
Abstract. – OBJECTIVES: Multiple Sclerosis
(MS) is a disease that affects the Central Nervous
System by destructing myelin shield and also can
affects the peripheral nervous system. Demyelina-
tion is acquired characteristics disease and ap-
pears with the degeneration of myelin which pro-
tects the axons. Cuprizone (CPZ) model is a toxic
demyelination model. The purpose of this study
was to develop an MS model by cuprizone expo-
sure to Wistar rats.

MATERIALS AND METHODS: Rats were sepa-
rated into control and experimental groups and
daily cuprizone was administered to experimen-
tal groups for 4, 5, 6 and 7 weeks. At the end of
the experiments, spinal nerve conduction veloci-
ty was measured by EMG detected from the gas-
trocnemius muscle. After scarification, cerebrum
and cerebellum of the animals were taken for
histopathological investigation.

RESULTS: Spinal cord nerve conduction veloc-
ity (SNCV) of control animals was 76.54 m/s.
Whereas SNCV of the rats that were feed with
CPZ for 6 weeks was significantly reduced to
46.35 m/s in comparison with the control group.
Demyelinated areas and vacuolization were seen
on the brain sections of CPZ exposed rats.

CONCLUSIONS: SNCV of the rats were feed
with cuprizone began tendency of decrease after
4th weeks. These reductions were observed as
maximum at 6th weeks. At 7th week increments
were observed at SNCV. These results indicated
that 6 weeks of cuprizone feedings could be
suitable to bring into existence of MS model in
Wistar rats.
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Introduction

Nerve fibers consist of axons enveloped by
special sheath of ectodermal origin. Groups of
nerve fibers constitute the tract of the brain,
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spinal cord and peripheral nerves. Nerve fibers
exhibit differences in terms of their enveloping
sheaths that related to whether the fibers are
part of the central or peripheral nervous system.
The sheath cells in central nerve fibers are
oligodendrocytes and the Schwann cells in pe-
ripheral nerve fibers1. Multiple Sclerosis (MS)
is an inflammatory autoimmune disease in
which myelin sheaths around the axons of the
brain and spinal cord are damaged that leading
to demyelination2-4. The mission of myelin in
central nerves system (CNS) is making the con-
duction of electrical impulse faster by saltatory
axonal conduction. The outcome of demyelina-
tion for saltatory conduction explains many
clinical and laboratory features of multiple scle-
rosis. Partially demyelinated axons conduct im-
pulses at reduced velocity2.
There are at least three animal models for de-

myelination that includes experimental autoim-
mune encephalomyelitis (EAE), virus induced
model of demyelination with Theiler’s virus,
murine hepatitis virus and toxic models of de-
myelination with lysolecithin, ethidium bromide
and cuprizone5. Cuprizone (CPZ) bis-cyclohexa-
none oxaldihydrazone is a potent cupper chelator.
In the CPZ model, animals are fed with CPZ
which causes cell death of oligodendrocytes
which causes consistent demyelination6-10. Fur-
thermore, removal of cuprizone from diet of ani-
mals initiates remyelination7.
As results of some experiments that have been

done with CPZ, MS model was achieved at
mouse9,11,12 whereas researchers have published
controversial results in rats for MS models. For
instance, although Love13 notified that CPZ mod-
el did not work at Wistar rat strain, Adamo et al
reported demyelination in the corpus callosum
(CC) of Wistar rats10. Furthermore, there are
some new studies reporting CPZ model in Wistar
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tion. The range of CPZ doses were between 0.4%
and 2% in powdered rat chow13,15-18. In this pre-
sent study, 1% dose of CPZ from Fluka, Sigma-
Aldrich Co. (St Louis, MO, USA) was chosen.
At the beginning, average daily chow consump-
tion of the rats was measured as 69±3 gr per kg
of live body weight. However 0.69 g of CPZ
powder was added in a liter of 1% car-
boxymethyl cellulose (CMC) filler from Sigma-
Aldrich Co. This mixture was vortexed in order
to obtain a homogeneous CMC-CPZ suspension.
Animals were fed daily by gavage with 69 ml/kg
CMC-CPZ mixture that was named as 1% of dai-
ly total food intake of animal was CPZ. Stock so-
lution of 1% CMC was prepared weekly and
stored in +4°C. CMC and CPZ suspension was
prepared and consumed daily. CPZ does not react
chemically with CMC mixture, just suspends in
it. When weight loss of animals reached at about
20% of total body weight, CPZ application was
halted for a day and continued after rest day.
None of the animals was needed more than one
rest day and just some of the animals lost weight
at a maximum of 20% of their body weight at the
end of CPZ application period. Weight monitor-
ing and gavage applications to animals were
done by same researcher.

Spinal Motor NCV Measurement by
Electromyography (EMG)
EMG (electromyography) measurements

were taken at the end of the CPZ application
periods. All animals were kept under anesthesia
during EMG measurements with the combina-
tion of ketamine 100 mg/kg and xylazine 10
mg/kg. Rats were electrically stimulated with
monopalar needle electrodes (EL400) from two
different points in spinal cord; L1-L2 and L5-
L6 spinal segment and EMG was recorded from
surface of the gastrocnemius muscle by using 4
mm diameter shielded Ag/AgCl surface elec-
trodes, EL254S and MP100 data acquisition

rats14-16. On the other hand Love13 propounded
that developing of central demyelination was
possible for the other strains of rats but not in
Wistar.
In all previous CPZ models in Wistar rats, ani-

mals were fed with milled chow containing CPZ.
Rats can mix the milled chow by their nose and
eat less CPZ side of milled chow, because CPZ is
powder and can be gather on the bottom of
manger. As a result of this, CPZ intake of each an-
imal can be different which can causes discrepan-
cy in demyelination on each animal. Therefore, we
thought that we can manage to give daily standard
dose of CPZ to animals by gavage from mouth.
We also made a new approximation in this

study. CPZ destroys oligodendrocytes and oligo-
dendrocytes exist at both, brain and spinal cord.
We thought that we can do electrophysiological
assessment of CPZ induced demyelination by
calculating spinal nerve conduction velocity
(NCV). Hence we investigated spinal nerve con-
duction velocity with epidural electrical stimula-
tion of spinal nerves with needle electrodes.

Materials and Methods

In this study, 44 male, one year old Wistar-al-
bino rats weighing between 300-370 g were
used. The experimental procedures were con-
ducted in accordance with experimental proto-
cols approved by the Local Experimental Animal
Care Committee at the University of Adnan
Menderes, Aydin, Turkey. The rats were main-
tained at approximately 22°C with a 12 hours
light-dark cycle, and had free access to commer-
cial food and water. Animals divided into 6
groups. Table I shows the groups of animals with
more details.

Cuprizone Administration
In literature, different CPZ dose were reported

in order to make animal models of demyelina-

2712

Groups N Applied materials Application period (weeks)

Control 6 Nothing was given _
CMC 6 69 ml/kg 1% CMC 6
Cuprizone 8 1% CPZ in 69 ml/kg 1% CMC 4
Cuprizone 8 1% CPZ in 69 ml/kg 1% CMC 5
Cuprizone 8 1% CPZ in 69 ml/kg 1% CMC 6
Cuprizone 8 1% CPZ in 69 ml/kg 1% CMC 7

Table I. Groups of animal and application periods of Cuprizone.



system with EMG module Biopac System Inc.,
Goleta, CA, USA. Compound muscle action
potential (CMAP) was taken from gastrocne-
mius muscle and used to measure Spinal NCV
as previously described19. Briefly, EMG based
motor nerve conduction velocity was calculated
with the formula; NCV = ∆x / ∆t where x is
the distance between distal and proximal stimu-
lus, t is the differences between latency of the
distal and proximal stimulus. The distance be-
tween two stimuli on the spine of the rat was
measured with 150 mm Vernier Caliper. Hence,
we obtained motor nerve conductance velocity
(MNCV) as m/s. For the determination of la-
tency of CMAP, the length of time between
stimulus artifact and the first deflection from
the baseline of EMG signals were taken.

Histopathological Tissue Evaluation
At the end of EMG measurements, animals

were sacrificed by cervical dislocation. Head was
cut below occipital level. Whole brain (cerebrum
and cerebellum) was removed and firstly cerebrum
and cerebellum were separated. Cerebrum dissect-
ed into right hemisphere, left hemisphere and cor-
pus callosum. The tissues were fixed in 10% neu-
tral buffered formaldehyde solution for 48 hours.
After routine tissue processing tissues were em-
bedded in paraffin. 5 µm cross sections obtained
from paraffin blocks were stained with luxol fast
blue (LFB) in order to assess the degree of myeli-
nation. Sections were examined by Olympus
BX51 microscope and pictures were taken by the
Olympus DP 20 digital camera attached to the mi-
croscope (Olympus, Tokyo, Japan).

Statistical Analysis
All the data were expressed as mean ± SEM.

Statistically significant differences were deter-
mined using a one way analysis of variance
(ANOVA) and Dunnet Multiple Comparison test
to compare relations between control and other
groups by using GraphPad Prism 5.0 software.
Value of p < 0.05 was considered as significant.

Results

Spinal MNCV of groups are seen in Figure 1.
Average spinal MNCV of 6 weeks CPZ applied
rats was significantly smaller than spinal MNCV
of the control group. There is no significant dif-

ference among Control, CMC, 4 and 5 weeks
CPZ applied groups. High standard errors were
seen on motor nerve conduction velocity of 5
weeks CPZ applied rats. Although motor NCV of
7 weeks CPZ applied rats is higher than MNCV
of the 6 weeks CPZ applied group, but this dif-
ferences was not significant.
When the one way ANOVA test applied to all

groups, p value was calculated as 0.0087. This in-
dicates that there is significant difference among
groups (p < 0.05). Dunnet Multiple Comparison
test was applied to compare relations between
control and other groups and only significant dif-
ference was seen between 6 weeks CPZ applied
and control group in terms of spinal MNVC.
Myelinated areas in brain corpus collosum

and cerebellum were stained dark blue with LFB
staining technique in control animals. Highly
myelinated areas were stained dense whereas de-
myelinated or hypomyelinated areas were
stained pale. Demyelination was not observed on
brain sections of control, CMC and 4 weeks
CPZ applied rats. The brain sections of 5, 6 and
7 weeks long CPZ administrated rats were
stained pale. These changes were not homoge-
neous at each animal and differences in staining
density were seen on different brain area of the
same animals. Figure 2 shows the LFB staining
of the CC and cerebellum of the animals.
Spongy vacuolization were detected on some of
the brain sections obtained from 5 and 7 weeks
CPZ applied animals. These spongy vacuoliza-
tion can be seen in Figure 3. Rare spongy vac-
uolization were also seen in cerebellum of 5 and
6 weeks CPZ applied animals.

2713

Cuprizone-induced demyelination in Wistar rats; electrophysiological and histological assessment

Figure 1. Spinal cord motor nerve conduction velocities of
rats. MNCV of the six weeks cuprizone exposed rats was
smaller than that of control group (*p < 0.05).
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Discussion

It is clear that CPZ application to young adult
mice induces demyelination in brain especially at
corpus callosum7,20,21. Purpose of this study was

to evaluate the characteristics of demyelination,
induced by CPZ application in Wistar rat strain.
In order to give a standard dose of CPZ to one
year old adult animals, this is the first study to
give CPZ by gavage. In all previous studies, 2-3
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Figure 2. Corpus callosum and
cerebellum tissues stained with
Luxol fast blue. Control, CMC
and 4 weeks CPZ groups dis-
play normal myelinated CC.
Demyelination, characterized
by pale staining is evident on
CC of 5 and 6 weeks CPZ
groups. Maximal demyelination
is observed on the CC of 6
weeks CPZ groups. Cerebellar
demyelination is seen only on 5
and 6 weeks CPZ groups (LFB;
x40).



weeks old weanling animals were fed with pow-
dered or milled CPZ containing feed.
Although there are plenty of experiments that

have been done with CPZ, it is still unclear the
mechanism of CPZ induced demyelination. Ac-
cording to Ventruni22, CPZ reduces copper con-
tent of the brain in mice, and administration of
copper-chelated CPZ prevented these changes in
the brain. Animals treated with copper-chelated
cuprizone did not show any changes. Common
idea here, CPZ is a copper chelator that causes
demyelination depends on copper deficiency in
CNS6,8. It has been shown that CPZ induced
spongy chances in the brain of experimenting an-
imals16. In our study, vacuolation observed only 5
and 7 weeks CPZ applied cerebrum of rats. No
vacuolization was observed 4-7 weeks CPZ ap-
plied corpus callosum of animals.
Love13 noticed that CPZ causes intramyelinic

edema of the cerebellar white matter, hilum of
the dentate nucleus and superior cerebellar pe-
duncle in the Wistar rats. The edema was associ-
ated with pyknosis but only rarely degeneration
of oligodendrocytes was observed and also
prominent axonal regeneration was observed de-
spite the continued administration of CPZ. Here,
we represent the first time electrophysiological
and histopathological results indicating that 6
weeks CPZ administration causes demyelina-
tion. However, if it was considered as axonal de-
generation, our 7 weeks CPZ administration re-
sult make us thinking that, remyelination starts
after 6th week which consistent with the result of
Love13.

On contrary to Love’s study13 indicating Wis-
tar rats is not very good animal model for CPZ
induced demyelination, recently at least four
CPZ model reported in Wistar rats10,14-16. Similar
to these studies, histopathological result of our
study shows that administration of 1% of daily
total food intake was CPZ dose by gavage to
Wistar rats causes partial central nervous system
damage.
Oligondendroglial response to CPZ is not age

dependent because the rate and extent of de-and
remyelination in affected adults is similar to that
found in intoxicated neonates23. On the contrary,
Matsushima and Morell8 reported that the age of
the animal and period of time of exposure to CPZ
are critical consideration. Irvine and Blackmore17

informed that the distribution of demyelination
was similar in young and aged mice but its extent
was marginally greater in the young adult mice.
Moreover, axon number was reduced in both
young adult and aged mice but there was signifi-
cant loss of axons in the aged animals at the de-
myelination stage. These results make us to think
that same effect can be seen on one year old
adult rats that we used in this study.
Our histopathological results reveal that de-

myelination can be seen on corpus callosum.
Furthermore, local demyelinated areas and vac-
uolization were seen on the sections obtained
from cerebellum of rats. Local demyelinated ar-
eas and vacuolization were clearly seen on 5 and
7 weeks long CPZ administrated rats. Vacuoliza-
tion was not detected on cerebellum of 6 weeks
long CPZ administrated rats but demyelinated ar-
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Figure 3. Spongy vacuolation is obvious within the cytoplasm of cell body and those of cytoplasmic processes located at the
brain cortex (LFB; x200).
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eas were extended than those of 5 and 7 weeks
long CPZ administrated rats. This indicates that
some of the oligodendrocytes still produce
myelin sheath at least partially. These findings
suggest the existence of remyelination on 7
weeks long CPZ administrated rats. Similarly
Mason et al24 reveals that both demyelination and
remyelination can be seen on long term CPZ ad-
ministrated mice. This relapsing-remitting4 event
is a common characteristic of multiple sclerosis.
In human and in animals, it is common to

measure reliably NCV with EMG that evoked by
surface stimulus while it is one of the best diag-
nostic parameters in Neurology clinics. An aver-
age motor NCV in; rat spinal cord 72, human
spinal cord 100, dogs 70 and approximately 55
m/s rabbit19,25-27. In this study average spinal
NCV of normal rats is calculated as 76.54±4.76
m/s. CPZ shows its neurotoxin properties by ef-
fecting oligodendrocytes6,7. Oligodendrocytes lo-
cated in both brain and spinal cord. Degeneration
in spinal cord can affect NCV and, therefore,
spinal NCV was investigated in this study. Our
previous study19 was in correlation with the NCV
of control group in this present study. But the
mean NCV from spinal cord of six weeks CPZ
fed animals was 46.35±1.95 m/s that supports the
CPZ induced demyelination.
To our knowledge this is the first study

demonstrating the relationship between spinal
NCV and CPZ induced demyelination. Although
partial degeneration could be seen on corpus cal-
losum of 7 weeks long CPZ administrated rats,
spinal NCV of 6 weeks long CPZ administrated
rats was the lowest one. These results make us to
think relapsing/remitting type of MS.

Conclusions

These data indicate that CPZ can induce de-
myelination on Wistar rats and spinal NCV can
be a parameter for animal model of MS.
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