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The use of furnaric acid derivatives for treating cardiac insufficiency, and asthma

The present invention relates to the use of fumaric acid derivatives for preparing a drug for

treating cardiac insufficiency, and asthma.

Prior Art

Fumaric acid dialkyl esters and fumaric acid monoalkyl esters and salts thereof have been

successfully used for treating psonasis for a long time. The use has been described in a

number of patents, cf. e.g. DE 25 30 372, DE 26 21 214 or EP-B-0 312 697.

Also, the use of fumanc acid mono- and diesters for treating autoimmune diseases such as
e..g. polyarthritis or multiple sclerosis (cf. DE 197 21 099.6 and DE 198 53 487.6), but also
for use 1n transplantation medicine (cf. DE 198 53 487.6 and DE 198 39 566.3) has been
described. Moreover, the use of fumaric acid mono- and diesters for treating NFkappaB-
- mediated diseases as well as the treatment of mitochondnal diseases and/or as NFkappaB
inhibitor 1s known from DE 101 01 307.8 and DE 100 00 577.2. All mentioned publica-

tions describe fumanc acid mono- and diesters, optionally in the form of certain salts.

Also, the use of fumarnic acid mono- and diamides for treating said indications is known
from DE 101 33 004.9. These amides are formed with amino acids and preferably with

specific peptides. Finally, fumaric acid oligomers and their use for treating said diseases

are known from DE 102 17 314.1.

A paroxysmal, marked respiratory distress is understood by asthma (bronchial asthma)
from which approx. 4 to 5% of the population of the industrial nations are suffering, there
being an upward tendency. This respiratory distress is based on a variable and reversible

obstruction of the respiratory tract due to a hyperreactive bronchial system, which is trig-
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gered by exogenic and/endogenic stimuli. These include chemical or physical provocative
factors, infections, physical effort and/or emotional factors. A fter a’longer duration of the
disease, secondary diseases such as a chronic bronchitis, a pulmonafy emphysema, bron-
chiectases, atelectases or a pulmonary heart disease or a fBSpiratory cardiac insufficiency

usually occur.

Depending upon the cause, differentiation 1s made between the follo'wing variants of '
asthma, namely asthma caused by allergies, ,infectioﬁs, anal gesics,' job conditions or physi-
cal effort, mixed foms of asthma or asthma cardiale (cardidc asthma), nasal asthma and
asthma uremicum. In particular, asthma cardiale may result in respiratory distress due to

increased congestion in the lesser circulation in the case of a left ventricular insufficiency.

Nowadays, beta-2 sympathomimeti'c's,‘cortiqosteroids, parasympatholytics, theophylline,'
anti-inflammatory agents and anti-allergic agents are, for instance, administered in the drug
treatment of and/or for alleviating asthma, in addition to the still proven means of just

avoiding the tnggening stimulus.

On a molecular level, asthma seems to be characterized by an increaséd actiﬁty of Th2
lympho-cytes in the lung, which, in turn, results in an increased release of some Th2 cyto-
kines Which, ultimately, gives rise to the known features of asthma such as IgE 1sotype
switching, mucus production and recruitment aﬁd activation of eosinophils. Moreover, Th2
cytokines seem to result in the differentiation of further Th2 cells through the signal trans-
“duction pathway known as J AK-STAT, from which a self-enhancing circle results. An
increased proliferation of mesenchymal cells, in particular bronchial smooth muscle cells,

was also observed.

The so-called JAK-STAT signal transduction pathway (JAnus Kinase Signal Transducer
and Activator of Iranscription péthway) is a pathway for transmitting information to be
transmitted by signal peptides such as e.g. cytokines to the interior of the cell and/or the
nucleus. Signal transduction takes place through STAT proteins that are present in the cy-

toplasm and are at first inactive; 7 different STAT proteins are know in man. As a result of

a receptor ligand bonding on the cell surface, these STAT proteins are quickly activated by
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means of phosphorylation, e.g. by méans of the Janus kinase. Phosphorylation results in
the homo- or heterodimerization of the STAT proteins, the dimers being rapidly trans-

ported into the nucleus, where they bond to a target promoter and drastically enhance the

transcription rate of this promoter.

An acute or chronic inability of the heart to deliver the output of blood required for me-
~ tabolism and/or receive the venous return under stress (stress insufficiency) or already at
rest (= rest insufficiency) are understood by cardiac insufficiency. The insufficiency may

occur as a pure left ventncular or right ventricular insufficiency, but may as well affect

both ventricles.

The chinical picture of cardiac insufﬁbiency can be attributed to various causes in terms of
etiology, above all to inﬂammatory and degenerative cha-nges of the myocardium énd en-
docardium, coronary circulatory disordérs, mYyocardial infarction and inj uries. Subse-
quently, cardiac msuthciency results in changes in the peripheral circulation, breathing
disorders, in particular cardiac asthma, renal insufficiency and disorders of the electrolyte

- metabolism and edemas and a reduced functional capacity of the skeletal muscles.

- As regards to the indication, differentiation is made between acute ca;rdiac insufficiency,
energetic cardiac sufficiency, energetic-dynamic cardiac insufficiency and hypodynamic

~ cardiac 1nsufficiency, also called HEGGLIN syndrome II, excitomotoric cardiac insubfﬁ-
ciency, cardiac insufficiency as a result of cardiac arrythmi.cs, hypoxemic, latent, primary,

compensated, relative or stress msufficiency and/or left ventricular insufficiency.

At present, contraction-promoting substances are used for the drug treatment of cardiac
insufficiency, glycosides (above all digoxin and digitoxin) being still used today for treat-

ing the chronic forms. However, duning the last few years, vasodilators (nitro-compounds

and dihydralazine, alpha blockers, calcium antagonists and above all ACE inhibitors) have
cained 1n importance. ACE inhibitors are most important for lJong-term treatment. Moreo-
ver, diuretics are used. Acute forms are treated with catecholamines, possibly also with

AMIInone.
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It is an object of the invention to provide a further agent for the treatment of cardiac mmsuf-
ﬁciency and asthma. In particular, it 1s an object of the invention to provide a therapeutic
agent for both cardiac asthma and left ventricular 1nsufﬁ01ency in the area in which they
overlap with each other It 1s another Ob_] ect of the invention to provide a therapeutm agent
for both indications 1nd1V1dually or in the area in which they overlap with each other,

which, due to 1ts good tolerance, is suited for long-term therapy.

The present object is attained by the use of fumaric acid derivatives for preparing pharma- -
ceuticals or pharmaceutical preparations for‘treating asthma and/or cardiac insufficiency,

In particular in man.
‘Summary of the invention

According to a first aspect the invention relates to the use of fumaric acid derivatives se-
lected from the group consisting of dialkyl fumarates, monoalkyl hydrogen fumarates,
fumaric acid monoalkyl ester salts, fumaric acid monoamides, monoamido fumaric acid

~ salts, fumaric acid diamides, monoalkyl monoamido fumarates, carbocyclic and oxacarbo-
cyclic oligomers of these compounds and mixtures thereof for preparing a pharmaceutical
preparation for the treatment or prevention of cerdiac insufficiency, in particular left ven-.

tricular insufficiency, myocardial infarction and angina pectoris.

According to a second especf the invention relates to the use of fumaric acid derivatives;
selected from the group consisting of dialkyl fumarates, monoalkyl hydrogen fumarates,
fumaric acid monoalky] ester salts, fumaric acid monoamides, monoamido fumaric acid
salts, fumaric acid diamides, monoalkyl monoamido fumarates, carbocyclic and oxacarbo-
cyclic oligomers of these compounds and mixtures thereof for preparing a pharmaceutical
prepration for the treatment of asthma and chronic obstructive pulmonary diseases, espe-
clally asthma caused by allergies, infections, analgesics, job conditions or physical effort,

mixed forms of asthma, or asthma cardiale.
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The present invention likewise concerns a method for inhibiting *H-thymidine uptake by
- bronchial smooth muscle cells, and a method of inhibiting proliferation of these cells as

described below and in the appending claims. - -

The present invention finally concerns the use of the above fumaric acid derivatives for -

inhibiting the PDGF induced STAT1 activation.
Description of the drawings

Fig. 1 1s a bar chart which shows the extent of iﬁfarctiOns after administration of DMF,

ischemia and for controls.

Fig: 2 shows the percentage inhibition of PDGF-induced *H-thymidine InCorporation 1n

- bronchial smooth muscle cells, when DMF 1s addéd.

Fig. 3 is a bar chart showing percentage of cell proliferation of bro.n_chia} smooth muscle

cells upon PDGF stimulation 1n the absence or presence of DMF and/or dexamethasone. |

Fig. 4 1s a bar chart showing left ventricular enddiastolic diameters on Dahl rats before and

after 8 weeks of high salt diet in the absence and pfesence of DMF.
Detailed description of the invention

According to one aspect thereof the present invention relates to the use of fumaric acid

derivatives for preparing a pharmaceutical preparation for treatiﬁg asthma and chronic ob-
structive pulmonary diseases in general. Preferably, this asthma 1s caused by allergies, in-
fections, analgesics, job conditions or physical effort, particularly preferred asthma cardi-

ale.

According to a second aspect thereof the invention also relates to the use of fumaric acid
denivatives for prepaning a pharmaceutical preparation for treating or preventing cardiac

msufficiency, myocardial infarction and angina pectoris. The cardiac insufficiency con-
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cerned may be any type of cardiac insufficiency regardless of its form and/or etiolo gy. Ex-
amples of cardiac msufficiency to be treated according to the invention are acute cardiac
insufficiency, energetic cardiac insufficiency, energetic-dynamic cardiac insufficiency and
hypodynamic cardiac insufficiency, also called HEGGLIN syndrome II, ex.citomotor car-
diac nsufficiency, cardiac insufficiency as a result of cardiac irregularities, hypoxemic,
latent, primary, compensated, decompensated relative or stress insufficiency and/or left
ventricular insufficiency most preferably, left ventricular insufficiency. The compositions
are also effective in preventing these illnesses and/or myocordial mfarctlons 1nclud1ng

first, second or further infarctions.

These uses are based on thé finding that fumaric acid denivatives inhibit PDGF- (platelet
derived growth factor) induced STAT] activation. As described above, it was assumed
that, in asthma, STAT activation results in a shifting of the cytokine pattern and, ulti-
matély, in a vicious circle with increased Th2 cell activity and the consequences of mucous
' secretion, IgE production and recruiting of eosinophils (A.B. Pemnis, P.B. Rothman, "JAK-
STAT signalling in asthma" in: The J. of Clin. Investigation, vol. 10, No. 1, May 2002).

- The shifting of the cytokiné pattern from Thl to Th2 that 1s deséribed 1n the literature for -
the substance class of fumaric acid dernivatives (cf. the aforementioned patent speciﬁéa- .
tions) would rather give rise to expecting an intensification of this vicious circle. Accérd; '
ingly, they would not be suited for treating asthma. Surprisingly, 1t turned out that fumaric
acid derivatives can inhibit the proliferation of sfnooth muscle cells of the reSpiratory tract
This seems to take place through the inhibition of the PDGF-inducible transcription factor
STATI. It was possible to specifically show that fumaric acid derivatives can inhibit the

- PDGF-induced STAT]I acﬁvation and the PDGF-stimulated thymidine incorporatioh In
BSM (bronchial smooth muscle) cells. Without wanting to be bound thereby, this prolif-
eration-inhibiting effect could be causal for both the effectiveness of fumaric acid deriva-

tives in the therapy of asthma.

The fumanc acid derivatives to be used according to the invention may be one or several
selected from the group consisting of dialkyl fumarates (fumaric acid dialkyl esters, re-

spectively), monoalkyl hydrogen fumarates (fumaric acid monoalkyl esters, respectively),
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monoalkyl ester fumaric acid salts (fumé.ric acid monoalkyl ester salts, respectively) of
physiologically acceptable cations, n ‘particular alkaline or alkaline earth metal cations or
transition metal cations such as Li", Na*, K*, NH,", Mg2+, Ca®", Fe*", Mn*", and 7n**, fu-
maric acid monoamides and fumaric acid diamides and their salts, carbocyclic and oxacar-

bocyclic oligomers of these co'mpounds and mixtures thereof.

~ Inapreferred embodiment the fumaric acid derivative is selected from the group consist-
ing of optionally substituted fumaric acid dialkyl esters and fumaric acid monoalkyl esters

in the form of the free acid or its salts and mixtures thereof.

Particularly prefered in this case is the use of fumaric acid dialkyl esters of the formula (I)

H - COOR>5
AN / .
C=C
/7 N
R100C - H

as they are described in DE 198 53 487.6, wherqin R, and R, which may be the same or .

different independently represent a Cy.4 alkyl radical or a Cs.qg aryl radical and these radi-
- cals are optionally substituted with halogen (F, Cl, Br, I), hydroxy, C,.4 alkoxy, nitro or

cyano. With special preference, the dialkyl fumarate 1s dimethyl fumarate, diethyl fumarate

and/or methyl ethyl fumarate.

In general, an alkyl group 1s to be understood as a saturated or unsaturated, straight-chain,
branched or cyclic hydrocarbon group having 1 to 24 carbon atoms according to the inven-

- tion, which may be optionally substituted with one or more substituents. Preferably, the
alkyl group is methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, t-butyl, pentyl, cyclo-
pentyl, 2-ethylhexyl, hexyl, cyclohexyl, heptyl, cycloheptyl, octyl, vinyl, al]yi, 2-hydroxy
ethyl, 2- hydroxy propyl, 3-hydroxy propyl, 2,3-dihydroxypropyl, 2-methoxy ethyl, meth-
oxy methyl, 2-methoxy propyl, 3-methoxy propyl or 2,3-dimethoxy propyl. Methyl or

ethyl are most preferred.
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According to the invention an aryl group is to be understood as an optionally substituted
aryl, alkyl substituted aryl or aralkyl group having 5 to 20 carbon atoms, preférably an aryl,
alkyl substituted aryl oruaralkyl. group having 6 to 10 carbon atoms. Exemplary grpﬁps are
phenyl, benzyl, phenethyl, methyl phenyl, ethyl phenyl, pfOpyl phenyl and butyl phenyl, t-

\l

butyl phenyl, phenyl and benzyl being especially preferred.

" The substituents of said groups are preférably selected from the group consisting of halo-

gen (F, Cl, Br, I), hydroxy, C;4 alkoxy, C;4 alkyl, nitro and cyano.

Fumaric acid monoalkyl esters of the formula (1I)

-as they are described in DE 197 21 099.6 can also be advantageously used, wherein R is

as defined above, A 1S hydfogen, an alkaline or alkaline earth metal cation or a physiologi-

cally acceptable transition metal cation, preferably selected from Li", Na+, K", Mg2+, Ca2+,

Zn2+, FeZ+,-and Mn?‘+, and n equals 1 or 2 and corresponds to the valence of A.

Exemplary compo'unds of the formulae (I) and (II) are fum.arie acid dimethyl ester, fumaﬁc
acid diethyl ester, fumaric acid methyl ethyl ester, methyl hydrogen fumarate, ethyl hydro-
gen fumarate, calcium methyl fumarate, calcium ethyl fumarate, magnesium methyl fuma-
rate, magnesium ethyI fumarate, zinc methyl fumarate, zinc ethyl fumarate, iron methyl

fumarate and 1ron ethyl fumarate. They can be used individually or as mixtures.

Preferably, the fumaric acid amides to be used according to the invention are those de-

scribed 1n DE 101 33 004.9. They correspond to the general formula (I1I)
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|
ﬁH"C"Rb‘ amy

Ra --C - CH

wherein

R, " represents ORj3 or a D- or L-amino acid radical -NH-CHR4-COOH bonded via an
amide bond, wherein Rj 1s hydrogen, a straight-chain or bfanched, optionally sub-
stituted C;.54 alkyl radical, a phenyl radical or a Cg.1¢ aryl or aralkyl radical and Ry 1s

~ a side chain of a natural or synthetic amino acid; and |

Ry represents a D--or L-amino acid radical -NH-CHRs-COOH bonded via an amide
bond, wherein Rs 1s a side chain of a natural or synthetic amino acid, or a peptide -

radical with 2 to 100 amino acids bonded via an amide bond, wherein each amino

acid may be the same or different.

- The side chain of a nétural or synthetic amino acid 1s .typiéally a side chain selected from
the group consiSting of the side chains of Ala, Val, Leu, Ile, Trp, Phe, Met, Tyr, Thr, 'Cyé,
'Asn, Gln, Aép, Ghi, Lys, Arg, His, Citrulline, Hey, Hse, Hyp, Hyl, Om, Sar, and Me‘—:Gly.
The side chains of Gly, Ala, Val, Iie, Leu, and Me-Gly are preferred. If R, is an L amino
acid radical -NH-CHR4-COOH and Ry 1s an L—ammo acid' radiéal -NH-CHRs-COQOH, R4
and Rs may be the same or different. More preferably, R4 and Rs are the same. Most pref--
erably R, and R, each are glycine;

Alternatively, R; may be the radical -OR; and Ry may be an L-amino acid radical -NH-
‘CHRs-COOH or a peptide radical, Rs having the meaning indicated above. In this case, the

fumaric acid derivative 1s a monoalkyl monoamido fumarate.

The peptide radical 1s bonded via an amide bond and has 2 to 100, preferably 2 to 30, most

preferably 2 to 15 amino acids, which may be the same or different. The peptide radical R,
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1s most preferably selected from the group consisting of peptide hormones, growth factors,
cytokines, neurotransmitters, neuropeptides, antibody fragments, coagulation factors and

cyclosporines and derivatives and fragments thereof. Preferably, R, is methoxy or ethoxy

and Ry, 1s Gly, Ala, Val, Ile, Leu and Me-Gly.

The fumaric acid amides as defined above can be used individually or in admixture or also

in mixture with the fumaric acid monoalkyl or dialkyl esters defined above.

Finally, carbocyclic or oxacarbocyclic fumaric acid oligomers can also be used as they are
described in DE 102 17 314.1. They cdntain 2 to 10, preferably 2 to 6 and most preferably
2 to 3 units derived from fumaric acid and/or its esters and/or amides as defined above as.

repetitive units.

These fumaric acid oligomers are preferably 6bfained by means of the (olefinic) polymen-
zation of the C-C double bonds (for the cai'bocyclic oligomers) and/or the C-C double
‘bonds and the carbonyl oxygens of the units (for the oxacarbocyclic oligomers). Prefera—

~ bly, the umits denived from the fumaric acid are derived ﬁom monomers selected from the
group consisting of fumaric acid and the dialkyl fumgrétes, monoalkyl hydrogen fuma- ;
rates, fumanc acid'mdnoamides, fumaric acid diamides, monoalkyl mon_oam'ido fumarates
aﬁd their salts and mixtures thereof, which are defined above. More preferably, the oli- -
gomer only contains units derived from one or two monomers. Most preferably, the oli-

gomer exclusively contains identical monomer units.

- The carbocyclic oligomers are composed of the units derived from the fumaric acid in such
a way that the units are bonded to the carbon atoms 2 and 3 of the fumaric acid backbone
by means of covalent C-C bonds in such a way that a carbocyclic bligomer 1s formed. The
oligomer backbone comprises an even number of carbon atoms and does not contain any
other monomers and/or heteroatoms. This backbone 1s substituted at each carbon atom
with one of the carboxylic acid and/or carboxylic acid amide groups of the fumaric acid

monomer unit(s), from which it is built up.
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The oxacarbocyclic oligomers are composed of the fumaric acid monomers 1n such a way
that the units are bonded to each other at the carbon atoms 1 and 3 via ether bnidges. At the
same time, the ethylenic unsaturation of the atoms C, and C; 1s shifted to C; and C;. Thus,
the ring contains polyoxypropene units 1n the case ot the oxacarbocyclic oligomers ac-

cording to the invention.

The term "oligomer" used herein relates to a number of at least two fumaric acid monomer
units. Customanly, the carboxyclic fumarnic acid oligomer contains 2 to 10, preferably 2 to

6 and most preferably 2 to 3 units derived from fumaric acid. Preferably, the oxacarbocyclic
acid and/or carbocyclic acid amide groups as substituents of the cycle are all in a transposition

to each other.

[n a preferred embodiment, a carbocyclic fumaric acid oligomer corresponding to the fol-

lowing formula (IVa)

CO R,

(—HC—C—),
l H

1s used, wherein the radicals R and R4 are the same or different and are selected among
amine radicals (-NR|R;), amino acid radicals -NH-C(COQOH)-Rs, peptide radicals having 2
to 100 amino acids, alkoxy radicals (-OR;) and a hydroxyl radical, R, R, and R being as

defined above and n being an integer from 2 to 10 inclusive, preferably 2 to 6 inclusive.

Preferably, the radicals R; and Ry each are independently an alkoxyl or hydroxyl radical,
R. and R4 not meaning hydroxyl at the same time with the greatest preterence. Thus, the
monomer(s) 1s (are) preferably one or several monoalkyl hydrogen fumarate(s). In another
embodiment both radicals R, and Ry may represent an alkoxy radical -OR, which, still

more preferred, s identical. In this case, the monomer(s) 1s (are) dialkyl fumarates.
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Very preferably, the r-1,t-2,¢-3,t-4- tetrakis(methoxy carbonyl) cyclobutane or the r-1,t-
2,c-3,t-4,c-5,t-6-hexa(alkoxy carbonyl) cyclohexane, preterably the r-1,t-2,c-3,1-4-

tetrakis(methoxy carbonyl) cyclobutane and/or the r-1,t-2,¢c-3 t-4¢-5,t-0-hexa(methoxy car-

bonyl) cyclohexane is used according to this embodiment.

Altematively, the oxacarbocylic oligomer of the formula (IVb):

1s used, wherein R and R are as defined above and n 1s an integer from 2 to 10 inclusive,

more preferably 2 to 6 inclusive.

The fumaric acid derivatives to be used according to the invention can be prepared ac-

cording to known processes as they are e.g. described in DE 197 21 099.6, DE 101 33

0049 or DE 102 17 314.1.

The pharmaceutical preparation may be present in a form suitable for oral, rectal, trans-

dermal, dermal, ophthalmological, nasal, pulmonary or parenteral application. Preferably,

the pharmaceutical preparation 1s suited for oral administration. It may then be present in
the form of tablets, coated tablets, capsules, granulate, solutions for drinking, liposomes,
nano-particles, nano-capsules, micro-capsules, micro-tablets, pellets or powders and in the
form of granulate filled 1n capsules or sachets, micro-tablets filled 1n capsules or sachets,
pellets filled in capsules or sachets, nano-particles filled in capsules or sachets or powder
filled 1n capsules or sachets. Preferably, the drug is present in the form of nano-particles,

pellets or micro-tablets, which may option.ally be filled in sachets or capsules.
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Preferably, all solid oral dosage forms may be provided with an enteric coating. It may e.g.
be applied onto the tablets, micro-tablets, pellets, etc., but may also be applied onto the

capsules that contain_them.

T'he oral pharmaceutical forrns accordmg to the mvention may basically be prepared ac-
cording to the classic compaction method and also by direct compactlon and as solid dis-
‘persions according to the melting method or by means of the spray drying method. If de-
sired, an enteric coating can be poured or sprayed in portions onto the tablet cores in a
classic coating pan or appl'ied‘by means of a fluidized-bed apparatus according to known
processes: Subsequently, after drying has been completed, a film coat can be apphed in the

same apparatus.

~ Preferably, the fumaric acid derivatives for preparing the pharmaceutical preparations ac--‘
cording to the invention are used In such an amount that this phannaceutlcal preparatlon
contains an amount of one or more fumaric acid derivative(s) per dosage unit Wthh corre-
sponds and/or 1s equivalent to an amount of 1 to 500 mg, preferably 10 to 300 mg, and

mostly preferred 10 to 200 mg fumaric acid. -

In the case of an parenteral administration via an injection (iv, im, sc_i, ip) the preparation is
present 1n a form suitable for this. All custofnary liquid carriers suitable for the injection

can be used.

According to a preferred embodiment the drug to be produced according to the. Invention
can contain the following individually or in admixture: 10 to 500 mg dialky] fumarate, in
particular dimethyl furnaréte and/or diethyl fumarate, 10 to 500 mg calcium alkyl fumarate,
in particular calcium methyl fumarate and/or calcium ethyl fumarate, 0 to 250 mg zinc
alkyl fumarate, in particular zinc methyl fumarate and/or zinc ethyl fumarate, 0 to 250 mg
alkyl hydrogen fumarate, in particular methyl hydro gen fumarate and/or ethyl hydrogen
fumarate and 0 to 250 mg magnesium alkyl fumarate, in particular magnesium methyl fu-

marate and/or magnesium ethyl fumarate, the sum of said amounts corresponding to an
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equivalent of 1 to 500 mg, preferably 10 to 300 mg and most preferred 10 to 200 mg fu-

maric acid.

Preparations according to the invention that are used with special preference contain exclu-

sively dimethyl fumarate in an amount of 10 to 300 mg.

According to an especially preferred embodiment the phannaceuﬁcal preparation is present
N thé form of micro-tablets or pellets. Théy have preferably a s1ze and/or 2 mean diarnéter

- of £ 5000 micrometers, preferably 300 to 2500 micrometers, in particular 300 to 1000 mi-
crometers for pellets and 1000 to 2500 micrometers for micro-tablets. Due to the admini- |
stration of the fumaric acid derivatives in the form of micro-tablets, which is preferred ac-
cording to the invention, gastrointestinal initations and/or side effects which cannot be

‘ excluded 1n the administration of cohvention’al single unit dose tablets can be further re-
duced. Presumably, this 1s based on the fact that the mich-tabléts, preférably enteric
coated micro-tablets, already are already distributed in the stomach and thus get into the
intestine boluswise, where the active substances are released in locally smaller doses with
the entire dosage being the same. Due to this, the local imritation of the epithelial cells of
thé Intestine .can be avoided, the better gastrointestinal tolerance of the micro-tablets as

compared with conventional tablets resulting from this.
Examples of preparation

To explain the use according to the invention, various examples for the preparation of pre-
ferred pharmaceutical preparations are given below. The examples are for 1llustrations pur-

poses only, but not to restrict the invention.

Example 1

Preparation of film tablets with an enteric coating containing 100.0 mg of monomethyl

fumarate-Ca salt, which corresponds to 78 mg of fumaric acid

Taking the necessary precautions (breathing mask, gloves, protective clothing, etc.), 10 kg

of monomethyl fumarate-Ca salt are crushed, mixed intensely and homogenized by means
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of a sieve 800. Then an excipient mixture of the following composition is prepared: 21 kg
of starch denvative (STA-RX 1500®), 2 kg of micro-crystalline cellulose (Avicel PH
101®), 0.6 kg of polyvinyl pyrrolidone (PVP, Kollidon® 25), 4 kg of Primogel®, 0.3 kg of

colloidal silicic acid (Aerosil®).

The active ing"redient'.is added to the entire powder mixtﬁre, mixed, homogenized by

- means of a sieve 200 and processed with a 2% aqueous solution of polyvinyl pyrrolidone ‘
‘(PVP, Kollidon® 25) 1n the usual manner into binder granules, and then mixed with the
outer phase 1n a dry state. The latter.consists' 'df 2 kg of a so-called FST complex contéining

80% of talcum, 10% of silicic acid and 10% of magnesium stearate.

Thereafter, the mixture 1s pressed into convex tablets with a weight of 400 mg and a di-
ameter of 10.0 mm by the usual method. Instead of these classic compaction methods,
other methods such as direct compaétion or solid dispersions according to the melting

- method and the spray drying method may also be used for preparing tablets.

Enteric coating:

A solution of 2.250 kg of hydroxy propyl methyl cellulose phthalate (HPMCP, Phahnaooat
HP® 50) 1s dissolved 1n a solveﬁt_ mixture consisting df 2.50 1 of demineralized water, 13 1
of acetone Ph. Helv. VIl and 13 1 of ethanol (94% by weight) and then 0.240 kg of castor _'
o1l (Ph. Eur. II) 1s added to the solution. The solution 1s poured or sprayed in portions onto

the tablet cores 1n a coating pan in a conventional manner.

After a corresponding drying, the film cbating is subsequently abplied. Said coating con-
sists of a solution of Eudragit® E 12.5% 4.8 kg, talcum Ph. Eur. II 0.34 kg, titanium(VI)
oxide Cronus RN 56® 0.52'kg, coloured lacquer ZLT-2 blue (Siegle) 0.21 kg, and poly-
ethylene glycol 6000 Ph. Helv. VII 0.12 kg 1n a solvent mixture of 8.2 kg of 2-propanol Ph.
Helv. VII, 0.06 kg of glyéerine triacetate (Triacetin®) and 0.2 kg of demineraiized water.
Homogenous distribution in the coating pan or the fluidized bed, 1s followed by drying and

polishing 1n the usual manner.
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'Example 2

Preparation of enteric coated capsules containing 86.5 mg of monoethyl fumarate-Ca salt
and 110.0 mg of dimethy! fumarate, which corresponds to'a total of 150 mg of fumaric

acid

Taking the neéessary prec“autions (br_eathirig mask, gloves, protective ciothing, etc.), 8.65
kg of monoethjl_ fumarate-Ca salt and 11 kg of dimethyl fumarate are intensély mixed With
a mixture consisting of 15 kg of starch, 6 kg of lactose Ph. Helv. VII, 2 kg of micro- |
crystalline cellulose (Avicel@), 1 kg of polyvinyl pyrfdlidone (Kéllidon@ 25) and 4 kg of

Primogel® and 'homogenizéd by means of a sieve 800.

Together with a 2% aqueous sblutjon of polyvinyl pyrrolidone (Kollidon® 25) the enﬁre
powder mixture is processed in the usual manner into a binder granulate and inixed with
the outer phase in'thé dried state. Said outer phase consists of 0.35 kg of colloidal silicic
acid (Aerosii®), 0.5 kg of magnesium steérate and 1.5 kg of talcuﬁl Ph. Helv. VII. The
homogeneous nuxture 1s then filled in portions of 500.0 mg into approprnate capsules

- which are then pfovided with an enteric (gastric-acid resistant) coating‘ consisting of hy—‘
droxy propyl ethyl cellulose phthalate and castor oil as softening agent in a customary

fashion.

Exampie 3

Preparation of enteric micro-tablets in capsules containing 87.0 mg of monoethy]l fumaréte;'
Ca salt, 120 mg of dimethyl fumarate, 5.0 mg of monoethyl fumarate-Mg salt and 3.0 mg

of monoethyl fumarate-Zn salt, which corresponds to a total of 164 mg of fumanc acid

("forte" tablets)

Taking the necessary precautions (breathing mask, gloves,‘ protective clothing, etc.), 8.7 kg
of monoethy!l fumarate-Ca salt, ‘12 kg of dimethyl fumarate, 0.5 kg of monoethyl fumarate-
Mg salt and 0.3 kg of monoethyl fumarate-Zn salt are crushed, intensely mixed and ho-
mogenized by means of an sieve 800. An excipient mixture of the following composition is
prepared: 18 kg of starch denivative (STA-RX 1500), 0.3 kg of micro-crystalline cellulose
(Avicel PH 101), 0.75 kg of PVP (Kollidon 120), 4 kg of Pnnmogel, 0.25 kg of colloidal
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silicic acid (Aerosil). The entire powder mixture 1s added to the active ingredient mixture,

homogenized by means of a 200 sieve, and processed in the usual manner with a 2% aque-
ous solution of polyvinyl pyrrolidone (Kollido;MKQS) to obtain a binder granulate and
‘mixed in a dry state with the outer phase that consists ot 0.5 kg of magnesium stearate and
1.5 kg of talcum. Then the powder mixture 1s pressed by the conventional method mnto

convex micro-tablets with a gross mass of 10.0 mg and a diameter of 2.0 mm.

The entenc (gastnc acid-resistant) coating is applied in a fluidized-bed apparatus. In order
to achieve resistance to gastric acid, portions of a solution of 2.250 kg of hydroxy propyl
methyl éellulose phthalate (HPMCP, Phannacoa?i[P 50) are dissolved 1n a mixture of the
fol'lowing solvents: acetone 13 1, ethanol 94% by weight denatured with 2% ketone 13.5 1
and demineralized water 2.5 1. 0.240 kg of castor oil are added as softening agent to the

fimished solution and applied in portions onto the tablet cores 1n the usual manner.

Film coat: After drying 1s completed, a suspension of the following composition 1s then
applied as a f1lm coat 1n the same apparatus: talcum 0.340 kg, titamium(VI) oxide CronugM
RN 56 0.4 kg, coloured lécquer L. red lacquer 86837 0.324 kg, Eudragi?fi 12.5% 4.8 kg
and polyethylene glycol 6000 pH 11 XI0.12 kg in a solvent mixture of the following com-
position: 2-propanol 8.17 kg, demineralized water 0.2 kg and glycerine triacetate (Triace-

tin) 0.6 ke.

The gastric acid-resistant micro-tablets are analyzed with respect to their ingredients and

are then filled into hard gelatine capsules at a corresponding net weight and sealed.

Example 4

Preparation of enteric micro-tablets in capsules containing 120.0 mg dimethyl fumarate

which corresponds to 96 mg fumaric acid

Taking the necessary precautions (breathing mask, gloves, protective clothing, etc.) 12 kg
‘of dimethyl fumarate are crushed and homogenized by means of a 800 sieve. An excipient

mixture of the following composition is prepared: 17.5 kg of starch derivative (STA-RX®



CA 02526586 2008-02-13

18

1500), 0.30 kg of micro-crystalline cellulose (Avicel® PH 101), 0.75 kg of PVP (Kolli-
don® 120), 4 kg of Primogel®, 0.25 kg of colloidal silicic acid (Aerosil®). The entire
powder muxture 1s added to the active ingredient mixture, mixed, homogenized by means
of a 200 sieve, processed in the usual manner with a 2% aqueous solution of polyviny]
pyrrolidone (Kollidon® K25) to obtain a binder granulate and mixed in a dry state with the

outer phase which consists of 0.5 kg of Mg stearate and 1.5 kg of talcum.

Then, the powder mixture 1s pressed by the conventional method into convex micro-tablets

with a gross mass of 10.0 mg and a diameter of 2.0 mm:.

To achieve resistance to gastric acid, portions of a solution of 2.25'kg hydroxy propyl
methyl cellulose phthalate (HPMCP, Pharmacoat® HP 50) are e.g. dissolved in a mixture
of the following solvents: acetone 13 1, ethanol (94% by weight denatured with 2% ketone)
13.5 1 and demineralized water 1.5 1. Castor oil (0.24 kg) 1s added as softening agent to the

finished solution and applied in portions onto the tablet cores in the usual manner.

After drying 1s completed, a suspension of the following composition is then applied as a
film coat 1n the same apparatus: talcum 0.34 kg, titanium(VI) oxide CronuTsMRN 56 0.4 kg,
coloured lacquer L red lacquer 86837 0.324 kg, ‘Eudragﬁr hlij 12.5% 4.8 kg and polyethylene
glycol 6000 pH 11 X1 0.12 kg 1n a solvent mixture of the following composition: 2-
propanol 8.17 kg, demineralized water 0.2 kg and glycerine triacetate (Triacetin) 0.6 kg.

The gastric acid-resistant micro-tablets are analyzed with respect to their ingredients and

are then filled into hard gelatine capsules at a corresponding net weight and sealed.

- Example 5

Preparation of enteric micro-tablets in capsules containing 120.0 mg of diglycine fumaric

‘acid diamide, which corresponds to 96 mg of fumaric acid

12 kg of diglycine fumaric acid diamide are crushed and homo genized-as indicated above.
An excipient mixture of the following composition is prepared: 23.2 kg of micro-

crystalline cellulose (Avicel® PH 200), 3 kg of croscarmelose sodium (AC-Di-SOL-SD-
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711), 2.5 kg of talcum, 0.1 kg of anhydrous silicic acid (Aerosii® 200) and 1 kg Mg ste-

arate. The entire powder mixture is added to the active ingredient mixture and homogene-
ously mixed. Then, the powder mixture 1s pressed by the direct compaction into convex

micro-tablets with a gross mass of 10.0 mg and a diameter of 2.0 mm.

Subsequently, a solution of 0.94 kg Eudragit® is isopropanol is prepared which, additionally,

contains 0.07 kg dibutyl phthalate. This solution 1s sprayed onto the tablet cores. Then, a
diSperéion of 17.32 kg Eudragit® L D-55 and a mixture of 2.8 kg micro-talcum, 2 kg Mac-

rogol 6000 and 0.07 kg Dimeticon 1n water 1s prepared and sprayed onto the cores.

Subsequently, the enteric micro-tablets are analyzed with respect to their ingredients and

filled into hard gelatine capsules at a corresponding net weight and sealed.

Example 6

Preparation of enteric micro-tablets in capsules containing 60.0 mg of r-1,t-2,¢c-3,t-4-

tetrakis(methoxy carbonyl) cyclobutane and 30.0 mg r-1,t-2,c-3,t-4,c-5,t-6-hexa(methoxy

carbonyl) cyclohexane

6.0 kg of r-1,t-2,c-3 ,t-4-tetrakis(methoxy carbonyl) cyclobutane and 3.0 kg of r-1,t-2,¢c-3,t-
4,c-5,t-6-hexa(methoxy carbonyl) cyclohexane are crushed, intensely mixed and homoge-
nized by means of sieve 800. An excipient mixture of the following composition is pre-
pared: 18 kg of starch denvative (STA-RX 1500®), 0.30 kg of micro-crystalline cellulose
(Avicel PH 101), 0.75 kg of PVP (Kollidon 120), 4.00 kg of Primogel. 0.25 kg of colloidal
stlicic acid (Aerosijl‘gd. The active ingredient is added to the entire powder mixture and ho-
mogemzed by means of a sieve 200 and processed with a 2% aqueous solution of polyvi-
nyl pyrrolidone (Kollido;MKQS) in the usual manner 1into binder granules, and then mixed
with the outer phase in a dry state. The latter consists of 0.50 kg of Mg stearate and 1.50 kg

of talcum. Thereafter, the powder mixture is pressed into convex micro-tablets with a gross

mass of 10.0 mg and a diameter of 2.0 mm by the usual method.

The enteric (gastric acid-resistant) coating is poured onto the tablet cores in a classic coat-

ing pan. In order to achieve resistance to gastric acid, portions of a solution of 2.250 kg of
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hydroxy propyl methyl cellulose phthalate (HPMCP, Pharmacoat HP 50) are dissolved in a
mixture of the following solvents: acetone 13.00 I, ethanol 94% by weight denatured with
2% ketone 13.50 I and demineralized water 2.50 1. 0.240 kg of castor o1l 1s added as sof-

tening agent to the finished solution and applied in portions to the tablet cores in the usual

IMAanner.

Film coat: After dryiﬁg 1s completed, a suspension of the following composition 1s applied
™

as a film coat in the same apparatus: talcum 0.340 kg, titanium(VI) oxide Cronus RN 56
™

0.400 kg, coloured lacquer L red lacquer 86837 0.324 kg, Eudragit E 12.5% 4.800 kg and

polyethylene glycol 6000 pH 11 XI 0.120 kg in a solvent mixture of the following compo-

sition: 2-propanol 8.170 kg, demineralized water 0.200 kg and glycerine triacetate (Triace-

tin) 0.600 kg.

Subsequently, the enteric micro-tablets are analyzed with respect to their active ingredients

and filled into hard gelatine capsules at a corresponding net weight and sealed.

Example 7

Preparation of a suspension for parenteral application containing 60.0 mg of r-1,t-2,c-3,t-4-
tetrakis(methoxy carbonyl) cyclobutane and 30.0 mg r-1,t-2,¢c-3,t-4,c-5,t-6-hexa(methoxy

carbonyl) cyclohexane

Ingredients . mg/ml
r-1,t-2,c-3,t-4-tetrakis(methoxy carbonyl) cyclobutane 60.00
r-1,t-2,c-3,t-4,c-5,t-6-hexa(methoxy carbonyl) cyclohexane 30.00
Methyl cellulose . O..25
Sodium citrate, dihydrate 30.00
Benzyl alcohol 9.00
Methyl p-hydroxybenzoic acid 1.80
Propyl p-hydroxybenzoic acid - _ 1.20

Water for injection purposes | g.s.a.d. 1.00
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~ The aforementioned ingredients are processed to a parenteral suspension using standard

techniques.
‘Examples of application

Example A

In vivo data on the treatment of cardiac insufficiency with DMF using a rat model.

The effects of dimethyl fumarate were examined in the present experiment using the model
of .acute 1schemia and repeffusion of the rat. For this purpose, healthy, male rats were di-
vided into three groups.with 17 animals each. In the testé, an ischemia was caused for 45
minutes through an occlusion of an artery with the heart being exposed and, subsequently,
reperfusion was carried out for 120 minutes. Finally, a myocardial infarction was triggered
by means of a reocclusion and the risk area was determined by means of dyeing with

phthalocyanine blue.

The adlninistration of the test substance was carried out iv at the beginning of the first oc-
clusidn. The control group received 0.02% DMSO (0.5 ml/kg body weight), the DMF
group received 10 mg dimethyl fumarate in 0.02% DMSO (0.5 ml/kg body weight). The
animals were ischemically preconditioned in the second group (2 times 5 minut.és each

1schemia and reperfusion).

The results are represented in Fig. 1. Evidently, both dimethyl fumarate (DMF) and the

1schemic preconditioning (IPC) imited the size of the infarction to a statistically signifi-
cant degree in our experiments, the risk area being similar in all 3 groups. Thus, the dafa
proves that the used dimethyl fumarate can significantly reduce the size of the infarction

and thus prevent a cardiac insufficiency.

Exampie B
Inhibition of the PDGF-1induced incorporation of thymidine
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The successtul treatment of asthma involves three different pathways: (1) the reduced re-
lease of inflammatory mediators in allergié responses, (2) the inhibition of T-lymphocyte
invasion, and (3) the inhibition of mesenchymal cell proliferation. Glu'co@rticoids, which
are the treatment of choice i asthma, have beeﬁ shown to inhibit mesenchymal cell prolif-
eration. This test can thus be used to screen for possible other active substances for treat-

ment of asthima.

BSM (bronchial smooth muscle) cells were cultivated in RPMI, 0.3% albumin and 0.1%
DMSO at 37°C in the presence of 0, 1, 5, 10 and 20 ng/ml on PDGF with and without 10
- M dimethyl fumarate. | | |

After a predetermined period of time, 5 1Ci on “H-thymidine was added to the culture me-
dium and incubation was continued for further 24 hours. The incorporation was finally

- stopped by means of centrifugation, removal of the supernatant, washing and lysis of the
cells. The incorporation on "H- -thymidine was measured by determmmg the radloactlwty in
the lysates in a hquld scintillation device 1n companson to the control. The results are
shown in Fig. 2 as percentage values as compared with the control (100%). The addition of
PDGF evidently increases the 3H-thymidiné incorporation and, thus, cell ’proli.feration,‘

 whereas this increase is significantly reduced upon addition of dimethyl fumarate.

Example C

Bronchial smooth muscle cells were grown in 96 well plates until they reached 60-70 %
confluency. The cells were thén starved for 48 h in serum free, 0.3 % albumine containing
RPMI medium. One hour before stimulation of cell proliferation with 10 ng/ml PDGF, the
cells weré treated with with (a) 10° M DMF, (b) 10 M dexamethasone (dexa), or (c) 107
M DMF and 10 M dexa. As a controll untreated cells (buffer only) were used. Cells were
treated for 36 h, whereafter 4uCi of *H-thymidine was added for further 8 hours. The cells
- were lysed, DNA-mncorporated *H-thymidine bound to filter membranes and the incorpo-
rated cpm measured 1n a iquid scmtlllatlon device. The results are shown in Fi g. 3 1n per-

centage of control (100 %) and compared to PDGF induced prohferatwn
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When treating cells with dexa alone (10 M), which is a therapeutically relevant dosage,
cell proliferation was reduced to about 117 £ 11 %. A comparable reduction was seen with

DMEF at 10° M (116 + 4 %). Combined administration of DMF and dexa in these concen-

trations resulted in a synergistic decrease of cell proliferation to nearly baseline levels (95

+ 11 %). These results show that DMF may be useful in the treatment of asthma, either as

of its own, and also in combination with dexametasone or glucocorticoids in general.

In a specifically preferred embodiment for the treatment of asthma and chronically ob-
structive lung diseases such treatment is thus in combination with a glucocorticoid. Ad-
ministration can be in the same dosage unit or in separate dosage units. Administration can
also be in parallel or sequentially. Preferably the glucocorticoid is selected from the group
consisting of dexamethasone, cortisone, hydrocortisone, prednisolone, prednisone, methyl-
prednisolone, fluocortolone, triamcinolone, betamethasone, beclomethasone, budenoside,
flunisonide, fluticasone, and pharmaceutically acceptable salts and derivatives thereot.

Most preferably the glucocorticoid is dexamethasone.

Example D

Dahl-rats, which are salt sensitive, were administered varying dosages of DMF on a daily
basis and put on a high salt diet. After 8 weeks of treatment the left ventricular enddiastolic
diameters were measured for test and control groups by echocardiographic analysis.
Groups measured were control (0 mg DMF; n =9); group 1 (2 x 5 mg DMF / kg/d; n = 9)
and group 2 (2 x 15 mg DMF / kg/d; n=11).

In the echocardiography analysis, DMF prevented the dilatation of the left ventricle after 3
weeks of high salt diet in dose dependent manner. Specifically, in the DMF groups the
inner diameter of the left ventricle remained in the same range as at baseline (see Fig. 4).
In contrast, animals in the control group showed an enlarged left ventricle indicating dila-
tation of the left ventricle. Importantly, dilatation of the left ventnicle marks the transition
from compensated hypertrophy to decompensated heart failure. Consequently, DMFE delays

the transition to heart failure, and thus prevents myocardial infarctions.
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CLAIMS:

1. The use of fumaric acid derivatives selected from the group consisting of dimethyl
fumarate, monomethyl hydrogen fumarate and salts of monomethyl fumarate to prepare a

drug for the treatment or prevention of cardiac insufficiency.

2. The use of claim 1 wherein the salt of the monomethyl fumarate includes a cation

selected from the group consisting of Li*, Na*, K*, Mg**, Ca**, Zn**, Fe**, and Mn?*.

3. The use according to claim 1 or 2, wherein cardiac insufficiency 1s a disease
selected from the group consisting of left ventricular insufficiency, myocardial infarction

and angina pectoris.

4, The use of fumaric acid derivatives selected from the group consisting of dimethyl
fumarate, monomethyl hydrogen fumarate and salts of monomethyl fumarate to prepare a

drug the treatment of asthma or chronic obstructive pulmonary diseases.

5. The use of claim 4 wherein the salt of the monomethyl fumarate includes a cation

selected from the group consisting of Li*, Na*, K*, Mg?", Ca**, Zn*, Fe*', and Mn?**.

6. The use according to claim 4 or 5, wherein asthma and chronic obstructive

pulmonary diseases are diseases from the group of asthma caused by allergies, infections,

analgesics, job conditions or physical effort, mixed forms of asthma, and asthma cardiale.

7. The use according to claim 4, 5 or 6 in combination with a glucocorticoid.

8. The use according to claim 7 wherein the glucocorticoid is selected from the group
consisting of dexamethasone, cortisone, hydrocortisone, prednisolone, prednisone,
methylprednisolone, fluocortolone, triamcinolone, beclomethasone, budenoside,
flunisonide, fluticasone, betamethasone, pharmaceutically acceptable salts thereof and

denvatives thereof.
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9. The use according to any one of claims 1-8 wherein the drug comprises dimethyl

fumarate and one or more salts of monomethyl fumarate.

10.  The use according to claim 9 wherein the one or more salts of monomethy]

fumarate are selected from the group consisting of calcium methyl fumarate, magnesium

methyl fumarate, zinc methyl fumarate, and iron methyl fumarate.

11.  The use according to any one of claims 1-10 wherein the drug is provided in a form
suitable for oral, rectal, transdermal, dermal, ophthalmological, nasal, pulmonary or

parenteral application.

12.  The use according to claim 11 wherein the drug is provided in the form of tablets,
coated tablets, capsules, granulate, solutions for drinking, liposomes, nano-particles,
nano-capsules, pellets, powders, granules filled in capsules, micro-tablets filled in sachets,
micro-tablets filled in capsules, micro-capsules, micro-tablets, pellets filled in capsules,
pellets filled 1n sachets, nano-particles filled in capsules, nano-particles filled in sachets,

powder filled in capsules or powder filled in sachets.

13.  The use according to claim 12, wherein the drug is present in the form of

nano-particles, pellets or micro-tablets which may optionally be filled in sachets or

capsules.

14.  The use according to any of the claims 12 or 13 wherein the solid oral dosage

forms are provided with an enteric coating.

15.  The use according to any one of claims 1-14 wherein the drug contains an amount

of fumaric acid derivative(s) corresponding to 1 to 500 mg of fumaric acid.

16.  The use of fumaric acid derivatives selected from the group consisting of dimethyl
fumarate, monomethyl hydrogen fumarate and salts of monomethyl fumarate to inhibit

PDGF induced thymidine uptake of bronchial smooth muscle.
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17. The use of claim 16 wherein the salt of the monomethyl fumarate includes a cation

selected from the group consisting of Li*, Na*, K*, Mg**, Ca**, Zn**, Fe*", and Mn*".

18.  The use of fumaric acid derivatives selected from the group consisting of dimethyl
fumarate, monomethyl hydrogen fumarate and salts of monomethyl fumarate to inhibit

bronchial smooth muscle cell proliferation.

19.  The use of claim 18 wherein the salt of the monomethyl fumarate includes a cation

selected from the group consisting of Li*, Na*, K¥, Mg**, Ca**, Zn**, Fe*", and Mn**.

20.  The use of any one of claims 16, 17, 18 or 19 wherein the drug comprises dimethyl

fumarate and one or more salts of monomethyl fumarate.

21.  The use of fumaric acid derivatives selected from the group consisting of dimethyl

fumarate, monomethyl hydrogen fumarate and salts of monomethyl fumarate to inhibit

PDGF induced STAT]1 activation.

22.  The use of claim 21 wherein the salt of the monomethyl fumarate includes a cation

selected from the group consisting of Li*, Na*, K¥, Mg**, Ca**, Zn**, Fe*", and Mn?**.
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