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Reveals Synapses from Bipolar Cells to Dopaminergic Amacrine 
Cells 

Jan N. Hokoc and Andrew P. Mariani 

Laboratory of Neurophysiology, National Institute of Neurological and Communicative Disorders and Stroke, National 
Institutes of Health, Bethesda, Maryland 20892 

The synaptic organization of dopamine-containing amacrine 
cells in the rhesus monkey retina was studied using immu- 
nohistochemistry of tyrosine hydroxylase (TH), the rate-lim- 
iting enzyme in the catecholamine synthetic pathway. Cell 
bodies of the TH-containing neurons were primarily in the 
innermost tier of the inner nuclear layer. Their synaptic pro- 
cesses, confined to the outermost stratum of the inner plexi- 
form layer, contained mostly small, clear vesicles and were 
presynaptic to unlabeled amacrine cell processes and cell 
bodies at junctions that were symmetrical. Synapses onto 
the TH-immunoreactive neurons were from bipolar cell axon 
terminals, nonimmunoreactive amacrine cell processes, and 
other TH-containing amacrine cells in a decreasing order of 
predominance. The bipolar cells were presynaptic to the TH- 
containing neuronal processes at ribbon synapses. The size, 
structure, and position of the bipolar cell axon terminals, 
which, like the TH-reactive processes, were narrowly con- 
fined to the outermost stratum of the inner plexiform layer, 
indicate that they are the recently described giant bistratified 
bipolar cells. The identification of this bipolar cell input now 
provides evidence for a pathway from the outer plexiform 
layer to dopaminergic amacrine cells in the inner plexiform 
layer via a type of cone bipolar cell. 

Since the initial description of catecholaminergic cells in the 
retina by Malmfors (1963), using the formaldehyde vapor meth- 
od of Falck and Hillarp (Falck et al., 1962) the blue-green 
fluorescing dopaminergic neurons have been demonstrated re- 
peatedly in a variety of vertebrate species. Anatomically, do- 
pamine has been localized to a type of amacrine cell with somata 
in the innermost row of the inner nuclear layer and processes 
ramifying in the outermost stratum of the inner plexiform layer; 
and, in some species, it has been localized to a type of inter- 
plexiform cell as well (see review by Ehinger, 1982) by means 
of the classical aldehyde-induced fluorescent methods and, more 
recently, by immunohistochemistry. In mammals, the release 
of dopamine (Kramer, 1971) and the activitation of tyrosine 
hydroxylase (TH) (Iuvone et al., 1978), the rate-limiting enzyme 
in its synthetic pathway, are both effected by light. Postsynap- 
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tically, it has been suggested that dopamine regulates the activity 
of other retinal neurons. The mechanism in fish retina is prob- 
ably the uncoupling of gap junctions (Teranishi et al., 1983) and 
may involve a second messenger system (Watling et al., 1979). 
A similar uncoupling of gap junctions in the inner plexiform 
layer has been suggested for mammalian retinas (Mariani et al., 
1984). Thus, while much is known about the localization, dis- 
tribution, release, and effects of dopamine in the retina, little is 
known concerning its synaptic input from other types of retinal 
neurons. Such data would provide information regarding the 
nature of the physiological input to this well-studied transmitter 
phenotype. 

Previous electron-microscopic studies of the synaptic orga- 
nization of dopamine-containing neurons have relied on the 
uptake of neurotoxic-amine analogs such as 6-hydroxydopa- 
mine and 5,6-dihydroxytryptamine (Dowling and Ehinger, 1975, 
1978; Akagi et al., 1980; Dowling et al., 1980; Holmgren, 1982) 
to induce degenerative changes in the cells and so label them 
for analysis or for electron-microscopic autoradiography of )H- 
dopamine uptake (Frederick et al., 1982; Holmgren-Taylor, 1982; 
Pourcho, 1982). On the basis of these studies, dopaminergic 
amacrine cells are said to be “interamacrine,” as they have been 
found only pre- and postsynaptic to other amacrine cells. This 
finding suggests that the regulation of the dopaminergic ama- 
crine cells is carried out by other amacrine cells, and is thus at 
least one synapse removed from the bipolar cells that convey 
light information transduced by photoreceptors from the outer 
plexiform layer to the inner plexiform layer. 

However, we have now used a different approach to study 
the synaptic organization of the dopaminergic amacrine cells in 
the rhesus monkey retina. Electron-microscopic immunohis- 
tochemistry of antibodies directed against TH, a sensitive and 
reliable method successfully employed in the brain (Pickel et 
al., 1975) as a marker for catecholaminergic neurons, has now 
been used in the retina. The results reveal the existence of syn- 
aptic input to the dopaminergic amacrine cells from the axon 
terminals of a specific, recently identified type of cone bipolar 
cell. This new finding provides evidence for a light-mediated 
pathway from the outer plexiform layer to the dopaminergic 
amacrine cells in the inner plexiform layer, and significantly 
alters current conceptions of the dopaminergic amacrine cell 
type as “interamacrine.” 

Materials and Methods 
Eyes were obtained from 6 juvenile (3-5 year-old) rhesus monkeys, 
Macaca mulatta, that were deeply anesthetized with pentobarbital so- 
dium. The globes were injected with 3 ml of fixative through a syringe 
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Figure 1. Light micrograph of tyrosine hydroxylase (TH) immunoreactivity in the central rhesus monkey retina, visualized by the indirect 
immunofluorescent method with a fluorescein-conjugated secondary antibody. The immunoreactive cell body is in the innermost row of the inner 
nuclear laver (inO and TH-containina nrocesses arborize in the outermost stratum of the inner plexiform layer (ipl). onl, Outer nuclear layer; opl, 
outer plexiform layer; gel, ganglion Zl layer. x 595. 

equipped with a 19-gauge hypodermic needle, and a second needle 
allowed outflow of vitreous and other intraocular fluids. The eyes were 
subsequently enucleated, bisected with a razor, and the posterior pole 
immersed in fixative. For light microscopy, retinas were fixed in 4% 
formaldehyde in 0.075 M phosphate buffer. A 1 x 1 cm square centered 
on the fovea was dissected from the eyecup, and frozen sections 15-20 
brn thick were cut in the radial plane. The sections were mounted on 
gelatinized slides and incubated overnight at 4°C with highly specific 
antisera raised against TH. These antisera were against the tryptic digest 
form of TH; they were isolated and purified from bovine adrenal me- 
dulla, and raised in rabbits. They were purchased from Eugene Tech 
Int. (Allendale, NJ). Previous studies with these antisera demonstrated 
that they reacted with the morphologically identical populations of neu- 
rons that displayed aldehyde-induced catecholamine fluorescence in 
other tissues of the central nervous system (Mariani et al., 1986). The 
antisera were reconstituted and diluted according to specifications pro- 
vided by the manufacturer. The primary reaction was visualized by 
fluorescein isothiocyanate (FITC)-conjugated goat anti-rabbit secondary 
antibodies, at a dilution of 1:30, by the indirect immunofluorescent 
method (Coons, 1958). Controls consisted of sections incubated with 
normal rabbit serum, at a dilution of 1:500, instead ofwith the primary 
antisera, or with the primary antisera excluded from the incubation, 
while otherwise processed the same way and in parallel with the TH 
antisera. No immunoreactivity was noted in either of the controls. Tri- 
ton X-100, 0.25% vol/vol, was used in the solutions to enhance the 
permeability of the reagents. The sections were mounted in a medium 
that retards fluorescent fading (Gilok and Sedat, 1982). Three retinas 
from 3 monkeys were surveyed for immunoreactivity by light micros- 
copy. We chose this method because of the superior resolution of flu- 
orescence for light microscopy. 

Antisera against dopamine beta-hydroxylase (DBH) and phenyl- 
ethanolamine-N-methyltransferase (PNMT), enzymes that synthesize 
norepinephrine and epinephrine, respectively (Eugene Tech), were ap- 
plied to sections of the 3 retinas in an identical fashion to that used for 

the TH antisera, but no immunoreactivity was found. 
For electron microscopy, retinas were fixed as outlined above, but 

with 0.1% glutaraldehyde added to the fixative. The tissue was infiltrated 
in 30% sucrose in buffer and rapidly frozen in 2-methylbutane cooled 
by liquid N, and thawed in buffer to permit penetration of antibodies. 
Approximately i/4-% mm sections were cut by hand with a razor, and 
the strips incubated as above with the TH antisera with the omission 
of Triton X- 100. The primary reaction was visualized by the peroxidase- 
antiperoxidase (PAP) method (Stemberger, 1986). Goat anti-rabbit IgG, 
1:50, and rabbit PAP, 1: 100, followed by diaminobenzidine as a chro- 
magen, were used in this procedure. Controls were as for light micros- 
copy. The slices were subsequently osmicated, stained en bloc with 
uranyl acetate, rapidly dehydrated in a graded series of ethanol, cleared 
in propylene oxide, infiltrated, and embedded in Epon. Initially, thin 
sections were examined without further staining in the electron micro- 
scope. Later they were doubly stained with an ethanolic solution of 
uranyl acetate (Gibbons and Grimstone, 1960) and lead citrate (Venable 
and Coggeshall, 1965). The electron microscopy was based on retinal 
tissue from 3 monkeys. 

Results 
Light microscopy 
Indirect immunofluorescence revealed TH-containing neuronal 
cell bodies, primarily in the innermost row of the inner nuclear 
layer (Fig. 1). A few were found slightly more sclerad in the 
inner nuclear layer, in the middle of the inner plexiform layer, 
and in the ganglion cell layer. The TH-immunoreactive somata 
were 1 O-l 5 pm in diameter and consisted of a rim of intensely 
fluorescent cytoplasm surrounding a 9-pm-diameter nonreac- 
tive nucleus. TH-immunoreactive processes arborized almost 
exclusively in the outermost stratum of the inner plexiform 
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Figure 2. A, Electron micrograph of a TH-immunoreactive cell process (TH+) that makes 2 synapses onto an unlabeled amacrine cell (AC) in 
the inner plexiform layer. In this and subsequent figures, arrows indicate the position and the polarity of the synapses. x 113,600. B and C, TH- 
containing amacrine cell processes (TH+) are presynaptic to unlabeled amacrine cell processes (X’). The synapses, classified as of the symmetrical 
type, display a cluster of small, clear vesicles with a thickening at the cytoplasmic aspect of the presynaptic processes. Two smoothly parallel 
membranes are separated by a widened intercellular cleft. An electron-opaque material is present in the synaptic cleft. No apparent postsynaptic 
thickening is present at these junctions. x 113,600. 
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layer, directly below the cell bodies of origin in the inner nuclear 
layer (Fig. 1). Here they formed a narrow, 6.2~pm-deep, but 
solid and strongly immunoreactive lamina. They were some- 
times observed deeper in the inner plexiform layer, spreading 
laterally in the centralmost stratum. Very fine i&m-diameter 
varicose TH-immunoreactive processes, which originated either 
from the TH-containing cell bodies or from their processes in 
the inner plexiform layer, often extended through the inner nu- 
clear layer. Here they either ended, coursed back to the inner 
plexiform layer, or reached the outer plexiform layer. Despite 
the fact that these processes were often observed to enter the 
outer plexiform layer, they were invariably found to end as a 
small swelling, never arborizing. This localization of TH im- 
munoreactivity is identical to that reported in the macaque 
retina by others for the aldehyde-induced fluorophore of do- 
pamine (Laties and Jacobowitz, 1966; Mariani et al., 1984) and 
to results of immunohistochemistry with other TH antisera 
(Nguyen-Legros et al., 1984). 

Although PNMT-immunoreactive amacrine cells have been 
described in the rat retina (Hadjiconstantinou et al., 1984), these 
likely epinephrinergic neurons are distinct in their morphology 
from the classically described dopaminergic neurons, and they 
arborize in a different stratum of the inner plexiform layer. 
Furthermore, both DBH and PNMT were negative for immu- 
noreactivity in the rhesus monkey retina, as noted in Materials 
and Methods, indicating that catecholamine synthesis in the 
rhesus retina does not proceed beyond dopamine, but we cannot 
yet exclude the possibility of false negatives for DBH and PNMT. 
Taken together, however, these results can be interpreted as 
evidence that the neurons identified here by TH immunoreac- 
tivity are the dopaminergic neurons. 

Electron microscopy 
In the electron microscope, TH immunoreactivity was identified 
by the electron opacity of the osmicated HRP reaction product. 
Our observations were confined to the immunoreactive pro- 
cesses located in the outermost stratum of the inner plexiform 
layer. The TH-containing elements in the center stratum of the 
inner plexiform layer were too infrequently encountered to pro- 
vide a definite statement concerning their synaptic organization. 
The HRP reaction product was localized to profiles that con- 
tained mitochondria that excluded the HRP and to small, clear 
synaptic vesicles that aggregated at the membrane and formed 
conventional synapses. Owing to the characteristic cytological 
appearance of neuronal elements in the inner plexiform layer, 
the TH-immunoreactive processes could be identified as ama- 
crine since they were presynaptic to other elements at conven- 
tional chemical synapses. In contrast, the synaptic endings of 
bipolar cells contain a synaptic ribbon as a presynaptic spe- 
cialization, while the dendrites of ganglion cells that often pos- 
sess numerous ribosomes are postsynaptic in the retina of this 
species (Dowling and Boycott, 1966). 

The synapses formed by the TH-containing amacrine pro- 
cesses consisted of a widened intercellular cleft of 13.6 nm be- 
tween 2 smoothly parallel membranes. The cleft contained a 
material of moderate electron opacity in its center, which was 
oriented parallel to the membranes. This often had the appear- 
ance of a fine, faint line bisecting the cleft. A row of 4-6 small, 
clear vesicles was in register with a 29-nm-thick presynaptic 
density in the TH-immunoreactive process. There was no ap- 
parent postsynaptic thickening at these junctions (Fig. 2, A-C). 
In spite of the opaque material lining the presynaptic site of the 

TH-containing process, the absence of any postsynaptic mem- 
brane thickening or opacity categorizes these synapses as sym- 
metrical (Colonnier, 1968) or as Gray’s (1959) type II. 

Synapses onto TH-immunoreactive processes, which ac- 
counted for 20% (n = 32) of all synapses involving TH-con- 
taining profiles, were from bipolar cell axon terminals, non- 
immunoreactive amacrine cell processes, and other TH-positive 
amacrine cell profiles, in decreasing order of predominance. 

The most common synaptic input was from bipolar cell axon 
terminals; these represented 53% (n = 17) of the synaptic input 
to TH-immunoreactive processes in the inner plexiform layer. 
The bipolar cell synaptic endings were always presynaptic at 
ribbon synapses (Figs. 3, A-C, 4, A, B). These synapses were 
typically dyads where one of the postsynaptic processes was a 
TH-containing element and the other a nonimmunoreactive 
amacrine (Figs. 3, A-C, 4B). The size and arborization of the 
bipolar cell axon terminals, which, like the TH-immunoreactive 
processes, are narrowly confined to the outermost stratum of 
the inner plexiform layer directly adjacent to the inner nuclear 
layer (Fig. 3, A, B), suggest that they are the recently identified 
giant bistratified bipolar cells (Mariani, 1983). Two immuno- 
cytochemically labeled processes were not found to form both 
postsynaptic members of the dyad. Also, no ganglion cell den- 
drites were observed to be one of the postsynaptic elements of 
the dyad involving the TH-containing amacrine cell processes. 

Unlabeled amacrine cell processes formed 3 1% (n = 10) of 
the synapses onto the dopaminergic amacrines. The membranes 
at these synaptic contacts were smoothly parallel and separated 
by a widened intercellular cleft of 13 nm. A small cluster of 3- 
10 synaptic vesicles was present at the presynaptic side of the 
junction. The cytoplasmic aspect of the postsynaptic membrane 
was usually bordered by a 28-nm-thick opacity. Such junctions 
have the characteristics of asymmetrical (Colonnier, 1968) or 
Gray’s type I (1959) synapses (Fig. 5B). 

The least frequent synaptic input to TH-immunoreactive 
amacrine cells was from other similarly labeled amacrine cells, 
and these junctions represented 16% (n = 5) of the synaptic 
input to the dopaminergic neurons. 

The synaptic output of the TH-containing amacrine cell pro- 
cesses accounted for 80% (n = 116) of the synapses involving 
TH-immunoreactive processes. These synapses were primarily 
onto nonimmunoreactive amacrine cells (92%, n = 107), and 
these contacts were either onto profiles in the inner plexiform 
layer or onto cell bodies in the inner nuclear layer (Fig. 2, A- 
C). Often, in a single plane of section, a single TH-immuno- 
reactive amacrine profile made 2 or 3 synaptic junctions onto 
one postsynaptic element (Fig. 2A). Much less frequently found 
were synapses onto bipolar cell axon terminals (3%, n = 4), and 
these occurred at regions where the TH-containing amacrine 
was also postsynaptic to the bipolar axon terminal, as described 
above (Fig. 5A). This synaptic arrangement has been termed a 
reciprocal synapse. The remainder of the TH-reactive synaptic 
output (4%, y1 = 5) was onto other TH-labeled processes, as 
described above. No synaptic contacts involving TH-immu- 
noreactive processes and ganglion cell dendrites were found. 
The results described above, derived from electron microscopy, 
have been replicated in 3 retinas from 3 different monkeys. 

Discussion 

Electron microscopy of TH immunoreactivity in the rhesus 
monkey retina has shown that the dopaminergic amacrine cells 
receive synaptic input from both bipolar cells and amacrine 
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Figure 3. A, Bipolar cell axon terminal (BZP) containing a synaptic ribbon (sr) is presynaptic to the TH-immunoreactive amacrine cell process 
(TZZ+). The other element of the postsynaptic dyad is a nonimmunoreactive amacrine cell (AL’). x 99,400. B and C, Bipolar cell axon terminal 
(BZZ’) in the outermost stratum of the inner plexiform layer is presynaptic at a dyad where the TH-containing amacrine cell process (2X+) is one 
of the postsynaptic elements. The synaptic ribbon (sr) is perpendicular to the plane of section in B and tangential in C, the adjacent section. 
x 40,000. 
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Figure 4. A, Bipolar cell axon terminal (BZP) with a synaptic ribbon (sr) directly apposed to the presynaptic membrane has a single postsynaptic 
element, a TH-immunoreactive process (TH+). x 99,400. B, TH-containing amacrine cell process (TH+) is one member of the postsynaptic dyad 
at a bipolar cell (BZP) ribbon synapse. AC, amacrine cell; sr, synaptic ribbon. x 99,400. 
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Figure 5. A, Reciprocal synapse of a TH-immunoreactive amacrine cell process (TZZ+) with a bipolar cell axon terminal (BZP). The synaptic 
ribbon (sr) in the bipolar cell terminal indicates the point at which the bipolar cell is presynaptic to both labeled (TZZ+) and unlabeled (AC’) 
amacrine cell processes. The arrow indicates the position and polarity of the reciprocal synapse from the TH+ process onto the bipolar cell. Here, 
there is a widened intercellular cleft, and an accumulation of synaptic vesicles at the presynaptic membrane. x 106,500. B, Nonimmunoreactive 
amacrine cell process (AC) is presynaptic to a TH-immunoreactive cell process (TZZ+). A widened intercellular cleft separates the smoothly parallel 
membranes. The presynaptic side of the junction presents a row of synaptic vesicles, which indicates the polarity of the synapse (arrow). The thick 
opacity bordering the cytoplasmic side of the postsynaptic membrane of the TH+ process distinguishes this synapse as asymmetrical. x 106,500. 
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cells, and, in turn are presynaptic to amacrine cells with very 
few synapses, in a reciprocal fashion, back onto the bipolar cell 
axon terminals. This study thus provides the first evidence for 
synaptic input to the dopaminergic neurons from bipolar cells 
in any retina. All previous investigations into the synaptic or- 
ganization of the dopaminergic amacrine cells have described 
only amacrine synaptic input and output for this catecholamin- 
ergic phenotype, which was thus widely considered to be “in- 
teramacrine.” Our data, however, provide evidence for a direct, 
light-mediated pathway from the outer plexiform layer involv- 
ing a type of cone bipolar cell to the dopamine-containing ama- 
crine cells in the inner plexiform layer. 

In contrast to our use of antibodies generated against the rate- 
limiting enzyme in the catecholamine-synthetic pathway, other 
studies in which investigators used electron microscopy have 
depended on autoradiography of 3H-dopamine uptake or the 
lesioning of neurons with toxic amine analogs to induce degen- 
erative changes in the cells and so label them for ultrastructural 
analysis (see the introduction). It seems likely, then, that the 
differences in methodology are likely to account for the differ- 
ences in results. For example, while autoradiography generally 
allows excellent preservation of ultrastructure, it can be ham- 
pered by a lack of resolution associated with the precise iden- 
tification of the source of radiation emitted, which is visualized 
as a silver grain. On the other hand, lesioning methods with the 
toxic analogs can suffer from problems associated with speci- 
ficity, especially when indolamine analogs are used as uptake 
substrates for catecholamines; there are also problems arising 
from the application of the toxin, which is by injection into the 
vitreous, a tissue that forms a considerable barrier to the retina, 
preventing uniform labeling of the entire retina. Furthermore, 
the duration and dose of the toxic amine analog must be em- 
pirically determined by the investigator to produce the optimal 
result, a somewhat subjective approach. Too little of the sub- 
stance with regard to either time or dose may not produce dis- 
tinctive degenerative changes, while too much would probably 
so completely destroy the cells that an ultrastructural analysis 
of synaptic organization would not be possible. In contrast, 
immunohistochemistry is not subject to the above deficiencies, 
but can, in certain instances, be limited by nonspecific cross- 
reactivity, sensitivity to fixation, and lack of tissue penetration. 
However, these limitations were not encountered in the present 
study. 

The giant bistratified bipolar cells that are presynaptic to the 
TH-containing amacrine processes have certain morphological 
features that may be related to their role in providing synaptic 
input to the dopaminergic amacrine cells. For example, the large, 
asymmetric axonal arborization of this bipolar cell type is the 
only one of the 7 bipolar cell types (Polyak, 1957; Boycott and 
Dowling, 1969; Mariani, 1981, 1983, 1984a, b) thus far iden- 
tified in the monkey retina that arborizes precisely in the same 
stratum as do the processes of the TH-immunoreactive ama- 
crine cells. In fact, this distinction was noted when these bipolar 
cells were first described (Mariani, 1983). The large size and 
characteristic asymmetry of this axonal arborization may be 
related to the low cellular density and nonregular organization 
of the dopaminergic neurons (Mariani et al., 1984). Further- 
more, whereas all other bipolar cell types in monkey retina 
contact only l-7 photoreceptors, the giant bistratified bipolar 
cells connect with as many as 20 cone pedicles in the outer 
plexiform layer. Thus, these bipolar cells, rather than being 
involved in selective chromatic or high-resolution pathways, 

are likely to sample light information over a large area and 
provide a convergent input to the low-density dopaminergic 
cells. 

The identity of the nonimmunoreactive amacrine cell syn- 
apses onto the TH-containing cells remains to be elucidated. 
Other biochemical and pharmacological experiments suggest 
that GABAergic amacrine cells in the goldfish retina may pro- 
vide this synaptic input (O’Brien and Dowling, 1985). In this 
regard, it should be noted that the nonimmunoreactive amacrine 
synapses onto the TH-containing cells are of the asymmetrical 
type, whereas the glutamate decarboxylase (GAD)-immuno- 
reactive synapses onto non-GAD-containing amacrines are of 
the symmetrical type (Mariani and Caserta, 1986). This evi- 
dence does not favor direct synapses from the GABAergic phe- 
notype to the dopaminergic phenotype in the monkey retina. 
However, the GABAergic amacrines were primarily pre- and 
postsynaptic to bipolar axon terminals, and it is possible that 
they represent the other postsynaptic member of a dyad in- 
volving the TH-reactive cells and provide an indirect modu- 
lation of the dopaminergic cells via the GABAergic feedback 
(reciprocal synapses) onto the bipolar cells. 

The finding reported here that the dopaminergic neurons of 
the monkey retina have synaptic input from bipolar cells con- 
trasts quite a bit with previous studies, indicated above, which 
have till now only shown synapses from other amacrine cells. 
While it is likely that methodological differences may underlie 
these differences in results, it seems important to establish 
whether our findings can be generalized to other species as well. 
It is clear that significant differences in neuronal morphology 
and organization exist even between species within a particular 
class of vertebrates (Mariani, 1985), but the dopaminergic ama- 
crine cell phenotype is one that seems well-conserved among 
various species (Ehinger, 1982). Perhaps investigations in other 
species using TH immunohistochemistry will also reveal bipolar 
cell input to the dopaminergic neurons. In this respect, we should 
note that 2 other mammals, cat and rabbit, which are frequently 
used in anatomical and electrophysiological studies of the retina, 
also contain well-identified dopaminergic amacrine cells, and 
that both these species have a bipolar cell type similar to the 
monkey’s giant bistratified bipolar cell (Famiglietti, 198 1). Fur- 
ther investigations of the giant bistratified bipolar cells, focusing 
on their responses to light and on the identity of the neurotrans- 
mitter they release onto the dopaminergic amacrine cells, will 
undoubtedly provide more insight into the physiological regu- 
lation of synaptic input to the dopamine-containing amacrine 
cells of the primate retina. 
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