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SUMMARY

SKF 525-A and ten congeners were incubated with Imepatic microsomes, and all were

found to be N-dealkylated. The kinetics of time inhibition of time N-demetimylation of

etimylmorphine by time eleven compounds was studied and found to be competitive in all

cases. Timese results strongly suggest that SKF 525-A type compounds produce their

effects by combining with the active site of time N-demethylase, not by altering the per-
meability of the lipoid membrane of the microsomime or by uncoupling an oxidative mecim-

anism as has been postulated by others. Kinetic data were presented whicim indicated timat
many of timese compounds produce timeir inimibitory effects by serving as altermmative sub-

strates. Kinetic evidence is also pieseimted to su�)pOIt time view timat time activity of SKF

525-A may be due in part to one or more of its nmetabolites.

INTRODUCTION

Brodie (1, 2) has suggested two possible

ways in whmich 2-diethylaminoetlmyl 2,2-

cliphenylvalerate HC1 (SKF 525-A) might
exert its inhibitory action on the biotrans-
formation of drugs and other foreign com-

pounds: (a) inimibition of a commimimon conm-
ponent of time microsomal enzyme systems,
which he considered unlikely, and (b) a

�imysioIogical effect on nmicrosomes caused
by its interaction with time membrane to

cimange its permeability to drugs. Netter
(3) imas speculated that SKF 525-A migimt

act in a nmanner analogous to that of an
uncoupling agent on oxidative phospimoryla-

tion. He proposed that time product of the

TPNH oxidase reaction is an “active perox-
ide” or an “active hydroxyl” and that the

drug oxidizing step is coupled to time oxida-

tion of TPNH. SKF 525-A would act in

1 Present address: Department of Phsiology,

New York State Veterinary College, Cornell Uni-
versity, Ithaca, New York.

some way to “uncouple” time TPNH oxida-

tive step fronm time drug oxidizing step. None

of these imypotimeses has been substantiated

experinmentally.
Previous work frommm timis laboratory (4)

simowed that mmmany chemically unrelated

drugs inhibit the microsomal metabolism of
each otimer coimmpetitively. This was ex-

plained on time basis timat the “hydroxylases”
responsible for drug mmmetabolism are of very
limited substrate specificity and that in cer-

tain cases time various drugs may be exert-

ing tlmeir inimibitory effects by serving as

alternative substrates. From these studies

time idea was developed that SKF 525-A
ty�)e compounds nmay produce their inimibi-

tory effects by acting as alternative sub-
strates for drug-metabolizing microsonmal

enzynmes and timat they differ from other

drugs only in timat timeir immediate piiarma-

cologic effects are generally quite minimal
(4). It is of course implicit in this concept

timat SKF 525-A and its congeners be

metabolized liv time microsomal enzvimies
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timev are known to inimibit. The structure of

SKF 525-A (Fig. 1) suggests numerous

ways in wlmiclm the coim�pound miglmt be
metabolized: N-dealkylation, aromatic

hydroxylation, penultiimmate and termmminal

oxi(lation of time propyl side clmaimm, and
imydrolvsis. Wimile not all timese reactions

can occur with time other inimibitors simown

in Fig. 1, the potential for N-dealkylation
is always present. It was largely for timis

reason tlmat this reactiomm was cimosen for

the current study. Two of these inhibitors,
SKF 525-A and iproniazid, lmave i)een

slmown to be N-dealkylated by microsomal

enzymes (5, 6).

MATERiALS AND METHODS

Che inicals. Ethvlmorplmine Imydroch bride
was employed as the substrate for studying

time inhibition of microsomal N-dealkyla-
tion. The inimibitors of drug imietabolism
used in tlmese experiments were selected so

that their N-dealkylation would yield either

aeetaldeim\’de or acetone and tlmus not inter-

fere with time determination of time formal-

(Iehvde forimmed when ethvlimmorplmine is

N-deimmetlmylated. Time complete chenmical

names, code names, sources of timese coimm-

pounds and references relating to their ac-
tion as inhibitors are sumnmarized in Table

TABLE 1

In/i ibitors of dru p in ((aba/can

Code Chemical name Reference

SKF 525-A 2-Diethylamiiioethyl 22-dipimenylvalerate uCla 25, 211

SKF 8742-A 2-Ethylaminoet hyl 22-diphenylvalerate uCla This paper

CFT 1201 2-Diethylarnimioethyl 2-phenyl-2-(2-propene)-4-penten-1-oate HC1b 27

CFT 1208 2-Diethvlanmimmoethvl 2-plmenvl-4-penten-l-oate HCIb 27

Iproniazid 1-Isopropl-2-isonicotinyl hydrazine P04e 24

Lilly 18947 2,4-Diclmloro-6-phenvlphenoxyetlmvldietlmvlamimme llBrd 28

JB 305 N-Ethvl-3-piperidvl diphenviacetate BC!’ 29
JB 318 N-Ethvl-3-piperidyl henzilate IlCi’ 29
5dm 5705 Ethyl 2-diet Imylamimmoet hvl 2-phenyl-2-ethylmmmalomiate HBr1 30

ScIm 5706 Ethyl N-(2-diet hviaminoethyl) 2-plmenyl-2-ethylmaiomiamate IIBrf 30

ScIm 5712 Ethyl 2-dietlmvlaminoethvl 2-ethyl-2-butvlmaionate HBr� 30

a Supplied by Smith Kline & French Laboratories, Philadelphia, Pennsylvania.

Supplied by Chemische Fabrik Tempeihof, Preuss and Temmier, Barium, Germany.

Supplied by Hoffman-La Roche, lime., Nutley, New Jerse.

d Supplied by Eli Lilly and Co., In(lianaj)olis, Imm(liana.

Supplied by Lakeside Laboratories, Inc., Milwaukee, \\isconsin.

‘ Supplied by Soc. Italiana Prodotti Schering, Milan, Italy.

For time SKF 525-A type comlmpounds to
inhibit drug metabolism by acting as al-

ternative substrates t�rit�ia must be
met: (�) time inhibition must be conipeti-
tive, and (� the inhibition commstant immust
not differ from the Micimaelis constant for

the metabolism of the inhibitor. If a com-

pound is to function as a potent inimibitor,
time Miclmaelis constant for time mmietabolismmm
of the inlmibitor simould be at least as low as

timat for the drug being metabolized, and
preferably lower. With this in mind, studies

of the kinetics of the inhibition of micro-
somal drug metabolism by SKF 525-A and

several of its congeners were undertaken.

1. Their structures are given in Fig. 1. All
cimenmicals were used as obtained from time

suppliers without further purification.
Water used in these studies was distilled

from glass and boiled just before use.
T’iss tie preparation. Livers from nmaie,

albino Holtznman rats, weigiming 70-100 g
were eniployed as time soul-ce of time micro-

soimmai enzymmmes. Time animals were stunned
by a blow on time imead, decapitated, and

allowed to exsanguinate. Time livers were
removed rapidly and placed in ice-cold
1.15% potassium cimloride solution. All fur-

timer procedures for the preparation of time

enzyme were carried out in the cold (0-4#{176}).
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A 25% hommmogenate in time potassium cimlo-
ride solution was prepared using 15 strokes

with a Douimce Imoimiogenizer fitted with a

loose plunger. The homogenate was centri-
fugecl in a Lourdes Model LRA refrigerated

centrifuge at 9000 giax (rotor no. 9RA) for
20 mm. Time sul)ernatant, containing micro-

sonmes plus soluble fraction, was centri-
fugeci in a Spinco \Iodel L ultracentrifuge
at 105,000 five (rotor no. 50) for 60 mm.
Time Sui)ernatant was discarded, and time

pellet was resuspended in the potassiunm
chloride solution and centrifuged at 105,000

gave for 30 immin. The supernatant was dis-
carded, and time microsomal pellet was
resuspendled in the potassium eimloride solu-

tion and diluted so that 1 ml of solution
containe(l time equivalent of 250 nmg of liver,
except when Sclm 5705 and 5706 were used

as substrates; in. tlmese cases, time equivalent.
of 125 mg of liver was employed. Timis

microsommmal preparation was stored at _25c
until used, but not for more than 10 days.

Incubation mixture. Time rca et ion immixture

contained TPN2 (2 p.moles, phosphate

buffer, p11 7.4 (2 mmoles), senmicarbazide
hydrochloride (37.5 �nmoles), mmmagnesium
chloride (10 p.moles), nicotinamide (20
1.nmoles), a TPNH generating system con-
sisting of eitlmer glucose 6-pimosphate2 (20
1�moles) plus 2 enzyme units (EU)3 of
yeast glucose 6-phosphate deimydrogenase2

or d,l-isocitrate� (100 1.tmmmoles) pius 4 EU4
of pork heart isocitrate deimydrogenase,2

varying amounts of substrate and inhibitor.

1 ml of time microsomnal enzyme preparation,
and 1.15% potassium chloride solution to a
final volunme of 5 ml. Incubations were
conducted! at 37#{176}in an atmmmospimere of air.

Incubation times were 10 mmiin in time cases
of SKF 8742-A, CFT 1201, CFT 1208 and
,JB 305; 15 immin in time cases of SKF 525-A,

Lilly 18947, lB 318, Sch 5705, ScIm 5706 and!

Obtained fmomn time California Corporal ion fom

Biochemical Research, Los Angeles, California, or

ihe Sigma Chemical Co., St. Louis, Missouri.

‘One enzyme unit reduces 1 �zmole of TPX per

minute at 1)H 7.4 at 25#{176}.
One enzvnme unit converts 1 �tmo1e of iso-

citrate to a-ketoglutarate per minute at pH 7.4

at 37#{176}.

Scim 5712, and 20 mmmin in the case of
iproniazid.

Determination of enzyme activity. For-

maldelmyde produced by the oxidative N-

demetlmyiation of etlmylmmmomplmine was meas-
ured by time cimromotropic acid immetimod as
dleScribed l)reviously (7) or by an adapta-

tion of time mmmethodl of Nash (8) . When
Nasim’s method was employed, time reaction

was stoi)ped by time addition of 2 mnl of a
5% ZnSO4 . 7 H20 solution to the reaction
mixture followed! by 2 mimi of a 4.5%

Ba(OH)2�8 H20 solution. After centrifuga-
tion, 5 mmmlof time supernatant was mixed
witim 3 ml of double strengtlm Nasim’s re-

agent, color was allowed to develop for
15 mmmin at 60#{176},an(i readings were made at
412 mn� in a Model B Beckman spectro-
photometer.

For time determination of time acetalde-

hyde resulting from N-deethylation, 4 ml

of time incubation mixture was mixed with

2 mu! of 30% tricimboroacetic acid solution

and time mixture was distilled. Time distilla-
tion procedure and! the acetaidleimyde anal-

ysis were perfornied as described by
Stotz (9).

Acetone formed by the oxidative N-

dealkylation of iproniazid was determined
l�y the metimod of Hansen (10). To reduce
blank readings the carbon tetraclmioride

used in tlmis determination was purified by
shaking for 5 mm witim omme-half its volume

or 5% sodium bisulfite solution.
Data processing and statistics. For the

analysis of enzyme kinetic dlata, reciprocal

velocities were plotted against reciprocal

substrate concentrations (11). The data
were then analyzed by time method of Wil-
kinson (12). All calculations were per-
forimmed witim a digital computer using
FORTRAN programs written by Cleland

(13). Timese programs providled values of
the Michaehis constant (L), nmaximnal

velocity (V,nax) , slope, 1”i intercept, inimibi-

tion coimstammt (K1), and time standard errors

of timeir estimates. Inimibition was inter-

pmeted as being conmpetitive wimen time 1/v
intercepts (no inimibitor versus inimibitor)

were not significantly different (P > 0.05).
At time lower substrate concentrations the

amount of substrate disappearing during



TABLE 2

Inhibition constants (K,), Micliaelis constants (Km) and maximal velocities (V,,�) of inhibitors of 1/u

N-demel/iylalion of el/my/morphine

of liver ier hour except f(.)r

concentration. Time K�, and Vn,ax values
given in rFti)le 2 are those obtained by time

integrated Michaelis equation.
Time statistical analyses lmave been de-

scribeci by Steel and Tori-ic (15) . The
Student’s t dlistribution was used as a test

of the null Imypothesis using a level of
significance of P equal to or less timan 0.05.

Conmlmutation of time various statistical
parammmeters was performed with a digital

computer using FORTRAN programs writ-

ten in this laboratory.

RESULTS

Kinetics of the N-dealkylation of Inhibitors

As can be seen in Table 2, all time inimibi-

tors studied were N-dealkylated witim U,,,,,

values falling witimin a relatively narrow
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Inhibitor Km(M X 10’) K�(.3f X 10� �b Vmaz’

SKF 525_A/k 3.64 ± 0.80 (5)d.e �6() ± 0.13 (tb’’ <0.001 3.73 ± 0.64’
SKF 8742-A’’ 18.4 ± 2.98 (4) 0.36 ± 0.08 (9) <0.001 4.69 ± 0.44

CFT 1201hm 2.51 ± 0.43 (3) 0.77 ± 0.08 (6 <0.001 2.76 ± 0.41

CFT 1208� 18.2 ± 0.41 (2) 7.28 ± 4.94 (4 >0.1 3.57 ± 0.03

Iproniazid” 822 ± 137 (4) 15.5 ± 1.86 (4) <0.01 5.13 ± 0.94

Lilly 18947�” 4.22 ± 1.15 (6) 1.85 ± 0.24 (5) >0.05 2.37 ± 0.22
JB 305am 3.82 ± 0.56 (3) 1.53 ± 0.51 (51 <0.05 2.62 ± 0.28
JB318im 3.70 ± 1.68 (4) iLl ± 0.13 (4) >0.1 1.97 ±0.09
Sch 5705�” 2.13 ± 0.46 (3) 2.18 ± 0.33 (4) >0.1 2.45 ± 1.11
Sch57O6�” 1.01 ± 0.13 (3) 1St) ± 0.46 (4) >0.1 3.57 ±0.2s

Seh 5712’ 7.32 ± 2.17 (3 6.63 ± 1.73 4 >0.1 3.40 ±022

a Concentrations of ethylmorphine used: 0.8, 1.2, 1.6 and 2.0 X 10� �i.

bK versus K,.
C Maximal velocities expressed as micromoles of acetaldeliyde per gram

iproniazid, where acetone is time product.
d 11�Ieamm ± SE.

C Numbers iii I)arentheses refer to the nimnmber of experinmemmts.

Concemmtration when used as a substrate (mm):

I 0.6 to 4 X 10�;

“0.5 to 3 X 10�;

‘I 3 to 8 X 10�;

i 1 to 10 X 10’;
�2to8 X 10’.

Concentratiomi when used as an immhii)itor (mm):
k � and 2 X 10’;
1 � and 5 X 10�;

m 0.5 and 1 X 10-i;

n � and 5 X 1O-�;

0 1 and 5 X 10.

the 10-20 mm incubation periods was
sometimes great enough to materially alter

the initial substrate concentration. The
declining reaction rate that could occur

with timime under such conditions was cor-
rected by recalculating the Km and Vinax

values using time integrated Micimaelis equa-

tion described by Dixon and Webb (14).
The calculations were performed on the
digital computer. No significant differences
(P > 0.05 with Sch 5706 and P> 0.1 witim

the other 10 inhibitors) were found between
the integrated and nonintegrated Km values.
This is due to (a) the low weighting of
values obtained witim low substrate concen-

trations when the Wilkinson method of

analysis is employed, and (b) the relatively
small changes in reaction velocities ef-
fected by mather large changes in substrate
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rammge (1.97-5.13 1�moles of product per

gram of liver per imour). Considera lily

more variation was found in K,,, values, but
if iproniazid is excluded, they fail approxi-

mately within an order of one magnitude.
Timus, all time inhibitors under immvestigation
satisfy the first requirenment of an. alterna-

tive substrate hypotimesis of inimibition: they

are metabolized.

Kinetics of the Inhibition of the N-demeth-
ylation of Ethylmorphine

Kinetic values for the inhibition of the
N-demetimylation of ethylmuorpimine by the

SKF 525-A type inhibitors are also given
in Table 2. In all cases inhibition was com-

petitive, wimich is compatible with the
alternative substrate concept of inhibition.

It can be seen timat the K,,, values of CFT

1208, Lilly 18947, ,JB 318, Scim 5705, ScIm�

5706 and Scim 5712, when serving as sub-
strates, were not significantly different frommm

correspondlmng K� values wimen these com-
pounds served as inimibitors. This also sug-
gests the alternative substrate concept of
inhibition. On time other hand, the Km

values of SKF 525-A, SKF 8742-A, CFT

1201, iproniazide, and JB 305 were signifi-
cantly different from their K, values.

ElJect of Incubation Time on the Inhibition

Constant

Gillette and Sesame (16) imave postulated
timat in certain cases SKF 525-A may be

prodiucing its inhibitory effect through the

formation of a nietahohite. In timis case, any

observed K, value would represent a mean

of time inimibitory effects produced by SKF
525-A tlfl(l time mmmetal)olite. If the metabo-

lite is a more potent inimibitor than its
parent, timen, as time metabohite accunmulates

during the course of the incubation period,
time observed K, should decrease with time.
If time inhibitory ProPerties of the metabo-

hite am-c sufficiently greater timan those of its

parent, time simift in K, with time should be
immeasurable. Accordingly, K, values for the
inimibition of time N-demethylation of ethyl-

morphine by SKF 525-A and SKF 8742-A

were compared at incubation timnes of 7.5
and 15 mm (Table 3). Inhibition *as com-

petitive at hotIm tinme intervals. The K� of
SKF 525-A deem-eased significantly with
increasing incubation time while no such

decrease was observed with SKF 8742-A.
Timis supports the view that a metabolite is

being formed which is a more potent inhibi-
tor timan SKF 525-A itself and, also, that

such an inhibitor is not forimmed frommi SKF

8742-A.

Effect of Cof actors on the Inhibition of

N-dealkylation by SKF 525-A

The possibility existed timat SKF 525-A

mmmigimt produce its inhibitory effect through

a reduction in time amount of TPNH avail-

able for N-dealkylation. Doubling the con-

centrations of TPN, glucose 6-pimosphate,
and glucose 6-pimospimate deimydrogenase in

time incubation mixture (lid not alter time
inimibitory effect of SKF 525-A on time
N-demetiiylation of etimylmorphine, nor did

time addition of DPNH (2 1�moles).

TABLE 3

Inhibition of the N-demethylation of et/iylmorphine#{176}; effect of i,ic,,batio,i time on 1/ic inhibition constants (K,)

of SKF #{244}25-A and SKE 874 2-1

Inhibitor

7.S rain incubatiomm time

K,(mi X 10’)’
15 n mimi imiclml)atiomm time

K,(mi x i0� �c

SKF 525-A” 1.24 ± 0.26 (9)1 0 .60 ± 0.13 (9) <0.05

SKF 8742-A’ 0.50 ± 0.08 (9) 0 .36 ± 0.07 (9) >0.1

#{176}Coneemmtrat ions of et hylmorphimme used: 0.8, 1.2, 1.6, amid 2.0 X 10’ mm.

Mean ± SE.

K, (7.5 mimi) versus K, (15 mimi).
d 1 and 2 X 10’ mmcomicentrations were used.

1 ammd 5 X 10’ M comicemmtrations were used.

1 Numbers iii parentheses refer to the nimmber of experiments.
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DISCUSSION

Mills (17) and Mc�Iahon (18) , wlmo simowed

that the N-demethvlation of butynamine is

inhibited competitively by SKF 525-A and

a number of otimer inhibitors. \Vitlm time
exception of iproniazid, all time inhibitors
used in time current series were N-deal-

kylated witim �sficimaehis constants (1O� to

10’ i�i) timat would pernmit timenm to commmpete
effectively with mmiost drugs for mmmicrosomal
enzymes. For examl)le, time Michaehis con-
stants for time N-demethyiation of etimyl-
morphine and time oxidation of hexobarbital

are 5.8 X 1Q� M and 1.2 X 10� �r, respec-

tively (4). Timese experinments would tend

to eliminate time need to explain the action

of SKF 525-A as being due to its ability to
alter time permeability of time mmmierosomal

menmbrane or to function as an ummcouplmg

agent.
As Gillette (19) imas pointed out, it is

difficult to explain time action of SKF 525-A

on time basis of altered microsomal mem-
brane permeability wimen SKF 525-A blocks

the metabolism of lipid soluble substrates

sucim as nicotine, codeine, lmexobarbital, and

aminopyrine, but does not effect the oxida-
tion of otimer lipid soluble comimpoummd.ls such

as monoetimyl-4-aminoantipyrine. mmiethyl-
aniline, and! acetanilide. On time otimer imand,

this selectivity of SKF 525-A is readily

explained! by the alternative substrate
mecimanism if one merely assunmes that nmore

timan one microsoimmal enzyme is responsible

for time oxidation of drugs; time nmetai)olismmm

of drugs wimich are oxidized 1w the same

nmicrosomal enzyme (s) respoimsibie for time

oxidation of SKF 525-A will be inimibited

competitively by SKF 525-A, wimereas the

metabolismmm of drugs mvimich eimmplov otimer

microsonmal enzvnmes for timeir oxidation will

not be immimii)ited by SKF 525-A. or if inimibi-

tion occurs, it need not be conmpetitive.

Time altered permeability concept of SKF

525-A action was developed largely to

explain time inimibition of nonoxidative reac-

tions sucim as time lmvd!rolysis of procaine, the
formimation of nmorpimine glucuronide, and the
reduction of nitro compounds (1). The
nmechanismu by wimich SKF 525-A inimibits

procaine esterase has been elucidated by
Netter (20) , wimo simowed that time enzyme
is blocked conmpetitively because SKF

525-A is also an ester. It is quite con-

ceivable timat sommme lmmetal)oiite of SKF

525-A, suclm as a pimemmolic (lerivative or time
acid i)modluct of SKF 525-A hydrolysis,
nmight interfere with time conjugation of

nmorplmine by conmpeting for UDP-glucuronyl

transfem-ase. At the imigh concentration of
10� �i, SKF 525-A inhibited time reduction
of p-nitrol.)enzoate by microsomal emmzynmes

l)y only 20% (21), which led Netter (3) to
suggest timat time inimihition migimt be due to
an unspecific reaction of SKF 525-A with
time enzvimme. Gillette and Sesame (16) pre-
sented evidence to show that a metabolite

of SKF 525-A, produced under aerobic

conditiomms, inimibits the anaerobic reduction
of p-nitmobenzoate and! that SKF 525-A

itself does not inhibit time anaerobic re-
action.

Time hypothesis of Netter (3) that SKF
525-A immay function by ummcoupling the

TPNH oxidative step from the drug oxi-

dizing step in time overall oxidation of drugs

was conceived imm l)art because of time need
to explain time nommcommmpetitive nature of the
inhibition of the O-demetimvlation of o-

nitroanisoie by SKF 525-A. This coimcept,
altlmouglm lacking in experimental yen flea-

tion, nmay prove valid for 0-denmetimylases
and! certaimm otimei’ dlmug-nmetal)olizing en-

zyimmes, but, iim view of time current results

and timose of McMaimon (17, 18), it would

mmot apply to time N-denmetimyiation of etimyl-

nmorplmine or butynamine.
In order to reconcile time coimmpetitive in-

imihition of time oxi(.!ation of d!m’ugs immcertain

cases with time noimcompetitivc nature of the
inhibition imm otimer cases, it is necessary to

postulate at least two mechanisms of in-
hibitory action of SKF 525-A. Many muore
kinetic data mmmust be fortimcoimming on time
known inhibitory effects of SKF 525-A
before conclusive interpretations can be
made, but with information already avail-
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able some speculation is possible. La Du

et al. (22, 23) showed timat SKF 525-A

inimibited time deaikyiation of nmononmetimyl-

4-aminoantipynine noncompetitively and!
that 2,2-diplmenylvaienic acid (SKF 2314)

was as active as the ester. In our iabora-
tory, the effect of SKF 2314 omm the N-

demmmetimvlation of ethyhmmorphine was stud-
iedl. Results were quite erratic, and! thus it
was not possii)le to determmiine wimether time

inhibitioim m�’as nonconmi)ctitive or unconm-

l)etitive, but it was not coimmpetitive. It was
also immucim less effective than SKF 525-A.
Timese results and those of La Dli and co-

workers suggest the possibility timat time
hydrocarbon pom-tion of time imiolecule may

be responsible for one type of inimibition
(noncompetitive) and that time amine por-

tion of the immolecule may be responsible for

ammothen type of inhibition (commmpetitive).

One might further propose that wimere an
enzyme is inlmibited competitively, time Imy-

drocanbon moiety attaches to time enzymmme at

one site (binding site) and time amine
mmmoiety fails into juxtaposition with the

active site (catalytic site) of time enzyme.

wimere it is N-dealkylated. It is not impera-
tive timat all inhibitors be metai)olized, and,
in fact, the inhibitor would be timat much

more effective in vivo, if indeed it were not.
(i.e., V,�,, = 0). Oxidation of time drug

being inimibited would take place at timis

same catalytic site. Wimere time enzynme is

inhibited noncompetitively, time hydrocar-
1)on portion attacimes to a bindhing site on

the enzyme wimere it interferes in some way

with time active site, hut for timis enzymmme.

time anmine group does not align witim time
catalytic site. This is not to insist that

SKF 525-A type coimmpounds may not exert
their inimibitory effects in other ways in

sonme cases, as, for example, liv inhibiting

m’eactions at time cofactor level.
A strong case can be built for time im-

l)ortance of N-dealkylation in explaining
time mode of actiomm of SKF 525-A type

inhibitors. In time present study all eleven
inlmibitons undier consideration were N-

(leaikyiated. It is of intem-est in timis con-

nection that ipm’oniazid, wimicim is N-deal-

kylated to fonimm acetone, is an immimibitor of
drug met.ahoiisimi, wimereas isonicotinic acid

lmydrazid!e, wimicim does not offer time possi-

huiity for oxidative N-v!ealkylation, is not

(24) . Etimyimmiorphine and! codeine, whicim
are N-demethylated, inhibit the oxidation
of imexobarbital in the intad-t rat (4) . At
first glance, pninmary amines such as
2,4-dichioro-6-phenylpimenoxyanmine (Lilly
32391), wliicim is known to inhibit drug
nmetaboiisnm ( 1 7 ) , would not appear to
offer time possibility of N-dlealkyiation.

How’evem-, oxidlative deamumation can be
visuahize(l as an example of N-deaikylation.

The K� of time inhibition of the N-
d!emethylation of etimylimmorpimine differed

significantly from the K,,, of the N-deal-

kylat.ion of time inhibitor witim five of the

eleven inhibitors studied. This does not
necessarily weigh imeavily against time alter-

native substrate concept of inimihition. If
time enzyme responsible Ion time N-deaikyla-

tion of the inhibitor in question is simul-
taneously engaged in the biotransformation

of time inhibitor at some otimer site on the

nmolecule, as well might 1)e time case with

certain of time inhibitors employed in this

study, the overall effect would be equiva-
lent to that resulting from time introduction
of a second alternative substrate, nanmely,

time observed Km would be greater than the
true K,,,. It will be noted in Table 2, that
witim but two exceptions, K,,, values exceed

K, values. Time l)icture is complicated fur-
timer by time pm’ohability that time prodiuct of

the primary N-dealkylation of the inhibitor
undergoes another N-deaikylation to the

pnimmmary anmine and timat this second deal-
kylation utilizes time same emmzyme that was

responsible for time initial dealkylation. In
recognition of such colmmplex kinetics, it is

l)enimaps wise to emmmphasize time qualitative
ratimer timan time quantitative aspects of
these kinetic studies.
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