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Wézﬁn}ﬂg‘ﬁﬁsﬁry essential, a deficiency of whi clhcirStlokB24685

in defective synthesis of DNA in any cell in which
chronobsomal replication and division 10are taking
pl ace. Since tissues with the greatest rate of cell
turnover show the nost dramatic changes, the

hemat opoi etic systemis especially sensitive to
vitam n 812 deficiencies. An early sign of Bl2

defi ci Dletar B12, in
fre. prCLBNdCaRATARRYEOR VSRR RorBai g kbRt bfons
protease,s, is released fromfood and sallvary

bi ndi ng protein and MWDEMVERYn& c

factor. When the vitamin 812- 15intrinsic factor

conpl ex reaches tBACKIGROUND OFTHEDNMNSTION h a
receptor on the nucosal cell surface and is actively

{ not RORL | 21V 1 SRl Meenil SR oo R el sl

vve WDW wuthiegs of WA in mam:b @ whicli Chmrt!emmal 8flRation and division
th | t

G e i AR A UL 8 e 504 o

def ttmlatlcn:hm& @he l’mmtdpeletua@gbmtls @bemdilﬁcnstﬂvp lt@xitamin B12

d
SoatRRERa; ARA! bh BFei 20 N Bl yiits SRAIE Dithry 12
s edo flgprssencs of gastnid @ubﬁmd Qpivyeatic pytestes,iicreasaddiom fosd and

ORI S ot b o tb 3L o SRR WL e B12:

1D pari et a I5S™or Tntrinsic ractor
coripitiasic &E@g c@mﬂimptaac;heaﬂp ilewri,riinteracts|vethi aveqeptod oo the grucosal

?ﬁiﬁ reres iﬁ %E’;%@’fﬁﬂ%vgﬁfj ﬁ téaﬁﬂlﬁgﬁﬁﬁﬁﬁggfw’ bile
S iy 1] enate Gaitabic [Gigey ot ile ort of vitamin B12.
25%&&&3# seﬁase% grlﬁs%g;a%s( @@Mfe%ﬂ &Jﬁc%htdm rather, it usually

overgrovvt I nt es I n par as Sprue
| o Gﬁﬁ%@dﬁ&&h@g@e ptmuﬂﬂ@aﬁpm elsbis' compllex seqbsncd pEdaerptior

as Ll hnbake,

of “GHisSth gl aHBAR ra kNG RRTRASHY Rl Ry o

SHE@;W( aphy angastnc surgery i 2 common cause of vitamin B12 deficiency in
adults. Antibodies to parietal cells or intrinsic factor complex also can play a prominent

role in producing deficiency. A number of intestinal diseases can interfere with
absorption. Vitamin B12 malabsorption is seen with pancreatic disorders (loss of
pancreatic protease secretion), bacterial overgrowth, intestinal parasites, sprue, and
locatized damage to ileal mucosat cells by disease or as a result of surgery; The
recommended daily intake of vitamin B12 in adults is 2.4 pg.
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- WD 2007/ 149098PCT/ US2006/ 024685 5[ 002] .There are four

main forms of vitamn Biz: cyanocobal am n:
hydr oxocobal am n, net hyl cobal am n and
obal am n. Met hyl cobal am n and

@gﬁﬁé¥W%%balan1n are unstabl e and damaged by
They are therefore unsuitable for use in dietary
suppl enents or pharnmaceuticals and are not essentia
since they can be forned from cyanocobal am n or

hydr oxocobal am n - within the body. The main form 100f
vitam n B12 found in food is hydroxocobal am n. The

mai n formused therapeutically and in nutritiona
suppl®¥aknt Shirs areyfouronab rmeapivitagioBercypersableming | s
the S { t

sy ReRaor sy SR aRE i R R RRRRGE M obalmin and
of adehdsqlobiral iR aanmstgbhen@ﬂamgedabusle@t byhaytiee thewmfir ppsyitable

f.th i
o U5 A LR R ARl M T Ly B
f alg‘di@ﬁneacﬂmh eyenbeabapin b hyé@hmbdmmnmlamm bBd2 Thegpain form
vetfﬁlg{ﬂ 12?%\?8 %Fogaggy g ? e Callhexfnam%nﬁeugéd tﬂerapeuncally

C"]['fU 8%1[!06/024683

. adgfdnh shifitieshi huppleﬁieﬁarmqawoahammnmpamm¢ i isetbermost stable

i njection of cyapocoba wever, patients nust
P And Gegefree fﬂ?ﬁ‘i%lsﬁrﬁﬁ@%ﬁci—%émb%ﬁei odically to

dd
e N L ET T —

CY apPGO PR kS bPAHROBER N tmumamaemé\uaas fod Eﬁeakdowmmtthgwtmmn

beln _ggrketedﬂég |ch ano balag&%@éf%-%%mﬁﬁmﬁTfeba

t h e ﬁaﬁ)mek&a\wétaﬁmw Wurﬁbilﬂy, Qﬁﬁr@eﬁﬂldkﬂnddh& df@jf;’eﬁjo@db@hﬁyfn are
of the intranasal gel unpleasant and Wog%) pr efer .t

hav TR eFOLD PRI SR TPl ely rioBet Py grpamn
CON{RBIR D8 YANRERRALAD The gﬁl&%iof_ﬁbe p@{ddﬁﬁ]lﬁfotrecelve
suggest s that for vitamn Bl2 to_he ab

o il Fipoians hER IR kiP5 SHBREEY B & DGWGhe inranesd

t he &Qg%%ﬁaﬁﬂ]ﬁ ?Iﬁﬁraﬁ&? NABCOBRIS® is%@ﬁﬂﬁﬁbﬁig @arkdi&] in which
Sre ter that

by weight, see Merkus, U
No cEme@balugin i pdmivifiered méemasallyes }naaﬁensaﬂ‘fea‘a‘ﬁinm ’g ﬁe&@”&l’y
' nt LE508 tt,%%; rﬂ%ugutyﬁﬁfg%%oﬁﬁtmm@m%@ oPRirBhsalDand

Weni g") so that the gel renmjns
| n wieeldpegento havendmipistesed ENaB 2 B0RIOM HeFOsify Praeontpime

facgy &%ghﬁ&gtes that B12 administered intranasally
in &@lowviscosity solution is not in contact with

the ! fhm® BIfth be h&bee@ﬁﬁxla@&aﬂ
of t?ﬁg?toqggpﬁ1t usggggqggggrptlon Vénlgﬂc ai s yin

t hatherapsutically bénefigalamaesnizeBe eapicetirapionoiite Fi? gnnsohxggn st
| ows e??cg%rlegtgr Q{ﬁl@‘b %ﬁ @%e%@rﬁué otd. @aRs@No. 5,801,161 (hereafter

ns o am n having a
contlethusl) ioobe mwmmmw&lm fvigroagedy WFWSnU Pofatent No.

4,724,231 (hereafter “Wenig”) so that the gel remains in the gostril for an extended
period of time. In fact Wenig states that B12 administered intranasally in a low
viscosity solution is not in contact with the nasal mucosa long enough for a sufficient
period of time to permit useful absorption. Wenig claims that most ofthe B12is
wasted if the solution has a low viscosity. Merkus developed intranasal forpmulations
of hydroxocobalamin having a concentration of hydroxocobalamin greater than 1%,

2
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2 Custonmer No. 25,315 WO

2007/ 149098PCT/ US2006/ 024685 however hydr oxocobal am n
is not very stable and thus has a short shelve-life.

VN?&% 49&gose hydr oxocobal ani n because cyanocgpalafthfoz4sss
I'snot "sol uble in an aqueous sol ution. at
concentrations greater than 1% [5] The teachings
of Wenig are clear in that the subject disclosure

fails to teach a eyanocobal amin formulation in an
aqueous form suitable and effective for 10

i ntranasal adm nistration as descri bed herein bel ow. .

Wén .

cyan BB O alatih BRECRR 200 wld (R BB shor st Lt

t heMexqps elest iydsoatcebhlangin bedagsd cyrensgealanaindhrotisplubip i m P
of 2500- 60@_ y¢n|g teaches t hat

Pl’l

an PHEYERS g %tfgrﬁ%aél%%éjlng %%I R fornil ation "will
oot TEy", THE i be ViRl Al R K AR ABRARAL, it o

al t tbaztlgthyﬁm(:ebélﬁmnsfomléatmn npmsaquﬁcmﬁ Jorgy eyita}s and effoctive for

eSS Ry RS PR bt Raberd WhR Rty teche

adJ BwiyTedih a0y cy&ﬁd)cﬁbﬂmﬁm fbmdl:mmn Ihamng € UsCdsity bﬂowrﬂhe expressly—

lb\gfo f|r5 an sal %%a%(ggga oté . a O{/%ﬁb gbg@% %g%ﬁ%g&s%ﬁ%aches

te aﬁ:ﬁ?ﬁa idliciRed hyanay&maﬁaﬁmfamnmaﬂimaenlcom necffisEhammmt of a

fornulatlons haV|n a Vi scasi.t out 0

c Ps thickgging 6%??5??0%%} § WRORDgR if“’%‘oah?ﬁ ?IS H} g"n@@ SR O%gh more
by V&aS chiay@itRny Sfahy t@l(gditlﬂ’ cp¥ b9 B8 bﬁlyloyétﬁh((loﬂllblm&sr37-39
al | enbodi nent s._cont enp eacﬂwsﬂggmnu>

© ha P P3P PSR ASS NOHEE & YA

a VigeD $istokitp bf arfiR@itasdd 5%0%31&@&‘1111113&011 dsrigssloddd by
51). Each of " the reported workin

pr ovAPEkRInt ORAEA PERER Y A %WSR}?%W&%S it vy om inranasel
¢ 0\4 8baRRh MRGh G 8aviePRtkaty ledathkd @ioat 000 cPer Tk

Ioavail lability by neasurenent of_ bl ood

Cyaﬁmmfhgql é%P@ﬂonhé%lbeé@ps&m/%a‘ﬁaé@%@ K viscosity
2 GN &%@th £ al
480%i 1 3500 4080 GRSm1AR THAOGVaE RS ot e i

Exa mul at 1 ons
Vénicgmpasitionef ﬂ?éwﬂlf@%lplz”e@sﬂﬁ’&fﬁomtﬁﬁf 1\9}11'5@89 §ps Cécg‘l 8 Mities 41-

Conﬁgyg'éahﬁ’aﬁmﬁye%rt S&négm%%n&% pf@’i/debﬁ wa@uhg)(f@dmch

[ 6] cordi ng re1s clearly no teac ‘g}g nor
s uggemsw malp¢scar¢ m@@ldb@s agdwipish gretr@%ﬁ%@malﬂ%ﬁt 1g ferms of

aq ugo lﬁ atxfﬁw ];g, ﬁl%ﬁ{u%%l &rof 9&8@ PlaS¥RBRGeRBkEMTevels), have

for mil ation I sclosed | ntranasal gel
for mspaihnr@wsmsﬁﬁénf 4900 kps, 3FANH-40088ps, wed 4409 caxfspe st Fxample 1;

t eaches, i.n t r Qu tpoTe
t ha rH:l(% tlo %\%gb? 9‘%‘2‘8"2’3@@ @%?ﬁnﬁ%a% onslg%?ﬂa% o
cy al‘mcmisabmpmsmcms evemn@ftﬁ 0,00 sy begmplayad Al '

adm nistration to treat vitam n Bl2 deficiency. Wth
regarfi0dio sguedinglt ternib eleirbim, ieapBing ot Fugsestiop prpvided by

Wenig to substitute an aqueous liquid (spray or drop) cyanocobalamin formulation for

the disclosed intranasal gel formulation of Wenig. In addition, Wenig expressly
teaches in the background section of the disclosure that non-gel (powder and aqueous)
formulations of cyanocobalamin are ineffective for intranasal administration to treat

vitamin B12 deficiency. With regard to aqueous formulations, Wenig cites, e.g., 2

3
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3 Custonmer No. 25,315 WO
2007/ 149098PCTJUS2006/ 024685 5Sproposed aqueous
i sotoni ¢ sodium chloride solution of vitam n B12

f [ by Monto etal. (Am J. Med.. Sci. 223 <
Vi‘ggﬂ???’sﬁg%?h, Int. Med. 93:219, 1954). \eénig s?%@gz"“m“s”

that this solution, along with powdered

cyanocobal am n fornul ations, is ineffective for
intranasal use to treat vitamn Bl12 deficiency,
because: [Most of the Bl12 passes immediately into the
throat. It is 10not in contact with the nasal nucosa

for a sufficie ' i it .
o PEPREL B SlhoBEE kR bibi(Bol PO B0 Mpodiihy
i s, Montofeaalt (Amash Bibd. §a€d123:113, 0P hdgcte ntedpd. SP2L9,THGS). Wenig

Weni.q not. aonl y teaches kT I ' | t
of 3848 st S5 B B R ORR Mo h B0
Cr i inkffethive for RtpMasal egetref v2aHi0 P03 defidwsy, Hewtuseal so
expressly negates the prospect of using an aqueous
(spray or Npps)f teoRHbsdstcs anmediatslylygo thedkuoatf dtist he

i nt r anasal ngéh cdmacrutith ttheansad esicosalferd spfficisdhpagiodWeni g
provi des chmafie R\icAnnosfidndd nefsanbsagptichaMaseelChes
directly aapibromislatderad ipriofeseastniodColi tdiveon. | n
particul arg3-¥éni g teaches -that effective intranasal

‘cyanocobal am n_20f or nul at i ons _nust. _have " (-,
R or e piepteongn g RS ey bl A ensFhaSalc i P

f I RFRB iandSAldtn GRRRIaapSbel§s b pritical, minigtumAbngepf 2500-6500
describes as a criti cs:th?gar anmet.er. to render. the

f offfu A pR FROTeSEiTPRETSie PRSRAPSE SHRE PR T SRRy O drops)
t hemRkikeStol shbitiiee R inPamsa gesofimilation fesctibel lf Weiipe Wenig
whi ch is | ong_enough so ¢ hgﬁfl rms& %%%bhe Bl% IS ch - proposed
abReYiBgtFlear prdipnce gid yepspame St brgghes sty TFPLPRPEPER PP
ar Ro@hEARh! ¥h SR ASNeE  RacHE i cffeti2bintrenasi] epiotdlasmin
of non-gel (l'iquid and powder) C&y nqQcobal aegt(n ; .
o ofvpToBlRRane SISt P TG AOHG o § IRATIGE 88 (baidhe viscosity
t eReRNG3ut #5080 ko ESDOQ:E_ENI RifraysUbhiticWefily deasibbs Aaeaisedl parameter
residence tinme to achieve effective .intr nasial . ol
detoirerdey thp foyaykationt siitcendy Vissous opwa) nselves in the nas
passages for a period of time which is long enough so that most of the B12 is
absorbed.” (Col. 2, lines 24—29): These properties are directly contrasted by Wenig to

the properties of non-gel (liquid and powder) cyanocobalamin compositions, which,

according to Wenig’s express feachjngs, fail to exhibit sufficient nasal mucosal
residence time to achieve effective intranasal delivery/bioavailability of

cyanocobalamin.

{008] | In other attempts to develop useful cyanocobalamin formulations for nasal
adminj-straﬁ;iong Garcia-Arieta et al., Biol. Pharm. Bull. 24:1411-1416, 2001 (hereatter,
“Garcia-Arieta et al.™) describes “Spray-Dried Powders as Nasal Absorption Enhancers
of CyanocéBalamjn” (Title). The only disclosure by Garcia-Arieta et al. with regard to
any cyanocobalamin spray and drop formulation is derived from a comparative
experiment, from which the authors expressly report that liquid (spray and drop)
cyanocebalaﬁ:in compositions are inoperable for intranasal use. More specifically,
Garcia-Arieta et al. tested bioavailability of three spray-dried, intranasal

4
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[8] In other attenpts to devel op useful
cyanocobal am n fornul ati ons for nasal
30admi nistration, Garcia-Arieta et al., Biol. Pharm

W uiolgfm%d': 1411- 1416, 2001 (hereafter, "Garci %‘?@P%@“’“Mﬁ%

?%descri bes "Spray-Dried Powders as Na

Absor pti on Enhancers of Cyanocobal am n" (Title). The
only disclosure by Garcia-Arieta et al. with regard
to any cyanocobal amin spray and drop forrmulation is
derived froma conparative experinment, from which the
aut hors expressly report that- liquid (spray. and drop)
35 , e - - ¥ Y
e S b R S
al solitries (ebpb pbspedyl cablaining/0. b¥e cytnoeebalpprigiyro giticefprmulation

L AcRHSACT At 0o Sy . corsiy ot

f oheetpatiinentsl mbab agrsy akel drop feemplationser tgnocobalamin yielded no

YRR R R AaRBkt AR BB RaRlroRp R e, carcio-
P aAadR btell Fowfdeaint iheid kxfepimebBat: ri ght col umm) .

.Garcia-Arieta et al. expressly report that the

exper i nent giN]¢tsaihe spabyphaivd inldops fainspkatvansblof
cyanocobal anhdeast detbasch! o cldetsenabbaahindmyehbitsetbi [ ity
what soever j sthsstid @B doednslievg)afhis trbdits thit eftlier del umm,
Garci a- 104yahedobalainintik haribuabeorbedby thivedsal retpehiement s
that: "[ N giid diefinitthed kahaht sedrpifidramhincers bothst duor i n
spray wer eiaht Bk 6f dnpGise@sg-dnhmchgagdnt theseel of serum
cobal am n pRmbRAMistwRerd R0t 2etsinad inghd ©BAllcyvisi faribhg cant

| evel . Thi spdigRisallofahei€itsb@tioh hemelaneoahiatam n i s
hardl y absorbed by the nasal route when 15it is :
adnjoodpt er Thkeswidpbasitxpadsiodeicriba impdrabiligios amaquediat lodwéscosity

S 155 e S RSB B 8w

f OfiotddOibEvE gDy, dbihoMertip and Galbmokixtd @nl., téehyihasimsgel,

® R bt g e oD e B o0 &' e Mbttective o

20gyapoeseha kimpBuiaeaut atWany explstidacaties dsritdabhetsyold

D e G oS 00 a5d DYt Pl efler range of 3500-4500 cps for all
demonstrated working emt;ddimentsq of a useful intranasal gel formulation of
cyanocobalamin, Garcia-Arieta et al. further provides direct expeﬁmeﬁtal evidence that
simple 1% aqueous cyanocbbalamin spray and drop formulations yielded no detectabic
bioavailability.

{00161 In other attempts to provide useful intranasal formulations to treat vitamin

B12 deficiency, Slot et al., Gaétroenterology 113:430-433, 1997 (hereafter “Slot et al.),
report an intranasal formulation of hydroxocobalamin, Notably, Siot et al. expressly
teach that hydroxocobalamin is the preferred form of vitamin B12 for treating vitamin
B12 deficiency, and that cyanocobalamin is not an effective or practical treatment agent
for use in liquid, intranasal delivery formulations or methods. Like Wenig discussed
above, Slot et al. comment on a previously-described, isotonic saline solution of
cyanocobalamin, stating that “[N]one of these proposals found a follow-up in clinical

practice. Apparently the results were not very practical.” (page 432, right column).
. 5
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not ed above. Accordingly, both Wenig and

Garcia-Arieta et al., teach that non-gel, liquid

i ntranasal formul ati ons of cyanocobal am n were
understood to be ineffective to achi eve usef ax
W%%Orogb%ﬂﬂsi c results. Wenig expressly descri bié(l%wgszeosmuﬁs:a
critical threshold viscosity above 2500 cps, and a

much hi gher range of 3500-4500 cps for all

25denonstrat ed wor ki ng enbodi nents, of a useful

i ntranasal gel fornulation of cyanocobal am n.
Garcia-Arieta et al. further provides direct

exper | tal .evi ' : ds
ey st b s L ASAS RobAlmaL T RcFoct MIBRRAR Rt jon pd rothe
defbettaing eitdmio B Aidbdedcy tby discemotiah ot her attenpts

to provide useful intranasal fornulations to treat

vi tam n 30BiRrcetbotelans jindShere catensgysly to plasma

Gast r oent epoteigynd h8: adeQreaBAE timogthq bndy dbt er " S| ot

et al.), repasdobaiamintAsarasi hyidorsaedbataingnis betier

hy dr oxoc obgkamadin thisbbdbing, thSlefore, esquinés lessfsness| vy

t each t hat disjtt Of@enies lcgmiorpbiakmithis coprtwinioatsd iff or m of

vi tam n Blgatfeis whthepicalgmbiltopia and Bi@2ltdebictiobatey, and”

t hat cyanogebehmrinipatdns witht peariciedsfapemiawethaptipr act i cal

t reat nent - agesatifyphenus @rydoxdcobalarmin is the dega$ eioice

del i very f grrathaid wiaminB 1 1dkiibietses. Khdge 4V might

di scussed ghahgye, Slot et al. coment on a

previ ousl y-described, isotonic saline solution of
-cyamoepbal arbther pEioati rgfertrivathat fdavhes ofast s thepelogios af s

found a,foll owup in clinical pr. '

o er St R USitoG pUFoffaral iR iy ORRALEH dnf mathods
r i igheree] URPY 5,801 00E disomssedNbove FiRilar to WO teachings of Slot et al.,
2007/ 149098PCM) S2006/ 02468 Sl.ot et al...f .

C QMRS R ST i SR SRR ey et it or

f ofipMlR R D Aoty TRdohpeissoh o citahembilmginy i theispecHBitZontext of
defici ency, by _disclosing that: "Hydroxocobal am n
bi??é%lfﬁ%‘%“éat@i%%mwwh?ﬁsgmﬁ?‘ﬁén& proteins and has a

| onger half_tinme in.the body.than. .cyano r.nin.

As a resul t[,]I]‘Pfgl&?% %"5'?55? ]r‘ﬁ\'{rﬁral Qus0k %W%E%L%Fned in

t he body aﬁcgm“ o gguerit

Thé maximal concerttira '?ﬁ?ﬁat can birr%ac efir %
cyanocobalamin is about 1%. Concentrations above 1%
can only be obtained with hydroxocobalamin, because its
good solubility in water. The solubility of
hydroxocobalamin substances can be as high as 10%,
which means that up to about 10 times more vitamin B12
per unit of volume can be administered and subsequently
absorbed nasally, when hydroxocobalamin is nsed. (Col. 3,

lines 43-53)” _

[0012] Based on the foregoing teachings, persons of ordinary skill in the art
would not have found practical motivation to develop a low viscosity cyanocobalamin
formulations and methods, particularly as an effective treatment tool for intranasal
adnﬁxﬁstration to treat vitamin 312 deficiency. Considering the prior art as a whole,
there was simply no reasonable expectation that cyanocobalamin formulations and
methods as described herein, below could be developed and employed to successfully
achieve therapeutically effective delivery/bioavailability of cyanocobalamin sufficient

6
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. dosi ng. Mreover, cyanocobalamn is contraindicated

in paticents with tropical anblyopia and sinmultaneous
tobacco usage and in patients with pernicious anemna

with optic neuropathy; hence, hydroxocobala ' §
68”83 ®hoi ce 15in restoring vitamn 812 n%&nbgm&ﬂﬁmma

deficiencies. (page 432, right colum).

[ 0011] Anot her prior-art reference that teaches away
fromthe selection of cyanocobalam n as a useful form
of cobalamn in intranasal fornmulations and net hods
is Mer kus, USPN 5, 801, 161, di scussed above. Siml ar

h f e S ia-
¢ ot R R B2 ooy he foont ARV Do S W AR5 arcie
ageﬁhdh@tﬂvmwhmmﬁﬁsmﬁmd@mhdbwnmyouwlmmmbamngdmﬂm@m ,

In _the Sp t ex: . )
f or f’]?ﬁ’i"ﬁltaﬁ el\}égfr Wgesséﬁpeﬁas iz grél&(fag at IEMFIFTIE%E%%){ an effective,

ef f m&hmaga c@ﬂmﬁdﬁmﬁ bemrBeIDZSGGMIOa@mpS Bbth Wianig kved Garcia-Arieta et

for a ns for as istr are h
1o Tttt on-ae, BORT bbbl Btk SpHadifa il fora
Wi t hzfﬁédaﬂ @@ﬁb@hl&iﬂr fbr mﬁ;aamwbs&%omﬁmmtaj ed nisspatifivaly

1% can onl be obt ed wi.th.h 0X

peciads TRAUTGUBFEE0P U BY E5PFrEALEAITH Y G T foJomins
of el AaexaaREsh ofi MsSSE ARGES cyaldclRlAsn ll’dr@blaﬁm Simitarly
10% . 30whi ch neans_ that up to about 10 S

i t iR FPEBNIA B SISt 298 COHSPLREOR & CopBosabpiiTeE Bh five form of
andqshdRamoke bid i oA RSARRE; iﬂmaandwslat et al. and Merkus

hydr oxocobal am n is used, 3, lines 43-

LB OB Babetech et FEopaelgErmyOHd Bt AIHSY o acikgtiyssor at best
or diRALY Edfioted iR c&ﬂﬁar@Bﬁ to3B3MRb&bbRIGE ) BVA ihiPdhash] formulation

practical notivation to develop a | ow viscosity

~ cyafm® @'@ﬁ@lgamwnmf%%ﬁﬁﬁa@w@dwd%@ﬁ@déSGOB%YrQOP%@ﬂr%W

as % 6 thid ﬁ&gﬁr‘?\@&kﬁ% phh@fes kk:r anasal
adm ni rat on to treat vitamn B12 deficiency.
Consi der i nga )@ Rk effcidl firfsd aﬂﬁ)@ﬂ@htﬁn of bigf8nWAs -
si nply no reacoRalhe igxRekhiahiy HBdkn KyGHRAEADAI ani n
formul at i opgy 80dsiIELRERcaSIHERCHBehohERel N, el ow
coul d be devikong %ﬁ&%ﬁ@ﬂh%%@&h@%&%&gw
40achi eve b@ &fih € ShdeM6r nasal composition.
del i very/ bi0gy aahf ; hlelifnﬁﬁé%ﬁb@}éﬁﬂﬁ&e@%{had?fﬁrtﬁyf ficient
highest concentration of vitamin B12 and consequently a
much more efficient nasal absorption of vitamin B12. Such
a nasal formulation can be taken less frequently by patients,
making the therapy much easier and less expensive. (Col.
2, lines 27-37).” _ '

[0013] In other prior art pertaining to the general field of the invention, U.S.
Patent No. 4,525,341, Deihl, discloses a method of administering vitamins
intranasaﬂy but does not describe or enable a specific formulation containing only

cyanocobalamin,

[0014] Intemational Patent Application No. PCT/US86/00665, publication no.
WO 86/05987, discloses nasal spray compbsiﬁon containing vitamin By, as
cyanocobalamin. However, the specific spray formulations all contained a mercury
compound as a preservative, however the disclosure did require the presence of

mercury compounds. Other preservatives were also mentioned including
7
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5to alleviate vitamin B12 deficiency, as presently

di scl osed. Both Wenig and Garcia- Arieta et al. teach
directly away fromlow viscosity liquid

cyanocobal ami n fornul ati ons Weni g expressly teaches a
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consi derations). Exenplifying these teachings, Merkus. -

enphasi zes that: "A high and efficient
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y ‘cyanocobal ami n, [0014] ier n t| anal. Pat enf tion of
whehpdhiigsiticd mtmeasalﬂm’f 1133‘8967 é?%‘ég/ G R4 |ugﬁ no injection

cyanocobalamin.
[0015b] In a second aspect, there 18 provided a stable pharmaceutical aqueous

solution of cyanocobalamin comprised of cyanocobalamin at a concentration of about 0.5%
of total weight of solution, citric acid at a concentration of about 0.12%, sodium citrate at a
concentration of about 0.32%, glycerin at a concentration of about 2.23%, benzalkonium
ch]orlde at concentration of about 0.02% and water wherein said solution of cyanocobalamin

is suitable for intrariasal administration, has a viscosity less than about 1000 ¢Ps, and wherein

said solution of cyanocobalamin has a bioavailability of cyanocobalamin when administered

intranasally of at least about 5% relative fo an intramuscular injection of cyanocobalamin.



35WD 86/ 05987, discloses nasal spray conposition

-containing vitamn Bri as cyanocobal am m However, the

specific spray formulations all contained a mercury

conmpound as a preservative, however the disclosure
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ctive i n nmaintaining el’s o vitamn for
pa;wrevnclalamm llnametalbeaaﬂmpﬂef thei sehition of cirogdslamipuacchrdug to the present
| n J Sé: (g)t% edhatshe brwavaiYa%ﬂsty ng(l%l ?eagth El%lill rkg?i?%“r faqﬁzp(,:?lhllgﬁmr or 12% of, the
c Qﬁtﬁa]vﬁta@ﬂﬁ}yoiﬂffn 1hﬂ?¢&ntgallaﬂmp&teﬂsﬁnyanbmbhlamm Imasein eamdples, the solution
woul d prefer an intranasal formnul ation that has a
| d?/\%“?e‘\'}‘?@bg%‘? AT ?‘E‘P‘P?fé‘w SPRBIESPYPRBHounds.
Thus, there is a need to produce a pharmaceutically
st abl e aqueous sol uti on of cyanocobal am n that has a
| ow viscosity, is optionally free of nercury
conpounds, and has sufficient bioavailability to be
used as a mai ntenance therapy for vitamn Bl2.
SUMVARY OF THE I NVENTI ON [ 0015] The present
di sclosure fills this need by providing a stable
phar maceuti cal sol ution of cyanocobal am n suitable
for intranasal adm nistration, having a viscosity
"l ess than about 1000 cPs, wherein said intranasa
solution of cyanocobai ami n has a bioavailability of
~at least 5% and in certain enbodi nents at | east 6%
or 7% of the bioavailability of an intranuscul ar
i njection of cyanocobal anin. [0015a]In a first
aspect, there is provided a stable pharnmaceutica
aqueous sol ution of cyanocdbal am n conprised of
cyanocobal am n and water wherein said solution of
‘cyanocobal am n is suitable for i ntranasal
admi ni stration, has ‘a viscosity |ess than about 1000
¢Ps, and wherein-sai d sol ution of cyanocobal anmi n has
a b|oavallab|llty of cyanocobal ani n when adni ni stered
intranasally of at |east about 5%relative to an
i ntramuscul ar injection of cyanocobal am n. [0015b]In
a second aspect, there is provided a stable
phar maceuti cal aqueous sol uti on of cyanocobal am n
conpri sed of cyanocobal am n at a concentration of
about 0.5% of total weight of solution, citric acid
at a concentration of about 0.12% sodiumcitrate at:
a concentration of about 0.32% glycerin at a
concentration of about 2.23% benzal konium chl oride
at concentration of about 0.02% and water wherein
sai d solution of cyanocobalamn is suitable for
i ntranasal adm nistration, has a viscosity |less than
about 1000 cPs, and wherein said solution of
cyanocobal amin has a bioavailability of
cyanocobal am n when adm nistered intranasally of at
| east about 5% relative to an intranuscul ar injection
of cyanocobal ani n.
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[00161 In alternate exanples, a therapeutic or
phar maceutically effective formulation of the present
di scl osure may be conprised of cyanocobal amin, citr.ic
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L& h&iBais@ird aqueous sol ution of
Cy&mocéhb]r%]i rrclqnnlom%onﬁr?sed of cyanocobal amin at a

concentration of about 0.5% of total weight of
solution, citric acid at a concentration of about
0.12% sodiumcitrate at a concentration of about
0.32% glycerin at a concentration of about 2.23%
benzal koni um chl ori de at concentration of about 0.02%
and water wherein said solution of cyanocobalanmin is
suitable for intranasal adm nistration, has a
viscosity | ess than about 1000 cPs, and wherein said
sol ution of cyanocobalam n has a bioavailability of
cyanocobal am n when admini stered intranasally of at

| east about 5% relative to an intranuscul ar injection
of cyanocobal am n. [00201 ot her exanple of the
present disclosure is a nethod for



adm ni steri ng cyanocobal am n conprised of infusing
the nose with an aqueous sol ution of cyanocobal am n,
wherei-n the solution of cyanocobal am n has a
viscosity of less than 1000 cPs, and wherein said
solution of cyanocobal an3in has a bioavailability of
at | east about 5% of, and in certain enbodi nents at
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ﬂWF?ndﬁwggﬁ?aﬁ é?s%ﬂQ%ﬁ %?ree" general | y reans Jbility of an
s@badkil it axti Bigléaessbctuhai% 298yl Okei Yt of 18% of the bioavailability o

particular substa whil e i the bal Lution
s@nmv%ﬁiaw“ﬂqctI%Q&YP‘é%g PHAP- %?%gﬁé%ﬁggﬁi%gﬁs t % By alamin so

"@Lr&ﬁ'i‘stereg 0%y toVBd BbhodsaiT tiepresenplistosiry if r ee of t he
stance so that, e.g, a nercury or

ner eursy- contalnlng ‘conpound is not detectable in the
sol ution using conventional detection nethods.

[ 00211 The present disclosure is further directed
towards a nethod for elevating the vitamn 312 |evels
in the cerebral spinal fluid (CSF) conprising
intranasal 'y admini stering a sol ution of :
cyanocobal amin so as to increase the average ratio of
vitanmin Bl12 in the CSF to that in the bl ood serum
(312 CSF/'Bl12 Serum x 100) to at |east about 1.1,
wherei n-sai d solution of cyanocobal arnin has a

bi oavail ability of at least 7%relative to an

i ntranmuscul ar injection of cyanocobalainin. In a nore
detailed exanple the Bl12 CSF | evels are increased so
that the ratio of B12 in-the CSF to the levels in the
bl ood serumis at least 1.9. [0021la]ln a fourth
aspect, there is provided the use of a solution of
cyanocobal am n i.n the manufacture of a medi canent for
elevating the vitamin B 12 levels in the cerebra
spinal fluid (CSF) so that the average ratio of
vitamn B 12 in the CSF to that in the bl ood serum (B
12 CSF/ B12 Serum x 100) is increased to at |east

about 1.1, wherein said aqueous sol ution of
cyanocobal am n is conprised of cyanocobal am n at a
concentration of about 0.5% of total weight of
solution, citric acid at a concentration of about
0.12% sodiumcitrate at- a concentration of about
0.32% glycerin at a concentration of about 2.23%
benzal koni um chl ori de at concentration of about 0.02%
and water wherein said solution of cyanocobalanmin is
sui table for intranasal admnistration, has a
_viscosity less than about 1000 cPs, and wherein said
sol ution of cyanocobalam n has a bioavailability of
cyanocobal am n when admini stered intranasally of at

| east about 5% relative to an intranuscul ar injection
of cyanocobal am n.
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[00221The net hods of present disclosure are further
conpri sed of the cyanocobal anha sol uti ons being

adm nistered into a nose of an individual through an
actuator t] D [8h#iniiB oS phiays. Th thie cowbit,
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an eighth aspect, there is provided an aqueous



WD 2007/ 149098PCT/ US2006/ 024685 5BRI EF DESCRI PTI ON OF
THE DRAW NGS FIG 1A shows a nasal spray punp
kit containing the cyanocobal am n sol ution of the
present invention having an actuator that is not
engaged. FIG |B shows the nasal spray punp
kit containing the cyanocobal am n sol ution of the
present invention having an actuator that is engaged
and expel ling a spray plume of 10 the cyanocobal anin
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ﬁbawhgmmhatﬂare the subj ect of this disclosure, this

| evﬁiﬂzfi’b apprﬁ)lm g&# ggf)e% {h%%p[ O[HE Iﬁ'édea lﬁlcl F%d{nﬁ{r‘%ering intranasally a

val speC|f| e critica
cyzfn@ﬂibhtaﬁnﬁsdﬂt@hto@fnpﬂ%ﬂgc&“ a con@fB]a soNdisa lof wyrposdatamitha the container,
nasal nucosa i s taken to be the I|n|n

anq,@ggqn&mrélttgcf ed £, 544 g(gataw,e?r]éervg 2B ,S fg@ocgbﬁt érnm solution is expelled
thr@@m rlﬂ dafat Sfiha@dr] WhdnOsald Ectd@btng ab&ied C\wfihei‘d%e sald aqueous solution of

rynx and sinuses. = [0026] "Aqueous":

cyqnecoé?agww icomprissA 17 eyanprofelemmin at B&?ﬂﬁ%&wﬂ% E dot ﬁ’ Sl g otl weight of
so]ﬁt[fmll;' Rfese QJld at Q%&l«:‘éf?tra%i‘ah B Bb St 0.12%, sodium citrate at a concentration of about
0.32%, glycerin at a concentration of about 2.23%, benzalkoniurn chloride at concentration of about
0.02% and water wherein said solution of cyanocobalaniin is suitable for intranasal administratioﬁ,
has a viscosity less than about 1000 c¢Ps, and wherein said solution of cyanocobalamin has a
biodvai}abi]ity of cyanocobalamin when administered intranasally of at least about 5% relative to an
intramuscular injection of cyanocobalamin, and Wherefn the spray has a spray pattern ellipticity ratio
of from about 1.0 to about 1.4 when measured at a height of 3.0 cm from the actuator tip.

[0022c¢] In a seventh aspect, there is provided an aqueous solution of cyanocobalamin
suitable for intranasal administration, wherein the solution of cyanocobalamin has a viscosity of less
than 1000 cPs, and wherein said solution of cyanocobalamin has a bioavailability of cyanocobalamin
of about 5% relative to an intramuscular injection of cyanocobalamin, wherein the cyanocobalamin
formulation is to be administéred into a nose of an individual through an actuator tip as a spray,
wherein the spray has a spray pattern ellipticity ratio of from about 1.0 to about 1.4 when measured
at a height of 3.0 com from the actuator tip.

[0022d] In an cighth aspect, there is provided an aqueous solution of cyanocobalamin
wherein said aqueous solution of cyanocobalamin is comprised of cyanocobalamin at a concentration
of about 0.5% of total weight of solution, citric acid at a concentration of about 0.12%, sodium citrate
at a concentration of about 0.32%, glycerin at a concentration of about 2.23%, benzalkonium

chloride at concentration of about 0.02% and water wherein said solutiop of cyanocobalamin is

10a



[0027] "Bioavailability" is defined as the rate and
extent to which the active ingredient or active

noi ety is absorbed froma drug product and becones
avallable at 20the site of action, [21 CFR 320.1(a)].
[0028] "Bioavailability of the intranasal spray
relative to an intranuscul ar injection of
cyanocobal am n" neans the percent anmount a dose of
the intranasal taken up by the system c vascul ar

i DAL LS00 o Ond e RUPHAL 488ut 1000 cPs, and wherein said
Su1§1§]§nf§1(‘: 816%1135?“ i rr}lrrl]lsté% 1ton Ohas F‘aov1§c%9§r F@ L gs uum' 3% g nS’ and wherei ?al
SOlhﬁHnr‘ﬁwm%tﬁraMImhw blom’aﬂflbl]ay 2>5Sﬁﬂﬂd¢dbaﬂammf when administered intranasally

anocobal am n contai ning 100, ji. f cyanoco
of ﬁ%lj‘fj% R’ r9laes I §h T“éﬁfu]rajf tugec%loyﬁ oir?y?rﬁ)f:? 2 gglgl Mand wherein the
cy. a‘ﬁ@é‘tﬁaal@&uﬁ%ﬂﬁ@ﬁ b3 b3 HRinfRE Bt RO o iaditidbashrabgh an actuator tip as
| east 5% of, and in certain enbodi ments_ at | ea

St
a spiapUYheg96 dic sPowy dres apkay iy SHIPAEY| Y ofpron bout 1.0 to about 1.4 when
YNCT Y ohatcy@nocobal amin, at least 5 .
nwhﬁkh%?yﬁ&g&%f39 |dso?ggya%og%galan1n mould be taken
up [(lﬂﬂbe]t he kﬂlnaodnthasmcﬂ, tegrieprovidikihe s, of jafsolgBerthel CYaHOCObalamln in
R Jo e e
(CSMts0 tHah i Ak @agt ras ol iatiin B,12iii the ST tothatinabablood serum (E12 CSF/B12
formul ati on had a bloavallagll|t of .at | east .7%

Sergiot SHB1° RETSo32{ IS QB0P0D IO BELERS GO B s s anocobalamin i

compiiOZ 8t cy a%c@pilirhi%)ﬁt a c6HeBAtREoS bOMHBGe). 598 BF total we1ght of solution, citric acid
COprOSItI onal ch ange nmeasured in a par anet e

at erenvpitesonpl gitnut A.17 ¥ pasden pitatesst @ qsrb(tenwtwmt@ @beus 032%, glycerin at a

concglﬂ?a%mlg 0?%)0%‘2 2%8/9 rb%ﬁlﬁﬁléoﬂﬂm {441&%3&1; e¥nceRFtioR of about 0.02% and water
e Size, that Is considered to significantly

whafefnesaid sblmeoxqoﬂaiyangcobalammbuwgblgformn@ngﬂﬂb@mmswlen, has a viscosity less

otes | it | N2 Sk n1|ar Y
tha{l haﬁutagg&% F g%rFlg ds f%,do sgllutd%rll qcoba?afrﬁ I%%Qaaﬂg%ﬁvallablhty of
cydddedbhlapiratvhér Eﬁiﬁﬁ&te@é‘d fntrenaddlypefod llt&l"st manﬁ)%erelatlve to an intramuscular

stability. The time perio |ch st
injepbgn aiifé’anchbalaémat g fg‘a F%gmseﬁh s %?#@HXIS‘W‘ into a nose of an
mdwu'ldal {n¥ouh ah Q&uzﬁm'a@p&‘? whG&S k@@ﬁa@%a@l @Ryt paktdrnddilipticity ratio of

her tenperature is sonetines taken as a nore
frOSlrﬁé)el@tyl Q/\Faylb@ft 1ehovreapesiasitrpdat adeight afiBtdcoplierp thegtyator tip-
periods of tinme than are actually nmeasured. [0030]
"Pharmaceutically acceptable": refers to a
conposition which when 15 admnistered to a human or
a manmal by the indicated route of adm nistration,
provokes no adverse reaction which is
di sproportionate to the benefit gained by
adm ni stration of said conpound. [ 00331 "Manmmal "
shal | include any of a class of warm bl ooded hi gher
vertebrates that nourish their young with mlk
secreted by mammary gl ands and have 20skin usually
nore or |ess covered with hair, and non-exclusively
i ncl udes humans and non- human prinmates, their
chil dren, including neonates and adol escents, both
mal e and fenmal e, |ivestock species, such as horses,
cattle, sheep, and goats, and research and donestic
speci es, including dogs, cats, mce, rats, guinea
pigs, and rabbits. "Patient” or "subject" is used
herei n interchangeably with "manmmal . "
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10

25[ 00321 "Intranasal delivery" shall nean delivery of

a drug primarily via the nucosa of the nasal cavity.
This includes the superior, mddle and inferior nasa
turbji nates and the nasal pharynx. Note that '
%(H'}%{%?? region is concentrated in the supefr"li‘n’g}’ls20"6/024685
(upper 1/3) of the nasal turbinates. G lial action
pushes material back toward the oropharynx, so

mat eri al deposited in the nasal vestibule encounters

t he nasal 30nucosa before entering the throat.

[0033] "Substantially free" refers to the level of a
particul ar active ingredient in the conpositions of

the inventi on,BWr@WRﬂ@I%ﬂE’E@EW&W@%

I ngredi ent constitutes |ess than 20% preferably Iess,
t-han EB%lAnthows pmatabsraty pruppldscoptpimnsis cypacabplamimplution of

%?p%f’ss% e e AP A RN S o the
compobt oy ARFHAGR) RGP E Rkl 0% yosqbatan sotuon

e &k phesém ddvartendeying o actditepbal deengagedreng axprlling agp g plume of
asal sol yt.i.ons. an hodi-nents of this o
ec(ig{ﬁrchg ayamms w mfi otgcﬁé Eresg%ﬁ%ﬁp .

i ncrude e, single-dose,

i spoRtr Rty i AR pltoci8) L RRRTRNAE sy e ki

"peak concentration (C.) of cyanocobalamn in a bl ood
pl asma”, "area under concentration vs. time curve
(AUC) of cyanocobalamn in a blood plasma”, "tine to
maxi mal pl asma concentration (t.) of vitamn in a
bl'ood pl asma" are phannacoki netic paranmeters known to
one skilled in the art. [Laura en 15at, Eur. "I
Endocri nol ogy, 135: 309-315, (1996)]. The
"concentration vs. tine curve" neasures the
concentration of cyanocobalamn in a blood serumof a
subject. vs. tinme after adm nistration of a dosage of
cyanocobal ainin to the subject either by intranasal,
subcut aneous, or other parenteral route of
admnistration. "C',." is the maxi num concentration
of cyanocobal amin in the blood serum of a subject
follow ng a single 20dosage of cyanocobalamn to the
subject. The term"t." is the tine to reach maxi mum
concentration of cyanocobalamn in a blood serumof a
‘subj ect followi ng adm nistration of a single dosage
‘of .cyanocobal am n to the subject.

11
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[0036] As used herein, "area under concentration vs.
time curve (AUC) of cyanocobalamn in a bl ood plasnma”

is calculated according to the |inear trapezoidal

25rule and with addition of the residual are

VR UPEEER S0t 23% or an i ncrease of 30% betvveenéjtw%\%gzooﬁ"024685
dosages woul d be detected with a probability of 90%
(type Il error p 109%9. The "delivery rate" or "rate.

of absorption” is estimtect by conparison of the

time (t.") to reach the maxi mum concentration (C..).
Both C o, and tnax are anal yzed usi ng non-paranetric

net hods. Conpari sons of the pharmacokinetics of

30subcut aneo BETAITREP DESGUETERY OF - HERRBSENTION

cyanocobal am n adm ni strations were performed b

anal y#28] ofhe/fatlpaing defiriti@ymyay aRkbin tsgindesgjagding of the present
congﬁgiusonns a Bonf erroni - Hol nes sequenti al procedure

was USEd"t o eval uate si gni ficance. The dose-response

rel ati hi, i h : .

cot | ORIE L BooiE NEBR 8oy WIER AR RSP Afimimgion of plus
2003 49O IBPENhIB20D6! OReesieaial yEirdhe feldof Wermepslogy and

i dered _si gni fi cant . o en. :
B
abouPapgasanitios ts apympdate balearthavabn! i trcorisalyratelbioibgedtical or

to be adm ig?l-ered to the nasal mucosa either in drop
or F"h“’%‘ﬂﬁ’i\?l 2% owever, the preferred node of

A Y

- sui bfak RospwiRye wsaParized tané eREalifd ieteriSpy twthPoovpdavied of the

# 6338 %o%aced by Pfeiffer GibH, Radolfzell,
Ger ARV YRX Q8 §UPSCRdni ni st rati on of Cvanocobal anin

003 anocobal,am n: i s adm ni.stered | ; Lin le
003 b 2085525y T3 B g B e

i NVeRbidef other thkdvearsea the fol l owing definitions are -
usef ul . [0039] Aerosol - A product that is packaged
unde[0MrEs $Bioavatinldligd i deling] dsiier mpeud extabtity whshitheective

i ngredien

s that are.rel eas u CE ok valL] .
appF’@{)‘idfe I 4G Ye\;gmgt}rsi%% or%ex? gom%%%&%%ﬂ&?%a&%es%@aﬂable at
aer gs6lte of Ati@t, ¢BISCFR 33. dagage form conpri sed of

- nmetered dose 20val ves, which allow for the delivery

of a[e028f ofRioensinlilityyf ¢fe isjrnasel spragnrelztivhto an intramuscular
injection of cyanocobalamin® means the percent amount 2 dose of the intranasal taken
up by the systemic vascular system in comparison to the same amount of
cjanocob alamin injected. For example, assuming an inframuscular injection of a
sohation of cyanocobalamin containing 100 pg of cyanocobalamin would have a
100% bioavailability, if an intranasal dose of cyanocobalamin contains 100 pg and.
haé at least 5% of, and in certain embodiments at least about 6% or 7% of, the
bioavailability of an intramuscular injection of cyanocobalamin, at least 5 pg, 6 ug, or
7 ug of cyanocobalamin would be taken up into the blood vasculature. Likewise, if
the intranasal dose of cyanocobalamin contained 500 pg, at least 35 pg of
cyanocobalamin would be taken up into the blood vasculature, if the intranasal

formulation had a bioavailability of at least 7%.
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activation. [0041] Powder aerosol - A product that

i s packaged under pressure and contains ;
therapeutically active ingredients in the form of

owder, which are rel eased upon activation o <
‘g%b@gbpp%te val ve system 25[0042] Spray ‘aer%%@ﬁsz-m%ﬁ“&’
aerosol product that utilizes a conpressed gas as the
propellant to provide the force necessary to expel

the product as a wet spray; it generally applicable

to solutions of nedicinal agents in aqueous solvents.
[0043] Spray - Aliquid mnutely divided as by a jet

of aEdOZ Sét%bqg&f&g% ]S%D%E ea'hg goﬁ@d's%nél Ocﬁan\ge measured in a

non- préssur’i ze sag€ torm consisting al ves that
30apdrometed exatipsie @fi whiel irvfuda byfpesciot lisdted ipaopéaniratish,

spr on each. activation, . L2R -

P Berfiten. SREuT e} SRR stre S Bop iR B gl e
di spekgssily httitatds iofithie grodedtioedreinemn deriotes idsability. nn @fsimilar vein,
cour,se droplets, or | nel y. di.vi ded [ids, .

Cusiiatier tbacest Sps iRt o BR R B Bssette

5[ ORib@dct Ehrofd stiblitely TtTinge petiad et emhichatabidity i fneadueed is relative
o Paged e riindod oty ofSEFrrodiiR Acclilds RS afftgher

ChafeapbanirdR bR tdRn bl BGfkabeddRitay Of extfapolating stability over
regul atory subni ssi ons necessary for - Food and Drug

AdmoREs Praeds o tipre g aye agBRHPEISUEE.  esear ch and
devel opnent ual ity assurgnce and stability testi
R e e B S TR SR o

10[ Q% Akteldaas Q uahak had shRslibgald igficbd fobe of pdriyistation,
geonetry has been found to be the _bestmi}g%ca or. of.

t hePleveieanp sgisF S7ar RO Whigh 1s EBRPOLispay ol ggined by

par%dnﬁﬁs%ﬁou@@é&!&&ﬂfdﬁh& of the spray's divergence
angle (plune geonetry) as it exits the device; the

SPraype31L" OFmmaRetshANRtIus diyRE b Glabyof vibifinf 66detl Yigaerd
particle/droplet distribution (spra attern%{siéf\ng ik

t hevarichatas sk Dierish thoir somes widatle srere i ey el and have
f oupgy £ QaBE bR R EesTBSordi WRILGSRHnd nb) @x 16k febyf INBINES humans and

quantities in the characterization of a pasal spra
 punpen-inuwanyineptas) thely chilikery wpldng Aepneies By &rdpfﬁs‘iea'gﬂ?%@ale

Pl URR: BRAEE¥ioBNSeSiBY, 8¥hRETH &4 e AR LS, BB bSat ] ie@yirch

~identitirers for vérifying consistency and Qonfo[n‘@%},}/&

wi t dndtdemneatipipevies inglndmedoes: et Fife Fatt, BENFARES
al Ui Bent” or “subject” is used herein interchangeably with “mammal.”

[0032] “Intranasal delivery” shall mean delivery of a drug primarily via the
mucosa of the nasal cavity. This includes the superior, middle and inferior nasal
turbinates and the nasal pharynx, Note that the olfactory region is concentrated in the
superior (upper 1/3) of the nasal turbinates. Cilial action pushes material back toward
the 6ropharynx, so material deposited in the nasal vestibule encounters the nasal
mucosa before entering the throat.

[0033] “Substanﬁally free” refers to the level of a particular active ingredient in

the compositions of the invention, wherein the particular active ingredient constitutes

less than 20%, preferably less than 10%, more preferably less than 5%, and most

13
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Definitions 20[ 0048] Plune Height - the neasurenent
fromthe actuator tip to the point at which the plune
angl e becones non-Ilinear because of the breakdown' of -
| i near fI ow. Based on a visual exam nation o Mol -
WOHHYEY3nd to establish a neasurenent poi ntﬁ?%@&ﬁdz“%
width that is consistent wwth the farthest-
nmeasur enent point of spray pattern, a height of 30 mm
is defined for this study 25[0049] Major Axis - the
| argest chord that can be drawmn within the fitted
spray pattern that crosses the COMv in base units

r L I d t hat
Can BEreg A 4 D b Bl cd i TR gy fbrcionts i
cr odsr®nphgti@OMy i N base units (nun) [0051]

"Ellipticity Ratio - the ratio of the major axis to

t he rfﬂ@ﬁéi é)ﬂ"liserB @[%lﬁclsﬁjer@:l fbutmh eseflil amddderacimbtorl diegneds
I
];SLSI S %E%# S ]Ilas fgﬁ&% g} %Jlermg %Wgeté PI‘J‘PE?F%’QF“ISOEY include

[ 00B8iltirD5 @mgletdaee me&mm date, ohﬂcthiempthﬁt mfdﬂﬁsp&hﬁb(ﬂmﬁﬁﬁéeﬂf and

t he tOtk"i‘ts liquid volune of sanple consists of
drogf &8t¢"of a snaller di amater (um, al so known as

2007/ 70boBPCBURS It 53 BB B OB b vinpigbaamin i  blood
di |a pltes”, Sdreahindpt @iﬂcé@ﬁhWﬂsCﬂﬁnQ&%@(Atﬂ@ﬁoﬂ@hﬁiaoﬁaﬂm tha
VO

anpl ts. of d | e
oM Pl 0 S b RSB B b
of phendisé phahﬂﬁdo@i’ﬂwuér eearsdi@ loedwl tB@ny altingl intieurt. [Laursen et

nar r;’ %} E“edo%!m%g ogy, %g %BQ—S?P %PQ%% CI%L: ggcln%gn?:rdatlgg V8. 1:[[)1?16 curve”

measures the concentration of cyanocobalamin in a blood serum of a subject vs. time

after administration of a dosage of cyanocobalamin to the subject either by int:i‘anasal,
subcutaneous, or other parenteral route of administration., “Cy. s the maximum
concentration of cyanocobalamin in the blood serum of a subject following a single
. dosage of cyanocobalamin to the subject. The term “t,,,,” is the time to reach
maxunum concentration of cyanocobalamin in a blood serum of a subject following

administration of a single dosage of cyanocobalamin to the subject.

[0036] As used herein, “area under concentration vs. time curve {AUC) of
cyanocobalamin in a blood plasma” is calculated according to the linear trapezoidal
rule and with addition of the residual areas. A decrease of 23% or an increase of 30%.
between two dosages would be detected with a prc‘)“b'a-bi'lity of -'9:0% (type II error B =
10%). The “delivery rate” or “rate of absorption” is esﬁjnatéd'by coniparison of the

time (tmax) to reach the maximum concentration (Cpax). Both Crax and ta are
analyzed using non-parametric methods. Comparisons of the pharmacokinetics of
subcutaneous, intravenous and intranasal cyanocobalamin administrations were
performed by analysis of variance (ANOVA). For pair wise comparisons a
Bonferroni-Holmes sequential procedure was used to evaluate significance. The

dose-response relationship between the three nasal doses was estimated by regression

14
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Dso [0056] % RSD - percent relative
standard devi ation, the standard devi ation 10di vi ded
by the nean of the series and multiplied by 100, also

known as % CV. [0057] Cyanocobal am n nasal Sfé@ﬁ%%%%nmﬁs

WOY8EI% e present invention is further conp

a cyanocobal am n nasal spray kit and nethod of

adm ni stering the cyanocobal am n sol ution using the
nasal spray kit. 15[0059] The nasal spray kit is
exenplified by Figures 1A, 1B and Figure 2. Figure [ A
and 1B show a nasal spray device 10 before engagenent

£ St Il e Wy oy

CONEBMNGLaurkeR ot i, 499@se a bottle 12 into which the
cyanocobal am n fornulation is placed, and an actuator
14, pd033F hade tiwybadtdclivedkamedbalamif kalirtions ererviesigicd to be

with the 20sol ution of cyanocobal amin in.bot .

Wh e?’fkflﬁ@teé?f]ttﬂ alatedmra’sa? JpCosa )égltetr E}b(?rg% Uwie sgrr% g%-%d ?—iaﬁe&% the

for ﬁl%ﬁan%%l iﬂbﬁaﬁf Rlnifetratibh isﬁ'ﬁ spyafenohaliathefotrhefdingly divided
tip 15 of the actuator, The spray. .ok S CONPII S

o1 P Bl BEpIRST & GBI oG PUE DU B Ry TRt Flodel #
SPr @y338k4REN hyspidigleGRbACRadoYzdRbeRgng. phot ogr aph of

a cross-section of the spray plune 16 above a
predet erm ned hei ght, of the plume. The spray plune

al so has angle of 25ejection, 20, as it |eaves

actuator, 14.:Anepdlyiniaistraiion of Cemoesbabimine 16 is
shown on FIG 2. The Spray pattern of Figure 2, is _
el | i pag3spl ComebobEansin iRjdetinishuicd intAdgsaliynabing aviased sprax agrording
26. [0060] .1 n one_exenpl ar nbodi.nent. the

2ot (AP PrERHEEE S it U PO B0y AR Jeh s el

sol utiaao] hawidagl -aA pRoday: thatdeeraged bidet presste andtonbains
fromabout 1.0 to.30about, 1.4 égeqineasu¢%g'at a . ooropriate
hei givrapgtticalnactye negiepisdhal e arard B SRR Y A Rerop
enbogi Bt | ess than 5% of the droplets of the
cyanocobal am n squtLon are lega t ha 101&&%i§ fiae d dose
the 49M8) Matered perral 4 AR BFEed Lpsaeior™ ATRRTSCG 2 LG

25 3NdeAAnitMalibe SR detitdry of AU dubaitglstptgtiporatach
26.9 pmor less in size, 90%of the droplets are 55.3°
pm 8¢tve¥s i n size, and 10% of the droplets are 12.5

PM Ofd8$S Polrdsi ol L7A Grab AR isNRckag8d @ilibr pressure and contains
therapeﬁﬁcaily active ingredients in the form of a powder, which are released upon
activation of an appropriate valve system.

[0042] Spray acrosol — An acrosol product that utilizes a compressed gas as the
‘propellant fo provide the force necessary to expel the product as a wet spray; it
generally aﬁpﬁéablé io solutions of medicinal agents in aqueous solvents.

[0043] Spray — A liquid minutely divided as by a jet of air or steam.

[0044] = Metered spray — A hon-pressurized dosage form consisting of valves that
allow the dispensing of a specified quantity of spray upon each activation.

[0045] Suspension spray — A liquid preparation containing solid particles
dispersed in a liquid vehicle and in the form of course droplets or as finely divided

solids.
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WO 2007/ 149098PCT/ US2006/ 024685 [0061] As noted
above, the present invention provides inproved
met hods and conpositions for intranasal delivery

“%Xanocobalanin to mammual i an subj ects for treatnent

or
WUHOISN of a variety of diseases, disordePSUEH{06/024685
condi ti ons. Exanpl es of appropriate mammal i an ‘
subjects for treatnment and prophylaxis according to
the nethods of the invention include, but are not
restricted to, humans and non-human 10pri mates, .
i vestock species, such as horses, cattle, sheep, and

goat s d r.esearch and . donestic species, .including. |
dogs, 3l : ﬁ’f-ﬁ%ﬁ’é‘;ﬁ‘ 83?’3?%‘: ChgtRr iR Etgp @g, S BF1Q%) Y Failted by metered

[ 00G3}al bpraypeng Alayinideliagy dsEthEDDD", hSyray characterization is an
cyanocogfugggln nasal seﬁgf,of the present invention

may "HEETE 1 e TeRlRr TS U RPTP R C# B forked and Drog

he metdphingir@itn (HPAYSpRbvA F tedtech 3 Aeldprlet, ERARPRE R hce and

follo 'Qg i nptramuscul ar vitamn B12 therapy. "For
15&?%1 testiyg mrofedrgt for Re apslexisige res! vy HumPsl ve t he

pat i g0847) € CRIoKIUBH cBihdidfizh BEGH oebmiiB At o

100 'qi g 7g,f ,C)?ar?%c c'obal' ar?i %Hl{%‘r .a %{Xt% gfbrtﬁoh%g{a\%\g%ég@&dmb

t og st ingliedoriofiike eyerny nerfomsPeofsiehal soriyipumau depdraular,

in r o
] efhbiR8Reid ofGHENREAREY 2L B %@%%&t&?@%}g r_ag RLEEs the device;

than 100 -jig as doses in exce
r apithfl sprayls sEnseectipentelintoip v framity paod pariecleiimplet distdbution

Ayt Jafths ! e1of L DnEAeen foun
govn\ﬁﬂ)li'a%ztﬂ ﬁEﬂnﬁ%n?fhe_tﬂe%BluﬁB@M? a8k loéiﬁ;%gﬁ? ?155{9 é’r n found to be

not resu In gr eater r'e enti
ano thetrosb feprasentati ve prifermaiiecpiantitivs inthi agpridtesizatnlod daasal spray

and By [ 4 e enlisted
o pEAPP SR OBk S TR ARG sy
f ol botesn mp@OBBientsast lexddaptifiers Goroerifyimpuhdisténty @td toafbrmity

f : [ :h
gyaﬁ%@gggpgﬁg%%&ggﬁﬁg%%%gc%Fﬁ%@ﬁﬂg¥%Wﬁ#%he pati ent

* sel Definitions sters a dose of the.25nasal spray, e.g.,

ek DOPRD PR 0 S EPOE i s R Gr Ghe po

- cy awbch ltfed e angde boomesmondaichetitadsh af thE BiEdalid&a: of linear flow.

di agnosed with a vitam: 12 deficiepcy, hu .
cspBRRBH o b RablobBiR B FRG Pijeeh aRtolath ameppement poin
andfod wédthrthet thebhditen eythalie MithatinbasBbeGRuh bf Gy fattern,
st_r'(:t,yfg@tarj%n%El t he s%é@glledmbeggns who 2g?uﬁbmn :
ani s SF Gmet s defpad iz S8y 30cyanocobal ami n t her apy
usi ng. .t he anocobal.am n sqlution of the present

i nv eﬂ’t"f‘g‘n M3t S5 T e e REROT b1t o o Em Y Bl ffckpprey
mal petisorthaticorssesfthe/COMW in B&2umite g i ng fr om

structural .or .functi onal damage to the stomach, where ‘
i nt r[0889Ic Mamtrdyxid sthe empidtsechoot thbtxat be diave withinthefiged spray

| k381t ARLRind @Ok b ¥hSunfid 0T PLI On. These

conditions include 1
[0051] Ellipticity Ratio — the ratio of the major axis to the minor axis

[0052] Dyo—the diameter of droplet for which 10% of the total Hquid volume of
sample consists of droplets of a smaller diameter (Lm)

[0053] 5o — the diameter of droplet for which 50% of the total liquid volume of
sample consists of droplets of a smaller diameter (um), also known as the mass
median diameter
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Custonmer No. 25,315 WO 2007/149098PCT/ US2006/ 024685
5tropi cal sprue and nontropical sprue (Idiopathic-
steatorrhea, gluten-induced enteropathy). [ 0064]

Mai nt enance cyanocobal am n t herapy using the

WO R3S at ni n sol ution of the present invefty O fo424685
al so indicated for those afflicted with mal absorption
of vitamn Bl12 resulting frominadequate secretion of
intrinsic factor, resulting from 10l esi on that
destroys the gastric nucosa (ingestion of corrosives,
ext ensi ve neopl asia), and a nunber of conditions
associ ated wi-th-a vari abl e degree onh%gstrlc atrap

(suc0s4] nDbot-i the dismelenickoniet forumhih 907 %@a@ﬁléﬁ%ﬂa@f{m of

Vi r @lmofddoMaists BF @651Q0BE £ ORAIRE diapb@ogmi)ne di sor ders,
iron é%flClency and subtotal gastrectony).

St r ugdgasp! shasi ARRukhBit Jf Bravitil oBld dieliutosnEle smaller the
include ileitis, |Ieal resgctlon% Q%?hntaadmﬁease
andvasyiieingrayieithadisgpytion; RPEnS CHRETET Bncims nay al so
be the result of conpetition by intestinal parasites,
and '60@ Q%aim) utpb}cbﬂa&wm sDhdatil HanitionRhe steedzart deviagion

it f t
theﬁl‘wdéiﬁw@ﬁ?neé?e o Aist A mﬂ"ﬂ?%%‘”%% STLBNEL Y.
l-ant h | t t t
o 20 MR EnasP B AU Ra LR Togui r e above nor m
| evel t B12 . dy o
or ogiiiafl, thiPRPoBr el turfr ol ?%9 B2 LRhSoobalamin sl
engma [k G a
h sleity dmh dpf d@ynstwaéhﬂ’-i e B POl ruusing the nasal

: [OOQ@& 1As noted above, the present invention provides

for a stable phar maceuti cal sol ution of
cyanqgusbpl %@h&aﬁ#&dy&hh@eﬁeﬁiphﬁm byeFigsas 1A, 1B and Figure 2. Flgure
108%13’35@ Eﬁ\ﬁ\ oW A nas Ssgrr% Byitd 86 0etb Bén% %@ﬁeﬁtlaﬁ@} @Rﬁ)bﬂd after

I'ntranasa

b st (16 s Thorar oRa R S Ko o sermpissd gte
bi 0gy@dthedbinlthit Yasoh batile 2 886 whith ¥y amcotilenth farteslation is
bi 0 al l a MR aff)& lﬂrﬁtt Abd %%ﬁféulb%dh[]ﬂlﬁ&t:bzﬁl@ctﬁfnmththe

ac
CyaH %% e |n ranasal atlo wi | | é%éor

be @@nﬁm %ﬁaneﬁobalaﬁwaaldme&ﬁ t‘78h 1415 actu
Ccya Bﬁgag&@ it @610k h splaylplirhe 116 oficyagenb alammthlronglanm 15 plchppgtoator.

bet ; %pa ??, C@&g ?s c%ﬁ;?& |d}’olpfkl%odi{thessohﬁﬁn Qpéyiaﬁ@cﬁbalamm A spray

ht un e

e deamnah BRI BHRRLI T oI5 B g ey plume 16
cer biaivl aguaisehmainyd Bagtodifentiene. alteoppo luniaaiso has angle of
accef. 9t10?192(5 Qs ﬁheecwes actuator, 14. A spray pattern of spray plume 16 is shown on

FIG 2. The Spray pattern of Figure 2, is elliptical and has a major axis, 24, and a

minor axis 26,

[0060] Tn one exemplary embodiment, the actuator produces spray of the
cyanocobalamin solution having a spray pattern ellipticity ratio of from about 1.0 to
about 1.4 when measured at a height of 3.0 cm from the actuator tip. In certain
embodiments less than 5% of the droplets of the cyanocobalamin solution are less
than 10 ym in size, the spray patiern has a major axis and minor axis of 25 and 40
mm, respectively, 50% of the droplets are 26.9 um or less in size, 90% of the droplets

are 55.3 pm or less in size, and 10% of the droplets are 12.5 pm or less in size.
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invention is conprised of cyanocobal amn, citric
acid, sodiumcitrate, and water wherein the viscosity
is less than 1000 cPs, and wherein the solution of
cyanocobal am n has a b| oavai lability of at
FO0YI499, and in certain 19 Custoner No. 251‘;@&52%@24683
2007/ 149098PCT1US2006/ 024685 5enbodi ments at | east
about 8% 9% 10% 11% or 12%or nore, of the bio
avail ability of an intramuscul ar injection of
cyanocobal am n. [0068] In certain enbodi nents,
conposi tions according to the invention will contain

2 PUEREH2 b e ARV e S dlioh oy IOl S0 IR BRGRRS S

i ma;e@bﬁﬂblfs fBzaﬁn-hxessalsiehivarmcyamhohgamﬁadp n@mqhbesubjects for

22 [g D o m?%:gf éllme)p 3 ga%ﬁ%!fg éi}seaﬁeg d%[)rgl gﬁ]ad %hditions. Examples

Pr es@ibh @?héﬁ@nﬂaﬁmﬁlﬁﬁh@ﬁ@hdom fernpdatmysat aﬁd@ropigta&'ﬂsaeo@dﬁag to the
shel f e of the co Si t

D SBEPG 8 B DO SR PSRy g and now e

thi penh gsalivestoblk Qﬁe@ﬁb‘ts@ﬂpés,hoi%ﬂ Zﬁﬂﬂ@h&d@mmﬂfﬁoat&; aié reseaich and
benzal koni um chloride, An exenpl pr eserva r%ﬁﬁgs

us efamestig ToriRs, LrEInRE JAgh-SEFIRES 47 & é’r‘f@iﬂﬁ B
i nvention is 15benzal koni utclgg %{ﬂ or bél?%‘ % v of the
c onc {9621at TngigenplaphiBePeREy éy%‘)f’? U} P& Py
St ﬁv&%b}? a6 Y URGied tBR aldo aintenehd@ bl thedieiiologival status of

e may be-appfeciable variation pendl
ag emttegfglv@@@@dn re@g@qrg’iol PFing dptraguse n@lz%gerapy q:%r

enb ﬂg}’é‘ QERAY &b A mAFROsISE g ﬁtﬁbnt Reeiliny a#ts on
has %tﬁlglet%%ﬁhatl onégg%‘1 c%[gjﬁoeobal ar% n at 0.5%

( pentremtiscolar infretipnsadilgh ug of operoprlemiadprrguTbiy2 wedks,

chi 56y LB B e 6 GG A by QRO KB alemin

O hgfouliufof by gmgexagamooargﬁsudnws ﬂrom;eaﬂ@éﬂﬂﬂ ugmrt:m Y pleared

|nv ntion include but ar ot )
" EpB S BroLp e Y S el spoyes of vitamin 51

POt @8Bhod Mshk phirbatbiatRniontbf dagiramohytd ohthie dﬂaxman Jreatment using
Sodi um acet at e and acet| aci d.. 25[ 00721;. .
e e S qoRogaeLI i Ryt By g alisfe i ing such o

course of initial therapy, as follows.

Q‘

[0063] Instead of a once a month injection of 100 pg of cyanocobalamin, using
the cyanocobalamin spray described herein the patient self-administers a dose of the
nasal spray, e.g., containing 500 ug of cyanocobalamin, once or twice a week. The
maintenance therapy of the intranasal cyanocobalamin is for any patient that had been
diagnosed with a vitamin B12 deficiency, bﬁt especially for those treated for |
pernicious anemia and dietary deficiency of vitamin B12 occurring in strict
vegetarians, the so-called vegans who eét no animal products. Maintenance
cyanocobalamin therapy using the cyanocobalamin solution of the present invention is
also indicated for those afflicted with malabsorption of vitamin B12 resulting from
structural or functional damage to the stomach, where intrinsic factor is secreted or to
the ileumn, where intrinsic factor facilitates B12 absofption. These conditions include
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cy apveBlialcaplprORS. (HHOER PRRPR

adm ni steri ng cyanocobal am n conprised of infusing

the nose with an aqueous sol ution of cyanocobal am n,

wherei n the solution of cyanocobal am n has a

viscosity of |ess than 1000 cPs, and,mhereinyéﬁEQW$mnmﬂs
'ty o

VW71 30f cyanocobal anin has a bi oavai | ab

at | east about 5% 6% or 7%relative to an

i ntramuscul ar injection 30o0f Cyanocobalamn. In
certain enbodi nents, the bioavailability of the
cyanocobal am n solution of the invention is at | east
about 8% 9% 10% 11% and up to 12% or greater

conpar.ed to bi.oavail.abjl ity '

o R e S S e e

WO 286-6pah§098PCT/ US2006/ 024685  10073] The present
invention is further directed towards a nmethod for _
el evadienap MamienhdcsrlymoBdlldney lesapy psingthe cproobebalamin solution
spinal fluid

agnP%%P]@F‘inHﬁ‘seéCl%@%st??ﬁ%%&‘gl er}%ﬁ%@%%o AR i olsbsorption of

i NCERASE BID %sﬁ‘ﬁﬁ% £60 iifbintaaboreiidreofitriBi@ fastor, resel HBSHrom
to that in the bl ood serum (Bl2, CSF -BlZOS.SgSr um Xsiv]eon% lasia)
to lesiopdwbfesipihe spstiic peaELmEcRap §° CEIORY P FESt Op-asta,
cy apQeoRalRMbftoRdto ddicoridivitbi atithle dégrad of bastaastophy(such

rel-ative to an intranuscul ar _i.njectio f.a .. .-
BN A HaReion egpin

| ev @ﬁ&cﬁ%@dﬂoﬁfé&? RS£ 8effonb ahd kiveotdl ghdt@cinyRB1RArdcurinesions

CSF to the levels in the bl ood, serum.is at,least 1:9

100 et leFthfoP 12 gleciency inctyde Algitis J1RlTATCRES, ol f giscase and.
P e580kh BUERFilaRin _ﬁg,l@ BbFRSentic AEY AsBARne afsile bE@petach by

resu inirreversi e danmge to the nervous s %Egnl

o

- Pr ogtestinil perasiBs, wed fuadepuate uiertion gt wH iR Bl oA

der gﬁtﬁhét%ﬁiiiegpﬁ RS eelﬁbio?&i ih tlaRkfingAt 6f 1S6FBsih.N

the spin C erebral cortex. This causes a

wi de haRoe 1oL inf il cHatldeabalathitl Boludichf T fRtRAFinvention can also
i ncl udi ng paresthesias of-the hands and feet,

di mbpuscidder tudividiat who wAiPOpYRITERbRYLepfgdamip 1P, due to, for
res léll%(t%gé, pg{%gﬁnglﬁ%ﬁ%ﬁcogﬁ GERESBE 28RN nEBHEDe, malignancy,

refle i'nthe |ater stages, confusion
nmoo diepags snd dewsd disefse.menory, and even a 'l oss of centra

20vi sion. The patient may exhibit del usigns,- .

hal | U896kt iAsmsted ghoveybaPEReT WFWO_B@WLE?% i stgblfgbapoppgeutical

neur.ol. ogl &%%ﬁlg@(gﬁﬁﬁuﬁ aRabR roli iSRG L BRin{stBMnt Rring a viscosity
e he

- changes 1n mat opoi etic, vitam n Bl2 deficuigg has

us tlesbthag abest HOPeBs, aderpipesadsinimasl jolptonpleaimagod

pati_ent .\ SPEAL inPdt ok feadlisSQEHL 65 7% of th

eveﬁﬁ$¥a?%%§ggge no%&%ﬁgﬁﬁgga%%%%fgf%eaenbpdinent gf °

t he bpmeailehiityi afwe ttiaomsciilar de eatign PEGARRRSDRIABHE ST igrappral

| evel of .25vi ] -0 qt : end & HAkSin,

R R e B e
buffering agent to maintain the pH between 4 and 6 preferably about 5, an optional

mmmectanct to inhibit drying of the mucous membranes, and an optional preservative.

[0067] In certain exemplary embodiments, a composition according to the
invcﬁtion is comprised of cyanocobalamin, citric acid, sodium citrate, and water
* wherein the viscosity is less than 1000 ¢Ps, and wherein the solution of

cyanocobalaniin has a bicavailability of at least 5%, 6%, or 7%, and in certain
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i ntranasal administration of vitam n Bl2 according to
the invention can be used to treat such di seases as
Al zhei ner' s di sease, denentia, and nultiple
sclerosis. 21 Custonmer No. 25,315 WO

W1/ 198808PCT/ US2006/ 024685 [ 0075] Exehpl/HrAJ00 024683

formul ati ons of the invention include the follow ng:
Cyanocobahni n Nasal Spray 500 ncg/0.1 inL

For mul ati on: [0076] Alternative buffer
systens and anmounts that can be used for
10Cyanocobal am n Nasal - Spray QJantity (%ww 1)

O B
ISP AR DR b P SApt b AT SR 557 2)

Ac e&@é\@ﬂ&lﬂﬁfy@f an intramuscular injection of cyanocobalamm.

[0065] " In certain embodiments, compositions according to the invention will
contain a humectant to inhibit drying of the mucous membranes and to prevent
irritation. Any of a variety of humectants can be used including, for example sotbitol, -

propylene glycol or glycerol. An exemplary humectant is glycetin.

[0069] A preservative is generally employed to increase the shelf life of the
compositions. Examples of preservative include benzyl alcohol parabens thimerosal,
chlorobutanol, benzethonium chioride and benzalkonium chioride. An exemplary 7
preservative usefil within the formulations and methods of the invention is
Benzalkonium chloﬁde. A suitable concentration of the preservative will be from
0.002% to 2% based upon the total weight, although there may be appreciable

variation depending upon the agent selected.

[6070} In certain exemplary embodiments, a formulation according to the
invention has the concentration of cyanocdbalamin at 0.5% (percent of total weight),
citric acid 0.12%, sodium citrate 0.32%, glycerin 2.23%, benzalkonium ch_loride-
solution 0.02% and 96.79% water.

[0 071] Other buffermg agent combinations useful within the invention include but
are not limited to: Monopotassium phosphate and disodium phosphate; Potassmm

biphthalate and sodium hydroxide; and Sodium acetate and acetic acid.

[0072] Another embodiment of the present invention is a method for
administering cyanocobalamin cdmprised of infusing the nose with an aqueous
solution of cyanocobalamin, wherein the solution of cyanocobalamin has a viscosity
of less than 1000 cPs, and wherein said solution of cyanocobalamin has a
bioavailability of at least about 5%, 6%, or 7% relative to an intrasnascular injeétion
of cyanocobalamin. In certain embodiments, the bioavailability of the
cyanocobalamin solution of the inventioﬁ is at least about 8%, 9%, 10%, 11%, and up
to 12% or greater compared to bioavailability of an intramuscular injection of

cyanocobalamin.
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Sodi um Acet ate anhydrous, USP 0.220 Acetic Acid,
glacial, USP 0.064 3) Phosphate buffer Monobasi ¢
Pot assi um Phosphat e anhydrous, NF 0.483 Di basic

Sodlun1Phosphate anhydrous 0.004 22 Custone
W28V K08 5007/ 149098PCT1US2006/ 024685 5[00{’79%%9%6’024“5
intranasal fornulations of the present invention can

be adm ni stered using any spray bottle or syringe. A
preferred nasal spray bottle is the, "Nasal Spray

Punp w Safety Cip, Pfeiffer SAP # 60548, which
del.ivers a dose of O InL per squirt and has a di ptube

l en %ﬁp@?ﬁ 'f'lberprﬁgnt ﬁ%ve:nn&'?ﬂ ’{ﬁrﬂ]ep HEGRRSETadil PRERbE b bVating
the vitamin B12 levels in the cerebral spinal fluid (CSF) comprising intranasally
admnnstermg a solution. of cyanocobalamm so as to increase the average ratio of
vitamin B12 in the CSF to that in the blood serum (812 CSF/B12 Serum x 100) to at
least about 1.1, wherem said solution of cyanocobalamin bas a bioavailability of at
least 7% relative to an intramuscular injection of a cyanocobalamin. In cettain |
embodiments the B12 CSF leveis are increased' so that the ratio of B12 in the CSF to
the levels in the blood serum is at least 1:9. | '

* [0074] This is a significant embodiment of the present invention because vitamin
B12 deficiency can result in irreversible damage to the nervous éystem_ Progressive
swelling of myelinated neurons, demyelination, and neuronal cell death are seen in the
spinal column and cerebral coﬂex. This causeé a wide range of neurological signs
and symptoms, including paresthesias of the hands and feet, diminution of vibration
and faosition senses with resultant unsteadiness, decreased deep tendon reflexes, and,
* in the later stages, confusion, moodiness, loss of memory, and even a loss of central

v151on The patient may exhibit delusions, hallucinations, or cven an overt psychosis.
Smce the newrological damage can be dissociated from the changes in the

- hematopoietic, vitamin B12 deficiency must be consldered as a possibility in elderly
patients with dementia and psychiatric disorders, even if they are not anemic. Thus,
the embodiment of the present invention directed towards increasing the level of
vitamin B12 in the CSF can have tremendous benefit for neurological patients. Thus,

_ intranasal administration of vitamin B12 according to the invention can be used to

treat such diseases as Alzheimer’s disease, dementia, and multiple sclerosis.

-~
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10[ 0078] The foll owi ng exanpl es are provided by way
of illustration, not limtation. EXAMPLE 1
Comparison of Intranasal Cyanocobal anin Sol uti on of
t he Pr nt Invention with NASCOBAL(r) and
"‘i%ﬂpg}ﬁ?@%m ar Injections of Cyanocobal atnin PCI/US2006/024685
I ntroduction 15[ 0079] Nascobal (r) (Cyanocobal am n,
USP) is a synthetic formof vitamn Bu. with ‘
equi-val ent vitam n Bl12 activity. The chem cal nane is
5, 6-di net hyl - benzi m dazol y1 cyanocobam de. Currently,
Nascobal (r) (Cyanocobalam n, USP) is marketed as a
. sel f-adm ni stered nasal gel. The reconmended dose of
5 Nasc{eas) r Pxdn@yam Soowktions of theumysptioninglyds e folloyimen
vitam n B12 mal absorption who are in rem ssion
f@ytzhonabrigi®Vpsa) Srey 2 recgf 1 &8k n B12 therapy is
500-jig adm nistered intranasally once weekly.
[FP8Qhtigd:-t ami n 1312 defici ency has a nunber of
causes, i nCEL@pdpEntTal absor ption oNawid Selmion B12
resulting fromstructural or fun¢tienal D)darmﬂc g0 the
gastrointestinal system and di ef RUES ¥ cy |of
vitam n Bl%—ﬁg@%“ 1 FPOSES [@ispt 1 s study are to
conpar e tha_cﬁl oequl va ’gjr%g of Vi g'r?ion 25B12 nasal gel
versus t he| casaicidmhagroun®$Pt o eyllldate the rel ative

bi oavai | abiH+y—-ef—-hree—pt atripgps—of —vitamn Bl2
in a fast edsgﬁl & r%rn%ff Eﬁeal t t(w}?ﬂmal e_and fenale
subj ects. | Glycedi)@32] | ntranasal |@Pa&nocobal am nigel
i s approved_for_a-dose—of 500-pg—-The—current—study
al so utili rBenzalkeyiamstlsgde BEAY nad spray at the
same 500 j | gpdose and 30an intraruscul ar dose off 100

pg. 23 Custonmer No. 25 315 WO —
2007/ 149098PEHiadSEBEI024685 5 St 9% wj ecti ves

[0076] Alternative buffer systems and amounts that can be used for

10 Cyanocobalamin Nasal Spray
o . Quantity (% w/w)

1} Citric Acid—Phosphate buffer 7

Citric Acid anhydrous, USP : 0.240

Dibasic Sodivm Phosphate anhydrous 0.357
2) Acetate buffer _

Sodium Acctate anhydrous, USP 0.220

Acetic Acid, glacial, USP 0.064
3) Phosphate buffer _

Monobasic Potassium Phosphate enhydrous, | 0.483
NF o |

Dibasic Sodium Phosphate anhydrous 0.004

| 22
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[0083] To conpare the pharmacokinetic profile of a
single intranasally-adm ni stered spray, single

i ntranasal | y-adm ni stered gel (Nascobal (r)), and

singl e intranmuscul ar-adm ni stered vitamn Blﬁcﬂﬁ&ﬁmmnmws

WOPEH?YPate in normal healthy male and fe

subj ects. 10 24 Custoner No. 25,315 WO

2007/ 149098PCTI US2006/ 024685 5 I nvesti gati onal plan
Overal |l Study Design and Pl an [ 00841 This study was

a single-site, open-Ilabel, 3-way (3-treatnent, :
6- sequence) crossover, pharnacolcinetic st udy of :

\(/ I5E) 8 n?f}ﬁgﬁl ZT\l%qﬁﬂr&%‘%g }{ ﬂ)%f B%é%%%%@%weﬁﬂo’}%caﬁ RE Sdministered

i nt rsmgoy bany lédﬁM o1 sml&gf:t |Aoprefem©d)ﬂasi[13pragﬁoﬁle if e t“®Wsal Spray

L oa e Asar it B Ao B AR PR s WG Al s Aop it L
500-siquigf anil haswd dlpiﬂﬂe?leng’ch ef 3610% mﬂﬁgad:anﬁ)@ pUichatd :6m Wi ffer of

conpfised e | ary enbodi nent of the present
i nventTon @ gﬁ gW?@FEed cyanocobal amin at a

conc ti % rcent of ¢total t), L.
ConC b ia! AR g B SR ed s o B o ot tmitation
2.23% 5096benzalkonlun1150hlor|de sol ution 0.04% and

96. 79% water. [0086] TreBRXmMPLB1 One | N ge

adn1n|strat|on of 500-jig V|tan1n 812 (hbscobaIG)
arisen efdpiran@sal Gyendceibadainin Sokition

vitam n Bl
Vitamn B e aret tfr )
Zﬂﬁﬁﬁmgg]mSubsequent tr- eatnents MA|| be dosed no
sooner than 14 days followi ng the preceding treatnent

dose administration. Treatnments
[0079] Nascobal™ (Cyanocobalamin, USP) is a synthetic form of vitamin By, with

equivalent vitamin By, activity. The chemical name is 5,6-dimethyl-benzimidazolyl
~ cyanocobamide. Currently, Nascobal® (Cyanocobalamin, USP) is marketed as a self-
‘ adJmmstered nasal gel. The recommended dose of Nascobal® (Cyanocobalamm
USP) in subjects with vitamin Bi2 malabsorption who are in remission following
inject able vitamin By, therapy is 500-pg administered intranasally once weekly.

[0080] Vitamin By, deficiency has a number of causes, including malabsorption
of vitamin By, resulting from structural or functional damage to the gastrointestinal

- system‘ and dietary deficiency of vitamin By,.

[0081] The purposes of this study are to compare the bioequivalence of vitamin
B12 nasal gel versus the nasal spray, and to evaluate the relative bioavailability of
three preparations of vitamin B12 ina fasted state in normal healthy male and female
subjects.

[0082] Intranasal cyanocobalamin gel is approved for a dose of 500 pg. The
current study also utilizes a cyanocobalamin nasal spray at the same 500 pg dose and

an intramuscular dose of 100 ug.
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Treatments Admi nistered [0089] On Day 1 of Periods
I, I'l', and IIl after an 8 hour fast, subjects
received a 25single IN spray of 500-jig vitamin B12

ETre%%gggt A, a single IN gel of 500-)tg Viﬁ@ﬂ%&m&%ﬁm%S

(r)) (Treatnment B), or a single IM
admnistration of 100-jig vitamn B12 (Treatnent QO
based upon a random zation generated by the PPD
Devel opment Biostatistician in one of six sequences.
Following all periods; all subjects were to have
recei ved each treatnment in a crossover manner. A
g@ﬁyo %_SQ?eriod of 14 days separated the three

i Yné J&MSds. [0090] On the morning of Day 1,
subj ects assigned to Treatnent A received a single IN
spr aj0083Ini Tio semperd da perrmaetkinetig profilagfpgingls / 312.

Sk B i .

 si nghge InNag@scuneaininktarat vieminD 500 fastgd stitein penrahheity male

(Nascobal ). .Subjects assigned to Treatnent C received
s?ﬂ&?@ﬂiﬂﬁﬁﬁ#rnstration of 100 ng of vitamn B12
Doses were preceded by an overnight fast (i.e., at
| east 8 hours) from food (not including water) and
were followed by a fast fromfood (not including
water) for at |east 4 hours post-dose. 10[0091] Wil e
confined at the clinical site, subjects received a
standardi zed vitam n Bl2-deficient diet at schedul ed
times which did not conflict with other study-rel ated
activities. Aregistered dietician set up the diet,
and the food staff maintained a diet diary. No
di etary supplenents were permtted during the study.
Subj ects abstai ned from.consum ng al cohol - cont ai ni ng,
grapefruit-containing, or caffeine-containing foods
150r beverages for 72 hours prior to Check-in. Study
Vari abl es : : '
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[ 0092] For each subject, the follow ng pharnmacol dneti e
paraneters were cal cul at ed whenever possi bl e,
based on the serum concentrations of vitamn B12 from

. Treatnments A B, and C according to the nDde1>CTfU32006/024685

WHHEEMEnt approach: Cm T., and 20AUCo. t

Phar maeol ti neti e Measurenents [0093] Bl ood sanpl es for
PK anal ysis of vitamn Bl2 levels were collected via
an indwel ling catheter and/or via direct venipuncture
using 5-nL yell owtop Vacutai ner(r) HenogardTM
evacuat ed serum separator collection tube. Bl ood
sanpl es for PK anal ysis , 250f vitamin Bl12 |evels were
cHegligatigndiploby -1 at 0, ‘6, and 12 hours and Day 1
at 0 hour (i.e., pre-dose); 30 mnutes; 1, 1.5, 2, 4,

60v&all Bhdy Tsigd 8nd Pldn 36, 48, 60, 72, 84 and 96 hours

Veas JVBRE ot 154 R0 5 BT s ER R Aot 1By FF ARy, Gscavence)

* usedrdssoveh ipBarshekinetie stadst dfostemtnyi, adhinisted@Ugethirtimsal (IN)

giszggﬁs? ¥ 5@%5%%‘%[}&%%@%@) %ﬁg-g%iggﬁ? %lﬁzral%fgsca#ar Ay ection (100-
[T'o’o fﬂl togted A6k RIS HRaId RIIGERRE QulljE R LIRSS |

AUC i s a neasure of the extent of drug -
bi oavai |l ability and reflects the total anount of drug

t hat [P hdgeatnentdy s OQapdN sprpy edmiaisraion of 60U vigawin Biz. The

No. uﬁér AehProriaa 07414 SR 080/ Qadt8Rent of

5[ 0096] C. roepr gse%s tﬁggﬁgg{%{um sg?gg{’m conce?ﬁ-?gt Fgﬁsem

obt &ivisaidoredngd epntaipedcyanocobalamin at a concentration of 0.5% (percent of total
weight), citric acid 0.12%, sodium citrate 0.32%, glycerin 2.23%, 50% benzalkonium

-chloride solution 0.04% and 96.79% water.

[0086] TreatmentB: OneIN gel administration of 500-ug vitamin B,
(Nascobal®). *

[0087] Treatment C: One IM adminisiration of 100-pg vitamin By;.

[0088] Subjects were on a Vitamin Bip-free diet throughout each confinement
.period. Subsequent treatments will be dosed no sooner than 14 days following the
preceding treatment dose administration. '
Treatments
Treatments Administered
{0089] OnDay1l of Periods I, If, and 111 after an.S hour fast, subjects received a
single IN spray of SOO—p,g vitamin Bjy (Treatment A), a single IN gel of 500-pg
vitamin B» (Nascobal®) (Treatment B), ora single IM administration of 100-ug
vitamin Bi, (Treatment C) based upon a randomization generated by the PPD
Development Biostatistician in ope of six sequences. Following all periods, all
subjects were to have received each treatment in a crossover manner. A washout
period of 14 days separated the three dosing periods. _
{0090] On the morning of Day 1, subjects assigned to Treatment A received‘ a
single IN spray administration of 500 ug of vitamin By,. Subjects assigned to
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v@ggﬁides war ni ng of possible toxic drug Ieveﬁ

adm ni stration and provides an indication that
sufficient -drug has reached the system c circul ation
to provide a therapeutic response. In addition, Cu,. .

m52006/024685
"8x was cal cul ated and present ed as nedi an

~range. 10Phar macoki netic Variables [0098] For each

10

15

20

25

30

subj ect, the foll ow ng pharnacoki netic paraneters

wer e cal cul at ed, whenever possible, based on the

serum concentrations of vitamin Bra from Treatnents

A, B, and C, according to the nodel independent

approach (Ref. 1): [0099] Crax Maxi num observed '
concERitmgRt Ibwce%ﬂ[ ponpolN g4l pdministatiopeof 560 ﬁﬁﬁfﬁtﬂmﬂl Bis

con er.t :
conc SRR ubfeck ARG hEm b RS i gempistation of
| ast100p@sHiviadhie Biondess were Ipﬁaﬁaded aiy abl badrgighiayst tlha@ at least 8

oo ) BORTLER! inhiiSs waah SV PR K8 G Food (o

Ver shaindifs R2kr) f@QSlaattidtousbsiMatdrods Pl anned in the
Pro&ﬁﬁﬁh and Determ nation of Sanple Size Statistica

and yt i vare gufped @ﬂ?r%%‘p@ﬁﬁéﬁweﬂws@w agstandardized

[ 0Q#B3in B8 &icter® HicVithaiMeBded MhiSElH %%ﬁﬁie@%ﬂf’%ﬂn@r study-
nmeasur ed as /rTL Serum concentrati on val ues be ow

t hé&® ae%mfme&wée$$f?w@ dictigiangst weipe dist ard e feod staflimaistained a
Zelgie ikt U d1§%‘}p§ubﬁlgméﬂt§@§:e pélﬁ’&i%ﬁllhﬂ%ﬂ&%ﬁl@ dS\!lbgt%ts abstained

sanpling tinmes, 'were used 1 n”al utations
t h&OpHRFIERBK Plﬁ@tql—@omgfmr@eﬁwt—r:@:ﬁm@rag@r@affeme-conta:mng foods

Pr @8 6kALLABy 7NV S or 1> ed sanpling tines were
used to_eresent results In t )l es, listings, and
fi gétedy Vadae9] From t he concentratlon dat a,

Gl PPFE O B R PR A BETR Pl Ol nl

8. 4a1g11ated whenever possible, based on the serum concentrations of vitamin By, from
Treatments A, B, and C aécording to the model independent approach: Ciay, Tmax, and
AUCy4
" Pharmacokinetic Measurements

[0093] ~ Blood samples for PK analysis of vitamin By, levels were collected via an

. indwelling catheter and/or via direct venipuncture ﬁsmg 5-mL yellow—top Vacutainer®

Hemogard™ evacuated serum separator collection tube. Blood samples for PKranalysis
of vitamin By levels were collected on Day—1 at 0, 6, and 12 hours and Day 1 at 0 hour
(i.e., pre-dose); 30minutes; 1, 1.5, 2, 4, 6,8, 10, 12, 18, 24, 36, 48, 60, 72, 84 and 96
hours post-dose during each period. |

Appropriateness of Measurements i _

[0094]  The pharmacokinetic parameters used in this study were those typically
used to assess bioequivalence. All assessments of bioequivalence were based on

comparisons of AUCot, Timax, a0d Crmx (test versus reference treatments).

[0095] AUC is a measure of the extent of drug bioavailability and reflects the
total amount of drug that reaches the systemic circulation.
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Statistical Analysis 30[00105] All statistical tests
were conducted at the 0.05 significance |evel, unless
ot herwi se specifically identified. Sumary statistics
of continuous paraneters consisted of nunber

WRAN 1438 an, SD, and range. 27 Custoner I\Io.Pé%?fgﬁmfﬁss

WO 2007/ 149098PCTI US2006/ 024685 5[ 00106] Descri ptive
statistics were obtained and tabul ated by treat nent

for levels of vitam n B12 at each tinme point and for

t he pharmacoki netic paraneters cal cul at ed. [ 00107]

Bi oequi val ence was eval uated for the test (Treatnent

A - al ray) ver . - '
el J0OOR oy B B el S oo ARl s
peddnanisidioansd ploeiddda indindtiot it suffivieetrdyeg ks wgacked the systemic

generated for the_ratio of 10test/r.eferenc @g@g} nd of
ARSI to oy 2 fhefapgie FERRTy FAAY Figh) G ‘E‘PY‘or futh go
an@sﬁgjeqoxja'ahagwersespondi ng 90% confidence intervals
for the geonetric nmean ratio vveae obt.ai ped by taking

t hel09AT] | ogwofves KECYpsf REHRTPHRAL & PRIE TEPE f or the

di f bprenceRet vagmiddre means on the Iog scale.
[ 00TU3] was assuned that the test (Treatnent @e'rés

T

noni008Bler i er ¢arh subiachdhrlotiowins phrmacqkrEr BHpRCters

(T N biRra9686 of vitamin By, fr
LR e iy g it i .
AUDRdinwetseh, G, ead 61 aceprdingde thegupge! ipdepgrstopt qopraa (Pteg r

ooMePL s oo i ek R AR, T Pl 800 i

was [ stjmedat halimoie-maxireywn eptcesiradign] d not be

est .shed.,;k0Q109] T ence. nes tinesd ®4he time of
usi i‘ghbﬁe %%(%?‘t%a%aglrngmgﬁ?%o? : %%%?n o§ g%gub' ect eHmee
Wi 1okt rhessegble naeseaisativhscabnlatnd by dhetinesy trapgzoidal riigi n

ef f Z(ﬁﬁﬁz}we rP%éJn%%:%@eﬁ%%@fc{ﬁgﬁong %ré@%oﬁﬁ&ﬂ%éiﬁ?S&g‘@@S Inst.,

nmod
Version 8.02).

Statistical Methods Planned in the Protocol and Determination of Sample Size
Statistical and Analytical Plans/Pharmacokinetic Analysis

[00103] Levels of vitamin By; in serum samples were measured as pg/mL. Serum
concentration values below the quantifiable limits of detection were treated as zero.
Actual sampling times, rather than scheduled sampling times, were used in all
compufations of the pharmacokinetic parameters. For ease of presentation, however,

scheduled sampling times were used to present results in tables, listings, and figures.

[00104] From thé concentration data, non-compartmental pharmacokinetic

parameters (AUCq., Cuax, Tmax,) Were calculated as described in Section 8.4.3.

Statistical Analysis

[00105] Al statistical tests were conducted at the 0.05 significance level, unless
otherwise specifically identified. Summary statistics of continuous parameters

consisted of number (N), mean, median, SD, and range.
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10

[00110] Bioavailability was eval uated for the test
(Treatnents A and B - Nasal Spray and Cel,
respectively) and the reference (Treatnent C - I M
groups. Relative bioavailability was assessed

VWO HPHE t he 90% confidence intervals for t]ﬁg%%{’?%m“a
of - 25the test (Treatnents A and B) group neans
relative to the reference (Treatnment C) group nean.
[00111] For Troax, the anal yses were run using
W coxon's matched pairs nmethod to determne if
differences exi st betmeen'the test group and each

OB D e B Rt e b Regipop o fovels

bi ofwiainiaBi,lat a¢h fiate polie addfor hblphafatdkadetio Psratvaiers calculated.
0.9715. Bioavailability when conparing Treatnent A

( spr @%buhV %%Pf% gfﬁ%ggar%treg%?%%r @g?“ag@é@‘g% 2\2-%&5&11 Spray)

Tr eﬁtmhitt reiEre(nbMTreéﬂnent[ﬂla@rﬂﬁ CAIK hifsisof Phridnct QSNOVAL Ref. 2)

o rﬂlf’“%a ]%ﬁfrp %’%ﬂ}fﬂ Ay n«?@ 8}%&11 ery %1% @n%%géeh%gteg\?grethe ratio of

r e&ﬂﬁ/ﬁ%{_ﬁﬁ% )()ma@ﬁitﬂ m&&@lﬁgﬁﬁl 16‘@(\1-5@‘ ﬁh}sﬂ&ﬁ&i}%}mr to analysis.
[ n

O TRRBRETBE D0 OB TR GpDa pLam e Gap o wee

- foasmuhaiuﬁalqﬂgﬂlelaﬁﬁl%ﬁﬂbhaae 93% omlﬁuéhsesm{en%%b the dMRrence

13

20

25

Cenx val ue for the IMfornulation was significantly
hi BHwpenthereamen e 0gpalss for the two IN fornulatlons
(p<0 0001). Bi oequi val ence was established for th

Vi t HPBIR1 & wanassymed that 1o tosbifaraiment A) irnogapteray (spith respect to

- baggderaBnENBxaitet BHUSAE 10w b00PeaRN609% 8RERIARLREN AL Srom

for the |oge-transforned C. and ACC, for_ the spra
aniegEmsoFps Fati A S Ulek rerg areatss thamer patabio 39P5. é@%etlwer

1 2§o(ﬁld 6@1% bO%Q@bﬁd/anc@ﬁfér\l'aﬁg Both R:Tg' Acknsf@ e, 2534 K@@g + Were
when conparing the two IN fornulati ons because th

| ol thanct el 4t WS aprance et pereimdiorii eomlgnod bwséabétﬁ@ét er-

than 80% for both ADC, and Cmax. CONCLUSI ONS: The

rel HOA0Y bilbasearense eifeot ap spted pEng G menp FARRSIAE (MNSD) for
WasibfheOfilin sBhaeal jdﬁ Rirbi fodn f 811 oL ALNRAECHE WeRRERagainst the
versus Treatnment C (1M was 0.6105, and 0.6284 when

c oM B foryth Tﬁ@gfﬁéﬁﬁﬁﬁ-(gel) versus Treatment C (I M.

The pharnacokinetic profiles of the spray fornulation

and[golrey] geblcfaﬁeﬁﬁlﬁh@gﬁ W evaligted FoFithaAkst { Dieatfacnts 8@ B - Nasal
pg/tuL 1670 res ectivel AUC04 (92000

pOSHRRY e, ﬁ‘ém@ecfﬁ'@iwm e %%rﬁ%c@i/df%qﬂw Cndtf) @rqyaSa|Rf§laﬁve
t NGodVBIbARY Haf ARERRESy EQfnining ﬁ@bm%nﬁ&bﬁcegiﬁf@élﬁﬂﬁthe ratio of

gel IN formulation was |ess than 15 m nutes (-0.24).

h‘fée tont (RreatyagnizcA et BY greun weams el vatto 81§ refassnce (Treatment C)
| goif h&nt |y higher ‘than the C. values for the two
formul ations: (p<0.0001). Bioequival ence between

th e[ovimm ForB3.2, aRrANyiQ wa# 1tk L8Ry W okdRes MhibRRIRirBh2hod to

ge formu| ati on was establi shed using

| A Berpmags ouish hebren dheress sionp and el referpnca g
and Cmm The 90% confidence intervals for the

| oge-transformed C. and AUCO4 for the spray and ge
formul ations fell within the range of 0.80 to 1.25.
Noni nferiority can be assuned for the two IN

formul ations (Treatnent A versus Treatnment B). All
Vitamn Bp fornmulations were safe and well tolerated
by healthy mal e and fenal e vol unteers.
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29 WD 2007/ 149098PCT/ US2006/ 024685 5[ 00112] As noted
above, in certain enbodiments of the invention a

m nimumrelative or conparative bioavailability

e.d., in side-by-side test subjects admnis
V@%ﬁ%ﬂF@ﬁ1e doses of intranuscul ar cyanocoballgLﬁ*t/ﬁ&(]06/024685
i ntranasal cyanocobalam n, tested for plasnma or CSF
concentration of cyanocobal am n agai nst suitable

control subjects adm ni stered sham or placebo
preparations) of the intranasal cyanocobalamn 10
formul ati ons of the |nvent|on wi | | be at Ieast 5%

- PPN .
06 —or_70-of the-bieavar+abriit Y e treved Uy

'SUM&mmscubHCLummm&tlon in some cases at | east 8%
19 10% 11% or 12%or greater. [00113] The present
IpRGkAsthEnPROXEgIgssdet ai | ed conparative '

i oavai lability studies and results to evince these

| EEB 1@%&% ?aavﬁgaﬁlﬁﬁﬁ%%m%ﬁ@%seﬁak @g'?"l £ SBlchzaﬂ&kflﬁy when comparing

ositlo
érseetrn%é@pravaesws T SRS po P S Rk ﬁwﬂ?g Treapment B

axenphas TeadmbiiCadMdsal (I N) fornulatlons mas 0. 9715.

lel ati ve bioavailabilit en_canparin r eat
§|!3‘7’9§‘§‘5”a°\9!’é‘i*6§“d§°ﬁfef %fgu(eﬁ}gﬁ%or@u ‘t}o‘ﬁ el forrﬁ.dghon welr tar iA Crax

| (620 miarsdo ﬁ/n&Z@ﬂrewmandéﬁﬁaW?@ pg“‘#néralt AR P g poctvel).
eﬁ[d}?xli‘«%alfﬁtﬁ?ﬁeﬁﬁnﬁffe%&c kWi max bEReenplR agriacdde N M@ihilgion was less than 15
oLl 0 It &l h G§1EZ[ e woax ValUes for
d?nﬁlﬁf f 2.4—)j r:|l‘11x3 (l,;1 vgl "1%3 el W%Qxﬁé(@{‘@a% 9@:@{11 tl? b\ CCrra ues

ation wefe simlar for
ﬂ@@@ﬂﬁémwwmmﬁﬁ? Hmnrespectlvely) and AUCO-t (9200

%dﬁ eﬁlvsleﬁcf T/as €s Qa%)lﬁ ged glnq;ltamax{ ? ﬂ%&%} VVlﬁllréé)Id {o the geI data based on Cpuy

ere
e Ayl c@épmrwwm@s{%ﬁnﬂ%& s ST o HE Sy na
| Bl aiioreGell Adtyin T oz GF 30%o 125% Ldditigrally, hes-ipfiyjority oan b assumed

' h%oﬂ‘%ah%c%ﬁﬁ%&rﬁﬁﬁtfoh%ﬁsl& ¥.e Rivg BahdstoPasobiitiencECr@als are
al ues 5f or mul ati ons (p<0.0001).

I
oY m@%ﬁ%r°? st y‘%ﬁ are not expressed directly
F(Fﬁ@Uﬂ@Nﬁ1of conparative AUC val ues for IN versus
N/ 1 birg ahtiv@bdabéiﬁbjdltﬁsr ipranpicehakian v 0.8M8 Hiabalrhiliygfor
UC ¥, altx&i‘e% A pra veggs rea ’Xneﬁwwfﬁbﬁ LM 0988 kMARbhafidy AFatment
the data 3% above. In particular, the
c-np%ﬁ%@Y%ﬂ?qﬁﬁﬂ?9§| bility study results presented

b Dove F ml?lanri%g.c%ka&pgc p%cgi!lep Qttthetslt}gy for(n@[latﬁah Li®he gel formulation are similar for
‘oavai X
anBodith - 1 5P P hszﬂﬂafﬁwfﬁ“’?}@ﬁbda% ed @"X‘i Ry /L, 97000 pg b/,
an&aﬁhadlyammlumamamamkd&b pifferenge forfhel beyfocmific @B IEAMY

| was@s@mmmuaa( 0.12). Ik b oan@rbd sl brinytation sas

O 6105
pr ggléqﬁm ¥ er%n docl esa_‘Bes("f%r the S‘\Jr&f[\l o826 ViRb HRS),

FO%" 6f “the nat ur of geonetric

pans of the AUC based 30 Custo
. Bioequivalence between the Vitamin Bz sprayr}ermuiatmn an% gx %%amm B gel formmlation

was established using log,-iransformed 90% confidence intervals for AUC,, and Cppay- The 90%
confidence intervals for the loge-transformed Cpax and AUCy, for the spray and gel formulations fell

within the range of 0.80 to 1.25. Noninferiority can be assumed for the two IN formidations’

(Treatment A versus Treatment B).

All Vitamin By, formulations were safe and well tolerated by healthy male and female volunteers. -
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WD 2007/ 149098PCT/ US20061024685 on nom nal doses.

These data were dosed nornalized according to
conventional practice to the appropriate dose

mul tiple based on a dose of 500 jig given intr
Wwﬂfigﬁoﬁsl g given by IM The skilled artisan’ WE}V%%&/OZ“%
readi |y conprehend these data and fully appreciate

that the dose nornalized data yield a ratio of

bi oavai l ability between an I N cyanocobal am n sol uti on

of the invention and | Madm nistration that

10reasonably corresponds to the disclosed relative
mninmumrelative bioavailability of at |east about

5% o118l AsxoteFlabavediaicetiaii pabidinentnef theinerdion pyniimum
stan I n

mor RIS SRR IRERG AR RRBLR L 8" p udliH ety ¥ 05 fimpjterd
i nj ecbpaable Hovet dfantesoarspil & cpmwohi@uhlakrmwéxanm czymlocobalamin,

st and oper at i resul.t 6105 100 _pQg
106 L gaofep o CRRpF bl ol bRl EReR AL SRR control
spr aﬁbjad‘_bs aintniktbiet Eijmtbﬂ Iﬂ)z{u‘.ekﬂf pr@palﬁion:t)mf tatdittduhsal ¢yaeocobalamin

act r|th ti.c ove f [,
e or BB A T S &7t o i of e Bty
and a8hi0RA bp@ﬁﬁﬁ:ﬁlﬁﬁﬁlar m]éd&Sﬁ),Qﬁ mmsadayes aThes 8%7a%al0%, 11%, ot
i kewi se evince the corresponding AUC for the IM
|njé3%éﬂggﬁﬁﬁy conparator, according to the instant

di scl [OGHBE/IThE@fes&ﬂ( aiBb&ue Hoeiday detallB®tdnparatiaa biokvailakility
AUC for is calculated as 147155 ﬁ%*hr/

r eadiUips et eva 1 ee thess Mo sReCHE PRETRAP & a@é%?%? ghthe
f r oma il bt do oﬁﬁc\éﬁr&rf RGN RntidD rAsQié@:lﬁ%@alfoﬁ)é thd@lative
spray 92000/ 147155 = 0.62 ratio). \Wen d
nor #maw%@aﬂmh@g@v%e&p@pwlp@wm.f?r@&llahg)nwaséw 15. Relafive
exenpl, a{l}sbﬁl @ﬁen\e%mgm@maw (Sﬁrﬂy)%fsﬁ@tré‘ﬂtzhéﬂt@ t he

e of

‘present descri bed  ran l'east 7% and in

oth émtretmulaﬁe Helxwag 0.6 s@ndéb/é%i odn qompesps Txgirt B (gel)
gr e3L8hs TR ¢ gﬁ\@ym%mmmnenéﬁ%ﬁm 8t thOBou@fardane

i nventi on conmpar cyanocobal ar ni n
25bicpanpedtatayiin ms,y fogmum@né gel fompatipg wepq syileydon fraer (1480

DY el NS5l RGOS oA RUCBS A bt 9700 pghumL,

dose, parall el %roup study to
c onpespectivhky). ujpiditicaaldy, thej iffgronce Aprol marebotween the spray and

- cer %er&si%hﬁlﬁhuofn &MJ 5 §Lsh fah ) 5 AfiduRs ('—(fﬁttp a’!ﬁﬁé@l‘ﬂaﬁ%‘e for the TM

25

30

i nt Fanuscular adm nistration 1 n healthy nale and non-

30p fergniation s @ ficeally hisherthan tipComax w@u«gﬁ f@bthp vl CSF
Iev%és &wgiéégﬁggivels produced by both

fornu rons 161 Thirty-six healthy mal e and
non- p[negrzqa rWhifecthwsk dats ey net expressagaliceglyain theovam of epeperative

g In L %}LL(? zill %‘féﬁme%s%gé\d %Eg'a@a%glﬂy @%&‘aﬁgéoﬁalﬁlﬁﬁle{h\é ?& atfre AUC
200 %A41:49410 BRadlyuh 8200641619 468G fivink tha dstapredosel abbve 06
00 padioias 1% SofBadindt vhodThu R ¥l sl PUERM SN Filhstrate

rec
that the “relative bioavailability” ratio of an exemplary spray cyanocobalmin

formulation compared to IM cyanocobalamin bioavailability, and of an exemplary gel
formulation compared to IM bioavailability, is 0.6105, and 0.6284, respectively.
These values represent ratios of the natural log of geometric means of the AUC based
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a single intramuscul ar dose of 100 neg delivered

i ntranmuscul arly. Each subject visited the clinica

site three tinmes in a one-nonth period. These visits

consi sted of a screening visit, one dosing Vjsj -

WO F0H90%Pi sit. [00117] After each dosing, ea ﬁT/ESZ%&%M“”

subj ect underwent |unbar puncture only once, 10w th

the retrieval of a total 4.0 inL of CSF (4 tubes, 1.0

nm. per tube). One. third of the subjects had a CSF

sanpl e coll ected at 60 m nutes post dosing, one third

of subjects had a CSF sanple collected at 90 m nutes

post dosing, -and one third of subjects had CSE _ .

s anpi vonsioildosss egfhese 3B OVFR 495?%%0%%5 a@gfa%gﬁf seresfon

In %&c%'t@ﬁxe%%é}ﬁt@&@é St Bah&l FaydoRE oftBosipgGivén idtranasal
sanpl es e

bl o 15drawn before dosjng an% ga} lota and
dos gl (8tueziven &y 1 Thaaldled ffip el readirgcoser iob e dpta an
A gﬁlgraé%r)e(?iatf: G 18 ]ﬁo% QUL e Qsth VORISR D6 avkitibility between

di s The cerebrospinal fluid was
ev abmBl exné@balaminaoliion afiha imeaticasi Sfradmnistirhien that

obj ective %%qésgﬁ%ﬁ LY g%gﬁs Gl DG BBk £uiNBBISIBability of at

t he ™&Mo0 oitam n present in the blood an
CSFidhetlabeisbig 6¥4n tir 2L $bis Materngimation apiberaadg by a standar

OO TR PR g B e T By A rERRSCvatues for en TN
iI ﬂjt g%;aaiaamqmamjpdc?bzeghmﬁa?apmpz?v]iﬁymg%ﬁaam@ operation/result
= 0 i N

LS ey o R0 3y 2 PhRARDr B AUC teeen the IN sprey
subesd ﬁg ngétﬁo]:h Bf @g;t%i[? Igamt;c%?ijlﬂmflthe ?m;bughmgs?i eGrrdpd above
cyanocopal asol n-- . Tes dr% ldg -00 i (?@70@052@ /mL,
Nas &9t asreppplary d GYHRGPH oA FRm2Y 55y * The

C %/ ag&g&lﬁa%@mn%sb akth ﬂﬁasigé Tﬁnqeem?mgyoudm%g? e §M %uj ected
study ccontal ned Syamocolalanl i aihiodS A S 8Bt
0. 5@5‘@6‘?@@@“@?‘“‘9 tO\R%IIB%]ﬁ, Pt actd "0 12%

Eo d i;ﬁélfai& 6f tht @K@hlﬁr ﬁﬁzfs cmdafx aisn4'g1 %Efg‘hrﬁg%gas re;di(}y derived by
enzal Konirum cnl ori1 ae,soj u on . Uavo anda .

wat apvers opiEptis] RO g daos SiYoh Sie o Sple forthe sprey
?ri @260031 li5POblh @atlo. Ualeh s roAGIBETINSE datd OQTApEIGiirEetly to

gg rexenSpSlSr& relative bioavailability value within the presently-described range of at

least 7%, and in other embodiments at least 9%, 10%, 11% or 12% or greater for an

IN cyanocobalamin formulation of the invention compared to TM cyanocobalamin
bioavailability. ‘
EXAMPLE 2

[OGIISj Also provided by the instant disclosure are results of a non-blinded, single
dose, parallel group study to compare the uptake of Vitamin B); into the cerebrospinat
fluid (CSF) after intranasal and intramuscular administration in healihy male and nop-
pregnant female volunteers. This study compared CSF levels to plasma levels
produced by both formulations.

[00116] Thirty-six healthy male and non-pregnant female subjects, age 18 and
over, were enrolled in the study. Highteen subjects received a single
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[00124] Before intranasal dosing, all subjects were

given an orientation of the proper dosing technique

and general conduct of the study. 32 Custoner .

25,315 WD 2007/ 149098PCT/ US2006/ 024685 5[ 0

WOHP UGS yer e i nst ruct ed to gently blom1h|s/ﬁégb%%§§uﬁw°
The subjects remmined in a seated position, and the

primed IN applicator was inserted into the nostril by

t he subject, under the direction of the study staff.
During dosing, the contralateral nostril was closed

wth the forefinger. Subjects were instructed to tilt
their heads slightly back for dosing and to return

t heiintranesatidose of 300 weg ddjiverepasd §.1 . sphiylagd sighteér swjeptn received
10gen Llhgae lﬁﬁr%msahﬁl Mosfeoéﬂ gw ﬂﬁg dREVHE uﬁ%ﬁﬂﬁc@ﬂzﬂg Bfch subject

this am n

oC
e e N T e igoliisied of o
dos eciesnigg Ehit) ghe despy vigedndedinglovighe nostril).

U] S 171K LB ML S QefoBl Al el BRB LM ot e

t hei r* ' nos hour treatne
Af t evithchossirivgal of a¢¢tais%(bmé¢1f Oﬁﬁ(ﬂ‘éhmﬂ Olndnb@rrtubc) One thll"d of the

?znfhﬁgc 3 ha'fnadsgﬁi amg; &56[ géne p st d?:mg%b e ﬁltlrdglsgubjeots

fr omaé aClSF @#Hroplp cbl&(dted a_%}:mﬁmtm besft dmin’;)@ mtchdleﬁngﬁﬁ subjects had a
. ' ' CSF
o e eelBaY 1ol pi %a%g? “djoi."ﬁé,. and_ one
thir o@ﬁs@%{? g@a&léa , bofeon SRR B Gl SGRCHI0RY < a}ngjﬂ-,swere
0sin

m nut @% quEro priaté time aft
dosuwnlteﬁ@re PRSI patisiospa i [ Giadnd A mﬁ%@#@ at0.5, 1,1%,2,
appriop,d, afds b{onfr@post-dmﬁa@nqmmmmba}nage) The | unbar area

R e L

1- 5 ti gbjddesioff thasthdyndpsaited hereindd maskarpuibe mmeﬁ‘hm:aB]z
a spi nal e in i nt he. , ..
cpit Bt i Plog 80 S Mgl BB ] odiftraton.
vest i F sanpl es were coll ected 60, 90
) ?‘%ﬁ‘ﬁlc?na ‘S{TSS&F%P% adninistiation. A total of 4.0
nL qo0ICeF \FefgercePreintie dCydbdcobalareiadiOmped mhmhuscdmdnjectwn

| S LE&@]\%& C{”ér:aigtco B;?l glfa]%?aifogbgs% lC?ea Vat’tet-rﬁe so&ﬁﬁ%ﬁ%f ﬁ}{anocobalamm

| deVittahih @,) astrdnisanstilived sfilmitabecna itgdcyidn. cwbh ababwytsihs 1,000 meg

Upon co etion of CSF collection, the spinal needle

e SRS R Blagn | | |
[00122]  Test Product: Vitamin By, Nasal Spray = 500 mcg/0.1 mL spray. The

cyanocobalamin intranasal aqueous solution in this study contained cyanocobalamin
at a concentration of 0.5% (percent of total weight), citric acid 0.12%, sodium citrate
(.32%, glycerin 2.23%, 50% benzalkonium chlorifle solution 0.04% and 96.79% water.
[00123] Vitamin B, Nasal Spray was supplied as a 2.3 mL botile to deliver one
- dose: 500 meg/0.1 mL per dose.
- [00124]  Before intranasal dosing, all subjects were given an orientation of the

proper dosing technique and general conduct of the study.
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[00127] The levels of vitam n Bl2 were determined in
both the CSF and bl ood serumusing Vitam n Bl12
concentrations in the CSF will be anal yzed for

det erm nation 30of Vitam n B12 using a validated

WEROHI4%E. | A procedure. 33 Customer No. 25, BGEUSKj§024685
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2007/ 149098PCT/ US2006/ 024685 5 Results and Concl usi on
[00128] The data showed that the ratio of vitam n Bl2
to serumwas higher in those individuals receiving

i ntranasal adm nistration of vitam n Bl12 than those
recei vi ng intranuscular i njections of vitamn B12.

| angBLE] o ShE8E e b by Pl v beiape. T it

I € GEloMh& Dl a%%ét&ﬂﬁ@sﬂionaﬂﬂ' the ikt Qif)}:ﬁéatdf tofad Eﬁs&t@lﬁo the nostril
whi |l e t hose who. received i ntranuscu injectiogns of

vi terthesuBiest Rader iy diseiiongé theatidy Siatin fURaE fosne Bie pontiatpteral

0. Afbstril WhPelbsed JrifhUhSfokFinBe. rsﬁﬁ;,u&ts whid ihdh@bted B IBNEE Bdads
adm ni stration only has about ‘a 7-12% bi oavailability.

in silalélymaé%@r Seyinsfaddp setprpdbairdhenditte aniiriabt agsition while sniffing in
i nj £ a@ﬂ:? ée}ﬁr tfcﬁm\ﬂn%%:%mg-rﬁ'c&r&lﬁgtoqﬁfs otbddla 0.1 ml. dose of

intra nistration of vitamn BI2 reaches. the
15GHRin B sproy waefeassad intelthe naps naviy of seohambise (s énse is a single

R G e oA %@&ﬁ%@ée%ﬂm fiom plovying their nose

of."far yam fdlobdngN meaSotnit | on
[00126] After dosmg, each subject underwent lumbar puncture, involving the
" retrieval of 4.0 mL of CSF (4 tubes, 1.0 mL per tube). One third of subjecis from each
group had a CSF sampie collected at 60 minutes post dosing, one third of subjects had a
CSF sample collected at 90 minutes post dosing, and one third of subjects had a CSF
sample collected at 120 minﬁtes post dosing. At the appropriate time after dosing, the
investigator positidﬁed the patient appropriately for lumbar puncture. The lumbar area
was prepared and draped in the usual aseptic fashion. Local anesthesia was utilized
(1% xylocaine, 1-5 mI,). Upon reaching a state of adequate anesthesia, a spinal needle
(20 or 22G) was introduced into the spinal canal, at the level deemed appropriate by the
Investigator. The CS? samples were collected |
. 60, 90 or 120 minutes after administration. A total of 4.0 mL of CSF were collected
from each patient, and distributed into 4 separate collection tubes. The tubes were
appropriately labeled with a patient identifier and submitted for bioanalytical analysis.
Upon completion of CSF collection, the spinal needle was removed.
[00127] The levels of vitamin B12 were determined in both the CSF and blood
serum using Vitamin B;, concenirations in the CSF will be analyzed for determination
of Vitamin B,; using a validated TOSOH Nex, 1A procedure.
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[00130] A 4000 g batch of a cyanocobal am n sol ution
of the present invention was prepared, which had a
concentration of 500 ntg/0.1g of solution. Starting
Materials 10 I. Formul a Record | ngredient

WheBFEe¢al wei ght (Grams) Cyanocobal anin, %&1562.0661024685

Ctric Acid, USP (Anhydrous) 4.8 SodiumCitrate, USP
(Di hydrate) 12.8 A ycerin, USP 89.2 Benzal koni um

Chl oride Solution, NF (50% 1.6 Purified Water, USP
3871. 6*

Results and Conclusion

[00128] The data showed that the ratio of vitamin B12 to serum was higher in thoss

individuals receiving intranasal adminisfration of vitamin B12 than those receiving
. mﬁ'mﬁuscu:le-trrinj ections of vitamin B12. ‘

[60129] The average ratior(Blfl CSF/B12 Sernm x 100) ranged from 1.1to 1.9 fof
those individuals receiving iniranasal administration of vitamin B12 while those who
received intramuscular injections of vitamin B12 had an average ratio ranging from.
(.17 10 0.24. Thisisa éurprising result in that intranasal administration only has
about a 7-12% bioavailability in the blood serum relative fo intramuscular injection of

- vitamin B12. This indicates that intranasal adminisiration of vitamin B12 reaches the

CSF much more effectively than by intramuscular injection.
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[00131] The 3871.6 grans of water was placed in a

st ai nl ess st eel whi ch had
hot pl ate.

stirred.

cont ai ner,

300 rpmfor 5 m nutes.
t hen added and stirred for

been pl aced on a

The water was heated to about 30 C and

Into the heated water was added 12. o
VOBt rate while the water was being stf%?ggg@@g?ﬁwb
The 4.8 g of citric acid was

10 mi nut es.

Into this

m xture was added 20.0 g of cyanocobal am n and
stirred for 30 mnutes at 30 C at 300 rpm The hot

pl ate was then turned off.

The 89.2 g of glycerin was
added and stirred for 5 mnutes at 300 rpm

Into the

cyanocobal ami n sol uti on WEXAMBRE3dded 1.6 g of an

aqueous sol ution cont
20Benzal koni um Citragiucinte
stirred for 5 mnutes a

0% by wei ght of

tigm| uti on and
was t hen :

meas W08t 0h ndl 460j gistiehcbiiafeyariveohaldnwaselvtmn ofifhelprasérd invention wa.
4.5-5.5 range. diti . bri ng

¢ he PpAisH VR ol e BRI R0 sRR R UE R, oLl
25,315 . WD 2007/ 149098PC§1/ @é%a%n%4685 5EXAMPLE 4

[00132] This exanpl e des

enpl ary

PhagliBGRYd.5al conposition of the invention

& o8 an be bet heen

conprising an_agueous solution of sal non
cﬁgngﬁggﬁﬁ%gin'at a concentration SU1fm£&ﬁaﬁVh%¢t«hmn$
pif oduce erapeutically effective plasna

cloncentratio delivered via an act r to produce '
an 3%¥g§§?n%?§%%id sol uti on, mherein%ﬁﬁg spray

1j0pat t et %Ii ticity ratio of said osol is

b Vﬁéwﬂqu ( QW% when measur ed Efga hei ght of 30

C ce .f

{gbosol%] The

out 5

gn | St

P

1 crol.it and 1.0 m, preferably Db{
'@W&Fﬁ@ﬁs. [00134] This test netho

) en 20 and 200
#¥€Scribes t he

B R S SO E PRt or mui 267 ons. Usi ng t he
q -
7 3871.6%

BLAY §Mer, USP

[00131] The 3871.6 grams of water was placed in

a stajnless steel container, which

had been placed on a hot plate. The water was heated to about 36" C and stirred. Into
the heated water was added 12.8 g of sodium citrate while the water was being stirred
at 300 rpm for 5 minutes. The 4.8 g of citric acid was then added and stirred for 10

minutes. Into this mixture was added 20.0 g of cyanocobalamin and stirred for 30
minutes at 30° C at 300 tpm. The hot plate was then turned off. The 89.2 g of

glycerin was added and stirred for 5 minutes at 300 rpm. Into the cyanocobalamin

solution was then added 1.6 g of an aqueous solution containing 50% by weight of
Benzalkonium-Chloride was added to the solution and stirred for 5 minutes at 300

rpm. The pH was then measured and adjusted if the

pH was not with the 4.5-3.5

range. Additional water was added to bring the weight of the solution to 4000 g.
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NSP system The ‘pI ume geonetry is characterized using
a SprayView H gh Speed Optical Spray Characterization
System (SprayView NSP) with Integrated SprayVi ew NSx

actuation station (lnmge Therm Engi neeri ng,
W ABUIY8NVA) according to the nethods descri%@%"@rqwmmss
U.S. Patent No. 6,665,421 and U. S. Patent Application
20Publ i cati on No. 20030018416 published January 23,

2003. [00135] Using the fornulation of table 1 the

spray characterization and droplet size of the
formulation in both a 3 nL bottle both having a nasal
Spray Punp w Safety dip, Pfeiffer SAP # 65550,

whi ch delivers a dose of BXAMPDEM squirt and has a

di ptube length of 36.05 mm 25[.00136] The dropl et

si ze [881R] alles siampte describbeanf exkinplarnghatedskeicaloopbsition of the

S e I P i

cy amonwbarhtéom safficient to produce therapeutically effective plasma concentrations,
delivered via an actuator to produce an aerosol of said solution, wherein the spray
pattern sHipticity ratio of said aerosol is between 1.00 and 1;40 when measured at a
height of 30 cm diét_ance from the actuator tip. |

[00133] The volume of the aerosol can be between about 5 microliters and 1.0 ml,
preferably between 20 and 200 microliters. '

[00134] This test method describes the procedure for characterizing plume
geometry of the cyanocobalamin nasal solution formulations using the SprayView
NSP system. The plume geometry is characterized using a SprayView High Speed
Optical Spray Characterization System (SprayView NSP) with Integrated SprayView
NSx actuation station (Image Therm Engineering, Inc., Sudbury, MA) accbrding o
the methods described in U.S. Patent No. 6,665,421 and U.S. Patent Application
Publication No. 20030018416 published January 23, 2003.

[00135] Using the formulation of table 1 the spray characterization and droplet size
of the formulation in both a 3 mL bottle both having a nasal Spray Pumyp w/ Safety
Clip, Pfeiffer SAP # 65550, which delivers a dose of 0.1mL per squirt and has a
diptube Jength of 36.05 mm.

[00136] The droplet size data are shown in the following table.

Droplet Size for Nasal Spray Bottle and Peiffer SAP # 60548

% <10
Dyy D5y Dgg Span ncromet
Iml. | Salmon cyanocobalamin 12.5 269 55.3 1.6. |51
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5Bel ow are listed the spray pattern results:

5  Below are listed the spray paﬁem results;

Spray Pattern

MajorAxis

MinorAxis

EllipticityRatio

Active

3ml,

35.3mm

30.8 mm

1.14

Customer No. 25,315
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Spray Pattern MajorAxis IVlIinorAxis EllipticityRatio

Active 3nL 35.3nm 30.8 mm 1. 14 Cust oner No. 25, 315

WHAT IS CLAIMED I S: 1. A stable pharnaceuti cal

aqueous sol ution of cyanocobal am n conprised of

cyanocgbal am n and water wherein said solution of
W&}% DEIMMEDHES:s suitable for intranasal

ad . . r . - . .. )
R o B R L L S i
cyamochbaamir drabivitet whetincpahmtwial drlymoshierlamadnis muisthér fod
. . intranasally. of at |l.east aboyt 5%relatiye to an . .
it AR HIOT] Wyt OR St AR GER OIS and whisin said
sohi\%%ﬂ &9 _H?an%%ﬂé‘idnl‘?iﬁ 126 2 GYRARATARRY AT ParRb ol #hiM when

vherein the solution is conprised of citric acid, and
adirgwidicrachinfranasally efrad lansit dboutdid rhlagvatopiH lofrarabisytar mjégtion of
e _aqueous solution of claim2 wherein the pH of

3. .E)I_él
CYaRqeROER i on i s about 5.

2. The aqueous solution of cyanocobalamin of claim 1, wherein the solution is

comprised of citric acid, and sodiwm citrate and water and has a pH of about 4-6.

3. The aqueous solution of claim 2 wherein the pH of the solution is about 5.
4. The aqueous solution of claim 2 further comprised of a humectant.
5. The aqueous solution of claim 4 wherein the humectant is selected from the

group consisting of sorbitol, propylene glycol, and glycerin.
6. The aqueous solution of claim 5 wherein the humectant is glycerin.
7. The aqueous solution of claim 6 wherein the glycerin is present at a

concentration of about 2.23%.

8. The aqueous solution of claim 2 wherein the solution is further comprised of a
preservative.
9. The aqueous solution of claim 8 wherein the preservative is selected from the

group consisting of benzyl alcohol, chlorobutanol and benzalkonium chloride.

10.  The aqueous solution of claim 9 wherein the preservative is benzalkonium
chloride.

11.  The aqueous solution of claim 10 wherein the benzalkonium chloride is
present in solution at a concentration of about 0.02%.

12. . The aqueous solution of claim 2 wherein cyanocobalamin is present at about
concentration 0.5% percent of total weight, citric acid is present at a concentration of
about .12%, sodium citrate is present at a concentration of about (.32%.

13.  The aqueous solution of claim 12 wherein the pH of the solution is about 5.

14.  The agueous solution of claim 12 further comprised of a humectant.



4. The aqueous solution of claim2 fiuther conprised

of a hunectant. 5. The aqueous solution of claim4

wherein the humectant is selected fromthe group

consi sting of sorbitol, propylene glycol, and

glycerin. 6. The aqueous solution of claim5 wherein
15. t helhsaguequanelution gif gloanild whepein thedumpgtrotis selskigt ifiom the

of clai.m®6 in t lycerin i,s present at a
ol Pkt SO BisbrErSiEeE Ml SGteous
16. SOl THel 2Q0ec¥s s6luioMo? clafifrivwheldie tiedukidc@it isplfderihher
conprised of a preservative. 9. The aqueous sol ution
17. of Thicsianeisiplifiepof clagm g padwrsiaglperin & mejeatinsglutiop s a
hLsti ng of benzyl al cohol, chl orobutanol
Con%%gragélﬁ}zﬂgﬂ%gﬂ?’g?’nééhl oride. 10. The aqueous sol ution
18. of Heaignedhswhietieh of than L daelicr @bmpasddoflagrzai-foiveum
chl goride. 11. The aquequs solution of claim

O .
19. whehsiagueqtis spwh£a ok sl e criesrin e nr%sea@&%msef%ted from the
Jibis@fl 8 bedzONCSHY " RldrOButRfol RPHINAB AT grigel ne
&0 queollﬁs %?)lilt ution of c’I"g‘lI m 2 wher e(?n nczyanocégb%}ﬁarlﬁien is
20. pr dderatjuetus ablotibn ob nkeentl P atliconn theGsseevratienis twhzalbomim
Hi ight, citric acid is present at a concentration of
HMbut 0.12% sodiumcitrate is present at a
21. COMaRRLh& s BuAbn 3PEMIm 00 3@ ein #R-beh Bk GAMB MR ride is
solution of claim 12 wherein the pH of the solution
presemt inlsolytion at a dencemMingicagfabogt 6B1%¢t i on of claim 12

further comprised of, a ct ant,. 15, The_aquequs
2. oo RRES Seb oS il d¥ R eyt SpROE B e
groRloBsik el b RMitdIeprap AR E908l &id flgeedin. sor bi tol ,

propyl ene glycol, and glycerin. _16. The aqueous

23. solfuitplla pbirmacentinal squgeuy ealntiamed ayarasebalamin gomprised of
Ccy | ¥ERE t a]cgncemﬁti’ﬁlﬂ YE Wb 6‘3'%1& Qe It Egla@on, citric
er % utlommrat a

ern glycerin 1s present In SO
acida acendenahti@nofdboab0.UR %6l sadB8m citddle atHhepnagitenius of about

olution of claim112 further_conprised of a .

0.3 2%@@3@‘1_%@? yeoncepgatiophel a&awe%%é%g%n&@l?ewum cRlorifernt1s
coné@ﬁﬁﬁt?drf‘oiiz!?)gulp@ﬁ?%ra\ﬁlﬁtvlf & WierSi8 ! seRtB fhitbh QML RS c AL PHRin is

consi sting of benzyl alcohol, chlorobutanol and
suitdbdnioa lintcoasal slmilistratbe, has20viscbhity Rguhon sbawl1000 obs, ahd

cI.aim19l wherein th reservative .1%.%n%al koniuain .
wherein said solution of cyanocobalamin has a bioavailability of ¢yanocobalamin
when administered intranasally of at least about 5% relative to an intramuscular

injection of cyanocobalamin.
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chloride. 21. The aqueous solution of claim 20
wherei n the benzal koni um chloride is present in.
solution at a concentration of about 0.02% 22. The
aqueous sol ution of claim 14 wherein the hunectant is
sel ected fromthe group consisting of sorbitol, |
24. pr olfylagneousIsplision oA alging 1 yrerarein cyamgobalansingppessent in
sol RRIAIRESHEL Ealo ARIERNS SR Y4 BPwelopfyanocobal am n
conprised of cyanocobal afi n” at” a coficentrati on of
25. abollie 4uddasablutioh alf clagh §hthedéinskd ttniceiisatioh bf tvanacotdlamin
) t .a concentration of about 0.12% sodiumcitrate at
lnséuggﬁﬁﬁﬁPP%ﬁﬁ%h of about 0.32% glycerin at a |
co ' A - j [ .
26, L Bl on B bl B g AR L B i ffiion
a coge¢rdragoh of et 6f128y and delsaliam oitiat is presab liresdlotion at a
i ntranasal ad ;EL tration, has a viscosity |less than
conchpgation 08?’@]9 4&3’181 WA&Fei n said sol ution of
27. CY aWEARBLAIIRINAS FallBBMAnkARIiHableYoPintranasal administration,
cyanocobal am n when adm ni stered intranasally of at
wherain said apatous Sobitien af ¢xapotabataminns eamprscd baeyannidwtanon at

f | apip, 3 4..Th . sol uti f .
o cofegifion it 1o anigtdissianoh SHUSGH Suledt HEetepepion
~ of aBut®. I00NGEATuhALitaR Bk cOHRINREIoDoSabble (Y2 %esIgrin at25.
The aqueous solution of claim1l wherein the

conqegiaidan elabiogh? 8 % enrelkopammehlariinateoneanitaiion of aloytie-02%
and Q\Pa?e%xvl}e?eqﬁ s E%I%EHS 8P§/a§1 éo‘ﬁtaj&ﬁn% Hafle ToliphiSLE "

the citric aci I'S presen In SO|U%IOI’] a?a
admbasteivh] Risizoriskitabesithad ab@%n1080dPt, hed soeidiisad tolatien of

is present in_solution at a concentration of about
cyangegpaigminhaggihaoavailability g cyeppsehaladg) whengdngipistered
intr YR AR o Aok B0k Blan i AARRGAL injecr
T adm istré??%%?éﬁ%ére%nEggﬁglaqueougﬁgé %ngﬁfof
cyampgabdaolnal amin i s conprised of cyanocobalamin at a
concent.ratian of. about 0.5%.of total [

wei ght of .
28- 5 ol43F PbA SOIBHPR PECHEPEP bR (b RS HEMAS Bob rigisgment for
elev%t-ir%ﬁﬁ% vEQEIEI0IEY M @ R c@eGaNGERN TREd @519%o MH{; average

) 2% glycerin at a concentration of about 2.23%
ratiopdrvitaiio Bi lnindhd 68T dethat incdbe bedrsatuino@ 62 CSEGIE2 Fer@a%

and wat e rein said solution,of cyanocobalanmn is
1003 E 1R Tt Pl VRehin P FePEiARE
cyan6tsdahinyts k&S prifdiast caiebbal AR &RSsonadEhavbe bLitbus 8isth of
sol uti on of cyanocobal am n has a bioavailability of

totaloyeiplgcd salutipiLreitiiseasidad micanesnatagian phihoah 8.4 314, yodpmaitrate
0. I [ i r.1Rhection
oo RS ARRE BN AL Ned R 2 LILGATSEY Ayl 2050
benz2ilkanee bbAde ft doncédiationbihlemit 002D indwietiwiaamidaid or
el evating the vitamn B 12 levels in the_cerebra

soluton algyappenbalapasy suigblefan nfrarasgl aagstration. Hage viscosity
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of cyanocobal ani n. 29. A pharmaceutical kit for
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59." An _aqueous sol ution of cyanocobal am n wherein
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sai d solution of cyanocobalamn is suitable for

i ntranasal adm nistration, has a viscosity |less than
about 1000 cPs, and wherein said solution of
cyanocobal amin has a bioavailability of
cyanocobal am n when adm ni stered intranasally of at

| east about 5% rel ative td3an intranuscul ar i njection
of cyanocobal ami n, and wherein the said nedicanment is
to be adm nistered into a nose of an individua
through an actuator tip as a spray, wherein the spray
has a spray pattern ellipticity ratio of from about
1.0 to about 1.4 when neasured at a height of 3.0 cm
fromthe actuator tip. 66. The use of claim&65
wherei n the cyanocobal am n spray produces droplets of
the solution, wherein less than 5 % of the droplets
are less than 10 umin size. 67. The use of claim 65
wherei n the cyanocobal am n spray produces droplets of



59. An aqueous solution of cyanocobalamin wherein said aqueous solution of
cyanocobalamin is comprised of cyanocobalamin at a concentration of about (.5% of
total weight of solution, citric acid at a concentration of about 0.12%, sodium citrate at a
concentration of about 0.32%, glycerin at a concentration of about 2.23%, benzalkonium
chloride at concentration of about 0.02% and water wherein said solution of

| cyanocobalamin is suitable for intranasal administration, has a viscosity less than about
1000 ¢Ps, and wherein said solution of cyanocobalamin has a bioavailability of
cyanocobalamin when administered intranasally of at least about 5% relative to an

- intramuscular injection of cyanocobalamin, and wherein the cyanocobalamin solution is
to be administered into a nose of an individual through an actuator tip as a spray, wherein
the spray has a spray pattern ellipticity ratio of from about 1.0 to about 1.4 when
measured at a height of 3.0 cm from the actuator tip.

60. The aqueous solution of claim 59 wherein the cyanocobalamin spray produces
droplets of the solution, wherein less than 5% of the droplets are less than 10 pum in size.
6l. The aqueous solution of claim 59 wherein the cyanocobalamin spray produces
droplets of the solution, and wherein 50% of the droplets are 26.9 um or less in size.

62. The aqueous solution of claim 59 wherein the cyanocobalamin spray produces
droplets of the solution, and wherein 90% of the droplets are 55.3 um or less in éize.

63. The aqueous solution of claim 59 wherein the cyanocobalamin spray produces
droplets of the solution, and wherein 10% of the droplets are 12.5 pum or less in size.

64. The aqueous solution of claim 59wherein the spray has a spray pattern major axis
and a minor axis of about 25-40 mm each.

65. Use of a solution of cyanocobalamin in the manufacture of a medicament for
elevating the vitamin B12 levels in the cerebral spinal fluid (CSF) so that the average
ratio of vitamin B 12 in the CSF to that in the blood serum (E12 CSF/BI2 Serum x 100) is
increased to at least about 1.1, wherein said aqueous solution of cyanocobalamin is
comprised of cyanocobalamin at a concentration of about 0.5% of total weight of solution,

citric acid at a concentration of about 0.12%,
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sodium citrate at a concentration of about 0.32%, glycerin at a concentration of aboﬁt
2,23%, benzalkonium chloride at concentration of about 0.02% and water wherein
said solution of cyanocobalamin is suitable for intranasal administration, has a
viscosity less than about 1000 cPs, and wherein said solution of cyanocobalamin has a
bioavailability of cyanocobalamin when administered intranasally of at least about 5%
relative to an intramuscular injection of cyanocobalamin, and wherein the said
medicament is to be administered into a nose of an individual through an actuator tip
as a spray, wherein the spray has a spray pattern ellipticity ratio of from about 1.0 to
about 1.4 when measured at a height of 3.0 cm from the actuator tip.

66.  The usé of claim 65 wherein the cyanocobalamin spray produces droplets of
the solution, wherein less than 5 % of the droplets are less than 10 pm in size.

67.  The use of claim 65 wherein the cyanocobalamin spray produces droplets of
the solution, and wherein 50% of the droplets are 26.9 um or less in size.

68.  The use of claim 65 wherein the cyanocobalamin spray produces droplets of
the solution, and wherein 90% of the droplets are 55.3 pum or less in size.

69. The use of cia.im 65 wherein the cyanocobalamin spray produces aroplets of
the solution, and wherein 10% of the droplets are 12.5 pm or less in size.

70. The use of claim 65 wherein the spray has a spray pattern major axis and a

minor axis of between 25-40 mm each.
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