
Z. Zellforsch. 128, 42-57 (1972) 
© by Springer-Verlag 1972 

The Relation of the Microglia with the Pericytes 
in the Cat Cerebral Cortex 

Margarita BarSn and A. Gallego* 

I)epartamento de Fisiologia y Bioquimica, Facultad de Medicina 
Universidad Complutense de Madrid 

l~eceived February 8, 1971 

Summary. Capillaries, pericytes and microglial cells in layer I of the cerebral cortex 
of normal adult cats have been studied with electron microscopy. The data obtained in this 
study show that pericytes are cells which are able to transform themselves into microglial 
cells by virtue of an activation process in which the astrocytic neuroglia appears to play 
a decisive role. By virtue of its structure, its mesodermic origin and its function the micro- 
glia has to be distinguished clearly from the astrocytic neuroglia and the oligodendroglia. 
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Apar t  f rom neurons and neuroglia, Cajal (1913) described in the nervous 
centers, a cellular " t h i rd  e lement" ,  the " t i n y  adendrit ic cells" or "non-polar  
corpuscles".  Utilizing his ammoniacal  siNer carbonate technique, Rio Hor tega  
(1917, 1919, 1920, 1921a, b) identified within the " th i rd  e lement"  two cellular 
types,  the microglia and the oligodendroglia, both  types  distinct one f rom the other, 
both  f rom their morphology as well as f rom their embryonic  origin. The o]igo- 
dendroglia or "glia with scanty  processes" should be, according to t~io I tor tega,  
a type  of neuroglia of ectodermic origin, whereas the microglial cells should have 
an  extra-nervous,  mesodermic origin, "which  penetrate  into the nervous tissue 
by  vir tue of ameboic movements  and of translation, and have as principal funct ion 
t h a t  of scavenging and eliminating products  of metabolism and nervous disinte- 
g ra t ion"  (Rio I tor tega,  1924). 

According to this concept, the microglia would not  be a neuroglial component  
of the central nervous system but  ra ther  the nervous division of the reticulo-endo- 
thelial system, originating f rom the meninges or cellular elements of the vascular  
walls or inclusively, of ex t ravasa ted  blood elements. 

Rio Hor tega  (1919, 1920, 1921a, b, 1924, 1927) studied the microglia by  light 
microscopy in the normal  state and in various pathological conditions of the 
central  nervous system. The phagocyt ic  role of the microglia and their t ransforma- 
t ion into the distinct cellular types  which have been described in various patholo- 
gical processes by  diverse names (" St~bchenzellen",  "Abr~umzel len" ,  "K6rnchen- 
zellen", "corpdscnios granuloadiposos" ,  "Gitterzellen" . . .) was demonst ra ted  by  
the aforesaid worker, who described the intermediate  steps between the microglia 
at  rest, characteristic of normal  nervous tissue, and such cellular elements present 
in various pathological processes. 

* This study was partly supported by a grant from the Seguridad Social, Instituto 
Nacional de Previsi6n. 
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Nevertheless, in the modern literature on the microglia, electron microscopic 
studies appear to raise doubts concerning some problems which appeared resolved 
by the studies of Rio Hortcga. The microglial cells so difficult to were identify 
with the electron microscope that  various authors doubted their existence in 
normal nervous tissue in face of the results of their own investigations (Max- 
well and Kruger, 1965; Eager and Eager, 1966; King, 1968) and the ambiguous 
descriptions of other authors (Herdorn, 1964; Bodian, 1964; Stensaas and Sten- 
saas, 1968). 

On the other hand, disregarding the above-cited work of Rio Hortcga, the 
microglia continue to be considered as more of a type of neurogha (Mori and 
Leblond, 1969; Robain, 1970) or even as simple forms of oligodendroglia without 
relation to the phagocytic elements present in pathological processes, in tha t  
" a  subdivision of glia which includes the 'microglia '  involved in repair of brain 
injury remains open to question" (Maxwell and Kruger, 1965). Some authors 
consider tha t  the participation of blood cells is more important  in the formation 
of macrophages, particularly in cases of intraeerebral hemorrhages (Sehultz and 
Pease, 1959; l~ussel, 1962; Konigsmark and Sidman, 1963); the hematogenic 
origin of the latter is deduced simply at times from the perivascular location 
of many  of the pathological cells encountered in lesions of the nervous tissue 
(Hills, 1964). 

Such confusion may  be at tr ibuted to the exclusive use of electron microscopic 
techniques, since for those accustomed to employ the techniques of Rio Hortega, 
the existence of the microglia as a normal component in the central nervous 
system is obvious. Thus, Mori and Leblond (1969) who studied the cerebral cortex 
by a combination of light and electron microscopic techniques identify the 
microglia with extreme clarity, describing two cellular types, "per icy ta l"  and 
"interst i t ial" .  

The relation of the mieroglia to the cerebral blood vessels had been already 
established by  Rio Hortega (1920) who described a "vascular satellite" microglia 
which accompanies the blood vessels forming lengthwise series with them and 
oriented in the same direction, and at  other times perpendicular or obliquely 
directed with relation to the vascular wall. The description by  Rio Hortega (1920) 
of microglia " in t imate ly  backed-up against the wall of the blood vessels" appears 
to correspond to the microglia that  Mori and Leblond call "per iey ta l"  in that  
for Rio Hortega his "vascular  satellite . . . .  extends its protoplasm in the form 
of irregular sheets over the wall of the vessels . . . .  and appears at  times as corpuscles 
somewhat distant from the capillary but  in relation with it through laminar 
extensions" 

Apart  from perivascular fibrous neuroglia, perivascular cellular elements have 
been described which could be related with the origin of microglia : the "per icy tes"  
,(Zimmermann, 1923); the satellite cell of vascular neuroglia described by  Moya 
Rodriguez (1970); and intermediary precursor cells of neuroglia of mesodermic 
origin according to the interpretation of Valenzuela (1970). 

In  the present work the relation which may  exist between the said perivascular 
elements and the microglia of the gray cortical mat ter  is studied in the cerebral 
cortex of the adult cat. 
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Material and Methods 

Adult cats of both sexes were anesthetized intraperitoncally with sodium nembutal 
(30 mg/kg). The exposition of the cerebral surface was undertaken with conservation of the 
dura mater "in situ". The dura mater is excised and separated carefully leaving the 
cerebral convolutions covered by the pia mater, 

Several samples approximately 1-2 cubic millimeters in size were then extracted from 
the anterior lateral cortical area of association (Thompson et al., 1963). 

The tissue was fixed by immediate immersion in 2 % osmium tetroxide in phosphate buffer 
at pH 7.2 at 4°C for 2 hours and cut into smaller pieces to facilitate its further 
orientation. The tissue pieces were washed rapidly in distilled water and then immersed 
in a saturated solution of uranyl acetate in distilled water. Dehydratation was completed in 
progressively concentrated ethanol. Embedding in epoxy resin (method of Luft, 1961). An 
ultramicrotome (Porter-Blum MT-2) was used for preparing the sections which were treated 
with Reynolds lead solution. In all cases 0.5-1.0 micron thick sections were obtained which 
were examined by phase-contrast microscopy to control the orientation of the sample. 
Electron microscope: Philips EM 200. 

The observations of the present investigation arose in the course of a study on the general 
organization of layer I of the cerebral cortex. For this reason, the descriptions of the 
results obtained refer principally to the microglia of the said layer and were obtained by the 
study of slices sectioned according to two mutually perpendicular sectional planes: 

a) Sections perpendicular to the cerebral surface following the vertical plane of organi- 
zation of the gray cortical matter. 

b) Sections tangential to the cerebral surface following the horizontal plane of organi- 
zation of the gray cortical matter. 

Observations 

a) Structure o/the Cortical Capillaries. The s t u d y  of the  per ivascu la r  region,  
as much  pe r i cy t a l  as glial,  led us to  the  u l t r a s t r uc tu r a l  s t u d y  of the  capil lar ies  
of the  cerebral  cortex.  Our d a t a  (Figs. 1-3) coincide with  those found  b y  o ther  
workers  in di f ferent  species of an imals  and  a t  var ious  s tages  of deve lopmen t  
(Maynard  et al., 1957; Donahue  and  Pappas ,  1961; Caley and  Maxwell ,  1970). 

The  vascu la r  lumen  m a y  be occupied b y  a b lood cell or s imply  filled wi th  
p l a sma  (non-perfused animals)  which appears  as g ranu la r  ma te r i a l  (Figs. 1, 2). 
I n  those  cases in which the  cleavage p lane  of the  t issue sect ion coincides wi th  the  
cy top l a sm and  nucleus of an  endothe l ia l  cell this  l a t t e r  appears  p ro t rud ing  in the  
vascu la r  lumen.  

The endothe l ia l  cell appea r s  wi th  an e lect ron dense cy top lasm which comple te ly  
sur rounds  the  capi l la ry  lumen.  The chromat in  in the  nucleus is a r ranged  so 
as to form a border  of increased dens i ty  nex t  to the  nueleoplasmic m e m b r a n e  
t h roughou t  i ts  extension.  A t  t imes,  i r regular  masses of ch romat in  are observed  
d ispersed  t h roughou t  the  nueleoplasm (Fig. 2). The nucleus can be k idney-shaped ,  
more  or less rounded ,  and  somet imes  ve ry  i r regular ,  depending  on the  p lane  of 
section. 

The  cy toplasm,  ve ry  scarce in the  per inuclear  zone, is ma in ly  a r ranged  in the  
form of processes which th in  themselves  out  d i s ta l ly  f rom the  nucleus and  
su r round  the  vascu la r  lumen which appears  rounded  or s t re tched  ou t  according 
to  the  p lane  of section. I t s  b o u n d a r y  is i r regular  or undu la t ing  on account  of the  
p ro t rus ion  of the  endothe l ia l  cell nucleus and  the  folds and  invag ina t ions  of the  
endothe l ia l  cy top lasmic  processes on i ts  margin.  The processes of the  n e a r b y  
endothel ia l  cells es tabl ish  junc t iona l  complexes.  The cy top lasm of the  endothe l ia l  
cell contains  dispersed r ibosomes,  a s can ty  endoplasmic  re t icnlum,  and  a t  t imes  



Fig. 1. Pericyte (P) resting on the capillary wall and separated from it by the basement 
membrane (BM). The terminal pericytic processes (p) are in direct contact with the endothe- 

lial cell expansions (circles). Astrocytic end-feet (a) 

Fig. 2. Endothelial cell (E) of a capillary and perieyte (P) resting on its wall. Note the 
pronounced deflection (thick arrow) between the pericyte and the capillary wall marked by the 
penetration of an astrocytic process (a). The astroeytic "a tmosphere"  around the pericyte is 
incomplete; its basement membrane (BM) is partially in direct contact with the neuropile 

(thin arrows) 
Fig. 3. Pericyte (P) resting on the capillary wall and separated from it by the basement 
membrane (BM) except at the point where its process is in contact with the endothelial cell 
expansions (circle). One astrocytic process (a), separates the basement membrane (arrow) 

from the pericytic surface 
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Figs. 4-6  
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cisternae with adherent ribosomes. The Golgi apparatus appears occasionallylodged 
in the narrow cytoplasmic space limited by the nuclear lobule. The most notable 
feature of the endothelial cytoplasm is its vesicular appearance brought about 
by the dissemination throughout it of numerous vesicles of different size. The 
mitochondria are small, and of medium density. Occasionally pinocytotic vesicles 
are observed at the side of contact with the basement membrane (Fig. 11). From 
the luminal side vacuoles are observed which are in the process of being enclosed 
by the vascular endothelium. 

The endothelium is surrounded throughout its length by a well-defined 
homogeneous basal membrane of 300-400 _~ thickness. The covering of the endo- 
thelium by the basal lamina is interrupted solely at those places in which a fine 
pcricytic process enters into direct contact with the vascular endothelium (Figs. 1,3). 

External to the basement membrane but in intimate contact with it are 
found the vascular end-feet of the astrocytic glia. The astrocytic end-feet 
appear in the form of large plates (sucker feet) which surround the 
capillary (Figs. 1, 2, 4), or in the form of fine astrocytic lamellae which follow 
closely along the capillary contours and surround it in the form of a casting 
(Figs. 5, 6). Among the astrocytic end-feet, complexes of the "gap junction" type 
described by Brightman and l~eese (1969) can be observed; in its cytoplasm are 
found the usual astrocytic structures, especially gliofilaments cut in all directions. 
The astrocytic expansions create a closed glial ambient around the capillary. The 
astrocytic ambient is only interrupted by the relatively frequent presence of 
pericytes. The basement membrane around the pericyte ceases to be exclusively 
surrounded by the glia in that the pericyte may or may not be enveloped by a 
total astrocytic environment. 

b) The Pericytes and their Processes. The pericytes are small ovoid cells whose 
maximal diameter is usually not greater than that exhibited by the vascular 
lumen outlined by its wall. They rest directly on the basal lamina of the capillary 
separated from the glia and neuropile by a sheet of basement membrane continuous 
with that  of the capillary. In this manner the basement membrane covers the 
endothelial cells which form the wall of the vessel and the satellite element, the 
pericyte (Figs. 1-4). 

The pericytes are cells with electron dense cytoplasm. They are easily distin- 
guished from the neuropile and more especially from the astrocytic expansions 

Fig. 4. Capillary with endothelial cell nucleus (E) and pericyte (P) surrounded by a complete 
astrocytic "atmosphere" (a). A perivascular microglial cell (M) rests with one of its long 
surfaces on the astroglial ambient of the vessel in which fragments of apparently disorganized 

basement membrane can be observed (arrows) 

Fig. 5. A perivascular microglial cell (M) separated from the capillary wall by a wedge of 
astrocytic expansion (lower arrow), and a very thin astrocytic lamina (upper arrow). Note the 
astroglial ambient of the vessel made up by astroeytic end-feet (a) and some very thin glial 

lamellae (asterisks) 
Fig. 6. Perivascular microglial cell (M) separated from the capillary by astroglial expansions 
and neuropil; the surface of the microglial cell is mainly surrounded by a large astrocytic 
process (a), similar to the vascular end-feet. Note the very thin astroglial lamellae (asterisk) 

around the capillary. Endothelial cell nucleus (E) 
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Fig. 7. Interstitial microglial cell (M) without intracytoplasmic inclusions. The Golgi apparatus 
(G) is located in the nuclear invagination. Lysosome-like bodies (L) 

of less e lect ron dens i ty  which sur round  them.  Never theless ,  if i t  were no t  for the  
def ini te  separa t ion  es tabl i shed  b y  the  basement  membrane ,  i t  would  be diff icult  
to  d is t inguish  t h e m  from endothe l ia l  cells. The nucleus, as happens  in the  
endothe l ia l  cells, occupies a lmos t  all  of the  cellular  soma. The da rke r  chromat in  
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is disposed evenly to form a border below the nuclear membrane. There are also 
occasionally irregular masses of chromatin dispersed throughout the nucleoplasm 
and at times a semblance of nueleolar organization (Figs. 2, 4). The remainder 
of the nncleoplasm is dense and granular. The nuclear shape is controlled by  that  
of the cell, according to the circumstances which affect the membrane. At times, 
a slight invagination of the nucleoplasm occurs in which cytoplasmic organellae 
(Golgi apparatus,  centriole, mitochondria or reticulo-endoplasmic cisternae) are 
lodged (Fig. 1). The scarcity of cytoplasm makes its structural s tudy difficult 
although it is very similar to the endothelial cytoplasm in its characteristics. 

Apart  from little endoplasmic retieulum, free ribosomes, some osmiophilic 
granules, dilated cisternae and mitochondria of slight density are found. 

In  optimal sections the cellular processes of the pericyte can be seen: those 
close to the cell body are thick and completely wrapped arround with basal 
membrane (Fig. 1). The processes further away from the cell body are thinner 
and their end portions appear to be in direct contact with the cellular processes 
of the endothelial cell in areas where the basal lamina is lacking. 

The basal lamina which covers the endothelial cells, is completely surrounded 
by astrocytic end-feet, generally of ample size. However, the basement mem- 
brane of the pericyte at  its boundary with the nervous tissue may  be surrounded 
completely by  astrocytic expansions (Figs. 3, 4), though very frequently only 
a few glial lamellae enter into contact with it in that  the remainder of the 
basement membrane is in direct contact with thin processes of the neuropile, 
either dendrites or axons, which in some instances are myelinatcd (Fig. 2). 

c) Microglial Cells. The study of the cerebral cortex at  the level of layer I 
reveals the existence of microglial cells which by their situation with respect 
to the blood vessels can be divided into perivascular and interstitial. 

The perivascular microglia (Figs. 4-6) are formed of small elongated cells 
whose nuclei and cytoplasm are practically identical with those of the pericytes 
just described. In  Fig. 4 the mieroglial cell appears as resting with its proximal 
surface at  the capillary on the astrocytic end-feet which compose the g]ial 
ambient  of the vessel. The surface of the soma of the microglial cell which is 
not in contact with the perivaseular glia is encompassed by  a multitude of 
processes of different nature (glial and neuronal). In  this electron micrograph 
a basement membrane is noted situated between the capillary and the micro- 
glial cell of anomalous appearance and interspersed with astrocytie expansion. 
Vacuo]ization, hypertrophia and heterogeneous aspect of the basement membrane 
are evident. In  Fig. 5 the microglial cell appears separated at  one of its poles 
by an astrocytic wedge and at  the other by a tenuous glial plate (arrows) 
which is interposed between the basement membrane of the capillary and the 
cytoplasmic membrane of the microglial cell. In  Fig. 6 a typical pcrivascular 
microglial cell is observed relatively distant from the capillary. This cell is 
accompanied and partially enveloped by an astrocytic prolongation as frequently 
is encountered in the interstitial mieroglia. The perivascular microglial cells do 
not usually show intraeytoplasmatic inclusions, and when they exist, they are 
small and dense (Fig. 4). 

In  the gray matter ,  far from the vessels, appear the interstitial microglia] 
cells (Figs. 7-9) sometimes surrounded by an extensive astroeytic ambient 

4 Z. Zellforsch., Bd. 128 
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Fig. 8. Elongated and irregular interstitial microglial cell (M) with two polar prolongations 
filled with inclusion bodies (B). The indifferent astrocytic ambient around the cell and the 

thickness of the activated processes are to be noticed 
Fig. 9. Interstitial microglial cell (M) with intracytoplasmic inclusion body (B). The cell is 
accompanied by large astrocytie processes (a). Three slender microglial prolongations (arrows) 

insinuate themselves in the tissue interstices 

(Fig. 9) and at others without apparent astrocytic "atmosphere" (Figs. 7, 8). 
The interstitial microglial cells have an ultrastructural aspect similar to that 
of the perivascular microglia but differing from the latter by their greater size, 
marked elongation, the presence of large and less dense intracytoplasmatic inclu- 
sions, and the presence of some slender processes which interpenetrate the 
contiguous neuropile (Fig. 9). Their nuclei have a very irregular shape, corre- 
sponding to the accidental form of the cytoplasmic membrane, and having 
its bends marked by the lodgement of cytoplasmatic inclusions. Masses of nuclear 
chromatin are found dispersed in the nucleoplasm forming a rim on the nuclear 
periphery. The astrocytic expansions which in some cases accompany this 
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Fig. 10. Penetra t ion of a th in  astrocytic lamina (thick arrow) separating the pericyte (P) 
and  the vascular wall. The astrocytic " a tmosphe re "  of the pericyte is limited at  its poles. 
The basement  membrane of the pericyte in contact  with the  astrocytic end-feet (a) appears 
diffuse a t  the side of separation of the cell from the vascular wall (thin arrows). The basement  
membrane which remains over the vascular wall is normal (BM);  the one limiting the cyto- 
plasmic membrane of the perieyte tends to disappear at  some points (curved arrow) 

Fig. 11. Detail of Fig. 10 in another  serial section. The astrocytic lamina (thick arrow) 
appears very th in  and separates into two parts  the basement  membrane of the  vascular 

wall ( thin arrows). Pinocytotic vesicles (p). 

4* 
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cellular type are large and numerous, some of them parallel to the surface of 
elongation of the microglial cell and in direct contact with it (Fig. 9). 

Other microglial interstitial cells are completely deprived of astrocytie 
"a tmosphe re"  but  their structural characteristics are identical with those pre- 
viously described. The microglial prolongations are slender when they have no 
eytoplasmatie inclusions (Fig. 9), but  appear enlarged when charged with them 
(Fig. 8). When interstitial microglial cells are encountered free from cytoplasmatie 
inclusions (Fig. 7) there are found in it the organellae characteristic of the 
cytoplasm, a vesicular and cisternal Golgi apparatus generally located in a nuclear 
invagination, lysosomes, osmiophilie vesicles, free ribosomes and some reticulo- 
endoplasmie cisternae of the rough type. In  relation to the nucleus the cyto- 
plasmic mass is small. In  the cells lacking cytoplasmatie inclusions the nuclear 
chromatin usually is less dense, the ehromatin edging is less apparent,  and the 
dispersed intranucleoplasmatie masses are quanti tat ively and qualitatively less 
conspicuous. 

By its location in the cerebral cortex there exists another type of microglia, 
the sub-pial mieroglia. I t  is situated near to the cerebral surface and separated 
from it by  the astrocytie expansions and the basement membrane which bound it. 
This type of mierogha is comparable in every way to the perivaseular microglia. 
One of its elongated surfaces is usually in contact with or in proximity with 
the astrocytic subpial end-feet of the cortex. I t  can contain small and dark 
inclusions or be free from them. 

In  the structure of layer I it is possible to differentiate the cellular process 
of the microglia when the cellular soma does not appear in the section. I t  is 
dense in appearance and the ultrastruetural  characteristics of its content are 
typical; coated vesicles, dilated cisternae, free ribosomes, and especially, the 
presence in some of them of inclusions equal in all respects to those present 
in the soma of the microglia, make them easily identifiable. 

d) Transition Images between Pericytes and Microglia. Frequently end-feet 
of the astrocytes can be observed which rest on the capillary surrounding the 
pericyte at  its base of contact with the vascular wall (Figs. 1, 2, 10). Slender 
prolongations of the astrocytic cell introduce themselves between the perieyte 
and the basement membrane which covers the endothelial cell on which the 
former rests, commencing to separate the two cells. In  Figs. 10 and 11 is shown 
a detail of this phenomenon. In  Fig. 11 the basement membrane appears to be 
left separated into two parts  by  the interposition of the very fine astroeytic lamina. 
In  Fig. 10 the glial lamina separates a pericytie surface practically bare of 
basement membrane. I t  is also observed tha t  the basement membrane of the 
pericytie surface in contact with the astrocytic covering presents occasionally 
a diseoloured and heterogeneous appearance, differing also in density as in thickness 
from the rest of the basement membrane (Figs. 10, l l ) .  The same phenomenon 
is apparent  in Fig. 3 over the pericytic pole distal to the vessel; an astroeytic 
expansion of medium caliber (arrow) is interspersed separating the basement 
membrane from the pericytic surface, the detached segment of the basement 
membrane appearing less distinct and homogeneous than the remainder. 

Fig. 12 reproduces a pericyte in the process of hberation from the capillary 
wall with various characteristic details. The soma has a long axis much larger 
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Fig. 12. Pericyte (P) exceeding much in diameter t ha t  of the capillary. The basement  
membrane (BM) which surrounds the pericytc appears normal up to the points indicated by 
the curved arrows. From here to the end of the pericytic process (p), the basement  membrane  

turns  diffuse and disorganized in appearance. Astrocytic expansions (a) 
Fig. 13. The pericytic process (p) in Fig. 12 at  a greater magnification. The disorganization 
of the basement  membrane is manifest. Zones of reabsorption of i t  by  the astrocytic end-feet 
are observed (thick arrows). There are some zones (thin arrows) in which the disappearance 
of the basement  membrane is complete and  the astrocytic expansions (a) are in contact  with 

the membrane of the  perieytic process 
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than the maximal diameter of the capillary and the basement membrane 
surrounding one of the poles of the cell in contact with astrocytic expansions 
or plates appears diffuse, dense and as if it was in dissolution (arrows), in 
contrast with the remainder of the basement membrane of normal aspect. 

Fig. 13 illustrates in detail the lacerated, hypertrophic and abnormal aspect 
of the basement membrane which covers the pericytic process directed towards 
the nervous parenchyma, a prolongation which is partially denuded of basement 
membrane.  

Discussion 

In  agreement with ~¢[ori and Leblond (1969), the results obtained in the present 
investigation permit  the unequivocal identification with the electron microscope 
of microglial cells in the gray mat ter  of the cerebral cortex. The presence of 
microglia in the cerebral cortex of normal animals and their special abundance 
in layer I of the same had been demonstrated already with the light microscope 
by  Rio Hortega (1919, 1920, 1921 b). 

In  our preparations the identification of microglial cells presented no 
difficulties. There was no possibility of confusion either with the astrocytic glia 
or with the neurons of the gray matter .  Nevertheless it may  be worthwhile 
to discuss their characteristic differences with the oligodendroglial cells which 
have been object of confusion on the par t  of workers in this field. Mori and 
Leblond note the ambiguity of the descriptions tha t  had been made previous 
to their work in tha t  the microglia described by Herdorn (1964) and Bodian 
(1964) were completely different from those which figure in the study of Stensaas 
and Stcnsaas (1968). Maxwell and Kruger (1965) arrived at  the suggestion tha t  the 
microglia are nothing more than the cells described by Rio t tor tega as oligo- 
dendrocytes. 

In  their extensive s tudy on the cerebral cortex of the cat, Jones and Powell 
(1970) did not detect the presence of oligodendroglia in layer I of the cerebral 
cortex. However, in our preparations the existence of oligocytes is constant, 
even though in small quantity.  We have been able to differenciate the micro- 
glia from the oligodendroglial cells by  the general morphological characteristics 
of their nucleus and cytoplasm. 

The oligodcndroglial cells appear rounded with very evident cytoplasm whereas 
the microglial cells have large nuclei, lobulatcd at  times and in comparison to the 
soma, a minimum quanti ty of cytoplasm. The beginning of the microglial 
prolongations is frequently seen, a more difficult mat ter  in the case of the 
oligodendroglia. 

The nucleus of the oligodendroglial cells is also electron dense but its chromatin 
masses are more defined and darker and it is always round or ovoid in shape. 
Moreover, no type of inclusions are met  within the cytoplasm of the oligo- 
dendroglia which could be confused with the frequent inclusions tha t  appear 
in the soma and processes of the microglial cells. In  mature animals the presence 
of microg]ial cells appears to be greater than in young adults, and particularly 
of cells with inclusions in the cytoplasm, thus permitting differentiation of the 
microglial cellular processes with relative facility in the neuropile content. 

The general morphology of the microglial cells may  vary  according to their 
perivascular or definitely interstitial localization. The perivascular microglia 
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consists of less irregular shaped cells without or lesser amounts of inclusions 
than are present in the interstitial microglia which ramify, finally emitting 
prolongations which insinuate themselves within the interstices of the neuropile. 

The morphological modifications of the microglia according to the tissue struc- 
ture have been already indicated by Rio Itortegal  (1920) in defining their 
migratory character. When considering the microglial cell as an element which 
traverses the interstices of the nervous tissue dynamically, its morphology may  
vary in adapting itself to the interstices of the tissue into which it penetrates. 

The presence of pericytes in the capillaries of layer I of the cerebral cortex 
is constant. These cells, described by K. W. Zimmermann (1923)at the capillary 
level in general can be made evident clearly by the Rio t Ior tega variant  of the 
Golgi method, as was demonstrated by Aguirre (1971). The pericytcs originate 
from the mesodermic cords which give birth to the cerebral vessels. Caley 
and Maxwell (1970) demonstrated by electron microscopy the presence in the 
mass of nervous tissue of mesodermic cellular cords, demonstrable four days 
after birth. The cells of which they are formed originate on the one hand the cells 
of the vascular endothelium and on the other the pericytes. According to the 
description of Caley and Maxwell the basement membrane commences to form 
as a more electron dense condensation at  those points at  which the g]ia enter 
into contact with the cellular elements of the said mesodermic cords. The capillary 
becomes finally constituted towards the tenth day after birth. 

In  our preparations it is observed tha t  the perivascular neuroglia penetrates 
and insinuates itself between the pericytc and the perivaseular basement mem- 
brane separating and producing an alteration in it which tends to produce its 
disappearance. At times there is observed an alteration of the basement membrane 
at  the points contacting the astrocytic end-feet more particularly towards the 
neural pole of the pericyte. 

The basement membrane which surrounds the pcricytc ends up by  
progressively disappearing and liberating the microglial cell. I t  has yet  
a more rounded appearance than the forms of microglia which on 
displacement towards the neural tissue insinuate themselves into the neuropilc 
acquiring a morphological character with slender processes and enlarged soma 
and nucleus, characteristics of the interstitial mieroglia. 

The separation phase of the pericyte in its transformation into microglial cells 
gives cellular images when studied with light microscope which have been 
described by various names. Moya l%odrlguez (1970) recently describes an inter- 
mediate cell (satellite) of the vascular neuroglia which, in our opinion, is the 
image in the optical microscope of a pericyte in the course of separation from 
the vascular wall, surrounded by the end-feet of the vascular glia. 

The images of perivascular elements presented by Valenzuela (1970) as proof 
of the mesodermie origin of the neuroglia, a hazardous interpretation made with 
insufficient basis, can be interpreted in the same manner. 

The mesodermic origin of the microglia, starting from cells of the vascular 
wall or blood elements, had been postulated already by  Rio Hortega who 
suggested for the microglia based on this reason the name of "mesoglia". This 
term had been used previously by l%obertson (1900) in a little known work and 
which had relevance thanks to the studies of Rio Hortcga and in that  Cajal (1920) 
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in i t ia l ly  used the  same t e rm  "mesog l i a  '° to  denomina te  the  cells of Rio Hor tega .  
Poss ib ly ,  if the  t e rm  " m e s o g l i a "  had  been general ized to des ignate  the  microgl ia  
there  would  have  been evaded  the  confusion shown b y  presen t  d a y  workers  
who consider  the  microgl ia  as more  of a form of the  glia of nerve tissue. B y  i ts  
s t ruc ture ,  origin and  funct ion,  the  microgl ia  should be d is t inguished  c lear ly  f rom 
the  a s t rocy t i c  glia and  the  ol igodendrogl ia .  

Our  resul ts  f i rmly  suppor t  the  thesis of the  mesodermic  origin of microgl ia  
in  showing t h a t  the  p a r e n t  cells are  the  vascu la r  per icytes .  I n  this  t h e y  are  in 
ag reemen t  wi th  the  resul ts  and  conclusions of Mori  and  Leblond,  though  we 
ought  to  make  i t  clear t h a t  the  concept  of pe r i cy ta l  microgl ia  defended b y  these 
au thor s  does no t  appea r  a d e q u a t e  to  us in t h a t  i t  does no t  reveal  well the  origin 
and  func t iona l  mob i l i t y  of the  microgl ia l  cells; per icy tes  when found " i n  r epose"  
on the  vascu la r  wall  are  no t  microgl ia  in the  s t r ic t  sense of the  word  b u t  r a the r  
cells which are  able  to  t r ans fo rm themselves  in to  microgl ia  b y  v i r tue  of an  acti-  
va t i on  process  in which the  a s t rocy t i c  glia appea r s  to  p l a y  a decisive role. 

The  pa r t i c ipa t i on  of vascu la r  or b lood e lements  o ther  t h a n  the  per icytes  in 
pa tho log ica l  processes of the  nervous  sys tem in the  fo rmat ion  of microgl ia  and  
of the  cells va r ious ly  descr ibed  in the  same processes ( "S t i ibchenze l l en" ,  
" A b r / i u m z e l l e n " ,  " G i t t e r z e l l e n " ,  "K6rnchenze l i en" ) ,  as well as the  demons t r a t i on  
b y  e lect ron microscopy  of the  t r ans fo rma t ion  or no t  of the  microgl ia  in to  the  
said cel lular  e lements  should be the  ob jec t  of fur ther  invest igat ions .  
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