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Co1t1tEI�, :\IARIA ALMIL-IA, AND \IANNEItING, G. ,J. : Rt(itio((l (hi�iimus�)imo)pyri(hine inn-

cleot-ide synergisnm omf time reduced tripimo)s�)hompytidiIme nucleoitide-dependent- timixod-

function oxidase systenm t)f imepatic nmicros(mnmes. I. Effects of a(tivati(oti an(l iimhibitiomn

of the fatty acyl coetuzynme A dosaturatio)n systeni. ]foi. P/maiinacol. 9, 453--469 (1973).

Time first of the 2 electromms required fe-mr time N-denmet-hylatiomi of ethylnmorpimitue by time mmii-

ero)so)Immal niixed-fuimctioim oxidase svsteumm of liver is thought to be domnated by TPNH, wimereas

the second has been postulated to be derivable from either TI�XH tim DPXH amid tratis-

l)orted to time cytochron-ie P-450 system via cytocimroimme Li5 . DPNH is believed to support a
larger 1)001 of second electrons at cvtoichronme l)m than can be supplied by TPNH, and this

would explain time synergistic effect of DPNH tin TPNH-dependeuit uimixod-futiction oxidase

reactio)Ims. Timis concept was strengtimeiied by time current studies, wlmichm altered the p(moml

of secoimd electrons at cytoclmrome b5 by nmani�)ulatitmg time shunt- omf electuomtns fronm (ytom-

cimrome b� to time microsomal fatty acvl-CoA desat-uratiemn system. Wimemi the activity oof this

shunt was immimibited witim cyatmide, 1)PXH synergism of ethylmorphine N-denietimvlation
\\�q� increased from 30% (no cyanide) to 90% (0. 1 or 0.5 nr�n cyamnide). (1yatmide mad little
or no� effect otm N-demethylatiomm mvhmen TPNH was time stilt’ somurce oif electrotms. Whoim the
activity of time desaturation system was stinmulated by time aclditioum omf stearovl-CooA, a

natural substrate for time system, rates of N-denmet-imylatiolm declined wheti TPNH was time
sole donor of electrons and when both TPNH and DPNH were l)ro’setmt. Cyanide revetsed

time inhibitory effect of st-earoyl-CoA. These results are ilmterpr(to’d tom mean that second
electrons, wimich arc norummahly tralmspo)rted frummm 1)PNII timrtmugh cytothirommme b� to tiuo cvtim-

cimronme P-450 syst-em, a-re dissipated in large part via cyanide-sensitive systems engaged in
the oxidation of endogenous substrates; cyammide largely pievemits this dissipation of so(oind

electrons, more of time elect-ron 1)001 at cytocimrome b5 is made available to time cvtocimroouime
P-450 systenm, aumd DPNH syuiergism is emmhaimced. Cyanide is mvithomut effect- on the cytoi-

chrome P-450 system wheim TI�XH is time sole source of elect rommms,because time steady-state

concentration of reduced cytocimrome b1 that cati be maiumtauimed by T1�NH is belomw the level

wimere a serious loss of elect-roims to endogenous systems via cvtoochmmouime b1 can occur. Sttar-

oyl-CoA iimcreases time dissipation omf electr(iuns by servuumg as a substrate for time cyammide-

sensitive desaturation system. It is postulated that stearoyl-Co oA imuhibits it hvlnmooupimiuue
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\-domotliylatioti because the desaturatiomm system and the nmixed-functioim oxidase system

eommpoto for electrons supplied by an unideimtified electron transfer co)nhl)omneimt, which
ac(tpts 0l0’(trtmnis froni titimer DPNH o�r TPNH via cytochnmnme b3 . Timese concepts were
reiuniomroo’d by stu(lio’s mm �vhichm rates of DPXH utihizatiomn were correlated witim rates oof

ct iuvlnmeOrI)imimle !V-demotimvlation.

I NTROI)U(”I’ION

‘-l-’lie role of TPNH as the doumt)r of reduc-

iuig equivalents for time microsomal oxida-

titans of drugs, other foreign conmpouimds, aimd

steroids ium the liver is well establisimed (1-S)

1)PNH will not- substitute for TPXH itu time

c�tochronme P-450- mediated oxidation of

drugs, but react iotm rates are increased when
both nucleotides are 1)resetmt (6-S) Al-

though this syimergist-ic role of 1)PNH has
beeum known since 1957 (6), DPXH has tucmt

been employed routinely iii rea-ctioim nmix-

tures, and time nieclianism wimereby D1�XH

contributes electroims to t lie svst emn remaimmeci

virtually unexpkmred utitii time recenmt itm-
vestigat-ioums of Est-a-brook aimd associates

(9--13).

Time nmicrosomima-l clrug-nmetabohiziumg systetim
inmvolving cytochrome P-450 is classified

as tu unixo’d-futiction oxidase system; f-hat is,
2 electrons are required for the coupled
reduction of oxygen and time oxygenatioti of
substrate. However, time reduction mf cyto-

chrome P-450 requires otmly 1 electroui (14-

16). The contribution of time first electron
fromn TPNH in time reductiotm of cytocimrome

P-450 is well document-ed (14, 17, iS). In

their searcim for time origin of time second

eleotroti, Est-abrojok aumd associates con-

sidered the pomssibihity of its being (Ofl-

trmi)uted by DI�NH and tratmsferred via

cytochrome b3 to time oxygenated cytoclmromne
P-450-subst-rate complex. They Provided

evi(lelmce for time followiumg sed!uo’umce: (a-) sub-

strate binds to oxidized cyto(iuro)flie P-450;
(b) an elect-ron is tra-nsfo’rred from TPNH via

TPNH-cytocimrome c reduct ase (TPNH-

cytochrome P-450 reduotase) to the oxidized

cyt-ocimrome P-450-suhstrate complex; (c)
time reduced cytocimrome P-450-suhst-rate
co)mlmplex comi)iuies with oxygen; atmd (d)

This researchm was supported by United States

Public Ilealtim Service Grmmnut GM 15477. Part omf

tluiti niaterial appeared in mubstrmuot form [Pharma

comloqist i:t, 223 (1971 )l.

t-imis (omuimplex is t((lll((’(l i)y am ehectrooun froimu
(\‘tt)clirotmie b� , IV1ii(im niay origiumate fre�ouum

either TPXH or I)PXH. The itm(reased
(mVer-ahl ro’actiotm rate seen �vhmeum hotim I)PNH

atitl 1]�XH wete present ovor that observ(d

wimeim TPNH �vtis time’ (tnuh� source of electrons
was timought- to tmcour because DPNH is a

more efficiemit dotior o if secoimd ehectuomums than
T1�XH.

Recount studies by ()shmiimo, Sato, and cci-

workers (19-23), whichm implicate cyto-

chronic b� auid a cyanide-sensitive factor itm

time nucrosonmal dt’satura-t-ion of fatty acids,

suggested meauns of iimvestigatmnng flit’ mechm-

atuisuim of D1�NH synergism of drug oxida-

t-iomm as well as the 1)Imssible r(mlt’ t)f evt-ocimronme

b� imm mmcri)somal nmixed-futmctmotm oxidase
ueactmotis. Iti time desaturation systenu,

D1�NH react-s wit-h a reductase to reduce

cvtochronme b1 , which iti turn provides
reduciung equivalents via cyanide-sensitive

factor for time’ desaturation of fatty acyl-

CoA substrates. If DPNH and cvtochronme
are involved in time transfer of electrons to

cytocimrome P-450, it follows tha-t any diver-

siotm cmf these electroims to time desa-t-uration

systo’m would result- itm a decreased rate of
drug oxidation. In time studies to be te-

l)orted, stearcmyl-CeiA was employed to
divert- eleetrotis itm this matiner, amid time
diversioun was teversed with cyanide. Evi-
deuce is presented in support of time view
timat D1�XH synergism of TPXH-dependent
oxidation of drugs is mediated through

cytocimrome b5

MATERIALS A NI) METI-lO 1)8

TPXm, I)PNH, glucose 6-pimospimate,

st earoyl-CoA, sodiuni oleate, sodium st ea-
rate, monosodium a-ketoglimtarate, vemmst
alcohiol deimydrogetiase (salt-free), bovine
liver L-glutanmate deimydrogenase (t \.pc� II),
p-iodonit-rotetrazoliunm violet, and t net ha-

imolanmine HC1 were obtained ftoom Sigtua
Chmenmiea 1 (1onmpany; ct hylmorphitme HCI,
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from 1\lalliumcknodt Chemical \\orks ; gluc(mse

6-pimosphiat e deimydrogounase, from 13t iou-
ringer,/?iLatmnimeim ; and acetaldeimyde (tuna-

lytical reagent grade), from �\ latimeso mum,

Colo’man, a-nd Bell.
Adult male Holtznman rat-s (150-250 g)

�vere fed and watered ad lihitum uumtii (leiltim.

Pimenobarbital-treated rats received o inc
daily intraperitoneal inject-ion of 50 mg/kg

of sodium phmetmobarbittmi (10 � in XaCl) for
1 omr � (la\S. They were killed 24 hr after time
last inject-ion. 1\lmcrosomes were prepared
fromm livers perfused in situ with cold isototnic

KC1 solution as describo’d elsewhere (24),

and \\.(�(i used witimiti 3 hr of preparatioum at

protemum conmceumt-rations of 0.6-1.0 mg/nil oof
iumcubat-ioum mixture. Protein \\.�5 determitmed

by the metimod of Lowry et al. (25). The in-

cubation nmixture wis time sanme as that

described previously (24), except that 11100)-

tinamide was onmitt-ed utuless indicated.
Ethylmorphine was use(i as time suhst rate

at a (oncefltrtutiolm ui 2 nmu; reaotiomui rates
u�.o re determino’d 1w nmeasuning fornma bk’-

Imvde formed (26). Reaction mixtures coti-
taitmed DPNH (1 m�i), a TPNH-generating
system, or hothm. Time TI �XH-generating sys-

tem coumsisted of TPX� (0.4 nm�i), glucose-6-P
(4 m�i), atid glucose-ti-P deimydrogeumase (2

enzyme uumits). Reaction mixtures were in-

cubated under air at 37#{176}for 15 miii. Rates

of etimylmorpimine _V-demet hylat ion were
demonstrated to be linear throughout time 15-
nun itmcubatiotm periodi in the presence or ab-
seumce of cyatnide (0. 1 and 0.5 m�I) wimen
TPNH was the sole elect-ron donomr amid wiuen

T1�XH and DPNH were preseumt-. The possi-

1)ilitv Was considered timat cyatmide might

interfere with the determination of fornmal-
dehyde by time Xasim method (26) because of

formatioum either of evaimohydriti or of a me-

tabohte of cyanide during mncuhatiotm. The

effects of eyaumide (0.1, 0.5, 1.0, and 2.5 mu)

oum color development were studied wimen 0.1
aimd 0.2 m�i cormcent rations of formaldelmyde
were incubated with time mnrosomes, as (he-
scribed previously, with the reaction nmix-

ture containing nem etimylmorpimitme. Cyanide

iti conceumtrations lower than 2.5 m�u had no

effect- otm color development at either concen-

tration of formaldehyde; color (levelopmetmt

was decreased by cmlv 5.1 and 5.9 � wit in 0.1

tlti(I 0.2 nvmi fonnialdeimyde, resl)e(tivelv,
\Vil(’Im flit’ co)unce’unttatieonn of (ytltmid(’ \y�-�5 2.5

mM

D1�N�I:TI utilizmtti inn (luniung timo � mxidat i iii

of ethmyinmorpimilm( was (letornmiflt’d insiung 1 lit’

acetaldeimyde-ahcohmo)i deimydrogetnase moyst onu
(27). ‘TJ�N�H levels in ilnoui)atic)um niixt inres

\��(q�-� nmo)Imitore(l Using time NH4- a-ket o)glu-

t-arat 0 -i�-glut anmat e (lehuydrogenase s�st � Iui
(27). Time disappearance omf Dj�NH o:mrTPNII

w.as r(’co)rded at 340 umuim, using tin Auiuiuico
D\V-2 s1)0’(trOI)iiot onmet er. 1)et onininnat loins

�vere nia(io tonm ahiquo)ts of timo ium(ul)atiooum mmix-

ture takemm tnt 0 mund 1 5 mmiii. I)PNH mumol loin-
nmal(leimydo auntulyses were numade 0mm duphioalo’

itmcubatioui nimixturos in all inndividual oxpeti-

nmeumts.
Cvtocimromnes P-450 atid /o� wore (h(to’r-

mined by time nmethod oil Oniuua auth S:ito

(25), usiung aun Anuiuncoo 1)W’-2 spect Ii opine

tomimeter.

RESULTS

J)PVII synergism of 7’PVII-depen dent oil-

(lation of (liUu/S iii hoe /flCSdflCC an(l (lb.SelICe emf

cyanide. Booauso’ tine initial oxpenimo’ntal (10-

sign called feim time’ activatiemni eof time tyamnide-

sensitive fatty acid desa-tiuration systonm wit ii

stearoyl-CoA and subsecjuent itihui mit ii un o

t-he system with cyanide, and because high

concentrations of cytmtiide are kmownn tom couui-

tune with cytoicinronme P--ISO (29-31 ), it wtms
necessary to determitme time effects oil various

concentrations of cyatmmde on drug u)xi(lation
in time’ aimseunoe omf stearoyh-C’oA. h’iguto I

simt)\Vs time synnergimotic offoct of 1)PNI-I eon

TPN H-depo’tido’nt- ethyhunorl)imino X-de-

metimylatiotm, tnamely, about 30 #{182}((‘N- ooim-

centratiomum = 0), atmd time euihauncenmeuit of the
synergistic effect pno)dunced by cyanmide. Em-

hencenmetit, first observed at- a cyani(le coon-

eentratio)tm of 0.05 m�m, reached a maximum

of 90 0 at 0. 1-0.5 mM, whicim coiumcides withi

the raunge of oytmnid(’ couucentratioons rooJuired
to inhibit time desaturation svstenm by 50 #{176}/

(19, 32). Cyatmide enhmaneenmouut of 1)PNH
synergism declined at higlior oonco’untrations
of cyanide and disappearo’d at 2.5 mit, whicim
coinci(les with time K. oonncentrat ion of ova-

nide feor cytemcinnomnme P-450 (19, 31). Ti

results (till be interpreted tem mean that eleo-
tromuus fromnm I )PNH, iuoornnahbv (lost itlo(h ft or
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I’n(;. 1. Effect of cyaniole on ethyimnorphi-ne (Emil) N-demnethylase activity of hepatic fli-icrosomfles froiii

imoozle rats in 1/me presemice of TP.VH, DPNH, or both

Jfh�’1niorphinie (2 muimi) was inmclul)ated witlu microsonmes in a mixture (fiumal volume, 5 nih) coumtaining

mu TPN1I-gemmeratimug systemmm (MATERIALS AND METHODS), senmicarbazide HC1 (7.5 nmM), MgC12 (2 mM),

0.04 �m I)bnosl)ilm-utebuffer (p11 7.4), 115% KC1, and various concentrations of CN. The mixture mimumns

nmicroostomes was inmcubated four 3 nmin under air at 370, the reaction was started by adding 1 ml of micro-

somnmal PreParation (35-5 mg of l)romtein per milliliter), and time iuucubationi was continued for another

15 mmuini. 1mmsystenmis contaimuiuig 1)0th 1)PNI1 and TPNI1, 1)PNIT (fimmal co)nmcemltration, 1 niM) was added
mis mu fresiuly prepared solution 1mm 1.15% KCI just- before the preliminary incubation. In mixtures con-

umminoimug I)PNI-I only, the TPNII-genuerating system was (omitted. Reactionu rates were deternmined by

nnmemtsonrinug the formaldehyde formed. All values (means of two experiments) are recorded as percenmt-ages

of the etiuylniorphine V-demethylase activity observed when TPNH was the oruly source of electrons aumd
oymmnuio!e wmus ai)senit froni the nmuediummm (100% = 0.32 !Lmnole of formaldehyde per milligramn of protein per

Inooinr). Imu eaciu experinmenit livers were pomoled froni at least two male rats (180-200 g).

e�-tomciuromime P-450, are divo’rted via cyt-umide-

setnsitmve factor to endogetmous substrates,

jresutnmahly fatty acids, amid that- thus diver-
sion is blocked with cyanide. The effect he-
coimes biphasic when cyanid’ reaches cotu-

co’umt-rat ions lmigim enough tom combine with a
siginificaumt amount of cy’toclmrome P-450.

rfinis munhibitory effect cmi cyanide iii high con-

(tint ratiomims is also seen iii time’ abseumce of
I)PNH (Fig. 1, middle curve). Time loss of

(yannide enhancement- of DPNH synergism

at inigim coumceumtrations of cyauuide is greater

t-haum time itmhibitory effect- of (yanide otm eth-

vi umn )rpimmume X-demethmylat ioum wimeti DPNH

is abseumt, wimichu suggests that- cyaimide in

these high concemmtrations tmiay affect com-
potients of time system other than cyatmide-

seuisitive factor amid cytochrome P-450. For

reasoims which will be given later, it is note-
worthy that- cyanide had little or no stimula-
tory effect emn ethylmorphimme V-demethmyla-
tion wheim TPNH was t-he omilv source of

electrons. Figure 1 also shows that D1�NH

support-s �\-demet-hylat-mon to only about

15 #{182}/of that- acimieved with T1�NH, aumd that

cyanide does’ not modify this reactio)tm mea-
surably wimeti DPNH is the omimly source of
electrons.

I-n/u ibibion of oxidation of f/rugs wit/u shear-
oyl-CoA and its reu’e,sal --felt/f (yanide. Time
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#{149}TPNH O4mM�
� TPNH�DPNH
u DPNHOmM)

-�
0 20 30 40 50

-)miM Steoroyl CoA ---)�iM Dleic Acid ---iiM Steor,c Acid

FIG. 2. Effects of stearoyl-Com�4 , stearu’ acid,

a oil oleic aCi(/ 000 ohm ylniorp/o ice (EM) .V-o-lo’noeth yla -

tioio by hepatic noicro.s’o)nics from imoa/o’rozts

Stenrovl-Co)A (0-50 �mn), stearic mmoid (0-5()

�mn), omr omleic aoid (0-50 .u�r) was added to the in-

eubatiomnn mixture, arid the reactiomms were carried
out as described in Fig. 1, except that oyamuide
was excluded. All values (nmeamms of twom experi-

nmemits) are recorded as percentages of the ethyl-

morphine .\ -demethylase act ivity observed when

TPNH was the only source of elect rommus and stear-

oyl-CoA, oleic acid, amid stearic acid were absent

fromu the niedium (1OCY = 0.43 /2mohe of for-
maldehyde/mg of protein per hour). In eaciu cx-

periment livers were pooled frtmni at least two

male rats (160-20() g).

dose-dependent, inhibitory effect of stearoyl-

CoA, a natural substrate for time fatty acid

desaturation system, on the V-demetimyla-

tion of ethylniorpimine in time presence of

TPNH or TPNH plus D1�NH is illustrated
in Fig. 2. The inhibitory effect of stearoyl-
CoA was as pronounced when TPX}T was the
only electron donor as when both TPNH and

DPNH were present, which suggests that

some of the electrons from TPNH that would

normally have beetm used for N-demethyla-
tion when DPNH was absent ��‘ere now being

channeled to the desaturation system. In ac-

cordance with expectations, cyanide pre-

vented this shunting of electrons and thereby
restored the DPNH synergism of ethylmor-
phine �V-demethy1ation (Fig. 3).

#{149}TPNH�04rntt

#{163}TPNHsDPNH �‘eoroy� CiA yiM
DPNHm�mM� J ‘0 20 50

� �

�

Fmo; - 3. /i’o’versal emf o ioh ibolormj effort of sloariomjf-

( nA ooo /0 opal ic iii icrosonia 1 ot/o !/l110-o Op/i i/ic (Eli

.\ -(10)10 o-lh i�lat ion b!,, cila /0 ode

$temeroovl -(‘ooA (0-5() jiM) mend vmmrious to omuo’eru-

rat joins of cyammide were immoluded mu tine inuomnhmme-

tiomnu nuixt mire, mind the react ion wius omurried omut mis

described 1mm Fig. 1. All values (miuemumus of t woo cx-

perimenuts) are rccomrded mis peroemmtages of tiue
ct hvlruiorph hue X-demethylase a (‘t ivit ies oobserved

at each of the ooomneemmtratiomus of stearovl-CoA

when TPNH was time tinily soourie of clectro onus mind

(Vanmi(Ie was ai)sonut frooni time nmediunum (100� at

0, 10, 20, mumid 50 yuM stearoyl-CoA = 0.45, 0.41,

0.27, amid 0.21 jinumoole (if foormniuldeluvde per mnilli-

gramn omf protein per luojur, respeotively). 1mmemu(h

experiment livers were poomled fromim at lemust foour

male rats (190-22() g).

Time rate oil stea-ro)vl-C0A desaturat-ion

was not measured, although Oshimmo et a-i. (20)

reported that microsonmes from rats fed ad

libitum desaturt-nted stearovl-CoA at time rate

of 2-4 nmoles/mium/mg of proteiim. In time ab-

senmce (mf st earoyi- CoA rates of ethylmorpimine
N-demethmyiat-ion were 7.2 amid 9.4 tmmobes/
miti/mg of protein, respectively, wimen

TPNH timid T1�XH plus I)PXH were time
sources of electromnms. Thus with time desatura-
tion atmd cytocliro mme P-450 systems perh)rnm-
i�ig at similar rates, the observed itmhibit-ion
of ethylmorpimine X-demet-hmylation by stear-

oyl-CoA is in keeping with time assumption
that the two systems compete for a single
source of electrons.

It is not po)ssibhe to determine, immtime study

in which both tmucleotides were present, mow

much of time decline in et-imylmorphmo’ V-dc-
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methylat icmn with iuicreasiimg commcetmtrat-ions
ci stearoyl-CoA w’as due tcm a loss of DPNH
synergism amid how mucim was due to) a loss of

r1�pNHddt �V-denmet-imvlation; thus

tine parallel inhibitionm of �V-denmethy1a-tion

obsorved with TPNH timid with TPNH plus

I)PNH ma-v be fortuitous amid cannot be in-
to’rpreted to mean that inhibition in both
caso’s was due solely to a loss of electrons
from TPNH to time desat-uration system.

Time iumvolvement of TPNH in the micro-

sonmal imydroxylat-ion of olefluis and fatty
acids has been demonstrated recently (33-

35). Because microsomes are knowmm to con-
t-aiui fatty acyl-CoA imydrolase (33, 38), it
was important to determine time effects of

st-cane ammd oleic acids, which could have
beelm preseumt- as metabolites of stearovl-CoA.

Jim Fig. 2 the effects of oleic and st-cane acids

cii ethylmorpimine X-demethylation are com-

pared with the inhibition produced by stear-
oyl-CoA. It can be seen that oleic acid Imad
lit-tie or no inhibitory effect on ethylmor-

pimine �V-demethylation and that, if any-

timing, time effect of stearic acid on the
reaction was stinmulatorv. Desaturated ste-

aroyl-CoA (oleyl-CoA) was not- available for

testing. It was concluded from these studies

that the immlmibitory effect of stearoyl-CoA
w’as not due to the formatioum of stearic or

oleic acid.
DPNH utilization by in icrosoines as affected

by TPNH, ethyiniorpluine, and cyanide.

DPNH utilization during incubatioim of mi-
crosomes wit-h T1�NH, ethylmorphine, or

both, in time presence of increasing concen-
trations of cyanide, is shown in Fig. 4. In the

absence of cyanide the endogenous (ethyl-

morphine absetmt) utilizat-iomm of DPNH is

about as great as that seen during the oxida-
tion of ethylmorphine in the presemmce of
TPNH (compare curve f with curve g, w’here

[CN-J = 0), but- in the presence of cyanide
endogenous utilization of DPNH decreases

with increasing cyanide concentration. Even

at the highest commcentration of cyanide, miot
all endogenous DPXH utilization was in-

hibited, which suggests that the fatty acyl-

CoA desaturation system ma-v not- account

for all of the endogenous utihizat-iomm of
DPNH. The presence of either TPNH

(curve d) or ethylmorphmmne iuu the absetuce of
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Fit;, 4. DP.VH utilization (luri,og el/i ylmorphine (E.lJ) N-deni-et/iylation

InucUl)atiolms were l)erformned as des(ribed in Fig. 1, with each flask containing 3.5 mg of protein. At time

(.11(1 o)f the incubationi period, 2-mi aliquots (if the mixture were removed for DPNFI and TPNH deter-
mnirummtions (MATERIALS -�ND METHODS). The renmaiuming 3 nil of incubation mixture were used for formal-

dehvde determinatioums. All values are the meamus of two experiments. mu each experiment- livers were

lm(ooleol froun at least two male rats (230-250 g).



I)PNH SYNERGISM OF iIIXE1)-F’UN(”I’ION OXIIm�SES. 4(11

T1�NH (curve c) appears to decrease ouidemg-

enous DPNH utilizatioim, i)ut- not (‘no)ugh

studies were conducted to determine whmetimer
time decreases were meaningful. Time utiliza-

tion of DPNH when hot-h TPNH and ethyl-

morphine were present increases at a cyanide

concelmtration of 0. 1 nv�-i and then decreases
with the two higher concentrationS of cya-

nide. This increase and subsequent decrease
in DPNH utilization is paralleled by the in-

crease and decrease in formaldehyde forma-
tion seen at the same concentratiomms of eva-

nide (compare curve e with curve g).

These observations may he interpreted as

follows. Electrons from DPNH may be used
for time oxidation (if endogenmous substrates
(e.g., through the fatty aeyl-CoA desatura-

tion system), and also to funumish time secomid
electron for ethylmorphine N-demethyla-

tion. A measurable, but- insignificant, part
of the electron pool is used to reduce cyto-
chrome P-450. The relative distributiorm of
electrotms througim these pathways will de-

pend upon the relative activities of time path-
ways, which in turn will depend in part upon

the relative amounts of substrates available

to each pathway. Thus, when et-hylmorphine

is present, endogeimous DI�XH utilization is
suppressed. Endogemmous I)PNH utilization
is suppressed further by the addition of cya-
nide. At a saturatitug level of etimylmorphine
and an optimal concentration of cyatmide,
endogenous DPNH utilization is mimmimal. If

endogenous DPNH utilization could i)e re-
duced to zero under these optimal conditiomms,
which is unlikely, and if time system is a

mixed-function oxidase system wherein the

first electron is co)ntnihuted solely by TPNH

and the second electron solely by I)PNH,
theti 2 moles of formaldehyde should be pro-

duced for each mole of 1)PNH utilized. How-
ever, in Fig. 4 it can be seen that more than

twice the predicted inmomutit �if DPXH was

utilized per mole oil formaldeimvde formed; at

a cyanide concetitration of 0.1 m�i, 1.43

Mmoles of DPNH were utilized for each
micromo)le of formaldehyde formed (compare
points on curves e and g); at a cyauuide con-

centration of 0.5 mit the DPNH HCHO

ratio was 1.24. The DPNH:HCHO ratio

varied considerably from experiment to ox-

peniment, auud time ratioms derived fremnu I’ig. 4

\\-o’i.e aniomtng time iniginost ooi)served. lii six cx-

penlnu(mnt 5 �Ii wimich O)pt inmal con(etitration s of

cyammide went’ (flmplOi\ed (0.1-0.5 inimi), inclu(l-

ing thuoso’ illustrated in Fig. 4, a meaum ratio oof

1 .3 1 ± 0. 10 was observed.

rn TPINIHI l�y�l (umot simown iuu l”ig. 4) re-
maitmt’d at- a counstant level oil abo)ut 0. 33 lilil

at all comnicentrations of cvauude and was no it

affected by the hiresen(e of D1�XH.
Effect of cyto(/uronie P-450 :b� ratio on �ya-

n i(ie-cn/uancecl DJ�NH synergisnu of ct/u yinu or-

/)/uine ��#{176}s-deuiiet/uyiation. If time DPNH synor-

gism e)f TPNH-dependent drug nmetaholisiii

is me(hiato’d thmroiugii cyto(hrome b� , (haung(mu
in the relative amouimts ol cytom(imnome b� aumd

P-450 nuigimt b)e oxI)e(ted tom moidify time sytm-

(rgist.m( effect . (�ytochmrome P-450 : b5 ratios

can i.)e altered iui mitremsonios by I)iuemi(ibtur-
bittil admiimistratioiuu, whiioh (auses a large’
increase iui nuicroosomal cytochmronmc P-450,
i)ut lit-tIe or no (imange mm time level of cytom-

chrome b5 (39-42). Rats wimicim had received

pimemiobarbital for 0, 1, atmd 3 days yielded

niicrostimes witim P-450:h5 ratios of 2.25,
2.70, atmd 3.40, respectively. Figure 5 simows
timat ium time absence of cyauiide cimanges in time

ratio hind umo effect cii I)l�H syumergmsm, but

timat cyaunide oumlmaticenment of I)PXH syuner-
gism nmcreased as time rat iii decreased. Fur-
thermore, chatmges iti P-450: b� ratios hind umo
effect emtmethyl nmorpini inc �V-demetIuylase ac-
tivity, wit-hi or wmtimout cyanide, wimeim TPNH
was the tinily somurce (of electrons. That

(hmammge’s in the ratio produce changes in tine
sytmergistmc effect oumly inn time presence (of (ya-

nido’ might he explaiuned on tho’ basis timat jim

time absetuce of cyatiide, when time synergistic

effect is minimal, time ceoncentration of b5 �it

any oil the three ratios is imigim eumomugh to keep
pace wit ii tIme to mntnibut lOfl of eleotroums fro mm

DPNH aWl time tunino over oil time P-450 (vole,
but- o’lect reins from I )PNH heoome me ire

:uhuuiud:mumt when (vatmido blocks the loss oof

electroins tom either systems, atill 0\tO)(hir(ime
b5 tho’tm ho’cernmos relatively rato’-limiting witim

nesp(ot toi timo’ a(tivit-v omf tim( P-450 systenm.
I�tmtiiinsiasmui foot this interjirettmtioon ivtus

danupeunod soomewhat whom it \\�5 observed

that type I biundiung oil etln�’lmorpimiime, unlike

timat oil mmucmst-type I coomimpomunids, is not in-

(r(’asod tuft(r piM’muml marbit al tidmitnistratie out;

time’ matio oof o’tluylnuoorphinno hiun(linng too P-450
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h/ic: presence of ryan iole

Rats receiveol 1notrmipen’i loin emil in oj ccl ionus (if so ooliumn pimemiobmiri)it al (50 riug/kg/dmmy) for 1 or 3

olmuvs anti were killed 24 iuu’ mufter time last inject ioru. Incubatiorus were perfornuied mis described 1mmFig. 1.

All values (mem-tnms of twom experimenmts) are recouded mis peroentages of the etiuylrnoriihumme Y-deniethylase

activity observed when TPNII wmus time univ s omirce of electrorus amid cyanide was mibsent. froni the medium

(100% = 0.34, 0.32, arud 0.70 �nmole of fonmmialdelmyde per milligranui of proteini per hour for microsomes

fronum anuiumumuls timat iuad been 0 remuted wit-li piuemiobarbital fur 0, 1, and 3 days, respectively). 1mm eacii cx-

l)eriuument livers were p000le(I froimn mit least two muiale rats (150-200 g).

decro’tises. As reported iii time’ acctimpanyiuig

conmnmuuiicatiommi (43), the magnitude of the

I)PNH symmergist ic effect tmum ethmylmorpimine

N-demethvlatiomum is directly related to time

magnitude of t-yj)e I biumdimmg of ethmylmor-

pimine t(m nmiorostmmes. Accordingly, time re-
sults mm Fig. 5 might be explaimmed by time loss
of type I I)inditmg relative to cytochirorne

P-450 ratimer tlmtuui by differeimces in time
P-450: b5 rtut-ios.

Contribution of -in iboc/uon 1/hal electron trans-

port to DPXH electron shunt. Because micro-
somal prepauatitons are coimtaminated wit-hi
mint oehuomm(lria, it- seemuio(l possil)le that- mit o-

ehondnia-l cytochrome oxidase might- simunt
elect-rotis from D1�XH away froni the drug-
txidizing system. In this event time enhammcimmg

effect of cyanide on time DI�NH sytmergism of

drug oxidation would be attributed to its in-
imil)ito wv effect on tuiitocliondnial cytochrt)tTle

oxidase ratimer than to) inhibition of micro-
somal cyanide-sensitive factor Succinate-

p-iodorntrotet-razolium violet neductase tic-
tivity, determined by time method of Shelton
and Rice (44), w’as used as an enzyme marker
to estimate the degrees of mitochondnial con-
tamination of the microsomal pnepanatiomms.
Less timamu 1.5 � of miteshuondnial contamina-
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Incubations were perfuormumed as desoribed iou
Fig. 1. All values (means of three experiments)

are recorded as percentages of the ethylmorpiuine
N-demethylase activity observed when TPNII
was the only source of electromms and Na,S was
absent from the medium (100% = 0.43 Mmoole of

formaldehyde per nuilligramumof protein per iuour).

In each experimemut livers were pooled froni mit

least two male rats (1MO-225 g).

tiotm was found in all but one of time five prep-

anat-iomms examitmed, alud it simoived 2.9 � con-

tamination.
Although it- seemed unlikely that mito-

chondnial contamiumation of this loiv magni-
tude could accouimt for time DPNH electroon
simunt, inhibitioim omf mitochoumdrial cyt o-
chrome oxidase with Na2S was employed to
test timis possibility. Before studyiumg time’ ef-

fect of sulfide on DI�XH sytmergism it seemed
pertimment to dete’rmiuie the effect of sulfide
on mitochotmdrial cvtociurome c oxidasc. Ac-
corditmgly, time inimihitory effects (if various

eo)n(o’tmtratiemns of sulfide cmii time’ rate of oxi-

datioinm of re(lu(ed oytemcimremme c cemumtaiflo’(l in

mite O(hO ondrial annd mi(roiiso)nmal ;)ro’ptmrat iolms
fremnu rat liver wo’re (leterminmed. �fimo’ nietinood

onmploivo’cl \\.as thtit oil \Vimartoum aumd Tzagolo off
(45), except timat time disappearanoo’ oil III)-
soini)aumce at 550 umnu \vtts deto’rmiumed by differ-

tii(t s�)e(troms(oopy, tmsinig aim ��miIme() I)%V-2
SpO’(t roipimtitemnmetor, after first shoiiviuug t hat

time additi(iui oil sulfide ctmused fbi olmange iui

time alisolute al)sorban(e at 550 nm The
mnitomchm(mndrial j)rej)tmrtttiemui \VtIS tiio’ 9000 X �j

iie’lltt 0 htained duriumg t he l)reParat 10)11 oil
nui(rose mfllO’5, o’xcept t-iitit ti j)ro’I i nminary to ‘mm-
trilugation w.tis perloirmed at 600 X g to re-
naive toll (lo’l)ris timid tmu(lei. Usiumg either
nut omehemnudniti I oor mi(re iso onial PreI)aratie)uus,

sulfide (omIm(enutratitmnms of 1 , 10, 100, and 10()0

.tM i nimibit 0511 tyt omeimre)nuo’ oixidaso act ivit y I y
ai)oiut 45, 55, 100, and 100 � � , ro’spectively. A
similtmr stud� employed (ytmnide rather timaui
sulfide. Time use oil difference rather thann ab-

solute spectral metisurememmts at 550 mini

eliminates tine imnt-erfering Peak tit 545 tim,
�vhicim occurs wimen cyanmide is added to) nmitoo-

chommdria (46). Cyauuide coormcentrations of 5,
10, 50, 100, tmnd 1000 .LM iflimibited cyto-
chmromo’ c omxiclaso activity 1(i l)e)tim nuicrosoimal

aumd nut ooimoondria 1 preparat ic onus I) al)e)ut 75,

90, 95, 95, aimd 99 respect ivolv. In Fig. 6
it oan he se’en thmat a 0.1 mM (onnoentratiotu
of sulfide, wimicii immiuibit ed mit ociioindrial
cyteichrtmnuo oxidase activity cofluj)lo’telv, did

tmot eimhance time I) PXH syumo’rgistic effect,
mvhicim it she 0111(1imave if it was blocking the

I)PXH ele’ct re oumshunt timromugh oytencimrome
oxidase. This wtts not utuexpo’cto’d, because

0.01 mM (yatnido’, wimicim iliinibitod mitoohomun-

dnial cytomcimrotuie oxidaso’ by 90#{176}-, imad tmoi

effo’et commI)PNH synmo’rgisnm (Fig. 1). At Na2S

cotmcoumtratiomums oil 0.5 amid 1 nmM, I)PNH syni-

ergismn oof ct imylmo mrpimi ne X-dc nmo’t huy mt iomum
\\‘:ts elm im:uuueed iii 20 auth 30 , roompc’etive1y.

Time effect oof Nti9S tin (yanide-somIsitive fac-

tom is umot kuiomwn, l)ut it is (tmflceiVai)le thttt
Na2S tit these imigim (ooncentratioums could hmave

immimibited time (yauuido-sensit nyc factor tund

tiierebv partially i)100(kO’d time’shuunt iii niuchi

time’ stinmo’ way thttt oytttmide prooduced time el-

feet simemwui in Fig. 1.

A r(mle of mitoohomuidnial oytochmroime oxi-

(mi-u’was alsoo ruled out- by studies which uti-
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101 imvlnmuomrpininoe was inucimim;ute’ol mis olescm’ii)etl mi Fig. 1, except thmit time imutonhmut ii on I rue wmus 10 rat hem

O iumumu 15 rmuimu, anti vmum’ioouns conucenut rat iomnis (if TPNII went’ sfli)st ituted fun TPNt The mummiounuts i-of glucose-

i-I’ (4 mum�m) mono! gloico ose-6-P oiclmvoln’oogemumuse (2 emizymue unmits) present iii the muueditnnm were calculm-tted

too lie sonffioienu( too miumiinmtmuinu essomutimollv miii time TPNI1 in its u’educetl fou’rmu. All vmilmnes are uumeauus of two

ox�mo ni rime moms. 110 emuc iu oxpe ri rout 110 11ye m’s we re poo leo! fronmu mit lemist Iwoo nnmule n-a-I s (250--2M0 g) -

lized suhopt imal ci ounce’ntrtttionms oof Tl�NH.

(‘�oaunido onmhaunced I)l��FI svmuergisuuu oil

‘UP - l1I-de’pouudetnt e’th\’lnuomrpiuiuno’ �\-dt-

nuct-inylatiomun, i)ut lmad mom tonnpamable stinnit-

lato mv offeot wimo’tuTI H �v;us time’ stole somurte

of elect mouis ( 1”ig. 1). If tine cvtutiidt’ o’umiitiumce-

me’umt of l)PNH synergisni is attmilmutable tto

ci immtaminntttiung mnitocimondria, cyaumido’ shmould

pro’veuit time lomss of t’lectrous via otochronue
uumit000hm(mun(ltial cytochrtmnuo’ c, amid n-mitt m-

cia mnmdtial cvtoohitomo tmxidase whmeti TPNH

is the’ sole’ o’Iectioii oloiunomr. This shemuld be-

toime’ jitttticulailv obso’rvabie’ ivhmeim TP1\�H

is p�esei it iu I sul)c ipt i una 1 to oun(emmt rat lt)fls.

Figure 7 simows thmat oyaumido mad umom stinou-

ia-t oty effect on et-imvl mu mrjmlnimno’ _V-do’mo’thmyla-

tiomum w’hetm TPNH was supplio’(l imi subomptimiial

ci n nceumtratio )u us, uma-mo’Iv, co munoemmtrat iouns

lower timami 100 �cii. Time’ snuall stimimulat eiry

effect (if o aumide seetm at- imighm oomuucentrttt-io ins

o)f TPNH (Fig. 1) is iimtmhably due to time pi�t’-

i-emit-ion cii a smtmhl loss of o’lectromns t(i time
fatty acvl do’saturatiomm system.

1(m Fig. 4 mm!’ t hit accompaumyimmg publication

(43) it oamm be seoun that tyanide euihatuced

time I)PXII sune’rgisnm oil e’thuylmorphine

.V-deniethnvlatiooui by onmlv aboout 30 whmen
uumitmosemnme’s fmooni femumale mats \Vtrt’ O’)i1I)lOyed,

a value’ mimuehi bolom�� time 90 ‘ �-- enmhuauncemcnt

oubserved \vitlm uiiioremsomnmes ftOo(ii nmale mtit-s

( F’ig. 1). If riitoeimoundnittl (tmmmtanumiatiolm

-ivet.t’ to’slioo)umsible foo .I)i�\Jj symmemgisnm, this

st’x differemuce would nemt Imtmve beemm obserye’d.

Relationship of J)PVI1 synergism of et/uyl-

11/ oip/o inc _V-c/eni el/u �jla-l ion to TPXH con cen--

Ira-lion. tsimmg auumiuoompvriumc’ as a substrate,

(uimt’mm amid Estabromook (11) shmoiwed tlmtmt

DPNH syuiergisni was increased several fold

as TPNH ivt-is decro’tised fro mmiico mncentrations

ito excess of 1 pM to) time vo’rv low concentra-

tioun (0.1 pM) required lout the tmxidation of

amiumompvtiume l)y rabbit livo-�r immicrosomes.

They attributed this to time ability of DT�XH

to substitute for TPNH as the (loomuor of the

secomid o’loctroum imi time’ absence of higim comi-

ceumtratiomis of TPXH. It seemed pertimmemmt

to rept’at- their study using ethuylnuorphine as

time substrate. Time results (Fig. 5) confirm
t iumse of Cohen and Est abroo ok

Part of time’ simtirp decline in ethylmorphine
V-do’metimylation seomm at TPNH comucentra-

t-io)ms of 50 pM or less are probably tmttnihuta-

ble to the degradative effects of imucleoti-

dases. Xicotinanuide largely protects against
this (legradat-ive tuction, but it also inimib)it-s

time nuixed-fuuuction oxidase system, probably
by coniplexnmg cyt-oclmrome P-450 (47). Nico-

tinamide largely prevented time sharp decline

in ethylmorpimine A-demethylation at time
lowest- TI�NH coimceuitrations, and DPNH
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A’ PNH

sytmergism remtiimmed relatively constaumi

throughout time’ o’ntire range (if TPNH oomnn-
centratiomis (Fig. 5). Similar results iuttve
been reported by Cohen and Estabrook (10,

11), wimo used aminopyrine as time substrate.

It thus appears that- mucim of the exaggo’rated
D1�NH synergism ombserved at very low

TI�NH concentratiomus is due to a spariuig ef-
fect of DI�NH on T1�NH th’gradatiooum.

I)tSCIJ55ION

The proximal distributionm of two electrenu

trtmumsfer chains ium Imepatic microsomes, tone’

involviumg cyttchircome P-450 and the other

cytochrome b� , suggests timat the twoo cimains

may imitertict imi time pcrfornuance oil ccrtaimn
metabolic futmctions (9). Particular tttteumtiemn
has i)eelm direct-ed by Estabrook tmnd tissoei-

ates (9-13) to a possible associative role cml

time cvtochrome b) cimaimu with the nuxed -

function oxidase system wimicim employs cyt om-

chrome P-450 in time ooxidatiorm of drugs,

other foreigum compounmds, and steroids (1-S)
Scheme 1 is provided to facilitate discussiotm
of a variety of ways in wimich the twm electron

chailms could interact.

Accordinug to the concept proiposo’d by

Coimen, Esttmhrook, a-mid Hildehrandt (10-I 3),
the first of the 2 electroims required for time

Sonnn-mmn; I

o-�’muru (10-sensitive fau’toor 41 - (oA sloan-

(ovl-Co A ; fun, I )PX 11 -depenmdemi t fimuvuopruot ci mu;

fp-r, TPN 11 -(lelienutlenu I flmwu pro 1eimm ; LP, lipid; mimic!

LPO, lipid ioerooxide

oxidat ioomn of drugs is used in tine reduotio omnoil

oxidized cyto)oimmome P--ISO suhstrato comm -

plex (st-op Sa) aumd is derived almeost ex-
clusively frommimTPNH (steps S -* 7 -* Sa).

Steady-state ceoumditioomis foir timis react-icon aro’

achieved wit hi i-er�’ lom��- ctoumoeumtraticiuis of

TPXH. DPNH ��‘ill uieithmer sul)stituto tip-

preciai)ly in this rotictiomii mmooract svuiergis-
ti(ally to TPXH. Time secoimud electremmu in-
volves time reolinctiomuu oil tine’ cixvgenato’d,

reduced ovt o)eimroomo I �-45O-- substrate corn-



466 COHItE(A ANI) \n,uNNERmNG

jilex (step 51)). This c’lc’otromtm is accepted from
o’ytocimronme ‘�m , \Vhmitii O1)tains reducimig
ocitiivttiezmts fr(mni ‘FPNI-I, wimemn it is time m-o)le
SOOlIt((’ of electrons (stops � �itnd 6), or from
eitimer T1�NH am i)PNH (steps I amud 2),
wimemi 1)0th Iuuclo’oti(les are l)resemmt. 1)PNI-I

exerts a synergistic effect- i)ecauSe it main-
tains a imighier stetidy-state loi-el of re(lu(ed

eytocimronio’ l)� (turin ng (1mg oxidatiolm t imamm
dtmo’s TPNH. Our studios dom imot- l)rovt’ timis

tt)uicel)t, I)unt tiuev sup�)ort it-.

DI�NH synergism implies that DPNH
produces tium effect oti time funct-ioum of the

c�tochronue P-450 system ai)ove that which
shuould be expecte(l of time system. We prefer
t(i think of the DI�XH effect tuot as svner-

gistic, as time word is usually defined, 1)ut
rti-ther as satisfyiung a requiremetit- of the

System. At any given steady-state turnover

of time cytocimrome P-450 cycle (steps Sa-d),
first amid second electrons must obviously i)e
introduced at the same rat-c. Thins a-mmy rat-c
limitation of the overall reaction imposed by

time innput of time first- amid second electrons
mmist- necessarily represetmt- a coupled rate
limitation. However, relative rate limitatio)ns

withmimm the coupled rate limitation caum be
imposed by time reltitive availability of dee-
trommis sUpplyilmg eacim of time two sites of etmtry.
When type I substrates, sucim as ethylmor-

pimmtme, are added to microsomes, time poten-
titml for tm-ri imucretised rate of reduction of

oytochronie P-450-subst-rat-e complex (first

electron) is created (steps S -* 7 -� Sa-), and

t-imis iuicreases time (lomamid for secoumd dee-

trotus. If we assume a role’ cml eytocimrome bm

mu the rea(tiomn inmvolviumg time se(olmd ek’ctromm,
as well as ami abundammce of first olectrotus, time
turmiover rate’ of time cytoeiiromnme P-450 cycle

is (comutrolled by time steady state’ of reduced

cvtochrome b5 , w’imi(im, in turmu, determimies
the rttte at which electr(mns can be trans-

f cried from reduced cytocimronie b5 to

tine cytocimrouuie P-450 system either di-
rectly cur through an intermediate’ carrier.

Time potential for ituput- of second electrons

created by time addition (of etimylmorphmne,

tumid presunmably othu’r type� I sui)Strates, can-

mmot i)e satisfied by the secouud electrons that

camu be made available’ by TPNH, which is

irucaptible of maintaituimmg the imigiu steady

state of cvtochrcome b5 reduction required for
nutuxi trial turnover (if time’ cyt ochronme P-450

cycle. However, advantage is takeim of this
increased potential for immput of first dee-
trons wimemu DPNH is added, because DPNH
raises time steady state of reduced cytochrome

li5 til)o)ve that attainai)le with TPNH. It
has beetu showmm, for example, timat DPNH

maimmt-ains a higher steady-state level of re-

duced cytochrome b5 timtmti T1�NH during
st’arovl-CoA desaturatiomm (20) . Another
iva�’ of expressing this concept is to say

tiuat the addition of etiiylmorpimine crc-

tit(S tt deficiency of s(’t0))id electrotis relative

to) time input of first ‘lect-roitis atud that- this

deficiemncv �amm be met nuore adequmtmtelv b)y

secomud electrons from DPNH thtiuu by second
electrons from TPXH. After addition of
DPNH time rate t)f eimt-ry of seco)tud electrons
still does not preceed nmaximally, 1)ecause

second electromis from DI�NH are being fed
to endogetmous patimways. When optimal

colucentrations of cyanide were added, much

of the loss cml secoumd electrons tom endogemmous
systems was blocked, amid the resulting en-

larged pool of second electrons more nearly
satisfied the’ demand for second electrons

created by the-’ addition of ethylmorphine.

Cyanide did mmot- eumiuance ethyimorphine

N-demethyla-tiomm wlmen TPNH was the only

source of reducing equivalents, 1)ecaUse the
drtiin of electrouus to endogemmous substrates

timrough cytocinreome bm amid cyanide-semisitive

factor (step 5 ‘� 6 -� 3 -� 4) was mmot great

enough to disturb time steady-st-ate level of

reduced cvtochronme b3 that camm be achieved

with TPNH. Whemm stearoyl-CoA wtms added,

time draitm of electroins from both D1�NH and
TPNH timrough cytochmrome b3 to cyamnide-

seunsitive ftictor (steps 5 6 -* 3 -� 4 amid
1 -� 2 -� 3 -� 4) w’as greatly accelerated, and

time- oytochmrome P-4S0 system was deprived
of socotid electrotus not only when TPNH

and 1)PNH wcro’ presetit, but also when

TPXH Was the omml�’ source of electrons. Un-

dci i)otiu comudit-icomms time rtmte of etimvlmor-

l)iuitue _V-demetimylatiomu ivas depressed, but-,
in mmcccmrdatmce wit-lu time proposed concept,
cyanide reversed time inimibitory effects cof
stet-iroyl-CoA. In fact, wimelm (ytiumide was

present, the’ 1)PNH synergism appeared to
be sonmewhat- more promunouutnced ill time pres-

emmce of steart)yl-Ct)A (compare Fig. 3 with

Fig. I). This is in keeping with the observa-

tioti that maximum imihiii)itioii of time desatu-
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rat-iomm systenu is a(iiiovo(l only in time pros-

(‘mice of sui)strate (20).
The reduction of tytoclironme !)� with

DPNH is mucim nic)re rtipid timan cit-her time

desaturat-ion of stearovl-CoA or the X-de-
methylat-ion of ethylnue irphiino, w’hicim iv nuld

seem to rule out time peissihilitv that time de-
saturation svsteni timid time cvtochrome P-45O
system eompete fc)r t’le(t ro otis at cvt ocinro itile

b� . It is therefore miecessary to postulate an

uumknowtm elect-ron t ramnsfer component , i

which accepts electrotus from cytochrome h�

at a relatively slow rate and tratmsfers them too

the cyanide-sensitive factoor via step 17 and too

time oxygenated tyt 0 ciir(om( P-450--subst rate

complex via step 1$. Stearoyl-CoA desatura-
t ion and et imvlmo orpimine N-demethyltit mon

proceed at comparable rates and would i)e
expected to) compete fcir electrons donated

by a commoti carrier.

Recent studies by Sasame and coworkers
(48), which employed antibody to cyto-

chrome b� , can 1)0 interpreted to suppeort

this concept. Ammtibody to cytochrome b5

prevented 1)PNH synergism of microsomal
ethylmorphimme �V-domethmylation, but did not

inhibit the reactieomi whelm TPNH was time
only source of electromms. The authors immter-
preted this to meatu thtmt the transfer of time
second electroum fronm DPNH to time ox�’-
genated cyt-ocimrome P-450--substrate com-
plex is mediated by cytocimrome b� , hut- that

transfer of time seco)mmd electron fronu TPNH
to the same complex is tiot. Timis may very

well be the case, but an alternative explttuma-

tion for this seeming selective effect of anti-
body to cytochronme b3 does not require time
invocation of atiotimer pathway for time iuutro-
duct-iomm of secouid electrons. Antibody to
cytochrome b5 did not- conmpletely ilmact-ivate
cytoehrome b5 . The half-times of cyto-
chrome b5 reduction by DPXH amid T1�XH
were increased from 156 to 365 mumsec amid
from 250 to 385 nmsec, respectively. Etimyl-
morphine X-demet-imylaticomu was decreased by
time addition of auitiboodv to cvtochrome b5

from 187 to 161 nmoles/0.5 mg of prot-eilm

per 10 mm wheum TPNH was the only source
of reducing equivalents, and fronu 236 to 166
nmoles/0.5 mg of protein per 10 miii wimemu
both TPNH and DPNH were present. It
w’ould appea-r that time’ tuimtihody altered time
nature of time cvtochmrome b3 (or selectively

iuiactii’ated omtio cii tm�’e) forums em! cvtoeimrummmme

b�) sci that it \�tis reduced tis rapidly h)y
TI�NH as 1� l)PNH, thereh� eliminating

auiy previoous advantttge to) the system oof-

fered i)\ 1)PNH. ‘I’hil)s, tom time’ absemuco of

ttlit-ii)Od\ ali(I m�’hmomui)O)tim I)PNH amid TPNH
were present, time stea(1� stat( 0)1 redul(ed

oytochronie h. was (leternumme’(I by I)PXH,
ivhmicim pr(odu(ed a inali-timne’ reduttiomi oof

cvtcochromne l)� oil I 56 nisoc, timm(I miot i)y

‘FJ�NF1,w’hmicim l)rooducec1 ti imali-tinme reductioon

cof cytochironic’ 1)u cof 250 niseo.

When booth nucleootides were j)resc’mit, time

imigher steady-st-ate level eof reiluctiommi oil
cytochrome b5 n’sulted mm a 30 ‘ - elevttta)mm in

et iuylnmorpiiine V-demetiiylat ioum tii)ewe t hint

stern iviieui TPXH ��tis time stile source 0)1 re-

ducitig equivtilemt-s (i.e., a 30 #{176} I)PNI-I sy�i-

ergism). After time additiomm of arltii)ody to cy-
tochironie b1, time poitential abilities of 1)PNH

and TPXH too maiimtain a steady state of

reduced cvto ut-hire onio were almost- identical,

as represeumted by tim(ir respective imaif-tinue
rates of reductiomn of cvtochrome bm , 368
msec amid 385 msec. Accordingly, whmemmanti-

body to cytocimromo� b5 was present, the rate
of etimylmorphuitme �V-demet-imvlat ion was es-
sentially the same when TPNH was the t)nlv
source’ (of electrons (161 nmoles/0.5 mg of

proteiui per 10 miii) as wimen TPNH timid
DPXH were present (166 ummoles/0.5 mg of

protein per 10 nun). In view oof these eotisid-

eratio ins, time eiine’st ioam rc’maiums uumamiswertd

as to whether or not secound electrons c-atm be

nmtroduoed to the oxygenated, reduced cyto-
chronic P-45O- substrate coomplex imi mitre o-

somes by pathmwavs that do mmootimuvoolve cyto-
chronic fi)

A muunmiicr oof alternnative pat inways whichi

nmigimt explain I )PNH synergisnu were con-

sidered, imicludiuig 511th j)OOsSii)ilitic’5 as the
role 0)1 a tramusimydrogeunase, l)PNH patim-
ways nit erinative to TPN 11 l)ILt-in\VaYM, and

sparimig actions of DPNH timat prevetmt time
destruction of TPNH or tine utilization
of T1�NH by systems tiot iumvoived in drug

metabolism. Time possibility timat DPNH
might exert its synergistic effect througim
the action (ii a transimydrogenase (step 15)

caim be hastily discoututed imi view of tue

studies of Coimen, Hiidcbrttundt, timid Esta-
i)rook (11, 13), which simowed that l)PNH
imad no synergistic effect oim time reduction
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of c�’tocimrom’ P-45() umiolom anaeroobic ((ill -

(lit iouis or comm t hi( ‘Fl �N Fl -depetmdent lipid

pero�xieItmtion reacti(mul , tints eiinmiunatiimg path-
�vmn�\’ is -* 5 -* 7 -* Ste. \Ve have’ been able
to ctoinfirnm both time-se observations. The

samume authors must) pemimited out that TPIN

itmlnibit-ed t lie DPNF1-suppo orted reactio oil liii-

(her (omuiditions ili winieli t mis could mnot intive

o)ecurred if a trauishvclro ogeunaso’ systemii mad
I me0 mi ( operat a mutt I . I t is a iso imico omuoeii’tti ole

timat, mu the presence of stit urtititmg commnccuit-ra-

1-icons of Tl�NIT, a t-t�imisiiydrcmgo’uiase comul(l

stimuuimltite time oover-all reactioum by contrii)-

imtiuig t(o time foornmation cii nmoore TPNH. Al-

termiative pat1i�vttys such am- timose immvolvimmg

steps 12 mind 7 or 1 amid II wooulcl alsem umeot- be

expc’et-ed to produce synergistic effects in
time presence of sat utrat iung colmcemmt-rat ions of

TPNH, and are eliminated because o)f the

failure cml 1)PNH either to reduce cytco-

ohnrconie I �-45O ofhcct ivelv omr too symmergize

TI �NH reduct-iomn of eytomeinro omo P-450 (step

Sa).

‘Fime poossii)le sparing effect oil I)PNH otu
time dcstruct-iomu tof ‘l’PNFI by nmicrosonmal

tout-loot i(lases migint 00 onmcoivai)lv aoccoumnt- for

I) PNI-1 svumergisnu wiue’un cu ommcemntratioums oif

Tl#{176}NFI mire’ very low’, i)ut-, mis ��‘mus demon-

si rated iii Fig. 8, this is tiout a itictor when
ouomncetmtratieons oil IP\H are tis hoighu as those

emiijiloyed mi time cuiTemnt studies. Time possi-
luilit-y that I)PNH might product am appar-
ount svmmergistio effect ii�’ sparitig IP\H in

pat inways t iuamm camn aecc’pt elect io ours ire urn ci-
timer I)PNH our TPNH louses crc’dibilitv with

tire fitmdimmg that 1)PNH oxidatiomn i�’as

greater iii tine’ pt0’5t’tit(’ oil Tl�\H tinamu ium its
aiisomnco, ti rosuult tommitrarv tom w’lnat womuld t)e
e’X1)ccte’d if TPNH amid 1)PNH were’ corn-
pe’tiung to or a ecmmmunmo mu tie-ct ru oum-aeccpting

pathmwav (12). (illetto’ el al (49) sunggo’sted

mat time I) PN H-depe’mndeunt fituvo upreotein

(!p1)) mumighit oconipot o’ with tine TI �NH-de-

p0-uRIc-mit flavo oproteimm (ti��� ) four time’ roductiton
tot eytotlmronuo b� , imn �vlmicim ease elo’ctrouis

tic mmii TPN H divert ed fro mm c-vt ociuronie

P-45() by way oil stop 6 aro spttrod whuc’mi

I )PN H is prose-nut tom pmu ii’ ide eloctronms to mm.time

reducticomi of cmxidizc’d P-45O -sui)stratt comm-

plex i oy cina miunol i mng mimoto e lo’ot ruomns from

�Fl�’��fl tiurougiu stop 7 as t’unpimasizo’d previ-
ouumslv, hoowovor, I)PNH deoes niout svuno’rgize

t in’ to ‘eluict ic inn oil ovt e ic-into onuc- I �-45O. So ocliuni

slnhfi(le, inn a cootncetitratieuuu kmmow’mm tco itihmihit

niit ochno oundria I (vt 0 i(hnl0 mIne ‘ c oxidase almost
cOiiflil)IetO’I\’. failed to 0 e-mlhiami((’ 1)PNI-1I svn-

c’rgismii 0 ut ethn�’lnmomrpiniumo- _\‘-de’Iiic-timvla-tion

(1”ig. 6). Thus temmds to eliniimiate the possibil-

ity that (vanide sparod the loss of electromis
frouum 1)PNH or TPNH imy immimibiting cyt-o-
churonme’ omxida-se cont-aira-d itt time small
aniomutint 0)1 (olittmfliitittt-iIig mitochiotidria-. If

tue shmutmtimug of electromns frtini T1�NH to
mitoo-hmcommdria is an inuportant- pathway, cya-
muide should imave st-irnultit ed c1 hmylmorphuimme

N-demet-imylat-ion who-mi Ti �N H iii low coim-
ceimtraticmns was tue stoic suiumrce’ of c-Iectrcuns;

it did not (Fig. 7).
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