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Characterization of acute adverse-effect profiles
of selected antiepileptic drugs in the grip-strength
test in mice
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Abstract:

The aim of this study was to assess the acute adverse effects (neurotoxic) of several antiepileptic drugs (clonazepam, lamotrigine,
oxcarbazepine, phenytoin, phenobarbital and topiramate) by measuring skeletal muscular strength in mice using the grip-strength
test. Linear regression analysis of grip-strength in relation to drug dose-response allowed us to determine D�� values, the dosages of
antiepileptic drugs that reduced grip-strength in mice by 50% compared to control animals. Each of the antiepileptic drugs studied
reduced skeletal muscular strength in mice in a dose-dependent manner. The D�� for clonazepam was 31.7 mg/kg, lamotrigine –
47.7 mg/kg, oxcarbazepine – 87.3 mg/kg, phenobarbital – 128.7 mg/kg, phenytoin – 69.7 mg/kg, and topiramate – 509.5 mg/kg. In
conclusion, the grip-strength test can aid in evaluating acute adverse effects of drugs with respect to their influence on muscular
strength in experimental animals.
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Introduction

Despite remarkable progress in our understanding of
the pathophysiological processes underlying seizure
initiation, amplification and propagation in the brain,
and the availability of a wide range of conventional
(first-generation), newer (second-generation) and
novel (third-generation) antiepileptic drugs (AEDs),
approximately 30% of epileptic patients are still re-
fractory to current therapies [3, 4]. These patients de-
mand novel therapeutics and more efficacious treat-

ment regimens than the concurrent administration of
two or more AEDs in order to prevent seizure attacks
from occurring [3, 4].

The selection and choice of AEDs for the treatment
of patients with epilepsy is based primarily on the an-
ticonvulsant properties of the AEDs, their ability to
suppress specific seizure types, and their adverse-
effect (neurotoxic) profiles as observed in patients [1,
2]. Despite efficacy in preventing seizures, the use of
AEDs by epileptic patients is often terminated due to
acute (harmful or life-threatening) adverse effects ex-
erted by the drugs [1, 14]. Clinically, side effects pro-
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duced by AEDs appear either after acute administra-
tion of the drug in high (intolerable) doses or after ac-
cumulation of drugs in organs to toxic levels [1,
14–16]. Some epileptic patients, however, are capa-
ble of tolerating high doses of AEDs during chronic
treatment without any signs of adverse effects [1,
14–16]. Generally, the acute adverse effects produced
by AEDs are related to their influence on normal
brain function; therefore, the first signs of acute toxic-
ity with AEDs in epileptic patients manifest in form
of neurotoxic symptoms including ataxia, nystagmus,
dysarthria, somnolence, diplopia, headache, dizziness,
nausea, tremor, drowsiness, sedation, depression, agi-
tation, changes in skeletal muscular strength or other
neurological dysfunctions [1]. In preclinical studies
on animals, AEDs produce acute adverse effects such
as sedation, ataxia, tremor, impairment of motor coor-
dination, disturbance in locomotor activity and/or al-
terations in skeletal muscular strength [5].

The aim of this study was to determine the acute
adverse (neurotoxic) effects produced by several com-
monly used conventional (i.e., clonazepam [CZP],
phenytoin [PHT], phenobarbital [PB]) and second-
generation (i.e., lamotrigine [LTG], oxcarbazepine
[OXC], topiramate [TPM]) AEDs with respect to
their propensity to impair skeletal muscular strength
as measured by the grip-strength test in mice. The ex-
perimental design of this study assesses the dose-
response relationship between AEDs and their detri-
mental effects on muscular strength. We determined
D50 values, the dosage of a given AED that reduced
muscular strength by 50% compared to control ani-
mals, via linear regression analysis of the dose-
response grip-strength test for each AED using the
method of Motulsky and Christopoulos [13].

Material and Methods

Animals and experimental conditions

Adult male Swiss mice (7-week-old; weighing 22–26 g)
kept in colony cages with free access to food and tap
water under standardized housing conditions (natural
light-dark cycle, temperature of 23 ± 1°C, relative hu-
midity of 55 ± 5%) were used in this study. After 7
days of adaptation to laboratory conditions, the ani-
mals were randomly assigned to experimental groups

of eight mice. Each mouse was used only once, and all
tests were performed between 8:00 a.m. and 3:00 p.m.
Procedures involving animals and their care were
conducted in accordance with current European Com-
munity and Polish legislation on animal experimenta-
tion. Additionally, all efforts were made to minimize
animal suffering and to use only the number of ani-
mals necessary to produce reliable scientific data. The
experimental protocols and procedures described in
this manuscript were approved by the First Local
Ethics Committee in Lublin (License no.: 543/2005/
585/2005) and complied with the European Commu-
nities Council Directive of November 24, 1986 (86/
609/EEC).

Drugs

The following AEDs were used in this study: CZP
(Polfa, Warszawa, Poland), LTG (Glaxo Wellcome,
Kent, UK), OXC (Novartis Pharma AG, Basel, Swit-
zerland), PB (Polfa, Kraków, Poland), PHT (Polfa,
Warszawa, Poland), and TPM (Cilag AG, Schaff-
hausen, Switzerland). All AEDs were suspended in
a 1% solution of Tween 80 (Sigma, St. Louis, MO,
USA) in distilled water and administered intraperito-
neally (ip) as a single injection in a volume of 5 ml/kg
body wt. Fresh drug solutions were prepared on each
day of experimentation and administered as follows:
CZP – 15 min, OXC – 30 min, PB, LTG and TPM –
60 min, and PHT – 120 min before grip-strength test-
ing. The choice of pretreatment times for each AED
reflects the amount of time required to reach maxi-
mum anticonvulsant effectiveness [6, 8, 10, 11].

Grip-strength test

The effects of conventional and second-generation
AEDs (administered alone in increasing doses) on
skeletal muscular strength in mice were quantified by
the grip-strength test. The grip-strength apparatus
(BioSeb, Chaville, France) is comprised of a wire grid
(8 × 8 cm) connected to an isometric force transducer
(dynamometer). In the grip-strength test, mice were
held by their tails and allowed to grasp the grid with
their forepaws. The mice were then gently pulled
backward by the tail until the grid was released. The
maximal force exerted by the mouse before losing
grip was recorded. The mean of three measurements
for each animal was calculated and the mean maximal
force of eight animals per group was determined. The
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skeletal muscular strength in mice was expressed in
Newtons (N) as the means ± SE of at least eight deter-
minations. This experimental procedure has been de-
scribed in detail elsewhere [9, 12].

Doses of the AEDs were plotted on the X-axis of
the Cartesian coordinate system and the correspond-
ing grip-strength values were plotted on the Y-axis.
Subsequently, the dose-response curves for each
AEDs were analyzed by linear regression analysis ac-
cording to Motulsky and Christopoulos [13]. The
doses of CZP, LTG, OXC, PB, PHT and TPM were
adjusted to their degree of strength impairment by the
drugs in experimental animals, as compared to control
(vehicle-treated) animals. Only doses of the studied
AEDs that reduced grip-strength were plotted on the
Cartesian coordinate system and analyzed by linear
regression to determine the dose-response relation-
ship lines and D50. All required calculations and dose-
response relationship analysis were performed using
GraphPad Prism version 4.0 for Windows (GraphPad
Software, San Diego, CA, USA).

Results

Influence of the various AEDs on skeletal mus-

cular strength in the grip-strength test in mice

The skeletal muscular strength of control (vehicle-
treated) animals was experimentally determined to be
101.2 N in grip-strength tests. CZP was administered
at increasing doses from 10 to 50 mg/kg and its effect
on skeletal muscular strength in mice was plotted in
the Cartesian coordinate system (Fig. 1A). Linear re-
gression analysis of CZP dose-response in grip
strength tests resulted in the following equation: y =
–2.5892 x + 132.65 [r2 = 0.984]; where y – is the mus-
cular strength value, x – is the drug dose, and r2 – is
the coefficient of determination (Fig. 1A). This equa-
tion was used to calculate a D50 value of 31.7 mg/kg
for CZP (Fig. 1A). LTG was administered in a range
between 20 and 70 mg/kg; a D50 of 47.7 mg/kg LTG
was calculated by linear regression analysis of LTG
grip-strength data (y = –1.9857 x + 145.36 [r2 =
0.986]) (Fig. 1B). OXC was administered at doses
ranging from 60 to 120 mg/kg; a D50 of 87.3 mg/kg
OXC was calculated by linear regression analysis of
the OXC grip-strength data (y = –1.5523 x + 185.43

[r2 = 0.973]) (Fig. 1C). PB was administered at doses
ranging from 80 to 180 mg/kg PB; a D50 of 128.7 mg/kg
PB was calculated by linear regression analysis of PB
grip-strength data (y = –0.957 x + 173.85 [r2 = 0.987])
(Fig. 1D). PHT was administered in a range between
40 to 100 mg/kg; linear regression analysis of PHT
grip-strength data (y = –1.667 x + 166.81 [r2 = 0.988])
gave a D50 of 69.7 mg/kg PHT (Fig. 1E). Finally,
TPM was administered at doses ranging from 200 to
800 mg/kg TPM; linear regression analysis of TPM
grip-strength data (y = –0.1634 x + 133.13 [r2 =
0.986]) gave a D50 of 509.5 mg/kg TPM (Fig. 1F).

Discussion

We have determined the effects of various classical
(CZP, PB, PHT) and second-generation (LTG, OXC,
TPM) AEDs on skeletal muscular strength in mice.
The experimental design used in this study allowed us
to calculate D50, the dose of each AED that reduced
muscular grip strength by 50% compared to control
animals. All of the AEDs analyzed here decreased
skeletal muscular grip-strength in mice in a dose de-
pendent manner. To assess unequivocally the neuro-
toxic potential of AEDs, the effects produced by the
AEDs in the grip-strength test were compared to the
effects exerted by the same drugs in other experimen-
tal mouse models such as rotarod and chimney tests,
evaluating acute adverse effects. The rotarod test
evaluates the influence of drugs on motor coordina-
tion and balance in animals during movements [5,
17]. The chimney test assesses the effects of drugs on
muscular strength and movement synchronization in
rodents [5, 17]. Median toxic dose values, TD50 val-
ues, in the chimney and rotarod tests were compared
to D50 values in the grip-strength test (Tab. 1). D50
values for LTG and OXC were higher than the TD50
values for motor coordination in both rotarod and
chimney tests in mice. Moreover, D50 values for PB,
PHT and TPM were higher than the TD50 values in
the rotarod test and were lower than those determined
in the chimney test. For CZP, its D50 value in the
grip-strength test was lower than the TD50 value in
the chimney test (Tab. 1). The grip-strength test can
be used as a supplementary test to differentiate the ad-
verse effects produced by drugs; moreover, it can be
used to verify whether the observed impairment of
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motor coordination in animals is evoked by impair-
ment of balance and de-synchronization of move-
ments or if it is evoked by loss of skeletal muscular
strength in rodents. Direct comparison of the grip-
strength test D50 values with median effective doses
(ED50) in the maximal electroshock-induced seizure
test revealed that amount of classical AEDs (CZP, PB
and PHT) required to impair skeletal muscular
strength in animals were 1.2 to 7-fold higher than the
doses necessary to protect animals against MES-
induced seizures (Tab. 1). As for second-generation
AEDs, D50 values were 8.2 to 16.2-fold higher than
those required to suppress MES-induced seizures in
mice (Tab. 1). In preclinical studies of any given
AED, protective index, a ratio of D50 to ED50, reflects
the margin of safety and tolerability between the anti-
convulsant dose (amount needed to suppress MES-
induced seizures) and the dose exerting acute adverse
effects (e.g., loss of muscular strength) [5]. Recently,
it has been documented that carbamazepine and val-
proate (two classical AEDs) exert clear-cut acute ad-
verse effects in the grip-strength test; the experi-
mentally-derived D50 values for carbamazepine and
valproate were higher than corresponding TD50 val-
ues assessed in the rotarod and chimney test [6, 7, 12].

In this preclinical study, we conclude that the grip-
strength test is able to evaluate the acute adverse-
effect potential of AEDs at high (neurotoxic) doses
with respect to the reduction of muscular strength.
The experimental procedure described here can be
readily applied to preclinical studies determining the
D50 values for drugs affecting the CNS, including
AEDs. In our opinion, D50 values accurately charac-
terize a drug’s propensity to diminish skeletal muscu-
lar strength. Despite the fact that D50 values for AEDs
included in this study were higher than their corre-
sponding TD50 values in the chimney or rotarod tests,
the grip-strength test could be applied as a supple-
mentary test to differentiate acute adverse effects with
respect to the reduction of muscular strength after
AED administration at high doses.
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