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Using low density lipoproteins, the antioxidant activity of  probucol and one of its 
analogs was examined, and the analog was found to be more effective than probucol 
in protecting these lipoproteins against oxidation. It is pointed out that the choice of 
particular probucol analogs for clinical treatment should depend on the antioxidant index 
of low densiW lipoproteins in the patient concerned. 
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Lipid peroxidation (LPO) is most often looked 
upon as a catch-all process responsible for mem- 
brane damage. In our view, the prime consider- 
ation in studies designed to elucidate the role of 
LPO in a disease or pathological condition should 
be the intensity of this process. In evaluating its 
intensity in biological structures such as mem- 
branes and lipoproteins, three qualitatively distinct 
cases may be singled out: intensive, moderate, or 
weak LPO. Moderate peroxidation may be regarded 
as a normal process that is strictly controlled in 
vivo. However, whereas LPO may be normally just 
under  control in membranes, it must be com- 
pletely blocked in lipoproteins. Leading roles in 
either case are played by tocopherol and ubiquinoI. 

Human low density lipoproteins (LDL) of rela- 
tive molecular weight 2.5• contain, on average, 
1300 molecules of polyunsaturated fatty acids bound 
to lipids of different classes. There are approxi- 
mately 6 tocopherol molecules per LDL particle 
[6], so that normally (i.e., when the ratio of to- 
copherol to polyunsaturated fatty acids is 1:200) 
LDL are well protected from LPO. 

Oxidative modification of LDL is held to be 
an important factor in atherogenesis [15]. If the 
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notion that atherogenesis is associated with LPO 
activation is accepted, then a study of  LDL modi- 
fication through oxidation and of  methods by 
which it can be controlled presents immediate in- 
terest. Such modification is very likely to occur in 
vivo when the balance between pro-oxidant and 
antioxidant agents is upset. 

Although the participation of antioxidant en- 
zymes in LPO regulation is obvious, currently there 
is no evidence to suggest that atherogenesis can be 
inhibited by altering the activity of these enzymes 
in the desired direction. For this reason, the most 
promising way of exercising control over LPO ap- 
pears to lie in the use of artificial antioxidants. 

In the study described here we initiated LPO 
in LDL in vitro and tested probucol and its ana- 
log of relative molecular weight 537 for their an- 
tioxidant activity. 

MATERIALS AND METHODS 
LDL were isolated by a routine method [8]. To 
incorporate probucol and its analog (both were 
synthesized at the Center for Elastomers, Kazan) 
into LDL, we added an estimated amount  of the 
antioxidant to these lipoproteins in ethanol and 
then subjected the samples to dialysis for 18 h at 
4~ LPO was init iated with ul t raviolet  light 
(~.=320-380 nm). As the initiator, we used Azo- 
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isobutyronitril (Fluka), which forms the primary 
radicals R - ( R O - 2 )  under certain conditions, for ex- 
ample in the reaction R - N = N - R  ~ N2+2R. [12]. 
In this way the rate 'of  LPO initiation can be 
controlled. Hydroperoxide concentrations were es- 
timated by the absorption of  dienes at L=232 nm 
(e =2.5x104 M-lcm "x) [14]. The antiradical activity 
of probucol and its analog was measured using 
diphenylpicrylhydrazyl (DPPH) [13]. The toco- 
pherol used was DL-tocopherol (Merck). 

RESULTS 
LPO is customarily divided into two stages: the 
formation of  lipid hydroperoxides (stage 1) and 
their breakdown with the formation of secondary 
oxidation products (stage 2). Stage 1 is controlled 
by antioxidants, and measurement of lipid hydro- 
peroxides in liposomes or LDL can give a reliable 
indication of the efficacy with which natural or 
artificial antioxidants act. 

Figure 1 depicts the kinetics of lipid hydrop- 
eroxide (LOOH) accumulation in probucol-free 
LDL (1,4 and 1B) together with curves describing 
LOOH formation in LDL containing 25 ~M (2) 
and 50 rtM (3) probucol. We used both native 
LDL and LDL subjected to aging (for 6 h at 
25~ In the native LDL the oxidation process 
ended much earlier than in the aged LDL (cf. 
curves 1A and IB). In our view, the difference 
between these two curves can be explained by the 
change in the accessibility of the oxidation sub- 
strate for oxygen in LDL during aging. In the aged 
LDL both phospholipids and cholesterol esters are 
probably oxidized, but this, as can be seen from 
Fig. 1, did not affect the duration of the induc- 
tion period. In all three cases, its duration was 
solely determined by the level of  the antioxidant. 

Figures 2 and 3 show, respectively, the kinet- 
ics of  LOOH formation in LDL and the variation 
in DPPH absorption with time when LDL were 
incubated with probucol or its analog of molecular 
weight 537. Inspection of  curves 2 and 3 in Fig. 
2 shows an obvious difference in the lengths of the 
induction period, indicating that the probucol ana- 
log was more effective in protecting the LDL from 
oxidation than was probucol itself. In fact, it was 
at least four times as effective as probucol. On the 
other hand, the rates of  DPPH reduction by 
probucol and its analog (Fig. 3) indicate that the 
two differ only slightly in antiradical activity, and 
the somewhat higher activity of the analog is pos- 
sibly due to its greater mobility [2]. 

The duration of the induction period is a 
complex and fairly conservative parameter, reflect- 
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pig.  1. Kinetic curves of LDL oxidat ion (formation of d iene  
hydroperoxides) by  the azo init iator (AIBN). IA and 1B): LDL 
without  probucol  (native and aged, respectively); 2) probucol  
25 ~M; 3) probucol  50 p.M. Tr is - -HCl  25 mM, pH 7.4; AIBN 
1 raM. To record dienes, 40 ~tl of LDL were added  to 2 ml of 
the buffer solution.  

ing both the content of polyunsaturated fatty acids 
and that of  the antioxidant(s). In comparing na- 
tive LDL, this parameter  may be used as an 
antioxidative index of individual lipoproteins. Thus, 
if two or three assays of lipoproteins from a par- 
ticular patient point to a low value of this index, 
this may be taken as a justification for raising its 
level by means of  artificial antioxidants. The nec- 
essary and sufficient condition for checking the 
result of such a correction is the ability of LDL 
to resist oxidation in vitro under standard condi- 
tions of LPO initiation. Currently, probucol is one 
of the more promising lipophilic antioxidants, pos- 
sessing as it does several useful properties. LDL 
incubated with probucol in vitro are effectively pro- 
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Fig. 2. Effect of probucol  and  its ana log  on  the kinetics of 
LDL oxidation. I) LDL without  probucol;  2) LDL with probucol,  
25 ~tM; 3) LDL wi th  the  p r o b u c o t  ana log ,  25 ~tM. S a m e  
incubat ion condi t ions  as in Fig. 1. 
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Fig. 3. Kinetic curves of diphenylpicrylhydrazyl (DPPH) 
reduction [(N) --> (DPPH(NH)] by antioxidants in solution. I) 
probucol analog; 2) tocopherol; 3) probucol. 

tected from oxidation without showing the negative 
consequences o f  oxidative modif icat ion such as 
engulfment  by macrophages or cytotoxicity [11]. 
Probucol also prevents hydroperoxide formation 
and lowers total  blood cholesterol. Probucol is 
transported together with lipoproteins and exl~"oits 
high antioxidafive potential  [4,5]. The degree o f  
protection afforded to LDL by probucol is compa- 
rable to that given by ascorbate, as can be seen 
by recording the formation of  thiobarbituric acid- 
reactive products and measuring the level o f  L D L  
degradation by macrophages [9]. 

The ult imate goal o f  using artificial antioxi- 
dants is to redress the disturbed balance between 
pro-oxidant  and ant ioxidant  agents and to main-  
tain tocopherol  at a sufficiently high level. Toco- 
pherol is a unique ant ioxidant  [2] that  enables 
lipid radicals to be sustained at a particular level 
wi thout  running the risk o f  hydroperoxide accu- 
mula t ion  [1]. Moreover ,  tocopherol  suppresses 
thrombosis by maintaining the balance between 
prostacyclin and  th romboxane  [10]. It follows, 
then,  tha t  p robuco l  and its analogs may  well 
supplement or partly replace tocopherol and thus 
delay or even total ly block the onset o f  athero- 

sclerosis by reducing the impact  o f  risk factors to 
a minimum. 

Probucol has already found  fairly extensive 
clinical application [3,7]. Its concentrations in the 
serum and LDL o f  patients were reported to be 
12.8 and 6.7 ~tg/ml, respectively, after a 12-week 
period of  daily intake in a dose of 0.5 g [7]. As 
regards probucol analogs, the best prospects are 
offered by the clinical use o f  different analogs - 
with higher and with lower antioxidant  activity as 
compared  to probucol.  Which  analog(s) to use 
would then depend on the individual antioxidant 
index of  L D L  in the patient concerned.  

This work was performed with the participa- 
tion of  the Center  for Elastomers (Kazan), where 
probucol and its analog were synthesized. 
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