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Multiple sclerosis is an autoimmune neurodegenerative disease, which usually caused by inflammation, de-
myelination, and axonal injury. The currently available medications for multiple sclerosis do not directly pro-
mote myelin sheath repair. Therefore, many researches have attempted to achieve better therapeutic effects
through promoting remyelination. Natural products not only alleviate clinical symptoms, but also have the
unique advantages of protecting and repairing effects on nervous system. We here present a systematic review on
published papers about treating multiple sclerosis by natural products, aiming to provide comprehensive in-

formation on natural products in the treatment of multiple sclerosis.

1. Background

Multiple sclerosis (MS) is a chronic inflammatory and diffuse neu-
rodegeneration disease of the central nervous system (CNS) with pri-
mary demyelinating in the gray and white matter of the brain and
spinal cord [1]. According to where the inflammatory invasion arises in
the CNS, the clinical symptoms of MS may include visual, motor, sen-
sory disturbances, and autonomic disturbances of bowel and bladder
[2]. In addition, inflammatory cells which pass through the blood-brain
barrier (BBB) and invade the CNS in MS resulting in demyelination and
edema [3]. About 80% of MS patients are attacked by relapsing-re-
mitting MS, which is characterized by a long period of remission after
the attack. Then after a few years, most of patients' conditions change
from relapsing-remitting MS to secondary-progressive MS. While pa-
tients of primary-progression MS don't experience the periods of re-
currence and remission, the disease deteriorates continuously from the
onset of the first attack [4]. Current marketed drugs for MS include
injectable formulations like interferon beta, glatiramer A and natali-
zumab as well as oral medicines like fingolimod, teriflunomide, and
dimethyl fumarate [5-7]. All these medicines are primarily for cor-
recting abnormal autoimmune responses and inhibiting inflammation.
No medication fully prevents or reverses the progressive neurologic
deterioration [8]. Since the regulation of peripheral inflammatory re-
sponses and demyelination can't stop neuronal loss, the current

treatment is still at a lower level of relieving symptoms temporarily [3].
Therefore, in the treatment of MS, it is of great significance to promote
the repair of damaged nerve tissue, correct abnormal immune responses
and inhibit inflammation. Natural products (NPs) as a huge treasure,
exhibit unique advantages in the regulation of immune system, anti-
inflammatory, as well as protection and repairment of the CNS. This
paper summarizes the various effective mechanisms of NPs in the
treatment of MS in hope to provide reference for further improving the
treatment of MS by NPs.

2. Anti-inflammatory and immunomodulatory
2.1. Effects on the induction stage of autoimmune response

T cell-mediated cellular immunity which mainly including T helper
cell (Th)1/Th2, Th17 and regulatory T cells (Tregs) is involved in the
pathology of MS [9,10]. Thl and Th2 differentiated from CD4+ cells
have opposite functions and cytokine secretion patterns. Thl secretes
cytokine IL-2, IL-3, IFN-y, TNF-a, which produce inflammatory re-
sponses in the CNS, and cause MS [11,12]. Th2 secretes IL-4, IL-5, IL-6,
IL-10, IL-13, TGF-B, which have ability to inhibit the proliferation of
Th1 [11,13]. Therefore, the balance of Th1/Th2 plays an important role
in maintaining the homeostasis of the immune system, thus controlling
the inflammatory reaction in vivo. Th17 cells secrete IL-17, IL-6, IL-21
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and IL-22, which involved in inflammation and autoimmune disease.
Th17 can also secrete IFN-y and IL-4 which inhibit CD4 + cells to dif-
ferentiate into Th17 [14]. Tregs play an important role in maintaining
immune system normalization, and the immunosuppressive level of
Tregs is closely interrelated with its activity and quantity [9,15]. Foxp3,
known as forkhead/winged helix transcription factor, plays an im-
portant role in regulating the development of Tregs [16,17]. When the
proportion of Tregs is decreased, the expression of transcription factor
Foxp3 is decreased, and the activation ability of T cells is suppressed
[18]. Moreover, spleen as the largest immune organ, can participate in
the immune response in vivo. When spleen monocytes were inhibited to
secretory inflammatory factors IL-17, the inflammation will be reduced.
In addition, chemokines can attract various types of leukocytes to sites
of infection and inflammation, and regulate their trafficking [19,20].
The most critical chemokines are CXC chemokine ligand-10 (CXCL10)
and chemokines chemokine ligand-2 (CCL2) which is also referred to as
monocyte chemoattractant protein 1 (MCP-1). CCL2 can regulate
monocytes/macrophages and T cells while CXCL10 can regulate many
cell subsets including T lymphocytes, both are chemoattractant and
play a crucial role in the recruitment and accumulation of inflammatory
cells [21]. The detailed mechanism of effects on the induction stage of
autoimmune response was shown in Table 1.

2.1.1. Icariin

Icariin, isolated from the natural plant Epimedium family, has been
proved with various pharmacological activities. To confirm effects of
icariin on the autoimmune demyelinating, experimental autoimmune
encephalomyelitis (EAE) mice was treated with icariin (purity > 98%)
by orally administered at a dose of 25 mg/kg at the pre-symptomatic
stage. The clinical score decreased, and symptoms improved. Further
research revealed that quantities of Thl and Th17 cells in the lymph
nodes and splenocytes were decreased, as well as ratio of Th17 cells in
CNS monocytes. The proliferation of T cells and differentiation of Th1
and Th17 were inhibited, which may be mediated via modulation of
dendritic cells [22].

2.1.2. Plumbagin

Plumbagin is the main active chemical of traditional herb Plumbago
zeylanica Linn. To test the protective effects of plumbagin on EAE mice,
plumbagin was administered by intraperitoneal injection at a dose of
2 mg/kg before induction of EAE. The results show that plumbagin can
ameliorate clinical symptoms of EAE (including inflammation and de-
myelination of the CNS) and inhibit the differentiation, mature and
normal function of human monocyte derived dendritic cells. In vivo and
in vitro experiments showed the mRNA expression of TNF-a, trans-
forming growth factor beta (TGF-B), IL-1f3, IL-6, IL-12, and IL-23 have
been inhibited by plumbagin in dendritic cells, which may be associated
with the differentiation of Th1l and Th17 cells [23].
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2.1.3. Apigenin

Apigenin is a chemical presented in various plants like fruits, ve-
getables, herbs and spices. Apigenin was administered by oral gavage at
a dose of 40 mg/kg at the pre-symptomatic stage of EAE. Apigenin can
delay the development of EAE, alleviate the severity and clinical score
of EAE as well as restore the body weight of EAE mice to normal.
Apigenin exerted these effects by decreasing Th17 quantity, increasing
regulatory T cell quantity and promoting the restoration of T cell
function of EAE mice. The spinal cord slices analyzed by hematoxylin-
eosin staining showed a reduction of infiltrated inflammatory cells.
What's more, an analysis of brain cells isolated from EAE mice show
that the number of CD45+ /CD68 + cells decreased significantly [24].
So apigenin possesses the activity of reducing inflammation and in-
filtration of immune cells into the CNS.

2.1.4. Salvianolic acid B

Salvianolic acid B is active chemical of the traditional Chinese herb
Salvia miltiorrhiza. After administering 30 mg/kg salvianolic acid B to
mice at the symptomatic stage of EAE, inflammatory cells were in-
hibited from infiltrating into the CNS, astrocytes and microglia/mi-
crophage amount was reduced in CNS and the disease severity de-
creased. Salvianolic acid B treatment can also prevent from body
weight loss. In addition, Th1 cell population was specifically suppressed
and the concentration of IFN-y was significantly decreased by salvia-
nolic acid B both in vivo and in vitro. Besides, salvianolic acid B exerted a
strong suppressive effect on peripheral CD4 + T cells in vivo [25].

2.1.5. Eriocalyxin B

Eriocalyxin B is a diterpenoid isolated from Isodon eriocalyx which
was used for anti-inflammatory. Following intraperitoneal injection of
eriocalyxin B (purity > 99%) with 10 mg/kg to mice before induction
of EAE, the results showed that eriocalyxin B alleviated symptoms and
delayed MS onset, and reduction of CNS inflammation and demyeli-
nation was detected by histological analysis of spinal cord tissue. In
addition, autoreactive T cells were unable to transfer and CD4+ and
CD11b+ cell populations were decreased after treatment with erioca-
lyxin B. Most importantly, eriocalyxin B can inhibit Th1 and Th17 cell
differentiation through Jak/STAT and NF-kB signaling pathways as well
as elevation of reactive oxygen species [26].

2.2. Effects on CNS inflammation

MS is a chronic inflammatory demyelinating disease of the CNS, and
usually reflects on inflammatory mediators and inflammatory cells in-
filtrating into CNS, which will cause brain damage and nerve dys-
function [27]. Over expression of inflammatory mediators lead to local
demyelinating plaques, and then cause different degrees of neurological
dysfunction. Therefore, the elimination of inflammation is of great
significance to MS patients. Reducing inflammation temporarily will
decrease the infiltration of inflammatory mediators and inflammatory

Table 1
NPs with effects on the induction stage of autoimmune response.
Compound name Source Structure Dose Animal strains Model Mechanism
Icariin [22] Herba epimedii 25 mg/kg C57BL/6 mice Chronic EAE | Thl, Th17
& ig
Plumbagin [24] Plumbago zeylanica Ko 2mg/kg C57BL/6 mice Chronic EAE | Thl, Th17
LY Lp.
Apigenin [25] Fruits, vegetables, herbs, spices & 40 mg/kg C57BL/6 mice Chronic EAE | Thl, Th17
ip.
Salvianolic acid B [26] Salvia miltiorrhiza [ | 30 mg/kg C57BL/6 mice Chronic EAE | Th1,IFN-y
g ip.
Eriocalyxin B [27] Isodon eriocalyx 10 mg/kg C57BL/6 mice Chronic EAE | Jak/STAT pathway;
ip. | NF-kB signaling
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Table 2
NPs with effects on CNS inflammation.
Compound name Source Structure Dose Animal strains Mosel Mechanism
Tripchlorolide [29] Tripterygium wilfordii 40 mg/kg C57BL/6 mice Chronic EAE | (T-bet, RoRyt; IFN-y, IL-17)
ip.
Hesperidin [30] Citrus 100 mg/kg C57BL/6 mice Chronic EAE | (IL-17, TNF-a, IL-1)
A ip.
Osthole [31] Cnidium monnieri ) 30 mg/kg C57BL/6 mice Chronic EAE | (IFN-y, IL-17)
o o ip.
Baicalein [32] Scutellaria baicalensis 100 mg/kg C57BL/6 mice Demyelination model | (TNF-a, IL-1B)
)
ip.
Cannabidiol [33] Cannabis A 10 mg/kg C57BL/6 mice Chronic EAE | (IFN-y, IL-17; PPAR-Y)
\‘\ k 1 | ip.
N
18B-Glycyrrhetinic acid [34] Glycyrrhiza inflata X 75 mg/kg C57BL/6 mice Chronic EAE | MAPK pathway
ip.
Astragaloside IV [36] Astragalus membranaceus P oes 20 mg/kg C57BL/6 mice Chronic EAE 1 glucocorticoid pathway
ol ip.

cells in the CNS. There are two major routes for NPs to exert anti-in-
flammation effects, by inhibiting inflammatory factors or by inhibiting
microglia activation. The detailed mechanism is summarized in Table 2.

2.2.1. Inhibiting inflammatory factors

NPs have anti-inflammatory activity on MS mainly by inhibiting the
inflammatory factor interleukin 1 and 17 (IL-1, IL-17), tumor necrosis
factor alpha (TNF-a), Interferon gamma (INF-y), which involves the
mitogen-activated protein kinase (MAPK) pathway. By inhibiting the
expression of these inflammatory factors, NPs reduce inflammation and
relieve symptoms of MS.

2.2.1.1. Tripchlorolide. Tripchlorolide (purity 98%), a chemical
extracted from the herb Tripterygium wilfordii Hook F, was injected
intraperitoneally at the symptomatic stage to treat EAE mice. The
results showed that at a dose of 40 mg/kg, tripchlorolide significantly
decreased clinical score, inhibited relapse, reduced the severity of the
disease and slowed down the development of EAE. In-depth research
demonstrated that the mRNA and protein levels of T-bet, RAR-related
orphan receptor gamma t (RoRyt), IFN-y and IL-17 in the spinal cords
were suppressed. Moreover, tripchlorolide restrained the expressions of
ERK1/2-NF-kB and suppressed JAK/STAT signaling pathways [28].

2.2.1.2. Hesperidin. Hesperidin, a chemical existed in citrus species,
has been proved with the ability to significantly reduce the clinical
score of EAE mice by subcutaneous injection at dose of 100 mg/kg for
seven consecutive days at the symptomatic stage of EAE. Further study
found that EAE led to an increased level of IL-17 and pro-inflammatory
cytokines, which could be reversed by hesperidin. EAE elevated TNF-a
and IL-1, but the levels were significantly decreased after treatment
with hesperidin, suggesting an anti-nerve inflammation role of
hesperidin [29].

2.2.1.3. Osthole. Osthole is extracted from herb medicine Cnidium
monnieri (L.) Cusson. After treated with 30mg/kg of osthole
(purity > 98%) by intraperitoneal at the symptomatic stage of EAE,
the result of hematoxylin-eosin staining showed that osthole
significantly reduced infiltration of inflammation to the white matter
of the spinal cord and reduced the average inflammation score of EAE
mice. ELISA analysis showed that IFN-y and IL-17 level were
significantly inhibited by osthole [30].
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2.2.1.4. Baicalein. Baicalein, a chemical isolated from the roots of a
Chinese medicinal herb Scutellaria baicalensis, is widely used as an anti-
inflammatory remedy. To test the pharmacological activity of baicalein
in the cuprizone exposed mice, baicalein was administered by
intraperitoneal injection at a dose of 100 mg/kg at the symptomatic
stage. The results showed that baicalein attenuated weight loss, motor
dysfunction and cuprizone-induced demyelination. After exposure in
cuprizone for 6 weeks, the increased mRNA expressions of the pro-
inflammatory cytokines TNF-a and IL-1f3, were attenuated by baicalein
treatment [31].

2.2.1.5. Cannabidiol. Cannabidiol (purity > 99%) is a kind of non-
addictive chemical extracted from medicinal plants Cannabis. After
intraperitoneal injection of 10 mg/kg to mice at the symptomatic stage
of EAE, spinal cord histological evaluation showed that cannabidiol
significantly reduced the infiltration of inflammatory cells into the
spinal cord. Coincidentally, the improvement of inflammation
corresponds to lower clinical scores. After immune-histochemical
analysis of the spinal cord slices, the results showed that cannabidiol
reduced inflammatory factors INF-y, IL-17 expression. Moreover, the
level of peroxisome proliferator activated receptor-y which reflected the
anti-inflammatory strength in vivo was increased significantly after
treatment [32].

2.2.2. Inhibiting microglia activation

Microglia, as phagocytic cells of the CNS, has dual functions to
protect and support neurons within the CNS [35]. Microglia can rapidly
response to MS and cause inflammatory cytokine secretion. It trans-
ferred to the lesion area, phagocytosed cellular debris and damaged
neurons. Microglia plays a part in neuroprotection and growth pro-
moting, on the other hand, it can generate inflammatory mediators,
such as IL-13, TNF-a and IL-6, which then accelerate MS injury
[36-38].

2.2.2.1. 18B-Glycyrrhetinic acid. 183-Glycyrrhetinic acid isolated from
the traditional Chinese medicine Glycyrrhiza inflata (Fabaceae), has
been used to treat EAE mice after intraperitoneally injection at a dose of
75 mg/kg at the pre-symptomatic stage of EAE. 183-Glycyrrhetinic acid
showed a significant inhibitory effect on the severity of EAE by
reducing clinical scores, CNS inflammatory infiltration and
demyelination compared with the vehicle control. 183-Glycyrrhetinic
acid inhibits microglia activation through suppression of MAPK signal
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pathway, which suppresses proinflammatory cytokine production and
prevents the transfer of CD4 + T cells into the CNS [33].

2.2.2.2. Baicalein. After an intraperitoneal injection of 100 mg/kg to
EAE mice at the symptomatic stage of cuprizone model mice, baicalein
inhibited the increase in the number of microglia induced by cuprizone
in the corpus callosum. Baicalein effectively inhibited the mRNA
expression of microglial marker CD11b and astrocytic marker glial
fibrillary acidic protein [31].

2.2.2.3. Astragaloside IV. Astragaloside IV, a chemical isolated from
Astragalus membranaceus (Fisch.) Bge. After an intraperitoneal injection
of astragaloside IV (purity > 98%) 20 mg/kg to mice before EAE
induction, the limb defect of animals was remarkably alleviated. The
average behavioral score and body weight loss of EAE mice were
reduced, which indicated the preventive effect of astragaloside IV [39].
In addition, astragaloside IV can inhibit microglia activation both in
vivo and in vitro. After treatment with astragaloside IV, the expression of
proinflammatory factors IL-1(3, TNF-a and iNOS were inhibited. Further
research verified that astragaloside IV inhibited microglia activation via
enhancing glucocorticoid receptor activity and facilitating
glucocorticoid nuclear translocation [34].

2.3. Effects on both the induction stage of autoimmune response and CNS
inflammation

MS is initiated by self-reactive T cells that recognize antigens pre-
sent in CNS, subsequently producing large numbers of pathogenic T
cells which can lead to disease exacerbation by production of cytokines
and induction of inflammation. During the disease progression, im-
munity and inflammation closely cooperate in the pathogenesis of MS.
Firstly, autoimmune cells initiate diseases and produce inflammatory
reactions, then inflammatory factor stimulates the immune cells,
leading to immune disorders and inflammation aggravation. Therefore,
in the treatment of MS, it is very meaningful to suppress inflammation
and regulate immunity simultaneously. The mechanisms of NPs with

International Immunopharmacology 67 (2019) 87-97

effects on both the induction stage of autoimmune response and CNS
inflammation were shown in Table 3.

2.3.1. Epigallocatechin-3-gallate

Epigallocatechin-3-gallate, a kind of active chemical of green tea,
has therapeutic effect on autoimmune diseases such as EAE. After ad-
ministered orally with 0%, 0.15%, 0.3%, 0.6% epigalloca-
techin-3-gallate (purity > 95%) in diet before EAE induction, epi-
gallocatechin-3-gallate delayed the onset of EAE, reduced the clinical
score, and improved clinical symptoms, which indicated that epigallo-
catechin-3-gallate has good curative effect on EAE. In the aspect of anti-
inflammation, epigallocatechin-3-gallate reduced infiltration of in-
flammatory cells in spinal cord of EAE mice and inhibited the pro-
duction of INF-y, IL-17, IL-1B and TNF-a, by which it could inhibit
inflammatory reaction and reduce the occurrence of demyelination.
Furthermore, epigallocatechin-3-gallate reduced the number of Th1 and
Th17 cells while increased the number of Tregs in lymph nodes, the
spleen, and the CNS following oral administration. Not only that, epi-
gallocatechin-3-gallate inhibited the expression of transcription factor
T-bet and RORyt, the specific transcription factor for Thl and Th17
differentiation. Besides, the level of intercellular adhesion molecule 1 in
plasma and the expression of CCR6 in CD4+ T cells were inhibited
respectively. These results indicated that epigallocatechin-3-gallate
might attenuate EAE autoimmune response by inhibiting immune cell
infiltration and modulating the balance among pro- and anti-auto-
immune CD4+ T cell subsets [40]. Another research suggested that
epigallocatechin-3-gallate reduce the severity of the disease, decrease
inflammatory and demyelinating lesion of the brain accompanied by
reduced encephalitis T cell response and decreased expression of in-
flammatory cytokines and chemokines. The therapeutic effects of epi-
gallocatechin-3-gallate were attributed to inhibition of the production
of INF-y and IL-17 in CD4 + T cells, down-regulation of STAT signaling
pathway, decreased expression of T-bet and RORyt in encephalitogenic
T cells as well as reduction co-stimulatory functions of antigen pre-
senting cells as a result of altered expression of CD80 and CD86 [41].

Table 3
NPs with effects on both the induction stage of autoimmune response and CNS inflammation.
Compound name Source Structure Dose Animal strains Model Mechanism
Epigallocatechin-3-gallate [41,42] Green tea > - C57BL/6 mice Chronic EAE STAT pathway | (IFN-y, IL-17);
¢ ig | T-bet, RORy;
| (Thl, Th17);
Tanshinone IIA [43,44] Salvia miltiorrhiza 25, 50 mg/kg, Lewis rats; Relapsing-remitting | CD4+, CD8+;
ip. Sprague Dawley EAE | IL-17, IL-23
rat
Oleanolic acid [45] Olea europaea £ 50 mg/kg C57BL/J6 mice  Chronic EAE | TNF-a, NF-xB, MCP-1, MCP-1a;
ST ip. 1 IL-10
Celastrol [46] Tripterygium 1 mg/kg Sprague Dawley Relapsing-remitting | TNF-a, NF-kB; 1IL-10;
wilfordii ip. rat EAE | TLR, CD3+ lymphocytes
Matrine [47-50] Radix Sophorae 150, 200, Wistar rat Relapsing-remitting | Nrf2/HO-1 pathway;
Flave 250 mg/kg EAE 1 IL-4, IL-5, IL-10, TGF-1, Foxp3; | CCL2,
ip. CXCL10;
| CCR2, CXCR3
Sinomenine [51] Sinomenium acutum 50, 100, Lewis rat Acute EAE | TNF-a, TNF-y, RANTES, MIP-1, MIP-1a
S 200 mg/kg
o ip.
Ginsenoside Rd [52] Pana notoginseng E 10, 20, 40, C57BL/6 mice Chronic EAE | IFN-y, 1 IL-4
% 80 mg/kg
R=4 ip.
Berberine [53,54] Coptis chinensis @ b o 30, 200 mg/kg C57BL/6 mice Chronic EAE JAK/STAT pathway
o g | (p-Tyk2, p-JAK1/2, p-STAT1, p-STAT4,
p-STAT3); NF-«xB pathway
Triptolide [55] Tripterygim o) 100 ug/kg C57BL/6 mice Chronic EAE NF-kB pathway 1 (IkBa)
wilfordii o~ ig
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2.3.2. Tanshinone IIA

To study the potential therapeutic effect of tanshinone IIA on EAE
rats, EAE rats were administered with tanshinone IIA and placebo in-
traperitoneally at the pre-symptomatic stage. Compared with the pla-
cebo group, tanshinone IIA treatment significantly improved clinical
symptoms and pathological changes, including CNS inflammatory cells
infiltration, demyelination and reduction in CD4+ T cells, CD8+ T
cells and macrophages/microphage populations. In addition, tan-
shinone IIA also lowered the brain and serum level of IL-17 and IL-23 in
EAE rats and inhibited the occurrence of nerve inflammation [42].

2.3.3. Oleanolic acid

Oleanolic acid is a chemical that exists widely in the fruit of Olea
europaea. EAE mice treated with 50 mg/kg oleanolic acid (purity >
98%) by intraperitoneal injection at the pre-symptomatic stage showed
a delayed first onset time, improved clinical symptoms and reduced
clinical score of EAE. Oleanolic acid reduced leukocyte adhesion and
aggregation in the cerebral microcirculation caused by EAE and re-
duced the infiltration of inflammatory cells in the CNS. In addition,
oleanolic acid inhibited the expression of Thl cytokines TNF-a, IFN-y
and chemokines MCP-1, MCP-1a by regulating Th1/Th2 polarization,
whereas Th2 cytokine IL-10 expression increased significantly [44].

2.3.4. Celastrol

Celastrol was isolated from the root and bark of traditional medic-
inal Tripterygium wilfordii Hook. After administrated to EAE mice at the
symptomatic stage, celastrol (purity > 98%) caused a reduction in the
clinical score and inhibition on the recurrence of the disease. The levels
of TNF-a, NF-kB in serum, nitrite in brain and spinal cord were reduced,
and the content of anti-inflammatory factor IL-10 was significantly in-
creased. Further studies showed that clinical scores positively corre-
lated with the content of TNF-a, NF-kB and nitrite, and negatively
correlated with CD3+ T lymphocyte number in brain tissue and the
level of IL-10 in serum. Toll like receptor (TLR) overexpression is
considered as promoting the inflammatory process, increasing the
production of Thl cytokines, leading to axonal demyelination. Histo-
pathological results showed that celastrol could decrease the number of
CD3+ T lymphocytes, and the level of Toll like receptor, playing an
important role in treatment of EAE [45].

2.3.5. Matrine

Matrine is a quinolizidine alkaloid chemical extracted from medic-
inal herb Radix Sophorae Flave. Following intraperitoneal injection of
matrine to rats at the pre-symptomatic stage of EAE, the clinical score
and the initial weight loss rate decreased significantly as well as the
progression of the disease was slowed down. Hematoxylin-eosin
staining of the sections of spinal cord demonstrated that inflammatory
cell infiltration was regulated down remarkably compared with the
control group. Matrine significantly increased serum levels of Th2 type
cytokine IL-4, IL-5, IL-10 and TGF-1 of Tregs, and increased the ex-
pression of Tregs transcription factor Foxp3 [46]. In EAE mice, the level
of CCL2 and CXCL10 were significantly upregulated. After administered
at the pre-symptomatic stage, matrine attenuated severity of EAE by
acting on CCR2 and CXCR3 receptor, reducing the CCL2 and CXCL10
levels in the periphery and the CNS [48]. What's more, nuclear factor
erytheroid-derived-2-like 2 (Nrf2) and heme oxygenase 1 (HO-1) also
play a crucial role in the inhibition of oxidation and inflammatory, and
matrine significantly increases the base level of them. The above results
indicated that matrine have both effects of anti-inflammation and im-
mune regulation in the treatment of the demyelinating disease [46].

2.3.6. Sinomenine

Sinomenine extracted and purified from traditional Chinese medi-
cine Sinomenium acutum. After administered intraperitoneally at a dose
of 50, 100, 200 mg/kg at the pre-symptomatic stage, sinomenine
(purity > 95%) showed a dose related effect on decreasing clinical
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score and the initial weight loss rate, improving the clinical symptoms
and delaying the ongoing of EAE after treatment. A decreased expres-
sion of TNF-a and IFN-y in the spinal cord after sinomenine treatment
showed anti-inflammatory effect. With the decrease of TNF-a and IFN-y
expression level, the inflammatory cells infiltration into the spinal cord
was alleviated according to the histopathology results, and the mRNA
level of regulated upon activation, normal T cell expressed and secreted
factor (RANTES), MIP-1a and MCP-1 was inhibited in EAE mice. In
addition, sinomenine reduced the proliferation of T cells after treatment
with EAE inducer myelin basic protein (MBPgg_g5) in vitro [50].

2.3.7. Ginsenoside Rd

Ginsenoside Rd (purity > 98%) extracted from the traditional
Chinese medicine Pana notoginseng was administered by intraperitoneal
injection at doses of 10, 20, 40, 80 mg/kg to treat EAE mice at the pre-
symptomatic stage. The results illustrated that ginsenoside Rd alle-
viated the symptoms, reduced the clinical score and inflammatory
scores of the disease significantly as well as inhibited the demyelination
in lumbar spinal cords of EAE mice. According to the histopathological
results, it is reasonable to deduce that the infiltration of inflammatory
cells such as macrophages, T lymphocytes and B lymphocytes has been
reduced. In vivo and in vitro experiment showed that ginsenoside Rd
reversed the adverse immune responses induced by EAE, which include
inhibition of IFN-y production, enhancement of IL-4 level, decrease of
the ratio of IFN-y/IL-4, maintaining of the balance of Th1/Th2 and
promotion of the Th2 shift [51].

2.3.8. Berberine

Berberine, an oquinoline alkaloid derivative, has extensive phar-
macological activities. After gavaged with 30mg/kg berberine
(purity > 95%) to EAE mice at the symptomatic stage, both the clinical
score and the severity of the disease have been reduced. Further neu-
ropathological analysis revealed that compared with the control group,
berberine inhibited production of Thl and Thl7 cytokines and de-
creased the number of inflammatory cells infiltrating into the white
matter of the CNS, resulting in an excellent anti-inflammatory activity.
Berberine has effects on Thl and Th17 cell differentiation by adjusting
the JAK/STAT pathway, but it has no effect on CD4+ Foxp3 Tregs,
retaining the normal function of other immune cells. Berberine regu-
lated function of Th1/Th2 by affecting the expression and function of
costimulatory molecules and the production of IL-6, which was re-
cognized as crucial factor of inhibition of NF-kB activity in CD11 +
antigen presenting cells [52].

2.3.9. Triptolide

Triptolide is a chemical mainly isolated from Chinese herb
Tripterygium wilfordii Hook F. Triptolide significantly delayed the au-
toimmune demyelination onset of EAE mice and reduced the severity of
the disease. Meanwhile, levels of inflammation and demyelination in
the CNS were improved by triptolide. In the aspect of anti-in-
flammatory, triptolide could inhibit the mRNA expression of cytokines
IFN-y, TNF-a, IL-12, IL-6, IL-23 and IL-17 in monocytes in the spleen
and spinal cord. Triptolide has inhibition effect on NF-kB DNA binding
activity by attenuating phosphorylation and inhibiting degradation of
cytoplasmic inhibitors IkBa. Furthermore, another research indicated
that triptolide suppressed inflammation and demyelination via in-
hibiting IkBa phosphorylation and NF-kB nuclear translocation by sta-
bilization of NF-kB/IkBa complex. In immunoregulation, the expression
of Foxp3 was up-regulated by treatment of triptolide, suggesting the
induction of Tregs in EAE mice after treating with triptolide [54].

3. Nervous system protection
Oxidative stress plays an important role on neuronal damage in the

pathogenesis of MS [55]. In EAE lesion, macrophages and microglia
produce reactive oxygen species (ROS) and reactive nitrogen species
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Table 4
NPs with nervous system protection effect.
Compound name Source Structure Dose Animal strains  Model Mechanism
Astragaloside IV [35]  Astragalus membranaceu e 20 mg/kg C57BL/6 mice  Chronic EAE | ROS, iNOS, p53;
& ip. 1 SOD GPx
Hesperidin [30] Citrus . 100 mg/kg C57BL/6 mice  Chronic EAE | TBARS;
2% ip. 1 GSH, CAT, GPx, SOD
Quercetin [64] Quercus iberica £ o 50 mg/kg Wistar rat Experimental demyelination 1 AchE;
: ig. | MDA
Kukoamine B [65] Cortex lyciiradices - - | MAPK pathway;
1 PI3BK-AKT pathway;
1 SOD, CAT, GPx;
| MDA, ROS
Resveratrol [66,67] Nuts, berries, grapes = . 10, 20, 50 mg/kg, C57BL/L6 Chronic EAE; Experimental | NOX2, NOX4, NADPH,
;J 250 mg/kg mice demyelination TBARS;
ip.,ig 1 GSH, SOD
Berberine [53] Coptis chinensis 30 mg/kg C57BL/6 mice  Chronic EAE | MMP-9
ig
Matrine [50] Radix Sophorae Flave X 200 mg/kg Wistar rat Relapsing-remitting EAE | AB, BACE-1
o ip.
Osthole [31] Cnidium 30 mg/kg C57BL/6 mice  Chronic EAE 1 BDNF
ip.

(RNS) which are associated with inflammation [56]. In addition, ROS
and RNS can cause DNA strand broken and accumulation of oxidized
phospholipids in cytoplasm [57]. NPs exert its neuroprotective function
through anti-oxidative stress, anti-neuronal apoptosis, and anti-de-
myelination. Many NPs have effects of antioxidant, and promote the
production of antioxidant enzymes, which decrease intracellular levels
of ROS and RNS, and attenuate symptoms of EAE finally. Mal-
ondialdehyde (MDA) is a degradation product of lipid peroxidation
which reflecting lipid peroxidation [58]. The activity of acetylcholine
ester can respond to a variety of injuries, including oxidative stress
[59]. B amyloid (Ap) production is controlled by b-site amyloid pre-
cursor protein cleaving enzyme (BACE-1), which can promote Af
generation, and induce astrocyte activation, synaptic integrity damage
and neuronal death [60,61]. There is evidence that MMP-9 is associated
with MS. Up-regulation of the expression of MMP-9 will increase the
permeability of the BBB, which promote leukocytes infiltrating into the
CNS, and leading to demyelination [62]. The detailed mechanism is
summarized in Table 4.

3.1. Astragaloside IV

After treatment of EAE mice with astragaloside IV, there is an in-
hibition effect on expression of ROS and proinflammatory cytokines,
with increased activity of superoxide dismutase (SOD) and glutathione
peroxidase (GPx), decreased activity of iNOS, p53 and phosphorylated
tau protein, as well as an increased Bcl-2/Bax ratio. In neuroblastoma
SH-SY5Y cells, astragaloside IV reduced the level of reactive oxygen
species and phosphorylated protein. In BV-2 cells, astragaloside IV can
inhibit IFN-y stimulation, promote iNOS levels and reduce the damage
of nerve cells [16].

3.2. Hesperidin

The lipid peroxidation in EAE mice caused an increased thiobarbi-
turic acid reactive substances (TBARS) level, and a decreased level of
antioxidant factor, including glutathione (GSH), catalase (CAT), GPx,
and SOD. To test the pharmacological activity of hesperidin in EAE
mice, EAE mice were treated with hesperidin, and the results showed
that hesperidin could inhibit the growth of TBARS, as well as the in-
creased level of GSH, CAT, GPx, and SOD. Hesperidin prevents the
oxidative stress of EAE because it can increase antioxidant factor to
reduce lipid peroxidation in brain tissue, achieving a protective effect
on CNS [11].
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3.3. Quercetin

Quercetin, a chemical which existing in a variety of fruits and ve-
getables, has good antioxidant ability. After gavaged at 50 mg/kg dose
to ethidium bromide model rats at the pre-symptomatic stage, quercetin
significantly reduced the mistakes of beam walking test and foot fault
test as well as promoted recovery of motor function of experimental
demyelination mice, suggesting protecting effects on demyelinating
diseases. Further determination of biochemical indicators found that
quercetin prevented the decrease of acetylcholinesterase activity in-
dicating that quercetin protected cholinergic neurotransmission.
Moreover, quercetin prevented the increase of MDA levels in EAE rats.
The antioxidant activity of quercetin is outstanding, and thus results in
prominent neuroprotective effect [63].

3.4. Kukoamine B

Kukoamine B (purity > 95%) is the main active chemical of tra-
ditional Chinese medicine Cortex lyciiradices. Inhibition test of oxidative
stress in SH-SY5Y cells indicated that the kukoamine B treatment sig-
nificantly improved the cell viability and recovery of mitochondrial
membrane potential. Furthermore, kukoamine B enhanced activity of
antioxidant enzymes SOD, CAT and GPx, and decreased the content of
MDA. Moreover, kukoamine B inhibited the formation of ROS and the
mitochondrial apoptotic pathway of MAPKs (p38, JNK, ERK), but ac-
tived the PI3K-AKT pathway. These results showed that kukoamine B
exerted a neuroprotective effect by inhibiting oxidative stress in cells
[64].

3.5. Resveratrol

Resveratrol, a non-flavonoid polyphenol compound, has effects of
antioxidant, anti-inflammatory, antiviral and antitumor. Resveratrol
was administrated by intraperitoneal injection (10, 25, 50 mg/kg) to
EAE mice at the pre-symptomatic stage, the results showed that the
resveratrol treatment reduced the clinical score, the average clinical
score, and maximum clinical score. The NOX isoforms were involved in
production of ROS in a variety of cells after stimulation by various
growth factors or cytokines. Additionally, resveratrol significantly in-
hibited expression of iNOS and IL-1. It increased the expression of
transcription enzyme of anti-inflammatory cytokine IL-10 in brain, and
the activity of NADPH has been inhibited by downregulating the ex-
pression of NADPH oxidase NOX2 and NOX4 [65]. In addition,
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resveratrol treatment significantly diminished TBARS and increased
both GSH level and SOD activity [66].

3.6. Berberine

Laminin involved in neuronal development, survival and regenera-
tion, and is the main component of the extracellular matrix. Matrix
metalloproteinase-9 (MMP-9) damages the laminin surrounding nerve
cells, which plays an important role in neuronal apoptosis. Berberine
inhibited the activity of MMP-9 and reduced the degradation of la-
minin, thereby protecting neurons from damage caused by autoimmune
demyelination [52].

3.7. Matrine

Matrine reduced the level of myelin basic protein in CNS, and in-
hibited AP and BACE-1 expression, which was conducive to the ex-
pression of brain derived neurotrophic factor that would promote
neuronal survival and neurite growth. It indicated that matrine pro-
tected axons from inflammation damage of the CNS effectively [49].

3.8. Osthole

H-,0, decreased the cell survival rate significantly, but osthole re-
duced the cytotoxic effect, which indicated that osthole had protection
effects in a disadvantageous environment. In addition, osthole could
promote the generation of brain derived neurotrophic factor (BDNF)
and maintain cell survival [30].

4. Nervous system repairing

Regeneration plays an important role in maintaining the normal
equilibrium of the CNS as well as in promoting its repair upon de-
myelination. Several lines of evidence indicate that regeneration
usually occurs by promoting the secretion of neurotrophins (NGF,
BDNF) which can promote oligodendrocyte precursor cell proliferation
and repair of the nervous system [67-69]. NPs can act on oligoden-
drocyte precursor cells directly and promote oligodendrocyte precursor
cells differentiate into oligodendrocytes. Besides, by acting on neural
stem cells, NPs increase the survival rate of neural stem cells and pro-
mote the differentiation of neural stem cells into oligodendrocytes,
which promotes the formation of myelin sheath, then contributing to
remyelination. The mechanisms of NPs with effects of nervous system
repairing were shown in Table 5.
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4.1. 18B-Glycyrrhetinic acid

18p3-Glycyrrhetinic acid treatment of EAE mice promoted re-
myelination in the CNS. 18B-Glycyrrhetinic acid can inhibit in-
flammation-induced blockade of brain-derived neurotrophic factor ex-
pression in microglia, which will promote remyelination in the CNS of
EAE mice [33].

4.2. Scutellarin

Scutellarin is a kind of flavonoids from traditional Chinese medicine
Erigeron breviscapus Hand-Mazz and has functions of protecting neurons
and promoting the formation of nerve. After treatment with scutellarin
(purity 98.6%) at the pre-symptomatic stage, the motor function of
cuprizone model mice was improved, demyelination of the corpus
callosum was reduced and the apoptosis of neural stem cells was re-
duced. Scutellarin can increase the survival rate of neural stem cells and
promote the differentiation of neural stem cells into oligodendrocytes.
It reduces the differentiation of neural stem cells into astrocytes and
promotes the maturation of oligodendrocytes to form a myelin sheath,
serving as a therapeutic agent for remyelination [70].

4.3. Cannabidiol

MS induced a reduced BDNF expression, while cannabidiol could
enhance BDNF levels in the CNS, which is beneficial for neuronal
function and remyelination [32].

4.4. Matrine

Matrine promoted oligodendrocyte precursor cells proliferation and
increased the oligodendrocyte numbers, which indicated that matrine
treatment could promote oligodendrocyte precursor cells maturation
into oligodendrocytes for myelin repair in EAE [49].

4.5. Icariin

Mice were fed with cuprizone to induce acute demyelination and
oligodendrocytes degeneration. Remarkably, icariin prevented amount
of mature oligodendrocytes loss as well as promoted remyelination and
regeneration of axons, which might be attributed to improving the
expression of NGF [71].

4.6. Resveratrol

Resveratrol has a good effect on cuprizone model mice, the results
of brain tissue staining suggest that cuprizone caused severe

Table 5
NPs with nervous system repairing effect.
Compound name Source Structure Dose Animal strains Model Mechanism
18B-Glycyrrhetinic acid [34] Glycyrrhiza inflata we o 75 mg/kg C57BL/6 mice Chronic EAE 1 NGF, BDNF
% ‘ Ko ip.
Scutellarin [71] Scutellaria barbata o 50 mg/kg C57BL/6 mice Experimental demyelination 1 Neural stem cells, oligodendrocytes;
& ip. | MAPK pathway
Cannabidiol [33] Cannabis 10 mg/kg C57BL/6 mice Chronic EAE ! BDNF
o ip.
Matrine [50] Radix Sophorae Flave ) 200mg/kg  C57BL/6 mice Chronic EAE 1 OPC, oligodendrocytes
L, ip.
Icariin [23] Herba epimedii 25 mg/kg C57BL/6 mice Chronic EAE 1 NGF
&3 ig
Resveratrol [67] Nuts, berries, grapes "L . 250mg/kg  C57BL/L6 mice Experimental demyelination 1 MBP, Oligl
] .
% L&
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Fig. 1. Mechanisms of NPs in the treatment of MS. A. Anti-inflammatory and immunomodulatory effects of NPs. B. Nervous system protection. C. Nervous system

repairing. D. BBB protection.

demyelination, while resveratrol promoted myelin regeneration [66].
Oligodendrocyte transcription factor-1 (Oligl) is an important en-
dogenous transcription factor which is expressed in oligodendrocyte
precursor cells and closely related to repairing demyelinating injury in
EAE model [72]. Resveratrol could antagonize the decrease of MBP and
Oligl induced by cuprizone, and enhance the expression of Oligl and
MBP.

5. BBB protection

MS causes BBB dysfunction and damages integrity of BBB, then
recruits many inflammatory cells infiltrating into the CNS, eventually
leading to demyelination [73]. There are two major factors leading to
pathological BBB breakdown: the paracellular leakage of inflammatory
mediators into the CNS via the disrupted tight junctions and the
transcellular entry of inflammatory cells across brain microvascular
endothelial cells via the upregulation of adhesion molecules [74].
Claudin-5 is one of the key proteins of tight junction, and the decrease
of its level will enhanced BBB permeability [75,76]. The VCAM-1 and
IVAM-1 consisted in brain microvascular endothelial cells are essential
adhesion molecules, which plays a central role in the recruitment of
inflammatory cells across the BBB via binding to their respective
counter receptors leukocyte function-associated antigen-1 (LFA-1) and
very late antigen-4 (VLA-4) existed in the leukocytes [77-80]. The le-
vels of tight junction proteins, such as adhesion molecules (ZO-1), oc-
cludin, ICAM-1 and VCAM-1 were detected by western blot. It was
found that resveratrol inhibited loss of ZO-1, occludin and claudin-5
induced by EAE, and repressed adhesion molecule ICAM-1 and VCAM-1
[65]. It indicates that resveratrol has an ability to protect BBB integrity
of the EAE mice. Tanshinone II A protected BBB by increasing the ex-
pression of the tight junction protein ZO-1, claudin 5 and occluding of
endothelial cell. In addition, tanshinone II A inhibited the expression of
adhesion molecules ICAM-1 and VCAM-1 and chemokines CCL3, CCL5
and CX3C-chemokine receptor 1, which is the crucial factors for im-
mune cell adhesion and across the BBB. Hence, tanshinone II A pre-
vented the infiltration of immune cells into CNS by strengthening the
integrity of BBB [43]. In addition, astragaloside IV, oleanolic acid,
ginsenoside Rd and berberine also protect the BBB, reduce perme-
ability, achieving a therapeutic effect [39,44,51,52].

6. Discussion

According to the current research results, NPs are very effective and
have great potential in the treatment of MS. Moreover, there are mul-
tiple mechanisms of NPs in treatment of MS, urgently needing to be
better understood. At present, we can perceive from the references that
the general mechanisms of NPs for EAE therapy are anti-inflammatory,
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immune regulation, neuroprotection, nervous system repairing and BBB
protection (Fig. 1). Some NPs have both anti-inflammatory and immune
regulation properties. Some even have multiple functions, plus neuro-
protection and nervous system repairing simultaneously. For anti-in-
flammatory, the main mechanism is to reduce the level of inflammatory
factors. Pro-inflammatory factors like TNF-a, IL-1( usually activate
immune cells involved in the immune response, which will cause tissue
damage seriously [81]. So anti-inflammatory activity is important for
treatment of MS via preventing CNS from continuous injury. NPs can
inhibit inflammatory cells infiltrating to CNS and suppress microglia
activation, which can avoid sustained damage to the CNS. Due to in-
flammation of the CNS is usually caused by an abnormal immune re-
sponse, immune regulation is also important to MS treatment. The
mechanism of immunoregulation is maintaining Th1/Th2 balance, in-
hibition of Th17 involved in inflammatory response, promoting Tregs
immunoregulatory function, and regulation of monocyte and macro-
phage. Generally, inflammation is often triggered by abnormal immune
response and cause the disease to deteriorate. So, we should treat MS by
correcting abnormal immune response and regulating immune cell ac-
tivity at the same time, to achieve desired therapeutic effect. Sinome-
nine has been reported to be effective in the treatment of EAE mice via
anti-inflammatory and immune regulation effect [50]. In addition, as
the good effect of anti-inflammatory and immune regulation, sinome-
nine has been widely used in the treatment of rheumatoid arthritis in
clinic [82]. Immune regulation activity of NPs is not only effective in
vitro, but also remarkably effective in vivo. Although the immune re-
sponse in MS is very complex, the effects of NPs are satisfactory.
However, this benign result can't only attribute to immunoregulatory.
BBB is disrupted in the EAE model, which is associated with the loss of
tight junction proteins [83]. Furthermore, the clinical severity asso-
ciated with the degree of BBB disruption has been demonstrated [84].
While reducing inflammation and correcting abnormal immune re-
sponses, NPs can also prevent tight junction protein loss, protect the
BBB and reduce the infiltration of inflammatory cells in CNS. When the
nervous system is damaged, NPs can play a protective role. In the case
of neuronal damage, oxidative stress plays a major role, so it is very
important to protect the nervous system from oxidant stress, and inhibit
level of MMP-9 and AP that can lead to neuronal apoptosis [85-87]. In
general, myelination damage caused by MS is irreversible, because re-
myelination is blocked by many factors. There are two kinds of factors
widely accepted, non-disease related factors and disease-specific fac-
tors. Disease-specific factors include deficiency of precursor cells,
failure of precursor cell recruitment, or failure of precursor cell differ-
entiation and maturation [88]. The currently available medications can
control inflammation and correct abnormal immune responses, but the
injured myelin sheath was not repaired effectively. The result of tra-
ditional treatment is that the disease progression has been halted
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Table 6
The mechanisms that different NPs involved in the treatment of MS.
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Compound name Anti-inflammatory Immunomodulatory

Nervous system protection

Nervous system repairing Blood-brain barrier protection

Tripchlorolide
Hesperidin

Osthole

Baicalein

Cannabidiol
18B-Glycyrrhetinic acid
Astragaloside IV

Icariin

Plumbagin

Apigenin

Salvianolic acid B
Eriocalyxin B
Epigallocatechin-3-gallate
Tanshinone ITIA

Oleanolic acid

Celastrol

Matrine

Sinomenine

Ginsenoside Rd
Berberine

Triptolide

Quercetin +
Kukoamine B
Resveratrol +
Scutellarin

+ 4+t

S A e i T ks

+ o+

+

temporarily, but the nervous system damage will lead to motor dys-
function permanently.

Hence for MS patients, the nervous system repair is particularly
important. Considering that the currently available medications for
multiple sclerosis do not directly promote repair [89], new medicines
are urgently needed to be developed to treat MS. Therefore, many re-
searches have attempted to achieve better therapeutic effects through
remyelination. The repair mechanism of NPs is to promote oligoden-
drocyte precursor cells maturation and differentiate into oligoden-
drocytes by the stimulation of BDNF and NGF, and achieve the goal of
myelination regeneration finally. NPs can also promote the differ-
entiation of neural stem cells to achieve myelination [90-92]. Ac-
cording to the references, the current drug with function of re-
myelinating is still rare, but this pharmacological activity for MS is
vital. Fortunately, we have found many NPs have the activity of pro-
moting nerve system repair in vitro, and the results of promoting myelin
regeneration in vivo are more convincing. After treatment with
18p3-glycyrrhetinic acid, the expression of MBP and proteolipid protein
was increased in EAE mice, the number of myelinated axons and newly
formed myelinated axons were increased, and the proliferation of oli-
godendrocyte precursor cells was promoted [33]. Icariin prevented
amount of mature oligodendrocytes loss as well as promoted re-
myelination and regeneration of axons [71]. Resveratrol reversed cu-
prizone-induced demyelination and promoted myelin proteins gene
expression and myelin regeneration [66]. In summary, NPs treatment of
MS have characteristic of multi-pathway, multi-target, and synergistic
effect of various mechanisms to work together to play a therapeutic role
(Table 6).

7. Conclusions

MS causes irreversible myelin damage, which can't be completely
cured by the current medicines on the market. While NPs have showed
excellent curative effect on MS in aspects of anti-inflammation, immune
regulation, nervous system protection, nervous system repairing, and
BBB protection. At present, some NPs have already been used in clinical
for the treatment of autoimmune diseases, such as sinomenine for the
treatment of rheumatoid arthritis [82]. We conclude that the applica-
tion of NPs has great potential to improve MS therapy in the future, and
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it is of great value to further develop and in-depth study the potential
therapeutic effect of NPs on MS.

Abbreviations

MS multiple sclerosis

CNS central nervous system

BBB blood-brain barrier

PPMS primary-progression MS

NPs natural products

IL interleukin

TNF-a  tumor necrosis factor alpha

INF-y interferon gamma

MAPK  mitogen-activated protein kinase

EAE experimental autoimmune encephalomyelitis
RoRyt  RAR-related orphan receptor gamma t
Th T helper cell

Tregs regulatory T cells

CXCL10 CXC chemokine ligand-10

TLR Toll like receptor

CCL2 chemokines chemokine ligand-2

MCP-1  monocyte chemoattractant protein 1
Nrf2 nuclear factor erythroid-derived-2-like 2
HO-1 heme oxygenase 1

RANTES normal T cell expressed and secreted factor
MBP myelin basic protein

ROS reactive oxygen species

RNS reactive nitrogen species

MDA malondialdehyde

AB B amyloid

BACE-1 B-site amyloid precursor protein cleaving enzyme
MMP-9  matrix metalloproteinase-9

SOD superoxide dismutase

GPx glutathione peroxidase

TBARS  thiobarbituric acid reactive substances
GSH glutathione

CAT catalase

BDNF brain derived neurotrophic factor

Oligl oligodendrocyte transcription factor-1
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LFA-1
VLA-4

leukocyte function-associated antigen-1
very late antigen-4
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