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Abstract. The nature of phagocytes appearing in lesions of the central nervous system is strongly debated with a 
tendency to assess an exclusively hematogenous origino We studied the origin of phagocytes appearing in a stab wound 
in the rat brain. Histochemical stains for acid phosphatase and peroxidase, and silver impregnation techniques were 
used for our study. The results obtained showed the existence of two macrophage types: endogenous microgliocytes 
and exogenous monocytes. 

Introduction 

The nature of phagocytic cells appearing in injured 
areas of the central nervous system is being debated at 
present. One oflhe main problems, as previously pointed 
out by Schullz and Pease [1959], is the impossibility lo dif
ferentiate accurately among macrophage types by their 
light- or electron-microscopical appearance. According lO 
Rio-Hortega [1932], brain macrophages are derived from 
microglia. This author described lransitional forms 
between ramified or ' resting' microglia located away from 
the lesional area and compound granular corpuseles or 
'gitter' cells which appeared in injured regions. This 
theory, which was widely accepled initially, was later chal
lenged with the introduction of newer melhods, moslly 
eleclron microscopy and auloradiography. For sorne 
authors, brain macrophages are entirely ofhematogenous 
origin [Konigsmark and Sidman, 1963 ; Huntington and 
Terry, 1966; Sato, 1968; Olsson and Sjéistrand, 1969; Ticer 
and Tielz, 1969; Adrian and Smothermon, 1970; Kita
mura, 1973; Fujita and Kilamura , 1975; Kitamura el al., 
1977; Young, 1977 ; lmamoto and Leblond , 1977; Blinz
ingeretal., 1978 ; Adrian et al., 1978; Ling, 1978, 1979; Del 
Cerro and Monjan, 1979]. Other studies instead suggest 
thal brain macrophages may derive from endogenous ele
ments of lhe brain [Maxwell and Kruger, 1965; Hager, 
1968; Mori and Leblond, 1969; Vaughn and Pease, 1970; 
Vaughl'\ et al., 1970; Torvik and Skjórten, 1971 ; Baron and 
Gallego, 1972; Torvik, 1975; Boya, 1976]. 

There are many thorough studies regarding the content 

in hydrolytic enzymes of other body macrophages [Dan
nenberg et al., 1963; Enomoto and Kitani, 1966; North, 
1966a, b; Seeman and Palade, 1967; Van Furth et al. , 1970; 
Nichols el al., 1971; Nichols and Bainton, 1973]. However, 
histochemical studies dealing with central nervous system 
macrophages are both scare and inconclusive. Also, lhey 
are mainly oriented toward the study of ameboid micro
glia in perinatal stages [Ling, 1976, 1977 ; Boya et al., 1979]. 

Material and Methods 

T\Venty-rour Wistar albino rats or an age or 3 months \Vere used ro r 

our study. Under ether anesthesia, bilateral stab \Vounds were innicted 

on both cerebral hemispheres through a hole loca ted 3 mm behind the 

rrontoparietal suture. A sterile candent needle was introd Llced 4 mm deep 

vertically to the skull. Arter 3, 5, 7 and 10 days , the animals weresacrificed 

by decapitation under ether anesthesia. The brain was removed and fixed 

by immersion in Bouin's nuid ror routine hematoxylin-eosin (HE) stain

ing or 3% glutaraldehyde in 0.1 M phosphate burrer ror silver impregna

tion and histochemistry. The si I.ver method orWeil and Davenport [1933] 
was used toimpregnate microglial cells. The Miller and Pal ade 119641and 
the Fahimi [19691 techniques \Vere used ror the demonstration or acid 

phospbatase and peroxidase activities, respectively. AIl sections were cut 
perpendicula r to lhe needle path. 

ResuIts 

Of the 4 postoperative intervals sludied, the 5-day 
group showed the best macrophagic reaction around the 
wound, and lhus the following description will be moslly 
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Fig.l. A transversal section of 
a 5-day-old wound. The central 
necrotic zone (N), located on the 
top of the figure, is surrounded by 
a thick macrophagic layer (M) and 
an edematous layer (E) with neo
formed blood vessels (arrows). 
The nervous parenchyma near the 
wound shows hypercellularity. 
HE. x lOO. 

Fig.2-4. Microglial activation 
as seen in silver-impregnated sec
lions. 5th postoperative day. 
x 200. 2 Nervous parenchyma 
near the wound; hypertrophic 
microglia. 3 Edematous layer; 
pseudopodial microglia. 4 
Macrophagic layer; compound 
granular corpuseles. 

Fig.5. Acid phosphatase activ
ity. Same field and magnification 
as figure l. The phagocylic celis of 
the macrophagic layer show a 
strong positivity. There are also 
numerous acid-phosphatase-posi
tive cells in the nervous paren
chyma near the wound. 5th post
operative day. x 100. 

Fig.6. Peroxidase activity. 
Same field and magniflcation as 
figures l and S. In the macro
phagic layer (M), few phagocytic 
cells show peroxidase-positive 
granules. In the nervous paren
chyma near the wound , positive 
cells are virtually absenl. Darkly 
stained globules in this regio n are 
red blood cells. x lOO. Inset: 
higher magnification of macro
phages with positive reaction to 
peroxidase. x 200. 

2 

4 

5 

based on this group. With HE, 4 concentric zones can be 
differentiated in the sections (fig. 1). From the center oftbe 
wound to the periphery these zones were as follows: (1) a 
necrotic central zone; (2) a cel1ular layer rich in macro
phages, with numerous globular and ameboid ceHs, whích 
frequently contained phagocytosed material inside them. 
Scarce polymorphonuclear leukocytes were found in this 
layer; (3)an edematous layer with many neoformed blood 
vessels; and (4) an external regíon in which the nervous par
enchyma showed only minimal alterations, having an in

creased cell count, however. This increase was due to the ap
pearaoce ofsmall dark nuclei , often ofelongated shape (fig. 
1). Mítotic figures were constantly found in this region. 

The silver method of Weil and Davenport [1933] 
showed typical ramified microglia in regions distant from 
the wound. Approaching the wound [fig. 2], microglial 
cells became hypertrophic (with shorter and thicker pro
cesses which were less ramified), eventually becoming 
ameboid and pseudopodial (fig. 3), to be finally round
shaped near the necrotic central regio n (fig. 4). 
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The histochemical technique of Miller and Palade 
[1964] showed numerous rounded ceUs full of acid-phos
phatase-positive granules. These cells were located in the 
macrophagic layer described aboye (fig. 5). Higher acid 
phosphatase activity was found in regions near the wound, 
corresponding to the hypercellular area described with HE 
(fig. 5). There was also a strong pericytic positivity in all re
gions around the wound, as well as in normal brain tissues . 

With the Fahimi [1969] technique for peroxidase activ
ity, the macrophagic laye r contained few rounded cells 
with peroxidase-positive granules in their cytoplasms (fig. 
6). Red blood cells were darkly stained due to the pseu
do-peroxidase activity of their hemoglobin . Ce lis with 
peroxidase-positive granules were practically a bsen t out
side the macrophagic layer (fig. 6) . 

Discussion 

According to our results, 5 days after a cerebral wound, 
a thick layer ofglobular phagocytic cells was already well
formed around the wound. Moreover, the development of 
a microglial reaction was also observed in the sil ver
impregnated sections, including evidence of microglial 
activation and migration to the wound , as described by 
Rio-Hortega [1932]. Practically all of these macrophages 
contained acid-phosphatase-positive granules, but only a 
small amount of them had peroxidase-positive granules. 
Peroxidase activity has been described in the monocytes of 
different animal species [Dannenberg et a l. , 1963; Van 
Furth et al. , 1970; Nichols et al., 1971 ; Daems and 
Brederoo, 1973; Caxton-Martins and Daimon, 1976], and 
confirmed in rat monocytes by Daems et al. [1975 , 1976] 
and Bentfeld et al. [1977]. However, this enzyme is absent 
in both endogenous brain macrophages and their precur
sors, which on the contrary both do present acid-phospha
tase-positive granules [Ling, 1977; Boya et al., 1979]. At 
the edge of the wound, we found few ce lis with peroxi
dase-positive granules which would correspond to 
extravasated leukocytes. However, as most macrophages 
present do not contain this type ofgranule they shou1d not 
be considered to be of hematogenous origino 

Our results suggest a double source for the phagocytes 
which appear in a brain stab wound: numerous acid
phosphatase-positive and peroxidase-negative macro
phages (endogenous phagocytes of microglial origin) and 
scarce acid-phosphatase- and peroxidase-positive macro
phages (e~ogenous phagocytes of hematogenous origin). 

According to Blinzinger et al. [1978], migrating mono
cytes rapidly lose their peroxidase-posi.t ive granules, 

mainly when engaged in active phagocytosis. Thus, some 
of the acid-phosphatase-positive and peroxidase-negative 
macrophages may in fact be monocytes lacking peroxidase 
activity. However, if this were the case, peroxidase-posi
tive cells should be observed in brain tissues more distant 
from the wound, where they have not ye t initiated phag
ocytosis, and not exclusively close to the necrotic area, 
where they were really found. 1t shou1d be emphasized 
that these regions near the wound showed increased 
numbers of small dark nuclei in anilin-stained sections, 
and numerous activated microgliocytes in silver-impreg
nated sections. Higher acid phosphatase activity was 
clearly observed in these regions as compared with normal 
brain tissue. 

Regarding autoradiographic studies, Adrian and 
Schelper [1981] have demonstrated a more prolonged sys
temic availability of 3H-thymidine than traditionally 
admitted. Therefore, some of the labeled macrophages 
would take the tracer up 'in situ', and thus may in fact not 
be ofhematogenous origino This finding raises the need for 
a careful reexamination of the conclusions obtained by 
means of this technique. 

References 

Adrian , E.K.; Smothermon, R .D .: Leukocytic infiltration into the hypo

glossal nucleus following inju ry to the hypoglossal nerve. Anal. Rec. 
166: 99- 116 (1970). 

Adrian, E.K. ; Williams, M.G.; George, F .C.: Fine s tructu re of react ive 

ce lls in injured nervous tissue labeled wit h 3H-th ymidine injected 

before injury. J. comp. Neurol. 180: 815-839 (1978). 
Adrian. E.K.; Schelper, R.L.: Microglia, monocytes and macroph ages; 

in Fedoroff, Glial and neuronal ce ll biology, pp. 11 3-1 24 (Liss, New 
York 1981). 

Baron, M. ; Gallego, A.: The celation of the microglia with the pericytes 

in the cat cerebral conexo Z. Zellforsch. mikrosk. Anal. 128: 42- 57 
(1972). 

Bentfeld, M.E.; Nichols, B.A.; Bainton, D.F.: Ultrastructural localiza

tion ofperoxidase iD leukocytes ofrat bone marrow and blood. Anal. 

Rec. 187: 219-240 (1977). 
Blinzinger, K.H.; Herrlinger, H.; Luh, S.; Anzil, A.P.: Ultrastructural 

cy tochemical demonstratÍon of peroxidase positive monocyte gran

ules: an additional method for studying the origin of mononuclear 

cells in encephalitic lesioos. Acta neuropath. 43: 55-61 (1978). 
Boya , 1.: An ultrastructural study of the relationship between pericytes 

aod ce rebral macrophages. Acta anal. 95: 598-608 ( 1976). 
Boya, 1. ; Calvo, 1.; Prado, A.: The origin ofmicroglial cells. 1. Anal. 129: 

177-186 (1979). 
Caxton-Mar tins, A.; Daimon, T.: Histochemical observations on chicken 

blood and bone marrow cells. 1. Anal. 122: 553-558 (1976). 
D aems, W.T. ; Brederoo, P.: Electron microscopical sludies on lhe struc

IUre , phagocytic properties and peroiUdatic activity of resident and 
exuda te peritoneal macrophages in the Guinea pig. Z. Zellforsch . 

mikrosk. Anal. 144: 247-297 ( 1973). 



145 Macrophages in Ral Brain 

Daems, W.; Wisse, E.; Brederoo, P.; Emeis, ].J.: Peroxidatic activity in 

monocytes and macrophages; in Van Furth, Mononuclear phago

cytes in immunity, infection and pathology, pp. 57-77 (Blackwell, 

Oxford 1975). 

Oaems, W. T. ; Koerten, H.K .; Soranzo, M.R.: Oifferences between 

monocyte-derived and tissue macrophages; in Reichard, Escobar, 

Friedman, The reticulo-endothelial system in health and disease: 

functions and characteristics, pp. 27-40 (Plenum Publishing, New 

York 1976). 
Dannenberg, A.M., Jr.; Burstone, M.S.; Walter, P.c.; Klinsley, J.W.: A 

histochemical study of phagocytic and en.zymatic functions of rabbit 

mononuclear and polymorphonuclear exuda te cells and alveolar 

macrophages. J. Cell Biol. / 7: 465-486 (1963). 

Del Cerro, M.; Monjan, A .A.: Unequivocal demonstration of the 

hematogenous origin of brain macrophages in a stab wound by a 

double-JabeJ techniq ue. Neuroscience 4: 1399-1404 (1979). 

Enomoto, T. ; Kitani, T.: Electron microscopic studies on peroxidase and 
acid phosphatase in human leukocytes. Acta haemal. jap. 29: 

554-570 (1966). 

Fahimi, H.O.: CytochemicaJ Jocalization ofperoxidatic activity ofcata

lase in rat hepatic microbodies (peroxisomes). J . Cell Biol. 43: 

275-288 (1969). 

Fujita, S. ; Kitamura, T.: Origin ofbrain macrophages and the nature of 

the so-called microglia. Acta neuropath ., suppl. 6, pp. 291-296 (1975). 
Hager, H .: Allgemeine morphologische Pathologie des Nervengewebes; 

in Von Roulet , Handbllch der allgemeinen Pathologie. Die Organe 

3, pp. 1-385 (Springer, Berlin 1968). 

Huntington, H.W. ; Terry, R .O.: The origin or reactive cells in cerebral 

stab wounds. J. Neuropath. exp. Neurol. 25: 646- 653 (1966). 

Imamoto, K.; Leblond, c.P.: Presence of labeled monocytes, macro

phages and microglia in a stab wound ofthe brain following an injec
tion of bone marrow cells labeled with 3H-uridine into rats. J. comp. 
Neurol. 174: 255-279 (1977). 

Kitamura, T. : The origin ofbrain macrophages. Sorne considerations on 

the microglia theory of Del Rio-Hortega. Acta path . jap. 23.' 11-26 

(1973). 

Kitamura, T.; Tsuchirashi, Y.; Tatebe, A.; Fujita , S.: Electron-micro

scopic features of the resting microglia in the rabbit hippocampus, 

identified by silver carbonate staining. Acta neuropath. 38: 195-201 

( 1977). 

Konigsmark, S.W.; Sidman, R.L.: Origin of brain macrophages in the 

mouse. 1. Neuropath . exp. Neurol. 22: 643-676 (1963). 

Ling, E.A.: Sorne aspects of amoeboid microglia in the corpus callosum 

and neighbouring regions ofneonatal rats . J. Anal./2/: 29-45 (1976). 

Ling, E.A.: Light- and electron-microscopic demonstration ofsome lyso

somal enzymes in the amoeboid microglia in neonatal rat brain . J. 

Anal. /23: 637-648 (1977). 

Ling, E.A.: Electron microscopic studies of macrophages in WalJeriao 
degeneration ofrat optic nerve after intravenous injection ofcolloidaJ 
carbono J. Anal. /26: 111-121 (1978). 

Ling, E.A. : Electron microscopic study of macrophages appearing in a 

stab wound ofthe brain or rats following intravenous injection ofcar

bon particJes. Arcbvm rustol. jap. 42: 41-50 (l979). 

Maxwell , D.s.; Kruger, L.: Small blood vessels and lhe origin of phago
cytes in the rat cerebral cortex following beavy particle irradiation. 

Expl Neurol. /2: 33-54 (1965). 
Miller, F.; Palade, G .E.: Lytic activities in renal pro tein absorption drop

lets . An el¡!ctron-microscopical cytochemical study. J. Cell Biol. 23: 
519-552 (1964). 

Mori , S.; Leblond, c.P.: Identification of microglia in light and electron 

microscopy. J. comp. Neurol. /35: 57-80 (1969). 

Nichols, B.A.; Bainton, D .F.: Oifferentiation of human monocytes in 
bone marrow and bJood . Sequential formation of two granule popu

lations. Lab. Invesl. 24: 27-40 (1973). 

Nichols, B.A. ; Bainton, D.F.; Farquhar, M.G.: Oifferentiation ofmono

cytes. Origin, nature and fate oftheir azurophil granules. J. Cell Biol. 

50: 498-515 (1971). 

North, R.J.: The localization by electron microscopy of nucleoside 

phosphatase activity in Guinea pig phagocytic cells. J. Ultrastrucl. 

Res. /6: 83-95 (1966a). 

North, R.J.: The localization by electron microscopy of acid phosphatase 

activity in Guinea pig macrophages. J. Ultrastrucl. Res. /6: 96-108 

(1966b). 

Olsson, Y.; Sj6strand, J.: Origin of macrophages in Wallerian degener

a tion of peri phera I nerves demonstra ted a u toradiographica lly. Expl 
Neurol. 23: 102-112 (1969). 

Rio-Hortega, P. del: Microglia; in Penfield , Cytology and cellular pa

thology ofthe nervolls system, vol. 2, pp. 481-534 (Hoeber, New York 

1932). 

Sato, M.: 3H-Thymidine autoradiographic studies on the origin of reac

tive ce lis in tbe brain of mice infected with Japanese encephalitis 

virus . Brain Nerve 20: 1239- 1250 (1968). 

Schultz, R.L.; Pease, D.C.: Cicatrix formation in rat cerebral cortex as 

revealed by electron microscopy. Am. J. Path. 35. 1017- 1041 (1959). 
Seeman, P.M.; Palade, G.E.: Acid pbosphatase 10calization in rabbit 

eosinophils . J . Cell Biol. 34: 745-756 (1967). 

Ticer, J.W. ; Tietz, W.J. : Radiation-induced cellular changes in traumatic 

spinal cord injury. Acta neuropath. /3: 122-130 (1969). 

Torvik, A.: The relationship between microglia and brain macrophages. 

Experimental investigations . Acta neuropath. , suppl. 6, pp. 297- 300 
(1975). 

Torvik, A.; Skj6rten , F.: Electron-microscopic observations on nerve cell 
regeneration and degeneration after axon lesions. 11 . Changes in tbe 

glial cell s. Acta neuropath.l7: 265-282 (1971). 

Van Furth, R .; Hirsch,J.G.; Fedorko, M ,E ,: Morpbology and peroxidase 

cytochemistry ofmouse promonocyles, monocytes and macrophages. 

J. exp. Med./32: 794-812 (1970) . 

Vaughn, J.E.; Pease, O .c.: Electron microscopic sludies of Wallerian 

degeneration in rat optic nerve. TI. Astrocytes , oligodendrocytes and 

adventitial cells. 1. comp. Neurol./40: 207-226 (1970). 

Vaughn, J.E .; Lowary, P.; Skoff, R.P.: Electron microscopic studies of 

Wallerian degeneration in rat optic nerve. 1. Tbe multipotential glia. 

1. comp. Neurol. /40: 175-206 (1970). 

Weil, A.; Davenport, H.A.: Stainingof oligodendroglia and microglia in 

celloidin sections. Arch. Neurol. Psychial. 30: 175-178 (1933) . 

Young, M.B.: H3T-Iabelled blood ce lis in the CNS response toaxotomies 

at various timesafter iso tope injection . J. Neuropatb. exp. Neurol. 36: 
465-473 ( 1977). 

Received: Oecember 19, 1985 

Accepted: January ,12, 1986 

J. Boya, MD, 


Department of Histology, 


Faculty of Medicine, 

University Complutense, 


E-28040 Madrid (Spa in) 


http:neuropath.l7

