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Altered ATP Hydrolysis Induced by Pentylenetetrazol
Kindling in Rat Brain Synaptosomes
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The ectonucleotidase pathway is an important metabolic source of extracellular adenosine.
Adenosine has potent anticonvulsant effects on various models of epilepsy. One of these mod-
els is pentylenetetrazol (PTZ) kindling, in which repeated administration of subconvulsive
doses of this drug induces progressive intensification of seizure activity. In this study, we ex-
amine the effect of a single convulsive injection (60 mg/kg, i.p.) or 10 successive (35 mg/kg,
i.p.) injections of PTZ on synaptosomal ectonucleotidases. Our results have shown that no
changes in ectonucleotidase activities were seen at 0, 1, and 24 h or at 5 days after a single con-
vulsive PTZ injection. However, after PTZ-kindling, rats which were more resistant to seizure
development presented an increase in ATP hydrolysis in synaptosomes from hippocampus and
cerebral cortex (44% and 28%, respectively). These results suggest that changes in nucleotide
hydrolysis may represent an important mechanism in the modulation of chronic epileptic activ-
ity in this model.
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INTRODUCTION trazol (PTZ), which induce progressive intensification
of seizure activity in response to the same dose (3).
Kindling is widely used as an experimental model The enhanced seizure susceptibility induced by kin-
of epilepsy and epileptogenesis. This model refers to adling is a long-lasting, possibly permanent, alteration
phenomenon whereby repeated administration of sub-in the neuronal excitability, probably attributable to
convulsant electrical or chemical stimuli gradually plastic changes in the synaptic efficacy (4).
raises the susceptibility of the animal until the same Several studies have shown that adenosine, an ubig-
stimuli eventually become convulsive (1,2,3). One of uitous neuromodulator, has potent anticonvulsant effects
the ways to induce kindling is by repeated systemic on various models of epilepsy, including PTZ-kindling
administration of subconvulsant doses of pentylenete-(5-7). Adenosine agonists administered either centrally
or peripherally reduce seizure activity in dose-
!Departamento de Bioquimica, Instituto de Ciéncias Béasicas da depenent manner n electrlc.ally kindled rats (8). An in-
Satde, Universidade Federal do Rio Grande do Sul, Porto Alegre, Cféased affinity for adenosine; Aeceptors has been
RS, Brasil. observed in the hippocampus of kindled rats, suggesting
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Changes in adenosine-mediated neuromodulationwith the same periodicity and volume as the treated group) and was
involve not On|y adenosine release as such. but also th@lso observed for 30 minutes (18). All the injections were performed

. . during daytime, at ti ing f 11:00 to 3:00 p.m. Aft
extracellular catabolism of ATP by ectonucleotidases, &' ¢aylime, & imes varying from =245 am fo 5:99 p.m. Alter
the stimulation period animals were divided into two groups ac-

WhiCh constitute a highly sophisticateq Pathway de- cording to the mean of the 3 highest kindling stages attained in the
signed to control the rate, amount and timing of adeno-last five injections. The kindled animals were divided in group |

sine formation (11,12). We have demonstrated that (Gl), with mean kindling stage lower than 3 in alliraals, and
ATP is hydrolyzed to adenosine in the synaptic cleft 9roup Il (GlI), with mean stage higher than 3 for all animals. Animals

. . . _ were killed by decapitation 5 days after the last injection, the brain
by the ConJUQated action of an ATP d|phosph0hydro structures were removed and subcellular fractionation and enzyme

lase (apyrase, ATPDase, EC 3.6.1.5) antiruSleoti- assays were carried out.

dase (EC 3.1.3.5) (13,14). Furthermore, Kegel et al. In the acute seizure model, animals received a single convul-
(15) have shown that an ecto-ATPase (EC 3.6.1.3) issive injection of PTZ (60 mg/kg, i.p., dissolved in 0.9% saline).

co-expressed with an ecto-ATP diphosphohydrolase inOnIy animals showing tonic-clonic seizures within 4 min after the

: . . ;_injection were included in the study. Treated groups were killed by
rat brain. These enzymes had previously been identi decapitation either immediately, 1 h, 24 h or 5 days after the injec-

fied in biOCh.emical te'jms and were _Shown to hy' tion. Control group was injected with saline and the subcellular frac-
drolyze a variety of purine and pyrimidine nucleoside tionation and enzyme assays were carried out simultaneously with
di-and triphosphates (12,16). However, ecto-ATPase treated-groups at the different times studied.

and ecto-ATP diphosphohydrolase differ in their pref- Subcellular FractionationAfter removal, brains were placed

s into ice-cold isolation medium (320 mM sucrose, 5 mM HEPES, pH
erence for nucleoside’-diphosphates. Ecto-ATPase 7.5, and 0.1 mM EDTA) and hippocampi and cerebral cortices were

has a very high preference for ATP over ADP whereas jymediately dissected on ice. The hippocampi and cerebral cortices
the related ecto-ATP diphosphohydrolase (ecto-apyrase)were gently homogenized in 5 and 10 volumes, respectively, of ice-
hydrolyzes both substrates equally as well (12). Subse-cold isolation medium with a motor-driven Teflon-glass homoge-

quently, an ecto'Snucleotidase participates, together nizer. Synaptosomes were isolated as described previously (19).

. . . Briefly, 0.5 ml of th d itochondrial fracti ixed with
with ecto-ATPase and ecto-ATP diphosphohydrolase, in - > ©-> M’ 0 fhe cfude mitochondrial fraction was mixed with
4.0 ml of an 8.5% Percoll solution and layered onto an isoosmotic

the complete hydrolysis of ATP to .adenolsine in the percoll/sucrose discontinuous gradient (10/16%). The synaptosomes
synaptic cleft (16,17). Ecto-Bucleotidase is an en-  that banded at the 10/16% Percoll interface were collected with wide

zyme able to hydrolyze monophosphonucleosides tip disposable plastic transfer pipettes. The synaptosomal fractions

(AMP) to its equivalent nucleoside (adenosine) and in- were washed twice at 150@0for 20 min with the same ice-cold
organicphosphate (16) medium to remove the contaminating Percoll and the synaptosomal

. . . . _pellet was resuspended to a final protein concentration of approxi-
Considering that adenosine seems to play a role iNpyately 0.5 mg/ml. The material was prepared fresh daily and main-

the modulation of seizure behavior induced by Kin- tained at 0-4C throughout preparation.

dling, we decided to study if changes in ectonucleoti- Enzyme Assaydhe reaction medium used to assay ATP and

dases can be involved in this process. For this purpose:A‘DP hydrolysis was essentially as described previously (17) and

. . P . contained 5.0 mM KClI, 1.5 mM Cagl0.1 mM EDTA, 10 mM glu-
we examine the effect of single or chronic injections cose, 225 mM sucrose and 45 mM TRIS-HCI buffer, pH 8.0, in a

of PTZ on synaptosomal ectonucleotidases in the hip-inaj volume of 200ul. The synaptosomal fraction (10-2@ pro-
pocampus and cerebral cortex of rats. tein) was added to the reaction mixture and preincubated for 10 min-
utes at 37C. The reaction was initiated by the addition of ATP or
ADP to a final concentration of 1.0 mM and stopped by the addition
of 200pl 10% trichloroacetic acid. The samples were chilled on ice
for 10 minutes and 100l samples were taken for the assay of re-
leased inorganic phosphate (Pi) (20).

Treatments.Female Wistar rats (age, 60-80 days; weight, The reaction medium used to assay thaucleotidase activ-
150-200 g) from our breeding stock were housed five per cage, with ity contained 10 mM MgG| 0.15 M sucrose and 0.1 M TRIS-HCI,
water and foodad libitum. The animal house was kept on a 12 h pH 7.0 in a final volume of 20Ql (21). The synaptosomal frac-
light-dark cycle (lights on at 7:00 am) at a temperature af 23C. tion (10-20pg protein) was preincubated for 10 minutes at@7
Procedures for the care and use of animals were adopted accordingrhe reaction was initiated by the addition of AMP to a final con-
to the regulations published by the Brazilian Society for Neuro- centration of 1.0 mM and stopped by the addition of RO®f
science and Behavior. 10% trichloroacetic acid; 100l samples were taken for the assay

The kindling procedure consisted of i.p. injections of PTZ of released inorganic phosphate (Pi) (20). In both enzyme assays,
(35 mg/kg, dissolved in 0.9% saline) once every 48 h, totaling incubation times and protein concentration were chosen in order
10 stimulations. After each PTZ injection the animals were ob- to ensure the linearity of the reactions. Controls with the addition
served for 30 minutes and seizures were classified according to theof the enzyme preparation after addition of trichloroacetic acid
stages proposed by Racine (2): stage 0, no response; 1, facialere used to correct nonenzymatic hydrolysis of the substrates.
clonus; 2, head nodding; 3, forelimb clonus; 4, rearing with bilat- All samples were run in duplicate. Protein was measured by the
eral forelimb clonus; 5, rearing and falling with bilateral forelimb Coomassie Blue method (22), using bovine serum albumin as
clonus. The control group was injected with saline (10 injections standard.

EXPERIMENTAL PROCEDURE
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Statistical AnalysisThe data obtained for the enzyme activities TABLE I. Effect of PTZ Kindling on Ectonucleotidase Activities

are presented as mearSD of a number of animals studied in each in Synaptosomes from Hippocampus of Rats
condition. The statistical analysis used for kindling experiments was

one-way ANOVA, followed by Duncan multiple range test. In the Group n ATP ADP AMP
acute treatment, results were compared using two-way ANOVA and

one-way ANOVA, followed by Duncan multiple range testpA Saline 6 101.% 15.8 37.2£ 9.8 18.4+ 3.1
0.05 was considered to represent a significant difference in statisti- G | 6 146.6+ 8.03 40.9+10.8 171+ 1.8
cal analysis used. Gl 6 120.4+ 20.1 41.4+11.1 20.4+ 3.9

Data are expressed as mea8.D. Saline = saline-injected group.
Gl = kindling-resistant group (mean kindling stage < 3, average =
2.35). Gll = kindling-sensitive group (mean kindling stage >3,
) ) average = 4.2).

As expected, PTZ-kindling produced a progres- @ significantly different from the saline group (p < 0.05) by one-way
sive increase in the seizure susceptibility of the treatedANOVA, followed by Duncan multiple range test.
rats. After the 10 stimulation, animals were divided
into two groups: group | (GI, n = 6), in which the mean TABLE . Effect of PTZ Kindling on Ectonucleotidase Activities
kindling stage was 3 or less, with an overall average of in Synaptosomes from Cerebral Cortex of Rats
2.35 and group Il (GlI n = 6), which the mean stage was

RESULTS

greater than 3 and averaged 4.2. Enzyme assays iff™°!P n ATP ADP AMP

these ammals showed a significant increase in ATP gyjine 6 120.9 14.1 401+ 7.9 17.8+ 4.1
hydrolysis (44%) among the less severely kindled an- G | 6 154.7+ 14.2 44.1+9.3 15.9+ 3.8
imals (Gl) in synaptosomes from hippocampus, when G i 6 119.7+ 25.7 47.6£11.1  13.3t 27

compared to the saline group< 0.05) (Table I). The . . oa o oted
kindlina-resi nt ar N al r n ignifi- Data are expressed as mea®.D. Saline = saline-injected group.
dling-resistant group (GI) also presented a sig Gl = kindling-resistant group (mean kindling stage < 3, average =

cant increase (28%) on ATP hydrolysis in synapto- 2.35). GlI= kindling-sensitive group (mean kindling stage >3, aver-
somes from cerebral cortex (Table Il). On the other age = 4.2).

hand, the kindling-susceptible group (Gll), which pre- @ Significantly different from the saline group (p < 0.05) by one-way
sented more severe seizures, did not show significantANOVA, followed by Duncan multiple range test.
changes in ATP hydrolysis in both fractions analyzed
(hippocampus and cerebral cortex), when compared tocompared to controls. It is important to note that dif-
controls (Tables | and Il). There was no significant dif- ferent effects for ATP and ADP hydrolysis can be due
ference in ADP and AMP hydrolysis among the three to the simultaneous presence of two different enzymes
groups (Tables | and II). involved in the nucleotide hydrolysis, an ATP diphos-
In order to examine if the altered ATP hydrolysis phohydrolase and an ecto-ATPase (15). These results
was due to the chronic, long-lasting changes inducedsuggest the participation of an ecto-ATPase, since
by kindling or to a residual effect of the drug, we in- ATP is considered a substrate marker for this enzyme
vestigated the enzymes activities at different times activity (12,16).
after a single acute seizure induced by PTZ (60 mg/kg, Changes in synaptosomal enzymes involved in
i.p.). Following the single PTZ injection, all animals ATP hydrolysis have been observed in other animal
included in the study presented generalized tonic- models of epilepsy. For example, alterations in synap-
clonic seizures. However, our results did not show sig- tosomal ecto-ATPase in rat brain are observed during
nificant differences in ATP, ADP and AMP hydrolysis prolongedstatus epilepticusnduced by lithium and
in all times tested (immediately, 1h, 24h and 5 days) pilocarpine (23). Furthermore, Fernandes et al. (24)
after the single injection of PTZ in synaptosomes of have showed a significant decrease if,Nd-ATPase
hippocampus and cerebral cortex (data not shown). activity in acutestatus epilepticuand in the silent pe-
riod of the pilocarpine model of epilepsy. However, a
significant increase in this activity was observed during
DISCUSSION the chronic period, characterized by recurrent sponta-
neous seizures (24). Similar results were observed in
The present study demonstrates that the ATPasehippocampus of rats treated with kainate (25). Alter-
activity promoted by ectonucleotidases is significant ations in N&, K*-ATPase activity could promote a
increased in synaptosomes from hippocampus andcontrol of the excitability produced by the release of
cerebral cortex of rats more resistant to kindling, when C&* and glutamate during seizures (25).
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If ATP is released in large amounts and for a long ticity induced by kindling, since such changes are not
time, it may promote an dramatic increase in intracel- seen in acute seizures, which are insufficient to acti-
lular calcium levels mediated by,Peceptors, which  vate these mechanisms. When these results are consid-
could cause significant damage similar to that in- ered together, they support the hypothesis that changes
duced by excessive glutamate release (26). Our find-in nucleotide hydrolysis may represent an important
ings lead us to the hypothesis that an increase in ATPmechanism in the modulation of epileptogenesis.
hydrolysis by an ecto-ATPase, can produce high lev-
els of ADP. Then ADP, by stoichiometric effect, is
hydrolyzed by conjugate action of an ATP diphos-

hohydrolase and d-hucleotidase, producing an in- . ) )
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