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COMPOSITIONS AND METHODS OF USING 
(R)- PRAMIPEXOLE 

CROSS REFERENCE 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/090,094 entitled “Compositions 
and Methods of Using (R)-Pramipexole” ?led Aug. 19, 2008 
and US. Provisional Application No. 61/ 113,680 entitled 
“Compositions and Methods of Using (R)-Pramipexole” ?led 
Nov. 12, 2008, each of Which is herein incorporated by ref 
erence in its entirety. 

GOVERNMENT INTERESTS 

[0002] Not Applicable 

PARTIES TO A JOINT RESEARCH AGREEMENT 

[0003] Not Applicable 

INCORPORATION BY REFERENCE OF 
MATERIAL SUBMITTED ON A COMPACT DISC 

[0004] Not Applicable 

BACKGROUND 

[0005] Not Applicable 

BRIEF SUMMARY OF THE INVENTION 

[0006] Various embodiments of the invention are directed 
to a multi-component therapeutic including a ?rst component 
comprising a therapeutically effective amount of (6R)-4,5,6, 
7-tetrahydro-N6-propyl-2,6-benZothiaZole-diamine and a 
second component comprising a therapeutically effective 
amount of one or more secondary therapeutic agents. In some 
embodiments, the second component may be dopamine ago 
nists, dopaminergic agonists, COMT inhibitors, MOA inhibi 
tors, excitatory amino acid antagonists, groWth factors, neu 
rotrophic factors, antioxidants, anti-in?ammatory agents, 
immunomodulators, anti-glutamatergics, ion channel block 
ers, ot-amino-3-hydroxy-5-methyl-4-isoxaZolepropionic 
acid (AMPA) receptor antagonists, heat shock protein induc 
ers/protein disaggregators and doWnregulators, monoamine 
oxidase type B (MOAB) inhibitors, multi-target agents, 
kinase inhibitors, Bcl protein inducers, histone deacetylase 
(HDAC) mediators, glial modulators, mitochondrial energy 
promoting agents, myostatin inhibitors, caspase inhibitors 
and combinations thereof. 
[0007] Various other embodiments of the invention are 
directed to a method of treating a neurodegenerative disease 
in a patient including the steps of administering a ?rst com 
ponent comprising a therapeutically effective amount of 
(6R)-4,5,6,7-tetrahydro-N6-propyl-2,6-benZothiaZole-di 
amine to the patient and administering adjunctively a second 
component comprising a therapeutically effective amount of 
one or more secondary therapeutic agents to the patient. In 
some embodiments, the second component may be selected 
from dopamine agonists, dopaminergic agonists, COMT 
inhibitors, MOA inhibitors, excitatory amino acid antago 
nists, groWth factors, neurotrophic factors, antioxidants, anti 
in?ammatory agents, immunomodulators, anti-glutamater 
gics, ion channel blockers, ot-amino-3-hydroxy-5-methyl-4 
isoxaZolepropionic acid (AMPA) receptor antagonists, heat 
shock protein inducers/protein disaggregators and doWnregu 
lators, monoamine oxidase type B (MOAB) inhibitors, multi 
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target agents, kinase inhibitors, Bcl protein inducers, histone 
deacetylase (HDAC) mediators, glial modulators, mitochon 
drial energy promoting agents, myostatin inhibitors, caspase 
inhibitors and combinations thereof. In other embodiments, 
the neurodegenerative disease may be selected from Hunting 
ton’s Chorea, metabolically induced neurological damage, 
senile dementia of AlZheimer’s type, age associated cognitive 
dysfunction, vascular dementia, multi-infarct dementia, 
LeWy body dementia, neurodegenerative dementia, neurode 
generative movement disorder, ataxia, Friedreich’s ataxia, 
multiple sclerosis, spinal muscular atrophy, primary lateral 
sclerosis, seiZure disorders, motor neuron disorder or disease, 
in?ammatory demyelinating disorder, AlZheimer’s disease, 
Parkinson’s disease, amyotrophic lateral sclerosis, hepatic 
encephalopathy, and chronic encephalitis. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] For a fuller understanding of the nature and advan 
tages of the present invention, reference should be made to the 
folloWing detailed description taken in connection With the 
accompanying draWings, in Which: 
[0009] FIG. 1 depicts the mean plasma (R)-pramipexole 
concentrations after oral administration of single 50 mg, 150 
mg, and 300 mg doses to healthy volunteers under fasted 
conditions. 
[0010] FIG. 2 depicts mean plasma (R)-pramipexole con 
centrations after oral administration of single 150 mg doses to 
healthy volunteers under fasted and fed conditions. 
[0011] FIG. 3 depicts mean plasma (R)-pramipexole con 
centrations on Days 1 and 7 during oral administration of 50 
mg and 100 mg doses on Day 1, Q12H on Days 3 through 6, 
and a single dose on Day 7 to healthy volunteers under fasted 
conditions. 
[0012] FIG. 4 depicts an exposure (AUC) vs. dose (mg/m2) 
for male and female rats and humans (both genders). 
[0013] FIG. 5 depicts mean exposure (AUC) vs. dose (mg/ 
m2) for male and female minipigs and humans (both genders). 

DETAILED DESCRIPTION 

[0014] Before the compositions and methods provided 
herein are described, it is to be understood that this invention 
is not limited to the particular processes, compositions, or 
methodologies described, as these may vary. It is also to be 
understood that the terminology used in the description is for 
the purpose of describing the particular versions or embodi 
ments only, and is not intended to limit the scope of the 
present invention Which Will be limited only by the appended 
claims. All publications mentioned herein are incorporated 
by reference in their entirety to the extent to support the 
present invention. 
[0015] It must be noted that, as used herein, and in the 
appended claims, the singular forms “a”, “an” and “the” 
include plural reference unless the context clearly dictates 
otherWise. Unless de?ned otherWise, all technical and scien 
ti?c terms used herein have the same meanings as commonly 
understood by one of ordinary skill in the art. Although any 
methods similar or equivalent to those described herein can 
be used in the practice or testing of embodiments of the 
present invention, the preferred methods are noW described. 
All publications and references mentioned herein are incor 
porated by reference. Nothing herein is to be construed as an 
admission that the invention is not entitled to antedate such 
disclosure by virtue of prior invention. 
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[0016] As used herein, the term “about” means plus or 
minus 10% of the numerical value of the number With Which 
it is being used. Therefore, about 50% means in the range of 
45%-55%. 
[0017] “Optional” or “optionally” may be taken to mean 
that the subsequently described structure, event or circum 
stance may or may not occur, and that the description includes 
instances Where the event occurs and instances Where it does 
not. 

[0018] “Administering” When used in conjunction With a 
therapeutic means to administer a therapeutic directly into or 
onto a target tissue or to administer a therapeutic to a patient 
Whereby the therapeutic positively impacts the tissue to 
Which it is targeted. “Administering” a composition may be 
accomplished by oral administration, injection, infusion, 
absorption or by any method in combination With other 
knoWn techniques. Such combination techniques include 
heating, radiation and ultrasound. 
[0019] The term “target”, as used herein, refers to the mate 
rial for Which either deactivation, rupture, disruption or 
destruction or preservation, maintenance, restoration or 
improvement of function or state is desired. For example, 
diseased cells, pathogens, or infectious material may be con 
sidered undesirable material in a diseased subject and may be 
a target for therapy. 
[0020] Generally speaking, the term “tissue” refers to any 
aggregation of similarly specialiZed cells Which are united in 
the performance of a particular function. 
[0021] The term “improves” is used to convey that the 
present invention changes either the appearance, form, char 
acteristics and/or physical attributes of the tissue to Which it is 
being provided, applied or administered. “Improves” may 
also refer to the overall physical state of an individual to 
Whom an active agent has been administered. For example, 
the overall physical state of an individual may “improve” if 
one or more symptoms of a neurodegenerative disorder are 
alleviated by administration of an active agent. 
[0022] As used herein, the term “therapeutic” means an 
agent utiliZed to treat, combat, ameliorate or prevent an 
unWanted condition or disease of a patient. 
[0023] The terms “therapeutically effective amount” or 
“therapeutic dose” as used herein are interchangeable and 
may refer to the amount of an active agent or pharmaceutical 
compound or composition that elicits a biological or medici 
nal response in a tissue, system, animal, individual or human 
that is being sought by a researcher, veterinarian, medical 
doctor or other clinician. A biological or medicinal response 
may include, for example, one or more of the folloWing: (1) 
preventing a disease, condition or disorder in an individual 
that may be predisposed to the disease, condition or disorder 
but does not yet experience or display pathology or symptoms 
of the disease, condition or disorder, (2) inhibiting a disease, 
condition or disorder in an individual that is experiencing or 
displaying the pathology or symptoms of the disease, condi 
tion or disorder or arresting further development of the 
pathology and/ or symptoms of the disease, condition or dis 
order, and (3) ameliorating a disease, condition or disorder in 
an individual that is experiencing or exhibiting the pathology 
or symptoms of the disease, condition or disorder or reversing 
the pathology and/ or symptoms experienced or exhibited by 
the individual. 
[0024] The term “unit dose” as used herein may be taken to 
indicate a discrete amount of the therapeutic composition 
Which comprises a predetermined amount of the active com 
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pound. The amount of the active ingredient is generally equal 
to the dosage of the active ingredient Which may be admin 
istered once per day, or may be administered several times a 
day (eg the unit dose is a fraction of the desired daily dose). 
The unit dose may also be taken to indicate the total daily 
dose, Which may be administered once per day or may be 
administered as a convenient fraction of such a dose (eg the 
unit dose is the total daily dose Which may be given in frac 
tional increments, such as, for example, one-half or one-third 
the dosage). 
[0025] As used herein, the term “neuroprotectant” refers to 
any agent that may prevent, ameliorate or sloW the progres 
sion of neuronal degeneration and/or neuronal cell death. 
[0026] The term “treating” may be taken to mean prophy 
laxis of a speci?c disorder, disease or condition, alleviation of 
the symptoms associated With a speci?c disorder, disease or 
condition and/or prevention of the symptoms associated With 
a speci?c disorder, disease or condition. 
[0027] The term “patient” generally refers to any living 
organism to Which to compounds described herein are admin 
istered and may include, but is not limited to, any non-human 
mammal, primate or human. Such “patients” may or may not 
be exhibiting the signs, symptoms or pathology of the par 
ticular diseased state. 

[0028] As used herein, the terms “enantiomers”, “stereoi 
somers” and “optical isomers” may be used interchangeably 
and refer to molecules Which contain an asymmetric or chiral 
center and are mirror images of one another. Further, the 
terms “enantiomers”, “stereoisomers” or “optical isomers” 
describe a molecule Which, in a given con?guration, cannot 
be superimposed on its mirror image. 
[0029] As used herein, the terms “optically pure” or “entan 
tiomerically pure” may be taken to indicate that a composi 
tion contains at least 99.95% of a single optical isomer of a 
compound. The term “entantiomerically enriched” may be 
taken to indicate that at least 51% of a composition is a single 
optical isomer or enantiomer. The term “entantiomeric 
enrichment” as used herein refers to an increase in the amount 
of one entantiomer as compared to the other. A “racemic” 
mixture is a mixture of equal amounts of (6R) and (6S) 
enantiomers of a chiral molecule. 

[0030] Throughout this disclosure, the Word “pramipex 
ole” or “(S)-pramipexole” Will refer to (68) enantiomer of 
2-amino-4,5,6,7-tetrahydro-6-(propylamino)benZothiaZole 
unless otherWise speci?ed, and (6R)-4,5,6,7-tetrahydro-N6 
propyl-2,6-benZothiaZole-diamine Will be referred to as “(R) 
pramipexole” or “RPPX.” 
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[0031] The term “pharmaceutical composition” shall mean 
a composition including at least one active ingredient, 
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whereby the composition is amenable to investigation for a 
speci?ed, ef?cacious outcome in a mammal (for example, 
Without limitation, a human). Those of ordinary skill in the art 
Will understand and appreciate the techniques appropriate for 
determining Whether an active ingredient has a desired e?i 
cacious outcome based upon the needs of the artisan. A phar 
maceutical composition may, for example, contain pramipex 
ole or a pharmaceutically acceptable salt of pramipexole as 
the active ingredient. Alternatively, a pharmaceutical compo 
sition may contain (R)-pramipexole or a pharmaceutically 
acceptable salt of (R)-pramipexole as the active ingredient. 
[0032] For the purposes of this disclosure, a “salt” is any 
acid addition salt, preferably a pharmaceutically acceptable 
acid addition salt, including but not limited to, halogenic acid 
salts such as hydrobromic, hydrochloric, hydro?uoric and 
hydroiodic acid salt; an inorganic acid salt such as, for 
example, nitric, perchloric, sulfuric and phosphoric acid salt; 
an organic acid salt such as, for example, sulfonic acid salts 
(methanesulfonic, tri?uoromethan sulfonic, ethanesulfonic, 
benZenesulfonic or p-toluenesulfonic), acetic, malic, 
fumaric, succinic, citric, benZoic, gluconic, lactic, mandelic, 
mucic, pamoic, pantothenic, oxalic and maleic acid salts; and 
an amino acid salt such as aspartic or glutamic acid salt. The 
acid addition salt may be a mono- or di-acid addition salt, 
such as a di-hydrohalogenic, di-sulfuric, di-phosphoric or 
di-organic acid salt. In all cases, the acid addition salt is used 
as an achiral reagent Which is not selected on the basis of any 
expected or knoWn preference for interaction With or precipi 
tation of a speci?c optical isomer of the products of this 
disclosure. 

[0033] “Pharmaceutically acceptable salt” is meant to indi 
cate those salts Which are, Within the scope of sound medical 
judgment; suitable for use in contact With the tissues of a 
patient Without undue toxicity, irritation, allergic response 
and the like, and are commensurate With a reasonable bene?t/ 
risk ratio. Pharmaceutically acceptable salts are Well knoWn 
in the art. For example, Berge et al. (1977) J. Pharm. Sciences, 
Vol 6. 1-19, describes pharmaceutically acceptable salts in 
detail. 

[0034] As used herein, the term “comparative binding 
a?inity ratio” refers to the binding af?nity at the D2 or D3 
dopamine receptors (IC5O value) of (R)-pramipexole divided 
by the binding a?inity at the D2 or D3 dopamine receptors 
(IC5O value) of (S)-pramipexole. In some embodiments, the 
comparative binding a?inity ratio refers to the ratio of the 
IC5O values at the D2 receptor. In some embodiments, the 
comparative binding a?inity ratio refers to the ratio of the 
IC5O values at the D3 receptor. 
[0035] As used herein, the term “comparative ratio” refers 
one of the folloWing: 1) the ratio of the IC5O values at the D2 
or D3 receptors for (R)-pramipexole to (S)-pramipexole; 2); 
the ratio of MTD amounts for (R)-pramipexole to (S)-prami 
pexole; or 3) the ratio of NOAEL dose amounts for (R) 
pramipexole to (S)-pramipexole. 
[0036] As used herein, the term “daily dose amount” refers 
to the amount of pramipexole per day that is administered or 
prescribed to a patient. This amount can be administered in 
multiple unit doses or in a single unit dose, in a single time 
during the day or at multiple times during the day. 
[0037] As used herein, the term “dopaminergic activity 
equivalent” (DAE) refers to the measure of activity at the 
dopamine receptors Which is equivalent to the activity of 1 mg 
of (S)-pramipexole at the dopamine receptors. 
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[0038] A “dose amount” as used herein, is generally equal 
to the dosage of the active ingredient Which may be admin 
istered once per day, or may be administered several times a 
day (eg the unit dose is a fraction of the desired daily dose). 
For example, a non-effective dose amount of 0.5 mg/day of 
(S)-pramipexole may be administered as 1 dose of 0.5 mg, 2 
doses of0.25 mg each or 4 doses of0.125 mg. The term “unit 
dose” as used herein may be taken to indicate a discrete 
amount of the therapeutic composition Which comprises a 
predetermined amount of the active compound. The amount 
of the active ingredient is generally equal to the dosage of the 
active ingredient Which may be administered once per day, or 
may be administered several times a day (e. g. the unit dose is 
a fraction of the desired daily dose). The unit dose may also be 
taken to indicate the total daily dose, Which may be adminis 
tered once per day or may be administered as a convenient 
fraction of such a dose (eg the unit dose is the total daily dose 
Which may be given in fractional increments, such as, for 
example, one-half or one-third the dosage). 
[0039] As used herein, the terms “enantiomers”, “stereoi 
somers” and “optical isomers” may be used interchangeably, 
and refer to molecules Which contain an asymmetric or chiral 
center and are non-superimposable mirror images of one 
another. As used herein, the term “chirally pure” or “enantio 
merically pure” may be taken to indicate that the compound 
contains at least 99.95% of a single optical isomer. The term 
“enantiomerically enriched”, unless a number is mentioned, 
may be taken to indicate that at least 51% of the material is a 
single enantiomer. The term “enantiomeric enrichment” as 
used herein refers to an increase in the amount of one enan 
tiomer as compared to the other. A “racemic” mixture is a 
mixture of equal amounts of (R)- and (S)-enantiomers of a 
chiral molecule. 
[0040] As used herein, a “kit” refers to one or more phar 
maceutical compositions and instructions for administration 
or prescription of the one or more compositions. The instruc 
tions may consist of product insert, instructions on a package 
of one or more pharmaceutical compositions, or any other 
instruction. 
[0041] As used herein, the term “Mirapex®” refers to tab 
lets containing (S)-pramipexole dihydrochloride, Which has 
the chemical name, (S)-2-amino-4,5,6,7-tetrahydro-6-(pro 
pylamino)benZothiaZole dihydrochloride monohydrate. 
[0042] As used herein, the term “naive patient” refers to a 
patient that has not previously received pramipexole treat 
ment (either (R)-pramipexole or (S)-pramipexole) or Who has 
not received a titration regimen of pramipexole previous to 
receiving a starting dose of pramipexole. 
[0043] As used herein, the term “starting daily dose 
amount” refers to the amount of pramipexole per day that is 
administered or prescribed to a patient beginning pramipex 
ole treatment, Who has not previously been subjected to a 
titration regimen of pramipexole. This amount can be admin 
istered in multiple unit doses or in a single unit dose, in a 
single time during the day or at multiple times during the day. 
[0044] By “adjunctive administration” or “adjunctively” is 
meant simultaneous administration of more than one com 

pound, in the same dosage form, simultaneous administration 
in separate dosage forms, and separate administration of the 
more than one compound. For example, secondary pharma 
ceutical compositions such as a dopaminergic agonists and/or 
an antioxidant may be adjunctively administered With (R) 
pramipexole Where the (R)-pramipexole, the dopaminergic 
agonists, and the antioxidant are all in separate dosage forms 
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such as 3 individual tablets, or a dopaminergic agonist and/or 
an antioxidant may be adjunctively administered With (R) 
pramipexole in a single dosage form such as a single tablet. As 
such, each individual pharmaceutical composition may fur 
ther include one or more pharmaceutically acceptable excipi 
ents or carriers. 

[0045] The term “trituration” may be taken to indicate a 
method of solidifying a chemical compound. Trituration 
involves agitating the compound by stirring, beating or a 
method of the like until the chemical compound forms a 
crystalline solid or precipitate. This solid may act to seed the 
remaining chemical compound in solution, causing it to pre 
cipitate or crystalliZe from solution. 

[0046] (R)-pramipexole is an enantiomer of the active phar 
maceutical ingredient of the approved Parkinson’s disease 
(PD) and restless legs syndrome (RLS) treatment Mirapex 
(pramipexole; (S)-pramipexole). Mirapex® is a high-a?inity 
(loW nM ICSO) agonist at human and rodent recombinant 
dopamine D2 and D3 receptors, a property that is the pharma 
cological basis of its ef?cacy in these disorders. Both the (R) 
and the (S)-enantiomers have been shoWn preclinically to 
possess neuroprotective properties that are independent of 
dopamine receptor af?nity. 
[0047] Neuroprotective properties of (S)-pramipexole have 
been recogniZed as potentially useful for the treatment of 
neurodegenerative disorders, but clinical experience With the 
drug for treatment of dopamine de?ciency disorders, such as 
PD, have shoWn that dosing is limited both temporally, by the 
need for prolonged dose titration, and absolutely, in terms of 
maximum tolerated dose (MTD), due to dopamine agonist 
related side effects. These dosing limitations are typical for 
dopamine receptor agonists of this class: 
[0048] The maximum alloWable single starting dose for 
Mirapex® is 0.125 mg, given three times a day (t.i.d.); and the 
maximum alloWable dose for Mirapex is 1.5 mg t.i.d., pro 
viding a maximum daily dose of 4.5 mg of Mirapex® after 
7-8 Weeks of titration. 

[0049] While these dose levels of Mirapex® are useful for 
treatment of the signs and symptoms of PD and RLS, in 
neuroprotective assays the potency of (S)-pramipexole as a 
neuroprotective is approximately 1000-fold loWer than its 
potency as a dopamine agonist. This suggests the therapeuti 
cally useful neuroprotective doses cannot be reached using 
this enantiomer. 

[0050] (R)-pramipexole possesses similar neuroprotective 
potency, but loWer a?inity for dopamine receptors. Accord 
ingly, it has been advanced as a potentially more useful com 
pound for treatment of neurodegenerative disorders. HoW 
ever, previously reported dopamine receptor a?inity 
difference for the (R)-pramipexole compared to (S)-prami 
pexole Would still impose clinically important dose limita 
tions and Would still require dose-titration and dose-limita 
tions to avoid dopamine-related side effects. In previous 
reports utiliZing (R)-pramipexole in amyotrophic lateral scle 
rosis (ALS), a rapidly progressing fatal neurodegenerative 
disorder, dosing of (R)-pramipexole Was suggested to be lim 
ited and to require signi?cant do se-titration in animal experi 
ments. The assumed requirement for dose-titration-speci? 
cally, the requirement to start dosing at very loW doses and 
increase the dose to a ?nal therapeutically effective dose level 
over 7-8 Weeks-severely limits the usefulness of the neuro 
protective potential of the (R)-pramipexole enantiomer. 

Aug. 4, 2011 

Additionally, the assumed MTD Would severely limit the 
timely exploitation of the neuroprotective potential of the 
(R)-pramipexole enantiomer. 
[0051] Various embodiments of the invention presented 
herein are directed to a multi-component system including 
(R) -pramipexole and one or more secondary agents, pharma 
ceutical compositions including (R)-pramipexole and one or 
more secondary agents, and methods for treating a disease in 
a subject including the steps of administering (R)-pramipex 
ole and one or more secondary agents. The components of the 
multi-component system may be administered individually 
or in combined into a single dosage formula. Therefore, some 
embodiments of the invention are directed to a pharmaceuti 
cal compositions including (R)-pramipexole and one or more 
secondary agents and a pharmaceutically acceptable excipi 
ent or carrier and methods for using such pharmaceutical 
compositions. 
[0052] The secondary agents of embodiments may be any 
agent that When combined With (R)-pramipexole produces a 
bene?cial effect. For example, in some embodiments, the 
secondary agent may include one or more dopaminergic ago 
nists, catechol-O-methyl transferase (COMT) inhibitors, 
monoamine oxidase (MOA) inhibitors, excitatory amino acid 
antagonists and combinations thereof. In other embodiments, 
the secondary agent may include groWth factors, neu 
rotrophic factors, antioxidants, anti-in?ammatory agents, 
immunomodulators, anti-glutamatergics, ion channel block 
ers, ot-amino-3-hydroxy-5-methyl-4-isoxaZolepropionic 
acid (AMPA) receptor antagonists, heat shock protein induc 
ers/protein disaggregators and doWnregulators, monoamine 
oxidase type B (MOAB) inhibitors, multi-target agents, 
kinase inhibitors, B-cell lymphoma (Bcl) inducers, histone 
deacetylase (HDAC) inhibitors, glial modulators, mitochon 
drial energy promoting agents, myostatin inhibitors, caspase 
inhibitors and combinations thereof. Embodiments of the 
invention are not limited to any particular agent encompassed 
by the classes of agents described above, and any agent that 
falls Within any of these categories may be utiliZed in embodi 
ments of the invention. Non-limiting examples, of such 
agents are provided for clarity. 
[0053] For example, in some embodiments, exemplary 
dopamine agonists may include, but are not limited to, apo 
morphine, carbidopa/levodopa, bromocriptine, lisuride, cab 
ergoline and piribedel, and in particular embodiments, the 
dopamine agonists may be D2/D3 agonists such as, but nor 
limited to pramipexole ((6S)-4,5,6,7-tetrahydro-N6-propyl 
2,6-benZothiaZole-diamine) (e.g., Mirapex®), ropinirole 
(e.g., Requip®), carbidopa, levodopa, entacapone (e.g., 
COMtan®), carbidopa/levodopa (e.g., Sinemet®), carbi 
dopa/levodopa/entacapone (e.g. Stalevo®), selegiline (e.g., 
Eldpryyl®), rotigotine (e.g., Neupro®), rasagaline (e.g., AZi 
lect®), apomorphine (e.g., Apokyn®), bromocriptine (e.g., 
Parlodel®), amantadine (e.g., Symmetrel®) paliroden, xalip 
roden, talampanel and combinations thereof. Without Wish 
ing to be bound by theory, in such embodiments, (R)-prami 
pexole may exert a neuroprotective effect While a D2/D3 
agonists may activate dopamine receptors. In further embodi 
ments, exemplary dopaminergic agonists may include, but 
are not limited to, ropinirole, rotigotine, pergolide, amanta 
dine. In other embodiments, exemplary COMT inhibitors 
may include, but are not limited to, entacapone and tolcapone. 
In still other embodiments, exemplary MOA inhibitors may 
include, but are not limited to, selegiline, rasagiline moclobe 
mide, isocarboxaZid, phenelZine, tranylcypromine, niala 
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mide, iproniaZid, iprocloZide, toloxatone, lineZolid, dextro 
amphetamine, EVT 302 (Evotec, Inc.), R0 19-6491 
(Hoffman-La Roche, Inc.), R0 19-6327 (Hoffman-La Roche, 
Inc.), deprenyl, pargyline and ladostigil (TV-3326), and in yet 
other embodiments, exemplary excitatory amino acid antago 
nists may include, but are not limited to, talampanel. 

[0054] In further embodiments, exemplary growth factors 
and neurotrophic factors may include, but are not limited to, 
insulin-like growth factor-1 (IGF-l), IGF-l AAV, IPLEX, 
glial cell line-derived neurotrophic factor (GDNF), hepato 
cyte growth factor (HGF), and granulocyte colony stimulat 
ing factor (G-CSF). In some embodiments, exemplary anti 
oxidants, anti-in?ammatories, and immunomodulators may 
include, but are not limited to, AEOL 10150, cefriaxone, 
celastrol, coenZyme Q10, copaxone, cox-2 inhibitors (includ 
ing nimesulide), cyclosporin, ebselen, edaravone (radicut), 
promethaZine, tamoxifen, thalidomide, vitamin E and 
VP025, and in other embodiments, exemplary AMPA recep 
tor antagonists may include, but are not limited to, 1,2,3,4 
tetrahydro-6-nitro-2,3-dioxo-benZo[f]quinoxaline-7-sul 
fonamide (NBQX) and talampanel. In still other 
embodiments, exemplary heat shock protein inducers/protein 
disaggregators and downregulators include, but are not lim 
ited to, arimoclomol, ISIS 333611, lithium, misfolded SOD-1 
antibodies, rhHSP70, TDP-43 antagonists and trehalose, and 
in yet other embodiments, exemplary MOAB inhibitors may 
include, but are not limited to rasagiline [R(+)N-propargyl 
1 -aminoindan]. 
[0055] In particular embodiments, exemplary multi-target 
agents may include, but are not limited to, 4-[2(aminom 
ethyl)-1,3-thiaZol-4-yl]-2,6 di-tert-butylphenol, and in some 
embodiments, exemplary kinase inhibitors may include, but 
are not limited to, olomoucine, quinolin-2(1H)-one deriva 
tives, roscovitine, tamoxifen and combinations thereof. In 
other embodiments, exemplary Bcl inducers include, but are 
not limited to, ginsenoside Rbl and Rgl, G3139, oblimersen 
and combinations thereof, and in further embodiments, 
exemplary HDAC mediators may include, but are not limited 
to, phenylbutyrate, scriptaid, valproic acid and combinations 
thereof. In still other embodiments, exemplary glial modula 
tors include, but are not limited to, ONO-2506, and in yet 
other embodiments, exemplary mitochondrial energy pro 
moter agents may include, but are not limited to, resveratrol, 
creatine, erythropoietin, cholest-4-en-3-One, and oxime 
(TRO-19622). In still further embodiments, exemplary myo 
statin inhibitors may include, but are not limited to, ACE-03 1 , 
MYO-029 and combinations thereof, and in certain embodi 
ments, exemplary caspase inhibitors may include, but are not 
limited to, ESPA-1002, IDN-6556, pralnacasan and combi 
nations thereof. 

[0056] Any of the secondary agents described above may 
be useful in embodiments of the invention. However, in par 
ticular embodiments, the secondary agent may be a dopamine 
agonist. For example, in one exemplary embodiment, the 
dopamine agonist may be ropinirole (Requip®), and in 
another exemplary embodiment, the dopamine agonist may 
be carbidopa/levodopa (Sinemet®). In other particular 
embodiments, the secondary agent may be an anti 
glutamatergic. For example, in one exemplary embodiment, 
the secondary agent may be riluZole (Rilutek®). In another 
particular embodiments, the secondary agent may be an exci 
tatory amino acid. For example in one exemplary embodi 
ment, the secondary agent may be talampanel. In still other 
particular embodiments, the secondary agent may be a 
growth factor. For example, in one exemplary embodiment, 
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the secondary agent may be IPLEX. In further particular 
embodiments, the secondary agent may be a caspase inhibi 
tor. 

[0057] In any of the embodiments described above, an 
effective amount of (R)-pramipexole and an effective amount 
of one or more of the secondary agents described above may 
be provided adjunctively in separate pharmaceutical compo 
sitions or in a single dose pharmaceutical composition in 
which the (R)-pramipexole and one or more secondary agent 
are combined. In such embodiments, each separate pharma 
ceutical composition or a single dose pharmaceutical compo 
sition may further include a pharmaceutically acceptable 
excipient or carrier. 

[0058] The compound 2-amino-4,5,6,7-tetrahydro-6-(pro 
pylamino)benZothiaZole is a synthetic aminobenZothiaZole 
derivative, having two enantiomers. The (S) enantiomer is a 
potent agonist of the D2 family of dopamine receptors, with 
particular a?inity for the D3 receptor subtype. As a dopamine 
agonist, (S)-pramipexole activates dopamine receptors, thus 
mimicking the effects of the neurotransmitter dopamine. The 
(S)-pramipexole stereoisomer is a potent agonist of dopam 
ine, with only small daily doses required and indeed tolerated 
by patients. Both enantiomers are thought to confer neuro 
protective effects by their ability to accumulate in the brain, 
the spinal cord and mitochondria, and independent of the 
dopamine agonist activity, presumably through inhibition of 
lipid peroxidation, normaliZation of mitochondrial function 
and/or detoxi?cation of oxygen radicals. As such, these com 
pounds may have utility as inhibitors of the cell death cas 
cades and loss of cell viability observed in neurodegenerative 
diseases. 

[0059] The degree to which dosing of a molecule has 
demonstrable phenotypic activity resulting from a?inity to 
particular receptors or other pharmaco-effective proteins, 
even when the activity results from a?inities to unknown 
targets, can be operationally de?ned in terms of whether this 
activity contributes in a positive way (‘on-target’ activity) or 
a negative way (‘off-target’ activity) to a speci?c and desired 
therapeutic effect. For any given molecule, a number of ‘off 
target’ activities can theoretically be identi?ed, but ‘on-tar 
get’ activity is restricted to the desired therapeutic effect. To 
the extent that these activities can be measured and quanti?ed, 
or comparisons be made with known standards, an index of 
activity can be generated for each of these categories (the 
‘activity equivalent’, orAE), and one or more ratios generated 
to compare ‘off-target’ to ‘on-target’ activities, useful to com 
pare potential risk-bene?t ratios between molecules. Without 
wishing to be bound by theory, the ‘off-target’ activity for 
(R)-pramipexole in neurodegenerative disorders (other than 
Parkinson’s disease) would be the ‘on-target’ activity for its 
enantiomer (S)-pramipexole, used to treat PD and restless 
legs syndrome. 
[0060] In the case of (R)-pramipexole, two activities can be 
de?ned in this context. The ?rst, which is agonist activity at a 
sub set of human dopamine receptors and the resulting behav 
ioral/toxicological phenotype, is ‘off-target’ activity for most 
neurodegenerative disorders. This activity results in dose 
limiting side effects due to dopamine receptor agonist activ 
ity, and for the purposes of the current discussion can be 
de?ned to be the dopamine activity equivalent, or DAE. 
Throughout this application, the term “dopaminergic activity 
equivalent” (DAE) will mean the measure of activity at the 
dopamine receptors equivalent to the activity of 1 mg of 
(S)-pramipexole at the dopamine receptors. For example, a 
dosage of (R)-pramipexole having a DAE of 0.01 would have 
activity at the dopamine receptors which is equivalent to the 
activity of 0.01 mg of (S)-pramipexole. The DAE can also be 
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related to a variety of pharmaceutical terms, including maxi 
mum tolerated dose (MTD), no observable adverse effect 
level (NOAEL), and non-effective dose amount. For 
example, the NOAEL dose amount for (S)-pramipexole is 
most preferably beloW 0.05 mg. This, in turn, corresponds to 
a DAE of beloW 0.05. A dose amount of (R)-pramipexole 
having a DAE of 0.01 Would, therefore, be beloW the DAE for 
the most preferable (S)-pramipexole NOAEL dose amount of 
0.05 mg. In some embodiments, DAE is determined by mea 
suring the binding a?inity (ICSO) or activity (ECSO) at the D2 
and/ or D3 receptors relative to the same parameter for 1 mg of 
(S)-pramipexole. For example, in certain embodiments, DAE 
may be determined by a suitable in vitro assay such as an IC5O 
binding af?nity assay for the D2 or D3 receptor such as those 
described by Schneider, C. S.; Mierau, 1., “Dopamine Autore 
ceptor Agonists: Resolution and Pharmacological Activity of 
2,6-DiaminotetrahydrobenZothiaZole and an AminothiaZole 
Analogue ofApomorphine,” (1987) .1. Med. Chem. 30:494 
498; or Wong, S. K.-F.; Shrikhande, A. V., S. K.-F. Wong, 
“Activation of Extracellular Signal-Regulated Kinase by 
Dopamine D2 and D3 Receptors,” (2003) Society for Neuro 
science Abstracts. 

[0061] Our studies suggest that the DAE for (R)-pramipex 
ole is much loWer than may have been previously appreciated. 
For example, our studies have shoWn that the binding a?inity 
for (R)-pramipexole to the D2 and D3 dopamine receptors is 
about 290 and 649 times loWer than (S)-pramipexole, respec 
tively, When using high chiral purity (R)-pramipexole. By 
comparison, the literature reports that the binding a?inity for 
the (R)-pramipexole to the D2 dopamine receptor is about 
9-21 times loWer than (S)-pramipexole, While the binding 
a?inity for the (R)-pramipexole to the D3 dopamine receptor 
is about 50 times loWer than (S)-pramipexole. 
[0062] Even more striking, our studies in beagle dogs indi 
cate that the MTD dose ratio of (R)-pramipexole to (S) 
pramipexole is 10,000, While the NOAEL dose ratio of (R) 
pramipexole to (S)-pramipexole is 20,000. As a biological 
assay, the MTD and NOAEL in dogs reveal in vivo tolerance 
heretofore entirely unpredictable. Because of limitations on 
standard and quantitative analysis, the in vivo MTD and 
NOAEL in dogs may actually suggest even the slightest 
impurity of 0.005% could, in fact be responsible for the 
dopamine agonist-related side effects. These comparative 
studies suggest that the DAE for (R)-pramipexole is much 
loWer than may previously been appreciated. 
[0063] The other activity of (R)-pramipexole and (S) 
pramipexole is neuroprotection. Neuroprotection is a phe 
nomenon independent of mechani sm, and hence quali?es as a 
category of activity. The neuroprotective activity of (R) 
pramipexole and (S)-pramipexole is measurable and approxi 
mately equivalent in both enantiomers. Moreover, the neuro 
protective activity can be de?ned in relative terms as the 
neuroprotective activity equivalent (NAE). Neuroprotective 
activity equivalent (NAE) refers to the neuroprotective activ 
ity inherent in 1 mg of (S)-pramipexole. NAE can be deter 
mined, for example, by measuring the neuroprotective activ 
ity in a standard in vitro neuroprotective as say relative to the 
activity of 1 mg of (S)-pramipexole. In some embodiments, 
the neuroprotective activity is determined by measuring cell 
death in the presence of MPP+ and/or rotenone in dopamin 
ergic and/ or non-dopaminergic cells (as a non-limiting 
example, see the assay in M. Gu, Journal ofNeurochemistry, 
91:1075-1081 (2004)). 
[0064] Unlike the DAE, NAE has been shoWn to be equal in 
both pramipexole enantiomers in a number of in vitro tests. 
HoWever, a larger dose of a pramipexole enantiomer is 
required to elicit neuroprotective activity in vivo, and because 
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dosages of (S)-pramipexole are limited by the dopaminergic 
activity of the (S) enantiomer, Which can lead to adverse side 
effects at dosages above the “No Observable Adverse Effect 
Level” (NOAEL dose amount), DAE is seen as a unit measure 
of the potential for adverse effects When describing neuro 
protection, While the NAE is seen as a unit measure of the 
potential for therapeutic bene?t. A NOAEL dose as used 
herein refers to an amount of active compound or pharma 
ceutical agent that produces no statistically or biologically 
signi?cant increases in the frequency or severity of adverse 
effects betWeen an exposed population and its appropriate 
control; some effects may be produced at this level, but they 
are not considered as adverse, or as precursors to adverse 
effects. 
[0065] In practical terms, embodiments of the invention 
including the administration of (R)-pramipexole provide for 
signi?cantly greater NAE levels and greater NAE/DAE levels 
than previously believed possible by administration of (S) 
pramipexole thereby maximizing the probability that a thera 
peutically effective amount of (R)-pramipexole can be 
administered to a patient to provide neuroprotection. The 
NAE and the DAE may be useful in terms of a ratio, particu 
larly as a ratio of bene?cial to adverse effects, and useful to 
de?ne a range over Which a particular composition may be 
administered. (S)-pramipexole has a high DAE/NAE ratio, 
due to the high dopamine a?inity, While the corresponding 
ratio for (R)-pramipexole is signi?cantly loWer. 
[0066] With respect to (S)-pramipexole, exemplary adverse 
events are diZZiness, hallucination, nausea, hypotension, 
somnolence, constipation, headache, tremor, back pain, pos 
tural hypotension, hypertonia, depression, abdominal pain, 
anxiety, dyspepsia, ?atulence, diarrhea, rash, ataxia, dry 
mouth, extrapyramidal syndrome, leg cramps, tWitching, 
pharyngitis, sinusitis, sWeating, rhinitis, urinary tract infec 
tion, vasodilatation, ?u syndrome, increased saliva, tooth dis 
ease, dyspnea, increased cough, gait abnormalities, urinary 
frequency, vomiting, allergic reaction, hypertension, pruritis, 
hypokinesia, nervousness, dream abnormalities, chest pain, 
neck pain, paresthesia, tachycardia, vertigo, voice alteration, 
conjunctivitis, paralysis, tinnitus, lacrimation, mydriasis and 
diplopia. For example, a dose of 1.5 mg of (S)-pramipexole 
has been shoWn to cause somnolence in human subjects (Pub 
lic Statement on Mirapex®, Sudden Onset of Sleep from the 
European Agency for the Evaluation of Medicinal Products; 
Boehringer Ingelheim product insert for Mirapex® Which 
indicates that the drug is administered as three doses per day). 
Further, studies performed in dogs, as presented herein, (see 
Examples and results shoWn in Table 11) indicate that the 
NOAEL dose may be as loW as 0.00125 mg/kg, Which is 
equivalent to a human dose of 0.0007 mg/kg or 0.05 mg for a 
70 kg individual. Thus, With reference to (S)-pramipexole, a 
NOAEL dose amount may be an amount beloW 1.5 mg, beloW 
0.50 mg, or more preferably beloW 0.05 mg. With reference to 
DAE as de?ned herein, a NOAEL dose may have a DAE of 
beloW 1.5, beloW 0.5, or more preferably beloW 0.05. 
[0067] Generally, an amount larger than the non-effective 
dose amount of (S)-pramipexole is necessary to have a thera 
peutic effect in treating diseases alleviated by dopamine ago 
nist activity. This amount, hoWever, may not be desired When 
a neuroprotective effect is sought, as it may lead to the 
described adverse side effects. A “non-effective dose 
amount” as used herein refers to an amount of active com 
pound or pharmaceutical agent that elicits a biological or 
medicinal response similar to the biological or medicinal 
response of a placebo as observed in a tissue, system, animal, 
individual or human that is being treated by a researcher, 
veterinarian, medical doctor or other clinician. A “non-effec 
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tive dose amount” may therefore elicit no discernable differ 
ence from placebo in positive effects as observed in a tissue, 
system, animal, individual or human that is being treated by a 
researcher, veterinarian, medical doctor or other clinician. As 
such, the “non-effective dose amount” is not expected to (1) 
prevent a disease; for example, preventing a disease, condi 
tion or disorder in an individual that may be predisposed to 
the disease, condition or disorder but does not yet experience 
or display the pathology or symptomatology of the disease; 
(2) inhibit the disease; for example, inhibiting a disease, 
condition or disorder in an individual that is experiencing or 
displaying the pathology or symptomatology of the disease, 
condition or disorder (i.e., arresting or sloWing further devel 
opment of the pathology and/or symptomatology), or (3) 
ameliorate the disease; for example, ameliorating a disease, 
condition or disorder in an individual that is experiencing or 
displaying the pathology or symptomatology of the disease, 
condition or disorder (i.e., reversing or reducing the pathol 
ogy and/or symptomatology). 
[0068] As an example, in monkeys treated With MPTP 
(1 -methyl-4-phenyl- 1 ,2,3 ,6-tetrahydropyridine), a knoWn 
dopaminergic neurotoxin, (S)-pramipexole has been shoWn 
to antagoniZe motor de?cits and Parkinson-like symptoms in 
a do se-dependent manner, With the loWest effective oral dose 
being 0.053 mg/kg (see Scienti?c Discussion at http://WWW. 
emea.europa.eu/humandocs/PDFs/EPAR/Sifrol/ 
059197EN6.pdf). This Would be equivalent to a human dose 
of 0.017 mg/kg, or 1.2 mg for a 70 kg individual. In human 
trials, the loWest effective oral dose of (S)-pramipexole With 
a signi?cant effect versus placebo in the treatment of Parkin 
son’s disease Was found to be 1.1 mg/ day. Individual patients 
may need doses higher than 1.1 mg/day to gain a suf?cient 
effect above the placebo effect (Initial Scienti?c Discussion 
for the Approval of Mirapex from the European Agency for 
the Evaluation of Medicinal Products). In human trials, the 
loWest effective dose With a signi?cant effect versus placebo 
in the treatment of restless legs syndrome Was found to be 
0.25 mg/day (Boehringer Ingelheim product insert for 
Mirapex®). Therefore, With reference to (S)-pramipexole, a 
non-effective dose amount may be an amount beloW 1.0 
mg/day, beloW 0.75 mg/day, beloW 0.5 mg/day, beloW 0.25 
mg/day, or preferably beloW 0.125 mg/day. With reference to 
DAE, a non-effective dose amount per day may have a DAE 
per day beloW 1.0, beloW 0.75, beloW 0.5, beloW 0.25, or 
preferably beloW 0.125. 
[0069] Other limits on the amount of (S)-pramipexole 
Which can be administered to a patient also include the maxi 
mum recommended therapeutic dose and the maximum tol 
erated dose. A “maximum recommended therapeutic dose” 
(MRTD) refers to the dosages compiled by the FDA’s Center 
for Drug Evaluation and Research, O?ice of Pharmaceutical 
Science, Informatics and Computational Safety Analysis 
Staff‘s Maximum Recommended Therapeutic Dose and as 
described in Matthews, et al., “Assessment of the Health 
Effects of Chemicals in Humans: l. QSAR Estimation of the 
Maximum Recommended Therapeutic Dose (MRTD) and 
No Effect Level (NOEL) of Organic Chemicals Based on 
Clinical Trial Data,”, Current Drug Discovery Technologies, 
2004, 1:61-76). The FDA’s MRTD database cites a MRTD for 
S-pramipexole of 0.1 mg/kg/day or 7.0 mg/day for a 70 lb. 
person. MattheWs, in turn, estimates that a NOEL (no adverse 
effect level) usually is about one-tenth of the MRTD, Which 
corresponds to 0.01 mg/kg or about 0.7 mg/day for a 70 lb. 
person. 
[0070] Because of its adverse impact on naive patients, 
(S)-pramipexole must be titrated over the course of Weeks to 
reach these dosages Without dose limiting adverse effects 
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(such as that documented in Boehringer Ingelheim product 
insert for Mirapex®). For example, for restless leg syndrome, 
the recommended starting daily dose amount of Mirapex® is 
0.125 mg taken once daily 2-3 hours before bedtime. For 
patients requiring additional symptomatic relief, the daily 
dose may be increased to 0.25 mg over 4 to 7 day period and 
then to 0.5 mg over a second 4 to 7 day period. For the 
treatment of Parkinson’s disease, the package insert recom 
mends the folloWing titration schedule for Mirapex®: 

Week Dosage (mg) Total daily dose (mg) 

1 0.125 tid 0.375 
2 0.25 tid 0.75 
3 0.5 tid 1.5 
4 0.75 tid 2.25 
5 1.0 tid 3.0 
6 1.25 tid 3.75 
7 1.5 tid 4.5 

[0071] A “maximum tolerated dose” (MTD) as used herein 
refers to an amount of active compound or pharmaceutical 
agent Which elicits signi?cant toxicity in a tissue, system, 
animal, individual or human that is being treated by a 
researcher, veterinarian, medical doctor or other clinician. 
Single dose toxicity of (S)-pramipexole after oral administra 
tion has been studied in rodents, dogs, monkeys and human. 
ln rodents, deaths occurred at doses of 70-105 mg/kg and 
above (Initial Scientific Discussion for the Approval of 
Mirapex from the European Agency for the Evaluation of 
Medicinal Products). This is equivalent to a human dose of 
7-12 mg/kg, or approximately 500-850 mg for a 70 kg indi 
vidual. In human subjects, a starting daily dose of (S)-prami 
pexole of greater than 0.20 mg Was not tolerated When admin 
istered to a naive patient. In dogs, vomiting occurred at 
0.0007 mg/kg and above While monkeys displayed major 
excitation at 3.5 mg/kg. Further, the product insert for 
Mirapex® sets the maximally tolerated dose for humans at 
4.5 mg/day, administered as three 1.5 mg single dosages. 
HoWever, the 4.5 mg/day dosage is not administered to a 
naive patient, but, instead, reached after a titration regimen 
(such as that documented in the product insert for Mirapex®). 
Generally, the starting daily dosage for administration to a 
naive patient is a 0.125 mg dose administered three times per 
day and a seven-Week titration schedule is recommended to 
reach a 1.5 mg dose administered three times daily. All spe 
cies shoWed signs of toxicity related to exaggerated pharma 
codynamic responses to (S)-pramipexole. For example, 
behavioral changes including hyperactivity Were common 
and led to a number of secondary effects, such as reduced 
body Weight and other stress-induced symptoms. In minipigs 
and monkeys, (S)-pramipexole moderately affected cardio 
vascular parameters. In rats, the potent prolactin-inhibitory 
effect of pramipexole affected reproductive organs (e.g. 
enlarged corpora lutea, pyometra), and shoWed a do se-related 
retinal degeneration during long-term exposure (Initial Sci 
enti?c Discussion for theApproval of Mirapex from the Euro 
peanAgency for the Evaluation of Medicinal Products). Stud 
ies in dogs indicate a MTD amount of (S)-pramipexole for a 
human subject may be an amount beloW 4.5 mg/ day, prefer 
ably beloW 1.5 mg/day. Further, the MTD amount for a 
human subject may be an amount beloW 0.3 mg/ dose based on 
results of studies disclosed herein, and preferably beloW 0.2 
mg/dose (see Table 11). With reference to DAE, the MTD 
amount may have a DAE of beloW 1.5, beloW 0.3, or beloW 
0.2. 
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[0072] Given the limits on the amount of (S)-pramipexole 
that can be administered to a patient, the use of the embodi 
ments of the present invention presents a clinically important 
alternative for the development of neW neuroprotective thera 
pies. The literature previously reported that the binding a?in 
ity of (R)-pramipexole at the D2 receptor Was approximately 
9 to 21 times less than about that of (S)-pramipexole, While 
the binding af?nity of (R)-pramipexole at the D3 receptor Was 
approximately 50 times less than about that of (S)-pramipex 
ole (Table 10). These literature derived comparative binding 
a?inity ratios suggest that (R)-pramipexole can be adminis 
tered only at someWhat higher dosages than (S)-pramipexole. 
This limitation may occur because the exquisite sensitivity of 
tissues, systems, animals, and human subjects to the effects of 
dopamine agonism Would preclude the use of (R)-pramipex 
ole at doses that exceed tolerated doses of (S)-pramipexole by 
a factor greater than the literature derived comparative bind 
ing a?inity ratios of the tWo enantiomers. 
[0073] The seeming preclusion of higher doses of (R) 
pramipexole can be demonstrated by reference to a theoreti 
cal 50 mg tablet. Assuming a 9 times difference in binding 
a?inities, a 50 mg tablet Which is 99.95% pure Would have 
approximately 5.575 DAE (5.55 DAE from the (R)-prami 
pexole and 0.025 DAE from the (S)-pramipexole). Similarly, 
a 25 mg tablet Would be expected to exhibit a DAE of 2.79 
(2.78 from the (R)-pramipexole and 0.0125 DAE from the 
(S)-pramipexole). The MTD of (S)-pramipexole after a seven 
Week titration regimen is 4.5 mg, or 1.5 mg three times a day, 
Which is equivalent to a 4.5 DAE in a day or 1.5 DAE in a 
single dose. Further, the NOAEL dose amount for (S)-prami 
pexole is beloW 1.5 mg, preferably beloW 0.50 mg, or more 
preferably beloW 0.05 mg, Which are each equivalent to 1.5 
DAE, 0.5 DAE, and 0.05 DAE, respectively. Given that the 
single dose MTD for (S)-pramipexole has 1.5 DAE and the 
NOAEL of (S)-pramipexole has less than about 1.5 DAE, a 
single dosage of 50 mg With a DAE of 5.55 and a single 
dosage of 25 mg With a DAE of 2.79 Would be precluded 
When referring solely to the literature derived comparative 
binding a?inity ratios. Further, use of a high chiral purity of 
99.95% as used in these theoretical dosages, Would result in 
unacceptably high DAEs of 5.55 and 2.79 beyond the single 
dosage MTD DAE of 1.5 mg, and far beyond the preferable 
NOAELs of 0.5 DAE and 0.05 DAE. 
[0074] To the contrary, in some embodiments, an aspect of 
the present invention involves unexpectedly high chiral puri 
ties that have been attained. These purities have led to MTDs 
or NOAELs for (R)-pramipexole Which are higher than pre 
viously appreciated based on the literature derived compara 
tive binding a?inities. In some embodiments, pharmaceutical 
compositions, starting doses, method of treatment, and kits 
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including (R)-pramipexole of high chiral purity are provided. 
Pursuant the discussion above, a 25 mg dosage With a similar 
chiral purity of 99.95% Would be predicted to be Well above 
the MTD or NOAEL for (S)-pramipexole and, therefore, 
result in observable adverse side effects. Studies in dogs, 
hoWever, suggest that the high chiral purity (R)-pramipexole 
results in NOAEL dose amounts unexpectedly than those that 
may have been appreciated (Table 1). For example, a 25 
mg/kg dosage of (R)-pramipexole With no detectable amount 
of (S)-pramipexole (0.05% limit of detection) resulted in no 
observable effects in dogs, Which is unexpected based on the 
literature binding a?inity data. 
[0075] Further, studies in dogs demonstrate a high (ap 
proaching absolute) chiral purity of the pramipexole compo 
sitions for the (R)-enantiomer. (R)-pramipexole is adminis 
tered in high dose levels in the studies disclosed herein 
(equivalent to human doses of 1,000 mg to 3,000 mg; see 
Examples), so that even the smallest amount of (S)-prami 
pexole Would contribute to the observed NOAEL and MTD. 
For example, With reference to human equivalence doses 
based on data obtained in dogs, the MTD for the (R)-enanti 
omer has been shoWn to be equivalent to about 3,000 mg for 
a 70 kg human subject, While the equivalent MTD for the 
(S)-enantiomer Would be equivalent to only 0.30 mg for that 
same subject (Table 1A). That is a difference of 10,000-fold. 
The NOAEL dose for the (R)-enantiomer is 20,000-fold 
greater than for the (S)-enantiomer (Table 1A). Thus, the 
(R)-pramipexole compositions used in these studies must be 
at least 99.99% pure if one Were to assume that the observed 
side effects stemmed only from contamination by the (S) 
enantiomer. On the other hand, these data demonstrate the 
high dose levels of the (R)-enantiomer of pramipexole that 
may be administered safely. This data highlights the useful 
ness of the high chiral purity for the (R)-enantiomer of prami 
pexole in various embodiments of the present invention. 
[0076] Various embodiments of the invention are therefore 
directed to multi-component systems, pharmaceutical com 
positions and methods including (R)-pramipexole in higher 
dosages and higher chiral purities than could be achieved 
using (S)-pramipexole Without eliciting adverse effects. 
Based on the chiral purity and the in vitro comparative bind 
ing a?inity ratios, clinical NOAEL dose ratios, or clinical 
MTD dose ratios (herein “comparative ratios”), it may be 
possible to predict the DAB for a given dosage of (R)-prami 
pexole. Table 1 shoWs the DAB for a 25 mg dose of (R) 
pramipexole as a function of comparative ratio and chiral 
purity. These data shoW that a much loWer DAE can unex 
pectedly result from a 25 mg dosage form of (R)-pramipexole 
than may have been previously appreciated, due to the loWer 
comparative ratios described herein When compared to the 
literature derived comparative ratios. 

TABLE 1 

DAE for a 25 mg dose of (R)—pralnipexole as a function 
of % chiral purity and the comparative ratio 

Percent Chiral 20,000 10,000 5,000 2,400 100 10 
Purity for comparative comparative comparative comparative comparative comparative 
R PPX ratio ratio ratio ratio ratio ratio 

99.9967 0.0020749 0.0033249 0.0058248 0.0112413 0.2508168 2.5007425 
99.9958 0.0022999 0.0035498 0.0060498 0.0114662 0.2510395 2.5009450 

99.9950 0.0024999 0.0037499 0.0062498 0.0116661 0.2512375 2.5011250 
99.9933 0.0029249 0.0041783 0.0066747 0.0120909 0.2516583 2.5015075 
99.9900 0.0037499 0.0049998 0.0074995 0.0129156 0.2524750 2.5022500 

99.9833 0.0054248 0.0066746 0.0091742 0.0145899 0.2531333 2.5037575 
99.9800 0.0062498 0.0074995 0.0099990 0.0154158 0.2549500 2.5045000 
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TABLE l-continued 

DAE for a 25 mg dose of (R)—pramipexole as a ?anction 
of % chiral purity and the comparative ratio 

Percent Chiral 20,000 10,000 5,000 2,400 100 10 
Purity for comparative comparative comparative comparative comparative comparative 
R PPX ratio ratio ratio ratio ratio ratio 

99.9750 0.0074997 0.0087494 0.0112488 0.0166641 0.2561875 2.5056250 
99.9667 0.0095746 0.0108242 0.0133233 0.0187382 0.2582418 2.5074925 
99.9583 0.0116745 0.0129239 0.0154229 0.0208373 0.2603208 2.5093825 
99.9500 0.0137494 0.0149988 0.0174975 0.0229115 0.2623750 2.5112500 
99.9333 0.0179242 0.0191733 0.0216717 0.0270847 0.2665083 2.5150075 
99.9000 0.0262488 0.0274975 0.0299950 0.0354063 0.2747500 2.5225000 
99.8333 0.0429229 0.0441798 0.0466666 0.0520743 0.2912583 2.5375075 
99.8000 0.0512475 0.0524950 0.0549900 0.0603958 0.2995000 2.5450000 
99.7500 0.0637469 0.0649938 0.0674875 0.0728906 0.3118750 2.5562500 
99.6667 0.0845708 0.0858167 0.0883093 0.0937065 0.3324918 2.5749925 
99.5800 0.1062448 0.1074895 0.1099790 0.1153729 0.3539500 2.5945000 
99.5000 0.1262438 0.1274875 0.1299750 0.1353656 0.3737500 2.6125000 
99.3333 0.1679167 0.1691583 0.1764167 0.1770222 0.4150083 2.6500075 
99.0000 0.2512375 0.2524750 0.2549500 0.2603125 0.4975000 2.7250000 
98.3300 0.4187291 0.4199583 0.4224165 0.4277427 0.6633250 2.8757500 
98.0000 0.5102250 0.5024500 0.5049000 0.5102083 0.7450000 2.9500000 
97.5000 0.62621875 0.6274375 0.629875 0.6351563 0.86875 3.0625 

[0077] Table 1 attempts to illustrate the importance of both 
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purity and a?inity on even a 25 mg single oral dosage. 
Assumptions regarding dopaminergic activity of the (R) 
pramipexole at the dopamine receptors Would seemingly pre 
clude even a high purity (even 100% pure) 25 mg (R)-prami 
pexole tablet. Based upon the disclosure of the present 
invention one can immediately envisage numerous tables to 
illustrate the point. Tables 1A and 1B beloW are intended to 
illustrate the importance of purity for a single oral dosage 
form of (R)-pramipexole by illustrating the impact of even the 
smallest contamination of the composition by (S)-pramipex 
ole 

TABLE 1A 

“NOAEL” dosages of (R)—pramipexole 
compositions (based on DAE <0.05) 

50 mg 100 mg 150 mg 200 mg 250 mg 500 mg 

(R)—purity% 99.9000 99.9500 99.9667 99.9750 99.9800 99.9900 

TABLE 1B 

“Non-effective” dosages of (R)—pramipexole 
compositions (based on DAE <0.125) 

50mg 100mg 150mg 200mg 250mg 500mg 

(R)—purity% 99.7500 99.8750 99.9170 99.9380 99.9500 99.9750 
(S)—impurity% 0.2500 0.1250 0.0830 0.0620 0.0500 0.0250 
(S)—impurity 0.125 0.125 0.125 0.125 0.125 0.125 
DAE 

[0078] Based on the comparative ratios for binding a?inity, 
NOAEL and MTD values, it is then possible to predict the 
amount of (R) -pramipexole that could be administered. Table 
2 shoWs DAE as a function of a dosage of (R)-pramipexole 
(left hand column) and the comparative ratio (top roW). With 
reference to Table 2, a unit dose can be chosen Which alloWs 
for an amount of (R)-pramipexole having DAE Which is equal 
to the non-effective amount of (S)-pramipexole. Indeed, 
unless a dual DAE/NAE effect is desired, a DAE Would be 
avoided or minimized in a pharmaceutical composition. 
Thus, any single dose greater than 25 milligrams Wouldnot be 

(S)-impurity % 0.1000 0.0500 0.0333 0.0250 0.0200 0.0100 _ _ _ 
(s)_impurity 005 0_05 005 0_05 0_05 005 expected to avo1d off-target act1v1ty and Would be expressly 
DAE avoided by one skilled in the art. This is not true if, as in 

present invention, the comparative ratios exceed 200. This is 
best illustrated by Table 2. 

TABLE 2 

DAE as a function of (R)—pramipexole and comparative ratio (assuming 100% chiral purity of (R)—pramipexole) 

20,000 10,000 5,000 2,400 1,700 1,300 650 400 300 200 100 50 

2.5 0.00013 0.00025 0.0005 0.0010 0.0015 0.0019 0.0038 0.0063 0.0083 0.0125 0.0250 0.0500 
5 0.00025 0.00050 0.001 0.0021 0.0029 0.0038 0.0077 0.0125 0.0167 0.0250 0.0500 0.1000 
6.25 0.00031 0.00063 0.00125 0.0026 0.0037 0.0048 0.0096 0.0156 0.0208 0.0313 0.0625 0.1250 

10 0.00050 0.00100 0.002 0.0042 0.0059 0.0077 0.0154 0.0250 0.0333 0.0500 0.1000 0.2000 
12.5 0.00083 0.00125 0.0025 0.0052 0.0074 0.0096 0.0192 0.0313 0.0417 0.0625 0.1250 0.2500 

15 0.00075 0.00150 0.003 0.0063 0.0088 0.0115 0.0231 0.0375 0.0500 0.0750 0.1500 0.3000 
20 0.00100 0.00200 0.004 0.0083 0.0118 0.0154 0.0308 0.0500 0.0657 0.1000 0.2000 0.4000 
25 0.00125 0.00250 0.005 0.0104 0.0147 0.0192 0.0385 0.0625 0.0833 0.1250 0.2500 0.5000 

32.5 0.00163 0.00325 0.0065 0.0135 0.0191 0.0250 0.0500 0.0813 0.1083 0.1625 0.3250 0.6500 
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TABLE 2-continued 

DAE as a function of (R)—pramipexole and comparative ratio (assuming 100% chiral purity of (R)-pramipexole) 

20,000 10,000 5,000 2,400 1,700 1,300 650 400 300 200 100 50 

37.5 0.00188 0.00375 0.0075 0.0156 0.0221 0.0288 0.0577 0 0938 0 1250 0.1875 0.3750 0 7500 
50 0.0025 0.0050 0.0100 0.0208 0.0294 0.0385 0.0769 0 1250 0 1667 0.2500 0 5000 1 0000 
65 0.0033 0.0065 0.0130 0.0271 0.0382 0.0500 0.1000 0 1625 0.2167 0.3250 0 6500 13000 
80 0.0040 0.0080 0.0160 0.0333 0.0471 0.0615 0.1231 0.2000 0 2667 0.4000 0 8000 1 6000 
81.25 0.0041 0.0081 0.0163 0.0339 0.0478 0.0625 0.1250 0.2031 0.2708 0.4063 0.8125 1.6250 
85 0.0043 0.0085 0.0170 0.0354 0.0500 0.0654 0.1308 0.213 0.283 0.425 0.850 1.700 

100 0.0050 0.0100 0.0200 0.0417 0.0588 0.0769 0.1538 0.250 0.333 0.500 1.000 2.000 
120 0.0060 0.0120 0.0240 0.0500 0.0706 0.0923 0.1846 0.300 0.400 0.600 1.200 2.400 
130 0.0065 0.0130 0.0260 0.0542 0.0765 0.1000 0.2000 0.325 0.433 0.650 1.300 2.600 
150 0.0075 0.0150 0.0300 0.0625 0.0882 0.1154 0 2308 0.375 0.500 0.750 1.500 3.000 
162.5 0 0081 0.0163 0.0325 0.0677 0.0956 0.1250 0.2500 0.406 0.542 0.813 1.625 3.250 
200 0 0100 0.0200 0.0400 0.0833 0.1176 0.1538 0.3077 0.500 0.667 1000 2.000 4.000 
212.5 0 011 0.021 0.043 0.0885 0.1250 0.1635 0.3269 0.531 0.708 1063 2.125 4.250 
250 0.013 0.025 0.050 0.1042 0.1471 0.1923 0.3846 0.625 0.833 1.250 2.500 5.000 
260 0.013 0.026 0.052 0.1083 0.1529 0.2000 0.4000 0.650 0.867 1300 2.600 5.200 
300 0.015 0.030 0.060 0.1250 0.1765 0.2308 0.4615 0.750 1.000 1500 3.000 6.000 
325 0.016 0.033 0.065 0.135 0.191 0.250 0.500 0.813 1.083 1.625 3.250 6.500 
340 0.017 0.034 0.068 0.142 0.200 0.262 0.523 0.850 1.133 1.700 3.400 6.800 
350 0.018 0.035 0.070 0.146 0.206 0.269 0.538 0.875 1.167 1.750 3.500 7.000 
400 0.020 0.040 0.080 0.167 0.235 0.308 0.615 1.000 1.333 2.000 4.000 8.000 
500 0.025 0.050 0.100 0.208 0.294 0.385 0.769 1.3 1.7 2.5 5.0 10.0 
600 0.030 0.060 0.120 0.250 0.353 0.462 0.923 1.5 2.0 3.0 6.0 12.0 
625 0.031 0.063 0.125 0.260 0.368 0.481 0.962 1.6 2.1 3.1 6.3 12.5 
650 0.033 0.065 0.130 0.271 0.382 0.500 1.000 1.6 2.2 3.3 6.5 13.0 
850 0.043 0.085 0.170 0.354 0.500 0.654 1308 2.1 2.8 4.3 8.5 17.0 
1000 0.050 0.100 0.200 0.417 0.588 0.769 1.538 2.5 3.3 5.0 10.0 20.0 
1200 0.060 0.120 0.240 0.500 0.706 0.923 1.846 3.0 4.0 6.0 12.0 24.0 
1250 0.083 0.125 0.250 0.521 0.735 0.962 1.923 3.1 4.2 6.3 12.5 25.0 
1300 0.065 0.130 0.260 0.542 0.765 1.000 2.000 3.3 4.3 6.5 13.0 26.0 
1700 0.085 0.170 0.340 0.705 1.000 1.308 2.615 4.3 5.7 8.5 17.0 34.0 
2000 0.100 0.200 0.400 0.833 1.176 1.538 3.077 5.0 6.7 10.0 20.0 40.0 
2400 0.120 0.240 0.480 1.00 1.41 1.85 3.69 6.0 8.0 12.0 24.0 48.0 
2500 0.125 0.250 0.500 1.04 1.47 1.92 3.85 6.3 8.3 12.5 25.0 50.0 
3250 0.163 0.325 0.650 1.35 1.91 2.50 5.00 8.1 10.8 16.3 32.5 65.0 
5000 0.250 0.500 1.000 2.08 2.94 3.85 7.69 12.5 16.7 25.0 50.0 100.0 
6500 0.325 0.650 1.300 2.71 3.82 5.00 10.00 16.3 21.7 32.5 65.0 130.0 
8500 0.425 0.850 1.700 3.54 5.00 6.54 13.08 21.3 28.3 42.5 85.0 170.0 

10000 0.500 1.000 2.000 4.17 5.88 7.69 15.38 25.0 33.3 50.0 100.0 200.0 
20000 1.000 2.000 4.000 8.33 11.76 15.38 30.77 50.0 66.7 100.0 200.0 400.0 

A DAE equivalent to a preferred non-effective dose amount 
of the (S)-pramipexole may be below 1 .0 mg; more preferably 
below 0.5 mg, and more preferably beloW 0.125 mg. 

[0079] Similarly, one can ascertain the amount of (R) 
pramipexole that could be administered Which Would be 
equivalent to a no observable adverse effect level dose 
amount of the (S)-pramipexole. Table 3 shoWs DAE as a 

function of a dosage of (R)-pramipexole (left hand column) 
and the comparative ratio (top roW). With reference to Table 3, 
a unit dose can be chosen Which alloWs for an amount of 
(R)-pramipexole having a DAE equal to the NOAEL dose 
amount of (S)-pramipexole. While 0.125 avoids unWanted 
effects, less than 0.05 avoids NOAEL. The difference in lit 
erature report and actual results is even more striking in Table 
3. 

TABLE 3 

DAE as a ?anction of dosages of R —pramipexole and comparative ratio assuming 100% chiral purig of R —pramipexole 

20,000 10,000 5,000 2,400 1,700 1,300 650 400 300 200 100 50.000 

2.5 0.00013 0.00025 0.00050 0.00104 0.0015 0.0019 0.0038 0.0063 0.0083 0.0125 0.025 0.050 
5 0.00025 0.00050 0.00100 0.00208 0.0029 0.0038 0.0077 0.0125 0.0167 0.0250 0.050 0.100 
6.25 0.00031 0.00063 0.00125 0.00260 0.0037 0.0048 0.0096 0.0156 0.0208 0.0313 0.063 0.125 

10 0.00050 0.00100 0.00200 0.00417 0.0059 0.0077 0.0154 0.0250 0.0333 0.0500 0.100 0.200 

12.5 0.00063 0.00125 0.00250 0.00521 0.0074 0.0096 0.0192 0.0313 0.0417 0.0625 0.125 0.250 
15 0.00075 0.00150 0.00300 0.00625 0.0088 0.0115 0.0231 0.0375 0.0500 0.0750 0.150 0.300 
20 0.00100 0.00200 0.00400 0.00833 0.0118 0.0154 0.0308 0.0500 0.0667 0.1000 0.200 0.400 

25 0.00125 0.00250 0.00500 0.01042 0.0147 0.0192 0.0385 0.0625 0.0833 0.1250 0.250 0.500 
32.5 0.00163 0.00325 0.00650 0.01354 0.0191 0.0250 0.0500 0.0813 0.1083 0.1625 0.325 0.650 
37.5 0.00188 0.00375 0.00750 0.01563 0.0221 0.0288 0.0577 0.0938 0.1250 0.1875 0.375 0.750 

50 0.0025 0.0050 0.0100 0.0208 0.0294 0.0385 0.0769 0.1250 0.1667 0.2500 0.500 1.000 
65 0.0033 0.0065 0.0130 0.0271 0.0382 0.0500 0.1000 0.1625 0.2167 0.3250 0.650 1.300 
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TABLE 3-continued 

DAE as a function of dosages of (R)—pramipexole and comparative ratio (assuming 100% chiral puritv of (R)-pramipexole) 

20,000 10,000 5,000 2,400 1,700 1,300 650 400 300 200 100 50.000 

80 0.0040 0.0080 0.0160 0.0333 0.0471 0.0615 0.1231 0.2000 0.2667 0.4000 0.800 1.600 
81.25 0.0041 0.0081 0.0163 0.0339 0.0478 0.0625 0.1250 0.2031 0.2708 0.4063 0.813 1.625 
85 0.0043 0.0085 0.0170 0.0354 0.0500 0.0654 0.1308 0.2125 0.2833 0.4250 0.850 1.700 

100 0.0050 0.0100 0.0200 0.0417 0.0588 0.0769 0.1538 0.2500 0.3333 0.5000 1.000 2.000 
120 0.0060 0.0120 0.0240 0.0500 0.0706 0.0923 0.1846 0.3000 0.4000 0.6000 1.200 2.400 
130 0.0065 0.0130 0.0260 0.0542 0.0765 0.1000 0.2000 0.3250 0.4333 0.6500 1.300 2.600 
150 0.0075 0.0150 0.0300 0.0625 0.0882 0.1154 0.2308 0.3750 0.5000 0.7500 1.500 3.000 
162.5 0.0081 0.0163 0.0325 0.0677 0.0956 0.1250 0.2500 0.4063 0.5417 0.8125 1.625 3.250 
200 0.0100 0.0200 0.0400 0.0833 0.1176 0.1538 0.3077 0.5000 0.6667 1.0000 2.000 4.000 
212.5 0.0106 0.0213 0.0425 0.0885 0.1250 0.1635 0.3269 0.5313 0.7083 1.0625 2.125 4.250 
250 0.0125 0.0250 0.0500 0.1042 0.1471 0.1923 0.3846 0.6250 0.8333 1.2500 2.500 5.000 
260 0.0130 0.0260 0.0520 0.1083 0.1529 0.2000 0.4000 0.6500 0.8667 1.3000 2.600 5.200 
300 0.0150 0.0300 0.0600 0.1250 0.1765 0.2308 0.4615 0.7500 1.0000 1.5000 3.000 6.000 
400 0.0200 0.0400 0.0800 0.1667 0.2353 0.3077 0.6154 1.0000 1.3333 2.0000 4.000 8.000 
500 0.0250 0.0500 0.1000 0.2083 0.2941 0.3846 0.7692 1.2500 1.6667 2.5000 5.000 10.000 
600 0.0300 0.0600 0.1200 0.2500 0.3529 0.4615 0.9231 1.5000 2.0000 3.0000 6.000 12.000 
625 0.0313 0.0625 0.1250 0.2604 0.3676 0.4808 0.9615 1.5625 2.0833 3.1250 6.250 12.500 
650 0.0325 0.0650 0.1300 0.2708 0.3824 0.5000 1.0 1.6 2.2 3.3 6.5 13.0 
850 0.0425 0.0850 0.1700 0.3542 0.5000 0.6538 1.3 2.1 2.8 4.3 8.5 17.0 
1000 0.0500 0.1000 0.2000 0.4167 0.5882 0.7692 1.5 2.5 3.3 5.0 10.0 20.0 
1200 0.0600 0.1200 0.2400 0.5000 0.7059 0.9231 1.8 3.0 4.0 6.0 12.0 24.0 
1250 0.0625 0.1250 0.2500 0.5208 0.7353 0.9615 1.9 3.1 4.2 6.3 12.5 25.0 
2000 0.1000 0.2000 0.4000 0.8333 s 1.5385 3.1 5.0 6.7 10.0 20.0 40.0 
2400 0.1200 0.2400 0.4800 1.0000 1.4118 1.8462 3.7 6.0 8.0 12.0 24.0 48.0 
2500 0.1250 0.2500 0.5000 1.0417 1.4706 1.9231 3.8 6.3 8.3 12.5 25.0 50.0 
3250 0.1625 0.3250 0.6500 1.3542 1.9118 2.5000 5.0 8.1 10.8 16.3 32.5 65.0 
5000 0.2500 0.5000 1.00 2.08 2.94 3.85 7.7 12.5 16.7 25.0 50.0 100.0 
6500 0.3250 0.6500 1.30 2.71 3.82 5.00 10.0 16.3 21.7 32.5 65.0 130.0 
8500 0.4250 0.8500 1.70 3.54 5.00 6.54 13.1 21.3 28.3 42.5 85.0 170.0 

10000 0.5000 1.0000 2.00 417 5 88 7 69 15.4 25.0 33 3 50.0 100.0 200.0 
20000 1.0000 2.0000 4.00 8.33 11.76 15.38 30.8 50.0 66.7 100.0 200.0 400.0 

A DAE equivalent to a preferred no observable adverse effect 
level (N OAEL) dose amount of the (S)-pramipexole may be 
below 0.5 mg, preferably beloW 0.05 mg. 
[0080] Further, Table 4 shows DAE as a function of a dos 
age of (R)-pramipexole (left hand column) and the compara 
tive ratio (top roW). With reference to Table 4, a unit dose can 
be chosen Which alloWs a dose amount of (R)-pramipexole 
having a particular DAE. 

TABLE 4 

DAE as a function of dosages of (R)—pramipexole and comparative ration (assuming 100% chiral puritv of (R)-pramipexole) 

20,000 10,000 5,000 2,400 1,700 1,300 650 400 300 200 100 50 

2.5 0.00013 0.00025 0.00050 0.0010 0.0015 0.0019 0.0038 0.0063 0.0083 0.013 0.025 0.050 
5 0.00025 0.00050 0.00100 0.0021 0.0029 0.0038 0.0077 0.0125 0.0167 0.025 0.050 0.100 
6.25 0.00031 0.00063 0.00125 0.0026 0.0037 0.0048 0.0096 0.0156 0.0208 0.031 0.063 0.125 

10 0.00050 0.00100 0.00200 0.0042 0.0059 0.0077 0.0154 0.0250 0.0333 0.050 0.100 0.200 
12.5 0.00063 0.00125 0.00250 0.0052 0.0074 0.0096 0.0192 0.0313 0.0417 0.063 0.125 0.250 
15 0.00075 0.00150 0.00300 0.0063 0.0088 0.0115 0.0231 0.0375 0.0500 0.075 0.150 0.300 

20 0.00100 0.00200 0.00400 0.0083 0.0118 0.0154 0.0308 0.0500 0.0667 0.100 0.200 0.400 
25 0.00125 0.00250 0.00500 0.0104 0.0147 0.0192 0.0365 0.0625 0.0833 0.125 0.250 0.500 
40 0.00200 0.00400 0.00800 0.0167 0.0235 0.0308 0.0615 0.1000 0.1333 0.200 0.400 0.800 

50 0.00250 0.00500 0.010 0.021 0.029 0.038 0.077 0.125 0.167 0.250 0.500 1.000 
60 0.00300 0.00600 0.012 0.025 0.035 0.046 0.092 0.150 0.200 0.300 0.600 1.200 
65 0.00325 0.00650 0.013 0.027 0.038 0.050 0.100 0.163 0.217 0.325 0.650 1.300 

80 0.00400 0.00800 0.016 0.033 0.047 0.062 0.123 0.200 0.267 0.400 0.800 1.600 
85 0.00425 0.00850 0.017 0.035 0.050 0.065 0.131 0.213 0.283 0.425 0.850 1.700 

100 0.00500 0.010 0.020 0.042 0.059 0.077 0.154 0.250 0.333 0.500 1.000 2.000 

130 0.00650 0.013 0.026 0.054 0.076 0.100 0.200 0.325 0.433 0.650 1.300 2.600 
150 0.00750 0.015 0.030 0.063 0.088 0.115 0.231 0.375 0.500 0.750 1.500 3.000 
162.5 0.00813 0.016 0.033 0.068 0.096 0.125 0.250 0.406 0.542 0.813 1.625 3.250 

200 0.010 0.020 0.040 0.083 0.118 0.154 0.308 0.500 0.667 1.000 2.000 4.000 
260 0.013 0.026 0.052 0.108 0.153 0.200 0.400 0.650 0.867 1.300 2.6 5.2 
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TABLE 4-continued 

DAE as a function of dosages of (R)—pramipexole and comparative ration (assuming 100% chiral purity of (R)-pramipexole) 

20,000 10,000 5,000 2,400 1,700 1,300 650 400 300 200 100 50 

300 0.015 0.030 0.060 0.125 0.176 0.231 0.462 0.750 1.000 1.500 3.0 6 0 
325 0.016 0.033 0.065 0.135 0.191 0.250 0.500 0.813 1.083 1.625 3.3 6 5 
340 0.017 0.034 0.068 0.142 0.200 0.262 0.523 0.850 1.133 1.700 3.4 6 8 
350 0.018 0.035 0.070 0.146 0.206 0.269 0.538 0.875 1.167 1.750 3.5 7 0 
400 0.020 0.040 0.080 0.167 0.235 0.308 0.615 1.000 1.333 2.000 4.0 8 0 
480 0.024 0.048 0.096 0.200 0.282 0.369 0.738 1.200 1.600 2.400 4 8 9.6 
500 0.025 0.050 0.100 0.208 0.294 0.385 0.769 1.250 1.667 2.500 5 0 10.0 
600 0.030 0.060 0.120 0.250 0.353 0.462 0.923 1.500 2.000 3.000 6 0 12.0 
850 0.043 0.085 0.170 0.354 0.500 0.654 1.308 2.125 2.833 4.250 8.5 17.0 
1000 0.050 0.100 0.200 0.417 0.588 0.769 1.538 2 500 3.3 5 0 10.0 20.0 
1200 0.060 0.120 0.240 0.500 0.706 0.923 1.846 3 000 4.0 6 0 12.0 24.0 
1250 0.063 0.125 0.250 0.521 0.735 0.962 1.923 3 125 4.2 6 3 12.5 25.0 
1300 0.065 0.130 0.260 0.542 0.765 1.000 2.000 3 250 4.3 6 5 13.0 26.0 
1500 0.075 0.150 0.300 0.625 0.882 1.154 2.308 3 750 5 0 7 5 15.0 30.0 
1700 0.085 0.170 0.340 0.708 1.000 1.308 2.615 4 250 5 7 8.5 17.0 34.0 
2000 0.100 0.200 0.400 0.833 1.176 1.538 3.077 5 000 6 7 10.0 20.0 40.0 
2400 0.120 0.240 0.480 1.000 1.412 1.846 3.692 6 000 8 0 12.0 24.0 48.0 
2500 0.125 0.250 0.500 1.042 1.471 1.923 3.846 6.250 8.3 12.5 25.0 50.0 
3250 0.163 0.325 0.650 1.354 1.912 2.500 5.000 8.125 10.8 16.3 32.5 65.0 
4000 0.200 0.400 0.800 1.667 2.353 3.077 6.154 10.000 13.3 20.0 40.0 80.0 
5000 0.250 0.500 1.000 2.083 2.941 3.846 7.7 12.5 16.7 25.0 50.0 100.0 
6500 0.325 0.650 1.300 2.708 3.824 5.000 10.0 16.3 21.7 32.5 65.0 130.0 
8500 0.425 0.850 1.700 3.542 5.000 6.538 13.1 21.3 28.3 42.5 85.0 170.0 

10000 0.500 1.000 2.000 4.167 5.882 7.692 15.4 25.0 33.3 50.0 100.0 200.0 
12000 0.600 1.200 2.400 5.000 7.059 9.231 18.5 30.0 40.0 60.0 120.0 240.0 
20000 1.000 2.000 4.000 8.333 11.765 15.385 30.8 50.0 66.7 100.0 200.0 400.0 
25000 1.250 2.500 5.000 10.417 14.706 19.231 38.5 62.5 83.3 125.0 250.0 500.0 
35000 1.750 3.500 7.000 14.583 20.588 26.923 53.8 87.5 116.7 175.0 350.0 700.0 
50000 2.500 5.000 10.000 20.833 29.412 38.462 76.9 125.0 166.7 250.0 500.0 1000.0 
75000 3.750 7.500 15.000 31.250 44.118 57.692 115.4 187.5 250.0 375.0 750.0 1500.0 
100000 5.000 10.000 20.000 41.667 58.824 76.923 153.8 250.0 333.3 500.0 1000.0 2000.0 

DAE below 0.2, or below 5. 

[0081] The higher comparative ratios described herein fur 
ther suggest that a given dose of (R)-pramipexole can contain 
a certain amount of (S)-pramipexole impurity before exceed 
ing the acceptable DAE. For example, Table 3 shoWs that a 25 
mg dose of (R)-pramipexole results in 0.00125 DAE at a 
comparative ratio of 20,000 as suggested by the NOAEL ratio 
of (R)-pramipexole to (S)-pramipexole in the dog studies, 
assuming a 100% chiral purity of (R)-pramipexole. Theoreti 
cally, an additional 1.4 mg of (S)-pramipexole couldbe added 
Without exceeding the DAB for a single dose MTD of (S) 
pramipexole, While an additional 0.045 mg of (S)-pramipex 
ole could be added before exceeding the preferable NOAEL 
dose amount of (S)-pramipexole. These compositions Would 
be 96% pure and 99.8% pure. By contrast, a 25 mg of 100% 
pure (R)-pramipexole Would result in 2.78 DAE, using the 
comparative binding a?inity ratio of 9 from the literature, 
suggesting that even 100% purity Would be insuf?cient to 
avoid adverse side effects. Hence, the present invention fur 
ther provides particular doses of (R)-pramipexole Which 
unexpectedly tolerate small amounts of (S)-pramipexole 
impurities. 
[0082] Without Wishing to be bound by theory, the neuro 
protective effect of the compositions of the present invention 
may derive at least in part from the ability of the (R)-prami 
pexole to prevent neural cell death by at least one of three 
mechanisms: (1) the (R)-pramipexole may be reduce the for 
mation of reactive oxygen species in cells With impaired 
mitochondrial energy production; (2) (R)-pramipexole may 
partially restore the reduced mitochondrial membrane poten 
tial that has been correlated With Alzheimer’s disease, Par 

kinson’s disease and amyotrophic lateral sclerosis diseases; 
and (3) (R)-pramipexole may block the cell death pathways 
Which are produced by pharmacological models of Alzhe 
imer’s disease, Parkinson’s disease, amyotrophic lateral scle 
rosis diseases and mitochondrial impairment. 

[0083] Although any methods and materials similar or 
equivalent to those described herein can be used in the prac 
tice or testing of embodiments of the present invention, the 
preferred methods, devices, and materials are noW described. 

[0084] 
[0085] Various embodiments of the invention include phar 
maceutical compositions that include an effective amount of 
(R)-pramipexole and an effective amount of one or more 

secondary agents. In such embodiments, the effective amount 
of (R)-pramipexole and the effective amount of one or more 
secondary agents may be provided adjunctively in separate 
pharmaceutical compositions or in a single dose pharmaceu 
tical composition. Each composition may further include a 
pharmaceutically acceptable excipient or carrier. 
[0086] As such, certain embodiments of the invention pro 
vide a composition including (R)-pramipexole. The compo 
sitions of the invention may include (R) -pramipexole having 
a chiral purity at least greater that 96%. For example, the 
chiral purity may be at least 99.5%, at least 99.6%, at least 
99.7%, at least 99.8%, at least 99.9%, least 99.95%, or pref 
erably at least 99.99%. In some embodiments, the composi 
tion may have a chiral purity for (R)-pramipexole of 99.90% 
or greater, and in other embodiments, the composition has a 
chiral purity for (R)-pramipexole of 99.95% or greater. In still 
other embodiments, the composition has a chiral purity for 

Pharmaceutical Compositions 
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(R)-pramipexole of 99.99% or greater, and in certain embodi 
ments, the chiral purity for (R)-pramipexole is 100%. 
[0087] The high chiral purity of the (R)-pramipexole used 
herein may alloW for therapeutic compositions that have a 
Wide individual and daily dose range. For example, in some 
embodiments, the amount of (R)-pramipexole may be from 
about 0.01 mg/kg/ day to about 10,000 mg/kg/ day, from about 
1 mg/kg/day to about 1,000 mg/kg/day, from about 0.1 
mg/kg/day to about 1,000 mg/kg/day, from about 1 mg/kg/ 
day to about 1 ,000 mg/ kg/ day, from about 1 ,000 mg/kg/ day to 
about 10,000 mg/kg/day, or from about 1 mg/kg/day to about 
100 mg/kg/day. In other embodiments, the amount of (R) 
pramipexole may be from about 3 mg/kg/day to about 70 
mg/kg/day. In still other embodiments, amount of (R)-prami 
pexole may be from about 7 mg/kg/day to about 40 mg/kg/ 
day. In yet other embodiments, the amount of (R)-pramipex 
ole may be from about 3 mg/kg/day to about 50 mg/kg/ day. In 
further embodiments, the dosage may be 10 mg/ day to 1,500 
mg/day, more preferably 100 mg/day to 600 mg/day. The 
amount of (R)-pramipexole in the compositions may prefer 
ably be about 25 mg to about 5,000 mg, about 50 mg to about 
5,000 mg, from about 100 mg to about 3,000 mg, from about 
300 mg to about 1,500 mg, from about 500 mg to about 1,000 
mg. In yet further embodiments, the amount of (R)-prami 
pexole in the compositions may be about from about 25 mg to 
about 5,000 mg, from about 50 mg to about 5,000 mg, from 
about 100 mg to about 5,000 mg, from about 200 mg to about 
5,000 mg, from about 250 mg to about 5,000 mg, from about 
300 mg to about 5,000 mg, from about 400 mg to about 5,000 
mg, from 450 mg to about 5,000 mg, from about 200 mg, to 
about 3,000 mg, from about 250 mg to about 3,000 mg, from 
about 300 mg to about 3,000 mg, from about 400 mg to about 
3,000 mg, from 450 mg to about 3,000 mg, from about 100 
mg to about 1,000 mg, from about 200 mg to about 1,000 mg, 
from about 250 mg to about 1,000 mg, from about 300 mg to 
about 1,000 mg, from about 400 mg to about 1,000 mg, from 
about 600 mg to about 1,000 mg, or from 450 mg to about 
1,000 mg. In some embodiments, the amount of (R)-prami 
pexole is from about 600 mg to about 900 mg. This dose may 
be administered as a single daily dose, or may be divided into 
several doses administered throughout the day, for example, 1 
to 5 doses, preferably tWo or three doses per day. In some 
embodiments, the amount of (R)-pramipexole is from about 
50 mg to about 5000 mg. In some embodiments, the amount 
of (R)-pramipexole is from about 100 mg to about 3000 mg. 
In some embodiments, the amount of (R)-pramipexole is 
from about 300 mg to about 1500 mg. In some embodiments, 
the amount of (R)-pramipexole is from about 500 mg to about 
1000 mg. In some embodiments, the composition is suitable 
for oral administration. In some embodiments, the composi 
tion is a solid oral dosage form. 

[0088] In some embodiments, one or more secondary 
therapeutic agents such as, for example, dopamine agonists, 
dopaminergic agonists, COMT inhibitors, MOA inhibitors, 
excitatory amino acid antagonists, groWth factors, neu 
rotrophic factors, antioxidants, anti-in?ammatory agents, 
immunomodulators, anti-glutamatergics, ion channel block 
ers, ot-amino-3-hydroxy-5-methyl-4-isoxaZolepropionic 
acid (AMPA) receptor antagonists, heat shock protein induc 
ers/protein disaggregators and doWnregulators, monoamine 
oxidase type B (MOAB) inhibitors, multi-target agents, 
kinase inhibitors, Bcl inducers, histone deacetylase (HDAC) 
mediators, glial modulators, mitochondrial energy promoting 

Aug. 4, 2011 

agents, myostatin inhibitors, caspase inhibitors and combina 
tions thereof may be adjunctively administered With (R) 
pramipexole. 
[0089] Exemplary dopamine agonists include, but are not 
limited to, apomorphine, carbidopa/levodopa, bromocriptine, 
lisuride, cabergoline and piribedel. Exemplary dopaminergic 
agonists include, but are not limited to, ropinirole, rotigotine, 
pergolide, amantadine. Exemplary COMT inhibitors include, 
but are not limited to entacapone and tolcapone. Exemplary 
MOA inhibitors include, but are not limited to, selegiline, 
rasagiline moclobemide, isocarboxaZid, phenelZine, tranyl 
cypromine, nialamide, iproniaZid, iprocloZide, toloxatone, 
lineZolid, dextroamphetamine, EVT 302 (Evotec, Inc.), Ro 
19-6491 (Hoffman-La Roche, Inc.), Ro 19-6327 (Hoffman 
La Roche, Inc.), deprenyl, pargyline and ladostigil (TV 
3326). Exemplary excitatory amino acid antagonists include, 
but are not limited to, talampanel. 

[0090] In particular embodiments, one or more secondary 
agents that are dopamine agonists, such as, for example, 
D2/D3 agonists may be adjunctively administered With (R) 
pramipexole. In such embodiments, the (R)-pramipexole 
exert neuroprotective effects While the D2/D3 agonists acti 
vate dopamine receptors. The invention is not limited to any 
particular dopamine agonist, and any dopamine agonist or 
combination of dopamine agonists knoWn in the art may be 
used in combination With (R)-pramipexole in embodiments 
of the invention. For example, useful D2/D3 agonists may 
include, but are not limited to, pramipexole ((6S)-4,5,6,7 
tetrahydro-N6-propyl-2,6-benZothiaZole-diamine) (e. g., 
Mirapex®), ropinirole (e. g., Requip®), carbidopa, levodopa, 
entacapone (e. g., COMtan®), carbidopa/levodopa (e. g., 
Sinemet®), carbidopa/levodopa/entacapone (e.g. Stalevo®), 
selegiline (e.g., Eldpryyl®), rotigotine (e. g., Neupro®), rasa 
galine (e.g., AZilect®), apomorphine (e.g., Apokyn®), bro 
mocriptine (e.g., Parlodel®), amantadine (e.g., Symmetrel®) 
paliroden, xaliproden, talampanel and combinations thereof. 
In such embodiments, the secondary agent may have a DAE 
that is substantially greater that (R)-pramipexole. Thus, the 
combination of (R)-pramipexole and one or more dopamine 
agonists may result in a multi-component system or a phar 
maceutical composition that provides both a high NAE and a 
high DAE and elicits both good neuroprotective effects and 
improved dopamine activity. 
[0091] For example, daily dosages of a dopamine agonist 
administered adjunctively With (R)-pramipexole may a thera 
peutically effective amount, for example, from about 2 mg to 
about 6 mg of apomorphine, up to about 1000 mg of levodopa, 
up to about 1000 mg of levodopa in combination With carbi 
dopa, Wherein the ratio of carbidopa/levodopa is 1:4 or 1:10, 
from about 2 mg to about 24 mg of ropinorole, froth about 2 
mg to about 6 mg of rotigotine, from about 0.05 mg to about 
5 mg of pergolide, from about 100 to about 400 mg of aman 
tadine, from about 200 mg to about 1600 mg of entacapone, 
from about 300 mg to about 600 mg of tolcapone, about 10 mg 
of selegiline, from about 0.5 mg to about 1 mg of rasagiline. 
[0092] The dopamine agonists of embodiments may pro 
vided in any suitable dose that is therapeutically effective. For 
example, in some embodiments, (S)-pramipexole may be 
provided an amount that does not exceed about 1.0 mg. In 
others, the non-effective dose amount of (S)-pramipexole is 
an amount that does not exceed about 0.75 mg, about 0.5 mg, 
about 0.25 mg, or about 0.125 mg. In some embodiments, the 
non-effective dose amount of (S)-pramipexole is less than 
about 0.125 mg. 
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[0093] In various embodiments, an effective amount of one 
or more growth factors and/or neurotrophic factors such as, 
but are not limited to, insulin-like growth factor-1 (IGF-l), 
IGF-l adenoviral-associated virus (IGF-l AAV), mecaser 
min rinfabate (IPLEX), glial cell line-derived neurotrophic 
factor (GDNF), hepatocyte growth factor (HGF), granulocyte 
colony stimulating factor (G-CSF), or combination thereof 
may be adjunctively administered with (R)-pramipexole. For 
example, some embodiments include pharmaceutical compo 
sitions that include an effective amount of (R)-pramipexole 
and an effective amount of IGF-1. In such embodiments, the 
effective amount of (R)-pramipexole and the effective 
amount of IGF-1 may be provided adjunctively in separate 
pharmaceutical compositions or in a single dose pharmaceu 
tical composition wherein each composition may further 
include a pharmaceutically acceptable excipient or carrier. 
[0094] The IGF-l system includes three structurally related 
ligands (IGF-l, IGF-2 and insulin), their respective receptors, 
and at least six IGF-l binding proteins (IGFBP), and IGF-1 
may exert multiple actions within the peripheral and central 
nervous systems. The majority of circulating IGF-l is bound 
and sequestered by IGFBPs, thereby extending the half-life of 
IGF- 1 , regulating its distribution, and controlling its bioavail 
ability in various tissues. IGF-l functions are mediated via 
the IGF-IR, a hetero-tetramer having two extracellular 
ot-subunits which contain the ligand binding site and two 
transmembrane [3-subunits which have tyrosine kinase activ 
ity upon ligand binding and catalyZe the auto-phosphoryla 
tion of tyrosine residues on the intracellular domain of the 
[3-subunit. Auto-phosphorylation of the receptor causes 
recruitment of the adaptor molecules insulin receptor sub 
strate 1 and 2 (IRSl and IRS2). Upon phosphorylation, the 
IRS proteins activate signaling pathways including the PI3K/ 
Akt and p44/42 MAPK pathways. 
[0095] Additional pathways linked to IGF-l signaling 
include the JNK, p38 MAPK, and mTOR signaling pathways. 
Signaling pathways activated by IGF-l result in a wide range 
of cellular effects including cellular proliferation, differentia 
tion and inhibition of apoptosis. The neuroprotective proper 
ties of IGF-1 have been addressed in many models of neu 
ronal degeneration. For example, Sakowski et al., 1 
Amyotrophic Lateral Sclerosis, 1-11 (2008) have shown a 
bene?cial effects of IGF-1 in neuronal cell types including 
human neuroblastoma cells, dorsal root ganglion cells and 
motor neurons. Additionally, Studies in cell lines and animal 
models offer insight into the potential of IGF-1 as a treatment 
for ALS, and in vitro studies indicate that IGF-l may have 
neuroprotective properties in ALS models. For example, in 
one such model system, primary embryonic rat spinal motor 
neurons, which express IGF-IR and respond to exogenous 
IGF-l treatment. Studies using primary motor neuron cul 
tures demonstrate that IGF-l prevents glutamate-induced 
caspase-3 cleavage, DNA fragmentation and cell death. The 
window for the protective effects of IGF-1 in these studies 
was small following exposure to glutamate and implies that 
the effects of IGF-1 might impact early events in the activa 
tion of cell death. These studies suggest that activation of the 
PI3K/Akt and p44/42 MAPK signaling pathways may be 
instrumental in the protective effects of IGF-1, as determined 
utiliZing pathway-speci?c small molecule inhibitors. 
[0096] The signaling pathways implicated by these studies 
also correlate with axon outgrowth in postnatal corticospinal 
motor neurons (CSMN), which are subject to degeneration in 
ALS. These studies con?rm that IGF-l leads to activation of 
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the PI3K/Akt and p44/42 MAPK signaling pathways in 
CSMN and indicate that blockade of these pathways results in 
defects in axonal outgrowth. Adenoviral-associated viral 
(AAV)-mediated expression of IGF-1 in SH-SYSY neurons 
and primary motor neurons also causes signi?cant protection 
against glutamate-induced toxicity. Neighboring neurons 
without AAV-IGF-l expression were also protected against 
glutamate-induced toxicity, indicating that this delivery 
method produces biologically active IGF-l which is released 
from transfected cells. Taken together, these data indicate that 
IGF-l is protective to motor neurons, activates signaling 
pathways associated with cell survival, and promotes axonal 
outgrowth. 
[0097] IPLEX is a hybrid protein complex of human insu 
lin-like growth factor-1 (rhlGF-l) and human insulin-like 
growth factor-binding protein-3 (rhlGFBP-3) which is for the 
treatment of growth failure in children with severe primary 
IGF-l de?ciency and which may be provide therapy for neu 
rodegenerative diseases such as ALS and muscular dystrophy. 
Glial cell line-derived neurotrophic factor (GDNF) is a small 
protein that potently promotes the survival and differentiation 
of dopaminergic and motor neurons. Hepatocyte growth fac 
tor (HGF) is a paracrine cellular growth, motility and mor 
phogenic factor that is secreted by mesenchymal cells and 
targets and acts primarily upon epithelial and endothelial 
cells. HGF regulates cell growth, cell motility, and morpho 
genesis by activating a tyrosine kinase signaling cascade after 
binding to the proto-oncogene c-Met receptor and has a major 
role in embryonic organ development, in adult organ regen 
eration and in wound healing. Its ability to stimulate mitoge 
nesis, cell motility, and matrix invasion may provide HGF 
with a central role in angiogenesis and tissue regeneration. 
Granulocyte-colony stimulating factor (G-CSF) is a neu 
rotrophic factor that has been shown to protect cultured moto 
neurons from apoptosis that has been shown to increase sur 
vival of motoneurons and decreases muscular denervation 
atrophy in ALS mice. G-CSF is clinically well tolerated and 
crosses the intact blood-brain barrier. 

[0098] In various embodiments, an effective amount of one 
or more antioxidants, anti-in?ammatories, and immuno 
modulators such as, but are not limited to, AEOL 10150, 
cefriaxone, celastrol, coenZyme Q10, copaxone, cox-2 
inhibitors (including nimesulide), cyclosporin, ebselen, 
edaravone (radicut), promethaZine, tamoxifen, thalidomide, 
vitamin E, VP025, or combination thereof may be adjunc 
tively administered with (R)-pramipexole. Without wishing 
to be bound by theory, substantial evidence suggests that both 
in?ammation and oxidative damage contribute to the patho 
genesis of motor neuron degeneration in ALS. Therefore, 
combining (R)-pramipexole with one or more antioxidants, 
anti-in?ammatories, and immunomodulators may provide 
improved or synergistic neuroprotective activity over (R) 
pramipexole alone. 
[0099] AEOL-10150, a small-molecule antioxidant analo 
gous to the catalytic site of superoxide dismutase, is a poten 
tial treatment forALS, stroke, spinal cord injury, lung in?am 
mation and mucositis that appears to be safe and well 
tolerated in both a single and a multi-dose. Ceftriaxone is a 
beta-lactam antibiotic that acts to inhibit bacterial synthetic 
pathways that has been shown to be a potent stimulator of 
glutamate receptor (GLT1), a principal excitatory neurotrans 
mitter in the nervous system whose activation is handled by 
the glutamate transporter (GLT1). Ceftriaxone increases 
expression of GLT1 in brain and up-regulates biochemical 




























































