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Abstract:

In this study, three computational methods (log-probit, one-way analysis of variance and linear regression analysis) were applied to

statistically determine and compare a minimal dose of the antiepileptic drug – levetiracetam (LEV), which significantly increased

the threshold for maximal electroconvulsions in mice. Results analyzed with log-probit method revealed that such a dose for LEV

was 50 mg/kg. In contrast, one-way ANOVA indicated that the minimal dose of LEV, fulfilling the criterion of the significant

increment in the threshold for electroconvulsions, was 100 mg/kg. Moreover, linear regression analysis allowed for the

determination of threshold increasing doses by 20% (TID��) and 50% (TID��) for LEV, which amounted to 44 mg/kg and 150 mg/kg.

This comparative study demonstrated distinct differences between the electroconvulsive threshold-influencing doses of LEV
calculated with these three methods, and only statistical evaluation of data using one-way ANOVA provided the most adequate
determination of statistical significance. The application of log-probit method and linear regression analysis in the search for
significant drug-dose effects should be substantially restricted to specific experimental conditions.
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Introduction

The search for a pharmacologically active substance
or agent is usually performed in a series of screening
tests in which the researchers and investigators at-

tempt to provide overwhelming evidence that the ex-
amined compound is truly effective. In other words,
the investigated agent is expected to produce a spe-
cific biological effect in a dose-dependent manner. On
the other hand, in pharmacological studies, a special
attention is paid to the evaluation of a minimal drug-
dose that significantly influences the desired effects.
For instance, in epilepsy research studies, a protection
against experimentally induced seizures is the most
important criterion for determining a minimal drug
dose considerably suppressing the seizures. Noticea-
bly, the search for the minimal dose of a drug that sig-
nificantly reduces seizure activity in experimental
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studies is of great importance for future clinical prac-
tice. Therefore, in animal models of epilepsy, the de-
termination of a dose-response relationship (DRR) for
an antiepileptic drug (AED) and its minimal effective
dose is still a challenging issue for researchers and ex-
perimenters. Considering this fact, we intended to
compute the minimal dose of levetiracetam (LEV)
which significantly increased the threshold for maxi-
mal electroconvulsions in mice.

LEV ([S]-alpha-ethyl-2-oxo-1-pyrrolidine aceta-
mide) is a novel AED with unique, albeit unknown as
yet, mechanisms of action demonstrating relatively
selective suppression of seizures in various animal
models of chronic epilepsy [2, 3]. Additionally, it has
been reported that LEV increases the threshold for
electroconvulsions in the acute maximal electroshock
seizure threshold (MEST) test in mice [6].

Unfortunately, there is still no consensus on how to
analyze data so as to determine the minimal dose of
an AED significantly protecting the animals in the
MEST test. Therefore, in this study, we intended to
present the results of one experiment analyzed with
three different methods, commonly applied nowadays
in pharmacological studies, in order to attract the at-
tention of researchers and experimenters to the fact
that some methods are inadequate for determining the
minimal dose of an AED influencing the threshold for
electroconvulsions. To estimate this minimal dose of
LEV, the obtained data were analyzed with linear re-
gression, log-probit method, and one-way ANOVA.

Materials and Methods

Animals and experimental conditions

The experiment was performed on adult male Swiss
mice weighing 22–26 g. The mice were kept in col-
ony cages with free access to food and tap water, un-
der standardized housing conditions (12-h light-dark
cycle, temperature was 21 ± 1°C). After 7 days of ad-
aptation to laboratory conditions, the animals were
randomly assigned to experimental groups consisting
of eight mice. Each mouse was used only once. Proce-
dures involving animals and their care were con-
ducted in conformity with current European Commu-
nity and Polish legislation on animal experimentation.
Additionally, all efforts were made to minimize ani-

mal suffering and to use only the number of animals
necessary to produce reliable scientific data. The ex-
perimental protocol listed below was approved by the
Local Ethics Committee at the Medical University of
Lublin and conformed with the Guide for the Care

and Use of Laboratory Animals (License no.
311/2002/305/02).

Drug administration

LEV (KEPPRA®, UCB S.A., Brussels, Belgium) was
suspended in a 1% solution of Tween 80 (Sigma, St.
Louis, MO, USA) in 0.9% NaCl and injected ip as
a single injection, in a volume of 5 ml/kg. The drug
was administered 60 min before electroconvulsions.
Route of systemic (ip) administration and pretreat-
ment time before testing of LEV was based upon in-
formation about its biological activity from the litera-
ture and confirmed in our pilot study.

Maximal electroshock seizure threshold (MEST)

test

Electroconvulsions were produced by means of an al-
ternating current (0.2 s stimulus duration, 50 Hz) de-
livered via ear-clip electrodes by a generator (Rodent
Shocker, Type 221, Hugo Sachs, Freiburg, Germany).
The criterion for the occurrence of seizure activity
was the tonic hindlimb extension (i.e. the hind limbs
of animals outstretched at 180° to the plane of the
body axis). To evaluate the threshold for electrocon-
vulsions, at least 4 groups of mice, consisting of eight
animals, were challenged with electroshocks of vari-
ous intensities to yield 10–30%, 30–50%, 50–70%,
and 70–90% of animals with seizures. Then, an
intensity-effect curve was constructed, according to
the log-probit method described by Litchfield and
Wilcoxon [4], from which a CS50 (median current
strength in mA) was estimated. Each CS50 value rep-
resented the current intensity required to induce tonic
hindlimb extension in 50% of mice challenged. In
other words, the control animals (four groups of eight
mice injected with vehicle) were challenged with the
current intensity ranging between 4–6 mA. Subse-
quently, based on the log-probit method [4], the CS50
value for control animals was determined with 95%
confidence limits. Subsequently, after administration
of a single dose of LEV to four groups of animals, the
mice were subjected to electroconvulsions with a cur-
rent intensity ranging between 4–11 mA. This experi-
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mental procedure was performed for various increas-
ing doses of LEV (i.e. 5, 10, 50, 100, 200 and
300 mg/kg). The experimental procedure has been de-
scribed in more detail in our earlier studies [7, 10].

Statistics

Median current strengths (CS50s in mA) with their
95% confidence limits were calculated by computer
log-probit analysis. Subsequently, the CS50s were
transformed to decimal logarithms and their corre-
sponding 95% confidence limits to SE, as described
previously [7]. Statistical analysis of data was per-
formed either by the use of log-probit method accord-
ing to Litchfield and Wilcoxon [4] or using one-way
analysis of variance (ANOVA) followed by the post-

hoc Bonferroni’s multiple comparisons test. Simulta-
neously, the percentage increase in CS50 for animals
injected with increasing doses of LEV was calculated.
Next, the doses of LEV and their resultant percentage
increases in threshold over the control (vehicle-
treated animals) were plotted in rectangular coordi-
nates of the Cartesian system and examined with
least-squares linear regression analysis according to
Glantz and Slinker [1]. Finally, TID20 and TID50 were
determined from the linear regression equation ac-
cording to Swinyard et al. [9] and Löscher et al. [5],
respectively.

Results

Log-probit method

LEV at doses of 5 and 10 mg/kg did not significantly
alter the threshold for electroconvulsions in mice
(Tab. 1). In contrast, the drug at higher doses of 50,
100, 200 and 300 mg/kg significantly increased the
electroconvulsive threshold at p < 0.05 and p < 0.001
(Tab. 1).

Analysis of variance (ANOVA)

The F-distribution statistics, calculated using one-way
ANOVA [F (6, 113) = 20.0, p < 0.0001], greatly ex-
ceeded the tabular value of F-statistic for 6 and 113
degrees of freedom (F = 2.96), indicating that varia-
tion among the examined groups is significantly

greater than expected by chance. The post-hoc Bon-
ferroni’s multiple comparisons test revealed that LEV
up to 50 mg/kg did not affect the threshold for electro-
convulsions in mice (Tab. 2). According to one-way
ANOVA, only the drug at the doses of 100, 200 and
300 mg/kg significantly increased the electroconvul-
sive threshold as compared to the control animals
(Tab. 2).

Linear regression analysis and calculation of

TID values

The electroconvulsive threshold for LEV adminis-
tered at doses of 5, 10, 50, 100, 200, and 300 mg/kg
increased by 7.8, 15.7, 19.6, 31.4, 58.8, and 96.1%,
respectively, as compared to the threshold of control
(vehicle-treated) animals (Tab. 1, Fig. 1). The DRR
for LEV was determined by the use of least-squares
linear regression analysis and the equation for the
DRR was y = 0.283 x + 6.916 (r2 = 0.984); where y –
threshold increase in %, x – a drug dose, and r2 – coef-
ficient of determination (Fig. 1). Test for homogeneity
of data points, constructing the DRR line for LEV, re-
vealed that the observed variation in threshold in-
crease is due to regression and is dose-dependent [1].
Moreover, the value of r2 was 0.984, indicating that
98.4% of total variance of dependent variable y
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Tab. 1. Effect of levetiracetam on the electroconvulsive threshold
analyzed by log-probit (Litchfield-Wilcoxon) method

Treatment (mg/kg) CS�� (mA) �T (mA) TI (%)

Control 5.1 (4.4–5.9) – –

LEV (5) 5.5 (4.8–6.3) 0.4 7.8

LEV (10) 5.9 (5.1–6.8) 0.8 15.7

LEV (50) 6.1 (5.6–6.6)* 1.0 19.6

LEV (100) 6.7 (6.2–7.3)*** 1.6 31.4

LEV (200) 8.1 (7.2–9.1)*** 3.0 58.8

LEV (300) 10.0 (9.5–10.6)*** 4.9 96.1

Results are presented as median current strengths (CS
��

in mA; with
95% confidence limits in parentheses) necessary to evoke seizure
activity (tonic hindlimb extension) in 50% of animals tested. The
threshold for control (vehicle-treated) animals was considered as
a baseline (reference) value for calculations of percentage in the
threshold increase (TI) following LEV administration. Statistical
evaluation of the data was performed using log-probit method [4].
* p < 0.05 and *** p < 0.001 vs. the respective control CS

��
value; �T –

threshold increase (in mA) was calculated by subtracting the thresh-
old value of control animals from every threshold value of LEV-
administered animals; TI – threshold increase in % (the control value
of 5.1 mA was considered as 100%); LEV – levetiracetam



(threshold increase in %) is explained by the linear re-
gression model and its equation y = 0.283 x + 6.916
[8]. As the data points were homogenous and good-
to-fit to the line in our study, the TID20 and TID50 val-
ues for LEV were computed from the equation, reaching
the values of 44 and 150 mg/kg, respectively (Fig. 1).

Discussion

The results presented herein indicate that LEV dose-
dependently increased the threshold for electrocon-
vulsions in mice. The TID20 value for LEV deter-
mined in our study (44 mg/kg) was consistent with
that presented by Löscher and Hönack [6], who esti-
mated the TID20 value for LEV at 40 mg/kg. The
TID50 was also determined in our study, since it has
been recommended as the parameter adequately de-
scribing the antiseizure potency of AEDs virtually in-
effective in the MES-induced seizures [5], and its
value was 150 mg/kg (Fig. 1).

In general, this comparative study revealed that the
same experimental data, analyzed with various com-
monly applied statistical methods, considerably dif-
fered. These distinct differences between the drug
doses significantly influencing the threshold for elec-
troconvulsions depended on methods of calculations
and led us to embarrassing conclusions concerning
the significant doses of LEV. Although the log-probit
method described by Litchfield and Wilcoxon [4] is
widely used in pharmacological studies, its applica-
tion should be restricted to specific experimental con-
ditions because the method statistically compares
only two median values. If the experimenters intend
to statistically assess the significance of another dose
of a drug with log-probit method, the previously de-
termined doses are totally neglected. So, no doubt ex-
ists that multiple drug dose comparisons to the same
control value by log-probit method are statistically in-
correct. To avoid a misuse of statistics, one-way
ANOVA should replace the log-probit method during
the assessment of minimal drug dose significantly af-
fecting the threshold. Noteworthy, the inter-group
variance of the electroconvulsive threshold as a factor
modifying statistical significance of the obtained re-
sults should always be borne in mind, especially, if
several drug doses and their resultant thresholds are ex-
amined. It should be emphasized that the minimal dose
of LEV significantly elevating the threshold for elec-
troconvulsions, determined by the use of one-way
ANOVA in our study, was 2-fold higher than that cal-
culated with log-probit method.

Furthermore, in epilepsy research studies, some
authors have introduced their own methods (unfortu-
nately, devoid of any statistical background and pre-
sumptions) that allow the determination of drug doses
increasing the threshold by 20% [9] and/or by 50%
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Tab. 2. Influence of levetiracetam on the electroconvulsive threshold
analyzed by one-way ANOVA

Treatment (mg/kg) log (CS��) ± SE n

Control 0.708 ± 0.034 16

LEV (5) 0.740 ± 0.031 16

LEV (10) 0.771 ± 0.032 8

LEV (50) 0.785 ± 0.017 16

LEV (100) 0.826 ± 0.021 * 16

LEV (200) 0.908 ± 0.026 *** 24

LEV (300) 1.0 ± 0.011 *** 24

Data are presented as decimal logarithms of current strengths [log
(CS

��
)s ± SE] required to induce seizure activity (tonic hindlimb ex-

tension) in 50% of animals tested. Statistical evaluation of the data
was performed using one-way ANOVA followed by Bonferroni’s
post-hoc test for multiple comparisons. Since the experimentally-
derived F-statistics [F (6, 113) = 20.0, p < 0.001] greatly exceeded
the tabular F value (2.96), variation among the respective groups is
significantly greater than expected by chance. * p < 0.05 and
*** p < 0.001 vs. the control value; log – logarithm to the base 10; SE –
standard errors of log (CS

��
); n – number of animals ranged between

16% and 84% of current response; LEV – levetiracetam

y = 0.283 x + 6.916
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Fig. 1. Dose-response relationship analysis for levetiracetam in the
MEST test in mice. The doses of LEV are plotted against the percent-
age increase in the electroconvulsive threshold in mice (TI). Analysis
of data was performed with least-squares linear regression analysis
according to Glantz and Slinker [1]. The equation of dose-response
relationship for LEV evaluated in the MEST test was y = 0.283 x
+ 6.916 (r

�
= 0.984); where y – % threshold increase, x – the drug

dose, and r
�

– coefficient of determination. Test for homogeneity re-
vealed that points creating the line are homogenous and good-to-fit.
For more details see the Results section



vs. the control animals [5]. Noticeably, the evaluation
of both doses from linear regression analysis (i.e.
TID20 and TID50 from the equation of DRR) is based
only on a conventionally accepted criterion, without
any statistically persuasive evidence. Moreover, it should
be stressed that the TID20 and TID50 are calculated in
approximation from the equation of linear DRR,
whereas the log-probit method and ANOVA analyze
the effects produced by the drug doses in the MEST
test.

Being fully aware of the fact that the methods com-
pared in our study are statistically heterogeneous (not
equivalent), several lines of comments and explana-
tions concerning this comparison are required. In gen-
eral, the methods yielding TID20 and TID50 values
provide only information about theoretically calcu-
lated drug doses from the experimentally-derived
equation of linear regression analysis that increased
the threshold for electroconvulsions by 20% and 50%,
respectively. Noticeably, the TID20 value for LEV,
determined in our study (44 mg/kg; Fig. 1), was con-
siderably lower that the minimal dose of LEV signifi-
cantly increasing the threshold (i.e. 100 mg/kg, evalu-
ated using ANOVA). In contrast, TID50 for LEV
(150 mg/kg; Fig. 1) was considerably greater than the
minimal dose of LEV significantly increasing the
threshold for electroconvulsions (100 mg/kg). Hence,
the observed discrepancies between TID20/TID50 and
ANOVA-derived values were related with different
methodological presumptions concerning statistical
analysis of data. Since the TID20 and TID50 methods
neglect the inter-group variance, which influences the
significance of the analyzed drug-doses, both methods
should always be followed by ANOVA to provide the
most adequate statistical analysis of experimental
data. In our opinion, the TID20 and TID50 methods
applied alone are insufficient to determine a drug dose
that would have an essential impact on further experi-
mental studies. In such cases, when the TID20 and
TID50 values are calculated, we claim that the additional
use of ANOVA is needed as it is the most adequate sta-
tistical method allowing for the determination of mini-
mal drug dose influencing significantly the threshold for
electroconvulsions in experimental conditions.

Summing up, only one-way ANOVA was able to
adequately assess statistical differences between the
examined doses of LEV and their resultant anticon-
vulsant effects in the MEST test in mice. Neither

TID20 nor TID50 fulfilled the criterion of minimal sig-
nificant dose. Likewise, log-probit method should not
be used for multiple drug-dose comparisons. In our
opinion, the application of ANOVA should be recom-
mended as the only method justifying scientifically
valuable conclusions.
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