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In a previous paper we have analysed the surface of the whole brain 

ventricular system (BVS) of the Bradypus tridactylus, a Brazilian wild animal 

(Ferraz de Carvalho and col . 7 ) . Although the ependymal lining has been one 

of the most biological systems studied with the scanning electron microscope 

(Mitchell 1 4 ) , very few findings are available concerning those animals, even at 

the light or transmission electron microscopy (Ferraz de Carvalho and c o l . 4 , 5 , 6 ) . 

With the same pourpose, we consider in this work the Cebus apella (turfted 

capuchin monkey), another wild Brazilian species. 

MATERIAL, AND METHODS 

Three specimens of Cebus apella had their brains removed under nembutal 

anesthesia, cut in slices 5mm thick along frontal planes and immersed in modified 

Karnovsky's solution (11) fixative containing 2% paraformaldehyde, in 0.1M sodium 

cacodylate buffer (pH7.4), for about 48 hs. The slices were then reduced to 14 parts 

for each animal, in order to provide specimens of suitable size for the scanning 

electron microscope (SEM). These specimens were dehydrated in ethanol, C02 critical 

point dried and mounted in metal stubs wi th conductive material. Coating was carried 

out in a carbon-gold evaporator, and analysed in a — JEOL JSM-P15 scanning 

electron microscope of the Laboratory of Electron Microscopy of the Chemical Institute 

of the «Universidade Estadual Paulista» (Araraquara, São Paulo, Brazil). 

After observation at the SEM, selected fragments of the antero-lateral part of 

the lateral ventricle roof were treated with propylene oxide, embedded in araldite 

and sectioned perpendicularly to the ependymal surface. One ^m thick sections for 

light microscopy were stained with toluidine blue — Azur II (1:1), being the thin 

sections for transmission electron microscopy (TEM) stained with lead citrate and 

uranyl acetate. All sections were made with and LKB Ultratome. (FAPESP grant 

70/1445). The EM was a Philips-201 of the Heart Institute at the, Medical School of 

the São Paulo University. 

* Department of Anatomy, Biomedical Sciences Institute, São Paulo University. 

In a previous paper we have analysed the surface of the whole brain 

ventricular system (BVS) of the Bradypus tridactylus, a Brazilian wild animal 

(Ferraz de Carvalho and col . 7 ) . Although the ependymal lining has been one 

of the most biological systems studied with the scanning electron microscope 

(Mitchell 1 4 ) , very few findings are available concerning those animals, even at 

the light or transmission electron microscopy (Ferraz de Carvalho and col. 4>5,6). 

With the same pourpose, we consider in this work the Cebus apella (turfted 

capuchin monkey), another wild Brazilian species. 

MATERIAL, AND METHODS 

Three specimens of Cebus apella had their brains removed under nembutal 

anesthesia, cut in slices 5mm thick along frontal planes and immersed in modified 

Karnovsky's solution (11) fixative containing 2% paraformaldehyde, in 0.1M sodium 

cacodylate buffer (pH7.4), for about 48 hs. The slices were then reduced to 14 parts 

for each animal, in order to provide specimens of suitable size for the scanning 

electron microscope (SEM). These specimens were dehydrated in ethanol, C02 critical 

point dried and mounted in metal stubs wi th conductive material. Coating was carried 

out in a carbon-gold evaporator, and analysed in a — JEOL JSM-P15 scanning 

electron microscope of the Laboratory of Electron Microscopy of the Chemical Institute 

of the «Universidade Estadual Paulista» (Araraquara, São Paulo, Brazil). 

After observation at the SEM, selected fragments of the antero-lateral part of 

the lateral ventricle roof were treated with propylene oxide, embedded in araldite 

and sectioned perpendicularly to the ependymal surface. One ^m thick sections for 

light microscopy were stained with toluidine blue — Azur II (1:1), being the thin 

sections for transmission electron microscopy (TEM) stained with lead citrate and 

uranyl acetate. All sections were made with and LKB Ultratome. (FAPESP grant 

70/1445). The EM was a Philips-201 of the Heart Institute at the, Medical School of 

the São Paulo University. 







RESULTS 

A surprisingly great number of long cilia was observed in the whole ventricular 

surface of the encephalon of the Oebus, being particularly numerous in the lateral and 

posterior parts of the lateral ventricles (LV) close to the junction of the inferior and 

posterior horns (Fig. 1). A clear ordination of the cilia system was not observed, 

except in a small stretch of the posterior and superior aspects of the LV and in the 

superior half of the IV ventricle, where a «swirl» like disposition w a s present (Fig. 2). 

Only in few areas w e observed the surface of the ependymal cells and their boundaries 

because the great amount of cilia. These cells were generally poligonal with peripheric 

microvilli and a tuft of cilia in their central portion. This disposition was a characte

ristic of the posterior and superior parts of the LV (Fig. 3). Similar aspects were 

also observed in the roof of the IV ventricle, anterior part of the III ventricle, under 

the corpus callosum frontally to the interventricular foramen (IVF), in the anterior 

extremity and in parts of the LV, close to the fornix, being the cilia longer in these 

two latter zones. 

In the roof of the IV ventricle at the level of the vermis, and in parts of the 

floor of the same ventricle, there were also cilia in a small (Fig. 4) and in a great 

(Fig. 5) quantity, respectively, wi th microprojections of different sizes, spread along 

the cell surface or still concentrated at the cell periphery. Filamentar structures with 

more or less conspicuous bulgings along their trajectories and voluminous and irregular 

bodies were observed, close to the ependymal surface (supraependymal structures). 

Sometimes small roots were seen between these structures and the ventricular surface, 

going apparently into the subependymal layer among the intercellular junctions. The 

supraependymal structures were clearly visible in the posterior and superior parts of 

the LV (Fig. 3) and also close to the fornix, under the corpus callosum and floor 

of the IV ventricle. 

Only close to the fornix, posteriorly to the IVF we found a zone without cilia 

or microvilli, with a great amount of supraependymal structures. Nevertheless, in 

such areas the ventricular surface of these cells, shows numerous small and irregular 

folds (Fig. 6). 

Blebs linked to the cell surface were also present in areas wi th smaller amounts 

of cilia (Fig. 5). They are greater than the microprojections. In the antero-lateral 

parts of LV's roof close to IVF, a small amount of large and bizarre projections 

were observed (Fig. 7). 

As we have described for the Braãypus tridactylus (Ferraz de Carvalho and col. 7) 

such bulgings "were formed by a flat-cell monolayered ependymal lining which 

covers spaces, opened into the ventricular lumen filled by many long cilia (Fig. 8). 

The bulgings however were smooth and smaller in comparison with those of the 

B. tridactylus. 



COMMENTS 

The role played by the great amount of cilia of the BVS surface of Cebus 
apella in the circulation of biologically active substances towards certain regions 
of the encephalon and the participation of the microvilli in the absorption, pro
duction of an ultrafiltrate of blood substances to the cerebrospinal fluid (CSF) 
and in the secretion have already been discussed in a previous paper (Ferraz 
de Carvalho et a l . 7 ) . 

Bleb-like cell protrusions, like those of the B. tridactylus were seldom 
observed in the C. apella. These structures, reported to occur mainly in 
the III ventricle by many authors studying different species (Pontenagel 1 8 ; 
Takeichi2i; NakailS; Marquet and col.13; Schechter and Weiner20; Hetzel8.9; 
Weindl and Schinko 2 2 ) , have also been considered as a morphological expression 
of a micro-apocrine secretion process. 

We found although not frequently cells with microvilli located mainly on 
the cell periphery. These cells could possibly be related to a higher absorption 
degree of the ependymal intercellular spaces. 

The functional significance of the supraependymal structures similar to 
those of the B. tridactylus i. e., fiber-like plexus, with or without bulb bulgings 
is controversial (Ferraz de Carvalho et a l . 7 ) . 

Though many of these structures are said to be of nervous nature, diverging 
opinions arise concerning their functions. Acoording to Agduhri, Pesonen 1 7 and 
Leonhardt 1 2 , for instance, these structures play a receptor role, while for 
Dierickx3 they act as osmoreceptors. Others (Bargmann and Scharrer 2; P e n s a 1 6 ; 
Ito1», Rodrigues 1») admit the participation of such structures in CSF secretion 
processes. 

SUMMARY 

Topographical variations of the ependymal surface of the whole brain 
ventricular system of Cebus apella, a wild Brazilian species, were studied at the 
scanning electron microscope after C02 critical point drying and carbon-gold 
coating. Certain selected areas were also studied at the transmission electron 
microscope, following standard technical procedures. We observed distinct 
patterns in the distribution of cilia, microvilli, other cell projections, and the 
so called supraependymal structures. Based on the morphological findings, 
functional considerations are made. 

RESUMO 

Estudo correlativo à microscopia eletrônica de varredura e de transmissão 

da superfície do epêndima do Cebus apella. 

Variações topográficas da superfície ependimária de todo o sistema ventri
cular encefálico do Cebus apella, uma espécie silvestre brasileira, foram estudadas 
mediante microscopia eletrônica de varredura, após secagem pelo método do ponto 



crítico do C02 e metalização pelo ouro-carbono. Determinadas áreas foram tam
bém estudadas no microscópio eletrônico de transmissão, após os procedimentos 
técnicos usuais. Observamos distintos padrões na distribuição de cílios, micro¬ 
vilosidades, e outras projeções celulares, além das assim chamadas estruturas 
supraependimárias. São feitas considerações morfofuncionais, baseadas nos 
achados morfológicos. 
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