UNIVERSIDAD NACIONAL AUTONOMA DE MEXICO

UNIDAD ACAPEMICA [DE LOS CICLOS PROFESIONAL Y DE POSGRADO

COLEGIC DE CIENCIAS Y HUMANIDADES

“"ESTUDIO BICGQUIMICGO DE LOS CIRCUITCOS NEURONALES

EN LA RETINA DE LO0OS VERTEBRADQOS®™

Tesis que para obtemner el Grado de
DOCTOR EN INVESTIGACION EIOMEDXICA BASICA
Presernta =1 M & IBE

JULIO EDUARDOD MORAN ANDRADE

México, D.F.

Febrero de 1937.

TEEIS 7
FALIA 'L ¢

doond



e e

Universidad Nacional - J ~  Biblioteca Central
Auténoma de México -

Direccion General de Bibliotecas de la UNAM
Swmie 1 Bpg L IR

UNAM - Direccion General de Bibliotecas
Tesis Digitales
Restricciones de uso

DERECHOS RESERVADQOS ©
PROHIBIDA SU REPRODUCCION TOTAL O PARCIAL

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

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



= E =) == lisvd & cabas

Urmiverzidad Naciornal

Dira. Hermimia Fazant
ayda v el imtares mostrado 3 la
Eg o

Lopgin Tl Tir@Eeeziads o dorsEes i

el Fareds Rrcardo

’
1
.

Y =1

ST = Mauz i ormal (=13 Ciersia ¥

CFOLSABNA-GZXUT77




INDICE
I. ORGANIZACION GENERAL DE LA RETINA

1. INTRODUCCION

2. MORFGLG&IQ DE LA RETINA

4. NEURQGOLIIMICA

“4.1. Treamzmlcz
[ S G Y €
I I G HlH*w

Fet

anmart et

G.le TTrariEma

Tramzmy s

MO P LS

.

&iulaz interplesxil Tormnes

IT. RELACIONES FUNCIONALES EN LA RETINA: OBJETIVOS DEL ESTUDIO
1. METCQDOLOGIA GENERAL
2. RESUWLTADOS

Zol. FRelaciroam Tuarmciormsl o
Lelele Iekrociiezeoidan oy




fFaameaenolaaioa
1l ez

& Ed

LT E T G DI LS n L CgaE a2 Lo ret ins

PR
BN ST ) de =uas

=3 de

(TS R U e N LT

Pl i Ecis

Pl g p e Loyt SPTEIE L S T p e AT R =]

vz L

Sl Tl B W] u FTENT LT

4 Lo & P D Y Y Rt

Ttz

1t e
TR L pE

ol lo da-

[ B O}

ITII. RESUMEN DE LGOS RESULTADOS

IV. CONCLUSIONES GENERALES

V. REFERENCIAS

=t



RESUMEN

Lhna =Tl - Eviderelsas Droaaudimnicas
[ANT=F &Y T o] lo= a&miresdoza
AR T=Tw i o)

subroblaci
GAERA v 1
fiorizomtades
dopamlma (S8 A
EMATE IS .
Fdiznartas

tIUEE T &

[ = [T o)
RN R R f

&

[ W

Er
irnvalu
[e Dl T BTN
(SRS N T

Y i

itia

Frdadliez

el

(=1 zodia L1
=100) =0 ol B o TN G =

ESIMNL s Ea Tl
e
Loeg— 3 o= Qo
Jd=3L

“+)
)
Ao e al
(el s -

=t

1




oo SO EIN L . &= 1hela e
laceday direnTt s v LESUIZ 1L Or La

emtimal
e et
et (]

chazpagds o

i LT Er s

Ezta (=7 N
A PR LIRV LN R

L B RS T IS e

ABSTRACT

(== DV W
Lo RN R -1 7/ =
=z, Dipolasr zrmd
grpd L@muar e,
T

3 echeEnia

~lay =
Erodd
mal

—one 1l
trari=mi ot
Lram=Emit

E =1

ey [N F o

d1mm Bl i)

o

[ a=1i1} furr
FERTRE R E

ST L e

s

rovx kot

ALY R B TR

Eat
Ehatl 1okt

M 32 1 v
&t sutad




Zouciy ezt ormal patbinway .

]

) I
Sl I-T-Y ol OV
sthoamulat
igde=rmtifie
=hiawira an
o=

it

s P3N [ B W=
LR 17
irmncubat 1.

ALl
Fparblourl s b
[ == B o W

ek

[0 BRSNS ST
LT rnE e L

f

1Ernrmea L 2 &=
a1

L &V Laus &g
[ =0 St
= W

v



I. ORGANIZACION GENERAL DE LA RETINA

1. INTRODIJCCION
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FIGURA 1l.- Organizacidn sindptica de la retina. La mayoria de los vertebrados

poseen retinas que contienen tres tipos de sinapsis quimicas: sinap
sis ""invaginantes’, sinapsis '"'superficiales'" y sinapsis convenciona
les. Las sinapsis '"invaginantes' se localizan en las terminales de
los fotorreceptores y de las c@&lulas bipolares y se caracterizan -
por poseer una barra electrodensa rodeada por vesiIculas sindpticas;
en la capa plexiforme externa los elementos postsinipticos estdn —
constituidos por dos procesos de c&lulas horizontales y una dendri
ta de una c&lula bipolar ''invaginante'. Las sinapsis ''superficiales’
se relizan exclusivamente entre la terminal del fotorreceptor y la
dendrita de una c&lula bipolar "plana'™. El resto de las sinapsis -
(marcadas por un asterisco) son del tipo convencional. La figura mues
tra las principales conexiones sindpticas. (Tomado de Dowling, 1979).
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FIGURA 2.- Capas celulares de la retina en un corte longitudinal.

Izquieda:

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

tres capas nucleares y las dos capas plexiformes, asi como una cé&-

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

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

GCL:capa de c&lulas ganglionares (235X). Derecha: localizacidén de

los tipos neuronales de la retina responsables de la formacidn de

las capas celulares mencionadas. N&tese que las capas plexiformes

estan constituidas por las terminales nerviosas de las diferentes

neuronas, mientras que los somas neuronales conforman las capas

nucleares. R: fotorreceptores; H: células horizontales; B: c&lu-

las horizontales; A: c&lulas amacrinas; G: c€lulas ganglionares;

M: c€lulas gliales de Muller. (Tomado de Dowling, 1979).
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Segmento
externo

Estructura de
conexidén

(elipsoide)

Segmento
interno

(mioide)

Fibra

NGcleo

Fibra

Cuerpo sindptico

Esg. 2.- Representacidén de un fo
torreceptor tiIpico de la retina
de los vertebrados. Esta cé&lula
elongada estd& organizada de manera
segmentaria, y cada segmento tiene
una estructura y funcifn especiali
zadas.

(Tomado de Young, 1969)
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FIGURA 4.- Algunos ejemplos de contactos sindpticos observados por microsco-
pia electrdnica en la retina de los vertebrados.

(a): Sinapsis '"invaginantes" (flechas) en la terminal de un cono de

la retina de mono. En cada sinapsis se

observan tres procesos que -—

penetran en la terminal del fotorreceptor; dos de €stos pertenecen

a cé&lulas horizontales (H) ¥ el tercero a una c&lula bipolar (B).

(b):

Contacto siniptico entre una c&lula bipolar y una amacrina en

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

c&lula bipolar (B) presenta una estructura semejante a la de la ter

minal del fotorreceptor (flecha oscura); la c€lula amacrina (A) ,ade

mis de recibir informacidn sindptica de la c€lula bipolar, es presi
naptica a otra c&lula (flecha clara).

(c):

Sinapsis convencional entre una c&lula horizontal y una c&lula
bipolar en la retina de salamandra.

La c&lula horizontal (H), ade-
mias de conectar con una c&lula bipolar (B) (flecha clara), es post—
sindptica a la terminal del fotorreceptor (flecha oscura).
(d): Sinapsis recdSprocas entre una c&lula bipolar y una amacrina en

retina de pez. Tanto la cé&lula bipolar (B) como la amacrina (A) son

pre vy postsindpticas en la misma sinapsis (flechas).
(e): Sinapsis en serie y reciprocas de cuatro c&lulas amacrinas en

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

entre las c&lulas Al, Az y A3; la flecha oscura muestra una sinapsis

reciproca entre las c&lulas A3z v A,
(£): Sinapsis '"superficial" entre la terminal del receptor (RT) vy

la dendrita de una cé&lula bipolar "plana' (FB) en la retina de ra-—

na. Este tipo de sinapsis no muestra la barra electrodensa ni la in
vaginacifn presinfptica que caracteriza a la sinapsis "inovaginante™
(g) :Sinapsis electrotdnica entre dos c&lulas amacrinas (A) en la re
tina de rata. N&tese que el espacio extracelular entre los dos pro—’
cesos es muy estrecho y que ambos lados de la unidn poseen vesicu-
las sindpticas.

(h):Unidn estrecha en la capa plexiforme interna de la retina de ra
ta obtenida por el m&todo de criofractura. Las numerosas particulas,
densamente empaquetadas, poseen un diametro de 80 a 100 A Yy son si-—

milares a las observadas en las uniones estrechas de otros tejidos.
(Tomado de Dowling, 1979).
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3. FISIOLOGIA DE LA RETINA
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FIGURA 2.~ Polarizacidn de las c&lulas que constituven la via neuronal direcrta

de 1la retina. En el diagrama se muestra la respuesta de una célula -

bipolar "despolarizante' (B); sin embargo, la via directa puede in-

cluir a wuna c&lula bipolar '"hiperpolarizante'. Durante la oscuridad,

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

(Em) del receptor (R) en un nivel relativamente bajo; en presencia

de 1luz la conductancia al sodio disminuve y el receptor se hiperpo-

lariza. Esta hiperpolarizacidn produce una reduccidn en la libera-

cidén del transmisor que actia sobre la c&lula bipolar, lo que lleva

La desinhibicidn de la cé&-
lula bipolar préduce un incremento en la liberacidn de su transmi-

a esta Ultima a un estado despolarizado.

sor (excitador) ocasionando una excitacidn de la c&lula ganglionar
(G). (Adaptado de Dowling, 1979).
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FI1GURA 6.— Organizacidn de los campos receptivos de las c&lulas bipolres "hi-
perpolarizantes' y c&lulas ganglionares "encendidas" y 'apagadas™.
Las respuestas electrofisiolfgicas mostradas en el esquema se pre-
sentan cuando el receptor recibe la estimulacidn luminosa (barra -
oscura). Las c&lulas bipolares "hiperpolarizantes” y las c&lulas -
ganglionares de centro "encendido' (c€lulas de la izquierda) se hi
perpolarizan ante la estimulacidn central directa, mientras que la
iluminacidn periférica (lado derecho) produce una despolarizacidn
de estas mismas cé&€lulas. NStese que la influencia de las c&lulas -~
horizontales en la unidn entre el receptor ¥ las c&€lulas bipolares
es determinante en la polaridad de la respuesta de las c€lulas pe
rif&@ricas. Las c&lulas ganglionares "'encendidas/apagadas’ (Gj) re-
ciben entradas inhibitorias de las c¢&lulas amacrinas (A), asi como
entradas excitadoras de c&lulas bipolares (B); mientras que las -
c&lulas ganglionares 'apagadas' (G;) reciben informacidn sindptica
exclusivamente de c&lulas bipolares. En este diagrama no se mues—
tran las respuestas del tercer tipo de c&lula ganglionar denomina
da "encendida', que recibe informacifn sindptica bisicamente de c&

lulas amacrinas inhibidoras. (Tomado de Dowling, 1979).
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Pharmacological Identification of Retinal
Cells Releasing Taurine by Light
Stimulation

P. Salazar, O. Quesiada, M.A. Campomanes, J. Moran, and
H. Pasantes-Morales

Instituto de Fisiologia Celular, Universidad Nacional Auténoma de México, México
D.F.. México

The cffect of drugs blocking synaptic activity at different retinal levels was
examined in this stady, in an attempt to identity the origin of the light-stimulated
release of *H-taurine from the chick retina. It was determined by autoradiography
that the chick reting accumulittes taurine in photoreceptors, in cells from the inner
nuctear layer, and in processes of the inner plexitorm lay er. All these are possible
sites for the release of taurine upon illumination. To discriminate among these
possibilities. the effects of aspartate. tetrodotoxin, strychnine. picrotoxin, chloe-
promavine, wbocurarine, atropine, glutiimate dicthy |l esther, a-amino adipate and
2-amino-4-phosphonobutyrate were studied. Aspartate (10 mM), which is known
to eliminate the light response of cells postsynaptic to photoreceptors. induced a
marked increase of 150 in the resting efflux of “H-taurine but did not decrease
significantly the light-stimulated release. Tetrodotoxin, which blocks amacrine
cell responses., decreased *H-taurine release stimulated by light by less than 209 .
The cfftux of wurine was unaffected by strychnine. pictrotoxin. tubocurarine.
atropine. chlorpronmuzine. and 2-amino—4-phosphonobutyrate, whereas it was in-
creased by glutamuate dicthyl esther and a-amino adipate. These results, abl
together, point to photoreceptors as the cells releasing *H-taurine in response to
light.

Key words: retino, taurine. light stimulation, taurine-releasing cells

INTRODUCTION

Taurine is present in large amounts in the vertebrate retina [Kubicek and
Dolénck, 1958; Pasantes-Morales et al, 1972]. It is found particularly concentrated in
photoreceptors. although significant amounts are present throughout all retinal layers
[Kennedy and Voaden., 1976: Orr ct al, 1976). The role for taurine in the retina has
not been yet elucidated. Taurine has been proposed as an inhibitory neurotransmitter
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Received May 7, 1985; accepted November 22, 1985,

) 1986 Alan R. Liss, Inc.
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IMandel et al, 1976]. and cvidence also exists which suggests its involvement in
mechanisms preserving photoreceptor structure [Hayes et al, 1975: Pasantes-Morales
ct al, 1981a. 1983].

Light stimulation induces the release of taurine from the retina in a number of
species [Pasantes-NMorales et al, 1973 Schmidt, 1978 Neal et al, 1979]. The celiular
and subcellular site from which the light-stimulated release of taurine occurs s
unknown and its identification may represent a step in the elucidation of its functional
role. The light-induced efflux of wurine may originate from photoreceptor cells, in
which exogenously taken up taurine prefereatially accumulates. or trom cells in the
inner retinal fayvers, which also accumulate taurine and which may functon as
aurinergic cells [Lake et al. 1978]. In order o investigate these possibilities. we have
examined the etfect of experimental conditions which are known to block synaptic
transmission at difterent retinal levels on the release of trurine stimulated by light,

Sodium aspartte. at high concentrations. blocks the response to illumination of
cells postsynaptic to photoreceptors [Furukawa and Hanawa, 1955: Dowling and
Ripps. 1971, Toetrodotoxin eliminates the response of transicnt potential generating
cells. i.e.. amacrine and some bipolar cells [Miller and Dacheux. 1976]. The ceffect
of these two compounds on the light-stimulated release of taurine wus examined.
Also. the effects of antagonists of postsynaptic receptors ot the major neurotransmit-
ters in the retinag were examined. Strychnine. picrotoxin, chlorpromuazine. atropine.
tubocurarine, the glutamic acid diethyl esther (GDEE) . ac-amino adipate (-AA). and
2-amino-4-phosphonobutyrate (PBA) were used as tools to investigate whether cells
refeasing taurine upon ilfumination are receiving svnaptic inputs trom cells relecasing
GABA. glycine. dopamine. acetylcholine, or the excitatory amino acids aspartic and
glutamic acid [Wyatt and Daw, 1976: Makman ct al, 1980; Gerschenfeld and Picco-
lino. 1977: Yuzulla and Schmidt. 1977: Johnston ct al. 1974: Olney. 1971]. The effect
of omtission of calcium on the process of taurine release was reexamined [Lopez-
Colomé et al. 1976].

METHODS

Loading of retinas. superfusion. and light-stimulation were carried out essen-
tially as previously described [Pasantes-Morales et al. 1981b]. Bricily, retinas of
2-3-wecek-old chicks, dark adapted., were excised under dim blue light and incubated
in a Krebs-bicurbonate medium (NaCl, 118 mM: KCI. 4.7 mM: CaClz. 2.5 mM;
KH>PO,, 1.6 mM: MgSO,. 1.1 mM: Na-HCO;. 25 mM: glucose. 5.6 mM) pH 7.4,
containing *H-taurine (2 pCi/ml. 10 M final concentration). After 10 min of incu-
bation, rectinus were washed and transferred to a supertusion chamber of 0.25-ml
volume. Superfusion was carried out with warnied medium pumped at a rate of 1.5
mi/min by a Buchler multistaltic pump. The supertusate was collected every minute
and a baseline release was reached after 6-8 min ot supertfusion. Light stimulation
was applied by an clectronic flash apparatus giving a white light pulse of I-msec
duration, with an ¢nergy of 12 J. The light source was placed at a distance of 20 cm
from the perfusion chumber. Flashes were applied continuously during 120 sec and
superfusion continued for another 20 min. At the end of the supertusion the retinas
were solubilized and the radioactivity remaining in the tissue and that on the superfus-
ate fractions was measured after the addition of Tritosol {Fricke. 1975]. The entire
proccdure was carried out under dim blue light. To test the effect of drugs. they were
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added o the supertusion medium, and results were compared to those observed in
retinas perfused with medium without additions in purallel experiments.

The identity of radioactive taurine released in the fractions was checked by
chromatographic analysis of pooled. concentrated tractions. Paper chromatography
in phenol:water (4:1) was used as previously described [Tapia and Sandoval. 1977].
of the released radioactivity was localized in the wurine

By this procedure, 927
standard spot.

The ctftTux of radioactive taarine is expressed as the pere
time of the totad amount ot radioactiv iy incorporated by the retina,

For autoradiographic studies, retinas were incubated with ‘Hetaurine (100 uCi/
After incubation. retinas were fined with 2.5

*ntage relaise poerodnit

mb) for 45 min at 37°C in the dark.
glutaraldehyde in .05 M cacodylate buffer, pH 7.2, at room emiperature for 30 min

and at 3°C overnight. Retinas were processed for miicroscopy by posttixation with
19 Os0,;. dehydration in cthanol and propylene oxide. and embedding in Epon.
Scctions | gm thick were placed on slides and dipped in Koduk NTB-2 Nuclear Track
emulsion previously diluted swith water ¢1:13. Scections were exposed for 2-3 weeks.,
developed (Dektol developer), tised at 4°C, and stamed with Richardson stain.

RESULTS
the chick retina,

Figure 1 shows the distribution of taurine accumulared by
Lubceling was tound localized at the photoreceptors in both the inner and the outer
segments. which appear to be heavily fabeled . Label was also tound an celis ot the
inner auclear Layver, processes of the mner plexitorm layer. and occasional somas of

the gunglion cell Layer (Fig. 1)

Fig. 1. Light microscopic autoradiography of ‘H-taurine uptahe by chick reting (<5000, AL Conven-
tional optics. B, Darkticld opues. Retinal layers are designed as tollows: on, outer nuclear fayer: op,
outer plexiform layer: in, inner nuclear Liversape innoee plexitorm laver: g panghon cell layer: ntf, ners e
fiber. Retinas were incubated for 45 min wath *Hetaunine, 100 .Cioml.
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Retinas preloaded with *H-taurine and supertused with a Krebs-bicarbonate
medium reach a constant fractional releasce after 6-8 min of superfusion. The efflux
rate of the spontancous cfflux was about 0.2% per min. Hlumination with flashes at
this time increascs this efflux by 80-100% [Pasantes-Morales ¢t al, 1981b], (Fig. 2).

When superfusion was carried out with a calcium-free medium., suppiemented
with 100 uM EGTA. a marked increase in the resting effiux of taurine of more than
four times over the resting release is observed. wherceas the response to light was
abolished (Fig. 2).

The effect of supcerfusion of chick retinas with 10 mM aspartate is shown in
Figure 3. At this concentration, aspartate increased the resting efflux of *H-taurine
by about 1.5 times. Upon illumination a turther increase in the release of the amino
acid was observed. The extent of this increase was similar 1o that observed in
illuminated retinas perfused in the absence of aspartate (Fig. 3). Superfusion of chick
retinas with a medium containing 1 uM tetrodoxin induced a 409 increase in the
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Fig. 2. The effect of omission of calcium on the light-stimulated release of *H-taurine from the chick
retina. Retinas from dark-adapted chicks were loaded with "H-taurine and supertused as described in
Mecthods. In the calcium-free medium, CaCl: was omitied and the Krebs-bicarbonate medium was
supplemented with 100 uM EGTA. The shaded bars represent the pereentage retease of "H-taurine at the
baseline prior to stimulation. The white bars represent the peak release of labeled taurine after light
stimulation. Results are the means + SEM of cight separate experiments. *Taurine releas
stimnulation was significantly different from that prior to stimulation s P < 001, **T;
the dark in a calcivm-free medium was signiticantly ditterent trom that in a calcium-containing medium
at P < 001,

Fig. 3. The cffcct of 10 mM aspartate on the light-stimulated release of *H-taurine from the chick retina,
The experimental procedure was as described in Methods and results are expressed as described in
Figure 1. Results are the means £ SEM of 14 separate experiments. *Light-stimulated release of taurine
in the presence of 10 mM aspartate was significantly different from light-stimulated taurine release in
the absence of aspartate at P < 001, **Taurine efflux in the dark in the presence of 10 mM aspanate
was significantly different from that in the absence of aspartate at P < .00).
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spontancous efflux of *H-taurine and decrcased by 25% the stimulated relcase (Table
D.

The cffect of antagonists of the synaptic recep
nized action as ncurotransmitters on the release of “He-wurine is shown in Figure 4.
Drugs were used at concentrations known to block postsynaptic neurotransmitter
activity in a varicty of preparations. Strychnine, picrotoxin, chlorpromazine, atro-
pine. and wbocurarine all failed to modify the light-stimulated release of H-taurine
(Fig. 4). Strychnine and picrotoxin decreased the spontancous release of taurine by
21% whereas tubocurarine and atropine increased it by 34 % .

Blockade of glutamic and aspartic acid receptors by GDEE and a-AA signifi-
cantly increased the light-stimulated release of taurine. producing no change in the

tors of compounds with recog-

TABLE L. The Effect of Tetrodotoxin on the Light-Stimulated Release of *11-Taurine From the
Chick Retinat

Roesting Stimulated Stirnulation
Condition . etus o L_efflex - Sy
Control O35 =+ 0,056 0.63 + 0,082 -1¢]
Tetrodotoxin 049 + 0.053* .79 + D.06GS 61

2, Tewodotoxin at o
catration of 1 4N was present during ail the supertusion period. Results are expressed in percentage
fractional release as deseribed in Methods and in Figure 2. Resutts are the means = SEM of six separate
experiments.

FLoading, superfusion, and stimulation of retinas were as deseribed in Figure
con

=Diffcrence in the resting etilux in control-tetrodotoxin P < 05,
**Difference in pereenmage stimulation between the two groups P

< .0S.
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Fig. 4. Effccts of anagonists of synaptic receptors on the light-stimutated release of *H-taurine from
the chick retina. Retinas were loaded with *H-taurine and superfused with a Krebs-bicarbonate medium

ini the additi indi at cach experiment. The concentrations of the drugs examined were as
follows: strychnine (STR). 300 uM: picrotoxine (PIC). 200 4 M: chlorpromazine (CPZ), 10 pM: atropine
(ATR) and wubocurarine (TUB). 100 xM: glutamic acid diethy! esther (GDEE) and a-amino adipate (a-
AA). 300 uM: 2-aminophosphonobutyric acid (PBA). 500 uM. The shaded pan of the bar represents
the resting efflux and the white purt of the bar the stimulated etflux as described in Figure 1. Results arc
the means + SEM of the number of experiments indicated in pareatheses. *P < .05, **P < .001.
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resting efflux (Fig. 4). PBA, a glutamate analogue which sclectively blocks on-
channels [Slaughter and Miller, 1981]. modified neither the resting nor the lighl-
stimulated release of *H-taurine, The stimulatory effect of GDEE and a-AA on “H-
taurine release was unaffected by tetrodotoxin (results not shown),

DISCUSSION

An increased release of taurine from the retina in response to iflumination has
been described in chick. rabbit, rat, and cat reting [Schmidt. 1978 Pasantes-Morales
etal. 1973: Ncal, 1979]. The photoreceptor layer has been suggested as the site from
which the release of taurine occurs since (1) the highest concentration of taurine is
found in photoreceptors [Orr et al, 1976]. (2) exogenous labeled wurine accumulates
also preferentially in photoreceptors fLake et al. 1978, and (3) dcgeneration of the
inner retinal layers by treatment with kainic acid does not result in a decrease in the
release of wurine induced by light [Pasantes-Morales et al, 1981b}.

A direct approach to identity the cells releasing taurine by means of autoradio-
graphic techniques is unreliable, since the amount of lubeled taurine released upon
stimulation represents only a minor fraction ot the total amount incorporated by
retina and the diftferences in label in the retina
certainly beyond the resolution ot the technique.,

the
betore and atter stimulation are

In the present study we have taken advantage of the known effects of high
concentrations of aspartiate on retinal cell activity when attempting to identity the
cellular origin of the labeled tiurine released by light, Aspanate at high concentrations
eliminates the response to light ot cells postsynaptic to photoreceptors by inducing
depolarization [Furukawa and Hanawa, 19550 Dowling and Ripps, 197 1]. Theretore
in the presence of aspartate, taurine release occurring from cells postsynaptic to
photoreceptors wus expected to be signiticantly decrcased. In this study it was found
that aspartate markedly increased the spontancous efflux of taurine., contirming carlier
observations on the stimulatory cffect of depolarizing agents on taurine refcase
{Lopez-Colomé et al, 1976; Kurzinger and Hamprecht., 1981). However, light stimu-
lation was still able to increase wurine release over the already high resting efflux,
with percentage increases similar to those observed in controls. These observations
suggest that taurine release stimutated by light is probably occurring from cells which
are unaffected by the aspartate blockade.

The possibility that wurine release stimulated by light results from synaptic
activation of cells located at the inner retinal layers was examined by using tetrodo-
toxin. Some cells in the inner retinal layers with the position of amacrine cells are
heavily labeled with *H-taurine and have been proposed as taurinergic amacrine cells
[Voaden et al. 1977: Lin et al. 19831, Amacrine cells, in contrast 1o photoreceptor
cells. horizonal cells, and bipolar cells whaose responses have never been associated
o nerve impulses, respond 1o retinal stimulation with transient potentials on which
nerve impulses are superimposed. The activity of amacrine cells is sensitive to
tetrodotoxin. QOur present results showing that tetrodotoxin induces only a 25%
decrecase in the release of taurine stimulated by light are consistent with the view that
the bulk of taurine release is probably occurring from cells insensitive 1o the drug.

The above obscrvations, all together, point to photoreceptors as constituting a
main site of taurine release in response to light, although some release from amacrine
cells cannot be totally excluded. Consistent with this view is the observation that the
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tight-stimulated release of *H-taurine was found unaffected by antagonists of the
major ncurotransmiitters in the reting, i.e.. GABA, glycine. dopamine. and acetylcho-
line. This result contrasts with that observed for other neurotransmitters such as
acetylcholine, whose release stimulated by light is modulated by the activity of GABA
receptors [Massey and Neal, 1979].

The release of taurine was modified only by the antagonists of the excitatory
amino acids glutamic and aspartic acid. which markedly increased the efflux of
taurine stimulated by light. Glutamic and aspartic acid are most likely the necurotrans-
mitters tonicilly refeased from photoreceptors in the dark [Neal et al. 1979; Marc and
Lam, 1981] and therefore. a blockade of their postsynaptic receptors would simulate
the effect of light. However., GDEE and a-AA did not maodify the resting efflux of
taurine but induced a significant increase in the light-stimulated release. At present
we cannot ofter a plausible explanation for this result.

The release of wurine stimulated by light was tound to be strictdy  calcium
dependent. contirming an carlier observation [Pasantes-Morales et al, 1974]. Calcium
omission induced a marked increase in the spontancous efflux of taurine. similar in
magnitude to that observed in the presence of” aspartaste, but whercas under this lauter
condition, light still induced a further increase of taurine etfflux, this does not occur
in a calcium-free medium. This effect of omission of calcium on increasing taurine
release has also been reported by Korpi and Oja [1984] and by Holopainen et al
{1985] in bruin slices und cultured astrocytes. The following mechanisms have been
suggested 1o explain the stimulatory effect ot calcium-tree media: (1) destabilization
of membrancs by removal of endogenous calcium caused by omission of exogenous
calcium. (2) depolarization of the membranes due to direct action of the chelators, (3)
increased sodium intlux duce to an inhibition of membrane Na "K' -ATPase. which
would increase sodium inttux leading to warine release. In a previous work | Lopez-
Colomé et al. 19764 we have shown that ruthenium red and verapamil failed to modity
the light-stimulated release of taurine. These compounds inhibit calcinm accumulation
by nerve endings and intertere with the stimulus-secretion coupling [Rahamimoff and
Alnaes. 1973: Eto ct al. 1974]. The observation that the release of taurine clicited by
light is unaffected by these drugs may also be taken as evidence in support of the
notion that this release oceurs from sites different trom presynaptic terminals.

The present results arce consistent with the suggestion that photoreceptors are
the cells releasing taurine upon ittumination. Although the physiological significance
of this observation remuains unclear, some mechanisms relating taurine to the physio-
logical processes occurring during photoexcitation may be considered. These include
an effect of wurine on calcium binding [Pasantes-Morales et al, 1979: Lombardini.
1983]. a possible role as an antioxidant [Pasantes-Morales and Cruz. 1985]. or an
action as an osmotic effector.
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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. Moran and H. Pasantes-Morales

Departamento de Neurociencias. Centro de Investigaciones en Fisiologia Celular,
Universidad Nacional Autonoma de Mexico, México. D.F., Mexico

Eftects of glutamic, aspartic, and oeysteic acid. and of Kainic acid and N-methy!
aspartate on the release ot abeled GABAL glyeine. and taurine were examined in
inolated. pertfuscd chick reting. Glutanue acid 0.5-2 mM . imer ed the release
of *H-GABA by more than tour times and that of #Cplvcine by about two times.,
The release of GABA decreased SO7 and that ot glycine 957 in the presence of
the antagonist of glutamic acid receptors, glutiunate dicthy b ester (300 M), N-
methyl aspartate. used as un onist af aspartic acid receptors. preterentially
increased the release of GABA (seven times) over that of glycine (three times).
The stimulatory etfect off N-methyl aspartite was antagonized by D-oc aminoadi-
pate and by Mg inic acid (10 M) induced the release of glycine but not that
of GABA. Cysteic acid tailed 1o modity the release of any of the amino acids
examined. The efflux of labeled taurine was prac Iy unatfected by all the
compounds utilized. The release of GABA by the excitatory amino ids and
agonists was Ca-independent but Nu-dependent, whercas the release of glyeine
was markedly Ca-dependent. The evidence prescented here suggests that experi-
mental conditions activating receptors of excitatory amino acids differently aftect
the release of inhibitory amino acids.

Key words: retina, amino acids, neurotransmitters

INTRODUCTION

Neuroactive amino acids appear to play a major role as synaptic transmitters in
the retina [Neal, 1976]. Pharmacological and physiological evidence has suggested
that the acidic amino acids, glutamic and aspartic acids. are the neurotransmitters
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released tonically from photoreceptor terminals in the dark [Trifonov, 1968: Ger-
schenfeld and Piccolino, 1979: Muarce and Lam. 1981]. Bipolar ccell terminals also
release some excitatory neurotransmitters, probably acetylcholine and/or glutamic or
aspartic acid. Photoreceptors, in addition to comumunicating centrally with bipolar
cells, are also connected laterally with horizontal cells. Although little is Known on
the identity of the transmitter used by horizontal cells. GABA has cmerged as
candidate for this role, at least in some species [Lam et ul, 19800 Wu and Dowling,
1980].

In the inner plexiform layer there is a great varicty of synaptic connections,
particularly in the retinas of complex organization like the chick retina. Bipolar cells
synapse on ganglion and amacrine cells. which in turn connect with ganglion cells.
blp()l.lr cells, and other amacrine cells. A large populiation of unacrine cells recei ing
atory inputs from the bhipolar cells has been shown to be inhibitory interncurons

1976: NMuandel
interacting
> have

€XCi
releasing GABA, glyveine. and probably taurine {Neal. 1976; Voaden.
1976]. Thus, the retina possesses o complex network ot mutually
and inhibitory neurons releasing amine acids. In the present study we
investigated the effect of glutamic. aspartic. and cysteic acids. as well as of some
agonists and antagonists of their synaptic action, on the relcase ot labeled GABA,
glycine. and taurine trom the chick retina, in an attempt o identity the functional
relationship between neurons using amino acids as transmitters in this tissue.

The actions of excitatory amino acids on ncurons are mediated by synaptic
which have been identificd mainly on the basis of ditterential sensitivity.
Three classes of receptors have been described [Johnston, 1979 Cotman et al, 1981].
One class is the glutanmate-prererring receptors. which are studied using L-glutamic
acid as the binding ligand: they are preferentially antagonized by glutamate-dicthyl
ester (GDEE) and are relatively insensitive to a-amino adipic acid taeAA )Y and Mg.
The second class of receptors is the aspartate-preterring receptors, which are cur-
rentdy tabeled using N-miethy laspartate (NMAY as ligand: these receplors are antago-
nized by e AA and Mg but remain unattected by GIDE he third cliss of receptors
for excitatory amino acids corresponds to those activated by kainie acid, which are
rclatively insensitive to both aAA and GDE Kainic acid has been frequently
ligand for a class of receptors accepting L-glutamic acid in

endogenous

et al,
excitatory

considered as a selective
an extendoed conformation or for receptors tor an as yet unidentified
substance. which might be one of the sulfonic amino acids. Using these compounds

as pharmacological tools. we have obtiined results that may contribute to the under-

standing of functional circuitry in the retinag,

METHODS

The retinas of chicks 3-4 weeks old were eacised and incubated in a Krebs-
bicarbonate medium (NaCll 118 mM: KCI, 4.7 mM: KH-PO,. 1.2 mM: CuaCl,, 2.5
mM; MgSO,. 1,17 mM: NaHCO;. 25 mM: and glucose 5.6 mM). pH 7.4, After
Ercincuhuli()n for 10 min at 37°C. radiolabeled amino acids "*C-glycine (1.5 uCi/mb,
H-GABA (2.5 pxCi/ml). or *H-taurine (7.5 uCi/mi) were added and the incubation
was continued for 15 min. Retinal subcellular fractions P, and P> were obtained as
described by Lopez-Colomé et al [1978]. Chick retinus were homogenized in 0.32 M
sucrose containing 107 M MgSO;. and the homogenate was centrifuged at 900g to
obtain fraction P, containing photoreceptor terminals. The supernatant was centri-
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fuged at 9.000g. 20 min. to obtain fraction Pa. which contains small synaptosomes
derived from the plexiform layer. Subcellular fractions were incubated as described
above, and aliquots of the suspension were collected on Millipore filters. Whole
retinas or filters containing subcellular fractions loaded with radioactive amino acids
were transferred to glass superfusion chumbers of 0.25 ml volume. Superfusion was
carried out with the Krebs-bicarbonate medium, containing 107% M aminocoxyacetic
acid for the experiments on *H-GABA relcase. Fractions of the superfusate were
collected at 1-min intervals directly into scintillation vials. Bascline was attained after
a washing period of 18 min. Then. the medium was replaced by a medium conttining
the different excitatory amino acids or drugs tested. Amtagonists, when used, were
present from the beginning of the supertusion period. At the end of the superfusion.
the retinas were solubilized with NCS (tissue solubilizer, Amersham). The radiocactiv-
ity of collected fractions and that remaining in the tissue was measured using Tritosol
as scintillang.

RESULTS
Effects ot Glutamic Acid
Figure 1 shows the effect of 2 mM glutamate on the release of *H-GABA, “C-

glycine. and *H-taurine from whole chick retina. The efflux of the three labeled
amino acids was stimulated by this glutamate concentration: The release of GABA

soor
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Fig. 1. Effccts of glutamic acid glutamate dicthyl ester (GDEE) on the reicase of *H-GABA, *C-
glycine, and *H-taurine from the isolated chick retina. Retinas preloaded with labeled amino acids were
superfused at a rate of 0.6 mi/min with a Krebs-bicarbonate medium, at 37°C, tor I8 min. Then the
medium was replaced by once containing 2 m»M glutamate and supertfusion ¢ontinued for 10 min, In
experiments with GDEE. the drug (300 uM) was present through all superfusion. Each bar represents
the peak value over bascline value. Results are the tneans + SEM of the number of experiments indicated
in parcntheses.
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increased by morce than 4-fold, that of glycine by more than 2-fold, and the release of
taurine almost doubled. Reducing the concentration of’ glutamate to 1 mM and 0.5
mM resulted in a proportionul decrease in the amount of the released amino acids
(results not shown). When perfusion was carried out with a medium containing
GDEE (300 uM), the glutamate-induced release of GABA was markedly reduced
(about 50%) whereas that of glycine was practically abolished. Taurine rcelease was
unaftected by GDEE (Fig. 1). Perfusion in the presence of «AA did not affect the
glutamate-stimulated release of any of the amino acids examined (results not shown).

The release of Y H-GABA stimulated by glutamate was Ca-independent. Even
higher values of stimulated release were observed when the retinas were pertused
with a Ca-free medium. or with media containing EGTA (250 M) or 5 mM Mg,
The release of P C-glycine was reduced in a Ca-tree media but it was increased when
the medium contained 5 mM Mg (Fig. 2). In contrast to the relative Ca-independence.,
the release of Y H-GABA was markedly decreased when sodium was omiued from the
perfusion medium and replaced by choline chloride. whereas the release of glycine
was practically unaftected under these conditions (Tuble 1),
The Effect of NMA

NMA was used as ligand for the aspartate-preferring receptors, and its effects
as well as those of the antagonists «AA on the release of GABA and glycine are
shown in Figure 3. Pertusion with NMA (0.5 mM) increased the release of *H-
GABA by more than seven times over the resting eftiux value. and this ettect was
markedly reduced when the perfusion medium contained «AA. The release of BC-
glycine was increased about two times. but this etflux was not attfected by aAA (Fig.
3). The release of taurine was practically unaffected in the presence of NMA. The
efflux of *H-GABA was tound to be reduced only when perfusion was carried out in

GLUTAMIC ACID
C-com*

O -Ca**, Mgt~
N -Co** + EGTA

100
a
g (3) (2}
< {3)
Wl -
- )
w O
e o
=
§ g CONTROL
3 =)
3
u.:, ta)
) *H-GaBA 'C - GLYCINE
-100

Fig. 2. Effects of Ca omission, high Mg concentrations, and EGTA on the glutamate-induced release of
PH-GABA and "“C-glycine. Assay conditions were as in Figure | except that superfusion was carried
out with a Ca-free medium supplied with Mg (10 mM) or EGTA (250 xM). Results arce expressed as
changes observed with respect to controb stimulation values, Results are the means + SEM of the
number of experiments indicated in parentheses.
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the presence of 10 mM mMg. No significant decrease was observed in a Ca-free
medium with or without EGTA. In contrast, the release of PC-glycine was markedly
reduced in a Ca-free medium containing EGTA or 10 mM Mg (Fig. 4).

Effects of Kainic Acid and Cysteic Acid

KA was used as the ligand at the third class of excitatory amino acid receptor.
The effect of kainic acid (10 M) on the release of *H-GABA, #C-glycine. and *H-
taurine is shown in Figure 5. Kainic acid produced only a slight increase in the efflux
of labeled GABA and taurine., whercas. at the sume concentration. the release of HC-
glycine was highly stimulated. The eftect of kainic acid on the release of glyeine was
unchanged in the presence of aAA or GDELE. The effect of cysteic acid on the release

TABLE . Effcet of N
gl cine

* Oninsi

on the Glutamate-Stimulated Release of “H-GABA and ¥C-

Without Na * Without Na
I o Contral L Asucrosey . . tholiney
‘H-GABA 4012 & 32.8(5) 1863 « 37.0(H 206.8 = 25.9(5)
HC-glycine 2132 5 4595 168.3 « 0.3 () 256.K(2)

Retinas loaded with {ubeled anuno acids were supertused with normal Krebs-bicarbonate medium or
with a medivm in which NaCl was repliced by choline chloride (1B mAy or sucrose (250 mMh, Resuolts
are the mcans - SEM of the nuniber of experiments indicated in parentheses.

3 Nma

£ NMA » < AA

eoor-

400

% STIMULATION OF AMINO ACID RELEASE

3

*H-GABA '*c-Glycine *H-Tourine

Fig. 3. Effccts of N-methyl aspartate (NMA)Y and a-amine adipic acid (A A) on the release of *H-
GABA, MC-plycine. and ‘H-taurine trom the chick retine. Experimental procedure as described in
Figurc 1. except that amino acid release wis indueed by 500 1M ONMA and the antagonist used was
aAA. 300 uM. Results are the means 2 SEM ot the number of cyperiments indicated in parentheses.
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Fig. 4. Effects of Ca omission, high Mg concentrations. and EGTA on NMA-induced release of 3H-
GABA and Y C-glycine from the chick retina. Details as for Figure 2. Results are the means £ SEM of
the number of experiments indicated in parentheses.
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Fig. 5. Effccts of kainic acid (KA), GDEE. and AA on the release of *H-GABA. "C-glycine, and *H-
taurine from the chick retina. Procedure as deseribed in Figure 1. The concentration of KA was 10 pM

and that of the antagonists was 300 xM. Results are the means + SEM of the number of experiments
indicated in parcntheses.
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Fig. 6. Effccts of glutamate and high potassium concentration on the release of "H-GABA  rom
subcellular retinad fractons. Py and P froctions were obtaned as desenibed an Nethods, Aster toading
with *H-GABA. fractions were filtered throupgh ADihipore filters (035 4N pore ~ized and hiliees were
superfused with Krebs-bicarbonate mediuni, A the tme imdicated by black bars, mcdiam was replaced
by one containing 10 mM elutanate o S6omdt KO Percentagece ol total radioactinaty recovered overy
minute is plotied.

of the inhibitory amino acids was investigated. Tested at concentrations from 0.1 to |
mM., this sulfonic acid led to clicit the release of any of the inhibitory neurotrans-
mitters (not shown),

Effects of Depolarizing Concentrations of KClI

With comparative purposes. the release of ‘H-GABA and PC-glycine elicited
by 56 mM KCI us well as the ionic requirements of this process were studied. The
release of GABA increased tour times and that of glycine 3.5 times in the presence
of the depolarizing stimutus. The potassium-stimulated release of both GABA and
glycine was markedly reduced in o Ca-tree or Mg-containing media (not shown).
Subcellular Fractions

Relatively high amounts of glutamic acid were required to observe the release
of *H-GABA und "“C-glycine. and theretore the possibility that the effect of glutamate
is due to unspecitic depolarization induced through extrasynuptic receptors. and not
by transsynaptic cftects. cannot be excluded. To rule out this possibility, the effect of
glutamic acid on the release of *H-GABA from isolated nerve cndings was studied.
Figure 6 shows that 10 mM glutamaie failed to cvoke any release of "H-GABA both
from fraction Py containing nerve endings from photoreceptors, and from fraction P2
containing synaptosomes from the plexiform luyer. Kainic acid. at the concentration
used in these experiments (10 #M). also failed to affect the release of GABA in the
subcetlular fractions (not shown).

To test the functional condition of our subcellular preparations. parallel experi-
ments were carried out using high concentrations of KCl as depolarizing agent. Figure




268 Moriin and Pasantes-Morales
6 shows that both fractions P and P, responded very effectively to the depolarizing
medium by increasing the relcase of "H-GABA more than four times.

DISCUSSION

The present results show that excitatory neurotransmitter amino acids induce
the release of inhibitory amino acids under conditions that suggest the involvement of
postsynaptic receptors.

A large body of evidence suggests that glutamic acid may be the transmitter
released by a population of photoreceptors {Iritonov, 1968: Gerschenideld and Piccol-
ino, 1979 Nuarc and Lam. 981 Cervetto and Piccolino, 1973: Werblin, 1979,
Glutmic acid may also be the synaptic transmitter of bipolar cells [Neal., 1976].
Binding studies in bovine and chick retinal membranes have shown that postsynaptic
receptors for glutamic acid are present in both the inner and the outer plexitorm
layers {Lopez-Colomé, 1981 Nitchell and Redburn, 1982, Recently Marce and Luam
[1981] have shown in the goldfish reting that ‘H-glmumic acid truansported by a
sodium-dependent mechanism, which is most probably labeling synaptic sites. is
selectively accumulated by rods as well as by ncurons from the inner retinal layers,

In the chick retina. glutamic acid induces the release of GABA and glyeine, The
ionic requircments ot this release may be usetul in the scarch of the cells trom which
this refease is occurrin The glutnmate-stimulated release of GABA s sodiume-
dependent but calcium-independent. This suggests two main possibilities tor the site
of GABA releasc—namely the horizontal cells and the glial cells. Studies of Yazuita
and Kleinschmidt (1981 ] and Schwarty {1982] in the goldtish and the toad retina have
shown that the refease of GABA trom the horizontal cells stimulated by glutamate.
sodium-dependent but calcium-independent. It is suggested that transmiter release
from these cells. which are devoid of synaptic vesicles, occurs through o sodium-
dependent. carrier-mediated transport, apparently not involving a stimulus-secretion
coupling triggered by calcium. In contrast. in the rat. the release of GABA induced
by glutamate is a calcium-dependent process [Kamada et al, 19811, This observation.
together with the tact that GABA is not accumulated by horizontal cells in this
species. supgests that GABA release oceurs from cells other than horizontat cells,
probably cells of the inner retina. Qur results in the chick retina agree with those
obtained in toad and goldfish retina, suggesting that horizontal cells may be a possible
site 0of GABA release in this species. Other cells releasing GABA by a calcium-
independent process are glial cells. However, a comparative study of Marshall and
Voaden [1974] showed that in the chick retina "H-GABA is not accumulated by
Muller cells but only by amacrine. horizontal, and ganglion cells.

A typical feature ot the glutamate-induced release of amino acids was the
influence of Mg. In this study. Mg was used with the aim of decreasing the amount
of calcium available tor the process of neurotransmitier release. Surprisingly. this ion
produced an increase rather than a decrease on neurotransmitter release. This etfect
may be duc o the reported activatory action of Mg on the interaction of glutamate
with its postsynaptic receptors [Baudry and Lynch. 1979]. This result. together with
the observed inhibitory effect of GDEE. a known antagonist of the glutamate-induced
synaptic actions [Roberts, 1974; Spencer. 1976: Davies and Watkins, 1979: Loépez-




Excitatory Amino Acids in the Retina 269

Colomé, 1981]. supports the notion that the releasing ceffect of glutamate occurs
through the activation of specitic postsynaptic receptors. The observations on isolated
nerve endings showing a faiture of glutamate stimulating GABA release arce also in
line with this notion. This point should be emphasized since glutamic acid exerts an
extensive excitatory action in the CNS to such an extent that it is difficult to find
neurons insensitive to its eftects, These responses have been proposed to be mediated
by the activation of extrasynaptic receptors leading o unspecitic depolarization {Cull-
Candy and Usherwood, 1973,

Although there is evidence suggesting that aspartic acid is an excitatory ncuro-
transmitter in the CNS [Johnston et al. 19734], very little work to date has been
directed toward the study o aspartate as neurotransmitter 10 the retina. Recent work
of lkeda and Sheardown [1981] has shown that L-aspartiate enhances the visually
driven excitation ot a specitic population of nglion cells and that the excitatory
responses Of visuul stimulation are specifically reduced by Z-aminophosphonovaler-
ate. a powertul antagonist of NMAL However, Shiells et al 11981 have shown that
aAA and aminophosphonovalerate do not aftfect membrane potential or responses to
light in rod horizontad cells. although these cells are markedly attected by kainic acid.
A study of Mitchell and Redburn [1982] on the binding of "H-aspartate to membranes
of bovine reting has shown the presence of receptor sites with hig
In the chick retir

h-affinity constants.
t. binding sites tor ‘H-aspartic acid are tound in membranes from
both the inner and outer plesitorm layvers [LLapez-Colomdé, 1981]. Accumulation of
TH-aspartate by the goldfish retina is observed preferentially at a specitic population
of photoreceptors, as well as in ghial cells. but not by horizontad. bipolar, amacrine.
or ganglion cells [Marc and Lam. 1981 The results of the present work, together
with the above mentioned obsersations. suggest that stimulation of aspartic acid
receptors is cliciting the release of GABAL cither from cells connecting with photo-
receptor or from bipolar cells. However, the marked difterences observed in the
distribution of retinal transmitters or uptake sites ot labeled amino acids between
species suggest caution when results obtained trom difterent species are compared.

The release of GABA and glycine clicited by NMA was markedty reduced
when Mg is added to the incubition mediunm. This effect is not due o a competition
of Mg for calcium. since calcium-tree media containing EGTA did not reduce the
release of GABA. Rather this could be a specitic effect of magnesium probably
antagonizing the action of NMNA at the receptor level, as it has been suggested by
Davies and Watkins [1977] and Evans and Watkins [1978]. An opposite cffect is
observed when glutamic acid is used as ligand. as was mentioned above.

Kainic acid. a rigid structural analogue of glutamate. interacts with receptors
that give rise to excitation in several brain arcas. KA has been proposed as a sclective
agonist for L-glutamic acid-preferring receptors [Johnston, 1979 Evans and Watkins,
1978: Cotman et al. 1981]: however, recent clectrophysiologica! [Hall et at, 1978}
and biochemical [Foster et al. 1981: Lopez-Colomé, 1981: Mitchell and Redburn.
1982] evidence suggests that KA is acting at a receptor population different from that
for glutamic acid. and the results of the present work., showing ditferences between
the amino acids released by KA and glutaumic acid. also support this notion. It has
been suggested that cysteic acid might be the natural transmitter of the
activated by KA. This hypothesis is not supported by the present results, sing

receptors
ce cysteic
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acid failed to stimulate the release of any of the inhibitory amino acids studied, which
were released by KA.

The differences observed between the responses clicited by cuach of the excita-
tory amino acids or ligands used in this study are consistent with the existence of
different receptors for aspartic acid, glutamic acid, and KA in the chick retina. The
results of the present work suggest that peurons releasing different excitatory amino
acids establish sclective functional connections with GABA-cergic and glycinergic
cells. Further studies with histochemical techniques are necessary to identity the
interconnected neurons precisely.
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A total of $-6 different cell types in vertebrate retinas accumalate ['Hp-aminobutyric acid (GABA). In frog retina, specific pop-
ulations of cells in the horizontal, amuacrine and ganglhion cell Layers are fabeled .lutnr.ulu eraphically after a 15-minin vitro incubation

with ['H]GABA. Cells which may be bipolar ar interplexiform cells are alo lubeled.

mitar autoradiographic patterns are observed

in chick retinag except for the absence of labeled bipolar or interplexiform cells. Inrat retinas, ['H]GABA uptake is limited primarily to

Muller and amacrine cells. Depo! Tutamate re.

cptor agonists (glu
fusion system. stimulated muassise release of [PHIGABA tfrom frog and chick retina but not from rat re

mate. aspartate and Kainic acid) applicd in an in vitro per-
na. Under these conditions,

autoradiographic labeling of horizontal cells was virtually depleted. while tabeling of other cell types remained robust. In contrast. po-

ta:
We conclude that ['H]

ABA

acnine
relatively insensitive To exatutony amina acids.

INTRODUCTION

There is a farge body of evidence which suppgests
that amino acids pla

© o major role in chemical trans-
mission in the retina'. Glutamate andior aspartate
(Glu/Asp) are principal candidates tor the neuro-
transmitter(s) released from photoreceptor cells and
from some classes of bipolar cefls” 2335303 These
cells represent first and second order neurons respec-
tively within the visual pathway of the reti Sari-
ous second and third order retinal neurons show dif-
ferent responses to Glu’Asp input, as a result of dif-
ferent types of Glu'Asp receptors have been pos-
tulated. based on their pharmacological sensitivity
and electrophysiotogical responses® 31430 AL of

these receptors are sensitive to glutamate and aspar-
tate: nevertheless. they cun be distinguished on the
s of their refative affinities for 4 Glu/Asp ana-
logues namely N-methyl-D-aspartate (NMDA),
quisqualate (QA). Kainate (KA), or 2-amino-4-phos-
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OO06-8993/86/$03.500 @ 1986 Elvevi
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um caused release of the Label from all 3 types of retina, and loss of autoradiographic labeling occurred uniformiy in all cell types.
ccumuliting horizontal cells possess depolanzing glutamate e
ceptors leads to a release o GABA stores. On the other hand, Muller cells and the various subclasses of [xl 1GABA-sccumuls

ion of these re-
ing am-

bipolar and or interplexiform celis, Jdo not release GABA in respanse to glutamate receptor stimulation and thus appear to be

phonobutyrate (APB). The APB tyvpe of Glu/Asp re-
ceptor displays o unique characteristic in that it
causes hyperpolarization and it is probably limited in
its retinal distribution to "ON™ depolarizing bipolar
cells??. The other three types of Glu’Asp receptors all
lead to depolarization and their precise localization
in r-.nnm is not as well established as the APB recep-

Gammnia aminobutyric acid (GABA) is probably an
inhibitory ncurotransmitter utilized by some am-
acrine cells in retina' '™ In addition. horizontal cells
and perhaps bipolar cells or interplexitorm cells in re-
tinas from nonmammalian vertebrates are probably
GABAcCrgic™ ¥
sent secondary and tertiary cells in the retina, The
relative position of the Gluw/Asp releasing cells with
respect to the GABAecrgic cells within the visual
pathway, suggests that the release of GABA might
be stimulated directly or indirectly by activation of
depolarizing Glu/Asp receptors.

These GABAcergic cells repre-

D.A. Redburn, Department of Neurobiology and Anatomy ., University of Texas Medical School at Houston, P.O.

dical Division)




In a previous studv', we provided some evidence
in support of this hypothesis. Depolarizing GluzAsp
receptor  agonists  stimulated  massive  release ot
FHIGABA from chick. The present work was car-
ricd out in order to determine whether all GABAcCr-
gic cells respond in an identical manner to glutamate.,
aspartate. and inate stimulation or alternatively, it
certain subpopulations are preterentially stimulated
by these amino acids. Using both biochemical and au-
toradiographic analyses we determined the etfects of
aspartate. glutamate and Kainate on ["HIGABA re-

Tease from isolated retinas ot 3 ditferent species. We
were able to quantity the stimulated release ot
[FHIGABA and distinguish its cellubar cource from
among 5 difterent [HIGABA-accumulating
Our resulis suggest that the massive

cells.

release of

[PHIGABA stimulated by Glu Asp analogues. origi-

nates from horizontal celis. and furthenmore that
Mutller cells and various subclisses of FHIJGABA ac-

cumulating amacrine. bipolar. and or interplexitorm
cells are relatively insensitive to stimulation by these
exXcitatory amino acids.

MATERIALS ANDMETTHODS

Spraguc-—-Dawley rats (130-200 ¢y, white Leghorn
chicks (24 months oldy. and froes (Rana pipiens)
were used for these experiments. Light-adapted ani-
mals were Killed by decapitation and retinas were re-
moved under room light. Tissuce was
Krebs-bicarbonate medium tin mMy: NaCl 118, KOt
4.7. KH.PO,-1.17, CaCl. 2.5, Mgs()3 1.2, Nal1lC O,
25, and glucose 1110 in a shaking bath at 37 - C
bubbled with O, CO; (950
7.4, After a period of S min. [THJGABA (50 0Ci mi:
0.6 M. final concentration) was added and the incu-
bation continucd for 15 min.

incubated in

and
R0 to maintain pil oot

Retinas were then trans-
ferred to glass supertusion chambers of 0.25 ml vol-
ume. Supertusion was carricd out with bubbled
Krebs-bi
ml/min.

rbonate modium. at a tlow rate of (Lo
ractions of the supertfusate were collected
at l-min intervals directly into scintillation vials,
Baseline was attained atter o period of 17 min, after
which the standard medium was replaced by one con-
taining glutamate. aspartate. Kainate. or depolariz-
ing concentrations of KCL At the end of the supcerfu-
sion. one third of cuach retina was homogenized in
0.32 M sucrose and an aliquot solubilized with tissue
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solubilizer (NCS. Amersham). The radioactivity of
collected fractions and that remaining in the solubi-
lized tissue were measured, The remaining retinas
were d and processed for autoradiography. Both
incubation and superfusion media contiined amino-
oxyacetic acid (10 % M) to inhibit PTH]JGABA meta-
bolism.  Thin-laver chromatography  verified  that
S84 = 1166 (o o== 4y of the labe) remained as au-
thentic [THIGABA under these conditions,

Atter incubation with [FH]GABA or superfusion
with depolarizing media. retinas were immediately
fixed with 2.5 glutaraldehyvde in 0.05 M cacodylate
butter, plH 7.2 ot room-temperature for half an hour
and at 4 °C overnight. Retinas were processed for
microscopy. by posttination with 19¢ OsO;.0 1 h de-
hydration in cthanol and propylence oxide., and em-

bedding in Epon. Scections of T-um thick were placed
on slides and dipped in Kodak NTB-2 nuclear wrack
cmulsion previously diluted with water (1:1). Sce-
tions were exposed for 2—-6 weeks, developed (Dek-
1ol developer). fixed at 4 C, and stained with Rich-
ardson’s stain.

RESULTS

frog reting

Autoradiographs of control frog retina after a 15-
min incubation period in [PHIGABA are shown in

Ta—c. Labelling appears highly concentrated
crsome cell ht\dlL\ located in the outermost part ot
the inner nuclear laver (INL), corresponding to the
position of horizontal cells. Some nuclei in the middle
of the INL are also heavily labelled. and some of
them show processes which project to both plexiform
Layers (Fig. 1b—d), suggesting that these cells could
be bipolar or interplexiform cells. Some cells in the
amucrine cell layer are weakly labelled (Fig. 1c) In
addition. both inner and outer plexitorm layvers (1PL,
OPL) appear to have accumulated [THIGABAL In
more central arcas of the retina. where the nerve fi-
bor laver (NFL) s prominent. a high density of grains
uppgun to be associated with ganglion cell axons

ove

¢. ¢ In more peripheral arcas, with o thin-
. labelling is much less pronounced (Fig, 1d).
Note that there is no [TH]GABA-uptake into Muller
cells. When retinas were incubated without amino-
oxyuacetic acid (AAOA). the labelling pattern of
PHIGABA was similar to those treated in the pres-

ner NFI
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Fig. 1. Autoradiographic locahization of ['HIGABA in frog reting. s stained autoradiogram shows normul. laminar arrangement of
retinal nedrons is relatively unatfected by o 15-aunin vitro sacubation period. Labeling is present inthe outer plexiorm ayer (OQPL),
inner nuclear layver (INL) inner plesiform Layer (1IPL) and nesve fiber laver (NFL)Y # IL B2 at higher magmnicanion, labeling ot hori-
zontal cell badies (single arrow ) and processesin the OPL are hiy apprectated. Labeling s also obsery 1 aspeatic popualation of
celi bodies in the middle of the INL (double arrows). The shite arrow denotes i labeled process projecting to the 1PLin which light fa-
1oesds unstinned autoradiographs demonstrate the relatively umtorm distribution ot Labeled cell bodies in the
1y and cent L= 2200 In td). note grains an the NFE and labeled process projecting
n~in the NF ized 10 ganghon cellaxons bundles Garrows ). « S50

-

beling is alsa seen. «
INL from mid-periphe
to the OPLL (arrow).




Fig. 2. Stimulation of ['H]GABA release trom trog, chick and
rat retinas. Isolated retinas were pre-incubated in [ 'HJGABA
and perfused in buffer contiming the stimulating agent. Re-
sults are expressed s the mean * ML of the radioactivity
released in the presence of the sumulant daivided by the radio-
activity released tn standard butter just proor to the somulation
The numbers of experunents are histed in parenthesces

cnce of that drug (not shown).

Frog retinas were preloaded with [TH]JGABA for
15 min and then superfused with butter untid a stable
bascline of efflux was established. Addition of pluta-
muate. aspartate or kainic acid to the superfusion buf-

fer caused a lar tncrease in orelease rates CTable 1

Fig. 2). Kainic acid was much more potent than
cither glutamate and aspartate. Glutamate was only
sightly more effective than aspartate in cvoking
[PH]GABA release.

Autoradiographs of these retinas show that glu-
tamic.
lcase of [*H]GABA from horizontal cell bodies and

ispartic and kainic acid caused o selective re-

TABLE 1

Dose response of hamie. glitamie and aspartic actd-sumidated
release of ['HICGARA from trog retina

Conditions are the same as deserbed in Fig. 20 Results are ex-

pressed as the m NI () of the radicactiviny released
in the presence of the stimulant divided by that releasedan stan-
ditrd buffer just prior to the stmulation,

Kuruc CGlrdarene Asparin
actd wcid wctd
M 239 2 0.7 3y
20 M ©DYT = 155y
200 g M 16.0 = 1.0 (4)
SO0 M 2.29 = (0.5(3) 3.70(1)
1 mM LR > 35 ()
2mM 1005 = 2.7(3) R.86 (1)
5mM = 0.9(3) s.6(1)
10 mM 2R () 20.3(3)
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Fig 2 Autoradioprams of PHIGARA i frog retima after
chemical sumulaton Kame aad. slutaanate and aspartate
catused loss ot Label from honzontal el badies and processesin
the TPE. Scee B 1 tor comparnsan Labeled cell bodies in the
INL appear unattected arrowsy a0 MmN glutamate =S50 by
10 MmNt aspartate. unstinned. = 2300 0 2000 (M ke acid
w350, Cellubar dimuage s seen under alt 3 stimulation condi-
tions; boweser, chromaotoluvss and swelling are mach more pro-
nounced in kamic acid-treated tissae
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the OPL. but not from the hipolar or interplexitorm
cell bodies (Fig.

a—c). Due to the relatively weak la-
belling of amuacrine cells in control tissues it is Jditti-
cult to determine with certainty whether or not am-
acrine cell labelling in this retina is changed by Kainie
acid treatment. In contrast, labelling ot bipolar or in-
terplexiform cetl bodies is clearly unchanged by Kain-
ic acid rreatment (Fig. 30). In Kinie acid-treated reti-
nas. profifes in the OPL are swollen although ooy
ceil bodies in the horizontal cell Tayer are relatively
unaftected (1

. 30 The heavy tabetling in the OPY
and horizontad cotl Ly er. seenin control tetinas (g,
La—d), i~ virtually absent atter Kamne acud treatment
(~eoe Fig,

<. There is substantial Kasnic acid-induced
damuage in the amacrine cell Laver and vacuolizauon
in the P11

In glutamate-treated retinas (g, 30) the morpho-

logical damage s much less pronounced. althoueh
the general pattern ot cell damuage is simtlar 1o that
scen with Kaime acid. Vacuolizanon as observed in
both the OPL. and the [P Cells of amacnme cell Ly -
<r show slightly more chromatalysis than those in the
horizontal cell Tayer. As seen atter haanie acnd treat-
ment, supertusion wath glutamuate also resalts ain o
complete loss of tabelling in the horzootal coll s er
and the OPL. Shght accumulation ot label as ob-
servedin the amacrine cell kiver. sumlar to controls
[FH)GABA accumulition by bipolar cells remains ro-
bust after glutamate treatment,

Effects of aspartate (Fig. 3b)y on both labelling and
morpholo

v of the retina were indistinguishable from
those observed after glutamate-treatment.
Chick retina

In chick retina exposed 10 [FHIGABA for 15 min.
the label is concentrated by cells in the horizontal.
amacrine. and  panglion cell lavers (see Fig, 4y,
Among these, the horizontal cell layver s the most
densely labelled. Labeliing in the OPL forms a char-
acteristic double layer, directly adjacent to labetled
horizontal coll bodies. Grains are also present over
the 1PL. which trequently shows labelicd sublayers.
This sublaminar arrangement s most readily ob-

served in unstained sections which have been overex-
posed as is shown in Fig, 4¢. The sublayver immediately
adjacent to the ganglion cell laver is the most promi-
nently labelled. The high grain density over the NFILL
suggests that some of the tabelled cell bodies in the

Pig 4 Autonahiostaphie locatizanon ot D HG VB A n chick re-
tuna. s staoned autoradiovtam sheoses dense accumulation in
honzontal vell bodies amd provesses e the OPL L Cells in the
INL are less denscly labeled Cither labeled elemoents imclude
cell bodies m the ganghon cell kner and panghon cell axons in
the NEL ~ 3400 b unstaaned autoradiogtaan revealbs the oserall
pattern of PHIGARA decamulation i the chick retinag, Under
these conditions. labeling in the P can be readily apprea-
crated. v 2200 ¢ unstained autoradiogram, obtained with long
exposure times, accontuates the lamuation ot Libeling in the
1971 <330




Froo 5 Autoradioenans of PTHGABA i chick teting atter chenial stimulation Koo acn
Libel trom horesontal coll bodies and provesses i the TP See © e
10 200 08 ko aod shows sselhing of most el bodies an the 1N

Gt caposed 1o 10 mNT slutamate shows less swetbhng than that obsenved swath harmmie aond treatment, howeser

erns are simibar 1

R

B )‘: £
SR 4 O
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Voettamate and aspartate vauscd Loss of

Lo compaton o stamed autotahoeiam of Chick retig exposed
and s cuchizationin the OPL S As0 b g thas unstoned autoradio-
sram ot chickh retma esposed 200 0N e acnd, labehinean the oater retinaas absent Hoovovern abehing of (el bodies s the Gre ]
tosome extentan the IND L are sntl paesent Dabehngn the sablannonae ot the TP s alsoapparent < 1700

and
Costncd section al vhick re-
Autoradiographae pat-

thehing of horeontal coll bodies and processesan the OPD are vintaallv desvond ot Babeb winde Tabeling ot eedlsin the

amacrine cell Liser and 1P temanns robust - 3300 0 exposane to Somd ] potassium causced sselhimg particalas by o gl celt bodes and
their processes in the outer tetina. T abehing in the OPD s prosent, althoush it s cemticantiy decreasad comparaed to control tssue.

<350,

ganglion cell Layer are panglion cells rather than dis-
placed amacrine cells. Chick reting does not show
['HIGABA accumulation into Muller cells

The effects of Kainic. glutamic and aspartic avid on
PHIGABA release is shown in b 2

2. When retinas
were supertused in the presence of 200 48 Kainic

acid. the refease of [PHIGABA was increased by
B

5.77 * R.19-fold over resting values, Superfusion
with 10 mM glutamic acid induced o 18.22 = 3.27-
fold stimutation of [FHGABA basal release. Similar
results were obtained when retinas were treated with

aspartic acid. This amino acid, used at a concentra-
tion of 10 mM. stimulated [THJGABA release by
17.50 = o.04-fold. The amount of [THJGABA re-
leased by the depotarizing effect of KCIH(o.69 = 1.79-
foldy was less than that clicited by the eacitatory ami-
no acids.

Autoradiographs show that label is absent from
the OPL and from horizontal cell bodies after retinas
were subjected 1o Kiinte acid (200 4N} stimulation
(Fig. 50, b). In spite of pronounced swelling through-
out most of the INL. note that radioactivity is still



Far o Autoradiopaprhie locabization of PRGBS noar ret

na o staned sutorsdinam shosos dense abehinge o Naller
coll bodies m the ISND and processes i the NE Sna Heanas
eaposed. anstamned aatorahonram shows labeted s spiodie

SHaped processes of the Muller celt swhich extend tes the vuter
Inung membrane (O ML and Libseled Toot pads which fonm
the moer oty membiane (1 N 1 abelinge s alse obaered
wathin round cett proniles wothe anacnne b Sem L
nation of Label s scenan the TP - 300

present over 1P as well as am

mine and panglion
i-
-

cell bodies, Murthermore, distinet lumination as re
ily observed within the EPL Gtier kainie acid tre
ment (see Fig. Sh).

Autoradiography ot [THIIGARBA preloaded chick
retinas in Fig, 5¢ demonstrates that the ettects ot glu-
tamirte arce similar 1o those observed for kainie acid
treatment. However, much less muorphological da-
muage is observed in glutamate-treated retinas. Some
vacuolization is present in both OPL and 1PL: how-
cver, chromatolysis within the INL s very hmited
(Fig. 5¢). Labetling of amacrine and
well as sablamina in the 1P s ancha

anglion cells as

weed compared
to controls: however, honizontal cells and OPL are
devoid of fabel (Figs. 30y, Sinular fabel distribution

and morphological results are observed in retinas

perfused with either aspartic acid (2 and 10 mM) of

Kainic (20 4N and glutamic
shown).
Superfusion of retinas with 36 mM KOl results in a

cid (2 mM) (not

Fig T Awtoratioorams of PRJGARA i cat retinag atter chenn-
val stimulation Some swethne s observed waithin vanious ten
nal clethents, bosever, the overallautotadiosiaphie paitern s
anchanced trom vonteol tsues thie o) a0 J00 e N konme acd
Bl N slutamare 10

homogencous reduction ot

volb that previonsty accumulated {HIJGABA L Tre

rain density from every
1t-

ment with this depolarizing ;
swelling of virtually all retin

gent also o

uses massive

Sdy.

al ncurons (Fi

Rar retinag

Fig. 6, b shows grain distribution in rat retina af-
ter incubation with | THGABA for 13 min. NMost of
the Labelling is localizced onver Mullicr celt bodies in the
middle of the INTL as well as over Nuller eell terminal
teet which form the inner limiting membrane. Label-
ling s also present over

tial cell processes through-
out the ONL and oxtending to the outer limiting
membrane. In contrast to chick and tfrog retinas (see
Figs. 1 and 3). this mammalian retinag does not show



accumulation of [*HJGABA in horizontal cells or the
OPL: however some spherical cell bodies located in
amacrine cell layer show a high grain density (F

Superfusion of rat retinas with 2000 N1 Kainic acid
after previous incubation in { 'H]GABA for 15 min.
fiiled to evoke o significant increase in [FHIGABA
Fig. 2). Stmilur results were obtined

release (se
when retinas were supertfused with cither glutamic or
aspartic acid at various concentrations (2-10 mN1).
In contrast, addition of So mN KCH o the superfusion
medium resulted in anincrease of .26 = (0 12-fold
:r [FH{GABA basal release values (Fig, 2).

The autoradiograph in Fig. 7a shows the graan dis-
tribution in rat reting atter kainic acid treatment. The
labelling pattern remains unchanged after retinas
were superfused with 20 or 2000 403 Kainie acid. Most
wd
their processes. In these retinas, there s cellular da-
mage in much of the amacrine cell Laver. although
some cell bodies in the innermost part of the INL re-

(V1%

of the litbelis still present over Muller cell bodies

main fabelled.

Both  glutamate (Fig, 7by
shown)-treated retinas show o labelling distribution
ted retinas.,

and  aspartate (not

cid-tr

similar to that observed in Katnic
Cellular damage is markedly pronounced in cells in

the amacrine cell Laver: however. some cells located

h grain density.

in that layer show o hi

Retinas treated with 56 mM1 KO do not change
their general pattern of lubelling: rather there is
overall reduction of grain density (not shown). This
Treatment Causes Sw
observed for chick retina (se

Iing in most of the cells, as was
> Figl 4y

DISCUSSION

Audiographic accumulation of [PHJGABA accu-
mulating cclls in retinas from a variety of species
have been well studied. In agreement with previous
observations'! ', we find that frog and chick retinas
demonstrate an exclusively neuronal distribution of
PHIGABA uptake. Horizontal cells are most heavily
labeled in retinas from both of these species. In the
chick retina, other labeled cell populations are lo-
cated in the amacrine and ganglion cell layers, with a
significant accumulation in the IPL. Ganglion cell ix-
ons in the nerve fiber layer are also heavily labeled in
this species. In contrast., the labeling of cells in the
amacrine cell laver and ganglion layer was not appar-
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ent in frog retinas, However, another cell type. with
cell badies located in the center of the inner nucle:
layer. was heavily labeled. These audiographic ¢
werns are abso in agreement with previous publi
tions™. The identity of the eells in the middle of the
inner nuclear laver in frog is unknown, although they
are likely to be either bipolar cells or interplexiform
cells, based on the distribution of labeled processes
from the cell which apparently project to both plexi-
form layers. Uptake of [TH]JGABA into similarly lo-
cated cclls in mudpuppy reting have been interpreted
ity evidence tor the presence of GABAcrgie hipolar

celis?™. FHowever, clectrophysiological and pharma-
cological evidence sugpest that most bipolar cells re-
lease excitatory neurotransmitters™ and thus does
not support the notion that bipolar cells  utilize
GABA as an inhibitory neurotransmitter. In cat reti-
interplexiform celis have been described which
accumutate [FHGABA'". Based on these considera-
tions. it may be possible that these tabeled cells in the
frog reting are interplexitorm cells.

Aspartate. glutamate and kainie acid were found
o he potent stimulators of [TH]GABA release in
both the frog and chick retinas. Al 3 compounds
caused roughly a 20-fold increase in the amount of
[FHIGABA released above buascline tevels. This was
signiticantly more stimulation than that scen with 56
mM KCl which was approximately o-fold tor trog and
Iysis of tissues af-

phic ang

chick retinas, Autoradiogr
ter potassium stimulation showed a gencralized de-
abceled cells. In contrast.

crease in labeling of all the
tissues exposed to glutinmate, aspartate or kainic acid
showed specific and virtuaily complete Toss of label-

ing of the horizontad celis. while labeling of other
lIs in the inner

cells remained intact. Labeling of ¢
nucleuar layer in the frog retina and of celts in the am-
acrine cell taver and ganglion cell layer in the chick
retina. was in tuct more readily appreciated in the ab-
sence of the heavy label normally associated with ho-
rizontal cells under control conditions. A striking ex-
ample of this phenomena is seen in the complex
banding pattern of ["HIGABA accumulation in the
chick retina. which is more readily appreciated after
treatment with glutamate, aspartate or kainic acid.
No labeling of Muller cells in chick or frog retina was

observed under any of our conditions. We conclude

from these experiments that horizontal cells show a
preferential sensitivity to kainic acid, glutamate and
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aspartate. Furthermore. the increased release in
PFHIGABA clicited by these compounds originates
primarily from horizontal cells. Other retinal cell
types which also accumulate [PHJGABAL including
cells in the middle of the inner nuctear layer and am-
acrine cell layer. are relatively unaffected by excita-

tory amino acids and do not show significant loss of
labeling when exposed to these compounds,

Autoradiographic analysis of rat retinas showed
marked labeling of Muller cells which masked 1o«
large extent the labeling of amacrine and ganglion
cells. although it was possible 1o observe some
labeled amuacrine cell bodies., As previously re-
ported®7 %, the differential metabolic rate ot 1]
GABA in Muller vs neuronal cells in the retina. ini-
tially results in a predominantly Muller cell pattern ot
accumulation. which fater changes 1o a neuronal pat-
tern of accumulation with increasing postincubation
time. In our release experiments. retinas were incu-
bated in the presence of [PHIGABA.L trunsferred 10 su-
perfusion chambers, and pertused so that 20-30 min
clapsed between the incubation period and the appli-
cation of the stimulus., Under these conditions,
PHIGABA is predominantly localized in neurons,
namely. cells in the amacrine and ganglion cell ay-
ers. Stimulation of rat retina under these conditions,
with glutamate or kainic acid. led to o relatively maod-
est (two-fold) increase in the amount of [PH]GABA
released compared 1o bascline levels, Addition of So
mM KCI clicited signiticantly more release. roughly
4-fold above bascline. The release clicited by gluta-
mate and Kainic acid, although significant. is well be-
low that scen in the chick and frog retinas, The auto-
radiograms of rat retina atfter glutamate or Kainic
acid treatment. did not provide a clear demonstra-
tion of the cellular source of the released GABAL

It does appear that the distribution of {'H]GABAL
at the conclusion of the stimulation experiment,

shows u higher concentration of label associated with

Muller cells than is present in unstimulated tissue ex-
posed 1o the same perfusion time. One explanation
for these findings is that i portion of the released
GABA may be sequestered through the Muller up-
take system and thus remained in the tissuc. There-
fore. ['THIGABA measured in the perfusate may rep-
resent only a portion of that released by retinal neu-
rons and the remainder may have been taken up by
Muller cells, as evidenced by the autoradiograms.

We can conclude from these experiments, however.
that in mammalian retina. Kainic acid and glutamate,
at the relatively high concentrations used. do not de-
plete cither Muller cells or [THIGABA neurons of
labeled ligand. These findings are in contrast 1o frog
and chick retina horizontal celis, which are depleted
under these conditions.

We have recently reported that nconatal rabbit re-
tina exhibits significantly ditterent [*H]IGABA up-
tuke patterns than the adult™. Adult rabbit retina ex-
hibits ['H]GABA accumulation patterns which are
virtually indistinguishable trom that of adult rat, ¢

moly dense labeling ot Muller cells with uptake also
seenin amacrine cells and their processes in the (PL.
Two signiticant difterences were noted in neonatal
tissues. First. uptake of [ THJGABA by Muller cells is
significantiy less in the neonatal retinag than in the
adutt. and sccondly, o population of horizontal cells
accumulate GABAL These two dittferences are not
observed after the fifth posmaatal day. The neonatal
rabbit reting preparation thus provides a mammalian
retina which exbiibits key GABA-related properties.
which are normally expresscd in the adult non-musm-
malian retina.

We hive begun experiments to deter-
mine sensitivity. of these neonatal ['H]GABA-accu-
mulating horizontal cells 1o excitatory amino acids.
Our preliminary results stgeest that when neonatal
rabbit retinas are preloaded with [THJGABAL the ob-
served responsc is simibiar to that scen in non-mame-
malian retinas: namely. massive release ot (-
GABA s stimulated by these compounds and auto-
radiographic patterns contirm that the major source
of the released GABA s from labeled horizontald
cells. OF particular importance is the fact that the la-
beling of amacrine cells in the neconatal retina is not
altered by treatment with glutamuate. aspartate or
Kainte acid. These findings, although preliminary.
may provide evidence that the relative lack of stimu-
Lated release in the adult rabbit reting and perhaps
adult rat, isin fact due to a luck ot Kainic acid sensitiv-
ity of the GABA-accumulating amacrine cells, Fur-
thermore, that the apparent lack of amacrine cclt
sensitivity is not due to @ masking ot the release effect
by avid NMuller cell uptake since neonatal rabbit reti-
na showed little or no loss of label associated with
amacrine cefls. even in the absence of avid Muller
cell uptake.

We conclude that GABA-accumulating amacrine



cells represent part of a relatively small population of
amacrine cells which are relatively insensitive to
kainic acid and other excitatory wmino acid neuro-
transmitter agents. Our previous autoradiographic
studies support this suggestion™™. We obscrved en-
hanced [PHIGABA accumulistion in amacrine cells of
the rabbit retim
acid. In contrast. uptakhe of [PHjglutimate by am-
acrine cells was abolished by thes treastment. We also

after in vitro incubation in kainic

noted the loss of 2 of the 3 bands normally labeled by

PHIdopamine in the 1P of the rabbit stier m vitro
treatment with kinnic aaid. We interpreted these re-

sults to indi

popul
ing of Kainic acid-sensitis ¢ and kainic acid-insensitive

1ite that there may be heteropencous

muacrine cells. consist-

tions ot dopaminergic

cell types. In our present results, we tound no sjenifi-

cant change in the distribution of [‘H]GABA in the

inner retina in response to hainic aad. glutamaste or
aspartate. For example. the multiple complex band-
ing pattern in chick reting showed no change in over-
all pumber or position ot dabeled laminac. hus
GABAerpic amacrine cells behave as i homogenous
population with respect to sensitivity 1o these come-
pounds.

Kainic acid is thought tointeract with cells through
a membrane receptor which may tunction physiologi-
cally as a subclass of glutamate receptors” V2 Cel-
Tutar responses to Kainic aad include depolarization,
swelling and necrosis, T'hice proposed Kaimie acid re-
ceplor appears to be responsible toy all these cellular
s
points on a4 continuum rather than separate and dis-

sponses. which n tact may represent dittferent

crect responses. The ctfects of glutamate and aspar-

sted through o varn-

tate could theorcetically be med
ety of mechanisms since thoese compaounds not onldy
interact with proposed postsyoaptic receptors, but
are also taken up and released by oretinal ncu-
rons™ 7 ynd are involved in gencral amina acid
metabolism!= 17 However. since the results of all 3
compounds were very similar under all conditions
tested. this suggests that the major actions ot all 3
compounds may be mediated through postsynaptic

receptors, It is tempting to speculate that the ob-
served responses are indicative of the presence or ab-
sence of glutamate or aspartate receptors on these
different populations of [ HJGABA-accumulating
cells. It may be generally agreed. at least in the case
of kainic acid. that the responsiveness to Kainic acid
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can be taken as an indication of the presence of kainic
acid receptors, However. the converse may not be
cagually valid. As suggested by Miller! . the possible
involvement of chloride ions in the expression of one
kainic acid response. namely swelling. may preclude
simple interpretations. According to Miller's hypoth-
esisctwo components. e Kaimie receptors and a high
permeability to chioride. might be necessary in order

for aswelling response to be expressed. The presence
ot Kainic

not be sutficient to
allow swelling to occur. The possible implications of

wid receptors alone mi

this hypothesis o the interpretation of our data are
further confounded by the fact that the release of
PHGABA may or mas not be di
swelling phenomena. Thus, we can only conclude
with certiinty that excitatory amino acids cause pref-
crenual release of [THIGABA trom horizontal cells
as compared to other [TH]GABA-uccumulating cells
noretinas from oo variety ot species. However, we

eotly related to the

cannot necessarily conclude that the basis for the Jdif-
ferential sensitivity s due solelv 1o the presence or
absenee of Kimnic acid receptors or chloride channels,

The only ditference we observed in the response to
the 3 stimulatory amiino acids used in this study was o
ditference i potenc

Kainic acid Zplutamate > as-

partate. Redativelv b concentrations of  these

spents were used in order to manimize the chances of

observing o change i autoradiographic patterns,

Under these conditions, we were unable to observe
any difference in the sites of action of these com-
pounds. Sipcee these compounds exhibit vastly ditffer-
ent uptake
to draw any conclusions reg

ind metabolic properties, it is impossible
the relative den-
nities of

arding

Sty of proposed receptor sites or relative afl
these compounds for their receptor sites based on our
results,

It s of interest to note that the Kainice acid sensitivi-
ty Of GABA
tent phenomena in not only non-mammalian verte-
nspe-
o in o which GABA-sccumulating cells are present
during a transient period of postnatal deselopment™.

ceumulating horizontal cells is & consise.

brate species. but also o at least one mammal

There s growing evidencee from several laboratories
that photoreceprors release an excitatory amino acid
neurotrunsmitter onto horizontal cells'*. Thus. the
refciase observed in our experiments may. in fact, re-
flect the stimulated release which oceurs in response
to the endogencous photoreceptor transmitter. On
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the other hand, there is little evidence that other
GABAcrgic cells of the retina, such as amacrine
cells, receive direct excitatory input from bipolar
cells which are also thought (o release an excitatory
amino acid neurotransmitter s, the rela
sensitivity of the other G.»\l},\crgic cells of the re
may. in fact. reflect the lack of postsynaptic receptors
on these populations of cells,
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