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    Chapter 11   

 Human Brain Tissue as a Model for the Study of Epilepsy                     

     Leonardo     Lara-Valderrábano    ,     Ivette     Bañuelos-Cabrera    , 
    Víctor     Navarrete-Modesto    , and     Luisa     Rocha      

  Abstract 

   Epilepsy surgery is widely used to treat pharmacoresistant epilepsy. This therapeutic strategy offers the 
opportunity to study human brain tissue in vitro. We describe three approaches that represent an excellent 
opportunity for the study of the underlying mechanisms of pharmacoresistant epilepsy: in vitro electro-
physiological recordings, in vitro procedures for receptor evaluation, and genomic analyses. These proce-
dures could allow individual diagnosis and personalized treatment for patients with pharmacoresistant 
epilepsy.  

  Key words     Temporal lobe epilepsy  ,   Human brain tissue  ,   Electrophysiology  ,   Receptor analysis  , 
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1      Introduction 

 The human epileptic brain exhibits unique network, cellular, and 
molecular properties. Therefore, using brain tissue from patients 
with mesial temporal lobe epilepsy (MTLE) is a fi rst-rate opportu-
nity to characterize the electrophysiological, histological, molecu-
lar, and genetic properties in this pathological condition. There is 
an increase of interest in the study of epilepsy directly in human 
tissue, estimated by  the   number of publications on this topic 
between 1976 and 2005 [ 1 ] (Fig.  1 ).

   Epilepsy is one of the most common neurologic disorders [ 2 ]. 
It is estimated that approximately 50 million people is affected with 
epilepsy worldwide [ 3 ]. Despite the severity and high prevalence of 
this disorder [ 4 ], the underlying neurobiology mechanisms associ-
ated with epilepsy are poorly understood. Indeed, most of what is 
known about epilepsy has been obtained from the research done in 
animal models. Studying human brain tissue in vitro offers a crucial 
opportunity for the understanding of the disease. The increment of 
epilepsy surgery [ 5 ] and its effectiveness to reduce pharmacoresis-
tant epilepsy [ 6 ,  7 ] has increased the availability of brain tissue from 
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patients with this disorder. In this review, we focus in the relevance 
of evaluating the human epileptic tissue using the following 
approaches: electrophysiology, receptor analysis, and genetic 
evaluation.  

2    Epilepsy and  In Vitro Electrophysiology   

 The fi rst topic to be addressed  is the electrophysiological approach 
to study the brain tissue obtained from patients with pharmacore-
sistant epilepsy. This situation allows us to explore directly the 
activity of human single neurons and networks of brain structures 
of patients with drug-resistant epilepsy (Fig.  2 ).

   Once the focus has been identifi ed, surgery often involves the 
resection of specifi c brain structures involved in the generation and 
propagation of the seizure activity [ 6 ]. It is essential to proceed fast 
in order to preserve the tissue in optimal conditions. After brain 
tissue samples have been excised, it is optimal to place them imme-
diately in ice-cold (4 °C)  artifi cial cerebrospinal fl uid (ACSF)   
gassed with a 95 % O 2 –5 % CO 2  mixture. The ACSF composition 
used for slice perfusion during electrophysiological experiments 
varies, but it generally includes (in mM): NaCl 124–129, KCl 2–4, 
CaCl 2  1.6–2.4, MgSO 4  1.3–2, NaH 2 PO 4  1.24–1.25, NaHCO 3  
21–26, and glucose 10 [ 1 ,  8 ]. When tissue transportation takes 
long periods (30 min), it is advised to use ACSF reduced in Na +  (to 
prevent hypoxia-induced Na +  infl ux) and α-tocopherol in addition 
(as a free radical scavenger) [ 9 ]. 

 The thickness of brain slices varies depending if the procedure 
involves the evaluation of individual neurons or networks. 
Commonly it goes from 300 to 750 μm [ 8 – 14 ], although it is recom-
mended a maximum of 600 μm for a proper slice oxygenation [ 1 ]. 

  Fig. 1    Histogram showing the number of publications containing “human brain tissue” in  PubMed search         
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It is important to consider that some types of epilepsy, such as 
mesial temporal lobe epilepsy (MTLE), are associated with neuro-
nal damage and hippocampal sclerosis [ 15 – 17 ]. This condition 
makes the tissue diffi cult to be penetrated by the pipette or elec-
trode. Also, the usual method to visualize neurons in patch- clamp 
mode (infrared differential interference contrast optics) could be 
diffi cult to implement. 

 Reports about the evaluation of human cortex unitary activity 
in vivo exist since 1956 [ 18 ]. Extracellular fi eld potentials or uni-
tary neuron recordings in vitro are valuable alternatives for the 
study of the underlying cellular mechanisms of epilepsy depending 
on the main goal of the study. Field potential recordings are used to 
study extracellular activity of network synchronization activity in 
hippocampal preparations [ 11 ] and synaptic plasticity properties 
[ 19 ]. This approach allows the description of spontaneous and 
rhythmic activity initiated in the subiculum, a condition that resem-
bles the epileptiform discharges recorded by intracranial electrodes 
[ 20 ]. Concurrent to fi eld potential recordings, other measurements 
as extracellular ionic concentrations can be assessed [ 21 ]. 

 The evaluation of unitary extracellular neuronal activity 
requires the incubation of the human brain tissue immediately 
after its resection [ 12 ]. The study of Schwartzkroin and Prince in 
1976 represents the fi rst evaluation of intracellular recording of 
neurons from the human cortex neurons [ 22 ]. These authors 
employed the same criteria used for assessing neurons of animal 

  Fig. 2    Schematic  representation   of the standard protocol used to evaluate electrophysiological activity in brain 
tissue obtained from patients with pharmacoresistant epilepsy. After slicing, the tissue is available for different 
techniques of electrophysiological recording ( right panels ); each one provides distinct kind of information 
depending on the aim of the study. For example, current-clamp allows the study of epileptiform activity and 
action potential dynamics of individual neurons; voltage-clamp could be used to analyze currents and channel 
properties; multielectrode arrays provide the opportunity of simultaneously stimulating and recording fi eld 
potentials, and/or action potentials in different areas of the tissue; fi eld potentials are used to evaluate multiple 
neuron activity of during epileptiform activity       
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cortex and used sharp electrodes (20–50 MΩ). The results obtained 
demonstrated that human cortical neurons present stable resting 
membrane potential (RMP), overshooting action potentials, and 
absence of rhythmic high-frequency spike fi ring. Although the 
number of neurons recorded was small, the authors stood out that 
the in vitro electrophysiology techniques can be used to obtain 
valuable data from human brain tissue [ 20 ,  22 – 24 ]. 

 The fi ring properties of human neurons evaluated by in vitro 
electrophysiology methods have shown to be similar to those iden-
tifi ed in rodents and other species [ 1 ,  24 ,  25 ]. Other important 
approach represents the evaluation of neurotransmitter effects. For 
example, when GABA is applied to the brain slice, it may exert 
inhibitory effects crucial for controlling cerebral excitability [ 10 ]. 
This situation is perturbed in the cerebral tissue of patients with 
pharmacoresistant epilepsy [ 26 ,  27 ]. The in vitro evaluation of the 
effects of other neurotransmitters such as acetylcholine, adenosine, 
histamine, norepinephrine, and serotonin reveals their effects and 
their contribution in the neuronal activity modulation [ 28 ]. 

 The electrophysiological activity should be correlated with the 
cell morphology. Cellular labeling with fl uorescent dyes as Lucifer 
yellow [ 23 ] or biocytin [ 24 ,  27 ] are techniques available for mor-
phological reconstructions after the electrophysiological evalua-
tion of the tissue. Morphological data of neurons in epileptic tissue 
should be carefully compared with data obtained from autopsies 
[ 29 ,  30 ]. Biocytin-fi lled neurons in combination with immuno-
chemistry [ 26 ] provide more information about the expression of 
particular proteins. 

 There are some approaches that reduce the clamp problems 
such as the dissociation of the cells or neuronal cultures [ 31 ]. The 
isolation of neurons allows the characterization of essential events 
for the neuronal excitability, such as the transient currents in neo-
cortical neurons [ 32 ]. The evaluation of astrocytes in cultures from 
medically intractable TLE allowed to establish that cells from the 
seizure focus exhibited action potential-like events in response to 
electrical stimulation [ 33 ]. 

 Another new approach is the evaluation of electrical activity by 
 multielectrode arrays (MEAs)  . This procedure allows the analysis of 
spatiotemporal dynamics of the epileptiform activity in specifi c net-
works, including the areas of seizure initiation and propagation. It 
also facilitates the analysis of effects induced by antiepileptic drugs 
at cellular and network levels, fi eld potentials, and action potentials 
of multiple neurons from diverse regions of the tissue [ 34 ]. 

 One of the most interesting perspectives of the evaluation of the 
cerebral tissue obtained from patients with pharmacoresistant epi-
lepsy using in vitro electrophysiology is the investigation on the 
mechanisms underlying the pharmacoresistance to antiepileptic 
drugs. For example, previous studies demonstrated that the blockage 
of sodium channels induced by carbamazepine (i.e., use- dependent 
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blocker of voltage-dependent sodium channels) is not detected in 
tissue obtained from some patients with pharmacoresistant epilepsy 
[ 35 ]. In another study, the modulation of Na +  currents induced by 
valproic acid was tested in isolated neurons from patients with and 
without hippocampal sclerosis. The cellular response to valproic acid 
was consistent with previous reports in animal models. In spite of the 
important damage found in patients with mesial sclerosis, they did 
not demonstrate differences in the biophysical properties of the volt-
age-gated sodium currents, when compared with the non-sclerotic 
tissue [ 36 ]. 

 It is evident that the in vitro electrophysiology approaches can 
contribute to trace the underlying cellular mechanisms of epilepsy 
and the screening of new antiepileptic drugs and their effects. This 
approach can be used to determine the fi nal diagnosis and subse-
quent individual therapy. However, it presents relevant limitations 
such as the scarce spontaneous epileptiform activity found in 
human  brain slices possibly due to the isolation of complex net-
works from other brain areas.  

3    Evaluation of Receptor Changes in Human Brain Tissue 

 A receptor is a cellular  macromolecule,    or an assembly of macro-
molecules, that is involved in chemical signaling between and 
within cells [ 37 ]. Receptors should present at least the following 
characteristics to identify them: (1) Binding, specifi c, and saturable 
ligand binding are hallmarks of receptors. (2) Affi nity, the ability of 
a drug to bind to the specifi c receptor to form the drug-receptor 
complex. The dissociation constant (Kd) or affi nity of most recep-
tors for their ligands is in the nanomolar or subnanomolar range. 
(3) Ligand binding to the receptors should be able to activate sig-
naling pathways to trigger physiological responses [ 38 ]. 

 The evaluation of the tissue of patients with epilepsy represents 
a great opportunity to investigate receptor changes associated with 
this disorder such as number, affi nity, binding, and coupling to 
transduction mechanisms. The knowledge obtained allows the 
design of new therapeutic strategies to strengthen or inhibit trans-
ductional mechanisms [ 39 ]. Receptors in the cerebral tissue of 
patients with epilepsy have been evaluated through different 
in vitro and in vivo techniques. The method of choice depends 
upon the aim of the study. 

 Western blot is a useful procedure to determine changes in 
the protein expression of the receptors [ 40 ]. In general, the 
 methodology for Western blot is as follows: samples of human 
brain tissue are suspended in lysate buffer containing protease 
inhibitor cocktail including 50 mM HEPES buffer, 0.05 % 
Triton X-100, 0.62 mM phenylmethylsulfonyl fl uoride, and 
20 mM sodium molybdate. Proteins from tissue are isolated by 
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electrophoresis using 8 % SDS-polyacrylamide Tris-glycine gels. 
Once separated, the proteins are transferred to a membrane of 
nitrocellulose in which each protein is located in specifi c bands 
according to the molecular weight. The membrane is then incu-
bated with specifi c antibodies to label the protein of interest. The 
thickness and density of the band corresponds to the amount of 
protein present [ 40 ,  41 ]. Although the results obtained from 
Western blot experiments give information about the protein 
expression of specifi c receptors, they do not give data about the 
capacity of these proteins to bind specifi c agonists and induce 
transductional mechanisms. 

 Some in vivo and in vitro techniques are useful to determine 
receptor binding changes in the brain of patients with epilepsy. 
Positron emission tomography (PET) is an in vivo procedure that 
let us identify the distribution and density of specifi c receptors in 
specifi c brain areas of patients with epilepsy (Fig.  3a ). This proce-
dure involves the systemic administration of ligands that may label 
particular receptors. However, be cautious regarding the interpre-
tation of results due to the presence of endogenous ligands in the 
brain that may compete with the exogenous ligands.

   In vitro autoradiography is a useful procedure to label specifi c 
receptors and proteins involved in the transductional mechanisms 
in brain sections obtained from patients with pharmacoresistant 
epilepsy and submitted to epilepsy surgery. In vitro autoradiogra-
phy procedures avoid endogenous ligands and give information 
about the anatomical localization of the receptors (Fig.  3b ) [ 42 ]. 

 For in vitro autoradiography, brain sections are exposed to 
ligands labeled with a radioactive isotope and subsequently exposed 
to a fi lm [ 43 ,  44 ]. The more commonly used isotopes for in vitro 
autoradiography are the following:  3 H gives the highest resolution 
and is used to label proteins, nucleic acids, and other molecules 
frequently involved in binding assays;  14 C replaces the nonradioac-
tive carbon in order to trace chemical and biochemical reactions 
involving pharmacological substances; and  35 S is used to label pro-
teins, nucleic acids, and amino acids containing a thiol group [ 45 ]. 

 The in vitro autoradiography experiments can be carried out 
using brain sections of patients with pharmacoresistant epilepsy. 
Initially, the brain sections are washed to remove endogenous 
ligands and then incubated in a solution containing the specifi c 
radioligand at a concentration necessary to occupy 50 % of recep-
tors (Kd) [ 39 ]. Nonspecifi c binding has to be detected in parallel 
sections from the same tissue and incubated under similar experi-
mental conditions but including a high concentration of a non- 
labeled ligand (a concentration 500–1000 higher than that used 
for the  3 H-ligand). Specifi c binding is obtained from the difference 
between nonspecifi c and total binding. After incubation, the sec-
tions are rinsed in buffer, dipped into distilled water, and dried 
under cold air stream. The dried sections are exposed to a sensitive 
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fi lm together with standards of the isotope used. After the expo-
sure period, the fi lm is developed and used to determine optical 
densities of specifi c brain areas. The optical density is converted to 
radioactivity values (dpm/mm 2 ) and then to amount of receptors 
(fmol/mg protein) [ 46 – 48 ]. 

 The in vitro autoradiography allows to determine the distribu-
tion of receptors labeled with a specifi c ligand in selected brain 
areas of patients with pharmacoresistant epilepsy [ 43 ,  49 ]. The 
results obtained will depend on the affi nity and number of recep-
tors labeled. However, in vitro autoradiography is not an appropri-
ate procedure to determine specifi c characteristics of the receptor 
binding like maximal binding (Bmax) and affi nity (Kd). 

 Binding of an agonist to its receptor induces conformational 
changes in the receptor molecule. This situation leads to activation 

  Fig. 3    Schematic representation of in vivo positron emission tomography (PET) ( a ) and in vitro  autoradiography 
  ( b ) procedures. Notice that in PET radiolabeled ligands compete with the endogenous ligands for the binding 
site in the receptors. In contrast, for autoradiography, the radioligand binds directly to the receptors because 
the endogenous ligands were previously washed       
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of the G protein, a process during which the α subunit replaces the 
GDP with GTP. Functional autoradiography is a technique used to 
know if the receptor is capable to activate this reaction and subse-
quent transductional signaling pathways. During the functional 
assay, the tissue is exposed to [ 35 S]-GTPγS that is resistant to 
hydrolysis. This situation provokes that [ 35 S]-GTPγS replaces the 
GDP upon receptor activation and remains irreversibly bound to 
the G proteins [ 39 ,  42 ]. 

 To perform functional autoradiography, the sections are ini-
tially dipped in assay buffer (50 mM Tris, 3 mM MgCl 2 , 0.2 mM 
EGTA, 100 Mm NaCl, pH 7.4) at 25 °C for 10 min and then 
incubated with 2 mM GDP in assay buffer for 30 min at 
25 °C. Thereafter, the process involves different assays in parallel 
sections under different conditions (Table  1 ). The specifi c binding 
results from the difference between the values obtained from the 
basal and nonspecifi c binding assays. At the end of each assay, slides 
are rinsed twice, 2 min each in 50 mM Tris–HCl buffer and once 
in deionized H 2 O at 4 °C. Slices are dried overnight and exposed 
to fi lm for 5 days in fi lm cassettes containing [ 14 C] microscales. A 
standard curve is generated from [ 14 C] microscales values. Optical 
density readings are converted into nanocuries of [ 35 S] per 
 milligram of tissue. Net agonist-stimulated [ 35 S]-GTPγS binding is 
calculated by subtracting basal binding (obtained in absence of 
agonist) from agonist-stimulated binding [ 46 ,  50 ].

   A main limitation of the [ 35 S]-GTPγS autoradiography is that 
not all the G proteins can be detected with this method due to 
their low number or effi ciency. In addition, it results diffi cult to 
identify the types of G proteins labeled with [ 35 S]-GTPγS [ 42 ,  51 ]. 

 Binding assays in membranes are valuable procedures to deter-
mine important receptor characteristics such as Bmax (propor-

   Table 1  
  Experimental conditions  to   implement functional autoradiography   

 Basal activity  G proteins are evaluated in presence of 2 mM GDP and 40 pM 
[ 35 S]-GTPγS. No agonists are included in the assay 

 Agonist-stimulated 
[ 35 S]-GTPγS 

 This step is carry out in presence of 2 mM GDP, 40 pM [ 35 S]-GTPγS, and a 
receptor agonist at a concentration necessary to produce maximal stimulation 
(μM) of the G proteins. The [ 35 S]-GTPγS labels the G proteins activated as 
consequence of the agonist 

 Antagonist blockade 
of agonist- 
stimulated 
[ 35 S]-GTPγS 

 A parallel assay has to be focused to evaluate the specifi city of the receptor that 
activates the labeled G protein. The assay is carry out according to the 
conditions described for the agonist-stimulated [ 35 S]-GTPγS but containing 
a specifi c antagonist at a concentration that blocks >90 % of the receptor- 
induced G protein activation 

 Nonspecifi c binding  The assay is similar to the agonist-stimulated [ 35 S]-GTPγS but with an excess of 
unlabelled GTPγS (10 μM). 
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tional to the number of receptors present in the brain tissue), Kd 
(equilibrium dissociation constant), Emax (concentration of an 
agonist to produce maximal stimulation), and potency of stimula-
tion (EC 50 ). 

 Binding assays can be used to determine changes in Bmax and 
Kd, and [ 3 H] is the most frequently used isotope for this purpose. 
For this procedure, brain tissue (~50 mg) is thawed and homoge-
nized into a mixture of ice-cold 50 mM Tris–HCl and 1 mM 
EGTA, pH 7.4. After centrifugation (13,000 rpm, 20 min, 4 °C), 
the pellet is resuspended in 10 ml of 50 mM Tris–HCl buffer solu-
tion (pH 7.4) and centrifuged again. The resulting pellet (crude 
membranes) is suspended in incubation buffer (50 mM Tris–HCl, 
5 mM MgCl 2 , pH 7.4). Receptor binding assays are performed in 
triplicate in 0.5 ml of incubation buffer containing membranes 
(30–70 μg protein) and in presence of different concentrations of 
the radioligand with and without a non-labeled ligand. Specifi c 
binding is determined by subtracting the binding in the presence 
of non-labeled ligand from total binding. Incubations are termi-
nated by rapid fi ltration through Whatman GF/C fi lters presoaked 
in 0.3 % polyethylenimine. Filters are washed three times with ice- 
cold 50 mM Tris–HCl buffer (pH 7.4), dried, and then immersed 
in Sigma-Fluor™ scintillation cocktail (Sigma). Radioactivity is 
determined using a Beckman LS6000SC liquid scintillation coun-
ter. Data are expressed in fmol/mg of tissue. 

 Binding assays in membranes can be also used to evaluate the 
ligand-induced activation of G proteins subsequent to the receptor 
stimulation (Emax and EC 50 ). The binding assays are as follows: 
brain tissue (~50 mg) is thawed and individually homogenized in 
10 mM Tris–HCl solution containing 1 mM EGTA (pH 7.4) and 
centrifuged (10 min, 1800 rpm, 4 °C). The supernatants are col-
lected and centrifuged at 13,000 rpm (20 min, 4 °C) and the pellet 
obtained is incubated (30 min, 30 °C) in 5 ml of assay buffer (50 mM 
Tris–HCl, 100 mM NaCl, 0.2 mM EDTA, pH 7.4). The incubation 
is stopped with the addition of 10 ml of ice-cold buffer. The obtained 
membranes are incubated (60 min, 60 °C) in 0.5 ml of assay buffer 
containing 0.02 % bovine serum albumin, [ 35 S]-GTPγS (50 pM), 
and increasing concentrations (10 −10 –10 −6  M) of a selective receptor 
agonist in the presence of excess GDP (10 μM). Basal binding is 
measured in the absence of the tested compound. Nonspecifi c bind-
ing is determined in the presence of 20 μM unlabeled GTPγS and 
subtracted from total binding to calculate the specifi c binding. The 
reaction is initiated by adding [ 35 S]-GTPγS and terminated by fi ltra-
tion of the samples through Whatman GF/B glass fi ber fi lters. Filters 
are washed three times with ice-cold 50 mM Tris–HCl buffer (pH 
7.4), dried, and dipped in Sigma-Fluor™. Finally, bound radioactiv-
ity is determined using a liquid scintillation counter. Data are 
 subjected to nonlinear regression analysis of concentration effect 
curves performed by Prism (GraphPad Software) to determine Emax 
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and EC 50  values. Data are expressed in percentage of stimulation or 
in fmol/mg of protein [ 52 ]. 

 One important limitation of the binding assays is that the 
changes evaluated correspond to big areas of the  cerebral tissue. 
This procedure does not allow the evaluation of small brain areas.  

4    Genomic Analysis of Brain Tissue from Patients with  Pharmacoresistant 
Epilepsy   

 According to the dogma of  molecular biology (Fig.  4 ), nucleic 
acids (DNA and RNA) and proteins, through the processes of rep-
lication, transcription, and translation, are key to perform genomic 
analyses. These represent the main tools in research, diagnosis, 
evaluation, treatment, and prognosis of many diseases, including 
various types of epilepsies. At present, genetic alterations are con-
sidered relevant in the development of epilepsy [ 53 ] and various 
types of seizures, such as juvenile myoclonic epilepsy [ 54 ]. It is 
important to consider that some of the studies that demonstrate 
the role of genes in the development of epilepsy and the associated 
pathological processes (e.g., drug resistance and hippocampal scle-
rosis) have been carried out using tissue obtained from patients 
subjected to epilepsy surgery [ 55 ].

   When the cerebral tissue is removed from the human body, the 
neuronal cells begin to die. During this process, there is an activa-
tion of specifi c caspases that in turn activate endo- and exonucle-
ases responsible for the degradation of RNA [ 56 ]. In contrast with 
DNA, which has a double-stranded arrangement and a chemical 
structure that favors its preservation, RNA is more labile and sensi-
tive to degradation due to its single-stranded conformation while 
the presence of ribose facilitates the reaction with oxygen [ 57 ]. 
Therefore, the experimental conditions to manipulate postsurgical 

  Fig. 4    Central dogma  of   molecular biology. Notice the different methodological approaches that can be carried 
out to evaluate DNA, RNA, and protein expression       
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tissue are essential to maintain the quality of proteins and nucleic 
acids and give validity and reliability to the results obtained [ 58 ]. 

 In practice, after surgical resection, the epileptic tissue should 
be immediately frozen and stored at −80 °C for the subsequent 
mRNA evaluation. Low temperatures (−60 °C or lower) prevent 
the activation of caspases and hence the degradation of nucleic 
acids and proteins [ 59 ]. However, RNA seems to maintain some 
reactivity at low temperatures. RNases and some ribozymes are still 
active at −20 °C and −70 °C, respectively [ 60 ,  61 ]. At present, 
there are commercial compounds such as RNAlater ®  (Qiagen) 
which are useful to stabilize and protect the structure of cellular 
RNA and prevent its oxidation. Formalin fi xation with paraffi n 
embedding represents other procedure for mRNA preservation 
and maintaining histology [ 62 ]. With this procedure, the proteins 
are kept whole and the DNA can be isolated with very good quality 
for several years after [ 63 – 65 ]. Other important factor for consid-
eration is the period of storage. The integrity of nucleic acids and 
proteins are compromised when the tissue is stored for long peri-
ods after the surgical resection. 

 Some considerations are relevant to keep in mind when isolat-
ing nucleic acids or proteins obtained from cerebral tissue: (1) one 
must work on ice and under complete sterile conditions; (2) the 
use of inhibitors of endo- and exonucleases in the case of nucleic 
acids is essential, and protease inhibitors in the case of proteins, (3) 
the material must be treated with diethylpyrocarbonate (DEPC) to 
0.1 %, which is a potent inhibitor of RNase [ 66 ]. 

 The nucleic acid isolation of cerebral tissue from patients with 
epilepsy is often achieved by common protocols. However, isola-
tion of DNA, RNA, and proteins has to be done separately if we 
want to preserve the quality of the molecules. For DNA isolation, it 
is necessary to use extraction with organic solvents such as ethanol 
or acetone. This procedure preserves the DNA of high molecular 
weight. The RNA is isolated by phenol–chloroform extraction in 
addition to commercial solutions of guanidine isothiocyanate and 
ammonium thiocyanate (e.g., TrizolThermoFisher Sci.). Proteins 
are isolated through different buffers containing detergent and 
ionic salts. Once the RNA is obtained, it is necessary to confi rm its 
purity and integrity. The purity is determined by commonly used 
 spectrophotometric assays, according to the ratio 260/280 nm. 
Using this procedure, an index of 1.8 for DNA and RNA 2 indi-
cates high purity, whereas lower values indicate contamination with 
proteins or organic solvents. The integrity is determined by electro-
phoretic assays using 1 % agarose gel. Using this procedure, a single 
band must be observed for DNA (no sweep), while for the RNA, it 
is common to detect electrophoretic migration patterns of the 28S, 
18S, 5.8S, and 5S ribosomal subunit. These values represent the 
RNA integrity number (RIN) [ 67 ]. Pure samples of DNA should 
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be stored in solution because their dehydration leads to denatur-
ation. In contrast, the RNA is best preserved dehydrated [ 59 ]. 

 Concerning epilepsy and regardless of the level and the tech-
niques used, the study of patients with this disorder is focused on the 
search for the “epilepsy gene.” Unfortunately this approach is uto-
pian because it is impossible to attribute the cause of epilepsy to a 
single gene since it represents a multifactorial disorder from a physi-
ological point of view [ 68 ]. Also, the molecular analysis of genes has 
to be associated with different factors, such as type of epilepsy, the 
epileptic focus, the treatments administered prior to surgical resec-
tion, whether or not it is drug resistant, and other clinical variables. 

 Despite the plurality in studies, when a search in PubMed 
(NCBI) is performed with the words “epilepsy and genes in 
humans,” they found only 6285 items, in which research ranges 
from the characterization and analysis of gene expression (the gene 
encoding the GABA A  receptor subunit  δ  [ 69 ]) to variants associa-
tions (atypical variants, p.G257R, p.R323Q, p.I389V in GABA A  
receptor associated with Rolandic epilepsy [ 70 ]), polymorphisms 
and mutations (the SNP c.3435C > T in the MDR1 gene encoding 
the P-glycoprotein transporter [ 71 ]), identifi cation and global 
study of microRNAs (miRNAs such as miR-204 and miR-218 that 
are downregulated in patients with TLE [ 72 ]), identifi cation of 
biomarkers (TGFβ1 that is increased in CSF of patients with drug- 
resistant epilepsy [ 73 ]), epigenomic analysis (hypermethylation- 
associated genes observed in neurotransmission and synaptic 
transmission in patients with TLE [ 74 ]), and inheritance (the dele-
tion of 18q21.32 relatives inherited from a family with cases of 
idiopathic epilepsies [ 75 ]). Thanks to all the studies using tissue of 
patients with epilepsy, many genetic aspects of the disease have 
been identifi ed. However, there is still a long way to go in under-
standing the mechanisms. An undeniable fact is that studies of 
gene expression have opened the door to a new era where the fi nal 
goal is the optimization  and customization of treatments, thus 
improving the quality of life of patients.  

5     Autopsy and Control   Human Tissue 

 A good  research design should always consider a control condition 
to eliminate variables that could lead to the wrong conclusion. The 
evaluation of human brain tissue of patients with epilepsy implies 
the analysis of control tissue obtained from neurologically healthy 
subjects. However, this situation is diffi cult to obtain. 

 Appropriate controls represent a crucial situation that must be 
addressed when human tissue is used for electrophysiology record-
ings [ 76 ]. It is clear that normal tissue samples cannot be used for 
comparison for obvious ethical causes. Resected samples of non- 
epileptic patients due to removal of deeply laying tumors have been 
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used as “control tissue” [ 65 ]. Nevertheless, this tissue is not ade-
quate for comparison because it comes from patients with a differ-
ent pathology. 

 Many studies include the evaluation of autopsy samples 
obtained from subjects who died of different causes and without 
evidence of neurological illness. However, it is important to con-
sider various antemortem and postmortem factors that can directly 
impact on the quality and therefore the validity of the results 
obtained from autopsy samples. For example, the evaluation of 
nucleic acids from autopsies is particularly diffi cult (Table  2 ) [ 76 , 
 77 ]. Indeed, there are controversial studies indicating that the 
RNA of the brain tissue is stable and preserves integrity even sev-
eral hours after death [ 78 ,  79 ], while other studies suggest a rapid 
and defi nitive RNA degradation as the postmortem interval pro-
gresses  [ 76 ,  80 ].

6       Concluding Remarks 

 Certain epilepsy animal models have received great acceptance as 
they exhibit similar development of spontaneous seizures and a 
spectrum of histological changes like those of showed by patients 
with epilepsy [ 81 ]. However, the study of brain tissue obtained 
from patients with pharmacoresistant epilepsy provides valuable 
information about human epilepsy pathophysiology [ 22 ] and 
represents an excellent tool for individual diagnosis and special-
ized treatment. Indeed, correlations between the results obtained 
and different clinic data from the patients with pharmacoresis-
tant epilepsy represent a valuable procedure to identify the pos-
sible infl uence of relevant conditions that can be manipulated to 
modify the expression of the disease.     

   Table 2  
  Factors that affect  the   quality of the brain samples for molecular studies 
in epilepsy   

 Antemortem  Postmortem 

 Diseases  Postmortem interval (PMI) 

 Premedication  Structural alterations of the pathophysiology of epilepsy 
(hippocampal sclerosis and cortical dysplasia) 

 Fever  pH of the brain or cerebrospinal fl uid 

 Hypoxia-ischemia  Ambient temperature in the postmortem period 

 Acidosis  Harvesting procedures 

 Agonal conditions  Storage temperature 

 Accidental or systematic thawing and refreezing 
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