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A ketogenic diet did not prevent effects on the ectonucleotidases
pathway promoted by lithium-pilocarpine-induced status
epilepticus in rat hippocampus
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Abstract A Ketogenic Diet (KD) mimics the anticonvul-
sant effects of fasting, which are known to suppress seiz-
ures. The purinergic system has been investigated in the
matter of epilepsy development, especially the nucleoside
adenosine, which has been considered a natural brain anti-
convulsant. During epileptic seizures, extracellular adeno-
sine concentration rises rapidly to micromolar levels.
Adenosine can exert its anticonvulsant functions, after
its release by nucleoside bidirectional transport, or by pro-
duction through the sequential catabolism of ATP by ecto-
nucleotidases, such as E-NTPDases (ectonucleoside
triphosphate diphosphohydrolases) and ecto-5′-nucleotid-
ase. Here, we have investigated the effect of a ketogenic
diet on the nucleotide hydrolysis and NTPDases expression
in the lithium-pilocarpine (Li-Pilo) model of epilepsy. For
the induction of Status Epileticus (SE), 21-day-old female
Wistar rats received an i.p. injection of lithium chloride
(127 mg/kg) and 18–19 h later an i.p. injection of pilocar-
pine hydrochloride (60 mg/kg). The control groups received

an injection of saline. After induction of SE, the control and
Li-Pilo groups received standard or ketogenic diets for
6 weeks. The lithium-pilocarpine exposure affected the
ATP (a decrease of between 8 % and 16 %) and ADP (an
increase of between 18 % and 22 %) hydrolysis in both
groups whereas the diet did not impact the nucleotide hy-
drolysis. NTPDase2 and 3 mRNA expressions decreased in
the Li-Pilo group (41 % and 42 %). This data highlights the
participation of the purinergic system in the pathophysiolo-
gy of this model of epilepsy, since nucleotide hydrolysis and
NTPDase expressions were altered by Li-Pilo exposure,
with no significant effects of the ketogenic diet. However,
the interaction between purinergic signaling and a ketogenic
diet on epilepsy still needs to be better elucidated.

Keywords Ketogenic diet . Ecto-nucleotidases . Status
epilepticus . Rat hippocampus

Introduction

The Ketogenic Diet (KD) was initially devised in 1921 to
mimic the anticonvulsant effects of fasting, which were known
to suppress seizures (Wilder 1921). Despite its long history of
clinical use, it is still not entirely clear how a KD affects the
brain and what mechanism(s) underlies its seizure-suppressive
action. Because both a KD and fasting have beneficial effects
on epilepsy, it has been assumed that they share a common
mechanism in alleviating seizures (Schwartzkroin 1999;
Janigro 1999). Besides, both a KD and fasting produce elevated
blood levels of β-hydroxybutyrate (β-OHB) and acetoacetate,
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it has been speculated that ketosis may have a beneficial
effect upon brain seizure resistance. In addition to ketosis,
other changes associated with a ketogenic diet might affect
seizure activity. For example, changes in energy metabolism,
in the lipid composition of cell membranes, in the level of brain
water content, and in brain pH, have all been suggested as to
playing a role in seizure suppression (Schwartzkroin 1999;
Janigro 1999).

Temporal lobe epilepsy (TLE) is the most common form
of human epilepsy. Patients often have a clinical history,
including an initial precipitating injury (febrile convulsions,
Status Epilepticus (SE) or trauma), followed by a latent
period of several years, before the emergence of complex
partial seizures (Jutila et al. 2001). The lithium-pilocarpine
(Li-Pilo) model reproduces the most clinical, temporal and
neuropathologic features of human TLE (Turski et al. 1989;
Cavalheiro 1995; Dubé et al. 2001a, b). In adult rats, the
systemic injection of pilocarpine associated with lithium
leads to partial seizures and SE. This acute phase is followed
by a latent seizure-free phase, preceding the expression
of spontaneous recurrent seizures (SRS), which can be
]observed until death (Cavalheiro 1995; Dubé et al. 2001a,
b; Rigoulot et al. 2004).

Systemic administration of a large dose of pilocarpine leads
to excessive cholinergic stimulation in the brain, which is
manifested as an alteration in electro-encephalographic activ-
ity, cell damage and convulsions (Cavalheiro et al. 1987;
Turski et al. 1989). Pre-treatment with lithium has been found
to potentiate the seizure activity induced by pilocarpine
(Honchar et al. 1983), which may be prevented by either
cholinergic antagonists or anticonvulsive drugs (Morrisett et
al. 1987a, b).

The involvement of the purinergic system in the physio-
pathology of epilepsy has been discussed at length
(Abbracchio et al. 2009). The nucleoside adenosine has
been considered to be a natural brain anticonvulsant
(Boison 2005). In the healthy brain, the development and
spread of seizures is thought to be prevented by a tonic
anticonvulsant effect, mediated by endogenous adenosine,
which is kept in the range of 25–250 nM (Dunwiddie and
Masino 2001; Fredholm et al. 2001). However, during sit-
uations of metabolic stress, such as epileptic seizures or
during periods of oxygen stress, extracellular adenosine
concentration rises rapidly to micromolar levels, which is
then able to activate all types of adenosine receptors
(Berman et al. 2000; Pedata et al. 2001).

The enhancement of purinergic transmission, mediated
through adenosine A1 receptors agonist, has potentiated the
protective activity of classical antiepileptic drugs (AEDs)
(Borowicz et al. 2002). In this way, several approaches to
reduce seizure damage are focused in an increase in adeno-
sine levels, through adenosine administration and adenosine
kinase inhibitors (Boison and Stewart 2009). Adenosine can

exert its anticonvulsant functions, after its release by nucle-
oside bidirectional transport, or by production through
sequential catabolism of ATP by ectonucleotidases,
such as E-NTPDases (ectonucleoside triphosphate diphos-
phohydrolases) and ecto-5′-nucleotidase (Battastini et al.
1991; Bianchi and Spychala 2003; Robson et al. 2006;
Zimmermann 2006). The augmentation of extracellular
ATP in seizure-prone mice was suggested to be possible
owing to decreased brain ATPase activity (Wieraszko and
Seyfried 1989). In fact, animal models of epilepsy and
convulsion, through exposure to pentylenetetrazole, pilocar-
pine and kainic acid, have been shown to alter the activity of
ectonucleotidases (Bonan et al. 2000; Bruno et al. 2003). E-
NTPDases are membrane-bounded enzymes with a catalytic
site located in the extracellular medium that sequentially
converts nucleosides triphosphates in monophosphates,
especially the physiologically actives ATP and ADP
(Zimmermann 2001). This family of enzymes includes eight
members, identified as NTPDase1 to 8. While four of the
NTPDases are cell-surface-located enzymes with an extra-
cellularly facing catalytic site (NTPDase 1, 2, 3 and 8), the
other four members have intracellular localization (Robson
et al. 2006). These eight members of NTPDases enzymes
have a considerable variation of hydrolysis rates and are the
main source of AMP. Ecto-5′-nucleotidase hydrolyses
monophosphate nucleosides, such as AMP, is directly in-
volved in adenosine production in the extracellular medium
(Bianchi and Spychala 2003). On other hand, the astrocyte-
specific enzyme adenosine kinase (ADK) constitutes a ma-
jor metabolic uptake system for adenosine, and therefore,
largely regulates extracellular levels of adenosine (Boison
2008; Wetherington et al. 2008). Reduction of ADK expres-
sion has been seen after a KD treatment (Masino et al.
2011). In general, this myriad of enzymes contributes to
control the level of nucleosides and nucleotides in the ex-
tracellular medium, promoting the regulation of nucleotide-
mediated signaling of purinoceptors.

Considering the suggestion of purines as mediators of a
ketogenic diet neuroprotective action and the important role
of the ectonucleotidases pathway regarding the control of
extracellular purine levels, the aim of this study was to
evaluate the effect of a ketogenic diet on the nucleotide
hydrolysis and NTPDases expressions in the pilocarpine
model of epilepsy.

Experimental procedures

Materials

Nucleotides (ATP, ADP and AMP), Percoll, Trizma Base,
Malachite Green Base, Comassie Brilliant Blue G, EDTA,
HEPES and Pilocarpine Hydrocloride were purchased from
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Sigma, St. Louis, Mo, U.S.A. All other reagents were of
analytical grade.

Animals

21-day-old female Wistar rats came from the local breeding
colony. They were maintained on a 12-h light/dark cycle in a
ventilated room at 21 °C with free access to food and water.
Rats were housed in groups of 4 animals per box. Each box
had animals of the same experimental group. All animal
procedures were in accordance with the National Institutes
of Health Guide for the Care and Use of Laboratory
Animals.

Lithium-pilocarpine-induced SE

At 21 days old, 24 rats received an i.p. injection of lithium
chloride (127 mg/kg); 18–19 h later, rats received an i.p.
injection of pilocarpine hydrochloride (60 mg/kg), for the
induction of SE. The control groups received an injection of
the same amount of normal saline (n011). After pilocarpine
injection, all rats progressed to SE. The onset of SE was
characterized by initial immobility and chewing, followed
by repetitive clonic activity of the trunk and limbs. The rats
then developed repeated rearing with forelimb clonus and
falling, interspersed with immobility, chewing, and myo-
clonic jerks, occurring singularly, or in series (Zhao et al.
2004). Two (8.33 %) of the SE rats died. Twenty-four hours
after the induction of SE, the rats received the diets as
described below.

Diets

In the present study we chose a KD with 25 % protein in
order to avoid undernutrition effects in the rats (Table 1).
The animals were divided into four groups: The control
group (submitted to an injection of saline and received
standard diet (SD); n05); The KD group (submitted to an
injection of saline and received KD; n06); The Li-Pilo
group (submitted to lithium-pilocarpine–induced SE and
received SD; n 011); and the Li-Pilo + KD group (submitted
to a lithium-pilocarpine-induced SE model and received
KD; n011). All rats consumed food and water ad libitum
for 6 weeks. At the end of the treatments they were with
9 weeks old.

Isolation of blood serum fraction and ketonemia
determination

The rats were decapitated and drained from the cut surface.
The blood samples were drawn and immediately centrifuged
at 3,000 r.p.m. for 5 min at room temperature and the
Ketonemia was determined by a semiquantitative kit (Keto-

Diabur-Test®5000) from Roche Diagnostics (Mannheim,
Germany).

Subcellular fraction preparation

The animals were killed by decapitation and their brains
were removed and placed into an ice-cold isolation medium
(320 mM sucrose, 5 mM HEPES, and 0.1 mM EDTA, pH
7.5) and were immediately dissected on ice. The total hip-
pocampi were gently homogenized in 5 volumes of ice-cold
isolation medium with a motor-driven Teflon-glass homog-
enizer. The synaptosomes were isolated as described previ-
ously (Nagy and Delgado-Escueta 1984). Briefly, 0.5 ml of
crude mitochondrial fraction was mixed with 4.0 ml of an
8.5 % Percoll solution and layered onto an isosmotic
Percoll/sucrose discontinuous gradient (10 %/16 %). The
synaptosomes that banded at 10 %/16 % Percoll interface
were collected with wide tip disposable plastic transfer
pipettes. The synaptosomal fractions were washed twice at
15,000 × g for 20 min with the same ice-cold medium to
remove the contaminating Percoll and the synaptosome
pellet was re-suspended to a final protein concentration of
approximately 0.5 mg/ml. The material was prepared fresh
daily and maintained at 0–4 °C throughout preparation.

Enzyme assays

The reaction medium used to assay the ATP and ADP
hydrolysis from hippocampal synaptosomes was essentially
as described previously (Battastini et al. 1991) and

Table 1 Composition of control and ketogenic diets

Control g/100 g Ketogenic g/100 g

Lard 4,5 Lard 65,5

Soy oil 0,5 Soy oil 2,0

Soy proteina 25 Soy Proteina 25

Fiber 1,0 Fiber 1,0

Salt Mixb 4,0 Salt Mixb 4,0

Vitamin Mixc 1,0 Vitamin Mixc 1,0

DL-methionined 0,3 DL-methionined 0,3

Carbohydrates 63,7 Carbohydrates 1,2

a Soy protein purity 92 % (BUNGE)
bMineral mixture (Roche, São Paulo, Brazil), mg/100 g of ration:
NaCl, 557; Kl, 3.2; KH2PO4, 1,556; MgSO4, 229; CaCO3, 1,526;
FeSO4 _7H2O, 108; MnSO4 _ H2O, 16; ZnSO4 _ 7H2O, 2.2; CuSO4
_ 5H2O, 1.9; and CoCl2 _ 6H2O, 0.09
c Vitamin mixture (Roche, São Paulo, Brazil), mg/100 g of ration:
vitamin A, 4; vitamin D, 0.5; vitamin E, 10; menadione, 0.5; choline,
200; PABA 10; inositol 10 mg; niacin, 4; pantothenic acid, 4; ribofla-
vin, 0.8; thiamin, 0.5; pyridoxine, 0.5; folic acid, 0.2; biotin, 0.04; and
vitamin B-12, 0.003
d DL-methionine (Delaware, Porto Alegre, Brazil)
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contained 5.0 mM KCl, 1.5 mM CaCl2, 0.1 mM EDTA,
10 mM glucose, 225 mM sucrose and 45 mM Tris–HCl
buffer, pH 8.0, in a final volume of 200 μl. The reaction
medium used to assay the 5′-nucleotidase activity (AMP
hydrolysis) contained 10 mM MgCl2, 0.1 M Tris–HCl, pH
7.0, and 0.15 M sucrose in a final volume of 200 μl
(Heymann et al. 1984). The synaptosomal preparation (10–
20 μg protein) was added to the reaction mixture and pre-
incubated for 10 min at 37 °C. The reaction was initiated by
the addition of ATP, ADP or AMP to a final concentration of
1.0 mM and stopped by the addition of 200 μl 10 % tri-
chloroacetic acid. The released inorganic phosphate (Pi) was
measured as previously described by Chan et al. (1986) and
expressed as nmol of Pi released by minute by milligram of
protein. In both enzyme assays, incubation times and protein
concentrations were chosen in order to ensure the linearity
of the reactions. Controls with the addition of the enzyme
preparation after the addition of trichloroacetic acid were
used to correct non-enzymatic hydrolysis of the substrates.
All samples were run in triplicate. The percentage of alter-
ation of enzymatic activity was calculated assuming the
respective control animal activity as 100 %.

Protein determination

Protein was measured by the Coomassie Blue Method
(Bradford 1976), using bovine serum albumin as standard.

Analysis of gene expression by semi-quantitative RT-PCR

The analysis of the E-NTPDases expressions was carried out
by a semi-quantitative reverse transcriptase polymerase
chain reaction (RT-PCR) assay. The hippocampi had its total
RNA extracted with a TRIzol reagent according to the
manufacturer’s instructions (Invitrogen, USA). Afterwards,
the cDNA species were synthesized with SuperScript First-
Strand Synthesis System for RT-PCR from 3 μg of total
RNA and Oligo DT in accordance with the suppliers
(Invitrogen, USA). RT reactions were performed for
50 min at 42 °C. cDNA (0.1 μl) was used as a template
for the RT-PCR, with specific primers for all of the enzymes
analyzed (primers sequences described below). β-actin-
PCR was performed as a control for the cDNA synthesis.
PCR reactions were performed (total volume of 25 μl) using
a concentration of 0.4 μM of each primer, 2 mM (β-actin, E-
NTPDase1 and 3) or 4 mM (E-NTPDase2) of MgCl2 and 1
U Taq polymerase in the supplied reaction buffer. To im-
prove the conditions of E-NTPDase 1, 5 % PCR glycerol
was added to the reaction medium. Conditions for E-
NTPDases PCR were as follows: an initial 1 min denatur-
ation step at 94 °C, 1 min at 94 °C, a 1 min annealing step at
65 °C (E-NTPDase1 and E-NTPDase3) or 66 °C
(NTPDase2), a 1 min extension step at 72 °C for 35 cycles

and a final 10 min extension at 72 °C (Oses et al. 2007).
Conditions for β-actin PCR were as follows: an initial 1 min
denaturation step at 94 °C, 1 min at 94 °C, a 1 min annealing
step at 58.5 °C, a 1 min extension step at 72 °C for 35 cycles
and a final 10 min extension at 72 °C. The amplification
products were: E-NTPDase 1: 543 bp, E-NTPDase 2:
331 bp, E-NTPDase 3: 267 bp and β-actin: 210 bp. PCR
products were submitted to electrophoresis using a 1 %
agarose gel. Band intensities were analyzed in a semi-
quantitative manner using the software ImageJ 1.37 for
Windows. The following set of primers were used: E-
NTPDase 1: Primer 1 - 5′-GAT CAT CAC TGG GCA
GGA GGA AGG-3′, Primer 2 - 5′- AAG ACA CCG TTG
AAG GCA CAC TGG -3′, E-NTPDase 2: Primer 1 - 5′-
GCT GGG TGG GCC GGT GGATAC G -3′, Primer 2- 5′-
ATT GAA GGC CCG GGG ACG CTG AC -3′, E-NTPDase
3: Primer 1- 5′- CGG GAT CCT TGC TGT GCG TGG CAT
TTC TT-3′, Primer 2 - 5′- TCT AGA GGT GCT CTG GCA
GGA ATC AGT -3′, β-actin: Primer 1- 5′- TAT GCC AAC
ACA GTG CTG TCT GG -3′, Primer 2- 5′- TAC TCC TGC
TTC CTG ATC CAC AT -3′.

Statistical analysis

The weights of the rats receiving SD or KD and submitted to
saline or lithium-pilocarpine injection were analyzed along
the treatment using a Two Way analysis of variance, con-
sidering time and treatment as factors. The effect of diet and
lithium-pilocarpine treatment on ATP, ADP and AMP hy-
drolysis from hippocampal synaptosomes of 21-day-old rats
submitted to KD was expressed as the mean ± SEM of at
least five animals and analyzed using the Two Way analysis
of variance considering diet and drug as factors. Multiple
comparisons of means were performed by Bonferroni meth-
od by using diet and drug as factors. Results of lithium-
pilocarpine on gene expression were shown as the mean ±
SEM of optical density and analyzed by Student’s T test.
The significance level was established at p<0.05.

Results

In the present study, we chose a KD with 25 % protein, in
order to avoid undernutrition effects in the rats. With this
treatment, the animals remained apparently healthy and a
semi-quantitative test showed that the blood levels of ketone
bodies in the serum of control rats were lower than
0.5 mmol/L, while animals fed on the ketogenic diet devel-
oped an increased level of ketosis (1–5 mmol/L) (data not
shown).

The weight of each animal was registered from the first
day of injection (saline or lithium/pilocarpine) up to the
sixth week later. Rats receiving KD and saline, or lithium-
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pilocarpine, lost weight during the third and fourth week
after injection, in comparison to the control group (p<0.05)
(Fig. 1).

Hydrolysis of nucleotides from hippocampus of young
rats treated with SD or KD and exposed to a lithium-
pilocarpine model of epilepsy was analyzed (Fig. 2). The
factor lithium-pilocarpine exposure affected the ATP and
ADP hydrolysis in both groups whereas the diet did not
impact the nucleotide hydrolysis (Fig. 2a and b). ATP hy-
drolysis was reduced in the SD and KD group after lithium-
pilocarpine exposure (8 % and 16 %, respectively, F(1;29)0
6.06, p00.02). ADP hydrolysis was increased in the SD and
KD group after lithium-pilocarpine exposure (18 % and
22 %, respectively, F(1;27)07.38, p00.0114). AMP hydro-
lysis was not affected (F(1;28)00.21, p00.6470).

As lithium-pilocarpine induced alteration in the ATP and
ADP hydrolysis in an independent way of diet supplied, we
performed the evaluation of NTPDase1, 2 and 3 gene
expressions in saline and lithium-pilocarpine groups.
Statistical analysis revealed a decrease in NTPDase2 and 3
mRNA expression (41 % and 42 %, respectively, p<0.05)
(Fig. 3).

Discussion

Here, we evaluated the relation between a ketogenic diet and
the enzymatic cascade responsible for nucleotide availabil-
ity after the development of status epileticus induced by
lithium-pilocarpine. The first consideration will focus on

the weight of the rats during diet treatment. A KD treatment
has been shown to reduce animal weight (Langston and
Myers 2011), whereas no alteration was registered in
humans receiving a KD chronic treatment (Tagliabue et al.
2012). In fact, in our study, animals lost weight only during
the middle of the treatment, recovering the standard weight
up to the end of it. Despite the classical effect of weight loss
during a treatment with a KD and ketonemia, KD per se did
not alter the nucleotide hydrolysis.

As nucleotides play an important role in neurotransmis-
sion and neuromodulation, especially during epileptic epi-
sodes, we have checked the effect of lithium-pilocarpine-
induced SE on nucleotide hydrolysis by hippocampal syn-
aptosomes. Our results have shown that ATP hydrolysis was
reduced whereas ADP hydrolysis was increased after
lithium-pilocarpine-induced SE. Previous findings have
shown that nucleotide hydrolysis were altered after pilocar-
pine and kainate models of epilepsy, indicating that the

Fig. 1 Weight of rats receiving standard or ketogenic diet submitted to
saline or lithium-pilocarpine injection. Weekly evaluation started on
the first day of injection and stopped 6 weeks later. SD + Saline:
standard diet plus saline injection, (n05); KD + saline: ketogenic diet
plus saline injection, (n06); SD + Li-Pilo: Standard diet plus lithium-
pilocarpine injection, (n011); KD + Li-Pilo: ketogenic diet plus
lithium-pilocarpine injection (n011). Points represent mean ± S.E.M.
* represents significant difference from respective controls considering
p<0.05. Statistical analysis was performed using Two Way analysis of
variance

Fig. 2 Effect of lithium-pilocarpine treatment on ATP, ADP and AMP
hydrolysis from hippocampal synaptosomes of rats submitted to a
ketogenic diet for 6 weeks. Bars represent mean ± S.E.M. Statistical
analysis was performed using Two Way analysis of variance. Multiple
comparisons of means was performed by Bonferroni method by using
diet and drug as factors. * indicates significant difference between the
respective control (SD-saline or KD-saline) and Lithium-pilo- treated
animals considering p<0.05
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regulation of ectonucleotidase pathway may play a modula-
tory role during the evolution of behavioral and pathophys-
iological changes related to temporal lobe epilepsy (Bonan
et al. 2000). We have previously shown that chronic treat-
ment with lithium increases the ecto-nucleotidase activities
in rat hippocampal synatosomes (Wilot et al. 2004).
Although we do not know what effect would happen after
an acute injection of lithium, we can assume that this is not
affecting the presented results, since in the present study, we
observed a decrease in ATPase and an increase in ADPase
activities, while no effect was observed on AMPase activity.
Then, it is improbable that a single injection would alter the
results obtained with chronic treatment of 1 month, to the
point of reversing the effect on the expression and activity of
the NTPDases.

Considering the changes observed in ATP and ADP hydro-
lysis, we evaluated the expression of main NTPDases that
could contribute to nucleotide hydrolysis in SNC, the
NTPDases1, 2 and 3. NTPDases2 and 3 had their expression
decreased in lithium-pilocarpine exposed animals. The reduc-
tion of NTPDases expressions can be related to the decrease of
ATP hydrolysis, especially when we consider that NTPDase2,
hydrolyses ATP, 30 times more than ADP (Zimmermann
2006). Meanwhile, NTPDase3 hydrolyzes ATP 3 times more
than ADP (Zimmermann 2006). As we evaluated the expres-
sion of the whole hippocampal tissue, we could not discharge

glial and endothelial contributions. In hippocampus, immuno-
histochemistry showed an increased ATP hydrolysis in the
neuropil and in the subgranular layer of the dentate gyrus; the
latter had previously been assigned to the activity of NTPDase
2 (Shukla et al. 2005; Langer et al. 2008) contributing to the
idea that the reduction of NTPDase 2 can reflect, even partial-
ly, in the ATP hydrolysis reduction. Since NTPDase 1 and 3
activities contribute strongly to ADP hydrolysis, and expres-
sion of NTPDase3 is decreased, we could assume that the
activity of NTPDase 1 is crucial for the increased ADP hy-
drolysis observed in this study. However, NTPDase1 has not
only been strongly associated with microglia and blood ves-
sels, but also with the neuropil of defined brain regions
(Langer et al. 2008). In this way, specific alterations on the
synaptic cleft could be masked by the observation of the
general cellular content of hippocampus.

The participation of the purinergic system on the anti-
convulsive effect of a KD has been based on the ability of
increased levels of ATP to promote an adenosine burst on
the synaptic environment (Masino and Geiger 2008). This is
understandable when we assume that adenosine is able to
reduce neuronal activity by K+ channel - mediated hyper-
polarization through adenosine A1 receptor activation
(Abbracchio et al. 2009). The increase of ATP levels in the
extracellular medium after a KD treatment was shown in
mice (Nakazawa et al. 1983) and the source of this

β actin

NTPDase1

NTPDase2

NTPDase3

Fig. 3 Effect of lithium-
pilocarpine treatment on
NTPDase 1, 2 and 3 mRNA
transcript levels from hippo-
campi of rats submitted to a
ketogenic diet for 6 weeks. Bars
represent mean ± S.E.M of
optical density. * Represents a
significant difference at p<0.05
in relation to control rats. The
data is from at least three
different experiments. Statisti-
cal analysis was performed
using Student’s T test
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nucleotide has been attributed mainly to astrocytes (Guzman
and Blazquez 2001). Additionally, some observations sup-
port the hypothesis of reduced excitatory transmission, such
as a reduction of glutamate content, playing a role in the
anti-convulsive effect of a KD (Patel et al. 1988). Studies of
our group, focusing the effect of a KD on rat blood serum
hydrolysis of nucleotides, reported an increase of nucleoti-
des hydrolysis by a KD per se and in association with
lithium-pilocarpine induced SE (Da Silveira et al. 2010).
In the present study, the lack of effect on nucleotide break-
down, after a KD treatment, raises the question that, in basal
conditions, ketones could have no ability to alter the energy
balance able to affect nucleotide hydrolysis in a synaptic
cleft. Additionally, during lithium-pilocarpine exposure, a
KD was also unable to affect nucleotide hydrolysis, despite
the fact that nucleotide release increased during the SE.
Considering that in the present study we have evaluated
the nucleotide hydrolysis in synaptosomal fractions, we
have no information about the contribution of nucleotide
breakdown from glial cells, which certainly could contribute
to a better approach of biological events occurring in the
synaptic environment.

In summary, we have observed that the epilepsy model of
lithium-pilocarpine is able to alter nucleotide hydrolysis and
NTPDase expressions, with no significant effect of a keto-
genic diet on these observations. This data highlights the
participation of the purinergic system in the pathophysiolo-
gy of this model of epilepsy. However, the interaction be-
tween purinergic signaling and a ketogenic diet on epilepsy
still needs to be better elucidated.
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