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Abstract
Objective: Ferulic acid (FA) is a phenolic compound that exhibits neuroprotective effects in the central nervous system 
(CNS). This study was conducted to evaluate the potential effects of FA on the cognitive and motor impairments in the 
cuprizone-induced demyelination model of multiple sclerosis (MS).
Materials and Methods: In this experimental study, demyelination was induced in mice by feeding them with chow 
containing cuprizone (CPZ) 0.2% for 6 weeks. Mice in the control group received normal chow. Mice in the CPZ+Veh, 
CPZ+FA10, and CPZ+FA100 groups received saline, and FA at a dose of 0, 10, or 100 mg/kg (intraperitoneal, I.P., daily) 
respectively. After cognitive and motor assessments, under anaesthesia, animal brains were removed for evaluating 
the histological, apoptosis, and molecular changes.   
Results: The results showed that FA increased freezing behaviour in contextual (P<0.05) and cued freezing tests 
(P<0.05). FA also reduced the random arm entrance (P<0.01) and increased spontaneous alternations into the arms of 
Y-maze compared to the CPZ+Veh group (P<0.05). Time on the rotarod was improved in rats that received both doses 
of FA (P<0.01). Demyelination, apoptosis, and relative mRNA expression of p53 were lower in the FA-treated groups 
relative to the CPZ+Veh group (P<0.01). In addition, FA increased mRNA expression of brain-derived neurotrophic 
factor (Bdnf), Olig2, and Mbp (P<0.05) but decreased GFAP mRNA expression compared to the CPZ+Veh group 
(P<0.01). 
Conclusion: The results of this study showed that FA plays a significant neuroprotective role in CPZ models of 
demyelination by reducing neuronal apoptosis and improving oligodendrocytes (OLs) growth and differentiation.
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Introduction
Multiple sclerosis (MS) is one of the frequent 

neurological diseases characterized by chronic 
inflammation and demyelination in the central nervous 
system (CNS) (1). Demyelination of neurons in the CNS 
that is caused by the destruction of oligodendrocytes 
(OLs) leads to an abnormal interplay of glial and neural 
cells. This abnormality has been considered the main 
pathological substrate for the structural and abnormal 
functional consequences of MS  (2). OLs are necessary 
for the myelination of neurons in the CNS and the 
normal transmission of neural signals. Also, they have 
a crucial role in axonal maintenance and regeneration 
(3). In addition to severe axonal dysfunction, apoptosis 
of neuronal and glial cells occurs in the CNS of patients 
with MS (4). Obvious demyelination and apoptotic 
atrophy are also observed in the corpus callosum (CC), 
the prefrontal cortex (PFC), the external capsule, and the 
hippocampus of the CNS (5). It has been demonstrated 
that the extensive demyelination in the CNS following 

MS leads to cognitive and motor dysfunctions of the brain 
(6).  While MS leads to several neurological disorders, 
optimal treatment for the disorder is yet to be discovered. 
Therefore, it is important to explore the potential novel 
neuroprotective compounds for MS therapy.

Ferulic acid (FA) is a phenolic compound widely found 
in vegetables, fruits, and some beverages such as coffee 
and beer  (7).  Previous studies have shown that FA has 
neuroprotective effects via antioxidant and anti-apoptotic 
mechanisms in vitro and in vivo (8), neural progenitor cell 
proliferation (9), differentiation of human bone marrow 
stromal cells into neural-like cells (10), prevention of 
neuronal apoptosis, acceleration of peripheral nerve 
regeneration, and neurogenesis (11). 

There are experimental methods widely used for 
evaluating demyelination disorders. Cuprizone (CPZ) 
is a copper-chelating agent which is able to induce 
demyelination through the destruction of OLs. CPZ has 
been widely used for the induction of demyelination, and 
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CPZ-induced demyelination has been used as a model 
for the study of demyelination diseases such as MS  (12). 
Administration of CPZ to C57BL/6 mice can induce 
apoptosis of mature OLs and subsequent demyelination 
accompanied by cognitive and motor disorders in the CC 
of the mice (13).

New complementary and alternative therapies that can 
increase OLs survival and repair the myelin sheaths are 
required to treat MS. Based on the present evidence for the 
beneficial effects of FA, we designed the study to evaluate 
the effect of FA on the OLs death and demyelination rate 
using the mouse model of CPZ-induced demyelination. 
The molecular and cellular mechanisms of the histological 
and cognitive effects of FA were targeted. 

Materials and Methods
Chemicals

Cuprizone, Bis (cyclohexanone) oxaldihydrazone, FA 
(4-hydroxy-3-methoxy-cinnamic acid), Neutral Red, and 
Luxol- Fast blue powder were purchased from Sigma-
Aldrich.co, Austria. RNA extraction kits were provided 
by Cinna Gen, Iran.  RevertAid™ First Strand cDNA 
Synthesis kit was from TAKARA- BIO, Japan. Master 
Mix containing SYBR green DNA dye was purchased 
from Amplicon, Denmark, and the in-situ cell death 
detection kit POD (Cat no. 11 684 817 910) was obtained 
from Roche, Mannheim, Germany.

Animals 
All experiments were performed according to the 

agreement of the Animal Ethics Committee of the Yazd 
University of Medical Sciences (IR.SSU.MEDICINE.
REC.1393.111). Male C57BL/6 mice (6-7 weeks old, 20-25 
g weight) were obtained from the animal facility of Shiraz 
University (Shiraz, Iran). The animals were maintained in 
Plexiglas cages on a 12 hours light/dark cycle, controlled 
temperature (20-22 °C) and had free access to water and 
food. Every effort was taken to minimize the suffering and 
damage to the animals and tried to use as few animals as 
possible. 

Experimental protocols
In this experimental study, the animals were divided 

into 4 groups of 10 mice. Group 1 (control) received 
standard rodent chow; the other three CPZ-treated groups 
received standard rodent chow mixed freshly with 0.2% 
CPZ for 6 weeks. Group 2 (CPZ+Veh) was treated with 
cuprizone and saline; group 3 (CPZ+FA10) was treated 
with FA at a dose of 10 mg/kg. Group 4 (CPZ+FA100) 
was treated with FA at a dose of 100 mg/kg. Saline or FA 
was administered orally once a day for 6 weeks (Table 1). 

For evaluation of memory impairment and locomotor 
incoordination, we used the fear conditioning, Y-maze, 
and rotarod tests. At the end of the experiment, under 
anaesthesia, the brains were removed and fixed for 
evaluating the histological changes and apoptosis rate. 
Also, fresh brain tissues were used to quantify relative 
mRNA expressions of Bdnf, Olig2, Gfap, Mbp, and p53 
genes.

Neurobehavioral assessments
Assessment of cognitive and memory impairments

Fear conditioning test

To determine the FA role in CPZ-induced memory 
impairment, we used a contextual fear conditioning test 
as previously described (14). On Day 1 (day of training), 
animals were placed into a fear conditioning chamber 
(Iran, Chamber: 25 × 24 × 21 cm) containing grey walls, 
a metal grid floor to deliver a shock, and equipped with a 
sound generator.  The animal was first allowed to explore 
the chamber for 3 minutes, thereafter, presented the clicker 
sound for 30 seconds. At the end of the clicker sound, 
each animal received a foot shock (0.7 mA) at the last 
2 seconds. Memory for the context (contextual memory) 
for each animal was determined by counting the freezing 
behavior, defined as the total lack of movement except for 
respiration. For the cued memory test, mice were placed 
into a novel context for 3 minutes, and after an initial 30 
seconds of novel context evaluation, the same training 
tone was played for 3 minutes. Freezing behavior was 
scored over the 3 minutes testing period and data were 
presented as a percentage of time in the freezing over 
the total sampling period. Mice were habituated to the 
testing room for 30 minutes at the beginning of training 
and the test day. All tests were conducted by the same 
experimenter. 

Table 1: The experimental groups and procedures

Group/Treatment 6 weeks administration Behavioral assessments Histological and molecular assessments

Group 1 (control) Standard rodent chow Motor and cognitive tests LFB – TUNEL staining, real-time PCR

Group 2 (CPZ+Veh) CPZ in food+Vehicle Motor and cognitive tests LFB – TUNEL staining, real-time PCR

Group 3 (CPZ+FA10) CPZ in food+FA10 Motor and cognitive tests LFB – TUNEL staining, real-time PCR

Group 4 (CPZ+FA100) CPZ in food+FA100 Motor and cognitive tests LFB – TUNEL staining, real-time PCR

CPZ; Cuprizone, FA; Ferulic acid, LFB-TUNEL; Luxol fast blue and TUNEL staining, and PCR; Polymerase chain reaction. 
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Y-maze study
Working memory impairment was evaluated using 3 

arms Y-maze apparatus. Each arm was 50 cm in length, 
15 cm in height, and 10 cm in width, with equal angles 
(named A, B, and C). The behavioral evaluation was 
performed according to the previous study (15). Briefly, 
Mice were placed in the centre of the Y-maze and allowed 
to move their arms freely for 8 minutes. The total number 
of entrances and the number of alternations or the count of 
sequential entrances in the three different arms (e.g., ABC, 
BCA, CBA …) were visually recorded. The percentage of 
alternation was calculated using the below acquisition:

Alternation%= (number of alternations/total number of 
arms entrances-2)×100.

Assessment of motor coordination
Rotarod test

The rotarod device (Borj Sanat Azma, Iran) was used 
to assess motor coordination and balance in the animals. 
The setup consists of a horizontal step ladder (2.5 cm in 
diameter, 38 cm in height, and a constant speed of 25 rpm). 
Before starting the experiment, mice were trained on the 
rotarod in 3 training sessions, each lasting 5 minutes for 3 
days. At the end of the experiment, the performance of the 
mice was assessed for 5 minutes, and a fall off the rotarod 
within this period was recorded (16). Additionally, the 
number of falls and flips was counted during 300 seconds.

Histological assessment
Myelin staining 

Luxol fast blue (LFB) staining was performed to 
evaluate the demyelination process in the CC. Mice were 
deeply anesthetized (urethane, 1 g/kg of body weight) and 
intracardially perfused with 100 µl of saline followed by 
the same volume of formalin (10%). Brains were post-
fixed in 4% paraformaldehyde for 3 days and embedded 
in paraffin for 24 hours. Coronal sections (6 μm thickness) 
were prepared through the CC using a microtome (Leica 
RM2135, Germany). After dehydration with graded 
alcohols and clearing with xylene, the paraffinized 
sections were incubated overnight with 0.1% Luxol-
Fast Blue and counterstained with neutral red according 
to the previously reported method (17). After capturing 
images of slides (Zeiss light microscope, 4 × objective 
magnification), the CC area of each slide was scored in a 
blinded manner by two investigators. 

For the quantification of demyelination, two independent 
researchers in a double-blind fashion scored each region 
of interest and scored them from 0 to 3. A score of “0” 
referred to normal myelination, a score of “1” indicated 
demyelination of only one-third of the myelin fibers, and a 
score of “2” was equivalent to demyelination of two-thirds 
and a score of “3” referred to complete demyelination. 
Scores from different sections were summed up to 
calculate the average score for each group.

TUNEL assay
TUNEL staining was performed to determine DNA 

fragmentation as an index of cell apoptosis rate. Apoptotic 
cells were detected using an in-situ cell death detection kit 
(Roche, Mannheim, Germany) as per the manufacturer’s 
instructions. The mice brains were removed and fixed 
in phosphate-buffered saline (PBS, 0.1 M Sodium 
phosphate, 0.14 M NaCl, pH=7.4) containing 3.7% 
paraformaldehyde. The fixed brains were histologically 
processed and embedded in the paraffine. Three sections 
(thickness: 5 µ, interval: 30 µ) were obtained through 
the CC. The sections were deparaffinised and hydrated. 
Thereafter, the sections were incubated with proteinase 
K (100 μg/mL), washed with PBS, and treated with 3% 
H2O2 for 10 minutes to inactivate endogenous peroxidase. 
Again, the sections were washed twice with PBS and 
incubated in the TUNEL reaction mixture for 1 hour. 
The tissues were rinsed and visualized using Converter-
POD with 0.03% 3, 3′-diaminobenzidine (DAB). For 
counter-staining, the washed sections were stained with 
haematoxylin (DAKO, Denmark). The apoptotic cells 
were counted (3 windows per section/animal; 4 animals/
group) and the mean value for each group was used for 
analysis. The percentage of apoptotic cells was calculated 
as TUNEL-positive cells/total numbers of cells (18).

Quantitative real-time polymerase chain reaction 

mRNA levels of Olig2 as an OLs precursor marker, 
p53 as an apoptotic regulator marker, GFAP as an 
indicative of astrogliosis, BDNF, and MBP as the 
markers for the survival of neurons, glial cells, and 
remyelination were determined using semi-quantitative 
real-time polymerase chain reaction (qRT-PCR). RNA 
of each tissue sample of CC was extracted according 
to the kit instruction. The efficiency and quality of 
RNA extraction were determined using the 260/280 
ratio of optical density from each sample (Microplate 
reader, Epoch, England). Then, Single-strand cDNA 
was synthesized from 1 µg of the extracted mRNA 
and finally, qRT-PCR was performed. The qPCR 
reaction contained 12.5 μl of Master Mix, 10.5 μl of 
purified water, 1 μl of 10 μM primer solution, and 1 
μl of cDNA template. All values were normalized to 
the hypoxanthine-guanine phosphoribosyl transferase-
encoding gene (HPRT), a housekeeping gene 
with minimal variability in different experimental 
conditions. Finally, the ∆∆Ct method was applied to 
compare the relative gene expression. The primers 
sequences are indicated in Table 2. 

Statistical analysis
Data were expressed as mean ± SEM and analysed 

by statistical software GraphPad Prism 7.0 (GraphPad, 
Inc., USA). One-way ANOVA was used to determine 
the significant differences between groups and post-hoc 
Bonferroni or Tukey’s tests as required. The P<0.05 was 
considered statistical significance. 
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Table 2: The primer’s sequences list

Primer sequence (5´-3´)Gene
F: TTATGTGCACGTACTCTCCTCCp53
R: GCTGTGACTTCTTGTAGATGGC

F: TTACAGACCGAGCCAACACCOlig2
R:  TCAACCTTCCGAATGTGAATTAG

F: AACCGCATCACCATTCCTGTGfap
R:  CAGGCTGGTTTCTCGGATCT

F: TACTTCGGTTGCATGAAGGCBdnf
R:  TACTGTCACACACGCTCAGCTCC

F: GCACGCTTTCCAAAATCTTTAMbp
R:  GCCATGGGACCAGAG

F: GTGATTAGCGATGATGAACCAGHprt
R:  AGCAAGTCTTTCAGTCCTGTCC

Results of cognitive evaluations
Fear conditioning 

As expected, there was not a significant difference in 
freezing response between experimental groups on day 
1. During 120 s of the test, all animals produced a brief 
transient freezing-like behavior. During the fear contextual 
test, mice in the CPZ+Veh showed a significantly lower 
freezing response compared to the control group (P<0.01). 
Post-hoc analysis revealed that FA at both doses increases 
freezing response in the fear contextual test (P<0.05). 
During the cue test, mice in the CPZ+Veh group showed 
a significantly lower percentage of the freezing response 
compared to the control group (P<0.05). Also, the post-
hoc analysis revealed that FA at the higher dose increased 
freezing response in the fear contextual test (P<0.05). 
Data are shown in Figure 1.

Y-maze
As shown in Figure 1, the total number of random 

arm entries were significantly higher in CPZ+Veh group 
when compared to control mice (P<0.01). Treatment of 
mice with FA at both doses reduced the total number of 
random entries (P<0.01). The percentage of spontaneous 
alternations showed a significant decrease in the CPZ+Veh 
group compared to the control group (P<0.05), while FA 
treatment at both doses could significantly improve the 
percent of spontaneous arm alternation (P<0.05). 

Results of motor coordination evaluations
Rotarod test

CPZ administration to mice in the CPZ+Veh group 
significantly decreased the time on the rotarod and 
increased the number of falls/flips from the rotarod 

compared to the control group (P<0.001). However, 
treatment of mice with FA at both doses increased time 
on the rotarod and decreased the number of falls/flips 
compared with the CPZ+Veh group (P<0.05). Data are 
shown in Figure 1.

Fig.1: Effect of FA on cuprizone-induced impairments in cognitive function 
(freezing and cued behaviors in fear conditioning test, and the number 
of arm entries and spontaneous alternations in Y-maze) and motor 
coordination (time on road and the number of falling/flipping in rotarod). 
*; Significant difference when compared to control group, #; Significant 
difference when compared to CPZ+Veh group, *; P<0.05, **; P<0.01, ***; 
P<0.001, #; P<0.05, ##; P<0.01, FA; Ferulic acid, CPZ; Cuprizone, and Veh; 
Vehicle. Data are mean ± SEM.

Histological findings

The LFB is a sensitive tissue staining method used 
to detect the phospholipids of CC. Qualitatively, 
Chronic CPZ administration led to a prominent lesion 
in the myelin sheath in the CC compared to the control 
group (Fig.2A-D). In the presence of CPZ treatment, 
neuroprotection of CC occurred in the FA-treated mice 
(Fig.2E-H) but not in vehicle-treated mice (control 
group). The CC of mice that received FA at a dose 
of 10 mg/kg showed a lesser demyelination relative 
to the control group. Also, this protective effect was 
observed in the mice treated with 100 mg/kg of FA but 
to a lesser extent compared to the mice treated with 
10 mg/kg. Semiquantitative analysis of LFB stained 
cells for scoring of demyelination revealed that CPZ 
significantly increased demyelination in CC (P<0.01). 
FA at both doses led to a significant decrease in the 
CPZ-induced demyelination (P<0.05).



Cell J, Vol 24, No 11, November 2022685

Ghobadi et al.

Fig.2: Light micrographs showing histological sections of brains from 
rats in CC area. Arrows and open triangles show OLs and demyelination 
loci respectively. A, B. Control group, C, D. CPZ+Veh group, E, F. CPZ+FA 
10, G, H. CPZ+FA 100 (the right column, 40x and the left column 400×). 
I. The histogram represents demyelination scores of CC in different 
groups. Demyelination score data are expressed as the mean ± SEM and 
analysed using one-way ANOVA followed by post hoc Turkey’s test. ***; 
P<0.001: significant difference when compared to the control group, #; 
P<0.05: significant difference when compared to CPZ+Veh group, OLs; 
Oligodendrocytes, FA; Ferulic acid, CPZ; Cuprizone, and Veh; Vehicle.

The effects of FA on apoptosis and expression of the 
p53 gene in CC

As shown in Figure 3, the number of TUNEL-positive 
cells significantly elevated in cuprizone-treated mice 
compared to control rats. FA treatment at both doses 
decreased the number of TUNEL-positive cells in the 
medial region of the CC compared to the CPZ+Veh 

group. The quantitative analysis revealed that the number 
of TUNEL-positive cells in the CPZ+Veh group was 
significantly more than in the control group (P<0.001), 
while FA treatment significantly reduced the number of 
TUNEL-positive cells (P<0.01, Fig.2E). The mRNA level 
of the p53 gene was significantly higher in the CPZ+Veh 
mice while it was decreased by treatment of rats with FA 
10 and 100 mg/kg (P<0.01, Fig.3F).  

Fig.3: The apoptotic rate in different experimental groups light micrograph 
pictures (400×) of CC in experimental groups. A. Control group, B. 
CPZ+Veh treated group, C. CPZ+FA10 treated group, D. CPZ+FA100 treated 
group. The arrow indicates apoptotic cells. E. Quantitative analysis for 
calculating the ratio of TUNEL-positive cells to total cell number. F. The 
mRNA levels of P53 relative to HPRT in the corpus callosum as determined 
by RT-PCR, data are expressed as the mean ± SEM and analysed using 
one-way ANOVA followed by post hoc Turkey’s test. ***; P<0.001: 
significant difference when compared to the control group, #; P<0.05, 
and ##; P<0.01: significant difference when compared to CPZ+Veh group. 
CC; Corpus collosum, CPZ; Cuprizon, Veh; Vehicle, FA; Ferulic acid, HPRT; 
Hypoxanthine phosphoribosyltransferase 1 and R.
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The effects of FA on gene expression of glial markers 
in corpus collosum

Evaluation of mRNA gene expression in CC is shown 
in Figure 4. The mRNA expression level of BDNF in 
CPZ+Veh groups was significantly decreased (P<0.01) 
when compared to the control group but FA at a dose 
of 10 mg/kg (P<0.01) and at a dose of 100 mg/kg 
(P<0.05) increased expression of BDNF mRNA relative 
to CPZ+Veh group. Relative mRNA expression of olig2 
indicated a significant decrease in CPZ+Veh group when 
compared to the control. However, FA at a dose of 100 
mg/kg could significantly increase the mRNA expression 
of Olig2 (P<0.01). The relative mRNA expression level 
of GFAP was significantly increased in the CPZ+Veh 
treated mice compared to the control mice (P<0.001) 
while both doses of FA could significantly decrease 
mRNA expression of GFAP compared to the CPZ+Veh 
group (P<0.01). The mRNA expression level of MBP in 
the CPZ+Veh group didn’t show a significant difference 
compared to the control group but FA at a dose of 10 mg/
kg causes a significant increase in the mRNA expression 
level of MBP compared to CPZ+Veh group (P<0.01). 

Fig.4: The effect of different doses of FA on mRNA expression of the 
genes involved in myelination. Data are expressed as the mean ± SEM 
and analysed using one-way ANOVA followed by post hoc Turkey’s test. *; 
Significant difference when compared to the control group, #; Significant 
difference when compared to CPZ group, *; P<0.05, #; P<0.05, **; P<0.01, 
and ##; P<0.01.

Discussion
Our findings showed that oral administrations of 

FA could improve cognitive impairment and motor 
coordination in the CPZ model of demyelination and MS 
in mice.  FA can also reduce CC demyelination, apoptosis, 
the expression of the genes involved in demyelination 
(GFAP), and increase the expression of genes involved 
in the myelination, neuronal, glial protection, and growth 

(e.g. Olig2, MBP, and BDNF).  
The CPZ model has been widely used for experimental 

studies on demyelination disorders and MS, and this 
chemical is able to cause behavioral, histological, 
and molecular changes such as those seen in MS (19, 
20). Moreover, studies have shown that CPZ causes 
demyelination, apoptosis, and activation of neuroglia in 
the CNS (21, 22).

The results of the present study on the effect of CPZ 
on cognitive function are consistent with the previous 
studies showing that the CPZ-treated mice had higher 
arm entrance (13) and a lower percentage of spontaneous 
alternation in the Y-maze apparatus (23). Also, cognitive 
impairment in the contextual/cued fear conditioning tests 
observed in this study was similar to the previous study 
that indicated the CPZ-treated mice had significantly 
lower levels of freezing behavior than vehicle-treated 
mice (24).  

FA is an antioxidant, found in vegetables, fruits, 
cereal, coffee, and beer (25). It can protect cells from 
oxidative stress by increasing the activity of several 
antioxidant enzymes and by modulating several cellular 
functions (26). Our results indicated that FA decreased 
the number of arm entries and spontaneous alternation 
behavior compared to CPZ+Veh mice in Y-maze tasks. 
Some reports indicated that FA could improve impaired 
cognitive function through different mechanisms (27, 
28). While  other few studies have shown that FA does 
not affect the number of arm entries or spontaneous 
alternation behavior (29, 30). The controversial results 
can be attributed to the different doses or time courses of 
FA administration. 

CPZ could induce apoptosis in OLs, the reaction 
that activates microglia/macrophages and leads to the 
destruction of myelin sheets (31). The p53 mRNA level 
expression upregulated in CC after administration of 
CPZ treated diet in mice (32). The p53 as a proapoptotic 
protein has an essential role in OLs death so that in the 
transgenic animals, the p53 gene has been knocked out, 
revealing no obvious apoptosis and OLs death followed 
by CPZ treatment (32, 33). Also, repeated treatments with 
pifithrin-α, as a p53 inhibitor, could reduce demyelination 
and microglial activation (32) . In this study, FA could 
attenuate the apoptotic rate in the CC of the mice treated 
with CPZ; the findings can be attributed to the p53 
inhibition by FA. These reports are also in accordance 
with the previous studies that showed FA is an anti-
apoptotic factor that can exert its effect by suppressing 
caspase3 activity (34) and reducing p53 level in the 
neuronal cells (35).        

Olig2 is a transcription factor that regulates neuronal 
and glial specifications and promotes OLs differentiation 
from its precursor cells, especially after cortical injury 
(36). The increased level of Olig2 in the subventricular 
zone of  CPZ-feeding mice indicates that Olig2 is a 
key regulator in the period of remyelination after 
myelin sheet destruction (37). It has been reported that 
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in vivo and in vitro administrations of FA accelerate the 
proliferation and differentiation of neural progenitor 
(9) and Schwann cells (38). Indeed, our study results 
are in agreement with the above-mentioned evidence 
that implies FA could increase Olig2 mRNA expression 
in CC.

MBP is a major constituent of myelin sheet and its 
expression significantly decreased in the CC of mice 
treated with CPZ (21). As observed in our study, FA could 
increase the expression of MBP mRNA in the Schwann 
cells (38). The increment in myelin sheet synthesis and 
development of OLs may be attributed to the effect of 
FA on the elevation in MBP expression. Previous studies 
reported that FA treatment could increase the population 
of myelinated axons after sciatic nerve injury (11).

BDNF is a neurotrophic factor demonstrating an essential 
role in accelerating of OLs precursor proliferation and 
development (39). Also, BDNF promotes the synthesis of 
the protein molecules such as MBP which is a necessary 
base material for synthesizing myelin and thickening it. 
It has been reported that the level of BDNF was reduced 
in the CC of the mice treated with CPZ (40).  We found 
that FA treatment could potentiate mRNA expression 
of BDNF in CC. It may be concluded that the part of 
beneficial effects of FA exert through the increase in the 
OLs precursor proliferation and development mediated 
by BDNF and MBP. 

Astrogliosis, as a response to acute or chronic 
demyelination, was observed after different types of 
demyelination disorders or in animals that received a CPZ 
diet (39). In agreement with our findings, some studies 
show that FA could reduce the level of GFAP after CNS 
injury which indicates that it can attenuate the rate of 
gliosis (7). 

Conclusion 
The results of the present study showed that FA 

improved demyelination, motor incoordination, and 
cognitive dysfunction in the laboratory model of MS. FA 
could increase myelin density and decrease the apoptotic 
rate in the brain affected by a CPZ. These effects are 
partially mediated by reducing the expression of genes 
involved in apoptosis and an increase in the expression of 
the OLs precursor proliferation and development. 
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