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Abstract
Carvacrol is a phenolic monoterpene constituent of essential oils produced by plants such as Nigella
sativa. This study examined the therapeutic effects of carvacrol in a model of experimental autoimmune
encephalomyelitis (EAE). EAE induction was performed on female Lewis rats and, after appearance of the
�rst clinical signs, a second EAE group received carvacrol intraperitoneally each day for 17 days. Clinical
symptoms and body weight were assessed daily. All animals sacri�ced and histological and gene
expression analysis of the spinal cord were performed. The carvacrol treated group scored lower for
disease after therapeutic administration than the control group. Gene expression analysis on the
carvacrol treated group showed a decrease in TNF-α, NF-ҚB and IL-17 (pro-in�ammatory) gene
expression and an increase in MBP and OLIG2 remyelination markers. In the carvacrol treated group, H&E
stain of spinal cord sections revealed a remarkable decrease in the amount of in�ammatory cell
in�ltration. Immunostaining of lumbar spinal cord sections demonstrated a remarkable increase in MBP
and a decrease in IL-17 secretion in the carvacrol treated group. These results demonstrate that carvacrol
had a bene�cial therapeutic effect and anti-in�ammatory properties that signi�cantly reduced the clinical
scores and promoted myelin repair.

Introduction
Carvacrol is a monoterpenoid phenol that has special antioxidant effects against free radicals. Carvacrol
has antioxidant, anti-in�ammatory and antimicrobial properties. It has been shown to reduce the
expression of EGF, TNF-α and MCP-1 in patients exposed to mustard gas(Aristatile, Al-Assaf et al. 2013)
In hepatotoxicity induced by D-galactosamine, carvacrol was found to reduce mRNA expression of IL-6,
inducible nitric oxide synthase (iNOS), TNF-αand NF-ҚB(Aristatile, Al-Assaf et al. 2013). In IL-1β-in�amed
chondrocytes, carvacrol has been shown to inhibit the production of nitric oxide and prostaglandin E2
(PGE2) and reduce the iNOS and COX-2 expression. Inhibition of matrix metalloproteinase-13 (MMP-3)
and MMP-3 genes and inhibition of NF-ҚB signaling pathway activation are other effects of carvacrol
treatment(Yu, Zhang et al. 2012).

The neuroprotective effects of carvacrol in neurological disorders such as ischemia,
epilepsy(Baluchnejadmojarad and Roghani 2016) and Parkinson's disease(Baluchnejadmojarad,
Hassanshahi et al. 2014; Haddadi, Rajaei et al. 2018) have been demonstrated. In a Parkinson's model,
carvacrol-treated mice showed improved memory de�cits and decreased caspase(Dati, Ulrich et al. 2017)
levels(Baluchnejadmojarad, Hassanshahi et al. 2014; Haddadi, Rajaei et al. 2018). In a cerebral ischemic
model, carvacrol improved learning ability and memory in mice and decreased lipid peroxide and cell
death biomarkers in the ischemic brain tissue. It also inhibited ferroptosis by increasing the expression of
glutathione peroxidase 4 (GFX 4)(Guan, Li et al. 2019).

Multiple sclerosis (MS) is a neurodegenerative disease of the central nervous system (CNS), Which is
known for features such as in�ammation, altered axonal function and demyelination (Yoshida, Kimura et
al. 2012). Experimental Autoimmune Encephalomyelitis (EAE) is a common model used to study MS. EAE
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is a complex condition in which the interaction of a variety of neuronal-damaging mechanisms and the
immune system shows striking resemblance to key pathogenic features of MS. These features include
in�ammation, demyelination, axonal removal and gliosis. Regulatory mechanisms of in�ammation and
remyelination also occur in EAE, so they act as a model for these processes.

EAE has a complex pharmacology and many drugs that are commonly used or are in development for
MS have been tested and approved using an EAE model. However, a limited number of studies have
evaluated the effect of carvacrol on MS patients or using the EAE model. An examination of the effect of
carvacrol in an EAE model and by culturing spleen cells found that it can decrease clinical scores and IL-
6, IFN-γ and IL-17secretion and increase IL-10 and TGF-β. The carvacrol-treated mice also experienced
less weight loss(Mahmoodi, Amiri et al. 2019).

This current study evaluated the in�ammatory factors of IL-17, MCP, TNF-α, NF-ҚB and the genes
involved in myelin repair (MBP, PDGFR and OLIG2) to determine the effects of carvacrol on the process of
myelination and in reducing demyelination and in�ammation by means of molecular and histological
examinations of the spinal cords of Lewis rats.

Materials And Methods

Induction, treatment of EAE and Clinical score
Adult female Lewis rats weighting 180 to 210 g were used in this experiment. The animals were kept in
clean conditions under a 12:12 h dark/light cycle and the room temperature was controled. The
immunization protocol from Beeton et al(Beeton, Garcia et al. 2007) was used to prepare guinea pig
spinal cord homogenate in distilled water, which then was mixed with complete Freund’s adjuvant (CFA;
Sigma-Aldrich; USA) containing Mycobacterium lyophilized cell powder.

At �rst, the rats were injected subcutaneously with 0.5 ml of the mentioned emulsion at the tail. After 2 h
and 48 h, each rat received an intraperitoneal injection of pertusis toxin (Sigma Aldrich; USA) in distilled
water.

After immunization, the rats were weighed daily and the clinical signs of EAE were monitored daily. The
scores were as follows: 0 = without clinical signs; 1 = full tail paralysis; 2 = moderate paralysis of hind
limbs; 3 = hind limb paralysis; 4 = bilateral hind limb paralysis; 5 = complete palsy, dying or death. After
monitoring for signs of disease on day 10 of post-immunization, the animals in the carvacrol treated
group received 20 mg/kg carvacrol once daily for 17 days, from day 12 to day 28 post-immunization. The
healthy control group received phosphate buffered saline (PBS). The EAE group of immunized rats
received no treatment.

Histological assessment
After anesthetization, the rats were perfused intracardially with PBS and paraformaldehyde. Their lumbar
spinal cords were removed and �xed overnight at 4°C in 4% paraformaldehyde. For in�ammatory cell
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in�ltration evaluation with H&E stain, dehydration of �xed tissues was performed in an alcohol series,
incubated in xylene until clear, embedded in para�n and sectioned in 5-µm thicknesses using a
microtome. The para�n-embedded sections were rehydrated in an alcohol series, stained with
hematoxylin and then cleared in two baths of xylene. Then, the slides were washed and stained with
eosin. These slides then were cover-slipped and photographed through a light microscope.

Immunohisto�uorescence
As in previous histological studies, the lumbar spinal cords were isolated, �xed in paraformaldehyde,
dehydrated in alcohol, incubated in xylene and embedded in para�n. Sections of 6.8 µm in size were
prepared using a microtome. These were blocked with normal serum and stained with primary antibodies
against myelin basic protein (MBP) and IL-17 (Abcam; UK; dilution 1:50). The slides were washed with
PBS and incubated with goat anti-mouse rhodamine conjugate (Invitrogen; 1:100) and goat anti-rabbit
FITC (1:100). The nuclei were stained with DAPI and images were obtained using a BX-51 �uorescent
microscope (Olympus DP72).

RNA extraction and quantitative RT- PCR
The total RNA was isolated from the lumbar spinal cord with Trizol reagent (Parstous Company, Iran).
The integrity of the isolated RNA was con�rmed by agarose gel electrophoresis. To determine the purity
and concentration of the RNA, a spectrophotometer (Pharmacia Biotech, Cambridge, United Kingdom)
was used. The cDNA was synthesized using a cDNA synthesis kit (Ana Cell; Iran). RT- PCR was carried out
using RT-PCR master mix (Amplicon). The thermal conditions were as follows: preheating for 3 min at
95°C; denaturation for 30 s at 95°C; annealing for 30 s at 60°C; extension for 20 s at 72°C.

The primers were designed and synthesized (Bioneer; Korea) to assessthe expression of GAPDH
(housekeeping gene), Interleukin-10 (IL-10), IL-4, IL-1, IL-17, tumor necrosis factor α (TNFα), forkhead box
p3 (FoxP3), tumor growth factor β (TGFβ), iNOS, nuclear factor-kappa B (NF-ĸB), platelet-derived growth
factor receptor α (PDGFRα), Nrf2, MCP-1, MBP, nerve growth factor (NGF), brain-derived neurotropic factor
(BDNF), OLIG2 and heme oxygenase 1( HO 1). The primer pairs used in this study are shown in table 1.
For analysis of the relative gene expression level, 2−ΔΔCt formula was used.

Statistical analysis
The gene expression and histological data were analyzed by one-way ANOVA or t-student testing and
compared using the Tukey post-test at p < 0.05 as the signi�cant difference.

Results

Histopathological �ndings
The carvacrol treated group received carvacrol from day 12 (peak disease score) to day28. The results
indicate that daily administration of carvacrol during this period led to signi�cant recovery (Fig. 1a) and
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signi�cant recovery of all rats at day 24. After treatment with carvacrol, relapse of EAE severity was
diminished, compared to EAE group.

Up to day 9, no signi�cant differences were observed between weight of groups. After day 9, signi�cant
weight loss was observed in both the EAE and carvacrol treated groups. Weight loss continued at a
slower rate in the EAE group until day 28. In the carvacrol treated group, on days 21 to 23, the weight
began showing an upward trend.

Histological analysis
The e�cacy of carvacrol on EAE- related CNS pathology was assessed. To evaluate in�ammatory
parameters, the lumbar spinal cord sections from animals in all groups were stained with hematoxylin
and eosin. After staining, the samples were assessed for the amount of immune cell in�ltration.
Figure 2(a) shows normal stained white matter of the lumbar spinal cords of the control group.
Figure 2(b) shows the EAE group and reveals glial and immune cell proliferation and motor neuron
shrinkage. Figure 3(c) shows the carvacrol treated group with mild glial and immune cell proliferation in
the white matter.

In the carvacrol treated group, the amount of in�ltrated immune cells in the CNS decreased compared to
the EAE group (Fig. 2). These results corroborate the anti-in�ammatory effect of carvacrol on EAE. The
data suggests suppression of the immune and in�ammatory processes by carvacrol.

Immunohisto�uorescence studies using anti-MBP and anti-IL-17 antibodies on spinal cord sections of the
EAE and carvacrol treated groups revealed enhanced expression of IL-17 and decreased MBP expression
in the EAE group. In the carvacrol treated group, IL-17 secretion decreased (Figs. 7 and 8). After treatment
with carvacol and immunostaining with anti-MBP antibody, MBP immunoreactivity increased in the
carvacrol treated group compared to the EAE group.

Figure 3 indicates that, in the EAE group, the increase in �uorescence intensity due to the increase in IL-17
secretion compared to the control group is obvious and signi�cant (p < 0.05). There was no signi�cant
difference between �uorescence intensity in the control and carvacrol treated groups (p > 0.005). In the
carvacrol treated group, the �uorescence intensity and, consequently, the secretion rate decreased
remarkably compared to the EAE group (p < 0.000).

Figure 4 shows MBP immunohisto�uorescence markers by group. In comparison with the EAE group, the
�uorescence intensity increased remarkably in the carvacrol treated group. (p < 0.001). Figure 6 compares
the MBP expression based on �uorescence intensity. The intensity of �uorescence in the EAE group
decreased signi�cantly compared to the control group (p < 0.0001). The �uorescence intensity of the
carvacrol treated group and, consequently, the expression ratio relative to the EAE group increased
signi�cantly (p < 0.0001).

Carvacrol diminished IL-17, IL-1 and NF-ҚB
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The carvacrol effect on expression of the in�ammatory gene was evaluated using RT- PCR and the results
are shown in Fig. 6. EAE induction caused a signi�cant increase in IL-17 compared to the control group (p 
< 0.0001), but this decreased in the carvacrol treated group to even below that of the control group (p < 
0.0001). The same pattern of change was observed for IL-1 and NF-ҚB (p < 0.0001). Carvacrol
administration reversed the mRNA level of IL-1 and NF-ҚB to below that of the control group.

EAE increased the expression of MCP at the mRNA level compared to the control group. The mRNA level
of MCP in the carvacrol treated group was even higher than for the EAE group (p < 0.0001). The
expression of TNF-α in the EAE group was higher than in the control group (p < 0.05), but did not change
in the carvacrol treated group. The expression of TNF in the EAE and carvacrol treated group was similar.

Effect of carvacrol on MBP, PDGFR and OLIG2
The expression pattern of MBP, OLIG2 and PDGFR were assayed following EAE induction and in the
carvacrol treated group. A decrease in MBP gene expression was observed in the EAE group (p < 0.05), but
carvacrol signi�cantly increased this level in the carvacrol treated group compared to the EAE and control
groups (p < 0.0001).

The tissues were evaluated for expression of OLIG2 and it was found that the level of OLIG2 mRNA
decreased in the EAE group and signi�cantly increased in the carvacrol treated group compared to the
EAE group. This level was even higher than for the control group.

Compared with the control group, PDGFR gene expression increased in the EAE group (p < 0.0001) and
the PDGFR mRNA level decreased in the carvacrol treated group compared to the EAE group (p < 0.0001).
No signi�cant difference was observed between the carvacrol treated group and the control group (p = 
0.652; Fig. 7).

Discussion
Carvacrol has been shown to be effective on some in�ammatory and neurodegenerative diseases of the
brain, which makes it a good option for the treatment of MS. The characteristics of the EAE model were
con�rmed by the observed increase in neurological defects and clinical scoring, the presence of CNS-
in�ltrated immune cells and axonal degradation, which are consistent with results of previous
studies(Mohajeri, Sadeghizadeh et al. 2015; Yang, Zheng et al. 2017).

Carvacrol has neuroprotective effects that are demonstrated in neurological models such as ischemia
and Parkinson's disease(Baluchnejadmojarad, Hassanshahi et al. 2014; Dati, Ulrich et al. 2017). The
carvacrol treatment results in the present study showed a decrease in clinical scores and histological
changes. It also resulted in decreased expression of some proin�ammatory genes and increased
expression of genes involved in myelination.

CNS repair is the goal of treatment for CNS and autoimmune disorders. Different neuroprotective
therapeutic strategies have been used in clinical trials but, as yet, no comprehensive and successful
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examination of remyelination has been proposed. In the case of MS, remyelination not only better
protects from axonal damage, but also can halt progression of the disease.

Oligodendrocytes have been a focus of attention for the development of therapeutic approaches and
treatments for neurodegenerative disease because of their myelination potential(Kotter, Stadelmann et al.
2011). One of the most important features of MS is demyelination, in which the axon-oligodendrocyte
relationship in the CNS is disrupted(Shakhbazau, Schenk et al. 2016). Evaluation of the therapeutic
effects of such research methods requires the identi�cation of oligodendrocytes. For this purpose, the
present study used MBP, PDGFR and OLIG2 markers.

The results of molecular analysis for the carvacrol treated group showed that the remyelination rate
increased and demonstrated that carvacrol increased OLIG2 mRNA expression. It was found that clinical
scoring in the carvacrol treated group was lower than in the EAE group, indicating that the clinical
damage improved with carvacrol treatment. OLIG2 expression increased in the carvacrol treated group as
the clinical scores decreased. OLIG2 encodes the transcription factor that is necessary for remyelination
and is obtained through proliferation and differentiation of neuronal progenitors and oligodendrogenesis
progenitor cells (OPCs). This factor is necessary for oligodendrogenesis in the spinal cord. OLIG2-
expressing progenitor cells differentiate into oligodendrocytes in damaged lesions, leading to premature
myelination of the CNS(Wegener, Deboux et al. 2015) .

In addition to OLIG2, PDGF is also involved in activating the oligodendrogenesis pathway and is involved
in their proliferation. An increase in PDGF has been shown to increase the number of OPCs in
demyelinated lesions. However, although PDGF infusion induces SVZ type B cell proliferation which is
effective for remyelination, it can have side effects such as tumor formation(Rivera and Aigner 2012).

OPCs express various markers, the most important of which are NG2 and PDGFRα. Because NG2 can be
present in other glia precursor cells, the PDGFRα marker is more speci�c for immature oligodendrocytes.

In this study PDGFRα was used to assess the amount of immature oligodendrocyte formation. Precursor
oligodendrocytes were observed to attach to neurons and, after two to three days, myelinated
them(Blakemore and Irvine 2008). However, contrary to the results of previous studies, PDGFR showed
increased expression in the EAE group and decreased expression in the carvacrol treated group.

In agreement with the results of the present study, Qiang Zho et al. reported that transgenic mice showed
that deletion of PDGFR caused precocious differentiation of OPCs. Their �ndings demonstrate that
PDGFR is an important negative regulator of OPC maturation in the developing CNS. During OPC
differentiation, PDGFR expression gradually decreases and is completely silent in adult oligodendrocytes.
It is not clear how cessation of PDGFR expression or OPC signaling triggers oligodendrocyte
differentiation. One possibility is that PDGFR signaling may inhibit the expression or function of
oligodendrocyte maturation activators. These activators include myelin regulatory factor (MRF), sip1 and
SOX10, each of which is su�cient to differentiate oligodendrocytes. If this hypothesis is correct, Nkx2.2
transcriptional inhibitor initiates internal differentiation by removing the inhibition of these regulatory
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factors and responding to axon signals or other environmental messages. It may initiate internal
differentiation by removing the inhibition of these regulatory factors in response to axon signals.

Nkx2.2 is a transcriptional inhibitor in cell-fate control during CNS development and determines the time
of OPC differentiation. Overexpression of Nkx2.2 in transgenics will extinguish PDGFR expression. It is
possible that, when Nkx2.2 binds to the binding site on the PDGFR promoter, it inhibits PDGFR
transcription. By repressing the expression of the membrane receptor PDGFR, the OPCs will no longer
respond to mitogen PDGFR, which will cause the proliferation and activation of cell differentiation to
stop.

On the other hand, an increase in Nkx2.2 expression and inhibition of PDGFR expression has been
observed to increase MBP expression in primary OPCs. Therefore, the possibility that Nkx2.2 may
in�uence other factors simultaneously to affect differentiation and maturation of OPCs cannot be
ignored (Zhu, Zhao et al. 2014). After demyelination, OPCs switch from neutral to active and mitotic cells
by upregulating OLIG2 and Nkx2.2 (Göttle and Küry 2015). In general, the reduction in PDGFR expression
by carvacrol in this study could provide a pathway for the differentiation of OPCs and help to myelinate
and repair damage caused by the model induction.

MBP plays the most important role in the formation of the three-dimensional (3D) structure of the axial
membrane of myelin. This protein binds to membrane lipids as it enters the oligodendrocyte membrane
and strengthens the 3D structure of the myelin membrane(Czepiel, Boddeke et al. 2015). MBP was used
in the present study as an adult oligodendrocyte marker to evaluate the �nal remyelination rate. The goal
was to determine which changes occur during the process of remyelination from immature
oligodendrocytes to adults. MBP mRNAs are located at one point in the cytoplasm of oligodendrocytes
before myelination and then disperse into the cytoplasm at the beginning of myelination. This spatial
separation differentiates oligodendrocytes into complete myelinating cells (Musse and Harauz 2007) .

It has been shown in MS patients and animal models that MBP decreased about three-fold compared to
normal levels. In glial cells and macrophages, the group of enzymes called protein arginine deiminase
(PAD) becomes uncontrolled for unknown reasons in in�ammatory diseases such as MS and produces
immunogenic citrullinated epitopes. PAD2 and PAD4 levels increase in MS. It is possible that these two
enzymes alter the structure of the third MBP, and predispose them to proteolysis so that MBP cannot
properly form the multilayer structure of a myelin sheath. Eventually, the accumulation of nerve cells will
decrease(Jones, Causey et al. 2009).

In our study induction of the EAE model reduced MBP expression in the EAE group and further study
showed that carvacrol administration increased MBP expression in the carvacrol treated group. These
results were con�rmed by both molecular methods and immunohisto�uorescence analysis. The increase
in OLIG2 expression increased the production of differentiated oligodendrocytes as well as MBP
expression, which indicates the activity of oligodendrocytes in the myelination pathway. The increase of
these two factors demonstrates the process of myelination. However, molecular processes are so
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complex that these observations cannot easily be attributed to an increase or decrease in the expression
of a gene. In such cases, many factors must be considered.

Studies have shown that carvacrol has an effect on in�ammatory factors and oxidative stress. Gholijani
et al. (2016) caused in�ammation in mice and cultured their spleen cells to show that carvacrol reduced
the formation of IL-17 as well as the expression of T-bet, GATA-3 and ROR c transcription factors that
necessary for the maturation and function of Th1, Th2 and Th17 cells, respectively)(Gholijani and
Amirghofran 2016). The Th17 lymphocyte has multiple pathogenic roles, most of which are attributed to
IL-17 secretion. These include neutrophil recall, activation of innate immune cells, increased B
lymphocyte function and stimulation of the release of in�ammatory cytokines, including IL-1β and TNF-α,
which are the cause of many autoimmune diseases and the induction of EAE and are present in many
MS lesions. IL-1 acts directly on T lymphocytes and causes the secretion of IL-17; therefore, it plays a
pivotal role in the progress of autoimmunity in EAE and initiates the differentiation of pathogenic Th17
cells(Sutton, Brereton et al. 2006). Th17 causes BBB disruption and promotes CNS immune cell tra�c
and tissue in�ammation through IL-17 and IL-22. Il-17 exerts its pathological effects through chemokine
stimulation and the adhesin molecules involved in the neutrophils penetration from the surrounding
environment to the CNS(Raphael, Nalawade et al. 2015) .

Due to the decrease in IL-17 expression caused by carvacrol both in RT and immunohistochemical
histological analysis in the present study, it appears that the effectiveness of carvacrol on reducing IL-17
production may relate, at least partially, to the modulation of auto-reactive Th17 and Th1. Carvacrol also
diminish the �ow of leukocytes to the CNS by reducing the in�ammatory cytokines that are participated
in the production of chemokines and adhesion molecules(Yang, Zheng et al. 2017). Studies have shown
that carvacrol reduces IL-1 and TNF-α and inhibits dendritic cell maturation and function as well as the
selection of T cell responses.

The results of this research on the NF-ҚB and IL-1 gene expression are consistent with the results of
Gholijani et al. and indicated that carvacrol reduced the expression of these genes(Raphael, Nalawade et
al. 2015). NF-ҚB plays an important role in in�ammatory processes. Aristatile et al. Induced in�ammation
in rat liver cells and showed that treatment of these cells with carvacrol reduced NF-Қβ and TNF-α
expression(Aristatile, Al-Assaf et al. 2013). The TNF-α gene promoter contains the NF-Қβ response
element. Under normal condition, NF-β is present in the cytoplasm of cells and binds to IҚBα and IҚBβ,
which prevents it from entering the nucleus. Separation of NF-ҚB from IҚB leads to NF-ҚB entry into the
nucleus and its binding to speci�c sequences in the promoters of speci�c genes and triggers gene
expression. Aristatile et al. showed that carvacrol inhibits NF-ҚB expression by inhibiting IҚB degradation,
which inhibits TNF-α gene expression(Gimenez, Sim et al. 2006).

When EAE mice are immunized with myelin peptides, increased TNF-α expression exacerbates
demyelination [27]. However, the results of analysis of TNF-α gene in the present study was not consistent
with the results of previous studies. In the carvacrol treated group, the carvacrol did not change the
expression of this gene compared to the EAE group.
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Despite the proin�ammatory effect of TNF-α, which has been the subject of numerous articles, Arnet et
al.,(Arnett, Mason et al. 2001) got unexpected results.They induced a demyelinated model in mice using
cuprizone and deliberately inhibited TNF-α using XPro1595. Contrary to expectations, they found that the
lack of TNFα caused signi�cant delays in remyelination. These results were con�rmed by histological
and immunohistochemical analysis for myelin proteins. The reason for this failure in repair was shown to
be the reduction of the pool of proliferating oligodendrocyte precursors, which resulted in a decrease in
the number of adult oligodendrocytes.

TNF-α actually initiates remyelination through the TNFR2 signaling pathway and TNFR2 is necessary for
the maturation of oligodendrocytes(Kircik and Del Rosso 2009). MCP in�ammatory factor also is
involved in the development of MS. It is broadly expressed in brain of MS patients, but not in the white
matter of CNS tissue of healthy individuals. MCP is a β-chemokine that is a potent monocyte and T-cell
chemoattractant and is secreted by active hypertrophic astrocytes(Van Der Voorn, Tekstra et al. 1999).
Altered astrocyte functions, such as loss of normal activity or gaining abnormal functions could be
involved in the onset and progression of MS(Mostafavi, Khaksarian et al. 2014). MCP activates and
invokes myelin-destroying macrophages and is directly involved in the progression of MS.

MCP causes the secretion of lysosomal enzymes in monocytes and provides the signal needed to
activate T lymphocytes, thereby facilitating antigen presentation. On the other hand, it also increases the
secretion of MMP-9 by T-cells. MMP-9 has the ability to destroy the basal membrane and other matrix
compounds, which will cause in�ammatory cells to migrate to such tissue. MCP-1 can activate microglia
cells in the tissue and in the newly arrived lymphocytes in MS wounds, causing tissue damage and
demyelination. MCP-1 also increases in�ammation, stimulates the secretion of enzymes, which is likely
involved in BBB degradation and activates monocytes(Mostafavi, Khaksarian et al. 2014).

The effect of carvacrol on MCP as related to in�ammatory factors in patients exposed to mustard gas
has been shown to decrease. The antioxidant effect of carvacrol on MCP-1 also has been demonstrated
in mice infected with Campylobacter jejuni. However, the results of this study did not agree with those
results. On the contrary, carvacrol not only failed to reduce this factor in the carvacrol treated group, but
actually increased it compared to the EAE group. Little study has been done thus far on the e�cacy of
carvacrol on MCP-1 in an EAE model and this �nding requires further investigation. The favorable effects
of carvacrol observed on some in�ammatory factors and myelin repair factors show promise for the
therapeutic effects of carvacrol. In this regard, additional clinical and molecular evidence must be
gathered.
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Figure 1

A) Mean daily scores of EAE severity in rats in each treatment group. Results are reported as the mean±
SEM. *p < 0.05 Signi�cant difference with EAE group. B) Weight of rats (g) in carvacrol treated group
from day 0 to day 28. *, $ Signi�cant difference between carvacrol treated group and EAE group
respectively with control group
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Figure 2

In�ltration of immune cells in lumbar spinal cord of animals in all groups. The arrows indicate the status
of immune cells:. (1) control group; (2) EAE group; (3) carvacrol treated group group. (4) This image
shows in�ammatory cell in�ux into the CNS after carvacrol treatment. The amount of in�ltration in the
carvacrol treated group group was signi�cantly lower than in the EAE group (p < 0.05). #Signi�cant
differences with the EAE group(P<0.05)
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Figure 3

Immunohisto�uorescence assay for IL-17 marker in: (a) control group; (b) EAE group; (c) carvacrol treated
group. scale bar: 100µm
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Figure 4

MBP immunohisto�uorescence markers by group: (a) EAE; (b) control; (c) carvacrol treated group. scale
bar: 100µm
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Figure 5

A) Comparison of IL-17 expression based on �uorescence intensity. The intensity of �uorescent in the
EAE group compared to the control group had a signi�cant increase (P <0.0001). In the carvacrol
treatment group, the �uorescence intensity and consequently the secretion rate was signi�cantly reduced
compared to the EAE group (P <0.000). B) Comparison of MBP expression based on �uorescence
intensity. Figures shows that the �uorescence intensity decreased signi�cantly in the EAE group
compared to the control group (p < 0.0001). In the carvacrol treated group, the �uorescence intensity and,
consequently, the MBP expression ratio relative to the EAE group increased signi�cantly (p < 0.0001).
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Figure 6

Effect of carvacrol on the gene expression of IL-17, NF-ҚB, MCP-1 and IL-1 in the EAE group and carvacrol
treated group compared to the control group. *, #: Shows a signi�cant difference compared to the control
group and EAE group respectively.
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Figure 7

Effect of carvacrol on gene expression of MBP, OLIG2, PDGFR in EAE group and carvacrol treated group
compared to control group. * and#: Shows a signi�cant difference compared to the control group and
EAE group respectively.


