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ABSTRACT i 

Many tumour c e l l s a r e more s e n s i t i v e t o h y p e r t h e r m i a t h a n 

non-cancerous c e l l s . The n a t u r e o f t h i s g r e a t e r t h e r m a l 

s e n s i t i v i t y i s n o t c l e a r . The p r e s e n t s t u d y i n d i c a t e s t h a t a 

l i k e l y cause f o r t h i s i n c r e a s e d t h e r m a l s e n s i t i v i t y i s 

membrane-associated. Plasma membrane e n r i c h e d f r a c t i o n s were 

o b t a i n e d from two s o l i d r a t tumours: D23, a hepatoma, and Mc7, a 

sarcoma. L i p i d s f r o m t h e s e membranes were e x t r a c t e d , 

c h a r a c t e r i z e d , and compared t o e q u i v a l e n t f r a c t i o n s f r o m c o n t r o l 

t i s s u e ( l i v e r ) . I n b o t h cases t h e tumour membranes had l o w e r e d 

c h o l e s t e r o l ^ p h o s p h o l i p i d r a t i o s . There was l i t t l e differencetn t h e 

p h o s p h o l i p i d c l a s s e s , b u t t h e r e was someclififeretice i n t h e f a t t y 

a c i d c o m p o s i t i o n o f t h e i n d i v i d u a l p h o s p h o l i p i d s . F l u o r e s c e n c e 

p o l a r i z a t i o n s t u d i e s were c a r r i e d out on whole membranes and 

i n d i c a t e d t h a t t h e o v e r a l l ' o r d e r ' o f t h e tumour membranes was 

decr e a s e d w i t h r e s p e c t t o t h e c o n t r o l s . I n a d d i t i o n a plasma 

membrane bound enzyme, t h e Mg2+ ATPase, was f o u n d t o be 

c o n s i d e r a b l y more t h e r m o l a b i l e i n t h e tumour c e l l s . The 

a d d i t i o n o f t h e membrane p e r t u b a n t t e t r a c a i n e produced a g r e a t e r 

degree o f d i s o r d e r i n t h e tumour membranes compared t o c o n t r o l s , 

and enhanced t h e t h e r m o l a b i l i t y o f t h e Mg2+ATPase. These 

d i f f e r e n c e s a r e f u r t h e r e v i d e n c e t h a t t h e plasma membrane i s a 

l i k e l y s i t e f o r t h e p r i m a r y l e s i o n i n c e l l h e a t i n j u r y . - R e s u l t s 

f r o m i n v i v o s t u d i e s s u p p o r t t h e above mentioned i n v i t r o work. 

D23 and Mc7 tumours, grown i n t h e f o o t , were s u b j e c t t o 

h y p e r t h e r m i a and t h e s i m u l t a n e o u s a p p l i c a t i o n o f a membrane 

p e r t u r b a n t , t e t r a c a i n e . The a d d i t i o n o f t h e t e t r a c a i n e 

s i g n i f i c a n t l y i n c r e a s e d t h e e f f i c a c y o f t h e t r e a t m e n t . When t h e 

D23 tumour was grown i n e t h a n o l - d e p e n d e n t r a t s t h e r e was no 

d i f f e r e n c e i n t h e ' a d a p t i v e ' response o f t h e tumour, compared t o 

t h e n o r m a l , plasma membranes. There was no d i f f e r e n c e i n t h e 

he a t s e n s i t i v i t y o f f o o t tumours grown i n e t h a n o l - f e d r a t s 

compared t o tumours f r o m p a i r f e d c o n t r o l s . 
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T e t r a c a i n e - h y d r o c h l o r i d e 
4 

Thymidine 5'-monophosphate p - N i t r o p h e n o l e s t e r , 
sodium s a l t 

T r i s ( h y d r o x y m e t h y l ) - a m i n o methane ( t r i s ) - T r i z m a base 

P h o s p h o l i p i d s t a n d a r d s ( f o r T.L.C) 

A l l o t h e r r e a g e n t s were o f a n a l y t i c a l grade and were 

o b t a i n e d f r o m B.D.H. L t d . L u b r o l was a generous g i f t f rom 

I . C . I D y e s t u f f s D i v i s i o n . 



1 . GENERAL INTRODUCTION 
1 

I n a st u d y which seeks t o p o t e n t i a t e t h e use of 

h y p e r t h e r m i a i n t h e c l i n i c a l t r e a t m e n t o f cancer t h e r e a re two 

c r u c i a l q u e s t i o n s t o be asked. F i r s t what i s t h e n a t u r e of 

c e l l u l a r heat i n j u r y ? And secondly, what f a c t o r s a r e i n v o l v e d 

i n making some tumour c e l l s more s u s c e p t i b l e t o heat i n j u r y ? 

The f i r s t q u e s t i o n i s f und3i/>3ntal, b u t v e r y d i f f i c u l t t o 

answer. Exposure t o heat has been r e p o r t e d t o damage a v a r i e t y 

o f c e l l s t r u c t u r e s . For example i t has been r e p o r t e d t h a t t h e 

f o l l o w i n g c e l l u l a r components are s u s c e p t i b l e d u r i n g h e a t i n g : 

DNA, RNA. p r o t e i n s , n u c l e a r p r o t e i n s , l i p i d s , chromosomes, 

n u c l e o l i , membranes, lysosomes, m i c r o t u b u l e s , as w e l l as a l a r g e 

v a r i e t y o f s y n t h e t i c pathways and m e t a b o l i c f u n c t i o n s w i t h i n t h e 

c e l l . T h i s d i v e r s i t y o f proposed s e n s i t i v e s i t e s f o r heat 

damage i n c e l l s r e f l e c t s t h e r a t h e r i n t r a c t a b l e n a t u r e o f t h e 

problem. Some d i f f e r e n c e s may w e l l a r i s e as a r e s u l t of 

d i f f e r e n t c e l l t y p e s and/or organisms t h a t are under s t u d y . 

However i t i s more l i k e l y t h a t d i f f i c u l t i e s i n i d e n t i f y i n g 

l e s i o n s i n heat i n j u r y a r i s e because of t h e need t o i d e n t i f y 

p r i m a r y from secondary and t e r t i a r y damage. T h i s problem has 

been d i s c u s s e d by Bowler, ( 1 9 8 1 ) . A number of these s i t e s have 

been suggested t o have a more s i g n i f i c a n t r o l e i n c e l l u l a r heat 

d e a t h t h a n o t h e r s . That i s i ) Lysomomal damage (eg.Hume & 



F i e l d , 1977; Hume e t a l . 1978; and Magan, 1981), t h i s i s 

because o f t h e r o l e o f p r o t e o l y t i c enzymes i n c e i l d e s t r u c t i o n , 

i i ) P r o t e i n d e n a t u r a t i o n / i n a c t i v a t i o n (eg. Ushakov, 1964) and 

damage t o t h e c y t o s k e l e t o n (eg. Bass e t a l - 1982: Coss e t Q.1. 

1982. i i i ) Damage t o t h e nucleus i n v a r i o u s forms ( r e v i e w 

Warters &f R o t i R o t i , 1 9 8 2 ) . i v ) Damage t o t h e plasma membrane, 

evi d e n c e coming from a number of groups: Bowler and co-workers 

(Bowler e t a l . 1973; Bowler, 1981; and Bowler e£ a l • 1982). 

Gerner and co-workers (Cress & Gerner, 1980 and Cress e i a l • 

1982) Hahn and co-workers ( F a j a r d o e t a l • 1980, L i e t a l • 

1980). Lepock and co-workers (Lepock e t a l • 1981 and Lepock, 

1982) . Y a t v i n and co-workers (eg. Y a t v i n e t a l • 1983) and 

o t h e r s eg. C a v a l i e r e e t a l - (1967) ; Strom e t a l • (1973). 

Lysosomal damage can not be a u n i v e r s a l f e a t u r e of c e l l u l a r 

heat i n j u r y , a s some workers r e p o r t no i n c r e a s e i n lysosomal 

enzyme a c t i v i t y d u r i n g h y p e r t h e r m i a ( T a m u l e v i c i u s & S t r e f f e r , 

1983) . and o t h e r s have shown t h a t any lys o s o m a l membrane damage 

i s l i k e l y t o be a secondary, not a p r i m a r y , event (Rogers e t a l • 

1983). V a r i a t i o n s i n t h e r e s u l t s between d i f f e r e n t groups may 

a l s o r e f l e c t t h e t e c h n i q u e s used t o study l y s o s o m a l damage. For 

example, Hume and F i e l d , (1977) use h i s t o c h e m i c a l t e c h n i q u e s , 

where as T a m u l e v i c i u s and S t r e f f e r . (1983) used a b i o c h e m i c a l 

approach. The two s i t e s most f a v o u r e d f o r t h e p r i m a r y heat 

l e s i o n a r e t h e plasma membrane and t h e n u c l e u s . 

The nu c l e u s has been shown t o be damaged a t v a r i o u s s i t e s 

a f t e r h e a t i n g . A l t h o u g h t h e s t r u c t u r e of c h r o m a t i n i s not 

de n a t u r e d by heat shock, t h e r e i s an i n c r e a s e i n n o n - h i s t o n e 
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chromosomal p r o t e i n s t i g h t l y a s s o c i a t e d w i t h t h e c e l l 
n u c l e u s , ( R o t i R o t i &" Winward. 1978). DNA s y n t h e s i s i s r a p i d l y -
i n h i b i t e d t>y h e a t , w i t h r e p l i c o n i n i t i a t i o n s t opped and t h e r a t e 
of c h a i n e l o n g a t i o n g r e a t l y reduced ( Waters £f Stone, 1983; Wong 
& Dewey, 1982; and W a r t e r s , 1982). I t i s c l e a r t h a t c e l l heat 
s e n s i t i v i t y changes i n t h e c e l l - c y c l e , and t h i s c o u l d be a 
r e s u l t of changes w i t h i n t h e n u c l e u s ( W e s t r a Dewey, 1971). 

R e c e n t e v i d e n c e from R o t i R o t i ( R o t i R o t i , 1982, and R o t i 

R o t i & W i l s o n , 1984) has shown t h a t i n c r e a s e i n chromosomal 

p r o t e i n c o n t e n t w h i c h i s thought t o l e a d t o r e p r o d u c t i v e heat 

d e a t h can a l s o be i n d u c e d by membrane p e t u r b a n t s eg. a l c o h o l s 

and l o c a l a n a e s t h e t i c s , w i t h o u t any h e a t i n g . R o f s t a d e_t a l . 

( 1 9 8 4 ) h a s i n d i c a t e d t h a t DNA damage, i n t h e form of 

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

e f f e c t , r e s u l t i n g from damage i n a n o t h e r c e l l u l a r compartment. 

I n a d d i t i o n Y i e t a l . ( 1 9 8 3 ) has s u g g e s t e d t h a t t h e i n h i b i t i o n 

of DNA s y n t h e s i s may be due t o d e c r e a s e d l e v e l s of i n t r a c e l l u a r 

K+ , whi c h i s , i n t u r n , a r e s u l t of plasma membrane damage. 

Thus t h e plasma membrane i s emerging a s a c r i t i c a l s i t e of 

p r i m a r y h e a t l e s i o n . B e f o r e t h e e v i d e n c e f o r t h i s i s p r e s e n t e d 

i n more d e t a i l , i t i s i m p o r t a n t t o u n d e r s t a n d t h e s t r u c t u r e of 

t h e plasma membrane, and how t h e r m a l energy might p e r t u r b t h i s 

s t r u c t u r e . 

The F l u i d M osaic model of S i n g e r and N i c h o l s o n . ( 1 9 7 2 ) . i s 

t h e b a s i s of c u r r e n t u n d e r s t a n d i n g of membrane s t r u c t u r e . They 

proposed a dynamic s t r u c t u r e of a p h o s p h o l i p i d b i l a y e r w i t h a 

h y d r o p h o b i c c o r e , i n which p r o t e i n s were f l o a t i n g . O r i g i n a l l y 
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p r o t e i n movement was thought to be u n r e s t r i c t e d but now i t i s 
r e a l i z e d t h a t some a r e anchored by t h e c y t o s k e i e t o n . The o t h e r 
i m p o r t a n t element, p a r t i c u l a r l y i n mammalian plasma membranes, 
and m i s s i n g from t h e o r i g i n a l model. i s c h o l e s t e r o l . T h i s 
m o l e c u l e h a s a c o n d e n s i n g ' e f f e c t on t h e p h o s p h o l i p i d s i n 

t h e n a t u r a l f l u i d phase of membranes and i s thought t o s t a b i l i z e 

membranes s t r u c t u r e ( O l d f i e l d Sf Chapman, 1972 and De K r u f f e t &1. 

19 7 2 ) . The s t r u c t u r e of the plasma membrane, and hence i t ' s 

p h y s i c a l p r o p e r t i e s , p l a y s a v i t a l r o l e i n m a i n t a i n i n g a 

sem i - p e r m e a b l e b a r r i e r which c o n t r o l s t h e i n t r a c e l l u l a r 

e n v i r o n m e n t , m a i n t a i n i n g c e l l u l a r h o m e o s t a s i s . 

Thermal e n e r g y i n c r e a s e s t h e f l u i d i t y ( o r d e c r e a s e s t h e 

o r d e r ) of t h e h y d r o p h o b i c a c y l c h a i n domain of t h e membrane. 

The p o s s i b l e c o n s e q u e n c e s of t h i s p e t u r b a t i o n a r e f i r s t an 

i n c r e a s e i n membrane p e r m e a b i l i t y , and s e c o n d l y a d i s r u p t i o n of 

t h e f u n c t i o n i n g of plasma membrane p r o t e i n s . These can be s e e n 

a s e s s e n t i a l l y r e v e r s i b l e changes and t h e membrane w i l l r e v e r t 

t o normal when t h e h e a t i n s u l t i s removed. However i f t h e 

p e r t u r b a t i o n i s m a i n t a i n e d t h e i n t r a c e l l u l a r i o n i c b a l a n c e w i l l 

be e r r o d e d and membrane p r o t e i n s w i l l e v e n t u a l l y undergo 

i r r e v e r s i b l e changes i n t e r t i a r y s t r u c t u r e w h i c h would l e a d t o 

' d e n a t u r a t i o n ' and t h e l o s s of f u n c t i o n . I t i s p o s t u l a t e d t h a t 

t h e s e p r i m a r y e v e n t s w i l l have 'knock-on' s e c o n d a r y and t e r t i a r y 

e f f e c t s w h i c h e v e n t u a l l y l e a d t o c e l l d e a t h ( B o w l e r , 1981) 

B o w l e r s h y p o t h e s i s i s i l l u s t r a t e d i n f i g u r e 1.1 The e v i d e n c e f o r 

t h e plasma membrane a s a p r i m a r y s i t e of h e a t l e s i o n , 

r e s p o n s i b l e f o r t h e e v e n t u a l h y p e r t h e r m i c k i l l i n g of t h e c e l l 

w i l l now be p r e s e n t e d . 
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E v i d e n c e t h a t i n c r e a s e d plasma membrane p e r m e a b i l i t y , 

c a u s e d by h e a t , c a n l e a d t o c e l l d e a t h h a s been produced by a 

number of workers . R a a p h o r s t and Dewey, ( 1 9 7 8 ) , showed t h a t t h e 

enhancement of hypothermic k i l l i n g of c u l t u r e d mammalian c e l l s ^ 

was produced by t r e a t m e n t w i t h a n i s o t o n i c K a C l . They .suggested 

t h a t t h i s i m p l i e d t h a t , e i t h e r t h e plasma membrane was a p r i m a r y 

s i t e of h e a t i n a c t i v a t i o n of mammalian c e l l s , or changes i n i o n 

c o n c e n t r a t i o n s enhance t h e r m a l damage o c c u r r i n g i n c r i t i c a l 

i n t r a c e l l u l a r s t r u c t u r e s . A n g h i l e r i Qt &1. ( 1 9 8 3 ) showed t h a t 

i n c r e a s e d membrane p e r m e a b i l i t y p r e c e e d e d h y p e r t h e r m i c k i l l i n g 

of c e l l s . Schanne et a l . (1 9 7 9 ) have s u g g e s t e d , f o l l o w i n g 

s t u d i e s w i t h a v a r i e t y of membrane d e s t r u c t i v e r e a g e n t s , t h a t 

t h e i n f l u x of e x t r a c e l l u l a r c a l c i u m i o n s , and t h e d r a s t i c change 

of t h e i n t r a c e l l u l a r environment, i s a common f i n a l pathway i n 

c e l l d e a t h . C e r t a i n l y t h e c e l l d e a t h i n v o l v e d i n l i v e r n e c r o s i s 

i s thought t o be mediated by c a l c i u m i o n i n f l u x . f o l l o w i n g 

membrane damage a s a r e s u l t of a c u t e e t h a n o l i n t o x i c a t i o n (Kane 

et a l . 1980) 

Membrane ' f l u i d i t y ' , or o r d e r has a l s o been c o r r e l a t e d w i t h 

t h e h y p e r t h e r m i c k i l l i n g of a number of c e l l s . T h i s has been 

done i n b a c t e r i a l s y s t e m s by Y a t v i n and h i s c o - w o r k e r s , u s i n g a 

u n s a t u r a t e d f a t t y a c i d r e q u i r i n g E. c o l i a u x o t r o p h ( Y a t v i n . 

1977; Y a t v i n & Denni s , 1978; D e n n i s & Y a t v i n , 1981: and Y a t v i n 

gt a l . 1983). They d e s c r i b e i n c r e a s i n g t h e p r o p o r t i o n 

u n s a t u r a t e d f a t t y a c i d s , and t h u s d e c r e a s i n g membrane o r d e r , i n 

mammalian c e l l , ? e i t h e r by n u t r i t i o n a l m a n i p u l a t i o n or changing 

growth t e m p e r a t u r e , enhanced h e a t k i l l i n g ( Y a t v i n et a l . 1978; 

H i d v i g i et a l . 1980: and Anderson e t a l . 1 9 81). However some 
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of t h e i n t e r p r e t a t i o n of t h e s e r e s u l t s i s d i s p u t e d by Lepock e t 
s i . ( 1 9 S 1 ) , who q u e s t i o n e d t h e r o l e of membrane ' f l u i d i t y i n 
h y p e r t h e r m i c c e l l k i l l i n g . Y a t v i n et &1. ( 1 9 8 3 ) h a s conceded 
t h a t t h e r e i s not a l w a y s a d i r e c t r e l a t i o n s h i p , but p o i n t e d out 
t h a t o f t e n t h a t t h e way t h a t ' f l u i d i t y ' i s measured i s only-
c r u d e , and i s u n a b l e t o d e t e c t s u b t l e , but i m p o r t a n t changes i n 
t h e p h y s i c a l s t a t e of t h e membrane. I n l a t e r work Lepock and 
c o - w o r k e r s have shown a c o r r e l a t i o n between membrane p r o t e i n 
d e n a t u r a t i o n and h y p e r t h e r m i c k i l l i n g ( M a s s i c o t t e - N o l a n et &1. 
1981 and Lepock et a l - 1983), C r e s s & Ge r n e r have shown t h a t 
t h e r e i s an i n v e r s e r e l a t i o n s h i p between membrane c h o l e s t e r o l 
and h y p e r t h e r m i c k i l l i n g i n a number of mammalian c e l l l i n e s , 
though i t must be noted t h a t , t h e s e w o r k e r s d i d not s e p a r a t e out 
t h e component membranes of t h e c e l l , and so an e x t r a p o l a t i o n of 
t h e s e r e s u l t s t o t h e plasma membrane i s not s t r i c t l y c o r r e c t 
( C r e s s & G e r n e r , 1980 and C r e s s et &1. 198 2 ) . 

I t h a s a l s o been shown t h a t d r u g s and o t h e r a g e n t s which 

a r e known t o p e r t u r b membrane s t r u c t u r e c a n p o t e n t i a t e 

h y p e r t h e r m i c k i l l i n g . F o r e x a m p l e ^ l o c a l a n a e s t h e t i c s ( Y a t v i n , 

1977 and Yau, 19 7 9 ) . Y a t v i n has a l s o shown t h a t a n a e s t h e t i c 

p o t e n c y c o r r e l a t e s i n v e r s e l y w i t h b a c t e r i a l s u r v i v a l when used 

s y n e r g i s t i c a l l y w i t h h e a t . L i e t &1. ( 1 9 8 0 ) have shown a 

s i m i l a r e f f e c t w i t h an a l i p h a t i c a l c o h o l s e r i e s . P olyamines, 

when e x o g e n o u s l y a p p l i e d , p o t e n t i a t e t h e e f f e c t s of 

h y p e r t h e r m i a , and a r e thought t o i n t e r a c t w i t h a plas m a membrane 

component ( F u l l e r fi? G e r n e r , 1 9 8 2 ) . 

The membranes of many o r g a n i s m s have been shown t o adapt t o 
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c h a n g i n g e n v i r o n m e n t a l t e m p e r a t u r e . When t h e e n v i r o n m e n t a l 
t e m p e r a t u r e changes, t h e membrane o r d e r w i l l change a s a d i r e c t 
c o n s e q u e n c e . The c e l l t h e n makes compensatory changes t o b r i n g 
membrane o r d e r w i t h i n a c c e p t a b l e ' l e v e l s . T h i s phenomenon has 
been o b s e r v e d i n b a c t e r i a , p l a n t s and p o i k i l o t h e r m s , and termed 
hom.eoviscous a d a p t i o n by S i n e n s k y , ( 1 9 7 4 ) . T h i s r e s p o n s e 
i n d i c a t e s , i n d i r e c t l y , t h a t t h e p h y s i c a l c o n d i t i o n of t h e plasma 
membrane i s i m p o r t a n t i n t h e c e l l ' s r e s p o n s e t o t e m p e r a t u r e . ( 
R e v i e w s : H a z e l & P r o s s e r , 1974 and C o s s i n s , 1 9 8 3 ) . There i s 
a l s o e v i d e n c e of s i m i l a r a d a p t i v e r e s p o n s e s i n mammalian c e l l s , 
f o r example, Anderson e t a l • ( 1 9 8 1 ) have r e p o r t e d t e m p e r a t u r e 
i n d u c e d hom^oviscous a d a p t i o n i n C h i n e s e hamster o v a r y c e l l s . 

As o t h e r a g e n t s , b e s i d e s t e m p e r a t u r e , p e r t u r b membrane 

s t r u c t u r e , one might e x p e c t t h a t t h e y would e l i c t a s i m i l a r 

a d a p t i v e r e s p o n s e i f t h e i r p r e s e n c e was m a i n t a i n e d i n t h e plasma 

membrane f o r some time. T h i s a p p e a r s t o be t h e c a s e w i t h 

e t h a n o l . C h i n and G o l d s t e i n . ( 1 9 7 8 ) have r e p o r t e d t h a t t h e 

l o n g - t e r m a d m i n i s t r a t i o n of e t h a n o l , i n mice, produced an 

a d a p t i v e r e s p o n s e ( a n i n c r e a s e i n membrane c h o l e s t e r o l ) i n 

s y n a p t i c and e r y t h r o c y t e membranes. The f a c t t h a t t h e a d a p t i v e 

r e s p o n s e t o h e a t and t h e membrane p e r t u r b a n t e t h a n o l i s s i m i l a r 

h a s been c o n f i r m e d by Anderson e_t a l - ( 1 9 8 3 ) . These workers 

have shown t h a t l o n g - t e r m e t h a n o l a d m i n i s t r a t i o n p r o t e c t e d mouse 

e a r from h e a t i n d u c e d n e c r o s i s i f t h e e t h a n o l was removed p r i o r 

t o t r e a t m e n t . Thus i n c r e a s i n g plasma membrane s t a b i l i t y , by 

e l i c t i n g an a d a p t i v e r e s p o n s e t o a membrane p e r t u r b a n t , w i l l 

p r o t e c t t h e c e l l a g a i n s t t h e e f f e c t s of h y p e r t h e r m i a . 
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The use of h y p e r t h e r m i a a s a t r e a t m e n t f o r c a n c e r i s 
t hought t o go back i n t o a n t i q u i t y , but t h e f i r s t c l i n i c a l 
r e p o r t s d a t e from the middle of t h e n i n e t e e n t h c e n t u r y . The 
f i r s t two r e p o r t s from Busch, ( 1 8 6 6 ) and Bruns, ( 1 8 8 7 ) , c o n c e r n 
t h e c o m p l e t e r e g r e s s i o n of sarcomas i n p a t i e n t s w i t h h i g h f e v e r , 
t h a t i s over 4.0°C. I n t h e s e c o n d paper t h e r e was no 
r e o c c u r r e n c e of t h e tumour a f t e r an e i g h t y e a r p e r i o d . A r e v i e w 
by Rohdenburg, ( 1 9 1 8 ) showed t h a t a h i g h p r o p o r t i o n of 
s p o n t a n e o u s human tumour r e g r e s s i o n ( c a r c i n o m a s and s a r c o m a s ) 
was accompanied by h i g h f e v e r i n p a t i e n t s . The h i s t o r y of t h e 
a s s o c i a t i o n of h y p e r t h e r m i a w i t h tumour r e g r e s s i o n h a s been 
r e v i e w e d by C a v a l i e r e et a l . ( 1 9 6 7 ) . From t h i s e x t e n s i v e 
s u r v e y , and many o t h e r more r e c e n t r e p o r t s , i t i s c l e a r t h a t 
many tumours a r e more s e n s i t i v e t o h y p e r t h e r m i a t h a n normal 
t i s s u e s . The b a s i s of t h i s , l i k e t h e h e a t i n j u r y of normal 
c e l l s , i s not e n t i r e l y c l e a r . However, t h e i d e n t i f i c a t i o n of 
e i t h e r t h e c a u s e of i n j u r y by h e a t i n normal c e l l s , or t h e 
c r i t i c a l d i f f e r e n c e between normal and tumour c e l l s w hich makes 
t h e t h e l a t t e r more s e n s i t i v e t o h e a t , would h e l p i n t h e d e s i g n 
of improved methods of t h e r a p y . 

The plasma membrane of tumour c e l l s , a s w i t h normal c e l l s , 

h a s been s u g g e s t e d a s a s i t e of p r i m a r y h e a t l e s i o n i n c a n c e r 

c e l l d e a t h , and some e v i d e n c e w i l l be p r e s e n t e d h e r e f o r t h i s . 

I t may i n d e e d be t h a t changes i n t h e plasma membrane of tumours 

a r e t h e b a s i s of t h e d i f f e r e n t i a l h e a t s e n s i t i v i t y of tumours, 

but t h e r e a r e o t h e r p h y s i o l o g i c a l f a c t o r s w h i c h a r e i m p o r t a n t i n 

tumour r e g r e s s i o n i n v i v o , and t h e s e w i l l be d i s c u s s e d l a t e r . 

Mondovi e_t a l . ( 1 9 6 7 ) i n t h e i r s t u d y of r e s p i r a t i o n i n a M o r r i s 



10 
hepatoma showed t h a t t h i s p r o c e s s was i r r e v e r s i b l y damaged a t 

t e m p e r a t u r e s of 42-43°C where a s i n normal p r o l i f e r a t i n g t i s s u e 

( r e g e n e r a t i n g l i v e r ) r e s p i r a t i o n was i n s e n s i t i v e t o more 

p r o l o n g e d h e a t i n g s a t 44°C. T h i s s u g g e s t s t h a t tumour h e a t 

s e n s i t i v i t y i s not j u s t a r e f l e c t i o n t h a t i t i s p r o l i f e r a t i n g 

t i s s u e . These w o r k e r s a l s o showed t h a t e t h a n o l , a membrane 

p e r t u r b a n t , enhanced t h i s t h e r m a l s e n s i t i v i t y of t h e tumours. 

s u g g e s t i n g t h e s i t e of l e s i o n i n tumour h y p e r t h e r m i c k i l l i n g i s 

t h e same a s normal t i s s u e s . Other e a r l y e v i d e n c e f o r t h e 

a s s o c i a t i o n of plasma membrane l e s i o n w i t h tumour h e a t k i l l i n g 
Thea 

has been p r e s e n t e d by Strom e t a l • (1973),^have shown t h a t 

h e a t e d tumours a r e more permeable t o g l u t a m a t e t h a n normal 

t i s s u e s . F e k e t e ( 1 9 7 8 ) has shown t h a t E h r l i c h and lymphoma 

c e l l s a r e p r o t e c t e d a g a i n s t n o r m a l l y l e t h a l d o s e s of h e a t by t h e 

a d d i t i o n of g l y c e r i n e w h i c h i s thought t o s t a b i l i z e t h e plasma 

membrane. T h i s g i v e s i n d i r e c t e v i d e n c e t h a t t h e tumour membrane 

i s c r u c i a l i n t h e tumour c e l l s ' r e s p o n s e t o h e a t . F a j a r d o e t 

&1.(1980) produced good e v i d e n c e , u s i n g e l e c t r o n m icroscopy, 

t h a t t h e r e i s a breakdown of t h e plasma membrane i n tumours 

f o l l o w i n g h e a t i n g . More r e c e n t l y Y i e t &1- ( 1 9 8 3 ) and B o o n s t r a 

e t a l • ( 1 9 8 4 ) have shown t h a t t h e plasma membrane i s an 

i m p o r t a n t s i t e of h e a t l e s i o n i n tumours. 

S t u d i e s of t h e membrane b i o c h e m i s t r y of tumours c e l l s have 

r e v e a l e d d i f f e r e n c e s between tumour and normal plasma membranes. 

F o r example, many hepatoma plasma membranes have r a i s e d 
compqrec/ to liver membranes' 

c h o l e s t e r o l l e v e l s ^ ( r e v i e w Chen e t a l • ( 1 9 7 8 ) . O t h e r s have 

shown l o w e r e d plasma membrane c h o l e s t e r o l i n l e u k a e m i a and 

lymphoma c a n c e r c e l l s , t h i s c o r r e l a t e d w i t h i n c r e a s e d membrane 



f l u i d i t y ( I n b a r , 1976; Van B l i t t e r s w i j k e t a l . 1977 & 1982). 

S i n c e membrane c h o l e s t e r o l i s thought t o help s t a b i l i z e c e l l s t o 

h e a t ( C r e s s & G e r n e r , 1980), one might e x p e c t that some tumours 

a r e more s e n s i t i v e t o h e a t t h a n normal c e l l s , whereas o t h e r s a r e 

more r e s i s t a n t . However S a b i n e ( 1 9 8 3 ) h a s s u g g e s t e d t h a t 

d e v i a t i o n s i n membrane c h o l e s t e r o l l e v e l s ( e i t h e r e l e v a t e d or 

r e d u c e d ) c a n l e a d t o t h e impairment of membrane f u n c t i o n . The 

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

r e p o r t e d t o be abnormal i n some tumours, ( B e r g e l s o n &f 

D y a t l o v i t s k a y a , 1 9 7 3 ) . When s u c h p h o s p h o l i p i d s a r e i n c o r p o r a t e d 

i n t o t h e plasma membrane, t h e s t r u c t u r e would have a g r e a t e r 

p e r m e a b i l i t y t h a n a normal membrane and t h e r e f o r e i s a n o t h e r 

p o s s i b l e s o u r c e of tumour d i f f e r e n t i a l h e a t s e n s i t i v i t y . 

As i n d i c a t e d p r e v i o u s l y , when c o n s i d e r i n g t h e d i f f e r e n t i a l 

t h e r m o s e n s i t i v i t y t h e r e a r e i m p o r t a n t p h y s i o l o g i c a l f a c t o r s 

w h i c h need t o be t a k e n i n t o c o n s i d e r a t i o n . T h i s i s i l l u s t r a t e d 

by t h e s t u d y of Kang e_t a l • ( 1 9 8 0 ) . They p o i n t e d out t h a t SCK 

tumour c e l l s were f a r more s e n s i t i v e t o h e a t i n v i v o t h a n t h e y 

were i n v i t r o . . The most i m p o r t a n t f a c t o r s a r e b l o o d f l o w and 

l o c a l pH. 

I n normal t i s s u e , b l o o d f l o w i n c r e a s e s a t commonly used 

h y p e r t h e r m i c t e m p e r a t u r e s (42-45°C), but i n tumours b l o o d f l o w 

i n c r e a s e s s l i g h t l y when t h e y a r e h e a t e d t o t e m p e r a t u r e s below 

41-42°C but above 42°C t h e f l o w i s d r a s t i c a l l y r e d u c ed. 

V a s c u l a r o c c u l s i o n o c c u r s , and b e c a u s e h e a t i s i n e f f e c t i v e l y 

d i s s i p a t e d t h e tumour t e m p e r a t u r e b u i l d s up above t h a t of t h e 

s u r r o u n d i n g t i s s u e s . I t i s s u g g e s t e d t h a t t h e d e c r e a s e i n 



tumour pH w h i c h o c c u r s d u r i n g h y p e r t h e r m i a i s due t o t h e 

d e c r e a s e i n t h e n u t r i e n t s u p p l y and oxygen, t h e c e l l s becoming 

h y p o x i c ( r e v i e w Song, 1 9 8 2 ) . T h e r e i s some d i s p u t e whether 

t h e r e i s a d e c r e a s e i n i n t r a c e l l u l a r pH a s w e l l a s e x t r a c e l l u l a r 

pH and t h e r e l a t i v e i m p o r t a n c e of t h e s e two f a c t o r s i n 

h y p e r t h e r m i c k i l l i n g . Eg. H o f e r & M i v e c h i , ( 1 9 8 0 ) f a v o u r 

i n t r a c e l l u l a r pH changes, whereas 1 D i c k s o n Gf Calderwood, ( 1 9 7 9 ) 

have shown t h a t i n t r a c e l l u l a r pH does not mediate t h e e f f e c t of 

h y p e r t h e r m i a or t h a t h y p e r g l y c a e m i a l e a d s t o d e c r e a s e d pH which 

s e n s i t i z e s tumour t o h e a t damage. 

Another i m p o r t a n t p h y s i o l o g i c a l f a c t o r i n t h e e f f e c t of 

h y p e r t h e r m i a on tumours i n v i v o i s t h e i n v o l v e m e n t of t h e immune 

s y s t e m . The way the immune s y s t e m p a r t i c i p a t e s depends on t h e 

t y p e of h e a t i n g regime b e i n g u s e d . T h e r e i s some c i r c u m s t a n t i a l 

e v i d e n c e t h a t an a n t i - t u m o u r immune r e s p o n s e o c c u r s a f t e r 

c u r a t i v e l o c a l h y p e r t h e r m i a i n a n i m a l s and p e r h a p s i n man. T h i s 

i s a n o n - s p e c i f i c r e s p o n s e w h i c h i n c l u d e s a r a i s e d macrophage 

c o n t e n t . C o n v e r s e l y whole body h y p e r t h e r m i a t e n d s t o s u p p r e s s 

t h e immune r e s p o n s e ( r e v i e w D i c k s o n & Shah, 1 9 8 0 ) . Thus t h e 

d i f f e r e n t i a l s e n s i t i v i t y of tumours t o h y p e r t h e r m i a has a 

p h y s i o l o g i c a l a s w e l l a s a c e l l u l a r b a s i s . 

The work u n d e r t a k e n i n t h i s t h e s i s has t h r e e main aims: i ) 

To c l a r i f y f u r t h e r t h e r o l e of t h e plasma membrane i n tumour 

h y p e r t h e r m i c k i l l i n g . I n o r d e r t o do t h i s t h e p l a s m a membranes 

from two tumours D23 a hepatoma, and Mc7 a sarcoma were i s o l a t e d 

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

t o t h e f a t t y a c i d c o n t e n t of t h e i r p h o s p h o l i p i d s and t h e l e v e l 



o f c h o l e s t e r o l . P h y s i c a l measurements u s i n g s t e a d y s t a t e 

f l u o r e s c e n c e p o l a r i z a t i o n w i l l e s t a b l i s h whether t h e r e i s any 

change i n t h e o r d e r of t h e s e membranes, and w i l l be c o r r e l a t e d 

Vitfc t h e l i p i d c o m p o s i t i o n and compared t o s i m i l a r d e t e r m i n a t i o n s 

c a r r i e d out on l i v e r plasma membranes from t h e same a n i m a l s , 

i i ) To a s s e s s t h e r o l e of membrane f l u i d i z e r s i n e n h a n c i n g t h e 

h y p e r t h e r m i c k i l l i n g . T h i s w i l l c o m p r i s e of an i n i t i a l 

b i o c h e m i c a l s t u d y of t h e e f f e c t s of membrane p e r t u r b a n t s on t h e 

i n t e g r i t y of t h e plasma membrane of tumour a s compared t o t h a t 

from l i v e r and t h e s y n e r g i s t i c e f f e c t of h e a t on t h e s e d i f f e r e n t 

p l a s m a membranes. 

The l o n g term e f f e c t of one membrane f l u i d i z e r , e t h a n o l , on 

t h e a d a p t i v e r e s p o n s e of tumour plasma membranes, a s compared t o 

s i m i l a r membranes from normal t i s s u e w i l l a l s o be s t u d i e d . The 

aim of t h i s p a r t of t h e work i s t o s e e whether t h e tumour c e l l s 

a r e a b l e t o r e s p o n d t o t h e same e x t e n t a s normal c e l l s , t o t h e 

p r e s e n c e of a membrane p e r t u r b a n t . I f not, t h i s s c e n a r i o 

o f f e r s t h e p o s s i b i l i t y of i n c r e a s i n g t h e d i f f e r e n c e i n 

t h e r m o s e n s i t i v i t y between normal and tumour c e l l s , w h i c h c o u l d 

be e x p l o i t e d i n t h e c l i n i c a l t r e a t m e n t of t h e d i s e a s e . Again 

t h e tumour plasma membranes from tumour and normal t i s s u e w i l l 

be i s o l a t e d and c h a r a c t e r i z e d t o d e t e r m i n e any d i f f e r e n c e s i n 

t h e i r l i p i d c o m p o s i t i o n and p h y s i c a l s t a t e a f t e r e t h a n o l 

a d m i n i s t r a t i o n . i i i ) The f i n a l aim of t h e work i s t o t r y and 

c o r r e l a t e any d i f f e r e n c e s between normal and c a n c e r plasma 

membranes, and t h e e f f e c t of h e a t and membrane p e r t u r b a n t s on 

t h e s e membranes, w i t h t h e i n v i v o s i t u a t i o n . O b v i o u s l y i f any 

d i f f e r e n t i a l t h e r m o s e n s i t i v i t y e x i s t s i n v i t r o i t must a l s o 



r e f l e c t t h e s i t u a t i o n i n YIVQ i f i t has any a p p l i c a t i o n i n 

e n h a n c i n g t h e h y p e r t h e r m i c t r e a t m e n t of c a n c e r c l i n i c a l l y . I n 

o r d e r t o do t h i s t h e two tumours, D23 and Mc7, whose plasma 

membranes have been c h a r a c t e r i z e d e a r l i e r i n t h i s s t u d y , w i l l be 

p a s s a g e d i n t o t h e f e e t of r a t s and t h e e f f e c t of t h e membrane 

p e r t u r b a n t , t e t r a c a i n e on t h e t h e h y p e r t h e r m i c c u r e of t h e 

tumours w i l l be a s s e s s e d . A f u r t h e r s e r i e s of e x p e r i m e n t s w i l l 

be c a r r i e d out t o s e e i f t h e l o n g - t e r m e x p o s u r e of t h e tumour t o 

t h e membrane p e r t u r b a n t , e t h a n o l , p r o d u c e s any d i f f e r e n c e s i n 

t h e t h e r m o s e n s i t i v i t y between t h e tumour from e t h a n o l - f e d and 

c o n t r o l r a t s . A g a i n t h e r e s u l t s w i l l be examined t o s e e whether 

t h e r e i s any c o r r e l a t i o n between t h e b i o c h e m i c a l changes i n t h e 

p l a s m a membrane. found i n t h e e a r l i e r s t u d y , and t h e tumour's 

s e n s i t i v i t y t o h y p e r t h e r m i a . 
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SECTION 1 : CHARACTERIZATION OF TUMOUR PLASMA MEMBRANES 

2. PURIFICATION OF A PLASMA MEMBRANE FRACTION FROM D23 AND MC7 

. TUMOURS 

INTRODUCTION. 

I n order to a s s e r t a i n the e f f e c t s of hyperthermia and 

membrane f l u i d i z e r s on tumour plasma membranes i t i s , of course, 

f i r s t n ecessary to i s o l a t e those membranes from the tumour. 

Plasma membranes from e r y t h r o c y t e s ('ghosts') a r e r e l a t i v e l y 

easy to i s o l a t e , and so have been much s t u d i e d . The simple 

' b a g - l i k e ' s t r u c t u r e of the e r y t h o c y t e s makes the p r e p a r a t i o n of 

pure membranes r e l a t i v e l y simple. Plasma membranes from c e l l s 

w i t h a more complex u l t r a s t r u c t u r e were not i s o l a t e d w ith any 

degree of s u c c e s s u n t i l 1960 ( N e v i l l e , 1960). S i n c e then plasma 

membranes have been i s o l a t e d by many workers from a grea t 

v a r i e t y of t i s s u e s ( f o r review see Evans, 1982). I s o l a t i o n of 

plasma membranes from t i s s u e and c e l l s other than e r y t h r o c y t e s 

r e q u i r e s complex f r a c t i o n a t i o n procedures i n order to s e p a r a t e 

out contaminating i n t r a c e l l u l a r membranes, and s t r u c t u r e s such 

as the nucleus. •) 

G e n e r a l l y speaking, d i f f e r e n t methods of p u r i f i c a t i o n a r e 



used f o r c e l l s i n c u l t u r e , and whole t i s s u e , p a r t i c u l a r l y i n the 

i n i t i a l s tages of s e p a r a t i o n ; plasma membranes from tumour 

t i s s u e often r e q u i r e a s l i g h t l y d i f f e r e n t i s o l a t i o n procedure 

than t h a t used f o r the t i s s u e from which i t has o r i g i n a l l y been 

d e r i v e d (Emmelot gt a l • 1974)<> I s o l a t i o n f o l l o w s t h r e e main 

s t e p s . 

i ) C e l l u l a r d i s r u p t i o n , u s u a l l y by homogenization. 
V 

i i ) P r e l i m i n a r y low speed c e n t r i f u g a t i o n to remove gross 

contamination, for example, c y t o s o l i c p r o t e i n s , u n d i s t r u p t e d 

c e l l u l a r o r g a n e l l e s , and extraneous e x t r a c e l l u l a r m a t e r i a l . 

i i i ) P r e p a r a t i v e d e n s i t y g r a d i e n t c e n t r i f u g a t i o n , often 

u s i n g sucrose, to r e s o l v e i n d i v i d u a l f r a c t i o n s i e . 

mi t o c h o n d r i a l , microsomal ( g o l g i 6? endoplasmic r e c t i c u l u m ) and 

the plasma membrane f r a c t i o n . 

Although a l a r g e l i t e r a t u r e e x i s t s on the methodology and 

use of membrane f r a c t i o n s from tumour m a t e r i a l , d i r e c t r e f e r e n c e 

w i l l be made here only to those s t u d i e s d i r e c t l y p e r t i n e n t to 

the present Chapter. A l a r g e amount of work on the i s o l a t i o n of 

l i v e r and hepatoma membranes has been c a r r i e d out by Emmelot, 

Bos and co-workers, (review Emmelot e£ a l - 1974) u s u a l l y on 

r a t or mouse t i s s u e s . Other workers have a l s o used s o l i d r a t 

hepatomas eg., U p r e t i e_£ a l . (1983), and R a f t e l l Blomberg 

(1973), who i s o l a t e d plasma membranes from the D23 tumour t h a t 

was used i n t h i s ourrent study. Plasma membranes from o u l t u r e d 

hepatoma o e l l s have been i s o l a t e d too, Koizumi e£ a l • (1976) 



and Sauvage et a l • (1981). Leukaemic and lymphoma plasma 

membranes have been s t u d i e d by van B i t t e r s w i i k et a l • (1975) 

and Koizumi e t &1 • (1981), r e s p e c t i v e l y . Plasma membranes from 

many other cancerous c e l l types have been s t u d i e d eg. Chicken 

sarcomas ( Perdue e t a l . 1973). 

Normal t i s s u e , and tumour t i s s u e which i s minimally 

d e v i a t e d from i t , can be i s o l a t e d by s i m i l a r methods. However, 

i n many passaged tumours, i n c l u d i n g those used i n t h i s study 

( s e e Appendix 2 ) , the n u c l e i are l a r g e i n r e l a t i o n t o the 

cytoplasm and so are e a s i l y d i s r u p t e d during homogenization, 

forming a g e l which handicaps f u r t h e r s e p a r a t i o n of the plasma 

membranes. The plasma membranes themselves are often more 

f r a g i l e . I n order to separate such plasma membranes gentle 

homogenization i s c a r r i e d out, using a l o o s e - f i t t i n g p e s t l e , i n 

the presence of Ca2+. T h i s prevents the rupture of the nuclear 

envelope, and binds the plasma membrane i n t o l a r g e s h e e t s which 

can he sedimented with the undisrupted n u c l e a r p e l l e t . These 

problems, and t h e i r s o l u t i o n s are d i c u s s e d by Emmelot e t a l • 

(1974) i n t h e i r review. The plasma membranes of one of the 

tumours used i n t h i s study has been p r e v i o u s l y i s o l a t e d , R a f t e l l 

& Blomberg, (1973); but the reported recovery of marker enzyme 

a c t i v i t y was poor. Ray (1970), reported a method for the 

i s o l a t i o n of l i v e r plasma membranes which y i e l d e d a high 

reoovery of marker enzymes. T h i s method was a m o d i f i c a t i o n of 

the o r i g i n a l N e v i l l e i s o l a t i o n ( N e v i l l e , 1960), and included 

s e v e r a l of the important s t e p s r e q u i r e d f o r the s u o o e s s f u l 

i s o l a t i o n of the d e v i a t e d tumour type d e s o r i b e d above; for 

example: gentle homogenization i n the presence-, of Ca2+. 
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T h e r e f o r e , t h i s method was used to i s o l a t e the plasma membranes 
from the two tumour types, D23 hepatoma and Mo7 sarcoma, as w e l l 
as l i v e r from the same animals. 

The p u r i f i c a t i o n , during f r a c t i o n a t i o n , of the plasma 

membranes was a s s e s s e d by monitoring the enrichment of 'marker' 

enzyme a c t i v i t y . Enzyme markers are p r o t e i n s which are known to 

a s s o c i a t e e x c l u s i v e l y with a p a r t i c u l a r s u b - c e l l u l a r f r a c t i o n . 

I n the case of the plasma membrane the most commonly used 

markers a r e the Na+/K+-ATPase and 5'-Nucleotidase. I t i s a l s o 

important to know to what degree the plasma membrane enr i c h e d 

f r a c t i o n i s oontaminated with other membrane types, and again 

s p e c i f i c enzyme markers can be used to a s s e s s the degree of 

p u r i t y of the plasma membranes f r a c t i o n obtained. 

MATERIALS AND MEIHQDS 

l . I s o l a t i o n of Plasma 2»embr.ane. e.nrie&e3 f r a c t i o n s from D2.3 

and Mc2 tumours 

The i s o l a t i o n of tumour plasma membranes was c a r r i e d 

out by the method of Ray(1970), w i t h some m o d i f i c a t i o n . 

L i v e r plasma membranes were i s o l a t e d i n a bicarbonate 

b u f f e r c o n t a i n i n g 0.5mM Ca2+, whereas tumour membranes, as 

suggested by Emmelot(1974), had an i d e n t i o a l b u f f e r which 

was f o r t i f i e d with 2.0mM Ca2+. 

Tumours were e x c i s e d from the f l a n k s of r a t s . The 

he a l t h y t i s s u e was d i s s e o t e d out, l e a v i n g any ne o o r o t i c 
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material found i n the centre. A l l subsequent operations 
were c a r r i e d out at 0-4°C. Approximately lg. wet veight, 
of t i s s u e was homogenized with 20ml of either 0.5 or 2.0mM 
CaCla, as appropriate i n ImM NaHCOg, pH 7.5, using 25 
gentle strokes of a loose f i t t i n g 'Douce' homogenizer. Up 
to 8g of s t a r t i n g t i s s u e was treated i n t h i s way i n any 
given i s o l a t i o n . The homogenate was then diluted in more 
of the buffer so that the t o t a l volume was lOOfold the 
weight of the s t a r t i n g material. This was then allowed to 
stand for 5 minutes at 4°C, with occassional stirring.The 
suspension was then f i l t e r e d through 2 l a y e r s of pre-washed 
muslin, and the f i l t r a t e spun at 2000g(rav=.228mm) i n a MSE 
C o o l s p i n for 30 minutes. The supernatant, ( S I ) , was 
discarded, and the p e l l e t , ( P I ) , resuspended i n half the 
o r i g i n a l volume by 3-4 gentle strokes of a hand-held 
homogenizer. The resuspended p e l l e t was respun at 
1700g(rav=228mm) for 15 minutes. The supernatant, (S2),was 
again discarded, the p e l l e t resuspended i n half the 
previous volume of buffer and then respun i n the same way 
as the l a s t step. The re s u l t i n g p e l l e t , (P3), was 
resuspended i n 2mM EDTA, 20mM imidazole buffer, pH7.2 and 
s u f f i c i e n t 70% sucrose was added to give a f i n a l sucrose 
concentration of 48% (w/v). 

Sucrose solutions: 45, 41, and 37%(w/v); containing 
ImM EDTA, 20mM imidazole, pH7.2; were c a r e f u l l y layered i n 
8ml bands on top of the membrane layer already plaoed at 
the bottom of a 38ml oentrifuge tube. This produoed a 
discontinous density gradient. Great oare was taking i n 
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ensuring that the sucrose solutions were of the c o r r e c t 
strength, a l l were checked, at 25°C. using an Abbe 
RefTactometer with a sucrose s c a l e . The density gradients 
were oentrifuged i n a MSE Prepspin 50 a t 
86,000g(rav=123mm), i n a 6x38ml capacity, swing-out rotor 
for 2 hours. Discrete bands of membrane formed at the 
interface of the diff e r e n t sucrose layers; the plasma 
membrane fr a c t i o n , ( B l ) , was formed at the interfaoe of the 
37 and 41% l a y e r s (see Fig. 2.1). A l l the bands, B1-B3, 
and the p e l l e t , (P4), were removed using a pasteur pipette 
and washed by resuspending i n ImM EDTA, 20mM imidazole 
buffer, pH7.2 and respun at 100,000g(rav=77.52mm), i n a 
8x50ml capacity rotor, for 1 hour. The p e l l e t s were 
resuspended i n a minimum volume of the same buffer, and 
stored on i c e u n t i l required for enzyme assay. (When l i p i d 
or other non-enzymatic determinations were to be performed 
on the fractions, the membranes were stored under nitrogen 
at -20°C u n t i l required.) 

Marker Enzyme Q&&E&c_£er_izaiiQE oi i s o l a t e d fractieBB 

a l Alkaline EnQspa^diesteEase I 

The reaction media contained a f i n a l concentration of 
lOOmM MgCli, and ImM thymidine p-nitrophenyl phosphate i n 
50mM glycine buffer, pH 9.7. The reaction was started, 
after 5 minutes pre-incubation at 37*0, by the addition of 
0.3ml of dilut e d membrane suspension, to give a f i n a l 
volume of 1.5ml. The reaotion was stopped a f t e r 30 minutes 

/ 
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by the addition of 1.5ml of 0. 2M NaOH. The tubes were spun 
at 900g for 10 minutes to remove any cloudy suspension. 
The yellow colour was read at 400nm on a Pye Unicam SP8-100 
using water as a blank, and the concentration of the 
nitrophenol produced was calculated from i t s extinction 
c o e f f i c i e n t at 400nm. 

hi Ha±/I±AIP_aselEC S.6-1.31 

The reaction conditions were as follows: lOmM K+, 3mM 
Mg2+, and lOOmM Na+ i n 20mM imidazole buffer, pH 7.2, i n 
the presence or absence of lmM ouabain. ATP (sodium s a l t ) 
was added to give a f i n a l concentration of 3mM. 
Incubations were c a r r i e d out at 37°C. The reaction was 
started by the addition of 0.5ml of enzyme suspension to 
give a f i n a l volume of 2ml. Ka+/K+ ATPase a c t i v i t y was 
determined as that a c t i v i t y which was s e n s i t i v e to the 
presence of ouabain.The reaction was stopped a f t e r 30 
minutes, by the addition of 4ml of an acid molybdate/lubrol 
reagent. This consisted of l%Lubrol added to an equal 
volume of 1% ammonium molybdate i n 0.9M sulphuric acid. 
The reagent reacts q u a n t i t a t i v e l y with the released 
inorganic phosphate, forming a yellow colour which was read 
at 390nm (Atkinson fit &1. 1973). A standard curve was 
constructed using Na2HP03 which was l i n e a r i n the range 
0-1.2 umoles of phosphate. 

e l 51 HuQlestidaselEC 3.1.3.51 
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5' Nucleotidase a c t i v i t y was determined using the 

method of Emmelot gt &1. (1964). The reaction media 
contained lOOmM KC1, 5mM MgCl2 i n 50mM T r i s , pH7.2 (at 
37°C). 1.8ml of t h i s media vas added to 0.1ml of 0.1M AMP, 
disodium s a l t . The tubes were pre-incubated at 37°C and 
the reaction started by adding 0.1ml of membrane 
suspension. After an appropriate time the reaction was 
stopped and inorganic phosphate released was assayed as 
described for the Na+/K+ATPase. 

&1 GiuGQsere-ptmspfc&tflsejLEG 3.1.3.21 

This enzyme was determined by the method of Tsai fit 
fll. (1975). A 0.1ml aliquot of membrane suspension was 
added to 0.3ml of maleic buffer (0.1M, pH6.5), and 0.1ml of 
a 0.1M glucose-6-phosphate solution which had been 
pre-incubated at 37°C for 5minutes. The tubes were then 
incubated. After an appropriate time the reaction was 
stopped, and inorganic phosphate ( P i ) was determined using 
the methods described for the Na+/K+ ATPase. 

el HADPH ssYtQekrcBte c rfiluctaselEC 1.6-2.31 

This assay was based on the method of Tsa i e t fll-
(1975). The assay was performed at 20*C as suggested by 
Emmelot e i fll., (1964). 50uL of the membrane suspension 
was added to eaoh of duplicate ouvettes containing 0.9ml of 
phosphate buffer (0.1ml, pH7.4) and 0.1ml of oytoohrome c 
(1% w/v). The reaction was i n i t i a t e d by the addition of 
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0.1ml of NADPH in one cuvette, i n the other the same volume 
of d i s t i l l e d water was added and t h i s acted as a blank. 
The cuvettes were read immediately, against each other, and 
the rate of decrease of absorbance of the cytochrome c was 
measured i n a Pye Unicam SP8-100 dual-beam 
spectrophotometer at 550nm for 2-3 minutes. 

f l Succinate deh.ydro_gen.ase.lEC 1.3-28-11 

Succinate dehydogenase a c t i v i t y was determined U6ing 
the method of Tsai et a l - (1975). To duplicate cuvettes 
containing 1.2ml of 20mM phosphate buffer/1% B.S.A., pH7.0 
was added 0.1ml of l%(w/v) cytochrome c and 50uL of 
membrane suspension. The cuvettes were throughly mixed, 
and read against each other to form a zero value. When a 
stable base l i n e was achieved, 0.4ml of lOmM KCN was added 
to the reference cuvette, and 0.4ml of lOmM KCN containing 
50mM succinate, was added to the other. The increase i n 
absorbance at 550nm was measured immediately and then for 
several minutes on a dual-beam SP8-100 spectrophotometer at 
eith e r i)20°C or ii)30°C. 

EleotXPB Mifir_o.SQO.pv. 

The f i n a l membrane suspension was pelleted, and 
prepared for electron microscopy by the methods outlined i n 
Appendix 2. 

http://deh.ydro_gen.ase.lEC
http://Mifir_o.SQO.pv
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Protein determinations 

Protein estimations were car r i e d out using a modified 
Lowry method, (Peterson, 1977), which i s p a r t i c u l a r l y 
relevant for determining membrane protein, as i t contains a 
deoxycholate sol u b l i s a t i o n step. A standard curve was 
constructed using B.S.A. i n the range 0-30ug. 

: Reagents 

Eeageat A.: This was made up freshly, by mixing equal 
volumes of the following stock solutions together. 
i)C.T.C. (0.1 %copper sulphate, 0.2% potassium t a r t r a t e 
and 10% sodium carbonate). ii)0.8M NaOH. i i i ) 10% B.D.S. 
and i v ) d i s t i l l e d water. 

Eeagent J3: This was a s i x - f o l d d i l u t i o n ( i n water), of 
the Folin-Ciocalteau phenol reagent. 

A small volume of membrane/protein suspension was 
added to a p l a s t i c Eppendorf micro-tube (vol. 1.7ml) and 
made up to a t o t a l volume of 1ml with d i s t i l l e d water. To 
t h i s was added 0.1ml of 0.15% deoxycholate, the samples 
were gently mixed and allowed to stand for 10 minutes. 
After t h i s time 0.1ml of 72% T.C.A. was added and mixed 
using a vortex mixer. The tubes were then spun for 2 
minutes i n an Eppendorf minifuge, the supernatant deoanted, 
leaving a very small white p e l l e t of precipitated protein. 
To t h i s p e l l e t was added 0.5 ml of d i s t i l l e d water, 
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followed by 0.5ml of reagent A. The tube was vigorously 
mixed on a vortex mixer, and allowed to stand for 10 
minutes, before the addition of 0.25ml of reagent B. After 
the addition of t h i s l a s t reagent, the tubes were rapidly 
mixed and allowed to stand for 30 minutes before reading 
the blue colour formed at 750nm i n an SP8-100 dual beam 
spectrophotometer using water as a blank. 

EESULTS 

Figure 2.1 shows the p u r i f i c a t i o n procedure from Ray, 
(1970). The notation used to indicate the fr a c t i o n s i n t h i s 
figure w i l l be used i n a l l the following text. I n i t i a l studies 
were c a r r i e d out using 0.5mM Ca2+ i n the bicarbonate i s o l a t i o n 
media, but following the suggestion of Emmelot et a l , (1975) 
2.0mM Ca2+ was included i n the l a t t e r procedures, and t h i s 
improved the y i e l d without effecting the purity of the 
membranes. In the f i r s t studies involving 2.0mM 
Ca2+/bicarbonate buffer the Na+/K+ATPase was used as a plasma 
membrane marker, to determine the degree of purity at each stage 
i n the i s o l a t i o n , and the f i n a l purity of the plasma membrane 
enriched f r a c t i o n . These membranes were checked for the 
presence of contaminating membranes using other enzyme markers: 
Gluoose-6-phosphatase for endoplasmic rectioulum and cytochrome 
oxidase for mitochondrial contamination. A l l markers were low 
in a c t i v i t y i n the tumour fr a c t i o n s as oompared with those from 
l i v e r . The Cytochrome oxidase was only deteoted i n the o r i g i n a l 
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homogenate and P4 fraction, and not recorded here. However 
during the course of the work other markers were examined which 
co n f l i c t e d with the e a r l i e r r e s u l t s . The enrichment of a plasma 
membrane fraction w i l l now be described i n more d e t a i l . 

l • Plasma membrane enrichment 

Three markers for the plasma membrane were used i n 
t h i s study i ) The Na+/K+ ATPase (the most commonly used 
marker) i i ) 5' Nucleotidase and Alkaline phosphodiesterase 
I . The Na+/K+ATPase w i l l be considered f i r s t . 

Tables 2.1 and 2.2 show the p u r i f i c a t i o n of the 
Na+/K+ATPase from D23 and Mc7 tumours respe c t i v e l y . They 
show the s p e c i f i c a c t i v i t y (umoles P i liberated/mg 
protein/hour) of each of the 9 f r a c t i o n s examined, the 
r e l a t i v e purity of each compared to the o r i g i n a l 
homogenate, and the %age recovery of i n i t i a l enzyme 
a c t i v i t y . Ray, (1970) reported a plasma membrane enriched 
f r a c t i o n concentrating between the 37 and 41% sucrose bands 
of the gradient ( i e . band B l ) . The two tumours, D23 and 
Mc7 produce a s i m i l a r l y enriched f r a c t i o n at t h i s junction, 
with s p e c i f i c a c t i v i t i e s of: 7.79+2.62 and 6.05+1.47 umoles 
Pi/mg protein/hour; giving a p u r i f i c a t i o n factor over the 
o r i g i n a l homogenate of 8.3 and 6.1 fold, respectively. 
This represents about 2% of the o r i g i n a l a c t i v i t y , and i s a 
poor y i e l d . Examination of the two lower bands on the 
gradient, B2 and B3, reveals that some ATPase of a lower 
s p e c i f i o a c t i v i t y than the putative plasma membrane 
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TABLE 2.1 Na+/K+-ATPase i n D23 frac t i o n s 

Fraction S p e c i f i c A c t i v i t y 
umolesPi liberated/ 
mg protein/ hour 

P u r i f i c a t i o n 
Factor 

Yi e l d of A c t i v i t y 
% 

H 1.08+0.38 
(3) 

1.0 
(3) 

100 
(3) 

SI 0.110+0.110 
(3) 

0.34+0.34 
(3) 

16.7+11.1 
(3) 

PI 2.22+0.38 
(3) 

3.19+1.68 
(3) 

74.6+40.7 
(3) 

S2 1.18+0.78 
(3) 

2.93+2.64 
(3) 

14.6+10.3 
(3) 

P3 1.97+1.36 
(3) 

2.04+0.15 
(3) 

14.8+8.34 
(3) 

Bl 7.79+2.62 
(4) 

8.27+3.50 
(4) 

1.67+0.76 
(4) 

B2 0.636+0.331 
(4) 

0.544+0.37 
(4) 

0.162+0.042 
(4) 

B3 0.912+0.460 
(4) 

0.590+0.457 
(3) 

0.131+0.125 
(3) 

P4 0.162+0.058 
(4) 

0.307+0.157 
(4) 

1.93+1.56 
(4) 

No.s i n braokets are no. of experiments 
Values ± S.E.M. 
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TABLE 2.2 Na+/K+-ATPase i n Mc7 fractions 

Fraction S p e c i f i c A c t i v i t y 
umolesPi liberated/ 
mg protein/ hour 

P u r i f i c a t i o n 
Factor 

Y i e l d of A c t i v i t y 
% 

H 1.33+0.43 
(4) 

1.0 
(4) 

100 
(4) 

431 0.505+0.107 
(4) 

0.455+0.074 
(4) 

25.8+4.00 
(4) 

PI 2.60+0.22 
(4) 

2.81+0.90 
(4) 

65.3+14.6 
(4) 

S2 1.52+0.088 
(4) 

1.68+0.56 
(4) 

8.27+2.34 
(4) 

P3 1.48+0.36 
(4) 

1.32+0.26 
(4) 

15.3+3.20 
(4) 

Bl 6.05+1.47 
(4) 

6.10+2.65 
(4) 

2.47+0.53 
(4) 

B2 3.46+0.69 
(4) 

3.22+0.81 
(4) 

0.948+0.134 
(4) 

B3 1.85+0.57 
(4) 

1.74+0.75 
(4) 

0.678+0.175 
(4) 

P4 0.308+0.260 
(4) 

0.203+0.126 
(4) 

1.32+1.05 
(4) 

No.s i n braokets are no. of experiments 
Values ± S.E.M. 
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TABLE 2.3 5' Nucleotidase i n D23 frac t i o n s 

Fraction S p e c i f i c A c t i v i t y 
umolesPi liberated/ 
mg protein/ hour 

P u r i f i c a t i o n 
Factor 

Y i e l d of A c t i v i t y 
% 

H 0.450+0.099 
(4) 

1.0 
(4) 

100 
(3) 

SI 0.044+0.044 
(4) 

0.083+0.083 
(4) 

2.47+2.47 
(3) 

PI 1.05+0.52 
(4) 

2.53+1.16 
(4) 

46.5+33.9 
(3) 

S2 1.01+0.049 
(4) 

1.90+0.116 
(4) 

6.81+0.42 
(3) 

P3 2.11+1.66 
(4) 

1.29+0.010 
(4) 

21.1+4.6 
(3) 

Bl 2.18+0.41 
(4) 

6.24+2.52 
(4) 

1.52+0.72 
(3) 

B2 0.290+0.167 
(4) 

3.35+2.47 
(4) 

0.626+0.477 
(3) . 

B3 0.800+0.255 
(4) 

2.46+1.34 
(4) 

0.667+Q.476 
(3) 

P4 0.166+0.066 
(4) 

0.63+0.38 
(4) 

4.01+2.02 
(3) 

No.s i n brackets are no. of experiments 
Values + S.E.M. 
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TABLE 2.4 5'-Nucleotidase i n Mc7 fractions 

Fraction S p e c i f i c A c t i v i t y 
umolesPi liberated/ 
mg protein/ hour 

P u r i f i c a t i o n 
Factor 

f i e l d of A c t i v i t y 
% 

H 0.497+0.105 
( 3 ) 

1.0 
( 3 ) 

100 
( 3 ) 

r s i 0.34+0.34 
( 2 ) 

0.35+0.35 
( 2 ) 

-

PI 0.65+0.11 
( 2 ) 

1.09+0.07 
( 2 ) 

-

S2 1.60+0.51 
( 2 ) 

2.75+1.05 
( 2 ) 

-

P3 0.60+0.37 
( 2 ) 

1.08+0.72 
( 2 ) 

-

Bl 2.45+0.49 
( 3 ) 

5.54+1.8 
( 3 ) 

2. 56 

B2 1.38+0.79 
( 3 ) 

3.95+2.78 
( 3 ) 

2.11 

B3 1.53+0.41 
( 3 ) 

4.17+2.51 
( 3 ) 

P4 0.215+0.156 
( 3 ) 

0.38+0.29 
( 3 ) 

No.s i n braokets are no. of experiments 
Values ± S.E.M. 
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TABLE 2.5 Alkaline phosphodiesterase I i n D23 fractions 

Fraction S p e c i f i c A c t i v i t y 
umoles nitrophenol 
liberated/nig protein 
/hour 

P u r i f i c a t i o n 
Factor 

Y i e l d of A c t i v i t y 
% 

H 0.088+0.051 
(3) 

1.0 
(3) 

100 
(3) 

SI 0.0303+0.0152 
(3) 

0.395+0.228 
(3) 

16.6+11.3 
(3) 

PI 0.244+0.123 
(3) 

3.30+0.70 
(3) 

59.0+27.4 
(3) 

S2 0.253+0.082 
(3) 

2.94+0.10 
(3) 

9.95+0.55 
(3) 

P3 0.355+0.169 
(3) 

5.44+3.87 
(3) 

19.7+0.25 
(3) 

Bl 0.200+0.088 
(3) 

3.98+1.78 
(3) 

0.429+0.188 
(3) 

B2 0.717+0.480 
(3) 

8.32+5.13 
(3) 

0.452+0.407 
(3) 

B3 0.0455+0.0335 
(3) 

0.737+0.380 
(3) 

0.082+0.066 
(3) 

P4 0.017+0.007 
(3) 

0.268+0.004 
(3) 

2.42+1.31 
(3) 

No.s i n brackets are no. of experiments 
Values + S.E.M. 
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TABLE 2.6 Alkaline phosphodiesterase I in Mc7 fractions 

Fraction S p e c i f i c A c t i v i t y 
umoles nitrophenol 
liberated/nig protein 
/hour 

P u r i f i c a t i o n 
Factor 

Y i e l d of A c t i v i t y 
% 

H 0.135+0.060 
(2) 

1.0 
(2) 

100 
(2) 

s i 0.0618+0.0258 
(2) 

0.465+0.015 
(2) 

30.4+5.25 
(2) 

PI 0.345+0.174 
(2) 

2.47+0.405 
(2) 

91.0+42.9 
(2) 

S2 0.317+0.097 
(2) 

2.53+0.41 
(2) 

24.2+4.45 
(2) 

P3 0.069+0.025 
(2) 

0.536+0.054 
(2) 

8 . 64+1 . 66 
(2) 

Bl 0.143+0.050 
(2) 

1.52+1.05 
(2) 

0.542+0.198 
(2) 

B2 0.127+0.014 
(2) 

1.20+0.588 
(2) 

0.335+0.060 
(2) 

B3 0.159+0.038 
(2) 

1.56+1.36 
(2) 

0.299+0.003 
(2) 

P4 0.005+0.005 
(2) 

0.007+0.007 
(2) 

0.001+0.001 
(2) 

No.s i n brackets are no. of experiments 
Values + S.E.M. 
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fraction. The p e l l e t , P4, contains a r e l a t i v e large %age 
of the gradient ATPase a c t i v i t y , however t h i s of a low 
s p e c i f i c a c t i v i t y , and r e s u l t s from the incomplete 
resolution of the plasma membrane from the nuclear 
fraction. 

An inspection of f r a c t i o n s 1-9 reveals that a 
considerable amount of material of high s p e c i f i c a c t i v i t y 
i s . l o s t i n supernatants SI and S2; t h i s i s greatest i n the 
Mc7 i s o l a t i o n . The other main source of loss of a c t i v i t y 
occurs during the discontinuous sucrose gradient spin. Of 
the a c t i v i t y placed on the gradient only 26%(D23) and 
35%(Mc7) i s recovered. This i s not due to a l o s s of 
protein, and therefore the p u r i f i c a t i o n factor of the 
membranes i s considerably reduced, as a r e s u l t of protein 
in a c t i v a t i o n , not l o s s of membrane material. 

Tables 2.3 and 2.4 show s i m i l a r p u r i f i c a t i o n patterns 
using the 5' Nucleotidase as a plasma membrane marker. 
Again the putative plasma membrane fr a c t i o n . reported by 
Ray, (1970), for l i v e r was the same i n both tumours. The 
nucleotidase was present at a lower s p e c i f i c a c t i v i t y i n 
the tumour fractions than the Na+/K+ ATPase , that i s : 
2.18 (D23) and 2.45 (Mc7); the p u r i f i c a t i o n f a c t o r s were 
lower as well, 6.24 and 5.54 for the D23 and Mc7, 
respectively. As with the previous enzyme, d i s t r i b u t i o n of 
t h i s marker i s also found i n bands B2 and B3. Again, there 
was the l o s s of r e l a t i v e l y high s p e c i f i c a c t i v i t y material 
from supernatants SI and S2. 
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The p a t t e r n of p u r i f i c a t i o n appears to be s i m i l a r from 

a c o n s i d e r a t i o n of both plasma membrane marker enzymes 

examined so f a r . However, the f i n a l marker enzyme , A l k a l i n e 

phosphodiesterase I ( T a b l e s 2.5 and 2,6)showed s l i g h t l y 

d i f f e r e n t p a t t e r n s , and l i t t l e or no i n c r e a s e i n s p e c i f i c 

a c t i v i t y , i n the Mc7 plasma membrane f r a c t i o n . The 

s p e c i f i c a c t i v i t y , umoles of s u b s t r a t e u t i l i z e d / m g 

protein/hour, of the enzyme i n B l ( t h e p u t a t i v e plasma 

membrane f r a c t i o n ) was low i n both tumours: 0.200, D23 and 

0.143, Mc7. These v a l u e s were s i m i l a r , but t h e r e appeared 

t o be a g r e a t e r p u r i f i c a t i o n of the D23 hepatoma f r a c t i o n , 

i e . about 5 f o l d to the lower 1.5 f o l d enrichment f o r the 

Mc7. The d i s t r i b u t i o n of t h i s marker enzyme i n the 

remaining bands of the sucrose g r a d i e n t are d i f f e r e n t i n 

the two tumours. I n the D23 t h e r e appears to be a g r e a t e r , 

though v a r i a b l e , enrichment (8.32+5.13) i n band B2, than 

the supposed plasma membrane f r a c t i o n , B l . Band B3 i s of 

lower s p e c i f i c a c t i v i t y , as i n the other plasma membrane 

markers. I n the Mc7 the p u r i f i c a t i o n i s s i m i l a r i n a l l 

t h r e e bands; B1-B3. Examination of the y i e l d of 

phosphodiesterase a c t i v i t y during the f r a c t i o n a t i o n 

procedure, r e v e a l s a c o n s i d e r a b l e l o s s a t a l l s t a g e s , which 

means the r e s u l t a n t a c t i v i t y i n the membrane f r a c t i o n s i s 

low. There was the same k i n d of l o s s of a c t i v i t y i n the SI 

and S2 supernatants, and during d e n s i t y gradient 

c e n t r i f u g a t i o n , as r e p o r t e d f o r the other two plasma 

membrane markers. The s u b s t a n t i a l l o s s of a o t i v i t y makes 

t h i s an u n s u i t a b l e marker f o r these two tumour ty p e s . 
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2 . Microsomal c e n t a a i s a t l e u 

Glucose-6-phosphatase and NADPH cytoohrome-o reductase 

are microsomal membrane markers, i n d i c a t i n g the degree of 

contamination of the p u r i f i e d plasma membrane f r a c t i o n . 

Tables 2.7 and 2.8 show glucose-6-phosphatase(G6Pase) 

a c t i v i t i e s and r e l a t i v e p u r i t y f o r the D23 and Mc7 

i s o l a t i o n procedures. I n the p u t a t i v e plasma membrane 

f r a c t i o n , B l , t h e s p e c i f i c a c t i v i t y was 2.08 and 1.49 umoles 

of P i liberated/mg protein/hour, f o r the D23 and Mc7 

i s o l a t i o n s ; t h i s r e p r e s e n t s a s l i g h t p u r i f i c a t i o n over the 

o r i g i n a l homogenate, of about 2 - f o l d , i n both tumour types. 

T h i s i n d i c a t e s t h a t the G6Pase has t o some extent 

c o - p u r i f i e d with the plasma membrane marker enzymes. 

However, i n f r a c t i o n B2 the p u r i f i c a t i o n f a c t o r of t h i s 

enzyme i s even g r e a t e r than t h a t of the B l ; D23 2.6-fold, 

Mc7 4.2-fold. T h i s r e p r e s e n t s higher s p e c i f i c a c t i v i t i e s 

i n the B2 than the B l f r a c t i o n . ( 3 . 5 , D23 and 3.7 

umolesPi/mg protein/hour, Mc7. F r a c t i o n B3 i s a l s o 

e n r i c h e d with r e s p e c t t o t h i s marker i n both tumour types. 

I n both Mc7 and D23 most of the a c t i v i t y p l a c e d on the 

g r a d i e n t goes to the n u c l e a r p e l l e t , P4. T h i s r e p r e s e n t s a 

g r e a t e r proportion of the t o t a l a o t i v i t y than i n the case 

of say the Na+/K+ATPase. I n both tumours the recovery of 

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

g r e a t e r than i n the plasma membrane marker enzymes, and i s 

g r e a t e s t i n the Mo7. T h i s d i s t o r t s the r e l a t i v e p u r i t y 

i n d i o a t e d by marker enzyme c o n s i d e r a t i o n alone. I n the 
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TABLE 2.7 Glucose-6-phosphatase i n D23 f r a c t i o n s 

F r a c t i o n S p e c i f i c A c t i v i t y 
umolesPi l i b e r a t e d / 
mg p r o t e i n / hour 

P u r i f i c a t i o n 
F a c t o r 

Y i e l d of A c t i v i t y 
% 

H 1.14+0.36 
(3 ) 

1.0 
(3 ) 

100 
( 3 ) 

S I ND 
( 3 ) 

ND 
( 3 ) 

ND 
( 3 ) 

PI 1.78+1.04 
(3 ) 

1.78+0.80 
( 3 ) 

38.2+14.9 
( 3 ) 

S2 1.75+0.64 
(2 ) 

2.14+0.26 
( 2 ) 

7.18+0.75 
( 2 ) 

P3 3.81+2.10 
(2) 

3.85+1.26 
( 2 ) 

22.4+11.7 
( 2 ) 

B l 2.08+0.35 
(3) 

2.07+0.42 
( 3 ) 

0.497+0.122 
( 3 ) 

B2 3.56+2.28 
( 3 ) 

2.57+1.09 
( 3 ) 

0.196+0.015 
( 3 ) 

B3 1.94+0.89 
( 3 ) 

1.81+0.55 
( 3 ) 

0.475+.077 
( 3 ) 

P4 
. 

0.458+0.017 
(3 ) 

1.18+0.55 
( 3 ) 

5.56+2.53 
( 3 ) 

No.s i n braoketB a r e no. of experiments 
Values ± S.E.M. 
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TABLE 2.8 Glucose-6-phosphatase i n Mc7 f r a c t i o n s 

F r a c t i o n S p e c i f i c A c t i v i t y 
umolesPi l i b e r a t e d / 
mg p r o t e i n / hour 

P u r i f i c a t i o n 
F a c t o r 

Y i e l d of A c t i v i t y 
% 

H 1.18+0.34 
( 4 ) 

1.0 
(4) 

100 
(4 ) 

:S1 0.012+0.012 
( 4 ) 

0.037+0.037 
(4) 

3.00+2.60 
( 4 ) 

PI 0.673+0.203 
( 4 ) 

1.90+0.89 
(4) 

50.4+25.0 
(4 ) 

S2 1.00+0.77 
( 4 ) 

5.04+4.60 
(4) 

10.0+6.40 
(4 ) 

P3 0.700+0.289 
( 4 ) 

1.68+0.93 
(4 ) 

7.47+2.57 
(4 ) 

B l 1.49+0.53 
( 4 ) 

2. 12+0.91 
(4 ) 

1.13+0.53 
(4 ) 

B2 3.69+0.89 
( 4 ) 

4.19+1.29 
(4 ) 

4.05+2.46 
( 4 ) 

B3 1.71+1.08 
( 4 ) 

1.62+1.13 
( 4 ) 

0.604+0.310 
( 4 ) 

P4 0.519+0.236 
( 4 ) 

0.596+0.300 
( 4 ) • 

11.8+4.93 
(4 ) 

No.s i n braokets a r e no. of experiments 
Values + S.E.M 
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TABLE 2.9 NADPH cytochrome c re d u c t a s e i n D23 f r a c t i o n s 

F r a c t i o n S p e c i f i c A c t i v i t y 
umoles c y t . c 
reduced/mg p r o t e i n 
/hour 

P u r i f i c a t i o n 
F a c t o r 

Y i e l d of A c t i v i t y 
% 

H 0.146+0.029 
(3 ) 

1.0 
(3) 

100 
( 3 ) 

S I 0.167+0.043 
(3 ) 

1.23+0.349 
(3) 

43.7+6.83 
( 3 ) 

PI 0.276+0.116 
(3 ) 

1.78+0.469 
(3 ) 

41.0+10.0 
( 3 ) 

S2 0.553+0.388 
(3 ) 

4.11+2.69 
(3 ) 

21.6+2.90 
(3 ) 

P3 1.00+0.86 
(3 ) 

5.14+3.28 
(3 ) 

16.9+2.0 
( 3 ) 

B l 0.362+0.091 
( 3 ) 

2.43+0.19 
(3 ) 

0.585+0.062 
( 3 ) 

B2 0.918+0.292 
( 3 ) 

7.31+3.45 
(3 ) 

0.679+0.126 
( 3 ) 

B3 0.593+0.037 
(3 ) 

4.46+1.02 
(3) 

1.28+0.18 
( 3 ) 

P4 0.064+0.027 
(3 ) 

0.410+0.107 
( 3 ) 

4.36+2.18 
( 3 ) 

• 

No.s i n braokets a r e no. of experiments 
Values ± S.E.M. 
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TABLE 2.10 NADPH cytochrome c reductase i n MC7 f r a c t i o n s 

F r a c t i o n S p e c i f i c A c t i v i t y 
umoles c y t . c 
reduced/mg p r o t e i n 
/hour 

P u r i f i c a t i o n 
F a c t o r 

Y i e l d of A c t i v i t y 
% 

H 0.243+0.132 
(3 ) 

1.0 
( 3 ) 

100 
(3 ) 

S I 0.144+0.024 
(3 ) 

0.869+0.238 
( 3 ) 

49.0+8.8 
(3) 

PI 0.287+0.032 
( 3 ) 

1.89+0.70 
( 3 ) 

43.9+7.5 
( 3 ) 

S2 0.497+0.020 
( 3 ) 

3.55+1.53 
(3 ) 

24.3+5.6 
(3) 

P3 0.388+0.135 
( 3 ) 

1.75+0.84 
( 3 ) 

21.9+8.9 
( 3 ) 

B l 0.190+0.032 
(3 ) 

2.37+1.43 
( 3 ) 

0.944+0.543 
( 3 ) 

B2 0.454+0.159 
( 3 ) 

3.09+0.80 
( 3 ) 

0.883+0.136 
( 3 ) 

B3 0.788+0.429 
( 3 ) 

5.49+2.43 
( 3 ) 

2.19+0.94 
(3 ) 

P4 0. 112+0.094 
( 3 ) 

0.518+0.441 
( 3 ) 

4.93+3.48 
( 3 ) 

No.s i n b r a o k e t s a r e no. of experiments 
Values ± S.E.M. 

/ 
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i n i t i a l s t a g e s of p u r i f i c a t i o n , the G6Pase f o l l o w s the 

p a t t e r n of the plasma membrane markers although 

p r o p o r t i o n a l l y l e s s i s l o s t i n the supernatants SI and S2. 

Tables 2.9 and 2.10 show the d i s t r i b u t i o n of the 

microsomal marker NADPH cytochrome o reductase i n the 

plasma membrane i s o l a t i o n . I n s p e c t i o n of the membrane 

f r a c t i o n s from the sucrose g r a d i e n t i n d i c a t e s d i f f e r e n c e s 

i n fthe d i s t r i b u t i o n of t h i s marker between the two tumour 

ty p e s . However i n both c a s e s the p u t a t i v e plasma membrane 

f r a c t i o n has the lowest s p e c i f i c a c t i v i t i e s and 

p u r i f i c a t i o n v a l u e . I n the D23 band B2 contained the 

h i g h e s t s p e c i f i c a c t i v i t y of the gra d i e n t f r a c t i o n s g i v i n g 

a p u r i f i c a t i o n f a c t o r of 7.3-fold; where as the Mc7 had the 

hi g h e s t r e d u c t a s e a c t i v i t y i n the B3 band, g i v i n g a 

p u r i f i c a t i o n f a c t o r of 5 - f o l d . I n both tumour types the 

g r e a t e s t %age y i e l d of red u c t a s e a c t i v i t y i n the bands was 

i n band B3. The p e l l e t , P4, contained the g r e a t e s t 

p r o p o r t i o n of a c t i v i t y , but t h e r e i s a l o s s , i n both 

tumours, of reductase a c t i v i t y d uring d e n s i t y gradient 

c e n t r i f u g a t i o n . The l o s s of a c t i v i t y i n the NADPH 

cytochrome c reductase i n sup e r n a t a n t s SI and S2 i s g r e a t e r 

than t h a t f o r the glucose-6-phosphatase marker. The 

d i s t r i b u t i o n p a t t e r n of the r e d u c t a s e i n the f i n a l membrane 

f r a o t i o n s B1-B3 i s d i f f e r e n t from t h a t of the plasma 

membrane markers N+/K+ATPase and 5' Nucleotidase, but i t 

d i f f e r s a l s o from the other microsomal marker, G6Pase. 
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Mitochondria! centaffiination 

P r e l i m i n a r y r e s u l t s with cytochrome oxidase at 25°C 

re v e a l e d l i t t l e or no a c t i v i t y i n any of the f r a c t i o n s ; 

only i n f r a c t i o n s H and P4 was t h e r e any s i g n i f i c a n t 

a c t i v i t y d e t e c t ed. The same was t r u e of s u c c i n a t e 

dehydrogenase, t e s t e d under s i m i l a r c o n d i t i o n s . These 

c o n d i t i o n s were those i n d i c a t e d by Emmelot e_t &!• (1964). 

Other workers have used higher temperatures, and when the 

s u c c i n a t e dehydrogenase was assayed a t 30°C t h e r e was a 

c o n s i d e r a b l e d i f f e r e n c e i n the a c t i v i t y and p a t t e r n of 

contamination. Unfortunately t h i s was only d i s c o v e r e d 

l a t e r on i n the study. 

T a b l e s 2.11 and 2.12 show the d i s t r i b u t i o n of the 

s u c c i n a t e dehydrogenase(S.D.H.) i n the v a r i o u s f r a c t i o n s 

of the i s o l a t i o n procedure. I n both the D23 and Mc7 

tumours the m i t o c h o n d r i a l f r a c t i o n c o - p u r i f i e d with the 

plasma membrane f r a c t i o n , although a s u b s t a n t i a l amount of 

a c t i v i t y i s l o s t p a r t i c u l a r l y i n supernatants SI and S2. 

T h i s i s not j u s t owing to a l o s s i n p r o t e i n , but a l s o a 

l o s s i n the a c t i v i t y of the p r o t e i n remaining. There i s 
lost 

however v e r y l i t t l e a c t i v i t y ^ on the d e n s i t y g r a d i e n t , 

c o n t r a s t i n g w i t h many of the other marker enzymes so f a r 

d e s c r i b e d , i n c l u d i n g the plasma membrane markers. About 

75% and 80% of the t o t a l a c t i v i t y of the P2 f r a c t i o n f o r 

D23 and Mc7, r e s p e c t i v e l y , i s reoovered. T h i s of course 

a f f e o t s the p u r i f i c a t i o n and s p e o i f i o a o t i v i t y of t h i s 

marker enzyme. The h i g h e s t s p e c i f i o a c t i v i t y of S.D.H. i s 
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TABLE 2.11 Su c c i n a t e dehydrogenase i n D23 f r a c t i o n s 

F r a c t i o n S p e c i f i c A o t i v i t y 
umoles c y t . c 
reduced/mg p r o t e i n 
/hour 

P u r i f i c a t i o n 
F a c t o r 

Y i e l d of A c t i v i t y 
% 

H 0.231+0.213 
(3) 

1.0 
( 3 ) 

100 
(3 ) 

SI 0.027+0.019 
( 3 ) 

0.121+0.107 
(3 ) 

7.63+6.99 
(3) 

PI 0.568+0.142 
(3) 

2.09+0.576 
( 3 ) 

51.5+14.9 
(3) 

S2 0.430+0.430 
(3) 

0.63+0.63 
( 3 ) 

2.17+2.17 
(3 ) 

P3 3.46+1.68 
(3 ) 

9.45+1.65 
( 3 ) 

8.51+3.93 
(3 ) 

B l 1.80+1.10 
(3) 

5.11+4.41 
( 3 ) 

0.654+0.406 
( 3 ) 

B2 2.53+1.03 
(3 ) 

10.54+6.19 
( 3 ) 

0.919+0.399 
(3 ) 

B3 0.776+0.186 
( 3 ) 

2.85+0.76 
( 3 ) 

0.808+0.149 
(3 ) 

P4 0.120+0.031 
( 3 ) 

0.535+0.276 
( 3 ) 

3.96+1.17 
(3 ) 

No.s i n b r a o k e t s a r e no. of experiments 
Values + S.E.M. 
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TABLE 2.12 Succinate dehydrogenase i n Mc7 f r a c t i o n s 

F r a c t i o n S p e c i f i c A c t i v i t y 
uinoles c y t . c 
reduced/mg p r o t e i n 
/hour 

P u r i f i c a t i o n 
F a c t o r 

Y i e l d of A c t i v i t y 
% 

H 0.216+0.084 
(2) 

1.0 
( 2 ) 

100 
( 2 ) 

SI 0.059+0.034 
(2) ( 2 ) 

17.3+ 
(2 ) 

PI 0.225+0.176 
(2) 

53.6+14.1 
(2) 

S2 0.091+0.091 
(2) 

P3 1.10+0.85 
( 2 ) 

15.8+4.87 
( 2 ) 

B l 1.45+0.78 
(2) 

7.23+3.77 
( 2 ) 

5.20+1.5 
( 2 ) 

B2 1.25+0.71 
(2) 

6.10+0.77 
( 2 ) 

1.96+0.41 
( 2 ) 

B3 0.215+0.115 
(2) 

1.42+1.09 
( 2 ) 

1.93+0.43 
( 2 ) 

P4 0.194+0.07 
(2) 

0.406+0.263 
( 2 ) 

3.50+1.41 
( 2 ) 

No.s i n braokets a r e no. of experiments 
Values + S.E.M. 
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found i n d i f f e r e n t f r a c t i o n i n the two tumours. I n D23 the 

g r e a t e s t s p e c i f i c a c t i v i t y and p u r i f i c a t i o n f a c t o r i s found 

i n the B2 band, however t h e r e i s c o n s i d e r a b l e contamination 

due to t h i s marker found i n band B l , the plasma membrane 

f r a c t i o n , with a s p e c i f i c a c t i v i t y of 1.8umole of 

cytochrome c reduoed/mg protein/hour r e p r e s e n t i n g a 5-fold 

p u r i f i c a t i o n over the homogenate. Most of the S.D.H. 

a c t i v i t y r e s i d e s i n the nuc l e a r p e l l e t , P4. T h i s was the 

same i n the Mc7 p u r i f i c a t i o n , b u t the marker was more evenly 

d i s t r i b u t e d between the B l and B2 f r a c t i o n . C l e a r l y t h i s 

c o - p u r i f i c a t i o n of the S.D.H. r e p r e s e n t s s i g n i f i c a n t 

contamination of the plasma membrane f r a c t i o n , however, i t 

i s important to note a t t h i s stage, t h a t t h i s contamination 

was e r r a t i c . T h i s contamination was almost c e r t a i n l y due 

to the presence of i n t a c t mitochondria i n the f i n a l 

p r e p a r a t i o n , and Ray, (1970), i n h i s o r i g i n a l method 

suggested an a d d i t i o n a l s p i n on a continuous s u c r o s e 

g r a d i e n t , to remove t h i s type of contamination.. T h i s 

a d d i t i o n a l p u r i f i c a t i o n s t e p was t r i e d , but f a i l e d to 

change the nature of the plasma membrane f r a c t i o n , and 

produced no f u r t h e r r e s o l u t i o n of the B l f r a c t i o n . 

Appendix 2 shows e l e c t r o n micrographs of the two tumour 

types, and few mitochondria could be seen p a r t i c u l a r y 

compared to l i v e r c e l l s . E l e c t r o n micrographs were a l s o 

taken of the plasma membrane f r a c t i o n s ( P l a t e 2 .1). The 

micrographs show mainly smooth membrane v e s i o l e s w ith 

l i t t l e evidence of heavy m i t o c h o n d r i a l contamination. 

Sinoe suoh contamination could have a s e r i o u s e f f e o t on the 

i n t e r p r e t a t i o n of the r e s u l t s , the l e v e l of m i t o c h o n d r i a l 



' TTr r firs 1 i 

T • 
• 

• o , 
i 

S. 

*• 

• 

4 

^ 9 

L b ' ' "M 



50 

contamination i n the plasma membranes of l i v e r , the c o n t r o l 

t i s s u e was i n v e s t i g a t e d . Contamination was j u s t as 

e x t e n s i v e i n the l i v e r plasma membrane f r a c t i o n w ith 

s p e c i f i c a c t i v i t i e s of s u c c i n a t e dehydrogenase of 1.2Umoles 

c y t . c reduced/mg protein/hour. T h i s l e v e l of 

contamination, present to the same extent i n l i v e r , Mc7 and 

D23 plasma membrane f r a c t i o n s , a l l o w s other comparative 

s t u d i e s to be made. 

DISCQSSIQH 

An o v e r a l l examination of the r e s u l t s r e v e a l s t h a t i n 

both tumour types, the f r a c t i o n w i t h the g r e a t e s t plasma 

membrane enrichment i s band B l ; the same f r a c t i o n as 

reported by Ray, (1970), and t h e r e f o r e t h i s method of 

i s o l a t i n g the plasma membranes from l i v e r i s a p p l i c a b l e to 

the two tumours, D23 and Mc7. I t must be noted t h a t the 

plasma membrane markers were a l s o found i n bands B2 tV B3, 

and i n the n u c l e a r p e l l e t ( P 4 ) , t h i s l a t t e r o b s e r v a t i o n 

i n d i c a t e s t h a t a t l e a s t some of the plasma membranes cannot 

be separated from the n u c l e a r f r a c t i o n . The enrichment i s 

c l e a r l y demonstrated by the plasma marker enzymes, 

Na+/K+ATPase and the 5' N u c l e o t i d a s e w i t h p u r i f i c a t i o n 

f a c t o r s of 8 - f o l d (D23) and 6 - f o l d (Mo7): and 6, 

5.5-fold(D23,Mc7), f o r the two enzymes r e s p e c t i v e l y . The 

s u b s t a n t i a l l o s s of a c t i v i t y of the A l k a l i n e 

phosphodiesterase, p a r t i c u l a r l y d u r i n g the suorose d e n s i t y 

g r a d i e n t stage, makes i t an u n s u i t a b l e marker i n t h e s e two 

tumours. The r a t h e r unusual d i s t r i b u t i o n of t h i s enzyme i n 
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bands B1-B3 may i n d i c a t e the e x i s t e n c e of domains w i t h i n 
the tumour membranes, as i n d i c a t e d i n other tumours (eg. 
Haeffner gt a l . 1980, and H o e s s l i tV Rungger-Brandle, 1983) 
and t h i s l a t t e r enzyme does not share the same domain as 
the other two. 

The p u r i f i c a t i o n f a c t o r quoted f o r other tumour and 

l i v e r plasma membranes i s u s u a l l y higher than shown i n 

Tables 2.1-2.6, i n the range of 10-20 f o l d eg Ray, (1970), 

R a f t e l l and Blomberg, (1973), although U p r e t i e t a l . 

(1983) r e p o r t e d 8 - f o l d p u r i f i c a t i o n f a c t o r i n the 

Na+/K+ATPase, and one of 0.6-fold f o r 5' Nucleotidase i n 

the membranes of a hepatoma. The r e l a t i v e l y poor 

enrichment may be p a r t l y due t o the low s p e c i f i c a c t i v i t y 

of the marker enzymes i n the plasma membrane. R a f t e l l and 

Blomberg, (1973), f o r example, i s o l a t e d D23 tumour plasma 

membranes and reported a s p e c i f i c a c t i v i t y , f o r the 

5' N u c l e o t i d a s e of 30 umoles of P i released/mg protein/hour 

f o r the f i n a l f r a c t i o n where as i n the D23 i s o l a t i o n 

presented here was 6.2-fold. I t i s important to note t h a t 

the s p e c i f i c a c t i v i t y f o r the o r i g i n a l homogenate, reported 

by these workers was 4 - f o l d higher than f o r t h i s c u r r e n t 

p u r i f i c a t i o n procedure, and i t must be remembered t h a t t h i s 

e a r l i e r work was c a r r i e d out over 14 y e a r s ago, and Emmelot 

and Bos, (1969) have re p o r t e d d i f f e r e n c e s i n enzyme 

a c t i v i t i e s of the same tumour maintained i n passage over 

s e v e r a l g e n e r a t i o n s . R a f t e l l and Blomberg, (1973) noted, 

i n t h e i r study of the D23 hepatoma, t h a t the marker enzymes 

had decreased a c t i v i t y oompared to the o r i g i n a l t i s s u e , 
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l i v e r . For example, 5' N u c l e o t i d a s e i n l i v e r membranes has 

been reported with v a r i o u s s p e c i f i c a c t i v i t i e s : 82.0, 58.6 

umoles P i lib./mg protein/hour, f o r Ray, (1970) and Coleman 

e t a l • (1967) r e s p e c t i v e l y , both of which a r e higher than 

f o r the D23 tumour membranes rep o r t e d here and by R a f t e l l 

and Blomberg, (1973). Emmelot e t &!• (1964), have 

rep o r t e d an a c t i v i t y of 11.6 umoles/Pi l i b e r a t e d / h r . f o r 

the Na+/K+ ATPase i n l i v e r . From s e v e r a l r e p o r t s on 

hepatoma membrane enzymes, i t i s c l e a r t h a t v a r i a t i o n from 

the o r i g i n a l t i s s u e can e i t h e r be i n the form of an 

i n c r e a s e , or decrease. Emmelot & Bos, (1969) have reported 

an i n c r e a s e i n the 5' N u c l e o t i d a s e a c t i v i t y i n some 

hepatomas, but a decrease i n o t h e r s . Other workers have 

reported s p e c i f i c a c t i v i t i e s i n 5 hepatomas which are l e s s 

than those reported here, (Koizumi e t a l , 1976). The Mc7 

sarcoma i s not comparable with the l i v e r and so i t i s 

d i f f i c u l t to a s s e s s the p u r i f i c a t i o n and recovery of marker 

enzymes. Low s p e c i f i c a c t i v i t i e s i n the homogenate 

ob v i o u s l y may mean a p r o p o r t i o n a l l y g r e a t e r l o s s of 

a c t i v i t y d uring p u r i f i c a t i o n , as a c e r t a i n amount of 

a c t i v i t y w i l l aways be l o s t anyway. Loss of f a i r l y h igh 

s p e c i f i c a c t i v i t y m a t e r i a l i n s u p e r n a t a n t s SI and S2 i s due 

to v e s i c l e formation; the presence' of Ca2+, used to bind 

the membranes together i n s h e e t s i s not f u l l y e f f e c t i v e . 

L o s s of s p e o i f i c membrane marker a c t i v i t y d uring 

d i f f e r e n t i a l d e n s i t y g r a d i e n t o e n t r i f u g a t i o n i s due to l o s s 

of e n z y m e a o t i v i t y , r a t h e r than l o s s of membranes per ee-

I t must be remembered t h a t one i s p u r i f y i n g plasma 

membranes and not n e o e s s a r i l y t h e i r oomponent p r o t e i n s , no 
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matter how good t h a t p u r i f i c a t i o n might seem! I n both 

tumour types, 70% of the a c t i v i t y of the plasma membrane 

markers has been l o s t i n the d e n s i t y g r a d i e n t 

c e n t r i f u g a t i o n step, t h i s i n d i c a t e s that the p u r i f i c a t i o n 

f a c t o r s could be up to 3-fold higher, w e l l w i t h i n the most 

s u c c e s s f u l l i t e r a t u r e p u r i f i c a t i o n s , i f the recovery of 

a c t i v i t y had been b e t t e r . T h i s l o s s may be due to the 

formation of t i g h t v e s i c l e s during c e n t r i f u g a t i o n . The 

calcium, which might have prevented the formation of 

v e s i c l e s , had been removed by E.D.T.A., beoause of i t s 

property to a c t l i k e 'glue', binding the membranes 

together. The entrapment of markers i n v e s i c l e s i s w e l l 

reported, Evans, (1982). Forbush, (1983), has shown t h a t 

S.D.S pre-inoubation, which breaks up v e s i c l e s , can 

i n c r e a s e the s p e c i f i c a c t i v i t y of the Na+/K+ATPase 

c o n s i d e r a b l y . T h i s l a t e n t a c t i v i t y has been demonstrated 

i n the D23 plasma membrane f r a c t i o n during some p r e l i m i n a r y 

work i n t h i s l a b o r a t o r y . The poor enrichment may be p u r e l y 

due t o t h i s p r o c e s s i n both of the important plasma 

membrane markers. I t i s . p e r t i n e n t to remember t h a t the 

entrapment of the markers of contaminating membranes, i n 

v e s i c l e s , may a l s o be p o s s i b l e . For example t h e r e appears 

to be a l o s s of a c t i v i t y d u r i n g d e n s i t y g r a d i e n t 

o e n t r i f u g a t i o n f o r the GDPase of D23 but not f o r Mo7, where 

reoovery i s 100%. 

Both microsomal marker enzymes, NADPH oytoohrome o 

reductase and GDPase, oonoentrate i n d i f f e r e n t bands t o 

th a t of the plasma membrane, although both a r e p r e s e n t i n 

/ 
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the p u t a t i v e plasma membrane f r a c t i o n , B l . Other workers 

have reported s i m i l a r s p e o i f i c a c t i v i t i e s i n p u r i f i e d 

plasma membrane eg. Koizumi et a l - (1976), reported 

GDPase a c t i v i t i e s of 0.47-1.72 umolesPi/mg protein/hour i n 

v a r i o u s r a t hepatomas; and Emmelot and Bos, (1969) reported 

s p e c i f i c a c t i v i t i e s of 2.7 

umolesPiliberated/mg/protein/hr. i n mouse hepatomas The 

r e s u l t s obtained f o r the D23 and Mc7 presented here a r e : 

2.08, and 1.49 r e s p e c t i v e l y • One would expect higher 

l e v e l s of t h i s enzyme i n the D23 because i t i s d e r i v e d from 

a gluconeogenic t i s s u e . Values f o r l i v e r are even higher 

s t i l l eg. 2.4, Koizumi et a l - (1976) and 3.05, Coleman et 

a l - (1967). The 2 - f o l d p u r i f i c a t i o n f a c t o r i n both tumour 

plasma membranes i n d i c a t e s t h a t the contamination i s not 

great from t h i s membrane source. 

The NADPH c y t . c r e d u c t a s e i s another important 

microsomal marker and i s s t u d i e d a s an a l t e r n a t i v e to 

GDPase, because of the l a t t e r ' s l i m i t a t i o n to gluconeogenic 

t i s s u e . I n the D23 i s o l a t i o n the h i g h e s t s p e c i f i c a c t i v i t y 

of t h i s enzyme i s found i n B2 whereas i t i s more 

concentrated i n the band B3 of the Mc7 g r a d i e n t f r a c t i o n . 

T h i s i n d i c a t e s a d i f f e r e n c e i n the s u b - c e l l u l a r 

d i s t r i b u t i o n of t h i s enzyme i n t h e s e two tumours. I n both 

tumours t h e s p e c i f i o a c t i v i t y of t h i s microsomal marker i s 

c o n s i d e r a b l y lower i n the B l f r a c t i o n s than i n any other 

gr a d i e n t f r a o t i o n , i e . 0.156 (D23) and 0.19 (Mo7). Reports 

of the s p e c i f i o a o t i v i t y of t h i s enzyme i n l i v e r v a r y eg. 

0.144 ( T s a i f i t a l . 1975) and 7.68 umole oyt.o/mg 
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protein/hour (Emmelot et a l • 1970). Sauvage e.t a l • 

(1981), i n t h e i r study of HTC hepatoma c e l l s , r e p o r t t h a t 

t h i s enzyme might be a plasma membrane enzyme i n tumours. 

As other workers have p o s t u l a t e d (eg U p r e t i et a l - 1983) 

marker enzymes i n l i v e r w i l l not n e o e s s a r i l y have the same 

d i s t r i b u t i o n s i n tumour s u b - c e l l u l a r f r a c t i o n s when the 

metabolism of the c e l l i s d i s r u p t e d . The r e s u l t s presented 

here show t h a t there may be even v a r i a t i o n between 

d i f f e r e n t tumours. 

The g r e a t e s t contamination i n the p u t a t i v e plasma 

membrane f r a c t i o n , as i n d i c a t e d by S.D.H. enzyme 

a c t i v i t i e s and d i s t r i b u t i o n , come from a mitochondrial 

source. The f i r s t point to be made i s t h a t the recovery of 

t h i s marker during d e n s i t y g r a d i e n t c e n t r i f u g a t i o n i s 100% 

( t h a t i s , a l l the a c t i v i t y of t h i s enzyme i n the P3 p e l l e t 

p l aced on the g r a d i e n t , i s r e c o v e r e d ) . T h i s c o n t r a s t s 

s t a r k l y with the recovery of other markers, notably those 

of the plasma membrane. T h i s d i f f e r e n c e c l e a r l y d i s t o r t s 

the index of p u r i t y due to markers alone. I f the recovery 

of plasma membrane markers was the same as f o r the S.D.H., 

then the p r o p o r t i o n of contamination would be g r e a t l y 

reduced. Although most workers r e p o r t low or no 

mit o c h o n d r i a l contamination i n the plasma membrane 

f r a c t i o n s , Ray, (1970), i n h i s o r g i n a l method d i d not 

re p o r t the a s s a y of a m i t o c h o n d r i a l marker, r e l y i n g on 

t h e i r absence from E l e c t r o n miorographs of the f i n a l 

p e l l e t . The same i s t r u e of Koizumi fit a l - (1976), i n 

t h e i r study of the plasma membranes of 5 r a t hepatoma o e l l 

/ 
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l i n e s . The E l e c t r o n micrographs presented i n t h i s c u r r e n t 
study a l s o r e v e a l very l i t t l e m i t o c h o n d r i a l contamination, 
and i n f a c t t h e r e i s a low frequency of t h i s o r g a n e l l e i n 
the o r i g i n a l c e l l s ( s e e Appendix 2 ) . T h i s anomaly might 
best be ex p l a i n e d by the apparent g r e a t e r s t a b i l i t y of the 
mitochondrial marker during plasma membrane i s o l a t i o n , when 
compared to the normal plasma membrane markers. I t i s a l s o 
noted, t h a t , under the c o n d i t i o n s f o r the as s a y of 
r e s p i r a t o r y enzymes recommended by Emmelot, e_t a l . (1964) 
of 20 eC, l i t t l e S.D.H. or cytochrome oxidase a c t i v i t y was 
detected, and none was found i n the plasma membrane 
f r a c t i o n s . The d i f f e r e n c e i s so great, t h a t the r i s e i n 
a c t i v i t y i n the S.D.H. between the two s e t s of c o n d i t i o n s , 
i e 20-30°C, cannot be ex p l a i n e d by d i r e c t temperature 
e f f e c t s alone, and may be due to opening of c l o s e d 
v e s i c l e s . A d d i t i o n a l evidence i s presented i n the next 
chapter which supports the i d e a t h a t m i t o c h o n d r i a l 
contamination i s not e x c e s s i v e . The ph o s p h o l i p i d c l a s s e s 
presented i n Table 3.1, do not show changes which would 
i m p l i c a t e contamination from a m i t o c h o n d r i a l source (eg. 
c a r d i o l i p i n , a m i t o c h o n d r i a l l i p i d , was not d e t e c t e d i n the 
T.L.C s e p a r a t i o n of the tumour ph o s p h o l i p i d s ) 

F u r t h e r s e p a r a t i o n , u s i n g a d i s c o n t i n u o u s s u c r o s e 

g r a d i e n t , as reoommended by Ray, (1970) to remove 

mi t o c h o n d r i a l contamination, d i d not f u r t h e r r e s o l v e these 

two membrane ty p e s . Sinoe Ca2+ has been e f f e c t i v e l y 

removed by the a d d i t i o n of E.D.T.A., the binding of 

d i f f e r e n t membrane t y p e s together, by t h i s o a t i o n , seems 
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u n l i k e l y . Any s e p a r a t i o n by buoyant d e n s i t y r e l i e s on 

reasonable d i f f e r e n c e s between the membranes. The plasma 

membrane, due to i t s high c h o l e s t e r o l content, i s u s u a l l y 

easy to r e s o l v e ; however i f these tumour membranes have a 

lowered c h o l e s t e r o l content, the component membranes may be 

very d i f f i c u l t to r e s o l v e . R a p i d l y d i v i d i n g o e l l s , eg. 

regenerating l i v e r , have lowered c h o l e s t e r o l l e v e l s i n the 

plasma membrane, Koizumi et a l - (1976). The same may be 

t r u e of these tumour c e l l s . T h i s problem of r e s o l u t i o n i s 

not uncommon, Tulkens e t &1. (1974) and Lewis eJt &!• 

(1975) have used d i g i t o n i n , a complex polymer, to i n c r e a s e 

d i f f e r e n t i a l l y the buoyant d e n s i t y of the plasma membrane 

above t h a t of the contaminating membranes. The p r i n c i p a l 

i s t h a t d i g i t o n i n binds to the c h o l e s t e r o l i n the 

membranes, i n c r e a s i n g the buoyant d e n s i t y . Obviously the 

amount of binding depends on the the l e v e l s of c h o l e s t e r o l , 

and s m a l l d i f f e r e n c e s i n the buoyant d e n s i t y , due t o t h i s 

l i p i d , can be enhanced us i n g t h i s polymer. The 

disadvantages of u s i n g t h i s molecule a r e i ) I t can i n h i b i t 

plasma membrane bound enzymes (Le w i s e t &1. (1975). i i ) 

I t a l s o d i s r u p t s the p h y s i c a l s t r u c t u r e of the membrane, 

making i t u n s u i t a b l e i f any p h y s i c a l measurements a r e t o be 

c a r r i e d out l a t e r . D e s p i t e t h e s e disadvantages some 

workers have used d i g i t o n i n t o r e s o l v e hepatoma plasma 

membranes which were normally i n s e p a r a b l e from 

contaminating f r a c t i o n s , (Suavage fit ftl- 1981). An 

important p a r t of the work' reported i n t h i s t h e s i s i n v o l v e s 

measurement of the p h y s i o a l s t a t e of the tumour membrane 

and so use of d i g i t o n i n to f u r t h e r p u r i f y the plasma 

/ 
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membrane was u n d e s i r a b l e . C l e a r l y the contamination 

reported here could i n t e r f e r with the i n t e r p r e t a t i o n of 

the r e s u l t s obtained i n f u r t h e r s t u d i e s of these tumour 

membranes. However, s i n c e t h i s was a comparative study 

between normal and tumour membranes, i f the contamination 

of l i v e r membranes i s s i m i l a r to t h a t of the tumours, then 

t h i s , to some extent, a l l o w s one to i n f e r t h at any changes 

t a k i n g p l a c e between the two membrane types are a r e s u l t of 

n e o p l a s i a , not contamination. The r e s u l t s here i n d i c a t e 

t h a t t h i s i s the case, as the l i v e r plasma membrane used i n 

these s t u d i e s has the same l e v e l of mitochondrial 

contamination as the D23 and Mc7 tumour membranes. 

/ 
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3. L I P I D CHARACTERISATION OF D23 & MC7 TUMOUR PLASMA MEMBRANES 

INTRQDUCTIQN. 

The f l u i d mosiac model of the c e l l membrane s t r u c t u r e 

( S i n g e r Nicholson, 1972) forms the b a s i s of the cur r e n t 

understanding of plasma membrane s t r u c t u r e . They proposed a 

b i l a y e r of phospholipids with a hydrophobic core, i n which 

p r o t e i n s f l o a t e d . T h i s model has s i n c e been expanded to i n c l u d e 

c h o l e s t e r o l , which, i n the normal l i q u i d phase has a condensing 

e f f e c t on the f a t t y a c i d c h a i n s of the phospholipid molecules. 

( O l d f i e l d 5? Chapman, 1972, and DeKruff e t a l . 1972). A f u r t h e r 

m o d i f i c a t i o n s p e c i f i e s t h a t a l l p r o t e i n s cannot f l o a t f r e e l y 

when a t l e a s t some are anchored by the c y t o s k e l e t o n . The l i p i d s 

p l a y a c r u c i a l r o l e i n determining the p h y s i c a l nature of the 

membrane, and are r e s p o n s i b l e f o r maintaining a semi-permeable 

b a r r i e r , without which c e l l f u n c t i o n would breakdown. 

Thermal energy, as p o s t l u l a t e d i n the General I n t r o d u c t i o n , 

d e c r e a s e s the s t a b i l i t y of the membrane by i n c r e a s i n g the motion 

of the l i p i d c o n s t i t u e n t s , and t h e r e f o r e d e c r e a s i n g membrane 

order. T h i s could have two d e l e t e r i o u s consequences f o r 

membrane f u n c t i o n , i f the thermal p e r t u r b a t i o n became e x o e s s i v e . 

F i r s t , the i n c r e a s e d ' f l u i d i t y ' would e f f e c t the semi-permeable 

nature of the membrane and s o l u t e leakage would occur ( G l a d w e l l 
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gt a l . 1973). Secondly, the l e s s ordered l i p i d environment 

would a l l o w heat p e r t u r b a t i o n of p r o t e i n s t r u c t u r e , and could 

l e a d to 'denaturation' (Bowler et a l - 1973; Bowler, 1981). 

C l e a r l y the nature of the l i p i d s i n any given membrane w i l l 

determine i t s responsiveness to heat. I f the l i p i d composition 

i s such t h a t a disordered membrane i s produced, l e s s heat w i l l 

be r e q u i r e d to upset these membrane f u n c t i o n s . The l i p i d s which 

are most important for determining the p h y s i c a l s t a t e or order 

of the membrane are the f a t t y a c y l c h a ins of the phospholipid 

molecule, and i n mammalian plasma membranes, c h o l e s t e r o l . 

Unsaturated f a t t y a c i d s by v i r t u e of t h e i r g r e a t e r molecular 

a r e a tend to d i s o r d e r the s t r u c t u r e (Stubbs, 1983). That these 

f a t t y a c i d s p lay a r o l e i n the c e l l s response to heat has been 

shown by i n d i r e c t evidence. I t has been known f o r some time 

t h a t many organisms eg. b a c t e r i a , p l a n t s and poikilotherms 

change the degree of s a t u r a t i o n of the f a t t y a c y l c h a ins of 

t h e i r membranelipids i n response to changes i n environmental 

temperature (Hazel Cf P r o s s e r , 1974). HomeoviscouE adaptationvas 

the term used by Sinensky, (1974) to d e s c r i b e t h i s process, and 

i t has been r e c e n t l y reviewed by C o s s i n s , (1983). I n mammalian 

systems i n c r e a s e s i n membrane c h o l e s t e r o l i n response t o other 

' f l u i d i z i n g ' agents such as ethanol ( C h i n & G o l d s t e i n , 1978) 

have been reported and Sinensky (1978), showed, i n c h o l e s t e r o l 

d e f i c i e n t mutants, t h a t t h e r e was a c o r r e l a t i o n between heat 

s e n s i t i v i t y , membrane c h o l e s t e r o l l e v e l s and membrane 

' m i c r o v i s c o s i t y ' . More im p o r t a n t l y the r e l a t i o n s h i p between 

heat s e n s i t i v i t y and c e l l u l a r c h o l e s t e r o l oontent was shown i n a 

v a r i e t y of c e l l l i n e s . ( C r e s s Gf Gerner, 1980, and C r e s s et a l • 

1982). 
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There i s a lar g e l i t e r a t u r e on the l i p i d composition of 
tumours which has been e x t e n s i v e l y reviewed elsewhere (eg. 
Wood, 1973) 

Although the l i p i d s of many tumours have been 

c h a r a c t e r i s e d , u s u a l l y these s t u d i e s have been on whole tumours, 

r a t h e r than s u b - c e l l u l a r f r a c t i o n s l i k e the plasma membrane, as 

noted by U p r e t i gt a l . (1983). .Largely these s t u d i e s have 

been attempts to understand the nature of the cancer phenotype 

(re v i e w Weber, 1983) r a t h e r than how such changes can be r e l a t e d 

to the s t a b i l i t y of these membranes to hyperthermia. I n t h e i r 

s t u d i e s of plasma membranes from leukaemias and lymphomas some 

workers have reported decreased plasma membrane c h o l e s t e r o l 

which would make these c e l l s more unstable to heat ( I n b a r , 1976; 

Koizumi e_t a l . 1981; and van B l i t t e r s w i j k 1982). But t h e r e are 

many tumour c e l l s which show an opposite p a t t e r n with i n c r e a s e d 

plasma membrane c h o l e s t e r o l , p a r t i c u l a r l y hepatomas ( f o r review 

see Chen e t a l . 1978). 

The aim of t h i s chapter i s to c h a r a c t e r i s e the l i p i d s of 

i s o l a t e d plasma membranes from D23 and Mc7 tumours, and to 

compare t h e s e with those of l i v e r from the same animal, to see 

i f t h e r e a r e any changes i n the tumour l i p i d s which might 

e x p l a i n the heat s e n s i t i v i t y of many tumours. Plasma membrane 

e n r i c h e d f r a c t i o n s of the tumours w i l l be i s o l a t e d u s i n g the 

p u r i f i c a t i o n procedure d e s c r i b e d i n Chapter 2. The l i p i d 

c h a r a c t e r i z a t i o n of the l i v e r and two tumour plasma membranes 

w i l l be examined by phospholipid c l a s s e s ; by the f a t t y a c i d 

composition of the s e phospholipid c l a s s e s ; and by 
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c h o l e s t e r o l / p h o s p h o l i p i d molar r a t i o s . The tumour l i p i d s w i l l 

be compared to the l i p i d s from the e q u i v a l e n t plasma membrane 

f r a c t i o n of l i v e r , d e r i v e d from the same animal, and to 

l i t e r a t u r e v a l u e s f o r l i v e r . Only the D23, being a hepatoma, 

can be d i r e c t l y compared to l i v e r ; no e q u i v a l e n t normal t i s s u e 

comparison was a v a i l a b l e f o r the Mc7 sarcoma. consequently the 

main emphasis w i l l be to u n d e r l i n e the f e a t u r e s common to both 

tumours, but d i s t i n c t from l i v e r , as these are more l i k e l y to 

r e s u l t from a common property of tumour c e l l s , r a t h e r than 

v a r i a t i o n due to a d i f f e r e n t t i s s u e source. 

MATERIALS MD METHODS 

1 • I s o l a t i o n Q_f plassia siembranes 

Plasma membrane e n r i c h e d f r a c t i o n s were i s o l a t e d from 

l i v e r , D23 and Mc7 tumours u s i n g the methods i n the 

preceding s e c t i o n . 

2. Protein estimates 

P r o t e i n s were assayed as d e s c r i b e d i n Chapter 2, s e c t i o n 4. 

3. L i p i d extraction 

T o t a l l i p i d e x t r a c t i o n was o a r r i e d out on the i s o l a t e d 

plasma membranes us i n g the method of B l i g h and Dyer(1959), 

modified by H a j r a e t a l . (1968). A l l s o l v e n t s contained 
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0.05% B.H.T.. 

To a 2.4ml a l i q u o t of the plasma membrane suspension 

(1.7-3.0mg p r o t e i n ) , was added the fo l l o w i n g : 9ml of 

methanol:chloroform m i x t u r e ( 2 : l ) and 0.192ml of 

concentrated h y d r o c h l o r i c a c i d . The mixture was 

homogenized i n a Potter homogenizer, using t e n manual 

s t r o k e s . The one-phase mixture was poured i n t o a g l a s s 

c e n t r i f u g e tube and allowed to stand f o r 5 minutes. A 

f u r t h e r 3ml of chloroform was used to r i n s e out the 

homogenizing tubes, the r e s u l t i n g l i q u i d was then added to 

the c e n t r i f u g e tube and mixed f o r 30 seconds on a MSE 

vorte x mixer. To t h i s was added with f u r t h e r mixing, 3ml 

of a s o l u t i o n of 0.2M potassium c h l o r i d e i n 2M 

Orthophosphoric a c i d . To a s s i s t the s e p a r a t i o n of the two 

r e s u l t i n g phases, a 5 minute low speed c e n t r i f u g a t i o n ( 5 0 0 g ) 

was c a r r i e d out. The lower (chloroform l a y e r ) was 

decanted( 12ml); then a f u r t h e r 12ml of d r i e d chloroform 

was added t o the remaining mixture, v o r t e x mixed, and 

r e c e n t r i f u g e d . The combined lower l a y e r s were d r i e d down 

under dry white spot n i t r o g e n and resuspended i n an 

ap p r o p r i a t e volume of dry chloroform/methanol ( 2 : 1 ) . T h i s 

e x t r a c t was s t o r e d under n i t r o g e n , i n a s e a l e d g l a s s tube, 

at -20°C, i n the dark, u n t i l r e q u i r e d . 

Assay Qf I c t a i Cholesterol-

T o t a l c h o l e s t e r o l was assayed e n z y m a t i o a l l y u s i n g a 

B.D.H. K i t (BDH Choloxidate N o . l ) , and based on 
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c h o l e s t e r o l oxidase. The assay was designed for use with 
blood serum, and so was modified as d e s c r i b e d by 
Johnson,(1979). 

The assay was l i n e a r i n the range 0-0.4 umoles of 

c h o l e s t e r o l . An appropriate volume of l i p i d e x t r a c t , 

together with c h o l e s t e r o l standards were placed i n c l e a n , 

t h i c k - w a l l e d g l a s s tubes and evaporated to dryness i n an 

oven s e t at 100°C. The l i p i d s were then r e d i s s o l v e d i n 

0.1ml of isopropanol. To t h i s s o l u t i o n was added 2.5ml of 

the r e c o n s t i t u t e d b u f f e r e d enzyme s o l u t i o n s 10 minutes a t 

37°C. 

The pink colour which formed was read a t 500nm on 

a Pye Unicam SP8-100 spectrophotometer, i n a g l a s s c u v e t t e 

with a 1cm path length. (Any cloudy suspension was removed 

before reading by u s i n g low speed c e n t r i f u g a t i o n . ) 

Assay of Total Phospholipid. 

Phospholipid e s t i m a t i o n s were c a r r i e d out by -the 

method of Raheja et a l . (1973). T h i s method had the 

advantage of a s s a y i n g p h o s p h o l i p i d d i r e c t l y , and was 

i n s e n s i t i v e to any contaminating i n o r g a n i c phosphate. 

Preparation of CkEOffiogenie Solution. 

Ammonium molybdate s o l u t i o n (A) 
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Ammonium molybdate(8g) was d i s s o l v e d i n 60ml of 

d i s t i l l e d water. A few drops of concentrated h y d r o c h l o r i c 

a c i d were added to complete the d i s s o l u t i o n . T h i s primary 

s o l u t i o n (A) was used to make s o l u t i o n s 1 and 2. 

b ) S o l u t i o n 1 

R e d i s t i l l e d mercury(5g) was added to a mixture of 20ml 

of concentrated h y d r o c h l o r i c a c i d , and 40ml of the ammonium 

molybdate s o l u t i o n (A) d e s c r i b e d above. The mixture was 

s t i r r e d on a magnetic s t i r r e r f o r 45minutes and f i l t e r e d ; a 

red-brown f i l t r a t e was formed. 

S o l u t i o n 2 

The subsequent operations were c a r r i e d out by s t i r r i n g 

i n an i c e bath to prevent d e n a t u r a t i o n of the reagents by 

b o i l i n g . T h i s was done i n a fume cupboard. An a c i d 

molybdate s o l u t i o n was prepared by v e r y o a r e f u l l y adding 

100ml of concentrated s u l p h u r i c a c i d t o 20ml of the 

prepared molybdate s o l u t i o n (A) 

The f i n a l chromogenic reagent was prepared by v e r y 

c a r e f u l l y adding s o l u t i o n 2, with s t i r r i n g , to s o l u t i o n 1. 

A dark green s o l u t i o n was formed - i f dark blue, the reagent 

had been denatured during p r e p a r a t i o n . The dark green 

s o l u t i o n was mixed w i t h other s o l v e n t s i n the f o l l o w i n g 

r a t i o s : chromogenio r e a g e n t ( 2 5 v o l . ) ; methanol(45vol.); 

c h l o r o f o r m ( 5 v o l . ) ; and d i s t i l l e d w a t e r ( 2 0 v o l . ) . The dark 
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green mixture was then s t o r e d a t 0-4°C, and had a 

s h e l f - l i f e of i n excess of 6 months. 

Assay procedure 

Standards and samples were d r i e d down i n t h i c k walled 

g l a s s t e s t tubes i n an oven at 100-110°C. The range of the 

standard curve was 0-0.3umoles of phospholipid phosphorus. 

To these d r i e d down samples was added 0.4ml of chloroform, 

followed by 0.2ml of the chromogenic reagent. These were 

mixed then heated i n a b o i l i n g water bath f o r e x a c t l y 3 

minutes. The tubes were then cooled , and 3ml of 

chloroform was added. The s o l u t i o n was vortexed and spun 

at low speed, i n a c e n t r i f u g e ( 500g), f o r 5 minutes to 

se p a r a t e the two l a y e r s . The absorbance of the blue colour 

i n the lower, chloroform, l a y e r was measured at 716nm i n a 

g l a s s c e l l w i t h a 1cm path l e n g t h , u s i n g a Pye Unicam 

SP8-100 spectrophotometer. The a s s a y was l i n e a r i n the 

range 0-0.3umoles of l i p i d phosphorous. 

l a c &iE»eBSio.e&! Ifeie Layer Chromatographic separation of 
phospholipid c l a s s e s -

Thin l a y e r p l a t e s , 20cm square, were ooated with a 

s l u r r y of s l i c a g e l H ( K i e s e l g h u r H), 0.5mm t h i c k . These 

were a i r - d r i e d and then a c t i v a t e d i n an oven a t 100-110°C 

fo r a t l e a s t 2 hours. 

An a l i q u o t of the l i p i d e x t r a o t , up t o lmg, was d r i e d 
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down to a sma l l volume under nitrogen and placed, using a 

microsyringe, i n the corner of the p l a t e . The p l a t e was 

f i r s t developed i n a solvent mixture which oontained the 

fo l l o w i n g : chloroform(65vol.), methanol(30vol.), and 

28%ammonia(4vol.). The p l a t e was removed and a i r - d r i e d , 

then e i t h e r i ) Heated i n an oven a t 100°C f o r 5minutes ( f o r 

the determination of phospholipid c l a s s ) o r i i ) D r i e d i n a 

flow of dry nitrogen, for at l e a s t 2 hours, ( f o r f r a c t i o n s 

used to determine the f a t t y - a c i d c o n t e n t ) . A f t e r drying 

the p l a t e was turned through 90 degrees to the f i r s t 

running p o s i t i o n , and then run i n a seoond s o l v e n t mixture 

c o n t a i n i n g : chloroform(135vol.), methanol(65vol.), g l a c i a l 

a c e t i c a c i d ( 1 8 v o l . ) , a n d d i s t i l l e d w a t e r ( 3 v o l . ) . The p l a t e 

was then a i r - d r i e d and the phospholipid f r a c t i o n s l o c a t e d 

and i d e n t i f i e d . 

Lceatien and ide n t i f i e a t i Q n Qf separated phospholipids 

I n i t i a l l y the phospholipid c l a s s e s were i d e n t i f i e d i n 

two ways: i)Comparison with standards. 

Comparable chromatography u s i n g known phospholipid 

standards was c a r r i e d out. 

i i ) U s e of s p e c i f i c , d e s t r u c t i v e chemical t e s t s . 

F r e e amino group: PE. 

K i n h y d r i n spray reagent, obtained from Sigma Chemical 

Co., was a p p l i e d and the p l a t e heated f o r 5 minutes a t 
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105°C. L i p i d s c o n t a i n i n g the amino group showed up as a 

d i s t i n c t r e d - v i o l e t on a pink background. 

Choline c o n t a i n i n g l i p i d s : PC.LysoPC and Sph. 

S o l u t i o n ( i ) 1.7g of bismuth s u b n i t r a t e I I I i n 100ml of 

20% g l a c i a l a c e t i c a c i d 

S o l u t i o n ( i i ) 40g of KI i n 100ml of water. 

The spray reagent was formed by mixing 20ml of 

s o l u t i o n ( i ) and 5ml of ( i i ) with 70ml of d i s t i l l e d water, 

to form the so c a l l e d v D r a g e n d o r f f v s reagent. Choline 

c o n t a i n i n g l i p i d s appeared as orange-red spots immediately 

a f t e r s p r aying , or on mild warming (Wagner g£ &1. 1961). 

A f t e r t h i s i n i t i a l i d e n t i f i c a t i o n procedure, the two 

f o l l o w i n g l o c a t i n g methods were used f o r r o u t i n e purposes. 

a) For q u a n t i t a t i v e assessment of i n d i v i d u a l 

phospholipid c l a s s e s i o d i n e was used, then removed by 

evaporation i n a moving a i r stream. 

b) For f r a c t i o n s used to c h a r a c t e r i z e t h e i r 

f a t t y - a c i d s , the p l a t e s were l i g h t l y sprayed with 

0.ISfcsolution of A.K.S.reagent, and i d e n t i f i e d w i t h a U.V. 

lamp, u s i n g a 350nm f i l t e r . The phospholipids appeared a s 

b r i g h t f l u o r e s o e n t spots a g a i n s t a dark background. 
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I d e n t i f i e d phospholipid f r a c t i o n s were removed from 

the p l a t e u s i n g a vacuum l i n e , attached at one end to a 

pasteur p i p e t t e which was t i g h t l y packed with a g l a s s wool 

plug. The l i p i d s were e l u t e d using a chloroform:methanol 

mixture(1:9). The eluant was d r i e d down under nitrogen, 

and the phospholipid was determined by the method d e s c r i b e d 

e a r l i e r . 

9. G-L-C of f a t t y - a c i d s derived from separated phospholipid 
c l a s s e s 

a)Sample p r e p a r a t i o n 

Spots were scraped o f f the t h i n - l a y e r p l a t e s and 

pl a c e d i n a s m a l l b i j o u with a Tuf-Bond t e f l o n s e a l i n the 

the screw cap. The methyl e s t e r s of the f a t t y - a c i d s were 

formed by adding s u f f i c i e n t boron t r i f l o u r i d o e t h a n o l 

reagent t o j u s t wet the sample; the b o t t l e was s e a l e d 

t i g h t l y , and heated t o 100°C f o r 15 minutes. The b o t t l e 

was then cooled, the v o l a t i l e contaminates allowed to 

evaporate i n a stream of a i r , and the f a t t y - m e t h y l e s t e r s 

e x t r a c t e d by washing w i t h hexane, and f i l t e r i n g the 

r e s u l t i n g suspension through a g l a s s wool-plugged pasteur 

p i p e t t e -which had been p r e v i o u s l y washed i n the s o l v e n t . 

The sample was then d r i e d down, •under nitrogen, to a 

minimum volume, and i n j e c t e d onto the oolumn. 
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b)Chromatography 

G a s - l i q u i d chromatography was c a r r i e d out on a Pye 

Unicam 1 0 4 s e r i e s chromatogram. The columns used were 2.1m 

long, with a 2mm i n t e r n a l diameter, and were a l s o obtained 

from Pye Unicam. They were packed with a c y a n o - s l l i o o n e 

s t a t i o n a r y phase, 10% A l l t e c h CS-5, on a chromasorb WAV 

100-120mesh support. The columns were run i s o t h e r m a l l y a t 

210°C, with n i t r o g e n as the c a r r i e r gas. The c a r r i e r gas 

flow r a t e was 20ml/minute. Peaks were i d e n t i f i e d by 

comparison of t h e i r r e t e n t i o n times with known standards. 

When standards were u n a v a i l a b l e , peaks were i d e n t i f i e d 

u s i n g the semi-log e x t r a p o l a t i o n procedure of Ackman, 

(1963). 

Q u a n t i t a t i v e determination of the f a t t y - a c i d methyl 

e s t e r s was obtained using a T r i v e c t o r S c i e n t i f i c L t d . 

T r i l a b 2 ( w i t h g r a p h i c s ) computer i n t e g r a t o r , which was 

l i n k e d to the chromatogram. The i n t e g r a t o r i n c l u d e d a 

s o p h i s t i c a t e d programme which was used t o c a l c u l a t e peak 

are a . The r e s u l t s were expressed as the r e l a t i v e 

percentage weight c o n t r i b u t i o n of i n d i v i d u a l f a t t y - a c i d s as 

compared to t o t a l f a t t y a c i d weight. 

RESULTS 

P.h.Qsph.o_lipi£ Classes 



Table 3.1 shows the d i s t r i b u t i o n of plasma membrane 

phospholipid c l a s s e s i n the two tumours and l i v e r , 

expressed as percentage composition. The p a t t e r n i n D23 

tumour plasma membranes and those from i t s source t i s s u e , 

l i v e r , are s i m i l a r i e . P h osphatidylcholine (PC) i s the 

most abundant phospholipid present and a l l the c l a s s e s 

found i n l i v e r membranes are a l s o present i n the tumour 

membranes. However the l e v e l s of Phosphatidylethanolamine 

( P E ) , P h o s p h a t i d y l s e r i n e / - i n o s i t o l ( P S / P I ) , and 

sphingomyelin (SM) are lower i n tumour membranes, whereas 

the l e v e l s of PC and lysoPC are higher. The Mc7 tumour 

membranes d i s p l a y a d i f f e r e n t p a t t e r n of p h o s p h o l i p i d 

c l a s s e s . The b i g g e s t d i f f e r e n c e between l i v e r / D 2 3 and the 

Mc7 membranes i s the balance between PC and PE, each being 

present i n roughly equal proportions i n the Mc7 membranes. 

No lysoPC was detected, and the l e v e l of SM was the same as 

the l i v e r , g r e a t e r than the D23. 

EhQSphQlipid f a t t y acid compg.s.itiQ.n 

T a b l e s 3.2-3.4 show the f a t t y a c i d composition, c l a s s 

by c l a s s , of the plasma membrane phospholipids from l i v e r , 

D23 and Mc7 tumours, r e s p e c t i v e l y . Each phospholipid c l a s s 

w i l l be examined s e p a r a t e l y , and any d i f f e r e n c e s i n f a t t y 

a c i d composition between the l i v e r and two tumour membranes 

noted. At the end of t h i s d e s c r i p t i o n the f a t t y a c i d 

composition of the t o t a l p hospholipids w i l l be examined i n 

order to p i c k out the o v e r a l l ohanges i n f a t t y a c i d 

composition. ( The n o t a t i o n used to d e s o r i b e the 
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TABLE 3.1 

P h o s p h o l i p i d c l a s s e s o f l i v e r and tumour plasma membranes 
t. 1 

% wt . 
C l a s s PC PE SPH PS/PI Lyso-PC 

T i s s u e 

LIVER 

L i t . B 
Values R 

43 - 1 + 2.0 

46. 1 
34.9 

25.6+0.3 

24.7 
18. 5 

13.8±1.8 

16. 8 
17.7 

15.4±2.4 

10. 5 
16. 3 

2 . 7±2.0 

0.5 
3.3 

D23 51.9±8.7 17.2±3.1 8.3±1.3 11.7+2.8 9.6±1.9 

Mo7 34.6±7.2 35.8±3.8 13.5±1.3 11.4+0.7 nd. 

n=3 v a l u e s +S.E.M. 

PC = P h o s p h a t i d y l c h o l i n e 

PE = P h o s p h a t i d y l e t h a n o l a m i n e 

SM = Sphi n g o m y e l i n 

PS/PI = P h o s p h a t i d y l s e r i n e / 
P h o s p h a t i d y l i n o s i t o l 

L i t e r a t u r e _ R e f e r e n c e s 

B= B e r g e l s o n e t a l . (1970) 

R= Ray, (1970) 
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TABLE 3.2 

F a t t y a c i d composition of main phospholipid c l a s s e s 
from l i v e r plasma membranes 

r e l a t i v e % weight 
F a t t y 
a c i d 

Phosphatidyl 
ethanolamine 

Phosphatidyl 
c h o l i n e 

Sphingomyelin Phosphatidyl 
s e r i n e / i n o s i t o l 

16:0 25.3+2.8 18.4+1.9 15.8±7.35 26.2±13.8 
16: 1 7.2±3.3 7.7±0.9 9.4+5.5 8.8±3.9 
18:0 18.1±2.8 20.3+0.8 14.8±0.4 27.4±12.5 
18:1 6.2±0.8 11.4±0.4 9.8±0.8 6.2±1.3 
18:2 12.1±0.7 14.1±1.3 12.2±0.7 5.9±1.2 
18:3 2.0±1.5 1.6±1.0 3.9±0.5 0.4±0.4 
20:0 0.9±0.7 0.2±0.1 0.45±0.05 -
20: 1 - - - -
20:2 - - - -
20:3 - - - -
20:4 18.6±5.1 19.3±0.00 13.4±2.8 15.7±8.3 
20:5 - - - -
22:0 - - 1.6±0.1 -
22: 1 - - -
22:2 - - - -
22:3 - - - -
22:4 - - - -
22 : 5 - - - -
22:6 4.5±4.5 4.5±0.2 - 2.4±2.4 
24:0 - - 18.9+13.2 -
24: 1 - - -

11=2 v a l u e s + S.E.M. 
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TABLE 3.3 

F a t t y a c i d composition of main phospholipid c l a s s e s from 
from D23 tumour plasma membranes 

r e l a t i v e % weight 
F a t t y 
a c i d 

Phosphatidyl 
ethanolamine 

Phosphatidyl 
c h o l i n e 

Sphingomyelin Phosphatidyl 
s e r i n e / i n o s i t o l 

16:0 12.2±4.7 19.8±3.8 7.6±3.2 11.9±4.8 
16: 1 12.1+2.1 0.6+0.6 8.0±1.3 4.3±1.9 
18:0 16.0±6.2 10.1±0.2 8.1+3.2 11.3±2.8 
18: 1 13.1±3.9 15.4±1.5 17.5±2.4 11.5±3.2 
18:2 13.2±2.7 13.4±2.2 11.5±0.05 9.4±3.2 
18:3 0.1±0.1 - - 0.2+0.2 
20:0 11.0±1.1 8.8±2.9 12.0+0.5 8.5±0.9 
20: 1 t r a c e - - -

20:2 0.6±0.5 0.8±0.6 - -
20:3 7.2±1.5 5.4+2.7 5.8±0.6 5.3±1.5 
20:4 9.3+5.3 5.9+1.5 7.2±0.9 7.0±1.1 
20:5 - - t r a c e t r a c e 
22:0 2.1+2.1 4.3±2.0 5.0±0.8 7.9+2.1 
22: 1 - t r a c e - t r a c e 
22:2 - t r a c e t r a c e -

22:3 1.9±1.9 2.9+1.5 - 10.6±6.3 
22:4 - - - 1.2±1.2 
22 : 5 - - - -

22:6 2.7±2.7 4.7+4.7 - 2.1±1.4 
24:0 - - 2.5±2.5 4.4±0.8 
24: 1 - - - -

n=3 v a l u e s ± S.E.M. 



TABLE 3.4 
F a t t y a c i d composition of main phospholipid c l a s s e s 

from Mc? tumour plasma membranes 

r e l a t i v e % weight 
F a t t y 
a c i d 

Phosphatidyl 
ethanolamine 

Phosphatidyl 
c h o l i n e 

Sphingomyelin Phosphatidyl 
s e r i n e / i n o s i t o l 

16:0 17.2±2.7 22.2+5.8 19.0±3.3 13.7+2.1 
16:1 10.4±4.6 5.8+2.6 14.0±7.1 8.3±4.2 
18:0 19.5±4.2 9.5±1.8 8.8+4.9 14.7±7.1 
18:1 17.7±2.7 18.5±6.3 7.8±3.0 8.8±1.9 
18:2 8 . 2±2 . 2 8.0±3.4 7.9±2.7 5.7±2.6 
18:3 1.2+0.6 0.7±0.3 1.5±0.8 1.6±1.1 
20:0 2.5±0.9 0.5±0.5 1.8±1.8 6.2±1.9 
20: 1 0.5±0.5 - - 0.1±0.1 
20:2 - - - -
20:3 1.2±0.3 - - 0.9±0.9 
20:4 4.7±2.0 8.4±5.9 4.5+1.6 5.4±2.3 
20:5 - - - 8.3±4.1 
22:0 3.3±2.5 - 8.8±4.4 0.7±0.7 
22:1 - 3.6±3.6 - t r a c e 
22:2 - - - -
22:3 - - 1.8±1.8 -
22:4 - 0.6±0.3 - -

22:5 - - - -
22:6 0.9±0.5 11.1±10.3 - 16.6±13.8 
24:0 0. 4±0. 3 - 15.6±14.7 -
24:1 - - - -

n=3 v a l u e s ± S.E.M. 
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i n d i v i d u a l f a t t y a c i d s r e f e r s to the carbon chain length 
and the number of unsaturated bonds, i e . 18:1 r e f e r s to a 
f a t t y a c i d with a carbon c h a i n length of 18 having one 
unsaturated bond.) 

I n the PE of l i v e r plasma membranes the predominant 

f a t t y a c i d s are 16:0, 18:0, 18:2, and 20:4. These f a t t y 

a c i d s are a l s o important i n the two tumour plasma membrane 

phospholipids, though t h e i r r e l a t i v e c o n t r i b u t i o n s are 

d i f f e r e n t . The l e v e l of 16:0 i s lower i n the PE of both 

tumour membranes, but not s i g n i f i c a n t l y so. Conversely the 

l e v e l of 16:1 was higher i n the phospholipids from the 

tumour membranes than i t was i n t h a t of the l i v e r . I n the 

C-18 f a t t y a c i d s there was no s i g n i f i c a n t d i f f e r e n c e i n the 

l e v e l s of 18:0 and 18:2, but the 18:1 f a t t y a c i d was 

e l e v a t e d i n the PE from the tumour plasma membranes, as 

compared to the same phospholipid from the l i v e r plasma 

membranes. T h i s e l e v a t i o n was s t a t i s t i c a l l y s i g n i f i c a n t i n 

the case of the Mc7 f a t t y a c i d (p<0.05). I n the C-20 f a t t y 

a c i d s the l e v e l of 20:4 was lower i n both the Me7 and D23 

PE when compared to the phospholipid from the l i v e r , but 

20:3, which was undetected i n the l i v e r appeared i n both 

the tumour phospholipids. Another f a t t y a c i d which was 

undetected i n the l i v e r but appeared i n both the tumour 

membrane phospholipids was 22:0. The l e v e l of 22:6 was 

s i m i l a r i n a l l three membrane types. I n a d d i t i o n a small 

amount of 22:3 was detected i n the D23, but not the Mc7 and 

l i v e r PE. 
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The l i v e r plasma membrane PC has roughly equal 

proportions of 16:0, 18:0, and 20:4. These t h r e e f a t t y 

a c i d s make up 60% of the t o t a l f a t t y a c i d s . A f u r t h e r 25% 

of the t o t a l f a t t y a c i d s are 18:1 and 18:2, these are 

present i n equal amounts. The proportion of the remaining 

f a t t y a c i d s (eg. 16:1 and 18:2) i s s m a l l . There i s no 

d i f f e r e n c e i n the l e v e l of 16:0 i n the PC of the l i v e r and 

the two tumour plasma membranes, but the proportion of 16:1 

i n the D23, i s s i g n i f i c a n t l y lower (p<0.01), than e i t h e r 

the l i v e r or Mc7 phospholipid. I n the C-18 f a t t y a c i d s the 

l e v e l of 18:0 i s s i g n i f i c a n t l y lower i n the PC f r a c t i o n of 

both tumour plasma membranes (p<0.002, f o r the D23 and 

p<0.02, f o r the Mc7), compared to the l i v e r plasma membrane 

phospholipid. Conversely, the l e v e l of 18:1 i s higher 

(though not s i g n i f i c a n t l y so) i n the PC from the two tumour 

membranes, as compared to l i v e r membrane PC. Thus t h e r e i s 

no o v e r a l l change i n the proportion of C-18 f a t t y a c i d s 

between the l i v e r and tumour membrane PC, but t h e r e i s an 

e l e v a t i o n of the mono-unstaturated f a t t y a c i d a t the 

expense of. the f u l l y s a t u r a t e d f a t t y a c i d , when comparing 

the tumour membrane phospholipid t o the same l i p i d from 

l i v e r membranes. There i s no d i f f e r e n c e i n the proportion 

of C-20 f a t t y a c i d s between the l i v e r plasma membrane PC 

and the D23 tumour plasma membrane PC, but t h e r e i s l e s s of 

t h i s f a t t y a o i d c h a i n length (compared to l i v e r PC) i n the 

PC from the Mo7 tumour plasma membrane. Although the 

o v e r a l l l e v e l of 20 oarbon atom f a t t y a o i d s remains 

unchanged i n the D23 tumour membrane ph o s p h o l i p i d , t h e r e i s 

an e l e v a t i o n i n the l e v e l of 20:0 and 20:3 f a t t y a o i d s with 
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a corresponding lowering of the l e v e l of 20:4 type. The 
Mc7 PC has no 20:3 u n l i k e the D23 phospholipid, and the 
l e v e l of 20:0 i s s i m i l a r to the l i v e r PC. There i s , 
however, l e s s 20:4 i n the Mc7 membrane phospholipid than i n 
l i v e r membrane phospholipid. I n t h i s r e s p e c t the two 
tumour plasma membranes d i s p l a y s i m i l a r p a t t e r n s . The 
l e v e l of 22:6 i n the PC i s s i m i l a r i n the l i v e r , D23 and 
Mc7 plasma membranes, though the l e v e l of t h i s f a t t y a c i d 
i s very v a r i a b l e i n the Mc7 phospholipid. 

The predominant f a t t y a c i d s i n SM from l i v e r plasma 

membranes are 16:0, 18:0, 18:2, 20:4 and 24:0, though the 

l e v e l of the l a s t f a t t y a c i d l i s t e d i s very v a r i a b l e . The 

l e v e l of 16:0 i n the D23 plasma membrane phospholipid i s 

lower than i n the l i v e r plasma membrane phospholipid. The 

l e v e l of the Mc7 membrane f a t t y a c i d i s the same as i t i s 

i n the l i v e r membrane. The l e v e l of the 16:1, 18:0 and 

18:2 f a t t y a c i d s i s a l s o s i m i l a r i n the SM of a l l t h r e e 

plasma membrane types, but t h e r e i s c o n s i d e r a b l e v a r i a t i o n 

i n t hese v a l u e s . The l e v e l of 18:1 i n the D23 membrane 

phospholipid i s s i g n i f i c a n t l y higher (p<0.05) than the 

l e v e l of t h i s f a t t y a c i d i n the l i v e r membrane 

phospholipid. The l e v e l of t h i s f a t t y a c i d i n the SM from 

Mc7 tumour membranes was, however, the same as the SM from 

l i v e r membranes. The d i f f e r e n c e s i n the C-20 f a t t y a c i d s 

between the l i v e r plasma membrane SM and those f o r the D23 

and Mc7 tumour plasma membrane SM were s i m i l a r to those 

a l r e a d y reported i n the oase of the PE and PC 

phospholipids. That i s t h e r e was a lowering of the l e v e l 
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of 20:4 I n the SM of both tumour membrane types and the 

appearance of 20:3 i n the D23, but not the Mc7 phospholipid 

when compared to the SM of l i v e r membranes. The l e v e l of 

20:0 was s i g n i f i c a n t l y higher (p<0.001) i n the SM of the 

D23 tumour plasma membranes than the l e v e l i n the SM of 

l i v e r and Mc7 tumour plasma membranes. The only other 

d i f f e r e n c e i n f a t t y a c i d composition between l i v e r and 

tumour plasma membrane SM was the lowered l e v e l of 24:0 i n 

the D23 phospholipid, though, because of the v a r i a b i l i t y of 

the data, t h i s was not s t a t i s t i c a l l y s i g n i f i c a n t . 

The predominant f a t t y a c i d s i n the PS/PI l i v e r plasma 

membrane phospholipids were 16:0 and 18:0, which were 

present i n roughly equal proportions, and accounted f o r 50% 

of the t o t a l p hospholipid f a t t y a c i d . The 20:4 was a l s o 

f a i r l y abundant and t h e r e was a s i g n i f i c a n t l e v e l of 16:1, 

18:1 and 18:2 p r e s e n t . I n the PS/PI from the plasma 

membranes of the two tumours t h e r e were two major 

d i f f e r e n c e s i n the f a t t y a c i d p r o f i l e of these membranes 

compared to those of the l i v e r . F i r s t l y the l e v e l of 16:0 

and 18:0 f a t t y a c i d s from the tumour phospholipids were 

lower than those from the l i v e r , and secondly the l e v e l of 

20:4 was lower i n the tumour phosp h o l i p i d s than i t was i n 

those from the l i v e r . As has been re p o r t e d i n the other 

t h r e e phospholipid c l a s s e s , 20:3 was present i n the D23 

PS/PI phospholipids, but not i n the same l i p i d from the 

l i v e r I t was p r e s e n t i n the Mc7 p h o s p h o l i p i d s , but only 

i n t r a o e amounts. The only other d i f f e r e n o e of note was 

t h a t the p r o p o r t i o n of 22:6 was h i g h e r i n the Mc7 PS/PI 
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phospholipids than i n e i t h e r the D23 or l i v e r PS/PI 
phospholipids. 

Most of the d i f f e r e n c e s between tumour and l i v e r f a t t y 

a c i d p r o f i l e s of the phospholipid c l a s s e s presented i n 

Tables 3.2-3.4 were not s t a t i s t i c a l l y s i g n i f i c a n t , any 

which were have been noted i n the t e x t . I n order to 

r e s o l v e any broad d i f f e r e n c e s between normal and tumour 

plasma membranes i n t h e i r f a t t y a c i d composition, and 

whether both tumours show s i m i l a r d i f f e r e n c e s , the data 

from the t o t a l phospholipid f a t t y a c i d composition i s 

presented i n b a r c h a r t form i n F i g s . 3.1 & 3.2. The t o t a l 

phospholipid composition was not determined s e p a r a t e l y , and 

so these f i g u r e s represent weighted averages produced from 

the product of the c o n t r i b u t i o n of any given f a t t y a c i d , 

weighted according to the abundance of the p a r t i c u l a r 

phospholipid i t was d e r i v e d from. Obviously t h i s i s not an 

i d e a l method, but i t does give a b e t t e r i d e a of the type of 

d i f f e r e n c e s i n f a t t y a c i d composition and summarizes the 

r e s u l t s d e s c r i b e d i n more d e t a i l i n the preceding s e c t i o n . 

The f i g u r e s correspond to the r e l a t i v e %age weight p l o t t e d 

a g a i n s t i ) carbon c h a i n length and i i ) degree of f a t t y a c i d 

u n s a t u r a t i o n . 

F i g u r e 3.1 i n d i c a t e s t h a t the proportion of C-16 and 

C-18 c h a i n l e n g t h s i s about the same i n a l l t h r e e plasma 

membranes types, although C-18 i s 10-15% lower i n the Mc7 

phospholipids. There i s a l s o a decrease i n C-20 i n t h i s 

tumour compared with the two other types. There i s an 
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i n c r e a s e i n the l e v e l of C-22 chain length f a t t y a c i d s i n 
both tumours compared to l i v e r . 

F i g u r e 3.2 shows the degree of u n s a t u r a t i o n of the 

f a t t y a c i d s . The percentage of unsaturated f a t t y a c i d s i n 

the phospholipids of a l l three membrane types i s s i m i l a r , 

and l i e s between 43%(Mc7) and 48%(D23). The main 

d i f f e r e n c e i s the type of u n s a t u r a t i o n . Both tumours have 

g r e a t e r l e v e l s of mono-unsaturated f a t t y a c i d s than l i v e r , 

t h i s d i f f e r e n c e i s s m a l l , but i t i s the r e s u l t of q uite a 

l a r g e change i n the l e v e l of 18:1. The other d i f f e r e n c e 

change common to both tumours i s a decrease i n the l e v e l s 

of arachadonic a c i d ( 2 0 : 4 ) . Other d i f f e r e n c e s are not 

r e f l e c t e d i n both tumours, fo r example: the l e v e l of 

d i - u n s a t u r a t e d f a t t y a c i d i n the Mc7 phospholipids i s lower 

than i n the l i v e r phospholipids, but the l e v e l of t h i s 

f a t t y a c i d type i s the same i n l i v e r and D23 phospholipids. 

The percentage of t r i - u n s a t u r a t e d f a t t y a c i d s i s higher i n 

the D23 phospholipids, compared to those from the l i v e r , 

but t h i s i s not so f o r the other tumour (Mo7) 

p h o s p h o l i p i d s , as the t r i - u n s t a t u r a t e d f a t t y a c i d l e v e l s 

a r e s i m i l a r to those from the l i v e r . 

ChQlesterQlZphQspbQlipid r a t i o s 

Table 3.5 shows the plasma membrane c h o l e s t e r o l 

content of l i v e r ( i n c l u d i n g l i t e r a t u r e v a l u e s ) and the two 

tumours, both i n terms of c h o l e s t e r o l / m g of p r o t e i n and 

o h o l e s t e r o l / p h o s p h o l i p i d molar r a t i o s . The phospholipid 
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TABLE 3.5 

Ch o l e s t e r o l / P h o s p h o l i p i d molar r a t i o s 
f o r l i v e r and tumour plasma membranes 

Membrane 
type 

C h o l e s t e r o l / 
p r o t e i n 
umoles/mg 

P h o s p h o l i p i d / 
p r o t e i n 

umoles l i p i d P 
C h o l e s t e r o l / 
phospholipid 
Molar r a t i o 

LIVER 
n=3 

0.24+0.03 0.46±0.012 0.51+0.055 

L i t . 
v a l u e s 0.13-0.56 0.50-0.61 0.74-0.91 
D23 
n=7 

0.13+0.03 0.39+0.035 0.30±0.038 

Mc7 
n=7 

0.09+0.013 0.41+0.088 0.28+0.049 

v a l u e s ± S.E.M. 
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I t should be f i r s t noted that the v a l u e s f o r l i v e r 

c h o l e s t e r o l l e v e l s presented here are s l i g h t l y lower than 

the range of c h o l e s t e r o l l e v e l s i n the l i t e r a t u r e , both i n 

terms of cholesterol/uig of p r o t e i n , and o h o l e s t e r o l / 

p h o s p h o l i p i d r a t i o s . The v a l u e s f o r the D23 and Mc7 

tumours a r e not s i g n i f i c a n t l y d i f f e r e n t from each other, 

though i t must be pointed out that the l e v e l s d i d change 

duri n g the 2 year course of the study. At the beginning of 

the study the Mc7 had s l i g h t l y higher o h o l e s t e r o l l e v e l s 

than the D23, at the end t h i s was r e v e r s e d . These changes 

however, i n no way d e t r a c t from the most important trend i n 

the t a b l e ; that i s the l a r g e and s i g n i f i c a n t decrease i n 

the l e v e l s of plasma membrane c h o l e s t e r o l i n both tumours 

compared to l i v e r (p<0.05 f o r D23 and Mc7). The l e v e l s of 

p h o s p h o l i p i d do not change compared to the l i v e r , and 

i l l u s t r a t e the f a c t t h a t the lower molar r a t i o s a r e due to 

a lowered l e v e l of c h o l e s t e r o l alone. 

DISCUSSION 

A d e t a i l e d l i p i d c h a r a c t e r i z a t i o n has not p r e v i o u s l y 

been c a r r i e d out on the plasma membranes of e i t h e r of the 

two tumours s t u d i e d , so i t i s d i f f i c u l t t o compare the 

r e s u l t s presented here. However the r e s u l t s obtained f o r 

l i v e r membranes can be compared with l i t e r a t u r e v a l u e s . I f 

good agreement between these data i s obtained, t h i s i s 

c o n s i d e r e d to a l l o w any d i f f e r e n c e s demonstrated i n tumour 
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membrane l i p i d p r o f i l e s , when compared to the normal t i s s u e 
( l i v e r ) , to be r e l a t e d to the nature of the tumour alone. 

The phospholipid c l a s s e s , shown i n t a b l e 3.1, 

demonstrate that there are v a r i a t i o n s between d i f f e r e n t 

l i t e r a t u r e v a l u e s , and t h a t the r e s u l t s for the l i v e r 

plasma membranes presented here are w i t h i n the range of 

these v a l u e s . The v a r i a t i o n i n these r e s u l t s may r e f l e c t 

p r o c e d u r a l or s t r a i n d i f f e r e n c e s between l a b o r a t o r i e s . 

Another p o s s i b l e source of v a r i a t i o n could be t h a t r e g i o n a l 

d i f f e r e n c e s i n f u n c t i o n and compostion have been noted i n 

plasma membranes (eg. Schroeder, 1983). These could be an 

important source of i n t e r l a b o r a t o r y v a r i a t i o n i n data i f 

d i f f e r e n c e s i n technique i s o l a t e d i f f e r e n t r e g i o n s of the 

plasma membrane. I t i s p o s s i b l e to compare d i r e c t l y 

hepatoma c e l l membranes with l i v e r c e l l membranes, owing to 

the l i v e r o r i g i n of the D23 tumour. The study of the Mc7 

sarcoma membranes provides an opportunity t o t r y and 

i d e n t i f y f e a t u r e s of membrane l i p i d composition t h a t might 

be a common,feature of n e o p l a s i a . D23 plasma membranes 

have a s l i g h t l y higher PC content but a lower PE content 

than l i v e r but, owing to the v a r i a b i l i t y between se p a r a t e 

i s o l a t i o n s , the observed d i f f e r e n c e s may not be 

s i g n i f i c a n t . Other workers have noted higher l e v e l s of PE 

and lower l e v e l s of PC i n hepatoma plasma membranes, as 

compared to the same type of membrane from l i v e r , eg. 

U p r e t i fit a l . (1983) and Kiozumi fit &1. (1976). An 

i n c r e a s e i n the PE/PC r a t i o was a l s o noted by van Hoeven 6f 

Emmelot, (1973) i n both r a t and mouse hepatoma plasma 
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membranes ,as compared with l i v e r plasma membranes from the 
same animals. Such changes were observed i n the Mc7 
sarcoma, but the comparison with l i v e r i s not r e a l l y v a l i d . 

The SM content has been reported to be e l e v a t e d i n 

some tumours (Koizumi et s i - (1976); U p r e t i e£ &1-

(1983); and van Hoeven & Emmelot, (1973) but lower i n 

leukaemia c e l l s (Van B l i t t e r s w i j k et a l • 1982) and 

lymphomas (Koizumi e t a l . 1981). These l a t t e r r e p o r t s 

agree with the present data f o r D23 membranes showing a 

reduced l e v e l over the l i v e r membranes. Changes i n 

sphingomyelin l e v e l s i n the membranes of other organisms 

have tended to p a r a l l e l changes i n c h o l e s t e r o l l e v e l s 

(Patton, 1970). T h i s may be due to the s t a b l e complex 

formed by the a s s o c i a t i o n of these two molecules 

(Vandenheuvel, 1963) and a l s o the high a f f i n i t y the 

sphingomyelin has f o r c h o l e s t e r o l (Demel et a l - 1977) The 

Mc7 membranes do have s i m i l a r sphingomyelin l e v e l s to the 

l i v e r , although l e v e l s of PE and PC are very d i f f e r e n t from 

t h i s t i s s u e , and the hepatoma d e r i v e d from i t . 

The high l e v e l of lysoPC observed i n the D23 membranes 

could be due to phospholipase a c t i o n , as i t i s re p o r t e d 

t h a t i s o l a t e d membranes are f a r more v u l n e r a b l e t o t h i s 

type of degrada t i o n . ( I b r a h i m & Thompson, 1965, and Zwaal e t 

a l . 1970) Some lysoPC was observed i n l i v e r membranes but 

was not detected i n Mc7 membranes. The high l e v e l of t h i s 

p h o s pholipid i n D23 membranes and i t s presenoe i n l i v e r 

membranes may r e f l e o t the oommon t i s s u e source. However i n 
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s o l i d tumours some n e c r o t i c t i s s u e i s often present, and 
although c a r e was taken to exclude i t i n samples i t i s 
p o s s i b l e some contamination may have occurred. I t may be 
s i g n i f i c a n t t h a t Mc7 was l e s s n e c r o t i c throughout than D23, 
and t h i s may have c o n t r i b u t e d to the d i f f e r e n c e i n LysoPC 
l e v e l s i n the two tumour membranes. 

What r o l e do these changes i n phospholipid c l a s s have 

i n membrane s t r u c t u r e ? T h i s i s a d i f f i c u l t question to 

answer as the p h y s i c a l p r o p e r t i e s of the phospholipid are 

not j u s t dependent on the type of head group, but a l s o the 

f a t t y a c y l c h a i n composition. For example t h e enhanced 

r i g i d i t y c o n f e r r e d by sphingomyelin molecule i s l a r g e l y the 

r e s u l t of i t s r e l a t i v e l y more s a t u r a t e d a c y l c h a i n 

compostion, which r e s u l t s i n a decreased molecular a r e a 

( J a i n 6? Wagner, 1980). I n c o n s i d e r i n g d i f f e r e n c e s i n 

phospholipid c l a s s w ith r e l a t i o n to s t r u c t u r e , the 

asymmetric d i s t r i b u t i o n of phospholipids i n the two 

l e a f l e t s of the b i l a y e r must be taken i n t o account 

( B r e t s c h e r , 1972). PC and SM are p r i n c i p a l l y concentrated 

i n the outer l e a f l e t , where as PE , PS and PI are i n the 

i n n e r one. Emmelot, 1977) has suggested t h a t i n c r e a s e d 

l e v e l s of PE h e l p to s t a b i l i z e the i n n e r l e a f l e t of the 

b i l a y e r , and Boyle Dean, (1982) have shown t h a t i n c r e a s e d 

m i c r o v i s c o s i t y c o r r e l a t e s with d e c r e a s e s i n the PC/PE 

r a t i o , although i t must be noted t h a t they d i d not look to 

see i f t h e r e were any changes i n the f a t t y a c i d composition 

of t h e s e p h o s p h o l i p i d s . The r o l e of sphingomyelin i n 

membrane s t a b i l i z a t i o n i s b e t t e r e s t a b l i s h e d , ( S h i n i t z k y & 
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Barenholz, 1974 and Borochov gt a l • 1977), and with the 
d i f f e r e n c e i n the l e v e l of t h i s l i p i d between the D23(8.3%) 
and Mc7(13.5%) tumour membranes, one might expect that the 
Mc7 membrane was a more s t a b l e s t r u c t u r e . However one must 
a l s o take i n t o account the changes i n other l i p i d s l i k e 
c h o l e s t e r o l , and the l e v e l s of u n s a t u r a t i o n i n the f a t t y 
a c y l chains of the phospholipids, before such s p e c u l a t i o n 
has any credance. 

The f a t t y a c i d composition of the plasma membrane 

phospholipids I s a most important f a c t o r i n determining 

membrane s t a b i l i t y , but, as Stubbs 6? Smith, (1984), 

r e c e n t l y reported i n t h e i r review, the r e l a t i v e proportion 

of f a t t y a c i d types do not always give p r e d i c t a b l e e f f e c t s 

i n terms of membrane p h y s i c a l p r o p e r t i e s . 

I t f i r s t must be noted t h a t t h e r e a r e some d i f f e r e n c e s 

i n the l e v e l of 16:1 f a t t y a c i d between t he l i v e r plasma 

membrane phospholipids p r e s e n t e d here compared to the 

l i t e r a t u r e v a l u e s of say, Ray, (1970). (That i s 8% 

compared to 4.5%, r e s p e c t i v e l y ) . I t i s a l s o noted t h a t 

some groups, eg. D p r e t i e_t a l . (1983), d i d not f i n d any 

16:1 a t a l l . T h i s may be due to d i e t a r y v a r i a t i o n s , s i n c e 

these can c o n s i d e r a b l y a f f e c t the f a t t y a c i d p r o f i l e of any 

given c e l l membrane. Another p o s s i b i l i t y i s t h a t the 

G.L.C. peak i s not a f a t t y a c i d , but some contamination. 

T h i s could only be r e s o l v e d by undertaking a 

mass-spectroscopic a n a l y s i s of the G.L.C. sep a r a t e d peaks, 

and was not attempted i n t h i s study. 
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Another anomaly i s the l i v e r membrane SM f a t t y a c i d 
composition i n the present a n a l y s i s , as oompared to 
l i t e r a t u r e v a l u e s (eg. Keenan & Morre, 1970). They d i f f e r 
p a r t i c u l a r l y with r e f e r e n c e to 16:1. 18:1. 18:2, and 24:0. 
The 16:1 does not occur i n the data presented i n the 
l i t e r a t u r e , and 18:1 and 16:2 are only present i n tr a o e 
amounts i n the l i t e r a t u r e , whereas i n the c u r r e n t data they 
each c o n t r i b u t e about 10% of the t o t a l f a t t y a c i d 
composition. Conversely, the l e v e l of 24:0 i n the current 
data i s lower than t h a t quoted i n the l i t e r a t u r e , though 
th e r e i s c o n s i d e r a b l e v a r i a t i o n i n the percentage 
c o n t r i b u t i o n of t h i s f a t t y a c i d . T h i s may be a r e s u l t of 
the methylation s t e p used i n t h i s study, which was obtained 
from Lewis, (1978). T h i s procedure i n v o l v e d the 
methylation of a l l phospholipid c l a s s e s a t 100°C for 15 
minutes. However i t i s reported i n the review S t e i n and 
Smith, (1982), t h a t sphingomyelin r e q u i r e s a much longer 
r e a c t i o n time than other phospholipids ( i e . 90 minutes) 
T h i s d i f f e r e n c e i n methodology may account f o r the 
d i s c r e p a n c i e s sphingomyelin, both i n l i v e r , and presumably 
i n the tumour phospholipids as w e l l . 

Notwithstanding the e l e v a t i o n of 16:1 f a t t y a c y l 

c h a i n s i n the l i v e r p h o s p h o l i p i d s as compared with the 

l i t e r a t u r e , t h e r e i s a s m a l l e l e v a t i o n , i n a l l the tumour 

phospholipid f r a c t i o n s , of t h i s f a t t y a o i d , a g r e a t e r 

e l e v a t i o n of 18:1, and some e l e v a t i o n of 18:2 when 

oomparing tumour membrane phospholipid f a t t y a c i d p r o f i l e s 

w i th those from l i v e r membrane pho s p h o l i p i d s . The 
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percentage of polyunsaturated f a t t y a c i d s , p a r t i c u l a r l y 

20:4, i s lower i n the tumour membranes as compared with 

l i v e r membranes. T h i s e l e v a t i o n of mono- and 

di - u n s a t u r a t e d f a t t y a c i d s , together with the lower l e v e l 

of polyunsaturated f a t t y a c i d s , i n tumour membrane 

phospholipids compared to normal membrane phospholipids has 

been widely reported i n the plasma membranes of hepatomas 

and other tumours. Eg. U p r e t i gt a i . (1983) and Van 
Hoeven Emmelot, (1973) -hepatomas; Schroeder & Gardiner, 

(1984), i n a melanoma; Van B l i t t e r s w i j k gt a l . (1982), i n 
leukaemia G.R.S.L. c e l l s . U p r e t i et a l . (1983), i n t h e i r 

study of l i v e r and hepatoma l i p i d s r e p o r t e d t h a t t h i s was 

t r u e i n n e a r l y a l l s u b c e l l u l a r f r a c t i o n s , and Hartz e i a l -

(1982) again reported s i m i l a r changes i n the mitochondrial 

and microsomal f r a c t i o n s of another hepatoma. L i p i d 

e x t r a c t s of whole tumours have a l s o r e v e a l e d e l e v a t i o n s of 

16:1, 18:1 and 18:2 and dec r e a s e s i n po l y u n s a t u r a t e d f a t t y 

a c i d s l i k e 20:4. For example A r a k i gt fll- (1974) i n human 
hepatomas, Bergelson gt a l . (1973) i n r a t hepatomas, 

D a n i e l gt a l . (1980) i n c u l t u r e d transformed c e l l s , 

d e r i v e d from f i b r o b l a s t s , R u g g i e r i gt a l - (1979) i n 

r e v e r t a n t c e l l s , and Yau & Weber, (1972) i n transformed 
c h i c k e n embryonic f i b r o b l a s t s . I t i s important t o note 

t h a t t h i s change i n the pr o p o r t i o n of mono- and 

d i - u n s a t u r a t e d to p o l y u n s t a t u r a t e d f a t t y a c i d s has a l s o 

been r e p o r t e d i n some p r o l i f e r a t i n g normal o e l l s . eg, 

re g e n e r a t i n g r a t l i v e r , Gershbein & Singh, (1970) and 

Glende & Morgan (1968), and i n f o e t a l l i v e r Jahn gt a l . 

(1967), and L u i t gt a l - (1975). Thus t h i s may not be a 



92 
phenomenon of n e o p l a s i a , but of r a p i d l y d i v i d i n g c e l l s . 
Hartz et a l . (1982), has suggested s e v e r a l e x p l a n a t i o n s 
for these f a t t y a c i d changes: 

i ) The dominance of de EQYQ s y n t h e s i s , with decreased 

r e a c y l a t i o n could e x p l a i n i n c r e a s e s i n 16:1, 18:1, 18:2, 

and the decreased l e v e l of 20:4. 

i i ) Changes i n the phosphatide f a t t y a c y l pool, 

a v a i l a b l e f o r of i n c o r p o r a t i o n f a t t y a c i d s i n t o 

phospholipids, due to an i n c r e a s e d or decreased f a t t y a c y l 

CoA p r e c u r s e r observed i n some tumours. 

i i i ) M o b i l i z a t i o n of depot f a t . Depot f a t and hepatoma 

phosphatides show many s i m i l a r i t i e s eg. i n c r e a s e d 16:1, 

18:1, and decreased 20:4, and t h e r e f o r e i n i t s r a p i d l y 

d i v i d i n g s t a t e the tumour uses t h i s f a t . ( T h i s could 

c o r r e l a t e with the high d e n s i t y of l i p i d d e p o s i t s found i n 

the tumours c e l l s used i n t h i s c u r r e n t s t u d y ) 

Hartz et a l , (1982) r e l a t e d t h e s e changes t o the 

i n c r e a s e d growth r a t e s of the hepatomas i n t h e i r study. 

The t r a n s p l a n t e d tumours used i n t h i s present study are 

r a p i d l y growing ones, and would agree with t h i s 

e x p l a n a t i o n . 

Consequently i n view of the d i f f e r e n c e s i n f a t t y a oid 

composition r e p o r t e d t o e x i s t between t h e s e membranes, the 

q u e s t i o n a r i s e s as to how such d i f f e r e n c e s might a f f e o t 
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membrane function? A primary aim of t h i s study i s i n the 

c o r r e l a t i o n of membrane s t r u c t u r e (chemical and p h y s i c a l ) 

with the s e n s i t i v i t y of many tumour c e l l s t o hyperthermia 

and membrane perturbants. Unfortunately, as Stubbs and 

Smith , (1984), pointed out i n t h e i r recent review, changes 

i n f a t t y a c i d composition do not always a f f e c t the membrane 

s t r u c t u r e i n a p r e d i c t a b l e fashion. I t was thought, f o r 

i n s t a n c e , that the i n c r e a s e d u n s a t u r a t i o n of the f a t t y 

a c i d s , due to the g r e a t e r space t h e i r molecular s t r u c t u r e 

occupied, would i n c r e a s e the f l u i d i t y of the membrane. 

Therefore the i n c r e a s e i n 18:1, would not compensate f o r 

the equivalent decrease i n 20:4. However, as i n d i c a t e d i n 

model systems the f i r s t double bond introduced i n t o a f a t t y 

a c i d causes the g r e a t e s t e f f e c t on the b i l a y e r , the second, 

not so great an e f f e c t , and f u r t h e r u n s a t u r a t i o n probably 

very l i t t l e change i n f l u i d i t y t a k e s p l a c e , (Van Deen?r\£t 

a l . 1971). I n b i o l o g i c a l systems the f i r s t double bond i s 

normally introduced towards the centre of the a c y l chain, 

and the second c l o s e to i t , then the t h i r d and fourth e t c . 

p r o g r e s s i v e l y to the opposite end of the ch a i n , . Stubbs & 

Smith, (1984). Obviously changes i n c o n f i g u r a t i o n w i l l 

have a great e r e f f e c t at the middle, than a t the ' t a i l ' end 

of the chain, due to the molecular dynamics involved. I t 

i s a l s o i n t e r e s t i n g to note, from the point of view of 

tumour s u s c e p t i b i l i t y to hyperthermia, that Boonstra et a l -

(1982), showed t h a t the supplementation of o l e i c ( 1 8 : l ) or 

l i n o l e i c ( 1 8 : 2 ) i n t o the media of neuroblastoma c e l l s 

i n c r e a s e d p e r m e a b l i l i t y , w h i l s t i n c r e a s e s i n s t e a r i c 

a c i d ( 1 8 : 0 ) had no e f f e c t . I n c r e a s e d p e r m e a b i l i t y i s one of 
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the p o s t u l a t e d primary events i n the heat death of c e l l s by 
a membrane r e l a t e d mechanism (Bowler, 1981). Another 
unexpected p e r c u l i a r i t y , reported by Bergelson & 
Dya t l o v i t s k a y a , (1973), i s t h a t a r c h i d o n y l phospholipids 
(20:4) produce more s t a b l e membranes than s a t u r a t e d 
s p e c i e s , due to t h e i r a b i l i t y to bind t o p r o t e i n s more 
s t r o n g l y than the l a t t e r . 

One important c o n s i d e r a t i o n , which has reoei v e d 

comparatively l i t t l e a t t e n t i o n , i s the p o s i t i o n i n g of 

d i f f e r e n t f a t t y a c i d s i n the 1 and 2 p o s i t i o n s on the 

phospholipid molecule. T h i s , i n f a c t , has a very important 

r o l e to play i n the s t a b i l t y of membrane s t r u c t u r e . For 

example: 18:2/18:0 g i v e s a more expanded monolayer than 

18:0/20:4 does.(Demel e_t a l , 1972). Bergelson & 

Dya t l o v i t s k a y a , (1973) r e p o r t e d i n t h e i r examination of 

tumour phosphatidyl c h o l i n e , t h a t t h e r e was an i n o r e a s e i n 

the l e s s common f a t t y a c i d p a i r i n g , i e . 2 un s a t u r a t e d 

molecules on the same phospholipid molecule. These 

s t r u c t u r e s would produce v e r y l e a k y membranes which might 

e x p l a i n the nature of tumour heat s e n s i t i v i t y . T herefore 

an i n c r e a s e i n mono-unsaturated f a t t y a c i d s might be 

expected to be compensated by a decrease i n say 20:4 f a t t y 

a c i d s . I n terms of change t o membrane p h y s i c a l s t r u c t u r e , 

t h e r e a r e more s u b t l e changes i n phospholipid f a t t y a c i d 

s t r u c t u r e , not c o n s i d e r e d i n t h i s present work, whioh might 

be more s i g n i f i c a n t i n tumour membrane thermal s t a b l i l i t y . 

I t must be remembered t h a t other l i p i d s a l s o p l a y an 

important r o l e i n determining the s t a b i l i t y of the plasma 
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membrane s t r u c t u r e , p a r t i c u l a r l y c h o l e s t e r o l . Thus the 
d i f f e r e n c e s observed between membranes i n t h e i r f a t t y a c i d 
p r o f i l e s , i n c h a i n length and degree of u n s a t u r a t i o n cannot 
be e a s i l y equated with s p e c i f i c membrane p r o p e r t i e s . 

Before c o n s i d e r i n g the r e l a t i v e l e v e l s of c h o l e s t e r o l 

between l i v e r and tumour membranes i t i s important to ask 

why the r e s u l t s presented here f o r the l i v e r membrane 

c h o l e s t e r o l a r e lower than those i n the l i t e r a t u r e . A 

number of p o s s i b l e e x p l a n a t i o n s e x i s t : i ) T h e contamination 

noted i n Chapter 2 might s i g n i f i c a n t l y a f f e c t the l i p i d 

composition of the plasma membrane f r a c t i o n , p a r t i c u l a r l y 

reducing c h o l e s t e r o l l e v e l . T h i s i s because the membranes 

from other s u b - c e l l u l a r o r g a n e l l e s have s i g n i f i c a n t l y l e s s 

c h o l e s t e r o l i n them than the plasma membrane does. T h i s i s 

a p o s s i b i l i t y , but the phospholipid c l a s s a n a l y s i s (Table 

3.1) d i d not i n d i c a t e obvious contamination by mitochondria 

f o r example. The more l i k e l y e x p l a n a t i o n was given by 

Johnson, (1979) i i ) She showed t h a t many of the older 

chemical methods of a s s a y i n g f o r c h o l e s t e r o l were s u b j e c t 

to i n t e r f e r e n c e s from the o x i d a t i o n of other l i p i d s , 

notably p h o s p h o l i p i d s g i v i n g c h o l e s t e r o l to phospholipid 

r a t i o s up to 30% higher than those obtained by the more 

s e n s i t i v e enzymatio method used i n t h i s present study. 

T h i s oould then e a s i l y aocount f o r the d i f f e r e n c e s between 

l i t e r a t u r e v a l u e s and t h e ones given here. An a d d i t i o n a l 

complexity i s t h a t the l i p i d s of l i v e r plasma membranes 

have been shown to e x i s t i n domains (eg. Schroeder, 1983), 

and d i f f e r e n t i s o l a t i o n procedures oould favour the 



96 
enrichment of domains of d i f f e r e n t c h o l e s t e r o l content. 
T h i s would e x p l a i n the great v a r i a t i o n i n the l i t e r a t u r e 
v a l u e s of plasma membrane c h o l e s t e r o l f o r l i v e r . 

I n Table 3.1 both tumour membranes have c o n s i d e r a b l y 

l e s s c h o l e s t e r o l i n t h e i r plasma membranes than those of 

l i v e r . For the D23 hepatoma t h i s i s unexpected, as 

g e n e r a l l y speaking the l i t e r a t u r e r e p o r t s e l e v a t e d 

c h o l e s t e r o l l e v e l s i n hepatoma plasma membranes. For 

example: Van Hoeven Gf Emmelot, (1973) reported T a i s e d 

plasma membrane c h o l e s t e r o l l e v e l s i n 5 hepatomas from mice 

and r a t s , though the magnitude of the e l e v a t i o n was f a r 

l e s s i n the former. Kiozumi et &1- (1976), examined 4 

hepatomas and found two with r a i s e d c h o l e s t e r o l l e v e l s over 

l i v e r (one c o n s i d e r a b l y h i g h e r ) , one unchanged, but one 

with decreased l e v e l s of t h i s l i p i d . Therefore the r e s u l t 

presented here f o r the D23 hepatoma do not form a preoedent 

f o r t h i s tumour type, though i t must be noted i t i s 

e x c e p t i o n a l . I n f a c t e l e v a t i o n i n hepatoma c h o l e s t e r o l i s 

so widespread t h a t a number of workers have c o r r e l a t e d 

these changes with the nature of l i v e r malignancy (Chen et 

a l . 1978 and Coleman Peterson, 1981) 

Other tumour types have been reported to have had 

lowered plasma membrane c h o l e s t e r o l compared to normal 

t i s s u e , eg. Kiozumi et a l - (1982),in lymphoma o e l l s and 

Van B l i t t e r s w i j k e£ a l . (1982) i n leukaemio o e l l s . Indeed 

lowered c h o l e s t e r o l l e v e l s together with the ohanged 

phospholipid and f a t t y a c i d p a t t e r n observed i n the D23 and 
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Mc7 tumours have been i n t e r p r e t e d by some as a measure of 
m e t a s t a t i c potency, Schroeder & Gardiner, (1984). However 
the two tumours i n t h i s study were not known to metastase. 

The lowered c h o l e s t e r o l l e v e l s may w e l l be a function 

of r a p i d l y d i v i d i n g c e l l s ( a s noted p r e v i o u s l y by Hartz et 

al-1982). F o e t a l , newborn and regenerating l i v e r are a l l 

known to have c o n s i d e r a b l y lowered c h o l e s t e r o l / 

p h o spholipid r a t i o s than the a d u l t r a t l i v e r (Kiozumi et 

a l . 1976). Thus the d i f f e r e n c e s i n l i p i d composition need 

not be a t t r i b u t a b l e to a d i r e c t e x p r e s s i o n of the cancerous 

s t a t e , but r a t h e r the r a p i d i t y of c e l l d i v i s i o n i n these 

tumour c e l l s . 

One other important o b s e r v a t i o n made r e c e n t l y by 

F i s h e r e t a l . (1984) has an important bearing on t h i s 

work. They noted t h a t decreased l e v e l s of membrane 

c h o l e s t e r o l make PC c o n s i d e r a b l y more s u s c e p t i b l e to 

phospholipase A2. T h i s may e x p l a i n the i n c r e a s e d l e v e l s of 

lysoPC found i n the D23 tumour membranes. 

Two important q u e s t i o n s remain, i ) Does the summation 

of a l l the p o s t u l a t e d e f f e c t s of t h e s e changes i n tumour 

plasma membrane l i p i d composition have an e x p r e s s i o n i n the 

p h y s i c a l s t a b i l i t y of the membranes? and i i ) Do these 

changes r e l a t e to the d i f f e r e n t i a l heat s e n s i t i v i t y of many 

tumours? The f i r s t q u e s t i o n w i l l be d e a l t w i t h i n the next 

chapter when a p h y s i c a l study, based on the fluoresoenoe 

p o l a r i z a t i o n of the f l u o r e s c e n o e probe D.P.H. i n normal 
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c e l l s . I f t h i s i s the case then one might expect t h a t the 

tumour c e l l s , p a r t i c u l a r l y hepatomas, which have been 

reported to have e l e v a t e d plasma membrane c h o l e s t e r o l (Chen 

et a l . 1978), to be l e s s heat s e n s i t i v e than normal c e l l s . 

No work has been attempted which would answer t h i s 

question, but as Sabine, (1983), has r e c e n t l y suggested, i t 

may be the absolute l e v e l of membrane c h o l e s t e r o l whioh i s 

important f o r normal membrane f u n c t i o n i n g . Thus d e v i a t i o n s 

from the norm ( e i t h e r e l e v a t i o n or lowering) might impair 

membrane f u n c t i on. 



100 
4. STEADY STATE FLUORESCENCE POLARIZATION OF D.P.H. I N TUMOUR 

AND LIVER PLASMA MEMBRANES 

INTRODUCTION 

The p h y s i c a l p r o p e r t i e s of plasma, and other membranes, i s 

l a r g e l y determined by the p r o p e r t i e s of the f a t t y a c y l chains of 

the phospholipid b i l a y e r . These a c y l c h a i n s form the 

hydrophobic core of the membrane s t r u c t u r e ( S i n g e r Gf Nicholson, 

1972). There a r e now a number of d i f f e r e n t techniques a v a i l a b l e 

to i n v e s t i g a t e the p h y s i c a l s t a t e of t h i s hydrophobic core, f o r 

example: E.S.R., N.M.R., and v a r i o u s f l u o r e s c e n c e techniques, 

steady s t a t e f l u o r e s c e n c e p o l a r i z a t i o n being the most popular. 

These techniques have been reviewed r e c e n t l y and t h e i r r e l a t i v e 

m e r i t s i n determining membrane ' f l u i d i t y ' d i c u s s e d i n some 

d e t a i l (Stubbs, 1983). Although a l l t h e s e approaches are s a i d 

t o measure membrane ' f l u i d i t y ' , t h i s i s a t best an i l l - d e f i n e d 

term, as the techniques mentioned above often measure very 

d i f f e r e n t p h y s i c a l i n t e r a c t i o n s . F l u i d i t y , i n terms of the 

motion of a c y l c h a i n s , could d e s c r i b e e i t h e r the o r i e n t a t i o n 

( a n g u l a r range of r o t a t i o n a l motion), or the r a t e of r o t a t i o n a l 

motion (Stubbs, 1983); and the techniques mentioned above may 

c o n s i s t of e i t h e r a r a t e or range component,- or indeed both. 

Steady s t a t e f l u o r e s c e n o e p o l a r i z a t i o n , the technique s e l e c t e d 

i n t h i s c u r r e n t study, i s now thought to produoe information 
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concerning the 'range' of l i p i d motion, and i s t h e r e f o r e 
p r i n c i p a l l y monitoring l i p i d order or packing (eg. P o t t e l e t 
a l . 1983). 

There are a number of reasons f o r the p o p u l a r i t y of t h i s 

technique, and hence i t s use i n t h i s study. The i n s t r u m e n t a t i o n 

i s cheap and easy to operate, when compared to techniques such 

as E.S.R. and N.M.R.. Measurements can be performed e a s i l y on 

r e l a t i v e l y s m a l l amounts of membrane samples, and are very 

r e p r o d u c i b l e . ( f o r reviews of -the technique see S h i n i t z k y & 

Barenholz, 1978, and Lee, 1982) 

The p r i n c i p a l of steady s t a t e f l u o r e s c e n c e p o l a r i z a t i o n i s 

the i n s e r t i o n of a hydrophobic f l u o r e s c e n t dye deep i n t o the 

core of the membrane b i l a y e r . The dye molecules a r e immobilized 

i n the r i g i d matrix of the membrane, and when e x c i t e d by 

p o l a r i z e d l i g h t , they emit f l u o r e s c e n c e t h a t i s p o l a r i z e d 

p a r a l l e l to the e x c i t a t i o n l i g h t . The extent of movement during 

the nanoseconds of the e x c i t e d s t a t e determines the proportion 

of l i g h t which i s d e p o l a r i z e d on f l u o r e s c e n c e . I n the most 

extreme case (which would not occur i n the c o n s t r a i n i n g 

s t r u c t u r e of a membrane) a l l the l i g h t w i l l be d e p o l a r i z e d . 

The most commonly used probe molecule i s 

1,6-Diphenyl-l,3,5-hexatriene (D.P.H.). T h i s has a number of 

advantages over other f l u o r e s c e n t probes, f o r example: i t only 

f l u o r e s c e s when i t i s i n the hydrophobic core of the membrane, 

and not i n the surrounding aqueous environment; i t has a high 

e x t i n c t i o n c o e f f i c i e n t and an ab s o r p t i o n maximium a t 355nm, w e l l 
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removed from t r y p t o p h a n f l u o r e s c e n c e . One d i s a d v a n t a g e i s t h a t 
i t undergoes p h o t o - i s o m e r i z a t i o n , and so exposure to e x c i t a t i o n 
l i g h t s h o u l d o n l y occur j u s t b e f o r e a measurement i s to be taken 
(Lee, 1982). I t has now been shown t h a t l i p i d domains of 
v a r y i n g o r d e r e x i s t w i t h i n many plasma membranes.(eg Gordon gt 
a l . 1983; L e n t z et a l • 1983 and Schroeder, 1983) The 
p o l a r i z a t i o n v a l u e obtained from such membranes w i l l be a 
weighted average of these d i f f e r e n t regions, and w i l l not 
r e f l e c t the s t a t e of any given r e g i o n i n the membrane. 
Therefore the main use of t h i s technique i s i n determining any 
bulk changes i n the hydrophobic core of membranes. I n a d d i t i o n 
i t has been reported t h a t D.P.H. p a r t i t i o n s e q u a l l y w e l l i n 
hydrophobic regions which a r e e i t h e r r i c h i n l i p i d s or p r o t e i n s 
(Stubbs et a l - 1976) 

S h i n i t z k y and Barenholz, (1978), converted the p o l a r i z a t i o n 

v a l u e s , obtained using steady s t a t e f l u o r e s c e n c e p o l a r i z a t i o n , 

i n t o ' m i c r o v i s c o s i t y ' by comparing the v a l u e s obtained from 

b i o l o g i c a l membranes with the v a l u e s of the same probe i n o i l of 

known v i s c o s i t y . T h i s , however, has been shown to be 

in a p p r o p r i a t e , as the ot h e r s have shown th a t the standard 

v i s c o s i t i e s v a r i e d with d i f f e r e n t hydrocarbons, and the motion 

of D.P.H. i n membranes i s a n i s o t r o p i c , whereas i t i s i s o t r o p i c 

i n the o i l (Hare & Lussan, 1977). More r e c e n t l y , P o t t e l e t a l -

1983) have shown th a t t h e r e i s an e m p i r i c a l r e l a t i o n s h i p between 

order parameter and steady s t a t e f l u o r e s c e n c e a n i s o t r o p y of 

D.P.H., thus the need to oonvert p o l a r i z a t i o n v a l u e s i n t o 

r e l a t i v e ' m i c r o v i s c o s i t i e s ' i s unnecessary. 
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R e l a t i v e l y few s t u d i e s on tumour plasma membranes have been 

c a r r i e d out using t h i s technique, (eg. Inbar, 1976; Inbar (if 

S h i n i t z k y , 1974; Van B l i t t e r s w i j k e_t a l . 1977, and Johnson, 

1981), but a l l these workers found decreased D.P.H. 

p o l a r i z a t i o n v a l u e s (lower order) i n tumour c e l l s . . Van 

B l i t t e r s w i j k fit a l - (1982) c o r r e l a t e d the changes i n plasma 

membrane order found i n t h e i r e a r l i e r paper (Van B l i t t e r s w i j k fit 

a l • 1977) with changes i n l i p i d composition ( p a r t i c u l a r l y 

c h o l e s t e r o l l e v e l s ) i n the plasma membranes from the same o e l l 

type. I t may be t h a t the decreased l e v e l of membrane 

c h o l e s t e r o l found i n the D23 and Mc7 tumour plasma membranes 

d e s c r i b e d i n Chapter 3 (Table 3.5) can a l s o be c o r r e l a t e d with a 

decreased membrane order as determined by D.P.H. f l u o r e s c e n c e 

p o l a r i z a t i o n measurements. I t i s important to determine the 

l e v e l of membrane order i n t h i s study because Lepock, (1982) has 

i n d i c a t e d t h a t decreased plasma membrane order may be important 

i n determining the s u s c e p t i b i l i t y of tumour c e l l s to 

hyperthermia. 

MATERIALS AND KEIHQDS 

l . KemfcEflne p r e p a r a t i o n and. i a t E o d u c t i c n QI prcfee 

Tumour and l i v e r membranes were i s o l a t e d u s i n g the 

methods d e s c r i b e d i n Chapter 2, s e c t i o n 1; and resuspended 

i n 0.1M phosphate b u f f e r , pH7.7. T h i s membrane suspension 

was added t o 2.4ml of the same phosphate b u f f e r i n a quartz 

10mm fluoresoenoe c u v e t t e , to g i v e an o p t i o a l d e n s i t y of 

0.1 a t 500nm, on a dual beam C e o i l spectrophotometer. The 
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probe, D.P.H., was introduced i n t o the membranes as 
f o l l o w s : 2uL of a 2mM s o l u t i o n i n g l a s s - d i s t i l l e d 
t e t r a h y d r o f u r a n , was added i n t o the c u v e t t e with r a p i d 
mixing. The cuve t t e was then incubated f o r 15 minutes at 
37°C. Cuvettes were then cooled to about 4°C before the 
s t a r t of a temperature run between 4-50°C. S e v e r a l 
c u v e t t e s could be taken through any given run BO t h a t the 
thr e e membrane types had t h e i r f l u o r e s c e n c e p o l a r i z a t i o n 
measurements determined i n e x a c t l y the same c o n d i t i o n s . 
Cuvettes, when read, were placed i n a t h e r m o s t a t i c a l l y 
c o n t r o l l e d chamber; the remaining c u v e t t e s were maintained 
a t about the same temperature, using a s e p a r a t e chamber. 
T h i s system was maintained w i t h i n ±0.1°C of the r e q u i r e d 
temperature with a Jubabo thermostated c i r c u l a t o r ; cuvette 
temperature was measured with a c a l i b r a t e d t h e r m i s t o r . The 
thermostated c u v e t t e chamber was c o n s t r u c t e d to i n c l u d e 
p r o v i s i o n f o r the gass i n g of cuve t t e s u r f a c e s with dry 
nitrogen gas a t sub-ambient temperatures, to prevent 
condensation i n a humid atmosphere. 

iBStrumentatiQ/n and Steady S t a t e F l u o r e s c e n c e E Q l a E i z a t i Q n 

measurement 

Steady s t a t e p o l a r i z a t i o n of D.P.H. f l u o r e s c e n c e was 

measured with an analogue T-format f l u o r i m e t e r (Applied 

Photophysic L t d . ) , s i m i l a r to t h a t d e s c r i b e d by Jameson e t 

a l , (1980), but with modified e x c i t a t i o n o p t i c s , analogue 

p h o t o m u l t i p l i e r s , and r a d i o m e t r i c a m p l i f i e r . The 

f l u o r i m e t e r was mounted on a 1/4 i n c h aluminium o p t i c a l 
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bench. The e x c i t a t i o n wavelength was 360nm; the e x c i t a t i o n 
path was f i l t e r e d with a Corning 7-54 broadband pass f i l t e r 
and the emission path with a Corning 3-73 sharp out f i l t e r . 
The p h o t o m u l t i p l i e r voltage was smoothed by continuously 
averaging the p o l a r i z a t i o n r a t i o using a BBC microcomputer 
(model B, Acorn Computers L t d . , Cambridge), connected to an 
Acorn 12-bit a n a l o g u e - t o - d i g i t a l converter. The computer 
was programmed to provide an average of 256 i n d i v i d u a l 
conversions which were themselves continuously averaged 
u n t i l a s t a b l e value to 3 decimal places was obtained. 

P o l a r i z a t i o n of fluoresoence (p) was c a l c u l a t e d from 

the f o l l o w i n g equation: 

P = 
• x . » +

 J± 

where I ( | and I ^ a r e the i n t e n s i t i e s of f l u o r e s c e n t l i g h t 

d e t ected through p o l a r i z e r s o r i e n t a t e d p a r a l l e l and 

p e r p e n d i c u l a r , r e s p e c t i v e l y , to the e x c i t a t i o n l i g h t . 

In p r a c t i c e the r a t i o of I J ( to Ij_ was 

determined and t h i s was i n s e r t e d into the : 

the f o l l o w i n g equation: 

( I ( ( / I j _ ) - 1 
p = 

(I„/Ij_) + 1 
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RESULTS g DISCUSSION 

The D.P.H. fl u o r e s c e n c e p o l a r i z a t i o n of the plasma 

membranes ( F i g . 4.1) i n d i c a t e t h a t both the D23 and Mc7 

tumour plasma membranes were l e s s ordered than those from 

the l i v e r a t a l l temperatures from 4-50^2, and t h a t t h i s 

d i f f e r e n c e i n c r e a s e s with i n c r e a s i n g temperature. The 

i n t e r c e p t s of the graphs f o r the D23 and Mc7 tumour plasma 

membranes are s i g n i f i c a n t l y d i f f e r e n t from the i n t e r c e p t of 

the graph f o r l i v e r membranes, (p<0.01 fif p<0.001, 

r e s p e c t i v e l y ) . There is,however, no s a t i s t i c a l d i f f e r e n c e 

between the s l o p e s of a l l t h r e e membrane types, and no 

d i f f e r e n c e between the two tumour p l o t s i n terms of e i t h e r 

slope or i n t e r c e p t . Therefore i t appears t h a t a t 

hyperthermic temperatures, t h e r e i s a d i f f e r e n c e i n order 

between the normal and tumour membranes, which could 

c o n t r i b u t e to the d i f f e r e n t i a l s e n s i t i v i t y of some tumour 

c e l l s to hyperthermia. ~ 

I n a more d e t a i l e d a n a l y s i s of the r e s u l t s , the f i r s t 

t h i n g to co n s i d e r i s the g r e a t e r v a r i a t i o n w i t h i n the 

p o l a r i z a t i o n v a l u e s of the tumour membranes compared t o 

those from l i v e r . There a r e a number of p o s s i b l e 

e x p l a n a t i o n s . Within a given t i s s u e membrane v a r i a t i o n has 

s e v e r a l components. Experimental and measuring e r r o r s 

ought to be common and so the g r e a t e r v a r i a b i l i t y i n the 

tumour membranes, as compared to those from the l i v e r , must 

r e f l e c t v a r i a b i l i t y i n the t i s s u e souroe m a t e r i a l . T h i s i s 

emphasised by the rep o r t e d l a r g e r v a r i a b i l i t y i n tumour 
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l i p i d composition (Chapter 3 ) . S o l i d tumours are 
heterogenous and con t a i n , f o r example, host macrophages 
(Evans, 1972). S e r i o u s macrophage contamination was 
avoided by t a k i n g 'healthy' t i s s u e , but c l e a r l y a 
d i f f e r e n t i a l macrophage composition of s t a r t i n g t i s s u e 
could a l s o c o n t r i b u t e to the v a r i a t i o n observed i n F i g . 
4.1. 

As s t a t e d i n the i n t r o d u c t i o n l i t t l e work has been 

done on the D.P.H. fl u o r e s o e n c e p o l a r i z a t i o n of tumour 

plasma membranes. I n the main leukaemic and lymphoma c e l l 

t y pes have been s t u d i e d , and i n these c e l l t ypes the plasma 

membranes have been found to be l e s s ordered, or more 

' f l u i d ' than the normal, non-cancerous ones, Inbar, (1976), 

Inbar 6? S h i n i t z k y , (1974), Van B l i t t e r s w i j k e_t &1. (1977). 

Johnson, (1981), a l s o found decr e a s e s i n D.P.H. 

f l u o r e s c e n c e ' p o l a r i z a t i o n i n mouse leukaemic c e l l l i n e s , 

but d i d not observe any de c r e a s e s i n the f l u i d i t y of human 

leukaemias and lymphomas, as suggested by In b a r and 

S h i n i t z k y , (1974). T h i s d i f f e r e n c e Johnson a t t r i b u t e d to 

the degree of c e l l p u r i t y . P a t i e n t s with u n t r e a t e d 

lymphocytic leukaemias have a l a r g e number of lymphocytes 

i n t h e i r blood, so t h e r e i s l i t t l e contamination from c e l l 

types (eg. l e u k o c y t e s and p l a t e l e t s ) and i t i s p o s s i b l e t o 

obtain a v i r t u a l l y pure lymphocyte p r e p a r a t i o n . Normal 

h e a l t h y people have a much lower proportion of lymphocytes 

i n t h e i r blood so t h e r e i s p r o p o r t i o n a l l y more 

contamination from other c e l l t y p es. Thus the membrane 

p r e p a r a t i o n obtained from 'normal' lymphocytes by S h i n i t z k y 
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and coworkers were mixtures and not s u i t a b l e c o n t r o l s for 
the membranes obtained from the cancerous c e l l type. 

The question i s how to r e l a t e t h i s lower order of 

tumour membranes to the composition of the plasma membrane, 

p a r t i c u l a r l y the l i p i d s s t u d i e d i n chapter 3. 

There i s a problem i n r e l a t i n g phospholipid head group 

to membrane order. The problem i s that although head group 

can e f f e c t the a c y l c h a i n s of the b i l a y e r , i t i s d i f f i c u l t 

to understand t h e i r r e l a t i v e importance, due to the 

v a r i a b l e f a t t y a c i d composition of the c h a i n s (Stubbs, 

1983). Nofte-theless y sphingomyelin i s c l e a r l y important i n 

membrane p h y s i c a l s t r u c t u r e , and i s know to s t a b i l i z e 

membranes ( S h i n i t z k y 5? Barenholz, 1974 and Borochov e t &1. 

1977). The Mc7 plasma membranes had f a r more SM than those 

of the D23, so from the known nature of SM i t might be 

p r e d i c t e d t h a t the D23 plasma membranes should be f a r more 

f l u i d than the those of the Mc7; t h i s i s not the case, 

t h e r e i s no s i g n i f i c a n t d i f f e r e n c e between the f l u i d i t y of 

the two tumour plasma membranes. The other changes in 

ph o s p h o l i p i d c l a s s were a s l i g h t e l e v a t i o n i n the PC/PE 

r a t i o i n the D23 plasma membranes, and a lowering i n t h i s 

r a t i o i n the Mc7 plasma membranes when comparing the tumour 

membranes w i t h the l i v e r . Boyle and Dean, (1982), reported 

t h a t lower PC/PE r a t i o s c o r r e l a t e d with an i n c r e a s e in 

m i c r o v i s c o s i t y ( o r a i n c r e a s e i n order) a s - i n d i c a t e d by i a 

Y i t r Q f l u o r e s c e n c e p o l a r i z a t i o n . Again i t i s p o s s i b l e to 

suggest t h a t the D23 plasma membrane i s l e s s ordered than 
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those of l i v e r because of an i n c r e a s e d PC/PE r a t i o , but one 
might expect, u s i n g s i m i l a r e x t r a p o l a t i o n , the Mc7 plasma 
membranes to have an i n c r e a s e d order due t o t h e i r l o v e r 
PC/PE r a t i o s , and t h i s i s not the case. Again i t i s 
d i f f i c u l t to p r e d i c t changes i n membrane order from a 
c o n s i d e r a t i o n of plasma membrane phospholipid c l a s s alone. 
A c l e a r e r r e l a t i o n s h i p between l i p i d content and plasma 
membrane order i s apparent when c o n s i d e r i n g the f a t t y a c i d 
u n s a t u r a t i o n of the phospholipids and the , l e v e l s of 
membrane c h o l e s t e r o l . 

F a t t y a c i d u n s a t u r a t i o n i s an important means of 

modifying c e l l membrane p h y s i c a l p r o p e r t i e s i n many 

organisms eg., b a c t e r i a , p l a n t s and f i s h (Hazel & Pr o s s e r , 

1974), but i s not as important i n mammalian plasma 

membranes. A great d e a l of work has been done on modifying 

the f a t t y a c i d s a t u r a t i o n of plasma membranes e n z y m a t i c a l l y 

or by d i e t . Workers have often been able t o produce 

decreased membrane order when the u n s a t u r a t i o n of the 

membrane phospholipid f a t t y a c i d s has been i n c r e a s e d , 

p a r t i c u l a r l y when 18:1 and 18:2 l e v e l s have been 

r a i s e d . ( R e v i e w Stubbs & Smith, 1984). These workers have 

suggested t h a t the changes i n f a t t y a c i d s a t u r a t i o n 

r e q u i r e d to e l i c i t observable changes i n membrane order a r e 

often extreme, and t h e r e f o r e may not r e f l e c t a s i t u a t i o n 

which could ever occur n a t u r a l l y . However, C o s s i n s and 

Prosse r , (1978), i n t h e i r study of s y n a p t i c membranes from 

a v a r i e t y of animal s p e c i e s , have shown t h a t membrane 

f l u i d i t y i s p r i n c i p a l l y i n f l u e n c e d by the f a t t y a c i d 
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composition of the phosphoglycerides. They found a very 
good c o r r e l a t i o n between f l u o r e s c e n c e p o l a r i z a t i o n and the 
r a t i o of sa t u r a t e d / u n s a t u r a t e d f a t t y a c i d s . I t has been 
suggested by Johnson, (1981) t h a t f r e e f a t t y a c i d s could be 
important i n determining membrane order, but t h i s was not 
i n v e s t i g a t e d i n the c u r r e n t study. 

The r e l a t i v e importance of f a t t y a c i d u n s a t u r a t i o n has 

been brought i n question by a number of other s t u d i e s . For 

example, Owen e t a l . (1982), showed t h a t the er y t h o c y t e 

plasma membrane i n p a t i e n t s with a l i v e r d i s e a s e had 

i n c r e a s e d c h o l e s t e r o l content and in c r e a s e d f a t t y a c i d 

s a t u r a t i o n . When c h o l e s t e r o l l e v e l s were normalised by 

in c u b a t i o n with normal plasma, the order of the membranes, 

as i n d i c a t e d by D.P.H. f l u o r e s c e n c e p o l a r i z a t i o n , r e t u r ned 

to normal l e v e l s , d e s p i t e the r a i s e d f a t t y a c i d s a t u r a t i o n . 

Also i n the' study of H e r r i n g gt a l - (1980), on the 
i n order 

microrganism D i o t o s t e l i u m disco.ide.um, no change^was seen by 

D.P.H. f l u o r e s c e n c e p o l a r i z a t i o n or the E.S.R. of 

5' deoxystearate when f a t t y a c i d s a t u r a t i o n changed. The 

r e l a t i v e importance of c h o l e s t e r o l over other membrane 

l i p i d s i n determining the p h y s i c a l s t a t e of the plasma 

membrane i n tumour c e l l s has been shown by Van B l i t t e r s w i j k 

gt a l . (1977, 1983) i n t h e i r s t u d i e s of leukaemic plasma 

membranes showed t h a t t h e r e was a lowered membrane order 

( a s d e t e c t e d by D.P.H. f l u o r e s c e n c e p o l a r i z a t i o n ) i n 

oanoerous plasma membranes compared to normal membranes. 

Unf ortunately^ i t was d i f f i o u l t t o a s o r i b e t h i s ohange i n 

order to a s i n g l e change i n membrane s t r u c t u r e beoause 

http://disco.ide.um
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t h e r e were s e v e r a l d i f f e r e n c e s i n the l i p i d composition 
between normal and cancer c e l l s (eg. l o w e r SM , l o w e r 
c h o l e s t e r o l / p h o s p h o l i p i d r a t i o s and e l e v a t e d l e v e l s of 
phospholipid f a t t y a c i d u n s a t u r a t i o n ) . However these w o r k e r s 
i n the same s t u d y l o o k e d a t the d i f f e r e n c e s i n o r d e r 
between plasma membranes and e x t r a c e l l u l a r v e s i c l e s (ECVs) 
shed from them. There was a decrease i n order when going 
from the plasma membranes to the ECVs, but the only change 
i n l i p i d composition was a decreased 

p h o s p h o l i p i d / c h o l e s t e r o l r a t i o . Thus the l e v e l of membrane 

c h o l e s t e r o l i s again seen as the the most important f a c t o r 

i n detemining changes i n plasma membrane order i n mammalian 

c e l l s . 

The plasma membranes of both tumours had lowered 

c h o l e s t e r o l l e v e l s compared to the e q u i v a l e n t membranes 

from l i v e r , and t h i s i s l i k e l y , as argued above, to be the 

major cause of t h e i r lowered order compared to l i v e r . As 

d i s c u s s e d i n Chapter 3, the c e l l u l a r l e v e l of c h o l e s t e r o l 

i s r e l a t e d t o the degree of s e n s i t i v i t y of many c e l l l i n e s 

to hyperthermia ( C r e s s & Gerner, (1980).But u n t i l t h i s 

study l i t t l e work has been done to t r y and c o r r e l a t e the 

l e v e l of plasma membrane c h o l e s t e r o l , the order of t h i s 

membrane and the s e n s i t i v i t y of the tumour to hyperthermia. 

Lepock gt &1 (1983) have shown t h a t t h e r e i s a l a c k of 

c o r r e l a t i o n between plasma membrane l i p i d phase t r a n s i t i o n s 

and hyperthermia, but as Lepock h i m s e l f has suggested, 

(Lepook, 1982) some i f not a l l membranes undergo 
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i r r e v e r s i b l e s t r u c t u r a l t r a n s i t i o n s a f t e r mild hyperthermia 
(41-44°C). and these a r e probably due to the denaturation 
of membrane p r o t e i n s , l e a d i n g to the impairment of c e l l , 
f u n c t i o n . Thus the importance of the changes i n the l i p i d 
composition and order of the D23 and Mc7 tumour plasma 
membranes i n the hyperthermic s e n s i t i v i t y of these tumours 
to heat may be only f u l l y r e a l i z e d when c o n s i d e r i n g how 
these f a c t o r s a f f e c t membrane p r o t e i n t h e r m o s t a b i l i t y . 
Therefore i t seems c r u c i a l to i n v e s t i g a t e the e f f e c t of 
heat, and other membrane pe r t u r b a n t s , on the s t a b i l i t y of 
membrane p r o t e i n s . T h i s i s the aim of the work presented 
i n the next chapter. 

I t i s important to note, as Bowler e_t a l . (1982) has 

suggested, t h a t such gross s t r u c t u r a l changes might not 

been n e c e s s a r y f o r the onset of hyperthermic c e l l death as 

the decreased order of the tumour plasma membranes makes 

them more f l u i d , and t h e r e f o r e more permeable at any given 

temperature, as compared with normal plasma membranes. 
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SECTION 2. THE EFFECT OF MEMBRANE PERTURBANTS ON TUMOUR 

PLASMA MEMBRANES 

5. THE EFFECT OF TETRACAINE ON TUMOUR AND LIVER PLASMA 

MEMBRANES AND THE MEMBRANE BOUND Mg2+-ATPase 

INTRQDUCTIQN. 

The f i r s t s e c t i o n of t h i s t h e s i s has e s t a b i s h e d the 

c h a r a c t e r i s t i c s of the plasma membranes from two tumours, the 

D23 hepatoma and the Mc7 sarcoma; the membrane p u r i t y has been 

a s s e s s e d , the major l i p i d s c h a r a c t e r i z e d i n some d e t a i l , and the 

p h y s i c a l s t a t e of these membranes determined. The data has 

confirmed the suggestion by some (eg. Y a t v i n , 1977, and Dennis 

& Y a t v i n , 1981) t h a t the i n c r e a s e d s u s c e p t i b i l i t y of many tumour 

c e l l s to hyperthermia could l i e i n the d i f f e r e n c e s i n l i p i d 

composition and decreased membrane order of t h e i r plasma 

membranes. Hyperthermia i s known to have a d i s o r d e r i n g e f f e c t 

on the plasma membranes which may e v e n t u a l l y l e a d to i n c r e a s e d 

membrane p e r m e a b i l i t y and l o s s of f u n c t i o n as i n d i c a t e d by 

Bowler, (1981), e v e n t u a l l y l e a d i n g to c e l l death. However there 

a r e other membrane p e r t u r b a n t s b e s i d e s heat, i n c l u d i n g a wide 
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range of drugs and other chemicals ( f o r recent review see 

G o l d s t e i n , 1984). These membrane perturbants i n c l u d e a l c o h o l s , 

eg. ethanol; and l o c a l a n a e s t h e t i c s , eg. phenobarbitol, 

proca i n e and t e t r a c a i n e . The e f f e c t i v e n e s s of such drugs i n 

enhancing the hyperthermic k i l l i n g o f c e l l s has a l r e a d y been 

i n v e s t i g a t e d , p r i n c i p a l l y by Y a t v i n and co-workers ( Y a t v i n , 

1977, Y a t v i n & Dennis, 1978, and Y a t v i n e i a l 1982). They have 

e s t a b l i s h e d t h a t t e t r a c a i n e had the g r e a t e s t e f f e c t i n 

p o t e n t i a t i n g the hyperthermic k i l l i n g of b a c t e r i a . The 

i n t e r a c t i o n of t e t r a c a i n e with membranes has been e x t e n s i v e l y 

s t u d i e d , both i n model systems (eg. S i k a r i s & Sawyer, 1982, 

Boulanger e t a l 1981, and S c h r e i e r et a l 1984), and a l s o i n 

b i o l o g i c a l membranes (eg. Ondrias et a l 1983, Coakley et a l 

1983, and Mahler & Singer, 1984). For these reasons t h i s 

c a t i o n i c l o c a l a n a e s t h e t i c was s e l e c t e d i n the c u r r e n t study to 

determine the combined e f f e c t of hyperthermia and membrane 

f l u i d i z e r s on the s t r u c t u r e of the plasma membranes from l i v e r 

and the two tumours, D23 and Mc7~ 

T h i s study i n v o l v e d two se p a r a t e s e c t i o n s : a) The e f f e c t of 

t e t r a c a i n e on the p h y s i c a l p r o p e r t i e s of the t h r e e plasma 

membranes, and b) A study of the t h e r m o - l a b i l i t y of an i n t e g r a l 

membrane p r o t e i n i n the t h r e e membrane type s and how t h a t 

l a b i l i t y i s modified by the i n t r o d u c t i o n of t e t r a c a i n e , a 

membrane perturbant. 

The f i r s t technique, u s i n g D.P.H. f l u o r e s c e n c e 

p o l a r i z a t i o n has been d e s o r i b e d i n d e t a i l i n Chapter 4. 

Unfortun a t e l y , although t e t r a c a i n e i s the b e s t c a n d i d a t e i n 
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terms of the p o t e n t i a t i o n of hyperthermia, i t , i n common with 
other amine based l o c a l a n a e s t h e t i c s , i s a f l u o r e s c e n c e 
quencher. F o r t u n a t e l y at the pH used i n these s t u d i e s the 
amount of quenching i s s m a l l , ( S i k a r i s & Sawyer, 1982). 

The second approach, examining the t h e r m o - s t a b i l i t y of an 

i n t e r g r a l membrane p r o t e i n , i s one which has been used by 

Bowler, C o s s i n s and co-workers t o monitor homeoviscous adaption 

and the consequent changes i n membrane l i p i d composition and 

membrane order, ( C o s s i n s & Bowler, 1976, C o s s i n s et &! 1981). 

I n other words the i n t e g r a l membrane p r o t e i n s e r v e s as a n a t u r a l 

probe of membrane f u n c t i o n and complements the approach u s i n g 

a r t i f i c a l probes which themselves may d i s r u p t membrane 

s t r u c t u r e . I t a l s o has the advantage of monitoring a def i n e d 

environment, t h a t i s the ad j a c e n t r e g i o n of the l i p i d bilayer„ 

I t does not give the same k i n d of ' p i c t u r e ' as D.P.H. 

f l u o r e s c e n c e p o l a r i z a t i o n , which r e p r e s e n t s a weighted average 

of a l l the d i f f e r e n t membrane domains. T h i s kind of approach i n 

stu d y i n g tumour plasma membranes i s r a r e i n the l i t e r a t u r e , 

however t h e r e i s one study by Emmelot and Bos, (1968), which 

looked a t the t h e r m o - l a b i l i t y of the Na+/K+-ATPase and the 

Mg2+-ATPase i n hepatoma plasma membranes. 

I n t h i s c u r r e n t study the Mg2+-ATPase was s e l e c t e d . T h i s 

was because of i t s r e l a t i v e abundance, compared to say the 

Na+/K+-ATPase, i n the tumour membranes, not beoause of i t s 

f u n c t i o n a l s i g n i f i c a n c e i n the plasma membrane. I n f a c t i t s 

f u n c t i o n i s obsoure, though Forgac & Can t l e y . (1984), have 

r e o e n t l y shown t h a t i t i s not an i o n i o pump i n human e r y t h r o c y t e 
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membranes. 

MATERIALS. AND METHQDS 

i • I s o l a t i o n Qf plasma membranes 

Plasma membrane enr i c h e d f r a c t i o n s were obtained from 

l i v e r , and the two tumours, D23 and Mc7, usi n g the methods 

d e s c r i b e d i n Chapter 1, s e c t i o n 1. 

2. D.p.H. Steady s t a t e FiuQ.r_esc.enQe P_o.iarizatio_n 

The plasma membranes from l i v e r and the D23 and Mc7 

tumours were prepared f o r f l u o r e s c e n c e p o l a r i z a t i o n 

measurement u s i n g the methodology d e s c r i b e d i n Chapter 4, 

M a t e r i a l s and methods s e c t i o n 1. A concentrated s o l u t i o n 

of t e t r a c a i n e was added to t h r e e c u v e t t e s t o g i v e f i n a l 

c o n c e n t r a t i o n s o f e i t h e r 0, 1.0 or 5mM t e t r a c a i n e . On 

a d d i t i o n of the a n a e s t h e t i c the c u v e t t e s were allowed to 

stand for 15 minutes i n order to a l l o w for the 

e q u i l i b r a t i o n of the reagent w i t h the membranes. A f t e r 

t h i s time the change i n p o l a r i z a t i o n a g a i n s t temperature 

4-50^C was c a r r i e d out as p r e v i o u s l y d e s c r i b e d i n Chapter 

4. A s t a t i s t i c a l treatment of the r e s u l t s was c a r r i e d out 

u s i n g the a n a l y s i s of c o v a r i a n c e option from the MIDAS 

s t a t i s t i c a l package. 

3. I b e r a a l i B a e t i s a t i C E c f the MgS±rATPase 

http://FiuQ.r_esc.enQe
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Plasma membranes were d i l u t e d using a medium 

cont a i n i n g ImM E.D.T.A., 20mM imidazole buffer,pH7.2. 

0.3ml of the membrane suspension was added t o 

p r e - e q u i l i b r a t e d g l a s s tubes h e l d i n a 'Forbes E a r ' . T h i s 

equipment maintained a temperature gradient between 

37-63°C. At each temperature t h e r e were 4 d i f f e r e n t 

c o n d i t i o n s , 3 tubes contained t e t r a c a i n e a t s e v e r a l 

c o n c e n t r a t i o n s ( f o r d e t a i l s see F i g s . 5.6-5.8), and the 

fou r t h tube a c t e d as a c o n t r o l . The tubes were inoubated 

f o r e x a c t l y 10 minutes, and then they were plaoed on i c e , 

to prevent f u r t h e r i n a c t i v a t i o n . The r e s i d u a l Mg2+ATPase 

a c t i v i t y was then assayed. 

Assay Ql r e s i d u a l Mg2.±ATEase a c t i y i t y 

The enzyme was assayed i n a s i m i l a r way t o the 

Na+/K+ATPase ' d e s c r i b e d i n Chapter 1. The r e a c t i o n 

c o n d i t i o n s were as f o l l o w s : lOmM K+, 3mM Mg2+, and lOOmM 

Na+ i n 20mM imidazole b u f f e r , pH 7.2, i n the presence of 

ImM ouabain. ATP (sodium s a l t ) was added to gi v e a f i n a l 

c o n c e n t r a t i o n of 3mM. I n c u b a t i o n s were c a r r i e d out a t 

37°C. The r e a c t i o n was s t a r t e d by the a d d i t i o n of 0.3ml of 

enzyme suspension to g i v e a f i n a l volume of 2ml. The 

r e a c t i o n was stopped and the i n o r g a n i c phosphate l i b e r a t e d 

was determined i n the same way as f o r the Na+/K+-ATPase 

d e s c r i b e d i n Chapter. 2, s e c t i o n 2b. 

RESULTS 
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F i g u r e s 5.1-5.3 show the e f f e c t of t e t r a c a i n e on the 

l i v e r , D23 and Mc7 plasma membranes r e s p e c t i v e l y . The 

p l o t s are averages of 3 separate membrane i s o l a t i o n s taken 

over a pe r i o d of 18 months. The standard errorsabout each 

point are omitted f o r c l a r i t y , but a s t a t i s t i c a l treatment 

of t h e s e r e s u l t s i s presented i n Table 5.1. The equations 

of the l i n e s for c o n t r o l and lmM t e t r a c a i n e runs are 

prese n t e d i n Table 5.1. L i n e s generated by the a d d i t i o n of 

5mM t e t r a c a i n e were not l i n e a r and t h e r e f o r e oould not be 

t r e a t e d i n t h i s manner. No s t a t i s t i c a l d i f f e r e n c e i n the 

sl o p e of the l i n e s i s produced by the a d d i t i o n of lmM 

t e t r a c a i n e to e i t h e r l i v e r , D23 or Mo7 plasma membranes. 

There i s , however, a s i g n i f i c a n t change i n the i n t e r c e p t on 

the a d d i t i o n of lmM t e t r a c a i n e to the D23 and Mc7 tumour 

membranes (p<0.002). Although t h e r e i s a s i m i l a r change i n 

i n t e r c e p t produced by the a d d i t i o n of lmM t e t r a c a i n e to the 

l i v e r plasma membranes, i t i s not s t a t i s t i c a l l y 

s i g n i f i c a n t t. 

The r e s u l t s show t h a t i n a l l t h r e e membrane types 

t e t r a c a i n e d e c r e a s e s the p o l a r i z a t i o n v a l u e and t h e r e f o r e 

d e c r e a s e s membrane order. T h i s e f f e c t does not appear to 

f o l l o w a c l a s s i c dose response, t h a t i s 5mM t e t r a c a i n e has 

l i t t l e more e f f e c t than ImM t e t r a c a i n e . The o v e r a l l e f f e c t 

of lmM t e t r a c a i n e i s more pronounced on the tumour plasma 

membranes than the same type of membranes from l i v e r a t a l l 

temperatures. The e f f e c t of t e t r a c a i n e i s to s h i f t the 

curve along the temperature a x i s , so t h a t f o r lmM 

t e t r a o a i n e t h e s h i f t i s 3, 7, and 6°C f o r the l i v e r , D23, 
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TABLE 5.1 

E f f e c t of t e t r a c a i n e on the steady s t a t e f l u o r e s c e n c e 
p o l a r i z a t i o n of D.P.H. i n l i v e r and tumour plasma 
membranes. Equations of the l i n e s generated u s i n g the 
MIDAS s t a t i s t i c a l package. 

Membrane 
, type 

T e t r a c a i n e 
conc'n/mM 

p 

M x 10Z C 

LIVER 0 -0 325 0 409 

1 -0 327 0 397 

D23 0 -0 381 0 387 

1 -0 386 0 370 

Mc7 0 -0 411 0 376 

1 -0 345 0 . 339 

Values f i t the form of equation: 

Y = MX 4 c 
The data was from 3 s e p a r a t e 

experiments 
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and Mc7 membranes, r e s p e c t i v e l y . Because the s l o p e s of the 

curves are not s i g n i f i c a n t l y d i f f e r e n t , the e f f e c t of 

t e t r a c a i n e on membrane order does not appear to vary much 

with temperature. For 5mM t e t r a c a i n e a t lower 

temperatures, t h e r e i s a g r e a t e r decrease i n p o l a r i z a t i o n , 

and t h e r e f o r e order, i n the two tumour plasma membranes 

than f o r the l i v e r plasma membrane. However at higher 

temperatures i n a l l three plasma membrane types t h e r e i s a 

d e v i a t i o n from the l i n e a r p l o t s so t h a t a t the h i g h e s t 

temperatures the plasma membrane appears to be more ordered 

i n the presence of 5mM t e t r a c a i n e than i n i t s absence! 

T h i s e f f e c t i s c o n s i d e r a b l y more pronounced i n the tumour 

plasma membranes, and c e r t a i n l y would not be p r e d i c t e d from 

an understanding of the a c t i o n of t e t r a c a i n e ; t h e r e f o r e the 

phenomenon was f u r t h e r i n v e s t i g a t e d . 

I t was observed, f o r example, t h a t the c u v e t t e s which 

gave th e s e p e c u l i a r v a l u e s were cloudy and t h e r e wa§ 

evidence of membrane f l o c u l a t i o n . To e l i m i n a t e from 

c o n s i d e r a t i o n any e f f e c t which was independent of the 

membranes, the f o l l o w i n g combinations of components was 

t r i e d to see i f any of them produced the c l o u d i n e s s and 

f l o c u l a t i o n observed: i)D.P.H. probe + phosphate b u f f e r + 

i n c r e a s i n g temperature, to see i f any temperature dependent 

pH change was t a k i n g p l a c e whioh might p r e c i p i t a t e the 

probe or b u f f e r . There was no e f f e c t , i i ) B u f f e r + 5mM 

t e t r a c a i n e + i n c r e a s i n g temperature, t h i s had no e f f e c t . 

And l a s t l y i i i ) D.P.H. + b u f f e r + 5mM t e t r a c a i n e + 

i n c r e a s i n g temperature, ag a i n t h e r e was no e f f e o t . 
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Therefore the c l o u d i n e s s and f l o c u l a t i o n was the r e s u l t of 

a d i r e c t e f f e c t of high t e t r a c a i n e c o n c e n t r a t i o n on the 

plasma membranes themselves. To attempt to q u a n t i f y the 

e f f e c t the fo l l o w i n g f u r t h e r experiment was c a r r i e d out. 

L i v e r membranes were taken at v a r i o u s c o n c e n t r a t i o n s ( t o 

giv e ODs a t 500nm of 0.1, 0.2, and 0.3), and then the 

e f f e c t of 5mM t e t r a c a i n e a t two d i f f e r e n t temperatures (10 

and 37°C was a s s e s s e d i n terms of i ) p o l a r i z a t i o n 

i i ) o p t i c a l d e n s i t y 500nm. A f t e r the p o l a r i z a t i o n v a l u e f o r 

a given sample had been obtained the c u v e t t e was 

immediately removed and p l a c e d i n a spectrophotometer which 

was e q u i l i b r a t e d t o the same temperature, and the OD a t 

500nm was recorded. The r e s u l t s a r e presented i n f i g s . 

5.4 & 5.5. F i g . 5.4 shows the e f f e c t s on p o l a r i z a t i o n of 

temperature and t e t r a c a i n e confirms f i r s t , t h a t t h e r e i s 

v e r y l i t t l e e f f e c t on p o l a r i z a t i o n v a l u e when membrane 

c o n c e n t r a t i o n i s changed, and second, t h a t i n c r e a s e d 

temperature l e a d s to decreased p o l a r i z a t i o n v a l u e s and 

hence 'order'. F i g . 5.5 r e c o r d s the e f f e c t on the OD of 

5mM t e t r a c a i n e and shows some i n t e r e s t i n g t r e n d s . The 

f i g u r e i n d i c a t e s t h a t when l i v e r plasma membranes without 

t e t r a c a i n e a r e taken from 10 to 3 7 ^ t h e r e i s an o v e r a l l 

d ecrease i n OD. The e f f e c t w i t h the membranes p l u s 5mM 

t e t r a c a i n e i s the r e v e r s e , i e . the OD i s g r e a t e r a t 10 

than 37°C. But more i m p o r t a n t l y , a t both 10 and 37° C t h e r e 

i s a l a r g e i n o r e a s e Xn OD when compared t o the l i v e r plasma 

membranes, a t the same temperatures, without t e t r a c a i n e . 

F i g u r e s 5.6-5.8 show the e f f e c t of i n c r e a s i n g 
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t e t r a c a i n e c o n c e n t r a t i o n on the t h e r m o s t a b i l i t y of the 

membrane bound Mg2+-ATPase from l i v e r , D23 and Mc7 plasma 

membranes, r e s p e c t i v e l y . P r o b i t s were used to convert the 

sigmoidal dose response curve i n t o a l i n e a r form, and then 

p l o t t e d a g a i n s t temperature. A p r o b i t of 5.0 r e p r e s e n t s 

50% i n a c t i v a t i o n of the enzyme. They show t y p i c a l r e s u l t s , 

not means, and were f i t t e d to a s t r a i g h t l i n e u s i n g an 

unweighted l e a s t squares method. The slope of the l i v e r 

enzyme i s s t e e p e r than the s l o p e of the two tumour enzymes 

which are s i m i l a r i n g r a d i e n t . The temperatures at which 

50% of the Mg2+-ATPase i s i n a c t i v a t e d , at each t e t r a c a i n e 

c o n c e n t r a t i o n , f o r each type of plasma membrane, are 

presented i n the legends of F i g u r e s 5.6-8. These a r e the 

averages from t h r e e separate experiments, and were again 

produced using an unweighted l e a s t squares method. The 95% 

confidence l i m i t s of the temperature which produoes 50% 

i n a c t i v a t i o n ' ( p r o b i t of 5) of the enzyme were c a l c u l a t e d 

u s i n g F i e l l e r ' s Theorum u s i n g the methods d e s c r i b e d by 

Finney, (1978). I t i s v e r y c l e a r from f i g u r e s 

5.6-5.8, t h a t the tumour enzymes a r e c o n s i d e r a b l y more 

th e r m o - l a b i l e than the same enzyme from l i v e r . The D23 

Mg2+-ATPa6e i s 50% i n a c t i v a t e d a t 47.51±0.185°C, and the 

Mc7 enzyme a t 46.34±0.25°C, where as the Mg2+-ATPase from 

l i v e r plasma membranes i s not 50% i n a c t i v a t e d u n t i l the 

temperature reaches 53.87±0.317°C. T h i s r e p r e s e n t s a 

d i f f e r e n c e between th.e tumour and normal enzyme of about 

7°C. 

The e f f e c t of t e t r a o a i n e i s t o p o t e n t i a t e f u r t h e r the 
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i n a c t i v a t i o n , so that with i n c r e a s i n g t e t r a c a i n e 

c o n c e n t r a t i o n the 50% i n a c t i v a t i o n temperature of the 

enzyme i s p r o g r e s s i v e l y lower. The e f f e c t of t e t r a c a i n e 

produces a s i m i l a r drop i n the 50% i n a c t i v a t i o n temperature 

of the Mg2+-ATPase i n a l l t h r e e types of plasma membranes. 

For example ImM t e t r a c a i n e produces a drop i n the 50% 

i n a c t i v a t i o n temperature of 3.4, 2.0, and 1.8 eC f o r the 

l i v e r , D23, and Mc7 enzymes, r e s p e c t i v e l y . 5mM t e t r a c a i n e 

reduces the temperature r e q u i r e d to i n a c t i v i t e 50% of the 

l i v e r enzyme a c t i v i t y by 6.6°C, and 3mM t e t r a c a i n e reduces 

the temperature r e q u i r e d to i n a c t i v a t e the D23 and Mc7 

tumour enzyme by 50% by 7.3 and 4.4°C, r e s p e c t i v e l y . A l l 

these d i f f e r e n c e are s t a t i s t i c a l l y s i g n i f i c a n t , and the 

s t a t i s t i c s a r e presented i n the legends of F i g s . 5.6-8. 

DISCUSSION 

The r e l a t i o n s h i p between l o c a l a n a e s t h e t i c s , membrane 

order, p r o t e i n s t a b i l i t y and temperature i s a complex one. 

I n the l i t e r a t u r e c o n t r o v e r s y abounds, and i t would be easy 

to l o s e the s i g n i f i c a n c e of the r e s u l t s presented here i n 

s p e c u l a t i o n of the d e t a i l e d i n t e r a c t i o n s t h a t take p l a c e . 

T h e r e f o r e y i t seems s e n s i b l e to h i g h l i g h t the c e n t r a l 

c o n c l u s i o n s which can be drawn from the r e s u l t s presented 

here. 

The r e s u l t s c l e a r l y i n d i o a t e t h a t : 

i ) T e t r a o a i n e d i s o r d e r s the plasma membranes of the two 
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tumours to a g r e a t e r extent than those from l i v e r . 

i i ) The Mg2+ATPase i s f a r more t h e r m a l l y s e n s i t i v e i n 

the D23 and Mc7 tumour plasma membranes than i n those from 

the l i v e r ; and, 

i i i ) T h i s s e n s i t i v i t y can be enhanced by the a d d i t i o n 

of t e t r a c a i n e to the plasma membranes of a l l three t i s s u e s . 

G o l d s t e i n , (1984) has c o n s i d e r e d the a c t i o n of drugs 

on membranes from the standpoint of f l u i d i t y changes. 

There i s no c l e a r consensus over the s i t e of a c t i o n of 

a n a e s t h e t i c s , which may be l i p i d , p r o t e i n , or both. 

However,she suggested t h a t of the drug-induced changes i n 

the hydrophobic phase of the membrane, ' f l u i d i t y may be the 

most s i g n i f i c a n t . I t i s probably the change i n membrane 

order or f l u i d i t y which i s most important when c o n s i d e r i n g 

the e x p l o i t a t i o n of l o c a l a n a e s t h e t i c a c t i o n i n the 

enhancing of tumour s e n s i t i v i t y t o hyperthermia. 

The r e s u l t s presented here c l e a r l y show t h a t 

t e t r a c a i n e has a d i s o r d e r i n g e f f e c t on tumour plasma 

membranes which i s a p p a r e n t l y g r e a t e r than i t s e f f e c t on 

l i v e r plasma membranes. There i s however a b i z z a r e e f f e c t 

on membrane order i n a l l the plasma membranes (though t h i s 

i s f a r g r e a t e r i n magnitude i n the tumour membranes), 

whereby, at high t e t r a c a i n e c o n c e n t r a t i o n s (above 3mM) and 

a t temperatures above 30°C membrane order i s a p p a r e n t l y 

i n o r e a s e d r a t h e r than deoreased. Observation and F i g . 5.5 
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i n d i c a t e t h a t these apparent i n c r e a s e s i n order are 

p a r a l l e l e d by an i n c r e a s e i n l i g h t s c a t t e r i n g , which i s 

almost c e r t a i n l y due to p r o t e i n denaturation. Since D.P.H. 

only f l u o r e s c e s when i n a hydrophobic environment, t h i s 

g a i n i n order cannot be the r e s u l t of displacement of the 

probe from the membrane. I t may be due to the f a c t t h a t a 

s i g n i f i c a n t proportion of the probe molecules a r e trapped 

i n a hydrophobic region of the denatured p r o t e i n which i s 

more ordered than the i n t a c t l i p i d b i l a y e r . A l t e r n a t i v e l y , 

i t could be t h a t the probe i s trapped i n m i o e l l e s formed 

from the t e t r a c a i n e (which i s amphipathic i n n a t u r e ) and 

t h i s environment i s again more ordered than the normal 

undisrupted membrane. I t i s u n l i k e l y t h a t t h i s e f f e c t i s 

r e l a t e d to f l u o r e s c e n c e quenching as i t only occurs a t a 

high temperature. I t i s i n t e r e s t i n g to note t h a t the 

e f f e c t becomes apparent a t about the same p o l a r i z a t i o n 

v a l u e (0.25) f o r a l l t h r e e plasma membrane types. Thus i t 

may mark a v a l u e of membrane d i s o r d e r i n g which causes 

i r r e v e r s i b l e changes to the membrane s t r u c t u r e . Although 

the p e c u l i a r nature of t h i s e f f e c t i s d i f f i c u l t to 

understand, i t s p h y s i c a l m a n i f e s t a t i o n i s t h a t t e t r a c a i n e 

has a d e s t r u c t i v e e f f e c t on membranes which i s induced at 

temperatures s i m i l a r t o those used i n c l i n i c a l 

hyperthermia. At high c o n c e n t r a t i o n s t e t r a c a i n e and other 

a m p h i p h i l i c l o c a l a n a e s t h e t i c s have a 'detergent' e f f e c t on 

membranes (eg. Mahler & Singer, 1984). These workers a l s o 

observed t h a t t h i s e f f e c t promoted g r o s s r e d i s t r i b u t i o n s of 

components i n the plane of the b i l a y e r and i t i s almost 

o e r t a i n l y t h i s detergent a o t i o n whioh l e a d s t o the p r o t e i n 
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The e f f e c t of t e t r a c a i n e does not fol l o w the c l a s s i c 

'dose response' a c t i o n o f t e n seen with drugs. T h i s i s due 

to the f a c t t h a t i t has more than one p o s s i b l e s i t e of 

a c t i o n . Although many s t u d i e s on the e f f e c t of t e t r a c a i n e 

on b i o l o g i c a l membranes and model systems have been c a r r i e d 

out, there i s u n c e r t a i n t y about i t s o r i e n t a t i o n i n the 

b i l a y e r . S i k a r i s and Sawyer, (1982), using f l u o r e s o e n c e 

quenching techniques showed t h a t the aromatic amine of 

t e t r a c a i n e r e s i d e d deep i n the p h o s p h o l i p i d b i l a y e r . 

However t h i s study was not c a r r i e d out a t p h y s i o l o g i c a l pH, 

but a t pH 9.5. Boulanger fit a l (1981) showed, i n a 

deuterium/ P31 N.M.R. study, t h a t t e t r a c a i n e e x e r t e d 

d i f f e r e n t e f f e c t s on phospholipid d i s p e r s i o n s depending on 

whether i t was p o s i t i v e l y charged ( a t pH 5) or uncharged 

( a t pH 9.5). " C l e a r l y the former form w i l l tend to i n t e r a c t 

i o n i c a l l y a t the plasma membrane s u r f a c e , whereas the 

l a t t e r w i l l have mainly a hydrophobic i n t e r a c t i o n deeper 

w i t h i n the l i p i d b i l a y e r , as suggested by S i k a r i s and 

Sawyer, (1982). These two workers have a l s o suggested t h a t 

a t p h y s i o l o g i c a l pH the p o s i t i v e form i s unable t o 

penetr a t e the b i l a y e r , and Mahler and Singer, (1984), 

suggest t h i s i s the only form a t t h i s pH(7.4). T h i s would 

mean t h a t the t e t r a c a i n e would not p e n e t r a t e the b i l a y e r a t 

a l l a t normal p h y s i o l o g i c a l pH. Other workers, however,, 

argue t h a t t e t r a c a i n e has a hydrophobic a c t i o n (eg. 

Ondrias fit a l 1983 and Grof & B e l a g y i , 1983). These 

ourrent s t u d i e s were o a r r i e d out a t pH 7.7 whioh i s not 
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s i g n i f i c a n t l y d i f f e r e n t f r o m p h y s i o l o g i c a l pH, i n terms o f 
t h e form i n which t e t r a c a i n e w i l l adopt, and t h e r e f o r e i t s 
e f f e c t could be predominantly h y d r o s t a t i c i n nature. 
C e r t a i n l y Chang and Wang, (1984), i n a s p i n l a b e l / 
f l u o r e s c e n c e probe study, suggest t h a t l o c a l a n a e s t h e t i c s 
i n t e r a c t h y d r o s t a t i o a l l y with p r o t e i n s . The v a r i a t i o n i n 
l i t e r a t u r e i s to some extent a f u n c t i o n of d i f f e r e n t pHs a t 
which the s t u d i e s have been c a r r i e d out, and the d i f f e r e n t 
p h y s i c a l techniques used. A f u r t h e r c o m p l i c a t i o n , 
suggested r e c e n t l y by S c h r e i e r e_t &1 (1984), i s t h a t i n 
model membrane systems the apparent pK of t e t r a c a i n e 
d e c r e a s e s i n the presence of membranes as a f u n c t i o n of 
membrane c o n c e n t r a t i o n . A l l of the above d i s c u s s i o n 
concerns the e f f e c t of t e t r a c a i n e a t f a i r l y high 
c o n c e n t r a t i o n s ; i t i s , however worth noting t h a t at lower 
c o n c e n t r a t i o n s t e t r a c a i n e i n common with other membrane 
per t u r b a n t s has an ordering e f f e c t on membranes. Pang and 
M i l l e r , (1978), have proposed t h a t a t low c o n c e n t r a t i o n s 
the perturbant s t a b i l i z e s the a c y l c hain, however with 
i n c r e a s i n g c o n c e n t r a t i o n of perturbant ( o r c h o l e s t e r o l ) 
t h e r e a r e an i n c r e a s i n g number of i n t e r a c t i o n s of the 
perturbant with s t a b l e c h o l e s t e r o l / p h o s p h o l i p i d complexes 
which d i s r u p t them and l e a d t o an o v e r a l l l o s s i n order. 

There a r e s e v e r a l other p r o p e r t i e s of t e t r a c a i n e which 

r e l a t e to membrane order which must be consi d e r e d . I t has 

been suggested t h a t t h e r e i s d i f f e r e n t i a l f l u i d i t y between 

the mwKiayers i n l i v e r plasma membranes (Whetton et ftl 

1982), and t h i s might w e l l occur i n the tumour plasma 
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membranes as w e l l . C a t i o n i o l o c a l a n a e s t h e t i c s , such as 
t e t r a c a i n e , have been shown to bind p r e f e r e n t i a l l y to the 
i n n e r l e a f l e t of the b i l a y e r , (Houslay e t a l 1981, Ogiso e_t 
a l 1981, & Dipple e£ a l 1983). I f the i n n e r l e a f l e t from 
the tumour plasma membranes was a l r e a d y more f l u i d than 
normal t h i s could have important i m p l i c a t i o n i n the 
i n t e r a c t i o n of a n a e s t h e t i c s and heat w i t h membrane 
p r o t e i n s , and w i l l be d i s c u s s e d l a t e r . Another important 
c a t i o n which a f f e c t s membrane order and i s reported to 
i n t e r a c t with c a t i o n i c l o c a l a n a e s t h e t i c s i s Ca2+. 

The f a c t t h a t Ca2+ reduces the f l u i d i t y of r a t l i v e r 

plasma membranes has been e s t a b l i s h e d by s t u d i e s u s i n g at 

l e a s t two p h y s i c a l techniques: a f l u o r e s c e n c e probe study, 

L i v i n g s t o n e and Schachter, (1980), and a s p i n l a b e l study, 

Gordon fit a l (1983). The l a t t e r workers have a l s o observed 

t h a t c a t i o n i o l o c a l a n a e s t h e t i c s compete wi t h Ca2+ binding 

s i t e s on the i n n e r l e a f l e t of the membrane. T h i s was f i r s t 

noted by Seeman, (1972). Other workers have suggested t h a t 

on the axonal membrane s u r f a c e , t h e r e i s no f u n c t i o n a l l y 

e s s e n t i a l c a t i o n binding s i t e which the Ca2+ and l o c a l 

a n a e s t h e t i c s compete, (Deschenes e_t a l 1981). Calcium i o n s 

have a l s o been shown to modulate f r e e f a t t y a c i d s i n l i v e r 

plasma membranes, i n c r e a s i n g the r i g i d i t y of the membrane 

s t r u c t u r e , p a r t i c u l a r l y i n the s o l i d domains (Schroeder & 

S o l e r - a r g i l a g a , 1983). The f a c t t h a t c a t i o n i o l o c a l 

a n a e s t h e t i c s can oompete w i t h Ca2+ binding' s i t e s o f f e r s 

another route whereby t h e s e agents can d i s o r d e r or f l u i d i z e 

plasma membranes. 
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The t h e r m a l i n a c t i v a t i o n s t u d i e s of t h e Mg2+ATPase 

r e v e a l that the enzyme i s a great d e a l more thermally 

l a b i l e i n the plasma membranes o f the two tumours than i n 

those o f the l i v e r . The only s i m i l a r study i n the 

l i t e r a t u r e c o n f i r m s that t h i s i s t r u e i n other tumours as 

w e l l . Emmelot and Bos, ( 1 9 6 8 ) , f o u n d t h a t the Mg2+ATPase 

f r o m a hepatoma was f a r more t h e r m a l l y l a b i l e a t 40 and 

50°C than the e q u i v a l e n t l i v e r enzyme. However they a l s o 

found the complete opposite with another plasma membrane 

enzyme the Na+/K+-ATPase, i e . the l i v e r enzyme was more 

t h e r m a l l y s e n s i t i v e than t h a t of the hepatoma. A 

p r e l i m i n a r y i n v e s t i g a t i o n i n t h i s l a b o r a t o r y using the 

Na+/K+-ATPase i n the plasma membranes of the Mc7 tumour 

showed t h a t t h e r e was l i t t l e d i f f e r e n c e between the 

t h e r m o l a M l i t y of t h i s enzyme from l i v e r . Emmelot and Bos 

a t t r i b u t e d the d i f f e r e n c e s they observed to temperature 

dependent changes i n membrane s t r u c t u r e i n the t i g h t 

j u n c t i o n s of l i v e r plasma membranes which were not seen i n 

hepatoma plasma membranes. T h i s may w e l l be the oase i n 

the present study as the tumours have an u n d i f f e r e n t i a t e d 

morphology. I t has a l s o been r e p o r t e d t h a t the a c t i v i t y of 

the Mg2+-ATPase from l i v e r plasma membranes de c r e a s e s 

markedly with i n c r e a s i n g temperature above 30°C. Therefore 

a t hyperthermic temperatures the p r o t e i n could be more 

u n s t a b l e as i t s a b i l i t y to f u n c t i o n a t these temperatures 

i s impaired. 

What a r e the p o s s i b l e r e l a t i o n s h i p s between the 

observed t h e r m o - l a b i l i t y of the tumour enzyme and the l i p i d 
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c o m p o s i t i o n and o r d e r o f t h e tumour plasma membranes 
r e p o r t e d i n Chapters 3 and 4? Cossins e t a l ( 1 9 8 1 ) , looked 
a t the t e m p e r a t u r e i n a c t i v a t i o n o f the Na+/K+-ATPase i n 
g o l d f i s h synaptosomes, and r e l a t e d decreases i n membrane 
o r d e r with the t h e r m o l i a b i l i t y o f t h i s enzyme. C o s s i n s and 
Bowler, (1976) have a l s o reported that i n t e g r a l membrane 
p r o t e i n s were f a r more t h e r m o - l a b i l e than aqueous enzymes 
i n the same organism. T h i s they r e l a t e d to the need f o r 
g r e a t e r f l e x i b i l i t y i n the t e r t i a r y s t r u c t u r e of the 
membrane p r o t e i n s i n order to maintain conformational 
f l e x i b i l i t y i n the d i s t i n c t l y ordered and a n i s o t r o p i c 
environment of the plasma membrane. The thermal s t a b i l i t y 
of the tumour membrane enzyme presented here, as i n the 
case reported by C o s s i n s e_t a l (1981), may be r e l a t e d back 
to the decreased membrane order and t h e r e f o r e the changes 
i n l i p i d composition, p a r t i c u l a r l y the lowered c h o l e s t e r o l 
l e v e l s . 

As i n d i c a t e d i n the i n t r o d u c t i o n , the f u n c t i o n of the 

Mg2+-ATPase i s u n c l e a r . Forgac and Cantley, (1984), have 

shown i t i s not an i o n pump i n human e r y t h r o c y t e s . Two 

e a r l i e r s t u d i e s on t h i s type of ATPase a c t i v i t y i n the same 

c e l l type have been c a r r i e d out by Singer and co-workers 

(Sheetz Gf Singer, 1977 and Birchmeier & Singer, 1977). 

These l a t t e r workers found t h a t the a c t i v i t y was a s s o c i a t e d 

with the conversion of a component of s p e c t r i n ( p a r t of the 

c y t o s k e l e t o n ) i n a phosphorylated form which i n t u r n was 

r e s p o n s i b l e f o r shape changes i n e r y t h r o c y t e ghosts. I n a 

completely d i f f e r e n t system, a membrane f r a o t i o n of r a t 
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s k e l e t a l muscle, i t was proposed t h a t t h e Mg2-(-ATPase which 
was found i n abundance i n t h e s e membranes r e q u i r e d t h e 
m o b i l i t y of p r o t e i n s w i t h i n the membrane to be r e g u l a t e d by 
ATP. T h i s i s again suggestive of a s i m i l a r r o l e to the one 
above. There are two important consequences of the 
o b s e r v a t i o n that the Mg2+-ATPase may be i n v o l v e d i n the 
c y t o s k e l e t o n . 

Notwithstanding our u n c e r t a i n t y of the f u n c t i o n a l r o l e 

of the Mg2+-ATPase, i t can be used as a 'probe' of membrane 

res p o n s i v e n e s s to temperature change. I f i t has an 

important r o l e i n the s t r u c t u r e of the plasma membrane i e . 

modulation of the c y t o s k e l e t o n , the marked t h e r m o l i a b i l t y 

of the tumour enzyme compared to t h a t of normal t i s s u e s may 

be a p o s s i b l e reason f o r the d i f f e r e n t i a l t h e r m o s e n s i t i v i t y 

of tumour c e l l s i n g e n e r a l . 

The second^ point t h a t can be made i s t h a t i f i t i s 

i n v o l v e d with the c y t o s k e l e t o n , i t w i l l almost c e r t a i n l y be 

l o c a t e d i n the i n n e r l e a f l e t of the plasma membrane, and 

t h e r e f o r e i s a s s y m e t r i c a l l y d i s t r i b u t e d ( l i k e f o r example 

the 5 ' - N u c l e o t i d a s e ) . I n a t l e a s t one plasma membrane 

( t h a t of the hamster l i v e r c e l l ) the two l i p i d b i l a y e r s 

have been shown to be independently c o n t r o l l e d (Houslay Cf 

Palmer, 1978). I t may be t h a t tumour c e l l s have l o s t the 

a b i l i t y to r e g u l a t e which might e x p l a i n why the 

Na+/K+-ATPase, a b i l a y e r t r a n s v e r s i n g p r o t e i n , i s not 

a f f e o t e d as muoh as the Mg2+-ATPase, whioh r e s t 6 i n the 

i n n e r l e a f l e t . 
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The d e n a t u r i n g p r o p e r t y o f heat on the Mg2+-ATPase i s 

p o t e n t i a t e d by t e t r a c a i n e i n a l l three plasma membrane 

t y p e s . The s y n e r g i s t i c e f f e c t of heat and the a n a e s t h e t i c 

produces 50% d e a c t i v a t i o n of the tumour enzymes at 45.54 

and 44.49°C f o r the D23 and Mc7 r e s p e c t i v e l y , a s i m i l a r 

temperature has been used i n hyperthermic treatment 

regimes. T h i s i s very s i g n i f i c a n t as i t i n d i c a t e s t h a t a t 

r e l a t i v e l y low temperatures (compared to l i v e r ) the 

combination of heat and membrane perturbant had a 

d e v a s t a t i n g e f f e c t on the plasma membrane. I t i s a l s o 

worth noting t h a t even a t 37°C t h e r e was some i n a c t i v a t i o n 

due to the presence of 5mM t e t r a c a i n e alone without the 

input of f u r t h e r heat. T h i s i s almost c e r t a i n l y the r e s u l t 

of the 'detergent' l i k e a c t i o n of t e t r a c a i n e when i t i s 

present i n f a i r l y high c o n c e n t r a t i o n s . T h i s e f f e c t has 

been d i c u s s e d e a r l i e r . These r e s u l t s c o n s i d e r a b l y 

r e - i n f o r c e the view t h a t the a d m i n s t r a t i o n of membrane 

f l u i d i z e r s should have a major r o l e i n improving the 

hyperthermic treatment of cancer, a point d e a l t w ith more 

f u l l y i n Chapter 7. 
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6. THE EFFECT OF ETHANOL ADMINSTRATION ON THE COMPOSITION 

AND PHYSICAL PROPERTIES OF Mc7 PLASMA MEMBRANES 

INTRODUCTION. 

The f i r s t s e c t i o n of t h i s t h e s i s was concerned with the 

c h a r a c t e r i z a t i o n of plasma membranes from two s o l i d tumours; the 

Mc7 sarcoma, and the D23 hepatoma. The l a s t chapter d e a l t with 

the immediate e f f e c t s of t e t r a c a i n e , a potent membrane 

f l u i d i z e r , on plasma membrane s t r u c t u r e . T h i s next s e c t i o n of 

the work i s concerned with the long-term e f f e c t s of a membrane 

d i s o r d e r i n g agent ( e t h a n o l ) on the l i p i d composition and 

p h y s i c a l s t a t e of the Mc7 tumour plasma membrane. The reason 

f o r t h i s i n t e r e s t i n the long term e f f e c t s of membrane 

per t u r b a n t s i s t h a t i t has been shown with a l e a s t one 

perturbant, ethanol, t h a t long-term a d m i n i s t r a t i o n w i l l induce 

t o l e r a n c e ; and r e c e n t l y L i t t l e t o n e_t &1. (1983) has shown t h a t 

ethanol produces c r o s s - t o l e r a n c e with hyperthermia. Thus t h e r e 

may e x i s t a method to manipulate the r e s i s t a n c e of tumours and 

normal t i s s u e s to heat which could be very important i n 

hyperthermia therapy. Curran and Seeman (1977), have suggested 

t h a t t h i s i s the r e s u l t of changes i n the membrane l i p i d 

compostion, which i s , i n turn,- an attempt to compensate f o r the 

f l u i d i z i n g e f f e c t s of ethanol on the membranes. Chin etoL 
(1978), f o r example, have shown t h a t e r y t h r o c y t e and 
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s y n a p t i c membranes had a s i g n i f i c a n t i n c r e a s e i n membrane 

c h o l e s t e r o l a f t e r ethanol a d m i n i s t r a t i o n i n mice. C h o l e s t e r o l 

i s known to s t a b i l i z e membranes(Oldfield & Chapman, 1972 and 

DeKruff fit a i . 1972). Also L i t t l e t o n and John, (1977). i n a 

s i m i l a r e thanol dependency experiment, have reported changes i n 

plasma membrane phospholipid f a t t y a c i d s which cotild be seen as 

compensatory. These kind of adaptive changes have been observed 

to take p l a c e i n the presence of other types of membrane 

pe r t u r b i n g drugs, f o r example morphine has been shown to 

i n c r e a s e c h o l e s t e r o l / p h o s p h o l i p i d r a t i o s and decrease membrane 

f l u i d i t y or order, (Heron fit a l . 1982). 

T h i s k i n d of adaptation has been termed 'homeoviscous' by 

Sinensky (1974) and has been shown t o be par t of many organisims 

response to changes i n environmental c o n d i t i o n s , such as 

temperature, which a l t e r the p h y s i c a l s t a t e of the plasma, and 

other membranes. The organism response i s t o change the l i p i d 

composition of the membranes i n a compensatory manner, (Hazel & 

Pro s s e r , 1974, and C o s s i n s , 1983). The c r o s s - t o l e r a n c e of heat 

and membrane pert u r b a n t s such as drugs, suggests the mechanism 

of compensation may be s i m i l a r i n both c a s e s , and t h a t the 

plasma membrane i s the key s i t e of heat a c t i o n . 

Normal c e l l s w i l l tend to change t h e i r plasma membrane 

s t r u c t u r e to compensate f o r the presence of a f l u i d i z e r , but 

many tumour c e l l s are reported t o have more f l u i d plasma 

membranes than normal o e l l s ( e g . I n b a r , 1976; Van B l i t t e r s w i j k e£ 

fil. 1977 ; and the D23 & Mc7 plasma membranes from t h i s ourrent 

study. Chapter 4 ) . I t i s q u e s t i o n a b l e whether such o e l l s could 
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respond as w e l l to the presence of a membrane perturbant when 
t h e i r plasma membranes are already c o n s i d e r a b l y more d i s o r d e r e d 
than those of normal c e l l s . I f t h i s i s indeed the case then a 
d i f f e r e n t i a l heat s e n s i t i v i t y between normal and tumour c e l l s 
could be e s t a b l i s h e d using the adaptive response induced by 
membrane f l u i d i z e r s . The object of the c u r r e n t s e r i e s of 
experiments i s to see whether t h i s suggestion i s indeed a 
p r a c t i c a l p o s s i b l i l i t y . Ethanol was used as the membrane 
perturbant because i t s long-term e f f e c t s are w e l l documented i n 
normal t i s s u e s . 

The method of ethanol a d m i n i s t r a t i o n s e l e c t e d f o r t h i s 

study was t h a t of Chin and G o l d s t e i n , (1978). They used a 

l i q u i d d i e t based on chocolate f l a v o u r e d C a r n a t i o n Slender. 

Ethanol was added to the experimental animal's s l e n d e r d i e t and 

i t s p a i r - f e d c o n t r o l r e c e i v e d a s i m i l a r s l e n d e r d i e t which had 

been balanced i s o - c a l o r i f i c a l l y by u s i n g s u c r o s e to s u b s t i t u t e 

f o r the e t h a n o l . The l i q u i d feeding of e t h a n o l has been w e l l ^ 

e s t a b l i s h e d (review, L i e b e r & D e C a r l i , 1982), but t h e r e a r e 

other methods of ethanol a d m i n i s t r a t i o n reported. For example 

IP i n j e c t i o n ( L a D r o i t t e et a l . 1984a); by e t h a n o l vapour, 

(eg. La D r o i t t e et a l - 1984b & Dunbar et a l - 1981); and by 

i n t u b a t i o n (eg. Crews et a l - 1983), The disadvantages of these 

methods a r e t h a t they induce s t r e s s ( I P i n j e c t i o n , and 

i n t u b a t i o n ) , which i t s e l f can induce changes i n l i p i d 

metabolism; or adequate, i s o - c a l o r i f i o a l l y fed oontrol£ are 

d i f f i c u l t to e s t a b l i s h (vapour). 

Plasma membranes from the Mo7 tumour grown i n e i t h e r 
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e t h a n o l t o l e r a n t r a t s or p a i r - f e d c o n t r o l s were i s o l a t e d , a l ong 

w i t h t h e s y n a p t i c membranes from t h e same a n i m a l s , and t h e i r 

l i p i d composition determined. The p h y s i c a l p r o p e r t i e s o f the 

membranes were a l s o s t u d i e d . Thus any d i f f e r e n c e s i n the 

response of normal and tumour plasma membranes t o the presence 

o f a membrane perturbant were determined. 

MATERIALS AND METHODS 

l . EthaEQl aclminiEt r a t i o s . 

Ethanol-dependent r a t s were produced u s i n g the methods 

d e s c r i b e d by Chin gt &1. (1978). T h i s method i n v o l v e d the 

a d d i t i o n of ethanol to a value of 33% of the t o t a l 

c a l o r i f i c i n t a k e by u s i n g C a r n a t i o n c h o c o l a t e f l a v o u r e d 

'Slender', a l i q u i d d i e t which had a l l the e s s e n t i a l 

m i n e r a l s a l t s " a n d n u t r i e n t s . Rats of the i n b r e d Nottingham 

s t r a i n used f o r the f i r s t p art of t h i s study were p a i r - f e d . 

The i n t a k e of a l c o h o l i c Slender of an i n d i v i d u a l r a t was 

measured d a i l y , and i t s p a i r - f e d p a r t n e r was given an 

e q u i v a l e n t volume of s l e n d e r , made i s o - c a l o r i f i c by the 

a d d i t i o n of an a p p r o p r i a t e amount of sucrose. Each 

experiment i n v o l v e d 20 r a t s , u s u a l l y female, but i n one 

i n s t a n c e male, and the animals were maintained on t h i s d i e t 

f o r 10 weeks. 

A f t e r 10 weeks, a suspension of tumour o e l l s was 

passaged i n t o the animals f l a n k i n the manner d e s c r i b e d i n 

Appendix 1, s e c t i o n ; the Mo7 i n t o the females, the D23 
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i n t o the males; and allowed to grow f o r 10 days. After 

t h i s time the animals were s a c r i f i c e d , blood ethanol 

determined, and membranes from the tumour and b r a i n 

i s o l a t e d . 

2. S l e e d ethacQl measurement 

The r a t s were s a c r i f i c e d by c e r v i c a l d i s l o c a t i o n and 

immediately a sample of blood 2ml was obtained by c a r d i a c 

puncture. Ethanol was determined using a Sigma k i t (332-UV 

E t h a n o l ) , based on a l c o h o l dehydrogenase, l i n k e d to NADH. 

The whole blood was spun down i n an Eppendorf minifuge f o r 

2 minutes a t l l , 4 0 0 g (rav.48mm), the serum was removed, and 

d e p r o t e i n i z e d by p r e c i p i t a t i o n with 6.25% (w/v) T.C.A. A 

0.1ml a l i q u o t was removed, d i l u t e d , and assayed using the 

k i t . Samples were kept co l d , i n s e a l e d tubes to prevent 

the evaporation of the ethanol. 

3- I s o l a t i o n Qf tumour membranes 

Tumour plasma membranes were i s o l a t e d u s i n g the 

methods o u t l i n e d i n Chapter 2, s e c t i o n 1. 

4. I s o l a t i o n Qf synaptic s!emb.raBes 

S y n a p t i c membranes were i s o l a t e d by the method of 

Rodriguez de Lorez Arnaiz g£ a l - (1967)'. A l l operations 

were c a r r i e d out a t 0-4°C. The b r a i n from eaoh r a t was 

removed, the grey matter d i s s e o t e d out, and then the pooled 
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t i s s u e ( 5g) was homogenized i n 20ml o f 0.32M sucrose, ImM 

E.D.T.A., i n 20mM i m i d a z o l e , pH7.2 ( I s o l a t i o n medium 1 ) . 

The homogenate was t h e n spun f o r lOminutes at 900g(rav. 

155mm) i n an MSE C o o l s p i n The s u p e r n a t a n t was t h e n 

decanted, the p e l l e t resuspended i n i s o l a t i o n medium 1 and 

respun as before. The combined supernatants were then 

d i l u t e d i n i s o l a t i o n medium 1 and spun f o r 30 minutes a t 

20,000g(rav.76.2mm)in a 8X50ml r o t o r u s i n g an MSE High 

speed 18 c e n t r i f u g e . The supernatant was d i s c a r d e d , and 

the p e l l e t resuspended i n ImM E.D.T.A., 20mM imidazole, 

pH7.2 ( I s o l a t i o n medium 2 ) . Th i s suspension was then 

respun at 20,000g f o r 30minutes i n the same r o t o r . The 

p e l l e t was then resuspended i n 5ml of i s o l a t i o n medium 1 

and l a y e r e d c a r e f u l l y on top of a d i s c o n t i n u o u s sucrose 

g r a d i e n t i n each of 3x25ml c e n t r i f u g e tubes. The gradient 

was comprised of 1.2, 1.0, 0.9, and 0.8 M sucr o s e s o l u t i o n s 

each i n ImM E.D.T.A., 20mM imidazole pH7.2. The sucrose 

s o l u t i o n s were c a r e f u l l y p i p e t t e d ion top of each other, i n 

order of d e c r e a s i n g d e n s i t y ; and allowed to stand f o r 1 

hour a t room temperature to allow a merging of the l a y e r s , 

before the b r a i n f r a c t i o n was added. The tubes were spun 

i n a 3X25ml swing-out head at 93,000g(rav.73.77mm) f o r 2.5 

hours u s i n g an MSE Superspeed 40. The 2 middle bands were 

a s p i r a t e d , d i l u t e d i n i s o l a t i o n medium 2, and spun a t 

100,000g(rav. 77.52mm). The f i n a l p e l l e t was resuspended 

i n the minimum volume of i s o l a t i o n medium 1 u s i n g g e n t l e 

homogenization. An a l i q u o t was removed f o r p r o t e i n a s s a y s 

and another f o r fluoresoenoe p o l a r i z a t i o n measurements. 

These, together with the bulk of the s y n a p t i c membranes. 
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were s t o r e d f r o z e n a t -20°C Storage t i m e was n o t more 

t h a n 2 weeks. 

5. Steady s t a t e f l u c E e s e e a e e p o l a r i z a t i o n 

I s o l a t e d tumour and s y n a p t i c membranes were 

resuspended i n 0.1M phosphate b u f f e r , pH7.7. Steady s t a t e 

f l u o r e s c e n c e p o l a r i z a t i o n of the probe D.P.H. i n the 

membranes was c a r r i e d out using the methods d e s c r i b e d i n 

Chapter 4, M a t e r i a l s and Methods, s e c t i o n 1. 

6. f r c t e i n determinations 

P r o t e i n a s s a y s were c a r r i e d out u s i n g the methods i n 

Chapter 2, s e c t i o n 3. 

7. L i p i d extraction and characterization 

See m a t e r i a l s and methods, Chapter 3. 

RESULTS. 

l . Blood alcohol l e y e i s 

Table 6.1 shows the blood ethanol l e v e l s a t the time 

of s a c r i f i c e . I t . should be noted t h a t t h e r e i s 

c o n s i d e r a b l e v a r i a t i o n between i n d i v i d u a l s w i t h i n any given 

experiment as w e l l as v a r i a t i o n i n the means between the 

t h r e e s e p a r a t e experiments. The mean blood a l c o h o l l e v e l 



TABLE 6.1 

Blo o d E t h a n o l l e v e l s i n r a t s on s a c r i f i c e 1 E t h a n o l c o n c e n t r a t i o n 

EXP'T RANGE AVERAGE 
%(w/v) % ( w / v ) 

1 0. 0.0126-0. 0697 0.0246±0.0099 

2 0. 0.0397-0. 144 0.0910+0.0223 

3 0,0.06-0 . 192 0.0971+0.0166 

n=10 v a l u e s ± S.E.M. 
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i s lower i n the f i r s t experiment than the l a s t two ( i e 
0.0246 of 0.0910 GfO.0971% (w/v) r e s p e c t i v e l y ) 

The e f f e c t of d i e t o_n plasma membraae l i p i d 
GQinpOgitiQn 

During the course of these experiments i t was noted 

t h a t the l i p i d composition of the Mc7 plasma membranes 

from the animals fed on slender and sucrose ( i e the 

c o n t r o l s ) was d i f f e r e n t from the same plasma membranes 

taken from animals on the normal l a b o r a t o r y d i e t . I n 

making t h i s comparison i t must be remembered t h a t the 

c a l o r i f i c content of the two d i e t s was d i f f e r e n t , and t h i s 

too might a f f e c t membrane l i p i d composition. I t i s 

t h e r e f o r e important to d e a l with the d i f f e r e n c e s i n l i p i d 

composition which occur when the d i e t i s changed from 

normal to sldnder, before c o n s i d e r i n g the e f f e c t on l i p i d 

composition of adding ethanol to t h i s changed d i e t . 

A comparison of Table 6.4 from t h i s chapter and t a b l e 

3.1 from Chapter 3 shows t h a t t h e r e were no s i g n i f i c a n t 

d i f f e r e n c e s between the phospholipid c l a s s e s of the Mc7 

plasma membranes from animals fed on s l e n d e r d i e t , as 

compared to those membranes obtained from animals fed on 

the normal d i e t . 

A comparison of Figure.3.5 from ohapter 3 and F i g u r e 

6.5 from t h i s chapter r e v e a l changes i n f a t t y a c i d p r o f i l e 

of the Mo7 tumour plasma membrane ph o s p h o l i p i d s when the 
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d i e t i s changed from normal to slen d e r . There appears to 
be an e l e v a t i o n i n the l e v e l of 18:1 i n the PE and PC from 
the Mc7 plasma membranes when the animals a r e put on the 
sl e n d e r d i e t and a small e l e v a t i o n of 18:1 i n the SM of the 
tumour plasma membranes a f t e r t h i s d i e t change. There i s 
no such change i n the l e v e l t h i s f a t t y a c i d i n the PS/PI 
c l a s s e s of the Mc7 membranes when the d i e t i s changed. 
Only the e l e v a t i o n of the 18:1 i n PC i s s t a t i s i c a l l y 
d i f f e r e n t , (p<0.02). There a l s o appears to be a lower 
l e v e l of 16:1 i n the PE, SM, and PS/PI from the tumour 
membranes from s l e n d e r fed r a t s compared to the l e v e l of 
t h i s f a t t y a c i d i n the same phospholipids from tumour 
membranes which had come from animals on the normal d i e t . 
None of these apparent d i f f e r e n c e s were s t a t i s t i c a l l y 
s i g n i f i c a n t . The o v e r a l l e f f e c t however i s seen i n F i g u r e 
6.2 which shows a net e l e v a t i o n i n mono-unsaturated f a t t y 
a c i d s of the tumour plasma membrane phospholipids from 
animals fed on the s l e n d e r d i e t compared to the e q u i v a l e n t 
membrane phospholipids from animals fed on the normal d i e t . 
I n Table 6.2 the f a t t y a c i d composition of the two d i e t s i s 
examined. There are two main d i f f e r e n c e s i n the f a t t y a c i d 
p r o f i l e s of the two d i e t s . F i r s t t h e r e i s an i n c r e a s e i n 
the p roportion of 18:0 and 18:1 i n the s l e n d e r d i e t when 
compared to the normal one, and second, there i s l e s s 18:2 
i n the s l e n d e r d i e t than the normal one. 

A comparison of Table 3.5 from Chapter 3 and Table 6.8 

from t h i s c u r r e n t chapter shows t h a t t h e r e i s a decrease i n 

the l e v e l s of Mo7 plasma membrane c h o l e s t e r o l when the 



TABLE 6.2 

F a t t y a o i d c o m p o s i t i o n o f r a t d i e t s 

r e l a t i v e % wt. 
F a t t y 
a c i d 

FOOD 
PELLET SLENDER 

16:0 28. 1 28. 9 
16: 1 0.3 2.1 
18:0 2 . 5 21.0 
18: 1 15. 1 26.9 
18:2 47. 1 15.3 
18 : 3 4.6 1.7 
20:0 - 0.3 
20: 1 - -
20:2 - -
20 : 3 0.3 -

20 :4 - 1.0 
24:0 - 0.2 

Values a r e d u p l i c a t e s o f two e x p e r i m e n t s 



tumours are grown i n animals fed on the s l e n d e r d i e t r a t h e r 

than the normal one. T h i s d i f f e r e n c e i s s t a t i s t i c a l l y 

s i g n i f i c a n t , p<0.05. Although the tumour plasma membranes 

from animals on the normal d i e t appear s l i g h t l y more 

ordered than those from r a t s fed on the s l e n d e r d i e t , these 

d i f f e r e n c e s a r e not s t a t i s t i c a l l y d i f f e r e n t , e i t h e r by 

c o n s i d e r i n g the d i f f e r e n c e i n p o l a r i z a t i o n a t a given 

temperature or by c o n s i d e r i n g the l i n e s each as a s i n g l e 

e n t i t y . 

Ph_Q_gpho_iipid c l a s s e s 

Synaptic. Eembranes 

Table 6.3 shows the phospholipid c l a s s e s of the 

s y n a p t i c membranes taken from r a t s on the a l c o h o l d i e t and 

t h e i r p a i r - f e d c o n t r o l s . The predominant phospholipid 

c l a s s e s are PC and PE, accounting f o r 70% of the t o t a l 

phospholipid, the percentage c o n t r i b u t i o n of the PE i s 

however s l i g h t l y higher than the PC. The remaining 

phospholipids SM and PS/PI were pr e s e n t i n roughly equal 

pro p o r t i o n s . There i s no d i f f e r e n c e i n proportion of 

phospholipid c l a s s when one compares the s y n a p t i c membranes 

from the animals which have been a d m i n i s t e r e d e t h a n o l with 

the s y n a p t i c membranes of t h e i r p a i r - f e d c o n t r o l s . I t i s 

noted, however, t h a t due to the l o s s of sample from one 

experiment the number of r e p l i c a t e s i s only two and f u t h e r 

experiments would have to be performed i n order to be 

c e r t a i n t h a t no changes were t a k i n g plaoe. 
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TABLE 6.3 
P h o s p h o l i p i d c l a s s e s o f S y n a p t i c membranes from r a t s 

f e d on e i t h e r sucrose or e t h a n o l l i q u i d d i e t s 

« 
% wt . | 

Class PC PE SM PS PI 

13.5+13.E 
s y n a p t i c 
membrane 
sucrose 
d i e t 

32.0±6.0 39.1±11.9 14.9±7.2 

PS PI 

13.5+13.E 

a l c o h o l 
d i e t 

30.0±4.0 49.8±4.3 
. .. 

11.1±0.1 7.6±1.3 

n=2 v a l u e s +S.E.M. 

PC = P h o s p h a t i d y l c h o l i n e 

PE = P h o s p h a t i d y l e t h a n o l a m i n e 

Sph= Sphingomyelin 

PS/PI = P h o s p h a t i d y l s e r i n e 
& i n o s i t o l 
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UqI tumQur plasma membranes 

Table 6.4 shows the phospholipid c l a s s e s of Mc7 plasma 

membranes taken from r a t s on the a l c o h o l d i e t and t h e i r 

p a i r - f e d c o n t r o l s . PC and PE are the predominant types 

accounting f o r 70% of the t o t a l phospholipid and a r e 

present i n roughly equal proportions i n the two membrane 

types. The r e s t of the phospholipid moiety i s made up of 

s i m i l a r proportions of SM and PS/PI. There i s a l s o a very 

s m a l l amount of LysoPC present. There appears to be an 

i n c r e a s e i n the r a t i o of PC/PE i n the tumour plasma 

membranes of the a l c o h o l - f e d animals compared to the same 

membranes from the su c r o s e - f e d c o n t r o l s , and a l s o a 

decrease i n the proportion of SM; these d i f f e r e n c e s however 

are not s t a t i s t i c a l l y s i g n i f i c a n t (p>0.05). 

3. PhQgphQlipid " f a t t y a c i d eg.mpo.sit ions Q£ ffieffibrases from 

ethano.l-fed r a t s 

Synaptic membranes 

Table 6.5 shows the t o t a l p hospholipid f a t t y a c i d 

. composition from the s y n a p t i c membranes of et h a n o l - f e d 

and c o n t r o l r a t s . The predominant f a t t y a c i d i n both c a s e s 

i s 16:0. and the other major ones a r e 18:0 and 18:1. The 

polyunsaturated f a t t y a c i d s , 20:4 and 22:6 each account f o r 

about 5% of the t o t a l , t h ere i s a l s o some 24:0 present and 

trao e amounts of 20:3 and 20:0. There i s no s t a t i s t i c a l l y 

s i g n i f i c a n t d i f f e r e n c e between the f a t t y a c i d composition 

http://eg.mpo.sit
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TABLE 6.4 
P h o s p h o l i p i d c l a s s e s o f Mc7 tumour plasma membranes from 

r a t s f e d on e i t h e r sucrose or e t h a n o l l i q u i d d i e t s 
? 

% wt. 

C l a s s PC PE SM PS /PI Lyso-PC 

T i s s u e 
Mc7 

su c r o s e 
d i e t 

35.0±5 6 35 0±5 6 17 6±3 9 14 0±1 . 3 1.7±1.7 

a l c o h o l 
d i e t 

45.5±7 6 26 7±7 9 13 7±4 0 12 7+3. 1 1.0±1.0 

Mc7 
f r o m 
n o rmal 
d i e t 

34.6±7 2 35 8±3 8 13 
1 

5±1 3 11 4±0.7 nd. 

n=3 v a l u e s ±S.E.M. 

PC = P h o s p h a t i d y l c h o l i n e 

PE = P h o s p h a t i d y l e t h a n o l a m i n e 

SM = S p h i n g o m y e l i n 

PS/PI = P h o s p h a t i d y l s e r i n e 
& i n o s i t o l 



TABLE 6.5 

F a t t y a c i d c o m p o s i t i o n o f t o t a l p h o s p h o l i p i d 
f r a c t i o n from synaptosomes 

r e l a t i v e <$f J w e i g h t 
Fatty-
a c i d CONTROL ALCOHOL 

16:0 35.3±2.7 37.9+2.5 

16: 1 - -

18:0 27.4±2.9 25.7±4.2 

18:1 21.0±1.5 21.3±1 . 1 

18:2 - -
18:3 - -

20:0 0.2+0.2 0.4±0.3 

20:1 0.4±0.4 -

20:2 - -

20:3 0.2±0.1 0.1±0.1 
20:4 5.5±2.8 4.8±0.5 

20:5 - -

22:0 - -

22: 1 -
22 : 2 - • 

22 : 3 - -

22 :4 - -
22 : 5 - -

22:6 3.9±2.9 4.1±0.4 

24:0 2.0+1.7 1.7±0.3 
24 : 1 -

n-3 v a l u e s + S.E.M. 
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of t h e s y n a p t i c membrane p h o s p h o l i p i d s o f e t h a n o l - f e d and 

c o n t r o l r a t s . 

MQ2 tum<2ur. pl&gffia membranes 

Tables 6.6 and 6.7 show the phospholipid f a t t y a c i d 

composition of Mc7 tumour plasma membranes from e t h a n o l - f e d 

and c o n t r o l , s u c r o s e - f e d , r a t s . These w i l l be d e s c r i b e d 

c l a s s by c l a s s . The f a t t y a c i d p r o f i l e from PE i s not 

s i g n i f i c a n t l y d i f f e r e n t when comparing the two experimental 

groups. The dominant f a t t y a c i d i s 18:0 and then 16:0 and 

18:1 i n roughly equal proportions. The other important 

f a t t y a c i d which i s present i n any amount i s 22:6 ( 10%). 

The f a t t y a c i d p r o f i l e f o r PC i s s i m i l a r w i t h 16:0, 18:0 

and 18:1 forming the bulk of the t o t a l % by weight; t h e r e 

i s c o n s i d e r a b l e l y l e s s 22:6 i n t h i s p h o spholipid c l a s s than 

i n the PE, however. There i s an e l e v a t i o n of 18:1 i n the 

tumour- phospholipid from the a l c o h o l fed r a t s , when 

compared to the c o n t r o l . These d i f f e r e n c e s a r e not 

s t a t i s t i c a l l y s i g n i f i c a n t l y d i f f e r e n t . The only 

s i g n i f i c a n t d i f f e r e n c e s between the plasma membrane f a t t y 

a c i d p r o f i l e of e t h a n o l - f e d and c o n t r o l r a t s , l i e i n the SM 

c l a s s of p h ospholipid. The f a t t y a c i d 20:0 i s lower i n the 

tumour membranes from e t h a n o l - f e d r a t s , compared to c o n t r o l 

membranes, and 18:2 i s h i g h e r . The e l e v a t i o n of the 18:2 

i s s t a t i s t i c a l l y d i f f e r e n t (p>0.05). There a r e 

i n s i g n i f i c a n t d i f f e r e n c e s between the f a t t y a o i d s from the 

PS/PI f r a c t i o n between et h a n o l and s u c r o s e - f e d r a t s . I n 

t o t a l composition t h e r e i s a decrease i n 16:0 and an 



157 
TABLE 6.6 

F a t t y a o i d c o m p o s i t i o n of main p h o s p h o l i p i d t y p e s f r o m 
Mc7 tumour plasma membranes a f t e r s l e n d e r d i e t + su c r o s e 
. , CONTROL , 

r e l a t i v e % w e i g h t 
F a t t y 
a c i d , 

P h o s p h a t i d y l 
ethanolamine 

P h o s p h a t i d y l 
c h o l i n e 

S p h i n g o m y e l i n P h o s p h a t i d y l 
s e r i n e / i n o s i t o l 

16:0 15.6±4.3 26.3+5.3 22.1+8.7 24.9±6.7 
16: 1 0.7±0.7 6.0±1.7 1.9±0.9 0.6±0.6 
18:0 13.5±1.7 9.4±1.6 3.8±0.6 24.2±7.7 
18: 1 30.0+5.8 30.5±3.5 12.3+3.0 11.4±5.1 
18:2 2.1+1.4 3.7±0.9 10.5+0.3 4.1 + 2 - 3 
18:3 - 0.2+0.2 - -
20:0 3.0+1.3 1.9±1. 1 12.5±3.6 5.9±2.3 
20: 1 0.5±0.5 0.3±0.1 - -
20:2 - - - 5.3+4.4 
20:3 0.3±0.3 1.7±0.6 6.9±1.1 2.8±2.2 
20:4 4.7±0.9 3.2±1.5 5.1+2.3 4.7+0.8 
20:5 - - - -
22:0 3.0±1.9 1.9+1.5 7.3±2.8 1.9±1.9 
22 : 1 - - - -
22:2 - 0.3±0.3 0.5±0.5 0.4+0.4 
22:3 4.2±4.2 1.8±1.0 2.5±2.5 2.4+2.4 
22 :4 0.8+0.8 - 0.6±0.6 -
22:5 3.0+3.0 2.8±1.4 - -
22 :6 15.1+4.1 4.6±3.73 - 1.4+1 . 4 
24:0 2.1+0.9 7.9±1.6 3.7±1.8 
24 : 1 - - 1.3±0.8 : -

n=3 v a l u e s ± S.E.M. 
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TABLE 6.7 

F a t t y a c i d c o m p o s i t i o n o f main p h o s p h o l i p i d t y p e s from 
Mc7 tumour plasma membranes a f t e r s l e n d e r d i e t + e t h a n o l 

r e l a t i v e % w e i g h t 
F a t t y 
a c i d 

P h o s p h a t i d y l 
e t h a n o l a m i n e 

P h o s p h a t i d y l 
c h o l i n e 

Sphingomyelin P h o s p h a t i d y l 
s e r i n e / i n o s i t o l 

16 0 20 3±6 7 26.2+1.1 33.7±6.6 10.5±4.9 
16 1 1 7±0 5 4.4±2.1 3.3±2.7 0.1±0.1 
18 0 16 8±4 6 8.7±1 .0 6.2±2.1 13.3±3.2 
18 1 32 3±7 8 38.7±1.8 15.0±4.5 14.8±5.3 
18 2 3 1±1 2 5.4±1.6 3.6+1.4 5.2±2.4 
18 3 - - - -
20 0 1 2±0 6 1.8+0.6 5.2±1.8 3.4±3.2 
20 1 0 5±0 5 1.2+0.6 - 0.2±0.2 
20 2 - - - 0.7+0.4 
20 3 0 4±0 2 1.7±0.2 3.0±0.8 4.1±2.2 
20 4 4 6+0 6 2.5±0.3 4.4±0.6 4.4±1.0 
20 5 - - - -
22 0 1 2±1 2 1.4±0.5 3.3±2.5 6.5±2.0 
22 1 0 5±0 5 - - -
22 2 - 0.5±0.5 3.0±2.5 
22 3 0 1±0 1 4.7±4.3 1.7±1.7 -
22 4 0 3±0 3 - - -
22 5 - - 0.8±0.8 
22 6 9 9±9 1 - 1 " 18.4+9.9 
24 0 3 0±1 8 - 11.4±6.7 7.4±3.8 
24 1 - - 2.3+1.3 -

n=3 v a l u e s ± S.E.M. 
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i n c r e a s e i n 20:0 i n the phospholipid f a t t y a c i d p r o f i l e s 
from eth a n o l - f e d r a t s , when compared to the same p r o f i l e 
from c o n t r o l r a t s . 

F i g u r e s 6.1 and 6.2 show the o v e r a l l t r e n d s i n the the 

f a t t y a c i d p r o f i l e s of the t o t a l phospholipid f r a c t i o n s of 

the Mc7 tumour plasma membranes from r a t s on sucrose 

( c o n t r o l ) and a l c o h o l (experimental) d i e t s . F i g u r e 6.1 

i n d i c a t e s t h a t t h e r e i s an o v e r a l l i n c r e a s e i n C-18 chain 

length, i n the a l c o h o l group, compared t o the c o n t r o l group 

and f i g u r e 6.2 shows t h a t t h i s i s due to an i n c r e a s e i n 

mono-unsaturated f a t t y a c i d s . T h i s i n c r e a s e i n 

mono-unsaturates i n the tumour membranes from the a l c o h o l 

b e a r i n g r a t s i s almost c e r t a i n l y a product of the e l e v a t i o n 

of 18:1 i n the PC f r a c t i o n and the e l e v a t i o n of t h i s 

p h o s pholipid compared to other phospholipid c l a s s e s . 

ChQlesterQl/phQgphQlipid z a t i e s 

Table 6.7 shows the r e l a t i v e l e v e l of c h o l e s t e r o l , 

phospholipid, and p r o t e i n i n both s y n a p t i c membranes and 

Mc7 tumour plasma membranes, with or without ethanol 

a d m i n i s t r a t i o n . I n both membrane type s d i e t a r y 

a d m i n i s t r a t i o n of a l c o h o l causes an apparent i n c r e a s e i n 

the l e v e l of c h o l e s t e r o l as oompared to the c o n t r o l group. 

The l e v e l p h o spholipid i s not d i f f e r e n t between 

ex p e r i m e n t a l s and c o n t r o l , and t h e r e f o r e the 

c h o l e s t e r o l / p h o s p h o l i p i d molar r a t i o s a r e a l s o e l e v a t e d i n 

the e x p e r i m e n t a l membranes compared t o the membranes from 
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TABLE 6.8 

C h o l e s t e r o l / P h o s p h o l i p i d molar r a t i o s 
o f synaptosomes and tumour membranes f r o m r a t s 

f e d on e t h a n o l o r sucrose l i q u i d d i e t s 

Membrane 
t y p e 

C h o l e s t e r o l / 
p r o t e i n 
umoles/mg 

P h o s p h o l i p i d / 
p r o t e i n 

umoles l i p i d P 
/tag 

C h o l e s t e r o l / 
p h o s p h o l i p i d 
M o l a r r a t i o 

s y n a p t ' 

s ucrose 
n=3 

e t h a n o l 

0.0303±0.0042 

0.0429+0.008 

0.185±0.022 

0.171±0.027 

0.175±0.045 

0.277±0.081 

Mc7 

sucrose 
n=3 

e t h a n o l 
n=3 

0.0125±0.0034 

0.0147±0.024 

0.106±0.035 

0.0812+0.004 

0.120±0.0006 

0.178±0.029 



the c o n t r o l s . T h i s d i f f e r e n c e i s not 

s i g n i f i c a n t , (p<0.1). 
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s t a t i s t i c a l l y 

D.P.H.Steady st a t e fluQ.Eesc.esee polarization measuEemests 

Synaptic mefflkEanes 

F i g u r e 6.3 and Table 6.9 show the change of the steady 

s t a t e f l u o r e s c e n c e p o l a r i z a t i o n of D.P.H. i n the s y n a p t i c 

membranes from r a t s fed on e i t h e r ethanol or su c r o s e , over 

the temperature range from 4-50°C. No s i g n i f i c a n t 

d i f f e r e n c e s i n p o l a r i z a t i o n were found between membranes 

obtained from r a t s on an a l c o h o l d i e t and those from 

s u c r o s e - f e d r a t s . 

F i g u r e 6.4 and Table 6.10 show a s i m i l a r p o l a r i z a t i o n 

v s . temperat'ure p l o t f o r the Mc7 tumour membranes from 

c o n t r o l and et h a n o l - f e d animalsi. A s m a l l c o n s i s t e n t , but 

i n s i g n i f i c a n t d i f f e r e n c e i n p o l a r i z a t i o n between membranes 

from e t h a n o l - f e d and c o n t r o l r a t s can be seen. 

DISCUSSION. 

The aim of t h i s -aspect of the work was to study the 

long-term e f f e c t s of ethanol a d m i n i s t r a t i o n on tumour c e l l 

plasma membranes. The purpose was to e s t a b l i s h whether adaption 

to long term e t h a n o l a d m i n i s t r a t i o n ooourred, and whether a 
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TABLE 6.9 

Steady s t a t e f l u o r e s c e n c e p o l a r i z a t i o n of D.P.H. i n the 
s y n a p t i c membranes from ethanol- and s u c r o s e - f e d r a t s 

. , . _ i . : 1 
P o l a r i z a t i o n 

Temp. 
or. 

CONTROL ETHANOL 

3.5 0 414±0.0157 0.418±0.016 

13.6 0 378±0.0042 0.379±0.0072 

20.6 0 350±0.0028 0.351±0.002 

28.0 0 319±0.0038 0.319±0.0043 

36.8 0 282±0.0032 0.281±0.0057 

45.0 0 257±0.01 0.247±0.007 

50.4 0 246±0.016 0.230±0.009 

n=3 v a l u e s ± S.E.M. 
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TABLE 6.10 

Steady s t a t e f l u o r e s c e n c e p o l a r i s a t i o n of D.P.H. i n the 
Mc7 tumour P.M.s from e t h a n o l - and sucrose-fed r a t s 

P o l a r i z a t i o n 
Temp. 

«C 

CONTROL ETHANOL 

3.4 0 358±0.0126 0.355±0.0096 

13. 3 0 315+0.0043 0.312±0.0078 

20.6 0 281±0.0008 0.276±0.0033 

28.0 0 249+0.0009 0.245±0.0023 

36.8 0 213±0.0015 0.210±0.0015 

45.0 0 186±0.0015 0.183±0.0012 

50.4 0 164±0.0058 0.165±0.0027 

n=3 v a l u e s ± S.E.M. 
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d i f f e r e n t i a l p a t t e r n of adaption was achieved i n tumours and 
c o n t r o l c e l l s . 

I t i s c l e a r l y important to ap p r e c i a t e the consequences of 

long term ethanol a d m i n i s t r a t i o n . The l e v e l s of blood ethanol, 

f o r example, may be c r u c i a l i n determining the time course and 

magnitude of any 'adaptive' response. The measurement of blood 

e t h a n o l l e v e l s r e v e a l e d a wide range of v a l u e s w i t h i n a given 

s e t of animals, and a l s o v a r i a t i o n i n the mean ethanol l e v e l 

between the th r e e experiments. To some extent the v a r i a t i o n 

w i t h i n a given experiment may be due to feeding behaviour of the 

r a t s . On some ocoasions too some d i f f i c u l t i e s were experienced 

w i t h 'Slender' b l o c k i n g the food d i s p e n s e r towards the end of 

the r a t i o n . Other workers have reported v a r i a t i o n s i n ethanol 

l e v e l s over a 24 hour period, presumably due to be h a v i o u r a l 

v a r i a t i o n i n feeding. For example, Shorely Qt &1. 1982 found 

t h a t the ethanol' l e v e l was above 0.2%(w/v) a t 22:00 hours, but 

had dropped to 0.05%(w/v) a t 7:00 hours the next day. T h i s was 

on a feeding schedule which s t a r t e d a t 5:00 hours each day. The 

fe e d i n g schedule i n t h i s present study s t a r t e d a t 11:00 hours 

each day, and animal s a c r i f i c e was a t 9:30 hours. Therefore the 

work of Shorely and co-workers suggests t h a t the l e v e l of blood 

e t h a n o l at s a c r i f i c e would not be maximal. and t h a t the average 

l e v e l s of about 0.09%(w/v) f o r blood ethanol which were found i n 

the animals from the work reported here, would be expected to 

produce ethanol dependent r a t s . Other workers who have 

r i g o r o u s l y t e s t e d t h e ethanol dependency of the r a t s i n t h e i r 

experiments have shown t h a t ethanol l e v e l s s i m i l a r to those 

found i n the c u r r e n t work produoe dependency, f o r example 



Rangaraj and Kalant, 

0.104±0.068% (w/v) 

blood a l c o h o l l e v e l s 

(1982), recorded blood 
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a l c o h o l l e v e l s of 

(1984) who reported 

The method by which ethanol i s a d m i n i s t e r e d may cause 

metabolic e f f e c t s not owing to ethanol i t s e l f . For example, I P 

i n j e c t i o n or i n t u b a t i o n can cause s t r e s s which i s known to 

e f f e c t l i p i d metabolism. I n h a l a t i o n , which has been used by 

s e v e r a l workers eg. G o l d s t e i n , (1972), i s p r e f e r a b l e , but i t i s 

d i f f i c u l t to s e t up the proper c o n t r o l s . The methodology of 

a d m i n i s t r a t i o n of e t h a n o l by l i q u i d d i e t has been reviewed by 

L i e b e r and D e C a r l i , (1982) and they suggest t h i s i s one of the 

best methods a v a i l a b l e . The present technique followed the 

method of Chin and G o l d s t e i n , (1978). Care must be taken to 

make sure t h a t the c o n t r o l d i e t i s balanced i s o - c a l o r i f i c a l l y , 

i n our study t h i s was done by adding s u c r o s e . I t must be 

a p p r e c i a t e d , however, t h a t i t i s not s t r i c t l y c o r r e c t t o equate 

the c a l o r i f i c v a l u e of ethanoli.with t h a t of s u c r o s e , because the 

metabolism of the two may be very d i f f e r e n t . S h o r e l y e_t a l . 

(1982), have shown t h a t f a t t y a c i d induced changes found i n the 

phospholipids of gastrocnemius muscles a f t e r e thanol 

a d m i n i s t r a t i o n were not apparent i f p a i r - f e d c o n t r o l s were used. 

The d i s c r e p a n c y they a t t r i b u t e d t o the f a c t t h a t f a t t y a c i d 

changes were a product of the reduced food consumption which 

accompanies et h a n o l a d m i n i s t r a t i o n . S i m i l a r changes were 

apparent i n the c u r r e n t study when one c o n s i d e r s the l i p i d 

composition of the Mc7 plasma membrane from normal d i e t animal 

fed ad l i b - and oompares i t with the l i p i d composition of Mc7 

tumour plasma membranes from the p a i r - f e d o o n t r o l s , f e d on 
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s l e n d e r and sucrose ( i s o - c a l o r i f i c with the ethanol) consumed by 

the pair-mate. These d i f f e r e n c e s i n l i p i d composition w i l l be 

d i s c u s s e d i n more d e t a i l , before the d i f f e r e n c e between a l c o h o l 

and c o n t r o l p r e p a r a t i o n s are considered. 

Changes i n plasma iiembrane l i p i d c.Q_mpQ.sitio_e »bich r e l a t e 
to. diet 

The d i f f e r e n c e s between plasma membranes phospholipid f a t t y 

a c i d composition of the tumours i n animals on normal d i e t and 

s l e n d e r / s u c r o s e - f e d c o n t r o l s may be i n par t a t t r i b u t a b l e to the 

d i f f e r e n c e s i n the f a t t y a c i d compositions of the two d i e t s , 

shown i n Fig u r e 6.2. There was a g r e a t e r proportion of 18:1 i n 

the s l e n d e r d i e t when compared to the normal food p e l l e t d i e t : 

t h i s appeared to produce an i n c r e a s e of t h i s f a t t y a c i d i n the 

plasma membrane of the Mc7 tumour. T h i s i n c r e a s e occurred i n 

a l l phospholipid c l a s s e s , but was only s t a t i s t i c a l l y s i g n i f i c a n t 

i n the PC, (p<0.02). Although t h e r e was a l s o a reduced 

proportion of 18:2 i n the s l e n d e r compared to normal d i e t , i t 

was d i f f i c u l t to equate t h i s to lowered l e v e l s of t h i s f a t t y 

a c i d i n the phospholipids of the tumour plasma membranes from 

the s l e n d e r fed animals, as compared to the 6ame membranes from 

animals on a normal d i e t . T h i s i s because the d i f f e r e n c e s i n 

the l e v e l of 18:2 i n the membrane phospholipids were 

i n s i g n i f i c a n t . There was no s i g n i f i c a n t change i n the 

phospholipid c l a s s e s of the tumour plasma membranes when the 

d i e t was changed, and the only other n o t i c e a b l e change i n l i p i d 

composition between the plasma membranes of the Mo7, when the 

d i e t was changed from normal to s l e n d e r , was i n the l e v e l of 
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c h o l e s t e r o l 

There appears to be a lowering of plasma membrane 

c h o l e s t e r o l when the tumours are grown i n animals fed on the 

s l e n d e r d i e t r a t h e r than the normal one. T h i s d i f f e r e n c e i s 

s t a t i s t i c a l l y s i g n i f i c a n t (p<0.05). The re d u c t i o n i n plasma 

membrane c h o l e s t e r o l of animals on the s l e n d e r , as compared to 

the normal d i e t , i s almost c e r t a i n l y due to a re d u c t i o n i n the 

f a t content of the sle n d e r d i e t i e . i t i s marketed as a low-fat 

n u t r i t i o n a l l y balanced d i e t f o r slimmers! Since a low l e v e l of 

c h o l e s t e r o l i n foods i s a t the moment considered v i r t u o u s , i t i s 

u n s u r p r i s i n g to f i n d a low l e v e l of t h i s l i p i d i n h e a l t h food. 

I n t a k e of f a t i s f u r t h e r reduced, as pointed out by Shorely e t 

a i - (1982), because the animals have a reduced food i n t a k e 

anyway. T h i s l a t t e r point i s i l l u s t r a t e d by the f a c t t h a t the 

growth r a t e of tumours from the p a i r - f e d s u c r o s e c o n t r o l s i s 

l e s s than i t i s in* the same tumour fed on the normal d i e t ad 

li f e . 

I n summary the d i f f e r e n c e s i n the tumour membrane l i p i d 

composition of r a t s fed on normal compared t o the s l e n d e r d i e t 

a r e : an e l e v a t i o n i n the l e v e l of 18:1 i n the membrane 

phos p h o l i p i d s of the s l e n d e r - f e d animals compared to the 

e q u i v a l e n t membrane phospholipids from r a t s on a normal d i e t , 

and a lowered l e v e l of plasma membrane c h o l e s t e r o l i n the 

animals which have been on the s l e n d e r compared to normal d i e t . 

Changes i n plasma membrase l i p i d CQiDpQsitiQD due £Q ethancl 
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a d m i n i g t r a t i o n 

There are no s i g n i f i c a n t d i f f e r e n c e s between the r e l a t i v e 

c o n t r i b u t i o n of phospholipid c l a s s e s i n the s y n a p t i c membranes 

from animals fed on ethanol when compared to the same s o r t of 

membrane from animals on the c o n t r o l sucrose d i e t . However 

White, (1973) i n h i s review, r e p o r t s phospholipid c l a s s e s which 

ar e d i f f e r e n t from the c o n t r o l membranes presented here, the 

main d i f f e r e n c e i s the r e l a t i v e c o n t r i b u t i o n of PC t o PE, which 

i s g r e a t e r than i n the c u r r e n t r e s u l t s . The v a r i a t i o n between 

d i f f e r e n t l i t e r a t u r e r e p o r t s i s l i k e l y to be a r e f l e c t i o n of i ) 

d i e t and i i ) the r e l a t i v e degree of p u r i t y of the synaptosome 

p r e p a r a t i o n used i n the study. The s y n a p t i c membrane f r a c t i o n 

used i n t h i s study, f o r example, was f a i r l y crude, and may have 

contained mitochondrial contamination. 

Any changes ' i n the phospholipid c l a s s e s of the Mc7 tumour 

membranes a f t e r e thanol a d m i n i s t r a t i o n a r e d i f f i c u l t t o see as 

they a r e masked by the v a r i a t i o n i n the r e s u l t s obtained. For 

example t h e r e i s a s l i g h t , but not s t a t i s t i c a l l y s i g n i f i c a n t , 

i n c r e a s e i n PC a f t e r ethanol a d m i n i s t r a t i o n . The l i t e r a t u r e 

appears to oonfirm these f i n d i n g s , as most workers have been 

unable to show changes i n the phospholipid c l a s s e s of plasma 

membranes a f t e r e thanol a d m i n i s t r a t i o n , (eg H a r r i s e_t a l -

(1984) Cunningham gt a l - (1982). However, V r b a s k i a l -

(1984) r e p o r t a decrease of PC, PE, and PS and an i n o r e a s e of PI 

i n whole b r a i n l i p i d e x t r a c t s . 

I n the ourrent work the synaptosome ph o s p h o l i p i d f a t t y aoid 
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compositon remains unchanged during ethanol a d m i n i s t r a t i o n . I n 
the l i t e r a t u r e d i f f e r e n c e s have been reported f o r example 
L i t t l e t o n et a l . (1980) have shown an e l e v a t i o n of 18:1 and a 
lowering of 22:6 i n the s y n a p t i c membranes of t h r e e d i f f e r e n t 
s t r a i n s of mice f o l l o w i n g ethanol a d m i n i s t r a t i o n ; and A i l i n g e t 
a l • (1984) report an i n c r e a s e i n 18:1 i n the PC from r a t b r a i n 
synaptosomes. The opposite trends have a l s o been reported eg. 
Sun and Sun, (1979) have shown i n c r e a s e s i n the proportions of 
polyunsa t u r a t e d f a t t y a c i d s and decreased p r o p o r t i o n s of 
mono-unsaturated f a t t y a c i d s i n guinea p i g b r a i n synaptosomes 
f o l l o w i n g ethanol a d m i n i s t r a t i o n . A l l these r e p o r t e d changes 
a r e s m a l l . Other workers, i n agreement with c u r r e n t data, have 
reported no changes i n r a t synaptosome phospholipid f a t t y a c i d s 
a f t e r ethanol a d m i n i s t r a t i o n (Crews e i a l - 1983). Even those 
workers who have been able to show changes i n the f a t t y a c i d 
composition a r e s k e p t i c a l about whether such changes are the 
r e s u l t of a homedviscous adaptive response. A i l i n g et a!• 
(1982), f o r example, have shown t h a t t h e r e i s a c o r r e l a t i o n 
between changes i n f a t t y a c i d composition i n the blood serum, 
and changes i n the f a t t y a c i d composition of s y n a p t i c membranes. 

There a r e , however, n o t i c e a b l e changes i n the f a t t y a c i d 

composition of the phospholipids from Mc7 tumour plasma 

membranes, a f t e r e t h a n o l a d m i n i s t r a t i o n . 

The e l e v a t i o n i n 18:1 observed i n the PC of Mc7 plasma 

membranes has a l s o been reported i n the PC of plasma membranes 

from other t i s s u e s b e s i d e s the b r a i n mentioned above. For 

example Dunbar et &!• (1981) have r e p o r t e d an i n c r e a s e i n t h i s 
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f a t t y a c i d i n phospholipids from e r y t h r o c y t e membranes; and the 

e l e v a t i o n was seen i n two s e t s of animals, one group had ethanol 

a d m i n i s t e r e d by I P i n j e c t i o n , the other as a vapour. T h i s 

i n c r e a s e s confidence t h a t the changes induced are not simply the 

r e s u l t of the method of ethanol feeding. I n a d d i t i o n , L a D r o i t t e 

£t a l - (1984) have shown t h a t the f a t t y a c i d changes brought 

about by ethanol a d m i n i s t r a t i o n are not the r e s u l t of the 

r e d u c t i o n i n food i n t a k e which p a r a l l e l i n t o x i f i c a t i o n . 

E r y t h r o c y t e s a r e not, however, very good models f o r observing 

any ' d e l i b e r a t e ' a daptive p r o c e s s as changes i n t h e i r f a t t y a c i d 

composition are known to r e f l e c t blood f a t t y a c i d changes which 

occur during e t h a n o l a d m i n i s t r a t i o n ( A i l i n g et a l . 1982). 

L i t t l e t o n and John, (1977) as w e l l as other workers have 

rep o r t e d d e c r e a s e s i n polyunsaturated f a t t y a c i d i n plasma 

membrane phospholipids f o l l o w i n g ethanol a d m i n i s t r a t i o n . Such 

changes were not apparent i n the Mc7 plasma membranes. Dunbar 

et a l - (1981) have w i s e l y pointed out t h a t the i n c r e a s e i n 18:1 

i s not proof of any a d a p t i v e reponse, as the f i r s t u n s a t u r a t e d 

bond i n a phospholipid f a t t y a c i d i s known to have a pronounced 

e f f e c t on b i l a y e r f l u i d i t y ( i e . i t i n c r e a s e s i t ) . 

Sphingomyelin i s known to have a s t a b i l i z i n g e f f e c t on membrane, 

and so any changes i n i t s f a t t y a c i d composition a f t e r e t h a n o l 

a d m i n i s t r a t i o n may be important. The l e v e l s of 18:2 were 

s i g n i f i c a n t l y lower (p<0.01) i n the sphingomyelin of Mc7 tumour 

plasma membranes from e t h a n o l - f e d r a t s when compared t o the 

sphingomyelin from tumour, plasma membranes from r a t s on the 

c o n t r o l d i e t . T h i s may be an adaptive response of the tumour 

c e l l to ethanol, although t h i s f i n d i n g i s unique, t h e r e a r e no 

such changes r e p o r t e d i n the l i t e r a t u r e f o r other plasma 
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membrane types. F i n a l l y an o b s e r v a t i o n by Wing Qt a l . (1984) 
has some bearing on the v a r i a t i o n i n the l i t e r a t u r e of the type 
of f a t t y a c i d changes e l i c t e d i n membranes f o l l o w i n g ethanol 
a d m i n i s t r a t i o n . They noted t h a t the same a d m i n i s t r a t i o n regime, 
and the same s t r a i n of mice, produced d i f f e r e n t c o n t r o l v a l u e s , 
when the experiments were sep a r a t e d by s e v e r a l months. 
Therefore the changes seen i n these two s e r i e s of experiments 
were d i f f e r e n t because the o r i g i n a l c o n t r o l l e v e l s of 
p h o s p h o l i p i d f a t t y a c i d s v a r i e d . 

Table 6.8 shows t h a t t h e r e i s a tendency towards higher 

s y n a p t i c and tumour membrane c h o l e s t e r o l l e v e l s a f t e r ethanol 

a d m i n i s t r a t i o n . However n e i t h e r of t h e s e d i f f e r e n c e s are 

s t a t i s t i c a l l y s i g n i f i c a n t . The l e v e l s of c h o l e s t e r o l i n the 

s y n a p t i c membranes of animals fed on the s l e n d e r d i e t were lower 

than those reported by Chin and G o l d s t e i n , (1978) u s i n g the same 

feeding regime. There are two c r u c i a l d i f f e r e n c e s which might 

e x p l a i n t h i s ^ i ) t h e y were two d i f f e r e n t s p e c i e s of animal, and 

i i ) the i s o l a t i o n method f o r o b t a i n i n g the synaptosomes was 

d i f f e r e n t , and so the p u r i t y of the two p r e p a r a t i o n s could be 

d i f f e r e n t . Although Chin and G o l d s t e i n have shown i n c r e a s e s i n 

plasma membrane c h o l e s t e r o l i n both e r y t h r o c y t e s and 

synaptosomes, other workers have been unable to show such 

changes i n s i m i l a r systems, eg. Dunbar e_t a l - (1981). Indeed 

H a r r i s ejt a l - (1984) have shown a s l i g h t decrease i n 

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

Although the e l e v a t i o n s i n membrane c h o l e s t e r o l a r e not 

s t a t i s t i c a l l y s i g n i f i c a n t , the magnitude of the i n c r e a s e appears 
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to be g r e a t e r i n the Mc7 tumour plasma membranes than i n the 
synaptosomes. T h i s may i n d i c a t e ( e s p e c i a l l y s i n c e the s y n a p t i c 
membranes were exposed to ethanol 6X longer than the tumour 
plasma membranes) that the tumour membranes are able to respond 
as e f f e c t i v e l y , i f not more so, than the e q u i v a l e n t membranes i n 
normal c e l l s , when i n the presence of ethanol. 

Changes i n plasma membrane c h o l e s t e r o l a f t e r ethanol 

a d m i n i s t r a t i o n , l i k e changes i n phospholipid f a t t y a c i d 

composition, may be an i n d i r e c t e f f e c t of ethanol on metabolism 

r a t h e r than an 'adaptive' response. L i t t l e t o n e t s i . (1980) 

have remarked t h a t such changes could have been e q u a l l y caused 

by the f o l l o w i n g , i ) n u t r i t i o n a l d e f i c i e n c i e s a s s o c i a t e d with 

ethanol i n t a k e (eg. Mansbach, 1983 has shown that ethanol 

a d m i n i s t r a t i o n reduced the n e u t r a l l i p i d a b s o r p t i o n i n the xat 

i n t e s t i n e ) , i i ) l i p i d p e r o x i d a t i o n causedi>jethanol; and i i i ) 

other metabolic e f f e c t s unconnected w i t h any adaptive mechanism. 

For example, Baraona and L i e b e r , (1979) have shown that ethanol 

produces e l e v a t e d blood c h o l e s t e r o l l e v e l s i n humans. A very 

important o b s e r v a t i o n has been made by Smith e t &1. (1982),they 

found, i n l i p i d e x t r a c t s from r a t hepatocytes, t h a t the nature 

of the change induced by ethanol was modulated by the type of 

d i e t the animals were on. They found t h a t i n c r e a s e s i n h e p a t i c 

c h o l e s t e r o l , during ethanol a d m i n i s t r a t i o n , were a f u n c t i o n of 

the l e v e l of corn o i l i n the d i e t . 

P h y s i c a l s t u d i e s , using f l u o r e s o e n t and E.S.R. probes, 

have shown t h a t ethanol d e c r e a s e s membrane order ( C h i n 6? 

G o l d s t e i n , 1977; H a r r i s fif Sohroeder, 1981; H a r r i s e t a l . 1984; 
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Rottenberg et a l • 1981; and Waring et a l - 1981). The 

app r o p r i a t e adaptive response to long-term ethanol 

a d m i n i s t r a t i o n would t h e r e f o r e be to i n c r e a s e membrane order to 

compensate f o r t h i s f l u i d i z i n g e f f e c t . T h i s i s u n l i k e l y to 

occur as the r e s u l t of a r b i t r a r y metabolic changes due to the 

presence of ethanol, and t h e r e f o r e i s more l i k e l y t o i n d i c a t e 

whether t h e r e i s any t r u e adaptive response to the ethanol. 

The steady s t a t e f l u o r e s c e n c e p o l a r i z a t i o n of D.P.H. i n 

s y n a p t i c membranes from ethanol-fed r a t s i s not s i g n i f i c a n t l y 

d i f f e r e n t from the c o n t r o l s . There i s , however, some d i f f e r e n c e 

between Mc7 tumour membranes which have been exposed t o a l c o h o l , 

as compared with the e q u i v a l e n t membranes from the p a i r - f e d 

c o n t r o l s . Although t h i s d i f f e r e n c e i s not s t a t i s t i c a l l y 

s i g n i f i c a n t , i t i s c o n s i s t e n t throughout the temperature range 

4-50°C. I t i s a l s o i n the opposite d i r e c t i o n t o what one would 

expect a f t e r long-term exposure to e t h a n o l . The plasma 

membranes appear l e s s ordered a f t e r e t h a n o l a d m i n i s t r a t i o n , 

r a t h e r than more ordered as one might expect i f th e r e was an 

adaptive response ( o r the same order i f no adaption had.taken 

p l a c e ) . Chin & G o l d s t e i n , (1977), when they used E.S.R. to 

study changes i n synaptosome order a f t e r e t h a n o l a d m i n i s t r a t i o n , 

found no d i f f e r e n c e s i n the order between membranes exposed t o 

eth a n o l and those which had not. They d i d note, though, t h a t 

the membranes which had been exposed t o long-term ethanol 

a d m i n i s t r a t i o n were d i s o r d e r e d l e s s by the presence of the 

al o o h o l than membranes which had not been so exposed. T h i s 

i n d i o a t e s t h a t the adaption may be a s u b t l e one. Crews et a l -

(1983), however, were a b l e to show ( u s i n g D.P.H. fluoresoenoe 
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p o l a r i z a t i o n i n vitr_Q) t h a t there was a p a r a l l e l between 
i n c r e a s e d synaptosome order and the e l e v a t i o n i n the 
c h o l e s t e r o l / p h o s p h o l i p i d r a t i o . They were a l s o a b l e to show the 
the i n Yitr_Q a d m i n i s t r a t i o n of c h o l e s t e r o l mimicked the type of 
ordering seen i n the membranes from ethanol dependent r a t s . The 
r e s u l t s of H a r r i s e_t a l . (1984) are i n c o n f l i c t w i t h the above 
study. They showed t h a t s y n a p t i c membranes (from ethanol 
dependent r a t s ) had an i n c r e a s e d order, but d i d not have an 
i n c r e a s e d c h o l e s t e r o l / p h o s p h o l i p i d r a t i o . . Furthermore, 
liposomes c r e a t e d from l i p i d e x t r a c t s of the eth a n o l adapted 
membranes had the same order as liposomes from s y n a p t i c 
membranes which had not been exposed to ethanol. These l a t t e r 
workers have t h e r e f o r e suggested t h a t changes i n membrane order 
during ethanol a d m i n i s t r a t i o n are the r e s u l t of l i p i d or 
l i p i d / p r o t e i n complexes being rearranged. These v a r i o u s 
c o n f l i c t i n g r e p o r t s show t h a t the problem of how membranes 
respond to the long-term a d m i n i s t r a t i o n of eth a n o l i s a complex 
one. ~ 

I t i s worth noting a t t h i s stage t h a t a s i n g l e e t h a n o l 

a d m i n i s t r a t i o n experiment was c a r r i e d out u s i n g the male r a t and 

D23 tumour. S e v e r a l d i f f e r e n c e s were seen between the tumour 

membranes from the ethanol fed r a t s and the same membranes from 

the p a i r - f e d s u c r o s e c o n t r o l s . There was an e l e v a t e d l e v e l of 

c h o l e s t e r o l i n the plasma membranes from the tumours which had 

been i n the ethanol dependent r a t s . The order of the membranes 

from the ethanol dependent r a t s was l e s s than those from t he 

c o n t r o l animals. T h i s i s i n t e r e s t i n g a s i t supports the s m a l l 

i n s i g n i f i c a n t t r e n d s which have been noted i n the Mc7 tumour 



179 
membranes from et h a n o l dependent r a t s . I t may be, t h e r e f o r e 
t h a t these s m a l l changes would become s t a t i s t i c a l l y s i g n i f i c a n t 
i f enough r e p l i c a t e s of these membrane p r e p a r a t i o n s were 
obtained. The problem i s that the v a r i a t i o n i n membranes 
between d i f f e r e n t i s o l a t i o n s masks the s m a l l d i f f e r e n c e s i n 
membrane composition and s t r u c t u r e which a r e due to the ethanol 
feeding. The most important e f f e c t which r e q u i r e s f u r t h e r 
i n v e s t i g a t i o n i s t h a t the order of the tumour plasma membranes 
which have been s u b j e c t to ethanol a d m i n i s t r a t i o n i s lower than 
the order of the e q u i v a l e n t membranes from c o n t r o l animals. 
T h i s i s the r e v e r s e of what one would expect i f the membranes 
were adapting t o the presence of a membrane perturbant such as 
et h a n o l , and i s not due t o the continued presence of ethanol i n 
the membranes, as a l l the ethanol would have been washed out i n 
the lengthy i s o l a t i o n procedure. I t i s a l s o important t o note 
t h a t the normal s y n a p t i c membranes ( a f t e r e thanol 
a d m i n i s t r a t i o n ) di'd not e x h i b i t t h i s t r e n d towards decreased 
membrane order. T h e r e f o r e i t appears to be s p e c i f i c t o the 
tumour membranes. 

The f i r s t point about t h i s unexpected e f f e c t i s t h a t i t 

o v e r i d e s the compensation one would expect from the e l e v a t i o n of 

plasma membrane c h o l e s t e r o l . However the l e v e l of the f a t t y 

a c i d 18:1 i s higher i n the phospholipids from tumour membranes 

a f t e r ethanol a d m i n i s t r a t i o n . T h i s e l e v a t i o n does not occur i n 

the s y n a p t i c membrane pho s p h o l i p i d s which suggests i t may be an 

important f a c t o r i n determining the d i f f e r e n c e i n order of the 

two membrane types when they respond to the presenoe of e t h a n o l . 

T h i s i s because 18:1 i s known to have a s i g n i f i c a n t f l u i d i z i n g 
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e f f e c t on the membrane when incorporated i n t o the membrane, 

phospholipids, (Van Deem e_t a l • 1971). I t could a l s o be 

suggested that a s t r u c t u r a l change has taken p l a c e which i s 

u n r e l a t e d to the chemical composition of the membranes pen s_e_. 

I t i s important to remember t h a t the tumour plasma membranes are 

a l r e a d y very f l u i d compared to those from normal o e l l s , (See 

F i g . 4.1) The presence of ethanol could i n c r e a s e t h i s f l u i d i t y 

to a l e v e l whereby the t e r t i a r y s t r u c t u r e of the membrane 

p r o t e i n s i s d i s r u p t e d , and d e n a t u r a t i o n might take p l a c e . T h i s 

argument i s c o n s i s t e n t with the suggestion of H a r r i s et a l -

(1984) t h a t p r o t e i n / l i p i d complexes are important i n producing 

an adaptive response to e t h a n o l . Such complexes could be 

damaged i n the tumour plasma membranes. There are s e v e r a l 

r e p o r t s of the d i s r u p t i v e e f f e c t s of ethanol on membrane 

p r o t e i n s i n the l i t e r a t u r e . Rubin and Rottenburger, (1982) have 

reviewed the i n h i b i t o r y e f f e c t s of ethanol on amino a c i d 

t r a n s p o r t , and Lee" and Hosein, (1982) have shown t h a t t h e r e i s a 

decrease of glucagon binding s i t e s i n h e p a t i c plasma membranes 

f o l l o w i n g ethanol a d m i n i s t r a t i o n . T h i s p e r s i s t e d over 72 hours 

a f t e r withdrawal, and i n d i c a t e s some kind of i r r e v e r s i b l e damage 

may be t a k i n g p l a c e . Kane et a l . (1980); and Schanne et a l . 

(1980) have shown t h a t t o x i c l i v e r n e c r o s i s , f o l l o w i n g prolonged 

exposure to ethanol, g e n e r a l l y i n v o l v e s damage to the plasma 

membrane, an e f f e c t t h a t r e s u l t s i n l e t h a l amounts of c a l c i u m 

i o n s e n t e r i n g the c e l l . I t t h e r e f o r e seems l i k e l y t h a t the 

long-term a d m i n i s t r a t i o n of e t h a n o l may s e l e c t i v e l y damage 

tumour plasma membranes because they a r e already'more f l u i d than 

those from normal t i s s u e . 



181 

There t h e r e f o r e may be some b a s i s to the suggestion, made 

at the beginning of t h i s chapter, t h a t tumour c e l l s may not be 

competent t o adapt to the presence of a membrane pertubant, and 

t h e r e f o r e may be s e l e c t i v e l y s e n s i t i z e d to hyperthermia. 

Whether t h i s damage i s apparent i n y_iY.o_ w i l l be examined i n the 

next chapter. The main draw back of such a suggestion i s t h a t 

the c l i n i c a l i m p l i c a t i o n s of the long-term a d m i n i s t r a t i o n of a 

membrane perturbant, such a s eth a n o l , may not be a f e a s i b l e 

s u ggestion i n treatment. One f u r t h e r l i n e of i n v e s t i g a t i o n , 

which has been h i g h l i g h t e d by the c u r r e n t study, i s t h a t d i e t a r y 

manipulation of membrane composition may be a f a r s a f e r method 

of e l i c t i n g changes i n plasma membrane s t r u c t u r e i n order t o 

s e n s i t i z e tumour c e l l s to heat. 
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7. TUMOUR TREATMENT REGIMES USING MEMBRANE PERTURBANTS 

INTRODUCTION 

The r e s u l t s presented so f a r i n t h i s study have suggested 

t h a t the plasma membrane i s a s i t e of primary heat l e s i o n i n 

cancer c e l l death (Chapters 2-5). They have a l s o shown (Chapter 

5) t h a t t e t r a c a i n e , a membrane perturbant, enhances the heat 

damage to the plasma membrane. Although the i n YttEQ r e s u l t s 

suggest membrane pe r t u r b a n t s , such as t e t r a c a i n e , could s e r v e to 

p o t e n t i a t e the hyperthermic k i l l i n g of cancer, c l i n i c a l l y , the 

i n viyjQ s i t u a t i o n i s of t e n d i f f e r e n t as other p h y s i o l o g i c a l 

f a c t o r s eg. blood flow, pH(Song, 1982) and the immune response 

(Dickson & Shah, 1982) have to be taken i n t o account. 

Two s t u d i e s by Y a t v i n ' s group, u s i n g the l o c a l a n a e s t h e t i c , 

l i d o c a i n e , have shown th a t a membrant perturbant does enhance 

tumour r e g r e s s i o n when a p p l i e d with hyperthermia, compared to 

hyperthermia treatment alone ( Y a t v i n £t &i. 1979 & Robins £t 

a l - 1982). However, so f a r , few i n YiYQ s t u d i e s have been 

reported u s i n g t h i s treatment regime. I n t h i s s e c t i o n of the 

work the thermal s e n s i t i v i t y of the D23 and Mc7 tumours, used 

f o r the i s YitEQ s t u d i e s e a r l i e r i n t h i s t h e s i s , were a s s e s s e d 

i s YiYQ; and any enhancing e f f e c t of t e t r a c a i n e , when a p p l i e d 

together with heat, was determined. 



183 

A second type of i n YiYQ heating experiment was c a r r i e d out 

on tumours grown i n ethanol-dependent r a t s . The reason for t h i s 

was to see i f t h e r e i s any i n c r e a s e d t o l e r a n c e of the D23 tumour 

to heat when i t i s grown i n the presenoe of a membrane 

f l u i d i z e r , compared to the same tumour grown i n p a i r - f e d 

c o n t r o l s . T h i s of course means withdrawing the ethanol before 

h e a t i n g so that any e f f e c t observed was the r e s u l t of long-term 

adaption, and not due to the presence of the ethanol s t i l l i n 

the plasma membranes. The b a s i c assumption of t h i s s c e n a r i o i s 

t h a t the adaption due to the presence of a drug, i n t h i s case 

e t h anoK Chin & G o l d s t e i n 1977 and Chin e_t a l - 1978) i s s i m i l a r 

to the adaption produced by i n c r e a s e d environmental temperature, 

(homeoviscous a d a p t i o n ) . One study by Anderson fit a l . (1983) 

has shown t h a t heat r e s i s t a n c e i s induced i n mouse ear by the 

long-term a d m i n i s t r a t i o n of ethanol. T h i s study i n d i c a t e s t h a t 

t h e r e i s indeed a s i m i l a r adaptive response to heat and ethanol. 

However, L i t t l e t o n has pointed out i n h i s review ( L i t t l e t o n , 

1983), t h a t the type of homeoviscous adaption which i s a r e s u l t 

of changed environmental temperature i s d i f f e r e n t from the type 

of adaptive response to drugs, p a r t i c u l a r l y e t h a n o l . T h i s i s 

because the changes i n l i p i d compostion and i n c r e a s e i n membrane 

order which i s a s s o c i a t e d with the c l a s s i c homeoviscous adaption 

to temperature i s not a p r e r e q u i s i t e f o r t o l e r a n c e induced by 

such drugs as ethanol ( C h i n 6? G o l d s t e i n , 1977). The c u r r e n t 

experiments w i l l i n d i c a t e whether the tumour i s a b l e to adapt i n 

a s i m i l a r way to e t h a n o l as i s observed i n normal t i s s u e s , or 

whether, i n f a c t , i t i s unable to do so. I f not, t h e r e i s the 

p o s s i b i l i t y of producing a d i f f e r e n t i a l heat s e n s i t i v i t y between 

normal and tumour t i s s u e i e XiXQ, which could be e x p l o i t e d 
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c l i n i c a l l y • 

The convenient s i t e for heating experiments i s the dorsum 

of the r a t s foot. Although t h i s procedure i s commonly used to 

a s s e s s hyperthermia treatment regimes, i t has been c r i t i c i z e d as 

a tumour model by H i l l and Denekamp, (1982), because of the 

d i f f e r e n c e between the extremity and core temperature. There i s 

a l s o some d i s p u t e about the use of a n a e s t h e t i c s f o r s e d a t i o n 

during the treatment. The animals obviously need to be 

r e s t r a i n e d i n some way, and the a d m i n i s t r a t i o n of the ge n e r a l 

a n a e t h e t i c , Nembutal, i s the most common method ( S h r i v a s t a v Qt 

&1. 1983) but t h i s a n a e s t h e t i c has been shown to i n t e r f e r with 

the vasomotor tone ( M a r s h a l l G? Wallman, 1980) I t i s a l s o not 

very s e n s i b l e to heat i n the presence of one a n a e s t h e t i c w h i l s t 

t r y i n g to a s s e s s the t h e r a p e u t i c v a l u e of another i n the 

treatment regime, d e s p i t e the f a c t t h a t c o n t r o l h e a t i n g s , with 

s i m i l a r l y a n a e s t h e t i z e d animals would be e s t a b l i s h e d . For these 

reasons, the animals were p h y s i c a l l y r e s t r a i n e d , but remained 

un a n a e s t h e t i z e d during the hyperthermia treatment. I t must be 

borne i n mind of course t h a t s t r e s s can e f f e c t tumour blood flow 

when i n t e r p r e t i n g the r e s u l t s ( Z a n e l l i & Lucas, 1976) 

MATERIALS AND METHODS 

The D23 and Mc7 tumours were maintained i n male and female 

Nottingham WAB/NOT inbre d r a t s , r e s p e c t i v e l y . P r i o r t o a 

he a t i n g experiment 0.1ml of a chopped tumour suspension, the 

p r e p a r a t i o n of which i s d e s c r i b e d i n Appendix 1, was i n j e c t e d 

i n t o the dorsum of the r a t ' s l e f t - h i n d foot. T h i s was then 
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allowed to grow f o r 7-10 days. The animals were r e s t r a i n e d i n 
perspex tubes with the appropriate foot p r o j e c t i n g out and taped 
to a spur. The foot was heated at 44°C f o r 1 hour i n a 
thermostated water bath. The i n t e r n a l tumour temperature was 
measured using a thermocouple, and was found to reach +0.1 eC of 
the bath temperature w i t h i n the f i r s t 5 minutes of h e a t i n g . 
P r i o r to heating e i t h e r 50uL of s a l i n e or t e t r a c a i n e (0.262M), 
i n s a l i n e was i n j e c t e d i n t o the tumour mass before h e a t i n g . 
Animals were s a c r i f i c e d when the tumour volume reached 1ml. 

The other type of h e a t i n g experiment was c a r r i e d out on 

tumours which had been maintained on the ethanol d i e t d e s c r i b e d 

i n Chapter 7, M a t e r i a l s & Methods, s e c t i o n 1. The animals were 

withdrawn from the ethanol 12 hours before h e a t i n g i n order to 

ensure t h a t no ethanol was present i n the membranes during the 

he a t i n g . The D23 tumours, i n e t h a n o l - f e d r a t s and sucrose 

c o n t r o l s , were heated i n the same way as d e s c r i b e d i n the l a s t 

paragraph. Animals were again s a c r i f i c e d when the tumour volume 

reached 1ml. 

BESULT.S 

P r e l i m i n a r y experiments have shown t h a t tumour growth i s 

e x p o n e n t i a l and t h a t tumour r e g r e s s i o n d i d not occur 

spontaneously. I n consequence i t was decided t h a t the 

experiments would be terminated when tumour volume reaohed 1ml. 

At t h i s s i z e the tumour caused the animal no inconvenience nor 

discomfort, but i t was c l e a r t h a t , a t the observed r a t e of 

tumour growth, discomfort a t l e a s t , and death a t the worst was 
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inevitable,, 

F i g u r e s 7.1 & 7.2 show the s u r v i v a l of r a t s with D23 and 

Mc7 foot tumours r e s p e c t i v e l y . There a r e three c o n d i t i o n s : 

i ) no treatment, i i ) heat treatment f o r 1 hour at 44°C with a 

50uL i n j e c t i o n of s a l i n e i n t o the tumour, and i i i ) heat 

treatment f o r 1 hour at 44° C w i t h a 50uL i n j e c t i o n of 0.262M 

t e t r a c a i n e i n s a l i n e (dose=4mg) i n t o the tumour. The animals 

were s a c r i f i c e d when the tumour volume reached 1ml, thus %age 

A l i v e i s not a measurement of death due to the tumours per ge. 

I n f i g u r e 7.1, which shows the e f f e c t of the treatment 

regime on the D23 tumour, a l l the animals r e c e i v i n g no treatment 

were s a c r i f i c e d w i t h i n the f i r s t 16 days a f t e r the t r a n s p l a n t , 

and 50% of these were s a c r i f i c e d w i t h i n the f i r s t 10 days. The 

e f f e c t of h e a t i n g alone f o r one hour a t 44°C was to d e l a y the 

onset of the f i r s t ' d e a t h u n t i l 15 days, and c o n s i d e r a b l y prolong 

the average l i f e s p a n of the animals, as growth of the tumour was 

a r r e s t e d , or reduced i n most of the r a t s . I t took 30 days f o r 

50% of the animals to d i e , and 33% of them were s t i l l a l i v e , 

w i t h no tumour regrowth, a f t e r 200 days. These were c o n s i d e r e d 

to be cured. The combination of the same 'dose' of heat and 

t e t r a c a i n e produced even g r e a t e r s u r v i v a l . The f i r s t death was 

delayed u n t i l 34 days, and 75% of the animals showed no tumour 

regrowth a f t e r 200 days. I n the c a s e s of heat treatment alone, 

or heat treatment p l u s t e t r a c a i n e , many of the animals have now 

l i v e d t h e i r n a t u r a l span without any reoccurrenoe of the tumour. 

Fi g u r e 7.2 shows the e f f e c t of the same treatment regime on 
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the Mc7 tumour, and t h e r e are c o n s i d e r a b l e d i f f e r e n c e s , i n terms 
of animal s u r v i v a l , between t h i s tumour, and the D23 d e s c r i b e d 
above. I n the untreated animals the tumour reached 1ml i n 50% 
of the animals a f t e r 12 days, and a l l of them had to be 
s a c r i f i c e d by the 18th day. T h i s i s a s i m i l a r growth p a t t e r n to 
the D23 tumour. The e f f e c t of heat treatment alone d i d not 
d e l a y the Mo7 tumour growth to the same extent as i n the D23 
tumour, 50% of the animals being s a c r i f i c e d a f t e r 23 days, and 
t h e r e was only 14% s u r v i v a l a f t e r 200 days. But the most 
important observation was t h a t the combined e f f e o t of heat and 
t e t r a c a i n e , which was potent i n the D23, d i d not p o t e n t i a t e the 
e f f e c t of heat to the same degree, and a f t e r 200 days only 25% 
of the animals were are considered 'cured'. Therefore the 
response of the two tumours to the heat treatment regimes i s 
very d i f f e r e n t . 

These h e a t i n g s were c a r r i e d out over a 2 year p e r i o d and 

r e s u l t from some 10-12 separate heatings of tumour m a t e r i a l from 

d i f f e r e n t t r a n s p l a n t s . Some d i f f e r e n c e s i n s e n s i t i v i t y were 

noted between experiments f o r both tumours, but only i n the case 

of the Mc7 was t h i s d i f f e r e n c e dramatic. I n the e a r l y 

experiments (1982) Mc7 was the more s e n s i t i v e of the two tumours 

to heat, but by 1984 i t was more r e s i s t a n t . 

I n both tumours t h e r e was o c c a s i o n a l l y regrowth of the 

tumour higher up the leg. i n the t h i g h of the animal. T h i s type 

of regrowth aooounted f o r some of the deaths around 50, 60 and 

70 days, f o r the D23 and Mo7. 



as 

I 

-rr-t-

c s a 
m e 
eg 

8 a 
tn 
>• 
a a 

o o s 8 o 
» AHV % 



191 

F i g u r e 7.3 shows the e f f e c t of long-term ethanol 
a d m i n i s t r a t i o n on the s e n s i t i v i t y of the D23 tumour to heat. 
There i s no r e a l d i f f e r e n c e between the s u r v i v a l of animals on 
the c o n t r o l sucrose d i e t , and those which were fed ethanol. The 
'cure' r a t e i n both c a s e s i s about 30%. I t must be noted, 
however, that these r e s u l t s were from a r e l a t i v e l y s m a l l number 
of animals. I f t h e r e was a s m a l l d i f f e r e n c e i n tumour 
s e n s i t i v i t y between the two d i e t a r y regimes, they would be 
d i f f i c u l t to d e t e c t u n t i l more data had been c o l l e c t e d . 

I f one compares th e s e l a s t r e s u l t s w i t h those f o r the 

e f f e c t of heat on the tumour i n animals on a normal d i e t , i t i s 

n o t i c e a b l e t h a t tumour regrowth t a k e s longer i n the animals fed 

on the s l e n d e r d i e t i e . 50% of animals have a tumour volume of 

lml a f t e r 41 days i n the ' s l e n d e r ' experiment, but i n the same 

experiment with animals on a normal d i e t i t took only 30 days 

f o r 50% of the animals to have a tumour s i z e r e a c h i n g lml. 

DISCUSSION 

The r e s u l t s presented i n f i g u r e s 7.1-7.3 confirm t h a t 

hyperthermia w i l l produce tumour r e g r e s s i o n and 'cure' e i t h e r 

alone or i n the presence of the membrane perturbant t e t r a c a i n e , 

when r a t foot tumours are heated f o r 1 hour a t 44°C. The 

e f f i c a c y of t h i s cure, however, i s d i f f e r e n t i n the two tumours 

s t u d i e d . 

The D23 hepatoma i s c o n s i d e r a b l y more heat s e n s i t i v e than 

the Mc7 sarcoma. Heat alone i n the D23 w i l l produoe a 30% oure 
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i n the r a t , whereas i n the Mc7 the cure i s only 14%. The tumour 
regrowth i n the Mo7 i s more r a p i d than the D23. What i s a l s o 
i n t e r e s t i n g i s t h a t although the a d m i n i s t r a t i o n of t e t r a c a i n e 
during heating produces a s u b s t a n t i a l improvement i n the 
r e g r e s s i o n of the D23 tumour (7 5 % are c u r e d ) , the same regime 
only produces a s l i g h t improvement of the cure r a t e due to heat 
alone, i n the Mc7. 

There may be s e v e r a l e x p l a n a t i o n s f o r the growth of tumours 

f u r t h e r up the l e g of r a t s i n which the primary tumour had 

appa r e n t l y completely r e g r e s s e d f o l l o w i n g hyperthermia. Neither 

tumour i s known to produce metastases, so t h i s obvious 

e x p l a n a t i o n can be d i s c a r d e d . There a r e two other 

p o s s i b i l i t i e s . For example, during the o r i g i n a l i n j e c t i o n of 

tumour c e l l s i n t o the foot a s m a l l p o p u l a t i o n of tumour c e l l s 

may have entered the blood stream and lodged f u r t h e r up the l e g . 

Because they would' be sma l l i n number i t could take some time 

before the growth of a tumour was d e t e c t e d . Another e x p l a n a t i o n 

i s t h a t the h e a t i n g of the tumour caused i t to d i s a g g r e g a t e f and 

c e l l s were again r e l e a s e d i n t o the blood stream, lodging f u r t h e r 

up the l e g . I n the case of both e x p l a n a t i o n s the l a t e 

appearance of the tumour would be because only a very s m a l l 

population of tumour c e l l s was i n v o l v e d . 

are c o n s i s t e n t with the hypothesis 
The r e s u l t s presented f o r the D23 tumour ^ t h a t the 

plasma membrane i s a c r i t i c a l s i t e of heat i n j u r y . T h i s i s 

because the a d d i t i o n of a membrane pe r t u r b a n t , t e t r a c a i n e , 

c o n s i d e r a b l y enhances heat therapy. Very few s i m i l a r s t u d i e s 

have been undertaken on tumours AB Y.AYQ, u s i n g t h i s k i nd of 
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h e a t i n g regime, but Y a t v i n e t &1. (1979) and Robins et a l . 
(1982), have shown a c o n s i d e r b l e i n c r e a s e i n the r e g r e s s i o n of a 
t r a n s p l a n t a b l e adenosarcoma (grown i n the hind l e g s of mice) 
when hea t i n g at 43.5°C f o r 1 hour, combined with l i d o c a i n e 
i n f u s i o n , compared to heating alone. T h i s confirms Y a t v i n ' s 
model study using b a c t e r i a to t e s t the e f f i c a o y of l o c a l 
a n a e s t h e t i c s combined with heat, i n c e l l k i l l i n g ( Y a t v i n et &1. 
1982). I t would be, t h e r e f o r e , s t a t i s f y i n g to say t h a t the 
h y p o t h e s i s of c e l l heat death advanced i n the beginning of t h i s 
t h e s i s had been confirmed, but the Mc7 tumour shows a d i f f e r e n t 
response to the D23, and to some extent seems to d i s c r e d i t the 
h y p o t h e s i s , as the p o t e n t i a t i n g e f f e c t of t e t r a c a i n e and heat on 
t h i s tumour i s not marked. 

The b i o c h e m i c a l s t u d i e s of the D23 and Mc7 plasma 

membranes, presented e a r l i e r i n t h i s t h e s i s , Chapters 3-5, ( i e . 

low membrane c h o l e s t e r o l l e v e l s , decreased plasma membrane 

Qrder, and the i n c r e a s e d t h e r m o s e n s i t i v i t y of the tumour plasma 

membrane enzyme f o r both tumours) would i n d i c a t e t h a t there i s 

no r e a l d i f f e r e n c e i n the t h e r m o s e n s i t i v i t y of the tumours i n 

YiY.o_, i f the plasma membrane i s the c r i t i c a l f a c t o r i n d e c i d i n g 

the d i f f e r e n t i a l s e n s i t i v i t y of many tumours to hyperthermia. 

T h i s i s c l e a r l y not the case. I t i s t h e r e f o r e important to bear 

i n mind t h a t tumour heat s e n s i t i v i t y may be a combination of 

c e l l u l a r l e s i o n s and p h y s i o l o g i c a l f a c t o r s , which w i l l only be 

a p p l i c a b l e to tumour c e l l s i n the whole animal. 

I t has been shown, f o r example, t h a t SPD tumour o e l l s were 

more s e n s i t i v e t o hyperthermia i s YiYQ than i a Y.itr_Q(Kang e£ fll• 
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1980). The two most important p h y s i o l o g i c a l f a c t o r s to bear i n 

mind are tumour blood flow and l o c a l pH. The i n t e r a c t i o n 

between these two i n hyperthermia has been reviewed by Song 

(1982). Emanmi e t &!. (1980) have shown, i n a r a t 

rhabadomyosarcoma, t h a t blood flow to the tumour, at 40-41°G for 

40 minutes, d e c r e a s e s by 50%, but returned t o normal a f t e r 72 

hours. However the same time of exposure, but now at 43°C, 

produced a more d e s t r u c t i v e e f f e c t . C a p i l l a r y blood flow was 

e l i m i n a t e d and t h e r e was widespread v e s s e l rupture and 

haemorrhage. S i m i l a r r e s u l t s have been r e p o r t e d by B i r c h e r et 

&1. (1980), i n a mouse mammary adenosarcoma. They showed t h a t 

below 41°C t h e r e was an i n c r e a s e i n blood flow and t i s s u e oxygen 

t e n s i o n , but temperatures above 41° C caused a c o l l a p s e i n blood 

flow, a lowering of t i s s u e oxygen t e n s i o n , and a decrease i n pH. 

They a l s o found t h a t the t i s s u e oxygen t e n s i o n i n unheated 

tumours was very low i n c e r t a i n a r e a s of the tumour which were 

a l s o d e p r ived of blood flow. Thus i t seems c l e a r t h a t decreases 

i n blood flow d e p r i v e s the tumour c e l l s of oxygen and n u t r i e n t s , 

and they tend to go hypoxic. 

Dickson and Calderwood, (1979) have shown t h a t t h i s 

c o n d i t i o n i n c r e a s e s the hyperthermic k i l l i n g of tumours, and, 

u s i n g a Yoshida sarcoma, Dickson has a l s o shown t h a t the 

i n c r e a s e i n tumour pH i s due to an e f f l u x of l a c t a t e from the 

tumour c e l l s (Calderwood & Dickson, 1980). Hofer & Mivechi 

(1980) have proposed however, t h a t the i n c r e a s e d hyperthermic 

s e n s i t i v i t y of tumours i s due to decreased i n t r a c e l l u l a r , not 

e x t r a o e l l u l a r , pH. I t i s a l s o i n t e r e s t i n g t o note t h a t a 

oontinued low pH, a f t e r the h e a t i n g has stopped, w i l l i n c r e a s e 
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tumour r e g r e s s i o n (Freeman e_t a l . 1980) 

Tumour s i z e has been shown to be a c r i t i c a l f a c t o r i n 

determining the e f f e c t of blood flow and pH on tumour 

hyperthermia. Urano fit a l . (1980) have reported t h a t an 

i n c r e a s e i n t h e r m o s e n s i t i v i t y was a s s o c i a t e d w i t h i n c r e a s e d 

tumour volume, which i n i t s e l f produced a decrease i n pH and 

growth. Although these e f f e c t s a r e d e s i r a b l e , i n t h a t they 

enhance the hyperthermic k i l l i n g of tumours, Song e t a l - (1982) 

has pointed out t h a t the hypoxic s t a t e does not favour 

subsequent e f f e c t i v e r adiotherapy. T h i s i s important as the two 

treatments a r e o f t e n used i n combination or s e q u e n t i a l l y i n 

c l i n i c a l treatment. 

The other main p h y s i o l o g i c a l f a c t o r to be con s i d e r e d i n 

understanding the v a r i a t i o n i n heat s e n s i t i v i t y of tumours, i s 

the animal's immune response. There i s some c i r c u m s t a n t i a l 

evidence t h a t t h e r e i s an anti-tumour immune response a f t e r 

c u r a t i v e l o c a l hyperthermia, i n some animals. The D23 and Mc7 

tumours a r e co n s i d e r e d to be weakly immunogenic, the D23 more so 

than the Mc7 (Dickson & Simpson, ( p e r s o n a l communication). 

How might th e s e p h y s i o l o g i c a l f a c t o r s a f f e c t the observed 

d i f f e r e n c e i n the t h e r m o s e n s i t i v i t y of the D23 and Mc7 tumours? 

Blood flow may be a c r u c i a l f a c t o r i n the d i f f e r e n t i a l heat 

s e n s i t i v i t y between the D23 and Mc7. The Mc7 was observed to be 

b e t t e r v a s o u l a t e d than the D23; t h i s i s almost o e r t a i n l y the 

reason why the Mo7 was r a r e l y v e r y n e o r o t i c , whereas t h e D23 

often had a n e o r o t i c c e n t r e . T h i s would mean t h a t the D23 could 
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be c o n s i d e r a b l y more hypoxic than the Mc7, and t h i s i s know to 

be an important f a c t o r i n i n c r e a s i n g tumour s e n s i t i v i t y to heat 

(Dickson & Calderwood, 1979). I t i s a l s o important to remember 

th a t the hyperthermic s e n s i t i v i t y of the Mc7 tumour decreased 
i 

markedly during the two year period of experimentation. F i g u r e 

7.2, t h e r e f o r e , masks the great d i f f e r e n c e between the o r i g i n a l 

tumour heat s e n s i t i v i t y , which was s i m i l a r to t h a t of the D23, 

and the f i n a l heat s e n s i t i v i t y , which was even g r e a t e r than 

f i g u r e 7.2 would suggest. The changing nature of the Mc7 tumour 

emphasises the drawback of u s i n g a passaged, r a t h e r than primary 

tumour system, to look a t a treatment regime. I t may be t h a t 

t here was some g e n e t i c ' d r i f t ' i n the animals during the course 

of the experiments, but i t seems u n l i k e l y t h a t i t would have 

a f f e c t e d the female and not the male when t h i s was an i n b r e d 

s t r a i n of r a t . Of course the reason f o r us i n g the inb r e d s t r a i n 

at a l l , was to e l i m i n a t e , as f a r as p o s s i b l e , any g e n e t i c 

v a r i a t i o n . 

I n the second type of he a t i n g experiment, which was 

performed on the D23 tumours only, t h e r e was no s i g n i f i c a n t 

d i f f e r e n c e between the heat s e n s i t i v i t y of the tumour growth i n 

ethanol-dependent r a t s , compared with t h e i r p a i r - f e d c o n t r o l s . 

A report by Anderson £t a l - (1983), showed t h a t e t h a n o l 

a d m i n i s t r a t i o n followed by withdrawl immediately before h e a t i n g , 

reduced heat induced n e c r o s i s i n mouse ea r . The l a c k of such a 

p a t t e r n of r e s i s t a n c e i n the D23 tumour may confirm the 

s p e c u l a t i o n i n Chapter 7, when i t was suggested t h a t long-term 

ethanol a d m i n i s t r a t i o n may p r e f e r e n t i a l l y damage the tumour 

c e l l s beoause of t h e i r h i g h f l u i d i t y i n the absenoe of any 
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membrane perturbant. I t may be e q u a l l y w e l l argued t h a t any 
s m a l l d i f f e r e n c e i n heat s e n s i t i v i t y , induced by the e t h a n o l 
a d m i n i s t r a t i o n , would be d i f f i c u l t to observe with a r e l a t i v e 
s m a l l sample s i z e . These r e s u l t s do confirm the r e s u l t s from 
the biochemical study of the e f f e c t s of long-term e t h a n o l 
a d m i n i s t r a t i o n on tumours, t h a t i s they are a l s o non-conclusive! 
I t must a l s o be remembered t h a t the i n viyo_ ethanol experiment, 
rep o r t e d i n t h i s s e c t i o n , was undertaken on a d i f f e r e n t tumour 
to the biochemioal study undertaken i n Chapter 7. 
U n f o r t u n a t e l y , at the time of the experiment, t h e r e were not 
enough female r a t s ( t h e s e c a r r y the Mc7 tumour ) to attempt an 
experiment, and so the D23, grown i n the male r a t s , was used 
i n s t e a d . 

F i n a l l y , t h e r e has been some r e c e n t c r i t i c i s m of u s i n g 

animal foot tumours as models f o r human tumours when t r y i n g t o 

a s s e s s f u t u r e C l i n i c a l treatment regimes. T h i s model i s 

commonly used i n hyperthermia and r a d i o t h e r a p y work, but 

Auerbach and Auerbach, (1982), i n t h e i r review, emphasise t h a t 

t h e r e a r e r e g i o n a l d i f f e r e n c e s i n the growth of normal and 

n e o p l a s t i c c e l l s , and r e g i o n a l d i f f e r e n c e s i n the immune 

response as w e l l . More im p o r t a n t l y f o r t h i s c u r r e n t study. H i l l 

and Denekamp, (1982), have shown t h a t tumours grown on animal 

e x t r e m i t i e s may w e l l be poor models f o r hyperthermia treatment, 

because of the low n a t u r a l temperature experienced i n t h e s e 

r e g i o n s of the body. Therefore l e s s heat might be r e q u i r e d to 

k i l l a tumour lo o a t e d a t the e x t r e m i t i e s than one l o c a t e d i n the 

core of the animal. These l a t t e r workers a l s o r e p o r t t h a t t h e r e 

a r e changes i n the v a s o u l a t i o n at the e x t r e m i t i e s . T h i s may be 
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c r u c i a l s i n c e , as a l r e a d y has been shown, tumour v a s c u l a t i o n i s 

very important i n determing tumour heat s e n s i t i v i t y i s Y1YQ-

Despite the drawbacks of t h i s model i t r e p r e s e n t s the best 

a v a i l a b l e model system f o r the c u r r e n t s t u d i e s . 
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Two q u e s t i o n s were posed at the beginning of t h i s t h e s i s 

which were the b a s i s of the work which has now been presented. 

These were, f i r s t , what i s the nature of c e l l u l a r heat i n j u r y , 

and secondly, what a r e the f a c t o r s i n v o l v e d i n making some 

tumours more s e n s i t i v e to heat i n j u r y ? How f a r the work 

presented here has c o n t r i b u t e d towards a g r e a t e r understanding 

of t h e s e fundamental q u e s t i o n s w i l l now be examined. Of course 

any study of t h i s nature w i l l r a i s e as many q u e s t i o n s as i t w i l l 

answer, and the more i n t e r e s t i n g p o s s i b l e f u t u r e developments of 

the r e s u l t s presented here w i l l be h i g h l i g h t e d . 

i . . Two tumours grown i n continuous passage, D23 a hepatoma and 

Mc7, a sarcoma, have formed the b a s i s of these c u r r e n t s t u d i e s , 

and i t must be r e c o g n i s e d t h a t these a r e only a model tumour 

system. I t i s e s s e n t i a l to have a d e f i n e d system f o r the study 

of tumour membrane b i o c h e m i s t r y undertaken here, however t h i s 

system of passaged s o l i d tumours i s not i d e a l . Many s o l i d 

tumours, f o r example, c o n t a i n a heterogenous c e l l population and 

can c o n t a i n a high p r o p o r t i o n of macrophages, (Evans, 1972). 

The i n b r e d r a t s t r a i n used were d i f f i c u l t to breed oompared to 

normal l a b o r a t o r y r a t s and furthermore t h e r e i s some evidence, 

presented i n Chapters 3 and 7, t h a t the tumours changed during 

the course of the work (2.5 y e a r s ) . I n Chapter 3 i t was noted 
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t h a t the c h o l e s t e r o l / p h o s p h o l i p i d r a t i o s of the two tumour 

changed g r a d u a l l y during the course of the work. O r i g i n a l l y the 

l e v e l of c h o l e s t e r o l was higher i n the Mc7 tumour plasma 

membranes than i n the same membranes from the D23 tumour, but a t 

the end of the study t h i s p a t t e r n had r e v e r s e d and the l e v e l of 

membrane c h o l e s t e r o l was s i m i l a r i n both the tumours. I n 

Chapter 7 i t was noted t h a t the Mc7 tumour became p r o g r e s s i v e l y 

r e s i s t a n t to heat - induced r e g r e s s i o n during a 2 year period. 

Changes i n the p r o p e r t i e s of passaged tumours has been observed 

by many other workers and a s u b s t a n t i a l volume of work has been 

pu b l i s h e d on t h i s phenomenon, (Reviewed by S t e e l , 1977). 

Emmelot £f Bos, (1969a) have shown t h a t the 

p r o p e r t i e s ( a c t l v i t i e s ) of plasma membrane bound enzymes changed 

during passage. I n order to reduce the chance of tumour 

d e v i a t i o n i t i s common p r a c t i c e to r e - i n i t i a t e the tumour l i n e 

from a f r o z e n c e l l suspension of the primary c u l t u r e . T h i s was 

done s e v e r a l times" during the course of the work. ( D e s p i t e 

these p r e c a u t i o n s i t i s i n e v i t a b l e t h a t therje i s a c e r t a i n 

amount of s e l e c t i o n o c c u r r i n g during tumour passage.) F r e s h 

m a t e r i a l came from e i t h e r the North of England Cancer Research 

Unit i n the Royal V i c t o r i a I n f i r m a r y Newcastle, or the Cancer 

Campaign L a b o r a t o r i e s , Nottingham. The l a t t e r U n i t was 

r e s p o n s i b l e f o r the e s t a b l i s h m e n t of the two tumours used i n 

t h i s study. The number of tumour-bearing animals a v a i l a b l e f o r 

any given experiment was o f t e n l i m i t e d because of problems w i t h 

the breeding programme, and so the number of r e p l i o a t e s f o r 

experiments was not a s many as wished. T h i s i s p a r t i c u l a r l y 

t r u e of the Mc7 tumour l i n e , because i t used females f o r 

passage, and females o f t e n oould not be spared from the breeding 
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programme. 

I n Chapter 2 plasma membrane enr i c h e d f r a c t i o n s were 

obtained from the l i v e r and two tumours, D23 and Mo7. These 

membranes were not e n t i r e l y f r e e from contamination, but the 

l e v e l of the major contaminant, mitochondria, was s i m i l a r i n the 

th r e e plasma membrane types. T h i s allowed comparative s t u d i e s 

to be c a r r i e d out, without the contamination s e r i o u s l y a f f e c t i n g 

the i n t e r p r e t a t i o n of the r e s u l t s obtained. T h i s chapter 

t h e r e f o r e h i g h l i g h t e d the d i f f i c u l t y of o b t a i n i n g a 'pure' 

plasma membrane f r a c t i o n from tumours. T h i s problem has been 

noted by other workers Emmelot e t fll- (1974) and Suavage e£ a l -

(1981) and i s l i k e l y to be a r e s u l t of the l a c k of 

d i f f e r e n t i a t i o n between plasma and other s u b c e l l u l a r membranes 

i n t h i s c e l l type. The use of l i v e r as the c o n t r o l t i s s u e 

allowed a d i r e c t comparison between the l i v e r plasma membranes 

and the same membranes from the D23 hepatoma because t h i s tumour 

was o r i g i n a l l y d e r i v e d from l i v e r . Such a c o n t r o l was not 

a v a i l a b l e f o r the Mc7 sarcoma and so t h i s tumour s e r v e d to 

i n d i c a t e the k i n d of. d i f f e r e n c e s i n membrane s t r u c t u r e and 

f u n c t i o n t h a t may be common to n e o p l a s i a g e n e r a l l y . 

The r e s u l t s i n Chapters 3 and 4, i n which the l i p i d 

composition and p h y s i c a l s t a t e of tumour plasma membranes were 

compared to those membranes from l i v e r , give the f i r s t s t r o n g 

i n d i c a t i o n t h a t the plasma membrane may indeed be a b a s i s of the 

d i f f e r e n t i a l s e n s i t i v i t y of tumour c e l l s to heat. 

The major d i f f e r e n c e s between tumour and l i v e r plasma 
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membrane l i p i d composition l a y i n the f a t t y a c i d composition of 

the membrane phospholipids and the amount of membrane 

c h o l e s t e r o l present. The major d i f f e r e n c e s seen i n the f a t t y 

a o i d composition of tumour plasma membrane phospholipids when 

compared to the e q u i v a l e n t membranes from l i v e r was an e l e v a t e d 

l e v e l of mono- and d i - u n s a t u r a t e d f a t t y a c i d s and a lowered 

l e v e l of polyunsaturated f a t t y a c i d s p a r t i c u l a r l y a r a c h i d o n i c 

a c i d (20:4) i n the membranes from the tumours. S i m i l a r d a t a has 

been obtained by a number of workers (eg. Van B l i t t e r w i j k et 

a l . 1982 and Koizumi et &i. 1981), and appears to be a f a i r l y 

common f e a t u r e of p r o l i f e r a t i n g c e l l s (reviewed by Hartz et a!-

1982). The f a t t y a c i d composition data presented i n Chapter 3 

a l s o suggested t h a t t h e r e i s an i n c r e a s e i n the l e v e l of 22 

carbon c h a i n length f a t t y a c i d s . S i m i l a r f i n d i n g s were not 

apparent i n the l i t e r a t u r e . The l e v e l of membrane c h o l e s t e r o l 

i n the two tumours was s i g n i f i c a n t l y lower than i n the membranes 

from l i v e r . Lower plasma membrane c h o l e s t e r o l l e v e l s have been 

reported i n the l i t e r a t u r e , p r i n c i p a l l y f o r leukaemias and 

lymphomas ( Van B l i t t e r w i j k et a l . 1982; Koizumi et a l - 1981). 

I n hepatomas other workers have reported e l e v a t e d l e v e l s of 
in 

plasma membrane oholesterol^tumour plasma membranes (Chen et a l -

1978). Again non-cancerous p r o l i f e r a t i n g t i s s u e s a l s o have 

lower l e v e l s of plasma membrane c h o l e s t e r o l than normal 

' r e s t i n g ' t i s s u e , f o r example r e g e n e r a t i n g and f o e t a l l i v e r 

(Koizumi et a l - 1976). Thus the d i f f e r e n c e s i n l i p i d 

composition between normal and tumour plasma membranes re p o r t e d 

i n t h i s study may not be due t o n e o p l a s i a pes E6- but a oommon 

f e a t u r e of r a p i d l y d i v i d i n g o e l l s . 
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I n Chapter 4 i t was shown using D.P.H. fluoresoenoe 

p o l a r i z a t i o n t h a t the plasma membrane order of both tumour 

membranes was s i g n i f i c a n t l y lower than the order of the 

e q u i v a l e n t membranes from l i v e r . I n the l i t e r a t u r e o t h e r s have 

rep o r t e d t h a t cancer c e l l s have more f l u i d membranes than the 

normal c e l l type from which they are deri v e d , ( I n b a r , 1976 and 

Van B l i t t e r w i j k fit a l - 1982). T h i s lower order could be 

r e l a t e d back to the d i f f e r e n c e s i n plasma membrane l i p i d 

composition d e s c r i b e i n Chapter 3. The proportion of 

mono-unsaturated f a t t y a c i d s ( p a r t i c u l a r l y 18:1) i n the membrane 

phospholipids of the two tumours was g r e a t e r than i n the 

phospho l i p i d s from the l i v e r . As the f i r s t double bond i s 

repo r t e d t o have the most pronounced e f f e c t on membrane l i p i d 

order ( Van Deenenet a l - 1971) the higher l e v e l of t h i s f a t t y 

a c i d type may c o n t r i b u t e to the decreased order of the tumour 

plasma membranes compared to normal l i v e r membranes. I t was 

however the lowe* l e v e l of c h o l e s t e r o l i n the tumour plasma 

membranes which was considered to be the most important faotor 

i n determining the reduced order of the tumours, and t h e r e f o r e 

tumour t h e r m o s e n s i t i v i t y . Some workers have proposed t h a t 

membrane order i s a key f a c t o r c e l l heat s e n s i t i v i t y ( Y a t v i n fit 

fil. 1978 and H i d v i g i fit &1. 1980). Others have d i s p u t e d t h i s , 

(Massico-tte-Nolan et a l - 1981 and Lepock fit a ! • 1983), To some 

exte n t l i p i d order as measured by D.P.H. flu o r e s o e n c e 

p o l a r i z a t i o n i s not the same type of measurement as ' f l u i d i t y ' 

d e f i n e d by other p h y s i c a l t echniques which a r e more oonoerned 

with motion, r a t h e r than paoking, Lepock h i m s e l f , i n h i s 

review of the involvement of membranes i n the hyperthermic 

k i l l i n g of c e l l s , has suggested t h a t membrane l i p i d order oould 
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be an important f a c t o r i n determining c e l l heat s e n s i t i v i t y C 
Lepock, 1983). 

The low order of the tumour plasma membranes appears to 

a f f e c t the temperature s e n s i t i v i t y of membrane p r o t e i n s . I n 

Chapter 5, the Mg2+ATPase, an i n t e g r a l membrane p r o t e i n , was 

found to be c o n s i d e r a b l y more temperature s e n s i t i v e i n the 

tumour membranes than i t was i n the membranes from l i v e r . 

Emmelot and Bos, (1968) have reported s i m i l a r r e s u l t s . I t 

cannot be discounted t h a t the temperature s e n s i t i v i t y of t h i s 

enzyme i s a unique property of t h i s p a r t i c u l a r p r o t e i n i n tumour 

plasma membranes. T h i s chapter a l s o showed t h a t t e t r a c a i n e , a 

membrane perturbant, decreased l i p i d order to a g r e a t e r extent 

i n the tumour plasma membranes than i t d i d i n the e q u i v a l e n t 

membranes from l i v e r . T e t r a c a i n e was shown to p o t e n t i a t e the 

thermal i n a c t i v a t i o n of the Mg2+ATPase. These r e s u l t s appear t o 

confirm the i d e a f h a t the p e r t u r b a t i o n of the l i p i d b i l a y e r by 

heat and chemical agents (eg,. t e t r a c a i n e ) w i l l have a 

d e s t a b i l i z i n g e f f e c t on the p r o t e i n s r e s i d i n g i n t h i s b i l a y e r 

and t h a t heat and chemical p e r t u r b a n t s can a c t s y n e r g i s t i o a l l y 

so t h a t t h e r e i s a p o t e n t i a t i n g of the denaturing e f f e c t of heat 

alone. Y a t v i n and co-workers have a l r e a d y shown i n b a c t e r i a 

t h a t t e t r a c a i n e and other l o c a l a n a e s t h e t i c s can p o t e n t i a t e o e l l 

heat k i l l i n g , ( Y a t v i n e_£ a l - 1982). Thus the r e s u l t s presented 

i n t h i s chapter f u r t h e r s u b s t a n t i a t e the h y p o t h e s i s t h a t plasma 

membranes a r e a key s i t e of primary heat l e s i o n , and the 

'denaturation' of membrane p r o t e i n s i s l i k e l y t o be the 

i r r e v e r s i b l e membrane e f f e c t which e v e n t u a l l y l e a d s t o heat 

death. Sohanne fit a l . (1979) have suggested t h a t the i n f l u x of 
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c a l c i u m i o n s , f o l l o w i n g plasma membrane damage, i s the common 
b a s i s of c e l l death. The data from Chapter 5 a l s o i n d i c a t e s 
t h a t the plasma membrane may be the key s i t e i n determining the 
d i f f e r e n t i a l s e n s i t i v i t y of some tumour c e l l s to heat, t h a t i s 
at l e a s t one plasma membrane enzyme i s c o n s i d e r a b l y more 
t h e r m o l a b i l e i n tumour plasma membranes than i t i s the membranes 
from l i v e r , a normal t i s s u e . 

The l i m i t a t i o n of these s t u d i e s i s t h a t they were based on 

a s i n g l e plasma membrane enzyme, which, although abundant i n 

most plasma membranes, has not, as y e t , a c l e a r l y d e f i n e d 

f u n c t i o n . However, Forgac and Cantley, (1984) have r e c e n t l y 

shown i n the e r y t h r o c y t e t h a t t h i s enzyme i s not an i o n pump, 

and e a r l i e r work by Singer and co-workers has suggested t h a t i n 

the e r y t h r o c y t e i t might be i n v o l v e d i n the cyt©skeleton, 

(Sheetz 6? Singer, 1977; and Birchmeier & Singer, 1977). F u r t h e r 

work on other membrane bound enzymes would broaden t h i s narrow 

p e r s p e c t i v e . The s e l e c t i o n of a s y m m e t r i c a l l y d i s t r i b u t e d 

enzymes (eg 5' Nucleotidase & adenylate c y c l a s e -both from the 

in n e r l e a f l e t of the membrane b i l a y e r ) , might g i v e more 

in f o r m a t i o n on whether t h e r e was a d i f f e r e n c e i n f l u i d i t y 

between the i n n e r and outer l e a f l e t s . I f so th e s e d i f f e r e n c e s 

could be f u r t h e r e x p l o i t e d when ap p l y i n g heat by the 

i n t r o d u c t i o n of a n a e s t h e t i c s which are known to s e l e c t i v e l y 

f l u i d i z e one of the two b i l a y e r l e a f l e t s . C a t i o n i c drugs (eg. 

t e t r a c a i n e and phenobarbitol) have been shown t o p a r t i t i o n i n t o 

the i n n e r l e a f l e t whereas a n i o n i c drugs p r e f e r the outer one, 

(Houslay gt a l - 1981; Ogiso fit a l - 1981 and Dippl e fit Al. 

1983). The a b i l i t y to s e l e c t i v e l y enhance the d e n a t u r a t i o n of 
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p r o t e i n 

membrane^ i s - v e r y appealing . T h i s i s because p r o t e i n s i n v o l v e d 

i n secondary messenger systems eg adenylate c y c l a s e and the 

newly e l l u c i d a t e d system based on the r e l e a s e of i n o s i t o l 

t r i p h o s p h a t e ( B e r r i d g e e t &!• 19B3 and Be r r i d g e , 1983) are 

thought to be in v o l v e d i n c e l l growth r e g u l a t i o n and i t has been 

suggested t h a t d e f e c t s i n the l a t t e r system may be r e s p o n s i b l e 

f o r the n e o p l a s t i c c o n d i t i o n i t s e l f ( M i c h e l l , 1984). Therefore 

i t may be important to determine the e f f e c t s of hyperthermia on 

these key p r o t e i n systems. 

A f u r t h e r e x t e n s i o n of t h i s study might be to look a t the 

e f f e c t of changing d i e t on the a c t i v i t y of plasma membrane 

enzymes, f o r example i n c r e a s i n g the l e v e l s of p o l y u n s t a t u r a t e d 

f a t t y a c i d s or 18:1 which are known to d i s o r d e r the membrane or 

de c r e a s i n g membrane c h o l e s t e r o l . Work has a l r e a d y been done on 

the i n f l u e n c e of membrane l i p i d s on enzyme a c t i v i t y and 

fu n c t i o n . C l a n d i n i n and co-workers have s t u d i e d the e f f e c t s of 

d i e t a r y l i p i d s on c e r t a i n key membrane enzymes, eg. the 

mit o c h o n d r i a l ATPase ( I n n i s & C l a n d i n i n , 1981), synaptosomal 

a c e t y l c h o l i n e s t e r a s e (Foot e t a l . 1983), and l i v e r plasma 

membrane, glucagon s t i m u l a t e d adenylate c y c l a s e a c t i v i t y 

(Needlands Cf C l a n d i n i n , 1983). One of the i n t e r e s t i n g 

o b s e r v a t i o n s i n the etha n o l a d m i n i s t r a t i o n work, presented i n 

Chapter 6 was t h a t a change to a low-fat d i e t s i g n i f i c a n t l y 

changed the l i p i d composition of the plasma membrane, 

Th e r e f o r e the p o s s i b i l i t y e x i s t s f o r manipulating the plasma 

membrane l i p i d composition by d i e t a r y means i n order to d i s o r d e r 

the membranes so t h a t the o e l l s become more t h e r m a l l y s e n s i t i v e . 

Mulcahy e t a l . (1981) have a l r e a d y shown t h a t the membrane 
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m o d i f i c a t i o n of P-388 a s c i t e s tumour c e l l s can change t h e i r heat 
s e n s i t i v i t y . 

So to t h i s point the experimental data can be i n t e r p r e t e d 

to support the p r o p o s i t i o n t h a t the plasma membrane i s a s i t e of 

primary heat l e s i o n . Furthermore;the d i f f e r e n t i a l s e n s i t i v i t y 

of the tumour o e l l s to heat can a l s o be accounted f o r by the 

chemical composition and p h y s i c a l s t a t e of the tumour c e l l 

plasma membrane. The work presented i n Chapter 6 was concerned 

w i t h t r y i n g to e x p l o i t f u r t h e r t h i s d i f f e r e n t i a l heat 

s e n s i t i v i t y . I t was a n t i c i p a t e d t h a t normal c e l l s might be made 

more r e s i s t a n t to heat by causing an adaptive response to the 

e f f e c t of long-term exposure to a membrane perturbant. T h i s 

phenomenon has been demonstrated to occur when the perturbant 

was r a i s e d temperature, ( s e e Hazel & Pros s e r , 1974 and Anderson 

fit a l . 1961) ) , and a l s o such drugs as ethanol ( C h i n & 

Gol d s t e i n , 1977 "and Chin fit a l . 1978) and morphine (Heron fit 

a l . 1982). I n mammalian c e l l s t h i s compensation i s r e p o r t e d to 

be owing to r a i s e d c h o l e s t e r o l content, and as tumour c e l l s have 

low plasma membrane c h o l e s t e r o l i t was considered a p o s s i b i l i t y 

t h a t these c e l l s could not make an e f f e c t i v e a daptive response 

to the long term presence of a perturbant. Should t h i s be BO, 

adaption to ethanol may r e s u l t i n a widening of the thermal 

s e n s i t i v i t y of normal and tumour c e l l s , a d i f f e r e n t i a l t h a t may 

have v a l u e i n therapy. The r e s u l t s of the present study were, 

however, in c o n c l u s i v e . There appeared to be an e l e v a t i o n i n 

the l e v e l of membrane c h o l e s t e r o l both i n b r a i n s y p a p t i c 

membranes (normal t i s s u e ) and the plasma membranes from the 

tumour i n a l o o h o l - f e d r a t s as compared to c o n t r o l s ; t h e s e 
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d i f f e r e n c e s however were not s t a t i s t i c a l l y s i g n i f i c a n t . The 

change i n f a t t y a c i d composition which occurred was s m a l l and i t 

was d i f f i c u l t t o e l i m i n a t e the e f f e c t of ethanol on l i p i d 

metabolism which may i n d i r e c t l y modify membrane composition i n a 

way t h a t may be unconnected with the adaptive response. T h i s 

a l s o may be t r u e of c h o l e s t e r o l l e v e l s i n membranes as serum 

c h o l e s t e r o l l e v e l s i n c r e a s e during ethanol a d m i n i s t r a t i o n . One 

i n t e r e s t i n g o b s e r v a t i o n i n Chapter 6 was t h a t the data from 

D.P.H. fluore s c e n o e p o l a r i z a t i o n s t u d i e s suggested t h a t the 

tumour plasma membranes were c o n s i s t e n t l y , though not 

s i g n i f i c a n t l y , lower i n order a f t e r long term exposure t o 

ethanol when compared to the e q u i v a l e n t membranes from c o n t r o l s . 

Two p o s s i b i l i t i e s were suggested f o r t h i s phenomenon, f i r s t , 

t h a t i t was due to the i n c r e a s e i n 18:1 i n the plasma membrane 

phospholipids from e t h a n o l - f e d r a t s as compared to the membranes 

from c o n t r o l r a t s . Second t h a t i t was the r e s u l t of damage t o 

the p r o t e i n / p r o t e i n , p r o t e i n / l i p i d complexes which have been 

suggested by some ( H a r r i s gt a l . ( 1 9 8 4 ) ) t o be important i n the 

adaptive response of membranes to ethanol. Rubin and 

Rottenburger, (1982) and Lee and Hosein, (1982) both r e p o r t t h a t 

ethanol may damage p r o t e i n f u n c t i o n , others (Kane gt a l - 1980 & 

Schanne gt a l . 1980) have proposed t h a t long term exposure to 

ethanol w i l l damage plasma membranes. F u r t h e r work would have 

to be done to confirm t h i s i d e a as the d i f f e r e n c e s were not 

s t a t i s t i c a l l y s i g n i f i c a n t . However t h i s damage was not apparent 

i n terms of an i n c r e a s e d cure r a t e when foot tumours i n 

ethan o l - f e d r a t s were compared to o o n t r o l s , a s was presented i n 

Chapter 7. 



209 
L i t t l e t o n (1983) has suggested t h a t the homeoviscous 

adaption to temperature, which i s c h a r a c t e r i s e d by changes i n 

the l i p i d composition and order of membranes (an adaptation t o 

maintain the f l u i d i t y of the membrane w i t h i n acceptable l i m i t s 

f o r normal c e l l f u n c t i o n ) i s d i f f e r e n t from the type of adaptation 

occuring i n t o l e r a n c e to e t h a n o l . For example, Chin and 

G o l d s t e i n . (1977) were not a b l e to show any d i f f e r e n c e s i n 

f l u i d i t y ( u s i n g E.S.R. probes) i n plasma membrane from ethanol' 

adapted mioe, oompared with p a i r - f e d c o n t r o l s , but, the 

d i s o r d e r i n g e f f e c t of ethanol was c o n s i d e r a b l y l e s s i n the 

adapted membranes than i n the e q u i v a l e n t membranes from p a i r - f e d 

c o n t r o l s . Therefore i t would be important i n f u t u r e s t u d i e s t o 

e s t a b l i s h whether such a t o l e r a n c e e f f e c t was apparent i n the 

plasma membranes of tumours which had been s u b j e c t e d to 

long-term ethanol a d m i n i s t r a t i o n . I f t h e r e are only s m a l l 

d i f f e r e n c e s o c c u r r i n g another approach would be t o look a t the 

thermal s e n s i t i v i t y of the Mg2+ATPase and other plasma membrane 

enzymes as these may r e f l e c t more any s u b t l e changes o c c u r r i n g 

during ethanol-adaption, which a r e not d e t e c t e d by the D.P.H. 

f l u o r e s c e n c e probe teohnique because i t only g i v e s an average 

' p i c t u r e ' of the s t a t e of the membrane. P r o t e i n s a r e a l s o known 

to be modulated by the presence of e t h a n o l , eg. C o l l i n s e_t a l . 

( 1984). 

The manipulation of membrane order by d i e t appears to be a 

more hopeful approach i n the hyperthermic treatment of cancer, 

not l e a s t because i t o f f e r s a l e s s d r a s t i o method of changing 

the membrane composition than the long term a d m i n i s t r a t i o n of 

membrane f l u i d i z e r s . 
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The r e a l t e s t of the e f f i c a c y of the treatment regimes 

u s i n g membrane perturbants l o c a l l y on a s h o r t term b a s i s i s to 
look a t the in. y_iy_o_ e f f e c t of these agents when a p p l i e d together 
with heat. Such s t u d i e s w i l l a l s o r e v e a l whether the plasma 
membrane i s the ' weak spot ' i n the d i f f e r e n t i a l s e n s i t i v i t y of 
tumours to heat. Other workers have c e r t a i n l y found that 
membrane perturbants i n c r e a s e d the hyperthermic s e n s i t i v i t y of 
tumours i f i YiYQ ( Y a t v i n e_t &1. 1979 & Robins e_t a l . 1982) with 
the a n a e s t h e t i c l i d o o a i n e . I n Chapter 6 the i s YiYQ e f f e o t of 
the membrane perturbant, t e t r a c a i n e , on the hyperthermia-induced 
r e g r e s s i o n of the D23 and Mc7 tumours grown i n the foot was 
a s c e r t a i n e d . The a d d i t i o n of the t e t r a c a i n e s i g n i f i c a n t l y 
i n c r e a s e d the cure r a t e of the D23 tumour over and above normal 
h y p e r t h e r i c treatment. The cure r a t e (percentage a l i v e ) a f t e r 
200 days was 75%. The same however was not t r u e of the Mc7 
tumour which was c o n s i d e r a b l y l e s s t h e r m o - s e n s i t i v e than the D23 
tumour. S i n c e the* plasma membrane composition of t h e tumours 
were s i m i l a r and they were both e q u a l l y d i s o r d e r e d , other 
p h y s i o l o g i c a l f a c t o r s must come i n t o p l a y i n d e c i d i n g the 
thermal s e n s i t i v i t y of tumours to hyperthermia . The main 
f a c t o r s a r e blood flow and tumour pH. The degree of v a s c u l a t i o n 
w i l l determine the a b i l i t y of the tumour t o maintain a normal 
temperature. (Review, Song 1982) 

Desp i t e the r e s e r v a t i o n s expressed i n the l a s t chapter ( 7 ) , 

which u n d e r l i n e d the need to take i n t o account p h y s i o l o g i c a l a s 

w e l l as o e l l u l a r a s p e c t s when c o n s i d e r i n g tumour heat 

s e n s i t i v i t y , the work presented i n t h i s t h e s i s d e a r l y i n d i o a t e s 

t h a t the b a s i s of the d i f f e r e n t i a l heat s e n s i t i v i t y of the D23 
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and Mc7 tumours s t u d i e d here i s r e l a t e d to the plasma membrane. 

The d i f f e r e n c e i n plasma membrane l i p i d composition, membrane 

order, and the conoommitant change i n p r o t e i n t h e r m o - s t a b i l i t y , 

a r e evidence f o r t h i s c o n c l u s i o n . I n a d d i t i o n , the use of 

membrane p e r t u r b a n t s , such as t e t r a c a i n e , to enhanoe the k i l l i n g 

of tumour c e l l s has been f u r t h e r s u b s t a n t i a t e d both i s YitEQ i n 

Chapter 5, and i s YXYQ i n Chapter 7. F i n a l l y t hese s t u d i e s 

h i g h l i g h t the importance of the plasma membrane i n determining 

the s e n s i t i v i t y of c e l l s t o heat, and i n t h i s way u n d e r l i n e the 

hypotheses of Bowler, (1981) and ot h e r s which d i r e c t a t t e n t i o n 

t o the plasma membrane as the s i t e of primary heat l e s i o n i n 

c e l l s . 
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INTRODUCTION 

The two tumours used i n the work presented i n t h i s thesis 
were the D23 hepatocellular carcinoma and the Mc7 mammary 
sarcoma, both of which were o r i g i n a l l y chemically induced. 
These tumours were i n i t i a t e d at the Cancer Campaign 
laboratories, Nottingham, and maintained i n continuous passage 
i n inbred WAB/'Nottingham wistar rats. The D23 i n the male 
animal and the Mc7 i n the female. 

1• Solutions far passage 

i ) A n t i b i o t i c 'cocktail' 

To 400ml of s t e r i l e saline was added: 20 megaunits of 
p e n i c i l l i n G, lOg of streptomycin sulphate, and 500,000 
uni t s of mycostatin. Once made up t h i s 'cocktail was 
stored i n small 1ml aliquots at -20 C. u n t i l required. 

Anaesthetic 

Commercial 'Sagatal' was d i l u t e d f i v e - f o l d i n s t e r i l e 
saline and then injected i n t o the rat i n t r a - p e r i t o n e a l l y 



( I P ) . The dose was 0.1ml per 50g of body weight 
233 

Donor tumour preparation 

Tumours of average size were selected (2-3ml i n 
volume) from at least two d i f f e r e n t animals i n order to 
reduce selection pressure which can a l t e r the tumour 
characteristics over several passage generations. The area 
around the tumour(s) was shaved and washed with 70%(v/v) 
ethanol. S t e r i l i z e d instruments were used to remove the 
tumours from the animals' flanks. The tumours, once 
removed were dissected i n a s t e r i l e p e t r i - d i s h . The 
tumours were enclosed i n a fibrous capsule. When t h i s was 
bisected the inside of the tumour could be seen to consist 
of a necrotic, sometimes f l u i d f i l l e d centre, which was 
often yellow, and occasionally haemorrhagic, which was 
surrounded by translucent, flesh-coloured tissue. The 
viable tumour c e l l s were found i n t h i s flesh-coloured 
tissue, care was taken to avoid material from either the 
fibrous coat or necrotic centre. 

The viable tissue, once removed, was placed i n a 
s t e r i l e p e t r i - d i s h and chopped repeatedly to a 'gel l i k e ' 
mass. One drop of the a n t i b i o t i c ' c o c k t a i l ' was added to 
approximately every 1ml of chopped tumour tissue. 1ml 
syringe barrels were then loaded with the chopped 
suspension and f i t t e d with a large bore needle. 
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Implantation 

Two small areas on the rat's flank were shaved and 
washed with 70% ethanol (the animal had been previously 
anaesthetized using the d i l u t e d anaesthetic describe 
e a r l i e r ) . The needle was inserted i n t o the subcutaneous 
space and 0.1ml of tumour tissue (approx. lOOmg) ejected. 
The s i t e of i n j e c t i o n was then wiped with 70% ethanol. 
This was done on both sides of the flank. The tumours 
reached a volume of 2-3mls i n 10-12 days. 
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APPENDIX 2. LOW POWER ELECTRON MICROSCOPY OF TUMOUR CELLS 

INTRODUCTION 

The D23 hepatoma and the Mc7 sarcoma were examined using 
low power electron microscopy. This was i n order to ascertain 
the general form of the tumour c e l l s . 

MATERIALS AND METHODS 

The techniques used> for the f i x a t i o n of the tumour material 
was based on the methods of Karnonsky, (1965). 

1• Fixation 

Preparation of f i x a t i v e 

Solution A 2g Paraformaldehyde + 40ml of d i s t i l l e d 
water. The paraformaldehyde was heated and the pr e c i p i t a t e 
formed was dissolved by slowly adding 2-6 drops of 1M NaOH. 

Solution B 10ml of 25% Gluteraldehyde + 50ml of 0.2M 
Sodium cacodylate buffer, pH 7.3. 

Solutions A and B were kept ref r i g e r a t e d u n t i l just 
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before use and then mixed together. 

Small pieces of healthy tumour tissue were dissected 
out(or i n the case of tumour membrane preparations a small 
p e l l e t ) , placed on a piece of cardboard and immersed 
immediately i n the Karnonsky f i x a t i v e described above. The 
preparation was then l e f t f or 1-1.5 hours at 4 C. 

2. Post FixatiQn 

Osmium tetroxide. buffer 25ml of 2% osmium tetroxide + 
25ml of d i s t i l l e d water + 50ml of sodium cacodylate buffer, 
pH 7.3. 

The specimens were post-fixed i n 1% buffered osmium 
tetroxide for 0.5-1 hour at 4 C. 

3. Dehydration 

The material was dehydrated at room temperature 
through a series of 70%, 95%, and absolute ethanol, with 
three changes at each stage, and for a t o t a l of 15 minutes 
at each concentration. 

4. Embedding 

After dehydration the material was embedded i n 
Araldite i n the following way. 
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Araldite mixture: 10ml of Araldite (CY212) + 10ml of 

D.D.S.A. + 1ml of d i b u t y l phthalate + 0.5ml of D.M.P. 30. 
(from Glauert 6? Glauert, 1958) 

The material was placed i n a mixture of 50ml of 
absolute alcohol + 50ml of propylene oxide and l e f t for 30 
minutes. I t was then placed i n propylene oxide and the 
solution was changed three times. The material was then 
placed i n a mixture which consisted of 50ml of propylene 
oxide + 50ml of Araldite mixture and l e f t for 30 minutes at 
45 C. The material was then placed i n the Araldite 
mixture, which was changed a f t e r 30 minutes, at 45 C. The 
material was then l e f t for 12 hours i n t h i s Araldite 
solution at 45 C and then transferred to 60 C for a further 
2 days. 

Sectioning and Staining 

Material was sectioned on a Reichert 0MU3 
ultra-microtome, using glass knives. Thick (approx. lum) 
sections were cut, stained with t o l u i d i n e blue i n l%borax, 
and then scanned with a l i g h t microscope to check the 
f i x a t i o n . Thin sections were then cut of a s i l v e r - t o - g o l d 
interference colour. 

Thin sections were then doubly stained with uranyl 
acetate followed by lead c i t r a t e as described below. 

Three drops of uranyl acetate were placed on 
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'parafilm' with the clean side up. The g r i d was placed Cu 
side down on the surface of the drop and l e f t for 10 
minutes. The g r i d was then washed by dripping d i s t i l l e d 
water over i t for h about 40 seconds and then dried 
c a r e f u l l y . The g r i d was then placed i n lead c i t r a t e for 
lOminutes using the same procedure as for the uranyl 
acetate. The g r i d was then thoroughly washed with 
d i s t i l l e d water as described previously. 

F i n a l l y , the sections were examined and photographed 
with an AEL 801 electron microscope. 

RESULTS AND DICUSSIQN 

Plates A l . l and A1.2 are low power electron micrographs of 
D23 and Mc7 tumour c e l l s respectively. 

The two c e l l types have several s i m i l a r i t i e s . They both 
have large nuclei and a r e l a t i v e l y small amount of cytoplasma. 
They also both appear to be f a i r l y u n d i f f e r e n t i a t e d i n form, 
which one would expect i n a population of rapidly dividing 
c e l l s . Because they are only low power micrographs i t i s only 
possible to pick out prominant subcellular features such as 
nuclei, the nuclear envelope, the plasma membrane and 
mitochondria. There appears to be r e l a t i v e l y few mitochondria 
i n the sections observed, p a r t i c u l a r l y when one remembers that 
the D23 i s a hepatoma which has o r i g i n a l l y been derived from 
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l i v e r c e l l s which are r i c h i n t h i s organelle. 

There are several differences i n the appearence of the two 
c e l l s , at a f a i r l y t r i v i a l l e v e l , f o r example, the D23 c e l l i s 
larger than the Mc7. The D23 tumour c e l l also appears to have 
more prominant nucleoli (though of course t h i s i s very much a 
re s u l t of the d i f f e r e n t stages i n the c e l l cycle which the two 
c e l l s are i n ) . There i s a considerable amount of l i p i d i n the 
cytoplasm of the D23 c e l l which i s not seen i n the Mc7. This 
b u i l d up of l i p i d s i s a common feature of hepatomas presumably 
because they have been o r i g i n a l l y derived from l i v e r c e l l s , 
(Hartz e_t a l . 1982). The appearence of the D23 tumour c e l l i s 
similar to i t s appearence described by R a f t e l l and Blomberg, 
(1973), therefore there has been no dramatic changes i n the form 
of t h i s tumour o e l l over a ten year period. This i s an 
in d i c a t i o n that the changes which occur i n continuous passage 
are not exhibited at the l e v e l of tumour c e l l morphology. 
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