
Short communication

Influence of orphenadrine upon the protective
activity of various antiepileptics in the maximal
electroshock-induced convulsions in mice

Miros³aw Czuczwar1, Jacek Ciêszczyk1, Katarzyna Czuczwar2,

Jacek Kiœ3,4, Tomasz Saran5, Waldemar A. Turski6,7

�
2nd Department of Anesthesiology and Intensive Care, Medical University, Staszica 16, PL 20-081 Lublin, Poland

�
Department of Psychiatry, Medical University, G³uska 4, PL 20-439 Lublin, Poland

�
Human Anatomy Department,

�
Department of Urology and Urological Oncology,

�
Department of Experimental

and Clinical Pharmacology, Medical University, Jaczewskiego 8, PL 20-950 Lublin, Poland

�
Department of Rehabilitation,

�
Department of Toxicology, Institute of Agricultural Medicine, Jaczewskiego 2,

PL 20-950 Lublin, Poland

Correspondence: Miros³aw Czuczwar; e-mail: mireck@interia.pl

Abstract:

Orphenadrine is an anticholinergic drug used in the treatment of Parkinson’s disease, and is also known to exert nonspecific antago-
nistic activity at the phencyclidine binding site of the N-methyl-D-aspartate (NMDA) receptor. The aim of this study was to assess
the anticonvulsant properties of orphenadrine and to evaluate its effect on the anticonvulsant activity of antiepileptic drugs against
maximal electroshock-induced seizures in mice. Orphenadrine given at a dose of 5.65 mg/kg elevated the electrical seizure threshold
from 5.7 (5.4 – 6.1) to 6.8 (6.3–7.3) mA, while a dose of 2.8 mg/kg was ineffective. The ED�� values of orphenadrine administered
10, 30 and 120 min before maximal electroshock-induced convulsions were 16.8 (11.3–25.1), 17.8 (15.7–20.0) and 25.6 (23.3–28.3)
mg/kg, respectively. Orphenadrine at a sub-threshold dose of 2.8 mg/kg significantly enhanced the anticonvulsant activity of val-
proate by reducing its ED�� value from 315.8 (270.0–369.4) to 245.9 (207.1–292.0) mg/kg without affecting the free plasma levels
of valproate. However, orphenadrine failed to enhance the protective activity of carbamazepine, phenytoin, phenobarbital, lamotrig-
ine, topiramate, or oxcarbazepine against maximal electroshock-induced seizures.
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Abbreviations: AED – antiepileptic drugs, CBZ – carba-
mazepine, CL – confidence limits, ED�� – 50% effective anti-
convulsant dose, LTG – lamotrigine, MES – maximal electro-
shock, NMDA – N-methyl-D-aspartate, ORP – orphenadrine,
OXC – oxcarbazepine, PHE – phenobarbital, PHT – phenytoin,
TPM – topiramate, VPA – valproate

Introduction

Orphenadrine (ORP), a derivative of the antihistamine
diphenhydramine, is an antagonist of central and pe-
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ripheral muscarinic receptors. It is indicated in the
treatment of early stages of Parkinson’s disease due to
its skeletal muscle relaxant properties and is also used
as an analgesic in a variety of musculoskeletal condi-
tions [2, 3, 5]. The clinical use of ORP is limited due
to adverse effects stemming from cholinergic inhibi-
tion [10]. Despite its long history in the clinic, the
mechanisms underlying the pharmacological actions
of ORP remain unclear. For example, in a recent study
ORP was shown to possess inhibitory effects on
cloned HERG potassium channels [16]. ORP also ex-
erts nonspecific antagonistic activity at the phencycli-
dine binding site of N-methyl-D-aspartate (NMDA)
receptors in binding and patch-clamp studies, similar
to amantadine and memantine [8]. ORP is also known
to possess a protective activity against glutamate- and
3-nitropropionic acid-induced neurotoxicity by events
mediated at the NMDA receptor [14, 17]. Excitatory
amino acid antagonists possess anticonvulsive proper-
ties and may potentiate the anticonvulsant activity of
some antiepileptic drugs (AEDs) [20–22]. There is
currently no data on the influence of ORP on seizure
activity. Therefore, the aim of this study is to evaluate
the influence of ORP on the electrical seizure thresh-
old and the protective activity of AEDs following
maximal electroshock (MES).

Materials and Methods

Animals

All experimental protocols and procedures were ap-
proved by the Local Ethics Committee at the Medical
University of Lublin. Experimentally naive, male
Swiss mice between 10 and 12 weeks old, weighing
20–25 g, were used. The animals were housed in stan-
dard laboratory conditions (12-h light/dark cycle, 21 ± 1°C,
relative humidity of 55 ± 5%) with free access to food
and water prior to the experiments. After 7 days of ad-
aptation to laboratory conditions, the animals were
randomly assigned to experimental groups consisting
of 10 mice. Each animal was used only once in the ex-
perimental procedures. All experiments were carried
out between 9 a.m. and 3 p.m.

Drugs

The following drugs were used in this study: orphena-
drine (ORP; Sigma, St. Louis, MO, USA), valproate
(VPA; ICN Polfa, Rzeszów, Poland), carbamazepine
(CBZ; Polfa, Starogard, Poland), phenytoin (PHT;
Polfa, Warszawa, Poland), phenobarbital (PHE; Polfa,
Kraków, Poland), lamotrigine (LTG; Lamictal; Glaxo
Wellcome, Kent, UK), topiramate (TPM; Topamax;
Janssen Pharmaceutica N.V., Beerse, Belgium), and
oxcarbazepine (OXC; Trileptal; Novartis Pharma AG,
Basel, Switzerland). ORP and VPA were dissolved in
sterile saline, whereas the remaining drugs were sus-
pended in a 1% solution of Tween 80 (Sigma, St.
Louis, MO, USA). All drugs were administered
intraperitoneally at a volume of 10 ml/kg. ORP was
given at 10, 30 and 120 min prior to electroconvul-
sions; VPA and CBZ at 30 min; PHE, LTG, TPM, and
OXC at 60 min; and PHT at 120 min before electro-
convulsions. In the case of ORP and VPA, the drugs
were administered before blood sampling for the
measurement of VPA concentrations. The pretreat-
ment times were chosen according to their biological
activity.

Electroconvulsions

Electroconvulsions were produced from an alternat-
ing current (0.2 s stimulus duration, 50 Hz) delivered
via ear-clip electrodes by a Hugo Sachs stimulator
(Rodent Shocker, Type 221, Freiburg, Germany).

In order to evaluate the threshold for electroconvul-
sions, at least 4 groups of mice were challenged with
electroshocks of various intensities to construct a cur-
rent intensity-effect curve according to the log-probit
method by Litchfield and Wilcoxon [11]. The convul-
sive threshold was evaluated as CS50, which is the
current strength in mA with 95% confidence limits
(CL) necessary to produce tonic hind limb extension
in 50% of the animals tested. The threshold for elec-
troconvulsions was denoted for 3 different doses of
ORP, as follows: 1.4, 2.8 and 5.6 mg/kg.

In order to estimate the anticonvulsant properties of
ORP and AEDs (given alone or in combination), mice
were pretreated with different doses of the drugs and
then challenged with MES (0.2 s stimulus duration,
50 Hz, 25 mA) to construct a dose-effect curve. Sub-
sequently, the ED50 values (50% effective anticonvul-
sant dose) with 95% CL were calculated according to
the log-probit method of Litchfield and Wilcoxon [11].
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Free plasma concentration of VPA

The measurement of the free plasma concentration of
VPA was performed at the dose corresponding to its
ED50 against MES-induced convulsions. The mice
were pretreated with VPA in combination with either
ORP or saline and sacrificed by decapitation at the
times scheduled for MES analysis. Blood samples of
approximately 1 ml were collected into heparinized
microfuge tubes and subsequently centrifuged at 5000 × g
for 5 min. Plasma samples (350 µl) were transferred
to the micropartition system (MPS-1; Amicon, Dan-
vers, MA, USA) to determine the free (non-protein
bound) VPA concentration and were centrifuged at
5000 × g for 10 min. Filtrates (50 µl) free of protein-
bound microsultes were pipetted into original Abbott
system cartridges, and the free plasma concentrations
of the antiepileptic drugs were estimated by immuno-
fluorescence with an Abbott TDx analyzer (Abbott,
Irving, TX, USA). Plasma concentrations were expressed
in g/ml as the means ± SD from at least seven samples.

Statistical analysis

Both the CS50 and ED50 values (with 95% CL) and
their statistical comparisons were calculated by com-
puter probit analysis, according to Litchfield and Wil-
coxon [11]. Free plasma concentration data were
compared by an unpaired Student’s t-test.

Results

Effect of ORP on the electroconvulsive thresh-

old and against the MES-test

ORP given at 5.65 mg/kg significantly elevated the
electric seizure threshold from 5.7 (5.4–6.1) to 6.8
(6.3–7.3) mA. A dose of 2.8 mg/kg failed to affect the
electric seizure threshold. The ED50 values with 95%
CL of ORP administered 10, 30 and 120 min before
MES-induced convulsions were 16.8 (11.3–25.1),
17.8 (15.7–20.0), and 25.6 (23.3–28.3) mg/kg, respec-
tively (results not shown). Administration of ORP 6 h
prior to MES failed to provide any protection against
convulsions in the range of doses used previously.
ORP at doses exceeding 35 mg/kg resulted in seizure-
like activity (tremor, salivation, rearing, loss of right-
ing reflex). Therefore, higher doses of the drug were
not used in this study.

Effect of ORP on the protective activity of AEDs

in the MES-test

ORP at a sub-threshold dose of 2.8 mg/kg signifi-
cantly enhanced the anticonvulsant activity of VPA by
reducing its ED50 from 315.8 (270.0–369.4) to 245.9
(207.1–292.0) mg/kg. ORP administered at 1.4 mg/kg
failed to affect the protective activity of VPA against
MES-induced seizures. ORP did not enhance the pro-
tective activity of CBZ, DPH, PHE, LTG, TPM, or
OXC in animals given MES (Tab. 1).

Effect of ORP on the free plasma concentration

of VPA

Free plasma levels in mice treated with VPA alone at
a dose of 245.9 mg/kg was 95.87 ± 3.82 g/ml and did
not differ statistically from plasma levels obtained
in mice treated with a combination of VPA (245.9 mg/kg)
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Tab. 1. Influence of orphenadrine (ORP) on the anticonvulsant action
of valproate (VPA), carbamazepine (CBZ), phenytoin (PHT), pheno-
barbital (PHE), lamotrigine (LTG), topiramate (TPM), and oxcar-
bazepine (OXC) against maximal electroshock-induced convulsions
in mice

Treatment (mg/kg) ED�� (mg/kg)

VPA + vehicle 315.8 (270.0–369.4)

VPA + ORP (1.4) 289.0 (251.6–332.0)

VPA + ORP (2.8) 245.9 (207.1–292.0)*

CBZ + vehicle 10.46 (8.37–13.06)

CBZ + ORP (2.8) 8.48 (7.27–9.89)

PHT + vehicle 9.77 (7.53–12.67)

PHT + ORP (2.8) 8.07 (6.59–9.88)

PHE + vehicle 17.1 (13.3–22.1)

PHE + ORP (2.8) 14.1 (12.1–16.3)

LTG + vehicle 4.66 (3.67–5.91)

LTG + ORP (2.8) 4.54 (3.59–5.75)

TPM + vehicle 36.0 (22.4–58.0)

TPM + ORP (2.8) 34.2 (21.5–54.4)

OXC + vehicle 11.9 (10.1–14.1)

OXC + ORP (2.8) 9.8 (7.6–12.6)

Data are presented as the median effective dose (ED�� values with
95% CL) protecting 50% of the animals challenged against MES-
induced seizures. All AEDs and ORP were administered ip at the
times corresponding to their time of peak activity: ORP at 10 min,
VPA and CBZ – 30 min; PHE, LTG, TPM, and OXC – 60 min; PHT –
120 min prior to the MES test. Statistical evaluation was performed
with the use of the log-probit method according to Litchfield and Wil-
coxon [11]. * p < 0.05 vs. control ([VPA + vehicle]-treated animals)



and ORP (2.8 mg/kg), which amounted to 95.31
± 4.19 µg/ml (results not shown).

Discussion

ORP is an anticholinergic drug primarily used in the
treatment of muscle spasticity in the course of Parkin-
son’s disease. In addition to its antimuscarinic proper-
ties, ORP acts as a non-competitive NMDA receptor
antagonist and was found to be neuroprotective in dif-
ferent animal models of neurotoxicity. In this study,
we have demonstrated that ORP significantly elevated
the electric seizure threshold and enhanced the anti-
convulsant activity of VPA against maximal electro-
convulsions.

The protective activity of ORP exhibited in this
study may be due to the blockade of NMDA recep-
tors, as the majority of NMDA receptor antagonists
display anticonvulsant activity in different animal
models of seizures [4]. A potent non-competitive an-
tagonist of the NMDA receptor, dizocilpine, adminis-
tered subcutaneously in doses of 0.1 and 0.2 mg/kg
significantly increased the electric seizure threshold.
Dizocilpine given in subthreshold doses (0.0031 and
0.0125 mg/kg) enhanced the protective activity of
VPA against maximal electroconvulsions in mice,
which is in agreement with the results presented here.
Similar results were obtained by Borowicz et al. [1],
where two competitive NMDA receptor antagonists,
D-(–)-3-(2-carboxypiperazin-4-yl)propyl-1-phosphonate
(D-(–)CPP) and D,L-3-(±)-(2-carboxypiperazin-4-yl)pro-
pyl-1-phosphonate ((±)-CPP), potentiated the anticon-
vulsant properties of VPA, CBZ and PHE against
electroconvulsions. While NMDA antagonists poten-
tiated the anticonvulsant properties of PHE or CBZ in
the previously mentioned studies, our results clearly
show that ORP failed to do so. It is worth mentioning
that the effect of ORP on the protective activity of
AEDs in our study was assessed at doses not affecting
the electrical seizure threshold. The temporal admini-
stration of ORP prior to electroconvulsions seems to
be adequate since it attains maximal concentrations in
rat brains in less than 15 min after intraperitoneal ad-
ministration [15]. Interestingly, the observed augmen-
tation of the antiseizure effect of VPA was pharmaco-
dynamic in nature.

Despite encouraging data from experimental stud-
ies regarding possible beneficial effects of combining
AEDs with NMDA receptor antagonists, the results
obtained from various clinical trials were discourag-
ing. It was found that dizocilpine produced psychomi-
metic adverse effects in patients with epilepsy, and
furthermore its ability to enhance the protective activ-
ity of AEDs was obviously diminished in the course
of therapy [19]. Anticonvulsant activity resulting
from ORP treatment is very promising since it appears
to be devoid of phencyclidine-like discriminative
stimulus effects, which is characteristic of agents with
higher NMDA receptor affinity [13]. The potency of
ORP in binding to NMDA receptors in cultured neu-
rons was found to be relatively low (IC50 of 16 µM)
compared to its binding to muscarinic receptors in rat
brain (IC50 of 0.37 µM) [8, 10]. It may therefore be
presumed that ORP would not produce significant
phencyclidine-like effects in humans. ORP is consid-
ered to be a relatively safe drug, since there were ex-
tremely limited adverse event data in the course of 2
clinical trials [9, 22]. However, ORP intake was re-
cently linked to potentially fatal ventricular tachycar-
dia and QT-interval prolongation, which could result
in Torsade-de-Pointes tachycardia and sudden cardiac
death [12]. Proarrhythmic side effects of ORP are
likely due to the HERG channel blocking potential of
antihistamines, which are known to occur in a physio-
logically relevant range of concentrations [16].

An antihistaminic drug, diphenhydramine, pos-
sesses proconvulsant activity that was recently con-
firmed by a study conducted by Ishikawa et al. [6]. In
that study, diphenhydramine significantly increased
the duration of EEG seizure induced by the MES-test.
The previous studies exploring the effects of diphen-
hydramine on seizure activity showed that it antago-
nized the protective activity of histidine and meto-
prine, substances that act by increasing the histamine
content of the brain against amygdala kindled seizures
in rats [7]. The results obtained by Œwi¹der et al. [18]
indicate that histamine H1 antagonists, astemizole and
ketotifen, significantly diminished both the electro-
convulsive threshold and the protective activity of
AEDs against MES-test. Thus, any potential antihista-
minic activity of ORP cannot be responsible for the
elevation of the electric seizure threshold and en-
hancement of the anticonvulsant activity of VPA.

In conclusion, ORP possesses weak anticonvulsant
properties and may enhance the anticonvulsant activ-
ity of VPA in epileptic patients.
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