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Summary. Neurons within the compound eye of 
the fly Calliphora erythrocephala, suspected of con- 
taining gamma-aminobutyric acid were revealed 
immunocytochemically, using antibodies directed 
against gamma-aminobutyric acid (GABA) and 
glutamic acid decarboxylase (GAD). The GABA 
content within putative GABAergic neurons was 
increased by high affinity uptake of GABA and 
selective blocking of GABA metabolism with Ga- 
baculine. Only neuronal populations which were 
labelled with the GABA as well as the GAD anti- 
bodies were presumed to be GABAergic. The first 
optic neuropil (lamina) exhibited two distinct GA- 
BAergic fibre populations amongst a larger popu- 
lation comprised of fourteen cell classes. One fibre 
population was formed by the axons of the phot- 
opic photoreceptors R7 which pass through the 
lamina and terminate in the second optic neuropil 
(the medulla). The identity of R7 was established 
from longitudinal and transverse sections of the 
retina where R7 can be unequivocally distin- 
guished from the six scotopic photoreceptors R1-6 
and the other photopic receptor, RS. 

The other fibre population matched the profiles 
in the lamina of terminals of efferent C2 neurons. 
These neurons project distally from beneath the 
medulla out to the lamina ganglionaris where each 
retinotopic unit (cartridge) contains a characteris- 
tic hook-like terminal arbor distally. We propose 
from these data that the photoreceptors R7 and 
the efferent C2 neurons use GABA as a neu- 
rotransmitter. 

Introduction 

The optic lobes of dipteran insects are one of the 
most thoroughly studied neuropiles in arthropods. 
There is a volume of information about both the 
cellular morphologies and synaptic connections of 
a number of neurons (Strausfeld and Nfissel 1981) 
and electrophysiological data provide information 
about the functional role of many cell types (De- 
Voe 1985). 

However, our knowledge about transmitters 
mediating the numerous synaptic interactions is 
comparatively small. Only a few studies deal with 
the neuronal localization of neurotransmitters in 
dipteran optic neuropil. These include histochemi- 
cal and immunocytochemical studies of the mono- 
aminergic neurons (Klemm and Axelsson 1973; 
Nfissel and Klemm 1983; Nfissel et al. 1983) and 
autoradiographic studies on the GABA localiza- 
tion in the lamina, employing GABA uptake 
(Campos-Ortega 1973). The drawback of this ap- 
proach is that it relies on the hypothesis that 
GABA is inactivated at the synaptic site by a high 
affinity uptake into the presynaptic terminal (Iver- 
sen 1971). However, it has been shown that such 
an uptake can also be into postsynaptic terminals 
and into glial cells (Iversen et al. 1975). 

A more reliable indicator of GABAergic neu- 
rons, which is widely used, is the immunocyto- 
chemical localization of the GABA biosynthetic 
enzyme, glutamic acid decarboxylase (GAD). The 
presence of GAD within a neuron is considered 
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to be one of  the best indicators for GABAergic 
action by this neuron (Oertel et al. 1984). In addi- 
tion it has now become possible to directly detect 
endogenous GABA with an anti-GABA antibody 
(Storm-Mathisen et al. 1983). 

The aim of the present study was to reveal GA- 
BAergic neurons in the peripheral part of  the fly's 
visual system. Possibly, such neurons may use 
GABA as a neurotransmitter, as indicated by the 
immunocytological demonstration of endogenous 

G A B A ,  and its synthesizing enzyme,  GAD. 

Materials and methods 

Experiments were carried out with the blowfly Calliphora eryth- 
rocephala, reared in the authors' laboratory. Light or dark 
adapted flies were used. 

Immunocytochemistry was done with three different anti- 
bodies : 

1. GABA-antibody (Immuno Nuclear Company; raised in 
rabbit); 

2. GAD (glutamic acid decarboxylase) I antibody (gift from 
Chr. Brandon, Chicago; raised in rabbit); 

3. GADII  antibody (gift from D. Oertel, Munich; raised 
in goat). 

Animals were decapitated and the back of the head opened 
to allow penetration of fixative. For  GABA or GADII  immun- 
ocytology tissue was fixed at 20 ~ for 1 h with a solution 
of 4% paraformaldehyde, 0.05% glutaraldehyde and 3% su- 
crose in 0.1 M S6rensen phosphate buffer. For GADI  immuno- 
cytology the tissue was fixed with 2% paraformaldehyde, 
0.03% glutaraldehyde in 0.05 M S6rensen phosphate buffer 
(pH=6.5)  for 20min, followed by 2% paraformaldehyde, 
0.03% glutaraldehyde in 0.05 M phosphate buffer (pH=8.5)  
for 1 h and then 2% paraformaldehyde in 0.05 M phosphate 
buffer (pH = 8.5) for 0.5 to 1 h. 

After fixation tissue was washed twice for 15 min in 0.1 M 
S6rensen phosphate buffer and soaked overnight in 30% su- 
crose in 0.1 M S6rensen phosphate buffer at 4 ~ 

The tissue was then embedded in cryomatrix (Shandon). 
Frozen 18 jma 25 gm sections were cut horizontally or frontally 
and mounted on gelatine precoated slides. These were placed 
for 2 h on a hot plate (37 ~ and then washed 20 min in PBS 
(for GABA- and GADII  antibody) or KPBS (PBS with elevated 
potassium concentration; for GADI  antibody). Sections, deter- 
mined for immunocytology with GABA or GADI  antibody 
were incubated in 10% normal goat serum in PBS or KPBS, 
at 20 ~ for I h. Afterwards, 18-24 h incubation with the pri- 
mary antibody was done at 4 ~ The antibodies were diluted 
as follows: GABA-antibody in PBS with 0.3% Triton X and 
5% NGS at dilutions, ranging from 1:1000 to 1:3000; GADI  
antibody in KPBS with 0.05% Triton X and 5% NGS at dilu- 
tions of 1:750 to 1:1000; GADII  antibody in PBS with Triton 
X at a dilution of 1:1000. After incubation with GADI  anti- 
body, sections were washed in KPBS and then gently trans- 
ferred into PBS by adding PBS to KPBS. All the following 
steps were interrupted by washes (two times, 15 rain) in PBS 
and carried out at 20 ~ 

Immunoreactivity was detected with either the peroxidase- 
antiperoxidase method (PAP) or the avidin-biotin binding 
method (ABC) with diaminobenzidine (DAB) as the chromo- 
gen. 

In case of GABA immunocytology the GABA immunore- 
activity of putative GABAergic neurons was enhanced by incu- 

Fig. 1. Frozen sections (20 gm) containing part of the retina 
(rt), the lamina (lg) and the first optic chiasma (ch). The section 
was incubated with GABA antiserum. Immunoreaction was 
revealed using the PAP-method. Large black arrows indicate 
immunoreactive fibres in the retina which cross the basement 
membrane (bin) and enter the lamina. Thin black arrows indi- 
cate an immunoreactive fibre which enters the lamina from 
the chiasma and terminates at its distal border with a beaded 
structure. Several similar structures are visible within the lamina 
and retina. Open arrows indicate tracheal structures. Scale = 50 
gm 

bating the fly's head in a solution of 100 gM GABA and 
100 gM Gabaculine hydrochloride (a gift from Ciba Geigy, Ba- 
sel). There is evidence that Gabaculine is a potent inhibitor 
of the GABA degrading enzyme GABA transaminase (L6scher 
1980), thus resulting in GABA accumulation. 

In order to check the specificity of the antibodies used, 
control experiments were preabsorbtion of the primary anti- 
bodies with their corresponding antigenes; and, incubation with 
the second antibody (for PAP also for the third antibody) in 
absence of the primary antibody. 

Results  

Staining intensities 

F r o z e n  s e c t i o n s  l a b e l l e d  w i t h  a n y  o f  t h e  t h r e e  a n t i -  
b o d i e s  r e v e a l e d  a g r e a t  n u m b e r  o f  n e u r o n a l  e le -  

m e n t s  c o n t a i n i n g  i m m u n o r e a c t i v e  m a t e r i a l  a n d  
a l s o  s o m e  l a b e l l e d  n o n - n e u r o n a l  e l e m e n t s  ( F i g .  1). 
A c o m p a r i s o n  o f  t h e  s t a i n i n g  p a t t e r n  o f  t h e  t h r e e  
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Fig. 2. A Horizontal section treated with the ABC-method, omitting the primary antibody. Unspecific labelling of trachea network 
and airbag membranes is pronounced and unspecific labelling of the basement membrane and the pigment cells is weak. B 
Section incubated with anti-GABA preabsorbed with 1 mM GABA prior to incubation. Compared to the labelling without primary 
antibody additional labelling of the rhabdomeres of the photoreceptors is visible. C Section incubated with anti-GADII, preabsorbed 
with 300 gM GAD prior to incubation, shows no unspecific labelling. D Section incubated with anti-GAD I, preabsorbed with 
300 gM GAD prior to incubation, shows unspecific labelling of some monopolar cell bodies. Scale = 125 txm 

antibodies showed slight differences in the number 
and types of  labelled neuronal and nonneuronal 
elements. On the other hand all three antibodies 
labelled prominent and morphological defined 
neuronal elements. These are described below. 

The following control experiments distinguish 
labelling of  elements other than neurons, as well 
as unspecific labelling, from specific neuronal la- 
belling. When the staining procedures are carried 
out in the absence of the primary antibody, net- 
works of  trachea and airbags were still labelled 
as is, to a lesser extent, the basement membrane 
and the pigment cells of  the retina (Fig. 2A). This 
type of labelling is possibly due to endogenous per- 
oxidase. The same pattern of  staining could be 

demonstrated with the DAB reaction alone. Un- 
specific (as well as the specific) labelling showed 
differences in intensity in consecutive sections. The 
reason for this is not yet clear and no systematic 
variability was found. The variability was observed 
for background labelling, which we could reasona- 
bly well suppress using normal goat serum and 
high dilutions of primary antibody. In addition the 
ABC method prooved slightly superior to the PAP 
method. 

In preabsorbtion experiments where the GABA 
antibody was preabsorbed with 1 m M  GABA, 
neuronal fibre labelling was absent, but the rhab- 
domeres of the photoreceptors still remained la- 
belled (Fig. 2 B). Preabsorption of the GADII  anti- 
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Fig. 3. Anti-GABA staining of dark adapted retina after incu- 
bation in GABA and Gabaculine showing selective labelling 
of photoreceptor axons originating in the retina (r0. R7 axons 
penetrate the basement membrane (bin) and pass through the 
lamina (Ig) and enter the first optic chiasma (ch). Scale = 50 
gm 

body with 300 gM GAD (Sigma, Type II) pre- 
vented all neuronal labelling (Fig. 2 C). Preabsorp- 
tion of the GADI antibody did not prevent label- 
ling of some somata of monopolar cells (Fig. 2 D). 
These somata were also occasionally labelled by 
GABA antisera. Due to their unspecific labelling 
by anti-GAD such cells are here assumed not to 
be GABAergic. 

Reproducible labelling of specific profiles, us- 
ing all three different antibodies, finally revealed 
only two fibre systems in the lamina. One system 
comprises axons that enter the lamina from the 
retina, pass through the lamina and then entering 
the first optic chiasma (Fig. 3). The other system 
comprises axons that apparently terminate at the 
distal border of the lamina, entering the lamina 
from first optic chiasma (Figs. 6, 7). The two op- 
positely projecting systems were not evenly labelled 
in all experiments, however. Certain conditions 
did, though, result in enhanced staining the first 
system. Dark adaptation of the retina enhanced 
GABA labelling of centripetal fibres from the reti- 
na, but partially supressed labelling of the centrifu- 
gal fibres out to the lamina. Incubation of the liv- 
ing head in Ringer solution containing GABA and 
Gabaculine had similar effects. In comparison 
GADII always showed stronger labelling of fibres 
terminating in the lamina from the medulla, and 
labelling was further improved by reducing fixa- 
tion periods. The reasons for these selectivities are 
not understood, but we took advantage of them 
in order to get optimal staining of one or the other 
system. 

GABAergic profiles 

Figure 3 shows intense GABAergic fibres, labelled 
with anti-GABA, originating in the retina and pro- 
jecting through the lamina in the first optic 
chiasma. The only fibres projecting in this fashion 
are the long photoreceptors R7 and R8 (Campos- 
Ortega and Strausfeld 1972). The outer segments 
of R7 and R8 are arranged in tandem in each om- 
matidium (Melamed and Trujillo-Cenoz 1968). R8 
somata are always situated in the proximal half 
of the retina, thus facilitating the identification of 
GABAergic labelled photoreceptors. These lie in 
the distal part of the retina (Fig. 4) and thus must 
belong to R7. Sections cut through the retina per- 
pendicular to the long axis of photoreceptor cells 

Fig. 4. R7 photoreceptors in the distal part of the retina stained 
with the GABA antibody, after dark adaptation and preincuba- 
tion in GABA and Gabaculine. Arrows indicate R7 nuclei. 
Cornea (c); Scale= 125 gm 
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and labelled with anti-GABA (Fig. 5A) demon- 
strate that only one photoreceptor is labelled in 
each ommatidium at the R7 position (Dietrich 
1909). Immunoreactivity using the GAD antibody 
on sections cut parallel to the axis of photorecep- 
tors also labelled R7 photoreceptors. However, 
these were less intense than with GABA antibody. 
In cross sections, however, the same antibodies 
clearly distinguished R7 photoreceptor cells in the 
distal part of the retina (Fig. 5 B), thus confirming 
the results obtained with GABA antibody. The 
GABAergic R7 photoreceptors are possibly dis- 
tributed throughout the entire retina. In five exam- 
ined flies no region was detected were R7 labelling 
was constantly lacking. 

The second fibre system, labelled by all three 
antibodies is shown in Fig. 6. This system is 
strongly GAD positive in comparison to R7 axons 
which always appear much fainter. The fibres of 
the second system terminate at the distal edge of 
the lamina and obviously arise from intensely la- 
belled axons that cross the first optic chiasma. The 

Fig. 5. A Cross-section showing twelve ommatidia each with 
a stained R7 photoreceptor (arrows). GABA immunoreaction; 
preincubation with GABA and Gabaculine. B Oblique section 
of the distal retina viewed just beneath the cornea. R7 photore- 
ceptor cells are labelled in several ommatidia (arrows) with 
GADI antibody. Scale = 50 gm 

Fig. 6. Horizontal section showing C2 terminals within the lamina (lg) arising from the first optic chiasma (eh). Note labelling 
in almost every cartridge. GADII  antibody immunoreaction; scale = 50 gm 
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Fig. 7. Frontal section showing C2 terminals within the lamina (lg) revealed with anti-GABA. Scale = 50 ~tm 

Fig. 8. Horizontal section showing C2 terminals within the la- 
mina, demonstrating their palmate specializations at the distal 
border (d). GABA immunoreaction; preincubation with GABA 
and Gabaculine; scale = 50 gm 

same pattern of staining can be seen with GABA 
antibody although the labelling is paler (Fig. 7). 

Within the lamina, elements of the second sys- 
tem are arranged as a palisade, and are retinotopic, 
having a 1 to I ratio with the ommatidia. Their 
axons terminate at the distal border of the lamina 
with palmate like specializations (Fig. 8). Axons 
ascending through lamina occasionally show bleb- 
like specializations. 

Golgi studies on the dipteran lamina (Straus- 
feld 1971, 1976) show identical profiles within the 
lamina, arising from a characteristic neuron that 
originates in the medulla and which was termed 
the C2 cell. Perikarya of this cell type are located 
central to the proximal border of the medulla and 
should thus be detectable there with anti-GAD and 
anti-GABA. 

Indeed GABA immunoreaction labels cell bod- 
ies in the appropriate region. In general only few 
putative C2 cell bodies were located posteriorly 
beneath the medulla. Anteriorly, nearer the outer 
edge of the lobula, putative C2 cell bodies were 
encountered more frequently. Many putative C2 
perikarya were found between the anterior edge 
of the medulla and the outer proximal edge of the 
lobula, arranged in clusters (Fig, 9). This gave rise 
to fibres that were directed to the medulla. In one 
case the medullary C2 fibre part could be labelled 
(Fig. 10). 
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Fig. 9. Photomontage of a horizontal section through the medulla (me), lobula (lo) and lobula plate (lop). The medulla is well 
characterized by the densely labelled strata. Many cell bodies, lying distal to the medulla within the cell body rind, (open arrows) 
are labelled by anti-GABA. A cluster of putative C2 cell bodies (large black arrows) is labelled proximal to the medulla behind 
the lobula. An isolated labelled cell body (small black arrow) presumably represents another more centrally disposed C2 cell 
body. Scale = 125 ~tm 

Numerous cell bodies were also labelled distal 
to the medulla amongst axons of  the first optic 
chiasma. This is the area in which arise the great 
majority of retinotopic neurons that make up the 
bulk of the medulla neuropil. Such cells include 
transmedullary cells, and amacrines. Centrifugal 
fibres linking the medulla and lamina (T1) also 
originate from cell bodies at this location. How- 
ever, since we could not find any fibres in the la- 
mina, which belong to these elements we must con- 
clude that immunostained somata belong to neu- 
rons supplying the medulla only. 

It is worth remarking that anti-GABA and 
anti-GAD staining reveals a complex pattern of 
immunoreactive elements in the medulla. In gener- 
al, fibres organized as strata show a more intense 
labelling than fibres running perpendicular to these 
strata. This would suggest that the immunoreactive 
cell bodies in the first optic chiasma possibly be- 

long to stratified amacrine cells rather than retino- 
topic relay neurons. 

Discussion 

Our results suggest that R7 photoreceptors contain 
GABA. The small number of observations (5 eyes 
of 5 flies), however, does not allow us to decide 
whether all R7, or a subpopulation of them, are 
GABAergic. So far, the putative neurotransmitters 
of dipteran photoreceptors are completely un- 
known. Our demonstration that some, if not all 
R7 contain GABA is the first reasonable evidence 
for the identity of  a photoreceptor transmitter. Our 
results strongly suggest that GABA is not a trans- 
mitter of  the R1-6 receptor system. 

GABA content in R7 photoreceptors could be 
increased by dark adaptation, high affinity uptake 
of GABA and blocking of GABA transaminase. 
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Fig. 10. Medullary component of a C2 cell stained by anti- 
GABA, following preincubation with GABA and Gabaculine. 
The cell body (open arrow) lies at the proximal border (p) 
of the medulla (me). The fibre shows swellings along its course 
and has a typical hook-like branch in the outer third of the 
neuropil (d); scale = 50 gm 

This  suppor t s  the idea of  R7 as a G A B A e r g i c  neu- 
ron  releasing its t r ansmi t t e r  u p o n  depola r iza t ion  
in response  to i l luminat ion  ( Iversen 1971). 

C2 neurons  are clearly GABAerg ic ,  s taining 
m o s t  intensely at  their  terminals .  However ,  little 
is k n o w n  a b o u t  the physiological  role o f  C2 neu- 
rons,  and  the only hint  as to their  funct ion are 
their  synapt ic  re la t ionship  wi th  the m o n o p o l a r  
neurons  L1, L2 and  L3 (Strausfeld and  Nfissel 
1981; Truj i l lo-Cenoz  1985). There  are as yet no 
repor t s  o f  e lect rophysiological  recordings  o f  cen- 
tr ifugal  efferent  fibres and  at  mos t  we m a y  suggest 
tha t  G A B A e r g i c  C2 neurons  p rov ide  inhib i tory  in- 
pu t  to the m a j o r  centr ipetal  ou tpu t s  f r o m  each car-  
tridge. 

Final ly  we have  convincingly  d e m o n s t r a t e d  
tha t  epithelial  and  marg ina l  glia cells are no t  G A -  
BAergic  using our  exper imenta l  condi t ions.  This  
cont radic ts  the in te rpre ta t ion  o f  an  up t ake  s tudy 

using radiolabel led  G A B A  ( C a m p o s - O r t e g a  1973) 
in which epithelial  glia were suggested to accumu-  
late the t ransmit ter .  

This  d iscrepancy might ,  however ,  be due to the 
comple te ly  different  me thodo log ica l  approaches .  I t  
is k n o w n  tha t  glial e lements  do take up  G A B A  
(Iversen et al. 1975) and  in two recent  papers  using 
u p t a k e  o f  radiolabel led  G A B A  as a m a r k e r  for  
G A B A e r g i c  neurons  has  been seriously ques t ioned 
(Zucker  et at. 1984; Yazul la  et al. 1986). M o r e  em-  
phasis  is given to the i m m u n o c y t o c h e m i c a l  local- 
izat ion o f  G A D .  Significantly, our  neuron  identifi- 
ca t ion  is based  b o t h  on  their immunoreac t iv i ty  to 
a n t i - G A B A  and  the an t ibody  o f  its synthesizing 
enzyme,  G A D .  This is p r o b a b l y  the m o s t  reliable 
ident if icat ion avai lable  a t  present .  

Acknowledgements. This work was supported by the Deutsche 
Forschungsgemeinschaft, ZE 115/10-1 (K.-H.D.; F.Z.) and 
SFB 220 (R.W.). We are greatful to C. Brandon, W. Oertel 
and Ciba Geigy for their generous gifts of antibodies and phar- 
maceutical agents. We like to thank N.J. Strausfeld for his 
suggestions and critical reading the manuscript. 

References 

Campos-Ortega JA (1973) Autoradiographic localization of 
3H-7-aminobutyric acid uptake in the lamina ganglionaris 
of Musea and Drosophila. Z Zellforsch 147: 415431 

Campos-Ortega JA, Strausfeld NJ (1972) The columnar organi- 
zation of the second synpatic region of the visual system 
of Musca domestiea L.I. Receptor terminals in the medulla. 
Z Zellforsch 124:561-585 

DeVoe RD (1985) The eye: Electrical activity. In: Kerkut GA, 
Gilbert I (eds) Comprehensive insect physiology, biochemis- 
try and pharmacology; vol 6, Nervous systems: Sensory. 
Pergamon Press, Oxford New York Toronto Sydney Paris 
Frankfurt, pp 277-354 

Dietrich W (1909) Die Facettenaugen der Dipteren. Z Wiss 
Zool 92:465-539 

Iversen LL (1971) Role of transmitter uptake mechanisms in 
synaptic neurotransmission. Br J Pharmacol 41 : 571-591 

Iversen LL, Dick F, Kelly JS, Schon F (1975) Uptake and 
localization of neurotransmitter amino acids in the nervous 
system. In: Berl S, Clark DD, Schneider D (eds) Metabolic 
compartimentation and neurotransmission-relation to brain 
structures and functions. New York, Plenum Press, pp 
65-99 

Klemm N, Axelsson S (1973) Detection of dopamine, noradren- 
aline and 5-hydroxytryptamine in the cerebral ganglion of 
the desert locust, Sehistoeerea gregaria Forsk. Brain Res 
57: 289-298 

L6scher W (1980) Comparative study of the inhibition of 
GABA aminotransferase by different anticonvulsant drugs. 
Arch Int Pharmacodyn 243 : 48-55 

Melamed J, Trujillo-Cenoz O (1968) The fine structure of the 
central ceils in the ommatidia of dipterans. J Ultrastruct 
Res 21:313-334 

N/issel DR, Klemm N (/983) Serotonin-like immunoreactivity 
in the optic lobes of three insect species. Cell Tissue Res 
232:129-140 

Nfissel DR, Hagberg M, Seyan H (/983) A new possibly seroto- 
nergic neuron in the lamina of the blowfly optic lobe: an 



K.-H. Datum et al. : GABAergic neurons in fly visual system 249 

immunocytochemical Golgi EM study. Brain Res 
280:361-367 

Oertel WH, Schmechel DE, Mugnani E (1984) Glutamic acid 
decarboxylase (GAD): Purification, antiserum production, 
immunocytochemistry. In: Barker JL, Kelvy Mc (eds) Cur- 
rent methods in cellular neurobiology. J. Wiley, New York, 
pp 63-109 

Storm-Mathisen J, Leknes AK, Bore AT, Vaaland JL, Edmin- 
son P, Haug FMS, Ottersen O (1983) First visualization 
of glutamate and GABA in neurones by immunocytochem- 
istry. Nature 301:517-520 

Strausfeld NJ (1971) The organization of the insect visual sys- 
tem (light microscopy) I. Projections and arrangements of 
neurons in the lamina ganglionaris of Diptera. Z Zellforsch 
121 : 377~441 

Strausfeld NJ (1976) Atlas of an insect brain. Springer, Berlin 
Heidelberg New York 

Strausfeld NJ, N/issel DR (1981) Neuroarchitecture of brain 
regions that subserve the compound eyes of Crustacea and 
insects. In: Autrum H (ed) Vision in invertebrates (Hand- 
book of sensory physiology vol VII/6 B) Springer, Berlin 
Heidelberg New York, pp 1-22 

Trujillo-Cenoz O (1985) The eye: development, structure and 
neural connections. In: Kerkut GA, Gilbert I (eds) Compre- 
hensive insect physiology, biochemistry and pharmacology; 
vol 6 Nervous systems: Sensory. Pergamon Press, Oxford 
New York Toronto Sydney Paris Frankfurt, pp 171-223 

Yazulla S, Studholme K, Wu JY (1986) Comparative distribu- 
tion of 3H-GABA uptake and GAD immunoreactivity in 
goldfish retinal amacrine cells: a double-label analysis. J 
Comp Neurol 244:149-162 

Zueker C, Yazulla S, Wu YY (1984) Non-correspondence of 
[3H] GABA uptake and GAD localization in goldfish amac- 
fine cells. Brain Research 298 : 154-158 

Note added in proof. Just recently two works were published 
containing results of GABA labelled neurons in visual systems, 
which are similar to our findings. 

The one reports about GABA labelled neurons in insect 
compound eye, the other about the GABA content of vertebrate 
photoreceptors. 

Meyer EP, Matute C, Streit P, N~issel DR (1986) Insect 
optic lobe neurons identifiable with monoclonal antibodies to 
GABA. Histochemistry 84:207-216 

Nishimura Y, Schwartz ML, Rakic P (1986) GABA and 
GAD immunoreactivity of photoreceptor terminals in primate 
retina. Nature 320: 753-756 


