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Abstract
Purpose This is the first study that connects pharmacokinetics
of tolperisone with genetic polymorphism of the enzymes in-
volved in its metabolism in human. We aimed to identify the
influence of polymorphism of two main enzymes (CYP2D6
and CYP2C19) on pharmacokinetic profile of parent drug.
Methods In a single-dose study, 28 healthy Caucasian male
volunteers received an oral dose of 150 mg of tolperisone. The
subjects were genotyped with respect to CYP2D6 and
CYP2C19 enzymes. Plasma was sampled for up to 12 h post
dose, followed by quantification of tolperisone by a fully val-
idated HPLC-tandem mass spectrometry (MS/MS) method.
The pharmacokinetic parameters were estimated using a
non-compartmental method and compared statistically at level
p<0.05 across the genotyped groups.
Results High variability (exceeded 100 %) of main bioavail-
ability parameters (AUCt, AUCinf, Cmax) was observed in the
whole group of subjects. An essential difference in the phar-
macokinetics of tolperisone of quick metabolizers whose ge-
notype expressed wild homozygote CYP2D6 *1/*1 with
respect to heterozygous *1/*4 and *1/*5 subjects was
demonstrated. The mean AUCinf was 2.1- and 3.4-fold
higher in *1/*4 and *1/*5, respectively, than in *1/*1 subjects.
In case of Cmax, the differences were greater and reached

maximally 3.8 times (mean values 54.00, 98.85, and
205.20 ng/mL for CYP2D6 *1/*1, *1/*4, and *1/*5,
respectively). Values of the parameters for the one sub-
ject that expressed *4/*4 genotype were even 8.5 times
higher than in subjects with extensive or intermediate
phenotype. Although CYP2C19 *1/*2 subjects had
higher AUCt, AUCinf, and Cmax values than *1/*1, no
statistically significant differences were observed. Oral
clearance (CL/F) significantly decreased by 65.7 % in
heterozygous *1/*2 relative to homozygous *1/*1 extensive
metabolizers.
Conclusion In this study, we first demonstrated the effect of
CYP2D6 polymorphism on pharmacokinetics of tolperisone
in Caucasian subjects. The contribution of CYP2C19 enzyme
seems to be less important.
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Introduction

The genetic picture of cytochrome P450’s hemoproteins
which catalyze the biotransformation of various xenobiotics
as well as metabolic state of individuals can vary largely even
in the same population. These differences can influence sig-
nificantly the bioavailability of many drugs and consequently
induce essential pharmacokinetic, pharmacodynamic differ-
ences and efficacy, and toxicity between individuals [1–4].
Discovery and evaluation of pharmacogenetic differences in
the drug response and tolerability are an essential concept of
personalized medicine [5].

Data about the biotransformation of tolperisone, a centrally
acting muscle relaxant [6], in human are limited. It is known
that it is rapidly absorbed after oral administration, undergoes
an extensive first pass effect, and only 20 % of an
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administered dose appears unchanged in the blood. The hu-
man organism oxygenates the methyl group of the aromatic
ring to a hydroxymethyl group producing the main tolperisone
metabolite [7]. The hydroxymethyl metabolite formation re-
vealed to be the main P450-mediated metabolic pathway.
CYP2D6 was identified as the key enzyme in the metabolism;
however, CYP2C19, CYP2B6, and CYP1A2 are also in-
volved to some extent [6].

The in vitro study [6] indirectly evidenced the substantial
involvement of microsomal carbonyl reductase in the metab-
olism of tolperisone suggesting that the parent compound un-
dergoes also the P450-independent microsomal biotransfor-
mation. No further supportive studies evaluating reductase
role in tolperisone metabolism have been identified; therefore,
investigators of the presented study worked on the assumption
that tolperisone mainly undergoes CYP-dependent
metabolism.

A few papers are available on the metabolic path of
tolperisone [6–9], but to the best of our knowledge, no
study has addressed the pharmacokinetic variability of
the compound connected with genetic polymorphism of
the enzymes involved in tolperisone metabolism in human
so far.

The goal of the present study was to identify the influence
of genetic polymorphism of two main biotransformation en-
zymes on pharmacokinetic profile of tolperisone following a
single oral dose administration of 150 mg in healthy subjects.
Our interest was focused on debrisoquine/sparteine
monooxygenase CYP2D6 and S-mephenytoin hydroxylase
CYP2C19.

The CYP2D6 was chosen as it was identified as the key
enzyme in tolperisone metabolism, and it metabolizes a wide
range of common drugs including antidepressants, antipsy-
chotics, beta-blockers, and antiarrhythmics, which can gener-
ate drug-drug interaction. Approximately 5 % of Europeans
lack CYP2D6 activity. Ninety-five percent of European poor
metabolizers (PM) can be identified by screening the *3, *4,
*5, and *6 alleles [10]. The remaining 5 % of PM are likely to
be homozygous or heterozygous for a range of different inac-
tive, relatively rare alleles.

The CYP2C19, enzyme of second importance in
tolperisone biotransformation, revealed 60 % of CYP2D6 ac-
tivity in both parent compound loss and main metabolite
formation in vitro, but the role of the enzyme at “phys-
iological” level may be less essential [6]. Frequency of
the enzymatic deficiency associated with poor metabo-
lism of (S)-mephenytoin is approximately 3 % [10, 11],
and in Caucasian, it is connected mainly (80 %) with
CYP2C19*2 allele; CYP2C19*3 is extremely rare in the
population [11]. Significant ethnic differences can be
observed in the frequencies of genotyped variants of
*17 allele contributing to extensive, intermediate, or poor
phenotypes [12].

Methods

Study design and study group

It was a single-dose study at which Mydocalm Forte®
(Gedeon Richter) 150 mg film-coated tablets were adminis-
tered in fasting condition with at least 250 mL of water.

The study protocol as well as other applicable documents
had been approved by the local independent Institutional
Review Board (IEC of District Council of Physicians,
Baśniowa 3, Warsaw; resolution no. KB/596/07), and the trial
was registered in EudraCT (no. 2007-003676-18). Each vol-
unteer had been properly informed and signed an informed
consent form.

The study was performed in a group of 28 healthy
Caucasian males aged 27.3±7.7 years, with BMI 23.3±
1.7 kg/m2. The volunteers have no significant diseases
in medical history and no abnormalities in medical, bio-
chemical, and hematological profiles and were not
addicted to drugs and alcohol. All participants fulfilled stan-
dard inclusion/exclusion criteria for healthy subject studies.
The criteria did not pertain to a genotype/phenotype
assessment in advance; therefore, the genotyping was
performed after the screening, for all 28 volunteers in-
cluded in the study. The aim of the study was to find
out how genotypes of cytochrome P450 enzymes often
presented in a population and essential for tolperisone
metabolism affect its pharmacokinetics in healthy volun-
teers. Therefore, the study was carried out on a random
group, selected from a population of healthy men, expecting
that the individual genotypic groups will differ in sample size
and may not reflect the full spectrum of genotypes observed in
the population.

The phenotype characteristics of the study group with re-
spect to CYP2D6 and CYP2C19 enzymes are presented in
Table 1. All volunteers had normal enzyme activity (EM) of
CYP2C19 and represented the wild-type allele or were phe-
notypically extensive. With respect to CYP2D6, the group
was more differential with poor, intermediate, and extensive
phenotypes.

Genotyping

Real-time PCR with fluorescent detection (TaqMan® Drug
Metabolism Genotyping Assays; Applied Biosystems, USA)
was used. The test allowed detection of the following variants
of the gene CYP2D6: allele *1 (wild type determining the
normal enzyme activity), the alleles *3 and *4 conditioning
lack of enzyme activity, and additional test evaluated the num-
ber of copies of the gene CYP2D6, i.e., the occurrence of
additional alleles *1 (CYP2D6 *1×N—multiplication) and
CYP2D6 deletion of the whole gene (allele CYP2D6 *5).
The analysis of CYP2C19 differentiation was based on wild
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allele *1 with normal activity and two most frequent alleles
(*2 and *3) responsible for the lack of enzyme activity. Based
on the results, all subjects have been divided into a few phe-
notypic groups, most often mentioned in the literature.

Sampling schedule

The sampling design took into account an expected rapid ab-
sorption of tolperisone and ensured a precise determination of
pharmacokinetic parameters, including Cmax. Blood samples
were collected at predefined protocol time points just before
dosing and at 10, 20, 30, and 45 min and 1.0, 1.25, 1.50, 2.0,
2.50, 3.0, 4.0, 5.0, 6.0, 8.0, 10, and 12 h after drug
administration.

Analytical method

Tolperisone plasma concentrations were determined using a
fully validated liquid chromatography-tandem mass
spectrometry (UPLC-MS/MS) method.

For the sample preparation, 0.5 mL of human plasma were
mixed with the internal standard (indapamide), shaked with
organic phase n-heksan: tert-butyl methyl ether mixture (1/5,
V/V), evaporated at 30 °C under a stream of nitrogen and
reconstructed in methanol:water (1/1, V/V) solution.
Chromatography was performed on Acquity UPLC BEH C8
1.7 μm 2.1×50 mm (Waters) column using a mobile phase of
0.05 % formic acid in methanol and 0.05 % formic acid in
water (45/55, V/V). Quantification was performed using
ES+ ionization (m/z 246.29→m/z 98.01 for tolperisone
and m/z 366.07→m/z 132.08 for indapamide). The limit
of quantification was 0.50 ng/mL; the calibration curve
covers concentrations at range 0.50–200.00 ng/mL. The
method meets all requirements referred to selectivity,
precision, and accuracy.

Data analysis

Pharmacokinetic parameters were calculated using standard
non-compartmental methods.

Area under the plasma concentration-time curve from point
0 to the last determined concentration (AUCt) was calculated

by the linear trapezoidal method. AUCinf is a sum of AUCt

and AUCrest (ratio of the last estimated concentration and
elimination rate constant). The clearance (CL/F) was calculat-
ed from the ratio of oral dose and AUCinf.

Maximum concentration (Cmax) and the time to reach Cmax

(Tmax) were determined by inspection of the plasma
concentration-time curves. The elimination rate constant
(k) was determined by a linear regression of the termi-
nal portion of the log-concentration-time curve, and the
apparent elimination half-life (t1/2) was calculated based
on formula 0.693/k. Mean residence time (MRT) was
calculated as ratio of area under the first-order moment
curve (AUMC) and area under the zero-order moment
curve (AUCinf).

As tolperisone absorption is fast, AUCpartial to the time
0.75 h when median Tmax occurs was calculated additionally.

Statistics

The group with the poor metabolizer of CYP2D6 had been
excluded from the statistical evaluation due to the limited
sample size.

Homogeneity of variance and distribution of continuous
data were checked by Levene test and Kolmogorow-
Smirnow test, respectively, and parametric or nonparametric
tests were applied consequently when appropriate. The
pharmacokinetic parameters were compared across the
three or two genotyped groups within CYP2D6 and
CYP2C19 groups, respectively, by one-way Anova and
either nonparametric Kruskal-Wallis or Mann-Whitney
test. A post hoc Duncan test or Dunn test was used to
assess the presence of statistical differences between the
genotyped groups when a statistically significant associ-
ation was described by Anova or Kruskal-Wallis, respec-
tively. For all analyses, a statistical significance was assumed
when p<0.05.

The parametric tests, as more powerful in their nature than
their nonparametric counterparts, were followed by power
calculation for detection of differences between the compared
two groups [13]. The statistical evaluation was performed
using software Statistica v.10.

Table 1 Phenotypic characteristics of the study group

Cytochrome type Phenotype Metabolic activity Genotype Number of volunteers Frequency (%)

CYP2D6 (N=28) Poor (PM) Lack *4/*4 1 3.57

Intermediate (IM) Reduced *1/*4 or *1/*5 12 42.86

Extensive (EM) Normal *1/*1 15 53.57

CYP2C19 (N=28) Extensive (EM) Normal *1/*1 19 67.86

Extensive (EM) Normal *1/*2 9 32.14

PM poor metabolizer, IM intermediate metabolizer, EM extensive metabolizer
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Results

The calculated pharmacokinetic parameters for the whole
study group revealed significant differences (Table 2,
Supplementary Figures 1 and 2).

An essential difference in CYP2D6 *1/*1, *1/*4, *1/*5,
and *4/*4 group is observed in mean plasma concentration-
time curves of tolperisone as well as pharmacokinetic (PK)
parameters (Fig. 1, Table 3).

It has been demonstrated an essential difference in the
tolperisone pharmacokinetics of quick metabolizers whose
genotype expressed wild homozygote with respect to hetero-
zygous subjects. CYP2D6 *1/*4 and *1/*5 subjects had
higher (statistically significant in case of *1/*5) AUCt,
AUCinf, and AUCpartial values than *1/*1 subjects. The same
tendency was also observed for Cmax. However, the time-
dependent parameters, i.e., Tmax, t1/2, and MRT, did not differ
within the analyzed groups. The clearance that is directly re-
lated to the metabolic activity was the highest for homozygous
subjects and perceptibly lower for heterozygotes; however,
the differences within single pairs had not been proved with
a statistical significance.

The AUCt, AUCinf, and Cmax values for the one subject that
expressed *4/*4 genotype were essentially higher while the
CL/F was essentially lower than the parameters in groups of
subjects with extensive or intermediate phenotype.

Although CYP2C19 *1/*2 subjects had higher AUCt,
AUCinf, AUCpartial, and Cmax values than *1/*1, no statistical-
ly significant differences were observed in the subjects with
these CYP2C19 genotypes (Table 4). The significant differ-
ences in metabolic activity in homo- and heterozygous exten-
sive metabolizers of CYP2C19 are statistically proved by
clearance. A huge variability of the tested parameters and
plasma concentrations was confirmed (Table 4, Fig. 2)

Large differences in the power values for respective phar-
macokinetic parameters were found within the compared ge-
notypes. The maximum power in CYP2D6 analysis was cal-
culated for AUCpartial comparing genotype *1/*1 and *1/*5
(80.22 %). In other cases, the power was below 80%, e.g., for
a key bioavailability parameter (AUCt), the power was 48.89,

74.30, and 30.68 % for the comparison of the genotypes *1/*1
vs. *1/*4, *1/*1 vs. *1/*5, and *1/*4 vs. *1/*5, respectively.
Among CYP2C19, statistical analysis indicated the maximum
power for AUCt comparison (54.98 %) and the smallest one
for AUCpartial (15.48 %).

Discussion

In the presented study, high variability of tolperisone pharmaco-
kinetic parameters was observed. The coefficients of variation of
main bioavailability parameters (AUCt, AUCinf and Cmax) and
parameter related to the metabolic activity (CL/F) were close to
100% in thewhole-tested group of Caucasian subjects. The high
variability of PK parameters was indicated in some previous
publications [14–16], but those studies were performed on
Asian subjects. CV was close to 70 % in case of AUCinf and
Cmax and about 30 % in case of Tmax, kel, and t1/2. Similar results
were obtained from our study—the diversity is greater for
AUCinf and Cmax (CV 106.59 and 94.67 %, respectively) than
for the parameters associated with time (CV 54.09 % for Tmax,
46.05 % for t1/2). The disproportion within variability can result
from a rapid absorption and distribution after oral administration
immediate release formulation of tolperisone.

In the publication of Bae et al. [15], authors suggested that
it is the genetic polymorphism of metabolizing enzymes that
can be responsible for large variability in plasma concentra-
tion of tolperisone. Our observation reveals very variable
pharmacokinetics on Caucasian subjects that is a result of
phenotype variability of an evaluated population. The present-
ed study proved an important variability demonstrated on the
bioavailability parameters within genotype CYP2D6.

The metabolism of tolperisone in CYP2D6 *4/*4 subject
was remarkably different from those of the other three groups.
The homozygotes *1/*1 with normal metabolic activity of the
enzyme differ with statistical confidence from heterozygotes
*1/*5 with reduced activity. Mean AUCt, AUCinf, AUCpartial,

and Cmax were essentially higher for IMs *1/*5 metabolizers
compared with EMs group (increase by 243, 238, 278, and
280 %, respectively). The same tendency is observed in

Table 2 Pharmacokinetic metrics of tolperisone after a single oral dose of 150 mg tolperisone (N=28)

AUCt (ng*h/mL) AUCinf (ng*h/mL) AUCpartial (ng*h/mL) Cmax (ng/mL) Tmax (h) t1/2 (h) MRT (h) CL/F (L/h)

Mean±SD 148.24±159.47 151.92±161.92 25.02±26.63 90.88±86.04 0.86±0.46 2.70±1.24 3.06±1.35 3128.80±3875.16

CV (%) 107.58 106.59 106.43 94.67 54.09 46.05 44.21 123.85

Median 82.20 85.69 16.34 64.71 0.75 2.32 2.67 1754.61

Range 8.63–663.39 9.95–682.03 0.28–97.04 4.47–336.43 0.50–2.50 1.37–7.47 1.96–8.90 219.93–15,072.12

AUCt area under the plasma concentration-time curve from time zero to time t, AUCinf area under the plasma concentration-time curve from time zero to
infinity, AUCpartial area under the plasma concentration-time curve from time zero to median Tmax,Cmaxmaximum plasma drug concentration, Tmax time
to reachmaximum plasma concentration, t1/2 elimination half-life,MRTmean residence time,CL/F apparent total clearance of the drug from plasma after
oral administration, CV coefficient of variation
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comparison with CYP2D6 *1/*1 and *1/*4; however, it could
not be statistically proved. The clearance was 5.9- and 1.7-fold
lower for heterozygotes *1/*5 and *1/*4, respectively, in re-
lation to EMs *1/*1. The results indicated that CYP2D6 plays
an important role in the pharmacokinetics of tolperisone. This
observation is consistent with Dalmadi et al.’s [6] conclusion
about the significant involvement of the enzyme CYP2D6 in
the tolperisone metabolism.

The study groupwas not differentiated phenotypically wide-
ly with respect to CYP2C19, but it was decided to include this
cytochrome to the analysis because its influence on other active
substances’ pharmacokinetics in the homo- and heterozygous
rapid metabolizers had been demonstrated [17–20].

In the homo EMs CYP2C19 group, mean AUCt reached
98.01 ng*h/mL compared with 191.46 ng*h/mL in hetero
EMs group (increase by 95 %; similar data for AUCinf—in-
crease by 92 %), and also Cmax was 70.89 and 115.44 ng/mL
(increase by 63 %) between homo EMs and hetero EMs,
respectively. These differences were not statistically signifi-
cant. Nevertheless, it should be emphasized that clearance that
is directly related to the metabolic activity was 2.9 times lower
for hetero EMs and was found to be statistically significant.

The frequency of the PM phenotype of CYP2C19 and slow
metabolizers in the Caucasian population is only at level
1–6 % [11]. The limitations of this study were that none of
the individuals participated in the tolperisone kinetic study

Fig. 1 Mean plasma
concentration-time curves of
tolperisone in CYP2D6 *1/*1,
*1/*4, *1/*5, and *4/*4 groups
(N=28)

Table 3 Pharmacokinetic parameters of tolperisone in 28 subjects with various CYP2D6 genotypes (mean and 95 % CI)

Parameter (unit) CYP2D6 genotype (number of subjects) p value (one-way
Anova)/Duncan’s
test result

Kruskal-Wallis
test/Dunn’s test
result*4/*4@ (N=1) *1/*1 (N=15) *1/*4 (N=9) *1/*5 (N=3)

AUCt (ng*h/mL) 663.39 78.44 (28.00–128.88) 166.9 (71.91–261.96) 269.4 (−169.96–708.84) 0.0235/^ -

AUCinf (ng*h/mL) 682.03 81.09 (30.73–131.44) 170.2 (74.29–266.05) 274.6 (−167.17–716.38) 0.0224/^ -

AUCpartial (ng*h/mL) 46.33 15.90 (4.77–27.04) 26.17 (6.28–46.06) 60.09 (−31.75–151.93) 0.0253/^ # -

Cmax (ng/mL) 229.47 54.00 (22.54–85.45) 98.85 (45.21–152.49) 205.20 (−129.82–540.13) - 0.0487 NS

Tmax (h) 1.00 0.88 (0.60–1.17) 0.89 (0.53–1.25) 0.58 (0.23–0.94) - 0.3594

t1/2 (h) 2.66 2.91 (2.06–3.76) 2.33 (1.65–3.00) 2.82 (1.30–4.35) 0.5615 -

MRT (h) 3.14 3.33 (2.35–4.31) 2.79 (2.39–3.19) 2.47 (1.96–2.98) - 0.5736

CL/F (L/h) 219.93 4184.89
(1790.05–6579.74)

2496.58
(−180.27–5173.43)

714.66
(−311.80–1741.12)

- 0.0387 NS

AUCt area under the plasma concentration-time curve from time zero to time t, AUCinf area under the plasma concentration-time curve from time zero to
infinity, AUCpartial area under the plasma concentration-time curve from time zero to median Tmax,Cmaxmaximum plasma drug concentration, Tmax time
to reachmaximum plasma concentration, t1/2 elimination half-life,MRTmean residence time,CL/F apparent total clearance of the drug from plasma after
oral administration
@ subject excluded from statistical analysis

^p<0.05 in comparison *1/*1 genotype with *1/*5 genotype with post hoc Duncan test
# p<0.05 in comparison *1/*5 genotype with *1/*4 genotype with post hoc Duncan test

NS no significant differences (p>0.05) between genotypes evaluated in pairs
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were PM ((*2–10, *12)/(*2–10, *12)) as well as no *17 var-
iants were demonstrated, so no data were available, and com-
parisons could not have been done between the EMs and the
others.

The findings obtained in this study indicate that
CYP2C19-related pharmacogenetics is one of the causes
of the interindividual variability in the plasma concen-
tration of tolperisone in healthy men subjects. The data
dispersion (Supplementary Figures 1 and 2) suggests
that the CYP2C19 *1/*2 may increase the PK variabil-
ity in the group of volunteers who are simultaneously
homozygote *1/*1 with respect to CYP2D6. Due to the
small number of respondents in each subgroup, this the-
sis cannot be statistically proved. Taking into account
the allele frequencies for the white population, we can
predict that metabolizers with genotype *1/*17 (EM)
might have been at the level of about 27 % [12] thus

partly contributing to the growth of the observed PK
variability.

The pharmacokinetic differences observed in genetically
variable groups may be associated with differences in the phar-
macological effect and therefore in the effectiveness of the drug
product. In order to achieve a satisfied therapeutic effect, one
should pay attention not only to the appropriate dose selection
for the particular disease, symptoms, and patient condition but
also to the individual enzymatic profile related to biotransfor-
mation of a therapeutic compound. Results of the study confirm
the suggestion in previous publications [15, 21] that the oral
tolperisone hydrochloride therapy might need to be individual-
ized due to a genetically variable metabolism.

Further studies performed on a larger population and taking
into account a broader range of alleles within the key cyto-
chrome P450 enzymes will be needed for a complete under-
standing of the impact of the phenotypic differentiation of

Table 4 Pharmacokinetic parameters of tolperisone in 27 subjects with various CYP2C19 genotypes (mean and 95 % CI)

Parameter (unit) CYP2C19 genotype (number of subjects) p value (one-way Anova) Mann-Whitney test

*1/*1 (N=18) *1/*2 (N=9)

AUCt (ng*h/mL) 98.01 (39.10–156.92) 191.46 (97.15–285.77) 0.0677 -

AUCinf (ng*h/mL) 101.11 (41.67–160.54) 194.63 (100.04–289.23) 0.0692 -

AUCpartial (ng*h/mL) 21.88 (8.21–35.55) 28.95 (8.74–49.16) 0.5289 -

Cmax (ng/mL) 70.89 (28.50–113.28) 115.44 (58.11–172.78) - 0.0757

Tmax (h) 0.83 (0.56–1.11) 0.89 (0.67–1.11) - 0.1601

t1/2 (h) 2.84 (2.13–2.54) 2.44 (1.74–3.13) 0.4483 -

MRT (h) 3.24 (2.42–4.06) 2.67 (2.38–2.96) - 0.5959

CL/F (L/h) 4172.05 (1970.87–6373.22) 1429.45 (266.76–2464.30) - 0.0268

AUCt area under the plasma concentration-time curve from time zero to time t, AUCinf area under the plasma concentration-time curve from time zero to
infinity, AUCpartial area under the plasma concentration-time curve from time zero to median Tmax,Cmaxmaximum plasma drug concentration, Tmax time
to reachmaximum plasma concentration, t1/2 elimination half-life,MRTmean residence time,CL/F apparent total clearance of the drug from plasma after
oral administration

Fig. 2 Plasma concentration-
time curves of tolperisone in
CYP2C19 1/*1 and *1/*2 groups
(mean±SD) (N=27)
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CYPs on tolperisone biotransformation. It would be fruitful to
determine, beside parent drug, the metabolites and include
them into the future assessment.
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