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ABSTRACT: An original method, based upon HPLC (high perfor- 
mance liquid chromatography)/Ionspray-MS, has been developed 
for the identification of buprenorphine (BUP) and norbuprenorphine 
(norBUP) in biological fluids and hair samples. Biological fluids 
(2 mL) are extracted at pH 8.4 by CHCl3/2-propanol/n-heptane 
(25:10:65, v/v) after addition of deuterated BUP (BUP-d4, 10 ng). 
Hair samples (40 mg) are extracted in the same conditions after 
decontamination by CH2C12, mechanical pulverization, addition of 
BUP-d4 (1 ng), acidic incubation (1 mL 0.1 N HCI, 56~ overnight), 
then neutralization by NaOH. Analytes are separated on a 4-1xm 
NovaPak C18 (Waters) column (150 by 2.0 mm, ID) with a mobile 
phase of acetonitrile/2 mM NH4COOH buffer, pH 3.0 (80:20, v/v; 
flow rate 200 p~L/min; post column split 1:3). Detection is done 
by a Perkin-Elmer Sciex API-100 mass analyzer equipped with an 
ISP interface (nebulizing and curtain gas:99.95-% N2; main settings: 
orifice + 50 V, electron multiplier + 2400 V). The mean retention 
times for BUP, BUP-d4, and norBUP are 5.84, 5.79, and 4.42 min, 
respectively. For all compounds, mass spectra exhibit a unique, 
protonated molecular ion [M + HI+ at m/z 414 (norBUP), 468 
(BUP), and 472 (BUP-d4), without any significant fragmentation. 
The lower limits of detection are 0.10 and 0.05 ng/mL blood, and 
4 and 2 pg/mg hair for BUP and norBUP, respectively. BLIP and 
norBUP concentrations measured in hair from six addicts under 
substitutive therapy by BUP ranged from 4 to 140 pg/mg, and from 
nondetected to 67 pg/mg, respectively. The good performances of 
this method in terms of both sensitivity and specificity make it a 
convenient alternative to HPLC/coulometry and GC/MS for the 
separate analysis of BUP and norBUP in biological samples. 
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Buprenorphine (BLIP) is an hemi-synthetic opioid derivative, 
closely related to morphine and congener alkaloids (Fig. 1), which 
is obtained from thebaine after a 7-step chemical procedure. BUP 
is a powerful analgesic (25 to 40 times more potent than morphine) 
that exhibits both partial agonist activity at the Ix-opiate receptor 
and antagonist activity at the K-opiate receptor (1,2). This drug 
has been initially developed for the treatment of acute and chronic 
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FIG. 1--Chemical structures of buprenorphine and morphine. 

pain, especially of surgical or neoplastic origin. Its main advantages 
over morphine are a poor respiratory depressant activity and a 
lack of significant withdrawal symptoms, however, it presents 
some addiction potential and cases of abuse have been reported in 
France and other countries. BUP is available in France (Temgesic | 
under two forms, one injectable (0.3 and 0.6 mg, 1987) for hospital 
use only, and one sublingual (0.2 mg, 1990); usual therapeutic 
doses are 0.3 to 0.6 mg parenterally or 0.2 to 0.4 mg sublingually, 
every 6 to 8 h. 

Suggestions have also been made for the use of BLIP in the 
management of heroin addicts (3,4), and very recently (February 
1996) a specific sublingual formulation (Subutex | got the 
approval of the French Ministry of Health to be delivered to addicts 
under physician's prescription, as an alternative to the methadone 
substitution previously organized in detoxication centers. 

As a consequence, it has become necessary for every forensic 
laboratory to be able to assay BUP in biological samples; this 
determination is, however, difficult, due to: 1) the very low thera- 
peutic plasma levels (peak plasma concentrations of 0.45 to 0.84 
ng/mL after a single sublingual administration of 0.4 mg; steady- 
state concentrations in the range 0.1 to 8.0 ng/mL (1)), 2) the 
existence of a N-dealkylated active metabolite, norbuprenorphine 
(norBUP), that requires to be separately quantified. 

Among numerous procedures, the coupling of HPLC to mass 
spectrometry has been recently presented in some preliminary 
reports as a promising tool for this analytical challenge (5-7). 
This paper describes an improved procedure based upon HPLC 
hyphenated to ionspray-mass spectrometry (HPLC/ISP-MS) for 
the sensitive and specific determination of BUP and norBUP in 
various biological materials including hair. 
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Material and Methods 

Liquid Chromatography 

The HPLC separations were performed at ambient temperature 
on a 4-p~m NovaPak (Waters) C18 colunm (150 by 2.0 mm, ID) 
protected by a 5-1~m Opti-Guard TM (Interchim) C18 guard cartridge 
(15 by 1.0 nun ID). The mobile phase was acetonitrile/2 mM 
NH4COOH buffer, pH 3.0 (80:20, v/v). A 20-mL, dual syringe 
HPLC pump (Applied Biosystems 140 B) was used to deliver a 
continuous flow of 200 p~L/min. A post column split of 1:3 was 
used to reduce at 50 IxL/min the flow rate infused into the HPLC/ 
MS interface. 

Mass Spectrometry 

The MS detection was carried out on a Perkin-Elmer Sciex 
API-100 apparatus equipped with an Ionspray TM (=  pneumatically 
assisted electrospray) interface. Nitrogen (99.95%, 40 psi) was 
used as both the nebulizing gas (flow rate 1.16 L/min) and the 
curtain gas (flow rate 1.08 L/rain) that prevents solvent vapors 
and solid contaminents from entering the vacuum chamber. The 
ion sampling orifice was held at a potential of + 50 V, and the 
electron multiplier at + 2400 V. MS data were collected as either: 
1) total ion chromatograms (TIC) by monitoring the signal over 
the mass range mlz 260--475 for drug identification, or 2) multiple 
ion monitoring (MIM) at mlz 414 (norBUP), 468 (BUP), and 472 
(BUP-d4). 

Specimens 

Blood (2 mL taken after informed, written consent), urine (2 
mL) and hair samples (at least 50 mg cut close to the scalp at the 
posterior vertex) were obtained from six male subjects (aged 19 
to 31 years) freely participating in an experimental detoxication 
program using oral BUP. Calibration curves and parameter optimi- 
zation were obtained using drug-free whole blood, plasma, urine, 
and homogenates of hair from our laboratory personnel, these 
materials being subsequently loaded with BUP and norBUP at 
various concentrations. According to Kintz et al. (8), hair prepara- 
tion involved an initial decontamination by two CH2C12 washes 
(5 mL, 2 min), then a mechanical pulverization (Retsch | MM2 
ball mill, 5 to 10 min); 40 mg of the resulting powder were then 
incubated overnight at 56~ in 1 mL of 0.1 N HC1, after addition 
of 1 ng of tetradeuterated BUP (BUP-d4, Radian); BUP-d4 was 
used for internal standardization of both BUP and norBUP because 
deuterated norBUP is presently not available on the market. 

BUP/norBUP Extraction Procedure 

To 2 mL blood, plasma, or urine were added 10 ng of BUP-d4 
(Radian), 1.5 mL of a saturated, (NH4)2HPO4 buffer, pH 8.4, 
and 5 mL of CHClg2-propanol/n-heptane (25:10:65, v/v). After 
agitation and centrifugation (3500 g, 10 min), the organic phase 
was evaporated (Speed Vac Concentrator, 45~ 30 min); the dry 
extract was resuspended in 20 p.L of the mobile phase, and after 
a f'mal centrifugation (10,000 g, 5 min), 12 IxL of the supernatant 
were removed, from which 2 p.L were injected onto the colunm 
at each chromatographic run using a Rheodyne mod. 8125 low- 
dispersion manual valve. 

Acidic hair homogenates (1 mL) were extracted in the same 
way after neutralization (using 0.1 N NaOH, 1 mL). 

Results and Discussion 

The ISP mass spectra of BUP, norBUP, and BUP-d4 (Fig. 2) are 
quite simple because they exhibit one unique peak corresponding to 
the protonated molecular ion [M + H]+ at m/z 468, 414, and 472, 
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FIG. 2--Positive-ion, 1SP mass spectra of(A) buprenorphine, ( B ) norbu- 
prenorphine, and ( C) buprenorphine-d4. Conditions : Infusion (5 p.Llmin ) 
of a lO.O-p.glmL solution of each drug in acetonitrilel2 mM NH4COOH, 
pH 3.0 buffer (80:20, v/v). 
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FIG. 3--Chromatogram of a plasma extract from a 23-year-old subject 
under BUP therapy (data recorded in M1M mode at mlz 414 + 468 + 
472); concentrations measured: BUP 2.7 nglmL, norBUP 16.9 nglmL. 
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TABLE la--Within-Run Accurat 3, and Precision (plasma spiked). 

Concentration Concentration 
added (ng/mL) found (ng/mL) Accuracy Precision 

Buprenorphine 1 (n = 10) 1.07 - 0.14 6.9% 13.3% 
10 (n = 10) 10.15 - 0.53 1.5% 5.2% 

Norbuprenorphine 1 (n = 10) 0.99 - 0.15 1.1% 13.9% 
10 (n = 10) 10.19 • 0.50 1.9% 4.9% 

TABLE lb---Day-to-Day Accuracy and Precision (plasma spiked). 

Concentration Concentration 
added (ng/mL) found (ng/mL) Accuracy Precision 

Buprenorphine 10 (10 days) 10.24 -+ 0.83 2.4% 8.1% 

respectively. This low abundance or absence of fragmentation is 
a typical character common to mass spectra generated by the 
different atmospheric pressure ionization (API) HPLC/MS inter- 
faces (9). 

Under our chromatographic conditions, the average retention 
times for BUP, BUP-d4, and norBUP were 5.84, 5.79, and 4.42 rain, 
respectively. As an example, Fig. 3 shows the MIM chromatogram 
(recorded at mlz 414 + 468 + 472) obtained by extracting and 
assaying a plasma sample from a 23-year-old addict under BUP 
therapy (2.4 mg/d); BUP and norBUP concentrations were 2.7 and 
16.9 ng/mL, respectively. 

Extraction recoveries were estimated using drug-free plasma 
samples loaded with BUP and norBUP at 5 and 50 ng/mL (six 
replicates at each concentration). Results were found excellent for 
BUP (87.5 - 4.5% and 94.5 + 5.2%) and acceptable for norBUP 
(65.8 - 7.2% and 61.4 _ 6.9%). The within-run and day-to-day 
variability of the method was determined by assaying blank plasma 

TABLE 2--Detection Limits for Buprenorphine (from Ref 8). 

Detection Limit 
Technique (ng) 

RIA 0.04 
HPLC/Electrochemical detection 0.2 
HPLC/ISP-MS 0.2 
GC/MS 0.5 
HPLC/Fluorometry 1 
HPLC/Electrospray-MS 5 
HPLC/Particle beam-MS 10 
HPLC/UV 40 

TABLE 3--Hair Concentrations for Buprenorphine and 
Norbuprenorphine Measured By HPLCIISP-MS. 

Buprenorphine Norbuprenorphine 
Subjects (pg/mg) (pg/mg) 

l 140 29 
2 72 67 
3 52 31 
4 19 ND 
5 135 14 
6 4 ND 

(n = 6 addicts under buprenorphine substitutive therapy. ND = not 
detected). 

spiked with BUP and norBUP at 1 or 10 ng/mL. Results (Table 
1 (a) and (b)) indicated a significant improvement by comparison 
to our preliminary study (precision for BUP:21.1% at 1 ng/mL; 
11.3% at 10 ng/mL) where prazepam was used as the internal 
standard instead of deuterated BUP (5). 

A wide array Of techniques have been proposed for the determi- 
nation of BUP in biological fluids, including RIA (1,8,10), GC 
with electron-capture (11,12), or MS detection (8,13,14), as well 
as HPLC with UV (15), electrochemical (8,16-18) or fluorometric 
detection (19,20), or combined TLC/HPLC (21). RIA offers a 
rapid and extremly sensitive identification of BUP which is well- 
adapted to general-unknown screening situations; however, the 
technique may suffer from interferences and does not allow the 
separate quantitation of BUP and norBUP (30 to 330% cross- 
reactivity of norBUP with the BUP antibody, depending on the 
concentration (8). Former HPLC (15,16,21) and GC (12) proce- 
dures were insufficiently sensitive for assaying BUP in blood 
samples; in addition, GC methods require tedious derivatizations 
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FIG. 4--Chromatogram of a hair extract from a 27-year-old subject 
under BUP therapy; Upper graph: TIC recording (m/z 260--475); Lower 
graph: MIM recording (ndz 414 + 468); concentrations measured: BUP 
140 pg/mg (Peak 2), norBUP 29 pg/mg (Peak 1). 
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prior to analysis, and are hampered by the major thermal instability 
of BUP (8,13). HPLC with fluorometry or electrochemical detec- 
tion provides a good sensitivity but is not specific enough (espe- 
cially in forensic situations) because the retention behavior of 
compounds remains the only criterion available for their identifica- 
tion. The coupling of HPLC to mass spectrometry via API inter- 
faces, that has been already presented as a complement of choice 
to GC/MS for the determination of nonvolatile and/or thelmolabile 
substances with high sensitivity and specificity (6,9,22,23), thereby 
appears as an interesting alternative in the case of B UP and norBUP. 

The lower limits of detection (LODs), estimated by extracting 
and assaying in MIM mode drug-free blood samples spiked with 
decreasing concentrations of the drugs tested until a response 
equivalent to 3 times the background noise was obtained, were 
0.10 and 0.05 ng/mL for BUP and norBUP, respectively. This 
good sensitivity may be compared with that of other techniques 
previously described (Table 2); it makes our method convenient 
for both forensic investigations and clinical studies. 

BUP and norBUP have been also reported to be detectable in hair 
from treated subjects by means of RIA or HPLC with coulometric 
detection (8). For this application, HPLC/ISP-MS appeared at least 
as sensitive (LODs in drug-free, spiked hair powder about 4 pg/ 
mg for BUR and 2 pg/mg for norBUP), and much more specific 
due to the selected-ion detection. As an illustration, Table 3 presents 
the drug concentrations measured in hair from six addicts under 
substitutive therapy by BUP. BUP and norBUP ranged from 4 to 
140 pg/mg, and from nondetected to 67 pg/mg, respectively; as 
previously emphasized (8), the concentrations of the metabolite 
were much lower than those of the parent drug. Figure 4 shows 
the TIC (m/z 260-475) and MIM (m/z 414 + 468) chromatograms 
of Subject 1 (measured concentrations: BUP 140 pg/mg, norBUP 
29 pg/mg). 

In conclusion, the present method is the first HPLC/MS proce- 
dure described for the analysis of BUP and its dealkylated metabo- 
lite in biological samples including hair. It is simple, rapid (owing 
to the single-step, liquid-liquid extraction, quantitative results may 
be obtained less than 60 min after receipt of blood or urine sam- 
ples), highly sensitive and specific. It provides a new illustration 
of the great capabilities of HPLC/MS with API interfaces in the 
case of difficult compounds that cannot be conveniently assayed 
using conventional techniques such as GC/MS. 
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