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Abstract

Epilepsy, a neurological disorder with recurrent seures, involves disruption of different
metabolic enzymes and its related metabolites altieig the normal processes of metabolism,
either during the onset or post epilepsy in the bria. In the present work, it is convincingly,
observed that the Mice brain regions such as Corpusallosum (CC), Cingulate gyrus (CG),
Hippocampus (H) and Corpora quadrigemina (CQ) showsignificant changes in the activi-
ties of metabolic enzymes such as AST, ALT, LDH; APases like N4 K'-ATPase, Mdf*-
ATPase, C&"-ATPase along with their metabolites such as Gluces Pyruvate, Lactate and
Glutamate, altering the metabolic integrity during Pentylenetetrazole (PTZ) induced epilep-
tic seizure. We report from the present work thatH and CG are affected completely during
epileptic seizure as compared to its control but C@nd CQ shows partly altered as far as
metabolism in brain is concerned.
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Introduction may overlap with other frontal lobe epilepsy syndes.

But, an aberrant behaviors observedileptic patients
Epilepsy, involves a disruption of brain energy leasta- completely resolved after lesionectomy of Cingulate
sis and is potentially manageable through prinsipdé  gyrus [6]. Hippocampus and Cingulate gyrus forms th
metabolic control theory. Metabolism is an esséntiapart of limbic system. Corpora quadrigemina arderef
process underlying all phenotypes and an alteration centers involving vision and hearing. In the bydime
metabolic process can modify phenotype. The théory corpora quadrigemina are the four colliculi, twdeiior,
based on the idea that compensatory genetic and bitwo superior located on the tectum of the dorspketsof
chemical networks, operating through flexible bgi¢al  the midbrain [7].

systems, are capable of modulating the bioenemyetic ) ] )
glycolysis, the TCA cycle, electron transport andda- Metabolic enzyme such as aminotransferases like AST
tive phosphorylation [1,2]. and ALT serve as a strategic link between carbaitgdr

and protein metabolism under pathophysiologic stf&s
Although, the work in this aspect has been don€ere-  Similarly, LDH is an enzyme that transforms lactet
bral cortex, Cerebellum, Medulla Oblongata, Hippnea pyruvate in brain tissue and thus, prevents acidasi
pus (H) etc, yet the regions such as Corpus Callosuprovides a substrate for TCA cycle. ATPases, algp @n
(CC), Cingulate gyrus (CG), Corpora Quadrigemin®)C important role in the maintenance of ionic gradibgt
are not explored in this regards to a large extent. coupling ATP hydrolysis with energy processes J9IP
) o ) itself, as a neurotransmitter and neuromodulatogy m
The corpus callosum is the principal anatomical a@d-  nfluence the release of other neurotransmitteradiing
rophysiological track linking the cerebral corticé3. through its own receptors or by altering the nearct-
Corpus callosotomy was first introduced as a satgic mijtter receptors [10,11]. NaK" -ATPase is a membrane
technique for the treatment for epilepsy in 193P s pound enzyme and inactivation of this enzyme isnan
often used to treat atonic, clonic, myoclonic aedeyal-  portant factor in epileptization of neurons [12jmBarly
ized tonic-clonic seizures [5]. The cingulate gylssan it js demonstrated that inhibition of microsomal g
arched convolution that lies next to the corpusosam  ATpase, CE-ATPase may be associated with long-term
and is separated from it by the sulcus of the coqallo-  pjasticity changes associated with epileptogenfisg§
sum. Cingulate gyrus epilepsy is controversial beedt  |gjopathic epilepsies involve the NaK*, or C&* chan-
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nels and the activities of NaK* - or C&" ATPase are
responsible for maintaining ionic balance in thi [de].

As far as energy metabolites in brain are concergked
cose forms the obligatory energy substrate fombaaid it
is almost entirely oxidized to GGand HO. Glucose can
be incorporated into lipids, proteins, and glycqgamd it
is also the precursor of certain neurotransmitseich as
y-aminobutyric acid (GABA), glutamate, and acetylcho
line [15,16]. Numerous studies have been performaed
identify molecules that could substitute for glue@s an
alternative substrate for brain energy metaboli&mong
the vast array of molecules tested, mannose iotie
one that can sustain normal brain function in theeace
of glucose [17]. However, mannose is not normafg-p
sent in the blood and cannot therefore be congidare
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sive dose 97 (CD97). At the time of the test, PTAR (
mg/kg) was injected s.c. into the loose fold ohski the
midline of the neck. This dose represents the geera
CD97 in Mice,Mus musculus. The site of injection was
massaged in order to distribute the PTZ soluti@pared
in saline throughout the subcutaneous tissue. Mier
then placed in individual cages and observed oker t
course of next 30 min for the presence or absef@ o
tonic- clonic seizure.

Sample preparation

Mice were ether anesthetized and sacrificed by pitca
tion. The brains were quickly removed and placedcen
The Corpus callosal, Cingulate gyral, Hippocampad a
Corpora quadrigeminal reglons were dissected ftioen
brain and immediately stored at °20

physiological substrate for brain energy metabalism

Whereas, lactate and pyruvate can sustain synagtic-
ity in vitro [18,19], hence, act as an alternatieergy
substrate in the brain. Glutamate is an amino aeigo-
transmitter that can behave as an endogenous camiul
as well as energy metabolite. Microdialysis measergs

Tissue samples were thawed and homogenized inN0.32
sucrose for AST, ALT, LDH, N#K*-ATPase, M§*
ATPase, and CfécATPase assay; in distilled water for
glucose estimation, and in 0.25 M sucrose for Ghaiiz
and Pyruvate estimation, and in 10% TCA for lactse

from humans with spontaneous seizures from theohipp timation.

campus show transient release of glutamate [20].

An attempt is made in the present work to studyefffiect
of Pentylenetetrazole (PTZ) induced epileptic s&izwon

the mice Corpus callosum (CC), Cingulate gyrus (CG)
hippocampus (H), and Corpora quadrigemina (CQ)esinc

they could be associated with epileptic events.ough
metabolic activities of other parts of brain durimgafter
onset of epilepsy have been studied, the metabspect

of Corpus callosum, Cingulate gyrus and Corporadgua

rigemina has been ignored thus far. Therefore, evided

to throw some light on a few basic aspects suchmeas
tabolites and associated key enzymes, which aggngla
role in epilepsy.

Materials and Methods

Animals

Experiments were carried out on Midglus musculus,
weighing 25-30 g. The animals were kept on a 12 —
light/ dark cycle and allowed free access to fond wa-
ter. All experiments were performed between 10:00@
12.00 noon in a silent room at 22%24 All animal use
procedures were approved by the Goa Universitycathi
committee.

The animals were randomly divided into two grou(@s:
controls (n=5) were with no previous history ofzsee
and were given saline injections s.c., (b) Expenials
(n=5) mice that received PTZ s.c.

PTZ treatment
A subcutaneous dose of PTZ sufficient to induceizuse
in 97% of the test animals was referred to as trmvual-

32

Enzymatic assays

Aminotransferases ie ALT (EC 2.6.1.2) and AST (EC
2.6.1.1) were measured according to 2,4-dinitrophen
hydrazine (2,4-DNPH) method as described previously
[21]. The incubation mixture for ALT contained 5Q00of
alaninee-ketoglutarate, 100 pl of enzyme extract, 500 pl
of 2,4- DNPH and 5 ml of 0.4 N NaOH. The incubation
mixture for AST contained 500 pl of aspartate-
ketoglutarate, 100 pl of enzyme extract, 500 pRgf-
DNPH and 5 ml of 0.4 N NaOH. Optical density ofrear
sponding brown colored hydrazone formed in alkaline
medium was read at 505 nm.

LDH (EC 1.1.1.27) activity were assayed by 2,4- BNP
method, using Span Diagnostic Reagent Kit (Product
Code: 25903)

%he activites of N&K'-ATPase, M§*>ATPase, and
&*-ATPase were determined from both control and ex-
perimental set, by following the method of Venudopa
et.al. (2005) [22]. The filtrate obtained after teaction is
over, and after precipitating protein i.e., enzyioyel10%
TCA was treated with an ammonium molybdate reagent,
which reacted with inorganic phosphate to form phos
phomolybdic acid. This was reduced by Metol to give
blue colour, which was measured spectrophotoméyrica
Phosphorous standard was used to calculate thesrwonc
tration of inorganic phosphorous present in thepdam

Estimations of Energy metabolites
Glucosewas estimated by using kits from Span Diagnos-
tics (Product code: SKU # 93MB100-64).
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Responses in mice brain regions during PTZ induced epileptic seizures

Pyruvate: 0.1 ml supernatant, withl ml DNPH reagent%. LDH activity remained unaltered in CC and CQ as
incubated for 15 minutes at %7, then 4N NaOH was compared to controls. However, it decreased in tH@G
added and readings were taken at 440nm after Stesinu by 79.209% and 39.83 % respectively (Fig: 3)."/K&
1mM pyruvate was used as a standard [23]. ATPase activity lowered in CG, H and CQ by 19.26%,
84.23% and 87.62% respectively, while it increabgd
Lactate: The filtrate obtained after centrifugation of ho- 33.36 % in CC (Fig: 4). Besides, significant deceets
mogenate, 20% CuSOsolution with 8 ml HO was in the activities of M&-ATPases (Fig: 5) and Ca
added. To this 1 gm of powdered Calcium hydroxides w ATPases (Fig: 6) were observed in CC, H, and CG& wit
added and kept at room temperature for 30 min.rAfteno change in CQ. M§ATPase activity decreased by
centrifugation, 0.05 ml of 0.4% CuS@dded to the su- 54.248%, 35.74% and 48.04% in CC, CG and H, respec-
pernatant, followed by 6 ml of Conc,$0s, kept in boil-  tively. Similarly, C&*- ATPase activity decreased by
ing water bath for 5 min. After cooling, 0.1 ml pf  34.27, 29.688 and 36.148% in CC,CG and H respégtive
hydroxydiphenyl reagent added and allowed to st@nd during PTZ induced epileptic seizure.
room temperature for 30 min and then in boiling evat
bath for 90 seconds. After cooling OD was obtaiagd 30
560 nm. For Standard, lactate solution (0.01 mgiual}
used [24].

* control
D epileptic

N
ol
1

Glutamate: The glutamate was assayed by running a pa
allel procedure with another 0.1 ml supernatant pfo-
tein-free homogenate was incubated with 0.2 ml ytinh
drin solution at 68C for 30 min, cooled, and then mixed
with sodium tartarate reagent. The summated absoeba
of both glutamate and GABA was obtained
spectrofluorophotometrically at excitation and eroiss
wavelengths of 377 and 451 nm, respectivélge ab-
sorbance of glutamate was determined by subtrattiag
absorbance of GABA from the respective summated al
sorbance [25].

N
o

[,
o

AST activity in units/mg protein/ min
=
o

brain regions

Determination of Enzyme Protein
Determination of the enzyme protein was made aaogrd

o the method of Lowry et.al, [26]. Figure 1. AST activity in mice brain regions during PTZ

induced epileptic seizure.

Statistics

All experimental data is presented as the mean £33
dent’s t-test was used to analyze the resultsgusiaph-
pad Quickcalc software. P < 0.05 was considereuifsig
cant.

~
)

B control

£ epileptic

Results

Behavioral changes 21
Subcutaneous dose (CD97) of PTZ induced generalizg; N r
0

ALT activity in units/mg protein/ min

tonic-clonic seizures exhibiting repeated myoclgeiks,
clonic forelimb and hindlimb seizures with lossright-
ing reflex along with tonic extension of forelimiasd
hindlimbs, Seizure lasted for 3 to 5 minutes. brain regions

cc H cG cQ

Changes in Metabolic enzymes and metabolites Figure2. ALT activity in mice brain regions during PTZ
AST activity elevated significantly in CC, H, CGy b induced epileptic seizure.

175.15 %, 120.099 %, 61.21% respectively. Whildeit

creased by 30.71 % in CQ (Fig: 1). Similarly, ALdtis- Energy metabolites such as Glucose, Pyruvate, leacta
ity (Fig: 2) increased in CC and CG by 181.57% andind Glutamate showed significant changes in theretis
31.08 % respectively but in Hippocampus it had ige s mice brain regions during PTZ induced epileptizgegs.
nificant change, ALT activity decreased in CQ byd48 Glucose level increased by 44.30% in CC, and dserka
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Figure 3. LDH activity in mice brain regions during PTZ
induced epileptic seizure.
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Figure 5. Mg®*-ATPase activity in mice brain regions
during PTZ induced epileptic seizure.
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Figure 7. Glucose level in mice brain regions during PTZ
induced epileptic seizure.
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Figure 8. Pyruvate level in Mice brain regions during
PTZ induced epileptic seizure.
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Responses in mice brain regions during PTZ induced epileptic seizures

The hippocampus is often the focus of epileptiziseis:

hippocampal sclerosis is the most commonly visiippe

of tissue damage in temporal lobe epilepsy [27is hot

yet clear, though, whether the epilepsy is usuediysed

by hippocampal abnormalities, or the hippocampus is

damaged by cumulative effects of seizures [28]. In

experimental settings where repetitive seizures are

artificially induced in animals, hippocampal damage

frequent result: this may be a consequence of the

hippocampus being one of the most electrically takdé

parts of the brain. It may also have somethingaavith

‘ ‘ = the fact that the hippocampus is one of very feairbr

cc H cG regions where new neurons continue to be created
brain regions throughout life [29]. In the present study, PTZ undd

epileptic seizure is observed in Mice, with altenatin

Figure9. Lactatelevel in mice brain regionsduring PTz ~ the metabolic activities in H, CQ, CC, CG. Injeatiof

induced epileptic seizure. convulsive dose of PTZ is thought to modulate pastef

generalised tonic- clonic seizures in humans [30,32].

Based on the behavioral study in the present wbek t

067 @ control CD97 dose of PTZ is enough to induce generalizeitto

& epileptic clonic seizure in mice, which akin to a type oflepsy

| seeninhumans.
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Metabolic enzymes like AST, ALT, LDH and Total
ATPases shows drastic changes in their activities a
compared to controls. AST and ALT facilitates
conversion of aspartate and alanine to glutamate, a
serve as a link between carbohydrate and protein
metabolism under stress. Increased AST and ALTI lave
brain regions indicate pronounced metabolism ofnami
brain regions acids associated with seizure [33]. Lactate delgeliase
catalyses the interconversion of pyruvate and fectdth
concomitant interconversion of NADH and NADIt
Figure 10. Glutamate level in mice brain regions during ~ converts pyruvate, the final product of glycolysidactic
PTZ induced epileptic seizure. acid when oxygen is absent or in short supply, &nd
performs the reverse reaction during the Cori cytléde
by 20.21 and 16.65 % in H and CG respectively, with liver. The results indicate reduction of LDH in the
significant change in CQ (Fig: 7). Whereas, Pyravathippocampus and CG during PTZ induced epileptic
level increased in CC, H and CG by 37.54%, 133.1069¢izure. There could be some factors that inhitsit i
and 115.44% respectively, (Fig: 8), with no sigmifit ~ activity in these regions of brain during seizurétanay
change in CQ. Similarly, Lactate level decreased bype€ just because of increase in lactate as welyas/ate
52.311% and 16.28% in CC and CQ, but increaged Bevels together. However, it needs further ingzston.
166.77% and 19.77% in H and CG respectively, (f)g: The Nd&,K'-ATPase harness energy stored in the
Glutamate increased significantly by27.52%, 38% andhosphate bond to exchange’Nans inside to K ions
89.13% in H, CG and CQ respectively, without anyoutside of the axonal membrane [34]. This
change in CC (Fig: 10). transmembrane gradient of Nand K ions facilitates the
neurons to propagate nerve impulses from one goint
Figs.1-10: Data represents mean + SD. * P < 0@8ifsi  another. Other enzymes such as’M@\TPase and C&

cant different was calculated by Student’s t-test. ATPase also take part in energy production and
transmission of nerve impulses. In the present

investigation these three ATPases show a significan
decrease in activity as compared to controls wigcim
agreement with the observations of Visweswari {34
The main objective of our study was to understarel t except incase of CC wherein h&'-ATPase activity was
effe_ct of epileptic _seizure on, CC, CG and CQ _ilmeo high and in CQ, M- ATPase and C&ATPase was not
parison to H, a region known to be affected byegysy. altered. Inhibition in the activity reveals indwsti of

glutamate in mM/wet wt. of tissue

cc H cG cQ

Discussion
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energy crisis through disruption in oxidative phumsyla-

Therisa/ Desai

seen to be affected completely, but CC and CQ aridyp

ting process during epileptic seizure. While risé oaltered as far as metabolism is concerned. So,aphpb

ATPase in CC indicate significantly increased raie
impulse transmissions as well as stress on iodanba in
epilepsy. As CC is the principal anatomical
neurophysiological track linking the cerebral owes, the

increased ATPases clearly indicate the increasedahe
transmission load in it.

The brain is extremely active metabolically, witk llocal
energy demands fluctuating rapidly between highland
activity states. However, the brain’s endogenoasestof
metabolic energy substrates are small. Consequentl
normal brain function requires a continuous supply
exogenous substrates obtained through blood flavdet
normal physiological conditions, glucose is the dwnt
exogenous energy substrate in the adult brain [36{v-

Corpus Callosotomy may not be required as a part of
treatment of epilepsy, instead the imbalance irabwdic

andprocesses should be avoided through an appropriate
antiepileptic drugs.
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