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Background: Prilocaine exists in two stereoisomeric configu-
rations, the enantiomers S(+)- and R(-)-prilocaine. The drug is
clinically used as the racemate. This study examined the phar-
macokinetics of the enantiomers after intravenous administra-
tion of the racemate.

Methods: Ten healthy male volunteers received 200 mg race-
mic prilocaine as a 10-min intravenous infusion. Blood samples
were collected for 8 h after the start of the infusion. Plasma
concentrations were measured by stereoselective high-perfor-
mance liquid chromatography (HPLC). Unbound fractions of
the enantiomers in blank blood samples, spiked with racemic
prilocaine, were determined using equilibrium dialysis.

Results: The unbound fraction of R(-)-prilocaine (mean *+ SD,
70% % 8%) was smaller (P < 0.05) than that of S(+)-prilocaine
(73% = 5%). The total plasma clearance of R(-)-prilocaine
(2.57 £ 0.46 1/min) was larger (P < 0.0001) than that of S(+)-
prilocaine (1.91 = 0.30 I/min). The steady-state volume of dis-
tribution of R(-)-prilocaine (279 * 94 1) did not differ from that
of S(+)-prilocaine (291 * 93 1). The terminal half-life of R(-)-
prilocaine (87 + 27 min) was shorter (P < 0.05) than that of

S(+)-prilocaine (124 + 64 min), as was the mean residence time
of R(-)-prilocaine (108 + 30 min) compared with S(+)-prilo-
caine (155 * 59 min; P < 0.005).

Conclusions: The pharmacokinetics of prilocaine are enantio-
selective. The difference in clearance is most likely a result of a
difference in intrinsic metabolic clearance. The difference in

" Staff Anesthesiologist

T Professor of Anesthesiology, Director of the Anesthesia Research
Laboratory.

+ Professor of Anesthesiology and Chair

§ Laboratory Technician.

Received from the Department of Anesthesiology, Leiden University
Medical Center, Leiden, The Netherlands. Submitted for publication
June 15, 1998. Accepted for publication November 23. 1998. Pre-
sented at the 72nd Annual Congress of the International Anesthesia
Research Society, Orlando, Florida, March 7-11, 1998 Support was
provided solely from institutional and/or departmental sources.

Address reprint requests to Dr. van der Meer: Department of Anes-
thesiology (P5), Leiden University Medical Center, P. O. Box 9600.
2300 RC Leiden, The
ameer@anst.azl.nl

Netherlands. Address electronic mail to:

Anesthesiology, V 90, No 4, Apr 1999

the pharmacokinetics of the enantiomers of prilocaine does not
seem to be clinically relevant. (Key words: Chiral drugs; protein
binding; toxicity.)

THE amide-type local anesthetic prilocaine contains a
chiral center and thus exists in two stereoisomeric con-
figurations, the enantiomers S(+)- and R(-)-prilocaine.
Except for lidocaine, which does not exhibit stereoisom-
erism, and ropivacaine, which is marketed as a single
enantiomer, the local anesthetics of the amide type are
clinically used as the racemate, containing equal
amounts of both enantiomers. In general, enantiomers of
drugs may differ in their pharmacologic properties. Stud-
ies of the differences in local anesthetic activity and
toxicity of the enantiomers of several amide-type local
anesthetics have first been published in the late 1960s
and early 1970s. The topic regained attention in the early
1990s when publications emphasizing pharmacologic
differences between the enantiomers of bupivacaine re-
appeared in the literature. Differences in the pharmaco-
kinetics of the enantiomers after intravenous admin-
istration have been reported for bupivacaine and
mepivacaine, but not for prilocaine."? The aim of this
study was to get a detailed assessment of the enantiose-
lectivity of the pharmacokinetics of prilocaine in hu-
mans.

Materials and Methods

Subjects

The study protocol was approved by the Committee
on Medical Ethics of the Leiden University Medical Cen-
ter. Ten non-smoking, healthy male volunteers, aged
21-27 yr, body weight 69-85 kg, participated in the
study after giving informed consent. Their state of health
was confirmed by taking their medical history, physical
examination, electrocardiogram, and laboratory tests,
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which included urine analysis, hematology, and serum
biochemistry. None of the volunteers ware taking med-
ical or non-medical drugs. They refrained from food and
drink (except water) from midnight before the experi-
ment until 3 h after drug administration, when they
received lunch.

Study Design

The study design was similar to that previously used in
studies examining the enantioselectivity in the pharmaco-
kinetics of bupivacaine and mepivacaine."” The experi-
ments started between 8 and 10 am and were performed in
one of the operating rooms at the Leiden University Medi-
cal Center. Two antecubital intravenous catheters were
introduced bilaterally, one for drug infusion and one for
blood sampling. The volunteers, positioned supine, were
monitored with continuous electrocardiogram and nonin-
vasive blood pressure measurements until 1 h after drug
infusion. After the collection of a blank 30-ml blood sample,
200 mg racemic prilocaine, diluted in 50 ml saline, was
infused at a constant rate in 10 min. Blood samples for the
determination of the plasma concentrations of the enanti-
omers were collected in heparinized glass tubes at 2, 5, 10,
15, 20, and 30 min after the start of the infusion, then at
15-min intervals until 120 min, at 30-min intervals until 240
min, and from then on at 1-h intervals until 8 h after the
start of the infusion.

Laboratory Methods

Unbound fractions of the enantiomers of prilocaine
were determined in duplicate in blank plasma samples,
spiked with 1.5 pg/ml racemic prilocaine (0.75 pg/ml of
each enantiomer) using equilibrium dialysis at 37°C, as
described previously for bupivacaine, but using equal (1
ml) volumes of plasma and buffer solution.” Plasma con-
centrations of the enantiomers of prilocaine were mea-
sured using a stereoselective high-performance liquid
chromatographic (HPLC) method, modified from Tucker
et al.”’ Plasma (1 ml), to which ropivacaine (832 ng/ml)
had been added as internal standard, was made alkaline
by adding 50 pug 2 N NaOH and extracted with 5 ml
di-ethylether. After centrifugation at 4°C the organic
phase was extracted with 0.5 ml 0.1 N HCIL. The aqueous
phase was then washed with 5 ml n-pentane, made
alkaline with 100 pl 2 N NaOH, and extracted with 5 ml
n-pentane. After centrifugation at 4°C the organic phase
was collected, evaporated to dryness in a stream of dry
nitrogen at 40°C, and the residue dissolved in 100 ul of
the mobile phase. The same procedure was followed to
determine the concentrations in dialysate (1 ml, to
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which 100 wul isoamylalcohol had been added). The
HPLC system was equipped with a 15-cm (inner diame-
ter, 0.46 cm) column, containing cellulose tris-3,5-dim-
ethylphenyl carbamate, coated on silicagel, 5 wm (Chiral-
cel OD-H, J.T. Baker, Deventer, The Netherlands). The
column temperature was 30°C. The mobile phase con-
sisted of n-hexane, ethanol, and diethylamine (19:1:0.1),
and the flow rate was 0.7 ml/min. Ultraviolet detection
was at 238 nm. The injection volume was 30 ul. Calibra-
tion curves were constructed from blank blood samples,
that were spiked with racemic prilocaine and were lin-
ear (r > 0.999) in the concentration range (20-2,000
ng/ml) covered. The retention times of ropivacaine,
S(+)-prilocaine, and R(-)-prilocaine were 5.81 min, 7.11
min, and 7.82 min, respectively. The detection limit was
approximately 5 ng/ml for each enantiomer, and the
coefficient of variation did not exceed 10% in the con-
centration range encountered in this study.

PharmacoRinetic Analysis

The areas under the plasma concentration-time curves
(AUC) and the first moment of these curves (AUMC)
were determined using the linear trapezoidal rule when
concentrations were increasing and using the logarith-
mic trapezoidal rule when concentrations were decreas-
ing, with addition of the areas from the last sampling
point until infinity.” Terminal rate constants (M,) were
determined by linear regression analysis of the terminal
part of the logarithm of the plasma concentration versus
time curves from 120, 150, 180, 210, or 240 min on,
including a minimum of four data points, covering a
period of at least 3 h. Terminal half-lives (t'-z), mean
residence times (MRT), total plasma clearances (Cl), and
volumes of distribution at steady-state (V.) were calcu-
lated as: tie,z = In(2) / M,; MRT = AUMC / AUC - T / 2;
Cl = dose / AUC and V.. = Cl ®* MRT, where T is the
duration of the infusion.””’

Statistical Analysis

Data were summarized as mean * SD. Pharmacoki-
netic data of S(+)-prilocaine and R(-)-prilocaine were
compared using the paired 7 test. P < 0.05 was consid-
ered statistically significant.

Results

The intravenous administration of racemic prilocaine
was well tolerated by all volunteers. No signs or symp-
toms of systemic toxicity were observed.
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Fig. 1. Plasma concentrations of R(-)-prilocaine (4) and S(+)-
prilocaine (B) in individual subjects.

Total plasma concentrations of the individual enanti-
omers in all subject are shown in figure 1. Figure 2
shows the S(+):R(-) concentration ratio versus time for
all subjects. The highest plasma concentrations were
measured in the samples taken at the end of the infusion.
except in three subjects, in whom the highest plasma
concentrations were measured in the samples taken 5
min after termination of the infusion. No significant
differences were found in the magnitude of the highest
plasma concentrations of R(-)-prilocaine (mean + SD.
670 * 502 ng/ml) and S(+)-prilocaine (685 *+ 516 ng/
mb). The similarity of the concentrations of the enanti-
omers during the infusion (S(+)-R()-prilocaine concen-
tration ratios ranged from 0.91-1.08) indicates that the
initial distribution characteristics of the enantiomers are
similar. After termination of the infusion, plasma concen-
trations of S(+)-prilocaine and R(-)-prilocaine diverged in
all subjects. The pharmacokinetic data in each subject
and the mean * SD of these parameters are presented in
the table 1. Unbound fractions of S(+)-prilocaine were
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slightly higher than those of R(-)-prilocaine, except in
three subjects, in whom the unbound fractions of the
enantiomers were equal. The volumes of distribution of
the enantiomers did not differ significantly. S(+)-prilo-
caine was found to have a lower plasma clearance and a
longer terminal half-life and mean residence time than
R()-prilocaine.

Discussion

Laboratory studies on the qualities of the enantiomers
of prilocaine showed that S(+)-prilocaine and R()-prilo-
caine have similar blocking effects on nerve conduction
in isolated nerves.® However, when studied in vivo in
guinea pigs, rats, and rabbits, S(+)-prilocaine exhibited a
more pronounced local anesthetic effect and a longer
duration of action compared with R(-)-prilocaine.® The
authors suggested that this may be related to better,
stereospecific, binding properties or different effects on
the peripheral vascular bed, resulting in slower systemic
absorption of S(+)-prilocaine. In toxicity studies no dif-
ference was found in the LDs,s of S(+)-prilocaine and
R(@)-prilocaine after intravenous and subcutaneous ad-
ministration of individual enantiomers in mice, although
with continuous infusion in mice and after intermittent
slow intravenous injections in rabbits, the toxic effects
of S(+)-prilocaine were more pronounced than those of
R(-)-prilocaine.” After intravenous injection of single en-
antiomers in cats, the maximal level of methemoglobin-
emia did not differ, although the rate of methemoglobin
formation was more rapid after intravenous injection of
R()-prilocaine compared with S(+)-prilocaine.’ In cats

Ratio R(-)/S(+)-prilocaine
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Fig. 2. Ratio of the plasma concentrations of R(-)-prilocaine and
S(+)-prilocaine in individual subjects.
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Table 1. Pharmacokinetic Data of R(—)- and S(+)-Prilocaine

Subject fu(R) fu(S) CI(R) cl(S) V..(R) Vss(S) ty0 2(R) R (S) MRT(R) MRT(S)
Number (%) (%) (L/min) (L/min) (L) S'(i) 7(/r?riizn) W(rfriizn) (min) (min)
1 75 76 Il 1L 2.29 253 259 74 88 91 113
2 58 65 2.35 =5 297 419 88 293 126 278
3 82 82 3.41 2589 348 324 55 80 102 136
4 69 69 2.40 1.89 266 271 95 1717/ 1191l 143
5 68 76 1.82 1156 112 126 70 88 62 81
6 73 74 2.68 1.91 471 446 124 162 176 233
7 72 73 2.49 1747/ 311 305 92 1117 125 172
8 61 70 2405 1.65 197 215 101 119 96 130
9 78 78 2.65 2.02 243 247 68 83 92 122
10 60 68 3.06 2.10 290 296 56 91 95 141
Mean 70 73 257 1.91 279 291 87 124 108 155
SD 8 5 0.46 0.30 94 93 21 64 30 59
[z <0.05 <0.0001 NS <0.05 <0.005

f, = unbound fraction in plasma; Cl = total plasma clearance; Vs = steady-state volume of distribution; ty,2 > = terminal half-life; MRT = mean residence time;

SD = standard deviation.

the plasma concentrations of S(+)-prilocaine were
higher than those of R(-)-prilocaine on intravenous infu-
sion of each enantiomer.” Hydrolysis rates of '*C-labeled
enantiomers of prilocaine by liver homogenates and
slices of mice, rabbits, and cats and by microsomes of
rabbits differed, indicating that R(-)-prilocaine had a
higher affinity for the enzyme(s).” The authors con-
cluded that no evidence was obtained that would sug-
gest substitution of the racemate by either of its enanti-
omers to be advantageous. However, enantioselective
disposition in humans can be an argument for substitu-
tion of the racemate by a single enantiomer. Tucker et al.
reported slightly higher plasma concentrations of the
S(+)-enantiomer compared with the R(-)-enantiomer af-
ter brachial plexus block with the racemate in six pa-
tients." After oral intake of the racemate by four healthy
volunteers, plasma concentrations of S(+)-prilocaine
were found to be much higher compared to R(-)-prilo-
caine. The latter observation indicates a large difference
in intrinsic metabolic clearance
through gut and liver.*

In our study, the plasma concentrations of each enan-
tiomer during the infusion were similar in all volunteers,
and no significant differences were present in the calcu-
lated volumes of distribution. Differences were found,
however, in plasma clearance, and consequently in the
terminal halflife and mean residence time, indicating a
faster elimination of R(-)-prilocaine. The difference in
clearance between the enantiomers can be explained by
differences in enzyme affinity, which is in accordance
with the studies of Akerman and Ross” and Tucker et al.*

Pharmacokinetic data of prilocaine after intravenous
administration in volunteers have been reported previ-

of the enantiomers
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ously by Arthur et al.'® Although they did not measure
the plasma concentrations of the individual enantiomers
but rather mixed enantiomers of prilocaine, their pub-
lished pharmacokinetic data coincide with our findings.
Of particular interest are the large plasma clearance
values. In our study and in the study of Arthur et al., the
plasma clearance of both enantiomers exceeded normal
hepatic blood flow (1,200-1,700 ml/min),"" suggesting
some degree of extrahepatic clearance. A possible site of
metabolism is the lung. Studying pulmonary retention of
local anesthetics in humans, Kietzmann et al found a
concentration difference of prilocaine between mixed
venous and arterial blood up to 15 min after epidural
administration."* As retention was not anymore ob-
served after 15 min, metabolic elimination of prilocaine
by the lung in humans is unlikely.

Differences in potency, toxicity, and pharmacokinetics
have been studied most extensively for the enantiomers
of bupivacaine. The S(-)-enantiomer of bupivacaine ap-
pears to be favorable for clinical use because of its lower
intrinsic toxicity,'*™'® and recently, a similar clinical ef-
ficacy has been demonstrated for S(-)-bupivacaine com-
pared with racemic bupivacaine in epidural anesthesia.'”
A similar advantage in the clinical use of a single enan-
tiomer of mepivacaine is less obvious.'****' The phar-
macokinetic parameters of the enantiomers of bupiva-
caine and mepivacaine have been assessed in studies as
described here for prilocaine."” The clearance and the
volume of distribution at steady-state of the individual
enantiomers of these local anesthetics differed. Clear-
ance and volume of distribution at steady-state were
respectively 25% and 56% larger for R(+ )-bupivacaine
compared with S(-)-bupivacaine and respectively 125%

—
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and 79% larger for R(-)-mepivacaine compared with
S(+)-mepivacaine. The differences in clearance and dis-
tribution could largely (with bupivacaine) or partly (with
mepivacaine) be explained by differences in protein
binding. free fractions were 50% larger for R(+)-bupiv-
acaine compared with S(-)-bupivacaine and 43% larger
for R(-)-mepivacaine compared with S(+)-mepivacaine.
This study also showed a significant difference in the
degree of protein binding of the enantiomers of prilo-
caine too, but the difference was small and cannot ex-
plain the difference in the clearance of the enantiomers.
In conclusion, this study demonstrated enantioselec-
tivity of the pharmacokinetics of prilocaine. The differ-
ences in clearance between the enantiomers of prilo-
caine seem to be a result of differences in enzyme
affinity. On repeated injections or during continuous
infusions the differences in the concentrations of the
enantiomers could become substantial. However, be-
cause prilocaine is generally used for single injections
because of the risk of induction of methemoglobinemia,
the clinical relevance of the enantioselectivity in the
pharmacokinetics of prilocaine is likely to be small.
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