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ARTICLE INFO ABSTRACT

Keywords: Aim: The inflammatory process is a key step in multiple sclerosis (MS) development. Carvacrol exhibits various
Experimental autoimmune encephalomyelitis anti-inflammatory properties. We aimed to assess the Carvacrol effects on clinical manifestations and production
Carvacrol of pro-inflammatory (IFN-y, IL-6 and IL-17) and anti-inflammatory (TGF-f, IL-4, and IL-10) cytokines in ex-
Cytokines perimental autoimmune encephalomyelitis (EAE) as MS animal model.

Inflammation

Main methods: EAE mice were treated with 5, 10 mg/kg dose of Carvacrol or vehicle, as the control EAE group,
every other day until day-21 post EAE induction. On day22, the leukocyte infiltration within the CNS was
estimated using hematoxylin-eosin staining. The cytokine production by splenocytes was determined after in
vitro stimulating with myelin oligodendrocyte protein (MOG).

Key findings: The EAE clinical scores in 5 and 10 mg/kg Carvacrol-treated mice were lower than untreated group
(P < 0.001 and P < 0.01, respectively). The amounts of IFN-y and IL-6 production by splenocytes of 5 and
10 mg/kg Carvacrol-administered mice were lower than control group (P < 0.001, and P < 0.01 for IFN-y
respectively; P = 0.05 for IL-6). Splenocytes of 5 and 10 mg/kg Carvacrol-treated mice produced higher levels of
TGF-f than untreated mice (P < 0.001). in splenocytes of 5 mg/kg Carvacrol-treated group the IL-10 production
was higher while IL-17 secretion was lower than control group (both with P < 0.01).

Significance: Carvacrol exhibits modulatory effects on expression of pro- and anti-inflammatory cytokines. It
ameliorates EAE clinical and pathological consequences and therefore its potentials may be considered in
treating MS patients.

1. Introduction and lymphocytes (CD4+ and CD8+ T cells as well as B cells) occur

within the CNS [3]. Both infiltrated and residential cells, e.g. microglia

Multiple sclerosis (MS) is an autoimmune inflammatory disease of
the central nervous system (CNS) that is characterized by demyelina-
tion and degeneration of neuronal cells [1]. The experimental auto-
immune encephalomyelitis (EAE) is an animal model of MS, which can
be induced in vulnerable rodents by immunization with myelin-based
antigenic components, in particular myelin oligodendrocyte protein
(MOG) [2]. During initial stages of MS, infiltration of a large number of
various inflammatory cells such as dendritic cells (DCs), macrophages

and astrocytes, contribute to the MS development through production
of the various types of pro-inflammatory parameters such as cytokines,
chemokines, reactive oxygen species (ROS) and nitric oxide (NO) [4].
DCs cross the damaged blood-brain barrier (BBB) and play a funda-
mental role in the differentiation of myelin specific CD4+ T cells into
the pathogenic Thl and Th17 cells, which mediate neuronal demyeli-
nation within the CNS [5-7].

Analysis of the serum and cerebrospinal fluid (CSF) of MS patients
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has shown increase in IFN-y (a potent inducer and a product of Thl
cells) and IL-17 (a Th17 cell type cytokine) [8-11]. Differentiation of
naive CD4" lymphocytes to Th17 occur after antigenic stimulation at
the presence of IL-6, a powerful pro-inflammatory cytokine [12]. The
increased frequency of Th17 cells has also been reported in MS patients
[11]. On the other hand, there are evidences indicating that Th2 and
Treg cells are protective against MS and EAE [13,14]. In this context,
previous studies have shown that IL-4 (a powerful inducer and a pro-
duct of Th2 cells) could reduce the iNOS (inducible nitric oxide syn-
thase) expression in glial cells and EAE severity [15]. Furthermore, Treg
cells play an essential function in establishing the self-tolerance through
production of immunomodulatory cytokines such as TGF-f and IL-10
[12]. These cytokines have shown a protective role in EAE and MS,
through inhibition of pathogenic effector cell responses [5,16].

Different medications have been developed to regulate the activity
of immune system in MS patients, although they only control progres-
sion of the disease [1]. Due to incomplete efficacy of current medication
and their side effects in MS patients, complementary medicine such as
herbal-derived components has become increasingly interesting. Car-
vacrol is a phenolic monoterpene constituent in the Lamiaceae plant
family exhibiting various - antimicrobial [17], antifungal [18], anti-
tumor [19], anti-inflammatory, and immunomodulatory properties
[20]. Furthermore, in CNS disorders, Carvacrol exerts its modulatory
effect on different targets including dopaminergic system in depression
[21], aquaporins in cerebral edema [22], and acetylcholinesterase as an
important enzyme in Alzheimer's disease [23].

To our knowledge, to date, there has been no investigation on the
effects of Carvacrol on EAE-or MS-related immunologic, pathologic,
and inflammatory parameters. Hence, we aimed to evaluate the anti-
inflammatory and immunomodulatory effects of Carvacrol in an animal
model of EAE focusing on the production of pro-inflammatory (IFN-y,
IL-6 and IL-17) and anti-inflammatory (TGF-f, IL-4, and IL-10) cyto-
kines.

2. Materials and methods
2.1. Animal models

Female C57BL/6 mice (8 weeks old) were purchased from Royan
Institute of Isfahan, Iran. All mice were kept in the animal house with
constant temperature (24 °C) and 12-h light/dark cycle and access to
rodent pellet and water ad libitum. The study protocol was approved by
the institutional Animal Ethics Committee of Mashhad Medical
University (No. IR MUMS.sm.REC.1395.139).

2.2. EAE induction and scoring

For EAE induction, as described previously by Jafarzadeh et al.
[24], each mouse was immunized with 400 ug MOG 35-55 (100 pl)
(SBS Genetech Co. Ltd., Beijing, China) emulsified in equal volume of
complete Freund's adjuvant containing 0.5mg Mycobacterium tu-
berculosis (Sigma, USA). The emulsion (200pl) was injected sub-
cutaneously into the flank and between the shoulders of the mice. Then,
500 ng of pertussis toxin (Sigma, USA) was injected intra-peritoneally
on the day of immunization (250 ng) and 48 h later (250 ng). The body
weight and clinical score of all mice were recorded every other day
from day-0 to day-21 post immunization. The clinical score was graded
as follow: 0 = no symptoms; 1 = partial loss of tail tonicity; 2 = com-
plete loss of tail tonicity; 3 = flaccid tail and abnormal gait; 4 = hind
leg paralysis; 5 = hind leg paralysis with hind body paresis; 6 = hind
and foreleg paralysis; and 7 = death [25].

2.3. Experimental groups

In this study, first five doses of 100, 50, 25, 10 and 5 mg/kg were
selected based on various animal studies [22,26,27]. Each dose was
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injected daily into three mice for seven days. The 100 mg dose caused
death after first 2-3 days and treatment with 50 and 25 mg Carvacrol
led to obvious movement impairments. However, 5 and 10 mg Carva-
crol did not affect normal activity and movement of the mice. There-
fore, for treating EAE mice, two doses of 5 and 10 mg/kg Carvacrol
were chosen in this study.

The mice were divided into 4 groups (5 mice in each group
weighing between 16 and 20 g) as follows: Group I: EAE-induced mice
were administrated 2% Tween 80 in PBS as vehicle and as EAE control
group. Group II and III: Carvacrol-treated EAE mice that were injected
intra-peritoneally with 5mg/kg or 10 mg/kg of Carvacrol [22]. Group
IV: healthy normal mice without EAE were administrated vehicle.
Treatment protocol consisted of every other day injections from day-0
to day-21. Mice were sacrificed on day-22 post-immunization according
to the recommendations of animal ethics. The lumbar spinal cord tis-
sues were dissected for histologic analysis and the splenocytes were
cultured for cytokine and proliferation assays.

2.4. Histopathological analysis

Lumbar spinal cords of the mice were dissected and fixed in 10%
formalin. After 48 h, paraffin molds of specimens were prepared and
sectioned via a microtome into 5pum thickness and stained with he-
matoxylin and eosin (H&E). Then, 5 slides of each sample were evaluate
for severity of inflammation. Analysis of cell infiltration in spinal cord
was done semi-quantitatively by two specialized observers who were
blinded to the study; as such scores of 0 to 4 were defined as without
inflammation to severe inflammation, respectively [28].

2.5. Preparation of spleen cells and proliferation assay

After the isolation of spleen, a cell suspension was prepared in
RPMI-1640 medium (shellmax, China) by passing the small pieces of
tissue through a cell strainer (70 um). Then, the red blood cells (RBCs)
were lysed by addition of ammonium chloride buffer (150 mM NH4CI,
1 mM KHCO3, 0.1 mM EDTA [pH, 7.2]) at 4 °C for 10 min. Afterward,
the cell suspension was centrifuged at 300 X g for 5min at 4 °C and the
cell pellet was washed twice with RPMI. Collected splenocytes were
resuspended in complete RPMI containing 10% fetal bovine serum
(FBS) (shellmax, China) in the presence of 100 ug/ml penicillin-strep-
tomycin as antibiotics (Gibco, UK). The splenocytes of each mouse were
cultured in 96-well flat-bottom plate (in triplicate, 5 X 10° cells/well)
in the presence or absence of MOG (10 pug/ml) as a specific stimulator
and negative control, respectively. After 48 h culturing at 37 °C and 5%
CO,, 20 pl/well WST-1-reagent (Roche Diagnostics GmbH, Mannheim,
Germany) was added to the wells and incubated 4h at 37 °C. The
splenocyte proliferation was measured using a microplate reader at
450 nm and Stimulation Index (SI) was calculated for each sample.

2.6. Cytokine assay

For cytokine assessment, cells were cultured and stimulated as
previously mentioned (2 x 10° cells/well) in 24-well culture plate.
After 48 h, the supernatant was collected and the amounts of different
cytokines (IL-10, IL-17A, IFN-y, TGF-B, IL-4, and IL-6) was assess by
ELISA (eBioscience, San Diego, CA, USA) according to the manufac-
turer's protocol. All samples were performed in duplicate.

2.7. Statistical analysis

Statistical analysis was performed using GraphPad Prism version
6.01. All data were reported as mean *+ SEM. After evaluating the
normality test (Kolmogorov-Smirnov with the Dallal-Wilkinson-
Lilliefor corrected P value) of the samples, the parametric test one-way
analysis of variance (ANOVA) followed by Tukey post-hoc was con-
ducted for data with normal distribution. Kruskal-Wallis followed by
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Mann-Whitney test was used to compare the differences between or-
dinal data. The repeated-measure test followed by Bonferroni compar-
ison was also utilized to analyze clinical scores and body weight over
the study period. P-values < 0.05 were considered significant.

3. Results
3.1. Carvacrol effect on the clinical score of EAE mice

To assess the effect of Carvacrol on EAE severity, mice were care-
fully monitored for clinical signs such as disease onset and maximum
mean clinical score (MMCS). After 9 days of immunization, the first
clinical signs started to appear in all three animal groups. The clinical
score in both Carvacrol-administered EAE group significantly decreased
(effect of time, F (20,80) = 126.2, P < 0.0001; effect of treatment F
(2,8) =8.193, P=0.0116 and time X treatment interaction F (40,
160) = 3.917, P < 0.0001) as compared with untreated EAE group
(for 5 mg/kg Carvacrol at days 15-21 (P < 0.001) and for 10 mg/kg on
day-15 (P < 0.01), on days 16-18 (P < 0.001), on day-19 (P < 0.05)
and on days 21-22 (P < 0.01)). Mice treated with 5 and 10 mg/kg
Carvacrol showed lower MMCS (2.3 = 0.2, P=0.001 and 2.8 * 0.3,
P=0.01 respectively) as compared with untreated control group
(3.700 + 0.36) on day 17 (Fig. 1A). The MMCS was lower in 5 mg/kg
Carvacrol-treated group compared to the 10 mg/kg treated group but
this was not significant. After day-18 post-immunization, the clinical
score was significantly lower in mice treated with 5mg/kg Carvacrol
compared with 10 mg/kg Carvacrol-treated group (P < 0.05).

3.2. Carvacrol effect on body weight

Weight loss is an indicator of EAE onset [29] Percentage of body
weight is reported in Fig. 1B. The body weight loss in untreated control
group was more than that in both Carvacrol-administered EAE group
(effect of time, F (17, 68) = 10.02, P < 0.0001; effect of treatment F
(3, 12) = 6.474, P = 0.0075 and time X treatment interaction F (51,
204) = 5.125, P < 0.0001). The body weight loss in untreated control
group was more than that in 5mg/kg Carvacrol-treated EAE mice at
both day-16 (P < 0.01) and days 17-21 (P < 0.001). Also, mice
treated with 10 mg/kg Carvacrol showed lower body weight loss
(P=0.05, at day 18-19 and P~ 0.01 at day 20-21) as compared with
untreated control group. This difference was not significant between
two treated groups (Fig. 1B).

3.3. Carvacrol effect on inflammation of CNS

The histological evaluation revealed that the entry of inflammatory
cells into the spinal cord was significantly different between groups
(H = 15.35, P = 0.0015). The inflammation score was significantly
declined after administration of 5mg/kg Carvacrol compared with
untreated control group (P = 0.05). But the difference of inflammation
score in 10 mg/kg Carvacrol-treated group, although lower, it was not
statistically significant compared to untreated EAE mice, (Fig. 2).

3.4. Carvacrol effects on the proliferation of splenocytes

The splenocytes were cultured in the presence of MOG antigen to
examine the possible modulatory effects of Carvacrol on cell pro-
liferation. The results showed that the difference of cell proliferation
between groups was significant (P = 0.0001land F (3, 16) = 13.02).
Untreated EAE mice, 5 and 10 mg/kg Carvacrol-treated groups showed
a significantly increased cell proliferation in the presence of the antigen
compared to normal mice (P < 0.0001, P < 0.05 and P < 0.01 re-
spectively). Also, data analysis demonstrated that treatment with
Carvacrol decreased the MOG-induced proliferation of splenocytes
compared to the untreated EAE mice, however it was not significant
(Fig. 3).
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Fig. 1. Clinical score and body weight of Carvacrol-treated EAE mice. The
MOG-immunized mice were treated (i.p.) with 5mg/kg Carvacrol, 10 mg/kg
Carvacrol, and 2% Tween 80 in PBS (control group) from the immunization day
(every other day). (A) Decrease in the mean clinical score and (B) inhibitory
effect of Carvacrol on the weight loss during 21 days. The repeated-measure test
followed by Bonferroni comparison was used to analyze clinical scores and
weight loss. Results are presented as the mean = SEM. *P < 0.05,
**p < 0.01, ***P < 0.001 and ****P < 0.0001vs control group (n = 5).

3.5. Carvacrol effects on the production of inflammatory cytokines

To assess the mechanisms involved in the remission or progression
of the disease, the pro-inflammatory cytokines (IFN-y, IL-6, IL-17A)
were detected in the supernatant of the MOG-stimulated splenocytes
(Fig. 4).

The data analysis of IFN-y, IL-6 and IL-17A indicated significant
differences between groups (F (3, 16) = 21.25, P < 0.0001 for IFN-y; F
(3, 16) = 6.869, P = 0.0035 for IL-17; F (3, 16) = 18.74, P < 0.0001
for IL-6).

The production of IFN-y, IL-17A and IL-6 were significantly in-
creased in the untreated EAE group as compared with normal mice
(P < 0.0001, P < 0.01 and P < 0.0001 respectively). The con-
centrations of IFN-y in the supernatant of MOG-stimulated splenocytes
from treated mice were significantly lower than equal cultures prepared
from untreated EAE mice (P < 0.001 for both Carvacrol-treated
groups) (Fig. 4A). In addition, MOG-stimulated splenocytes from mice
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Fig. 2. H&E staining of the spinal cord in Carvacrol-treated EAE mice. Leukocytes infiltration into the spinal cord of, (A1, A2) EAE control group, (B1, B2) 5 mg/kg
Carvacrol-treated group, (C1, C2) 10 mg/kg Carvacrol-treated group and (D1, D2) normal group. (E) The comparison of cell infiltration severity (as ordinal data)
between groups was assessed by Kruskal-Wallis test followed by Mann-Whitney. Results are presented as the mean + SEM.*P < 0.05 vs control group.

ko

3.6. Carvacrol effects on the production of anti-inflammatory cytokines
%%

| | Overall, the differences of the TGF-f, IL-10 and IL-4 production
] were significant between groups (F (3, 16) = 23.15, P < 0.0001 for
TGF-B; F (3, 16) = 9.624, P = 0.0007 for IL-10 and F (3, 16) = 14.02,
P < 0.0001 for IL-6). The amount of TGF-f and IL-10 were not dif-
ferent between untreated EAE mice and normal mice although the

amount of IL-4 was significantly lower in normal mice (P < 0.001).
The TGF-f concentrations in the supernatant of MOG-stimulated
splenocytes from mice treated with 5 and 10 mg/kg Carvacrol were
significantly higher than untreated EAE mice (P < 0.0001 and
P < 0.001 respectively) and normal mice (P < 0.0001 and P < 0.001
respectively) (Fig. 5A). Furthermore, MOG-stimulated splenocytes from
= mice treated with 5mg/kg Carvacrol secrete higher levels of IL-10
un-treated EAE  carvacrol Smg  carvacrol 10 mg normal compared with those from untreated control and normal groups
Groups (P < 0.01). Likewise, the IL-10 production by splenocytes from mice
treated with 10 mg/kg Carvacrol was higher than untreated control and
normal groups but not significantly (Fig. 5B). The differences of IL-4
production were not significant between MOG-stimulated splenocytes
from untreated and Carvacrol-treated groups but the amount of this
cytokine was higher in 5 (P < 0.001) and 10 mg Carvacrol treated

groups (P < 0.01) compare to normal group (Fig. 5C).
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Fig. 3. Analysis of the splenocyte proliferation in Carvacrol-treated EAE mice.
There was a trend in decreasing the proliferation of the MOG-stimulated sple-
nocytes in treated groups but the difference was not significant. Proliferation
assay was conducted in triplicate wells. One-way analysis of variance (ANOVA)
followed by Tukey post-hoc test was conducted to compare the splenocyte
proliferation in different groups. Results are presented as the mean + SEM.
*P < 0.05, ** P < 0.01 and ****P < 0.0001 vs control group (n = 5).

4. Discussion

treated with 5mg/kg of Carvacrol produced lower levels of IL-17
compared with those from untreated group (P < 0.05). The IL-17
production by splenocytes from mice treated with 10 mg/kg was lower
than untreated group; however, this difference did not reach a sig-
nificant level (Fig. 4B). The levels of IL-6 were also significantly lower
in stimulated splenocytes from both Carvacrol-treated groups as com-
pared with splenocytes from untreated EAE group (P < 0.001, and
P < 0.01 for 5 and 10 mg/kg Carvacrol, respectively). Also, the IL-6
production by splenocytes from normal mice was lower than mice
treated with 10 mg/kg (P < 0.05) (Fig. 4C).

This study aimed to examine the effects of Carvacrol on the clinical
signs and production of a number of pro- and anti-inflammatory cyto-
kines in EAE mice. Our results revealed that Carvacrol, especially in
lower dose (5 mg/kg), can mitigate the progression course of EAE and
prevent the body weight loss. In line with our findings, neuroprotective
effects of Carvacrol have also-been demonstrated in a number of neu-
rological diseases such as experimental models of focal cerebral
ischemia [26], Parkinson's disease [27,30], epilepsy [31], and trau-
matic neuronal injury [32].

Although the precise etiology of MS is unmet, it is very likely that
the inflammatory and autoimmunity-mediated process including the
entrance of immune cells into the CNS play a major role in myelin

260
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Fig. 4. Analysis of pro-inflammatory cytokine in Carvacrol-treated EAE mice.
The average level of pro-inflammatory cytokines (A) IFN-y, (B) IL-17, and (C)
IL-6 in the supernatant of MOG-stimulated splenocytes. Cytokine assays were
conducted in duplicate wells. One-way analysis of variance (ANOVA) followed
by Tukey post-hoc test was used to compare the amount of cytokines in dif-
ferent groups. Results are presented as the mean = SEM. *P < 0.05, **
P < 0.01, ***P < 0.001 and ****P < 0.0001vs control group (n = 5).

degeneration and damage to the axons [1]. In our study, histological
staining of spinal cord demonstrated that Carvacrol, particularly at
lower concentration, could decrease influx of the immune cells to the
spinal cord. The principle role of adhesion molecules and chemokines in
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Fig. 5. Analysis of anti-inflammatory cytokine in Carvacrol-treated EAE mice.
The average level of anti-inflammatory cytokines (A) TGF-f, (B) IL-10 and (C)
IL-4 in the supernatant of MOG-stimulated splenocytes. One-way analysis of
variance (ANOVA) followed by Tukey post-hoc test was used to compare the
amount of cytokines in different groups. Results are presented as the
mean *+ SEM. *P < 0.05, ** P < 0.01, ***P < 0.001 and ****P < 0.0001
vs control group (n = 5).

the leukocytes infiltration has been well documented [33]. Therefore,
the effects of Carvacrol on reducing the leukocytes accumulation within
the CNS may in part be due to its modulating effects on the expression
of the adhesion molecules and/or pro-inflammatory chemokines.

We also observed that treatment with Carvacrol decreased the
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production of IFN-y, IL-6 and IL-17 by splenocytes. Interestingly, a
landmark study has reported that administration of Carvacrol to mice
with OVA-induced airways allergy and D-galactosamine induced he-
patotoxicity is effective in reducing IFN-v, IL-6, and IL-17A production
[20,34]. Presence of IFN-y contributes to the development and ad-
vancement of MS through several mechanisms, in particular triggering
the expansion of M1 macrophages, elicitation of the ROS and NO
synthesis by antigen-presenting cells (DCs and macrophages), apoptosis
of oligodendrocytes and penetration of encephalitogenic T cells into the
CNS [8,9,35]. On the other hand, the absence of IFN-y or its receptor
can aggravate EAE, which can be due to the inhibitory effect of IFN-y on
differentiation of pathogenic Th17 cells [36]. Thus, it has been sug-
gested that imbalanced IFN-y expression (excessive or complete ab-
sence) can aggravate the disease [37].

Th17 cells and its major cytokine IL-17 are involved in MS-related
pathological processes [10,11]. IL-17 exerts its pathological influences
through augmentation of chemokines and adhesion molecules partici-
pating in the movement of the neutrophils from periphery toward the
CNS [12]. It also exacerbates the inflammatory responses by increasing
the BBB rupture via inducing a number of matrix metallo proteinases
and oxidative stress [38]. Therefore, the effects of Carvacrol on de-
creasing the production of IFN-y, IL-6 and IL-17 may be performed in
part through modulating auto-reactive Thl and Thl7 cells. Ad-
ditionally, Carvacrol may also reduce severe influx of the leukocytes
into the CNS by reducing the inflammatory cytokines that are involved
in the local expression of chemokines and adhesion molecules.

The results of this study also indicated higher production of TGF-f
and IL-10 by splenocytes in Carvacrol-treated mice. A well-executed
study has depicted that Carvacrol acts as a potent suppressor of in-
flammatory agents (IL-1beta and prostaglandin E2) through enhance-
ment of IL-10 which attenuated edema in a classical paw inflammatory
model [39]. Moreover, Carvacrol has shown diminishing effects on
OVA-induced airways allergy in mice by enhancing the IL-10 and TGF-f3
secretion but declining IL-4 production [20]. In autoimmune diseases,
anti-inflammatory cytokines contribute to the modulation of immuno-
inflammatory pathways. For instance, IL-4, IL-10, and TGF-f co-
operatively bypass the generation of Th1/Th17-derived cytokines and
consequently repress Thl/Th17 differentiation [12,37]. Additionally,
IL-10 significantly participates in regulatory activities including astro-
cyte survival, releasing of TGF-f3 from astrocytes, and withholding the
production of pro-inflammatory cytokines via reactive microglial cells
[40]. Interestingly, prominent feature of immune regulation in terms of
improving clinical symptoms in MS can be met through IL-10 [41].
Therefore, our data suggest that Carvacrol could inhibit the production
of inflammatory cytokines via induction of anti-inflammatory cytokines
or expansion of regulatory cells.

We observed that the secretion of IL-4 by splenocytes did not differ
between Carvacrol-treated and control EAE mice. There are some
controversies regarding the role of Th2 cells in the pathogenesis of MS.
Contrary to our findings, vast majority of experiments imply to ex-
cessive levels of IL-4 in autoimmune conditions like EAE and have
pointed out the importance of decreased Th1/Th2 ratio in disease im-
provement [37]. On the other hand, elevated level of IL-4 (as well as
IFN-y and TNF) in serum of MS patients has been reported during the
acute stage of the disease but not in the remission phase [41]. One
possible explanation can be the participation of IL-4 in shifting immune
responses toward humoral immunity for secreting myelin-specific au-
toantibodies [42]. Therefore, the lower levels of IL-4 in Carvacrol-
treated groups can be in favor of a permissive environment for alle-
viating of EAE.

Moreover, our findings showed a trend in reducing splenic cell
proliferation in the Carvacrol-treated mice as reported in OVA-induced
airways allergy model [20]. Thus, it is likely that Carvacrol suppresses
initial auto-immune cells expansion in the spleen and subsequently
diminishes detrimental responses in the CNS. Although in this study,
only the severity of leukocyte infiltration into the CNS was evaluated
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and it would be better to evaluate the local levels of inflammatory and
anti-inflammatory cytokines in future studies.

This study showed that the lower dose of Carvacrol (5 mg/kg) was
more effective than higher dose (10 mg/kg). One of the possible reasons
is likely that 10 mg dose is within the boundary between the toxic doses
and the effective doses. Furthermore, investigation of doses lower than
5mg in EAE model is warranted.

5. Conclusion

The results presented here illustrate that treatment of EAE mice
with Carvacrol improves their clinical signs, reduces leukocytes in-
filtration into the CNS, and modulates production of pro- and anti-in-
flammatory cytokines. Nevertheless, to understand the precise effects of
Carvacrol on other mechanisms involved in the pathogenesis of EAE/
MS, more investigation is warranted.
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