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The presence of lipid peroxides , detected by the forxation of ralonaldehyde 

<NA), has been observed in tissues isolated iron vltauln X-deficient anlmsls (Zalkllr 

and Tappel, 1960). Lipid peroxldatlon has also been found to occur In Isolated sub- 

cellular fractious when these were Incubated aerobloally In the preseuce of hemtln 

compounds (Tappel and Zalkln, 196U), ferrous loss (Ottolenghl, 19591 Hunter et al., 

19631, and ascorbate (Ottoloaghl, 1QSQj Ihlele and Huff, 1960). 

In this paper, ve vlsh to report the occurrence of a IPNU-laduoed peroxidation 

of lipids In rat-liver mlcrosoues, The reaction require8 activation by ADP or other 

pyrophosphates, and appears to be coupled to the IPNU oxldase systr of the ulcro- 

somes. The latter system was first described by Ollette et al. (1956) In connection 

with studies of IPNU-linked hydroxylations. 

Soxe propertl~ of the TPNU-Induced lipid pevoxldatlon are described belm 

and compared rlth those of the mm-easydcally luduoed lipid peroxidation vhlch 

OCCUR In the presence of ascorbate. 

&2$&f&- Hlcrosoues fros 0.25 Y sucrose homgenatr of rat liver were prePared as 

described by Umster et al. (19621. In ordev to r-e the bulk of the sucrose 

<which Interferes vlth the deterulnatlon of ualosaldehyde) the alcrosoues were 

Washed once Wltb 0.15 Y KCl, The pellets were finally suspended 1s 0.15 h KC1 to 

contain IQ to 20 % Proteiidul. Incubations were uade In a trls (0.025 Y) - KCI 
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(0.15 Y) nedi- pEl 7.5, at 22-28OC, l%ie compoeltlon of the reaction Jxttwe 18 

further qeclfled in the legende to the tablw and ffgura. Ozqgen comumptlon was 

me8euredpolarographlcall~uelnga l tatlonaryPt electrodeand arotatla(lcmette, 

Flu. 2. & 
AIdi- 

AaditloM rhenlndlcatedwere: tiom were: mleraoma, 6 w protoln, ADP, 
mlcromOn8 Containing 6 q protel* 1.0 J4 TPNE* 0.01 Ilw, O-8-P, 10 * O-6-P- 
m 0*3 -, UIP, 1.0 m& Final Dehydrogeneee <O-8-P-D)t 0.1 w Rlcotlnamlde, 
vol. eae 1.2 ml, 40 mN m ale0 parent, Final Volw 1.5 ml. 

'LPNH dl8appearanoe was followd In an Bppeadorf fluorlmta an dacrlbul by %ts 

brook and Meltra (1962). Ualonaldehyde m determined by the thlabarblturlc acid 

1 CR reaction (Bernhelm et al,, 1847)g an extlnctlon coefficient of A 
535 r(i 

= 1.50 x lo5 

m rued (Stnnhuber et al., 1958). 

--When a ~uepeneion0f ratllrermlcroeoma wa8 IncubateddthlPNB, only 

a 8low rate of O2 uptake wae obeerved, awl no meaeurable amount of NA m formed 

<rig. 11, However, addition of ADP rwalted in a rapld O2 conmumptlon, paralleled 

by a formation of YA, l%e molar ratio of O2 coneumed to NA formed m abopt 20. 

Both the O2 coxmumption and the forrtion of MA were dependent on the presence 

Of~IlE, When allmlted amunt of TPNN m wad (Fig, 21, O2 cowumptlon and.blA 

forntlon (not ahown) ceaeed aftu a uhlle, and could be re-&nltlated by the addl- 

tlon of glucoeb8-phosphate and glucat6phapbate dehydrogeneee. 
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Data relating to tbo specificity of -NE and UDP are l wised in fable I. 

OePlacemmntofTR4I byD02Erroitedlnonlf n@i2lbloO2 u~tak.aadIUforrtion, 

*e ADP reqtirmt m sot 8pecific~ but at the coaaeatrhtion where ADP g8ve nxlm 

al effects ea.4 m& other mcle08lde diphaphatr, a8 well am Al& werole acti5 

Inorganic pyrepbmphate did not mrhdly activate the reaction at 4 H& but d&d so 

at lower concentratloas. A0 activation of 02 comUmPtion or NA foraatlon wam ob8en 

with AMP or inmganic ortho-phmphate in the cwentratloa range of O&l to 10 rU, 

AuP,4mN 0 0 -- 
DP!fE, 0.2 J(, ADPI 4 mM 4.4 0.21 2w 
TPlaf,o,3d# anP,lmm 94.1 4.34 a.7 

" ADP, 3 rlI 84.0 4.13 20.3 
* ADP,2mM 62.1 3.10 19.8 
" mP,lti =.@ 1.44 =.o 
I) ATP* 4 rlI 32.4 1.09 21.5 
* oDp,4mu =.s 1.98 m.1 
I) DDP, 4r 14.2 0.a -22.5 
" cDP,ImM 32.0 l.S7 20.4 
el IxtP, 4 ry 27.6 1.26 21.9 
n PP. 4 ril 3.4 0.24 =*5 
" PP, 1m 15.9 0.78 2Q.l 
I( PP, 0.x m 38.6 1.95 20.3 
" PP, 0.01 w 9.0 0.43 =L@ * PP, 0,DOl mu 0 0 -- 

Tab10 11 ~rueats data cancem4thestnichiartr~of therrotion, Inthe 

abmnceof ADP, approxiutelyone roleof02ru ColuUnd~er roleoflEPlsadim- 

appearing; the formation of mwaa imignlflcaat.?aur mMADP 8timlated theB 

Table xx; s AddStiW me: 
'IPIPI, 0.3 * =, 4,O w =- c0ntainS~ 12 w protein were wed to 
meaeurerPnadiaappearanceandthe final rolProftheremctloadxtureru 
3.0ml:yicrolr~ conWni~6~prot~raew~tomor~02cwrnp 
tlon and MA formation and the volume mm 1.3 ml, 

O2 M 
dt8aPP. consum. foamed 
yuolem/tinJr pwtekn 

-ADP 1.22 1.30 (0.1 

+ADP 4.03 87.35 4.88 
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diuppnrauco 3 to I-fold and th. 03 upt&a abaut MB-foldj ilun 1 mM AW m u8& 

the l tiuslation of the 03 uptake m only abaat IS fold wberw thmt of tb. WHE 

di8appmrance ruined 3 to 4 fold. llm amount of YA formed, am pwiaprly iadlcat& 

wanboutl/3Otbthoamountof03comumml, andtbi~val~~wucomtaatr~udlum 

of tbo oxtout of l tirulation of the 03 uptake (cf. Tab10 I). 

mm follawiDg compaw& wara foundtoinbibitbotbO3 upt&eaadMA formation 

in the 'LPRB- aad ADP-•pplmaatod 8yatr 0ig. 3): a) the antioxidada a dw-w- 

pheaelonodiamina WPD), and 3-CS-hydroxy-3-uthyl-carbogpent yl>-3.5,~trinthy1- 

bomequinoao (am); the lattu compouud im an active wtabolito of a-tocophorol 

(Simon l t al., 1956); b) the known inbibita of rpla-dopondout d aromoml hydroxyla- 

tioam, $-dl~yllriyl-di~~l~~l~~ate <l%? S3!!5A)j c) ethylamdiaminetrtra- 

acotato<lWf~jandd)pwhl oromecurib~to <PQ6),Alloftlmsomqoundsir 

hibitod TPHE diaappearrrwe u -11, yet, with the amption of ICI& only t&t portion 

"t: *  ' *  ' ' t 

0 1 2 3 4 5 6 min 

air. 3. D of v one- ullM& MA arnaIuM - 
B Additions when indiaat& uuor'dcro8oma containi- 4 mg 
protein in 0 uptake oxpuinnt and mieromom8 coBtainirr(L13~grateinin 
TPIQXdi"pp&maqmriunt,1PlcOB, 0.354 ADP, l.OuH. Inhibitolrrue 
addd prior to the addition of the microsonm: DPH), 0.1 yt sly 2 7, WA, 
0.01 Js, ar-S?a& 1.0 J1, and Pcm, 0.16 a& Final Toluw -am 1.5 ml in 03 
ufi&* -iDOUt and 3.0 al in TPNB di8appear8ace aparlwt. 
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lkbl. III. -toi On m- @@ UCOtitt&@&Wd liDi< 
B YicrosaDw containing 6 ~potoinwuouso& ADP, 4.0 lu, mm. 
0.3 DM or ascwbatc, 1.0 1 were added in a fiaal volun of 1.3 il. 

YA folmsd/DinJ~ protein 

NOM 5.71 3.37 
=pD, 0.1 y 0.12 0 
CrTy, 5.0 y  0.14 0.12 
EDTA, 0.01 mM 0.17 0.10 
QCF-525A, 0.1 JI 3.21 2.33 
PCMB, 0.16 JI 0.75 4.45 
boat <5-100°) 0 3.50 

I -ADP -- 0.41 
-ADP -- 0.30 , 

of the TPNE diaappearanca rrtiting from the addition of ADO, Inhibitory affects 

onthoroactions studi~~oalsook~~rithglutathi~ (1mM)andrithsodlua 

dooxycholata (0.1 X), Cyanido (1 Iw) and crystalllno catalsso had little or no effec 

In Table III are data concerning MA formation hslwmd by asaorbata and by TPNB 

Inbothsystsm, NBP activatadthe formationofyS andpDTA, SKF,DPm andaTUme 

inhlbltory, Houavor, In wntrast to the TPRB system, the ascorbate systsm was ln- 

sonsitlve to pcls and to hut dmkaturation of the dcrasomss. It should bo noted the 

ADP activation of the sswrbattclnduwd O2 uptake and MA formation ils0 occurred in 

heat-donatured micros-, shoring that this effect in all llkelihwd Is non-onsymlc 

BP-activation of the aswrbattinduced lipid peroxidatfon wss also observed In fres 

as well as h-t-denatured altochondrla, Horwa, no TPNElnduced lipid paoxidation 

wuld be dswnstrated in dtochondrla (pig. 41. 

Fig.4, PNH-~ascor~.dO -IlAm inlicr#orw gg$i 
B Additiolv wore: rikrw&s wntalobg 0 rg protein or dtwhwdria 
containing 4 mg potain, 'WIB, 0.3 * aswrbkt* 1.0 rU, Aap, 4.0 Jr, 'Zhe final 
v01p~was 1.5 rl,Yitwhondrfa~eprepsr~bytholethodof grnsteaad Lik 
(19SS1 froia portion of the menate usad to prepare ticrosOmU.'Ibe “fluffy 
layer" was thoroughly decanted in order to rinidze dcrosomal wntamination. 
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TPNB- d ADF-dep.ndent O2 uptako 8ad Kt foxnation r-0 O~WZVO~ *ith micro- 

saea from kidmy and brain. but not ritk tkae of l kelrtal m8cle or a8cite8 tumor 

C8118, Thi8 d58tribution 8gpW8d to partild th8t Of = CYttochrau C T8dUCt888. 

B- FrOmthere8ultB r8ported8bW85ti8 can~ladedthatmicr08~ Cat8ly%8 

UI mP-8CtiVat8d p8POXidatiOll Of lipid8, COUphd to tb8 wm OXida 8+8B. TbO 

perOx5datioa Of lipid8 58 indicated by th8 fOrmtiOll of nloMld8hyd8, which 58 

g8#mr8llp r8cognirmd am a 8plit prOduct of certain lipid p8roxide8, Purthermore, th8 

OxJgrn COMrrrptiOll Ob8WV8d in th8 pre88tlC8 Of w Kr88tly 8XC88d8d th8 di88pp8alVUWO 

of ~BlIi~ and nut therefor b8 accOunt8d for by th8 Oxidation of micro8OBal material, 

of CODCOitabl8 riCrO8olal COD&U#Il8llt8 Ody lipid8 aT0 lXW8llt ill 8UCb qUalltitie8 M 

to account for the et8 of oxygen con8um8d. Finally, the peroxid8tion of lipid8 

18 8troagly implicattmd by th8 5nb5b5t5onm ob8m8d ~5th the antIox5d8nt8, DPPD 8nd 

aTit - thae b8ing known 88 Potent 5nhibitOrm of lipid puoxidatioa, 

~h8ni8tiCally, theIPKK-link8d, ~~cdll~5ndpc~l5pid~cht5on8pp#r8 

to b8 e88entially analogow to that indwed by aecorbnte. Schema p and 9 be10w 

8Wi80 our t8&atiV8 inteqW8tatiOn of th8 r8aCtiOn ~Cbanhm inwlv8d in th8 

tv0 pOCU888. Schem8g5nvolve8 a nOn-en8ymic , iron-cat8ly88d oxidation of a8corb8t~ 

rith FewG2 8tl M int8rndiate and H202 88 the rwction product (cf. yluon, 1957). 

&ha8 k dacribw th8 compoMnt8 of th8 ‘wda: odd888 8y8tem a8 8uggated by current 

iniorution, &.&, a flavagrotein prw~m8bly identical ~5th fiar&8r*8 (19.850) TpNB- 

Cptochrore c reductcue (cf. Kri8ch aad Staudinger, 1961, Phillipo and L8q@on, lQS2), 

a l ulfbydry1 inbl'Medi8t8, and Fe*, In the pcmmc8 of TPNH and 02, Fes02 58 probably 

YIlOCHONORIA L MICROSOMES MICROsoWES 
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formad (cf. llutm. 1957), with the 8ub8equent formation of either K202 err when a 

hydroxyl ecceptor l8 avtilebla, 2OK (cf. Brodio, 1962). Wi ri8ruli%8 thtr III both 

oe8w, the lipid perox%&tiam $8 catrlymd by an A2P (or other pyrophO8phate) chelrte 

of Fao2. The cataly818 18 tkou6ht to cewi8t of the 8hUttlim of a hydrogen atoB irOe 

aud to the lipid under&o6 peroxldation, 8aal06ou8 to the nchanln propo8ed for 

plaitllpoxida8e (Ber68triir8adKolMn,l648), In forthcomlsg Ppar ~88hallprr~t 

other dotall. of thereection m8chan%8@ a8 well a8 data bearI= on the relatioxmhlp 

between lipid peroxldatlen, ricro8oul 8trUCtUr0, and the activity of rariou8 dcro- 

Ilhi18tbi8rotltM ilIInogrU8,BelOff-ChinIf,& (1963) heVO8homthat 

BP, and otha nucleo8idedlpbo8phate8, -8 thelPllK ox1da8recti~ty of rat 

lirermlcraoma.Conco=ltaatllpld peroxldatlonru mot rep8rted. 
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