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SUMMARY

Preclinical pharmacology studies in animal models of seizures and epilepsy have pro-

vided a platform to identify more than 20 antiseizure drugs in recent decades. Tomini-

mize variability in lab-to-lab studies and to harmonize approaches to data collection

and reporting methodology in pharmacologic evaluations of the next generation of

therapies, we present common data elements (CDEs), case report forms (CRFs), and

this companion manuscript to help with the implementation of methods for studies in

established preclinical seizure and epilepsy models in adult rodents. The development

of and advocacy for CDEs in preclinical research has been encouraged previously by

both clinical and preclinical groups. It is anticipated that adoption and implementation

of these CDEs in preclinical studiesmay help standardize approaches tominimize vari-

ability and increase the reproducibility of preclinical studies. Moreover, they may pro-

vide amethodologic framework for pharmacology studies in atypical animalmodels or

models in development, which may ultimately promote novel therapy development.

In the present document, we refer selectively to animalmodels that have a long history

of preclinical use, and in some cases, are clinically validated.
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To promote the harmonization of preclinical approaches
to pharmacologic studies in animal models of seizures and
epilepsy, and to promote data comparability, sharing, and
reproducibility, the Pharmacology Working Group of the
TASK3 group of the Joint Translational Task Force of the
International League Against Epilepsy (ILAE)/American
Epilepsy Society (AES) sought to identify common data
elements (CDEs; Appendix S1), develop case report forms
(CRFs; Appendix S1), and draft companion papers to assist
with the CRF/CDE implementation. These endeavors were
motivated by the concerns that have been raised lately about
the reproducibility and the translational value of preclinical
drug discovery.1 Although some have advocated that the
clinical failures of investigational therapies also rely, in
part, on preclinical animal models that do not simulate the
human disease well,2 many investigators would say that
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preclinical studies are valuable and that the problem is
instead related to differences in procedures or other aspects
of the conduct of preclinical studies. CDEs/CRFs would
therefore standardize some aspects of data collection and
reporting methodology to better support well-controlled,
rigorous pharmacologic evaluations of investigational ther-
apies or treatment approaches for the management of sei-
zures and epilepsy. Thus, CDEs, whether in the preclinical
or clinical realm,3,4 promote standardized approaches across
groups and laboratories, and thus facilitate systematic data
collection and analyses. The Task Force efforts are consis-
tent with efforts by other groups to develop and encourage
the use of CDEs in preclinical research for epilepsy.4

Rationale for model selection
A Core CRF and CDE document has already been

released by the AES/ILAE, which comprises the most
critical information to be applied to all preclinical stud-
ies for epilepsy3,4 (e.g., physiology, behavior, electroen-
cephalography [EEG] analysis, and pharmacology). This
Core document includes valuable information pertaining
to animal diet, strain, age, gender, and so on.5 The pre-
sent manuscript now details accompanying CDEs and
CRFs that extend that prior report to include information
determined necessary for sound pharmacologic evalua-
tions in preclinical models of seizure and epilepsy. It is
critical to note that the animal models and approaches
that are described in this present document do not repre-
sent the entirety of available animal models of seizures
and epilepsy,6 whether for pediatric, adult, or geriatric
epilepsies. We present selected models as representative
of those that have been used predominately for anti-
seizure drug (ASD) development ever since Merritt and
Putnam first identified phenytoin in the maximal elec-
troshock test (MES) in 1937.4 Many of the models pre-
sented herein are also those in use at the National
Institute of Neurological Disorders and Stroke
(NINDS)–sponsored Epilepsy Therapy Screening

Program (ETSP). These models have been historically
used by the NINDS ETSP and other investigators to
identify numerous ASDs for clinical use6; there is thus
well-established pharmacology with approved ASDs and
strong consensus in the field about anticipated strain/
species differences and applicability of the specific
model to ASD pharmacology studies.7 Furthermore,
because many of the models described in the present
manuscript have such significant historical data to sup-
port pharmacologic evaluations of investigational agents,
we provide herein detailed information to guide CDE/
CRF implementation. Our intention is that these CDE
and CRF documents can serve as a primer for individu-
als who are new to pharmacology or studies in animal
models of seizures or epilepsy; these CDEs will thus
inform on best practices in pharmacologic studies,
whether for evaluations of acute anticonvulsant (or anti-
seizure) efficacy, or for chronic evaluations of disease
modification or antiepileptogenesis. We attempted to
broadly classify the models described herein into those
that present with the following: (1) acute, electrically
induced seizures; (2) acute, chemically induced seizures;
(3) chronic, electrically induced seizures; (4) chronic,
chemically induced seizures; and (5) spontaneous sei-
zures after insult. We omitted detailed description of
studies in genetic epilepsy models because the core prin-
ciples of pharmacology evaluations in these models rely
on the principles that are encompassed in one of these 5
categories. For example, thermally induced seizure
threshold is a common outcome measure for Scn1a�/�

mice evaluations,8,9 but the principles of group size and
threshold to seizure event are consistent with any chemi-
cally or electrically induced seizure threshold test
described in this document. In this regard, the core prin-
ciples of this document and accompanying CDEs/CRFs
should be broadly applicable to most pharmacologic
evaluations for animal seizure or epilepsy models.

Limitations of selected models
We have primarily selected models for evaluation in adult

rodent populations that attempt to simulate acute seizures
and/or the epilepsies in the general population (Table 1).
However, these models do not represent special patient pop-
ulations, such as pediatric epilepsies, genetic epilepsies, or
epilepsy in the elderly. Furthermore, we have provided lim-
ited guidance on designing anti-epileptogenesis and dis-
ease-modification studies, primarily due to the complexity
that surrounds such models, as well as the limited consensus
in the field with regard to how best conduct these studies.
The core principles for pharmacologic evaluations in any
model or therapeutic indication, however, are provided
within these accompanying CRFs/CDEs. In designing the
CDEs and CRFs for pharmacologic studies for epilepsy, this
Task Force focused on minimizing the overall burden on
researchers who want to use CDEs while still promoting

Key Points
• There is increasing demand for greater reproducibility
in preclinical research; harmonized approaches may
reduce lab-to-lab variability

• Common data elements and case report forms were
developed for preclinical pharmacologic studies for
epilepsy to address this need

• Common data elements are core components that are
essential for pharmacologic research in preclinical
models of seizure and epilepsy

• Common data elements were developed for the mod-
els that have a long preclinical history, and in some
cases, are clinically validated
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rigor and reproducibility. Herein, we outline the characteris-
tics and components of sound pharmacologic research that
are based, in a large part, on the success of the NINDS-spon-
sored ETSP.10,11 For investigators wishing to evaluate
investigational agents or pursue pharmacologic studies for
specific patient populations, we encourage the implementa-
tion of these CRFs and CDEs with adjustments for the speci-
fic model at hand. Moreover, although every effort is made
to be thorough in these model summaries and CDEs/CRFs,
we understand that variability can arise because of region,
diet, humidity, animal vendor, and so on, and can contribute
to lab-to-lab variability.12–14 Thus, in all aspects of model
implementation and development, we strongly encourage
that the criteria for any model be independently reviewed
and refined within each laboratory, using these CDE/CRFs
to guide implementation. This is to say, for example, if a
median convulsant dose of pentylenetetrazol (PTZ) is
needed by an individual lab, we suggest first evaluating the
time and dose response to the desired endpoint in the animal
strain of interest prior to selecting the PTZ dose and timing
of administration. For basic principles on establishing time-
or dose-response relationships, the reader is referred to other
manuscripts15 or a practical application.16 Finally, some of
the models presented herein are appropriate for both acute
antiseizure studies, as well as antiepileptogenesis studies;
thus, we have outlined recommendations for CDEs for
either study wherever appropriate. The following text pro-
vides guidance to implementation and use of the accompa-
nying CRFs/CDES. Wherever possible, examples and
background information is included to assist a user with
application of these documents to her research.

CRFs and CDE Guidance
CRF: pharmacology general core

CRF Filename: 1 General core pharmacology CRF.docx
CDE chart Filename: 1 General core pharmacology CDE
Chart.xlsx
The General Core CRF (Appendix S1) covers the rec-

ommended core and supplemental elements to support a
pharmacologic evaluation in preclinical models of epi-
lepsy. However, this does not mean that every option
meets the standard that is required to conduct a valid
pharmacologic study. In essence, it is possible that a
study is performed “not blinded to treatment” or that the
animals are “not randomized to treatment groups”; how-
ever, to design a study in this way could confound the
interpretation of the data. The form is to be filled in for
one individual animal. This CRF only collects data
specific to drug characteristics and administration, study
design, and so on. For information about each individual
animal used in the study, the specific physiological or
behavioral outcome measures, and other aspects of test-
ing (e.g., formulation of the investigational drug), please
fill in the appropriate additional CRFs listed in Table 2.

The General Core CRF contains specific information for
data collection on Drug Characteristics and Administration
and Study Design. The specific information for each subsec-
tion of this Core CRF is detailed below:

Model: There are specific modules that can be used to fill
out CRFs for each acute and chronic seizure and epilepsy
model. The following information should be used when

Table 1. Human correlate and pharmacology of acute animalmodel CRFs

Animal model Seizure phenotype Human correlate Predictive validity Acutely effective antiseizure drugs

Maximal electroshock Tonic-extension seizure Generalized

tonic–clonic seizures
Yes PHT, CBZ, OxCBZ, VPA, PB, FBM, GBP,

LTG, LCM, TPM, ZNS, EZG

6 Hz test Limbic seizures

secondarily generalized

Pharmacoresistant

focal seizures

secondarily generalized

Undefined; suggested

model of pharmacoresistant

seizures

CBZ, FBM, LCM, LEV, EZG, VPA

Subcutaneous

pentylenetetrazol

Minimal clonic seizure Generalized

myoclonic seizure

Yes ESM, VPA, BZD, EZG, FBM, GBP, PBa,

TGBa, VGBa

Kindled rodent Limbic seizures

secondarily generalized

Focal seizures

secondarily generalized

Yes CBZ, OxCBZ, PHT, VPA, PB, BZD, FBM,

GBP, PGB, LCM, LTG, TPM, TGB,

ZNS, LVT, VGB, EZG

Chemonconvulsant

and electrically

induced status

epilepticus

models (acute)

Acute status epilepticus Acute status

epilepticus

Yes BDZ, CBZ, VPA, PB

Post-status

epilepticus models

Spontaneous

recurrent

seizures

Temporal lobe

epilepsy

Unknown CBZ,97,98 TPM,99 VPA,97 PB100

BDZ, benzodiazepine; CBZ, carbamazepine; ESM, ethosuximide; EZG, ezogabine; FBM, felbamate; GBP, gabapentin; LCM, lacosamide; LTG, lamotrigine; LVT,
levetiracetam; OxCBZ, oxcarbazepine; PB, phenobarbital; PGB, pregabalin; PHT, phenytoin; TGB, tiagabine; TPM, topiramate; VPA, valproic acid; VGB, vigabatrin;
ZNS, zonisamide.

aPB, TGB, and VGB block clonic seizures induced by s.c. PTZ but are inactive against generalized absence seizures and may exacerbate spike wave seizures.
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conducting an in vivo pharmacology study with any of
the CRF/CDEs provided:
Drug characteristics and administration: For every
pharmacologic study, the characteristics of a drug (e.g.,
active pharmaceutical ingredient – API), whether a pro-
totypical ASD or investigational agent, are essential
parameters that must be considered for any preclinical
study. The drug characteristics, for example, chemical
formula (salt factor), manufacturer information, lot num-
ber, solubility, half-life, and brain penetration, determine
the route of administration and several aspects of the
study design, so this should be considered before the
study begins. It is also essential to include drug formula-
tion information (e.g., solution vs. suspension and steps
for such formulation) and ensure that vehicle treatment
alone does not confer anticonvulsant effect.17

Study design: This section is intended to allow for either
pharmacologic interventions against acute seizures
(whether through single dose or sub-chronic/chronic
drug administration) or chronic seizures (e.g., antiepilep-
togenesis or disease modification). In this regard, pre-
treatment vs. post-treatment of the drug in relation to the
seizure test should be recorded. In most cases, acute sei-
zure suppression studies would rely on a pre-treatment

paradigm, whereas disease-modification and antiepilep-
togenesis studies may rely on pre-treatment or a treat-
ment paradigm after the seizure event (e.g., post-status
epilepticus, see following discussion). This section of the
CRF also includes information regarding animal disposi-
tion, for example, treatment groups, investigator blind-
ing, and pharmacokinetic samplings. For all acute drug
administration studies, we recommend that rodents accli-
mate to the housing facility for at least 3 (better 7) days
and to the testing room for at least 1 h before testing.
Some evidence of room acclimatization may also be
notable, which should thus be included in the CRF. In
some cases it may be valuable to acclimate animals
longer, and also acclimate them to the person who will
handle them. When possible, investigators may even
need to pilot their studies to determine how much accli-
mation is needed.
ED50 calculations: For all models, median effective
dose (ED50) of an investigational compound is the dose
needed to suppress a seizure in 50% of the animals in the
treated group (Fig. 1). Dose selection is typically best
achieved by first demonstrating activity at a range of
doses (e.g., logarithmic steps) and range of time points to
define the time of peak activity of a selected agent.

Table 2. List of CRFs/CDEs discussed in this companionmanuscript. Files can be located online as Supplemental

Material

CRF/CDEmodule

name Primary study objective Route of seizure induction Outcomemeasures

1 General core

pharmacology

Pharmacologic

testing information

N/A Drug information (route of administration, frequency,

vehicle, solubility, etc.)

2 MES and MEST Antiseizure test Electroconvulsant Maximal electroshock seizure and maximal electroshock seizure

threshold - individual seizure response; population seizure threshold

3 Acute 6 Hz Antiseizure test Electroconvulsant 6 Hz seizure and 6 Hz seizure threshold – individual seizure
response; population seizure threshold

4 Subcutaneous

chemoconvulsant

Antiseizure test Chemoconvulsant Chemonconvulsant seizure and chemoconvulsant seizure

threshold – individual seizure response; population seizure threshold
5 Timed intravenous

chemoconvulsant

infusion test

Antiseizure test Chemoconvulsant Chemoconvulsant seizure threshold – individual seizure
threshold response

6 Intracerebral

electrical kindling

Antiseizure test;

antiepileptogenesis test

Electroconvulsant Antiseizure testing: acute protection from seizures; antiepileptogenesis

testing:

modification of kindling acquisition or behavioral comorbidities

7 Corneal kindling Antiseizure test;

antiepileptogenesis test

Electroconvulsant Antiseizure testing: acute protection from seizures; antiepileptogenesis

testing:

modification of kindling acquisition or behavioral comorbidities

8 Chemoconvulsant

kindling

Antiseizure test;

antiepileptogenesis test

Chemoconvulsant Antiseizure testing: acute protection from seizures; antiepileptogenesis

testing:

modification of kindling acquisition or behavioral comorbidities

9 CS_SE Antiseizure test;

antiepileptogenesis test

Chemoconvulsant Antiseizure testing: modification of SE, or protection from acute

symptomatic seizures; antiepileptogenesis testing: modification

of SRS frequency, or behavioral comorbidities, or neuropathology

10 CS_ESE Antiseizure test;

antiepileptogenesis test

Electroconvulsant

(self-sustained)

Antiseizure testing: modification of SE, or protection acute symptomatic

seizures; antiepileptogenesis testing: modification of SRS frequency,

or behavioral comorbidities, or neuropathology

11 CS_fKASE Antiseizure test;

antiepileptogenesis test

Chemoconvulsant Antiseizure testing: modification of SE, or protection from acute

symptomatic seizures; antiepileptogenesis testing: modification of

SRS frequency, or behavioral comorbidities, or neuropathology
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Binary outcome measures, e.g., “protected/not pro-
tected,” can facilitate determination of an ED50 by the
Probit method.18 The same principles can be applied to
calculate behaviorally impairing doses (e.g., TD50) or
lethal doses (e.g., LD50) for general determination of
safety margin of a compound (i.e., protective index19). If
the Probit method is included, it is essential that the 95%
confidence intervals (CIs) are within the dose range
tested. Group sizes should be appropriately powered, that
is, 8 animals per group gives 80% power at 95% signifi-
cance to detect a difference between the groups that is
1.5-fold greater than the determined standard deviation.
In our experience, 5–6 groups (n = 8/group) is sufficient
to accurately calculate an ED50

10 (or TD50/LD50) with
95% confidence intervals within the dose range tested.
Wherever possible, pharmacokinetic information (e.g.,
plasma concentrations of API) should be correlated to
pharmacodynamic endpoints (e.g., protection from sei-
zures) as well.

Additional CRFs and CDEs
With the use of the Pharmacology General Core CRF,

the majority of the essential information to support a basic
pharmacologic evaluation in any preclinical model, whether
provided herein or otherwise, will be collected. The follow-
ing guidelines for the selected models are sufficient to sup-
port a basic ASD screening and evaluation platform, similar
in scope to the long-established NINDS ETSP,10,11 and
other approaches that have been able to identify numerous
symptomatic treatments for epilepsy.20 Furthermore, the
principles for each model should be sufficient to expand to
other models of similar etiology (e.g., acute electroconvul-
sive seizures, acute chemoconvulsant seizures, chronic elec-
troconvulsive seizures, chronic chemoconvulsant seizures,
and spontaneous seizures).

Example CRFs
Electroconvulsant models

CRF Filenames: 2 MES and MEST CRF.docx; 3 Acute
6 Hz CRF.docx
CDE chart Filename: 2 MES and MEST CDE Chart.-
docx; 3 Acute 6 Hz CDE Chart.xlsx
The maximal electroshock test (or MES), maximal elec-

troshock threshold test (MEST), minimal clonic threshold
test (MCT), and 6 Hz test all represent frequently used mod-
els of electrically evoked acute seizures (Table 1) that are
used widely in ASD discovery and can be performed in rats
and mice,6,16,21–23 but other animal species are also suscep-
tible to electrically evoked seizures.7 The MES test was first
used by Merritt and Putnam in 1937 to characterize the
response of cats treated with phenytoin7; 1 year later,
phenytoin was clinically available, thus validating the MES
test. The MES test represents a model of primary general-
ized tonic–clonic seizures (Table 1), and probably identifies
agents that can reduce seizure spread, as opposed to agents
that affect the seizure focus directly.24 Administration of
investigational compounds prior to testing in this model
provides an indication of an ASD’s ability to prevent seizure
spread when all neuronal circuits in the brain are maximally
active. MES seizures are highly reproducible and electro-
physiologically consistent with human seizures. Indeed,
numerous ASDs work in the MES test10 (Table 1), includ-
ing sodium channel-blocking agents, like phenytoin and
carbamazepine. This test thus represents a commonly used,
clinically validated assay for the initial identification of
potential anticonvulsant activity. It should be cautioned,
however, that some clinically effective ASDs (e.g., leve-
tiracetam, vigabatrin, and others) do not show efficacy in
this test, so drug testing by the MES test alone is not suffi-
cient to identify relevant antiseizure efficacy.

The 6 Hz seizure model in mice was first described by
Brown and colleagues in 1953,25 but was abandoned for
more than 40 years due to the lack of anticonvulsant activity
of phenytoin in this assay. Barton and colleagues defined
the pharmacologic profile of the 6 Hz assay in CF-1 mice in
2001,16 demonstrating that this assay could effectively dif-
ferentiate ASDs. This test relies on first determining a med-
ian convulsant current (CC50, that is, the current needed to
evoke a seizure in 50% of a population), which is generally
considered the seizure threshold for this and other electrical
stimulation models. It is important to note that the pharma-
cosensitivity of this model is inversely correlated to the
stimulation intensity in use; for example, many ASDs are
effective against stimulation at the CC97 (e.g. the threshold
to evoke a seizure in 97% of the population), whereas most
lose their efficacy at 1.5–2.0-fold greater current intensi-
ties.16 The 6 Hz test-induced seizures are believed to model
focal seizures in humans,25 and as the stimulation intensity
increases, those seizures become more and more

Figure 1.

Hypothetical dose-response curve calculation for Compound X by

the Probit method. The ED50 is calculated to be 33.46 mg/kg [95%

confidence intervals 25.42–43.03]. The black line indicates the cal-
culated regression line and black dots represent actual data points

for each treatment group. Line slope of 6.32 and standard error of

2.08. For an accurate ED50 calculation, the 95% confidence inter-

vals should fall within the dose range tested.
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pharmacoresistant. Moreover, this test is highly differentiat-
ing relative to other acute seizure models, such as MES.
Levetiracetam can block seizures evoked by a stimulus 1.5-
fold greater than the CC97 in the 6 Hz assay (e.g., 32 mA
for male CF-1 mice), whereas it is ineffective in the MES
test and subcutaneous (s.c.) PTZ assays.16 Conversely,
sodium channel blockers, such as phenytoin, are ineffective
in the 6 Hz assay at doses that do not produce overt motor
impairments (e.g., protective index [PI; the ratio of TD50/
ED50] is less than 1.5), thereby suggesting that the 6 Hz
assay may be a pharmacoresistant model for some cate-
gories of ASDs, such as sodium channel modulators.16 The
6 Hz test thus now serves as a primary screening platform in
the NINDS ETSP and is frequently used in the discovery of
ASDs.10 Moreover, the 6 Hz assay may identify compounds
with potentially novel mechanisms of action for the treat-
ment of focal seizures in humans, including anti-inflamma-
tory agents like minocycline,26 serotonin receptor
agonists,10 and adenosine receptor agonists.10 Variations on
the protocol of Barton and colleagues16 certainly exist; for
example, Walrave and colleagues27 report seizure duration
as a reliable outcome measure in the 6 Hz assay and provide
an approach for target validation using intracerebroventric-
ular (i.c.v.) delivery of promising test compounds with
unknown or limited blood–brain barrier permeability.
Finally, genetic background can strongly influence treat-
ment resistance in the 6 Hz seizure model.28 Thus, any
attempt to implement the 6 Hz assay in other strains or mod-
els with variation in genetic background should first define
the CC97 of the test population, and then conduct subsequent
pharmacologic studies at 1.5- to 2-fold greater current inten-
sities where pharmacoresistance begins to occur, dependent
on the degree of pharmacologic differentiation desired.

Background for electroconvulsive seizure testing
Regardless of intensity, electroconvulsant seizures are

induced through corneal or ear clip electrodes. When using
corneal electrodes, the animal should be lightly restrained
while the electrodes and stimulus are applied to open eyes.
A 0.9% saline and local anesthetic (e.g., tetracaine/lido-
caine) solution is applied to the eyes to improve electrical
conductance and tolerability of the electrode placement.
The concentration and timing of local anesthetic administra-
tion should be noted in the CRF. Time interval between
local anesthesia and stimulation depends on activity of the
local anesthetic. Alternatively, electrodes can be attached
tightly to the ears of the animal and the stimulus can be
applied in the freely moving animal. Conductance through
the ear clips can be improved by using topical electrode
gels. Care should be taken to ensure that the same electrode
location and pressure (for corneal electrodes) is applied to
every animal to minimize variation in current conductance
(i.e., if stimulation is applied via an open or closed eye or
via the edge or the center of the pinna). A specialized device
for electrical stimulation of rodents is suitable to deliver the

electrical stimulus, as long as the instrument is capable of
delivering sufficient electrical current necessary to evoke a
seizure (e.g., 150 mA for rats).29 It is important to note the
device manufacturer information (e.g., the ECT [electro-
convulsive therapy] unit from Ugo Basile30), as this can
affect the wave form shape used to deliver the electrical
stimulation.28 Finally, electrical wave shape should also be
noted (e.g., square wave) because it could also influence the
outcome.

For the MES and 6 Hz tests, pharmacologic studies are
conducted by administering the same current intensity (e.g.,
CC97 in the 6 Hz test) to all animals and determining the
extent of protection or other seizure outcome following
ASD treatment. For the seizure threshold tests, the effect of
an investigational agent on the response of a population
(recommended minimum n = 20 subjects) can be defined
using escalating current intensities until at least 3 points are
defined between the limits of 0% and 100% of animals with
seizure. As an example, a dose-response could resemble the
following outcomes following administration of compound
X (Fig. 1): at 12.5 mg/kg, 0/8 mice are protected from sei-
zures; at a dose of 25 mg/kg, 2/8 mice are protected from
seizures; at a dose of 35 mg/kg, 4/8 mice are protected from
seizures; at 50 mg/kg, 7/8 mice are protected from seizures;
and at 100 mg/kg, 8/8 mice are protected from seizures.
With these doses, an ED50 calculated by the Probit method
would be 33.46 mg/kg (95% CIs, 25.42–43.03), with a line
slope of 6.316 and standard error of 2.085. The suggestions
presented below may assist with development and imple-
mentation of any electroconvulsive test for pharmacologic
studies of anticonvulsant efficacy in rodents. Specifically,
these should accompany the Maximal Electroshock Seizure
Test (MES)/Maximal Electroshock Seizure Threshold Test
(MEST) and Acute 6 Hz Model CRFs.

Seizure Threshold Test (minimal clonic, maximal elec-
troshock threshold, or 6 Hz): This test defines the effect of
a drug on the seizure threshold of a population of animals
using a staircase procedure.14,16,31,32 The reaction of one
animal to the stimulus dictates the current intensity for the
following animal. The initial intensity should be the thresh-
old intensity known for the rodent strain, age, or gender,
based on whichever animal characteristics (strain, age, etc.)
are known; for example, if a genetically modified mouse
population on a C57Bl/6 background is going to be tested,
we suggest that any initial/pilot studies with that genetic
model use information from age- and gender-matched wild-
type C57Bl/6 as a guide until appropriate study parameters
can be defined. If the first animal displays the endpoint to be
measured (for example, a seizure, such as a tonic hind limb
extension seizure for MEST), the current intensity is
decreased for the next animal by a predefined amount; if the
animal does not show the endpoint, the current intensity is
step-wise increased by a predefined amount, using staircase
procedures. A CC50 is defined using this staircase procedure
and calculated by Probit,18 as for an ED50. A median
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threshold can thus be calculated to define the CC50, but the
thresholds for individual animals cannot be determined. In
addition to a median threshold for a group of animals, drug-
induced increases (anticonvulsant) or decreases (proconvul-
sant) in seizure threshold can also be determined using the
seizure threshold test.33

Model-specific use of the CRF and CDE
The below-detailed sections should be referenced when
completing each CRF for an MES/MES threshold (MEST)
or 6 Hz/6 Hz threshold test.

CRF:MES andMEST test
CRF Filenames: 2 MES andMEST.docx
CDE chart Filename: 2 MES and MEST CDE Chart.-
docx

Stimulation protocol
A suprathreshold stimulus that will reliably induce hind

limb tonus in 100% of naive animals is used; this stimulus
should be low enough that ASDs (e.g., phenytoin or pheno-
barbital) dose-dependently suppress seizures. For example,
50 or 60 Hz of alternating current (i.e., 50 mA in CF-1 mice
and 150 mA in Sprague-Dawley rats19) is most often deliv-
ered for 0.2 s by corneal electrodes. It is not possible to
determine the seizure susceptibility of an individual animal
in this assay. Therefore, the type of test used (MES) or MES
threshold (MEST) should be selected a priori in the CRF
module. As detailed in the preceding general section for
electroconvulsant models, general parameters of stimula-
tion duration, frequency, intensity, waveform characteris-
tics, and so on, are essential to record in this CRF module.
Surgical preparation and local anesthetic application:
Stress can affect seizure threshold and potentially confound
any study results; thus any surgical preparations should be
recorded on the CRF.34 However, the surgical specifications
should be recorded in the General Core CRF. Local anes-
thetic information should also be noted in this section. Out-
come measures: The specific seizure endpoint measures, for
example, hindlimb extension and/or duration of extension,
should also be clearly noted in the CRF. The use of binary
protection criteria (e.g., protected/not protected) allows for
determination of an ED50 by the Probit method18 and thus,
if a dose-response study is used, this criteria should be
clearly defined and recorded. Recordings of electrographic
seizures via EEG are possible and, and if used, should be
clearly indicated on the CRF.

CRF: acute 6 Hz test
CRF Filenames: 3 Acute 6 Hz CRF.docx
CDE chart Filename: 3 Acute 6 Hz CDE Chart.xlsx

Stimulation protocol
Limbic psychomotor seizures are induced via corneal

stimulation according to the following specifications: 6 Hz
frequency, 0.2 msec rectangular pulse width, 3 s duration.16

The stimulation current should be defined for the animal
strain in use and be sufficient to elicit seizures in all animals
(i.e., CC97; this would be 22 mA for male CF-1 mice
derived from Charles River10,16). As the stimulation inten-
sity increases, the pharmacosensitivity of the 6 Hz assay is
reduced.10,16 Thus it is imperative that the stimulation inten-
sity be defined a priori for the strain and species in use.35

Surgical preparation and local anesthetic application: As
with the MES/MEST CRF, basic latency between surgical
intervention and seizure testing should be noted to minimize
the potential for stress-induced confounding effects. Out-
come measures: Seizures following 6 Hz stimulation in
mice and rats are characterized by a stunned or fixed pos-
ture, forelimb clonus, and elevated Straub tail16 (for detailed
images and description of the Straub tail, see Ref. 36).
Although the 6 Hz approach is widely used in mice, there is
no consensus on the endpoints to define anticonvulsant pro-
tection: some groups describe protection as the presence or
absence of seizures,16 whereas others consider an animal to
be protected if it resumes normal exploratory behavior
within 7–10 s after stimulation such that total seizure dura-
tion (in seconds) is an additional endpoint measure.27,28 For
these reasons, the various endpoint measures to be included
in the study should be defined clearly in the 6 Hz CRF mod-
ule. As with MES, binary endpoint measurements (pro-
tected/not protected) based on the specific seizure endpoints
will accommodate an ED50 determination.18

Chemoconvulsant models
CRF Filename: 4 Subcutaneous chemoconvulsant CRF.-
docx; 5 Timed intravenous chemoconvulsant infusion
test CRF.docx
CDE chart Filename: 4 Subcutaneous chemoconvulsant
CDE Chart.docx; 5 Timed intravenous chemoconvulsant
infusion test CDE Chart.docx

Background for chemoconvulsant seizure testing
Chemoconvulsant models have been at the forefront of

ASD discovery for decades. These models can discriminate
ASDs, due, in part, to the differential route of chemoconvul-
sant administration (e.g., s.c. vs. i.v.), presumed pharmaco-
logic mechanism of action, and seizure pattern observed in
response to each chemoconvulsant agent. For example,
Goodman and colleagues defined the differential presenta-
tion of maximal seizures induced by the intravenous PTZ
infusion versus the maximal electroshock (or MES) test in
1953, providing some of the first information to differenti-
ate phenytoin from other ASDs.37 Of note, the i.v. PTZ test
was found to produce maximal (generalized clonic and
tonic) seizures similar to the MES test, but the patterns of
seizure presentation differed markedly between the 2 tests;
for example, i.v. PTZ results in first a clonic phase and then
a tonic phase (i.e., clonic-tonic seizures), whereas MES
results in tonic-clonic seizures,37 that is, the tonic phase pre-
cedes the clonic phase. This work further confirmed that
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phenytoin does not raise seizure threshold, but rather pre-
vents seizure spread,38 setting the stage for ASD differentia-
tion studies for decades.15 Moreover, the subcutaneous
(s.c.) PTZ test has been validated clinically with the identifi-
cation of ethosuximide (and trimethadione) for absence sei-
zures.39,40 This is likely because ethosuximide and
trimethadione exhibit a mechanism of action that is substan-
tially different from other ASDs, for example, they block
thalamic “T” type calcium channels implicated in the spike-
wave discharges of absence epilepsy.41 An added advantage
for the use of chemoconvulsant models is that they are also
relatively simple and easily implemented for early pharma-
cologic evaluations in large cohorts of animals. Thus, the
chemoconvulsant models are useful to differentiate ASDs in
acute seizures. However, they also have limitations. For
instance, the anti-absence activity of levetiracetam and lam-
otrigine or the absence-aggravating effect of vigabatrin
were not determined by the s.c. PTZ test, but instead in
genetic models of absence epilepsy.42 Thus, genetic rodent
models with spontaneous spike-wave discharges are more
predictive for clinical anti-absence efficacy.41

Model-specific use of the CRF and CDE
The following sections should facilitate completion of

the Subcutaneous Chemoconvulsants and Timed Intra-
venous Chemoconvulsant Infusion CRFs. Of note, the CDEs
of these models require a baseline determination of the
effective convulsant dose (e.g., CD95) of any chemoconvul-
sant at a fixed concentration in the preclinical species of
interest. The sections below provide doses of PTZ, bicu-
culline (Bic), or picrotoxin (Pic), as historically defined for
use in male CF-1 mice derived from Charles River Labora-
tories weighing between 18 and 35 g.43 The infusion rates
and concentrations, where relevant, should also be defined
by an investigator a priori for the animal model of interest,
and this information should also be included as a core com-
ponent of this model and recorded in the CRF.

CRF: subcutaneous chemoconvulsant
CRF Filename: 4 Subcutaneous chemoconvulsant CRF.-
docx
CDE chart Filename: 4 Subcutaneous chemoconvulsant
CDE Chart.docx

Animal history
As with the electroconvulsive seizure models, animal his-

tory that could affect seizure susceptibility should be
recorded. Test parameters. This section details essential
information to conduct a subcutaneous chemoconvulsant
study. For each type of subcutaneous chemoconvulsant
most frequently used, we provide model-specific informa-
tion to facilitate such a study. Regardless of the chemocon-
vulsant used, the essential information to be recorded
include the chemoconvulsant dose, concentration, solvent,
and duration of monitoring.

Subcutaneous pentylenetetrazol
Administration of subcutaneous PTZ produces clonic

and, later, infrequent tonic seizures in rodents. At times that
are dependent on the compound under study, the dose of
PTZ that will induce convulsions in >97% of animals (e.g.,
85 mg/kg in a 0.85% solution in saline in male CF-1 mice;
68 mg/kg in a 3.4% solution in saline in male Sprague-
Dawley rats44) is injected into a loose fold of skin in the
midline of the neck. The animals are placed in isolation
cages to minimize stress43 and observed for an extended
time frame (typically 30 min). Outcome measures in this
assay include the presence or absence of a generalized clo-
nic seizure as measured according the Racine rating scale45

or other appropriate scale, latency to first clonic twitch,
latency to tonic seizure, number of clonic events, and so on.
Other measures can also be made, such as electrographic
seizures or mortality, depending on the goals of the study.

Subcutaneous bicuculline or picrotoxin
Subcutaneous administration of the chemoconvulsants

bicuculline (Bic) and picrotoxin (Pic), can induce clonic
and tonic seizures in a manner behaviorally similar to that
of s.c. PTZ.46 These models can demonstrate a candidate
compound’s ability to confer protection against effects of a
subcutaneous injection of the chemoconvulsant (e.g., CD97
of Bic and Pic, respectively: 2.7 or 2.5 mg/kg in male CF-1
mice). After administration of the chemoconvulsant, we rec-
ommend a period of behavioral seizure observation, typi-
cally at minimum 30 min for Bic, and 45 min for Pic
because of the slower absorption of this agent.46,47 Bic- and
Pic-induced seizures typically consist of an episode of clo-
nic seizures of the fore- and hind limbs, jaws, and vibris-
sae.46,47 Bic-induced clonic seizures are generally followed
by tonic extension of the hind limbs and, in some cases,
death.46,47 Outcome measures (e.g., presence/absence of
seizure) and associated considerations are similar to those
described for s.c. PTZ.

CRF: timed intravenous chemoconvulsant infusion test
CRF Filename: 5 Timed intravenous chemoconvulsant
infusion test CRF.docx
CDE chart Filename: 5 Timed intravenous chemocon-
vulsant infusion test CDE Chart.docx

Test parameters
The i.v. PTZ test is used to determine whether a com-

pound affects seizure threshold; for example, whether a
compound increases or decreases the threshold at which a
seizure can be induced. Mice are pretreated with the investi-
gational agent prior to being injected with i.v. PTZ.48 Infu-
sion protocol. At the time of desired testing (e.g., time of
peak effect of the ASD), PTZ is infused at a constant rate
(for CF-1 mice, 0.34 ml/min) into the lateral tail vein.
Restriction of animals during infusion may lead to stress-
induced threshold alterations, so infusion without restriction
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(via a flexible tubing) is preferred. At the start of the PTZ
infusion, a hemostat clamped to the guide tubing to prevent
backflow is removed, the infusion started, and recording of
latency to each outcome measure is started. The latency (in
seconds) from the start of the infusion to the appearance of
the “first twitch” and/or the onset of sustained clonus is a
primary outcome measure of this model.Outcome measures
and parameters determined during infusion. Other behav-
ioral outcome measures can be included as supplemental
elements, for example, mortality rate, duration of clonus,
etc. Because subtle changes in environmental conditions
may impact seizure threshold, a vehicle treatment group
should always be run in parallel. The mean latency for each
of the groups, and the significant difference between the test
groups and the vehicle-treated group is calculated to define
the impact of a test compound on seizure threshold. An
increase in mg/kg to first twitch or to clonus indicates that
the test substance increases seizure threshold.

The times to each endpoint are converted to mg/kg of
PTZ for each animal as follows:

mg=kg PTZ ¼

Infusion time ðT Þ
� Rate of inf. ðml=minÞ
� mg PTZ=ml� 1000 g

60 s� Weight ðW Þ of animal in g

CRF: kindling models for antiseizure testing
CRF Filenames: 6 Intracerebral electrical kindling CRF.-
docx; 7 Corneal kindling CRF.docx; 8 Chemoconvulsant
kindling CRF.docx;
CDE Chart Filenames: 6 Intracerebral electrical kindling
CDE chart.xlsx 7 Corneal kindling CDE chart.xlsx; 8
Chemoconvulsant kindling CDE chart.xlsx;

Background for kindling models
Kindling models mimic, at least in part, the epileptogene-

sis process and continue to be used widely because of the
ability of these models to predict clinically useful drugs with
anticonvulsant efficacy against focal and secondarily gener-
alized seizures.49 As such, electrical amygdala kindling in
rats has been clinically validated because this model cor-
rectly predicted the efficacy of levetiracetam against focal
seizures in patients. The phenomenon of kindling is defined
as a process in which repetitive administration of an initial
subconvulsive stimulus leads to the progressive develop-
ment of first, focal seizures, followed by recruitment of
more brain areas and secondary generalized seizures. Kin-
dling, typically in mice or rats, is suited to both evaluation
of chronic drug intervention to impact epileptogenesis,50 as
well as to evaluation of acute anticonvulsant efficacy once
seizures are established.10,51–55 For this reason, the model
description and CRFs/CDEs are closely linked. Because of
the diversity of kindling models (chemical, electrical;

implanted, corneal) and intended outcomes for these studies
(e.g., acute anticonvulsant vs. antiepileptogenesis studies),
the CRFs and CDEs developed herein have been limited.
Furthermore, we have elected to broadly define kindling
models in this guideline document, but specific aspects of
each type of kindling are including in the respective CRFs/
CDEs.

Model-specific use of the CRFs and CDEs
The first and best characterized kindling model is kin-

dling using an electrical stimulus of the basolateral amyg-
dala in rats, thus this manuscript guideline will primarily
focus on electrical kindling models. The reader is referred to
“CRF module 6: Intracerebral electrical kindling models –
antiseizure” to guide implementation of electrical kindling
for acute anticonvulsant efficacy studies. Animal history.
Kindled rodents can be repeatedly used for acute drug stud-
ies after acquisition of the fully kindled state, thus an
animal’s history should be expressly recorded in all CRFs
for antiseizure kindling studies. Surgery. Electrical kindling
can be achieved by stimulus of numerous brain areas, such
as hippocampus or perirhinal cortex. Kindling parameters.
In completing the CRF, the stimulation location and stimu-
lation parameters should be noted carefully as the kindling
rates, the exact sequence, and manifestations of the behav-
ioral stages in the progression of kindling and the recruited
network differ when kindling is performed in different brain
sites,56 or by different stimulation parameters.57,58 Stimula-
tion parameters. The stimulation parameters should be
noted (e.g., current and intensity of stimulations, frequency
of stimulation trains, behavioral vs. electrographic seizure
scoring, etc.), including information concerning outcome
measures to establish a fully kindled experimental animal.
Rodents implanted are amenable to the recording of after-
discharge threshold (ADT) and afterdischarge duration
(ADD), which can provide an additional outcome measure
for seizure testing.

There are numerous electrical kindling protocols in use
for acute anticonvulsant pharmacologic studies, including
single-day kindling in rats57,59 and corneal kindling in
mice.51 The following guidance should be used to complete
the “CRF module 8: Corneal kindling.” Stimulation proto-
col:Much like electrical kindling in rats, the corneal kindled
mouse has various stimulation parameters. Therefore, the
stimulator equipment should be recorded as well as the stim-
ulation parameters themselves (e.g., frequency, current
intensity, number of stimulation events/day, and delay
between stimulation events). Relative to the traditional
60 Hz corneal kindling model, the 6 Hz kindling procedure
demonstrates a more pharmacoresistant profile.30 Differ-
ences in mouse strain may also promote accelerated kin-
dling acquisition,60 and this is one reason why mouse strain
is a CDE to be recorded in the Core CDE file4 before com-
mencing use of any model-specific CRF, including Corneal
Kindling. As with the electrical seizure models, the corneal
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kindling model requires a topical anesthetic applied to the
corneas. Furthermore, the scoring system to define a seizure
and determine kindling criterion should be clearly noted.
Drug administration studies: Although the corneal kindled
mouse was originally described nearly 3 decades prior to
robust incorporation for drug discovery for epilepsy,61 this
model has since gained popularity because of the noninva-
sive, less labor-intensive, and more cost-effective pro-
cess51,62 relative to the classical electrical kindling
paradigms. This is further supported by the fact that the cor-
neal kindled mouse is now one front-line assay used for pre-
clinical ASD screening by the NINDS ETSP.10 The animal
is typically stimulated for a baseline seizure and then tested
for presentation of a seizure at some protracted time point
post-drug administration; the separation between baseline
seizure testing and post-drug administration testing should
be clearly noted. There is typically a 24-h delay between
baseline seizure testing and drug administration,62 albeit
modifications certainly exist (e.g., same day protocol63).
Therefore, the latency between baseline and drug testing
should be noted.

It is also feasible to kindle rodents by repetitive chemo-
convulsant administration. Animal history. As for the elec-
trical and corneal kindling model CRFs, the prior animal
history should be noted. Chemoconvulsant kindling param-
eters. The chemoconvulsant information (dose, purity, and
formulation information) is essential to be recorded. The
frequency of administration and route of administration also
can dramatically affect the kindling acquisition rate and is
thus a core element of the chemoconvulsant kindling CRF/
CDEs. With the exception of the kindling stimulus, the use
of chemoconvulsant-kindled rodents does not differ signifi-
cantly from electrically kindled rodents in the outcome mea-
sures for antiseizure studies.

For all antiseizure studies in kindled rodents, it is note-
worthy that appropriate and similar handling of all experi-
mental animals before the experiments (i.e., handling
habituation) is also recommended to reduce bias because
acute stress mostly exerts anticonvulsant effects, whereas
chronic stress conditions might worsen seizures.34 This is
one reason that several aspects of housing are included in
the Core CDE (see Harte-Hargrove et al.4). To alleviate any
potential confounds of stress-induced effects on seizure sus-
ceptibility, control groups of rodents should receive ade-
quate mock stimulations and similar handling, as well.

Background of kindling for antiepileptogenesis/disease
modification studies

Kindling models can be broadly applied to antiepilepto-
genesis or disease modification studies; for example, a drug
can be administered to determine whether there could be a
delay or modification of the kindling process.64 For exam-
ple, levetiracetam displayed disease-modifying effects in
the amygdala-kindled rat.52,65 Interpretations of these mod-
els have been also applied to models of pharmacoresistant

seizures, including the selection of phenytoin-resistant and
phenytoin-sensitive amygdala-kindled rats,66 and lamotrig-
ine-resistant amygdala-kindled rats67 and corneal kindled
mice,68 which are kindled in the presence of therapeutic
doses of lamotrigine and are subsequently resistant to lam-
otrigine and carbamazepine. Thus, kindling is a useful plat-
form on which to evaluate acute anticonvulsant effects with
established chronic seizures, as well as to evaluate the
impact of therapeutic intervention on the epileptogenesis
process and behavioral comorbidities associated with epi-
lepsy. It should be noted, however, that the antiepilepto-
genic or disease-modifying effects identified in this way
have not been validated in human trials to date, which is to
say that no treatment has been identified for clinical use as
an antiepileptogenic agent. The same is true for other animal
models of epileptogenesis (e.g., post-status epilepticus mod-
els discussed below).

In addition to spontaneous seizures, kindled
rodents exhibit a number of behavioral comorbidities of
epilepsy,60,63,69–72 a finding consistent with clinical reports
that seizures in humans are just one symptom of epilepsy
diagnosis.73 It is important to note that kindled rodents con-
sistently demonstrate increased anxiety-like behaviors and
cognitive deficits in a diversity of approaches performed by
numerous independent investigators,60,63,67,68 further sup-
porting the utility of kindling for studies of disease-modifi-
cation and/or epileptogenesis and demonstrating that these
behavioral comorbidities are relevant biomarkers in kin-
dling models, as well as models with spontaneous recurrent
seizures (SRS). Kindled models offer the capability to
tightly control the epileptogenesis process in a manner that
is distinct from other models of epilepsy.74,75 Kindled
rodents do not exhibit spontaneous seizures at the time of
acquisition of kindling criterion, but spontaneous seizures
do occur in kindling models76 (i.e., “overkindling”). The
lack of spontaneous seizures early in the kindling process is
thus a potential limitation of kindled rodent models, which
may only reflect partial epileptogenesis at this stage.
Nonetheless, the use of kindled rodents for pharmacologic
evaluations may help identify drugs that improve comor-
bidities, and kindled rodent models provide numerous ave-
nues to evaluate both acute anticonvulsant effects of
investigational therapies, as well as antiepileptogenic or dis-
ease-modifying effects of such agents.

Model-specific use of the CRFs and CDEs
Antiepileptogenesis studies in kindling models requires

similar test parameters as included for antiseizure testing
(e.g., surgical procedures, kindling parameters, and so on).
Antiepileptogenesis/disease modification studies.
Antiepileptogenesis studies differ from acute antiseizure
studies in that treatment should be administered prior to or
during kindling acquisition, rather than after establishment
of the fully kindled state. Therefore, the timing of the drug
administration and criteria for treatment should be recorded.
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For antiepileptogenesis studies in the kindling model, it is
important to continue with kindling stimulations after drug
washout to exclude that any effect on kindling acquisition is
only secondary to an anticonvulsant effect of the com-
pound.52

Status epilepticus models
CRF Filename: 9 CS_SE CRF.docx; 10 CS_ESE CRF.-
docx; 11 CS_fKASE CRF.docx;
CDE chart Filename: 9 CS_SE CDE Chart.xlsx; 10
CS_ESE CDE Chart.xlsx; 11 CS_fKASE CDE
Chart.xlsx

Background of status epilepticus models
The most widely used experimental approach to study

epileptogenesis and/or the effects of drugs on SRS is the
induction of status epilepticus (SE) in rodents (whether
anesthetized or conscious) either by the systemic or focal
injection of chemoconvulsants (i.e., kainic acid or pilo-
carpine) or by electrical stimulation of selected brain
regions (e.g., self-sustained limbic SE). Chemoconvulsant-
induced SE in rodents serves as an important surrogate to
that observed in humans and is often employed in the search
for novel therapies that can halt refractory SE and prevent
the negative behavioral and neuroanatomic consequences
associated with uncontrolled SE.77 These models are amen-
able to EEG recordings to confirm acute SE, and also for
long-term video-EEG monitoring, as these animals develop
SRS, neuropathologic damage, and cognitive deficits that
reproduce the facets of temporal lobe epilepsy (TLE).77–81

Chemoconvulsant models are routinely used in mice82–85

and rats80,81,86; the self-sustaining limbic status epilepticus
(SSLSE) model is also applicable to both mice87,88 and
rats.89 With the exception of the induction of the precipitat-
ing insult (either chemoconvulsant or electrical stimulation)
that initiates epileptogenesis (e.g., SE), these models share
many characteristics and can thus be generally described for
the use of pharmacologic studies. These models all lead to
an acute SE period, and subsequent onset of SRS days to
weeks later.81–83,86,90,91 One important limitation of the
post-SE models is the high mortality rate associated with
the neurologic insult, as well as the need to intervene during
the SE insult period to improve survival rates. This is in
stark contrast to other models described earlier (e.g., kin-
dling models), wherein pharmacologic intervention is not
needed to improve long-term survival and rodents generally
do not exhibit significant mortality during the kindling
acquisition process.87 Another limitation of post-SE models
is the need for laborious video-EEG monitoring over pro-
longed periods to quantitate the occurrence and frequency
of SRS. Video recording alone is not sufficient, because
most focal (nonconvulsive) seizures are missed without
EEG, recorded via single or multiple skull or depth elec-
trodes. In most post-SE models, the frequency of sponta-
neous electroclinical seizures is low and SRS often occur in

clusters with long intercluster intervals, thus it is recom-
mended that continuous (24/7) video-EEG monitoring is
performed over several weeks,92 rather than intermittent
recordings. Although several automated or semi-automated
methods for seizure detection in the EEG have been
described, a generally accepted and validated algorithm is
lacking, so visual video-EEG analysis of seizures is still a
gold standard. The location and number of recording elec-
trodes will depend on the specific animal model, to what
extent each model has been previously characterized with
regard to EEG features, and on the specific research objec-
tives.

As an alternative to continuous 24/7 video-EEG monitor-
ing for SRS in pharmacologic studies in epileptic rodents,
Blanco et al. suggested that the acute induction of MES or
PTZ seizures in such epileptic rodents might constitute an
effective and valuable method to screen ASDs and to study
mechanisms involved in pharmacoresistant TLE.93 This
idea has been explored by other groups, demonstrating that
determination of electrical or chemical seizure thresholds in
epileptic rodents (as is produced by pilocarpine) provides an
interesting tool for drug testing in chronically epileptic
rodents in a moderate-throughput testing approach suitable
for pharmacologic studies.94

The sections below are to be used when referring to the
Chronic Seizures Following Chemoconvulsant-Induced Sta-
tus Epilepticus (CS/SE)CRF.

CRF: chronic seizures following chemoconvulsant-
induced status epilepticus (CS/SE)

CRF Filename: 9 CS_SE CRF.docx
CDE chart Filename: 9 CS_SE CDE Chart.xlsx

Model-specific use of the CRFs and CDEs
Electrographic Seizure Electrode Implantation: Animals

subjected to video-EEG monitoring allow investigators to
record the seizures that occur during the electrographic
component of SE (electrographic SE; ESE) and chronic sei-
zures. The recordings can also be made so that the onset of
chronic seizures is defined. Electrodes should be implanted
at least 7 days before SE to allow for sufficient post-proce-
dural recovery and metabolism of any accompanying anes-
thetic. The specific locations of the electrodes should be
decided according to study objectives. In addition, informa-
tion concerning the recording electrode specifications and
materials should be recorded, if applicable.

Convulsive and Electrographic Seizure Induction:Kainic
acid (KA) and pilocarpine are 2 common methods for SE
induction in mice and rats and are provided in this section to
serve as specific examples for usage of this CRF. This por-
tion of the Chronic seizure induced by chemoconvulsant-
induced status epilepticus (CS/SE) CRF details the explicit
study endpoints used to define the seizure severity and onset
of SE. Acute SE Onset and Acute Behavioral Observations.
If a study is relying solely on behavioral seizures and not
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EEG activity, the Racine scale is useful,95 but modifications
of this scale, or alternative observational strategies are also
appropriate as they align with the study goals.

Study design should be used to identify the study goals
(e.g., acute antiseizure or antiepileptogenesis). The SEmod-
els are amenable to acute pharmacologic interventions to
halt SE at various time points (e.g., pretreatment before the
administration of the chemoconvulsant or post-treatment
after the administration of the chemoconvulsant). The speci-
fic timing of pharmacologic intervention should be care-
fully designed to align with investigator objectives; for
example, a study might be designed to test the hypothesis
that a drug will prevent SE, whereas a disease-modification/
antiepileptogenesis study could be designed to test the
hypothesis that treatment will influence outcomes after
SE96. Drug testing and outcome measures. If a pharmaco-
logic intervention is used to arrest or attenuate SE activity,
the specific drug information, dose(s), route, formulation
vehicle, and timing of administration should also be
recorded. Often, in the case of post-SE studies, the SE insult
is terminated after a predetermined duration (e.g., 90 min in
chemoconvulsant models and 3–4 h in electrical stimula-
tion models) to reduce mortality (however, SE may recur
during subsequent hours because of the rapid elimination of
most ASDs used to halt SE). This also needs to be recorded
in the CRFs because it is likely to influence later outcome
measures if animals are to be used for studies of longer dura-
tion than acute SE intervention studies (e.g., antiepileptoge-
nesis). Investigational compounds can be administered at
relevant time points of interest (pre-SE onset, during active
SE, or into the latent period, or in the chronic phase of SRS),
with doses, source, route recorded in the CRF. Thus, use of
the CRF can assist investigators in comparing their data to
those in the literature and making consistent evaluations in
their own laboratories.

CRF: electrical stimulation model of status epilepticus:
SSLSE induced by continuous hippocampal stimulation

CRF Filename: 10 CS_ESE CRF.docx
CDE chart Filename: 10 CS_ESE CDE Chart.xlsx

Model-specific use of the CRFs and CDEs
Amygdala (lateral and basolateral nuclei), hippocam-

pus, and perforant path are the brain structures of the lim-
bic system in which area-specific stimulation paradigms
are most commonly applied to induce SE.79,89,97 The
advantage of using electrical stimulation models of SE
versus chemoconvulsant-based models of SE is that it is
possible to stop the stimulation as soon as SE becomes
self-sustained, that is, when SE continues after the epilep-
togenic stimulus is withdrawn. This feature allows tight
control of the severity of SE, thereby reducing the mortal-
ity (~10%), despite a high percentage of animals (>90%)
that develop self-sustained SE and TLE.95 Moreover, this
procedure allows a high-degree of consistency in the

response of individual animals, providing a drug-testing
platform that requires far fewer animals than other, more
variable models of post-insult-acquired epilepsy.98 Never-
theless, stimulation models require dedicated equipment
to deliver electrical stimulation, surgical preparation, and
are more time consuming.

The protocols below are suggested based on the continu-
ous hippocampal stimulation (CHS) paradigm originally
described by Lothman and colleagues.97 It should be noted
also that the model described below is for CSE induced by
electrical stimulation of the hippocampus, but the reader is
also referred to other examples wherein nonconvulsive ESE
is induced by continuous stimulation of the perforant path to
also subsequently lead to a TLE-like condition without hip-
pocampal sclerosis.99

CHS implant surgery
Experimental subjects are implanted bilaterally in the

temporal pole of the hippocampus (recommend coordinate
from bregma in male Sprague Dawley rats: AP �4.7 mm,
ML �5.0 mm, �5.0 mm below dura). The electrode coor-
dinates, metal type, formation (twisted/concentric), length,
and diameter are all essential to include in the CRF docu-
ments. The stimulation of the temporal aspect of the hip-
pocampus promotes a higher rate of inducing SE versus the
septal pole,97 but the investigator is encouraged to deter-
mine the specific location prior to embarking on a pharma-
cologic study. Electrodes should be tested with an Ohm-
meter before use to identify possible breaks in the insulation
as a consequence of the manufacturer process (especially
with twisted wire electrodes), which can result in stimula-
tion failure. As described originally, “the tips of the twisted
electrodes are cut with scissors at a 45-degree angle, with
the tips separated approximately 1 mm.”100

Electrical stimulation
As with any electrode implant surgery, animals should be

given several days (typically 7 days) to recover from surgi-
cal electrode implantation, and then at least 30 min of base-
line electroencephalographic (EEG) activity is recorded
before the afterdischarge threshold (ADT) is determined in
each rat using constant current stimulus (1 msec monopolar
square waves, 50 Hz for 2 s). Determination of the ADT is
done using an ascending stepwise procedure,99 which is
similar to that for CC50 or seizure threshold determination
described earlier.97 As an example, the initial current inten-
sity could be set at 50 lA; then the current is increased by
10 lA up to a maximal value of 250 lA by intervals of
1 min until one afterdischarge (AD) of at least 3 s duration
is elicited. Only animals with threshold values ≤250 lA (in
our experience approximately 90% of the implanted rats)
are used; the lack of AD induction in rats exposed up to
250 lA reduces the chances to successfully evoke SE.97

The duration of stimulation and other recording parameters
should thus be recorded on this CRF.
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Before electrical stimulation, EEG baseline hippocampal
activity in freely moving rats should be recorded for a rec-
ommended period for 24 h. Then, rats are unilaterally stim-
ulated according to the strain and gender in use. As an
example of stimulation procedure in male Sprague Dawley
rats, unilateral stimulation (same hemisphere of ADT) in
the hippocampus is introduced at 400 lA (50 Hz, 1 msec
biphasic square waves in 10 s trains delivered every 11 s) to
override postictal refractoriness.97 This stimulation para-
digm is applied for 9 min, followed by 1 min of “stimulus-
off” period, during which EEG and behavior seizure score
(according to Racine rating scale) are recorded.97,101,102

Together, the stimulation and the “stimulus-off” periods
constitute a 10 min epoch. In our experience, at least 6
epochs of stimulation will reliably induce self-sustained SE;
if this endpoint is not reached following 9 epochs of stimula-
tion, SE is unlikely to occur; thus the stimulation should be
stopped and the rat removed from further study.97 However,
the study goals will dictate the recording and stimulation
paradigm necessary. EEG SE has to occur for at least 30–
120 min after the end of CHS for the rats to be considered
positive for the development of self-sustained limbic SE
(SSLSE). However, as with all other models described for
pharmacologic studies, the investigator is encouraged to
determine the duration, frequency of stimulation, and other
stimulation induction parameters necessary to elicit SSLSE
in the strain in use. SE-induced mortality is not observed in
this model, unlike chemoconvulsant SE models. In this
regard, the electrical stimulation SE model is amenable to
pharmacologic studies.

CRF: focal kainic acid seizure induction
CRF Filename: 11 CS_fKASE CRF.docx
CDE chart Filename: 11 CS_fKASE CDE Chart.xlsx

Background of the focal kainic acid model
Although similar to other SE models due to the induction

of SE, the focal KA SE model is becoming increasingly
popular because it is associated with reduced mortality and
leads to frequent spontaneous electrographic discharges,
although convulsive seizures vary in frequency.103–106

Linking the CRF about SE induction to other CRFs about
the EEG will allow investigators to document the variables
associated with SE induction, as well as long-term record-
ings of spontaneous seizures (see Ono et al. in this special
issue).

Model-specific use of the CRF and CDEs
In addition to systemic KA administration, KA can be

focally injected in hippocampus, amygdala, or overlying
cortical sites to produce an ipsilateral epileptic focus in mice
or rats.94,104 Information concerning surgical procedures
should thus be recorded in the Surgery section. Kainic Acid
(KA). This diversity of methods is the reason that the CRF
needs to be clear about the use of KA. Information

concerning the focal injection site coordinates, KA source,
KA concentration, and infusion volume, and rate are all crit-
ical components to include in this CRF. SE Induction and
SE Assessment include important parameters concerning
how KA is administered to induce SE and the endpoints to
define SE onset itself. Once the SE induction procedure has
terminated and an animal is a candidate for pharmacologic
study, the study type should be accordingly noted in Study
Type (e.g., antiseizure or antiepileptogenesis). Drug Testing
and Outcome Measures. As with the previously described
CRF/CDE modules, this section should contain the relevant
drug administration parameters (e.g., pre- or post-treatment,
route of administration, and other outcome measures of the
fKASE model. It is important to note that the acute and
long-term animal disposition should also be recorded, for
example, frequency and duration of EEG recording and/or
duration of behavioral monitoring, as well as housing condi-
tions (single-housed, paired, etc.). Drug Administration
During Chronic Period (Antiseizure Study). Long-term
monitoring. Because the fKASE model is amenable to both
antiseizure and antiepileptogenesis studies, the long-term
monitoring parameters should be accordingly noted. This
includes whether animals are housed singly or socially, the
duration of monitoring, and whether behavioral comorbidi-
ties are assessed.

Conclusions
We presently provide the background and rationale for

designing CRFs and CDEs for pharmacologic approaches to
preclinical epilepsy research, focusing on animal models
that have made significant contributions to preclinical
development of clinically approved ASDs. The reader is
referred to the reference list for a more exhaustive descrip-
tion of the models presently detailed. The use of CDEs in
preclinical epilepsy research is gaining increasing priority
to harmonize approaches to data collection and scientific
methodology of these studies,5 as well as limit interinvesti-
gator variability. It is thus our intention that the CRFs and
CDEs developed and presented herein may provide a means
to further standardize laboratory approaches to preclinical
pharmacologic interventions in models of acute and chronic
seizures and epilepsy.
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