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Buprenorphine is now being detected as a drug of abuse in drugs/driving cases alongside side
naloxone. Being a semi synthetic opiate, it has the potential to impair motorists in a similar fash-
ion to morphine. Many laboratories have observed that buprenorphine does not produce a posi-
tive response with typical opiate immunoassays or routine basic GC-MS drug screens.

In this study, samples of urine were enzymatically hydrolyzed after which they were extracted on
mixed mode solid phase (SPE) columns, after which the extracted samples were analyzed by LC-
MS/MS analysis in positive multiple reaction monitoring mode.

The LOD/LOQ were determined to be 0.5 and 1.0 ng/mL, respectively for the analytes; linearity
(10 to 1000 ng/mL) and (r*>0.999). The recovery of the analytes was found to be greater than
90%. Interday/intraday analysis was found to <8% and <10%, respectively. Matrix effects were

determined to be <6%.
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Introduction

Itwas Robinsonwho elucidated the active structure of mor-
phine in 1925. Buprenorphine (25)-2-[(5R,0R,7R,14S)-9o-
Cyclopropylmethyl-4,5-epoxy-06,14-ethano-3-hydroxy-6-
methoxymorphinan-7-yl]-3,3-dimethylbutan-2-ol) which
is a semi-synthetic opioid. It possesses partial agonist
properties acting at p-opioid receptor site, it also pos-
sesses antagonist characteristics acting mainly on the
n-opioid receptor site [1]. Its structure is derived from
thebaine, and it has a structural similarity with morphine
((5a,6a)-7,8-didehydro-4,5-epoxy-17-methylmorphi-
nan-3,6-diol), but has been reported to be up to 50 times
more potent, with a higher affinity for p-opioid receptors
compared with other opioids, including heroin (diacetyl
morphine)|[2]. Historically, buprenorphine was first syn-
thesized 1966 by John Lewis working at Reckitt and Col-
man (later Reckitts). Lewis had previously been a doctoral
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student of Sir Robert Robinson, who had elucidated the
active structure of morphine in 1925 [3]. Buprenorphine
(BUP) is metabolized in human beings through to the ac-
tive metabolite norbuprenorphine (NBUP) via the process
of N-dealkylation, performed primarily by cytochrome
P450 (CYP 450) 3A4 and CYP 2D6 groups of enzymes
[4]. Minor metabolites of BUP and NBUP i.e hydroxy-
buprenorphine and hydroxynorbuprenorphine have also
been reported [5], these are believed to occur after oxida-
tion of the tertiary butyl group on both BUP and NBUP
but do not make a significant contribution to the urinary
profile. Peak plasma concentration times of BUP have
reported to range from 0.66 hours to 3.5 hours, its half-
life (t, ,) has been reported to be as long as 44 hours [6].
NBUP the primary metabolite of buprenorphine is by
nature is a weak opiate agonist and has been reported as
having a potency of one quarter of buprenorphine. It
has also been reported that it possesses greater respirato-
ry depressant effects than the parent and this phenome-
non may controlled not by brain based opioid receptors
but those located in the lung [7]. The half-life for NBUP
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has been reported as being longer than that of the parent
by a factor of 1.5 [8]. BUP is now being detected as a
drug of abuse in drugs and driving cases [9]. This drug
is also found along in medications with in combination
with naloxone (Suboxone®). Naloxone (NALOX) is de-
scribed as a non-selective opiate antagonist at u, », and &
opioid receptors. NALOX is added to BUP formulations
to prevent the misuse by individuals wishing to adminis-
ter the drug via an intravenous route [10]. NALOX is also
an antagonist, with a lower affinity for the x-and 8-opi-
oid receptors. Naloxone is used to reverse the effects of
opiate overdose, such as respiratory depression, sedation
and hypotension, without a risk of developing tolerance
to this particular drug. The final step in the metabolic
process for the three compounds is the formation of
their individual glucuronides [10]. Naloxone is not within
the testing regime of many forensic toxicology laborato-
ries in USA, any sample requiring testing for an analyte
outside the laboratory’s testing manual would be referred
to a reference testing facility under contract with the lab-
oratory. Neither BUP nor NBUP produce a positive re-
sponse with typical opiate immunoassays, although many
commercial ELISA manufacturers are now supplying
BUP specific kits [11,12]. The parent and metabolite may
not be detected by in basic drug screens after by using
gas chromatography-mass spectrometry (GC-MS) with-
out prior hydrolysis of the sample and post extraction
derivatization for GC-MS in selected ion monitoring
(SIM) mode, thus may not be detected in these routine
drug screens. This is because the glucuronides are not as
amenable as the parent compounds for analysis due to
their difficulty in derivatizing for GC-MS analysis. This
may answer the question of why BUP is being diverted
into the illicit market as opiates are widely tested in foren-
sic toxicology facilities but not BUP/NBUP. In low con-
centrations, BUP/NBUP act like similar opiates/opioids
in providing pain relieving or analgesic effects in subjects
being administered the drugs, in high concentrations they
also present similar adverse effects i.e. severe depression
of the respiratory system, sedation and hypotension [13].
Thus the addition of NALOX is a preventative measure
against overmedication.

Previous methods published for the analysis of BUP/
NBUP have employed the use of GC-MS [14-22], in
these methods the compounds were derivatized after af-
ter being extracted from the urine samples using either
liquid-liquid extraction [16] or solid phase extraction
[15]. Typically, a silyl reagent such as BSTFA has been
employed although an acyl derivative has been reported
[22] as giving a better mass spectrometric performance.
With the introduction of affordable liquid chromatog-
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raphy-tandem mass spectrometry (LC-MS/MS) units,
reports have been published using this methodology [23-
26]. Publications investigating the extraction and analy-
sis of BUP, NBUP and NALOX are not as populous as
those involving buprenorphine (and its metabolite) and
naloxone as singly entities. The nature of these studies
tends to be of a clinical nature and not forensic toxico-
logical one [27-33]. In this study, the authors have taken a
forensic approach to apply the method to medico-judicial
cases.

In this study urine samples taken from drugs and driving
cases that previously tested positive for buprenorphine
using LC-MS/MS were further analyzed for both the bu-
prenorphine metabolite (norbuprenorphine) and nalox-
one to test the efficiency of the procedure. Urine is taken
from suspects in some states such as Massachusetts by
enforcement agencies rather than blood. The validation
procedure follows guidelines set out in the current quality
manual at Massachusetts State Police Crime Laboratory

(MSPCL).

Materials and methods

Reagents and equipments

Buprenorphine, norbuprenophine, buprenorphine-d3,
norbuprenorphine-d4, and naloxone (1.0 mg/ ml., 1.0
mg/mL, 0.1 mg/mlL, 0.1 mg/mL, 1.0 mg/mlL, respec-
tively) were obtained from Lipomed, Cambridge MA).
Acetonitrile, ammonium hydroxide, acetic acid (glacial),
methylene chloride and methanol were obtained from
Fisher Scientific (Pittsburgh, PA). Phosphate buffer (0.1
M, pH 6) and pH 5 acetate buffer (0.1M) were purchased
ready prepared from Fisher Scientific. Formic acid was
obtained from Acros Chemicals (via Fisher Scientific).
DI (deionized) water was generated in house. All chem-
icals were of ACS grade. Solid phase extraction (SPE)
columns (Clean Screen®DAU (6mL, 200 mg)), Selectra-
zyme B-glucuronidase (derived from Red Abalone) were
obtained from UCT, Inc., (Bristol PA). Negative urine
was obtained from volunteers and laboratory tested to
be drug free.

Formic acid was made up as a 0.1% (v/v) solution by
the addition of 1 mL of the acid to 900 mL of DI water
and diluting to 1 L. Acetonitrile containing 0.1% (v/v)
was made up by adding 1 mL of formic acid to 900 mL
of acetonitrile and diluting to 1 L with the same solvent.
Analysis was performed using an API 3200 Q-Trap in-
strument supplied by Applied Biosystems (Foster City,
CA). The chromatographic system consisted of a Shi-
madzu CBM 20 A controller, two Shimadzu 1.C 20 AD
pumps including degasser, a Shimadzu SIL 20 AC au-
tosampler, and a Shimadzu CTO AC autosampler com-
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partment (set at 10 °C), the instrument was fitted with
a Selectra DA column (50 x 2.1 mm (5 pm)) from UCT
Inc) and was attached to a Selectra DA guard column (10
x 2mm) which was obtained from the same supplier.

Liquid chromatography-mass spectrometry

Liquid chromatography was performed in gradient mode
employing the Selectra ® DA column and a mobile phase
consisting of acetonitrile and 0.1% aqueous formic acid
at a flow rate of 0.5 mL/minute. The injection volume
was 10 uL. for each analytical run. The retention times
for the parent compounds were found to be: buprenor-
phine/buprenorphine-d3 (2.95/2.92 minutes); nornbu-
prenorphine/norbuprepnorphine-d4  (2.64/2.58 min-
utes); naloxone (1.85 minutes). The gradient program is
shown in Table 1.

Table 1. Liquid chromatography conditions.

Time %B (Acetonitrile containing
(min) 0.1% formic acid)

0 5

1.0 5

4.0 90

5.0 5

5.1 stop

Tandem mass spectrometric analysis was performed in
positive multiple reaction monitoring (MRM) mode for:
buprenorphine-d4,norbuprenorphine/norbuprenor-
phine-d3, and naloxone. The pentodeuterated internal
standard for naloxone was not available to the authors
at time of study. The mass spectrometric conditions are
shown in Table 2. Tandem mass spectrometry was pet-
formed under the following conditions: curtain gas set-
ting=15, collision gas setting=medium, ion spray voltage
setting=5000V, temperatute setting=650°C, ion source
gas #1 setting=50, ion source gas #2 setting=50. The an-
alytical data was collected using Analyst Software Version
1.5.2 supplied by Applied Biosystems (now ABSCIEX).
Tandem mass spectral conditions including quantitation
ions are presented in Table 2. Positive confirmation of
the analytes was based upon peak retention time and the
ratios of the MRM. Retention time had to be within 0.2
minutes of the lowest standard, and ratio of the two tran-
sitions had to be less than 25%.

Sample preparation for analysis

Calibrators and controls

Calibrators were prepared by the addition of 10, 50, 100,
250, 500, and 1000 ng of BUP, NBUP and NALOX into
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1 mL samples of drug free urine samples. To these sam-
ples 500 ng of the internal standard solution (BUP-d3,
NBUP-d4) was added. This involved adding 50uLl. of a
solution containing 10ug/mL of BUP-d3/NBUP-d4) to
each sample. Control samples were prepared by the addi-
tion of 40 ng and 800 ng of BUP, NBUP and NALOX
to 1 mL of drug free urine samples in addition to 500
ng of the internal standard solution. Test samples were
chosen from BUP positive urine samples that had been
previously analyzed and reported for the BUP/NBUP.
These samples were completed, closed and marked for
disposal according to current MSPCL procedures. These
samples were prepared by adding 500 ng of internal stan-
dard solutions to 1 mL aliquots of urine.

All determinations were performed in duplicate. A nega-
tive control sample was prepared by the addition of only
the internal standard (500 ng) to a sample of drug free
urine (1 mL). To each sample (calibrator, control and test
sample) was added: 1 mL of pH 5 acetate buffer and
50 uL. of Selectrazyme 3-glucuronidase and vortex mixed
for approximately 30 seconds before being incubated
for 1 hour at 65°C in a thermostatically controlled water
bath. The samples were then cooled to room tempera-
ture.

Calibrators, control samples, and test samples were treat-
ed in an identical mode with regard to sample extraction
i.e. after buffering with 3 mL of phosphate buffer (pH 0,
0.1M), the samples were vortex mixed for approximately
1 minute then centrifuged at 3000 rpm for 10 minutes.
The supernatant liquid was applied to a pre-conditioned
SPE cartridge.

To assess the performance of the procedure, calibration
curves were constructed twice daily over five consecutive
days using the spiked controls, from this data intra-day
and inter-day values were obtained. The data was ob-
tained by using 2 replicates per concentration level for
the construction of each calibration curve, and 2 repli-
cates for each of the controls for assessment of precision
and accuracy. The control samples had to be within *
20% of their nominal value.

Solid Phase Extraction

Solid phase extraction columns were conditioned by the
sequential addition of: 1 x 3 mL. of methanol, 1 x 3 mLL
of DI water, and 1 x 1 mL of 0.1 M phosphate buffer
(pH 6). Each liquid was allowed to percolate through
the sorbent using gravity without allowing the sorbent to
dry out in between steps. Following the passage of the
methanol, DI water and 0.1 M phosphate buffer (pH 0)
through the SPE columns, each diluted sample (i.e. cali-
brator, control, and case item) was loaded on to an indi-
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Table 2. Mass spectrometric conditions.

Compound Q1 Q3
(m/3) (m/3)
Bup (1) 468.2 396.4
Bup (2) 414.3
Bup-d4 (1) 4723 400.2
Bup-d4 (2) 415.3
Norbup (1) 414.2 1151
Norbup (2) 165.2
Norbup-d3 (1) 417.2 1151
Norbup-d3 (2) 152.0
Nalox (1) 328.1 2121
Nalox (2) 253.1

and underlined

DP EP CE CXP
(Volts) (Volts) (Volts) (Volts)
81 4 57 6
81 4 39 6
86 7 55 6
86 7 43 6
71 4 125 4
71 4 103 4
76 4.5 123 4
76 4.5 125 4
41 4 49 4
41 4 37 4

Bup=Buprenorphine; Norbup=Norbuprenorphine; Nalox=Naloxone Q1=Precursor Ion; Q3=Product lon; DP=Decluster-
ing Potential; EP= Exit Potential; CXP=Collision Cell Exit Potential; CE=Collision Energy. Quantitation Ions shown in bold

vidually marked SPE tube, and allowed to pass through
the sorbent using gravitational flow. The SPE columns
were then washed with: 1 x 3 mL of DI water, 1 x 1 mL
of 1.0 M acetic acid, and 1 x 3 mL of methanol, respec-
tively. The SPE columns were then dried for 10 minutes
by applying a vacuum to the SPE manifold at 15 inches
of mercury pressure via an electric vacuum pump. The
analytes were cluted from the SPE columns by the addi-
tion of 1 x 3 mL of a solution consisting of methylene
chloride-isopropanol-ammonium hydroxide (78:20:2%
v/v). This solution was prepared daily by adding 2 mL of
concentrated ammonium hydroxide solution to 20 mL of
isopropanol and mixing well. To this solution was added
78 mL of methylene chloride, and the resultant solution
was transferred to a clean screw top bottle for use. A
screw top bottle ensures that the basicity of the solution
remains high by eliminating any loss of ammonia from the
bottle. The clution solvent was allowed to flow through
the SPE sorbent with the aid of gravity and collected in
separate glass tubes (75 mm x 12 mm). The cluates were
evaporated to dryness under a gentle stream of nitrogen
at 35 °C. The residue was dissolved in 100 uL of a solu-
tion containing 95% of mobile phase component (MPA)
and 5% of mobile phase component (MPB). This solu-
tion was transferred to an autosampler vial containing a
low volume insert (100 pL) for analysis by LC-MS/MS.

Matrix Effects

Studies into the matrix effects were performed according
to a previously published procedure [34]. In this part of
the study, aliquots of the BUP/BUP/NALOX solution
(covering the linear range) were evaporated to dryness at

35°C using a gentle stream of nitrogen and dissolved in
100 pLL of a solution containing 95% of mobile phase
solvent MPA and 5% mobile phase solvent MPB. Each
of the solutions were evaporated to the mobile phase and
analyzed by LC-MS/MS (A). Concurrently, a set of urine
samples obtained from five different sources were sub-
jected to the SPE process noted, after elution of the SPE
columns, the elution solvent was fortified with BUP/
NBUP/NALOX (covering the linear range) and evapo-
rated to dryness before being dissolved in 100 pL. of 95%
(MPA) and 5% (MPB).

A second set of urine samples similatly obtained from
five different sources were fortified with BUP/NBUP/
NALOX (covering the linear range) and processed via
the SPE method. After elution and evaporation to dry-
ness, 100 pL. of mobile phase solution (MPA and MPB)
was added to dissolve the residue (C). The data (peak ar-
eas) for A, B, and C were collected by Analyst 1.5.2. By
comparing the peak areas of B with those of A an assess-
ment of matrix effects was made. The comparison of
peak areas for C with B provided data for the recoveries.
A solution of BUP/NBUP/NALOX (concentration: 50
ng/ml) was infused into the tandem mass spectrome-
ter using the on board syringe pump (controlled by An-
alyst 1.5.2 software) via a Hamilton syringe (model#
1001TLL, 1 ml volume) (supplied by Fisher Scientific)
at a flowrate of 5 pl./minute. At the same time as the
solution of BUP/NBUP/NALOX was flowing into the
mass spectrometer, a 10 uL. aliquot of the SPE extract-
ed urine matrix (samples of urine confirmed to contain
no drug material) was injected using the autosampler sy-
ringe on the Shimadzu liquid chromatograph. The liquid
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chromatograph and mass spectrometer were arranged so
that samples from the liquid chromatograph were mixed
into the flow of BUP/NBUP/NALOX and metabolites
via a 3 port T section before the total flow entered the
mass spectrometer. Any suppression effects on the BUP/
NBUP/NALOX could be monitored at the MRM’s for
the noted drugs.

Selectivity

In analyzing samples of urine extracts via SPE and LC-
MS/MS it is essential to ensure that the interfering ef-
fects of other drug compounds can be eliminated. In
this procedure, samples of urine extracts were spiked
with a cocktail of drugs at a concentration equivalent to
of 100 ng/ml of urine sample: (bupropion, lidocaine,
methadone, amitriptyline, nortriptyline, thioridazine, tra-
zodone, mesoridazine, meperidine, diphenhydramine,
phenyltoloxamine, benz-
tropine, trimethoprim, diltiazem, haloperidol, strych-

imipramine, desipramine,
nine, morphine, codeine, 6-acetylmorphine, oxycodone,
oxymorphone, hydrocodone, noroxycodone, hydromor-
phone, diazepam, nordiazepam, oxazepam, temazepam,
alprazolam, a-hydroxyalprazolam, lorazepam, triazolam,
o-hydroxytriazolam, flunitrazepam, 7-amino-flunitraze-
pam, chlordiazepoxide, midazolam, «-hydroxymidazol-
am, flurazepam, desalkyl-flurazepam, clonazepam, 7 ami-
no-clonazepam, cocaine, benzoylecgonine, cocaethylene,
ecgonine, ecgonine methyl ester, ecgonine ethyl ester)
and extracted according to the SPE method.

Results and discussion

Recovery

It was found that the mean recovery of BUP, NBUP, and
NALOX from drug free urine samples was determined
to be BUP 92£5%, NBUP 95+5%, and NALOX 91
5%, respectively. This is an excellent indicator for the
efficiency of the extraction procedure of the compounds
using urine as a matrix. This procedure was as performed
twice daily over a period of five days.

Imprecision of Analysis

The results of the analysis of the spiked control sam-
ples of urine: (40 ng/mL, 800 ng/mlL, respectively) are
shown in Table 3. Analysis of the control samples was
performed at the same time as the calibration curves were
constructed i.e. over a period of five days. Control sam-
ples were prepared by adding the BUP/NBUP/NALOX
to drug free urine samples (1 mL) and treating as per
the test samples. Intra-day variation for the analysis was
found to be less than 8%. The inter-day variation for the
analysis was found to be less than 12%. lon suppression
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Table 3. Accuracy data for analysis.

Compound/con- BUP NBUP NALOX
centration (ng/mlL)

40 41+2 3943 4215
800 790£14 778%11 751125

studies revealed that suppression of monitored ions was
less than 6%. This method was found to be linear (+*>
0.995) over the dynamic range 10 ng/mL to 1000 ng/
ml..

LOD/LOQ

The limit of detection (LOD) of a particular method can
be defined as the level at which the signal to noise ratio
for the particular analyte is greater than or equal than 3:1.
The limit quantification (LOQ) for the method is the lev-
el at which the signal to noise ratio for a particular analyte
is greater than or equal to 10:1. In this study, LOD val-
ues were determined empirically by analyzing extracted
samples of drug free utine fortified with BUP/NBUP/
NALOX by LC-MS/MS according to the SPE method.
This was performed until the lowest level at which each
of the respective analytes just failed the signal to noise
ratio of 3:1. This was observed to be 0.5 ng/mg. In terms
of LOQ, samples of drug free urine samples were spiked
with the noted drugs at concentrations below 10 ng/ mg
and extracted according to the SPE procedure until the
analytes could just failed a signal to noise ratio of 10:1;
this value was found to be 1.0 ng/ml.. Representative
chromatograms at LOQ and genuine urine samples are
shown in Figures 1-3. None of the analyzed samples
were found to contain BUP or NBUP at concentrations
less than 10 ng/ml., thus the lowest calibrator was set to
10 ng/mL not 1 ng/mlL.

Selectivity

It was observed that the interfering effects of the cocktail
of spiked drug compounds was not found to be signif-
icant.

Solid Phase Extraction

In this procedure, dilution of the sample of drug free
urine with 3 mL of an aqueous pH 6 buffer permits both
efficient flow and optimal adsorption of the drugs onto
the SPE sorbent. In employing a mixed mode (C8 and
strong cation exchange chemistries), the sample can be
cleaned up by washing the sorbent with DI water, aque-
ous acetic acid and methanol which leaves the drugs in a
much cleaner state than when they were originally applied
to the SPE column.



ELIAN AA

J. APPL. BIOANAL

W XIC of +MRM (10 pairs): 468. 0/396.400 Da from
11504
110804
1.0504
1.0004

es00.00
2000.00
8500.00
8000.00
7s00.00

&7000.00

©6500.00

Z6000.00

Zssoo.00

~“=5000.00

4500.00
4000.00
as0o.00
3000.00

Ble 4 (1) of OB30AAE . Wiff (Turbo Spray)

Max. 520.0 of

o5 10 1.5
38 76 113

3.0 35 a0 a5
226 263 301 338

Fig. 1. Chromatogram of analytes extracted at LOQ showing buprenorphine/notbuptenorphine-d3 (2.95/2.92 minutes); norbu-
prenorphine/notbuprenorphine-d4 (2.64/2.58 minutes); naloxone (1.85 minutes).
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Fig. 2. Chromatogram of Positive BUP/NBUP/NALOX case showing buprenotphine/buprenorphine-d3 (2.95/2.92 minutes);

notrbuptenorphine/norbuprenorphine-d4 (2.64/2.62 minutes);

naloxone (1.85 minutes).
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Fig. 3. Chromatogram of Positive BUP/NBUP case showing buprenorphine/buprenorphine-d3 (2.95/2.92 minutes); norbu-

prenorphine/norbuprenorphine-d4 (2.64/2.58 minutes).

This effect is noted in the low matrix effects and ion sup-
pression values. This procedure permits the analytes to
be efficiently eluted from urine samples using a relatively
mid polar basic solvent system that is easily evaporated to
dryness at less than 40°C.

Tandem Mass Spectrometry

In this methodology, LC-MS/MS has been successfully
applied to the extraction and analysis of buprenorphine
and its metabolite as well as naloxone rather than GC-MS
where a derivatization procedure (i.c. reaction with a silyl
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Table 4. Results from closed case samples.

Case # BUP NBUP NALOX
(ng/ml)  (ng/ml) (ng/ml)

1 25 35 12

2 95 115 27

3 50 55 27

4 200 187 ND

5 75 88 77

6 153 181 ND

7 101 115 ND

8 307 355 125

9 455 502 215

10 251 306 ND

ND= not detected

reagent (e.g. BSTFA) or an acyl derivative |21] required
not only to quantify, but also confirm the identity of
the compounds as the authors have found in their own
laboratories that BUP, NBUP, and NALOX compounds
do not chromatograph well if at all on GC-MS in their
underivatized state. By employing LC -MS/MS with spe-
cific MRMs, the individual drugs can be targeted, con-
firmed, and quantified in urine samples without this use
of derivatization. This efficient MS/MS procedure cou-
pled with a short LC method offers analysts the ability
of determine concentrations of the noted drugs within
a short turnaround time. The hydrolysis procedure is a
required step in order to cleave the glucuronide moiety
from the individual compounds and present the parent
compounds for detection/quantification by tandem mass
spectrometry.

Case samples

This method offers the toxicological analyst in a foren-
sic setting the ability to provide information regarding
the use of naloxone in buprenorphine cases thus differ-
entiating between these and Suboxone® ones. Data for
genuine cases presenting concentrations for the BUP/
NBUP/NALOX in urine are shown in Table 4. In case
samples # 4, 6, 7, and 10 no naloxone was observed,
while in cases 1-3,5,8-9 naloxone was observed indicat-
ing the possibility that a BUP/NALOX medication was
administered. The data presented in Table 3 also indi-
cates the total concentrations of BUP/NBUP/NALOX
in the urine, the degree of metabolism cannot be esti-
mated without separation of the parent from the glu-
curonide. In all these cases the concentrations of BUP
was greater than NBUP indicating that the metabolite of
BUP exists as the predominant species in urine. These
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cases were previously analyzed for BUP/NBUP but not
for NALOX. Since the cases presented here involve the
analysis of ante-mortem urine samples taken from driv-
ers suspected of operating a motor vehicle under the in-
fluence of drugs, the naloxone could not administered by
emergency personnel as the driver is in the custody of a
law enforcement agent up to, during and after the urine
sampling. Any contemporaneous medical intervention
would be noted in the records.

Conclusion

This study shows that enzymatic hydrolysis, solid phase
extraction, and LC-MS/MS can be employed efficiently
to analyze BUP, NBUP, and NALOX at the same time in
urine samples. The use of SPE provides analysts with
clean extracts that can be separated and quantified by LC-
MS/MS rapidly, thus providing an efficient procedure for
use by forensic toxicological analysts involved in drugs
and driving cases. The use of tandem mass spectrome-
try permits targeted analysis which allows toxicologists
to differentiate between cases involving buprenorphine
administration and those cases in which buprenorphine
and naloxone have both been used.
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