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The t e rmina l  s tage of chronic  renal  fa i lure  (CRF) is c h a r a c t e r i z e d  by changes in the e lec t ro ly te  compo-  
si t ion of the ex t r ace l l u l a r  fluid, d i s turbance  of the ac id -base  balance,  and also anemia  as a r e su l t  of d i s t u r -  
bance o fhema topo ie s i s  or  of i n c r e a s e d  e ry th rocy te  des t ruc t ion  under  the influence of m e m b r a n e - a c t i v e  sub-  
s tances  which accumula te  in the body [ 1, 5]. L o n g - t e r m  obse rva t ions  on pat ients  undergoing per iodic  hemodi -  
a lys i s  have shown that despi te  lowering of the i r  u r e a  and crea t in ine  leve ls  to subnormal  values  and n o r m a l i z a -  
tion of the ac id -base  and e lec t ro ly te  balance,  such pat ients  develop compl ica t ions  such as encephalopathies  and 
polyneuropathies .  Many inves t iga to r s  link these compl ica t ions  with the accumula t ion  of toxic subs tances  in the 
blood because  they diffuse inadequately through the s e m i p e r m e a b l e  m e m b r a n e  during hemodia lys i s .  It has been ' 
sugges ted  that co r r e l a t i on  ex is t s  between the accumula t ion  of these subs tances  in the body and p r o g r e s s i o n  of 
changes in the nervous  s y s t e m  of pat ients  with CRF [6, 8].  

To shed light on the nature  and m e c h a n i s m  of act ion of these toxic subs tances ,  an invest igat ion was c a r -  
r ied  out to study the poss ib le  ef fec t  of whole s e r u m  f r o m  pat ients  with CRF and healthy subjects ,  and also c o m -  
ponents of the s e r u m  on conductance of b imo lecu la r  phospholipid m e m b r a n e s  (BPM).  

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

Blood s e r u m  f rom pat ients  with the t e rmina l  s tage of CRF and cl inical ly  healthy subjec ts  (blood donors)  
was invest igated.  The blood was centr i fuged at  3000 r p m  for  20 rain and the s e r u m  kept  at - 4 5 ~  until r e -  
quired for  use.  

Chromatography  was c a r r i e d  out on Sephadex G-15 ( f rom P h a r m a c i a ,  Sweden), and the pH of the buffer  
solutions was m e a s u r e d  by means  of a PHM-3 pH m e t e r  ( f rom Radiomete r ,  Denmark ) .  F rac t ions  were  de-  
tected on a " U v i c o r d - I I "  in s t rumen t  ( f rom LKB, Sweden) at a wavelength of 280 nm. An in s t rumen t  of the OP-  
205 type (Hungary) was used  as h igh-ohmic  e l e c t r o m e t e r .  BPM were obtained f r o m  phospholipids i so la ted  
f rom the white m a t t e r  of bovine b ra in  by the method in [7],  with an init ial  concentra t ion  of 20 m g / m l .  The 
m e m b r a n e  was fo rmed  on holes in Teflon foam, placed in a g lass  cuvette  with the e lec t ro ly te ;  the a r e a  of c r o s s  
sect ion of the holes was 1.7 m m  2. Conductance and t r a n s m e m b r a n e  potent ial  of  BPM were m e a s u r e d  by the u su -  
al method [5]. The s e r u m  was f rac t iona ted  by g e l - c h r o m a t o g r a p h y  on a column measu r ing  1.0 x 100 cm, and 
0.0I M sodium aceta te  buffer ,  pH 6.7 was used  for  elution (elution ra t e  ]4 m l / h ) .  The volume of s e r u m  applied 
to the column was I ml.  

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

During f rac t ionat ion of s e rum ,  not counting h igh -molecu l a r -we igh t  p ro te ins  and immunoglobul ins  eight o r  
nine peaks ,  conventionally numbered  according  to the o r d e r  of elution, were  obse rved  (Fig. 1). Compar ing  
f rac t ionat ion cu rves  of blood s e r u m  of pat ients  with CRF and healthy subjec ts  showed that peaks  3 and 4 were  
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Fig .  1. Gel  c h r o m a t o g r a p h y  of  h e a l t h y  h u m a n  

b lood  s e r u m .  

F ig .  2. Gel  c h r o m a t o g r a p h y  of  b lood  s e r u m  
f r o m  p a t i e n t s  in t e r m i n a l  s t a g e  of CRF.  
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Fig .  3. Conduc t ance  of  BPM as  a funct ion  of  c o n c e n t r a -  
t ion of  f r a c t i o n  C M - 3  and c o n c e n t r a t i o n  of  Na § and K § 
ions  in m e d i u m .  A) C o n d u c t a n c e  of  BPM (in d I .  c m  2) 
as  a func t ion  of  c o n c e n t r a t i o n  of f r a c t i o n  CM-3  (in 
g / m l ) :  1) in p r e s e n c e  of  10 mM K*; 2) c u r v e  in p r e s -  
ence  of  l0  m M  Na+; B) c o n d u c t a n c e  of BPM as  a func-  

t ion of concentration (in raM) of K + (1) and Na + (2) 
ions, in the presence of 2 ml of fraction CM-3. 

c o n s i d e r a b l y  e n l a r g e d  in the b lood  of  p a t i e n t s  with C1RF (F ig .  2). To a s s e s s  the m o l e c u l a r  we igh t s  of  t h e s e  
p e a k s ,  the  r a t i o  Ve /V0  ( r a t i o  of  e lu t ion  v o l u m e  to the f r e e  v o l u m e )  was  c a l c u l a t e d  and c o m p a r e d  with the c o r -  
r e s p o n d i n g  r a t i o  fo r  known s u b s t a n c e s :  peak  3 c o r r e s p o n d e d  in i t s  Ve /Vn  r a t i o  to v i t a m i n  B12 and a n g i o t e n s i n  
II ( tool .  wt. 1357.4 and 1368.0 da l t ons  r e s p e c t i v e l y ) ,  peak  4 to b r a d y k i n i n  and oxy toc in  ( tool .  wt. 1000.6 and 
1000.7 d a l t o n s  r e s p e c t i v e l y ) .  P e a k s  f r o m  5 to 7 c o r r e s p o n d e d  to s u b s t a n c e s  with tool .  wt. be low 300 da l tons .  
The c o m p o n e n t s  of  f r a c t i o n s  1-4 w e r e  c o n v e n t i o n a l l y  c a l l e d  a v e r a g e  m o l e c u l a r - w e i g h t ,  t hose  of  f r a c t i o n s  5-7 

low m o l e c u l a r -  weight .  

The m e m b r a n e  a c t i v i t y  of  the f r a c t i o n s  and whole  s e r u m  was s t ud i e d  by i t s  a c t i o n  on c o n d u c t a n c e  of BPM. 
Conduc tance  of  BPM,  b a t h e d  with a so lu t i on  of  25 mM T r i s - H C 1 ,  pH 7.3, was 2.37 ~< 109 a - t .  e m  2. Add i t i on  of  
f r a c t i o n s  and whole  s e r u m  f r o m  h e a l t h y  s u b j e c t s  to the c uve t t e  up to 1 ml  c a u s e d  no m a r k e d  c ha nge s  in con -  

d u c t a n c e  of BPM.  

The  a d d i t i o n  of  b lood  s e r u m  f r o m  p a t i e n t s  with C R F  in m e d i u m  wi thout  K + and Na § ions  to the cuve t t e  did  
not  change  m e m b r a n e  c o n d u c t a n c e ,  but  c o n t a c t  of  0.4 ml  of s e r u m  f r o m  a pa t i e n t  with CRF with the m e m b r a n e  

fo r  8 min  l ed  to i t s  r u p t u r e .  On the a d d i t i o n  of  s e r u m  f r o m  p a t i e n t s  with CRF in a dose  of  0.4 ml  to m e d i u m  
con ta in ing  10 m M  K § o r  Na § an  i n c r e a s e  in  c o n d u c t a n c e  of BPM was  o b s e r v e d  by one o r d e r  of m a g n i t u d e  on 
a v e r a g e .  On a d d i t i o n  of  low m o l e c u l a r  we igh t  f r a c t i o n s  f r o m  b lood  s e r u m  of  p a t i e n t s  with CleF to the so lu t ion  
ba th ing  the BPM,  no change  was  o b s e r v e d .  In a s tudy  of  a v e r a g e  m o l e c u l a r - w e i g h t  f r a c t i o n s  an e f f ec t  was found 
on ly  in the c a s e  of a d d i t i o n  of  f r a c t i o n  3, d e s i g n a t e d  a v e r a g e  m o l e c u l a r  weight  ( C M - 3 ) ,  which was not found in 
h e a l t h y  human  b lood.  

M e m b r a n e  c o n d u c t a n c e ,  when m o d i f i e d  by  f r a c t i o n  CM-3 ,  was i n c r e a s e d  a f t e r  6 rain on a v e r a g e  by  one 
o r d e r  of  m a g n i t u d e  (F ig .  3A) in  the p r e s e n c e  of  K § and Na § ions .  Changes  in c o n d u c t a n c e  of BPM w e r e  s t u d i e d  
in the p r e s e n c e  of  a l i n e a r  i n c r e a s e  in c o n c e n t r a t i o n s  of  f r a c t i o n  CM-3  and of  the c o n c e n t r a t i o n s  of  ions  in the 
m e d i u m  ( F i g .  3).  

+§ 
In the  p r e s e n c e  of  Ca , m e m b r a n e  c o n d u c t a n c e  was  v i r t u a l l y  unchanged .  The m e m b r a n e  p o t e n t i a l  e s t a b -  

l i s h e d  on the B P M  in a t enfo ld  g r a d i e n t  was 47-50  mV r e l a t i v e  to K + and 39-40  mV r e l a t i v e  to Na +. 
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The m e m b r a n e  act ivi ty  of s e r u m  f r o m  pat ients  with CRF, r evea led  by these expe r imen t s ,  evidently l ies  
at  the bas i s  of i ts  lytie act ion on e ry th rocy t e s .  In the i r  effect  these toxins a r e  s i m i l a r  to the widely d is t r ibuted  
pro te in  cytotoxic fac to r s  f r o m  m i c r o o r g a n i s m s  [2] and also f r o m  snake venoms [3].  
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The accumula t ion  of l ipids,  mainly  cho les t e ro l  e s t e r s ,  in the aor t i c  wall is a c h a r a c t e r i s t i c  fea ture  of 
a t h e r o s c l c r o s i s  [4, 6].  It is nowadays cons idered  that the chief source  of the accumulat ing lipids is the low- 
densi ty  l ipoprote ins  c i rcu la t ing  in the blood p l a sma  [3, 7]. Meanwhile o ther  poss ib le  m e c h a n i s m s  of the in-  
c r e a s e d  lipid content in the a the rosc l e ro t i c  aor ta  cannot be ruled out, including a d is turbance  of in t r ace l lu l a r  
lipid m e t a b o l i s m  in the affected regions .  

This pape r  d e s c r i b e s  an a t t empt  to compa re  lipid m e t a b o l i s m  in cei ls  of both unaffected and a t h e r o s c l e r o t -  
ic regions of the human aor ta .  The invest igat ions were  c a r r i e d  out in p r i m a r y  cul ture ,  in which the cel ls  p r e -  
s e rve  the i r  s im i l a r i t y  with cel ls  in vivo in many p rope r t i e s .  The fact  that all cei ls  in cul ture  a re  under  ident i -  
cal conditions allows the intensity of the lipid me tabo l i sm of cel ls  f rom unaffected regions of the aorta  m d  
f rom lipid patches  and a the rosc l e ro t i e  plaques to be compared .  

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

Cells  of the in t ima and media  of the aor ta  were  i so la ted  s e p a r a t e l y  by d i spe r s ion  with col lagenase  and 
e l a s t a s e  as desc r ibed  in [1]. The isola ted cel ls  were  t r a n s f e r r e d  to p las t ic  P e t r i  d ishes  (Falcon, USA), 60 m m  
in d i ame te r ,  in a densi ty  of 0.5 • 106 to 1 • 106 cel ls  pe r  dish. The cel ls  were  cul tured in 5 ml  of med ium 199 
containing embryon ic  calf  s e r u m  and 2.5 ~ g / m l  fungizone, 100 p g / m l  kanamycin ,  and 2 mM glutamine (all r e -  
agents f r o m  Gibco, USA) at  37~ in an a t m o s p h e r e  of 5~ CO 2 and 95% a i r ,  s a tu ra t ed  with water .  On the 7th day 
the med ium was changed and 40 ~ C i / m l  of the sodium sa l t  of [3HI-ace t ic  acid ( f rom the Radiochemica l  Centre ,  
A m e r s h a m ,  England) was added; the speci f ic  radioac t iv i ty  of the p repa ra t ion  was 300 m C i / m m o l e .  Incubation 
with labeled ace ta te  continued to 6 h. At the end of incubation the med ium was poured off and the dishes  were  
washed three  t imes  with isotonic Dulbecco phosphate buffer ,  pH 7.4 ( f rom Gibco, USA). The cei ls  were  suspend-  
ed with 0.25~ t ryps in  ( f rom the same  f i rm)  and the suspens ion was centr i fuged (200g, 10 min) and r e s u s p e n d -  
ed in isotonic phosphate  buffer .  Lipids were  ex t rac ted  f r o m  the ce i l s  by the method in [21. The pr inc ipa l  
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