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Abstract

The B-D-Mannuronic acid (M2000) as a novel immunosuppressive drug, patented (PCT/EP2017/067920), has immunosuppressive effects.

M2000 has shown a notable efficacy in experimental models of multiple sclerosis (MS), rheumatoid arthritis, and nephrotic syndrome. The influence
of M2000 on myelin basic protein (MBP) induced experimental autoimmune encephalomyelitis (EAE), an animal model of multiple sclerosis, was
evaluated. The results of this study demonstrated that the treatment of EAE with M2000 could significantly decline disease development both
prophylactically and therapeutically. The onset and symptoms of EAE in Lewis rats could be suppressed following the administration of M2000.
In another study, the effect of M2000 on the treatment of Alzheimer’s disease (AD) was performed by Morris water maze experiment, and the
immunological evaluations were performed by Western blot, apoptosis (procaspase-3, Bax/Bcl2, P53), enzymatic (superoxide dismutase [SOD]),
and nonenzymatic oxidative stress (malondialdehyde [MDA]) tests. Our data showed that M2000 can reduce the amount of Bax/Bcl2, P53, MDA, and
SOD, as well as it normalized the level of procaspase 3. Also, in a clinical trial, we assessed the efficacy and safety outcomes in MS treated patients
with mannuronic acid compared to the conventional drug. As compared with the conventional drug, mannuronic acid (M2000) improved the risk of
disability progression (based on MRI and EDSS assessment). This clinical trial demonstrated the efficacy and safety of mannuronic acid in patients

with MS. Our results suggest M2000 is a potential therapeutic agent for the treatment of MS and AD.
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Mini Review
Multiple (MS), the

demyelinating disease of the central nervous system (CNS), is

sclerosis principal inflammatory
believed to have an immunopathological etiology arising from
gene-environment interactions [1,2] affecting approximately 0.1%
of the population in the northern part of the world. The factors
behind the initiation of the inflammatory response are not known
at present, but MS is considered a complex disease depending on
genetic as well as environmental factors. Experimental autoimmune
encephalomyelitis (EAE) is the current experimental rodent model
for multiple sclerosis. Disease is induced in genetically susceptible
mice or rats by immunization with myelin proteins or peptides,
resulting into the infiltration of leukocytes into the CNS [3]. In spite
that MS results to severe disability, targeted effective therapies for
treatment of this disease is lacking. Even more frustrating is the
fact that the basic mechanisms underlying the disease process have
not been understood in order to design an appropriate therapeutic
tool. The principal problem in treatment of MS is the notable side
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effects of current therapies. The administration of mitoxantrone
[4,5] [6-8], (IFNs) [9-11],
corticosteroids [12], and other immunosuppressive [13,14] and

glatiramer acetate interferons
anti- inflammatory drugs [15-18], in addition to their therapeutic
effects, commonly cause diverse side effects. Most common among
the side effects of IFN are “flu- like” symptoms. Also, depression
is a suspected side effect of therapy with IFN- beta, since IFNs
affect neurochemical pathways putatively involved in the etiology
of depression. In this study we assess the therapeutic potency of
M2000 (b-D-mannuronic acid), as a novel designed nonsteroidal
anti-inflammatory drug (NSAID) with immunosuppressive
property in an experimental model of multiple sclerosis, multiple
sclerosis and alzheimer’s disease. The therapeutic potency of
M2000 (b-D-mannuronic acid), a novel designed nonsteroidal anti-
inflammatory drug with immunosuppressive property in T-cell-
mediated autoimmune disease, was tested [19-23]. The influence

of M2000 on myelin basic protein (MBP)-induced experimental
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autoimmune encephalomyelitis (EAE), an animal model of multiple
sclerosis, was evaluated [24]. M2000 at two doses, 40 and 80 mg/
kg/day, was administered intraperitoneally (i.p.) to the prevention
and treatment groups, respectively. Onset of i.p. injections of
M2000 to prophylactic and therapeutic groups was day-1 and
day-7 postimmunization. The WEHI-164 cell line was applied for
evaluating the tolerability of M2000. The results of this experiment
demonstrated that the treatment of EAE with M2000 could
significantly suppress disease development both prophylactically
and therapeutically; the onset and symptoms of EAE in Lewis
rats suppressed following the administration of M2000. Clinical
improvement was accompanied by a significant decrease in
mean numbers of vessels with perivascular cellular infiltration in
M2000-treated rats compared with non-treated control. Disease
suppression was associated with a marked suppression of MBP-
specific T-cell reactivity in vitro, without any evidence for a
generalized impairment of T-cell activity. Furthermore, M2000
demonstrated a very high tolerability compared with certain
steroidal and non-steroidal anti-inflammatory drugs. Collectively,
our data suggested that M2000 might supply a novel therapeutic
option for T-cell-mediated autoimmune diseases in animal models
and possibly in humans [24]. Histopathological evaluation of
brain and spinal cord sections in treated and non-treated groups
showed that the mean number of vessels with perivascular cellular
infiltration in brain (0.57 *+ 0.79) and spinal cord (2.0 * 2.65) in
M2000-treated rats were significantly less than non-treated control
with mean values of (2.43 + 3.41) for brain and (10.71 + 8.76) for
spinal cord, respectively [24]. The mechanism of action of M2000
is due in part to inhibition of matrix metalloproteinase activity
and/or expression and its apoptotic efficacy [20], which is parallel
with immunoprotective mechanism of IFN-beta [10]. Moreover, the
lymphoid cells from draining lymph nodes of M2000-treated MBP-
sensitized rats showed in vitro diminished proliferative response
that provides understanding of immunosuppressive property of
this drug. Additionally, together with our histological findings, the
data suggested that the relevant immunosuppressive mechanisms
of M2000 may be suppression of migration of leukocytes into the
CNS and to some extent its inhibitory effect on T-cell proliferation.
Our findings showed that M2000 (b-D-mannuronic acid) might
provide a novel therapeutic option for treatment of multiple
sclerosis. And due to its high tolerability, it can be recommended
as a safe immunosuppressive agent for long-term administration
[24]. In another study, the effect of M2000 on the treatment of
Alzheimer’s disease (AD) was performed by Morris water maze
experiment, and the immunological assessments were carried
out by Western blot, apoptosis (procaspase-3, Bax/Bcl,, P53),
enzymatic (superoxide dismutase [SOD]), and nonenzymatic
oxidative stress (malondialdehyde [MDA]) tests [25]. We found that
pretreatment of AD in the rat model by M2000 had a potent efficacy
on rat behavior and also it caused a significant inhibition of amyloid
plaque production. In addition, our data demonstrated that M2000
can decrease the amount of Bax/Bcl,, P53, MDA, and SOD, as well
as it normalized the level of procaspase-3. Our data suggested
that M2000 is a potential therapeutic agent for the treatment of
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AD. In our study, rats were divided into 4 groups—normal control
group (C), sham operation group (S) in which phosphate-buffered
saline (PBS) was injected to the intrahippocampus, Alzheimer’s
group (Ab) in which 50 ng/mL per side of Ab was injected to the
intrahippocampus by Hamilton syringe, and M2000 group (Ab plus
M) that in addition to Ab injection, they obtained M2000 daily via
water utility. The M2000 was given to the rats for 6 weeks (from 2
weeks before Ab injection to 4 weeks after Ab injection) [25]. Bax is
one of the proteins that have a significant role in the development
of apoptosis and antiapoptotic protein such as Bcl2, which has an
importantrole in controlling apoptosis pathway. In our experiment,
Ab injection significantly increased Bax expression (P <.0001) and
decreased Bcl2 expression (P < .01). Consequently, the Bax/Bcl2
ratio significantly increased compared to the control group (P <
.0001). In the group that received M2000, this ratio declined (P <
.0001) in comparison with the Ab group and did not demonstrate a

significant difference compared to the control group.

Also our data revealed that Ab-induced free radical and
oxidative stress had a vital role in the pathogenesis of skl AD.
Reactive oxidative species (ROS) cause the lipid and protein
oxidation with increasing the level of MDA as a product of lipid
peroxidation. In several studies, the level of MDA has been mounted
in the hippocampus tissue, plasma, and cerebrospinal fluid in
patients with AD [26]. On the other hand, harmful effects of ROS
can be neutralized by antioxidant systems such as SOD, CAT, and
glutathione. The SOD and CAT are the first-line items against toxicity
of ROS. Various studies have revealed the increased or decreased
levels of these enzymes in hippocampus and plasma of patients
with AD [27]. The results of our study showed that the levels of both
SOD and MDA had increased in the Ab group, indicating the defense
mechanism against the oxidative stress iskptin hippocampus tissue.
Although, the group treated by M2000 showed a remarkable
reduction in the level of SOD and MDA, which means that the M2000
has a successful impact on the decline of oxidative stress and free
radical side effects.

In this experiment, escape latency had a significant reduction
in the Ab plus M group, which meant that the intake of M2000
might develop learning procedure in AD. The other variable which
measured were travel distance and probe trial in which both had
a significant decrease in the Ab plus M group compared to the Ab
group. These results of improvement in behavioral procedure led
to this conclusion that M2000 could have a potent influence on the
AD treatment [25]. Moreover, in our recent study, in a 6-month,
randomized controlled, phase II trial, we enrolled patients who
had secondary progressive multiple sclerosis (SPMS), were 21
to 54 years of age, with a score of 1 to 7 on EDSS (higher degrees
indicate more disability), and who had two or more relapses in the
previous year. Patients received orally two doses of 500 mg daily
of 3-D-Mannuronic acid. Endpoints were measured with magnetic
resonance imaging (MRI) and Expanded Disability Status Scale and
compared to the conventional drug (interferon beta-1a, interferon
beta-1b), in a phase 2 trial of multiple sclerosis at the beginning and
end of the study.
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A total of 25 (92.5%) of the M2000 treated patients completed
the study. M2000 decreased the disability progression over the
6-month period. M2000 had a better performance compared to the
conventional drug regarding to MRI-related measurements. Also,

this medicine had no particular side effects.

As compared with the conventional drug, mannuronic acid
(M2000) improved the risk of disability progression (based on MRI
and EDSS assessment). This clinical trial demonstrated the efficacy
and safety of mannuronic acid in patients with SPMS (Registered
Clinical Trials number, IRCT2017042313739N6). In conclusion, the
oral administration of mannuronic acid (M2000) had better efficacy
than conventional drug during this 6-month trial in SPMS patients.
MRI evidence in SPMS patients and the number of T2 lesions were
declined by oral administration of M2000. Furthermore, EDSS score
in M2000-treated group comparing to the conventional drug group
was reduced significantly. This study demonstrated that M2000 is
safe, beneficial and totally well tolerated in patients with multiple
sclerosis disease. Moreover, the occurrence of adverse events
during the clinical trial was mild and low in the M2000-treated
patients. Hence, the reported side effects of this drug are negligible.
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