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1. Introduction

Multiple sclerosis is a chronic inflammatory demyelinating disease
of the CNS which leads to the demyelination in the white and gray
matter (Lassmann, 2014). MS is the most frequent neurological disease
in young adults between the ages of 20–40 years and approximately
affects 2.5 million people around the world (Tullman, 2013). Clinical
manifestations of MS typically appear in the thirties and forties, and it
affects women almost three times more than men (Constantinescu et al.,
2011). It has a high prevalence in regions with high geographic lati-
tudes such as North America and Northern Europe and has low rates in
Eastern Asia and sub-Saharan Africa (Emami et al., 2016; Leray et al.,
2016). Little is known about the etiology of MS. However, susceptible
genes and environmental factors seem to play a role in the pathogenesis
of this disease. Blood–brain barrier (BBB) dysfunction, immune cells
infiltration into the CNS and antigens attack against the neurons and
oligodendrocytes are responsible for the main inflammatory processes.
Moreover, several autoimmune mechanisms account for axonal and
neuronal degeneration (Ellwardt and Zipp, 2014). Oxidative stress
which leads to mitochondrial damage is also a major factor in demye-
lination and neurodegeneration in MS patients (Lassmann, 2014). MS is
considered to be a predominantly T cell-mediated autoimmune disease
as supported by evidence derived from its principal model, experi-
mental autoimmune encephalomyelitis (EAE) (Stadelmann et al.,
2011). EAE is the animal model used for evaluating inflammatory de-
myelinating disease of the CNS. It is induced by triggering an immune
response against myelin and has been used extremely as a prototype of
Th1- and/or Th17-driven organ-specific autoimmune conditions and as
an animal model for multiple sclerosis (Rao and Segal, 2012). EAE
experimental model has already led directly to the development of four
FDA-approved medicines for the treatment of MS: glatiramer acetate,
mitoxantrone, natalizumab (Leuschner et al., 1986) and fingolimod.

Natural products are defined as organic compounds that are pro-
duced by living systems. Their structure elucidation and biosynthesis
are among the popular fields in organic chemistry. Natural products can
be classified into three categories i.e. primary metabolites (nucleic

acids, amino acids and sugars), cellular structure forming compounds
(cellulose, lignins and proteins) and secondary metabolites. Most pri-
mary metabolites play their pharmacological role in the organism or
cell that has produced them, whilst, secondary metabolites are able to
biologically affect other organisms (Hanson, 2003). A tremendous in-
vestigation on the effectiveness of pure compounds and plant extracts in
slowing the progression of EAE has resulted in the identification of
valuable lead compounds and drugs. Gilenya® (fingolimod) is the first
oral treatment for relapsing multiple sclerosis that has been derived
from myriocin-a metabolite of the fungus Isaria sinclairii (Miyake et al.,
1995)-by SAR studies to determine the active parts of the molecule.
Other extracts and natural products specifically Cannabis-based drugs
are being studied in clinical trials as well.

Here in this review, we have summarized the mechanisms of natural
products as well as plant powders, extracts and essential and fatty oils
in treating inflammatory and immunological processes involved in the
pathogenesis of EAE.

2. Pathogenesis of multiple sclerosis

The mechanisms of neurodegeneration in MS are not well under-
stood yet. Demyelination, axonal injury and chronic inflammation
occur in both relapsing and progressive stage of the disease (Haider
et al., 2011) It is believed that MS is primarily caused by increased
migration of autoreactive T lymphocytes (T cells) through a disrupted
BBB (Compston and Coles, 2008). The T cells recognize and attack the
myelin sheath, resulting in the formation of demyelinated lesions in the
brain and spinal cord which in turn leads to the impairment of nerve
conduction and axonal loss (Babbe et al., 2000). The most important
morphological trait of MS is demyelination of axons leading to the
blockade or slowing of signal conduction at the site of demyelination.
Neurological symptoms gradually appear after involvement of a sig-
nificant proportion of axonal fibers within a specific pathway (Fletcher
et al., 2010). Generally, key players of neurodegeneration in MS include
microglia activation, mitochondrial damage in axons, chronic oxidative
injury, and iron accumulation in the brain (Mahad et al., 2015).
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Microglia are resident glial cells in the CNS, that normally remove the
damaged neurons by phagocytosis. However, the chronic activation of
microglia may result in neuronal damage by releasing cytotoxic mole-
cules including proinflammatory cytokines, ROS, proteinases and
complement proteins. Accordingly, suppression of microglia-mediated
inflammatory response would be an important therapeutic strategy in
the treatment of neurodegenerative diseases (Dheen et al., 2007). Ex-
cessive ROS, primarily generated by macrophages, is also the key ele-
ment in the pathogenesis of MS through mediating oligodendrocytes
injury, neurons demyelination and axonal damage (Haider et al., 2011;
Gilgun-Sherki et al., 2004). Mitochondrial injurycan be triggered by
ROS and NO (Haider et al., 2011). Mitochondria are the most efficient
ATP generators and are crucial players in many cellular processes such
as fatty acid oxidation, apoptosis, and calcium homeostasis. Therefore,
mitochondrial injury may result in energy deficit, chronic cell stress and
an increase in the susceptibility of axons to excitotoxic injury through
high levels of calcium ions entrance into the neurons (Mahad et al.,
2009). Age-related iron deposition is an important factor in the pa-
thophysiologic changes that happen especially in the neurodegenera-
tive processes of MS (Ge et al., 2007). Nonheme iron is the most form of
iron that deposits in oligodendrocytes and myelin, the primary target of
inflammatory activities in MS (Hametner et al., 2013). Quantitative
evaluation of iron content has indicated its enhanced accumulation in
the deep gray matter of MS patients (Ge et al., 2007). Pathological and
MRI studies revealed that iron deposits at the edges of chronic MS le-
sions. Also, injecting iron-containing ferritin into the rat spinal cord
promotes the formation and differentiation of oligodendrocyte from
OPCs (Hametner et al., 2013). Therefore, iron-chelating therapies for
MS patients may not be of therapeutic utility.

EAE was first described in 1930s and is still widely used as an ex-
perimental model of MS. Typically, sensitization to myelin antigens in
EAE happens by using an adjuvant, consisting of bacterial components
that are extremely capable of triggering the innate immune system
through pattern recognition receptors (Constantinescu et al., 2011).
The EAE pathogenic events have been summarized as follows:

In the peripheral blood circulation, T cells become activated as a
result of an encounter to an infectious antigen or a superantigen (mi-
crobial antigens with potent T cell stimulatory effect) (Fletcher et al.,
2010; Kotzin et al., 1993). Activated T cells can produce inflammatory
cytokines and are capable of being differentiated into Th1 or Th17 cells
(Constantinescu et al., 2011). They can also up-regulate integrins such
as VLA-4 that are necessary for leukocytes adhesion to VCAM-1 on the
inflamed endothelium leading to the leukocytes extravasation through
the BBB (Leger et al., 1997). Then B cells, monocytes and macrophages
reach the CNS by crossing the permeabilized BBB and encounter the
antigens probably derived from myelin. As a result, autoreactive T cells
reactivate, differentiate and produce inflammatory cytokines including
IFN-γ, and some interleukins (IL-17, IL-22, IL-21) that attract more
inflammatory cells into the CNS (Constantinescu et al., 2011). B cells
can contribute to the pathology of EAE, via complement activation,
cytokine cytotoxicity and generation of nitric oxide, ROS and reactive
nitrogen species (Hemmer et al., 2006). Consequently, myelin de-
struction, lack of regeneration potential and axonal injury can lead to
neuronal death followed by the appearance of EAE symptoms.

3. Pharmacology

3.1. Flavonoids

Flavonoids are naturally occurring polyphenolic compounds found
in many plants. The basic structure of flavonoids consists of 15-carbon
skeleton containing two fused rings, named A and B linked via an
oxygen-containing heterocyclic C ring (Raffa et al., 2017). Flavonoids
display several biological activities including anti-oxidant, anti-micro-
bial, anti-cancer, anti-angiogenic, immunomodulatory, anti-allergic
(Shakeri et al., 2016), and neuroprotective in neuronal insults

(Haghmorad et al., 2017). Flavonoids have positive effects during the
pathogenesis of MS and EAE because of their potent inhibitory effect on
proliferation of auto antigen specific T cells and IFN-γ production
(Verbeek et al., 2005). Capparis ovata, as a rich source of flavonoids,
suppressed the development of EAE in C57BL/6 mice via down-reg-
ulating some inflammatory genes such as IL-6, CCL5, CXCL10, CXCL9,
NF-κB, and TNF-α (Ozgun-Acar et al., 2016).

3.1.1. Hesperidin
Hesperidin (3,5,7-trihydroxy flavanone-7-rhamnoglucoside), is a

flavonoid glycoside isolated from the rinds of some Citrus species such
as sweet orange and lemon (Sun et al., 2017). Considering the im-
portant role of oxidative stress in the pathogenesis of EAE, hesperidin as
a strong anti-oxidant flavonoid, may show neuroprotective activity in
diseases like MS. Hesperidin prevents the oxidative stress, decreases
lipid peroxidation and inhibits immunological and histological damage
caused by EAE (Ciftci et al., 2015). EAE development in C57BL/6 mice
can be suppressed by hesperidin in a dose-dependent manner via re-
ducing proinflammatory cytokines (TNF-α, IL-6 and IL-17) and evoking
the polarization of CD4+ T cells to regulatory T cells. This inhibits auto-
reactive T cells proliferation and migration into the CNS (Haghmorad
et al., 2017).

3.1.2. Genistein
Genistein (4′,5,7-trihydroxy isoflavone), an isoflavone with phy-

toestrogenic properties, has different biological effects including anti-
cancer, anti-angiogenic, anti-oxidant, anti-inflammatory, anti-nocicep-
tive and neuro-protective (Hu et al., 2017). Genistein oral administra-
tion in the early phase of EAE, decreased the severity of the disease via
inhibiting T cells proliferation, decreasing IFN-γ, IL-12 and TNF-α
(Jahromi et al., 2014) and increasing IL-10 secretion (Jahromi et al.,
2014; Razeghi et al., 2009). A lipophilic analog of genistein has reduced
CTLA-4 expression, elevated IL-10 production and decreased IFN-γ and
IL-6 as well (Castro et al., 2012).

3.1.3. Silymarin
Found in the seeds of Silybum marianum, this flavanolignan mixture

includes silibinin, isosilibinin, silicristin and silidianin. In a study by
Gharagozloo et al., silymarin had immunosuppressive effects through
PI3K/Akt/mTOR pathway by preventing the phosphorylation of
p70S6K and p-S6 proteins (Gharagozloo et al., 2013). Silymarin is able
to suppress the secretion of Th1 related cytokines such as IL-2, IFN-γ,
and TNF-α (Gharagozloo et al., 2010; Esmaeil et al., 2017). It has been
shown that silibinin, as one of the main bioactive compounds of sily-
marin, has significant effects on EAE through reducing histological
signs of inflammation and demyelination, down-regulating the secre-
tion of proinflammatory Thl cytokines in vivo and up-regulating Th2
cytokines in vitro (Min et al., 2007).

3.1.4. Naringenin
Naringenin was found effective in delaying the seizure onset, ame-

liorating induced morphological brain alterations, and protecting neu-
rons in the model of Alzheimer's and Parkinson's disease (Hegazy et al.,
2016; Copmans et al., 2017). This compound attenuates the symptoms
of EAE and lowers demyelination and cell infiltration in the spinal cord.
Besides, decreased Th1, Th9, and Th17 cells and their transcription
factors T-bet, PU.1, and ROR-γt were observed in the CNS of nar-
ingenin-treated EAE mice (Wang et al., 2018a).

3.1.5. Baicalin
Baicalin has been isolated from the roots of Scutellaria baicalensis, a

plant widely used in Asia for treating inflammation, hypertension and
viral and bacterial infections (Li-Weber, 2009). This compound can
suppress EAE development in SJL/J mice and rats through inhibiting
IFN-γ, inducing IL-4 (Zeng et al., 2007a) and promoting inflammatory
cells apoptosis in the spinal cord (Xu et al., 2011). It also regulates Th1
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and Th17 cells differentiation and activity with no effects on Th2, Treg
cells and IL-4 levels (Zhang et al., 2015).

3.1.6. Icariin
Icariin is a flavonoid glucoside that is isolated from Epimedium spp

(Berberidaceae) (Shen et al., 2015) and is considered as a primary ac-
tive compound of Epimedium extracts with neuroprotective and es-
trogen-like effects (Becher et al., 2002). Thus, it may have a therapeutic
role in treating neurodegeneration (Zhang et al., 2014a). Icariin can
decrease IL-17 and IFN-γ expression in the CNS and peripheral lym-
phoid organs of mice (Shen et al., 2015). It alleviates inflammatory
infiltration and decreases BBB leakage of paracellular tracer either
(Shen et al., 2015). Icariin has a role in oligodendrogenesis promotion,
neurotrophic factors expression enhancement and axonal remyelination
(Zhang et al., 2017). A recent study by Wei et al. represented the sy-
nergy between icariin and methyl prednisolone in reducing the levels of
IL-17 and corticosterone concentration, up-regulating glucocorticoid
receptor expression in cerebral white matter and increasing anti-
apoptotic and anti-inflammatory effects of methyl prednisolone. This
synergy might help to reduce methyl prednisolone dose and side effects
for EAE treatment (Wei et al., 2015).

3.1.7. Epimedium flavonoids
Epimedium flavonoids (EF) are derived from Epimedium brevicornum

(Berberidaceae). Intragastric administration of EF in rats has reduced
the EAE clinical score, alleviated demyelination, prevented astrocyte
activation and protected the myelin sheath (Yin et al., 2012). EF
treatment has led to a reduced myelin breakdown in the corpus cal-
losum of cuprizone-induced demyelination in C57BL/6 mice (Liang
et al., 2015). Therefore, as natural compounds with neuroprotective
effects, Epimedium flavonoids worth further investigation as potential
anti-MS drugs.

3.2. Licochalcone A

Licochalcone A is an oxygenated chalcone that can be obtained from
the roots of Glycyrrhiza spp, specially from Glycyrrhiza inflata. This
compound may be able to prevent the inflammatory processes involved
in EAE since it can inhibit IFN-γ and TNF-α (Barfod et al., 2002; Chu
et al., 2012), reduce iNOS induction (Furusawa et al., 2009) and hinder
STAT-3 activation (Funakoshi-Tago et al., 2008). Fontes et al. reported
that in vitro treatment of EAE mice splenocytes by licochalcone A in-
hibits IFN-γ, IL-17, TNF-α, H2O2 and NO production; also, in vivo
treatment reduces the clinical score, disease severity and IL-17, IFN-γ
and TNF-α in the peritoneal cells (Fontes et al., 2014).

3.3. Curcumin

Isolated from the rhizomes of turmeric (Curcuma longa), curcumin
has been used as a coloring and flavoring spice in foods as well as a
wound healing agent for centuries (Xie et al., 2009). Some studies have
reported the ameliorative effect of curcumin on EAE by reducing IL-6,
IL-21 and Th17 cells differentiation (Xie et al., 2009). Curcumin can
lower IL-12 and IL-23 secretion as well as IFN-γ and IL-17 in the CNS
and lymphoid organs (Kanakasabai et al., 2012). A dose-dependent
decrease in the secretion of IFN-γ, IL-12, IL-17 and IL-23 was observed
after ex vivo and in vitro treatment of cultured spleen cells with cur-
cumin. The EAE ameliorative effect of this compound was also found to
be associated with an up-regulation of IL-10, PPAR-γ and
CD4+CD25+- Foxp3+ Treg cells in the CNS and lymphoid organs
(Kanakasabai et al., 2012). Curcumin can also inhibit the apoptosis in
the spinal cord both in the acute and chronic stage of EAE by preventing
the expression of activated caspase 3, caspase 9 and cytochrome-c (Feng
et al., 2014).

3.4. Arctigenin

Arctigenin from Arctium lappa, represents its anti-inflammatory ef-
fects through suppressing proinflammatory cytokines (Li et al., 2016a).
This compound can inhibit Th1 and Th17 cells in peripheral immune
organs in vivo as well as IFN-γ, IL-17A and IL-17F both in vitro and in
vivo (Li et al., 2016a). The ability of arctigenin for AMPK activation,
PPAR-γ up-regulation, phosphorylated p38 inhibition and ROR-γt sup-
pression prevents Th17 cells differentiation and ameliorates EAE (Li
et al., 2016a).

3.5. Resveratrol

Resveratrol (3,5,4′-trihydroxystilbene) is a stilbenoid compound
that possess C6–C2–C6 structure. Stilbenoids are a group of phytoa-
lexins which are found in several plant species, grapes, mulberries, nuts
and teas (Dvorakova and Landa, 2017). They are known for diverse
biological effects including anti-inflammatory, anti-tumor, anti-
atherogenic, anti-viral and, more recently, neuroprotective effects
(Riviere et al., 2012). Resveratrol, is well known for its anti-in-
flammatory, anti-cancer, anti-oxidant, anti-aging and anti-microbial
activities with no major side effects (Wang et al., 2016). The neuro-
protective activities of this compound in neurodegenerative and im-
mune-mediated diseases is through decreasing IL-2, IL-6, IL-8, IL-12,
IFN-γ, TNF-α, and GM-CSF (granulocyte-macrophage colony-stimu-
lating factor) (Ghaiad et al., 2017; Imler and Petro, 2009). Sometimes,
the risk of autoimmune diseases like EAE and MS is increased when the
activity of the effector cells such as Th17 is excessive and not balanced
by regulatory cells. It was reported that although resveratrol increases
the development of Th17, it also increases the development of reg-
ulatory T cells in the CNS (Petro, 2011). Resveratrol reduces the se-
verity of EAE by increasing the development of lymphocyte subsets, IL-
17+/IL-10+ T cells and CD4−/IFN-γ+ cells, repressing macrophage IL-
6 expression and enhancing the expression of IL-17 (Imler and Petro,
2009). Wight et al. reported that resveratrol suppresses the develop-
ment of EAE via preventing the development of Th1 and Th17 cells
(Wight et al., 2012). SIRT1, a member of the sirtuin family proteins, is a
mammalian deacetylase with a key role in innate immunity through the
suppression of proinflammatory cytokines production in dendritic cells
and macrophages (Jia et al., 2018). The neuroprotective effect of
SRT501 (a pharmaceutical formulation of resveratrol) in EAE optic
nerves and spinal cords was attributed to activating SIRT1 accompanied
by promoting neuronal survival and suppressing apoptotic pathways
(Shindler et al., 2010). Similarly, SRT501 prevents neuronal damage in
chronic EAE (Fonseca-Kelly et al., 2012). In contrast, Sato et al. have
reported that resveratrol significantly exacerbates demyelination and
inflammation with no neuroprotection in the central nervous system in
EAE models that may be related to the enhanced infiltration of in-
flammatory cells across the blood brain barrier (Sato et al., 2013).

3.6. Plumbagin

Plumbagin is a bicyclic naphthoquinone found in the roots of
Plumbago zeylanica. It can also be isolated from the plants of
Dioncophyllaceae, Droseraceae, Plumbaginaceae and
Ancistrocladaceae. Plumbagin controls encephalitogenic T cell re-
sponses and ameliorates mouse EAE through down-regulation of JAK/
STAT pathway. It selectively inhibits IFN-γ and IL-17 production by
CD4+ T cells via inhibiting the phosphorylation of JAK1 and JAK2.
Plumbagin suppressed STAT1/STAT4/T-bet pathway as well as STAT3/
ROR pathway which are critical for Th1 and Th17 differentiation, re-
spectively. Moreover, it suppressed proinflammatory molecules such as
iNOS, IL-6 and IFN-γ, and inhibited IkBα degradation and phosphor-
ylation (Jia et al., 2011). Plumbagin hinders the differentiation, ma-
turation, and function of human monocyte-derived DCs and restricts the
expression of Th1- and Th17-polarizing cytokines in mature DCs. This
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compound has improved the clinical severity of EAE in mice, including
CNS inflammation and spinal demyelination (Zhang et al., 2014b).
Fig. 1 demonstrates the chemical structures of flavonoids, chalcones,
diarylheptanoids, lignans, stilbenoids and quinones with neuroprotec-
tive and EAE ameliorative activity.

3.7. Glucomoringin

Glucomoringin (GMG) (Fig. 2), which is mostly found in the seeds of

Moringa oleifera (Moringaceae) is a glucosinolate compound that re-
leases moringin (glucomoringin isothiocyanate) through a hydrolysis
reaction catalyzed by myrosinase enzyme. A recent study has demon-
strated the ability of moringin to ameliorate EAE through a decrease in
TNF-α expression and ROS generation. It is able to attenuate the his-
tological EAE score, demyelination, axonal loss and cellular apoptotic
death mechanisms (Galuppo et al., 2014). Further, pre-treating EAE
mice with this compound has reversed the abnormal Wnt-β-catenin
signaling, leading to a lower GSK3β and CK2α levels and thus

Fig. 1. Phenolic compounds (flavonoids, chalcones, diarylheptanoids, lignans, stilbenoids, and quinones) with EAE ameliorative activity in animal models.
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suppressed the activation of EAE-associated regulatory T cells
(Giacoppo et al., 2016). It has also reduced the proinflammatory
mediators IL-6, IL-1β and COX2 due to the up-regulation of PPARγ
expression (Giacoppo et al., 2016).

3.8. Osthole

Osthole (7-methoxy-8-(3-methyl-2-butenyl)-2H-1-benzopyran-2-
one) (Fig. 2), is one of the active coumarin compounds identified in the
plant Cnidium monnieri (Wang et al., 2018b). Anti-inflammatory, im-
muno-modulatory and neuroprotective activities of osthole has been
shown in inflammatory diseases like arthritis and hepatitis (Li et al.,
2014). The effects of osthole on EAE demyelination were investigated
by Chen et al. They have shown that osthole retarded the disease onset
and attenuated the clinical severity along with the reduction of NGF
and inhibition of IFN-γ expression in EAE mice (Chen et al., 2010). It
was also shown that bone marrow derived neural stem cells (BM-NSCs)
transplantation plus osthole pre-treatment suppressed EAE and showed
significant advantages over conventional BM-NSC therapy (Gao et al.,
2014).

3.9. Alkaloids

Structurally, more than 3000 alkaloids have been identified from
plants. These nitrogen-containing compounds are most commonly de-
rived from amino acid starting materials (Dey et al., 2018). Some al-
kaloids have demonstrated anti-inflammatory activities through sup-
pressing inflammatory cytokines, inhibiting NF-κB activation and
attenuating inducible nitric oxide synthase and cyclooxygenase-2
(Hardardottir et al., 2015). The chemical structures of alkaloids with
EAE ameliorative effect has been demonstrated in Fig. 3.

3.9.1. Huperzine A
Huperzine A is a sesquiterpene alkaloid that is isolated from

Huperzia serrata. This compound ameliorates EAE through down-reg-
ulating mRNA levels of the IFN-γ, IL-17 and proinflammatory chemo-
kines (MCP-1, RANTES, and TWEAK) and up-regulating anti-in-
flammatory cytokines (IL-4 and IL-10) in the spinal cords of EAE mice
(Wang et al., 2012). In another study by Tian et al., huperzine A im-
proved the clinical signs of EAE by lowering the chemokine CCL2
production and proinflammatory cytokines expression (TNF-α, IL-6,
and IL-1β) in the spinal cords of EAE mice (Tian et al., 2013).

3.9.2. Matrine
Matrine is able to decrease demyelination and inflammation in EAE

through different mechanisms such as suppressing the production of
proinflammatory cytokines IL-2, IL-6, TNF-α (Cheng et al., 2006; Li
et al., 2010; Zhang et al., 2008), IL-17 and IL-23 (Zhao et al., 2011).
This compound reduces the expression of CCL3, CCL5, ICAM-1, VCAM-
1, TLR4 and MD-2 (Kan et al., 2013) and regulates glutamate-related
molecules (Kan et al., 2014). Other EAE ameliorative mechanisms
comprise improving BBB integrity (Zhang et al., 2013), reducing oli-
godendrocytes apoptosis (Zhu et al., 2016) and preventing neuro-

axonal injury. Matrine is able to reduce serum myelin antigens, the
effect that is beneficial for continuous CNS attacks inhibition (Ellwardt
and Zipp, 2014).

3.9.3. Berberine
Berberine can be isolated from many Berberidaceae species like

Berberis and Coptis. It is used as an anti-inflammatory agent especially
for the inflammation of the oral cavity in the Chinese herbal medicine
(Kuo et al., 2004). Oral administration of berberine at the disease onset
can be effective in reducing demyelination, severity and clinical score
of EAE. It alleviates the permeability of BBB by suppressing the en-
hanced expression of MMP-9 in the brain and CSF of EAE mice (Ma
et al., 2010). Berberine can regulate the activation and differentiation
of Th17 and to a lesser level Th1 cells (Qin et al., 2010), reduce IκB and
P65 phosphorylation and suppress IL-6 production (Qin et al., 2010).

3.9.4. Berbamine
This alkaloid compound from Berberis vulgaris has inhibited IFN-γ in

CD4+ T cells and decreased T cell proliferation in EAE mice (Ren et al.,
2008). It is worth considering that this compound has no therapeutical
effects on IFN-γ receptor gene knockout mice, therefore, IFN-γ antag-
onism might be the possible mechanism of berbamin beneficial out-
comes (Ren et al., 2008).

3.9.5. Sinomenine
Sinomenine from Sinomenium acutum ameliorates EAE via de-

creasing the expression levels of both TNF-α and IFN-γ and increasing
the CC chemokines including RANTES, MCP-1, and MIP-1α in the
spinal cord (Zeng et al., 2007b). It reduces iNOS production in the
spinal cord of EAE rats by T-bet/IFN-γ suppression (Gu et al., 2012). A
new derivative of sinomenine (1032) improves EAE symptoms by
lowering encephalitogenic T cells responses and suppressing Th17, IFN-
c and TNF-α (Yan et al., 2010).

3.10. Terpenoids

Terpenoids, as the largest and most diverse group of natural pro-
ducts, possess the anti-bacterial, anti-inflammatory and anti-tumor ac-
tivities (de las Heras and Hortelano, 2009). Considering the number of
building blocks, terpenoids are categorized as hemi-, mono-, sesqui-,
di-, ses-, tri-, tetra- and poly-terpenoids that have 5, 10, 15, 20, 25, 30,
40 and > 45 carbons in their structures, respectively (Ku and Lin,
2013). The immunomodulatory activity of some monoterpenoids, ses-
quiterpenoids, diterpenoids, triterpenoids, and saponins (Fig. 4) has
been reported.

3.10.1. Cornel iridoid glycosides
Cornel iridoid glycosides (CIG) are a type of monoterpenoids in the

general form of cyclopentanopyran. Intragastric administration of CIG
alleviates EAE by delaying the onset and reducing its severity and in-
cidence (Yin et al., 2014). This effect is mediated through different
mechanisms such as preventing microglia activation and NF-κB ex-
pression, promoting remyelination (Yin et al., 2014) as well as blocking
the down-regulation of BDNF and NGF expression in the spinal cord
(Qu et al., 2016).

3.10.2. Thymoquinone
Isolated from the oil of Nigella sativa seeds, this compound has de-

monstrated EAE ameliorative effects. Mohamed et al. have shown that
thymoquinone administration is able to improve EAE symptoms in
Lewis rats through increasing GSH level in the spinal cord and as a
consequence decreasing oxidative stress. Thymoquinone-treated rats
had no perivascular inflammation and exhibited mild or improved
clinical symptoms (Mohamed et al., 2003). Another study by Spate
et al. has shown similar effects in C57BL/6 J mice. Thymoquinone
treatment in these animals resulted in an increased GSH level and

Fig. 2. The glucosinolate compound, glucomoringin (left) and coumarin com-
pound, osthole (right) with EAE ameliorative activity in animal models.
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reduced clinical symptoms (Spate et al., 2010).

3.10.3. Carvacrol
As a phenolic monoterpene, carvacrol reduces IFN-γ, IL-6 and IL-17

production in splenocytes and enhances the anti-inflammatory cyto-
kines TGF-β, IL-4 and IL-10 production. Carvacrol-treated mice indicate
a lower body weight loss and decreased inflammatory infiltration into
the spinal cord that leads to EAE amelioration (Mahmoodi et al.,
2019a).

3.10.4. β-Elemene
Elemene is an anti-tumor drug found in the ginger plant Rhizoma

zedoariae. There is a combination of α-, β- and δ-elemene in the extract
of elemene, however, the β isoform is the main component (Zhang
et al., 2010). β-elemene exerts anti-cancer effects (Fu, 1984; Tan et al.,
2000; Wang et al., 1996) and is able to improve immunity (Wu et al.,
1999). A recent study has shown its potency to ameliorate the course of
EAE in C57BL/6 mice (Zhang et al., 2011). β-elemene has the ability to
inhibit ROR-γt, IL-23 and IL-6 production both in vivo and in vitro,
which is considered as a regulatory mechanism in this disease. A de-
crease in IL-6 production can inhibit the differentiation of Th17 cells as
well (Zhang et al., 2011). It can promote regulatory T cells expansion
which may play a key role in decreasing peripheral immune response to
myelin oligodendrocyte glycoprotein (MOG) (Zhang et al., 2011). These
effects result in less severe neurological deficits and abnormalities
(Zhang et al., 2011).

3.10.5. Artemisinin
Artemisinin, a sesquiterpene lactone isolated from Artemisia annua,

is best known for its anti-malarial activity due to the peroxide bridge
(Yao et al., 2016). Artemisinin and its analogues not only possess anti-
malarial activity, but also other pharmacological effects that are ben-
eficial especially in treating immune-related diseases (Yao et al., 2016).
For example, SM933, a derivative of artemisinin, is able to prevent NF-
κB activity and regulate the Rig-G/JAB1 pathway that prevents en-
cephalitogenic T cells proliferation (Wang et al., 2007). SM934, a water
soluble derivative, has been effective for autoimmune responses in
systematic lupus erythematosus (Hou et al., 2011, 2012). SM934
treatment ameliorates EAE by increasing Treg cells differentiation and

expansion besides preventing Th1 and Th17 responses (Li et al., 2013).

3.10.6. β-caryophyllene
β-caryophyllene has potential anti-inflammatory (Veiga et al.,

2007), neuroprotective (Assis et al., 2014) and analgesic (Klauke et al.,
2014) properties. It has been shown that (E)-β-caryophyllene is a major
constituent in the Cannabis essential oil; this may help to the effect of
Cannabis preparations, such as Sativex® in managing the neuropathic
pain of MS (Gertsch et al., 2008). Fontes et al. indicated the im-
munomodulatory effects of β-caryophyllene both ex vivo and in vivo.
They showed that treating fresh splenocytes of EAE mice with this
compound at 20 and 40 μM can significantly prevent the production of
H2O2, NO and inflammatory cytokines such as IFN-γ, TNF-α and IL-17.
β-caryophyllene decreases the clinical score, inhibits the production of
inflammatory cytokines, reduces inflammatory infiltration into the CNS
and ameliorates the neurological damages of EAE mice (Fontes et al.,
2017).

3.10.7. Triptolide
Triptolide is a diterpenoid triepoxide and the major active com-

pound of Triptergium wilfordii (Fu et al., 2006; Kizelsztein et al., 2009;
Wang et al., 2008). Intraperitoneal (i.p.) administration of this com-
pound reduces demyelination and inflammation in the CNS of mice.
This action is mediated through several mechanisms such as preventing
mRNA expression of Th1/ThIL-17 and Th2 cytokines in spleen mono-
nuclear cells and spinal cord tissues, up-regulating Foxp3 expression
and preventing NF-κB nuclear translocation (Wang et al., 2008).

Triptolide can prevent IFN-γ production and decrease the expression
of IL-12, IL-6 and TNF-α (Chitnis and Khoury, 2003; Powell et al., 1990;
Samoilova et al., 1998). ]. mRNA expression of IL-23 and IL-17 has been
down-regulated by this compound leading to an inhibition in multiple
inflammatory pathways and T cell activation, respectively (Wang et al.,
2008). Oral administration of triptolide reduces in vivo mRNA expres-
sion of Th1/Th17 cytokines significantly. It also induces biased Th2
immunity and attenuates inflammatory Th1/Th17 immune responses in
the CNS. Protein levels and HSP70 gene transcript increase significantly
in the CNS of EAE animals treated with triptolide, which can be a good
strategy to confront neurodegenerative diseases (Kizelsztein et al.,
2009). HSPs can also regulate general immune response (Pockley,

Fig. 3. Alkaloid compounds with EAE ameliorative activity in animal models.
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2003), neuroprotection and tissue repair in EAE (Galazka et al., 2006;
Ousman et al., 2007). However, triptolide further medical and clinical
application is limited because of its toxicity (Hikim et al., 2000; Huynh
et al., 2000). (5R)-5-hydroxytriptolide also called LLDT-8 has been
synthesized from triptolide and possesses immunosuppressive activity
and less cytotoxicity (Zhou et al., 2005). It suppresses the production of
IL-6 and TNF-α or other factors such as nitric oxide in the macrophages
(Zhou et al., 2005, 2006) which can help to the therapeutic effects of

LLDT-8.

3.10.8. Andrographolide
Andrographolide is the major diterpenoid component of

Andrographis paniculata extract (Iruretagoyena et al., 2005) and has a
regulatory effect on immune responses (Calabrese et al., 2000;
Rajagopal et al., 2003). It is able to inhibit DCs function that results in a
down-modulation of T cell-mediated immunity in C57BL/6 mice

Fig. 4. Terpenoid and saponin compounds with EAE ameliorative activity in animal models.

L. Mohtashami, et al. Neurochemistry International 129 (2019) 104516

7



(Iruretagoyena et al., 2005). Previous studies showed that andro-
grapholide reduces the incidence and also clinical severity of EAE in the
early phase (Iruretagoyena et al., 2005). Lower IFN-γ and IL-2 release in
response to myelin oligodendrocyte glycoprotein, has been observed in
andrographolide-treated mice (Iruretagoyena et al., 2005). Andro-
grapholide may impair the generation of peptide-MHC complexes and
reduce the efficiency of DC maturation (Iruretagoyena et al., 2005). It
can also bind directly to p50 and inhibit NF-κB dimerization (Xia et al.,
2004) which impairs the capacity of DCs to stimulate effector T cells
and increases their tolerogenic properties. All these mechanisms result
in the EAE amelioration (Iruretagoyena et al., 2006).

3.10.9. Carnosol
Carnosol significantly decreases demyelination process, in-

flammatory cells infiltration into the CNS, Th17 cells differentiation,
and encephalitogenicity in the acute stage of EAE. In the chronic phase,
carnosol changes the phenotypes of infiltrated macrophage/microglia
to the immunoregulatory ones and induce myelin protein regeneration
(Li et al., 2018). However, there is only a rare inflammatory infiltration
in the CNS of both PBS- and carnosol-treated mice, proposing that
neuroinflammation is not the major pathogenesis in the chronic stage
(Li et al., 2016b).

3.10.10. Oleanolic acid
Oleanolic acid (OA) and OA containing extracts exert im-

munomodulatory properties and ameliorate neuroinflammation and
EAE (Tran et al., 2008; Martin et al., 2010). OA and erythrodiol, two
natural triterpenes, improve EAE symptoms in C57BL/6 mice by in-
hibiting leptin production, decreasing the leukocytes infiltration into
the CNS, increasing anti-inflammatory cytokines levels and suppressing
IL-17 and IFN-γ expression in the spinal cord (Martin et al., 2012). OA
synthetic derivative, CDDO-TFEA, has led to a significant alleviation of
EAE clinical symptoms as well. This effect was mediated by inducing
Nrf2 expression and signaling in peripheral lymphocytes and affected
CNS tissues, direct protection of the myelin and suppression of Th1 and
Th17mRNA (Pareek et al., 2011).

3.10.11. Boswellic acids
Boswellic acids can inhibit the release of LTB4 and C4 from intact

human PMNLs. These pentacyclic tritepenes can be isolated from the
gum resin of Boswellia serrata. Daily i.p. administration of the extract of
mixed acetylboswellic acids at 20mg/kg has remarkably decreased the
clinical symptoms of EAE in guinea pigs. However, the inflammatory
infiltrates in the CNS of treated animals were not significantly less ex-
tensive in comparison to the control group. The multiple i.p. adminis-
tration of boswellic acids could not prevent the ionophore-challenged
ex vivo release of LTB4 and LTC4 from the PMNLs. Thus, boswellic acids
may be considered as in vitro potent inhibitors of the LTs biosynthesis
(Wildfeuer et al., 1998). Sturner et al. showed that acetyl-11-keto-β-
boswellic acid (AKBA) decreases Th17 differentiation in vitro and
slightly increases Th2 and Treg cells differentiation without a clear
effect on Th1 differentiation. Considering the important role of Th17 in
the pathogenesis of autoimmune diseases such as MS, AKBA may be a
potential therapeutic candidate for this disease (Stürner et al., 2014).

3.10.12. Celastrol
Celastrol was first isolated from T. wilfordii, indicating a therapeutic

effect in inflammation-related diseases. Intraperitoneal administration
of celastrol can attenuate EAE by inhibiting pathogenic Th17 responses
(Wang et al., 2015), down-regulating the mRNA expression of IL-17 and
IFN-γ, and up-regulating the mRNA expression of IL-4 in the spinal cord
(Yang et al., 2017). Optic neuritis which is defined as the inflammation
of optic nerve, can be due to the focal inflammation associated with
demyelination (Soderstrom, 2001). Celastrol administration can protect
the optic nerve by decreasing IFN-γ, TNF-α, IL-1β, and IL-17 expression,
increasing IL-4 expression and reducing microgliosis and retinal gang-
lion cells apoptosis (Yang et al., 2017).

3.11. Saponins

3.11.1. Diosgenin
Diosgenin is extracted from different herbs like Dioscorea villosa,

Trigonella foenum-graecum and Solanum incanum (Xiao et al., 2012). It is
used as a precursor to synthesize different steroidal drugs in the phar-
maceutical industry (Scott et al., 2001). Diosgenin improves OPCs dif-
ferentiation to mature oligodendrocytes in vitro through an estrogen
receptor-dependent pathway without any effects on their proliferation,
migration and viability (Xiao et al., 2012). An accelerated remyelina-
tion in cuprizone-treated mice has also been observed which might be
due to its prodifferentiation effects on the OPCs (Xiao et al., 2012).

3.11.2. Periplocoside
Periplocoside A is a pregnane glycoside isolated from the traditional

Chinese herbal medicine Periploca sepium. It inhibits IL-17 production
and Th17 cells differentiation (Zhang et al., 2009). In vivo studies in-
dicated that periplocoside E hinders EAE through suppressing IL-12-
dependent CCR5 expression and IFN-c-dependent CXCR3 expression in
T lymphocytes (Zhu et al., 2006).

3.11.3. Astragaloside IV

Astragaloside IV from the widely used herb, Astragalus membrana-
ceus has significantly attenuated the EAE severity. The results of an
experiment by He et al. indicated that astragaloside IV is able to sup-
press the cytokine secretion of Th1 and Th17 from CD4+ cells of EAE
mice. Moreover, treating EAE mice with this compound can reduce
monocytes infiltration into the anterior median fissure region of the
spinal cord and improve demyelination and BBB leakage. All these
happen as a result of ROS prevention, pro-inflammatory cytokines re-
duction, and elevation of p53, iNOS and phosphorylated tau in the CNS
(He et al., 2013).

3.12. Cannabinoids

Cannabis sativa has been recognized as a therapeutic agent for
centuries. It was used as a muscle relaxant, analgesic and appetite sti-
mulant in the 19th century. In the early 20th century, Cannabis was
used to ameliorate the symptoms of various diseases like rheumatism
and epilepsy. However, the use of this plant as a therapeutic agent
decreased due to the abuse possibility and discovery of more effective
drugs for the mentioned diseases (Klein, 2005). Recently, there exists an
increasing interest for employing cannabinoid-based drugs and dif-
ferent Cannabis extracts to control and treat MS symptoms. Some of
these preparations are being studied clinically as a result of their pro-
mising pharmacological effects. At present, the standardized extract of
whole-plant Cannabis is in access for clinical research. This is crucial
since different phytochemicals (such as cannabidiol and various ter-
penoids and flavonoids) may have an ameliorative effect or a sy-
nergistic activity. Sublingual administration of Cannabis medicinal ex-
tract (Sativex®) can improve spasm, spasticity and pain in some patients
with multiple sclerosis and may help to reduce poor appetite and sleep

Fig. 5. Cannabinoid compounds with EAE ameliorative activity in animal
models.
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(Wade et al., 2003, 2004). Also, delta-9-tetrahydrocannabinol as an
active constituent of Cannabis, was shown to improve the ratings of
spasticity in 13 patients with MS at doses greater than 7.5mg
(Ungerleider et al., 1987). It is believed that cannabidiol may regulate
the unwanted effects of tetrahydocannabinol (McPartland and Russo,
2001); however, the MS amending effects of cannabidiol as an im-
portant phytochemical present in the Cannabis extract has not been
investigated in clinical studies.

3.12.1. Cannabidiol
Cannabidiol is a non-psychoactive cannabinoid compound (Fig. 5)

and the major Cannabis-derived non-CB1/CB2 receptor ligand
(Showalter et al., 1996) with immunomodulatory activities (Kozela
et al., 2011). Systemic administration of cannabidiol during the EAE
onset ameliorates the clinical signs and delays the disease progression.
Moreover, treated mice have lesser axonal damage, weaker inflamma-
tion and fewer CD3+ infiltrates in their spinal cord (Kozela et al.,
2011). Cannabidiol is able to inhibit FAS pathway activation, reduce
cleaved-caspase 3 expression levels, prevent mitochondrial perme-
ability alteration and thus, results in the absence of apobody formation
in the spinal cord of treated EAE mice (Giacoppo et al., 2015a). Inter-
estingly, topical treatment with cannabidiol cream reduces the clinical
score, demyelination and axonal loss in the spinal cord. Cannabidiol
confronts the EAE-induced damage by decreasing the release of CD4
and CD8α T cells and the expression of various direct or indirect
markers of inflammation including p-selectin, GFAP, TGF-β, Foxp3,
TNF-α, and IFN-γ (Giacoppo et al., 2015b).

3.12.2. HU-210 (1,1-dimethylheptyl-11-hydroxytetrahydrocannabinol)
Aarabi et al. have shown the ameliorative effect of HU-210 (Fig. 5)-a

CB1 receptor ligand-on EAE. This compound has reduced the clinical
score as well as the serum levels of TNF-α and IL-12 and increased the
serum level of IL-4 as an anti-inflammatory cytokine (Aarabi et al.,
2011).

3.13. Powders, extracts and oils

Various plants powders including Nigella sativa (Fahmy et al., 2014;
Noor et al., 2015) and Vaccinium ashei (Xin et al., 2012), extracts in-
cluding Achillea millefolium (Vazirinejad et al., 2014), Crocus sativus
(Ghazavi et al., 2009), Olea europaea (Miljkovic et al., 2009), Hymenaea
courbaril (Miyake et al., 2006), Zingiber officinale (Jafarzadeh et al.,
2014), Clerodendrum splendens (Kouakou et al., 2013), Helleborus pur-
purascens (Horstmann et al., 2008) and Thymus vulgaris (Mahmoodi
et al., 2019b), essential oils such as copaiba oil (Dias et al., 2014) and
fatty oils like omega-6 fatty acid-rich lipid (Harbige et al., 2000) or
sesame oil (Mosayebi et al., 2007) have represented different levels of
EAE improvement. Table 1 summarizes the study design and EAE
ameliorative effects of natural products in animal studies.

5. Discussion and conclusion

Bioactive natural products have opened new horizons in treating
some neurodegenerative diseases as a result of their efficacy, multi-
mechanistic modes of action and potential safety. This review article
has illustrated the potency of some natural products in alleviating EAE
symptoms as an animal model for MS. Literature data review showed
that natural products can improve EAE symptoms through different
mechanisms like reducing the oxidative stress, decreasing demyelina-
tion and inflammation in the CNS, protecting the BBB, and enhancing
remyelination.

The anti-inflammatory effects are usually due to decreasing proin-
flammatory and inflammatory cytokines, up-regulating anti-in-
flammatory factors and suppressing the infiltration into the CNS. NF-κB
is among the master regulatory transcription factors that control the
activity of inflammatory cells including macrophages, T cells and

microglia (Cramer et al., 2014). Its activation in inflammatory cells,
including microglia/macrophages and T cells leads to inflammation and
EAE development. In contrast, NF-κB activation in neurons and oligo-
dendrocytes protects them against inflammation (Yue et al., 2018).
Data review indicated that cornel iridoid glycosides, artemisinin, trip-
tolide and andrographolide can inhibit the activation of this factor and
as a result possess strong anti-inflammatory activity. Matrine, icariin,
berberine, and astragaloside IV improve the BBB integrity which is
another important mechanism in EAE attenuation because it can sup-
press B cells, monocytes and macrophages to enter the CNS and lowers
inflammation. Moreover, the clinical severity of MS is related to the
degree of BBB disruption (Cramer et al., 2014).

Currently, there are two natural-isolated drugs present in the
market for treating MS symptoms, Gilenya® and Sativex®. The devel-
opment of Gilenya® (fingolimod) happened by investigating the active
sites of natural immunosuppressive molecule, myriocin. Replacing the
lipophilic side chain with a straight alkane, simplification of the chiral
head group (Fujita et al., 1994, 1995) and introducing a 1,4-phenylene
group to influence the pharmacological and physicochemical properties
of acyclic analogues resulted in fingolimod discovery (Adachi et al.,
1995; Fujita et al., 1996). Different classes of natural products have
shown EAE ameliorative properties and studying the active part of each
molecule can result in the formation of a complete library of lead
compounds for further research.

Sativex® is another medicine that has been developed for treating
MS symptoms. This Cannabis-based oromucosal spray that helps to cure
the spasticity and neuropathic pain of MS patients contains the can-
nabidiol and tetrahydrocannabinol extracts of Cannabis sativa. There
exists an abuse potential during Sativex® use since an investigation has
indicated some abuse liability in cannabis smokers compared to the
placebo at higher doses; yet, the obtained scores were lower than the
equivalent doses of tetrahydrocannabinol. As a result, it was suggested
that the abuse or dependence potential of Sativex® may probably
happen in only a few recipients (Robson, 2011). Among the different
anti-MS natural products isolated from Cannabis spp, a special attention
should be paid to cannabidiol because this compound is non-psy-
choactive and is able to reduce the disease severity and demyelination
even in the topical form. Therefore, it is worth considering cannabidiol
as a potential candidate for subsequent animal and clinical studies.

Further research is necessary to understand the detailed neuropro-
tective mechanisms of natural products, their optimal dose, and correct
consumption since the dose or the rout of drug administration can
change the drug action. Thus, investigating these factors on EAE ame-
liorative efficacy is highly encouraged. Taken together, the use of nat-
ural products as promising potential therapeutic agents for treating MS
is of great value and worth profound SAR, animal and clinical studies.
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Glossary

MS: multiple sclerosis
CNS: central nervous system
BBB: blood-brain barrier
Th: T helper cells
SAR: structure-activity relationship
ROS: reactive oxygen species
NO: nitric oxide
ATP: adenosine triphosphate
MRI: magnetic resonance imaging
OPC: oligodendrocyte progenitor cell
VLA-4: very late antigen-4
VCAM-1: vascular cell adhesion molecule-1
IFN-γ: interferon gamma
IL: interleukin
CCL: chemokine (C–C motif) ligand
CXCL: C-X-C motif chemokine
NF-κB: nuclear factor kappa B
TNF-α: tumor necrosis factor alpha
CD: cluster of differentiation
CTLA-4: cytotoxic T-lymphocyte-associated protein 4
PI3K: phosphoinositide 3-kinase
Akt: protein kinase B
mTOR: mechanistic target of rapamycin
p70S6K: ribosomal protein S6 kinase beta-1
p-S6 protein: phospho-S6 ribosomal protein
ROR-γt: RAR-related orphan receptor gamma most studied isoform
Treg: regulatory T cells
PPAR-γ: peroxisome proliferator activated receptor γ
Foxp3: forkhead box p3
AMPK: 5′ AMP-activated protein kinase
GM-CSF: granulocyte-macrophage colony-stimulating factor
SIRT1: Sirtuin 1
CB: cannabinoid receptor
FAS: apoptosis antigen 1 receptor
GFAP: glial fibrillary acidic protein
TGF-β: transforming growth factor beta
JAK/STAT: Janus kinases (JAKs)/signal transducer and activator of transcription proteins

(STATs)
iNOS: inducible isoform of nitric oxide synthases
IkBα: nuclear factor of kappa light polypeptide gene enhancer in B-cells inhibitor alpha

that functions to inhibit the NF-κB transcription factor
DC: dendritic cell
GSK3β: glycogen synthase kinase 3 beta
CK2α: protein kinase CK2 alpha
COX2: cyclooxygenase 2
BM-NSC: bone marrow derived neural stem cells
mRNA: messenger RNA
MCP-1: monocyte chemoattractant protein 1
RANTES: chemokine (C–C motif) ligand 5 (also CCL5)
TWEAK: TNF-related weak inducer of apoptosis
ICAM-1: intercellular adhesion molecule 1
TLR4: toll-like receptor 4
MD-2: lymphocyte antigen 96
MMP-9: matrix metallopeptidase 9
CSF: cerebrospinal fluid
MIP-1α: macrophage inflammatory protein alpha
BDNF: brain-derived neurotrophic factor
NGF: nerve growth factor
GSH: glutathione
MOG: myelin oligodendrocyte glycoprotein
MHC: major histocompatibility complex
Nrf2: nuclear factor-like 2
LT: leukotriene
PMNL: polymorphonuclear neutrophil leukocyte
i.p.: intraperitoneal
s.c.: subcutaneous
PBS: phosphate-buffered saline
CMC: carboxy methyl cellulose
p.i.: post-immunization
DMSO: dimethyl sulfoxide
i.g.: intragastric
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