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Liposomes composed of soybean phosphatidylcholine 
were peroxidized using the reagent sodium hypochlo- 
rite or the myeloperoxidase--hydrogen peroxide~l-  
system. Linoleic acid hydroperoxide previously pre- 
pared from linoleic acid by means of lipoxidase was 
incorporated into liposomes. The yield of thiobarbituric 
acid reactive substances (TBARS) continuously in- 
creased with higher amounts of hydroperoxide groups 
after the initiation of lipid peroxidation by hypochlo- 
rous acid producing systems. The accumulation of 
TBARS was inhibited by scavengers of free radicals 
such as butylated hydroxytoluene and by the scaven- 
gers of hypochlorous acid, taurine and methionine. 
Lipid peroxidation was also prevented by sodium azide 
or chloride free medium in the myeloperoxidase- 
hydrogen peroxide-Cl- system. Here we show for the 
first time that the reaction of hypochlorous acid with a 
biologically relevant hydroperoxide yields free radicals 
able to cause further oxidation of lipid molecules. 

Keywords: Hypochlorous acid, myeloperoxidase, lipid 
peroxidation, hydroperoxides, linoleic acid, lipoxidase 

INTRODUCTION 

The heme enzyme myeloperoxidase (MPO) is 
released from stimulated polymorphonuclear  
leukocytes. Compound  I of MPO formed after 
the addit ion of hydrogen peroxide to the native 
enzyme reacts easily with chloride to yield the 
powerful  oxidizing and chlorinating species 
hypochlorous acid. Ill Together with other reactive 
oxygen species generated, enzymes and bacte- 
riocidal proteins released by neutrophils, the 
myeloperoxidase-hydrogen peroxide--C1- sys- 
tem is an important  part of the defence mecha- 
nisms of higher organisms against microbial 
invasion. 

Hypochlorous acid exhibits many  effects on 
biologically important  molecules, including oxi- 
dation of sulfhydryl  and thioether groups I2-41 and 
formation of chloramines from amino groups of 
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proteins, ]5"61 fragmentation of polysaccharides 
and chlorination of their N-acetyl groups t7'8] as 
well as changes in nucleotides. [9] We have focused 
our attention on reactions of HOC1/OC1- with 
phospholipids during the last few years. Hypo- 
chlorous acid initiates a lipid peroxidation 
in model phospholipid systems I1°-12] and in 
lipoproteins, especially low density lipopro- 
teins. [13-151 Several lipid peroxidation products 
were detected in these reactions, including pri- 
mary products (diene conjugates and oxygen 
containing species), aldehydes ]u-15] and Schiff 
bases. [141 Hypochlorous acid reacts also 
with olefinic double bonds of lipids to yield 
chlorohydrins. I16-181 

Myeloperoxidase and hypochlorous acid have 
been implicated in the mechanisms of pathogen- 
esis of arteriosclerosis. There are several aspects 
to their involvement, including histological find- 
ings of MPO in arteriosclerotic lesions, ~191 the 
formation of tyrosyl radicals, E2°l the formation of 
nitryl chloride I211 and transformation of low 
density lipoproteins into arteriosclerogenic parti- 
cles. [22'23] HOC1/OC1- as well as other oxidants 
(tyrosyl radical, "OH, 102) formed by the myelo- 
peroxidase system are also able to initiate a lipid 
peroxidation. [24,25] 

In order to understand the mechanisms of 
initiation of lipid peroxidation by HOC1/OC1- 
we investigated different possible pathways for 
the formation of reactive intermediates that are 
able to yield free lipid radicals and to initiate 
the peroxidation reaction. Neither traces of 
metal ions nor other reactive oxygen species 
(O~-,  H2102, 102 "OH), were found to be respon- 
sible for this initiation reaction in our system.Ill"26] 
On the other hand, a higher accumulation of 
thiobarbituric acid reactive substances (TBARS) 
has been observed after the addition of the organic 
hydroperoxides, tert-butyl or cumene hydroper- 
oxides to phospholipids. I27] Both of these 
hydroperoxides react with HOC1/OC1- to give 
products that can only be formed assuming a 
homolytic cleavage of the hydroperoxide group 
with the formation of the alkoxy radical. ]26'27] 

In this investigation we used linoleic acid 
hydroperoxide as an example of a hydroperoxide 
that can be formed in biological systems. Evidence 
is given that liposomes containing linoleic acid 
hydroperoxide accumulate more TBARS after 
the addition of hypochlorous acid or using the 
MPO-hydrogen peroxide-Cl- system. 

MATERIALS AND METHODS 

Chemicals 

Myeloperoxidase (EC 1.11.1.7) from human poly- 
morphonuclear leukocytes was purchased from 
Calbiochem (La Jolla, CA, USA). Lipoxidase 
(EC 1.13.11.12) Type IV from soybean and so- 
dium hypochlorite were obtained from Sigma 
(Deisenhofen, Germany). Butylated hydroxy- 
toluene (BHT), mannitol, and a colour reagent 
for the determination of hydroperoxides (Cat. Nr. 
14350) were from Merck (Darmstadt, Germany). 
Linoleic acid (cis,cis-9,12-octadecadienoic acid), 
taurine, methionine, 5,5'-dithiobis(2-nitrobenzoic 
acid), sodium azide, and hydrogen peroxide were 
used from Fluka (Neu-Ulm, Germany). L-s- 
Phosphatidylcholine from soybean (SPC) was 
also a product from Fluka. Its fatty acid composi- 
tion given by the supplier was 16 : 0 (14%), 18 : 0 
(4%), 18 : 1 (12%), 18:2 (65%), 18:3 (15%). 2- 
Thiobarbituric acid was purchased from Serva 
(Heidelberg, Germany). All organic solvents (UV 
spectroscopy grade) and all other chemicals were 
from Fluka. 

Preparation of Linoleic Acid 
Hydroperoxide 

Linoleic acid was incubated with lipoxidase to 
yield linoleic acid hydroperoxide. E28] Briefly, 
linoleic acid (2.14mmol/I, final concentration) 
was dissolved in 10mmol/1 phosphate buffer 
containing 0.14 mol/1 NaC1 at pH 12.0. The pH- 
value was lowered to 9.0 and lipoxidase 
(3.7~tg/ml that is 1,300U/ml) was added. This 
mixture was incubated for 30min at room 
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HOCMNDUCED LIPID PEROXIDATION 481 

temperature. The pH was lowered to 2.0 after 
which linoleic acid hydroperoxide and unreacted 
linoleic acid were extracted with chloroform. In a 
similar way a chloroform extract of linoleic acid 
was obtained without the use of lipoxidase. 

Liposomes 

Multilamellar liposomes were prepared from 
soybean phosphatidylcholine and a mixture of 
linoleic acid or linoleic acid/linoleic acid hydro- 
peroxide. Aliquots of chloroform extracts of SPC, 
linoleic acid and linoleic acid hydroperoxide 
preparation were mixed together such that the 
combined amount of linoleic acid and linoleic acid 
hydroperoxide was always 10 mol% of the total 
lipid content. Chloroform extracts were evapo- 
rated to dryness. Liposomes were prepared by 
dissolving the lipid film in 0.14mol/1 NaC1, 
10mmol/l  phosphate (pH 7.4) and vortexing 
vigorously for 30 s. 

To obtain small unilamellar vesicles multilam- 
ellar liposomes were sonicated using a Branson 
Sonifier 250 at 40 mW for 2 min at room tempera- 
ture. In some experiments liposomes were pre- 
pared at pH 6.0. 

In order to determine lipid hydroperoxides in 
liposome samples, 50gl liposome suspension 
were mixed with 950 ~tl commercially available 
reagent for hydroperoxide determination. The 
concentration of hydroperoxide was determined 
as free iodine liberated. 129! 

Incubation of Liposomes with 
Hypochlorous Acid 

A stock solution of NaOC1 was kept in the dark at 
4°C. The hypochlorite concentration was deter- 
mined spectrophotometrically at pH 12 using 
£290 ~- 350M -1Gin-1. [30] It was diluted with 
0.14 tool/1 NaCl, 10 mmol/1 phosphate immedi- 
ately prior to use and adjusted to pH 7.4. In a 
typical experiment liposomes (final concentration 
2mg/ml) were incubated with NaOC1 at 37°C 
for 40 min. After incubation BHT (2 mmol/1, final 

concentration) was added to prevent further 
accumulation of peroxidation products. Control 
measurements showed that the pH of 7.4 did not 
change after the addition of NaOC1. 

Incubation of Liposomes with the 
MPO-Hydrogen Peroxide-Cl- System 

Aliquots of myeloperoxidase dissolved in 
0.14tool/1 NaC1, 10mmol/1 phosphate (pH 6.0) 
were stored at -80°C. The chlorinating activity of 
MPO was measured using taurine and 5-thio-2- 
nitrobenzoic acid. [31] 

Liposomes (1 or 2 mg/ml) were incubated with 
myeloperoxidase (3.5 or 10 ~tg/ml, that is 0.07 or 
0.2 U/ml, respectively). The reaction was started 
by addition of H202. The incubation was made 
at room temperature under constant mixing at 
pH 6.0. After incubation BHT (2mmol/1, final 
concentration) was added to prevent further ac- 
cumulation of peroxidation products. In some 
experiments taurine, methionine, butylated hy- 
droxytoluene, sodium azide or mannitol were 
added to the incubation mixture. Control samples 
did not contain myeloperoxidase, hydrogen per- 
oxide or Chloride. In order to obtain chloride free 
solutions, C1- was replaced by SO 2- in all solu- 
tions used for liposome and MPO preparations. 

Lipid Peroxidation Products 

Thiobarbituric acid reactive substances (TBARS) 
were determined using a colorimetric assay. [321 
TBARS were calculated from the increase in 
extinction at 532 n m  (~532--=-1.56 x 10SM -1 cm -1) 
over the baseline in the absorption spectra. 

RESULTS 

Effects of Linoleic Acid Hydroperoxide on 
HOC1/OC1--induced Lipid Peroxidation 

The incubation of liposomes composed of phos- 
phatidylcho!ines from soybean and linoleic acid 
(10mol%) with hypochlorous acid leads to an 
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482 O.M. PANASENKO AND J. ARNHOLD 

increase of thiobarbituric acid reactive sub- 
stances (TBARS). The production of lipid peroxi- 
dation products increased with the concentration 
of HOC1/OC1- (Figure 1). A similar increase of 
TBARS has been also reported in egg yolk phos- 
phatidylcholine and low density lipoproteins 
after treatment with the reagent hypochlorous 
acid.[11-151 

The addition of hydroperoxides gives rise to a 
much higher accumulation of lipid peroxidation 
products induced by HOC1/OC1-. A mixture of 
linoleic acid and linoleic acid hydroperoxide was 
incorporated into the lipid matrix such that their 
total amount was 10 mol%. A mixture of SPC with 
linoleic acid (without any linoleic acid hydroper- 
oxide) contained 5.7nmol hydroperoxides per 
mg lipid. These hydroperoxides resulted from 
pre-existing oxidation products in SPC. Figure 1 

compares the production of TBARS induced by 
HOC1/OC1- in liposomes containing respectively 
5.7 and 30.1 nmol hydroperoxides per mg lipid. 
Over three times as much TBARS has accumulated 
in some of the hydroperoxide treated samples. 

The dependence of TBARS accumulation on 
the concentration of hydroperoxides is shown 
in Figure 2. Although there was an increase in 
TBARS with increase in hydroperoxide concen- 
tration in control samples (no addition of HOC1/ 
OC1-), a much greater accumulation of these lipid 
peroxidation products was observed at all data 
points after addition of hypochlorous acid. 

Tert-butyl and cumene hydroperoxides have 
been reported to increase the production of 
TBARS under hypochlorous acid. I271 Our data 
show that linoleic acid hydroperoxide, a more 
common biological hydroperoxide, also favours 
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FIGURE 1 Accumulation of TBARS in liposomes (total 
lipid concentration 2 mg/ml) composed of SPC and either 
10mo1% linoleic acid (A) or 10mol% of a mixture of lino- 
leic acid and linoleic acid hydroperoxide (O) as a function 
of the concentration of hypochlorous acid. The initial con- 
centrations of hydroperoxides were 5.7 (A) or 30.1 (O) 
nmol/mg lipid. Liposomes were prepared in 0.14mol/1 
NaCI, 10 mmol/1 phosphate buffer, pH 7.4. Liposomes were 
incubated with NaOC1 at 37°C during 40min. All data are 
given as means and standard deviation (n = 4). 
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FIGURE 2 Accumulation of TBARS in SPC liposomes in 
relation to the concentration of hydroperoxides in the pres- 
ence (O) or absence (A) of NaOC1 (200 ~tmol/1, final con- 
centration). The concentration of hydroperoxide groups 
was modified by the incorporation of linoleic acid hydro- 
peroxide into liposomes. All other conditions were as in 
Figure 1. All data are given as means and standard devia- 
tion (n = 4). 
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HOCI-INDUCED LIPID PEROXIDATION 483 

the initiation of lipid peroxidation. The phenolic 
antioxidant butylated hydroxytoluene (BHT) 
inhibited completely at a concentration of 
20 ~mol/1 the accumulation of TBARS induced 
by HOC1/OC1- (200 ~tmol/l) in soybean phospha- 
tidylcholine liposomes containing linoleic acid 
hydroperoxide (18nmol/mg lipid) while 50% 
inhibition occurred at 2~tmol/1 BHT (data not 
shown). A similar inhibition profile by BHT has 
been found in HOC1/OCl--induced peroxidation 
of egg yolk phosphatidylcholine. [11'121 

Effects of Linoleic Acid Hydroperoxide on 
Lipid Peroxidation Induced by the 
MPO-Hydrogen Peroxide-a-  System 

In place of sodium hypochlorite the MPO--hydro- 
gen peroxide-C1- system was used in all further 

experiments. Small unilamellar liposomes 
composed of soybean phosphatidylcholine and 
linoleic acid (10mo1%) were incubated with 
myeloperoxidase (MPO) and H202 in the pre- 
sence of chloride anions. Our liposomes con- 
tained 5.7 nmol hydroperoxides per rag lipid. In 
this sample, the accumulation of TBARS de- 
pended on the concentration of MPO and in- 
creased with time up to 10 min (3.5 ~tg/ml MPO) 
and 30min (10~g/ml MPO) (Figure 3). No 
accumulation of TBARS was found neither in a 
chloride-free medium nor in the absence of 
hydrogen peroxide (data not shown). 

The effect of MPO concentration on TBARS 
accumulation can be explained assuming a pref- 
erable binding of hydroperoxides by the enzyme. 
This hypothesis is also supported by the fact that 

0 . 1 6  - -  

= 

0 . 1 2  

E 

~_ 0.08 

0 . 0 4  

0 . 0 0  I 1 I ' I ' I I 

0 20  40  60  8 0  

Time, min 
FIGURE 3 Kinetics of accumulation of TBARS in liposomes (total lipid concentration 1 mg/ml)  composed of SPC and 
10mo1% linoleic acid using the MPO-hydrogen peroxide-C1- system to produce HOCI. Small unilamellar liposomes and 
MPO were prepared in 0.14 mol/l  NaC1, 10 mmol/ l  phosphate buffer, pH 6.0. The concentration of MPO was 3.5 ~g/ml ( , )  
or 10~g/ml (@, 0 ) .  The production of HOC1 was started by addition of 250~mol/1 H202. Some experiments ( 0 )  were 
performed in the absence of chloride. Incubation was made at 25°C. All data are given as means and standard deviation 
(n = 4). 
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484 O.M. PANASENKO AND J. ARNHOLD 

the reagent NaOC1 causes smaller effects on 
TBARS accumulation at 250 lamol/1 in compar- 
ison to the MPO-hydrogen peroxide-C1- system 
using 250 ~tmol/1 H202. 

A much greater production of TBARS occurred 
in liposomes containing additionally linoleic acid 
hydroperoxides (Figure 4). Control experiments 
revealed that there was no increase in TBARS 
during incubation of liposomes without any 
additives, or after addition of MPO in the absence 
of either H202 or Cl-. In Figure 4 only data for the 
C1--free medium are shown. Only when using the 
complete MPO-hydrogen peroxide-C1- system, 
there was an additional accumulation of TBARS 
dependent on the concentration of hydroper- 
oxides in the liposome samples. These facts 
indicate that hypochlorous acid produced by the 
MPO-hydrogen peroxide-C1- system is respon- 
sible for the initiation of lipid peroxidation. 

0 . 1 5  - -  

t : ; r )  

0 
E 0 . 1 0  
t:::: 

t'r" 

m 0 . 0 5  
I . -  

0 . 0 0  I ~ I ' I ' I 

10 20 30 40 
Hydroperoxides, nmol/mg 

FIGURE 4 Accumulation of TBARS in SPC liposomes 
(total lipid concentration 2mg/ml) as a function of the 
concentration of hydroperoxides using the MPO-hydrogen 
peroxide-C1- system to produce HOC1. The concentration 
of hydroperoxide groups was adjusted by incorporation of 
linoleic acid hydroperoxide into liposomes. Liposomes 
(O,A) were incubated with MPO (3.5~tg/ml) and H202 
(50~mol/1, a second addition of H202 was made after 
15min) at 25°C for 35rain. Some experiments (•) were 
performed in the absence of chloride. Initial values (©) of 
TBARS are also given. All other conditions were as in 
Figure 3. All data are given as means and standard devia- 
tion (n = 4). 

Further evidence for the role of hypochlorous 
acid produced by MPO was obtained using 
different inhibitors (Table I). Taurine and methio- 
nine inhibited the accumulation of TBARS in 
our liposomes. Both compounds are known as 
scavengers of hypochlorous acid. 1331 The MPO 
inhibitor sodium azide [sl also inhibited the accu- 
mulation of TBARS. On the other hand, mannitol, 
a known scavenger for hydroxyl radicals, I341 was 
ineffective at all concentrations used. Butylated 
hydroxytoluene effectively inhibited the accumu- 
lation of lipid peroxidation products. 

DISCUSSION 

It is known that lipid peroxidation products 
accumulate in vesicles composed of egg yolk 
phosphatidylcholine [1°-]31 and human blood lipo- 
proteins [13-151 upon the action of exogenous 
hypochlorous acid or myeloperoxidase and 
H202 in Cl--containing solutions. Free radicals 
appear to be involved in hypochlorite-induced 
lipid peroxidation because two well-known sca- 
vengers of free radicals, a-tocopherol and buty- 
lated hydroxytoluene, completely inhibit the 
accumulation of TBARS. [n'121 

Our data show that soybean phosphatidylcho- 
line is also peroxidized by sodium hypochlorite or 
the MPO-hydrogen peroxide-C1- system. More- 
over, the yield of TBARS is continuously increased 
with increasing concentrations of hydroperoxide 
groups in the prepared liposomes. The content of 
hydroperoxide in liposomes was changed by 
adding linoleic acid hydroperoxide previously 
prepared from linoleic acid by means of lipoxi- 
dase. The inhibition of additional TBARS forma- 
tion by taurine and methionine, both effective 
scavengers of hypochlorous acid, (33] and by the 
use of C1--free medium indicate, that HOC1 
produced by the MPO-hydrogen peroxide-C1- 
system is the reactive species in initiation of lipid 
peroxidation in our experiments. 

TBARS arise from the breakdown of polyunsat- 
urated fatty acid residues with three and more 
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HOCI-INDUCED LIPID PEROXIDATION 485 

TABLE I Effects of inhibitors on the oxidation of l iposomes containing linoleic acid hydroperoxide using the system 
MPO + H202 + CI-  

Incubation system a Inhibitors, TBARS, nmol /  Inhibition of TBARS 
mmol/1 mg  lipid b accumulation, % 

Only liposomes 
+ MPO + C1- 

+ MPO + H202 
+ MPO + C1- + H202 

+ MPO + C1- + H202 + B H T  

+ MPO + CI-  + H202 q- mannitol 

+ MPO + CI + H202 + taurine 

+ MPO + C1- + H202 + methionine 

+ MPO + C1- + H202 -I- azide 

- -  0.059 + 0.003 - -  
- -  0.061 ± 0.004 - -  
- -  0.060 ± 0.003 - -  
- -  0.107 ± 0.005 - -  

0.002 0.060 ± 0.003 100 
0.01 0.059 4- 0.004 100 
0.1 0.058 ± 0.002 100 

0.1 0.108 ± 0.003 0 
1 0.106 i 0.004 2.1 
10 0.103 4- 0.004 8.5 

0.1 0.093 + 0.005 29.8 
1 0.064 ± 0.003 91.5 
10 0.060 + 0.002 1 O0 

0.1 0.067 4- 0.005 85.1 
1 0.059 ± 0.002 100 

10 0.058 + 0.003 100 

0.1 0.080 -I- 0.004 57.4 
1 0.063 ± 0.006 100 

10 0.059 ± 0.007 100 

aLiposomes containing 25.1 nmol hydroperoxide per  mg lipid were used. All other conditions were as in Figure 4. 
bAll data are given as means and standard deviation (n = 4). 

double bonds, t341 Therefore, polyunsaturated 
phosphatidylcholine, and not Iinoleic acid, is the 
source for TBARS additionally formed in our 
study. 

Experiments with linoleic acid hydroperoxide 
confirm earlier data showing enhanced increase 
of TBARS in egg yolk phosphatidylcholine lipo- 
somes in the presence of tert-butyl or cumene 
hydroperoxides. [271 Linoleic acid hydroperoxide 
is a more common biological species than tert- 
butyl or cumene hydroperoxides. We used this 
compound as a model for the many possible 
hydroperoxides formed from phospholipids and 
fatty acids in biological membranes under con- 
ditions of oxidative stress. Only the reaction of 
HOCI/OC1- with organic hydroperoxides yields 
alkoxyl radicals that are able to induce further 
free radical reactions, including the addition of 
oxygen, in the lipid matrix. 126"271 HOCI/OC1- did 
not react with dialkyl-, diacyl- or alkylacylper- 
oxides nor with epoxides. [271 Other reactive 
oxygen species such a s  O 2 - , H 2 0 2 ,  102, 'OH as 

well as traces of metal ions could also be excluded 
from playing any role in HOC1/OC1--induced 
lipid peroxidation of phospholipids. In'261 How- 
ever, detail mechanisms of the reaction between 
organic hydroperoxides and hypochlorous acid 
are unknown to us. The hydroperoxide group is 
apparently split homolytically with the formation 
of an alkoxyl radical. A reaction mechanism 
known for hypochlorous acid and hydrogen 
peroxide to yield singlet oxygen is not applicable 
to our case. There was no production of singlet 
oxygen during the reaction of hypochlorous acid 
with tert-butyl or cumene hydroperoxide. E26"351 

There is an apparent discrepancy between the 
concentration of NaOC1 (200~mol/1) used or 
the amount of HOC1 (50-250 ~mol/l) produced 
by the myeloperoxidase-hydrogen peroxide-Cl 
system and the amount of additional TBARS 
(0.2-0.3 ~mol/1) formed in the presence of linoleic 
acid hydroperoxide. This may be explained by 
the fact that most of hypochlorous acid reacts 
with double bonds to yield chlorohydrins. [16"t8] 
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486 O.M. PANASENKO AND J. ARNHOLD 

F u r t h e r m o r e ,  a l t h o u g h  TBARS can  be  eas i ly  

d e t e c t e d ,  t h e y  a re  o n l y  a m i n o r  p r o d u c t  in  l i p i d  

p e r o x i d a t i o n .  

R e g a r d i n g  b i o l o g i c a l  s ign i f icance ,  it  is of  in te r -  

es t  tha t  the  effect  of  l ino le ic  ac id  h y d r o p e r o x i d e  

o n  the  i n i t i a t i on  of  l i p i d  p e r o x i d a t i o n  b y  

H O C 1 / O C 1 -  a p p e a r s  a t  c o n c e n t r a t i o n s  c o m p a r -  

ab l e  w i t h  v a l u e s  f o u n d  in vivo. Var ious  t i s sues  of  

a n i m a l s  o r  h u m a n  b e i n g s  c o n t a i n  f r o m  0.4 to 

1 9 . 6 n m o l  h y d r o p e r o x i d e s  p e r  m g  l ip ids .  I361 

H y d r o p e r o x i d e s  a r e  r e g a r d e d  as  p r i m a r y  p r o d -  

uc t s  of  a u t o x i d a t i o n ,  m e t a l - c a t a l y s e d  o x i d a t i o n  

a n d  o t h e r  t y p e s  of  l i p i d  p e r o x i d a t i o n .  137i T h e y  a re  

a l so  a p r o d u c t  of  the  ac t ion  of  l i pox ida se s ,  t381 A n  

i n c r e a s e d  l eve l  of  h y d r o p e r o x i d e s  in  b io log i ca l  

m e m b r a n e s  a n d  l i p o p r o t e i n s  w o u l d  m a k e  these  

l i p i d s  m o r e  s u s c e p t i b l e  to  n e w  p e r o x i d a t i o n  

r eac t i ons  i n d u c e d  b y  the  M P O - h y d r o g e n  pe r -  

o x i d e - C 1 -  s y s t e m  of  n e u t r o p h i l s  u n d e r  cond i -  

t ions  of  o x i d a t i v e  s t ress .  

A c k n o w l e d g e m e n t s  

This  w o r k  w a s  s u p p o r t e d  b y  the  G e r m a n  Re- 

s ea r ch  C o u n c i l  (Gran t s  436 RUS 113/222/0  a n d  

I N K  23 A1-1). 
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