UNIVERSIDAD NACIONAL AUTONOMA DE MEXICO s’

INSTITUTO DE FISIOLOGIA CELULAR

UNIDAD ACADEMICA DE LOS CICLOS PROFESIONAL Y DE POSGRADO DEL

COLEGIO DE CIENCIAS Y HUMANIDADES

REGULACION POR PRODUCTO DE LA GLUTAMATO DESdARBOXILASA
CEREBRAL IN VIVO Y SU RELACION CON LOS MECANISMOS

EPILEPTOGENICOS

TESIS
QUE PARA OBTENER EL GRADO'DE MAESTRA EN
INVESTIGACION BIOMEDICA BASICA

(Area neuroc1enc1as)

PRESENTA:

Norma Patricia Salazar Sandoval

Ciudad Universitaria, México, D.F. 1994

7ES1S CON
FALLA DE ORIGEN



pr—

%‘g Universidad Nacional
:‘\-A

2%  Auténoma de México
UNAM

UNAM — Direccién General de Bibliotecas Tesis
Digitales Restricciones de uso

DERECHOS RESERVADOS © PROHIBIDA
SU REPRODUCCION TOTAL O PARCIAL

Todo el material contenido en esta tesis esta
protegido por la Ley Federal del Derecho de
Autor (LFDA) de los Estados Unidos
Mexicanos (México).

El uso de imégenes, fragmentos de videos, y
demas material que sea objeto de proteccion
de los derechos de autor, sera exclusivamente
para fines educativos e informativos y debera
citar la fuente donde la obtuvo mencionando el
autor o autores. Cualquier uso distinto como el
lucro, reproduccién, edicion o modificacion,
sera perseguido y sancionado por el respectivo
titular de los Derechos de Autor.



'lész.—l

Dr. ' Mauricio'Diaz Mufioz" -




Este trabajo se . desarrollo en ‘el Instltuto ‘de, Flslolog:.a'
Celular bajo.la direccién:del Dr: Ricardo Tap:.a a quien: agradezco’
profundamente ".su’ interés: "y .apoyo.:- Igualmente- agradezco la.
colaboracién .del Dr. Slmon Brallowsky i



Este trabajbild‘dédiCO"a-

Norma v Jav1er por ser unos padres marav1llosos.
David, Edgar e Ileana: por: ser. los mejores hermanos.
Laura, Marltza Y. José por: ser. mis. cufiados favoritos.
Jorge, - Dlego Vi Rodrlgo por 'Ser -mis sobrinos preferldos
Ivén por:su.gran carifio,: ‘ayuda y comprensidn. .
Lourdes, Clorlnda, Eva, Gloria, Isabel, Alberto,
Francisco, Teresa, Sergio, Oscar, Eduardo, Laura,
José Luis, Jorge, Diana, Julio, Mauricio, Alma,
Gabriela, Esperanza, Lenin, Luis, Miguel, Victor,
Polo y Pita, por ser mis mejores amigos.

Gorky vy Piwi sin palabras.



LISTA DE ABREVIATURAS

AA Aminodcidos

ADP Adehpsinaﬁaifpsfato

yoxiacético

a‘membrana citoplasmitica

co
DNA
EEG -

EGTA

tetracético
EOS SﬁlfatoLAe{é anol
GABA Acido y—aminobuiéiiié'i‘qo, i
GABA, Receptor de GaBa t@pde‘f"l, 4

GABA, Receptor de GABA tipo B

GABA-T y—aminobutirato—z%oxoélp;a‘ t ‘transferasa (GABA

transaminasa)

GAD L—glutamato—l—carbo#i4;@& (descarboxilasa del

glutamato)



GDP Guanosina difosfato

GLN Glutamina

GLNASA Glutaminasa '

GLU

GLY1 
Gs: ‘
GTP 1:‘f
ove

HoloGA._VI'Dg,k D -

HPLC

KG 'd-cétqgluta’r E
MK Med_id"u e
DA R
OPA
PAL
Pi
PK
PKC
; PLAZ
PLP
PMA Piridoxamina-5’P

PXA Piridoxifa

RNA Acido ribonucléico

RNAm Acido ribonucléico mensajero
SAG Sindrome de abstinencia al GABA
SAS Semialdehido succinico

SNC Sistema Nervioso Central



TAU Taurina '
TBPS . t-butilbiciclofosforotionato

THIP v:4f5,6;7—tétrahidroisqxasoi—piridinol



INDICE

ORGANIZACION DE LA TESIS oo ; ’ . pag

II.

III.

Iv.

VI.

VII.

VIII.

INTRODUCCION g ;:;..“..l ....... [ S el

c)fihhi51c1é ; tk.f{;.J
d) Sindféﬁé’dé'abstin nci
OBJETIVOS. . ...
METODOS EXPERIMENTALES
TRABAJO PUBLICAD

activity = after

y-aminobutyric acid

RESULTADOS AbIciéNAQE

PUBLICACION......... S 46
DISCUSION GENERAL DEL TRABAJO . ,.{ ......... 69
CONCLUSIONES.......... Lo e ' ' 80
REFERENCIAS..............;..ﬂ.. o 81



ORGANIZACION DE LA TESIS

La tesis consta de 7 partes: la.primera es una’intrd

general que describe los antecedentes qi?i_t;'ema en'estud

abarca la transmisién GABAérgica:y’su relacién con’

segunda menciona’.10s iobjetivos de]v.'pres'ente‘.tfaﬂbéjo




I. INTRODUCCION

La epilepsia es 'una enfermedad neurolégica caracterizada por

[N

crisis recurrentes 2 Imen ve ebic déscargas

excesivas:de

aléoﬁol)

etc .:_:

epilepsia. es:u

mostrado

r 'ﬁﬁltiples



Parcial: la act1v1dad electrlca d Q”las neuronas presenta;

despolarlzac1ones lentas de‘gra"amplltud y 51ncron cas,

asoc1adas'

importancia de su estudio (S§0l{is y. .

1991).

1. TRANSMISION SINAPTICA

En el sistema nervioso centfal‘f(SNC)' dos  formas de

regulacidn de la excitabilidad neuronal Las c lulaé‘neuronales se

comunican mediante la transmlslon de 1a formac16n a través .de

sinapsis que pueden ser excltatorlas, medladas prlnc1palmente por




el &cido’ glluta’\miﬁb',;pliynhi‘bit"pﬂés,“‘<v'm‘e"vcvii'a'clélls’ principalriente por el

dcido “y-aminobut{iri

encuentra

quiscualato iy_v el




Una forma en-la .que’ se puede generar la ha.perexc:.tabllldad

d.v:.dad de las neuronas,

la, '. aparlc:l.én de.

ap an, ‘19?1 Fagg y;

: transm,s1 »,k51népt1ca GABAerglc’

ep:.lep51a “por ello, v por ser eliite

" trabajo, revisaremos en detalle el:

2. METABOLISMO DEL GABA

El metabolismo de este vamfﬁ'éﬁc1dp ‘ ip meﬁ};‘e de
dos enzimas (Tapia, l9_é§aﬂ del: ‘»’ééido
glutdmico (L-glutamat.b GAD)”.cjue} es
la responsable de s le ‘piridoxal
(PLP) como -c;::fact:.ér, amihébutirato—z—
oxogluﬁé‘féﬁa,,_ nin ' » que es la
encargada dét"s'i.bl"'t';fans‘f‘ovma'c_ion- en o:gl g’a;p;cb y semialdehido

succinico.




2.1. GAD:

.




Rec1entemente ‘se han descr:.to dos tlpos de GAD, una en forma

de apoenz;Lma y la otra como holoenzlma,

,con caracterlstlcas y

funcxgnes X

" (Feldbl

diferente

. Tillakaratne y col., .

a) APOGAD

La apoenzima tiene',"gl KDa, por lo que sei

-~ 1991a) Se une: A

denomina GAD, (Erlander:‘y co

mediante interacciones:

terminales nerviosas::



cofactor para. su ‘activaci‘én,“'el"? PLP. (Tapia, ’-1.983-‘~:Kaufmaz_1 y col.,

1991; Denner: y:

citop'lasvma'.‘

hibridacién

demostraron que

“aproximadamente la



Figura 1. Metabolismo del GABA.:

'Loﬁf-brindipéiéé

la GABA-
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neuronas  ~con. 'sinapsis .. ‘dendrodendriticas; ;- axosomiticas 'y

axodendriticas. Sin embarg expresa principalmente en

involucrada en ‘el

otra esté -asociada-

reproduccidn.

b) HOLOGAD

La holoenzima se encuentra soluble en el sinaptoplasma (Tapia,

10



1983), t:.ene un peso molecular de 67 KDa por lo que se denom:.na

GADn

{ Erl ander y col

e »en_(:‘uexl’xtra
1a§:’ién de la
‘ __,h‘a propuesto
hiétidina). Este

el cerebelo, los bulbos

rata. Utilizando a la enzima

olfato::‘:‘ios‘.; ,"ei‘: ihi:i.p.ciicalyiﬁpo‘ dela’

11



carnosinasa, la homocarnosina se hidroliza y forma GABA (Jackson 'y

col., 1994).

c) MECANISMOS DE REGULACION DE LA GAD

Hay muchos factores que 1nterv1enen en la regulac1on de la

actividad de la GAD que deben tomarse en cuenta ya que esta en21maﬂv

estd ampllamente ligada a. los mecanlsmos de inhibicidn GABAerglca‘

del SNC.

también

presencia’,
holoGAD.

La 01nasa “de

el 51naptoplasma _
como donador de- fosfa
para la formacidn dé PLP'
endégenas necesarias de_

(Tapia, 1983; Martin y'leval
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cantidad de holoenzima activa. Si ‘el PLP estd en exceso; el ATP se

disocia ‘de .la.. enzima, ‘“a menos. que ha‘yaais'.ufi'c‘ieﬁi:'_e’_ cantidad de

racién .de la

tros:factores endbgenos: q egu. ' tividad de

la GAD':Como ison el ATP y el Pi At Fms : 1991; Erlander y



Figura 3. Regulac1on de la act1v1dad .de: la GAD65 o

La GAD que s encuentra pegada a 18- membra' interacciones

7

électrost t'

lnorganlco (Pl) puede ant gon

por. glutamato y estlmulada por ATP.

16
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antener los nlveles de PLP como menc1onaba,anteribrmenﬁe“_es'un

encuentran
intemedi‘ari&é a
concentraciones

A_lg'unpé;,

2

regulacidn

mecanismos, ‘unof _

(Martin y col., 1993; Rimvall y:Mar

h18-



2.2. GABA-T

Posterlormente a la acc:Lon de : ABA sobre sus receptores, este

<. un. mecanismo de

transaminacién mediante la GABA—T “(Tapia, 1983), la cual utiliza

IGLTH [SSA] O NATO
0 NH (s o] o] O
HO-C-CHCH CHZC-OH CCHZCHZC -OH HO—-CCH CHZC OH

o o cicLo

oo
2CG-OH HO-(‘.‘!—(‘:‘CHé:HZE-OH DE KREBS

l@l RG]

o-cetoglutarato para formar de nuevo glutamato vy también
semlaldehldo. succinico. Este. /ﬁlltimc_a. es ‘el .sustrato: de -la
sem:.aldehn.do

SuCClnlC




3. RECEPTORES

Posteriormente a la .'sintesis-y liberacién deJ:_”‘GAB_A, éste
aminodcido ejerce su accién:sobre protei

nas’ eép;ecificés: En. el caso

reconoce ~ a su...vez

20



Figura' 4: .Modelos:.f de :1los receptores 'GABAA'"(’pb\'s'tsi,'tiéptiéov) iy ‘GbABAB

(presinébt;ié

fosfgl:';p:a’sé A

(‘I‘omédo'i,d B ;
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Subunidad

Figura 5. Modelo de los sitios especificos para el pegado .de:

agonistas y antagonistés del receptor de GABA.
El receptor GABA, estd acoplado'a, un.canal;

del ién ¢

21



(t—butilbiciclofosfdro;ibnato} que también bloquea el canal.iénico

(Figura 5).

la frecuenci:

que disminu

1988) (Fi
pega'do:b
e.ré,;é__;:q:. un 51tlo de la
is.ulibur'ii’da B-2"e'inc , GABA. La subunidad o
se" 'é;;pi;e‘sé 'é’é‘lo‘i X es un sitio-para la
modulécién"de' lar tanol (DeLorey y Olsen,
1992). i

Se. sabe que; uc da'i‘por };Sentilentetrazol

bicuculina 'y. pié'_i:'o la respuesta del receptor

GABA,, Y dism}ir‘iu d blda a la entrada del ién

cl-, n en la act1v1dad neuronal,




favorec1endo la. apar1c1on de crlsls ‘co! vuls1vas ]Matsunwto, 1989)

; agonlstas de GABA

ha sugerid

Recépﬁor ABA

terminales nerviosas. Un agonlsta de est

y un antagonista es el faclofen.

4, EL GABA Y LA EPILEPSIA

El estudio de los posibles ﬁecaﬁiémdé de’ accién que ocurren
durante la epilepsia, ha mostrado alterac1ones en la transmisidn
GABAérgica, principalmente . a nlvel de. a) degeneracién de las

terminales GABAérgicas; »b)¢ ;nterferencia con la accién sobre

23



receptores especificos debidos éi.blqdueo*dél{réCéptbf:GASAA}T&“los

del neurotransmlsor, por el increment

. 52% en este foco.

b) Blogqueo de receptores:

El efecto predominante' del

receptores especificos y el mantern

GABA, pueden




los niveles de. GABA y la apar:.c:.on

e crisis epilépticas. “En’ el

c) Inhibic:.énk de la GAD

La dlsm:u.nuc:.on en la act:undad de 1 n’ decremento

en_.las pozas enddgenas del GABA, ev],. e ri6para mantener

una -inhibicidn- ténica.

fLo.s 'inhibidores éomp’efit‘iVO’s [t GAD 'roducén epilepsia. El

tiempos muy cortos

lo cual disminuye su

liberacién al espac'ib"’e_x’tra,c‘ determinada por técnicas de

Esto demuestra la

push-pull <(Van der vH'ej)den_ v '1979)..

<25




importancia . de ‘esta -enzima para mantener un .nivel -adecuado de

excitacién neuronal.

incrementa

1960) . Lo

éppﬁibilidad

GAD, tienen




incremento’en la: sensibilidad a las‘crisisjepiléptidas.inducidés

por picrotoxina.

después = de 'adminlstta

ratones, el cual ihnibe a'la énzima’en a‘de:la degradacién del

27




GABA, los niveles de GABA se incrementan, y disminuyen las crisis

bicuculina .o -picrotoxina




GABAérgico llmeld;um, 1975; Iabia,:'

Estudips_‘prEVios “han

ina de
;. disminuye

‘la actividad'ée‘la GAD

adicién de GA?A;jimpid __de‘lé enzima (De
grimentos implican,
aunque no se-sabe de‘qu lacién entre el receptor

GABA, vy la actividéd'dg la GAD:durantela.exposicidn prolongada del

agonista natural.

29




En 1979. Perryy col demostraron-que la adm:m:.strac:.on cronlca

servaron. que
rma aguda o crénica
S de GABA en la corteza

' de'otros aminodcidos. La

liberacién ."de ‘GABA - endégezib,,_ estlmulada por ‘concentraciones

30



elevadas de pota51o (5 mM), se- lncrementa en el tratamlento agudo

o:necesariamente los

‘ahtiepiléptico. otro

modelo,‘en el cual se presenta epllep51a a pesar del mantenimiento
elevado de.GABA es el Sindrome de Abstinencia al GABA (SAG), del

cual se hablard a continuacién.

31



d) Sindrome de abstinencia al GABA

Estudios en monos fotosensibles (Brallowskyy col val 1987) o en_ B

ratas con kindling amigdalino (Fukuda ¥ col : ! r Sqi.l_ge'

la infusion 1ntracortlcal de GABA 10

con: 'dro'gé's ant:.convulsivas

como las 20, _ , los ester01des o el
recta vsobre el receptor

GABA,\ (Saunder _0)‘_; Estudlos farmacoldgicos

prellmlnares han el 1 SAG es’ poco sensible al efecto

de farmacos como los la fen1t01na, la carbamazepina,

el valproato, la progablde, las benzodlazeplnas, y a algunos

32



antagonistas * - de - los. . aminoicidos . excitadores ~:‘como . el

aminofosfohohm‘ fia“kétémiﬁakd“éim

neuronas. intrinsecas: so

isoguvacina, que es-un:ag



en la sensibilidad’ de “estas’ neuronas ‘no “es’ un “fendmeno - de

desensibilizaciénielicual normalmente aparece

desensib

tratamien

in vitro . Bti

con corriente. .a las




puede ser debida a un dec¢remento en el nimero de receptores O en su

afinidad (Garcz.a Ugalde Y col 1992)

35



II OBJETIVOS

El conocimiento del - 8AG - Se 'ha’ basado principalmedtelgen

s-'en-su aparicién y:d

Sretendié determinar si-

metabolism01GAéAér§ic§' Con’este propésito

Los animales se registraron electrocorticogrdficamente para

determinar el inicio, el désarrollo v la desaparicién del SAG.

36



ITI. In V.lt:ro

En rebanadas de corteza Y del area CA1 del Vhippcampon'e'

incubadas du

37



III METODOS EXPERIMENTALES

INFUSION DE GABA:

Se utilizaron ratas macho de 250 g que se anestes:.aron con

(Informacién mis detallada en el artni_c':uio anexo)

REGISTRO ELECTROENCEFALOGRAFICO (EEG):

Se utilizaron ratas macho de 2509 a las que ‘se.les implanté
unilateralmente una canula electrodo en la corteza motora. Una

semana después de que los. am.males se recuperaron de la operacién,

se procedid al t:ratamlento de los nlmales con 'GABA o con solucién

salina como cvontr‘ol ‘El-registro d_e la,Aac;'tividad eléctrica tanto en




los anlmales tratados como en los controles, se reallzé'durante 30

a 60 min . .antes,. durante la adm:.n:.strac:Lon del GABA o de 'lav"bb.

solucidn ‘salina, y'se,coptlngé
SAG. (Informacién més detalladé'éplel
GRUPOS DE ANIMALES:

GABA (2, 6 o 24 h), 'y ca

tiempos de acuerdo

registrada e' 

SAG:
apéiicié
1ndepend1entemente de sui

POST-SAG: Los animales  fue 3 [¢] .10, dias

posteriores al términode:l: la éhiel EEG.

CONTROLES:  Como inducidos por el

tratamiento se ut

1. En animales

a) La corteza‘ otora de anlmales 1ntactos

b) La corteza motora de animales lesionados (implantados).

39



2. En animales infundidos

a) La corteza“motora de animales infundidos con solucién

b)

c)irT.“?-

infundido

{Para mayorfinformacién vef'textd corréspondienté en el articulo"
anexo) .
DETERMINACION DE LA ACTIVIDAD DE LA GAD EN EL SAG ex vivo:

Los animales fueron sacrificados por decapitacién:

inmediatamente después del término de la infusién (P;eQSAG

odificaciones

previamente descritas por nosotrdsaYi’p 1991), tanto
en presencia como en ausencia de condicidnesnsatur@ntes de PLP (0.5

mM) . {(Informacidén en el articulo anexo).

40



DETERMINACION DE LOS NIVELES DE AMINOACIDOS:

3 cuantlflcaron de

1nternos y externos. (Informacidn més detallada ‘en. el artlculo

anexo)

LIBERACION DE GABA-’H DE REBANADAS CON SAG in vitro:
La liberacidén de GABA-’H de rebanadas de 300 pm de espesor de
la corteza motora de animales de 120 g, se determind mediante una

técnica de superfusidén continua (Arias y Tapia, 1986). Utilizando

41



2 rebanadas}iel _éohtfol__"s'e_,p'rei‘ncubé en-1 ml de_un’_',m’edvi‘o "Krebs- .

'.in"tos‘ai 370C

ausencia’del;id

1la vli'b‘e'rac_:iré a

(47 mM). En &l minuto

determiné la radioadctividal

muestras liquidas Los presan.:-élicambio po_rcent;ual_\cie

: tAo‘ta;L’. de 1a- réaiwbéc'tividad

incorporada al: tej’ldo'

42



DETERMINACION DE LA GAD EN EL SAG REPRODUCIDO in vitro:

Utilizando ratas - Wistar macho de 150 g, se ‘extrajer

rebanadas dei*b

43



IV TRABAJO PUBLICADO

Los resultados mds importantes - obtenidos e‘n'_félf presente

proyecto se publicaron en el/articuloique se anexa:a;continuacidn;’

y cuyo titulo es: Decrea

44
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DECREASE OF GLUTAMATE DECARBOXYLASE s
ACTIVITY AFTER “{IN VIVO CORTICAL INFUSION
‘ OF y AM!NOBUTYRIC ACID

PATRICI.\ SALAZAR, TERESA MONTIEL, SIMON BRAlLO\VSkY
and RiCARDO TAPIA*

Dcp.\rmmcnm de Neurocicncias, Instituto de Fisiologin Celular, Universidad Nacional
Autonoma de México, Apartado Postal 70-253, 04510-México, D.F., México

{ Received 23 Seprember 1993 accepied 6 Decomber 1993 )

Abstract—y-Aminobutyric acid (GABA) levels and the activity of glutamate decarboxylase were measured
in homogenates of ral brain corlical tissue, at different times after chronic imricortical infusion of GABA
i eivo during 2, 6 or 24 h. Cortical electrical activity was also recorded. As previously described, about |
hafter cessation of the infusion epileptic discharges were observed (GABA-withdruwal syndrome), which
lasted for several days. At zero time after cessation of the infusion. before the appearance of seizures,
GABA levels were increased 3-6-told and glutamate decarboxylnse activity was deereased 27-48% in the
infuscd corlex, s compured Lo the contralateral corlex or to tissue front control intacl rats. During epileptic
discharges GABA levels gradually returned (o normal values. [n contrast, glutama te decarboxylase activity
remained deereased during seizures and returned to normal anly after recovery from the GABA-withdrawal
syndrome. These results suggest that the persisient deerease in the activity of the decarboxylase is due
probably 1o & lowered amount of the enzymatic prolein, occurring as a consequence ol o temporarily
clevated intraceliular GABA concantration. The decreased rile of GABA synthesis might be involved in
the pathophysiology of the GABA-withdrawal syndrome.

Brain glutamate decarboxylase (L-glutamite-1-car-
boxy-lyase; EC 4.1.1.15; GAD) the enzyme respon-
sible for the synthesis of y-aminobutyric acid (GABA),
has been cstablished as a critical factor in the control
of motor cxcitability. Scveral studics have dem-
onstraled a close link between the inhibition of its
activity in vive and the appearance of convulsions,
independently of the concentration of GABA in brain
(Meldrum, 1975; Tupia, 1975 Tapia et al., 1975; Arias
et ul., 1992). Therefore, it hus been postulated that a
synaptically active pool of GABA is released by a
mechanism coupled to its synthesis {Tapia, 1975,
1976, 1983). Because of this, the regulation of GAD
activity has been a subject of considerable interest.
The most important mechanism in this regard scems
to be the availability of its cocnzyme, pyridoxal-5-
phosphate (PLP). Two molecular forms of the
cnzyme, with different allinity for the coenzyme,
initially postululed on the basis ol kinetic and inhi-
bition studies (Tapia and Sandoval, 1971; Bayon ¢t

*To whon all correspondence should be addressed.

al., 1977; Covarrubins and Tapia, 1980) have been
recently identified by gene cloning, immunoblotting
and immunocytochemical techniques (Erlander and
Tobin, 1991; Erlander et al., 1991; Kaufman ¢t al.,
1991; Murtin et al., 1991),

Chronic imracortical infusion of GABA in the
motor cortex of baboons cxerts anticonvulsunt cffects
(Brailowsky er al., 1987), but, puradoxically, cessation
of chronic infusion of GABA in the motor cortex ol
these animals, as well us in non-cpileplic baboons and
in intact rats, resulls in long-lasting cpileptic EEG
discharges. This has been established as 4 model ol
focal epilepsy. termed “GABA-withdrawal syn-
drome™ (GWS) (Brailowsky er al., 1987, 1988, 1990).
The mechunism of production of this syndrome is not
known, but two obvious possibilitics arc desen-
sitization of GABA rceeptors and decrense in GABA
synthesis (Silva-Barrat ef al., 1989). The aim of the
present work was to study the latter possibility, and
for this purpose we have measured (he activity of
GAD, as well as the concentration of GABA and
other amino acids, in the motor cortex of rats infused
with GABA for variable time periods, under three

363



364 i T - PATRICIA SALAZAR ¢f al.

experimental conditions: pﬁor to, during and after the
occurrence of GWS epileptic discharges.

EXPERIMENTAL PROCEDURES

GABA infusion

Male Wistar rats, weighing approx. 250 g, were used
throughout. Under halothane anesthesia unimals were ster-
eotuxically implanted biluterally with a cannula-clectrade
(.6 mam external diameter) in the motor corlex (stereotixic
coordinates were: P 2.0. L 2.0, D 1.5, using bregnu as the
reference point; Paxinos and Walson, 1986), With these coor-
dinates, the tp of the cannula penctrated to nearly half
the thickness of the cortex layers [V-V). Alter | week lor
recovery, GABA infusion was carried out in the awake ani-
mils by one ol two procedures. For 24 I infusion. an Alzel
osmotic pump (model 2001, | plh), was subentancously
implanted in the back of the neck, whereus for 2 and 6 h
infusion a programmable Harvard pump was used. in both
procedures the rate of infusion was 50 g GABA /i (Silva-
Barran e af., 1989). GABA was dissolved in isotonic suline
containing | mg/ml of the dye Direet blue 13, in order 10
astertain the correet site of infusion and the functioning of
the pumps. The pl1 of the solution was 7.1, Rats in which
the dye was not detected were discarded. EEG recording
(bipotar, 1-300 Hz) was started 30 min before the cessation of
the infusion and continued until the appeitriinee of epileptic
uctivity. For the group post-GWS (see betow) an EEG was
recorded daily lor 30-60 min. Several control experiments
showed that neither sham operations in which the cannula
was implanted but no GABA was infused. nor infusion with
siline containing only Direet blue, aflected any of Ui par-
ameters studiced.

As shown in Table {, cach group of rats (2, 6 and 24 b
GABA infusion} was divided in two subgroups. Subgroup
Pre-GWS: ruts were killed by decapitation immediately after
eessilion of infusion, before (e appearance of EEG dis-
charges. Subgroup GWS: rats were killed 60 min afier the
appearance of EEG paroxysmal discharges. In addition, rats
infused with GABA for 2 h were divided in two subgroups:
the first one was saeriliced during GWS, but al 5 duys alter
its appearance, using animals in which by (hat lime the
syndrome was still evident: rats of the sccond one (subgroup
Post-GWS8) were killed ut one of three diflerent times after
the EEG signs ol epileptic activily had disappeired (see Table
1 and Resulis).

GAD qud amine acids assay

Immediately after decapitation, the cercbral cortex was
disseeted out on ice and small fragments were punched out
with a 2 mm internal diameter pipette tip. Since the actual
spread of GABA is difficult to know, the Direct blue-stained
area was 1aken us the GABA-infused motor cartex, For use
as conlrols, punches were taken from thie corresponding
contralateral motor cortex and the occipital cortex of the two
hemispheres. The corresponding punches (rom the cortex ol
intact rats were also used as further control tissue. GAD
aclivity determinations were carried out in parallel in all
punches.

GAD activity was measured in water or 50 mM phosphate
buller homogenates (4 :1 v/w) by the microisotopic procedure
of Albers and Brady (1959), modified as previously described

in dewnil (Tapia and Salazar, 1991), in the absence and in the
presence of 0.5 mM PLP.

Thelevels of GABA, plutiimate, aspirtate, glycine, alanine
and taurine were measured by FPLC in extracts of the homo-
genites of the punches described above. An aliquol was
taken for protein determination and perchlorie acid (0,6%
finul concentration) was added (o the homogenates. Prolein
was sedimented in a miicroluge and the supernatant was
neutralized with KCOH and eentrifuged again to sediment the
precipitated potassium perchlorate, Amino acids were deri-
vatfzed with O-phthalaldehyde and atter 3 min 20 pl were
injected in u Beckman liguid chromatograph. The HPLC
procedure essentially iis deseribed by Geddes aind Wood
(TYBH. wsing o reverse phase ODS column (25 em+4 mm)
and o lin gradient (from 25% 1o 75% methanal) of a
mixture methanol (0,0 mM potassivm acetate bulter, pH
3.5, The umine acids were deteeted luoromerrically and
the identification and quamitation of peaks were made by
comparison of their retention times with those of standard
amino acid mixtures and by adding internal standards,

Protein was determined by the methoed of Lowry of of,
(1951).

Materialy

Direct blue 15, O-phthalaldehyde and the standard amino
acids were purchased from Sigma (St Louis. MO, U.S. A, L-
[1-"*Clglmamic acid (sp. uct. 53 mCifmmol) from Amersham
(Buckinghiamshire, U.K.) and the HPLC solvents [rom
Merck (Darmstadt, Germany).

RESULTS

GABA withdrawal syndrame

In the present experiments, the alterations in the
clectrical nctivity occurring afier discontinuing the 2,
6 or 24 h GABA infusion did not differ importantly
from thosc reported previously (Brailowsky e al.,
1988, 1990). The onset of the first cpileptic spikes
in the infused cortex occurred al (min) 78.6112.6,
4084139 und 41.9+6.6 alter cessalion ol the
infusion during 2, 6 and 24 h, respectively (means
+SEM for the number of GWS animals indicated in
Fig. 1}, In the rats in which recovery from GWS was
allowed, the duration of the epileptic discharges was
variable, ranging from 24 h to 3-5 days. As indicated
in Table 1, some rats with GWS during 5 days after
2 h GABA infusion were chosen for biochemical
studics of long-term syndrome.,

GAD aciivity

The results of GAD activity measurcments arc
shown in Table 2. The activity in the cortex con-
tralateral to the infused side did not differ significantly
from that in the cortex of intact control rats. In the
latter group the valucs were 7.59+0.5 and 19.34+0.5
pmol/100 mg proteinfh (# = 27) in the absence and
in presence ol PLP, respectively, whereas those in the
contralateral cortex ol the different groups ranged
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Fig. |, Per cent changes in GABA levels and GAD activity in

the GABA-infused cortex, as compared to the contralateral

cortex. The duration of GABA infusion is indicated below

each bar or group of bars and the time of sacrifice before

(PRE-GWS = zero time), during (GWS) and after (POST-

GWS) EEG discharges is shown above the bars (see Tuble
). Caulculated from Tables 2 nnd 3.

Table 1. Groups ef aninsals ind exprimenial protoes)

GABA infusion

Groups duration (h) Time of sacrifive
Control 0 In paratlel with infused rats
intact rits
Pre-GWS 2 Zero time after cessiation of GABA
[ infusion
24
GWS 2 60 min ar $days afer the appearance
' of BEG discharpes
6 60 min afier the appeiranee of EEG
. . 24 - dischurges
Pust-GWS 2 S dor 10 days after tie cessation of

EEG epileptic uctivity
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from 6.16+0.7 to 9.8 +0.9 pmol/ 100 mg protein/h in
the absence of PLP and from 16.0+0.7 to 20.742.5
in the presence of the coluctor (1 = 6-9) (the latter
two limit values are from Table 2).

As mentioned in Experimental Procedures, GAD
aclivity in the occipital cortex of both hemispheres was
also measured in cach group of rats. No significant
dillerences were found in the enzyme activity, neither
in the ipsilateral nor in the contralateral occipital cort-
ices, s compared to the control or the contralateral
motor cortices (data not shown).

In view of the ubove, it seems adequate to express
the changes observed in the GABA-infused cortex as
percent of the contralateral cortex in the same group
of rats. As can be scen in Table 2 and Fig, 1. when
measured in the presence of saturating PLP con-
centration (holoenzyme), the chronic infusion of
GABA in the motor cortex resulled in a significant
decrease in GAD activity in all groups of rats. In the
pre-GWS groups, that is, at zero lime after the end of
the GABA infusion period and before the devel-
opntent ol EEG seizurces, GAD activity was decrensed
by 28% when the infusion period was 2 h, and this
percentage augmented o 37% and 48% when the
infusion period was 6 and 24 h, respectively, When
GAD activity was determined at 60 min afler the
initintion of seizures (60 min GWS group), the pereent
decrease was 41%, 55% and 39% in the groups
infused during 2, 6 and 24 h, respectively, suggesting
that at this time the GABA infusion period was not
an important factor in the quantitative diminution of
the enzyme. Therefore, only ruts infused for 2 It were
studicd at longer time periods. In these animals show-
ing GWS for 5 days, the cnzyme was still decreased
by 50%. and it was only after onc or ten days afler

Table 2. GAD activity in GABA-inlused cortex and in contralateril cortex, in the presence ofadded PLP
GWs Post-GWS
GABA infusion
lime (h} Corlex Pre-GWS 60 min 5 days 1 day 3 days 10 duys
2 Treated 127413 12751.4% 899+ 1.0 145412 1L3£000 170432
o (8) (8) 9 (6) (7) 3)
- Contralm, 17514 75508 17.841.2 17.7:£1.5 172419 1634 1.8
L 7 (8 (O] (6} 4) (3)
6 Tremted 13.0:40.8% 267 £1.2¢ — —_ — —
: . (7) Y}
Conialut, 204412 2L6+2.2 — — — —
- {7 4]
24 Treated 10,7413t 9.79+1.0f — — — —
' ) @)
Contralat. 205414 16.040.7 — — =— -
[t} 9

The figures are gamolf100 mg proteinjh, Mcan values + SEM for the number of

sshownin g

* < 0.05; 1 < 0.01 vs the corresponding contralateral vilue (ANOVA test). Similar su;ml'nm:t.s were ohscncd vs l}u: mlucl

rat control value,
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cessation of the GWS (Post-GVS) that it returned to
vitlues closc 1o normal (although in the 3 duy-sub-
group i significant inhibition was still observed)
(Table 2, Fig. 1).

When GAD was mcasured in the absence of
cxogenous PLP, percent decreases of its activily simi-
lar 10 thosc in the presence of the cofluclor were
observed. However, the resulls were more variable,
due probably lo the comparatively low GAD activity
when no PLP was added (results not shown).

GA Bt levels

The concentration of GABA in the cortex of intact
nils was 26.642.1 nmol/mg protcin (v = 206),
whereas in the corlex contralateral to the infused side
it varied from 15.742.2 to 38.44+ 5.0 nmol/mg pro-
tein (Table 3), As shown in Table 3 and Fig, 1, the
concentration ol GABA in the infused cortex wis
increased 3-6-fold immedialely afier stopping the
infusion {zero time, pre-GWS), independently of the
infusion duration. However, in contrast 1o the
changes in GAD, GABA levels had decreased con-
siderably (1o less than twice the control) after 60 min
of GWS and at 5 days or in the posi-GWS period they
had returned to normal values {Fig. 1), No significant
changes were observed in the concentration of the
other amino acids mcasured, in any ol the exper-
imental conditions tested (not shown).

DISCUSSION

~The main finding of the present work is that the
uclivity of GAD in the motor cortex is decreased after
the infusion of GABA in vive, and that this decrement
is already present immediately after the end of the
infusion, prior 1o the occurrence of EEG seizures. This

PATRICIA SALAZAR €1 @f,

fuet, which occurred independently of the duration of
the infusion period, indicales thal the diminution of
GAD activily is not u consequence of scizure uelivity
and suggests, but does not prove, that a decreascd
rate of GABA synthesis may be u erilical fuctor in the
pathophysiology of GWS. Al this pre-GWS time the
concentration of GABA was increased several fold.
suggesting a product-inhibition of the enzyme. How-
ever, during seizure discharges GABA levels had
returned to normal values bul GAD activity was still
as diminished as at the pre-GWS period. Therelore,
the possibility that the excess GABA in the tissue is
allecting the activity of the enzyme during its in vitro
measurement {Porter and Martin, 1984; Size and
Lovell, 1970; Tunniclifl and Ngo. 1986) can be dis-
carded. As discussed below, @ more plausible expla-
mution is that the synthesis of the GAD protein is
being decreased by the temporary excess of GABA.
1t s surprising that the high concentration of
GABA attained immediately after the infusion
returned 1o nearly normal values in only about 1 h.
Since GABA must be taken up before it can be meta-
bolized by GABA transaminasc, this indicates that
both the GABA currier and the transuminasc are func-
tioning efficiently. 1t is thercfore possibie that the
decrcased GAD activity is duc to intracellulur GABA
rather than to an intcraction of the amino acid with
the neuronal membrane, In agreement with this con-
clusion, it has been recently shown, both in rat cortical
neuronal cultures (Rimvall and Martin, 1992) and in
cercbral cortex in vivo (Rimvall et al., 1993), thal an
increase in intraccllulur GABA, produced by long
duralion exposure to the GABA-transaminasc inhibi-
tor y-viny]-GABA, also results in a decrease of GAD
activily. The cffects on cultured cortical neurons do
not scem to involve GABA reeeplors, since neither

Tuble 3. GABA levels in GABA-infused cortex and in contralateral cortex

GWS Post-GWS
GABA infusion
duration (h) Corlex Pre-GWS 60 min 5days I day 3days 10 days
2 Treated 214.3163.0% 42,6+ 10L2*% 2901467 68+1.2 33,1 £44 23.2430
(6) ® (5 (3) M )
Contrilat. 31882 15.7+22 32465 35.6+ 1.6 322452 26,6424
. .. ) %) (5 [©)] {3 3y
[ Treated U8.6+22.6¢ 23.7+4.2 — e — —
[¢] 4]
Comtralul, 450 194421 — — —_— —
) (6)
24 Treated 110.8 % 16.2* 42,5460 — —_ _ —
(8) 2]
Centralat, 2.0+286 43433 - —_ - -
: 9 #) .

The fgures are nmolfmg protein. Mean values £ SEM for (the number of animuils shown in parentheses, -
* P < 0.05 vs the correspoming contraluteral value (ANOVA test). Similar significunces were observed vs the :nl.lcl st contrnl

value.
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muscimol nor  baclofen  affected GAD  activily,
although in culturcd chick retinal neurons it has been
shown that rclatively long incubations with high
GABA concentritions result in a notable deercase ol
both GAD activity und GAD immunostaining, and
that this decrense cun be prevented by blocking ol the
CI~ channel associated to the GABA, receptor with
picrotoxin (De Mecllo, 1984; De Mello er of.. 1991).

From the above discussion, it is possible to pos-
tulate that the decline of GAD activity observed in
the GABA-infused cortex is due to a deereased rite
of synthesis of the GAD protein. Although we have
not measured the amount of the enzyme, the faet that
its sietivity was notably decrcased for many hours. and
even days, ilter GABA levels had returned to normal,
both in the absence und in the presence of salurating
PLP concentrations, strongly sugpests that this is the
case. This also indicates that probably no alterations
in the availability of the coenzyme ocecurred. In this
respeet, a decrease of GAD uctivity, measured in the
presence of saturating PLP concentrations, has been
reported alter clevation of GABA levels in rire by
chronic $-vinyl-GABA adntinisteation (Neal and
Shah, 1990; Perry e af.. 1979). Tn addition. inmumnu-
noblotting studics have shown that, both in neuronul
cultures (Rimvall and Martin, 1992) and in vivo (Rim-
vall et al., 1993). an increase ol GABA concentration
produced by chronic exposurc to -vinyl-GABA
resulls in a marked decrease of GAD,,; protein, the
larger and [rce-PLP-indcpendent form of the rat
cnzyme that has been cloned (Kaufman ef af., 1991:
Martin er af.. 1991), The diminutivn of GAD,,
observed in vivo was nol accompanied by a decreuse
of its nRNA (Rimvall er ai., 1993).

As already mentioned, the laet that GAD actlivily
was considerably decreased immediately aflter cess-
ation of GABA infusion, prior to the appearance ol
EEG scizures, suggests that o deercase in the rate ol
GABA synthesis is involved in convulsive activily.
Previous findings indicate that a decrease in the syn-
thesis ol GABA by inhibition off GAD activily, in
spite of remuarkable increases in intracellular GABA,
results in convulsion (Tapiy, 1975, 1980; Tapia ¢f «f..
1975 Wood et f., 1980}, The delay in the appearance
of scizures can be attributed to the fact that o certain
propertion of the lurge amount of GABA present in
the tissue is probably in the extracellular space and
therefore is capable of interucting with the post-
synaplic GABA , receplors.

The possibility that a descnsitization ol GABA
receptors. due to the continuous exposure to high
GABA concentration, may also play a role in the
production of scizures, cunnot be discarded. In sup-
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port ol this possibility, it has been reported that in
corlex slices obtained [rom rats with GWS produced
alter 5-7 days of GABA infusion there is a sub-
sensitivity of the intrinsicully bursting ncurons lo
GABA and isoguvacine (Silva-Burrat ¢t al., 1989).

In conclusion, the long lasting decrease in GAD
activity observed alter chronic infusion of GABA into
the motor cortex seems to be due 1o a diminished rate
in the synthesis of the enzyme. This indicates that
the intraccllular concentration of GABA may be o
regulatory (actor ol GAD synthesis in viro. The tem-
poral correlation between the return of GABA levels
to normal values, the persistence of diminished GAD
activity and the occurrence of EEG scizures, afier
cessiation of the infusion, suggests that n decreased
GABA sysnthesis may be involved in the epileptic
GWS.
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V RESULTADOS ADICIONALES

REGISTRO ELECTROCORTICOGRAFICO: .

Los registros del EEG mostraron una act1v1dad electrlca basal
muy semejante en los anlmal ur
motora, que en. los

1nterrup01on del'ﬂ

tratamiento y la apar1c10n de la»prl

ra- esplg ip rox1st1ca focal,




SAG (GABA 2h)
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Figura 6. Registro electroencefalogrdfico de un-animal con SAG,
inducido por el cese de un tratamiento con GABA durante 2 h.

El animal se infundié con GABA 50 ug/pl/h durante 2 h, a
través de. una cénula-electrodo previamente implantada
estereotdcticamente. El ‘animal comenzdé a registrarse durante los
Gltimos 30 minutos de la infusidn (Pre-SAG). Una vez que aparecid
la primera descarga epiléptica, en este caso a los 84  minutos
posteriores al cese del tratamiento, se continud durante una hora
mé&s. A: Registro de 1la actividad- eléctrica basal. B: Espiga
epiléptica que marca el inicio del SAG (latencia=84 min, desde la
interrupcién de la infusidn hasta la aparicién de la primera espiga
del SAG). C: 33 min y D: 60 min posteriores a la primera espiga
durante el SAG.. Abreviaturas : CM, corteza motora infundida con
GABA; y CCM, corteza motora contralateral al sitio de infusiédn.



en este caso fue de 84 mlnutos.uEl reglstro se contlnué durante 60

‘actividadfde;laaGAD-elwdia

totél'de la epiléQSié, 1ndepend1entemente del tlempo;de dura01on';f

del SAG. El SAG duré desde uno hasta varios dias.

DETERMINACION DE LA ACTIVIDAD DE LA GAD ex vivo:

1.0 'y'de19.1 £ 0.7 en la CO



y CCO én;prééehtia;deiPLP,sreépééﬁi?éméﬁte;

£ 0.5 'sin. PLP.

la actividad de nhibi6 un 50% (Vef.ja’rticulo anexo) .
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Figura 7 Actlva.dad de la GAD en anlmales control

Se utlllzaro "porc:Lone cortlcales del area motora de cada uno
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Los animales: con -SAG: recuperaron sus valores. basales.en la

actividad enzimitica; después de algunos dias dé’haber‘tefmihado

valores

Previo

las espigas epilépticas

La actividad

condiciones,

SAG son muy_eVidéhfg'len lavcorteza;infundida-
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Tabla 1. Actividad de la GAD enla- corteza motora;tratada y en.la
corteza motora contralateral a. la 1nfu51on, ia’d

T inf.| PRE-SAG

(h) 60 ‘mi

2 CM |4.8+0.4*|
(8) :

24 cM |5

Los valores se expresan en Umol/100 mg prot/h #* E.E. del nimero
de animales indicado en .cada: paréntesis. De acuerdo a la prueba
estadistica ANOVA, * p<0.05); t+ p<0.01, respecto al wvalor
contralateral. Los valores son muy semejantes a -los obtenidos en
animales no tratados.



Tabla 2. Actividad de la GAD en 1a corteza oc01p1tal tratada Yy en
la corteza. occ1p1tal contralateral-a'la’ 1nfu51on, en~presen01a de

Los valores se expresan en [imol/100 mg prot/h % E.E. del nGmero
de animales indicado en cada paréntesis. De acuerdo a la prueba
estadistica ANOVA (p<0.05) los resultados no fueron significativos
respecto al valor contralateral. Los valores son muy semejantes a
los obtenidos en animales no tratados.



Tabla 3. Act1v1dad de la GAD en la corteza occ1p1tal tratada y en
la corteza occ1p1tal contralateral a. la 1nfu51on, ‘en: ausenc1a de
PLP. 5 : : : . . o O

T inf.
(h)
2 CcM

cCM

CCM

24 CM

ccM

Los valores se expresan en umol/loo mg prot/h * E.E. del nimero
de animales indicado en cada paréntesis. La prueba estadistica
ANOVA (p<0.05) no: mospré valores significativos respecto al valor
contralateral. Los valores son muy semejantes a los obtenidos en
animales no tratados.



DETERMINACION DE LOS NIVELES DE AMINOACIDOS:
Utilizando el mismo homogenadb cortical . que en - los -

experimentos antes mencionados,: vy en:. las ;mis'm;as condicibnes

n, presentan

v_a'\‘iore_s q rian desde 15.7 =

2.2 hasta n diciones determinadas. Los

valores numéricos ‘para cada nodcido: se muestran en las tablas 5-

9.
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ACTIVIDAD DE LA GAD EN EL SAG REPRODUCIDO in vitro:

Posteriormente, utilizando rebanadas de corteza ' de hlpocampo

mantenidas en iguales condiciones a las que ‘se! ha descrlto para"

inducir el SAG in VltrO (Garcza Ugalde v col 1992) determlng

en'presencia

no mostraron

fue de 14.1 #

durante:3. T ol valores fueron de

Dos horas:deincubacidén on GABA no fueron suf1c1entes para

e-la. AD Durante el Pre- -SAG, los resultados
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Tabla 10. Determ1nac16 de 1a'act1v1dad dklla GAD'bn'rebanadas de
la corteza cerebral:y : Ci
expuestas duran;e 120

GaBA.-

MK

PLP +

ca-1 |14:100
#,1.000
(7):
12.9

Cx +0.8
(7)

El tejido se 1ncubo en MK durante 180 min. o 2 h en GABA,
posterlormente se-cambié a un medio fisioldgico (MK) nuevo y
se determind la actividad de la GAD, tanto en presencia como
en ausencia de PLP. En cada experimento se muestra el + E.E.
En cada dato se denota entre paréntesis el nimero de animales.
Mingin valor fué significativo (ANOVA; p<0.05).



LIBERACION DE
Posterio
alteracién en

SAG

control.
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5n' estimulada. de GABA’H ‘en

n modelode SAG in -

parénﬁés s
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LIBERACION ESTIMULADA DE GABA- H (%)

(I
(=4
(=

200

100

o

m MK
@ GABA
O MUSC

(4)

(2) .

Ca

INCUBACION DURANTE 4:30 h

2+



El tratamlento crénlco con GABA no, marcad' rad:.oactl 'amente,
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VI. DISCUSION

Los resultados obtenldos en- este trabajo apoyan los trabajos'

demuestran que la
en’condiciones en las que
'GABA enddgeno- éstan i‘nqiemehtados, induce epilepsia

(Tapia, 1975; Tapia y col., 1975, 1980; Wood y col., 1980).
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La disminucién.en la’ actividad de la GAD determinada en este .

trabajo, no:parece ser’ consecuencia del SAG;.ya ‘due ésta se altera

ABA hasta:ochb veces

ABA‘que 'se administrd
eXégenaméﬁtéﬁ“thvembé:g¢( es importante. acef’ﬁbgaf.que una hora
después de qﬁe»el siqd:oﬁegéefha;heéhOfevidente en el EEG, la
concentracidén del aminodcido fegrésa a susiniveles basales y asi se

mantiene hasta la extincién del SAG. Esto parece indicar que

70



existen mecanismos 'de’ transporte muy ‘eficientes, que. podrian’

regular ‘el . exces

fisiolégicas

nerviosas:o

valores basales .(Tabla 4) Bsto:descartaria la idea de que la
actividad de la GAD se .inhibe .'por producto, al menos en el
transcurso del SAG. Es posible que el decremento enzimitico se deba

a la concentracidén del GABA intracelular, mds que a una interaccidn

71



del aminodcido con ' la membrana.neuronal: -postsindptica;’

hipdtesis  se: apoy

‘respectivament

a1l y_Martin;iiybz)

proteinas inﬁql,

mensajero se un complejo de iniciacién

para la sintesiﬁ"d podria estar involucrado

en el desarrolld de-las:c lsivas. Hay varios estudios que

72°




sustentan esta idea (Dwyer y col., 1986). En CQnejos y'ratones‘,

expuestos a choques eléctricos cdntians,paraﬂprodu' r'epilepsia(

se ha mostrado una disminucién en ‘e

‘de varios
eléctrica se

tasa de ‘sintesis de

. Existen varios tfabaﬁoé«en*los'que el tratamiento crdnico con
GABA o con drogas que mantienen incrementados los niveles de GABA,

induce cambios en la expresidén de la GAD. La expresién de las
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proteinas - puede regularse - ifgéﬁéﬁicamehcé;n a ‘nivel de la

transcripcidn

la proﬁéi af

epilépélaf

hipocampo dé?la

expresién

presentan.'Tédos;est

GADy;, reflejadé bbr=é1, ncremento’’en ‘el’ RNAm observado, es un
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proceso pléstlco, sensxble a las cond1c1ones 1mperantes en,el medlo

amblente, tanto c1rcundante como 1ntracelular, ' cuya consecuenc1a'

in‘embargo,. con:los datos aqul obtenldos, no

esenslb; 1za¢19n del receptor, debido a
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1989) . Este efectc

debida a un cambio

embargo, es importan

ncentraciones de 150

a:primera descarga

trabajo, se presenta entreios_ 40°y:'10s:80 n}in.ut':'os"posteriores ala



interrupcidén de la- infusidn ~de: GABA. Tales d‘_i‘fer‘encias ‘en: los

magnitud’ - ,tempb'rg;li ; poco

érdenes . - de: : pfobébl_e a la

actividad “d

explorada

epilepsia, son a

GABA marcado
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Las crisis epilépticas inducidas - por electrochoque, en

rebanadas de corteza cerebral.

(Green'y col., 1987),

durante ,ia. superf

aminodcido
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ESTA TESIS WO DEBE
SELIR DE 1A BIBLIGTECA

trabajos anterlores (Arlas Y Ihpla, 1986) .se ha demostrado que la

llberac:Lén del GA A’H est:.muladav por K* (48 mM) ,- no depende de éste
1on:en:p;ep ac ) : ‘N” E i'"fderla presencia de Na'.

Esto podtis
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VII CONCLUSIONES:

concentracion

diluciéniide

GABAérgico

sugieren
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