
The microglia form a special population of cells of
bone-marrow origin which in nervous tissues perform the
functions of resident macrophages and are a key component
in the development of local inflammatory processes [6].
Classical studies have demonstrated a multiplicity of mor-
phological types of microgliocytes seen in different areas of
the brain both in normal conditions and in pathology [1].
However, imperfections in the previously used impregna-

tion methods introduce doubts that all the cell types found
are in fact microgliocytes. Highly specific selective staining
methods have now been developed for microgliocytes; these
have high reproducibility in standard paraffin sections [5]
and lack the disadvantages associated with classical impre-
gnation methods, opening new perspectives for studies of
the microglial brain cell population.

The aim of the present work was to study the morpho-
logical characteristics of rat hippocampal microgliocytes
and describe the microglial cell types appearing during
responses to single episodes of total cerebral ischemia.

Materials and Methods
The brains of 15 adult male rats (Sprague–Dawley)

were studied. Animal keeping and all experimental manip-
ulations were performed in compliance with the “Regula-
tions for Studies Using Experimental Animals.” Following
a previously used version of standard methods [4, 8], rats
(n = 12) were anesthetized and cerebral ischemia was indu-
ced by clamping both common carotid arteries for 12 min
with subsequent reperfusion of the brain. Three animals
served as controls. Rats were decapitated under anesthesia
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three (n = 4), seven (n = 4), and 14 (n = 4) days after surgery.
Brains were fixed in ethanol-formaldehyde and zinc-
ethanol-formaldehyde [2] and embedded in paraffin using
standard methods. Serial sections were stained with tolui-
dine blue by the Nissl method. Microgliocytes were detect-

ed immunocytochemically using goat polyclonal antibodies
to Iba-1 antigen (AbCam, UK, catalog No. ab5076) [5].
Standard deparaffination and rehydration were followed by
thermal antigen demasking in modified citrate buffer
(S1700, Dako, Denmark). Incubation with primary antibod-
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Fig. 1. General view of rat hippocampal field CA1. a) Control; b) 7 days after ischemia; c) 14 days after ischemia. Immunocytochemical reaction for the
microglial marker Iba-1 protein, counterstained with hematoxylin.

Fig. 2. Different microglial cell types in the rat hippocampus seen three (a) and seven (b, c) days after ischemia. Immunocytochemical reaction for microglial
marker Iba-1 protein. a, b) Counterstained with hematoxylin; c) without counterstaining.



ies to Iba-1 (diluted 1:200) was for 80 min at 40°C. An-
tigen-antibody complexes were detected using an LSAB+
reagent kit (Dako, Denmark) and the product of the immuno-
cytochemical reaction was detected with chromogen DAB+
(Dako, Denmark). Some sections were counterstained with
alum hematoxylin. Controls for immunocytochemical reac-
tions were performed in accordance with the reagent manu-
facturer’s recommendations.

Results
Reactions for Iba-1 protein in control animals selective-

ly stained microglial cells both in the hippocampus and other
parts of the brain. All microglial cells in the intact hippocam-
pus had small, round or oval nuclei and extremely small vol-
umes of perinuclear cytoplasm. Most cells were character-
ized by numerous fine branching processes (Fig. 1, a),
penetrating the whole of the hippocampal neuropil and enter-
ing groups of compactly distributed neurons (the pyramidal
layer of the hippocampus itself, the granular layer of the den-
tate gyrus). Occasional microgliocytes were located in the
pyramidal layer of the hippocampus. Their bodies intercalat-
ed with the neurons contacting them and were irregular in
shape. On visual evaluation, no more than 20% of microglio-
cytes were located alongside capillaries. Despite the fact that
most microglial cells in the intact hippocampus could be
identified as a single morphological type of stellate, micro-
gliocytes with fine processes, occasional extended cells were
also found close to blood vessels, these having larger pro-
cesses, which emphasized their spindle shape.

Degeneration of some neurons in the pyramidal layer
of the hippocampus occurred after ischemia. Three days
after reperfusion, field CA1 contained shrunken pyramidal
neurons. After seven days, some neurons died, though
groups of damaged neurons persisted; at two weeks, neuron
were not found in some areas of field CA1. Gradual activa-
tion of microgliocytes occurred, with changes in their shape
in areas of neuron destruction and significant increases in
their population (see Figs. 1, 2).

The appearance of shrunken pyramidal neurons was
associated with two tendencies to changes in microgliocyte
location and shape. The first consisted of the appearance of
numerous Iba-1-immunopositive cells in the pyramidal layer
(see Fig. 1, b), some of which had shortened processes. The
second related to the organization of microgliocytes in the
radial layer into linear structures consisting of one or more
cells lacking lateral processes and located along the main
dendrites of hippocampal pyramidal neurons (see Fig. 2).
Some microgliocytes in the marginal and lacunar-molecular
layers retained their stellate shape with multiple processes
typical of the intact hippocampus, and though they showed
increases in the sizes of nuclei and the perinuclear cytoplasm,
the processes themselves ceased to appear smooth as in intact
animals, because of the large number of microprocesses.
Occasional “giant” microgliocytes with large, extended pro-
cessed appeared. Microgliocytes with typical curved perinu-

clear parts and lacking processes in the curved area some-
times appeared. In most cases, the identity of the structures in
the neuropil responsible for the curvature of these cells
remained unclear (no adjacent blood vessels or neurons).
Microgliocytes were often seen in pairs. Interactions between
their processes pointed either to tight contacts or indicated
that these were incompletely divided cells.

As post-ischemic neuron degeneration and microglial
reactions increased (seven days), the number of fusiform
microgliocytes in the radial layer increased, these acquiring
numerous short microprocesses running from the perinucle-
ar area and the bases of processes, mainly at right angles.
The number of typical ameboid microgliocytes increased.
Outside areas of neurodegeneration, microgliocytes retained
the shape typical of the intact hippocampus.

At the final stage of the response to post-ischemic neu-
rodegeneration (14 days), typical bipolar microgliocytes
disappeared (see Fig. 1). All layers in the damaged area of
the hippocampus were characterized by an extremely dense
distribution of similarly sized microgliocytes of irregular
shape and with quite short and thick processes (compared
with controls). In undamaged areas of the hippocampus,
microgliocytes retained their stellate shape and had fine,
branching processes.

Discussion
The results obtained here provide evidence of the exis-

tence of several morphological types of microgliocyte in the
intact hippocampus and the appearance of new types in
response to neuron damage induced by transient total cere-
bral ischemia. Undoubtedly, these changes in the overall
hippocampal microgliocyte population are associated with
changes in their functional state [7, 9]. The fact that micro-
gliocyte activation leads to the disappearance of processes
and their acquisition of a rounded, ameboid shape is well
known [1], though typical ameboid microgliocytes consti-
tute a small proportion of the ischemia-activated microglial
cells of the hippocampus, distinguishing reactive changes in
the hippocampal microglia from postischemic changes in
the microglia of the striatum [3]. Although mitotically
dividing microgliocytes in the study preparations were not
seen, the distribution of some microglial cells in pairs at
three days of reperfusion may point to preceding division.
In the case of post-ischemic changes in microgliocyte pro-
cess structure, the appearance of multiple microprocesses
was characteristic, suggesting increases in their interaction
with surrounding cellular elements, which may be a sign of
the elimination of damaged synaptic structures from the
neuropil [10].

Thus, the population of ischemia-activated hippocam-
pal microglial cells contained, along with cells with multi-
ple processes, giant microgliocytes, fusiform microglio-
cytes in the radial layer of the hippocampus, microgliocytes
of irregular shape with short processes, and typical ameboid
microgliocytes. These types are not permanent and reflect
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both the functional state of cells and the characteristics of
neuropil organization in different hippocampal layers.

This study was supported by the “Basic Sciences –
Medicine” Program of the President of the Russian Academy
of Sciences, the “Integrative Physiology” Program of the
Department of Physiology and Basic Medicine, Russian
Academy of Sciences, and the Russian Foundation for
Basic Research (Project No. 10-04-00234).

REFERENCES

1. V. K. Beletskii, “The neuroglia in normal conditions and pathology,”
in: Pathological Anatomy of the Nervous System [in Russian], MedGiz,
Moscow (1963), Vol. 2, pp. 55–82.

2. D. E. Korzhevskii, I. P. Grigor’ev, and V. A. Otellin, “Use of dehy-
drating fixatives containing zinc salts in neurohistological studies,”
Morfologiya, 129, No. 1, 85–87 (2006).

3. D. E. Korzhevskii, O. V. Kirik, E. G. Sukhorukova, and T. D. Vlasov,
“Structural organization of striatal microgliocytes after transient
focal ischemia,” Morfologiya, 141, No. 2, 28–32 (2012).

4. D. E. Korzhevskii, V. A. Otellin, I. P. Grigor’ev, et al., “Structural
organization of hippocampal astrocytes in the post-ischemic period,”
Morfologiya, 125, No. 2, 19–21 (2004).

5. E. G. Sukhorukova, O. V. Kirik, and D. E. Korzhevskii, “Use of an
immunohistochemical method to detect brain microglia in paraffin
sections,” Byull. Eksperim. Biol., 149, No. 6, 709–712 (2010).

6. M. B. Graeber and W. J. Streit, “Microglia: biology and pathology,”
Acta Neuropathol., 119, 89–105 (2010).

7. R. Ladeby, M. Wirenfeldt, D. Garcia-Ovejero, et al., “Microglial cell
population dynamics in the injured adult central nervous system,”
Brain Res. Brain Res. Rev., 48, No. 2, 196–206 (2005).

8. V. A. Otellin, D. E. Korzhevskii, V. B. Kostkin, et al., “The neuropro-
tective effect of creatine in rats with cerebral ischemia,” Dokl. Biol.
Sci., 390, 197–199 (2003).

9. P. Thored, U. Heldmann, W. Gomes-Leal, et al., “Long-term accu-
mulation of microglia with proneurogenic phenotype concomitant
with persistent neurogenesis in adult subventricular zone after
stroke,” Glia, 57, No. 8, 835–849 (2009).

10. H. Wake, A. J. Moorhouse, S. Jinno, et al., “Resting microglia direct-
ly monitor the fate of ischemic terminals,” J. Neurosci., 29, No. 13,
3974–3980 (2009).

Korzhevskii, Lentsman, Kirik, and Otellin864


	ABSTRACT
	Materials and Methods
	Results
	Discussion
	REFERENCES

