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Abstract

Aim: A dose-response relationship has been established in hair analysis for just a few drugs.
Drugs such as buprenorphine (bup) used under controlled conditions present an opportunity to
approach this problem. Both, bup and norbuprenorphine (nbup) have been detected in hair;
however, discrepant results with regard to the concentration ratio bup/nbup have been re-
ported. Therefore, the following questions have been addressed: does a relationship between
the daily dose and the respective bup and nbup concentrations in hair exist? Is sample pro-
cessing using diluted acid a possible cause for the different recoveries of the analytes?

Methods: Bup and nbup in proximal hair segments (< 4 cm) from 18 subjects participating in
a maintenance program were determined by liquid chromatography/tandem mass spectrome-
try. Pure substances were incubated in 0.1 M HCI at 60°C for 24 hours; the alleged re-
arrangement products were simultaneously monitored.

Results and Discussion: Bup (range: LOD-0.238 ng/mg hair) and nbup (range: 0.043-0.961
ng/mg hair) could be determined from all specimens with nbup concentrations being consis-

tently higher than of bup in 17 samples. Degradation of nbup was faster than of bup following
incubation in 0.1 M HCl at 60°C.

Conclusion: Recovering of bup and nbup under acidic procedures results in an underestima-
tion of the respective concentration and may invert their concentration ratio in hair. The com-
bined concentration of bup and nbup determined from a hair sample may provide an estimate
of bup exposure following long-term administration of the drug.

1. Introduction

Three pathways for incorporation of drugs into hair have been proposed: 1) diffusion of drugs
present in the blood into the cells of the hair follicle, 2) diffusion from sweat and sebum, and
3) environmental exposure [6]. The most important route of drug incorporation into hair is
considered to be via blood implying that a certain dose-response relationship should exist
between individuals. Up to now, a certain correlation between dose and amount of drug in
hair could be shown for just a few drugs [11, 12]. Analysis of drugs such as methadone or
buprenorphine (bup) used in maintenance programs under controlled conditions present an
opportunity for verifying whether a relationship between the daily dosage and the concentra-
tion in hair is likely to exist [10, 11].

The main metabolite of bup is formed by N-dealkylation mainly via CYP3A4; both, the
parent drug and norbuprenorphine (nbup) are then cleared by glucuronidation [8]. Bup and
nbup have been detected in hair following extraction with either diluted HCI, NaOH or buffer
pH 7.4 followed in most instances by analysis using high pressure liquid chromatography
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tandem mass spectrometry (LC/MS/MS) [3, 15]. Some studies revealed higher concentrations
of bup than of nbup, whereas others showed nbup being present in hair in higher concentra-
tions than the parent drug [2, 4, 5, 13, 15].

The main objectives of the present study were to check

- whether a relationship between the daily dose and the concentration of bup and nbup in
hair following log-term administration exists,

- whether bup and nbup are susceptible to degradation in diluted hydrochloric acid, and

- whether a degradation of bup equals that of nbup or not.

2. Material and Methods

The study protocol was approved by the Ethics Committee of the Medical Faculty of Mann-
heim, and subjects (7 females, 11 males) provided informed consent prior to collection of a
hair sample from the posterior vortex which was cut as close to the scalp as possible. Subjects
were treated with bup by the sublingual route at a constant dose for several months at least;
some personal data are summarized in Table 1.

Tab. 1. Gender (G; f: female; m: male), weight (W; kg) and daily dose of buprenorphine (D;
mg) of subjects participating in the study.

No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

G m m m f f m m m f m f m f f m m m f
W 97 131 105 74 72 83 75 87 62 88 51 85 47 95 85 60 90 55
D 8 5 11 10 12 8 3 12 12 8 6 8 12 22 4 8 8 6

Hair colors ranged from honey blond to brown; the specimen from subject 5 was bleached
and that from subject 14 was obviously dyed. The concentration of bup and nbup was deter-
mined by LC/MS/MS from specimens with a total length <4 c¢cm (n=4) or from the proximal
4-cm section (n=14). Pure substances (500 ng bup and nbup, respectively) were incubated in
0.1 M HCI at 60°C for up to 24 hours mimicking procedures that have been published to ex-
tract bup and nbup from hair [15].

2.1. Materials

Undeuterated and deuterated bup and nbup (1 or 0.1 mg/mL methanol) were provided by
LGC (Wesel, Germany); methanol and acetonitrile (both HPLC grade) were purchased from
Roth (Karlsruhe); all other solvents and chemicals were of the highest purity available; drug-
free pooled Caucasian hair was obtained from Kerling International (Backnang).

2.2. Sample preparation

Hair samples were washed twice with dichloromethane (2 min, ambient temperature). Metha-
nol (2 mL) and internal standards (4 ng bup-d4 and nbup-ds, respectively) were added to pul-
verized hair samples (ca. 40 mg), placed in an ultrasonic bath (35°C, 4 h) and then left at
40°C overnight. The dried methanolic phase was re-dissolved in 500 uL 0.1 M NaOH; ex-
traction was performed using 1-chlorobutane/acetonitrile (1 mL, 4:1, v/v). The dried organic
phase was re-dissolved in 50 pL of the mobile phase. Aliquots from the degradation study
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were taken at 0.5, 1, 2, 4, 6, and 24 h; 1.5 mL 0.1 N NaOH and internal standards were added,
and analytes were extracted using 1-chlorobutane/acetonitrile (2 mL, 4:1, v/v).

2.3. Instrumentation

Analysis was performed on an API 4000 tandem mass spectrometer (AB Sciex, Darmstadt)
with a Turbolon ionization source (positive mode) interfaced to a HPLC pump and an auto-
sampler (1100 series, Agilent, Waldbronn). Separation was achieved on a Zorbax Eclipse
XDB C8 column (2.1 x 150 mm, 5 pm particle size; Agilent, Waldbronn) with aceto-
nitrile/methanol/4 mM ammonium acetate, pH 3.2 (35:35:30 v/v/v) as the mobile phase at a
flow rate of 250 puL/min. Transitions monitored for quantitation were: bup (-d4) m/z 468—468
(472—472); nbup (-d3) m/z 414—414 (417—417); alleged rearrangement products of bup
and nbup were monitored at m/z 436—436 and 382—382, respectively.

2.4. Evaluation

Calibration curve (hair samples): 0.02, 0.05, 0.1, 0.5, 0.75 and 1.0 ng/mg hair (0.1 ng bup-d4
and nbup-d;/mg hair); a blank and a zero sample were also prepared. Calibration curve (deg-
radation study): 100, 300, 500, 1,000 ng bup or nbup (200 ng bup-d4 and nbup-d;). The fol-
lowing parameters were checked: linearity, LOD, LOQ, ion suppression, extraction effi-
ciency, imprecision and inaccuracy at 0.1 and 0.75 ng bup or nbup/mg hair [7, 9].

3. Results and Discussion

Bup and its metabolite were well separated (3.15 min, 2.06 min). Calibration lines were linear
(r>0.998); LOD/LOQ: 0.003/0.008 ng/mg hair for bup, 0.004/0.010 ng/mg hair for nbup; ion
suppression could not be observed; extraction efficiencies varied from 80 to 90% (bup) and
from 43 to 47% (nbup); imprecision / inaccuracy was < 5.7% / < 18.3% for bup and nbup at
both, the low and high concentration levels.

All hair samples tested positive for bup (mean: 0.069 ng/mg hair, range: LOD-0.238 ng/mg
hair) and nbup (mean: 0.233 ng/mg hair; range: 0.043-0.961/mg hair); the molar concentra-
tion ratios bup/nbup were highly variable (mean: 0.34, range: 0.015-1.19). The concentration
of the metabolite was always higher than that of the parent drug except sample 1 (Fig. 1). This
finding is in line with the results reported by Wilkins et al. [14] and Goodwin et al. [4], where
digestion was performed using diluted NaOH.
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Fig. 1. Concentrations of bup and nbup (ng/mg) in proximal hair segments of subjects (n=18).
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It should be noted, that only the proximal sections have been used in the present investigation
and that an increasing ratio of bup/nbup distally along the hair shaft has been observed [4].

Both bup and nbup degraded at the acidic condition chosen dependent on time (Fig. 2);
simultaneously, peaks of the respective rearrangement products increased at the same time
(Fig. 3). Such rearrangement products could not be detected using the present processing for
sample preparation. Following incubation in diluted acid often resulted in a lower concentra-
tion of nbup compared to that of bup in hair; even negative nbup findings along with positive
bup findings have been observed [15]. A likely explanation may be that degradation of nbup
occurred faster than of bup.
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Results were adequate to establish a relationship (r = 0.851, n = 15) between the weight-
related dose and the combined concentration of bup and nbup (referred to the molecular
weight of bup) if findings < LOQ (n = 1) and from cosmetically treated hair (n = 2) were
excluded from data analysis (Fig. 4).
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Fig. 4. Relationship between hair assay results (n = 15) and the daily doses of bup referred to
the individual weight (r = 0.851).
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These data should cautiously be applied to an interpretation of hair results if specimen prepa-
ration has not been specified, single or varying doses have been applied or if improper or ille-
gal use of the drug is suspected.

4. Conclusion

Nbup is the major metabolite in hair samples from subjects maintained with bup. The con-
centration of bup and nbup in hair will be underestimated if analytes are recovered by acidic
procedures; in addition, their concentration ratio may be inverted in hair.

Although a highly variable molar concentration ratio bup/nbup could be estimated from indi-
vidual results, there is evidence that the combined concentrations of bup and nbup in hair in-
crease with increasing dose. A positive relationship could be established between the daily
doses relating to weight.
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