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a b s t r a c t

A sensitive and specific GC/MS method for the determination of buprenorphine (BPN) and its main
metabolite nor-buprenorphine (nor-BPN) in blood has been developed, optimized and validated. Sample
preparation includes solid-phase extraction of both analytes and their derivatization with acetic anhy-
dride in pyridine. BPN-d4 was used as internal standard for the determination of both analytes. Limits
of detection and quantification for BPN and nor-BPN were 0.02 and 0.05 �g/L, respectively. The calibra-
tion curves were linear within the dynamic range of each analyte (0.05–30.0 �g/L) with a correlation
eywords:
uprenorphine
lood
aintenance
C/MS
erivatization

coefficient higher than 0.996. Absolute recovery ranged from 90.2 to 97.6% for both analytes and their
internal standard. Intra- and inter-day accuracy was found to be between −5.40 to 1.73% and −2.45 to
2.80%, respectively, while intra- and inter-day precision were less than 5.8 and 4.7%, for both analytes. The
method was applied to real blood samples obtained from patients that follow BPN maintenance program.
The developed method can be used in routine every day analysis by clinical and forensic laboratories,
for pharmacokinetic studies, for therapeutic drug level monitoring in order to adjust BPN dosage of BPN

r the
maintained patients or fo

. Introduction

Buprenorphine (BPN), a semi-synthetic opioid derived from the-
aine [1] with a chemical structure similar to morphine [2], is about
0 times more potent than morphine [3]. BPN acts as a mixed
pioid agonist-antagonist, with partial �-type opioid agonist and
otent �-type opioid antagonist activity [4]. The combined ago-
ist and antagonist action of BPN results in minimized withdrawal
ffects following discontinuation of its use [5]. Several different
rug treatments have been proposed as substitution or replace-
ent therapies, most notably methadone [6] and BPN [7]. BPN’s

enefits include increased safety for respiratory depression, sup-
ressed heroin use, and possibility of longer dosing interval [8]. In
ombination with the increased medical use, BPN also occurs on the
lack market as an illicit drug [9], and fatalities due to poly-drug
se have been reported [10]. Because of the small doses used and
he resulting low blood concentrations, identification and moni-

oring of BPN presents a great challenge for clinical and forensic
oxicology laboratories.

Several analytical methods based on GC/MS [2,5,11–13], LC/MS
14,15] or LC/MS/MS [1,13,16,17] have been published for the
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investigation of forensic cases.
© 2010 Elsevier B.V. All rights reserved.

determination of BPN and nor-BPN in different biological matrices,
mainly in blood [14–17], plasma [11–13] and urine [2,5,15,16]. The
aim of our study was the development, optimization and valida-
tion of a simple, sensitive and rapid method, based on GC–EI-MS for
the determination of BPN and its pharmacologically active metabo-
lite, nor-BPN, in blood. It has to be mentioned here that many LC
methods for BPN in blood or plasma do not fulfill the compound
identification criteria as they monitor only a single ion [13,15,17] or
only one characteristic transition ion [14]. To our knowledge, there
are no validated GC methods published concerning the determina-
tion of BPN and nor-BPN in blood. Most of the available GC [11–13]
methods are applied only to plasma samples that normally are not
available in forensic cases. Moreover, the sensitivity or the linearity
of these methods are not sufficient for pharmacokinetic studies or
for therapeutic drug monitoring as BPN blood levels normally are
rather low.

2. Experimental

2.1. Chemicals and reagents
Reference standards of BPN, nor-BPN and BPN-d4 at a
concentration of 0.1 mg/mL in methanol were purchased
from LGC Promochem (Molsheim, France). The solvents used
(methanol, hexane, ethyl acetate, dichloromethane and iso-
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ropanol) were of analytical or HPLC grade and were purchased
rom Merck (Darmstadt, Germany). Analytical reagents were
urchased as follows: pentafluoropropionic anhydride (PFPA)
9%, N,O-bis(trimethylsilyl)-trifluoracetamide (BSTFA) with 1%
rimethylchlorsilane (TMCS), propionic anhydride 99% and pro-
ionylchloride 98% from Sigma-Aldrich (Steinheim, Germany),
eptafluorobutiric anhydride (HFBA) 99% and trifluroacetic acid
TFAA) 99% from Fluka (Steinheim, Germany), acetic anhydride
7% from Mallinckrodt (St. Louis, USA), pyridine 99.5% from Ferak
Berlin, Germany) and triethylamine 99% from Merck (Hohen-
runn, Germany). Bond Elut LRC Certify I and II (Varian), as well
s Nexus (Varian) SPE columns were used. Human blood was
btained after informed consent, from healthy donors and before
ts use it was screened by GC/MS for the presence of BPN and
or-BPN.

.2. GC/MS analysis and apparatus

GC/MS analysis was performed on a Shimadzu GC-2010
quipped with a Shimadzu AOC-20i autosampler system and a
himadzu QP 2010S mass spectrometer, using a cross-linked DB-
MS (Agilent, USA) capillary column (12 m × 0.20 mm i.d., 0.33 �m
lm thickness). Helium was used as carrier gas at a flow rate of
.6 mL/min. The temperatures of injection port, ion source and

nterface were 280, 200 and 300 ◦C, respectively. Initial oven tem-
erature of 150 ◦C (hold for 1 min) increased to 300 ◦C at a rate
f 40 ◦C/min, with a final hold time of 6 min (total run time:
0.75 min). The mass spectrometer (MS) was operated in electron

mpact ionization/selective ion monitoring (EI/SIM) mode (70 eV).
he mass fragments (dwell time of 10 ms) used for the qualitative
nalysis of the acetylated analytes were: 420, 452 and 408 for BPN,
40, 408 and 366 for nor-BPN, whereas the bold marked ions, as
ell as the m/z 424 for the internal standard BPN-d4, were used for

heir quantification.

.3. Calibrators and controls

Working standard solutions containing BPN and nor-BPN at
.00–600.0 �g/L, were prepared by mixing the appropriate volumes
f the corresponding stock solutions of each compound and then
y diluting with methanol. Spiked blood standards (calibrators and
uality controls) were prepared by spiking 950 �L of blank blood
ith 50 �L of the mixed working standard solutions. The eight cal-

brators contained BPN and nor-BPN at equal concentrations of
.05, 0.10, 0.30, 0.60, 1.50, 3.00, 10.0 and 30.0 �g/L, while blood QC
amples contained 0.15, 5.00 and 20.0 �g/L of BPN and nor-BPN.

working internal standard solution containing 40.0 �g/L BPN-
4 in methanol was also prepared. Fresh working solutions were
repared daily.

.4. Sample preparation

The following procedure was applied: addition of 50 �L of
PN-d4 (40.0 �g/L) to calibrator/QC/patient samples (1.00 mL), vor-
ex for 15 s, pH adjustment with 4.00 mL of 0.1 M phosphate
uffer pH 6.00, centrifugation at 3000 rpm for 5 min, condition-

ng of Bond Elut LRC Certify SPE with 3 mL of methanol, 3 mL
f deionized water and 1 mL of phosphate buffer 0.1 M (pH
.00), sample loading, washing of the SPE columns with 3 mL
f deionized water, 1 mL of 0.1 M acetic buffer pH 4.00 and
mL of methanol, dryness under high vacuum (≥10 mmHg) for

min, twice elution of the analytes with 1.5 mL of a mixture
f dichloromethane:isopropanol:ammonium hydroxide (85:15:2,
/v/v), evaporation to dryness (N2 at 40 ◦C), acetylation by addition
f 50 �L of pyridine and 50 �L of acetic anhydride, heating at 80 ◦C
or 30 min, cooling, evaporation to dryness, reconstitution (30 �L
d Biomedical Analysis 54 (2011) 588–591 589

ethyl acetate) and injection (1 �L) into the GC/MS system (splitless
mode).

3. Results and discussion

3.1. Method development and optimization

A GC/MS method has been developed and optimized for the
determination of BPN and nor-BPN in blood. The assay includes
isolation of both analytes from the blood samples by SPE followed
by derivatization.

Different derivatization reagents, such as PFPA, HFBA, TFAA,
BSTFA with 1% TMCS, mixture of propionic anhydride with
triethylamine (1:1, v/v), acetic anhydride in pyridine and propi-
onylchloride were tested. It was found that BPN and nor-BPN were
best derivatized by acetylation, using acetic anhydride in pyridine,
judging by the peak areas of both derivatized analytes. Further-
more, the other derivatization reagents resulted in the formation
of analyte-derived artifact products reducing the abundance of
the derivatized BPN and nor-BPN and thus the sensitivity of the
method. The results obtained in the development of the deriva-
tization procedure were similar to Wu et al [18]. Subsequently,
the derivatization conditions (volume of derivatization reagent,
temperature and duration of the reaction) were optimized using
standard solutions of the compounds.

Chromatographic conditions like injector temperatures (240,
260, 280, 300 ◦C), interface temperatures (280, 290, 300, 310,
320 ◦C), initial (60, 80, 100, 120, 150, 180 ◦C) and final (280, 290,
300, 310, 320 ◦C) column temperatures, as well as the column tem-
perature rate (20, 30, 40, 50 ◦C/min) and the carrier gas flow rate
(0.5, 0.6, 0.7, 0.8, 0.9, 1.0 mL/min) were optimized. The optimal con-
ditions are in bold. The optimized GC separation of analytes was
achieved within 10 min and the retention times of acetylated BPN
and nor-BPN were 8.9 and 9.6 min, respectively.

In order to achieve high selectivity, specificity and sensitiv-
ity, solid phase extraction (SPE) of blood samples was selected,
as the liquid–liquid extraction gave dirty samples unsuitable for
derivatization and GC/MS analysis. During the optimization of the
extraction procedure, three different types of SPE columns were
tested: Nexus (Varian), Bond Elut LRC Certify (Varian) and Bond Elut
LRC Certify II (Varian). Modifications like different washing meth-
ods of the column, as well as different solvent mixtures for the
elution of the analytes were tried. By using Bond Elut LRC Certify
SPE columns (mixed mode: non polar and cation exchange) high
recovery results were achieved for all analytes and for the internal
standard, without any interference from endogenous blood com-
pounds. During the washing step of the SPE columns, acetic acid
1.0 M and acetate buffer 0.1 M (pH 4.0) were tested and the lat-
ter resulted in greater absolute recovery. The absolute recovery
during SPE was also improved by using different mixtures of elu-
tion solvents, such as dichloromethane:isopropanol:ammonium
hydroxide (85:15:2, v/v/v), ethyl acetate: ammonium hydroxide
(100:2, v/v), dichloromethane: methanol: ammonium hydroxide
(90:10:2, v/v/v), ethyl acetate: isopropanol: ammonium hydroxide
(90:10:2, v/v/v), hexane: ethyl acetate: isopropanol: ammonium
hydroxide (80:10:10:2, v/v/v/v). The mixture of dichloromethane:
isopropanol: ammonium hydroxide (85:15:2, v/v/v) showed the
best results for the elution of both analytes.

3.2. Method validation
The combination of SPE and acetylation proved to be useful
for the determination of BPN and nor-BPN blood concentra-
tions, as no interference from endogenous and exogenous
compounds was observed. The selectivity of the method was
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Table 1
Intra- and inter-day accuracy and precision of BPN and nor- BPN of blood quality control samples.

Analyte Concentration
expected (�g/L)

Intra-day (n = 6) Inter-day (n = 36)

Concentration found,
mean ± SD (�g/L)

Accuracy
(% Er)

Precision
(% RSD)

Concentration found,
mean ± SD (�g/L)

Accuracy
(% Er)

Precision
(% RSD)

BPN
0.15 0.1526 (±0.0067) 1.73 4.4 0.1542 (±0.0057) 2.80 3.7
5.00 4.90 (±0.23) −2.00 4.7 5.10 (±0.20) 2.00 3.9

5.8 20.07 (±0.93) 0.35 4.6
5.8 0.1519 (±0.0071) 1.27 4.7
4.3 5.07 (±0.20) 1.40 3.9
5.2 19.51 (±0.78) −2.45 4.0
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20.0 19.69 (±1.15) −1.55

nor-BPN
0.15 0.1523 (±0.0088) 1.53
5.00 4.85 (±0.21) −3.00

20.0 18.92 (±0.99) −5.40

dequate with minimal matrix effects for all blank samples
n = 6). The specificity study documented that blood concen-
rations of 1000 �g/L of the drugs selected (morphine, codeine,
-acetyl-morphine, methadone, �9-tetrahydrocannabinol, 11-
or-9-carboxy-�9-tetrahydrocannabinol, cocaine, ecgonine
ethylester, benzoyloecgonine, diazepam, nordiazepam, bro-
azepam, alprazolam, 7-amino-flunitrazepam, phenobarbital,

mitriptyline, clomipramine, amphetamine, methamphetamine,
DMA, ephedrine and ketamine) do not interfere with the accu-

ate determination of BPN and nor-BPN in blood. The LOD and
OQ for each analyte were determined as the lowest concentration
ielding signal-to-noise ratios of at least 3:1 (0.02 �g/L) and 10:1
0.05 �g/L), respectively, for both analytes. Linearity was excellent
ith correlation coefficients (R2) exceeding 0.996 and the linear
ynamic range was 0.05–30.0 �g/L for both analytes. The % RSD
f the slopes was found to be 2.9 and 3.6%, for BPN and nor-BPN,
espectively. Precision and accuracy of the method (intra-day n = 6
nd inter-day n = 36) were calculated by analyzing three QC levels
ithin analytes’ linear range (0.15, 5.00 and 20.0 �g/L for both BPN

nd nor-BPN) and the results are presented in Table 1. Absolute
ecovery for three QC levels was found to be between 90.2 and
5.6% for BPN, 94.1–97.6% for nor-BPN and higher than 93.8% for
PN-d4. SIM chromatogram of a spiked sample at the low QC
oncentration is shown in Fig. 1. Robustness of the entire method
as studied by changing several parameters of the procedure (pH

f samples was adjusted to 6.50 instead of 6.00, derivatization
emperature 75 ◦C instead of 80 ◦C, and the ratio of the solvents in
he elution mixture 80:20:2, v/v/v instead of 85:15:2, v/v/v) as well
s GC parameters (flow rate of carrier gas: 0.97 mL/min, injector
emperature: 277 ◦C and 3% lower detector voltage). Neither a
ingle parameter nor a combination of the ones changed, showed
significant influence on the results of the method, which proved

o be sufficiently robust. Stability study was assessed by analyzing
piked blood with BPN and nor-BPN, at low and high QC levels,
nd the loss for both analytes was less than 5.7, 6.5 and 4.4% at
oom temperature for 16 h, at −20 ◦C for 1 month and after three
reeze–thaw cycles, respectively.

.3. Method application
The developed method was successfully applied to the drug
herapeutic monitoring of patients participated in BPN main-
enance program. The blood samples were collected from BPN

aintained patients before and 3 h after BPN intake, and were
tored at −20 ◦C until their analysis. In this manuscript, five repre-

able 2
oncentration of BPN and nor-BPN (�g/L) in blood samples obtained from five BPN main

Concentration (�g/L) Patient A Patient B

Before 3 h after Before 3 h after

BPN 0.207 0.791 0.324 1.407
nor-BPN 0.438 0.717 0.536 0.758
Fig. 1. Chromatogram of a spiked at the low QC concentration (0.15 �g/L) sample
for both BPN and nor-BPN.

sentative cases are presented (Table 2). The patients were receiving

a single BPN daily dose of 5 mg (patient A), 6 mg (patient B) and
7 mg (patient C), or a dose of 16 mg BPN (patients D and E) every 2
days. BPN blood levels of these patients were within the therapeu-
tic range and their response was judged satisfactory by the clinical
doctors.

tained patients, before and 3 h after oral administration.

Patient C Patient D Patient E

Before 3 h after Before 3 h after Before 3 h after

0.494 2.020 0.418 2.658 0.269 1.519
2.251 3.531 0.235 1.155 0.200 0.631
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. Conclusion

The developed method is the first GC/MS method that deter-
ines simultaneously BPN and nor-BPN in blood providing full

alidation data and showing such a low LOQ. When compared
ith previously described GC or LC methods for the determina-

ion of BPN and nor-BPN in blood or plasma, it shows comparable
nd in some cases enhanced validation results. The developed
ethod shows improved sensitivity, accuracy and precision, higher

xtraction recoveries and significant robustness. More specifically,
reviously published relative methods show higher [12–14,16] or
ame LOQ [11] (which concerns plasma) for BPN or nor-BPN. The
ide linear range (0.05–30.0 �g/L) for both BPN and nor-BPN, start-

ng from LOQ concentration [in contrast to the only previously
ublished GC/MS method [11] for BPN in plasma that has the same
OQ (0.05 �g/L) for BPN with ours but its linearity curve starts
rom 0.10 �g/L] allows the analysis of most clinical and forensic
pecimens.

BPN dosage, as well as BPN and nor-BPN blood levels, in usual
linical cases are very low, demonstrating the need for a highly sen-
itive method for their determination. The proposed GC/MS method
an solve already existing analytical problems in such cases and it
atisfies sensitivity requirements by using elementary equipment,
vailable at common clinical or forensic laboratories that perform
veryday routine analysis, at a significantly low cost. The developed
ethod can be used in the determination of BPN and nor-BPN in

lood samples for pharmacokinetic studies, for therapeutic drug
evel monitoring in order to adjust BPN dosage of BPN maintained
atients or for the investigation of forensic cases.

cknowledgements

This research was financially supported by the Special Research
ccount of the University of Athens. The study was accomplished
ith the valuable contribution of the National Organization Against
rugs in Greece.

eferences
[1] M. Concheiro-Guisan, D.M. Shakleya, M.A. Huestis, Simultaneous quantifi-
cation of buprenorphine, norbuprenorphine, buprenorphine glucuronide,
and norbuprenorphine glucuronide in human placenta by liquid chro-
matography mass spectrometry, Anal. Bioanal. Chem. 394 (2009)
513–522.

[

d Biomedical Analysis 54 (2011) 588–591 591

[2] G. Wang, M. Vincent, W. Rodrigues, A. Agrawal, C. Moore, R. Barhate, E. Abo-
lencia, C. Coulter, J. Soares, Y.F. Zheng, C. Taylor, N. Morjana, Development and
GC–MS validation of a highly sensitive recombinant G6PDH-based homoge-
nous immunoassay for the detection of buprenorphine and norbuprenorphine
in urine, J. Anal. Toxicol. 31 (2007) 377–382.

[3] A. Cowan, J.W. Lewis, I.R. Macfarlane, Agonist and antagonist properties of
buprenorphine, a new antinociceptive agent, Br. J. Pharmacol. 60 (1977)
537–545.

[4] S.L. Walsh, K.L. Preston, M.L. Stitzer, E.J. Cone, G.E. Bigelow, Clinical pharmacol-
ogy of buprenorphine: ceiling effects at high doses, Clin. Pharmacol. Ther. 55
(1994) 569–580.

[5] S. George, C. George, M. Chauhan, The development and application of a rapid
gas chromatography–mass spectrometry method to monitor buprenorphine
withdrawal protocols, Forensic Sci. Int. 143 (2004) 121–125.

[6] V.P. Dole, M. Nyswander, A medical treatment for diacetylmorphine (heroin)
addiction: a clinical trial with methadone hydrochloride, J. Am. Med. Assoc. 193
(1965) 80–84.

[7] J.W. Lewis, Buprenorphine, Drug Alcohol Depend. 14 (1985) 363–372.
[8] R.P. Mattick, J. Kimber, C. Breen, M. Davoli, Buprenorphine maintenance versus

placebo or methadone maintenance for opioid dependence, Cochrane Database
Syst. Rev. 2 (2003) CD002207.

[9] Y. Obadia, V. Perrin, I. Feroni, D. Vlahov, J.P. Moatti, Injecting misuse of
buprenorphine among French drug users, Addiction 96 (2001) 267–272.

10] P. Kintz, Deaths involving buprenorphine: a compendium of French cases,
Forensic Sci. Int. 121 (2001) 65–69.

11] S. Gopal, T.B. Tzeng, A. Cowan, Development and validation of a sensitive
analytical method for the simultaneous determination of buprenorphine and
norbuprenorphine in human plasma, Eur. J. Pharm. Biopharm. 51 (2001)
147–151.

12] S. Pirnay, S. Bouchonnet, F. Hervé, D. Libong, N. Milan, P. Athis, F. Baud, I.
Ricordel, Development and validation of a gas chromatography–mass spec-
trometry method for the simultaneous determination of buprenorphine,
flunitrazepam and their metabolites in rat plasma: application to the phar-
macokinetic study, J. Chromatogr. A 807 (2004) 335–342.

13] D.E. Moody, J.D. Laycock, A.C. Spanbauer, D.J. Crouch, R.L. Foltz, J.L. Josephs,
L. Amass, W.K. Bickel, Determination of buprenorphine in human plasma by
gas chromatography–positive ion chemical ionization mass spectrometry and
liquid chromatography–tandem mass spectrometry, J. Anal. Toxicol. 21 (1997)
406–414.

14] H. Hoja, P. Marquet, B. Verneuil, H. Lotfi, J.L. Dupuy, G. Lachatre, Determi-
nation of buprenorphine and norbuprenorphine in whole blood by liquid
chromatography–mass spectrometry, J. Anal. Toxicol. 21 (1997) 160–165.

15] V. Cirimele, S. Etienne, M. Villain, B. Ludes, P. Kintz, Evaluation of the One-StepTM

ELISA kit for the detection of buprenorphine in urine, blood, and hair specimens,
Forensic Sci. Int. 143 (2004) 153–156.

16] D. Favretto, G. Frison, S. Vogliardi, S.D. Ferrara, Potentials of ion trap collisional
spectrometry for liquid chromatography/electrospray ionization tandem mass
spectrometry determination of buprenorphine in urine, blood and hair sam-
ples, Rapid Commun. Mass Spectrom. 20 (2006) 1257–1265.

17] S. Oechsler, G. Skopp, Buprenorphine and major metabolites in blood speci-

mens collected for drug analysis in law enforcement purposes, Forensic Sci.
Int. 195 (2010) 73–77.

18] C.H. Wu, S.C. Yang, Y.S. Wang, B.G. Chen, C.C. Lin, R.H. Liu, Evaluation of various
derivatization approaches for gas chromatography–mass spectrometry anal-
ysis of buprenorphine and norbuprenorphine, J. Chromatogr. A 1182 (2008)
93–112.


	Development and validation of a highly sensitive GC/MS method for the determination of buprenorphine and nor-buprenorphine...
	Introduction
	Experimental
	Chemicals and reagents
	GC/MS analysis and apparatus
	Calibrators and controls
	Sample preparation

	Results and discussion
	Method development and optimization
	Method validation
	Method application

	Conclusion
	Acknowledgements
	References


