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Lipid peroxidat ion (LPO) is a un iversa l  method of modif icat ion of b i o m e m b r a n e s  under normal  condi- 
t ions and when injured by the development  of pathological  p r o c e s s e s  [6, 10]. That is why it is pa r t i cu l a r ly  im-  
por tan t  to study m e c h a n i s m s  of initiation of the LPO reac t ion  in vivo. LPO reac t ions  can be initiated in vivo 
both enzymat ica l ly  and nonenzymat ica l ly  [2, 6]. The enzyme s y s t e m s  that par t ic ipa te  in the fo rmat ion  of LPO 
produc t s  in b i o m e m b r a n e s  include va r ious  NADPH- and NADH-dependent g e n e r a t o r s  of act ive f o r m s  of oxy- 
gen [2, 8, 12] and, in pa r t i cu la r ,  the sys t em of mixed-funct ion m i c r o s o m a l  oxygenases .  Much l e s s  is known 
about the par t ic ipa t ion  of oxidase  s y s t e m s  genera t ing  H202 in the induction of LPO. It has recent ly  been shown 
that deaminat ion of biogenic amines ,  ca ta lyzed  by monoamine  oxidase,  may  under cer ta in  conditions be ac-  
companied by accumulat ion of LPO produc t s  [9]. Hence the impor tance  of studying to what extent the pa r t i c i -  
pation of ox idases  could be a source  of lipid pe rox ides  in vivo. 

The aim of this  investigation was to study the abil i ty of cho les te ro l  oxidase (ChO), which ca ta lyzes  ox- 
idation of choles te ro l  (Ch) to c h o l e s t - 4 - e n - 3 - o n e  and, at the same t ime,  reduction of 02 to H202, to induce the 
LPO in e ry th rocy te  m e m b r a n e s ,  for  we know that  Ch is a natural  inhibitor of LPO in p l a s m a  m e m b r a n e s  [3]. 

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

Ery th rocy te  ghosts  were  obtained f rom guinea pig blood by the method in [13]. The reac t ion  of oxidation 
of Ch in the e ry th rocy te  ghosts  or  in mice l l e s  with Tr i ton X-100 was c a r r i e d  out in the following medium:  
Tris-HC1 0.2 M, pH 7.0 (at 37~ Tri ton X-100 0.250/~, and ChO 0.05 U / m l .  The activi ty of ChO was de t e r -  
mined by the chemi luminescence  method which detected H202 with the p r e sence  of luminol (10 -4 M) and h o r s e -  
rad i sh  pe rox idase  (1.0 U/ml )  [4, 11]. To sepa ra t e  Ch f rom cho l e s t -4 - en -3 -one  the method of th in - l aye r  
ch romatography  was used in a solvent  s y s t e m  of c h l o r o f o r m -  methanol  (98 : 2) as descr ibed  in [7]. F o r  den- 
s i t ome t ry  of the p la tes  in ER165M dens i tome te r  was used. The level  of LPO products  in terac t ing  with 2- 
th iobarb i tu r ic  acid (TBA) was de te rmined  as desc r ibed  p rev ious ly  [5]. 

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

ChO ca t a lyzes  the reac t ion  of Ch oxidation with s imul taneous  format ion  of H202: 

I 

Ch + 02 C h O ,  c h o l e s t - 4 - e n - 3 - o n e  + H202. 

Activi ty of the enzyme can be es t imated  by de te rming  accumulat ion of e i ther  reac t ion  product .  It was 
shown (Fig. 1) that  during incubation of Ch d i spe r sed  in Tri ton X-100 with ChO the concentrat ion of Ch (the 
spot with Rf = 0.36) fa l l s  and that of c h o l e s t - 4 - e n - 3 - o n e  (the spot with Rf = 0.50) r i ses .  H202 format ion  can be 
r eco rded  highly sens i t ive ly  by a chemi luminescence  method, using a luminol - pe rox idase  sys tem.  Curves  
showing the k ine t ics  of chemi luminescence  a r i s i n g  during incubation of Ch, d i spe r sed  if Tri ton X-100, in the 
p r e s e n c e  of ChO, luminol, and perox idase ,  a re  given in Fig. 2. In the absence of ChO o r o f  Ch, and also of 
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Fig. 1. Densi tograms of th in- layer  ch roma tog rams  of react ion products  formed by the action 
of ChO on Ch (30.0 pg/ml),  d ispersed in Triton X-100. Reaction products  extracted f rom in- 
cubation mixture after  end of incubation by addition of chloroform (1 : 1 by volume). 1, 2, 3) 
Incubation for  0, 15, and 30 rain respect ively.  

Fig. 2. Dependence of light sum of chemiluminescence developing during oxidation, catalyzed 
by ChO, of Ch dispersed in Triton X-100 in the presence  of peroxidase and luminol, on Ch con- 
centration. Abscissa,  concentrat ion (in M" 106); ordinate, light sum of chemiluminescence (in 
relative units). 

Fig. 3. Kinetic curves  of chemiluminescence developing during oxidation, catalyzed by ChO, 
of endogenous Ch in guinea pig e ry throcyte  ghosts (0.15 mg protein/ml) .  Abscissa,  t ime (in 
min); ordinate, intensity of chemiluminescence (in relative units). 1) In presence  of Triton 
X-100; 2) in absence of Triton X-100, followed by its addition later  (indicated by arrow). 

Fig. 4. Dependence of MDA accumulation during choles terol -oxidase  reaction in ery throcyte  
ghosts  (0.15 mg prote in /ml)  on light sum of developing chemiluminescence.  Abscissa,  light 
sum of chemiluminescence (in relat ive units); ordinate, MDA concentration (in nanomoles /mg 
protein). 

luminol o r  peroxidase,  no chemiluminescence response was recorded.  If all components were present  in the 
incubation medium the amplitude and light sum of the chemiluminescence were proport ional  to the concentra-  
tion of Ch in the system. 

On addition of ChO to a suspension of e ry throcyte  ghosts  chemiluminescence also developed, and its in- 
tensi ty depended on the presence  of Triton X-100 in the system. In the absence of detergent  the intensity of 
chemiluminescence was significantly lower than in its presence;  addition of detergent to the suspension after 
a fall in the intensity of chemiluminescence to the initial level caused a new flash of chemiluminescence 
(Fig. 3). Under these c i rcumstances  the light sum of chemiluminescence recorded  when the detergent  was 
present  initially in the suspension was equal to its value obtained by addition of the light sums before and after 
addition of Tri ton X-100 to the e ry throcyte  ghosts.  This means  that in the presence  of Triton X-100, more  Ch 
was exposed to enzyme attack than in its absence. In the absence of detergent, the Ch pool located in the outer  
monotayer  of the e ry throcyte  membrane  was perhaps accessible  for ChO, whereas  after  addition of the deter -  
gent Ch located in both m0nolayers  of the membrane  is so accessible.  

During the react ion of Ch oxidation catalyzed by ChO, LPO was induced in the ery throcyte  membranes  
and could be recorded  as the formation of products  interacting with TBA, principally malonyl dialdehyde (lgDA). 
The intensity of LPO (concentration of lg.DA) for  instance (Fig. 4), increased with an increase  in ChO activity, 
or  with an increase  in the light sum of chemiluminescence.  Incubation of the e ry throcyte  suspension in the 
absence of ChO was accompanied by negligible accumulation of LPO products  (Table 1), without chemilumines-  
cence. Exclusion of peroxidase and luminol f rom the incubation system had little or  no effect on the develop- 
ment of LPO in e ry th rocy tes  ghosts. 4-Methyl -2 ,6-d i - te r t -buty lphenol  ([onot), an inhibitor of f r ee - r ad i ca l  
oxidation, completely blocked LPO. 

As r ega rds  the possible mechan isms  of LPO induction in the system under consideration, the f i rs t  sug- 
gestion to be made is that hydroxyl radicals ,  formed by the reaction of fe r rous  ions with H202: 

H202 + F e + + ~ O H -  + Fe +++ 

1053 



TABLE 1. Format ion  of LPO Products  in 
Ery th rocy tes  during Cholesterol-Oxidase Re- 
action under the Influence of Various Agents 

Experimental conditions 

IM, incubation for 50 rain 
IM, incubation for 0 rain 
IM without ChO 
tM without peroxidase 
IM without luminol 
IM without exogenous Fe ++ 
IM + catalase (0.7 unit) 
IM + eatalase (1.4-units) 
IM + catalase (14.0 units) 
IM + ionol (5. I0~- s M) 
IM + EDTA (10-~M) 

MDA conch., 
I nanomoles/mg 
t protein 

] 0 , 0 5 I I ] M F e  ~+ 

9,1 
1,2 
1,6 

10.0 
10,2 
1.4 
5,3 
3,8 
1,2 
t,2 
2,0 

1 o,o mM 
Fe2+  

1,8 
1,2 
1,1 

1.4 

Legend. I-M) Incubation medium: Tr is -HCI  
0.2 M, pH 7.0 (37~ Triton X-100 0.25~, ChO 
0.5 unit /ml,  luminol 10 -4 M, peroxidase 1.0 
unit /ml,  e ry throcyte  ghosts  0.15 mg protein/ml.  

In fact, addition of increasing quantities of catalase to the incubation medium caused inhibition of MDA 
formation (Table 1). The transi t ion metal chelating agent EDTA has a s imi lar  inhibitory action. Finally, addi- 
tion of exogenous Fe ++ in a concentration optimal for  LPO induction (50 #M) stimulated NDA formation, where-  
as high concentrat ions of Fe ++ (10 raM) had an inhibitory action. Another cause of LPO activation in the course  
of the reaction catalyzed by ChO, incidentally, could be a reduction in the quantity of free Ch in the membrane,  
where it exer t s  an anttoxidant action [3]. 

At the present  time ChO is often used to study the a symmet ry  of distribution of Ch in b tomembranes  and 
the velocity of its t r ans -b i l aye r  migrat ion [7]. It is suggested that changes in membrane  permeabi l i ty  do not 
take place during the react ion catalyzed by the enzyme, and no products  capable of affecting flip-flop in bio- 
membranes  are formed. Accumulation of LPO products  in ery throcyte  membranes  discovered in the present  
investigation under the influence of ChO compels  cr i t ical  re-examinat ion of these resul ts ,  for  we know that 
accumulation of LPO products  causes  a sharp increase  in permeabi l i ty  of b iomembranes  for ions and nonelec- 
t ro ly tes  [10] and also an increase in the rate of t r ans -b i l aye r  migrat ion of phospholipids in the membrane [1]. 
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