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Abstract----Methadone. administered subcutaneously to rats once daily for 12 days. 

nearly doubled the bile flow rate in isolated perfused livers. The increase III bile flow was 
accompanied by an increase in the biliary cxcrction rate of metabolites of 3H-mcthadone, 
which was added to the perfusion system at a dose of 1 mg/kg body weight. To determine 
whether an alteration of the rate of methadone metabolism accounted for this effect, phenol- 
3.6-dibromphthalein disulfonate (DBSP). an analoguc of BSP which is excreted unchanged 
in the bile. was added (80 mg/kg) to the perfusion system. It was also excreted at an 
enhanced rate by the livers of the methadone prctredtcd rats. Neither the plasma disappear- 
ance rate of methadone or DBSP nor the pattern of biotransformation of methadone was 
significantly affcctcd by the methadone pretreatment. It is concluded that chronic metha- 
done treatment of rats stimulates bile Row rio an unknown mechanism. resulting in in- 
creased biliary excretion of methadone metabolitcs and possibly of other compounds which 
undergo elimination in the bile. 

THE NARCOTIC analgesic methadone is efficiently metabolized and eliminated by the 
rat following parenteral administration. After an intravenous dose of 1 mg/kg to a 
bile duct cannulated rat. more than 58 per cent of the dose appears in the bile within 
4 hr and more than 84 per cent within 24 hr.‘.’ The biliary excretion products consist 
primarily of 2-ethylidine-l,5-dimethyl-3,3-diphenylpyrrolidine (EDDP)lm3 and of a 
p-hydroxylated and conjugated derivative of 2-ethyl-Smethyl-3,3-diphenyl-l-pyrro- 
line (EMDP).4*’ EDDP and EMDP are mono- and di-N-demethylated metabolites 
of methadone, respectively. Compounds present in minor amounts in rat bile in- 
clude unchanged methadone. EMDP and various polar conjugates-’ 

In view of the widespread use of methadone in the long-term high-dose main- 
tenance of heroin addicts, the effects of chronic methadone administration on the 
pharmacokinetics of the drug are of great interest. Recently Baselt and Casarett’ 
demonstrated that the irk L’I’LV rate of biliary excretion of EDDP by rats following 
subcutaneous administration of 16 mg/kg methadone was significantly enhanced by 
methadone pretreatment. Results of Alvares and Kappas’ suggest that methadone 
induction of microsomal N-demethylase activity is not responsible for this effect. 

A difficulty with in ciw experiments which measure biliary excretion of drug meta- 
bolites is that the pharmacological actions of methadone are exerted to varying 
degrees on the control and pretreated rats. the latter being partially tolerant to the 
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drug. Some of these established phurlnacological cffccts of methadone. including 
llypothcrmi~i.“ hypoxia’” and hypotension. ’ ’ could appreciably influcncc drugs dis- 
position. In this study WC have used therefore the isolated perfused rat liver to stud! 
the effects of methadone pretrcatmcnt on methadone disposition in order to rcducc 
the physiological variations encountered with intact animals. 

MATt:RIALS AND METHODS 

~~~z~f~~f~~s arid r~~~~~~s. Malt Sprague-Dawlcy rats wcrc used. The ~i~dr(~br~~t~~idc of 
Gmcthadone-I-“H (Now England Nuclear Corp.. Boston. Mass.) was diluted with 
stable dl-methadone HCI (Merck Chemical Co.. Rahway. N.J.). so that about I $3 
was added to cuch isolated liver. EDDP and EMDP were gifts of Eli Lilly and (‘o. 
(Indianapolis. Ind.). Phcnyl-3,(,iiibromphthalzin disulfonatc (DBSP. a dihrominatcd 
~tll~~Iog11e of BSP) was a gift of Dr. C. D. Klaassen. Ul~iversity of Kansas Mcdi~ll 
Center. The doses of “H-mcthadonc (I mg;kg) and DBSP (80 mg:‘kg) administcrcd 
to the pcrfuscd livers were based on the weights of the rats on the day of liver per- 
fusion. 

PrcVrc~rtrr~otf ted .wryc~r~~, Prctrea ted rats rcccived mcthadonc HCI once daily s.c.. 
at a dose of 5 mgikg on days 1 7. and 10 mg:kg on days X I 2. The liver was porfuscd 
14 hr after the last pretreatment dose. Control rats were untreated. 

The surgical techniyucs, performed under ether anesthesia. for cannuiation of the 
bile duct. portal vein and inferior vcna C:IV;I and isolation of the liver arc cssentiallq 
those of Miller et d. ’ The period of ischemia in no case excecdcd 5 min. 

Liz*c~ pqfirsio~l. The perfusion apparatus utilized has been described in detail by 
Bickcl and Minder.‘” Briefly. the livers were pcrfusod at 17 at a perfusion rntc of 
1.5 ml;min;g liver and ;I portal prcssurc of 9 I:! cm H ?O. A constant pH of 7.40 7.45 
was achicvcd by oxygenation with a mix turn of 97.S”,, O2 and ?S”,, CO, at II flow 
rate of IX0 ml.:‘min. The 200 ml of perfusion medium consisted of Krcbs-Ringer 
bicarbonate solution containing washcd bovine I-cd cells (I6 g hemoglobin). bovine 
serum albumin (4.0 g), glucose (0.2 g) and aurcomycin (4 mg). The 3 hr cxpcrimcntal 
perfu~ioll period was initiated aftcr 45 min of pa-fusion. Drugs were added dir&y 
to the pcrfusatc reservoir. At various time intervals 2 ml perfusatc samples wcrc 
removed for analysis and bile samples were collected and weighed. 

hu/~~ticd n~~thods. “H-/lrt~th~rtk,nt~ UJK/ rm~ttrho/ifc~.s. PhSnlil was prepared frOm the 
perfusatc by centrifugation at 2(X)o~~ for IO min. Bile samples wcrc diluted with watcl 
to a volume of 2 ml. Whole livers were homogenized in cqual volumes of I.1 5”,, KC1 
in pH 7.4 0.01 M phosph~~te butler. Aliquots of the liver h~~mogcn~~te were then incu- 
bated overnight at 80’ with equal volumes of IO”,, KOH. Liquid scintillation count- 
ing of 0.1 ml samples of plnsma. diluted bile and liver digest was carried out bcforc 
and after extraction of the samples with CHCI, at pH 93. Standards prcparcd by the 
addition of a known amount of “H-mcthadonc to control pcrfusntc. bile and hvcr. 
were analyzed in a similar manner. t:ncx tructcd radioactivity reprcscntcd conjugated 
rncth~~doIie mct~~bolites. . ’ J The CHCI, extracts were analyzed for nieth~l~~oIic. 
EDDP and EMDP by u gas. liquid chromntographic (GLC’) ussay.” 

Radioactivity was estimated with ;i Packard model 3320 liquid scintillation 
spcctromctcr. The scintillation medium consisted cithcr of ;t dioxnnc- niIpth;Ilcnc 
based mixture’ (plasma and bile samples) or of 4 g BBOT per liter of tolucnc (Iivcr 
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samples). In the iatter instance 3 ml of methanol per 10 ml of medium was added 
to achieve soIubj~~~tion of the liver digest. 

DEW. The ~on~~ntra~on of DBSP in ptasma and bile sampfes were determined 
according to the method described by Klaassen and Plaa.‘” 

~@xts ~~~~~~~~~~~?~ei~r OH ho&~ w~kjht md ~i~~~~w. As chronic methadone treat- 
ment is known to have an adverse effect upon weight gain in aduit rats.i6 the rats 
chosen to receive the 12 day methadone pretreatment were of a larger initial size, 
in order that the final body weights would approximate those of controls (Table 1). 
Thus during the 13 days preceeding liver perfusion, control rats increased in size by 
about 24 per cent. whereas the pretreated animals lost l-8 per cent of their initial 
weight. The livers of the pretreated rats were in all cases signi~~antiy smaller than 
the Iivers of controls. However, bife flow, expressed as an average rate over the 3-hr 
perfusion period. was significantly elevated in pretreated rats. 

.E#‘ws c?f’p~et~rutrltc~rtt on 3 H-~wtl~admc~ disposition. As in previous irt viva exper- 
iments. ‘T? the livers of the pretreated rats excreted the 3H-methadone in the bile 
at a much greater initial rate than controls (Fig. I). The total percentage of the dose 

FIG. t. Biliary cxcrction rate of methrtdonc and metslbolites over a 3 hr period l‘ollowing administration 
of ‘H-methadone (I mg’kgl to isolated perfused livers of control (0) and methadone pretrwted (0) rats. 
Each point represents the mean of v~dues from at least five rats. Values significantly diffcrcnt from controls 
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eliminated in the bile by these livers was significantly higher I hr after methadone 
administration. a difference which is accounted for by both EDDP and conjugated 
metabolites (Table 3). The figure of 40 per cent biliary excretion after 3 hr of per- 
fusion is low compared with the 60 per cent excretion previously observed in in cizu, 
experiments.’ two-thirds of which was EDDP. This appears to be a function of the 
type of rats used rather than the liver perfusion. however. since unpublished in ciao 
trials in this laboratory agree well with the perfusion results (40.7 per cent excretion 
in 4 hr following a I mg;kg intravenous methadone dose). 

The uptake of methadone from the perfusate by the perfused liver was quite rapid 
and was similar in the control and pretreated groups (Table 2). Unchanged mctha- 
done accounted for over 9X per cent of the radioactivity present in the pcrfusate 
plasma in all samples. as determined by the GLC assay. 

After I hr the livers contained the mqiority of the methadone dose. primarily as 
unchanged mcthadonc (Table 2.). The important difference at this time period is that 
the livers of the pretreated rats contained much less EDDP than controls. whereas 
EDDP production (all EDDP plus conjugates in the system) was nearly equal in the 
2 groups (35.X per cent of the dose in the controls and 30.7 per cent in pretreated). 
an indication that cxcrction of this compound was occurring at a fitstcr rate in the 
protrcatcd livers. The lack of conjugated metabolites in the livers at I hr suggests 
that thcsc compounds are cxcrctcd immediately upon formation. After 3 hr metha- 
done metabolism was ncarlx complete. both control and prctrcated livers contained 

TIME (HOURS) 

FIG. 2 Biliarq cwction raw of DBSP over :I 3 hr period Mowing administration of DBSP (X0 mg kg) 
to iwlntcd perfused livers of control 10) and mcth;~donc protrcotcd (0) rats. Each point represents the 
mean of values born four rats. V;~lucs sipnilicantl!; dillbent from controls (P < MS) arc designated by 

iin ;ihlcrisk. 
I,,. 29 I 



1410 K. C. l3AsI:L.r ;~nd M. H. HI(XI:I 

substantial amounts of uncxcreted metabolitcs. possibly as ;I rcsull of ;I decline in 

liver function. 
&fl~~r.s (?i’prrt,.rcrtrl?elt m DBSP disposition. DBSP. a dibrominatcd analogue ol 

sulfobromophthalein which is excreted unchanged in the bile. “.” was chosen as 
a test substance in this investigation to distiguish between altered biotransformation 
and altered biliary excretory function. The livers of the pretreated rats wcrc able to 
eliminate DBSP in the bile at a significantly grcatcr rate in the first hour after 
administration than controls (Fig. 3). Although the prcsencc of the DBSP, which is 
a choleretic agent, Is elevated the bile fow in both groups of rats over drug-fret levels. 
the pretreated group still demonstrated a significantly higher flow than controls 
(Table 1). 

While the bile of the pretreated group contained a greater pcrcontagc than controls 
of the DBSP dose at both I and 3 hr after administration. there was littlc diffcrencc 
in the rate of hepatic uptake of the compound bctwccn the 2 groups as indicated 
by the perfusatc levels (Table 3 ). 

DIS(‘l’SSION 
It has been determined that chronic methadone trcntmcnt of rats c~lust’s an cn- 

hancemcnt of the rate of biliary secretion of mcthadonc (primarily as products of bio- 
transformation)and DBSP by the isolated pcrfuscd liver. This effect cannot bc attri- 
buted to the weight loss of the pretrcatcd rats. since although the drug doses during 
liver perfusion were based on the body weights of the donor rats on the day of pcr- 
fusion. the absolute amounts of “H-mcthadonc and DBSP administered per g of liver 
were higher for the pretreated groups (Table I). 

A change in the rate of methadone metabolism by the prctrcated livers is not likely 
as: firstly. the large amounts of unchanged methadone prcscnt in the controls and prc- 
treated livers after 1 hr of perfusion arc nearly identical (Table 2). suggesting that 
metabolism is taking place at similar rates in both groups and secondly. the biliary 
excretion of DBSP. which does not involve biotransformation, is also more rapid in 
the pretreated livers. 

The more rapid appcarancc of mcthadonc mctabolitcs and DBSP in the bile of 
the pretreated livers appears to be correlated with the increased bile flow in thcsc livers 
(Table 1). It is unlikely that the small amount of mcthadonc administered during the 
13 davs of pretreatment has an osmotic effect on bile flow 24 hr after the last protrcat- 
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ment dose. since at least 80 per cent of a subcutaneous dose of methadone to rats 
is eliminated in 24 hr.’ 

It is tempting to compare the effects of methadone pretreatment on bile flow in 
rats with that of phenobarbital pretreatment, which enhances bile flow apparently 
by stimulation of the bile salt-independent fraction of canilicular bile production.” 
Phenobarbital prctreatmcnt, however. stimulates microsomal drug metabolism, in- 
cluding that of methadone.’ and enhances the rate. of plasma disappearance of a 
variety of ~olnpoL]nds. including DBSP.’ ‘*‘* ~et~done pretreatment shares neither 
the former’ nor. at least for methadone and DBSP (Tables 2 and 3). the latter pro- 
perty. 

A further characteristic of methadone which should be discussed is its ability to re- 
strict bile tlow. either i,l riw or in isolated preparations in which the terminal bile 
duct is intact, by producing spasm of the sphincter of Oddi.” It is likely that in a 
study such as this, the control rats would be more sensitive to this effect than the 
methadone pretreated rats, which are partially tolerant to the drug. However, this 
possibility is precluded by the fact that in preparing the livers for perfusion the ter- 
minal bile duct is climinatcd from the preparation. 

It may be concluded that chronic methdone treatment of rats has a stimulatory 
effect on bile flow riri an unknown mechanism, resulting in increased excretion of 
rn~th~~d~)ne metabolites in the bile but does not affect the rate of plasma disappear- 
ance or pattern of bio-transformation of the drug. 
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