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SU.’IIMARY

COIIREIA, MARiA ALMJRA, AND MANNERING, G. ,J. : Reduced diplmosphiopvridine nucleo-

tide synergism 0 of time reduced triphosphmopyridine miucleotide-dependent mixed-function

oxidase system of hiepatic microsomes. II. Role of time type I drug-binding site of cyto-

chrome P-450. JIol. Pliarmacol. 9, 470-485 (1973);

Studies of the I)PXH synergism of time TPNH-depemmdemmt mixed-function oxidase system of

huepatic m-r-iicroscomes usiumg a variety ef substrates revealed that synergism occurred when the

subst rat (‘5 were tyJ)e I bimiding cc ompe)UIidS (amimiopyrimme, benzphetanmine, codeimne, ethyl-

mmio)rpimitno’, miorcodeine), but DOt wheim the substrtites we-re type- II binding compounds

(amuilimmc-. p-chmloro-N-metlmylammihimme). Time role of type I binding in I)PXH synergism of drug

uiieta-bohisun was invc-st-igated by employing microsomes which vtiried in their abilities to

j)roducc’ tt t\’j)e I bimiding spectrum with ethylmorpliine. This was ticcomplished by selecting

micruos(omc’s from different- tiumimal source-s (male rats of different ages, female rats, 3-methyl

cholammthmre-ume-treated rtits) omr by subjecting micro&4omes from a givemi source to treatments
knowim too diminish t\’pe’ I bindimmg (treatment with SKF 525-A or with phosphohipase C,
storage-). Usiimg etimylmorpimine as thme substrate, type I binding ��as showmm too be directly

correlated �vit-lm T)PXH syumo-rgisnm an(1 with DPNH utihizatiomm. Time- mean ratio of DPNH
ut-iiizo-cl too o-thmvlmorpimimmc’ mc’tabolized by the various mni(roso)mes usc’d iui the study was 1.15.
Xci coorrelatiouli was sec’ii bet-weeui 1)PXH utilization ammd ratc- cof iuydroxylatiomm of the type II
comiupioumnd, amniline. No imicrease ium DPXH utihizaticoum abtove timat seeti in the absence of sub-

strate was oobserved during amiilinc- hiydro)Xylatiolm. The mecluatmism whereby type I substrates

elicit I)PNH synergism is poustulate’d too occur as follows. Time first- of time 2 electrcomns required
four drug ooxidatiomi is derived from T1�NH ammd is utilized in time reductioii of time (oxidized
cytoociuroomo’ P-450-substrt-ite’ complex. Thue secomid electromm is derivc-d from either TPNH �or

DPNH amnd is transpo)rted through cytochmrome b5 to) th(- oxygenated, reduced cytochmrome

P-450 -substrate complex, althmougim time possibility renuains that- second electrotms from

TPNH mimay be contributed by a route that circunuvents cytochronie b5 . Wimen type I sub-
strati-s tire’ imitrooduced imito the systenm, time rate of entry cml first electromus is accelerated amid

se-co omnd o-le’ctromms from the e’iO’(tro omi 1)00(01 provided by DPNH arc- drawn via cytcochmrome b5

imito the syste’m too balaumce time ek-vtmtec1 immput of first elect-r(mns. WThmen type II substrates are

inmtroo(IUce(limmto.otime system, time rate ooi c’ntry of first electrons is not accelerated amid thic-re is
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neither the need nor the nmeans for the system to utilize excess second electroons prcovidc-d by

DPNH. When only TPNH is present, time electroim 1)001 created at cytochrome h� is mnoot-large’
enough to match the 1)001 of first electrons created by the addition eof the’ type’ I substrate,

and the over-all reaction is therefore slower than the DPNH-”synergized” rc’tuctieomr.

I NTRODUCTION

In the preceding co)mnmunicatioum (1) the
mechanism bV w’hiclm DI�XH sync-rgizes

TPNH-dependent ethylmorphine N-

demethylase was investigated by mamiipu-
lating the activity of the microsomal
cvtochrome b5-depemudemmt fatty acyl coetu-
zyme A desat-uration system, which slmuumts
reducing equivalents from DPNH awtiy from

the site where synergism of drug metabolism
is mediated. When the shumit was activated

wit-h stearoyl-CoA, a substrate for time de-
saturation system, ethylmorphine metabo-
lism was decreased; wheim time activity of the
shunt was depressed by inhibiting a cyanide-
sensitive factor required in the desaturation
system, ethylmorphine metabolism was in-
creased. These studies supported the concept

that Estabrook and associates (2-6) have
developed to explain D1�NH symmergism of
TPNH-dependent drug metabolism, briefly,
that the first of the 2 electroums required by
the cytochrome P-450 system responsible for

drug oxidations must come from TI�NH, hut
that the second elect-ron, which can he pro-

vided by either TI�NH or DPXH through
cvtochrome b5, is more available to the
P-450 system whemi it is contributed by
DI�NH. The substrate in our studies was

et-hylmorphine, a compoummd which produces
a type I spectrum (7) when complexed w-ith
cytochrome P-450. When timese studies were
expanded to determine time role of DI�XH
synmergism in the oxidation of other type I
compounds, as well as those w’hich produce a
type II spectrum, it- became apparemmt that
DI�XH synergism occurred only when type
I compoutids were’ employed as substrates.

The role of type I hmdmg in DPXH syner-
gism of drug oxidation was furtlme-r investi-
gated by employimig microsome’s which

This research was supported by United States

Public Health Servio-e Grant CM 15477. Part of

this material appeared 1mmabstract- fuormiu [5/h IooI.

Cooog. Pharnoucol. (Sauo Fra,ou’i.su’o) p. 46 (1972)].

varied imu the-jr al)ihities tcu pro)du(-e- a typo’ I

bimmding spect runu wit hi et imyl nuorpiuimne -. Tinis

\\.tis acconuplislied i)\ sele’ctimig micro oseonmes

front differetut- ammimal sources (or liv suh)j(’ct-

immg microsomes from a give-mm source too treat-

memmts knowui to dimimmisim type I 1)immditng.
The P-450 henuoproto-imi imu microsomc’s froni

femmile rats timid young male rats shme)ws less
type I binding thamm that from adult male
rats (5). Time P-450 hemoprc)tein that- results

after the administrat ion of 3- metiivlcholan-

thretie is highly deficient in a ty�)e I i)ilmding
site (9, 10). Microsomes lose their tibilitv to

produce a tVJ)e I binding spectrunu with
ethiylmorphmine tilt-er t hey have been treated
with SEF 525-A (11 � or wit hi phiosphiolipase

C (13). Microsomes lose type I hindiung
duriumg storage (9). In time current study both

the de’gree of I)PXH synergism cof T1�NH-

depemmdent et hvlniorpimiuue N-demetlmyltttion
timid the amount of DPNH utilization ��‘ere
found to he correlated with time ttbihit-v of
microsomes to produce a type I binding
spectrum.

MATERIALS ANI) METHODS

Anilimme’ HCI was cobtaimmed from Eastnman

Organic Chme-micals; p-chmloro-_\ -met hmyl-

ani liumc-, froom Calbiocimem; ti nuimmopvrinc (4-

dinmet hylanuimmoant ipyrimie), fronu Aldrich
Chemical Company; timid ciodeine phmosphmate
amid noorco(ieiuie HCI, from Merck Sharp &
Do ohnue II ese-tirchi Laboratory. Benzphc-t a-

mimic HC1 tumid SKi’ 525-A (2-diethmvlamimmuo-

etimyl 2 , 2-diphienvlvalerate HCI) were gifts
frconm the TJpj ohmmi Conmpanv, Kalanitizoo,
Mich., and Smithm Kliuie & ireuicli Resc-arch

Laboratoric-s, Pimiltideiphia, respectively. 3-
\fethmylciuoolamithr-no’ wis cobt-aimmo-d fronu
Eastmamu No dak. u-il- Iseocit rate (t risodiunu
salt-) timid pig heart- isocit rate deimydrogeumase

(type IV) were obttummed from Sigmima Chic-nm-

1 K. M. Bi(Ilemuuanu ammd ( . J. Mannering, inn-

ptnblisiicd uohose-rvat ii onus oited boy Panli mind Manumuer-
mug (12).
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2 The mibohrevimmt io mmiust’d is: P(’NM.-� , p-ohulu ru-

.\ -unuetbmvlanuilinuo-.

ictil (�onuptmmmv. Suource’s (of otimc-r matc’rials

mlse(l mi time study tire- give-un imi the prece’diumg
(ommumuuuicatieomi (1).

i\lale amid femmutilc’ Hcoltznia-im rats, fed amm(l
watere(l tid iibitum uumtil detilthm, were time’

source of Imepatic unicrosomes, which were

prepare’d as described previously (14). Micro-
some-s were i.msed witiiimi �3 imr of their preptira-
ticin except who-mu stored to recluce their
c’ttpttcit-v for type I bindinig, ium which (use

t-he�’ \\�(I( suspeuuded inn isotcomiic NC] scAution
at - 1O� umuder air for as lomig as 168 imr.
Storel nuicrosoonie’s we-re- tiiawed amid re-
iuonmeogcmuize�d hi-fore- usc’. )Iicro)so)nu’s �vere

treate-d with pheospiie)liptise’ C (EC 3.1.4.3,
Sigmmt Chemictil Coniptiumy) as describc’d prc’-

vienislv (13) ; time retict-ion was stopped by

e-hillimng rtmt.hmer tiiaum wit-h EDTA. Pimosplio-

lipase- C is tiiougimt to) remove most cml thmc’
type I bimmdiumg site-s (13). Microsomc’s were
1 no’ate’d witim SKI” 525-A as follows. Wasimed,

pehleted microsomes �vo-re suspended in 1.15 M
Tris-KC1 buffer, pH 7.4, tom a comicentratiomu

oof approximately 6- S nmg of 1)roteiti per

mimillihite-r. Thc- mimicrosconual suspemmsionu was

divided into t-wco pourticomms. SKI” 525-A \\.�5

added to the first (final comwemitration,
0.75 uml), amid time’ otlmer was diluted to the

same’ volumime as the first poortiomm. Time two

pe)rtio)uus wore’ sc’dimneuited at 100,000 X g for
30 rain. The’ pi-llets were ro-suspe-ndo’d imm

.15 KCI solutiomnn, resedimc’untc-d at-

100,000 X q for 30 mimi, amid resuspetided jIm
KCl soolutiommm to a proteiui cooumcent-raticmui of

5 rag nil. SKF 525-A is thoughmt too bind
irro-versiblv too the- tvjoe’ I bindimng site- (12,

15).

�l�he imncuhatiuonn mimixturc-s commitaimuimug a

TPNH (TPN�, 0.4 nm�i)-gemno-umttimmg systo-m,

I )PN1-I (1.0 nyu), or hoth, iuavc- bee-mu do--

so-ribed l)reviOusly (1). Fornialde’livde formed

I )V deuiiet lmvlat ioui of (‘t livlnmu orpimine,
I �C X i\ I A ,� amiumuopyrimme, beuizpiietanuine,
eoodeiuie, auud mucorcodeimme was determined by

tine’ nmethod of Nash (16). Anilimie lmvdrox-
yl���e act ivitv was deterniiumed as described
l)\ katO) amud Gillette (17), with mou(lihcatiOnS

described previtouslv (13) ca, wine’rc’ mmdi-

o-;uted, by time’ miicore rttpid mlie’tiuoo(l uof Inrai
ci (1-I. (18). Fimial eu ono-o’nmt rat it otis 0 of simi ost rates

were’ : anuimmopyrine, 5 n�i ; amuilinne, 1 nra;

henzpimettimine, 2 mm-vu; codeine, 3 �
etimylniorpiminc-, 2 nv�i ; muorcodeinie, 2 nra;
and PCNMA, 1 mia. Reaction mixtures were
iuTlCUl)ated under air at- 37#{176}for 5 mimi who-mm

amiuuopyrimme w-as the substrate, amid for 15

ruin w’imen other substrates were employed.

A 10-mimi imucubatiomu time was employed
when ethylmorphine was iticubated with

pimospimolipase C-treat-ed microsomes. All re-

tictiorm rates were linear during these ira-nba-
tiomm periods.

J)PNH was measured as described by Esta-

brook and Maitra (19). Type I bindiuug w-as
deternuined by the prc)CedUre of Remnuer ci a?.

(20), as described l)reviously (9, 13), using a

sat urating commcentration of etimylmorphine

(2.6 mium). Cytochromes P-450 ttmmd b5 were

determined as described i)y Omura and Sato

(21). Proteimu was determined by the method

of Lowry et al. (22).

3-Methi�-lchmcmlanthremue-t reat.ed rat 5 re-

ceived daily immtraperit-oneal injeetioums of 3-
nmethylcholauut-hurene (20 mg/kg in eormm oil)
for 4 days. They were killed 24 hr after the
last injectiomi. Control rtits received corn oil

for 4 days.

ItESULTS

Absence of DPXH synergism of TPXJ-J-
dependent o.ru/a.iwn (of type II drugs (an i/inc

and PCNJIA) and failure of cyanide to elicit
DP�VH synerginin. 1mmFigs. 1 amud 2 it (ttti 1)e

seemm timttt- 1)PNH does mmot synergize time

TPNH-depe-tideuit iuydroxylatiomm of tiuniline
or .V-derne-t-lmvlatiomu oof PCXMA (CX con-

ceuutratiouu = 0), uucor (hoes cyanide- st-inuulate

the miiet al )o ohisuim of t hiese conupoummds appre-
ciably at ammy of time coommcemutrat-ions employc-d.
This is in (-ont rust- wit-hm the’ 30 #{176}� DPNH
symmergism e)f c’tiuylmo rpiiimme _V-clemethyla-
tioti seemi imi time al)sen(-e of (Vtiuiide timid time
90 � synergistic c’ffect- observc-d iun the

1)re�e�mce’ oof optimmil comicc’mitratiomms of ova-
nide (1). Time huigliest- comuceumtratiommms of
cyammide imihibited mmumiline amid PCNMA

nuetaboohism. Time inhibitoory effect of high
conceuitratio otis of cyauuide c)mu o-t hmylmorphimie
�V-dc’nme’timvlatiomi has alsoo be-eu oobserved (1)
until may 1)0- explained by the’ coompleximug of

tvtt ni(ie- too cvt 0 uchromii(- P-450 (23).

1)P.VJJ .synei’qisni �.f TI�\7I-de,u,u/en I
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FIG. 1. Effects of cyaooide oio aooiliooe hyilroxyla.s’e

activity of rat he pa/ic onicrosoones in the pre.seooo-e of

TP.VH, DPNH, or both

Aniline (1 fliM) was ino-unbated with microsonues

in a mixture (final vohmnme, 5 nil) conutaining mm

TPNH-gemierating system (TPN�, 0.4 mM; glucose

6-phosphate, 2 mM; and glucose 6-phosphate de-
hydrogenase, 2 enzynue units); MgCl2 , 2 nu�u;

0.04 M phosphate buffer, p11 7.4; 1.15% KC1; and

various concentrations of CN. The mixture

minus microsonmes was inucubated for 3 nuin under

air at 370, the reaction was started by addinug 1 nil
of unierosomal preparation (5 mg (of proteinm ier

milliliter), and the incubation was continued foir

another 20 mmmiii. In systems containing botim

DPNH and TPNH, DPNH (final concentration,
1 nni) was added as a freshly made solution iii

1.15% KC1 just lrior to incubation. Jim react-ions

containing l)PNI1 only, time TPNH-gemueratinig
systeni was omitted. Reat-tion rates were deter-
mined by muuemmsuring the p-aminumplnenol foormed

by time nuetluod of Kato arid Gillette (17). All values

(means of three experiments) are reu-orded as

percentages of aniline hydroxylase activity uobm-

served when TPNH was the mnly source u)f eleo’ -

t-rons and rio (-yanide was present (l00#{176}�
nmoles of p-amninophenol formed per nnilligranu uof

protein per hour). In each experiment livers were
pooled from at least two male rats (1S0-22() g).

oxidation of type J o-frtzgs (aininopyrine,

benzp/metain me, codeine, el/i ylin or p/i in e, -nor-

codeine) a-n(l its enhancement coil/i cyanide.

DPXH syuuergism of TPXH-depemmdemmt drug
metabolism has 1)eeum cobserved who-n amino-

FIG. 2. Effects (Of cyaooide (010 p-chioro-X--met/u//l-

� a,oiliooe .V-(leoouethyla-se actim’ity emf rat /uepalic nuicroo-
somes iii the presence cmf 7’P.VH, DP.\H, �mr loot/u

PCNNIA (1 mnsi) si’mts inlcUl):ited with mnuu’ruusuoine’s

mis described in Fig. 1, except that semio’mmrbmizide
I-ICl (7.5 nun) wm-is inuclinded in the mediunuu, 3.0--

5.0 mg of microsoonial prootein were emplouyed, timid

the incubation jeriod was 15 rmither than 20 miii.
The formaldehyde fuommued was determined by t he

Nash method (16). All values (means of two cx-

perinments) mire reoorded mis percentages uof the

PCNMA .V-demnetbuvlase activity observed whenm
TPNH was the emily suouroe of eleu’trons mind nuum

cyanuide ss’as present (100�’ = 293 nunruoles uuf fuornu-

aldehyde fourmned � nurilligrammi of protein per
hour). In each experiment livers were poomled froonm

mit least twom male rats (180-220 g).

pyrine (2, 4, 5), codeiume (4, 24), timid ethyl-

nmorphuine (1, 4, 6) huave been used as sub-

strat-es. All these compounds are kmmowmm to

give a type I bindimmg spectrum with micr(o-

some’s. The failure of time ooxiclat-ioum of the

type II conipcmuuids, tunilimie timid PCNMA, to
be synergized by DPNH suggested that ty�)e
I 1)indimig of substrates may be required foor
DI�NH synergism. As a means cml exploring
this possibility, tine c’ffect- eof c.vaumide- iomn tine

rates of oxidation of a muumber of type I
substrates ��.tts studied with eitimer T1�NH or
DPXH as time sole source of reducing equiv-
alents, as well as iii time pr(-semmce of hothm
TPNH timid I)PNH. Commcc’uutratiomms of eva-

nide previously shown to) give optimal en-
hancenmemmt oil I)PNH symiergism of o’thyl-

morphine �V-demetiuylatiomm (0.1 0.5 m�i)
were used in all eases. Time results tire sumu-



TulLE I

DP.V!! .s’yooergoson of TP.VII-depeoooleoot rat liver 1100(0OS001U1l oxidations of type 1 aOO(1 type II SOib.Str(ltes

in the presence and absence omf cyanide

(‘oonmt rol vmiltmcs (nnicuuinmoile-s (of prco(bouot foornimed per nmilligrtunu of proteinu P��m hour) were o)b)tainned in)

the tuhsennce of CN amud wit ii TPNII as the oouilv electron cloonuor. Assay coimclitionis are described umuder

MATERIALs .-uNn) ME’rulom)s. Inicubatiooni nuuixtmnres comnutairued 3.5�5 mug of microsoimal protein in a volume

oof 5 mimI. .V = ununuber tof experimnemits, each of which emplomyed muiicrosonmes pooled fronm at least twom

rats (15()-250 g).

Sulmstrate (‘ontrol - ‘I’PNH DPN}1 �FPNH + DPNH

-(‘Nt +CX- -CN +CN -CN- +CN

% control % control

10

:3
0.437

0.281

0.138

± 0.024

± 0.063

± 0.028

1’thyl-
morphi rue

(‘uodei rue

Noorcodei rue

Benzpheta-

niminne

Amino-
pyrine

p-Chloro-N-

methyl-
armiline

Amuiline

% control

111 ± 1.7
111 ± 4.4
108 ± 5.2

11 ± 1.8

11 ± 4.0

4 ± 0.9

100
100
100

100

100

100
100

3 0.276 ± 0.017

3 0.619 ± 0.005

3 0.195 ± 0.057

3 0.058 ± 0.002

10 ± 1.6

15 ± 7.5

4 ± 1.1

9 ± 1.5

5 ± 4.5

99 ±2.5 7 ±0.6

95±6.8 7 ±2.0

98 ± 6.7 35 ± 8.2 42 ± 8.4

95 ± 1.6 10 ± 1.7 S ± 4.3

132 ± 1.6

113 ± 2.7
130 ± 6.3

142 ± 1.6

129 ± 0.9

106 ± 7.6

97 ± 3.6

202 ± 4.11

167 ± 17.5

146 ± 8.2

132 ± 9.3

117 ± 4.7

109 ± 6.6

108 ± 2.4
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marized in Table 1. Results cmbt-aiimed with
aniline and 1�CXMA are also given in the
table. The metabolism of all time type I com-
pounds was greater in the presence of both
D1�NH and TPXH than immt.he presence of

TI�NH only, but degrees of DPNH syner-
gism varied greatly. Even greater variat-iomm
was seen in the enimancing effect of cyanide
omu DPXH synergism, with comparable large

effects seen with ethylmorphimue a-nd codeine,
only a slight effect seen wit-h muorcodeine, and
mmcm(‘ffeCt, or perhaps even a negative effect.,
seen with amimmopyrimme and benzphetamine.

Reasons for these differences are mmot ira-
mediately apparetmt; they are discussed later.
As expected, the oxidtition of aniline and

PCNMA was not affected by either D1�XH
or cyanide.

DPNH utilization during a-n i/i-ne Ii ydrox-

ylation. Figure 3 shows DPXH utilizatiotm and
p-aminophenol formation during the oxida-
tiomm of ammihimue imu the preseimc-e of yarious
comucentrations of (‘\‘aliide whemm hot-h TPNH

and DPNH or TI�XH tilone were added to
the medium. J)iffereiucc’s l)etweetu DPNH
ut.ihi zatiomi durimig ammil imme oxidat iotm amid
durimig ethylnmorphine _V-demet-luyhutiommu

umidcr similar conditiomis are apparemut when

Fig. 3 is compared with Fig. 4 of the preced-
imig communication (1). Cyanide did not
stimulate utilization of DPNH during aniline
hydroxylation, as was the case when ethyl-

morphine was time substrate, but- DPNH
utilization decreased continuously as cyanide

comucentrations w’ere immcreased. The figure
provides imo evidence thmat DPXH is used

during aniline hydroxylation, but umeit-huer
does it exclude this possibility. At a concen-

trat-ion of 0. 1 ni.�i cyanide, where anihimue
imydroxvlation was proceeding maximally,
about 10 times more DPNH was utilized
than could he accounted for by p-amino-

pheumol formatiomi. This is in contrast too tue
DPXH:HCHO ratio) of 1.31 seen tit- an
optimal cyanide (-c)ncemmt-rat-ion during ethyl-
nuorphimue N-demethylation (1). TPNH was

without- effect on the utilization of DPNH
in eitimer the presemice or absence of cyamuide.
Time decline in DPNH utihizatiomi wit-h in-

creasing cyanide commcentratiomm is most likely
attributable to time blocking of cya-miide-

semmsitive, DPXH-dependent pathways, such
as time fatty acyl-CoA desaturation systenu,
amid to umukmio�vn, cvanide-insemisitive ptut-h-
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FIG. 3. DP.\’II utilizatiooo doorioog p-hydromxyla-

10(000 of aniliooe (An)
Aniline (0.2 mM) was incubated with limit-rum-

somes, a TPNH-generating system (TPN�, 0.4

mM; dI-isocitrate, 4mM; and isocitrate dehydro-

genase, 1 enzyme unit); MgC12 , 5 m�m; phosphate

buffer (0.04 ut), pH 7.4; 1.15% KC1; and various
concentrations of CN. The mixture minuns micro-
somes was incubated for 3 mm under air at 37#{176},tIme

reaction was started by adding 1 ml of nmicro-

somal preparationi (5 mg of protein per milliliter),

and the incubation was continued for another 20

mm. In reac-tions containing both DPNH arid

TPNH, DPNH (final concentration, 1 m.�i) was
added as a freshly prepared solution in 1.15% KC1

just prie)r to the incubation. At the end of 20 miii,

2-mi aliquots of the mixture were removed and the

DPNH anmd TPNH determinationms were carried

out as described previously (1). p-Aminophenol

fornmed was determined in the remaining incuba-

tion mixture by the method of Imai et al. (18). All

values are uumeanus mf two experimenuts ernplomyinmg

pooled livers from at least two rats (220-25() g).

ways. Evidence for time latter is seetm imu the
appreciable utilization of DI�NH at- the
highest concentration of cyammide, where time

hydroxylation of aniline was blocked almost-
completely.

Netter (25) has also oi)served that, in con-
trast- to type I compoumuds, type II com-
pounds do not immcrease the utilizatiomi of
DPNH.

1mmpassing, it is worth mmoting t-hmat cyanide
inhibited ammiline p-hydroxylat-ion (Figs. 1
and 3) and PCNMA �V-demet-imylation (Fig.
2) in concemmtrations that had lit-tie or no
effect on ethylmorphimue �V-demethmyltit ion

#{163}TPNHtQ4mM)+DPNHtOmM)

#{149}TPNHtO4mM)

X DPNHO0mM)

uo

FoG. 4. DP.VH syooergism oof N-demethylatiooo uof
ethylmorphiooe (EM), using microosomes from female

rats

Microsonual preparations from female rats were

incubated with ethylmorphine (2 mM), using t-iue

mixture and inucubatiuon procedure desc-ribed in

Fig. 2. All values (meanus of two experiments) are
recorded mis per(-entages (of the ethylmorphine .V -

demethylase activity when TPNH was the stole
electron duinur arid mm c-yanuide was present

(100� = 125 numoles of formaldehyde formed per

milligram of proteini per hour). The mean value

for ethylniorphinie binding �A385..420 per milligram
of microsomal pru)tein was 0.009. In each experi-

mnent livers were pou)led fronu at least three rats

(160-180 g).

(1). This m.ighmt have beemi predicted, because

cyanide exhibits a type II 1)mding spectrum
with microsomes (26, 27).

DPXH synergism of A-demet/iylation of

el/i ylmorp/i me, using ni icrosoines from female

rats. Female rats oxidize many drugs less
rapidly than nuale rats, alud timis Imas been
related to deficiemucy ium type I binding sites
in microsomes from females (8). If type I
binding is ti required feature of DPNH
synergism of ethylmorphine -V-demetimylti--
tion, D1�XH symuergism should be’ less

prevalent imm microsomes from female rtuts
than in microsomes from male rats. Com-
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CN mM

FnG. 5. DP�VH synergism (if iV-oleonct/tylation umf

et/oylnoorp/oiioe (EM), ui-sing -microsoines front rats

treated with 3-methylcholanthrene (3-MG)

3-Methmylcholanthrene (un corn oil) was ad-

muiinuistered intraperitoneally to male rmits (180-

200 g) at a dose of 20 nmg/kg/day for 4 consecutive

days. Control amuinusals received mini equivalent

vumlume of the vehicle (corn oil) for the same time

1)eriod. Thme rat-s were killed 24 hr after the last
mi ectionm. Ethylmorphine N-demethylase ac -

tivities were deternmined as des(-ribed in Fig. 2,

except- that time microsomnal suspensionm always
contained 5 mg of l)roteinu per milliliter. All values
(means of two experinuents) are recorded as per-
cenmtages umf the et-hylmorphine X-demethnylase

activity when TI’NH was time scole electron donor
mmmd no cyanide was present (100% = 534 and 529

mmnmmoles of formaldehyde foormed imer milligram of

proteirm per hour for mnicrosomes fronm control and
3 -mumethylcholanthrcne treated rats, respectively).

Time mean values for ethylnuorphine binding
#{163}4385-420 per milligram of protein were 0.022 mud

0.005 for control and 3-iuietlmylchuolanthrene-
tremited rat liver microsonues, respectively. mm each
o-xperimenut livers were pooled fruoun mit least two

muninials.

parisomi of Fig. 4 witim Fig. 1 of time preceding

communicatioum (1) shows this to be time case.
In the absemice of cyanide, mmo DPXH
synergism was seen when microsomes from

female rat-s were enmployed, timid cyanide
c-auso’d a nuaxinmumim smmergistic effo-ct of

about 35 �:� as compared to time 90 .� seen

wimemi microsomes from male rat-s were used.

I)P�\�H synergism of X-dem eth ylalion- o�/

el/i yim 0)17)/i me, using ni meroso�on es front rat.s�

treated coil/i 3-ott el/i ylc/iolanlhrene. 1\Iicro-
sonues from rats tret-ited wit-li 3-methyl-

cho)lamuthlremme are thought to 1)e deficiemut- in

type I bindimug sites (9, 10). 1mm ticcordance
wit-h time’ concept- timat- type I binding is

relevant to DPNH synergism, microsomes

fronu auuimals treated iii this mamimier should

be less rc’spommsive to time symmergist-ic effects mf

D1�NH thamm microsonues from umutreated

amuinmals. Time results presented in J’ig. 5 show

this to be time case.

J)PVH synergism o�f �\-deni el/i ylation of

et/iylinorp/i me, using in u-rosoiiies treated wit/i

ASKF #{243}25-A.sici-’ 525-A is thougiut to corn-
bimme irreversibly with the tvp(’ � site (12, 15).
Micro)sonu(’s deprivc�d (of type I biimding sites
imu this nuanmmer could not take advaiutage of
DPNH symiergism while metal)ohzing ethyl-

morphine if DPNH synergism requires type

I bimmdimig. Results presented in Fig. 6 shoow

this to he the case.
DPXH synergism of �V-demel/iylalion of

el/i ylm orp/i me, using no icrosom es treated wit/i

p/wsp/iolipa.sc C. Treatment- omf mnicrosoiuuo-s

wit-h pimospholipase C is thoughmt to destroy
the type I bimmdirng site (13). Microsomes

treated in this nuammner would muot. l)e expected
to respoorud to synergistic effects of DPXH.

As camu he seen iim Fig. 7, little or muo DPNH
synergism of et-hylnmorphuimue X-demet-hyla-
tion occurred �vhemm phospimolipase C-treated
microsonmes � used in cit-her the presemuce

or absemice of cvtiuiide. “Control” microsomi-s

exhibited tibout a 70 % DPNH symmergisnu iii

time absemuce of cyanide, in contrast to time
30 #{182}usually seemu with “umutrc’ated” micro-

somes (1). Time “control” microsomes in thuese
studies differed from “untreated” micro-

somes in that tlmev were treated exactly like

those imucubated with phospholipase C except

that phospholipase C was omitted; this in-
cluded time additiomu 0)1 Ca�, which is

essential for phosphohipase C activity. Ca±+
is kmmown to stimulate I)PNH synergisnm
(28). Cyanide-sensitive factor is a relatively

umistable enzyme (23), aimd its inactivation

durimig iumcubatiomm of the microsomes and time

extra t-imo’ rc-quired for proi-paration of the



SKF-525 A TREATED MICROSOMES
200

/
#{163}

- Control
--SKF-525A treated

150 fTPNHIO4mMI+
#{163}1OPNHIImMI

#{149}TPNHIO4mM)

X DPNHImM)

00

50

O

0 1 �I �!____���_.J
o 01 I 0

[CN1mM

Fmot. 6. DPXH synergism of X-demethylatio-n of ct/u ylmorphine (EM), vsi-oog inierosoones treated with

SKF 525-A

Ethylmorphirie X-cienuethylase activities were determiuued as described in Fig. 4, using SKF 525-A-

treated microsomes (�1ATE1ttALs AND METHODS) from niale rats (250-300 g). Values (macanus cof two experi-
ments) are recorded as percentages of the ethylmorphirme X-demethylase activity when TPNII was time

sole elect-ron donor and no cyanide was present (100% = 560 arid 393 nmoles of formaldehyde fuormed per

milligram of protein per hour for control and SKF 525-A-treated microsomes, respectively). The mmueamu

values for ethylmorphine binding �A385.420 per milligram of protein were 0.020 anal 0.000 for cormtrol anti

SKF 525-A-treated rat liver microsomes, respectively. In each experiment- livers were pooled from at,

least three amuimals.
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microsomes might also explain the exagger-
ated DPNH effect seen in the absence of
cyanide. Loss of cyanide-sensitive factor be-
cause of the additional manipulation re-
quired for the preparat-iomm of SIcF 525-A-
treated microsomes might also account for
the large DPNH effect seen in time absence of
cyanide in Fig. 6.

A possibility other than the loss of type I
binding sites must he considered as an
explanation for the decrease imi DPNH

synergism that results when microsomc-s are

treated with phospholipase C, mmamely, timat
DPNH-cytochrome b reductase activity

nmay have been greatly dimimuishmed in these
microsomes. Phmospimohipid is thought to be
required for the activity of this reductase

(29), and microsomes lose’ about SO %. of their
phosphohipid whemm treated �vit-hm pimosphuo-

lipase C (13). However, it seems unlikely

that the reducta-se could iiave heemm reduced
to a rate-limiting comicemitratiomi, since Oshimmo
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Foot. 7. J)PNH .syiierglsln of N-demethyla-tion of ethylmorp/iine (EM), -using microsomcs treated wit/i.

phumsp/icilipase (7

Pluoospimuilipmise c-treated microsomes were prepared as described previously (13). Commtrol iuuicro-
somiues onnudcrwent similar treatment, but phospholipase C was omitted. Et-luylmorphine N-dc-
met livlmuse activities were determined as described in Fig. 5, except that- the inut-uhationu tinne was 10
rat Ime-r tiimmmu 15 mimi. Vmilues (means of three experiments) are recorded as percentages of the ethyl-

rmiorimhminue .V-denuethylase- au-tivity whmenu TPNH was the sole eleo-tronu donor arid rio tyaruide was

present (100#{176};= 620 anud 418 nmoles of formaldehyde fuorimued per milligram uof protein per lmoour for
oomutrol mmmcl phuoosl)inoilipase C-treated mnicrosomes, respectively). The mean values for ethylnuumrphine

i)immdimug #{163}4385-420 jmer milligram of protein were 0.020 arid 0.002 for control and phosphuolipase C-

treated rat- liver nnicrosomes, respectively. In each experiment livers were pooled from at least

foour anuimuimmls (230-280 g).

mind (-0-workers (30) huave shown thmat micro-
somimal T)PNH--cvtociirome b5 reductase
activity could be inimibited by 99 % with p-
duo oromiieicuribenzenesulfonate without im-

ptiirinmg time’ cytochrome b5-dependent fatty
acyl- (‘oA desaturation system.

I�/Tect �f storage of -microsomes on DPNH
syn ergi,slii of A-demethylation of et/tyl-

niorp/iine. Storage of microsomes is known
to eaus’ a loss of type I binding sites (9).
DPXH synergism of ethylmorphine metab-

olism usimug m.icrosomes stored for 0, 1, 3,
and 7 days under air at - 100 is shown in
Fig. 8; it declined with aging of the micro-

somes. Maximum symiergism seen for micro-

somes stored for 0, 1, 3, and 7 days was 103,
78, 66, and 40 %, respectively. Ethylmor-

phine binding was also seen to fall during the
7-day period. As can be seen in Fig. 9, where
data from Jig. 8 are plotted with binding as
a fummction of sylmergism, the relatioimship be-
tweemu loss of himmding during storage of
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Foci. 8. Effect of storage of nuierosomes on DP\�H

synergism of ..V-denuethylation of ethylinorphi tie
(EM)

Microsomal smnspenisionus were prepared as dc-

scribed previously (14), with a protein corucemutra-

tion of 10 mg/ml. Aliquots were frozen mit -iO#{176} for

1, 3, and 7 days. At the end cmf the stomrage period,

microsomal suspensions were thawed, resuspended
by homogenization, and diluted wit-h 1.15% KC1 so

as to contain 3.5 mg of protein per milliliter. On

day 0, the microsomal suspension (3.5 mg of pro-
tein per milliliter) was used within 2 hr of prep-
arationu. Etimylmorphine N-dennethylase activities
were determined as described iii Fig. 2, except

that microsomal suspemnsions always contained 5
mg of protein per milliliter. Cyttmchromnes P-450
and b5 were determinued as described by Omura and

Sato (21). Ethylmorphine binding to hepatic mic-
rosomes was measured as described by Tiemmer et

al (20) at- a finmal ethylmorphine concen tration of

2.6 m�c. All values (meanus of two experiments) are

recorded as perceumtages of the ethyluuuorphinue

N-demethylase activity when TPNI1 was the sole

electroru donor and no cyanide was present. The

100% values for microsomes stored for 0, 1, 3, amid

7 days were 460, 340, 230, and 100 mumoles of foor-

malclehyde formed per milligram of protein per

microsomes and loss omf DPNH symmergisnm is

linear. About 60 % of time (-vtociuronme P-450

disappeared dimring the 7-day storage p(’riod,
but only about 10 % of time cytochirome b5

was lost.

Correlation of DPXH synergism and ly/)e I

binding. 1mm Fig. 9 time degrees of type I
bimmdimmg i)y microsomes from differeimt sources
(male tind female rats, rats treated with
3 -met-hylcholanthrene) or by microsomes

from male rats treated withm SKF 525-A or
phospholipase C, or microsornes from male

rats stored for various time j)eriods are

plotted against the degrees of D1�NH syner-

gism of ethylmorphine N-demethylatiomm in
the presence of optimal concentrations of
cyanide obtained with corrcspommding micro-
somes. Time correlation coefficient of 0.94 ob-

tamed from the statistically const-ructed plot
is hmighly significant (p < 0.001). No correla-

tion was observed between the cvtochrome
P-450 content of the same microsomes and
D1�NH synergism (Fig. 10).

Correlation of DPNH utilization and type

I binding. In Fig. lithe degrees of type I
himmding by microsomes from different sources

are plotted against DI�NH utilization during
ethylmorphine �V-demethmylatiomm in time pres-

ence of (optimal concentrations of cyanide.
Time very significant correlation (p < 0.001)
of i- 0.85 was calculated. The statistically
drawn plot revealed an intercept at 0.2
�zmole of DPNH utilized per milligram of
protein per hour, which may be interpreted
to meamm that at least this amount of I)PNH
utilization is unrelated to type I i)imnding.
The exclusion from time figure of data ob-
tamed wit-im SKF 525-A-treated microsomes

was deliberate, because about. mis much
DI�XH wtis utilized i)v thuese nuicrosonues mm

time absemuce as imu the’ presence oof o-thmyl-
morphine. We have observed time’ production
of acetaldeiiyde during t lie incmmbat io mu of

SKF 525-A-treat-ed micromsommes imm tine ab-
sence of tidded substrate,3 immdieatimug thue
�V-demet-hvlation of SKF 525-A booumud to

microsomes. Because SKF 525-A is a type I

K. M. Bidleman amid ( . .J. Mminunmerirmg, mini-

published observations.

huiur, respectively. Micro osu times were prepareol

from livers puoooled froom mit least six numile rats

(150-250 g).
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terniuinmeol mis olescribe(l in Fig. 8, using time same nuicrosomes emnplcoyed tom obtain the synergism olata. The

positive c-orrelmut ioonu (, = 0.94) of synuergismmu with binding is highly significant (p < 0.001). All values

(memmnms of two experinmments) were recooroleol mis percentages of thme ethuylnuuorphimne .V-demethylase activity

oobserveuj when TPNI I was the only soource of electrons antI rio cvmiruide was ))resenit . Values were taken

fromu Fmgs. 4-S mind represemut the nuaxinmmumn I)PNH synergismn observeol at cither 0.1 or 0.5 mM cyanide.

Vmihmues olesignumito-ol #{149}were obtained iii the samne way, using microosommes fronu male rats (300-310 g). mu
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comumpound, it would be expected to solicit

elect romus froonm DPXH during its metabolism,

a-nd! tills \Voui(l accoumit for time accelerated

utilizatiomi of DPNH by these microsomes
immtime’01)50-flee of etimylmorphine.

Correlation �/ DPNH utilization and ethyl-

311 or pu inc _‘s-deiii et/m-ylation under optimal

(:on-(litiollS .foi DP_VH synergism. Jim Fig. 12
et livl morpiiimi’ N-demethylat-ion by micro-

somes frommm differemut sources is plotted

against DPXII utiiiztit-ioim. Cyanmide coommcen-
trations (0.1-0.5 m�u) were determimued to
have provided optimal conditions foor 1)PXH

symmergism for eacim nmicrosomal preparati(mlm.

Time very significamut- correlation (p < 0.001)

of r = 0.94 was calculated. If the stoichiom-
etry oof 1 TPNH: 1 1)PNH: 1 HCH() pre-

vails, the- slope should he unity. The ob-
served siompe of 1. 15 was not- sigmuifica-mitly
differemnt (p < 0.05) froom umuitv. Ami estimttt-e
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noethylasc activity in the presetoce of �iaio ide to eytoe/o � P-4�5O onto tent of rat liver no ierosonoc-s

DPNI I symmergisnm was st udiecl as deso-rihed ins the ))necedinmg figures; cytochuronmie P-ISO was del c-mimi rued

by time nmetlmo)ol of Onunra munntlSato (21), using the sammue muuicrosonues emuupleOye(l too oobtmtimi time syrm(’rgisnuu

data.. No correlation (r = 0.32) of synmergismus witlu cytochirorne P-450 cormtemmt �smus cohse-rved. All vmmlnnes

(memmns uof two experiments) were recorded as percentages uof time etinylnuorplitnue .V-dcnnct hmylmisc mict ivity

observed wiucni TPNII was time only scnnrce u of elect ronus mmmd nmo cyanide wmus pr-senmt . Vmmlou-s were 0 mukenu

from Figs. 4-8 arucl represerit time muaxinuumiu I )PNII synergismul ombserved mit cit her 0.1 our 0.5 nuumnu-vmunuiule.
1mmeach experimnenut livers were joooomlo’oh from mit least twoo rats. 3�\[C, 3-nuuo’timylo-hioolmmnmthrenu-.
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closer to umuitv is obtaimned if wo- take immto

a-ceo oummt t hmo’ O-de-ethylat ioomi o)f et hylmor-

phimme that occurs sinuultamuo-ously with
_‘\-demetinylatiomm. Takenut on timid \ I ammnering

(31) mmneubated codeim’ with a 9000 X g

supermoatant fraction of mouse liver mind ob-
served timat the coimversiomm of codeine to
morphuimn(- (O-dealkvlat-iomm) occurred at tibout-

15 of time rate’ of \-demethvlatiomm of

codeimne. Preliminary re-suits imi our lttbora-
tory4 mndme:nte similar relative rato-s oof .V- and

O-do’alkvlat ion of ethvlmoorphumie in rat
micro)s(onues. Ratios of 1.09 tind 1.28 ob-
tained whemi unt reated nuicnoosomo--s from
adult nmie rats were used (last two points

in Fig. 1 2) are to be conmpared witim time mean
value of 1.31 obtained iii comparable studies
(1).

S. A. Oyegbile and G. J. Manmruering, unpub-
lished observations.

I)IS(I.’SSION

In tho’ pro-o-edimmg conmnuunicatiummn (I) o-vj
dence was preso-mited iii support cot tiue mmmccii-

anisnm pnO�)o5ed i O� Lsttuimrook and ass’ wiat.es

(2-6), wimereby the first cmf time 2 electrons
required for tine ooXidatio)n oof drugs by the

cytochronmo’ P-450 systenu is provided by

TI�NH and time second electromm is provided

by eitimer TPNH on 1)PNH via cvtoochronme

witim J)PNFI beimig the more o’fficiemut of

the two (loIioO�5 oof the su-comud e-lectmumu. We-

visualized I )PNH symno’ngism as o occurring

only whe’n time demamid for seo-omud o-lo-ctroius,
causo-d by the additiomm of substrate, exceeded

the supply of second electromms that (-00111(1be
furnished by TPNH. If we accept thus coomu-

cept, it is not surprisimug tiuat- imi time curremut

study type I stmbstrates were embserved to)

elicit I)PNH synergism whereas type II sub-

strates did not ; type I c-onmpounds mire’ kmuowmi
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Fru;. 11. I?elatiooos/oop of DIt.VJf omtitizatiomn during noaxu non! DPVJTI synergisno (mf TP.VH-depo’ndcnt

ct/u y/nuoorp/uo toe (Eli) .V-o/enoot/uylaso activity, ito the presetoce of cyanide, to ethylnoorphine binding

I )PNII utilizatiuonm olurinmg nmsaxinuumtl 1)PNU synuergisnu was determined as (lescribed under MATERIALS

ANIm METII0)D5. Inuetnbmitionm mixtmnres mmnu(1sources of microsoonmes were the sanme as those used in Fig. 9. All

remu-Iloonus were conudtncted ins tine presence of 0.1 or 0.5 n�i CN. The nuaxinmal values for 1)PNII utiliza-

tionu ooiotmuinued at uonme or tine tot her comicenstratiomn omf CN were used in the figure. Ethylnmorphine binidirug

was (he-terniuinme’d (20) unsinug the smmmumenuuicrosomes. The positive correlations (r = 0.88) of 1)PNH uutilizaticon

wit in ioirudinmg is highly signuificarmt (p < 0.001). Vmulues were 001)1 aimmed using livers pooled frmni at least- two

rmmts (180-250 g). 3MC, 3-nuetluylcholanuthrenue.

to st inmulate time tramusfen oof first elect-romms

who-ru-as type II compoumuds do) mmot, amid may
evt’i I i nmipo’de t-imeir t-rtonsfo-n (32-34). Accord-

inigly, wiuo-mi type I substrtito-s are inutroduced
imntuo tint’ system, tine ntite oof entry o.f first
(-leo-t ruomis is accelo’rated amid seccond elo’ctnons

fnoonm tint’ O’lo’ctnu)mi p0001 proovided by 1)PNH

mint’ drawmi vito cytoocimrome b5 nmto thut- system

to balamuce time elevated imuput- of first eke-

troomis. Wlmemi type II substrat(’s tire immtro-
(11100(1 imntcm tine’ systenu, the route oof entry o)f time

inst elo’o-t no ii is no t acco.-io’rat-e’d amid t ho-re is

mit-it in-n time flee(1 mioortimo-m(’amis for time system

tom itt iliz- excess so’co mmmdo’k-ct ro ohs pn ovida.ble

by I )PNH. 1mmo)thuo-r womrds, timo’ rate of (-mit-ny

of 1 iuo- first elo’ctroomn is m’ato’-limit-ing re-lative

to I ii(- rate o.of entry omf tint’secommud electromm,

i)Ilt ��in-mi type I substrates are introduced

this rate linmitatiommnis losso-ned tom’, in effect,
re�’u’rso-d. If, ill tino- abse’nioe- oof DPNH, secommd

eli-ti muonus pro mvi(Iod i)y TP\H iitid i)eemm

suffioio-nt to keep ptI(-e with the denmammd for
first oit-otromms created by tiuo’presence of time

type I slmi)strtito-,muo symnengisnu of ethuylnmor-

pimine X-demetimylatiomm would have been
seen when DI�NH was added to time system,
because the over-till reactiomm would already
have heemm proceedimug at- its maximal rate.

The mechammism wimereby type I binding

facilitates the rate of inmput of the first elec-

tron from T1�NH is suggested by recent
studies of Sies amid Kandel (35), which
showed that. time oxidation-reductiomm I)Otemi-

tial of cvtoclmrome P-450 is raised whemi it is
complexed witim time type I substrates iuexo-
barbital and amimnopyrimie. Employimug sub-
mmcrosomal particles containing cytoclirome

P-450, Watermamu and Masoim (36) obtained
an oxidatiomm-redimct iomu potemutial for cvt o-

ciurome P-450 omf -410 mV, which is not
favortible foor time acceptamm(’e of o-iectrons

from cvtoocimnome b� (E#{176}= +30 mY). How-

ever, mis tiio’y pointed out-, time oxidation-

reductiomm pot enut ia-l �mf cytochronue I �-450 in

the hut-act. menmbramme mmmay be different from
that of cytociunome P-450 located in sub-
microsomal particles.

It is commceival.ule that type I co)nmpoun(ls
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6Cr
�ot on’ M,c,csomes
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�cq

it stored - O’C,24hrs)
#{149}it stored (-IO�C,72tos)

#{149}itstored -I0#{176}C.l2Ohrs)
#{163}it stored -IQ’C.168 hrs)

itPhosptrolpose C treated
5 � 3 MC admestered

35

0

_, 5

C

Fit.;. 12. Rekitiotoship of DP.VH oololizatioo,o tom

�fuurnoa lok/ti/(/e fornoec! (lomrilo g noaxu otto / I)J�,VII
.si,uiergi.s?uo of TI#{176}.VH-depeiodent eth �jliuocorph u to e (El!)

.\-denocthylasc activity ito the pre.s-oiou-e of c!/olIoiolC

Values for DPNII utilization and foorniualdehyde

fornuat icon were obtained from the experiment

described in Fig. 11. The positive o-(mrrelatiummi (r =

0.94) (of 1)PNH utilized with formaldehyde foornned

is highly significant (p < 0.001). 3MC, 3-nuetluyl-

cluolanthreime.

may tulso facilitate time imuput of second elec-
tromus. Evidence that this may i)e the case

is provided by time cytochronue P-45O�801

model. Gunsalus amid Lipscomb (37) siuowed

that the compleximmg of campimon w-it-im

cvtochmrome P-450�5 elevtites time oxidation-

reduction potential of time hnemopnotein fnonm
-270 to -170 mY. This adduct- complex is

followed by the flrst-ele’ct-romm reductioomi of

time imemoprotein in time imydroxylatiorm cycle.
Time reduced cytocimrome P4SOcaonsubstrate
comj)lex t-imen accept-s nmolecular oxygeim as

time secommd adduct-. Time oxidation-reduction
potential of this complox is about 0 mY.

This is above time -60 mV potential of

putidaredoxin, wimicim contributes time secommd
electron to the complex. By analogy, type I
substrates would raise time oxidation-reduc-
tiomi potential of the oxygemmated, reduced

cytochrome P-450-suhst-nate complex to a
level where it could nuore readily accept

electrons from cytocimrome b5 or aIm inter-
mediate component. Time degree of type I

binding would determine time degree of eleva-
tion of the oxidation-reduction I)otefltial of

timo’ uoxygemuated commmplex, mviuicii inn 1 inrim

\\‘(Olil(I n(-gulate the tinrmnovo-r rate omf the

system win-mm I)PNH was pro-so-mit.

Time’ cyto o(-imromo- I ��450� .�s vst (‘iii mmmav also

sorvo’ mis a nm()del to) suppi)nt time (‘0 ommoept thtut

time- nato- 0)f time ov(-n-all imvdrooxvlatiuon nc-tic-

tioominutty i)e (-ommtro)llo’dby time rate uof’ intro-

duo-ti(on of time so-commal rather thom time first
o’h-ctnomm. Time follo�ving mate o-iomistttnts dIe-
to-nnmimued I)\ G umisaitns a mud Lipsco onmi) (37)

fon t hi(- o-vto)cimromo- P-450�1, syst enm o-stablish

t hit’ rate-lirnitimig stel) at t he So-(-omu(1-(-lect romu
ro-ductiomu of time oxygo-Iiato-(l 0( oflhI)1t�X : bummd-

imig (of (-tinmpiiomr to (-ytoo-hinomnme P-4SO00m

1�. = 7000 5050.-m � first -(-lo’ctm1)mi re(luotion,
1;. = 35 S0’(�’ � fonnumitiommn umf tin- re-(Iuced
P-450,.---canmphor- O� cconmplt-x, 1 = 470

5((.-n � s(’(’O)iidele(’tn()ml i’(’(Ilicti(OIu uof t inc re-

(lti(o(1 l�450��,,cImnuj)iIO)n( )3 00 oiimplo -x . /� =

20 sec_n

(1vanide enimamuc(’(l I)PNH symno-rgisnum of

tiue nmeta.boiism of o-tinvlniorphuimne. o-odeimme,

amid imorcodeine, i)Ut mmot tiutt-t oof io(-mizpilet-

anmine om’ anuino)pvnino- (‘i�able 1). eFluis dis-
crel)tuimcy is miot sunpnisimlg in � out’ time

alteriuat-ive patimwtiys of nmetahuolismmm avail-

tiNt- to tot least. two of tint-so- substrate-s. _V-

1)emc’timylatiomi accounts � uomuly 50 of

anmimmopyrine metabo )Iisnm, and invdru oxylat ion
tmccoummts for time otiuo-r 50 (38). Time- ro-
moovtil of one X-nuo-thyl gromup I ronm

anuimmopynimie yields ti nmetabolite wiuiciu gives

a type II spectrum (39) and wiuich in turn

is _V-denmet huvlated. The- soot omid deimmo-timyla-
tiomm would micot be symuergizo-d l)y DPNH, muor
would its rate i)e eninammced appreciably by

cyanuide. Time metai)olism o)f I oeimzpiuetammmimie

offers sinmilar possibilities. It c-aim be by-

droxylated tis well as �\-denmt’thyiated (40-

43), and it cmiii be cleaved tom /-anmpimettunmnme,

a type II compound (44). lh-mmzpiio-tanmine

forms aim _V-oxide do’rivtntive withuout tine
part-icipat-iomi of cyt.ochmroonuue� P-450 (40, 43,

44). In view of time variety eof nmc-taboohie

pat-imways utilized iii time nmettoi)cmlislmm tot’ these

conmpounds, it is not umohikely that ptmthwtnys

o)ther tinan N-demethylatiomi nmav have hoot-mi

favored by a eyaiuide--nmediated simumutimug (of

electrons, thereby reducimug ion eliminat imog

the cytinide enhancement (of DI�NH symu-

ergisnm as determino-d by time nmeasur-nmo-mnt

of rates of N-demet-hmvlatioon.
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Time o’va.luatioon (of time stok-imiometry of

mumicrosuimmma.l nuixo-d-fiiimetion oxida-se reactions

is coimmplictito-d i)y I)titimW’t1�’S whicim use
TI�XH mumd DPNH iii time oxidatiomu of

emmdoge’mnous substrates. Time addit-iomm of drug
sui)stnate siuo)ul(l chnaimnel niucim of timis
endogemmous (lnmuimmof -lectromms to time -yto-
chiroomime P-450 systenm, and cyammide should
facilitate aim immveiutorv of electrons by bloock-
imug time loss of electrons to endogeimous

cytonido--sensitive syst-emmus.

LTsimmg mtmmatmospinere of 9: 1 CO:02 to
differemit imit e i )et-wo -eli ivt ochrome P-450-
related tumid -mo omuno-lat c-d TPNH utilizat ion
by mnicrosomo-s, Stnipp et al. (45) obtained a
st.oicimionnet nit’ ne-lat iomusimip between the oxi-
datiomu of several type I drugs and TI�NH
utilizatiuomi of about 1:1, wimich is in keeping
witim tue stoiciuometny required of mixed-
fummctiomi oxidase re-act iomms. The ratios of

product fomnmo’d too T1�XH utilized were
ri-asomiably (-lose too ummitv wimeim ethvimor-

pimine- and anuimmopynimme were employed as
substrates, i)ut- devitited considerably from

unity with uotiio-r type I sui)strateS. Oiu time
othier iiammd, (‘oiueim mind Estabrook (4), enu-

ploying tinuimmopyrine as a substrate, o)b-
servo-ti a TPXH:HCH() ratio of about 2,
amud offened several expitumiat ions for t his
discrt ‘pa tucy i mmthe st ouchu it metry of a mixed-

functiomm oxidase react-ion. If it is assunued

t-imat all of the first electromns were dommated
by TPXH tumd that all of time secommd c-lee-

t-nomms wo’re dt)lmat-e(l by DPNH, time st-oicimi-

ometny of onppnooxinma.to’lv 1 T)PNH:1 HCHO

obso’nved mm umur studies with ethylnuorphine

is in agrc-ement with that seeim by Coheim and

1;st mubrook wit imtu nmimucopvrimme.
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