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SUMMARY 

The influence of naltrexone on liver function in heroin addicts 
was studied, with respect to the metabolizing function by using the 
antipyrine clearance and to cellular damage by monitoring plasma 
levels of hepatic enzymes. The clearance of antipyrine was not 
affected by naltrexone treatment, and, during the study period, the 
use and withdrawal of benzodiazepines and alcohol did not change 
this parameter; moreover, there was no relationship between 
changes in plasma hepatic enzymes and antipyrine half-life. Mean 
plasma levels of hepatic enzymes did not show significant 
modification in the course of treatment with naltrexone. 
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INTRODUCTION 

Naltrexone (/V-cyclopropyl-methyl-noroxymorphone) is a 
derivative of oxymorphone synthesised in 1963, active after oral 
administration with relatively pure long-acting opioid receptor 
antagonist activity, mainly on μ-receptors, and less active on κ-
opioid receptors (1/20 with respect to μ) and δ-receptors (<1/20 
with respect to μ) /I/. In opioid-dependent humans oral naltrexone 
precipitates an acute abstinence syndrome and in this respect is 17 
times more potent than naloxone /l/. The use of naltrexone in 
addiction treatment prevents or helps to eliminate opioid-seeking 
behaviour; oral administration of 100 mg is able to block at 24 
hours 90% of euphorizing and pleasant symptoms of 25 mg i.v. 
heroin challenge, its activity decreasing over 72 hours 121. 

Naltrexone is rapidly absorbed after oral administration, 
reaching peak plasma concentration after one hour, with 
bioavailability from 20% to 60%, probably depending on relevant 
hepatic first-pass effect /3-4Λ Plasma protein binding ranges 
between 21% and 25%, animal studies demonstrating rapid and 
extensive distribution. There are no data on the tissue distribution 
of naltrexone in man. The apparent volume of distribution in man 
is 16.11/kg after a 100 mg single dose and 14.21/kg after long-term 
dosing /5/. 

Naltrexone is extensively metabolized in the liver and the major 
metabolite is 6-/3-naltrexol, an active compound playing a role in 
the therapeutic effect. Following oral administration of 2 doses of 
naltrexone of 200 mg to 4 subjects, the relative percentages in 
plasma for naltrexone and 6-ß-naltrexol at both 16 and 24 hours 
after administration were 3.4% for naltrexone and 73.5% for 
6-/3-naltrexol /6/. 

Other metabolites, less important and almost inactive, are 2-
hydroxy-3-methoxy-6-/3-naltrexol, 2-hydroxy-3-0-methyl-naltrexone 
and glucuronide compounds (see Fig. 1). 

After oral administration plasma half-life ranges between 1.1 /7/ 
to 10.3 hours /3/, and 2.7 hours after intravenous administration /4/. 
The route of administration seems to affect half-life: the same 
study reported values of 8.9 hours for oral and 2.7 hours for i.v. 
administration, suggesting that differences in enterohepatic 
recycling could account for the variance in half-lives reported 
/1,4,6/. 

Oral long-term treatment does not affect the plasma half-life of 
naltrexone and its metabolites, and plasma concentrations of 
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2-hydroxy-3-0-methy1naltrexone Naltrexone 

60-naltrexol 2-hydroxy-3-0-methy1-6$-naltrexol 

Fig. 1: Naltrexone and its metabolites 

6-/3-naltrexol are doubled, reducing slowly over 24 hours; in steady-
state, the plasma concentration of 6-/3-naltrexol is about 10-fold 
higher than naltrexone, and in this condition the major therapeutic 
activity depends on this metabolite /3/. 

Naltrexone metabolism involves different pathways including 
both microsomial and non-microsomial enzymes /4/. In mice, 
during chronic treatment, naltrexone itself inhibits monooxygenase 
enzymes, while in man, where the parent drug is rapidly and 
extensively metabolized to 6-/3-naltrexol, there should not be any 
direct inhibition by naltrexone of these enzymes /5-8/. 

Naltrexone, as stated above, is a long-acting drug used in long-
term treatment for patients who are poly-drug abusers and 
smokers, who often have a history of hepatitis, and this drug could 
interact on biotransformation of xenobiotics as food or legal and 
illicit drugs, leading to unpredictable reactions. A number of 
authors have studied the safety of naltrexone in long-term 

163 

Authenticated | xajibim@mail.ru
Download Date | 6/16/12 6:41 AM



Vol. 9, No. 2, 1991 Naltrexone and Hepatic Enzymes 

treatment, and some of them described plasma increase in 
aspartate aminotransferase (AST) and other hepatic enzymes 
during chronic treatment in heroin addicts /9,10/ and obese patients 
/ll / . Other studies have produced conflicting data on the ability of 
naltrexone to elevate hepatic enzymes, because it is difficult to 
determine the individual effects of this drug on the addicts' plasma 
levels of hepatic enzymes because of the concomitant use of legal 
or illicit drugs /12-14/. Therefore, it should be useful to monitor the 
levels of plasma AST and other hepatic enzymes, because this 
parameter is stated to be a marker in evaluating liver function with 
respect to antipyrine clearance in patients suffering from chronic 
hepatitis /15,16/. 

The aim of this study was to evaluate in addicts the effects of 
long-term treatment of naltrexone on plasma half-life of antipyrine 
and at the same time to measure the plasma concentration of 
hepatic enzymes /14-17/. 

MATERIALS AND METHODS 

Subjects 

The subjects of the study were 19 addicts, aged 20-29 (mean 24.8 
± 1.8 years), without concomitant actual viral hepatitis or other 
acute illness, who decided of their own free will to begin a 
detoxification program including long-term treatment with 
naltrexone and periodic control of hepatic enzymes and antipyrine 
test (see Table 1). Befn ,, the naltrexone therapy, patients were 
submitted to a test with 0.4-0.8 mg of naloxone i.v., and when the 
naloxone test was negative, patients were treated with increasing 
doses of naltrexone (10 mg by mouth on the first day, and on the 
following days 20, 30, 40, 50, 100 mg). The subsequent schedules 
were: Monday and Wednesday 100 mg and Friday 150 mg of 
naltrexone p.o. The antipyrine test was performed before starting 
naltrexone therapy (i.e., during the detoxification period) and after 
one and four months. 

The antipyrine test was also carried out on 12 healthy volunteers 
(5 female and 7 male, aged 21-31, mean 25 ± 3.9). The protocol 
was submitted to and approved by the Faculty of Medicine Ethics 
Committee. 

In Table 1, the main characteristics of the subjects are listed: 
sex, age, length of addiction, drugs used during heroin withdrawal, 
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the habit of hashish and tobacco smoking, and the use of alcohol 
and benzodiazepines. Six patients (GM, CG, GA, SP, MG, MR) 
abused alcohol (> 350 g/week) before starting the protocol, and 2 
cases (GM and CG) continued alcohol abuse during the therapy. 
Eleven patients reported previous acute hepatitis. 

TABLE 1 

Characteristics of the subjects included in this study 

Initials Sex Weight Use of Viral Drug used for Drug-free 

Η Β ZD Alcohol HashishTobacco'hcpat. withdrawal day»·· 

B.I. Μ 56 • + 15 + Self-reduction 20 
F.P. Μ 68 - • + 30 + Self-reduction 30 
B.R. Μ 64 - • + 20 + Self-reduction 30 
G.M. Μ 64 IM 4M • 20 + Methadone 25 
F.D. Μ 65 3M - + 40 - Methadone 2 
C.G. Μ 64 IM 4M + 20 + Methadone 32 
P.D. Μ 70 - - + 40 + Self-reduction 20 
B.A. F 47 - - + 20 + Self-reduction 10 
T.M. Μ 120 IM • + 15 + Methadone 20 
F.A. Μ 71 IM - + 40 _ Self-reduction 20 
G.A. Μ 71 IM + + 30 + Self-reduction 20 
S.P. Μ 60 - + - 25 - Self-reduction 10 
C.G.R. Μ 58 - - - 30 - Self-reduction 25 
P.G. Μ 69 IM • + 10 - Self-reduction 7 
V.G. Μ 71 - - + 20 + Self-reduction 90 
Pa.G. Μ 69 • - - 20 - Self-reduction 30 
M.G. F 53 + + + 15 Methadone 5 
C.G. Μ 59 - - 20 - Self-reduction 18 
M.R. F 64 2M + + 15 + Methadone 60 

* = Number of cigarettes 
** = Drug-free days before starting naltrexone treatment 
Μ = Drugs used before and for # Month(s) during the treatment 

Antipyrine test 

1000 mg of antipyrine was administered in the morning with 200 
ml of water to fasting patients, and 10 ml blood was collected in 
ampoules containing 100 μ\ of EDTA 5% at time 0, 1.5, 3, 6, 9, 12, 
24, 48 hours; after centrifugation, plasma samples were frozen at 
-20 °C until HPLC analysis. The analyses were performed as 
described by Shargel with little modification /18/. The antipyrine 
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half-life was calculated using a one-compartment open model /19/. 

RESULTS 

The hepatic monooxygenases play an important role in the 
biotransformation of drugs and their activity is crucial for the 
formation of active metabolites. It has recently been demonstrated 
that liver alcohol damage is associated with induction of hepatic 
monooxygenase /8/. If the liver damage depends at least in part on 
the activity of cytochrome P-450 isozymes, antipyrine and its 
metabolites could be used as an in vivo parameter of the hepatic 
oxidative drug-metabolizing enzyme capacity in humans /20,21/. 

TABLE2A 

Antipyrine half-life (hours) 

Controls Naltrexone treated patients 
Patient T-0 T-30 T-120 

12.17 B.I. (1) 8.88 10.25 14.06 
12.4 F.P. (2) 9.66 6.42 10.6 
14.9 B.R. (3) 18.39 18.63 15.63 
15.61 G.M. (4) 18.83 20.36 17.33 
10.81 F.D. (5) 11.00 12.05 12.07 
11.8 C.G. (6) 9.49 13.% 11.27 
16.21 P.D. (7) 16.88 9.76 12.64 
10.1 B.A. (8) 10.68 12.38 9.98 
10.4 T.M. (9) 15.36 16.93 12.36 
11.8 F.A. (10) 8.49 14.05 10.46 
11.9 G.A. (Π) 12.78 11.09 10.41 
9.6 S.P. (12) 11.29 10.32 8.6 

CG.R. (13) 9.64 9.43 8.40 
P.G. (14) 12.72 11.74 11.86 
V.G. (15) 9.24 11.45 10.36 
PA.G. (16) 12.72 12.15 10.20 
M.G. (17) 10.53 12.15 11.49 
C.G. (18) 9.64 9.50 10.04 
M.R. (19) 13.41 13.05 12.26 

Mean 12.30 12.08 12.40 11.58 
± S D 2.16 3.19 3.33 2.22 

Ρ = ns vs Controls and vs T-0 (t-test) 
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TABLE2B 

Antipyrine pharmacokinetic parameters in patients and controls 

Vd CI A U C 

(Weg) 0 0 (1/h) (mg/h/1) 

Controls 0.75 12.30 2.94 383 
± .25 ±2.16 ± .99 ± 175 

T-0 0.68 12.08 2.79 374 
± .11 ± 3.19 ± .78 ± 178 

T-30 0.74 12.40 3.09 340 
± .17 ±3.33 ± 1.13 ± 142 

T-120 0.80 11.58 3.25 314 
± .10 ± 2.22 ± .79 ± 9 9 

Data are expressed as mean ± SD. There are no significant differences between 
patients treated with naltrexone and controls at any time. (Student's t-test for 
paired data.) 

The antipyrine pharmacokinetics of controls and patients are 
listed in Tables 2A and B. There were no differences in antipyrine 
disposition parameters (half-life, Vd, CI, AUC) of all patients at 
T-0 time vs controls and vs times T-30 and T-120. 

We studied patients also with regard to the daily use of 
benzodiazepines, looking for a possible induction of microsomial 
enzymes following the use of these drugs. At the beginning of the 
treatment the antipyrine half-life in 10 patients not using 
benzodiazepines was 11.69 ± 3.32 hours, whereas 9 cases taking 
benzodiazepines daily for more than 3 months showed a plasma 
clearance of antipyrine of 12.45 ± 3.04 hours. Values of half-life, 
clearance and V. are listed in Table 3. α 

These values do not differ significantly from control values and 
the antipyrine test seems not to be able to elucidate differences 
between addicts with respect to the use of benzodiazepines. 

Another drug able to interact with antipyrine clearance is 
alcohol and we compared the plasma clearances of antipyrine in 
controls and patients drinking more or less than 350 g/week of 
alcohol (Table 4). The data did not show differences at T-0 values 
in all groups. 
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TABLE3 

Antipyrine clearance in patients using benzodiazepines (BZD) 

T-0 T-30 T-120 

Users 12.4+3.04 13.93±2.97 12.15 ±2.06 
N = 9 CI 2.9+0.79 2.8 ±0.68 3.1 ±0.76 

v d 0.71 ±0.11 0.75 ±0.14 0.82±0.70 

Non-users Hi 11.69+3.32 11.03±3.16 11.05+2.33 
N=10 CI 21.6±0.71 3.2 ±1.41 3.3 ±0.83 

v d 0.66 ±0.12 0.74 ±0.20 0.77 ±0.12 

ρ = ns vs T-0 (t-test) 

TABLE4 

Antipyrine disposition in patients drinking alcohol 
(values at T-0 time) 

Ν t „ ± S D 
(h) 

CI ± SD 
(1/h) 

V + S D 
(Vkg) 

Controls 12 12.3 ± 2.16 2.94 ± 0.99 0.75 ± 0.25 

Drinker 
> 350 g/week 6 12.6 + 3.15 2.80 ± 0.85 0.71 ± 0.13 

Non drinker 
< 350 g/week 13 11.0 + 4.31 2.61 ± 1.01 0.63 ± 0.20 

Ρ = ns vs controls (t-test and ANOVA) 

A possible drug interaction was the simultaneous use of alcohol 
and benzodiazepines; patients using BZD alone and BZD with 
alcohol were compared. Four cases (cases 5, 9, 10, 14) used BZD 
only and had an antipyrine half-life of 11.89 ± 2.89 hours at T-0, 
and 13.69 ± 2.38 and 11.68 ± 0.84 at T-30 and T-120, respectively. 
There were no significant differences between these data. The five 
patients who used BZD and alcohol (cases 4, 6, 11, 17, 19) had an 
initial half-life of 13.00 ± 3.62. Three patients stopped using 
alcohol on starting naltrexone therapy, and their antipyrine half-life 
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did not differ from controls and versus T-0 values (12.24 ± 1.52, 
12.09 ± 0.998,11.38 ± 0.92, at T-0, T-30 and T-120, respectively.) 

The course of plasma hepatic enzymes is shown in Figs. 2 and 3, 
and there are no significant differences between different time 
samples. Only one case (F.D.) had augmented values at the 
beginning of the treatment, and values came back to the normal 
range during the course of the treatment (AST after one and six 
months were 100 U/l and 38 U/I and γ-GT 210 U/l and 58 U/l, 
respectively. 

Cross-tabulation of increase of -y-GT with reduction or increase 
of antipyrine half-life is evaluated in Table 5, and we did not find 
any significant relationship between length of heroin habit, type of 
drug consumption, drug-free interval, alcohol abuse, tobacco and 
hashish habits and previous hepatitis and antipyrine half-life before 
and after naltrexone therapy. 

TABLES 

Antipyrine half-life and modifications of plasma liver enzymes 
in patients treated with naltrexone 

γ-GT increased 
YES NO 

YES 2 5 7 

prolonged NO 5 7 12 

7 12 19 
McNemar's test = n.s. 

AST increased 
YES NO 

YES 8 4 12 

reduced NO 3 4 7 

11 8 19 
McNemar's test = n.s. 

There are no significant correlations between the effect "increase of -y-GT or 
AST" and antipyrine half-life modifications. 
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Partially in contrast with data by Atkinson in obese patients / l l / , 
who were treated with high doses of naltrexone, our data suggest a 
good hepatic tolerance in patients who in the past had used drugs 
and often alcohol in large amounts, and/or with a history of viral 
hepatitis. The large interindividual variability in our cases is due to 
a number of causes, and motivations leading our patients to 
naltrexone treatment were different, depending on both 
pharmacological and non-pharmacological previous personal 
experiences. 

It is interesting to note that 70% of our cases reduced the use of 
heroin of their own free will before beginning the naltrexone 
treatment, indicating a strong motivation for starting the 
programme. 

CONCLUSIONS 

Despite our data, chronic treatment with naltrexone seems not 
to be able to alter hepatic functions either with respect to the 
common clinical tests or to the hepatic clearance of antipyrine. 
Moreover there is no direct relationship between changes of 
antipyrine half-life and the sole use of benzodiazepines or alcohol, 
nor vs modifications of plasma hepatic enzymes. 

These results should be checked in a larger population to 
minimize the environmental, genetic, pharmacological and habit 
factors that can significantly influence the metabolic pathways. 

REFERENCES 

1. Gonzalez JP, Brogden RN. Naltrexone: a review of its pharmacokinetic 
properties and therapeutic efficacy in the management of opioid dependence. 
Drugs 1988; 35: 192-213. 

2. Vereby K. The clinical pharmacology of naltrexone: pharmacology and 
pharmacodynamics. In: Wilette , Barnett (eds), Narcotic Antagonists: 
Naltrexone Pharmacochemistry and Sustained-Release Preparations. NIDA 
Research Monograph 28. Washington, DC: Government Printing Office, 
1981; 147-156. 

3. Vereby K, Volavka J, Mule SJ, Resnick RB. Naltrexone: disposition, 
metabolism and effects after acute and chronic dosing. Clin Pharmacol Ther 
1976; 20: 315-328. 

4. Wall ME, Brine DR, Perez-Reye M. Metabolism and disposition of 
naltrexone in man after oral and intravenous administration. Drug Metab 

172 

Authenticated | xajibim@mail.ru
Download Date | 6/16/12 6:41 AM



L.-A. Pini et al. Drug Metabolism and Drug Interactions 

Dispos 1981; 9: 369-375. 
5. Kogan MJ, Vereby K, Mule SJ. Estimation of the systemic availability and 

other pharmacokinetic parameters of naltrexone in man after acute and 
chronic oral administration. Res Comm in Chem Path Pharmacol 1977; 18: 
29-34. 

6. Vereby K, DePace A, Jukofsky D, Volavka JV, Mule SJ. Quantitative 
determination of 2-hydroxy-3-methoxy-6-beta-naltrexol (HMN), naltrexone 
and 6-beta-naltrexol in human plasma, red blood cells, saliva and urine by gas 
liquid chromatography. J Anal Toxicol 1980; 4: 33-37. 

7. Cone EJ, Gorodetzky CW, Yeh SY. The urinary excretion profile of 
naltrexone and metabolites in man. Drug Metab Dispos 1974; 2: 506-512. 

8. Lehman TM. Inhibition of drug metabolism by chronically administered 
naltrexone. Life Sei 1979; 18: 1591-1600. 

9. Judson BA, Carney TM, Goldstein A. Naltrexone treatment of heroin 
addiction: efficacy and safety in a double-blind dosage comparison. Drug 
Alcohol Dependence 1981; 7: 325-346. 

10. O'Brien CP, Greenstein RA, Mintz J, Woody GE. Clinical experience with 
naltrexone. Am J Drug Alcohol Abuse 1975; 2: 365-377. 

11. Atkinson RL, Berke LK, Drake CR, Bibbs ML, Williams FL, Kaiser DL et 
al. Effects of long-term therapy with naltrexone on body weight in obesity. 
Clin Pharmacol Ther 1985; 38:419-422. 

12. Landsberg R, Taintor F, Plumb M. An analysis of naltrexone use: its efficacy, 
safety and potential. In: Julius D, Renault Ρ (eds), Narcotic Antagonists: 
Naltrexone. NIDA Research Monograph 9. Washington, DC: Government 
Printing Office, 1976; 106-113. 

13. Brahen LS, Capone TJ, Capone DM. Naltrexone: lack of effect on hepatic 
enzymes. Br J Clin Pharmacol 1988; 28:64-70. 

14. Danhof M, Verbeek RMA, Van Boxtel CJ, Boeijinga KJ, Breimer DD. 
Differential effects of enzyme induction on antipyrine metabolite formation. 
Br J Clin Pharmac 1982; 13: 379-386. 

15. Williams SJ, Farrel GC. Serial antipyrine clearance studies detect altered 
hepatic metabolic function during spontaneous and interferon-induced 
changes in chronic hepatitis Β disease activity. Hepatology 1989; 10:192-197. 

16. Echizen H, Ohta Y, Shiratachi H, Tsukamoto K, Umeda M, Oda Τ, Ishizaki 
Τ. Effects of subchronic treatment with natural human interferons on 
antipyrine clearance and liver function in patients with chronic hepatitis. J 
Clin Pharmacol 1990; 30: 562-567. 

17. Wensing G, Ohnhaus E, Hoensch H. Antipyrine elimination and hepatic 
microsomial enzyme activity in patients with liver disease. Clin Pharmacol 
Ther 1990; 47:693-705. 

18. Shargel L, Cheung W-M, Yu ABC. High pressure liquid chromatographic 
analysis of antipyrine in small plasma samples. J Pharmaceut Sei 1979; 68: 
1052-1053. 

19. Posner J, Danhof Μ, Teunissen Μ WE, Breimer DD, Witheman PD. The 
disposition of antipyrine and its metabolite in young and elderly healthy 
volunteers. Br J Clin Pharmac 1987; 24:51-55. 

20. Hoensch HP, Schreier I, Ohnhaus EE. Inducing efficacy of ethanol on hepatic 

173 

Authenticated | xajibim@mail.ru
Download Date | 6/16/12 6:41 AM



Vol. 9, No. 2, 1991 Naltrexone and Hepatic Enzymes 

drug metabolizing enzymes in patients. Eur J Clin Invest 1986; 16: 284-291. 
21. Poulsen HE, Loft S. Antipyrine as a model drug to study hepatic drug-

metabolizing capacity. J Hepatol 1988; 6: 374-382. 

174 

Authenticated | xajibim@mail.ru
Download Date | 6/16/12 6:41 AM


