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HEP~nc MICROSOMAL LIPID PEROXIDATION AND ITS EFFECTS ON DRUG METABOLISM 

ABSTRAcT 

During 'dev~lopment of rats, hepatic'microsomal NADPH dependent 
- " 

lipid peroxidation increased ~o raach a maximum activity at 25 dqys of age 
.' 

and_then d-eclined ta adult activfty by six weeks of age. Increased aetivi-
o . \ _ 

ty in"~~ day old tats resulted in a greater decrease in the ability of 
.. ' 

microsome~ to U-demethyl ate ami nopyrine after prei ncubation under condi ti ohs . 

whieh promoted lipid peroxidaticm.' AJthough total NADPH oxidase activity 
l _ 

• J 

was similar in 25 day "old and adult rats, NADPH oxidase activity, which 

was specifie' for lipid peroxidation, was increased in 25 day old rats. 

Micro'somal NADPH d~pende,nt,'lipid perox,îdation reduced the magnitu'~e of UR! 
, . . 

l'and type II spectra; b~ding 'without affecting the qu.al ;'tative aspects ,.-

of the spectra or the 'absolute amount of cytocffrome P-450. It 1s proposed,..i;';' 

• that decrea5ed drug oxidat{on following lipid peroxidation' in microsomes 
" 

is due to decreased binding of sub~trate to cytochrome P-450. NADP~ 

dependent lipid peroxidation was demonstrated for' the first time·in human 

hepatic microsomes. Compared to the rat, human microsomes were res;stant 
, J 

'J' to decreases in 'drug oxidation wh-ich tesult from lipid peroxi-dation. Evi­
'!-<'; 

" 

::\' ~ 

" . \ . '\ 
u' 

• ~I j\ 

dence is presented whicb s~pports the concept that NADPH dependent lipid 
, 

peroxi~ation can oeeur.in vivo. 'The iran involv~d ï'n NAOPH dependent 

lipid peroxidation reaction, participates in a bound form even when added 

fY'om an ,exogéfto~s source", The prOblem ~f iron 'contamination in studies of 

microsomal lipid peroxidationwis disc~ssed. 
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o. -... /. 1 : 

La perox datîon'des liP~deJ par les microsomes hêpatiques et ses effets sur 
le métab des drogues 

" CONDENSE 
• 1 1 

le cours du développemen~ des rats, l'activité maximale de 

peroxidat~on des lipides (d~endante du ~ADPH) par les microsomes hépatiques . \ 

" est attei~te à l'âge de 25 jours, et elle décline ensuite au niveau adùlte 
.,..' 

~~.activitê 1 six semaines d'âge: 'l'acttvité accrOe èhez les rats âgés de 
, ~ 

25 jours résulte eu une plus grande dimit'lution de l!habiletê des microsomes 
~ \ ; 

'c. à N-déméthyler l'aminopyrine, après une ~rêincubation dans des conditions . . , , 
i : 

1 , 

, 
favor{sant l~ peroxidation de:; lipides. Bien que l'activité totale de'la 

e 
~, ," 

N~DPH oxi~ase soit similaire dans les rats de 25 jours e't les rats adultes, t acti v i ~é de 1 a NADP~ i dase SP~ci.fi que p~iJr 1 à .Pè~ki dat; on de$ lip; des . 

$est accrûe dans les rats de 25 jours. la peroxidation des lipides, réduit 

l' amp li tude des spectres d" attashement des 'types' 1 et II sans affecter, 

lJaspect qualitatif des spectres ou l~ quantité absolue de cytochr.om~ P-450. 

N est propos~ que la diminution dans l'oxidation des'~rogues er-crue a un 

attachement moindre du substrat au cytochrome P-450." ,La p~roxidation d~s 

lipides dépendante du NADPH a été démontrée pour la première fois dans des 

miérosomes dt'orig,ine humaine. En comparaiSc:>n av~~ le rat. les microsomes 

humains sont résistants à, la,diminution de l'oxidation des drogues ré'sultant 

de la peroxidatio~ des lipides. On présente des resultats q~i,supportent 

le concept que la peroxi dat1 00., des lip~ des dépendante du NADPH 2eut -, 

~ produire \Jin V}}?o". Le fer, inipliq~ dans la réaction de peroxidation 
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des lipides dépendan~e du NADPH, y participe s~'us la for~~ d'un complexe, 
\ \\ -

Le,problème de la\~ontamination 
• 

même s';l est ajouté de source exogène. 
7 i 

avec le fer dans les études de'peroxidation des lipides par les micro­

somes est discuté. 
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The importance of the drug metabolizing oxidative enzyme system, 

which ,is located in the hepati"c endoplasmic reticulum, is now widely 
./- l--~ 

recognized. Many factors .alter the activities-of hepatic drug metabol1z~ng 

enzymes and have the potential to play a role in the overall elimination 

of drugs. 

. . 
Section 1 of this Introduction lS a general raview of hepatic drug 

oxidizing enzymes and the~r associated electron ~ransport chain. Included 
. ~:\":I/ ,..~ ..0 (!> -,j 

i s a revi ew of the major factors which can al tgr J:h~'~tivity of thes~ 

enzyme,s w,i th an emphas i s pl aced on tK~ pa r·1;.~·cu l'~,r:~t~'rs wh; ch . ~re ~~l e­

vant to the relationship between d~g ~Xidiiifl9~~Z~S and mi cros omal 
... ,.~ ~,,;,I~~ '!::~ 

NADPH dependent 1 i pi d perox i dat ion. ! ' .' ~~ :'''''~' fOl' 

( .1 ';. 

Section II reviews NADPH dependent lipid peroxidatio,nJof hepatic 

microsomes and its effects on microsomal drug oxidizing enzymes. 

Section III is the formulation of-the present problem .. 

\ 
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SEC T ION l 
l t 

A. GENERAL REVIH! OF HEPATIC DRUG OXIDATIVE ENZYMES , . 
'" 

The .. dJ,lration. of the pharmacological effect of a drug is controlled 

by several factors including absorption~ distribution, biotransformation 
, " 

and exeretion. Drug metabolj'~m rs one ,of the central factors in drug 

elimination as it is r~sponsible for ~he formation of polar metabolites 

from most drugs wh; ch t~rm;nate pharil1acol,ogi~jll activity in' most cases and 

results 1n excretion by the kidney (Williams 1949, 195~). The critical 

importance of drug metabolism in the excretionoof d~ugs was exemplified by 
,-. ~ ~ 1 

~ . 
Brodie (1964)'who stated that pentobarbital. a 'lip1d soluble drug, would 

,- ------not be eliminated for 100 years if it were not mej:abolized to polar 

metabolites. 

Man~ drugs are metabolized by specifie enzymes responsible for 

other oiochemical funetions in the organism but the vast majotity of drugs ~' ., 
are metabolized by non-specifie enzymes located in the èndoplasmie reti'cu-

- \ 

, ,lum of- the hepatocyte whi'ch €arf be is'~lated as microsomes liy Ce!1t~ifu~atirn",---. __ 
- ,~ 

techniques. Microsomal metabolism of èxogenous chemicals in the liver was r-
f1rst described by Mueller and Miller (1948, 1949, 1953), who demonstrated 

that azo dyes were réduced and amino-azo dyes-were~-demethylated by micro-
, . . 

somal preparations in the presence of oxygen and NADPH .. Drug metabolism' 
. ~ -

(several different substrates) was first demonstratedîn' microsomes and . -. . 

shown to requtre oxygen.:NADPH and magnesium iOflS (Brodie et aZ-1955) • . : 
~ J 

Th(t .microsomal grug oxidizing system of' end9plasmic retfculum of hepatic . , , 
, l ':lo,. , 

cells named hepatic mixed function oxidase (Mason 19'57) \lIas subsequently 
,- , - , 

shown to oxidize a wide variety of- different su'bstrates by several diverse 
• ,. n., '"' 

"-.... 
1 ) 

, . 

, , 
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reactibns including aromatic hydroxylation, a1iphatic hydroxylation, N-
\ ' 

'dealkylation,'O-dealky1ation) deamination, sUlphoxidation and N-oxidation 
'\ l , 

(BrOdie\ et al 1958, G--H1ette 1966). This apparently non-specific 'enzyme 

:If' 

\ . , 
\ 0 _ 

.oxidatioh required the transfer of electrons fro~'NADPH ~ia an electron 
, 

transport chain with' the actual oxidation c.arried out by an 

intenmediate with the Qverall reaction being: 

NADPH +,Oxygen + Drug = NADP+ + H20,+ Oxidized drug (Gillette 1963). 

Cytochromé bs (Pappenheimer and Wil1i~ms 1954), cytochrome P-450 

(K1in~enberg 1958) and cytochrome c reductase (PhilTips and Langdon 1962) 
! 

• 1 

were demonstrated in microsomes and proposed as possible participants in 
. 

the ·electron transport c'hain} leading ta the oxidation of drugs. After 
," .J .. 

detennining the involvement of cytochrome P-450 in drug oxidation, Omura 0, 

, 

et al (196S, 196~) proposed the following scheme ta represent thé oxidation 
.... 

of drugs. 

P;:ll::*'CO 

'P ... ~: 
r." , \' 

.' 

[P"50FeH.o.l1 

. 

o 

<In this scheme the oxidi!ed form of cytochrome P-450 1s reduced by electrons 
, ' , 

originating from NAOPH via the flavoprot~in cytochrome c reduct~s~ and an 
unidentified"non-heme iran component. The reduced cytochrome P~450 reacts 

,- , ,,-.,~ 
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with substrate and activated oxygen ta provide the oxid·ized produ~t (Omura 
. ! 

et al' 1965 ~ 1966). S~vera1 other schemes -}lave Dé'en 'propo-se9 by ot\r~,r au-, 
, ~ 

thors in attempts ta achiève a stoichiometric reaction and'many now include 

the involvement of cytqchrome bS,and NADH (Estabrook'and Cohen 1969). 

The most genëral1y accepted scheme for the hepatic mixed function oxidase 

system is il1ustrated as fo11ows (Estabrook 1971). 

S--_--r 

--~ , 

P4SO·" 
1 
S 

lPO lP 

~02 

" ~ 

"X" - fPT - TPNH 

SOH 

S 1 / 
'.+00 1/ 

" 1 hv Il 
P~50 -;-P450++ 1 0' 

S --
, 1 l ' 

P450·· 

C;;7.1. S 02 il 
V .. e f --""'---0, ___ - __ cyt b:s- Po-OPNI-I 

't~ li -
'S 

l ' 
",'P450"· 

\! 
'. O2 -

" .... 
, 

--\ 

In this· scheme the substrate combin'es with oxidized cytochrome P-450 ta . . 
';J~... 1 -' __ ' 

~"'form a com!11ex which is then re\duced by electrons from NADPH via the e1ec-
• r ... I~ 

tro-n transport chain. whi ch inc1ude; cytochrome c reductase and a no~-heme " . -
iron compone,nt. The reduced substrate-cytochrcXne P-450 coÎnplex reacts with 

, . - " " . " ' 
mo1ecu1ar oxygen ta form a substraté-cytochrome P-450-oxygen complex. 

Though the exac~, nature of the next step is obscure i·t 1s most likely .that 

this complex is reduc'ed by another electron to fonn a complex with aC,tlJ. 

vated oxygen which then splits ta yield oxidized drug,-oxidized cy.tochrome 

~ - -

\ 
\ 

\ . 

'- 1 
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, 
P-450 and water. ,Electrons from,NADH via cytochrome bs may contribute to 

the 'second electron input on thp cytochrome P-45D complex. The exact role . ' , 
i 

of cytochrome bs is, howe~er, highly controversial and though it is likely 

to pl ay sume rcn'e (Hi ldeb;J~dt and Estabrook 1971) in 'drUg oxida~i on, some 

authors dispute thi~ ~aim (Jansson and Schenkman 1973). 

An abso1ute requirement of drug oxidation is that the enzyme system 

is part of a membran~~nd disruption of the relationships of the protein 
,j -

/ . -
components in the membrane leads to a 10ss of activity (Estabrook et aZ 

. , 
1971). Sever-a1 rèports (Lu and Coon 1968, Strobe1 et aZ 1970, Chaplin and 

o 

Mannering'1970, liebman and Estabrook 1971) have demonstrated a prominent 
1 1 ~ ~ 

ro-le of phospholipids ~n dru!} ,oxi..dation and" recently Vore et a"/, (l974a, 

1974b) has demonstrated ~n absolute requi~ement for microsoma1 1ipid in 

hydroxylation-reacttons i~microsomes. . r 
CytochrOme P-450, whiçh is'central to all the propos~ mode;s for 

.s.. ,1 1 1-<' 

".' ',1 mixed fùnction' oxidase', demonstrates characteristic difference spectra when 

substrates, are added to miCrosanal suspensions (Narasimhulu et al, 1965; . ' 
_. - Remmer et a? 1966" Imai and Sat? 1966). In general,/drugs can be divided 

- . . 
into two s~parate s'pectral groups which havé been termed tyPe 1 (amino-

~ -

pyrine, hexobarbital) with a '~ax'at 390 nm and an >.min at 425 nm and 
\ ' 

type II {~lline~-w, th >.max- 430 rim and Àmin ~t 400' nm (Schenkman et ,al 

1967a).---In addition to these two main classes of difference spectra, several 
-
other spectral patterns have been reported for specifie chemleals (Schenkman . ' 

-, et al 1973). ' Charaçteristic differençe spe{tra have "also--been- dkmonstratè'd 
~ 1 ~ 

i,~ semi.purified p~eparations of.cyt~chrome P-450 (lu et al196~a', 1969b). 
1 - 1 - '" 

, 1 ---" - ' 

\, . -- J~pectral ,maxima and mi,nima increase in maynitude with increasing substrate 

• J 
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'cOncentration following Michaelis kinetics: Linear plots can be obta~ned . . , 
'Ir il."' ,-

by plotting l/~OD vs l/substr~tc? .... ~oncentration and dissociation constants / 
r 4 

(Ks) can be calcu1ated (Re~merlet aZ ~~, Schenkman et aZ 1~67). Several 

attempts h~ve been made ta c~rrelate spectral dissociation constants with 
" < 

! '-1 .. ,r.,.. . - lI'~ ......... "ji • C> ~ 

Mtchaelis~:constants '{J<mJ,(et~ined during.substrate oxidation. Such a 

co~r~'latl~~:~OU~'-~~ i,{didl~e' thaJ, the b1nding of drugs represented' by spec-
., ... < , ~ r _ ~ ( r 

tra~j~:j.fi.er'è.nce ist iq esseritial ~tep in the oxidation of substrate. How-
.-;. ~ 

~ver.-despiJe many reports ,that' the .. Ks,and .J(m.of a .~!Jbstrate are similar~ 
• '1. fi _ Il ' 

the're-are, many raports..t1w!J+ :'èlispJte ,any corr~latjon between the two con-
l ," . ~ . ' 

s~ants. Th~ various connict\ng reports havé;'been~reviewed by ~1annering 

(l,97l). ·These experimer)ts ~~ ,~rried out using a techni:~e'which makes 

seve,ral assumptions about sciluble~tinzyme reactions (Michaelis and Menten .. 
\. ' ,- ' ~ 

1913) and that its application to ,fuembrane bound enzymes systems using the 
, ,r.' 

" 

same assumptions, is not entîrely 'lalid (Gillette 1971). Despite the-fact 

that its exact meaning in ~leCU1~ terms 1s obscure, s..rectra1. ~hanges due _ • 
4 ... , \'1 

to substrate-cvtochrome P-450. interaction have become an important area of 
fi );' 

~ 'l. -, 

study in drug metabolism re~~arch. Schênkman and Sato {196a~) have p~è-~ 
. '( -- - '-. 

sented evidence that type l spectral~~hanges are due to binding at a site 
- . 

o wMch .is'not.directly at the heme rii~iety.but :at a site which'allows an.-in-
, . 

crease in the polarity of the 6th ,ligand of the heme in cytochrome P:450. 

This substrate binding ,results in the formation1of more pola~ ligan~s ~hich,' 

increases the flow of electrons'to cytochr~e P~450 (Schenkman 19~8b) and 

accounts fo~ the increased cytochrome P-450 reducta~e associated with type 

1 compounds (Gi gon et aZ 1969): 1 Ho 1 tzman and 'Rumack . (1971) have, Roweve~, 
. -

suggested that the sl'te of substrate binding which pro duces 'a spectr'al 

" , 

" 



• 

" 

• 
.. 

7 

D 

change differs from the binding s1te,responsiple for thê increase in ~yto-
" 0 • l ' 

chrome P-450 reductase activity. Type II-binding is~ost likely due to"the 
t'· 

bi ndi n9 of the type II compound to :the cytochrome P-450 to fOrtl))~ f;-~r~-
. ... ~~ 

hemochrome ($chenkman et,aZ 1967a). , ( 

B. -FACTORS AFFECTING HEPATIC DRUG OXI~ATIQN --
~J ::;-- ... ~ ~ 

... -Hepatic mixed function oxidase is sensitivj-to alteration in a 
~ 

large number of ways, including endogenous and exogenous chemicals and phys-

iological factors. As this enzyme system is responsible for the metabolism 

of many drugs~ a1teration of the system ~as become a major influence jn , < 
both experimenta l pharmaco 1 ogy and in th,e pract; ce of therapeut; cs. The 

-
major influences on hepatic mixed'function oxidase activity bath in vivo and 

-- , 

infvitfo are summarized in the fol1owing sections: 

1. Enzyme Ind'uçtion. Severa1 hundred unrelated compounds have 

now been shown to increase the activity of hepati,c mixed function oxidase­

when administered to bath ariima1s and man (Canney 1967). Stimulation of 
,,<JJ', 

this enzyme system is termed induction_and can be evoked by bar~iturates and 
, 

re1at~d -druQS-{e.g. p~enobarbital) and by compounds re1ated ta polycyclic 

hydrocarbons (e.g. 3-methylc901anthrene) as-~eviewed by--Conney (1967). 

Induction by phenobarbital and other similar compounds resu1ts in a 

four-fo1d increase'in enzyme activity and a concomitant increase in thé cy-
, -

tochrome P-450 content of mi crosomes (Renmer and Merker 1965'). cytochrome 
c... 

, ! 

C reductase (Kuryama et at 1969), cytochro~e P-450 reductase (Gram et at . --

1968), cytochrome bs (Kuryama et àt 1969), and ô-aminolevulinic acid synthe­

tase (Teph1y et al, 1971) o. There 'is an increase in both type 1 a!ld type II 
~ 
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spectral chang~s after induction (Schenkman et aZ 1967a). Phenobarbital 

alsb increases liver weight, microsOOlal protein and specifie activity and 

leads to an altered membrane turnover in endoplasmic reticu~um (Orrenius -
'--

et al 1?69). 

Polycyclic hydrocarbon type induction is different in several re-

spects from that obtained with phenobarbital and in genera1 if appears to 

be a.much more selective type of inductio~. and affects ~he metabolism of 
~ ~ . 

a more s--el ective group of substrates (Conney 1967). Usual}y cytochrome ~:-

450 is induced but not cytochrfme ~ reductase (Hernanpèz et aZ 1967). 
1 \ r" 

Treatment of-animals with phenobarbital and 3-methyl cholanthrene simul-

taneously produced additive i~ductiv:-effects rB~dleman and Mannering 1970, 

Gram and Gillette 1971) a result confirmed in isdlated hepatocyte cultures , . 

(Gielen and Nebert 1971) .. Mannering's laboratory suggested that polycyclic 
l ,e - ; , 

hydrocarbons induced the formation of a moâified cytochrame P-450 which he 

termed cytochrome Pl -450 (Sladek and Mannering 1966" 1969a, 1969b, Shoeman 

et aZ 1969). This cytochrome Pl-450 induced by polycyclic hydrocarbons was 
" ~ -

. shown to have'a different extinction maxima when combined in the reduced 

form to ca:bon mo\:.xide at[448 nm ins~~ad_of tohe nonnal 45"0 nm (Alvares 

et al 1967). (Cytochrome Pl-450 is now often tenmed cy~ochrome P-448). It 
• 

- -
isAnow genera11y believed that cytochrome Pl~450 resu1ts frpm the ~~ novo 

Il.Jo "'-,. 
synthesis of the cytochrome in ·r'espanse ta polycycii-c--hydro-carbon (A1vares 

e • 

et al 1971, FUjita and Minnering 1971)~ rather than a conversion of-cyto-
- ~ chrome P-450 a1ready present ta the cyt~chrome Pl -450 (Fiscper and Spencer 

0, 

1972). Another major difference between the two classes of induction is 

that after induction by polycyclic hydrocarbons, only type rI speGtra are 

( 

, ' 

" 

" 
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" . 
-enhanced campared ta type 1 and,type II spectral enhancement after pheno-

barbital induction (Schoeman et al 1969). } 
j'" 

2. Enzyme Inhibition. Inhibition of mixed funct;a~ oxidase has 

been reported for a large number of compounds and effects both in vivo and 

in vitro have been widely ~emonstrated. Inhibition has been shown ta occur 

by several different mechanisms at different points in the electron trans-
, 
port chain of the cytochrome P-450 system. Sorne of the more important ' 

. ~ 

~echanisms of inhibition are tabled on the following page. As the action .. 
al mast drugs is terminated throug'h biotransfonT)awon by hepatic mixed 

] 

function C{~id_~inhibition of this~ system by aç.Y--Oi the mechanisms de-
• 

scribed may be of major importance in therapeutics ~nd result in drug accu,-
•• 

mulation and eventual toxicity. Severa~ examples of drug interaction and 

toxicity have resulted from the inhibition~of hepatic mixed function oxi-
l ' 

da~e-re.9'. diphenylhydantoin metabolism inhfb'ited by b'ishydroxycoumarin 

(Hansen et al ',966), and meperi.dilile me abolism in'hibited I?Y MAo inhibi'tors 

(Eade and Renton 1970a$ 1970b)]. . , 

3.' Species. Qualitatite and:qUantl 

in the ability of animals to metabo1iie drugs . ~~ 

interspecies diffarences 

mixed function , . 
It_!, ...-

oxidase system 'of hepatic mic~osomes has been wide1y'reported and is ex- ';t 

( 

tens i ve l y rev i ewed DY ~llj 11 i ams (1967), P arke (1968) and Sm; th (1968). 
, , 

Recently the interspecies differ,enc~s in the ability,of rats, mice.~.guine.a 

pig~ and rabbits to 'N-demethylate ethylmorphine'have been related to ~iffer­

ences in NAOPH dependent cytochrome P-450 reductase (Oavies et al 1969)'. ' 
• 

ln some species such"as fish, drug oxidation is low in microsomes incubated , 
, . 

" o at,.37 (Brodie and Maicke1 1962) but when incubation temperatures of 10° 

,,-., .. , , , 
" 

" 

1 • 

.. 
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and 250 were used, d~ug oxidation increased (Buh1er and Rasmusson. 1968). 

,This interesting observation sùggests that in the case:of fish maximum ac­

tivities are obtained at t~e ~sua1 e~vironmentâl temperature of the liver. 

4. Strain. Interstrain differences in dr~~oxidation within' a 
- . 

speci es have been reported for rats U1i toma et aZ, 1967, Page ,and Vese 11 
.' 

<!, 1969), and 'in micE7 (VE!se]l 1,968). Also intèrst.rain differences in the 

inducibi1ity of drug oxidizing enzymes by phenobarbital have been reported 

'\ Î in rabbits (Gràm et aZ 11965) Jnd in rats (Pa~e and Vesell 1969). 

5. Age. Age has been dëtermi~ed to be an extreme1y important fac-
• 

tor in the acfivity of drug oxidizing enzymes. In t e rabbit the metaboli~m 

of several substrates of hepatic mixed function oxi ase was de/;cient at 
~ ~ ~ v • 0 

birth (Fouts and Ada~so~ 1959) and reached a~ult le e1s at 4 weets of age. 
r 

Since this" first delT)onstration of de,creased drug oxidation at birth it has 

been confirmed for a large number of substrates in differe~t speèies 
,; 

(Jondorf et aZ 195.9, Fl i nt et a 7:,.. 1964, Gram et aZ 1969, Macleod et al 1972)~' , .. 
The deficiency of-drug oxidation was related to deficiencies, i~ the associ ... , 

, ~~~d el~ctron tra~spoAJchain of thé mic~olomes in, the rat (t1ëfc'leod etwl 
... '~ . -

1972), the" rabbit (Fouts and Ijevereux lQ72, Ma~l..eod'et ai 1972), and t~e 

pig (Short and Davi ~leod et al (1972) suggested that the 

defi.ciency .of drug oxidation was most closely related to a defidency-of , 

cytochrome P-450 eductasè in male rats and to a deficiency 0{ cytochrome . . 
c freducta~e in femalé ~ats'. A similar deficiency in d~Ûg o~idation and 

, _ L 

related ele tron tranlP~rt~~~~onstrated in h~~an ne~born (Yaffe 
.. r~ ~ 1 ~ ", , 

et al 70, Macleod" 1972). This deficiency in the KumaR'newborn has 
/ / 

been' ,~tudied in mi crosomes preparee!' from 1 ivers obtâi ned from premature 

/ . . • 

" -

~. 

\ 

\ 

\ 
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infants aged from 28 weeks gestation ta full tenn (Aranda et al 1974). As , 
in animals,"the deficiency of drug oxidation in hwman newborns is re1ated ~ 

to a deficiency in the components of the electron ~~ansport system (Ar'anda· 
\ 

i \ 

et/a?_ 1974) .. 
\ 

\. 6. Sex. In the mal~ rat, dru.Q..,oxidation ~as a lTluch"higher rate of'ac-

·'tivi Y than in the female. Thi~ was first reported bt Quinn et al (1958) wh~ 
J - : 

~h~ d that sleeping times f6~hexObarbital were longer in ofema1e rats com-

pa~~ to males and that the differences were due to an increased half life 
". 

of t e,drug in fema1es. Thi,s was shown to be the relsult of higher activity 
c 

of hepatic mixed function oxidase in the ma1é rat (Quinn et aZ 1958). The 

Km for tl-demethylation of ethy'lmorphine in male rats is 40% that in the . 
f f~le (Davies et aZ 1968) and type f difference spectra have a magnitude 

" . 
r of 3 times higher in male rats than in females (Schenkman et aZ 1967b) . . . 

suggesting that the sex-linked differences may invo1ve the binding pf sub-
, J ~ 

strates to microsomes. It has,also beèn shown that tytochrome P-450 content, 

NADPH cyto~hrome P-450 reductase ,"and substrate enhanced NADPH cytochrome 

P-450 reductase are lower in females compared to the male (Gi11ette and .. 
Gram 1969). R~cent1i'the sex difference in drug oxidi:yng enzymes Qf 

micr.osome.s has been extensively studied in Manne'ring's laboratory (El Defrawy 

et al 1974a, 1974b, Cohen and r~annering 1974, Sladek et aZ 197~). It was 

concluded that tempo,ral" de9reases-in- the female and temporal, încreases in 
o '", ~ , "-

'the developing rat partia11y accounted for the di~ference and that there 
" , 

was also a qualitative,difference in the cytocliromeoP-450 found in/tne.,two 
J 
o 

sexes and that the changes may bè related to the honnona1 status of thê , 
o 

sexes. 

1 
/-

. " 
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/ 
Sex differences in drug metabolism have also been reported in mice though 

-

the di fferences are of a lower magnitude than those ih' the 'rat (Vesel1 

1968). It would 8-ppear--from-'the lack of reports in the literatu.re that . 
sex di ffe.rences do not accur ta any signi fi cant degree i R other speci es". 
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SECTION II 

A. GENERAL HISTORY 

In 1963 Hochstein and Ernst~r reported an enzymatic peroxidation , . 
of endogenous lipid in isolated rat liver microsomes which was dependent . " 

on NADPH. Prior to this, nonenzymatic 1ipid peroxidation was a well recog- <> 

---.... 
nised phenomenon and had been described for a number of tissues and con-

ditions. Deutsch et aZ (1941) had noted that a;corbic acid in~ced the 

formation of lipid peroxide and then several authors (Elllot and Libet 

1944, Simon et al 1944) d~onstrated the calalYÙc effects ~f iron ?n lipid 

peroxidation. :rappel (1953, 1955) studied the effects of hematin on the 
, . 

peroxide formation from linoleic acid esters. Wilbur et aZ (1954) and 

Ottolenghi et al (1955) demonstrated that lipid peroxides can be generated 

in ti ssues, in vivo and that they can be formed in vi-tro when ti ssues are 

exposed to ultraviolet radiation. ~ 
Orte of the major cpntributions ta this were the,experiments which 

showed for the first time that peroxidation of endogenous lipid occurred 
.! ' 

l , 

in subcellular particles (Otto1enghi et al 1955, Ott01enghi 1959). In 

mitochondria~ ascorbic acid enhanced lipid peroxidatiôn and iron salts 
,,~' , .. , 

çatalyzed the reaçtion. Ottdlenghi (1959) believed that t~is reaction was 

a èo-oxi-dation of ascorptc acid and unsaturated l ipid and Wil,S similar ta 
, Q > 

'the co-oxi'dation scheme of Elliot and Libet (1944) which 'requi~ed a metal 

catalys"t. Also interesting is the fact that Ottolenghi (1959) mentioned 

that peroxidation of lipid took place in microsomes to a greater extent 

than mi tochondri a', thou~h h~. nev~r r~ported these resu 1 ts in deta iL 

Tappel and Zalkiri (1960) also showe&that hematin could s~imu14te lilld 
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peroxidation in subcellular particles, and in vitamin E deficient animals 
Q 

lipid peroxides could be detected in,several tissues (Zalkin and Tappel 

. 1960). 

The demonstration that an enzyme linked lipid peroxidation existed 

in rat hepatic microsomes resulted in a completely new area of rese~h 

into lipid peroxi~ation and i~s~effects (Hochst~in and Ernster 19~._ The 
~ / 

peroxidation of endogenous membrane lipids of the microsomes required 

.NADPH, ADP and gaseous oxygen and the reaction was heat sens~t~ve. ,This 
- - 1 1 ( 

enzymatiç NADPH dependent lipid peroxidation cbuld not be ~oked in mito-.---------" 
chondria though Qon-enzymatic ascorbate inuuced lipid peroxidation occurred 

in both microsomes and mitdchondria. The on1y other NADPH dependent ox;­

dative enzyme system which also requirE;!d oxygen known .at that time in 

microsomes was the ~DPH dep~n~ent drug oxidizing system descrihed by 

~11ette et al (1957). Because of the si~ilarities ih the requirements of 

J ~fle b/O systems (NADPH, oxygen) and the fa~t that SKF -525-A ('a-di ethyl-
, e , 

')amtnoethy1diph~ylpropylacetate) inhibited both reactions, Hochstein and 

Ernster (1963) proposed a close association 'a; coupling between NADPH 

dependent lipid peroxidati6n and drug oxidation and,.deyeloped f1 scheme 

which involved the transfer of electrons from NA~PH along a common trans­

port pathway which included the flavoprotei~ cytochrome c reductasewhich 
, ,,_ _ i J' -

had been described by Phil1ips and Langdon (1962) and involved the active 
• 1 \ 1 f'. ~ _ 

o,:r:ygen of drug metabo'lism (Mason 1957). An ADP-iron tomplex was also' 1 
central ta the sch-eme. It was at the

O 

active 'oxygen step 'where the electron 
- . , 

pathway was proposed to diverge for either drug oxidation or lipid peroxi­

dation. ~ In retrospect it is surprising how accurate this proposal was 

- J 
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when one considers how little data the authors had to substanfiate their 
,. 

, " . hypothesis. Eve~ afte~ most of the s~ep~ of the elect~on transpor;-chain 

for "drug metabo11sm had been ,substantlate~ and th~ aat~ve oxygen was shown 

to involve cytochrome P-450 (Omura and Sato 1964a. 1964b) the original . 

proposal of a conmon electrQn transp?rt chain was maintained and as will 

be discussed later in this Introduction some researchers still maintain an 

acJve involvement of cytochrome P-450 lin NADPH dependent lipid-peroxi- -
- " 

dation. At the same time it was reported_that.increased NADPH oxidation 
, 

occurred in microsomes of rat ltver (Beloff-Chain et al 1963) when ADP was ' 

added to the reaction mixtures. These authors at that time did not. how­

ever. recognise that this incréase in NADPH oxidation was du~-to lipid 

peroxidatJoIl activity stimul ated by ADP and the association between the 
~ . 

two facts was rot made. Initially the exact role of ADP in lipid peroxi-

dation was unknown though Hochstein and Ernster (19~proposed an ADP-, - , 

Fë2+0
2 

-complex as the active ~xygen' in tneir,scheme. later in the same 

year. these aut~rs added a'Aote to their chapter in the Ciba Foundation 

on Cellular Injury (Hoch~tein'arialtrns~~r 1964) °WhiCh'sta~e~at the ~DP 
use~ was contamlnated with Iron comple~~s and lat~r they re~rted ~~at 
other iron complexes such as a pyrophosphate-jron compl~x could substitute 

" 

for tRe appare,nt dependence of lipid peroxidatfon. for ADP {Hôcbstei n et' al, 1 

,1964} . 

. \ . l 
08. MECHANISr~ OF L-IPID PEROXIDATION 

Non-enzymatic lipid peroxidation produced. mal'ona-l,dehyde which 
- , 

rèacted WrltHhioDM'b-ttuFiC acid to 'produce ,a red -chromogel'! (Bernheim. et al 

\ 
\ . " . 

,. -, 
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. 1958, S.inn~uber et al: ,1958). As this reactian was utilised ta characterise 
. -

NADPH dependent.lipid peroxidation in isolated rat microsomes (Hochstein 

and. Ernster 1963) it was assumed that the product tesu1tin9, from l.ipid per­

oxiqation was malonaldehyde derived fram the degradation of unsaturated 

lipid of the microsomal membrane. 

later it was demonstrated that membrane phospho1ipids were modified 

during peroxidation reactions by a reduction in their arachidonic acid and 
~ . ' 

, - ~ ~-" 

~ 'docosahexanoi<Ç acid content (Mayet al, 1965) and that this occurred via 

chain cleavage at the e positioh of polyunsaturated fatty acids (May and 

McCay 196Ba). One mole of phosPho1ipfd fatty iêid was used.for each mole 

, J~ADPH used along with four molès of pxygen (May and ~cCay 1968b) and 

the products fonned dur; ng the re.acti on consi sted df severa l' aldehydes and 
1 • 

phospho1 ipids with carbony1 f(ctiO'lS, on the B-acyl groups. , ,one of the 

reaction produçts was positively identified as malona1dehyde (Niehause and 

Samuelsson 1968) and utilising (H31-arachidonic a~id it was shown that the. 
-- - ~ ~ 

ma-lonaldehyde could be produced fram phospholiPid arachidonate contained in 

hepatic/microsomal membranes. This was confirmed'when May ~nd Reed, (1973) . . , 

found difference Qspectra in microsomes after peroxidation which were due' 
• ) _ , 0 , 

to malonaldehyde and conju'gated dienes. 1t was also shown that phospho-
..... 

lipid p~roxid~'s which were always associated with the a positions of' poly~ 
1 ~'. 1 ~ 

unsaturated fatty acids were transient lntermediates in th& NADPH dependent 
• ,,0 

lipid peroxidations of microsomal membranes (Tarn and McCay 1970) •. The 
~ l '" -. . 

riumber of derivattves obtained was approximately equal to the number of 

double bond~ in the fattY,acids.-

During the-reaction in whi~~ phospholipids we~ë degrad~d~ there was 

, ~. 
\ \1 

, .. 
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v 

a distinct structural change in the membrane itself as_measured by a decrease~ 

in the turbidttr-of microsoma1 suspensions. In these particular experi-

ments no distinct gross structural changes were determined by electron 
, '" 1 ~ , 

mi éroscopy of mi crosoma l parti cl es but the mÜ:r.o.sgne~~i dJLo.~ aggregate 

llike normal microsomes (Tarn and McCay 1970). More recently Arstila et al, 

(1972) and Hogberg et al, ()973) have des.çribed distinct changes in liver' 

and kidney microsomesafter lipid peroxidation using the e1ectron micro-
\ ' ' , "\' - , 

scape. Both author~ reportea aggretates of vesicles which had a typi~al 

trilaminar membrane structure, severa1 dense ampotphous patcbes and much 

unidentified debris. A major difference in the two rèports was that 

Hogberg et aZ (1973) recorded the attacbment of ribosomes to the vesicle 

memb~ane surfaces Qut in the electron micrographs of Arst~~a-et-a'l (1972) 
, " 

\, 

there was if compl ete absence of ribosOmeS at the membrane surface after 
• • ~ u 

lipid per:axidation had taken place. Hogberg et al (1'973) a1so showed a 

decrease -of 20:4 and 22:6 unsaturated fatty acids at 1.ow le~ls &f peroxi­

datton an~ at high levels of peroxi~~tion, a decrease in 18:2 fatty acids. . . 
Qyring NADPH o~i~ation and the generation oi lipid peroxides thereO , . , 

is evidence that a free radical is generated (McCay et aZ 1971, Pfeifer 

Q and tkCay 197J). It 1S theref?re possibte that NAD PH lipid per'Oxidation 

invalves a free radical intel'lmediate as it 15 wel1 established that free 

,- . adicals C~ln c1eave unsaturated lipids and f.orm peroxides (Tappel 1972) 
, -, 

iree radical trapping agents such. as N,N' diPhenYr-p-pheny~.~nediamine. 

inhibU 1 i pid peroxidati on (Hoch-stein and !rnster 1963). Thaugh the 
~ , ,..... -- . , 

precise ~eactionrmechanism and sequenc~of.~eactions has still i~ be decided 
_ 0 

jt is certain that NADPH çataly~es the ,peroxidation of polyunsaturated 

- \ 
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fatty acids at the e unsaturated position in the lîpid membrane structure 
• 

of the endap1asmic reticulum and th~t the pracess results in marked changes 

in the structur~ and function of the membrane. d 

~/hil e other workers concentrated on defining the nature of the 
,. -

1ipid structures invo1ved in lipid perqridation of microsomes~ Wills (1969a, . ' 

1969b, 1969c) described the basic properties and requirements of the NADPH 

d.epen ent lipid peroxida,tion rèaction in rat microsomes. Iron chelating 

agents were effective inhibitors of the reaction arld iron added to micro-
1 . , . 

somes~could increase peroxidation activity and reverse the effects of 

chelating agents:' The iran involved in the reaction was non-heme.in nature 

bùt as it was resistant to washing it was assum~d to be bound in some way. 

Chelating agents' appeared to act on the bound forrn of the iron and did not 
.2.--- - ,. 

act by removing iran from the reaction mixtures. Cytochrome c which inhi'b-' 
6 , 

ited drug oxidation by diverting electrons from the electr(ll1 transport, , . 

chain after the cytochrome-c,eductase step (~Jilli.ams and Kamin 1962~ 
.. _ .. v 

-Gillette et al 1973) a1so inh-ibited NADPI1 dependent lipid peroxid1tion. 

(Wi 11 s 1969.a). As'- c;toclirome è reducta-se 'is the f1 avoprotein . F,top~ed rn 
-Il' 1 

__ the .~lectron transport scheme of Hochstein and .Ernster (1963) for lipid 

peroxidation, the evidenëe that cytochrome c inhibi,ts both systems is 

" su~'port for the id~a that l ipid peroxidation and drug ô~idation m;y share 
• -. 1 

a common electron transport patnway. Wills (1969a) proposed that" the . . 
~. ~-- --- --~- "----

electron transport chain, which includes cytochrome c re4üctas~, can switch 

between the oxidation of drugs aRd, the peroxidation of unsaturated lipids 
, , 

" 

of endop1asmic reticulum. Lipid p~roxicïation -activity can be induced by. 

treating anim,als with, p-henobarbiM,l (Nilsson et aZ 1964). Barbiturates 
/ 

1 

., 
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are we11 known for tMeir induction of 'the components of the el ctron trans-.. 
, , '4 ,. 

port 'system of hepatic drug oxidation and the, resu1ting incre~ ed oxida-

tion of substrates (Gelbojh )971). Direct proof of the 

drug oXlida ti on e'l ectron transpo.rt component was prqvi ded when Pederson and 
, 1 

Aust (1972) demonstrated NADPH, dependent peroxidation of extracted micro- . 
; t>_ 

somal l,ipid by a purified preparation of -the'~~protei.n NADPH cytocbrome 
~ r ._ " 'v, 

.,r. reduÇ'tase. Thi s i so 1 at~~ enz,yme system di ffered fram the system ;',n who l e 
• l" • 

- mh::rosOOles by' having an ab~olu~ requirement for an EDTA-Fe: complex ~s well 
! '\ 

as the usual requirement for 'iJ.on ~ added in _this experiment as iron ... ADP. 
:' 

Antibodie.s prepared against putified cytochrorne c reductase effectivel'y 

. inhibited micr6>somal N-demethYlation, microsomal lipid peroxidation, and 

the lipid,peroxidation catalysep by isolated cytochrome c reductase 
1 

(Pederson et aZ 1973). It was.also shown that by adding EDTA-Fe to micro-
" 

somal peroxidation reaction mixtures, NADH cou1d subst;tute for the require-

ment of NADPH in normal lipid peroxidation mixtures. These authors sug­

gested that mi crosomes contai ned a component requ,i red for lip; d peroxi-
. 

dation which c~~ld only be reduced via the NADPH 'cytochrome c reductase 

'st~p and that this compon~nt could be replaced by an EDTA-Fe complex which 

could then be reduced via an NADU system. This evidence fits well w.ith 

the tpeoretical concept that cytachrome c reductase functions' to reduce an 
, ' 

~. iron co'ntain,ing component which promotes lipid peroxidation ip' ihtact 

microsomes (Bidlack an,d Tappel 1973) as illustrated on the fallowing page. 

In intact microsomes, NADH cannot reduce the iran containing com­

ponent -via cytochrome c reductase but can, in some unknown way' reduce EDTA-
-' . 

Fe complex which can apparently'replace this NADPH-cytochrome c reductase 

,. . 

L . 
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NADPH FADH 

.,. 
P_450+

2
), 

cyt. c Drug 
reductase 

FADH2 P-450+3 Drug OH + H20 
1 

" Fe+3~Fe+2 
~ ,~ 

~. 
,. 

OH- + LO. LOOH 

specifie iran cantaining component (Ped~rson et aZ 1973). More recent1y 

(Hogberg et aZ 1974) iso1ated an NADPH çytochrome c reductase solubilized 

fram micros~es which were sUbjected to lipid peroxidatiqn. This fraction 
~ 

itse1f was capable of supporting an NADPH dependent lipid peroxidation of 

- ..... 

Ir-.-.-------m-i-tochondria when added to mitochondrial suspensions containing iron. 

• , 

1 

Rece'ntly Radtke and Caon (1974) demonstrated that a pur~fied\ pre-

paration of the,he~eprotein cytochromé P-450 promoted lipid peroxidation 

in the presence of li~id per~xides. NADPH is not apparently required for ' 1 

, 

thf 5 system. The· 'e~act nature and extent of cytochrome P-450 invo 1 vement 

,in lipid peroxiqation in microsailes has--- s.t'ill ~o be evalu~ted. 

. ) ) 
ç. ,LIPID PEROXIDATION AND DRUG OXIDA1l0N 

- S;.m,ilarities in NAD PH and oxygen requireme ts for both.microsomal' , 

1ipid peroxidation and micr:Qsomai drug oxidation (Ho hstein Qand Ernster 

1963) suggested that, the two proc'esses rriight be close relateq and 
• 1 _ 

possibly interfete with ea~h other. Two substrat~s of the drug oxidation 

\ 
V 
if, 
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system~ codeine and aminopyrine, inhibited 1ipid peroxidafion in rat micro­

som~s (Orrenius et ~l 1964) as meas~red by the thiobarbituric acid reaction, 
1 

oxygen uptake:, and ,the oxi<4ation of NADPH. Direct effects of these com­

pounds o'n 1ipid peroxida-cion was ruled out and it was concludéd that NADPH ',~ 
• 0 

dependent lipid peroxidation and NADPH 

the same e1ect~on transport pathway and 

to explain that data. 

dependent drug oxidation utilized 

the fOl~ng scheme was proposed 

/ 

Drug Drug-OH 

"Fe" 
,-~ 

\ / 
\ cytochrome 
~{ADPH --..--+) c '; O2 ! reductase / . 

" ~ AD~-Fe 

tipid ~ Li pi d Peroxi de 

J; 
CH2(CHO)2 

~----Although there was no~direct evidence it was 'su~gestêcr,tha,t this involved 

, the f1 avopro'tei n 'cytochrom.e P-450 (\IFe" in the propos'ed scheme) wh; ch was 
1- ' 

Kl ingenb~~g 1 s (1958) carbo,n monoxide binding pigment. which at that, 
1 0 ~ 

1 . ' 

time was just being implicated in 'the drug oxidation pathway (Estabrook 
-et al 1963). The proposed sharing-of.a comman electron tr~nsport-chain 

. , -

,~was al so supported boY the evidence that carbon monoxide which 'ïnhibited 
• M 

drug oxidation by 'binding with cytochreme P~450 (Conney et'al 1957) reversed 

the inhibition of lipid peroxidation-by d~ug oxidation substrates (Er~ster 
... ......... " 

. -
~ ......... ~ 

""'~~l-'......,. .... 

1 
1 

, , , . 
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'and Nordenbrand 1967). Hills (l969c) repor;ted similar'r;esults to support' 

the argument for a link between drug oxida,tion and l~pJd peroxidat.i~on . 
• 

1 The evidence indicated that microsomal lipid peroxidation and drug oxida-

tion"~ interfered with each other by competing for reducing equivalents fram 

,f flux along at least part of a common electron transport chain. These ex-

periments using substrates of drug oxidizing enzymes to inhibit lipid per-
o • 

, 
oxidation led to a greater understanding of lipid peroxidation meçhanisms 3 

. th~"gh recently (Pederson and Aust 19/4) .H has been suggested .that ~he 
\ ,1 • 

right ê'onclU'Sion was reached (i.e. that-H-pid peroxidation and drug-qxi-'J 

dation share part of a common electron transport pathway) but that th~ . 
o J ' 

~ fI 1 

reasoning used ta reach the conclusion was in error. It has been suggested 
. 

that substrates do not block 1ipid peroxidation~y competing fQ! available 
c 

electrons but by forming anti-oxidant metabolites via cytochrom~ P-450 'and 
(l 

that the anti-oxidant metabolites are responsible for the inhibition of 

lipid peroxidation. This int€rpretationOmay be li~ited to benzpyrene which 

was the only substrate stud~ed, although it has been extensively shawn 
(J 

that severa'" anti-oxidants are patent inhibitors of Jipid peroxi.dation fi , , 

(Gram and Fcruts 1966, Wills 1970, Vainio 1974). 

A second type of interference of drug o~idation as a resu1t'of 
.., ~ <{", ~/ ... 

l , 

li'pid peroxidation w-as reported by ~lills (1969c). 8y increasing lip1d per- . 1 

" - r,- -,' ./ 
oxidati on by i ncubati ng mi trosOO1es with N~DPH or by expos ing mi crosomes 

o toC ioniz'ing radiation, the'activity of aminopyrine N-demethylation and C 

, , 
aniline hydroxylase was reduced. As the r~duçtion in drug oxidation after , -

J 

radiation was also accompanied by increased llpl eared . ,. 
that the decrease in drug metabolism,was due té membrane de~rùction (Wil1s 

, 

l 
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,1 

and Wilkinson 1970). 
d .:::-(. 

This meant~fthat drug oxidation \4as not only, re~uced 

by competition for elect~.9ns by lJ;pid'peroxid~tion, but that lipid pero~4-\.-r-__ _ 
<'ItI' • _ 

dation actually destroyed ,the~membraTle, its components, or altered the 

membrane in sorne way ta pfevent thè drug oxidation system from operating. 
? ' 

~ . 
It was. subsequently shawn (W111s 1971) that other microsomal enzymes, 

including glucose-6-phasphatase, aminapyrine N-demethy1ase, aniline hydroxy-
" 

, 9 

1 ase, NADPH oxi dase .and menadi ane-dependent NAOPH ox; d'atïon, were a 11 .. " .. , 
reducëd in actiVlty after lipid pero:X1çlation'hlld been pranoted. On the 

other hand, other microsoma1 enzymes, inc1uding NAO+/NADP+ glycohydrolase, 

adenosine triphosphatase, esterase and NADPH cytochrome c reduct-ase, were ' 

not il1,activated by lipid peroxidation activity (~1i11s 1971). Detergents,' 
, ) , 

such as deoxYocb~late, added ta microsomes inactivated the ~me en~ymes as 

liptd pe,~oXidation a'ct;v,~ty_ .. and had no effeèt on 'the ~es unaffected by 

r"" lipid peroxidation. As these affè'cts of 1ipid peroxidation were not due, to 
u r 

the formation of hydroperoxides, malonaldehyde or other lipid peroxidation 
) , 

... T .. ~ 

'~7' breakdown products, it was conc1udecl-. that the: effects of 1ipid peroxi-

dation in microsomal membranes was due ta a 10S5 of structure or integrity 

of the membranes (Wi11s 1971). This effect of lipid peroxidation was con-
- . 

firme.d by Hogberg et al (1973) \'1ho also showed t~at a number of microsomal 

, parameters,' whi ch' are known ta' be dep'endent on membrane integrity, were 
<> 

effected by the process of lipid'peroxidation, incl~ding a reduction in 
1 

activity of ami nopyr.ine N-demethy1 ase, 3 ,4-benipyri ne hydroxylase and, 
; ~ , 

- "" g\~ucose-6:'phosphatase, and an -incre~se in activity of UDP glu~uronyltrans:' 
\,'h. -II, .- ,. 

. 'fe~ase. Another eff~~t on mirfOsomal enzymes was demonstrated r~cently 

by Hogbel"g 'et al (1974) who iso1ated solubi.,lized NADPH cytochrome c , 

~I 

.. 
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reductase from microsomes \'lhich had been subjected to lipid peroxtdation. 

This was similar ta detergent treatment as it has been shown ·(Ernster 
, , 1 \ 

~et al 1962) that deaxycholate solubilized ~ytochrome c reductase fram p 

; ~ 

( '-mi cr'osoma 1 membranes. The rel ease of NADPH cytochrome c rectuctase and other 
\ _ 9, 

"'-." .membrane prateins had already been demanstrated by Bid1ack and Tappel (l973~ . 
.......' , - .. 
using non-enzymatic lipid perO,xidation of microsomal membranes. 

~lil1s (1971) went sa ,far as to suggest that lipfd'peroxidation 
1 

might be important in the regulation of microsomal mtxed function oxidase 
o 

and was involved in the turnover o~ the memoranes inwo1ved in t~is syst~m. 
, , ' 

Wi1ls (1972b) expanded this suggestion to prqvide a bio1ogica1 fun~tion 

for menadione rela,ted, quinanes. He st.1bmitted a hypothesis which allowed .. . . 
the qui nones to -rapidly oxidize a.11 availabl'e·NADPH normally used by drug 

oxidatjon and lipid peroxidation. The subsequent lacK of lipid peroxi­

dation protected the membr~ne from degr~dation~ thereby regu1ating the, 
• M '_ 

turnover of mem~ranes in the endGplasmic:reticulum. The turnoVer-of ëndo-
::' . , 

-plasmic reticulum, theref~r~, would depend on 1ipid pe~oxidation activity 
.. ' rot "...... " • 

which 'in-turn dep~~9s &n qÛinone levels in ~nel1epatocyte. ,If the sûggestio~ 
= "-

" tnat 'lipid pernxidat'~on control~ micJPOs~mal membrane integrity is valid,-

,-

• ,,'.. 0 ....-

, then ~t would,not be,unreasonab~e ttY s~ggest that by inhibiting lipid per-; 

'o~ï dat ion 1 n mi c'ros"'omes the' narma 1 ;~br;nè-~u~nover wou1 ct be al tered ta / 
, 

-- produce an increase in drug oxidation act"i'vity. However, u-tochopher~l ..... 
which inhibits lipid-peroxidation by anti-oxidant propèrties (McCay et a~ 

~ . 
'._-- " '\ ' 

1971) had no e~fect onqthe tim~ course ,of hexobarbital or codeine metabalism 

(Gram and Fdùts 1966'): S.imi1;rly, Anders (1969) showed that inhibition of . . . 

'li~id pe~idation had no effect on the hydroxy1at·ion of aniJine in ' 

\. 

" 1 , / 
4 ~ f 

1 ' 
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microjome,çand Uil (l969c) did not show'\stimulation of' ~inopyrine N-
--

demethylation after inhibition of lipid peroxidation with EDTA. These 
l' .~ , 

results would tend to oppose the idea that 1ipi~ peroxidation plays a cen-

tral role in the cont olof the activities orenzymes located in the mem-
\ -

brane of the ftndoplasmiic reticulum. In ne speêi-al-case, the epoxidation 

of aldrin to dieldrin by micros~E!_s -from he pig liver, inhibition of lipid 
" 

peroxidation led to an incre,ased enz.Yfne. ac ivity (Lewis et aZ 1967). These 

same authors could not produce such a 

obtained from housefly. 

ation-of activit~' i"-~icrosomes 
ç ~ [-

~~cently it has been demonstrated by Kamataki and Kita~ (1973) 

that N-demethyl!tion of ethyl morphine is increased in mi~rosomes when lipid 

peroxid~tion is inhibited by EDTA, o-pnenanthroline,'a,a' dipyridyl, or 
\ 

copalt C~loride and'that R-demêthyl ati on' o~ ethy1 morphine is decreased 
. . . 

_when lipid peroxidation is stimulated bY-iron. These results would fit the 

'pattern predi'ctedriJ liJ?id per:j;d~uon was plaYing a central role i.n the' 
-. ~ - .~ '" 

control of microsomal me~n~ function. Howev~r, as linearity of sorne 

other drug-oX'ida-tiao ~eactions "are dependent on the extent of l;pid peroxi- . 
"l",;~ 

dation (Jàcobson et al 1973) and Kamataki and Kitagawa (1973) used incu-

bation times ~'f longer duration than that used by most labpratories the 

stimulation of drug metabolism reported may be~.a result of an incubation 

artifact ~nd have lY-ttle to do ~ith ndrm~l membrane turnover in the micro-

{ sOO)es ... Thi s parti cular poi nt i s investigated in th! s thes; s .. 

Another mechanlsm for the eff:c~'Of li;id peroxidation on the drug 
~~ .... " 

oxidizing system-~- microsomes is the destruction of the heme in cytochrome 

P-450'as a result of the perox,idation{reaction. This was suggested by the 
.. . . 

-
" 

~. 
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fact that carbon monoxide was r.eleased when'm~crosomes were incubated with 
" ) 

NADPH and this could bë'blocked by EDTA (NishibaJa$hi ret al 1967). Carbon 
~ ~-

1 

'monoxide formed from a b~ olo9ical source ~an be the result of heme break--
down (L~dwig et al 1957, Sjostrand 1952~ Coburn 1970). Hrycay and O'Brien 

(1971) demonstrated thàt lipid peroxides èould destroy cytochrome P-450 and 
-

reduce drug oxidation activi:ty'~in hepatic m;crosOOlal suspensions. Schacter 
ç ; " 

1 ...!;, 

Y- et aL 1~72, 1973) showed that high levels of lipid pêToxidation ip micr.o:-_ 
./ 

somes resulted in the~loss of cytochrome P-450~ the degradation of mic~o-

somal heme and a resul'tant evolution of carbon monoxide. The evolutioÎl of 

carbon monoxide was in the ratio of one mole heme lost to one mole of car-

bon monoxide formed. This was confirmed by Hogberg et al" (1973) who showed 
, ~ 

microsomal 1ipid peroxidation reduced cytochrome P-450 levels and -also by 

Levin et al (1973) who showed th~t inhibition of lipid peroxi'dat.ionwith" 
, -

EDTA coul d prèvent the 105s of cyto,chrome P-450, heme destru.cti on and 

evo1ution of carbon monoxide. It was also demonstrated that in rats treated 

with labelled ô-[3 t 5-3H]amino levul1.nic acid, labelled heme breakdown pro-
" 

ducts were detected during lipid peroxidàtion. This established a direct 

role for the involvement of lipid peroxidation in the destruction of~heme 
, J t 

in cytochrome P-450, and the resulting 10ss of drug oxidation activity. 

As lipid peroxidation has been shown' to occur iJ) a purified preparatio,n of 
. -

cytochrome c reductase without the presence of cytoOhrome P-450 (Pederson 
• < , -

_-Ïlnd Aus t 1972), it ; s 1 i ke 1y that cytochrome P-450 'doe's not t?ke part in 

the lipid peroxidase reaction and that it~'ifestructiqn i.s' not due to its 
'; 

_,participation, ln thè reaction, but is a consequence of the petoxidation 

\\ re'acttçm. 
...... , ., 

Thé-destruction of cytochrome P-450 by allyl containing 
... 

r 
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barbitu'rates (Levin et aZ 1,972) occurs by a mech~nism_ unrelated to the 

destruction of cytochrome P-450 by lipid peroxidation (Levin~et aZ 1973). 

Thé disappearance of cytochrome P-450' was shown to~e directly reJated·to 
\ \ '! 

a d~crease Qin pentobarbita1 and acetani l,id~ oxidati on in microsanes of the 

rat resulttng from tha..,effects of l ipld peroxidati on {Jacobson et aZ 1973}. 

By inhibiti·ng 'liPi~ peroXidatio~ with EDTA. li~eari~ies for 'ttiese SUbst~ 
reactions,could be extended because the ~reakdown of cytoch~O was 

prevented. In ~he ra~it~ a 'species wjth a'low level.oi·p~roxidation, 
< 

·pentobarbi~al met~boliS~ was linear fo! an extendèd P1~i~d,eve~ without the' 

addition of EDTA, and cytochrom'e P-450 levels did not !decrease •. , , 

In a discussion after a report by Schacter·e~ al (1973) at the 

Second Interngtional Symposium on Micr~somes and Drug Oxidations, Mannering 

(1'97'3) pointed out that. in his laboratory he(was able to demonstr'ate non 
. 

linearity of many substrate oxidations ~nd t~e production of carbon monoxide 

by microsomes, but he had failed to demonstrate a sirnultanequs reduction in 
, ' 

cytochrome P-450 content. In his reaction mixtures, Mannering did not 
\ 

actively promote lipid peroxidation with Fe and ADP as had most other authors 

-~-~-- ~,(S~hacter 1972, i~:t3, levin et aZ 1973, Jacobson 1973). In sp-ité of the 

- ~ ~ 

1ipid peroxidation from~cytochrome P-450 destructi'on and, therefore, chal-
- . 

lenges the apparently solid evidence of the other wor:k in this area. 
, - . ~ 

solubl~ 

Gandolfi 

Orug oxidation in microsOO1es can be enhanced 'by adding ,the lOO,OOQ-x 9 

fraction to the reaction mixture (Van Dyke and Wineman 1911, 
\ . , 

a~d Van Dyke 1973, Ne1t~,et a~ 1973) •. The addition·of>uiub11! 

, 
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fraction alsqrextends the linearity of the time course of benzpyrine hydroxy~ , 

lase in m1crosomes (Kuntzman'1969j. As, inhibition of lipid peroxida'tion 

might enhance drug 'o~idati on (Ka!Tlat,aki and Kttagawa 1973) and extend the )' ; 

linearity of drug oxidation react10ns (Jacobson et aL 1973), the enhance-

ment of dr~g oxidation, seen by adding soluble supernatant fraction to micro-
-\ 

, ~ 

some~ could be, due to an inhibitor of 1ipid peroxida~ion being present in 
, , 

the soluble fract10n. Kamataki et aL (1974) demonstrate~ that soluble' 

supernatant fraction inhibited lipid peroxidation and that this inhibition 

cou1d partially explain the auwrrentation of drug oxidation caused by the 

soluble fraction. Warner and Ne~ms (1975) have recently ~solated two frac-
" 

tions from soluble supernatant' which can augmentoaminopyrine N-demethylation 
. . ' 

and aniline hydroxylase. but have not tested these~fractions for inhibitory 
~ -

\ 

activity o~ lipid peroxidation. 
1 

Should the hypothesis that lipid peroxi-

dati on lnh'i bition by ~ol ub le supernatant fraction Jeàds ta increased drug 

oxidati on by m,i crosomes prove correct, then a case can. be, mape for .the 

en~~genous control __ of lipid peroxidation (incrèased by'iron, reduced by 
- -'"" '\ ' . 
. . ~,. soluble fraction) being a possible m~chanism for the coptrol of the oxi-

1 ._ 

dative_dr~g metabolism 1n the endoplasmic reticulum.-. The fact that drug-
, 

oxidation can 'be altered in both directions by endogenous means~ makes 

Jiills· (1971) proposa1 that lip-id peroxidation may coritro1 drug oxidation 

much more feasib1e. 

As far as can be de~rmined from the evidence presently available. ' , 
the fol1owing diagram sUl111larizes the re1ationship between the dru..9 Qxh:lt:?,ing 

scheme and the scheme for NADPH dependent lipid,peroxidation'. L;pid'per- ", 
• ( "'J.,"- _0: _ # 

\" oxidation can effect electron flux. membrane structüré~and cytochrome'P-450 
'\\' :-., JI q-- , .. . . ..;r " ,(,-

... '" ................. "ro 

- 1 

\ 

,- .. 
\. 

.. 

. ' 

'1 
, 

1 
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Scarpelli and Trump 1911 

- , - - levels. Alteration of any, one of these factors co.uld play a vital rale in 

\ 

1 

. 
, " .... 

the total eapacity of the liver to eliminate drugs. 

\ --
n, "IN VIVO LIPID PEROXIDATION 

. ' 

Lipid peroxidation hasbeen shown to take plae~ in 'vivQ in animals 

fed ,toxie ehem~cals (Gloshal and-Reeknage1 1965), vitamin E deficient diets 

(Zalkin and Tappel 196Ô), or choline deficient cl.igts (t~onserrat et al. 1969), 
"1 , 

~nd in anima1s exposed to radiation~(Wills and Wilkinson' 1967), As far a~ 
, - . 

"is known,.NAOPH dependent'lipid peroxidation has not ~een involved_in any 

.of these proeesses" As has been ~uggested by Will s,.o971}, NADPH dependent 

" 

.,' 
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'l' -

. 
lipi,d percixidatfon may,~play a role in the natural' turnover, of endoplasmic 

~ . , 

reticulum membrane, and it is important 'to detenmine if NADPH depèndent 
r 

lfpid peroxidation takes place in vivo, ,and to demorystrate that it is' not. , 
a phenomenon confined.to isolated preparations of microsomes. Mice- which 

-were treatedwith iron-~extran (Imferon). showed an incr~as~d NADPH li pid 

pero~idation activity in subsequently isolated mic~osomes (Wills 1972a). 

Jhiis increased lipid perox'idation was accom~anied bY-~Crease in miè~o-
1 1 1 .. 

;aral aminapyri~e and p-chloro-N-methyl ani}ine oxidation in micros~es. 
Wi11S interpreted his results to indicate that an increased in vivo NADPH 

dkpendent l ipid peroxidati on in the endopl asmic retîculum of hepatocytes', 
" - , -'1,-

led ta a decrease in drug metabo 1 i sm. It has "ee~ demonstrated that by 
" l , 

t
reattng rats in vivo 'with iron and ascorbic acid, the level of thiobar-

iturfc acid reacting material (indi-cating "1ipid peroxJd~tion had taken , . ' 

~~l~ce), is increas~d in ,isolated mitochondria (Fujita ~973) and in isolated 
, 

microsomes (Fujita 1974). In both mitocbondria and microsomes, the uns~tu-
• - , 

rated fatty acid contènt 'of the subce11ular particle involved was a1so . ' 

reduced, a findirig which would be expected if lipid peroxida ion had taken 
, ' / ' , . , 

p"ac~. A de,crease 1n lipld peroxidation activiti ____ ~ 
1 

creased drug oxidàtion because of a /reduced breakdown of microsomal ~em~ , 

brane. Though lipid'.peroxi~ation ~~s not measur~d, the N-demethYlat'io~s of 

~minopyrine increases in iron ,deffcient rats' (Catz et al. 1970), and was 

decreàsed_in vitamin E.deficient rats (Carpenter 1972). . . 
Despite the arguments discussed, it, 1s general1y believed that the, 

. ~ 

occurrence of in vivo NADPH dependent lipld peraxidatjon has n~t yet been 
c 

proved conclusively. Several'strong arguments have been proposed to support 

\ 1 .. 

, -\ 

! 1 
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the idea of a norm~l in vivo suppression of non-enzymatic l~pid peroxidati~s 
Q 

including tne fact that a) polyunsaturated'1ipids are 'protected in membrane 

structures~ b), in vivo anfi-oxidants inhibit 1ipid peroxidation, c) iron 

cata'lysis is p~evented b~r~n~ structures, d) glutathione peroxidase .... "* ,,, .. " 
de~'fie'roxtdes' âtid's"""ëj oxygen tension ;s low in membranes .(Barber and 

\. . 
o • 

Bernheim 1967 s Tappe1 1972). These~e arguments may not be entirely valid 
. / - - , 

for enzymatie lipid peroxidation, as it is the protective membrane of the 

microsome which is thé substrate' for the reaction, and both iron and oxygen 

arè present in high enôugh concentration to.serve the closely related drug 

. oxidiz;ng system. Because of,~~e central role played by the microsomal 

drug oxidizing enzymes of the hepatic endoplasmic reticulum in the 
.Q 

elimination oT drugs and its pos'sible ease of alteration by lipid Ileroxi-

dation of the membranes, the in vivo demonstration of lipid peroxidation 
<, 

has become of major importaryce.-

lipid peroxidation has recently been shawn to control the half life 
,-, 

of epoxide intermed1ates,a~ their breakdown by epoxide hydrolase iWatabe . . 
• 

and Akamatsu.1974). during the oxidation of olefins and arenes by miero~omes. 

As these epoxides are toxie or earcinogenie, a mechanism such as lipid per-
'i'.. -i 

oxidation, whieh might control the in vivo half life ~f th~~p~iQes becomes . ' " - ---, '. ' 

extremely important- in the determinatjOh-of the pot~ial carclnogenièi1y 

of the epoxide 
. " '~~/---1r------~/; 

, Recently, Hogberg et àz (1974~ have reported that in isolated hepato­
+3 ,cytes. ADP,,:"F~ can initif:ite an increase in the NAOPH-cytochrome c reductase. . . 

activity in the 100.900 x 9 supernatant fraction after the eells are homo­

genfz~d. As the sarne enzyme can be released fram iso1ated microsanes by . 
, . 

\ 
:... 
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lipid ~éroxidatton, this experiment may be the first to demonstrate lipid 

peroxidati9n in the who1e cel1 . 

• 
E. FACTORS AFFECTING LI.I?ID_ PEROXIDATION 

-peroxidation of micros6mes is ipf1uenced both- positive1y and nègative1y'by 

a number of factors. \ 

1. Enhancement of Lipid .Peroxidation. Iron add~o microsomes 

increases the activity of lipid peroxidation (Orr~nius et al 1964, Wi11s 
- --

1969b). In at 1east oné study (Levin et al 1973), iron adged to microsomes 
- ' 

did nct stimulate 1ipid peroxidation. However, the basal lipid peroxidation 

o in this study was high, indicytn9 that the micro.sgnes utHtzed contained 

adequate iron to promote max~al activity. Lipid peroxidation activity can 
j , - • ~ 

also be increased by treating anima1s with the c1assic microsomal enzyme 

inducer. phenob~rbi.~a-l (Nilss~.~~ al, 1964). . 
J _~ 11 

. '2. Inhibition o,f~'Lipid Peroxidation. Inh-ibition of lipid peroxi- , 
-

dation has been re1ported for a' number of different compound.s,' acting by 

several different mèchanisms, as outlined in the following dlagr-pm. 

"Inhibi tor 

, 
EDTA\ 
o~Phenanthroline 
8-0H-Quinoline 

Aminopyrine 
Codeine 

Mêchanism of Attion , Reference 

ëhe1ate~ i ron Wi 11 s 1969b' 

Competes wit6 .... substrates Orrenl~s et al- 1964 
'of' drug oxidati Of) for" . 
e1ectrons 

~--
l , ' . , 

'-'-
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, , 

Cytochrome c 

Vitamin E 
DPPD 
Butylated h~oxyaniso1e 

Deoxycho1ate 

Divert$ el~ctrons 

Anti -~idant - J 
--; ~ -, 

s 

Destroys membrane 

Antibodies vs cytochrome Blocks electron trans-
cJreductase port via cytochrome c 

reductase 

Iodoacetamide 
p-Chloromercuribenzoate 

GSH 
Cysteine 

~ 

Blocks thiol groups 

Thiol reagent 

.. 
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, Wi11s 1969a 

Tappel 1972 
levin et aZ 1973 
Vi,anio 1974 

Wills 1969c 

Peckrson <'& Aust: 1973 . , 
.j 

~1i11 s 1969c 

o 

Wills 1969a 

3. spec'ies. _ IlHferent le~els of lipid p~r~Xida+on activity have 
, - , 

b~en reported in several different speties. levels of microsomal lipJd per-

o idation' in the~nTouse and guinea pig (Kamataki and Kitagawa 1974), and in 
t l ------

-\ 
• 

(Lew; S ét aL 1967),' were in the. same range as those wi de ly reported 
, 1 _ 

rat (Wills 1969a, Kamataki and ~itagawa 1914). lower 1evels have , 

been eported for the rabbit (Gram and Fouts 19ô6, Jacobson ~t aL 1973, 
~ . 

Kamat ki and 'Kitagawa 1974)", and activity could not be detected in -the house-

, fly (Lewis et aL 1967). The differences in the rabbit cannot be accoYDted 

for by 10~ ~ron~ cent in rabbit_~icrosomes, ,as e~e~ when maximally stimu­

lated With iran ~ a d ta microsomes, lipid per~idatian in the rabbit ~as . . 

1ess than one t~ird that found in the rat under the same conditions (Kamataki - , 

and Kit~gawa 1974). A1so, it is unlike1y that the difference is due to , 
. ~ 

~ifferent amounts of the -f1avoprotein.cytoqhrome c reductase in the two 

species, as cytochrome c reductase a~tivities_in the rat and rabbit are. 
'. ,- ... 

almost identical (Macleod 1972). The low·level of peroxidation in 

o 

. . 
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rabbit microsomes is, the most likely explanation for the prolonged linearity 
- . 

of substrate metabolism in the rabbit as compared to the rat (Gram and . ~ ~~ 

fouts 1966, Jacobson ·Jt'~ZI1973). 'The occurrence of NADPH dependent lipid 
• '\ 1 , 

'., 

peroxidation 'has not yet been determined in the human . 
. 

4. Strain. Several strains of r'ats have been studied in 'éI,ifferent 

laboratories, but as interlab diffe_rentés are larg'e in Sprague-Dawley rats:. 
-

no strain di~ference could bê assessed 'using data from different laboratories. 
, / , 

~ 5. Age. Drug oxidation has q,eerf shown to be dependent on the 
_ N 

age of the animal, and in most species it is deficient at birth '(Fo~ts' and 
1 

Adamson 1959 .. ,Jondorf et al 1959., Flint et al 1964) compared to adult ac-
.. ~ _ ,?" 

tivities. This deficiency.in" drug oxidatioo-is rela.ted t~ a defic1ency in 
- \ - ' 

the components of the é1ectr~n transport chain associated with drug oxi-
o 

Q - J J ~ 

dation (r.1acLeod et aZ 1972, Fouts and Devereux ~.972, Ar_anda et aZ 1974). 

As NADPH depeQdent lipid peroxidation ghares ~~rt'of the same~lectron trans-
, . 

port chain, it is reasonable to assumé that ~ipid peroxida~ion activity can 

va~ with age. However, El Defrawy et al (1974a) showed, that l]pid peroxi­

dation in the rat is constant between 21 and 56 days of age, when activi­

ties \rere expressed~s activity per gm liver. When expressed as activity 
, , 

per'mg microsomal protein, lipid peroxidation tended to decrease slight1y 

between 21 and 56 days of age. All other- reports of NADPH dependent lipid 

peroxidati.on activities in microsOO1es have beèn carried 9ut using animals 

of ~dult ages. 
: .,;i&;; 

-1.~ 
In mitochondria, Williams (1966) reported that spontanéous lipid 

peroxidation in tn~ liver was ·several fold greater in the fetus,when compared 

Ota the values found in adult l~ver mitochondria. She has also reported that , 
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mitoc1}ondrial lipid perox1idation was similar in newborn rats and adults 

(Williams 197~), but no determinations were made in rats aged between birth , 

and adulthood. The increased lipid peroxidation in.fe~al mitqchondria may 

be related to a vitamin E deficiency reported in rats of this age (Rose 
~ .., o 

and Gyorgy 1950). 

6. Sex. Male rats have a hi9~er lipid peroxidation activity than 

female· rats {El Defrawy et a,Z 1974}:,'Whr:nh,;S analagous-to the higher drug 

oxldati on acÏivlty reported fo~ mll1 e_ rts (Qulnn e~ at 1958). 

. . 
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,The' tlose relationship betwee~the activity of NADPH deperrdent 

lip~d peroxidation and drug metabolism·in hepatic microsomes, suggested 

these studies on the role of ~ipid peroxidation in micr,osomal drug oxi­

dation. The main questions c'onsidered i-n the study were as follows . 
.. _~ J 

1. What is the normal developmental pattern of NAOPH depend~t lipid 
,', 

~~~oxidation in microsomes of immature rats aged from birth to adulthood? 
ç-" , - -

Do factors \'/hich affèct lipi'd peroxidation in adult animals, hâve similar , 

~ 

" 2. 40 what extent does thë
O 

changing activity of lipid peroxidation 
~~. -. ~ -

J;, - ',~ in the i developing rat, contribute "to the defici~ncy of drug
Q 

oxida~ion 

j~-- demonstrated-jn immature rats? 

, :, 
.J' 

" 

3. 'Do inc.rejised lipid peroxidàtion activities in 'inmature,.)'ats have 
o t - , 

a~ int~nsified effect,cn the .function of th~drug metabolizing en~~e sys-
, , ~ 

tem of miCrbsomes compared to the effects found in the adult rat? 
~,---

-- 4. Hhat mechanisms are" involved in th~ reducti,orî-ôf drug oxidative 

;~~zymes following NADPH de~nd~n~ lipid peroxidat.ion? 
, ' 

"" ~ . 
5. Tp what extent does lipid peroxidation 

dru9 oxidation ln microsomes? 

,'6. What is the role Qf NAD PH dependent lip1d . , 
drug'oxidation differ~nces in ~~é male 'and female rat? 

,. -. .,. ~ ... 1 

the activity of'\. 

idation in the 

7. What ar~ the co~ditipp,S requirëd for, lipid pe~oxidation of endo-
• , "\ ) 1 

- \' 
./' . 

o 

. genous lipid in JÛJm'an microsOOlés? Are the mi~rOSOJl1àl factors which ~re 1 

aÙered by liPid';lroXidation in: the rat, also\altere~ in human micro'somes? 
: 
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8. Can NAOPH dependent lipid peroxidati9fl occur in vivo and is it a 
" fa'ctor to be considered in the overaTl eliminations of'drugs from bath , "'" 

animals, and man? 

,-

o 
9. What is the nature of the iron which is a r-equired cofactor in 

o 
, 

microsOmal NADPH.dependent lipid peroxidation? 

Ta date, NADPH dependent, lipid.peroxidation has been shown to mar­

kedly, reduce the abili~y of microsomes ta metabotize dr~substrates, but 
~ 

its rale in conditions of reduced drug oxidations, such as immaturity or 

in sex differehces in the rat, has not been detennined. ~ --It is therefoy,'e , 

appropriate ta determine the role of lipid peroxidation in these deficiencies 

and to establish the possible mechanism by whiêh lipid peroxidation reduces 

drug oxidative activity in microscrnes. , 
1 

The question as to whether NAOPH dependent lipid peroxidation occurs 
, ~ 

in vivo, was investigated, aSQthis is arucial before lipid peroxi~ation can 

be considered a factor which must be taken into account in the overall 

eliminatiorf of drugs in both animals and man. Evidence avai,lable to date, 
, 

has not really proved that NADPH dependent lipid peroxidation fs more than 

a reaction eonfined to isolated microsomal' preparations . 

. The overall objective of the studies described~ has been to d~ter­

mine the role ~f lipid peroxidation in the alteration of drug oxidation in 

immature animals âh'd man, and tO,es,tablish the si'gnificance ~f s~ch an 

"interaction when drugs are used in the human patien~. 

R 
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MATERIALS-

.~ 
A. CHEMICALS MlD REAGENTS 

, ., 
""Throughout these studi es .• standard reagent 'grade l aboratory chemi­

cals w~e obtained from local suppliers, and were manufactured by Fisher 

Scientific Co., Fair1awn, New Jersey or, by J.T. Baker Chemica1 Co., 
~ 

- Phil~ipsburg, New"Jersey. 

Non-s~andard reagents, and reagents supplied by other than the two 

companies mentioned, are listed below. 

Acetyl acetone: Fisher $cientific Co. 

Al bumi n:. J. T. Baker Chemi ca'l--Co. 

Aminopyrine: Ciba Co. Ltd., Dorval, Quebec. Gift. 

Aniline.,certified grade: Fisher Scientific Co. 

Biuret reagent, Gornall-B dawill-David formula: Harleco Chemical Co., 
Philadelphia, Penns~ an; . 

Carbon monoxide: Urlion Carb'de (Medigas), St. Laurent, Quebec. . ~ .. ,. 

Cytochrome c (horse heart): . . igma Chemical Co., St. Louis,·MJssouri. 

Di sodi um monohydrogen Phospha t : J. T. Baker Chem; ca l Co . 

. '''.1 . Epon 812: Sne 11 Chem i cal s , ntrea l , Quebec.' 
/ ' /' 

Ethylenediaminetetra-acetic acid: Fisher Sc;ent;~ic Co. '1 . 
Fonnaldehyde: British Drug Houses (Canada) Ltd., M~ntreal .Iobec. 
Ferrous sulphate:- Fisher Scientific Co., .' __ 1. 

Ferrozine[3(2-pyridyl )-5,6-dfphenyl l ,.2,4':triazineJ: Nutri,tional 
Binchemicals Corp., Cleveland~ Ohio. ~ 

Hydraz1ne sulphate: Eastman Organic Chemitals. Rochester, New York. 

Hexobarbital: Sigma Chemical Co., St. Louis,. Missouri. 
--" 

\ . 
. ,\ 
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8-Hydroxyquinoline: Fisher Scientific Co. 

1 socitri c Aci d Dehydrogenase (pi 9 heart.): Si gma Chem; ca l Co.!t 
St. Louis, Missouri. 

Imferon (Iron-Dextran): Fisons Ltd .. Don Hills, Ontario. 

Malonaldehyde: Eastman Organic C~em;ca)sJ Rochester!> Ne~ York. 

NADP (Triphosphopyridine nUC,leotîde): Sigma Chemical Co., St. louis s 
Mi ssouri . 

~DPH (Triphosphopyridine nucleotide, reduced fQrm): Sigma Chemical 
Co., St. Louis, ,Misso!Jri. 

NADH (Diphosphopyridine nucleotide, r~duced form): Sigma Chemical Co., 
St. Louis, Missouri. . . y' 

Potassium dihydrogen phosphate: J.T. Baker Chemical Co. 

Soditlm dithionite: Fisher 'Scientific Co. 

Sodium Isocitrate (OL-isocitric acid, tri-sodium salt): Sigma Chemical 
Co., St. Louis, Missouri • . 

Semicarbazide hYdrochloride: Sigma Chemical Co., St. Louis, Missouri. 

Sulphamic acid: K and K Lal?oratories, Plainville-, New ~ork. 

Thiobarbituric acid: Eastman Organic Chemicals, Rochester, New York. 

Trichloracetic acid: Fisher Scientific Co. 
- -

Zirconia clad porous silica glass beads: Corning Bio10gica1 Products 
Group, Medfield, Massachusetts. 

B. TISSUES 

1. Rats. Iii • Sprague-Dawley rats obtained from Canad,an Breeding 
'-----Farms';'St. Constant, Quebec, were us~d throughout these experimentS. All 
. - - \. 

,rats'were allowed to ~limatize for 3 d~ys b~ use after receipt from 

the breeder. Young anima1s were obtë{ined from 1 i tter:s born in the Mclntyre 

Animal Center, McGil1 University~ and raised to the -required age. Unless 
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otherwise stated, rats were male and were weaned at 21 days of age. Diet 

consisted of Puri na" rat chow and wat,er ad Zibitwn( for animals~over 21 days 

. Animals under.21 days old were allowed to suckle freely, and had free 

a ess to solid food and water until weaned. In experiments· where a mean ± / 

stanaard error was dete~ined fqr several anïmals, the individual animal sa 
-- , 

used to determine th~tamean wère~ever litter mates. 

? Humans. Li v.er specimens were obtai ned from human ijnfants duri n9 
/ 1 

autopsiks performed within a fe~ hours of death. Tissue samples were placed 

/",/fli'â~--~~~~e bag which was kept on ice inside ~ thermos jar, U'ntil the --
1 

_~ sample was homogenized and subcellular fractions prepared • 

... 

o 

.1 

( 

1. 
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MET H 0 1) S-

, 
A. PREPARATION OF MICROSOMES AND OTHER SUBCELLUlAR FRACTIONS 

l ' 

,Mi ~rosomes and' other subce 11 ul ar fract;ons- ~e;e 1 epared by a modi-
J 

fi cat i on of the genera 1 procedures revi ewed by Fouts {19 l}... Li ver samp,les s 
1 • 

. obtain:d from various~rces'owere rinsed.with cold ph phate b~~fe'~ 

(0:1 M, pH 7.4) and finely minced using scissors sand t en washed ~ 

decanted three times with phosphate buffer to remov~ efcess b'qood. The 

mince was suspended in four volumes ph'osphatë buffer per unit weight ~f 
, , 

1.iver, and homJgenized.at 16~OOO-rpm in a'Sorvall Omni-mix homogenizer for 

20 seconds. 

The homogenate wâs centrifuged at 10,000 x ~~Tor-rO minutes ln a 

refrigerated centrifuge, to remove un'broken cells» cell wall ~fr.agmeAts, 

nucTei and mitochondria, The floating fatty layer was removed by suction~ 

and the supe\-natant wffiCli was t.e-nned 10,900 P fraction, was removed wïth'a . 
1 

Pasteu~ pipette. The supernatant was recentrifuged at 100,000 x 9 for, 60 
-' 

minutes in 'h Beckman L3-40 refrigerated 'uT tra centrifuge, to oJ,l,tain a JlIicr.o­

somal :pellet whi~h was 'termed mic~'osOO1es-" or 100,000 P fraction:' The micro",: 
..... \ . ' 

• (t • ...... 

soma' pèl1et was' resuspended in p~osphate buffer. using a glass homàgenizer 

and two strokes with a' Teflon pestle~ to yield a suspension containing 
" 

~ , " 

20-30 mg microsomal prote;n per ml. The supernatan from the 100,000 x 9 
'-

centrifugation, which was removed with'a Pasteur p'pette» was used in s~e 
"" experiments and was termed 100 ,000 S fracti on. A enzyme determinati-ons., 

". . 
wçr.e carried out on freshly prepared microsOOles'- r ,other subcellular 

\ 

fractions: as it has been our experience that m crbs'omal enzyme activities 

are reduced during sto:rage .. 1 

.. , 

J • '. 
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B. DETERMINATION OF PROTEIN IN SUBCELLULAR FRACTIONS . . 

Protein was determined using the standard biuret method (Kabat and 

t4eyer 1967). Commercial.ly prepared biuret reagent was use-<f. Albumin ~as 0 

used to standard; ze the reacti'on, the standard curve bei n9 det'e~ine~ for 

protein concentrations 0.5 ta 6 mg albumin pet ml. 

,. 
c. DETERMINATION 0 MIC~OSor~A? AMINOPYRINE N-DEMETH:lATION -,. 

</ 

lation of aminopyrine in microsomes was determined by 

measuring the amoun of fo.rma l dehyde ~ trapped-as a sricarbazone. which 

results fr.om the c eavage of the N-methyl group from aminopyrine (Cochin . , 

and Axetrod,1959) The reaction mixture contained 0.1 ml microsomes, 36 
1 

;llmoles magnesium chlbrfde, 24 llmolës neutralized semicarbazîde Hel" amino-

pyrine in the uht gi~en in-the r~sults, and 0.1 m1'NADPH~generating Sys­

f 0:66 ~molès NADP, 16 ~moles sodium isocitrate, and O~5 

units isocitri a'cid dehydrogenase. Other additions, sueh as ir~~ or EDTA. 

were added to the reaction mixture in a vplume of O.5·ml. The reaction 

mixture was ade up to a total volume of 2 ml with· phosphate buffer (0.1 M, 

pH 7.4). Rë cHon m,ixtures we~e in~ubatecr for 15 minutes at 37° on a 

Oubnoff sha ing water bath, unless oth~rwise stated in the Rèsults. ~The 

reactions r mained l1near with respect to time utilizing these reaction 

conditions. 

The eactions were tenninated and the mixtures deproteinised'by 
\ Q 

adding 0.5 ml' ,15% zinc sulphate followed by 0.5 ml saturated -barium hydrox- '.~ 

ide. the mixtures were/th~rOUghlY agitate~ on ~rtex mi~er ~fter ~àch ' 

. . ( 
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a and then centrifuged at l ~500 x 9 for 5 minutes. 

Formaldehyde was assayed in the clear supernatant by adding 1 m1 
l~ 

NasH eagent~ which cpntainid 0.2 ml acetyl ,acetone + 15 9 ammopfum acetate 

in 50 ml water (.Nash 1953), ta 2 ml clear supernatant, ànd heating the mix-' 

ture i'n ~ water bath at 600 for 30 minutes. OccasionallY, a precipitate 

wh.ich could be removed by centrifugation at 1,500 x 9 Tor 5 minutes. occur7 _ 

red during heating. The absorbance of the cooled, clear sa~ples was deter-
, • ~ ~ ~4_ 

mi.ned at 415 nm in a spectrophot'bmeter. Forma', dehyde e~ncentrati on was 
, 

determined by comparison ,ta a linear standard curve, prepared using stan-
, 

dard concentrations of formaldebyde (0.5 - 5 mg HCHO/ml). In al' experi-

, ments, reacti'on mi xtures incuba ted wi thout substrate li wer@ s'lJbtracted frolTi 
, -- the experimental i'nçubation mixtures to correct for any formaldehyde or 

, 

other m~terial :eacting. with Nash reag~nt which n19Y be formed frOO1 a non-

'substrate.source .. Absor~ance of blank reaction mixtures varied be~ween 
. 

0.020 and 0.035. Results were expressed as specifie activi~y {i.e. nmoles 

-torma l dehyde fonned/mg mi ~rosomalprotei n/mi nute) . 

" -
D. EXPERIMENTS TO PROMOTE MlCROSQt.tAL LIPID .PEOOXIDATION BY PREINCUBATION 

In some experime~ts ~ microsomes were .preincubated to promote NADPH 

dependent 1 ipid peroxidation prior, to the..:addition ,of substrate for the 

assessment of ~rug_ mètabolism in peroxidized microsomes. Reaction m;xtu~es 

sim;" ar te that used fo~' aminopyrine N-demethyl~tion (except that the amine.,. 

pyrine was ommitted)~ were.preïncubated for varylng ~ime periods.in a 
, " ... 

shaking water bath at 37o~ At the~ end of tne preincubation period, a fur-

, ther 0.1 ml NADPH generating system was added. along with 0.5 ml 2.0 mM \ 

. \ 
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, 
aminopyrine (giving a final concentration of 5 mr~J, and N-demethy1ation was, 

'1 _ 

determined as previously described. 

.. ' 

E. DETERMINATION OF MICROSOMAl CYTOCHROME P-450 

tytochrome P-450 was determined by'measuring th~ absorbance- of the 

carbon monoxi ~e- reduced, cytochrome P~450 compl ex at 450 nm (Omura and Sato 

1964a). As this origin~l method does not c~mpensate f9r carbon monoxide 
, -

fonned in the reâction mixtures during incubation J the modificatiotl of the .. 

method )by Ra'j ?nd 'Estabrook (1970) was utilized in "the present experiment. 

This method allows-the detetmination of microsomal cytochrome P-450 in:the 
) . 

presence of endogenously produced carbon monox;d~_, and also has thè added 

ad\lantage in that~s -interference by,any éontaminating hemo-
~ ~ 

91obu ... 

Mi crosomesl wére di·luted 'to a concentrati on of 2 mg mi crosOO\a~ protein 
'1 

- _ p~~ ~l w!~h phosphate buffer (O. ~,.~~ PH_J .~t, to give ~ t~~~J volume of 5 ml ~ ___ _ 
'. p ~ .., 

The sampJe was gassed wi~h carbon monoxide for thirty seconds and then 

d'ivided equally bet~een two spectrophotometer cuvettes~ and 0;5' mM NADH was -, " 

added to bath cuvettes. A few Grystals of sQdi.um dithionite were added ta 
" . , 

o • 

the experimentaL cuvette and r~ad against the other reference cuvette 

(without dithionite), at 49Ô nm and(450 nm, 'in a double beam spectrophoto-
\ : 

Imèter. Cuvettes were kept tightly cl<?s!!d with rubbeJ:' stoppers' except dur-
, ...,~ 1 

lng ~~ditions. Jh-e m01ar concentration of cytochrome P":450 was. ca~~Ul,ated' 

from the,difference in absorption (45~ nm - 490 nm) uSin~ an extinction 

coefficient of 91 nm~l cm-l (Omura and Sato 1964b). 

, , 
- , 
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F. - DETERMINATION OF MIéROSOMAL NADP.H CYTOêHRO~1E C RE:-DUtTASE 

~ r--

NADP.H
o 
tytochrome c' reductase activity was. estimated by detennining 

the appearànce of the reduced fonrr of cytochrome c at ~59 nm in a speetro­

photometer (Phil1ips and Langdo'n 1962). Reacti0.!l ~ixt~res contained 36 
p , 

lJmoles magnesium chloride,', 0.15 ).tmoles cytochrome c. and 25 1Jl of micro-
• 0 

somes» made up to 2.0"ml with'phosphat~ b~ffer (0.1 M, pH 7.4)>> ,and placed 
,.~ 

in both the sample and reference cuvettes, in a dual beam spectrophetometér» 
l - ~ , 

with temperature control set at 370 
. The reaction was initiatéd by adding 

[ q 

l llmole NADPH in 0.1 nH buffer to the experimental cuvétte. and 0.1 ml 

buffer to the reference cuvett~. The change in abs~rbanc~ at 550 nm was 
. . 

recorded on a 'potentiometric recorder over the first minute of the reaction. 

uJing a chart speed of l inch/mi~ute. The init~al r~të' ~f change of absorb­

ance was estimated from the initial linear portion-of th~ reaction (us;ally 
_ 0 -""j. r.... .. 

the fh:st 20 seconds) .. Using an extinction coefficient of 19.1 nm-1 cm-1 

-
__ .. _~eters and Fouts 1970), the: actiY~9f cytochro~ reductase-was-:calcu-

lated and expressed as nmoles cytochrome c r~du~ed/mg m4crosomal protein! 

minute. 
" 

l,~.~- --

G. "DETERMINATION OF MICROSOMAl NADPH OXIDASE 

N~DP~ oxida e was determined ~y measuring the decrease in absorbance 

of.NAOPH at 340 nm. s described by Gillette et at (1957). The reaction 

mixture contained 0.1 1 microsomes and 36 ~moles magnesium ch10ride made 
~ 9 • ~ _ 

up ta 1.5 ml with ph os ate ~uffer (O.l M~ pH 7.4), and 0.5 ml water con-

taining iron or EDTA in t e concentratian~given tn Results. Two ml of 

r 
1 ~ 

.. \ 
. ." 

~ 1 
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• 1 

n"lmixture was placed in both the experimental and reference cuvettes in a 

dôuble beam spectrophotometer and a~llowed to attain 37?. The reaction was 
, ' 

initiated by adding 0.4 ~mole NADPH in 20 ~i buffer to the experimental 

cuvette~ usinQ...{ Hamilton m~croliter syringe. The linear dec(ease. in ab­

sorbance at 340 nm'was fol1owed for 5 mlnutes us;ng a potentiometric recor-
" -

der running a: chart speed of l inch/minute. Utilizing an extinction co-

efficient of 6.22 mM-1 cm-1 ~o~;NADPH (Ern$ter 1967), NADPH O:idase activity 

was calculated and expressed as nmoles NADPH oxidized/mg protein/minute. 

The fraction of NADPH oxidation,which is specifie for lipid -peroxidation . 
of endogenous microsomal membrane~ was determined as explained in the 

R~sults section. 

" H. DETERMINATION' OF MICROSOr'1AL NADPH DEPENDENT LIPIO' PEROXIDATIOFl 

After incubating microsomes wi~h NADPH or_an NADPH generating sys-. 
tem, lipid peroxidation was determined by measuring the amount of thio-

barpjturic acid reacting.material generate~J as described by Ottolenghi 

(1959). The reaction mixture contained 0.2 ml ~icrosôffiesJ 36 ~moles mag-
. ' 

nesium chloride, 0.5 ml irpn o~ EDTA solution in wa~er to give the final 
. , 

'concentrations described in Results,. and 0.1 ml of"an NADPH generating 
,"> , 

system contai~ing 0.66 lJmoles NADP~ 1"6 lJmo1l!s"sodium isocitrate and 0.5 

units isocitric,acid'dehydrogenase.' The reactfon mixture was made up to ~ 
. 

total volume of 2 ml ~ith phosphat,e bûffer (0.1 M~ pH 7.4)., lncubations 

were carried out-for 15 minutes in a Dqbpoff shaking'~ater bath at 3Zo s 
, 

,:'t.~Jlless otherwise stated' in the Results. \ To avoid the danger of iran con-
~ ... - ~ 1 

tafTl.inati on s' 'cô,re. was taken duri ng inauba~ion ta ensure, ,~hat splashes of 

.. 
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1 

water fram the water bath did not contaminate the reaction·mixtures. 

The reaction was termirated by the addition of 0.5 ml" 40% trichloro-

acetic acid, and.-=-the mixture cooled in an ice bath. The cooled mixture 

was then added to 2 ml'0.67% thiobarbituric acid ih water, 'and heated on 

a wâter bath at 900 for 20 minutes. The mixture was then cooled and again , , 

mixed thoroughly with ~ further 0.5 ml 40% trichloroacetic acid. After 

waiting for 5 minutes, the mixture was centrifuged at 1,500 x g for 5 . . 
4f' 

minutes. The absorbance of th~ clear supernatant was determined at 535 nm 
v 

in a spectroPhotometer. The reaction, was quantified by comparing experi-

mental samples ta a standard curve prepared from known amounts of ma10ri-
o ... 

a1dehyde, which is one of th~known thiobarbiturate reacting products result-

ing from lipid peroxidation (Nie~aus and Samuelsson 1968) •. To simplify 
• J 

éxpress10n of the results, lipid p'eroxidation was expr~ssed' aSflnm malon.., 

• ldehyde produced/mg mi crosa;'. 1 protei ni 15 ~j outes.- M~ 1 an~~b;';;;--_ 
used almost exclusively in other studies publ~hed as.tmé'standard for ex-

pressing l ipid' peroxidat;,on 'a . .ctivity. 

In the experiments in which thiabarbituric acid reacting materia~ . '>' 

, was ~~asured in mlcrosomes prepared f~~m livers of rats treated with 
. ~ \ ~ ~. 

iron to determine ,if llpfd peroxidati0!l pr-Qdycts were pr~sent:t 25 nm,Ples EOTA ' 
o' ~ 

was added to the buffer at all steps in the preparation of the microsomes. . . ,...---
This was done to minimize thiobarbituric acid reacting materials formed via 

1 ipid peroxidati on duri n9 the pr-.ocess. of--preparati on. In thi s determinati on, . "~, 

0.2 ml microsomes were diluted to 2 m-l fOl10wed by {).5 ml 40% trichioro-
,0 ~ 

, ..,!., 

acetic acid. Thiobarbituric aCid< reacting products were determined as 

previous]y des~ribed, 

' .. 
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Thiat> bituric acid solutions (0.67%) were m,ade by di-ssolving thio­

barbituric ac d in distill 
\ 

was stable for several hours, and yieldedblanks of a much lôwer value' than 
.. \" ... 

when thiobarbituric acid was dissolved in dilute sodlum hydroxi'de solution 

as used by sorne other investigators. An absorbance of 0.020 - 0.030 was 

u~ually obtained when blank incubation mixtures were reacted with thiobar-

~'--1-) bituricaaid. 

1. DEtERMINATION OF NON-HEME IRON 

. ~on-heme iro~ det~nnined by a modification of the method of 
, or 

Wills ('l969b): Ferrozine [3(2-pyridyl)-5~6-diJihenyl 1,2,4-triaz{n'e] was 

substituted for bathophenanthroline as the color r~agent (Stookey 1970). 

MicrQsomes (0.2 ml) wer~ dilu~e9 to 2 ml wjth water, and 0.4 ml 40% tri-
~ '0 chloroacetic acid was added and the mixture heated in a water bath at 90 

1 ~ 

for 1 0 minutes.· _ A fter~QO 1 i.ruL-~e mixture5...-WeXf!. centr-'ifuged at 1 ,500 x . 
-----------------;-;"- .. ' 

.9 for 5 minutes~ and one ml cl~ar supernatant_was uSeQ for the detenmination 

of iron. --' 

o .1 
One ml of supernatant was added to a tube contatning 1 ml'SO% ammo­

~ii.m acetate, follow'ed by 0.1 mi of a sa'turated solution pf hydrazine and 
-0.2 ml ferroz;ne (1 mg/ml). After thorough mix;gg, the miKture was al10wed 

, " 

to remain àt" room tempér-ature'- for 2Q minutes before the absorbance o.,f the 
- 1 .-

solutions was determined in a spectroph~tometer at 562 nm. Iron concen-
j 

tratiorr was assèssed by comparison to a standard curve prepared using 
.... ~ '1 

ferrous sulphate .. Values were expressed ,as nmoles non-heme 'iron/mg protein. 0 

, ~ 

• 1 • 
0'--

, \ 
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J. OETERMINATIO~ OF r1]CROSOMAL DIFFERENCE SPECTRA AND SPECTRAL DISSOCI-
ATION CONSTANTS / 

Difference spectra and corresponding spe.ctrâl dissociation con­

stants. were determined 'for aniline and hexobarbital, between the wave­

lengths 350 to 500 nm t i'm--o'double beam spéctrophotometer t as descrited by 
! • J , 

Remmer et al (lQ66) ana Schenkman et al (1967a). MiprosomaT suspensions 
. / 

\'/ere diluted to a protein concentration of 2 mg/ml using phosphate buffer 
> 

(0.1 M, pH 7.4). Two ml of the diluted microsomes w?re placed in each of­

the two c~vettes in a double beam spectrophotometer. A blank spectrum was 

then determined, using a potentiometric rècorder ch art speed of l inch/ 

min,ute and a waveleng~th -scan speed of 50 nm/minute. Substrate (either hexo-
o 

barbital or aniline) was added to the experimental cuv~tte in a volume 
'--- -

which wa~ always less than 20 ~l, to yield the overall concentrations of 0 , ' 

O.QS - 1 mM as detailed in the Results. A cor~esponding volume of buffer 

_~ ___ ~~ __ was a~de~~o __ the_ ref~renc~ cU,'{ette:~and th~_ spectrum deterydned. The dif..: 

f' 

-. 

•• 

ference between the experimental and blank'spectrum was p10tted to yield 
~ ,~ . ~ 

a corrected di fferenée spectr'um between 350 nm and 500 nm", -

Ta determine spectral dissociation constants, the difference in 
o 

extinction between, 500 nm and 425 nm (600500-425) for hexobarbita1 t and 

between 430, nm and 39~ nm.(t.OD430-400} for aniline, was determined over ..... 

the range of substrate concentrations given in Results~ Double reciprocal 1 

, . . 
plots of 1/600 vs l/concentration, were constructed. Approxlmate speçtra~ 

dissociation constants were determined by extrapalating the line ta thé x , . 
axis, yie1ding an,int~rcept = Ks (Schen~man et al 1967a). 

, 
Because of limi-

• 1 , 
tations in as~essing Ks from linear do~ble reciprocal plots, spectral 

# ., • 

,\ 

( 

j. 
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dissociation constants for each of the substrates were deterrnined by fitting 
o 

the qata to a rectangular hyperbola equation with a computer program as , 
described in tne statistics section of Methods. 

• y 

, 1 n experiments des i gned ta determùfe the effects of prei ncuba!: ion 
J • 

on differenc5l s~ect\"'a, the preincubatiops were earried out 'i~ 2 ml of an 

incubation mixture containing 0.2 ml microsanes. 36 lJI1lo1es magnesium ch10r­

ide, 0.1 ml NADPH generati,ng ,system eontaining 0.66 lJI1lo1es NADP. 1'6 J..fTlo1es 

sodium isocitrate and D.~ u~its isoeitric acid dehydrogenase and iron in 

the cond~ntrations deseribed in Rèsu1ts. Immediately prior to the deter­

mination of di fference speetra by the 'rpethod j~~t 'described, 'mierosoma1 

s4s~..ensions were diluted to 2 mg microsomal protein/ml. 

~ 1 • 

K. PREPARATION OF 8-HYDROXYQUtNOLINE COVAlENTLY BOUND TO GLASS BEADS 

'-.:: 
The arylamine deri'lative of zit;conia c1ad porous si1ica glass beads " -

(MAO 3930, Corni n9) was prepared by Dr. Man Sen Yong, Oepartment of P.harma:. 
'l ~ ~ 

co l o~y, McGi 11 tin i vers ity, Montreal, by the method of Heeta 1 (1969). These 
~ , , 

1 
'arylamine glass beads were then used in the synthesls of an 8-hydroxy-

, \ 

quino1ine derivative as outlined in-figure 1. Arylamine glass beads (200 mg) 
, 1" 

were diazoti zed in 50 ml 0.5 M HGI wi th 30 mg sodi um nitrite and stirred . " ..,. 
• - 1 .... 

in an iee bath for 30 minutes. Th~ product was washed with.100 ml cold 

-water, 100 ml 1% su]pham;c acid solution and then 100 ml "Çold water. The , 
diazotized glass beads were sUbsequently coupled to 8-hydroxyquinoline by 

adding the peads to '50 ml sàturated solution of 8-hydroxyquinoline in O.O~ . , 
M sodjum carbonate. The prqduct ,was th~n placed in a Buchner funnel (medium' 

, " 

disc_sizel ;t room temperature and washed with 5 litres l _M sodium chloride . 
• 

\ 
• 
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r • FIGURE l. The synthesi 5 of 8-0H quinoline covalently linked ta 

zirconia clad porous silica glass beads. 
\. , 
\ 

, 

'" 
Details of the sy~the~i s of 8-0H quinoline 'glass beirtls ..... 

from arylamine glass beads are outlined in Methods. 
~ 
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The product was then washed w;th 25 Jitres distilled water over a period 

of two days. The 8-hydroxyquinaline glass beads were stored under 100 ml , 

0.1 M HCI at 4°C: Imm~d;ately prior ta use, the beads -were washed with 
-

5 x 20 ml aliquats distilled water to remo\(e th~ Hel. 

L. ABSORPTION OF IRON BV 8-HVDROXYQUINOLINE GLASS BEADS 

8-Hydroxyquinoline'immobilized on glass beads was used ta remove 

free iron fram solutions and fram m;crosomal suspensions. In most experi-
<:! 

ments, a portion of glass beads were blotted on a filter paper and 10 mg of 

damp beads were weighed. All weights of glass beads referred to in Results 
o 

signify this wet weight. 
. \ 

The glass beads and solutions or suspensl0ns of 

microsomes were mix~~ and gently shaken on a water bath at 37°. lhe mix~ 

tures \lJere then centri fuged at l ,500 x 9 for 5 minutes to sediment the 

glass beads. Supernatants of microsomes treated in this waY were regarded 

as free irQn deficient preparations." The supernatant was then removed and , 

utilized for detérminatiqn of iron,aminopyrine N-demethylation activity or 

NAOPH ~ependent lipid peroxidation activity. 

M. GLASSWARE - REDUCTION OF IRDN CONTArUNATION, 

, Because of the extreme sensitivity ~f lipid peroxidation reactions 

to the" concentration of iron in incubation mixtures, it W~f importance 

to minimize iran contamination of the glas$ware, used in these studfes. In-, . 
consistent lipid peroxidation activities were fourio-Tn-preliminary studies 

using glaSS~are washed with d~tèrgent, hot water a~d rinsed with distilled 

, 1 
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water and dried in-an air circulating aven. Ta furtber minimize iran con­

taminati~n in this study, all test tubes u?ed were chemical 'free disposable 
r 

glassware (Cornin.g Cat. No.: 99445), The use of thes-e tubes for all irfcu-

bations and most p\ocedures, greatly reduced the tube-to-tube variation in 

lipid peroxidation determinations. - When other glassware was required, it 
o ' , 

was washed in 0 . .,1 M HCL and deipnjzed water immediately prior to use, to 

reduce iro~ contamination. As far as possible, all pipetting was carried 
-

out using automati·c-pipetting devices with disposable polyethylene tips. 

l~hen pipettes of a larger size were required, all glass pipettes were used 

which had been w~shed in chromic acip and rinsed in deionized water. 

j -. 
N. ELECTRON MICROSCOPY OF MICROS~AL PELLETS 

At \ 
Microsomes used for electron microscopy were prepared in a manner 
- -

similar to that alre~dy described in section A of M,ethods. The only dif-

ference was the. addition of 25 ~M EDTA to'the phosphate buffer at all stages 

of the prepâration . 
• -~...=.......", 

Microsomal pellets (100,000 x 9 pellet) were fixed in 3~ glutaralde-

hyde-in phosphate buffer (0.1 M pH r.4) for 3 hours at room temperature. 

After the first 30 minutes in the fixative, the pellet was gently lifted 
~ ~ ... .. 

. , 
from the bottom of the centr1fuge tube and,cut intQ l mm wide )lices and 

then replaced in the fixativ:. After ~nè 3 hour fixi~g period, the tissue 

was washed 3 times with phosphate buffer and allowed, ta stand in phosphate • 

. buffer overnight at 4°. The tissue was then dehydrated in graded ethyl 

alcohol solutions (70% up ta 100%) and embedded"in' Epon"S12. Sect.ions were" 

eut with a diamond knife and mounted on copper grids. After staining with 

- .1 
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,. \ 
\ 

uranyl acetate and 1ead citrat~, sections were examined under a Philips 

300 electron micr9scope. 

O. STATI'STJCAL METHODS AND COMPUTER PROGRAMING 

1: The students tt-est for 'unpai;~d idata was) used in th"is study to 

dete~in~ st~tistical significance 0t the difference between two means. 

Sign'ificance throughout the study was~ defjn~d. 'as being ait the ~% level a i.e.~ 

, p < 0.05. 

2. Estimation of the spectral dissociati'on con'stants (Ks) in sub­

strate difference spectra experiments~ was carri~d out by an iterative fit 

of the délta (AOD vs substrate concentrati.on) (Wi lkinson 1961) to the stan­

dard Michaelis and Menten....equation (Mi'thaelis and r·1enten 1913) used ta 
, c 

...... ~ .... '-- - . 
~ .~''l.... <1 

describe enzyme catalyzed reacti~~bsorbance change was substituted for 

velocity in the original equation as tollows: 

l'lOD '= AOD max: x S 
Ks +:'S 

. 
w ere flOD ,,;, absorbance change 

• b 

Ks = spectral dissociation constant 

S ==, fbstrate' conc~n,tration 

The equation Js in the form of a rectangular hyperbola. The i~rative fit 

'of experimèntal data to the equation was carried out using a FORTRAN cnm­

puter program described by Cleland (1966). The original program was 0 

. . 
slfghtly modified to enable its use on a remote MUS'le tenninal connected 

ta the main computer center'at McGill University. An IBM 360 c~mputer was 

ùsed in the system. The program estimates Ks, OD max~' l/Ks, l/QU_~ax, ahp 
) - ) 

. . 

, 
'\ 

, 1 
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Ks/QO m?x, wh; ch were used to fit the 1 i ne on the double reci proca l plots,. 

The symbols used in the FORTRA'N program" 'and the program itself 

arranged for use i~ the McGill remote terminal MUS!C'system, and a typical 

arrangement Jor data input, is ;llustr~ted on the following" pages. 

1 ) 
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Symbpls used 'in the program: 

i' 

V(l), V(2), etc. 
p.(1), A(2), etc. 
W(l), W(2), etc. 
S(l,l)", S(2,1) 

S(l ,2). etc. 

Q ( 1 0, Q ( 2), etc. -
SH(1), SM(2), étc. 

SS(J), SS(2), etc. 

JJ 
NP 

M 

N-

. 
Experimental ve10cities 
Corresponding substrate concentrations 
Weighting factors for velocities 
The array in which matrix 9 is set up. Atter 

the solution i5 obtained. this array contains 
~ the regressfon coefficients ana, the inverse 

t 
. , ma rl X., _ 1 -. 

The expressi'ons ifl""eql1ati9-Q6. 
Sca1~ factors used,to'equalize diagnols of the 

matrix during solUtjôn. 
During solution"; the S array is overprinted several 

times. Information in the first çolumn which 
is erased by the overprinting but still needed 
during t~alculations is stored in the SS 
array. ,0 ... 

"Number of data sets pr-ocessed. 
Number of data po1nts i~ a given dpta set (number 

of data cards fol1owi~9 ti tle card). 0 \ 

With r1 = l, the matrix solution subroutine uses 
statements 15 and 16 ta make the preliminary 
fit as discussed in Section II-O. With M = 2, 
statements 17 and 18 are used tQ make the iter­
ative fit described in Section II-E. 

-,., 
The number of constants to be detenrtined (2 in 

this program). Ihe ma'trix solution subroutine 
and ce'rtain other statements are COl11llon to all 
progr ams and are wr i tten, in te"rll1S of N ,N+ l, and 
N+2. 

- CK 

NT 

o 
52 
Sl 
~, VINT, VK 

SEV, SECK,~EVI, 
5E$L, S~K 

1 

WCK, WV, \tJSL, 
WVI, WVK 

1, ~, K, L 

" 

~The constant K in equation 1. CK is first pre-
1 iminary estimate of K~ but becomes refined to 
Hs final value by the, iterative procedure. In 

l''statement 18, for ihst~nce-. CK on the right is _ 
e pre1 iminary estimate; on' the left,- the newly 

re ined imate. ~ -. 
'Numbe ite tions. This is set at 3 here. tiut 

may be set tQ ny number ~yOèhanging the IF 
(NT -,?) statement. . > ~ 

Denominator; used tQ simplify arithmetic in cal-
" cu'ating Q's for the iterative fit. 
Experimental variance (residual least. squarep 
Square root of experimental variance (sigma) 
K/V (slope of the line described by equation 2); 

l/V,(vertical intercept of this line); V/K. 
StanDard errors of the estimates of V (maximum 

veloci,ty), K (Michaelis corwtant). l/V, K/V, 
V/K. ' 

Wei'ghting factors f~r further analysis for K, V, 
, K/V, l/v.', V/K. " 

, Counti ng i ndi ces for va'ri cus DO loops in the 
program. 

-.'. 
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·PROGRAM: 
0001 ILOAD F'ORTG 

• 1 

-
0002 . DIMENSION VU e~}) ,A(100) • 'i( 10") ,S(3~ 4) ,Q(,3 > ,S(WJ(3) ,SS(3 > 
0003 
0004 
0005 PRINT 100 
0006 100_ 
0007 11 

FORMATe35 H F'IT TO HYPERBOLA - V= 
FORMATe 13 ~11~48 H 

VMÂX*À( K+A)///) 

) 

'0008 1 
0009 .. 

~ 0010 14 
0011 
0012 12 
0013 
0014 
0015 
0016 
0017 
0018 15 
0019 -
0020 19 
0021 20 
0022 
21923 
0024 
0025 16 
0026 
0027 
0028 
0029 
0~30 
0031 11 
0052 
9033 
0034 
0035 
0036 lB' 
0037 
0038 . 

-"03-9 21" 
_ ","0040 

" 0041 22 
0042 
0043 
0044 
0045 
0046 
00it7 

'- 0048 
0049 10 
0050 

FORMAT (3-FI0.S) 
JJ=0 ,1 

READ II,NP 
IF' (NP) 99,99,12 
M:: 1 . 
'N=2 -
P= Np-·N 
NI: *+-1 
rc2=H+-2 
GO TO 2. • 
READ If '"V(1),~( l),W(I) 
1 F (WC 1» 19 , 1 9 • 20 . 
WC 1> = 1. " 
Qe 1)= V( 1>**2/ AC 1> 
Q( 2) = V( 1>**2 
Q(3):: V( 1) 
GO Ta 13 
CK= sc 1,1> /.5(2, 1 ) 
JJ= JJ+l 

, . PRI NT Il. JJ 
NT=-0 
1'1:2 
GO TO 2 . 
D: C1<+A( 1> 
Q( 1 ):: &\( 1) / ri 

. Q( 2) : Q( 1) /D 
Q(3):: VC 1> 
GO TO 13 
CK= CK- SC 2,1) Ise l ,1) 
NT:: NT+l 
IF (NT-3) 2.21,21 

, , . " 

, 
:J 

~:0 .~ 

op 22 ~: 1 , NP" <-
S~=52+eV( 1>-S( 1, l>*A( I>/(CK+A( I»)**2*'W( 1> 
S~t 52! P ", _ 1 _ • 

SI {SQRT( 52) 1 

- SL: C'VS( • ,1> 
~ NT: 1 .1 SC l , 1) 
VK= l./SL 
DO 10 J=2, Nt 

p DO"" K= l , N 
S( K, J)= S( K,J>*'SM( K>*SM( J-l) 
SEV=Sl.*SQRT(S( 1 ~2» 

..... 
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({J~51 
0052 
0053 
005~ 
0055-
0056 
0057 
03S8 \ 
0059 
0060 
0061 
0062 
M63 
0064 
02165 

r---'-- - ---0066 

/ 

0061 30 
0068 31 
0069 32 
02170 3~ 
0011 34 
0072 35 
0073 
0074 C 
0075 2 
0016 
0011~ 3 
0078 
0019 
0080 .13 
0081 
0082 4 
0083 
0084 5 
0085 . 
0086 
0087 
0088 Q6 
0089 
0090 J~ 
0091 
0092 " 
0093 7 
00941 
0095 l 
0096 loS 

0091 
0098' 9 ," 
0099 . 

1 ~~ 00 
~01 36 

0102 99 
riJI03 
0.104 

SECK~1*SQ~T(S(2 •. 3»/S(1;l) . " " { 
~ .SEVI=,...~E.v/Se 1,1 >**2 ' . ~ 

St 1 t~')= SI* SQRT( CK**2*SCl ,2)+S( 2,3 )+2*CK*S( 1 ,3) ) , 
SESL~S( 1',3)/5(-1,1 >**2 - . 
SEVK~S(1,3)/CK**2 
WCK= 1./SECK**2 
WV= 1./SEV**2 
WSL= 1 ./SESL**2 
14VI= 1 ./SEVI**2 
WVK= 1 .1 SEV1<**2 
PRINT 30~CK,SECK.WCK, 
PRI NT 31, S( 1',1) , SEV., WV 
PRI NT 32, SL, SESL, 14SL' ~_ 
PRI NT 33, VI NJ., SEVI.L~L - " 
PRINT 34, V1<"SEVK;1fVK . .. 

",. 

PRI NT 35. S2~ SI ' 
FORMAT(1H K' = FI2i6,13HS.E.(K) = Fll.6.S''H W :'114.5) 
FORMATe1H V : FI2.6tI3HS •. ~.(l/) = Fll.6.5H W :~14.5) 
FORMATe7H K/V = 'F12~6,!~HS.E.(K/V) : FIl.6,'U: 'EI4.5) 
FORMAT(7H I/V: FI2.6,13HS.E.<l/V) : FII.6,SH = -EI4.5) 

- FORMAT(7H V/K : FI2.6,13HS.E.(V/K) = /'1'11.6,5 '11: E14.5) 
FORMAT (12H VARIANCE'~ El.t.5,10H SI~A: FI2.7//> 
GO TO 14 .' ! 

MATRIX SOLUTION SUBROUTINE ' 
DO 3' al: 1 • N2 ' 
DO 3 K : 1, NI 
S(K,J):0 
DO 4 1: 1 , 'NP , 
GO TO (15" J 7) , M 
DO 4 J: l, Hl -
o 0 ~\ -K= l , N . ~ '- , 
S( K. J) = SC K. J)~Q( K>*Ii( J)* W( 1) 
DO 5 K; 1. N ; --..~ .. ~ 
SM( K)= 1. / SQRT( S( K, K» , 
SM( Nt>: 1 ~ 
DO 6 ,J= l , NI' 
DO 6 K=l"N' , 
st K, J) = S( K. Ji*.5M( K)* SMC J) 
SS( ND=-!. .. 
SC 1, N2): 1. 
DO 8 L:: 1, N 
DO' 7 'K=I, N 
SS( K)=S( K, 1) 
DOg,J:l,Nl 
DO 8 K=I, NI 
S( K, J) = Ise K+ l , J+ 1 ) - SS( K+ 1 ) * SC 1 , Jt. ) '-SS( 1 ) -< 

. DQ 9 K= l , N', - , 
SCK,1):-S(K,D*SM(K) 1 • 

GO TO (16,18) ,M 
1 

FORMAT(23H PROGRAM COMPLETED 
PRINT 36,JJ 
STOP , 
END 

p 

-, ? 

0105 /DATA 
r-----;;- • 
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DATA MATRIX: 

OJ05 fDATA 
0106 6 
0107 0.004 
0108 0.008 
0109 0.010 
0110 0.013 
0111 0.015 
0112 0.018 
0113 
0114 END 
0115 fEND 

l 

0.10 ' 
0.20 
0.30 -' 
0',,50 
0.70 
1.00 

60 

Note: data deck must end with a blank card which is 1ine 113 in this ' ~ 
example. 
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A. MICROSOMAL NADPH DEPENDENT LIPID PEROXIDATlON AND lTS EFFECTS ON 

. . 

AMINOPYRINE N-DEMETHYLATION AND NADPH OXlDASE IN THE DEVELOPING AND • 0 , 

ADULT RAT 

The activij:y of NADPH dependent lipid 'peroxidation ip hepa.tic micro-. 

somes prepared from male rats aged from birth t~ adulthood is shown in fig­

ure 2. A low level of 0.34 ± 0.04 nmoles malona1dehyde/mg microsomal pro-

tein/15 minûtes "Jas n,oted at birth and maintained 'close ta fhat level for 

t-'Qe fi rst t,wo weeks of li fe. Between two weeks and three weeks of age. 

activity lncreased sharply té rea~h a maximum level of 3.52 ± 0.35 nmoles 
• 

malonaldehyde/mg microscmal protein/'l5 minutes at025 days of, age. Activity 

decreased gradually over the following three weeks to a valuë between 0.20 

and 0.30 nmoles malonaldehyde/mg microsomal pr6tein/15 minutes, which_was 

maintainel into the adult age group-. In the experiment illustrated, adult 
J1 \ ~ ;.. L 

1 

activity in rats weighing 290 gms was 0.20 ± 0.04 nmoles malonaldehyde/mg 

microsomal protein/15 minutes. :~EÙTA (25 \lM) added ta the, incu1bation mix- 0 

~ 1 ~ , 

- tures, inhibited NADPH dependent lipid peroxidatJon by at least 90% at all 
" . 

ages tested, ~'indicated by the dotted 1ine in figure 2. , 

Stimulation o~ NADPH dependent lipid pe;oxidation activity by ferro~s J' 
inon ~nd_ its inhibition by EDTA -in rats aged 21 days, 25_days, and adults, 

'\ -.......... 
i5 ill~strated in figure 3. In control incubation mixtures, without 

'l. 
addit.i-ons of either iron or EDTA, lipid peroxidation activity was respec-

ti~ely, ~.88 ± Q.17, 3.79 ± O.Jl~_p~d 0.15 ± 0.03 nmoles ma1onaldehyde/m~ 
- j , - ,-

1 ....- 0 '\ \ 1 4' 

mi cros omal ~rotein/15 minute~ ~or 21 dâ~~ 2~ day, and adult rats. The 

add tion of 25 \lM ferrous ~ulphate ta the)reaction mixtures, stimulated 

NAD H dependent lipid peraxidation"act~ty ta 13.13 ± p.S8, 19.69 ± 0.69 
r , 

" '\\ 

". ' a 
ç, 
, l 
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FIGURE 2. NADPH dependent lipid peroxidation in hepatic micrO$omes 

prepared from rats aged from'birth to adulthood . 

Each value represents the mean ± S. L, of the results ob- .... 

tained from 5 individûal rats. ..-~ .... norm~l lipid per-

l ' 

oxidation, o------a lipid pe~oxidation in the presence of 
( 

25 \lM ŒTA. 
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FIGURE 3. 
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The effect of ; ron and EDTA on NAD PH dependept li pi d per-' 

oxidation in hepatic micr06om~s pr,epared from 21 d~y~ 25 

day and adu 1 t rhls. 

Incubation mixtures containillg 25 ).1t4 ferrous sultphate· or 
( 

:25 ).lM EDTA where indicated. Each ~ar repfesents the mean 
, 1 

±'-S.L obtai,ned from 5 ~ndividual incubation mixture's con­

ctatriing mlcrosomes pooled from 3 rats. 
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.. 
and 11.47 ± O.~l nmoles ma1Qnaldehyde/mg microsomal protein/15 minutes for 

-- --r-" 21 day, 25 day and adult aged rats, respectively. This represents an 11-

fold ·stimulation at 21 days, 5.3-fo1d stimulation at 25 days and ,77-fold 

G stiinulation_ in adu1ts', for NADPH dependent lipid peroxidation activity in 
, ' 0 

microsomes. In all age groups, NADPH dependent lipid peroxidation was a1-

most totally inhibited by 25 ~M EDTA added·io the reaction mixtures. 

As illustrated.-in fi.gu~e,-4, NADPH d~pendent lipid peroxidat~'~n ac-
_ ~ • ...... ',,, t 

tivity in ~he presence of 25 ~M ferrous iron was stimulated to,~ m~imum 

\ in both 25 day 'and aduÙ ~at microsOOles .• Maximu!&-ç s:t~i ati on of NADPH 
,e-" ,P 

dependent lipid peroxidation, was attained,at an iron concentration of 5 llM . ~ 
~ . 

in 25 d~y old ra~s and-was attained at ~n iron conc~ntration 'Of 15 ll~ in' 
\ ". 

adult rats. EDTA inhibited NADPH dependent 1ipid peroxidation at'copcen-

trations r-anging from 1 -to 25 ~r1 when added ta reaction mixtures contairling 
.,.. .. 0 • 

m;crosornes prepared.fro~ 25 day and adult rats (figure 5). Because the 

-bas,al le~~ls of liP'i,d 'peroxidation differ in 25 da~ and adult rats, the ". 
\ 

data has been replotted in the "inset of thè 'd1agram using % inhibition of , , 

o , 

control activity for each particular .age group. ' The % inhibition for the 
• Q ~,.. • ". \.'!) 

t~ag~s studied waS identica1,' and'the Iso.as calc'ulated from the graph 

for bath 25 day ànd adu)t rats,was approxima:te1y 2 llM EDTA: 
il • 

. ,The .ti!TIe, course 'of NADP~ Qependent. 1'ipid pero)$idation in 25 clay "and 
~ ~ C). ' .. • 

,adult rats is shO\4Jn in figure 6.-, Lipid peroxidation continued tà inorease 
, . 

=<"" , ... • 

for at l east 2D minutes for, both control and iran stimul ated microsomes in 
- , II:> ~ .. . ' . . . 

b-oth ,age groups. The reactions are~!>how€lver, not 1inear, par-ticularly_in 
• 0 

, the case of the reaèti~n m;xtuh~s containihg '25 IJM iron. "Be'Cause of this 

ion !{om 1inearity_s lipJ'd peroxjdatioll was e>Çpressed as malonaldehyde . . . 
, " 

\ " , 

. , 
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FIGURE 4. 
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Thè stimulation If NADP<H,dependent lipid peroxidation- by' 

dif.ferent concen.trations of ferrous iron in hepatic micra-
1 { 

sames prepared fram 25 da~ old and adult rats. 

Incubati on mixtures -contained ferrous suiphate, 'in qmcen-

trations ,ranging frctn l ~M ta 25 ].lM. 
Q 

Each point repre-
- ;) 

sents an individual incubation mixture containlng micro-

sames obtained fram Cl' pool of 3 rats. ..--... 25 day 
, 0 <1 

ôld rats, 0 0 adult rats. 
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The inhibition of ~AOPH dependent lipid peroxida~ion by 
, ' 

different: concentrati ons al EOTA in hepati i:: mi crosOOIes 
~ 

prepared from 25 day old and adult·rats. .. . , 
-

Incubation mixtures contained EOTA in concentrations 

ranging fram l \.1r~ to 25 }.lM. Each point represent~ an 

"individual'inçUbation mixture containing'!'licrosomes ôb­

tained fram a pool of 3 rats. Ion the main tf{agram, inhi­

b~,tio~.s i11 ustrated by- a decrease in the al\ilal amount 
'\ 

Of malbnaldehyde .produced. This data' is replotted in the . ' 
in!et using % inhibit'ion O'f ~ontrol activity for, each age 

1 .' 

gr-?ll,p . .... --... 25 pay old rats a o--o-adult rats. 
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Thè time cour$e of NADPH dependent lipid peroxidation in 
~ ., 

control and iren stimijla~ed hepatic microsomes prepared 
.Of 't 

\ . , 

fram 25 day old, and adult rats.' --' 

Incubation mixtures with and without 25 ~M iron ~dded, 

were Jncubated for peri ods ranging fram 0 ta ,20 minutes . 
• 

Each point represents an individual incubation m+~ture '. - 'lit 

contai ning miè'rosomes ob,tai,ned _ fr~~\ a poo,l of 3 ràts. . 

1 .' 2,/)5 day old rats (control). 1---"--1 25, ~ay old 

rats (25 pM Fe2+)", 0 0 adult rats (control), 
\ 

0,.,-'----0 adult rats (25 llf1 Fe2+). 
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\' 
1 fonned/15 minutes incub'ation' t'ime, which ~a~ the incubation time utilized 

, \ . 

througho~t the experiments. 

Non-heme'iron levels determined in rat microsomes pr~pared fr~ 
. 

rats ag~d 25 ~ays and adults, are shqwn in table 1. The level of 7.06.± 

o 0.31 nmoles non-heme ir~n/mg microsomal prote;n in 25 day old rats was not 

s~gni.fic~ntlY different frQm the leve1 of 7.44 ± 0.'26 nmoles non-heme irbn/. 

mg protein in adult rats. 
, 

Aminopyr;ne, ~~ich was the substrate',for drug oxidati(9~'used through~ 

. out this /~tudy" inhtbi'ted NADPH dep~ndent lipid peroxidat~on at concentrations 

ranging from 0.1 to 10 mM when added to reactton mixtures containing micro­

some,s p~epared~rom 25 day and a~ul t rats (fi gyre 7). Because~ the basal '1 

levels of l,ipid peroxidation' differ', in '25 day and '?dult rats, the data ha~ 

been plotted in the inset of the dia~ram uSing % inMbiti,on~ of control ac-
-' :~\ -' - -" 

1 __ 

tivity for each parttcular age -group. The % inhibition':F0r the two ages 

studied is identical, and the Iso, as ca,lculated 'tram the graphJor.both . ., 
25 day and adul t rats, ·is 'approximate1y 1 mM aminopyrine .. 

, :Micro~omes were preincubated)W1thout substrates for 10 and-30.minutes 

withOan NADPH genera~ing syst~m to prom~i~ 1iP,id--p~roXidation.', Amin~p.yrine 
. ~ ~ l ; . .. 

was th en added ana the rate. of aminopyrine N-demethylation determined and 
• ~ 0 , .. 

, \ ' 

com~ared to aminopyrine N-demethylatio~ctivity in'mict~som~s wbicb had 
~"', ", ',.... .' 

not been preinçubated (figures 8 and 9).' .To. min.ilJlize lipid peroxidation 
~ f r. " ~ .. 1 

actlvity. after the preincubation 'period, a côn'Centration of 5 nt-t'aJqinopyr,fne 
, " " / .... :- 1 ... 

• ~ • '1> L '-

was used for th~ .detèrmination Qf N-demethylation' act!'ivity. - As already 
.. .. ~ j 1 1 \1 i - . . .. f .:" , 

o • '-

~QWn in fi.gure-.7, ,5 m~ aminopyrine inhi~i~SINADPH,~epen.dent·J.iP;a pèroXi,-o," 

dation by 90%. ~ In 25 day old rats (figure 8) s pre.incubation of control 
" . , .", 

." ,_ Q • " • <,'r~1c>;;: 

... .).)l~ 1 ~...v <oI{1fef\:: 
• ," \(,' ~ 'i. J\ ..... ,.,\ 
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Table 1 

Non-Herne Iron Content of Microsomes 
Prepared From 25.bay Old And Adul~~ts 

Age " Non-Herne Iron 
~ 

(nmoles/mg protei,) 

~ . 
25 days 7.06 ± 0.31 

Adul t 7 .4~ ± 0.26 

Values represent the mean ±, standard' ~ 
errer oT 5 individual rats which were 
not litter mates. 

p > 0.05 
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FIGURE 7. 
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The inhibition of NADPH dependent lipid peroxidation by dif-

ferent concentrations of aminopyrine in hepatic microsomes 

prepared from 25 day old and adult rat~. \ 

Incubation niixtures contajned aminopyrine' 'in concentrations 

" " 
ranging from 0.1 to 10 mM. Each poin,t r~presents an indi~ .. . . 
vidual incU'batio,n mi"xture containing microsomes obtained 
'0 ' 

fram a pool of 3 rats. In t.he'main dia9ram, inhibition is 

iTlustr9teg by'a decrease in ~'e'actual,amoun~ of malon-
~ . . 

al det\ide prdduced. Th; s '-data is replotted in the i n$et 
, 

\ using %, inhibition qf contro.' activi.ty for e'adf age group. 
~ . 

... --... 25 day old rats, 0---· 0 adult 'rats . 
.. 
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FIGURE 8. The effect of preincunation of hepèltic mièrosomes with an 

l 'l ,N~PH g"enerating system and iron or EOTA on~_ the subsequente-

ij-demethylation of e 5_.mM amiriopyrin'e, ~n ~5 day old ~ats. 

'. 1 

'. 

o 

o 
) 

• 

Preill1cubat'ions ~ere càrri..ed o!,K: for, the times i'ndi c<rted 

under th~' cond i t i~d~tilil ~d in Resu l ts before N-demethy-
- 1'1 , 

l' l~tion of amJinQpyrine ~/as .... determined. f~;h valu-e re-

-presents the mean ± S.E. obtainad fr~ 5 individua, incu-, 

bation mixtures which contained.mierosomes pooled from 6 

rats aged 25 day~. 
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FIGURE 9.· The effêct of preincubation of hepati.c microsornes V/ith an 

\ 

NAOPH generating system a~d iran or EDrA on subsequent 
, 

N-demethylation of 5 mM aminopyrine in adult rats. 

Preincubations were carried out for the times indicated 

under the conditions ?etailed in Results and t~' N-demethy­

lation of aminopyrine 'tlas determjned. Each value re­

presents the mean ± S.L obtained from 5 individual incu-
, 

bation mixtures which contained microsomes pooled from. 

'6 a~ult rats. 
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microsomes with an NADPH generating sys-tem had a\narked effect in reducing 

the activity of aminopyrine N-demethylation. After 10 ~inutes preincu-r . 
bation, a,minQ"pyrine N-demethylation was reduced by 20% and after 30 minutes 

preincubation, was reduced by 50%. The addition of 25 ~M ferrous iron to 

the preincubation réaction mixture. produced a further decrease in the 

ability of microsomes to N-demethylate aminopyrine. In these incubation 

mixtures, N-demethylation was reduced by 50%, 60% and'90%, after preincu­

bation times of O. 10 and 30 minutesf respectively. In contràst to iron," 

EDTA (25)J ~.1) added ta the prei ncuba ti on reactton mi xtures had li ttl eO effect 

in.preserving the ability of the microsomes ta N-demethylate aminopyrine 

when compared ta prei~cubation without any additions. 

In contrast 'to the res\ults obtained with 25 day old rats, in micr'd­

somes prepared from adult ratsJ (figure 9), preincubation with an NADPH 
. . 

gen'erating 'system for 10 minutes had no effect on the ability of the micro-, 

sames to N-demethylate aminopyrine campated to microsomes which were not 

subjectecf to prelincubation. Preincubation of adult microsomes for 30 minutes, 

reduced am; nopyri ne N-demethy1 at; on 'activ; ty by 20%. . Hhen pre; ncubati ons 
:--:1----" ---

Were carried out in the presence of 25,~M ferrous iron, aminopyrine N-

demethylation was reduced by 50% after 10 minutes and by 80% after 30 minutes " ) . preincubation. Addition of EDtA ta the preincubation r~action mixtures 

had no effect in preventing the sli~ht decrease in N-demethylation se en af-

ter preincubating control micrasames for similar times. In figures 8 and 

9, the difference in the basal level of'-aminopyrine N-demethylatian without 
.. 
preiriêubations (1.866 ± 0.070 nmoles HCHO/mg microsomal, protein/minute in , 

the 25 day old rat compared to 3.672 ± O~114 nmoles HCHO/mg microsomal 
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prote,in/minute-in ad.ults) is acco nted\\for by t e normal age d'ifferential 

in the activity of this substrate xidation in he develbping rat. 
~ 

es prepared from rats~aged. . , 
Total r~ADPH oxidase activi y, in micros 

, 

25 days and adult, is shown in fig re 10. ntrol microsomes; NADPH 
< . , . 

oxidase activity was )10.472 ± 0.42 nmoles NAOPH oxidized/m~'microsomal , . 
protein/minute.at 25 days, ,compared to 12'.2.64 ± 1'.278 nlTJples NADPH oxi~iz~d/ 

mg microsomal protein/minute in the adu1t. F~rrous i~on (2? ~M) added ~ 

~e incubation miJxture, stimulated DPH oxic,iation 2.5 times in the 25> 'd~Y· 
~ ~ J 

/ old. rats an~ by '1.4 times in the .d~ t rats. When EDTA (25 .M) was, fed, 

the incubation mixture's NAOPH oxida ion activity was reduced 14% tn 25 

day ç1d rats and 4% in ~dU1t ra~s, wien compared to the control incubations , 

for the corresp~nding ages. NADPH 0 idation determined in this ex.periment, 
1'~ . 

represen ts the total NADPH util i zed the i ncubatton mi xture~, and i,ncludes 

~ in the total, the NADPH used specifi ally for ~AOPH dependent lipid p~rox'-

~ 

dation of mi'crosomes. ' 
, 

N'À~~H oxidation uti1ized spe ifically ,for the peroxidation of the 

endogenous \ipid of the micros~mal m mbrane is shown in figu~e 11. Th~se 
\ . 

values were calculated by detenminin th~ activity of NADPH o~id~ses which 
• 

"-was sensitive ta inhibition.by the 2 ~M EOTA added ta the inçubation mix-
4 

tures. - The fol10wing formula, used in the calculation of this-~alue, was: 

(NAOPH oxidase activity us~d specif cally for lipid peroxidation) = (Total 
, 1 ' 

NADPH oxidase activity) - (NADPH-oxidase activity in the ~resènce of 25 ",M 
, . 

" , 
EDTA). In control microsanes, NADPH opxida';e ac~ivity for lipid peroxidation' 

~ . . . 
was 3.8 times grea,ter i,n 25 day 01 d rats a~ compared ta adül t rats'. When 

\\ .... , 
25 ~M ferrou s i ron Vias addedo to the react i on mi x~ures, NAOP/-f ox i da se 

.' . 
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FiGURE 10. :he effe~t of 25 flM iron and 2'5~,r~ EDTA,on total NADPH oxi­

~ation in hepatic microsomes prepared from 25 day old and 

,. 
/ 

/. 

/~. ' 

, . 

adult rats. 

.Incuhatian mixtures c~ntti'ffed 25 llM iran or 25 llM EnTA 

as indicated. Each value, represents the mean ± S.E. of 

the results obtained from 5 individual rats at each age. 
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The effect of 25 ~M iron on NADPH oxidation specifically , 
\ ' 

. utilized for lipid peroxidation in hepatic micro,sames 

prepared from 25 day old and adult rats. 

The values shown' ar~j the amount of NADPH -Oxidation which 
-

is sensitive to inhibi~ion, which' is calculated 

, using- the formula ( AD?/{ used for l ipid per,oxidati.on) = 

(total NADPH oxidi ed) - (NADPH oxidation in the presence 
~ ~ ~ { 

r 

represents the me ah of the values 

5 individual rats. 
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, .) 

, a"ct i v ity for li pi d peroxidation was stimula'ted 9Y 10 fold in 25 day old 
~('I 

Iron stim'ula\,~ed rats and by 12 fold in adult rats,. NADPH oxidase for li pid 
" peroxidation is .3.3 fo1d greater in 25 day a1d rats compared ta adult rats. 

The general pattern for NADPH oxidation, specifie for llpid peroxidation, 

is qualitatively very similar ta the pattern for NAD PH dependent lipid per-

oxidation, as determined by the thiobarbitur;c acid reaction in control~ 
f 

and iron stimulated microsomal incubatfon mixtures, as illustrated in 

figure 3. 

',i .-- ~ _.B. 4 PO;E;I~IATION OF DRUG OXIDATION :V INHIBITION OF 'NADPH DEPENDEN; 
LIP1D PERO,oIDAJIQN IN HEPATIC MICROSŒ'1ES IN 25 DAY OLD AND ADULT RA~S 

;' , 

The effect of EDTA on rJ-demethy1a.tion of aminopyrirfe is shown in 

figure 12 for severa1 separate microsomal preparations in 25 day old and 

'-- adult rats. In about 50% of micrasomes prepared from "25 day old rats., 2541M 
l , 1 ~ 

EDTA aaded ta re?ction mfxtures potentiated aminopyrine N-demethylation, as 
.. -

represented by p~ep~rat;ons.1 and.2 in figure 12. ln preparati~n l fr?~ . , 

25 d~y old rats. 25 ~M fDTA ~ad no effect on N-demethylation O~i~Opyri~e 

~nd, in preparation 2, 25 ~M EDTA 1ncreased the aetivity of aminopyrine . ~ ~ _. 
N-demethy1ation. In most preparations which are represe~ted by preparatio~ 

!> 

2, an increase of about 10% was observed for aminopyrine N-demethylation 
" (11% in the particular example illustrated). Large incr~ases in N-demethy-

\, 

lation which 'have been reported by Kamataki and Kitagawa {1973} in adult 

rats', were not observed in the present experiments in microsomes prepared 

from 25-day old rats. When-~ult rat microsomes were used, 25 ~M EDTA had . , 

no effect,,'on aminopyrine' N-demethylation in any prèparation used in the 

" 

'. 

1 

, 1 
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FIGURE 12. The effect of 25 ~~~ EnTA on N-demethy'lation of ainino-

, 

Q , 

pyrine in Ü10 preparati'bns of hepatic microsomes from 

25 day ald rats and a preparation from adult rats. 

1 • • 
N-demet~ylation of l mM aminopyrine was determined in 

incubation mixture containing 25 llM EDTA. Ea'ch bar 

represents the me an ± S.E. of 5 ;'ndivtçftJal rats. Approxi­

mately 50% of pr~parat;ons yielded results similar to 'll 

preparation land 50% yielded results simi1ar to pre­

parati on ,2. 
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present studies. In the examp1e illustrated in figure 12, incubatipn 

carried out in the presence of 25 ~M EDTA resulted in an N-demethylation 
, - . 

activity of 4.~66 ± 0.171 nmoles HCHO/mg protein/minute, which was not 
" 

significantly different froRl the activity of 4.724 :li 0.203 ~mole~ ~CHO/ -

mg protein/minute found in control .incubations. 
, ) 

1 

The 1inearity of lmM amtnopyrine N-dernethylati,on reactions with 

respect ta time i$ shown in 'figure 13 in 25 day old and- adult rat micro-
\ . 

sames incubated jn the, presence of EDTA and ferrous.iron. In control incu­

bation mixtures containing the standard· amino.pyrine N-demethyJatioY) rèac- .-
~ . -

ti~n mixture, the r~action was finear-for 20-~5 minutes in both 25 dayand 

adu1t aged rats. Hhen EDTA was added to the incubation mixtures, 1i.nearity 
" .. . \.. 

was similar ta untreated microsomes. When 25 JlM rerrous iron was adde& to 

i ncubat ion mixtures, the 1 i nearity of -i;h~ 1 N-deml>~hy lat ion 'r.eacti on was r 
shortened-to' le'53 than la minutes in 25 d'ay old rats ~nd to 15-20 minutes 

• ,r' 

in adult microsomes. ['/ith respect ta all the condit,ions tested, a plateau­

of total formaldehyde formation was rea~hed.in less than 50 minutes reaction 

time. ~ amount of N-dé~](~thyl at ion ofcurring \'ii thin. 50 m,inutes, ir i ron • 
o J 

treated mi crosomes was 50% of the value obser:v~n both control and EOTA 

, ~rè a ted .mi crop~e S for 2~ay 01 d ~ a~s ,In adu lt ~ats the amount of N­

demethy1ation which occurr.:l jn 50 minutes in\ron treated microsomes was., 

. about 70% of that found in bath control and EDTA ~reated microsomal 'Rre-
. .... 

parations. 

. ' , , 
,," , '-;-

THE EFFECT OF NADPH DEPENDENT lI~tD ~EROXIDATION ON TYPE 1 AND tYPE II 
SUBSTRATE BINDING SPECTRA A~~D' ON SPECTRAL DI SSOCIATION CONSTANTS IN 

c. 
. MICROSO~1ES FRaN ADUL T RATS .' 

~ L ., 

SH,bstrate indj,jced binding spectra for aniline (type II.substrate) 
, :\ ~ .. ,I 

l • 
~ 

'. 
? (t 

- 1 
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"The linearity of aminopyrine N-demethylation reactions 

in control incubation mixtures and in the presence of 

25 ~~'iron or 25 ~M EDVA in hepatic microsomes pre-
r 

paref! from 25 day 0 l 
.,..", 

adult rats . 

Ë~ch point represerJts n (ndiVidual încubati'Qn mixture 
(, 

containing micrQsomes obtained from a pool of 6 rats. " -

Reacti ons were termi Rated at 5 mi nuté interva 1 s up to 

a total of 60 minutes.' • control incubatioA 

mi xtures ,_ 0 0 25 j.lM Fe 2+ ~ II II 25 "].lr4 EDTA 
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o V 1 

cytochrome P-450 of microsomes incubated with an.NADPH generating sys­
,1 

to induce NADPH dependent lipid peroxidation, are illustrated in figure 
, 

14 (A and B). ~Jithout preincubation, 3 rrM aniline demonstrated a typical 

typ,e II di fference spectrum when added' to a mi crosoma 1 suspens; on con­

,taining 2 mg protein/m1~{figure l4A). Àmax was at 430 nm and Àmin was 

405 nm. Preincubation for la, 20 and 30 minutes in the presence of an 

NADPH generating system had no effect on either the qualitative or quanti­

tative aspects of the di fference spectrum. Àma'x and Àmin remained about 
, i 

4~0 nm and 405 nm, rèspectively, during the incubation. Twenty-five ~~',,' 

ferrous iron added to the incubation mixture had no effect on the differ-

ence spectrum of aniline when added immediately prior to the determination 

of the spectrum (figure 146). Àmax remained 430 nm and Àmin remained 405 

n~. Aniline difference spectra, in ~icrosomes preincubated with an NADPH 

~enerating ~ystem, and ~1 ~moleso ferrous iron, are shawn in figure 148. Pre-
\ , " 

i cubation for 10,.20 and 30 minutes 'had no effect o,n the qualitative 

the difference ,spectra with Àmax remaining about 430-435 nm and 

remaining about 400-410 nm throughout the incubation periode ln 

ast, the magnitude of the binding sp~ctra' at 430 nm and 400 ~ 

d during the 30 minute incubation period. These Auantitative aspects 

of the ifference speétra are il1ustrated in figure 15~ where the differ-
. . !. 

tinction bet~een Àmax at 430 and Àmin 'at 4b6~·,.?(AOD430-400) is 

shown afte various perieds of preincubation. In control micr~es, pre-
""'> 

incURat10n i th~ presence of an NADPH generating system t had no effect on 

ÀOD430~OO for at 1east 30 minutes. In contrast, there was a gratlual 
': (.l- • J ~. ...... 

decline of AOD430-400 during the 30 minute preincubation period in 

r __ --1.. 

./, 
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FIGURE 14. The effect of incubation of microsomes with' an NADPH 
c 

gen~rptîng system on aniline induced spectral changes 

of adult rat li \Per mi crosomes . 

. 
The difference spe~trum of 3 mM aniline in microsomes 

was determined after incubâtion with NADPH generating 

system for various times: --- 0 minutes, ------ 10 

minutes, ...... 20 minutes, -.-.-.- 30 minutes. In A, 

incubation)was carrjed out in control incubation mix-. , 

tures and, in B, incubation was carried out in the 

presence of 25 ~M iron. 
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FIGURE 15. 

1 

',t, 
.~ 

1> 

/ 
The effect of incubation of microsom~s with an NAOPH 

generatlng system on the Ô00430-400 induced by aniline 

in adult rat l;~r microsomes . 

. incubations wer~ carried out i~ control reaction mix-

tures o~---o, and in reaction mixtures ~ontaining 
< 

25 i1M i ron ,,---tli. Each pO'int represents the mean of 

two de~erminations of &00430-400 from separa te incu­

bation mixtures containing microsomes pooled f~om 3 ,. 

rats. 
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microsomes prei~cubated in the p~sence of an UADPH generating 'system an'd 

'2.5 llM ferrous iron. After :30 minutes preincubation t.OD430-400 had declined 

to 30% of' its original value when compared to the control incubation mix-

ture which was not preincubated, 

Th~ effect of pteincubation of microsomes for 20 minutes with an 
~" 

NADPH generati ng sys tem on the magni tude of spectral binding of varyi ng 

concentrations of aniline and the s~ectral dissociation constant (Ks) for 

aniline are shawn in tables 2.and 3. e magnitude of the binding spectra 

i nc;~as~s \'li th i n~as~ substrate concen U~ i ng a' dOUb'l; recf-
': 

. ~rocal plot (1/liOD430-4oo vs 'lmti aniline) and varying th~ concentration ,v 
t·"; 

of aniline from 0,1 to 1,0 mM, a linear double reciprocal p,lot wa~ obtained ; 

(figure 16). Us i ng a computer program to fit the 'data ta th~ equati on for 
( 

a reètangular hyp~rboh. a ~pectral dissociatlon constant of 5,)2 x 10-4 ± ' • j , 
th microsomes pre-0.57 x 10-4 M was obtained for control micrbsom~s. 

. 
incubated in the presence of an NADPH generating system an~ 25 pM iron for 

20, minu-tes, a lin,ear double reciprocal plot was,obtained uSi.ng, aniline Con­

centrations'of 0:1 to l,a ~M ~(figure 16) ... The bindlng constant was 4.37 'x· 
• • \ •• c •• _ .-

10-4 ± 1.97' x 10-4 M. The speet-ral binding con~tantl·for, ani'li'ne ~fter 20 ' 
, '1 .... 

min~'tes preincubation was not signifià~ntïy diffetent from'tRe control 
.-, ~--~ 

spectral binding constant. The goodness of fit of ~he d'ata to' tHe rec~ 

t~ngU,lar hyperb~la \qUation, decreased after preincUba~io~ a~ réfiected by . . ~ 
an 1 ncrease i fi ''the standard errors of j(s compa~d to co~tr(i) i'~: as shown in 

table 3. 
" 

Substrate induced difference spectra'for hexobarbital (~yp~ 1- sub-
, -

strate) in micfosomes incubated with an NADPH generating system to promQte' 

,;,.'t .,' ' ._ . '. ' 
r l 
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Table 2 
1 .. J' 

, . ' 

Change in Ab50rba~te ln Difference Spectra of Microsomes After 
'" f) J ~ 

The Addition of Various Concentrations of Aniline and Hexo-
barbital and pre~ncuD~tion wfth an NADPH Generating System and 

, -~ 

, 25 ~M Iron. : ,.J.' 

~.~:L" .. J, 

"J.' ... ( 
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Preinc~6at~on Time 
(minutes) 

Substrate Concentration 
mM 

AA~sorbance -

o Anilin~ O. 1 0 " O. 004 
0.20 0.008 
0.30 0.010 
0.50 ,0.013 
o • 70 -0.015 J 

1 • 00 0 . 018' """._-"-r~~ 
o l 0 ,------ , ô:ôôî-- .. -.. . . / 
0.20 / DA 005 " 

,/ 

0.30 /' 0.007 

An il i.ne 

0.50./ 0.008 
.... .o.::nl 0 .009 \, 

o Hexobarbital 

20 . Hexobarbi ta 1 

ÂAbsorbance:J Anil ine = >.430-400 nro " 
.. '. . "Hexobarbital = :\500-425 nm 

• , 

1.00 : 0.010 

'il-:-05 -'--
0:10 
0.20 
0.30 

0.10 
0.20 
0.30 c' 

0.50 

' . 

0.006 
o.mo 
0.014 

- '.0.018 

0.003 .... 
• 0.005 " 

)f "-
?r' ., 0.007 
" ,O.OOB 

I~ 

• 0 

1 
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Table 3' 

Spectral DissocTation COWltants for Aniline and Hexobarbi'- ., 

tal ;n r4icros~es pr~i:f:·tbated with an NADPH:'Generating .. 

Sy~U~m ancf 25 '\lM lr.~n .• 

Substrate - Preincubation Time 
(minutes) 

• 

Aniline a 
". < 

Ani l hIe 20 

Hexobarbital a 

Hexobarbita 1 20 , 

Spectral Dissociation 
Constant (Ks)' 

(mM) 

o 0.512 ± 0.057 

0 .. 437 ± 0.197 

\ 

"'CL 203 ± O. 040 

0.326 -± O. 1 00 
o - " 

Va1ues.represent Ks calculated using a computer program to g 

fit the data ta a rectangular h,vperbola eqûation. _-

? 
, -

\ 

o 

", 

" 

1 ___ _ 
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FIGURE 16. Double reciprocal plot of changes in absorbancè ,.. 
(600430-400) resulting fro~ the addition of aniline 

, to microsomes containing an NADPH generati~g system 

and 25 pM iran and incubated.for 0 and 20 minutes. 

"'-',,; ., 
Each point represents ~ single detennjnation of 1/ 

00430f400 ~for concentrations of anil~e 'fram 0.1 to 
f t 

1.0~. The 1ines of best fit are constructed using 

the constants gener~ted by the comput~r program which 
< 

fits the data to a rectangu1ar hyperbola equation. 
(,' 

'~ t-----. no incubation~ ?~--o, 20 minute incubation . 
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NADPH dependent 1ipid peroxidation i5 shown in,figure 17 (A and B). ~Hith-
~ 

out pre;ncubatio~ (figure 17A), 1 mM hexobarbital demonstrated a typical 

type'I spectrum when added to 'a microsomal suspension containing 2 mg 
'l • 

pro~ein/m1. Amin was 425 nm and Arnax was approximately 390 nm. Preincu-
:/, ... !> 

bation for 10, 20 and 30 minutes ~ith a NAOPH generating system had no" ef-

-fect on either the qual itative or quantitative aspects o{ the difference 
, 

spectrum (figure 17A). Amin aAd Amax remained at about 425 nm,and 390 nm 

rés.pectively. T\<lenty-five I1t~ ferrous iran added ta, the reaction mixture 
{' 

- <, ci" 
i~mediately prior ta the determina~n of the difference, spectra~ had no 

{ 

effect on the hexobarbital difference spectra, with ~min remaining at 425 nm, 

and Àmax remaining at 390 nm. PreincJbation'~ith ferrous iran and an ~AOpH . 

generating system for 10, 20 and 30 minutes, had no effect on'the ~uali­

tative aspects of the difference spectrum with Amin remaining at 425 nm 

and'Amax !emaining at 390-395 nm (figure 178). In contrast~ t~e magni­

tude of the binding'spectra deçlined during preincub~ion period, with the 
j,! 
" 

extinction Amin at 425 ~m gradually declining over the 30'minute incubation 
1- " ,_ 

'time (figure 178). The 'reduction in magnitude of the spectrum at Àmin 425 
co, 

, , 

nm» is illustrated in'fi§ure 18~ where the difference in abs'orbance between 
--' , 

1 500 nm and 425 nm (60050 0-425) is shown âfter inèreasing 9reincubation times. 

In control microsomes, pteincubation with an NAOPH generating system has 

no ~ffect on 6005QO-425 for at least 30 minutes. In contrast, in microsomes 

y preincubated with an NAOPH gënerating system and 25 l1M ferrous iront 

, Adt,sOO-42S ha;' declined' ta 47~ of ~ts original value pri~~ toincubaÙon.\ _,-", 

The effect of pre;ncubation of microsbmes for 20 minutes with an ' - . 
NAOPH generating'system, on the spectral binding of varying concentrations 

b 

, 
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fIGURE 17. 

,,' 
~ ~,~ 1 1 • 

T~eff,ect of incubation of microsomes with an NADPH 
<:; 

"'~enerati ng system on hexobarbita 1 i ndu-ced spectr,a l changes 

of adult rat 1iver microsomes. 

-1'..!,.,' , 

The différ,ê"rce spectra of l mM hexobarbital i Il micro-
-

,somes \'/as aeter.mined after preincubation with NADPH 
"'< t ,"" 

g~nerating svstem'for varying times. 
'.~ 

\ -----10 minutes, ..... 20 mjnutes, -,-.-.-.30 minutes. 

In A, preincubation was carried out in control incu­

bation mixtu~ès and, in B. incucration waS carried out 

in the presence of 25 ~M iron. 

o 
., -"1: 

Q 

" 

" 

• 

. . 

1 

• 



" , 

r' 

\ 
,~ 

, .. 



\ 
a 

FIGURE 18. 
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f 
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, .' 

The eff~ct of in~ubating of mlcrosome~ with an·NAOPH gen­

erating \ystem on ~OD500-425 induced by hexobarbital in 

adult rat liver,microsomes. 

I~cubation were carried out in control reaction mixtures 
:- . 

01--:.--0, ~nd\in reaction mixtures containing 25 \.lM iron 
-.~ . 

• -.------. •.. : Eaèh poi nt represents the mean of two de ter-
\ 

o f' 

mi nati bns of liDOs 00- 425 from sepa,rate i n~ubati on mixt-f,ures 

containing microsanes from" a pool of 3 rats, 
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of hexobarbital and the spectral binding constant (Ks) for hexobarbital, 

are shown in tables 2 and 3. The magnitude ~f the difference spectrum in­

creased with increased substrate concentration. Using a double reciprocal 

plot 1/600500-425 vs l/~exobarbital concentration,_ and concentrations of , 

hexobarbital varying from 0.05 mM to 0.3 mM, a-1inear double reciproca1 , 
plGt wâs obtained, as shawn in figure 19 .. Using a computer program ta . 

• <!!n 

fi t the data to the equat i on for a rectangul ar nyperbo la, ·a' spectra l di s-

sociation constant of 2.03 x 10-4 ± 0.40 x 10-4 M was obtained for hexo-

ba~bital in control microsomes. In microsomes preincubation in the presence 

of an NADPH generating system and ferrous iron for 20 minutes, a linear ' 

double reciprocal plot was obtaine~ us;~g hexobarbital concentrations of 

0.1 to 0.5 m~1,., The binding spectral disso.ciation constant was 3.26 x 10-4 ± 

1.00 x 10-4 M for hex~barbital in, preincubate~ microsomes. The spectral 
! 

binding constant for hexobarbital after 20 minutes incubation was not 

spectral bi~ding 'constant determined in 

~ontrol microsomes. A ase with aniline binding spectra, the 
, 

goodn~ss of fit of theo"experi tal data to a l"ectangular hyperbdla, was 
- . 

decreased after incubation for ~O minutes as reflected by an increase in 

the standard errors: of Ks compared to the control stan"dard errors of Ks 
\ 1 

(table 3). 

"i ":' , 

D. THE EFFECT OF NADPH DEPENDENT LlPlD PEROXIDATION ON CYTOCHfWME P-450 
LEVELS IN MICROSOMES PREPARED FROM 25 DAY AND ADULT RATS - , 

\ , 

t1icrosomal content of cytochrome P-450 "las de~ermined after micro­

. somes \'/ere inc~bated_ with an NADPH generating system ta promote 11pld 

• 
~---- --~ 

1 

,-
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FIGURE 19. 

• 1 
f 

p 

L 
Boub 1 e reci'proca 1 plot of changes in absorbance 

(ôODsoo-42s) resulting fro~ the ~ddition of hexobarbital .' , , 

to mi crosomes contai ning an NADPH, generati ng system an\d 
f 

25 ~M iron, and incubated for 0 'a~d 20 minutes. 

Each point represents a sin91e determination' of 
1 

1/~ODsOO-42S for concentrations of hexobarbital from -
c 

0,05 - 0:50 mM. the lines of best fit are constructed 

using the constants generated by, the computer program 

which fits the data to à rectangular hyperbola equation. 

'1_--8' no-iincubation, 0'''''';'--0 20 minutes incubation • 
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perOXjda~ion. Incubations were carried out in reacrion media witb and with­

out the addition of 25 J.l!~ ferrous i ron. The method used for the detenni na-
-

tion of cytochrome P-450 me-asured the reduced cytochrome \p-450-CO compl ex 
" , 

without interference ,from endo.senously formed carbon l monoxide. 

Incubation O~y oid microsomes with an NAOPH generating system, 

had no effect on the cytochrome P-450 1evel fo~ at least 30 minutes~ with 

the value remaining between 0.39 and 0.41 nmoles cytochrome. P~450/mg microsoma1 
, } 

, , 

protein throughout (figure 20). Addition of î5·-ll-Miren ta the.incubation 

reaction mixture, had no effect on the cytochro~e P-~?~~ntent of m\~~ÛI-.:t _ 
. ,~~~ 

som.es durin,9 30 minutes incubation. As shown, in figure 20,- the range-W 

values at .the variqus incubation times are irentical to that. found in the 

control incubation reaction 

Incubati on ,of 'adul t mi crosomes for peri ods up to 30 minutes· al so 

V, flad ,no' effect on the cytochrome P-450 content of mi crosomes , witfl the values 

remaining between 0.65 and 0.70 ,nmoles cytochrome P-450/mg mi crosOOIal protein 

(figure 2Q). The increased cytochrome P-450 l_evels of adult microsomes . 
compared to 25 day old Iflicrosomes, is -due- tg the normal difference' found 

in the developing rat. Add:tion of 25 ~M iron to the incubat\~n media had 

no effect on the cytachrome P-450 content of mi crosomes. The ~l ts 
1 -

\J 

illustrated in 'fi,gure 20 are those obtained',in a typical experîmentj ÏÎl--

't~rge'other slmilar experiments, inçubation of microsomes with an NADPH 

E. 

system ~J1J had 00 effect on cytoch~ol'ne P-450 contënt. -. 
" 

MALE-FEMALE' DIFFERENCE IN NADPH DEPENDENT LIPID P~ROXIDATI~, AMINO­
PYRINE N-DEMTHYLAT~ON AND ELEÇTRON TRA~SPORT COMPONENTS IN ADUtT RATS 

, , 

Microsomal suspens~Qn$ pr~~aréd frgm a~ult male and,fe~ale rats 

" ' 

/' 



FIGURE 20. 

, 
---

r----

\ . 

/ 

l , 

The effect of ;ncybàt~ m;crosomes with-an NADPH gen-
. 

erati ng system and 25 \.I~1 i ron on' hepati c mi cros omal cyto-

chr,ome P-450 coY)centrati,on in 25 day old and aqult rats. 

\ 

Incubations were carried out for the times ind~cated in 
" 

an incubation mixture containing an NADPH generati~g sys-
o 1 • 
.. 1 

tem;. • control i~cubatiàn3 0-.-.-0 inéup'atioh con-
1 .' 

tain.,ing 25 j..tM iron •. Each p~ipt represen'ts the mean of two> 
1 0 

separate incubation mixtures containing microsomes qb­

ta; ned from' a pool of 3 rats. 
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'(250-300 gm) contained similar amounts of protein. ,Female' rats contained 
, t7 

27.64 ± 1.69 mg microsoma1 proteinjgm wet ,liver and 18.43:li 1.13 mg protein/" 

,ml microsomal suspensions compared to male rats which contgined 28.08 ± 

2.31 mg microsomal proteinjgm wet liyer and 18.72 ± 1.5~ mg proteirt/ml 

microsomal suspension"as shown in table 4. The differenc~s in NADPH depen~ 

! dent lipid peroxidation if"! microsanes from female and male rats are shawn 

in figure 211 NADPH dependent lipid peroxidation in female rats was 0.933 ± 

0.052 nmo1es malonaldehyde/mg proteinjr5 minutes, ·which was significantly 

higher than the male activitx, of 0.394 ± 0.029 nmoles malonaldehype/mg 

__ proteinj15 minutes. The addition of 25 ~M iron to the rea~tion mixtures 

stimulated NADPH dependent Hpid peroxidation activity to 17.003 ± 2.107 

nmo1es malonaldehydejmg protein/15 min,utes in fema1e rats and to 10.568 ± 

1.170 nmoles malona1dehyde/mg proteinj15 minutes in'male rats. 

~ 

- 1 

Non-hem~ iron leve'ls 'were significantlY"higher in the female compared 

to male rats. A concentration of 7.092 ± 0.142 nmo1es iron/mg profeîn, was 

determi'ned in the fema 1 e compared' to 3.862 ± 0.221 nma 1 es iron/mg prote; n 

in the'male,"as sho\'m'în "table 4. 

Aminopyrine N-demethylation in microsomes was significant1y lower 
" 

in female·rats when çompared ta male rats, as shawn in table 4. Female 

rats had an N-demethylation activity of 3..476 ± 0.235 nmoles HCHO/mg proteinl 
, , 

minute, compared ta an activity of 5.141 ± 0.290 nmo1es HC~O/mg protein/ . 
-

minute, recarded in the male rat. ~Ihen aminopyrine N-demethylation reac-

tians. were carried out in incubation mixtures containing ~JlM EDTA, the 

activities in both femal,e and male ra~s remained unchanged and the dif-

., ferences between the two sexes was mai otai ned. 
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Table 4 ' 

, 
NADPH Dependent Li pi d Peroxidati on Activity, Orug Oxidati,on and El eetron 
Transport Components in Microsomes Prepared From Adult Male and Female 
Rats '1 

Lipid Peroxidation 
(nmoles malonaldehydel 
mg p~tein/15 minutes) 

Ami nopyrine N-pemethy1 ati,on 
(nmoles HCHO/mg piotetn/ 
ri1inut~) [lmN aminopyrine] 

Cytochrome P-450 
(n~les/mg protein) 

. 
Cytochrome c Reductase 
(nmoles cytochrome c 
reduced/mg protein/ 

• mi nute) 

Non-Heme Iron 0 

(nmoles/mg protein) 

Microsoma1 Protein 

.c 

, ., 

Control 

25 ~r4 Fe2+ 

Con.trol 

25 ~M EDTA , 

--
5 

mg/ml microsOO1es 

mg/ gm wet 1 i ver 

, 

\, 

Male Female 

0.394±0.,029 O. 933±0. 052* 

10.568±1.170 17 .003±2. l 07~' 

5.141±0.290 3.476±0.235* 

5.089±0.191 3. 547±0. 280* 

0.476±0.031 0.316±0.022* 

90.64 ±7.16 72.35 ±4.62+ 

3. 862±0. 221 

18.72 ±1.54 

28.Q8 ±2.31 

7 .092±0. 142* " 

18;43 ±'1.13 

21.64 ±1.69 

a. 

* l--~ Significantly di,fferent p < 0.05 f 
r 
,r' 

.. 
+ 01 -)f p < ~ " ~ V. 

'!r'" ,.400 l.. • 

Va lues represent the mean'" s:and! error o~ 6 

--, 

, 
.' , ' 

individual rats 
~ 

" 
• '4&' [ 
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FIGURE 21. The difference in NADPH dependent lipid peroxidation in 

hepatic microsomes prepared fram male ard female rats . 

. , 

-
.,) 

. 
Incubation mixtures contained 25 ).lM iron as indic,ated . 

'-

on t~e figure. Each bar represents mean ± S.E. of 6 

indjvidual rats. 
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Als,o, as detailed in table 4, microsrnttal cytochrome' P-450 level 
, 

was 34% 10we}'1 in female "rat's compared ta males, and microsomal cytochrome 
, 

c reductase ~ctivity was 20% 10wer in female rats compared,to males. 

" ' 
F. NADPH DEPENDENT LIPID PEROXIDATION AND ITS' EFFECTS ON AMINOPYRINE N­

DH1ETHYLATI ON nt HEPATIC Sl1J3CELLULAR FRACTIONS PREPARED FROM HUMAN 
LIVER' OBTAINED AT AUTOPSY OF NEHBORN INFANTS 

> • 

"t!# 
" , 

Microsomal NADPH dependenf lipid pe~oxidation activity was ~eter-, , 
J ~t/"......... II> 1» ........ 

mined in subcellular fractions prepar~d ~~am.livers of 3 human infants and· 

one 19 week fetus. Table 5 records the relevant, clinical data on the 

b autopsy material studied. Samples 1-3 were obtained from infants of nor­

mal birth weight for their gestational age within 3 hours of death. Sample 
\ ' 

4 was obtained from 'an a~9rted fetus, and though feta1 h body weight wa:s not 

recorded, the crown-rump and crown-heel lengths were normal for a fetus( 
, 

of this gestational age. Tab le 6 summari zes the drugs received !Lv each 
r '..';ô 

infant prior to death. Of particul.ar, n'ote was the phenobarbital, used to 

control seizurês, received by patient number 1 in '4 dos~s of 6""mg, each 

dose being given at 8 hour int~rvals. 
1 

NADPH dependent lipid peroxidation activities in the subcel1~lar 
r 

fractions ~f each sample are recorded in table 7. In sample l, whic~ is 
1 

also illustrated in figure 22, highest activities were observed in t~e 

lOO,aOOp fraction (~icrosomes). In lhis sample, rpi,d peroxidation ~ctiVit,}d 
"'" - , 

wa~ 0.686 nmoles malonaldehydelmg pratein/15 minutes. The add~ion pf 

25 fJr~ \,r~n tq bble reacti on mixture
q

, st.imul'ated l ;id p~rox-ldati on ac~i vit y 

to 12. '\4 nmo l es mal ona 1 dehyde/mg pr~tei n/15 mi nu~es, whi le the addilti on 
, , 

of 25 fJM EOTA reduce9 ~ctivit~ to, 0.042 nmoles ~alon~ldehy~e/m9 pro~ein/l~ 

" 
\ 

... ,.. .... 
\. 
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• Table 5 

C1inica1 Data 'On the Human' Infants Studi ed 
( 
\ 

"->, . 
e~ -... , 

Pati ~nt Sex Birth Weight Gestati ana l Postnatal 
gms Age Age 

'" 
l male 3026 40 wks 38 hrs 

2 male 3650 38 wks 36 hrs 

3 male 2215 
tI 

31 wks 10 days 
, . <> . 

4 r:a1e CR 17 cm 
CH 24 qn 

19 wks 0 

·1 

., c . 
CR = c rown rump 1ength " . 

4",-,' CH = c rown .hee l l ength 

RDS = respiratory distress syndrome 
" 

r .. 

\ ..,....'---

.. 

~ ,-
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Oiagnosis . 

AS'phyxià 

lA 

Asphyxia 

ROS» Sepsis 

Abortion 

, 1 

J 
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Table 6 
Il 

Drugs Received ~y Human 'Infants Studies 

.r Postnatal Age 

38 hours 
:: 

'"\, l 
- v';;':~ 

" . ' .... 

36 hours 
•• 

. 10 days 

o (fetus) 

{ 

Drugs Received 

Phenobarbi ta l 
De~amethazone 
Amp;cillin 
Gentamycin 
Polybactracin 

Phenobarbi ta 1 
Di azepam 

Vitamin K, Gentamycin 
Peni~illin, Ca gluconate 
Kanamycin, Lasix 
Ampicillin \ ' 

" , 

/ 
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Table 7 
/ 

/ 

NADPH Dependent Lip~ peroxidation Activity in Subc~llular Fractio~s 
Obtained from Hum~ Liver Sam~s in Cont~ol Incubation Mixtures and 
Incubation ~1ixtures Gontaining 25 ~M Iron')or'~5 ~M EtHA 

,1t 

Sample Fraction 

1 10,000S 

1 -100',OOOS 

l 100,OOOP 

2 10,000S 

2 1 00 ,ODOS 

2 . 100 ,OOOP 

,,. 
Lipid Peroxidation 

(nmoles/mg protein/15 minutes) 

Control 

0-290 
0.290 0'290 

o· 078 
0.143 O. 209 

O' 619 
0.686 0.754 

0'192 
o . 1 84 o'. 1 7 b_ 

O. 146 ~: ~ ~ '~ 
0'400 

0.354 0.308 

8-00B 
7.851 7' 694 

, 0·777 
0.765 0'759 

25 ~M EDTA 

C):227 ~: ~~~ 
o ~15 7 

O. 180 '"'O. 204 

12"219 ' 0 
12·109 0.042 0.084 

1'137 0:175 
1.128 1.118 0.146 0.134 

l' 241 
1,.185 1.129 

l' 411 
1 .639 l---a. 67 

0·139 
0.126 0'112 

0'197 
0.194 0.191 

i 

-------------------------------------------------------~-_/--.~ 
3 

4 

4 

4 

100,OOGP 

. 
t 

10,-oOOS 

100,000S 

100.OQOP 

O· 3 39 
0.289 0.238 

0·225 
0.336 0.447 

o· D1~ 9 
0.052 O.O~ 

0·827 
1.017 1'207 

·11·254 
1.347 1.439 

1 • 8,01 
l .628 1. 45~G 

2· 804 
2.946 3-089 

0·174 
0.225 0'275 

~ 
? 

, , 

/ 0·077 
01' 073 0 • 0 68 

0'000 
0.150 0-299 

0·000 
0.000 0.000 

Values represent ~ean of two determinations. Individual values are 
gi ven in sma 11 ty$)e a fter each mean. 
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FIGURE 22: The effect of iron and EDTA on NADPH de~endent lipid per- . ~ 

oxidation in hepa~ic microsomes prepared from a human 

~ newborn infant. 
1 

Incubation mixtures contained 25 1l~1 ferrdùs sulphate or 

25 llM EdTA where indicated. Each bar represents the -

mean of the 2 determinations, which are given in table 7., 
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minutes. Lower activities in both control reaction mixtures and reaction 

'mixtures containing,25 lJM iron"were demonstrated in the 10,0005 fraction.' 
'f ~ l - ,-- " - '. 

This fra~tion, however, was resistant.to inhibition Py ?5'llM EDT~. W'ith 
, 1 

onl.y a slight reduction. in activity compared to"the correspohding control 

reaction mixture.' In the 100 ,OOOS . sol uble supernatant ~ractions, 1ipi~ 

peroxidation activities were much lower than in the other two fractions~ 

and even in reaction mixtures containiRg 25 lJM ir~n"only 0.765 nmoles 
. , 

1 " 

malo~aldehyde/mg protein/15 minutes was formed, a va'~e which is only margina1ly 

higher than the control incubation mixture of the microsoma~ fraction. 
\ ' 

In the subcellular fract~ons prepared from samp~es 2 and 4, the 

overall activities were much less tha~ in sample 1. In bath 'cases, highest 
\ 

activities were observed in the microscmal fraction for both,·control 

reaction mixtures ~nd 25 ~M iron reaction mixtures, and the lowest activi-

ties were recorded in the 100,000S supernatan~ fraction. As noted in 

sample l, EDTA was an effective inhibitor of the NADPH depende~t 1ipid 

peroxi~ation in micro~'anes, but it was not a good inhibitor in the "other 

two 'fractions. Only data fbr the 100,000 x;g pe 
1 

mine~ for samp1e 3, and though c~ntrol act~ri~Y was 

activity in the other samples, stimulation ,y 25 lJM 

tive . 
• , . -

Protein content, non-heme iron content, ·and cytochrome c 

activ.ities for the subcel'lular fractions of samples 1, 2 and 4, are illus-
o , 

\ trated in table 8. Protein concentration in sùbcellular fractions was . ' 

, '" 

similar in the three s'amples, with protein concentrations in the micro-

bejng comparable to the~ ran~e of 20-3~ mg/ml fou~~ 
, 1 

somal fraction 
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Table 8 . 

o 

Protein Yield, Non-Herne I~on Contènt and Cytochrome c Reductase Activity 
,in Subceïlular Fractions Obtainéd from Human liver 

- '-1 J 

) 

Subce11ular Sample 1 ( Sampie 2 Samp1e 4 
" Fraction 

J 

/ 

1 

10,0005 
,~ 

26.79 25.35 21.81 , ' 

Protein " 
(mg/ml) 100,OOOS 16.23 15.21 16.30 

.f.! 
-------- ) - . 

lOO,OOpP '25.21 34.45 22.37 

J 
'1 
J 

10,OOOS 6.50 3.48 4.02 
Non-heme i ran 
(nmoles/mg protein) 100,0005 ,,8.39 , 4.04 ~ 5.34' 

.-
-1 OO,OOOP ~ 5.78 ".07 Y4 __ 

Cytochrome c "10.0005 61.98 18.85 6.76 
reductase 
(nmoles cytochrome 100,OOOS 7.03 6.82 4.15 
c reduced/mg prot~inl 
minute) 100,OOOP 193.47 45.34 9.89 

• r 
.' 

.\ , 
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in preparations from.adultlrats. Non-heme iron content of the subcellular 
, , 

fractions from the three samples was similar, with the. exception of the 

, mi crosoma l pellet from samp 1 e 2 wh i ch )lad a non-heme i ron content of 25% 

of the pther samples. Cytochrome c reductase ac.1:ivities were highest in' 

the microsomal fraction and ranged from 9.895 nmoles Cytôc,hrbme c' reduced/ . 
l, 'mg protein/minute in sample 4 to 193.47 f1mole~ cytochrome.c reduced/mg 

~/ ' 

protein/minute in sample ~~ Cytochrome c reductase activi~ies in the 

100,000 S supernatant, fraction were-almost Qegligible in all three samples. 
" ( Mi crosoma l fractions from samp 1 es 1 and 2 were used to study the , 

effects of NADPH de~endent lipid peroxidâtion on aminopyrine N-demethylation 

in human infant liver. The effect of preincubating m;Grosom~s w;th an 

NADPH generating system to ~romote lipid peroxidation on the rèsulting 

abï1lt~ of micro~Omes to subsequently N~dem~thylate ~minopyrine is shown 

in fi gure 23 and 24 for sampl e land 2 ,respectively. In m·; crosomes ob-
J 
tained from sample lA preincubation with an NADPH' generating sy~tem for 

. 
30 minutes had no effect orf"aminopyrine N-demethylation in control reaction 

mixtures. When microsomes were preincubate~ with 25 ~M iron and an ,NADPH 
'\,' 

generating system, aminopyrine N-demethylation_was reduced fram 2.205. ± 

0.3'82 nmoles HCHO formed/mg protein/minute in' the 0 time preincubation 
. ' 

sam~le to 1.528 ± 0.210 nmoles HCHO formed/mg protein/minute after pre-
; 

incubation for 30 minutes. When microsomes were preincubated for 30 minut~s 

, with 25 'llM EOTA, no effect on amin,opyrine U-d~methylation was observed. , In 

a similar experiment in sample, 2, preincubation of micros~es with an NADPH 
, - .' 

,generating system for 30 mi es'n the presence of 25 ~M iro 25 ~M 

EDTA, had no effect on N-demet~yla. 

, 
. . 

1 
" , 
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FIGURE 23. The effect of preincubatian of hepatic microsomes with 

an NADPH generating system and iran or EDTA on the sub-
~ , 

,-

. . . 

sequent N-demethylation of 5 mM aminopyrine in.a human 

newborrVînfant (sampl'e 1). 

\ Î 
Preincubations were carried out for 0 and 30 minutes 
o 

under the conditions detailed in Results before N-
, , 

demethylation of'aminopyrîne was determined. Each bar, 

rep~esents the mean ± S.E. obtai~ed from 5 individual 

mcubati on mixt~res "'Using microsomes prepared fram 
'i . l ,1 

sampl e l'.' 
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FIGURE 24. Tl1e effect of preincubation of hepatic mi'crosomes with 0 • 

\ 
\ 

an NADPH generatiryg Jystem and iron or EDTA on the sub­

seguent N-'deme,thylation' of 5 mr1 aminopyrine in a human l 

newborn infant (sample 2). 

Preifl~ubations were carried out for 0 and 30 minutes, 

under the conditions detailed in Results before the 
• J, 

N-demethylation of aminopyrine wa~ determined. Each 
o ~ 

bar represents a single-incubation mix~ure, using micro-
. " 

sanes ~red from sample 2. 

, . 

'\ 
\ 

\ ' 

Cl 

• j , '. 
, . ~\ 

-

-. 

• 



•• 

CI) ... 0.81 :;) ~ 

c .-
~ 0~7 
'è-. -
.! 0.6 
o .. 
~ b.~ 
E-

Ô' 0.4 
:J: -
u 
:t ,- 0.3 

~ 

~ Il ~. 
0.2 -0 

~ 
c 0.1 

. , 

\ -

~ 

~ 

10-

~ 

10-

-' . 

---

, \ 

, 

-

" 
. 

, 0 

( 

107 

.' 

. 
-

..... -
-

-. 
)' . 

,. 

~ , 

~J- -
g 

0 , ~o 0 - , 
Cf) 0 

. 
M Cf) 0 

, . • 1 

, 

. . . 
» J 

,. 0 ~ EDlA 2~fJM 

\ 
". 

, , 

, ' ' 



• 1 

.. 

.. 

, 
" 

108 

~;" 

' . 

aminopyrine ~f~gure 24). This particular experiment \lIas perfonned on"s1ngle 
" 

reaction mixtures and tha activity throughout the experiment rangednfrom 
, ~ 

0.55 ~ 0.69 nmoles HCHO/mg protein/minute~ lhe data in figures 23 and 24 
' . 

. should be contfasted with the effeat of preincubation in rat microsomes, 
1 _, ' . ~ 

which is shown in figures 8 and 9 for 25 'clay o,lq and adult rats. In the 
·r 

rat, even the control preincubation r~du~ed the ability of the microsomes , ,. 

to N-demethyl ate ami nopyri ne, whi ch i s i.n marked corrtras t wi th the res i s­

tance of human mièrosomes.to such an effect, even in the presence of iron. 
~ " , 

l'he li neari ty of the N-.,d.emethyl ati on reacti on in mi crosomes pre­

parèd fram samples land °2 is illustrated in figure 25. In sample 1, 

linearity of aminopyfine N-demethylation was maintained for at least 50 
- - . 

minute~.in(~ontro) neaction mixtures~and 1n reastion mixtures containing 
1 \l", .. 

25 ~M EDTA.' 'W~~~ 25 ~M iren was added ta th~ ~eaction mixtur~, linea:ity 

was maintained f~ abQuto30 minutes and after 50 minutes the amount of 
. - ~ 

formaldehyde. f6rmed was 83% of, that in control reaction mixtures.' In micro-

·sames prepared from sample 2, overall N-demethylation activity was lower' 
li • 

t~an in sampie 1. In this preparation, reactions were linear for 45 minutes 

in control reaction mixtures and in reactibn mixtures containing 25 ~M 

..... 
1 ron. These experiments on ,the 1 i nearity of ami nopyrine N-demethyl ati on 

reactions in human microsomes, contrast with the results 
~ 

. -- in whi ch 1 inearity does not exceed 20 minutè~ and ({an be 
o ' 

siderably ~y the' addition of 25' ~M'iron to i 11 us-

trated in figure 13. 

o 

" -
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FIGURE 25, The line~rity of lmM aminopyrine N-demethylation reactions 

.. 

o , 

~ , 
in çontl"ol incubation mixtures and in ·the presence of ." . 

25 ~M iron and 25 )lM EDTA in hepatic microsomes pre-

pared from human newborn infants. 

Each point represents an individual incubation mixtur~ ~ 

, containing microspmes obtained from sample l or sample 2. 

Reactions were terminated at 5 minute intervals up to 

60 ,minutes for sample 1, and 45 minutes for sample 2. 
Jo, . ' t l , b t' -+-1---0 25 "M Fe2+. ~ con ra lncu.a lon, 0 1 . ~ ~ 

u-t. __ '-ut. 25 )lM EDT A • 

o 

• 
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• 
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G. THE ABSORPTION OF NON-HD4E IRON FROM MICROSOMES USING GLASS IMMOBI­
UZED 8-HYDROXYQUINOUNE AS CHELATING AGENT, AND THE RESULTANT 
~ECT ON NADPH .... DEPENDENT LIPID PEROXIDATION AND AMINOPYRINE N­
Dt~ETHYLATION . 

The bînding capacity of 8-hydroxyquinoline glass beads for ionic 

ferrous iron was determined by adding 8-hydroxyquinoline immobilized on- , 

glass beads to so~tions containing known concentrations of iron and deter-
c 

mining the iron concentration remaining in solution after an incubation 

period of 15 minutes at 37°C. 8-Hydroxyquinoline gl~ss beads (10 ~g wet 

·weight) were added to l ml phosphate buffer (0.1 M, pH 7.4) containing iron 

in concentrations of l - 50 nmoles ferrous iron/ml. After 15 minutes incu-
"'" 

bation at 37°c-; iron remaining in the aqueou ined and 

,plotted as a function of the iron originally contained in ~' 

the medium (figu-re 26). In solutions containing up ta 15 nmoles iron/ml, 
• -, 

10 mg 8-hydroxyquinoline glass beads totally absorbed the iron from solu-

tion. _ ~4h? 8-hydroxyqu~nol i ne glass béads were added to solutions con­

taining greater than 20 nmoles iron/ml, a constant quantity of 20 nmoles 

iron was absorbed. The capacity of ~he 8-hydroxyquinoline glass beads for 

iron was, therefore, 2 nmoles iron absorbed per mg 8-hydroxyquinoline glass 

beads. 

Iron content, NADPH lipid peroxidation, and aminopyrine N-demethy- ~I 
. 

lation were determined in microsomal suspensi~s containing about 2.!!lg per 
, 1 

ml microsomal protein, which were incubated for 15 minutes at 37° after 

the addition of 10. mg 8-hydroxyquinoline glass beads. In these experiments, 
, 

25 day old rats were used exclusive~y to provide mi~rQsomes which had a 
\ 

high lipid peroxid~tion activity. 
l " -. 

Incubations of ml~~os.omes with 
- Jo: l ~ l 

- ;.., 1 

1 
j 

'. 

,: •. . 
J ...... 



FIGURE 26. 

.. 

" 

-r--

The bjnding capacity of 8-hYdroxyquinoline glass beads 

for ferrous iron, 

Ten mg 8-hydroxyquinoline glass beads were incubated'at 

37° with l ml phosphate buffer containing VarYin~On- " 
41 . 

cêntrations of irop. 'Each ,~oint represents the aque us 

fracti on i ron content of a single incubati on -mixture 

after ; ncuba t ion. . 
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\ 
8-hydroxyquinoline ;mmobili ed on glass beads had no significant effect~n 
the non-heme i ron content 0 mi crosomes as shown in fi gure 27. Simil ar ly;' 

incubation of microsomes for 15 minutes with 8-hydroxyquinoline glass beads 

had no significa,nt effect on NADPH dependent lipid peroxidation activity 

a r ami no pyri ne N -deluethy lat i on \ act i vi ty (fi ~ures 2a and 29). whe n campa red 

ta simila~ activities in contro\ microsomes incubated without 8-hydroxy­

quinoline glass beads. 8-Hydroxyquino1ine glass beads were a1so added ta . ' 

iron stimulated NADPH dependent lip1d peroxidatian reactians in micro~omes, 

as shown in figure 30 ahd table 9. NAOPH dependent lipid peroxi'dation was 

]1.362 ± 0.537 in a reaction mixture in which microsomes and 10 ~M iron 

were adde tQgether and an NAOP'H geJll!ratJng system was--added 2 mi nutes 0-

- - ~ --- -\--

later to i itiate the repçtion. This activity was defined as the control 

for thi 5 riment. WRen iràn waS added to th~ r~action mixture-l minute 

prior to ddition of micrnsomes, NAOPH dependent lipid peroxidation was tJ 

not signifi~ant1y different,fram the control reaction mixture, in which 
\ .. 

iron and microsomes were added together'to the mixture. Similarly. when 

l~ mg 8-hydro~yqUi(ol i'ne glass beads were added to the reaction mixture 

J minute after' the addition of microsomes and iron,'there was no signifi-
( -- -- ~ - _ _ _-1 '1 

cant difference compare~ ta the control activity in the reaction mixture 

in which mlcrosomes and iron were adJ:fed simultaneously. ~lhen iran and 
. . 

B-hydroxYqu1noline glass beads were added together l minute prior to the 

addition of mic~osomes, NADPH dependent lipid peroxidation was signifi­

cantly red~ced tgfï9: of the contr~l actlvity. This activity was only 

1.6 times great~ than NADPH dependent lipid peroxidation activity in . 

microsomes ;n~ubated without the addition Of iron. 

" 
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FI-GURE 27. 

'---

Non-heme iron content of hepatic microsomes of 25 day 

ol~ rats preincubated with 10 mg 8-hydroxyquinoline 

glass beads. 

tach bar repres~nts the mean ± S.E. for 5 lncubation 
1 • 

mixtures containimg mtcrosomes from a pool of-3 rats. 

-Microsomes were preincubated for 15 m~s-with 10 mg 

8-hydroxyquinoline. Control incubation mixtures were 

preincubated without 8-hydroxyquino}jne glass beads. 
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FIGURE 28. NAOPH dependent lipid peroxidation in hepa'tic microsomes 

of 25 day old rats preincubated'with, 10 mg 8:hydroxy-

" 

, 
b 

::.. 

quinoline glass beads. 

, 

" '" . 

Each~ bar represents m~an ± S.E. for 5 individu'aJ, ,incu-

bat; on mi'xtures containi ng microsomes prepared from 

a pool of 3 rats~ Microsomes were preincubated for' 
. 

15 minutes with 10 mg 8-hydroxyquinbli~e. Control incu-. . 
bation mixtures were preincubated without 8-hydroxy­

quinoline glass beads. 
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i 0 
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. . 

A~in?pyrine N7demethylat~on activity in hepatic micro-

somes,of 25 day o.ld rats preincubated,with.l-O mg 8-
1 . " -hydroxyquinoline glass beads. 

Each bar reprasents mëan ± S.E. for 5 individual incu-

bation mixtures conta'i~ihg microsomes prepared from a 
$ . ~ 

pool of 3 rats. Mi crosomes were pr'eincubated for 15;) 

, minutes with 10 mg 8-hydroxyquinoline.' Control incu-
c ; ~'.r 

bâtion mixtures were preincubated without 8-hydroxy-

~u,no1;ne gl~~ss beads . 
• ; .-r' 
~f 

+" 

.,' 

-. 

_1-------------

... 

• 
t 

" . 

.. 

'. 



• 
CD· 1-.. 
::J 
C -- -

~ 2 ~ 
< 

r-

--CD 
1 .. 

0 ,/ .. 
A- 1-

D) 

~ 0, 1 ::r: 
, 

-
. \ U 

:t: .. 
, 

1 

ut 1· CIJ 1--0 . 
~ 
c, 

SJ 

• \ 

/ 

-,..-
. 

c, 

----. 

l -. 

" .. ------------: 
~ 

-

, 

S-QH-Q -
GLASS 

\, 

'. 

-1 
-

.' 

'. ;. 

" 

115 

, 
ù 

.. 
..... --

, 

~ , -- . 
, 

,. 
, • 

Q 

~ 

1 

.. 
. 

" 0 

A • 

" 

.~ 



FIGURE 30. The effect Qf 8-hydroxyquinoline glass beads on the 

stimulation of NADPH dependent lipid peroxidation bY 
~ . ~ 

r ! 

iron in microsomes of 25 day old rats. 

Standard reaction mixtures for the determination of . -

fNADPH dependent lipid{·~peroxidation. except for the 

addition of microsomès and NADPH generating system, 

were pl aced on an i ncu'bati on bàth at 370 • At 0 time 
-' 1 • 

or l ~î nute. mi cros ornes,' 10 ).lM i ran or 8-hydroxy- -
, . 

quinoline glass beads, were added as indicated in the 
-

_.figure. At 2 minu~~,s, ~ADPH generatin,g system was 

b added and NADPH dependent 1ipid peroxidation activity 

determined using an incubation time of 15 mlnutes. , , 

" Each bar represents the ~ean of 5 individual incu-

'batipn mixtures containing m'içrosomes prepared fram a 
" 

. poo 1 of 3 ra ts . 
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, 
The Effect of Ferrous Iron and 8-Hydroxyquinoline Gla~s Beads on the 
Activity of NADPH Dependent Lipid Peroxidation in Microsomes Prepared 
from 25 Day Old Rats 

o ! 

Time off,Addition 
(minutes) 

o ) 2 

MIe + Fe 0 N~DPH 

Fe MIC NADPH 

MIe + Fe GB 1 NADPH 

Fe + GB MIe NADPH 

MIe 0 NADPH 

* " 

o 

uLipid Peroxidation 
(nmoles malonaldehyde/mg protein/15 minutes) 

11 .362 ±' à ",537 

.f:' 10.093 _' 0.651 

10.783 ± 0.436 

2. 153 ± 0.306* 

1 .305 ± O. 147* 

Significantly differ~nt from incubation in which MIe + Fe were added 
at a time without GB. p < 0.05 

MIe = Microsomes (0.2 ml) 
~ 

Fe c: Ferrous iron (final concentration 10 1-11) 

GB ~ 8-hydroxyquinoline glass beads (10 mg) 

NAoPH == NADPH generating system (O.l inl) 

Values represent the mean ± standard error of 5 incubation mixtures • 

• 
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H. THE EFFECTS OF IRON OVERLOAD ON NADPH DEPENDENT LIPIO PEROXIDATION 
AND DRUG OXIDATION IN t~ICROStJ.1ES PREPARED FROM 25 DAY OLD_\RATS 

. . J 
An attempt t~efnonstrate, in vivo 1 i pi d, peroxi d-ati on and its "i'esul t-

ing effects» \!Jas made by duplicating the conditions'required for high in 

V'L:1tT'O lipid. peroxidation in live rats. Twenty-five day, old rats, which 

have the highest NADPH lipid peroxidation activity. were treated with 

20 mg/kg, LP. iron-dextran daily for 4 days. After 2 day's, the skin of' 

the rats became'distin'ctly brownish in colour. This was par,ticula.r1y 
•• 

\.? noti ceab 1 e in the ears ançl skin surroundi ng the eye socket, whi ch became , 

bronze in'colour. On dissection, ~he lining of the abdominal cavity was 
" 

<) 

a deep bro'tln-bronze coloyr. lhis is p.resumably similar to the bronzed 
, 

or suntanned look whi~h is used t9 describe patients who suffei from ir~n 

overload. Control 'rats which were treated with equivalent volumes of 

0.9% saline, remaine& norm~l in colour. On the 5th day, 24 hours after 
1 

the last iron-dextran injection, rats were killed' and microsomes prepared ... ;, 

in phosphate buffer containing 25 llM EDTA, in an altempt to inhibit lipi'd 
) 14. ' , 

peroxidat;on activity during preparation of the microsomes. Microsomes' 
,1 

prepared 't/ith EQ..TA are termed mi crosomes (EDTA). 
~ , 

. In mi crosomes prepared wi thout EDTA, NAQ,PH dependent li pi d peroxl­

dation activity was 1.643 ± 0.203 nmoles ma10naldehydejmg protein/15 
, 1 

minutes 'in iron-dextran treated rats, which \'1as significantly higher than,... 

• the act'ivity of 1.2~7 :l; 0.08.1 nmoles malonaldehyde/mg. PToteinj15 minutes, . . , 
~ 

found in saline' ated control rats, as shown in >table 10. When 25 pM , 

ta the reaction mixtures, NADPH dependent lipid peroxidatior 
-

stimulated to 15.021 ± 0.811 nmoles malonaldehydejmg proteiQj15 minutes 
Il . .. . " 

" , • 
. ' 

" f 
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Table 10 

MicroJomal NADPH Dependent Li pid Peroxidat,ion Actïvity and 'Content of 
Thiobarbituric Acid Reacting Material in Control and' Iron Overloaded 25 

Day 01 d Rats 

Lipid Peroxidation+ 
(nmales/malanaldehyde/mg prot/min) 

Lipid Peroxidation+ 
(nmoles malonaldehyde/mg prat/min) 

Thiobarbituric Re'iacting r1ateria1~ 
(nmoles malonaldehyde/mg prot) 

.. ", JI .. 

* ' 

Conj:ro l 

1. 277±0. 087 

14. 344±0. 833 

O.176±O.ü05 

Signifi caht1y. differe,nt from control p < 0.05 

+Microsomes were prepared without EDTA in buffer 

xMicrosom;s were pr,epared w~th EDTA in buffer 

... 
'l, 

FéjDextran 

ft 

'" l . 64J±0. 203* 

15.021±0.8B 

O. 542±O. 017* 
"--?J' 

Values represent the mean ± standard error of 5 individual rats 

/ ) 

\ -
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-------------------------~ in iron-dextran treated rats ~to a value of 14.344 ± 0.833 nmoles ---------malona1dehyde/mg proteinf15 minutes found in control ra~s (table 10). 

,0 In mi crosanes (EDTAL the content of mater; al wh; ch reacts wi th 

thiobarbituric acid \'las e~uiva1ent to 0.542 ± 0.017 nmoles malonaldehyde/ 

mg protein, \'Ihich was significant1y hi~h~r than the malonaldehyde equiva­

lent of 0.176±O.005 nmoles malonaldehydeimg protein, found in micro­

somes prepared from control rats, as illustrated in table 1.0. 

As shown in table 11, N-demethylation of 1 mM and 5 mt~ aminopyrine 

in miçros~s (EDTA) prepared from iron-dext~an tre~ted 

cal ta t~ activity in mtcrosomes prepared from control . 

rats~ was identi-

rats. - Similarly, 

there was no difference in NADPH oxidase activity .or in cytochrome P-450 

levels în microsomes (EDTA) prepared from iron-dextran treated rats com- " 

pared to control rats, as shawn in table 11. Non-heme iron content of . 

microsomes from iron treate9 rats WétS "12.738 nmoles/mg p-rotein compared ta _ v 
o 5.341 nmoles/mg protein )n microsomes of control rats. 

I. , THE EFFECTS OF IRON OVERLOAD ON THE ELECTRON MICROSCOPY OF MICRO­
SOMAL PELLETS PREPARED FROM 25 DAY OLD RATS 

• 
Microsomal pellets (EDTA) from iron treated' and saline treated con-

trol rats, were examined by e1ectron microscopy. In contre1 preparations, 
\ ' 

electron micrographs_showed vesicles which had membranes with a tri~inar 

structure as illustrated in figure 31. Most vesic1es were either round 

~r slightly oval in shape. Adhering to many of these ~e~icular str~ctures 
\ 

were large numbers of ribosomes as indicated by the arrow_jn figure 31. 
\ 

Several broken vesicles and other·smaller membrane fragments cou1d a1so be ~ 
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Table 11 

, 
Aminopyrine N-Deme1Jhylation p.c'tivity, Electron Transport Components anCl 
Protein Yield in Microsomes -Prepared fram Control and Iron Ove,rloaded 
25 Day Dl d Rats 

Aminopyrine N-demethylation • 
(nmol~s HCHO/mg protein/minute) 

Cytochrome P-4501 
(nmoles/mg protein) ~ 

NADPH ox i dase 
(nmoles NAOPH oxidized/mg 
protein/minute) • 

Non-heme .; ran 
,(nmoles/mg prote;n) 

Microsomal protein 
(mg/ml) 1 

.. 

'1 

" 

5 mM 

1 mM 

Contfol 

2.516±O.086 

1.497±O.042 

O. 215±O. 007 

Fe/Dextrar:t_ 

o 2.614±0.141 

l . f94±0 . 093 

b.195±0.008 

11 .158±O. 735 r 11.237±O. 940 

5. 34l'±O • 289 12.738±O.670 

2~.44 ±O.43 22.38 ± 1.09 

Values represent the mean ± standard errors' of 5 individual rats. 

-. 
" . 

(> 

J 
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FIGURE 31. Electron micrograph of microsomes prepared f-rom ·a 25 day • , 
01 d sa 1; ne treateq control rat .. ( 
Magni fl cati on 44,880 
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observed. 

In miçrosomes (EDTA) prepared from iron-dextran treated rats, round 

or aval vesicles could be seen,as shown in, figure J2. A major differen~e~ 

howeyer, compared to the control microsomes, was that the vesicle mem~ 1; 
branes were aJmost. completely devoid of ribosomes as indicated bJ the arrow 

, f 1-" 

in figure 32. Membranes which did carry ribosomes on their surface, had 
c 

greatly reduced numbers. 'Also apparent in thése microsomes w~re several 

membrane' fragments and some broken vesicles, as se~n in the control. Of 

particular note was the greatly increased numbers of flat or linear mem­

brane fragments in rats treated with iro'n-dextran compared- to the.l"!t'fmost 

comp1ete absence of membranes of this shape in the control preparations. 

\ A normal microsoma'- preparation was incubated \t/ith 25 J.lM iran and 

an NAD H generating system, to·promote lipid peroxidation, and recentrifuged 
", 

at l ,000 x 9 to yield a second p,ellet. Figure 33 illustrates, an electron 
. ~ 

ograph, of the second pellet. It is apparent that most of the· vesicle' 

ctures have been destroyed and that most of those present do not 
C> , 
o 

\ 

nstrate a trilaminar structufe. These vesic)es tended ta èlump to-
, ~~--

- 1 

her and become associated wîth a diffuse area of dense material. Su ch - .. ... \. - .............. 
, , • 1 

ar~a 'fs-~een slightly below the centre of the electron microg.raph in 

33 :--'"'~~ 

, 
",. ) ., 

'---J 
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FIGURE 32. Electron micrograph of microso~~s prepared from a 25 da~- • . 
. old rat treated with 20 mg/kg iron-dextran for' 4 days .. 

.. L 

r4agnification = 44;tl88 
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FIGURE 33. Electron micrograph of microsomes subjected to in vitro 

lipid peroxidation. 

Microsomes were incubated for,15 minutes with an NADPH 

generating syste~ and 25 ~M iron. This incubation mix-,-

ture was recentrifuged, at JOO,OOO x 9 to yielà a second 
j 

pellet which was, examined in the electron microscvpe. 

Magnification = 3J,930 
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The resu1 ts descri bed, show that hepatit mi crosoma 1 NADPH depen-
• v , 

dent lipid peroxidation activity is present in rats aged fram birth untîl 

adu1thood. Activity increases from birth to a postnatal maximum at 25 
~ 

days of age, and then declines to the normal adult range by 35 days of 

age. In a recent report by El Defrawy et al (1974), if was shown that 
- ) 

o 

between 21 and
é

S6 d~s of age, NADPH dependent lipid peroxidation was con-
) 

_ stant when expressed as .actiyity per g of 1 iver but when activity wals .. ex-
if 

pressed as activity per mg microsanal protein, 1ipid peroxidation decreased 
" with advancing age. The decrease was. less in magnitude than that found 

between 25 days of age and adult in the ,present e~peMm~ts which have 
l ",., l~ • 

been reported as activity per mg microsomal prot~in. These a~thors did not 

study rat~~younger thQn 21 days an~ the fact that they added iron and ADP 
, 

. to·the reaction mixtures probably accounts for ,:he differenCeS)in tre two 

stuaies. ~11 other stu8ies of microsomal NADPH dependent lipid peroxi-. 
dation have been carried out using rats of adult, ages. The only other-study 

- 0 , 

of peroxidation in immature ani~als, showed that in hepatic-mitochondria~ 

spontaneous lipid peroxidation (presumably of a non-enzymatic nature) was 
- .. 

increased in the rat fetus compared to that found in .adtJlt rats (Williams 
0' 

196~. In a subsequent study, the same investigator demonstrated that 

newborn and adult rats had identica1 spontaneous lipid peroxidation activity 

in hepâ'tic ~itoc~ondria (~Jilliams 1973). AgeS-betwe~n newborn an~ adult-.. . . ( 

hood, ho\~ever .• were not included ;h the stLJdy. 

Several mechanisms can be postulated to explain th,€! increasect. acti-
J 

vit Y of NADPH dependent 'lipi~ peroxidation in deve]oping rats. Lipid per~ . . 
oxidation requires cytochrome c reductase as an e1ectron carrier (~Iills /7 

.. ,,~t 

. .' 

1 
\. 
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1969a, Pederson and Aust 1972, Pederson et aZ 1973)>> and severa1 reports 
~f 0 

have de~_«.nstrated that the f1 avoprotei n cytochrome c reductase i s defi ci ent 

at birth and increases to adult activity during the perinatal period in 

the rat (MacLeod et al 1972, El Defrawy et aZ 1974). Increasing lipid per-
,< 

oxidation activity may, therefor.e~ be related to the jncreasing avai1-~ " , , ~ 

abï'lity of -cytochrome c reductase in dev~l~ping rat microsomes. TtiS postu-

1ate, however, is up1ike{y for two reasons. First, MacLeod et aZ (1972) 

demonstrated that cytochrome c reductase activities continued to increase 
- " • 10 ' 

for 14 days after the maximal 1ipid peroxidation activity was reached. 

When cytochrome c reductase activity was at its highest in the adult rata 

lipid peroxidation was at its lowest activity. Second, the fact that in 
.., 1 A:", " 

both 25 day old and adult rats, 'ÎJA~PH dependent lipid peroxidation was' 

stimulat~d severa1 fold by the addition of iron to the' rea~tion mixtures~ 

suggested t~t there is sufficient flavoprotein in reserve for normal 

function of lipid p-eroxidation at bath thè ages stÙdi.ed. It wou1d be un-
I 

like1y that cytochr.ome c reductase would be rate limiting under the low 
~ 1:) .. • 

• 
lipid peroxidative conditions of the experimsnts-described. ~Al~ough 

1 • 

i~ do es not app1y directly to, the experiments in irrrnatu'(.e rats, a ~oor 

correlation between lipid peroxidation ~ctivity and cytochrome c reductase 
1· , 

activh~ WQ,s found in microsomes p~epared(from a v.ariety o'f sp,eciés which 

'ad difrerent Cyt~chrDm~ é: tedu'ctase a~~;Vitie.s (KaJl;lataki and Ki:tagawa, 

1974) .. Th; r a \SO slI'pports the content; e'fl that cytochr~me c recfuctase is 

1 not the rate limitlng' factor in determining the actht~ty of NADPH depey 

dent 1 i pid pero~_idati on. Furt~er support:, yor thi s ,ar;gument was g7/~~ ~ 1 

" .,. ,. 
the result.~ prese,nte,d bY.~~~cO,bson ~t al (19:'3) .. who r1Porte~ thaot i n the'i~: 

,iï,l ... \ 11) ... r 
'. '.. .. " ' 

. '. .. . <,) .-_ ... 
1 • 

. ' 
. - ' .,. ,..,,' 
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" , . . '( 

rabbit, microsoma1 NADPH dependent l-ipid peroxidation was about 10% of that 
" 

'found in the rat but that cytochrome c reductase activities in t~e two 

speci es~ are i denti ca l (r~acLeocf 1972) . 

As iron chas been shown to stimulate NAOPH dependent l ipid peroxi-, . 
q ,,0 

d.ation (Hochstein and Ernstèr 1963, ~1i11s .l'969b, Kamataki and Kitagawa 
1 ~ 

1973),'çontrol ,Ot lipJd peroxidation activity in rats of different ages 
v 

could result from variations in the content or availability of non-heme , ' . 
"-

i ron i n ~içros.QlT1es' at" di fferent ages. Evi deflce fram thr-ee separate experî-

ment~, provide arguments against su ch a hypathesis. First, tot~ non-heme " 

iron content qf microsomes )was .identical in preparation's from 25 day qld 
. . . 

and adult ra'ts J although it is fully recognized that if the difference in 

lipid peroxidati'on at the two ages wa? ~ue to differènces in a small speci-
~ , 

fic pool of iron, then this would~"nGt be apparent by measuring total non-
, ., 

heme iron. Second, when' lipid'perQxidation was ma~imally stimulhed by 

the addit.io~ of iro~ to reaction mixtures, the ma'ximally stimulated aoti­

vit y WiiS still higher irfi'25 day old rats corn'Pared 'to adult rats. If the 
,l • 

• différenc\ : n 1 ~Pi d 

of iron i the adult 

peroxidation activity were due ta a simple deficiency 

compared ta 25 day ald rats, then the addition of 
, 

iron to the rea~tion mixtures would hav~ e~ualized the maxi 
Ji/II' ' 0 

lly stimu-
) 

lated activities in the two ages. ---Third-, it was demon 
• __""J (> 

I~o for the inhibitionOof lipid.Re~oxidation'b~ fOTA ~as ideti'tical in 25 

day old and ~dult rats. This :Sugge~,ts that 
, . . 

- t' , " (1' 

involved in the lipid peraxidqtion reaction 
, . 

lent amaunts of iran 

present in the two ages, . .' 
as di fferel'lt co~centrations of iron wou19 almost certainly have prodl:lee9 

.' 

.' '~ 

• 1 

" , 
, < 

, 1. 
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Several authors have suggested that the iron involved in NADPH 
~ , 

dependent lipid peroxidation reactions in microsomes is complexed in sorne 

/way an~~ .tha\,the i :on e "!"p l ex ,i s i nva l ve'd in the tr ansfe r of el eetrons 

; required by the ~eaction (Orrenius et al 1964, Wills 1969b, BidlQck and 

Tappel 1973). Experiments described here~have shawn that glas,s immob.iliz~d 

'iron chelating agent was incapable of reducing micro_somal,;ron'content and 
''Cl 

has no effect on the stimulatiQn of lipid peroxidation activity which 

results fram the addition of iran ta r~action mixtures.' These experiments .. 
" ' 

support the idea of an iron complex.being invo].vedïn the lipid peroxi-
, 

dation react;on and it is possible' that the increased lipid peroxidation 

.' ,activity of 25, day 01 d rats was due to 

age peri od. 

dÙfefences 

J 
in this complex at this 

Another possible mechanism for increased lipid peroxj~ation in 

young rats could be the lad of the specifîc~anti':oxidants proposeg DY" 
... ,., .. 

o , 

Wil1s (1972b) which are responsiôle for protection of the endoplasmi,c; 

retic~lum membrane. Williams {1966} considered a deficien.cy of the ant -
, . ,:) 

6xüfa,nt vitamin E being responsible fer the· increase of slpontan"eous 
g 

peroxidation in fetçl mitochondria. 
~ . Such an explanation for the, pres nt 

... 
observations is only theoreti~al as the anti-oxidants 

. -
been 'defined and, therefore, cannol be testéd in this system. 

K~mataki '~t. al (1974) has reported 'that a factor present in the 
l' "-
',100,000 x 9 soluble supernatant fr~ction'could inhipi~ NADPH dependent 

~ ,~ , 
lipid pero'xidation. If miC'rosomes~ârwregatded as closed vesicles which 

are created, when en"doplasm,ic' reticulum is qpinche? off,. solub'le s'uper-

natant would be, tr~pped inside. ù' thi s soluble fracti ori conta;ns a~ 
, . 

;' , . 
./ 

0' 

1 
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inhibitor of lipid peroxidation~ thtm-·t.b~ relative àmounts of th'is com,­

ponent will control lipid pe~oxidation aC~;G~ somal preparations. 

If this factor is reduced or absent in young 

i ncreased l ipi d peroxi dation at these a~es. However ~ in experiments 

attempting ta 'investigate this possibi1ity, the addition of ~ol~ble frac-;­

tion to microsomal lipid peroxidation mixtare~ resûlt:,S in variable and' 
- ~ 

i nconsi s tent results and, therefore;!t these resu1 ts a\:'e not reported in 
, , 

(., this thesis. In the original report of Kamataki et al (1974) great vari-
" , 

, \ 
, ability \A/as a1so found in 'their 'adu1t rat exper~ments whic ' they stated 

J 

were due ta un~nown physiologica1 fact rs or 

The "present expe,riments have dem nstrated an increase in NADPH 

dependent'lipid peràxidation in mjcrC1som~s at c~rtain ages in the'develop-l 

ing rat. The exact reason for the increased activities was not determined 

but cytochrome'c reductase activity and non-heme iron 1evels ~ere not 

directly responsible. ~ 

" A close relationship betwee he activity of the NAqPH dependent 

lipid pé)"oxidation ,and, drug ox; in hepatic m',crosOmes of.the r~t 

has: been proposed by severa l qtors· (Hoéhstei M and Er~ster 1963, 
,; . 

Orren;us et aZ 1964, r~ay and Ba, Hills, 19690). In gener:a1, i:t 

has beên demonstrated that th~ rate of drug oxidation in isolated micro-
'~ 

somes-';'s in~er-sely related ta the a~tivity ot NAD PH. dependert lipid Reroxi-

Idat;OI), 'and factors which incre~-tpid peroxidat;on activity~ reJtice the 

capacity- of microsomes to met,abolize dr~gs (Orrenius et aZ'1964, Wills 

1969c, Jacob~on ~t'~Z '1973" Kamataki and Kita~awa 1973), and inhibition ot' 
" _ -2 \- -- ----, --,~ .. 

l ipid peroxidation has been s'holtm to 'i-m;re'9'se~ the 'capacity of micro'sames 

.. 

i# l' 

, . 
.... 

.' 

:: . 
1 

i 
1 • 
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:' ., 
to metabolize drugs (Lewis 'eJt aZ 1967, Kamataki' and ~ K, tagawa 1973). The 

1 

close relationship between lipid perox,idation ~g oxidation might. 

,suggest that lipid peroxidation activity could play a role in the reduced 
. 

1eve1s of microsomal drug oxidation which. are pr{!sent in the young rat 
~-

, , 1 

(Quinn etaZ 1958, Macleod etaZ 1972). tljowever, the present studywou1d 
~ 'l'~ 

i<ndicate that. the influence 'Of lipid perox-idation iruletermining the . , 

deficient drug OX\dati,on syst,em in the yo~ng rat is o( minor importance., 

Drug oxidation in microsomes was a1most absent at birth~ in the rat and in-
\ '" , ' ~ , 

, creased ta adult ac-tivity during the. first si,x weeks of 1 He (Macleod et aZ 
~ . ~ ,~~-. \ 

~: 1972) whereas NADPH dependent li pi cl perox i dati on had, a 10\'/ acti vi ty except 0 

,., • ...;' < 

"'between 2 and. 6 weeks of ag~ and the gener'a 1 pattern was not inverse ly 
o 

J related ta th~ttern of the deve10pment of drug oxidation. Lipid peri 
, . , 

'-. oxidati on" hO\\fev~r. may haye som~ effect on the developmental pattern of 

di"ug oxidation, as both' Macleod "(1972) and Ar'anda (1975) demo~strated a" , , 

1 
plate,au or slo\'/ing in the developmental pattern of aminopyrine N-demethy-

, . ' 

lation and aniline hydroxyla!ion at the ages wher~ lipid peroxidation ~as 
. ~- ~ - _. - - -- . 

'maximal in the studies reported' here. 'In l'abbit,. microsornes which had a' low " 
, ' . '. , 

". :\: l:~:e:~i:i:;~t:::O~:d:::O:e::~:::::t <::a:,r::d o:;~::,::::~.~;::::o: . 
f" 

'semes peared to b~ a ent (Fouts and Dev~reùx 1972, ~a-CLeO~! 197?)~ <. 

, l, \ 1 

The' decrease activity of drug oxidatio~ in hepèltic microsomes whi,ch 
.... " , 

results fram l ipid perox.idâtion, activity in microsomes 5 has,b'een a,ttr'ibuted 
, . , 

to competition for~ilable élect~ons from.the common eleêtron pathway 
\ ~ . ' 

(Orrenius et ab '1,964, Wil1s 1969c.) ,.lièstruction of the"membrap~e structure, 
; • • rP. . 

of'the m;cr.osomes {Wi1:K 1969c, Hogoerg et al1973~ Arstila 1972);',.and/or 

\ . , 
1 • 

, - . 
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~- . \ 

,1 

tQ a bre~kdown in the structure of the hemoprotein cytochro~e P-450 or 

its heme gro'up (Schacter et"al 1972, ~1973, Levin et al 1973). 
-

The eff~cts of different activities of lipid peroxidation on tÀe 
:t-

e> ability of mi'crosomes to N-demethylaté' aminopyrine was tested in 25 day 

old\and adult rats. N-demethylation was dete}mined by adding~mr4 amino­

pyri~e to micro~omes after they had,been preincubated for varying times 

with an NADPH 'generating, system to promote lipid peroxidation 'of the micro­

sames. A~-the concentration of aminopyrine utilized, inhibits N~DPH de­

pendent/lipid per()')~ida.tion by at least 90% in both 25 day 61d and adult . , 

microsom:s, N-demetnyl ati on activi ty. was meas.ured with a mihimum. interfer­

ence ftom electron competition which would normail y occur if lipid peroxi-' 
, 0 

dation was 'operating simultaneously. These experiments, therefore, effec- l 
, , 

tively measured the effe€ts of NADPH dependent'lipid peroxidation which 

had taken place 'during itfi.e preincubation period, .before', the sUDstrate for 
- \ ". " \ 

the'drug oxidation enzyme system is added. ' 

'." P~eincubat~on.of microsam~~'~ith an NADPH generatlng syst~m markedly 
1 --- ~ 1 • 

reduced the abiiity of the microsofn~s to N-demethylate aminopyr{ne 'in , 
, \ ' 0 • 

adul.t rats with the maximum effec~' occur.,ring when lipid peroxi3ati"on ac- -
- . . -', ' 

\ _,_!~_\/;ty was i ncreased by ~ddi n9 25 ~M ~r2r 'ta the reaction Il!~xtures. Simi!.. 
~, , . 

f, ~ ~ ~".: .... 'l' 

'lar findings'were reported by Kamâtaki and Kitagawa (l973) who ,described 
" . - ~ 

V 1 
, . 

a réduction ;rl codeine N·demethyl,ation in mi.crosomes \'/hic~ had been incu-
, . 

batèd 'with an NADPH genérat;n~ systel1). A~ predicted in"25 day 'Old 'rats-. . 
", ' - , 

which- haVe a higher lipid peroxidation"activity, the effect of preincubation 
'ô> 

., of micro~OI]1Ets with an NAD~H generating .sys~em was gre1ater th an that foun~ 
~ -

in adul t rats fn bath contra,l incubation mixtures and inéubati,6n 'mixtures 
" 

1 

"" 
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•. - :~._. -- ---- ~- -contâTnl n~(Tr~n': As compêtiti on f~r ~vail able ~-l-ect~d~~'was--~~~ -~- ;~c~or-

-

~'. , 1 

" 
in these experiments, the~reduction in the ability of microsomes to ~L 

, ' , 

~emethylate aminopyrine resulted from another effect. Destruction of cyto-

chrome P-450 or destruction uf the mic~somal mem~rane would be the most 
r ' 

- Tikely explana,tion. Strong ev'idence has been presented to relate decreasej t: . , , . ' 
in ~g ,OXidajiOn~~ytochrome P-450 bre~kdown roCcur:ing ~s a result of 

lipid~ation (Levin et al 1973, Schacter et al 1972~ 1973" These 

in~estigators 'showed that during lipid peroxidation in mi~-rX)som~s.~to---
'Ghrome P-450 content decreased and was accompani~d by the evolution of 0 

r 

carbon mono~ide~ heme breakdown prodtlct.s and a reduction in -drug oxida~ion 

·a,ctivity. All 'of these effects could be p,revented.by adding EOTA to the 
., 1 • 

, react,ion mixture. General membr,'anè destruction '(Wills 1969c~ Hùgberg et al 
, 0 • 

, , 

1913, Arstila 1972) 'is likely to be part of the sa~e' phenomenon or results 

from more sever-e'lipid peroxidation conditions. Other a'gents such as 
, _ ~ , / : ' " c 

detergents or phospholipases wHich destroy memb~anes, lead to cytochrome 
1 .' 

P-450 destruction and ~eauced ~rug oxidation (Wi11s 1971 t Omura and Sato 
• , a , 

1964a). Re~ently, ~owever, in a disç~ssion following ~ report àt" the" 

Second Ipternational Symposium ~n Mi'crosomes and 'Orug Oxidatio~, Manne"ring 
, 

(1973) reported that in microsomes which were incubated wi~h NAOPH~ he 
~ 

record~de a decrease i~ drug }>xidation ,an<l th: evolutio,n '.tif carbon monoxidé 

but no reductio~ in cytochrome P-45'o and, that meas·uremenJ;s'of protoheme 
, , p t 

... . . 
'indi~ that heme rémained -intact. :Als~, Carpenter and Howard (l974) 

., , 

showe~, ~h~ pr~incubation of microsomès with'NADPH ~es~lted~i~ only ~ 

slight lp.ss-of cytochrome P-450 '(14%). Most Ofa~ 10ss occurre ln the, 
.... Q • , 

first"5 rni~utes of pr.ei'Y,lcUbation.~, In a si'milar pxperiment, , . ri' ~ (1971) 

, 
) . \ 

,,' 

'. , 
" \ , .~ .,' 

\ 

'/ ... ,' 

" ' 
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reported 10S5 OT cytochrome P-45û but the method used for the determination , ,. 

of the hemopro~ei n did not correct for endogenously formed carbon monoxide. 

The 10s5. of cytochrome P-450 was only an apparent 10ss and was in fact 
. 

. really due to the appearance of carbon monoxide interfering with the assay 

~~tho~: Although this explanation can be conside~ed ta explain the 10ss 

of cytoch~ome P-450 ob~erved \-n~~ experiment~ of oSChacter et a~, n?72, . 
1973 J and the 51 i ght decrease in 'the: experiments ,of Ca rpenter 'andrHoward 

- 1 
(1974) wno used the ll1ethod of Omura and Sato (lQ64a), this'did not app-ly 

to the experiments orCev;,; et al: (l973) who recognized the problen and· 
, ' -

showed that the method of Raj and Estabrook (1970) could be app]i~d to 

. determine cytochrome P~450 lève1s in ·the· presence,of endogenously formed 
, . . 

." , 

carbon· monoxide. As in the experiments of M,nnÊ!ring (1973) and Carpenter '" / . 

and ,Howard ,(1974)., i.::, the presen~ experime~t; r'epe~ted attempts ta reduç~ 
cytochrome P-450,levels in micro&-0R1es Qy. in~UC;~g high lipid peroxi- . 

( . 
dation actîvity in reactions contain,ing NADPH generatîf1g syst~.and iron 

( :::. -- \........... "-

'were unsuccessful when cyt:och~ome 'P~4S-Q was measured by a me-thod whièh is 
, '. \. .' , 

va li d in thé' presence of e~d'~'gèn~us ly formed éa,rbon, monoxi de i n 11l;oros~e~ 

. .. 

" 

(Raj, and Estabroo"k 1970), W~ hre con§J.,'!;ed th:~ ;he de;tructi~n of ,\ -

cytochrome P -450 ;and/or. i ts !lem group i s not a nê'cessary requi rement for 
',1 ~ - ,/ l '" • 

'~ècrease in drljg oxi.dÇltion a tivity in micro.somes 0 which ar:e subjected -

te conditfbns promoting l ipid pe oxidation activi~y. The destrùction of 
, , 

cytoc~rome P-450 and membf~ane ,~\"ep rt~d j>y s?'11e ~uthors, may, l;le du~ to 

further sta~-es of th~ same rea\c~i n p~oces's or, ue to so~e c~mpletelY' 
\' f \ 

,dTff.èrent unrelated ~ffectt ,bu~.th ~ ~,re nq,t ~~ b?olute requirement for. 
.' _ l ~ • ~ l - \ \ D : 

,hè decrea Se i w -drJ~f -ôx i cran o~Y}~h i the process,' of l1.EiL -\ 
~ ",~" j~ \ 't ' 

" 

\ 
1 .. 

\ . 
! , , 

\ 
i' 
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• peroxidation. L\ __ ~, '\. 

In r~l ative tenns, the use of the 'reduced 
• 

- monoxide complex and its measurement by spectral means is a rat~r gross 
-

method to assess the functi on of 'cytochrome P-450 and its role in the . 

end~plasmi'C reticulum as the central component in the hepatic mixed func-

o • tion oxidase system for the metabolism of drugs. The ability of the 
, _ 0 

, \ 

-
~ . . 

" 
\ " 

, 
1 

\ 
1 

) , ' 
\ ,1 

\'1' 
v . 
\ f 

J, , 

<J' 

J 
"o' • \ -

. ; .... 

• hemoprotein to form a complex with carbon monoxide, may exist even after 
« -

a disturbanèe of cytochrome P-450 structure, its- rel atio'nship w;.:t;h its 
~. 

1 

electron transport system or its relationsnip to the ~.ndoplasmic reticulum ,.. 

: 

membrane has rendered the system' i ~cap.a~ le of metabo l ~~.zi ri9 drug substrate?: " 

. rn isolated fractions ~f m;crosomal enzymes. lu et al '(l969a. 1969b) i50-

lated a fraction contàining cytochrome P-450 whie:h demonstrated, a reduced' 
1 \ '-'-,'~-

cytochrome P-450-carbon monox{de spectra but which was incànab1e of oxi-

dizing drUg~ b~ itsel f. . " (1 \ 

, • When drug substrates for the ox-idiiing enzymes<~e ~dded to micro:" 
, ' , ï \ 

" 

,somes, th~Y di spl ay charact~r; ri c _differenoC~ spectra (Rê~e~r et al 19~6, 

I~~,i -and Sato 1966),.which ~a'"n be d~vided into two main grt>ups (type rand \ 
;:. 

type II sp~ctra) .. Although the exact nature ,of the bin'ding is not abso-
, 7 

lutely clear,' ~her~ is a s~hool of thought that interprets these spectra' 
, . , 

as representlng the binding of drug 'suDs'trates at or J1ear -the enzynfic site '1' ' 
, ., IJ .. • 

- • l" ' '. / , " '\ 

for ~~e ~~:i~ati on of the sub'st~ates (Schen~an e~ a,"l ~,967a) _. ,\ ~heth.er tb, s 

.relattonship between spectral binding and ,the en~ymâtic site praye!; to' be 
, , , ' \ , f' ...' 

'correct, or nôt" t,hese, spectral binding .spectra do re'present. a:specific '-.... .. 
,\: reaction?betwee~ drugs and ~ytgchrome P-450 whicn ~y 'in fà~t be' a much, 

,~ .t ~ " f JO '1" 6 • <14 ~., /1 " ... 

more sèns'ttive.:'measurerryent in deterlnining th~itY' ...... of cytochrGme P-450 
u.: ", ' ' i' ~ . 
~ l' r' ~~ .. l~ 

';/' \. 
, . 

1, 

~ • ,'1 • 

, , 
" 
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.' 

to participate in dr~g oxidation reactions than the measurement of cyto­

chrome P-~50-carbon'mo~e ~omp)ex spectra. 
- , 

In the experiments described.here) NADPH dependent lipid peroxi-

dation ha~no ,effect on the qualitative as'p~cts of aniline and hexobarbita't' 
~ 

,difference spectra with the Àmin and Àmax remaining at the same wavelengths 

even after 30 'mi~utes incu1ation: Low activities 'of lipid peroxidaticm 

had no effect on the magni tude of the spectra but when hi gh acti vi ti es of 

lipid peroxidat5on were indu~ed in microscx:nes by adding iron, the m~gni-
1 • 

tude of the 'a~sorbance at the Àmax and Àmin for both aniline a~ h~xobarbi-

tal was markedly reduced. Als~. it was shown that a~ter a period of per-
, . 

" " A' q ;; 

o.x.i~ation -i n microsomes, the kinat'ics of the bindi~g. of the substrates as 

,m~~sured by the difference spectra were 'much more ~ariable but it did ' .. z .... (1 

app~ar ,that fte spectra di~sOciation constants ~ks) ;-emained unch~nged~and 
tfl ' t::7 , \ .. 

that the magnitude 'of the ~âximumoab~orbancé was rèduced. In terms of 
\, " ' . 

classical M;chael;s-r~~'ntel1 enzyme kinetics. this ,is\:eQUiva1r:ent to the Km -, 
;'\0 ::-.... ,,- ., , \....J.-.o.. 

• t l ,'1 

remainlng uRchanged'aocl the Vmax 0being -reâaced~~ The unG~ang~d Ks for 

spectral bi ndi ng '~nd the- fact that the spectra were qua litati ~e ly unchanged, li 
" , 

suggests that.,af~er NADPH dependent '1i.pid perox; dati ~n the nu.~bèr of ·hindi ng,r/ 
\ ! ' ," . 

'sites was de'creased but those which remain bind èfrug wi.th an ullchanged 1 

, c:::9 , 

affinlty,. The ab; l ily of NADPH to reduce the l1)agnitude' of sl:lbs~rate 
- , ~ • <t ~ ,.' ,'1: \, . 

" :'9inding sp~ttr,a had beën observed previously bi ScberÏkman èt aZ""-(Hj67a) but. 
/,"'1 ' 1 ~ 

:,' ,.:at t'tiat tim~ ~hi s'lias thau9nt\ ta be a d i"rect chemi cal reducti on of the. l' 

1: citochrome P-.450 ~Qmplex. n<;,>$Llch ,an ~xpla·nation cann~t ope~~~e_ in the sys-

tem :eported ~ere~ as in rea-çtion tnixt;'~ Whi'c~ had -l~w actlv1ty of ~ 
~. ~'-

. lipid peroxidat;on ~o,efjects were.observed on spectral bi,n,<;J'Îng even 

\ 

\ 
'" " .. 

Q .... .. ~ li .. 1 
; , ~'" '. ft " 

~:"'J'" .... .. .\. , . \ . 
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after incubation with an NADPH generating,-system for 30 minutes. If the 

reduction in magnitude' Df' the binding spect'ra was due',ta cnemical reduc­

tian by NADPH, then it would occur i'n ~b'ot~w and'~high peroxidation . 
• 

reaction mixtures. 

w~ interpret the data ta indicate that NADPH dependént lipid per-
~ 1l ....... 

oxidation reduces drug oxidation'by affecting the ability of the hemopro- . 
7;' . 

,_ ' tei n cytochrome ~-450 to bind substrates wh; c~ are oxiclized, by ,the hepa~i c' 
1_,~ ___ m~lxed function oxidase sys~em. Total' destruction of cytochrome P-450 or 

, . 

its heme moiety, or total destruction of the membrane are not a require­
,l, 

, ) 

ment for ~ decrease in drug oxidation activity, and these<effects probably 

occur a~.a 1ater stage in the.action of 1ipid ~oXidat:on. in microsoma1 

membranes: ri ,i~ also possible that' in the cases wherl~estruction of 
\ 

~tochrorne "p',:::,4,5 0 "and i.t~ heme have been reported. that it octurs by a mech-

. a ni sm otf:r. ihan 1 i pi d peroxi da t ion. . :.~ / .c-,-;-, , , 

Increases in microsomal lipid peroxicFati"on acti-vity 'in this study 

. and others have sho'ln that drug o.ià.tion in mi~ro~offies ildec~u.~ 
/the oppasi te effect of ~ nhi bi ti on of ! i pid peroxidat~ on aC,tivi ty resulting 

\ ' c -

iFl an increase in mitrosomal 'drug oxidation has not been consistently shown • 
• 

Several investigators,have found that inh~ition of lipid peroxi~atl0n did 

not resUl't in ,increases in drug 'Oxidati on in mi crosomes (Gram and Fouts 
1 ' 

1966,,'Anders,'969, Wills 19~9c, Lewis et ~Z 1~67, P~ters and.'Fouts 1970). ç 
~ . ~ ( . 

Stimulation o'f épox'idation in'lnlcrosomes was observed bj Lewis et al (1967) 
~ " , 

after. inhibition of:lipid peroxid?tion. Recently, Kamataki 'i\nd Kitagawa 
" , 

(19]3) n,ot only obs.erved a reduction of N"1o,demethylatipn aft~t rl,ipid per-
'..e- ' .l" ~J: ( v----- '" ~,.., ' ,J ~ f 

oxidat1on 'Has increased ,by adding iron t,a l'''eaction mixtures bot {hey 
, rA 0' ~ , .. 

.. .. 
, 1 

\ -
" 

" 
,'" ~' 

\, ~ • 1 

, -, 
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demonstrated an increase in N-demethylation \o/hen lipid pero-xidation was 

inhibited with EDTA. In the present experiments, drug o'Xidation was not -

Stimul at~d by the additi on of EDTA té adult rat mi c~;'somes "'~t in 25 day 
" ,\ 

, old rat microsomes the addition of EDTA to inetlbation mixtures slightly 

,inër'eased N-deme~hylatio~ of ~min~p~e in.about half of. {he'preparations, 

tested. The magnitude of the increase in N-demethy-latio~ ,in these pre­

p'ar,ations was 'small in comparison to the stimulation reported by Kamataki 
_ 0 

J 
and Kitagawa (1913) in adult preparations. 

Drug oxida~ion rea~tions have a well defined incubation time'fot 
, .' 

the maïntenance of a linear-reaction and the explanation for variable 
, . 

results"for the stimulation of drug oxidation ôfter inhibition of lipid 

peroxidation in different laboratories and in the two age groups of the 
- t''' - --

present study ~~ay i~volve the incuba~ion time and,reaction conditions used 
, " ' . , 

by different laboratories. Kamataki and Kitagawa (1973) used a reaction time 
p.,~ . 

• '1 ' 

of 30 ;';i,nutes for N~demethyla,tion which is...l1Juch longer than that normally 

considere~ the limit f6r a l~ne~~ ~eaction" In figure 13)~~inearity o,f - " , 

reaction never exceeded 20 minutes in 25 day old and adult rats for l mM 
• 1 __ __ ' 

- f'" (J 

aminopyrJne. When li pid peroxidati on was active.ly promoted by the addi ti on J 
J • ~ Il J 

of iron ftO--t-Ra-reaction mixture, lineàrity. particularly in the case of' 
" 4 ,~ 

young ratls, was greatly reduced. In the experiments of Kamatàki, ana 

Kltaga\'Ia (197~) -basal activity 'of lipid peroxidafion was only 50~ çf th; 
, \ 

, , 
~,- maximal act~Y1.ty achieved"by the addition of ~!ron \'Ihic~ c~mpared 'to a. 

basàl activity i'n ~he present ,experiments of abo,ut' 5%., of the'maximal. ac-, 
~ - .. 

~ . 
• tivity produçed Py the additïon of iron .. It l.is therefor~ ljkely that thè . 

... 
, 

.q) 

: 

.'" .. \- l ---" .. l 

peroxi 9ati on on: N-~emethyl ati d~l _reacti'?ns, in th~periments 
, , ' l " . ,!.l. : 

.\- . 
, ., 

'" Iv 
''1 [_f, t. 
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1 

of Kamatâki and Kitagawa are similar to the effect observed in our ;ncu-
o 

bation Mixtures containing iron. The effect oJ EDTAon l';pid.peroxidation 
i 

in theî r expE!rimen~s i s com-parab le ta the present contr.o 1 and EDTA, incu- , .. 
bati on mixtures. 

l , 

In that c,ase,,'bY ustng' incubation t'mes"o~ 30 lJ)inutes, 
, 0 . - , 

diffe,rences in j\J-demethyl at ion act,ivHy beca~e apparent beh/een contro l 

and .iron added incabations,'Dut when an incubation of 15 minutes or less 

was used then no'differen,ee in'N-demethylation activity is observed.' The 
- r ( , & 
o. • 

observation of increases jnwdrug oxi.dation resulting from. inhibÜion of o > , 
.~ .," j 

lipid peroxidat.üm s appear' t{}oe a functi~n of the linearity al the reac-, 

t~on as l';Pid per~x;Qation ;~tiVitY effects 1:~ n~;aritY of reaction • 

tfmec A sHnilar conclusion c'an be drawlJ from the data 
,,<::J., <0 

" 1 ',"" 

{l973} 0ho' sh'o;ed', that ï ipid ~ero'xtdatidn .1>activity has 

of Jacotlsor et al , '---_. 
a ~arked eff1ct on 

- the .lhlearit'y of ~pentobarbital 'oxidation and ace'taAilide hydro'xyhtion in , , 

,micr.oS{)~es.q , EDTA' \'1as 'shown to reverse these effects. Jacobson et al . 
{1973}, used' a phosphate buffer cpntaining an iron· co~taminà~t to produce 

,- .~ #4 
a hfgh activity of lipid pel€'Çlxidë1tion, .In their experiments'. incubation- , 

o peri ods greater thart JO mi nytes. woul d ",i ei d an apparent stimul ati on of 
t , • 

drugoqxiq,ation' on the aqdition of f:DTA. Itlis conclude-d that inhipition 
. 

o()f lipid per,oxidation in microsornes- does no.t directly result in an in-
l" , • • ..,..i, 0 ~ . , 

crease in drug metabolism if tiré reaction tim~s .are '\'dthin t,he"period 
'-, . .. 

of'line,ar reacti.on. Apparent i~crease~ in dhug ox,l,dati9!1 can,be ob-

serv'ed if the l ineari ty of react;'on' time i s ex~eeded, for th~ reaction . ,. 
.being" èxamine'd ~ ctnd llpjd peroxidation activity is ~ufficiently high to 

~ • 0,", 

~Çcoun'L fQr ~the devi ati<.m i.n l ineari ty. Reacti on l ;'neari ty time~ vary. 
, ' 

'" from laborat'ory ta 1 aboratofY an:! as VIi 11 b~ discussed l ater. mi cros QI1J a l 

0 :.. 

-~- .. 
, . , 

• ',l, 
\ '" " ~ " l 

\' . 
,f 

, 1 ~, . '. ." ", 
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'.reac.tion mixtures cO'ntain v-arying amounts'of lron wh'ich al~o appears to 
• -1 o , ' 

, 

, v,ary bet\IJe.en laboratàries. Thts wou1d ~cc~unt t:or the 'Lariable ability", 
,'. 

of different investi gators to demon~tra·te st imu1 ati on of dru.g oxjjJlti on 
" . ) 

- \ " 

oreactions ~fter_in~ibit~~n of.,npid, perOXid,a'ion.' ~ , 

Increa~ NADPff dep~ndent lipid pero~idati'tm in microsomes 
" 

prepared from 25 day old rats compare/cl to a'dults,shouTd also be refllected 
0#' , 1 \ _ l',., ,..., 

in dlfferences in .NADPH oxidation in··microsomes at the two ag~s. However,· 

in the present experimen.ts, NADPH oxidase was identica1J in 25 i1a'y old and 
~. l, ' (, 

1 (. fi' " 

adult rats, which is' ,in agreement with 'se\tèral 'reports that NADPH 'oxidase 
--».. 

- .activity was
o 

rel ativ~ly cons~ant during tbe
' 

developme.nt of the' rat . 
~ ,,- , t7 fi 

(Da 11 n,êtr et al 1965, -El Defrawy 1974 ~ ·Aranda 1975). Thi $" i s' perhaps not 

surpr'ising', as NADPH oxidation measured by t'he ~creas'e in .absorba~ce at . ~ 

,340 ~m ig an e~tjmatio~' of ~ tot'al NADPHaoxidize~ by ~icrosomes, ,and 
..... ..' '. 

'NADPH utilized by enzym~ systèms such as drug oxidation or lipid peroxi-
t • '\ ~. ' ç ~ 

dat,ion are likely to be only a fraçtion of the total. ,Assessment of 

,JiADPH oxidation specifie f.{)r l iPid per'oxidatioYrMas ~st;inated în the' 
~ 1 lit .., '!t _ 

.;: ., 4 e 

preselilt investigation by det,erm,ining NADPH Coiiaatio~ which 1S 'sensit'iv'e ; '0 

• ta inhibit,ion by EDTA. As 25 ).lM EDTA' inhibits li'Pid peroxidation, it, 
01 Qo ,ft.~ , ~ .. 

was re~son~a fhat th~ portion of NADPH oxidi~ed during th~ proees's of . 
\ J . f \ 

. 
p 

~ ,0 J' " 

l ipid perox'idation'was that ,sensitive to EDTA inhibition: _ NADPH ()xidasè, ' 
• 0 1 / • .~" 

. ( 
, . 

speeifi'c ~or·lip·id peroxi&ation was highest,in 25 day old'rats eompared 

',~Ito a'CIult rats in both contrbl and iron stirnulated incubation mixtures. 
; , 

1 1 .0' co ~ >. ' .. .. .( ~ 

\ 
JI 

The overal1 pattern obtained for NADPH oxidat~on used by lipid ~eraxi~ 
1 • 

dation was very similar to.the,)patterrf obtained when lipid per.oxidatidn' 
, 0 Il l , • ,\ 

'was measured 'us;'ng' the thiobarbituric add' reaction;'" ,lO' , 
CI " 'C' 

1 • 

J • rf 
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Recently, Beuning and Franklin (1974) and. Jeffery and r~an~~rJng 
'"" 

(1974) have sho\'1n that a reduced nicotinamiQ-e mononucleotide 1S formed: 

from NADPH\y a pyrophosphatase in microsomes . .This mono~ucleot'ide has . . 
ô 1) 1 ......' 

"...an i denti car sgectra ta NADPH and therefore, l eads 0 ta an underestimate i IT" • \ . 1'),,, 
the amount of NAOPH u~ilize~ micr~scmes wnen thè spe~~roPhotom~tr;,c' 

method is used for its estim~tion. Thi·s is most likel~ tO,be responsible 

for the ,d~screpanci es "and ,di 'ff1 cult i es many i nvest-i,.gators have ~ncmmtered 
., 1 

inS-~ttemPting to show a stoichiometric re1ationship behween drug <;lxidation 
. . 

and NADPH oxi.di zed. - NADPH can be, correctly assessed b~ i nhi bi~ti on the 

Pyroph~sPha ta se wi th EDTA (Jeffe~y and Manner; ng 1 ~74li or with 5 'AMI> ~.: 
(Beuning ah,d Fra~Rlin> 1974) "ith a resulting closer ap1roac~ ta S\:oic,h;a-' 

metry. In the presento ' e~eriments ~ ,the con cen.'.lI'a t i on ~f E~~ (25 llM) h~?: 

no effect on pyrophosphata~e (Jeffery and Mâ'l1ne~'ing' 1974) ane therefore, ' 
.!> ' 1, 

-" ~ ~ ~ 

, did not have to b~,accounted for, in, ouri.'~::a)culations. Hh?n higher con-
" " " ~ 

centrati ons 04 E:DTA \'Jere util1'ted as p)lrophosphatase inb.; bi tors in stoi - .-, , 
, , . 

chiometry experill1errts, ·NADPH o~idation for,~Î'p'~p p~roxidat:19n wa.s âlso 
, " . r-----___ . . "" 

inhil?ited and' therefore, eff~ctively {emoved-~as-Da--Sourc,e oof 1nterference 

in these ~stimations. tt \ " .. 
Oth~' than age, 0 the. mos t ~'ii de ly studi ed pfl5ts i 0 1 o !fi èa l 

• • 1. 

in drug oxidation is the male-,female' differences in the rat. 

di ff~èrrce 
, ~,~ 

Since the / 

o • ' .. 
origir'la} obseryation, of Qui·nn et al (1958) several '1ny~stigêltor~ :~àve 

reported{exJela~ed'diffe;ences in dr:ug>oxidation a'ld the related ele~tron 
. J • . '" ' 

~ransport system (Conney 1967', Gillette 1963, ~l~l"letté et al. 1972)·, A. ' 
• > ~ .. " " .. Il -:. (l f JI» .,.J " 

d • • "'" .... 1 

very .simpHstic èxp1anation for the deoreaseâ drug oxidaJiqri~êtivity; in 

fema1e rats; which. ~as· not, been pr~v;ous1y '~'~ns~d~red', is that 'an fncreas'e 
-: ,. '> JO" , 

, Q ..f-
i 
1 r ~ 

, " 

.' 
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in MDPH 'dependent lipid peroxidation activity in microsomes ot female rats 

could lead to an'apparent aecrease in drug oxidation. This coul r~sult ~ 

fr~m simple competition for electrons in the common electron transport 

system of from a destructiorl of the drug oxidation -e-l1zyme syst~. In the 

pre;;ent experiments, ide'njica 1 incubation mixtures were __ ~~~ for both the 

determin~tion èf drug o~dation and lipid peroxidation in microsomes from 

~ale and female rats: NADPH dependent lipi& peroxidation. was highest in ~ 

1>:/' ""',- ,. "--f"emale rats in-both ~control an~ iron- stimulated .microsomes)' whicn ;~as- in 

keeping with th~ proposal that low drug oxidation in female rats was due 

to increased lipid peroxidation. H9wever, when aminopyrine N-demethylation . , 

was deterrnined in the presence of 25).lM EDTA to inhibit lipi'd peroxi-

. Jdatirln. the m;le-female dlffèrence in drug oxidation was maintained and 

. \ 

o 

the activities VJere identica1 to the corresponding activities detrrmined 

without EOTA in the reacti orf-lnixtures. Because the di ~ference in: èfr.ug 

oxidatio.n l'las maintained even in the absence of tipid peroxidation. it 

,must be êoncluded that the contribution of NAD PH dependent lipid peroXi--
c, 

da.tion to the male-female differences in drug oxidatioll is negligible. _ 

A similar conclusion \-/as reached by El Defra\'IYet al (1974) who showed 
• 

d that when lipi.d peroxidation was fstimated in an incubation mixture 

which differed from that used for' drug oxidation, lipid peroxidation was 

highest in the male rat. These investigators reasoned that increased 

lipid pero~idation did not ex;st in female rats campare{] ta male rats 

and therefore. could not account for the decreased drug ox; dati on acti-
" . / ' , 

vity. This con'clusion is als0 su'ggested by the fact khat low lipid per-
.,< 

oxidations (control react'ion mixtures) in adult rat microsomes had only 
,1 
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~ 
a small effect on aminopyrine -N-demethyl ation evefl after microsomés had 

... Il ' 

been exposed to lipid p~roxidation for 30 minutes. Th~ relati'vely small 

difference in li'Pid peroxi,dation in male and female rats would therefore,~ 

be unlikely to result ir a measurable difference in drug ox.idation. 

J Mt"crosOOlal drug oxidation is of major importance in the overall ' 

elimina,tion of drugs and 'factors which increase or decrease the rate of . . 
oxidatio,n become important in any c,onsiderations .inif~. drug elimi-

nation. In bbtb t.he present experiments and those of previous investi­
~ 

gators, lipid peroxida ' n activity has been shown to reduce the aQility 
, h 

of mi crosomes to oxi di,ze dru An important questi"on which i s then 

raised is that if lipid peroxidatl has s'uch pro'nounced effects on drug 

oxidation in rat microsomes in vitro,d s ltpid peroxidation have the same 
'- ---~ ~, 

effects' ~y: ~i'Jo in the live rat, and also; in man, ïs lipid pero~idation 

a factor to be considered as part of the overall drug eliminatipri system? 

Before evaluating the possible relevance of lipid peroxidation in the 

practical use of drugs, two questions have to be answered. First,'does 

lipid peroxidation exist in human microsomes and. s~cond, 'doeslhe lipid 
, . 

peroxidation reaction occur in vivo in the endoplasmic ret1culum membrane 

of the liver or is it a reaction confined to isolated preparations of 

mi c,rosomes?' 

The. results obtained from microsomes prepared from liver samples 

obtained from human newborn infants, and fetu~, indicate that NADPH 

dependent lipid peroxidation does in fact occur in human hepatic micro-' 

somes. Activities in the human microsQmes were similar' to that found in 
r'r 

the rat l'Iith the activity being confined mainly to the microsomal 

.-. 



• 
r' 

.' 

144 

(lOQ,OOOP) suhcellular fraction with lowest activities occurring in the 

sÇlluble supernatant subcellular fraction (lOO.OOOS). Except in the c.ase 
~ 

of sample 13 iron did not increase lipid peroxidation ta an aetjvity 

comparable to the rat. Sample l was' stimulated by iron t'o aetivities l,. C 

e;1uivalent to that found in a.dult male çat~ iron stimulation. n Tllis 

.. : sample. however, was most 1ikely induced by phenobarbital a_s the infant 

had received phenobarbital over a period~ of 36 hours,~ and cytoehrome c 
) 

-

reduetase activities in this sample werè muc~ higher than in severSil ·new-
, 

born infants studied by Aranda et aZ (197~orking in the same laborà1:ory. . .~-
Lipi'd peroxidation can also be induced by phenobarbital treatment of rats 

(Nilsson et al 1964) so it is most likely that the values recorded in this - ' , 
partieular ~Pl~nt those r!=!sultifl9 fram phenobarbital inducation. 

-. -
Overall, the act~vities of 1ip.id pero~ation in human microsomes were 

.,/ . 
similar to those in the rat, guinea pig, and mouse~ and are higher than 

those in the rabbit (Jacobson :etpaZ 1973, Levin et al 1973, Kamataki and 

Kitagawa 1974). Unfortunately, in.the present study difficulties were 

, encountered in ebtaining adult tissu& samples from,humans and. thérefore, 

the present di\ta only cons i sts of immature human ti ssue. _ 

The effect' of NADPH dependent lipid peroxidatian' on N-demethylation 

of aminopyrine ~/as also studied in"human microsomal preparations. In 
":> • • , 

sampl e l wh i en had li pid peroxidati on activity close to that found in the" 
'.' ".., tJ _ 

adult male rat, prei n~ubat ion(of mi crosomes with al) NADPH ge~erating system 
, . 

\ had -no effect on drug oxidation. The addition of irol'-l ta the preincubation 
\ 

medium ,for 30 minutes, reduced drug oxidation by 25%. This compares .. -

dra.1J1atically te the ~ffects of preinctJbating,male rat microsomes ~lÎth an 

.. 
"-
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NADPH generating ,system which reduced N-aemethylation of aminopyrine by 
r. ~'" 

~5% in control incubations and by 80% when iran was added to the incu-
. . 

bation medium. In sample 2 which ha"d a lawer lipid peroxidation activity, 

preinc~bation'with ~n NAD~H generating system had no ~ffect on the ability~ 
of microsomes to oxid~ze substrate. even in reaction mixtures contaiQ,ing 

-iran. It is concluded that the drug oXidizing system in human micrasomes 

is resistant ta the effects of lipid peroxidation when compared to the 

effects of equivalent lipid peroxidation activity in rat microsomes. 
t 
( 

~ 
similar conc,lusion can be reaèhed by comparing the linearity of 

o / ' 

of N-de thY; a t ion r,éacti ons in human and rat mi crosomes. li neari ty bf 0 

reaction was maintained for much longer periods in human microsomes com­

pared t~e rat. When lipid peroxidation was increased to its maximum 

Activity by the ~ddition of iron to the incubation medium. only a slight 

deviation from linearity was observed' in human microsomes... It i~ clear 

that to achieve equivalent decreases in drug pxidation in human anq rat 
. 

micrasomes, human microsomes require a higher lipid per~idation activity 

for a longer perj~ of tirne., 

(J-- Alterâtion of drug oxidation has also oeen shawn resistant to . .' 
conditi!IS pr~moting lipi~ peroXidation~jn, 0 other species. In the , , ' 

rabbit, reaction 1inearity is m~ntained i the presence of an NADPH 

generati'~9 sys~em (Gram and Fouts /1966. acobson et al 1973) but th~se 
effe~ts are due to' 10\'1 activity of lipid pero>ddation in this species: 

On the~ther hand, drug oxidation in the guinea pig, which has a ~ipid 
\. 

peroxidation actiyity similar to the rat or .~ouse. is resistant to the ef-

fects of lipid peroxidation (Kamataki and Kitagawa 1974). It would appear 

\-
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.1 
o 

that effects in the guinea pi~ and those in the human are similar thoùgh 

the source of this apparent resistaDce to the effects of 1ipid peroxi­

dation ;5 yet undetermined. 

\ 

As age related differences in lipid peroxidation activities have 

b~en shown in the rat and it is we11 established that.age related differ­

ences in drug oxidation occur in bpth animals ~nd humans (Macleod et aZ, 

1972, Aran~a ei aZ 1974), the data recorded here for man must be regarded 
, 

as prel;jminary and appliea strictly to the age group studied .. 
~., 

, Q 

The other major question which concerns the existence of in vivo 

NAtPH dePendent lipid peroxidation is much harder to.answer. In general, 
o 

it is al ways, easier ta demonstrate that an entity, exists than to demonstrate 

its absence. Several baboratories have takeN the former approa~h and 

attemp~ed to demonstra·te the existen'ce of in vivo lipid peraxidation 

(Wills 1972a, Fujita 1973, 1914). by treating rats v.sith iron to 1ncrease 

lipid peraxidatio~ ta a 1evel which Gan be more easily' detected~ One of 
. , 

thJe major d iffi culti es i s that mal ona 1 deh,yde and other breakdown products 
, \ 

of lipid peroxidation are metabolized rapidly in the who1~ animal ând ar~ 
. . d 

.. 1 • 
therefore, difficult to detect by existing methods, ;n~t~ssues (Recknagel 

1967). The other major difficulty with the experiments ;s the fact that ., ' 

the thiobarbituric acid reacting material and. the decreases in drug 
. . 

metabol ism in microsomes' t'rom iron treated rats, cou1d well ·occur as a 

re$ult Of.l i piâ peroxidati on occuli'ri'ng during, the prep.~raùon of the,~ cro­

sames and not ref1ect what took place before the death '6.f the animal. "As 

iron treated animals have a higher tissue ;\on Jevel and lipid peroxi­

dation is very sensitive to-;ron cqilcentration, tne chances of lipid .. 
, .. 

"--
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, -
pe,roxidation occurring during the preparation of Înicrosdmes is greatly 

i néreased~ver normal preparations wh; ch act as contr.o 15 -1 n the experiments 
,./ 

of these, investigators. 

In the present experiments, in. vivo li pi d peroxi dati O,n was assessed 

by treat-~~~ day old rats \'Iith iron-dextran (ImferonR) in an' attempt to 

create the mosf favorable conditions for the promoti on of in vivo l ipid 

peroxidati on. Mi cro?omes from these rats were prepared in a buffer con­

taining 25 lJM EDTA to el iminate l ipid peroxidation during the preparation 

of "mi crosomes . In cO'l1trast to the experiments of Wills (l972a), who did J>. • , 

not use EDTA,during microsomal preparation, no decrease in drug oxidation 

was recorded in iron treated rats as reflected by aminopyrine N-demethy­

lat1on, cytochrome 'P,=,,450 levels and NADPH oxidase in microsomes in iron 

treated and saline treated control r,ats. Hm'/ever, the m;crosomal content 

of .... th1ob~UriG acid reactin~ material was about three fold higher in 

iron treated rats ccmpareo to control rats, Provided this cou1d not be 

'. accounted for during preparation of microsornes If this, could result from 

in 1.livo lipid peroxidation reaction pr00ucts, When microsomes from~ron, 

. treated rats were prëp~red without the use of EOTA in the buffer, ,an 

increase ih 1ipid peroxidation activity was found in vitro compared to 

control microsomes!l which is similar ta the,results presented by Wi'lls 

(,1972a) in a similar' experim~nt, 

increased i ron content of mi crosomes from iron· tr~ated ,rats and oçc:ur in 
• 

vitro and are !.'lot Aue to effects taking place ,in the '1 ive ani'mal. In tfle 

present study, electron micrographs of'micros al pellets from, iran treatedo 

rats showed that ri bosomes appeared' to 'b absent from the surface of the' 

/,,/' 
, , 

, / - -

.. ". , " 
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, \ 

/ .f 

microsomal me~rane and there l'las ~videnc'~ ~f increased membrane fragments a _ ., 
• compared to cpntrol .rats treated with saline, These cbanges which occurrt(f-'-1 

... '. li 
in microsomal preparations derived from iron treated immature rats, which 

~:. \ 

had'favorable condftions for in vivo 1ipid peroxidation, were very similar 
. . i ' 0 ' 

to the changes obser.v.,rd b,J.' Ar~d1 a et aL (1972) in mi'crosomes exposed to 
-- ~ , 

low gctivities of in vitro lipid peroxidat_~on, High activities of in vitro 

lipid p'eroxidation resulted' in c~plete destruction of microsomal membran~ 
, '1 , • 

structure i n t~e present' experiments and those, r~ported by Arstil a et al 

(1972) and_Hogberg et; aZ {l973}, 
~ 

The evidence ii'suggestive that lipid peroxidation took place in 

-the living rat "provided that one accepts that the use Of,EDTA eliminated 

sources of thioba;bituric a"cid reacting material during the preparation of '. 

the mi crosomes and that J the data does not represent a preparati on art'; fact 

which was nôt recognized. Recently, Hogberg eiJaZ (1974)nave demonstra'ted 
~ 

~ -
the pt'esence of NADPH cytochrome c 'reductase in 100,0005 fraction of . ,~ 

hQpatacytes.. whi ch viere incubated as i solated ten s with i ran complexes. 
,. . 

This enzyme can be released fylom isolated mierosOOles during the prO.cess 

a~ in vitro li pid ,perox~~. d~1i on (Bi'd1ack ~nd- Tappe'. 1973) i' suggesting tht~ 
in the experiments in i ate ce'lls,.. lipid peroxidatjon of the endoplasmic,'" 

" " 

.reticul um' can aeeur. The occ rrence of }i pid' paroxidati on Ifin the intact 

isolated cel1 lS a step closer'ta in vivo conditions compared to subcellular 
! ~;--

fractions a'fid tends ta support evidence which suggests the occurr'ence'oT , 

in vivo lipid peroxidation. In iran deficient rats" whiçh reduces the' . ", 
, 

possibility,of in vivo lipid peroxidation~ drug oxidation is increased 
! '. " 

(Catz et aZ 1970) and in vitamin E deficient rats, which increases lipid 

"--

/ 
, 

/ , , 
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" 

peroxidétion_ drug oxidalltion is decreased (Carpenter and HO\I/ard 1974, 
\\ 

Dip10ck 1974). Th~se ,observations a1so agree with the predicted response 

if 1ipid ,p~~àn occurs in vivo. Strong evidencé a1ready-1exists, t~-­

demonstrat~ in vivo 1ipi~ peroxida~ion in hepa~,ic microsomes following 

carbon tetr'achlt>rid~ intoxication (Recknagel 1967," Reily an'd Cohen 1974)., 

However, peroxidation or this . ype ~esu1ts fram the ~ction of free radi- /~ 

1 -~ ca s generated during tQVtabolism f carbon tetrachloride.· /. 

present experiments tend to support the idèa that ~ 
, 

. , .. 

~
ven thou9h th 

NADPH ependent lipid 

act1vi y in animaTs 

activity, suggesting 

place» in vivo dnig oxidati On r:- w 

with iron remained sim11ar ta the control 
, , 

if it did occur, 'lipid peroxidation had no 

efrect on the abil ity of the epatocyte tg metabo li ze drugs. Ttli s' sug­

gestion, hO\'Iever, does' not ent rely e1imin!ite the hypothesis of.~Wil1s 

1 (l~72b) that in vivo lip oxidation playsft role in the overall turn-

.,. f endaplas~ticulum membrane. , S~èh a role woUldJl~Come 
-

by' measuri ng a fun'ct i on of the !]1embrane such as N-demethy1 ati oiL 

synthesQi S of the membrane kept pace wi th i ts 
'. 

breakdown rate. 

The importance of iron lin NADPH dependent lipid peroxidation in 

micros.ane's has been demonstrated by many independent investigat'ors. '1hé:" ' 
initial' paper des'Crfbing N~PH dependent lipid perOXid:tion in JM.erosOmes '. 

,'. ~ 

(Hochstei n and -Ernster 1963) re rted ~bso 1 ute requi rement for ADP. 

Th i s was' l ater shown to bEl a -depel)dence . on î ron contami n,a ti ng the ADP 

rather than the ADP itself (Hochstein et al 1964). The required iron" , 
" 

which can be fe ferric \'/as non-treme i~ n~1ï~re and ,could not be, 

.\ 

'. 
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, . 
, rep l aced by other meta 1 i OOS (lAI; 11.s 1969b), 

i • • 

As now ,sugges ted ~Y severa 1 .. 

investig~t~rst, the iiPpareni: réquirement for'ADp'or an ADP:'iron'com'plex ' 
.... , .. A • ~ .." • t. t. IJ 

for lipid p~roxidatjon, is most likely due to thè,.fact tha.t.ADP keeps 
~ . ..l""" 

ferrjc iron fro~ precipitating from ~eaction mixtures kept at neutral pH 
. 

(Poyer:- an<l t1.cCay'1911. Pederson et al., 1973, Noguchi and.Nakano.1974); 
, . 

Apart fram es;tab'li~hing',that the ;ron.involve.d is non-helne, little 1S' 

,known about ·the iron, Which appears essent,ial fOr lip'id pero.xi~ation. 

Wills (1969b) suggested that"iron is bound to the 'micro~omes and ; ... '. ., ~ 

does not act âs a free iron in sol·utia". dUl"ing lip.id'perox.idption. 'How-. - ~,~ 

eve~ Pederson and A.ust 0'972) ,Peder~o~ et a~ (1973) and Noguchi .and . } 
, 1 ~, \. .;,."" r' J 

,. ' 

N'î!ka1'lo (197'4) have:demonstr,c!teci lipid per~xidation,in al} i.soht'ed pre-
, . " l , 

paration of eytochrolne c reductase wh;e~ still required iro~·despite th~ 

absence 'of ot'her '4IlIi.crosomal componènts. NogL\chi and Nakano (19°74) cçn-
, \ 

cluded that the iron involved.in the peroxidation of ~d9ge~US lipids of 
, , , . \. 

, , _ .. _ microsomes was free in solution. Also, EDTA was sho\'m to he an essential' 
-~q- 1 .. ./ 

" 1 __ _ 

1 
, . 

component" in lipid peroxidation using isolated'·eytochrome c reduc'tase. As . . 
Wills (1969b).usèd EDlA and other ehe1ating agents in.the experiments 

Q 0 

'designed.to determi'ne .if iron was bound or free. the re'§~orati-on of,lipid 
. 

,"" peroxidation activity after. washing EDTA treated microsomes may have been 

.. 

• .' 

due to art~fact ~ntroduced b~ the E~TA'dep~n~y des~r~b~d by Peders?n 

and Aus t (l97B). 
, . 

. . 
ln th~ present experiments, in an attempt to establish ir iran wâs 

bound or free. we utilized an4ron chelating ag·ent. 8-.hydroxyquinolirle, 
• • fJ 1/ 

~__. J • • '

1 

whieh was eovalently bound to glass beads. Usind these ~lass beads, micro-
..- . " 

" ...--- . . 
. somes c6uld be incubated and after gentle centrifugation') a11 free iron, M 

( , 

\ 
l' 

. ' 
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iron chelate and free cheldte, could'be removed. Incubation of ,m~crosomes 

with 8-hydroxyquinoline glass_beads had no effec~ on non-heme iran con­

tent, 1ipid peroxtc;lation or aminopyrine N-oemethylation. -This suggests 
. ' -

that the irOt~esent in mic.rosomes whiçh contributes to the basal 'lipid 

peroxidation activity,was bound to the microsomes and did Rot exist free '. 

in solùtio\l. This boulfd iro~ '!1ay be the non-heme iron which could not 

be removed fro~ microsomes in the fonm of ferri~in (Montgomery et al 1974). 
f> .. .. .. 

Mhen iron was added to the. mïcrosomes to produce maxima) acttvities 'of 

lipid peroxîdation, glass beads wsre ineffective in reducing the activity 
.. ~ • "l 

if the beads were added after mi crosomes. When glass beads were added 

prior to microsomes, l;pi'eJ peroll<Îoation actiVit~)wa.-sr'educed to a' level 

close to the basal activity. This experiment demonstrated'that even when 
1- \ • • 

[ --.. ", '" . ~ 

iron is'added exogendusly, ;t is rapidly bound by the microsomes and does 

not rema;n free in"solution, This evidence' i~ conj~nctioR with. the simi-
., . 

lar conclusion reached·by Wills '(1969b)'ûsing a different technique, .. . , 

.-c~early estabHshes that the iron compou~nt involved in lipid peroxidatioQ " 

in intae:t microsomes i.? bound and does not exist free in solution' even . \ . . , 
when added t'rom an exogenous source ... 'Chelating agents inhibit lipid per-
t • • ... 

oxtdation in microsomes by acting on, i.ron at the bound source and·,do not 
<J 

remové iran from the microsanes. I,n isolat~d ~sys~ems of lfpid peroxi.-

C1atjon ûsing; cytochrome c reductase as an el€;!ctron carrhj!r, this bound 
, , 

'iron compo.nent i s unnecessary and- as suggested by Pederson and Aust (l974) 
o _. / •• 

i~ can be'rep1aced or by-passed, by an EOTA~Fe complex. 

" 
" As l ipid perp~dati.Qn is extremely sensitiVe 

in microsomes, this has le~ some con~usion in ~he 
to iron'concentration 

l,; terature 

____ ---L../ ____ _ ,_, __ 
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sligh~.cohtamination by iron in a reàction mixture cJn result in a marked-----~f-. 
, 

0' stimulation of lipid p~rox;datior.l. . . Unfortunatelj, phosphates which are 
• '0 • 

used widely' in buffers, contain iran as a- trace contaminant and depending 
li 

on the exten~ of this con~amjnation, basal lipid peroxldation activities 
-. .. " -f; , ---

win vary. As a- result, some 1.i1vestïgatofs (Levin et aZ 1973) "could ,not 
... (';, & J .. 

. ~emonstr~te a" stimulation of lipia peraxidation .by irons but their bQsal 

actïvity was high in compariSon to the ac~iviti~s foun'd in- the p~esent4 . ~ ) -~ 

-study. O'n the otfler hand, ~Jills_ (i969b) and K-amataki and Kitagawa (1973) 
• 

r~orted that the maximal effect of iran was dpuble that of the basal 
... . 

-activfty. In the pres.-ent experimetits,.lipid peroxidation was stimulàted • 

~o il ~ax;m'al activity 2.o.0ti~es tha\bf :~e,basal activitJ aft~'r the" 
f ' ~ .. 

additi on of ; ron -to reacti on mixture,. As the maximal response to ir.on 
)J 

in all of these studies is ~imilar"'~ conclude that 'the differences in 
. / 

basal act;vity in the different 'S~udi sI! is due to different levels of iron 
" 

contained in the mic~osomes'of the di ferent preparations. In .our ex-
, -

minimfze iron contamination of - \. 
~eriments, part{cular iare was t~ken 

, - , 

l ipid peroxid'ation react;on ·~ixtures,. ·Such ci, concl't1sion is ·supported by' 
<r, , • "\ • , 

the observations of Jacobson 3) who showed that if phosphat~ 

buffer was passed thr~ugh a~ ,nge 'column -to remove irOr'J before 
<, , 

u51ng the buffer for lipid peroxjdati n rea'ct}ons. their b~sql ac:tivity 
" . 

(which was similar té> our màx4mum sti latéd acti~ity) was'reduced by 1 

abo~t 15 fold.. Also, Va~sis e~ àz (19l4) foood' that '~i.pid··pe·r~~~dation $' 

activity v.Jas less in tris buffer corn. ared to phosp.hate buff~r. 
, ..' ~ 

In the pre~ent experiments',' orne day-to-'day. variation in lipid 

peroxidation w,as apparent Wh\~ch was' ost likely dué to variatiq;t {n -

'\ - -/ 
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t"Ota 1 i ron content of mi crosomes. 
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y 
li 

The probleM of iron cont9mination and , 
_ • i 

the fact that ~asal 1 ipid peroxida'ti on activities are a funct;on of iron 

contamination in microsomes has not been widely recognized. -Most of ' 

th~ inter-!abo~atf ·di~fer~.nc~·s'rep~rted ~n' the l Herature ,can probab ly 

be accounted for by iron contamination and makes comparison of results 
\ 

between diffe.rent investiga,tors difflcult. The main source of this con-
. . . 

taminatio.n is phosphatf! buffers used in reaction mixtureS and from glass-,. 
, 'DO ware which has been contamin~ted by trace amounts of iron .in standard 

cleaning p~ocedures. 
, 
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. CONCLUSI ONS ~ND CONTRIBUTIONS Ta' ORI GINAL KNOWLEDGE 
" 

The resu"lts summarized belo\'J ;epresent the original descript-ions 
J \ 

and' contributions-ta new knpwledge which are described in this thesis. , . 
'1. In immature rats. the pattern ot' activity of NADPH dep'~ndent 

: ~ 
1; pid peroxi dati on in hepatic ,mi crosomes. i s describeu. Açt; vitles reached 

o 

a maximum level 25 days after b,irth ànd then declined to'adult lev"els by , 1 

. . \ 

six weeks of age. The·reason for this peak of activity during the develop-

ment of the rat, was not- determ; ned but cytochrome c reductase activities 
\ ' 

-

and non-heme iron Jevels did not play a prominent role. 
~ \. . 

2. NADPH 8 dependent 1 ipid perox"ldation pl ays only a ve'f'y 'minor role 

.in the diminished' ability of immature rat microsomes to Q,letabolize drugs. , , ~ 
, It appears that the only'effect of l~pid peroxidation on the general 

"'-
ttievelopmental pattern of 'drug oxidizing enzymes in microsomes~ is a slight 

" . 
slowing in the rat/o.f development at the time when NADPH dependent -'ij5Ïd 

peroxidation activity is highest. 

r 3. ,In rat hepatic microsomes exposed to lip~d peroxidation~ drug oxi-, . 
\ r , 

dation aètivit,y was ~educed by a muchogreater degrêè in 25 day ol'd !)ats com-
, . 

pared to ël;,du1t rats. In both age groups, iron added ta micros?J1es increased 

lipid per~~ation activity and resulted in a fu'rther decrease in the ability 

r of m;crosomes to oxidize drugs. "-
j' ... -

" .' 4, Total NAOPH oxidase activity \'It!S-Simila-r in 25,clay ol~ and ladult 

rats. Hhen n~DPH oxidase activity ~hich is spetific .for lipid peroxi-­

'dation was calculated, the pattern of activities loUnd in different age 
~ ," 

groups and under different conditions, was similar fO the pattern ?btained 

, r ' 
Il Il 

, , .. 
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for the activity of lipid peroxidation dètermimed' using the thiobarbi-
, • 1 

tu~.i~> açid reaction, i.e., NADPH O~'dase activity associated wit~ lipid 
Ii'J' • 

peroxid~on<was highest in immatu e rats compare~ to adu'lt rats. Iron 

'added (0 incubation mixtures, increased NAOPH oxidation in
4

both age 

groups. 1> , --' 

../ ,5. Inhibitiop of t~OPH ~ependent lipid peroxidat;oll does not result 
! , - y ~ 

in a direct Ïù1crease in the activ~ty of dru~ metabdlizing enzymes, in 
"" 

m;crosomes. The increases in drug reported by other investi-

gato~~ 1 ipid o p~r~Xidation activity T as inhibited with EOTA, was due 

to incubation artifacts c used by utilizin reaction times which exceeded 

thetlme PH dependent lipid peroxidation 

had Il}arked effect on rea~tlon lirarity ~.imes for drug oXidizing 

enzymes in both lmmature" and adult rats. !.) 

,6. Destruction of cytochrbme P-450 or the.microsomal membrane are 
" <! > . . . 

not absolute requirements for the reduction of drug metabolizing enzyme 
~lt -. . 

NADPH dependent lipid peroxi.ëf~tion in~microsomes. In 
. . 

and type Il binding spectra were diminished fol10wiOg 
.. 

but cytochrome. P-450 remain'ed intact. It 1S pro'post:!d 
.. 

decreased fol1owi~g NADPH dependent lipid peroxi-

dation activity tn micrpsomes by an effect on the substrate binding sites. 
/< 

',The reduè~'~,on in substrate bind,ing results in ~ea'sed drug oxidati'n. ' 

7. &1 though i ncreased NADPH dependent li' d peroxi dat; on was found ... 
f :\ • , " 

" 

. .. { .. , 

;n fem.(l,~.compared tg male,ravs, this was not respon~ible for the lower 

activit~ of drug metaoô'Usm in'~emâres compared to males. 

... ' ...... 8 .. NADPH dependf!nt lipid peroxidation has been d,emonstrated for. the 

.. . 

. (f./ 
} 
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,first t;me in humans tlsing subcellu1ar 'fractions of 1iver horpogenates ob-
, ~ , 

,tained from newborn infants. As reportéd for other species, activitY,'Ilas 
r 

concenttated in the m;crosomal f~attion and is similar tO,that found in 

.the rat. NADPH dependent lipid peroxidation act'ivity in, human microsomes 

~educed drug oxidation, but compared ta the rat, numan microsames were 

much more res i stant <t-<:> thi s' effect. • 

9. Evidence;s ~rasented which supports the idea that lipid peroxi-. , 
dation can occur in vivo in the ràt. 

/ 

J~ -'The iron involved in N~DPH dependen-t lipid peroxi,dation r"eac~ions 

was shown ta be baund ta the microsomes and does not act ~s a free ion. 
'( I~~ 

A1~o, exogenously added iran is rapidly taken up by microsomes and stimu- ' 

lates lipid peroxidation in aObound form rather th~n as a free ion. 
J 

Ir 

,1. 

: 

) 
, ' 

.. 



• 

,-

Q 

" 

157 

. { 
Alvares, A.P., ?chi111ng, G., Levin, W. and Kuntzman, R. Studies on the 

\ 

induction of Co-binding\ pigments in ft'ver microsomes 'by phenobarbital 

and 3-methy1cholantArene. Biochem. Biophys. Res. Comm. 29: 521-526, 

1967. 
p -,' J.. 

Inabi1ity of sùb-. Alvares, A.P., Schilling, G., Levin, ·W. '~nd Kuntzman, R. 

~ strate te alter carbon mono-l<icI~ and ethYlisocyanide differenc~ spectra. 

of mi crOSOOla l hemoprotei n. J. Pharmac. Exp. Ther. l ?6: 1-10, 1971. 

Anders, M.W. Stimulation in'vitro of -microsomal aniline hydroxy1ation by 
" 

2.,2'-bipyridine. 'Biochem. Pharmacol.~: 2561-2565, 1969. 

Aranda, J.V. Thyroxin and development of hepatic microsomal drug ox.ida-
.~ 

tion and electron tT'?nsport in man anci rats. Thesis. Department of 

Pharmacology and Therapeutics, McGil1 University, Montreal, 1975. 

Aranda, ~.V., Mac}eod, S.M., Renton, K.W.-and Eade, N.R. Hepatic micro­

soma1 dru~xidation and-electron transport in newborn infants. J. 

Pediatr. 85: 534-5~2, 1974. 

, Arstila, A.V., Smith, M.A. and Trump, B.F. Microsomal lipid peroxidation: 

Morpho1ogical characterization. Science 175: 530-533, 1972. 

Barber, A.A. and Bernheim, F. Lipid peroxidation: Its measurement, .... 

occurrence, significance in~anima1 tissues. Adv. Geront. ~es. 2: 

. .355-403, 1967,'·' 

Beloff-Chain, A., Catanzaro, R. and Serlupi-Crescenzi, G. Oxidation of 
L 0' '1 
reduced n;cotinamide adenine dinucleotide phosphate iry rat liver micro-

.' 

sames. ,Nature 198: 351-354,1963. _. 
t .. 

~, Bernhéim, F., Bernheim, M.L.,C. and Wilbur, K.M. T'he reacti.on between .. 
-thiobarbituric acid and the oxidation productsPof certain lipids. 

-, 



• 
!J 

/ 

• 

'158 

J. Biol. Chem.· 174: 257-264> !94~. 
, 

Beuning, M.K.,-and Fran.klin, M.R. Limitations in the use of the 340 nm 

absorbance maxim~m of reduce~ nièotinamide adenine dinucleotide phos-
, 

phate fQrl the determination of oxidation rates and st?1chiometry 
, 

during rat hepatic microsomal metabolism. M91. "Pharrnacol. lO: 

99~003, 1974. 

,Bid1aek, ~~.R. and Tappel, A.L. Damage ta microsOOIal membrane by lipid 

peroxidation. Lipids 8: 177-182~ 1973. 
< 

,B'idlaek, W.R. and Tappel, A.l. 
. 

A proposed mechanism for the TPNH enzy-
f 

matie lipid peroxidizing system of rat liver micros~es. Lipids 8: 

564-565, 1973. 
\ 

Bidleman, K. and Mannering, G.J. Induction of drug metabolism. V. Inde-

pendent formation of cytochrome P-450 and Pl-450 in rats treated with 
" . 

phenobarbital"and 3-methy1cho1ant~rene simultaneously. Mol.< Pharmaeol. 
~< 

Q,: 697-701, 1970. 
b 

Brodie, B.B. Distrîb~tion and fate of,drugs; therapeutic implications. 

In,. Absorption and Distribution of Drugs. Ed.~ T.~inns. Baltimore, 

Maryland: Williams and Wilkins, 1964, pp. 199-255. 

Brodie, B.B., Axelrod, J., Cooper, J.R., Gaudette, L., laDu , B.N.~ Mitoma~ 
J 

C. and Udenfriënd, S. Detox i ca t i on of drugs and other forei gn com-__ 

pound-s by liver micros()nes. Science ,121: ~03-604) 1955. 

Brodie, B.B., Gillette, J.R. and laDu~ B.N. Enzymatic metabo.1ism of drugs 

and other foreign compounds. Ann. Rev. Biochem. 27: 427-454~ 1958. 

Brodie, B.B. and Maickel, R.P. Comparative biochemistry of drug metabo1ism. 

In, Proe. lst Int. Pharmacol. Meeting. Ed.~ Brodie and Crodas. New 



.' .. ,J 

J 159 

York: MacMillan, 1962, Vol. 6, P!1. 299-324. , . '. 

Buhler, D.R.' and Rasmussen, M.E. The oxi.d~tion of dr,S~bY fishes. Comp .. 

Bi ochem. Phys i 01. 25: 223":239, 1968. 
./ 

Carpenter, M.P. Vitam;n E and misrosoma1 drug hydroxylations. "-Ann.IN.Y. 

Acad. 203: 81-92, 1972. 
, 

Carpenter, M.P. and Howar4, C.N. Vitamin E, steroids and liver m;cro-
1 • . 

soma1 hYdroxylations. Amer. J. Clin. Nutr. 'll.-: 966-979,1974 • 
.. 

Catz, ç.S., Juchau, ~R. and YiJffe'~ S.J. Effects,of iron, R~bof1avin 

and, ;odine defici\w:ies"on hepatic drug metaboliZ~ng enzyme systems. 

J. Phannac. Exp., They;. 174: 197-205, 1970. - . 
Chaplin, M'.D. and Mannering G.T. Role'of p~ospho1ipîds in the hepatic 

microsorr'lal drug-lMetabolizing system. 

1970. 

Mol. Pharmaco1. 6: 631-640, 

, 
" 

C1e1and, W.W. The statistical analysis of. enzyme kinetic data. Adv. 

Enzymo 1. 29: 1 -32, 1967. 
-

Coburn, R. Endogenous carbon monox;de production. New En~. J. Med. 282~ 

207 -209, 1970. 
. 

Cochin, J. and Axelrod, J. Bioch~mical and pharmacological changes in the 

rat fo11oWing~hronic admin;yration of mdf\phine, na10rphine and 

normorphïÏJne. J. Pharmac. (EXP. Ther. 125: 105-110, 1959. 

Co~en, G.M. and Mannering. G.J.. Sex-dependent di fferences in drug me1:a-
, 1 -

'0: 

bo1ism in the rat. III. Te91Pora1 cOqnges in type 1 binding and NADPH-
. . 

J. ... 

cytochrome P:-450 reductase during sexua1 maturation. Drug Metabolism 
~ 

andDisposit;on 2: 285-292 s 1974.' 

Cqnney, A.H. Pharmaco1ogical implications of microsomal enzyme induction 

a 



• 
• q 

.. 

1 

• , 

• 

., 

160 

Pharmacol. Rev. ~: \317-366, 1967. 
, .. 0 

Conney, A.H., BrQwn, R.R., Miller, J.A. and ,Miller E.C. The rnetabol~sm 

of m~ amino azo dyes'- VI. Intracellular distribution and 

properties of the demethylase system. Cancer Res. lI: 628-633, 

1957. 

Cram, R.l., Jachau, M.R. and Fouts, J.R. Difference in hepati~ drug meta-, 
) bol.i'srn in various tabbit strafns. Proc. Soc. Exp. Biol. Med. 118: 

r , .. : 
_ .872-874., 19q5. , Z 

Dallner,0.siekevitz" P. and Palade, G. Synthesis of microsomal mem-
< '. 

, 

branes and their enzymic constituents in developing rat liver. Biochern . 
... ~ 1 ... 1: 

Biophys. Res. éomm. 20: 135-141, 1965. 
, 

Davies, O.S. Gigon, P.C. and Gil1ette, J.R. S~x differences in the kinetic 

constant for the·N-demethylation of ethy1morphine by rat liver micro-

Ji~" , l l 72 l 68 s~es, Bl0chem. ~harmacol, lI: 865- 8 , 9 . 

Davies, O.S., Gigon, P.C. and Gillette, J.R. Speciès and sex differences 
... )"" 0, f'" , 

in e1ectrorr transport systems in liver microsomes and their re1at~n-

, S~iP ta ethy1morphine N-demethYla~ life, Sei. 1 8: 85;-91. 1969. 

DeMatte'is, F. ahd Sparks, R.G. Iron dependent 1055 ~f liver cytochrome œ 

P-450 Haem in vivo and in vitro • . Fed. Eur. Biochem. Soc. Lett; 
, 

29: 141-144, 1973. 

Deutsch, H.F., Kline, ~E. and Rusch. H.'P. The oxidation of phospholipids 

in the pres~ ascorbic acid and carcinogenic chemicals. J. 
1 

Biol. Chem_. 141: 529-538, 1941. 

Oiplock, A.T. Possible stab;]izi~g effect.~f v.ita~in Eon mjcroscxna], 

membrane-bound seJenide-containing proteins and drug-metabolizing . , 

/ n 

J 



• 
/ 

• 

161 

,- ~-, 

enzym~ sys tems . 
1 

Amer. J. Clin. Nutr. 27: 995 ... 1004,,1974. 
.... 

,DEade, N.R. and Rentan;, K.W. Effect of monoamine oxidase inhibitors on 
r ;.J } 

/' 1 

the N-demethylation and hydrolys;s of meperidine. Biochem. Pharmacol. 

Eade,. N.R. and Renton~ K.W. The effect of phenelzine and trany1cypramine 
'" • ..;. h ~, 

on the degradatiorr of meperidine. J. Ptlarmac. Exp. 1herap. 170: 

31-36,1970. , .. , .., . , 
El Defrawy el MasrY $., Cohen, G.M. and Mannering, G.J. Sex-dependent 

differrnc~ in dru~ metaboli~m i-n the rat: I. ,TempOra! cha~ges 'in th;e 

microsomal drug metabolizing syste'!l of the 1iver durin,9 sexua1 mâtur­

ation. Drug Metabo1ism and Dispositiot:1f.: 267-278, ~9]--4~ , 

El DeiraWy el MasrY S. and Mann~ring, G.J. Sex~dependent differen~es in 

drug metabo l ; sm in the rat. Ir. Qua 1 i ta t ive' changes produced by 
~ l' / '1 ~ 

• 
castration and the ad~inistration of steroid hormone and- phenobarbital. 

Drug Metabolism ilnd Oispositionf.: 279-284, 1914b. '" 

Elliot, K.A. and Libet, B. Oxid~:ttioR __ of phospholipid catalysed by iron 
.- 1" 

compounds wi,th ascorbic acid. J.' Biol. Chem. 152: 617-626, 1944. 1- • J ---
Ernster, L. and Nordenbrand, K. In, Methdds in EnZYmology, Vol. X. 

,-' , . 
Ed., Estabrook, R.W. and Pullman, M.E. ~ew York: Academie Press, 

1967, pp. 574. 
, 

Ernster, L., Siekevitz, P. and Palade a G. Enzyme-struct'u~~ re1ationships 
• • 1 

in t~e endop1a~mic réticu~vm of rat 1iver. A morphological and 

bioébemical study. J .. Cell BioL li: 541-562, 1962. 

Estabrook, R.W. and COherl-;-l:f:--{frganizatio!l of the microsomal electrbn 

,transport system. In.~ Microsomes and Drug _Oxidation. Ed., Gi llette, , 

, , 

/ 
" 

• J 
- -~ 

, .~ 

\ . 

<> 

1 



-.' .. . , " 

• O.' 

, . 

'. 

. ' 

.. 

. 
1 . . 

(' t. 

• 
" 

162 

l "J ... R., Conney~ 'A.H .• Cosmides, G.-J."Estabrook, R.W., Fouts, J.R. and 
o ",- 0 <1 1) 

Mannering, G~J. New York: Ac~~emi'~ Pre'ss, 
.. , ~ .. ~ "" 

1969, pp. '95-109. 
. ~ 

fstabrook, R.~., Cooper, D.Y. ~d Rosenthal, O. 
o _ • 

The light reversitile car-
o . ". 

bon .monoxid~ inhibition. of t_h,e' ster~id C21-hydroxy~ystem of the 
G .. J • 

:adrenal cortex. Bf~chem. Z. "338: 741-155,1 1963'. 
• • _ 0 

, " 1 ' ,. ~ •• ~ 

Estabrook, R.~., Franklin, M.R: •. , Cohel1, B., ~higamatzu, A. and Hildebrandt, 
" .' 

A.G. ?Influence ~f hepatic micros~a1 mixed function oxidation 
," \" • JI - . 

reaction on cellular metaboiic -c~ntro~ ..... Meta'bolism 20: 181-199, 

1971. 
,> 

o 
, \ 
r 

Fischer, P.W.F. and ,Spencer, T. ~Th~ffect of actinomyèin D and puromycin 
f • ~ 

on amyl hydrocarbon and estr~gen hydroxylase in regenerating rat liver 
, • .e. " ". ", ,v. 0 

microsomes. Proc. Cano Fed. Bl01. Soc. ]Ji: 183, 1972. .. . 
J'b- .. 

Flint, M., Lathe, GAL, Ricketts, T.R. ahdSî1man, CL Development of-
if • • ~ ~ r 

" 91 ucüronyJ transferise and other enzyme systems in the newborn 

, r~bit. Quant. J. Ex)? PhysioJ. :Cog. ,Med~ Sei. 12.: 66-73 • .19,64. 
a 0. " \.... 

Fç>uts, J.H. " ~iver 'smooth' endà~laSmic ~lticulum ;!,Imicrosomal ll drug-metcr- 1 

> j'''! 

/.~., t'b1izing ,enzyme system. I~, tf~thods in Pharmacology, E~ •• Schwartz, 

. . 
• or 

,'ft:: .. Ne; York ,,' Appl ~ton·.:çentury-Crofts: 1971 ~ pp. ·287':'325 • 
• " b ~;. 

~out?~ ~.R. and ~damsont R.H. ar-u~ metagolism in~ the newb~n rabbit. 

Sci~c~ 129: 857~858~ 1959. 
• "f 

~ ~ ~ 
Fouts. J.R. ând Devereux, T.~., Developmenta1 aspects of hepatic and extra-

,,~\!t , 

hép~tic drug metabolizing enz~e system~: Mjcrosomal enzymes,~nd 
~ ~ _. 

--, ~ '1 0 J 

components in rabbit l iver and 11ung duri~g the first mont~ of li fe. 
". , . .(.. - . 

J. Pharmac-. Exp. T'her. ]g: ~458-468, ,1972. 
~ ~~"'" ----,,- ~ --:-- ~ ft, 

" .F.ujita, T.. Fo~mation·Of'l.ipid per~xicfe'in rat.lïver mitochondr.ia af~er' 

.. 
" " c 

, / .... n l 

J .. ~ 
1 

.. 
1 ? 

. ' 

, . 



e-

• 

, -

administration of iron and ascorbic acid. Yakugaku Zasshi 

FUj;ta, T: Lipf'd peroxidé content in rat liver microsomJs ani~~oluble . 
.n. / 

fr~çtion after a~nistration of a~corb;c acid1and ferrous ion. 

Yakugaku Zasshi 94: 21~-220, 1974. 

Fujita, T. and Mannering, G.J. Differences in soluble p-4sb henoprotein. 

from 1iver treated with phenobarbital and 3 methylcholantnrene. ' 
, ~ 

Chem. Biol. Interactions 3: 264-265, 1971. , - .,' 

Gandolfi, A.J.-and~Van Dyke, R.A. Dechlorination of chloro-ethane with a 

rèconstituted liver mjcrosomal system. Biochem. Siophys. Res! 

CO/11l1: 53: 68?-702, 1973: 

Gaudette, L.E. and Srodie, S·.B. Re1at;'onship between the( lipid solubility 

-. of drugs and their oxidation by liver mict'osomes. Biochem. Pharmacol. . f p ________ 

f.: 89-96:t 19591. 
.~ . , 

...... ':. Gelboi,n;H.V. Mechanisms Of induction of drug metabolism.enzymes~ 'In~-
, ". . 

Î -- --

Fundamentals of Drug Meta~olism and Drug Disposition. Ed •• laDu~ 
• tw!· ) 

M~rdelland·~ay. Baltimore: Wii1iams and Wilkin;, 1971,/pp. 279-3Q7. ,-

G.ielen. J.E. anJNebert. o..W •• M~cros.oiRàl hydroxylase ind,-tion in liver 

: c~ll. culture by phenobarbital, polycyc)ic h§dr~carbons an~.p,~~DDT. 
" l',x ~ 

Sci ence 172: 167-.169, 1971. 
ct 

Gigon, P.L., Gram, T.E. and Gillette, J,.R. -Studies on. the tate of reduc-

tion of hepatic mlcrosomal cytocnrome P-450 by reduced nicotinarri.j~ 
> 

. adeni ne di nucleotide PÂosphate: Effect of drug substraté. -MOl. '. 
J ~ '1 ., 

Pharmaéo1. i: 109-122,1969/ 

Gillette).. J.R. 'Metabolism of drugs and other foreig~ compoun,~_~_" 
!i J. ) J .-

. . 

Il,, 1 , '\ t 

, 
1 

J, 

J ' • • 



• 

•• 

. . 

i , 

-', '. 
, . 
--- : . . .. 

- . 

_ 0 

, . 
164 

enzymatic'mechanisms. Prog. Drug Res. ~: 13-73,'1963. 

Gil1ett~, J.R. Biochemistry of drug oxidation and reduction by enzymes 

~ -in hepatic endoplas~ic reticulum. Atlvan. Pharmaco1. 4: 219-261, 

1966. 

Gillette, J.R. Techniques for studying drug metabolism in vitro. In, 

Fundamenta1s of Dr!:l9 Metabolism and O'rug Dispo~ition. 'Ed .• laDu, 

Mander 'and Way. Baltimore: The Williams Wilkins Co., 1971, pp. 400-' 

Gillette; J.R., Oavis, D'.C. anl Sasame, H.A. Cytochrome P-450 and its . .' 
'> ro1e in dru~ metabolism. Ann. Rev. Phann~co1. 11: 57-84, 1972. '1 

Gillette, J.R. Bi"odie, B'.B. and laDu,.B.N." The ,oxidation of drugs by .'c 

liver microsomes: On the raie of '1PNH ~nd oxygen. J. Pharmac. Exp. , 
/ 

Therap. 119: 532-540', 1957 . . -
9 

Gi11ette, J.R.: ~nd Gram, T.E. Cytochrome P-450 redu~tion in liver micro-
, 

~omes and its relationship to drug meta~ism. In, Microsom~ and 
\':',! • • f 

'" '~' " 
O~ug 9xidation:~;A Ed., Gillette, J.R. et' at. N~W York: Academi-c pres,\ 

~ '196~, pp. 133-149. 
Co 1 1) , 1 ~ • 

Gillette,.'J.R.; Sasame, H. "and Stripp;' B. inhibition of , . ' 

"drUg m~tabo1~C 'reaé"tionS:- orug'Métab6lism and ~ition' 1..: 164-

-174. 197,3. \,," , . - ' , 
., 

t ~ ~ • 

~hosha1, 'A.K. àhd Recknagel. R.O. On the me~abo1ism of carbon tetra-
(,() .~ , ,. : 

chloride hepatotoxic~tY:Co-inc;dence of 10s.$ of glucose-6c-phosphatase 
'\ :... ';. " , 

o l /.~ 

activity with ·per9xidatlon of micrOSOO1al 1ipid. Life Sei . .4: 2195-
~ . -
" 

o 2209, 1965. 
~. ' œ.' 

~Gram, ..L..E...-and-..f ou~s, J. R. Effect of a-Tocopheral upon'lipiè pèroxidation 
.. 

\ 
\ .. '. " , 

Q 
,ifJ . 

/ " 

,. . 

\ 



• 

" 

j--

i 

l, 

165 

~ 'and drug metabol i sm in hepati c mi cros~s, \-' A;~h, Bi ochem. Bi ophys . 

114: 331-335, 1966. \ . 

Gram, T.E., G1gon, P.L~ and Gillette, J.R.'\.o ~~dies on the reduction of 

hepatic microsoma) cy~ochrome P-450 by NADP~an~ its tole in drug 

metabolism. pnarmacologist la; ,l'79, 1968. " '~~~_""\ 
, / \.'" 

Gram, T.E. and~l1ette, J.R. Biotrans'formation of drugs. In, Funda-' 
, ,Q. ' " 

~enta l s of Bi ochemi ca l Pha~i"ac,~ l Ogyf.) Ed., ,Bacq, z. M: Oxford: 

, P~rgamon Press, 1971, pp. 571-609. . • ... 
,. , • u~ 1 

Gram, T.E., Guarino, A.M., Sch~oeqer: D.H'o_an oGillatte, .J.~. Changes in 

certain kinetié ~rop~rti~s of hep~tic m~cros~al anili~~ hYdroxYla~e 
and ethylmo~phine demethylase associated with postnat~ ~velopment 
and'maturation Nt.male rats. Biochem. J. 113: 681;;~685,,1969. 

(\ 

Hansen, J. M., Kri 5 tensen ,0 M., Skovsted. L. and Chri stensen. L = ' 

Dicoumarol-ind~ced diPhenYlhYdantoi;r~I~~i~ati~n. Lancet 2: 265-

266 t 1966. 

Hernandez, P~H~, Mazei. P. and ~;rlette, J.R.
o 

Studies on the mechanism 

.of action of mammal,i an hepatiè aio r~duçtase. II. The effects of 

phenobarbital an9 3-methyl~hofanthrene on carbon monoxide sensitive, 
o ' 

anél'insensitive azo réductase ad;ivities: Biochem. PhannacoL 16: . 
1877 -1888, 1967. . '. 

" . 
Hildeb~a~di, A. and EstabrQok, R.~ .. EvJdence for t~e partic~pation"of 

cytochrome 'b's in hepati·c m'icrosOOl.al mixJd-funct10n oxtdase reactions. . 
Arch. Bi ochem. ·Bi ophys. 143:' 66-79, 1971.; 0 

Hochstei n, P. ani ErhsteT, L. ADP-activated' J iPi'~ peroxidalion /coup led . 
to the TPNH oxidase ~ystem of microsomes. Biofhem. BioPhYs. Res. 

, '\. 

. . .. 

r 
;' 

, '" 



o 

o 

• J 

, . 

',~- -

,f 

1 
/ 
! 

• 1 

Comm. 12: 388-394, 1963. 
j< 

Hochstein, P. and Ernster, ~. 

possible rale in cellular 

, 

166 

\icroSOO1a1 ,Peroxidbt.ian of lipids and its 
. "'. 

jury. CIBA éoun~. Symp. Cellular 

" . \1 l' 
ttile i nvo 1 ve-, / 

InjufY' 1964, pp. 123-134. , 

Hachstein, _P., ,Nordenbrand, K. a d Ernster, L. Evidence for 

ment ~f iron in ~he ADP-a~t~vated peroxi~ation of 1ipids in micro­

somes and mi~ochondria. Bi~ hem. Biophys. ~es. Comm. li: 323-
1 328, 1964. \ 
\ 

H gberg, J~, Bergstra~) A. and Ja obsson, S~V. lipid peroxidation of . . 

/ 

rat-liver microsOmes. rasomal membrane and some 
-, 
membrane bound mi cros'cma,l R: 51-59, 

-. 1973. 

Hogberg, J., tarson, R., Kristoferso " A. and Orr S. NADPH"dependent 
.. 1\' 4 " .. 

reductase solubi1ized from micrgsomes ~y pero idqtion and, its ac-
l '''~; l, 

-,--t4v4~.JIi-- --Stoche!It-!.. _~ipphys .. - Res. Comm. ti" 56: 83 -842, 1974 'j 
1 i 

Holtzman, J. L. and Rumack, B.H t'The ki;~ëti cs of çyt ch~ome 'P-f50 re~uetase 

stimulation by ethylmorphine. Li' e Sei. 10: 69-677,1/971. .\ 
, .- 1 ''-

-.H;ycay , E.G. and O'Brien, P.J. 'Cytochr~me 1'-450 as a Inic~~pmal per<\xidase 

Uti1iZl~ a li~id peroxide sUbstrat~. Arch. Bio~hem. Biophys. 147: 

14-27, 1971... / '\ - -----Y- ... 

-Imai, Y. and Sato, R. Substrate interact\on, with ,hYdrOXYlfse system in. " 

liver microsOOles •. Biochem. Biophys_. ~es. Conm. 22:/620-626, 1966., \ 

Jacobson. M' I levin, W., Lu, A., Conney, A.H. and' .tt::lAntzm~n~ R. The rate-
,~ ~ /<$> 

of pent~barbital and acetanilide metabqlism ~y liv~ microsomes: A 

function of 1ipid peroxidation and degr~dation ~f iytochrome P-450 
• . l ' 

J '. 1 
\ ' i 
\ 1 

1 -- 1 
/ 

1 ) 1 
1 , 1 -1 

, ) 



• 
.. 

• 

) 

167 

. ~/ , 
Drug Metabo1ism and Disposition. 1: 76(»/74. 19~3. 

Jansson. J. and Schenkman, J.B. Evidence against-p~rticipation of cyto­

, chrome bs in tlie hepati.c micro~omal mixed-func~ion oxidase react~on. 
, l ,----

, Mole~. -Pha~acol. ~: -840-845, ]973. 
, .. 

Jeffery.) E. and Mannering, G.J. Oiscre-panç:y in the' measuremeflt of reduced 

triphosphopy?,dfne-nucleotide ~x;dized-dijriA§ ethylmorphine N-
'. 

« n 
1 •• 

demethylatjon due ,to the presence·of a nucleotide pyrophosphatase. 

Mol. Phannacol. !Q: 1004-1008, 1974. 

Jondorf, W.'R., Maickel,''-'R.P. and 8rodie, 8.B. Jnability of newborn mice - . 

and guinea pigs to metabo1ize drugs .. Bi9chem. Pharmac;ol. 1: 352-

354, ·1959. 

~abat, E.A. and Meyer, M.M. Jn, Experimental Immunochemistry. Springfield: 
/~~ 

Charles C Thomas, 1967, pp. 559. 
" i" , ' 

Kàmata~i, T. and Kita~a\"a, H. Effects of Jipid peroxidation bn activities . ,,' 

of drug metabo1izing enzymes in livet micros?mes of rats. Biochem. 
( c 

Pharmacol. 22: 3199-3207.1973. 

Kamataki, T. and Kltagawa, H. Species differences in lipid peroxidatioh ." . . 
:) • " 1", , 

and thei r effects on ethylmorphine N-demethyl as'e activity in l iver 

microsomes. Biochem. Pharmacol. 23: 1915-191~, 1974. ,. 

Kamatak i • T., j)zawa, N., Ki tada, 'M,. and K~ tagawa, 'OH. The occurrence of 
. , 

an inhibitor of lipid peroxidation in rat' liver soluble fraction 

and its eff~cts on microsomal ~ug oxidations. Biochem. Pharmaco1. 
~~ 

, Q: 2485-'24iq .• 1974. 

Klingenberg, M: Pigments of rat liver'microsomes. ·Arch. Biochem. Biophys. 
~ \. 

75: 376-386, 1958. 
\ 

.. 

/ 



,. 
i. 

.. 

~68 

1 

Kuntzman, R\ In, Microsomes'and Drug O~idations. Ed .• Gi 11 ette, J.R. 
" 

et al. New York: Academie Press, 1969, pp. 368. 

Kuriyama, Y., Omura~ T.) Siekevitz, P. and Palade, G.E. Effects of pheno-

barbital on the synthesis and degradation of the protein components 

'of rat liver microsomal membranes. J. Biol. Chem. 244: 2017-202p~ 

1969. 

Leibman, K.C. and Ëstabrook, R.W. Effects of extraction' with isooctane 

upon t~e properties of 1iver microsomes. Mol. Pharmacol. 7: 26-32, 

1971 . 
~ 

Levin, W" Lu, A.Y.H., Jacobson, M., Kuntzman, R., royer; J.L. and McCay~ 
~ 

P.B. LirPi'd peroxidation and the deg'radation of cytochrome P-450 
l ' 

heme. Arch. BiQchem. Biophys. 158: 842-852, 1973. 
o 

" 

levin, W,) Sernat:inger:o E., Jacobson, M. and Kuntzman) R. Destruction of ~ 

cytochrome P-450·by secobarbita1 and other barbiturate?'containing 
, 

a11yl groups. Science 176: 1341-1343, 1972 . . 
Lewis, S.E., Wilkinson,,--C-rf. and Ray, J.W. Thé r~lationship between 

microsOOIal epoxidation and lipid per-oxid'atio,n iQ housef'ly and pig 

1iver and the inhi.bitory effect of 'derivatiyes of 1,3-benzodioxo1e 

(~thylene djoxybenzene). Biochem. 'Pharmacol. li: 1195-1210, 1961. 

1 Lu, A.Y.H. and Coon, M.J. Role of hemop!otein P-450 in fatty acid w-, , 
" _ 0 

hydro){y.lation in a soluble e'nzyme sy.st'em from Hver microsomes. J. 
" ~ " # 

Biol. Che;m. 0243: 1~31-133.?~ 1968. 

Lu, A.Y,.H., Junk, K.W. and, Coon, M.J. '-Resolution of the cytochrome P-450 

containing w-hydroxylation system of" nve~ microsomes into three . - . u ..... -
. components. J. Biol. Chem." 244: 3714-3721, 1969a. 

- - - --- -_ ..... -.. ~-

\ . 



" ' 

.. e . 
Lu, A.Y .H., Strobel, H.W# and Coon, M. Hydroxylation of benzamphetone 

and other drugs by a solubili~ed form'of cytoch,rome P ... 450 fram liver 
0, 

'1 
l , 

microsOOles: Lipid,requfrement for drug demethy1ati,on. 1 Biochem. 
1 

'1 .. 
IJ 

/, . . ' , Biophys. 'Res: Comm., 36: 545-551, 1969b, . 

~, , __ ~udw,ig, G.B q Blakemore, W.S. qn~ Qrabkin.JD.C. ~roduction of carbon mon-
- ,. 

oxidé and bile pigment by haemin oxi.datipn. Biochem. J.' 66: 38P, 1957. 
il. r) 't 

t1acle~d, S.M. Hepatic microsomal drug oxidation and electron transport ,i-n 
-

immature rats, ,.rabb'its a,nd humans. TJesis. Dep'artment of Pharmacology 
l' 

and Thèrapeutics, McGi11 University, Montreal; -t972. 
,; 

Àacleod, S.M., Aranda. J.V., Renton, K.W. and Eade, N.R. ttepatic bio-

Properti es of cytochrome P-450 as affected by env' 1 on-
• 1 

m~nt~l factors:'qûa.l)~ative changes due to administratiQn ~flp lycyc'lic 
• 0 f!' 

hydroca rbons . Metabo 1 i sm 20: 228-245, 1971. 
, , 

Mannering, G.J,. Microsoma1 enzyme .systems'which tatalyze d,rug, eta 01ism. 
r ,1: , 1 

't j /' 

o In, Fundamentals of Drug Metabo1ism and Drug Bisposition.: Eds. l, LaDu, 
1 

Mandel and Way. Baltimore: The Wi'~liams- and WiH<ins 'C~.'~ 1971 jPP . .. 
2p6-2~2. 

" Manne-ring" G.J. Conference di scussion. Drug Metabolism a d Disposition 

1: 291, 1973. 
-' 

Mason, H.S. t~e(Jlanisms of oxygen metabo1ism. Ad~. En 19: 79- \ 
233, 1,957. / 

• 1 
;' 



e" 

, , 

. , 

" 

1 
IJ 1 

« 

~<' 

l 

\' ',' 
"-

.OS 

\ ~----< 

1 

a 

• <1 

170 

.Mason, H.S. Mechanisms of oxygen metabolism. 

1957. t 
.' . / 

May, H.E. qnd McCay, P.B. Reduced triphosphopyridine nucleotide oxidase­

cata1yzed alteration of membrane phospholipid. I. Nature of lipid 

alterations. J: Biol. Chem. 243: 2288-2295, 1968a. . 

May» H.E. and McCay, P.B .. Reduced triphosphopyridine nudeotide oxidase-

May, 

cata1yzed a1teration of mem~rane phospholipid. 

perties and stoichiometr~. J. Biol. CheJ. 243: ". / 1-

Il. Enzymî c pro-

22g6-23~ ,,) 968b. 

H.E., Poyer, J.L. and McCay, P.B. Lipid a1terations occurring in . 
" ' 

mfcrosomes during the enzymi~ oxidation of TPNH. Biochem. Biophys • 

"Res. Comin. 19: 166-170, 1965. 

May, H.E,'and Reed, D.J. A kjnetic assay of TPNH-dependent microsomal 

~jpjd peroxidation by chanaes in difference. spe~}tra:. Anal: Biochem. 

55: 331-337, 1973. 

McCay, P.B., Poyer, J.L., Pfeifer, P.M.» May, H.E. and Gilliam, J·.M. A , 

f~tion for a-ToCOp~er.,ol:, St~~.i2ization of ,Üle miërosomal mèmbrane 

~ radical attack durihg TPNH-dependent oxidations. lipids 6: 297-
1 

306, 1971. 
J 

Mi€~aelis, L. and Mente~. M.L. Die kinetik der invertin wirkung. Biochem. 

Z. 49: 333-369, ,1913'. 

Mitoma, C., Neubauer, S.E.: Badger, N'.l. and Sorich, T..J,. Hepatfc micro-

, soma1 acti~vities in rats wTtlllong ~nd short ti~es after hexobarbitjil: 
J 

1 

A compari son. Proc. 'Soc. Exp. Biol. Med. 
. 

125: 284-288, 1967. 

Monserrat. A.J., Ghoshal. A.K., Hantroft, S. and Porta) E.A. Lipoperoxi­

dation in the pathogenesis of renal necrosis in choline-deficient rats. 
~J 
1 

------~------~ -- ~ ~---



1 171 

f J 

Amer. J. Pathol. 2.§..: 163-190,.\1969. 
• A 

"Mont'9omery, M.R., Clark, C. and Holtzman: J.L. Iron sp~cies 
----~_~ i· 

-------------~ mi cros~s f;om < cont ro 1 and phenobarbi ta 1-treated rats. 

of hepati c 

Arch. Bi ochem • 

• 
1-' 

-- -~-- j 

Biophys-;~~-~7_4. 
~-" 

, 
Mueller, G.C. and Mil1er, J.A. T~e metabolism of 4-dimêthylàmllio:..----

• IJ 

azobenzène by' rat li ver homogertates. J. Bi 0 1. Chem. 176: 535~544, 

1948. 

Mueller, G.C. an~ Miller, J.A. Reductive c1eavage of 4-dimethylamino-
, - -

Q azobenzene by rat ljver: The intraeellular dist;7u~ion of the enzyme 

system and its requirement for triphosPhopyridin,JZ- nucleotide. J. 

Biol. Chem. 180: 1125-1136, 1949. ' 1 
1 

t1ueller, G.C. and t'lil1er, J.A. The'metabolisin of methylated amino-azo 

dyes. II. Oxidative demethylation Dy rat liver homogenates. J. Biol. 

Chem. 202: &79-587, 1953. , -
1 

, S., Coop~r, D.Y. and Rosenthal, 0, Spectrophotometric pro-· 

of a triton-cl arified steroid 2l-hydroxyl ase < system or --
, 1 

1 , .,t_ ~ 

---adrena'l-ébrtieal m;crosomes. 'Life Sei. != 2W2=2107, 1965. l' 

, 
tlash, T. The colorim~ric .estimation of fonnaldehyde by lTIeans of the 

;:f ~ - \ 

~antzsh rea~.ti~~ ~. Biol. Chem'. 55:- 416-422; 195~ .. 
l 

Nelson, D.D.,' Lurosso, D.J. and Mannering, G.J. Requi rement of a sol u'::' ~ 

ble 'protein for maximal activity of the mono-ox,idase system ,of 

hepadc-mitrosomes. Biochem. Bioph,Ys: R~s. Comm • .§l: 995-1001, 1973~ 

. Netter, K.J., Kahl, G.F. and f4agnûssen, M.·P.'_Kinetic elements"in the 

binding of metyrapone ta 1iv~r microsomes. Naunyr1-Schmiedebergs Anch . . , 

Ph,armako 1 , Exp. Pathol . 265: 205-215, ~969. 

f-
Il 

1 .. 
1 

\. 



172 

. , 

• , 

Niêhaus" H.G. and Samue1sson, B. Formation of ma1ona1dehyde fram phospho-

lipid arachidonate durin'g mic:rysomal lipid, peroxidat.iory. Eur. J. 

Bi Dchem. '6: 126-13Q. 1968. - ' 

Nilsson, R., Orrenius, S. and f~~s,t~r, L., The TPNH-dependent ,dxidation . ~ 
~ -

of"1umi.nal catalyt;ed by rat~liver microsomes. 
,\ 

Biochem. Biophy"s.-

Res .. Comm. - 17: 303-309', 1964. 
/ - " 

Nishibayashi, H., Omtira, T., S~to~ R. and Estabrook, R. In, Structure 

... 

and Functi on of Cytochromes,. Eds., Okunuki ,"I.K., Kamèn, M.D. and 
, ' 

Sukuzu, I. Baltimore: University 'Park Pr~s, 1967', pp. 351. ., ' -. .. . . . 
, ,,' t 

Noguchi, T. and Nakano, M. " Effect of ferrous i ons on. mi çrosorria1 phospho-
, ,1. . ".' 
rtpftt"peroxidation and rela,ted 1igl11:' emlssi-on. Biochim. Biophys. 

~o 

Acta 368: 44-6-455, 1974. 

Omura, T. and Sato, R. - The1carbon monoxide binding p1gment of li'ver 

mi cros ornes. 1. Evidence for its henioproteî-n nature. J. Biol. Chem. 

239: 2370-2378, 1964a. 

Omura, T. and Sato, R. The carbon manoxide-binding pigment of liver 
,1 

mi cros ornes. II. Solubtlization, purificati6n, an<;l properties. J. 

Î)-:. , 



.. 

• 

'V 

1 .. 

r 

, 

• 

\) .. 'Of 173 

Orrenius, S. ~ Dallner, G. and Ernster, L. Inhibition of the TPNH-linked 

lipid peroxidation.of liver m;crosOOles by drugs undergoing oxidative 

d-emethy1ati.on. Blochem. Biophys. Res. 'Gorron. li: 3,29-334, 1964. 

Orrenius, S., Da's, t4. and GnOsspelius, Y. Overall biochemical effects of 
-

drug induction on liver microsomes. In, Microsomes and Drug Oxi-
\ 

dations. Ed., Gillette et aZ. New York: Academie Press, 1969, 

pp. 251-277 ______ 
9 

Ottblenghi, A. Interaction df ascorbic acid and ~itochondria1 1ipides," 
( 0 . 

Arch. Bioehem. Biophys. 79: 355-363, 1959. 
, , 

Ottolenghi, A., Bernheim, F. and·Wilbur. K.M. The inhibition of certain 
/ 

mitochonQ~ia1 enzymes in fatty acides oxidized by UV light or a&corbic 

acid. Arch. Bioehem. Bi.ophys. 56: 157-164, 1955J 

Page,,'J.G. and Vesell, E.J. Hepatic drug metabo1ism in ten strains of 

Norway rat before.and after pretreatment,with phenobarbital. -Proc . 

. Soc. Exp. Biol. 131: 256-261, 1969. 
• r 

'Pappenheimer, A.M. anëf William's, C.N:- Cytochrome'bs and the dihydro co-.. ... - , 

. -

enzyme oxidase system in the ee~opia silkworm. J. Biol. Chem. 209: 

915-929 t 1954. 

Parke, D.V. In, The Biochemistry of· Foreign Compounds. New York: Pergamon 

Press, 1968 .. 
; 

Pederson~TJe. and Aust, 5.0. NADPH dependent 1ipid peroxidation cata1yzed 
. , 

by purified NADPH cytochrome c reductase from rat Jiver micro~es. 

Bi-ochem. Biophys. Res. C6mm,· -48: 78~-79.5, 1972. 

Pederson, T.C. and Aust, S.p~_ Rel~tîons~ip between reduced nicotinamide 

adenine dinucleotide phosphate-dependent lipid peroxid~tion and 

.. 

,1 

" 



• 

• 

174 

drug hydroxyla~ion in rat liver microsomes. Biochem. Pharmacol. 23: 

2467-2469, 1974. . 
Pederson, T.e., Beuge, J',A. and Art, s.o. f1icrosomal electron transport: 

The role of reduced nicotina~ide adenine dinucleotide phosphate-
. ~ 

cytochrome c reductase in liver microsomal lipid peroxidation. J. 

Biol. Chem. 248: 7134-7141-, 1973. 

Peters, M.A. and Fouts, j.R. A study of sorne possible mechanisms by whfch 

magnesium activates hepatic microsomal drug metabolism ~n vitro. J. 

Pharmac. Exp. Ther ... n3: 233-241,1970. 

Pfeifer, P.M. an~ McCay, P.B. Reduced triphosphopyridl~ nucleotide oxidase-
" 

\ 

catalyzed al terati ons of membrane phosphol i pi,ds. V. Use of erythro-

cytes to demonstrate enzyme dependent production of a component with '. ,; . -. 
the properties of a free radical. Id. Biol. Chem. 246: 6401-6408, 

1 

1971. 

Phill.ips, A.H. and,Langdon, R.G. Hepatic triphosphopyridine nucleotide 

cytochrome c reductase: Isolation, characterization and kinetic 

studies. J. Biol. Chem. 237: 2652-26601» 1961 •. 

Poyer, J.l. and McCay, P.S. Reduced triphosphopyridine nuc1eotide oxidase~ . 

~atalyzed alterations of mémbrane phosp~olipids. IV. Oependence on 

Fe3+;- J. Bi 01. Chem. 246: 263-269, 1 ~71 • ~ 
, , - ~ " 
'-;--, 'Quinn, G.,P., Axelrod, J. and Brodie, B.B. Spec.ies, strain and sex diffe)1'-

fo • 

, ~ 

en ces in metabolism of hexobarbitone. amidopyrine, ,aontipyrine and 

, ani1ine-.- Biochem. Pharmacol.' 1: 152-159, 1958. 
~ , ~ < -

-Raâtke, H.E. a'~d éoon,. r~.J. Role OT_ cytochr.ome P-450 in lipid per~xidatJfn ~. ._ 

pt and perqxide dependent drug hydroxylation. Pharmacologist _16: 588, 1974. 
\ 0 

\ 



• 

) 

0 

1 
1 

} .175 
1 

1 

r / 
/ 
1 

,J 

-
Raj, P. and Estabrook, R.vJ. Detenmi~ation of the cytochrome P-450 content 

../ - -
of sma11 samples of 1 iver. Pharmacologist .:!1.: 261, 1970. 

Recknagel, R.O. Carbon tetrachloride'hepatotoxicity. Phanmacol. Rev. V }2: 145-208. 1967. . ~ 
, Reiner, O., Athanassopoulos, S., Hel1mer, K.H. 2 Murray~ R.E. and ~ehleke~ H. ' 

Bil dung von chloroform aus tetrachlorkohlenstoff in 1ebermi krosomen, \ 

li~id peY'Oxidatî on und ~erstorung von cytochrom P-450. .Arc~. Toxi ko1. 
, . 
29: 219-233, 1972. -, 

• 
Renmer, H. and Merker, H.J. Effects of drugs on the formation of smooth 

!,. 
'-

efld.opl asmi c reti cul um and drug metabol izing enzymes. 11:nn. N. Y. Acad. 

Sc;. 123: 79-97, 1965. 

~ Remmer, H., Schenkman, J., Estabrook, R.W., S~same, H., Gillette, J., 
, . ,~ , 

, . . 
Narasimh~lu, S., Cooper, D.Y. and,Ros~nthâl» O. "Druy irteraction 

_ A ...,.. 

'with hepatic m;cro.sornal c,xtochromé. t1al. Pharmacol. ~: "1'87-190, 

1966. 
. " 

_ Rose, C.S. and Gyorgy, P. Tocophero~ .requiremënts of rats by means of 
~. , 

the hemol-ysiS test •• Proe. Soc. 'Éxp. Siy. Med. 74: 411-415. 1950'. 

Scarpe 11 ;, Q. G •. and T~rn'p, B .~F·. -fIn ~ . C~ fl l jury. Ka ;m~zbo. Mi chi gan: '. 
-." 

Upj onn Co., 1971, PP: 62. 0 

Schacte;, B.A." Marv~r, H. S. aRd Meyer ~ JI.A.' Hemoprotei n catabo 1 i sm duri ng , 
stlmu1atid" of microsomal .lipi.d peroxidatjon. Biochim. Biophys. 

, ' 

Acta .279: 221-227, 1972. - . / - \ 

, 

• 0 

, . 
Schacter, B.A., Marver, H.S. and Meyer, V.A. 

~ o~ 

-Herne and hemoprotein ca~a- ! 
e • . . 

bolism during ~timulation of microsOOIal lipid peroxidation. Drug 

fwtétabo 1 i sm and Di spos i tian i: 286-290,- 19 3. 
() 

, 
1 

1 

{' 

-

, , 
.\ 

''1) 

. 
\ , 
\ 
\ 

, 

1 

J 



/ 

Q , 

/ .,' 
, '\ 

'~ .... 

\ 

\ 

•• 
" 

l' • 

, ' 

. , 176 

j 

, ....... " 
Schenkman,. J .B. Effect of. substrate~ on hepatic ftlicrosom~l cytochrome 

P-450. Hoppe-Seylers Z. ~h~S.idt. Chem. 349: 1624-1628.1968. 

, Schenkman, J. B., Ci nt i, D. L. , Mo 1 deus; P. W. ij.nd .Orreni us, S. Newer .. 
aspects of substrate. binding ta é)"tochrome P-450. 

1 

Dr~,g f1etabol i sm . . . . 
and Oispositiàri 1: 111-119","1973 .. ., , } 

Sex dïffer .. 
~. . 

$"chenkman, J ~B., Fey,!.,. R~mmer , H., arfd Estabrook 3 R. W. 
• • ." 0 

ences in arug metJ.bolism,bY" rat liver lPicrosomes. r·10 1. Pharmaco l . . 
l: 516-525" 1967b:···· . 

, . " 

. . ' 
l , ~ • 

Schenkman,.ù.B· .• Remmer', ij. and Estabrook~ 'R.W. Spectral studies of 

.. . drug interaction with hepatiç mfcrosoma1 cytochrome,. Mol. Pharmaco1. '\ .. . 
. 3: 113-123-, 1967 ... a. - . . ~ 

o , •. a 
Schenkman, J,B. an~~to, R. Thg'relationship between the pH-induced 

, 
spectral change in ferriprotoheme and the substrate-induced spectral 

\ -
change of the mic:o~a~ mixed-function oxidase. Mo1.'Pharmac01. 

A • ~ 

1..: 613-620·., 1968. 

Sh1>emaQ; D.W., Chapli n, M.D. and Mannering. ·G.J. lnducti on of drug 

metabolism. III. Further evidence for the formation of a new P-450 
1 

hemoprot'ein after treatment of rats with 3-methyl~ho·lanthrene •. t!101 •• - -' 

Pharmaco1. 5: 412-419, 1969.' - " 

(Shorts C.R. and Davis., L.t. Pertnatal development of drug-metaboJizing 

1 
1 

1 

1 

enzyme activity in swine. J. Pharmac. Exp'. ,Ther. __ J74: 185-196, 1970. - . 
.. tt ~ 1 t~ 

Simon, ~.Pq Horwift, -M.K. and Gerard, R.W. The inhibition o'f catalyzed, -
" : .. 

oxidation by hemins .. J..Biol!' Chem. 15~: 421-42S, l 94{:.-' ' ., 
, . ï 

.. Sinnhube.r, R.O., Russel~ O. and Vu,"T.C. 2~hiobarb;tu't'ic acid method 
1 1 

/ " for the measurement,of ranèidity in fishe~y products. IL The-

• 1 

','--

,/ 

1 

o 

, ' ,~ .... '-

.. 



-. 

" 

1 

r , 

.. 

-------- ---

177 
" 

, ". 

\ ... 
quantitative determfnation of malonaldehYde. 

-,!----~":.".!:-.~ ... 1" ~ D-~ 
Food Technol: 12:,'9-
'). -' " 

12, 19~8. 
"( c ~. ~ c.li' • ~ I+ n -
.' .. ~ l 't 

Sjostrand, T. The fo..rmati on ~f carbon mono'xide by in vit!t'o decomposi ti On. ,\ . 
, . " 

of haemoglobin! in bp"e~pigrlients. A.ta ·PhYsiol. Scand. 26: 32a'~ 
... " 

~ 333-, 1952:, r~ , \ " 
.. , ~ 0 ? .. ~ Cl 

Slade'k, N.É. ~ Chapl,in . M.D. and Man~erimg, ,G .. J. Se,x-dE!pende'nt dir~e'rellces. 0 1 

\ • ' 0" " ~ 

i,n drug ~~~~abolis in, the: rat. JV. Effect of 'morphine adminiStration. '". v 

,~rug Me~,abOli~flI~ ary.q, D~s~'ositiofl .l: 293~300, J974.' . " '. '!> '. ',1 .'~ "1> 

, ~ . l '! 1 e-) .' b... q" ~ • 

" Sladek,-N.E. :and Mâ~nering, G. T. Evidence for a new' P ... 450 ~em(j)portein in 
1 ~ 1,. "," t ' '1 .., .. t" ,. 1 lJ. 

-, i ,1 ' j l ' l, , , ,1 

he~atiè rilicr'o$anes' from methy1cholanthr~ne trea,ited r.ats~. Blochein. . , , 
~ r , ~ \ .; l ~. '"' 1 

Biophys. Fies. COI1111. ' 2~l4 1966. ;~, , 
~, j - , , , 

,~adek,'·N.E:! and M~nne~4g. G'.o> InQuctfon~of dr~g IR~faDolisQJ.: r. 
J! t.. f .JO 1, ~ 

\.... 1 \,' 1 \ 

'd Oiffer~~ces: in theCl, mechani sms ~Y which po1yc~c"'ic\ h'ydrocarbo}:\~ and 
l ' . .' ;', 1. 

. , 

" 

... ~heno9arbifal pt::'~duce t.heir inductive e~fe~t~ o~ ;n1;c~osom~l N-l", " 

demethY1ation systems. ,Mol. Pharmacol. ·,'§..:t17'4~185" 196'9a,. ".' 

," ,r~ ,Slade~, N.t:. ~nd t~annering; S.J. Influc;:tion Of d~ug,~~tabolis~~ G; Ii. Qua1i- ",J: 
- : . ta~ivet di fft~.rences ·"n, th~ microsbm~i N-;d~me"t~yi ~'~i~9 'Syst~s stimu- . .' ','. 1 

\ . 

1 

/ 
.\-

! ~ ~ .-

1 atecl by polycyc1 i c, hydrocarbons and by ~henobar.!>ita'l, MoL Phannacol. , 
• Q 

!il 
1 

Sm;'t~, J. N." The comparative metabolism "'of xe,noJjio~;és. I~, Advances in . . 
Comparattye Physio]o9i-~fÎd' Biochemistry, Vol.·~'3. \ 'New York: Academie 

l "./ D, ",,' • ~ 

Press; 1968': pp. 173":231. . . .' 
~ _"1 1 '. ' ' • 

k- • ,~. 

Stookey." ~L Fé~roi:inet".- A" new .spectrophotometric reëig~nt for iron. AJ1.al. 
ri .. - \ .... ' ~ "', 

Chem. "4f: 779, 1.970. , 
.? 

• 7'~ l' .;, ~ i 

Stra.b~l ~ H.~., lu,'A.V.H.-, Heidema lt J. 'and Cp,on, M:J~' Phos'phatidylcholine 
J " , .' .' '; . ,;" ~ 

" ... o ; . .. 
, 

~ 1~' 

," 

" 
f , i 
, , 

l 
~ 

'.., ,/ -' , 
/ r" , ' .' ~ 

, " '. " " 
, .. . : . • " 



• 

. , " 
" . 

~ .. 
'" 

. 

--' '", 

~ .•. : 

-

-> 
0 

0" 
" 

.. 

., 

" 

, . . 

.,' 

~, / 
'/ 

1 
/ 

J. 

178 

reqil.irement in the enzymatic reduction of hemoprotein P-450 and in 

fatty~acid~ hydrocarpon and drug hydroxylation. J. Biol. Chem. , 
, .. 

245; 4851-4854, 1970. 

ram, B.K. 'and McGay, P.B. Reduced triphosphopyridine,nuc1eotide oxidase 

catalyzed alteration of membrane phospholipids., III. Transient for­

mation of phospho1i'pid per~~ides. J. BiOl.~. 245: 22;5-'2300, 

1~70. \ , , . 
'. • 

Tappel, A.L. The mechanism of the oxidation of unsaturated fatty acids 
~, ; 

--:' at~ly?ed by he!"atin c()fTIpounds. Arch,. Biochem. Biophys. 44: 378-

, 
1, A.L. Unsaturated lipide oxidation cata1yzed by hematin compounds. \ 

J. Biol,. ·~hem. 217: 721-733, 1955. 

Tappel, A.L. V~tam;n E and free radical peroxid~tiQn 'of 1ipids. Ann. 

N.Y. Acad. ~ci. 203: 12-28,,1972.' 

~Tappel, A.L. and Zalkin, H. 'Inhibition of lipid peroxidation in micro-
:lJ~-

somes,by vitamin E. 
1 
Na~ure 185: 35, 19&0. 

, 

Teph1y, T. R., H'asega\'ia ~ E. and Baron, 'J. Effect of ~rugs on heme'sy~: 
, --: . 

thesis in the liver. Metabolism 20: 200-214, 1911. 
~ 

Tephly, T.R., W~bb, C., Trussler\~ P.~ Kniffen; F., Haségawa, E. and Piper, 

W. Tre regul,ation of heme sYhthesis re1ated tO,drug metaboJism. 1 

.ro '\ ' ::1;, , 

,Drug Metabo1ism"and Disposition'" 1=" 25'9-2"65, 1973. 
i ' \ II 

'Vainio. H., Effect of lipid peroxidation.,and its inhibitors (BHA, BHT) on 
\ 

the drug metabolizing enzymes in rat ~iver microsomes. ,Res. Comm.' 
\ .' 

\ 

\ 

, , 

. 
~ , in·Chem. P~thol. and Phannac. 8: 289-3~0,11.974. 

, Var OYk,e. R:A. and Winema~ •. C.G. Énzymatic d1hl~r1nation;_' Oechlorina-tion ' 

',-~- -- "~, ' 

" 

"'~' :-\" 
l ' 1 \ 

l , 
1 • 

_/, "~, ' , 

" 

"", 
" 

1 

) 



• .' . 

" .. 

.:.1 

. : 

1 , 

, 
: 

< • , 
, 

• 

; 

'J' 

! 

" . 
{ 

~ , 
1 

• 
4 , 
ç 

", 
e , 

, . 

.. , . 

179 

L 

of chloroethanes and propanes ~n vitro' Biochem. Pharmacol. 20: 

4'63':4·70, 1971. 
f: '. 1 

/ . 
'Vatsjs, K.P., Kow~ichyk, J.A.'and Schulman, r{1.p~ 

. " Ethanol and drug meta-
o " 

bolisnl' i? mquse" liver microsOO1es s'ubsequent to.lipid peroxidation-
-.l" , " .--r ~ , C Ir 

induced destr.ucti9n,of cytoc!r)?0me P-450. Biochem. Biophys. Res. 
'. o ~ 

Comm. .21.: 258-:264, 1974 .• " 
, , " 

Vese11, E.S. Gdnetic an(i envitônme.~tal ~actorso\l< affe,Çting hexobarbital 
, . 

metabo 1 i sm in mi ce. , Ann. N. Y. Acad. Scï. 111: ~OO-912, 1968. 

Vore, M., Hamilton, J~G. and Lw, A.Y.H. OrganMc solvent extraction of • 
" â' , ~ 

1Ii~~"f' ~'i cro~ÇlIllal 1 ipi? 1. iThe,;, r~9utremeQt of 1 fpi d' for 3,4-

; ~ ',b,!,'nzpyréne, hyd~oxy1ase. Bi~é:hèm. -Bffiphy~. Re~. COITITI. 56: 1038-
lV .. ,6' (J 1 J-

• Q 

,~ J045 i 1974.a •. 
:.. e' 

') 1 • ~. a • 

. Vpret ,H., Lu, A. Y:H; " Kuntzman, R~Q, Conney, A.H'~ 
, '" '. ,_ d 

" tian of live:~ micros:om~l np"id'. , , . 

Qrganic solvent.extrac-
~ '" 

!!" 

II.*Effect on the metabo1ism of 
~ , t.~ t.. '. .. - ... (;:7 )::.,,, ~ , 
~ ,~~' sub~trçt,es ancj b,in.di~~ spéctra ,oX c,ftocphrome P:4SD... r4o~ / Phannaco1 . 

. ~ "", .~ o~ "~~3-~74, 1~7;~b ~". i: .~. . ,,,'. c', ) 
t • '\. ' , ,\ 

:,,: "'4~!1er:.,:J1.~ Churi9"~ i.~.~l,,~: à!ld Neims, A. \stirnuiatiçp'of microsomal mixed 
1 ,.; !. .. , 1 no, ,l'Jo (.1 '!I 

l" .,'t "', .~"'1~OC~î.~n- :ox'ida~~ I?Y\ a p?rtion of rai h~patic cytoso1 ~Z-fraction" 
J 1, ~ '. ' '_ I_~ --r--- 1 

" \.;, :diSti~gui$hab1e'fr:~, t~è l'igand binder/ FeCf. Proc"!{ 34.:" 73l), '-975. 
• " .. '" 1 tt r' f'I 

" ··Wat~be, T. and, Akamatsu.~ ~K. \ ·)~l1c)..os~al epo»idation .of C:t8-st'~e:-'-
.~ ;.~', .1

1
:. i i. ,;~ 

, :_~e~rease ln 'ex~oj?t:'se ':,~,t~iVitj r,elgted ta' l ipi~ pe,rOxi'datfon. . 

", :" Bi~chel?1. Pharma~Or \ \ ~: 10~~~1,~~5, ~9?4. ,". .~. . ~ 
:. Weetalli. H.M. Tryp •. ~n \~~d, ~àrain c?v.~~ntl~ caupled to potaus g"a~: 

\ •• iJ} .. ..'" _ 

',,:.. Preparation ,and chariatterizatfon. ',Science 16.§: 61~-611, 1969. 
Il q l '.', "\- \ l ; " ; " t 1 

. '; : Welton~ A.F':.;a~~ ~ust,i S-:~~_/ L'pi.d p,eroxid~~i~.~during :"zYIllâ«>dc iodination 
jet r', : ... t 1 1 ~ :. ~ .~~ , , " ç .. Q> \"[) 

.: 't ( ~ • ',~ ~. \ 1.... \. \ 

. 

[...;.if' ,. ' 1 • , 

r' ! ~ ... ~ :. ~ . '\ ; 0 

:', t \, ' 
, \ , ," • ~ 1; 

.,. 

.. 
~ ~.' . , .. 

,'., . '.l.,. . , - , 

. \ , , .' 
. , 

, 

~ 
"1: 

" 1 - . 
0 

0 • " 
.~ 

, J. , ..;, .. ",' 

". 
, "G 

1 : 
{ \, .. , : . j l '~': " i 

1 1 " 1 
l' 1 • • 

" , . . , 
. >,+ \ . 

\ ' 

, .. 
1 

; '. 1) , 
. ~ . 

" 

r-::--­
( 

• 
. ~ 
·\'l'''~I 

~ : 1 



(1 

" 

o 

"' \ 

180 

, 1 
1 

/ 

of rat liver endoPlasmic reticulum. Bio<l:hem. Biophys. Res. Comm. 

49: 661-=-666, 1972.' 

~/ilbur, K.r~.; Kenaston, C.B., ~olf.son~ N.-""O~Olenghi ,- A. and Gaulden, 

M.E. Inhibition Of.cell division by UV i~adiated.methy11ino1enate. c 

Anat. Record. 120. 708-709, 1954. \, -
v- • 

Wilkinson, ';.N. Statistica1 estimation Ïf:l enzyme kinetics. Biochem. J. 
D 

e>" \ 

\ 
\ 

80: 324-332, 1961. 0' 
1 

Williams, C.H. and Kamin, H. Mi cros 001 a 1 triphosphopyri,di ne 'uc1eoti de-

cy~ochrome c reductase of 1iver. J. Biol. Chem. 
~ 

237: 587-595, 

1,962. ,-or 

\Williams, t,1.L. Water content and metabolic activity of mi1lochondria-
\ " 

from fetaV-':t~at-liver. Biochim. rioptlYs.' Acta 1'(8: 221-229, 1966'-

WilHams, ;'v1.L. LiPi~ p~roxidation .in fetaJ- ra~ 

Neonate' 23: 25-34,1973. 

- -) 
liver mi tochondri a. Biol.' 

Williams: R.T. Detoxication Mechanisms: The Metaboli~m of Drugs and Allied 

Organic Compounds." New York:' )ohn Wiley a!1d SO,ns a Inc •• 1949 .. 
, ' 

Williams-" R.T. Detoxication t1echanisms: The Metabolism and Detoxication . 
of Orugs, Taxie Substances and Other ~ganJ9-~ompounds. 2nd ed. 

, " 

New York: John Wi1ey and Soris, Inc. ,"9'59: 
,C> 

Williams, R.T. Sp~cies comparative 'pattern~ 0t drug metabolism~ Fed. 
- , , 

Proe. 26: 1029-1039,1967. , 
o • 

, 4 1 J 

Wills, LD. Lipid peroxide formatloh~fn--mieFOsOO1es: General consider-' . 

at; ons. Btoc'hem. J_. 113: 315-324 ~ 1 g69a. 
1 -, 

• 1 • 

Wtlls, E'.O'. Lipid peroxide-formation in micro~dnes: The role of non-" 
(!). ' 

, . he,me ;ron. Biochem. J. 113: 325-332, 1969b. 



181 

,"\ 

,~ 1 o , 

• W\ills, CD. 'Lipid pproxide formation jn microsOOles: Relationship of 
----- ;' / , 

hydroxyl:ation t,a lipid peroxide formati9n~ Bioch,ern.,J. 113: 

333-341, 1969c. 

Wil1~, E.D. 
,1 

Effects o~irradiation on sub-cel1u1ar components. 
l 

1. ~; pid 

-- peroxide formation in the endopli1s'mic reticulum. Int. J. Radiat. , 
l ,.... ~ ... 

Biol. 1-7: 217-228, 19?p.'~' . 
1 • 

Wills, E.D. ,Effects of' ljpid' pero~;dation'on membrane,bound'enzymes of 

, 'the endop1asmic reticulum. 0 Biochem. J. 123: 983-991, 1971. - ,(, ~ 

, 

/ Wills, E.O. Effeets of iron overload on 1ipid peroxide formation and 
à \ . . 

oxidat,ive deméthylation by the liver endop1asmic reticulum. ,Biochem. 
, , 

" . , . , 
Pharmacol. 21: 239-247, ]972a . , -

p • 

Wilfs~ E.O. Effeets of vitamin K and naphttloquiilories on lipid.peroxide 

formation and oxidêftive demethylation by liver mi~rosomes., Bioehem\ . -

Pharmac
t

ol. 21: 1879-1883, 1976Q . .\ - .,. 
u' \ 

-Wills, E:D. and Wilkinson,' A.E. Th~ effe6~ of irradiation on lipid per-
. 

Q oxide formation in sl,Ibcellular fraction~. Radiat .. Res. 31: 73i:''-
,.. u' 

" 747, 1967. 

Wi-lls,. E. 9'.~ ;~~~~ l'k ili~o~. A. E. Effects of i r~di ati on 'on sub-ce 11 u J a~, - 1 

''t 1 

components. II. Hydroxylation in the microsomal fraction. 
~ . Int. 

J. Radiat. Biol. 1l.: ?29-236, 1970. 
'. ' 

Yaffe., .?J.,·R~ne, A., Sjoqvfst,. F., ~oreus~, l.O. and qrrenius, s.. T~e 
l , ~ • 

presenceoof a·mono-oxygenase system in heman .fetal' liver microsomes.' 
~'----- '.~-

. ' Life Sei". (1),9: 1-189-1200,1970. 
- 1 • 

Za1kin, H. and Tappel, A.L. Studies of the mechanism of vitamin E action. 

• 
- ~ , '1...... ~ _ 

, ~v·. li{iÔ peroxt,dation in Vit, E-dèfiCie~to.rab~it4 Arch. Btqchem • 

B i ophy~'- 88: 111-117, 1-960. 

Il l ' 


