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Abstract

Schwann cell disturbance followed by segmental demyelination in the
peripheral nervous system occurs in diabetic patients. Since Schwann
cell and oligodendrocyte remyelination in the central nervous system
is a well-known event in the ethidium bromide (EB) demyelinating
model, the aim of this investigation was to determine the behavior of
both cell types after local EB injection into the brainstem of streptozo-
tocin diabetic rats. Adult male Wistar rats received a single intrave-
nous injection of streptozotocin (50 mg/kg) and were submitted 10
days later to a single injection of 10 uL 0.1% (w/v) EB or 0.9% saline
solution into the cisterna pontis. Ten microliters of 0.1% EB was also
injected into non-diabetic rats. The animals were anesthetized and
perfused through the heart 7 to 31 days after EB or saline injection and
brainstem sections were collected and processed for light and trans-
mission electron microscopy. The final balance of myelin repair in
diabetic and non-diabetic rats at 31 days was compared using a semi-
quantitative method. Diabetic rats presented delayed macrophage
activity and lesser remyelination compared to non-diabetic rats. Al-
though oligodendrocytes were the major remyelinating cells in the
brainstem, Schwann cells invaded EB-induced lesions, first appearing
at 11 days in non-diabetic rats and by 15 days in diabetic rats. Results
indicate that short-term streptozotocin-induced diabetes hindered both
oligodendrocyte and Schwann cell remyelination (mean remyelina-
tion scores of 2.57 + 0.77 for oligodendrocytes and 0.67 + 0.5 for
Schwann cells) compared to non-diabetic rats (3.27 + 0.85 and 1.38 +
0.81, respectively).
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Introduction

Segmental demyelination is a prominent
feature of the symmetric polyneuropathy of
diabetic patients (1,2), probably due to
Schwann cell disturbance. The mechanism
of disturbance may be related to the fact that
Schwann cells are a primary target of polyol
pathway abnormalities strongly linked to the
hyperglycemia found in diabetes mellitus
(3). Schwann cell invasion and contribution
to myelin repair in the central nervous sys-
tem (CNS) are usually seen in the ethidium
bromide (EB) demyelinating model (4-14),
where there is early astrocyte disappear-
ance, with both glia limitans and blood-
brain barrier disruption. Oligodendroglial
damage induced by EB produces primary
demyelinating lesions at the site of injection,
with subsequent remyelination performed
by surviving oligodendrocytes and by inva-
sive Schwann cells (4-6,9,12-14).

Since Schwann cell and oligodendrocyte
remyelination in the CNS is a well-known
event in demyelinating diseases such as
multiple sclerosis (15-17) as well as in the
EB gliotoxic model, the aim of the present
investigation was to determine the behavior
of these myelin-repairing cells after local
EB injection in the brainstem of rats submit-
ted to the diabetogenic model of streptozoto-
cin.

Material and Methods

Sixty-nine adult male Wistar rats were
used. Of these, 42 received a single injection
of 50 mg/kg streptozotocin in 10 mM so-
dium citrate buffer, pH 4.5, into the tail vein
after 12 h of fasting. Ten days later blood
glucose levels were measured and animals
with levels of 200 mg/dL or more were
considered to be diabetic. At that time some
rats were submitted to a injection of 10 pL
0.1% (w/v) EB (group I, N = 27) or 0.9%
saline (group II, N = 10) into the cisterna
pontis, while others did not receive intracis-
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ternal injection and were used as histologic
controls (group III, N = 5). The EB- or
saline-injected rats were anesthetized with
ketamine and xylazine (5:1; 0.1 mL/100 g)
and a burr-hole was made on the right side of
the skull, 8 mm rostral to the fronto-parietal
suture. Injections were performed freehand
using a Hamilton syringe fitted with a 35°
angled polished 26-gauge needle into the
cisterna pontis, an enlarged subarachnoid
space below the ventral surface on the pons.
Non-diabetic rats (group IV, N = 27) re-
ceived 10 uLL 0.1% EB solution. Body weight
and blood glucose levels (Dextrostix, Ames
Laboratory, Ames, IA, USA) were recorded
on three occasions, at the time of streptozo-
tocin injection, 10 days later and at the time
of sacrifice. Rats were kept under controled
light conditions (12-h light-dark cycle) and
water and food were given ad libitum during
the experimental period.

At different times after EB or saline in-
jection, the rats were anesthetized and sub-
mitted to intracardiac perfusion with 4%
(v/v) glutaraldehyde in 0.1 M sodium phos-
phate buffer, pH 7.4. Three animals each
from group I and 3 from group IV were
perfused at 7, 11, 15, and 21 days after
intracisternal injection, and 15 rats from each
of these groups were perfused at 31 days.
Two animals from group Il and 1 from group
IIT were perfused at 7, 11, 15, 21, and 31
days. Thin sections of the brainstem (pons,
medulla oblongata and mesencephalon) were
collected and post-fixed in 0.1% osmium
tetroxide, dehydrated with graded acetones
and embedded in Araldite 502 resin, follow-
ing transitional stages in acetone. Thick
sections were stained with 0.25% alkaline
toluidine blue. Selected areas were trimmed
and thin sections were stained with 2%
uranyl and lead acetate and viewed in a
Philips EM-201 transmission electron mi-
croscope.

The final balance of myelin repair was
compared between diabetic and non-diabetic
rats using the semi-quantitative method de-
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veloped by Blakemore and Crang (18) and
Gilson and Blakemore (19) to document the
extent and nature of remyelination in
gliotoxic lesions. Two semithin sections from
each animal from groups I and IV obtained
31 days after EB injection were examined
for the presence of axons remyelinated by
oligodendrocytes and Schwann cells, as well
as for demyelinated axons. Remyelination
by either Schwann cells or oligodendrocytes
was identified using previously described
morphological criteria (6). Since the thick-
ness of normal myelin sheaths bears a con-
stant relationship to the axons they surround,
repaired myelin sheaths can be identified
because they are thinner than normal for the
axons they cover. At the ultrastructural level,
myelin sheaths produced by oligodendro-
cytes have characteristic appearance and
periodicity. Schwann cells are not present
within the white matter of the CNS. Schwann
cells relate to single internodes of myelin,
and, as peripheral myelin has a different
chemical composition from central myelin,
this results in a different appearance be-
tween Schwann cell and oligodendrocyte
myelin following staining with toluidine blue.
At the ultrastructural level, Schwann cell
myelin has a periodicity that differs from
myelin produced by oligodendrocytes. Fur-
thermore, the outer surface of myelin formed
by Schwann cells is covered by a basement
membrane and Schwann cell nuclei are of-
ten seen lying next to their myelin sheaths.

The proportion of each was estimated on
ascale ranging from O to 5. A lesion in which
all axons were remyelinated by oligoden-
drocytes would have an oligodendrocyte (O)
score of 5, a Schwann cell (S) score of 0 and
ademyelination (D) score of 0. If 40% of the
demyelinated axons were remyelinated by
oligodendrocytes and 40% by Schwann cells
with the remaining axons being demyeli-
nated, then the lesion was assigned a score of
0-2, S-2, D-1. To compare remyelination
scores from diabetic and non-diabetic rats
31 days after EB injection, a lesion repair

profile of O versus S remyelination was
made, providing an adequate graphic repre-
sentation of each group. The mean O and S
scores = 2 SEM enclosed a domain which
represented an average of repair. Non-over-
lapping domains in these graphic represen-
tations indicated significantly different re-
sults.

Results

Non-diabetic rats treated with ethidium
bromide (group 1V)

The EB-induced lesions in non-diabetic
rats were similar to those described in the
brainstem by Pereiraetal. (14) and by Bondan
et al. (6). They were characterized by demy-
elinating lesions on the ventral surface of the
pons and mesencephalon, containing in the
central area phagocytic cells, some myelin-
derived membranes in a distended extracel-
lular space as well as demyelinated axons
(Figure 1A).

At the periphery, the presence of oligo-
dendrocytes and Schwann cells was noted
at 11 days after EB administration, the latter
occurring in areas of an enlarged extracellu-
lar space devoid of astrocytic processes,
notably round blood vessels and subpial
areas. Oligodendrocytes showed an incipi-
ent but preponderant remyelination (Figure
1B), though Schwann cells also appeared
to contribute to myelin repair (Figure 1C).
Remyelination produced by both cells in-
creased with time, but oligodendroglia
continued to prevail in the brainstem myelin
repair, although sheaths formed by Schwann
cells were thicker than those produced by
oligodendrocytes during the same period.
Lymphocytes were observed 7 to 31 days
after EB injection, contacting phagocytic
cells and myelin debris. Infiltrating pial
cells were also seen within the lesions, ap-
pearing as compact and monotypic nests
or in diffuse arrangements within the le-
sions.
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Figure 1. Group IV. A, 7 days after ethidium bromide
injection. A macrophage (M) containing myelin at differ-
ent stages of degradation, including lamellae () and
neutral fat droplets (n) in an area of enlarged extracel-
lular space filled with myelin debris (asterisk) and de-
myelinated axons (d). Bar = 1 ym. B, 15 days after
ethidium bromide injection. Oligodendrocyte-remyeli-
nated axons (r) associated with hyperthrophic astro-
cytic processes (a). Bar = 1 pm. C, 15 days after ethi-
dium bromide injection. Axons (r) remyelinated by
Schwann cells. Note that portions of Schwann cell cyto-
plasm (arrowheads) surround these axons. Bar = 2 pm.

Clinical observations of diabetic rats

All rats submitted to the streptozotocin
injection presented hyperglycemia (levels
from 200 to 450 mg/dL) on the 10th day and
on the day of perfusion. During the experi-
mental period they developed characteristic
polyuria, polydipsia and body weight loss.
Plasma glucose levels and body weight data
are shown in Table 1.

Ethidium bromide-injected diabetic rats
(group I)

By 7-11 days after induction of the
gliotoxic lesion, two distinct areas were seen,
a central one and a peripheral one. The cen-
ter of the lesion was expanded and filled
with huge amounts of myelin debris among
foamy macrophages, demyelinated axons
(clumped or isolated) and occasional degen-
erating axons (Figure 2A). No astrocytic
processes were found in this site. Hemor-
rhagic areas were observed from 7 to 15
days post-injection and lymphocytes were
seen within the neuropil and in perivascular
locations. By 11 days, some cells with mor-
phological features of oligodendrocytes
were seen around the central area, but with-
out any indication of remyelinating activity.

The most prominent feature of the 15th
day after EB injection was the initial asso-
ciation of naked axons and remyelinating
cells at peripheral locations. Schwann cells
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were associated with one or multiple demy-
elinated axons or were already forming thin
myelin lamellae around single axons in as-
trocyte-free areas (Figure 2B). In contrast,
oligodendrocytes began to form slight my-
elin sheaths in areas completely or partially
filled with astrocytic processes (Figure 2C).
In addition to peripheral astrogliosis, pial
cell infiltration was also noted from 15 to 31
days after the gliotoxic injection and, al-
though rare, signs of axonal degeneration
persisted until the 15th day after injection.
By 21 and 31 days, it became evident that
diabetic rats presented a considerable delay
in the repair process compared to non-dia-
betic animals, with greater amounts of my-
elin-derived membranes in the central area
and a lesser extent of peripheral remyelina-
tion by both oligodendrocytes and Schwann
cells. In diabetic rats, a greater proportion of
axons persisted without myelin and the
remyelinated ones clearly presented thinner
myelin sheaths (Figure 2D) in relation to
non-diabetic rats from group IV.

Rats injected with saline solution (group II)

Mild lesions circumscribed to the pons
and along the needle track were detected 7 to
15 days post-injection due to the surgical
procedure. Ultrastructural analysis of the le-
sions showed a light and focal expansion of
the extracellular space containing some loose
lamellae and myelin debris as well as phago-
cytic macrophages. Few fibers showed peri-
axonal edema and signs of degeneration, but
there was no evidence of primary demyeli-
nation or loss of neuroglia.

Score comparison between groups I and IV at
31 days

Group I (diabetic rats) and IV (non-dia-
betic rats) were compared by scanning sem-
ithin sections 31 days after EB injection,
with documentation of the remyelination
balance and construction of the correspond-
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ing diagrams, according to the semi-quanti-
tative method developed by Blakemore and
Crang (18) and Gilson and Blakemore (19).
Scores are presented in Table 2 and the
respective diagrams in Figure 3.
Discussion
Two major features were identified in the
EB demyelinating model in Wistar rats, i.e.,
the degenerative features during the first
phase post-injection of the gliotoxin, and the
reconstructive events related to the repair of
the induced lesion.
In the first phase, identified in the present
study by the morphological findings at 7 and
11 days post-injection, glial cells completed
their degenerative changes, with consequent
demyelination followed by macrophage re-
Table 1. Body weights and plasma glucose levels of the experimental groups.
Group | Group I Group llI Group IV
Day -10 27 (10) (5) 27)
BW (g) 266.7 = 9.9 262.8 = 10.1 263.8 + 7.1 263.5 + 8.2
PG (mg/dL) 1349 + 5.5 137.8 + 7.5 132.0 + 5.7 135.2 + 8.2
Day 0 @7) @) (6) @7)
BW (g) 256.2 + 5.9 260.5 + 5.6 2595 + 6.2 2725 + 4.6
PG (mg/dL) 367.8 + 5.9 360.5 + 9.2 254 135.4 + 7.2
Day 7 @) @) (1) (©)
BW (g) 254.3 + 5.2 256.5 + 2.8 252 277.8 + 6.2
PG (mg/dL) 3725 + 6.5 393.5 + 6.3 348 123.6 + 8.5
Day 11 @) ) (1) (©)
BW (g) 253.7 = 5.4 253.5 = 35 250 283.1 = 4.9
PG (mg/dL) 389.2 + 5.7 4155 + 5.1 347 1262 + 7.3
Day 15 @) @) (1) ®)
BW (g) 251.8 + 5.6 2525 + 35 249 289.6 + 4.6
PG (mg/dL) 386.7 + 6.3 409.5 + 6.2 442 134.7 = 8.1
Day 21 @) ) (1) (©)
BW (g) 249.4 + 5.8 250.5 + 3.8 243 291.3 + 5.1
PG (mg/dL)  405.6 + 6.5 4125 + 5.8 436 146.3 £ 7.5
Day 30 (15) @) (1) (15)
BW (g) 233.5 = 5.5 2435 + 4.9 240 305.2 + 4.9
PG (mg/dL) 397.4 + 5.6 420.5 = 4.7 449 1425 + 5.9

Data are reported as means + SD for the number of rats given in parentheses. Group |
= ethidium bromide (EB) treated and diabetic; Group Il = saline treated and diabetic;
Group Il = not EB nor saline treated, but diabetic; Group IV = EB treated and non-
diabetic; BW = body weight (g); PG = plasma glucose (mg/dL); day -10 = day of
streptozotocin injection in groups |, Il and Ill; day 0 = day of EB or saline administration.
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moval of cellular debris. In the second, from
the 15th to the 31st day after injection, the
dynamics of the remyelinating process was
observed, with astrogliosis present or not in
specific areas, as well as lack of remyelina-
tion in other sites of the lesion.

These events have been exhaustively dis-
cussed in different investigations involving
the gliotoxic agent EB in the brainstem (6-
8,12-14) or in the spinal cord (11,20) of rats.

Although similar cellular phenomena re-

E.F. Bondan et al.

lated to the EB model have appeared in
streptozotocin-diabetic rats, it was noted that
the temporal pattern of repair was somehow
different from that seen in non-diabetic rats,
caused by the delay in the scavenging activ-
ity of macrophages and in the subsequent
remyelinating process in the diabetic group.
This pattern resembled the one observed in
rats immunosuppressed with dexamethasone
(5,9) or cyclophosphamide (6), in which
incipient and limited oligodendrocyte remy-

Figure 2. Group |. A, 7 days after ethidium bromide injection. Demyelinated axons (d) in an area containing large amounts of myelin-derived
membranes (asterisks), phagocytic cells (M) and even a degenerating axon (arrow). Bar = 1 pm. B, 15 days after ethidium bromide injection. A
Schwann cell (S) surrounds a naked axon near some oligodendrocyte-remyelinated axons (r). Bar = 5 pm. C, 15 days after ethidium bromide injection.
An oligodendrocyte (O) is seen next to thinly remyelinated axons (r). Bar = 1 um. D, 21 days after ethidium bromide injection. Axons present initial
deposition of few myelin lamellae (arrowheads) of oligodendroglial origin. Bar = 0.5 pm.

Braz ] Med Biol Res 39(5) 2006
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elination, predominance of naked axons,
delayed neovascularization, and scanty lym-
phocyte infiltration were observed.

Delay in macrophage function in these
immunosuppressed animals was indicated
by the accumulation of huge amounts of
myelin-derived membranes in the center of
the lesion, without any interference of either
astrocytic reaction following EB injection,
or in the invasive and remyelinating activity
of Schwann cells in the brainstem (5,6,9).

When these results are compared with
those previously described in the EB model
using the same dose (10 pL. x 0.1% EB),
animal species, breed and age (adult Wistar
rats), and site of injection (cisterna pontis),
the following differences were found in the
diabetic group regarding Schwann cell infil-
tration within the induced lesions. First, these
cells were only identified from the 15th day
post-injection and not from the 11th day as
seen in the non-diabetic rats of the present
investigation and as also reported by Pereira
et al. (14). Second, Schwann cell remyeli-
nating activity was apparently delayed if we
consider the remyelination seen in the non-
diabetic group (group I'V) and also described
by Pereira et al. (14) and Bondan et al.
(4,6,9), although the distribution of Schwann
cells was rather the same - in areas of ex-
panded extracellular space, devoid of astro-
cytic processes, notably around blood ves-
sels, and in subpial areas. Finally, we did not
observe simultaneous myelin deposition in 2
or more internodes by the same Schwann
cell, or redundant myelin loops of peripheral
origin, as opposed to that observed in group
IV and also in normal rats (4,6).

In the brainstem, Yajima and Suzuki (13)
and Pereira et al. (14) first detected Schwann
cells in the EB-induced lesions at 10 and 11
days post-injection, respectively. In this con-
text, it can be considered that the Schwann
cell invasion found in the diabetic rats of the
present study was a little delayed. The origin
of these invasive Schwann cells remains
uncertain, but it is proposed that, with the

transitory disappearance of astrocytes, they
may migrate from pial nerves or nerves asso-
ciated to encephalic blood vessels, as well as
from the roots of spinal or cranial nerves (10).

In the present study, there was no de-
crease in lymphocytic infiltration as observed
in rats immunosuppressed with cyclophos-

Table 2. Remyelination scores 31 days after ethi-
dium bromide injection in groups | (diabetic rats) and
IV (non-diabetic rats).

Animal Group IV Group |
(non-diabetic) (diabetic)
() S D (0) S D
1 45 05 00 25 05 20
1 40 1.0 00 20 1.0 20
2 30 20 00 15 05 3.0
2 30 1.0 1.0 25 20 05
3 40 00 1.0 40 1.0 0.0
3 30 20 0.0 25 05 20
4 1.0 3.0 1.0 35 05 1.0
4 40 1.0 0.0 25 10 1.5
5 30 20 0.0 3.0 00 20
5 30 1.0 1.0 40 0.0 1.0
6 1.0 2.0 20 35 05 1.0
6 40 00 1.0 20 1.0 20
7 30 20 00 40 1.0 0.0
7 30 20 00 30 10 1.0
8 25 25 00 30 00 20
8 30 20 00 20 1.0 20
9 30 20 00 20 1.0 20
9 25 25 0.0 20 0.0 3.0
10 40 1.0 0.0 25 1.0 15
10 40 00 1.0 20 1.0 3.0
11 40 05 05 1.0 1.0 3.0
11 3.0 20 0.0 25 05 20
12 40 1.0 0.0 20 0.0 3.0
12 30 1.0 1.0 20 1.0 20
13 30 20 00 25 15 1.0
13 40 1.0 00 20 0.0 3.0
14 40 1.0 00 20 05 25
14 30 20 00 25 05 20
15 45 05 00 40 0.0 1.0
15 30 1.0 1.0 25 05 20
Mean 3.27 1.38 0.35 2.57 0.67 1.8
SD 0.85 0.81 0.54 0.77 0.5 0.87
+SEM 0.16 0.15 0.1 0.14 0.09 0.16

The semi-quantitative method developed by Blake-
more and Crang (18) and by Gilson and Blakemore
(19) for semithin sections was used. See Material
and Methods for explanation of scoring. O = axons
remyelinated by oligodendrocytes; S = axons remy-
elinated by Schwann cells; D = demyelinated axons.
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Figure 3. Diagrams of oligoden-
drocyte (O) versus Schwann cell
(S) remyelination scores in non-
diabetic (A) and diabetic (B) rats
31 days post-lesioning. The ar-
eas within circles represent
mean + 2 SEM and are consid-
ered as domains that represent
an average of repair. Non-over-
lapping repair domains indicate
significantly different results.
The majority of axons are remy-
elinated by oligodendrocytes.

Braz ] Med Biol Res 39(5) 2006

phamide (6) or dexamethasone (5,9), a fact
that may suggest that the diabetic state
achieved by these animals was not sufficient
to compromise their immunological func-
tion. However, there were indications that
macrophage activity was disturbed based on
the finding of huge amounts of myelin-de-
rived membranes, suggesting that short-term
diabetes mellitus mimics lesions of slow
development induced by EB in the rat CNS
and delays all the subsequent repair events
(5,6,9,11). Furthermore, abnormal macro-
phage function has been described in diabe-
tes mellitus (3,21) and may explain why
clearance of cellular debris tends to be a
longer-term process in group L.

No ultrastructural alteration commonly

E.F. Bondan et al.

found in the peripheral nervous system of
diabetic patients was seen in the invasive
Schwann cells, such as onion-bulb forma-
tions around remyelinated axons and/or
myelin splitting or ballooning of the already
formed myelin sheaths (1,22).

Signs of axonal degeneration were mini-
mal and were observed from 7 to 15 days
after EB or saline injection in all groups
(diabetic or not), attributed to the injection
trauma and not to the diabetic status, when
degeneration would be progressive in the
subsequent periods. The lack of indications
of axonal degeneration due to the diabetic
condition at the subsequent time points after
the 15th day agrees with Thomas (2), ac-
cording to whom diabetogenic states of short
duration are not sufficient to provoke mor-
phologically detectable axonal alterations.

It is important to stress that the distur-
bance in insulin secretion induced by strep-
tozotocin may not have lasted long enough
to interfere with Schwann cell invasion and
remyelination of the demyelinated CNS
axons. What was seen was a delayed inva-
sion of Schwann cells in the brainstem when
compared with their invasive activity in non-
diabetic rats.

Insulin and IGF-1 levels are decreased in
experimental streptozotocin diabetes (23,24)
and both are recognized as important stimu-
lating factors for Schwann cells (25-27).

In cells that do not need insulin for glu-
cose transport, such as Schwann cells, hy-
perglycemia usually causes intracellular glu-
cose accumulation and increased polyol path-
way activity by aldose reductase resulting in
increased levels of sorbitol and fructose, a
fact that may cause osmotic swelling and
even cell death. Hyperglycemia may pro-
voke a decrease in tissue levels of myo-
inositol and this is hypothesized to cause a
sequence of events leading to deficiency of
sodium-potassium-ATPase activity. The
deposition of these polyols diverts the cellu-
lar machinery from the formation of normal
intermediate metabolites, altering the com-



Remyelination in diabetic rats

plex equilibrium between intracellular sig-
naling networks and target enzymes (3).

It is known that polyol metabolism dis-
turbance with increased concentrations of
endoneural sorbitol and fructose is observed
as early as 3 days after the injection of
streptozotocin, with an increase in aldose
reductase activity within 1 week (28,29). If
this occurred in our study, it was not suffi-
cient to induce detectable ultrastructural
changes in the migrating Schwann cells.

The scant oligodendroglial remyelina-
tion observed in the present experiment could
also be the result of a lack of important
trophic factors for the proliferation and dif-
ferentiation of surviving oligodendrocytes
and/or of their progenitors, the bipotential
O-2A cells. It is recognized, for instance,
that IGF-1 and -2 stimulate the proliferation
of these cells (30) and receptors for IGF-1
are expressed in astrocytes and oligodendro-
cytes present on the edges of demyelinating
lesions (31).

It is important to confront the results of
this short-term experiment with a new one in
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which the same EB toxic demyelination
should be achieved in conditions of long-
term diabetes mellitus, in order to verify if
Schwann cells and even oligodendrocytes
present any additional and cumulative dam-
age from being exposed to chronic hyper-
glycemia and enduring accumulation of sor-
bitol and fructose.

With the semi-quantitative analysis (by
comparing the domains of the mean scores
for groups I and I'V and their limits - + 2 SEM
- at 31 days), it is clear that short-term diabe-
tes induced by streptozotocin in the present
study caused, in general terms, a defective
repair process in the EB-induced lesions,
affecting both Schwann cell and oligoden-
droglial remyelination, with persistence of a
large proportion of demyelinated axons.
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