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Tolperisone, a piperidine derivative, is assigned to the group of centrally acting
muscle relaxants and has been in clinical use now for decades. The review
summarizes the known pharmacokinetics, pharmacodynamics, toxicology and
side effects in humans and the clinical use of tolperisone. A future perspective

for further exploration of this drug is given.
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Introduction

Generally, muscle relaxants are used to achieve re-
versible relaxation of skeletal muscle. The term “muscle
relaxant” refers to drugs belonging to a group of med-
ications that are heterogeneous with respect to their
chemical structure as well as their molecular targets.
According to their site of action they can be divided into
two groups: (1) muscle relaxants acting on spasticity by
interaction with upper motor neurons (central acting
muscle relaxants) and (2) those treating muscular pain or
spasms by action on peripheral musculoskeletal elements
(peripherally acting muscle relaxants). Tolperisone, a
piperidine derivative, is assigned to the group of centrally
acting muscle relaxants and has been in clinical use
now for decades in Europe and Asia. The first synthe-
sis of 1-Piperidino-2-Methyl-3-(P-Tolyl)-Propan-3-on
(Tolperisone, N-553, Abbsa, Atmosgen, Arantoick,
Besnoline, Isocalm, Kineorl, Menopatol, Metosomin,
Minacalm, Mydocalm, Mydeton, Naismeritin, Tolis-

artine) was achieved, starting from the structure of
cocaine and the first pharmacological experiments,
indicating a central action of the drug, were performed
(Porszasz et al. 1961). Several related compounds exist:
eperisone (E-646, EMPP, Mional, Myonal), lanperisone
(NK-433), inaperisone (HY-770), and silperisone (RGH-
5002, a nonchiral, tolperisone-like, organosilicone
compound).

Because of a chiral center (marked with asterisks in
Fig. 1), stereoisomers of tolperisone and related com-
pounds exist. Generally the racemic mixtures are used for
medication. Interesting in this context are several analyt-
ical and preparative procedures that have been described,
which allow the separation of the racemic mixtures
into the pure stereo selective compounds (Armstrong
et al. 1991; Haginaka et al. 1999; Matsunaga et al. 2003;
Tsukamoto et al. 1997, 1999; Velmurugan et al. 2002;
Welch et al. 1997). The current review will focus on the
most important substance, on tolperisone, but will also
deal with progress on related drugs, except silperisone
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Figure 1 Chemical structure of tolperisone and related compounds.

(silperisone being covered by a recent review (Farkas
2006)).

Pharmacokinetics

Analytical Methods for Tolperisone
Quantization

Until 1978, titrimetric and spectrophotometric methods
were used for determination of tolperisone in phar-
maceutical preparations and for stability assays. Gazdag
et al. (1978) described a gas-liquid chromatographic
method for separation and quantitative determination of
multicomponent pharmaceuticals including tolperisone.
Later on, a high-performance thin layer chromato-
graphic method (HPTLC) for simultaneous determination
of tolperisone hydrochloride and lidocaine hydrochloride
in pharmaceutical formulations was published by Liawru-
angrath and Liawruangrath (1999). Another method of
determination of tolperisone hydrochloride was the re-
verse phase high-performance liquid chromatographic
method described by Liawruangrath et al. (2001);
Youngyvises et al. (2003) developed a simple, fast, and ver-
satile micellar liquid chromatographic (MLC) method for
simultaneous determination of lidocaine and tolperisone
hydrochloride.

Earlier methods to determine tolperisone in biolog-
ical fluids, such as plasma, suffered from high vari-

ability (Miskolczi et al. 1987; Miyazaki et al. 1975).
The first reliable method for HPLC determination of
tolperisone in human plasma samples was published by
Bae et al. in 2006. The HPLC method for quantiza-
tion of tolperisone in human plasma is considered as
simple, accurate, reproducible, and suitable for phar-
macokinetic study of tolperisone. For the determina-
tion of the tolperisone-related substance eperisone in
human plasma, Cappiello et al. (1990) reported a cap-
illary gas chromatography-mass spectrometry. The lig-
uid chromatography-electrospray ionization-mass spec-
trometry method (LC-ESI-MS), developed by Ding et al.
(2004) provides a simple and rapid assay for detec-
tion of eperisone in plasma, suitable for pharmacokinetic
studies.

Metabolism and Bioavailability
Animal experiments

The disposition of (+)-tolperisone as well as of (—)-
tolperisone was assessed in serum of rats, following i.v.
administration of the racemic mixture and of the pure
stereoisomers (Yokoyama et al. 1992). Stereoselective
disposition of tolperisone was studied for up to 30 min
after injection in this study and found to be only partially
preserved for this rather short time interval tested. Most
importantly, interconversion of the two stereoisomeric
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Figure 2 Tolperisone metabolism.

forms occurred, resulting in the detection of racemic
mixture following injection of either pure stereoisomeric
form. In another study, where the first-pass metabolism
was investigated in rats, rapid metabolism of eperisone
to an w-1-hydroxylated metabolite was observed (Mihara
etal. 2001), resulting in very low bioavailability when ad-
ministered orally. Consequently, transdermal application
in rats was found to result in more potent and longer-
lasting muscle relaxation than orally applied eperisone
(Yang et al. 2004).

Results on humans

Bioavailability studies after single-dose applications in
humans also exerted fast decay of tolperisone in human
plasma (half times of 1.46 h and 2.47 h, for two ki-
netically distinct processes; Miskolczi et al. 1987). The
short live times of tolperisone were opposed by the fact
that less than 0,1% of i.v. administered tolperisone are
excreted within 24 h in urine and indicate rapid re-
sorption and/or metabolism of the substance. Conse-
quently, the pathways of tolperisone metabolism were
investigated in vitro, using human liver microsomes and
recombinant enzymes (Dalmadi et al. 2003a, 2003b).
Formation of several metabolites was detected and the
pharmaceutical synthesis of some of the most important
metabolites was described (M1: Balint et al. 2000; M2:
Balint et al. 2001; M3, M4 + M5: Balint et al. 2002; see
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Fig. 2 for an overview). Functional data on the pharma-
cological effects of the different metabolites are, however,
still lacking.

Pharmacodynamics of Tolperisone
Pharmacology in Whole Animals

Although of rather limited value for conclusions on sys-
temic effects on humans, a vast body of work on such
effects in animals exists and is worth mentioning: Ini-
tial experiments, undertaken in 1961, revealed spas-
molytic properties on masseter muscle of rats, on elec-
trically induced convulsions of the fore- and hind limbs
of the rats and on smooth muscle of guinea pig intestine
(Porszasz et al. 1961). In the same study it was shown
that tolperisone inhibited the controlateral extensor re-
flex in cats, accompanied by hypotension. Interestingly,
the drop in blood pressure was transient in its nature,
whereas the depression of controlateral extensor reflex
was persistent. Sedative effects depend on species and oc-
cur in rats and mice, but not in cats. In another study
Furuta and Yoshikawa showed transient hypotonic ac-
tion of tolperisone in anesthetized mongrel dogs, but ob-
served another additional, secondary and prolonged hy-
potension at higher doses (Furuta and Yoshikawa 1976).
A general increase in arterial blood flow was reported, but
90x higher doses of tolperisone were required to increase
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mesenteric arterial, when compared to the dose required
to increase femoral arterial flow. Accordingly, at a given
dose of the substance, vasodilatation of arteries of skeletal
muscle was selectively induced, whereas visceral vessels
were only slightly affected. Furthermore, tolperisone re-
duced the contractile force of isolated dog papillary mus-
cle. Later, Furuta and Ishii described dog trachea dilata-
tion as well as vasodilatation (Furuta and Ishii 1977).
An inhibition of the tonic periodontal masseteric reflex
in rats was also observed in later studies (Funakoshi and
Kawamura 1986; Funakoshi and Nakashima 1982). The
central action of tolperisone was addressed in a study by
Farkas et al., when the effects on extracellularly recorded
spinal root potentials and spinal reflex activities of spinal
cats were evaluated (Farkas et al. 1989). Interestingly,
the inhibition of mono- as well as of polysynaptic re-
flexes, induced by tolperisone was observed, whereas the
much slower occurring dorsal root potentials were vir-
tually unaffected. The marked inhibition of spike gener-
ation in the dorsal root was suggested to be the result
of a depressant, membrane-stabilizing mechanism of ac-
tion of the drug (Ono et al. 1984). Morikawa et al. ar-
rived at similar conclusions, based on less extensive stud-
ies (Morikawa et al. 1987). Funakoshi and Nakashima
reported a reversible inhibition of the tonic periodontal
masseteric reflex in rats upon intraperitoneal injection
of tolperisone (Funakoshi and Nakashima 1982). In an-
other study, the effects of tolperisone on the polysynaptic
flexor reflex, mediated by group II afferent fibers in de-
cerebrated (spinal) and intact rats were tested (Sakitama
1993). A depression was observed under both condi-
tions, pointing at the spinal cord as important target
of tolperisone action. Also in laminectomized mice, sin-
gle i.v. applications of tolperisone transiently inhibited
the amplitude of monosynaptic reflex potentials, indicat-
ing that tolperisone may act as a membrane stabilizing
drug (Okada et al. 2001). When the effects of lidocaine,
eperisone, and tolperisone on acute thermal, as well as
acute mechanical nociception in mice were studied it
was shown that these agents, using the plantar heating
and the tail pressure test in mice, preferentially impaired
acute thermal nociception over acute mechanical noci-
ception, whereas morphine impaired both types of no-
ciception approximately equally (Sakaue et al. 2004). In
the same study, the local anesthetic action of lidocaine,
eperisone, and tolperisone was assessed by showing
their ability to block evoked action potentials of isolated
mouse ischiatic nerve. In an extensive comparative study
by Kocsis et al. the effects of tolperisone, eperisone,
inaperisone, lanperisone, and silperisone on different
spinal reflexes were analyzed and compared to lidocaine
(Kocsis et al. 2005). It was shown that monosynaptic re-
flex potentials, afferent fiber potentials, and excitatory
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postsynaptic potential (EPSP) related potentials were sig-
nificantly attenuated by all these drugs tested in an iso-
lated, hemisected spinal cord preparation from rat ix vitro.
Furthermore, monosynaptic, disynaptic, and polysynap-
tic reflex potentials from decerebrated, laminectomized
rats, recorded in vivo, were also depressed by these agents.
Also motor neuron excitability as well as afferent nerve
conduction were studied and seen to be attenuated by the
drugs tested. Interestingly, the local anesthetic lidocaine
exerted significantly stronger blocking effects on direct
electrical excitability of motor neurons and primary af-
ferents than silperisone, whereas the efficiency in inhibit-
ing synaptic transmissions was more or less comparable.
Tolperisone and the other tolperisone-like drugs ranged
in-between lidocaine and silperisone in this respect. The
muscle relaxant actions of lanperisone, tolperisone, and
eperisone were tested on decerebrated rats and mice («-
as well as y-rigidity; Sakitama et al. 1995). The drugs
were applied either i.v. or orally and generally had iden-
tical pharmacological properties, that is, decrease of mus-
cle tone, induced by decerebrate rigidity. In contrast to
tolperisone and eperisone, the action of lanperisone was
generally longer lasting, indicating a slower metabolism
of the latter drug. In the same study, tolperisone reduced
the frequency of muscle spindle discharges that were also
measured, whereas the other drugs exerted no effect on
this parameter. Other studies where tolperisone itself was
not studied, but instead at least one of the related sub-
stances was investigated also exist. In a study in anes-
thetized cats, eperisone was applied i.v. or i.p. directly to
the lumbal spinal cord and nociceptive potentials from
ganglia of the dorsal horn were recorded (Davies 1989).
The result was a transient, reversible antinociceptive ef-
fect resulting from noxious or mild stimuli that was, how-
ever, not observed in all animals tested. In another study
on newborn rats, partially in the entire animal or in
isolated spinal cord/tail preparations, the antinociceptive
effect of eperisone on mono- and polysynaptic reflex po-
tentials (resulting from tail-pinch) could be established
(Ishizuki and Yanagisawa 1992). A transient, but clear,
inhibition of the stretch reflex in anesthetized cats, pro-
duced by an inhibition of motor neurons from the ven-
tral root, substantiates the central action of i.v. applied
eperisone (Nakajima and Wada 1989). Renshaw cells are
inhibitory interneurons found in the gray matter of the
spinal cord, having feed-forward as well as feed-back con-
nections with a-motorneurons and hence are of inter-
est for the investigation of the action of centrally act-
ing muscle relaxants. Using decerebrated spinal cats, it
was found that i.v. application of eperisone reduced the
early firing rate of Renshaw cells, whereas the late fir-
ing rate was increased (Kato and Yang 1990). If and
how these effects may contribute to the muscle relaxant
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and/or pain-relieving action of eperisone, remains ob-
scured. In another study, the effects of lanperisone and
eperisone in different spinal reflex arches of decerebrated
and intact cats and rats were tested (Sakitama et al.
1997). Generally, both drugs exerted inhibitory actions
on spinal reflexes, regardless whether or not inhibitory
interneurons were involved. Interestingly, the action of
lanperisone was longer lasting than that of eperisone
and seemed to act in addition to the spinal circuits via
supraspinal elements. In order to study possible cardiac
side effects, eperisone was injected into the sinus node
artery of isolated canine atrium (Saegusa et al. 1991).
Dose-related negative chronotropic and inotropic effects
were observed.

Although the studies mentioned above ditfer in scope,
amount of data, and experimental design, a vast body of
evidence has accumulated that clearly shows the central
muscle relaxant and pain-relieving action of tolperisone
and related compounds.

Pharmacological Profile in Tissue
and Cell Preparations

A first attempt to study the molecular mechanism un-
derlying the central relaxant action of tolperisone was
undertaken by Hinck and Koppenhofer, who studied the
effects of tolperisone on ionic currents in the node of
Ranvier of sciatic nerves of Xenopus laevis (Hinck and
Koppenhoter 1997, 2001), using a modified vaseline gap
method (Bohuslavizki et al. 1994). It was found that
100 umole/L of tolperisone induced a marked and re-
versible depression of voltage-dependent sodium cur-
rents. At the same concentration of tolperisone Hinck and
Koppenhofer (2001) also observed effects on voltage-
dependent potassium currents that were, however, less
pronounced (a slight increase of K* permeability at weak
depolarization that turned into a decrease at higher de-
polarization). The apparent dissociation constant for the
effect on sodium channels turned out to be much lower
(around 60 wmole/L) than the one for the effect on
the potassium conductance (320 pmole/L). In the same
study, use-dependence of tolperisone block of sodium
channels could be observed, when action potentials were
recorded at different stimulation frequencies in the pres-
ence of tolperisone.

Using Nay;¢ and Nayg of wvoltage-
dependent sodium channels, heterologously expressed
in oocytes of X. laevis, Quasthoff et al. were able to
observe block of the corresponding sodium currents
by tolperisone, sustaining the role of tolperisone as a
direct blocker of voltage-dependent sodium channels
(Quasthoff et al. 2003). In an extensive, comparative
study, Hofer et al. evaluated the effect of tolperisone

a-subunits

Tolperisone

on seven different isoforms of voltage-dependent sodium
channels (Hofer et al. 2006). These effects were compared
to the pharmacological profile of lidocaine. Nay; 5, Nay; 3,
Na,; 4, Nayis, Nay; 6, Nayi7, and Nayj g a-subunits were
heterologously expressed in oocytes of X. laevis and the
corresponding sodium currents were measured with the
two-electrode-voltage-clamp method, utilizing agarose
cushion electrodes (Schreibmayer et al. 1994). Cumu-
lative application of both tolperisone and lidocaine re-
sulted in marked differences in ICsys between both drugs,
as well as between the different isoforms tested: For
tolperisone, the lowest ICsq (49 umole/L) was measured
for Nay; g, a voltage-dependent sodium channel isoform
known to be important in peripheral nerve. In compari-
son, the highest ICs5y was more than one order of magni-
tude larger for Nay; 5 (802 umole/L; a subunit that plays
important roles in the central nervous system). Most sen-
sitive to lidocaine was not the Nay; g subunit (ICsy of
128 umole/L), as was the case for tolperisone, but instead
the Nay;, subunit with an ICsy value of 68 pumole/L.
When the effect of both drugs on the conforma-
tional transitions of the different voltage-dependent
sodium channel isoforms was tested, it turned out that
tolperisone exerted pharmacokinetic properties similar to
the general action of local anesthetics, that is a shift of
the steady-state availability to more negative potential,
accompanied by a considerable prolongation of channel
refractoriness. Kocsis et al. tested the blocking efficiency
of tolperisone on sodium currents of medium-sized dorsal
root ganglia, isolated from rat pups (Kocsis et al. 2005).
A shift of the steady-state availability curve of voltage-
dependent sodium currents to more negative potentials,
increasing with the tolperisone concentration, was ob-
served. Furthermore two tolperisone-related compounds,
that is silperisone and eperisone, were also effective on
sodium currents from this preparation. Local anesthetic
compounds such as lidocaine exert a pronounced effect
on the refractoriness especially of the Nay; 5 isoform, that
is prevalent in cardiac muscle (Bean et al. 1983). The car-
diac side effects that possibly result, appear indeed to be-
long to the major obstacles for more frequent systemic
application of lidocaine and congenitors for neuropathic
pain relief (Mao and Chen 2000). In direct comparison,
however, marked qualitative differences in the mode of
action between lidocaine and tolperisone were found: In
the study by Hofer et al. a 35x prolongation of the time
constant for recovery from inactivation was observed
in the presence of lidocaine (from 23.1 ms to 0.80 s),
whereas tolperisone did not alter the time constant of the
fast recovery process at all (Hofer et al. 2006; see Fig. 3).
The structural basis for the differing behavior of the two
related substances remains unclear, but the finding in-
dicates that differentiation of the antiarrhytmic action
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Figure 3 Effects of tolperisone and lidocaine on recovery kinetics of
sodium channels (Reprinted from Hofer et al. (2006) with permission.).
(A) Voltage jump protocol that was used to elicit sodium currents: The
oocyte membrane was held at —120 mV for 6 s to allow for recovery,
then steady-state inactivation was achieved using a first suprathreshold
pulse. Recovery was assessed using a second suprathreshold pulse after
a variable time interval at rest (arrows). (B) Original current recordings
from Nay,.s under control conditions (left) and under the influence of

from the systemic pain reliever properties may be pos-
sible within the class of so-called “local anesthetics” and
encourages research on the further development of the
tolperisone structure.

Investigations of the action of eperisone, which is struc-
turally closely related to tolperisone, on the basilar artery
of the guinea pig revealed that eperisone possesses potent
vasodilating action mediated by a direct effect on smooth
muscle cell excitability. Since K* induced contractions
(in the presence of external Ca?* ions) were potently
inhibited by increasing concentrations of eperisone, start-
ing at 10 umole/L, the authors concluded that eperisone
was acting as a classical Ca?* channel antagonist. Since
eperisone acted also in the absence of extracellular Ca**,
additional, intracellular, drug targets were also suggested
(Fujioka and Kuriyama 1985). Similarly, Inoue et al.
found that eperisone antagonized contractions of dog
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100 umol/L tolperisone (right, upper) as well as under 300 pwmoliL lido-
caine (right, lower). Recovery time intervals were, (1) 10 ms; (2) 500 ms; (3)
55, and (4) 50 s, respectively. (C) Average recovery of Nay, s for control
conditions (), 100 wmol/L tolperisone (o), and 100 umol/L lidocaine (W).
Bars represent S.E.M. Solid lines represent a biexponential fit. Time axis
was split in two regions of different scaling to better visualize the domains
of the fast and the slow recovery process. (D) As in C, but for Nay; 5.

saphenous arteries and veins induced by norepinephrine,
serotonin, acetylcholine, K* or Ba?*, in accordance with
Ca’* antagonistic action. (Inoue et al. 1989). Again, how-
ever, actions other than Ca?* antagonistic ones were
observed, that is potentiation of prostaglandin F,, in-
duced contractions of the blood vessels, indicating that
eperisone might have additional effects on prostaglandin
synthesis. A first direct assessment of the Ca?* antagonis-
tic actions of eperisone, but also of tolperisone and in-
aperisone, was performed in a study by Novalesli et al.
in 1989. These drugs blocked snail neuron Ca?* cur-
rents in a frequency-dependent manner, accompanied
by a shift of steady-state availability of Ca?** channels to
more negative potentials (Novalesli et al. 1989). Later on,
Kocsis et al. observed direct inhibition of Ca?* currents
in dorsal root ganglia cells also from mammals (Kocsis
et al. 2005). Hence, both the Na* channel and the Ca?*
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channel antagonistic actions of tolperisone and some re-
lated compounds are well established, the Ca?" antag-
onistic actions occurring generally at higher concentra-
tions, when compared to the action on Na* channels.
Additional principles of action, as those cited above (K*
channel antagonistic, antagonism to intracellular Ca** re-
lease, and interference with prostaglandin biosynthesis),
have also been described indicating that tolperisone, like
many other drugs, may exert numerous less-specific side
effects. Nevertheless, these side effects may contribute to
the unique profile of action of tolperisone, when com-
pared to other closely related structures. In this context
it is worth mentioning that Slusher et al., in search-
ing for possible cocaine antagonists, found low affinity,
but clearly detectable binding of tolperisone to the plas-
malemmal, presynaptic, dopamine transporter, accompa-
nied by the inhibition of dopamine reuptake (Slusher
et al. 1997). This finding is not surprising, if one considers
that tolperisone was developed, starting initially from the
cocaine structure.

Although of enormous importance for the further de-
velopment of tolperisone-like structures, little is known
about the tolperisone receptor site on the actual target
protein(s). In a molecular modeling study (Fels 1996),
Fels concluded that tolperisone may well act via the so-
called local anesthetic receptor site on voltage-dependent
sodium channels (Ragsdale et al. 1994, 1996). So far, no
data on direct competition between tolperisone and local
anesthetics like lidocaine exist, although the synthesis of
>H-labelled tolperisone has been described (Dietrich and
Fels 1999).

Clearly, the local anesthetics receptor site on voltage-
dependent sodium channels turns out to be the most
important principle of action of tolperisone and related
drugs. Regarding the local anesthetics receptor site, how-
ever, several qualitative differences to the action of li-
docaine exist: the effect on the fast refractoriness of the
cardiac isoform and significant differences in the isoform
specificity of tolperisone, when compared to lidocaine.
Besides action on voltage-dependent sodium channels,
also blockage of voltage-dependent calcium channels
and event action on other drug targets, mentioned
above, may contribute to the pharmacological profile of
tolperisone and related compounds.

A still unresolved enigma of the action of tolperisone
is the long time course of several weeks until the drug
exerts relief of neuropathic pain in humans, which is in
sharp contrast to the rapid metabolism of the substance
within the human body. Neuronal plasticity, induced by
blockage of sodium channel populations by tolperisone,
or maybe even by more stable metabolites, could be re-
sponsible. In contrast to tolperisone, the onset of pain
relief has been reported to occur within minutes after sys-

Tolperisone

temic lidocaine application. The therapeutic effect of lido-
caine, however, lasts up to several weeks after single, sys-
temic administration indicating that also in this case the
exact mechanism of action is not fully understood (Mao
and Chen 2000).

Toxicology and Side Effects

In general tolperisone was well tolerated in clinical use
and little side effects or none are reported in the clin-
ical studies. However, some adverse effects like mus-
cle pain, generalized body weakness, fatigue, and dizzi-
ness were recorded in patients taking the drug but all
were minor and self-limited, none requiring discontinua-
tion of treatment. Nevertheless 13 cases of more severe
side effects like allergic reactions to tolperisone have
been documented in the literature. The first case was de-
scribed in 1974 in a Russian journal but did not attract
much attention (Aleksandrov 1974). More recently, two
other case reports of severe anaphylaxis have been pub-
lished. The case of anaphylactic shock due to tolperisone
administration was presented in a 49-year-old woman
who suffered from spinal osteoarthritis. She was treated
with NSAIDs and tolperisone for many years. Six weeks
before the admission to hospital the first anaphylactic
shock was developed with loss of consciousness after
oral administration of tolperisone. Percutaneous test with
tolperisone was performed and it caused anaphylactic
shock (Kwasniewski 2003). Four patients with anaphy-
laxis attributed to the intake of the centrally acting mus-
cle relaxant tolperisone hydrochloride were observed at
the Emergency Department of the Geneva University
Hospital between November 2001 and March 2003. All
patients were middle-aged women who took tolperisone
for chronic muscular pain. All reactions occurred within
an hour after oral intake of this drug frequently pre-
scribed in Switzerland. The severity of anaphylaxis
ranged from urticarial reactions to shock with arterial
hypotension (Ribi et al. 2003). Anaphylactic reactions
to this drug are also mentioned in the WHO drug re-
action database (http://www.who-umc.org/). Together,
these findings suggest that anaphylaxis to tolperisone is
not uncommon and should be known to physicians.

Use on Humans
Experimental Conditions

A number of experimental conditions have been inves-
tigated with variable dosage of tolperisone. These stud-
ies were aimed to determine the site of action (cen-
trally, spinal, or on the muscle itself) of the substance
in a clinical setting. First, the sedative effects of single
and repeated doses of 50 mg and 150 mg tolperisone
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hydrochloride (Mydocalm) were evaluated in a placebo-
controlled double-blind clinical trial. A total of 72 healthy
young adults were randomized to receive 50 mg or 150
mg tolperisone hydrochloride or placebo t.i.d. for a pe-
riod of 8 days. Control examinations were performed
in the mornings of days 1 and 8 before the intake of
the morning dose and at 1.5, 4, and 6 h postdose. The
psychomotoric test battery used in this trial revealed no
sedative effects of tolperisone hydrochloride in the given
doses at any control examination. The lack of differences
in sedative potentials of tolperisone hydrochloride and
placebo was confirmed. The study substantiates clini-
cal experience and previous clinical trials demonstrat-
ing that tolperisone hydrochloride, although being a cen-
trally active muscle relaxant, does not cause any sedation
and does not impair reaction times (Dulin et al. 1998).
Another randomized, double-blind, placebo-controlled
three-way crossover study was performed to investigate
the effect of the muscle relaxants tolperisone hydrochlo-
ride on experimental jaw-muscle pain and jaw-stretch re-
flexes. Fifteen healthy men participated in three random-
ized sessions separated by at least 1 week. In each session
300 mg tolperisone or placebo was administered orally as
a single dose. One hour after drug administration 0.3 mL
hypertonic saline (5.8%) was injected into the right mas-
seter to produce muscle pain. Subjects continuously rated
their perceived pain intensity on an electronic 10-cm vi-
sual analogue scale (VAS). The pressure pain threshold
(PPT) was measured and short-latency reflex responses
were evoked in the precontracted masseter and tempo-
ralis muscles by a standardized stretch device before, 1 h
after medication, during ongoing experimental muscle
pain, and 15 min after pain had vanished. Analysis
of variance demonstrated significantly lower VAS peak
pain scores after administration of tolperisone hydrochlo-
ride compared with placebo. In conclusion, tolperisone
hydrochloride provided a small, albeit significant reduc-
tion in the perceived intensity of experimental jaw-
muscle pain whereas the present dose had no effect
on the short-latency jaw-stretch reflex (Svensson et al.
2003). A third study investigated the role of tolperisone
hydrochloride, the primarily centrally acting muscle re-
laxant in relieving painful muscle spasm. The study hy-
pothesizes that the prophylactic use of tolperisone hy-
drochloride may effectively relieve postexercise muscle
soreness, based on the spasm theory of exercise pain. This
study was of special interest, since no information about
the clinical effects of tolperisone on the muscle itself was
known. Twenty male volunteers participated in 10 ses-
sions in which they received oral treatment with placebo
or tolperisone hydrochloride (150 mg) three times daily
for 8 days, in randomized crossover double-blind design.
Time course assessments were made for PPT, Likert’s pain
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score (0-5), pain areas, range of abduction, isometric
force, and electromyography (EMG) root mean square
(RMS) during maximum voluntary isometric force on
days 1 and 6, immediately after an eccentric exercise of
first dorsal interosseous muscle, and 24 and 48 h after
the exercise. Treatment with placebo or tolperisone hy-
drochloride was initiated immediately after the assess-
ments on the first day baseline assessments. On the sixth
day baseline investigations were repeated and then the
subjects performed six bouts of standardized intense ec-
centric exercise of first dorsal interosseous muscle for
provocation of postexercise muscle soreness. Perceived
intensity of warmth, tiredness, soreness, and pain during
the exercise bouts were recorded on a 10-cm visual ana-
logue pain scale. VAS scores and PPTs did not differ be-
tween tolperisone and placebo treatment. All VAS scores
increased during the exercise bouts 2, 3, 4, 5, and 6 as
compared to bout 1. Increased pain scores and pain ar-
eas were reported immediately after, and 24 and 48 h
after exercise. PPTs were reduced at 24 and 48 h after the
exercise in the exercised hand. The EMG RMS amplitude
was also reduced immediately after the exercise, but was
increased at 24 and 48 h. Isometric force was reduced im-
mediately after the exercise as compared to days 1 and
6, and the 24 and 48 h postexercise assessments with
a greater reduction following the tolperisone hydrochlo-
ride treatment and the reduction was more in tolperisone
group as compared to the placebo group. These results
suggested that the prophylactic intake of tolperisone hy-
drochloride provides no relief to pain in course of postex-
ercise muscle soreness but results in reduction in isomet-
ric force (Bajaj et al. 2003).

Clinical Trials

First reports about the clinical use of tolperisone (Mydo-
calm) appear in the early seventies describing the effect
of the substance on spastic muscle, myotonia, and in pe-
ripheral arterial disease (Dobi 1961; Lehoczky 1961; Mol-
nar 1962; Solti 1961; for overview see Table 1). Most
publications are case reports that have been published
in Hungarian journals since the substance was devel-
oped in Hungary. Since then more than 130 publications
concerning the substance can be found on the internet.
Most papers describe clinical applications of the substance
in different clinical settings and diseases. However, only
three randomized, double-blind, placebo-controlled stud-
ies in diseases have been published in international re-
viewed journals (Pain, Ethiop J. Med., and Eur. J. Neurol.).
A total of 330 patients have been included in these three
studies. The most recent study evaluated the effects of
tolperisone (300-900 mg) during 12 weeks, on the degree
of spasticity following a stroke (Stamenova et al. 2005).
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Table 1 Clinical conditions and diseases were tolperisone was studied.
Clinical condition or disease Quiality of the study Tolperisone dosage Reference

Low back pain B
Post cerebral stroke spasticity A
Spinal pain C
Neuropathic diabetic foot syndrome B
Painful reflex muscle spasm A
(including cervical and low back pain)
Peripheral vascular disease C
Multiple sclerosis C
Neurolathyrism A
Myotonias C
Tension headache C

150-400 mg per day (Chernysheva and Bagirova 2005)*
(Vorob’eva and Kozlova 2006)
(Stamenova et al. 2005)

(Stamenova et al. 2006)

300-900 mg per day

300 mg (Parfenov and Batysheva 2003)
150-400 mg (Briskin et al. 2000a)
300 mg per day (Pratzel et al. 1996)
Unknown (Liubishchev 1967)
(Sztankay 1970)
(Abranyi 1988)
(Briskin et al. 2000b)
Unknown (Lashch and Avakian 2000)
300 mg per day (Melka et al. 1997)
Unknown (Abranyi 1988)
150-900 mg (Csanyi 1989)°

(Solozhenkin 1999)
(Solovieva et al. 2005)

A: High standard clinical trial, placebo-controlled, randomized, double blind.

B: Medium standard clinical trial, to some extend placebo-controlled and randomized.
C: Low standard clinical trial, no placebo-controlled, not randomized, not blinded, case studies

@No abstract available.
bReview.

About 78.3% of the patients on tolperisone versus 45 %
of the placebo patients experienced a reduction by at
least 1 point on the Ashworth spasticity Scale (P <
0.0001). Functional and overall assessments of effi-
cacy confirmed superior efficacy of tolperisone. Adverse
events occurred less often on active treatment (n = 19)
than on placebo (n = 26) and were mostly of mild-to-
moderate intensity. The findings of this study demon-
strate the efficacy and excellent tolerance of tolperisone
in the treatment of spastic hypertonia following cerebral
stroke. The authors suggest that an individual dose
titration that may exceed the recommended maximum
dose of 450 mg daily results in an optimized thera-
peutic benefit. Another clinical trail describes the symp-
tomatic treatment of neurolathyrism with tolperisone
HCl (Mydocalm; Melka et al. 1997). The efficacy and
safety of oral Tolperisone was evaluated in a double-
blind, placebo-controlled, randomized trial in 72 patients
with neurolathyrism. Taken orally daily for 12 weeks,
tolperisone in a dose of 150 mg twice daily significantly
improved subjective complaints such as muscle cramps,
heaviness of the legs, startle attacks, flexor spasms, and
repeated falls. An overall subjective improvement was
observed in 75% of the patients on tolperisone HCI and
39% of the placebo group (P = 0.002). When objectively
assessed spastic muscle tone was significantly reduced in
tolperisone HCI group. Walking ability and speed of walk-
ing was also significantly improved. Some adverse effects

such as muscle pain, generalized body weakness, and
dizziness were recorded in patients taking the drug but all
were minor and self-limited, none requiring discontinua-
tion of treatment. The efficacy and tolerance of repeated
oral dose of tolperisone was investigated in the treat-
ment of painful reflex muscle spasm (Pratzel et al. 1996).
In this prospective, randomized, double-blind, placebo-
controlled trial a total of 138 patients, aged between 20
and 75 years, with painful reflex muscle spasm asso-
ciated with diseases of the spinal column or proximal
joints were included. Patients were randomized to receive
either 300 mg tolperisone hydrochloride or placebo for
a period of 21 days. Both treatment groups recovered
during the 3 weeks rehabilitation program. However,
tolperisone hydrochloride proved to be significantly supe-
rior to placebo: the change score of the PPT as the primary
target parameter significantly increased during therapy
with tolperisone hydrochloride (P = 0.03, valid-case-
analysis) compared to the results obtained on placebo
treatment. The overall assessment of efficacy by the pa-
tient also demonstrated significant differences in favor
of tolperisone hydrochloride. Adverse events, biochem-
ical and hematological laboratory parameters, demon-
strated no differences between tolperisone hydrochloride
and placebo. As a conclusion tolperisone hydrochloride
represents an effective and safe treatment of central post
stroke spasticity, neurolathyrism, and painful reflex mus-
cle spasm without the typical side effects of centrally
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active muscle relaxants. Beside the above-mentioned
clinical trials in post stroke pain, treatment of neuro-
lathyrism and painful reflex muscle spasm, the use of
tolperisone has been described in other clinical conditions
such as central spinal pain, neuropathic pain, peripheral
vascular disease, multiple sclerosis, tension headache,
and myotonias. Altogether, these clinical conditions are
quite frequent. An additional pharmacological tool to re-
lieve pain in these conditions would be more than wel-
come. However, the poor quality (no randomization, not
blinded, no cross over, low number of study subjects,
case reports, personal observations) of the studies in this
field makes it difficult to give a general recommenda-
tion about the use of tolperisone in these various clinical
conditions. Taken the results from the preclinical stud-
ies one would expect to see a clinical meaningful benefit
of tolperisone in chronic pain conditions (low-back pain,
cervical pain, fibromyalgia), neuropathic pain as well as
myotonias. One can hypothesize that in clinical routine
in Europe, similar to the use of the topical application of
the lidocaine patch in various clinical conditions (e.g. low
back pain) in the US, tolperisone will already be used in
the above-mentioned conditions, without clear evidence
from high-standard clinical trials.

A general recommendation of the optimal dosage of
tolperisone (Mydocalm) in clinical practice is difficult to
give since it will depend on the clinical condition and dis-
ease that is to be influenced by the drug. Not only is there
a wide range of dosages used in the clinical trials (150-
900 mg per day) but also considerable interindividual
variation in the pharmacokinetics of tolperisone HCI that
have been reported. This was investigated in one clin-
ical trial that was aimed to determine the pharmacoki-
netic profiles of oral tolperisone hydrochloride in healthy
volunteers. After the oral administration of tolperisone
hydrochloride, the plasma concentrations of tolperisone
were measured. The tolperisone concentration was deter-
mined using high-performance liquid chromatography.
Very large interindividual differences in the area under
the curve (AUC) and the maximum concentration of a
drug in the body after dosing (Cmax) were detected after
oral tolperisone HCI. These results suggest that the phar-
macological effect of oral tolperisone HCI varies between
individuals, and the oral tolperisone HCl dose might need
to be individualized (Bae et al. 2007).

Future Perspectives

There is a need for additional placebo-controlled high-
standard clinical trials that are able to demonstrate
the effectiveness of tolperisone in chronic pain condi-
tions such as chronic low-back pain, fibromyalgia, and
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neuropathic pain. Although voltage-dependent sodium
channels emerge as the principal molecular target of
tolperisone action, the exact mechanism of tolperisone
action still remains obscured, especially when the rapid
decay that is in apparent contradiction with the rather
slow onset of therapeutic action is considered.

Structural and mechanistical similarities between
tolperisone and other “lidocaine-like” drugs exist, but
the exact mode of action of tolperisone and the isoform-
specific profile of action encourage further development
of the tolperisone structure.
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