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ABSTRACT 

A sensitive analytical procedure for bupivacaine dosing in plasma samples by reversed-phase high-performance liquid 
chromatography is described. After a two-step extraction, the analysis was performed using a C,, column and a mobile phase of 
0.01 M sodium dihydrogen-phosphate (pH 2.1)-acetonitrile (80:20, v/v). The extraction yield of bupivacaine from plasma was 
73.5 f 5.1% (mean + S.D., n = 10). The within-day and between-day reproducibilities at a concentration of 100 nglml were 2.1% 
and 5.6%, respectively (n = IO). Calibration curves were linear (r’ = 0.9996) between 5 and 1000 ng/ml. The limit of detection, 
defined by a signal-to-noise ratio of 3:1, was 2 ng/ml. The accuracy at a concentration of 100 ng/ml was 2.3%. This method could 
be applied to the plasma analysis of seven other local anaesthetics (articaine, etidocaine, lidocaine, mepivacaine, pramocaine, 
procaine and tetracaine). The procedure was used in bioavailability studies of bupivacaine-loaded poly(o,L-lactide) (i.e. PLA) and 
poly(n,L-lactide-co-glycolide) (i.e. PLGA) microspheres after subcutaneous and intrathecal administrations in rabbits. 

INTRODUCTION 

Local anaesthetic drugs are widely used for 
regional anaesthesia and for regional manage- 
ment of major pain, either via central adminis- 
tration (spinal and epidural) or via peripheral 
administration [ 1,2]. These techniques are more 
and more employed to reduce the use of sys- 
temic narcotic drugs, which lead to more fre- 
quent and severe adverse effects, principally 
respiratory depression [3]. However, regional 
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administrations of local anaesthetic drugs could 
be improved by the development of drug deliv- 
ery systems that would allow controlled release 
of the anaesthetic drug, leading to a longer 
duration of action and a lower uptake of these 
drugs in the systemic circulation resulting in an 
improvement of the therapeutic index. Recent 
experimental works with several local anaes- 
thetics highlight the interest of such an approach 
[4-111. Biopharmaceutical studies of such deliv- 
ery systems require sensitive analytical methods 
for plasma analysis of these drugs. 

Several methods have been previously de- 
scribed for plasma analysis of bupivacaine and 
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some local anaesthetics, with detection limits 
ranging between 1 and 50 ng/ml [12-221. The 
simultaneous determination of four local anaes- 
thetics (bupivacaine, etidocaine, lidocaine and 
mepivacaine) by gas chromatography had a limit 
of detection of 10 ng/ml [14]. 

This paper describes a high-performance liquid 
chromatographic (HPLC) method that allows a 
sensitive assay of bupivacaine, and its application 
to the evaluation of drug delivery systems based 
on bupivacaine-loaded microspheres. This pro- 
cedure could be also used for the plasma de- 
termination with an internal standard of seven 
other local anaesthetics (articaine, etidocaine, 
lidocaine , mepivacaine , pramocaine , procaine 
and tetracaine). 

EXPERIMENTAL 

Chemicals 
All the local anaesthetics (Fig. 1) were pur- 

chased in hydrochloride form. Articaine was 
supplied by Laboratoire SPAD (Quetigny, 
France), bupivacaine , etidocaine , lidocaine and 
mepivacaine by Laboratoire Astra (Nanterre, 
France), pramocaine by Laboratoire Abbott 
(Rungis, France), procaine and tetracaine by 
Sigma (Paris, France). All other reagents (E. 
Merck, Darmstadt, Germany) were of analytical 
grade. 

Spectrophotometric method 
The UV spectra were obtained between 200 

and 300 nm on a Lambda 3B (Perkin Elmer, 
Norwalk, CO, USA). Except for lidocaine, all 
the drug solutions were in 0.1 M hydrochloric 
acid at 0.01% (w/v as a base). Owing to its 
significant UV absorbance, the lidocaine UV 
spectrum was obtained at 0.001% (w/v). 

HPLC analysis 
The chromatographic system consisted of a 

Waters Model 6000A pump (Waters Assoc., 
Milford, MA, USA) equipped with a Waters 
Model WISP 710 B automatic injector, an LDC 
Milton Roy Model Spectromonitor 3100 vari- 
able-wavelength detector (LDC Milton Roy, 
Riviera Beach, FL, USA) set at 205 nm, and a 
Delsi Model Enica 21 integrator (Delsi, 
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Fig. 1. Structural formulae of the eight local anaesthetics 
investigated in this study. 
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Suresnes, France). The analytical chromatog- 
raphy column was a Waters Model PBondapak 
C,, (250 x 4 mm I.D.; particle size 10 pm). The 
mobile phase was a pH 2.1 mixture of acetoni- 
trile and 0.01 M sodium dihydrogenphosphate. 
The percentage of the organic phase was varied 
between 5% and 40%, according to the anaes- 
thetic analysed. The flow-rate was 1 ml/min, and 
the temperature was maintained at 30°C. 

General procedure for sample preparation 
The same procedure was used for the sample 

preparation of all eight local anaesthetics. A 
l-ml rabbit plasma sample spiked with an aque- 
ous solution of local anaesthetics (100 ~1) was 
alkalinized with 100 ~1 of 1 M sodium hydrox- 
ide. The first extraction step was to add 3 ml of 
heptane-ethyl acetate (90:10, v/v) and shake for 
2 min. After centrifugation at 1200 g for 10 min, 
the organic phase was transferred into a conical 
tube. The second extraction step was carried out 
after the addition of 50 ~1 of 0.05 M sulphuric 
acid and shaking for 2 min. After centrifugation 
at 1200 g for 5 min, the organic phase was 
discarded and 50 ~1 of the aqueous acid phase 
were buffered with 820 pg of sodium acetate (50 
~1 of 0.2 M methanolic sodium acetate solution 
previously dried). A 40-~1 aliquot was injected 
into the chromatograph. 

Validation of the method 
In order to analyse bupivacaine serially in 

plasma samples, an internal standard 
(etidocaine, 100 ng in 50 ~1 of aqueous solution) 
was added to plasma samples before alkaliniza- 
tion. For calibration, known amounts of 
bupivacaine were added to pooled drug-free 
plasma to obtain concentrations of 5, 10, 20, 50, 
100, 200, 500 and 1000 ng/ml by using two 
bupivacaine standard solutions dosed at 1 or 10 
mg/l, respectively. These plasma aliquots were 
extracted as described above. The linearity was 
checked by a least-squares linear regression 
fitting. The extraction yield was determined at a 
plasma concentration of 100 ng/ml by compari- 
son of the bupivacaine peak area obtained from 
plasma extracts with those obtained with a 2000 
ng/ml bupivacaine standard solution. The with- 
in-day and the between-day reproducibilities of 

the method were evaluated at a plasma concen- 
tration of 100 ng/ml (n = 10). 

For the seven other local anaesthetics, the 
validation was based on extraction yield, within- 
day reproducibility and limit of detection. 

Pharmacokinetic application 
Bupivacaine-loaded microspheres were pre- 

pared by the solvent-evaporation technique [23] 
using two types of biodegradable polymer, i.e. 
poly(n,r_-lactide) (PLA), and poly(n,L-lactide- 
co-glycolide) (PLGA) [24]. In this preliminary 
comparative bioavailability study in rabbits, 
we measured plasma concentrations following 
intrathecal and subcutaneous administrations. 
Bupivacaine was given as a solution, as PLGA 
microspheres or as PLA microspheres via the 
intrathecal route (5, 20 and 20 mg, respectively) 
or via the subcutaneous route (20, 100 and 30 
mg, respectively). Blood samples were collected 
immediately before administration and then at 
0.08,0.17, 0.5, 0.75, 1, 2, 4, 6, 8 and 24 h. They 
were centrifuged immediately and then stored at 
-20°C until assay. Plasma concentration vers’sus 
time curves were fitted with the non-linear least- 
squares regression computer program SIPHAs 
(Simed, Creteil, France) [25]. 

RESULTS AND DISCUSSION 

Bupivacaine assay 
In order to avoid interference from endogen- 

ous plasma components at 205 nm, the wave- 
length of maximal absorbance, a two-step ex- 
traction was carried out. Solvents of different 
polarities, heptane, diethyl ether and ethyl ace- 
tate, were used for extraction, leading to 
bupivacaine extraction yields of 73.5%) 85.2% 
and 59.8%, respectively. Heptane was selected 
because it led to the cleanest extracts based on 
blank chromatograms. However, to improve the 
phase separation at the interface between plasma 
and organic phases during the first extraction 
step, and thus increase the volume of the col- 
lected organic phase, we used ethyl acetate- 
heptane (10:90, v/v). 

Among the local anaesthetics, etidocaine was 
selected as the internal standard for bupivacaine 
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analysis owing to its retention time. The separa- 
tion was optimal with a mobile phase containing 
20% acetonitrile (v/v). The capacity factors (k’) 
of etidocaine and bupivacaine were 2.90 and 
3.75, respectively. However, tetracaine could be 
used as the internal standard with a mobile phase 
containing 25% acetonitrile. In this case, k’ for 
bupivacaine and tetracaine were 2.69 and 4.95, 
respectively. The chromatographic separation of 
bupivacaine and etidocaine is illustrated in Fig. 
2. The corresponding chromatographic data are 
listed in Table I. The resolution factor (R,) was 
determined by R, = 2 (fR2 - tR1)l(w, + w2) where 
t, is the retention time and w is the base width. 

Calibration curves were linear (r2 = 0.9996) 
between 5 and 1000 ng/ml. The limit of detec- 
tion, defined by a signal-to-noise ratio of 3: 1, 
was 2 ng/ml. The extraction yield was 73.5 + 
5.1% (mean f S.D., n = 10). The within-day and 
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between-day reproducibilities at a concentration 
of 100 ng/ml were 2.1% and 5.6%, respectively 
(n = 10). The accuracy at a concentration of 100 
ng/ml was 2.3%. 

Plasma concentrations versus time curves fol- 
lowing intrathecal and subcutaneous administra- 
tion of bupivacaine solution and bupivacaine- 
loaded microspheres (PLA and PLGA micro- 
spheres) are shown in Fig. 3. For comparison, 
because different doses were administered, the 
plasma concentration obtained following ad- 
ministration of bupivacaine-loaded microspheres 
has been corrected for the size of the dose (5 mg 
for the intrathecal route and 20 mg for the 
subcutaneous route). 

The maximum plasma concentrations (C,,,) 
following administration of bupivacaine solution, 
PLA and PLGA microspheres via the intrathecal 
route was 470, 44 and 37 ng/ml, respectively. 

7 
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Fig. 2. Chromatograms of extracted plasma samples. (A) Blank plasma sample; (B)-(E) plasma samples spiked with two local 
anaesthetic drugs (100 ng/ml). Peaks: 1 = procaine; 2 = lidocaine; 3 = mepivacaine; 4 = articaine; 5 = etidocaine; 6 = bupivacaine; 
7 = tetracaine; 8 = pramocaine. Conditions as in Experimental. Percentage of acetonitrile in the mobile phase: (B) 5%; (C) 7%; 
(D) 20%, (E) 35%. 
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TABLE I 

CHROMATOGRAPHIC DATA 

administration, T,,, was 0.5, 2 and 24 h, respec- 
tively. 

Conditions as described under Experimental. k’ = Capacity 
factor; (I = separation factor; R, = resolution factor = 2(tRZ - 
t,l)l(o, + w2) where t, is the retention time and o is the 
base width. 

These results indicate the suitability of this 
method for bioavailability studies of bupiva- 
Caine-loaded microspheres, which lead to low 
plasma concentrations. 

Assay of the other local anaesthetics 
Acetonitrile 

(%I 
Drug k’ (Y RS 

5 

7 

20 

35 

Procaine 

Lidocaine 

Mepivacaine 

Articaine 

Etidocaine 

Bupivacaine 

Tetracaine 

Pramocaine 

3.21 
1.78 4.04 

5.70 

4.42 
1.26 1.85 

5.58 

2.90 
1.29 1.49 

3.75 

2.72 
1.39 2.42 

3.80 

In a preliminary step, we determined the UV 
spectrum characteristics of the other local anaes- 
thetics that were either unknown or determined 
in different experimental conditions. Their wave- 
lengths of maximum absorbance are listed in 
Table II. 

A rank correlation was found between the 
partition coefficients [26] of the charged species 
and the capacity factor of the amide-type local 
anaesthetics (lidocaine, mepivacaine, etidocaine 
and bupivacaine), but not for their uncharged 
species. This is consistent with the assumed 
mechanism of chromatography: partition of the 
charged species between the mobile and station- 
ary phases. 

Following subcutaneous administration, C,,, 
was 784, 85 and 9 ng/ml, respectively. The time 
to reach maximum plasma concentration (T,,,) 
following administration of bupivacaine solution, 
PLA and PLGA microspheres was 0.08, 0.75 
and 4 h, respectively. Following subcutaneous 

Several authors have studied the relationship 
between the nature of the mobile phase and the 
retention in reversed-phase HPLC in order to 
optimise the mobile phase composition. Various 
curvilinear or linear relationships between k’ and 
the organic content of the mobile phase have 
been described 127-301. Among these, the pa- 
rameter R, = log(k'l1 + k’) defined by Toon 

0 2 4 6 8 0 2 4 6 8 

Time (h) Time (h) 

Fig. 3. Bupivacaine plasma concentration-time curves following subcutaneous (A) or intrathecal (B) administration of 
bupivacaine in rabbits (plasma levels rapported to 20 and 5 mg, respectively): (X) bupivacaine solution; (A) bupivacaine-loaded 
PLGA microspheres; (A) bupivacaine-loaded PLA microspheres. Conditions as in Experimental. 
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TABLE II 

EXTRACTION YIELDS AND UV SPECTROPHOTOMETRY DATA 

Conditions as described under Experimental. SD. = standard deviation; SIN = signal-to-noise ratio at 205 nm and at a plasma 
concentration of 5 ng/ml; log P” and log P’ = partition coefficients of neutral and protonated drug, respectively [24]; 
A ,, Ols = absorbance at 205 nm for C = 0.01% (w/v); A,,, = maximum absorbance wavelength (nm). 

Drug 

Amide-type 
Articaine 
Bupivacaine 
Etidocaine 
Lidocaine 
Mepivacaine 

Ester-type 
Procaine 
Tetracaine 

Ether-type 
Pramocaine 

Yield S.D. (%) SIN log P’ log PO A,.,,, A,,,,; A,,,, k,,,,; A,.,,, *,.xl; A,.M 

(%I (n = 10) 

46.7 2.8 3 - 2.780 199; 2.984 272; 3.173 - _ 
73.5 5.1 12 1.500 2565 3.076 206; 3.092 262; 0.152 269; 0.119 
72.3 4.5 7 0.480 4900 3.045 205; 3.045 261; 0.138 269; 0.105 
81.1 3.4 5 0.060 304 1.941” 199; 3.053” 233; 3.273” 288; 2.812” 
27.0 0.8 9 0.090 90 3.061 208; 3.068 261; 0.158 269; 0.123 

19.6 3.4 2 0.002 81 3.068 207; 3.053 261; 0.155 269; 0.122 
96.7 5.6 14 0.460 3615 2.025 199; 3.053 223; 3.285 300; 3.000 

39.0 4.2 2- - 2.001 200; 2.816 220; 2.804 284; 0.804 

’ For lidocaine. C = 0.001%. 

and Rowland [27] gave a linear correlation for 
acid drugs analysed as the non-ionized form 
(barbituric acid derivatives). Because a straight- 
line graph seemed to us to be more convenient 
to predict the optimal mobile phase composition, 
we also used this parameter Ro. We found a 
linear relationship between R, values of local 
anaesthetics and the concentration of acetonitrile 
in the mobile phase in the range 5-30% (v/v) 
(Fig. 4). Thus, this relationship could also be 
used to optimize the mobile phase selection for 

10 - 

Ra ’ \\\ 

0.1 1 
5 10 15 20 25 30 35 40 

CHBCN (%vhvhr) 

Fig. 4. R, = log@‘/1 + k’) of local anaesthetics versus the 
amount of acetonitrile in the mobile phase (%, v/v): (W) 
procaine; (0) lidocaine; (+ ) mepivacaine; (0 ) articaine; 
(A) etidocaine; (A) bupivacaine; (0) tetracaine; (0) 
pramocaine. 

the chromatography of basic drugs in their ion- 
ized forms. 

The method described for bupivacaine was 
used for the determination of other local anaes- 
thetics in plasma samples. The extraction yields 
ranged from 19.6% to 96.7% (Table II), indicat- 
ing that the extraction procedure could be im- 
proved for four of these drugs (articaine, 
mepivacaine, pramocaine and procaine). The 
signal-to-noise ratio at 205 nm for a drug plasma 
concentration of 5 ng/ml showed that this meth- 
od was sensitive for the plasma determination of 
all the local anaesthetics tested. For a signal-to- 
noise ratio of 3:1, the limits of detection at 205 
nm ranged between 1 and 8 ng/ml for these local 
anaesthetics (Table II). However, for some of 
them, the sensitivity could be increased either by 
performing the detection at the wavelength of 
maximum absorbance (articaine, lidocaine, 
pramocaine and tetracaine) or by improving the 
extraction yield (articaine, mepivacaine, pramo- 
Caine and procaine) (Table II). 

To allow the plasma determination of these 
local anaesthetics with an internal standard, four 
pairs of drugs can be proposed based on op- 
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timum chromatographic data (k’, (Y and R,) 
(Table I). 

In conclusion, the HPLC method described 
here is sensitive enough to allow its application 
to the study of bioavailability in drug-delivery 
systems of local anaesthetic drugs leading to low 
plasma concentrations, and it is effective in the 
determination of eight local anaesthetic drugs. 
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