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ABSTRACT 

The re lease  r a t e s  of sodium stibogluconate were followed in  

lyophilized and non-lyophilized phospholipid bi- layer  ves ic les .  

re lease  r a t e s  were followed under the  following environmental temper- 

The 

a tures :  a ' ~  

did n o t  sign 

4O, 19', 29' 

varied above 

1 9 O C ,  29OC, 3 5 O C ,  45OC, 5OoC and 55OC. Lyophilization 

f i c a n t l y  e f f e c t  re lease  r a t e s  within temperature groups 

35' and 45OC. When the environmental temperature was 

the t r a n i s i t i o n  temperature of t h e  di 

re lease  r a t e s  of sodium stibogluconate from lyophi 

lyophilized liposomes were found to  be independent 

INTRODUCTION 

Phosphol i pid bi- layer  ves ic les ,  o r  1 iposomes, 

almitoyl l e c i t h i n ,  

ized and  non-  

o f  temperature. 

have received con- 

s iderable  a t ten t ion  a s  potent ia l  c a r r i e r s  of druqs since, t h i e r  discovery 

in  19621-3. Research during the e a r l y  1970's on 1ipsomt.s climaxed 

with the conception t h a t  liposomes would not onlv function a s  

c a r r i e r s  o f  tox ic  drugs b u t  could a l s o  function (is homing devices . 4 
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466 GORDON, MAYER, AND K I L D S I G  

Thus, l iposome d rug  d e l i v e r y  systems c o u l d  render  t h e r a p e u t i c a l l y  

t o x i c  drugs, e.g. ,  5 - F l u r o u r a c i l ,  t o l e r a b l e  t o  t h e  immune system 

w h i l e  s t i l l  e l i c i t i n g  t o x i c  e f f e c t s  t o  t i s s u e  s p e c i f i c  

Conceptua l l y ,  t h i s  i dea  was a ma jo r  b reak through i n  cancer  t rea tmen t ;  

however, as soon was d iscovered,  t h e  l iposomes were concen t ra ted  i n  

t h e  l i v e r  and sp leen.  I n  a d d i t i o n ,  t h e  en t rapped drugs  d i d  n o t  r e -  

main p a s s i v e l y  encapsu la ted  by t h e  phospho l i p ids  b u t  s l o w l y  d i f f u s e d  

across t h e  b i - l a y e r .  Whi le  t h i s  l a t t e r  problem may pose some d i f -  

f i c u l t y  f rom a dosage fo rm development s tandpo in t ,  i t  may be overcome 

by  l y o p h i l i z a t i o n  o f  t h e  l iposome suspension. 

The o b j e c t i v e  o f  t h i s  paper i s  t o  demonstrate t h a t  l y o p h i l i z a t i o n  

o f  L-OPhosphat idyl  c h o l i n e  d i p a l m i t o y l  l iposomes does n o t  s i g n i f i c a n t l y  

a l t e r  t h e  p h y s i c a l  arrangement o f  t h e  l iposome o r  t h e  i n  v i t r o  r e l e a s e  

o f  l iposome-entrapped drug. The d rug  used i n  t h i s  s tudy  was sodium 

s t i b o g l u c o n a t e  which i s  used i n  t h e  t rea tmen t  o f  l e i shman ias i s ,  a 

l i v e r  p a r a s i t e .  As  such, i t  i s  an i d e a l  cand ida te  f o r  a l iposome 

d e l i v e r y  system as l iposomes a r e  concen t ra ted  i n  t h e  l i v e r .  Sodium 

s t i bog lucona te - l i posome systems have been s t u d i e d  i n  hamsters and 

/ have been shown t o  e f f e c t  a 700 f o l d  r e d u c t i o n  i n  t h e  r e q u i r e d  dose 

M A T E R I A L S  AND METHODS 

Liposomes 

L i p i d s  were purchased f rom t h e  f o l  

Phosphat idy l  cho l  i n e  d i p a l m i t o y l  (DPPC) 

Company and c h o l e s t e r o l  f rom S c i e n t i f i c  

owing sources: S y n t h e t i c  L-a 

98% pure  f rom Sigma Chemical 

Produc ts .  Sodi um s t i  bog1 uconate  

(Pentostam) powder and i n j e c t i o n  were g r a c i o u s l y  s u p p l i e d  by  t h e  

Wellcome Foundat ion  L td . ,  Beckenham, Kent, England. 

U n i l a m e l l a  l iposomes were prepared by t h e  c h l o r o f o r m - f i l m  
8 method . T h i s  method c o n s i s t s  o f  t h e  f o l l o w i n g  s teps .  DPPC and 
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LYOPHILIZATION 4 6 7  

cholesterol  were weighed out  such tha t  a t o t a l  150 mg of a 7 : 3  

Umolar r a t i o ,  DPPC t o  cholesterol  was obtained. The DPPC a n d  

cholesterol  powder were dissolved in  3.0 m l  of chloroform and 

allowed t o  form a th in  l i p i d  f i lm by slowly evaporating off  the 

chloroform a t  46OC on  a Buchii Rotavapor-M. 

completely dr ied ,  2.0 nil  of in jec tab le  sodium stihogluconat'e heated 

t o  46OC was added t o  the Buchii f l a s k .  

i n t o  mult i - layer  liposomes with the a id  of 0 .5  nim g lass  beads a n d  

vortexed f o r  10 minutes. After  10 minutes of vortexing,  the multi- 

l ayer  liposome dispers ion was sonif ied on a Heat 5,ystem Ultrasonil 

Sonicator a t  a s e t t i n g  of 3 f o r  approximately 3 minutes maintained 

a t  46OC by a water b a t h  t o  obtain w h a t  i s  considered t o  be unilamella 

1 i posomes. 

With the 1i ; id  f i lm 

The dry f i lm was collapsed 

The unilamella liposomes were separated from the unentrapped 

sodium st ibogl  uconate on a Beckman L2-65B u l t r a ~ : , e r i t r i f u y ~ .  

cent r i fuge  was r u n  a t  40,000 rpm f o r  15 minutes a: 4OC w i t h  a T65 

ro tor .  The supernatant containing the  f r e e  sodiuni stibogluconate 

was decanted. I n  order  t o  minimize residual e r r o r s  due t o  the 

physical entrapment of f r e e  sodium stibogluconate in the 1-iposome 

p e l l e t ,  the  p e l l e t  was resuspended in 10 ml of  s t e r i l e  water and  

recentr i fuged.  The resu l t ing  p e l l e t  was again resuspended i n  10 ml 

of s t e r i l e  water and frozen immediately in  a d r y  ice-acetone mixture. 

The frozen liposome system was lyophi l ized in a V i r t i s  f reeze dryer 

and the  resu l t ing  powder was placed i n  a des icca tor .  The desiccator  

was evacuated and placed in a f reezer  un t i l  recons t i tu ted  with t r i p l e  

d i s t i 1 1 ed wa t c? r . 

.The 

Alterat ions in the liposomal system resu l t ing  from lyophi l iza-  

t i o n ,  i f  any, were determined by analyzing d r u ~ j  re lease r a t e s  from 
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4 68 GORDON, MAYER, AND KILDSIG 

l y o p h i l i z e d  and c o n t r o l  l iposome systems a t  v a r i o u s  env i ronmenta l  

tempera tures  under s i n k  c o n d i t i o n s .  The env i ronmenta l  temperatures 

were s e l e c t e d  such t h a t  t h e  l y o p h i l i z e d  and c o n t r o l  l i posoma l  systems 

would exper ience  r e l e a s e  over  a b road spec t rumof  i t s  p h y s i c a l  s t a t e .  

Thus, r e l e a s e  s t u d i e s  were i n v e s t i g a t e d  a t  4O, 19' and 29OC which  

corresponds t o  a s o l i d  DPPC-cholesterol l iposome system, and 35O, 

4 5 O ,  50' and 55OC where t h e  l iposome system i s  i n  a l i q u i d  c r y s t a l  

s t a t e .  A lso ,  a scanning e l e c t r o n  mic roscope equipped w i t h  an EDAX 

ana lyze r  was employed t o  f u r t h e r  i n v e s t i g a t e  t h e  e f f e c t s  o f  l y o p h i l i -  

z a t i o n  on l iposome s t r u c t u r e .  

Antimony Assay 

Liposome samples and sodium s t i b o g l u c o n a t e  s tandards  were 

d i l u t e d  w i t h  t r i p l e  d i s t i  l e d  wa te r  and assayed w i t h  a Perk in -E lmer  

Model 5000 a tomic  abso rp t  on appara tus .  An ant imony lamp opera ted  

a t  15mA, wave length  o f  217.6 nm, s l i t  w i d t h  o f  0.2, and a sampl ing  

t i m e  o f  two seconds was used f o r  a n a l y s i s .  

n o t  i n t e r f e r e  w i t h  t h e  a n a l y s i s  o f  ant imony. T o t a l  ant imony was 

de termined as i t  has a l s o  been r e p o r t e d  t h a t  Sb3+ cannot  be separa ted  

f r o m  Sb5+ v i a  atomic  abso rp t ion  . 

The phospho l i p ids  d i d  

9 

RESULTS 

Druq Release From L y o p h i l i z e d  and N o n - l y o p h i l i z e d  Lipsome Systems 

F i g u r e  I shows t h e  k i n e t i c s  o f  sodium s t i b o g l u c o n a t e  r e l e a s e  f rom 

l iposomes i n  b o t h  l y o p h i l i z e d  and n o n - l y o p h i l i z e d  forms. The da ta  

p o i n t s  r e p r e s e n t  t h e  means o f  t h r e e  exper imenta l  de te rm ina t ions  a t  

t i m e  i n t e r v a l  and tempera ture .  The b i p h a s i c  r e l e a s e  p r o f i l e  charac-  

t e r i s t i c  o f  l iposome systems was ob ta ined.  The i n i t i a l  f a s t  r e l e a s e  

i s  assumed t o  be due p r i m a r i l y  t o  su r face  d e s o r p t i o n  w i t h  d i f f u s i o n  

th rough  t h e  l i p i d  b i l a y e r s  r e s p o n s i b l e  f o r  t h e  second phase of t h e  

r e l e a s e  curve .  
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F lGURE I 

The Release of Pentostam from LLiposomes Prepared by the Film 
Method 21s a Function of Environmental Temperature. 

@ - 4 O C  not lyophilized, (> - 4 O C  lyophilized, 0 - 1 9 O C  not 

A - 2 9 ° C  lyophilized,m - 3 5 O C  not lyophilized, 10 - 3 5 O C  

@ - 5 0 ° C  no t  lyophilized, (> - 5 O O C  lyophilized, (9 - 5 5 O C  

lyophilized, Q - 1 9 O C  lyophilized, A - 2 9 O C  not lyophilized, 

lyophilized, 0 - 4 5 O C  not lyophilized, Q - 4 5 O C  lyophilized, 

not lyophilized, 9 - 5 5 O C  lyophilized. 
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470 GORDON, MAYER, AND K I L D S I G  

FIGURE I1 

D i p a l m i t o y l  Phosphat idy l  Cho l i ne -Cho les te ro l  Liposome 
(7:3 umolar r a t i o )  Not  L y o p h i l i z e d .  23 p i n  d iameter .  

S t a t i s t i c a l  t e s t i n g  o f  t h e  k i n e t i c  da ta  a t  each tempera ture  

(4'. 19', 2 9 O ,  35O, 4 5 O ,  50°, 55') on t h e  b a s i s  o f  r e l e a s e  d i f f e r e n c e s  

determined t h a t  l y o p h i l i z a t i o n  d i d  n o t  s i g n i f i c a n t l y  a l t e r  t h e  r e -  

l e a s e  o f  sodium s t i b o g l u c o n a t e  f rom t h e  l iposomes. A c t u a l l y ,  t h e r e  

d i d  n o t  appear t o  be a s i g n i f i c a n t  d i f f e r e n c e  between any o f  t h e  r e -  

l ease  p r o f i l e s  a t  35' and above. 

t h e  DPPC-cholesterol  l iposome system i s  app rox ima te l y  32' , t h e  l i p -  

osomes a t  35O-55' a r e  i n  a f l u i d  s t a t e .  The r e l a s e  o f  sodium s t i b o -  

g lucona te  from t h i s  f l u i d  s t a t e  does n o t  appear t o  be a f f e c t e d  by 

As t h e  c r i t i c a l  tempera ture  f o r  
10 
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T2Y OPHI LI ZAT ION 47 1 

F I G U R E  111 

Di palmi toy1 Phosphati dyl Chol i ne-Chol es te ro l  1.i posome 
( 7 : 3  umolar r a t i o )  Lyophilized a n d  Reconstitu-ted with 
Tr ip le  D i s t i l l e d  Water. 20 u in diameter. 

the  20' temperature chanoe between 35' and  55'. 

of sodium stibogluconate from t?e 1 iposomes i s  tc?mperat.iAre depen- 

dent a t  temperatures be1 ow the  t r a p s i  t ion temperature where the  1 ip -  

osomes have sol id charac te r .  This temperature dependence was observed 

only f o r  t h e  surfdce desorption s tep  ;dit.h l i t t l e  d i f fe rence  in the 

diffusion processes. 

ScanningElectron ._.. - Microscoqe __ Images 

However-, the re lease 

Figure I 1  i s  a n  electron-microqi-aph of a DPFIC-cholesterol 1 ip-  

osome while Figure 111 i s a n  electron micrograph of a lyciphilized DPPC- 
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4 7 2  GORDON, MAYER, AND KILDSIG 

c h o l e s t e r o l  l iposome. Each f i g u r e  was f i r s t  analyzed w i t h  an EDAX 

system t o  i n s u r e  image v a l i d i t y  b e f o r e  photograph ing .  Not  o n l y  i s  

no s t r u c t u r a l  d i f f e r e n c e  observed i n  t h e  l y o p h i l i z e d  l iposome i n  

F i g u r e I I 1 , b u t  t h e r e  d i d  n o t  appear t o  be s t r u c t u r a l  damage t o  any 

l iposomes observed w i t h  t h e  SEM. 

DISCUSS I ON 

I t  i s  obv ious  f rom F igu re  I t h a t  a s u b s t a n t i a l  pe rcen t  o f  t h e  

i n i t i a l  sodium s t i b o g l u c o n a t e  was re leased  w i t h i n  t h e  f i r s t  10 hours 

of  35' and above. 

40% t o  over  60%. Thus, a l iposome d e l i v e r y  system f o r  sodium 

s t i b o g l u c o n a t e  would n o t  be f e a s i b l e  un less  i t  cou ld  be used i m -  

m e d i a t e l y  a f t e r  p repara t i on .  

f o r  ex tens i ve  human use. L y o p h i l i z a t i o n  o f  t h e  sodium s t i bog lucona te -  

l iposome system does, however, appear t o  p r o v i d e  a means o f  s t a b i l i z i n g  

t h e  system and p r e v e n t i n g  drug  r e l e a s e  d u r i n g  normal pharmaceut ica l  

p rocess ing  and hand l ing .  The r e s u l t i n g  l y o p h i l i z e d  l iposmes showed 

no s t r u c t u r a l  damage and had s i m i l a r  r e l e a s e  c h a r a c t e r i s t i c s .  Whi le 

t h e  i n i t i a l  work seems promis ing ,  a d d i t i o n a l  s t u d i e s  a r e  c e r t a i n l y  

r e q u i r e d  on t h e  l y o p h i l i z a t i o n  process i t s e l f  and c e r t a i n l y  on t h e  

ease of  r e c o n s t i t u t i o n  o f  t h e  l i p i d  system. 

T h i s  i n i t i a l  r e l e a s e  ranged f rom approx ima te l y  

T h i s  would o b v i o u s l y  n o t  be p o s s i b l e  

REFERENCES 

1. A.D. Bangham, i n  "Liposomes and T h e i r  Uses i n  B i o l o g y  and 
Medicine,"  Vo l .  308, D. Papahadjopoulos, eds, New York 
Academy o f  Sciences, New York, 1978, p .  1. 

2. G.  G regor iad i s ,  FEBS L e t t . ,  36, 292 (1973) .  

3. M .  C o l l e y  and B.E. Rymer, Biochem. SOC. Trans.,  3, 157 (1973) .  

4.  G .  Gregor iad i s ,  Biochem. SOC. Trans.,  3 613 (1975).  

5. G. Gregor iad i s  and N. Neerunjun, Biochem. Biophys. Res. 
Commun., 65, 537 (1975) .  

B . N .  Jaros low,  i n  "Liposomes and T h e i r  Uses i n  B i o l o g y  and 
6. Y.E. Rahman, W.R. Hanson, J. Bhanucha, E.J. A inswor th  and 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



LYOPHILIZATION 4 7 3  

Medicine," Vol. 308, D .  Papahadjopoulos,  e d s ,  New York 
Academy o f  Sc iences ,  New York, 1978, p. 325. 

7. C.R. Alving, E.A. S teck ,  W . L .  Chapman, V . B .  !da i t s ,  L..D.. 
Hendricks,  G . M .  Swartz and W . L .  tianson, Proc.  Na t l .  Acad. 
S c i .  USA, 2, 2959 (1978) .  

3. A.O.  Bangham, M . W .  H i l l  and N.G.A. M i l l e r ,  in "Methods i n  

9 .  C . D .  Black, G.J. Watson, Trans.  Royal SOC. Trop ica l  Med. 

Membrane Biology," Korn, e d s ,  P lenum Press, New Yorlc, 3 p .  1. 

Hygiene, 71, 550 ( 1 9 7 7 ) .  

Biophysica Acta ,  12, 333 ( 1 9 6 8 ) .  
10. B . D .  Sadbrokke, K . M .  Will iams and D .  Chapman, Biochimilca E t  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


