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Abstract—The effect of phenobarbital (PB) pretreatment on the biliary excretion of methadone in rats
was studied. Possible mechanisms by which PB pretreatment altered the biliary excretion of methadone
were considered and studies in vitro on the metabolism of methadone were correlated with findings
in vivo. For the biliary excretion studies, !*C-methadone was administered intravenously and biliary excre-
tion measured in anesthetized renal-ligated rats in which the common bile duct was cannulated. PB pre-
treatment increased the biliary excretion of '*C after '*C-methadone administration. The different meta-
bolites of methadone formed in vivo and excreted into bile were separated by thin-layer chromatography
and quantitated. The biliary excretion of the metabolite which results from N-demethylation and cycliza-
tion of methadone was not altered by PB pretreatment. However, the biliary excretion of metabolites
which result from further N-demethylation, hydroxylation and glucuronidation was increased by PB pre-
treatment. Several determinants of biliary excretion (i.e. bile flow, hepatic blood flow and metabolism),
which are enhanced by PB pretreatment, could cause the observed increase in the biliary excretion of
methadone. Of these possibilities, we feel the data best support the suggestion that enhancement of metha-
done metabolism by PB pretreatment is responsible for the increased biliary excretion of methadone in
PB-pretreated rats. Furthermore, metabolism studies in vitro. using microsomes from PB-treated rats. .

support the suggestion that PB pretreatment enhances the metabolism Qf methadone in vivo.

Methadone is metabolized in the liver [1-3], and the
major portion of the metabolites is eliminated in the
feces via biliary excretion [4-6]. One system of metha-
done metabolism is the liver microsomal mixed-func-
tion oxidase system, where methadone undergoes N-
demethylation followed by cyclization to form 2-ethyl-
idene-1,5-dimethyl-3,3-diphenylpyrrolidine  (EDDP)
[7]. Further N-demethylation of EDDP leads to the
formation of 2-ethyl-5-methyl-3,3-diphenylpyrroline
(EMDP) [2]. Both EDDP and EMDP have been
shown in man and rat after methadone administration.

Baselt and Casarett [8] reported a highly “water-

soluble metabolite” of methadone which they tenta-

tively identified as a glucuronide conjugate of a deriva-
tive of EDDP. More recently, however, Baselt and
Bickel [9] showed that the water-soluble metabolite
was actually the glucuronide conjugate of EMDP.
Most interestingly, Baselt and Casarett 8] found that
pretreatment of rats with phenobarbital (PB) de-
creased the biliary excretion of the metabolite EDDP.
The decreased biliary excretion of EDDP in PB-pre-
treated rats was particularly interesting to us, since we
had observed a decrease in the biliary excretion of
morphine glucuronide in PB-pretreated rats [10]. The
findings of Baselt and Casarett with methadone and

* Send reprint requests to: David L. Roerig, Ph.D., Phar-
macology Research Laboratory, Veterans Administration
Center, Wood {Milwaukee), Wis. 53193, USA.
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our own with morphine were unexpected, since PB
pretreatment is a general inducer of drug-metabolizing
enzymes and has been shown to enhance the metabo-
lism of both methadone and morphine in vitro [10-13].
Baselt and Casarett [8] suggested that the decreased
biliary excretion of EDDP in PB-pretreated rats was
due to induction of pathways for the further metabo-
lism of EDDP. They did not, however, present evi-
dence to support this suggestion.

The purpose of the present experiment was to study
the effect of PB pretreatment on the biliary excretion

_and metabolism of methadone. Experiments in zivo

were concerned with the effect of PB pretreatment on
the biliary excretion of methadone, as reflected both by
total excretion and by the relative proportion of the
different methadone metabolites excreted into bile.
Studies in vitro were performed to determine the effect
of PB pretreatment on the metabolism of methadone
by hepatic microsomes.

MATERIALS AND METHODS

Chemicals. Methadone (heptanone-2-'*C) hydro-
chloride (5 uCi/umole) was purchased from Mallinck-
rodt Chemical Co. The radiochemical purity of the
'4C-methadone was 98 per cent, as judged by thin-
layer chromatography in two different solvent systems.
Phenobarbital sodium and pentobarbital sodium were
purchased from Winthrop Laboratories and Abbott
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Laboratories respectively. The methadone metabolites,
2-ethylidenc-1,5-dimethyl-3,3-diphenylpyrrolidine
(EDDP) and 2-ethyl-5-methyl-3,3-diphenyl-1-pyrro-
line (EMDP). were obtained from the Lilly Research
Laboratories. Uridine diphosphoglucuronic acid
(UDPGA), nicotinamide adenine dinucleotide phos-
phate (NADP), isocitric dehydrogenase and pL-isoci-
tric acid were obtained from Sigma Chemical Co. The
thin-layver plates used were Gelman instant thin-layer
chromatography media (i.t.L.c.), type SA.

The liquid scintillation mixture used for counting
'4C consisted of 50 mg 1.4 bis-[2-(5-phenyl-oxazolej]-
benzene (POPOP) and 4 g 2,5-diphenyloxazole (PPO)
dissolved in [0 1. toluene and 0-31. Triton X-100.

Treatment of animals. Sprague-Dawley male rats
{300-400 g) were obtained from Spartan Research,
Haslett, Mich. The rats were divided into two groups.
The control group was injected with saline (2-0 mi/kg,
1.p.) once daily for 4 days, and the PB-pretreated group
was injected with phenobarbital sodium (75 mg/kg,
i.p.) for 4 days. Ali animals were used | day after their
last injection and were fasted during this 24-hr period
with {ree access to water.

The rats were anesthetized with pentobarbital
sodium (45 mg/kg, i.p.) and the femoral vein, femoral
artery and common bile duct were cannulated, as de-
scribed by Peterson and Fujimoto [14]. The renal
pedicles were ligated and body temperature was main-
tained at 37°. After the body temperature had stabi-
lized, 1-0 uCi "*Cmethadone (0-24 umole/kg) was in-
jected into the femoral vein. Bile was collected in 15-

min samples for 90 min and 0-3-ml blood samples were

collected in heparinized tubes at 2, 5, 10, 15, 20 and
30 min after methadone administration. It should be
noted that, due to induction of drug metabolism by PB
pretreatment, it was necessary to give additional pen-
tobarbital to the PB-pretreated rats in order to main-
tain anesthesia. Routinely, an additional 45 mg/kg of
pentobarbital was given in three intraveneous injec-
tions during the 90 min of bile collection.

Analyrical procedures. The amount of radioactivity
in each bile or blood sample was determined by liquid
scintillation counting, as previously reported [10]. The
per cent of '*C present as EDDP, EMDP and other
metabolites in each bile sample was measured by first
separating the metabolites with thin-layer chromat-
ography and then counting specific areas of the devel-
oped chromatogram. A portion of each bile sample
(0-02 to 0-05 ml) was spotted on Gelman i.tlc. sheets
(type SA) and developed to a solvent height of
14 cm in two different solvent systems: (A) meth-
anol-ammonium  hydroxide (100:15), and (B}
ethyl acetate—butanol-ethanol-ammonium hydroxide
{50:30:15:0-5). The chromatogram was allowed to air-
dry thoroughly and strips 2cm wide and 1 cm high
were cut from | cm below the origin to | cm above the
solvent front. The '*C content of each strip was mea-
sured by liquid scintillation with quench correction
using 10 ml of the scintillation mixture. The amount of
each metabolite on the chromatogram was expressed
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as a percentage of the total dis/min on the chromato-
gram. These percentages were used as the relative per-
centages of each metabolite in bile. The per cent of the
administered dose for each metabolite was calculated
using the relative percentage of the metabolite in a
given bile sample, and the per cent of the administered
dose of '*C recovered in that same bile sample. All
counting was performed on a Packard Tri-Carb liquid
scintillation counter, model 3380 (Packard Instrument
Co.). The R, values of EDDP and EMDP were detcr-
mined by using nonradioactive compounds and spray-
ing the developed chromatogram with iodoplatinate
reagent. The R, values of all "*C-labeled metabolites
in bile were measured by placing the developed chro-
matogram on Kodak RP x-ray film for | week. Com-
parison between treatment conditions was tested for
statistical significance using the Student -test.

Gas-liquid chromatography (g.l.c.) was used to con-
firm the identity of the EMDP spot isolated on thin-
layer chromatograms developed in solvent system B. A
Hewlett-Packard. model 5700, gas chromatograph
equipped with a £ inch diameter by 3 ft glass column
and hydrogen flame detector was used. The column
was packed with 3% OV-17 on 100-120 mesh, high
performance Chrom-Sorb W. Chromatography was
performed with a column temperature of 240°, injector
temperature of 2507 and detector temperature of 3007
Flow rates for helium, hydrogen and air were 60, 60
and 240 ml/min respectively. Samples eluted from the
thin-layer chromatograms with methanol were con-
centrated under nitrogen and injected directly.

Conversion of methadone in vitro to EDDP and
EMDP, The conversion of methadone in titro to
EDDP and EMDP was studied by incubating '*C-
methadone with rat liver microsomes. Liver micro-
somes were obtained from control and PB-pretreated
rats, as previously reported [10]. The incubation mix-
ture contained: MgCl,, 68 umoles; isocitric acid,
2-6 umoles; NADP, 0:5 umole; UDPGA, 04 umole;
methadone HCl 04 umole; '*C-methadone HCI,
015 pmole (0-25 uCi); 2-3 mg of microsomal protein and
0-05M Tris-HCl buffer, pH 7-3, to a final volume of
1 ml. The reaction was initiated by the addition of 5 il
of isocitric dehydrogenase (5 units) and incubated at
37° for 15 min. The reaction was stopped by the addi-
tion of 50 d of 1-0 N NaOH; 20 ul of the reaction mix-
ture was spotted on type SA Gelman ITLC sheets and
assayed for methadone, EDDP and EMDP in a man-
ner identical to that used on the bile samples. UDPGA
was included in the incubation mixture as a necessary
factor for glucuronyl transferase, since Baselt and
Casarett [8] and Baselt and Bickel [9] showed that the
water-soluble metabolite of methadone was a glucur-
onide.

N-demethylation studies. The rates of N-demethyla-
tion of methadone and EDDP were studied using a
reaction mixture similar to the one above. The reaction
volume was Sml, UDPGA was omitted and no
radioactive methadone was included. For the studies
on the N-demethylation of methadone and EDDP,



Methadone metabolism and biliary excretion

2-75 ymoles methadone and 275 umoles EDDP, re-
spectively, were used as substrates. The reaction was
initiated by adding 5l (5 units) isocitric dehydro-
genase and incubated at 37°. One-ml samples were
withdrawn at 0, 5, 10 and 15min. The rate of N-
demethylation was monitored by the liberation of for-
maldehyde, which was determined by the method of
Nash [15]. Protein was determined by the method of
Lowry et al. [ 16].

RESULTS

Effect of PB pretreatment on plasma disappearance

and hiliary excretion of methadone. Figure | shows the
disappearance of *C from plasma (top panel) and bili-
ary excretion of '*C (bottom panel) after intravenous
administration of '*C-methadone to rats pretreated
with PB or saline {controi). It should be noted that the
abscissa for the two panels is different, since blood was
collected during the first 30 min, whereas bile was col-
lected for 90 min. While '*C concentrations in plasma
were similar for the two pretreatment conditions, the
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Fig. 1. Effect of saline and PB pretreatment on the '*C con-
centration in plasma (top panel) and the biliary excretion of
14C (bottom panel) after '*C-methadone administration.
The ordinate in the top panel gives the plasma con-
centration of radioactivity in 10-0 ml plasma, represented as
a percentage of the dose of **C administered. The data are
expressed per 10-:0 ml plasma because this is the approxi-
mate plasma volume of a 300-400g rat. In the bottom
panel, the ordinate represents the biliary excretion of 1*C as
per cent of the dose administered per 15-min bile sample.
The pretreatments in all figures are designated as: ——
saline {control) and ———— PB. Each value is the mean + S.E.
of five or more animals. The asterisk (*) indicates values sig-
nificantly different from controls (P < 0-05).
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amount of '*C excreted into bile during the 30-min
period was significantly higher with PB-pretreated
than with control rats. PB pretreatment significantly
increased the biliary excretion of '*C in the 15-, 30-
and 45-min bile samples compared to controls, The -
amount of '*C in the bile of PB-pretreated rats was
significantly lower than that in controls for the 75- and
90-min bile samples. The total #C recovered in bile
collected for 90 min after '*C methadone injection
was significantly greater for PB-treated rats
(50-5 + 07 per cent of the administered dose) as com-
pared to controls (39-5 + [-1).

Effect of PB pretreatment on the methadone meta-
holite excretion pattern. In order to gain some insight
into the causes of the increased biliary excretion of *#C
in PB-pretreated rats after methadone administration,
each bile sample was analyzed by t.lc. to determine the
relative amounts of mecthadone and its metabolites.
Solvent systems A and B each revealed three radio-
active spots.

With solvent system A, '#C-labeled spots were
found at the origin, at R, 0-22 and R, 0-85. The spots
at R, 0-22and R, 0-85 were chromatographically simi-
lar to EDDP and EMDP. which had R values of 0-20
and (-84 in this solvent system. As a result, we will refer
to these two '*C-labeled metabolites as EDDP and
EMDP. The metabolite found at the origin will be re-
ferred to as origin material (OM). Figure 2 shows the per
cent of the administered dosc of '*C recovered from
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Fig. 2. Effect of saline and PB pretreatment on the biliary
excretion of methadone metabolites separated by thin-layer
chromatography using solvent system A. The ordinate
represents the per cent of the administered dose of *C re-
covered in bile as EDDP {top panel}, EMDP (middle panel)
and OM (bottom panel), Abbreviations and methods of cal-

culation are explained in Methods.
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Table I. Per cent recovery of **C-labeled compounds in bile 90 min after administration of ' *C-methadone*

Per cent administered dose of 1*C-recovered in 90 min in bile

Solvent system A

Solvent system B

'4C-recovered in bile as Control PB-pretreated Control PB-pretreated
Mcthadone trace trace trace trace
EDDP 248 4+ 111 281 £ 2:04 245+ 10 276 + 17
EMDP 11:7 + 03 169 + 0-7F 20 + 01 30 + Ot
OM (origin material) 06 + 003 09 + G047t
WSM (water-soluble metabolite) 10:8 + 05 154 + 0-8%

* The per cent of the administered dose of !*C-methadone recovered in bile was calculated for the 90-min bile collection
by summing up the per cent of the administered dose in the individual collection periods. Thin-layer chromatography was
used to separate the different metabolites. Each value represents the mean + the standard error from at least five rats. Ex-
perimental conditions and abbreviations are described in the text.

+ Denotes values significantly different from respective controls (P < 0-05).

bile as EDDP, EMDP and OM with time from con-
trol and PB-pretreated rats. PB pretreatment signifi-
cantly increased the biliary excretion of EDDP (top
panel} in the 15- and 30-min collection periods. The
amount of EDDP in bile was similar for the two pre-
treatment conditions in the 45- and 60-min collection
periods. At the 75- and 90-min collection periods, how-
ever, the amount of EDDP found in the bile of PB-pre-
treated animals was significantly lower than that in
controls. Although this curve is similar in shape to the
curve for the recovery of total 1*C (Fig. 1), the amount
of '*C recovered in 90 min as EDDP was not signifi-
cantly different between BP-pretreated and control
rats (Table 1).

The amount of the metabolite tentatively identified
as EMDP (middle panel, Fig. 2) was greater in bile of
PB-pretreated rats in the 15-, 30-, 45- and 60-min col-
lection periods and similar to that of controls in the 75-
and 90-min collection periods. As a result, the per cent
of the administered dose of **C found in bile in 90 min
as EMDP increased by about 45 per cent in PB-pre-
treated rats as compared to controls (Table 1).

The third metabolite found with solvent system A
was at the origin of the chromatogram and was present
in much smaller quantities than EDDP or EMDP. The
amount of the OM metabolite excreted into bile with
time, after !'*C-methadone administration (lower
panel, Fig. 3), was significantly greater for the first five
collection periods with PB-pretreated rats than in con-
trols. The increase in the biliary excretion of OM with
time in PB-pretreated rats is reflected in the increase
in the total 90-min recovery of this metabolite (Table
1)

A second solvent system (B, see Methods) was
employed in order to check the results with solvent
system A and to separate other possible metabolites.
As previously mentioned, three radioactive spots were
found when bile collected from rats given '*C-metha-
done was applied to chromatograms and developed in
solvent system B. Radioactive spots were found at R,
0-31 and 0-95 as well as one spot at the origin. The '*C-
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Fig. 3. Effect of saline and PB pretreatment on the biliary

excretion of methadone metabolites separated by thin-layer

chromatography using solvent system B. The ordinate

represents the per cent administered dose of '*C-recovered

in bile as EDDP (top panel), EMDP (middle panel) and

WSM (bottom panel). Abbreviations and methods of calcu-
lations are explained in Methods.

labeled spots at R, 031 and 0-95 corresponded closely
to EDDP and EMDP, which had R, values of 0-32 and
0-94 respectively in this system.

The recovery of EDDP from bile was very similar to
that found with solvent system A. By comparing the
curves in the upper panels of Figs. 2 and 3, it can be
seen that the amount of EDDP found in bile with both
solvent systems is greater with PB-pretreated animals
in the 15~ and 30-min collection periods, and becomes
significantly less than that of controls in the last two
or three collection periods. Also, the amount of '*C re-
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covered as EDDP in bile in 90 min (Table 1), using
both solvent systems, is similar for PB-pretreated rats
and controls.

The amount of radioactivity recovered in the spot
corresponding to EMDP using solvent system B is dif-
ferent from the result obtained with solvent system A.
The middle panel of Fig. 3 shows the time course re-
covery of '4C as EMDP. The amount of EMDP in bile
was significantly greater for the 15-, 30-, 45- and 60-
min collection periods with PB-pretreated animals.
While the general shape of these curves is similar to
that found with solvent system A (middle panel, Fig.
2), it can readily be seen that only about one-fifth as
much '*C was separated as EMDP in solvent system
B as compared to solvent system A.

The radioactive spot found at the origin in solvent
system B differed in both amount and nature from the
OM described in solvent system A. As will be shown
later, the radioactive metabolite found at the origin in
solvent system B is highly water soluble and possibly
a glucuronide conjugate of some methadone deriva-
tive. This metabolite has characteristics similar to
those of the metabolite described by Baselt and Casar-
ett [8]; we have adopted their terminology and shall
refer to this metabolite as WSM (water-soluble meta-
bolite). It can readily be seen that the amount of WSM
excreted in bile with time (lower panel. Fig. 3) is signifi-
cantly greater with PB-pretreated rats as compared to
controls in the first four collection periods. The total
WSM recovered in 90 min in the bile of PB-pretreated
rats was 15-3 + 0-8 per cent of the administered dose
as compared to only 10-8 + 0-5 per cent for controls.

The amount of WSM found at the origin in solvent
system B approximately equals the decrease in the
amount of radioactivity in the EMDP spot between
solvent systems A and B. From this observation, it
appears that the '*C-labeled spot, chromatographi-
cally similar to authentic EMDP in solvent system A,
is a mixture of two metabolites. These two metabolites
separate using solvent system B, resulting in the WSM
spot at the origin and a smaller amount of '*C at the
same R ; as authentic EMDP. Further proof of this was
obtained by eluting from the chromatogram the
'4C-labeled spot with an R, similar to that of authen-
tic EMDP in solvent system A. The radioactive eluate
was re-chromatographed in solvent system B. This
resulted in two '*C-labeled spots. One spot corres-
ponded to authentic EMDP, while the major portion
of the radioactivity remained at the origin of the chro-
matogram (WSM).

In addition to the above studies, the EMDP and
WSM spots obtained with solvent system B were
eluted with methanol, concentrated by evaporation
and analyzed by gas chromatography. Injection of the
material from the EMDP spot resulted in a peak that
had the same retention time as authentic EMDP. Fur-
thermore, no other peaks were present that could be
attributed to other metabolites of methadone, as
judged by comparison with an identical experiment in
which bile from rats that had not received methadone
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was chromatographed. eluted and analyzed by glc.
The WSM spot was found not to contain any EMDP,
as judged by g.l.c.

From these data, it is our conclusion that the
amount of EMDP and WSM excreted in bile should
be determined from the results obtained with solvent
system B. Solvent system A, on the other hand, demon-
strates the presence of a small amount of an unidenti-
fied metabolite (OM), and serves as confirmation of the
biliary excretion data for EDDP obtained using sol-
vent system B.

Preliminary characterization of the water-soluble
metabolite. The metabolite of methadone which
remained at the origin of the chromatogram in solvent
system B was characterized. Bile collected for 90 min
from PB-pretreated rats which had been injected with
'4C-methadone was pooled, and 0-5 ml of this bile was
made basic with 0-01 ml of 2:5 N NaOH and extracted
with three 1-5-ml portions of chloroform. Thirty-five
per cent of the radioactivity remained in the aqueous
phase and 64 per cent was found in the pooled chloro-
form extracts. Both phases were applied to thin-layer
chromatograms and developed in solvent system B.
With the aqueous layer. 90 per cent of the radioactivity
remained at the origin and only trace amounts of
EDDP and EMDP were observed. With the chloro-
form layer, better than 85 per cent of the radioactivity
was present as EDDP and EMDP with less than 5 per
cent of the radioactivity remaining at the origin.

Further characterization of this metabolite was per-
formed by incubation with f-glucuronidase to deter-
mine if the WSM is a glucuronide conjugate. The
WSM was separated from bile of PB-pretreated rats
which had been injected with '*C-methadone. Bile
(0-25 mly was streaked across the origin of a chromato-
gram and developed in solvent system B. A strip
extending | cm to each side of the origin was then cut
out and the WSM eluted with methanol, evaporated to
dryness and redissolved in 2:0 ml of pH 6:0 phosphate
buffer. Hydrolysis with f-glucuronidase and sub-
sequent extraction were carried out according to the
method of Baselt and Casarett [8]. Prior to treatment
with fi-glucuronidase, chloroform extraction of the iso-
lated WSM removed about 5 per cent of the '*C from
the aqueous phase. After 3 hr of incubation with §-glu-
curonidase, 63 per cent of the '*C was extracted with
chloroform. Thin-layer chromatography in solvent
system B yielded a radioactive spot at R ; 0-96.

Studies in vitro. The effect of PB pretreatment on the
metabolism of methadone in vitro was studied by incu-
bating '*C-methadone with isolated hepatic micro-
somes from control and PB-pretreated rats. Thin-layer
chromatography was used to separatc the metabolites
formed. The results of this experiment are shown in
Table 2. The amount of EDDP formed when metha-
done was incubated with microsomes from PB-pre-
treated rats was about twice as great when compared
to controls. The amount of EMDP formed also was
about double with PB-pretreated as compared to con-
trol microsomes. In addition, the amount of OM
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Table 2. Conversion in vitro of '*C-methadone to EDDP,
EMDP and origin material by rat liver microsomes*

Per cent of initial 1*C concentration

14C-recovered as Control PB-pretreated
Mcthadone 844 + 05 719 + 0-5¢
EDDP 118 + 05 22:0 £ 061
EMDP 16 + 01 27 + 0-2%
OM (origin material) 08 + 01 12 + 0-03F

* Conversion in vitro of '*C-methadone to metabolites

was calculated as a per cent of the '*C in the microsomal
assay mixturc which was spotted on the chromatogram.
Each value represents the mean + the standard error
obtained with liver microsomes from at least five rats. Ex-
perimental conditions and abbreviations are described in
the text.

+ Denotes values significantly different from control
(P < 0:01).

formed in vitro was significantly greater with PB mic-
rosomes, although the relative increase was not as
great as that observed with the formation of EDDP or
EMDP.

The amount of different '*C-labeled metabolites
formed in vitro from methadone was similar when
determined with either solvent system A or B. The lack
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of any difference in the amount of **C found at the ori-
gin of the chromatograms indicates that the WSM was
not formed in vitro in our incubation mixture contain-
ing methadone and hepatic microsomes. The small
amount of '*C which was present at the origin most
probably represents the metabolite we have designated
OM.

N-demethylation of methadone and EDDP. An ad-
ditional measure of PB induction of mcthadone meta-
bolism was made by studying the rate of N-demethyla-
tion of methadone and EDDP by rat liver microsomes.
Figure 4 shows a comparison of the rate of formalde-
hyde formation from methadonec and EDDP, using
microsomes from control and PB-pretreated rats. It is
evident that PB pretreatment increases the rate of N-
demethylation of both methadone (upper panel) and
EDDP (lower panel). With microsomes from PB-pre-
treated rats, the initial rate of N-demethylation of
methadone to EDDP and EMDP increases to about
4-fold, whereas the initial rate of N-demethylation of
EDDP to EMDP increases to about 3-fold the rates
observed with controls.

DISCUSSION

The present study shows that PB pretreatment of
rats increases the biliary excretion of *C after
'“Cmethadone administration. The explanation for
the increased biliary excrction of methadone in PB-
pretreated rats, however, is complex, since the net
effect of PB pretreatment on biliary excretion could be
due to the influence of PB pretreatment on a number
of factors. For example, Roberts and Plaa [17] have
shown that PB pretreatment increased bile flow in rats
and suggested that increased biliary excretion of biliru-
bin in PB-pretreated rats was due to incrcased bile
flow. In addition, Hart ¢t al. [18] found that PB pre-
treatment increased the biliary excretion of phenol red
and probenecid, and Goldstein and Tausoy [19]
reported increased biliary excretion of thyroxine in
PB-pretreated rats. Both groups of investigators con-
cluded that the increased biliary cxcretion of these
compounds was due primarily to increased bile flow in
PB-pretreated animals. In the present study. increased
bile flow in PB-pretreated rats was found to be the
same as we reported previously [10] and was similar
in magnitude to that originally reported by Roberts
and Plaa [17].

Increased metabolism of methadone in PB-pre-
treated rats is another possible mechanism by which
PB pretreatment could increase biliary excretion. PB
pretreatment is well recognized as a potent inducer of
the metabolism of many drugs and has been shown to
enhance the metabolism of methadone in vitro [11].
Levine [20,21] has shown that PB pretreatment in-
creased the biliary excretion of 3-methylcholanthrene
and benzpyrene by enhancing the metabolism of both
drugs. Furthermore, Levine and Singer [22] have sug-
gested that induction or inhibition of drug metabolism
will correspondingly increase or decrease the biliary
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excretion of most drugs which are metabolized prior to
their excretion into bile. PB pretreatment has also been
shown to increase hepatic blood flow [23] and Whit-
sett er al. [24] have shown that the hepatic removal
rate and hepatic metabolism of oxyphenbutazone
depended directly upon hepatic blood flow. Further-
more, Broduer and Marchand [25] have suggested
that hepatic blood flow is important in maintaining
proper levels of drug-metabolizing enzyme activity. It
is possible therefore that hepatic blood flow is a deter-
minant in the rate of biliary excretion of a compound.

The increased biliary excretion of '*C after
'*C-methadone administration in PB-pretreated rats
could be explained by any one of the possible effects
of PB pretreatment just presented. However, it is not
unreasonable to expect that increases in hepatic blood
flow or bile flow would result in proportionate in-
creases in the biliary excretion of total '*C and any one
of the metabolites. In a similar manner. one would
cxpect that PB-induced increases in these flows would
also result in proportionate increascs in the amount of
all metabolites excreted into bile. In contrast to these
expectations, we found that while PB pretreatment in-
creased the total '*C and the amount of metabolites
EMDP, OM and WSM excreted into bile, the amount
of metabolite EDDP was not significantly changed by
PB pretreatment (Table 1).

The above argument tends to discount major in-
volvement of increased hepatic blood flow or bile with
observed increases in biliary excretion of '*C after
'*Cmethadone administration in PB-pretreated rats.
Another possible explanation of the biliary excretion
data presented here is that PB pretreatment could alter
the mechanism of the excretion process, resulting in in-
creased excretion of methadone metabolites from the
liver into bile. Such an explanation is supported by the
fact that PB pretreatment increased the initial biliary
excretion with time of all methadone metabolites (see
Figs. 2 and 3). However, an altered excretion
mechanism caused by PB pretreatment docs not
account for the fact that the biliary excretion of EDDP
(upper panel. Figs. 2 and 3) was increased in PB-pre-
treated rats in only the 15- and 30-min collection per-
iods and became significantly less than that of controls
in the 75- and 90-min collection periods. In compari-
son, PB pretreatment increased the biliary excretion of
the metabolites OM. EMDP and WSM (lower panel,
Fig. 2: middle and lower panel, Fig. 3) throughout
most of the 90 min of bile collection. Further studies
in this area are necessary. Our present effort is devoted
to studying the effect of PB pretreatment on the biliary
excretion of administered metabolites of methadone, a
situation where the effect of metabolism in the excre-
tion process will be more limited or not a competing
process.

Perhaps the best corrclation exists between in-
creased metabolism of methadone and its increased
biliary excretion in PB-pretreated rats. Increased
metabolism of methadone in PB-pretreated rats is con-
sistent with the observed increases in the biliary excre-
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tion of total *C, EMDP. OM and WSM. Further-
more, the lack of increase in the total amount of
EDDP excreted into the bile of PB-pretreated animals
could be due to PB-induced enhancement of further
metabolism of EDDP.

As previously stated. methadone is N-demethylated
followed by cyclization to form EDDP. Further N-
demethylation of EDDP results in EMDP. Recently
Baselt and Bickel [9] reported that EMDP undergocs
hydroxylation and glucuronidation to form para-hyd-
roxy EMDP glucuronide. This glucuronide. as de-
scribed by Baselt et al. [8,9], is identical in properties
to the WSM (water-soluble metabolitc) observed in the
present study. Therefore. the increased biliary excre-
tion of EMDP and WSM in PB-pretreated rats could
reflect increased metabolism of EDDP to EMDP. The
fact that the total amount of EDDP excreted into bile
was similar for the two pretreatment conditions and
the fact that the total amounts of EMDP and WSM
excreted were greater from PB-pretreated rats suggest
that the metabolism of methadone to EDDP is also
enhanced by PB pretreatment. Even though the mcta-
bolism of methadone to EDDP is increased by PB pre-
treatment, increased conversion of EDDP to EMDP
could result in the observed lack of increase in the total
amount of EDDP excreted into bile.

It could be argued that the cffect of PB pretreatment
on the biliary excretion of EDDP may be due, in part,
to the low dose of methadone used in these exper-
iments. However, Baselt and Casarett [8]. using higher
doses of methadone (16 mg/kg) and a longer bile collec-
tion time (24 hr), found that the total amount of EDDP
excreted into bile in PB-pretreated rats was actually
less than that in control rats.

Support for the suggestion that PB pretrcatment
enhances the conversion of methadone to EDDP and
of EDDP to EMDP was found with studies in vitro. In
agreement with the results of Alvares and Kappas
[11]. we found that microsomes from PB-pretreated
rats converted methadone to EDDP and EMDP to a
greater extent that did microsomes from control rats
(Table 2). In addition. we found that PB pretreatment
enhanced the formation in vitro of a metabolite that
corresponded to the metabolitc OM found in the
studies in vivo (Table 2). The formation of the metabo-
lite WSM was not observed in vitro. Further studies
are in progress to optimize assay conditions in order
to study the effect of PB pretreatment on the formation
of WSM in vitro.

In addition to the above studies in vitro, we studied
the effect of PB pretreament on the microsomal N-
demethylation of methadone and EDDP (Fig. 4). Mic-
rosomes from PB-pretreated rats were found to N-
demethylate methadone at a significantly greater rate
than did control microsomes. Using EDDP as a sub-
strate, it is possible to study just the conversion of
EDDP to EMDP. In agreement with the results in
vivo, it appeared that PB pretreatment also enhanced
the second N-demethylation in the metabolism of
methadone.
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While the metabolites EDDP, EMDP and WSM
have been characterized by others and their structures
determined, the metabolite OM has not been studied.
Further characterization of this metabolite is now in
progress.

It is interesting to note that the '*C concentrations
in plasma were similar for PB-pretreated and control
rats (upper panel, Fig. 1), while, during this same time
period, the '*C concentrations in bile were much
greater in PB-pretreated rats. Since the concentration
of '*C in plasma was too low to permit identification
of the '*C-labeled compound, we cannot offer an
explanation for the apparent lack of correlation
between '*C plasma concentrations and the increased
metabolism and biliary excretion of '*C-methadone in
PB-pretreated rats.

In conclusion, PB pretreatment could be increasing
the biliary excretion of methadone by altering several
different determinants of biliary excretion. However,
we feel the data best support the idea that PB pretreat-
ment is enhancing the metabolism of methadone and
its metabolites in vivo. The enhanced metabolism of
methadone results in metabolites which are more
readily excreted into bile. In agreement with the
suggestion of Baselt and Casarett [8], we feel that the
reason for the lack of increase in the biliary excretion
of EDDP in PB-pretreated rats is induction of the
further metabolism of EDDP by PB pretreatment. For
more definitive proof of these suggestions, it will be
necessary to study the effects of PB pretreatment on
the biliary excretion of the administered metabolites of
methadone. Work is in progress to purify the '*C-
labeled metabolites of methadone for this purpose.
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