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Abstract

A convenient and economical procedure for the extraction of bupivacaine and its major metabolites,
desbutylbupivacaine and 4'-hydroxybupivacaine, from serum is described. A 0.25-ml aliquot of 4 gg/ml solution of
N-pentyl-2,6-pipecoloxylidide used as the internal standard and an egual volume of the serum sample are applied to
a 1-ml BondEht C,; silica extraction column which has been conditioned by subsequent washing once with 1 M
HC, twice with methanol and once with water. After passing the sample at a slow rate, the column is washed twice
with water and once with acetonitrile. The desired compounds are then eluted with a 0.25-ml aliquot of a mixture
of 35% perchloric acid—methanol (1:40, v/v). A 5-ul aliquot of the eluate is injected onto a 150 X 4.6 mm L.D.
column packed with 5-um € silica particles, which is eluted at ambient temperature with a mobile phase of
acetonitrile—10 mM KH,PO, (25:80, v/v) at a flow-rate of 1.5 ml/min. The peaks are detected at 205 nm. The
extraction recovery of all the compounds is in the range of 90%. The chromatogram is clean and the desired peaks
are well separated from each other and from the extraneous peaks.

1. Introduction

Bupivacaine, an amide type local anaesthetic,
is being increasingly used by continuous infusion
via epidural or via extrapleural intercostal routes
to control post-operative pain [1,2]. However,
continuous infusion can lead to the accumulation
of bupivacaine in toxic concentrations. Determi-
nation of serum bupivacaine concentration is
potentially useful to titrate bupivacaine dose to
avoid toxicity resulting from high concentrations
of the drug. A number of gas chromatographic
procedures have been described for the determi-
nation of bupivacaine in biological samples [3].

* Corresponding author.

However, in recent years bupivacaine [4-13],
bupivacaine and its metabolites [14,15] and chi-
ral bupivacaine [16—20] have been determined by
column liquid chromatographic (LC) proce-
dures.

With rare exception, the biological samples
have been extracted with water immiscible sol-
vents and in most cases the extract evaporated
prior to chromatography. Sullivan and Weiner
[9] used simple protein precipitation with 1.5
volume of methanol and the supernatant was
injected directly. This approach is not suitable
for the determination of the metabolites of
bupivacaine as the solvent peak is relatively
large. Recently Butter e al. [20] have described
an on-line coupled three-column LC system for
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2 ,6'-Pipecoloxylidide (PPX)
N-Pentyl-2',6'-pipecoloxylidide
(Penty]-PPX)

Mepivacaine

Fig. 1. Structures of bupivacaine, its metabolites and internal standards.

the determination of the enantiomers of bupi-
vacaine in serum.

Off-line solid-phase extraction {SPE) is now
being increasingly used to isolate analytes from
biological fluids prior to their determination by
LC [21] for speed, convenience and to avoid the
use of solvents which are unfriendly for the
environment. It seems that no off-line SPE has
been described for the determination of bupi-
vacaine so far. It was the objective of this
investigation to optimize conditions for the SPE
of bupivacaine and its major metabolites, de-
sbutylbupivacaine @ (PPX) and  hydroxy-
bupivacaine (Fig. 1).

2. Experimental
2.1. Reagents

All reagents were of analytical grade. Deion-
ized water was distilled in an all-glass still.

Bupivacaine, 4'-hydroxybupivacaine, PPX and
pentyl-PPX were obtained as pifts from Astra
Pain Control AB (Sodertilge, Sweden). Stock
solution of bupivacaine at a concentration of 5
mg/ml and of other above mentioned com-
pounds at a concentration of 1 mg/ml were
prepared in methanol. The solutions were stored
at —10°C,

Serum standard of bupivacaine (10 pg/ml} +
PPX (2 pg/ml)+ 4’-hydroxybupivacaine (0.8
t+g/ml) was prepared by mixing 100 pl of stock

bupivacaine, 100 ul of stock PPX and 40 ul of
stock hydroxybupivacaine solution in a 50-ml
volumetric flask and making up the volume with
drug free serum. This standard was serially
diluted with drug free serum to prepare six
serum standards.

2.2. Extraction

The required number of 1-ml BondElt C,g
extraction columns (Varian, Harbor City, CA,
USA) was placed on a VacElut system. The
columns were washed once with 1 M HCIl, twice
with methanol and once with water, each time
aspirating the liquid completely with suction. A
0.25-ml aliquot of the working internal standard
solution, prepared by mixing 40 pl of stock
pentyl-PPX solution with 10 ml of 0.1 M
NaH,PO,, was placed on each column and then
a 0.25-ml aliquot of the sample was applied.
Mild suction was applied so that the liquid
passed through the column at a slow rate of
approximately 1 ml/min. The columns were
washed twice with water and once with acetoni-
trile making sure that each column was drained
completely after every wash. The tips of the
columns were wiped with tissue and placed on
16 x 100 mm tubes containing correspondingly
labelled 1.5-ml plastic sample cups. An aliquot
of 0.25 ml of methanol containing 2.5 ml/100 ml
of 35% perchloric acid was applied to each
column. The liquid was allowed to pass through
the column bed by gravity and finally drained
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completely by centrifugation for 20 s. The cups
were covered with aluminium foil and loaded in
the autosampler. A 5-ul aliquot of the cluate
was injected onto the chromatographic system.

2.3, Chromatography

A modular chromatographic system consisting
of a Model LC-6A pump, a Model SPD-10A
absorbance detector, a Model Sil-9A autosam-
pler and a Model CR501 integrator plotter (all
from Shimadzu Scientific Instrument Co.,
Columbia, MD, USA) was used. A 150 x 4.6
mm L.D. Ultrasphere Octyl reversed-phase col-
umn packed with 5-um bonded silica particles
(Beckman Instruments, San Ramon, CA, USA)
protected by a 15x 3.2 mm I.D. RP-8 guard
cartridge packed with 7-um silica particles (Ap-
plied Biosystems, SanJose, CA, USA) was used
as the analytical column. Mobile phase A con-
sisting of 10 mAM KH,PO,,—acetonitrile (80:25,
v/v), pH 5.2, was pumped at a flow-rate of 1.5
ml/min with an operating pressure of 9.8 MPa.
Mobile phase B consisting of 10 mM KH,PO,—
acetonitrile (80:40, v/v), pH 5.2, was pumped at
a flow-rate of 1 ml/min. Chromatography was
performed at ambient temperature.

3. Results and discussion

Extraction of basic drugs with the use of
reversed-phase silica extraction columns is a
complex process and requires optimization of
different steps for every compound [21,22]. To
optimize the pH of the matrix for optimal
recovery, we prepared an agueous sample con-
taining 5 gug/ml  of each compound
(bupivacaine + PPX + hydroxybupivacaine and
pentyl-PPX). Aliquots of this sample were mixed
with an equal volume of 0.1 M phosphate buffers
of pH 4.5, 5.5, 6.3, 7, 7.5 and 8 and 0.1 M
carbonate buffers of pH 9, 9.5 and 10.5 and
passed through the washed extraction columns.
The eluates from each column were collected.
Chromatographic analysis of these eluates did
not show any peak at any pH. With the limit of
detection at 25 ng/ml, it can be concluded that

all four compounds have been adsorbed on the
extraction column up to 9% of the amount
present in the original sample in the pH range
tested, i.e. 4.5-10.5.

Further optimization of extraction was carried
out only at the extreme pHs of 4.5 and 10.5.
After adsorption of the samples at these two
pHs, the columns were washed twice with water.
No compounds were detected in the water wash-
ings in either case. The columns were then
washed with 1 ml of acetonitrile. The acetonitrile
washing obtained from the pH 4.5 column did
not show any compound. However, the acetoni-
trile wash of the pH 10.5 column showed the
presence of ca. 60% hydroxybupivacaine, ca.
20% PPX and less than 10% of bupivacaine and
the internai standard. It appears that at pH 4.5,
bupivacaine, its metabolites and the internal
standard are adsorbed on the C,; silica column
primarily as cations and at higher pH, hydro-
phobic interactions become important for the
retention of the analytes [22]. Acetonitrile can
elute compounds bound to C,; silica by hydro-
phobic forces but can not elute compounds
bound to silanol groups of the sorbent by cation-
exchange forces.

We chose to use pH 4.5 for the extraction of
bupivacaine as it would allow to wash the non-
basic impurities to waste with acetonitrile with-
out the loss of desired analytes. The compounds
adsorbed on the extraction column at pH 4.5
were best eluted with 0.25 ml of methanol
containing 2.5 ml/ 100 ml of 35% perchloric acid
as compared to 0.25 ml of methanol or of
acetonitrile containing 2.5 ml/100 ml of 35%
perchloric acid. The overall recovery of all the
analytes from serum samples is in the range of
85-95% and there is no change in the ratio of
drug or metabolite peak area to that of the
internal standard after extraction. Fig. 2A shows
a chromatogram of an unextracted mixture of
the analytes dissolved in acidifiecd methanol and
Fig. 2B shows a chromatogram of an extract of
an aqueous sample. The final concentration
expected for 100% recovery in the extract is the
same as in the control sample of Fig. 2A. These
Figures show a stable baseline even at 205 nm,
good extraction recovery and absence of extra-



116 R.N. Gupta, A. Dauphin | 1. Chromatogr. B 658 (1994} 113119

DETECTOR RESPONSE

]

TIME {min)
Fig. 2. Chromatograms of (A) 5-pl injection of an unextracted mixture of 2 pg/ml of each of desbutylbupivacaine (peak 1),
#-hydroxybupivacaine (peak 2), bupivacaine (peak 3) and N-pentyl-2',6'-pipecoloxylidide (peak 4), (B} 5-ul injection of an
extract of a 2 pg/ml agueous mixture of each compound, and {C) 5-¢1 injection of an extract of drug free serum. Mobile phase A

was used in all cases.

neous peaks originating from the extraction
column or reagents. A chromatogram of an
extract of drug free serum (Fig. 2C) shows the
absence of extrancous peaks from the serum
matrix after the solvent front.

The relationship between the ratios of the
peak areas of bupivacaine and its metabolites to
those of the internal standard is linear and the
curves pass through the origin (y =0.000+
0.288x, r*=1 for bupivacainc; y=/0.003+
0.305x, r* =1 for hydroxybupivacaine and y =
0.005 + 0.341x, r* =1 for PPX). For chromatog-
raphy, only 5 ul of the 250 ul of the eluate are
injected. Under these conditions, each com-
pound can be quantitated down to 25 ng/ml. For
improved sensitivity, up to 25 ul of the eluate
can be injected without distortion of desired
peaks. In the described extraction procedure, no
concentration of the analytes occurs as the sam-
ple volume and the eluate volume are the same,
i.e. 0.25 ml. However, the sample volume can be
increased up to 0.9 ml keeping the volume of the
internal standard and of the eluate at 0.25 ml.

The extraction columns have been used 4 times
without loss of recovery or appearance of addi-
tional extraneous peaks. Analysis of serum
spiked with high and normal concentrations of
bupivacaine and its metabolites using a mixture
of new and used extraction columns, showed
good within- and between-batch precision. The
precision data is summarized in Table 1.

Fig. 3A shows a chromatogram of an extract
of a serum standard spiked with 5 ug/ml of
bupivacaine, 1 pg/ml of PPX and 0.4 pg/ml of
hydroxybupivacaine and Fig. 3B shows a chro-
matogram of an extract of a serum sample
collected from a patient after 48 h of continuous
infusion of bupivacaine. Some of the patients
receive additional analgesics to control post
surgery pain. The retention times of the com-
monly prescribed analgesics are described in
Table 2. These compounds are well separated
from the analytes of interest and do not interfere
with the quantitation of bupivacaine or its me-
tabolites. Acidic and neutral compounas are not
extracted efficiently by the described procedure.
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Table 1
Precision of method (1 = B in all cases)
Desbutylbupivacaine 4'-OH-Bupivacaine Bupivacaine
Mean CV.% Mean CV.% Mean CV.%
(pg/ml) (pg/ml) (pg/mi)
Within-batch: A 0.50 2.9 0.20 33 2.4 1.6
Within-batch: B 19 5.1 0.77 4.1 9.8 1.6
Between-batch: A 0.46 43 0.20 73 24 51
Between-batch: B 1.9 0.8 0.77 1.5 9.9 51

However, all types of basic compounds including
the weakly basic benzodiazepines are co-ex-
tracted with bupivacaine in the described ex-
traction procedure.

As seen in Fig. 3A, the chromatographic run
time for each sample is quite long which is not
desirable for clinical laboratories. The chromato-
gram also shows that bupivacaine is widely
separated from the metabolites and from the
internal standard. The chromatographic run time
could be reduced if an alternative internal stan-

DETECTOR RESPONSE

M
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dard could be used. For this purpose, we evalu-
ated the use of mepivacaine, another analogue of
bupivacaine, as the internal standard for the
determination of bupivacaine. Mepivacaine be-
haves similarly to bupivacaine in the extraction
procedure in that there is no change in the ratios
of peak areas of bupivacaine/mepivacaine after
extraction. However, mepivacaine could not be
used as the internal standard as it elutes very
close to hydroxybupivacaine. With the described
procedure, mepivacaine can be determined in

3

B “I ¢

]

i ] 1 1 '

a 12 4 a 13

TIME (min)
Fig. 3. Chromatograms of (A) a S-ul aliquot of an extract of serum standard of desbutylbupivacaine (1 wg/ml) +4'-
hydroxybupivacaine (0.4 wg/ml) + bupivacaine (5 ug/ml), (B), and (C) 5-ul aliquots of an extract of serum of a patient
collected 48 h after continuous infusion of bupivacaine. Mobile phase A was used for (A) and (B) and mobhile phase B was used

for (C). Peak identification as in Fig. 1.
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Table 2
Retention time of compounds

Compounds Retention time (min)
Mobile phase A Mobile phase B
(Flow-rate = 1.5 ml/min) (Flow-rate = 1.0 ml/min)
Acetaminophen” a a
Codeine a a
Epinephrine a a
Morphine a a
Desbutylbupivacaine 2.1 23
4'-Hydroxybupivacaine 2.5 2.5
Mepivacaine 2.6 2.5
Meperidine 43 3.6
Bupivacaine 72 52
Fentanyl 11.4 6.8
N-Pentyl-2',6'-pipecoloxylidide 14.5 8.5
Diazepam b 2t

* Not extracted by the described procedure.
a=Less than 1.5 min; b=no peak up to 25 min.

serum using bupivacaine as the internal stan-
dard.

At present it seems that the concentration of
racemic bupivacaine alone is adequate to decide
if an excessive amount of bupivacaine has been
accumulated in a patient receiving continuous
infusion of bupivacaine. When the quantitation
of bupivacaine metabolites is not required, the
run time can be considerably reduced by increas-
ing the acctonitrile content of the mobile phase.
Fig. 3C shows a chromatogram of the same

Table 3
Serum bupivacaine concentrations

Patient No. Bupivacaine (ug/ml)
24 h 48 h

1 3.6 4

2 1.6 3.8
3 1.6 24
4 2.2 6.1
5 1.4 3

6 3.6 4.2
7 1.8 29
8 33 4.1
9 3 5

10 1.4 2.2

extract as Fig. 3B. With this mobile phase, the
limit of quantitation of bupivacaine has been
lowered to 10 ng/ml. All the other commonly
prescribed analgesics are still adequately sepa-
rated from bupivacaine and the internal stan-
dard. However, the metabolites of bupivacaine
are not adequately separated from the solvent
peaks in the extracts of patients samples.
Linearity and precision of this fast procedure are
similar to those obtained using slower mobile
phase. Drug free serum spiked with nominal
concentrations of bupivacaine of 5 pg/ml and 78
ng/ml when analyzed in duplicate gave average
values of 4.7 pg/ml and 76 ng/mi respectively.
Negative biases of ca. 6% and 2.6% between the
spiked and observed values indicate that the
procedure is fairly accurate.

This procedure was applied to the determi-
nation of bupivacaine concentrations in serum
samples obtained from patients who had under-
gone thoracotomy 24 h and 48 h after the
administration of a bolus of 0.3 mi/kg followed
by a continuous infusion via extrapleural inter-
costal route of 0.1 mi/kg/h of a 5 mg/ml
solution of bupivacaine containing 5 pg/ml of
epinephrine. The results are summarized in
Table 3. The results indicate that bupivacaine is
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accumulating with time. None of these patients
showed any clinical symptoms of toxicity. Bupi-
vacaine infusion could have been decreased in
some cases if the test results had been available
during the treatment. The toxic threshold for
bupivacaine is considered to be 4 pg/ml [24].
In conclusion the described procedure is con-
venient, economical and environmentally friend-
ly for the rapid determination of bupivacaine.
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