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Ethidium bromidE-inducEd dEmyElination 
in thE sciatic nErvE of diabEtic rats
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abstract – This study aims to observe the process of myelin loss and repair following the injection of the 
gliotoxic agent ethidium bromide (EB) in the sciatic nerve of rats previously induced to diabetes mellitus 
by streptozotocin. Injection of EB was also done in non-diabetic rats. The animals were euthanatized from 
3 to 31 days after intraneural injection and nerve sections were collected for ultrastructural study. In non-
diabetic rats, Schwann cells (CS) showed signs of intoxication 3 days after, with cytoplasmic vacuolization and 
rejection of their myelin sheaths. Myelin debris were removed by macrophages in the endoneurium and mast 
cells were abundant in the lesions. From 14 days following EB injection, supernumerary CS were seen in the 
expanded endoneurium as well as thin myelin sheaths indicating remyelination. Diabetic rats presented a more 
extensive myelin vesiculation and segmentar demyelination, with delayed activities from both macrophages 
and remyelinating SC. No mast cells were noted.

KEY WORDS: demyelination, diabetes mellitus, ethidium bromide, peripheral nervous system, remyelination, 
Schwann cells.

desmielinização induzida pelo brometo de etídio no nervo ciático de ratos diabéticos

resumo – O estudo visa à observação do processo de perda e reparo mielínico pós-injeção do gliotóxico  
brometo de etídio (BE) no nervo ciático de ratos previamente induzidos a diabetes mellitus pela 
estreptozotocina. Injeção de BE foi igualmente realizada em ratos não-diabéticos. Os animais foram 
eutanasiados dos 3 aos 31 dias pós-injeção intraneural, com colheita de amostras neurais para estudo ultra-
estrutural. Nos animais não-diabéticos, as células de Schwann (CS) mostraram sinais de intoxicação a partir 
dos 3 dias pós-gliotóxico, com vacuolização citoplasmática e rejeição de suas bainhas de mielina. Restos 
mielínicos eram removidos por macrófagos no interior do endoneuro e mastócitos eram abundantes nas 
lesões. A partir dos 14 dias, CS supranumerárias foram encontradas no endoneuro expandido, além de finas 
bainhas de mielina indicativas de remielinização. Os ratos diabéticos apresentaram vesiculação mielínica e 
desmielinização segmentar mais extensas, bem como ausência de mastócitos e atraso na atividade macrofágica 
e na função remielinizante das CS.

PALAVRAS-CHAVE: brometo de estídio, células de Schwann, desmielinização, diabetes mellitus, remielinização, 
sistema nervoso periférico.
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The gliotoxic agent ethidium bromide (EB) induces 
early astrocyte disappearance and oligodendroglial loss 
when injected in the central nervous system (CNS) lead-
ing to blood-brain barrier disruption and primary demy-
elination respectively. Subsequent remyelination occurs 
performed by surviving oligodendrocytes and by invasive 
Schwann cells1-6. After local EB injection in the peripheral 
nervous system (PNS) no destruction of myelinating cells 

but rather intoxication of Schwann cells is observed7. Al-
though Schwann cells are highly resistant to a broad span 
of spontaneous and experimental injuries8 these intoxi-
cated cells soon reject their myelin sheaths as their abili-
ty to maintain the internodes is compromised, thus caus-
ing a similar demyelinating process. 

Diabetes mellitus is also known to disturb the func-
tioning and integrity of Schwann cells as they are a pri-
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mary target of polyol pathway abnormalities linked to re-
lated hyperglycemia6. 

The aim of this study was to observe the behaviour 
of Schwann cells facing a double challenge (the gliotox-
ic drug injection in the sciatic nerve and hyperglycemia 
caused by the streptozotocin diabetogenic model) in or-
der to see if they still maintain their survival capacity or 
their ability of reconstructing myelin sheaths.

mEthod
Twenty-nine adult male Wistar rats were divided into 5 

groups. Induction of diabetes mellitus was performed us-
ing a single intraperitonial injection of 50 mg/kg strepto-
zotocin in 10 mM sodium citrate buffer (pH 4.5) after 12h 
of fasting. Ten days later blood glucose levels were mea-
sured and animals with levels of 200 mg/dL or more were 
considered to be diabetic. At that time some were sub-
mitted to a intraneural injection of 1 microliter of 0.1% EB 
(group I, n=10) or 0.9% saline solution (group II, n=5), while 
others did not receive any nerve injection and were used 
as a diabetic / histologic control group (group III, n=2). 
Other groups included non-diabetic animals: group IV, rats 
injected with 1 microliter of 0.1% EB solution (n=10) and V  
non-diabetic / histologic control group (n=2). The EB or 
saline injected rats were anesthetized with ketamine and 
xylazine (5:1; 0.1 mL/100 g) and a single injection of 1 mi-
croliter of 0.1% EB or 0.9% saline solution was performed 

freehand on the middle third of the left sciatic nerve us-
ing a Hamilton syringe fitted with a 35o angled polished 
26-gauge needle. The localization of the lesions was facil-
itated by a stitch in the adjacent semitendinous muscle. 
Stance, gait and social behavior were recorded daily. Body 
weight and blood glucose levels (Dextrostix, Ames Labora-
tory, IA, USA) were recorded on 3 occasions – at the time 
of streptozotocin injection, 10 days later and at the time 
of sacrifice. Rats were kept under controled light condi-
tions (12h light-dark cycle) and water and food were giv-
en ad libitum during the experimental period.

Three animals from groups I and IV and 1 from group 
II were euthanatized at each of the following periods – 3, 
7, 14, 21 and 31 days – and nerve samples from both hind 
limbs were collected (Figs 1, 2 and 3). The samples were 
cut into 5 transverse fragments, washed in PBS, fixed in 4% 
glutaraldehyde in 0.1 M sodium phosphate buffer (pH 7.4) 
for 48 hours, post-fixed in 0.1% osmium tetroxide, dehy-
drated in graded acetones solutions and embedded in Ar-
aldite 502 resin, following 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 citrate and viewed in a 
JEM 1200 EX2 JEOL transmission electron microscope.

rEsults
No change was seen in stance or gait in any rat used 

Fig 1. [A] Normal aspect of the sciatic nerve. Group V (non-diabetic / histologic control group); [B] Demyelinated axons (arrowheads) and macrophages 
(arrows) containing phagocytosed myelin at 7 days after EB injection. Group IV (non-diabetic); [C] Axons with normal and thinly remyelinated sheaths 
14 days post-injection. Group IV; [D] Mast cell at 14 days after EB injection. Toluidine blue.
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Fig 2. [A] Myelin vesiculation 3 days after 
the gliotoxic injection. Note the absence of 
Schwann cell cytoplasm. Bar=2 µm; [B] De-
myelinated axons (d) 7 days after EB injec-
tion. Observe the presence of an associated 
Schwann cell (S). Bar=1 µm; [C] Monocyte 
migration (mo) from a blood vessel (v) 14 
days after EB injection. Note the presence of 
macrophages (arrowheads) containing myelin 
in different stages of degradation, from the 
visualization of lamellae (l) to neutral fat 
droplets (n). Bar=2 µm; [D] General aspect 
of the center of the lesion 21 days after EB 
injection. Presence of Schwann cells (S) as-
sociated to demyelinated axons (d) and even 
in remyelination (r) Note the great amount of 
collagen fibers (c) in the extracellular space 
as well as vesiculated myelin (m). Bar=1 µm. 
Electron micrographs. Group I (diabetic).

Fig 3. [A] Schwann cell (S) close to demyeli-
nated axons (d) 21 days after EB injection. 
Presence of detached myelin (m) and collagen 
fibers (c) in the extracellular space. Bar=1 µm. 
[B] General aspect of the EB-induced lesion 
21 days post-injection. Note the presence of 
axons in remyelination (r), vesiculated myelin 
(m) in the extracellular space, a macrophage 
(M) in phagocytic activity and collagen fibers 
(c). Bar=2 µm; [C] Axon in remyelination at 21 
days. Observe the presence of basal lamina 
(arrow) over the Schwann cell cytoplasm 
(asterisk) and collagen fibers (c) in the extra-
cellular space. Bar=1 µm; [D] Axon (A) with 
myelin in process of detachment 21 days af-
ter EB. Collagen fibers (c). Bar=2 µm. Electron 
micrographs. Group I (diabetic).

in this investigation. The EB-induced lesions in the sciat-
ic nerve of non-diabetic rats (group IV) were similar to 
those described by Riet-Correa and colleagues7. Altough 
there was some variation in the extent of the demyelinat-
ed area, most of the lesions were 5 mm in length and pre-
sented segmental demyelination and clearance of cellu-

lar debris by macrophages followed by extensive myelin 
repair by Schwann cells.

Three days after intraneural EB injection signs of 
Schwann cell intoxication were noticed with cytoplasmic 
vacuolization, myelin changes such as progressive conden-
sation of the outer lamellae and vesiculation which lead 
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to a complete rejection of its own myelin sheath. Mac-
rophagic infiltration within the endoneurium was proem-
inent and these cells presented phagocytosed myelin in 
several stages of degradation, including lamellae and neu-
tral fat droplets, in areas of enlarged extracellular space 
containing occasional lattices of myelin-derived mem-
branes. Mast cells were commonly observed in the en-
doneurium as well as few lymphocytes and neutrophils. 
There was no sign of axonal damage outside the needle 
track. At 7 days it was possible to observe the approxi-
mation of Schwann cells to some demyelinated axons. 
From 14 days after gliotoxic injection a great number of 
Schwann cells were seen progressively associated to one 
or more demyelinated axons or already producing thin 
myelin sheaths around individual internodes in an expand-
ed extracellular space, where collagen fibers were depict-
ed. Some of these remyelinating Schwann cells present-
ed intracytoplasmic myelin granules and were covered by 
a dense basal lamina which was surrounded by a great 
amount of collagen fibers. At 21–31 days it was clearly ap-
parent a reorganization of the nerve fascicles with axons 
covered by thin and thicker sheaths separated by an in-
creased deposition of collagen. Few axons remained com-
pletely naked and some stayed clustered.

All rats submitted to the streptozotocin injection pre-
sented hyperglycemia (levels from 200 to 600 mg/dL) on 
the 10th day and on day of euthanasia. During the experi-
mental period the diabetic rats developed characteristic 
polyuria, polydipsia and body weight loss.

No evidence of either primary demyelination or loss 
of the neuroglia was found in rats from groups II (diabet-
ic rats which received intraneural injection of saline so-
lution), III (control group of diabetic rats) and V (control 
group of non-diabetic rats).

In the diabetic rats from group I it was observed, from 
3 days after the injection of EB, a larger amount of appar-
ently intoxicated Schwann cells, leaving their sheaths with 
higher frequency than that noticed in non-diabetic rats 
from group IV, and thus intensifying myelin vesiculation 
and detachment. By 7 days a greater number of demyeli-
nated axons was found in the central site of the lesions. 
Although macrophages were present, the observation of 
huge amounts of myelin-derived membranes in the extra-
cellular space apparently suggested that their scavenging 
activity was somehow affected by the diabetic state. Mast 
cells were not found in the endoneurium of diabetic an-
imals and the presence of lymphocytes and neutrophils 
was less frequent. From the 14th to the 31st day post-injec-
tion few axons exhibited light myelin sheaths with the 
great majority of axons remaining naked although associ-
ated to Schwann cells, so indicating an apparent possibil-
ity of future remyelination. Comparing to group IV (non-
diabetic), the diabetic one (group I) presented clearly at 

21–31 days a marked delay in the remyelinating acitivity of 
Schwann cells on previously demyelinated internodes.

discussion
The EB injection in the sciatic nerve induced segmen-

tar demyelinating lesions, with subsequent remyelination 
by Schwann cells, in an identical way of that already de-
scribed by Riet-Correa and colleagues7. Several studies re-
ported the invasive capacity of Schwann cells into the 
CNS from spinal or cranial nerves due to the glia limitans 
disruption following injection of the gliotoxin1-5. This in-
vasion however appeared to be diminished in the diabet-
ic state induced by streptozotocin treatment6.

The lack of clinical signs in the rats from this investi-
gation was atributted to the fact that the sciatic nerve is a 
multifascicular nerve so that the drug or the needle used 
in the injection have never affected all fascicles.

Contrasting to the CNS where glial cells (astrocytes 
and oligodendrocytes) were invariably destroyed by the 
gliotoxic agent, Schwann cells were still present in our 
study although showing signs of disturbance and so aban-
donning the axons which they were related to and extrud-
ing their myelin sheaths from the cytoplasm. As empha-
sized by Cavanagh8 Schwann cells show a notable capacity 
of resistance to a broad range of injurious stimuli.

The EB-intoxicated Schwann cells excluded the in-
ternodes they surrounded and debris of these structures 
were phagocytosed appearing as cytoplasmic granules of 
myelin7, although the major phagocytic activity was un-
doubtedly performed by macrophagic infiltration. In spite 
of the fact that Schwann cells are able to produce colla-
gen fibers themselves, activated macrophages can secrete 
molecules such as interleukin-1 (IL-1) and nerve growth 
factor (NGF) which stimulate fibroblasts to produce and 
secrete even more collagen7.

Even though Cavanagh8 described the common pro-
liferation of mast cells in PNS diseases the real meaning 
of their presence in the EB-demyelinating lesions remains 
unexplained.

Schwann cell disturbance followed by segmental de-
myelination in the PNS is a prominent finding in diabetes 
mellitus of humans9 and cats10, but this is not so commonly 
observed in spontaneous or experimental diabetes in rats6.

Although similar cellular phenomena related to the 
EB model in the PNS have appeared in streptozotocin-di-
abetic rats, it was noted that the temporal pattern of re-
pair was somehow different from that seen in non-dia-
betic rats. The finding of huge amounts of myelin-derived 
membranes in the PNS demyelinating lesions of diabet-
ic rats resembled the one observed in the brainstem of 
rats immunosuppressed with cyclophosphamide3 or dex-
amethasone4 as well as in streptozotocin-diabetic rats5 
in which was observed a delay in the scavenging activi-
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ty of macrophages and in the subsequent CNS remyeli-
nating process. Short-term diabetes mimics lesions of 
slow development induced by EB in the rat CNS and de-
lays all the subsequent repair events5. Furthermore ab-
normal macrophage function has been described in di-
abetes mellitus9,11 and may explain why clearance of cel-
lular debris tends to be a longer-term process in the di-
abetic group.

Insulin and insulin-growth factor (IGF-1) are known to 
be important stimulating factors for Schwann cells12-14, but 
their levels are decreased in experimental streptozotocin 
diabetes15-16. Besides as Schwann cells do not need insu-
lin for glucose transport across membrane hyperglycemia 
frequently causes intracellular glucose accumulation and 
increased polyol pathway activity by aldose reductase re-
sulting in increased levels of sorbitol and fructose, which 
may cause osmotic swelling and cell death9.

Increased vulnerability induced by diabetes to myelin 
loss in the PNS is described by some authors17-18 and this 
was atributted to the fact that Schwann cells are suscep-
tible to metabolic disarrangements due to hyperglycemia. 
As diabetes itself can interfere on Schwann cell integrity 
and function the use of a glitoxic agent represent an addi-
tional disturbing influence, maybe explaining the greater 
demyelination and the lesser remyelination found in the 
diabetic group when compared to the non-diabetic one.

It is important to mention that the EB-demyelinating 
model in the PNS leads to the observation that Schwann 
cells maintain the potential of reconstructing myelin in-
ternodes after their transient intoxication in non-diabet-
ic animals. By contrast there was an apparent delay in the 
whole remyelinating process as well as in the phagocytic 
activity in the lesions of diabetic rats, similar to that found 
in the brainstem of diabetic animals5, indicating that their 
outstanding potential to remyelinate after EB gliotoxic 
damage is somehow compromised by the diabetic state.
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