STABLE TABLET FORMULATI ON BACKGROUND Fi el d The present invention is
generally directed to stable tablet fornul ations of tetrahydrobiopterin or
precur sorwo 2devdssati ves or anal ogs thereof for the treatroeniszab/omesans.
Background of the Rel ated Technol ogy Tetrahydrobi opterin (sonetines
referred to as BH4) is a biogenic amine of the naturally-occurring pterin
famly that is a cofactor f BLE BABLET FORMUIATIQN, \ ves, i ncl udi ng
phenyl al ani ne hydroxyl ase (PAH), tyrosine hydroxyl ase, tryptophan

hydroxyl ase and nitric oxide synt hBACKEGROUND 51 e present in physiol ogi cal
fluids and tissues in reduced and oxidi zed forns, however, only the
5,6,7,8, tetFigld/drobiopterinis biologically active. It is a chiral
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and rel ated bi.ogenic amnes. In: Scriver CR, Beaudet AL, Sly W5, Vallc D,
Chi . 5. Vo‘btjé}“gia@ﬁ'n B, eds. The Metabolic and Ml ecul ar Bases of Inherited
Dissat-e. Sth ed. Mew Yoik: McGawHi|l, 2001 : 1275-1776). A deficiency in
PAH acti vi t yBackgsoynd abtheRelgted JpchpelagyaH enzyne or a deficiency inits
cof actor BHA, mani f est$erpthyaidb (sShefili6s RIMAA Bok BHNSOY brbant ne (Phe)
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neurotransm tter production. Despite the elucidation of the role of BH4
defi ci ency i Ruignandtissuescinredused apdaxigizad fomshhereveranlnthe Hoé8. suggest ed
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enantiomer of the cofactor is known to be the biologically active enantiomer. For a

15  detailed review of the synthesis and disorders of BH4 see Blau e al., 2001 (Disorders
of tetrah}drol)ioji,’terin ond related biogenic amines. In: Scriver CR, Beaudet AL, Sly
WS, Valie D, Childs B, Vogelstein B, eds. The Metabolic and Molecular Bases of
inherited Dis=ase. Sth ed. New York: McGraw-Hill, 2001: 1275-1776).

A deficiency in PAH activity, due to absent or mutated PAH enzyme
20  oradeficiency in its cofactor BH4, manifests as an excess of the amino acid
phenylalanine (Phe) known as hyperphenylalaninemia (HPA) in its very mildest
forms or phenylketonuria (PKU) in its moderate or severe forms. PAH deficiency
also causes a deficiency in the amino acid tyrosine, which is a precursor for synthesis
of neurotransmitters. A deficiency in tyrosine hydroxylase or tryptophan hydroxylase

25  activity can manifest as a deficiency in neurotransmitter production.

Despite the elucidation of the role of BH4 deficiency in
phenylketonuria, treatment with BH4 has not been suggested because such treatment
is very expensive, as high as $30,000 per year for an adolescent or adult, as compared
with $6,000 for phenylalanine-restricted dietary therapy (Hanley, N. Engl. J. Med

30  348(17):1723, 2003). Another significant problem with BH4 is that this compound is
unstable and readily undergoes aerobic oxidation at room temperature (Davis et al.,
Eur. J. Biochem., Vol 173, 345-351, 1988; U.S. Patent No. 4,701,455) and has a



with $6, 000 for phenyl al anine-rest pcted dietary therapy (Hanley, N Engl.
J. Med 348(1 7): 1723, 2003). Another significant problemwth BH4 is that
t hi s conpwondidssunst abl e and readi |l y under goes aer obi c Paxiusadosomi2at r oom
tenperature (Davis et al., Eur. J. Biochem, Vol 173, 345-351, 1988; U.S.
Pat ent No. 4,701, 455) and has ashelf-lifé& of |less 8 hours at room
tenperature (Berneggar and Bl au, Mdl. Genet. Metabol. 77:304-313, 2002).
Ct her tet ral‘ﬂﬁ’@lfdtfi: obleay 8 hows atiipenstempsratyp (Berpazgan andrBlaue Mokdeeret.o be

specially pa Lok en. For exanple the labeling on the tablets
sol d by Schi%@ggﬂzgggjrfg?%’r%/dog%ecify that the tablets should be kept frozen

and state that the product hel f. |if t r t eqper at ure nly 2
mont hs. BI GPTEN (et r st irByfeRPRegparfis~ bl pETRTFiuReRl 68
herneti cal | ys_p%@ian)esadi@%éd RALYEHLAG. For BRAMPIS I IaBElNgl SIRE tMldis SHlebabi | ity.
The instability of such BH4 conpositions is comrercially undesirable and
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patients. Drug,substanc I i (T8 L hit el ent physi cal
and nechani C%rﬁd%cb‘:'gﬁ%gﬁezglﬁgiaﬁgq&&ggh%ef@gr ogf:ég%i nglﬁ b&lg'pg?(?ﬁéﬁg shape,
density, fl qe&Rihlddoioptetich Gawyes)réduires txpensive Hermetidally ety faif pakbging
processi ng of the drug substance and/or__manufacturing of the drug product.

The effect OP FANGHIOPR %W%“ﬁ%gﬁhﬂ%uﬁ%iaﬁtawi%%@fhg% COMRASKORYE on t he
formul ati on @o%nggr‘;gg%ggés%wahagirggxif%ﬁﬁgegrmhgﬁraww iﬁlﬂrG}Séfr%to‘Pz{ge]EcBﬁlddr ug

substance can un ase conversion n exposed tu a range o

manuf actldr i ngngerobersmest pasiants. as drying, mlling, mcronization, wet
granul ati on, spray-drying, and conpaction. Exposure to environnental
condi tions such as hunbgligtsnbstagketppiyinsmphitrformacanadxbibii diffeeat plojsicabarph
conversion. The extent of conversion generally depends gn the_relative
stability ofmeghanisal BreBFrHAS Inqluging hyerpsgopicaty sParti¢le shansedensHydlayanityand
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Cheni stry, Maamffacttuing ofthe dng Coduatol'le dffecooihplyroorphiBetemblarmacduicalThus,

there r elrgai ngrogesrsll%g%ls]:)?{epgndssto%%g fosp%luia?io}cl %Mear}lgn%?ac%ring process.
Polymorphic forms of the drug substance can undergo phase conversion wheﬁn ‘
exposed tv a range of manufacturing processes, éuch as dryihg, milling,
micrbnization, wet granulation, spray-dfying, and compaction. Exposure to
environmental conditions such as humidity and temperature can also induce

20  polymorph conversion. The extent of conversion generally depends on the relative

stability of the polymorphs, kinetic barriers for phase conversion, and applied stress.
See FDA Center for Drug Evaluation and Research (CDER) Draft Guidance for
Industry ANDAs: Pharmaceutical Solid Polymorphism Chemistry, Manufacturing,
and Controls Information, December 2004.

25 Thus, there remains a need for a stable solid formulation of
tetrahydrobiopterin and processes for manufacturing such stable formulations. The

present invention is directed to addressing such a need.



tetrahydrobi opterin and processes for manufacturing such stable

formul ati ons. The present invention is directed to addressing such a

need. SUMNKBY0@dsIHIE | NVENTI ON The present invention rel acewsc@ssptebt e sol i d
formul ati ons of tetrahydrobiopterin, particularly stable tablets, processes
for producing such formul ations, and tredinent methods using such

formul ati ons. The invention provides a stable solid formul ation of
tetrahydrobiopterin, or a precursor or derivative or anal og thereof, that
maintains its stability for SUMMARYEF PHE DNVENEION:. Conpositions of the
i nvention may conprise a stable, crystalline formof BH4 that is stable at
roomtenperature for nﬁh@premmrﬁfemimrslamsdoataphmoﬁd(fexmulaﬁaddsy)faccept abl e

carrier, d|Iue exci.pi ent eml a table tablets, of the invention
have been pr&p yélﬁotﬂgli’tﬁ’@‘}’)é’aﬁﬁ‘/‘lat%’bﬁn&? {ﬁ’éle BOSESY pﬁ%ﬂ)’@‘%&é‘ﬁhshom to
have a S?el f fotthfiBtiBis, 8hd trEARenfmEMods WY Hivh FormidBrisemper at ure.  Anot her

aspect of the invention provides a dry fornulation process for preparing

stable solid formulat 'ﬂ%mv%io%%rbﬁﬁé@%%l& Q@hc?fo‘?ﬂupaftlomof' ng

tetrahydrobiopterin, or a precursor or derivative or analog thereof, with
anot her pharmﬂe}mtrmmamenm,mrlamrecmhdr eedérivativercampilegithereof thdtenaiveewdts of

dded wat | mbodj rent .. t he act h tical
g edi ent . RPERCPERERE GaleEpy ObTBRCaRE CoBh e E SRANES =Y EPBHE a o
processed i n i dirhMaRAE fsth] SR QIR iSVRD] CatteBindbhperafurk RRimdt tRB@Ut 65%

(+ 5% or less. Chce processed, the tablets are stored in triple plastic
| i ned weltler hopss mcbmphamacmtlnelbsaqmpthbla@gmcc,adthelpﬂ drlezgipiant.-nBxerRplatyeen t he
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crystal line pekyee shovaf totakR a shaf-lfdufat 1kt Gloymehihe at ®omtempebgeabl y
pol ynor ph B, and one or nore pharmaceutically acceptabl e excipients, and

forming a tablet from pRemed agbwt%fﬁmgc&iu@ntpmlééswy%mmaudmbe&@f@ddl ng
liquid water. Exenplary particle sizes include, e.g., fromabout 0.2 nmto

about 500 rmpreparing siveisolid formuletiomso whichsocludes the StEp ofmixiogt 2 nm to about
200mm & 7t68alh¥4rg%8ptrgﬂé,rq%glrpar$%;%or or gerrfmtlve % alog &%Peoﬁbsgi% ano%)er lar ger

t han about
pharmaceutical carrier, diluent or excipient, in the absence of added water.
In an exemplary embodiment, the active pharmaceutical ingredient and
excipients are dry blended and compressed. The tablets are processed in humidity-
| controlled rooms where humic_lity is kept at about 65% (+ 5%) or less. Once

20  processed, the tablets are stored in triple plastic lined water resistant containers with
desiccant pillows lined between the outer two layers of plastic bags. Thus, the
invention includes a dry formulation method comprising the steps of mixing an initial
amount of a crystalline polymorph of (6R)-L-erythro-tetrahydrobiopterin, preferably
polymorph B, and one or more pharmaceutically acceptable excipients, and forming a

25  tablet from the mixture, wherein the steps do not include adding liquid water.
Exemplary particle sizes include, e.g., from about 0.2 um to about 500 pm, from
about 1 um to about 250 um, or from about 2 pm to about 200um, or, e.g., larger than
about 500 um, larger than about 600 pm, larger than about 700 um, or smaller than
about 850 um.

30 In exemplary embodiments, the tablet is initially manufactured using a
stable crystalline form of (6R)-5,6,7,8-tetrahydrobiopterin described below as



about 850 mm In exenplary enbodinents, the tablet is initially

manuf actured using a stable crystalline form of

(6R) - 5, 6,Wpetcaissamydr obi opt eri n descri bed bel ow as" pol yoorgskooBj412and
retains at |east about 95% of the active pharnmaceutical ingredient (APlI) at
roomtenperature after 3 nonths, 6 nont & or 9 nont hs, or preferably 12
nont hs or Ionger .15 nDnths 18 nonths, 2 1 nDnths 2 years, 2.5
years, 3 yearp@lmorpb%g sand metaistsat dgasabopE9 2% o ghe %V%{PMFW@&%@%@E&R 90%
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preferably emhmms bﬁlohga§e gni Simphthg, m‘maﬁﬁl@rzll aeiths erehrs';}%SqreafseSS'ear@br 1% or
| ess, or 0.9%or |less, or 0.8%or |ess, 7% or % Iess
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| nprove ease,t <A idé ﬁéﬂi@ds' Fempltity tabléa@mhwe Ma&xﬁfhcﬁfr&i/w%i%m&he? frile
tabl et formulation conprising an initial anbunt of a crystalline polynorph,
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phar mac t| cal I acc XCI ent nt t m
terrperat re Igﬁ’d arﬂgufdbt %’Hu?‘{l%’e” |§p H?n ?g(r)]%lrgéf‘g(?ns at
| east about &é%swfmgm)ouﬁgtssalm?momﬁ o(nfg 706@’(9{17190 ﬁtgesoamgdssmmgpteru n,
and wherein said cr@al | Tne as a hydrochloride salt, exhibits

an X-ray powf¥rmgiof extcﬂcms fe&eﬁ twletﬁalSH@xh mrwﬁiﬁgﬂ@ﬁ&am emnst i ¢ peaks

gxggefssd 'nﬁnz{ ?ﬁ&{A) era thésvo? es(s ?ﬁlpé&%efjﬁgfﬁa?méxalst?au - g 634(2;) (s),

5.07 , 4.76 4, 3.44
W, LM (n, §m (s “Ssmf?nYe ‘gn% 31"“?&"5(& SQ"’}b(’e ?é‘blﬁ’gf‘t%% %%gm?’%f(“g)f“g

(W, 2.9% (nhitia? a@éufitdf.a c2ystlins polyRofph, dedignaedisblimpiphB, o (6R)-L- and 2. 44
(w. Preferawe t abl et retains at | east about 9Q0% 91% 92% 93% 94%

95% 96% 978 igtrabydrpbiopteyiy, andiagrhapmaceigalyacceniahin exdpicpi RSIERY vt hr o-
after six months at room temperature and about 60% humidity the stable tablet
formulation retains at least about 95% of the initial amount of (6R)-L-erythro-
tetrahydrobiopterin, and wherein said crystalline polymorph, as a hydrochloride salt,

20  exhibits an X-ray powder diffraction pattern with the following characteristic peaks
expressed in d-values(A) : 8.7 (vs), 5.63 (m), 4.76(m), 4.40 (m), 4.00 (s), 3.23 (s),
3.11 (vs), preferably 8.7 (vs), 6.9 (w), 5.90 (vw), 5.63 (m), 5.07 (m), 4.76 (m), 4.40
(m), 4.15 (w), 4.00 (s), 3.95 (m), 3.52 (m), 3.44 (w), 3.32 (m), 3.23 (5), 3.17 (w), 3.11
(vs), 3.06 (W), 2.99 (W), 2.96 (W), 2.94 (m), 2.87 (W), 2.84 (s), 2.82 (m), 2.69 (W),

25 2.59 (w), and 2.44 (w). Preferably the tablet retains at least about 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 99.5% of the initial amount of (6R)-L-
erythro-tetrahydrobiopterin.

The stable solid formulation preferably contains one or more of the
following additional ingredients that improve stability or other characteristics of the

30 formulation: binder, disintegrant, acidic antioxidant, or lubricant or combinations
thereof. One exemplary preferred composition includes anhydrous dibasic calcium

phosphate, crospovidone, ascorbic acid and stearyl fumarate, optionally with mannitol



tetrahydrobi opterin. The stable solid fornul ati on preferably contains one
or nore of the followi ng additional ingredients that inprove stability or
ot her chaweceb@wisstiics of the formul ation: binder, disintregnandosoasdi c
antioxidant, or lubricant or conbinations thereof. One exenplary preferred
conposition includes anhydrous di basic calci um phosphat e, crospovi done,
ascorbic acid and stearyl fumarate, optionally with mannitoland ri boflavin.
The stabl e swid nbaflavin | Breistablerspliddprmalaton may aptieradly dndlede etherrtherapeutic
agents suitable, for .th nditji.on t e treate g f ' i ng
folate precliEISupRy ?%r‘iﬁ%f%fgf,ltl%lr to&c?lqé aEeedd%%’l @’}aatt?esvgls? IUdgAr@D gaﬁe 9%6? 'gljr%&grgl’s such
as vitam n Golgdtids, orifbiate deriBaitvesaastl/@ viaatifioduchas Ritarhay C phdetvisamia such as
L- dopa or carbi dopa; and/or 5- hydroxytryptophan; and/qQr arginine.
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sol i d fornul @ria@iccutsor opdaivatisaonasilogtand a folategandoprmh iy furthiet temprising
troches, with simlar sta iiity properties. Yet another aspect of the

i nventi on pr&@iHRes are RAgY Y ¢rtsTeRigtedsi ng such stable solid formulations.
The i nvention contenplates that such fornul ations of the_invention are

useful for interventi ohh¢ inveRlimhbrther eontmrlaes othenstable splid foymulatiens for
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phenyl ket onugich:stablsolidtfoenilataismeae ivfent ol E@némplates et isigh formaationooft i ons
that woul d benefit frovi enhancenent of nitrjc_ oxide synthase activity,

i ncl udi ng vathednyantign geeaselill forgpisarention in maRbaligdiseragrspaiadaly thesepet es,

or insulin resigk - - dos - be
adm ni ster ed&?hﬁﬁnrfﬁn %ﬁ% P-éri@lgio&slgté&g%sq? nﬁgF ?I né{lgé}é%gqeé &%ﬁg fésr?gﬁde&ﬁ? %)nra l'at i ons
may be adm nusddoetie tr@bimenoof sitbjectnexhdtiting elevdted pleinylatanine leeale oy
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mild phenylketonuria or classic severe phenylketonuria: anid for the treatment of

subjects suffering from conditions that would benefit from suhancerient of nitric
oxide synthase activity, including vascular diseases, ischemic or inﬂammaiory
diseases, diabetes, or insulin resistance. The total dose required for each treatment
20 may be administered in multiple doses or in a single dose. The stable formulations
may be administered daily or at some other interval, e.g., every alternative day or

even weekly.

The stable formulations may be used alone or in conjunction with other

therapies suitable for the disorder to be treated, including the underlying disease or the

25  clinical symptoms. For example, for HPA, the stable formulations of the invention
may be administered in combination with a protein-restricted diet, e.g. where the
subject is limited to about 600 mg or less, or about 300 mg or less of protein daily,
optionally with supplemental amino acids, such as tyrosine, valine, isoleucine and
leucine. The stable formulations may also be administered in combination with

30 folates, arginine, vitamins, or neurotransmitter precursors. As another example, for
vascular diseases, diabetes, or insulin resistance, the stable formulations of the

invention may be administered in conjunction with other therapeutic agents such as



t herapies suitable for the disorder to be treated, including the underlying
di sease or the clinical synptons. For exanple, for HPA the stable

f or nul at iwoo@foss3e i nventi on nmay be admi ni stered in comoirnstesnsizst h a
protein-restricted diet, e.g. where the gubj ect islimted to about 600 ngy
or less, or about 300 ng or less of prot®in daily, optionally with

suppl emental ami no acids, such as tYrosi ne, valine, isoleucine and |eucine.
The stabl e fantinkyparieasive ageptsatniioplptelel agems. shelestgral-lowesing agsnisonswlin of

fol ates, argimn Vi i or neurotransmtter precursors. As another
exanpl e, fo?ér\z}a%y%t?gl Férﬁf@a %gtg's, di abetes, or insulin resistance, the stable

formul ations of the inyention nmay be adm ni stered in capjunction wth other
t herapeutic agents suc‘ﬁﬁ"ﬁggﬁﬁﬁfﬁ%‘g@f@ﬁ%e@@%%e’m’?mgrwl_ﬂ-bﬁf%{{l%P%Rared’éents,
chol est er ol -#oWeKd RUCMIV etailddtesdriplion! tshahldbeRAdbMERME] Koviden itkat thd her
features and advantages of the invention will beconme apparent fromthe

fol | owi ng dedesaileddlespsintion and gre speeifig kwamplep avhiledadisatingprefesgdver , that the
det ai | ed descr, bt apd t. cjfi €S, i.):e 1 ndi ' erred
erbodi ment s SFoEROs OE el iBfertEcirt e 8RR 1l LYY, GBI aRb6S
because var i ghafigeslaan gesdiBcution® dithirCit spifis and §dobe of the iswintivh willdecnmpe of
the invention wll becone_apparent o those skilled in the art fromthis
det ai | ed desPrisnt Wrihossrekitted p drerarirpapusidetaled dedsPHRRs Fi gure 1 shows a
characteristic X-ray powder diffraction pattern for crystalline polynorph B
of (6R)-5,6,7,8-tetrahydrobiopterin di hydrochloride. DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS The present invention provides a stable formulation
that mailfx ai ns a st abl e BRIEFAESGRIPEIQNOKBA L DRAWINGS e i ngredi ent. An
anhydr ous pol ynorph of (R )-5,6,7,8-tetrahydrobiopterin dihydrochloride
that is stable at roonFigerpkesmwsrachhmcrivts Khmy ipowdsydjéracting patterndor

the per cent fSHaRGERURYE By AHF SacrE 8B BB B Eir s 1o take
oxi dat 'on. By ust ng RESERIPETQN &Gk sk Re R BV ORI FE,w T ne
structure of The present invention provides a stable formulation that maintains a
15  stable crystalline polymorph of the active ingredient. An anhydrous polymorph of -
(6R)-5,6,7 8-tetrahydrobiopterin dihydrochloride that is stable at room ternperature to -
atmospheric oxygen and normal humidity, described below as polymorph R has been
identified. However, when the percent relative humidity approaches 80%, polymorph

B appears to take up much more water, loses its crystalline form, and becomes labile

20  to oxidation.

By using a dry formulation process, the stable crystalline structure of
this polymorph is maintained in the finished product. In contrast, other processes for
preparing tetrahydrobiopterin compositions result in a less stable product compared to

those of the present invention.

- 25 Stable tablet formulations of the invention have been made using
polymorph B in a dry formulation process and have been shown to retain 99% or
more of the initial (6R)-5,6,7,8-tetrahydrobiopterin for at least 6 or 9 months, both at
normal room temperature and humidity, and under accelerated testing conditions.

‘The observed stability under accelerated testing conditions, i.e. higher temperature



this polynmorph is maintained in the finished product. In contrast, other
processes for preparing tetrahydrobiopterin conpositions result in a less
st abl e prwoduoeds/sssipared to those of the present inventi eaT/iSt@sloe1zsabl et
formul ati ons of the invention have been gade usi ng polynmorph B in a dry
formul ati on process and have been shown t'0 retain 99% or nore of the

initial (6R)-5,6,7,8-tetrahydrobiopterin for at least 6 or 9 nonths, both
at nornmal ro¥id humigiy.dndicateithat the igtietdfgrmylationsvaald he stablerfar faglanger thagy
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period duri ngtiwbiphiimaRedidal M@rddisht (AP i h phhrmadoautRadl fulafiBh had Mirdmal
pharmaceutical fornulation has m ni mal degradation ( not nore than

about 5%Xlegdessadation (c.gmeot mere thanabent Eat derarlatiom ifieathopharsaeqidedd under
i fied starage conditi far . |
b ity ThOTRAGHER ybled Mider BEcifiPHBEe LAAMAS IS AN R 1O TN be

measur ed as fealperatdre affh@nifabhumidityi on to be tested may be divided into one
or nore different batches and stored under typical storage conditions, for

exanpl e, 4 OC (refrigernd sHelf lifelof de 84bld for@latiOAPES Ak iivdhtiolaay ddat i on of
the APl in a pharmaceutical fornmulation can also be detected using
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and 75% hum @efriggratdsi g e SCqfooantimpeaitwh). obedradatiohaif it AR & & hen anal yzed

at different tinme points .Q., tine zero,.2 weeks, 1 nmonth, 3 nths, 6
nont hs, 9 mphqqggcqltlggafpglgqaﬁgory%ags;o bf‘{ﬁé?ffeéi usgg\;acyglg;aéq tgst dﬁ“"ggror | onger)
for amount ofy é&gtéﬁ's{drag‘&r&iﬁfgffonk ?es‘é@ﬁdﬂ@fﬂ&éa@é ﬂf&f&eét%'aﬁili&ﬁa& &fthé iRgAP! 1N

the fornulatio be carried ou y a variety of detection nethods
i ncl udi ng hi gibsiaeed. dforgraeplej gbatch cnr bmtstregped piplaced iy shambeswhpdwder X-r ay

111 acton. LOLEar ol o FaIng $PRTh 35 HihiaR). aIaSken B g ot @

scanni ng

formulation are then analyzed at different time points (e.g., time zero,.2 weeks, 1
rﬁonth, 3 months, 6 months, 9 months, 1 year, 1.5 years, 2.years, 2.5 years, 3 years or
longer) for amount of API still present in the formulation. ' Analysis of the API in the
formulation may be carried out by a variety of detection methods including high

20  performance liquid chromatography, crystal or powder X-ray diffraction, infrared or
Raman spectra studies, microscopy, differential scanning calorimetry, thermal
gravimetric analysis, hot-stage microscopy, and solid state nuclear magnetic
resonance. Maintenance of a particular polymorph form can be determined by
carrying out, e.g., powder or crystal X-ray diffraction studies or any of the same

25  techniques used to analyze the polymorph initially.

L Synthesis of tetrahydrobiopterin, precursors, derivatives and analogs
A variety of methods are known in the art for synthesis of
tetrahydrobiopterins, precursors, derivatives and analogs. U.S. Patent Nos. 5,698,408;
30 2,601,215; 3505329; 4,540,783; 4,550,109; 4,587,340, 4,595,752; 4,649,197,
4,665,182; 4,701,455; 4,713,454; 4,937,342; 5,037,981, 5,198,547; 5,350,851,



gravinetric analysis, hot-stage m croscopy, and solid state nucl ear

magneti c resonance. Mintenance of a particular pol ynorph formcan be

det er m neaiohyocassiyi ng out, e.g., powder or crystal X-ragTdistdosmaet2spn
studies or any of the sanme techniques used to anal yze the pol ynorph
initially. 1. Synthesis of tetrahydrobi o%t‘eri n, precursors, derivatives and
anal ogs A vari et gﬂof net hods are known in the art for synt heS| s  of

t et r ahydr obi &fPbR#h,698:408uFaradian applicatian GA 243037 4a Furapgan applicatigniasnt  Nos.

4640, 197, 4°b0L? IEEPLMIT g Sy ibjmgte rgn pligghon fp gt 3. T2
5,198, 547; 596D GRSk [ROL 270, ﬁ?ﬁ&%ﬁmmﬁgiﬁﬂg‘mﬁ‘%mﬁ? Sk 2420374,
pat ont._publ o 1B RTGHSR4E)7 516 isgme aséa&atﬁwep@?f‘g«m%éoc 1Pl | as

Sugi not o fnds SR eSAC jl%{ag, (1975),
Sugi not o %nd i&% Zﬁtljlrigg a%zﬂ MChem %cChélgggﬁn ( 32)7%3?% 979),

Mat suur a et Matsuu@retal., Meerocy¢lagpan)23, 7%12,38163398@)19&méwhm1aeta1ﬂ,,

Het er ocycl es, Val. 23 A2, - 3120, 1985 and Wi t Anal
Bi ochem \ 37 ’2‘]10%@‘1'36{ k%@ﬁ(%&é’%&?ﬁ@é} B‘SP?PE’S ‘ﬂlé y\n’yﬁff%ef%ﬁcéreé’ﬁahe) each
descri be met §Qdsb@methl SOmakiny @Il?}@kéb%;ﬂéﬁﬁks BHAHhdaRe vatees Vﬁ’etrédelSattxﬁh%'r eof
that nay be used as conpositions for the present invention. Int'

Publ i cati on b&used@s 0ompasiigans, forthg presgnidpvemion. 4, 540, 783, Japanese Pat ent

No. 59-021685, Schircks et al., Helv. Chim Acta 60: 2 11 (1977), Sugi noto
et al., Bull. Chem Soht’ l]’pbhm@mﬂ\lol@iomm%llswii nistent Ho. 4)540, 788 | . Chem

(1969) " and. PepaheAehRG0-oAGRSordi ot . gt P s Bo: AF L Bro778 e

by refer encesuginfo&eetral eBml r@ﬁénesoc d@s §2(1Pe8 MENIT0¥ Supim sty Rt A Budl 0geRBHA.
Nonl im ting exanpl es of anal 7%0 use I n the conpositions ‘and net hods

descri bed hefed. @443&13)@5%)@9 sn\éISOIpi!féﬁtﬂ Hfébﬁféml 4Cfab$70b¥7ér(llﬂ69)7a181
Di hydr obi opt ﬁ/fa!ts[ﬁura : (?' .gte ﬂSch?éﬁr 3%1% S/rgfépe%ke En q
ot her ?rfpa

tetrahydropterin an strtu sepi ap erin,

6, 7- Di metdhy| émiretddsy dasofibemethod $ oN®inkhyeksizhigdPii4r i n and ot her 6-substituted
bi opterins, and other anal ogs that are

Nonlimiting examples of analogs for use in the compositions and

methods described herein include meridine, pterin, neopterin, biopterin, 7,8-
Dihydrobiopterin, 6-methyltetrahydropterin, and other 6-substituted tetrahydropterin
and other 6-substituted tetrahydropterins, sepiapterin, 6,7-Dimethyltetrahydropterin,

.20 6-methyl biopterin and other 6-substituted biopterins, and other analogs that are
described in the art. Nonlimiting examples of derivatives for use in the compositions
and methods described herein include the derivatives described in U.S. Patent Nos.
4,758,571, 4,774,244; 6,162,806; 5,902, 810; 2,955,110; 2,541,717; 2,603,643; and
4,371,514, the disclosures of which are hereby incorporated herein.

25 Any such methods or other methods known in the art may be used to
produce BH4, or precursors, derivatives or analogs for use in the stable formulations

and therapeutic methods of the present invention.



described in the art. Nonlimting exanples of derivatives for use in the
conposi tions and net hods descri bed herein include the derivatives descri bed
in U S Rabeonds/dsesi 4, 758,571; 4,774, 244; 6,162,806; 5, 902/us8mB/0425955, 1
10; 2,541,717; 2,603,643; and 4,371,514, the disclosures of which are

her eby i ncorporated herein. Any such met¥6ds or other methods known in the
art may be used to produce BH4, or precursors, derivatives or anal ogs for

use in the sHabl eCryatahllolyimgrghsaaf®R-tesralpyduobiopterithhyiiroghloride splitesent
i tion.ll1. Crystal i i lLarid
sl /1t Thas been found! erapRgnd haP B RIS RRICRE LS aNALRER A 0

salt of BH4, ofBH#dxhibiscysstal polyaorplismphiThmstridteresdfiBI4 isrshowh bBlddv:i S shown
bel ow. The (6R) formof BH4 is the known biologically active form however,
BH4 is known to be unstable atOanbient teng@ratures. BH4 is difficult to
handl e and it was therefore pripducedyandt offf ered as its di hydrochl oride
salt (Schircks Laboratories, a, it Zer Mand) in anpoul es seal ed under
nitrogen to prevent degradation y e due to its hygroscopic
nature and sensitivity to oxidatilpn. U 3. Patent No. 4,649,197 discl oses
that separation of (6R)- a 6( S)AL-erythro-t & ahydrobi opterin

di hydrochl oride into its-dias is difficult due to the poor
crystallinity of 6(R S)-L-- t ythro-tetrahydrobiopterin di hydrochlcride.

The European patent nunber 0 079 574 describes the preparation of
t et r ahydroobi Bt @R)dormpEBBAAs thedopive bidogigalrasive dpmm howewethBtidde khowi de i s

obt ai ned as %%eiugsgggefg%%gt%mg%@éyra et al. describes in Chem stry
- an

Letters 1984, pages erocycles, Vol. 23, No. 12, 1985 pages
3 115-3120 6(R)- tetr r.ohi eri.n di hydrochloride as a c tallipe solid
S0 Tormof ool ot ess natmeGtiRAoxail BTG Brebte PR 4 Hhesed G &

di scl osed i njtddihy@oe16888 sa¥E(Schiddd1hBEftdriedSoha, WitRPlhh@Fh ahipoales 9dhief 6. 81

was found the crystalline product, which is quite simlar to the optical
rotation of wndsr pitfogpta prdvens degradatipnrafithe substapeq due ta its by aroseopihnatere .

| Sy . f EP-A2- . I | j
evel opriht SEETRRY & otBER. ¥ 8 KachiNio, SRRV L7 AR AROR S o6 ot ca

t hat the con@E®nshd®(P)-Exdérgthro-tetrahydrobiopterin dihydrochloride into its diastereomers is

difficult due to the poor crystallinity of 6(R.S)-L-erythro-tetrahydrobiopterin
dihydrochleride. The European patent number 9 (Y79 574 describes the préparation of
tetrahydrobiopterin, wherein a solid tetrahydrobicpterin dihydrochloride is obtained
15  asanintermediate. S. Matsuura et al. describes in Chemistry Letters 1984, pages 735-
738 and Heterocycles, Vol. 23, No. 12, 1985 pages 3115-3120 6(R)-
tetrahydrobiopterin dihydrochloride as a crystalline solid in form of colorless needles,
which are characterized by X-ray analysis disclosed in J. Biochem. 98, 1341-1348
(1985). An optical rotation of 6.81° was found the crystalline product, which is quite
20  similar to the optical rotation of 6.51° reported for a crystalline solid in form of white

crystals in example 6 of EP-A2-0 191 335.

Results obtained during development of (6R)-L-erythro-
tetrahydrobiopterin dihydrochloride indicated that the compound may exist in
different crystalline forms, including polymorphic forms and solvates. It has been

25  found that one crystal polymorph of BH4 is more stable, and is stable to

decomposition under ambient conditions.



different crystalline forns, including polynorphic forns and sol vates. It
has been found that one crystal polynorph of BH4 is nore stable, and is
stabl e t owdecanpsdilti on under anbi ent condi ti ons. Pol ynorgh/usSesosioBi2ihe
crystal pol ynorph that has been found to,be the nost stable is referred to
herein as "formB," or alternatively as 10| ynorph B." Polynorph Bis a
slightly hygroscopi c anhydrate with the hi ghest thernodynam c stability
above about PelymorphFormyBore, form B can be easily processed and handl ed
due to its thermal stability, possibility for preparation by targeted
condi tions, its suitablke enystohpilpyorphirthatias been ousd tebe thieimashsfableiint i s

near 260 0C > 140.J/ 4), _but,, no,cl ear nel i oi,nt ,,can be detected due
to deconposi{egg%dﬁ?%%’fe"é?%faﬁ? ngorr'?éﬁeﬁ ﬁ?lyfﬁeg%qggﬁ@n%hdi ng properties
renders pol ynor ph for especjial |l y. feasi ble far pharnmaceutjcal

appl i cations, which aptgiéﬁ‘lo %l‘%‘béf@gy Y EISEQRIE yt%ééﬁf)@? tth‘?g"gheﬁbol yror ph

B can be bt gkpgthyaimic SthRBLRBBYEAbOM DO °@. PEfifldrmble, SdrkEB hdbe E’é’s‘i’l%zr ange from
0.2 mmto 500 nm "Form B exhibits an X-ray powder diffraction paftern,

expr essed. i nprovesseband landked:dug it theymalatability) possibddy fanprepasat®@® tyn) , 5. 07

, 4.76 4.40 4. 15. - 4.0 g 3.9 .m, 52 (. 3.44 ,
S (s 5 otefed Conlyons. o tiedptl mpottodydnd iy S2% ringpbitbisgigar'yy
2.94 (m, 2.860 {CqAHL> 840 a@,,buzn@elememag%airmnbadasctécwame Q.44 (W).

Figure 1 is a graph of the characteristic ray diffiaction pattern
exhi bi t ed bydgcemposition prigrRynd dusingmpgling. dihesghoutbtandiag peaperticsranddrsochl or i de.

As used rej oW reviat j (vs) =
very st rﬁg (ﬂylghg)?lt{9%(%%ypgaglﬁfgeﬁgggnf?gh@ﬁgg@fﬁ@ @E)ﬁé%ﬁ)h%\?iﬁ?}gﬁrsel ty; (w
= weak i nt ensfidryprepared dnveldvateduemperanads. Polyeiaph B.calrbe wbRiredns hdiner epared in
very large quantities (e.qg.,.100 kilo scale) and stored over an extended
period of tip@vdwvrlﬂb%wlgp sizg that MaYSRYaRr RYD-2 KPP R0B4mnd sol vat es),
inclusive crystal formB, can be used for the preparation of the nost

st abl e pol ynorph B. PoFgmpBsihibitsay Xpmyaewaienddirastionmagemeexriressed ixd-on of

suspensions of, amanpQUS 9 ¢¥ {8 5.90 (vw), 5.63 (m), 5.07 (m), 4.76 (m), 4.40 (m), 4.15
15 (w), 4.00(s), 3.95 (m), 3.52 (m), 3.44 (w), 332 (m), 3.23 (), 3.17 (W), 3.11 (vs), 3.06"
(W), 2.99 (), 2.96 (W), 2.94 (m), 2.87 (w), 2.84 (s), 2.82 (m), 2.69 (w);2.59 (W), 244

{w). Figure 1 is a graph of the characteristic X-ray diffiaction pattem'exhibitéd by

h

forin B of (6R)-L-erythro-tetrahydrobiopterin dihydrochloride. As used herein, the
following the abbreviations in brackets mean: (vs) = very strong intensity; (s) = strong
20  intensity; (m) = medium intensity; (w) = weak intensity; and (vw) = very weak -

intensity.

Form B can be prepared in very large quantities (e.g., 100 kilo scale)

and stored over an extended period of time.

All crystal forms (polymorphs, hydrates and solvates), inclusive crystal
25  form B, can be used for the preparation of the most stable polymorph B. Polymorph
B may be obtained by phase equilibration of suspensions of amorphous or other

forms, in suitable polar and non aqueous solvents.

Other forms of BH4 can be converted into form B by dispersing the
other form of BH4 in a solvent at room temperature, stirring the suspension at
30 ambient temperatures for a time sufficient to produce polymorph form B, thereafter

isolating crystalline form B and removing the solvent from the isolated form B.



forms, in suitable polar and non aqueous solvents. O her fornms of BH4 can
be converted into formB by dispersing the other formof BH4 in a sol vent
at room twopeselsssie, stirring the suspension at anbi ent prengsesmsiourss for a
time sufficient to produce pol ynorph forgLB, thereafter isolating
crystalline formB and renoving the solvent fromthe isolated form

B. Anbi ent tenperatures, as used herein, nean tenperatures in a range from
OC to 60 0C, Apbisnétemeyata®s, (s used lgyeipOneathiempgpatures|in rapge foum &°Grin/6be
changed duri [ ocand, S§A 1511 r Lng the erature

stepw se or %rﬁ’%‘?ﬁ%&@%.@%’u‘f a%ljfahesagp @%dnttggl%F %r £ Hgdycbc?nc\llltgﬁéqa o(frlll%t%)1 ot her

forms to foredtmemenddd byadeRrdasing theeinperatite sEEpiviva®® cont@iuoasiol |
i sopropanol, other C3- and C4-al cohols, acetic acid, acetonitrile,

t et r ahydr of uPuitble sobemis. for hecpnveasine pf othefogms foy fam B anpludeup prgmet

| sopropyls ac —ja A | her
met hyl - C3- %ﬁ%ﬁé@o, Eée{fl%%gggﬂ%%l, %?ér@bfﬁgﬂ’cdgﬁnépﬁ@e% ea%gh@és%l&ggogél??f‘ r%tcg%n may be
up to 30 houscstomiteile tetfabyddofyrang niethy20bitpletherp i 4t dissanehethyl20etawur s.

Pol ynorph B may al so be obtaipned by crystallisatjon from sol vent. nj xtures
cont ai ni ng uﬁograpﬂ@aa@t%%?\ﬁhtgﬁ&%é&é%aera*vll F&’é!““ﬁ??& mﬁﬁfmﬁgﬂa&ﬁﬁs
acetic acid - R5. TH tid o Bfspled P BAfbrRYNVARY Bhup &F 30 BuPf and

(6R) - L-eryt h?g e%%&droe:)tilop?eri n 8i %yggréoéghl orri de can blég pr epar edanby

di ssol ut i on, preferatdyap toy2Ghowh ev kesethan @fpeunsst ures, preferably of a solid

| ower energy formthan formB of of form B of

(6R) - L- eryt hr o- t et r ahyPolgimoegit B may aliorhecvboaihédby clystalisaticofryasblventxt ur e
conprising ethanol, acetic acid and water, addjitjon of seeds to the .

sol ution, coBPHgs Fopa meaggw;%»@reanesaﬁfdgﬁ%%mmww0 %@“PLPF@&P

crystals. D g3@hid ivafer. TBYastRef BunldGRht Pulynitirph G BITPGIAL14HAKQL Up to 70
0C, preferably up to 50 C. There may be "used the final 'sol vent m xture for

di ssol uti on fetrahyseoioptetin ﬁ@ymmi@ib cambe prspéied Sy diisebiibn.captionallyaater and

t he other sol,vents na han be. added bot.h,or one afier .the other. | vent .
The copos: ¢ TG emereLiRD erteAbHd adolid e el b5 PP Indt PR R et o1
1 aceti cisaci B of (6ot LabytHfoofetthldfiréBiopterin dihydrdcBlotide iPa sélvamtniptued er ably 1 :
5: 4. The solution is preferably stirred. Cooling may mnean_ .tenperatures
down to -40 TERiFgsthnobiaseimrgd avhates additior of secgly tothe cghitipatfioglisgeds are

pol ymor ph Oiri1@0§t21§1{e9@45pension and isolation of the formed crystals. Dissoiition may be

carried out at room temperature or up to 70 °C, preferably up to 50 *C. There may be
used the final solvent mixture for dissolution or the starting material may be first

20  dissolved in water and the other solvents may than be added both or one after the
other solvent. The composition of the solvent mixture may comprise a volume ratio of
water : acetic acid : tetrahydrofuran of 1 : 3: 2to 1 : 9: 4 and preferably 1 : 5: 4. The
solution is preferably stirred. Cooling may mean temperatures down to -40 °C to 0 °C,
preferably down to 10 °C to 30 °C. Suitable seeds are polymorph form B from

25  another batch or crystals having a similar or identical morphology. After isolation, the
crystalline form B can be washed with a non-solvent such as acetone or

tetrahydrofurane and dried in usual manner.

Polymorph B may also be obtained by crysfallization from aqueous
solutions through the addition of non-solvents such as methanol, ethanol and acetic
30 acid. The crystallisation and isolation procedure can be advantageously carried out at
room temperature without cooling the solution. This process is therefore very suitable

to be carried out at an industrial scale.



anot her batch or crystals having a simlar or identical norphol ogy. After
isolation, the crystalline formB can be washed wth a non-sol vent such as
acet one owotedwmshidr of urane and dried in usual manner. Palryusesosi4Bsray al so
be obtained by crystallization from aque&ls sol utions through the addition
of non-solvents such as nethanol, ethandt“’and acetic acid. The
crystallisation and isolation procedure can be advantageously carried out

at room t enper at ur e w Inlnmgtemhedimeny of the cosipgsitiens anhinethpdpdaserbadderdinr ef or e

very suitable to be.carrnied o i i e . i ment of
t he conposi t?%or{gpogﬁt?n n%?lﬁcgl&% pﬁ@&?@%ﬁ“ﬂ%ﬁzltér\l%)gﬂé'eg}g%)éfg#@?@ggqlg Igrgl ng

pol ynor ph f adifiy&oetilofidRs prepared By dissobitioatnfarsohid dpiresther tamRkamoB bt of | de i s
prepared by dissolution of a solid formother than formB or of formB of
(6R) - L- er yt hiogmtbet @Rydremythapetrahydinbiapirrsediprrpertonide inavaer 3 ambifst ent

t enper at U eSwenBadhidk 34difPa $8h\ERknt B AMRIRENHSUA bIbARE shpehBbin 2
suspensi on, optronalTy strrring the suspension for a certain tine, and

t hereaf t er igmloahilpstirtihg tHeesubpansion for y sdrtalistimEhamdabenpaliértisadatidnsoffthe t her

modi fied intQo a pharnpceytical canposition as_.described bel ow  The
concentrat i O%WFEE@P@?”EL%FWH’%&P@ F%‘%Wh?rdB?%gf’imt?la@ PERACEEHLr i de in the
aqueous sol utd 0T Reedk®m oo 80 percent by weight, nore
preferably.from 20 to 60 percent by weight, by reference to the solution.

Preferred non-sol vent spfd $°%gﬁfg§a?ﬂ°\‘%? é%’é.ﬁ%ffﬁﬁ#@“mﬁ%fib iguspensi ons of

BH4) are nethanol, ethano acet | e no nt may be added to
t he aqueldus dibydrotidoriddvinrthe pquebes sdilityon nhpe bafroeoltoskil pearcemn by sveggitled t o t he

non-sol vent. The stirri time after formation of .the suspensi.on nay be u
Lo 30 hour s BREF ISFETIABIP Ao BPeRb0 Betght bageeFadie BUTRGORESM sof ati on
by filtrati oprepifkddonisoRRARELe. O8lvdrs KRAWN PRPAS: ARpéifthsRBi4ghRve.

Pol ymorph formB is a very stabl e crystalline form that can be easily
filtered of f methanadethanpl gndacetictagidpdhe hen-solzentaraychesidded td be ageeoufaceut i cal

formul ations, ,Theseg out st E?{‘?’.n roperties. rend | ynor ph f orim B
especi al Iy 1ALy MPB TRt AaEaHe solfiendaisd thob- it ' 1he
‘I5  stirring time after formation of the suspension may be up to 30 hours and preferably
up to 20 hours or lesc than 22 hours. Jsolation by filtration and dryiny is cartied ot in-

known manner as describad ebove.

Polymorph form Bisa very stable crystalline form, that can be casily
filtered off, dried and ground to particle sizes desired for pharmaceutical
20  formulations. These outstanding properties renders polymorph form B especially

feasible for pharmaceutical application.

III.  Stable Pharmaceutical Formulations

Pharmaceutical formulations may initially include a stable crystalline
form of tetrahydrobiopterin, or a precursor or derivative or analog thereof, with a

25  pharmaceutically acceptable carrier. The stable formulation of the invention

preferably contains one or more of the following additional ingredients that improve
the stability or other characteristics of the formulation: binder, disintegration agent,
acidic antioxidant, or lubricant or combinations thereof. Preferably a stable tablet
formulation includes a binder and disintegration agent, optionally with an acidic

30 antioxidant, and optionally further including a lubricant.



[11. Stable Pharmaceutical Fornul ati ons Pharmaceutical formulations may
initially include a stable crystalline formof tetrahydrobiopterin, or a
pr ecur sorwonoearsssmat i ve or anal og thereof, w th a phar necewsz@alolies2
acceptable carrier. The stable fornul ati 3? of the invention preferably
contains one or nore of the follow ng addrtional ingredients that inprove
the stability or other characteristics of the formul ation: binder,

di si ntegration agent, &&¢ thitial amopntQigegiystalipe pelypiorihef GR)dosmythaet i ons

thereof. Pre 5%;8 . . I ! i Aol ©

di si ntegrati %ﬁ ge%?lgp%%ﬁ?%e?atﬁﬁgép\%}? {1;85{5\%%1@%%‘?1 gn %@f’g&? e}an ,é’ﬁg{eégﬁ%nm ly
further incloftdbogt 30 Withno albonit 4Tiwa%s of the frmabamions ooih the fahgs bHabound2 patey mor ph
of (6R)-L-erythrotetrahydrobjopterip used to prepare the fornulation nmay
be, for exa I@PW#W&V"F&%@%"‘B?’% %I?Jt 30 W% to about 40 wt % of the

formul ation, or in the_range of about 32 wt%to about 35 wt% or at about
33 W% Binders assi st Bindersgissistan maigfaining the gabdet fergpuietian: i lssome gasgsne
cases, anhyd I I trat

ot yrror ph B, iyl Bl BE Bqd36 rce B BB Sl P AR R B e 1 oy

bi nder s i ncl ¢mdes, diddausayticbasa dryied agentm Preasgiagtténdendinchute aninehyd at e.
Exenpl ary congent rqt_i ons of the EI nder stable tablet fornulation of

in a
the present $R38he3lgHMphosphat t%t’B‘Bﬁ‘?hy%rW-%to about 5 wt% Particularly
contenpl ated concentrations are between about 1.5 and 3 W% Also
cont enpl at ed are conceRtemplpgyreonegntigtinaeef the binder ngsttable tablet forqulation 1. g,

1.9, 2.0,4 2. p 2 4 . ) . 0N % or
concent %t 1 oqune presg itvenfiofarpbeluogt oyt frogo oot svpB aciellaty 0 00
4.0, 4.1, 4.antémpated céncefitrbtiond.afie betwéen dbdit 14. #id 3antdo.5 AlsordoHienigigtedhvei ght
ratio of binder to tetrahydropi opt n.in st abl blet_ fo tion of
the present ¥RFERTEIHALPRS Gf indg_&aﬁi;ﬁé%t f‘??“lt &éﬁ nbg’ i)‘?’ %ﬁo%rﬁ’ég}i%?’t%f’about
1:20. Al'so cprtegp) ateg 26 enwsi GRios! GdofSerfatiBRotp tolabb@e #9,3.2:319. 54, 1.
10.75, 1:1 1,°71:11.257°°1:°1 1.5, 1:11.75, 1:12, "1:12.25, 1:12.5, 1:12. 75,
1:13, 1:13.2%5,36138753.8,3.9.3.0,3.1, 121 4,3, #:414.528,6, 4.714.854.91arkh3.0 51761 - TS,
1:15. 25,]f1: 15, 5ht 1:..15 d:17. 25,
1 )

T 175 I 7t g 3T bsefoSanagidptenytingrymble Hb fipugianeor e 195,
' present invention is, for example, ir the range of about 1:10 to about 1:20. Alsc
centemplated are weight ratios of abous 1:10.25, 1:16.5, 1:10.75, .1:11, 1:11.25,
1:11.5, 1:11.75, 1:12, 1:12.25, 1:12.5, 1:12.75, 1:13, 1:13.25, 1:13.5, 1:13.75, 1:14,
1:14.25, 1:14:5, 1:14.75, 1:15, 1:15.25, 1:15.5, 1:15.75, 1:16, 1:16.25, 1:16.5,.1:16.75,
20 1:17,1:17.25,1:17.5,1:17.75, 1:18, 1:18.25, 1:18.5, 1:18.75, 1:19, 1:19.25, 1:19.5,
and 1:19.75.

Disintegration agents assist in rapid disintegration of solid
formulations by' absorbing water and expanding. Exemplary disintegration agents
include polyvinylpyrrolidone (PVP, e.g. sold under the name¢ POVIDONE), a cross-

25  linked form of povidone (CPVP, e.g. sold under the name CROSPOVIDONE), a
cross-linked form of sodium carboxymethylcellulose (NaCMC, e.g. sold under the
name AC-DI-SOL), other modified celluloses, and modified starch. Tablets
formulated with CPVP exhibited much more rapid disintegration than tablets
formulated with PVP.

30 Exemplary concentrations of the disintegration agent in a stable table

formulation of the present invention are between about 1 wt% to about 20 wt%.



and 1:19.75. Disintegration agents assist in rapid disintegration of solid
formul ati ons by absorbi ng wat er and expandi ng. Exenplary disintegration
agent s i nebude/psdiyvi nyl pyrrolidone (PVP, e.g. sold undecTiuseosames?

POVI DONE), a crosslinked form of povidone (CPVP, e.g. sold under the nane
CROSPOVI DONE), a cross-1inked form of solft-um car boxymet hyl cel | ul ose (NaCMC,
e.g. sold under the nane AC-DI-SOL), other nodified cellul oses, and
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i nvention arg4besween Aot o 2w, 21t 0.2aD3y2. 420 5@ & Pay2.8.c9 andB.Catthespl at ed
concentrations are between about 3 wt % and about 10 wt% Al so contenpl at ed

are concent r@mp@ﬁ@tlenswswhoeg‘iﬁﬁw%ﬂ 24ttt @l 8 49, 50,52, 943 1. 4,
1.5, 16’51576 51785 ]6(? %?5%5%7?5 5'5[{;55@0%2'% 9§ @ZSZanIZEO%)8 2.9,
ent’ra o’ut

and 3.0 W% conc ’ons 4, 4.5
4.6, 4.7, 4. \81% ATHRe weight rdtiobf d&uﬁegx‘étléh agentto totréhydBotfioptéri2 & a Salile tszle?tS
8.0, 8.25, 8.5, 8753109595?75 and. 10. 0 wt %_. The ratio
of di si nt egrigfmulatian efthe Peesenl PRHGR &b IR} aMPH: iht r%ftg&bwf@b?%vf Bout

formul ation Plotmso%ﬁ@e atea\xx%%%gratﬁ)s Jrabo@xaspber:55n 518 1:gge of about

1:5 to about Al'so cont enpl at are wel ght ratios of about 1:5.25,
1: 5.5, 1:5.766.2%; 660, 156.9,25,.0,1:562%,1:156.:735, 1.8, 0:8.25, ¥:8%%5 1:8175.19.0,1: 7. 75,

1:8.0, 1:8.25 :. , 1:8.75, 1:9.0, 1:9.25, 1:9.5, and 1:9.75.

Ant i oxi d‘é)nt slsf)rgr% ﬁg ﬁ’&q ﬁg “and hel p stabilize the tetrahydrobiopterin
product, especially after di,ssol ut Low pH S s | uti ons of APl are
more stable than are sOPHRXIEHY S’é‘?thﬁ’r?"pﬁqdaEQ@%g 17&1 @i c antioxidants
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palmtate a ar at e, salts of ascorbic acid such as sodi um
cal cium or gfABlssE mnrastablleblawmre Minmmﬂa@htghalﬂl Emrdalﬂn’sacrchya!al@@ddyés u: -

in the stable bl et ion 9.8

ant i oxi dant s'"& “a% aﬁoéblﬁﬁ‘f téh?’@?‘afﬁﬂfa?fl@é%%hlér St d(sugﬁ aﬁl?scoﬁa@?@ ge ar?;ay be
added t 0, enhae@ybitadthtel dnd safts bf és@oﬁb@d?a&d such as sodiurs, calcium, or potassium

ascorbate. Non-acidic antioxidants may also be used in the stable tablet formulations.
Nontimiting examples of non-acidic antioxidants inciude bria-carctene, alpha-
tocopherol. Acidic additives may be-added to enhance stability of the tabiet

formulation, including citric acid or malic acid.

20 Exemplary concentrations of the antioxidant in a stable table
formulation of the present invention are between about 1 wt% and about 3 wt%.
Particularly contemplated concentrations are at least about 1.1, 1.2, 1.3, 1.4, 1.5, 1.6,
1.7, 1.8, 1.9, and 2.0 wt%, or concentrations up to about 2.1,2.2,2.3,2.4,2.5, 2.6,

0 2.7,2.8,2.9, and 3.0 wt%. The v;/eight ratio of antioxidant to tetrahydrobiopterin in a

25  stable tablet formulation of the present invention is, for example, in the range of about -
1:5 to 1:30. Also contemplated are weight ratios of about 1:5.5, 1:6, 1:6.5, 1:7, 1:7.5,
1:8, 1:8.5, 1:9, 1:9.5, 1:10, 1:10.5, 1:11, 1:11.5, 1:12, 1:12.5, 1:13, 1:13.5, 1:14,
1:14.5, 1:15, 1:15.5, 1:16, 1:16.5, 1:17, 1:17.5, 1:18, 1:18.5, 1:19, 1:19.5, 1:20, 1:20.5,
1:21, 1:21.5, 1:22, 1:22.5, 1:23, 1:23.5, 1:24, 1:24.5, 1:25, 1:25.5, 1:26, 1:26.5, 1:27,

30 1:27.5,1:28, 1:28.5, 1:29, and 1:29.5.

In Schirk’s Laboratory tablets, ascorbic acid is present at a ratio of 1:1

to BH4. In contrast, the concentration of ascorbic acid in the stable formulations of
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The stable solid formulation may opticnally include other therapeutic
agents suitable for the condition to be treated, e.g. folates, including folate precursors,

20 folic acids, or folate derivatives; and/or arginine; and/or vitamins, such as vitamin C
and/or vitamin B2 (riboflavin) and/or vitamin B12; and/or neurotransmitter precursors

such as L-dopa or carbidopa; and/or 5-hydroxytryptophan.

Exemplary folates, including folate precursors, folic acids, or folate

derivatives, are disclosed in U.S. Patent Nos. 6,011,040 and 6,544,994, both of which

25  are incorporated herein by reference, and include folic acid (pteroylmonoglutamate),
dihydrofolic acid, tetrahydrofolic acid, 5-methyltetrahydrofolic acid, 5,10-
methylenetetrahydrofolic acid, 5,10-methenyltetrahydrofolic acid, 5,10-
formiminotetrahydrofolic acid, 5-formyltetrahydrofolic acid (leucovorin), 10-
formyltetrahydrofolic acid, 10-methyltetrahydrofolic acid, one or more of the

30 folylpolyglutamates, compounds in which the pyrazine ring of the pterin moiety of
folic acid or of the folylpolyglutamates is reduced to give dihydrofolates or
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5-form m no-(6S)- tetrahydrofolic acid or (6S)-tetrahydrofoljic acid, and
phar maceut i cal | y accepPaborallydhe stablp dprapfations ehhiedpyenign can plse FMBNISodi um

pot assium c ' aRn t ti ' rati os of
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exci pients such as mapnit ol , roxyl propyl cellul , mcrocrystalline
P 15 Igjlanteose, ancp raffinose. B%gucmg suggrs rﬁXy react Wlldl BIS-{% y
Pharmacenticaily acceptabis ingredients for marufacturing sojid
formulations for oral administration may be incorporated, for example,lb:y admixing
-the components and optionally finely dividing them, and then filling capsules,
composed for example from hard or soft gelatin, compressing tablets; pills or troches.

20  Coatings may be applied after compression to form pills.

Pharmaceutically acceptable ingredients are well known for the various
types of formulation and may be for example binders such as natural or synthetic
polymers, excipients, lubricants, surfactants, sweetening and flavouring agents,
coating materials, preservatives, dyes, thickeners, adjuvants, antimicrobial agents,

25  antioxidants and carriers for the various formulation types. Nonlimiting examples of
binders useful in a composition described herein include gum tragacanth, acacia,
| starch, gelatine, and biological degradable polymers such as homo- or co-polyesters
of dicarboxylic acids, alkylene glycols, polyalkylene glycols and/or aliphatic hydroxyl
carboxylic acids; homo- or co-polyamides of dicarboxylic acids, alkylene diamines,
30 and/or aliphatic amino carboxylic acids; corresponding polyester-polyamide-co-

polymers, polyanhydrides, polyorthoesters, polyphosphazene and polycarbonates. The



cel lul ose, or other non-reducing sugars such as sucrose, trehal ose,

nel ezi t ose, planteose, and raffinose. Reducing sugars nmay react with BH4.
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pol ynmers are ter-sol.ubl e rrers S . pol.yoxaal kyl eneg .. .

(pol yoxaet hyhuﬁ'a%antw%%ﬁwﬁ e ke i ipelsenter prop et oils, fats,

pol y-act yl aries, andupyetagay @m&a;aggesam@%»@ am des, pol y-mal ei ¢ acid
and esters or -am des thereof, poly-acrylic acid and esters or -am des

thereof, poly-vinylalcg \tk%ctw ny ﬁgcellhsa o%ftlj%ﬁr s&ﬁ%&ﬁ@{emc be amonlc

pol y-vi nyI i m dazol e, pyrroli und natura ymars I ke
chi t osan. Nomiwmctarm;gxommrmlnestraif l\kmhrrpmm@smuﬂﬁfqﬂsurfmctmtsomfmbntal on

Nonl 1 11 t1g. GSEERRSIEE 5FH R 6. G T PEORROLT Eh- SR DS e her ei
i ncl ude nat uAtatddodeeyt Sigkats fé?ﬁali&s v t@?ﬁe hexadecyi sulfate and octadecy! sulfate, Na
| oleate or Na caprate, !-acylarainc sttane-2-sulfonic acids, such as 1-
octanoylaminoethane-2-sulfonic acid, 1-decanoylaminoethane-2-sulfonic acid, 1-
dodecanoylaminoethane-2-suifonic acid, 1-tetradecanoylaminoethane-2-sulfonic acid,
20  1-hexadecanoylaminoethane-2-sulfonic acid, and 1-octadecanoylaminoethane-2-
sulfonic acid, and taurocholic acid and taurodeoxycholic acid, bile acids and their
salts, such as cholic acid, deoxycholic acid and sodium glycocholates, sodium caprate
or sodium laurate, sodium oleate, sodium lauryl sulphate, sodium cetyl sulphate,
sulfated castor oil and sodium dioctyisulfosuccinate, cocamidopropylbetaine and
25 laurylbetaine, fatty alcohols, cholesterols, glycerol mono- or -distearate, glycerol

mono- or -dioleate and glycerol mono- or -dipalmitate, and polyoxyethylene stearate.

Nonlimiting examples of sweetening agents useful in a composition
described herein include sucrose, fructose, lactose or aspartame. Nonlimiting
examples of flavoring agents for use in a composition described herein include

30  peppermint, oil of wintergreen or fruit flavors such as cherry or orange flavor.
Nonlimiting examples of coating materials for use in a composition described herein

include gelatin, wax, shellac, sugar or other biological degradable polymers.



waxes, or fatty acid salts such as nmagnesium stearate. Surfactants for use
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conposition descri bed herein include gelatin, wax, shellac, sugar .or other
bi ol ogi cal | A SBHECtERF Pl fan AR U8k sHEPL RO HepPOtERY & MIEE- f or
use in a conpegitd Ak ﬂﬁﬁﬁrdf%ﬁlnﬁh@f.@dﬂﬂoﬂ% Haea BB atiohns BfeilN0 RAKARENS,
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of BH4 possess the desired biological activity, and consequently, cthersalt forms of

BH4 can be used. Speciiically, BH4 saiis with inoiganic or organic acids are -

preferred. Nonlimiting examples of alternative BH4 salts forms includes BH4 salts of

20  acetic acid, citric acid, oxalic acid, tartaric acid, fumaric acid, and mandelic acid.

Pharmaceutically acceptable base addition salts may be formed with
metals or amines, such as alkali and alkaline earth metals or organic amines.
Pharmaceutically acceptable salts of compourids may also be prepared with a
pharmaceutically acceptable cation. Suitable pharmaceutically acceptable cations are

25  well known to those skilled in the art and include alkaline, alkaline earth, ammonium
and quaternary ammonium cations. Carbonates or hydrogen carbonates are also
possible. Examples of metals used as cations are sodium, potassium, magnesium,
ammonium, calcium, or ferric, and the like. Examples of suitable amines include
isopropylamine, trimethylamine, histidine, N,N' dibenzylethylenediamine,

30  chloroprocaine, choline, diethanolamine, dicyclohexylamine, ethylenediamine, N

methylglucamine, and procaine.



crystal formmay be enbedded for this purpose in a polymer matrix of a

bi ol ogi cal degradabl e pol yner, a water-soluble polynmer or a m xture of
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context the incorporation.of. mcroparticles in a matrix of polyners.

Control l ed rel ease fornul ations are al sol%btained thr ough encapsul ati on of
di spersed mcro-particles or enulsified mcro-droplets via known di spersion
or enul sion coating tctanmhergytieally atieeptdhld acid @ddision salpoisiiuide modganes ¢hed

herein is preferabl.y formul ated i hydrachl ai il al.t .V, . is
cont enpl at e &Hf aﬂﬁﬁ%‘?& E?afnﬂﬁﬁr%éu@?bq%?f\ﬁﬁ%gss%s 4dg ﬁ‘SS'HSE".“’PieOa‘dB?’m ogi cal
activity, ndiceRRsesHeRs sHlicy@atbe mittads, phesphite®f Othed siiaBldyshattf&stutically
Specifically, Bl/4 sails wilh inorganic or organic acids are preferred.

Nonl i mi.ti ng asgentphle saltsrarevel knawnve these shilled dhedrt apd inghids, fomgxamples of
acetic acid,_cifric ac | LG & af | ' . ' i.0,.: and
e 2SS A8l B B PN o LB e
formed with gifugt acidror phospbsric acidhwith ofdakitl dartsuxglial sufbhioesudferdriphosgthal s or
organi ¢ am nes. Pharnaceutjcally acceptable Eeal ts of conpounds, maP/ . so be
prepared wi taids gshhpyhsEBIRd WhiRITC 3 gqra@arl@p AR bnacid propignis acid, gtycolic
pharmaceuti ¢ e RERPhGlefddi SndRid adt@ NN} IO G d Stiblakiedcian t he
art and i ncI%&jﬁgggﬁﬁQF%@f h%eﬁﬁélﬁgﬁgg{xtﬁ anmoni um%né1 quat ernary AnToni um
cations. Careliaicid, tantartvyatid)daetic aaidboxericesidaghcahis acidoglacdieacidgxanpl es of
nmetal s used gs cat.ions are sodium .pot.gssium. nmagnesi um amoni um cagl ci um
or ferr i0 g&jHC‘{rﬂ%‘FlaF eSIIESE Ibé’g%(ﬁ ag ’ict‘%IEﬁr;‘)Hc éthn@Qn‘%ljﬁT‘&aﬁ’diesaqu 1€ ac1a,
i sopr opyl am pgmidokalEtibYéAM Eenoﬁ?'%dzgic%id, Nabbtogyteasay hetihahessehaa) ne,
chl oroprocai ne, choline, diethanolam ne, dicyclohexylam ne, . '
et hyl enedi antipetjnida¢id hisogicatairiapid; anthwith pmded sredsPhechrasdlee 2 elaha gmino
acceptabl e aci.d .addi tion,salts include. i no i i Cl lts.
Exanpl es of k) Stl%ﬁgedagﬂge Yt essmlOn(Hr?cjtalensf%é%ﬁydfoégk?ﬁﬁgﬁt?mgcc%? % Igs,
citrates, Sa&s}aﬁﬂik&bﬂ? ardalké afitaphepylacpbatidsmeBahesulfsnictaatd, ethanesulfonic
pharmaceutically acceptable salts are well known to those sKki hj ed in the
art and 4ncl asib 2 eroxyetepslionicarids ethang |2 disubfgaiciagid, pehzeagsutonigcitandel i ¢
aci ds, hydroghl.ofhg a6 i hieAF sl S48 GoRRhRuOf sRRQIRARY 1 C
acid; with orglgﬁfy‘é&gg%g‘ilﬁw %Fd)’g‘f‘}%%?éfsﬁf(?’gu %‘)r‘l’p bspho - o

‘ acid, 2 or 3 phosphogiycerate, glucose & phosphaie, N cyclohexylsulfamic acid (Wwith <

the formation of cyciamates), or with-other acid crganic compounds, such as ascorbic

acid.

20 ‘The stable formulations of the invention may be provided, e.g. as
tablets or pills or capsules in HDPE bottles provided with a dessicant capsule or
pouch; or in foil-on-foil blister packaging, or in blister packaging comprising see-

througa polymer film, if commercially desirable.

The phrase "pharmaceutically or phafmacologically acceptable" refers
25  to molecular entities and compositions that do not prcduce adverse; allergic, or other .
untoward reactions when administered to an animal or a human. As used herein,
"pharmaceutically acceptable carrier" includes any and all solvents, dispersion media,
coatings, antibacterial and antifungal agents, isotonic and absorption delaying agents
and the like. The use of such media and agents for pharmaceutically active
30 substances is well known in the art. Except insofar as any conventional media or

agent is incompatible with the therapeutic compositions, its use in therapeutic



acids or N substituted sulfam c acids, for exanple acetic acid, propionic
acid, glycolic acid, succinic acid, maleic acid, hydroxymaleic acid,

met hyl mal woco@aisss11f umapc acid, malic acid, tartaric acipdy/usaasiosizaci d,
oxalic acid, gluconic acid, glucaric acid, glucuronic acid, citric acid,
benzoic acid, cinnamc acid, mandelic aC?QJ‘, salicylic acid, 4

am nosalicylic acid, 2 phenoxybenzoic acid, 2 acetoxybenzoic acid, enbonic
aci d, ni cot i evimpositiods trcontemilated.i Huppleméndary antivenngtedzmisalsaedande, such as
the 20 al pha_am no. acids,involved in the synthesis of proteins in nature,
for exanpl e PFOPSiRied Bt the SPmPRYUQNS; ¢ acid. and al so with phenyl acetic
aci d, methanesul fonic acid, ethanesul fonic acid, 2 hydroxyet esul fonic
acid, ethane 1,2 di sul‘gﬁ)H?eél hé’&‘?"él’,n pg%‘ﬁ?éﬁ‘é%‘iﬂ mwpz?ér%ﬁaﬂrry Fiches any an

met hy! benzenﬁﬁwlmgs, gfrsb%ﬁ%ﬁaﬂé&i&]%b@ﬂﬁ?gsZﬁmhé@ﬂwana%éﬁmgﬁ%bﬂ@,l 86tBnic: 5

dis'ilfonic 1cid. iycerate. glucose r u>phaie, N €yclo

exyl sul f dni i andeabsaption ti¢laying agentsrend thn lisé. The ujenftsush media apdtagerss fgi  aci d
organi ¢ conpaunds uch as ascorbi ¢ acjd. The stable fornul atiaons of the
nvent i on_ molpRass B deive abgances s BN shevain feidrts Tortrdpiliigs Y Hope
bottles provigi@entWbmadid®s a5&R N inE@Rpatitee With PRUEHive HgrédieittOitd agenn tied |

bl i ster packaging, or in blister packaging conprising_ seethrough polymner
film if contherapeic sprnesitioapiscontemplaied. aSepplgmeitany @stivq iagrediengsralso can

phar macol ogi geailnl gxca?ee’gk%b[hgléorﬁlﬁés?{ignst o mol ecul ar entities and conpositions
adverse, -alter gi C, or other untoward reactions when

th dre
at do not produce
adm nistered to an anijal.,,or a hu ) used herein, "phat.maceutically
%re carrier" i n‘&l“ﬂldg’g aBPlrﬁmgﬁgt %I%hes@?%ﬁ?eél,l %icg Lo ?ﬁadzji a,
coatings, angéRmeitahétBbdsTdheitivehtititRhy BYERAS in il @FhGman chedlsy 43di on

accept abl

del ayi ng agents and the like. The use of such media and agents_for

phar maceut i cegternagy friegisingu Jdwa Hheesyibjest (el treptedvipay b 2 mamagal, prefessdly i nsof ar
as any conveqt.i di r . [ at i ' tic
composi ¢ 1 one @l Al FIBGHLrhdy bRERTRELILRE Hohle Kt aRBLe Re

Suppl enent ar yhimalsiiv@nding ceds shécp, plgssharses ahd goasaropgraaioacnimale stdhens

conmposi tjons., ‘As ysed herein, "phar rmceu,t{)cal Ig acceptabl.e carrier"”

i ncl ude_sl5any‘*"6b’ﬁ"d’nél‘71”:ss%!°¥}éﬁ{"y_?r apemaisoRboRatprpanig ‘F‘%@‘Q‘;ﬂgéﬁ‘?? Kt eri al
and antif ungﬁbbf@@%ﬂﬁ}%z. plo8 QL@ Rhibsters; and poultry such as chickens, turkey ducks aund.

£ECSE.

W, Treaticent Methods Using Stable Formulations
The stable formulations of the invention may be used for treatment of
20  conditions associated with elevated phenylalanine levels or decreased tyrosine or
tryptop'han levels, which may be caused, for example, by reduced phenylalanine
hydroxylase, tyrosine hydroxylase, or tryptophan hydroxylase activity. Conditions
associated with elevated phenylalanine levels specifically include phenylketonuria,
both mild and classic, and hyperphenylalaninemia as described herein, and exemplary
25  patient populations inciude the patient subgroups described herein as well as aay other
.patient exhibiting phenylalanine levels above normal. Conditions associated with
decreased tyrosine or tryptophan levels include neurotransmitter deficiency,
reurological and psychiatric disorders such as Parkinson’s, dystonia, spinocerebellar

degeneration, pain, fatigue, depression, other affective disorders and schizophrenia.

30 The stable formulations may also be used for treating patients suffering

from BH4 deficiency, e.g., due to a defect in the pathway for its synthesis, including



and absorption delaying agents and the |ike. The use of such nedia and
agents for pharmaceutical active substances is well known in the art.
Except i nwofas6/Essiany conventi onal nedia or agent is ineompusteosiogi2szt h t he
active ingredient, its use in the therapeutic conpositions is contenpl ated.
Suppl enentary active ingredients al so catl-be i ncorporated into the
conpositions. It will be appreciated that the pharmaceutical conpositions
and treat merhut net liroided tof dopagesponsive dystonia(DRP).sspiapterinmeductdse SR human

medi ci ne and, wet eri nar bject to be treated nmay be a
mamal |, prefdﬁ)(.ﬁ’rﬁ‘cy’ qut%}d;%?regﬂaﬁsfl ?ﬁ_@de@leef‘%ary pur poses, subjects
I ncl ude for exanpl e, ncl udi n 0 e rses and
goats, compani on ani ‘g{% §ts %@ewﬂn%%ﬁgsgi&fgnﬁﬁhgﬁ fgg% ani mal s,
| aboratory agidmion 1hd]§<!lé“11'bj’&tsm/1ﬂ?aﬁ &evated ﬁlﬁg}hﬁ $he BbncentRtibh iftitheatigntet er s;
and poultry such as chickens, turkey duck nd geese. JV-. Tr-eatiyei

Met hods Bsi naf tist thietapebtin, kgl gteatcnﬂw]ih@oeuJWlLeorf gipatat tian 3660 pM, gheater theant i on

may be used for treatnment of conditions assg d with el at@d
pheny! al ani n&00ayM; &'eﬁPr@é’éﬂ%%léM ggﬁa&‘é.h?@ H@pﬁr%ﬁa{‘ha‘! fhi ch may

be caused, foratg k’&)ﬁ Lllqﬁ tgll Hﬁn(h}o &R/Fy 236 i Qi0e

hydr oxyl ase, BTG ryp r OXY ns assocl ated v.

th elevated &@éﬁf&ﬁhﬁmg@w\mila mfyg‘eh@@hyﬂabsaﬁwsbeplmmwetonurl a, both
mld and classic, and éper | al ani nem a as descri bed herein, and

exenpl ary panqnmtraplopw i t@rﬁ@ou YLuniedernte RYY iee plasma Bhe senssndatiansiobed
herein | ti I s above
nor mal . \rllﬁ? s\g/‘(j:“ ﬁgtalé(g& 121:6 Eﬁ 1(\1/@% fh&égéltg%}ﬁ?mf%g%%eﬁ%@g 'Jpg\pﬁ%n | evel s

i ncl ude neuréUnE:@ﬂi:‘aJﬁibh§ that geforaieniian IZOBHWLO@refalab@ﬁebanﬁyxﬁfmﬁime statllesor der s
such as Parkinson's, dystonia, spi.nocerebel|ar deg setﬁ |on palg fatigue,
depr essi on, {efRulatians @%‘@q Vil BioteRTestrigied dichdersrane Fa as"Fﬁé’hEIi‘yé pRIne

fornul ati ons o%é/m&g,%g o?ale%%gj%gteﬁeés&ﬁ@hém%masa B G 500 £41 08354 il B

defi ci ency, € thway for i s synt

i ncl udi ngbut 1 NG} bri183st B edsHhslODED [1OG BOIRSS mndyemm otHePRBablsepjeapt erin
reductase (SR) deficiency, or di hydropt eri di ne reduct ase (DHPR) def I ci ency.
15 include subjects d.agnuqen zs having a reduced phenylalanine hydro <ylase {PAH

activity. Reduced PAF activity may result from a mutation in the PiAH enzyme, I')r'
example, a mutiticn in the coralytic domain of PAH or one or more-uutadois:
selected from the group consisting of F39L, L48S, 165T, R68S, A164L3, S11Gk
D129G, E178G. V190A, #211T, R241C, R261Q, A300S, L308F, A3137, K320N,

20  A373T, V388M E390G, A395P, P407S, and Y414C; or subjects that are pregnant. .
females, females of child-bearing age that are contemplating pregnancy, or infants
between 0 and 3 years of age, or 0-2, 0-1.5 or 0-1; or subjects diagnosed as
unresponsive within 24 hours to a single-dose BH4 loading test or a multiple dose
loading test, such as a 4-dose or 7-day loading test. Exemplary patient populations

25  and exemplary BH4 loading tests are described in Int’l. Publication No. WO
2005/049000, incorporated herein by reference in its entirety.

U.S. Patent Nos. 4,752,573; 4,758,571; 4,774,244; 4,920,122;
5,753,656; 5,922,713, 5,874,433, 5,945,452; 6,274,581, 6,410,535; 6,441,038;
6,544,994; and U.S. Patent Publications US 20020187958; US 20020106645; US
30 2002/0076782; US 20030032616(each incorporated herein by reference) each
describe methods of administering BH4 compositions for non-PKU treatments. Each

of those patents is incorporated herein by reference as providing a geuneral teaching of



Sui tabl e subjects for treatnent with the stable fornul ations of the

i nvention include subjects with an el evated pl asna Phe concentration in the
absence oWothe/dskanapeutic, e.g. greater than 1800 nmM Lpcorusgrsates2 t han
1600 mM greater than 1400 mM greater than 1200 nM greater than 1000 nM
greater than 800 mM or greater than 600°rM greater than 420 mM greater
than 300 mMM greater than 200 M or greater than 180 mM MIld PKU is
general |y clmetbpds efpdminigtenisgdiHromerosiions Kaewe tasthese efskilbingbe arly that

noder at e PKS_H%?bng_ ?Er% prﬁlecipeg E?Hésgﬂﬁe@ﬂer t ween 600rr1\/!!_ t o about

1200nmM L an ass or severe e concentrations that are
greater than 1200nmV L. e a.g Xl Sa\;me& W trp t he sttablle formuyl ati ons
alone or with protein- Y‘ 4 (ﬂeg R G el iningfin of ppimg Sﬂ%eﬁ;r#al ani ne

concentrat i offeRfivd mﬂoﬁx&tbbﬁ&&chtc@ ga&t idaithidQRe gVl 0P thel 226 ST d6QBeddft ur
360 MM 15 mMor less, or less than 200 MM or less than 1 v her

sui t abl e Ssubjpe Bkt qqmmr@g@b@utij teebauidfiOagerkededy weight ner days znymlaéull usually
heny! al
Pesut 1 r om SnGHIE KPS 1 beséedy phe BEL) Weley 380 mofted (AL Ry 100Ky 1Y

anal ytic donwidy vadightAHWile @0AtiRTousdaély adnhiniktrat@nJs s@{teﬁpletédf fop AR gr oup
consisting of F39L. L48S |65T R8s ALCAD, ;9 | OC_DI29G E178G VI90A
P2J I T, Ro4le2y hedasiiablsdogense thagdH4 thesapyrvhem WmR@WP 190G,

A395P, PA07S. 3N gtgﬁ%%awname%ﬁ{ﬁ LR ORCBurRE Efﬂef‘ﬁ’l@fab?’i&fd e WGaRLes of

chi | d-bearing ag at "are contenplating pregnarcy, etween 0
and 3 yedrs mfth(aq&nt that Phlevéls tisGagain. OAppropnatsulop@c‘s madlbagmmtadleds

unresponsive within 24 hours.to,a Si n dose B n st _or
mul tiple dos@rq dRspea §§taol§§§pg1i| a%?éysa ‘85‘8‘“(‘)9 F@ 8‘2& %g’éﬁ’ﬁfy 1% est
Exenpl ary PatdnfiltctifR RithatbleCai ddgdre Bgﬂéy 8H4 | oading tests are descri bed
in Int'l. Publication No. WO 2005/ 049000, incorporated herein by reference

inits entirety. U S. I

4,920, 122: 5, 753, 656; ﬂ;a;ggf%}r%&lgﬁl bﬁ%@"%ﬂ%ﬁ‘:‘%’ﬁ%&g@ ﬁeﬁgﬂa'éﬁez'%gﬂma%ﬁhe
6, 410, 535; 6prdskht Dﬁremlcm Bilpro9ule taagatitn®in ﬂeetdehtreﬁilbkiamado@mf besveen
20020187958; .US 02Q0106645; .US 2002/ 6782: US 20030 6 16(each
i ncor por ed® h‘i’e‘?ﬁ tPé]Pgl'l CIB 535%934 8? ¢ourse, one s 119 dzm tf1i may

adjust this dose up or <own depending on the efficacy being achieved-by the
administration. The daily dose may he administered i a sivgle Jose. or-alternativesy.
may be administered in multiple doses at coniveniently spaced intervals. In exemplary
embodiments, the daily dose may be ! mg/kg, 2 mg/kg, 3 mg/kg, 4 rag/kg, 5 mg/kg, 6

20 mgkg, 7 mg/kg, 8 mg/kg, 9 mg/kg, 10 mg/kg, 11-mg/kg, 12 mg/kg, 13 mg/kg, 14
mg/kg, 15 mg/kg, 16 mg/kg, 17 mg/kg, 18 mg/kg, 19 mg/kg, 20 mg/kg, 22 mg/kg, 24
mg/kg, 26 mg/kg, 28 mg/kg, 30 mg/kg, 32 mg/kg, 34 mg/kg, 36 mg/kg, 38 mg/kg, 40
mg/kg, 42 mg/kg, 44 mg/kg, 46 mg/kg, 48 mg/kg, 50 mg/kg, or more mg/kg. -

The invention further contemplates that stable formulations of the

25  invention may be used for treatment of subjects suffering from conditions that would
benefit from enhancement of nitric oxide synthase activity and patients suffering from
vascular diseases, ischemic or inflammatory diseases, or insulin resistance. The
treatment may, for example alleviate a deficiency in nitric oxide synthase activity or
may, for example provide an increase in nitric oxide synthase activity over normal

30 levels. It has been suggested that a patient suffering from a deficiency in nitric oxide
synthase activity would benefit from co-treatment with folates, including folate

precursors, folic acids, or folate derivatives.



descri be methods of adm nistering BH4 conpositions for non-PKU treatnents.
Each of those patents is incorporated herein by reference as providing a
gener al tweachiangsaafinet hods of admi ni stering BH4 conposi Proms26050west o t hose

of skill in the art, that may be adapted_for the treatnent as descri bed
herein. Wil e individual needs vary, det®fm nation of optinmal ranges of
effective anounts of each conponent is within the skill of the art. Typical

dosages of the BH4 con]ﬁrttls exigp duigonstitug velly praduged hbﬂ&fgubbéﬁd(\ﬁhqh@h@elber day,

which wl u\§, @re 1t kg grsfgp y(f] folé {ﬁ}h?%%l %‘f%lé%‘&‘i% El) to 3000

ng/ day (30ng/ nuous

adm ni strat Iﬁal?,cmlar t@ﬁé’ltﬁﬂﬂﬁi Bée@t&ugé&tedl'ﬂl?ﬁadefmdbﬁl nlesd ¢ddd bloammga'se t he
BH4 t herapy when the synptons of Phe i@gvels are reﬂ ed to below a certain
thr eshol d | eplvedin (g grGEEeTIentS of NEYH dyfyngsions.dpeiiding CRPAR A8 event

that Phe 4 e £ d through

the use ot cZrapriardRRidic ARRRARCHE, MARRAESTPRTY PLoRp SEpALYEC, |

conj unct i on péripherabvascalat atkrs, isdepoasepedasian injoryp hppetensidn alitimtiésprent s, it

is contenpl ated that the nethads of  t resent vent' will provide to a
patient in ndabeticn@selepathy, gap P%Va%’éaé%ﬂff’gﬁfef’m BB?fL‘ﬂaig‘Sﬁ@ek to about 20

g/ kg of BHAneeddegOitratBue &,Hdﬁlléhé siefnlife FOR i8¢Hen R Yn @6 MBhmb{tion AXER adlp OF
dov/ n depending on the efficacy being achieved by the adnini stration. The

dai |y dose nagpkbeamidhatrwsh pathogenesix insjudes daraged e@do@bh@nnasufﬁeﬂeyt omyn be
exerl ar) enda e f R pB AR R s YR kg, 4
tog/ kg, 5 nypregsur %éﬂﬂ@n sxﬂodfﬂhk@cle%rdm’éﬂﬁgon %rﬂ@é@n J0/ab@ &Gtenbdisng/ kg, 12
%j ES %8 %/ kgbwz% iy @matm/ ngs %geaﬁm%&@f alzeog'gﬁ%gconégwﬁ@;slﬁg’ ég

o/ kg, 48 %é%&mé@te%%%?mé% %ﬁﬂé@snaf‘& ghon Cention further
contenpl ates that stab{st%]aéars %f ggsteod‘ 851{1&: LIV (;Tg E}?%r Sxid ed for

treatment of subjects AT CoN |ons enerit from

enhancenent gnthiisé ﬁ¢1ﬁn@>ﬁﬂ§dﬁe§1mtdﬂ eslcaei M/di&%tea!rmpmkide Néwelss itickeasedg from

vascul ar di seases, | schem ¢ or i.nflammat or)( di seases, "’ i'nsul’in
resi stance. H@ID sensitivity, and reduction in vas cuiar dysfenction ASSOC: ateJ W uth msulm

resisiance, a¢ described in U.S. Patent No. 6,416, )“-:, neorporated herein by
refersnce. Thus, treatment of diabetes (type 1 or iype I}, hyperinsulinemia, or.insulin
resistance is qonterhplated according to the invention. idiseases haﬁng vascular

20  dysfunction associated with insulin resistance includ\e‘:! those caused by insulin
resistance or aggravated by insulin resistance, or thoée for which cure is retarded by
insulin resistance, such as hypertension, hyperlipidemia, arteriosclerosis, coronary
vasoconstrictive angina, effort angina, cerebrovascular constrictive lesion, -
cerebrovascular insufficiency, cerebral vasospasm, peripheral circulation disorder,

25  coronary arteriorestenosis following percutaneous transluminal coronary angioplasty
(PTCA) or coronary artery bypass grafting (CABG), obesity, insulin-independent
diabetes, hyperinsulinemia, lipid metabolism abnormality, coronary arteriosclerotic
heart diseases or the like so far as they are associated with insulin resistance. It is
contemplated that when administered to patients with these diseases, BH4 can prevent

30 or treat these diseases by activating the functions of NOS, increasing NO production
and suppressing the production of active oxygen species to improve disorders of

vascular endothelial cells.



treatment may, for exanple alleviate a deficiency in nitric oxide synthase
activity or may, for exanple provide an increase in nitric oxide synthase
activity woenoansssml | evels. It has been suggested that paTpsbeosoa12suf feri ng
froma deficiency in nitric oxide synthase activity would benefit from
co-treatnent with folates, including for&te precursors, folic acids, or
folate derivatives.Nitric oxide is constitutively produced by vascul ar

endot hel i al cel | s wherkis undstségosl thatithe/ sytapls dﬂsgg¥@a¢mp@ﬁl@on grcomdeng toghe at i on
of bl ood pressure. and.vas ar_tone..lt h een t ha .

def it ency Hiveitny prenst i dePoad G i e TRaBE AL SURAETH B sibrscking ot oo
vascul ar dysdgnoGirém miBatnhddE |ifighy) GreG@IneN AF yteathic@t, ind itRaasiae ofitHeerfesic| er osi s
of any arteries, including coronary, carotid, cerebral, or, peripheral

vascul ar ar t 4esireds(i.¢j, dahampunt of desredss i plapmp fhy conpeplirtiandssised). dilsbet es,

diabeti ¢ svasgi], QRa} Bdoshfl MO¥ RS d bﬁuﬁﬁﬁ?wd@ﬁ%ﬁi@%‘?{e@ﬁs HIRE W s, dt sease,
or neurodegenétati‘ve con i%1 0Ns St enmi ng Trom I Schem a and/or inflanmmati on,
such as st r ofhe effectdastifor 24 hobrsgainn e gmpgksdose Howedes thdanesy prbfendioddsegd um

i nsufficient oxyqe,n flowto r,garls &nd ti_QSUﬁ% el ev ted's.ystggi C vagcul ar
resi stance (g e phe dndiyigyal sybeet, psis Wreistond aiS rtemynahly PELAE Pbn,
progression gfiy KA Whalitib @ MRAhSexpeAieaidioa) TRIZAybidll PRUEIHE LM ustiibt of

treatment of any of these conditions is contenplated according to methods
of the invend stamdard dodeas.gakrstucterof thadgsesit it patian! hdie lewhady sisight. of nitric
oxi de synthase activity also results in reduction of el evated superoxide

| evel s, increased i nsuThefreqracy oVBHY dosing wibdapdrndam the prasrubdlanetd) sl

iifictiu assoc ated with .insu}Jin resistance, descrjbed .in US. Patent No.
o O e o}t BRI S O Py G et i O e ARIERAl PhaBima iRl

di abetes (tYREmuRkioY M1 bt de@MRFEAD BS Bhé of & h the'ard depbdifly on IRSbSLIRCE IS
contenpl ated according to the invention. D seases havi ng vascul ar

dysfuncti on absiostratiedan thh desisd|dopagee Ses femrmxemplcRgdmgtondsRhacmasatictly

insulin resigtance Qqr ted pnsuldn res nce se for which
cure is ret ag‘ag‘d:efif%iﬂhgg'ﬂ{l%y@é\g?c&qgwggjs °=§&8‘ﬁ"§§‘ ﬁé@é?%ﬁgg SOHB’
hyper | i pigenindorpafddl hedsifi b rORtehice. COicHRBuMASRCIARS tnfluchdeiBe BHidaRstarf f Or t

angi na, cerebrovascul ar, constrictive |esion, cerebrovascul ar_ jnsufficiency,
cerebral vas@sphsntaipefiniey wleass ardpata ofdn vaicsdpaapes of the administered -

agents. Depending on the route of administratini. u suitable dose'may be caleulated

according to body weight, body surface areas o vrgan size. Further refinement of the.

caleulations necesséry to determine the appropriate ireatment dose is routinely made
20 by those of ordinary skill in the art without undue experimentation, especially in light

of the dosage information and assays disclosed herein as well as the pharmacokinetic

data observed in animals or human clinical trials.

The final dosage regimen will be determined by the attending
physician, considering factors which modify the action of drugs, e.g., the drug’s
25  specific activity, severity of the damage and the responsiveness of the patient, the age,
condition, body weight, sex and diet of the patient, the severity of any infection, time
of administration and other clinical factors. As studies are conducted, further
information will emerge regarding appropriate dosage levels and duration of treatment

for speciﬁc diseases and conditions.
30

V. Combination therapy



coronary arteriorestenosis follow ng percutaneous translum nal coronary
angi opl asty (PTCA) or coronary artery bypass grafting (CABG, obesity,

i nsul i n-iwdependsnt di abetes, hyperinsulinenia, |ipid metasbesmi2s:
abnormality, coronary arteriosclerotic heart diseases or the like so far as
they are associated with insulin resistafte. It is contenplated that when
adm nistered to patients with these di seases, BH4 can prevent or treat

t hese di seases by act i Cattdingnetimalsfof thetinvengionfinwda; the sembinsid mge MObpr oduct i on
and suppressi he productijon of .actiye oxygen ecies to inprove

di sorders of“&gg% at}é)r‘i‘ﬁ8f Ilp%ﬁntlf?gﬂ“g?’ﬁ ogrgoﬁnogg?ﬁ%wugﬁgg@r{t%e sui tabl e
dose of a conposition according.tqQ the present.invention W |l . depend upon
the age, health and vve”ggr‘l‘P{IS? fratipn, efﬁ'pé(n‘f‘,ﬁmli‘ﬁtfatl%‘? otrg‘ﬁéi\%’lﬁefﬂfm_ F%%Ptsnpnt,

i f any, freqyememhwhtiéd /2y BERbncudiabt Witk of‘ﬁfak‘ beecRlle bNRIBK RS hadiRsiagen (1 . €.,
the anount of decrease in plasma Phe concentration desired). The frequency
of dosi ng al sfithe seaved dredapeutio agguita: grdy ontgrnéats rengihg droms monitésite housgesos. | f

bref orr od dobages bl BEE a1y el TR Prtipori el TH Emrd e
under st ood ap&idie! ehas, AabinGelionofteRiplfkd the siablet fifn@ationsW Oy entidbAUBr
experinentation. This typically involves adjustnent of a standard dose,

e.g., reduct¥ssivigt aserend thesanentic pgenpalheinyvention alsq enptasaplpteqasegtfia seqpnd

frequency of ;BH4 S] i | he. st d St s of

t he agent antélefalﬁ)féﬁjt?co%ﬁ%gtsWd%lr L%ag‘?n%%%gtaﬁg C%%%?%?@%%ﬁﬁ‘rsrgﬁdﬁhar ngl%ggdttb?e(r:al
formul ati®n wthhydrebidpiednmraadsdrydaivatiod osddaldg formtladosy df thepeationg on t he
route of .adm nistration and the desired dosage. See for exanple Renmington's

Phar maceuti cal Sci enceSetradfidfobishterin §8fpy MasoeRiombinddowiticaietey pfiteid 8042) pp
1435 1712, incorporated herein by reference. Such fornulation! may nfluence
t he physi cal restrigtien teefiast a therapestie opicomg iny patignisewidh verigsdoyms of BRA Fox j vo
ci di tn-vo i i njaSt |y i : i )se may be
cal cul at ed a%%a%#pg?,ﬂogg‘tcghl 3?{%%%5%“?6 %"%&%ﬁggg‘@? g%lgo%all-lda]’eof&pFurt her
refinement ophdnylaladhembditalgpsteircmagsaitipntinademeined amouheeffgofivotr | at e
treatnent_dose is ro ti,nelg made. by those of ordjnary ski IIJ in the art

wi t hout bhduBrogussethe retiicdithgRPCUsS Satemel e 7 19 gHie Glashe I gapeniration:
information angdcansaddinHeS6leRRE Gr-RRF &HRuAS oMPhd 2 RS:i A NRARNMKRE BKIdNEhnb C

a concomitant increase in plasma Phe concentrationss. This process may involve

administering the BH4 composition and the dietary ps:jt.efn therapeutic cbmposiﬁon at:
the same time. This may be achieved by administering a single composition or

20 ~ pharmacological protein formulation that includes all of the dietary protein
requirements and also includes the BH4 within said protein formulation.
Alternatively, the dietary protein (supplement or normal protein meal) is taken at
about the same time as a pharmacological formulation (tablet, injection or drink) of-

BH4.

25 In other alternatives, the BH4 treatment may precede or follow the
dietary protein therapy by intervals ranging from minutes to hours. In embodiments
where the protein and the BH4 compositions are administered separately, one would
generally ensure that a significant period of time did not expire between the time of
each delivery, such that the BH4 will still be able to exert an advantageously effect on

30 the patient. In such instances, it is contemplated that one would administer the BH4
within about 2-6 hours (before or after) of the dietary protein intake, with a delay time

of only about 1 hour being most preferred. In certain embodiments, it is contemplated



data observed in animals or human clinical trials. The final dosage regi nen
wll be determ ned by the attendi ng physician, considering factors which
nodi fy t hwoaedadmssiof drugs, e.g., the drug' s specific aeciruisegos/oseserity of
t he danage and the responsiveness of the_patient, the age, condition, body
wei ght, sex and diet of the patient, théz'Everity of any infection, time of
adm ni stration and other clinical factors. As studies are conducted,

further infohathe Bildvhetape wall fe arcentinudus thexamyrvipire adeilndewgd BR4/B| s and
duration of tyeatnent. for ecifi 1seas ad _condjti ination
t her apyCert at lﬁ‘gﬁ%%tg tg? p%%él?fnrﬁlsg?#% gnﬁ} %@%@ga@ﬁ%’ %gng‘?ﬁféé‘y%“% (g% 0 Int he

stabl e for mhaAingnty éfe rhitderiformendf RIOU and HPRE itohayrbé thadtheBH4 therappesit i C
agents. In such con%i nation therapy, admnistration of the stable

f or mul at i onsOmy colEnued jerrasilong #he Womag iz pregrat apf/pRbisastdesAIng ecede or
follow the adm nistration of the second therapeutic agent, e.g. b

i nterval $ rangi ng fronfurthentiseddisionsuthsrapiss bassspolaly bathe %‘ém}’s)fé%é‘* able to
exert their therapeutic.effect. at, o I j ' . ' T

Tnventi on coiCina et selfliofany SEGRSRY B e PR R Rl a ShRmsi s

Wi th a secongbribigitapatédapy agntthird Bemposits thansptifieally ik gnPomd @snorsdfof a
second therapeutic agent _in grepar ation of a medicapent for adm nistration

with the stalbFéeymptonaafdilbi Bt ermple, fris kpewo that terdelight in yrepinerpupy
formul at i onsyph £Afksiif?} BBy AHELAMAHLRRLAR B e dARISERYHRY THR, fPTDI ned

with dietary protern restrictirron to effect a therapeutic outcone in
pat i ent slOwi t the cantexts thopmsend invdRon, Fais contamplagsd thatBldé ahdidetmy prosdier t o

Compost {1 on PHATEIRGS RBAA Ad SPPRRER VT G PSAOHSh PhIEa0ee FrBifore

therapeuti c g £APEo{trypophafl ne@Wahhditeds 18 LaeR RS ganisat frem and/ cr
the ab.'lity tc tolerat'e greater anounts of Phe/protein intake w thout

produci ng a desmeased ameunts aCtyessns inthgdiasma Phe concentrations). This
process may involve adm nistering the BH4 conposition and the dietary
protein therapeutic cohpakitidnggers thérapy suitih HotlnPAHTGIhsistensenba abcHvkved by

adm i ster g8 $h09)e 0RO Lon o0, PIRLIECol 0dl ot rRLELD o pyful ot on

1978, 2000} and phenylalanine ammonia-lyase (PAL Liu et al.,-Arts: Cells. Blood.

Subs and Immob. Biorzch. 30(4)243-257, 2002) has been contemplated by those of '

skill in the art. Such gene therapy techniques could be used in combination with the
- combined BH4/dietary proteir: restriction based therapies of the invention. In further

20  combination therapies, it is contemplated that phenylase may be provided as an

injectable enzyme to destroy lower Phe concentrations in the patient. As the
administration of phenylase would not generate tyrosine (unlike administration of

PAH), such treatment will still result in tyrosine being an essential amino acid for

such patients. Therefore dietary supplementation with tyrosine may be desirable for

25  patients receiving phenylase in combination with the BH4 therapy.

VII. Examples
The following examples are included to demonstrate preferred
embodiments of the invention. It should be appreciated by those of skill in the art that
30 the techniques disclosed in the examples which follow represent techniques

discovered by the inventor to function well in the practice of the invention, and thus



requirements and al so includes the BH4 within said protein fornulation.
Alternatively, the dietary protein (supplenment or nornmal protein neal) is

t aken at wbauods/tskai1sane time as a pharnmacol ogi cal f or nulpatriuspoosaibet |
injection or drink) of BH4. In other altgrnatives, the BH4 treatnent may
precede or follow the dietary protein th%?'apy by intervals ranging from

m nutes to hours. In enbodi nents where the protein and the BH4 conpositions
are adni ni steandd congiderad 1 gonsoite nueferngd gravies £011its psaptige dHewenergheseqi f i cant

period of ti did nat,expi.re. bet n_the ti f h i.very, t hat
the BH4 wi | ISR} H tﬂegﬁ SHTA ‘Pglggg%ﬁf@gBﬁess‘ﬁv‘fésr?@gsb‘%o%‘gﬁa;g/c‘%‘g?&é%tﬁ%‘& CP%?%Q
patient. |n &R rhitkliafeepecifit ehfboddméngwhizh et dibdbsedrad villoBtagtarlike et er
the BH4 within _about 2-6 hours (before or after) of the dietary protein

i nt ake, wit hsimilaeteaylt witheutslepating ropbibe spiriiand stope f thegayensiogsf erred. In
certain enbodinents, it is contenplatedthat the BH4 therapy will be a
continuods therapy where a daily dose of BH4 is adnministered to the patient
indefinitely. In other situations, e.g., in pregnant wonen having only the
mlder forms of PKU and HPA, it may BXAMRLE he BH4 therapy is only
continued for as long as the woman i s pregnant and/or breast feeding.
Further, in addition t@rthaatiohos SkafiktedOrstaliod Féen 6€BH4ery of BH4 and
dietary protein regulation, the nethods of the present invention al so

contenpl at e conbi nat i o) eLERMiION N& WO TU05L650 M) asddrpstitetl hateispeci fical |y
targets one or nore of the synptons of HPA. For exanple, it is known that

the deficit teferencedsitnentigtys desciibesiosay aadRaman spegtre siudies émelaragierize the
neur ot r miter pam r i i of the
rosent Thvebt FEReiRnANL S B0AR 00, o, ab QiR SOBBEKL OF 00 o

met hods coul gykallizatddenditiond ufdd wiidththa ol ymaphisadande ppéparedidpe]. car bi dopa
and 5- hydroxytryptophan_neurotransmtters to correct the defects that

result from jeatie o a LAY/ P 0D igeqrperated hepgin By &tferepee Wyt aHEY> gene

therapy w t hyhoti RAH LM Heat ioft f3whiMPBHAGRA merM I MBbRRAL 76:
313- 318, 200%#9’%%@?8%52‘{%{62%ﬁ@lh?ﬂlco;e%\e‘ﬁméyg%y, 7 1971 1978, 2000) and
phony! al ani néssanesmethtdrdoetré¢Rig suchusujectd with BH4s : InCePulgicaBbmda. Subs and

| mmoo -‘1 5Bl O{f(%b%ﬁ)%?é?A.Zﬁx%g)r%%étedzgeggl b@{e}'gfepe%%g r? 1 Snénet‘{;@tly? ée%gril?bylng{ggg& pf
synthesizing BilL. '

"(he references cited herein throughout, to the extent that they provide
exemplary procedural or other details supplementary to those set forth herein; are ail

specifically incorporated herein by reference.
20 EXAMPLE 2

Stable Tablet Formulation of Tetrahydrobiopterin
Three tablet formulations were prepared by mixing the ingredients

shown in Table § as described in detail below.

Table I
25
: Formulation | Formulation Il Formuiation lli
Ingredient (wt %) (wt %) (wt %)
6R-L-erythro-5, 6, 7, 8-tetrahydrobiopterin
dihydrochloride salt, polymorph B 33.33 33.33 33.33
(Active Ingredient)
D-Mannitol 57.56 57.56 57.56

(Taste Masking)



skill in the art. Such gene therapy techni ques could be used in conbination
with the conbined BH4/dietary protein restriction based therapies of the

i nvent i orwol2nodfasssimer combi nation therapies, it is cont eocplust@d/otirat

phenyl ase may be provided as an injectab enzynme to destroy | ower Phe
concentrations in the patient. As the adffmnistration of phenylase woul d not
generate tyrosine (unlike adm nistration of PAH), such treatnment will still
result in tyDibasieChleiuAgPhssphas emttydkowdni no acid for such patients.
Therefore dietary supplgupatation with tyros#h8 may be2d8&sirabl e %1%
patients receiving phen@ﬂgse in conbination with the BH4 therapy. VII.
Exanpl es The fol | élydraxypropypCeldulesee i ncl uded t o denonstrate preferred .
enbodi ments of the i nﬁﬁ@ﬁ]‘t%?a dt shoul d be aﬁé?em at ed4t§y those of skill in
the art that the technique di%scl osed in the exanpl es which foll ow
represent techni quédlyiisgdpyrolabnby t he invenhg? to function melli t he:
practice of the inven%ﬁ@;ﬁteﬁé}@thuscan be conSidered to constitut

preferred nodes for its practice. However, those of skill in the art
should, in Iight of tRAscegbesent disclosure, ﬁgzreciate tgat many g?pnges
can be nmade in the spe@ifiigzgybodi nents which”are di scl84ed apd_ét N
obtain a like or simlar result without departing fromthe spirit and scope
of the invention. EXAMRil®flavr eparation of S@ﬂfi lized grystalli zg))c/‘t)lFor m of
BHA I nt' 1. Publicati@bldigng XE®PO05/ 06501 8, TmicCorporat 8 herei n by
reference in its entirety, describes X ray and Raman spectra studies to
characterize the pedirprieary! Funapiedi ng hydrapes or sol gﬁges, of as
wel | as exenplary crys{raibticzayi on conditions under whi ch”the pol ynorphs can
be prepared. Int'l. Publication No. WO 2005/ 049000, incorporated herein by
reference in its entirety, describes various patient popul ations for which

B o ot OBl e 85 R R B BB 5
reference i Nprepsre@BY ifirQicHargtRSTEG bﬁéml-bﬁfh?ogf, 6,s1,rstt@§§1i1>?dr<stgoﬁkﬂl_x; "the
references cited herein throughout, to the extent that they pro-'ide
ditiydrochloride salt (SAPROPTERIN Hydrochloride, available from Daiichi Suntory
5 Pharmuo Ce., Lid., Japan ic a blender and blending the BH4 for 10 minutes at 25
revolurions per minuie (RPM). Tren €.91 kg of D-Mannitol (PEARLI{TOL,, avaiiable
from Roquette America, 'nc., Keokukﬁ,.lowa) was added to the blender und the
mixtare was allowed to blend for an additional 10 minutes at 25 RPM. Then 26
grams of Anhydrous Dibasic Calcium Phosphate (available from Mallinckrodt Baker,.
10 Inc., Phillipsburg, New Jersey)and (a) in Formulation I, 436 grams of Hydroxypropyl
Cellulose and 104 grams were added to the blender, (b) in Formulation II 540 grams
of Hydroxypropyl Cellulose was added to the blender; (c) in Formulation III, 540
grams of Polyvinylpyrrolidone (KOLLIDON CL, available from BASF Corporation,
Florham Park, New Jersey) were added to the blender, and the mixture was allowed to-
15  blend for an additional 10 minutes at 25 RPM. To the bender 200 grams of Ascorbic
Acid and 120 grams of Ribofloavin were added to the blender and the mixture was
allowed to blend for 3 minutes at 25 RPM. The Sodium Stearyl Fumarate lubricant
(PRUYV, available from Penwest Pharmaceuticals Co., Danbury, Connecticut) was
filtered through a 25 mesh stainless steel screen and into a bag, and the blender was
20  then charged with 9 kg of the screened Sodium Stearyl Fumarate, and the resulting

mixture was allowed to blend for 5 minutes at 25 RPM.



exenpl ary procedural or other details supplenentary to those set forth
herein; are all specifically incorporated herein by reference. EXAMPLE 2
St abl e TalWbebvoddsssmul at i on of Tetrahydrobi opterin Three tabiustoosourrst ati ons
were prepared by m xing the ingredients shown in Table J as described in
detail below Table | Formulation | Formfl-ation Il Formulation 11
Ingredient (wt %9 (m\t %9 (WM % R L-erythro-5, 6, 7, 8-tetrahydrobiopterin
di hydrochl ori de salt, TulemiedmiBtesofBSchIodmlaiEaere Audn remoledyfroni tbelt)

D- Mannhol

(Bi nder) e R RS b A IP R s A e '

Pol yvi nyl pyr r9l &l Qim0 0Amg Cand A mo%g%mi ) FhSaeh Rirfultiof], the @ablek sBiples
(Stablllzer) Ri boflavin 0.01 01°0.01 (Col oring Agent
(150 mg, 300 mg, and 600 mg) were placed in a tablet press (available from Jenn-

5  Chiang Mabhinery Co., Ltd., Talwan, R.0.C.) wherein the parameters of the tablet
press were set to provide tablets with a thickness in the range 0of 4.5 to 5.5

miliimeters, and a target hardness of 7 KP.

The resulting tablets were then analyzed to determine the stability of

the formulations. The stability of the formulations was studied for a change in

10  appearance over time by a visual inspection at different intervals, for disintegration of

thé formulation utilizing the United States Pharmacopeia recommendations no. 701,

and for a chemicai change by assaying the components of the formulations. The;,

results of the stability tests are summarized below in Table II. -

15 Table L
Form [ast Initiaj - Z wecks __4‘weel43~ 8 weaeks
! ' Darkyellow Darkyellow  D37K
. " spois spots yell?YV
Off white, (diameter 1-  (diameter i- S pots
Appearance round (diameter
2mm) on the  2mm) on
Tablets - . 1-2mm) on
off white the off white
tablets tablets the off
¢ white tablet
Disintegration S n;:; 20 5 min 40 sec 8 min 4 sec -
Chemical 971006 97.90% 98.2 100.7
Assay
I Off white Broken chip Broken chip Broken
round on some on some chip on
Tablets tablets. tablets. some
Light yellow Light yellow tablets.
Appearance spots spots Light
(diameter 1- (diameter 1- brown
2 mm) on 2 mm) on spots
the off white the off white (diameter
round round 1-2 mm) on



Sodi um Stearyl Fumarate 0.75 0.75 (Lubricant) For each formulation in Table
I, twelve kil ogram batches were prepared by first charging 4 kg of

6R- L- et ytWoQo&/0585117, 8-t etrahydrobi opterin drhydrochl orrcaassesiod1252

( SAPROPTERTN Hydr ochl ori de, avail abl e frg&n Dai i chi Suntory Phapuc. Co.,
Ltd., Japan to a bl ender and bl ending the"BH4 for 10 m nutes at 25

evol utions per mnute (RPM. Then 6.91 kg of D-Mannitoi (PEARUTOL,

avail abl e from Roquette America, rnc. , Kedlets: | onafallets addetherdarkne

bl ender and the nixture was allowed to blend for an additional JbWrownnutes
at 25 RPM Then 260 granms of Anhydrous Di basic Cal ci um Phosphat dabletsai | abl e

from Mal | i nckrodt Baker,. Inc., Phi.llipsbur w Jerse and (a) in
Formul ation |, 436 Q)‘iﬁﬂﬁagﬁaftidﬂ/drg Bl’lhpylyeg'f ?%Ig?)cse%emﬂy%%ﬁfcgrans “wer e
added to the blender, (b) in Formut®tion Il 540 grans of Hydroxypropyl

Cel I ul ose was added tgnbingeap! enday2.700%) | Mdoosgygl ati ongod, 540 @mans of
Pol yvi nyl pyrrol i done (I«AQS%J DON CL, avail able from BASF Cor poration, Florham
dde

Park, New Jersey) were added to the blender, and the mixture was .allowed to
bl end for an additional 10 minutes at 25 RPM To the bender 200 grans of
Ascorbi c Acid d 120 grams of Ri bofloavin added he bl and
the m xture Wagﬂallowed to bl endcf ng% gh e Sgg‘gﬁf{lrl\

r

gr .3 n‘i,nu}e at, 25 T I »
St earyl Funarate | ubAippesmtanc@RUV, od IabsI“F ”t“.f’ aﬁgi?eﬁ gfe’FgPl?t na%'gts?eéal S
Co., Danbury, Connecticut) was f{H»tEg tcﬁod'dbﬁ‘g 280 i MRS Fee|
screen and into a bag, and the bl ender was YeH8W char g&8!'Wth o REUBY the
screened Sodi um Stearyl Funaratej y,gpd&2the resulting m xture was allowed to

bl end for 5 ninutesDigintegraim The pl.ended rdXte§re of B ornul ati on were
then renoved fromthe bl ender, and three sanples of each formul ation were

collected for the prefhemi¢adn of ny, nmy, aged,a 600 taabl et s.
For each fornul ati on, tAseay abl etl®é£$%es (ﬁ@oﬁ%’ 300 23’,4 and 68%9‘#3) wer e

placed in a tablet press (available from Jenn- Chiang Mahinery Co., Ltd.,
Taiwan, R O C) wherein the _ﬁar ameters of the tablet press were set to
provi de tabl ets with aThhstekitisstests phawthat tahlps Formulation BT & more stable:that

the other formulations of BH4. Each of the pharmaceutical preparations are usefg\glf,
formutiations for the delivery of B‘H4. Formulation 117 exhibied better stability. then
Fornuations Tand . Thus, in one preferred ernbbdimént, tiz,f-:' stabi.'i_i:zed!‘tabl_ei;'
formuiation comprises an optimal disintegration agent, for example, crossprovidone
or adisintegration agent more similar to polyvinylpyrrolidone thcm
hydroxypropylcellulose. The preferred formulation is Formulation IIL. Other suitable
tablet formulations may include at least ascorbic acid at a concentration of at least

10 0.01% weight, or at least 0.05% weight or at least 0.1% weight.
EXAMPLE 3

Three hundred mg tablets containing 100 mg tetrahydrobiopterin are
prepared using the desired initial amount of polymorph B and mixing with other
ingredients in the relative amounts shown below in Table III using the following dry

15 tableting process. Tablets containing other desired amounts of tetrhydrobiopterin can

be prepared in a similar manner.

The 6R-L-erythro-5, 6, 7, 8-tetrahydrobiopterin and D-Mannitol were
hand screened with a 20 mesh screen (designed to filter out particles greater than

~ ~850 pm in size) and placed in a blender. The mixture was blended for 10 minutes at



mllinmeters, and a target hardness of 7 KP. The resulting tablets were then
anal yzed to determne the stability of the fornulations. The stability of
the for mawethewrsssas studied for a change in 10 appear amce/usz@s/oti2se by a
visual inspection at different intervals, for disintegration of the
fopnulation utilizing the United States “Bhiar macopei a recommendati ons no.
701, and foi _a chem cal change by assaying the conponents of the

f or nul at i ons2! REM- eNextt @edﬂﬂnyd@usﬂ)albasm €3lciugsPlosphate gndrﬁﬁﬂsi’éﬁ/ RPN i n

Ghom cal o7 Rbtsha Sl Dot B pP R G Aol ' Bo B B e
chip Broken fod U0 chiittes BEl RPMS 0T A&tofbi® A citbdldeRiboflakih Slese addaalt@th‘e sorre

Li ght yel |l ow nght yel | ow tabl et s. A&gear ance spots spots Light (dianeter
1- (di aneter? Bfmhand rﬁﬁ*)ee%lﬁgzwl?hﬁ wreen; prd heresfinganixiquae sfendegh ¢ e

(diametergro r %Eji Sdi }]p@e blets 4
mn 10 4 5m nfb?igosngg&g %%221 se s?ﬁt elglglr E‘I{}ﬁsec éﬁea‘k' gdg@%bzt&’%O%
100. 00% 100. Blefder 4fter hand screening w1th a 40 mesh screen, and blended for 5 minutes at 21

RPM. The blended mixture was then discharged into a bag and tested for uniformity,

before being pressed into tablets.

10 Table III
Ingredient (wt %) (mg)
6R-L-erythro-5, 6, 7, 8-tetrahydrobiopterin
dihydrochloride salt 33.33 100.0
(Active Ingredient)
D-Mannitol
57.56 172.68
(Taste Masking)
ibasi Icium Phosphat hydrous . :
Dibasic Calcium . osphate, Anhydrous 518 6.54
(Binder)
ROSPOVIDONE
CROS 4.50 13.50

(Disintegration Agent)

Ascorbic acid

1.67 5.00
(Acidic Antioxidant)
boflavi
Riboflavin 0.01 0.03
(Coloring Agent)
Stearyl Fumarate
0.75 2.25
(Lubricant)

The tablets were packaged either in foil blister-packs, or in HDPE
bottles in quantities of 45-tablets per bottle. Each type of packaged tablets were
15  divided into two batches. One batch was stored at room temperature, 25+2 °C, and
60+5% relative humidity. The other batch was stored under accelerated testing
conditions, at 40+2°C and 75+5% relative humidity. At regular intervals, tablets were

removed from storage and tested for retention of the active pharmaceutical ingredient,



Assay |1l Rough Rough Rough Color is surface, and surface, and surface,
Appear ance off white color is light color is light and color is yellow

yel | ow yeWwbawelosssim 52 Di sintegration 35 sec 58 sec secpChoarsc@alo428D. 20%
102. 90% 97.4 99.8 Assay The stability tegis show t hat tabl et Formulation H
Is nore stable t& the other fornulations“of BH4. Each of the -

phar maceuti cal preparations are usef | ferrm' ai ons for the delivery of
BH4. For mul aﬁR'dne’WMroéx Ri Bid-tstralmetrebippterino Exemplary feniltsfor the|380inegtebletsand

1. Thus, |n nuat' on
conpri ses an’ p | mﬁ£1§%1§$a§%? g?i gﬁ{}ga%&nYﬁ f%éergxa ﬁ ﬁils S{O?%g%%{/@gélne or

-a disint egrﬁhipefauﬁ@@ﬂtacdémmed;te@im@foﬂdmmj aach l@ytmytbﬁxo&ataﬁaehdw
hydr oxypropyl cel | ul gse. The preferred formulation is Formulation I'l1.

sui t abi e t abYetantips ofal 1§%ﬁt8ﬂ9§>9fé9‘39%9@i&é“0&¥“ PEGRL-grateth 6 A& d at a
concentr 30 MR or at
| east O. /o\/\%ltrglﬁ?f(ﬂ&%ﬁgﬁhé é%hﬂ%sgr glcfj rﬂ%mg g%}gdngo{fta\g@ﬁ%lg 100 ng
t et r ahydr obi dipinergratioarie 3pniaptes eclessi ng t he desi red initial
pol ynorph B and mi xing with other ingredients in the relative anobunts shown
below in Table 11l using the foll ow ngrsblgIvabl eti ng process. Tablets
contai ni ng other desired anounts of tetrhydrobiopterin can be prepared in a
simlar manner. The 6R-darRoprERIN DINYDROCHEORME BiYd PRODYREr i N and
D-Mannitw were (300-MG TABLET, FOIL BLISTER-PACK)

STORAGE CONDITIONS: 25 +2°C / 60 + 5%RH

O her

anount of

Test/Assay Stability Specification Time Point (months)
0 1 3 6 9
Appearance . .
by Visual \Z:)‘;xtf ;gslslfgttzgllé?:v Conforms | Conforms | Conforms Conforms Conforms
Inspection p
Loss on Report Result 0.3% 0.3% 0.9% 0.7% 0.9%
Drying :
Disintegration <3 minutes 1 min. 2 min. 2 min. 2 min. . 1 min.
Isintegrati - 1 30‘sec. 7 sec. 2 sec. 35 sec. - 48 sec.
HPLC Assay 90-110% 101% 100% 100% 100% - 101%
. 0.03%
(RRT 0.69)
: _0.01% .
0.05% 0.09% (RRT 0.73)
(RRT0.72) | (RRTO81) | . 0.07%
£0.1% individual 0.05% 0.04% 0.08% 0.04% “(RRT 0.81)
HPLC fi unidentified ', (RRT 1.28) (RRT 0.83) (RRT 0.83) 0.03%
Rela, (‘i” 0.05% 0.06% (RRT 0.83)
S be ate (RRT132) | (RRT124) 0.02%
ubstances (RRT 1.21)
0.04%
(RRT 1.44)
0,
< 0.5% total 005% | 0.04% | 0.18% 0.22% 0.20%
unidentified
0,
<2.0 % total related 005% | 0.04% | 0.18% 0.22% 0.20%
substances

ND = None detected




hand screened with a 20 nesh screen (designed to filter out particles
greater than ~850 mmin size) and placed in a blender. The m xture was

bl ended fwo 206/056551wt es at2 1 RPM Next, the Anhydrous DprladgiseooSaknrsam
Phosphat e and CROSPOVI DONE wer e hand scr%_ned with a 20 nesh screen and

bl ended with the BH4 and D Mannitol for mnutes at 2 1 RPM The Ascorbic
Acid and Ri boflavin were added to the bl ender after hand screening with a
20 nesh screen, and the resulting nm xt#ablet¥ ended for 10 minutes at 2 1
RPM Next, the Sodium Stearyl Fumarate was added to the bl ender after hand
screening with a 40 nesSAPROPGERIN BELY DRRCOIEORIF DRUGPRODYETat 2 1 RPM The
bl ended ni xture was then di $308MgdaBLET.JL TERIPACK) ed for uniformty,
bef ore bel ng pressed i nt o STARAGESCONRIIANS: 40 = 2°C (e DYPRHny) | ngr edi ent

R- L- er ythro-5—6 Q. tetr _0
(Active | ngreatisent ) D Manistabiity §pecifi@tide’ 2. 63 Tastq M"m.er‘.’ﬂ"" G'"°BE£‘; e—Gaj-ei-um
Phosph n I \l rﬁllsi 13 6 E"B ll.) eé \/I\\.J\TJPUVII gNE =. \}U 13 \}U
(Di si nt egD P igp 0 AGER - Ao By g}ell i cﬂ“pi %7 % Cofforfnd\¢i Ginfornt | Gxfodian ) Conforms
Ri bof | avi 'Loss on Drymg Report Result 0.3% 0.3% 0.8% 0.7%
.. . . 1 min. 2 min. 2 min. 2 min.
Disintegration < 3 minutes 30 sec. 16 sec. 47 sec. 11 sec.
HPLC Assay 90 - 110% 101% 100% 101% 99%
0.06% 0.07%
(RRT0.64) | (RRT0.74)
0.04% (R(})l.gZ)O/;Z) (R(l){.':'s(:/§3)
HPLC for Related < 0.1% individual unidentified 0.05% (RRT 1.28) 0.04% 0.04%
Substances (RRT 0.83) (RRT 0.83)
. 0.06% 0.06%
(RRT1.31) | (RRT 1.24)
< 0.5% total unidentified 0.05% 0.04% 0.23% 0.32%
< 2.0 % total related substances 0.05% 0.04% 0.23% 0.32%

ND = None detected



0.01 0.03 (Coloring Agent) Stearyl Fumarate 0.75 2.25 (Lubricant) The
tabl ets were packaged either in foil blister-packs, or in HDPE bottles in
quant i ti esoaboABsi1abl et s per bottle. Each type of packageu/usaimseirsner e
divided into two batches. One batch was g ored at roomtenperature, 25+2
0C, and 60+5% relative hum dity. The ot Hef” batch was stored under
accelerated testing conditions, at 40+20C and 75+5%rel ative humdity. At
regul ar intervals, tablets were renovebabledh st orage and tested for
retention of the active pharmaceutical ingredient,6RL-erythro-5, 6, 7,
8-tetrahydrobi opterin. W@waasmmcmwmu@mmgnmm ets are shown
below in Tables IV, V, VI arﬁ%ﬂO\MGTARLEE{45§‘|A>BLEEMQT§L§§brage under room
tenperatWre or accel erat ecﬁ%qﬁﬁoﬂBﬁﬂpﬁﬁoﬁs*”@é@#MRﬁhe four batches

showed retention +g4—nal_T_amum_gL_6R_lre|rg t hro- 5,
6, 7, 8- tetrahydrabwsgiyeri rsmyyql-ﬁkc(ﬁca@sa), Hpss 'Im?"."°"'3“.’("’° B6f 1 esls than 1%

and rapid disintsg T |lr5 mutes—or—ffess.—Tapte 1V /—\PR“il:t(lN
DI HYDROCHLORI DE DR ug" Sﬁeslsle g}:l:’gﬂ(BLE'TconﬁQsL BloboSkER- ®AGK) STORAGE
CONDI TI ONS: 25 20Mspe@®n E%? N ne detectedTabl e V_SAPROPTERI N
DI HYDROCHLORI DE  DRUGSPRODUCT (QQ,Qn R TABLET, .40 L BbkRTER- PAGK) $STORAGE
CONDI TI ONS: 40 20cDoings 15 o ND-= Nenetdet-ect-cldFab-e—M—SAPROPTERI N
DI HYDROCHLOR! DE DFRUG<RREBCT ( 300wiEs TABLET, 45 TIABE OTTLES) STORAGE
CONDI TIONS: 25 Z4U0fpilc Yy [P78H 90_110% 102% NT 103%
0.08%
(RRT 0.56)
0.04%
<0.1% individual . (RRT 0.61)
unidentified 0.06% NT 0.05%
(RRT0.65)
0.04%
HPLC for (RRT 0.81)
Related $ 0.5% total 0.15% NT 0.21%
Substances unidentified ) : ’
< 2.0 % total related 0.15% NT 0.21%
substances e e
Report Result (mg/tablet) 5 NT 5
Total Aerobic Microbial
Count< 1000 cfwg | ~'00cfe| MR NR
Test for Escherichia coli = Absent
absent

ND = None detected
NT = Not tested
NR = Not required



ND= None detected NT Not tested NR = Not requiredTable VII SAPROPTERI N
Dl HYDROCHLORI DE DRUG PRODUCT (300- MG TABLET, 45- TABLET BOITLES) STORAGE
CONDI Tl ONSO 24€5/058QC / 75 5 %H ND = None detected NT =photusc@stertsNR = Not
requi redWHAT IS CLAIMED I'S: 1. A stable tablet formulation conprising an
initial anmobunt of a crystalline pol ynor pﬁ - desi gnat ed pol ynor ph B, of
(6R) - L-eryt hrotetrahydrobi opterin and a pharmaceutically accept abI e

exci pient, wherein after six nonths atTabdoMlk enperature and about 60%
hum dity the stable tablet fornulation retains at |east about 95% of the
initial anmount of (6R)-SAPROPTERIN DEHYRRGOHLORIE BRUG PRODUCKher ei n sai d
crystal line polynorph, as a(WMGINBLETde-TMBLET BOITLES) s an X-ray powder
diffractidn pattern with tSTORAGE GONRIIONS:48c128¢ { Tty T%B8aks expressed in

d-val ues(A——8.7 (us), 63 (m 4. 76(my 440 () 4.00 (s) 3 23 (s}
3.1 1 (vs), pr ﬂs%ﬁb}y 8.I7 ( VSthbili& SPectibition5. 90 (o HmﬁBOgﬂrﬂnonthS)m L
Y

476 (n’), 40 TRV A 00 _(c) 2 QL ( £ /M 2 144 /\lﬁ\ Q32
(M, 3.23 é}’*’ea%“’i?y Y\R?)ar 3. Yhig “('{?Em}:‘t’s@"ﬁ‘gesﬁﬂo, ToBBrmisw) Coﬁfoﬁﬁ (WEpnfam94

4
(857
AR Y nquqtlon o faY [ A A

S RO G PS8 % -2 N R S .0 G % VA Bk W P A N T L
e

~

3 OO Ly ) SO B S W A/ A O

stabl e tahl fter nine r\r‘nnfl at rnnm

t enper at urle amdsimdgaatién 60% humni di K)Gntuhﬁ:sstam e tatﬁ;%‘efz for rfllﬂ“ﬁtl i é’f“hl ns| at

| east about—9 the—t+at tH 1

(6R)-L-er ymﬁl‘gﬁéﬁ’fydr bi-opter -b:q “po/u"'hn st abl %461 ot e oyl
claim1l or| 2, wherein the stabl e tablet formulption refains at (3% A’éborut
98% of the initial anmount] of (6R)-L-erythrotetyahydrobiopterin

stable tabl et fornulation of claim1, wherein the initial anount(Rﬁ!gom)
(6R) - L- eryit hr o- t et r ahydr dbi ®pi@rindiyiqua upidentifigd g JPOGf ?boﬁlJtT 30 W o den

. HPLC for Related

O(n

Substances (Rl(}g 4(3, /f ’)
(RRT 0.81)
< 0.5% total unidentified 0.15% NT 0.30%
< 2.0 % total related substances 0.15% NT 0.30%
Report Result (mg/tablet) 5 NT 5

ND = None detected
NT = Not tested
NR = Not required
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about 40 wt % of the formulation. 5. The stable tablet fornulation of claim
1, wherein the initial anount of (6R)-L-erythro-tetrahydrobiopterinis in

t he rangewofo@bssi1132 wt % t o about 35 w % of the fornul &cirars2008/04itke st abl e
tablet fornulation of claim1, wherein the initial anmunt of
(6R)-L-erythro-tetrahydrobiopterin is i m¢he range of about 33 wt% 7. The
stable tablet fornulation of any of clains 1-5, wherein the initial anount

of (6R)-L-er 3- LA KSoopterin in each tablet is about 100 ny. 8. The
stable tablet formulation of any of clainms 1-5, wherein the initial anmount

of (6R)-L-erythro-tetrahydrAlstahd @blen formubsioh comiptisingias imtieldmAod ofiy. 9.
The stable tablet. forpul ation of any of clajins. 1- further conprising a
bi nder. 10. _W@?@WSBP%W’$SIgB?t%E%WF’SFP@>?:fIéR YT ei n t he bi nder is
anhydrous di Qﬁﬁhfdr&ﬁ&ﬁtbﬂﬂhﬂ@@%g%a%eu@c&lyI_&?epﬁx‘bﬁ:@x%iﬂié}@,' \?ﬁerléiﬂra%& gki on of

any of clains 9-10, ereint binder is inthe range of about 1 wt%to
about 5 wt % mbfths Thwost taiviperatarblaed alhant 60Yehuinnidity thesstablofablst firmsilliono,

wherein the binder \is, in r e. of ,about, 1. % to abou wt % .13. The
atabl e t abl ity dhrRt it O iintal ARttt SR ety Brd kb e bgRlp o
of binder to tetrahydrobi opi®fihereln daltl driiQallia® g6lyRHorgash hidibehlopidebatt
1:20. 14. The stable tablet fornulation of claim 13, wherein the wei ght

rati o of bi neldvibitsantwayaperudesisiiidiaeeen patiesn wisb the followingidharartpsise pedks t abl et

formul ati on of f | 1 f K S) [S/ ration
agent. 16, TRPTEPELRS-FABRIR) 8 ta: 160 OB €1, ShO R b a8 S,
di si nt egr at i 01 &g Prefeably BI[Os) 6.91(e), 5190 (vid)e5 5B @nl),e5.0Ah e t. Q) 4.40 i on of
any of clainms 15-16, wherein the disintegration aﬁent is_in the rangle of
about 3 wt % B 4dSu)-1800€5943-95 (m), 3.52 (m), 3.44 (w), 3.32 (m), 3.23 (s), 3.17 (w), 311

(vs), 3.06 (w), 2.99 (W), 2.96 (W), 2.94 (m), 2.87 (W), 2.84 (s), 2.82 (m), 2.69 (w),

2.59 (w), and 2.44 (W).

2. The stable tablet formulation of claim 1, wherein after nine
months at room temperature and about 60% humidity the stable tablet formulation

retains at least about 95% of the initial amount of (6R)-L-erythro-tetrahydrobiopterin.

3. The stable tablet formulation of claim 1 or 2, wherein the stable
' tablet formulation retains at least about 98% of the initial amount of (6R)-L-erythro-

tetrahydrobiopterin.

4, The stable tablet formulation of claim 1, wherein the initial
amount of (6R)-L-erythro-tetrahydrobiopterin is in the range of about 30 wt% to
about 40 wt% of the formulation.

5. The stable tablet formulation of claim 1, wherein the initial
amount of (6R)-L-erythro-tetrahydrobiopterin is in the range of about 32 wt% to
about 35 wt% of the formulation.

6. The stable tablet formulation of claim 1, wherein the initial

amount of (6R)-L-erythro-tetrahydrobiopterin is in the range of about 33 wt%.

7. The stable tablet formulation of any of claims 1-5, wherein the

initial amount of (6R)-L-erythro-tetrahydrobiopterin in each tablet is about 100 mg.



18. The stable tablet fornulation of claim17, wherein the disintegration
agent is in the range of about 3 wt%to about 5 wt% 19. The stabl e tablet
f or nul at iwo 2066/@83110f cl ai ns 1- 18, wherein the wei ght raCrwsedos/041252

di sintegration agent to tetrahydrobiopterin is in the range of about 1:5 to
about 1:10. 20. The stable tabiet formuldfion of claim19, wherein the

wei ght ratio of disintegration agent to tetrahydrobiopterin is about

1: 7.5.21. The stabl e &abl et Thostable fatiles domiulation offany jof clabmg 130 whexgin ther

conprising an |d|ca ble ta on_ of

ol arm 21w Aol PRI b han SpEba8a g bR Eheti HBY IR o
t abl et forrrul atl on of any o ns 2, wher e, acl ant i oxi dant
is in the range of abbut 1 %‘gb)leéft?i‘?}tfg@“%}?%n &ny?Eglagp%” Fet
formul ation Qfm@yndd bigh&l M 1-23, wherein the weight ratio of acidic
antioxi dant to tetrahydrobl opterin is in the range of about 1:5 to 1:30.

25. The stable tablef,fornu o Tl M’ﬁ!:ﬁn io of
aci di ¢ anti oxi dant t%) ‘tetr Jﬁ%%&@fzg{)btlégrl n |1§t4oa about @v&ﬂég% eL%E{ra | e

t abl et f or nuardiydrous dibagiegalefunt pbhosphaté- 25, further conprising a |ubricant.
27. The stable table fornulation of claim?26, wherein the lubricant is

stearyl fumarate. 28]]1.The sThbtebltadbl&tfoinmulaidnidtimn oftlagfy 940, Ghalelfsthe5- 26,
wherein the lubricant is in the range of about 0.1 wt% to about 2 wt% 29.

The stabl e tBiBfests fotheageiofabert oWk i 2WUt WMBYeei n the |ubricant is in the
range of about 0.5 wt%to about 1 wt% 30. The stable tablet formulation of
any of clainms 1-29, lherei nThhetableitaet formulatiasf ofjanyoff ¢laims P 0, wherein the

t et r ahydr obi #))g%l?errl%]pn ségrnneto eb&ﬁqggawg%to?ﬁ%utt\%ew%%tto 1: 65. 31. The stable

tablet fornu wherein
13. The stable tablet formulation of any of claims 9-12, wherein the
weight ratio of binder to tetrahydrobiopterin is in the range of about 1:10 to about
1:20.

14. The stable tablet formulation of claim 13, wherein the weight
ratio of binder to tetrahydrobiopterin is about 1:15.

15. The stable tablet formulation of any of claims 1-14, further
comprising a disintegration agent.
16. The stable table formulation of claim 15, wherein the

disintegration agent is crospovidone.

17. The stable tablet formulation of any of claims 15-16, wherein

the disintegration agent is in the range of about 3 wt% to about 10 wt%.

18. The stable tablet formulation of claim 17, wherein the

disintegration agent is in the range of about 3 wt% to about 5 wt%.

19. The stable tablet formulation of any of claims 1-18, wherein the
weight ratio of disintegration agent to tetrahydrobiopterin is in the range of about 1:5

to about 1:10.

20. The stable tablet formulation of claim 19, wherein the weight

ratio of disintegration agent to tetrahydrobiopterin is about 1:7.5.



ratio of lubricant to tetrahydrobiopterin is about 1:45. 32. The stable
tablet formulation of any of clainms 1-31, further conprising vitamn B2

(ri bofl awo)20063B8551The stable tablet fornulation of any eCTaisas®4s82,
further conprising vitamn B12. 34. The gggbl e tablet fornulation of any of
clainms 1-33, further conprising a fol ate?’35. The stable tablet fornulation
of any of clainms 1-34, further conprising arginine. 36. The stable tablet
formul ation of clai @B4, whEhestable tablétdommdation ¢fainy ©f glirds 1-20, further

(pteroyl nonogl utamate), .di hydrofolic acid, tetrahydrofolic acid, 5-
met hyl tetrah d?%?sb?gacg%éﬁﬁax%o’ﬁ%@}r‘et hyl enet etrahydrofolic acid, 5, 10-

nmet henyl t et rahydrof ol | c aci 5, 10-form m not et rahydr.of oli c.agid, . 5-

f ornyl t et r ahydr of ol i%i'aci d ?ﬁ%ﬁe@s&h?ﬁ;}]? ‘89?‘6}‘?{%%&&%”6‘? &eia(‘f“f&“ci d, 10-
met hyl t et r ahyfioRfdahi & a8Cdrbic agidf ol y! pol ygl utamat es, a di hydrofol ate, a
tetrahydrofol ates, 5-fornyl-(6S)-tetrahydrofolic acid,

5-nmet hyl - (6S)-tetra r of ol 4 ) - 3 B s 3hy. lic
acid, 5,10-nmethenyl - %R) -t elrfr}%ﬁg/lgrgg?bg‘?ti]tgnlg@%?ﬂ @Fh‘iy(o@@m&)?ﬁf QQ, St

10- f or ny| - ( 6RE-atidic altipdidahiak ircthecanie d-aboutnli wi% de 4ix®) 3tvebs.ahydr of ol i ¢ aci d
or (6S)-tetrahydrofolic acid, or pharmaceutically acceptable salts thereof.
37. A stable tabl et 24rnul aThestabit t{th)fotm@atydhéfingtof alayds 0lP30phetreimthe
conprising an jnitial ampunt of a crystalline polynorph of (6R£-

L- er yt hr o- t eWeighYEatigof apidisranHoxidantiia teteahgdrobopigspyis e pangerod aBpges 5 wt %
of the fornu}aki on, crospovidone in the range of about 3 wt%to about 5
wt % anhydrous di basic cal ci um phosphate in the range of about 1.5 wt%to

about 3 wt% and steggyl fu i 5. W% bout 1
wt % wherein said st%‘JBI e tagﬁéeggﬁgk#ﬁ'%{a}??%@gﬁ%ogggef@%% “ﬁlle?eé aeV&eg%?tn

t enper at ur e @tiodff ati@RSdntioxidamtitd setrahRdroblvpreinis aboud 1€20yst al | i ne pol ynor ph,
as a hydrochloride salt, exhibits an X-ray powder diffraction pattern with

the follow ng charact@ri sti Thosakls tablet formulation of any of claims 1-25, further

comprising a lubricant.

27. The stable table formulation of claim 26, wherein the lubricant
is stearyl fumarate.
28. The stable tablet formulation of any of claims 25-26, wherein

the lubricant is in the range of about 0.1 wt% to about 2 wt%.

29. The stable tablet formulation of claim 28, wherein the lubricant
is in the range of about 0.5 wt% to about 1 wt%.

30. The stable tablet formulation of any of claims 1-29, wherein the

weight ratio of lubricant to tetrahydrobiopterin is in the range of about 1:25 to 1:65.

31. The stable tablet formulation of claim 30, wherein the weight
ratio of lubricant to tetrahydrobiopterin is about 1:45.

32. The stable tablet formulation of any of claims 1-31, further

comprising vitamin B2 (riboflavin).

33. The stable tablet formulation of any of claims 1-32, further
comprising vitamin B12.
34. The stable tablet formulation of any of claims 1-33, further

comprising a folate.



expressed in d-values(A) : 8.7 (vs), 5.63 (m, 4.76(m, 4.40 (m, 4.00 (s),
3.23 (s), 3.1 1 (vs), preferably 8.7 (vs), 6.9 (w, 5.90 (vw, 5.63 (m,
5.07 (m ,w0.26@/5811 4.40 (m, 4.15 (w), 4.00 (s), 3.95 eapus3o05041289, 3.44
(w, 3.32 (m, 3.23 (s), 3.17 (w, 3.1 1 (vs), 3.06 (w, 2.99 (W, 2.96
(W, 2.94 (m, 2.87 (w, 2.84 (s), 2.82‘? , 2.69 (w), 2.59 (w), and 2.44
(w). 38. The stable tablet formulation of claim37 which has a shelf-life
at roomtenperature 3. at | Ehsstabletabletdonmmsglati@oof anief slaims &-dabirder
formulation of claim37.or 38 wherein the initial anount of said
crystalline %O&W%ﬂgwnewR)-L-erythro-tetrahydrobi opterin isabout 33 Wt %

crospovi done is about, 4.5 % hydr o di.basi c. cal cj um_phosph I.s about
2 wt% and stearyl fiftrarat &P%Stg@S&q’lﬁggﬁnWt%n %&alﬂ %N@Eﬁ%ﬁ‘eﬁtﬁ%m t he
stabl e tabl efolik Qe bRt RRoRb 18R iRYdrEfolic HBid] tedBh fBRicHiciag st he steps of
m xing an initial amourt of said crystalline pol’yrrprp.h of

( 6R) - L- er yt hmethybetrattydehfolid agyd.ex, 1 lrmethylangtetrehydrotadicphisl fdeut i cal | y

accept abl e excj,pi S nd.form tabl.et. fromt m.xture, wherein the
steps do not nﬁeﬁgpﬁgeémg&%f)ﬁoéwﬁcgﬂEgo\%gf%wmﬂte&?hyfiﬁ%&ﬁ%?ﬂg of cl ai m 40,
wherein the fpQyRérdlMERGINAIdI@OLIVEAN), Y0-FseeRicalhRIreflicAtANIG i ncl ude a

bi nder. 42. The nethod of claim4l, wherein the binder is anhydrous dibasic
cal ci um phosprthyketrahydrofplic agid.rolgldpolsgiptaptates; adiydrefalate, dherei n the one or

R
cr ospovi doneacid,3,10Methyidne @R ptetahydrofolicl aidys, 10-métheni€6R)-tetftahgdrofudicor  nmor e
The. et hod ofcd 0 iermg- A ar EA oG Eromh BRr Gaicurty SeBbesre e o,
47. The met hod) 9k MPdroPElicCdc, BF phartficeMial £ hlbeplaBledaRs Merdbr €
37. A stable tablet formulation of (6R)-L-erythro-
tetrahydrobiopterin, comprising an initial amount of a crystalline polymorph of (6R)-
L-erythro-tetrahydrobiopterin in the range of about 32 wt% to about 35 wt% of the
formulation, crospovidone in the range of about 3 wt% to about 5 wt%, anhydrous
dibasic calcium phosphate in the range of about 1.5 wt% to about 3 wt%, and stearyl
fumarate in the range of about 0.5 wt% to about 1 wt%,
wherein said stable tablet formulation has a shelf life at room
temperature of at least 6 months, and
wherein said crystalline polymorph, as a hydrochloride salt,
exhibits an X-ray powder diffraction pattern with the following characteristic peaks
expressed in d-values(A) : 8.7 (vs), 5.63 (m), 4.76(m), 4.40 (m), 4.00 (s), 3.23 (s),
3.11 (vs), preferably 8.7 (vs), 6.9 (w), 5.90 (vw), 5.63 (m), 5.07 (m), 4.76 (m), 4.40
(m), 4.15 (w), 4.00 (s), 3.95 (m), 3.52 (m), 3.44 (w), 3.32 (m), 3.23 (s), 3.17 (W), 3.11
(vs), 3.06 (W), 2.99 (W), 2.96 (W), 2.94 (m), 2.87 (W), 2.84 (s), 2.82 (m), 2.69 (W),
2.59 (w), and 2.44 (w).

38. The stable tablet formulation of claim 37 which has a shelf-life

at room temperature of at least nine months.

39. The stable tablet formulation of claim 37 or 38 wherein the

initial amount of said crystalline polymorph of (6R)-L-erythro-tetrahydrobiopterin is



pharmaceutically acceptabl e excipients include a |ubricant. 48. The mnet hod
of claim47, wherein the lubricant is fornyl stearate.
WO 2006/055511 PCT/US2005/041252

-40-

about 33 wt%, crospovidone is about 4.5 wt%, anhydrous dibasic calcium phosphate
is about 2 wt%, and stearyl fumarate is about 0.75 wt%.

40. A method of making the stable tablet formulation of any one of
claims 1-39 comprising the steps of mixing an initial amount of said crystalline
polymorph of (6R)-L-erythro-tetrahydrobiopterin and one or more pharmaceutically
acceptable excipients, and forming a tablet from the mixture, wherein the steps do not

include adding liquid water.

41.  The method of claim 40, wherein the one or more

pharmaceutically acceptable excipients include a binder.

42, The method of claim 41, wherein the binder is anhydrous

dibasic calcium phosphate.

43. The method of any of claims 1-42, wherein the one or more

pharmaceutically acceptable excipients include a disintegration agent.

44. The method of claim 43, wherein the disintegration agent is
crospovidone.
45. The method of any of claims 1-44, wherein the one or more

pharmaceutically acceptable excipients include an acidic antioxidant.

46. The method of claim 45, wherein the acidic antioxidant is

ascorbic acid.

47. The method of any of claims 1-46, wherein the one or more

pharmaceutically acceptable excipients include a lubricant.

48. The method of claim 47, wherein the lubricant is formyl

stearate.



