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Inhibition of Drug Metabolism
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SUMMARY

SKF 525-A aimd its secondary ammd primary anmine analogs, 2-etimylaminoetimyi 2,2-
diphenylvalerate HC1 (SKF 8742-A) and 2-aminoetimyl 2,2-diphenyivalerate HBr
(AEDV), were conmpared for timeir effects on (a) the rate of hexobarbital metabo-

lism in the intact rat, (b) imexobarbital sleeping time, and (c) rate of Imexobarbital
mmmetabolism by time isolated perfused liver. Time tlmree coimipounds were found to be equi-

potent inhibitom’s by all timree mmmeasurements. However, when the time interval between
time injections of time inimibitor and the hexobarbital was increased from 45 mm to 5 hr,

SKF 525-A prolonged sleeping time longer timan SKF 8742-A, and SKF 8742-A was

more effective than AEDV. Timese results are interpreted! to support time view that N-deal-
kylation plays an immmportmmnt role in time inhibition of drug metabolism by SKF 525-A.

INTRODUCTION

In time second publication (1) of timis
series hepatic nmicrosomal enzyimmes were

simown to N-deetimylate SKF 525-A to the

secondary amine, SKF 8742-A. SKF 8742-A

is also N-deethyiated (2). SKF 525-A, SKF
8742-A, and time pm-imam-y anminc analog,

AEDV, are all excellent competitive immimibi-

tom-s of the N-demethylation of etimyimoi’-
pimine in vitro (1, 2). This being time case,

it seemed a likely possibility timat time i-cia-
tively long-lasting inhibitory effects of SKF

325-A seen in vito miglmt be due in part to
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time fact that as this conmpound is nmetaho-

lized (N-deaikylated), new, equally potent
inhibitors are formed rather timan noninhib-
itory, readily excretahie lmletal)olites. A

compam-ison of the ability of these three

compoumnds to inimibit dm-ug metabolism in

vivo was timus in order. At time tiimme timese

experiments n-em-c in progress, studies were

being conducted in timis laboratory on the
effects of various factors on time rate of
metaboiisimm of hexobarbital by time isolated

i)elfused liver. Timis provided an oppor-
tumnity to study timese inhibitors at a level
of biological organization between the cur-

rent in vivo studies and those previously

perforimmed in vitro.

METHODS

In vivo expethnents. Male Sprague-

Dawley rats weighing 90-130 g were used.

Varying amoummts of SKF 525-A,4 SKF
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8742-A,4 or AEDV were adnministerel 45

mmmin om- 5 iii- befoi’e llexol)amI)ital sodiunm

(320 �ammoles/kg) was given. All drugs were

iimjected inti-apem-itoneally in a volume of
1 immi/100 g of i)O(i\’ w’eigimt. Either sleepiimg

tinme n-as ol)selved or 1)lood barbiturate
leveis \veme immeasured. Sleeping tinme was

(lefilmer! as time tiimme between the loss and

time spontaneous i’eturn of time rigimting
reflex. \Vlmeim lmexol)ai-1)ital blood levels

were (Ietemllune(1 (3) , time anitmmals were
iiglmtly anesthetize(l �vitii etimei tiimd 1.5 nil

of 1)100(1 was l’elllove(l fmonm time abdoimmiimal

aoita. Blood samples were taken 30 or 90
mm after time injection of hcxobaibital or
at the tiimme of time recovery of time i-ighting
reflex.

Liver perfusion expei-iments. Isolated rat

liver perfusions were performmmed employing

a recirculating svsteimi similar to that ne-

scrihed by Vamm Harken et ol. (4). Male

S� )1-ague-Dawley rats weigiming 400-500 g

served as liver donors. Time perfusate was

100 immi of heparinized rat blood diluted to

150 ml witim 0.9% NaCI solution. An at-

immosphci-e of .5% C02:95% O� was em-

ployed. An equilibration interval of 30 mm
was allowed betweeim time installation of time

liver in the apparatus and the inti-oductiomm
of any substrate or inhibitor. All conm-
pounds were introduced diiectly into the

pei’fusion fluid reservoir. Time l)erfumsion

Pressumc (18 cm of H�O) was immaiimtaiimed
coimstant, and time imepatic blood flow was

restricter! to 2-3 nml per gram of liver per
minute by manipulation of a clamp placed

on time portal vein cannula. Oxygen nleter-
nminations were performed on simultane-

ously drawn arterial and venous perfusate
samples using a Beckman pimysiological gas
analyzer (Model 160). Hexobam-bital anal-

yses (3) were performed in duplicate on 1.5
nml samples of time perfusate taken 10. 20,

30, 45, 60, and 90 mm aftem- introduction of

time barbiturate. Perfusion fluid taken be-
fore the addition of imexobarbital was user!
for blank deternminations. None of the in-

hihitors imsed in this study interfered with

time hexobai-bital analysis.

Supplied by Smith Kline & French Lahora-
tories. Pluii:olelpimi:m, Pennsylvania.

Each liver served as its owim (-ontrol. Timis

was accoimmplislme! by first deterimmining time

rate of imexobat-bital disappearance fi’om

the perfusate for 90 mm. This intet-val is
sufficiemmt to allow the hexoharbital level to

(leclme essentially to zero. A volume of ler-

fusion flumid equal to timat removed fom’

lmexol)ari)ita! analysis was added, and the

inimil)itor was timen inti’oduced. This was

follower! 1 mm later by a second addition

of hexobarl)ital, and time i-ate of hexobar-
bit�il disappearance was again measured! for

90 mmmin. The same amouimt of imexobai-bital
sodliummm (96.7 �mmmoles) was used each tinme.

It was previousl�’ establisimed in nuimmerous
experiments timat, when the inhibitor is

excluded, Imexobaibital is metabolized at

time saimme rate during time second! 90-umin

peiiod as during time first.

RESULTS

Effects of ISKF 525-A, RKF 8742-A, and

AEJ)V on He.’robarbital Metabolism

Figum-e 1 shows time effects of vai-ious
equinmolar doses of SKF 525-A, SKF

8742-A, and AEDV on the imexobarbitai

blood! levels of rats 30 and 90 mm after the

anhmmilmistl-ation of hexobarbital sodium. Time

intet-val between the injections of inimil)itOi’

and imexoi)arbital was 45 mmmiii. All doses of
each of time coimmpounds inmpan-cd hexobar-

bital metabolisnm significantly, but no clear-

cut (lose-response relationship was discerni-

ble at time 30-mm interval. At the 90-mum

interval time distinction between time effects

of higim and low doses of iimhibitor became

apparent. Pretreatment w-itim either 65 01’

130 1imoles/kg of time inhibitors resulted imm
hexobat-bital i)lood levels that did not de-
cline significantly between time 30- and

90-immin interval. Timis indicates timat enzymmme

saturation was maintained. At each dose

elmmplOye(l, SKF 525-A, SKF 8742-A, and
AEDV were equmipotent inhil)itors of hmexo-

barbital metabolism.

Effects of SKF 525-A, 1SKF 8742-A, and

AEI)V on Hexobai-bitol Sleeping Time

Time proloimging effects of mci-easing doses

of SKF 523-A, SKF 8742-A, ann! AEDV
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FIG. 1. Effects of SKF 525-A, SKF S742-A, and AEDV on hexobarbital blood levels

Test agents were given 45 minutes prior to hexoharbital sodiuimm (82.5 mg/kg). Bars represent the

mean ± standard error for Imexobarbital blood levels measured 30 mm (upper) and 90 mill (lower)
after hexobarbital administration. All compounds were administered by the irmtral)eritoneal route.

Time means are based on the values obtained from 10 rats.
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Fia. 2. Effects of SKF 525-A, SKF 8742-A, and AEDV on /uexobarbital sleeping time when the

interval bet weeim inhibitor and barbiturate injections was 45 mm

Dose of hexobarbital sodium: 82.5 mug/kg. Au compounds were adnministered by the intraperi-

toneal route. Bars represent the mean ± standard error. Each point is based on values obtained from

six rats.
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Fia. 3. Effects of 8K? 525-A, 8K? 8742-A, and AEDV on hexobarbital sleeping time when the in-

terval between inhibitor and barbiturate injections was 5 hr

Dose of imexobarbital sodium: 82.5 mg/kg. All compounds were administered by time intraperi-

toneal route. Bars represent time mean sleeping time ± standard error. Eacim point is based on values

obtained from 12 rats. a, Significantly different from eacim otimer (P < 0.01). b, Significantly different

from each other (P < 0.005).

on hexobarbital sleeping time, where the
interval between inhibitor and barbiturate

administration was 45 mm, are illustrated
in Fig. 2. At each dose level time three in-

imibitors are seen to be about equipotent.
Blood was taken when the rats awakened

and hexobarbital analyses were performed.
Mean blood imexobarbital levels for the

various groups ranged between 24.3 and
36.0 j.tg/ml of blood, and variations bore

no relationship either to the dose or the
inhibitor used. When the experiment was
repeated using a 5-hr interval between the
injections of inhibitor and hexobarbital,

different results were obtained (Fig. 3).
SKF 525-A prolonged sleeping time more
effectively than SKF 8742-A, whicim, in
turn, was more effective than AEDV.

Effects of SKF 525-A, SKF 8742-A, and

AEDV on Hexobarbital Metabolism by

the Isolated, Perfused Liver

Time inlmibitoi-y effects of SKF 525-A,
SKF 8742-A, and AEDV on the rate of

disappearance of hexobarbitai from the

1000 t.V2(mn)

Hexoborbital (Hx)alone 3
Hx+ SKF 525-A (125mg) 23
Hx+5KF8742-A(l.l5mg)23
Hx+AEDV(I.2mg) 19

0’

100

--

-(24)
0

0 ao 30 40 50 60

Time (mm).

11G. 4. Effects of equimolar quantities of SKI”

525-A, 8K? 8742-A, and AEDV on hexobarbital
1(111CC from lii er perfu.sates

Values in i ):Lrenl loses repi-esemit time nummmluer of

experiments.
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FIG. 5. Effects of equimolar quantities of SKF

525-A, 8K? 874�-A, and AEDV on hexobarbital

disappearance from liver perfu.sates

Values in parentheses represent time number of

experiments.

liver perfusate are shown in Figs. 4 and 5.

The three conmpounds appeared to be about

equipotent. The quantities of inhibitors
used in this study had no effect on perfusion

flow rate. However, when larger quantities
(twice the levels shown in Fig. 5) of eacim

of the inimihitors were employed, the out-
flow was greatly diminished. Differences

between the pO, values of venous and
artem-iai pem’fusate sammmpies were not affected

by the inhibitors when the inhibitors were

employed in quantities which did not im-

pair time flow rate.

DISCUSSION

The inimibitor constants (K�) for the
inhibition of the N-dealkylation of ethyl-

morphine by SKF 525-A, SKF 8742-A, and
AEDY are 6.0, 3.6, and 1.6 X 106 M, re-
spectively (1, 2). If these values were to be

used to predict inhibitory capacity in vivo,

the three compounds would be expected to
show about equal potency. This proved to
be the case when hexobarbitai metabolism
was studied and a relatively short interval
(45 mm) was employed between the adimmin-

istration of the inimibitor and of time bar-
biturate. In the perfusion studies, where the
inhibitor and hexobarbital were added a!-
most simultaneously, again the three com-

pounds were about equipotent inhibitors of
hexobarbital metabolism. When the time
interval between the injection of the inhibi-

tor and hexobarbital was extended fronm
45 mm to 5 hr, them’eby permitting more

extensive metabolism of the inimibitors be-
foi-e the introduction of the barbiturate,

the three inhibitors differed in their relative

degrees of potency and the cimanges were

those expected if N-dealkylation plays an
inmportant role in the overall inhibitory

effect of SKF 525-A. From time moment of
association of SKF 525-A with the enzynme

and throughout time two deethylations, the
active site will imave been continuously oc-
cupied by amm effective inhibitor. However,

if AEDV is metabolized to a product whiclm

is not a good inimibitor, the overall effective-
ness of AEDV will be less timan either SKF

525-A or SKF 8742-A even timougim it is

equally potent in an in. vitro system. SKF
525-A undemgoes two N-dealkylations be-

fore it becomes AEDV and it is seen to

have time longest duration of action with

respect to time prolongation of sleeping time.

SKF 8742-A, whicim undergoes only one
N-dealkylation to AEDV, imas a lesser
duration of action, and finally, AEI)V,
which pi-obably forms a metabolite pos-

sessing poor inhibitory propeities, or which
is more readily excreted than its precursors,
has the simortest dui-ation of action.

In the developimient of this concept, re-
sults obtained in vitro using ethylmorphine
as a sumbstrate were used to explain data

obtained in vivo using hexobarbital as a

substrate. This is justified if a single en-
zyme is responsible for both the N-demeth-
ylation of etimylmorphine and the side-chain

oxidation of hexobarbital. Evidence that

this is time case imas been presented pre-

viously (5), and time observation that SKF
525-A is a competitive inhibitor of hexo-

barbital oxidation (6) supports this view-.
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