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suM�m.uav

Tue effect of cycloineximide trenutmenst on time mixed-fumuctionm OXi(!tuse system of rtut
liver was studied nut 12 tumid 24 hr tufter tudmimsistrnutions of tine m-umstibiotic. Cycloineximide
caused nuns nultern-utioms ins tine sedimenstations proPerties of t lie enmdopimusmic reticulum. A

‘‘fluffy” fraction conmtn-uimsinng mupprecimuble nurnoumuts of drug-mettubohizirng activity, as well as

cytocisnome P-450, was recovered witin tine microsonnes from tine 15,000 X q supernatannt
fractions from tine livers of treated animnuls but was mmever observed ins constroi Prei)nurationss.
Ahso, there nvmus tins increnuse ins tine microsomnul pn’otein level of tn’eated nunsimals tinat wtus

appanemmthv umnrelmuted to drug-metaboiizinmg muctivity; therefore, totnul proteins was msot a
suitable referemsce standard for expressinig the nuctivity of this enszyme systenn. Howevem’,
liver weigiut wtus relatively comsstnumst. during tine experimemutnul period, mmmd wnus used tus tine

referensce stansdard ins tine presemnt study.

N-Demethyhatiomn of ethvimorphinne n�’as signmificanmt ly decrenused ims tine microsomal prepa-

rtutionns froni drug-trenuted rnuts. Tinis c!ecremuse mm emnzymmmtic activity nvmss msot tine comuse-

iuensce of mu cycloiieximide-inuduced chunumnge inn time sedimenmtmmhionm properties of tine cellular

particles, becmuuse mu compnurnubie loss of demetiiyiase nuchivihy was observed ins tine con-
respomsdinug liver inomogensahes. Tine nuppnurennh Michnaehis comsstmtmmt, K,, , diol hot channge witin

drug trenutmenit, but � was sigmsificamstly lower. Ti-me redisctiomm of demetisvhase activity
did msot result directly from the effect. of cycloiueximide ons tue (Irug-metmtbolizinng emnzvmes,
but may reflect a quantitative change inn eiszyme levels (lime to time inmhibitory effect of c�’clo-
hneximide oms proteins syntimesis.

Tine cinansge ins drug-metabolizimsg activity produced by cycloimeximide tn’etutmenst did msot
correlnute witin tu cinnunnge inn time NADPH-cytocinrome c reductnuse muctivity, tine level of cyto-

chrome P-450, on tine mtugnmitude of time type I or type II bimsdimmg spectrum. However, tine rtute
of reductions of cytocinrome P-450 ins time iresemsce of etimylmorpiuinne wnus significanuthy de-

creased, amsd this decremise closely ptuntulleled tine effect of drug tremitmemmt omn tine rate of
nietabolism. Tine dmuta suggest thnut. tine rmute-hmitinmg step immtine N-densetiuyhation of etimyi-
morpininne is tine cytocimrome P-450 redunctmuse nuctivity.
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INTRODUCTION

Tue nidminnistratio)nl of vntn’ious inshsibitors
of protein syntisesis, sucim as l)unronsycimi (1),

cvcloisexinnide (2), nictinm()munynmic I) (3), etisi-
onsinse (4), amid tisionucettunsnide (a), isnus beeni

sinowms to decremtse the activity of time nnicro-

somnul ennzyme system insvohved ins drug nie-
tnubohisnnn. lor exannishe, Jomsdorf et at. (2)
observed! tistut 24 hmr tufter insjections of cyclo-
heximide there nn’musmusigmnificnunst prolongation

of hexobmunbital sleep t ime, timid muppm’oxi-

nsatelv nt 50 (-� decrease ins I lie mute of
./V-denset hsylnut ion of timimso�)ym’inme mmmdl nnonno-

nsethnvl-4-nmminonunstipyrimme ansd ins time reduc-
tiomu of muzosulfnumide (Neopronmtosil). Suchs a
chnamsge inn drug met aboiisnn i)roduced by ins-
hmibitors of proteins svnstisesis could m’esuit
from a direct imstertuctions of time nugemmt with
some co)mponmemmt of tue nnicrosonsnul emszyme
system or could be mucommsequenmce of tine ins-

bsibitony effect of thme drug 0mmproteins synstise-
sis in vivo, timereby reducing thme muctivity or
level of some conmstituenmt ins time remuctioms se-

(luence.
The purpose of tine pro’semst study was to

determimne tue rmtuture of time insisibitioms d)f time

nuctivitv of thie mixed-fumictioms oxidnuse sys-

tem by cycloineximide. Tue results suggest

thsat. tue decrenused rate of drug metabolism

produced by cychoiseximide is mucomssequemsce
of a decrease in tine NADPFI-cvtochnrome
P-450 neductnuse activity, amsd timmit. thus re-

actions is the rmute-limitinsg step ins hue metnub-
ohism of ethyhmorphsimme.

MATERIALS AN!) METHOI)S

Preparation of tissue. Male Sprague-

Dmuwley nnuts (130-150 g) were fasted for 24
mr prior to) death bust were allowed wmuter ad
libitum. At 12 on 24 hun before denuthn, time rats
received cyclohseximide (Sigmmu) dissolved in
0.9% NaCh solutions, 2 nng/kg of body
weight, inntrtiperitonmeahly.) As previously ne-

parted (6, 7), cvcloisexinnide treatmemst
ctuused watery dimurnimemu nuppnoxinsnuteiy 3 hr
after adminuist mit ions, and gash nc distenssion
was nsoted ins some nimsimmuls killed at 24 hun;
otherwise tine rnuts appenuned mictive mumsdtulert.
Control amsimmuls received 0.9% NnuCl solu-
tions onnlv.

Comst ro[ amid! cycioimexinnide-t remit ed rtuts

were killed by mu blow oms time imead mmmd de-

capitmutiomm. All anninnals were killed betweenn
9 timid 1 1 mum. to minimize tummyeffects due to

diurnal vaninutioms ins dnug-metaboliziing tic-

tivitv. The livers were perfused in situ via

the hsepatic veins by iistenmittenmt insjectionss

of 10 ml of ice-cold 1.15% KC1 solutions (ap-

proximately 60 ml) ; them they were excised
amid placed inn ni beaker contmuimsinmg tine same
ice-cold KC1 solutions. After nemovnu[ of con-
msective tissue, tine livers were weighned amid

placed in a bemuker contaimninug fresh KC1 so-
lutioms. All subsequent procedures inivolving
tissue mansipulmutioims were performed in an

ice bath. Tine livers were cut imuto smnull pieces
tumid homogemnized ins the KC1 solutions (1 :4,
w/v) in a glass isomogemnizen ivith a motor-
dnivens Teflon pestle.

The eel! debris, cell nuclei, timid mitochoms-

dna were isohnuted by censtnifugmution at
15,000 X �j for 20 mini inn a Beckmmuns model
L-2 centrifuge. Microsomes were prepared,

except where imsdicated, fnons tine decanted
15,000 X q supenisatannt. fractions by centrif-
ugnution for 1 hr at 105,000 X q. The result-
imsg microsomal pellet was resuspemnded either

ins ice-cold 1.ls% KCI solutions or ins 0.05 M

Nmu3HPO4-KH2PO4 buffer, pH 7.4. Protein
was measured by tue nnethod of Lowry ci al.

(8), with Isummun serum tulbunsins as thne ref-

erence standard.
Metabolirin studies. For assnuy of the N-dc-

methyhation of etisylmorphinse, the following
reactions mixture, adjusted to pH 7.4, was

used ins opens 50-nil Enlensmeyer flasks:
MgCl2, 10 �moles; NADP� (Sigma), 2

�moles; glucose 6-phosphate (Sigma), 20
�nmo)ies; 2 units of glucose 6-phosphate de-
hydrogensase (Boehnimngen); semicnunbazide

hydrochloride, 37.5 J2mOles Nms2HPO4-
KH2PO4 buffer, pH 7.4, 0.2 mmole; various

conscenst rat ionss of ethylmorphine hnydrochlo-
ride (Mallinckrodt) dissolved ins 1.15% KC1
solutionn; 1 ml of inomogensate or microsomal

suspenssions equivaienst to 250 mg of wet liver;
amid! sufficienmt 1.15% KC1 solutions to give a
fimsal volume of 5 ml. Reactionss were started

by tue nudditionn of the tissine prepmuration,
tummdmull assays were cturnied out inn tn constmunst
temperature wmutem bat in shaken (120 oscilla-

tiomms/mins) at 37#{176}for 10 mm. Thne rates of

metabolism of ethvlmorphimse by various

n-umoummts of microsomes from botin tue con-
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trol amid cycloineximide-treated animals were
liisear witin respect. to cofactor requirements.
1’ormaldehnyde produced from the demetinyl-
at-ion of ethylmorpinine wmus measured by tine

modificnutions by Amnders amid! Mannening (9)
of tine method of Xashn.

Cytoc/srome P-450 assay and estimation of

type I an(l type II spectral chan�jes. The
metinod used for tine determinsation of cyto-
cinrome P-450 was mu modification of that

described by Onsuna mind Sato (10). Micro-
somal suspennsionis (1 nil, equivalent to 250
rug of liven) in 1.15 % KCI solution were

diluted 1:3 withn 0.1 M Nnu2HPO4-KH2PO4
buffer solutions, 1)11 7.4. Cmurbonn monoxide
(Mathieson) � bubbled thnrough tine sample

cuvette for 30 see, annd tinenn tine difference

spectrum betweens 500 and 400 nm was
measured with a Cary model 11 recordinig
spectropliotometen in order to determinse
w-hnetiner hnemoglobims was presennt. A few

milligrams of sodium dithnionsite were mudded

to both the sample and reference cuvettes,
and tine absorptionn spectrum w-as recorded.
The quanstity of cytochnrome P-450 was cal-
culated from the absonbance differennce

(A450 - A490) arid tine molmun extinctions co-
efficient of 91 m�i�’ cmm.

For tine estimations of type I timid type II

spectral channges, the microsomal suspensions
irs 1.15% KCI solution was diluted with 0.3 M

Na2HPO4-KH2PO4 buffer solutions, pH 7.4,

to a final proteins concentration of 1 or 2
mg/ml. The type I or type II spectral change
produced by the addition of hexobarbital

(Wiisthrop Laboratories) or anihinne (East-

nian Organic Chemicals), respectively, to the

micnosomal suspemnsion in the sample cuvette
was obtainsed from tine difference spectrum
recorded betweemn 500 amid 350 nm. The finnal
conncentratiomss of huexobarbital (2.5 mimi) or
ani!ine (6.7 mM) ins tine smumple cuvette gave

maximal absonbamnce cinamnges. The magnsi-

tudes of tine spectral cinansges caused by inex-
obanbital and ansihinse are expressed as tine
absonbance differences (A trouDh - A ��o) amid

(Apeak - �4490), respectively.

Cytochronme c reduclase and cytoc/trome
P-450 reductase act it’ ity measurements.

NADPH-cytocisnonse c neductase activity

was detenminsed by mu modification of tine

method of Wihhinums timid! Kamimn (11). Each

cuvette constaimned 1 ml of a microsonnal sus-

pemssioms (equivnthemst to 100 nig of liver) ins

0.05 M sodium potassium phosphate buffer
soh.itioii (pH 7.4), 1 nil of 3 mimi KCN solu-
tioin, amid 1 nil 0)1 a 0.15 mimm oxidized cyto-

chmronne C (Sigmnu, type III) solutions. Thue
snsnsphe cuvette wnus equipped with mu�)luhnger

assennblv (Annericams Innstrumenst Comsipansy)
conitaimnimsg 50 �.nl of a 0.05 iii NADPH (Signna,

type II) solutions. After tine sansples hmid beems

edluilibrated to 37#{176}(approximately 12 minn)
iii tine Ctiry spectropinotonneten, the �)lumnger

ni-as quickly depressed thiree times, amid tine

inscrease ins mibsorbaisce nut 550 mini nvmus re-

corded on thse cisnurt pnupen’ (chmirt speed, nil)-
proximmutely 60 cm/mimi). Tine msunsber of
micromoles of cytocisrome c reduced per
minute w’mus cmulcuimuted from the innitimul linear
phase of tine curve amid from tue molar cx-

tinctions coefficient of 18.5 nsn’’ cm’ (12).
Tine rate of reductiomn of cytochrome P-450

was determimsedi essenstially mis described by
Sasm-ime mumndiGillette (13). Tine microsommul

pellets were resuspended inn 0.05 M sodiumns
potassium phosphate buffer solution, pH 7.4,

sucin that 1 ml of thne suspenssionn was equiv-

alennt to 500 mg of liver. Tine snumple timid
referemsce cuvettes, eacin comutairsinng 3 ml of
the nsicrosommul suspemssions, were gassed for

5 mimi with carbons monoxide that humid been

bubbled through a deoxygenating solution

(0.5 % sodium ditisionite amid 0.05 % sodium

mumntinnaquimnone-2-sulfonsate ins 0.1 imi NaOH
solution). The phuingen assembly, constaininug

50 �ml of mu0.05 M NADPH solutions, was fitted
to tine sample cuvette, amid carbons molnoxid!e
was passed through the inslet of tine cuvette

for ann additional 3 mimn. Tine sample cuvette

was tinen senuled, timid both cuvettes were

tnnunsfemned to the Cany spectnopbsotometer.
After the samples mad been equihbmmuted to)

37#{176}(approximately 12 mm), mu bmusehimne of

equal nubsorbance wmus established between

500 and 400 mnm, tine wavelemngtin was set nut

450 nnm, and the plunger was quickly dc-

pressed three times. Tine inscrease ins mubsorb-

annce at 450 mm was recorded witin time (chturt
speed, approximmutely 61 cm/mimi). After 5

miii tine plunnger assembly was removed, a

few milligrams of sodium dithnionsite were

nudded to botis tine sample amid referemsce

cuvettes, timid the nubsorptiomu spectrum was
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recorded between 500 amid 400 nmm. Tine dif-

ferenuce ins absorbmunsce betweenm 450 tumid 490
nim svmus used for tine estimnutiO)ns of totmuh cvto-

chnrome P-450 comutemut. All renuctioms veloci-
ties svere calculnuted fnonnn tine innitial hinmenur
portions of t hue curve nmnnd I hue extinmctiomm co-

efficient for tine carbons niomsoxide-cyto-

chrome P-450 complex nsoted nubove.

RESULTS

Effect of cyclo/seximide treatment on cellular
fractionation by (lifferential centrzfu(/alion.

Cemstrifugation of isepatic homogenates from
comst rol mumn(1cycloheximide-t reated rtuts pro-

duced grossly dissimilar fmmuctiomns. The

15,000 X (/ fnactionststioms of batim Inomogemi-

mutes Viel(!ed mupellet nunmd mi stnpermsmttmumst por-
tiomn, but time i)rel)nurtutionss frons cychohexi-
mide-t n’enuted tsnsinnals nulso conmt ntinmed mulmuyer
of flocculenst mmsterinul nut the pellet-simper-
nnmutanmt innterfmuce. Thus “fluffy” lmsyer sm’as
most promimsenmt ins pnepamnitionns from rats

tinnut humid been treated witis drug 24 hr prior
to deaths, mind it was niever observed ins the
frmuct ionntut ions of control hieptit ic inomogennute.
Wiiens tue 15,000 X �j supernsmutanst portion

from cycholueximide-treated annimnuls was de-
cnunsted for tine isoltitiomi of tine heptutic micro-
somes, tine “fluffy” Inuver wnus also decannted;
oms tine other mmmd, tine decansted supemnataist
from constrol amsimmils svnus genierally free of

any visible particulate mnuterial. The differ-

emnce betweemi the tw’o supermsataist prepana-
tionss ns’as cleanly mmumsifested in both the size
and appenurtunsce of tineir respective micro-
somal pellets, pturticularly 24 mr tufter drug

tidnsimsistrationi. Time pellet from tretuted ani-
mtuls was Inurger tinmuns timtut from constrols,
whicis yielded a compact, reddish, gelatinous

pellet.. Tine treated microsomnul pellet ap-
pemured to consist of two) componuents; the
major one conssisted of ligiutlv packed ma-

teninul surroumiding a compomnenut that re-
sembled tine constrol micnosomnul pellet.

Tnuble 1 shnows tinmut nsicrosomal protein

levels per gnnum of liver from constrol and

drug-treated ammimmuls were not eoiuivnuhent at
12 amid 24 mm. At botin time instervmuhs there
was ti significtunst imicrease ins tine microsomal

proteins obtnuinned from mumsimmuls receiving cy-
cloineximide. All thse values for microsomal
proteins inn Tmuble 1 are conisiderably lower

‘F.untLE 1

Effect of cycloheximide treatment on liver wet weight

and in icrosoinal protein concentration

Values represeiit the means ± standard errors

of 20-34 rats.

Time

Treatment after
treat-
ment

n.ive r weight Microsomam
protein

hr g mg/g liver, wet WI

Comitrol 12 6.4 ± 0.2 8.5 ± 0.5

Cvcloheximide 12 6.3 ± 0.2 10.4 ± 0.4�

(2 mg/kg)

Control 24 6.0 ± 0.1 6.1 ± 0.4

Cyciohexinnide 24 7.1 ± 0.2#{176} 9.4 ± 0.50

(2 mg/kg)

a Significantly different at p < 0.05 from the
corresponding comitrol value as determined by a

two-way analysis of variamice.

thnann some values previously reported (e.g.,
refs. 14 amid 15); inoweven, the lower values
are probably the result of recovering micro-
somes from a 15,000 X y rather than tine

generally employed 9000 X g supennatant.
A greater centrifugal force was used to en-
sure that the supennsatarst fraction from
whnichs the microsomes were isolated would
be essentially free of mitochondria. The

variation in fractiomsation procedure may ac-
count for the lower protein content of the

microsomal pehlets obtained in the current
study, but this would not. explain the differ-

emnces in the proteins levels between control
mind drug-trenuted animals.

It is possible that tine greater protein level
of tine microsomal pellets from cyclohexi-
mide-treated amsimals was a consequensce of
thne imsclusion of tbse “fluffy” material in the

decansted 15,000 X �j supernatant fraction.
Experiments were performed in whicis the

15,000 X q supemnatamnt portion from drug-
tremuted ansimals was aspirated by a needle
mind syringe, rathner thsan decanted, in order
to avoid including tine “fluffy” material. In
tisese experiments the microsomal protein
constenst from cycloheximide-treated animals
was approximately thne same as the control

protein value, whnicis was relatively constant

for microsomes prepared from both super-

natamst fractions. Thus, the increased micro-
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N-Demethvlase activity in
microsomes

Decanted
15,000 X g
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Aspirated
15,000 X g

supernatan I
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TABLE 2

Rate of ethylmorphine metabolism by microsomes obtained from decanted and aspirated

15,000 X g supernatant fraction

Values represemit the meamss ± stamidard errors of four to nine rats. Results are expressed as misicro-

moles of formaldehyde formed from ethylmorphimie per gram of liver per hour or per mianomitole of

cytochrome P-450; the coimcemitratiois of ethyinsorphimue in the imicubatioms mixture was 2.0 msn.

.V-Demethvlase activity per nmole
of cvtochrome P-450

Decanted Aspirated
15,000 X g 15,000 X �i

supernatant supernatant

hr

Comitrol 12 3.9 ± 0.3 3.4 ± 0.5 0.82 ± 0.05 0.84 ± 0.08

Cycloheximide 12 2.6 ± 0.3’ 1.4 ± 0.1’ 0.43 ± 0.03 0.47 ± 0.01

(2 mg/kg) (33% )b (59C�)

Comstrol 24 3.4 ± 0.4 3.3 ± 0.6 1.00 ± 0.05 0.97 ± 0.15

Cyclohexinnide 24 1.5 ± 0.1’ 0.6 ± 0.1’ 0.38 ± 0.03 0.31 ± 0.04

(2 mg/kg) (56��) (82%)

a Sigmnificanstly differenst at p < 0.05 from the correspondimig comutrol value as determimied by a two

way amsalysis of variamsce.
Numbers in paremitheses represemit the percemitage decrease from comutrol values.

somal proteins level observed ins tine cyclo-

hieximide-treated nsmsimals may be attributed

to tine “fluffy” layer hnesemnt ims the decanted
15,000 X q supernsatamst fractions.

Microsomal proteins is commonly em-

ployed mis a referensce stnunsdand to) express
drug-metabohizinng activity. However, in tue

present. study liver weighnt, as shnowis inn

Table 1, nuppears to be a more consstanst
parameter tinan micnosomal proteins; thnere-

fore, equivalemnt liver weighnt is used as tine

refenemsce stanidard for tine companisoms of

drug-met abolizinsg activities of treated anud
unntneated ansimtuls.

Effect of cyclo/texim ide treatment on metab-

olisin of ct/i ylmorp/iine in vitro. Tine effect of

drug treatmenst ons tine nmute of N-demethsyla-
tioms of et.inylmorphnimse by huepatic microsomal
preparations is reported ins Tmuble 2. As cans

be seenn, cycloineximide treatmenut markedly
affected the rate of ethnylmorpininse metab-
olism by microsomes from bothn decamnted amid

aspirated supernsat amsts. Alt houghn tine drug-
metabohizinsg activities of constrol microsommul

pellets from bothn tue decnumsted amid aspirnuted

rnepanmutiomss were approximately tine sanne,
thue muctivity of tine pellet obtained from cv-

chohneximide-t remit ed munnimals depemnded on

�vhuethner thie ‘ ‘fluffy” hnuyer wnus innchu(le(! ins

tue 15,000 X (j supennituttinnt fractions. Inmchtn-

sioms of tine “fluffy” mtutenial yielded micro-

somes with greater dnug-metnibohiziisg activ-

itv thumun those obtainned from tue aspirtuted

samples. i\ loreoven, otiner expenimemits

shnowed tlnmut tine “fluffy” material comstmuimsedl

cytochnrome P-450, nuccoummting for tine obser-

vations thnat cvtochnrome P-450 levels were

greater ins microsomes from decanited thmans

from aspirated supenmnatansts. However, as

inndicnuted inn Tmuble 2, mit a givems time imstemvmul

the mnutios of drug-metmubohizinug nuctivity to

cytocinrome P-450 level were appm’oximmutehy
tine same ins tine microsomes derived from time

decmumsted amsd aspirated 15,000 X q supem’-

nsmutannt fractious. A similar ratio of emmzvnne

muctivitv to cvtochnrome level implies tutu tue
smume relationnsisip exists betweenu tisese two

pmurannetens inn tue microsomes preptured fronn

bothn thne decamnted mind aspirated supemnnmutnumst.
fractionss. Tinerefore, tine lower drug-met nub-

ohizimng activity ins the microsomes from
mispirnuted samples was due to thne exclusions

of tine “fluffy” layer, whichn comntaimss enuzy-

mmutic muctivity. Pecmuuse musubstamstinul mumounnt

of drug-metabohizimsg activity amnd cyto-

chrome P-450 wnus presenst ins tine “fluffy”
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ninut eninul, subse iuemst experinnemsts were per-
formed �viths the decanited smmpemnsatant mis tlne
omslv source of the microsonunul frmuctioni. IJmi-

den thnese coniditionms, tue N-demethny!ase
activity of microsomes frons treated amsimmuls

was inhibited 33 tumid 56% mit- 12 amid 24 hum,

respectively. These results are essentially in

agneennemst withn tue innisibitory effect of cy-
clohnexiniid!e treatmenit oni tine N-demetiiylms-

tions of nunnimiopyrimme timid momnomet iiyl-4-

annimnoamstipvrinie reported by .Jondorf et al.

(2).

The differemices betweeni tine cellular finuc-

tiomns from constrol and cvcloiseximide- treated

nunsimnuls obtmuimsed ins tine presemit study sug-

gested thnat drug treatment affected the sedi-

menstatioms properties of thne fragmemnts of the

ensdoplasmic reticulum. Becmtuse the ob-

served decrease ins tine nmute of etinylmonpininie

nsettiboiisnn might hnmsve beemn thne connse-

(lumemnce of nuns nultemnutioms ins the sedimenstatioms

TABLE 3

Effect of cycloheximide treat itient on protein

concentration and demethylase activity of

u’hole liver homogenate

Values represent the meamis ± standard errors

of five rats. Assays for ethylmorphine N-de-

nietisylase activity were performed with 1 ml of

liver Inomogenate (equivalemut to 250 mg of liver,

wet weight); the conscenntration of ethylmorphine
ins the incubation medium was 2.0 msn. Results are
expressed as mnnicromoles of formaldehyde formed
froni ethyinsorphimie per gram of liver per hour.
The imictmhatiomi procedure is described umider
MATEItI.tLS tNt) METHOL)S.

Time

Treatment

ment

Liver protein Ethylmorphine

1: ing. g liver,
wet WI

Coistrol 12 125 ± 6 8.5 ± 0.4
Cvcloheximide 12 115 ± 5 6.1 ± 0.30

(2 nng,.’kg) (28%)�

Comitrol 24 119 ± 3 9.1 ± 0.2

Cyclohexinuide 24 140 ± 80 4.6 ± 0.3#{176}
(2 mg kg) (49%)

#{176}Significantly different at p < 0.05 from the

correspomiding control value mus determined by a
two-way analysis of variance.

N timbers in parentheses represemit the per-

cemitage decrease from constrol value.

properties of the microsomes , N-demethylase

nuctivity wmus determined for the liver ho-

mogensate of control amid cycloheximide-
trenuted amsimals (Table 3). The metabolism
of ethnylmorphsinne by homogenates from

drug-trenuted animals was 25 and 49 % lower

thsans conntnoh values nut. 12 and 24 hr, re-
spectively. This degree of inshibition is

noughnhy equivalenst to tine imshnibitioni of N-dc-
methnylmu.se nuctivity determinsed in the micro-

somes isolated from thie decamsted 15,000 X g

supenmsatanst. obtaimsed from cycloheximide-
treated animals (Table 2). Although there is

munsmubsolute difference between the rates of

ethnyhmonphnine metabolism by the homogen-

mutes and by the microsomes, the ratio of the

lsomogenmute activity to the microsomal ac-

tivity remmuimsed relatively consstant at a given
time for each treated group and its control.
Thserefore, tine decrease ins thne rate of ethyl-

morphsinse N-demethylat.ion measured in the
microsomal fraction from cycloheximide-
tretuted amsimals was not tine consequence of
nun multeration in the sedimentation properties
of the microsomes.

Table 3 also includes the protein level of

thne hsomogersates from control and cyclo-

hseximide-treated ansimals. At 24 hr the ho-

mogenate from drug-treated animals con-

tained a sigmsiflcantly increased amount of

proteins, which mighit explain the concomi-
tanst cinange in microsomal protein. How--
ever, a comparisons of isomogenate and mi-
crosomal protein levels (Tables 1 and 3)
imsdicates that tine inscreased microsomal pro-

tein level accounts for only a small fraction
of tine inscrease in hnomogenate protein;

hemnce, t.hne major proportion of the increased

protein in the homogenate from cyclohexi-
mide-treated animnuls must represent nons-

microsomal material.
Lfject of cyclo/sexim ide treatment on kinetic

parameters of ethylmorp/i inc metabolism. The
effect of cycloheximide treatment on the
Michaelis constant, Km, arid the maximal
velocity, � for the N-demethylation re-

tuction w-mus determined (Table 4). (Because

the microsomal enzymes studied have not

been isolmuted and purified, these values are

only “mupparenst” values.) At neither 12 nor

24 hr after injection of cyclohneximide w-as

tinere a sigmsificant difference between the
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TABLE 4

Effect of cycloheximide treatment on K,, and V,�

The imicubatiomi conditiomis are described under

MATERIALS AND METHODS; the concentrations of

et isylniorphimie imi tine imicubation mixture wmis

varied from 0.4 to 2.0 nnsm. The K,, amsd V,,�
values were calculated by the method of Wilkimison

(16) amid represemit the means ± staisdard errors
of six rats.

Time

Treatment
after

treat-
ment

-

A,,�
.m ,,�

hr [Sj X J54 ii

j.onoles Jor,,zal-
dehvde/g wet

liver/hr

Comitrol 12 3.1 ± 0.4 4.6 ± 0.5

Cyclohexinuide 12 2.6 ± 0.4 3.2 ± 0.5”
(2 mg/kg)

Control 24 3.5 ± 0.5 3.0 ± 0.4

Cycloluexinnide 24 3.8 ± 0.5 1.7 ± 0.2a

(2 mg/kg)

#{176}Significantly differemit at p < 0.05 from the

correspondinsg constrol value as determimied by a
two-way analysis of variance.

mupparemnt K5, vnuhues for tue metabolism of

ethsylmorphsinse by nuicrosomal preparmutionns

from comntrol tumid treated munsimmuls. Tine nip-

parennt K5, obtaimsed ins both groups of amni-
mals essentinuihy agrees with tine previously

reported Michnaelis connstant for tine N-dc-

methyhatiomn of ethyhmonphsine by comntrol

animals (17, 18). Inn accord w-ithn tine lower
rate of ethnvlmorphninse demethnylations isot ed

above, the � vmulues for drug-treated nunsi-

mmuls were sigmiificamitiy lower tisams those for
constrols.

Tine decrease ins enzyme activity is cons-

pnutible with tue view that drug tneatnnent
reduced tue amounnt of ennzyme as mu result of

decremused proteins synthesis. However, the

lowered demethnylase activity migint also be

tine comisequenice of direct microsomal ins-

hsibitionn by cycioineximide or one of its

metabolites. Tine presemst expenimensts do mnot

defimse tine ctuuse of thue decrease inn ennzvme

activity, but otiner experiments, imnvohvinng
tine additions of cycloineximide (0.01-1.0 mrui)
to incubnutioms mixtures in vitro, inave dennons-
strated tbsat tine drug does not directly de-

press dernethuylase activity. Tinenefore, the

nnost reasoniable cmuuse for the cvclohexinside-
induced decremuse ins enizvnne muctivity still

mu�)pears to be time depressions of proteins symn-

tisesis.

Effect of cyclo/texintide treatment on level of

cytoc/irome P-450, lnaf/nitude of type I and

type II spectral c/ianyes, anl NADPH-cyto-

c/iroiiie C reductase activity. Chamnges ins thne

i’ate of drug nsetnubohism have frequemntly

beeni comrelnuted nvithn the level of cytocinrome

P-450 (19, 20), tue mnugnsitude of the absorp-
tions spectrum produced by various drugs

(21-23), amid thne XADPH-cytochnronse c re-

ductase activity (24-26). Tables 5 amid 6,
inowever, indicate tisnut tine decrease inn etinvi-
morpinne metmibolism inn cycloineximide-
tretuted mumuimmuls was niot pmunmulleled by a con-

res�)onsdimmg chnamige ins mimsy of tinese pminame-

tens. Tinere was iso signnificannt vm-uriatioms in

the amount of cvtocisronse P-450 ins tine

microsomal preparations from constrol tumid

drug-treated munsimals; tumid multinougin mit 12 inn
thne magmnitude of tine type I mubsorptions

spectrum produced by hiexobarbital w-tus
diminished, no difference ins the type I spec-

trum was appmurenst at 24 inn. Witin respect to
tise type II spectruns, there was mso signsifi-

camnt quantitative difference bet weens tine

two groups of animals at- cit iser of tue cx-

perimenstal times. Tine low demethylase ac-
tivitv of the cycloheximide-tneated ansimnuls

was nulso not tine connsequence of a decrease ins
XADPH-cytochrome c reductase nuctivity;

ins fnuct-, the inscrease ins reductase activity oh-

sen’ved at 12 inn, winens demethnylmuse activity

was markedly depressed, suggests tismut

XADPH-cvtochrome c reductase is niot the

rate-determiniing step of etinylmorphimse me-

tmuboiism in tine tremuted annimmsls.

Effect of cyclo/texim ide treatment on

N�1 DPH-cytoc/trome P-450 reductase activity.

Tine values for the XADPH-cvtochnrome

P-450 neductmuse activity inn microsomal prep-

armutiomis from control amid treated rats are

pnesemsted mi Table 6. At- bothi 12 amid 24 hun,
tine reductase muctivity in the drug-treated

munimmsls was signsificamstly lower thiams inn con-

trol animals. At. 12 inn tinere was mupproxi-
mately a 50 % decrease ins tine rate of reduc-

tions of cytochnome P-450, amid mit 24 hsr a

70 % decrease was observed.

Gigon et al. (27, 2S) reported that type I
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TABLE 5

Effect of cycloheximide treatment on level of cytochrome P-450 and magnitude of type I and
type II spectral changes

Values represent the nneamis ± stamsdard errors of 10 or 11

for type I spectra and 6.7 minim amiiline for type II spectra.

rats. The buffer was 2.5 msi hexobarbitah

Time after‘Freatment Cvtochrome P450#{176}
treatment -

nmoles/g
hr

wet liver

Spectral change
��-- --_____________

Type I Type II

#{163}1/g liver, wet at

Control 12 5.1 ± 0.3
Cyclohexinnide (2 mg/kg) 12 4.6 ± 0.4

0.088 ± 0.007 0.046 ± 0.010
0.063 ± 0.012#{176} 0.056 ± 0.007

Constrol 24 4.5 ± 0.4
Cycloheximide (2 mg/kg) 24 4.7 ± 0.3

0.081 ± 0.008 0.056 ± 0.008
0.079 ± 0.009 0.054 ± 0.003

#{176}Significant at p < 0.05 as compared with the correspomsding comstrol as deternnimied by a two-way

analysis of variance.

TABLE 6

Effect of cycloheximide treatment on rate of re(luction of cytochromes c and P-450

\‘almnes represemit the nneamis ± stamudard errors of 5-10 determinations, each of which was replicated

two to four tinnes. Each deternnimiatiomi was made from a microsomah preparatioms obtaimied from the
pooled livers of two amsinnals.

Treatment
Time

after treatment
NADPH-cytochrome c

reductase
NADPH-cytochrome P450

reductase

Control

Cyclohexinnide (2 mg/kg)

hr

12
12

�.omoles/-min/g wet liver

1.03 ± 0.14

1.55 ± 0.14#{176}

nmoles/min/g wet liver

38.8 ± 2.2
18.1 ± 2.0#{176}(53%)#{176}

Control

Cycloheximide (2 mg, kg)

24

24

1.25 ± 0.08

1.30 ± 0.10

40.0 ± 2.4

11.9 ± 1.7#{176}(70%)

#{176}Significamstly different fromuu the control value at p <0.05, as determimsed by a two-way analysis of
variance.

Numbers imn parentheses represent the percentage decrease from constrol vaitnes.

compoumsds, suds as ethmylmorphsinse, enhansce

tine rate of cytocinrome P-450 reductiomn;

therefore, XADPH-cytochsrome P-450 re-
ductase activity w’nus determimsed inn the ab-
sence ansd presensce of etinylmorphimne. Ims

accord witin tinese observationss, tine dmuta
show-ms ins Table 7 illustrate tine stimulatony

effect of ethsvlmorpiuimne ommtine rate of reduc-
tions of cvtochrome P-450 ins both control amid
cvchohneximide-t remit eol mummimmsis. Etinylmor-

pinimie enshsamsced tine rmtte of reductions of cvto-
chnnome P-450 of tue conmirol preparations
approximately 45 %, tumid ins treated munimals

tine neductiomu wmus stimulnuted by 77% at 12

hr timid 120 �. mit 24 hum. Altinougin tinese per-

censtage inscreases are nunurkedly different, the
absolute inscrease in tine rate of reduction was

approximately the snime for all groups of
animals, 17 nmohes of cytocinrome P-450 re-
duced per mimsute pen gram of liver. If tine
effect of cycloheximide treatment oni thne ne-

ductase activity is evnuluated ins the pnesemsce
of ethylmonphimse, there is nu 37 % decrease at

12 hun amid mu45 % decretuse nut 24 inn.

1)!SCUSMION

Cycloheximide � used as the inhibitor
of protein synnthesis inn tine presemit study be-
cause a previous report (2) had insdicated

tiunut mudmimnistrnstionn of tine anstibiotic results
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TABLE 7

Effect of ethylmorphine on rate of reduction of cytochrome P-450 in microsomes from control and
cyclohexim ide-treated rats

Values represemst the �neamis ± stamsdard errors of five determinuationus, each of which was replicated
twice. Each deternninsations was made from mu nuicrosomal preparatio)ns obtained from the pooled livers

of two aninnals.

Cont rot

Cyclohexinnide (2 fig, kg)

Coist rol

Cyclohexinnide (2 mg/kg)

hr

12

12

24

+

+

+

NADPH-cvtochrome P450
reductase

nmoles/nzin/#{231} wet limer

43.3 ± 1.7

62.8 ± 2.1

21.8 ± 2.4

39.1 ± 1.7

45.9 ± 2.7
61.1 ± 4.0

19.5

17.3

15.2

15.2 ± 2.5

34.1 ± 3.0 18.9

ins mupl)i’OXiflnmutely mu50 #{176}:;depressions of drug-
metabohizinmg nuctivity ins 24 hum. Ahthnougin ins-

vestigmitionus of the inshnibitory effect of cyclo-

ineximide ons proteins svmsthesis ins tine mit in

i’ll’() iitu�’e untihized doses mis inigis as 50 nng/kg
(6, 29), tine study by Verbin et at. (30) iikns-

trtites tinmut doses nus low tus 1.5 mg/kg mire
cnupable of producinmg essenst ial ly complete
insimibitions of proteins synstinesis. l’urtisermore,
Jonsdorf (31) nsoted tismut tine instemnsity tumid

durmutions of tue inshsibit ions of proteims synst lie-
sis by low’ doses of cychoiseximide are dose-

depensdenmt. Tinemefore, becmuuse as gmemtt mini

imshsibitory effect as possible durimsg time 24-hum
experinnenstal period wmis desired, tine lmurgest
nmoislethuntl dose of tine nunstibiotic n�’mus sought.

Rats cams tolemnute highs doses of cycloimeximide
for a sinort period of time (29); inowevem, tine

LD50 inmus beens reported to be 2.5 mug/kg
(32, 33). Ins tine presemut study, tine minsimntls

gensernully survived mudose of 2 mg/kg for at
least 24 inn. Thus dose should result, muccord-

iimg to tine work of ,Jommdorf (31), in substmims-
titul inuhuibitioms of proteins symsthesis for mu 24-

hr expemimenstuui period.

Cellular fractiomss obtainued by differenutinul
cemst rifugat ions of iseptut ic hnomogemsmut es frons
comut rol amid cvcloinexi mide-tneated nnuts were

distinctly different ; tine 15,000 X q fmnuctioni

of tue hmomogemstute from trenuted nunnimmnis

coistaimsed mu “fluffy” hmuvem’ tiumut � nsever
observed ins conmtrol prepturmutionus. As sisownu
ins Tmubhe 2, tue “fluffy” mmutenimul possessed mu

considerable nunno)unst of drtmg-metabolizinsg
activity; ins tudditioms, cytocisrome P-450 wnus

present ins this matenimul. Because drug-
met abohizinig activity amsd cytocinrome P-450
are gensermully tussocimuted witin tine nuembrmunses
of the emsdoplnusnnic reticulum tinat sedimenst

in tine microsomnul fnmuctions, drug treatmenst

seems to cause some chnamsge ins tine sedimems-

tations properties of tinese fmtugmensted menu-

branes. C�’cIoimeximide treatmenst cmuns pw-
duce substmunstitul structurmul multerationss of tine

endoplmusmic reticulum (30, 34), mind when
inepmutic tissue is huomogemsized sucis ahter:u-

tiomss mmuy give rise to tine pnurtiches compris-
ing time “fluffy” layer.

Anothier difference between tine constro)l

timid cycioiuexinuide-treated nsmnimmuls was time

level of microsomah protein. Cycloineximide-

treated amsimals mad a greater amount of

microsomnul protein tiuans did constrol ansimals

at bothn 12 ansd 24 hum tufter innjection of tine

antibiotic. In view of time innhnibitory effect of
cyclobneximide oms protein synthnesis, tine in-
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crenise ins Iroteims is pnuradoxicmuh, but may be
related to tine reported prolifenationi of the

ensdoplmusnnic ret iculunn miss( )citst ed with cyclo-

Imexinuide treatmenst (34).
Adminsistratioms of cvchoisexinside markedly

decremused the rate of N-demethnylation of

etisylnuorphinne by botin tine homogenate and

tine nsicrosonsnul fractions from treated mini-
mnsals, timid the onsly emszyme muctivity of tine

mixed-fuisction oxidase svstenu tinat was dons-

sistemsthy lower ins tue cvclohueximide-tneated
nunnimmuis was thne reductions of cytochrome

P-450, in both tine presenmce mumsd absensce of

ethnylmorphnimne. Ins other studies, tine rate of

reductions of cvtocinrome P-450 immusbeen con-
relmuted w’ithn tine mite of drug metabolism

(35, 36). \Vithn respect to) tine effect of cyclo-
iseximide, tine best correlations w’ithn tine de-

crease ins tine N-demetisylatioms of etinyl-

morpinimse is givems by tine reduction of tine
cytochronue P-450-etiuyinnnorphirse complex.

Gigon et a!. (2$) found tinmst tine cytocinrome

P-450-dnug complex wnus more readily re-

ducible iii male tinani in femmuhe rats; however,

ins the cyclolneximide experiments, the reduci-

bility of the cytocinrome P-450--drug complex

did not chnansge, nus inudictuted by tine sinnilmir
values for thse imscrease inn mute of reductions of

cytochnrome P-450 ins botin control amnd
treated mumnimnuls.

Tine conrelatioim of thne decremused rate of

metabolism w’iths tine decreased rate of re-
duction of tine cytochnronne P-450-ethnylmor-

phuinse conuplex suggests tinat this is tine rate-
himitinng reactions ins tine N-demethnylations of

ethylmonpisine ins tine treated animals. Al-

thsougin tine kimsetic consstmsnnts obtained for
the emnzyme system represemst only apparent
values, the similarity betw’eemn the Km values

for control and treated msnnimals also inidi-

cates that ins botin groups tine mute of etinyl-

monphninne metabolism may be govenmned by

tine same nate-detenmimsimng reaction. Thne de-

crease ins � value withnout muchainge in K5,

is compatible withn tine imiterpretation that

cychoiseximide blocked tine synthnesis of the

enzyme innvolved ins tue reductions of cvto-
cisrome P-450; and the dnutnu ins Tables 6 tumid 7

suggest tintut tine hnalf-iife of thie neductase

activity is approximately 12 un, thnough the

actumul ismilf-life is probmubhy less tinans this

value. Xevertlneless, tinis nepnesenuts tine

shnortest inalf-hife estimnsted for ninny of tine

componsemits of thse mixed-funsction oxidase
system (37-41), and may comsstitute further
evidensce tisat the cytocinronue P-450 neduc-
tase activity normally regulates the rate of
ethnyimorpininne metabolism (42). The fact
t-inmut tine rmute-himitinsg step muppemurs to be the

reduction of cvtochrome P-450 agrees with
thie results of otisen approacises to this prob-

1cm (28, 35, 36). However, because only
etisyimonpinine has been used ins work relat-

mug tine rate of reduction of cytochrome P-450
to tine rate of drug nnetmubolism, it is mnot
kmmowni whnether tinis relmstiomsship is muppli-

cmible to othnen drug oxidations neactiomns.
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