
UNIVERSIDAD NACIONAL AUTONOMA DE MEXICO 

UNIDAD ACADEMICA DE LOS CICLC•S PROFESIONAL Y DE POSGRADO 

COLEGIO DE CIENCIAS Y HUMANIDADES 

"ESTUDIO BIOQUIMICO DE LOS CIRCLIITC•S NEURONALES 

EN LA RETINA DE LOS VERTEBRADOS" 

Tesis que para obtener el Grado de 

DOCTOR EN INVESTIGACION BIOMEDICA BASICA 

Presenta el M en IBB 

JULIO EDUARDO MORAN ANDRADE 

México,. D.F. 

1 

Febrero de. 1987. 

TESIS 
FAL: .. A r f. 

n r .. ?.l 
'' . ·: 



 

UNAM – Dirección General de Bibliotecas 

Tesis Digitales 

Restricciones de uso 
  

DERECHOS RESERVADOS © 

PROHIBIDA SU REPRODUCCIÓN 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 imágenes, fragmentos de videos, y demás material que sea 
objeto de protección de los derechos de autor, será exclusivamente para 
fines educativos e informativos y deberá citar la fuente donde la obtuvo 
mencionando el autor o autores. Cualquier uso distinto como el lucro, 
reproducción, edición o modificación, será perseguido y sancionado por el 
respectivo titular de los Derechos de Autor. 

 

  

 



El presente e:stud i •=• 1 1 evó a cat:••::r er-1 el Inst i tute• 

Fis.ic•l•=·gía Cel1_.1la1- de la Universidad Nac:ic•nal Ai_-1.t.•.!•n•=•rnc,. •::ie 

Herminia Pasantes-Morales. a quien 

ay1_.,,:ja y el interés la 

._T .. y y Tecn•=•lC•'3ía 

CPCSABNA-030775). 



INDICE 

I- ORGANIZACION GENERAL DE LA RETINA 

1- INTRODUCCION 

2- MORFOLOGIA DE LA RETINA 
.:.: .. 1 .. Fc.-t.01-r-e·::.~r-,t •.:·r·o::::-~ 

...:.. .. __ i::: ~ 11_.,¡l .::<.::. h•:·i- :i.:::·::·r-.t ~:-, .l~:.: 

..2 • .:.<.. C .. .E.'. l u! ....:1::. t:• 1 F .. •:• l ..:=ti-·-~= 

2 .. 4 .. C..:...=:l1_1let'=-""- .:=-.1r1,::••=1-:i.1-is:--

:2 .. 6 .. Célul~=: J.ni..:--2r-r::·lE!·· i·f·:·r-rnes 
:2.7 .. A~~::::re1-,.=1¿-._::;: 1-':2-t:i.nctle:;=;. 

3- ELECTROFISIOLOGIA DE LA RETINA 
3 .. 1 .. F·=•-t:. 1: 1 r· 1--::·..=~~Ft<.:.·t- .. ~~-: 
3 .. 2.. C .. _21 •-~ l <.__~S t-·11:•1- 1 :::•:::·n·t-.:.<:::--<. l E:!S 

3 .. ::.=t .. C.~lulaz. t:•J F··:·l <:-d·e= 
,:e .. 4.. Cé 11.1 l .:=t::; .:::1rn.;: .... =r- 11·1 <:.1:0.. 
:.:-{ .. 5.. c.-21 ·-~ l <::t:: ·_:;i<.:::11·1·;1 l l •:·r-1<:.ot ,-e~ 

:3 .. ~... e el•-~ l ~s .l r·11: -:::r·r:-· l ·2:·· i r-=·:·1· rn~~~ 

4- NEUROQUIMICA DE LA RETINA 

-1- .. 1 .. Trc:"'n·~rni:;:;•:.•1-~-=::;:: ._¡,_:: l ·.:·= f'of:.•.:•t·r·e·.::-=pt.•=•res 
.L'.J.. .. 1 .. 1. 1-·1c 1~ t_ .l L •::.•:• J ::._ r·1,:~ 

4. 4. 

•'.J. .. 1 "_2,. I_~ l t_¡i_ C·.!ClL! t <:::1Sí=•f:•. ¡· 1'-_ C:t f:: 0 

1·t-.:;:1n::rn..1. :::.c·t-·..:::..:. ..:J._ 
4 .. 4 .. ! .. 1_:1HE:>--1 
4 .. 4 .. .:.: . (., l 1 ·= l t"1 C..:1 

-1- .. -+ .. :~.. r ~11_~ 1- l. r ·1 '-..\ 

4 .. 4 .. 4 .. Hc.-2t.::1l.:::•::•ll.n;~. 

4- .. 4 .. '5.. f.i•:•1=-·<::11n _¡_ 1·-1.:::, 
4.4.6. O~ro= candidato~ 

II. RELACIONES FUNCIONALES EN LA RETINA: OBSETIVOS DEL ESTUDIO 

1- METODOLOGIA GENERAL 

2- RESULTADOS 

:2 .. 1 .. F:S:iaCJ.·~·n r-u1-1c1ont-'.i.l de l:, t:.a,1_~r-ina en la t-etit"la 
.2 .. 1 .. 1.. In+.; t··=··=l,_1c.•.:: 1 ·=·1-1 v ::..1-1te·= .. 2·::le1-1tes 



2.1. ::::. Ins .. .:;:1-.s l t.:.• ;L J. 1 di::1.i::l 
l 1i::· .. ~1-ar-1 ·t ,";:1.u1- inó 

2.2. Int~raccion 

l i:::t::::;. ·=é 11_, 1 21. s. -::::¡1_~ .. :;: 

lurn1nc0 sa.. Irn-

:::.2 .. :::. E·f-ec-t:o:.· •::l.:::~ l·:-::··.:: <.1r1111·1<:.:•<..-.•.:.J.•::l•:1s 0::;;:.:c.J.-t:d.•:l·.:·t·~~ y ele s•.-1s 
ci·~1·:·r·11::::t::<:.-..:=::::. .:111~_.;_1~.;·...:.11·1J.· __ t-_,:.1.·.-. ::.•:•bt-~.':.! lc.1 l l.t:•·~1-:::-..•=ir:..•r-1 de 
l.?1(-lEc¡:.¡ V ._-._l.::._.:-_J.1-,;::~ •:.1•:; ,-.;::~_J_r·,;:-.... ::J.:-=..: PC•ll•.::• 

2.3 .. Ir1t.~t-C:1•=•::.l•:·r·1 ·::/·~ 1--, .. ~u1 <.•n,~1 

Ci:\S en l<::-1 ,- .. ..:::tin<::-. •.::!.:.:_: J•.:•: 
2 .. 3 .. 1. In j: 1--,:,,:j1_~·=·= .l •..':·r·, 
..2 .. 3 .. ..::. Et~e·.::r:•::• 1::10:.::.· le•-:-. 

2.4. Intar~cc10n 

··.In l n·::· ,:-_., ·=- L ·.::1·2:: •... q l.•.::: C1. ~ V •::ÍOF·~1rn J.1··, .. ~ r- -~l. -

••• •"=: 1 ---~ ~::: t:• t -.: .. •::Í ,__:. 

l·=·z. ver·-t:.et:,1-c::.._.::1..::::•S .:J1.~r-~11·1t~• . ....: •21 d-.2::.<:-1r··r·.::·l l•.:::• ~;::rnt:•t .. J.C·r·,¿:;;1-1·=• 

.::.: .. 4 .. 1 .. Ir·1t:.1-·=••.:1•-~·=•=.L•:·1-1 

2 .. 4 .. 2 .. ,:.;~r=· .. _:c1.:·=·s rnQ1-f·:·l·.:· ;:~..t·.=•::.,:: 

2 .. 4 .. ::.-i.. ?-1:=:pe 0=t-.: ·=·-=- 1-.. ~u 1- ·=":"i'.1 :i.. r;1 J ·=·=·~-
.2 .. 4 .. 4 .. Et=ect·=· •::.l.:-2 l·:·:.:.: ~1·::-_i.j•:.:•:.: i '-'::•Í:11·=·-=· 

..2 .. 4 .. ~· .. Efe·=i:•..:• d~2 l·:.:·:::. 

..:;.: .. 4 .. '::• .. .l.. 1-r·1 t: 1 ·="~Ju•.::•:::: l. •..:oJ, 
:= .. -~ ~ '_-: .. _. - :~1.::-··t- ··= .. , .. -.. -~· -_, 
..:.:: .. -l .. :::; .. _::.. r-:: ... 0:-::-,1_11 +_ ~,d,=·-=
::.:. .. ,.'. ... ·::: ... 4 .. l.•1.:.>=1.1:::: l..::;,, l 

III. RESUMEN DE LOS RESULTADOS 

IV. CONCLUSIONES GENERALES 

V. REFERENCIAS 

4 



RESUMEN 

Una seria de evid•nc1~s bioquimic~= 
~L~·;3í .. ::=r-er1 ·:::::¡1_,¡e l•:•s arn1r-1•::•~1·=1•::i•:•s ·~:·:·=1-r.:f':-t•::l·=·'-·~:z:. 

y alectrof1s1ológ1cas 
glutamato y aspart2eo. 

l ·:.·:: t 1 · c:,n::.. r1. l.:...:..•.:· 1 ~_:.:-...:..: ·~-....: l •:.· :_. r· •.:• t ·.:· 1·1· ·~·=·:..:i::- f.: •.:.:.·1· •.:.::::.. :r' ,:J-== ,_~1-,¿, 

s1_ü:•po~·l ac 1 •::•n d·~ ·=·?::: l u J o;:1:-: l=• .t P•.:• l c: ... 1- -~'-"~ v :::trn~1·= r· i ni.:1 :-_-;. rn ., 1-2t·1 1;.r <::1 s ·=:P-~"2 e 1 
GABA Y leo. t . .;i1_1r 1r1<::1 1=-<:•<::tt· i c:-11·1 1 .. ~·-::<.:t>..:J•...::·:-~ ¡:-.. .:.¡- i:-11·?1• .. H-1<=1:::: r·1-:~1.ir·c·r·1ó:;:: 

hor- i z•:•ntc;, l ez y c::._.10<:<.Ct"l.t-,~·== •::.•.:<1n•::.:• l-..:1-2.r1srn1.:...:·:::·r-·::!:-_ .i11t-·11t:•1•:::i•.:·1··::·;... L.::• 
c~1 l ·::.1ur·1~s •::f•=•PC:-tTO l. ria 

aroa•=r ir.a-:=;. 
1;j1sT;.1nt.et~ 

E::1:=.:t:.;:1·1. 
esp~·= 1--:;:~.:~ 

:: :i 1 ·, -=-~rnI.:• ;;:, 1· ·.:.,_:. ~ 

•=:111L.·t- 1 •.:•r 1<=11· .l ,:._, 

Er1 e=-i: .. ~ t1-::.-<L:1 <:::~ J•=· 
ir1V•:.•l'-'C:1-:_-.1-1 ;;=-, ) •:•=: <':-<íi1 ¡¡-,._,¿\•=-J. •::...Í•:•:.. 

·=¡u12 
l ;:. ... 

es"t Ett:• le•= l. rn 1 -'21-11~ •:• 

ernt:•t- 1 •:•t-•c\ t- 2 -=·. 
uti l :;..:::0;::,,-•• :j • .:. r: ,_) t 1 !_ ,_:, 

r-ad1c·o·=r..: iv<.::-<m-==:r-1t:•:::.:. 

er-1•=·=·1-,"t 1- 8ff,•=•= ·=11_1·~: 

.. -:::. : ·--= l.l 1 t ·=··~ ·.~: 1_11 · '-~ ¡ "1 t_ .~_, 

!_¡¡·, . __ :: ;;-:: t_ ·.::10.:1 .:j .. .:o; 

1) Le:·. l_¿-.,1_~1 .ll-rc:• '-'F·l.t-.::c.-••_:j<=.. ···.;::l•..:O:t1c..,rn·21·,::_.~ •.:'..:1·1 l.:..-.. 1- • .:..::1.J.11..::t ,_J~ F"::•i.1•:• :;:;;.:::: 
ct•=1-Hn•_1 l •:• r::·c- :i. 1·1·:: i 1 'i:.•. l ftJ>-2.-!-, ~- ·::: .::;,1·1 ..L ,::_,::.: :.__,e•~_n1 .. .::1·1 4

_ •::·. 1_ •-'::r 1-1•:•..:... ·:::1•2 l O'.::.. 

f•:•t·:.·1-r-~·=er--·t:•.:·1--.::;:::..M L.:-.. l.tt:•-::::1-c••=.!.·:·i-1 ·.J~:= :_=\1_11-21·,¿:1 -:::,1:.iro~_11.c1•.::li:'1 ¡:-.:·=·i--- l.1_~== ,.--,,_:, 

F-l-l.H1'2IC.:1.:....:. 1C· 

1--··=·r- i =·=·r-11= ;:::, 1 e~ -

ernt:·r- i onc-. r- J.,::._. 

arni 1····=•-"'1•= i ·::l·=·s 

4) En 

·~J~ l ·=·.:,1·1·.·~ .J ·::.· ~ 

·= 1 t i..:<.•:J•=·r··~·-:: _ 

,- -:::: ::.:. '-' l t_ ,:;, •:J ·-=· ~~ :2. 1 1•:i l. 1::.i-.t t" i "''. "¡ 

J_ ¡¡¡1_1 l /."";·. (]i:_t 

,_-t_O.f-',_;:•.l"t" •_\t-_,_:, -.1 l ' l !_ <::..t ¡ ;·1 -·· '~ ':.• 

.!. t.••.::1- ¿,,=J. ,_:,1·1 •::!•::O. J_:of-'.1!_-:..:. .. 

,_-.I ,,;::, l 1:1•:=]•:• 

1·~t:.:t1-,?.:::.: 

e .. :: l. '-·' l a= 
·~,r-1 i•=as 

·-=· ·-= 1_ 1 r- 1 · ··~- ~-:: 1- ·1 

l c.1 1· ·:=1: 1 n,-;.. 
='··~juli~ ::J•_;r <:otr·1r..:•:::..: ·'°'l d"::O::s<::\t-r·=·l l·=• 
l ib~-:::r-,::_, i:~,:1b( .. ¡::-.;:,,- ¿-1•=·:.-_1,=·1-, •:l>-2 los 

!• J ·~:1·1;::_•. .i. i t:•-:::r- <::·.•=- _¡_ ,_~,¡-, ._-.. .=1_¡¡- ~- 1 •::..• •.:::. ·:·-= l •.1:::::. J. -_'<:=trner-1t ... ~ 

l "' =- ·~- l_~ ..:.:1 l .. :;.- :. "-2 J ·1 

J :::::. -r: •.::! ! ·, ·= 1 r ·e:'-~ l ·r~ ,_.:.:, ·.:.: 
•:::i 1 ¡- .. ~·=·t.: C1ffl•~t-11:: •:O: ci.íil 11· 11.:1 =-1 e .1. ,j"°-' r- ·:;t 1•:::21 s. y 

1:jc1t=•ctn1i.1-.ér-·:;,11•=Et::o:.. ·=.,11-1 ·2rnt::•<:::1r-·~·.: 1 . 1::J1_1r·¿;..1·11_ .. _:o; 1_~1-1 ¡.:·.,_2r-1•.::•ci•..::• ·~:t·1 •21 •=1E;::;:<=:11- 1·-·=·l l·=· 
C"L t:d•::Í•:·,¡-~S <•=tel di.e. 1~ <::1.l l<".~· •::!>:::..: ·i.1-1·=ut:·<;:~·=J.,_::t1-1.i t·=•:_ :...11n11·1oc.,•=J..::.10::-:. 



est1rn1_-1lcit-1 rna1·-·=a•.=Jc!1rner1i:--?. 121 l 1b·::1-.::"\c1(~•1-, ,:jo;:;: •:.:Jeir-:-<::~rn11-1c~.. E:::: r:··:··.;::;it:.•1-:::. q1--'F-'=! 
d1-~rclr-1t.e .. :;::·~ .. ::: r::··~t-1•.::•.::lc• >02:·.·.1:::.t:<::t un..:.:'1 r--2.L<:..'1.Cl.•::•r·-1 1:j11··,.~·=t:E1 y 1;r-<:;<.1-1:-::1+..:c1 r·ia 
et·1t.t-e ,-, .. 21_¡ t- •=•r1c1 :=:: ·~•-J•~ Jn,::11-10;::: J C:;t·1 <.":t!lll.::11:0 ::; C•=•rnr-••_J .. 3·;;;,i;..:.:•S •:it.-1..;:~ •::l,.:2S L;f=•Ct 1·- ~C€':! 

·:::l~ZF''-'és c!e l .. ~ •::!•= 1-:os1 .:.,-, .. 

Estc:t ser-1•:;i! •:Je .,;::vi•::J<--:1·1·..:.t<..:1··_. l.n•_Ji ·:::<=1n .. -¡1_1•..:::! 1 .::•::: ·..:i.1-,=,_JJ.. Le·::.: 
part.1•=1_-1l2'1·1n.::1·,i:·~ ¿.._q1_J~l 1•:.•:::: J 1·,·v·c· l •-F:: ,- '""' ~-, 

1n•.:• 1.:.l J. ,. 11:...:..=1 ·:: l ·-=·t /t.~=- ,_Jr_J 1- .... • r rt: .. ~ 

t-1·2r_;r- >.:•r1<:::1 l ·~S" 
1::1.rn 11·1·::·ác . .t •:Jr=•s 

·::1esc1r·r-c•l lci 
ernt:•t-i•=•t·1.::..r.1•=•- f~·,~q ,:_11:1 C:..:1 ¡:: • .:..._¡··r:.'2, •:_.::1·1 ¡·,..;::t l1"1,:1. H1~.•·::11_¡t-:;,,\::;;-;., i.>=•'.::... <=11··•=l_Jl l:.c•S 
·:::ii..Je r~l<:"•=1•=•nc.1-, • .:j.ir-~2·=t:•::1rn .. :;::nt .. ~ :..~1 •:0!:::1·:·-=·:.: .,;¡rn.ir·1·=•<::'.1•:::.J.•::J·:•:-.:.: ·.:.:.·.:.·r··1 ·~1 1.;:,~)E{f-·t r-:·c..~1-e-

,-,·=· 
•::Ji c.:t-1a 1 r-1+;. 0::: t- .:.."'1.•=·= J.,_:.,-. •.=:.::.. t.:.ú r- J.. C\ ._:_,;_.,-. r· .t ,-,,_\•.:Jt:..1 u1 , .t • .::; ,:.11f1•:::r·1 t -:::.: •.:~1-, t: 1· .:;:_: l •::.··..;:; 
"f·=·t·=·t-r-~·=E..:r.•i:Qr-·.?.!= <·:::¡11_,,/.:.1::.-::r·J y· ·=·~11 .. 1.L.::1'.:_ hc·1-1:.::·=·r-1i:.:\l0;~:__, (1_-:1f-\l:;;l{-j) a 

eviden•=es 
aspar-1:8te~ 

ABSTRACT 

•=it·•=•--':tt:=: 1r·1v•..::·l·v·.lr-1•_::¡ .,._J·1·2rf, •=<:·1-1 ".../·1,·::·~-; rr1~·1·1 ·:;.~·-~J •;J:!-f•:;_-1··~!1·=·=-~'- 1:_:.-:c.:r=·•..:::1-,,::¡¡1-1·;; ·=·1·, 
'..rer-t ... ::::t:.1·-.:.""'"t"t··::;: =.:F-· .. ~r:::l.•::!:;.: :=.-t:1.1.::¡:z.'::..~·.:J .:-e:.-.: H•:.:_i._.i e\::::. l.:~·1 .. ..: •..J•·O:'.'•_::J•..:•¡.::·rn .. _:::1·1t¿~l =::,1_~1·.:;1+:--~ ·=•f 
the ret in:::.1. 

In J ¡-,._,'.,.;' _._ 1:. ~ •.J t·'. r ''-\.;.. - ~ j ·-·-· .i 1_.::. 

- ;::··~::,·::. 1 = - hll 'l •=' J t.::••::1t_/-1 

.:~::<c:1"f:.~1f:•::.•1·-':/ ..::·1-1G J. 1-,¡-, 1 L:c .t ~.: ·=· 1- ,' .~( rn 1 t 1 •.:• w~ll ~~ ~opam1ne 

part.t•..:ir·.-::11:.~ 21:0.: 1-,,:::r_~r ,_.t. t c:~1-1:0:fi11- t t_: .. ___:1 ::-. ~ ,.:.11 ~·:..•, H•::-.: .r.1_1•.:J.J.·O:::::i ·i::J-¡~ 

-:::.:;:.+:.;;::;"b 11 Shríl-'..-C!/-11= •.:•f 1:~-,.:.:="~ •.:::J.1 .. 0::1.J.L":: . ...: •:.f1_~¡-¡¡·,,~::r 1-~-..o:i:.i1·1,:..1l ,.:J"o.!-...·-:..~l ·=·r=-·1n·~t-11: _ 

Us 1 n·~ 
¡·- .. ::::1: 1 r-1;.:~:o: t=·1· ·=e.' J. •.:.•l_l:... l \' J_ •_•r_-<.•..:J>-..'-.:!•:.J ¡.-) J !~ r·1 
th8t: 

F·f-,•=• t •=• r· .. 2•=•2r-· t <:::•t .. 

s:.t.1 rn1_.il <:1 ti Qr·1 

. .:::.:..;:-·J. i::::. 

'*lF' by 
l :19h·I: 

i_.j·1¿1-r::. 

r:-·.:-·1ni::: 
l 2 ·~ht: 

s1::1rn•--1l<=1l:1·=·1-,. T1-1er-.:2fo1··.~..:' l:<::-tl.l!"".l/1•.:;: i-·::::1--:2C:'.=.>-2•::i r_;¡-¡.::J.~t 1:1·10:::-::.,2 ·-=·:·r·r·::tJ.·t J.C•nS 
iz r-1c•-t: ·:::f11-.:.2ct:l·~ .. .1.1·····~··:::·.~\~·::::·..::i 1n r-.::::.l:11·-,,:;,l ---.,T·r·,;:1i:·t::J.·"..--: ·~:-1.11.l'.":::~ 

_, 
re le~~-=~ f 1 · c•m 1=- i- 1.:1 ·:;< :.:.11 ·,,.:J 1.:.-:1·j .t ,__:;¡. j ,...0:.:T_ 11 ·, <:-'.::: ., 

t---::::t it·1c.s. i»l•:.·i-.,::.:·:··vet- ·' 1_~f-'1E.:ii:.'1 

:::.• 1_ 1 1_ 1 , ·:.• 1:- r~ 1·- _, 1 r. 
rr.c..:::..s1 v·~ l~iAB¡-.:~ 

·¿_,_ 1:: ..=t1·1·.:.J ¡· 2l:::•l:• l. t;. 

r-ei::: in.;:1::: 

C••=c1_.;1··.:..:::1::l t'¡ C•rn l-1•..:•1·i.::ont.:;;1l ·:="211:.::- r¡-,1 .. 1:=:;, 11·1 ;:;/·1•:2S•.i= SF•8C.l•.2S, t:?1HE<A'21-,31•= 
hc·t-1:::•:·r-,i:c:-il ·=ells r_1.1-o12 i:1··, .. ::::~ 1_~1·1i·:=1·-~•-=: 1 11·1,:::J ·:.·1- t.?11.:::.iBHe1··~i.:= 1-1.;:ur-on:z: 
rece1vJ.~-r·:J d1r·-==::·=t syi-1c:"1::-·t.: 1.•-= J.1·,¡:··1_.¡t_ 11···.::.1n .,::::···.:..:J. t~c~t·=·1···.,,, "'\r1i1.1-,.::· ;;.:,..::1d~~1~•::_:¡1•= 

t·1e1_~t-·:·1-1".:.:. 1.1 ~ ·~M r:-·1-1i::•t.<:.:·1-.:.2!•:= .. :::::r-·1~·=·1-_ .. * 1.,-, ·=c•1 .. 1·!_.1· -=· .l r:· :::.·~·~rn:: t·=· l=·o:= -t:l-ia·t. 



the early zt~9~~ of ra~inal -=::·.·=J. ':úT::•.:.·•-~-
·::1•-~r 11--,.3 

c: ... •=J.•:::lS 
st. i ro•-~ 1 ~.T_: ... ~ 1_1.-lDri 1 ·t: l ·""'-'' ~"'~. 
1. •::1er-1i: J. f J. .. :2•::1 C:\ ~ r-,.:::,_11 ·=·t-1:.:: 
zhowing bd,~n~ad 

this d~v~Jorm~nt~l 

ii-1•..o: ~J.1_.=:.__ ,_.r· r_1-,.1.~ :_¡¡..::,Lt1'1 :··.....:l.~..:::.:.·.:.:.~.:j VJ•:::.r·e 

l •="= i:.• r-_ ·.:~(_: i t-1 t: 1-1>-:0: 1-P.: 1 r· L.:: 1:,t·,·t:: i":\ l e •2 l 1 1 C:1 ye r 
._;.;: rn,:,1~· .. 11·_,:<r..:.i•.:,t·1. .i+:: F·•=•::::= .. i::·l-:~ -r:¡--,.:;::,t 2' .. 't 
t-_i-11'.-: n•::1_1,··:•t1··..:::1r·1·_;.rn:. t:_.::r· •:.:•::11 .. 11•.:.i r:··~:: d1 t··::::ctl·y 

4) ln ¿,r::\1 .. ~lt: ·::hi•=f r··.::T..: 1.r·,::1 ::1-,.:_1··~~ 1-.;.,-_, ,-,,_.~_ :~t: ir.1 .. tl..::,1:-•::lf-;/ .:~fr"·:'!·=~..: •:•iº 
>=:>~·=it.c:,•:·.:·1···y' ._1J11.ll"1•..:· <::~•.::::L·.:..i= •.:.·r·, -:J• .. •1.::<=1i-n.!..1·1':;;:: 1 ~..:~l·::.:-.: ... :::..:.:2. !··1·::.:·w·~'/•~r-. ir··1 i::~-·-=-

•::iev··~lor:·:i.t-1·;:1 ·=i-1i•.::1 :--::~t: 1.1-,;:. r_t·1~~::.:·=-· c.:.1nr::··:.·,_H-1•.:!:: 1·••.=::1-~ ·:.:.:·f· f·::~·-= 1.: i .·-=.-: i1·. -=:l ici-t.: 
.:jc.1=•arn111>:::: 1 ·:::l·.=:::::1:::..-~. f'hi:= ·~t'1··:::··..::."T. _:_.·.::-~·.::1_,1 ::=:. .::lu1-.!..:-,·~ :=.h·:-r·:-_ «:· .... .=-1-i·=,.:::J •:.•f 

l. lf+ ci ..!. •::.:. T r ·o::~·=~- ._ ... ·- •.=l •.:."I ~" l 4 

¡'..)! 1 r··::::_:..,_i L J_s r_ 1 ¡di": 

1=·0 ,- t l •=l_-l l ¿,¡- l y t-: ¡-1·=·::::·-= ::. ¡-,.,/•=·l .•. 11·1·:~ .•::.:l. t_ ;__, t_ ·=·1· y 

rnc•·.=! 1 f 1 ·= ~t:: 1 ·=·n :o: t_ 1-, r- . .:.1_1·:;i-,·=••_1t:: t:: 1-.~ ,_J.:.::_:···-== ..i.. ·=·1=·rn.-.=:-r-1 t: <::~ l 
i;:.f-,,~ :;:-t:.abl1=1-1rn.:::1·1t: ,_:,f 1:¡-,._:::- •.:.li"ft-·~r···~:t-,t_ 1·1·~1_.;:-···=·1·10::\1 

r-et1nd .. 
·=i r-cu1 t :;:: 11-1',/•::•lv11-1·:;.1 1_~.t-;B1--1 1.::t-·~•i·= C0:\1·,,:..i ::.. .. rn1t1•=· 

¿~H, .l n-:.· ~1·= - ·.::.l :.::. • =.u f'-f~r
proce~ se~ la2d1ng ~o 

C1C l •::J~r-·:i J.·= 
wt·1i le 1r-·1 .::: .. \ . .11<=.11·1 dt"t•:j ~1rnt-·r--11.t::•1c.."""'r·1 r·-::~t: i~·1co·.~ "t:i-·1¿-1.t ir-1-r:.•::::1-c\c+.: 1•:•r-1 s:.-~-::rnz to C•e 
r·e-stt·1·=t~.::1 +.:·:• p~-10T:or-E:cep+.:c·1·::. (·~11.1/~,~p-t-~:!.-:::;:t::. ... =11·1·:; ·=el ls; ~r-1•:J 

l·-1c·r·1=•:•1-1't:¿1l 1_;¡..:.1üA.:21--·~1·= •=•:=:l l'..'"- i..·:;ilr_¡/ :::..._=¡=·-1·.:.;;: • .=--'-:!.l.'.ll.1-1·-:;I r....:..;:::l l:;:.). 



I. ORGANIZACION GENERAL DE LA RETINA 

1. INTRODUCCION 

La 1 ·=·:: -~··~ 1· t. •O:-t:·r· ,~1,:j•::• -.:_: e::: +.: E:'J 1. •::1·=· 

•. 1_: •..:• l •.:•1.1n1t:•r· ~~. 

·1: "'=::1-•. :..1 •.:•1 1 •=t·.::: l -::_: ·L Z1:: •=:rne:i 

·= 1 ,-.=1.11 --r: ·=·= 

·=·~lul2::: p1_1o:=dE: 

1. :.1:: 1·1 .. ~·-1? ·:.·1·1;;., .l ·-=-::: •:::J-:: 

·.::c-r1+: t· •.:· l ~1r ·=·::~ 

t:·1~1-. 

1 <::t 11_1::: 

-~st e,. 

2. MORFOLOGIA DE LA RETINA 

f'c•rmada 

.l; \ R,:,.rn•..:•n y 

I•ow 1 i n·::i , 



FIGURA 1.- Organización sináptica de la retina. La mayoría de los vertebrados 
poseen retinas que contienen tres tipos de sinapsis químicas: sina.E_ 
sis ''invaginan tes"., sinapsis "superficiales" y sinapsis convenciona 
les. Las sinapsis "invaginantes" se localizan en las terminales de 
los fotorreccptores y de las células bipolares y se caracterizan -
por poseer una barra electrodensa rodeada por vesículas sinápticas; 
en la capa plexiforme externa los elementos postsinápticos están -
constituidos por dos procesos de células horizontales y una dendri 
ta de una célula bipolar u invaginan te". Las sinapsis "superficiales• 
se relizan exclusivamente entre la terminal del fotorreceptor y la 
dendrita de una célula bipolar "plana••. El resto de l.as sinapsis -
(marcadas por un asterisco) son del tipo convencional.La figuramues 
tra las principales conexiones sinápticas. (Tomado de Dowling, 1979):-
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FIGURA 2.- Capas celulares de la retina en un corte longitudinal. Izquieda: 

micrografía de la retina de salamandra en la cual se observan las 

tres capas nucleares y las dos capas plexiformes, así como una cé

lula de Muller (M). ONL:capa nuclear externa; OPL:capa plexiforme 

externa; INL:capa nuclear interna; IPL:capa plexiformc interna; -

GCL:capa de células ganglionares (235X). Derecha: localización de 

los tipos neuronales de la retina responsables de la formación de 

las capas celulares mencionadas. Nótese que las capas plexiformes 

están constituidas por las terminales nerviosas de las diferentes 

neuronas, mientras que los somas neuronales conforman las capas -

nucleares. R: fotorreceptores; H: células horizontales; B: célu

las horizontales; A: células amacrinas; G: células ganglionares; 

M: ~e1u1as g1ia1es de Mu11er. (Tomado de Dow1ing, 1979). 
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Esq. 2.- Representac16n de un fo 
torreceptor t~pico de la retina -
de los vertebrados. Esta c~lula 
elongada est~ organizada de manera 
segmentaria, y cada seg~ento tiene 
una estructura y funci6n especiali 
zadas. -
(Tomado de Young, 1969) 
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FIGURA 4.- Algunos ejemplos de contactos sinápt.icos observados por microRco

pía electrónica en la retina d~ los vertebrados. 

(a): Sinapsis "invaginantcs" (flech~-is) en la terminal de un cono de 

la retina de mono. En cadu sinapsis se observan tres procesos que -

penetran en la terminal del fotorreceptor; dos d~ éstos pertenecen 

a células horizontales (H) y el tercero a una célula bipolar (B). 

(b): Contacto sináptico entre una célula bipolar y una amacrina en 

1a capa plexiforme interna de la retina de pollo. La terminal de la 

célula bipolar (B) presenta una estruct.ura semejante a la de la te.E_ 

minal del fotorreceptor (fl~cha oscura); la c~lula amacrina (A).ad!:_ 

más de recibir información sináptica de la célula bipolar. es pres.i_ 

náptica a otra célula (flecha clara). 

(e): Sinapsis convencional entre una célula horizontal y una cé1ula 

bipolar en la retina de salamandra. Lo célula horizontal (H). ade

más de conectar con una célula bipolar (B) (flecha clara). es post

sináptica a la terminal del fotorreceptor (flecha oscura). 

(d): Sinapsis recóprocas entre una célula bipolar y una amacrina en 

retina de pez. Tanto la célula bipolar (B) como la amacrina (A) son 

pre y postsinápticas en la misma sinapsis (flechas). 

(e): Sinapsis en serie y recíprocas de cuatro células amacrinas en 

la retina de rana. Las flechas claras indican las sinapsis en serie 

entre las células Al~ A2 y A); la flecha oscura muestra una sinapsis 

recíproca entre las células A3 y A4-

(f): Sinapsis "superficial" entre la terminal del receptor (RT) y 

la dendrita de una célula bipolar "plana" (FB) en la retina de ra

na. Este tipo de sinapsis no muestra la barra electrodensa ni la i,!!_ 

vaginación presináptica que caracteriza a la sinapsis "invaginante'' 

(g):Sinapsis electrotónica entre dos células amacrinas (A) en lar~ 

tina de rata. Nótese que el espacio extracelular entre los dos pro

cesos es muy estrecho y que ambos lados de la unión poseen vesícu

las sinápticas. 

(h):Unión estrecha en la capa plexiforme interna de la retina der.!!_ 

ta obtenida por el método de criofractura. Las numerosas partículas, 

densamente empaquetadas. poseen un diametro de 80 a 100 A y son si

milares a las observadas en las uniones estrechas de otros tejidos. 

(Tomado de Dow1ing, 1979). 
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3. FISIOLOGIA DE LA RETINA 
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FIGURA 5.- Polarización de las células que constituyen la vía neuronal directa 

de la retina. En el diagrama se muestra la respuesta de una célula -

bipolar "despolariz.ant:e" (B); sin embargo~ la vía directa puede in

cluir a una célula bipolar "hiperpolarizant::e". Durante la oscuridad,. 

la "corriente oscura de sodio" mantiene el potencial de membrana -

(Em) del receptor (R) en un niv~l relativamente bajo; en presencia 

de luz la conduct:ancia al sodio disminuye y el receptor se hiperpo-

1ariza. Esta hiperpolarización produce una reducción en la 1ibera

ción del transmisor que actúa sobre la célula bipolar, 1o que 11eva 

a esta última a un estado despolarizado. La desinhibición de 1a cé-

1u1a bipo1ar próduce un incremento en la 1iberación de su transmi

sor (excitador) ocasionando una excitación de 1a cé1u1a gang1ionar 

(G). (Adaptado de Dow1ing, 1979). 
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FIGURA 6.- Organización de los campos receptivos de las células bipolres "hi

perpo1arizant:es'" y células ganglionares "en_ccndidas" y "apagadas••. 

Las respuestas electrof isiológicas mostradas en el esquema se pre

sentan cuando el receptor recib~ la estimulación luminosa (barra -

oscura). Las células bipolares "hiperpolarizantes" y las cC:lulas -

ganglionares de centro "encendido" (células de la izquierda) se hi_ 

perpolarizan ante la estimulación central directa, mientras que la 

iluminación periférica (lado derecho) produce una despolarización 

de estas mismas células. Nótese que la influencia de las células -

horizontales en la unión entre el receptor y las cGlulas bipolares 

es determinante en la polaridad de la respu~sta de las c~lulas p~ 

riféricas. Las células ganglionares "encendidas/apagadas" (G2) re

ciben entradas inhibitorias de las cé1ulas amacrinas (A). así como 

entradas excitadoras de células bipolares (B); mientras que las -

cé1ulas ganglionares "apagadas" (G 1 ) reciben información sináptica 

exclusivamente de células bipolares. En este diagrama no se mues

tran las respuestas del tercer tipo de célula ganglionar denomin!!_ 

da "encendida11
,. que recibe información sináptica básicamente de cé 

lulas amacrinas inhibidoras. (Tomado de Dow1ing. 1979). 
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1'~7(1; D0wl1ng. 19791. sin 

ernt:•at-·;;;IO:• 1-.;:.;:ctl l.Z2tr 



3 .. 5 .. 

F is. i C• l •.:'.:··~ 1 •.=ci1n .. ~1-11: ~~ c.;:::11_-llC:tZ 

rnie:ntt-ctz 

.. ·=él 1_-l le-.:: 

"célul.:=:,s -::...·=·:.: r: ~ 1-. i ·.:1 :::::;, = ·...:J·::.: ·= •.o;;:1-, 1_ 1- ·=· <~' r· ,-::., ·::: C'• el·=· '' 

,._~. ) •. l•I J.. i. l ·.::..: r· . de 

·=élr_-ll as 1 ci 

.:::.¡,=._: L <~1= •=~~ l •_1 las 

.:::¡ .. ~ L :..;:, J: 1 ':::<' .. ~-· ! .. 

célul z..s ·::;:::-+:: .l. íí1:_; l ·=· = 12. 

.:::;, :·= l t <;.-t•::1·=·1--=·-= 1 ·=É:l1 •. ;l ;::;::; 

El n1:1rne1-·=· d•:2 t.ale;:_. •:=:s.¡:::.1-::;ias depencl .. 2-t-ét 

1'~79) .. 

. ::4 



F·C>r 

la 

1.:"4 l ti rn.;:,:::;. f.:jel 

3 .. ¿. _ 

Se 

·~el 

·= .. ..=: 11.1 l 2.::.:: 1·~79)::: 

--¡,_;.:: 1; 

efe·=to·z:-

·::.·::::l1_1la.:s 

arnacr- i ,-,a:::. ''-+: 1- c.1r-1= .l ~: ·=·1- i i:::\::' 

los 

e lerne:n·t:..os las 

12. 1 rn~·:;.1.;:1~1 



l ... capa 

.::;:st i rn1_..; l E\C 1 ,_:,n .. 

y 

4- NEUROQUIMICA DE LA RETINA 

rnc•r-fc0 lc•9ia l;:, 

ret.in:::::1. .. ident:i.. r1cac1i::1n 

En l~ 

incl1.-lye1-. ci l ·~'-·¡-,.:;.::: -~1 ! íl ¡ 1 ·¡ ·-=· -:: .. •.:: .l •:.l ·.:· '.::O. , ..=~, r-_ ·~·-.:·.:· ! ¿:..rn .l. !-1.::,;;:, 

ac~til•=·=·lit-rc, -,,. 1_,11·1~t ·::i1·c·1, ·'c:•.!-i-::,,.:::10::• 1::: ·::i·~ í-··~r:-l~to::I•:.··.:_ __ Lr::-.. rn1_~lT.1¡.:·li·=l.•::IE<.•:j •:J .. ~ 

·~11-- t..\r-1 r=· "'"' 1- 1: -~ l :.•. 

difer·en·l:ez. l fa::::;:; e•-~<=( les 

r: i- ,~.r-1 :-:in..:.:..-::·..:·:- 0,,:·:= T-.::•D lb .l;' 

prc•bable -:::¡:_;ie ".2 l 

•4· .. 1 • L1__::_:;:~c!:.:!...':=;:J.CU- .. S:_! .. 'c...:_ - •. ,. _·,..;1•;: ____ !__'.;:~~---Í.'_::: _ _:!;:;-_:._t_t_ . ..!,.~•;;....'._~¡~=:'.....~~-~'-

4 .. 1 .. l .. Hc .. ~1= 1_1-.'.;;.._:;!..,LJ:JlCi 

En la •=apc\ ;=-1-~:.<J.t-·::·t·rne e::;t_: ... 2r·na, :;:.e :::.~t:·o:=: ·:i1.~~~ ·~l -t::t·c:::'1.r-1srn1z·=·r 11t:•eradc1 

la de 



l•·:·1....¡l it-,·:-1 ·:~· F~1Pr:·::,. 1~72• Nel~on. 1~73; 

We:r-t:ol 1n_. 

•::f .. ::;: '/.-~r- 'C -::::l::•l-·:\•:.1•.:•·-- L t-1 i•.:::1- .L •.:.:11 ·..:~::::;. •=•.::·in•::• 

1-et i n<=:l . .:j~ i: ·=·1-- t:: u·~Jt:1 

l•=•s C•t:.•i:·~t-11•:j•:.•::: t_~i;: t 11:::0:.-..1-1•.::.l•:• •.:•r_¡-;::::,::: ::2•=1-11-=o:-..,·i-~H 

F·arec:.;:: 

._::.i.¡- • .;:;·.::·::·.::·:..: 

•.::::¡ue 

a~n cuando bloquea la se~al 

y le\-.:: célulc;o\s rnc•d J. f i .-::a 



Pc•s.it:•lE.::::. t-1.::1..1r··::•"t:t-c:,,-.srn1-:::·=·t-o::."':::;~ de le·:: •::i:.:..1-,:.:r-er-,T:~·--:. ~-.l.Po:::. n~•-~r'"C•nal.;:;;:- 0::1e 

Trz. ... nsrn i ~~·r-

!Jc0parn 1 na 

GABA 

Ac. GilL~tami.::c. 

Ac. Aspár·t ic·=· 

P~i=·t. 1 d•=·~ 

r1~ur-c·n~ les 

Ta1_.¡r ina 

1 ót r- ~"'= l. t"'1<:1. doe: l •.:•:::. ·f'·~::::;. r- t:.•.;;:L.• r- d•::1•::• s. 

:'J~•-lt"C•n;o;1 r-·r-·:::s :;_ n~-.¡::-·t~ t.•=2' 

(L i b~r·.:: .... .:l.::•r-.::: ... •:J•? .i. '"::; c.d·1-..::.m :¡, :::: .. •::."-

e~ 11_.il ::::~. ¿~rn~·=r- l 1·1c, 

¡:.- ·=• 1=· ·=• 1- r· -.:::: ·=-~ ¡::-. ~:... ·=' r· 
C "2 l u l ~·. t:_, .L P•=• .i ¿_, r-

F·::•t•:·r· 1-~c~;::..·tor-
81 p•:• l ;:;..r-

Arn~cr- inc:.t 

Arnacr 1n~ ... s 

•) 

Arnacrina <"";"·) 

Fotorraceptor <?J 

6an·:=il 1•:•nat· 
Mrn ~ ... ·= ,~ i r-.a 

H·:·r i =c-r· 1-t: =-- l 
B :!.. i=-·:· l 2. t-

Arn ac r· :i.r·1~ 

B:..pc.lc=.;-
F ·=•t c·r- r· •..?.•="2i=•i::.c•r 

b J.,;..··-· l ¿ •. ¡ 

;::,ma·=i-in¡:;.. 
c,a¡-,·;1 l i •=•nct r-

H•::•t"' 1 =ot-Jt :-.1 
Eiipc·lc.:.\1-

Ama•=ri1-1d 
Gan-;;t l !. •=•r-1ar-

Bip•:•la.r
Arna.•=r- i r1ct 

Arna•=r i r·,a·.=. 
Ga1·1·:: l l. C•n<?. 1-es 



En 

<:'1.l=•C•ya1-1 1: ,- <;:ir,:: rn 1 z. o 1- y 

a·=t.1_.¡¿.._ 1 i •:::J,=-.•::i 

.:::j.:;:s~rn¡::.-.,~¡:·-.c .... t- ,:j:i_ • .::1-,~ 121. 

h2t 

i l. JO :i t ,,:t•::Í.:::-.. J.. ,.:j ~~ t ·1 l_: .1 f 1 ·= .:: ... 1 

1_.¡r_ .1 l -:::_ ·.:..·:..•ííi•:.· ~- i - :.-. =-_,,_J.:..¡ -:-:: --=-- . ·.:-:. l 

1rnr--•::.•=1t.i11 J.CJ:-•::..l ."j 1 s•=1- i rni 1-.c ... r-

e"C. c.-<.l .• 

CJ€::: C< . .1.r:.G""' 2t .11"1.1•:.Jci•:..l O:.J~_-;.-·=1"1•..J..:.•.:;:J,!_._::;; ._..:;. __ • .:._:_:, __ . .::_::: 

Zt-~1::·•=€: l 1_.¡ 1 c-..1- .. ::::,~ 

:::1•=·-•rn•.11 ~:..·j·=· ¡-:-•:-·1-

~··.:·;- } ·=·::: ·.::·:·1·1·:•::. <E: i·· ,_11_.¡1·1 ·,. 

lC•Z. t- ·=· j (_• ':»' :;~ l ,,..~1- • .:j .. :,: 

c;,.z.1_.,¡l :::.· t= i t"i i dci·:.·I 

e:::.1: 1-~·:J1 •.:•= t:•:&.•:.•·=i•-::í.rni·=c•s la 



;:;,rn 1 r1•::i8.•= i deis 

L•:::•¡::·o::::::-Cc· l orn-=.: 

Mi-tcl·iel l 

el 

Et·, 

Ya=1-~l l 2< 

F·•=•o::lt"'"" Í a 

-=::1·: 

y 

y 

y 

J.•.:•::=, 

lC•S 

y 

'.L·:'.·r·-2::: · 

·.:d 

¡_:.ir··.:.·..:.. ¿,1· ·..::..::-~. ¡:: r:•1· ·~1_¡ 

ji"\ l. l. l ~...: 1 

·::.·=· 1::::: - \. l ·;:¡7·:~ _, ~-1c,1·1 

la 

pt:\l--t:: J.¡- o::.J .. ::;: 

de 



la 

de 

tt-ansrn1::.i:i1- ·=.:i l •-~1:: ~rn 1 ce• 

J. d.-=--- c . .::l 1_.1 lc,.:;;;. 

.L ~. ·,: -=:.·ic:\;,:,rn•::t:.•1 =-.11·-:¡1_,.._,.:_,:.:. 1 .í..•·.:·~·;l.i.r,··.~ 

·=--== l ·-~ l ¿._._ . ,::_;,~ =- i ··:·J. .:1 ¡·:..:::. ::_:,1· 

E1··1 c~l 1_4l ;;_ .. _ 

-=- l ·:::rr-¡::~· 1· _ 

1-=··-·~ .l !::• l ·_:, 

.:-;1_1~.:· ~~ 1 !:.• .l ·=··"7\•.1·:::::·:.:.· •_j·~ l :;_ L.•·....o:r ·.•:.:...:. ._:.¡ 1 •..J•:.: .l '- r ::..1·1..::.rn .i. ::·:.·1-

ei--1 

del El 

~·=idc· 

.:;i 



t:• i P·=· l d. r· es de la 

rn l. srna 

. .:..~ l.1_11 ::.--.:.:. 

i"li 11 .. ~t- .. 1_~t1 

\W1_.¡ y 

A y 

i·-,::;.:r-;;..) -

l.;:1 ·...:...:...,í=·O. ;::·..i.,~ J. ~·=·l-H1-:::: .;2: .+..:-~1·t·1:::\ ·=--n r··~i: ind'Z de 

F·t-e~•:21"••=1. 2 ·:31,_1'1"'..: C;•rn,~ t:: .: .. 1 

•=apas 



1'~7'"9). L-t1· a1·-1d•:•n <:;·~,.)._ 

•:1·~ C1AI 1 .;::::¡··, 

cél 1_~ l t:;s 1::::.~:=:;1_1 l t ,;:.,.:j.=•s ::; .. ;:1ne J Elnt.e::=: 

1- et i 1·1as 1.:J .. ~ i=-·".2·=·~':"::'.. 

cl•;;;;;:1·1·:.•1n.tnetcJc:\:, H.L. ·=<=1F-•.::.•=es 

:::.·~ h..:• in•:.:cl.i.•:J•.:• lct 

i·:""';.:::l) '>" de ,.:j~·;:l·~1-•• ;;::1·ac1ót··1 

y 

•=~.iU!"""==.; h•.:11·.i.:.::..•:.·1·1r:i'tl•::,:= '..::•:;".•l.•1-.-3:! l<::•. '-~f r11lt"1i::tl .::::!·::~ l•:.• 

lc·s F··osit:•les ·1:.1-.::tnsrn1'.::·=·1· .. ~::: 1_1i:: 1l1:.:::;;:-.do:.:·:;:_ Fül- o:.:::.L ,-.~::::i:ü •::i-2 l~,=: 

J.•::i .. ~t-,1: l. .:j;;: .... ::i 

s1_-1f l. c1 •::::n"t ernen·t:.e f ir-rn ... ~s. 

transmisor 

·::¡ue 

3.3 



La 

Ames. .. 

1·~7¿,) V 

.:::: =· ·.= i:: •::::r-11 •::i<:,· 

,_¡J. r ·...::·-· '- .,;. • .:_ ._.:--..: . .:;-.:-:.!.:_.¡l ....... .=, ~1n 

J. r-tter-venc l •:·r-1 ~ l'1i 1 l er-. i ·:t7'?} • Sin 

l <?. 

l :: ... 

.a fin 1 o::: Et•:í r-·i'::-1-¿. l=- •-=·=·.tl.r-,~. 02::..r.:•·=_i.;;.-.•:;:J•:.• ·= .. ~lula~ 
:....•<:-i-_J .. _::¡- .!_'_--77' 

t:•1.PC•l at-~2::: 

•=apa·=es 

y 

1n1_..1::cc:-.i- .i1-1ic: 0:.•= 

1nt .. =rn¿. (Su9iy;:trn.a ~=-~J._ .. 1'=177': '{C\=1_111::=.. y Schrn1•::lt.~ 1·~7.7) .. 



Aunq•~.te .. ~s •::il.fí•=il deter-rn1nz,r s1 al9u1·1c1s •::te e:::.t:.c•s par-élrn .. :!::tr--·=·s 

corresponden a las celulas amacrina~ o bipolaras. es probable que 

e>::1 sta 

¡:,nal 1=c:i•::1<;.t .. 

4 .. .:-t ... 2 .. 

para 

ret.1n2:: 

l ·~-:.,:::;::::....: ) 

r=· le;.: l. f·=·r·1ne ', 1~1 J.. t~ ·=h~:::: J y 

¡::·:.,, _, '-·-'- _ .. ::.;-· -·1·!::;::,f:.:.. ·.i "·'~-::·-:: ·(·:.·l·:-.r1~~:. L•.:1i.::.·~:::::- ,_::o l •.:•rné y 

1·-1a 

·.=a•::is. !_J.~-,.:_, •::.i':'.2· 

0~f1n1d2d 

el 

'-~~·-· F·C•"f:.er-11::.e 

+_ 1-;;;;..vés ·::le 

"'~ al,. 197:?.),. 



el 

E(nt ¡~9or·11 st_.¡;:, 

apl l. ·=a·= l. •:.·n 

y 

rnl.~2r-·,t-_-.r·.~s ·4•_1•:..:: •:21 ,_;~ 1--=··- i..:.'l!=··.:.·i-_.; ~~:.:. ·•.:d=·.:,·-:i::, • ..:.:,~~=·· 

0::.\.2.i 

·:J~: l 

,.;:;•. -~1-:·,~· t- r_ J_ •.::•.:• •.2r·, ._:,1: ¡- i.".:::. 

é1•::..1•::t·:.:· ·=:1.1.•_~·;_¿,111:;..:.,:::._:. r·1·,:_ •. :.11_i.=·2 

•.:.?·~ 1 SN1.:. 

rnenc·s ·=lc:,r-a·.::. .. ·-:::::1- ·=-· ,::;\ l l -~1_1,_1 l ·.:¡1_1• .. -.! 

·=·:::l 1.1.L E1':... 

Las a1n .. =:-.•:::· i 1·,c;,::~ di ver-si dad 

1 az. 

¿, 1 

.,,, l 

V 



t.•::-ma.dc• 

Pi r 1 fc·1-rne:.:. 

F·•=•sts i .,.-,~,p t:. 1 •=;;:,~ 

E1-1 '.: .i j.• ·-=· ·- _:.1 ·--~ ' : . ¡ l '·, - - :-, ;-r. ~' ·-=- : - ~ t" ¡ ~-· 

•=elu·l ar-.=.·.=: 

la 

En 1.::--., <=1•=•--Jrn1_1 l C.1.•= 1 ·:·1-, C·1AB{'., 

el -:::::1·1= 1 IOt:•. '---'-_:J. 1-1t.: .. :=::t_:.1 :.::;;:1Cl1--::1t-C:::1 ,::j,:= 

r::l.;;:: r--e·= .. ~~ \Lblt1 ~~~';:- ~-". 

las 

•=,.~l 1_1.L :=,_:_::: 

:.::•t r·· ;;;.s c~:::lul21s 

1=· 1-c• l ·.:·r-1·-::-~<..::t•::.: .i •:..•r 1·.-.-

las 

aun·~ue 

i ·;;,i:.:::o) • 
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depend i .:..::nt e 

1-et.incts '· i.:'·:·.~·:::Jt::.1 1 ... ,- ¡-¡ '/ 1. ·~:.=: 1) -

ll 11:J1_;.::_.1._::.t.::_1 r···=·t- i i.1::.:: :::-::: ¡r--,¡-, :.b•::::. -.:.::n p1-.:;:::;.:~t-1C].i:-; .:j,;~ t:1H8A,. 

a 1 g1_0-·~s ·=~ l u l ;:-1::.. ·::.·::· i_ .i 1-,.~,- ·,,J.!. ·=¿t:.-... 

1=-·1--...:..¡::.:_1•~'._.o".. !_: ._:_. 

d:i.fet-E:n•=ic.. 

1-- .. ::::t1na,. 

1_lnci 

c>:2lul ¿:,~. 

l•:-:.076) .. 

e1-1 la 

la 

es+;.e 



§'..1--

1-i·.:· J. l y 1- J.. ~-2 l •:.J .. 

•;Jat.c•,. i•--:JE:ni: J. r 1 1..:¿1.•:J.:::;ls 

::=.1rn~1·=1- .t r-1~1::.:. t'-ii.1. 

•=-'.=:lul21=. ·_::it=..1··1·:::i l J. ·=·nó ,-.;;:,..::_~ 

,_:.~ i ul ::-.:--_ 

de 

rc•J o ( r~lc:;.r ·= v L 2(rn ~ i ·~-1:::_: 1 t:·-' • 

l C:•. L •_1 ;_~ 

dife1-eni::·~:: ::=•·::-1•:::1-,r..:-::::~::: ·::1~:::F•:. 1 l¿,,1-J.:::z~1·1·t:·:::..:'::.., <.L<::1rn 

l ·~-· /::;:.) - ¡.:·c·t-

V 

Sheardown, l98~cJ. 

4. 4 .. :..~. 

es acumulado por los somas de c::1l·3unaz estas 



::: l. n t_. ~.2: t. i :.:: t.1. l "' 

l•.=:-'~""=·.:·r--1 .,,, l'J¿:c;::(l. 

C• l • . 

'- 1 ·~·, r ·,.::.. ~-1·~!-, ~ rr1 

la 

r-11 n•;::;1_11-1¿:., -=~~·ci . .:Je ""1 

papel 

4.4.4. 

Se sabe q•.1-:::: 

fun·= 1 ·=·n;;:l r arna•=rinas. 

4U 



A31 .. algr_~nas célulC1.S 

i ·~:;::; l) . A...-:JemE,·:::: .• 

internB 

1'~76.i 

Ol :t 1;. 0.:1 ·, l ¡ .-..:•-1-=' 

.::Je ,..:_.,,.::_ in1:.erna.,. 

·-=·-== l l ~. ·.•t_:_::.'. .::..=~- .. ~ 1_1n s:.i::::t•.o:::rn::~ de 

•.:l•:O...: •=•.:•J. .L ¡"¡é:::· z.,·.:::·-··=:.. o: ... •::!·:..· c>:;::l1_1las 

11 i l l s, i . .__, ·¡·=·) .i ,_-.:~: l_I .' l;:. ú·=• .. '.t::1lc·=·l1nc.. 

~··=·t'_ ::-.::..1 ·:.:· 1_:¿,1=i.:.:::1- l ,;;. ..... 11_1::::: 

( Masso:=y y í'-~ .. :;::;:;:: .... 1 

f.:·1clernas. 

c:~l'-112'.;'. 

i=··=· 11 ·=· 
y 1•11_1ndy., c-:211_11 as 
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t.1 F•CoS 

l ~-,, 7 - !'lc1::::. .lcin•::J l'<'l 1 11 s ... 

Etrna•=1--1 r··1z"'~ 

las 

in.lo:::::~-.r: 1·;;:_,_·~ ·:iu~~ l·=·s la 

y 

l C."'\ l 2rn 11·1c1 

Pl~: :..t. fc·i-rn~. L =~- '.:.. 
t: .~.rnt:• L ~~1-1 

y 

¡e~' lcl i·~71:; 

•=él1-~lr.:1Z "'l v -:::: l 1 o;-~ .:j ... ~ l 

\Eh1nqe1- -

.:;:·=·J. s. '.1·:):_::_:..:_1 dern•-•::1:1-a.1···=·n la ""'='--1rn1_11<=-·=1 •:•n d·Oé 

1_-11-1 ;:: i 3'1::.erno <::tl ta 

4.2 



y 

•::i•::.parn1r-1a -=:ni:::l•:!:•·;:JE:nc... ·=· <:::1•::lrn11-11s·i:1-c::;.•.:I=:, ·~ .•:•·"J .. ~1·1;::trn-::::1·,t 0;o,: .. 

y 

Se 

~ 1_1 s F·r- ,.:, l C·1-1•:;Ji:1•.:: .t •.:•r 1•.::··= ¿,1nr::· l l ~rn•':::r-·1-i-:.;::;:. las 

célulc-.s 

4 .. 4. ¿. _ 

cél1_1l:...:..z: 

s-==1--c_.-i:.•.:·1-.i11.:.\ 

(Etr~·=ha ei:: .. 

<Si::~ 11 ·::::t:_ ~-)-__ 

4. '.:'-

.: ¡" l ·-· ¡- ._:_¡ ' . -- -~ ·=-· :- 1 '?'::·i-1 .' - '=1 \ ·:11_1¡-,._-.; 

y 

l"' 

1-101.Jf"C•r:- .. _2¡::-.t: 1 •::lC•S::. 

l';:.·:=.;l J .:..:::l ¡::··=·.!. 1 F··:~i::.·-t.: ld•=• ·,/;::...::::•:•::••.::ti v·=· i:·1t.:.·~~1':. :t1·1~ l (\/Ii=•) 

l';j::.;::(1) .. :=:1-it=i-~ ·=•1'.:r"•:•:.=... ::::.r-1 1:.:.;::i--roit·1c•:-.... -~i::.::r·1 .. ~:-<:<.l·~:;:;;~ lc•S 



y 

2t l ;o 

S. l. •;;n-1 l. f l. •= 8 i:. 1 V C• 

.l n t •O:: r- r-· 1 ~-:::: J. r •:.•, - ííl .. ::C!::: • i:.;tl_¡¡· •• : ... _l·~ 

Í deni.: 1T1 C.C::.1d<:.• 

-~~ l l l '--1 ·_: 

•:=-JI_!•~ ·::•:11·,,_·.:·..:1_ 21-, 

l<::i ·=,0:-.r-:·~1 ¡..-::·l·-:.: .. if-··::·trn•-:.: i.1-11:·~1-:--·,;:1: 

·=·::::lul.:.:.-.=. 

;-·· - ~ - . 

'-~n~ 

i::~J.1_11as 

1r1i:-erplo:::: .. 1 T·=·r-rn .. :;:s 

-;;ilicina -H.:::• T·::·r-roa 

·::t•_1.:..::: sus 

el 
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d l. ·=l-1;:::tS r-1~•-lr~c·r-,~.s :SÓ 1 C• 

e·-~: l 1.1 l f.t :z 

F•l-=:. :: l. f·=•1· rn·:..~ las 

45 



II. RELACIONES FUNCIONALES EN LA RETINA: OBJETIVOS DEL ESTUDIO 

....:~·.::~ J.' .. / .l ,:j C\•::l 

y 

1 =\ 
-...::: ; fo t_;_• '· ( l ~¡ . ..:: ' 

pr1nc1Pc:\l~:-: 
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Pharrnacological ldentification of Retinal 
Cells Releasing Taurine by Light 
Stimulation 
P. Salazar, O. Quesada. M.A. Campomanes. J. Morán. and 
H. Pasantes-Morales 

Instituto de Fisiología Celular, Universidad Nacional Autónoma de México. México 
D.F .. México 

The l.."ffi..·et u( drug ... hhH.:J...ing ... yn;;1ptu.: <K'fl" it} at d1fferent rclinal h:vch '-'';J~ 

C'i:a1nined in th1' ... rud). 111 •111 ;;111e1np1 111 id"-·11IÍI) 1he origin ni lhe light-.-.tinlUl;.itcd 
reh:a.-.c (1f ll-f-laurine tú1111 the chi..:h re1in:.1. lt \"ª' del<:rmined hy aUhlroidil>!!raphy 
thal lhc ehkk n:1ina <.KL"lllTlUl;.111: ... 1aunne in pl111h1reeepl1lr..,. in 1.:elf..,, fnun the inncr 
nuclear l•1)cr. and in pn.,.:c,..,"-..... of llK· ir11K·r plcxif11r111 )a)er. All tflc .... e ;;1n: ptl.'>:-.ihlc 
:-.i1c.-. l'i:.lr lhe rck·;:t'oL" of l<lllTillL" upnn 11lu111ina1ion. T11 di ... L·riminale arnong thc:-.<: 
po:-..-.ihilitie.-.. the cffi.:ch uf a:-.panah .. ·. IL"tnKillloxin. 'olrychnine. pil.·rohl'in. chlor
prorna/.ine. tuhueur:tr111e. •lfrt1pu1t.:. !!lu1.;11na1e d1L"lh) 1 c:-.lhcr. n-an11no .adipah! .and 
2-atnino-i-pho:-.phonohul) rall.': v.cn: :-.tudicd. A'panalc f 10 rn~1). \\ hich i.-. known 
In cJin1inatc lhC light n.""Jl(lfl'oC llf l.'L•fl, ptl..,h)napli1.· ltl phtllllrl."1.·cpltlJ''o. induccd a 
markcd im.:rca'c of 15()<'; in lhc re.-.1ing cfllux of 'H-t~1urine hut <lid nnt dccrca ... c 
:-.ignificantly thc lig.hl-~timufalL·d rele;1 ... e. TCtnKlntoxin. "" hidt hlock.-. anwcrine 
ccll rc~~m!'.e:-.. decrc:a~cd '1-1-1~1urinc rck-¡1:-.c ... 1in1ul;11ed hy light h: le:-..-. than :!O'/(. 
Thc cftlux nf 1~iurine w~1.-. unaffcctc:<l hy .-.1rychnim:. pktroto,in. tuhncurarinc. 
atropinc. chlorpro111a .... inc. and :!-an1inn4-pho,phonohutyratc. whcrca'.'> it wa.-. in
crca!'>cd hy glutanH1lc <licthyl c.-.ther and n-amino adipatc. Thc~c rc~ults. all 
tog.cthcr. point In pho1orcccptor:-. ¡1:-. lhi.: cclb rdca.-.ing .lH-taurinc in rc!-.pon:-.c to 
light. 

Kcy word!'>: retina. tuurinc. li¡,.:hl ... 1i111ulatinn. taurint."-rclea!'>ing ccU ... 

INTRODUCTION 

Taurinc is prcscnt in largc amounts in thc vcrtchratc retina [Kubicck and 
Dolénck. 1958; Pasantcs-!\-foralcs et al. 197:!.]. le is found panicularly conccntrJted in 
photorcccptors. although significunt an1ounts are prcsent throughout all rctinal layers 
(Kcnncdy and Voadcn. 1976; Orr et al. 1976). Thc role for taurine in the retina has 
not bccn yet clucidatcd. Tuurinc has becn proposed asan inhibitory ncurotrunsmitter 

AddrC'!> rcprinl rt.!'ljUC.'>l!-. In Dr. Hcrmini<t Pa!>;m1c:-.-l\tornlc!». Fi!»iología Celular. UNAfl.-1. Apartado 
Po!»tal 70-600. O.JSIO. México D.F.. Méxko. 

Rcccivcd M:.1y 7. 1985; ¡u.:ccplcd No\.'c111hcr .:?:?. 1985. 

1 c_J 1986 Alun R. Li:-. .... lnc. 
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{Mandcl et al. 1976). and cviúcncc abo cxists '"''hkh ~uggc!'>l!'> its involvcn1cnl in 
111cchanisn1s prcscrving ph(1tort:c:cptor !'>tructurc IHaycs et al. 1975: Pas.:.1ntcs-Moralcs 
et al. 1981a. 1983). 

Light !'>li111ulatinn indul:cS thc rcka!'>c nf taurinc frnrn thc retina in a nurnbcr nf 
spccics (Pasantcs-~1oralc!'> et al. 1973: Schrnidt. 1978; Ncal et al. 19791. Thc ccllular 
an<l :!-tUhcdlular sitc frnin '\vhi1..·h thc light-stimulatcd rcleasc of taurinc occurs is 
unkno\vn and ih idcntifil:ation may n:prc::-.cnt a ~11...·p in thc eluciúation of its fum.:tional 
role. Tht: light-im.Jw.:1.:d t:ftlu., l•f taurinc 111ay nriginatc frorn phnton.!l:Cptor l:db. in 
\vhich cxngenou:-.ly takr.:-n up taurinc prr.:-fcrcntially .:.H...·ctm1ulatc:-.. or frnm c:dls in thc 
inncr rctinal lavcr:-.. whi<:h .:.1bo accu111ulatt: taurint: anc.J \vhich rnav function as 
taurincrgic cdb-ILakl.." et al. 1978). In nrdcr to invc:-.tigatc thc:-.1.." po:-.:-.ibiÍitics. \VC havc 
cxarnincd thc cffet.:t nf cxpcrimcnt.:.ll corn..Jition:-. "':hkh are known to block :!-tynaptic 
transrni:-.:-.ion at diffcn:nt rctin¡1J lcvicb on thi.: rdca:-.c of taurinc :-.tirnulatc<l hy light. 

Sodiurn a:-.partati.:. at high con'--·cntr¡1tion~. hlock:-. thc re:-.pon:-.c to illmninatiun of 
cclb po~t~ynaptic to photnn.:1.:cptor-.. (Furuka\\.·a and Hanav.·a. 1955: Dowling and 
Ripp ..... 19711. Tetrrn..loto,in diminatc:-. thc rl.."-.pon-.e of tran:-.icnt potenti¡tl gcncrating 
cclb. i.c .. ama1..·rinc and :--orne hip1.llar cclb (!\1iller an<l Dacheu.x. 1976). Thc effecl 
of the:-.c t\'l:o 1..·1.unp1.mnd:-. 1.lll the li~ht-:-.ti111uh1tcJ. n.:lea:-.c llf taurinc wa:-. exa1ninc<l. 
Abo. thi: cffi:ct:-. of antagoni:-.t:-. nf po:-.t:-.ynaptil: receptor:-. of thi: rnajor ncurotran .... 111it
tcrs in thc retina '\'\ere cx.arnincd. Stryd1ninc. pkrohnin. chlorprorna.-:inc. atropinc. 
tuhocurarint:. the glutamic acid dicthy 1 l..':-.thcr CGDEE1. n:-atnino ac.Jipatc (o:-A.r'\.). and 
:!-.:.uninn-4-phn .... phonohut) ratc ( PBA J \\ i:ri.: u:-.i:<l a:-. toob to in\c:-.tigati.: whcthcr ce lis 
rcleasing taurinc upon illur11ination are: rc:1..·civing :-.ynapti1..· input:-. fron1 celb rclcasing 
GABA. glycint:. dopaminc. al..'c:tykholint:. or tht: c.xcitatory amino at.:id~ aspartic .:.md 
glutatnic acid l"\Vyall and [)aw. 1976: l\.1akrnan et al. 1980: Gcr:-...:hcnfcld and Pkco
lino. 1977: Yazul1a ~md S..:hn1idt. 1977: John:-.ton el al. 1974: Olnt:v. 1971 ). Thc cffcct 
of 0111is:-.inn (1f 1..·akium nn th~ prncc:-.~ of taurint: rclca:-.c was r~exmnined ( Lópcz
Colon1é- et al. 1976). 

METHODS 

Loading of retina:-.. ~upcrfu~ion. and light-stin1ulation wcrc carricd out csscn
tially a~ previnu:-.ly dc:-.t.:ribed (Pa .... antc:-.-!\-1oralcs et al. 1981bl. Briclly. rt:tinas of 
2-3-v.:cck-old chick!'.. dark adaptcd. wcrc cxdsed undcr dirn bluc light and incubatcd 
in a Krcb~-bicarbonatc n1cdium (N.:.1CI. 118 ml\.1: KCI. 4.7 111!\.1: CaCI-.. 2.5 n1M; 
KH::!PO""'. 1.6 m!\.1: !\1gS04 • 1.1 n1~1: Na~HCO.l. 25 m!\.-1: gluco~e. 5.6 n;~1) pH 7.4. 
containing ·'H-taurinc <2 µCi/ml. 10 ¡t!\.1 fin~1l conccntration). Aticr 10 n1in of incu
bation. retina~ '"'·ere v.·ashcd and tran:-.ferrcd to a supcrfu~ion charnbcr of 0.25-ml 
volun1c. Supcrfusion wa:-. carried out with warn1cd n1cdiun1 pumpcd al a ratc of 1.5 
n1l/nün by a l3uchlcr multi .... taltic pun1p. Thc ~upcrfu .... atc ""°ª~ collc..:tcd cvcry nünutc 
and a ba~clinc relca:-.c wa~ rc.:.1cht::d .:.1ftcr 6-8 min of supcrfusion. Light stirnulation 
was upplicd by an ckctronic tla:-.h apparatu~ giving a '\Vhitc light pubc of 1-mscc 
duration, with an cnergy of 12 J. Tht: light :-.ourcc '\va:-. placed ata distance of 20 cm 
frorn thc pcrfu~ion charnbcr. Fla:-.hc:-. wcrc applicd cnntinuou:-.ly c.Juring 120 scc und 
supcrfusion continucd fi."">r another 20 1nin. Al thc end of tht: superfusion thc retinas 
wcrc ~olubili;:cd and thc radioactivity rc111aining in thc tissuc and that on thc supcrfus
atc fractions v.:as rnca:-.urcd aftc:r thc addition of Trito~nl (Frickc. 19751. Thc cntirc 
proccdurc was carricd out undcr dirn hluc light. To tt:st tht: cffcct of drugs. thcy wcrc 



adt..fcd 10 1hi: :-.upcrfusion 111cdiu111. and rc!-.Ulls \Vcrc l.':<Hnparcd Ce, thn:-.c 1>h~i:rvcd in 
rc1in;is pcrfuscd wi1h rnedium wirhout ;.1dditicH1!-. in paraJJd cxpcrirnL·nr~. 

Tht! idcn1icv of r;.1dioa,:1ivc 1aurim.· relea~ed in 1hc fraclion~ "'ª"' d1ccJ..:cd hv 
chron1atn~raphil.·· analy~i:-. tlf f')(ltlfi..•d. Cllllcentrared fral.·ti11n..,. P;1pcr d1rornatt\~!raphy 
in phcnol:'\vatcr (-t: J 1 v.·a~ u~ed ;1~ pn:'\'inu~ly Ue~1.:rihcd fT;1pi;1 anú SandllVal. J<J77J_ 
By lhis pn1c'-"úurc..". lJ2,.; nf thc relc...·a~1...'d ro1dioaL·ti\'ity ""·;1.., /ocafi.l'cU in 1hc 1.::1urinc 
~tanc..Jard ~poi. 

The efllu' 11f raditld•.:IÍ\.L' taunnL· ¡.., 1.."\.pre .... ..,cd ª" the p ... ·r,,: ... ·nt.age n.:k·a..,e per tllÜl 
li1ne tlfthl.• h1t;tl ;1111ou111 1lf r;:ulh1.t..._·t1\. 11~ i111..·11rpt1r.at1..•d hy thL" n:tin•1. 

For ;1u1oradiu!!r<.1phic ... 1udic~. rL·tina ... ""c.."rc..· incut.,;:1tc..·d ""ith 
1
11-taurine t 100 µCil 

mi) for 45 niin ;.11 37 '(' ir1 lhL d;1rJ... . ...\fler in ... ·uha1i11n. retina ... ""crc fi\.c.."d with 2.5~.:; 
glut;1J"'aldd1~(._k- in IUl5 :"\1 l.':IC1ldyb11..· hutfcr. pH 7.2. at rc>tlfll tLrtlperatun: fi.lr _".\() min 
and at -t"C tl'>L"rtti~hl. RLtÍJJ~I' werc prtH.·c.., ... ed f11r r11kr11 ... ..._·npy h) pti-.,tfi.,ation \\'ith 
J ':;- o~o.J. dch~ drarion in ethant1I and prop) lene t1\.id ... •. a11d en1hc:ddin,!! in Epon. 
Sc1.·tinn~ J JLlll thid ... n1..·rc..· plac(._·d on -..lidc:-.. and dipp...-d in Kod~1k. :'\'.TB-2 :'\:uck~tr Trac...·k 
cn1ubi1111 prt.:vi11u ... I) diluti.:d "" ith \.\ater 1J:J1. SL·ct1011.., ""ere: c"\.p1"'1..."d f11r 2-3 \\.'L"ck .... 
dcvcl<1pL"d ( f)eJ-.tt 1J dt:\L'lt 1per '· fj 'ed ill -t e. and ... raincd \.\ llfl H. 11.:h:tr~htHl ~tain. 

RESULTS 

Figure 1 ,fhl\\.~ 1)1..._• d1,1r1hutio11 ni taunnc ;11..·1..·u111uL111..·d ll.\ !he (._'/li1..·k. rL·tin;1. 
L¡1hclin1.! wa ... ftllJJld 1111..·;di.1"1...·d ;11 thc pf11lft1recc:p1or ... 111 h111h 1/11..· llllh:r .1nd thc tlUler 
~cgnH:ni~. \\·hich i!ppL;ir tcl hc hc;i\ il) l:tbd1..·d I .. 1:l1..'I \\.1 .... d ... 11 /11u11d 1n L·dl ... 111 thc 
innc:r 11ude¡1r la}c..'r. pn1..._· ... ·:-- ... 1....·-.. 11f the 1n111.·r pk·,iftinn la:-er· .• t11d 11c1.·.1..,11111;d ..,11n1;1 ... 11f 

thc gan_glion L'L-"11 J;t)cr <Fr~. ''-

ip 

nf 
:.·~\.~~:·\!(~:.~4:~f~~;)-}K·~ 

ó 
Fig. l. Lighl nu..._·r-o-.. .. :op1c .1LJlt•r.1d11'_1!r..tpl1;. 111 'JI r.111nnc upt.1J...: h:- ._·t11 .. ·J.. r-1..·tm.1 1 • StHll .. ·'-· (~1HJ'l.1,:n
rional opti1..·,. B. J).ir-kli.:Jd 1•pt11.·,. R.1.·1111.11 l.1;.1.·r-.. ..ir-e dc-.1,!.:'n'-'d .1 ... 1111/••"\" 1•11. 1HJ11.•r nude.1r /.1.\1.'t: ••p. 
oulcr- plcx1furm la)ot:r-: 111. 1nner 1n11..·IL".u- l.1;.l·r: 1p. 1n111..•r pk,if1>r111 l.t~l·r. ¡:_. ~.111¡:.linn l·cll l.1~l·r-. ni. 111.·r-,...._· 
Jihcr. H:ct1na-.. \\Cn.." 1n .. ·uh~11cJ f11r4S rnin \\Uh 1 H-t...1ur111~-. lf)(• 1•C• 1111 
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Rclinas prcloadc<l wilh 3H-taurinc and ~upcrfuscd with a Krcbs-bicarbonatc 
mcdium rcach a constant fractional rete.ase aftcr 6-8 min of !->Upcrfusion. Thc cfflux 
ratc of thc spontancous cftlux was about 0.2 % pcr min. lllumination with flashes at 
this time incrcascs this cftlux by 80-100% {Pasantes-Morales et al. 198lb}. (Fig. 2). 

"Vhcn supcrfusion was carricd out "··ith a culciu1n-frcc mcdiun1 .. ~upplcmcntcd 
with 100 µM EGTA. a tnarkcd incrcasc in thc rcsting cftlux of taurinc of more than 
four tin1cs ovc.:r thc rcsting rclca:-.c is ob,crv\."d,. whl.!rcas thc rc:-.pon~t:: to light was 
abolishcd (Fi!!. 2). 

Thc cft~ct of :-.upcrfu:-.ion uf chick retinas ,.,,.ith 10 111:V1 a~panatl.! i:-. shown in 
Figure 3. At thi~ conccntration .. a~partatc incrca~c-d thc n:~ting cfflu,,. of 3 H-taurinc 
by about 1.5 tirnc:-.. Upon illun1ination a funhcr incrca:-.c in thc rclca:-.c of thc mnino 
acid '\Vas oh:-.crvcd. Thc cxtcnt of thb. incrca:-.c '-Va:-. :-.imílar to that obscrvcd in 
illun1inatcd retinas pcrfu:-.cd in thc ;.lb:-.cnci:: nf aspanatc (Fig. 3). Supcrfusion of chick 
retinas with a nu:diun1 containing 1 µ~1 tctrodoxin induccd a 407r- incrcasc in lhc 
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Fig. 2. Thc cffcct of onli..,,ion nf calcium on thc lig.ht- .. timulatc<l rcka ... c of "'H-taurin..- fnln1 thc chic'-. 
rclina. Rclina!'o from dark-adaptcd chic)..., ''-CTC lnadc<l with 'H-taurinc an<l ... upcrfu ... cd ª" dc!->cnhc<l in 
~1cthoU~. In thc cakiu1n-frcc mcdiun1, CaCI--. "ª' orninc<l am..l thc Kn::h..,·hi.:arhonat..: mcdiu1n wa~ 
!->Uppkmcntcd wilh 100 µ!\.t EGTA. Thc i.ha<lcd-h~lí!'o rcprc,cnt thc pcrccnrngc rcl..:a~c of 'H-taurinc al thc 
ba:-.clinc prior to .. 1imulation. Thc y,, hite har!'. n:prc ... cnt thc peak rctca ... c nf lahckd taurim: afh:r lig.ht 
!'.timulalion. Rc?->ull ... ;1r..: thc mean ... ± SE:\t of cight -.cparalc c:11.pcrim\.'n1'.. •Taurinc n:ka~c aft..:r light 
!'otimulatinn ""'ª' '-Ípnific;tnll~ ditfcrcnt froin th;it prior to !>t11nulauon <U P < .001. '"'"Taunnc cfllu' in 
thc <lark in a cakiun1·frcc 1ncdiutn "ª.., ... ignificantly l.htfcrcnt fro1n th.11 in a ..,...,...1.:1u1n-•.:un1ainin~ mcdiun1 
al P < .OOl. 

Fig. 3. Thc cffcct of 10 n1:'\1 a ... p;1r1atc on thc light· ... timulatcd rdc~1..,c of 'H·taurinc frum thc chick rclina. 
Thc cxpcrin1cnt¡iJ prrn .. :c<lurc "ª..,. a ... Jc!'>~·rihcd in Y...1cthod.., and rc ... ulb arc c""prc..,..,cd ª' <lc!>crihcJ in 
Figure l. Rci.ult.., are thc n1can!-. ± SE~t of 14 ~cparatc c'lpcrimcnti.. •Light-!'>tin1ulatcJ rclcai.c oftaurinc 
in thc prc'>cncc of 10 111:'\-1 ai.partatc "'ª' 'ignificantly <liffcrcnt fron1 light· ... tirnulatcJ taurinc rclca~c in 
thc ah..,cm:c of a~panatc al P < .001. "'"'Taunnc cfllu' in thc darl.. in thc prc ... cncc nf 10 n1!\.1 a!>panatc 
wa~ ..,jµnificantly <lílTcrcnt from that in thc ah~cn1.:c uf a ... partatc at P < .OOJ. 
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spontancous cfllux nf 3 H-taurinc and dccrcascd by 25 7<, thc stimulatcd rclcasc (Table 
1). 

Thc cffcct of antagonists of thc synaptic rcccr.tors of con1pounds with rccog
nizcd action as ncurotran~n1ittcrs nn thc relea.se of - H-wurinc is shown in Figure 4. 
Drugs wcrc uscd al cnnccntration!>. known to h1nck postsynuptic ncurotrans1nittcr 
activity in a varicty of prcparations. Strychninc. picrotoxin. chlorpromazinc. atro
pinc. and tubocurarinc ali failcd tn n1odify thc lig.ht-~tinmlatcd rclcasc of 3 H-taurinc 
(Fig. 4). Strychninc and picrntoxin th:crca~cd thc ~ponwncous rclca~c of t.:.1Urinc by 
21 % whcrca~ tubncurarinc .:.1nd atrnpinc incrca!-.cd it by 34 % . 

Block.:.1dc of g.1utan1ic and a~parti.: a..:i<l n:ccptnrs hy GDEE and a-AA ~ignifi
cantly incrcascd thc light-~tilnulatt.!d rclcasc of taurinc. producing. no changc in thc 

TAHLE l. Thc EITt.-cl oí Tt•lrodntn"'in on thc l.i).:ht-StiruulHtt.·d Rt•lt·a-.t.• of -'11-Tuu.-inc Frun1 lhc 
Chic ... Rclinn-t 

Control 

Rc ... 11ng 
i.:_~1!_~1~ 

O.J5 ::! 0.0."h"' 
0.-lY _,_ 0.05_°'"' 

St1mul;.itc<l 

0.h~ :!: 0.05::! 
0.79 _... O.Oh5 

Sti1nulation 

80 
61 

TLnading. -.upcrfu...,1un. and -.111nul;1t1on ul rct11\;1..., "ero.: ª' <lc ... cnhcd lfl Figun..· ::!. Tctrodoto'lin al a 
concl!ntration of 1 ,_,!\.1 '"""' prc .... cnt during •111 thc -.upcrtu .... iun p.:noJ. Rc ... ult ... are c'prc-.-.c<l in ~rccnlagc 
fr;1ctional rl!ka-.c a:-. dc...,i:nhcJ in ~1ctho1.h ;and m Figure:!. R1..· ... ult.... an .. • thc rncan'> ± SE!\.1 of :-.i'l ~cparatc 
c'pcrin1cnt:-.. 
•Diffcrcncc in 1hc rc-.ting clllu'l 1n 1..·•introl-tctnK.11•ll•,1n P < .05. 
••Diffcrcncc in pcrccnt;1gc -.t1111uktti11n hcty,,ccn thc ''"º gruup ... P < .OS. 

08 .. 
(11\ 

"' 06 
w 

"' 
~ l23l '"' 
-' 

0.4 

~~~~ 
"' % 

~ 0.2 

'" 

Fig. 4. Effcct"' uf antagnni .. b of :i.)n:..iptii.:: rcl:"cptnp., on thc light-:i.limulatc<l rclca-.c of ·'H-taurinc from 
lhc chick retina. Rctimt:-. wcrc loadcd w1th 'H-taurim: ;and -.uperfu..,cd wuh a Krch:-.-hii.:arhonatc meJium 
containing thc addition., indicatcd at cach C'lpcritncnl. Thc ..:0111..·cntration-. of lhc drug:-. cxamincd wcrc a!'> 
ío11ow!'>: Mrychninc tSTR). 300 µ1\1: JJi..:rotoxinc tPIC•. :?00 ~,!\.t: 1.:hlorprotna7.inc (CPZ>. 10 µ!\,; atropinc 
(ATR) and tubocurarinc <TUB). 100 ,,M: glutamic aciJ Jiclhyl C!<>thcr (GDEE) anda-amino a<lipale {a
AA). 300 µ1\.1: :?-aminopho ... phonobutyric acid (PBi\). 500 µ1\1. Thl..' ..... hadcd pan of thc bar rcprcsenb 
thc re:-.ting cfOux and thc ""'hite pan of thc h;1r thc -.limulatcU cttlu' a!'> Uc:-.crihcU in Figure 1- Rci-ults ure 
thc mean!'.± SE!\, ofthc numhcr ofc.,.pcrimcnt.-. indicatcd in parcnthc:-.c~- •p < .OS. ••P < .001-
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rcsting cfflux (Fig. 4). PBA. a glut¡ln1¡Uc analoguc which :-.clcctivcly blocks on
channcls ISlaughtcr ¡md Millcr. 19811. nnxlificd ncithcr thc rcsting nor thc lii;¡ht
sti111ulatcd rclc.:.lsc of ·"H-t¡lurinc. Thc sti111ulatnry cffcct of GDEE and cx.-AA on · H
taurinc rclcasc ,,,.a~ umlffcctcd by lctnldotoxin (rcsult~ nnt ~l'HlWll). 

DISCUSSION 

An incn.::a~cd n.:ka..,t..· nf taurinc fn11n tht..• retina in rc ... p<1n ... c to il1un1ination has 
bcen dcscrihcd in chi~.:k. rahhit. rat. 4lnd cat retina (Sdunidt. 1978: Pa:-.antcs-Moralcs 
et al. 1973: Ncal. 1979J. Thc photorcl.:t.:ptor la).cr ha ... hi:cn ... uggc:-.tcd ól:-O thc ... itc frorn 
which thc rcJc¡1~c of t¡1urinc- occur~ ~incc ( 1) thc hi!.!hc~t conccntratinn of taurinc is 
found in photorcccptor!'. IOrr et al. l'J7h). (2) c:o..ogc~w1u~ labdcd taurinc 41ccumulatc:-. 
also prcfcrcntially in photorcccptor:-. (Lakc et al. 19781. and (.::\) dcgcnl.!ration of thc 
inncr rctinal lavcr:-. hv tn.:4ttntt..•nt with kaink acid doc~ not rc:~u1t in a dl.!crc¡1!-ic in thc 
rclca!-.c nftauri~h! in<l~ccd hy light (Pa~antt..·~-~1oralc~ et al. 1981h). 

A dircct appnlach Hl idc.:ntify tht.: ccll~ rclca~ing taurinc hy 111\.!'an~ <lf autoradio
graphic tcchni4uc:-. i~ unrcliahlc. ~incc.: thl.!' an1nunt nf lahckd taurinc n:lca:-.cd Upl"ltl 

stin1ulation rcpn::-.cnt~ only a 1ninnr fraction nf thc total anmunt im.:orporatcd hy thc 
rctin¡l and the diffcrcncc-~ in labd ln thc retina ht.:fnrc and aftcr :-.titnulation are 
ccrtainly ~ynnd thc re~Plution of thc tcdmiqw:. 

In thc.! prc~cnt ~tudy wc havc takcn advarnagc of the krnw.:n cffct..:b of high 
conccntration~ of a~partatc nn n!tinal cdl ;1<.:tivity '"" hcn attc-mpting tn idcntify thc 
cclluJ¡tr origin of thc lahclcd taurinl." rcka~ed hy light. A~partat1...~ at high corn.:entro.1tions 
clirninatc·~ thc rc~pon~c tu liglu of cclh pu-..b) n:.iptii...· tu phnton.:cl."ptnr.._ hy inducing 
dcpolarization 1 Furukawa and Hanawa. 1955: Dowling and Ripp~. 1971 l. Thcrcforl.! 
in thc prc~ent..·..:: of a~panatc. taurinc rch.:;t~c llt.."Cllrring fnnn ct.:lb po~t~ynaptic to 
photorcccptor:-. wa~ cxpcctcd to he ~ignificantly decrca:-.c.:d. In thi~ ~tudy it wa:-. found 
that a~partatc n1arkedly incrt..·a~ed thc- ~pnntam.:nu .... ..::ftlu.'\. nf t;1urinc. confirn1ing carlicr 
obscrvation~ on thc ~tin1ulatnry cff..::ct nf 1..h:pnlari.1.ing a~cnh llll taurinc rclca~c 

{Lópcz-Colon1é- et al. 1<)76; Kur.1.in¡;.1..•-r and Hatnprccht. 1981 ). Hn\.vcn:r. light ~tin1u
lation wa~ ~till ahlc to incrca~c wurinc rdca~c ovcr thc alrcady high rcsting eftlux. 
with pcrccntagc incrca~..::~ :-.i1nilar to thn~c oh:-...::rv..::d in cnntrob. Thc~c ohscrvatinns 
suggl.!st that taurim; relea''--" ... titnulatet..l hy light ¡..., prohahly occurring fn .. 111 ccll~ \.Vhich 
are unaffcctcd by thc a~partatc hlnckad..::. 

Thc po:-.~ihility that taurin..:: rclca~c ~tin1ulatcU hy light rc~ult:-. from ~ynaptic 
activation of cclb locatc-d at thc.: inncr rctinal layer~ """~•:-. c:xaniint.:d by u .... ing tctrodo
toxin. Son1c cclb in tht.: inncr rctinal laycr~ "ith thc.: p<l~ition of ama~rinc cclb are 
hcavily labckd v.;ith ·'H-t¡1urinl.! and havc bccn propo~cd a~ taurinc.:rgic a111acrinc cclls 
{Voadcn et al. 1977: Lin ct al. 1983}. Anrncrini: Cc.!lls. in contra~• to photorcccptor 
cclb. horizonwl t.:clb. and bipolar 1.:elb v.:ho~c rc~pon~c~ have ncvi.:r bi.:cn a~snci~1tcd 
to nervl.! in1pub..::~. n:~ponJ to n.:tinal !'.ti1nula1ion with tran~icnt potcntials on which 
ncrvc impubcs are.! ~upcrin1po:-.cd. Thc ¡1ctivity of ainacrinc cclb i~ scnsitivc to 
tctrodotoxin. Our prc~cnt rt.!~Ults ~howing that lc.!trodotoxin induces only a 25% 
dccrcasc in thc rclcasc of rnurinc :-.tin1ulatcd hy light are con~i~tcnt '\vith thc vicw that 
thc bulk of taurinc rclcasc is probably occurring fron1 cclls in~cn~itivc to thc drug. 

Thc abovc obscrvations. all togcthcr. point to photorcccptors as constituting a 
main sitc of taurinc rclcasc in response to light. ulthough :-.on1c rckasc from arnacrine 
cclls cannot be totally cxcludcd. Consi~tcnt with this vicw is thc obsl.!rvation that the 
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light-stin1ulmcd rclcasc of :'\H-raurinc was found unuffcctcd by antagonists of thc 
mujor ncurotn1nsn1ittcrs in thc retina. i.c .• GABA. glycinc. dnpanlinc. and acctylcho
linc. This rcsult contra~ts ·with that nbscrvcd fnr nthcr ncuro1rans1niucrs such as 
ucctylcholinc. whosc rclcasc stin1ulatcd hy light is mndulatcd by 1hc activity ofGABA 
rcccptors (Masscy ancJ Ncal. 1979). 

Thc rclcasc of taurinc was modifo .. ·d only by thc u.ntagonish of thc cxciw.rory 
an1ino acids glutan1ic and a~pu.rtic m:id. v...·hich markcdly incrcu.~cd thc cfflux of 
taurinc stirnulatcd hy light. Cilutamic ~tm.I a~purtic acid un.: n1o~t likcly thc ncurotrans
rnittcrs toni<..·ally rf.."ka~cd from photorc<.:cpttir~ in thc dark (Ncal et al. 1979; 1\.1arc and 
Latn. 1981 J and thcrcforc. a hlockadc of lhcir po~t~ynaptic n.:ccptnr~ would ~in1ulatc 
thc cffcct of liglll. Hln.vcvcr. GDEE ami c.---i\.A did nnt n1rnJify thc rc~ting cfflux of 
taurinc hut im.luccd a ~ignit1<.:ant incrc¡1 .... c in thc light-~tir11ulatcd rch.:a .... c. At pre .... cnt 
"ve cannot offcr ;1 plau~ihlc c.:xplanatinn for thi~ rc~ult. 

Thc rclea~c of taurim.: :-.timulah.:d hy light was found to be ~trii..·tly calcium 
dcpcndcnt. confinning an carlicr oh~crvation (Pa~antc~-~1oralc~ et al. 197-l). Calcium 
0111ission induccd a 1narkcd irn.:rca~c in thc spontancous cftlux of taurinc .. ~in1ilar in 
1nag.nitudc to that nh~crvcd in thc prc~cm:l." of a .... parwtc. hut whcn.:a~ urnJcr thi~ luttcr 
condition. light ~till indui..·cd a funhcr incrca~c nf taurinc cfthn. thi~ dnc~ not occur 
in a calciurn-frcc rncdium. Thi .... cffci..:t of orni~...,ion of cak:itun on incrca .... ing taurinc 
rclcasc ha~ abo hccn n.:portcd by Korpi and Oja ( 19841 anU hy Holnpaincn et al 
( 1985) in hrain .... licc~ anU culturi..·d a~trocytc~. Thc following 1ncdiani~nh havc hccn 
sugg.c~tcd to cxplain thc .... ti111ulatory cffc1..·t nf i..·akimn-frcc m1..·dia: f 1) dc .... t;1hili:l'atinn 
of n1cn1hranc~ hy rcn1oval of cniJogcnou .... calciurn cau~cd hy 01ni~~ion of cxogennus 
cakiurn. (2) dcpolarinttion of thc mcmhrancs <luc to dircct action of the chdator~. (.3) 
incrcascd ~odium intlux duc to an inhihition of mi:mhranc Na· K • -ATPasc. '\.Vhich 
'\.vould incrca~c ~odiu111 intlu:o.. lcading to taurinc rclca~c. In a prcviou~ work 1 Lópcz
Colo1né et al. 19761 wc havc ~hnwn that ruthcnium red and vc .. 'T¡1p;11nil faili:d to n1odify 
thc light-stimulatc<l rclca .... c nftaurinc. Ttw .... c.: c.:ompound~ inhihit calciurn an:-urnul;ttion 
by ncrvc cndings aniJ intcrfi..::ri: '\.Vith thc .... ti111ulu~-~ccrccion coupling ( Raha1nin1off and 
Alnacs. 197.3: Eto et aL 1974)_ The oh~crvacion that thc rclea~c of taurinc clicitcf..I by 
light is unaffc<..:tciJ hy thc~c drug .... n1ay abo he takcn a~ evidcnce in ~upport of thc 
notion that this rdca~c occurs from sitc~ different from prcsynaptic tcrn1inals. 

Thc prc~cnt re~ult~ are cnn~btcnt with thc ~uggc~tion that photorcccptors are 
thc cclb rclca~ing taurinc upon illun1ination. Although thc physiological sig.nificancc 
of this obscrvation renwin~ unclcar. ~orne rncchanis1ns rclu.ting taurinc to thc physio
logical procc~sc~ occurring during photocxcitation may be considcrcd. Thcsc includc 
an cffcct of taurinc nn calciu1n hinding. !Pasantes-Morales et al. 1979: Lombardini. 
1983). a po ........ ihlc n1le :.1 .... an ~1n1ioxi<lam (Pasantes-Morales and Cruz. 1985]. oran 
action as un osn1ntic cffcctor. 
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Effects of Excitatory Amino Acids, and of 
Their Agonists and Antagonists on the 
Release of Neurotransmitters From the 
Chick Retina 
J. Morán and H. Pasantes-Morales 

Departamento de Neurociencias. Centro de lnvesrigaciones en Fisiología Celular, 
Universidad Nacional Autónoma de México. México. D.F. Mexico 

Efh.·1.:h ,,f glut;1111u.:. a-.pani1.:. ;111d L').'lc11.: aL·1d. and 111 !...;11n1L· ;iL·1d •1nd :-.:-rncthyl 
a ... pana1c on thL· rck;l' .. ..: nt lah.:k-d <i.-\.B:\. !!IYL"lfll..". and 1;1urinL" v.crc ..:xatnincd in 
i:-.olah:d. ¡x·rhi...L·d d11L:J... 1l.."t111.1. tilu1an11L· aL·1d 10.:"-~ 111:\t t. ulL·r..:a'L"d thl." rclc;1:-.c 
of .\l--1-CiAB,.\. h). nl<líL" 1han hHir t1111L'' ;111d that nf 1.tc--¡.:-l).L'Ín.: hy ;1hout l\VP tirnco.,. 
Thc rch:;10.,t: uf GAB:\ LkL'n .. ";l' .. L'd 50'; and that ol ¡.:-l)'L'inc 95-:·; in thc prc:-.c-nL:c of 
thc antagoni ... t 11f gh1ta1111L· ;1<..:1d rL"L'1,.•pt11r .... gltlla111;itl'." diL·th)-1 L"'IL"r 1.'.\00 ~,:\t). :--:
n1cthyl ª"p01n;.1tc. u .. L"d "' an agoni ... t ,1f ;1-.p.1rtiL· aL·id rt:o.:..:ptor". prcfL"rcntially 
incn:u~c<l tht: rt:lca .. l" ni (.iABA hc\cn tÍlllL""I n\cr th;1t of t?l\1.:ine cthrL"I.." tirnc"). 
Thc ~tirnul;Hory ..:lk....t of ~-1111."lh). I ~1~p~1rt;atc ""'"1" .1nt•1!!-un1.r~cli h) 1)-u o.11ninoadi
patc ;,1n<l h) !\tg. K;nni.: a .. :1d e 10~t:\11 indLIL'L·Li the rcka"L" uf gl).L·inL" hut not that 
of GABA. C\..,lL"iL· ac1d L11kd to ntt ... tilv th ... • rL•ka"L" ••f anv of thL· ;1111inn ;u..·i1 .. b 
cxanlincú. Thc- dllux uf lahL"icd taurin°l" \\U' practically ~nalk1.:tt:ú hy all thc 
cornpound~ utili.re<l. Thi: rclL"<J..,L" llf C.iABA h) thL" L"xcit•1!1lry an1im> acid~ and 
agoni~t~ wa~ C;.i-indL"pcndcnt hut :'\;;i-LiL"pcndt:nl. '" hL0 rL"~1" thc rl"lca..,L" of gl)cinc 
was n1arkcdly Ca-1kpcndL·nt. Thl" L"vidcm:i: prc..,L"tlll'.'d hL"rl.." ... uggc~t~ 1hat c11.pcri
n1cnt~ll condition~ :.u.:livating rL·.,,,·cplor~ of '-"'cit;.1tory an11nn acid~ Jiffc-n:ntly affcct 
thc rclca~c of inhihitury ¡u11ino a1,.·il.t.... 

INTRODUCTION 

Ncuroactivc a111ino acids appcar to play a n1ajor role a~ synaptic transmittcrs in 
thc retina (Ncal. 1976). Pharrnacological and physiological cvidcncc has suggcsted 
that thc acidic amino acid~. glutan1ic and aspartic acids. are thc ncurotrJnsmittcrs 

Addrc"" rcprint rc4uc"1.., to Hcrminia Pa:-.antc"-f\.-1oralc"· Ccnlro de ln\!c ... 1ig:acionc:-. en Fi:-.iolng:ía Celular. 
UNA.1\-1. Apanado Pt>..,tal 70-hOO. CM5IO 1'.kxiL"o. O.F. 1'.1cxii:o. 

Rcccivcd Dcccmhcr :!9. 198:?; acccp1cd Junc 1. 1983. 

19H3 Alan K. Li,s. lnc. 
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rclcascd tonic.:dly frorn phtllon:ccphir 1crr11irmb in thc dark (Trifonov. 1968: Gcr
schcnfcld :md Pict:olino. 1979: !\Tan .. · and Lam. llJSI J. Bipolar ci:JI h.:rminab abo 
rclcasc son11.! CXl."itatnry ncunJtran ... 111i1tl.'r ..... pn1hahly acctykholinc <-md/or glurarnil.' or 
uspanic acid. Phnton:ccptnr ..... in addition to con11nunic~t1ing l.·entrally '"''ith hipol.::tr 
cclls. are alsn (.;nnncctcd lmcrally wüh hori.l'.ont.;:d cclb. Although littlc ¡ .... k.nown on 
thc identity nf thc tran .... nlittcr u .... ctl hy hori..-:ontal 1..·cll.-... GABA ha .... c111crgcd a_... a 
cam.Jid.::ttc fnr 1hi.-.. role. at lca .... t in !->OJltc .-..p1...·cie.-.. (L<.1111 et al. 1980: \Vu and Do":Jing. 
1980J. 

In 1hc inncr ple\.iftlílll layer rhcn: is :1 grc:tt varit:t~ 11f ... ynaptic c..·11nr1c1...·tion:.... 
panicularfy in lhc n.:t111a .... uf '-:urnplc.'\. or¡;ani/_.;1tion Jikc thc chick retina. Bipolar ccll!-. 
synupsc on ganglion and <.unacrim .. • l.·r.:lb. "·hich in turn t..·011111..·ct wirh ganglinn 1..·cll!-.. 
bipolar cclls. and othcr ~1111;.1cri111..• cr.:lb. A larg1..· populatinn nf arnacrinc l.·efh n:l.·l.!'iving 
cxcitatory input .... frorn thc hipul;;ir l.·1..·JI .... ha.., hccn ~hº'" n to he inllihilory inlerncurnn!'. 
rclca!'.ing GABA. gl,:..1...·i111..·. ;1nd prnh;1hly l<.HJrine (Ncal. llJ7h; VnaUcn. 1976: 1\1anúcl 
t:l al. 1976). Thu ..... thC' retina p<,....-..c...,..,e..., ;1 l.°(1111pk'I. ne1work. uf muluall,:.. inicral.·ting 
cxcitmory ~1nd inhihitory nt:lJron .... rclea .... in~ ~1111ino al.·id .... In the pn.:.-..cnl ~ludy ''-"l.!' havc 
invcMig~1tcd thc cffcc.:1 11( glu1:1111ie. ª'Part11..·. ;mú 1..·) .... tl.'ic ;11..·i1..b. ª' wcll ¡1.-.. 11f .... orne 
agoni.-..t~ and aniag111ii ... 1 .... nf thcir ',:0. naplic acti1•n. 1111 the rcli.;;1,1..· of lahclc . .'d GJ"\.BA. 
glycinc. and taurine fron1 the d1ici...: rt..·1in;1. in an allc111pt 10 idl.'ntify the functional 
rclation~hip hctween neuron.., u .... in_;.! a111ino ;1cid' ª' tran ... rnit1er' in 1hi ... 1i ........ ue. 

Thc actinn ... nf C\.1..·H;11ory a1ni110 acid' n11 neurnn.-.. •1re n1eUiatcd hy .... ynaptic 
receptor~. which havc heen id1..·111ifit..·d rn.:1i11l~ nn thc h;i,¡, nf difft..•n:ntial .-..cn,itivity. 
Thrc:e cl.a~.-..e.-.. 1if recept11r' ha,·e hl.·en de ... erihl.·d (J1•hn,llrn. 1979; CcH111an 1..·t al. JlJSJ J. 
Onc da:-. .... ¡ .... thL' gluta111;11c-pn:f1..·rrm_!! n:cl..'"ptnr ..... \\ hid1 are .... tlHlkd ti....ing L-glu1a111il.' 
aciú ;t!'. thc hinding ligand: thl.·y ;1n: pr1..·f'-•r1..·ntially a11t;q;o11i.l'1..·d t""ly ~IUlan1~11c-Uii:thyl 
c_...tcr CGl)EEt ;111d ;H"l.' r·datn1..·I~ in..,l.'11'111\e tu n-;1111inn adip1t..· acid ln.-\.At and ·'lg. 
Thc .-..cc,u1d da ... .-..,,,- r1..·L·epttir, ¡, 1he ;1,part<.1tL·-pr1..·lcrrin~ rcL·L"p1t1r .... \1,h11..·h ;11"1.." l."lff
rcntly lahl.:"k·d ti...in_;! :-...--1111..·1h~Jd,par1;1ll." t:'\.:.\1.-\.1 ª' l1~;ind: lhL''L' rL'L·ept1u· .... ar1..• ama~n
ni/cd hy t.u\...\ and :'\lg hul r1..·111ai11 un;1fkdcd h,:.. GDI:E. Th1..· 1h1rd 1...·la!->' of rc1..·L'r1nr.-.. 
f(lr exciratnry ar11irH' at..·id' 1..·11rrt..''l"1111..J.., 1u tlu"I.' at..·t1\;.st1..·d h~ k;1in11..· a1..·id. whkh <.1re 
rclativcly in .... er1'itivl.· to hoth rrAA <.rnd GDEE. Kainil.' ;1cid h;1 .... hct:n frc4u~ntly 

cnn~itlcn:U a!'. a ~ek1..·1ive ligamJ for a d;1 .... .-.. tlf rccl.'plor.-.. ;1eccpting L-glul<.unii..· a1..'id in 
un extended L·onfi.l:-rn~1tion or ti.>r n.:cl.'ptur .... fnr an ~1 .... yct unit.lentifil.'U cndogenou_... 
suh.-..t~mc..·e-~ whid1 rnight hi: onc of thc :-.ufl(rnic umino ai..-iú ..... u .... ing thi: .... e- c-ompounc.h 
as pharrnacnlngical too!:-.. \VC have oht:1incd re .... uh .... that may comrihutc to thc undcr
stanúing of functional l.·in.:uitry in thL' rctin;.1. 

METHODS 

Thc retina-.; of t.:hkk_... .3-4 WCL'k_... oh.1 \Vl.'re ..:.'\.l.'i!-.cd ant.I incuhated in a Krchs
bicarhonatc.: n1t:dium (:'\:aCI. 118 111.\1: KCI. 4.7 ml\-1: KH~P04 • l.:! m:\1: CaCI~. 2.5 
ml\-1; f\..1gS04 • J.17 1111\.t: NaHC0_1• 25 rm\1: ant.I gluco.-..c 5.6 rn~l). pH 7.4. Aftcr 
~rcincuhation for JO rnin .::.tl 37ºC. radiol~1hcled arnino acids 14C-glycine ( 1.5 µCi!rnf). 
- H-GABA <2.5 ¡.tCi/n1IL nr ."\H-taurinc (7.5 µCi/mf) wcrc addcd and thc incuh;1tion 
was continucd fl>r 15 rnin. Retinal !-.Uhccllul.::tr fraction .... P 1 and P~ \Vcrc obtaincd as 
dcscrihcd by L<lpc.1:-Colurné et al ( 1978]. Chick rc:tinas wcre htHnogcni.1:cd in 0.32 M 
sucrose cnnwining 10-· 4 M J\.1gS04 • c.1nd thc hnrnogcnate was ccntrifugcd at 9CX)g: to 
obtain fraction P 1 containing photon:ccptor h:nninals. The !'.upcrnat~mt \Vas ccntri-
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fugcd at 9.000g. 20 min. to ohtain fraction P::!. which contains sn1all synaptosomcs 
dcrivcd from thc plcxiforn1 laycr. Subccllular fractions wcrc incubatcd ª' describcd 
abovc. and aliquots nf thc suspcnsion wcrc cotlcctcd on Milliporc filtcrs. Wholc 
retinas or filtcrs containing subccllular fractions Joadcd with r;i<lioactivc amino acids 
wcrc transfcrrcd to gla~s superfusion chan1bcrs of 0.25 n1I volumc. Supcrfusion was 
carricd out with thc Krcbs-hic:.1rbonatc 1ncdium. containing 10- 4 M arninoox.yacctic 
acid t<ir thc cxpcrin1cnts nn "H-GABA rclca~c. Fractinns of thc supcrfusatc wcrc 
collcctcd at 1-min intcrvab dircctlv intn scintillation viab. Ba~dint: v.:as attaincd aftcr 
a wa~hing pcriod of 18 min. Tht:n~ thc 1ncdíum ""''m• rcplaccd by a mcdiun1 containing 
thc diffcrcnt cxcitatory an1ino :.icid~ or drug~ lc~tcd. Ant41goni~b. whcn u~cd. wcrc 
prl!scnt fron1 thc hcginning of thc ~upcrfusinn pcriod. At thc cml of thc supcrfusion. 
thc retinas wcrc :-.olubiliL.cd \Vith NCS (lis:-.uc solubilizcr. Arncrshan1). Thc radioactiv
ity of collcctcd fractions and that rcn1aining in thc tis~uc was mca~urcd using Tritosol 
as scintill~mt. 

RESULTS 
Effects of Glutamlc Acid 

Figure l shows thc cffcct of 2 mM glutan1atc on thc rclcasc of 3 H-GABA. 14C
glycinc. and JH-taurinc froni wholc chick retina. Thc cftlux of thc thrcc labclcd 
amino acitls was stin1ulatcd hy this glutan1atc conccntr.ation: Thc rclcasc of GABA 
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Fig. J. EffccL-. of glutamic acid glut.tn1;.ltc Jicth}I c-.tcr tGDEEl ,111 thc relea.....: of 'H-GABA. 14C
glycinc. and 'H·taurinc from che boh1tcd chicl n:tma. Retina~ prcload..-d v.nh lahclcd amino acids wcrc: 
super-fu~ ata rntc nf 0.6 mllmin v.ith a Krch-.-hu.:arhonatc mcdium. at '.\?ºC. ftll" 18 min. Then thc 
mcdium ""ª" rcplaccd by une contaimng :? ntl\1 glutarnatc and -.upcrfu~um cnntinucd for 10 min. In 
cx.pcr-imcnt~ with GDEE. thc drug C\l)() '"l\11 -wa-. prc-.cnt thnmgh all !'.Upt:rfu-.ion. E;.ich bar rcprcscnts 
thc peak valuc 01o·cr ha .. clinc "\"aluc. Rc~ult-. af"c thc 1ncan-. ± SEl\1 of thc nun1hcf" of cxpcrimcnts indicated 
in parcnthc!>c~. 
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incrcascd by more thun 4-fokl. that of glycinc hy n1on.: than 2-fold. and thc rclcasc of 
taurinc ahnost doublcd. Rcducing thc conccntration of glu1unmtc lo 1 tnM and 0.5 
n1M rcsultcd in a proportionul df.!crc:tsc in thc annmnt of thc.! rclc.!ascd amino ~1cids 
(rcsults not shnwn). Whcn pcrfusion was carrit:d out v.·ith a tncdiutn cnmainíng 
GDEE (300 µM). thc glutanmtc-indm:cd rdt:o.t:-.c of GABA \.vas nmrkcdly rcduccd 
(about 50%) ,,.,.hcrcas that nf glycinc was practically aholbhcd. Taurinc rcJc¡1:-.c Wa!-. 
unaffcctcd hy GDEE (Fig. 1 ). Pcrfu~inn in lhc prc~cr11..·c nf cu\A did not affcct thc 
glutmnatc-sti111ulatcd n:lco.1!->C uf any uf thc amino o.Kid~ cxarnini.:ú ( ri.:~uh~ not :-.ho\vn). 

Thc rclc.a:-.c of -'H-C:iABA !->tirnulMi.:d hy glutamatl.." wa.., Ca-im.lcpcndcnt. Evcn 
highcr vo.tluc:-. nf :-.ti111ul¡1tcd rcli.:a:-.c wcri.: oh~crvcc..I "" hl.."n thi.: n:tina!'> \.vcrc pcrfu:-.cd 
with ¡1 Ca-fri.:c n1cdium. nr with n1i.:di~1 conlainin!! EGTA <250 J'!\-1) or 5 1111\.1 rvtg:. 
Thc rclcasc of 14C-g:lycinc ""'ª!'> rcduccd in a Ca-free media hut it wa:-. irn:rca:-.cd whcn 
thc 1ncdiun1 containcd 5 1n!\·t l\tg: ( Fig. })_ In ..:ontr;t!->l to thl.." rclativ'-" Ca-indcpcm.Jcncc. 
thc rclcasc of -'H-GABA '"'"••:-. markcdly dl.."cn:a'.'-.l.."d .. vhr.:n ~rn.Jiu1n \\:a~ ornittcd from thc 
pcrfusion rncdiurn ;1mJ rcplm:cd hy cholinc dlloridc. ""·hl.."rc:a'.'-. thc rcll..";t'.'-.l.." of g:lycinc 
was practically unaffr.:L·ti:i..J undcr thl.."'.'-.r.! com.Jition'.'-. (Tuhh: 1). 

The Effect of NMA 

NMA \.Va'.'. u:-.cd a'.'. Jigand for thi.: a'.'-.partati.:-prcfcrring rc<..·cptors. and it:-. cffccts 
as wcll as tho:-.c of thc ;tntag:oni'.'-.b uAA on thc rclr.:asc of GABA ;111d glycinc: urc 
shown in Figure.: 3. Pl.."rf°u!'>ion with NMA (0.5 ml\1) incn:a~cd lhc relea~'-" of -'H
GABA by rnorc than :-.cvcn time:-. ovcr thc rc:-.ting cftlu~ valuc. ;md thi:-. cffcct "'-·a:-. 
n1arkcdly rcduccd whcn thc pcrfusion rncdiurn <..·omainc<l ct'l\A. Thc rclca!'>c of 1-ic
glycinc wa:-. incrca:-.r.:d about lwo tirnc:-.. hut thi:-. cfllux ""''ª!'> nol affcctcd hy uAA ( Fig. 
3). Thc rclca!-.f.! of taurinc wa~ practically unaffcclcd in thc prc~cm .. ·i.: uf N~1A. Thc 
cfflux of -'H-GABA wa:-. 1"nund lo he n:duccú nnly whi.:n pcrfu:-.ion wa ... carricd out in 
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3H-GABA and 1°'C-glydnc. A!'.~Y condilion!> wcrc "~ in Figure 1 cxccpt that !>Upcrfu!>ion was carricd 
out with u Ca-free mcdium .. upplicd with J\1g { 10 mM) ur EGTA <250 1,r-,f). Rc!->ult!<o are cxprcs!->cd a!I. 
changcs ub~crvcJ with l"C!>pcct to cunlr-nl :-.limulation v;.1luc~. Rc~ult~ are thc n1cans ± SEf\.1 uf thc 
numbcr- of cic.pcrimcnt!> imlicatcd in parcnth..: .. c!>. 
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the prescnce of JO 1nrvt nlMg. No significam dccrcasc was obscrvcd in a Ca-free 
mcdiun1 with or withoul EGTA. In contrast. thc n:lcasc of 1-'C-glycinc was tnarkcdly 
rcduccd in a Ca-free mcdiun1 containing EGTA or 10 rnt\.-1 Mg (Fig. 4). 

Effects of Kalnlc Acld and Cystelc Acld 

KA was uscd :1~ lhc ligam.i al lhc lhird ch1~:-. of cxcil~llory a111ino acid receptor. 
Thc cffcct of ko.1inic acid ( 10 Jtr\.1) nn thc rclt:n~c of 'H-GABA. 14C-glycinc. and -"H
taurinc is ~hown in Figure 5. Kainic ;.iL·id produccd only a ~light increa~c in thc cftlux 
of labckd GABA :.and laurinc. whcn:a .... al lhc ~anu: L"on<...·cntr;Hion. thL! rdc:1~c of 14C
glycinc .. vas highly stimulatcd. Thc cffcct of kainic ai.:id un thc rclca~c of glycinc '-":1s 
urn:hangcd in thc prc:-.cn...:c of et AA or GDEE. Thc effc...:t uf ...:y:-.tt:ic adU on thc rch::a~c 

·rAHLE l. 1-:ITt.·~:I of '.'In• <hni.,.,i1111 on lhc (;Jut¡unalt.·~Sti111ula1cd Kt..•Jca.,t.• of-'11-<;AU,\. and 1°'C:
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:o.utx·cJlular rc:11n.1I fr;h:l1"11' J> 1 .111d I': 1r.1d1<111-o , ... .._.r.._• 11h1.1111 ... ·d .1 .. d.._·..,.._·r1h ... ·d 111 :\t.._·1h••1.t .... ·\flcr ln;u.J1ng 
>A·ilh -'H·GAB.-\, fr¡.a.._·111111.., \\Cf1._' f11t._·rcd lhrnu!~li '\11lflp1tr.._· 111!1._·1 .. tll 4:" ,,:\1 ~•ft..' 'ol.h') .1nd filli.·r.., v.crc 
:o.up.:rfu-.c:d v.i1h Kn.:h,-h1t.:.irht111,111.· rn1.·dn1111 r\1 111.._· 11111._· 111d1 .. ·.11t..·..J h~ hl.11._·i... h.ir .... 111cdnu11 \\,, .. rcpl;u.:1.:d 
hy nnc t.."on1.1inmg 10 111:\1 ¡.."ltll.1111.111.· "'' 5h 111\-1 h_( 1 1' .. ·r1.1.·nt.1).."c "' lnl.il r.1d1<>.1<.'ll\ ll~ rc1.·,.,cr1._·d t.."\.t.."í}" 
minute i:o. plo•llc~l. 

ofthc inhihitorv a1nino a1.:id-.. '""·;1-.. inv.._·-.ti!.!;111..~d. Tl.'"-.tl.'"d at 1.."<Hh:cntr;11io11'·• fron10.1 to J 
mM. this sulfn;.,k add failcd to dkit th.._'; n:lc.:.1-..c of ;1ny 11f thi.: inhihitory ni.:unllrans
mittcrs (not ..... hown). 

Effects of Depolarizing Concentrations of KCI 

\Vith cornparativc purpn ..... e-.. the rt..~lca-.c of 'H-GABA ¡111d 1 ~C-g:lycine dicitcd 
by 56 m!\.1 KCI a .... \vcll a-. thc ionit..- requiri.:rnents of thi .... pn)ci.: ........ wcn: .... 1udicd. Thc 
rclcasc of GABA irKrca .... cd four time .... and that of gly1..·inc J.5 tirnc' in thc pre .... i.:ncc 
of the depnlari.'-ing. :-.timulu ..... Thc pot;.1:-.:--iu1n-:-.timul~uctl rcka:-.e pf hoth GABA and 
glycinc '-Vas markcdly ri.:c..Ju1..·cd in a Ca-frc.=c or l\.1g-t..'lmt¡tining mec..Jia (not .... ho\\'O). 

Subcellular Fractions 

Rcl.:.ttivdy high arnount:-. of glutarni<.: al:id wcre ri.:4uircd tn <)h .... crvi.: thc n:lca .... c 
of ~H-GABA and 14C-glyL·inc. and thcrcfore thc po ........ ihility that the cffcct of gluW.nl.atc 
is due to un .... pccific <lcpolari.l'.ation induL·cc..J through cxtra .... yn;.1ptic n:ccptnr ..... and not 
hy trans .... ynuptic clTCL'b. cannot he cxdudcd. To rule <lUl thi .... possihility. thc i.:ffcct nf 
glutamic acid on thi.: n:Ji.:a-..c of "'H-GABA frnm i .... nlatcd ncrve cndin~s "'ª' .... tu<licJ. 
Figure 6 'hows that 10 m~1 glut~unatc failcd to cvokc any n:lea....,c <1f · H-GABr'\ hc,th 
from fraction P 1 containing ncrvc cn<ling .... fron1 photorc1..·cpt,11· ..... and fro1n fr::u:1ion P 2 
containing :-.ynapto.:-.omcs frorn thc plcxifonn laycr. Kuinic acid. at thc conccnlration 
uscd in thcsc cxpc:riments (JO µ1\.1). abo foilc.:d to affc.:ct thc rclca~c of GABA in thc 
subcellular fractinns (not shown). 

To test thc funclionul condition of nur suhccllular prepar::ttion~. paralld cxpcri
ments wcrc carricd out u .... ing high com:cntrations of KCI as di.:polarizing agcnt. Figure 



6 shows that both fractions P 1 and p., responded very cffcctivcly to thc dcpolarizing 
mcdium by incrcasing thc rclcasc of 5H-GABA 1norc than four tin1cs. 

DISCUSSION 

Thc pn:scnl rc .... ults sho\.v that cxcitatory ncurotran!-.miucr an1ino acids induce 
thc rclcasc of inhihitory arnino acids undcr comJition .... that .... uggcsl thc invnlvcmcnt of 
postsynaptic rcccpt<lrs. 

A largc hn<ly of cvi<lcncc .... uggc .... ts that gluta1nic acid may he the tranMnittcr 
rclC4l!-.CÜ hy a populatum of pho1orc1..·cptor .... ITrifono-.. l"JflX: Gcr .... chcnfcld and Piccol
inn. 1979: '.\1arc amt L~1111. llJXI: Ci.:rvctto and Pi1..·1..·olinn. 1974: \Vcrhlin. Jl.>79). 
Gluta111ic ~1i.:-id 111ay abo h1..-· thc :--)-naptic tran .... mittc.:r of bipolar c.:cll..., INcal. 1976). 
Binding .... 1udic_... in hovinc and dlkk rclin~il 1nc1nhr¡1m.:..., havc .... hov .. ·n lhat fXl_...t....ynaptic 
receptor .... for ~lutamic ¡1L"id arc pri.::-.i.:nt in hoth thc inncr and tht.: outcr plcxitC.u-111 
laycr!-o f Lúpl:1:-Colomé. llJX 1: !\.1itdH:ll and Rc..-dhurn. l'JX.:! ¡. Rc..-c.:ently :\tan: ami l~un 
119811 havc :-.ho\.vn in thc gnldfi:-.h retina th;1t 1 H-glut¡1mic ¡11..·id tran:-.portcd hy a 
!-ot>diutn-dcpendc.:nt 111i.:d1ani .... m. v. hkh i:-. 1110:-.t prohahly Lihding :-.ynapti1...: .... itc:-.. i:-. 
sclcctivdy ac.:c.:u1nul;11cd hy rod:-. a:-. '"""cll ¡1 ..... hy lh .. ·unm:-. fn1111 thc inner ri.:tin.al laycr ..... 

In thr,.; chic.:k n.:tina. gluta111i1...· acid inUun.· .... thc rclca:-.c of CiAB.·\. and glyóm:. The 
ionic.: rct.¡uirc111c.:nt:-. ol thi..., rc.:Jca:-.e 111ay he u...,cful in the :-.can.:h of thc c.:clb frorn '""hii:h 
this rclea:-.c.!' ¡..., nc.:n1rrin!.!. Tht.: 1dutama1e- .... 1i11udatcd rclca....i: of C.:i.r\.BA i:-. .... ndiuni-
dcpcndc-nt hut 1..-·;1kium-i;1dep1..:nd~nt. Thi..., .... ugf!e-.1' t\.\.tl main po-. .... ihilitii.::-. for thc ...,¡te 
of Gi\.BA n..:IC'a:-.e~namclv thc horil"ontal ccll .... ;1nd th..: t!lial ccll-.. Studii.::-. of Ya/.UIJ¡1 

and Kkin:-.dunic..lt ( 1981 J ;~nd Sdiwa1·t/ 1 P>X2) in thc gnl~Jfj...,h and the ttlad retina havc 
sho\.vn th;1t the rL·ka...,I.'.' of Ci.·\BA frntn thL· hori/11ntal 1..·1..•ll..., . ...,ti111ul;1t1..·d hv !.!lutalllate. 
is .... odiurn-dcpcndent hut cah:iu1n-independent. lt i:-. :-.uggc:-.tL·d that tran .... 11.titl..:r rdca .... c 
frorn thc:-.c eclb. '""'hich art.: dt.:vo1d or .... ynaptic.: ve:-.ick-... Pn:ur:-. through a :-.odiu111-
dcpcndent. L·¡1rrit.:r-111ediati.:d tran .... port. appari.:ntly 1101 i1n ol\. ing a .... 1i1nulu .... -:-.ei.:-ri.:tion 
coupling triggcrec..I hy L·akium. In 1..·0111ra-.t. in the rat. thc n:lea:-.t.: uf GAB.·\. im...luccd 
hy glutamatc..- b a 1..·akiun1-dcpcndr..:nt pnK·e:-...., (Ka1nada et al. llJSI f. Thi..., nh .... crvation. 
togcthcr with thc fact th~tt GABA i:-. not ~t1..·cu1nulati.:-d h~ hnri.J"ontal L·t.:11 .... in thb 
spccic:-. ..... uggr..:~t:-. that Ci/\.B.·\. rdea...,c.: uccur-.. frp111 1..·elb othc:r than hori/.onwl 1..·dls. 
prohahly cdb uf the innc.:r retina. ()ur rc.: .... ult:-. in tite chich. retina ~tgn:...: with tho~c.: 

obtained in toaU ¡1nd goldfi:-.h retin¡1 . ...,uggc...,ting that huri/.ontal 1..·elb n1ay he a pt.J ........ ihlc 
sitc of GABA rclea:-.i.: 111 thi:-. .... pt.:l..'ic ..... Othc..-r ccJI..., relca .... ing Gi\.BA hy a cakiun1-
indcpe:ndcnt procc:-. .... art.: glial c.:db. Huwc..-ver. a comparativc: .... tudy of :\1ar .... hall and 
Voadc.::n ( 197-ll :-.howc.:d that in the chid ... retina 'H-GABA 1:--. not a1..·cu1nulated hy 
Mullcr cdb hut only hy an1a1..·rinc. hori?.ont¡d. and ganglion 1..·clb. 

A typical fcaturc of thc glutamate-inducec.J rek:a:-.c of arnino ¡1cid:-. ,,.a .... thc 
influcncc of l\-1g. In thi..., :-.tuc..Jy. f\.1g wa .... u .... ed with thc ai111 of d1..•1..·rca:-.ing thc arnount 
of calcium availablc for thc procc:-.s of nc.:urotran:-.rnittc.:r rclc.:a .... c..-. Surpri .... ingly. this ion 
pro<luccd an incrca:-.c rathcr than a dccrca...,c on nc..-urotr;.in-..mittc..-r relea:-.e. Thb cffcct 
may be duc to thc rcportcd ac.:tivatory ai:tion of l\1g on thc intc..•raclion of glutamatc 
with its poMsynaptic rcccplor:-. fBaudry and Lynch. 1979J. This n:sult. tngcthcr -.vith 
thc obscrvcd inhibit<lry cffcct ofGDEE. a kmlwn antagonist ofthc glutan1atc-induccd 
synaptic action!-. (Robcrts. 1974: Spcnecr. 1976: Davics anU \Vatkins. 1979: Lllpcz-



Colomé. 1981 ). suppons thc notion th:.1t thc rclc~1sing cffcct of glutan1atc occurs 
through thc activ;1tion nf spc(.·ific postsynaptic rc(.·cpton •. Thc ohscrvations on i:-.olatcd 
ncrvc cndini:s showing a failurc of glummatc in ~tirnulating GABA rcka~c are abo in 
linc v.tith this notion. This JX"'int ~hould he crnph<.1:0.iJ'c<l :-.in..:L!' g:luta111ic acid cxcns an 
cxtcnsivc cxcitaton: action in thc CNS to :o.ul..'h an cxh:nt that it b c.Jillicult to lind 
ncurons inscnsitivc- to ib cffcct:-.. Thc!'-e rc!'-pon:-.c~ havc hccn prnpo:-.cU to he.: rncdiatcd 
by thc <.1ctiv.a1inn nf c:-.;.tra,ynaptü: n.:ccptnr!'- lcading to Ull!'-J"lCt.:ifo.: dcp0Ltri.l'.<.1tinn (Cull
C;1ndy and Ü!'-hC"nvnod. 197~) . 

. ·'\.lthou~h thcn: ¡.._ cvitkn1.:e ... u~~e ... tin!! th;1t :1 ... partic aL·id ¡.._ an L"\citatnry neurn
transtnittcr in the c~s (Johll!'-lllll et al. 197-l-j. very link ,. .. ork to date ha ... hccn 
<lirc...:tc<l 'º"'~1r<l thi..· !'-tuJ: l•f a!'-p.trtate ª" 1H.:un,tr;1n"lllitter 1n the rc.:tina. Kc ... ·ent \'-tirk 

uf lkcda and Shcanhl\'-ll 11981 J h;:1..., .... huwn th;u L-a!'-partatc cnhanci.:!'- thi.: visually 
drivcn l..':\.l.."Ít;.1tion of a !'-pt.:citlL· populatinn uf 1!an,µllon ccll~ amJ that thc..: i.:xt..·itatnry 
rcsp<.lll!'-C.::O. c•f vi ... ual ... timulatiPn are ~pe1..·illcally reducc.:d h~ 2-0:1111inopho!'-phnnovalcr
atc. a P'-""''crful anto:t,µlmi .... t llf j'<..;:'\.1.-'\. H<'"'evc..:r. Shiell ... et al l Jl)XI 1 havc !'-hn\\.11 tlml 
o:AA ~HH.l a111innpho...,plHll10\.·ateratL" do nut afft:ct 11H.:1nhrane pntt:rHial or rc!'-pon...,t:!'- to 
light in nxl hnriJ'nntal cell .... although the...,e ccll-.. arl.." markL·dl~ alfL"l.'.'tL·d h: kainit.." acid. 
A ~tu<ly of ~1itt:hi.:ll anJ RcUhurn ( 19X2 I un tht: hin1.1in,µ of ~H-a!'-partate to n1c111hranc~ 
of hllvinc n:tina ha ....... hown the prc:-.erKe <lf n:ct:ptor !'-lle...,"' ith high-;:1ffinit~ cnn:-.tants. 
In thc t..'hkk retina. hind1ng ... itt: ... for \H-a ... pan1c acid an.: tounU in me111hranc.., frnn1 
hoth the inner and l•Uter ple,ift•rn1 la:1:r..., ¡1_,·,pe.l'-Co1'H111.:. JlJ81 ). ,\¡:cu111ubtíon of 
·"'H-a:-.p;1n;:1te b: the !!tlldll .... h n:t1na ¡..., oh...,L"n<..·d prefcrenti;:dl~ ata ... pe1..·ill1..· pnpuh1tion 
of photorcceptnl"' ... a~ .,,,.di a-.. in _µllal L·clb. hut nnt h: horl.l'nntal. hipular. anlal.."rinc.:. 
or ganglinn cclb ( :'\.1an: and Lan1. llJ8 l !. The rL· ... uli.... of the prc..: ... l.."nt WPrk. ll•gethcr 
Y..'llh th..: ahu ... ...- 111..:11tiu11ed uh"L'f"\.~1tidll .... ...,u;;.;;. ... · ... 1 th.1t :-.ti111ul.1til•ll llf .t ... p~irtí...: a...:id 
n:l..'.'cptnr~ i-.. clieitin,µ the rl.."lea..,L" of G:\BA. L"ithl.."r frrnn cdl!'- 1.-·onnc..:tin!:! "" ith photn
rc.:ccptor or from hipPlar ...-..:lb. Hn\'-ever. thL" 111ark.ed dil feren1..·c ... nh...,erv..:d in th..: 
dbtrihution of retina! tr;111 .... 111itt1.."r:o. ur uptak.t: -..ite.:..., nf lahelcd arnino ~1dd .... hctween 
~pccic..., ~ug:gc .... t eautinn "" hcn rc ... ult..., uhta1nL·d fron1 different .... pecit.."!'- arL" L"<llllp~1red. 

The rck~1"L" ~1r G.-\B/\. and gl).L'ine eli ... ·it..:d h: :-...::'\.1.-\. ""ª' n1arkt.."dly rcduccd 
y.·hcn !\.1g i:-. ;,1d<.kd to the incuhation mediwn. ·r1i¡.., .._•ffect ¡..., 1101 dueto a cntnpetition 
of !\tg for cakiwn .... ince cakiurn-fn.:c inedia cuntaining EGT.-\. UiLI 1101 rc..:UucC' thc 
rclca~C' of GABA. R;1ther thi..., could he ;1 ~p..:L"ilic cffet..·t nf rnagne!'-ilun prohahly 
antagoni.l'ing the actinn of S:'\.1:\ at thC' rec..·1.."pl<lr k·\.cl. a!'- il ha:-. hcen ...,uggc~tC'd hy 
Davics and \\'atkin:-. f 1977) anU Evan .... and \Vatkin!'- ( JlJ781. i\.n npptl!'-ite effcct is 
ob~crvcd ""'hC'n g:luta111ic acid Í!'- u:-.eU a!'- ligand. ª" wa .... 1111.."ntilHh:d ah<nc. 

Kainic aciú. a rig:id .... truetural analogul.." of gluta111ate. interat..'b with rc.:ccptnr~ 

that givc ri~c to cxt..·it;ttion in ~cveral hrain ;1rcas. KA ha!'- bccn propo...,ed a~ a :-.elcctivc 
agonist for L-glutan1ic aL·it.1-preferring n:i.:eptor:-. IJohn!'-ton. 1979; Evan .... and \Vatkins. 
1978: Cntn1;m et ~tL 1981 ): howcver. reL·cnt clcetrophy:-.iologic.:al IHall et al. 19781 
an<l hiochc111ical 1 Fn .... tcr et al. 1981: IJlpC.1'-Cnlomé. llJX 1: ~1itchdl and RC'<lhurn. 
198:!) cviUcncc .... uggc .... i.... that KA ¡.._ ¡u.:tinf: ;:1t a rci.:eptor fklpul~ttion <liffC'rC'nt frnm that 
for g1utan1ic acid. and lhc rc .... ulb of thc prc.-..c.:nt work ..... howing diffcrcnc.:c:-. bctwcen 
thc amino acid!<o rclca!'-cd hy KA and g:lutarnic acid. alsn supp<.--.n this nntion. lt has 
bccn suggc~tcd that cy...,tcic acid n1ig:h1 hl.' tht.." natural tran!<o111ittcr of thc rcccptnrs 
activatcd by KA. This hypothc .... is is not suprx>rtcd by thc prcscnt rc:-.ults. sincc cystcic 
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acid failcd to stilnulatc thc rck::1~c of uny of thc inhibitory amino acids studicd. which 
wcre: rclcascd by KA. 

Thc diffcrcncc~ oh~crvcd hctwccn thc rc~ponscs clic.:ilcd hy c::1ch uf thc cxcita
tory amino Hcid~ or ligarn .. b usc<l in lhis Mu<ly ::trc con~i~lcnl \.Vith thc cx.i~tcncc of 
diffcrcnt rcccpturs for a~purtic acic.J. glut::unit.: m.·id. -.md KA in thc chick rclin<.1. Thc 
rcsults uf thc prcsr.:nl work ~uggc:-.l tlmt ncurons rclca!oo.ing. diflCrcnt cxcit.atury ::unino 
acids cstahli~h sckctivc fum:tional i:nnncctions with GABA-crgic ::1nd glycincrgic 
cclls. Funhcr stu<lic~ \.Vith hi'.'-toc.:hcmical tc~.:hniquc~ are nccc~~ary to idcntify thc 
intcrconncctcd ncunm' prcci~cly. 
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Glutamate Receptor Agonists Relcasc [3 H]GABA Prefcrcntially From Horizontal Cells 

JULIO MORAN 1• llERMINIA PASANTES-MORALES.: and DIANNA A. REDBURN 1 

1 D~par11t1r."tU of ,v,,-urohiology ª'"/ At1<llO't1_\", Uni1·,•r.Hty o/ Te:..a.f ,\fc•iilcal Sclrool ut J/01utot1. /lo1utot1, T.\' 770:!5 (U.S.A.) 
anti ~Centro tle /ln·1•stiguciot11•.f r"tl 1-1.uologia C1•/11lll, Ut1i1•er.\il/aJ 1'\/aciut1dl A1t1011rHn11 tlt' ,\fe.tico. ,\fe.t:ico (,\f,.xico} 

( Acccptcd h May l 9Xt') 

Kc·y wortl.~: Glut~unatc - .-'\.!'>p;irt;11c - Kounic ac1d- ;•-.Aminohutyric acid (GABA)- H.ctina 

,'\. total of 5-h d1ff..:r..:nt c..:11 l~p<.º' 111 \'l.!'rtchrat<." rc111101 .. •iccu1nula1c l 111 J;•.¡¡n111Hlhu1~-r1c aci.J ( G.AB.-'\. ). In fro!! rctinot. 'pccific pop
ulationo;. ofccll .. in thc hnri.l'ont.11. .1111.u.·ranc ;1nd ¡.?;mghun ccll la~cr ... are lahclcd autoradiogri..1phic;11ly •1hcr ;1 1:>-min in vi1ro incuhation 
wilh (1ft)Gr'\.B.-'\.. Cclh ,.,,·hich may ¡,,_. h1poloir or 1n1 .. ·rpl..:x1íon11 cclh. are ahn l.1hclcd. S11n1!ar ;1utor;u.lio~r;1phic pattcrn .. are oh .. erv,_.d 
in chicJ... retin;1 C'\CC'pl f•tr lhc .1ti-.cn.:c •'f l.1h<.·lcd h1p<ll;1r llr inlerplcuh,rn1 cclh. In r.11 r.:1111;.-.. ( '11 JCi.-'\.liA uptaJ...c '" limited primarily tn 
~tuller and .1n1 • .u.:rinc: cL·ll-.. Dcpol~1n.l'1nµ µlutan1atc rL•ccplor ago111 .. h l!!lu1;1n1;11c. ;1-.p;1rt;1tc and J...;11ni1:.· ;1cul) applicd 10 an in vitro pcr
ÍU!!i.ion !'>y .. 1..:01. -.1inu1l.1tc<l 111.1-.-.1\ ,_. r ... lc.1-. .. · ol ( '11 J(i/\B/\. lnnn lru).! and .. ·hicJ... r<.·t1n.1 hut not lront rat r,_.tina. Undcr lh,_.,,_. conL111ion ... 
autoradioµr~1ph1c lahclin~ of f111n;untill L'.L"ll' ........... \.Jrtuall~ •kplctcd. \\llllc bhclinµ ol olh<.·r ccll lypc .. rcn1;11ncd rnhu .. 1. In conlra-.t. po
laM;ium cau~cd rclca .. c tlf the l.1bcl 1 r•11n .di .'\ t:o-pc-. llf rct1n.1, an.J lt"' of aUl••r.1du,µr.1ph1<.· l.1hclin!! ''ccurrc<l un1f•1rn1ly 1n ali ccll typc-.. 
\\'e condudc that ['ll)CO.·'\.Bt\-.1L·<.·1n11ul,1tin).! hnn;ontal cclb. Pº'"c'" depolan;ing ).!lutant<ite r<.·•:<.·ptur .. and th;1t ;1cl1\·;1t1on oí thc-.e re
ceptor~ lc;1.J~ In a rcl,..;t~L· ol CIAB.·\. .. 1nrL'"· ()n the othcr hitnd. ~1ulkr 1:.·cll-. and thc \ ,1raou .. -.uhd,1._,._ .... ••( l 'J IJCi.-\.B.-'\.-.u:cun1uliltin~ ;1m
acnnc. hipol.1r .1n<l or in1 ... rpl<.""''l"rr111.:<."ll-.. do nul r .. ·lca-. ... (i.-\.B/\ 1n rc"P•'ll"c hl glut.11n.1te rc<.·L·pl<•r .. 11111ul.111u11 .1n<l 1hu ... 1ppe;ir to he 
rclilti\·cly in,cn .. 111"'<." to <."XC1tator~ ;uniflt\ ;u.:1d-. 

INTRODt;c_--nt1:--,; 

Thcrc i~ a larg.c boLly ol l..''\. l<lc.:ncc.: '" hich !-.Ugg.c~b 
that amino ad<l!-. play a 111ajl.1r roh: in ,__~hcmical tran~
mi~sion in thc retina 1 • Cilutarnate ant.J,or a~partatc 
(G1u/"\..~p) are.: principa1 cam.lid¡1tc.:' fnr thc nc.:uro
tran~mittcr(!>t) rclca~..:d fnun photorc.:1.:cptor ccl1 .. and 
fron1 sorne da~~cs nf bipolar cclb"·..:: ~ . .:: ... .::r .. -i. Thc.:~c.: 

cclls rcprt!!'.Cllt fir!-.t arH.J .. cco1H.l on..Jcr ncuron!-. n:~pcc
tivcly within thc vi~ual pathway of thc retina. '\:'ari
ous scconl.1 and thirl.1 orl.Jcr retina( neurnn .. 'hnw dif
fc:rcnt rc~pon~c' to CiJu · .. \~p input. a~ a rc .. ult of dif
fcrcnt typc~ of Glu '.-'\..,p n.:ceptnr.., have heen pn~
tulatcd. ha~cd on thcir pharn1acnlogical !-.Cn~itivity 

and clcctrophy~iological re!-.pon..,e,.:: . .l.l.l . .::.l . .-'\.11 of 

thcsc n:ccptor~ are "Cn~itivc to glutan1att: and a~par
tatc; ncvcrthclc~~. thcy can he Lli~ting.ui~hcd on the 
ba~i~ of their relativc affinitic~ lor -t Glu/.-'\.~p ana
logucs namdy j'.;-rnethyl-1.>-a~partate lz-..;~tDA). 

quisqualatc (QA). kainatc (KA), or 2-amino-4-phos-

phonohutyratt: (APB ). Thc APB typc ni Cilul.-'\.~p re

ceptor di .. play ... a uniquc d1aractcri!'ttic in that it 
L:'<IU!'>C~ hyperpolan/.ollion and it ¡, probahly lirnite<l in 
it~ n:tinal di~tribution tn ·o¡-..;· depolarizing hipolar 
t.:cll,.:.l. Tite othcr thrcc typc~ of Glu 1 A~p n:ccptor~ all 
lead to dcpolari/.atinn and thL•ir pn.:d ... \.• lncalization 

in rc..·tina i~ not ª' wcll c .. tabli~hcd a~ thc /\.Pl3 recep
tor'·.:• . .::<-. 

Ciamn1a aminobutyric ai..·id ( GAB.-\.) is prnhahly an 
inhibitory 111.:urotran~n1ittcr utili/.cU by ~omt: an1-

acrinc: ccll' in r'-·tina 1
·

1
"'. In addition. horizontal cells 

and pcrhap~ bipolar cclb or intcrplc:xifonn cclls in rc:
tina' frt.>n1 non111a1111nalian venchratc!'t are probably 
GAB...-'\..crgic.:: .... •n.•.::. Thc!-.C GABAergic ~di~ rcprc

~cnt ~ccondary and tcrtiary cclb in the retina. Thc 
rclatiV(.." po~ition llf thc Glu,'A~p rclcasing <."Clls with 
rcspcct to the GAB.r'\.l!rgk cclb within the visual 
pathway. ~uggc~h that thc rcle~1~1...· nf G.-\.UA might 
he ~tirnulated directly or indircctly hy activation of 
dcpolarizing Glu/r'\.sp rcccphlr~. 

Corn·.~pond~·11cc•: O.A. H.e.Jhurn. l~ep;trlmcnl oí :-.;curohinlogy and An¡itonty. Unh·crMty of T,_.xa .. ~tcdical School al l·lou .. ton. P.O. 
Box:?0708. lfou .. ton. TX 770:?5. U.S.t\. 

IKJ06-8993iS61Sfl3 . .5C)© 1986 Ehcvicr Scicncc Puhli .. hcr~ B.V. (Biomcdical Divi~ion) 



In a prcviou~ study 1
t.. wc..· pnn:idc-d ~orne cvidcni.:c 

in support of thi~ h~"f'lt.llhc~i'.'. Dc..•polari.l'.ing Glu1A ... p 

receptor ª!!º"i"'h ..,tinnilatcd 1na ... ..,1vc rclca..,c ot 
(~1-l}CiAB.-\. fnHn 1...·hii.:k. Thc pn ... - ... c.:111 ·wlnk ""'ª"' car
ricd nut in on..tcr h" dcti.:n11in1.: '-'•· hi.:ther all <iAB.-\.cr

gi..: ..:db rc ... pond in ~111 l1..knti1,,.·;t11n:111m:r ll'I ~lutarnat~. 
a'.°'partah.·. and kainatc.: ... 111nulatil"ll or alll.·rnati\cly. if 
ccrtain ~uhpopul•1tllHl' an: prc..·f1.:ren1iall)- ... 11111ularc..-d 
hy tlh:'i: a1ninn ;u.:1d .... L·,¡11!! h111h hil11.·he1n1c..·al and ;u1-

toradill_~!rapl11i.:- an;d:-- ''-"' \\ 1..· de11..· rnunt.•d t h1..· 1..·t 1L·1..·1 ... t 1t 
ª'Parta ti.:. ~lutamat1..· .1nd J...ain.111..· llll ( '11 )< i..-'\B,.'\ r1..·-
li:a:-.c fnHll l'••1latc.:d ret111;" .. o!_; dilk.•r1..·nt 'Pt.."Ctc .... \\"c..-
""·crc ¡tblc tn qu.1nt1I)- th1.: ... 111nula11.:d tel..:a ... I.'" •ll 
!'ll}<;.-'\B.-'\ ;1nd d1 ... 1in~u1 ... h 1i... ct..•llul.1r .... 1ur1..·t..· tr.1111 

aml"llf! .5 diltcrcnt ! '11\< iAB.-'\.-,1 ... ·cumubttll!! 1.:cll .... 
{)ur n: ... ult ...... u1.!cl.'".,t th;at !he 1na..,..,Í\ c..· tt..•lc;i...L' o! 

! '11 )G.-'\BA ... 11n;t~l.::1ted h~ (llu .·'\'p ;rnalnguc.,. on!!i-
natc~ fron1 hori.ll1ntal 1..·1."lh. and lurth1..·r111nrl..' rhar 
~tulll..'r cl.."11' and "art\lll.., .. uh..:l;t-.. ... 1..•.., ni 1i¡1 JCi.·'\B.-'\ ;:u.:
cunH1latin!,! a1na1.:rine. b1plllar. and (1r 1ntc1pl1."xit~1rn1 
ccll-.. ~trl..' rclalt\.L"I~ ll1'L"n .. i11'L" to ... timulat1on h)- tht.:'.'e 
cxcitatory atninu at..·id .... 

Spr;:1g.uc-Da"'k~ r-at., t 1:'11-21111 µ). "' hik l...L"!,!horn 
chick' <2-4 nlonth.., tlld}. ;1nd tn1c ... 1 /-?""" ¡11¡1ic11\I 

wcrc u~cd for the..,e c..·'.'.perin11."nt-... l.i~.dll-adartl.'"d an1-

mab wcrc killL"d h~ dec1pitat1nn and rL"tina' "ere: TL'
movcd undcr n1(1fn li~ht. Ti ....... uc \\;¡, im.:uhatl..'d in 
Krch'.'-hicarhunate rncd1um ( 111 1n~t ): :-...:ac. ·¡ 11 S. K< ·1 
4.7. Kll;:PC)~-1.1"7. C.iCI: :.:". '.\.1!,_!SC)-l 1.2. ~allCC), 
2:;. and gluco'c 11.1. in a ... h;tkin~ hath at _;7 ~e ;u1d 

huhhlc..·d "'ith O: C<>: t'J5'; :5'; J to 1naintain pi l at 
7.-L ,.'\.ftcr a pl.'"riud ut :" min. [ 'l tj(i:\.B.-'\ ( :"11 uCi tnl: 

().fi_u~t. final i.:llfKentr.11u111J "ª' add1..·d and thL" incu
hation continued for 1:" tnin. R..:rina.., ''t.:rL" thl..'n tr-an ... -
fcrrcd to gla-.. ... ~upertu .. inr. 1..·ha111ber.., nt U.2.5 n1l \.ol
umc. St1pcrtu ... ion ..... .,,., carric..·d out "-lth bubhled 

Krch ... -bicarbonatc n1t..·d1utn. •1t a lh1"· ratl..' llf ll.h 
n1l'min. Fr¡u;tion ... ot thl.'" ... upcrtu .. att..• "·c..·n .. · c..·nllcctL"d 
at 1-min intervaJ., dire(..·tly into .,dntlllatitlll \.iab. 

Ba!-.clinc w¡" atta1nL"d aftt.·r :1 p1..·riod nt 17 1nin. after 

which thc ~tan<l.:1rd n1edium "" ¡¡.., replac..:d by onr.: con
t:.iining glutan1;:1tc. a ... part;:1tc. kainatc. nr depolariz
ing conccntration ... nf KCI. .At thc cnd of the ~upcrfu

~ion. nnc third of cach retina wa~ hon1op.cnizcd in 
0.32 !\-1 '>Ucro<.;c and an ali4unt ... oluhilizcd with ti~MlC 
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... ntuhili.t:cr (NCS. Amcr~ha1n). Thc radioactivity of 
cnllcctcd fractinns and that rcmaining in thc ~oluhi· 
li.t:cd tb~uc wcrc 1nca~urcd. Thc rc1nui1üng retina~ 
w1..·rc fixcd and pnli.:e'.'-.cd f<.1T auttlradi<.,gr-aphy. Bt'lth 
incuhation and -.up1..·rfu~ion n1cdia cont<1incd an1ino
ll\.Y<H.."l."t1C <icid (111 -l ~1) to inhibit !'ll}CiABr'\. mi.:ta
holi..,tn. Thin-l:1y1..·r- t,:hro1natoµraphy vcrificd that 
HS.4 ~ 11.hh'"f (11 "~ 4) of tht..• lahcl rl..'Tnaini.:d a~ au

th...-ntic ! '111< ;,'\ BA undt..•r thL"-.1.." t._:onditinn ... 
AttL"r 111n1hatil111 \\ith l '1 l!CiAB.-'\ or ~up..:rfu~ion 

with 1.kpt1l;1ri.l'1nµ 111t..•dia. TL"IÍna.., WL'f"l.." imn1ediatcly 

f9'ed "'ith 2.::>', !!httaraldc..·hyde in fl.115 :'\.1 i.:acodylatc 
hulll.'"r. pi 1 "7.2 at flHHll-IL'111pl.'"t.1turt..· fnr h;alf an hour 
and at 4 ( · ti\crniµht. Rctin;1.., \.\1..·rl.'" pn11..·1.."'"-c.."d for 
111i1.:""ro ... cl1p)- .. h~ pn ... tti~at1on \.\lth 1' r (}..,()..:. l h dc

h~dr.1t1on in 1..·thanol and prop~lene o'\.ide. and cm
h...-<ldin!! in F.plln. S1..·i.:tio11 ... ot l-un1 th1ck wcn: placed 
on ... tid...- ... and dippcd in i-'.l ldak ~TB-2 nuclear trm.:k 
1.'"Tllut ... inn prc,·Ílllhly dilutc..·d with water ( 1: 1 ). Scc
tion ... were ..:xpo-..1..·d lor 2-fl \\l..'1..·k~. de\.clopcd ( [)ck
tnl d...-vclopcr). li,c..·d al -1 C. and ... tainL"d wirh Rích
ard ... on· ... .,ta in. 

H.FSL"I. I:--. 

Frug retinu 

.-'\utoradiu~r-aph ... llf control frog retina aftcr a 15-
niin inL"uhath'ITl p...-r-iod in ! '1 IJG.-'\BA are :-.hown in 
Fig. la-.:. Lahcllin!! appear-~ highly conccntratcd 
ovcr ~0111e cell bndi1..·' lucatl..'"d in thc outennn ... t part ot 
tlll..· inncr THH.:kar layL"r ( 1:--.:Ll. 1..·nrr1.."'>PlJ1H.lin~ to thc..· 
pn ... ition nf htlf"i/t1ntal L·...-11 .... So111c nudL"i in thc mid<lk 
of th..: 1:-..:1. arl.'" ;tl,o hcavily lahL"lkd. and ... nrne of 
thL"nl ..,JH1w prot.·c ...... e~ whú.:h pn1j1..·i.:t hl bnth plexifonn 
la~cr~ ( Fig. 1 h-d ) .... u~g..::-.ting. that thc'c ccll' coul<l 
he bipolar or 11lterpk·,ifnrn1 i.:dJ ..... S1une cl..'"11' in thc 
atnacrinL" c..·L"ll layl.'"r ar1..· "'..:;1kly bhclkd (F1g. le). In 
add1tion. hoth inner- and llUter pk·'.'.it"nnn lay..:r~ ( IPL. 
()PLI appcar- to ha\"l..' ai.:-i.:-umulatL"d !'ll!G.-'\.BA. In 
n1orc cl..'ntral arca .. 11! th..: r-ctina. "'hL"rc thc..· n..:rve fi
hL"r la~..:r- ( ~FL 1 ¡, pnmlincnt. a high t.kn~ity of grain'.' 
appcar' h1 he: a ..... odat..:-d with gan~lion ccll axons 
fFi!!- la. 1..·. L"I. In more p..:riphL'ral ar-c~1 .... with a thin
ncr :--.=Ft.. lahdling ¡.,. mu1..·h k~' prunnunccd ( Fig. Id). 
'."l"tc that thl.'"r-c.: ¡,no ('lllGABA-uptake into ~tullcr 
cclb. \Vhcn r-L'tina ... wcr..: incuhatcd without anlino
oxyacetic acid CAAO..-'\. )~ thc lah...-lling patt..:rn of 
J"'il)GABA wa ... ~imilar tn tho~c u..:atc..•d in thc pres-
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Fig.. 1 .. i\.utor~1d1ogr;iphu; loc.11l/'.ltlt11l of r 'l l J<l.-\B.·\ 1n frug r.:tm.1 .J: ... tainc.J .1utur.1.J10_!!T~lltl ... htl\\ ... n11rnt.1l. 1.101111.ir .lTLlfl_\!l."Tllt.:flt nf 
r-ctin;:1J ncur-on .. ¡, r-cl.11n.cl:!> un.lllc1.:ti:d h:!> .1 l:"-111111 111\llrn1nt.:ub.1t1on pt.:rH•d L.1bchn!,! , ... pre ... ent 111 tl11.: ou1 ... ·r plt.:"lurn1 l.1'.\cT t(>PLl. 
inncr nucle~1r l.1~cr Cl:"LJ 111111.:r ple,ilorm l.1:"-er fll'Ll .1nd nen.e flbcr l.1'.\..:r l:"FLJ ..: !OO. h .. 11hiµh ... ·r1n.1~11111..:.111on. l.1b..:hnµ ni hnn· 
ZllOtal ccll htHht.:-. ( -.111!!1'-· ~1rn1v. 1 and prth:e.., .. .._., 111 th1.: ( >PL ar1.-· r1.--.1d1I~ .1ppr..:c1;1ti:d [ .• 1behn~ ,.., .1l ... 111.1h ... 1.:r\1.-·d 111 a 'P'-·c1t1c p1.•puh1t11•n 1.•I 
ccll hodic!-. 111 thc n1iddh: •111111.: l'."'L (d•1uhk arH•\<..,J. 1111; ''-hltt.: .1rr1.n' d..:111111.-·.., ;1 lab.:k.J pn•1..·c .. ., pr••1c1.--11n~ t•• th1.-· ll'L 111\\hKh11_\!ht la· 
hcling ¡, ;1!-.11 ... ..:en . .,550. c. d: llll..,!;11111.·d .1ut.,r;nh11~r,1ph ..... k·n1"11'1r.1te th ... · r ... ·l.ttl\cl~ un1!.,r111 t11 .. 1nbut1<•11 .. 1 l.1bck·d <.:1.-•ll bo.J1t.:' 111 thr.: 
l'."L fron1 1nu.1-pcr1ph1 . ."ral r1.-·1in.1 (r.: • . -: 1041) .ind ._·i:n1r.1! r1..·t1na (d. "'22:111. In Id). noll..' ¡..:r.1111 ... 111 th ... · SFL .• 1nd l.lhl..'kd pr,,..:._ . ..,.., pro1..:..:11n¡..: 
tn th..: {JPL (arro\\ ). i:: ¡.!r.1111 .. 111 thi: :"FL .1rl..' ._p1..· ... ·111call'.lo locahJ'i:d 111 ~.1nj.!ho11 ._-.._.l1,1•Hlll.., hu11dlc.., (.tfl<l\\"'l '":"511 
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Fi~. 2. Stimul.1tH1n ,,¡ J '1 llC i/\B.:\. rck·.1..,1.· lrom lrn¡.!. du..:h. .1nd 
r;:1t retina!'>. l!<>ol.11cd rc11n.1.., \\1.·ri.• prc-1n1.·ub.1h.·d 1n 1 '11 JC i/\B.·\ 
o.1nd pcrfu..,cd ul buffer 1.'uflt.11111ng thc ... 111nul.1tlll¡.! .1¡.:c111 J{,:
... uh'" •1rc cxprc ... ..,i.·d .1 ... 1h1.• 1111.•.1n ~ S.E.~1. 111 1hr.: r.1d11•.1r..·t1\l1\ 
rclc<1!<>Cd in thc pr.._·..,cni.·i.· ul thr..· ... tu11ul.u1t d1\ 1dcd h\ thc r.u.lt"· 
ac1ivíty rck.t ... c:d 111 ... t.tth.l.ird t~utt.:r 1u-.1 pn••r t<• thi.• ~t1111ul.1t1•111 
·rhc nun1hcr-. c•t 1."\.p .. ·111111.·111-. .11 ... - 11 ... 1 ... ·d 111 p.ircnthc ...... • ... 

cncc of th~tt drug ( nnt ... hn\\ n). 
Frog. rctinot:-. \\.._•re.: pn:lu.1r..kd "" ith ( ~t { J< iAB:\. fot 

15 n1in and thc..·n ... up1..·r1u ..... ·d \\ 1th hutt...·r until a ... 1;1hk· 
has~linc nf cftlu:x \\:l ... i..''tahJ1 ... hcd .. ·\.dditinn t•f µluta
matc. 01...,part•1te or k;iinic..· ;11.:1d to thc -.,upc..·rh1'inn buf

fer cau~c..·d a Jargc..· i11 •. :r1..·.:t...,1..· in r1..·lca ... 1..· ratc' CTahli.: 1: 

Fig.. 2). K.:iiníc actd \\;p., llllh.:h llh•rc potcnt th;111 
c:ithcr µlutarnatc..· and ;1 ... p.1rt:1tc Cilut;1n1at1..· \\;i-., 11nl~ 

!o.lig.htly rnon: ... ·tfrL·t1"\L" llL111 ;1 ... parta1L· 111 c\oking 
F'H]GABA rclea..,c . 

..-'\.utoradio!!raph' 11f thc-.,1..· retina-.. ... h11\\ th:1t glu

tan1ic. aspanic and kaHllL" <h:1d cau ... ...-d ¡1 .... 1..·h.:1..·ti"\e re
lca!'.i: of ['1 f]Cj..\.B.-\. from hnrinu1tal n:ll hndic' and 

TAULE 1 

[)oH" r<"'f'"'lH' •>! J..<1u1H. i:lur,u'u' t111.I '"l'•Jrtu •H 1.l-H1n1u/,1f1'./ 

re/;•aH' u.f f 'li/t ;,.\ /1.-1 }run1 /roo.: ro·tu1.1 

Conditton-. are thc: ... une: .1 ... dr..·..,.._·rihcd 1n F1!!. 2 l{i.•-.ulr.. .1n: ,,_.,. 
prc:-. ... cd ... .., thc n1c;111 ~ ~ E.:'\f. (11) 111 thc rad10~11:tl\1t~ r1,.·h:.1-.r..·d 
1n thc prc:-.cnc.-c- ol thc ... 1i1nul.1nt di\ 1dcd b\ 1h.1t r1.•ka ... 1,.·d 1n -.t;in
<lanJ hullcr ¡u't pnor lt> thi.' -.111nul.1t1<1n . 

2011\f 
200,1!\I 
500p'1 

ImM 
2m'1 
5 m\1 

JO m\1 

;..:,n1uc 

"'"'" 
l1.•n !:. 1 :; c51 
J6 o!:. 1 •> t-1) 

<;hJllllll/1" 

<ICli/ 

2.2') =- 11.5 (J) 

111.05 :.:!::. 2.7 (.l) 
S.0-1 :!:: 0.9 (J) 

17.:!5 :!:: 11.S (..t) 

.-\'l'•lrl1< 

•ll"ld 

J.79 ( 1) 

K.5n ( 1) 
S.ó(I) 

:!11.3 (J) 

. ' 

.. 
INL 

IPL 

Fil! l .-\ut<>1.1.!1<><..'r.1rn-.. .. 1 !'il]C• \B \ Lll !1"~'. rr..·t11i.1 .1111.·r 
<..hr..·1111 .. :.tl ..,¡¡111ul.111"n ¡...;:,111u ... 1 .. ·1,I. ~·li1!.t1Jl.lf1,.' .tnd .1-.p.11t.1tr..· 
.._·,n1-.r..·d 1 .... .., "! ].,h .. -1 lr,,1n h"111"111.tl ..... ·11 t•,11..lir..·-. .111..! prn1..·c-.-.. .. ·-. 111 
thc 11'1 . ...,.._ ..... l·t)-! J !"' ._·.,111p.111-.."n 1 .il> .. -1 ... ·d ... -.. ·11¡,,,d1r..·-.111 thr..· 
1:-.:1. .ipp1..·.ir u11.11i..- .. -1..:d 1.11r11\\-.) .i 10111'1_!.!]llt.1111.11..:·5:"11. h 
111 111\1 .1-.p.11t.1tr..·. un-.L1111r..·d. ·.:'~O ... ~tHI H\1 J....11111.:- ar..·1d 
..-:":"O. c·..:llul.1r d.1111.1~: .. · 1-. -.1,.·r..·n undr..·1 .di_, -.11n1ul.1t1un 1."<>nd1· 
l1<>n .. ; ho\\r.."\l."L r..hru1111•tlll~._1-. .111.I -.\\r.."11111).! .lfl.' nlll<.."h llll'I'-" rro
nou111.·r..·d 111 \....11111 .. · .1 ... 1d-1r .. ·.1i..·d 11-.-.ui.· 
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thL" OPL. hl1t not írnn1 thL" hipolar or intcrplcxiforn1 
..:di hodic:-. (Fig. J~1-1.."). Dth.: to tht..• rdati"d~ \\c.:ak 1.1-
hclling of a1na..:rinc cclb in control ti,~uc' it ¡, d1lfi· 

cult tn dctcnninc "' ith 1..·cnaint~ "'hcthcr 01- nut a111-
.a1..·rint..• n:ll l•1bt..·lling in thi:-. r1..·ti11;1 1 ... ch;1ngc.:d by k;11nk 
acid trcat1ncnt. In 1..·011t1·a,t. lah1..·ll1nµ ni bipol;u- PI 111-
tcrph..•,ifonn c'-·11 hudsc' ¡, d1..·;1rl~ t111L·h;111µ1.:d h:- k;1111-

ic acid 1n.:at111c11t ( Fig .. ~e). In k.11ni1..· acid-trc.:a1cd lcll
ll~I'. profik!-. in thc (>PI_ <1ll." '''ul11..·11 ;tlthPugh 111;111~ 

ccll bodi1..·, in th'-· h1u1/\111t.il 1..·ctl L1~1..·1 :111..· 11..·L1t1'-•.:l:
unaffcct'-·d tF1µ .. ~e). Th1..· h1..·a\\" l.1b1.:lli11µ 111 th1..· < >l'I 
and IH11t/Pllt;tl L«.:ll l.1:-1.-·1 .... 1..·1..·11 1n .. ·<>11t1<>l 1 .. ·t111.1 ... ¡ 1·1!!. 

la-d). ¡, \"ÍJtu;dl\ .11,,...cnt ;1!11..·r h.;11n11: <IL"HI 1rea1111 .. ·111 

(:-.c.:c Fi!!. J1..·l. 1·111..·11.-· ¡, 'llh ... 1;1nl1.d h.;11111L· ;1L·Hl-111du1..·ed 
da111;1g1.· in th1.-· .llll<IL"TlllL' L"L'll J.1:-1..·1 .1nd \<IL"llllli/,llHlll 
in thc ll'L. 

In !-!lt1t;1111;1t1..·-11"1..".1!1..•d r1.-·t111;1 ... ( 1·1µ. 3.1) 1h1..· 1nurphu
logii.:;tl d;1111ag1..· ,, 11a1t..·h JL·, ... pr111111unL·1..·d. ;dth11uµh 

thc ~1..·n1..·ral p;1th:rn 11! .. ·L·ll d.1111;1_!.!L' ¡, ... 1111!1;11 111 th.11 

'.'>C.:Cn \\ith kain11..· ;11..·1d. \".11..·unlt/.11H111 I' nb ... r.:r\1..·d tll 

hoth th1..· (>PI . .ind 1h1.-· 11'1. ( "1..·ll ... tlf .1111;11..·111lL' 1..·1..·ll l.1\ -
c..·r ~IHl\\ ... 11!-!htl_.., n111r1..· •:hro111.1t11l:-- ... 1' 1h.111 th,i...c.: 111 1h1..· 
hori.l"tmt;il 1..·ell l.1:-1..·t .·\.' ''--·1..·11 .1flL'T h.;111\1L· .ind trc.1t
n1cnt .... upr.:rtu ... 111n \\llh µlut.1111:111..· ;11 ... ,1 IL"'lllt' 111 .1 

1..·on1pkt1..· l1h, 11f L1h1..·lli11µ 111 tli1..· h11rt/11nLtl 1..·1.."ll l.1~et 

and th..: l>Pl. Sl1µht dL"L"lllllll\;i111111 ••I l.1hcl '' 11h
..,crvl.."d in the ;1rna1.-·nne 1..·1.·Jl l;1~1..·r .... 111111.ir tn L·1111t1.11 ... 
(il lJCi:\B.-\. a1..·1.·un1ul;1t!l1n h~ hq-.11!.1r L·1..·ll, 1e11L111i... t•1-
hu:-.t altc.:r !!lt1ta111at1..· tte.111111..·111. 

EtfrL·i... 11f a-.part;1te { 1;1_!..!. _;h) 1111 J-.11th l.1hc.:l1111g and 

nll--.rphol11g.:-· 11! thc r1.-·ti11,1 '-"1..·11..· 1111..11 ... tinµui ... hahle lr1un 
thnsc oh:-.c.:n:1..•d aft1.-·r µluta111at1..·-t rt.•at 1111.-·nt. 

ClzicJ..n•rú1u 
In chick rt..·tina 1..·xpo-...:d tn ¡ '1 IJ(i-.-\.BA lor l:" 1ntn. 

thc lahc.:1 i~ con1..·1..·11trat1..•d h:- L'L"ll' in thc.: huri/tllllal. 
an1acrinc.:. and ganglion cell l;1:-er' (,1..·1..· l·i,!!. . ...i) . 

.... \.n1011g thc.:~L". thc.: ht1ri.l"Pntal cL"ll l.l~t.·r 1-. the 11111 ... 1 

dcn~dy lahcllc.:d. Lahcl1111µ in tht.• < >PL ltlTlll' a 1..·har
actcri~tic Llouhlc.: la~c.:r. d1n:ct1:- adja1..·1.-·nt to J;tht.·lk·d 
horizontal ccll hodit.: .... (i-rain-. are ;11 ... o prc,t.•nt 0-..1.-·r 

thc IPL. whidt lrt.•quc.:1111:- 'h'ª'' laht.•lkd -.uhla:-c1 .... 
,.hi.., .,uhlarninar arrangt.•ntt..:nt 1' llltl't rc.:adaly oh
~crvcd in un ... 1ai11cd ... ection-. \ ... h1ch ha\"c.: h1.·1..·1111-..crc:\.

po:-.L"d a.., i~ :-.hown in Fig. -k. The -.uhla:-cr int1nL"diatcly 
adjaccnt to thc ganµliun i.:cll layi:r i~ thc.: mo-.t pronii
ncntly lahcllL"d. Thc.: hi!!h µrain dcn,ity o\"t.:r thc.: :-..:FL 
..,uggc.:~h that ... on1c of thc lahcllt.•d cc.:11 bodic.:.., in thc.: 

-~-YP'"_._...,..-e_...ll"~-S--~-

iJll!{~ 
?.-..~.._...... . ~.;,;-

,.-i--~·~::-...... "'~"_¡.-..V$'~--.· .. 

i l!-'. .1 "\.111<11.1d1<>\'Lq'h1,: l<•,,d1 .. 1<1<'11 <'1 ! º! l]C i '!\ '1n ,-h1,·\.,. rt:-
1111.L .1 -.1.1111<..:d .111!<>1.i.li.•1:1.1111 ..,!J,,\,.., .. !,·n .... ,.- .1 .... ·111nul.1t1<•n 1n 

11<>11/"nt.tl ,·,·IJ t't>d1._·-. .111d J'í•'•t.""''''' 111 ti!,·< ll'I ( ·,·\l-. 111 tht.: 
l'.'-.I .ir .. · 1,.. ...... d1-·11 ...... ·I\ l.d,,·kd t lth .. ·1 1.d,._-¡,_..¡ .. .-1<.·11i..:nt... 11Jt.:lud._· 
1-dl hnd11-·-. 111 thc !!•lll;.!h"n .._·.._·ll l.1\1-·r .ind L'.Lll;.!li"n .._·,·11.L"\,<'11'111 

th .. • Sl·I • 'l.-lil h un ... t.llllL"d .Llll"r.ldl<>!-!t.tlll ''"""·-'·ti' th<.: 0\1..·r;dl 
p.111<:r11 ••t l'll\<-i.·\.IL\ .1 .. ·1.-·u111ul.1tu•n 111111 .. · d11..:I.. 1 .. ·1111.1. l'ndcr 
1111.- ... 1.· ._·und1111•n .... l.11>1.-·hn!-! 111 th .. · 11'1 .. ·.111 ¡.._. rc.1.!d_\ .ipprt."<1-
1.-·1.11<.:d. ·.::.::o , _ _. 1111 ... 1.nncd .n1tt11,1d1•1_>!1.11n. ••ht.1111 .. ·d \\Llh 1<111!! 
l."'l'º'ur1..· 11111<."'· .1 .. ·1..· .. ·ntu.111-· ... th._• l.11n111.1t¡.111 ,,¡ l.1h .. ·h11~ in thc 
11'1. •'..°'-111 
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ganglion i.:c.:11 la:-c..·r ate.: !_!:tnµIHlll 0.:1..·ll-.. 1ath1...·r than di-..
placcd a111a.._.rin1..· 1..·...:IJ-... ( ·11¡..._-¡... n.:tí11;1 du1..·-.. not -..hu,._ 
1'1 l)GABA a1..·i.:umulatiun lllhl :'>.lulk·r n:ll-.. 

·n1c.: cffc.:.._.h uf kainü.·. glutan1io.: and a-..pan1.._. ;1-1.:id Pn 

l'l l)CiAB,..\ 1·c.:Jc.:a-.....: ¡, -..ho\.\'11 111 l·1g. 2. \\'111.:n n.:1111;1-.. 
wcrc 'upc.:rfu..,1..·d in th1..· pr1..· ... 1...·no.:c.: uf 21111 u:\t ka1na.· 
acid. the r...:1..:a ... c.: ni ('llJ<i.:'\BA '"'ª' in1..·r...:a-.....:d h'.-
25.77 ±: .~. llJ-h1ld l)\.0.:T n:-..tinµ \.;ilw:-... Supc.:rfu-..illll 
\Vith IO m:'>..1 glutamic al..'id imJuo.:...:d a IH.:!2 :::: J.:!7-
fold ~timulation of l 11 IJCi/\B/\ ha-..al rL"l...:a-..1..•. Similar 
rc~ult~ wen.: llhtainc.:d '"'hc.:n rc.:lina.., w1.:rc.: tr1...•ated "vith 

a-..part11.: a1,:1d. 1 hi.., .11111110 ;11.:1d. u-..ed at a 1..·01H..·1..·ntra
tiun of 111 m:"-1. -..1imulated 1°11 Jli.-'\B/\ r...:k;1~e by 

17.:'tJ :::: f1.tl--J-fnld. The amount ni ['llJCi.·'\BA r...:

lc..·a..,1..·d hy tlll.' 1..kp,1l;1ri?inµ df1...·1..·t ''' K<."1 (h.h'> =: l.7lJ
lold) wa-.. k·-..-.. lh<tn that chi..·1t1..·d b~ 1h...: 1..''\.i..·1tato1·y atni

no ai . .-ü.f..,_ 
1\.utor;uJioµraph-.. -..hP\\ that l;1h1..·I ¡, ah-..l.'nl frorn 

th...: <>PL and frntn hnri.?ontal ccll hodic-.. aftl.'T n.:tinas 
,._O.:Tl.' -..uhj1..·1.:ted tu k:iini...- ;idd (2011 u:\1) ~tinu1la1ion 

(Fig. 5a. h). Jn-..pitc ol p1n1H1uno.:l.."d ~\\clling thnlugh
out llHl">I of thi: l:":L. note that radioa'..·tivity ¡.,. ~till 
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accumulatinn of (·'l-IJCi/\Bi\. in lwril'.t'nt;tl 1..'cll-. tlr tht: 
OPL: howcvcr somi: ~pht..·rico1l ccll bodic!'> locatcd in 

amacrinc c1..·ll Jaycr ,f11.._m; a high grain dcn .. ity (Fig. h}. 
Supcrfu!'.ion t"lf r;11 retina-.. with 200 .111\1 kainic acid 

aftcr prcviou~ innthation in f 'J l!Ci.-'\B/\. for 15 rnin. 
faikU to l.."\'okc ;1 !'.Í!!nif"iL-;1111 i111.-·r1..·a-..1.." in f 11 l)Ci.-'\BA 

rclca~c (~ce Fig. :!.J. Similar rc-.ult-.. '-'•1....·n: nhtai111..•d 
\.Vhcn rt:tina-.. Wt..TC -..upt:rfu,cd \\ilh etthct· ,µlu1;.1111ic.: or 

a~pank add at varinu' Cl'llL"cntratitln' (2-111 rn!\.1). 
In <.:ontra~I. add1t1011of5h m!\.1 KCI to th1....· ... upcrlu ... ion 
n11....•diun1 rc,ult1...·d in ;1n i111.:r1...-;1,1...· 111 -t.2f• .:::._ 11.12-h,ld 
nvcr (~J 1 JCiAB.-'\ ha,;tl r...-le;1,c valw ... -, ( F1g. 2). 

The ¡1utorad1ll~raph u1 l·1g. 7.1 -..hº""' tht..· µrain dl'
trihution in rat rL·tina atlcr kaini"-- :K·id tn ... -atn11...•nt. ·rh1..

lahelling p;1tt1..•rn re1nain' und1an~t..·d alter r1..·tína ... 
\.Vt:rc ~uperfu,ed with .:11 tlí .:1111 u='-l kau11c ;1l."id. :\1o ... t 
of the lahd ¡.., ,¡iJI prc-..t:nl tl\<.."r '.\tullcr "-"t."11 ht)d¡._ . .., anU 

thcir proce~'"-"'· 1 n lh1....·-.."-· n ... ·t111a,_ 1hc-r1....· 1' Cl..·llular da
rnage in n1w:h o! the am;11..Tltll..' 1.:dl la;..cL althuug.h 
~on1t.' cell hodk·-.. in tlh ... " 1nncn1111"1 p.art of th<..· J:'\:L rL"-
111¡1in lahclled. 

Both glut;unat"-· ( F1g.. 7h t ;111d ;1,partate ( n1ll 
~hownJ-lrL"atL"d r1....·11na-.. 'ht1\\ ;i L1ht:l11nµ di ... 1rihutit111 
-..in1ik1r hl that t1h-..1..·n ed in ka111i(.: ;11.:id-1 r"-·;it1...·d n:1in:.-.. 
Ccllular da111;1gt: 1-.. 111;1i~cdl~ pni1H1un"-·"-·d in "-·ell-.. in 
the ;un;i.._·n111....· "-'t:ll L.1~cr-: ho\\(..º\.CI. "1r111....- "-·cfl, l11catcd 
in that laycr 'how ;1 high µr;un 1..h:n..,it~. 

Retina-.. lrl..·atcd \.\.1th :"ti rn'.\1 KCI do nt1t ehangL" 
thcir general pattcrn (lf l;1hellin!,!: rathcr thcrc ¡.., ;m 
ovcrall rc.:du1.-·tion of grain 1..kn ... it~ ( tllll 'hown J. ·r11¡, 
trcatrncnt cau~c-.. ..,"'""-'llinµ in 1110,t of the ct:lb. ª' v .. ·a, 
ob~crvcd h~r chn:k relina ('1..."c 1-ig. -t). 

DJSCCSSIC >:-.: 

Auc..Jiographic acnunulati1m of 1 'J l)Ci.t\.13.i\.. accu

rnulating cell-.. in rt:tina-.. fron1 a \"aricty of 'pccic!'. 
havc hccn wcll ~tudicd ... In agrccmcnt with prcviou!'. 
obscrvation.., 11 ·11 

... \\."t." find that frog anU chick retina!'. 
dcmon~tratc an c.xdu ... ivclv neuronal Ui,trihution of 

ru IGAB./\ uptak.t:. l loril'.;lfltal t:cll ... are 1110!'.I he~avily 
labckd in n:tina-.. from hoth of thc..,c ~pccic .... In thc 

chick retina. othcr laht:lcd ccll populations an.: ln
catcd in the amacrinc and ganglinn ct:ll layl.."r~. with a 
significant accu01ulation in thc IPL. Ci¡1nglion ccll ax

ons in thc ncrvc fiOcr layer are al'º heavily lahclt.'d in 
this !'.pccic~- In contra~t. thc lahcling of cdl!'. in the 
;amacrinc ccll laycr and ganglion layer \.Vas not appar-
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cnt in frog n:tina-... l lll\.\.C\."cr·. anothcr celJ typc. with 
ccll hndic.,. localcd in thc ccnter nf thc inncr nuclear 
laycr. \.\.·a~ hca\'ily Jahch...•t.I. Thc~l..· audiographic pat
tcrn!'. are abo in a~recrncnt with prcviou~ puhlica
tion-..~'1. Th1....· idcntity of thc t."clh in thc miUdlc t)f lhc 

i1mcr nuclear Jaycr in fn,g ¡, unkno\1.·11. although thcy 
arc lik<..·ly ro ht..· cirhcr hipnlar ... -di-.. or intcrplcxiforrn 
cell .... ha-..cd 011 thc di-..1nhu1ion ol lahclcd procc,~c~ 
frorn tht: cdl whi...-h apparcntl:- projt.·t.:t to both plexi
form laycr~. llptake ol f :l IJCiABA into ,jmilarly lo-
1.:.;il<.."LI .._-"-·IJ, in llHJdpupp:- rt:t111.1 ha\"-. he1....·n intcrpretcd 
ª' <..0 vidcn"-·1...· tor thc prc'"-"nce PI ( IAB.-\.crµic bipolar 
"-"""cll-.. 1''. 1 f(l\\t:vcr. <.."kctnlphy ... u,l1,gi1...·;1( and ph;1nna
L0t1ltlgi<..·al t..0 Vi1.kll"-"l..0 'U!!.!!C't that 1110 ... 1 hipular "-"CIJ.., rc
lca'L" "-"'"-·it¡1tory fll.."urotran,111itt1....·r,-''' and thu' doc~ 
1101 -..upptirt th1...· nnlilln that bipolar "-·1...·ll~ utilizc 

CiAB.-\ ª' an inhih1tnr~ nt:urotran-..mittt:r. In cat r"-•ti
na_ intt:rpk.,if1fftn 1...·cJI, hav<..· hc1....·n de,c.:riht:d which 
at:1.·un1ul~11i.: ( 11tjCf .. \B.·\ 1

-. li;i,"-•d t•n thc'c 1...·tln~idera
tin1i.... it 111;1~ he po ... ..,1hle th;1t the,1..· l;ihck·d <..'l.."11' in the 
froµ rt:t111¡1 arl..· inlt:rpk . ...:itt1rr11 ... ·cll .... 

t\-..p;1rtat1....·. glutarnate ;1nd ~ain11...· ;1l."id Wl."rc found 
h1 hl." f"'lllt."111 ... 1i111ulal1,r-.. 111 J 1 11 JC i,.\ B,.\ rclca..,c in 
holh thc lro~ ;111d d11"-·k ,-e1111a .... .-\11 3 L'tllllpnunU~ 

cau,cd nn1ghl~ a 211-fuld in"-·r"-"""<-" in lh"-- ;1111ount pf 
1 'I f /Ci.-\.B.-"\ rt:ka,1....·d ah1n "-" ha,cJinl..· kvt:I .... Thi' wa!'. 
~i!!nilicantly 1norc ... 11111ulatio11 than that 'l.."Cll \.\."ith 56 
tn='-1 r.:.c·1 "'·hich \\a' app1l•...:irnall..·ly ti-told lúr fro_µ anU 
chick rl..·tina .... .-\t1toiadit1graphic ;1naJy,b nf ti-..-..uc~ af
ter pnta-..-..iurn 'ti1nulaliP11 -..ht1\\1..•d a !!Cncralizt..•d de
crea'l.." in 1.aht:linµ t•f all thL" l;1hL'led t:efJ,. In cnntrast_ 

ti~"ue~ e'.\.po ... t:d to glut;1111at<..', a ... partatl.." or kainic aciú 
~huwL·d 'pccifk and \. irtuall~ cornpletc In'' of lahcl
in_µ of thL" h11ri1"nntal 1..·1..·11,_ ""hik· Libcling tlf nther 
cclb rc.:n1aincd inta1...·t. l...aht:hnµ nf 1.-·1...·IJ, in tht..· inner 

nuclear lay<..·r in thc fn1g rt..·tina and of cclb in the arn
;u.:rint.: t:L·ll layt:r and µangliun ... -cJI lay"-•r in tlK• dli1...-k 

retina. wa~ in fact 111orl..0 real-iily <ippr<..'<..·iatt:d in thc ah
'C'IH .. ·c of thc hca\"y lahcl norr11;1ll~ ~.-.~o"-·iatcU \Vith ho
rizontal cclb under <..·ontrol conditinn .... .-'\. ... 1rik.in!! cx
atnplc of thi-.. phl..•n1un"-•n:1 ¡, ... l..·cn in thl..• con1plcx 

banding pattcrn (lf f ti 1 IC i..-'\BA an:umulatiun in thc 
chick retina. whi....-h i' more re~tdily apprcdatcU after 

trcatrncnt with glutamatc. a~partatLº or kainic acid_ 
No laheling of ~lullc.:r cell~ in 1.:hick or frog retina was 
oh~ervcd undcr any of nur conUitions. \Ve concludc 
from thc'e cxpcrirncnt!'. that horizont~tl cclls ~how a 
prcfcrential 'cn~itivity to kainic acid. glutarnatc anU 



284 

aspartatc. Furthcrn1nrc. thc incrcascd rclca!-.c in 
{31-l}GABA clicitcd hy thc'c cun1pounds orig.inatc' 
prin1arily from horizontal cclb. ()thcr rctinal ccll 
typcs which also accumulah.: ( 'l IJG.-'\.BA. induding 
cclls in thc middlc of thc inncr nudcar laycr and an1-
acrinc ccll laycr. are rdativcly unalfcctcc.I by cxl:'ita

tory an1ino acid' and do nnt 'hº'"" !<iigniti'--·;,1nt Jo,~ uf 
Jubcling whcn cxpt.l''--'d lt• thc'c l.'.lHHptlUlld .... 

i\.utonu.lingraphil.'. analy'i' nf rat retina' ~llll""·cd 

m:arkcd lahcling. of ~tullcr l.'.cll:-. whidt ma:-.k.cd tn a 
largc cxtcnt thc labding tlf a1nacrin'--' and ganglion 
cclls. ~1hhough it wa ... Pº''ihle to nh,crvc 'u111c 

labclcd an1acrinc '--·cll hodie.... ,.\.... pre" inu,Jy rt.·· 
portcd"·7

·"'. the dilh:ren11;tl tlh:t.1h11li ... · r.11 ... • •lf l '11)
GAB.A in !'\.tullcr ...- ... neuronal l.'.ell' 1n 1h...- n.:tioa. ini
tially rc~ult' in a pr'--·duminantly :\tulh.:r Lcll pattern ol 
accun1ulation. ,,·hid1 la1 ... ·r chang.'--'' tu a 11eurnnal pat
tcrn of accunu1latinn \\ ith incr ... ·;1,in!,! pu..,tincuhatiun 

tinte. In our rch.:;"e cxp...-rin1cni.... r...-tina ... \\t.."rr. .. · incu
batcd in thc pn:,cnl.'.c of 11 11 JC i.r\.BA. tran..,f...-rrcd to ... u

pcrfu~ion chatnht..·r .... and pt..·rtt1 ... '--·d 'º that 211-JCI 111in 
clapscd hctv.:c..:n the inl.'.uhatl\111 pcriod :and th1...· appli-
cation of thc ... 1inHilu.... t:ntkr thl.'.'l.' condition ... . 
{3H)GAl3/\. ¡.., prcduntinantly 101...·ali/cd in n..:uron ... . 

nan1cly. c..:11 ... in the ;:11nacr1nt..• and _canµliun l.'.t..'11 la~

crs. Stirnulation of rat rl.'tina und...-r tht..''t..' 1..·1111diti11n .... 

with glutatnatc ur k;1ink .icid. 1...-d t11" rd:1ti' el~ 1111•d
cM (two-fnh.J) inl.'.rea ... e in thL' am11unt ut (\lllCi.·"\BA 
rclcascd con1parcd ltl ha ... clin...- lc'\l.'h. Additiun of :-;h 
m?\-1 KCI l.'licitc<l ... ig.nificantl~ mur...- rdea,1...·. rr.n1µhly 
4-fold abnvc ha,elin1..·. Th'--· rdca..,e clicited hy gluta
matc ~1nd kainic al.'.id. al!houg.h ... 1g.niticant. ¡, \\ell hc
lu\\.' that ~ecn in thc dtil.'.k. and lrog. retina .... The auto
radiogran1~ nf rat retina ;dtl.'r g.lutamatc or kainic 

acid trcatn1ent. did not rrovidt.· a dcar denton ... tra
tion ofthc cellular ~uun:e ol th...- 1...-lea,cd (i/\l:L·\.. 

lt doc~ app..:;:n that thl.' di,trihution nf [ 1 1 l)CiABA. 
at thi.: con<..·lu,ion of tite ... 1i111ulation expcrin1cnt. 

~110 ... vs :1 higher conci..·ntration uf lahel ª''odatcd \Vith 
~1ulh:r cclb than ¡..., pre~ent in llll'ti1nulatcd ti..,...,uc ex
poscd to thc ~an1e pertu~ion tirnc. ()ne ...-xplanatit.111 
fnr thc'c finding ... i' that a pnrtion of the rdca ... cd 
G.r'\.B.A n1ay hi.: ~cqu'--''1'--·rcd thruu,!!h th...- :'\tulkr up
takc s\'~tcn1 and thu:-. r..:n1aincd in tite ti ... ~uc. Therc

forc. ('llJGAB.A mca,urcd in the perfu"'tc may rcp
rcscnt only a portion of that r..:Jca,ed by rctinal ncu
rons and thc rcn1aindcr 111ay havc hccn takcn up by 
Mullcr cell!-.. as cvidcm.:cd hy thc autoradiogr:m1s. 

\Ve can concludc from thcsc cxpcrin1cnts. howcvcr. 
that in tn:1111malian rctina. k:.inic acid and glutamatc. 
:1t tite rcl:1tivcly high conccntration~ U!'>cd. do not dc
plclc cithcr ~1ullcr ccll' or ('lllGABA ncuron!-. of 
lahclcd ligand. Thc'c finding~ are in contra't to frog 
and chick retina hori1:ontal cclh. which are c..Jcplctcc..J 
undcr thc:-.c 1..·01H.lition'. 

\\'e have n .. •ccntly rcpnrtcd that neonatal rahhit re
tina cxhihih ... iµnit1cantly dillcr'--·nt ( '1 l)CiABA up
takc pattern' than the adult". :\.dult rahhit rctina cx
hihit' ( 'l l)(iAIL·\. ;iccu111ul;ition pattcrn' \.\."hich are 
vinually indi..,1ingt1i..,liahlc lro1n that llf adult rat. na

niely den ... c laheling ni '.\.tulicr 1..·c11 ... \\lth uptakc al'º 
..,1...·1...·11 in :ttna ... TÍn1...· 1..·1..·ll._ and th~:ir pro'--''--'"'"'t."' in thi..· IPL. 
Two ... iµn1ti1..·;11lt dillcrencc ... "''--'rc lltlt1...·d in neonatal 
¡j,..,ue .... l_.ir ... t. uptakc.: ni ! 'J 1 JC i./\BA h~ :\1ulh.:r cdl~ i~ 
,¡g.nificantl:-· ic ...... 111 th1...· nt..·nnatal rt..·tin;1 than in thc: 

adult. and 'l.'CtttHfl~. ;¡ rHlflll)ati111l llf Jtori.t:tlllt<t( Ct:IJ.._ 
accurnuL1tc (i.-\.B,\.. Tht..•,e l\'\ll di1t ... ·rt.•n1..·e, ar...- not 

11b ... er...-cd aft1...·r th'--· lilth po,tnatal da~. Th....- nc-nnatal 
r;1hhit n.:tina prep:ar;ttínn thu ... prt1" ii..k· ... a n1a1n111alian 
1ctina '"·h1d1 l.':\.hihit-.. k ... ·~ ( i,\.IL\.-rclat...-d pn)pl.'rtÍ..:' .... 
\\.hil.'.h arc nonnally l.'"\pre ...... cd 111 thc at..lult lltln-111;1t11-

111alia11 r'--·11na. \\·...- h;1"l.' h....-µun 1...':\.perin1cn1' to t.h.:ter-
111in'--· ........ n ... iti\Ít~ <lf thi..· ... c 111..•tinat;:tl [ \llJCi:'\.B1\.-accu

nn1lat111~ h11ri/1111tal ,_·l.'11' tu 1...·-... ... ·i1.11t1r:- atninn ;1cid .... 
< lur pr .... ·l11111n;1r:- ri..· ... u\t, 'll!-'.!.!1..·-.1 th:1t "'hen n1...·onatal 
rahhit rt..•t111;i.., ari..· pr1..·\u;1dcd \\ llh [ 'f l IC i.-'\.B/\.. th ... · nb
'ened r...- ... p11n'c i ...... 11nil;1r t11 that '1...· ... ·n in non-111a111-
111alian rt.•tina ... ; na111l.'I~. 1na ...... 1\ i..· ''--·!t...·a't." PI ( 'f 1 J
(i/\B.-'\. '' ... 1i1nulat1..·d h:- th1..· ... e ,_·11111pu111llh and autn
r;1diographic p.1tt ... ·rn-. 1..·11ntir111 th;it th ... · 1n.:1¡11r ... uurc'--· 
ni tlK" reka..,1...·d (i:\.IL'\ ¡.., trPlll lah1...·led hnri..-nntal 

'--·di~. ()1 p;1rti1..·ular impt1rta1K''--' 1 ... thi...· fa'--·t th;it thc la
hdin!! of ;1111:11..·rinl.' 1..·i.:ll ... in lh'--· 11ct1n:ital rc.:tina i~ nnt 
alt...-rc.:t..1 h~ trl.'at111..:nt '\\ ith µlut:un:1t1...'. ª'Partat...- tlr 

k;tinic a1..·id. Tht..°''--' tmdirt!!'· althnu~h preliminar).. 
n1ay pro...-id...- l.'\. l<l'--'flt..'C that tht." rclatl\'--' lack of ..,tin1u
lated n.:lca ... ...- 111 th1...· adult rahhil rct111;1 and pcrhap ... 
adult rat. ¡, 111 fact du...- tt1 a Lu.:k. tll J...aini...:- ª'--·id ,,_.n,iti\.
ity of th...- GAB,..'\-;11..·cun1ul:iting. a111;1._-rine l.'.cll .... Fur
th1..·rn1nre. that thc app~1rent lack. nt ;unacrin...- cc.:11 
't..'n,iti\.·ity ¡, nnt duc tu a n1;1..,king. of th'--· relt...'a"'l.' clft.•ct 
hy avid :\1ullcr ct..•ll up!aki.: ..,¡lll.'.C 11'--'llnatal rabhit ri..:ti

na 'ho\.v._:d little or no In,.., nf lahel ª''ociak•d \VÍth 
amacrinc cclb. c.:vcn in th...- ah ... encc llf avid :'\tullcr 
ccll uptukc. 

\Ve concludc.: that G..-'\.l3.-\.-¡1ccu111ulating ¡1macrinc 



cclls .-cprcscnt part nf a rclati\:c-ly ~•nall population of 
an1acrinc 1.:elb wh·i'--·h are n.:l;:11ivcl) in-.cn~i1ivc to 
kainic ;:1cid and "'ther exdtatory a111i110 at.:id nc-11ro
tn.1n~n1ittcr ag\.!'nt-.. ()ur prevún1-. autor-aditl!!r-aphi1..· 
~tudic-s suppon thi, 'UJ.!,!-!t.."'>lÍun ~ ..... \\·e oh'L"f"\. 1....·d r'll

liunct•d ( '11 IC9/\BA al.:i..·urnulallllll in ;1m;1cr-in1....· t.:L•ll-.. tlf 
tht.." rahhit retina alt1....·r- 111 vilro 1r11..·uh;itin11 in h.<.1in1c 
ar.:id. In contr-a-..1. uptak.i..· lll ( '11 jµlul;illl.llc h'.\ ;1111-
ucrine cclh \va-.. ah1ll1-.hi..·d hy th1 ... tr..._·;11111l-"llt \\·e ;d"' 
noted tht.: h,._.., ol 2 uf thc 3 h.111d-.. r11•1111.tll~ l.ih1.._·k·d h~ 
(·\J-·fldoramint.: in lhc IPL tlf th..._· rahh1t ;tlti..·r 111 '1110 
trcatn1cnt \'ith J....11111..._· .11.._·1d. \\·..._. 11111.._·1p11.._·IL·d tlic,..._· ,..._ .• 

~ult~ to indico:tte that thcr'--· 111;1~· h1.: h1.._·t1.._•rn_!-.!..._·nc1n1' 
population' t)f Lhlp.1111111..._·q.!H.' a111:u.·r111..: (..:JI .... ..._.llfl'l't-

ing of kainii..· 011.:id-'l."n-..111-.. ..._ .• 1nd h.:11111c .11..·1d-111 ... ..._·11-..i1" '--' 
cell type,_ In uur prl-·,..._·nt r-1..· ... ul1-... ""'--" tnu11d no -..j~111li

cant chall!!l." in tllL" d1-..1rihut1011 l'I [ 'l ljli:\B/\ 111 thc 
ir1111..·.- retina 111 rc-..pnn,..._· ¡,1 J....11111<o: .11.._·1d. ¡.!lut;1111atc 11r 
a~partatl--. F1'r ..._-,an1ph:. thc 11nilt1plc ..._·1l111plc'\. fiand

ing patt1..·r-n in 1..·h1cJ... r..._·11n;1 'h1i\o,.1.._•d n1i ch.1n¡_!c 1n o\...:r
all nurnht:r llf'" pn ... 1t11111 nt l;1h..._•f..._·d l.111ii11.1c !'hu' 

G.r\.U.-'\cq,~íc ;1111a..._·r111c ccll' h..._·h;1-.. ..._ .. 1-.. a hn111t>g1..·11n11-.. 

pDpulation ...-..ith n.· ... p..:L·t t11 ... ..._.11-..11.-..11~ '" 1111..· ... c 1.:t11n
pnund-... 

Kainic ac1d j, 1hnugh1t•l111tcr;1..._·t \'1th 1.:1.:IJ... thr1n1gh 
a rncn1hran1..· rL·ccpl1lr \\h1 ... ·h 111:1~ ft11t<.:t111n ph~-..111l1ll!l
t.:ally a-.. a .... uh"':Ja,, ni glut:1111:1te 11..·1..·..:ptPr,: 1 • ( ·..._.¡. 
lular rc,pon,c-.. !t' J....ii1111: ;11..·1d 111 ... ·ludL' t1..._·p11];1ri/,tt111n. 
~'vclling and ncL·r-n ... 1-... l'h1..· pr11p1>-..1.:d J...;11111..._· .1 ... ·1d ll-'
ccptnr appcar-.. 111 h'--· r..._·-..p11n-..1bll." l11J .ti! 1h1.:-..c ..._-cllul.11 

f"cspon'c'. ''hid1 111 1;,..._-1 111:1\. rcpr-..._· ... 1.-·nt d1tlcr-L'.lll 
point' on a l."llntinuun1 r;1lh1.._•1 th,111 -..,__·p;1r;1tc ;1nd d1'
crcet rc,ptln-..c,. The ellcL·t-.. ut glut;1111:111..· :ind .i-..p;ll"

tatc could thc1'rl."ti1.:ally h1..· 111L·d1atcd thrtill¡.!h ;i ';an

cty of mcl.·hani'lll" 'llll.·c thc-....._· ..._·11111p1•L11ld-.. n•1t 11111:
intc-ract v.ith propu,L·d f'Hl-..1'~11.1ptH: rL'ct:phn-... hui 
ar~ abo tah:cn up ;ind r-1..·k;i-....._•d h\ J"L'l1nal nc11-
ron~""·111·=-. andan: 1n-..1ll,..._.d in !.!L'fll-·~;d ;1111in,, ;1..._·id 

nlct¡aholi..,n1 1-'· 1 · 1 l1l...-..1.'\.t:r. '111..._·..._·- thc rc,ult-.. ot ali 3 

cnmpounu ... ...-..crc '1.·r~ -..1111il;ir urak·r :tll L"ondit1011' 
tc~tcd. thi' "ll!!!!C't-.. th;:1t thc 111aj11r .1L·ti11n-.. t)t ali _-; 
t:on1pound' 111ay ¡,..._. 111ed1at..._·d thr-du~h pn'1-..yn;1p1i..._· 

receptor ..... lt i-.. tc1nrt111!! tt1 'P'--"'--'ttlat1..· that tht: oh
~ervcd rc~pon'L'' ar-e indicat1'e 1lt the pr1..•,e11CL" 1ir :ih
~cncc of !!lutan1atc or a .... partatl." rcccptor' on thL"''--" 
diffcn:nt population .... nt [ 'I 1 )CiA B/\-;11 .. ·1..·un1ulatinµ 
ccll~. lt may he gcncrally agreed. at lca..,t in thl." t.:a..,c 
of kainic ;n:id. th;1t thc n:,ptin-..i ... cnt.:..,.., ttJ kainie acid 
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can he takL"ll a~ an indit.:ation of thc prc~cncc nf kainic 
o:u.:id receptor-.. J ltl'"·ever. the converse n1av not he 
1..·qually valid. A-.. ~ugge-.tcd hy 1\tiller 1-'. the-po,~ihlc 
ir1vtlhcn1L"nt of d1h,ridc inn.., in thc cxprc,~ion uf onc 
h.ainic a1.·id rc-..p1l11-..c. n;uncly .... v.:elling. rnay prcdudc 

'i1nple i11t1..·rprctation-... A1..·conlin!! to :'\.tilk·r·~ hypoth-
1.·,1-... t\'º ccllllJll'll..:nt-... i.e. h:ain1c.: rec1.·ptor~ anda high 
pc1·111..._•;ihili1:- to dil1H1dL'. n1iµht hc ncec''"íY in tirdcr 
llll :i ''\'--·llinµ r1..·,p1111-..e 1t1 h1..· l-"'\l'f'"'--"''cd. ·rh1..· pn.'.'..,ence 
"' J...;iin1..._· ;il.'Íd r..._•..._·'--·ptnr ... ;iJpnc 111;i'.\· not hL· -..utfieicnt to 
al11n\ '''cll111,L'. lo 11ccur rl11..· p1h-..ihh.· i1n¡-iliL·ation-.. nf 
1/11-.. h~pt11!1c-..1 ... 111 thc 1111L·rprL'tat1on ni nur- data are 
l11rthl-·r L"tlllftllHHk·d h\ thL· l.u.:t th;1t tJJl_" rl."IL';t"-.C nf 

1·11 J< i.-\.B/\ 111a'.\ ur r11a~ 111lt h..._· dircLlly rl."l:tt1..·d to thc 
'\'-1..·ll111g p!JL·1111111'--·11a. ·1 hu,_ \\L" L·an only concludc 
\1.Jf)l CL•rt:tltll~ lhat 1.."'\.Clt.111lJ"~ :llllÍlhJ acilf... Cau._e ¡-in.:f
CJ"L'llll:tf l"L"k.1-....._• ni f 'J 1 ICi.-\.B,.\ trorn hori/.olltal cell!'. 

ª' t.'0111par-l.·d to nth1..·r / 111 JC i.·\.B.·'\-at.·curnulatin!! L"ell.., 
111 n.:1111;1 ... lr11111 :i \.;1n1.·1~ ni '11'--"cic .... lltl\vcvcr. -..ve 

c.1n111it lll."L"L"''ª"J:- ..._·,1ndud1.._• th.1t th1..· h;1._¡.., ft)r tht: dif
fl.•rL"lltial ._..._•11,ill\.1!~ l._ dlll-" ... uk·)~ In lhL· rrc-..c111..·c or 
;1h ... ..._·n..._·'--· 11! h.a1n11.: ;11..·1d r1.·L·1..·p1nr ... or chloridc channcJ .... 

·1·11..._• 1111ly dillcrcnc1..· "..._. nh-..1..·n'--·tl 111 thc r'--''J'hHl~C to 

th..._• .; ... 11111ul.1t1q·~ .1fllllltJ ;¡..._·al-.. u ... 1.-·d 111 thl' -..1ud:- "·;1, a 

d1111..·r..._·n..._·1..· 111 pt1t1.._·111..·~: h..1111i.._· ;1..._·1d ..---µluto11natc > a ... -
p;1rt;111..·. R1.·L1t1\.eh llH!h 1.:l111L·1.·ntr.1tinn-.. t1f thc ... c 

;1¡.!L"flt' \\1..·r1.· 1i...1.·d in Pflk·1 tn 111;1,in11/c 1hc chanCl."' of 
t1h-..L"r-\ 111µ ;1 ch:111,t!..._. 111 :1uturad1t1graphiL· rancrn .... 
l 'nder th1..·-....._· ..._·111hlit1n11-... \\.1.._' "'--'fL' unabk· to 11h-..l."rvc 
.111~ dilk•r..._·111.:1.._· 111 th<.: -..111..·-.. ni :1L·t1t111 1,f the-..e cur11-
pl1und .... Sin..._· .... · thL'..._..._ . .._·1l111p.n111d ... ..._·,h1hi1 \.i...tl~ dittcr
cnt up1aJ...c ;111d n11.·t;1h11llL· pn1pcrtil-·-... it ¡, irnpu-..-..ible 
tt1 dr·;1\\. an~ ..._·u11du-..i1111, r1..·,;!;1nli11!,! thc relati\.c <lcn
'11~ nt pnipu-..L·d r..._·1.·1.._·pt.11 -..11..._., or r1..·lati\.l-" affinitil."-.. of 
the-....._· ..._·,1111p•1u11d-.. j¡ir the11 r1..'L"L"p1l1r -..n.:-.. li;1-..cd on our 
r..._·-..ult-... 

lt 1-..,,¡ i1111..·1..._·-..t t1l 111,le th.11 thc J...ainica..._·id !'ocn-..iti-..i-

1~ 1Jf (i.-\.IL\.-a1..·1..·tirnulatin!:! h1,n.ttHlt;d L"1..·l1-.. i.., a '--'llll,¡,_ 
1..._·nt ph'--·n1it111.._•11;1 111 llt>I onl~ non-r11;11nn1alian vcrtc

hr.:111..· 'PCL·ic .... hut .d-..1l 111 at k·a-..1 one 111a111n1alian ~pc
cic-.. in \o,.)11d1 Ci.·\B.·'\-;1ccut11ulallll!! cell' are prc-..ent 
dunn!! a tran-..knt rcnnd 11! rpqnat;d d1..•\ elnpn11.:nt'". 

l"hl.·rc '' !!rowin!! 1..· ... ·idcn1.·1..· fru1n ''--"v1..·ral laht1ratnric~ 
that phot(lrCL'l."ptnr' rclca'l." ;111 C:\.l.'itatory a111ino acid 
nl.·urotran-..n1itter 1lflto htlri.rnntal 1..·L"lb 1-'. -rhu~. thc 

rclea,1.-· ob .... 1.-·rvL·d in our cxperiments 1nay. in fact. rc

tl1..·et th'--· ...iinHtlat1..·d n:lca ... c which nccur' in rc~ron~c 
to the cndog.cncou-.. photnrct.:eptor tran!'.n1itter. ()n 
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thc othcr hand. lhcrc: is littlc cvi<lcrH:c that nthcr 
GABAcrgic cclls of thc retina. ~uch as am:u:rinc 
cdls. n:ccivc dircct cxcitatory input from hipolar 
cclls \\'hich are also thoucht to rclca~i: an cxcitaton: 
an1ino acid ncurotransmi~tcrZ·1 • Thus. thc rclativi: ¡,;_ 
scnsitivity of thc.othi:r GABAcr!!iC ccll-. of thc retina 
n1ay. in fact. rctlcct thc lack of po:-.bynaptic rcc .... ·ptor!-. 
on thcsc populations of <.:db. 

1 Brc.,;ha. ::-..= .• H. ... ·1111.d ncutnlr.uhnllll<.."r'" t11 .. tu1.:l1<..•1ni..:.;1J .uid 
hioch<..•nlic.tl .. 11uli1.· .. _ In l'. E1n .. 011 t E:d. t. e '/u·nuca/ .V.·11roa
tt1uonn·. Ra'l.t:n l'rc ..... Se\\ Yor~. pp. s:--1::_•1 

:! C"otn1an. l.".\\' .. l'••-.t.:r •. ·\ .• 1nd L.1n1IH•r11. ·1 .. ~\n ,1v1.•rv1<.."\\ 
ní dutan1at1.· ..... 1 ni.·urun.111'111111 ... ·r. In l.i. 1>1 c·111.1r.1 .111d 
Ci.Í~. (ic-. .. ( Ed" l. e i/11tan1,u" ,,, a ·'"'ururr,¡1nn11tt<'r ... \,h· 
/lioch.·111. l'''"'"'f'lt,1r111<1• ,,¡. ::_-:- f 1•1:-;1) 1 .::_¡, 

."l Cunningh.un. J H. .• 1nd :-.. .. -.ti. \.1 J. 1·11._·,;t "' ._.,._·1t;1lur~ 

.11n1no .10.:1.J-. •lfl ;--.11111n••l>u1:i-r1 .. · .1 .. ·al r .. ·lc.i .... · ln•111 Ir••~! h••n· 

.l'u111al 0.:1.·ll ... J /'/11·\I.,/ ¡ ¡,,,,,c1,,,, 1 . . "\1,::_ ( 1•1 .... :-.1 :;1-i.7. 
.i fJ.n•1c.•..,. J .. F'-.111", R 11. J.,11 .. .- .... ,.\. \\ . ~1111111. IJ .·\ ~ .• 1nd 

\\';1t~1n ... .1 ( .. l)11t .. ·r .. ·n11.tl .11.:1n.111"11 .ind hl1•d .... 1dc.· <>I C\.<..'I· 
t.1hH'.\ ,1rn1n•• .1c.·1d rc.· .. ·c.·pf•H" 111 1hc.· 111.1111111.111.111 .1nd .1111ph1!•1· 
;1n .. -.. ·111r.i1 llCf\<'U ..... " .. lc.'111. ( ''"I{' fi¡,,,1¡,.,.¡ /'11\\IU/. ::_7 
C llJS::_¡ ::_ 11- ::_::_.¡ 
Et11n_!!<.."r. B . Cil1.d .111.t ncur .. n.d 11pt.1I..<' ••I e t·\.B \.. du1.1n11c.· 
a<..·1J. ,1.!h11.111\lnc.· .111d .i.::lut.1lh1<•1i..: 111 tlic.· 1-1t•t•1f rc.·1111.d. '·'!' 
El1°U1·• .. .::_:; 11'>'71 .:-.::.1 -::..~.i 

t• F~,..1 ... ·r. /\.e·. \lc.·11.1. 1 1 ''"'1.11:h.1n. (i .1nd c·.11n1.111. 
(._'_\\'., S~n.1ptK li• .. ·.111,...111<'11 ••I k..11111..: .1 .. ·1d h111d11l,1! ... 11c-.. v,,. 
rurc (Lo11.Jo111, ::_;-.,•1 t ¡<i-..¡ ¡ - ' - -5 

7 ll;unrton. c_·.K .111d R .. ·,lt•urn. f) .\. . .-\u1.,r.1dt<>j.!r.1phH: 
;:111,li:'-'"'" ni l 'l l]!!lut.1111.1t..". ! ·11jd<1fl.Lllll1J1.· .ind [ 'l fll•:\.HA 
ill."CUlllUl.1t11•1l 111 r.d•l•11 r .. ·t1n.1 ,tflc."I l-..111111.· .11."lll lfl'.tlllll."rll. J 
.V.·urtH<'t. 1''"' .•i11•i.-.._1-¡::_y1 

l'\ ll;unrh•n. (".K .. (i.1r .. ·1.1. C .111d H,._·,lt•l11n. (). 1 "'-"d1.1'.1t1nn 
or k.11111c ac1.J ..... .-11 .... 1n. .. · ... -.. -11 .. 111 111,11l\lll.il1.1n r ... ·11n.1. J. ,,· .. 11r.1-

\Cl. U.c•L, h ( )''~I )'l'I 

'' 1 .. 111<..1.t. /\.'I' .1nd F.1111. <t 1 • r>-.·\.-.p.1rt.11<.: pt1tc.·11t1.11i: .. th ... · 
i:ffc .. ·i.. ni 1 -~lut.1111.11 .. · "n h"íll'<>nf.il .. -.. -11 .. 1n !-!•ddt1 .. h r<..·1111.1. 
/'roe. .\'<11/ . .-\r 11.I .\,·r { .. \ .·1 . -:--. ( 1•1,..,¡) :;s•itl 

10 !\1:.1r ... ·• R.F .. 1nd 1..1111. l> . .\1 -K .. l 'r1.1h. .. - "' .1 ... p.11u._· .1 .. ·1d ¡., 
photorc ... ·i:ph•r... 111 th.._· ~nld11 .. h rc.:1111.1. ¡•,.,c. ,,·.,r¡_ .·lt ad .• \c1. 

L'.S.A .. 7s ( 1•1sJ 171,...,,:'i 
1 l !\1;1r .. hitll. J. and \·t1.Hk'n. \1.J. r\11 .n1tur.1d1llj.!rapl11<..· .. 1ud:'

nf lfk• c.· .. ·11-. a .. · .. ·u111ul.1tllll! l 'l Jlj.!.t1lllll.1-.1111111lllH11\t1<..' .ic1d 111 
thi: J"nliltcd r<..'1111.1 .. ••I pl!!i.'1>11.., .111d duc~ ... -11 ... /111 •''t. < >plt-
1h •. dn10/_, 1 :::. ( i •f7-4 ¡ J _::,. r.11_:- ftll7 

l.:? !\1.:i .. ti:r . ..-\. .• B11•1.:lu.:n11 .. 1r\ ni l.!lu1.1111.1t .. ._ l!lut.11111111.• ;1nd clu
t:.11h1011i:. In .1 Kc.·kr . .Ir."~ Ci.1r;111u11. :\t.J{. K.1nc.-. \\: /\.. 
Rcynold .. and R.J. \\. lHtn1an tLd ... ) . .. \ditult'<'' u1 flu•<'"•" 
n11\1ry .,,,,¡ l'lt.\ 110/oi::,·· e i/1tt•lfllat1' .-\nd, R.i"'-"" Pr'-'''"· Si;\\ 
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III.RESUMEN DE LOS RESULTADOS 
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