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We have developed and validated a simple, rapid, and sensitive liquid chromatography analytical method
employing tandem mass spectrometry (LC-MS/MS) for the determination of tolperisone, a centrally
acting muscle relaxant, in human plasma. After liquid-liquid extraction with methyl t-butyl ether,
chromatographic separation of tolperisone was performed using a reversed-phase Luna C;g column
(2.0mm x 50 mm, 5 wm particles) with a mobile phase of 10 mM ammonium formate buffer (pH 3.5)

_I;e;l/wo_rds: - methanol (12:88, v/v) and quantified by tandem mass detection in ESI positive ion mode. The flow rate
Lg_lﬁrslls&r;e of the mobile phase was 250 pL/min and the retention times of tolperisone and the internal standard (IS,

dibucaine) were both 0.6 min. The calibration curves were linear over a range of 0.5-300 ng/mL (r>0.999).
The lower limit of quantification, using 200 pL human plasma, was 0.5 ng/mL. The mean accuracy and
precision for intra- and inter-day validation of tolperisone were within acceptable limits. The LC-MS/MS
method reported here showed improved sensitivity for quantification of tolperisone in human plasma
compared with previously described analytical methods. Lastly, the validated method was successfully

Human plasma
Pharmacokinetics

applied to a pharmacokinetic study in humans.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Tolperisone (2-methyl-1-(4-methylphenyl)-3-(1-piperidyl)
propan-1-one) is a centrally acting muscle relaxant that is used
for relieving spasticity of neurological origin and muscle spasms
associated with painful locomotor diseases [1-3]. There is little
information about the pharmacokinetic behavior of tolperisone in
humans, in which rapid oral absorption, very low oral bioavail-
ability, and short elimination half-life have been observed
[4,5].

Only a few reports on the analytical methods for the deter-
mination of tolperisone in human plasma have been described,
using potentiometry [6], spectrophotometry [7], high performance
thin layer chromatography [8], gas-liquid chromatography [4],
and high performance liquid chromatography (HPLC) with UV
detection [9,10] or tandem mass spectrometry [11]. Importantly,
past studies have employed a relatively large volume of plasma
(>500 pL) for the determination of tolperisone in humans. In
addition, longer retention times and insufficient sensitivity are
obstacles for executing successful and reliable pharmacokinetic
studies of tolperisone. Furthermore, the plasma concentrations of

* Corresponding author. Tel.: +82 31 290 7718; fax: +82 31 290 7738.
E-mail address: sylee@skku.ac.kr (S.-Y. Lee).

1570-0232/$ - see front matter © 2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.jchromb.2012.10.027

tolperisone can be measured only up to 5-7 h after the drug intake
due to the relatively higher lower limit of quantification (LLOQ) of
previous assay methods.

In this study, a simple, rapid, and sensitive method using a liquid
chromatography-tandem mass spectrometry (LC-MS/MS) system
for the determination of tolperisone in human plasma is described.
Evaluation of the time-profile of plasma concentrations and phar-
macokinetic parameters of tolperisone in humans validated this
method.

2. Materials and methods
2.1. Reagents and chemicals

Tolperisone hydrochloride was purchased from Quantum
Chemicals Ltd. (Auckland, New Zealand). Dibucaine hydrochloride
and ammonium formate were purchased from Sigma-Aldrich (MO,
USA). HPLC grade methanol was purchased from Honeywell Bur-
dick & Jackson (NJ, USA). All other chemicals were of analytical
grade and used without further purification.

2.2. Chromatographic instruments and conditions

Chromatography was performed using an Agilent 1200
series HPLC system (Agilent Technologies Inc., Santa Clara, CA,
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USA). Separation was carried out on a 30°C Luna Cyg column
(2.0mm x 50 mm, 5 pwm, Phenomenex Inc., Torrance, CA, USA). The
mobile phase consisted of 10 mM ammonium formate buffer (pH
3.5) and methanol (12:88, v/v) at a flow rate of 250 pw.L/min. The
autosampler was maintained at 4°C. The total run time for each
sample analysis was 2.0 min.

Mass spectrometric detection was performed on an API 3200
tandem mass spectrometer (Applied Biosystems/MDS SCIEX,
Toronto, ON, Canada) equipped with an electrospray ionization
(ESI) source. The mass spectrometer was operated in positive ion
mode. The tandem mass spectrometry conditions for tolperisone
and the internal standard (IS, dibucaine) were optimized by car-
rying out full scans in positive ion detection mode. The detection
and quantification of tolperisone and IS were performed in multiple
reaction monitoring (MRM) mode. Quadrupoles Q1 and Q3 were set
to unit resolution. Data acquisition and quantitation were carried
out using Analyst software version 1.4.2 (Applied Biosystems/MDS
SCIEX).

2.3. Standard solution and quality control sample preparation

Stock solutions of 0.1 mg/mL tolperisone and dibucaine (IS) were
prepared in deionized water. Standard working solutions (0.01,
0.04, 0.2, 1, 2, 4, and 6 jng/mL) were prepared by serial dilution of
the stock solutions with deionized water. For preparation of cali-
bration standards and quality control samples, appropriate aliquots
of the stock solution or working solutions were added to drug-free
human plasma. The final concentrations were 0.5, 2, 10, 50, 100,
200, and 300 ng/mL for the calibration standards and 0.5, 1.5, 25,
and 250 ng/mL for quality control (QC) samples. The working IS
solution (dibucaine 50 pg/mL) was prepared in deionized water.
All stock, standard working and QC working solutions were stored
at4°C.

2.4. Sample preparation

All samples were stored in a freezer at —70°C and allowed to
thaw atroom temperature before processing. Briefly, 200 L of each
plasma sample and 10 p.L of IS solution (dibucaine, 50 pg/mL) were
added to a glass tube. After brief vortexing, 2 mL of methyl t-butyl
ether (MTBE) was added and the mixture was vortexed for 45s.
After centrifugation at 2200 x g for 10 min, the organic layer was
transferred to a new glass tube and evaporated to dryness under
a gentle stream of nitrogen gas at 50 °C. The residue was reconsti-
tuted with 450 pL mobile phase and a 5 pL aliquot was injected
into the HPLC system.

2.5. Method validation

Validation was performed based on ‘Guidance for Industry: Bio-
analytical Method Validation’ from the US FDA (http://www.
fda.gov/downloads/Drugs/Guidance ComplianceRegulatory
Information/Guidances/ucm070107.pdf).

2.5.1. Selectivity and linearity

Selectivity was assessed by comparing the chromatograms of
six different batches of plasma obtained from six subjects. The
plasma samples were spiked with tolperisone and IS. The linearity
of the method was evaluated using five different calibration curves
(ranges 0.5-300 ng/mL). The calibration curves were obtained by
plotting the area ratios of analyte and IS vs. the concentration of
analyte by least-squares linear regression with 1/x (where x repre-
sents the concentration of each analyte in ng/mL) as the weighting
factor. The LLOQ was defined as the lowest concentration yielding
a signal to noise ratio of at least 10 with a coefficient of variation

(CV)<20% and accuracy of 80-120%. The LLOQ was analyzed five
times for confirmation.

2.5.2. Matrix effect and recovery

The matrix effect and recovery tests were performed in trip-
licate at three different QC sample concentrations (1.5, 25, and
250 ng/mL). The matrix effect was determined by extracting blank
human plasma from six different sources and then reconstituting
the final extract in the injection solvent, which contained known
amounts of the analyte and IS. Absolute recovery of the analyte in
normal plasma was determined by extraction from blank human
plasma samples spiked with the analyte. After extraction, recovery
was calculated by comparing the responses of plasma QC samples
that were spiked with analyte prior to extraction with the response
of those that were spiked with blank plasma.

2.5.3. Accuracy and precision

Intra- and inter-day precision was determined by replicate anal-
ysis of five sets of QC samples that were spiked with four different
concentrations of tolperisone within one day or on five consecu-
tive days, respectively. The precision was determined to be the CV
and the accuracy was expressed as the relative standard error (RSE
(%) =measured concentration/targeted concentration x 100).

2.5.4. Stability

The stability of tolperisone in human plasma was tested in trip-
licate with three different concentrations of QC sample (1.5, 25,
and 250 ng/mL). For short-term stability, frozen plasma samples
(=70°C) were kept at room temperature for 4h before sample
preparation. The freeze-thaw stability of the tolperisone was deter-
mined over three freeze-thaw cycles over a period of three days. In
each freeze-thaw cycle, the spiked plasma samples were frozen
for 24h at —70°C and thawed unassisted at room temperature.
When completely thawed, the samples were refrozen for 12-24 hat
—70°C. Long-term stability was evaluated after storing the frozen
plasma samples at —70°C for 60 days. The stability of the pre-
pared plasma samples was tested after keeping the samples in an
autosampler at 4 °C for 24 h. Stability samples were processed and
extracted along with freshly spiked calibration curve standards.
Samples were considered stable if assay values were within the
acceptable limits of accuracy (85-115%) and precision (+15%).

2.6. Pharmacokinetic application

Fourteen healthy Korean male volunteers were enrolled in this
study. All subjects provided informed consent both verbally and in
writing. The study was performed according to the Declaration of
Helsinki and was approved by the Institutional Ethics Committee
of the School of Pharmacy at Sungkyunkwan University (Suwon,
Korea).

Each subject received a single 150 mg oral dose of tolperisone
(Mydocalm® tablet, Han Lim Pharm. Co., Seoul, Korea) with 240 mL
water. Venous blood samples were obtained at 0, 0.5, 1, 1.5, 2, 2.5,
3,3.5,4,5,6, 8,10, and 12 h after the administration of tolperisone.
Blood samples were centrifuged immediately and the plasma frac-
tions were stored at —70°C until needed.

Pharmacokinetic parameters of tolperisone were estimated
using non-compartmental methods and BA Calc 2007 (KFDA, Seoul,
Korea). Actual blood sampling times were used and observed values
were maximum plasma concentrations (Cmax) and times to reach
Cmax (Tmax)- The area under the plasma concentration-time curve
(AUC) was calculated using the linear trapezoidal rule. The half-life
(t1/2) was calculated from the following equation: In 2/ke.
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Fig. 1. Product ion mass spectra of (A) tolperisone and (B) dibucaine (IS).

3. Results and discussion
3.1. Method development

The tandem mass ESI conditions for tolperisone and IS were
first optimized by carrying out full scans in positive ion detec-
tion mode. During a direct infusion experiment, the mass spectra
for tolperisone and IS showed peaks as protonated molecular ions
[M+H]" at 246.2 and 343.7 m/z, respectively. The major fragment
ions observed in each product spectrum were at 98.1 m/z and
271.2m|z for tolperisone and IS, respectively (Fig. 1). The mass
parameters were optimized by observing the maximum responses
of the product ions. The adjusted values of declustering potential
(DP), entrance potential (EP), collision energy (CE), and collision
cell exit potential (CXP) for tolperisone were 36V, 10V, 21V and
4V, while those for IS (dibucaine) were 51V, 10V, 27V and 6V.
The optimized curtain gas (CUR), collision gas (CAD), nebulizer gas
(GS1), and turbo gas (GS2) parameters were 25 psi, 7 psi, 50 psi, and
50 psi, respectively.
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Chromatographic conditions, particularly the composition of
the mobile phase, were optimized by several trials to increase the
signal of the analyte and minimize running times. The mobile phase
consisted of a mixture of 10 mM ammonium formate buffer (pH 3.5)
and methanol. Ammonium formate is primarily used to improve
the peak shape and promote source ionization. The optimal propor-
tion of ammonium formate buffer and methanol was tested from
5:95t020:80(v/v),and we selected aratio of 12:88 (v/v) as the final
condition of the mobile phase. The flow rate of the mobile phase was
setto 250 p.L/min. The chromatographic sensitivity using a Luna Cg
column (2.0 mm x 50 mm, 5 pm) was considered good.

3.2. Method validation

3.2.1. Selectivity and linearity

No endogenous interference was found at the retention times
of tolperisone and IS. Fig. 2 shows representative chromatograms
for blank human plasma (Fig. 2A); human plasma spiked with
tolperisone (0.5ng/mL) and IS (dibucaine 50 p.g/mL; Fig. 2B); and
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Fig. 2. Chromatograms of tolperisone and IS (dibucaine) in human plasma. (A) Blank human plasma; (B) blank human plasma spiked with tolperisone (0.5 ng/mL) and IS
(50 pg/mL); (C) human plasma sample 3 h after administration of a single 150 mg oral dose of tolperisone.
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Table 1
Precision and accuracy of the LC-MS/MS assay method for plasma tolperisone.

Targeted concentration (ng/mL) Intra-day (n=5)

Inter-day (n=5)

Measured concentration (ng/mL) Accuracy (%) Precision (CV%) Measured concentration (ng/mL) Accuracy (%) Precision (CV%)
0.5 0.582 + 0.007 116.4 1.2 0.572 + 0.009 1143 15
15 1.49 + 0.07 99.3 49 1.45 + 0.02 96.5 1.7
25 244 + 1.3 97.7 5.3 231+ 09 924 4.0
250 244.4 4 2.4 97.8 1.0 249.1 + 5.2 99.6 2.1
a plasma sample obtained from a healthy volunteer at 3 h after Table 2 o
oral administration of 150 mg tolperisone (Fig. 2C). The LLOQ was Stability of tolpersione in human plasma (n =3).
0.5ng/mL, and the signal-to-noise ratio of LLOQ was >10. The Targeted Measured Accuracy (%) Precision (CV%)
intra- and inter-day CV was not more than 5.3% (Table 1). The concentration concentration
standard calibration curves were linear over tolperisone concen- (ng/mL) (ng/mL)
tration ranges in human plasma of 0.5-300ng/mL with mean Post-preparative stability
correlation coefficients (r) of >0.999 (n=5). The best linear fit and ;55 ;-:é + 8-24 gg-g ;g
1east—sqgare§ residuals for the calibration curve were achieved with 250 2497 £ 0.6 99.9 02
a 1/x weighting factor. Short-term stability
15 1.49 + 0.09 99.1 6.0
. 25 24.4 + 0.6 97.6 24
3.2.2. Recovery and matrix effect 250 2493 + 6.0 99.7 24
Ethyl ether, ethyl acetate, dichloromethane, and MTBE were Freeze-thaw stability
tested as solvents for extraction of tolperisone from human plasma. 1.5 1.48 + 0.05 98.9 3.2
Among these, MTBE was found to be the best solvent, produc- ;go 2‘21‘5"3 i (15‘471 gg'g ;(25
ing a clean chromatogram for bl‘ank human plasma samples with Long-term stability
the best recovery and least matrix effects. The recovery of analyte 15 1.43 + 0.02 953 14
from a 200 pL plasma sample using the liquid-liquid extraction 25 224 +03 89.7 1.1
250 246.0 + 1.0 98.4 0.4

procedure with MTBE was measured at three different concen-
trations of QC sample. Regardless of sample concentration, mean
recoveries for tolperisone and IS were 81.7 £4.3% and 85.9 + 1.8%,
respectively.

Matrix effects, which are a result of ion suppression or enhance-
ment of the analyte of interest, should be evaluated during
method development because the assay accuracy and precision
of the LC-MS/MS method can be significantly affected [12,13].
Observed matrix effects for tolperisone and IS ranged from
89.5 to 98.3% and the respective CV values in each concen-
tration from six lots of plasma were less than 4.8%, indicating
that no co-eluting substances influenced the ionization of either
the analyte or IS [14]. This result indicates that the extrac-
tion efficiency for the analyte using liquid-liquid extraction
was satisfactory, consistent, and concentration-independent. In
addition, these results showed that ion suppression or enhance-
ment from the plasma matrix was consistent under the current
conditions.

3.2.3. Accuracy and precision

Table 1 provides a summary of the accuracy and preci-
sion for four concentrations of tolperisone (0.5, 1.5, 25 and
250 ng/mL). The intra-day and inter-day accuracies for tolperisone
were 97.7-116.4% and 92.4-114.3%, respectively. The intra- and
inter-day precisions for tolperisone were 1.0-5.3% and 1.5-4.0%,
respectively. These results suggest that the method assessed in this
study has satisfactory accuracy, precision and reproducibility.

3.2.4. Stability

Stability was assessed under a variety of conditions and the
results are summarized in Table 2. Three freeze-thaw cycles of
the QC samples did not appear to affect the quantification of the
tolperisone. In addition, QC samples stored in a freezer at —70°C
remained stable for at least 60 days. Thawing the frozen samples
and maintaining them at room temperature for 4 h had no effect on
quantification. The extracted samples were also analyzed after at
least 24 h at 4°C. These results suggest that human plasma samples

containing tolperisone can be handled under normal laboratory
conditions without incurring any significant loss of detection.

3.3. Incurred sample reanalysis

Incurred sample reanalysis (ISR) was performed for tolperisone.
Of the 156 analyzed human plasma samples, 19 (12.1%) were cho-
sen and reanalyzed to evaluate the reproducibility of the analytical
method. The selection of samples covered the whole range of con-
centrations from the Cpax to the terminal elimination phase in the
pharmacokinetic profile. The original concentrations of tolperisone
were confirmed to be within £20% limits for 18 (94.7%) of the
reanalyzed samples (data not shown). These ISR results met the
acceptance recommendation on reproducibility for incurred sam-
ples from the third AAPS/FDA Bioanalytical Workshop (Crystal City
1) [15].
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Fig. 3. Plasma concentration-time profile of tolperisone after administration of a
single 150 mg oral dose of tolperisone in healthy male subjects (n=14).
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3.4. Pharmacokinetic application

Our method was successfully applied to a pharmacokinetic
study of tolperisone after the administration of a single oral
dose of 150mg tolperisone. Fig. 3 shows the mean plasma
concentration-time profile of tolperisone. The mean Cpax, Tmax,
tyj2, and AUCp_qp for tolperisone in fourteen healthy, male
volunteers were 64.1+30.0ng/mL, 0.84+0.2h, 3.3+1.3h, and
111.24+51.4ngh/mL, respectively.

4. Conclusions

We have developed and validated a simple, rapid, and sensitive
analytical LC-MS/MS method for the determination of tolperisone
in plasma samples with LLOQ values of 0.5 ng/mL. This method was
sufficiently sensitive for analyzing tolperisone in human plasma for
up to 12 h after the administration of a single oral dose of 150 mg of
tolperisone. The lower LLOQ and shorter run time compared with
previous determinant methods make our new method particularly
suitable for use in routine assays.

Acknowledgement

This research was supported by Grant no. 11182KFDA659 from
the Korean Food & Drug Administration.

References

[1] J. Pérszasz, K. Nador, K.G. Porszasz, T. Barankay, Arzneimittelforschung 11
(1961) 257.

[2] P. Bajaj, L. Arendt-Nielsen, P. Madeleine, P. Svensson, Eur. J. Pain 7 (2003)
407

[3] P.Svensson, K. Wang, L. Arendt-Nielsen, Eur. J. Pain 7 (2003) 449.
[4] P.Miskolczi, L. Vereczkey, R. Frenkl, J. Pharm. Biomed. Anal. 5 (1987) 695.
[5] J.W.Bae,M.J.Kim, Y.S. Park, C.S. Myung, C.G. Jang, S.Y. Lee, Int. ]. Clin. Pharmacol.
Ther. 45 (2007) 110.
[6] Society of Japanese Pharmacopoeia, The Pharmacopoeia of Japan, 11th ed.,
Yakuji Nippo, Ltd., Tokyo, Japan, 1986, p. 1027.
[7] Society of Japanese Pharmacopoeia, The Pharmacopoeia of Japan, 12th ed.,
Yakuji Nippo, Ltd., Tokyo, Japan, 1991, p. 554.
[8] S. Liawruangrath, B. Liawruangrath, J. Pharm. Biomed. Anal. 20 (1999)
401.
[9] S.Liawruangrath, B. Liawruangrath, P. Pibool, ]. Pharm. Biomed. Anal. 26 (2001)
865.
[10] J.W. Bae, Y.S. Park, U.D. Sohn, C.S. Myung, B.K. Ryu, C.G. Jang, S.Y. Lee, Arch.
Pharm. Res. 29 (2006) 339.
[11] T. Ogawa, H. Hattori, R. Kaneko, K. Ito, M. Iwai, Y. Mizutani, T. Arinobu, A. Ishii,
H. Seno, Anal. Bioanal. Chem. 400 (2011) 1959.
[12] B.K. Matuszewski, M.L. Constanzer, C.M. Chavez-Eng, Anal. Chem. 75 (2003)
3019.
[13] S.T. Wu, D. Schoener, M. Jemal, Rapid Commun. Mass Spectrom. 22 (2008)
2873.
[14] C.T. Viswanathan, S. Bansal, B. Booth, AJ. DeStefano, M.J. Rose, ]. Sailstad, V.P.
Shabh, J.P. Skelly, P.G. Swann, R. Weiner, Pharm. Res. 24 (2007) 1962.
[15] D.M.Fast,M.Kelley, C.T.Viswanathan, ]. 0O’'Shaughnessy, S.P.King, A. Chaudhary,
R. Weiner, AJ. DeStefano, D. Tang, AAPS J. 11 (2009) 238.



	Determination of tolperisone in human plasma by liquid chromatography/tandem mass spectrometry for clinical application
	1 Introduction
	2 Materials and methods
	2.1 Reagents and chemicals
	2.2 Chromatographic instruments and conditions
	2.3 Standard solution and quality control sample preparation
	2.4 Sample preparation
	2.5 Method validation
	2.5.1 Selectivity and linearity
	2.5.2 Matrix effect and recovery
	2.5.3 Accuracy and precision
	2.5.4 Stability

	2.6 Pharmacokinetic application

	3 Results and discussion
	3.1 Method development
	3.2 Method validation
	3.2.1 Selectivity and linearity
	3.2.2 Recovery and matrix effect
	3.2.3 Accuracy and precision
	3.2.4 Stability

	3.3 Incurred sample reanalysis
	3.4 Pharmacokinetic application

	4 Conclusions
	Acknowledgement
	References


