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ABSTRACT 
M e t h o t r e x a t e  and methotrexate-DEAE dex t ran  complex were 

m i c r o e n c a p s u l a t e d  i n  p o s i t l v e l y  c h a r g e d  I l posomes .  T h e i r  

c y t o t o x i c i t y  was de termlned and compared w l t h  t h e  c y t o t o x i c i t y  of 

c o n t r o l  s y s t e m s  a g a i n s t  L1210 mouse l e u k e m i a  c e l  Is a t  37' C I n  

ace ta te  b u f f e r  of pH 7.40 k 0.05. The c o n t r o l  systems used were 

a c e t a t e  b u f f e r ,  b l a n k  l i posome,  DEAE-dext ran l l p o s o m e  and 

m e t h o t r e x a t e  s o l u t i o n .  The m e t h o t r e x a t e  and methotrexate-DEAE 

d e x t r a n  l l p o s o m e s  w e r e  l y o p h l l l z e d  a n d  t h e  i n f l u e n c e  o f  

l y o p h l l i z a t l o n  on  t h e l r  c y t o t o x l c l t y  was a l s o  examined.  The 

methotrexate-DEAE dex t ran  l lposomes r e s u l t e d  I n  s l l g h t l y  h l g h e r  

mean g r o w t h  r a t i o s  t h a n  t h e  f r e e  m e t h o t r e x a t e  l i p o s o m e s  I n  
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32 WANICHSIRIROJ ET AL. 

non I yoph I I 1 zed as we I I as I yoph i I i zed systems. The ED5o va I ues 

f o r  m e t h o t r e x a t e  and methot rexa te-DEAE dex t ran  l lposomes were 

s l m l l a r  t o  t h a t  f o r  t h e  f r e e  m e t h o t r e x a t e  s o l u t l o n .  T h i s  

obse rva t i on  l n d l c a t e d  t h a t  m ic roencapsu la t i on  o f  me tho t rexa te  I n  

l lposomes e i t h e r  as a f r e e  drug  or a complex has no e f f e c t  on t h e  

o f  c y t o t o x i c l t y  of  t h e  drug.  I n  a d d i t l o n ,  l y o p h l l i z a t i o n  

l lposome produc ts  does n o t  seem t o  change t h e i r  e f f e c t l v e n e s s .  

l" 
One o f  t h e  m a j o r  p r o b l e m s  o f  c a n c e r  c h e m o t h e r a p y  w t h  

c y t o t o x i c  drugs Is t h e  I n d i s c r l m l n a t e  a c t l o n  of t h e  drug on  bo th  

d i s e a s e d  and n o r m a l  c e l l s .  C o n s l d e r a b l e  e f f o r t  has  t h e r e f o r e  

been d I r e c t e d  towards  I ncreas I ng t a r g e t  spec1 f I c  1 t y .  Among t h e  

s e v e r a l  v e h l c l e s  s u g g e s t e d  f o r  t h e  s e l e c t l v e  d e l i v e r y  o f  

c y t o t o x l c  d r u g s  t o  m a l i g n a n t  c e l l s ,  l l p o s o m e s  have a p p a r e n t l y  

r e c e l v e d  t h e  m o s t  a t t e n t l o n .  

M e t h o t r e x a t e  (MTX), w h i c h  f a 1  I s  i n  t h e  c y t o t o x i c  d r u g  

category, has been c l  i n l c a l  l y  used for over  t w e n t y  years  I n  t h e  

1 t r e a t m e n t  o f  acu te  leukemia and a v a r l e t y  o f  o t h e r  ma1 lgnanc les  . 
L iposomes  have been u t i l i z e d  as  v e h l c l e s  f o r  MTX I n  s e v e r a l  

i n v e s t i g a t i o n ~ ~ - ~ .  I n  a p rev lous  communicat ion we r e p o r t e d  t h a t  

t h e  e f f l c l e n c y  of ent rapment  and consequent r e t e n t l o n  of MTX I n  

l l p o s o m e s  was enhanced by e n c a p s u l a t l n g  t h e  MTX-DEAE d e x t r a n  

complex i ns tead  of t h e  f r e e  MTX6. The o b j e c t  of t h l s  research  Is 

t o  e x a m l n e  t h e  c y t o t o x l c l t y  o f  a MTX-DEAE d e x t r a n  complex ,  

encapsulated In L-ci - d i p a l m l t o l y l  p h o s p h a t l d y l  c h o l  I n e  (DPPC), 
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EFFECT OF POLYCATION COMPLEXATION 33 

a g a i n s t  L1210 mouse l e u k e m i a  c e l l s  I n  c o m p a r i s o n  w l t h  t h e  

c y t o t o x c i t y  o f  p l a i n  MTX I l posomes and MTX s o l u t i o n .  The 

I n f l u e n c e  o f  l y o p h i l l z a t l o n  on  t h e  c y t o t o x l c l t y  o f  l l p o s o m e  

produc ts  was exam i ned a I so. 

EXPERJMENTAL 

Methotrexate,  USP (M.W. 454.44, Leder I e Labora to r  les), DEAE- 

d e x t r a n  (M>W. 500,000, P h a r m a c l a  F l n e  C h e m i c a l s ) ,  L - a  - 
d l p a l m l t o y l  p h o s p h a t l d y l  c h o l i n e  ( s y n t h e t l c ,  amorphous 98%, 

anhydrous  M.W. 734.10, S lgma Chemlca l  Company), c h o l e s t e r o l  

(Eas tman Kodak Co.), and s t e a r y  I am I ne (anhydrous ,  M.W. 269.50, 

Sigma Chemlcal Company) were used as received.  Liposomes were 

p r e p a r e d  by t h e  c h l o r o f o r m  f i Im method7. The d e t a l  I s  of  t h e  

6 p r e p a r a t i o n  and s to rage  have been desc r ibed  e a r l i e r  . 
Jhe C y t o t o x l  c i t v  Studv P r o c a i u e s  

The d r u g  s y s t e m s  used I n  t h e  c y t o t o x l c i t y  s t u d y  were  MTX 

so I u t  I on, MTX I i posomes and MTX-DEAE dex t ran  comp I ex I I posomes 

b o t h  n o n - l y o p h i l i z e d  and r e c o n s t l t u t e d  s o l i d  powder  from t h e  

l y o p h l l i z a t l o n  process, The c o n t r o l  systems were a c e t a t e  b u f f e r ,  

b lank  l iposomes and DEAE-dextran Ilposomes. 

F i s h e r ' s  medium ( G l b c o  H-11) w l t h  10% h o r s e  serum ( K C  

B l o i o g l c )  was used i n  c e l l  c u l t u r e  s t u d f e s .  To  one  5 - l l t e r  

package o f  F i s h e r ' s  c o n c e n t r a t e ,  4,500 m I o f  tr I p l e  d I s t  i I I ed, 

500 m l  o f  horse serum and 5.62 gms NaHO3 were added. The medium 

was s t e r i l i z e d  by f i l t r a t i o n  and s t o r e d  I n  a r e f r i g e r a t o r .  P r l o r  

t o  use, 100 u n i t s  p e r  m l  o f  p e n l c i l l l n  and 100 u g  p e r  m l  o f  

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



34 WANICHSIRIROJ ET AL. 

s t r e p t o m y c i n  were added t o  t h e  medium. 

Stock c u l t u r e s  of t h e  L1210 c e l l  l i ne ,  whlch were ob ta lned  

f r o m  EG 8 G Mason Research  I n s t l t u t e ,  a s u p p l  i e r  f o r  t h e  NCI ,  

were grown I n  B lake  b o t t l e s  a t  37OC. The medlum was prewarmed t o  

37OC and t h e  c u l t u r e s  were sp I It on Monday and F r l d a y  t h e  week o f  

t h e  e x p e r  1 ment. One h u n d r e d  f I f t y  f I v e  m 1 I I I 1 I t e r s  o f  c u  I t u r e  

was i n i t l a l l y  l n o c u l a t e d  w i t h  6 x lo4 c e l l s  p e r  ml. A f t e r  3-4 

days g r o w t h ,  a c o n c e n t r a t i o n  o f  0.8 x 10 c e l  I s  p e r  m l  was 

a t t a  i ned. 

6 

C e l l s  for t h e  c y t o t o x l c l t y  assay (L1210 c e l l s )  were ob ta lned  

from a sp lnner  c u l t u r e  ( c e l l s  i n  l o g a r l t h m l c  g rowth  phase). The 

s p l n n e r  c u l t u r e s  were  g r o w n  I n  sc rew-capped  E r l e n m e y e r  f l a s k s  

s t i r r e d  by  a m a g n e t i c  s t l r r e r .  An a l  l q u o t  c o n t a l n l n g  3 x lo5 
c e l  I s  per  m l  was added t o  t h e  pre-warmed (37OC) F isher 's  medlum a 

day p r l o r  t o  t h e  assay.  The s p l n n e r  c u l t u r e  s i z e  was 200 m l .  

A f t e r  24 hours ,  t h e  c e l  I c o n c e n t r a t l o n  was 0.8 x lo6 - 1.5 x lo6 
c e l l s  per  m l .  

P rewarmed 37OC medlum c o n t a l n l n g  6.6 x lo4 c e l  I s  p e r  m l  

was p r e p a r e d  m l n u t e s  b e f o r e  c e l  Is w e r e  d l s p e r s e d  l n t o  

I n d i v i d u a l  g r o w t h  tubes .  The g r o w t h  t u b e s  c o n t a l n e d  3 m l  of  

c e l l s  and 1 ml d i l u t e d  t e s t  sample. The f i n a l  c e l l  c o n c e n t r a t i o n  

was 5.1 x l o 4  c e l  I s  p e r  m l  w h l c h  was t h e  number o f  c e l  I s  p e r  m l  

a t  t h e  b a s e l l n e  I n  t h e  c y t o t o x l c  exper lment .  

The s a m p l e s  were  d l  l u t e d  I n  s e r l e s  w I t h  F l s h e r ' s  medlum 

c o n t a l n l n g  10% horse  serum; each samp l e  was d l  I u ted  l n t o  f l v e  t o  
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E F F E C T  OF POLYCATION COMPLEXATION 35 

s i x  d l l u t l o n  l e v e l s  f r o m  1:4 t o  1:4 x lo8. Two tubes  were 

prepared a t  each d i l u t i o n  level. The cont ro l  tubes, whlch were 

the  tubes wl thout  any t e s t  samples b u t  conta in lng 3 ml o f  c e l l s  

and 1 m l  o f  medlum, var led I n  numbers accordfng t o  the  formula 2 

where n was t h e  number o f  t e s t  samples. The r e s u l t l n g  

experlment tubes were then stoppered w l t h  gum rubber stoppers and 

Incubated  a t  37OC f o r  48 hours. The number o f  c e l  I s  p e r  m l  i n  

each t u b e  was d e t e r m i n e d  b y  a hemocytometer and a c o u l t e r  

counter. The ED50  values and t h e  percent mean growth r a t i o  were 

used t o  evaluate the resul ts .  Mean values were u t i l i z e d  i n  a l l  

o f  the  ca I cu I a t  ions. 

The percent mean growth r a t i o  was ca lcu la ted  as 

$ mean growth r a t l o  C%Y) = 

x 100 mean no. o f  c e l  Is/ml I n  the  t e s t  tube-mean basel lne 
mean no. o f  ce l  Is/ml I n  the  cont ro l  tube-mean basel Ine 

( 1  1 

The basel  I n @  was t h e  mean c e l  I lnocu lum on l n l t l a t l o n  o f  

c o n t r o l .  The e f f e c t l v e  d l l u t e d  c o n c e n t r a t l o n  t h a t  l n h l b i t e d  

growth by 50% of t h e  growth CED50), was ca lcu la ted from t h e  slope 

(B )  and I n t e r c e p t  ( A )  o f  t h e  1 I near  r e  1 a t  lonsh I p  between % mean 

growth r a t i o  C%Y) and log concentrat lon (X I .  The ca lcu la ted  E D 5 0  

values can be obtalned from t h e  f o l l o w i n g  equations: 

% Y = A + B X  (2 )  
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o b t a  

f rom 

coun 

50-A - 
ED50 = 10 mcg/rnl 

WANICHSIRIROJ ET AL. 

( 3 )  

( 4 )  - 
The percent  mean g rowth  va lues  f o r  t h e  l y o p h i l i z e d  and non- 

l y o p h i l i z e d  form o f  t h e  t w o  l lposome systems a r e  l i s t e d  I n  Tab le  

1, A t  h i g h  c o n c e n t r a t l o n s ,  t h e  p e r c e n t  mean g r o w t h  r a t l o s  

ned f r o m  c o u l t e r  c o u n t e r  were  h i g h e r  t h a n  t h o s e  o b t a i n e d  

the  hemocytometer. T h i s  Is due t o  t h e  f a c t  t h a t  t h e  c o u l t e r  

e r  c o u n t s  e v e r y  s i n g l e  p a r t i c l e  i n c l u d i n g  b o t h  t h e  dead 

c e l  Is and t h e  I i v e  c e l  Is whereas t h e  hernocytometer counts  o n l y  

t h e  I I v e  c e l l s .  A t  low concent ra t ions ,  however, t h i s  p rob lem Is 

n o t  e v l d e n t  and, e x c e p t  fo r  one case, t h e r e  Is good a g r e e m e n t  

between t h e  two methods. 

I n  t h e  n o n - l y o p h i l l z e d  l lposome system, t h e  MTX-DEAE dex t ran  

I i posome s y s t e m  gave  h i g h e r  v a l u e s  o f  t h e  p e r c e n t  mean g r o w t h  

r a t i o  t h a n  t h e  MTX- l iposome s y s t e m  a t  s i m i l a r  c o n c e n t r a t l o n  

leve ls .  T h i s  p robab ly  i n d i c a t e s  t h a t  MTX was r e t a i n e d  longer  I n  

t h e  complexed l lposome system than  I n  t h e  free-MTX-liposome. 

F o r  t h e  I yoph i I I zed I I posomes, d I f f e r e n c e s  1 n t h e  p e r c e n t  

mean g r o w n  r a t i o  v a l u e s  a r e  n o t  e a s l  l y  seen. F o r  example ,  a t  a 

c o n c e n t r a t l o n  l e v e l  o f  2.5 x rncg p e r  m l  o f  MTX, MTX- 

l iposomes show a h i g h e r  pe rcen t  mean g rowth  r a t i o  than t h e  MTX- 
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EFFECT OF POLYCATION COMPLEXATION 37 

Table 1. Comparison of Percent hlean Growth R a t i o  Of YTX Solution and Liposome Systems. 

Non-lyophilized UTK-liposome iion-lwphilizrd LITX-DEAC-dextran llposome 

mrr'ml ' O u l t e r  llemocytometer Conc. ( " F 1 )  ~~~~~~~ Hemocytometer ' GT 1 counter 

1.9 x 10-3 0 0 2.6 x lo- '  0 0 

1.9 x lo-' 4.5 0 2.6 x lo-' 2G.8 0 
1.9 x 10-5 3.1 0.4 2.6 G.5 2.1 

1.9 x 26.1 21.3 2.6 x 8l.fi 1 O G .  7 

1.9 10-7 99.4 98.4 2.6 x lo-'  99.3 100.6 

1.9 x 1 0 - 8  94.5 93.2 2.6 x 91.0 81.8 

Lyophilized LITX-1 Iposome Lyophil17ed hlTS-DEAE-dextran liposome 

Conc. ("'F1) :::fiizf licmocytorncter Conc. ('"%') ~~~~~~~ Hemocytometer 

2.5 x lo-' 0 0 2.5 x 10-3 0 0 
2.5 x lo-" 27.1 0 2.5 x lo-* 21.9 0 

2.5 x 1c)-5 6.0 0 2.5 10-5 3.5 0 

2.5 x 17.1 14.2 2.5 s 10-6 58.6 54.4 

2.5 x lo-* 82.0 78.4  2.5 x 10-a 92.8 - 
2.5 x 10-9 96.3 101.9 2.5 10-9 90.9 - 
2.5 10-7 91.6 6 8 . 8  2.5 x lo-'  97.0 - 

MTX Solution 

conc. (mF) Coulter Hernocytometer 
counter 

2.5 0 0 

2.5 1.2 0 

2.5 2.1 0 

2.5 x 75.2 53.1 

2.5 85.7 73.2 

2.5 x lo-' 91.1 80.6 

2.5 84.4 83.6 

2.5 x 10-10 85.7 93.2 

DEAE d e x t r a n  I Iposome whl l e  t h e  r e v e r s e  is t r u e  a t  a MTX 

concentrat ion o f  2.5 x mcg per m l .  

The ED50 va I ues o b t a  1 ned f r o m  t h e  cou I t e r  c o u n t e r  and t h e  

hemocytometer a r e  shown In T a b l e  2. W i t h l n  t h e  I I m l t s  of 

e x p e r i m e n t a l  e r r o r ,  t h e  ED50  v a l u e s  o b t a i n e d  f r o m  t h e  t w o  

I n s t r u m e n t s  were slml l a r  and f o r  t h i s  reason  an average o f  t h e  

two  values Is a l s o  shown I n  Table 2. The c o n t r o l  systems, which 
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38 WANICHSIRIROJ ET AL. 

T a b l e  2. Comparison of EDSO from C o u l t e r  Counter : i n d  Ilrmocytometer.  

S y s t e m  

A c e t a t e  b u f f e r  

Blank l i p o s o m e  

DEAE-dextran 
1 iposome 

hlTX s o l u t i o n  

LITX- 1 i po-pe 1 1 e t 

MTX-DEAE-dex t r a n -  
l i p o - p e l l e t  

YTX-1 ipo-  l y 0  . 

MTX-DEAE-dext ran- 
lipo-lyo. 

Cou 1 t e r  c o u n t c r  l lrmocy t o n r t r r  Average  v a l u e s  

0 . 1 1  mmoles/ml 0 . 4 2  mniolc~/ml  0 . 2 7  nimolcsfml 

0 . 0 7  rng PL/ml 0.03 mg Pl./ml 0.05 mg PLjml 

2 . 8  x 1 0 - ~ ~ ~  DEAE- 2.1 mg WAL- 2 . 4  x ng DEAE- 

1 . 6  x mg fi O.G X mq 1 . 2  x 10-6 

1 . 7  X mg 1 . 1  x tq 2 1 . 4  x 10 -6 mq LlTX 

6 . 2  x mg 2 4 . 4  s mj 5 . 3  x mq 

d e x t r a n l m l  dcxtran/ml  dextran/ml  

ml 

MTX 1 . 4  x mq 9 0 . 3  x in 0 . 6  x m g  

2 . 4  x mq 3 . 5  x m q  ml ‘ITX 2 . 9  x 10-6rng LlTX 
ml 

i n c l u d e  a c e t a t e  b u f f e r ,  b l a n k  l l p o s o m e s  and DEAE-dext ran 

I lposomes, gave an ED50 v a l u e  a b o u t  1000 t i m e s  h l g h e r  t h a n  t h e  

drug systems whlch Inc lude  MTX s o l u t l o n ,  MTX-llposomes, and MTX- 

DEAE dex t ran  l lposomes bo th  i n  l y o p h i l  [ z e d  and n o n - l y o p h l l l z e d  

form. Therefore, any e f f e c t  observed I n  t h e  drug  systems was due 

t o  t h e  d r u g  I t s e l f .  The MTX-I lposome s y s t e m  and t h e  MTX-DEAE 

d e x t r a n  I I posome sys tem,  b o t h  I n  t h e  I yoph I I l z e d  and t h e  non- 

l y o p h l l l z e d  form, e x h l b l t e d  ED50 va lues  very  s l m l l a r  t o  t h a t  of 

t h e  MTX s o l u t l o n ;  t h e r e f o r e ,  t h e y  were  c o n s i d e r e d  t o  have t h e  

same e f f e c t l v e n e s s  a s  t h e  f r e e  drug .  The ED50 va lues ,  w h l c h  

r a n g e  f rom 0.85 x 1 0’3 mcg p e r  m I t o  5.3 x 1 0’3 mcg p e r  m I, a r e  

c o n s l d e r e d  t o  b e  s i m l l a r  s l n c e  a s p e c l f l c  ED50 v a l u e  c a n n o t  be 

o b t a i n e d  f o r  a s l n g l e  t e s t  system. F o r  example,  t h e  p o s l t l v e  

c o n t r o l  compound, NSC 9544, g l v e s  an ED50 v a l u e  I n  t h e  r a n g e  o f  

1.7 mcg p e r  m l  t o  7.7 mcg p e r  m l  . M o r e o v e r ,  a h l g h e r  8 
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v a r i a b i  I i t y  of  t h e  c e l  I b e h a v i o r  I n  c e l  I g r o w t h  a lways  o c c u r s  

dur ing the  experlment . 9-1 1 

The c y t o t o x l c l t y  s t u d i e s  ind icated t h a t  t h e  l y o p h i l l z a t l o n  

process  d l d  n o t  appear t o  change t h e  e f f e c t i v e n e s s  o f  t h e  d r u g  

a g a l n s t  L1210 c e l  Is. Perhaps o f  g r e a t e r  s l g n i f l c a n c e  was t h e  

observat Ion t h a t  when MTX was comp lexed w i t h  DEAE-dextran polymer 

and entrapped i n  t h e  lipsome system, t h e  drug s t i l l  had the  same 

e f fec t l veness  as t h e  f r e e  drug. 
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