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ABSTRACT

Aims: To analyze the ultrastructure of internal interstitial amacrine cell, dislocated amacrine cell,
ganglion cells, oligodendroglia, Mdller cells, inner plexiform layer, adrenergic terminals, as well as
the connections found between the cells and the cytochemistry of glycogen distribution from Mugil
brasiliensis teleost retina.

Methodology: The retina was fixed with glutaraldehyde and osmium tetroxide and radial and
tangential sections stained with lead citrate and uranyl acetate to be observed in a Hitachi 11B
electron microscope at 75Kv. To demonstrate glycogen fragments glutaraldehyde fixed osmium
post-fixed were, sectioned in the MT2 ultramicrotome and processed with periodic acid
thiosemicarbizide for oxidized molecules.

Results: Retinal morphology revealed external interstitial amacrine cells as the most voluminous
cell above inner plexiform layer. Dislocated amacrine cells described by the first time, localized at
the inner plexiform layer, had clear cytoplasm, few ribosomes, few vesicles of rough endoplasmic
reticulum and elongated mitochondria with clear matrix. Dark and clear amacrine piriform cells
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glycogen concentration in teleost fish retina.

voluminous cell in teleost retina.

were characterized by glycogen density, and their functional contacts described. External
horizontal cells, dark piriform amacrines, stellate amacrines and Miiller cells exhibited the highest

Conclusion: This paper is a comprehensive analysis of ultrastructure of five retinal cells,
adrenergic terminals inner plexiform layer and glycogen distribution in the retina, finding one new
cell, the dislocated amacrine cell and also describing the amacrine interstitial external cell the most

Keywords: Adrenergic vesicles; inner plexiform layer; interstitial amacrine cells; retina glycogen; retina

ultrastructure.

1. INTRODUCTION

Retinal cell morphology was organized in cell
layers and their connections were described in
detail with light microscopy by Cajal using the
method of Golgi [1]. Neuronal and glial types of
amacrine cells, the last one compared to
astrocytes were described in fish retina [2]. In the
cat and the pigeon retinas synaptic laminas were
observed in association with multiple synaptic
contacts in the inner plexiform layer. Four main
kinds of synapse were identified (a) The
conventional kind, as described in the CNS, (b)
The ribbon type, similar to those described in the
outer plexiform layer. (c) The spine type,
consisting of a  post-synaptic  process
invaginating a pre-synaptic process. (d) The
serial type, one being similar to the inter-receptor
synapses described previously in the guinea-pig,
and a second type involving a process which is
postsynaptic to one process and pre-synaptic to
another, all the synaptic contacts involved being
of the conventional kind [3]. Synaptic laminas
were identified as structures belonging to bipolar
cells (BC) axons, describing also one type of
piriform amacrine cells of neuronal nature in
monkey retina [4]. In mammals (/ctidomys
tridecemlineatus) amacrine cells take a blue-on
signal from a short wavelength blue cone to a BC
and to glycinergic amacrine S-cone inhibitor cell,
sending blue-off responses to ganglion cells [5].
In mammals, All-amacrines built a field
of stratified glycinergic neurons, collecting
escotopic signals from rod BC to be distributed to
cones OFF and ON pathways into a net of
inhibitory synapses and cellular unions All::ON
cone bipolar-gap cells. All-amacrines have the
most complex repertoire of interactions that any
other neuron in vertebrates, contacting 28
different cell classes including BC [6]. In electron
microscopy, serial sections showed BC
connecting to OFF-amacrine cells (CASs) close
to the cell soma. Space-time wiring specificity
supports direction selectivity in the retina [7].
There are several morphological types of retinal

ganglion cells (RGC) codifying specific aspects
of the visual scene. In a transgenic mouse
expressing green fluorescent protein (GFP) in
cells, it was found that Islet2 (IsL2)-GFP RGC
have different morphologies and dendritic
patterns in the inner plexiform layer. Islet2 is a
transcription factor in LIM-home dominion in the
developing retina in 40% RGC, it has dendrites in
layer S3 of inner plexiform layer and innervates
the nucleus geniculate and the superior colliculus
when the eye opens [8]. RGC usually do not
branch before exiting retina, thus do not provide
synaptic feedback. However, small groups of
RGC have collateral axons in humans, monkeys
(macaque), mice, cats and turtles, their function
remains unknown. Some RGC express
melanopsine, irradiating a signal to brain visual
nuclei, contributing to image formation, circadian
rhythm and pupil reflex to light. Inmuno labeling
with anti-melanopsine in monkeys revealed a
group of ipRGC, with branching axons, that
branch via the optic disc forming intraretinal axon
collaterals, ending in the inner plexiform layer,
probably building a synaptic feedback to
modulate responses to light [9]. For night vision
you require retinal microcircuits to send
signals of one photon to RGC via rod bipolar
(RB) cells and All-amacrine cells. Tridimensional
reconstruction of serial sections with the electron
microscope, in C57BL/6J mouse revealed that
each rod contacted by ribbon synapses two
adjacent RB in 94% of cases and each RB was
contacted by 25 rods. Each RB axon contacted 4
or 5 All-amacrines via 53 synapses, thus one rod
signal might be represented in 106 replicas in 2
RB axons [10]. Glycogen has an important role in
brain energy, localized mainly in astrocytes and
Midller cell fibers together with glycogen
synthetase and glycogen synthetase kinase 3f3
(GSK3B) [11]. Glycogen granules have been
found in cones but not in rods in the rat retina
[12]. Adrenergic receptors alfa 1 and beta 2 have
been identified in glial cells in rat anterior brain,
rabbit brain and human optic nerve and beta 2
using histochemistry and autoradiography, in



astrocytes of the same animals [13]. Glycogen
phosphorilase (GP) have been found by
monoclonal antibodies in Miller cell fibers of rat
and rabbit retina [14]. In this second paper we
analyzed the ultrastructure of five additional cells
in the teleost retina as well as their membrane
connections together with the localization of
adrenergic terminals, the structure of the inner
and outer plexiform layers and the glycogen
distribution in all retinal cells, as a continuation of
first paper on Ultrastructure of Teleost Retina |
[15].

2. MATERIALS AND METHODS

Teleost fish, family Mugilidae, genera Mugil,
specie brasiliensis, was used. Retinas were
extracted after equatorial section of the eye to
eliminate the anterior part and crystalline, cutting
the choroid and sclerotic around the optic nerve
which was preserved, taking out the vitreous
humor. Retinas were fixed in 2% glutaraldehyde
in 0.1 molar Na phosphate buffer pH 7.2 for 3 hrs
at 4°C [16]. Afterwards, retinas were washed in
0.18 molar sucrose in 0.1 molar sodium
phosphate buffer pH 7.2, with six changes one
every 10 minutes. Subsequently retinas were cut
in pieces 1 mm wide 1-3 mm long selecting the
bests under the inverted microscope and post
fixed in equal parts of 2% osmium tetroxide and
0.18 molar sucrose in sodium phosphate buffer
pH 7.2 at 4°C overnight, as published [17]. After
dehydration half the retinas were processed in
Araldita and the other half in Maraglas. Radial
and tangential sections were obtained in a Porter
Blum MT2 ultramicrotome and stained with lead
citrate and uranyl acetate to be analyzed in a
Hitachi Hu-11B at 75 Kv. To demonstrate
glycogen, fragments glutaraldehyde fixed
osmium post-fixed were, sectioned in the MT2
ultramicrotome and processed with periodic
acid thiosemicarbizide for oxidized molecules
technique [18]. Some sections were treated with
saliva amylase for 1 hr. at 37°C [19]. Finally
sections were treated with osmium acid vapors.
All sections were stained with uranyl acetate to
increase contrast.

3. RESULTS
3.1 Amacrine Interstitial External Cells

In a general view of the retina below cones
and rods photoreceptors, three layers of
horizontal cells with lateral process with plasma

O'Daly; BIMMR, 19(8): 1-25, 2017; Article no.BJMMR.31018

membranes fused were seen, and also BC
bodies with big nuclei, undulated amacrine cells,
located in the layer of medium and internal
horizontal cells close to the tubular cells layer.
Amacrine interstitial external cells (Amle) were
localized below tubular and stellate amacrine
cells and constitute the most voluminous cell in
the teleost retina (Fig. 1). Amle form a tangential
net among pairs of clear and dark piriform
amacrine cells and nuclei of the Muller cells (Fig.
2). Functional contacts with dense undulated
plasma membranes were observed between
Amle with numerous microtubules and dark
piriform amacrine cells surrounded by the Muller
cell fiber with glycogen granules and dilated
vesicles in the cytoplasm. Piriform amacrine cells
had the highest density of glycogen granules and
many elongated dilated mitochondria, with
hypertrophic crests. In the cytoplasm many
dilated clear elongated vesicles as well as dark
dense lamellar structures were observed (Fig.
3). Amle had processes with many parallel
microtubules, surrounded by cell terminals with a
high content of dense vesicles, probably
adrenergic vesicles. BC terminals had membrane
fusion to adrenergic terminals exhibiting two
synaptic lamina-like structure parallel to the
membranes at the contact site with very dense
plasma membranes, one of them close to a clear
piriform amacrine cell (Fig. 4). Amle exhibited
oval nuclei with prominent nucleolus, perinuclear
polyribosomes, vesicles of rough endoplasmic
reticulum and Golgi apparatus with numerous
mitochondria and fusion of plasma membrane to
a neighbor Amle (Fig. 5). Amle cells with many
microtubules have lateral expansions in the
same layer forming functional contacts
characterized by fusion of both high density
membranes without synaptic vesicles, which may
correspond to synapses of reciprocal flux or
electrical synapses (Fig. 6), similar to horizontal
cells functional contacts.

3.1.1 Amacrine interstitial internal cells

Amacrine Interstitial internal cells  (Amli)
structured another layer located in the inner
plexiform layer, above the optical nerve fibers,
exhibiting numerous microtubule , dense
granules, elongated big mitochondria and fusion
of very dense undulated plasma membranes in
adjacent cells (Figs. 7, 8). All amacrine cell
membrane contacts were similar to functional
contacts between horizontal cells membranes.
Some expansions terminals showed two laminar
components surrounded by a halo, vesicles and
granules (Fig. 9). There are also fusion of dense
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plasma membrane contacts between the terminal  and the body of the Amle as well as with clear
BC process, with a synaptic lamina-like structure,  piriform amacrine cells membranes (Fig. 10).

Fig. 1. Retina mosaic [around 150 photos]. Cone [C], external horizontal [He], medium
horizontal [Hm], internal horizontal cell [Hi] with nucleus. Functional contacts with membrane
fusion between horizontal cells [arrows]. Other cells: Tubular cell [T], Amacrine stellate [AmS]
cell, amacrine interstitial external [Amle] cell, undulate amacrine [Oa] cell, bipolar cell [B], clear

piriform cell [Pc], myelinated axons [Ax], inner plexiform layer [Ip]. Circle: fusion between
Amle and AmS. Radial section. Each photo X 1800
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Fig. 2. Mosaic [around 150 photos] tangential section at level of Amle and piriform amacrine
cells. Amacrine interstitial external [Amle] cell. Miiller cell fiber [M]. Noteworthy abundant pairs
of dark and clear piriform cells between Amle. Tangential section. Each photo X 1800
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Fig. 3. Dark piriform amacrine cell [Po], amacrine interstitial external cell [Amle] with
microtubules, Miiller cell fiber [M]. Mitochondria [m]. Tangential section X 10000

Fig. 4. Amacrine interstitial external cell [Amle], with numerous microtubules, bipolar cell
terminal [B] with synaptic lamina [triangle] close to fused plasma membranes, adrenergic
terminals with dense vesicles [At], [arrows], clear piriform amacrine cell [Pc].
Tangential section. X 11750
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Fig. 5. Amacrine interstitial external [Amle] cell; nucleus [N] with prominent nucleolus
surrounded by mitochondria, rough endoplasmic reticulum and Golgi apparatus.
Tangential section X 5500

Fig. 6. Amacrine interstitial external [Amle] cell with numerous microtubule and glycogen
granules (g) in cytoplasm, with fussed plasma membranes at functional contact [arrows].
Radial section X 37200
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Fig. 7. Amacrine interstitial internal [Amli] cells, with mitochondria, many fibrils and glycogen
granules, with functional contacts [arrows]. Tangential section X 17500
Fig. 8. Amacrine interstitial internal [Amli]; with functional contact [arrows]. Tangential section
X 9800
Fig. 9. Expansion of amacrine interstitial internal [Amli] cell with 2 dense laminar components
[triangle] and also horizontal synaptic lamina in membrane both surrounded by vesicles.
Tangential section X 8750
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Fig. 10. Amacrine interstitial external cell [Amle] with many microtubules and functional
contact with bipolar cell terminal [B] with synaptic lamina [arrow]. Clear piriform cell [Pc] in
functional contact with Amle, Miiller cell fiber [M]. Tangential section X 8750
Fig. 11. Ganglion cell [Gc] with main dendrite [D], inner plexiform layer [Ip], myelinated axons
[Ax] from optical fibers layer. Radial section. X 9600



3.1.2 Ganglion cells

Ganglion cells of variable size are located
between optical nerve fibers and the inner
plexiform layer sometimes as pairs in contact.
Ganglion cell dendrites penetrate the inner
plexiform layer, have many microtubules and
elongated mitochondria with clear matrix around
the dense nucleus (Fig. 11). The Cytoplasm
exhibits abundant ribosomes and rough
endoplasmic reticulum vesicles,

many
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mitochondria with hypertrophic crests, as well as
dense bodies encircled by membranes. Ganglion
cells exhibit plasma membrane fusion among
ganglion cells pairs (Figs. 12, 13). Amacrine
interstitial internal cells (Amli), with many
microtubules also present fusion to ganglion cell
membranes, which had mitochondria with
hypertrophic cristae, abundant glycogen granules
dense bodies and many dilated vesicles of rough
endoplasmic reticulum in the cytoplasm and
close to the membranes fused (Figs. 14, 15).

Fig. 12. Ganglion cell [Gc] pairs, elongated mitochondria [m], dense corpuscles [cd], abundant
rough endoplasmic reticulum and Golgi apparatus. Radial section X 15200
Fig. 13. Functional contact with dense membranes between adjacent ganglion cells [arrows]
from Fig. 12, ribosomes [rb], rough endoplasmic reticulum [er]. X 40000 ’
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Fig. 14. Ganglion cell [Gc] in contact with amacrine interstitial internal cell [Amli], dense
corpuscles [cd], rough endoplasmic reticulum [er]. Radial section X 2500
Fig. 15. Rectangle from fig 14 with fusion of plasma membranes [arrows], microtubules [mt]:
ribosomes [rb]. X 38500

3.1.3 Amacrine interstitial internal cells

Amli structured another layer located in the inner
plexiform layer, above the optical nerve fibers,
exhibiting  numerous  microtubules, dense
granules, elongated big mitochondria and fusion
of membranes in adjacent cells (Figs. 7, 8). All
amacrine membrane contacts are similar to
functional contacts between horizontal cells.
Some expansions terminals showed two laminar
components surrounded by a halo and granules
(Fig. 9). There are also membrane contacts
between the terminal bipolar cell (BC) process,
with a synaptic lamina, and the body of the
Amle as well as with clear piriform amacrine cells

11

(Fig. 10). Amli were located in the inner section
of the inner plexiform layer, were seen in contact
with BC terminal expansions with synaptic lamina
(Fig. 16) and also with terminals full of dense
vesicles, probably adrenergic vesicles (Figs. 19,
20, 21). Close to the BC terminal prolongations
of clear piriform cells and ganglion cell dendrites
with fused dense plasma membranes in the
contact area and synaptic lamina in a triad
configuration are seen, with synaptic vesicles
surrounding the lamina absent from the GC
dendrite (Fig. 17). Internal amacrine cells in
contact to BC terminals with synaptic lamina and
fused plasma membranes (Fig. 18) and several
adrenergic terminals (Figs. 19, 20, 21).
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Fig. 16. Terminal ending of bipolar cell [B]. Terminal expansions from: Amacrine interstitial
internal cell [Amli], clear piriform amacrine [Pc], dark piriform amacrine [Po] at inner plexiform
layer. Miiller cell fiber [M]. Dense triangle shows contacts between Amli with plasma
membrane fusion, and double arrow synapses between Amli and bipolar cell [B]. Single arrow
synaptic laminas in B. Tangential section X 5700

3.1.4 Inner plexiform layer

Terminal expansions of BC, ganglion cells
dendrites, clear and dark piriform amacrine cells,
Muiller cell fiber and internal interstitial amacrines
cells were identified in this layer (Figs. 1, 16). In
the contact between clear piriform amacrine with
ganglion cell dendrite and BC there are
membrane densifications with numerous vesicles
but not in the dendritic termination of ganglion
cells forming a triad around a synaptic lamina. It

12

should be noted that triads were also seen in BC
terminals and are not exclusive of cones and rod
photoreceptors (Fig. 16).

3.1.5 Cell terminals with dense vesicles

Cellular terminals with dense vesicles probably
adrenergic, were observed in contact with
internal interstitial amacrines, clear piriform
amacrines and bipolar cell terminals and
ganglion cell dendrites (Figs. 19, 20, 21). Several



plasma membrane fusion were observed
between dark amacrine piriform cell and
ganglion cell dendrites with elongated dense
mitochondria, without synaptic vesicles close to
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the membranes (Figs. 22, 23), also between BC
terminal with synaptic lamina and Amli cell (Fig.
24) and BC terminal with ganglion cell dendrites
with mitochondria of dense matrix (Fig. 25).

Fig. 17. Bipolar cell terminal [B], clear piriform amacrine [Pc] expansion, ganglion cell dendrite
[D]. Synaptic lamina in bipolar cell cytoplasm [arrows] with triad formation between B, Pc and
D. Tangential section X 10000
Fig. 18. Internal interstitial amacrine cell [Amli] in contact with B showing basilar lamina
surrounded by vesicles [arrow]. Radial section X 23500
Fig. 19. Internal interstitial amacrine cell [Amli], adrenergic terminal [At] with dense vesicles
[arrow]. Tangential section X 24000
Fig. 20. Internal interstitial amacrine cell [Amli] with parallel microtubules, adrenergic terminal
[At] with dense vesicles [arrow]. Tangential section X 10250
Fig. 21. Ganglion cell dendrite [D], adrenergic terminal [At] with dense vesicles [arrows].
Tangential section. X 20750

13



O'Daly; BIMMR, 19(8): 1-25, 2017, Article no.BJMMR.31018

Fig. 22. Ganglion cell [Gc], dendrites [D], dark piriform amacrine cell [Po],: bipolar cell terminal
[B]. Membrane contacts between Po, Gc and B. X 7500
Fig. 23. Ganglion cell dendrite [D], dark piriform amacrine cell [Po]. Tangential section X 7500.
Insert lower right, D and Po contact with fussed undulated membranes X 22500

3.1.6 Dislocated amacrine cell terminals tangentially oriented and is considered

as dislocated amacrine cell due to its cytoplasmic
Localized at the inner plexiform layer, this novel characteristics. The nucleus is oval with
cell of stellate configuration had big expansions abundant granular chromatin, the cytoplasm has

14



a clear matrix similar to clear piriform amacrine
cells, few ribosomes, and few vesicles of rough
endoplasmic reticulum with glycogen granules
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and elongated mitochondria of clear matrix with
hypertrophic crest (Fig. 26).

Wy o ad £ o=

Fig. 24. Amacrine interstitial internal cell [Amli] with glycogen granules [g]. bipolar cell [B],

mitochondria [m]. Synaptic lamina between both cells [triangle]. Tangential section. X 6250

Fig. 25. Ganglion cell dendrite [D], bipolar cell terminal [B], amacrine interstitial internal cell
[Amli]. Tangential section X 10000. Insert: Plasma membrane fusion between B and D. X 20000
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Fig. 26. Dislocated amacrine cell [Ad] with two expansions [E], ribosomes [rb], rough
endoplasmic reticulum [er], mitochondria [m], short filaments [f], synaptic vesicles [v], bipolar
cell [B], clear piriform amacrine cell [Pc]. Tangential section X 4650

3.1.7 Oligodendroglia

At the level of the inner plexiform and the optic
fiber layers small cells with scarce cytoplasm
were observed with many terminals from other
cells around the plasma membrane. The
cytoplasm exhibited many ribosomes, few rough

16

endoplasmic reticulum vesicles and few
mitochondria (Figs. 27, 28). The most evident
structure were dense bodies surrounded by
membranes similar to myelin figures. The
nucleus is elongated with the chromatin close to
the nuclear membrane with accumulations at the
nuclear poles.
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Fig 27. Oligodendrocytes [OI], rough endoplasmic reticulum [er]. Dense bodies surrounded by
membranes similar to myelin (arrows). Radial section X 10000
Fig 28. Oligodendrocytes [Ol], with dense bodies surrounded by membranes similar to myelin
(arrows), myelinated axon [Ax] from optical nerve fiber, inner plexiform layer [Ip],: Miller cell
fiber [M]. Radial section. X 8500

3.1.8 Glycogen localization by cytochemistry and their terminations in rod and cones
(Fig. 32).

3.1.8.1 Horizontal cells
In external horizontal cells glycogen granules are

The external horizontal cells (Hc) exhibits the seen as dense cumuli of different size in material
highest density of glycogen granules in the fixed in glutaraldehyde only, without osmium
cytoplasm (Figs. 29, 30, 31) as compared with  post-fixation (Fig. 33). Control sections treated
other Hc and also in the ascendant expansions with salivary amylase showed holes of variable

17



size corresponding to glycogen granules
digested by the enzyme (Fig. 34).

3.1.8.2 Stellate amacrine cells

Glycogen granules are uniformly distributed
around nucleus and between cytoplasmic fibrils

O'Daly; BIMMR, 19(8): 1-25, 2017, Article no.BJMMR.31018

in stellate amacrine cells (Fig. 35) and also
between microtubules in Amle external cells
(Fig. 36). In the ascendant expansions of stellate
amacrines glycogen is seen between packages
of fibrils mainly in the periphery close to the
plasma membrane, surrounded by undulated
amacrines, close to BC (Fig. 37).

Fig. 29. All ultrastructural sections processed with periodic acid thiosemicarbizide for oxidized
macromolecules. External [He], medium [Hm], internal [Hi], Horizontal cells with glycogen

granules [g], bipolar cell [B], undulated amacri

18

ne cell [Oa], cone [C]. Radial section. X 7500
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Fig. 30. External horizontal cell with abundant glycogen [g] granules of various sizes and
numerous mitochondria [m], Miiller cell fiber [M], undulated amacrine cell [Oa].
Radial section. X 10000
Fig. 31. External horizontal cell [He] and medium horizontal [Hm] with abundant glycogen [g]
granules at the outer plexiform layer [triangle] and in cone [C] triad terminals [arrows], close to
synaptic lamina, bipolar cell [B]. Radial section X 12500

3.1.8.3 Amacrine interstitial external cells than in external horizontal cells and amacrine

stellate cells are observed in Amle with
Numerous glycogen granules among parallel and membrane contacts among adjacent cells
cross sectioned microtubules with lower density  (Fig. 36).
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Fig. 32. Glycogen granules in the horizontal cell terminals [triangle] triads in rods beside a
synaptic lamina and in the Miiller cell fiber surrounding rod [arrow]. Sections processed with
periodic acid thiosemicarbizide for oxidized macromolecules. Radial section X 25200

Fig 33. All ultrastructural sections processed with periodic acid thiosemicarbizide for oxidized
macromolecules External horizontal cell [He] with abundant glycogen granules [g]. Radial
section X 22500
Fig 34. External horizontal cell [He] with holes corresponding to digested glycogen [g] with
salivary amylase [arrows]. Radial section. X 30500
Fig 35. Stellate amacrine cell [AmS], with nucleus [n] and prominent nucleolus, Golgi
apparatus [G] abundant glycogen [g] granules between cytoplasmic fibrils [f]. Radial section X
20800
Fig 36. Amacrine interstitial external cells [Amle], with glycogen particles among longitudinal
and transverse sections microtubules. Radial section. X 12500
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Fig 37. All ultrastructural sections processed with periodic acid thiosemicarbizide for oxidized
macromolecules. Stellate amacrine cell ascendant expansion [AmS] with abundant glycogen
[g] granules around central package of fibrils and close to the plasma membrane. Dark dense
glycogen granules in internal horizontal cells [Hi],: undulated amacrine cell [Oa], tubular
amacrine cell [T], bipolar cell [B] with mitochondria [m].: Miiller cell fiber [M].
Radial section. X 7800
Fig 38. Clear piriform amacrine cell [Pc] with descendant expansion, filaments [f];
mitochondria [m] and glycogen granules [g]. Miiller cell fiber [M] with abundant glycogen.:
amacrine interstitial external cell [Amle]. Radial section. X 13500
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3.1.8.4 Piriform amacrine cells

Clear amacrine piriform cells exhibit numerous
glycogen granules among cytoplasmic
microtubules and mitochondria with clear matrix
(Fig. 38). Dark amacrine piriform cells showed
the highest glycogen content in the retina, among
very abundant elongated and big mitochondria
with lamellar structure and clear matrix, as well
as many clear vesicles of smooth endoplasmic
reticulum. This amacrine cell is in membrane
contact with the Muiller cell fiber also with high
glycogen content some in dense cumuli (Fig. 39).

3.1.8.5 Miiller cell fiber

Muller cell fiber is radially oriented from the
external to the internal end of the retina. The
cytoplasm shows abundant glycogen granules
many in dense cumuli, numerous dilated smooth
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and rough vesicles of endoplasmic reticulum and
many mitochondria of lamellar structure and
clear matrix. The nucleus is localized below the
level of stellate amacrine cells, showing
indentations frequently. This cellular element has
very high glycogen content in the retina (Figs. 40,
41) similar to the dark piriform amacrines and
external horizontal cells (Figs. 29, 30, 31).

3.1.8.6 Bipolar and ganglion cells

Bipolar cells classified as neurons have scarce
glycogen in cytoplasm, in dendrites and terminal
endings at inner plexiform layer (Figs. 29, 37). In
ganglion cells, glycogen is seen as abundant
granules of different size among cytoplasmic
fibrils, dense bodies and mitochondria of clear
matrix. This ganglion are cells also surrounded
by the Miller cell fiber high in glycogen density
and myelinated axons (Fig. 42).

Fig. 39. All ultrastructural sections processed with periodic acid thiosemicarbizide for oxidized
macromolecules Dark piriform amacrine cell [Po] with high density of glycogen [g] granules,
with abundant elongated mitochondria [m], Golgi apparatus [G], vesicles of smooth
endoplasmic reticulum [v], Miiller cell fiber [M]. Radial section. X 12500
Fig. 40. Miiller cell fiber [M] with nucleus and very abundant, dense glycogen granules. Radial
section X 12500
Fig. 41. Miiller cell fiber [M] above myelinated axons [Ax] from optical nerve layer,
mitochondria [m], glycogen granules [g]. Radial section. X 7500
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Fig. 42. Ganglion cell [Gc], with mitochondria [m], dense bodies [cd] and abundant glycogen
granules [g].: Miiller cell fiber [M], myelinated axons [Ax] from optical nerve layer. Sections
processed with periodic acid thiosemicarbizide for oxidized macromolecules.

Radial section. X 13000

4. DISCUSSION

Stellate amacrine cells with ascendant, lateral
and descendant expansions were described in
the retina inner granular layer [1]. A stellate
amacrine cell similar to Cajal description was
reported in teleost retina [20]. Piriform amacrines
without axons and association amacrines or
nerve cells with branched axons at the level of
piriform amacrines in the retina were published
[1]. Also neuronal type piriform amacrines and
glial type amacrines considered astrocytes were
reported in fish retina [2]. In this work clear
piriform amacrines may be homologous to
association amacrines cells found by Cajal [1,
21]. The difference between two types of piriform
amacrines, clear and dark amacrines may be
explained by the glutaraldehyde fixation
methods, contrary to the one type of amacrines
described previously in primate retina [4]. The
present work revealed that pairs of dark and
clear piriform amacrine cells with fussed areas in
contact membranes were not originated at
random since the Miller cell fiber surrounds both
cell bodies completely avoiding the contact area,
suggesting a functional contact between them
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similar to horizontal cell contacts [15]. Amle cells
were found below stellate amacrine cell layer
with many functional contacts between them
similar to the unions between horizontal cells and
stellate amacrine cells [15]. Amli cells also
presented functional contacts with the terminal
ending of bipolar cells in the inner plexiform layer
with synaptic lamina close to the membranes. In
the present paper, dense vesicles in cell
terminals probably adrenergic vesicles were
found at the inner plexiform layer, in contact with
external interstitial amacrines, clear piriform
amacrines, bipolar cell terminals and ganglion
cell dendrites which might play role in the
glycogen metabolism in the retina. Fluorescent
microscopy and cytochemical methods showed
catecholamines in the inner plexiform layer [22]
that might correspond to the terminals with dense
vesicles found in the present work, and have a
role in retina light adaptation processing
glycogen as a source of energy [23].
Oligodendroglia cells exhibits many myelinated
figures and probably have a function around
optical nerve fibers in transmission of the
electrical potential similar to their function in the
central and peripheral nervous system. The



highest glycogen density were in the external
horizontal cells close to photoreceptors and in
the Muiller cell fiber probably to give energy to
rods and cones in the visual process.
Interestingly in horizontal cells lateral terminals
Na® K' ATPase was described to explain S-
potentials between horizontal cells in the retina
[24]. This electrical synapses found in great
numbers in all functional contacts between other
retinal cells in this work, may also have the
Na'K'ATPase, a faster connection than chemical
synapses that would increase the velocity of the
visual process in the vertebrate retina.

5. CONCLUSIONS

Dark and clear piriform amacrines cells were
described according to their glycogen content. A
novel cell named dislocated amacrine cell is
described. Many terminals with dense vesicles
are probably adrenergic vesicles and it is
postulated they play a role in glycogen
metabolism to give energy to the retina visual
process. Glycogen distribution was described in
all retinal cells by cytochemical methods, the
highest glycogen density in external horizontal,
stellate amacrine, dark piriform amacrines and
Muiller cells. Electrical synapses were found in
great numbers in all functional contacts between
retinal cells, together with lateral process of
horizontal cells and may also have the
Na'K*'ATPase, a faster connection than chemical
synapses that would increase the velocity of the
visual process in the vertebrate retina.
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