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TREATMENT OF MULTIPLE SCLEROSIS WITH BRAIN TARGETED ANTI
OXIDANT COMPOUNDS |

FIELD OF THE INVENTION

The present invention relates, in general to the use of antioxidant compounds,
also referred to herein as antioxidants, for the treatment of multiple sclerosis (MS).
More particularly, the present invention relates to the use of brain targeted low
molecular weight, hydrophobic antioxidants in the treatment of MS of any type and at
any stage, including, for example, relapsing-remitting and chronic-progressive, either

primary or secondary MS.

BACKGROUND OF THE INVENTION

Multiple Sclerosis (MS) is a disorder of the central nervous system, involving
decreased nerve function associated with the formation of scars on the myelin
covering nerve cells. MS affects approximately 1 out of 1,600 people. 60 % of MS
patients are females. The disorder most commonly initiates between the ages of 20 to
40, and is one of the major causes of disability in adults under the age ot 65.

Multiple sclerosis involves repeated episodes of inflammation of nervous tissue
in various areas of the central nervous system, including the brain and the spinal cord.
The location of the inflammation varies from one patient to another and from episode
to episode of a given patient. The inflammation results in destruction of the myelin
sheath covering the nerve cells in inflicted areas, causing thé formation of multiple
areas of scar tissue (sclerosis) along the covering of the nerve cells. Sclerosis slows or
blocks the transmission of nerve impulses in that area, resulting in the appearance of
the symptoms of MS.

MS symptoms vary considerably, since the location and extent of each attack
varies. There is usually a stepwise progression of the disorder. At the imtial stages
(the "relapsing-remitting'; stage) the episodes of onset of symptoms last days, weeks or
months, alternating with times of reduced or no symptoms (remission) and periods of
recurrence (relapse). During relapse there is an appearance of a new symptom, the
reappearance of a previous symptom or the worsening of an existing symptom. At
more advance stages of MS (termed: "chronic-progressive" stage, which may be either
primary or secondary), there is a progressive deterioration of nerve function, which 1s

probably caused by the irreversible destruction of nerve axons.
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The exact cause of the inflammation associated with MS i1s unknown. Several

geographic studies indicate that there may be an environmental factor involved with
MS. There seems to be a familial tendency toward the disorder, with a higher
incidence in certain family groups than in the general population, indicating a possible
genetic involvement. An increase in the number of immune cells in the body of MS
patients indicates that there may be a type of immune response that triggers the
disorder.

The most frequent theories -about the cause of multiple sclerosis include
infection by a virus-type organism; abnormality of genes responsible for control of the
immune system; or a combination of both factors.

There is no known cure for multiple sclerosis and current treatments are
directed at reducing the symptoms of the disease in an attempt to provide MS patients
with a better life quality.

MS medications vary depending on the symptoms that occur. Bacloten,
dantroene, diazepam and other anti-spasmodic medications are used to reduce muscle
spasticity. Cholinergic medications may be helpful to reduce urinary problems.
Antidepressant medications may be helpful for mood or behavior symptoms.
Amantadine may be administered for fatigue.

Corticosteroids or ACTH are frequently used to suppress the inflammation in
an attempt to reduce the duration of an attack. Medications that suppress the immune
system are also often used. Recently it has been found that Interferon may also be
helpful for some patients.

Oxidative stress and various neurodegenerative pathologies

In the last few years evidences have accumulated which connect oxidative
stress (OS) with the pathogenesis of Pakinson’s, Alzheimer’s, Creutzteldt-Jakob's
diseases and other human neurodegenerative disorders (Olanow, 1990, 1993; Fahn and
Cohen, 1992: Butterfield and Lauderback., 2002, Brown et al., 1996; Thomas et al.,
1996).

PCT/US97/23997 and corresponding patents and applications teach novel brain
targeted low molecular weight, hydrophobic antioxidants and the use of such
antioxidants in the treatment of central nervous system neurodegenerative disorders
such as Parkinson's, Alzheimer's and Creutzfeldt-Jakob's diseases and amyotrophic

lateral sclerosis and in treatment of conditions of peripheral tissues, such as acute
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respiratory distress syndrome, atherosclerotic cardiovascular disease and multiple

organ dysfunction, in which oxidants are overproduced. PCT/US97/23997, however,
fails to teach the use of such antioxidants for treatment of MS. |

Experimental Animal Model of Multiple Sclerosis

An extremely useful animal model was established to help in understanding of
the mechanism of the MS disease and to develop novel therapeutic strategies. The
model 1s experimental autoimmune encephalomyelitis (EAE) with clinical signs and
lesions that closely resembling those observed in MS (Martin, 1992). Several drugs
were so far developed for MS, based on this animal model and are used for treatment
of the disease.

Oxidative Stress and M ultiple Sclerosis

Since inflammation 1s one of the first events during the demyelinating process
in MS, free radicals may play a major role in the oligodendrocyts cell death and in the
axonal damage. However, little 1s known about the role of antioxidants in MS. It has
been shown that MS patients have significantly lower levels of serum uric acid
(Hooper et al., 1998), plasma vitamin E, and ubiquinone, lymphocyte ubiquinone and
erythrocyte glutathione peroxidase than controls (Syburra and Passi, 1999).

Natural antioxidants were suggested for the treatment of MS. Recently uric
acid, a strong peroxynitrite scavenger, has been used successfully 1n treating the EAE
animal model of MS (Hooper et al., 1998). Protection against the cytotoxic and DNA-
damaging effects of NO were also demonstrate in an EAE model (Schwarz et al., 1995
and Tsangaris et al., 1998).

A further indication of the involvement of oxidative stress in MS stems from
the observation that oxidative stress plays a role in the pathogenesis of EAE (Lin et al.,
1993: Cross et al., (1994); Okuda et al., (1995); Ruuls et al., (1996); Fenyk et al.,
(1998) and Sahrbacher et al., 1998, Oftfen et al., 2000).

Another interesting link between MS and oxidative stress came from the study
of metallothioneins (MTs), a family of low molecular weight, heavy metal-binding,
cysteine-rich proteins. It has been demonstrated that MTs accumulate under
conditions where oxidative stress has taken place (Shiraga et al., 1993) and they may

provide protection against oxygen radicals and oxidative damage caused by

inflammation, tissue injury and stress (Ebadi et al. 1995).
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In a recent study it was demonstrated that EAE mice showed a significant

induction of metallothioneins I and II in the spinal cord white matter, and to a lower

~extent in the brain. These results suggest that metallothioneins I and II play an

important role during experimental autoimmune encephalomyelitis (Espejo et al.,
2001). Previously it was demonstrated that MTs show cytoprotective effects that
appear to be related to their ability to act as scavengers of oxygen free radicals, such as
hydroxyl and superoxide radicals (Thornalley et al., (1985) and Lazo et al., (1995).
These studies indicate that the thiol-groups within the cysteine rich enzymes
such as metallothioneins I and II could be a target for oxidation by the free radicals

that are increased in oxidative stress conditions (Aschner 1997, Aschner et al., 1997).

SUMMARY OF THE INVENTION

While conceiving the present invention, it was hypothesized that thiol-based
brain targeted, low molecular weight, hydrophobic antioxidants that would etfectively
cross the blood brain barrier (BBB) and penetrate into the damaged brain tissue may
help to maintain the redox status of the neurons, decrease ROS-associated neuronal
damage and protect specific enzymes that protect the cells from inflammation. Even if
the BBB is opened during lymphocytes penetration and/or the progression of the
disease, supplementing the brain with an antioxidant that readily crosses the BBB
would be helpful in the treatment of multiple sclerosis.

While reducing the present invention to practice it was shown that 1n an animal
model of multiple sclerosis (MS) an experimental autoimmune encephalomyelitis
(EAE) model produced by an injection of myelin oligodendrocyte glycoprotejn
(MOG), animals treated by the administration of a thiol-based brain targeted, low
molecular weight, hydrophobic antioxidant before the appearance of clinical
MS-related symptoms developed virtually no such clinical symptoms ,and appeared
essentially normal in all aspects evaluated.

According to one aspect of the present invention there is provided a method of
treating multiple sclerosis, the method comprising administering to a subject in need
thereof a therapeutically effective amount of a compound, the compound having: (a) a
combination of molecular weight and membrane miscibility properties for permitting
the compound to cross the blood brain barrier of the organism; (b) a readily oxidizable

chemical group for exerting antioxidation properties; and (c¢) a chemical make-up for
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permitting the compound or its intracellular derivative to accumulate within the

cytoplasm of cells.

According to another aspect of the present invention there is provided a
method of therapeutically or prophylactically treating a subject against multiple
sclerosis, the method comprising administering to the individual a therapeutically or
prophylactically effective amount of an antioxidant compound, the antioxidant
compound having: (a) a combination of molecular weight and membrane miscibility
properties for permitting the compound to cross the blood brain barner of the
individual; (b) a readily oxidizable chemical group for exerting antioxidation
properties; and (c) a chemical make-up for permitting the compound or its intracellular
derivative to accumulate within brain cells of the individual.

According to yet another aspect of the present invention there is provided a
pharmaceutical composition for therapeutically or prophylactically treating a subject
against multiple sclerosis, the composition comprising a pharmaceutically acceptable
carrier and, as an active ingredient, a therapeutically or prophylactically eftective
amount of an antioxidant compound, the compound having: (a) a combination ot
molecular weight and membrane miscibility properties for permitting the compound to
cross the blood brain barrier of the individual; (b) a readily oxidizable chemical group
for exerting antioxidation properties; and (c) a chemical make-up for permitting the
compound or its intracellular derivative to accumulate within brain cells of the
individual. ‘

According to still further features in the described preferred embodiments the

compound is selected from the group consisting of N-acetyl cysteine ethyl ester
(compound A), PB.B-dimethyl cysteine ethyl ester (compound B), N-acetyl-f3,p-
dimethyl cysteine (compound C), Glutathione ethyl ester (compound D), N-acetyl
glutathione ethyl ester (compound E), N-acetyl glutathione (compound F), N-acetyl a-

glutamyl ethyl ester cysteinyl glycyl ethyl ester (compound G) N-acetyl a-glutamyl
ethyl ester cysteinyl glycyl (compound H), N-acetyl glutathione amide (compound /),
N-acetyl cysteine amide (compound J), N-acetyl B, dimethyl cysteine amide
(compound K) and N-acetyl cysteine glycine amide (compound L).

According to still further features in the described preferred embodiments the

readily oxidizable chemical group is a sulthydryl group.
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According to still further features in the described preferred embodiments the

chemical make-up is selected having an ester moiety which is removable by hydrolysis
imposed by intracellular esterases.

According to still further features in the described preferred embodiments the
ester moiety is selected from the eroup consisting of alkyl ester and aryl ester.

According to still further features in the described preferred embodiments the
alkyl and aryl esters are selected from the group consisting of methyl ester, ethyl ester,
hydroxyethyl ester, t-butyl ester, cholesteryl ester, isopropyl ester and glyceryl ester.

According to still further features in the described preferred embodiments the
pharmaceutically acceptable carrier is selected from the gfoup consisting of a
thickener, a buffer, a diluent, a surface active agent and a preservatives.

The present invention successfully addresses the shortcomings of the presently
known configurations by providing a novel method and pharmaceutical composition

for the therapeutic or prophylactic treatment of multiple sclerosis.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with reference to
the accompanying drawings. With specific reference now to the drawings in detail, 1t
is stressed that the particulars shown are by way of example and for purposes of
illustrative discussion of the preferred embodiments of the present invention only, and
are presented in the cause of providing what is believed to be the most usetul and
readily understood description of the principles and conceptual aspects of the
invention. In this regard, no attempt is made to show details of the invention in more
detail than is necessary for a fundamental understanding of the invention, the
description taken with the drawings making apparent to those skilled in the art how the
several forms of the invention may be embodied in practice.

In the drawings:

FIG. 1 presents [PH]-thymidine uptake by PC12 cells treated in vitro with 0.5
mM dopamine which confers extracellular oxidative stress by forming oxidation

products during its oxidation in the medium rescued with various concentrations of

compounds 4-D;

FI1G. 2 presents [3H]-thymidine uptake by PC12 cells treated in vitro with 0.5

mM 6-hydroxy-dopamine, which confers intracellular oxidative stress by first entering
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the cytoplasm and then forming oxidation products during its oxidation in the

cytoplasm, protected with various concentrations of compounds 4-D and exogenous
reduced glutathione (GSH); and
FIG. 3 presents the ratio of endogenous reduced glutathione levels i1n
5 striatum/serum in two mice injected with 100 mg/kg of compound 4 1in 3% DMSO,
100 mg/kg of reduced glutathione in 3% DMSO, and 3% DMSO injected as a control
oroup, wherein the ratio obtained is marked at the top of the columns. The results
represent two animals where each striatum taken separately -
FIG. 4 demonstrates that Compound J at as low as 0.1 mM protect NB cells
10  against the toxicity (> 50 %) of DA, L-dopa (levodopa), 6-OHDA (0.1-0.25 mM) and

MPPT (0.5-2 mM). Cell survival Was monitored by the neutral red assays.

FIG. 5a shows HPLC profile of purified Compound J.

FIG. 5b shows HPLC profile of a brain extract of a mouse 15 minutes
following IP injection of compound J.

15 FIG. 6 shows the concentration of compound J in brain extracts of mice 15
minutes following IP injection of compound J at the amounts indicated.

FIG. 7 shows the mean clinical score of an EAE model of MS (mice injected
with MOG) as a function of time after injection, for untreated mice (full circles) and
mice treated with Compound J (full triangles).

20 FIG. 8 shows the percentage of disease free MOG-induced EAE mice a
function of time after injection, in the untreated group (full circles) and 1n mice treated

with Compound J (full triangles).

DESCRIPTION OF THE PREFERRED EMBODIMENTS

25 The present invention is of methods and pharmaceutical compositions for the
treatment of multiple sclerosis. Specifically, treatment of multiple sclerosis according
to the present invention corriprises the use of low molecular weight, hydrophobic,
brain targeted antioxidants.

The principles of operation of the methods and pharmaceutical compositions

30 according to the present invention may be better understood with reference to the
drawings and accompanying descriptions.

Before explaining at least one embodiment of the invention in detail, 1t 1s to be

understood that the invention is not limited in its application to the details set forth in
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the following description or illustrated in the Examples section that follows. The

invention is capable of other embodiments or of being practiced or carried out 1n
various ways. Also, it is to be understood that the phraseology and terminology
employed herein is for the purpose of description and should not be regarded as
limiting.

The term "multiple sclerosis”" refers to MS of any type, and at any stage
including, for example, relapsing-remitting and chronic-progressive, and also to any
other autormmune disease maﬁifested by demyelinating of the central nervous system's
neurons.

The term "treatment" in the context of the invention refers to any one of the
following: amelioration of some of the undesired symptoms of multiple sclerosis; the
prevention of the manifestation of such symptoms before they occur; slowing down or
completely préventing the progression of the disease (as may be evident by longer
periods between reoccurrence episodes, slowing down or prevention of the
deterioration of symptoms, etc.); enhancing the onset of a remission period; slowing
down the irreversible damage caused in the progressive-chronic stage of the disease
(both in the primary and secondary stages); delaying the onset of said progressive
stage, or a combination of two or more of the above.

Antioxidant compounds are used according to the present invention to relieve
oxidation stress within cells of at the CNS and peripheral cells, suffering from MS,
MS according to the present invention may be due, even if in part, to an
overproduction of reactive oxygen species (ROS), or reactive nitrogen species (RNS).

A compound which is used to relieve oxidation stress in the central nervous
system of MS patients according to the present invention (i) has a combination of
molecular weight and membrane miscibility properties rendering it capable of crossing
the blood brain barrier; (ii) includes a readily oxidizable (i.e., reduced) chemical
group, such as, but not limited to, a sulthydryl (-SH) group, for exerting antioxidation
properties; and (iii) has a. chemical make-up for permitting it or its cellular
derivative(s) to accumulate within the cytoplasm of cells, such as brain cells.
Collectively, these properties render the compounds suitable for treatment of the CNS.

Compounds which have the above listed properties are for example:
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(1) N-acetyl cysteine ethyl ester - C7H11NO3S - of a formula (compound

A):

HS___ CH»

C— O CH2~ CHq

Q—Q— 22— (— I
I L
O

o B
oy

(ii)  B.B-dimethyl cysteine ethyl ester or N-acetyl-penicillamine ethyl ester -
CgH1gNO3S - of a formula (compound B):

CH3 | O
| ||
CHy C CH C O CH, CH1
| |
SH NH
|
C=0
|
CH3

(iii)  N-acetyl-B,B-dimethyl cysteine or  N-acetyl-penicillamine -
C7H13NO3S - of a formula (compound C):

CHA QO
l | |
CH3 Co- CH C OH
| |
SH NH
|
C=0
|
CH3

(iv)  Glutathione ethyl ester - C12H>1N30gS - of a formula (compound D):

HoN___CH__ CHy_ CHp_ C__ NH___CH___C_ NH _ CHy C__O__CHy_CHj3
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(v)  N-acetyl glutathione ethyl ester - Cy4Hp3N307S - of a formula

(compound E):

O O 0

O
| | | | : |
H;C—C—NH—CH—CHy—CHy—C—NH—CH—C—NH—CH)—C

| | |
I |
OH SH

(vi)  N-acetyl glutathione - C12H19N307S - of a formula (compound F):

0 . 0 0 O
| | B o 2
HqC— C— NH__ CH_ CHy— CHypC— NH _CHC__NH _CHy)—C.—OH

: I
C=0 CH2

| |
OH | SH

(vii) N-acetyl a-glutamyl ethyl ester cysteinyl glycyl ethyl ester or N-acetyl
(a-ethyl ester) glutathione ethyl ester - C1gHp7N307S - of a formula (compound G):

O O O O
] L | | L
H,C——C——NH—CH—CHy—CHy—C—NH—CH—C-—NH—CH)—C—O0—CHy—CHj3

| |
C=0 CH,

I |

0 SH
I

CH,

I

CH1

(viii) N-acetyl a-glutamyl ethyl ester cysteinyl glycyl or N-acetyl (a-ethyl
ester) glutathione- C14H73N307S - of a formula (compound H):

O | O O ' O
| | | | | | | |
H3C C NH—-—-—CH—CH2_~_’_CH2 C NH—CH—-—C——NH—CHZ C OH
I |

I
SH

|
O
I
CH,
|

CH3
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Additional compounds which may serve as antioxidants according to the

present invention are:

(ix)  N-acetyl glutathione amide - C12H71N505S - of a formula (compound

1)
O O O O
0l Sy N |
H4C——C—NH— CH— CHy—CHy—C—NH—CH—C—NH—CHy—C—NHy
| |
C=0 CH2
|
II\IHZ SH
(x)  N-acetyl cysteine amide - CsH1gN2O2S - of a formula (compound J):
O
|
HS CH., CH C NH,
|
NH
|
C=0
|
. Hg
(xi)  N-acetyl B,B dimethyl cysteine amide - C7H15N2072S - of a formula
(compound K):
CHy O
| |
HS CH2 CH C NH2
|
NH
|
C=0
|
CHq
(xii) N-acetyl cysteine glycine amide - C7H{pN303S - of a formula
(compound L): |
O O O
N | | N
CHs C NH CH C NH CH., C NH,
ciy

SH
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These compounds are used according to the present invention as antioxidants

which cross the blood brain barrier, for relieving oxidative stress in cases of MS.

According to a preferred embodiment of the invention, the compound is a pro-
drug, which penetrates the cells due to its solubility in the cell membrane and is
hydrolyzed once inside the cell, exerting a drug having the antioxidant acti\;ity. For
example compounds 4, B, D, E, G and H above are pro-drug compounds.

Compounds 4, B, E, G and H are pro-drug compounds, and their hydrolytic
products ethanol and N-acetyl-cysteine (for compound 4); ethanol and N-acetyl-
penicillamine (for compound B); ethanol and N-acetyl glutathione (for compounds £,
G and H) are known not to be toxic. The lethal dose 50 % (LD50) value for N-acetyl-
cysteine is 5,050 mg/kg. N-acetyl-penicillamine is available as an oral medication
distributed under the generic name cuprimine by various manufacturers. Whereas N-
acetyl glutathione and ethanol are both well known to be non-toxic substances.

A pro-drug according to the present invention includes at least one ester moiety
such as an alkyl ester or an aryl ester, e.g., methyl ester, ethyl ester, hydroxyethyl
ester, t-butyl ester, cholesteryl ester, isopropyl ester and glyceryl ester.

Preferably the pro-drug includes an ethyl ester moiety which, on one hand,
neutralizes the charge of the carboxylic group(s) and on the other hand, when
hydrolyzed within the cells release ethanol which is a substance known not to be toxic
to the cells.

Upon entering the cytoplasm of a cell, the pro-drug is de-esterified by one or
various intracellular esterases, to release the drug which has at least one carboxyl
moiety (-COOH) and a by-product (typically ethanol) which contains the hydroxyl
moiety (-OH). The carboxylic group(s) of the drug is typically negatively charged and
the drug therefore is trapped within the cell, where it is to exert its antioxidative
properties.

Compounds 4 and B are synthesized as follows: First, N-acetyl cysteine (for
compound 4) or N-acetyl B;B-dimethyl cysteine (for compound B) is mixed with a
cooled solution of thionyl chloride and absolute ethanol. Second, the mixture is
refluxed. And third, the volatiles are removed from the mixture for obtaining a first
residue. Preferably the method further includes the following step. Fourth, the first
residue is dissolved in water. And fifth, the first residue is extracted from the water

with methylene chloride. Preferably the method further includes the following step.
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Sixth, the extract is dried to obtain a second residue. Preferably the method turther

includes the following step. Seventh, the second residue is crystallized from
petroleum ether (for compound 4) or from a methanol water solution (for compound
B). Further detail concerning the method of preparing compounds A and B are
delineated herein below in the Examples section.

Compound C is described in Biochem. Prep. 3, 111 (1953) and in US Patent
Nos. 2,477,148 and 2,496,426, both are incorporated by reference as 1f fully set forth
herein, and was prepared essentially as therein described. As mentioned above,
compound C, N-acetyl-penicillamine, is available as an oral medication distributed
under the generic name cuprimine by various manufacturers.

| Compound D above is commercially available from Sigma Biochemicals, Cat.
No. G1404. Compounds D is a pro-drug compound, and its hydrolytic products
ethanol and glutathione are well known not to be toxic.

Compounds E, G and H above are glutathione derivatives and can be prepared,
for example, from commercially available building units for Boc and Fmoc chemistry
peptide synthesis, as well known 1n the art.

Compound F is a glutathione derivative and 1s described in Levy et al., 1993.

Compounds I, J and K are synthesized as follows. First, ammonia gas is
bubbled through absolute cooled dry ethanol. Second, N-acetyl glutathione ethyl ester
(compound G, for synthesis of compound 7), N-acetyl cysteine ethyl ester (compound
A, for synthesis of compound J) or N-acetyl B, dimethyl cysteine ethyl ester
(compound B, for synthesis of compound K) is added to the ethanol solution. Third, a
container holding the reaction is sealed. Fourth, access ammonia and ethanol are
evaporated and finally the resulting product is lyophilized. Further detail concerning
the method of preparing compounds /, J and K are delineated herein below in the
Examples section.

The synthesis of Compound L is further detailed in the Examples section that
follows.

Any of the glutathione-derived compounds (D-H and /) may be prepared
employing Boc and Fmoc chemistry for peptide synthesis. This, in turn, permits the
inclusion of native Levo (L isomer) and/or non-native Dextro (D isomer) glutamic
acid and/or cysteine derivatives or residues within any of these compounds. It will be

appreciated that by replacing the native L configuration by the non-native D
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configuration, a compound becomes less recognizable by many enzymes and its

biological half-life within the body therefore increases. Compounds 4-C and J-K also
include chiral carbons. Any of these carbons may also acquire a D or an L isomreric
configuration.

Thus, compounds A4-L above were given chemical names according to all L
isomer configurations, i.e., all of their chiral carbon atoms are L 1somers. However, as
used herein in the specification and in the claims, these chemical names also refer to

any of their D isomer(s) containing chiral atoms.

As mentioned above, compounds D-H are glutathione derivatives. These

compounds and similar glutathione derivative compounds are represented by the

general formula:

R3—NH—CH——CH»—CH, C NH——CH C NH——CH,

| !
O CH,

C=

l |
O

|

R2

R1 is selected from the group consisting of a hydrogen atom and an alkyl (e.g.,

C1-Chq) or aryl (e.g., C4-Cg) group. Preferably R1 1s an ethyl group.

R2 is selected from the group consisting of a hydrogen atom and an alkyl (e.g.,

C1-Coq) or aryl (e.g., Cg-Co) group. Preferably R2 is a ethyl group.

Whereas, R3 is selected from the group consisting of a hydrogen atom and an
R4-CO (acyl) group, wherein R4 is an alkyl (e.g., C1-Cpq) or aryl (e.g., Cg-Cg) group.
Preferably R4 is a methyl group. However, any one of Rl1, R2 and R4 can
independently be a methyl, ethyl, hydroxyethyl, t-butyl, cholesteryl, isopropyl or
glyceryl group.

Compounds A4, B and E-L are not listed in the Chemical Abstract.

For therapeutic or prophylactic treatment of MS, the antioxidant compounds of
the present invention can be formulated in a pharmaceutical composition.

Hence, further according to the present invention there 1s provided a

pharmaceutical composition including one or more of the compounds described herein

as active ingredients.
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As used herein a "pharmaceutical composition" refers to a preparation of one

or more of the antioxidant compounds described herein, with other chemical
components such as phannaceuticaily suitable carriers and excipients. The purpose of
a pharmaceutical composition is to facilitate administration of a compound to an
organism.

Hereinafter, the term "pharmaceutically acceptable carrier” refers to a carrier
or a diluent that does not cause significant irritation to an organmism and does not
abrogate the biological activity and properties of the administered compound.
Examples, without limitations, of carriers are: propylene glycol, saline, emulsions and
mixtures of organic solvents with water.

Herein the term  "excipient" refers to an inert substance added to a
pharmaceutical composition to further facilitate administration of a compound.
Examples, without limitation, of excipients include calcium carbonate, calcium
phosphate, various sugars and types of starch, cellulose derivatives, gelatin, vegetable
oils and polyethylene glycols.

Techniques for formulation and administration of drugs may be found in
“Remington’s Pharmaceutical Sciences,” Mack Publishing Co., Easton, PA, latest
edition, which is incorporated herein by reterence.

Suitable routes of administration of the pharmaceutical compositions of the
invention may, for example, include oral, rectal, transmucosal, transdermal, intestinal
or parenteral delivery, including intramuscular, subcutaneous and intramedullary
injections as well as intrathecal, direct intraventricular, intravenous, intraperitoneal,

intranasal, or intraocular mjections.

Pharmaceutical cornpositiohs of the present invention may be manufactured by
processes well known in the art, e.g., by means of conventional mixing, dissolving,
granulating, dragee-making, levigating, emulsifying, encapsulating, entrapping or
lyophilizing processes.

Pharmaceutical compositions for use in accordance with the present invention
thus may be formulated in conventional manner using one or more pharmaceutically
acceptable carriers comprising excipients and auxiliaries, which facilitate processing
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