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S U M M A R Y  

Purified N A D P H  cytochrome c reductase catalyzes the oxidation of N A D P H  
in the presence of Fe 3+, ADP and EDTA EDTA in this system appears to elevate 
the redox potential of  ferric 1on and of its iron complex thereby faclhtatmg the transfer 
of one electron from N A D P H  to tn-valent iron (more rapidly than superoxlde is 
formed) through a flavln moiety m the reductase, but it dlmlmshes the concentration 
of free iron to be reqmred for phosphohpld peroxldatlon 

The reduction of Fe 3+ by the xanthme-xanthme oxldase system is different 
from that manifested by the N A D P H - N A D P H  cytochrome c reductase system in the 
manner in which the former is carried out in the mare by O2- generated by the sub- 
strate - O2 - enzyme interaction 

Reduced iron, which is free in the solunon, plays an important role for the 
lmtmtlon and propagation of the phosphohpld peroxldatlon, monitored by malondi- 
aldehyde assay and hght emission 

In the xanthlne-mduced hpoxygenatson system, the OH radical, probably 
produced from hydrogen peroxide by the action of Fe z+, is not involved in the 
mltmtJon of the peroxldatwe cleavage of phosphohpid in mlcrosomal hpoprotem 

I N T R O D U C T I O N  

Microsomes isolated from rat liver have been reported to catalyze the N A D P H -  
dependent peroxldatlon of endogenous lipid if ferric ions and a chelator such as ADP 
or pyrophosphate are present [1, 2] Th~s reaction destroys polyunsaturated fatty 
acid moieties m m~crosomes and can be monitored by measurement of malondlal- 
dehyde or of  lipid peroxides 

It has also been shown that mlcrosomes emit an ultra-weak luminescence during 
mlcrosomal hpoxygenatlon, and postulated that luminescence other than that due 
to malondlaldehyde is produced by hpld hydroperoxlde interaction [3] Howes and 
Steele [4] emphasized that the chemiluminescence involves a slnglet oxygen-me&ated 
reaction However, attempts to demonstrate smglet oxygen (102) or its precursor 
(superoxlde anion, 0 2 -  ) as the peroxidatlve agents being produced by NADPH-  
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dependent mlcrosomal electron transport have failed [2] If so, superoxlde dlsmutase 
(scavenger of both 10 2 and O z- may not affect the luminescence On the other hand, 
indirect evidence of superoxlde anion generation by washed intact the mlcrosome- 
NADPH system, 1 e the formation of compound lII from added lactoperoxldase, has 
been offered [5] The studies described in this report indicate that, in the reconsti- 
tuted mlcrosomal hpoxygenatlon and xanthlne-xanthine oxidase mediated hpoxy- 
genation systems, the peroxldatlon of lipid in mlcrosomal hpoproteln is initiated 
mainly by iron reduced by the flavoprotelns directly or indirectly through O 2- It is 
then propagated by a chain reaction involving possibly the hpld hydroperoxlde 
radical Our studies also suggest that measurement of light intensity during hpoxy- 
genation gives rapid and precise information with respect to the very early stage of 
peroxldatlve cleavage of phosphohpld 

MATERIALS AND METHODS 

Reagents Horseradish peroxxdase (type II) and ADP were obtained from Sigma 
Chemical Company The catalase and cytochrome e were produced by Calblochem 
NADPH was purchased from Oriental Yeast Co ,  Ltd All other chemicals were of 
reagent grade 

Enzyme preparation and assay Xanthlne oxldase was prepared from buttermilk 
by trypslnlzatlon, heat treatment and ammonium sulfate fractlonatlon by the method 
of Horecker and Heppel [6] It was purified by gel filtration on a Sephadex G-200 
column Enzyme activity was determined by the rate of appearance of the reduced 
band of cytochrome c at 550 nm m the presence of oxidized cytochrome e and hypo- 
xanthlne [6] The enzyme (spec ac t ,  16-20) could be stored in the frozen state for 
several weeks with little loss in activity but its activity decreased considerably after 
repeated freezing and thawing 

Mlcrosomal NADPH cytochrome e reductase (spec ac t ,  10-16) and superoxlde 
dlsmutase (specific activity 2 250-2 650) were prepared from rat liver mlcrosomes [7] 
and bovine red blood cells [8], respectively, by established methods Their corre- 
sponding activities were determined by reduction of cytochrome e [7] and the ability to 
inhibit (50 ~o) the reduction of cytochrome e by milk xanthlne oxldase [8], respec- 
tively When approximately 100-200/~g of protein (cytochrome c reductase or 
superoxlde dlsmutase) was examined by disc electrophoresls, only one main band 
appeared on staining wlth Amldo Black Heat inactivated superoxlde dlsmutase was 
obtained by placing the enzyme solution in boiling water for 3 rain 

Preparatton ofmlcrosomal hpoprotem particle This was prepared by the method 
of Nakano et al [9] and was free of a hemoproteln moiety, NADPH cytochrome c 
reductase [10] and trypsin activity 

Conditions of mcubatton The standard reaction mixture for NADPH-depen- 
dent hpoxygenatlon consisted of hpoproteln, l l0 -4 M Fe(NO3) 3, 1 67 mM ADP, 
5 l0 -~ M EDTA, 0 16 mM NADPH, NADPH cytochrome e reductase, and 0 l M 
Tns-HCl  buffer (pH 6 8) in a total volume of 3 ml Xanthme oxldase and 3 3 l0 -4 
M xanthlne was used, instead of NADPH cytochrome c reductase and NADPH, 
for the xanthlne induced hpoxygenation system In some cases, the components such 
as superoxlde dlsmutase, catalase and radical scavengers (or trappers) were added to 
the standard incubation mixtures to examine their corresponding effect on malondI- 
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aldehyde formation When other assays were required, each of hpoprotem, Fe 3+- 
ADP and EDTA or a combination of two of them was omitted from the standard 
incubation media All components, except for N A D P H  (or xanthme oxldase) were 
prelncubated for 3 minutes at 37 °C (in some cases, 25 °C) and the reaction was 
initiated by the addition of  N A D P H  (or xanthane oxtdase) The incubation was 
carried out for various time periods dependmg on the nature of  the experiment 

A~say ofhydroyenperoxMe H202 generation was mdarectly determined by the 
formataon of peroxidase compound II  m the presence of horseradish peroxadase [5] 
and directly by ferrous thiocyanate method [11 ] with shght modlficataon 

Other methods NADPH-dasappearance was monitored by fluorometry at 450 nm 
with an exotation wavelength at 365 nm m Hitachi Model 203 fluorescence spectro- 
photometer as described by Ernster and Nordenbland [12] Conversion of Fe 3+ to 
Fe 2 + was measured by the increase of absorbancy at 510 nm m the presence of added 
o-phenanthrohne (3 6/~moles/3 ml) Protean was determined by method of Lowry 
et al [13] Luminescence was measured by the single photoelectron counting method 
[14] 

RESULTS 

(1) Consumption oJ NADPH by NADPH-dependent cytochrome c lechtctase 
A number of  tron-contammg compounds mcludmg F e 3 + - E D T A - A D P  com- 

plex were examined as possible electron acceptors from N A D P H  2 in the presence of 
NADPH-dependent  cytochrome c reductase Their effects were evaluated by the 
decrease in the fluorescence of N A D P H  added to the reactaon maxture wath and with- 
out electron acceptors 

TABLE I 

N A D P H 2  C O N S U M P T I O N  BY C Y T O C H R O M E  c R E D U C T A S E  IN THE P R E S E N C E  OF 
E L E C T R O N  A C C E P T O R S  

The mcuba t lon  medmm conmsted of  N A D P H  cytochrome c reductase (0 48 umts  for Expt I and 
I 5 u m t s  for Expt 2), 8 5 t i M  N A D P H  and 01  M T n s - H C I  buffer (pH 6 8 )  m a total  volume of  
3 ml W~th the exceptmn of  cytocbrome c. the assays were performed by f luorometry at 25 C as 
described under Methods  Fe(NO3)3 m water  was used as Fe 3+ 

Electron acceptors  

Expt 1 
2 10 - s  
2 10 -5 
5 10 -6 
2 10 - s  

Expt 2 
1 10 -4  
I 10  - 4  

I 1 0  - 4  

1 I 0  - 4  

I I 0  - 4  

N A D P H 2  consumed 
(nmoles/ml per mm) 

M Cytochrome c 31 30* 
M F e 3 + + 2  1 0 - 5 M E D T A + I  1 0 - a M A D P  330  
M methemoglobm 0 65 
M cytochrome b5 0 0 

M Fe 3 + 0 60 
M Fe 3 +--1 67 10-3 M A D P  0 7 0  
M F e 3 + +  1 2 10 -3 M o-phenanthrohne 2 60 
M F e 3 + + l  67 10 - 3 M A D P - I  2 10 -3 M o-phenanthrohne 1050 
M Fe 3+ ~ I 67 10 -3 M A D P + 0 5  10 - 4 M  E D T A  700  

* Value was calculated from cytochrome c reductase activi ty (nmoles /mm/ml) ,  assuming that  
2 moles of  cytochrome c could be reduced by I mole of  N A D P H 2  
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As shown in Table I, the rate of  N A D P H  consumption wtth the Fe 3 + - E D T A -  
A D P  equals about 10 ~ of  that of  N A D P H  2 consumptton during cytochrome c 
reducuon Wtlliams and Kamln [15] have reported that the ferric 1on-reducing 
acttwty of  NADPH-dependent  cytochrome c reductase is only 3 o~, o f  that recorded 
with cytochrome c at pH 7 7 Very httle N A D P H  z consumpuon was observed 
following the addzuon o f  methemoglobm, cytochrome bs, Fe 3+ or F e 3 + - A D P  
However, the addmon of  a strong iron-chelating agent (EDTA or o-phenanthrohne) 
to Fe 3 + - A D P  system resulted in strong enhancement of  N A D P H  2 consumption 

(2) Effect ol ° EDTA concentratton on N A D P H  consumptton and malondtaldehyde 
f o r m a t i o n  

When the lmtml rate of  N A D P H  consumption by the NADPH-dependent  
cytochrome c reductase system was measured wtth a fixed concentration of  Fe 3+-  
A D P  (1 10 - 4  M as Fe 3+) and vartous concentrations of  EDTA, it was found to 
increase greatly with increasing amounts of  EDTA 

The addiUon o f  a lipoprotein to the N A D P H - N A D P H  cytochrome c reduc- 
t a s e - F e 3 + - A D P - E D T A  system enhanced N A D P H  consumption These results are 
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Fig 1 Effect o f  E D T A  on N A D P H  consumpt ion  (A)  and malondtaldehyde format ion (B) A, The 
incubat ion media consisted o f  1 10-  4 M Fe z +, 1 67 m M  A D P ,  85/~M N A D P H ,  E D T A  m indicated 
concentrations,  1 6 umts  o f  N A D P H  cytochrome c reductase and 0 45 mg o f  hpoprotem (O -- • )  or 
none ( © - - O ) ,  m a final vo lume o f  3 ml N A D P H  consumpt ion  was measured f luorometncal ly  at 
25 JC and expressed as nmoles  N A D P H  consumed per ml per m m  N o  or lzttle N A D P H  consumpt ion  
/ m m  occurred without  N A D P H  cytochrome c reductase The difference between N A D P H  consump-  
tton m the presence (curve A)  and that m the absence o f h p o p r o t e m  (curve B) is expressed as curve C 
( ~ -  ~ )  B, The incubation med ium and condit ions were identical to those hsted in (A),  save that 
umts o f  the reductase (0 33 umts)  differed During  incubation,  a 0 5 ml ahquot  was withdrawn from 
the med ium for malondialdehyde measurement  The non-enzymat ic  production o f  malondlaldebyde 
was measured without N A D P H  and N A D P H  cytochrome c reductase and the value was subtracted 
from the value obtained with the complete  system Malondlaldehyde format ion  was expressed as 
nmoles  M D / m m / m l  
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shown in Fig 1A The hyperbolic curve, obtained by plotting the difference of initial 
velocity of  N A D P H  consumption In the absence and in the presence of hpoprotem 
versus EDTA concentration, reached a peak at about 0 5 10 .4  M EDTA 

When the initial rate of  malondlaldehyde formation by NADPH-dependent  
hpoxygenatlon system was examined with a fixed concentration of Fe3+-ADP as a 
function of EDTA, the concentration required for maximal activity was also 0 5 10- 4 
M (Fig 1B) This is m keeping with the results obtained during the peroxldatlon 
of hposomes in a similar system [16] The plot of the results closely resembles curve 
C in Fig 1A. indicating that the net consumption of N A D P H  m the presence of 
hpoproteln parallels the formation of malondlaldehyde 

To demonstrate the effect of EDTA on half-wave potential of ferric ion, EDTA 
was added to 1 mM Fe(NO3)3 in 0 5 M sodium otra te  (pH, approximately 7 4) to 
obtain a certain ratio of EDTA/Fe 3+ and the half-wave potentials of ferric ion 
and of Iron-EDTA complex were measured by polarography at 23 °C The half-wave 
potential of  ferric ion mcreabed linearly from - -0  079 V (ratio, ¼) to + 0  08 V (ratio. 
¼) with increasing the ratio of  EDTA/Fe 3+ Under the same condition, that of Iron- 
EDTA complex was measured as follows, + 0  20 V at ratio of ¼, -~ 0 29 V at ratm 
of 1, + 0  311 V at ratio of  ¼. ÷ 0  325 V at ratio of l, and w 0 34 V at ratio of  2 

These results suggest that EDTA in N A D P H - N A D P H  cytochrome c reductase 
system elevates the redox potential of ferric ion and I ron-EDTA complex thereby 
faclhtating the transfer of one electron from N A D P H  to tn-valent iron through 
flavoproteln but EDTA diminishes the concentratmn of free ferric Ion to be required 
for the llpoxygenatmn 

(3) Effect o f  supero~:tde dlsmutase on iron reductase acttllty and on malondtaldehyde 
[ornlatton 

When o-phenanthrohne was added to N A D P H - N A D P H  cytochrome ¢ reduc- 
tase system containing Fe3÷-ADP complex, absorbance at 510 nm involving Fe z+-  
o-phenanthrohne complex increased linearly with increasing time Thas rate however 
decreased linearly with increasing concentration of EDTA added This is in contrast 
to the findings that in the presence o fFe  3 +-ADP complex EDTA accelerates N A D P H  
oxidation by N A D P H  cytochrome c reductase, which may be parallel to iron reduc- 
tase activity This discrepancy may be attributable to a competition of chelation 
between EDTA and o-phenanthrohne for Fe z+ Therefore, absorbancy at 510 nm 
would not represent a true value for iron reduction, if the system contains other iron 
chelating agents However, this agent, under specified condmons, is very useful for 
determining the relative rate of  iron reductase activity WRh N A D P H  cytochrome c 
reductase in various concentrations, absorbancy change of Fe z+-o-phenanthrohne 
per minute in the system containing 1 10 -4  M Fe 3÷, 1 67 mM ADP, 0 16 mM 
N A D P H  and 0 5 10 -4 M EDTA had a linear relation with enzyme activity 
(0 01-0 1 units/ml of  incubation mixture) 

The reduction of Fe 3 ÷ induced by the N A D P H - N A D P H  cytochrome c reduc- 
tase system, as well as the formatmn of malondlaldehyde by NADPH-dependent  
hpoxygenatlon, was not significantly affected either by intact or heat inactivated 
superoxide dlsmutase (0 1-10/ tM) 

As shown in Fig 2, both the reduction of iron by the xanthIne-xanthine oxldase 
system and the ma-londlaldehyde formation by xanthlne induced hpoxygenatlon 
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Effect of  superoxlde &smutase on Fe 3 ~ reductase actwlty and malon&aldehyde formation 
by xanthme-xanthme oxldase system and xanthme-mduced hpoxygenatlon system, respectively The 
incubation medmm consisted of  xanthme oxldase (0 9 umts for llpoxygenatlon system or 0 6 umts 
for the I ronreduc t lon  system), 1 10 - 4 M  Fe 3+, 1 6 7 m M  ADP, 05  10 - 4 M  EDTA, 0 4 5 m g o f  
hpoprotem or none, 0 1 M Trls-HC1 buffer (pH 6 8), and intact ( - - )  or heat inactivated superoxlde 
dlsmutase (- - -) m various concentrations in a total volume of  3 ml Ortho-phenanthrohne (3 6 
/Creoles/3 ml) was added to the hpoprotem-free system and the initial velooty (510 nm/mm)  of Fe a+ 
reduction ( A  A) was assayed as described m text Malondmldehyde formed during 10 mm incubation 
(O  O )  was determined by 2-thlobarblturate method 

system were considerably inhibited by superoxlde dtsmutase m the concentration as 
low as 0 2 / tM However, the heat inactivated superoxtde dlsmutase also inhibited 
both iron reducuon and hpoxygenatlon but to a lesser extent at less than 0 3 ItM Th~s 
may be due to the effect of  metals (Cu 2 + and Z n  2 ÷ ) liberated from the enzyme during 
its reactivation on this system [17] Omission of F e  3 + - A D P - E D T A  complex from the 
xanthlne-lnduced system resulted m very httle, but measurable, production of malondl- 
aldehyde These l esults indicate that the mechanism of iron reductton in the N A D P H  
cytochrome c reductase system is quite &fferent from that operative in the xanthlne 
oxldase system in whtch generated 0 2 -  acts as a reductant of  iron The data also 
suggest that both systems reqmre iron in the reduced form for their maxtmal hpoxy- 
genatlon 

(4) Posstble formatton oJ hydrogen peroxide and its effect on malondlaldehyde formation 
Evidence of H 2 0  2 generation was sought in a search for compound II  (with 

specific absorption at 418 nm) in a system which contained horseradish peroxldase 
as well as by the ferrous thlocyanate method With these methods, no or little gener- 
ation of HzO 2 was detected during N A D P H  oxidation by N A D P H  cytochrome c 
reductase at pH ranging from 6 0-8 0 

The addition of catalase to the NADPH-dependent  llpoxygenaUon system 
(40 #g/3 ml of  the reactton mixture) resulted m only slight enhancement of  malondi- 
aldehyde formatton At the same concentration of catalase, the xanthlne-mduced 
llpoxygenatlon system containing 0 63 units of  xanthlne oxldase and 0 45 mg of llpo- 
protein m 3 ml, however, greatly enhanced both the Initial rate of  malondlaldehyde 
formation and the accumulation of this aldehyde (approximately 1 7 ttmes those of 
the control without added catalase) Omission of  either enzyme (xanthlne oxtdase or 
N A D P H  cytochrome c reductase) or the corresponding substrate (xanthlne or 
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NADPH) and both components from each of the above systems including catalase 
resulted in no producUon of malondlaldehyde, indicating that catalase can not act as 
a hpoxygenase or as xanthlne oxldase 

Agents known to be scavengers wtth a specificity for the OH radical [18], such 
as benzoate (3 mM) and mannttol (3 mM), had no effect on malondlaldehyde for- 
matJon by the above hpoxygenatton systems Th~s suggests that OH radicals pro- 
duced from H202 were not involved in hpoxygenaUon 

(5) Lutmnescence durmg phosphohpld pero rtdatton 
Under our expertmental condtttons, the two hpoxygenatlon systems emit the 

hght which could be detected by single photoelectron counting method Fig 3 shows 
the typical results of  the study of light emission from NADPH-dependent hpoxy- 
genatlon system The addition of superoxide dtsmutase to the system (9 5/~M) did 
not significantly affect total light emission during a specified time Interval (15 rain) 
However, the time required for the development of maximal hght intensity was 
prolonged Since a similar result was obtamed wtth heat lnacttvated dlsmutase 
(9 5 pM), such a small observed effect may not be due to tlue dismutase action The 
luminescence, however, was strongly lnhtblted by the addttlon of an antioxldant, 
dl-tert-butylhydroqulnone, prior to and also during the incubation (data did not 
show) Under a similar condtuon, the other antloxtdant (2,6-dnodo-4-ammophenol) 
and L-thyroxine, both at 5 10 - 6  M, produced 85-93 ° o and 40-55 o~, mhlblUon of 
both total light emlsslon and malondlaldehyde accumulation (both m 10 rain), 
respectively Trtethylendlamme, 0 22 M, whtch has been reported to be a scavenger 
of smglet oxygen [19], and which accelerates the NADPH cytochrome c reductase 
activity (1 5-1 7 fold) at the same concentratton, stimulated slightly both total light 
emission and malondmldehyde accumulation (both in 10 mm) The NADPH- 
dependent hpoxygenat~on system also required critical concentratton of EDTA for 
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F,g 3 Effect of  superoxtde dlsmutase and dl-tert-butylhydroqulnone on luminescence by the 
NADPH-dependent  hpoxygenatlon system The standard reaction mixture for NADPH-dependent  
hpoxygenanon contained 0 4 umt of  the reductase and 0 45 mg of  hpoprotem without inhibitor ( - - )  
Superoxlde dlsmutase (9 5/~M) ( - - - )  or dl-tert-butylhydroqumone (5 10 -6 M) ( . . . .  ) v~as 
added to the rnedla before the reaction was started Luminescence was measured at 37 ~C m the dark 
The reaction was imtlated by the addition of  N A D P H  (at arrow) Light intensity was expressed as 
counts per 10 s No detectable luminescence was observed m the absence of  added Fe3+-ADP (-Fe)  
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F~g 4 Effect of superoxlde dlsmutase and dl-tert -butylhydroqulnone on luminescence by the xan- 
throe-reduced hpoxygenatlon system The standard reaction mixture for xanthme-mduced hpoxygena- 
tlon contained 0 9 umts of xanthme oxxdase 0 45 mg of hpoprotem, with or without inhibitor, m a 
total volume of 3 ml In some experiments Fe a +-ADP (-Fe) was omitted from the standard reaction 
mixture (4B) Intact or heat lnactwated superoxlde dJsmutase (0 33 #M) (- - -) or dl-tert -butylhydro- 
qulnone (5 10 -6 M) ( . . . .  ) was added to the standard reaction mixture prior to the lmtmtlon 
of the reaction by the addition of xanthme oxldase Malondlaldehyde formation m the standard 
mixture (reset, 4A) and that m the system m which Fea+-ADP was omitted (reset, 4B) was measured 
by the method described m text 

maximal  hght emission as well as maximal  malondtaldehyde format ion 
In contrast  to the results of  addmg &smutase to N A D P H - d e p e n d e n t  hpoxy- 

genat ton system, the &smutase,  m the concentra t ion  as low as 0 33 ILM, produced 
obvious inhibi t ion (64 ~ in terms of total light emlsston in l0  mm)  of  the light 
emission by xanthlne- induced system With  heat-mactlvated dtsmutase m the same 
concent ra t ion  and explanation,  intact  and  heat-mactlvated dtsmutase, both  at 1 67 
#M, inhibi t  the hght emission to the extent of 84 4 and  37 7 ~ ,  respectively, m keeping 
with the effects of the enzyme on malondtaldehyde accumula t ion  by this system 
Di- ter t -buty lhydroqulnone  was also a potent  inhibi tor  on the luminescence (Fig 4A) 
Even when the Fe 3 + - A D P - E D T A  was omit ted from the xanthlne-mduced system, 
the system produced a weak but  measurable hght emission at the beginning of the 
reaction (Ftg 4B), suggesting that smglet oxygen generated by xan th ine-xan th lne  
oxldase-O 2 interact ion had attacked phosphollpld In contrast  to the results reported 
by Arneson  [20], the reaction mixture con tammg xanthme and xanthlne oxldase 
did not  produce a detectable luminescence 

DISCUSSION 

The poss~bihty that  O2-  o r  1 0  2 generated by a hpoxygenat~on system plays an 
impor tan t  role in peroxldattve cleavage of phosphohpld  has been proposed by several 
workers [4, 16, 17, 21] The evidence for this is indirect and based mainly  on the 
inhibi tory effect of  superoxtde dismutase or scavenger (or t rapper)  of slnglet oxygen 
on malondla ldebyde format ion N a k a m u r a  and Yamazaki  [22] have clearly demon-  
strated that  N A D P H  cytochrome c reductase (enzyme const i tut ing our  reconsti tuted 
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system) produces superoxlde anion during N A D P H  oxidation 
The iron reduction by N A D P H - - N A D P H  cytochrome c reductase appears to 

proceed by the flux of one electron from N A D P H  to Fe a + either via the semlqulnone 
of flavln moiety (Reaction 1) flavln-O2- complex in the enzyme (reaction 2) or by 

02-  + F e  3+ ~ O 2 + F e  2+ (Reaction 3) 

As pointed out by Rapp et al [23], superoxlde dlsmutase would react with 0 2 -  
which is free m the solution Therefore, no inhibition by dlsmutase of  the N A D P H -  
Fe 3 +-reductase may be explained if Fe ~ ~ is reduced by the cytochrome c reductase 
through Reaction I or 2 more rapidly than superoxlde is formed The iron reduc- 
tion by xanthlne and xanthine oxldase system, identical to the cytochrome c reduction 
by this system [24], should be camed  out in the main by the free O2-  generated by 
the substrate-O2-enzyme Interaction (Reaction 3) Even though the mechanism of 
Fe 3 + reduction is &fferent in the xanthme induced and NADPH-dependent  system at 
pH 6 8, the mttlatlon and propagation of lipid peroxldatlon are considered to be 
essentially the same in the two systems This is supported by the following findings 
(1) Omission of Fe 3+ from the NADPH-dependent  hpoxygenatlon system and 
xanthane-lnduced system result in less hpoxygenatlon, monitored by malondialdehyde 
value and total emission of luminescence (2) Antloxldants (radical acceptors or 
hydrogen donors), known to interfere with the propagation sequence of lipid peroxl- 
datlon being mediated by peroxide radical [25], strongly inhibit the hpoxygenatlons 
by both systems 

We have reported that Fe z + alone and a combination of Fe 2 + (or Fe 3 +) and 
ascorbate catalyze the peroxldatlve cleavage of hpoprotem monitored by malond~- 
aldehyde formation [9, 10] However, no precise formulation of the mechanism of 
iron-catalyzed oxidation is yet possible It is likely that bivalent ~ron or an iron oxygen 
complex (Fe 3+ 0 2- ) plays an important role in the initial breakdown of the 
minimum concentration of hpld hydroperoxlde presented in phosphohplds of hpo- 
protein to form the alkoxyradlcals essential for the chain reaction 

Recently, Fong et al [18] have demonstrated that lysosomal lysls by purified 
NADPH-cytochrome P-450 reductase and xanthme oxldase acting w~th their corre- 
sponding substrates in the presence of Fe 3 +-ADP complex is inhibited by the addition 
of catalase and by specific OH scavengers They postulated that the OH radical is 
a species responsible for the hpld peroxldatlon of lysosomal membranes However, 
the ad&t~on of catalase to our xanthlne-lnduced hpoxygenatlon system caused ob- 
vious activation rather than inhibition of phosphohpld peroxldatlon In addlUon OH 
radical scavengers did not affect phosphohpld peroxldatlon In the NADPH-dependent  
and xanthlne-induced systems, which may be due to the lipid source used for hpoxy- 
genat~on and not an EDTA effect Such a s~gmficant effect of  catalase on xanthlne- 
Induced system could involve the following mechanisms catalase catalyzed a rapid 
decomposmon of H202 being generated by xanthlne-Oz-xanthlne oxidase interaction 
to supply 02 for lipid peroxidatlon and also to protect from oxidation of Fe 2+ by 
H202 

In the presence of Fe3+-ADP [26], the peroxldation of endogenous hpld m 
Intact mlcrosomes is mainly promoted by N A D P H  The enzymes which involve this 
hpoxygenatlon are considered to be N A D P H  cytochrome c reductase and N A D P H  
cytochrome P-450 reductase [27] These enzymes are not yet fully characterized but 
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we d o  n o t  b e h e v e  t h a t  t h e y  a re  t w o  d i s t i n c t  e n z y m e s  A s  sugges t ed  by  o t h e r s  [2, 28],  

t h e  ro le  o f  A D P  m a y  b e  to  p r e v e n t  p r e c i p i t a t i o n  o f  fe r r i c  m n  a t  n e a r  n e u t r a l  p H  or  

c h e l a t m n  o f  fe r r i c  i on  b y  t he  o t h e r  n o n - s p e c i f i c  c h e l a t o r s  m the  r e a c t i o n  s y s t e m  

W e  feel t h a t  t he  r e c o n s t r u c t e d  s y s t e m  w h i c h  we h a v e  e m p l o y e d  d u p h c a t e s  o r  

c lose ly  r e s e m b l e s  t he  m a r e  h p o x y g e n a u o n  p a t h w a y  p r o m o t e d  m m t a c t  m l c r o s o m e s ,  

save  t h a t  E D T A  is a n  a r t i f a c t  E v e n  t h o u g h  t he  i n t e g r a t e d  h g h t  i n t e n s i t y  e m i t t e d  

f r o m  t h e  h p o x y g e n a t l o n  s y s t e m  ~s m a g o o d  c o r r e l a t m n  w~th m a l o n d l a l d e h y d e  

a c c u m u l a t m n  in  t he  e x p e r i m e n t s  w i t h  severa l  m h l b l t o r s  o f  h p o x y g e n a t m n ,  f u r t h e r  

s t u d y  Is n e e d e d  to  e s t a b l i s h  t he  r e l a t m n  b e t w e e n  species  o f  h g h t  a n d  l l p o x y g e n a t m n .  
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