
COMPARATIVE EFFECT OF PHENOBARBITAL 
AND METHAQUALONE ON WARFARIN 

METABOLISM IN THE RAT 

ROHIXT L. P~orlzccr~l, PI:~sH(~TA~ P. MATHIK ROWKT D. SNWTH 

and NI;LSON H. RI:AVEY-CANWELL 

Row Research Lahoratorics. Fort Washington. Pa. 19034. L’.S.A. 

Abstract -The effect of rneti~qll~~~onc or i~hcn(~~~rhit~~l l~~~tr~~ltrn~~lt on the ~~ctaboi~srn of [“C]warfar- 
in in the rat was studied in order to ascertain to what extent i~hcliob~~rhital and methaqLlal~ne. a 
non-barbiturate sedative-hypnotic. afkct the pattern of warfarin metabolism. A dccrcasc in the plasma 
concentration of warfarin was ohscrvcd 5- 24 hr after administration of [‘5C]warfarin to phenobarbital- 
pretreated animals. Methaqualonc pwtrcatmcnt did not significantly affect the plasma concentration 
of intact warfarin. Significantly higher lcvcls of mctabolites wcrc found in the plasma of phenobarhital- 
prctreatcd animals. as compared to cithcr mcthaqtralone-trc3tcd or control groups. These data indicate 
a marked difference in the ability of phenob~~r~~it~~l and rn~t~~~~~~~~~~lo~~c to alter warfarin metabolism, 
even though both drugs have been shown to induce hepatic drug lnct~lbo~~srn, 

It has been established that phenobarbital cxcrts its 
effect upon the metabolic profile and anticoagulant 
activity of warfarin by induction of hepatic microso- 
ma1 enzymes rcsponsihlc for the metaboiism of the 
antic~a~~llant. Pheno~rb~tal treatm~l~t at the seda- 
tive-hypnotic dose, caused a decrease in the anticoagu- 
lant activity of warfarin [I] and bishydroxycoumarin 
[2] in man. Ikeda uf trl. [3] demonstrated that pre- 
treatment of rats with phenobarbital rcsultrd in an 
increase in the conversion it? vitro of warfarin to its 
hydroxyl~~ted m~t~~bolitcs by hcpatic microsomal 
preparations. requiring both NADPH and molecular 
oxygen. 

A recent report presented evidence that methaqua- 
lone [2-methyl-3-o-tolyl-4(3H)quinazolinc], a non- 
barbiturate sedative-hypnotic 14. S]. stimulates rat he- 
patic microsomal enzyme activity when administered 
for 14 consecutive days [6]. However. the drug has 
also been shown to elevate ~~minopyrin~ N-demethy- 
lase and aniline hydroxylase after a much shorter pre- 
treatment time 171. 

Other workers [8] reported that subacute administ- 
ration of methaqualone. phenobarbital and glutcthi- 
mide lowered the plasma levels of bishydrosycoumarin 
in rats. with phctlobarbi~dl being the most potent and 
rn~tl~aq~~~~lonc the least potent of the group. Recent 
work in this laboratory has shown that pretreatment 
of rats with methaqualonc 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 277. WC. therefore. con- 
sidered it ilnportant to establish the pattern of warfar- 
in tietaholism in meth~~q~i~~lone-trc~~ted rats and to 
compare this action to that of phenobarbital. 

MATERl.ALS AhD METHODS 

Anirmds. Male Wistar rats. weighing 90-110 g, wrrc 
obtained from Carworth Farms. New York. The ani- 

* PPO = Z.i-diphcnyloxa/olc. 

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

DUU~ pl’t’tl‘ei1Jfl1(‘l7t. The animals were divided into 
groups of four and received the follo~~iin~ drugs oraliy 
for 3 consecutive days: phenobarbital sodium (Gane’s 
Chemical Works. Now York). 75 mg/kg, dissolved in 
water: methaqualone (William H. Rarer. Inc.), dis- 
solved in PEG-200. 60 mg/kg; or polyethylene gly- 
col-Xx) (PEG-XX). J. T. Baker Chemical Co.). 2.5 
ml!kg. Animals then received 50 mg/%g, orally, of 
[‘4C]warfarin sodium [3-( [~-14C]a~etonyl~nzyI~-4- 
hydroxycoumarin, Amersham-Searle] 24 hr after the 
final dose of the inducing drug. The [14C]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 c”rIy after ad~linistration 
of the anticoagulant. Conversely, animals to be sacri- 
ficed at later time intervals received warfarin of higher 
specific activity. The specific activity of the [‘4C]war- 
farin preparation used in this study ranged from 0.11 
to 0.96 mCi:!m-mole, at a constant total warfarin dose 
of 5Omg;‘kg. This protocol was necessitated by the 
limited commercial availabiIity of “C-labeled war- 
farin. The animals were sacrificed by nitrogen asphyx- 
iation at various time periods after administration of 
the anticoagulant. 

A/~a/~~tica/ /JIV~~&VS. Blood samples were collected 
by cardiac puncture in heparinizcd containers. A 
50-/11 aliyuot of the plasma sample was digested in 
NC‘S solill~ili7~r (Alncrsham-Searle). 15 ml of 0.701, 
PPOjtoIucne mixture was added.* and the samples 
were counted in a liquid scintillation counter. All 14C 
counts were corrcctcd for background and counting 
efficiency by the external standard-channels ratio pro- 
ccdure. 

The extraction of [‘3C]warfarin from frozen plas- 
ma was cart-i& out essentially ~~c~ording to Lewis it 
~(1. [9]. Ap~~roximat~Iy 3(X&400 ~1 of rccentrifuged 
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plasma was pipctted into :! ml 0r distilled water. and 
the samples wcrc acid&d (31 the addition of I ini 

of ? N HCi. The acidified sztmples wcrc mixed on 
a Vortex mixer for IO SK prior to the addition of 
20 mi ethylene dichloride (EDC; Baker C‘hcmical). 
The samples wrc cxtractcd hy mechanical shaking 
for 30 min. and then centrifuged for IO min at i500 
g at room temperature. 

The cntirc ayucctus phnsc was transferred into a 
fresh series of tubes. .I0 ml diethyl ether ws added. 
and the samples \wro rc-extracted for an addition;tI 
IX 24 III.. llsc d both EDC’ and cthcr in the cxtrac- 

tion procedure resulted in higher ‘“C rccovcrics (> 
00 per cent) than with EDC alone. The EDC and 

ether extracts were combined and transferred to coni- 
cal glass tubes and evaporated to dryness at 55 The 
rcsiduc was dissolved in ex;tctll 20 111 EDC and IO 15 
/(I was spotted on a Silica gel GF thin-iayr chroma- 
tography (t.1.c.) plate (Analtech. 20 x 70 m; 750 Itm). 
The plates were devclopcd in FDC acetone (1: 1) to 
;t height of approximately 13 cm (about 35 min). 
Authentic sampits of various wnrfarin m&~ho~ilcs 
(h-hydroxy. 7-hyi~-0x5 warf~~rin. tsart:,irin ;ilcohois 
[?-(r-pi-opanc-‘-01) hcntvl-J-h~droxvcoumarin]. or 
vqarf;u-in. chromatographed along with the plasma CY- 
tracts. wcrc unplayed as ;III internal control to cheek 
the sep:3ration of \\arf:& from its mctabolitcs in the 
system. In addition. [“C]warfarin was added to :t 

s;mlple of control pl~rs~na and carried through the cx- 
traction prowdurc in order to ;ICCOLIII~ for :II~> altct-- 

ations occurring during the extraction proccdurc. 
After dcvelopmcnt. the plates wrt’ air-dried md 

examined under shortwave ultraviolet light in ordcl 
to locntc the position of warfitrin and its mct;iholitcs. 
The plates wcrc then scanned with ;I Berthold rndio- 
scanner quipped with ;t Varian ratemeter-integrator 
(Varian ,Acrogrttph. Walnut C‘reck. C‘alif.), at :I counl- 

ing ctlicicnq of’ appro~im;ltcly 72”,,. This s! stem 
mwsurcs net radioactivitk of each radioactive LOCUS on 
the t.1.c. plates. TUO peaks of radioactivity 
wre resolved, one peak cnrrczponding to intact \\‘a- 
frtrin (H, 0.9) and ;I second peak rcprcscnting total 
warfbin mctabolites (R i 1W). The total amount of 

rzdioactivit\ which had migrated on the plate and 
the net rad-ioactivity under the IOCLIS corrcspondinp 

to unch:mgcd warf:win or warfarin mctabolites wcrc 
dctcrmined. The data arc exprcsscd as the conccnt- 
ration (nmolcs/‘ml of plasma) of unmctaholizcd war- 
farin or per cent of total radioactivity as mct:tholites. 
Student’s f-test was used for the d~t~rmin~~tion of sig- 
nificant diKeraces hctwccn means [IO]. 

HWI LTS 

Following oral administration of [‘4?c]warfwin so- 
dium. plasma levels of the unmetabolized drug I-OK 

to apparent maximal ~~lle~ntr~~ti~ns ~~ppr~xiril~~t~t~ 3 
hr after drug ~~dl~inistr~lti~~n in al1 three groups (Fig. 
1 ). Maximal plasma wArin concentrations. as detcr- 
mined by t.l.c. radiochromatography for control 
(PEG-ZOO). phenobarbital and lnethaqtlaInn~-pre- 

treated groups, WCIC: 369 _t 27. 222 f 4. and 349 
+ 2 nmolesjml respcctiveiy. 

m~th;lcirlalonc-pr~trcatcd ztnimals. In contrast. warfx- 

in Ie\~cls in the mcth;iyuaionc-prctrcat~d animals wtfrc 
similar to those ohscrwd in control animals during 

the initial 13 hr after warbril3 adi~~irlistratiol~. In 
o&r to dctcrniinc whcthcr this ditbcncc was due 
to an ultt’ration in wrfuin ahsorption [I I], the 

amount of radio;tctivit> romaininp in the gastrointcs- 

tin;11 tract was m~~l~/ccf. The amount of r’zdioactivity 

rt’cowr~d artcr 2 hr Irom the ~~str~iilt~stin~ll tract 
Qzs 46 * 141. 9.7 i: OX and 6.5 * 1‘5 per cent 
of the total dox ol‘ [‘JC’]warfarin administcrcd to 

control. phcnolxu-hital ;md i13cthaciilaIone-protrcated 
animals rqwctivcl>. Thcsc data dcmonstrxte that 
warfiuki ahsoq3tion was csswtiall! complete in all 
groups at ? hr post-drug. Thcrcforc. the lower plasm;~ 

levels of ~‘~~]~~~lrr~lril~ in l~hcnohar13itaI-prctru;it~d 

animals swi at thih time (Fig. 1 t were not simply 
;I rcllcction 0r dccrcawd bar1’it-in ahsorption. 

The ctkct ot’ drug lwotrcutment on the rulativc pro- 

portion d mctaholi/ed wrliirin prc’scnt in plasma is 

presented in Fig. 3. The relative concentratwn of me- 

taholi/cd wa&rin III the plasma of control rats did 
not L’\CCCd ‘o”,, oi’ tiw totA plasma r~ldi~~~~ti~it~. 

throughout the initial 7-1 hr :rrtcr administration 01 
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the anticoagulant. The temporal pattern of metabo- 
lized warfarin in the plasma of methaqualone-prc- 
treated rats closely paralleled that of the control 
group for the initial IX hr after warfarin. In contrast. 
approximately 50 per cent of the total radioactivit\ 
found in the plasma of phenobarbital-pretreated rats 
was in the form of warfarin metabolites as early as 
8 hr after warfarin administration. 

The ability of several sedative-hypnotic drugs to 
alter the metabolism of the anticoagulant drugs, bis- 
hydroxycoumarin and warfi\rin. is well documented 
[12-161. However. little is known of the effects of 
methaqualone on the metabolism of thcsc agents. 
This is of special importance since methaqualone has 
been used as ;I sedative-hypnotic in geriatric patients 
[ 17. IX]. many of whom may also he on chronic anti- 
coagulant therapy. The elevation in the rate of con- 
version of warfarin to its hydroxy mctabolites by pre- 
treatment with phenobarbital leads to a reduction in 
warfarin plasma levels and subsequent diminution in 
the hypoprothrombinemic response. The hydroxy mc- 
tabolites of warfarin are relativclq inactive except for 
the 4’-hqdroxy dcrivativc. which is one-fourth as ac- 
tive as warfarin 1191. 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 doses of 
60 mg/kg of methaqualone had no cffcct upon the 
hypoprothrombincmic action of warfarin [20]. How- 
cvcr, pretreatment with phenobarbital. 75 mgikg. sig- 
nificantly decreased the prothrombin time in warf;ir- 
in-treated rats from 73 + 4.4 set in controls to 32 
+ 2.5 sec. as compared to 75 & 2.7 SK in mcthaqua- 
l&-pretreated animals. 

It should be emphasized that maximal levels of hc- 
patic microsomal enzyme induction arc attained after 
only 3 days of treatment with either mcthaqualone 
[7] or phenobarbital 1211. In a recent study [6]. pre- 
treatment of rats with 100 mgjkg of methaqualonc. 
given orally for 14 days. resulted in an induction rc- 
sponse which was less than that observed after only 
3 days of pretreatment at a 60 mg,‘kg dose. 

The levels of intact warf:irin in control and metha- 
qualone-pretreated animals throughout the initial 24 
hr after warf>uin administration were found to be 
equivalent. In addition. peak plasma lcvcls of the anti- 
coagulant 3 hr after warfarin administration arc 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 mcthaqualonc 
groups (Fig. I) is attributed to the relatively high rate 
of metabolism of the anticoagulant, This has also 
confirmed by the prcsencc of significantly higher IL‘- 
vels of [‘“Clwarfarin metabolites in the plasma of 
phenobarbital-treated rats as early as 5 hr after war- 
farin administration (Fig. 3). 

The difference in the effect of these two microsomal 
enzyme inducers on warfarin metabolism may be ex- 
plained in terms of their specificit,y,or potency as in- 
ducers of hepatic drug-mctabol~zmg enzymes, Al- 
though phenobarbital and mcthaqualone both induct: 

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 Smethylcholanth- 
rcnc (j-MC). will elucidate this point. Phenobarbital 
stimulates a grcatcr variety of hepatic enzymes than 
does 3mcthylcholanthrcne. and certain enzymes 
which are not affected by one type of inducer are 
stimulated by the other [2l]. In addition, the enzymes 
induced by both phenobarbital and J-methylcho- 
lanthrsne sometimes difl‘er in their sensitivity to 
SKF-525A inhibition [23]. Therefore. the results of 
our study might bc explained by assuming that 
phenobarbital. but not methaqualonc. stimulates the 
cnzqmc(s) responsible for the metabolism of warfarin. 
An alternative explanation is simply that methaqua- 
lone is a much less potent inducer of microsomal en- 
7ymes than is phenobarbital. and hence does not in- 
terfere with warfarin metabolism to nearly the same 
degree as dots phenobarbital. In tither case. this 
study and our previous finding that methaqualone 
had no cffcct on prothrombin times in warfarin- 
treated rats strongly suggest that mcthaqualone does 
not affect warf;Lrin metabolism in rats. 

A recent clinical report lends further support to 
our findings in rats. Udall [Zi] measured prothrom- 
bin times for 4 weeks in human volunteers after a 
4-week daily treatmont with either phenobarbital. sc- 
cobarbital. chloral hydrate. glutcthimide or metha- 
qualonc. The patients were maintained on a constant 
dose of warfarin throughout a I?-week test period. 
Of the drugs tested. only chloral hydrate (0.5 g/day) 
and methaqualone (0.3 g:daq) did not significantly af- 
fect prothrombin times cithrr during or after the drug 
treatment period. In contrast, phenobarbital (I00 mgj 
day) significantly deprcsscd prothrombin times in 
warfarin-treated patients. thereby interfering with 
anticoagulant therap! 
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