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ABSTRACT
Multiple sclerosis (MS) is an autoimmune disease that is characterized by central nervous system inflammation, demyelination, and axon loss. It’s affect up to
two million people world wide and represents a prime cause of neurological disability in young adults and has wide health, psychological, economical and
social consequences. Experimental autoimmune encephalomyelitis (EAE), an animal model of human MS, is a demyelinating, inflammatory disease of the
CNS and is induced by the immunization of susceptible strains of rats or mice with myelin antigens combined with adjuvant.
The current treatments for MS progression include disease modifying agent viz. cytostatic, immunomodulatory drugs such as mitoxantrone and
cyclophosphamide (CY), biological agents such as interferon (IFN)-beta, natalizumab and the random polymer glatiramer acetate.
Although clear-cut beneficial effects are observed in many patients treated with these drugs, in addition, all of these compounds have potentially serious side
effects, some require systemic administration and the biological agents are costly and immunogenic, causing response failure during prolonged treatment. The
present review compiled the data on those agents which shows promising affect in different clinical trial of MS and its animal model EAE and therefore used
in treatment of MS in future.
Keywords: Multiple sclerosis, Experimental autoimmune encephalomyelitis, disease modifying agent, emerging therapies.

INTRODUCTION
Multiple sclerosis (MS) is the prototypical inflammatory
demyelinating disease of the central nervous system (CNS). It
is estimated to affect up to two million people world wide
and some 100000 people in the United Kingdom.1 Its clinical
manifestations begin in the third and fourth decade of life,
and it affects women preferentially, with a female: male ratio
approaching 3:1. Thus, MS represents a prime cause of
neurological disability in young adults and has wide health,
psychological, economical and social consequences.
MS characterized by four key Pathological features : (a)
inflammation, of complex pathogenesis, which is generally
believed to be the main trigger of the events leading to CNS
tissue damage in the majority of cases, although recent
evidence suggests that initial damage to neuroglial elements
can trigger secondary inflammation in some cases; (b)
demyelination, the hallmark of MS, where the myelin sheath
or the oligodendrocyte cell body is destroyed by the
inflammatory process; (c) axonal loss or damage; and (d)
gliosis (astrocytic reaction to CNS damage).2
The symptoms of MS vary, depending on the location of
plaques within the CNS. Common symptoms include sensory
disturbances in the limbs, optic nerve dysfunction, pyramidal
tract dysfunction, bladder or bowel dysfunction, sexual
dysfunction, ataxia, and diplopia.3
Four different clinical courses of MS have been defined. The
first, relapsing–remitting MS (RRMS) is characterized by
self-limited attacks of neurologic dysfunction. These attacks
develop acutely, evolving over days to weeks. Over the next
several weeks to months, most patients experience a recovery
of function that is often (but not always) completes. Between
attacks the patient is neurologically and symptomatically
stable. The second clinical course, secondary progressive MS
(SPMS), begins as RRMS, but at some point the attack rate is
reduced and the course becomes characterized by a steady
deterioration in function unrelated to acute attacks. The third
clinical type, primary progressive MS (PPMS), is
characterized by a steady decline in function from the
beginning without acute attacks. The fourth type,
progressive–relapsing MS (PRMS), also begins with a

progressive course although these patients also experience
occasional attacks.4
The etiology of MS remains unknown, but is widely
considered to involve the organ-specific autoimmune
destruction of CNS myelin mediated by myelin specific T
cells.
Experimental autoimmune encephalomyelitis (EAE), an
animal model of human MS, is a demyelinating,
inflammatory disease of the CNS and is induced by the
immunization of susceptible strains of rats or mice with
myelin antigens combined with adjuvant.5,6 Trafficking and
infiltration of IFN-γ-expressing type 1 helper T cells (Th1
cells) and interleukin 17 (IL-17)-expressing helper T cells
(Th17 cells) into the CNS play an important role in the
development and progression of EAE because myelin
antigen-specific Th17 cells and Th1 cells can be found in the
blood, lymphoid tissues and CNS in EAE and MS.
The current treatments for delaying MS progression include
cytostatic, immunomodulatory drugs such as Mitoxantrone
and Cyclophosphamide (CY), biological agents such as
Interferon (IFN)-beta, Natalizumab and the random polymer
Glatiramer acetate.
Although clear-cut beneficial effects are observed in many
patients treated with these drugs, none of them ultimately
cures the patients or permanently inhibit disease progression.
In addition, all of these compounds have potentially serious
side effects, some require systemic administration, and the
biological agents are costly and immunogenic, causing
response failure during prolonged treatment.
To overcome the difficulties like adverse reaction caused by
existing ones like an increasing number of emerging
therapies for MS are currently being tested either in clinical
phases or in pre-clinical phases by making use of the EAE
model. The most promising experimental therapies including
oral administration of small molecular weight diseasemodifying drugs like Statin, fingolimod, linomide, Gene and
Stem cells therapy, intravenous or subcutaneous application
of mAb targeting cells or molecules and Complementary and
Alternative Medicine (CAM) includes dietary supplement,
natural herbs and yoga.
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OLD THEREPIES USED IN MULTIPLE SCLEROSIS
Immunomodulatory Treatment
Interferon beta
Interferon beta (IFN-β) is an established first line treatment in
relapsing remitting MS. IFN-β has been demonstrated to
reduce the attack rate in patients with MS or with clinically
isolated syndromes that are at high-risk to develop MS.
The multicenter study of IFNβ-1b (Betaseron) in RRMS7,8
was randomized, double-blind and placebo-controlled which
included 372 RRMS patients. They were scored on the EDSS
of 5.5 or below and who had experienced at least 2 attacks in
the prior 2 years.
Patients were randomized to receive placebo, low-dose (1.6
MIU; 50 µg), or high-dose (8 MIU; 250 µg) IFNβ-1b,
subcutaneously (s.c.), every other day for 2 years. After 2
years, compared to placebo, treatment with high-dose IFNβ1b reduced the clinical relapse rate (-34%; p<0.0001), which
was the primary endpoint of the study. This trial provides
Class I evidence that IFN-β reduces the relapse rate
(measured either clinically or by MRI) in patients with
RRMS. The effect of treatment on measures of disease
severity (i.e., MRI disease burden and disability progression)
is less consistent.
The IFNβ-1a (Avonex) trial9,10 was also multicenter,
randomized, and placebo-controlled. It included 301 RRMS
patients who had an EDSS score of 1.0-3.5, and who had
experienced at least 2 attacks in the 3 years prior to study.
Patients were treated either with placebo or IFNβ-1a, 6
MIU/wk (30 µg/wk), i.m. for two years. This trial was
stopped earlier than originally designed, so that only 57%
(172 patients) completed the full two years on study
medication. Compared to placebo, treatment with Avonex for
two years produced a reduction in the confirmed 1-point
EDSS16 progression rate (-37%; p=0.02), which was the
primary end-point of the trial.
This trial provides Class I evidence that IFNβ-1a reduces the
biological activity of RRMS. Importantly, the results of this
trial replicate, the earlier IFNβ-1b trial for both clinical and
MRI outcomes although, again, the effect of treatment on
attack rate measures was more consistent than for measures
of disease severity. Thus, both clinical and MRI measures of
attack rate were similarly improved at two years.
Additionally, there was a reduction in the confirmed 1-point
EDSS progression rate, although there was no statistically
significant concomitant benefit on either MRI disease burden
or brain atrophy over the two years of study.
It is therefore concluded that treatment of MS with IFN-β
produces a beneficial effect on MRI measures of disease
severity such as T2 disease burden and probably also slows
sustained disability progression
Glatiramer Acetate
Glatiramer acetate (Copaxone), is a random polypeptide
made up of four amino acids (L-glutamic acid, L-lysine, Lalanine, and L-tyrosine) in a specific molar ratio (1.4, 3.4,
4.2, and 1.0 respectively).
The mechanism of action of Glatiramer acetate is not known,
but may relate to a number of immunological effects such as
the induction of antigen-specific suppressor T cells,
inhibition of antigen presentation, displacing bound myelin
basic protein, or causing an immune deviation in CD4+ T
cells from a Th1 to a Th2 phenotype.11,12
The results of a large multicenter, randomized, double-blind,
placebo-controlled trial of glatiramer acetate were reported
initially in 1995.13 This trial involved 251 RRMS patients
who had an EDSS score of 5.0 or less and who had

experienced two or more relapses in the 2 years prior to
study. Patients received either placebo or 20 mg of glatiramer
acetate s.c. daily for up to three years. In this trial it was
found that treatment with glatiramer acetate significantly
reduced the clinical attack rate over a two 27 year period (29%; p=0.007), which was the primary end-point of the
study. It also reduced the confirmed 1-point EDSS
progression rate, and reported a reduction in the unconfirmed
1-point EDSS worsening over the first two years of the study.
Side effects to glatiramer acetate are typically minimal. They
include injection site reactions (e.g., pain, redness, and
indurations) although these are generally mild and subside
with continued therapy. Metabolic and hematological
abnormalities following treatment with glatiramer acetate
were not noted either in the pivotal trial or in the six-year
open-label study.13
On the basis of Class I evidence, glatiramer acetate has been
demonstrated to reduce the attack rate (whether measured
clinically or by MRI) in patients with RRMS.
The evidence of a benefit to treatment on measures of
disease severity, however, is less robust, in part, because the
Class I evidence using glatiramer acetate is limited.
Treatment of MS patients with glatiramer acetate produces a
beneficial effect on disability progression in patients with
RRMS.
Immunosuppressive Treatments
Cyclophosphamide
Cyclophosphamide (Cytoxan) is an alkylating agent that has
potent immunosuppressive and cytotoxic properties. Often it
has prominent side effects such as alopecia, nausea, vomiting,
and hemorrhagic cystitis. Other side-effects include sterility,
myelosuppression, and a long-term risk of malignancy.
The first randomized, controlled trial of this agent in the
treatment of MS was conducted in 1983.14 It involved 58
patients with chronic progressive MS (SPMS and PPMS)
who were divided into three treatment groups. Twenty
patients received i.v. ACTH for 21 days; 20 patients received
ACTH and i.v. cyclophosphamide (400-500 mg/day for 1014 days); and 18 patients received ACTH and low-dose oral
cyclophosphamide in addition to 5 courses of plasma
exchange over two weeks. No benefit to plasma exchange
was noted in this trial. However, grouping patients who
improved and those who remained stable (i.e., changed by
less than 1 EDSS point) into a ‘stabilized’ group, they
reported a benefit to therapy at both 6 and 12 months
(p<0.002).
In 1987, non-randomized trial of cyclophosphamide in
patients with chronic progressive MS (SPMS and PPMS) was
reported.15 There were 27 treated and 24 untreated patients in
this study. Treated patients either received i.v.
cyclophosphamide (500 mg/day for 10-14 days) in addition
to i.v. ACTH or oral prednisone, or they received oral
cyclophosphamide (700 mg/m2/ week for 6 weeks) in
addition to oral prednisone. The authors reported a benefit to
treatment at both the 1 and 2 year time-points (p=0.002 and
p=0.009).
Based on Class I evidence, pulse cyclophosphamide
treatment does not alter the course of progressive MS but on
the basis of one Class III study, it is possible that younger
patients with progressive MS may derive some benefit from
pulse plus booster cyclophosphamide treatment.
Methotrexate
Methotrexate (Rheumatrex) is an inhibitor of dihydrofolate. It
has anti-inflammatory properties, decreases proinflammatory
cytokines, and augments suppressor cell function. It is also
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use for other inflammatory neurological conditions such as
myasthenia
gravis
and
demyelinating
peripheral
neuropathies. Patients may experience nausea, headache,
stomatitis, or diarrhea but these rarely necessitate
discontinuation of treatment. Following prolonged treatment
(>2 years), some patients get liver damage, drug-related
hepatic toxicity and the long-term risk of developing nonHodgkin’s lymphoma following therapy is slightly increased.
In 1993, the results of an 18-month, double-blind,
randomized, placebo-controlled pilot study of low-dose
methotrexate (7.5 mg/wk) in MS was reported.16 On the basis
of this trial they suggested a possible benefit to treatment in
RRMS but not in progressive MS.
In 1995, the effect of low-dose oral methotrexate (7.5mg/wk)
in 60 chronic progressive MS patients (SPMS and PPMS)
treated for two years was assessed.17 Treatment failure was
defined using a composite outcome measure including two
measures sensitive to ambulation (EDSS and AI) and two
measures of upper extremity function (9HPT and the Box and
Block Test). The trial was randomized, placebo-controlled,
and double-blinded (Class II). This trial provides equivocal
evidence of a treatment effect for methotrexate in progressive
MS.
Based on limited, although somewhat conflicting, Class II
evidence, it is considered that methotrexate favorably alters
the disease course in patients with progressive MS.
NEW EMERGING THEREPIES USED IN MULTIPLE
SELEROSIS
Atorvastatin
Immunomodulatory effects of atorvastatin were examined in
chronic
and
relapsing
experimental
autoimmune
encephalomyelitis (EAE) in Th1-mediated central nervous
system (CNS) demyelinating disease model of multiple
sclerosis.18,19 Oral atorvastatin prevented or reversed chronic
and relapsing paralysis. Atorvastatin induced STAT6
phosphorylation and secretion of Th2 cytokines (interleukin
(IL)-4, IL-5 and IL-10) and transforming growth factor
(TGF)-b. Conversely, STAT4 phosphorylation was inhibited
and secretion of Th1 cytokines (IL-2, IL-12, interferon (IFN)g and tumour necrosis factor (TNF)-a) was suppressed. It’s
promoted differentiation of Th0 cells into Th2 cells. In
adoptive transfer, these Th2 cells protected recipient mice
from EAE induction. Atorvastatin reduced CNS infiltration
and major histocompatibility complex (MHC) class II
expression.
Atorvastatin treatment of either APC or T cells suppressed
antigen-specific T-cell activation. Thus, atorvastatin has
pleiotropic immunomodulatory effects involving both APC
and T-cell compartments. So statins may be beneficial for
multiple sclerosis.
Linomide
Linomide is a synthetic immunomodulator that enhances
natural killer cell activity and significantly activates several
lymphocytic cell subpopulations in both experimental
animals and humans.
The effect of linomide (80 mg per kg per day in drinking
water) examined on mice with chronic-relapsing
experimental autoimmune encephalomyelitis (CR-EAE), a Tcell-mediated organ-specific autoimmune disease that
resembles human multiple sclerosis. None of the mice that
were treated with linomide from day 7 after disease induction
developed any clinical or histopathological signs of CR-EAE,
as compared to untreated controls that were severely
paralyzed and had extensive demyelinating lesions in the
central nervous system. Linomide-treated animals were also

resistant to an induced attack by a booster injection with a
murine spinal cord homogenate. When administered to mice
exhibiting severe clinical signs of paralysis, linomide
inhibited both spontaneous and induced relapses. Linomide
treatment protected mice from passively induced CR-EAE as
well; Lymphocytes obtained from linomide-treated mice had
a reduced in vitro proliferative response to the myelin basic
protein and to the tuberculin purified protein derivative,
whereas the mitogenic response to concanavalin A was not
affected. Since linomide is very well tolerated in
experimental animals and humans, it might be used in the
treatment of multiple sclerosis.20
Fingolimod
2-Amino-2-[2-(4-octylphenyl)ethyl]propane-1,3-diol
hydrochloride (FTY720, fingolimod hydrochloride) is an
orally active sphingosine 1-phosphate (S1P) receptor
modulator with a structure closely related to sphingosine.21
FTY720 sequesters circulating mature lymphocytes into the
secondary lymphoid organs (SLO) and thymus by long-term
down-regulation of S1P receptor type 1 (S1P1) on
lymphocytes, and shows potent immunomodulating effects.
To examine the therapeutic effects of FTY720 EAE induced
in C57BL/6 mice by immunization with MOG35-55. In
EAE-established mice 17 days after the immunization22,
when FTY720 (0.1 and 0.3mg/kg) was administered
therapeutically, the symptoms of EAE were significantly
improved during the administration period.
The first clinical evidence that FTY720 has the therapeutic
benefits in MS was found in a 6 month, placebo-controlled
Phase II trial involving 281 patients with relapsing remitting
MS (RRMS). Patients receiving FTY720 at an oral dose of
1.25 mg or 5.0 mg daily had a significant lower median total
number of gadolinium-enhancing lesions (the primary end
point) on magnetic resonance imaging (MRI) than those
receiving placebo. In FTY720-treated MS patients, the
number of IL-17-expressing CD4+ T cells were reduced by
>95% in the peripheral blood suggesting that FTY720
inhibits egress of Th17 cells from the SLO and reduces the
infiltration of Th17 cells into the CNS.23,24 In addition,
FTY720 primarily reduced the numbers of CCR7+
CD45RA+ naïve T cells and CCR7+ CD45RA- central
memory T cells in the blood in MS patients, because these T
cells express the homing receptor CCR7, recirculate through
the lymph nodes, and can be sequestered into the lymph
nodes by FTY720.
Teriflunomide
Teriflunomide, a metabolite of leflunomide, is an oral
immunomodulator
with
anti-inflammatory
activity.
Teriflunomide inhibits pyrimidine synthesis by binding to the
enzyme dihydro-orotate dehydrogenase (DHO-DH) which is
the fourth enzyme in the de novo synthesis pathway of
pyrimidines—in T cells and other rapidly dividing cell
populations.25
The safety and efficacy of oral teriflunomide in multiple
sclerosis (MS) with relapses was examined in randomized,
double-blind, placebo controlled Phase II study. Patients with
relapsing–remitting MS or secondary progressive MS with
relapses were randomized to receive placebo, teriflunomide 7
mg/day, or teriflunomide 14 mg/day for 36 weeks. MRI brain
scans were performed every 6 weeks. Teriflunomide-treated
patients had significantly fewer T1 enhancing lesions per
scan, new or enlarging T2 lesions per scan, and new T2
lesions. Patients receiving teriflunomide 14 mg/day had
significantly reduced T2 disease burden. So oral
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teriflunomide was effective in reducing MRI lesions and was
well tolerated in patients with relapsing multiple sclerosis.26
Daclizumab
Daclizumab is a humanized anti–IL-2R a-chain monoclonal
antibody (mAb) which is subsequently employed for
treatment of autoimmune diseases, including MS and
autoimmune Uveitis.27
The beneficial clinical effects of daclizumab in these diseases
have been attributed, due to its capacity to expand CD56 NK
cells, which are believed to exhibit immunoregulatory
functions.28
In a preliminary open label trial it’s showed significantly
decreased numbers of contrast enhancing lesions on MRI,
decreased exacerbation rates and decreased Expanded
Disability Status Scale (EDSS) scores. Decreased EDSS
scores were also observed in five of 14 patients with
secondary progressive multiple sclerosis, which is an
important finding, as there is currently no therapeutic option
for this group of patients.29, 30
Stem cell therapy
No treatments are currently available that slow, stop, or
reverse disease progression in established multiple sclerosis
(MS). Mesenchymal stem cells (MSCs) are recognized as
candidate in this respect due to evidence that they promote
oligodendrogenesis both in vitro and in vivo, result in
functional improvement in animal models of multiple
sclerosis.
The Mesenchymal Stem Cells in Multiple Sclerosis
(MSCIMS) trial tests the safety and feasibility of treatment
with a candidate cell-based therapy, and to evaluate putative
neuroprotective therapies in progressive MS.
MSCIMS is a phase IIA study of autologous mesenchymal
stem cells (MSCs) in secondary progressive MS. The
MSCIMS trial uses complementary eligibility criteria and
tailored outcome measures to study therapeutic response in
participants who have deficits in the anterior visual pathway
as a model of wider disease processes. This “sentinel lesion”
approach forms a novel methodology for neuroprotective
trials in MS and serve as proof of principle for its future
wider applicability.31
Gene Therapy
Gene therapy offers the possibility of site-directed, long-term
expression, and is currently being preclinically investigated
EAE. While some immune effects may be targeted in the
periphery using DNA vaccination, strategies both viral and
nonviral are being developed to target agents into the CNS
either via direct delivery or using the trafficking properties of
cell-carrier systems. Targeting of leucocyte activation,
cytokines and nerve growth factors have shown some
promising benefit in animal EAE systems.32
Immuno-gene therapy for the treatment of central
nervous system inflammatory demyelinating diseases: the
peripheral approach
Delivery of immune-modulatory genes into the CNS has
never been tested in MS patients, but encouraging results
have been obtained in experimental autoimmune
encephalomyelitis (EAE). Different approaches have been
developed. ‘Protective’ genes have been engineered into viral
vectors or plasmids and injected into encephalitogenic T
cells, which, in turn, have been used as ‘Trojan horses’ to
deliver genes coding for anti-inflammatory cytokines to the
CNS of EAE mice. Intramuscular injection of plasmid–DNA
(e.g. naked DNA) or DNA–liposome complexes to induce a
self reaction against the heterologous genes engineered into
the gene vectors has also been tried. Engineering of myelin

antigens into B cells to protect from EAE via a tolerizing B
cell-mediated mechanism has recently been reported. The
results of a study based on the peripheral delivery of viral
vectors engineered with cytokine genes are also available.
Central nervous system delivery of neurotrophic growth
factor genes to foster remyelination in inflammatory
demyelinating diseases
The development of therapies aimed to promote
remyelination is a major issue in MS, as repeated episodes of
demyelination over time lead to axonal loss and permanent
neurological impairment. Therapies aimed to promote myelin
restoration are so far mainly based on transplantation of
oligodendrocytes or oligodendrocyte precursors and on the
use of neurotrophic growth factors able to promote migration,
proliferation
and
differentiation
of
endogenous
oligodendrocyte
precursors.
While
transplantation
experiments have been successful in repairing myelin sheet
and restoring axonal conduction only in defined
demyelinating areas of experimental animals thus being
inadequate, at present, in multifocal CNS demyelinating
diseases, growth factor therapy has been partially successful
in EAE, but not in MS patients in which their systemic
administration caused heavy side effects. An alternative
approach for delivering growth factors into the CNS has thus
been attempted in EAE mice using gene therapy.33
Complementary and Alternative medicine (CAM)
CAM therapies that use in MS include dietary modification,
nutritional and herbal supplementation, and mind-body
therapies. There is a revival of interest among MS researchers
about the therapeutic potential of low-fat diet and essential
fatty acid supplementation in MS. The efficacy of specific
vitamin supplementation remains unclear. Recently, cannabis
and yoga have been studied in more controlled studies and
have provided evidence that they may have some benefit. The
research on CAM therapies in MS is still exploratory, but
considering people’s interest and common use of these
therapies, further research in this area is clearly warranted.
Diet and Multiple Sclerosis
The role of diet in MS can be approached from at least two
different perspectives. One approach involves exploring diet
as a possible culprit in the causation of MS and another looks
at dietary recommendations after patients develop MS.
Low-fat diet and essential fatty acid supplementation
Omega-3
essential
fatty
acids
possess
potent
Immunomodulatory activities.34 Fish oil supplements are
enriched in the omega-3 essential fatty acids
eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA), which may have immunomodulatory effects that
could benefit inflammatory diseases and ischemic heart
disease.34
A strong proponent of low-fat diet with essential fatty acid
supplementation as a treatment for MS has been Dr. Roy
Swank. He developed the so-called “Swank diet,” which was
widely used by people with MS prior to the advent of
disease-modifying therapies and is still popular among many
MS patients.35 This diet contains 10 to15 g/d of saturated fats
and includes cod liver oil supplementation.
In 1951, Dr. Swank started study for assessing the effects of
the Swank low-fat saturated diet in MS on long-term
(approximately 50 years) survival. For this 144 subjects were
divided into two groups: “good dieters” and “bad dieters”.
Good dieters included 70 subjects that adhered strictly to a
low-fat diet, consuming less than 20 g/d of fat and bad dieters
included 74 people who consumed more than20 g/d of fat.
After 34 years, there had been 23 deaths in the good dieters
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group versus 58 deaths in the bad dieters group. Patients were
then not followed for the next 15 years, and in the year 2000,
there were 15 survivors, all of whom had followed the lowfat diet. These people were found to be otherwise healthy MS
patients and most (13 of 15) were still ambulatory. Dr. Swank
S.NO.

Therapeutic
gene

1.
a)
b)

IFNβ
IFNγ

c)
d)
e)

IL-1β
IL-2
IL-4

f)
g)

IL-6
IL-10

h)

TNFα

2.
a)
b)

p55 TNFR-Ig
p75 dTNFR

3.
a)

IP-10

4.
a)
b)
5.
a)
b)

CTLA4-IgG
FasL

f)

PLP139–151
PLP139–
151+IL-4
MOG35–55
MOG35–
55+IL-4
MBP–IgG1

6.
a)
b)
d)

PDGFα
FGF- II
TGFβ

c)
d)

inferred that consumption of saturated animal fat is somehow
related as a cause of MS and that patients who followed the
Swank low-fat diet may have longer survival and decreased
disability.

Table 1: Gene-therapy attempts in rodent and nonhuman primate models of EAE
Delivery route
Gene vector
Animal strain
Antigen used
for immunization
Cytokine
Intracerebral
Liposomes
Biozzi AB/H mice
SCH
Intravenous
Vaccinia virus
SJL mice
SCH
Ependymal Route
HSV-1
C57BL/6 mice
MOG35–55
Ependymal Route
HSV-1
C57BL/6 mice
MOG35–55
Intravenous
Vaccinia virus
SJL mice
SCH
Intravenous
Vaccinia virus
SJL mice
SCH
MBP-specific T cells
Retrovirus
(PL/J × SJL)F1 mice
MBP
Intravenous
Vaccinia virus
SJL mice
SCH
Intramuscular
Liposomes
Biozzi AB/H mice
SCH
Intramuscular
Naked DNA
C57BL/6 mice
MOG35–55
Intracerebral
Liposomes
Biozzi AB/H mice
SCH
Ependymal Route
HSV-1
Macaca mulatta
Whole myelin
Intravenous
Vaccinia virus
SJL mice
SCH
MBP-specific T cells
Retrovirus
(PL/J × SJL)F1 mice
MBP
PLP-specific T cells
Retrovirus
SWXJ mice
PLP139–151
Intravenous
Vaccinia virus
SJL mice
SCH
Intranasal
Adenovirus
CSJLF1 mice
SCH
Intramuscular
Liposomes
Biozzi AB/H mice
SCH
Intracerebral
Retrovirus
Biozzi AB/H mice
SCH
Ependymal Route
Adenovirus
CSJLF1 mice
SCH
MBP-specific T cells
Retrovirus
(PL/J ×)F1 mice
MBP
Intravenous
Vaccinia virus
SJL mice
SCH
Intramuscular
Liposomes
Biozzi AB/H mice
SCH
Cytokine receptors
Intramuscular
Liposomes
Biozzi AB/H mice
SCH
Intramuscular
Liposomes
Biozzi AB/H mice
SCH
Intracerebral
Liposomes
Biozzi AB/H mice
SCH
Chemokines
Intramuscular
Naked DNA
Lewis rats
MBP68–86
Intramuscular
Naked DNA
C57BL/6 mice
MOG35–55
Co-stimulatory molecules
Intraperitoneal
Adenovirus
NA
NA
Intramuscular
Naked DNA
Lewis rats
MBP68–86
Myelin antigens
Intramuscular
Naked DNA
SJL mice
PLP139–151
Intramuscular
Naked DNA
SJL mice
PLP139–151

Administration
schedule

Clinical
efficacy

Therapeutic
Preventive
Preventive
Therapeutic
Preventive
Preventive
Therapeutic
Preventive
Preventive
Therapeutic
Therapeutic
Therapeutic
Preventive
Therapeutic
Therapeutic
Preventive
Therapeutic
Preventive
Therapeutic
Therapeutic
Therapeutic
Preventive
Preventive

+
–
+
+
+
+
+
–/+
–
–
+
+
+
–
+
+
–
–
+
+
worsening
+
–

Preventive
Preventive
Therapeutic

+
–
+

Preventive
Therapeutic

+
+

Preventive
Preventive

+
+

Preventive
Preventive

+
+

Intramuscular
Intramuscular

Naked DNA
Naked DNA

C57BL/6 mice
C57BL/6 mice

MOG35–55
MOG35–55

Therapeutic
Therapeutic

–
+

B cells
B cells

Retrovirus
Retrovirus

(PL/J × SJL)F1 mice
(PL/J ×SJL)F1 mice
Growth factors
SWXJ mice
C57BL/6 mice
(SJL×BALB/c)F1 mice
Biozzi AB/H mice
Biozzi AB/H mice
Lewis rats

bMBP + MBP1–17
PLP139–151

Preventive
Therapeutic

+
–

PLP-specific T cells
Retrovirus
PLP139–151
Therapeutic
+
Ependymal route
HSV-1
MOG35–55
Preventive
+
MBP-specific T cells
Retrovirus
PLP139–151
Therapeutic
+
Intramuscular
Liposomes
SCH
Preventive
–
Liposomes
SCH
Therapeutic
+
Intracerebral
f)
NGF
MBP-specific T
MBP
Preventive
+
Retrovirus
cells
SCH: spinal cord homogenate; HSV-1: herpes simplex virus type-1; MOG: myelin oligodendrocyte glycoprotein; MBP: myelin basic protein;
PLP: proteolipid protein; TNF: tumor necrosis factor;
p55 TNFR-Ig: p55 TNF receptor-Ig fusion protein; p75 dTNFR: p75 TNF dimeric receptor; IP-10: IFNγ
inducible protein 10; CTLA4: cytotoxic T-lymphocyte antigen 4; NA: not available; FasL: Fas ligand; bMBP: bovine myelin basic protein; PDGF: plateletderived growth factor; FGF-II : fibroblast growth factor II; TGF: transforming growth factor; NGF : nerve growth factor. a: Preventive: at the time of
immunization or shortly after; therapeutic: close to or after disease onset. b:+: Disease amelioration; –: no effect.33

Nutritional Supplements
Antioxidants
There is mounting scientific data supporting the role of
immune-mediated mechanisms in the pathogenesis of MS. T
cells, B cells, and macrophages, along with soluble mediators
of inflammation, appear to cause demyelination and axonal
and neuronal injury in MS. One common pathway of tissue
injury in MS is oxidative stress mediated by reactive oxygen

species.36 The notion that oxidative stress–mediated lipid
peroxidation of brain tissue contributes to the pathogenesis in
MS. Serum lipid peroxidation generation can be estimated by
thiobarbituric acid (TBA) reactivity and has been used to
assess the oxidative stress levels. Because of the interest in
free radical injury in MS various antioxidants such as lipoic
acid, vitamin C, vitamin E, and flavonoids, among others, are
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being explored as having a potential role in prevention or
treatment of MS.
Lipoic acid (LA), also called alpha lipoic acid and thioctic
acid, is a natural antioxidant that serves as an important
cofactor for mitochondrial dehydrogenases. LA has been
shown to be effective in treating diabetic neuropathy due to
its potential antioxidant properties in randomized, placebocontrolled trials. In recent years, LA has been shown to be
effective in treating the animal model of MS EAE. In
addition, LA has been shown to inhibit human T-cell
migration and thus makes an attractive candidate for a
possible immune modulator in MS.
In a placebo controlled and randomized single pilot study of
oral LA in 37 MS subjects including four comparison groups:
placebo and three different doses of LA (600 mg twice a day;
1200 mg once a day and 1200 mg twice a day).37 The trial
explored the pharmacokinetics and tolerability of oral LA in
MS and studied its effects on serum matrix
metalloproteinase-9 (MMP-9) and soluble intercellular
adhesion molecule-1 (sICAM-1). Participants took the study
capsules for 14 days. In this study it found that oral LA up to
doses of 1200 mg twice a day was safe and generally well
tolerated by people with MS.
Importantly, the study showed that higher doses of LA led to
reduced levels of serum MMP-9 levels and serum sICAM-1
levels. Because MMP-9 and sICAM-1 are important factors
affecting the T-cell migration into the central nervous system,
LA may prove useful in treating MS by inhibiting MMP-9
activity and interfering with T cell migration into the central
nervous system.37
There are two recent epidemiologic studies addressing the
association of vitamin C and vitamin E and the risk of
developing MS. The case-control study by Ghadirian et al.38
included 399 subjects (197 cases and 202 control subjects)
and suggested that there could be a protective role of vitamin
C for the risk of MS (odds ratio of 0.58;P = 0.008). This
study did not find any significant association of vitamin E
and risk of MS.38
On the contrary, a prospective case-control study involving
two large cohorts of nurses (the Nurses’ Health study, which
followed 81,683 women for 12 years, and the Nurses’ Health
study II, which followed 95,056 women for 6 years) did not
find that higher intakes of dietary vitamin C reduced the risk
of MS in women. This study also did not find vitamin E to
have any significant impact on the risk of MS.
A case-control study of 24 MS patients and 24 age-matched
control subjects looked at the levels of antioxidants (vitamin
C, beta-carotene, alpha-tocopherol) and lipid peroxidation
(estimated by TBA reactivity) activity in the serum.39 The
study showed an inverse relationship between the
antioxidants’ levels and lipid peroxidation activity.
Other Supplements
Vitamin B12
The relationship of vitamin B12 and its role in MS
pathogenesis or treatment remains controversial. One of the
recent studies that yielded positive results with vitamin B12
supplementation was a small study by Kira et al.40 in which a
massive dose (60 mg/d for 6 months) of vitamin B12
supplementation was given to six subjects with chronic
progressive MS. This study showed no clinical improvement
in motor disability in these subjects but showed improved
visual and brainstem evoked-potential responses as compared
with the pretreatment period.40
On the contrary, Wade et al.41 conducted a placebo
controlled, double-blind randomized study of 138 MS

subjects of weekly vitamin B12 injections in combination
with noradrenergic agents (lofepramine and L phenylalanine,
called the “Cari Loder regime”) or placebo. The subjects
included 35 relapsing-remitting, 44 primary progressive, and
59 secondary progressive MS subtypes.
All study participants received weekly vitamin B12 for 24
weeks and were divided into two groups of 69 subjects each.
The combination group received daily lofepramine and L
phenylalanine and the control group took placebo tablets.
Primary outcome of the study was a change in the Guy’s
Neurological Disability Scale (GNDS). The study showed
that all subjects receiving vitamin B12 injections showed
improvement in their GNDS scores at week 24, they also
found that the combination group had lightly more
improvement in the GDNS scores as compared it to the
control group.41 Because the findings were not statistically
significant, they concluded that there was not enough
evidence to routinely support the use of the Cari Loder
regime in the treatment of MS.
Yoga
Exercise should be an active part of MS management, and
clinical studies have demonstrated the benefits of exercise in
MS. These benefits include improvement in functional
capacity, quality of life, and fatigue. Yoga is a CAM
approach that may be considered equivalent to conventional
exercise.
Yoga is an ancient Indian practice that combines specific
breathing techniques, meditation, and certain forms of
exercise/postures. Surveys indicate that yoga is practiced by
13% to 23% of people with MS and that more than half of
these find it to be highly beneficial.42
In a survey of Oregonians compared the “very beneficial”
ratings of yoga to ratings of conventional exercise modalities,
such as water aerobics, swimming, stretching, and walking,
by the respondents. A significantly higher percentage of
respondents rated yoga (49%) as “very beneficial” compared
with walking (40%; P = 0.001).or other conventional exercise
modalities, they found that “very beneficial” rating of yoga
was similar to water aerobics (49%; P = 0.96), swimming
(45%; P = 0.17), and stretching (44%; P = 0.06).42
In a single 6-month, randomized controlled trial of yoga in
MS including 69 MS patients were randomized into one of
three arms: yoga, exercise on a stationary bicycle, and a
“wait-list” group. Both the yoga and stationary bicycle
groups regularly attended group classes and were encouraged
to continue their particular group’s exercise modality at
home. This study showed that subjects in the yoga arm of the
study improved significantly on measures of fatigue as
compared with the waiting list group. Similar improvements
in fatigue were seen in the conventional exercise group. The
study did not find any improvement in cognitive functions in
either yoga or the exercise group.43 This study provides
support for the notion that yoga can improve fatigue among
people with MS. Because of the low impact of exercises
involved in yoga and potential beneficial effect on fatigue,
yoga maybe a worthy exercise technique for MS.
Cannabis
Cannabis remains a controversial intervention for MS related
symptoms. It has been used for symptoms in MS such as
pain, spasticity, mood, tremors, fatigue, or bladder
dysfunction.
Many patients report subjective improvement in various MSrelated symptoms despite negative objective improvement. A
recent survey of 220 MS patients in Halifax, Nova Scotia
assessed the patterns and prevalence of cannabis use among
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patients with MS. The survey found that up to 36% of
respondents had used cannabis for any purpose ever in their
lives and 14% were using cannabis for symptom treatment at
the time of the survey.44
Several clinical trials have recently been conducted to
address the efficacy of cannabis in MS-related symptoms. A
randomized, double-blind, placebo-controlled crossover
study trial by Vaney et al.45 examined the efficacy, safety,
and tolerability of an orally administered cannabis extract in
the treatment of poorly controlled spasticity in patients with
MS. Fifty-seven patients that were part of an inpatient
rehabilitation program were enrolled in this trial. The study
used cannabis-extract capsules standardized to 2.5 mg of
tetrahydrocannabinol (THC) and 0.9 mg of cannabidiol
(CBD) each, and used up to 30 mg of THC as the maximum
dose. The study concluded that Cannabis sativa plant extract
might lower spasm frequency and increase mobility with
tolerable side effects in MS patients with persistent spasticity
not responding to conventional medications.45
The Cannabinoids in MS (CAMS)46 study tested the efficacy
and long-term safety of cannabinoids in MS. This was a
placebo-controlled, 15-week study that included 630 patients
with stable MS and spasticity. The preliminary results from
the 12 months of follow-up in these subjects showed a small
but significant treatment effect on the primary outcome
(muscle spasticity) as assessed by Ashworthscale (P = 0.04).
There was improvement in some aspects of disability as well
as subjective improvement in patients ’symptoms of muscle
spasms, pain, and sleep.
Gingko
Gingko biloba is an herb that has been used in China for
centuries that is now commonly used by people worldwide,
including people in the United States with MS.42 Gingko
contains constituents that include flavonoids, terpenoids, and
organic acids and has both anti platelet and antioxidant
activities.47,48 Gingkoa also has effects on the
neurotransmitters involved in cognition.
In 1998, a meta-analysis study suggested that gingko biloba
was effective in slowing progression of Alzheimer’s disease.
Gingko attracted the interest of MS researchers because of its
potential as a disease modulatory agent as well as a treatment
for cognitive dysfunction in MS. However, gingkolide B,
which is a specific compound found in gingko biloba extracts
that had beneficial effects on EAE, did not have effects on
exacerbations in a double-blind, placebo-controlled trial of
MS.
Gingko biloba has been studied as a treatment for cognitive
dysfunction in MS in two clinical trials. One small pilot study
suggested that gingko biloba might be beneficial for
treatment of cognitive dysfunction.
Another double-blind, placebo-controlled study assessed the
effects of a standardized gingko biloba extract given at 120
mg twice a day for 12 weeks on cognitive performance in 43
subjects with MS. At the end of the study, the group taking
gingko biloba extract significantly (P = 0.015) improved on
the Stroop test, attention, and executive functions.49 The
subjects in the gingko biloba group also reported significantly
fewer cognitive difficulties on the Retrospective Memory
Scale of the Perceived Deficits Questionnaire when compared
with the placebo group (P = 0.016.) This trial was limited by
a short duration and small sample size but warrants a larger
and longer trial before gingko biloba extract recommend for
MS-related cognitive deficits.

Bee Venom
Bee sting therapy has been used by a small number of MS
patients despite no reasonable justification of its benefit in
MS. There has been a single, randomized, crossover study in
26 MS patients with 24 weeks of medically supervised bee
sting therapy.1-3 Patients received bee venom three times per
week. The study examined the cumulative number of new
gadolinium-enhancing lesions on T1-weighted MRI of the
brain as the primary outcome. Secondary outcomes included
lesion load on T2-weighted MRI, relapse rate, disability,
fatigue, and health-related quality of life. This study showed
that although bee sting therapy was well tolerated, there was
no significant improvement on any of the primary or
secondary outcomes.50 It concluded that bee sting therapy has
no significant advantage over other treatment options in MS
and we would discourage its use.
CONCLUSION
During the past decade, significant progress has been made in
the treatment of MS. First-line disease-modifying therapies
for patients include Glatiramer acetate, formulations of IFN,
Mitoxantrone all of which have been shown to reduce
relapses and improve other clinical outcomes in patients with
relapsing MS. Natalizumab and mitoxantrone also are
effective for patients with relapsing MS, but have potentially
serious side effects. Other clinical checkpoints in MS
pathogenesis can now be targeted. It is likely that the results
of these clinical trials will continue to fuel our understanding
of the basic biology of MS.
Emerging treatment options for MS include oral therapies
and monoclonal antibodies directed at new targets to
favorably alter immune-mediated damage. Novel treatments
that
specifically
target
mechanisms
that
cause
neurodegeneration
are under
active investigation.
Neuroprotection and neural repair are new strategies on their
way to entering clinical trials, although appropriate clinical
outcome measurements still need to be fully develop.
Gene and Stem cell therapy in MS still has a long way to go
before it reaches the clinic. Great hope has been raised,
however, for the cure of a disease for which conventional
treatments often fail to prevent disease progression. It might
include different ‘human-grade’ vectors which could be used
to deliver different anti inflammatory cytokines as well as
neuroprotective/neuro regenerative agents in a flexible,
timed, safe and effective way to control the different phases
of the disease.
The role of CAM therapies in MS is evolving. Many
researchers now agree that diet and omega-3 fatty acid
supplementation may have some beneficial effect in MS.
Based on recent literature, promising areas of CAM research
in MS may include the immunomodulatory effects of low-fat
diet and omega-3 fatty acid supplementation, use of cannabis
for certain symptoms like spasticity, and gingko biloba for
cognitive dysfunction. Recent studies also indicate that yoga
may be as beneficial as conventional exercise for reducing
fatigue. Several of the CAM therapies may be used in
conjunction with the current conventional therapies for MS.
Because mostof these therapies have minimal side effects and
can be used in conjunction with the currently approved
therapies for MS, neurologists should become more familiar
with these options and have open discussions with their
patients about CAM therapies they may be trying. Clearly,
more research is warranted in this field.
Further refinements and progress in MRI technology,
proteomics,
pharmacogenomics,
metabolomics,
and
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transcriptomics may eventually aid in the design and
applicability of personalized medicine. On balance, available
evidence justifies a highly optimistic view into the future of
MS therapy.
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