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Abstract

A method of analysis based on solid-phase extraction coupled with capillary gas chromatographic system for determination
of mepivacaine, bupivacaine and lidocaine from human serum was developed. As extraction sorbents were used Chromosorb
103, Tenax-GC and Chromosorb T. The best extraction sorbent proved to be Chromosorb 103. Their recoveries ranged from 91
to 94% at the target concentrations of approx.pgini~? in serum. Relative standard deviation of the recoveries ranged from
3.11 to 5.30 at these concentrations. As internal standard was used lidocaine. The chromatographic analysis was performed on
a gas chromatograph equipped with a capillary column, HP-Innowax, and flame ionisation detector. Samples were injected in
splitless mode. This method was applied in a stomatological clinic to healthy volunteers to whom superior—posterior alveolar
nerve block anesthesia with mepivacaine was administered.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Absorption and distribution of amide local anesthet-
ics depend on factors connected to location or method
Mepivacaine, ropivacaine, bupivacaine and lido- of administration and varies with blood flow char-
caine are amino-amide type local anesthetics. Lo- acteristics, plasma protein binding, plasma pH and
cal anesthetics are utilised to produce anesthesiathe physical properties of the local anesthetic. It is
by blocking the conduction of impulses in nerve also worth mentioning that some commonly adminis-
fibers. Since they are toxic, causing cardiovascular tered drugs such as opioids, cimetidine or propranolol
and central-nervous disorders, the therapeutic blood- may affect the metabolism or pharmacokinetics of the
plasma/serum concentrations should not exceedamide local anesthetics during medical treatment re-
certain limits. quiring local anesthesia.
Similarly to many other drugs, local anesthetics
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glycoprotein readily binds drugs but has a limited ca- silica gels (Gs and cyanopropyl, Bond-Elut, g
pacity for them, while albumin has a low affinity and Sep-Pak[10,12,19) and they also have a higher

a large capacity. The percentage bound to the two pro- capacity of sample loading due to their polymeric
teins decreases as the concentration of a local anesstructure. The analytes are stronger adsorbed on these
thetic in serum increases. The free fraction of adrug in types of sorbents due to orientation and induction
serum influences its pharmacokinetics and toxicity and intermolecular forces than with ig-silica in which
active uptake or diffusion into surrounding tisg2¢. only dispersion forces occurred. The best results con-

The anesthetics have been analysed by gas chro-cerning recoveries of mepivacaine were obtained on
matography3-16], liquid chromatographjl7—-25]or Chromosorb 103.
capillary electrophoresd26,27] This method was applied to healthy volunteers to

Many authors have attempted to determine the local whom an anesthesia with mepivacaine was adminis-
anesthetic-free fraction from serum or plasma by using tered. The precision (defined as the relative standard
ultrafiltration[18,22—24]Jand microdialysi$18,20] In deviation, CV, of replicate analysis) and the accu-
some other works, the free fraction of the anesthetics racy (defined as the recovery %) of the assay were
was estimated by analysing the correlation between the evaluated.
degree of their protein binding, pH levels, temperature
and solutes concentratigh4,16,23,25]

As methods for sample preparation liquid—liquid ex- 2. Experimental
traction[6,8,9,21] solid-phase extractiofl0-13,19]
and solid-phase microextracti¢d-5,7,16]have been 2.1. Chemicals and reagents
used.

Kakinohana and Okud$25] found out that lo- Chromosorb 103 and Chromosorb T were pur-
cal anesthetic-protein binding is hydrophobic and chased from Merck; Tenax GC from Applied Science
Taheri et al.[2] hydrophobic and electrostatic. The Laboratories Inc.; lidocaine, mepivacaine hydrochlo-
later concluded that the hydrophobic bindings were ride, bupivacaine hydrochloride from Sigma Aldrich
much stronger than the ionic ones, after estimating Co., Germany; ropivacaine hydrochloride from Pharm.
the affinity of neutral lidocaine to be at least eight Chemical Corporation, Shanghai; acetonitrile from
times the one of protonated lidocaine. But is well Riedel de Haén.
known that ionic forces are stronger than the hy-
drophobic ones. That is why we consider that at an 2.2. Instrumentation and chromatographic
alkaline pH—which is necessary to pass the drug in a conditions
neutral base in view of performing chromatographic
analysis—the protein—drug bindings are only through ~ The gas chromatographic analysis was performed
the hydrophobic forces and the determined quantity using Hewlett-Packard model HP 6890 equipped with
stands for the entire quantity of drug in plasma or split-splitless injector and flame ionisation detector.
serum. The bound fraction is in fact the one existing The column was a capillary column HP Innowax
in ionised state (bound by the protein through ionic 30m x 0.25mm, ID x0.25um film thickness, pur-
and hydrophobic forces), at the physiological pH and chased from Hewlett-Packard. The column flow rate
37°C, according to K4 values of the anesthetics. of the hydrogen carrier gas was 2 ml min Samples

Since any dosing method modifies the existing equi- were injected in splitless mode. Injector and detector
librium between the free and the bound fraction in temperature was 24Q. In order to avoid interference
serum or plasma, we consider that the free fraction of the analytes with endogenous compounds, the oven
cannot be determined precisely. temperature was programmed in different conditions,

Our analysis method is based on solid-phase extrac-depending on serum composition. The chromatograms
tion. As solid phases Chromosorb 103 (cross-linked from Figs. 1 and 2were performed in the following
polystyrene), Tenax-GC (2,6-diphergdphenylene conditions: after initial hold of 1 min at 5QC, the
oxide) and Chromosorb T were used. This type of sor- temperature was increased at°25min~! to 150°C,
bents are much more lipophilic than surface-modified then another increase af6 min—! to 240°C where
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Fig. 1. Chromatogram for spiked serum with local anesthetic l.ghtil~! mepivacaine, 1.48&g mi~! ropivacaine, 1.56.9 mI~! bupivacaine
and 1.6ugml~? lidocaine (IS). Condition: column HP Innovax 50 (1min) 2°Cmin* 150°C S°Cmin 240°C (12 min); flow rate
2mimin~! H,; detector FID; sample size)il. Peaks: (1) lidocaine; (2) mepivacaine; (3) ropivacaine; (4) bupivacaine.

it was kept for 12 min. Gas make up flow (nitrogen) bupivacaine in approx. 6 g (5.9755 g) acetonitrile. Li-

35mimin~1. The injected volume wasdl. docaine was used as internal standard (4.1 mg lido-
caine in 5.9832 g acetonitrile).
2.3. Sample preparation Serum standard was prepared by adding at 1 ml of

serum, 3Jul stock solution and .l internal standard
The stock solution of the analytes was prepared by solution. The pH of the serum standard was adjusted
adding 4 mg mepivacaine, 3.8 mg ropivacaine, 4mg to 12 by adding 10Ql of 30% NaOH.
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Fig. 2. Chromatogram for volunteer 3 serum, 15min after injection. Condition: column HP Innovag (5®in) 25°Cmin?
150°C SCmin 240°C (12 min); flow rate 2mimirr? H,; detector FID; sample sizedl. Peaks: (1) lidocaine (IS); (2) mepivacaine.
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Venous blood was collected at a stomatologic
clinic from three healthy volunteers who were pre-
viously anesthetised with 1.7ml 3% mepivacaine.
The samples have been collected at 5, 15, 30 and
60 min from injection. The serum was obtained after
blood centrifugation, 2h after sample collection. At
1ml serum, 1.5l internal standard solution (lido-
caine in acetonitrile) and 50 of 30% NaOH were
added.

2.4. Solid-phase extraction

Solid-phase extraction of sample was made on
Chromosorb 103, 80—100 mesh (0.5 g sorbent), Tenax
GC, 80-100 mesh (0.23g sorbent) and Chromosorb
T 40-60 mesh (0.8 g sorbent).

The extraction was performed according to the fol-
lowing steps:

1. Sorbent conditioning was performed with 10 ml

acetonitrile and 10 ml methanol;
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The concentration of mepivacaine in human serum
was determined using Chromosorb 103.

3. Results and discussion
3.1. Optimization of separation conditions

The use of Chromosorb 103 and Tenax GC as ad-
sorbents in gas—solid chromatography separation of
amines, amides, aldehydes, alcohols and other com-
pounds has leaded us to the idea of testing them as
extraction sorbents for the above studied compounds,
that have an amino-amide structure. Not only are these
sorbents completely lipophilic, but they also retain the
polar and polarisable analytes by intermolecular forces
stronger than with gg-silica or cyanopropyl-silica.
Cyg-silica and cyanopropyl-silica include residual sy-
lanol groups that strongly absorb the water (sample
solvent). If the sample solvent is strongly retained, the

2. The sorbent was washed with 5 ml buffer solution, analytes retention will be weak. Observing the pro-
pH 10; cedure steps used at SPE is very important. In paper
3. The sample was loaded into the cartridge; [10] 1 ml of blood sample, with addition of drugs,
4. As washing phasex22.5 ml of buffer solution pH was diluted with 10 ml distilled water. At pH 7 of
10 were passed through the cartridge; sample, a fraction from local anesthetics was found
5. For the elution of the anestethics elution 4 ml ace- in ionised state and was eluted by the rinsing sol-
tonitrile was utilised. vent (water), before the elution of the analytes with
Table 1
Within-run accuracy and precision of serum sample with added local anesthetics
Substance M¥ (g mi—1) TVP (ngml1) S.D¢ CV (%) RE (%F
Extraction sorbent: Chromosorb 103
Mepivacaine 1.513 1.560 0.030 2.01 96.99
Ropivacaine 1.327 1.485 0.081 6.14 89.36
Bupivacaine 1.436 1.560 0.070 4.87 92.03
Extraction sorbent: Chromosorb T
Mepivacaine 1.260 1.560 0.055 4.36 80.79
Ropivacaine 1.390 1.485 0.011 0.80 93.60
Bupivacaine 1.372 1.560 0.044 3.22 87.95
Extraction sorbent: Tenax GC
Mepivacaine 1.199 1.560 0.018 151 76.90
Ropivacaine 1.206 1.485 0.073 6.03 81.19
Bupivacaine 1.092 1.560 0.132 12.10 70.00

2 Mean value of three determinations.
b True value.

¢ Standard deviation.

d Relative standard deviation.

€ Recovery.
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chloroform—methanol occurred. Similar situations are =~ ] -
found in paper$12,19] Also, in acidic or neutral so- 3 e U o
lutions, local anesthetics are weakly absorbed by the 2 097 —4— volunteer 3
hydrophobe sorbent because they exist in a great ex- g 0.8
tend in ionised state. In this work, after conditioning E 071
of the sorbent, its pH was brought to the one of the § 064 4
sample (alkaline). g 051 .
In order to get rid of endogenous compounds a pH =
10 buffer solution was used. Because the analytes are 5 %41

soluble in both polar and nonpolar organic solvents, 0-30 0 0 0 40 0 pa

the cartridge should not be washed with any of them, Time after administration (min.)

when aiming to purify the sample of endogenous com-

pounds. Fig. 3. Mean concentration of mepivacaine in serum versus time
For the elution of analytes the following solvents 'f[’;?;él\ef‘_"\%‘lt:’ri;elr' 369&?$;Elgefr$'§;eVO'“meer 2, 32-year-old

have been tested: diethyl ether, acrylonitrile, methanol, ' ' '

acetonitrile. The best recoveries were obtained with

acetonitrile. Evaporation to dryness was not necessary.tioned inTable 2 The average of the three recoveries
In Fig. 1chromatogram for spiked serum with local was 93.95 for mepivacaine, 91.09 for ropivacaine and

anesthetic: 1.56g mi~! mepivacaine, 1.48&g mi~* 92.20 for bupivacaine. Standard deviation values were

ropivacaine, 1.5ggmi~! bupivacaine and 169 3.11 for mepivacaine, 5.30 for ropivacaine and 5.19

ml~1 lidocaine (IS), in the above-mentioned condi- for bupivacaine.

tions is displayedFig. 2 presents a chromatogram for

volunteer 3 serum, 15 min after injection. 3.3. Method validation

3.2. Precision and accuracy The limits of quantification determined in this study
were approx. 50 ng mf for all the studied anesthetics.

In Table 1accuracy and precision values for the At drug concentration values in serum the detector

three extraction sorbents are presented. From this ta-response (FID) is linear. The precision and accuracy of

ble one can notice that the best recovery was obtainedthe assay were previously presentedatles 1 and 2

for mepivacaine on Chromosorb 103. Good recover-

ies were also obtained for ropivacaine and bupiva- 3.4. Application of the method to

caine on Chromosorb T. Since extraction is obviously biological samples

a very important step, three extraction have been per-

formed on Chromosorb 103. Each extract was then  The present method has been applied for the deter-

three times chromatographied. The results are men-mination of mepivacaine in serum (total amount of this

Table 2

Inter-extraction accuracy and precision of serum sample with added local anesthetics (extraction sorbent: Chromosorb 103)
Substance EM¥ (ug mi~1) MVP (uwgmi~1) TVE (ngmi—1) s.Dd CVe (%) RE (%)
Mepivacaine 1.462, 1.422, 1.513 1.466 1.560 0.0456 3.11 93.95
Ropivacaine 1.347, 1.284, 1.427 1.353 1.485 0.0717 5.30 91.09
Bupivacaine 1.523, 1.382, 1.410 1.438 1.560 0.0746 5.19 92.20

a Per extraction mean value.

b Mean value of three extraction.
¢ True value.

d Standard deviation.

€ Relative standard deviation.

f Recovery.
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drug), at different time intervals from injection. Af-

ter solid-phase extraction (on Chromosorb 103) each
serum sample was three times chromatographied an

the results are presentedhig. 3.

The free fraction is the one existing in nonionised

state, at physiologic pH and according thgpvalue,
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