation procedurres (i.e. adsorption to the, filter and 

glassware). -Another minor but inherent loss- of liposomes 

could be due to the presence of' {small ( <0.5 ym) liposomes 

which are not completely sediraented by% the centrifugation 

force. However, for comparison purposes, both preparations 

wer-e -analysed by the same procedures, and consequently the 

sane cons|derationsj should be applied;. 

A possible reason for increased encapsulation of the # 

palmitate derivative coiila be the .change in the partition 

coefficient'from a rvonf avourable 'one to a favourable one1. 

For lipid soluble compounds' a logarithmic partition 

coefficient (log P) between 1.7'and 4\is unfavourable for * 

liposomal encapsulation (Defr-ise-Quertain ej. a]_. 1980,). 

Triamcinojone acetonide has a log P oij42.53 (Hansch and Leo 

1979). Palmitoylation would increase this to approximately 

.,11 as calcul'ated using subsituent constants (Hansch," and Leo , 

1979'). , - " " ' '* ' 

The mechanism for increased encapsulation could be. 

predicted to be analogous to that of Cortisol -21-*palmitate . "̂  

.(Flldes and Oliver. 1978). The palmitoyl chain -may act *|s a 

"hydrophobic anchor" holding the steroid head gro,up on the 
- " ' ' h ' 

•• surface of the lipid bilayer. 

One of the drawbacks in'1iposomal drug deTivery 

systems is the poor encapsulation of a drug in the ' - » liposomes. , That chemical'-modif i.cation' is likely'to be'a 
1 ° *~y^ 

• <- . ' - I 
'V 
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• ' ] • , ' . - • ' . . . ' . ( . 
powerful approach to overcome such an obstacle is evident by 

this (Soundalkar and. Mezei 1984) and another (Shaw et_ .* 

al. 1976) investigation. * - \ 

*$*-

^ r ' . . / - i - . . 
*y 
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'STUDIES WITH METHOTREXATE' 

-l , - S E C T J O N V R&f LIPOSOMES* 

Formulation and'preparation of MTX liposomes 

, ' After reviewing 'different publications related to MTX 

liposomes"*-^ sui table formula was designed for the 

preparation of MTX liposomes/ DPPC, one of the most stable 

arad un-iforiii phosphol ip ids , /jas chosen in-place of the most 

fraquent-ly used egg or 'vegetable 'phosphatidyl cholina (EPC 

or .WC). It ".isp imperatfve'tthat liposome's leak a s ^ l i t t l e as 
a ' ' 

possible when ancapsylating water soluble types of drugs 
; ' ; "'. \ - «' 

; like MTX.- Since cholesterol confers this property to 
/' '' ! ' 

liposomes*, it was/included in the formula! Charged lipids » .. 

were use-d 'in the- concentration- of 10 molew to impart Jesired 

surface charge to- liposomes. Other components .were included 

in the formulation^ with .some specif ic p'uinpose In.mind as 

^•menti'on.ed in appropriate places.. 
tf * * * . * • , • 

•. " ~ . 

•< there* are many different methocls of^preparing ^ "-, 
liposomes. A comparison „of these-methods *in the, l i t e r a t u r e ' 

» , ° *• ^ , u 
v. . - " . • , > ' » „ - . " . . , 

reveals that r\e'vers\e&phase Evaporation JREV') method is-one 
- * • * • = » « . . • „ „ . . * , . • v „ - v • • . « 

of the.be£t°'>hethod0s -for--encapsulation '-of .•wate>; sol uble-Jypes. n 
"1 • - / " - - " .- : " 

; of drugs.V. feEV method was-, therefore used to *e-neap>«"ulate 
- •>"" • . ' v j . • % o-^o ,y' - . ^ • » ,. - * 4 , 

MTX intio tfae"̂  ^*ip;*^sqmes.'', ' *'->*> °^> " - , 
"'•J s - * v ^ ^ " v •? /> • , . •> •" '* ' , \ i . 

..^,,-*-„ MJX' vs -pr^G^-ica! 1,y insoluble -"in, water,...alcohol, -, 
?=. • -- '. v- x . '* --» * '- - ' ^ » 

?-chlojr-oform arid'etheV-1: > -However, i t „is freely, so<l ubl'e •'in* 
v : ' - v . - : ' v „i"" -.V .. ' ' « • „ , < • % - . •• . • 

• d i lu te solutions*.qf alkal„i foydroxTdes; and.carbonates. 
i ,•* " \ • -• ^ *° • ' " ** 

.» - • ! •« -

.* ' .',/-
< B ^ 
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Sodium 'bicarbonate sol ution'p.5% (pH-0) was hen-ce used to i 

, prepare MTX .sol'ut.ion ,needed, for liposomal encapsulation*.' 

Use of DPPC-in place of egg or vegetable phosphatidyl „ 
•' *- ' .' \ ' . * ., , *: 

choline introduces'certain changes in the re-gula^ R'EV 

method. Mixture of chloroform and**%the?r is necessary to 
•• \ 

.dissolve DPPC completely while ether alone is sufflcle-nt in 

case of EEC or VPC. .Shaking trie aqueous dispersion at 

55 X is needed for DPPGi(Vi posomes becayse of the higher 

transition temperature of the lipid. A defi/iite ratio of 
lipids, organic- phases and aqueous phase, as us'ed in tire 
* " > . *• ' f ' 

procedure is needed to" ensure maximum capture'Ovblurae'(Szoka 
" L . . ' - . ». * 

' - F • 
"et-aV, 1S78), consequently maximum encapsulation of KTX. 

«' •—' "J*~ % u *" . 

• Separation- of free MTX from liposomal MT.X: 
__ _ r _ _ 7 _ _ . — , — ; " — 7 - ' > — v> • , D 

'Gel filtration chromatography (using Sepljadex G-50) is 

> invariably-' used for ̂ quantitative separation" of 

unen-dapsiilated drug from' liposome encapsulated drug. - - * 

Centrifu'gation -methods for tjiis purpose may not b'& as " 

quantitative as gel filtration, chromatography. However., 
: / ^ * ' , , 4 

.because- of diUition and the time consuming na'ture of the-
latter, centrifugation was used for' routine separation of 

* ' 1 • ' ' , •' 
..free'MTX.. ' „ ' .' ' 

. * , ' r '• 

Determipa'tion of MTX in •"! iposomes. 
_ ^ _ _ ^ . — ^ _ , . „ _ - ^ , _ , . . • 

" .*• ^ -ri MJX has'an absorption maxtmutifv̂ at 370 .nnuand at SOS* nm.-

"• Determination of MTX 4n"lipo,somes""wa's therefore at'tempted. 

' . •by d'ire„ct; rea-djng of suitable -dtlufib'n of .MTX tiposomes at \ 

: 37(j/nm. ; These "'-dirject .readings-gave a%sorption values Higher, 

\ -\'» >'; - v " - y ' \ V •" .' "'. V' ' "' ' " " ' , ' *: ", • 
- v •••••"' - - 'v.*.:. ' •"' - . . . - . •' .- '.> .• .-* 
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than those expected. Once we realised that these high 

absorption readings could be-due to turbidity of liposomal0 

, 1 

samples (which we did not expect in such 'highly diluted 

.samples), attempts were directed towards overcoming this 

problem. ' . A 
". * -7 ' • 

iriton-X-100 has been used to-.cause the release of 

encapsulated drug from within the-1 iposomes.. With the .hope 

' of lysine the liposomes arM" thereby overcoming t'he 
-. *-• ' y 

turbidi'cys _t1]e T-iposome samples therefore were;"s'ubjected to ' 
H i. I 

Tritori-X-100 treatment.' As shown by .absorption readings 
^ " .'V 

. (-Table 0) , the detergent treatment 'did."not eliminate the, 

turbidi ty of, the liposomal prepa,ratio"n"',',s„u.ggest"ing that 

Tr.iton-X-100 may-not dissolve'liposomes. ••>'<: 
. ' : ' • To match,-the turbidi ty in«MTX liposomes 'empty' 

« • •• , . 

"liposomes of similar di lutionjuas 'then tried as. a blank for . 
' . • " - , > " 

estimating MTX, in" liposomes. Though not theoretically 
t " x 

ideal", this maoi p.ulat.iotl, provided a method to (j'uantita-

tively estimate MTX' in liposomes'. 

\ " A'Riore- fell able procedure" to determine-MTX in . 

liposomes has been recently described by Todd'Vt aj_j§ ' „ 

„ (1382)., In this propedure..met'hariol was- used to'difsalve. MTX 
j " " * " v i- " 

encapsulated in liposomes. „1h methanol, MTX has an • "-*-

• absorption max 1 muni'at 303 °nm where-lipids olive minimal 
, ' " & •& 

extinction (in the order of 0/05 v r 'less). This method was 
•' v " , ' ; " ° . • . • ? " . " -

0 1 . ( t * 

adopted for many of the furthe-r -assays;'of MTX irt'l ip.osotnes. 
X * . r . J 

' • . . ' • ' . . . . . . - . - . . ' . . * • • ' 

- \ A -

<i 
r*i -*•**- - V ' , 
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Table 9 
Spectrophotometry determination of methotrexate in 

liposomes (wave length: 37Q~nm) 

Manipulation * . Absorption ' Comments' 
d readings*, : 

S> *•' i 

1.-Triton X-100 treatlient 
before tfltbft X-100 6.'46 

j i t t e r t r l ton X-100 / 0.43 , . Triton )U100 ineffec
t ive in overcoming 
tu rb id i ty 

2t Alteration of blank: ^ 
with 0.5% NaHCO- • 
spin asjjlaiik, 3 . 0.46 

wiih "empty," liposomes 0.21 . "Empty: "liposomes -
. 'as blank , ' may possibly'be ysed-

a.s blank 

*10Q li'l-of original 11 bo'somes diluted to 50 ml with 0.5% 
sodium bicarbonate solu-tion. •" *^4° ' * 
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A calibration line shown in Fig. 14-and Table 10 was 

constructed for this purpose. 

1 Radioa'cbive assay method 

. Availability of 3H-MTX provided a sensitive,, 'simplp 

and reliable methbd for quantitative assays, but., because of 

the inconvenience of. working with radioactive samples (for 

.instance in.case of coulter counting of liposome samples) 

-and also increased'cost., tin's method'was avoided wherever 

possible. 

MTX encapsulation efficiency . • ,' 
" — - • / _"—""""*"* - • o_ 

^Results in Table 11 indicate that MTX encapsulation is 
„ - « 

•» better in positive liposomes. This could possibly be due to 
* -« -o" 

v - « * ** ' « ' <, 
larger.aqueous space between two.like charged lipid•lamellae 
in positive liposomes./ - ** , 

1 - ' . 
Ĵ eŝ ut.ts of ̂ pre ri mi nary stability studies.of neutral 

' v MTX liposomes (Table 12) indicate.that they are adequately 
' . a' 
* stable at rtfom temperature fo-r the time period tested. But 

. ? ° • 

a slight decrease'.in'stabi lity could be" observed at 37°Co. Sl2e distribution of lipo somes 

, , & A coulter, counter equipped with- a 400 channel, analyser 
• • . . ,a ' 
' .- and an aperture type of 10-15 micron aperture size -is 

• " •• ' - • " , . ' . - ' . . • ' • » ' . ' . 

v '* ' • ' , % 

recommended*'fort size determination of liposomes (Rahman 
i , * • & . • 

i " -1*980) perhaps because o.f wide size range of Liposomes0* 
i * * " " , " ' • • . ' ' . * " « 

\a ,rJiowe.ver5 in the absenceaof such an instrument., the counter/ 
i * * 

•', \ • withJQU, aperture tube may at least give„ soihe rough 

h 
• * -

i • - - - - , - a 

h, • • I ° 
V , ' 'estimafe of the size distribution "of'liposomes', \dn-e SQ*uTil 

- - . * • • . . " ' T \ ' V' " ' *•" '" ' •'''" m " ' ' ' " - " / , <*-" ' 
% 

" • " * ' a • I ' '* „ ' " \ ' ' W 

file:///dn-e
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Table 10 
Standard curve for methotrexate (MTX) 

solvent: Methanol 
wave length: 303 nm 

MTX 
Cone. 
' v-g/ral 

OD 

3,63 
7.26 

10.88-
14.51 
18.14 
21.77 
25.40 

0.155 
0,350 
0.540 
.0.730 
0.910 
1.100 
1.300 p * 

Linear Regression Ana l ys i s : 
slope (HI) = 0.0522 " 
y I n te r cep t (b) = -0;0314 * 
Co r re l a t i on C o e f f i c i e n t = 0.9999 

* <- \-

•r. ' 
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Figure 14. Cal 1 bra ti online for spectro photometric * 
determination of methotrexate (MTX) dissolved 

** D t 0 

in«methanol. 

• •*! 

•r< 

"•^Iwf^ 

\ 
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Table li " • . 
Some parameters of methotrexate (MTX) encapsulation in lipo-somes 

1 iposoiwe Type of lipos-onVes Neutral 

Percent encapsulation 9.9-10.8 
of MTX • 

e 
P o s i t i v e 

18-34 . 

Negati-ve 

N'.D. ' 

. % • 

.mg. MTX/ral 
Ti posome.s 

nig t o t a l l i p i d / m l 
l iposomes 

0 :8686-1 .3029 3*. 0000-4 . 2000 1 . 0 0 0 0 - 1 . 50D0 

38-53 48-70 N.'D. 

Final volume of 
l iposomes (ml) 

2 . 9 - 4 2 -2 .9 N.D. . 

, N . D . : not done 

'tea *% 

1 0 
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Table 12 
' Results of preliminary stability s'tudies of neutral 

methotrexate (MTX)' containing liposomes 

at room temp. at 37 C. 

Percent MTX leaked 
dut of liposomes after 
l7 days storage-

8 - 1855* 28 - 34%* 

*These figures may be on tfie high side since certain 
unavoidable lass in supernatant would be there with every' 
washing. .. . v 

Table 13 
" Size distribution of methotrexate (MTX) 

-containing liposomes 
•J 

Percent of total 
Size '* Neutral Positive 
ym . liposomes liposomes 

. * <2 

2 - 5 

67 

29 

89 

11 

8-

# 
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expect a larger size for positive MTX liposomes because of 

repulsion between like charged 1 ipid. lamellae, as mentioned, 

earlier, but they were found to be somewhat smaller in size 

(see Table 13) to neutral liposomes. Some of the neutral 

liposomes may aggregate to form larger clumps which the 

counter may fail to distinguishc from single liposomes. This 

'might be the reason for finding the neutral 1liposomes larger 

in size than the positively charged liposomes. On previous 

occasions, aggregates were indeed observed in the case ^f 

"neutral liposomes when -examined by optical microscopy. * j . 

In vitro drug release.studies from positive MTX liposomes 

Results) of these studies are shown in Fig. 16 and 

Table 15. The concentration of the drug that is released 
•*' $ 

into the dissolution medium (0.5% sodiurn'bicarbonate) was. 

determined by yv absorption spectrophotometry at 303 nm. 

FigurVjj/ and Table 14 represents the calibration link used 
' ' "' 1 

for this purpose. The profiles in Fig. 16 indicate t/hat the 

release of MTX from the liposomes is a slow process and is" 

temperature dependent. However, the release at 60°C, the 

temperature greater than-the"transition temperature of DPPC, 

is not'ass great as one would expect\ At, or above, the & ,'-

transition temperature liposomes become more "fluid" and 

sudden and rapid burst of 'their contents is.-normally 

expected. This did not happen with our liposomes. Perhaps, 
n - tr-

this is because of the presence of la.rge percentage of 

cholesterol (50%) in these vesicles. The property of 
cholesterol to insulate against the effect of" tamperaffK-e on the fluidity of the mar-brane is well known.. "Fetal' eai 

• 
F 

• / 
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•Table. 14 
Cal ibra t ion curve* for methotrexate (MTX) 

solvent :0.5% NaHCO, 
wave length: 303 nm 

MTX cone. - 0D e 

yg/ml 
: # 

0.21 " 

0.42 

0.63 

0.84« -

. 1 . 0 4 

2.09 ' 

4.18 

6.27 

8.35 

10.44 

\ •• 0.011 

0.020 

0.031 

0.045 

0.055 

. 0.105 

0.210 

0.320 

0.420 

0.525 

Linear Regression Analysis: 
Slope-(m) = 0.0504 
y Intercept (b) *** 0.0003 
Correlation coefficient = 0.9999 

\ 
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4 6 
jig MTX/ mj 

Figure 15. Calibration line for spectrophotometric 

determination of methotrexate (MTX) dissolved 

in 0.5% NaHCO,. / 

'&, 

v,. 

•?• 
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Table 15. 
Release* of methotrexate (MTX) from liposome's 

Time 
hr 

% released 
from free 
MTX soln 

% MTX released from liposomes 

at 22°C at 37°C; at 60°C with |CS** 

0.5 

/ 

2 

3 

4 

5" 

6 

7 

' 8 

29.07 

49.02 

71.16 

80.47 

83.65 

85.06 

86.26 

87.47 

87.47 

0.87 

2.19 

v * C O 

7.99 

10.86 

13.42 

15.63 

17.90 

19.77 

1.13 

/ 2 .85 ' 

4 ' 6 .21 

9.77 

• 13 . 42 

16.61 

19.65 

22.41 

24.66 

2*19 

4.46 

10.03 

14,74 

1*7.90 

20.72, 

23.66 

25.69 

27.78 

0.J30 

T.94 

4:6,3 

6:72 

8.89 

10.97 
a? 

12.82 

14.64 

16.47 

*Release is determined by°dia1ysis technique. 
**Fetal calf serum. 

& 4. 
/ 
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MTX LIPOSOMES AT 

Figure 16. Release of methotrexate .(MTX) as determined 

by dialysis technique. 
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serum (FCS) does not seem to' have much effect on the efflux 

of MT)|( from-1 iposomes. This, is unusual because many reports 

have indicated that the serum pro*1?eins destabilize 

liposomes. Again, the seemingly stable nature of these 

vesicles might be the result of increased cholesterol 

content. Cholesterol is known to protect liposomes from 

attack by serum proteins. Thus the results of these studies 

reconfirm the protective role of cholesterol in liposomes 

aga'inst- the effect of temperature and 'proteins. 

Covale'at attachment of antibodies to liposomes 

Although this aspect is relatively newvin the field of 

liposome research, a number of methods have been*reported 

(see Table 3) for covalent .coupling of antibodies or 
"* * 

proteins to liposomes. Per-aent attachment has been very l,ow 

in most of these methods^ The method described by Martin 

e_t al_. (1981 )* involves the attachment of Fab' to 

liposomes via disulfide bonds.- Because the percentage of 

antibody attached and also the amount of antibodies attached 

per micromole of phospholipid have "been comparati vely^Jiigher 

by this method we decided to test it for our st-udyf In»this° 
\0 "** * «• » ** 

method there is a need to synthesize 3-(2-pyridyl dHhio) -

propionyla dfer.i vatifve of a lipid since the latter is required 

to be present in the liposomes for covalently linking F°.ab' • 

via disulfide bond. 
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Synthesis of PDP-DPPE <_ * 

Egg phosphatidyl ethanol amine,. which is frequently 

used by other investigators,• is chemically less stable 

because of the presence* of'unsaturated fatty acyl moiety in 

the mo.le.cule. The resulting! PJDP\PE al.so becomes prone to 

oxidation giving rise to st"s bi 1 i ty\ problems. Hence we 

ined "'to synthesi ze pianned "to sy 

PDP%PPE. - / 

The yield of POP-DPPE 

' / t̂o be characterised. /It wa 

7 
to incomplete dissolution o 

« 

for the reactants. - An incr 

from 3 ml to TO ml for 39 m 

dissol ve*° it completely, i Ot 
* "/ * ' 

chloride (6 ml0), ethanol (5 

a mor* sta-ble alternative i.e. 

obtained however, was too small 

:* soon realised that this was due 

f/DPPE in methanol, the solvent 

3ase in the quantity of methanol 

g .of D 

her so 

ml), 

PE was still not enough to-

1 vents like methylene 

pyridine (10 ml), dimethyl 

formamide (2 ml), DMSO .(3 ml) and4 some combinations o f these 

solvents were "tried to*dissolve the* (35 mg) DPPE with tittle. 
° m I 

success. Though on heating, all the.-DPPE went into solution 

in above instances, it precipitated out on cooling to room 

temperature. The reaction was not tried at higher 
a -

temperatures lest it may decompose SPDP. 

Synthesis of PDP-Pt: 

Without -much success in* improving the yield of 

PDP-JjPPE, we decided tjien to synthesize PDP-PE (from egg 
' » 

yol k-phosphati dyl' ethanol amine) though it, would be expected-

t*6 be less stabl-e than PDP-DPPE. 

http://mo.le.cule


pla t 

Synt 

178 
> 

jhe y i e l d of PDP-PE was found to be 52%. TLC s t i d i e s 

wilt hi t i e solvent system; Methanol-acet ic ac id -wa te r : 60:20:3 " 

re|/e*|Ud tha t R^ values of egg PE and PDP-PE Were qu i t e 

silfrrl air to those of DPPE and PDP-OPPE r e s p e c t i v e l y (Table 

16JV. /Also s i l i c a gel F 254 ( s i l i c a gel with a f luo rescen t 

iij ldilator) PLC p l a t e s ' c o u l d be s u b s t i t u t e d for s i l i c a gel H 

4s without great d i f fe rence in R* va lues . 

friesis o#- PDP-SA: ' 

As a res 

' U P - 5 A : ' -

u l t of a "gnidnight ght brain storm" the idea to 

synthesize PDP-SA occurrbd suddenly. Stearylamjwe i s used 

rou t ine ly to confer p o s i t i v e charge onto l iposomes. I t has 

a primary amino group to r eac t with SPDP and a lo>ng 

hydrophobic s t ea ry l group to e f f i c i e n t l y i n t e r a c t r i4h the 

l i p i d b i l ayer of l iposomes. Becaus.e~of these p r o p e r t i e d and 

aljso becaule PDP-SA would be more ' s t ab le (by the presence/ of 
\ 

sa tura ted f a t t y acyl moiety) we thought , we should t ry fo 

synthes ize PDP-SA and use i t in place of PDP-PE for coupling 

f a b ' . Another good'pojnt t o - t h i s idea is tha t s tearylamine 

is not only more stable" but a lso cheaper compared to e^g^ Pt 
^ ' . ° " 

or DPPE., . 1 

Development of TLC procedure "for separation of SA,** PDP-SA, 

SPOP and another unidentified product of the reaction: 

"• Initially Rf values of these compounds were 

determined by TLC on silica gel F 254 plates using ethyl 

acetate as the solvent system (Table 17). Due to the 

fluorescent indicator on the TLC plates, PDP-SA and SPDP 
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Table 16 
\ 

TLC of PDP-DPPE'react ion f i x t u r e on s i l i ca gel H 
Solvent system,: chlorofonm-mevthanol-acetic acid 150:20:3 

Detecting reagent: Molybdic" acid reagent 
and/or iodine vapors 

Component of reaction 
, mixture. ' *-

R, 

DPPE* 

SPDP 

Triethylamine 

PDP-OPPE* . 
«• ""}_ 

0.25 

0.99" 

0.41 

*Rf values of egg PE and PDP-P£ were almost the same as
j 

those of.DPPE and PDP-DPPE respectively. . 
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1 ' Table -17 ' * 
TLC of PDP-SA reaction, mixture on 

silica gel F 254 '. 

Component of reaction 
mixture 

K £ 
solvent system: 

Ethyl acetate Ethyl aceta'te: 
petroleum ether 

40t60 • 

Steary l amine 

-.SPDP 

FJDP-SA 

u n i d e n t i f i e d pro 

-

0 " * 

duct 

0.02 

0.47 

0,. 48 

0.64 

0 

0.16 

0.22 

0.5& 

/} 
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could be detected under shortwave uv light. However, 

fodoplatinate reagent spray gave brighter, distinctly 

'colored 'spots (SA-pink, PDP-SA-dark colored). Iodine vapors 

could also be us-ed fo-r visualizing these compounds on JLC. 

Since Rf values 'of these compoji^nts were more than 0.4 \. " 
' - " , " 

{except stearyTamihe), the polarity of the "solvent system" 

was gradually "decreased-to ge't a suitable solvent "system. 

Ethyl acetate-petroleum ether in the ratios 90:10, 80:20, 
**• ' t 

"60:40, 40:60 were tried as.solvent systems. "The Rf value -° 

of SPDP decreased gradually. Finally ethyl acetate-

petroleum ether 40:60 was chosen as the suitable solvent 

system.for purification Of PDP-SA by,column chromatography 

based on R~ values as shown in Table 17. . 

The I..R. 2md N.M.R. 'spectra (appendix 4 & 5) of the 

solution of the synthesized product was consistent with the 

chemical structure of "PDP-SA. - • 

Preparation gf antibody'fragments and coupling to 

1 ipos'ome^ 4 

-;% Preparation of F(ab*) 2 from IgG is usually 
•'.« 

accomplished by the digestion of IgG. The proteolytic 
" ' ! 

enzyme, pepsin, was used, to cleave the Fc°portion of IgG** 

The elution profile of digested IgG from Sephacryl S200 is 

shown 'in Fig. 17. The undigested IgG is then removed by 

^affinity chromatography using protein A sepharose 4B column 

.(see elution profile in FigJ 18). Protein A (tyrosine 

residues) has ah affinity- for the Fc portion of IgG and 
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C3 

\ ij*f • - u ' i 

40 50 

" FRACTION NO. ' 

Figure 17. Elution profiles of IgG, F(ab')2 and pepsin 

digest of IgG from-Sephacryl V200, -

•* ** 

C 
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Figure 18 

(MM HA&v 

*paxcoco9cococooq> 
16 24 32 ' 

fraction No. 
•? * 

a 

Isolation,of F(ab')2 from IgG by affinity 

chromatography on Protein A-Sepharose CL-4B 

'(PBS: phosphate buffered saline, HAc: 

acetic acid). ' «* 

**\ 
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< 

-thus retains IgG on the column while F(ab') 2 elutes out. 

Dithiothreitol, a-t pH 5.5, reduces the di sulfide-bond of , ' 
•f 

F(ab') 2 producing monovalent Fab'-SH«» Preparation, 
° "• o 

separation and coupling of Fab' has to be done in nitrogen 

atmosphere to prevent oxidation and reassoci ation Vo Fab'l-SH 

to form'Fab'-S-S-Fab* (i. e. ,F(ab ' ) 9 ) , . Hence ,a cfosed 

system consisting of chromatography column connected to" 

reaction vial was used'in these experiments. % 

- Fab'-liposome coupling takes-place as a result of the, 
r 

disulfide,exchange reaction between the'thiol group on each 

Fab1 fragment and the pyridyldithio moiety *6f PtfP-SA 

molecules present in vesicle„membranes. Simultaneously the* 

chromophore 2-thiopyridinone^ is also released as a product 

of the reaction. 
s. , * ' 

Results of»our efforts to attach Fab» are shown in 

Table 18. "Martin et al_. (1981) reported aWut014"-26j£ 

coupling of Fab1 with up- to 600 ug of Fa*b' per o mol $f 
t> - • 

phospholipid. We were unable to reproduce these* 

comparatively high values of Fab' coupling to liposomes; our 

results showed only 3.2% binding. One possible reason could 

be that our REV 1 i porsomes> were not extrudad through 0.4 and 

0.2 -jm polycarbonate filters prior to Fab' attachment. Thi.s 

treatment may perhaps incre'ase the number of "avai 1 abl e 

pyridyl dithio groups for interactions with-Fab'-SH due to 

smaller and more uniform size of vesicles. Such treatment « 

•a . 
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Table 18 •-. , > 
Cova len t c o u p l i n g of a n t i b o d i e s t o l iposomes us ing PDP-SA 

t : 
Martin et al. 
(1981) method 
Specific binding 

ECDI method'(Endoh et aV. 1981) 

Specific binding Nonspecif i c" bindi ng' 

Reaction mixture 24- mg Fab'-SH 
+ 

1 ml l iposomes 

420 mg IgG 

, V 
1 ml" I f posomes 

+ -" 
ECDI 

420 mg IgG 
+ 

1 ml l iposomes 

Amount bound t o 
l iposomes 

d ' • 

710 y g Fab ' /m l 
l iposomes 
29 yg Fab ' / ymole 
DPPC 

2530 yg IgG ml 
l iposomes 
97 yg IgG/ymble 
DPPC . -

300 yg IgG/ml; 
1i posomes 
12 yg IgG/ymole 
DPPC '•' 

Percent bound 3.20 0.60 0.07 

^ 

CO 
en 
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of REV MTX liposomes may possibly rupture some vesicles and 

release the entrapped methotrexate in which cas,e the very 

purpose of choosing REV method would be dispensed with. 

Other poss.ible reason for 'lower attachment,of Fab' 

could be the use of PDP-SA in place of PDP-PE. Although one 

could expect PDP-SA to interact similarly to PD^-PE with the 

lipid bilayer; the possibility of a lower* fraction of total 

pyridyldithio moieties on the surface of liposomes in the 

case of-the former (i .e. .PDP-SA) can/fot be ruled out. Fig. 

19 gives an idea regarding only theVtotal pyridyldi thio 

moieties present in liposomes with PDP-SA. 'To qharacte'rize 

the surface pyridyldithio moieties requires the"synthesis of 

a non-permeable reducing agent like dihydro!ipoamide-

fStextran. - " _ 

IgG coupling to liposomes by ECDI metho'd 

»..• The lower "percentage attachment and elaborate 

procedure invo-lved in Fab' coupling by the Martin et *L1. 

Omethod prompted us to try direct attachment of IgG by a" 

simpler ECDI method. Though this sort of IgG-1iposome 

coup-ling was reported as early as 1975 (Dunhick .et aJU 

1975), a more detailed study is reported recently by Endoh 

e_t jil_. (1981)." The mechanism-of IgG coupling to 

liiposomes via carh,odi imide is illustrated in Fig. 8. , 

Results4of this method are compared-'with "i-Jiose of the 

previous method' in Table 18." Our values obtained here are 

higher'compared to the values (d„.13%» 20 yg IgG/ymole PC) of 
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50 

figure 19% Release of 2-thippyridinone from liposomes 
* containing N-[3-(2-pyridyldithio)propionyl] 

stearylamlne (PDP-SA) following the addition 
of dithiothreitol,. • 

60 

* 
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Endoh ejb aj_. (1981,). These differences could be 

attributed to different reaction conditions like-pH, 

reaction medium, etc. The amount of IgG bound per ymoV of <• 
O et 

phospholipid is higher, 97 yg, compared to Fab' coupling, " 

which was 29 yg. This could simply be due to higher amount 

of IgG in the reaction mixture, i.e. 420 >mg IgG vs 24 mg 

f S V - S » . P . r . . n t T .tt.O..„t was ,t,„ ^ , ' O . e , . 

and hence this method was abandoned. 

IgG- coupling tb liposomes by the method described 

by Barbet et al. (1981) u-

Both the previous methodsxdid not provide sufficient 

antibody binding efficiency. A new approach of 

ant1body-liposorrie linking was therefore investigated. We 
Hi 

utilized the method described by Barbet jet _al_. (1981) 

but substituted PD.P-DPPE with PDP-SA. By this method, 

about 24-32% of*the thiolated IgG became bound to liposomes 

(96-123 yg IgG ymol r l phosprrol i pid) (Table 19). We thus 

achieved a binding efficiency comparable to that reported by 

Barbet et al_. (1981) and Martin et a]_. (19811), i.e. ^ 

40% and 14-26% respectively. The non-specific adherence of 

antibodies to liposomes was only 0.9% (3.1 Vg IgG ymol 

phospholipid). This confirms that the chemical'-r^ea-ction 

between thiolated IgG an-d 1 i posomes*' (i .e. the 

thiol-disulfide exchange reaction) was responsible for 

increased binding of IgG to liposomes. 

Y 
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Table 19 
Covalent c o u p l i n g of a n t i b o d i e s to l iposomes us ing PDP-SA 

arccording to the method desc r i bed by 
Barbet e t al . (1981) "& 

Specif i c binding Nonspecific binding 

Reaction mixture 8 - 12.6 mg 
PDP-*IgG 

+ . 
1 ml liposomes 
(26 ymol DPPC) 
o + 
"DTT 

9 mg PDP-IgG 
+ 

1 ml liposomes 
(26 ymol DPPC) 
* No DTT 

Amount bound to 
l iposomes 

2.5 - 3.2 mg IgG/ml 
l iposomes 96-123 yg/ 
ymol DPPC • 

0.08 mg IgG/ml l iposome; 
3 .1 yg/ymol DPPC 

Percent bound 24 - 32 0.9 
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/or immunospecific lippSomal targeting it is essential 

th'al the 1 i posome-bound antibody retains its immunological* 

- reactivity*. The antigen-binding c*fpacity of anti-BSA IgG 

-before incorporation in liposomes was found to be. 0.1641 g 

BSA/ g anti-BSA IgG as cal cuialped. from the calibration curve 

in Fig. 20 (Tfcble-20). The antigen-bi ndi ng capacity of the 

rabbit anti-BSA IgG was reduced by only about 20% after its 

linkage to liposomes (Goundalkar et al .*. 1984a). 

By virtue of the primary amino group, stearyl amine „ca'n 

react readily with the heterobifunctional reagent SPDP to> 

give rise to another reactive compound: PDP-SA. 
i * " 

Stearylamine,"fn contrast to PE, has a well defined and 

simple molecular structure, i.e. it has a single.hydrocarbon .* 
a A. 

s'hain whereas PE has "two fatty acyl chains of varying length 

and saturation. Because of its single chain, PDP-SA may 
O f f rf 

better f't' into ,the lipid bilayers of the liposomes than the 

two-"tai'led" PDP-PE in which the length of the two chains -

are often unequal. Further, because its chain is saturated* ' 

PDP-SA is likely to .be more stable than PDP-PE with its * 

unsaturated fatty acyl chains. An oxidative reaction 

.involving the PDP-PE could affect the integrity of liposome.s 

, and the stability of th,eir linkage to antibodies. Other 

advantages of using PDP-SA for coupling antibodies to 

liposomes are the low cost of SA, the simple synthesis 

procedure and the almost complete quantitative sco*nversion of 

SA to°PDP-SA' (Goundalkar et al. 1984a). Only about 20% ' , 



Table 20 
•P.-F 

Calibration curve for radioimmunoassay of-anti-BSA „IgG 

Ant i -BSA 
^9 

IgG BSA bound to 
An t i -BSA- IgG 

(a) 
iyg 

0 V 
0 . jf 

6.56 . 

^ H 4 . 9 5 

22.30 

45.87 

61.02 . 

83.40 ' 

100.77 

- BSA bound to6 

f o r m a l IgG 
(b) 
yg 

' 4.00 

' -,,6.0.0 

»7.00' 
#» 

, 10.00 

12.00 , 

16.00 . 

20.5Q * \ 

BSA bound 
s p e c i f i c a l l y to 
a n t i -BSA'-'I-gG 

( a - b ) yg 

27.64 

" 55.29 

82 .93 

~ 165.86 

221.1 5 

331.72 

442.30 

2.56 

8.95 

15.30 

35.87 

51.02 

71.40 

80.-27 
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— 80-

• Ant i -BSA IgG 

A Normal IgG "', 

A Anti-BSA IgG - Normal IgG' 

Figure 20. Calibration curve fo\radioimmunoassay of 

anti-BSA Igi . v 

*Indicates the difference between BSA bound.to Anti-BSA JgG 
and Normal IgG 
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of entrapped MTX leaked* during the overnight*1 binding 

reaction. *• / < 

Antibody medi ated .bindi ng "of positive MTX liposomes byu 

melanoma cell's " „ ' ° 

"immunofluorescence staining vtechnique: 

Antibody titer of *nti-melanoma globulin, determined 

by'the membrane immunofluorescence technique, was found tot 
> 

be 50 yg/ml. Thiolated globulin a\so had- a similar titer 

value. „It can therefore.be inferred that the immunological 
<• • , * ' 

activity is unaffected by modification of t'he IgG with SPDP. 

B.y the same immunofluorescence technique we tried to 

assess the interaction of anj^bpdy coated liposomes with 

melanoma cells. Examination by fluorescence microscopy-

showed that at high concentration (2 mg/ml of antibody 

protein), both normal rabbit IgG (NRG) and antf-melanoma IgG 

coated liposomes were bound to cells indiscriminately. At 

low concentration »(200 yg/ml of antibo.dy protein), however^ 

it appea'red as though --there was increased binding of 

liposomes to melanoma cells when the former were coated with 

anti-mel anoma, IgG (Ghose e_t aj_. 1984, Goundalkar e_t 

al . 1984b). Fig. 21 shows a pho.tomi orographic depiction 

of suth antibody mediated binding of liposomes to cells. 

Such a phenomenon, however, needs further confirmation- by 

objective tests such as radiotracer technique.. 



194 

Figure 21. Fluorescence photomicrograph showing the binding of 

anti-melanoma globulin coated methotrexate 

containing liposomes to target melafionia cells. 
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Radiotracer technique 

' One of^the rea-sons for undertaking interaction studies 

with melanoma cells was the fact that they are monolayer 

type. These cells grow attached to the surface of the"pi ate 

unlike^the EL 4 cells -which grow in suspension. Because o.f 

their attachment to the surface of the plate, we thought 

that the unbound, liposomes could easily be separated from 

•the cells by decantation and washing procedure. Our initial 

experiments proved this to be wrong. Even after decantation 

•and washing many liposomes though njp boundito cells 

remained associated with cell's. More washing resulted 
» 

merely in iacreased loss of cells. Also, the 

characteristics of some of the cell's were altered on 

addition of MTX liposomes resulting in. agglutination. These 

observations, led us to adopt the technique of centrifugation 

using 10% Ficoll for separating unbound liposomes from 

cells. This seemed to be a satisfactory method. 

Liposome-cel1 interaction studies were carried out at 

two different temperatures for two different perio.ds of 

time. Results of-these experiments are presented irr Table 

21. Examination of the table indicates that the association 

of MTX with the cells increased in the following'order: IgG 

coated MTX 1iposdmes> MTX 1iposomes > free MTX solution. 

'However, there was no significant difference in the binding 
*• ' ' 

of anti-melanoma globulin coated and NRG coated MTX 
liposomes to melanoma cells. Slightly higher association of 

"fiP 

l"*. 



Table 21 
..Binding of anti bVSy t̂vo ated methotrexate (MTX) containing 

liposomes (REV) by human melanoma c e l l s ^ 

Sample Percent of 
0hr**at 37 

idded added r a d i o a c t i v i t y associa ted with c e l l s ± 
°C Ihr a t 37°C ' 2hr at 37°C 2hr at 4° 

SO' 

MTX s o l n . 

P o s i t i v e MTX 
l iposomes 

^NRG-MTX 
1 iposomes 

AMG-MTX 
l iposomes 

-

N.D. 

3.15 
±0.22 

6.54 
±0.61 

4.82 
±0.15 

N.D"*. 

N.D. ' 

. • 21.45 
. ±0.53 

14.49 
±1.61 

0.0012 
±0.0003 

12.08 
±1.76 

27.73 
±1.57 

. 2 3 . 2 0 
±1.75 

• & • 

' 0.005 
±0.00006 

6. 70 
±1 .12 

11 .55 
±T.65 

11.74 
±0.89 " *... 

*sta,ndard deviation with N=3 ' * • 
**0 hr is the minimum time needed for mixing and centrifuging the simples; 

less than 15 min. 
ND: not done. . ' 

t -J 
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.liposomes bearing NRG could be attributed' to. the higher 

protein concent-ration'(2.058 mg/ml as opposed to 1.619 mg/ml 

,in anti-melanoma IgG-MTX liposomes) in thes*e liposomes. 
0 • 

This kjnd of result i» surprising particularly in light "af * 

our previous "observation by fluorescence microscopy of 

increased binding of antimelanoma gjlqbul in ̂ bearing liposomes 

to target-mel anoma cells. The obvious anomaly between .these 

two .findings could possibly be due -t-o an inefficient 

separation of unbound ,1ipesomes from cells. Despite the 

-presence,of 10% Ficoll, some unbound liposomes because of 

„their larger size mi'ght have settled along With the "cells. 

Problems sucl\*as this would make it difficult to distinguish 

between specific and ndnspeciffc antibod/imediated binding 
c -. * > 

of liposomes" to cells. , / 
. - - * • f 

In vitro studies eigainst Caki cells * -; 

These in vitro studies were,done according to the 

method described by Todd est ajk' (1982).« In this method, 

because of th'e unstability of drlTg entrapped liposomes (for 

instance, due to T*eak»a*ge of the drug from 1 fposomesi" in 

presence of* growth medium (Todd e_t al. 1982) fresh. 1 r, 

-.liposomes were added every 24 hours. The previous liposomes 

and free drug if any -were rei-|bved by decantation.' Ce\ls * 
-** ' • 

were .not disturbed in this processas they grow in monolayer 
"' A ' • * 

1 

fashion sticking to ^the bottom surface of°the culture flask." 

Figure 22 and Table.22 represent the growth curve-for 

Caki cells. Results in Table 23 reve.aT that neutral "MTX 

j * 
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Grow 
• 
Time 

hr . 
J - i 

0 

72 

-

96 - . 

T20 

• " 

« 

Table 
t h curve fo 

. 

" 

-

** 

-

. 

22; 
ir Caki c e l l s * 

No. o f - c e l l s 
±SD ' 

" 136840 

&±5680 

399480' . 
<0 

±5080 

329480 

±54600 

381200 ' . 

±19120 . 

•Growth medium: McCoy's medium 
supplemented with 15% fetal 
bovine serum and ant ibiot ics 

© 

) 

•a y 

/ 
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<> v 

' 1 

Figure 22. „ Growth curve for Cakf cells in McCoy's medium • 
supplemented with 15% fetal bovine^serum and 
antibiotics.' . , • • . 

& —-

.* p^m*im#M*tlHj&** V ^ 
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Table 23 
Efjfect of methotrexate (MTX) containing liposomes 

on Caki c e l l s in v i t r o f 

Treatment Cone, yg/ml Percent in-hibition 
of growth 

Control 

Free".MTX 

Neutral MTX 
1i pOsomes 

Empty liposomes 

0.50 

0.065 

0.13* 

0.65 

1.30 

PI13 

1.30 

0 

40 = 

-6 

3 

8 

2 

5 

x 2 

/ ., 
/ -

\- "$.*-
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liposomes (irt1 the ..cdncentrcfltion range tes ted) are v i r t u a l l y 

i n e f f e c t i v e ag-ainst Caki c e l l s compared to>free.MTX 
• o 

solution. Perhaps the rate of .release-of MTX from liposomes 

is too low to be effective against t,,he cells. Furthermore, 

in comparison to E-L4 cells (Table °28) Caki" cells are less 

sensitive to MTX. This is„evident from the fact that with* 

C„aki ce-lls only 40% growth inhibition is observed at a MTX 
o 

a 1 

concentration of 0.5° yg/ml while with EL. cells £6% 

inhibition is. observed at afs low a concentration as 0.1 

,yg/ml. . 

In vitro- studies against EL4 Ivymphoma cells 

EL. cells were grown in RPMI 1640 medium' 

supplemented with 10% fetal bovine serum and antibiotics. 

Figure 23 and Table 24 represent the growth pattern for 

these cells. • I 
o r 

Attempts to q-uantitate the number of cells in presence of 

liposomes: 

A couple of in vitro experiments were done in which 

samples containing both cells and liposomes were counted 

using coulter counter. It was soon realized that in these 

experiments cell counts were being contaminated by liposomal 

counts. The .possible theoretical contamination by.liposomes 

in such cell counts is given in Table 25. However, this 

,could vary unpredictably fr.om sample to sample of\ liposomes, 

different ionic nature of. 1 iposomes. and depending ion time of 

contact between liposomes and cells. Hence a single \" 



Growth curves 

Time 
hr 

0 

30 
0 J 

52 

75 

105 

Table 24 
for EL^ Jymph 

No. 

* >* 

172960 
±5920 

164360 
±1920 

302680 
±9800 

848000~" ' 
• " ±28120 

2672000 
±84200 

1 

lona 

of < 
±SD 

cells* 

sells 

293320 
±15400 

300040 
±9800 

600000 
±36600 

1640000 
±82040 

4020000 
±13760 

« 

-

• 

• 

*Growth medium: RPMI 1640 medium supplemented 
with 10% Tetal bovine serum and antibiotics 
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INITIAL CELL DENSITY-

*. 0*86 X105 CELLS/ML 

• 1-46 X 1 0 5 CELLS/ML 

24 48 72 
HOUR 

96 120 

Figure 23. Growth curves for EL4 lymphoma cells in RPMI 1640 

medium supplemented with 10%>fetal bovine serum 

and antibiotics. 

<"**d$&tJt-,. 
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. • Table 25 ' „ -
Expected c o n t a m i n a t i o n of c e l l counts by l iposomes at a c e l l 

count of 163800 c e l l s / 2 ml ( i . e . p e r - p l a t e ) 

100 yl of l iposomes 
of d i l u t i o n 

P'ercent count c o n t r i b u t e d by l iposomes 
at 

t = 24 hr t = 96 hr 

1 . 1:50 

2 . 1:500 

3 . 1:5000 

68(56) 

17 

2(1,) 

73(10) 

1.8 

0.2" ( 0 . 0 9 ) 

Note : 
1 . . I t was assumed t h a t a l l the l iposomes ( a t o t = 0 ) would be 

i n t a c t at t = 24 and t = 96 h r . 
2. Values i n p a r e n t h e s i s r e l a t e to ' empty ' l iposomes w h i l e 

o t h e r s r e l a t e to n e u t r a l me tho t rexa te 1 i pos^omesl. 
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suitable correction factor cannot be "arrived at.° Direct 

counting of cells using hemocytometer is not feasible • 

because it was difficult to distinguish between cells and 

liposomes undeV an optical microscope. 
o 

Use of centrifugation to csuuse selective settling of cells: 

To separate cells from the liposomes, centrifugation 

at 200 x g was tried with^the hope that" the cells, would 

settle down, while liposomes' would be located in the 

supernatant. The usual centrifugal force, 200 x g is used 

to settle EL*-eel Is while we had used 22000 x'g in the x 

centrif ugation of , 1 iposomes in -the method of preparation. 

Unexpectably though, the results (Table 26) indicated that 

most of the' 1 iposomes also are settling down at t h i s- 1 CTW"-^^_2^ 

centrifugal force. Consequently this method also proved to 

be futile. » ' ' 

Use of fluorescence activated cell sorter (FACS): 

FACS, as the name suggests is an instrument used 

mainly for sorting of cells on the basis of fluorescence 

intensity of cells passing through a laser beam. For this 

purpo.se cell's are to be stained with acridine orange or any 

other fluorescent.stain. Acridine orange binds to DNA and 

makes cells fluorescent leaving liposomes unst-ained. Thus 
it 

FACS can differentiate between cells.and liposomes by the 
... a 

, * " " • ' • ' •> 

presence or absence of f1uorescence. . FACS can also generate 

a scatter histogram based on light scattering by particles, 

passing through a laser beam-. Unlike a -coulter counter, 

http://purpo.se
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Table 26 
Centrifugation of neutral methotrexate (MT)() 

containing liposomes: 1600 rpm (20Qxg) 
for 10 min at 21°C 

Dilution of liposomes 
Pellet 

Count in 
Supernatant 

*. ' 

/ 

1:50 

1:500 

1:5000 • 

312560 
(94.5%) 

33200 
(84.5%) 

7280 
(72%) 

\ 

4 

18326 
. (5.5%) 

6120 
(15.5%) • 

2840 
(28%) 

/ 

( 
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FACS cannot count a definite volume of sample. However, it 

was thought possible to obtain a ratio of cel'ls to liposomes 

based on/total counts due to scatter and fluorescence. 

Difference between scatter counts and fluorescence counts 

would represent liposome counts, while fluorescence counts 

would represent cells alone. It was thought the above ratio 

supplemented with^a total count from coulter counter could 

be used to arrive at actual number of cells. However, as 

seen in Fig. 24, a complete scatter histogram could not be 

generated; a considerable number of liposomes in the lower 

end of size distribution range were being left out. * 

Therefore, this resulted in an incomplete scatter count, 

consequently, the ratio of cells: liposomes was incorrect. 

Different manipulations of the.instrument were tried.with 

little success. This method waiitherefore abandoned. 

After treating the sample \ith acridine orange, it was 

possible to clearly d i«s t i n g-u i sh between liposomes and4s 

fluorescent cells by fluorescence microsc.opy. But again, , 

counting of fluorescent cells using hemocytometer-was not' 

accurate enough to be adopted for our purpose. 

U&e of tritdn-X-100, sodium dode.cyl sulfate (SDS, sodium 

lauryl sulfate), methanol and eth^r in the counting of cells 
r « 

in presence of 1iposomes : 

Samples containing.1iposomes, cells apd combination of 
«*-

both were treated with the -above reagents in order to test 
- r .. . 
the possibility of selectively lysing either cells or 
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Figure 24. Scatter and Fluorescence distribution of Jiposomes 

and QL4 lymphoma cells. 
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liposomes J*>y detergent action or solvent action. 

Triton-X-100 has been used to cause release of entrapped 

substances from liposomes (Rowland and Woodley 1981).* It'is 

evident from results (Table 27) that, at a concentraM-e-fr of 

1*% tri ton-X-100,» all cells are being lysed leavin^the 

liposomes intact. It may seem surprising whj liposomes are 

left intact and still tritdn-X-100 is used* to release 

entrapped substances. 'Triton-X-100 may make 1iposomes,leaky 

but without destroying their structural' integrity. 

Structural composition may chan-ge because of interaction "of 

tritorf-X-100 with the liposomal membrane. The" observation 

of Alonso e_t aj_. (1981) is consistent with thî s kind of 

action ,of triton-X-100 on liposomes. Alsji^it can be 

recapitulated here, tha.t in our effort's to determine MT/ in 

liposomes by spectrophotometry, we were unable to elimilnate 

liposomal "turbvdity by tri-ton-X-100 treatment. Perhaps\this 

partly explains the reason for the same. The method of 

selectively lysing cells with'triton-X-100 was jthen followe 

In all our further studies with EL. cells involving N • 

quantitation of cell number in presence of li pos'-omes. V'I*̂  , 

Numbers "in'Table 27 are self explanatory regarding the 

effect of other reagents. SDS was nonspecific în itjs action 

on liposomes and cells. It is not clear why SDS (anionic), 

which is also a detergent,* Ijke triton-X-10'0 (ne-utrafl) may 

behave differently from the- latter. The difference in the 



Table 27 • ' .. 
Effect of triton X-.100, sodi urn, dodecyl sulfate, methanol-and 

ether on cells and/or liposomes. \ 

Treatment 
" Percent l y s i s ~ 

Cel ls and liposomes 
together 

"ce l ls alone liposomes alone actual t h e o r e t i c a l 

T r i t on X-100 
. 0.1%. . 89 

1% 99 
10% 99 

t 

"'Sodium dodecyl su l f a te 
0.1% 
1% 
10% ) 

99 
99 
99 

0 
0 
9 

48 
61 
73 

20 
25 
32 

^ 

A 

74* 
80 

20 
23 
29 

60 
70 
79 

Methanol 
1% 
10% 

J 50% 

0' 
0 

16 

0 
0 
2 

Ether* 
0.05% 
0.5% 
5% . 

5 
6 
8 

*more tha,n 5% v/v- resu l ted in immi sc ib i 1 i ty 

v. 
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cheluical structure, charge, of both, may be responsible, for 

the different action in lysing cells and *T ipi d, vesicles. 

In vitro studies against EL. cells 

Results in Table 28 indicate that liposomal MTX}j 

irrespective of charge is less effective against t l . cells 
' 

compared to the free MTX solution,, As already mentioned, 

this could perhaps be due 'to the limited availability of 

free MTX as a result of slower release of MTX from 

liposomes. Among the three different" types of liposonfes, 

cationic liposomes seem to J*>e more effective. Because of 

the electrostatic attraction, cationic* 1iposomes may 

possibly interact more efficiently with cells which are 

usually negatively charged, this facilitated interaction 
* • • " 

may also lead to more release of free MTX from li posomes >,to 

be effective'in arresting cell growth.. 

Results of the in vitro evaluation of targeted, i.e. 

anti-EL. globulin (AEG) coated MTX liposomes are presented 

in Table 29. As evident from this table, though the AEG 
> 

coated liposomes were sli-ghtly more effective in inhibiting 

the growth of EL. cells than the NRG coated liposomes, 

such difference was not statistically significant. Also the 

physical mixture of AEG (i.e. specific antibody) and 

positively charged MTX liposomes seems to be equal in its 

effectiveness to that of liposomes coated covaldntly with 

AEG. 



Table-28 
,° Effect of methotrexate (MTX) containing^ 1 iposomes on* 

'' -EL- lymphoma cells in vitro 

' "Treatment ^ Cone. iig/mf Percent inhibition 
"of growth (± SD> 

Control \ 

Free MTX 

* Empty.Neutral« 
Liposomes 

Neutral MTX ,> 
Liposomes" 

Pos i t i ve MTX _ • * 
Lip'osomes • * > 

Q 

Negative MTX 
Liposomes 

. . . 0 . 0 1 
' - 0.10 

1.00 
* * 

. * 0 . 0 1 * 
0*10* 

0.013 
/ v,0.13 

. \J • 30 

0.01 
« . 0.10 

Uoo 
c * 

0.01 
0.10 
1.00-

44'( ± 9 J 
86.( ± 2) 
86 ( A «2) 

,0 -
0 

4 
4 -

82-

6 
53 
96 

(±/6) 
(±24)' 
(± 6) 

- 9 
6 
89 

*Arbitrary concentration indicating the dilutions of'empty 
liposomes similar to MTX liposomes. * . t 
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* Table 29 . 
Effect of targeted methotrexate (MTX) containing 

liposomes' on EL, lymphoma 
cells in vitro: 
(Cone. 0.1 yg/ml) 

Treatment % Inhibition of growth 
±SD 

Control 

Anti-EL4-GLOB-MTX 
Liposomes ^ 

NRG-MTX Liposomes 

Anti-EL.-GLOB + MTX 
Liposomes Phy. Mix. 

0 

74.5* 
±4.6 , 

6 1 . 1 * 
±10.9 

9.8* 
% . 0 

*No d i f fe rence b'etween these means |as* per t - t e s t . 

%=-<«5, 
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These results are cantrary^to those that we expected. 

Many explanations are possible for these'a|.nds of results. 

One of them is the specificity of the antibody itself. 

These antibodies, -because they are polyclonal wousld possess 

much lower specificity than the moncrsJonAl type'. Further 

reduction in the specificity couli' result from the extensive, 

absorption procedure used.-in the/preparation Nof th.ese 

antibodies. The extensive absorption of the antisera with 

normal tissues could wash away a considerable amount of 

antibody activity and this would result in the reduction in 

the affinity of the antibody preparation. Accordingly, 

Uadia P. (unpublished observations,) observed increased 

affinity in anti-irjel anoma antibodies obtained fr.om 

unabsorbed sera compared .to --those pbtained from absorbed 

s-era. Secondly, even if antibodies were capable of targeting 

the liposomes" to the EL^^ells, if liposomes are not taken 

up by the cells, targeting would be futile., . Recently, it is 

bei*g understood that for liposomes to be taken up by cells, 

they have to be as small as possible (Machy and Leserman 

1983, Matthay e_t aj_. 1984). The liposomes used in this 

study were bigger ,in size; their size varied from < 2 um to 

8 [*m. This" size factor could have caused hindrance for 

their uptake by the cells even if they were targeted. 

Thirdly, the amount of antibody associated *wi th the J| 

liposomes may not be quite sufficient for the intended role 
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of targeting. , Any combination-of 'these factors could have . 

given .rise to results contrary to our expectations." 

In vitro studies against human melanoma ('Mg-.) cells: 

Figure 25 and Table 30 represent the growth curve" for 

Mp-| cells:- With Mpi cells, the effectiveness of MTX 

entrapped only in positively charged liposomes was tested.. 
a 

Results are shown irj Table 31. These results are 

qualitatively similar to "what we observed with EL. cells. 

Once again 1iposomesentrapped *MTX is less effective compared 

with free- MTX. However, these °cer,l 1 s show lesser'sensi ti vit'y 

to MTX than EL. cells (table 28). But., in comparison with 

Caki cells (Table 23), these cells show an increased 

sensitivity io MTX. . •" * J*"' » 

In vivo studies against murine EL. lymphoma: 

Initial i n' v i v o studies were conducted,-using both 

neutral and positively chargeciMTX liposomes. Mice, bearing 

EL. ascites tumor were\treated« wi th liposomes at a MTX 

dose of 5 mg/Jcg body weight. As can be seen froirrTable 32,„ 

this-dose caused a great amount of host toxicity resulting 

in early death of many of the mice. Marked decrease in 

weight was one of the criteria used to assign the death as 

due to toxicity or otherwise. Also the presence or absence 

of ascites tumor in.the dead mice was ascertained by 

microscopic examination of a smear from the peritoneal 
O 4 * . 0 

cavityT Because of the great toxicity observed at a dose of 

5 mg/kg, further experiments were, tried by reducing the°dose 

^$b*i4#t**&%r •*tii*<tef 
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Table '30. 
Growth-curve ;for human melanoma (Mpi) c e l l s * 

Time 
/ h r 

*No. of c e l l s 
±SD 

•s> 

0 

24 

.51 

75 

99 

122 

125320 +51200 

121400 ±3120 

375040*= 21720 

899680 ± 27400 

119720 ± 36080 

1075480 ± 33680 

*Growth medium: RPMI 1640 medium supplemented 
w i th 10% f e t a l bovine serum and a n t i b i o t i c s . 

• < - * 
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Figure 25. Growth curve for human melanoma cells in RPMI 1640 

medium supplemented with 10% fetal bovine serum 

, . and antibiotics. 

y 
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Table 31 
Effect of positive methotrexate (MTX) containing 

liposomes on human melanoma CM21) cells 

\" 

Cone, of MTX 

1 yg/ml 

0.6 yg/ml 

0.3 yg/ml 

0.2 yg/ml 

0.1 yg/ml 

0.01 yg/ml-

Percent inhibition 
of growth ( ± SD) 

Positive MTX free MTX 
liposomes soln. 

81.3 (±0.7) 

75J(f (±1.1) 

72.Nl (±2.9) 

.17.0 (±2..3) 

0 

' 0 

89.9 (±0.9) 

ND* 

ND 

98.0 (±0.5) 

85.4 (±0.3) 

0 ' 

ND = not done 



Table 32 
In, vivo evaluation of methotrexate (MTX) containing liposomes 

in the treatment of EL. ascites tumor 
(Dose of MTX = 5 mg/kg on 1, 4 and 7th days I,P.) 

Treatment Total 
No. of 
mice 

Survival days Mean survival 
time 

Days ±SD 

Stati sti cal ** 
si gnifibance 

Control (untreated) 11 

Free MTX sol n. ^^ 6 

Free MTX soln.^H 6 
positive empty liposomes 

« 

Neutral MTX liposomes 6 

Positive MTX liposomes • 14 

14,15,15,15,17,17,17,18 
18,20,28 

17,18,18,18,20,24 

14,16,17,,18,18,19 

9*,10*,13*,20*,26",33 

4*,6*,9*,10*,10*',10*,'10* 
10*,14*,15*,21,22,25,33 

17.6 ± 3.9 

19.2 ± 2.6 

17.0 ± 1.8 

18.5 ± 9.6 

14.2 ± 8.2 

N.S. 

N.S. 

N.S. 

N.S. 

*death due to toxicity 
**student's3t-test 
N.S. = not significant 
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of MTX to 4, 3.5 and 3-mg/kg- body weighty However, only 

positively charged MTX liposomes were tested in these and 

later experiments' for the simple reason that these liposomes 
L > 

possessed the advantage of higher decapsulation and they 

were more effective in vitro than the other types of 

liposomes^ As coqld be expected^ a gradual reduction in the 

tiose brought about a parallel decrease in host^toxjcity, as 

evident from the results in Table 33. The toxicity was -

completely eliminated at the MTX dose of 3.5 mg/kg. Further 

in vivo evaluations were therefore pursued at this dose 
- . , 

leVel of JMTX. It is important to note here that neither the 

empty liposomes, nor°the«ir physical mixture with free MTX 

solution were toxic. The toxicity was observed only when 

*MTX was encapsulated in liposomes. 

At the -dose level of 3.5 mg/kg, th-e positive MTX 

liposomes were more effective (p <.001) than the free MTX * 

solution (Table 34). An increase of about 22 percent in 

survival time of tumor bearing mice, was observed.- However, 

there were no long term survivors. , 

With the hope that equipping the MTX loaded liposomes-

with tunfor-'specif ic antibodies might result in improved 
St 

therapeutic, effectiveness, in vivo studies" were carried ° 

out using positive MTX liposomes coated cova\ently with AEG.-

The liposomes coated with NRG served as one of the controls. 

Results are summarized °in Table 35. "Contrary to what we 

expected, MTX liposomes became more toxic when coated with 
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X*- • Table 33 
T-oxipity of positive methotrexate (MTX) 

containing liposomes** 

-

• » 

Dflse .of MTX 

5 'mg/kC 

4^«ig/kg 

3.5 mg/kg 

3 mg/kg 

% 

•3 

Death Due 
Toxici ty 

67-75 

40 

0 

6 

to 

> 

• 

* Empty liposomes alone or with free MTX soln 
were not toxic at 5 mg/kg. 

**** 



Table 34 
In vivo evaluation of methotrexate (MTX) containing 

li posomes in the treatment of EL4 asictes tumor 
Dos-e of MTX = 3.5 mgykg On day 1, 4 and 7 I. P.'. 

* 

Treatment 
•t 

-

Total 
No. of 
mice 

Survival days Mean surv iva l 
time 

Days ± SD 

S ta t j i s t i cal 
si gn i f i cance 

Control (unt reated) 12 

Free MTX s o l n . t 6 

Pos i t i ve MIX li'posomes 17 

16,-16,17^17,17,18,18 
18,18,19;20,21 . 

16,17,17,18,20,21 

17 ,18 ,19 ,19 ,19 ,21 ,21 , 
22,22,22,23,23,24,24, 
27,28,29 

* t - t e s t 
N.S. = not s i g n i f i c a n t 

17.9 ± 1.5 
* -

18.2 ± 1.9 

22/2 ± 3.4 

N.S. 

p< . 0 0 1 * 

y 
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In vivo evaluation of targeted methotre 
~~" Tiposomes in the treatment of EL. 

Dose of MTX = 3.5 mg/kg on day 1, 

ate (MTX) containing 
scites tumor 

and 7 I.P. 

• # 

Treatment Total 
No. of 
mice 

Survival 
' 

days .Long 
term" 
survivors. 

Statistical** 
significance 

a 

1. Control (untreated) 11 

2. NRG-MTX liposomes 11 

3. Anti-EL.-GLOB- 11 
MTX liposomes 

4. Anti-EL4-GL0B 11 
and MTX liposomes „ 
Phy. mix. 

17,"17,18,18,18,18,-
19.,20, 20,22,25 

10*,10*,11*,11*,12,. 
21,22,23,24,35+,35+' 

9*,11*,20*,21*,22, 
22,23*,24,25,26,56 + 

14,14,23,23,24,26, 
2-7, 30,31,35*+, 35 + 

2 

1 

2 

N.S. 

N.S. 

N.S. 

*death due to toxicity l 

**test performed: modified Wilcoxon test (Burdette arid Gehan 1970) 
Mouse, whose survival day is denoted with a number'followed by a plus sign, 

survived tumor free. 

ro 
oo 
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IgG antibodies than they were otherwise; at .the dose of 3.5 

mg/kg plain MTX Liposomes did not cause toxicity. However, 

there were some long term survivors in mice treated with 

specific (i.e. AEG) as well as non specific (i.e. NRG) 

antibody coated liposomes. Long term survivors were present 

also in the group of mice treated with the physical mixture 

of AEG-.and MTX liposomes. Over as! 1, statistically there was 

no difference in any of these treatments. On the contrary, 

coating the liposomes with antibodies "resulted in increased 

host toxicity. The toxicity could not be overcome by 
p ' ' 

reduction in the dose ( 3 mg/kg). Nor did the increase in 

dose (4 mg/kg) bring about any Increase in the number of 

long term survivoVs (see Table 36). f 

In the in vitro evaluation also, no diff-erence was 

observed in the effect of MTX liposomes coated with either 

antibody. In this respect", both in vitro as well*as in 

vivo studies seem to' indicate the same^thi ng. In the j_n 

vivo studies too, the failure to observe "superior activity 

of targeted MTX liposomes cou°ld be "attri buted to the same 

set of factors that were discussed under the-results of in 

vitro experiments. 

The' increased toxicity of MTX entrapped in liposomes 

could be due to the slow clearance of MTX°from the body. 

The clearance of the MTX could be slowed down, firstly, 

because of slow release of MTX from the liposomes; only the 

"free*1 form of MTX can be eliminated. Secondly, the intra 

% 



*- ' Table 36 
Iff vjvo evaluation of targeted methotrexate (MTX) containing 

* Tiposomes in the treatment of EL. a sc i t e s tumor 
Dose of MTX = 3 mg/kg on days T, 4 and-7 I . P . 

Treatment Total 
No. Qf 
mice 

5 

' 5 

Survival days 

14,17,17,17,18' 

9*,9*,10*,14*,22 

Mean survival 
time 

Days ±SD 

16.6 

12.87 

±1.5 

±5.5 

S t a t i s t i c a l * * 
si gnifi cance 

1< Control (jintre'ated) 

2. NRG-MTX liposomes 

'3. Anti-EL.-GLOe-
MTX liposomes 

Anti-El.-GLOB 
and MTX l i p o s o m e s -
Phy. mix. 

5 , 18,20,21,y,28 

11,13,20,27,42+ 

Not different from 
control (1) 

22.0' ±3.8 S ign i f ican t ly 
d i f fe rea t from 
control (1') (p<0.02) 
and NRG-MTX l i p o 
some (p <0 .05 , 

s t - t e s t ) but not from 
N phy. mix . 

Not different from 
control (1) 

Dose of MTX • 4 mg/kg on days 1, 4 and 7 i.p. 

5, Control. 

6. Antf-EL4 .GL0B-
MTX liposomes 

17,20,22,25* 21 i 3.4 

14*.15*.IS*,19,23, 18.2 ± 4,1 Not different from 
control as per 
t-test 

•death du*e to toxicity 
**modified Wilcoxon test (Burdette and Gehan 1970) was performed unless otherwise 

specified. 
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peritopeal route of administratfon -Itself could further 

delay the clearance of MTX. The -peritoneal cavity could 

thus'act as reservoir for to-x-ic MTX, releasing it slowly 

•into the lymphatic and blood circulation Over a long period 

of time. Also, the MTX from the peritoneal reservoir, °could 
* • * 

infiltrate into the surrounding tissues, such as 

gastrointestinal mucosa and- cause intestinal, denudation 

which could be lethal. There is a direct correlation 

between the toxicity and the length of time MTX persists in-

the body (Chabner and Young 1973). In a trial experiment, 

we administered MTX liposomes, to normal mice by -intravenous 

route at a dosage of 3.5 mg/kg on day 1, 4 and 7. None of 

these mice -succumbed to toxic death; instead all the mice* 
i 

survived indefinitely like normal ones.'This finding-* gives 

credence to the earlier statement that the intraperitoneal 

route itself"could have* caused increased toxicity fo-r 

liposomes. Though I.P. route is usually safer than the I.V. 
/ 

route, this does not seem to hold true as regards to MTX 
r, 

.liposomes, which "is evident from this investigation and also 
v 

from other reports (Tyrrell e_ttal_. 1976, Freise et 

al_. 1979 and Kaye 1981). ' Q 

The-toxicity which vanished at a *dose» of 3.5 mg/kg, 

was restored when the liposomes were conjugatedvto IgG, be . -

it specific or otherwise. In "the absence of the uptake by 

the EL4 cells, the antibody coated MTX liposomes could be 

taken up by the macrophages lining the peritoneal cavity. . 

*nulMuM«f < M « M *" 
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This undesired^uptake is "conceivable, because the Fc parts of 

/ 
IgG on, liposomes can- interact with F̂c receptors on 

/ 
macrophages^and trigger phagocytoses. The uptake of toxic 

MTX liposomes by the macrophages could be suicidal to them. 

The end result of all this would be to wipe out part of the 

immune system". Therefore the liposomes with the antibody 

could have been more rtox1c to the mice than fJiose without" 

antibody. / Further, trte toxicity could also be generated by 

antibody liposome conjugation process. 
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SECTION 2: SUV LIPOSOMES 

Preparation of positively charged SUV containing MTX: 

As is common practice, SUVs were prepared by 

sonication O T I J L V S ; In 'order to'do this, ̂ fe t h bath as well 

as probe sonication were attempted.- The bath sonication 

(55000 cycles/sec) was performed at 50-55°C for 60 min. 

Visual as well as the" microscopic examination of these 

vesi cle^reveal ed inefficient breakdown of large liposomes -

into SUVs. "The probe sonication however, proved to be 

more effective in obtaining the SUVs. In the absence of 

PDP-SA, the liposome dispersion, became almost clear after 

probe sonication for 30 min. The increased clarity is an 

indication of reduction in size of larger ML*Vs into smaller 

SUVs. All the SUVs were hence prepared by probe sonication 

method. 

In the presence of PDP-SA, however, the soni'cated , 

liposomes were less clear and contained a considerable 

amount of large liposomes.* Large liposomes and probe 

particles could be eliminated by centrifugation at 22000 x g 

for 20 min. The difficulty in sonicating the PDP-SA 

containing Ti pdsomes »coul d be due to the altered Ifpid 

composition itself. Despite this,,it might be possible to 

overcome the problem by prolonging the time of sonication. 

Lower encapsulation efficiences (see Table 37) reflect the 

reduced efficiency of size reduction of PDP-SA liposomes. 
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Table 37 
Encapsulation e f f i c i e n c y of H-methotretfate (MTX) in 

small un i lame l la r ves ic les (SUV) 

Batch No, SUV SUV w i t h PDP-SA 

1 
2 
3 

3 .24% 
1.93% 

2 .2% 
0 .67% 
1.25% 

mean 2.59% 
±SD 0.93% 

1.37% 
0 .77% 

* 

•\ 
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Separation of unentrapped drug from liposomes: „ .' 

Gels like Sephadex G-25 or G-50 have often been used 

to separate liposomes from unentrapped drug. Compared to & 

dialysis, it is a time saving method. -Therefore, we tried 

this approach'first. The results of Sephadex G-25 gel • 

filtration chromatography of the sonicated H-MTX 

liposomes are seen in Fig. 26. Two distinct peaks are 

clearly seen in this figure; one in the votd volume, as 

measured by using Bl ue .dextrahi 2000 and the other in the 

retarded volume. The pe'ak representing the retarded volume 

coincided with the peak obtained by chromatography of free 

MTX solution on the same column (Fig. 27). Fractions tn the 

void volume represent liposomes.- These fractions were also 

visually turbid indicating the presence of liposomes. The 

fractions containing the majority of liposomes were pooled. 
x - . '* o' 

In order to assess the extent of separation of 

unencapsulated drug-, the^ pooled liposomes were 

rechromatographed on Sephadex G-25 column: The elution 

profile in Fig. 28 was obtained as a result of this 

experiment. The figure gives'an indication of the presence 

of a large quantity of free drug in the liposome sample as' 

shown by-a large pe'ak in the retarded volume. In. contrast, 

gel filtration of the *1 i posomes from which the free drug was 

removed by exhaustive dialysis, showed only one peak at the 

void Volume (see Fig. 29). -This clearly shows the absence 

of any| free drug in the liposomes purifi ed by dialysis. 

- i , '¥ 
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Figure 26. Elution profile of "free" and liposome (SUV) 
encapsulated methotrexate (MTX) from 
Sephadex G-25.' 
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Figure 27. Elution profile of 3r1-methotrexate (MTX) solution 

from Sephadex G-25. 
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Figure 28. Rechromatography, on Sephadex G-25, of liposomal 

(SUV) 3H-methotrexate (MTX) obtained by gel 

filtration. 
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Figure 29. Sephadex G-25 elution profile of Uposomatl (SUV) 
3H-methotrexate (MTX) obtained by dialysis; 

# 

L 
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The presence of contamination as free drug in liposomes 

purified by gel filtration is also evident from the high 

encapsulation efficiency (9.1%) obtained for these SUV. 

This value, arrived at by comparing the area under the peaks 

in" Fig. 26 is quite high for° SUVs. On the other hand, the 

encapsulation efficiency (1.4%) for dialysed liposomes 

conforms well to the literature val'ue for SUVs. Although 

gel* filtration should cause no problem in removing the free 

drug, the method proved unsatisfactory in our case. The"5 

type of gel and height of the column-could be the possible 

factors'for such inefficiency. These results th.us prove 

that dialysis is the best way-to get rid of free drug from 

sonicated liposomes. 

Covalent coupling of 1'gG to liposomes 

Coupling reaction 

The principle of our method of binding IgG to SUVs is 

the same as that described by Barbet et al_. (1981). The 

presence of PDP-SA in liposomes and of PDP groups on IgG 

molecules makes the-thiol disulfide exchange reaction 

possible. Because of this reaction, IgG binds covalently'to 

SUV liposomes as is the case with REV liposomes. 

Separation of antibody coated SUV from unbound antibody 

, A This step of separating antibody coated liposomes from 

-unbound antibody is quite different for SUV and REV 

liposomes. REV liposomes, because of their bigger size can 

easily be sedimented by high speed centrifugation. In 
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contrast, SUV's, being very small in size, are difficult to 

sediment by this technique. Ultracentrifugation could 

-perhaps ca'use settling of SUVs, but, is very difficult to 

redisperse the resulting pellet. Hence, unlike for REV 

1iposomes,' the technique of centrifugation for separation of 

unbound antibody was dispensed with for SUVs. 

. Many investigators have used the, technique of gel 

filtration through appropriate- gels for isolation of 

liposomes and antibody. Hence we tried two different gels, 

namely,' Sephacryl S-400 superfine and Sepharose 4B for this 

purpose. Based on theoretical considerations (i.e. their 

fractionation, range) both these gels should be able to 

resolve liposomes and IgG. As expected, 1iposomes "and IgG' 

are well resolved when passed, through these columns (see 

Fig. 30,31). Unfortunately, when the liposome antibody 

reaction mixture was run th.ro.ugh the columns both the 

columns failed to separate the liposomes from unbound IgG; 

A plausible explanation'for this could be the aggregation- of 

liposomes upon binding of IgG to them. Such aggregated 

liposomes Could physical ly be trapped on the column.' The 

problem of aggregation has been observed by other . 

investigators also (Jou et al_. 1984, Matthay e_t jal_. 

1984). The concentration of*the protein, i.e. antibody, is 

one of the factors responsible for aggregation. The higher 

the protein concentration, the higher the degree of 

aggregation. Aggregation has been overcome by many 

http://th.ro.ugh
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f igure 30. Elution profiles of liposomal (SUV) 3H-methotrexate 

(MTX) and IgG from Sephacryl S-400. m 
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Figure 31. Elution profiles- of liposomal (SUV) 

"*' 3H-methotrexate (MTX) and IgG from Sepharose 4B. 
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investigators by the use of low amounts of antibody for 

binding to liposomes.- However, in almost all of those 

instances the antibody used was monoclonal. The monoclonal 

antibodies are supposed to possess exceptionally high 

specificity. In our case, the antibody used was a 

polyclonal one which has poor specificity compared to the 

monoclonal type. Therefore, it was necessary, for us to have 

a higher concentration of IgG in our coupling reaction 

mixture to compensate for the lower specificity of our 

polyclonal antibodies. 
> *** 

Ficoll floatation centrifugation 

This technique had been us'ed by Shen ejt aT. (1982) 

for separation of liposomes from unbound antibody. Fraley 

et al_. (1980) had used a similar technique to isolate 

liposomes from unencapsulated DNA. We tested the 

feasibility of this approach, at first using plain liposomes 

and then the experiments were conducted using antibody -

liposome reaction mixture. "Results of these experiments are 

shawn in Table 38. Examination of this table implies that 
Q 

the position of the liposomes in the Ficoll gradient depends 
a, 

on the concentration of protein associ ated. with them., If 

the protein concentration is high (4.3 mg/ml) the liposomes 

settle to "the bottom of the gradient. An intermediate 

concentration causes the liposomes to band between 10% * 

Ficoll and 12.5% Ficoll.* At low concentration, however, the 

liposomes float on top%f 10% Ficoll below 0.5% NaHCO,. 

r 

<• " *^. * %&*&***- *K i% 



-Table 38 
Ficoll floatation centrifugation of antibody bound liposomes . 

Amount (mg) of protein ' Amount of protein^(IgG) associated-
(IgG)'per ml of liposome with liposomes ' 
in the reaction mixture Actual obtained Corrected* 

mg/ml r . • mg/ml 

Posi t ion of liposome-IgG 
band in the densi ty 
gradient following 

* cen t r i fuga t ion 

15-.45 - 15.95 

10.50 - 10.70 

5.25 - 7--98 

18.69 - 19.57 

1.75'- 1.80**^ 

1.25 - 1.80 

4 .30 - -

2.63 -

1.02 -

4.50 

,2.70 

1.40 

Bottom i.̂e.. settles to, 
the bottom 

' ' Middle i.e. between. 
*- .10% and 12.5% Ficoll 

. Top i.e. between 0% and 
10% Ficoll m 

*Corrected to the original vo>ume"of liposomes in the reaction mixture. 
**It was difficult to separate and get a more concentrated band of liposome-IgG*. 

/ 

O 
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This phenomenon of varying degree of floatation can-easily 

be explained by the fact that increasing the concentration 

of protein with liposomes gives rise to increase in density. 

The eoncentrationXof protein present in liposomes 

depends upon the amount of liposomes and IgG in the reaction 

mixture.\ At our ideal, experimental conditions (i.e. when 

encapsulavion efficiency" of SUVs was'2.2%), 2 volumes of 

SUVs reacted with 1 volume" of IgG solution (10 mg/ml), 

liposomes floated on top of j*he Ficoll after centrifugation. 

Under the same conditions,-when the binding was performed 

using 1 volume of SUV and 1 volume of antibody, li-posomes 

either banded between* 10 and 12.5% Ficoll or" settled to the 

bottom after centrif ugation,, depending on protein 

concentration. We were interested in liposomes "which could 

float on 10% Ficoll, so-that they can be separated from" -

ceTls, in the binding,studies. Therefore, tc obtain such 

liposomes, we always used 2 volumes of liposome and i volume 

of antibody in coupling experiments. 

Although the antibody-bound liposomes floated on „1Q% 

Ficoll, when observed under the microscope, these liposomes 

showed the presence of aggregates. Attempts were made to 

break these aggregates by forcing the preparation through 

0.4 ym polycarbonate filter. Extreme difficulty was 

experienced during this filtration and whatever little 

filtrate was obtained was devoid of liposomes.. In other 

words, liposomes w-ere trapped by the filter itself. A 
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problem such as this was also observed by Matthay et- al. 

(1984). These authors attributed this problem to the higher 

protein concentration. Consistent wfththis notion, we had 

no. difficulty in filtering SUV liposomes with no antibody 

through the 0.4 um filter. As mentioned.earlier, because we 

needed higher amounts of protetn associated with the 

liposome, we could not avoid the formation of aggregates. 
*- v -

Liposomes binding studies with melanoma cells 

These experiments were conducted with human melanoma • 

(M2^) cells similar to those .done wijth the REV liposomes. 
» 

It was* thought that in the former binding studies, because 
** *> 

of the larger size-of REV Iposomes, some unbound liposomes 

mi^tit have settled along with the cells. This might have 

Wasked the increased binding of specific antibody coated 

liposomes to target melanoma cells. It was-anticipated that 

the"use of SUV liposomes, because of their smaller size, 

would overcome this problem. Another reason for conducting 

experiments with SUV liposomes was the ,recent finding that 

small liposomes are better than large liposomes for 

intracell ular, drug delivery (Machy and Leserman' 1983). 

-The results ,of>the binding studies with antibody 

coated SUV liposomes are presented in Table 39. These 

results, when compared to results obtained with REV 
* 

liposomes (Table 21) suggest that liposomes bind to cells as 

a function of .their size. The REV liposomes bound more than 

SUV liposomes to melanoma cells. As observed earlier, the 



243 

Table 39 
Binding of antibody coated methotrexate (MTX). containing 

- liposomes" (SlfV) by human melanoma cells 
Time of incubation - 2 hr Temp. = 37 C 

Sample ,Percent of added 
radioactivity 
associated with 
cells ±SD 

Positive MTX liposomes 3.44 
±0.20 

NRG-MTX liposomes 21.44 
±0.94 

AMG-MTX liposomes 5.02 
±1.12 
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mere presence of antibody on liposomes, further increased., 

their binding to cells. However, unli-ke what was expected, 

these result's once again fail to show any! targeting, i.e. 

increased binding of liposomes coated with specific 

antibody. It is difficult to envisage a slpecific cause for v 

these unexpected results. A possible reason could be the 

presence of aggregates in the-,1 iposomes. |he aggregates 

might behave similar to REV liposomes and a\l so could magnify 

the problem by getting enmeshed between cells. 

Thus, the drawbacks associated with REV.liposomes 

could not be overcome by SUV liposomes. Hence the cell 

specific targeting of antibody co.ated 1 iposomes. could not be 

observed. Further experiments, perhaps with riionoclonal 

antibodies, might shed some light on this aspect. The high 

specificity of monoclonals should permit them Ito be used in . 

just microgram quantities in these type of experiments. As 

evident from many published reports, at-such sn*ian protein 

concentration, the aggregation of.liposomes could be 

completely eliminated. 
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SUMMARY AND CONCLUSION 
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SUMMARY AND CONCLUSION 

Studies with triamcinolone acetonide liposomes 

The original objective of this study was to evaluate 

the effect of charge, size and lipid composition of 

triamcinolone acetonide (TRMA) liposomes on drug 

disposition. However, when attempts were made to. prepare 

liposomes containing TRMA, it became clearthat the 

encapsulation of TRMA was very low. Different approaches, 

such as alteration in lipid composition, change in swelling 

medium or method of .preparation, etc. were tried to improve 

the liposomal incorporation of TRMA'. Despite these-attempts 

it was virtually impossible to ge't the required 0.1% w/v 

concentration of TRMA incorporated into the liposomes.. In 

the light of these findings, the objective- of the project 

was changed to improving the liposomal incorporation of TRMA 

by chemical modification. Previous investigations . (Shaw° j 

e_t aj_. 1976) indicated that attaching a lipophilic chain 

to a-corticosteroid (Cortisol) improved,the.efficiency of 

..liposomal encapsulation. On this basis we decided to 

prepare and test the palmitafe ester of TMRA* The synthesis 

of this compound, triamcinolone acetonide-21-palmitate 

(TRMA-P) has not been previously reported. To obtain a high 

yield of TRMA-21- palmitate, suitable synthesis and 

purification procedure were devel0fte4kTn our laboratory. 

The product of the synthesis was characterized by IR, NMR 
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and elemental analysis. Results of" the encapsulation 

studies with TRMA-P demonstrate a great -Improvement in the 

incorporation brought about by p'almi toylation. The 

palmitate derivative was almost completely taken up into the 

liposomes proving the hypothesis that palmitoylation could 

enhance the liposome encapsulation of drugs (Goundalkar and 

Mezei 1984). 

Studies with methotrexate liposomes 

The main purpose of--these studies was to investigate 
, > 

•-he in vivo and in vitro anticancer effect^ of MTX ' 

entrapped in liposomes with or.without covalently Tinked 

antitumor antibodies. The reverse phase evaporation OREV) • 

method was adopted to achieve higher encapsulation of MTX 

withi,n the liposomes, The^ sonication -method was used to 

prepare small unilamellar MTX liposomes which were used only 

in interaction studies with cells. Entrapment studies with 

REV liposome's indicated maximum entrapment of MTX when the 

liposomes had a positive surface charge. Other 

characterization parameters that were tested for the REV 

liposomes included, theirsize and drug release pattern. 

These liposomes were- found to be quite stable even in the* -

presence of fetal calf serum, presumably due to -the high 

cholesterol•concentration associated with tbem. 

To prepare targeted liposomes, antibodies were linked 

to them covalently. The reactive PDP-derivative^ of a lipid, 

needed for this purpose, had to be synthesized as° it.was not 

K 



•available commercially*". Our attempts to synthesize PDP-PE 

and PDP-DPPE by reported methods failed to provide these 

derivatives i.n sufficient quantities. However, vie have 

synthesized, a new lipid derivative with ahigh yieTd, namely 

PD-P-SA. The chemical structure 'of the PDP-SA was verified 

by IR, NMR and el ementaf. analysis. .Using PDP-SA', we 

investigated, two different methods of covalent binding of 

antibodies to liposomes. We also tested ECDI method (Endoh 

et JL]_. 1981) of binding of IgG to liposomes. Our 

results indicated hig'h efficiency of binding only with the 

method of Barbet et al_. (1981). The binding procedure °/ 

did not cause any'substantial reduction in the activity of 

the antibody when tested by-radioimmunoassay (Goundalkar 
f » 

et al. 1984a). We, therefore, followed this procedure 

— T" " . \ 
to prepare anti.body coated liposomes for further tes-ts. 

The results of our interaction studies with human 

melanoma cells showed increased binding of MTX liposomes to 
<a „ *** 

cells when they wefe coated w]th antibodies." This was 
observed both with REV and SUV liposomes. The examination 
by microscopy of the samples" sta'fned by membrane 
• • . «„ 

immunofluorescence revealed that larger numbers of liposomes 
ft ' • ' 

bound,'to* melanoma cells when, liposomes wereA linked to 
0 

anti -mel ano-ma IgG than when they were linked to non-specific 

IgG (Goundalkar Gt al_. 1984b). However, such specific 

bincMjHj could not be quantitated by radio tracDer technique 
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even with SUV liposomes. The failure to quantitate the 

specific binding of targeted liposomes- has been attributed 

to such factors -as 1 ow .specificity of antibodies, the 

aggregating .nature of liposomes and cel.ls, etc. More 

refined studies, preferably using monoclonal antibodies, 

would be necessary to confirm the antibody mediated 

targeting of liposomes to cells in vitro. 

. In vitro cytostatic studies using three different 

ce31 lines, Caki-1, EL^ lymphoma and melanoma (M2i), 

gave qualitatively similar results. MTX was less effective 

in inhibiting the gro'wth of cancer cells when encapsulated 

4n liposomes. The diminished cytostatic effect was 

attributed to the slow release of MTX from" liposomes and 

also the inabi 1 ity ,of- cells to take up the REV liposomes. 

Among the three types of liposomes tested, positively 

charged MTX 1 iposomes-appear to be superior to the other two 

types" in their growth inhibitory effect. Coating the REV 
• *. " . - ' " 

MTX liposomes with antitumor antibodies did not improve 
<. *-

theiV in vitro performance. * When tested against EL. 

cells, there was no difference in the cytostatic effect of 

MTX liposomes coated with anti-EL^ IgG and normal rabbit 

IgG. 

Mouse EL^ lymphoma (ascites tumor) tumor model was 
j , • « 

used for the in vivo anticancer evaluation of MTX <•% ' 
liposomes (Ghose ejt aj_. 1984). The route of 

administration was intraperitoneal. MTX,^when incorporated 
to , <-* *» 

in REV liposomes, exhibited high host^toxicity while empty 

« 

^*- •W^-T^W- *" -J 
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li'posomes alone or mixed with the solution of MTX did not 

"show such-toxicity. The toxicity was found to be dose 

dependent. At, or below, the dose level of 3.5 mg/kg no 

toxicity wa's observed and further in vi.vo studies were 

conducted at this dose level using positively charged MTX 

liposomes.- Our results have shown a statistically 

significant increase in survival of tumor beari-n-g mice when 

« treated with positively charged MTX liposomes at the 3.5 

mg/kg dose. Though statistically significant, this increase 
* * . * 

was only marginal. However, for reasons unknown, the 

toxicity reappeared when MTX liposomes were' coated with 

antibodies, antitumor or otherwise, and it persisted even at-

the dose level of 3 mg/kg". There were a few Long term 

s-urvivors„ in mice treated with 3.5 mg MTX/kg of antibody* 

liposome conjugates. No s<uch long term survivors were 

present in mice treated with unconjugated MTX4 1iposomes. 

However, over al.l, there was no statistical difference 

„between treatment and controls in the experiments with 

antibody coated liposomes. 
*•• « *-""" / 

J In conclusion, our studies did not show selectivity in 
A 

the action of -liposome encapsulated drug in cancer ̂ therapy. 
* 

However, it would be inappropriate to extrapolate these 

findings to other drugs in general. lb,e actioji of drugs 

encapsulated in liposomes js governed by several factors 

such as route'of administration, properties unique to the^ 

\ 



drug itself, specificity of the antibodies (in the case of 

targeted "liposomes), properties, of the Tiposomes, etc. Our 

in vitro and in vivo anticancer studies were done using 

relatively large REV liposomes and less specific polyclonal 

antibodies. Use of SUV and monoclonal antibodies may 

provfde favorable .res-ults in this regard.' _ 
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endix 1 

Formulae for different solutions 

.Bray's solutions (Bray GA9 Anal Biochem .1960; 1 
, • * 0 r 

279-285): 

Omni f1uor 

Naphthalene 

Ethylene glycol , 

Methanol 

1,4-dioxane *q.s. 

. 4 gu 

30 g 

«10 ml 

50 ml 

500 ml 

2. 0.01 M Phosphate buffered saline (0.01 M PBS): 

NaH2P04„H20 18 g 

Na2HP04 . 

NaCl 

r~"- Distilled water 

pH 

38.1 g 

340 g 

4 1 iter 

7 

(Dilute the solution 10 times with distilled water 

to obtain 0.01M PBS) . . " 

"> 
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3. Ace ta te b u f f e r pH 5 : 

1 M a c e t i c acid-

y^m>hydroi}ssodi urn ace ta te 

or 

Sodium acetate 3H20 

Distilled water q.s, 

pH 

a84 ml 

17.2 g 

27.2"g 

4 liter 

5 

J 
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1M acetic acid:, 

Glacial acet-ic acid 
° . > 

Dist1Tled water q.s. 

57.7 ml 

1000 ml 

4. 0/.1 M Sodium phosphate buffer, 0.15 M NaCl-s pH 7.5: 

M Na2HP04 

0.2 M* NaH2P04 

NaCl 

Disti11ed water q.s, 

0.2 M Na2HP04: Na^PO. 28.4 g/liter 

0.2 M NaH2P04: NaH2P04.H20 27.6 g/liter 

420 ml 

80 jnl 

8.5 g 

1000 ml 

7.5 

A 

0.1 M Acetate buffer, 0.15 

^Glacial acetic acid 

IN NaOH q.s. 

NaCl 

Distilled water q.s. 

iCl, pH 4.5: 

5.72 ml 

pH 4.5 

8.5 g 

1000 ml 

'•) 
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0\S% Sodium dodecyl sulfate buffered solution:' 

(Johnson LF2 Fuhrman CL9 Abelson HT. Cancer Res 

1978; 38:2408-2412) * • -? 

Tris -HCl 
s, 0 t o 

Nad* 

Sodium dodecyl sulfate 

EDTA 

Distilled water 

' pH 

1,58 g (0.01M) 

5.845 g (0.1M) 

5 g (0l5g) 

0.292 g U.001M) 

1000 ml 

7.4 

EDTA solution for tissue culture: 0 

EPTA (sodium, salt) / • ,0.2 g 

KC1 ° 0.4ag 

NaCl . » 8;0 g 

NaHC03 

.Glucose 

Phenol red 

Distilled water 

0.35 g 

1.0 g 

0.005 g 

1000 ml 

A l k a l i n e w a t e r : 

Sodi urn c i t r a t e 

Si urn bi carbonate 

water q . s . 

2 g 

2 g 

, 1000 ml 
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The IR spectrum of tr iamcinolone acp4onide-21 

pa lmi t a t e . 
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Appendix 3 

The H NMR spectrum of triamcinolone 

aceton 1de = 21-palmitate. 
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Appendix 4' 

V 

The IR spectrum of N-[3-(2~pyridyldithio) 

propionylJstearylamine (PDP-SA). , 
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Appendix/5 

The i c iC NMR spectrum of N - [ 3 - ( ^ -pyn i dy l d i t h i o ) 

p r o p i o n y l j l s t e a r y l amine (PDP-SA). 
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AMract D The ill palmitate of triamcinolone acetonide was synthesized to 
aid in the liposomal encapsulation of the drug Encapsulation efficiency of 
triamcinolone acetonide 21-palmitate v/as 85%. compared with S*-> for the 
parent tirug ,. / 

E£eypfcrasc3 • Triamcinolone acetonide— 
liposomal encapsulation O Liposomes-
acetomde-21-palmitate, synthesis 

synthesispfthc2l palmitatecstcr, 
—encapsulation of triamcinolone 

Liposomes are microscopic vesicles composed of phospho
lipid bilayers'separated by aqueous compartments Theirpo-
tential as temporal and spatioternppral drug delivery systems 
is being widely investigated (1 -3). The applicability of lipo
somes as selective drug delivery systems for cutaneous ad
ministration of drugs has been studi&d (4,5) in this laboratory 
using triamcinolone acetonide as the model drug Attempts 
to test various types of liposomes with the same drug revealed 
a low level of encapsulation of the drug in theimultifamellar 
liposomes 0 

A relationship between liposomal encapsulation ancHhe 
structure of the derivatives of another corticosteroid, hydro
cortisone, has been reported by Shaw et al (6). The observa
tion that among a variety of derivatives, hydrccortisone-21-
palmitate had the maximum encapsulation in the liposomes 
led us to study a similar approach for enhancing encapsulation 
of triamcinolone acetonide The synthesis and purification of 
triamcinolone acetonide-21 -palmitate, based on the principles 
of the methods reported by Shaw et al, (6) and Diamanti and 
Bianchi (7), is described in this report. «-

' • 2 

EXPERIMENTAL 

P-Endorc-2H*-<>itcheKad£Coay)-l|-!jydrogy-I6,17-{(B-mEfhyl2SMi3cOT)-
b,s{0Ky)|-jsregna-!,4-<! en&-3,20-d oae—Triamcinolone acetonide (435 mg, 
I mmol) was dissolved in"4 mL of W./V-dirncthylformamidc Pyridine (160 
mg, 2 mmol) and palmitoyl chloride (550 mg,2 mmol) vercadded, the mix^ 
tur,e was stirred magnetically at tooni temperature for 22 h, and Mien uas* 
poured into 0 5 M sulfuric acid (1600 mL) and stirred vigorously Th3 product 
was removed by filtration and \/as purified by column chromatography on 
silica gel (toluene-ethyl aceiate-oceucacid, SO 10 I) nccrystalhzattorffrom 
methanol, gave 471 mg(70% yield) of tnamcino]0noncctomde-21-pa[mitate& 
mpl43 I 4 7 ° C , 1 R ( N U J O ! ) 1760 (ester C = 0 ) , 1740 (ketone C = 0 ) , 1670* 
ia.fi, cry-'-unsaturated ketone C = 0 ) , 1620 (C=C conjugated with ketone), 
and 8S0 cm"' (m-CH of A-1,4 system). 'H-NMR (CDCI3) ' 0 88 (t, 3. 
terminal CHj), 094 (s, 3, 18 CH3), 1 25 ( n a n w m, 27, acetonide 0 CHj 
and CHj chain). I 42 (s, 3,'acetonide 0-CH3) I 55 (s 3,19 CHj), 1 6-2 5 
(m 4 C H J C H J C O : ) 4S0(s.2,2l CHjO).497(hr. 1.16-CHO),6 12(d. 

* 
Tsbks I—Ccrparalive Bala fcr Upa^sB-jl Eacapcutai en ofTriamnio'oi'e 
Acetc-ldo nvi Tnarrirclo-'S Acctcntdi>-21-Palmitato 

Procedure 

Preparation 
Filtration 
Centrifugation 

Fraction 

Crude product 
Filtrate 
Supernatant 
Pellet (liposomes) 

Concentration. 

Triamcinolone 4 

Acetonide 

20 
7 
6 
I 

,mn/22mL 
Triamcinolone 
Acetonide 21 

Palmitate 

20 
19 
2 

17 

> l , y 2 4 n 0 6 H z , 4 C H ) 6 44(dd, 1,̂ 2.4 = 06 H z , y a a 95 Hz,2-CH),and 
7 22 ppm (d. UJX 2 ° 9 SJtz, l-CH) 

Attal-£dc forC24H6lF07 C,7I 39, H, 9 44, F, 2 82 Found C.7I 26, 
H, 9 25, F, 2 CO 

Prep-raSEc-i ci l ipcssra—To reliably determine encapsulation efficiency, 
radioactive trinmciRO'one acetonide 21 palmitate was prepared as above from 
(6,7-*-rfjtriamcinolone acetonide Multilamellar liposomes were prepared 

,as described by Mezei and Gulasekharam (4) Dipalmitoyl phosphatidyl 
choline (i(10 mo) and trtamciRc'ane GC3tcnider21 palmitate (22 mo, 3S0 pC\) 

-in chioroform-methanel (21) were evaporated using a rotary evaporator. The 
film was then dispersed with 22 mL of aqueous 8 mM CaCfe solution at 60°C 
The preparation was evaluated microscopically and then Altered through a 
12 nm polycarbonate filter The filtrate vas then centrifuged at 22.000X-? 
for 25 mm Radioactivity in each fraction was measured after each treatment 
Triamcinolone acetonide liposomes vcre prepared in a similar manner 

RESULTS AND BJSCUSSION 

„ Results presented m Table I indicate considerable improvement m liposomal 
encapsulation of triamcinolone acetonide as a result of palmitoylation In the 
case of the triamcino'one acetonide liposomal preparation the first major ta>s 
occurred after filtration through a 12-jum polycarbonate filter This filtration 
step is necessary with the lipcomal encapsulation of a lipophilic drug Since 
the drug is insoluble or very slightly soluble in the aqueous medium, only that 
portion is encapsulated that is in solution and intimately ulcerated with the 
lipid bilayers, the remaining portion is in solid form which, although it is un
encapsulated, would be present in the liposomal fraction after centrifugation. 
The loss of 13 mg (ie, 657J) of triamcinolone ocetontdc by the filtration 
process was due mainly to tinoncapsulated crystals observed in the crude 
preparation Such crystals vere absent in the filtrate No crystals were seen 
even in ths.unfiltered tnamcinoIansacctcmde~2I-palmitatc liposomal fraction, 
coisequeotly only I mg(* e.S-^waslcotbythefiltratton Th|s suggests that 
ihz palmitate form has a stronger association with the lip d layers and that 
almost compete encapsulation is achieved 

The seoc-d major toss in the case of triamcinolone acctciids lipo-cmes was 
in the supernatant after ccntnfugatioa of the filtrate This us due mainly to * 
the drug in soluttoi but not associated with liposomes Evidence far this was 
demonstrated by gel filtration chromatography Thus, the overall er-c^gsu-
lation of triamcinolone acetonide, determined in the final purified llu&Kwfcrl 
fraction, was only 5% while that of its palmitate derivative was found to cc 
BS^ The encapsulation of the palmitate derivative could be close to-?00-\ 
if^ne considers the unavoidable IOJS due to the filtration and centnfupation 
procedures, i e, by.adsorptian to the filter and glassware Another minor but 
inherent loss of liposomes could be due to the presence of small (<0 5 pm) 
liposomes, which are not oomp'stely cedimsnted by centrifugation However, 
For comparison purposes, both preparations were analyzed by the same pro
cedures, and consequently, the came considerations should be applied 

A possible reason for increased encapsulation of the palmitate derivative 
could be the change in the partition coefficient For lip d-soluble compounds 
a logarithmic partition coefficient (log P) between ft 7 and 4 is unfavorable 
for lipo-onjal encapsulation (3) Tnamcinoloi c acetonide has a log P of 2 53 
(9) Palmitoylation \/ou!d increase this to «-l I as calculated using substituent 
constants (9) 

The mechanism for increased encapsulation could be predicted to be 
analogous to that of hydrocortisone-21 -palmitate (10) The palmitoyl chain 
may aclas"hydrophob c anchor" ho-dingthesteroid head group on the surface 
of the lipid bilayer 

One of the drawbacks in liposomal drug delivery systems is-the poor en
capsulation of the drug in the liposomes Chemical modification is likely to 
be a powerful approach to overcome such an obstacle, as evidenced hcrcjind 
elsewhere (6) Although only a small armunt of (he drug was associated with 
the liposomes the drug disposition was altered favorably on dermal application 
of a triamcinolone acctoiide liposomal preparation (4 5) In light of this;the 
potential usefulness of this highly concentrated liposomal triamcinolone 

0 3 4 / Journal of PtarmzcGUtlcal ficisnees 
Vol 73, No $, Juno 1Q$4 

0022-3549134/ OSOO-0034S01 00/0* 
© 1904, American PtermzccutlcQl Association 

http://ia.fi


<3>2 

acet<nidc-2t-palmitate preparation ns a "lecttve drug delivery systcrv for 
culanaojs administration rray ha optimal 
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W-[3-(2-PyndyIdithio) propionyl] stearylamine (PDP-SA) 
was synthesized from a reaction between stearylamine and 
the heterobifunctional reagent /V-succinimidyK5-(2-
pyridyldithio) propionate, use of this PDP-SA to 

- covalently couple antibodies to liposomes was investigated 
The binding efficiency was found to be" 24-32%. The 
antibodies bound to liposomes were shown to retain the 
specific antibody activity. This new procedure of coupling 
antibodies to lipsosomes could be an efficient means to 
deliver drugs to selected target organs, especially in cancer 
chemotherapy. 

»Several methods to couple antibodies to liposomes via a 
stable covalent linkage have been reported (Barbet et al 
1981; Endoh et al 1981; Jansons & Mallet? 1981; Martin 
et al 1981; Shen et al 1982; Goldmacher 1983). Martin et 
al (1981) have described a method which- has a higher 
efficiency of binding than achieved by the other 
methods and which avoids dialysis in the presence of a 
detergent. However, because of the use of an unsatu-̂  
rated phosphatidylethanolamine derivative, the long-
term stability of the product might be questionable due 
to the risk of oxidation. We report here the successful' 
linkage of a rabbit anti-BSA IgG to liposomes using 
a stearylamine derivative of yV-succinimidyl-3-(2-
pyridyldithio) propionate (SPDP). This method has a 
high efficiency of binding without substantially inter
fering with the antibody activity of the bouncl IgG and 
the product doss not have the risk of undergoing 
oxidation. 

Methods . 
Sytitliesis of N-[3-(2-pyridyldithio) propionyl] stearyl
amine (PDP-SA). Stearylamine a(S A) (260 mg, 965 
(iniol) and JV-succinimidyl 3-(2-pyridyldithio) propion
ate (SPDP) (200 mg, 640 janol) were dissolved sepa
rately in 12 ml portions of absolute methanol. The 
solution of SPDP was added dropwise to the stearyl
amine solution and the, mixture was stirred at room 
temperature (20 °C) for 30mia. Methanol *̂/as then 
removed under reduced pressure. The crude product 
was purified by column chr-omatograjsliy on silica gel; 
eluting viith ethyl acetate-light petroleum (40:60) 
(282 mg, 94%): mp 61 °C; ir (CH2CI2): 3450 (-MH-), 
2950 [(CH2)l0],vl690 (Amide I) and 1525 cm-1 (Amide 
II); pCl-nmr (CDC13): 175, 170 (as and trans CO), 
160-120 (5, pyridyl), 40-27 (several, CHJ, 23ppm 

" Correspondence. 

(CH3). Anal.-Calc. for C2«H«6N2S20: C, 66 90; H, 
9-93; H,' 6-00; S, 13-74. Found C, 67-28. H, 9-89; N, 
5-81; S, 13-75.. . ' 

Preparation of liposomes. Preparations containing large 
unilamellar and oligolamellar liposomes were obtained 
by the reverse-phase evaporation me'thed described 
by Szoka &. Papahadjopoulos (1978) * using DL-a-
dipalmitoyl phosphatidyl choline (DPPC), cholesterol, 
SA, and PDP-SA in a molar ratio of 4:4:1-1. 
Specifically, DPPC (80 mg, 109umol), cholesterol 
(42 mg, lOPjimol), SA (7-5 mg, 27;8umol) and PDP-
SA (12-7 mg, 27-3 umol) were dissolved in admixture of 
chloroform (4-5 ml) and diethyl ether (8 ml). Next", 
4-2 ml of 0-5% NaHCOj (pH 8)'was1 added, afterfWhich, 
the lipid solution was sonicatea" at 0-5 °C for 5 min in a 
bath-type sonicator. Organic solvents were removed 
from the resulting emulsion-|ike dispersion by a rotary 
vacuum evaporator. The aqueous dispersion was then 
shaken at 55 °C for half an hour to obtain liposomes. 

To incorporate methotrexate (MTX) into the lipo
somes a 20 mM solution of MTX in 0-5*fo NaHC03 was 
used for entrapment. Crude liposomes thus obtained 
were washed twice with 0-5% NaHC03 by centrifuga
tion at 220C0g for 25 min. The washed pellet, which 
consisted of MTX liposomes free from unentrapped 
MTX, was finally dispersed in a volume of 0-5% 
NaHCG3. The leakage of entrapped MTX during 
antibody-liposome coupling was calculated as the differ
ence between liposomal MTX content (determined 
spectrophotometrically at 303 nm in methanol) before 
and after attaohraent of thiolated normal rabbit IgG to 
the liposomes..—' 

Preparation of PDP-IgG. Rabbit/^jti-BSA IgG was 
fractionated with 33% saturated aitimonium sulphate 
from immune cera and its antibody activity was assayed 
by radial immunodiffusion as described by Kulkdrni et 

' al (1981). Pyridyl disulphide moieties were introduced 
into IgG, using the heterobifunctional reagent SPDP by 
the method of Car ton et al (1978). Ten moles of SPDP 
was reacted with lmol of IgG in*0-1 m sodium 
phosphate buffer containing 04 M NQCI, pH 7-5, for 
39 min. The reaction mixture was dialysed esrtensively 
against the above buffer at 4°C in order to remove 
low-fnoleailar-weight substances. The content of 
2-ppidyl disulphide groups, as determined by the 
method of Carlsson et al (1978), was 6-8-2 per mole of 

i. 
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"IgG. The modified IgG was stored at -20°C until 
needed '; - *-

Covalent coupling of antibodies to liposomes. PDP-IgG 
was bound to liposomes by the method of Barbet et al 
(1981). PDP-IgG was reduced with dithiothreitol 
QpTT) in 0-1 M sodium acetate buffer containing 0-1 M 
NaCl, pH 4-5 for 40 min. Excess DTT and pyridine-2-
thione were removed by gel filtration on a Sephadex 
G-25 M column equilibrated with 0-5% NaHCOj, 
Thiolated IgG (8-12-6 mg) and liposomes (26 fmol of 
phospholipid) were stirred together overnight at room 
temperature and pH 8. Liposomes were separated from 
unbound antibody twice by centrifugation at 22 OOOg for 
25 min followed by washing of the pellet with 0-5% 
NaHC03. In order to determine non-specific adherence 
of antibodies to liposomes, 9 mg of PDP-IgG C t had 
not been reduced by DTT was mixed with liposomes as 
above. The protein content of the liposome fraction was 
analysed by the method of Lowry et al (1951). ' 

Determination of antibody activity. The aritigen-binding 
capacity of the anti-BSA IgG was determined using 
[l25I]BSA as antigen by a method based on Farr assay 
(Hudson & Hay 1980). For determining the antigen-
binding capacity of the IgG linked to liposomes, an 
aliquot of liposome-anti-BSA IgG containing 314 ng of 
IgG was incubated with an excess of [125I]BSA (400 pg, 
55 000 counts min-1) for 2 h at 37 °C with continuous 
shaking. This was followed by incubation at 4 °C for an 
additional 2h. Liposome-antibody-antigen complex 
was then sedimented by centrifugation at 22 OOOg for 
30 min. The pellet was washed twice with 0-1 M PBS. 
The amount of BSA bound to liposomes was calculated 
by determining the I2SI associated with the pellet. 
In control experiments the non-specific binding of 
(12SI]BSA to normal rabbit IgG^or normal rabbit 
IgG-liposomes was determined. Values for specific 
binding to anti-BSA IgG were corrected by subtracting 
the amounts of radioactivity that bound non-
specifically. ' 

Results and discussion 
About 24-32% of the .thiolated IgG became bound to , 
liposomes (96-1231

rig IgG umol~> phospholipid), a 
binding efficiency comparable to that reported by other ', 
investigators (Barbet ef al 1981; Martin et al $981). The • 
non-specific adherence of antibodies to liposomes was*" 
only 0-9% (3-1 (ig IgG umal -1 phospholipid). This 
confirms that the chemical reaction between thiolated 
IgG and liposdlnes (i.e. the fhiol-disulfide exchange" 
reaction) was responsible for increased binding of IgG 
to liposomes. 

For immunospedfic liposomal targeting it is essential 
that die lipasorne-bound antibody retain its immunolog
ical reactivity. The antigen-binding clpacity°'of anti-
BSA IgG before incorporation in liposomes was found 
to be 0-1641 [ig BSA/fjg anti-BSA IgG. The"antigen-
binding capacity 6( the rabbit anti-BSA IgG was 

reduced by only abouj 20% after its linkage to lipo
somes. 

By virtue of the,pritnary amino group, stearylamine 
can react readily with the heterobifunctional reagent 
SPDP to give rise to another reactive compound: 
PDP-SA. '*' 

Stearylamine, in contrast to phosphatidylethanol
amine, has a well-defmed and simple molecular struc
ture, i.e. it has a single "hydrocarbon chain whereas 
phosphatidylethanolamine (PE)„ has two fatty acyl 
chains of varying length and saturation. Because of its 
single chain, PDP-SA may have a better fit into the lipid 
bilayers of the liposomes than"the two-'tailed' PDP-PE 
in which the length of the two chains are often unequal. 
Further, because its chain is saturated, PDP-SA is likely 
to be more stable than PDP-PE with its unsaturated 
fatty acyl chains.- An oxidative reaction involving the 
PDP-PE could affect the integrity of liposomes and the 
stability of their hnkage to antibodies. Other advan
tages of vising PDP-SA for coupling antibodies to 
liposomes are the low cost of SA, the simple synthesis 
procedure and the almost quantitative conversion o'f SA 
to PDP-SA. Only about 20% of entrapped MTX leaked 
during the overnight binding reaction. Thus, by the. 
linkage of appropriate antitumour antibodies to MTX-
containing liposomes, it may be possible to add to the 
tumour-inhrbitory effect of MTX linked directly to 

anti-tumour IgG (Kulkarrii et al 4981). 
• <s. ° 
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apleen of a BBUF rot by -stimulating cpienic T 
CGXID (obtained frora a diafcptie rat) in vitro vith 
iolct coll nntigcno for three days, recovering T 
coll blnatc on a Poreoll density gradient, and 

* growing ouch blaato with interleulcin 2 (IL-2). A 
Biraiiar autoreactive T cell line was derived di
rectly from the pancroao of a diabetic BB rat, lo-
ioto of Langarhana uero recovered from the pan-
creaa fay collageoase digestion, then a coll mono
layer vao prepared by further digestion with tryp-
•in. T cells could be cultured from thio monolayer 
by adding II*-2. Theao T cello rapidly overgrew all 
other cell typeo/ and chewed specificity for iaiet 
cell antigens- Tha iaolation and l*bi}g torn growth 
of autoreactive T cell clones will allow detailed 
otudieo of the role that T cells play in the 
pathogoneoio of XDDI1. 

59 RELEASE 0? ACTIVE JETIIOTRCKATC COijtAIKIh'G F0AG-
I3tITS PROM CAimiGR AHrlTUtiOR XtCOJrOCLODUUHS. P . Uadia*. 
A.n . B l a i r * , T . Ghpae 2 , DtTQrtaeoto of Olochepletry* ' and 
P a t h o l o g y 2 , p a c u l t k a2 t lodieinc- , flilhoualo Unlvocolty* 
UalifpK, Nova S c o t l o \ a 3 t l *H7. «> v 

H c t n o t r e n a t e ( H I S * coupled t o icG * c n t l b o d i e o /agalnfcit 
t u s o r - a a s e d a t e d a n t l l c n s on coueo CL4 lyraphcaa o r hvoan 
[121 ae lcuoaa c e l l o Lfihlblto t u s o r grouch i n vivo t e e t e r 
t h a a f r ee t in t , f reQvsnt ibody o r HTlt l inked t o n o m a l r a b b i t 
I rG (UEG)* E i t h e r i n v i t c o oc I n v i v o , t uxo r c e l l o accuao-
latted Boro tint ufjpn I t t o con juga ted t o o n t l t u E o r a n t i 
bod ie s than t h e iffrce druj> However, f r e e HTX lo gore 
e f f e c t i v e l a i n h a b i t i n g d i h y d r o f o l a t c r e d u c t a s e (DiiFu) l o 

v v i t r o than im-ffi-fl conJuQatea . s 

To d o t e r a l n e / i f a con juga t e i s hydro lysed r e l can1ns f r e e 
KBf (jr f u l l y a c t i v e KTJC-eontainins f r a 0 a o n t e , tia have i n c u -
tsaCci TfTK-IIIlG \ l t h l i v e r hoaoacna teo tfnd sub jec ted t h e 

•^TTi^aQtl iai IcCXgonjucafe t o I n t r a c e l l u l a r e a t a b o l i o a by 
H5l c q l l i i ' l n vitro? i i 4 :£*^tfr JR0noEenatcD produced a lo« tnalo-
c u l a t o o l c h t p r o d u c t i s o l a t e d " by g e l and DEAE-eelluloae 
chromatography. Ca tabo l loo vso o p t i c a l a t pM S-b, a c t i 
va ted by d l t b l o c h r * > l t o l and i n h i b i t e d by a n t l p a l n 'and 
t o s y l * y a l n e e h l o r o n e t h y l k e t o n e , i m p l i c a t i n g lynosanal 
onsyoeo. HhcO TBI c e l l a p re loaded wi th KTS-aat l lOl IgC 
were Incubated l a c o n j u c a t o - f r e e Eedluni, a l o v o o l c c u l a r 
weight* f r a c t i o n eoneelnlnfj; t»TX vaa o b t a i n e d f roa both 
BGcJlua and c e l l t icaaact iaee. p r o d u c t i o n vaa I n h i b i t e d by 
ch lo roqu lne^ o g a i o I m p l i c a t i n g l y a o e o i a l onasTneo-. This 
f r a c t i o n uao r e s o l v e d i n t o t u o peak3 by foEftE-callulooc 
eh-reaatogrnphy. A l l t h r e e e a t a b o l i t e s ue ro ae e f f e c t i v e i n 
I c b l M t i n g DIIFB QQ t h e o r i g i n a l c o n j u g a t e . 

60 PREPARATION OF TARGETED LIFOSfclES A1ID THEIR INTER
ACTION UnUXlllElAK' HELAUQHA CELLS. A. Coundalhar . H. ttcxel,l 

T, Chose."1 - C o l l e c t of Pham-acy and *• Deport Dent of Pa tho logy , 
F a c u l t y of t i o d i e i n o , Da lhous io U n l v o r n i t y , H a l i f a x , U.S . 
S3U 4117 «. 

>t ipoeones , I . e . a r t i f i c i a l p h o s p h o l i p l d T v e o i c l e o , a r e b e l n s 
w ide ly i n v e s t i g a t e d a o ' c a r r l c r o of a n t i c o n t e r d r u g s . A n t i 
tumor a n t i b o d i e a nay inprove t h e hocilng c a p a b i l i t y of drug 
c a r r y i n g l i p o c o a o s t o t i e o r c e l l o . In o r d e r to C o v a l e n t l y * ^ 
b ind IgG do U p a c o D c s , a novel l i p i d d e r i v a t i v e 
n - 2 £ 3 - ( 2 - p y r i d y l d i t h i o ) p r o p i o n y l 3 ELoarylaninc (PDP-SA) van 
o y n t h o c i c c d . T h i o l d i s u l f i d e exchange r e a c t i o n uao used fo r 
t h e l i n h a g c of IgC to l i p o e o n e s , Such chemical l i n k a g e d id 
no t o l c n l f i c a p t l y a l t e r t h e a n t i b o d y a c t i v i t y aa shown by 
r a d i o i r n u n o o o s a y . o 

H ie i n t e r a c t i o n between D e t h o t r c n o t e - c o r r y i n r j lii»comofl 

n t u d i e d noing o c a b r a n e i c ^ u n o f l u o r e c c c n c o . K ic roccop ic 
CKaainat ion r p v e a l c d "•'**<t l a r g e r numbers of l i p o s o a c o bound 
t o H21 c e l l s wlicn t h e l i p o s o n c o were l i n k e d to an t i cQlanaca 
IQP t h a n uhen they w e r e l i n k e d t o n o n s p e c i f i c I s C However, 
whether l iponDac-encapQula ted drUQS a r e t aken up by t a r g e t 
c c l l E i c a a i n s t o b e i n v e s t i g a t e d . 

> * 
61 IM&ll E.0DE ilETASTASIS: UtTHABTRl/CTLUVL STUDIES OK 
TUn BAT 13762 HAMHARY CARCIhpHfl AND WALKER CARCINOMA. 
1 . C a r r and H. Levy , TJapt. of P a t h o l o g y , L 'n ivcra i ty of Elani-
toba and S t . Doniface General U o a p i t a l , Winnipeg, Manitoba 
R2U 2A6. . 

Too t ; peo of r a t tumor c e l l s have been Ctudicd whi l e spread^ 
' ing oi a p l a s t i c c u r f a e o in v i t r o ; t h e i r behav io r as r e f l e c t e d 

" - p r i n c i p a l l y in t h e i r u l t r a o t r u c t u r c hot- been compared wi th thc 
b c h a v i o r c t the eaoa t u c o r s a e t a s t a c i a i n g from the footpad t o 
the p o p l i t e a l lyoph node as cccn by t r a n s m i s s i o n e l e c t r o n 
microscopy , it*-has been found t h a t 13762 r a t n a c a i r y tucor 
c e l l s do not itpread r e a d i l y on a p l a s t i c ct-rfacc and do not 
• i c r o t e a c t i \ e l y th rough the o m u G c i d a l h a l t . On the o t S e r 
hand Halker r a t carc inoma c e l l a p ro t :ud« fsilepodxa and spread 

C U B I C A L BIOCIILMISTRY VOLl 'MH P . fEDRL'AKY I9S4 

r e a d i l y on a p i a n t i c ourEatc and BIBO p r o t r u d e f i l a p o d i a and 
o i c c n t e r e a d i l y through t h e o i n u a o i d a l w a l l , bDth i n t o tho 
pulp of the lyaph node end i n t o i t a c a p o u l c . Those f i n d i n g s 
auGgeot t h a t c e l l nbvepent in i n p o r t a n t in lynph node B e t a p t a -
ala, co a v a r y i n s degree in d i f f e r e n t t u c o r a . 
Supported by n a t i o n a l Cancer I n s t i t u t e c f Canada and S t . 
DonUacc General Hosp i t a l Research Founda t ion . 

62 GEBEaAntW OF fTOSOCWHAL- &KTXE00IBS TO U01UI1 
EKIAU CELL CAEClKflHA P Dlonln , S J o t h v . Dopsr tcont Of 
Pa tho logy , ficGlll B a U e r s i t y , Hoot r e e l , P .Q. U H 2B4. 

I t a puETt?oaQ of t h i s s tudy wao t o dovolop lnt?ffiatlEotlfo oad 
diagf loet lc ' p r o t a c t o s t udy buaan r e n a l c o l l cacc lncaa 
(ECC>. Hoao^lonal Dnt lbodiss , (RAb) woca &&noratad a f t e r 
l « E j n t c a t i o a of ailco u i t h a i c r o o c ^ a l and H p l ^ l c f r a c t i o n s 
of t r e a h ECC t l a n u a . Scroenln-j una o p t i a l c a d t o I d o o t l f y 
c o U a a oc r o t Inn IgG esntlbodlee based upon tho d i f f o r e n c o In 
th-sic r o a c t i c U ? u i t h ECC and nocca i t i d n o y (US.). Cc l t u ro 
Boparnetarito uafeo t o n t c d by ELXSA for blftdino of -rg& t o 
ddoorbad ECC ocfl NIC tloQuo o i t r a c t s ; oocrstini*; y e l l s ue ro > 

than syBtona t tce l l ' j ' t e s t e d bf, i n d i r e c t IrssLinofluoroEcance 
( I . I F ) on pa i r ed fros©Q eect loaD of ECC and US. So loc tod 
hybrldcraao, e i h i b i t i p g d i f f o r c o t i Q l BtQln lnc , u e r o tuoa 
t l o n e d and oupended by i nduc t i on of e s e l t o o . ° 

f r c a th roo iiajuniEGd a l t o tho hsbcidoan geewtb r a t o rnncod 
freffl £0 t o 731 . Out of 320 a i c e o c t i l t u r o a u p a r n a t a n t a t o u t e d 
b j ELISA 4Q QQVO a Eilgb, d l f f o c e n t l c l r a t i o of CCC/fJE b ind ing 
flctitfity. 1 IP cerffonin-j flhewad t h a t 10 of t beeo oupor-
n a t a n t o conta ined IQG a n t i b o d l o s u i t h d l f f o c o n t i o l a t o l a l n ' ; 
of SCC vs HI. oo d o t o c t a b i o o t a l Q t n s of US. wao fnund wi th 2 
Mb. Poraa l ln^ f ined p a r a f f i n csbedded t l s s u a c tud iod by 
isaynoparoald&BQ waa oLcifn t o bo u s a b l o u l t d 2 Mb. 

In conc lus ion a syBtcaat ie 'eoff ipariGon bott-3®a n o r c a l and 
t u t o r t i a a u e a by ioGJt-otiietocliealBtr*/ ca f rozen o e c t t o o o 
y l a l d o s a n o l t i v o and s p e c i f i c I n f o r a a t l o n u'blcb a l lo tnj • a 
h i g h l y c o l e c t l v o o t t eon ing of tlAb fo r t h o i r p o t e n t i a l use In 
in- ro l t t lga t ive end d i a g n o s t i c t o o t a of ECC. 

Supported in p p r t by tho f l i n i s t o r o do l a SefFc^nco o t do l a 
Toct -nolot io , Quobae, the t loditj i i Uoooacch ^ , iJAfl i l o f Canada 
end tho Codare Concor Tund. ** v- " , 

6> Produc t ion o ' n P rogroso lve AutoiBsuno ["Bpfirttio in the 
1 Rat bv Mu l t i p l e In t r avc t i c j a I n j o c U o n s o4 Ootcro loqpus 

A n t i - r a t Kidney F3 A n t i c a r u s . U. LAN^IGM, 3. CQRHIGl! 
ana A*2. BnRfiHfiS. U n i v e r s i t y of C a l g a r y , C a l g a r v , 
A l b e r t a . 

Tea r s t s ro'coived S woofciv IV i n j e e l i a n a of 1 o f ol 
a r J tit) i t a n t i - r a t kiQqev f r a c t i o n 3 flntibodv. One 
enntl-ol arooD roee ivcd a -jinalc IV i n j e c t i o n of I a) o+ 
the ant iBorua ioii0t«ed bv tour MCJCHV i n i c c t i o n o of I 
al ncroa l , r s o b l t '"erua. A second c o n t r o l oro'JD 
r » r c i ved •" n e e t l v i n i e c t i o n s at o p r o j l r a b b i t s«rufi. 
rue exoe r t aen t mas t c i ramctcd at l*r w s a U . Ttip t o s t 
qro«o ft* i n i V d l i wort? newcrplv o r o t a m u r l c i"* 100 
aQ/da-'1-. ftitiaiili^ iti the con t ro l Grouos had no 
Qrot--int-rii). Bv inaunof lt ioreScontt; the t e s t or DUOS 
shooed i n t e n s e bcidcd n u o r c s c s n c c i+-» + » ) . In t h e ' 

t n n t r o l irouQ rpcoi*-ina 1 o t X f tfto j)nti&9rua tftcrc was 
l e s s boaded f l uo re scence (+•» And the second c o n t r o l 
Group HJS (ipaativi*. fiiaoaaiobulm e l u t c d frQa the 
ttlof>e'u\i of tna t o s t anVaalfl r e a c t e d t i l th t h e trust-
border tone of the o r o c i a a l convoluted t u b u l e s of 
noroal r a t r idncvS aficn ot-itiffd for r a t Qaaaaglobul tn 
The tuo con t ro l qroufls uero n o g j t i v e . • 

o<; conciuoe t n s t e u i t i o i s - injection--, ot ?ne 
a n t i s n r u s produced *t p rog res^ ivo ianunt? coaolfix ( l iesase 
az the r e s u l t uf ic< autDiaaune p. a c e e s . f 

to ACCUKULATIO'I Q? PAT III UVER CCT.LS OF PATS GXVEil CBOUHE-
HETIIICMIIC DEFIClEHf DI£T. IU Padamro. A. Chosha l , T. [luahaorc 
and E . F a t h e r . Dcpt.. of PntholoBy, U n l v e r o i t y of Toron to , 
To rpn to , O n t a r i o , H5S 1AB. 

Expc r inen t a l d i c t a d e f i c i e n t In c h o l i n e hauo been r e p o r t e d 
t o i n i t i a l l y caurjc oevere a t e o t o a i o about: t h e c e n t r a l v e i n * 
followed e v e n t u a l l y by f i b r o s i s o r i g i n a t i n g around t h e c e n t r a l 
v e i n . Thio ctudy by [ l a r t r o f t (Ha r t ro f t H .S . (IS50) Anat . hoc . 
1Q&,61), u a s done a t a t l a c uhon t h e d i e t p r e p a r a t i o n used may 
v a i l have con ta ined s i g n i f i c a n t -laounts of o f l a t p s i n and/otr 
may have been d e f i c i e n t In f o l i c ac id and Vitamin D.~* 
* \xt c o n t r a s t , uc r epo r t t h e a c c u n u l a t i o n of f a t In a p e r i 
p o r t a l d i s t r i b u t i o n , u i t h r e l a t i v e apa r ing of Zom> I I I 

1 h epa tpcy t cn , in F i scher 164 r a t e fed a d i e t d e f i c i e n t in 
cno l inc^and lov in n c t h i o n l n q . Th i s p r e f e r e n t i a l Zone 1 f a t 
acct-aula ' t ion usa c o a t nafked In t h e f i c o t week of feeding the 
d i e t . Long t r im f o l l o v up of a n l n a l s on t h i b d i e t fo r 12-29 
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