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ABSTRACT

Background: Cuprizone model of demyelination is a widely studied and successful model to mimic the early
stages of Multiple Sclerosis, which is a chronic demyelinating disease of the central nervous system. It is
usually given as powder mixed in rat chow. The ingestion of this might not prove accurate because of variable
feed that the animal can take. Therefore, for precise dosage, an oral gavage route is better technically and better
reproducible. This study aims to record the changes occurred during 3 weeks and 5 weeks.

Materials and methods: The animals were divided into 2 groups each with 6 animals. Control was given 1.5 ml
Hydroxypropyl cellulose (HPC) and Cu group was given 450 mg/ Kg b.w of Cuprizone dissolved in 1.5ml of
HPC, per day orally for 5 weeks and the study resuts were analysed in two phases. Phase I, 3 animals from each
group studied for 3 weeks and phase I, remaining animals from both groups studied for 5 weeks.

Results: significant decrease in body weight and increase in brain organ weight was seen in Cu group and serum
MBP (Myelin Basic Protein) and immunoflourescence of GST[pi] (Glutathione S Transferase - pi) was reduced
in 3 weeks, showing the beginning of demyelination changes. Body weight and brain weight percentage was
also analysed in both the groups in both the phases. Serum copper levels was also analysed and found to be
reduced in Cuprizone group than control group.

Conclusion: Significant changes of demyelination were evident after partial scarifice by the end of 3 weeks,
which proved the beginning of demyelination changes and Further chronic changes were ascertained by the end
of 5 weeks. Through this study, a Fixed dose of cuprizone, can be given through oral gavage, and further
changes of Demyelination changes can be studied, which can prove as a useful model for initial Stages of
multiple sclerosis..
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1.Introduction

MS is a chronic inflammatory demyelinating disease of the central nervous system (CNS) [1]. In
majority of the patients, the disorder usually starts with a relapsing and remitting phase which
later progresses to preogressive phase with a gap of 10 to 15 years after the first onset of
symptoms usually. In about 10 - 15% of the patients, they directly develop the progressive form
of MS, which is then called primary progressive MS [2]. Progressive form of MS is usually seen
in old age, whereas relapsing remitting stage of MS presents at an younger age, which suggests
that some age related changes of the brain might play a role in the slow and steady increase of
neurological disability in the progressive phase [3]. The pathology of MS is characterized by
neuronal inflammation, progressive demyelination, astrocytes inflitration (astrogliosis), axonal
loss due to progressive demyelination and finally neuronal cell death [4]

Reversible demyelination induced by cuprizone in the central nervous system is a distinguished
characteristic feature seen in relapsing remitting stage of multiple sclerosis (RRMS). Many
models of demyelination that are done in animal studies are available. These models induce
experimental autoimmue encephalomyelitis (EAE). The different models are currently under use
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are virus models, like Theiler’s virus and murine hepatitis virus and toxic models using
lysolecithin, ethidium bromide and cuprione [5]. Cuprizone (CPZ) is a widely used and popular
model, where oligodendrocyte cell death is caused until the animal is fed with cuprizone and
once stopped leads to spontaneous remyelination,mimicking relapsing remitting stage of multiple
sclerosis[6]. Cuprizone is a primary copper chelating agent, particularly causing apoptosis of
oligodendrocytes, which leads to consistent demyelination, which is particularly evident in the
corpus callosum of the brain of rodents [7]. Cuprizone model can better assess some important
pathologies related to MS, namely, myelin and axonal degeneration and subsequent regeneration.
Consistent demyelination can be achieved in a cuprizone dose for 5 - 6 weeks, when continued
more than 10 weeks, it will lead to chronic demyelination. Once Cuprizone adminitration is
withdrawn, spontaneous remyelination occurs in a 5 - 6 weeks cuprizone administration program

2. Materials And Methods

Chemicals:

The chemicals, Cuprizone (purity >99%) required for this study was procured from Sigma -
Aldrich. Hydroxypropyl cellulose was procured from Research Department, Saveetha Medical
College.

Animals:

Animals for the study were procured from Biogen Laboratory Animal Facility, Bangalore, India.
The animals were maintained in air conditioned animal room with a 12 hour light and dark cycle
and diet and water was provided ad libitum throughout experimental period. The study was
conducted between september to october 2020, after receiving proper Institutional ethical
clearance. [SU/CLAR/RD/010/12/2020]. Male rats with weight ranging from 150 - 200 gm, were
chosen for the study to avoid the hormonal changes that might occur due to estrous cycle.

GST [pi] Immunofluorescence:

The tissue was sectioned using a cryostat microtome used for immunofluorescent labeling. The
free-floating sections were washed with PBS for 10 min x 3. Then the sections were incubated
with antiserum for 1h at room temperature. Subsequently, a primary antibody rabbit polyclonal
anti-GST-pi (1:500; Enzo Life Sciences) was added into the blocking solution and incubated
overnight at 4°C, followed by incubation at room temperature for 30 min. After rinsed for 10 min
x 3 in PBS, sections were incubated with Alexa Fluor 594—conjugated anti-rabbit antibody
(1:400)in PBST at room temperature for 90 min. After rinsed in PBST, the sections were covered
using Fluoro shield Mounting Medium with DAPI (Thermo Fischer). The slides were preserved
under 4°C and shielded from light. Immunofluorescence was observed and recorded using a
fluorescence microscope (Zeiss Instruments, Germany). The cell density was expressed as the
number per square millimeter.

Experimental design:

After acclimatisation for a period of 1 week, the experiment was carried out for 5 weeks (35
days), animals were divided into 2 groups with 6 animals in each group

Control - 1% HPC, 1.5.ml through oral gavage once for 35 days

Cu group - Cuprizone in 1.5 ml of HPC, 450 mg per Kg b. w dosage, dissolved in1% HPC
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Phase | study - to assess the initiation and extent of demyelination, 3 animals from Control and
Cu group were sacrificed by the end of 3 weeks

Phase Il study - to assess the completion of demyelination after 5 weeks, 3 animals from Control
and Cu group were sacrificed by the end of 5 weeks

3. Data analysis:

The values were analysed using MS Excel and the results were expressed in meant SE and the
results tabulated and shown in graphs.

4. Results:

A. Phase I (Duration - 3 weeks)
Effects of Cuprizone on Serum MBP and GST [pi] expression by immunofluorescence method in
the corpus callosum region. Organ and body weight changes were studied.

B. Phase Il (Duration - 5 weeks)

Effects of Cuprizone on serum copper and organ and body weight changes were studied.

Phase I - Sacrifice at the end of 3 weeks

Successful induction of demyelination was assessed by serum MBP levels of Control and Cu
group and GST [pi] expression by immunofluorescence method in the corpus callosum region
Cuprizone, 450 mg per Kg b.w was given in 1.5 ml of 1% of HPC solution through oral gavage
for 3 weeks for Cu group and 1.5ml of 1% HPC solution was given for Control

Serum MBP levels:
The serum MBP levels of Control and Cu group showed considerable differences with serum
MBP levels getting significantly reduced in Cu group

Table I: Effects of cuprizone on serum MBP levels expressed in mean+SE (N= 3)

Grouping Serum MBP levels (in pg/dl)
Control (control) 49 33+1 45
Cu group (cuprizone) 13.33+2.18

Serum MBP levels (in pg/dl) - Phase |

60
50
40
30
20
10

Control Cu group

Fig 1: Showing serum MBP levels in Control and 11 (Phase I)
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Phase Il - Sacrifice at the end of 5 weeks

Effects of Cuprizone on serum Copper level:

Cuprizone, 450 mg per Kg b.w was given in 1.5 ml of 1% of HPC solution through oral gavage
for 5 weeks for Cu group and 1.5ml of 1% HPC solution was given for Control

Table I11: Effects of cuprizone on serum copper levels expressed in mean+SE (N= 3)

Grouping Serum Copper levels (in mg/dl)
Control 154.62+10.01
Cu group 65.58+4.65

Serum Copper levels (in mg/dl) - Phase Il

180
160
140
120
100
80
60
40
20

Control Cu group

Fig 2: Showing serum copper levels in Control and 1l (Phase I1)

Effect of Cuprizone on body and brain organ weight:

The animals were grouped after measuring the body weight, which was also measured constanty
throughout the course of study. The brain weight was measured after both phase | and phase 1l
sacrifice and the brain weight to the final body weight of the animal in both phases was
calculated.

Percentage of body weight was measured using the formula:

Body weight % = final weight of the animal/initial weight of the animal X 100

Percentage of organ weight was measured using the formula:
Organ weight % = organ weight/ final weight of the animal X 100

PHASE I
Body weight %o:
Table VI - showing the body weight % in Control and 11

Phase | Body weight %
Control 107.76
Cu group 86.81
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Phase | - Body weight %

120
100
80
60
40

20

Control Cu group

Fig 3: Showing % body weight in Control and Il (Phase I)
Brain - Organ weight %:
Table VII - showing the brain organ weight % in Control and 11

Phase | Organ weight %
Control 1.009
Cu group 1.099

Phase | - Organ weight %
1.12

11

1.08
1.06
1.04
1.02
. .
0.96

Control Cu group

[ERN

Fig 4: Showing % organ weight in Control and Il (Phase I)
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PHASE Il
Body weight %:
Table VIII - showing the body weight % in Control and 11
Phase | Body weight %
Control 132.07
Cu group 110.02

140

120

100

80

60

40

20

Phase Il - Body weight %

Control Cu group

Fig 5: Showing % body weight in Control and Il (Phase II)

Brain - Organ weight %:

Table IX - showing the brain organ weight % in Control and Il

Phase | Brain - Organ weight %
Control 0.89
Cu group 1.089

Phase Il - organ weight %

1.2

0.8
0.6
0.4
0.2

Control Cu group

Fig 6: Showing % organ weight in Control and Il (Phase I1)
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Effect of cuprizone on GST (pi) Immunofluorescence (Phase 1)
GST-Pi expression in the corpus callosum was analysed. Scale bar -50 pum. Immunofluorescenc
was quantified using ImageJ software (NIH software). Number of positive cells per sq.mm was

measured:
Phase | Number of positive cells/sg.mm (mean)
Control o4
Cu group 110

g =

‘ Control group .

- »

Fig 7: The figure in control group shows the green colour pointing the positive cells to GST [pi]
and in Cu group shows the red colour pointing the positive cells to GST [pi].

: ;«-S‘

Fig 8 showing th brain i Control (control) and Cu group (Cuprizone 450 mg/ Kg BW
adminstered group)

5. Discussion:
Cuprizone - mode of administration:
Most of the previous studies have been conducted with mice as a model and including cuprizone
in ground chow, which might not provide consistent dosage details. Other methods like mixing
cuprizone mixed with drinking water [8] have also been in use. Recently, for precise dose
measurement for the amount of cuprizone administration, oral gavage method has been in use.
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But, the reproducibility of these methods have not been well known. Cuprizone containing pellets
have largely been able to create varying degrees of demyelination in mice [9], whereas in another
study it was quoted that cuprizone in ground chow failed to provide consistent results in the form
of demyelination[10]. Probably the reason for this can be explained by the fact that cuprizone is
heat sensistive [11], which could partially deactivate its properties, but one more study has
contradicted the same [12].

In a study done by Matsushima, G.K et al, 2001[13], they analysed the timeline of changes
induced by cuprizone in corpus callosum and found that by oral adminstration of cuprizone by
mixing it with rat chow, initiation of demyelination was found in 3 weeks and completion of
demyelination was observed in 4.5 weeks. Spontaneous remyelination starts when cuprizone is
stopped after 5 weeks. Some evidence of spontaneous remyelination has been reported even by 4
weeks [14]. If continued beyond 5 weeks, it will lead to chronic demyelination, which may not
spontaneously recover, thus not mimicking relapsing remitting stage of Multiple Sclerosis.

Dose optimization:

In a study done by Zhen et al, 2017[15], different doses of cuprizone was given to eight- to 10-
week-old male C57BL/6BkI mice, and found consistent changes of demyelination seen in 400
mg/Kg B.W. They also found dosage of 200 and 300 mg/ Kg BW showed similar changes of
demyelination and body weight and brain organ weight changes. The changes of demyelination
and spontaneous relyelinationw were studied in forebrain and hindbrain regions.

In another study done by Abe et al, 2015 [16], cuprizone was administered at 120 and 600 mg/
Kg BW in male Sprague dawley rats. The highest safe dose was assigned at 600 mg/Kg BW and
consistent myelin vacuolation and degradation in corpus callosum of the experimental rats was
found at this dose. In the present study, a dose of 450 mg/ Kg BW was assigned and mixed with 1
% HPC and administered through a oral gavage, thereby leading to better optimization of the
dosage and better reproducibility of results.

Body weight and organ weight %:

Body weight percentage was found to be reduced in Cu group as seen in study done by Abe et al
and consistent increase of brain weight was also found similar to results given by Abe et al and
Zhen et al, which could be owing to the inflammatory processes that are occusrring in
concurrence with exposure to cuprizone.

Immunomarkers and Serum markers:

Carlton et al 1966 [17], found decreased levels of serum Copper on treatment with cuprizone and
consistent demyelination. On further study, cuprizone was also found to cause severe staus
spongiosus, hepatic lesions and and hydrocephalus[18]. In a review study done by Vega - Riquer
et al [19], 2019, analysed the effects of cuprizone effects in the CD1 mouse brain. CD1 mice
received 0.2% CPZ for 6 weeks and 30-um-thick coronal sections immunostained with anti-
myelin basic protein (MBP). it is found that the control group showed a strong expression of
MBP in the corpus callosum wherase the cuprizone treated group expressed low levels of MBP
expression.

The findings of the present study also co related with findings of Abe et al, 2015. They analysed
the myelion vacuolation histopathologically, using MBP immunostained brain sections, where
the results showed similar presentations as current study, with cuprizone treated group shwoing
increased number of vacuolation in the cingulum, thalamus and medial cerebellar nuclei in the
600mg/ kg BW group compared to 120 mg/per kg of cuprizone treated group. mMRNA expression
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levels of MBP in the hippocampus dentate gyrus was also evaluated which was also concurrent
with 600 mg/kh BW group than 120 mg/Kg BW treated group.

GST[pi] Immunofluorescence:

GST [pi] is glutathione transferase [pi], which is a cytosolic isoenzyme which is used as a marker
for mature oligodendrocyte in the mammalian brain. GST-pi is found in the cytoplasm of mature
oligodendrocytes, which are immunopositive for 2=,3=-cyclic nucleotide 3=-phosphodiesterase
(CNPase), in rodent cerebral cortex [21]. In a study done by Lou et al [22] showed Cu group
showed a lower density of GST-pi positive profiles compared to CNT group, indicating
oligodendrocytes loss occurred in cuprizone-treated mice as in the present study.

6. Conclusion:

Adminstration of Cuprizone to induce demyelination as a reliable method has been in use since
long. But most studies have not properly validated the exact dosage where the adminstration has
mostly been in ground or pellet form added to the feed of the animal. And most of the studies,
have been conudcted with mice model. This study has used a standard dose of cuprizone, based
on previous studied conducted and dosage has been administered in a calibrated format and the
wistar rats has been been chosen as the experimental animal model, where many studies are not
available. Consistent results of demyelination have been produced and further analysis has been
made showing the difference of the extent of demyleination in 3 and 5 weeks of the study in 2
phases. This model can be very helpful in mimicking RRMS (relapsing remitting stage of
multiple sclerosis) and thereby studies can be conducted on remyelination and for drug discovery
and development.
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