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The main part of the glial tissue of the retina is formed by Müller's cells. In 
different extensions, they can be found in all layers of the retina, from the outer 
limiting membrane to the inner one. On the base of light microscopic inves
tigations it had been assumed that both limiting membranes are composed of 
these cells. From the followings it can be seen that there is essentially no outer 
limiting membrane and that the inner limiting membrane is not formed of 
Müller's cells. On the basis of Yamada, Sjoestrand, Missotten, Fine and Zimmer
mann, Inomata's invcstigations as well as those of Radnót and Lavas, the im· 
portance of Müller's cclls ís far greater than could be assumed according to 
histological pictures. 

The present investigations were carried out on rabbit's, rhesus' and human 
eyes. The material was embedded into Araldit, following fixation with gluta
raldehyde and osmium; section was carried out on the Porter-Blum-ultramicro
tome; micrographes were made with a Hitachi HU-lO electron microscope at 
75 kv. 

The first picture originates of a human retina, so that the cells of the exter
nal nuclear layer, the nucleus of the photoreceptors, its perikaryons as well 
as the inner segments are seen. The intercellular space of the photoreceptors is 
filled by Müller's cells, well dis,cernible in the form of dark lines in this pre
paration fixed in osmium. On the upper part of the picture, in accordance to 
the inner segments of the photereptors den sities are observed at the same height 
in the photoreceptors as well as in Müller's cells. These densities, arranged on 
the same level, in acc0rdance to which vivid staining can be observed in the 
light microscopic preparations, seem to form the outer limiting membrane. As 
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seen, here the photoreccptors are closely connec;ted to each other. Microvilli are 
protruding from the Müller's cells between the inner segments. This microvilli
form structure can well be observed on Fig. 2, where they display a longer 

running. On the bottom of the said figure, part of the cell-nucleus of the photo
receptors is seen, whereas in the inner s,egments several organits as ribosomas, 
endoplasmic reticulum and mitochondria are visible. 

Fig. 1 

Human retina. Emb. Araldit. 33.000 X. 
1 inr.cr segment, tb = terminal-bar, pk = perikaryon, N = nucleus of the photo-

receptors, M = intercellular layer of the Miiller'. cdls. 
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The centrosome of Müller's cells is observed in the form of diplosoma un
derneath the above de,cribed den sities ; as seen on Fig. 3, the cross section of 
the tubules of 9 x 3, is well distinguishable; underneath. 

Müller's cells can also be found between the synapses of the photoreceptors. 
Fig. 4 illustrates a peduncle and severaI spherules of a human retina. In one 
of the rod synapses a crystalliform inclusion is seen. This will be described in 
detail elsewhere / Lavas and Radnót; Radnót, Lavas and Trux/. Between the 

Fig. 2 

Human retina. Emb. Arald't. 68.000 X . 
1 = inner segment, N = nucleus of the photoreceptors, mv = microvilli, tb = terminal bar. 
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The centrosome of Müller's cells is observed in the form of diplosoma un
derneath the above described densities; as seen on Fig. 3, the cross s·ection of 
the tubules of 9 x 3, is well distinguishable; underneath. 

Müller's cells can also be found between the synapses of the photoreceptors. 
Fig. 4 illustrates a peduncle and several spherules of a human retina. In one 
of the rod synapses a crystalliform inclusion is seen. This will be described in 
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Human retina. Emb. Arald't. 68.000 X. 
1 = inner segment, N = nucleus of the photoreceptors, mv = microvilli, tb = terminal bar. 
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rod and cone synapses Müller's cells are situated. In the magnified mierograph 
in intercellular space, four cytomembranes can be observed. The synaptic end 
of the cone, the peduncle, is filled wíth synaptic vesicles and the dendrites of 

the second neuron are penetrating in it in the form of several triads. Above the 
triads, the synaptic lamellae are well discernible. 

The nucleus of Müller's cells is found in the mner nuclear Jayer. They are 

easily recognizable being mostly polygonal and also darker than the nuclei of 
the rest of cells, as seen in Fig. 5. The cytoplasme of Müller's ceIls is full of 
endoplasmic reticulum, of smooth surface and only a smaller quantity of endo-

Fig. 3 

Rhesus monkey retina . Aradit. 112.000 X. 
e = cytocentrum,' tb = terminal bar. 

plasmic reticulum of rough surface is found in it, as can be seen scattered in 
Fig. 5. Frequently, this ergastoplasme displays a parallel arrangement, as illm
trated in Fig. 6. On the left side, Müller's cells is seen, in the upper part, a 
weakly developed Golgi apparatus, on the bottom, the reticulum of rough sur
face. On the right and upper side, the nuclear parts og bipolar cells are pre
sent. 
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Fig. 4 

Human retina. Emb. Araldit. 28.000 X. 
P = peduncle, S = spherule, D = dendrites of the second neuron, M = cytoplasma 
of the Müller's cell, al = crystallike inclusion, b/2 = thin layer of the MüIler's c:ells 5.n 

intercellular space. 

In the inner plexiform layer, Müller's eells are present in different exten
sions aeeording to the species. Its extension in the rabbit is much larger than 
in the rhesus monkey or in mano The ganglion cells are generally also separa
ted from each other by Müller's cells. Fig. 7 illustrates the ganglion cells of 
the rabbit, with several organits in it: ribosomes, Golgi apparatus, endoplas
mie reticulum, etc. On the two sides it surrounded by Müller's cells displaying 
a smooth endoplasmie reticulum and glycogen granules. 
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Fig. 8 shows the nerve fibre layer. The cross sections of the nerve fibres 
are seen. They touch each other at sorne sites, but are rnostly separated by 
Müller's cells. The nerve fibres contain tubule3 in even distribution and arnong 
thern rnitochondria are also to see. Müller's oells show srnooth endoplasmic 
reticulum and rnany glycogen granules. 

Fig. 5 

Rabbit retina. Emb. Araldit. 20.400 x. 
NM '-' l1ucleus of the Müller's cells, NB = nucleus of the bipolar cells, Mcpl = cytoplasma 
of the Müller's cells, G = Golgi apparatus, ATR = agranular tubular reticulum, GER = 

granular endoplasmic reticulum. 
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Figs. 9 and 10 illustrate the structure of the mner limiting memLrane. 

On Fig. 9 the column·like ending of Müller's cells is seen with many smooth 
endoplasmic reticulum. Its cell membrane of undulated running termina tes on 
the surface of the inner limiting membrane, best seen on Fig. 10, originating 

t'ig. 6 

Rabbit retina. Emb. Araldit. 35.000 X. 
N = nucleus of the bipolar cells, G = Golgi apparatus, GER = granular endoplasmic 
reticulum, Mcpl = cytoplasma of th"" MüIJer's cells, Bcpl = cytoplasma of the bipolar cells. 
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Fig. 9 

Rabbit retina. Emb. Araldit. 58.000 X. 
ATR = agranular tubular reticu,lum, pm = plasma membran. 

of rough surface forms ducts in small nurnber. The number of ribosomas is 
also small. Müller's cells, as seen in the aboye figures, take part to different 
degrees in the formation of every layer of the retina. They divide the different 
nervous elements from each other. Due to their extension, they form essentially 
the largest pare of the retinal mass. In can be read in every text book that 
they represent the main supporting element of the retina. Electron microscopy, 
however, reveals that they have other most important functions, too. This is 

402 .. 



CELLS OF THE RETINA 

especially conspicuous m the case of pathological cases. The' fact that Müller's 
ce!ls p:ay a role in the supply of the first neuron is already obvious under phi
siological conditions; after aH, there are no vessels present in the area of the 
first neuron. It is, however, assumed that they have a role also in the supply 
of the two other neurons, Müller's ceUs being present everywhere around the 
vessels. Several worers have already called attention to great quantities of gly
cogen in Müller's ceIls and enzymatic activity was also demonstrated. 
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1<íg. 10 

Human retina. Emb. Metacozlat. 112.000 X. 
M = MÜllp·'.e cell, n¡h = membrana hyaloidea. 
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