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intervienen enfendt

Recientement

déklékél’icina, coagonista del glutamato, asf como de
elécmcq'f'de"la membrana. Estos resultados han llevado a

tltiples Sitiqs de interaccién para las PA en los receptores

NN[D:A";'en.la retina difieren de los del SNC en sus
‘qzuil’micas asf como en su modulacién por las PA.

través de su 1nteraccxén con sitios especffxcos, estimula la

que en el SNC tanto /l' 6n’de los receptores de NIVID omo:la actividad

inversa de las prote;nas transportadorés de PA, inducen la llberac16n~de las mismas en
el estriado y la cortez ; ;abajo, se demostré que en la retma, a diferencia del
SNC, las PA se ‘liberan: por _eépolanzacxén inespecifica con’ 50 mM de KCI de
manera mdependxente calcxo extra e intracelular. A51m1smo, se demostré que el
sistema de captura ; retma no requnere energla procedente de la sintesis de

ATP o de un gradlente electroqulmxco

Sumados a ‘lps, ac ] ‘btemdos antenorme r ﬁuestro grupo, los datos
refu ¢ tanto - és 'de glutamato como la
difieren de los del SNC.

regulacién de la neurotransmisién glutamatérgica en la ret



II. INTRODUCCION
El glutamato como neurotransmisor excitador

El glutamato se considera como el transmisor excitador mds importante en el
SNC. Su interaccién con receptores especificos en la membrana sindptica genera la
despolarizacién de la misma a trglvés de diversos mecanismos. Los receptores de

glutamato se subdividen, de acuerdo con su mecanismo de accién, en ionotrépicos y

- metabotrépicos (Fig onotrépicos son protefnas tetraméricas que forman un

canal catién ‘al Na*, al K* o, al Ca®>*. Los receptores

termlnal es 1ntracelular y el ammo extracelular. Las cadenas proteicas de los GluR se



Receaptor

G protain

TTDT

Figura 1. Esquema que representa los diferentes tipos de receptores para glutamato
(Glu). Los receptores para glutamato se subdividen de acuerdo con su mecanismo de
accion en: A ionotropicos y B metabotrépicos. Los receptores ionotrépicos se
subdividen a su vez en: NMDA y AMPA/KA. Los receptores de NMDA forman un
canal permeable al Ca®*, Na' y al K*, y tienen sitios de unién para glicina (Gly),
poliaminas, Zn?*, fenilciclidina (PCP), maleato de dizocilpina (MK-801) y Mg**. Los
receptores de AMPA/KA forman canales permeables preferentemente al Na* y al K.
Los receptores metabotropicos estan acoplados a una proteina G, que a su vez modula
a la fosfolipasa C (PLC) la que hidroliza fosfatidil inositol bifosfato (PI) generando
diacilglicerol (DAG) y 1-4-5 inositol trifosfato (IPs).
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iferentes - (R2A-D) (3,4,7). La combinacién

bumdades de las. d »amlhas confiere a los receptores propiedades

dlferenc 1 d
7 farmacoléglcés que corresponden, in vzvo; a dlferentes regiones del SNC (7), asi como
‘a diferentes etapas del desarrollo (7,11,12). La subunidad R1 le confiere al receptor
sus propiedades bdsicas, y la subunidad R2 funciona como una estructura moduladora
(3,4,7). La inclusién de subunidades R3 en los receptores de tipo NMDA inhibe la
actividad de los mismos (13).

Se han identificado cinco sitios de reconocimiento en los receptores de

NMDA: para el glutamato, que actia como neurotransmisor, para el coagonista

‘ghcma, para el Mg , para bloqueadores de canal abierto Y para el:Zn?*. Asimismo, las

: PA como la espermlna y la espermidina, modulan la ti ldad“del receptor através de

vanos smos de umén, como ya se exphcaré mas;ad ante (14 15,16,17,18). El Zn**

reduce'eyl-:t‘lempo de apertura del canal d cppores de NMDA posiblemente

‘ po’rq‘L»le. hhi‘be de forma alostérica, u ' ,vlé*ra PA encargado de regular la

n‘estad de: rébqso el canal estd bloqueado por

‘ él Mg2+. Iadespolanzac:én fifr"nduce la“salida del’:‘Mg?;*, y permite asi una corriente
7 r 'qtie “la sustitucién de una asparagina
v'}{s‘ubunidades R1 y R2 regula,
ueo por Mg?* (18).

ccgptofes de NMDA es motivo de

dichos receptores podrian incluir tres



una estructura heteromérica formada por la subunidad R1 y una sola variante de la

subunidad R2. : S IR Ay

protefna a:través:del: cual

"glu:t”zjmat_o 24

‘glutamato en estos receptores _ manifestacién de- esta”estimulacién’ estd

controlada, diferencialmente, por el tipo de subunidad R2 (1 .



receptores estén involucrados con la estimulacién de la sintesis de éxido nitrico, asf

comio con la activacién de protoncogenes y la modulacién de canales iénicos (1,25).

Funcién de las poliaminas en la neurotransmision excitadora
Las PA endégenas como la putrescina (diaminobutano) y sus derivados
espermidina y espermina, son policationes presentes en todas las células,fg_:nf‘lzils';que;: ‘

interactian con moléculas cargadas negativamente como son algunas.proteinas; dcidos

nucleicos y fosfolfpx os -




+ NH
H;N/\/\/ 3

Putrescina

+
H3N+/\/\ NTT S NH,
H +~H
Espermidina

<+ H\'.-/H +
H;N/\/\,N\/\/\/N\/\/NH:'
H + H .
Espermina

A

Arginina

Arginasa
\x’;&

Ornitina

Ornitina descarboxilasa
(ODCQ)

Putrescina
Propilamino
M Espermidina sintasa

NI v
Espermidina

Propilamino

Q Espermina sintasa
v

B Espermina

Figura 2. A) Estructura quimica de la putrescina, espermidina y espermina. B) Ruta
metabdlica para la sintesis de poliaminas endégenas en las células de mamiferos.
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intracelulares de estas molécul‘as“'debenden ‘actividad de dicha
enzima.

La espermina y la espermxdma sc'han relacnonado con fenémenos ‘como’ el

ién (26) debldo a que, in vitro, las PA modulan ala

crecimiento celular.y la ref

RNA polimerasziq"IAI_,:» n a«lumén del mRNA y el aminoacil tRNA a los

_ ribosomas, y estimulan la acetilacién y fosforilacién de histonas. Esto sugiere un papel

‘mulbtifq‘n a replicacién, transcripciéon y traduccién de la

*inform ! te respecto, existe evidencia de la participacién de las

das en procesos de crecimiento y rcphcacnén celular durante el

sélo estdn invo
" desarrollo, 'sino:qu ‘-‘lambién podrian participar en la transmisién sinéptica en este

e teji_do: Sin embargo, se ha reportado que la concentracién de PA en el cerebro es del

12



(DEMO;

calcio a través de canales activados tanto por.voltaje como por ligando; esta inhibicién

trado, como ya se menciond, que

-las PA' modulan de: manera directa. la ctividad dé,"l;as receptores de tipo NMDA a




concentracnén de las PA

ones incrementan la
' ébrﬁ};n;c, mle‘ntras.que a concentracionesel‘eyadag'la;mhlben;‘ ﬁosi.blemente porque la
espermmay]a espermidina actian como bioquéad;fés de canal abierto (41). A este
rrgéplg'c;t.t’), Marvizén y Baudry (42) identificaron dos sitios de unién para las PA en los
’receptores de tipo NMDA: uno de alta afinidad estimulador, y otro de baja afinidad
inhibidor, cuya activacién conlleva una disminucién tanto de la By,,x como de la K de
la unién del MK-801[*H], lo que demucstra que la espermina no compite por el

mismo sitio con este bloqueador de ca“ al ablerto. Se propone que el efecto inhibidor

su remocidn’ ocasiona':la* pérdida_ de - dicho" efecto. asf como la reduccién de la

4to';r‘\es.fvEn:cstécontexto, Masuko et al. (45) describen dos dominios

inhibicién por p

14






‘pero podria‘relacionarse coh el>bloqueo del

1 -interaccién  directa -con:la

" Se ha demostrado'la existencia de una alta concentracién de sitios relacionados

con fosfolfpidos de

j '6'1  2). Estos datos. pgrml_tén po

‘actuar como.moduladores especificos a través de su interaccién con receptores de alta

en la membrana sindptica.

16



Neurotransmisién excitadora en la retina
La retina es un tejido estratificado en el que existen 5 tipos de neuronas que
establecen contactos sindpticos en 2 capas plexiformes (Figura 3). En la capa

plexiforme externa, ‘los: fotorreceptores (conos y bastones) hacen sinapsis con las

células  horizont polares, mientras que en la capa plexiforme interna, las

orman sinapsis con las células ganglionares y amacrinas, las cuales

establece re ellas, Las terminales axénicas de las células ganglionares

forman el nervio éptico.

ipos de interneuronas (las

e entradas’laterales’a las células bipolares y a

cvomcn‘te_:de$'p6];irizante, por lo que la reduccién de GMPc

v'hipéfpvovl'ariz.q a los fotorreceptores.



BORDE COROIDAL

Capas de la retina
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los fotorreceptores Diagrama:
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que responden:-al centro luminoso y otras

inoso. De esto, se derivan dos vias

-GMPc a través d
mientras que las células bipolares

AMPA/Kainato’: (6

sensib‘lé‘;,z:lll',irea ‘circundante ‘del ‘campo receptivo de las células bipolares, en la

obscurid;id ‘lib’eri'zi"ténichmente glutamato que mantiene a la célula horizontal

19



e pollo se.demostrd-la presencia de receptores

ato (67) yEA;MPA.(68) asf como para 3-[(£)-2-

lisis dePI (71). Es importante mencionar que en la

iferen_teSﬂ:'s’ubtipos de receptores para L-glutamato se

20




lo’que sugiere que, en este tejido, la

ifiere’de’la del SNC. Se sabe que en diferentes dreas del




- bipolares deiconos. (79).:Asimismo, se demuestra.que. los receptores para NMDA de

uenen;la'mguylen’tcl_c’;orhposibién heteromérica: R1/R2A, R1/R2B,

22




resultados morfolégicos que‘ se’ menciona

‘presindpticos de NMDA particip ‘neurotransimién excitadora,

como se demostré en elVS;NV >:(81) este esp‘rf’elg:’to‘,lLdpe'z-Colomé y Roberts (82)

demostraron la regulacién de la Iibefaciéh estimulada de glutamato de la retina por la

accién de agonistas, a través de la interaccién con receptores presindpticos.

Localizacién y funcién de las poliaminas en la retina
La funcién de las PA en la fisiologfa de la retina atn no es del todo clara..La

degeneracién especifica de la porcién interna de la retina de rata con’glutamato, que’

n:células:amacrinas ganghonares‘dcsplazadas, y ganglionares de la retina de

ientemente se localizé tanto espermina como

‘coinciden con'los obtenidos” enel cerebro de rata adulta, que localizan la mayor

23
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v1sua] y el cerebelo de ratones adaptados a la obscundad pero en ninguna regién del

cerebro se detecté una disminucién en el contenido de estas PA al estimular con luz.

ITII. OBJETIVOS
Planteamiento del problema
Las PA podrian tener funciones especnﬁcas en el SNC como moduladores de Ia

os receptores de glutamato deI tlpo_'

neurotransmisién, a través de su interaccié CO

NMDA. Se ha demostrado que- tzmto a spermma'como la esperm:dm roducen '
diferentes efe_c,tQ’sA s\;"b

concentracién :de la‘glicina, coagonista del” glutamato, asi como de variaciones enel

','potenj ial el ciri{:o’de la membrana. Estos resultados han llevado a proponer- la
_existdﬁgiaf.'dé’ maltiples sitios de interaccién para las PA en los receptores

mencionados.

Hipétesis
Dado que en la retina se ha demostradoiijué:.IQSvre(:epto’reé de tipo NMDA

tienen caractensucas bloqufmlcas y farmacologlcas dlstmtas a las reportadas en el

SNC (69 75 77 ,proponemos que en este /te_)ldo a. func16n moduladora de las PA

sobre estos receptores es distinta a lo que se ha reportado en el SNC,




Objetivos generales
Se estudiard el efecto de la espermina sobre los receptores de NMDA en la
retina de pollo. Asimismo, se pretende caracterizar el posible papel modulador de la

espermina sobre la neurotransmisién glutamatérgica en este tejido.

Objetivos particulares

A) Se caracterizari el sitio de qniéri de las "iPA:‘evn‘ ‘Tos reééptores de NMDA de las

capas plexiformes de la retin‘a/de‘ C

B) Determinar el efecto de I: n de la glicina con el sitio del

coagonista de los receptores NMDA de'las capas plexiformes de la retina de pollo.
C) Analizar los nié_camsmos,-de ‘laliberacién :y_;cyapturv‘fé; espeéifﬁéés, dg asPA éﬁ;la
retina de pollo, con el fin de apoyéf su funciéni modula oxj:vlt‘vt_’,n el proceso ‘de

neurotransmision.

IV.MATERIALES Y METODOS
a) Unién especifica de espermina[*H] a membranas sinaptosomales de la retina
de polio
Obtencion de las membranas
Se enuclearon los ojos de pollos de 1 a 3 dfas, y se extrajo la retina libre de

epitelio pigmentado,leh am‘dftiguador :Krebs‘.v,'Ringer,_ Bicarbonato (KRB) (NaCl 118

MgSO; 1.17 mM, NaHCO; 25

steriormente, el tejido se homogeneizé

velbdifdadji’iEl,fhkomogeneizado se centrifugé (900 x g, 10 minutos) para obtener en el

precipitado las terminales sindpticas (sinaptosomas) de la capa plexiforme externa

26



(con’respecto al

H$/HCI (S0 mM) a pH de 7.4, se

e asociacién 'y experimentos dosis-respuesta

rotefna . membranal - durante una hora a

minutos ‘en-una; aerofuga Beckman. Posteriormente, las membranas se lavaron dos

Tris/HCI (50 mM), pH 7.4, frio o agua bidestilada frfa para

diferénte'é}_jtienipo entre 2'y 60 minutos. Para los experimentos de dosis-respuesta las

membranés '_l_qc_:ubaron con esperminal*H] (5-20 nM) en presencia de

27



concentraciones crecientes de espermina no m

1000 pM) o dietilentriamina, antagonista del sitio de’las poliaminas en los receptores

de NMDA (DET; 50-1000 uM).

b) Unién especifica de glicina[“H] a membranas sinaptosomales de la retina de
pollo
Obtencion de las membranas

Por un proceso de centrifugacién diferencial fue posible separar las fracciones

sinaptosomales de las capas plexiformes interna (P,) y externa (Pl‘) de retinas libres de

inaptosomales Py y

centi‘ingdrbn',(AiS,OO‘('):x,g 0 minutos) y:se guardaron _lqsvpx_‘(zi011')itzidos a-5°Cdela?2
dfas:

Las_membranas: se; lavaron/cinco’veces resuspendiendo en 25 volimenes

0 rﬁimitos), utilizando amortiguador

(peso/volumen) y centrifiigando (45,000 x

174" dos veces mds. Las membranas se
an;is.vPrevio al experimento las membranas se

lavaron cuatro Ve m .ya ‘e descnblé usando amortiguador HEPES 5 mM/Tris

4.5 mM a un pH dc 7 4 para resuspenderlas

ad::r HEPES S
se ‘incl:ulbafo'n o
tosomas :a urjjdhddu:el -

Ambos homogeneizados se .



i’ P .

Loé eXperirhentos de saturaci6n se llevar"o 1, cabo a temperatura ambiente (25

°C), incubando durante dos horas y detemendo la’ reaccxén por centrifugacién durante
2 minutos en una aerofuga Beckman. En estos experimentos se emplearon diferentes
concentraciones de glicina[’H] y se afiadi6 ‘glicina no marcada para alcanzar las

concentraciones mas elevadas, en un volumen final de homogenado de P, é P, de

0.175 ml. La upiéh i}nes’beciﬁéa se d'et‘ér“'rhinékcon 1 mM del ligando no marcado. Los

“experimentos_se_hicieron ‘en_ presencia y_ausencia de 100 uM de espermina, para




Beckman a distintos tiempos en‘un intervalo de 2 a 203 minutos. Estos experimentos
se realizaron en presencia y ausencia de espermina 50 uM. La unién inespecifica se

determind con 1 mM de glicina no marcada.

¢) Liberacion de espermina[3H] de la retina de pollo

Se aislaron retinas libres de epitelio pigmentado de pollos de 1-4 dias de

nacidos y se incubaron durante 60 minutos a 37°C en amortiguad‘orKR)B' H~v7.4"‘qu9‘, :

radioactividad - liberada por unidad de ' tiempo, con ‘respecto al total de Ia

radioactividad.

30




d) Captura de espermina[*H] en la retina de pollo

Se aislaron retinas libres de epitelio pigmentado de pollos’ de 1-4 .‘dféi‘s"fdé ‘
nacidos y se incubaron con,,espermina[’H] durante 10-30 minutos a 37°C en

amortiguador KRB,“pH'.~7.4;'Sé' szré 'jla captura pasando las retinas a amortiguador

amortiguador KRB que contenfa concentraciones crecientes de

2.5-200nM). Las soluciones mas concentradas se completaron con

ada. Asimismo, se midié la captura de este policatién con respecto

a la temperatura:(37°C iempo, para ello se par‘la captura. a distintos

ciaﬁui'q. de ‘ v:m’M)fy- ouabaina (1 mM). Posteriormente, se agregd la

espeﬁﬂi‘i"ih[?lfl] :'(_12.5’ nM) y se incubé 20 minutos el tejido.

_ " Para estudiar el efecto del pH extracelular en la captura de espermina se

prcparé amortiguador KRB a distintos valores de pH y se incubaron las retinas




spermina(°H]. Para
‘ r acetato de sodio (0.

pH con 4cido acético al

spermina[>H] “.‘se ‘captura en un compartimento

metieron’las retinas‘a un choque osmético. Se incubaron

KRB por H20.~bidestilacia y.se incubd el ‘tejid inutos;:el ‘tejido se lavé con

afnortiguador KRB durante | minuto y s}eih‘omogeneizé*e'n"HiOIbidés;_ilada.

Anailisis de resultados.
Los resultados se analizaron con la“'ziy’uda del;ppogfamzi~Prism 2.0® (Graphpad
Software, Inc.) utilizando un mélodo,’def,rcgrﬁe_‘sién no lih"eal. aplicando la prueba ¢ de

Student (» < 0.05) en los casos en los que fue necesario.

RESULTADOS (articulos)

a) [*H]Spermine binding to synaptosomal membranes from the chick retina.

b) Spermine inhibits [*H]glycine binding at the NMDA receptors from plexiform

layers of chick retina.

¢) Calcium-independent release of [3H]spermine from chick retina.
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Abstract

The binding of [*H]spermine to synaptosomal membranes from chick retina was examined. Saturable specific binding of [*Hlspermine
to synaptosomal membranes from plexiform layers of retina (P, and P,) has been characterized, and found to concentrate in the inner
plexll‘orm layer compared to the outer plexiform layer (B,,,, = 9.3 and 37 pmol /mg protein for P, and P,, respectively). Kinetics of
specific r? Hlspermine binding yield a sigmoidal saturation curve, indicating positive cooperativity (nH: 2.4 and 3.2 for P, and P,,
respectively) with high affinity: K pp = 61 and 67 nM for Py and P;. The time required to attain cquilibrium at room temperature was less
than 5 min in both fractions, Dose-response curves for spermine, spermidine, and dicthylene—trinmine (DET) show different potencies
for inhibiting r? Hlspermine binding: spermine > spermidine > DET. Our results support a role for polyamines (PA) as neurotransmitters

or neuromodulators in the vertebrate retina. © 1999 Published by Elscvier Science B.V. All rights reserved.

Keywords: Spermine; NMDA receptor; Chick retina

1. Introduction

Endogenous polyamines (PA), such as spermine and
spermidine, arc synthesized from ornithine via ornithine
decarboxylase (ODC); putrescine thus formed enters a
closed synthetic loop in which putrescine, spermidine, and
spermine are essentially interconvertible and extremely
long-lived. PA concentration and metabolism as well as
ODC are high in developing tissue [7], and an increase in
these parameters is observed in nervous tissue upon activa-
tion of voltage- or receptor-gated calcium channels
[12,14,15]. Inhibition of PA synthesis by the irreversible
ODC inhibitor difluoromethylornithine abolishes calcium
entry through specific receptor-linked or voltage-regulated
calcium channels, which can be restored by the addition
of putrescine [12—14,16]. This property would place PA in
a powerful position regarding the control of neurotrans-
mission in the central nervous system (CNS). Recently,
spermidine and spermine have been postulated as neuro-
modulators or neurotransmitters [31,34]. These molecules

* Corresponding author. Instituto de Fisiologia Celular, Universidad
Nacional Auténoma de México (UNAM), Apartado Postal 70-253, 04510,
Mexico D.F., Mexico. Fax: 4+ 52-5622-56-07; E-mail:
acolome @ifisiol.unum.mx
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interact with the N-methyl-p-aspartate (NMDA) type of
glutamate receptor, probably as neuromodulators, evoking
distinct effects, which indicates the presence of more than
one PA binding-site on this receptor-channel [3,31]. Two
of these cffects are related to the coagonist glycine. In the
presence of saturating concentrations of glycine, spermine
and spermidine induce an increase in whole-cell current
and also in the binding of [*H]MK-801, possibly due to an
increase in the f{requency of NMDA receptor-channel
opening [3,28,40]. On the other hand, in the presence of
subsaturating concentrations of glycine, spermine and sper-
midine increase the affinity of the NMDA receptors for
this amino acid [29,33]. PA effects are not restricted to the
NMDA receptor: they also potentiate the depolarizing
effects of kainate [4], inhibit the binding to nicotinic
receptors [1], modulate the binding of w-conotoxin to the
N-type calcium channel [27], and inhibit P-type calcium
channels [8].

Several independent lines of evidence are suggestive of
the presence of specific binding sites for [3H]spermidine
and [SH]sperminc in rat brain, although the nature and
affinity of such sites is still controversial [10,18,41].

Recent results demonstrate that the effects evoked by
spermine on NMDA receptors from plexiform layers of
chick retina are different from those in other regions of the
CNS [6). In order to contribute evidence in support of a

33
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role for spermine as a neurotransmmcr or neuromodulator -
in the chick retina, the binding of [* Hlspermine to specxfc

sites-in this tissue should be demonstrated.

2. Materials and methods
2.1. Membrane preparation

Retinas, free from pigment epithelium, were obtained
from 1-3 day old chicks, Synaptosomal fractions from

P,
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Fig. 1. Inhibition of [*H]spermine binding by NMDA receptor-related
compounds. Expcmnems were performed as described in Section 2, (A)
Control (10-20 nM [*H]spermine); (B) 1 mM spermine; (C) | mM
spermidine; (D) 1 mM DET; (E) 200 pM MK-801; (F) 1 mM glycine;
(G) | mM glutamate; (H) | mM NMDA. Data are expressed as the
mean + S.E.M. of 2—10 independent experiments performed in triplicate.
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"_Fig. 2. Inhibition of [*H]spermine binding by spermine (¥), spermidine

(®) and DET (4 ). Synaptosomal membranes from the outer (P,) and the
inner (P,) plexiform layers of chick retina were obtained as described in
Secuon 2. Membranes were incubated for 1 h in the presence of 5-20 nM
[ H]\permmc Data are expressed as the mean+ S.E.M. of two to five
independent curves performed in triplicate.

plexiform layers were isolated as previously described
[19), from retinas homogenized in 0.32 M sucrose contain-
ing 10~* M MgSO,. Synaptosomal fractions of the outer
(P,) and the inner (P,) plexiform layers were homogenized
in 25 vols. of 50 mM Tris /7HCI buffer, pH 7.4 (THB), and
kept on ice for 15 min in order to allow complete osmotic
disruption. Homogenates were centrifuged at 20000 X g
for 20 min for pelleting the synaptosomal membranes. The
pellet was subsequently washed three times in THB fol-
lowed by centrifugation at 20000 X g for 20 min. The
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Table 1

1Cs, and Hill coefficients for spermine, spermidine, and DET
[*H]Spermine binding was measured as described in Section 2. Half-max-
imal inhibition of binding was determined from competition curves using
five to six different concentrations of agonists or antagonists from 1 uM
to 1 mM, in the presence of 5-20 nM [*Hlspermine (Fig. 2). nH was
calculated as the slope of the curve by plotting log(B/ 8,,,, — B) vs.
log[ F), where B = bound ligand and £ = concentration of free ligand
[38). Results were also tested by nonlincar regression. Data are the
mean + S.E.M. of two (o five independent curves performed in triplicate.

P, fraction P, fraction

ICsy (uM) nH IC50 (WM) nH
Spermine 48+ 1.0 1.71+0.1 484 1.1 27405
Spermidine 32416 04+0.0 32+16 0.54+0.0
DET 1023 £4.8 1.0£0.1 1514£7.1 09+02

final pellets were suspended in 8 vols. of 0.32 M sucrose
containing 10™* M MgSO, and stored at —70°C for |
week, Previous to the assay, membranes were further
washed twice with THB. C

2.2. Binding assay )

A total: of - 100 200 g f membranc protem ‘was
incubated, for the mdlcated perlod of tlme. w1th varymg

concentrations of [*H]spermine (5-200 nM for the ‘satura<’
tion curve) to a final volume of 175 pl.. Nonspecific.
binding (5%—-10% of total binding) was defined in.the
presence of 1 mM unlabeled spermine. After 1 h incuba-
tion at 25°C, reaction was stopped by centrifugation at
90000 rpm, for 2 min in an air-driven microcentrifuge
(Beckman). Subsequently, membranes were washed twice
with cold THB or bidistilled water for separating free from
bound radioligand and pellets were dissolved in 2% SDS.
Assocmuon curves were generaled by measuring bind-
ing of [*Hlspermine (10 nM) at six time points from 2 to
60 min (Fig. 4) Dose—response curves were obtained
using 5-20 nM r Hlspermine in the presence of increasing
concentrations of unlabeled spermine (1-1000 wM), sper-
midine (1-1000 wM) or diethylene—~triamine (DET; 50—
1000 M), The radioactivity remaining in the pellets was
measured in an LS-6000 SC liquid scintillation counter
(Beckman Instruments) after adding 5 ml of Tritosol [9].
Protein was determined by the method of Lowry et al. [24].

2.3. Materials

[ H])Spermine (40-60 Ci/mmol) was obtained fromi ..
American Radiolabeled Chemicals (St. Louis, MO, USA).
Spermine, spermidine and DET were from Sigma Bio-
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Fig. 3. Saturation c.urve for [ H]spcrmme bindin,

" [PH-spermine] nM -

210

Mcmbmncs from synaptosomal fractions of chlck retmn were mcubnled for 1 h with increasing

concenteations of [* H]spcrmme as described in’ Secnon 2. Nonspecific binding was determined in the presence of .1°' mM unlabeled spermine. P, (@); P,

(a). Inset, plot of log(B/B,,,
independent curves performcd m tnphcale

' ﬂ?ﬁki,

w—B)vs. log[F (Hlll plol) Lme was fit by linear regression nnulysxs. Dntn are exprcssed as the mean + S.E.M. of four
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Table 2

Constants for [JH]sperminc binding

Experiments were performed as described in Section 2. Constants were
calculated from the saturation curves in Fig. 3. nH was calculated as
described in Table 1. Affinity of [* H]spermine binding was calculated by
nonlinear regression analysis and Hill plot analysis, where Kopp =[Flys:
when log(l)/B,,m — B)=10 the corresponding position on the log[ F]
axis gives logl Flys. Data are the meun+S.EM. of four independent
curves performed in triplicate.

P, fraction P, fraction
Bax (pmol /mg protein) 9.3+1.0 37+16
Capp (0 6112 67+1.1
nH 24403 3.2+06

chemicals (St. Louis, MO, USA). One- to three-day old
chicks (Gallus domesticus) were supplied by ALPES
(Tehuacén, Pucbla, México).

2.4. Statistical analysis
Radioligand binding data were analyzed by nonlinear
regression using PRISM computer program (GRAPHPAD).

The significance of results was assessed by Student’s
t-test; p < 0.05 was considered significant,

2.5+

2.04

-
(4]
1

3

-
o
Il

153-

3. Rcsults

3.1, Plxarnmcologzcal profi le of ["H]sperlnme binding to
synapnc membranes Sfrom’ the chick retina

The inhibilion of [*Hlspermine binding to synaptic
membranes from the chick retina by compounds related to
the NMDA receptors was determined: dizocilpine (MK-
801), 200 pM; glycine, 1 mM; glutamate, 1| mM; NMDA,
1 mM; spermidine, | mM; DET, 1 mM; spermine, 1| mM.
Concentrations used were higher than those reported to
saturate their sites in the receptor [10,11,18,25,32,41].
Only unlabeled spermine, spermidine and DET, considered
as an antagonist of the modulatory site for spermlne on
NMDA receptors [39], inhibited significantly [*H]spermine
binding to membranes from both plexiform layers of the
retina (Fig. 1). In membranes from both plexiform layers,
the order of efficiency of these compounds was: spermine
> spermidine > DET (Fig. 2). The ICg for spermine,
spermidine and DET was determined; results show that
spermine and spermidine are morc potent than DET for
inhibiting [*Hlspermine binding (Table 1). Hill slope of
inhibition curves, obtained by nonlinear regression analysis
of Hill plots, showed that nH for spermine and spermidine

(pmol/mg protein)

Total ["H]spermine binding

L300 40 .50 60 L l70,

tlme (mln)

Fig. 4. Association curves for [3 H]spcnmnc. Mcmbmncs from” synnptosomul “fractions of chick retina- were i :d in the P “of 10 nM
{® Hlspermine for different periods of time us dcscnbed in Sccnon 2P (I) P, (A) Data ure exprcssed as the mean + S.E. M of lhree to four mdependent :
curves performed in triplicate. S B ;
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significantly deviated from unity in both plexiform layers
(Table 1), suggesting distinct interactions for these com-
pounds [38], whereas the nH for DET approaches unity,
indicating a single site of interaction for this compound
[38].

[*HISpermine binding was not affected by the channel
blocker MK-801 (200 M) or glycine (I mM), glutamale
(1 mM) and NMDA (1 mM) (Fig. 1).

3.2. Kinetic analysis of [’Hlspermine binding 1o synaptic
membranes from the chick retina

Specific [*H]spermine binding to P, and P, membrane
fractions was found saturable (Fig. 3). Binding reached a
plateau at concentrations above 100 nM in both plexiform
layers and concentrated in the inner plexiform layer com-
pared to the outer plexiform layer (B,,, = 9.3 + 1.0 and
37 + 1.6 pmol/mg protem for P, and P,, respectively).
Kinetics of specific [ Hlspermine binding was studied
within a concentration range of 5-200 nM; a sigmoidal
saturation curve was obtained, indicating positive coopera-
tive binding, with high affinity (K,,, = 6! £+ 1.2 and 67 +
1.1 nM for P, and P,, respectively). Hill slope of satura-
tion curves, obtained from the Hill plot, showed that nH is
higher than unity in both plexiform layers (nH: 2.4 £+ 0.3
and 3.2 4 0.6 for P, and P,, respectively). Binding con-
stants are summarized in Table 2.

Time-course of [ H]spermme bmdmg at 10 nM was
determined. In these experiments, [H]spcrmme binding
reached a platcau within 2 min after the initiation of
incubation at room temperature (Fig. 4). Nonspecific bind-
ing did not increase significantly.

4. Discussion

PA have been shown to affect excitatory neurotransmis-
sion through a multiple interaction with NMDA-type gluta-
mate receptors, although the molecular mechanisms in-
volved remain unclear.

In the vertebrate retina, the main excitatory pathway
uses glutamate as the neurotransmitter, and ionotropic, as
well as metabotropic receptors for this compound have
been identified and characterized in membranes from the
outer (P,) and the inner (P,) plexiform layers of this tissue
[20-23,36].

Regarding retinal NMDA receplors, previous studies
have shown pharmacological and kinetic properties distinct
from those of NMDA receptors jn the CNS [23,32]. PA
have been postulated as neurotransntitters or neuromodula-
tors acting on NMDA receptors. Recent resul(s from our
group demonstrate that spermine inhibits r H]glycine bind-
ing to the coagonist site of NMDA receptors from plexi-
form layers of chick retina, by a reduction in B,,,, without
affecting K, contrary to its reported effects in the CNS.

In the present study, we have characterized specific, sat-

25-A

urable high-affinity binding sites for i H]spermine in mem-
branes from both synaptic layers of the retina, concentraled
in the inner plexiform layer, as also seen for [*Hlglycine
binding to NMDA receptors [6,32]. Binding was found
specific, since it was inhibited by spermine, spermidine
and the PA antagonist DET, but not by other compounds
interacting at different domains of NMDA receptors, such
as glutamate, NMDA, glycine and MK-801 (Fig. 1). These:
data thoroughly demonstrate the presence of specific re-
ceptors for spermine in the retina, through which a modu-
latory function could be exerted. .

Sigmoidal saturation curves for specific [*H]spermine
binding obtained, indicate an interaction with different-
populations of binding sites with high affinity in both:
plexiform layers (Fig. 3, Table 2). This is confirmed by the
values for nH calculated by Hill analysis of the curves
which was higher than unity in P; and P,, demonstrating :
positive cooperativity within binding sites, as well as more ;
than one population of binding sites for the PA, These :
results are in keeping with previous evidence showing that
PA, as spermine and spermidine, interact with NMDA
receptors evoking different effects, which suggests an in-
teraction of these PA with more than one site on the
receptor-channel [3,31].

Previous studies in order to demonstrate the presence of
specific receptors for PA in membranes from synaptoso-
mal fractions from rat brain have shown distinct results
regardmg number and affinity of binding sites.

[ H]Spermldme binding sites were characterized [41], and

a single low affinity site was reported with a K, value of

161 uM., Further studies in the same system showed the

presence of two populations of binding sites with low

(K4 =271 pM) and high affinity (K, = 3.3 nM) for sper-
midine [18). Discrepancy among these studies is clearly -
related to the concentration range of spermidine employed :
in saturation experiments: while in the first case 20 uM to -
1 mM spermidine was used, in the latest, a wider concen- ¢
tration range was explored, starting from low nanomolar;
Our present results exploring concentrations from 5 to 200
nM for saturation and kinetics of [*H]spermine binding-;
show the presence of high-affinity sites (Knm, = 60 nM). -
Also on this line, the affinity values obtained here for -
spermine receptors in the retina are in keeping with the
finding by Gilad and Gilad [10], in rat brain, of high
affinity receptors for spermine (K, = 83 nM) and spermi-
dine (K, = 43 nM) which were obtained, as in our case,
using nanomolar concentrations of the PA for the calcula-
tion of kinetic constants (5-100 nM). ;

Fast association of [ H]spermine was observed in our
study, in agreement with results from Yoneda et al. [41] in -.
membranes from rat brain. In this preparation, the time for -
maximal [* Hlspermidine binding was shorter in Triton- ~
treated, as compared to untreated membranes. Our results
are close to those obtained in detergent treated, delipidated
membranes, suggesting we are looking to spermine bind-
ing to a protein fraction.
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The presence of high-affinity binding sites for spermi-
dine and spermine [10,18] is consistent with the nanomolar
extracellular content of PA in the brain, as measured by
microdialysis in awake rats [37). In contrast, micromolar
K4 values of the low-affinity sites, correlates with high
intracellular concentrations of PA in the brain [35]. It has
been suggested that low-affinity binding sites could relate
to the stabilization of cell membrane, as demonstrated in
erythrocyte membranes [2], which involves PA-phos-
pholipid interaction. In this respect, low affinity spermi-
dine binding to rat brain membranes is potentiated by
phospholipase A, and, additionally, a strong association of
spermidine with phosphatidylserine has been demonstrated
[41]. Recent studies using patch-clamp technique demon-
strate that the potentiation of NMDA-induced currents by
spermine shows a fast on—off kinetics, and an increase in
intracellular spermine concentration does not occlude
potentiation by extracellularly applied spermine [17), which
strongly suggests the presence of a PA modulatory site in
the extracellular domain of the NMDA receptor, with high
affinity for spermine.

Our previous results on glycine binding to NMDA
receptors together with those from this study indicate that
although PA recognition sites in the retina share pharmaco-
logical properties with those on NMDA receptors from
other regions of the CNS [39], the mechanism linking the
spermine site to the glycine site could be different. Such
differences could arise from distinct heteromeric assem-
blics of NMDA receptors in the CNS and the retina,
probably related to the expression of NR2C subunit, which
is restricted to the retina and the cerebellum [5,26]. In
support of this assumption, spermine and spermidine have
been found to inhibit cGMP accumulation in the cerebel-
lum, through the activation of the glycine site on NMDA
receptors [30].

The results from the present study suggest that spermine
could participate as a neuromodulator of excitatory neuro-
transmission in the retina, and demonstrate a distinct effect
of this PA at the glycine site on retinal NMDA receptors,
from that observed in the CNS.
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Spermine Inhibits [3H]Glycine Binding at the NMDA
Receptors from Plexiform Layers of Chick Retina
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Saturable specific binding of glycine to synaptosomal membranes from plexiform layers of the
retina has been described, which seems to correspond to the modulatory site on NMDA-receptors
(26). Spermine inhibited specific [*H]glycine binding to membranes from synaptosomal fractions
from the outer (P)) and the inner (P,) plexiform layers of 1-3 day-old chick retinas in a dose-
dependent manner with an [C,,, = 35 uM for the P, fraction and 32 uM for the P, fraction. Kinetic
experiments and non-lincar regression analysis of [*H]glycine-specific binding showed a K, ~
100-150 nM in both fractions, and a higher B,,, (4.11 = 0.47 pmol/mg protein) for the inner
plexiform layer compared to the outer plexiform layer (B, = 2.76 % 0.25 pmol/mg protein).
Strychninc-insensitive [*H]glycine binding was inhibited by 100 pM spermine, due to a reduction
in B,,,, (P, = 0.84 =+ 0.16 pmol/mg protein; P, = 0.81 = 0.16 pmol/mg protein) without affecting
the K. Association and dissociation constants in the absence and presence of 50 UM spermine
remained unchanged. Results demonstrate the presence of a single modulatory site for spermine
on NMDA receptors, in both synaptic layers of the chick retina.

KEY WORDS: NMDA receptors; spermine; glycine; chick retina.

INTRODUCTION

Endogenous polyamines such as spermine and sper-
midine have multiple effects in the central nervous sys-
tem (CNS) and have bcen recently postulated as
neuromodulators or neurotransmitters (1,2). These mol-
ecules interact with the N-methyl-D-aspartate (NMDA)
type of glutamate receptor evoking different effects,
which suggests an interaction of this polyamine with
more than one site on the receptor-channel (1,3). Two
of these cffects are related to the coagonist glycine, In
the presence of a saturating concentration of glycine,
spermine and spermidine induce an increase in whole-
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cell current and also in the binding of PH]MK-801, pos-
sibly due to an increase in the frequency of NMDA re-
ceptor-channel opening (3,4,5). On the other hand, in the
presence of subsaturating concentrations of glycine,
spermine and spermidine incrcase the affinity of the
NMDA receptors for this amino acid (6,7).

The considerable variation in the stimulatory effect
of polyamines on NMDA-channel conductance in cul-
tured ncurons (3.8,9) suggests the presence of NMDA
receptors bearing different subunit composition. Two
families of NMDA receptor subunits have been cloned:
the NMDAR! family which consists of cight splice var-
iants of the NR1 gene, and the NMDAR2 family com-

Abbreviations: EDTA, cthylenediamine-tetracetic acid; HEPES, (N-
[2-hidroxyethyl]piperazine-N'-[2-cthanesulfonic acid]); SDS, sodium
dodecyl sulfate; TRIS, tristhydroxymethyl)aminomethane; MK-801
(dizocilpine), 5-methyl-10,1 1-dihydro-5H-dibenzo[a,d]cyclohept-5,10-
imine; "NMDA, N-mtthyl-D-asparmte;* ACPC, l-aminocyclopropane-
carboxylic qc‘jg;)pﬁT. “diethylentriamine;
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posed by NR2A; NR2B, NR2C and NR2D, encoded by
different genes (10). Alone, NMDAR! is very poorly
expressed in oocytes, however, in combination with one
of the NR2 subunits, expression is dramatically in-
creased and the corresponding receptors show different
properties depending on the type of NR2 subunit present
(11-14). NR1, but not NR2 subunit family, form func-
tional homomeric channels, but when coexpressed the
resulting heteromeric receptors induce much larger
‘whole-cell currents than homomeric NR1 receptors (11~
15).

Glutamate plays an important role in retinal func-
tion (16), although the molecular characteristics of glu-
tamate - receptors in this tissue remain unclear.
Hybridization studies performed in situ have shown that
neurons from the inner retina, express all subtypes of
ionotropic- glutamate receptor subunits (17), in addition
to inhibitory receptors for GABA and glycine (18).

NMDA receptors in the chick retina show distinct
pharmacological properties, regarding antagonists di-
rected to the strychnine-insensitive glycine binding site
(19). On this line, although 7-Cl-thiokynurenic acid has
been shown to reduce significantly ncuronal loss in dif-
ferent brain areas, using models of focal and global isch-
emia (20,21), in the retina this compound completely
failed to reducc ischemic damage (19). Similarly,
[*H]CPP binding to rctinal membranes shows significant
pharmacological and biochemical differences from that
described in the CNS (22). Furthermore, potentiation of
MK-801 binding by glycine, is weak in embryonic chick
retina compared to the CNS (23). Also in this tissue,
ncither glycine nor 1-aminocyclopropane-carboxylic
acid (ACPC) potentiate NMDA toxicity, but actually
protect retinal necurons (23).

The aim of this study was to characterize the effect
of spermine on the glycine site of NMDA receptors in
chick retina, measuring the binding of [*H]glycine to
synaptosomal membranes from this tissue. Results on
this line could provide evidence for a regulatory role of
polyamines on the vertical excitatory pathway of the ret-
ina, and hence, have implications for the understanding
of neurotransmission in this tissue.

EXPERIMENTAL PROCEDURE

Membrane Preparation. Retinas, free from pigment epithelium,
were obtained from 1-3 day-old chicks. Synaptosomal fractions from
plexiform layers were isolated as previously described (24), from ret-
inas homogenized in 0.32 M sucrose containing 104 M MgSO,. Syn-
aptosomal fractions of the outer (P,) and the inner (Py) plexiform
layers, were homogenized in 25 vol, of 5 mM HEPES/4.5 mM TRIS
buffer, pH 7.4 (HTB), and kept on ice for 15 minutes in order to allow
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complete osmotic disruption. Homogenates were centrifuged at 20,000
g for 20 minutes and the pellets containing the synaptosomal mem-
branes were stored at —4°C for 1-2 days. Membrancs were subse-
quently washed once in HTB buffer, twice in the same buffer
containing | mM EDTA (pH 7.4), and two morc times without EDTA.
Pellets were stored at —70°C for two weceks. Previous to the assay,
membranes were further washed four times with HTB.

Binding Assay. 100-200 pg of membranc protein were incubated,
for the indicated period of time, with varying concentrations of
[*H]glycine (20-1,600 nM) in the presence or absence of 100 uM
spermine (175 pl, final volume). Non-specific binding (20—10% of
total binding) was defined in the presence of | mM unlabeled glycine.
After two hours incubation at 25°C, reaction was stopped by centrif-
ugation at 90,000 rpm, for two minutes in an air-driven microcentri-
fuge (Beckman) and pellets were dissolved in 2% SDS.

Association curves were generated by measuring binding of
[*H]glycine (20 nM, 60 nM, and 100 nM) in the presence or absence
of 50 uM spermine at 9 time points from 2 min to 205 min. Dose-
response curves for spermine were obtained using 20 nM [*H]glycine
in the presence of increasing concentrations of spermine (1-1000 M)
to a final volume of 500 pl (300-700 pg of protein). In these exper-
iments, reaction was terminated by filtration through GF/C filters. Sub-
sequently, membranes were washed twice with cold HTB in order to
separate free from bound radioligand. The radioactivity remaining in
the pellets or the filters was measured in an LS-6000 SC liquid scin-
tillation counter (Beckman Instruments). Protein was determined by
the method of Lowry ct al. (25).

Materials. [PH]Glycine (42-51.1 Ci/mmol) was obtained from
DuPont NEN Rescarch Products (Boston, MA). Spermine and glycine
were from Sigma Biochemicals (St. Louis Missouri, USA). 1-3 day-
old chicks (Gallus domesticus) were supplicd by ALPES, S.A. (Te-
huacin, Puebla, México).

Statistic Analysis, Radioligand binding data were analized by
non-lincar regression using PRISM computer program (GRAPHPAD).
The significance of results was assessed by Student’s 7 test; p < 0.05
was considered significant.

RESULTS

Dose-response experiments show a clear inhibition
of [*H]glycine binding by spermine with an IC,, = 46.46
uM for P, and 36,76 uM for P, (Fig. 1). Strychnine
showed extremely low potency for inhibiting
[*H]glycine binding: IC,, = 428.74 % 37.90 yM (n =
2) for P, and 46943 + 104.68 uM (n = 2) for P,.
Glycine and ACPC, agonists at the glycine site of the
NMDA receptor complex, exhibited high and similar po-
tencies: IC;, = 1.26 *= 0.14 uM (n = 3) in P, and 7.31
+ 3.21 uM (n = 3) for P, in the casc of glycine, and
ICs = 3.58 £ 272 uM (n = 3) in P,; 6.37 = 1.39
UM (n = 3) for P, in that of ACPC, suggesting that we
are mainly dealing with NMDA receptors (26). The low
effect of strychnine, at high doses, is probably due to an
interaction with glycine inhibitory receptors.

Saturation experiments were performed in order to
determine the type of inhibition exerted by spermine on
[*H]glycine binding. The results in Fig. 2 show that, in
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Fig. 1, Inhibition of [*H]glycine binding by spermine. Synaptosomal
membranes from the outer (P)) and the inner (P,) plexiform layers of
chick retina were obtained as described in Methods. Membranes were
incubated for 2 hrs in the presence of 20 nM [*H]glycine. Data are
expressed as the mean = SEM from 3 independent experiments per-
formed in triplicate, Dashed line indicates non-specific [*Hlglycine
binding.

membranes - from- both subcellular fractions, spermine
.- significantly . decreased ‘maximum_ [*H]glycine binding
without altering” affinity, indicating_ that_this. polyamine
_does not.compete for the glyciné-binding site, Binding
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Fig. 2. Saturation curve for [*H)glycine binding. Membranes from syn-
aptosomal fractions of chick retina, were incubated for 2 hrs, with
increasing concentrations of [*H]glycine as described in Methods.
Non-specific binding was determined in the presence of 1 mM unla-
beled glycine. Spermine concentration was 100 uM. () Control; (A)
spermine. Values are the mean =+ SEM from 2-5 independent exper-
iments performed in triplicate.

constants are summarized in Table 1. At high (1 mM)
concentrations, this polyamine slightly inhibits non-spe-
cific binding of [*H]glycine, since displaceable
[*H]glycine binding increases from 60-80% to 90% of
total binding (Fig. 1).

Association of [?H]glycine was determined in the
absence (Fig. 3) and presence (Fig. 4) of 50 uM sper-
mine. For the calculation of association (k,,) and dis-
sociation (k_,) constants, the observed association
constant values (k,,,. Table I1) obtained in the presence
of 20, 60 and 100 nM [*H]glycine, were plotted versus
[*H]glycine concentration, and values were calculated
using the equation: k.. = k., ([*H]glycine) + k_, (27).

These experiments show that spermine reduces
[*H]glycine binding, without altering association and
dissociation constants (Table I1I).
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Table I. Effccts of Spermine on [PH]Glycine-Binding Parameters
P, fraction P, fraction
Control Spermine (100 pM) Control Spermine (100 pM)
B, (Pmol/mg protein) 276 = 0.25 0.84 = 0.16¢ 4,11 = 0.47 0.81 x 0.16*
K, ("M) 139.12 = 17.92 144.85 = 15.95 133.73 = 11.67 108.56 = 12,24

« Significantly different from control, p < 0.05, Student’s 7 test. Experiments were performed as described in Methods. Constants were calculated
from the saturation curves in Figure 2. Data are expressed as the mean = SEM of 2-5 determinations performed in triplicate. P,, membranes
from the outer plexiform layer; P,, membranes from the inner plexiform layer.
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Fig, 3. Association curves for [*H]glycine at 20 nM (W), 60 nM (4A)
and 100 nM (H8) concentration. Each point is the mean of triplicate
determinations which vary < 10%. /nset, plot of k,,, versus concen-
tration of [*H]glycine. Line was fit by lincar regression analysis using
PRISM program from GRAPHPAD. Non-specific binding did not vary
significantly.

DISCUSSION

The main finding of the present study is that,
[*H]glycine binding to membranes from both synaptic
layers of the chick retina, is inhibited by spermine. The
data presented here, show that spermine decreases max-
imal [*H]glycine binding, without changing the affinity
of glycine for its recognition site on the receptor (Tables
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Fig. 4. Association curves for [’H]glycine at 20 nM (V¥), 60 nM (A)
and 100 nM (H) concentration in the presence of 50 uM spermine,
Each point is the mean of triplicate determinations which vary <10%.
Inset, plot of k,, versus concentration of [*H]glycine. Line was fit by
lincar regression analysis using PRISM program from GRAPHPAD.
Non-specific binding did not vary significantly.

I and I11), indicating that spermine does not interact di-
rectly with this site.

Experiments performed in our laboratory' have
shown specific [*H]spermine binding to chick retinal
membranes, sensitive to diethylentriamine (DET), con-
sidered as an antagonist of the modulatory site for sper-

! “*Unpublished observations'*
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‘Table 1. Obscrved Association Constants (k) for ['H]Glycine Binding

P, fraction P, fraction
Control Spermine (50 pM) Control Spermine (50 uM)
[*H] Glycine concentration Ky (X 1072 min") Ky (X 107 min-1)
20 nM 751 £ 2.00 4.54 = 0.46 9.30 = 1.98 793 = 1.96
60 nM 1445 = 2.60 8.95 = 2.80 14.19 = 0.99 9.13 = 0.81
100 nM 1345 = 0.52 8.81 = 149 1531 = 0.13 11.80 = 0.03

Constants were derived from time-course experiments in the presence of the indicated concentrations of the radioligand. Results are the mean
SEM of 2-3 association curves performed in triplicate.

Table 11, Kinetic Constants for [*H]Glycine Association

P, fraction P, fraction
Control Spermine (50 pM) Control Spermine (50 M)
k., (X10-* nM~! min-") 742 = 3.82 4.89 = 388 7.50 = 2.50 4.72 * 2.54
k_, (X10-3 min~1) 7.35 = 2.60 4.61 = 2.80 8.61 = 1.68 6.81 = 1.62
K, = k_,/k,, (nM) 98.96 94,17 114.80 144.10

k., and k., values from association experiments were calculated by linear regression from the graph obtained plotting mean k., values in Table
Il versus [*H]glycine concentration according to the equation k,, = k. ([PH]glycine)+ k_, (27). k,, and k_; values represent, respectively, the
slope and the ordinate intercept. Values obtained for P, and P, fraction in the absence (control) and presence of spermine, did not differ significantly
(p < 0.05, Student’s ¢ test).

minc on NMDA rcceptors (28). These findings favor the spermine in membranes from cerebral cortex, under sim-
idea that inhibition of [*H]glycine binding by spermine ilar conditions to the present study, which further sup-
could participate in the modulation of NMDA receptor ports that rctinal NMDA receptors differ from those in
activity. Thus, our results indicate that although the po- the cerebral cortex. In this regard, Monyer et al. (11)
lyamine recognition site in chick retina shares pharma- found that the expression of mRNA for the NMDA re-
cological properties with that in NMDA receptors from ceptor subunits shows a distinct distribution within the
other regions of the CNS (28), the mechanism linking CNS, suggesting that stoichiometry could determine the
the spermine site to the glycine site could be different. regional variation in pharmacological properties of
On the other hand, the inhibitory cffect of high con- NMDA heteromeric receptors.
centrations (I mM) of spermine on non-specific glycine On this line, the expression of NMDA receptor sub-
binding, could be due to changes in the ionic environ- unit NR2C is restricted to the retina and the cerebellum
ment or, alternatively, to a charge-induced modification (11,17). In the later, Rao et al. (33) found in an in vivo
of synaptosomal membranes (29). preparation, an inhibition of cGMP accumulation, by
Previous reports (30) have shown that [*H]spermi- spermine and spermidine, induced by the activation of
dinc binding sites in synaptic membranes are solubilized the glycine site of NMDA receptors. Furthermore, Reyn-
by deoxycholic acid, which suggests that endogenous olds and Palmer (34) have shown that cerebellar NMDA
polyamines could interact with negative charges on syn- receptors exhibit a significantly lower affinity for
aptic membranes, including the NMDA receptors [FH]MKS8O0! than those in the cortex. Comparatively, po-
(5,31.32), thus cxerting a ncuromodulatory role on tentiation of MK-801 binding by glycine in embryonic
NMDA-induced responses. Moreover, spermine, cven at chick retina is much lower than in the CNS (23). Based
I mM concentration, does not affcct non-specific on these studies it can be speculated that inhibitory effect
[*H]glutamate binding,? which involves different charge- of spermine is related to NMDA receptors bearing
interactions from those of glycine. NR2C chain, However, this effect was not observed in
Our results differ from those published by Ransom recombinant NR1/NR2C receptors expressed in an het-
and Deschenes (6) and by Sacaan and Johnson (7), dem- crologous system (35).
onstrating an increase in [*H]glycine binding induced by Wafford et al. (36) have postulated that NMDA re-

ceptors contain a minimum of two NR2 subunits, which
2 “‘Unpublished observations®’
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could be different. In support of this assumption, Luo et
al (37) demonstrated, in adult rat cerebral cortex, that
most NMDA “receptors contain at least three different
subunits: NR1/NR2A/NR2B, and only a minor fraction

is

composed of two subunits, NRI/NR2B or

NRI/NR2A. Possibly in the retina, NR2C coexpressed
with NR1 and other NR2 subunits, has different prop-
erties from recombinant heteromeric receptor assemblies
with only one type of NR2. Moreover, the possibility of
splice variants of the NR1 subunit being involved in the
regulation of spermine stimulation (38,39), cannot be ex-
cluded. Thus, differences in the effects of polyamines on
NMDA receptor propertics, in the retina and the CNS,
might be related to differential expression of splice var-
iants and/or of NR2 subunits.

In conclusion, our findings indicate that the glycine

site of NMDA retinal receptors shows a negative mod-
ulation by polyamines, and hence differs from those de-
scribed in the CNS.
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Abstract

Spermine has been shown to influence NMDA receptor function through an interaction at the congonist site for glycine in the central
nervous system {(CNS) and the retina. In order to support a role for spermine as neurotransmitter or neuromodululor in the chick retina,
specific stimulated-release of spermine should be demonstrated. Isolated chick retinas, preloaded with [* H]ﬁpermme, were stimulated with
1 mM NMDA and other glutamate agonists at jonotropic receptors, in a continuous superfusion system. r Hlspermine was released from
the retina by depolarization with S0 mM KCI, in a Ca®*-independent manner. Inhibition of Na* /K *-ATPase by ouabain or digitoxigenin
also induced spermine relcase following 36 min in the presence of the drugs; such effect seems unrelated to changes in Na*
electrochemical gradients, since nigericin and veratrine did not induce release in Na™ containing medium. The lack of effect of glutamate,
NMDA uand kuainate at | mM concentration, suggests that release of spermine in the retina is mediated by the reversal of uptake and not

necessarily linked to EAA-receptor activation. © 2000 Elsevier Science B.V., All rights reserved.

Keywords: Spermine; NMDA receptor; Chick retina

1. Introduction

Endogenous polyamines, as spermine and spermidine,
are synthesized from ornithine via ornithine decarboxylase
(ODC), and putrescine thus formed enters a closed syn-
thetic loop in which putrescine, spermidine, and spermine
are essentially interconvertible and extremely long-lived.
Polyamine concentration and metabolism as well as ODC
are high in developing tissue [6]; an incrcase in these
parameters is observed in nervous tissue upon activation of
voltage- or receptor-operated calcium channels [14,19,20].
Inhibition of polyamine synthesis by the irreversible ODC
inhibitor difluoromethylornithine abolishes calcium entry
through various receptor-linked or voltage-regulated cal-
cium channels, which can be restored by the addition of
putrescine [14,15,19,21]. This property would place such
compounds in a powerful position in relation to the control
of cerebral neurotransmission. Recently, spermidine and
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spermine have been postulated as neuromodulators or
neurotransmitters [31,34], These molecules interact with
the N-methyl-p-aspartate (NMDA) type of glutamate re-
ceptor, probably as neuromodulators, evoking distinct ef-
fects which indicates the presence of more than one
polyamine binding-site on this receptor-channel [2,31].
Two of these effects are related to the congonist glycine. In
the presence of a saturating concentration of glycine, sper-
mine and spermidine induce an increase in whole-cell
current and also in the binding of [PH]JMK-801, possibly
duc to an increase in the frequency of NMDA receptor-
channel opening [2,29,37]; in the presence of subsaturating
concentrations of glycine, spermine and spermidine in-
crease the affinity of the NMDA receptors for this amino
acid [30,33]. Polyamine effects are not restricted to the
NMDA receptor; they also potentiate the depolarizing
effects of kainate [4], inhibit the binding of nicotinic
receptor and channel ligands [1], modulate the binding of
w-conotoxin to the N-type calcium channel {27], and in-
hibit P-type calcium channels [8].

Little is known regarding the factors that control
polyamine activity in the brain. In rat striatum, spermine
and spermidine are selectively released by NMDA-recep-
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tor actn?atmn [lO]Lanc{Ji)(.sb'alum -pump inhibition with
ouabain [1 1T~ P HKpermidine ¢3h also be released from
brain slices by depolarizing stimuli in a Ca? *-dependent
manner [12].

In the retina, excitatory transmission from photorecep-
tors to bipolar cells, as well as from bipolar cells to
ganglion cells uses glutamate as a transmitter, acting
through ionotropic (NMDA, AMPA/KA) as well as
metabotropic receptors [9].

Recent results demonstrate that the effects evoked by
sperminc on NMDA receptors from plexiform layers of
chick retina, differ from those in other regions of the
central nervous system (CNS [5]). In order to understand
the role of spermine as neurotransmitter or neuromodulator
in chick retina, specific release of spermine should be
demonstrated.

2. Materials and methods

Retinas, free from pigment epithelium, were obtained
from 1-3-day-old chicks and incubated for 60 min at 37°C
in Krebs Ringer Bicarbonate buffer (NaCl, 118 mM; KCl,
4.7 mM; KH,PO,, 1.2 mM; CaCl,, 2.5 mM; MgSO,,
1.17 mM; NaHCO,, 25 mM; %lucose. 5.6 mM) pH 7.4
(KRB), containing | nCi/ml [*H]spermine. After wash-
ing, retinas were transferred to isolated superfusion cham-
bers and superfused with oxygenated KRB or Na*-, Ca®*-,
Mg**-frec KRB at a flow rate of 0.5 ml/min; 6-min
fractions were collected. NMDA or other stimulants were
included for 18-24 min, 42 min after the start of collec-
tion. Antagonists were present from the beginning of su-
perfusion and removed with the withdrawal of the stimu-
lus. Na*-free media were prepared by replacement of NaCl
by choline chloride and of NaHCO, by Tris—Cl, pH 7.4,
Radioactivity in the perfusates and that remaining in_solu-
bilized tissue (1 m! of 1 N NaOH) at the end of the
experiment, were counted by liquid scintillation spectrome-

Table 1

Effect of glutamate receptor agonists and antagonists on & Hlspermine
release from chick retina

[JH]spermine release was measured as described in Section 2, CNQX and
MCPG were included 42 min before the agonist. The results were
expressed as percent release over pre-stimulation vatue (100%). Data are
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Fig. 1. Stimulation of [*H]spermine release from chick retina by high K*.
Superfusion was carried out as described in Section 2. KRB was substi-
tuted by KRB contuining 50 mM KCI during the period indicated by the
horizontal bar, after which, medium was replaced by normal KRB. (A)
Rel in Ca?*-cc g KRB. (B) Release in Ca**-free KRB, con-
taining 100 pM EGTA plus 10 puM BAPTA AM. (a-a) Control
conditions. Data are the means £ S.E.M. of four experiments. ERC: efflux
rate constant,

try. The results were expressed as the efflux rate constant
(ERC), which is the fractional rate of radioactivity released -
per unit time; with respect to the total radloacuvny mcor— :
porated by the txssue*

Table 2 : :

Na*- and Ca? *’-depcndence of
[*Hlspermine

[3 Hl]spermine release was measured as described in Section 2. The results
were expressed as percent release over pre-stimulation value (100%).
Data are the means - S.E.M. of two to four independent experiments.

larizatic

P

the means £ S.E.M. of two to four independent experiments,

Stimulating ngent

ERC (%)

Noune
Glutamate (1 mM)
Glutamate (5 mM) + threo-3-hydroxyaspartute

100.00
103.68 1: 14,17

(200 uM) 95.964-4.03
Kainate (1 mM) 105.47 1 6,65
NMDA (1 mM) 98.28 +5.82
NMDA (1 mM)+MCPG (200 .M) 92,19+ 1.16
Glutamate (1 mM)+CNQX (100 uM) 83.33+3.33
Glutamate (I mM)+MCPG (200 pM) 100.00 £:0.00

Stimulating agent ERC (%)
None 100.00

KClI (50 mM) 170.13+£13.94
KCI (50 mM)~-Na* 140.33 £7.27
KC1 (50 mM)+TTX (1 pnM) 136.35+6.16
KC1 (50 mM)+EGTA (500 M) 169.98 £ 11.99
KC! (50 mM) + BAPTA AM (10 uM) 142,67 £1.97
KCl (50 mM)+EGTA (100 M)+ BAPTA AM

(10 pM) 168.82£11.73
Nigericin (5 n.M) 99,73 £3.44
Veratrine (67 p.g/ml) 101.72:4:6.96
Veratrine (100 pg/ml) 87.41 £3.95
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3. Results
.-:Results in ‘Table ‘1 show that-1- mM glutamate .in the
superfusion .media had no ‘effect . on - spontaneous
[PH]spermine release. The inclusion of threo-3-hydroxy-
aspartate, a glutamate uptake inhibitor, at 200 uM concen-
tration, did not modify this result,

The effect of specific agonists at ionotropic glutamate
receplors on spermine release was also explored. Kainate
(I mM) and NMDA (I mM) were tested; neither com-
pound showed an effect on control release (= 20% of total
[*Hlspermine incorporated by the tissue).

No effect was observed when 6-ciano-7-nitroquinoxa-
line-2,3-dione (CNQX, 100 pM) or (RS)-a-methyl-4-
carboxiphenilglycine (MCPG, 200 M), antagonists at
AMPA /KA and metabotropic glutamate receptors, respec-
tively, were tested in order to discard crossed-inhibition of
NMDA receptor activation by glutamate. As can be seen in
Table 1, NMDA itself had no effect on release even in the
presence of MCPG.

Depolarization induced by 50 mM KCI, stimulated
[*H]spermine release in a Ca?*-independent fashion, since
the effect was not modified in the presence of EGTA (100
wM—1 mM) and the intracellular Ca®* chelator BAPTA-
AM (10 pM) (Fig. 1A,B; Table 2).

—e—Quabain {(1mM)
—e=— Quabaln {2mM)

2 0.024 b
001 e Y

T T T ™ T T 71
12 24 36 48 80 72 84 88 108 120 132

01048
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0.06-
0.054 ~=— Digitoxigenin (100uM)
0.04+
0.034
0.02
0.014

0.00 v
N T —r v v v \
0 12 24 38 48 60 72 B84 98 108 120
Time (min)

[’Hi-Spermine reiease (ERC)

Fig. 2. Effect of Na*/K*-ATPase inhibitors on [’H]spermine release
from chick retina. (A) Ouabain-induced release of [*H]spermine. The
horizontal bar denotes the inclusion of 1-2 mM ouabain. (B) Effect of
digitoxigenin on the release of [*H]spermine. The horizontal bar denotes
the inclusion of 100 pM digitoxigenin. (a - &) Control conditions, Data
are the means +S.E.M. of two to four experiments. ERC: efflux rate
constant.
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Fig. 3. Ca?*-dependence of [*Hlspermine release induced by ouabain,
Retinas were incubated for 1 h at 37°C in Ca**.free KRB pH 74,
containing 1 nCi/ml [*Hlspermine and BAPTA AM (10 M), Superfu-
sion was performed in Ca**-free KRB containing 500 wM EGTA. The
horizontal bar denotes the inclusion of ouabain. (a-a) Control condi-
tions. Data are the means + S.E.M. of four experiments, ERC: eftlux rate
constant,

High K *-induced release is also Na*-independent, since
it was evident in Na‘*-free medium, as well as in the
presence of 1 wM TTX, and was also unaffected by
veratrine (67—100 pg/ml) or 5 uM nigericin (Tuble 2).

Inhibition of Na*/K*-ATPase by ouabain (I mM) or
digitoxigenin (100 pM) by superfusion with the drugs
during 36 min, potently stimulated [*Hlspermine release
from the retina which peaked 15 min after the withdrawal
of the drugs (Fig. 2A,B). Ouabain has no effect in Ca®*-free
KRB containing 500 .M EGTA plus 10 uM BAPTA AM
(Fig. 3).The release evoked by both, high K* and steroids,
returned to control levels upon removal of the compounds.

4. Discussion

The main finding of the present study is that [*Hlsper-
mine release from chick retina is not mediated by gluta-
mate receptor activation. Polyamines have been shown to
affect NMDA receptors in different ways [2,29-31,33,37]
and also, their release from rat strintum upon stimulation
of these receptors has been documented [10], suggesting a
modulatory role for these compounds in EAA neurotrans-
mission. Our results show that [* Hlspermine is released
from the retina by K*-depolarization, in a Ca**-indepen-
dent manner. These data suggest that the release of sper-
mine in this preparation could be mediated by the reversal
of uptake, and not necessarily linked to specific receptor
activation, as proposed in the CNS. On this line, it is well
known that a high concentration of KCl in the extracellular
medium changes the driving force for the transport system
[24,28,35]. In such condition, release is triggered by the
reversal of uptake.

The effect of ouabain and digitoxigenin on polyamine
release (Fig. 2A,B) may be, in part, directly related to
depolarization. Ca®*-independent ouabain-induced release
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of diverse neurotransmitters such as DA, ACh and GABA

has been documented and ascribed to the inversion of the .-~
Na*/K™ ion gradients and the consequent reversal of high-

aff‘mty uptake [24,28,36]. Additionally, the release of
r Hlspermine from cortical slices induced by ouabain is
Ca®*-independent [12].

High-affinity Na*- and energy-dependent transport of
spermine and spermidine has been characterized in cere-
bral cortex preparations [13], which is only partially inhib-
ited by ouabain [17]; the small residual internalization of
spermidine might reflect a Na*-independent component of
transport. This has also been observed in rat intestinal
brush-border membrane vesicles, in which spermine up-
take showed to be independent of Na*t electrochemical
gradient [16,18]. In the retina, neither veratrine nor nigericin
evoked [*Hlspermine release (Table 2), suggesting a Na*-
independent component of polyamine transport. In support
of this idea, although ouabain and digitoxigenin stimulate
[3H]spcrmine release, this effect is observed only after 30
min in the presence of the steroids (Fig. 1A,B). Based on
these data, we suggest that ouabain and digitoxigenin
potentiate P Hlspermine release through an increase in
intracellular [Na*] due to Na*/K*-ATPasc inhibition,
which in turn activates the Na*/Ca** antiport system.
The resulting increase in intracellular [Ca®*], possibly
activates a second messenger pathway which regulates
spermine release. On this regard, ouabain has no effect in
Ca**-free KRB (Fig. 3), and the PKC inhibitors H-7 and
sphingosine have been shown to inhibit spermidine efflux
from human lymphocytes [17].

NMDA receptors in chick retina show distinct phar-
macological properties regarding antagonists directed to
the strychnine-insensitive glycine binding site [22]. Al-
though 7-Cl-thiokynurenic acid has been shown to reduce
significantly neuronal loss in different brain areas, follow-
ing focal and global ischemia [7,26). in the retina, this
compound completely failed to prc.vent ischemic damage
and to inhibit strychnine-insensitive [* Hlglycine binding
[22,32]. Furthermore, potentiation of MK-80! binding by
glycine, is weak in embryonic chick retina compared with
the CNS [3]. Also in this tissue, neither glycine nor its
sclective agonist at NMDA modulatory site, 1-aminocyc-
lopropane-carboxylic acid (ACPC), potentiate NMDA tox-
icity, but actually protect retinal neurons [3]. (*HICPP
binding to retinal membranes, also shows significant phar-
macological and biochemical differences from that in the
CNS [23]

Differences observed in the interaction of polyamines
with NMDA receptors in the retina and the CNS, could
well be related to a distinct heteromeric assembly in both
cases. This assumptlon is in keeping with results showing
that although [*H]spermidine and [ C]acelylcholme are
released by NMDA receptor activation in rat striatum, the
release of such compounds shows different sensitivity to
Mg?* and ifenprodil, suggesting the activation of different
populations of NMDA receptors [25].

A7 -A
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d) Captura de espermina[*H] en la retina de pollo.
Se caracterizé la captura de espermina[*H] en la rétiﬁa'dé boilo. En este tejido
la captura de este policatién no se satura (Figura 1, A).j‘ El tiempo requerido para

alcanzar el equilibrio a 37°C es = '307'nii'h'(Fig'u‘ra,2) y no depende del gradiente

Asimismo, ni la ausencia de CI', ni la

n KCI (50 mM) afectan la captura (Tabla 1).
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Figura 1. Curva de saturacién de la captura de espermina[°*H] en la retina de pollo. A)
las retinas se incubaron 10 min a 37°C en medio KRB que contenia concentraciones
crecientes de espermina[*H] B) El tejido se incubé 30 min a 37°C en medio KRB que
contenfa 2.5 nM o 25 nM de espermina[>H]. Las fracciones citopldsmica y membranal
se obtuvieron por centrifugacién. Los resultados representan la media + E.S. de 2-3
‘determinaciones.
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Tabla 1 Dependencm iénica de la acumulacién’de espermma[vAH] en la‘retma.'

. Captura (%)
Control :100.00

|KCI'(50mM) - 108.10 + 14.84

KClI (lOOmM) 81.12 +8.48
-Na* " 123.28 + 4.86

- Clev 112.83 + 7.08

- Ca® s 106.29 + 5.8

- |EGTA (100uM) S R : 108.90 + 8.25
|BAPTA (10uM) : 98.43 + 6.30
BAPTA/EGT: : ~ 93,38 + 5.89

" -El tejido-se incubS 10 min en la presencia de 12.5nM de espermina[*H] a 37°C en

medio KRB que contenia 118 mM NaCl, o en medio KRB sin Na™ o CI'. El Na* se
“reemplazé con 118 mM cloruro de colina y el CI” fue reemplazado isoosmoticamente
por gluconato de sodio, gluconato de potasio y gluconato de calcio. Los resultados
estdn expresados como el porcentaje del valor control (100%). Los resultados son la
media + E.S. de 3-5 experimentos independientes.

En la retma de pollo la ca tura de espermma[’H] depende de la temperatura ya

que fue mayor a 37°quue a 4°C (Flgura 2) Aunque los mhlbxdores metabéllcos que

erablemente dlcha captura (Tabla 2). Estos resultados
:pollo los lipidos de la membrana probablemente estdn

directarbénté involucrados en el proceso de transporte de espermina[*H].
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Figura 2. Curso-temporal de la captura de espermina[°>H] en la retina de pollo. El
experimento se llevé a cabo.en medio KRB que contenia 12.5 nM de espermxna[3H]
Los resultados representan la medla + E.S. de 3-4 determinaciones. - :

Tabla 2. Efecto de inhibidores metabdlicos en la acumulacnon de espermma[JH] en la
retina de pollo Yy

Agente R »Captura (%)
Control T R n s - 100.00
KCN (2mM) ~92.81 £5.07
Iodoacetato (2mM) 78.36 + 4.85
Dinitrofenol (2ZmM) 70.05 £ 6.09
Quabaina (1ImM) 104.83 + 13.80

El tejido fue expuesto al agente 15° e emovxé prev1o a la adicién de
esperminal*H] (12. SnM)” se. ‘midi6é la” cap. ra espués .de 20 min de incubacién a
37°C. Los resultados estén expresados como e] pdrcentaje del valor control (100%).
Los resultados son la medla +E.S.de3 expcnmentos independientes.

‘Para determinar si la captura de espermina en este tejido representa transporte
o unién a membranas, se midi6 el efecto de un medio hipoosmético en la captura de

este policatién. Asimismo, se determiné la radioactividad acumulada en la fraccién
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membranal /Los resultados de estos experimentos demuestran que

citopldsmica'y.en
artimento osméticamente sensible (Figura 3,

i6n sérune a membranas (Figura 3, B). Esta

C (Fiéura 3, B). La relacién radioactividad

citoplasmica/membran la-concentracién de espermina[*H] empleada

(Figura 1, B).
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FALLA DE ORIGE;,
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Figura 3. Efecto del choque osmético en la acumulacién de espermina[*H]. A) Las
retinas de pollo se incubaron 20 min a 37°C en medio KRB que contenia 12.5 nM de
espermina[3H], posteriormente se expusieron 10 min a condiciones hiposmoticas. B)
El tejido se incubé 30 min a 37°C o 4°C en medio KRB que contenia 12.5 nM de
espermina[*H]. Las fracciones citopldsmica y membranal se obtuvieron por
centrifugacién. Los resultadbs'representan la media + E.S. de 2-6 determinaciones.
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e ‘afecta por la

espermina, espermidina o DET (Tabla 3)

.es mayor.a pH neutro y bésico (Figura 4).

0.125-
0.100-
00754,

0,050

Esperminaf’H] acumulada
(pmolas/m g proteina/10min)

0.025+"

0.000 4—
L

Flgurn 4. Efecto del pH en la-acumulacién de espermma[ H]. Las retinas de pollo se
incubaron 10 min a 37°C en medio KRB a diferente pH (de 5 a 8.9) que contenfan
12.5 nM de espermma[3H] Los resultados representan la media = E.S. de 4
determmacxones

Tabla 3. Especificidad farmacoldgica de la captura de espermina[?H] en la retina.

Compuesto - Captura (%)

Control 100.00
Espermina (1mM) 107.03 £ 6.83
- 102.82 £ 4.44

Espermina (2mM)

Espermidina (1mM)
Espermidina (2mM) 119.98 + 12.88
Dietilentriamina (1mM) ST 111.13 +£6.33
Dietilentriamina (2mM) Lo ) 102.60 £ 7.11

102.68 - 11.24

El tejido se incubd 10 min en presencia de 12.5nM de espermina[3H] a 37°C junto con
el compuesto indicado. Los resultados estin expresados como el porcentaje del valor
control (100%). Los resultados representan la media + E.S. de 4-7 experimentos
independientes.
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VI. DISCUSION
a) Caracteristicas de los sitios de unién de la espermina a membranas
sinaptosomales de la retina de pollo

Nuestros resultados demuestran la presencia de sitios de alta afinidad en ambas

capas plexiformes de la retina de pollo La unién especmca de espermma[3H] se

concentra en la capa plex1forme mtema con respecto a la externa, como ya se

'ngtu}ables para la espermidina[3H] y espermina[aH],

tants de baja de alta afinidad (60,61,62). Los sitios de baja afinidad se

relacionanic osfolipidos.’de ‘membrana, puesto. que se demostré una fuerte
asociacion n'la fosfatidil serina, ademés de que la unién de estas
itios “esinsensible al tratamiento con proteasas y se potencia con la

f’osfol’i'pz_lsa As yk_C (60).,Es probable que los sitios de baja afinidad para estas PA sean
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nbrana celular, como se

’ (94) por lo que se propone que los '>s>i,ti05'~ de alta afinidad se relacionan con los

receptores de tipo NMDA.

s sitios de las PA en los receptores de tipo
armacolégicas similares a las que se han

roceso de cooperatividad

posiblemente’’ porque la composicién

heteromérica de- los‘réccptorés NMDA “es distinta a la de los receptores que se

exprésan en el SNC.

b) Efecto de la espermina sobre la interaccion de la glicina con el sitio del
coagonista de los receptores de NMDA de membranas sinaptosomales de la
retina de pollo

Encontramos que la unién de glicina[JH] insensible a estricnina a las
membranas de las capas plexiformes de la retina de pollo se inhibe por espermina.
Dicha inhibicién es de tipq'rjo ‘co"mpe_'titiv'o, ya que la espermina disminuye la unién

miaxima de glicina[*H] sin afectar la afinidad de este aminodcido en ambas fracciones.
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idea’de que'los recéptbfes para NMDA

la“corteza cerebral. A este

la’ expresion del mRNA para las

kppstulad’o‘ uelos:receptores de. tipo: NMDA c‘ontiene'nun‘mfnimo de dos tipos de

subumdades NR2 Apoyando esta’lde estin los expenmentos de Luo er al. (97) en los

que se demuestra que enla corteza cerebral derata adulta la mayoria de los receptores

de tipo NMDA contlenen al menos \‘tres ~diferentes tipos de subunidades

NRI/NR2A/NR2B y solo una fraccyn bmlnomana estd compuesta por subunidades

NRI/NR2B o NRl/NRZA Por esto ulumo es probable que en los receptores
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variantes del empalme alt
regulacién del efecto estimulador que tiene la espermina en estos receptores (23,24).
En suma, nuestros reSultéd_qS sugieren que la neurotransmisién excitadora en la

retina difiere de lo que se conoce en el SNC.

¢) Mecanismos de liberacién de espermina[’H] de la retina de pollo.

a nigericina, que;fun

1cién inducida con KCI (50 mM)
e afecta aunque se estimule emplc‘ahvdo medio 'siniN‘zi"*jo

encionar que se han descrito sistemas’de transporte de

independencia

esperryﬁinz‘i‘[:’H]_fs'

las A;nokdqpenfc‘ié'_qé: Na*, yaque

e:Na dependlenvtevs,_del voltaje o conioi i}dhiél'forofde.Na*il .




curso-temporal ;dévestd respuesta (la liberacién se

y la digitoxigenina.-En este caso,

espermidina[*H] y la acetilcoli <libe do de la rata por

activacxén de los re(:eptores NMDA, el perfil farmacolégico de'los antagonistas de los

0s réceptores NMDA

- mismos: difiere considerablemente, lo quesugi

estimulados en cada caso tienen estructura heteromérica diferente (102).
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d) Mecanismos de captura de esperminal°H] en la retina de pollo.

En células de mamifero las PA son capturadas por sistemas satur'ayblgesj}y no .

membrana es relevante par ac mulacién de espermina. Experimentos con

llposomas ennquecxdos con fOSfatldll serina apoyan esta hipétesis, ya que en estos se

detecta un dréstico incremento en la unién de espermina (108). A este respecto, Ballas
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rocntos que una de las multlples tareas

et al. (39) der

”de“ captura de espermina a diferentes valoresk del” pH B

encontramos‘una mayor acumulacnon de esperminal{*H] a pH neutro y bdsico (Flgura

4). Esta dependencia al pH podria deberse a las propiedades de unién de -los
fosféh’pidos de la membrana citopldsmica, mas que a la tasa de transporte a través de
la membrana. Resultados similares se registran en los experimentos en epitelio
intestinal de Kobayashi er al. (108)

En vesiculas del epitelio en cepillo del intestino delgado, al igual que en. Ia, ‘

retina, la captura de espermma no depende de Na (108 109) Probablemente la_"

captura de espermma en estas: vesnculas depend ‘de na umén éplda alacara extema; :

de la mcmbran‘_a' ’

translkoca‘ci‘cjn 109

mayor afin 110). Asimismo, la espermina se une al heparin

“sulfato’con una’Ky en el

W
W



Mislick’ y-:Baldeschweiler.

: respoh_svébl

saturab,le' y_depende' ;def'u‘h7 gradiente /elect oquvfm;éo (31). Nuestros resultados se

asemeJan a lo reportado en te_]xdo ‘como el endotelio, epitelio intestinal

“yen células de arterla pulmonar 106 107 108 109) Esto sugiere que en la retina la
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" participacién de la espermina en la neurotransmisién excitadora es diferente a lo que

‘se reporta en el SNC.

VII. DISCUSION GENERAL
Para que un compuesto sea conside'rado_‘tv:'o'mq unk‘neuromodulador o

neurotransmisor cldsico, se deben tomar en cuenta los-mecanismos generales de la

ése’A tes en el SNC, pero su

ropuesto.que estosf‘policatio’nes

mol’éc_‘uyl‘ixsv en la'modulacién de canales 1onlcds ‘del SNC

-...-:La cinética de las corrientes

l:nervio éptico. Nuestros’ resultados  sugieren que la

modUIaci(Sn"nega_tiVa"dfc‘_l‘a‘espénﬁina sobre el sitio de la glicina de los receptores de

57




a modulacién negativa
sea de rﬁayot ir:nportancia para las Eélﬁléé gan ya:qUC la mayor densidad de
7 receptores de tipo NMDA se encuentra en la ‘Caparp‘lrexnf'c‘)‘imbibe interna, aunado a que en
*'la capa plexiforme externa estos receptores se relacionan con las células horizontales.
En suma, proponemos que la espermina no potencia la via glutamatérgica en la
retina, a través de los receptores de NMDA, como ya se ha descrito en el SNC, sino
que controla su actividad inhibiendo sus respuestas. Es probable que después de un
evento excitador mediado a través de los receptores de AMPA/KA, la respuesta de los
receptores de tipo NMDA se reduzca por el efecto inhibidor de la espermina sobre el
sitio de la glicina de estps:"reééptqugs,‘~;A este resp.eclo, los resultados de Gilad G. y

Gilad V. (113) ii“)dic’z’lﬁque Eh l,z'i retiinai aé rata las PA previenen la neurotoxicidad que

se genera con glutamato.

' VIIL. CONCLUSIONES

A) En la retina de pollo, encontramds‘sitios de unién especifica para espermina

en ambas capas plexiformes, pero el ef to inhibidor que este policatién tiene sobre el

sitio de la glicina de losv'retclép ores de_tipo NMDA de ambas capas plexiformes es

_diStinto alo que se Vrép:orxjtka €

| ]?-V):‘Iéh;_lvz;l.‘(etiina;dejpollp la ;,b}c:racx,(‘srﬁ,dé espermina no depende de Ca®*, pero
se estii%ﬁ’llxlzi'cc(\)nv "un’\ak_ gesp,olanzzllc‘xénr‘ lngspécff;iéa con alto K*. Esto sugiere que la
liberacién'esté_:“l':;ie;éiitzlft‘la bor la actividad inversa de un transportador de espermina,
pero cbmb eneste tejido no se detecté un sistema de transporte para espermina que
depeﬁde de un gradiente electroquimico, se apoya la idea de que la liberacién se da

por cambios en el voltaje mas que por los gradientes de concentracién de K*.
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C) Nuestros resultados sugieren que en la retina de pollo la captura y la

liberacién no estdn relacionadas a un mismo elemento, como podria ser un

transportador que depende de un gradiente electroquimico. Es indispensable tener

otras aproximaciones para poder describir con detalle cuales son los mecanismos

moleculares involucrados en los sistemas de captura y de liberacién de espermina en

. este tejido.
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