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Abstract

Peripheral nerve ultrastructure was assessed after single or multiple
local injections of the intercalating dye ethidium bromide. Thirty-four
adult Wistar rats of both sexes were divided into five groups and
maintained in a controlled environment with rat chow and water ad
libitum throughout the experiment. The experimental animals were
injected with 1 pl of 0.1% ethidium bromide in 0.9% saline into the
central third of the left sciatic nerve 1 (group 1), 2 (group 2), 4 (group
3), 6 (group 4) or 8 (group 5) times. In groups 2 to 5 the injections were
made at 28-day intervals. Control animals received the same amount
of 0.9% saline. The animals were killed at different times after
injection: group 1 at 7 days (2 rats) and 15 days (2 rats); for groups 2,
3, 4 and 5, all rats were killed 10 days after the last injection and the
lesions were investigated by light and transmission electron micros-
copy. In the acute lesions, intoxicated Schwann cells showed a vacu-
olated cytoplasm and separation of the sheaths from the axon. Myelin
sheaths underwent progressive vesiculation and subsequent segmen-
tal demyelination. Myelin debris were withdrawn by macrophages and
remyelination by Schwann cells was prominent. With the increase in
the number of injections collagen fibers also increased in number and
progressively enveloped smaller numbers of remyelinated axons com-
posing new fascicles. Wallerian degeneration of fibers apparently not
affected by ethidium bromide was more intense in the nerves from
groups 4 and 5. The peripheral nerve repairs itself after demyelinating
challenges with a profusion of collagen fibers and new fasciculations.
This experimental model is valid to mimic recurrent demyelinating
neuropathies.
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Introduction

Ethidium bromide (EB) is an intercalat-
ing dye extensively used to induce demyeli-
nation in the central nervous system (CNS)
(1). Demyelination follows the disappear-
ance of neuroglial cells, chiefly astrocytes, in

the early hours of intoxication (2,3). The
death of astrocytes makes a breach in the
glial-limiting membrane through which
Schwann cells invade the CNS and repair the
lost myelin sheaths (4,5).

Naked axons receive new myelin sheaths
built by invading Schwann cells and remain-
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ing oligodendrocytes - the latter along the
unaffected living tissue (2). Morphological
recognition of the new sheaths is based on
the thickness of the sheath and on the pres-
ence of a Schwann cell wrapping the axon
and surrounded by a basal lamina associated
with collagen fibers (1).

The peripheral nervous system (PNS) dif-
fers from the CNS in fundamental aspects,
i.e., histological composition (6) and regen-
erating capacity (7,8). In addition, Schwann
cells are considered extremely industrious
(9) and highly resistant to a broad span of
spontaneous and experimental injuries (10).
The aim of the present study was to observe
Schwann cell reaction to local single and
multiple EB injections and to document pe-
ripheral nerve responses to multiple chal-
lenges with the drug in order to validate this
intoxication as an experimental model of
demyelination in the PNS.

Material and Methods

Thirty-four adult Wistar rats of both sexes
were maintained in individual polypropy-
lene cages, with free access to ration and
water. The rats were divided into five groups
and submitted to intraneural EB injections
(Table 1). Two animals from each group
received an intraneural saline injection.
Stance, gait and social behavior were re-
corded daily.

Demyelination was induced by single or
multiple injections of 1 pl of 0.1% EB in
0.15 M saline along 8 mm on the middle

Table 1. Intraneural injections of ethidium bro-
mide (EB) and saline in adult Wistar rats.

Group Number of Number of  Number of
EB-injected saline-injected injections

animals animals
1 4 2 1
2 5 2 2
3 5 2 4
4 5 2 6
5 5 2 8
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third of the left sciatic nerve. The multiple
injections were made at 28-day intervals. All
injections were made with a Hamilton sy-
ringe and the animals were anesthetized with
fentanyl/hypnomidate (Johnson & Johnson,
Sdo José dos Campos, SP, Brazil). The local-
ization of the lesions was facilitated by a
stitch in the adjacent semitendinous muscle.

The rats were sacrificed by an ether over-
dose and samples of the sciatic nerves were
removed. The samples were collected 7 and
15 days after injection from the rats that
received a single injection (group 1), and 10
days after injection from the rats submitted
to multiple injections.

The samples were cut into three trans-
verse fragments for light and transmission
electron microscopy studies. All samples
were washed with PBS, fixed in 2.5% glutar-
aldehyde in cacodylate buffer for 48 h, post-
fixed in osmium tetroxide, dehydrated in
graded ethanol solutions, and embedded in
Epon 812 resin. Semi-thin sections were
obtained with a Reichert Super Nova ultra-
microtome with glass knives, stained with
methylene blue and observed under a Meiji
2000 light microscope. Thin sections were
made with diamond knives, stained with ura-
nyl and lead salts and studied underan EM10
Zeiss transmission electron microscope op-
erated at 60-80 kV.

Results

The rats injected with EB did not show
any changes in either stance or gait during
the experiment.

The localization of the lesions was facili-
tated by the stitch on the adjacent semitendi-
nous muscle although a mild thickening of
the epineurium was visible to the naked eye.
This thickening was due to collagen prolif-
eration observed in all lesions. Although
some variation was detected, most of the
lesions were 5-8 mm in length. All lesions
showed segmental demyelination and exten-
sive remyelination by Schwann cells.
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After intraneural injection of EB,
Schwann cells showed signs of intoxication
with a vacuolated cytoplasm and rejection of
the myelin sheath. The sheaths showed con-
densation of the outer lamellae and progres-
sive vesiculation leading to segmental de-
myelination. Myelin debris were removed
by macrophages within the endoneurium dis-
tended by edema. Seven days after injection
it was possible to observe the initial relation-
ships of the naked axons with Schwann cells,
some of them with intracytoplasmic myelin
granules.

The axons were intact except those along
the needle track which underwent Wallerian
degeneration. Mast cells were conspicuous
in the endoneurium of all lesions and occa-
sionally lymphocytes and neutrophils were
also detected.

From 15 days after injection a few super-
numerary Schwann cells were observed in
the endoneurium expanded by numerous col-
lagen fibers. Groups of axons or axonal
sprouts were wrapped by a basal lamina
surrounded by collagen fibers (Figure 1).
From 38 days after injection thin myelin
sheaths had been deployed around most axons
and the majority had redundant loops.

The nerves submitted to multiple injec-
tions showed degenerative (acute) lesions
and regenerative (chronic) lesions (Figure
2). Acute lesions shared common features
with lesions described at 7 and 15 days after
injection.

Regenerated thin sheaths intermingled
with sheaths of normal size were observed
within chronic lesions. Endoneural expan-
sion was greater because of the increased
number of collagen fibers (Figure 3). After
each EB injection, affected fibers showed a
decreased diameter and myelin internodes
appeared to be shorter, indicating the occur-
rence of a faster demyelination/remyelina-
tion process. The diminished diameter of the
fibers together with the increased number of
collagen fibers induced the formation of new
fascicles composed of smaller numbers of
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thinner nervous fibers.
No inflammatory reaction or the forma-
tion of perivascular cuffings was observed in
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Figure 1. Transmission electronmicrograph of naked axons (ax) wrapped by a Schwann cell
basal lamina (arrow) attached to collagen fibers (col); fibroblast (f). Lesion from group 2. Bar
=0.5um.

Figure 2. Transmission electronmicrograph of axons associated with Schwann cells: initial
relationship (asterisk); remyelinated axons (arrow); supernumerary Schwann cell (SSC);
collagen fibers (col); fibroblast (f). Lesion from group 3. Bar = 1 um.
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Figure 3. Transmission electron-
micrograph of small diameter
demyelinated axons (asterisk)
associated with Schwann cells;
some axons show a thin myelin
sheath (arrows) whereas others
are remyelinated with thicker
sheaths and redundant loops (ar-
rowhead). All fibers are sepa-
rated by an increased deposition
of collagen fibers (col). Lesion
from group 5. Bar = 1 um.
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any lesion. Control animals had Wallerian
degeneration along the needle track and
around the site of higher concentration of EB
which was more marked in rats injected 6
and 8 times.

Discussion

EB injection into the PNS induced seg-
mental demyelination followed by remyeli-
nation by Schwann cells like that observed
in the CNS. The absence of clinical signs in
the rats was attributed to the selection of a
multifascicular nerve with a real possibility
that some fascicles might have never been
damaged by the drug or the needle.

In contrast to the CNS, there was no
destruction of myelinating cells but rather
intoxication of Schwann cells which soon
after the injection rejected the sheaths that
were extruded from their cytoplasm.
Cavanagh (10) has pointed out the marked
resistance of Schwann cells, stating that they
are rarely destroyed, with their ability to
maintain the internode being challenged and
not their integrity.

The intoxicated Schwann cells exclude
the internode that they surround completely
and that functions like an organelle within
their cytoplasm. Debris of the internode were
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detected as dense cytoplasmic granules sug-
gesting phagocytosed material instead of re-
mains of a preexisting structure. Despite a
long lasting discussion about the signifi-
cance of Schwann cell phagocytic capacity
in demyelination or Wallerian degeneration
(11-13), the marked macrophage presence
and the shortage of Schwann cell prolifera-
tion in the acute lesions of this investigation
point to the limited share of the latter cells in
debris removal after degeneration of the
myelin sheaths.

The profuse macrophage activity and the
activation of structural cells such as fibro-
blasts underlie the proliferation of collagen
fibers characteristically observed within the
lesions, after multiple injections. According
to Fernandez-Valle etal. (13), activated mac-
rophages secrete molecules such as interleu-
kin-1 and nerve growth factor which stimu-
late fibroblasts to produce and secrete col-
lagen fibers, although Schwann cells may be
able to produce collagen themselves (7).

The type of relationship between
Schwann cells and the naked axons was
similar in all lesions regardless of the num-
ber of injections and was the same as seen
during myelination (14), with the axon gov-
erning the approach and commitment of the
myelinating cell. The excess of myelin se-
cretion seen as redundant loops in most in-
ternodes has been observed in natural pro-
cesses such as metamorphosis (15) and in
many experimental models of demyelina-
tion where the Schwann cell is the main
myelinating cell (1).

The increased demyelination/remyelina-
tion rate observed in the present lesions has
been reported in other experimental models
such as after multiple local injections of
lysolecithin into the sciatic nerve of Wistar
rats (6). This increased rate proceeds after
the progressive decrease of axonal diameter
due to repeated demyelination and remyeli-
nation with thinner sheaths. If on the one
hand collagen fibers help the proliferation,
differentiation and myelinating function of
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Schwann cells, on the other, such an abun-
dance of fibers might exert an anomalous
pressure over the fibers. It has been sug-
gested that axonal narrowing such as that
occurring in the lysolecithin model may be a
response to the loss of myelin or may be due
to some interference with the normal
Schwann cell/axon relationship (11). Such
interference, if it really existed, did not lead
to the formation of the “onion bulbs” ob-
served in progressive or recurrent polyneuro-
pathies (16,17) or to the occurrence of hypo-
or dysmyelination similar to that reported in
the quaking and Trembler mouse mutants in
which the communication between Schwann
cells and axons is genetically disturbed
(18,19).

The presence of mast cells in all lesions
cannot be explained. Cavanagh (10) men-
tions the proliferation of mast cells in any
pathology involving peripheral nerves with-
out giving clues for their function. Kriiger et
al. (20) reported the presence of mast cells
within multiple sclerosis plaques and, be-
cause of the proximity to blood vessels, sug-
gested that these cells could be related to the
blood-brain barrier. In the EB-induced le-
sions in the sciatic nerve there was no specif-
ic relationship between mast cells and blood
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