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Recent  invest igat ions  have shown that  h igh-densi ty  l ipoprote ins  (HDLP) can r emove  cho les te ro l  f rom 
cel l  m e m b r a n e s  [10}, as  has been demons t r a t ed  in cu l tures  of smooth  musc le  ce l l s  f r o m  the ra t  ao r ta  and of 
human f ib rob las t s .  These  p rope r t i e s  of HDLP evidently lie at the bas i s  of the ant ia therogenic  p rope r t i e s  of the 
c l a s s  of l ipoprote ins  (LP). Animals  with a high HDLP concentra t ion  (rats) a re  known to be r e s i s t a n t  to the 
development  of expe r imen ta l  a t h e r o s c l e r o s i s  [11]. In man  e levat ion of the p l a sma  HDLP concent ra t ion  (hyper-  
a lphal ipoprote inemia ,  HALP) is known to be assoc ia ted  with a lower  incidence of i schemic  hear t  d i sease  (IHD) 
[6, 9]. However ,  we do not know to what this is due: whether  the HDLP concentra t ion only or ,  in addition, c e r -  
ta in  s t r uc tu r a l  changes in L P  promot ing absorp t ion  of cho les t e ro l  by the l ipoprote in  par t ic le .  

The  object  of this invest igat ion was to study, with the aid of e l ec t ron  pa ramagne t i c  resonance  (EPR) of 
spin probes ,  the s t r u c t u r a l  c h a r a c t e r i s t i c s  of HDLP in i IALP.  

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

Blood p l a sma  f rom 38 men  aged 40-59 y e a r s ,  summoned for  an epidemiologie  study, se rved  as the t e s t  
m a t e r i a l .  The cho les t e ro l  concentra t ion  in the HDLP was de te rmined  a f t e r  prec ip i ta t ion  of l ighter  LP  with 
hepa r in  and manganous  chlor ide [8]. Depending on the cho les t e ro l  level  in HDLP, the subjec ts  were  divided 
into t h r ee  groups  on the sample  quantile principle:  subjects  with a cho les t e ro l  concentra t ion  of under 34 mg% 
fo rmed  group 1 (hypoa lpha l ipop ro t e inemia -  12 persons) ,  be tween 34 and 72 rag% group 2 (12 subjects) ,  and 
o v e r  72 rag% group 3 (HALP, 14 subjects) .  

L P  were  isolated by p repa ra t ive  u l t racent r i fugat ion  [117, the phospholipid concent ra t ion  was de te rmined  
by the method desc r ibed  previous ly  [7], and cho les t e ro l  and t r i g l y c e r i d e s  were  es t imated  on the "Technicon 
AP" automat ic  ana lyze r .  The nitroxyl de r iva t ive  of s t e a r i c  acid with a piperidine r ing,  coupled through an 
e s t e r  bond, was used as the spin probe*.  
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A solution of the probe in ethanol (1/100 of the volume of the prepara t ion)  was added to the LP  p repa -  
ra t ions ,  diluted with physiological  sal ine to a total  lipid concentra t ion of 10 -3 M. The m o l a r  ra t io  probe/ l ipid 
was 1: 100. EPR s p e c t r a  were  r eco rded  on the E - 4  r a d i o s p e c t r o m e t e r  (from Varian,  USA) under the following 
conditions: m ic rowave  power 10 roW, f requency  of h igh- f requency  (HF) modulat ion 100 kHz, ampli tude of HF-  
modulat ion 1-2 G, intensi ty of magnet ic  field 3240 G, range of development  of magnet ic  field 100 G, t e m p e r a -  
tu re  20~ volume of sample  in the ampul  70-80 pl. 

*The spin probe used was synthes ized and kindly presented  by Candidate of Chemica l  Sciences  R. I. Zhdanov. 
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TABLE 1. Values of Velocity Constant (K) of 
React ion  of Reduction of Spin Probe  by A s c o r -  
bic Acid in Lipoprote ins  in Hyper -  and Hypo- 
a lpha l ipopro te inemia  

K, 10-2 mmole-tmin-1 
Lipopro - 

teins hypo-c~ (n = 12) normal (n= 12) hyper-c~ (n = 14) 

I 

HDLP 2,8+--0,2 4,6-t-0,2 I 7,0+_0,2 
VLDLP 1,6+0,1 1,8+_0,2 t 4,1+-0,1 

Legend. Accu racy  of de te rmina t ion  of K was 
~: 0.05 m m o l e  - I  min  -1. 

Fig.  1. EPR spec t rum of spin-  
labeled HDLP f rom p la sma  of 
subjec ts  with a no rma l  cho les -  
t e ro l  level .  

The veloci ty  constant  (K) of the reac t ion  of the probe with ascorb ic  acid (concentrat ion 2 mM) was ca l -  
culated as the tangent  of the angle of slope of the s t ra igh t  line expres s ing  dependence of the logar i thm of the 
E PR signal  ampli tude on t ime.  

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

A typica l  EPR spec t rum of sp in- labe led  LP  is i l lus t ra ted  in Fig .  1. The main  p a r a m e t e r s  of the EPR 
s p e c t r u m  of th is  probe,  namely the c o r r e l a t i o n  t ime  of spin of the rad ica l  (T) and hydrophobici ty (h), for  dif-  
fe ren t  c l a s s e s  of LP,  were  examined previous ly  [1]. During the act ion of a scorb ic  acid, which reduces  the 
ampli tude of the EPR signal  because  of reduct ion of the pa ramagne t i c  ni troxyl group of the probe,  on spin-  
labeled LP  s t ruc tu ra l  d i f fe rences  in the LP  were  found, depending on the cho les t e ro l  level  of HDLP in the 
p l a sma  (Table 1). 

The veloci ty  of the reac t ion  of the probe with ascorb ic  acid was higher  ( K = 7 0 . 1 0  -2 m m o l e - l m i n  -1) for  
HDLP isolated f r o m  p l a s m a  of subjects  with HALP than for  ave rage  levels  of cho les te ro l  concentra t ion of 
HDLP (K=4.6"  10 -2 mmole - lmin-1 ) .  The kinet ics  of this p roces s  is i l lus t ra ted  in Fig .  2. 

S imi la r  changes in the veloci ty  of reduct ion of the probe were  found in ve ry  low densi ty  LP  (VLDLP): 
the d e c r e a s e  in ampli tude of the EPR signal  under the influence of a scorb ic  acid took place mos t  rapidly in 
HALP ( K = 4 . 1 . 1 0  -2 mmole  -1-  gain -1) and s lowest  when the cho les t e ro l  level  of HDLP was low ( K = 1 . 6 . 1 0  -2 
mmole  -1 �9 min-1). Values of the o ther  p a r a m e t e r s  of the EPR spec t rum of the probe in LP  (v and h) were  
independent of the cho les t e ro l  level  of HDLP in the p la sma .  

Since this  probe is local ized in all  probabi l i ty  in the inner  hydrophobic "nucleus"  of the LP  [1], d i f fe r -  
ences  in the veloci ty  of reduct ion of the probe r e f l ec t  d i f fe rences  in permeabi l i ty  of the sur face  layer  of LP,  
which cons i s t s  of phospholipids and f ree  cho les t e ro l  [11], for  a scorb ic  acid. 

One r e a s o n  for  th is  may  be a change in s t ruc tu re  of the lipid regions  of the sur face  l ayer  of LP  as a 
resu l t  of an inc rease ,  obse rved  previous ly  [7] in the choles terol /phosphol ip ids  ra t io  and the re la t ive  lecithin 
level .  However ,  when other  probes ,  which a re  evidently built  into the sur face  l ayer  of the LP  par t ic le ,  were  
used no di f ference  was found in the degree  of o r d e r l i n e s s  and mobi l i ty  of the fatty acid chains of the phospho- 
l ipids in L P  f rom subjects  with HALP [1, 2]. 

Di f fe rences  in the pe rmeab i l i ty  of the sur face  l aye r  of LP  m a y  also  be due to s t r uc tu r a l  changes in the 
region of l i p i d - p r o t e i n  contact  on account of d i f fe rences  in the quantity [7] and also,  perhaps ,  the composi t ion 
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Fig. 2. Amplitude of EPR signal as a func- 
t ion of t ime for  spin probes introduced into 
HDLP f rom plasma of subjects with hyper -  
(1) and hypoalphal ipoproteinemia (2). 

of the protein [5]. The ability of apoproteins to increase  the permeabi l i ty  of the phospholipid layer  for  as-  
corbic  acid (evidently because  of the appearance of regions with a less  dense molecu la r  packing) has been 
demonst ra ted  in model  sys tems  [15]. The presence  of more  loosely packed regions in HDLP f rom subjects 
with HALt ,  through which ascorbic  acid can penetrate ,  may be a favorable fac tor  for  the cho les t e ro l -accep to r  
p roper t i es  of HDLP [10], and may also influence the reac t ion  of lec i th in-choles te ro l  acy l t r ans fe rase  (LCAT), 
an enzyme which ca ta lyzes  the t r a n s f e r  of a fatty acid f rom leci thin to choles te ro l  in HDLP [11]. The wr i t e r s  
previously found an increase  in the re la t ive  leci thin and f ree  choles te ro l  level in HDLP f rom subjects with 
H A L t ,  indirect  evidence of lowering of LCAT activity.  

Thd d i f ferences  observed  in the s t ruc tu re  of VLDLP may be d i rec t ly  connected with the activity of 
another  plasma lipolytic enzyme - l ipoprotein l ipase (LPL) [11], which influences access ib i l i ty  of t r ig lyce r ides  
localized in the "nucleus."  This ,  in all probability,  explains the d ec r ea se  in activity of this enzyme in some 
patients with co rona ry  a the rosc l e ro s i s  [4] with a low HDLP concentra t ion [6], and also data [14] indicating an 
increase  in L P L  activity in HALP. 

The problem of the molecu la r  mechanism of s t ruc tu ra l  d i f ferences  thus revealed  and of the i r  effect  on 
the p roper t i es  of LP  requ i re s  fu r the r  study. 
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