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Abstract —The effect of methaqualone or phenobarbital pretreatment on the metabolism of ["*Clwarfar-
in in the rat was studied in order to ascertain to what extent phenobarbital and methaqualone, a
non-barbiturate sedative-hypnotic, affect the pattern of warfarin metabolism. A decrease in the plasma
concentration of warfarin was observed 5- 24 hr after administration of ['*C]warfarin to phenobarbital-
pretreated animals. Methaqualone pretreatment did not significantly affect the plasma concentration
of intact warfarin. Significantly higher levels of metabolites were found in the plasma of phenobarbital-
pretreated animals, as compared to cither methaqualone-treated or control groups. These data indicate
a marked differcnce in the ability of phenobarbital and methaqualone to alter warfarin metabolism.
¢ven though both drugs have been shown to induce hepatic drug metabolism,

It has been established that phenobarbital exerts its
effect upon the metabolic profile and anticoagulant
activity of warfarin by induction of hepatic microso-
mal enzymes responsible for the metabolism of the
anticoagulant. Phenobarbital treatment at the seda-
tive-hypnotic dose, caused a decrease in the anticoagu-
lant activity of warfarin [1] and bishydroxycoumarin
[2] in man. lkeda et al. [3] demonstrated that pre-
treatment of rats with phenobarbital resulted in an
increase in the conversion in vitro of warfarin to its
hydroxylated metabolites by hepatic microsomal
preparations. requiring both NADPH and molecular
oxygen.

A recent report presented evidence that methaqua-
lone [2-methyl-3-o-tolyl-4(3H)quinazoline], a non-
barbiturate sedative-hypnotic [4. 5]. stimulates rat he-
patic microsomal enzyme activity when administered
for 14 consecutive days [6]. However, the drug has
also been shown to elevate aminopyrine N-demethy-
lase and aniline hydroxylase after a much shorter pre-
treatment time [7].

Other workers [8] reported that subacute administ-
ration of methaqualone, phenobarbital and glutethi-
mide lowered the plasma levels of bishydroxycoumarin
in rats, with phenobarbital being the most potent and
methaqualone the least potent of the group. Recent
work in this laboratory has shown that pretreatment
of rats with methaqualone for 3 days results in maxi-
mal induction of hepatic microsomal enzymes, where-
as the hypoprothrombinemic action of warfarin was
not affected by this treatment [7]. We, therefore. con-
sidered it important to establish the pattern of warfar-
in metabolism in methaqualone-treated rats and to
compare this action to that of phenobarbital.

MATERIALS AND METHODS

Animals. Male Wistar rats. weighing 90- 110 g. were
obtained from Carworth Farms. New York. The ani-

*PPO = 2.5-diphenyloxarole.

mals were housed in individual metabolism cages dur-
ing the study and were maintained on a standard la-
boratory diet.

Drug pretrearment. The animals were divided into
groups of four and received the following drugs orally
for 3 consecutive days: phenobarbital sodium {(Gane’s
Chemical Works. New York). 75 mg/kg, dissolved in
water: methaqualone (William H. Rorer, Inc.), dis-
solved in PEG-200. 60 mg/kg: or polyethylene gly-
col-200 (PEG-200. J. T. Baker Chemical Co.). 23
mi/kg. Animals then received 50 mg/kg, orally, of
[**Clwarfarin sodium [3-{[z-'*Clacetonylbenzyl)}-4-
hydroxycoumarin, Amersham-Searle] 24 hr after the
final dose of the inducing drug. The [!'*C]warfarin
(23-5 mCi/m-mole) was diluted with unlabeled war-
farin sodium (Abbott Laboratories), so that warfarin
of lower specific activity was administered to animals
who were to be sacrificed carly after administration
of the anticoagulant. Conversely, animals to be sacri-
ficed at later time intervals received warfarin of higher
specific activity. The specific activity of the [**CJwar-
farin preparation used in this study ranged from 0-11
to 0-96 mCi/m-mole, at a constant total warfarin dose
of 50mg/kg. This protocol was necessitated by the
limited commercial availability of *C-labeled war-
farin. The animals were sacrificed by nitrogen asphyx-
Iation at various time periods after administration of
the anticoagulant.

Analytical procedures, Blood samples were collected
by cardiac puncture in heparinized containers. A
50-u aliquot of the plasma sample was digested in
NCS solubilizer {Amersham-Searle). 15 ml of 07
PPO/tolucne mixture was added.* and the samples
were counted in a liquid scintillation counter, All '*C
counts were corrected for background and counting
efficiency by the external standard-channels ratio pro-
cedure,

The extraction of [**Clwarfarin from frozen plas-
ma was carried out cssentially according to Lewis et
al. [9]. Approximately 300-400 gl of recentrifuged
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plasma was pipetted into 2 ml of distilled water. and
the samples were acidified by the addition of 1 ml
of 3 N HCIL The acidificd samples were mixed on
a Vortex mixer for 10 sec prior to the addition of
20 ml ethylene dichloride (EDC: Baker Chemical).
The samples were extracted by mechanical shaking
for 30 min, and then centrifuged for 10 min at 3500
¢ at room temperature.

The entire aqueous phase was transferred into a
fresh series of tubes. 10 mi diethyl cther was added.
and the samples were re-extracted for an additional
18 24 hr. Use of both EDC and cther in the extrac-
tion procedure resulted in higher '*C recoverics (>
90 per cent) than with EDC alone. The EDC and
cther extracts were combined and transferred to coni-
cal glass tubes and evaporated to dryness at 55 . The
residuc was dissolved in exactly 20 ¢l EDC and 10 1
l was spotied on a Silica gel GF thin-layer thoma—
tography (t.lc) plate (Analtech. 20 x 20 in: 250 um).
The plates were developed in EDC acctone (4:1) to
a height of approximately 14 cm (about 35 min).
Authentic samples of various warfarin metabolites
{6-hydroxy. 7-hydroxy warfarin. warfarin alcohols
[3-(z-propanec-2-ol}  benzyl-4-hydroxycoumarin].  or
warfarin. chromatographed along with the plasma cx-
tracts. were employed as an internal control to check
the separation of warfarin from its mctabolites in the
system. In addition, ["*Clwarfarin was added to &
sampk of control plasma and carried through the ox-
traction procedure in order to account for any alter-
ations occurring during the extraction pr ocedure.

After development. the plates were dll-dllt.d and
examined under shortwave ultraviolet light in order
to locate the position of warfarin and its metabolites.
The plates were then scanned with a Berthold radio-
scanner cquipped with a Varian ratemeter-inlegrator
{Varian Acrograph. Walnut Creck. Calif), at a count-
ing cfficiency of approximately 227, This system
measures net radioactivity of each radioactive locus on
the tlc. plates. Two  peaks  of  radioactivity
were resolved. one peak corresponding to intact war-
farin (R, 33} and a second peak representing total
\Mrfdxm metabolites (R, 0-42). The total amount of
radioactivity which had migrated on the plate and
the net radioactivity under the locus corresponding
to unchanged warfarin or warfarin metabolites werce
determined. The data are expressed as the concent-
ration (nmoles/m! of plasma) of unmetabolized war-
farin or per cent of total radioactivity as metabolites.
Student’s f-test was used for the determination of sig-
nificant differences between means [107.

RESULTS

Following oral administration of ["*CJwarfarin so-
dium. plasma levels of the unmetabolized drug rosc
to apparent maximal concentrations approximately 3
hr after drug administration in all three groups (Fig,
1}. Maximal plasma warfarin concentrations. as deter-
mined by tlec radiochromatography for control
(PEG-200). phenobarbital and methaqualone-pre-
treated groups, were: 369 + 27. 222 + 4. and 349
+ 2 nmoles/ml respectively.

These data indicate that the maximal plasma war-
farin concentration in phenobarbital-pretreated ani-
mals was significantly less than in cither control or
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Fig. 1. Effect of methaqualone and phenobarbital pretreat-
ment on plasma warfarin concentration in the rat. Fach
point represents the mean + SCE.M. from three to four
animals. Thn animals were pretreated for 3 days with oral
doses of (@ PEG-200. 25ml’kg: (H) methaqualone.
60 mg/kg: or {A) phenobarbital. 75 mg/kg, [M*Clwarfarin
was administered orally 24 hr after the last dose of the
test drug. The asterisk (*) indicates P < 0-05 compared to
PEG-200.

methaqualone-pretreated animals. In contrast. warfar-
in levels in the methaqualone-pretreated animals were
similar to those observed in control animals during
the initial 24 hr after warfarin administration. In
order to determine whether this difference was due
to an alteration in warfarin absorption [I1], the
amount of radioactivity remaining in the gastrointes-
tinal tract was analvzed. The amount of radicactivity
recovered after 2 hr from the gastrointestinal tract
was 46 + 10. 92 + 08 and 65 £+ 15 per cent
of the total dose of ['*Cwarfarin administered to
control. phenobarbital and methaqualone-pretreated
animals respectively. These data demonstrate  that
warfarin absorption was cssentially complete in all
groups at 2 hr post-drug. Therefore. the tower plasma
levels of ["Clwarfarin in phenobarbital-pretreated
animals scen at this tme (Fig. 1) were not simply
a reflection of decreased warfarin absorption.

The effect of drug pretreatment on the relative pro-
portion of metabolized warfarin present in plasma is
presented in Fig. 2. The relative concentration of me-
tabolized warfarin in the plasma of control rats did
not exceed 207, of the total plasma radioactivity
throughout the initial 24 hr after administration of
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Fig. 2. Effect of methagualone and phenobarbital pre-
treatment on plasma warlarin metabolites in the rat. The
results are expressed as per cent of total **C present in
plasma as warfarin metabolites. Each point represents the
mean + S E.M. from three to four animals. The animals
were pretreated for 3 days with oral doses of (@) PEG-200,
25 mi‘kg: () methaqualone. 60 mg/kg: or (A) phenobar-
bital, 7S mg'kg. ["*Clwarfarin was administered orally,
24 hr after the last dose of test drug. The asterisk {*) indi-

cates P < 008 compared to PEG-200,



Warfarin metabolism in the rat 381

the anticoagulant. The temporal pattern of metabo-
lized warfarin in the plasma of methaqualone-pre-
treated rats closely paralleled that of the control
group for the initial 18 hr after warfarin. In contrast.
approximately 50 per cent of the total radioactivity
found in the plasma of phenobarbital-pretreated rats
was in the form of warfarin metabolites as carly as
8 hr after warfarin administration.

DISCUSSION

The ability of several sedative-hypnotic drugs to
alter the metabolism of the anticoagulant drugs, bis-
hydroxycoumarin and warfarin, is well documented
[12-16]. However. little is known of the effects of
methaqualone on the metabolism of these agents.
This is of special importance since methaqualone has
been used as a sedative-hypnotic in geriatric patients
[17.18]. many of whom may also be on chronic anti-
coagulant therapy. The clevation in the rate of con-
version of warfarin to its hydroxy metabolites by pre-
treatment with phenobarbital leads to a reduction in
warfarin plasma levels and subsequent diminution in
the hypoprothrombinemic response. The hydroxy me-
tabolites of warfarin are rclatively inactive except for
the 4'-hydroxy derivative. which is one-fourth as ac-
tive as warfarin [197. Therefore, any agent stimulat-
ing the conversion of warfarin to its metabolites will
necessarily decrease both the intensity and duration
of its anticoagulant activity.

In our previous studies, three daily oral doscs of
60 mg/kg of methaqualone had no effect upon the
hypoprothrombinemic action of warfarin [20]. How-
cver, pretreatment with phenobarbital, 75 mg/kg. sig-
nificantly decreased the prothrombin time in warfar-
in-treated rats from 73 + 44 sec in controls to 32
+ 2:5 sec, as compared to 75 + 27 sec in mcthaqua-
lone-pretreated animals.

It should be emphasized that maximal levels of he-
patic microsomal enzyme induction are attained after
only 3 days of treatment with either methaqualone
[7] or phenobarbital [21]. In a recent study [6]. pre-
treatment of rats with 100 mg/kg of methaqualone,
given orally for 14 days. resulted in an induction re-
sponse which was less than that observed after only
3 days of pretreatment at a 60 mg’kg dosc.

The levels of intact warfarin in control and metha-
qualone-pretreated animals throughout the initial 24
hr after warfarin administration were found to be
equivalent. In addition. peak plasma levels of the anti-
coagulant 3 hr after warfarin administration are quite
similar in control and methaqualonc-pretreated ani-
mals. The finding that the peak plasma levels of war-
farin in the phenobarbital-pretreated groups were
much lower than in either control or methaqualonce
groups (Fig. 1) is attributed to the relatively high ratc
of metabolism of the anticoagulant. This was also
confirmed by the presence of significantly higher le-
vels of ['*C]warfarin metabolites in the plasma of
phenobarbital-treated rats as carly as 5 hr after war-
farin administration (Fig. 2).

The difference in the effect of these two microsomal
enzyme inducers on warfarin metabolism may be ex-
plained in terms of their specificity or potency as in-
ducers of hepatic drug-metabolizing enzymes. Al-
though phenobarbital and methaqualone both induce

hepatic microsomal enzymes. this does not imply that
they induce the same spectrum of enzymes. The per-
tinent literature involving differences between the two
classic inducers. phenobarbital and 3-methylcholanth-
rene (3-MC). will clucidate this point. Phenobarbital
stimulates a greater variety of hepatic enzymes than
does  3-methylcholanthrene. and certain  enzymes
which are not affected by onc type of inducer are
stimulated by the other [21]. In addition, the enzymes
induced by both phenobarbital and 3-methyicho-
lanthrene sometimes differ in their sensitivity to
SKF-525A inhibition [22]. Therefore. the results of
our study might be explained by assuming that
phenobarbital. but not methaqualone, stimulates the
enzyme(s) responsible for the metabolism of warfarin.
An alternative explanation is simply that methaqua-
lone is a much less potent inducer of microsomal en-
zymes than is phenobarbital. and hence does not in-
terfere with warfarin metabolism to nearly the same
degree as does phenobarbital. In cither case. this
study and our previous finding that methagualone
had no cffect on prothrombin times in warfarin-
treated rats strongly suggest that methaqualone does
not affect warfarin metabolism in rats.

A recent clinical report lends further support to
our findings in rats. Udall [23] measured prothrom-
bin times for 4 weeks in human volunteers after a
d4-week daily treatment with either phenobarbital, sc-
cobarbital. chloral hydrate. glutethimide or metha-
qualone. The patients were maintained on a constant
dose of warfarin throughout a [2-weck test period.
Of the drugs tested. only chloral hydrate (05 g/day)
and methaqualone (0-3 g/day) did not significantly af-
fect prothrombin times cither during or after the drug
treatment period. In contrast, phenobarbital (100 mg/
day) significantly depressed prothrombin times in
warfarin-treated patients. thereby interfering  with
anticoagulant therapy.
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