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It has become evident in r ecen t  yea r s  that the physical s tate  of the lipid phase of b iomembranes ,  which 
depends in par t icu la r  on the i r  choles tero l  content,  influences the function of membranes  and may  perhaps play 
an important  ro le  in the or igin of a the rosc le ros i s  [1-4]. Never the less ,  the possibil i ty of changes in the physi-  
cal s t ruc tu re  of membranes  in vivo during adaptation of the body to external  fac tors  has been inadequately 
studied. 

It was accordingly decided to study whether  adaptive changes take place in the physical s t ruc ture  of 
membranes  in vivo during exposure  to physiological conditions: a change in the s tandard diet to a balanced, 
semisynthet ic  diet o r  to a diet r ich  in choles te ro l .  

E X P E R I M E N T A L  M E T H O D  

Male noninbred albino ra ts ,  a f te r  weaning, were  fed on No. 1 granulated food with the neces sa ry  additives.  
When the body weight reached  120-150 g the animals of group 1 were  t r a n s f e r r e d  to a balanced semisynthet ic  
diet (diet I) [5]: 60.7% potato f lour ,  22% casein,  10% plum oil, 4% mixed salts  [6], 3% cel lulose,  0.2% choline 
chlor ide,  and 0.1% of a mixture  of water -so luble  vitamins in glucose [7]. Simultaneously the animals of group 
2 were  t r a n s f e r r e d  to a s imi la r  diet with the addition of 0.5% choles terol  and 0.5% deoxycholic acid (diet II) 
[8]. At definite t ime in tervals  the r a t s  were  decapitated (five animals at each exper imental  point) and m i c r o -  
somes were  isolated [9]. The content of protein,  phospholipids, and choles tero l  was de t e rmined  as in the 
previous investigation [9], lipids being ex t rac ted  by Folch ' s  method [10]. Glucose-6-phosphatase  activity was 
de termined by the method in [11]. Liposomes were  obtained by the ethanol method [12]. The proper t ies  of 
the f luorescen t  probes - pyrene,  1-anil inonaphthalene- 8-sulfonate (ANS), and 4-dirnethylamino-chalcone 
(DMC) - were  descr ibed  in [13-15]. F luorescence  of the probes  was exci ted at 334, 365, and 404 nm r e s p e c -  
t ively and measu red  as descr ibed  previously [15]. 

E X P E R I M E N T A L  R E S U L T S  

As Fig. 1 (curves 1 and 3) shows, rep lacement  of the o rd inary  diet by a balanced semisynthet ic  diet led 
to changes in the lipid composit ion of the mic ro so m a l  membranes  and in activity of the m ark e r  enzyme of 
the m i c r o s o m e s .  Atherogenic diet II also led to changes in these  pa rame te r s ,  but the effect  was m o re  marked  
in this case  and occu r r ed  sooner  (curves 2 and 4). Meanwhile,  changes took place in the physical s t ruc tu re  of 
the membranes ,  for  the f luorescence  of the m em b ran e  probes was a l te red  (Fig. l c - e ) .  Atherogenic diet II 
also had a m o r e  marked  effect  than diet I on the probes  (Fig. 1, Table 1). 

It might  be supposed that changes in the physical s t ruc tu re  of the m ic ro so m a l  membranes  r eco rded  by 
f luorescent  probes  would be the d i rec t  r e su l t  of enr ichment  of the membranes  with choles te ro l .  To t es t  this 
hypothesis ,  the behavior  of these  same probes was investigated in model lipid m em b ran es  (liposomes),  dif~ 
fer ing in the i r  choles tero l  content.  As Fig.  2 shows, choles tero l  affected the intensi ty of f iuores6ence  of all 
p robes ,  and also changed the shape of the f luorescence  spect rum of DMC and pyrene  (this change can be cha r -  
ac te r i zed  by p a r a m e t e r s  F 4 ~ / F ~ 6  and F470/F400 respect ive ly) .  
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Fig.  1. Ef fec t  of synthetic  diet I (empty c i rc les )  and cho l e s t e ro l - en r i ched  diet II 
(filled c i rc les )  on m o l a r  ra t io  cho le s t e ro l /phospho l ip ids  (a), act ivi ty  of g l u c o s e - 6 -  
phosphatase  re la t ive  to i ts  act ivi ty at t=  0 (b), on the intensi ty of f luorescence  of ANS 
(c), py rene  (d), and DMC (e) p robes  in a suspension of m i c r o s o m e s .  Absc i s sa ,  t ime  
(in days) a f t e r  switching r a t s  to diet I o r  II. F) Intensi ty  at m a x i m u m  of f luorescence  
spec t rm~  (in r e la t ive  units) m e a s u r e d  at concent ra t ions  of p robes  of 15 #M and of m i -  
c r o s o m a l  prote in  of  0.5 m g / m l .  

Fig.  2. F luo re scence  s p e c t r a  of  ANS (a), pyrene  (b), and DMC (c) in suspension of 
l iposomes  composed  of egg phosphatidylcholine (0.5 mg  phosphol ip id /ml) ,  not contain-  
ing (continuous l ines) and containing (broken l ines)  0.33 M choles te ro l .  Concentra t ion 
of p robes  15 /zM. 

TABLE I. Changes in Parameters of Fluores- 

cence of Probes in Suspension of Liver Micro- 
somes of Rats Kept on Qualitatively Different 
Diets (M 4 m)* 

Fluores - Parameter 
cent l of fluores- Diet I 
probe }cence 

ANS --7-4;%- 100 ~f _+4 
DMC / Ye~97 100 ~ 4-1 

F49~/F~46 0,75• 01 
Pyrene ] F4o o 100"~ ~8' 

] F47o/F4o o 0,65___0,08 

*Mean r e su l t s  of eight independent m e a s u r e -  
men t s  made  in the cou r se  of  30 days a f t e r  
switching the r a t s  to diet I o r  1I a r e  given.  
SMean value of this p a r a m e t e r  in the case  of  
diet I was taken as  10G 
$Signif icance of d i f fe rences  between ef fec ts  of  
diet I and diet 1I. 

Diet II P :I: 

124_+9 <0,02 
107_+_3 <0,1 

0,76___0,01 >0,1 
134_+17 <0,01 

0,60~0,11 >0,1 

The reac t ion  of  the p robes  in model  m e m b r a n e s  and m i c r o s o m e s  can now be compared .  The  inc rease  
in the intensi ty  of  f luorescence  of DMC and pyrene  in m i c r o s o m e s ,  pa r t i cu l a r ly  m a r k e d  in the case  of the 
a therogenic  diet (Fig. ld,  e; T a b l e l ) ,  can be the d i rec t  r e su l t  of the inc rease  in the cho les te ro l  content,  fo r  
it took place  in l i posomes  also (Fig. 2b, c). Meanwhile,  the i n c r e a s e  in f luorescence  of ANS in the m i c r o s o m e s  
(see Fig. l c  and Table  1) did not c o r r e l a t e  with the dec r ea se  in f luo rescence  in the l iposomes  (Fig. 2a); p rob -  
ably the change of diet not only caused an i nc r ea se  in the cho les te ro l  content in the m i c r o s o m e s ,  but a lso  
poss ib ly  led to a d e c r e a s e i n  the negat ive charge  on the i r  sur face ,  to which ANS is  highly sensi t ive  [14]. 
Ana lys i s  of the shape of the s pec t r a  of  DMC and pyrene  also indicates  that  changes in the physical  s t ruc tu re  
of  the m i c r o s o m a l  m e m b r a n e s  were  connected both with an i nc rea se  in the cho les te ro l  content and with ce r ta in  
o ther  s t ruc tu ra l  changes (possibly changes in the p r o t e i n /  lipid rat io ,  modif icat ion of the l ipids during the i r  
peroxidat ion,  and so on). 
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