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In t roduc t ion 

The proper cerebral cortex appeared first at lizards although there are tn 
the dorsal part of the forebrain of Amphibia some cell groups that may be 
considered as the precursors of the cerebral cortex. 

In the cerebral cortex of lizards, going from the lateral wall of ventricle 
towards the surface of brain, the first layer is that of ependyma cells consisting 
of a single cell line. The cells are cylindric. Every cell is continued in an 
ependyma! fibre that, going on upwards in the cerebral substan:e, is ramify ing 
abundantly. The rami pass through the single layers and end, in the form of 
terminal heads, on the surface of brain. The ependymal fibres appear in the 
preparations impregnated according to GOLGI'S method in so large numbers 
that cover the other layers of cortex almost entirely. The layer of ependyma 
cells is fol lowed by the medullary layer. 

The medullary layer is consisting of myelinated fibres. These arc part ly 
the neurites of the nerve cells of cortex, partly centripetal fibres originating 
from other cerebral regions, mainly from the olfactory region and ending in 
the cortex. The medullary layer is followed by the layer of pyramidal cells. 

The pyramidal cells arc forming more layers. They have got their name 
from their pyramid- l ike shape. Their cell body is tr iangular . The base of 
triangle is looking towards the cerebral ventricle. The cell part lengthened and 
directed towards the surface of brain is proceeding to a thick dendrite, the so 
called peak-dendrite ramify ing abundantly . The rami becoming more and more 
thin enter the external molecular layer and end there. There originate from 
the base of pyramidal cells at about the middle region the neurite and from 
the corners the two basal dendrites. The latter ones are abundantly ramify ing 
and their strongly thinned terminal rami develop the deep molecular layers 
(KRAUSE, 1921). 

In the layer of pyramidal cells, apart from the typical pyramidal cells, 
there are other cell forms, too, of course, in a much lower number than the 
pyramidal cells. Cell forms like this are the tr iangular cells the peak of which 
is directed towards the ventricle of the brain and their two basal main dendrites 
towards the surface of the brain. Among the pyramida l cells there are bipolar 
cells, as wel l , occurring mainly in the dorsal and lateral regions of cortex. The 
layer of pyramidal cells is followed by the external molecular layer. 
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The external molecular layer consists overwhelmingly of terminal rami 
and centripetal fibres originated from the ramification of peak dendrites. En the 
layer, in addit ion to the fibres resp. fibre terminations, there can rarely be 
observed bipolar cells of rather large extent, as well , the longitudinal axis of 
which is paral lel with the surface of brain. The outmost parr of cortex is the 
tangential layer. 

The tangential layer consists of fine unrneduHated fibres running paral lel 
with the cerebral surface. A number of the fibres arc centripetal fibres, others 
of them are the rami of the neurites originating from the pyramida l cells. The 
neuritcs of not al l the pyramidal cells are namely directed towards the me-
dul lary layer, but there arc also that arc bending hack, stepping in the external 
molecular layer, in that ramifying and the rami ending in the tangential layer . 

For recognizing the ultrastructure of the cerebral cortex of l izards, we 
have carried out electron microscopic investigations on the cerebral cortex of 
the sand-l izard. 

Materials and Methods 

For being investigated, small pieces were excised from the dorsal part of telencephalon, 
fixed in osmic acid buffered according to Milloning, dehydrated in alcohol of gradually increasing 
concentration and embedded in araldit. W e made sections from the material with an L.K.B.-
ulrramicrotome and investigated them with electron microscopes YKS LA D 242 and J KM 6. 
Some of the investigations were performed in the Biological Research Institute of the Hun-
garian Academy of Sciences at Tihanv others in the electron microscopic laboratory of the 
Institute of Biochemistry. University Medical School. Szeged. In the following we sum up the 
results uf our observations concerning some components of the cortex. 

Nerve cells 

There are characteristic for the nerve cel ls : the narrow, margin- l ike cyto-
plasm (perication), a round nucleus of central position, as well as the processes, 
neurite and dendrites. In the cytoplasm, the endoplasmic reticulum, that is to 
be regarded as the largest organcllum of the cell, appears in the form of various 
cisternal systems. Its shape and external form, the extent of the single cisterns, 
its course, connection in the various cells a rc very different , showing in some 
case a peculiarly different picture. There are cases where some parts of cisterns 
widen out extremely, forming very large cavit ies. On other occasions, the 
cavit ies resp. cavity systems of straight course, uniform in length and quasi 
identical in diameter , too, arranged beside each other arc showing a form 
reminding us of the chords of lute. There are cases when the tubes of rcticula 
are of proportionally narrow lumen, showing anyway in some places smaller 
or larger di latations. The cisternal regions developed in this way , in which 
the di latat ions and strictures are alternating with each other, take on a wavy 
shape and the tube systems that arc parellel with one another are forming 
specific wave systems. Between the cisterns there appear sometimes some 
roundish formations limited by thin wal l s in the central substance of which 
there may be observed very small granules being electron-dense only in a low 
degree. (Fig. 1). 

In the cytoplasm a particular place is taken by GOLGI'S complexes. W e 
have to say that in the course of our investigations covering almost every region 
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Fig. 1. Lacerla agil'ts. Cerebral cortex. Nerve cell. Cyc — cytoplasm. Cm — cell membrane. 
N — nucleus, Nm — nuclear membrane, Nmt — internal nuclear membrane. Nme — 
external nuclear membrane. Er — endoplasmic reticulum. M — mitochondrium, R — 
ribosoma. Cr — chromatin. Ax — axon, D — dendrite, Sv — synaptic vesicle. As — 
axo-axonic synapse. Ad — axo-dcndritic synapse. Magnified: x 25.00. 

of the brain w e have found nowhere as many GOLGI'S complexes as in the 
ccrcbrocortical nerve cells of the sand- l izard. There are microscopic pictures in 
which 3 to 6 and even more GOLGI'S complexes can be observed showing 
interesting and specif ic formations. It is genera l ly characterist ic of these that 
the ves icular groupings arc richer and more developed than the tubular region. 
The vesicles are comparat ive ly large , showing a perfectly round form, and the 
many empty vesicles of equal size are fo l lowed at the edge of the f ie ld bv 
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large electron-light cysts. The high number and conformity of vesicles, the 
association of vesicles of large size, the abundance in short tubes and cavity 
systems speak in the favour of the supposition that at l izards GOLGI'S cerebral 
complexes may have a peculiar role. It is, of course, possible, too, that these 
marks do appear just at the sand-lizard that is extremely sensitive and moves 
incredibly fast (Fig. 2) . 

In the cytoplasm, both in the pericarion and in the dendrites, the multi-
vesicular bodies appear not in a high number but in a sharp form and in a 

Fig 2. Lacerta agilis. Cerebral cortex. Nerve cells. Cyt — cytoplasm. Cm — cell membrane, 
G — Golgi's complex, Mb — multivesicular body, Er — endoplasmic reticuîum, 
M — mitochundrium. N — nucleus. Nm — nuclear membrane. Nmi — internal 
nuclear membrane, Nme — external nuclear membrane, Np — nuclear pore. Magni-
fied: x 33.0UO. 
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comparatively large size. They are general ly roundish or long-shaped, their wal l 
is thick, homogeneous, and within them, limited from one another wel l , several 
vesicles o f . comparatively equal size may be seen. The latter ones do not touch 
one another, their stroma is of loose construction. 

In the cytoplasm, ribosomes can be seen in large numbers. Their locations 
and groupings are different . There are some microscopic pictures in which the 
ribosomes arranged in lines beside the endoplasmic cisterns arc fol lowing exactly 
the course of the latter ones. Besides these pictures there are some others, too, 
and not rarely, in which the ribosomes form groups, and even the general 
situation is that in the same picture both formations are to be found. In the 
middle of the groups the ribosomes arc nearly touching one another but near 
the border of the group they become strongly rat i f ied . 

Some characteristic components both of pericarions and of processes arc 
the mitochondria. They belong to the crista type. In their structure we can 
distinguish well the double mebranc and the central matrix in which the cortex 
of the crests engendered by the invagination of the internal membrane and the 
central light part a lways appear sharp. Between the crests we sec here as well 
as general ly in the mitochondria everywhere an electron-light matrix substance. 
The shape of mitochondria is extremely interesting and various. Most of them 
are manifesting the usual ell ipsoid rcsp. elliptical forms although there occur 
sporadical ly also those of them that may be included in the spheric type. 
Apart from them, the peculiar forms are not rare, cither. There arc remarkable 
those showing abnormity in width or length. Main ly the longitudinal overgrowth 
seems to be a rather frequent appcarance. The shapes of a crescent or of an 
expressed shepherd's crook are not rare, cither. There are, however, rare the 
forms referring to a division. The shape, size and direction of crests is manifold, 
their grouping is peculiar (Fig. 3) . 

The cell nucleus is general ly big, it constitutes almost three-quarters of 
the cell. It is an electron-dense granulated body, surrounded only by, a very-
narrow pericarion border. Its substance is loose, the chromatin clots are form-
less, forming sporadical ly larger knots. In the nucleus is to be found the 
nucleolus, usually of excenrric location. Its shape is irregular, sometimes 
roundish. Its substance is much more electron-dense than that of the nu;lens, 
consisting of round knots arranged close to one another. The nucleus is sur-
rounded by a double nuclear membrane distinctly visible. The area between 
them is proportionately wide and in every case sharply conspicuous. The two 
nuclear membranes — here as well as general ly - adhere sporadical ly close to 
each other, later however getting farther. In these places the nuclear pores are 
to be seen. It is not rare either, that the external nuclear membrane gets into 
a great distance from the internal one, folding into the pericarion. As the 
process repeats in the course of the external nuclear membrane, peculiar cavity 
systems develop called herniae of the nuclear membrane. 

The neurite is a thin process of an unvarying thickness, l imited sharp by 
the highly consipicuous but proportionately thin axolcmma towards the adjacent 
tissue components. In the axoplasm we can see, even if not a lways , the neuro-
filaments of various thickness, located generally longitudinal ly . Among the 
latter ones there are some, as wel l , the course of which is not paral lel with 
that of the axis of axon. We have come to this conclusion from the fact 
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that in microscopic pictures they appear in cross-section. The synaptic vesicles 
are special ingredients of ncurites. These are empty vesicles of 150—300 A 
diameter that, as proved by our pictures, fi l l in completely not only the axon 
terminals but also other axon regions having no synapses a t all . Such a mass 
of vesicles never occurs in dendrites. This mark enables us to dist inguish the 
dendrites of various sizes from neurites and to find our way in the different 
forms of the synaptic connections, resp. contacts. 

Dendrites arc cellular processes of the most various size and dimension. 
Their structure is agreeing with that of pericarion. The i r substance is loose. 

Fig. 3, Lacer ta avilis. Cerebral cortex. Externa) molecular layer. Ax — axon. D — dendrite, 
V — vesicle, M — mitochondrium. Ad — nxo-dcndrirlc synapse. Iv — invaginative 
synapse, Mb — multivesicular body. Magnified: x 25.000. 
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They arc characterized by the neurotubules located longitudinal ly and trans-
versely, and by micro vesicular bodies. The synaptic vesicles are completely 
missing. The diameter is var iable . The l imiting membrane (dendrolemma) is 
very consipcuous well l imited electron-dense membrane. In the dendroplasm 
there are to be seen sporadical ly major electron-light vesicles too (Fig. 4) , 

Fig. 4. Lacerta agili.s. Cerebral cortex. External molecular layer. Ax — axon. D — dendrite, 
Al — axolcmma, V — vesicle, M — mitochondrium. Er — endoplasmic reticulum, 
Mb — multivesicular body, Ad - - axo dendritic synapse, Si — intersynaptic space, 
Sv — synaptic vesicle, D! — dendralemma. Nt — neurntubule. Magnified: x 25,000. 
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Glia cells 

They arc structurally close to the nerve cells (ROBERTIS, GERSCHENEELD 
and GOMEZ, 1961). In the pcricarion there are t:) be seen about the same cell 
organella as in the nerve cell. Characteristic differences arc manifested in form 
and arrangement of the cisternae of the endoplasmic reticulum. The tubules 
are ramify ing, their course is irregular. Mult ivesicular bodies appear often, the 
number and location of the vesicles differ ing highly. There is a very great 
difference in the arrangement of ribosomes. The latter ones are forming groups 
that are not l imited sharp from one another. Every group has a centre where 
there are more ribosomes, and a peripheral part where the number is strongly 
diminished and the single shapes are far from one another. Sometimes the 
cytoplasm is so much full of ribosomcso that it seems to be a real granulated 
electron-dense substance divided into peculiar pieces by the endoplasmic cis-
ternae and GOLGI'S complexes forming peculiar systems. The accumulation of 
glycogenic clots is characteristic of glia cells. The situation is, namely, that 
glycogen is transported for the nerve cells, res p. neurons by glia cells. 

The nucleus of glia cells is showing, as wel l , some characteristic feature. 
This manifests itself first of all in the fact that the electron density is fa inter 
than in the nerve cells and round the internal nuclear membrane there are no 
circularly located polymorphous electro-dense areas . It is to be considered as 
characteristic, as well , that the nucleus of gl ia cells is long-shaped and the two 
nuclear membranes are verv close to each other. The hernia-l ike protrusions 
that a lways occur in nerve cells can in g l i a cells never be found. 

The glia fibres are as much characterless as the gl ia cells arc . They are 
usually thick, the rami are rougher and the substance within the glia membrane-
is homogeneous. In that, there are to be seen neither any f i laments nor any 
vesicles, although in some cases in the apparently empty substance some vesicles 
of larger dimension can be observed connected with one another wi th thin 
canal pieces. 

Synapses 

The synaptic contacts are characteristic of the cerebral cortex and , within 
it, first of all of the fibrous layers. Their number is general ly high. Four to 
six and possibly more synapses can be dist inguished in each picture. They are 
structurally chemical synapses the components of which are, according to 
PALADE a n d PALAY ( 1 9 5 4 ) , ESTABLE, REUSING a n d ROBERTIS ( 1 9 5 4 ) , PALAY 

( 1 9 5 6 , 1 9 5 8 ) , FERNANDEZ-MORAN a n d BROWN ( 1 9 5 8 ) , ROBERTIS ( 1 9 5 5 , 1 9 5 8 , 

1 9 5 9 ) , LORT.NZO ( 1 9 5 9 ) , ROBERTIS a n d IRALDI ( 1 9 6 1 ) , WHITTACKER a n d G R A Y 

( 1 9 6 2 ) , L o o s ( 1 9 6 3 ) , WESTRUM ( 1 9 6 6 ) , JONES ( 1 9 6 9 ) , t h e p r e s y n a p t i c p l a s m , 

the presynaptic membrane, the synaptic space, the postsynaptic membrane and 
the postsynaptic plasm (Fig. 5). 

The components of the presynaptic plasm arc the presynaptic organel la . 
There belong to t'iem the synaptic vesicles, the mitochondria, as well as the 
neurofi laments and neurotubuli. From among the synaptic vesicles the empty 
vesicles appear in the largest quant i ty . Their size var ies between 250 and 
600 Á. It is interesting that not only the axon terminals are full of empty 
synaptic vesicles but also the parts of axons chat are not in synapsis. 
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Fig. 5. Lacerta agilis. Cerebral cortex. Nerve-fibre layer. Ax — axon, D — dendrite. Al — 
axiilcirma, Dl — dendrolemma, Ad — axo-dendritic synapse. V — vesicle. Sv — sy-
naptic vesicle. Pr — presynaptic membrane. Po — postsynaptic membrane. CI — clus-
ter, M — mitochondrium. Magnified; s 18.000. 

Fullness is singularly characteristic of the cerebrum of this animal. It is not 
excluded, and even it seems tD be probable, that the cause of this particular 
richness is, as a lready mentioned, the strong agil i ty and high sensitivity of 
this animal . If the transmitter material is transferred by the empty vesicles 
then that is natural because they need for the fast movements many stimuli , 
and for releasing the w a y of the impulse conduction depolarizing the post-
synaptic membrane they need much transmitter material . As soon as we have 
fixed the cerebral cortex of the sand-lizard we had the thought that here 
the vcsiclc system must be richer and denser than in other animals moving 
slower and more sluggishly. It is to be mentioned as a peculiarity that that 
some empty vesicles exactly of the same appearance as that of those f i l l ing 
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both the terminal and the p r e t e rm ina l regions of axons may be observed 
in dendrites, too, anyway not in large numbers, only in a few cases. And even 
it occurs that these show some groupings in the immediate vicinity of the post-
synaptic membrane. In the presynaptic plasm it is sometimes possible to see, 
apart from the empty synaptic vesicles, electron-dense vesicles of a thickness 
of 1000 A, as wel l . Without going into functional explanations, we have to 
refer to that the dense-core forms occur everywhere and in every axon in 
the animal kingdom, in smaller or larger quantity , both in the synaptic region 
and in the presynaptic axon sections. In connection with the phenomenon, wc 
should like to emphasize only, in addit ion, that the structure of these vesicles 
is the same in the animal kingdom everywhere and in each organ. 

It is mentioned repeatedly that one of the characteristic features of the 
presynaptic protoplasm is that in it the mitochondria accumulate, forming a 

Fig. 6. Lacerta agilis. Cerebral cortex. External molecular layer. Ax — axon, — D — denrite 
V — vesicle. Sv — synaptic vesicle. A d — axo-dendritic synapse. As — spine 
synapse, Pr — presynaptic membrane, Po — postsynaptic membrane. Si — incersynaptic 
space. M — mitochondrion!, Cr — cristae mitochondriales, Mn — mitochondrial 
membranes, CI — cluster. Magnif ied: x 48 .000 . 
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group close to the presynaptic membrane. This statement cannot be referred at 
all to our mater ia l . W e had investigated a great many synapses and found so 
that the number of mitochondria var ied between 0 and 3. Reckoning by and 
large, we have found numbers 0 and I, to be equal the most of them being 
number 1. In a sense l ike this, in our case it is not to be thought of the accu-
mulation of mitochondria. 

In our pictures from among the organella of the presynaptic protoplasm 
the less obvious ones were the fibrous components of the axons, the neuro-
fi laments. In our opinion, the cause of this is to be sought for in the fact that 
the pieces of these fibres arc intermingled among the synaptic vesicles past 
recognition, the latter appearing in every case in very large numbers and 
unusually sharp. 

The presynaptic membrane is an everywhere sharply separated, structurally 
homogeneous membrane. Thickening is a lweys conspicuous. It is generally not 
thick. It is interesting and in our case chracteristic, too, that along a few 
longer presynaptic membranes there are smaller or larger interruptions in the 
thickness d iv id ing the membrane into two or three parts. It is interesting in 
this division that in the presynapse the cumulation of vesicles, the so-called 
cluster is showing a double resp. triple divis ion, as well (Fig. 6 ) . 

The synaptic space is a conspicuous, electron-light substance of the same 
breadth that shows, magnif ied weakly , no division or structure at all. In pic-
tures, however, magnif ied rather strongly, it is full of paral lel ridges perpendi-
cular to the synaptic membranes. According to our observations, it is of the 
same brath in every synapse. In our material , the synapses cannot be classif ied 
on the basis of the synaptic space. 

The postsynaptic membrane a lways shows some fringing towards the post-
synaptic plasm, rcsp. it is not limited towards the central region of the post-
synaptic plasm. In a great part of cases it is thicker than the presynaptic 
membrane (Fig. 7) . This phenomenon was noticed first by GRAY (1959) , in 
the course of investigating the synaptic l inkages of the cerebral cortex. Later 
on, seeing that in a part of the cerebral synapses the synaptic membrane is 
thicker than the presynaptic one, in other ones however the thickening of both 
membranes is the same, he d iv ided the cerebrocortical synapses into two groups. 
He arranged into the first group those with a thicker postsynaptic membrane, 
into the second one those with the same thickening of both membranes. At a 
later date, the former one was named the synapsis of type GRAY I, the latter 
one that of type GRAY II. Both forms were found in our material , too, although 
- after having observed the pictures magnif ied more strongly — it could be said, 
as well , that al l the forms of synapses belonged to the type GRAY I, The si-
tuation is namely in almost every case that the postsynaptic membrane is much 
thicker, darker and the f ring-el ike appendages penetrate deep into the post-
synaptic plasm. In most part of the cases it is so that in both forms of synapses 
one axon is in contact with one dendrite but is occurs, too, and even not rarely, 
that a axon piece is connected with two dendrites (Fig. 5). 

The postsynaptic plasm is showing no peculiarty at all . The empty vesicles 
and the neurotubules do appear sporadical ly here, too, but the former ones in 
an extremely low number. Mitochondria are found in it only occasionally. 
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Axodendri t ic synapses 

In our mater ia] , 95 to 96 and perhaps even more per cent of the chemical 
synapses appera ing extremely sharp and in la rge numbers belong to the axo-
dendr i t ic forms. Their shape and size are highlv d i f ferent . Both are a result of 
meeting forms. There are cases when the svnaptic endings gett ing into contact 
are by a n d large of the same form. The s i tuat ion is, however , genera l ly so that 
the axon terminal is of larger extent than the surface of dendr i te that is 
in contact with it. There occur, anyway , some cases, too, when the dendr i te 
surface is larger than the deta i l of axon. The junctional a v . o i end ing is 

Fig. 7, Loretta agïiis. Cerebral cortex. External molecular layer. Axo-dendritic synapse. A\ — 
axon. D — dendrite. Al — axolemma. Dl — dendrolemma, V — vesicle. Sv .— sy-
naptic vesicle. Pr — presynaptic membrane. Si — intersynaptic space. Pu -— post-
synaptic membrane, Sr — synaptic fringes. M — mitochondrium, Cr —• cris tac mito-
chondrials . Mm — mitochondrial membranes. II — intersvnaptic ridges. Magnified: 
X 100 .000 . 
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usually straight or rounded. In this case, it is embedded in the excavation of 
the dendrite. There arc anyhow also some cases when the excavation is in the 
axon ending and in that is Iving the dendrite ending or some part of the 
dendrite. There are interesting the synapses in which the side of a longer axon 
ending or that of a longer preterminal piece is in contact with a small dendrite 
ending or a preterminal piece of lesser extent of a dendrite. These pictures 
are favourable the opinion that the transmission of stimuli is not limited to 
the endings. That means that in the transmission of stimuli there :an have 
a role from both parts some fibre-regions that are far from the endings. 

A peculiar form of the axo-dendrit ic synapses appearing rather rarely is 
the invaginatcd synapse. It is a form of contacts when we see in the cross-

Fig. 8. Lacerta agtlts. Cerebral cortex. External molecular layer. In vagi native synapse. Axo-
dendritic synapses. Ax — axon. D — dendrite. S — dendrite-spine, M — mitochond-
rium. Mb — multivesicular body. Ad — axodendritic synapse, Iv —invaginative sy-
napse, Cr — cristae mitochondrial es, G1 — glycogen, Magnified: x 25.000. 
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section of a axon the cross-section of a dendrite piece with which the 
axon is forming synapse. But the same axon synaptizes with another 
dendri te piece, as wel l , that ¡5 lying outside the substance of neuraxon. Accor-
ding to our opinion, the matter in question is here an invaginated form of 
synapse that is forming a axon with a dendritic spine. The peculiar pic-
ture is the demonstration of a situation when the knife is cross-cutting a dend-
ritic spine located in the cavity of an axon ending forming a synapse with 

Fig. 9. Lacerta irgjlis. Cerebral cortex. External molecular layer. Synaptic vesicle, diapedesis. 
Ax — axon. D — dendrite, V — vesicle, Sv — synaptic vesicle, CI — cluster, Pr — 
presynaptic membrane. Po — postsynaptic membrane. Si — intersynaptic vesicle dia-
pedesis. Ad — axo dendritic synapse. M — mitochondrium, Cr — cristae mitnehond-
riales, Er — endoplasmic reticulum. Mb — multivesicular body. Magnified: x 25 .000 . 
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the spine. In our picture this would be the central synapse. The other one 4 
that in our case could be said to be a peripheric synapse does exist — as conc-
luded from the situation — similarly between the axon and a dendrite spine. 
That may be concluded, apart from others from the fact, too, that round the 
peripheral synapse, and generally between the axon endings, there is everywhere 
a large number of smaller of bigger dendrite spines (Fig. 8) . 

Like of a peculiarity, we have to speak of an axodendrit ic form of sy-
napses in which in the synaptic space, between two clusters a synaptic vesicle 
of large size is located. The situation is essential ly that the presynaptic memb-
rane is broken and in the space of the rupture, there is a larger vesicle in tran-
sition, pushing before itself the postsynaptic membrane. Supposedly, there is 
here a real diapedesis in the course of which the vesicle gets inside the dend-
rite, We cannot answer the question what is the cause of rhis peculiar phe-
nomenon. It may be supposed that this vesicle of striking size is containing 
another materia l than the lesser ones ranging themselves along the membrane. 
It is, however, possible, as wel l , that it is containing the same material but 
more of it than the others do. At any rate, the phenomenon in interesting, 
the problem needs being c lar i f ied. This synaptic form is characterized, apart 
from the facts outlined above, also by that among the synaptic vesicles forms 
of dense-core type can be observed, as wel l (Fig. 9), 

Axo-somatic synapses 

Apart from the extremely numerous axo-dendrit ic synapses, we have found 
a few forms of synapses, too, where the axon is in synaptic contact with 
the soma of the nerve cell. These usually show the common form but we have 
found some of them, too, that - owing to its pecul iar structure as well as 
to the peculiarity of its supposed function - will take some more explaining. 
In this synaptic form that belongs structurally to type GRAY II, there are two 
subsynaptic membranes parallel with and close to, each other, immediately 
under the postsynaptic membrane. The two membranes surround a narrow 
cavity along the whole length of the contact. One end of the canal is open, 
the other one is leading into an endoplasmic cistern (Fig. 10). The structure 
is unparal le led, unknown in the l i terature. To-day , when there is much dis-
cussion about the place, media and material basis of memory that can be 
seriously in question in this relation, we have the following ideas concerning 
the functioning of this system. Is it true, as said and written, that the basis 
of memory is protein, then our synapse may play the following part. The 
synaptic vesicles lining up along the presynaptic membrane in the axon ter-
minal, with the acetylcholine contained by, resp. connected with, them - if 
that is, indeed, the transmitter in the cerebral cortex - make the postsynaptic 
membrane permeable and then the stimules is transferred to the subsynaptic 
canal, resp. to both subsynaptic membranes. From these it gets to the membrane 
of the endoplasmic cistern where it transmits informations to the ribosomes 
lined up there, then the protein production begins and together with that the 
corresponding change in the situation, quantity and the strength of memory. 
Nobody knows if it is so or not, a t any rate, the idea seems undoubtedly to be 
plausible. That is confirmed by the structure, placing at disposal plenty of 
the supposed morphological bases for adventures of this kind. 
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Fig. 10. Lacerta agitis. Cerebral cortex. Axo-somatic synapse. Ax — axon. V — vesicle. M — 
mitochomlrium, Ad — axu-dendritic synapse. As — axo-somaric synapse. Cyt — cyto-
plasm, Cm — cell membrane, Er — endoplasmic reticulum, Pr — presynaptic memb-
rane, Sm — subsynaptic membrane. Ec — cndoplasmatic cistern. Cc — subsynaptic 
canal, Sv — synaptic vesicle, Ci — cluster, R — ribosome. Magnified: x 48 000 . 

Axo-axonic synapses 

In our material we have met this synaptic form extremely rarely. It oc-
curred general ly in the vicinity of nerve cells where the axon terminals be-
coming very thin form rich groups along the cell membrane. As to the structure 
of these synaptic forms, the situation is general ly that from among the axon ter-
minals running across one another, at the end of one of them there is an ex-
cavation and the end of the other one is rounded. The synaptic vesicles can 
be seen in both axon terminals scattered, sporadical ly in smaller groups dis-
tinctly visible. In the presynapse, the cluster manifests itself in a sharp form. 
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C a p i l l a r i e s 

In connection with the ul trastructure of the cortex we have to discuss 
the structure of capi l lar ies , as we l l , being essent ia l ly the same as anywhere in 
the organism of Vertebrata . Some characterist ics of certain degree can only 
be observed in the shape of the endothel ia l cells and in their connection with 
one another . It may be cal led as a characterist ic , apar t from some others, that 
in the same capi l lary cross-section the endothel ia l cells appear in the most 
various shapes. On their surface, a great number of pecul iar protrusions and hol-
lows may he seen, that arc showing, even in the same picture, a strongly vary ing 
form. The most characterist ic parts of cel ls arc the long processes hanging 
down into the lumen and showing, both in their shapes and situation, a great 
var iety . In the cytoplasm, there are many empty round vesicles, arranged in 
a line. Compl icated tubule systems are formed by the endoplasmic reticulum, 
and the mitochondria are forming groups. The ribosumcs a r e arranged spora-
dical ly into lines, somewhere else they form undef in i te and vary ing groups. 
The nucleus is a long-shaped, electron-l igth body. The chromatin clots form 
sporadical ly loose knots. The nuclear membranes a r e close to each other. The 
basal membrane is showing an obl ique str iat ion. 

S u m m a r y 

As a result of the ultrastructure invest igat ions carr ied out in the cerebral 
cortex of the sand-l izard (Lacerta a gilts L . ) the fol lowing have been es-
tabl ished. 

1. The pericarion of the nerve cells is a narrow cytoplasm border, the 
cell membrane is sharp, the nucleus is big, roundish, the nucleolus is ovoid 
and of cxcentric location. 

2. The cisterns of the endoplasmic ret iculum arc forming branchy systems. 
The vesic le grouping of GOLGI'S complex is richer than the tubular region. 
There are many mult ives icular bodies and ribosomes. Shape and size of the 
cristic mitochondria is strongly changing . 

3 . The substance of nucleus is loose, the chromatin clots are forming dis-
persed, i r regular knots, the nucleolus consists of a l a rge number of small , 
roundish granules . The nuclear membrane is double , the site and lumen of 
the nuclear pores is changing. 

4 . The gl ia cells are structural ly close to the nerve cells. The tubules of 
the endoplasmic reticulum are rami fy ing , the mult ives icular bodies arc frequent, 
there arc many ribosomes and glycogenous clots. The nucleus is longshapcd, the 
space between the nuclear membranes is narrow. 

5. The synapses arc chemical synapses. The components manifest them-
selves completely and in a sharp form. They belong overwhelmingly to the 
axodendri t ic type but a low number of axo-somatic and axo-axonic forms may 
be observed, as wel l . 

6 . There are not rare among the axo-dendr i t ic synapses the invag inat ive 
forms, cither, in which the excavat ion of the axon terminal is forming a double 
synapse, one with the dendr i te spine in it and another with a dendr i te piece 
beside it. 
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7. Under the postsynaptic membrane of one of the axo-somatic synapses 
we have found a subsynaptic canal opening into the cistern of the endoplasmic 
reticulum. The structure, that is new for the l iterature, seems to be usable for 
the analysis of problems connected with the memory. 
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