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ABSTRACT - Central nervous system (CNS) remyelination following toxically-induced demyelination is a
well known process. Oligodendrocytes constitute the bulk of the myelinating cells in the brain where a s
Schwann cells overwhelm oligodendrocytes numbers in spinal cord remyelination. Despite the common
knowledge of these facts, we still do not know completely the origin of both remyelinating cells. The pre s-
ent study investigated the participation of mature oligodendrocytes in remyelination after ethidium-bro-
mide (EB) induced demyelination in the brainstem of normal and cyclosporin A-immunosuppressed Wi s t a r
rats. Thirty adult female rats were divided into three experimental groups. In group 1 the rats received a
single intracisternal injection of 10 µL of 0.1% ethidium bromide (EB) in 0.9% saline (n=10); in group 2 the
rats received the EB injection while immunosuppressed with cyclosporin A (n=10); in group 3 the rats
received a single 10 µL injection of 0.9% saline while treated with cyclosporin A. The rats were killed at
15, 21 and 31 days after injection. Within the EB lesions, from 15 days onward many cells within the periph-
e ry of the lesions stained positive for OSP (oligodendrocyte specific protein) a marker for mature oligo-
d e n d rocytes and myelin. This cell marking signals that, at least, part of the process of repairing the myelin
sheaths is carried out by mature cells of the oligodendrocyte lineage.

KEY WORDS: toxic demyelination, remyelination, oligodendrocytes, oligodendrocyte specific protein (OSP),
ethidium bromide.

Oligodendrócitos remielinizantes positivos para OSP - proteína específica do oligodendrócito-
no tronco encefálico de ratos Wistar desmielinizados toxicamente 

RESUMO - A remielinização do sistema nervoso central após desmielinização tóxica é um processo bem
conhecido. No encéfalo, os oligodendrócitos remielinizam uma área maior do que na medula espinhal,
onde as células de Schwann são preponderantes. Embora esses fatos sejam bem conhecidos, ainda não se
conhece com certeza a origem das células remielinizantes. Esta investigação foi desenhada para esclare-
cer a participação de oligodendrócitos maduros na re c o n s t rução das bainhas perdidas após a desmielini-
zação induzida por brometo de etídio (BE) no tronco encefálico de ratos Wistar normais e imunossuprimi-
dos com ciclosporina A. Trinta ratos fêmeas adultas foram divididos em três grupos experimentais. No
g rupo 1, os ratos receberam uma injeção de 10 µL de BE em 0,9% salina (n=10) na cisterna basal; no gru p o
2, os ratos receberam a injeção de BE e foram tratados com ciclosporina A (n=10); no grupo 3 os ratos re c e-
beram uma injeção de 10 µL de 0,9% salina e foram tratados com ciclosporina A. Os ratos foram sacrifica-
dos aos 15, 21 e 31 dias após a injeção. A partir dos 15 dias muitas células da periferia das lesões tiveram
m a rcação positiva para OSP (proteína específica do oligodendrócito), marcador de oligodendrócitos maduro s
e mielina. Assim, foi possível comprovar que células maduras da linhagem oligodendroglial participam do
processo de remielinização neste modelo gliotóxico.

PA L AV R A S - C H AVE: desmielinização tóxica, remielinização, oligodendrócitos, proteína específica do oligo-
dendrócito (OSP), brometo de etídio.
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O l i g o d e n d rocytes are the myelin-producing cells
of the central nervous system (CNS). They occur in
both the gray matter- as satellites for neurons- and
the white matter- as interfascicular cells. Yet, satel-
lite cells have the potentiality to form myelin1. De-
myelination (loss of myelin of intact axons) due to
local injection of gliotoxic agents proved to be use-
ful to study the pathogenesis of re m y e l i n a t i o n2. A-
mong those agents, the fluorescent dye ethidium
b o rmide (EB) has been used to induce demyelination
in Wistar rats within the spinal cord3 , 4, within the
b r a i n5 , 6 and, within the sciatic nerv e7. In the CNS re m y-
elination was carried out by oligodendrocytes and
Schwann cells3.

Due to the presence of lymphocytes within the
lesions, Bondan et al.6 , 8 investigated the response of
i m m u n o s u p p ressed Wistar rats to a local injection of
EB in the pons. The rats treated with either cyclophos-
phamide or cyclosporin A showed partial re m y e l i n a-
tion by oligodendroytes and occasional Schwann cells
i n t e rmingled with cystic cavities. At the time of the
investigation, the origin of the remyelinating oligo-
dendrocytes was not known.

It was the aim of this study to find out if the re m y-
elinating cells were mature or immature oligoden-
drocytes by marking the cells with OSP9. OSP (oligo-
d e n d rocyte-specific protein) is a transmembrane pro-
tein, the third most abundant CNS myelin pro t e i n
contributing to 7% of the total myelin pro t e i n1 0, and
expressed in mature reactive cells and myelin.

METHOD
T h i rty female Wistar rats (250-300 g) were used. The

rats were divided into three groups and all had an intracis-
t e rnal injection of either EB or 0.9% saline as follows. In
g roup 1 the rats received 10 µL of 0.1% EB in 0.9% saline
in the basal cis terna; in group 2, the rats received the EB
injection and were immunosuppressed with cyclosporin-A;
in group 3, the rats received 10 µL of 0.9% saline while
immunosuppressed with cyclosporin A.

The rats were anesthetized with ketamin and xylazine
(5:1; 0.1 ml/100 g) and a burr-hole was made on the right
side of the skull, 0.8 cm rostral to the fronto-parietal suture .
The injections were made according to Pereira et al.5, with
a hand-held Hamilton syringe through the burr hole in a
v e rtical position and the contents freed when the needle
reached the base of the skull, into the basal surface of the
pons. The skin was sutured and the rats allowed to recov-
e r. The rats from group 2 were injected cyclosporin A (San-
d i m u n®) intraperitoneally, 10 mg/Kg on a daily basis for
seven days and subsequently three times a week with a 48
h interval. The first cyclosporin A injection was made soon
after surg e ry. The rats were maintained in collective cages
(3-5 rats) and fed ration and water ad libitum.

For each group the rats were perfused under deep anes-

thesia with 10% buff e red formaline via the left ventricle
at 15 (3) 21 (4) and 31 days (3) after injection (a.i). Brainstem
c o ronal slices with the lesion were separated into two mat-
ching portions: one was immersed in Ti s s u e Te k® and fro z e n
at –80ºC, the other half was embedded in paraffin for ro u-
tine processing.

For the immunofluorescence studies, 8 to 12 µm fro z e n
sections were obtained in cryostat and allowed to dry for
1h at room temperature (RT) before the immunore a c t i o n .
Selected sections were post-fixed with methanol for 2 min-
utes at –20ºC and allowed to dry. To blocking non-specific
sites, the sections were incubated with 0.05M tris-buff e r-
saline (TBS) pH 7.4 added with 1% bovine serum albumin
(BSA) for 30 minutes at room temperature and washed with
sequential incubations with 0.05M TBS. To make membranes
p e rmeable, the sections were incubated with 0.05M TBS
added with 1% BSA and 0.1% of triton-X for 30 minutes
at room temperature and washed with 0.05M TBS. The sec-
tions were then incubated with anti-OSP primary antibody
diluted 1:100 in 0.05 M TBS with 1% BSA and 0.01% triton-
X, overnight at 4ºC. After washing with 0.05M TBS, the sec-
tions were incubated with fluorescein conjugated (FITC)
anti-rabbit secondary antibody diluted 1:100 in 0.05M TBS
for 60 minutes at room temperature and protected fro m
light. The sections were washed with 0.05M TBS and mount-
ed in fluorescent medium (Vectashild). Glass coverslips were
walled with enamel. Fluorescence of the slides was observ e d
with a Nikon fluorescence photomicroscope and the images
were processed in the Image software Adobe Photoshop.

P a r a ffin embedded tissues were trimmed at 6 µm, dehy-
drated with increased concentrations of ethanol, stained
with hematoxylin and eosin (H&E) and Weill staining, mo-
unted in Entellan© with glass coverslips and studied and
photographed under an Olympus BX41 light microscope.

RESULTS
E B induces a demyelinating lesion following des-

truction of glial cells as previously demonstrated by
our gro u p3 - 6. Naked axons undergo remyelination by
oligodendrocytes and occasional Schwann cells. Wi-
thin the brain, most of remyelination is carried out
by oligodendrocytes that are firstly recognized in the
lesions around day 13 after EB injection6. 

In the H&E-stained lesions of this investigation,
many round nuclei cells, interpreted as glial cells, s l e n-
der cell processes and abundant gitter cells were
found at 15 days a.i. (Fig 1A). Weill staining empha-
sized new myelin being produced as the lesions devel-
oped (Fig 1B).

In normal Wistar rats as well as cyclosporine A-
i m m u n o s u p p ressed Wistar rats, remyelination was
well advanced at 21 days after EB injection in gro u p s
1 and 2. Many cells related to axons and thin new
sheaths could be seen. From 15 days onward OSP-im-
m u n o f l u rescent oligodendrocytes were conspicuous
within the lesions. A strong immunoflourescence mar-
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ked broadly branched cells (Fig 2) that extended pro-
cesses in an expanded extracelullar space where re-
pair of myelin sheaths was under way. Immunofluo-
rescent protein localized primarily within the outer
membranes and appeared as concentrated both on
the cell body as on the processes. 

At all times in sections from groups 1 and 2, some
round cells with eosinophilic dense cytoplasm with-
in the tissue, interpreted as immature oligodendro-
cytes in EM studies8 did not mark positive for OSP.
Both, mature and immature cells in normal as in im-
munosuppressed rats, lied in areas where astrocytic
processes were conspicuous. 

The lesions induced by the saline injection in
g roup 3 consisted on a mild traumatic lesion along
the needle track that induced astrocytic isomorphic
gliosis.

DISCUSSION

CNS demyelination induced by EB is followed by
remyelination by oligodendrocytes and Schwann cells.
The area of Schwann cell remyelinated sheaths is larg-
er in the spinal cord than in the brain due to re g i o n a l
d i ff e rences in numbers of astrocytes within the CNS1 1.
The early disappearance of astrocytes and the glial lim-
iting membrane after EB injection allows Schwann cells

Fig 1. 21 days lesion from a group
2 rat within the pons. A. Many
round-nuclei glial cells are observ e d
in this rather compact demyelinat -
ed lesion. H&E, 100X: B. New thin
myelin sheaths (arrow) stain posi -
tive round the periphery of the
lesion. Weil, 200X.
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to invade the CNS in order to remake the lost sheaths
after myelinating cells commit to the naked axons1 2 , 1 3.
Once oligodendrocytes become the main myelin re p a i r-
ing cells within the brain, it was relevant to find out if
they are either mature or immature considering the
postmitotic nature of these cells.

In EB-induced lesions in the brainstem of norm a l
Wistar rats oligodendrocytes remyelinate over the n a r-
row area lining the normal tissue5, suggesting that
m a t u re cells with a functional re s e rve rebuild the
sheaths. After EB injection in cylosporin A-immu-
n o s u p p ressed Wistar rats, many round oligodendro-
cytes with large amounts of rough endoplasmic re t i c-
ulum approach the naked axons. These cells are very
suggestive of immature oligodendro c y t e s8, which
could be derived from a common progenitor that gives
rise to astrocytes and oligodendro c y t e s1 4. Confirm a t i o n
of their condition of newly diff e rentiated cells of the
lineage will be provided by NG2 labelling15.

The fact that some oligodendrocytes label posi-
tive for fluorescent OSP signals to the formation of
tight junctions between adjacent myelin lamellae
made by quiescent nonproliferating and nonmigra-
t o ry mature reactive cells from the are a1 6, which cons-
titute a source to remyelinate the demyelinated axons
as previously suggested1 7. It is proposed that these
m a t u re cells initiate remyelination while newly dif-
ferentiated cells reach the status to proceed the re-
pair of the lost sheaths. 

Both cells, mature and immature, and in normal
and immunosuppressed animals, lie in areas where

a s t rocytic processes are conspicuous, confirming the
need of astrocytes as the third element of the CNS
for a stable relationship between axons and oligoden-
drocytes13.

In chronically demyelinated lesions as those of
multiple sclerosis, the lack of remyelination may be
ascribed more to the unchecked chronic immune
reaction and less to the glial scar that does not com-
pletely hinder myelinating cells migration toward
the myelin-demanding naked axons1 8. The discovery
of progenitor oligodendrocytes within the adult brain
even within multiple sclerosis lesions1 9, brought in
some hope although the complex molecular enviro n-
ment in which remyelination takes place remains lar-
gely unknown. Molecular biology techniques may be
of great help to find out which factors concern i n g
remyelination are dysregulated in either chro n i c a l l y
or recurrently demyelinated lesions20. 
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