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pancreatic protease secretion), bacterial overgrowth, intestinal parasites, sprue, and

localized damage to ileal mucosal 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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of vitamin Bi2 found in food is hydroxocobal am n. The
mai n fopn used therapeutically and in nutritional

waeppligreent s i s cyanocobal am n, chosen becausePCT/UBR06/024685

the nost stable fopn and therefore easiest to
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[004]  The prior art suggests that for vitamin B12 to be absorbed intranasally in
therapeutically beneficial amounts, the concentration of the B12 in solution must
either be greater that 1% by weight, see Merkus, U.S. Patent No. 5,801,161 (hereafter
“Merkus”) or be administered intranasally in a viscous gel, Wenig, U.S. Patent No.
4,724,231 (hereafter “Wenig”) so that the gel remains in the nostril 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 of the B12 is
wasted if the solution has a low viscosity. Merkus developed intranasal formulations
of hydroxocobalamin having a concentration of hydroxocobalamin greater than 1%,
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Mer kus chose hydroxocobal ani n because cyanocobal am n
is not soluble in an aqueous sol ution at

w@oemcasmopsat i ons greater than 1% [005] The tearti/mg0€624685

Wenig are clear in that the subject disclosure fails
to teach a cyanocobal am n fornulation in an aqueous
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respective viscosities of 4000 cps, 3500-4000 cps, and 4000 cps (see, e.g., Example 1;
formulations A, B, and C). As noted above, Wenig further emphasizes that “more

viscous compositions even up to 10,000 cps may be employed.”

[006]  Accordingly, there is clearly no teaching nor suggestion provided 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.,
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reported by Monto et al. (Am J. Med. Sci. 223:113,
1953; Arch. Int. Med. 93:219, 1954). Wnig states that
this solution, along with powdered cyanocobal am n
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the properties of non-gel (liquid and powder) cyanocobalamin compositions, which,
according to Wenig’s express teachings, 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
administration, Garcia-Arieta et al., Biol. Pharm. Bull. 24:1411-1416, 2001 (hereafter,
“Garcia-Arieta et al.””) describes “Spray-Dried Powders as Nasal Absorption Enhancers
of Cyanocobalamin” (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)
cyanocobalamin compositions are inoperable for intranasal use. More specifically,
Garcia-Arieta et al. tested bioavailability of three spray-dried, intranasal
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[008] In other attenpts to devel op useful
cyanocobal am n fornul ations for nasal adm nistration,
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cyanocobalamin. Garcia-Arieta et al. further provides direct experimental evidence that
simple 1% aqueous cyanocobalamin spray and drop formulations yielded no detectable

bioavailability.

[0010] In other attempts to provide useful intranasal formulations to treat vitamin
B12 deficiency, Slot et al., Gastroenterology 113:430-433, 1997 (hereafter “Slot et al.),
report an intranasal formulation of hydroxocobalamin. Notably, Slot 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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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 used. (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
administration to treat vitamin B12 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
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f oL £GP NEintsBAGH 41351% RBIIORFucBhs QafbddBaMmSKiorhulafiod. Nimilarly
art would not have found practical notivation to

dewathapeasd foohe sleationiang cencanitatiob il avanecestariin 4¢ popeive form of
an ' . LCtd r
oSR3I Bl s Bl
B12oltkefiv€ly enacly thaCopasochdaiamin tvbeldirei eapectad tods imefisbittepor at best

there . si mpl,y no reasopabl.e expect ati.on that .
oy SRR LR EHF R o R B PO R SRR HAL 1dn flpsep fogmulation
hefgitRatiREViRMiA 81D deheetlSMaldepaemitebe 3t &9 Gofisierations).
successfully achieve therapeutically effective

deErcapyiyBigchess iteashings, Merkys aypingieetihttani n suf fici ent
6 Customer No. 25,315to0 alleviate vitamn B12
def i ci encyA kigh padelBatepyintrressslabeaptigbelviiaern §1and
Garci a- is advantageous in medical therapy and can be obtaine
only by using hydroxocobalamin, which shows a
significant higher solubility in water than cyanocobalamin.
Only with hydroxocobalamin a superior nasal composition
in an aqueous medium can be produced with by far the
highest concentration of vitamin B12 and consequently a
much more efficient nasal absorption of vitamin B12. Such
anasal 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
intranasally but does not describe or enable a specific formulation containing only

cyanocobalamin.

[0014] International Patent Application No. PCT/US86/00665, publication no.
WO 86/05987, discloses nasal spray composition containing vitamin B, 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
Customer No. 25,315
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Arieta et al. teach directly away from | ow viscosity
i quid cyanocobal am n fornul ati ons. Weni g expressly

wo e@chem®dsm critical, mninmumviscosity for an PCT/US2006/024685

effective, intranasal cyanocobal am n between 2500-4000
cps. Both Wenig and Garcia-Arieta et al. teach that
non-gel, |iquid cyanocobal am n fornul ati ons woul d not
be retained for a sufficient time to allow for

i ntranasal absorption. Garcia-Arieta et al.
specifically report experinental results that no

si gaiAikeaRn &il6radsaind @Riokétuyanoh A sdedsatitalhiont,| @vhtighasal gel
nasal adm nistration of a 1% sinple aqueous

cy serseinimal camasobalrmin NtySGPBALRy 1sgurrgntly bong pgdnegd pad
t hé SRk EG) ﬁ&t&ﬂgh&%@mc@ﬁtwpm@fmeymmamnﬁgéﬁ It is

an active’formo cobal am n sSe I n an |ntrana
| i gedyctfiectiveihataimaining leteledf valamimBd2 Memktients who have been

c e U s PRC e e A B bl LR B tramuscuta

di sfjestions dHbWe s NaInhisD bf paﬁlehbsdﬁﬁxﬂcﬁ@hﬁis&m:ﬁ of h8 gélnunpleasant
[ ntranasal fornul ati on faor treatl ng . vita

defn Bk ﬁe§ﬁ> enchyyepld paedpt anrpBaragt demaylaten th Aarhat'a fower viscosity
co Qﬁ a%%fe% aury Easﬁﬁaﬁgug mi IHRRSE a heALRIIGtTuce T kus

sizes t efficient intranasal
absharptap@mcdﬂy staltla nqutom@lmtsmalf\ﬂamoagb@mm thatrhaglp baay viscosity,

::’]S g{‘gﬁ%}}%g’ Ii‘ree btg’c 3 bt ﬁngﬁlgnd% ne;n)(l h%g iC Cgt lflthvallﬁblhty to be used

oWs’ a sl gn [
solaybhﬂahtmahebmeﬁapy férhaaméyBimcobal anin. Only with
hydr oxocobal am n a superior nasal conposition in an
aqueous nedi um can be produced with by far the highest
concentration of vitamn B12 and consequently a much

more efficient nasgl M@E@g{, V\EF\E B12. Such a
nasal fornul ati on can be tg ess requently by

patients, making the therapy nuch easi er_and | ess
expdf®iste. Tl(ecmsentzmvmtweéﬂlz?hlswed'bnmwé}naarﬁteebﬂ%@aﬂnaceuﬂcal

B SRR L% Y o flnt e ot

|nven 1 on, at en dISC 0oses
a it tod abbutd600 nPs twdiereigsaid indnanassl somtioamésmﬂoyoltﬁlmnm has a

28 fog?% a]l?a% f %}qeeas%) g%(’i‘naélm ce%al% %1% B&Iﬁ:enisoanc ﬂ%lsta(}“)o g 7%, of the

bioavailability of an intramuscular injection of cyanocobalamin.

[0016] In alternate embodiments, a therapeutic or pharmaceutically effective
formulation of the invention may be comprised of cyanocobalamin, citric acid,
sodium citrate, and water wherein the viscosity is less than 1000 cPs, and wherein the
solution of cyanocobalamin has a bioavailability of at least about 5% of, and in
certain embodiments at least about 6% or 7% of, the bioavailability of an
intramuscular injection of cyanocobalamin. In certain embodiments the solution of
cyanocobalamin according to the invention has a bioavailability of at least about 8%,
9%, 10%, 11%, or 12% of, the bioavailability of an intramuscular injection of
cyanocobalamin. In certain embodiments, the solution is essentially free of mercury

and mercury-containing compounds.
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cyanocobal am n. [0014] International Patent
Application No. PCT/US86/ 00665, publication no. WO

wW@00598I8 di scl oses nasal spray conposition CRCI/EBIV6IER4685

vitam n Bl12 as cyanocobal am n. However, the specific
spray formulations all contained a nmercury conpound as
a preservative, however the disclosure did require the
presence of nmercury conpounds. O her preservatives
were al so nentioned including 7 Customer No.

25, 315benzal koni um chl ori de and chl orobutanol. As was

st atj§6lh 73 b QRtairAddmdkitidnawahingRe sopabadhi iftgention will contain a
cyanoco al am n, SCOBAL(r), is currentl bei n
pr bmeaieht dniphifi g Pf Bie INEEAuE BYFIdR AR ARLpREAt imitation. Any

Eg O¥ride 61 hlglfle()@ih thehibe uF%i\slllﬂ 1'&8 rEu’c 1'15‘5 Hnﬁte\’l% ¥orb1tol propylene

tive’ rn maintal ning tamn

patglyenltdi pijverdhane 1bwat1d‘efus¢fuk§mchtant heglmsn but have
recovered their |evels of B12 through intranmuscul ar

i nj §0018pNSsA pHewenive, is gererattysnmbbyedao irntase fhienblelf kil of the

oGPPG CHPPIRE PERESSA o B NSO e ERE R of AN lcotol,

| OWBIordHuBH8BindbeARlkdrSurh CBIriaé. REIGHFYive OMPEIMdsts, the
Thus, there is a need to produce a pharmaceutically

st apiservadres ez tontinbehlende yh metEblsAoasani atippet ¢ eRtesprvative
! Wil 'bg grglsﬂ 8. MO %%o g 95/' Qﬂ@d {ély ftg@ﬁ)teﬁfweﬁ@ﬁ Clith¥ugh therg énay be

compounds has su loaval lability to
us efprasiable mattoanhpﬁeimg\\moa@e dgont selactadi n B12. SUMVARY
OF THE | NVENTI ON [ 0015] The present invention fills

t hi JooExd Alty exnhqﬂiugfifmgmﬂatﬁindtals ¢heploacamtraon ploghnocobalamin at

sol u cob n e for int
i b S Ghioh ey bt SebL R ool bRl B fuetyoerin
10@%%’%@&11%@1@ cHaiige 0.02Y:amaval79%0w ki, dR ottfer detailed
cyanocobalan1n has a b|oavallab|llty of at |east. 5%

anambadigenisan Rasehsay TR ofiCRBeeePAlTH{S Progdetin 7 fray
bi % lgéa%)&kabﬁﬂaﬁﬁ’ngf%()l 61{;‘% SISO XL b8l dRFaicobalamin with

cya obal amn al ternate enbodi nents, a
t heoatpmmmiemtnp heidglyeerin @élheyzaélfqhm chleridoinayrified water. An

gl tetfcplglpllggzvs%?gy; Oﬁ}hﬁ)&?{n H}1 qnt t ﬁfbe@%\%ﬂ 9%%9'565‘“ A¥ter initial

ter ereln

Vi sgdshd Ynieserhplasy iph@pﬁhﬁ}ﬂ@rﬁ;ﬂﬂidwam@m&hemge of ft(lﬁemcg of

cyanocobalamin and the 2.3 mL of spray solution contained in the bottle will deliver 8

doses of the nasal spray.

[0020] Another embodiment of the present invention is a method for
administering cyanocobalamin comprised 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% of, and in certain embodiments at least about 6%
or 7% of, the bioavailability of an intramuscular injection of cyanocobalamin. In
certain embodiments the solution of cyanocobalamin according to the invention has a
bioavailability of at least about 8%, 9%, 10%, 11%, or 12% of, the bioavailability of
an intramuscular injection of cyanocobalamin. In more detailed embodiments, the
cyanocobalamin solution administered according to the methods of the invention is

9
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solution of cyanocobal am n has a bioavailability of at
| east about 5% of, and in certain enbodi nents at | east

W@bwat4998 or 7% of , the bioavailability of an PCT/US2006/024685

i ntramuscul ar injection of cyanocobalamn. In certain
enbodi nents the solution of cyanocobal ami n according
to the invention has a bioavailability of at |east
about 8% 9% 10% 11% or 12%of, the bioavailability
of an intranuscular injection of cyanocobal amn. In
certain enbodi ments, the solution is essentially free

of eéﬁ@ﬁ&ﬂ?fr@w n{EaEY bt RERUAI-CUnkinia e spepaads. UBiseoRlext,
No. 25 5[ 0017] Cl?rdtal n conpositions wthin the s é}tp‘fa‘a

of “@aserglailﬁ\ﬁ@ﬁf geé\@lalhy|meae%ﬁﬁﬁp‘iﬁorahaﬁ(mﬁe16%5ath%n 36 oy
t1%b
PhSy L oGP GRHS DY AARS, ADSoIb b BB osp that 1% by
| n weught g0 Baby mtghlt i0n 1% Uy twsighbirobbe o¢>mp1|©tebp§f¢ee¢féhe substance so
cer lustrative

¥1@?fc%ﬂ ﬁle%tl@fﬁgﬁler&urg cggtétplv%g( coml ‘ug(l‘ll gseII gfletfeé'{gﬁg natﬂg solution

emblﬁge&a\teﬁubﬁa@ﬂaaaﬁ)ntlﬁah@daelf Ilfe of the
conposi tions. Exanples of preservative include but are

not [bodNt erhdReRpiiayéntidh¢ofether (ﬁfﬁctéﬂ@wdra@@hle&i@d for elevating
benzal koniumchloride. In illustrative enbodi nen

t héhepritagin B2 ileelsiia thseschrat shineHush (G gempasiag ﬂl%%ﬁ%ﬂy
co Qgﬁg‘gl/{t%&ﬂ s Rt ¢ &ﬁ)%gl;ﬁ\faﬁﬁﬂn\é@ a¥d 1'1101*3556&1’1@{1%9@@92&{9 of

upon th al t hough there
rfawthxmna@m mdh@ﬁBE tothet @tthoblodé pﬁmml (Bg2 @ﬁBﬁB 1t2h°é?1"ag &ni00) to at

sel ect ar or
o S Bt | oo S GIBLR b hRA Pk Rl Aflabiey ofa
t()ogéztlgt ’Yl%:r@l'ilﬂi\)e to @gﬁrgcté%magmldr 1&_}6&2@{0 oﬁ@dmmbﬁlgmﬁatlﬂ a more detailed
% gl ycerin % _benzal konium chl ori de
06 STIMIRE RS 13 GTHeY Iy aednretod bl fherﬁﬁg Of B IRAR e LSF to
Spfﬂ?élle%iéﬁlttheeloefi sSYANOGORA M N is provided in a
spray applicator containing 2.3 nL of a 500 ntg/0.1
ni L st "gﬂelﬁgthg sad}%?c%gﬁtl iAot Fuf Rl MpEikdd ks
cit r| C gl yceri

and benzal koni um chl oride in
purcricsobakaniarsolutimeleinp hdpripistasediptospnaseioban indivigyal through an

g?%ﬁg%)(t r Ea%s g s r:e%rj bv?hermlff 'Ehe s’y?aaqﬁ ger?an? emﬁf)dpi iBlonts Wa§ 61‘?6' or more of

l'ary I Vers
av eheaﬁﬁowingiﬁapam@; @Epray @mmm b]zhpamym aan df frb aBo® mwﬁtbout 1.4
> prg}@%ncsg%ag#g H‘raaglgqqé}g Iﬁ? g;& clrr? frg n e? gcttttlelltgr t\llg, lolr th%esiaray prod%ces

droplets, less than about 5% of the droplets are less than 10 pm in size; the spray has a

spray pattern major axis of about 35.3 mm and a minor axis of about 30.8 mm; 50%
of the droplets produced by the spray are 26.9 pm or less in size; 90% of the droplets
produced by the spray are 55.3 pm or less in size; or 10% of the droplets produced by

the spray are 12.5 pm or less in size.

10
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[ 0020] Anot her enbodi nent of the present invention is
a nethod for adm ni stering cyanocobal am n conpri sed of
WO nfoag4ggs t he nose with an aqueous sol uti on of PCT/US2006/024685

cyanocobal am n, wherein the solution of cyanocobal am n

has a viscosity of |less than 1000 cPs, and wherein

sai d sol ution of cyanocobal am n has a bioavailability

of at |east about 5% of, and in certain enbodi nents at

| east about 6% or 7% of, the bioavailability of an

i ntramuscul ar injection of cyanocobalamn. In certain

enbodi nents t [ Ut i v, ] cordi ng
35 to the invent W&@%%ﬁ@ﬁ@ggmﬂﬁﬁ east

about 8% 9% 10% 11% or 12% of,. t he bi oavail abi.lity.

o a1l dhE e iesEmd R SR aRE B S HoA i SOlion of

tﬁ@éﬁ@s&ﬂn@bﬁt% IR AL MBRL®: tHaPR oY aippgabal am n sol ution

adm ni stered according to the methods of the invention

IS 9 FRS {BRREwRe nasi SHaf PRED idt%l)ﬁﬁéinflﬂgﬁﬁe e§an¥BSatnin solution

and nmercury-contai ni ng conpounds. In this tontext,

of dwgmeentinigntion deving en eetatoythaiansgaged endieipsHingaaprry plume of
10 tb&??s}fsaggcrho Q%fr%%?&i%t\é\(%f&q e)?xfese%t gﬁ%{\tlko%gl ar substance,

ects the's oh will have | ess

e g 6508 B A s BB R

a mercury or mercury-containing conpound is not
detectable in the solution using conventiona
detection nethods. [0021] The present invention is
further directed towards a nethod for elevating the
vitamin B12 levels in the cerebral spinal fluid (CSF)
conprising intranasally adm nistering a solution of
cyanocobalamin so as to increase the average rati o of
"vitamn B12 in the CSF to that in the blood serum (B
12 CSF/B 12 Serum x 100) to at |east about 1.1,
wherei n said solution of cyanocobal am n has a

bi oavail ability of at least 7%relative to an

i ntranmuscul ar i njection of cyanocobalamn. In a nore
det ai | ed enbodi nent the B12 CSF | evel s are increased
so that the ratio of B12 in the CSF to the levels in
the blood serumis at least 1.9. [0022] The net hods of
present invention are further conprised of the
cyanocobal am n sol uti ons being adm ni stered into a
nose of an individual through an

11
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actuator tip as a spray, wherein the spray in certain

enbodi nents has one or nore of the follow ng
w@r@pasdpes: a spray pattern ellipticity rati oPOf/UB2006r024685

about 1.0 to about 1.4 when neasured at a hei ght of

3.0 cmfromthe actuator tip; or the spray produces

droplets, |ess than about 5% of the droplets are | ess

than 10 nmin size; the spray has a spray pattern

maj or axi s of about 35.3 mmand a m nor axis of about

30.8 mm 50% of the droplets produced by the spray are

tﬁg : nespr Jﬁ%ﬁ&@%ﬁ?ﬁfﬁﬁlﬁﬁﬁ@@ e FrETSR R0k, of °°
i n 9 ThieaBleions A oms T BAR R Pt b eRnepen

THERRAW NGS FI G | A shows a nasal spray punp kit
contai ning the cyanocobal am n sol ution of the present

i nv E{ﬁ%ivﬂ N Dbl PY iSRKECh bR 4L ati Bk Seltfihg @R gﬁ;%ﬁghnaﬁloﬁ;‘of plus

| B shc the nasal spray punp kit containing
cy anoiob04nefihs adninalormlusfit tefees for e Fentheifieldpfithgrmacology and
ctuator that is

havj. _ o !
B T e L

pr es epproximaeod is@pproptifte udlessthwsaltib s speuifigallyatdiel to be critical or
pr oduced % t he actuator of the spray punp kit. 11
Cudq EBie fHghtosrange) spETAI LED DESCRI PTI ON OF THE

I NVENTI ON [ 0023] The followi ng definitions may. aid jn .

t he [00RRIr _S{Péa%hwosﬁ  thngsplaniERpa ke %?he[l_%‘quf the vestibule
" ARG osd, HeAKBR I RiARE AdefleAdihY St I 1o YO8 JuRBardR of the
approxi mation of plus or mnus 20% of t'he nom nal
valotaphptynk gfdsiguses. For the field of pharnmacol ogy and

clinical nedicine and anal ogous arts that are the
subj[@626] of “Aduesusti saftre sz eolutidn formhesig| waggr, but may contain lesser

approxiation is opriate unless the value is
sp%owt8§%P§e% Oéog\ge%{so be critical or to require a

tig r ange. 025]) . "Nasa cosa’: . the pasal co
O B! i R R Cuid s R P Rp B

n giﬁ%ed'iﬁﬁroﬁi aMtBeewdie izadorbad totd drngibrogutintng biecrthas dvailable at
the

oundari es_of _t hi
the site of action, [21 CFR 5320.1(3)].

[0028] “Bioavailability of the intranasal spray relative to an intramuscular
injection of cyanocobalamin” means the percent amount a dose of the intranasal taken
up by the systemic vascular system in comparison to the same amount of
cyanocobalamin injected. For example, assuming an intramuscular injection of a
solution of cyanocobalamin containing 100 pg of cyanocobalamin would have a
100% bioavailability, if an intranasal dose of cyanocobalamin contains 100 pg and
has 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 nug, 6 pug, 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%.

12
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oropharynx and sinuses. [0026] "Aqueous": refers to a
solution fornmed in water, but may contain | esser

warmani®Iof ot her co-sol vents. [0027] " Bi oavai P@biubione24685

is defined as the rate and extent to which the active
i ngredient or active noiety is absorbed froma drug
product and becones available at the site of action,
[2 1 CFR 320. 1(a)]. [0028] "Bioavailability of the

i ntranasal spray relative to an intranuscul ar

i njection of cyanocobal am n" nmeans the percent anount

a dosopf “sheilityt rd:iimag aﬂoratga,lmr;r cufpbyitibit changt @iagured in a
vascul ar system ?ﬁn ison to t sa anount . of

€
cyaw@%meawpww clatroluds Uik RRH [Emiterdis GARGegIrafipn,
' nﬁég’i‘gﬁéﬁgﬁ | \BLcokiBy, ﬁﬁt bOFhriRle ﬁzeS Aavtd AsiBbred to s1?n1ﬁcantly affect

cyarnocobal’am n c¢ont ai ni ng 100 ng of cyanocobal am n
wothedjuhlity ettebute0oh the prdedt oz timq, dengtes inptabitity: dnasghilar vein,

dose of anocqbal ont 1 a
| egt&ng%% % are & &onsagérgdﬁ(:) 31%1%0 tl Q%%cg?%e (gut%h&ea gl‘t%{lte% of the
G(J/pfwuc?t%oﬂlﬁote bthiilibi. ORbeainieafetibil byerofhieln stabitityeisumastrad is relatlve

i njection of cyangcobal a at least 5 , .6 s OF .
e R A A RN S o R R LT

hd a bR spBdF G tfHg stabilit
cy%ggéé‘g%gsrﬁo#ég?r%g%ﬁ%d a500 ép, m?}gasetxqggﬁ?rg gsf&1 Ty over

cy lmgetssiodsvitingian at@eactuaﬂjeme@q@mdnt o the bl ood
vascul ature, if the intranasal fornulation had a
bi 049030] atiPhatmaceftically acea@@ble*%reft:zs iOurstonpepiting which when

h%a]élﬁ$ OZ??L Ik aakfll Arlat : gl,br Itﬂglnﬁ Aled 960t %Pdeinistratiion
78 ‘1 ange A ararre?er, exanpl es
Of pHivORdY ﬂo%kzﬂé@rebtﬁon&ﬂﬁc}nmtdldprdpott&dlatedo tlorisanfir gafred by
degradatiqQn, viscosity, pH, or particle size, that is
c oASPREIEHOR %‘fdg"rﬂnm%'ﬁ‘?'lt ly affect the quality

attributes_of the product over, time, .deno
i nstdO8i t‘wmrﬁal’ Hienits Piac aﬁg‘éfgme%ieods? bigher

C OQ&‘téi)%t&dthﬁ&o%hQ{‘!htﬂr g WitlehfiR GécrbiBe b? %llﬂlﬁét(’?; glands and have
attributes of the product connote stability. Thé tinme

pe skio aswllymath ot lesseaiier ivith hais, apdanamresglusiyelydnelpdepdumans and
dependl, gﬂmgiag.qa{ Fe‘iihfﬁ% bbb heBharl G AGRORES! B male
ed stabl il

Accel era er “tenperature Is
soard fammbe, thaksﬁm;ka;pecaesrmrch as hevscky caﬂéy, shéepexid gqatd, and regearch
St abé (licl)rfqgstig\éggcies, including dogs, cats, mice, rats, guinea pigs, and rabbits.

“Patient” 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 oropharynx, so material deposited in the nasal vestibule encounters the nasal

mucosa before entering the throat.

[0033] “Substantially 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
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| onger periods of tinme than are actually neasured.
[ 0030] "Pharnaceutically acceptable”: refers to a

W@ 0upo$iods on whi ch when admi nistered to a humaPCDUSR06/024685

manmal by the indicated route of adm nistration,
provokes no adverse reaction which is disproportionate
to the benefit gained by admnistration of said
compound. [0031] "Mammal " shall include any of a class
of warm bl ooded hi gher vertebrates that nourish their
young with mlk secreted by manmary gl ands and have
ski prefesbiyf leys thar Eopby weight tneacsietle Vothihwdght'of 280 ingredients in
non; excl usi vely i ncludes humans and non- human

pri HEREEPOSIRZ; ¢ chi | dren, includi ng neonates and
adol&gg ntﬁ,_both mal e and female, |ivestock species,
such hoPslieery ¥elr¢lpsherein fapmd useftl igelde actaatdr digmasars h

an ' i b i . S ] ce .
DR LETSELA Soly i 1 B8, TARaAhCor MsIpalopy include
i s mglplehdngle-dojenmetecdiadvge abily rasistant, ‘and dispbsabld )3ders, and

"1 nf L al delivery" shall nean delivery of a drug
primarily via the nucosa of the nasal cavity. This

i ncl the suyperiofr, mddle and jnferjor nasal
tur e s S e e SRS RR (N o4 RaposPRgamin in a blood
ol fpdsirar Y afca@indér doScen@BESTNS, e duive (Agf_@l)ﬁiflre%éi&eg:&bg}]alml ina

I a

(upper i/S)”qf,the nasal turbinates. _

pu&ﬁz@é i Amegg dnexirayalasmelsencenipiien (hax) ofsdtamin in a blood
maty@dshal ok hJcEEinl | ncqunt er,
e B8 R RLO R U YA e o
" SybsEundi fldogrifalesy; 1385369-815,01996]. | Bvetcoafendration vs. time curve”

P it e BN ol B bl 1P BT Sty o b subject vs. time

I nve 1 0N, erel
i ngftedidenisicaivatof b dbege besrnblmaladlito Bl %{ﬂg E& Qit%ferlfgstﬁranasal,
n

than 10% nore preferably |less than 5% a nos ‘
USRS, Or5410s PREHETAL i of 4B SIS krAgH. T0gmmiys e mghimmum

basettepmationert inghY i | ’ [, of
corrpose i tailton. f[ %%%5?%?3%@% b%ﬂisgll%éﬂs&%{egg)# eﬁp’ftoglﬁhlgl & apsngle

us 8p3fee phesrnerebalemimtoghe sibigse nElerterne Shmadris hewisedo fexch

nNagakinsih Hid odi ment s (of t hi . .
ot U BiFa R el T Blofg Serobyfiaplget following
dogdmingsatioh ofsiisgladosagaottydhspbslablietoths peiser s, and

[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 probability of 90% (type I error =
10%). The “delivery rate” or “rate of absorption” is estimated by comparison of the
time (timax) to reach the maximum concentration (Cypax). Both Cynax and t,, 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
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their kits. [0035] As used herein "peak concentration
(Cmax) of cyanocobalamn in a blood plasm", "area

wapdendmemcentrati on vs. tinme curve (AUC) of PCT/US2006/024685

cyanocobalamn in a blood plasm”, "tine to maxi ma
pl asma concentration (tmax) of vitamn in a bl ood
pl asma" are pharnmacoki netic paranmeters known to one
skilled in the art. [Laursen et al, Eur. J.
Endocri nol ogy, 135: 309-315, (1996)]. The
"concentration vs. time curve" nmeasures the

CoRGANS a k0.05 Has eymnReRAnAidaft. | ResaltPhre @thes @5 itmoTaldes +/-

subjﬁect vs. tine after admnistration of a dosage of
cy 8RdEoBatsen pt ale 13996 subj ect either by intranasal,

subcut aneous, or other parenteral route of .

adnil0035 r SRliecwbove-dysanibed ayanarebataminrghitiosnare desiansddn bef
cyanqc Lam ;i I 3 j.£C

r o BiRg T eyt Bes3Riy DM Rt Grbt b Hoever, e
subjef@ted nibde dferdmidistraiot id in sprag fofme et, @ the darn ofefitelpdivided

concentration of cyanqcpbal am n in Q er um of

S BB op PG Sham A Gepav by B TSR Sy B Mool #
Cy 399SPRBlaEH By PeitieGaYR] RedolfZEDAREaky Used herein,
"area under concentration vs. tine curve (AUC) of
cyanocobalamn in a bl ood plasma" is cal cul ated

according to the linear trapezoidal rule and with

addi tion of thenh&gixdthisaafes of GyifsdoBaRmiRT 23% or
an increase of 30% between two dosages woul d be

det %6% V@%#%]o@o%fa%ﬁ“%j ddinfidisRfed RWankiNRKsink a&abA5phRy according
10%". e el1very rate” or "rate of absorption™ is
esto thetpecheltyinvatipar Instbis apda thévéolloiving definiions g usefsk h

h ] ' . .
ar o Wy /SRR D Db A et bR by R RO oY

of tlidigpephicdliFactiks ingtclizatsahat srdrelshadepus activatioryfemapgropriate
and j ntranasal cyanocobal am n adm nistrations were
peWF‘HFﬁ?éfc‘lefo anal ysis of variance (ANOVA). For pair

Wi S §040TP AV e R BB ctb BN A G EQhtizetiAb §1RS fSrattiPrisad of metered dose
procedure was used to evaluate significance. The

doyelves syivetsalomefos thesiehivery oba v quratitymiseray ageq cach
doségq ¥as estimated by regression 14 Custoner No.

25, anal ysis. P <0.05 was considered significant.

Res U0041]ar Bovgdev eerostd —re arodvet] tias $s packaggEvndgripaessere anégontains
al .

ther%p%%‘gé;)lly active ingredients in the form of a powder, which are released upon
activation of an appropriate valve system.

[0042] Spray aerosol — An aerosol product that utilizes a compressed gas as the
propellant fo provide the force necessary to expel the product as a wet spray; it
generally applicable to 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 non-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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[0037] The above-descri bed cyanocobal am n sol utions
are designed to be adm nistered to the nasal nucosa

WE@RG0na490981 drop or in spray form However, thePCT/US2006/024685

preferred node of administrationis in spray form
i.e., inthe formof finely divided droplets. An
exanpl e of a suitable spray punp is the Pfeiffer Spray
Punp Model # 63385 produced by Pfeiffer GrbH,

Radol fzel |, Germany. Nasal Administration of
Cyanocobal am n [0038] Cyanocobal anin is adni nistered

i nt r g0ed6fl Mhe ﬂ&id@n&nib&ﬁﬁfao&ﬂk@dbn&ﬁ"@l%é&&gl §p?a>1 Ofitted by metered

present invention. c}hls area the follo

def‘?eﬁf1 {SPEYPURS a8 drig deliperysigyicag I yo)). Spmy adctetization is an
th aﬁltégﬁll ?ﬁ@ kege Qeéﬂﬂﬂ% seﬁlﬁﬁﬁgﬁs:%eiég&?ﬁ%} ﬁoorgisepéilDergg od

therapeutical ly acti I ngre are
upohdministsation G Dﬁ") apprami b pseatteandadevelopmsiitequalildd@thnce and
dosage form conprised of

Met surize

e a0ty A58 e BuRE R e A iR et R armver v of

u ni f [HO4YIq uahasnotlgh ﬂfare&pa"rﬁ}(hdiﬂﬁﬂh@é}ﬁﬁ‘y @géohiéafylhapbeeﬁq%ﬂlh]to be
Qﬁghﬁfs er.osol A product that i's packaged under

Sndigior o s et Iiperigrreance ebnasl speayippenps. In particular,
| ngﬁ@am@ﬂfeﬁts'o@ tHeBrdy QTN Rfente B&E’l‘ggﬂ éo(ﬁlﬂet%?s it exits the device;

rel eased upon activation of an ap ate
sy dheshray 0gasssegiona) cllivtictp hnlﬁonmie'rand tphrtlpremiqﬂbt difigibution

ellant to provjde
o O B33 S5 B TR0 S RSB o1
s p rthg/mosttrelg*emtamllvb perﬁ]imiah&&ﬁ)iaﬁtlﬁ@ 1{5 ﬂ{dtl[ll(h)%g%?%élon ofa naﬁ&ll spray
S ray -
T GRIE REG Taiobr BRI 480 50Uy et DT bymGpdnhspray
[ 0Q4#drn Mﬁagtir@ﬂeﬁﬁ aRYkey 1&nﬁﬁ@rs 176 lf'§1h % shsHpsag Qr(l)cif‘ &)rn@anmty

consisting of valves that allow the drspensing

spdtftythe apryowsskdagacrijeriastor the napad spEEEhmast i vat i on.

[ OGftpihitigPensi on spray - A liquid preparation
containing solid particles dispersed in a liquid

vehi[8048] antluing Hehght f-dhemedsumniens frodriwpheiisgoratp tdshe point at

fi %}héﬁ tﬂé }5 ugle dansg% becomesll?on linear because of the breakdown' of linear flow.
Based on a visual examination of digital images, and to establish a measurement point
for width that is consistent with the farthest measurement point of spray pattern, a
height of 30 mm is defined for this study

[0049] Major Axis — the largest chord that can be drawn within the fitted spray
pattern that crosses the COMw in base units (mm)

[0050] Minor Axis — the smallest chord that can be drawn within the fitted spray
pattern that crosses the COMw in base units (mm)

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

[0052] Do — the diameter of droplet for which 10% of the total liquid volume of
sample consists of droplets of a smaller diameter (pm)

[0053] Dso — 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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Customer No. 25, 315[0046] The fluid dynamc
characterization of the aerosol spray emtted by

woredene®Ihasal spray punps as a drug delivery PEWUSHE06/024685

("DDD'). Spray characterization is an integral part of
the regul atory subm ssions necessary for Food and Drug
Adm ni stration ("FDA") approval of research and

devel opnent, quality assurance and stability testing
procedures for new and exi sting nasal spray punps.
[0047] Thorough characterization of the spray's

geo rfﬁ@sh?f alrt?” 2& 1a1fn(e)t%pgf &1 ?plggfo} %wﬂ%’% bincﬂé Fo%l (fﬁuf?ifvolume of

t he rmance of: nasa

pasamnple Icams;lstmdakwletﬁeﬁ@ smelﬂextdmn@?rr(ayl s d| ver gence
angle (plume geonetry) as it exits the device; the

spr 40035] crpas -—sma‘smmrmaﬂlt ofithd widttcpfithe dighribubomi lee spedler the

partl cl /dro ti s t@ponEm yand t he
ti VUG ?ﬁatrfdo erfz)l}e ‘il?it \%lélsg’g?ng&gcgl¥a§§ Yavedbeen found
to be the nost repr esent ative performance quantities

in t[b@SG} hay, BRETBL baRédteélatife santiagidevipivayth@stanpdardieviiatign
BT AR Kb PRl v

' deﬂbwféﬁn%%%ﬁ“ LR i i §P°¥h2”ﬁa§2{” SLTa‘yy

Pr ot s ”%ﬁg%s%ﬂfm{v%%‘ég]@ el A 4 SAPTAR B el
angpey hiteedestndof himadsterbecthe sgpnofottakenib sdatetovwmigpthe nasal

I | gg&& I ow. Based on a visual exam nation of digital
and to establish a neasurenent point for width

t hat

of - 90 pIREH 5%”%% e i B Mo PRERL ?‘%’%@9 £5! Figure
t hild andd@sl{omsalmw em@r:éOb@f%e engagrmaent CH6E dAY Aagd after
g?géggegggﬂl%ﬁ‘ﬁé@FI@ﬂle” Thd &ﬁnﬁédbﬁﬁﬂnﬁ PisaYs a’:}ﬂ%ﬁ; no, i bahpnsed ofa
AeaTaet SR et » BRF A2 etiR R R b RO e e i

f i tplaedd, spd ay agattbets attidied tr bstle? ambindoidcinpegiipnavith the

unish 8RR C)[aggc%%]ﬂaﬁnll 1n[3dtﬂ:é oy \WﬁEﬁ frelBRatoft1uqs Rdtudtétor

maj or axis'to e m nor D10 - d
of eag%ﬂﬁfiéf foress a\ﬁﬁwwl%@/e} ?fﬁaémf aéﬂmlrl.ﬂafa?%r}*e% 1§ REGpotuator.

sanlegpeoPphingd 8 compsadpfeisplas ofths selbtier oftiyamebbalafimy) A spray
pattern is determined by taking a photograph of a cross-section of the spray plume 16
above a predetermined height, of the plume. The spray plume also has angle of
ejection, 20, as it leaves 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] In 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 pm in size, the spray pattern has a major axis and minor axis of 25 and 40
mm, respectively, 50% of the droplets are 26.9 pm or less in size, 90% of the droplets

are 55.3 um or less in size, and 10% of the droplets are 12.5 pm or less in size.
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[ 0053] D50-the dianeter of droplet for which 50% of
the total liquid volune of sanple consists of droplets

wo@Roov1ses | er di ameter (mm, al so known as t heP@EES2006/024685

medi an di aneter 16 Customer No. 25, 315[0054] D9O - the
di ameter of droplet for which 90% of the total liquid
vol ume of sanple consists of droplets of a snaller

di aneter (mm) [0055] Span - mneasurenent of the width

of the distribution, The smaller the value the

narrower the distribution. Span is calculated as 90 "

10 joOssp [MQhEdd MoRSEhe preentmmtntioal @bvides ifpanadmttthods and

of CUTRSSYOPS &5 TARITRITESTY SRS PRIGHY 40 SRR SUpgecs fo
CViredt O dr \?%H@&P(k}faﬂ \%!i”ew JTashses) Rﬁéﬁfdéﬁb End ¢MArBhs. TARamples

present invention is further conprised
cyafmxpubmﬂammmnmahan subjectsyfokireatment anépm@ybms according to the

ﬁggi]g ‘I‘%} % tegt?ﬁrg%gig? %ﬁgargggaﬁe&%c{éh'tg %u#ﬁshygncf ﬁb“:ﬁ—human

ex ﬁﬂﬁbﬂeﬁ I1Bestbyk dﬁe@kﬂﬁ &tcH &, hokdBs a:ntiler@Hp,emﬁ gohts curl @esedych and
and | B show, a nasug éﬁ) y device 10 before engaaqb%qent

( FRanesfigfbeifg, Briems §%§éﬁe‘ﬁ%°e(fﬁs@$mp%ﬂ) piggRBd 1

cyanocobal am n nasal spray Kit, i s conpris

d
c ontl@063¢r In preraplpy theyaiy 1@3@8@% the CQ’EH?WGI ’&aﬁ‘glt Sll?gay ot the
ﬁﬂ:géh? lﬁﬂle rf‘mg B r@cttéd)cewbﬁs B&a@&@ﬁancé‘ﬂﬂﬂl@ ReRGlolBicAl status of

ttach 12 and in fluid connection wth
t h patisnlsuvlicoare m reny%smmbﬂavvam intrgmusgblar visanip B I\Arberapyh efor

act uat act uat ed or . : .
ol e endpoalnRged af el T RIS s phich Qeafwpf gl =
ac iakRkcul g eS8 POV IE of Syaaodadalagam fafabdutdploe! Beels,
t he solution of cyanocobal amn. A spray patt?n IS

§"

deﬁ@etheﬁ%'&h Byfo 58 PlfoHC Bt BYTEPRCHT iBjeis of wnopefplamin
sﬁcﬂ{fd ﬁ&rb%y é%ltelil Wanll%oq%%\é shh @Q&E?E ep%f 2{} %mly cRbred

o has a tion,
2 0 ;froﬁSthb plahmawxﬁs t}aaoirmat o, adﬂmmsbﬁat&prqﬂargatatmmntsaff vitamin B12

spra Ih attern :
of i gt megeol Fr R Rt AT L SO AR 1 Gffent wing
angheAnethods and compositions of the invention may be enlisted following such a

course of initial therapy, as follows.

[0063] Instead of a once a month injection of 100 ng of cyanocobalamin, using
the cyanocobalamin spray described herein the patient self-administers a dose of the
nasal spray, e.g., containing 500 ng 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, but especially for those treated for
pernicious anemia and dietary deficiency of vitamin B12 occurring in strict
vegetarians, the so-called vegans who eat 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 ileum, where intrinsic factor facilitates B12 absorption. These conditions include

18
Customer No. 25,315 "



10

15

20

25

30

m nor axis 26. [0060] In one exenplary enbodi nent, the
actuator produces spray of the cyanocobal am n sol ution

wWhawrngposs spray pattern ellipticity ratio of fPONMUSIN0E024685

1.0 to about 1.4 when neasured at a height of 3.0 cm
fromthe actuator tip. In certain enbodi nents |ess

than 5% of the droplets of the cyanocobal am n sol ution

are less than 10 mqmin size, the spray pattern has a

maj or axis and mnor axis of 25 and 40 mm

respectively, 50% of the droplets are 26.9 mmor |ess

| N yBhEs spRR%nehoithpidht gRhetigiopaticteatbriien,qilutbesflubed

size, and 10% of the droplets are 12.5 nmor less in

si gateropgthplist oner No. 25, 315[ 0061] As noted above, the
present invention provides inproved nethods and . .
comd0864 i dviaintepnce sysngaekalamia dharyryr yping the srasneebatAnyn plution
manmeal i ' . for .tk : i :

vart By Bp T RhEELTis g ACALIRR AL AR ANPRYh A sofbiion of
Ex aitphiasB 1 reaiigfporn atagequeatneeictinn sfinjrawsicsfaétor, resulting from
treat ment and ophyl.axi s according fo the nethods of .
¢ nE B PBiPE RS e e bR Eese g pp e foplasia),
hURBD§ ndMBer P BoRUHIGHR aBdociiRidesith 4 VMRSleaddireeREghRtc aiseyhly (such
as horses, cattle, sheep, and goats, and research and

domestitiplagskepss humag il@gw@eﬁasgey kgl §HIYy ipfectipnygegtain
'eﬁ%%giﬂé tgﬁord@ﬁ,diré cfezlm/, [-98 @@Jtﬁaf‘g:ﬁﬁ%@éf&%ﬁj’. Ysthfael-AN¥sions

gu ]
met e cyanocoba n nasal spray of “the present
i nvlertidad o By défeiaticy el iletispilad ravedtions fanbes dfseasgand

h 0l oql . f ' ' i SSi.
PRIl GhALT, BRSO b S o

ex aipdtidal Fifasitey, hﬁcaiélaaélapa@ yilizi@h o Ritarain B m@dc\lﬂintghfﬁ
patient receiving daily intranuscular injectjons Q
106nHgeigboliseiap b5 PR 47 F@Pgé{ﬁfi{?tth‘i trpqjmsii Qfegggplasia.
together with 1 to 5 ng of folic acid, Intranmuscul.ar

i nj 896 nsThsrinsnars curerahlania islfian Abbe presgHdRysgHion can also

t haR wd Q0P HhdRIHARSEDH feﬂui_?é(ﬂ)%$§ n&fmal B9 RGf HitfnindPi di¥e to, for

cleared fromthe plasna into the urine, and .
adrekamglerprtgnanci thyretogiepsia fromatysic ehemyias amaripga mglignancy,
not sul t in%&f ?ger retention of | arger anmounts of

SC .

ea

r
thémV§F§ﬁ9ﬁ?a reat ient using the methods and

O, BEe LB B PR AR 1 S i

f olsb@¥en of cyanocobalamin suitable for intranasal administration, having a viscosity
less than about 1000 cPs, wherein said intranasal solution of cyanocobalamin has
when administered intranasally a bioavailability of at least 5%, 6%, or 7% of the
bioavailability of an intramuscular injection of cyanocobalamin. The intranasal
formulation will often be comprised of, in addition to water and cyanocobalamin, a

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

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

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

cyanocobalamin has a bioavailability of at least 5%, 6%, or 7%, and in certain
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[0063] Instead of a once a nonth injection of 100 ngy
of cyanocobal am n, using the cyanocobal am n spray

waele®cnidoesl herein the patient self-adm ni st er SPEAT/USNE6/024685

of the nasal spray, e.g., containing 500 ng of
cyanocobal am n, once or twi ce a week. The nmai ntenance
therapy of the intranasal cyanocobalamn is for any
patient that had been diagnosed with a vitam n Bl2
deficiency, but especially for those treated for
perni ci ous anem a and dietary deficiency of vitamn

B1lemBsditichisAflchd abbiitisgs, 9V 4641 1 BNS:, 120416 166reCel thed
ve&gns who eat no animal products. Mintenance
cy

acsdlghilifypian inspEpPuEs R liemel epaerobdBaitNi n
solution of the present invention is also indicated
f or 0068k e Infctitain eabodimenis remppsitom dceording to thedpyentipn yill

resul.t.ing fr ruGt. 0 '
S I BRI BB e
i | gHexionh@me of atvaistg bt ifmetats daa bk hbddahesdiBgd, Xor example sorbitol,

absorption, These conditions i nﬁl ude st omer No.

d 8
ospepprlene glygplorielcsrale AR SRERIAR WRCEARt 18 gRGED-
(1di opat hic steatorrhea, gluten-induced enteropath
L DO PRSI e SsEd MR 1P TC TR R the
cy R RMER arSPlel! Bi;] ﬂ@se@xfaﬁ/f] ﬁ1cﬁ1rdg 5&&?}]&1&%@1 tpafibensSthimerosal,
W

al so indicated for those a icte mal absor pti on

of chlprolmanoBbenzconium didoridesm! berzalkquisimechdaidee vingrreplary
| NLELOS LS d AShPLitnGRY ko&%npﬁﬁ&ﬁsoag% LS50 RR oF R ASHLS RY'S

t hg aas? rc nmucosa ( I ngestion o corrosives, extensive
nebglzakkioajum efioride. I sditbleabnantralidn afitise presoditiat sl e fom

o e S R S R AR Sl B AL
i nfv&x%ti’oﬁraegafcﬁxgg ﬁboﬁ@ﬁ&%@hﬁk@le@ﬂe&pr ders, iron
Subt ot a

defici ency, an gastrectony). Structural

| esijpavm] t NatcehtBiadxéimplRY2ntiRbintdneN§ Yorhftive @cdokdhd toSthe

il eal resections, Crohn's disease and malignancies. )

Vi inveniiorshss theeonsprirptipe 6f eyapocabalgmiseatiOmye (essent ofgptal weight),
connel L&k 829 / sbﬂhﬁ%ﬁtﬁ&%&).ﬁ@%f g&éﬁ%.Z?ﬁ,q)ehﬁ%%ﬁ‘tcﬁloﬁde
utilization of vitamn B12 occurring i
antolredraOOR Y @d HoM0% Watewi t ami n are enpl oyed in the
treatment of neoplasia. [0065] The intranasal

cyarjoexpal @tiienbiaring iagent odmbinatiqus esafnlt within éretinvention nclude but

ot i e Mo o S M2 g b6 FROY Rl b i
biphthalate and sodium hydroxide; and Sodium acetate and acetic acid.

[0072] Another embodiment of the present invention is a method for
administering cyanocobalamin comprised of infusing the nose with an aqueous
solution of cyanocobalamin, wherein the solution of cyanocobalamin has a viscosity
of less than 1000 ¢Ps, and wherein said solution of cyanocobalamin has a
bioavailability of at least about 5%, 6%, or 7% relative to an intramuscular injection
of cyanocobalamin. In certain embodiments, the bioavailability of the
cyanocobalamin solution of the invention 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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exanpl e, pregnancy, thyrotoxicosis, henolytic anem a,
henorr hage, nalignancy, hepatic and renal disease.

W 0BG6I0%& not ed above, the present invention PCDUSEE024685

for a stable pharmaceutical solution of cyanocobal am n
suitable for intranasal adm nistration, having a
viscosity less than about 1000 cPs, wherein said

i ntranasal solution of cyanocobal am n has when
adm ni stered intranasally a bioavailability of at

| east 5% 6% or 7%of the bioavailability of an

| nt egmapC lliﬂh? for ds&}t@ﬁ\idnﬁéh Qlffmﬁhbii ﬂﬁeagcatoamds a 1iﬁbtgod for elevating
|ntranasa ormul ati on w n, be onprlse

adtfietvitgmin B1vevels g cerylarﬂ{)%@iﬁam GSFachupiang lﬁaanasgﬂy

ag%‘l{q'n%?er 'a@bﬁftl@n %F%ﬁ u&o@ﬁfaﬂﬁ?% & t%%?cr@as@ 'Elfefzﬁléﬁgé i/auo of

I ona mectanct to inhib dryi ng

t heitamiadiL 1mﬁtﬁtﬁ%1ﬁ®dhatam dleahhoqdmten@m@l%o@%@@d@ éﬁnmex 100) to at
67] .mce n.exe [

ac COPAPRY b "TKE FOORERA FEV ROk ip p S BBARRLbR of o

CY dAQCOb Ao af intian@s@utdr mjea@dudﬁmc@aﬁdcamamanm wartan

wherein the viscosit

less th
whemBpaimens ek (4 CShIE Séévgagf&%gﬁ%# b tgaigorBLL in e CSF o
bi gaMal i 1g't ﬁlxo@éerahléméd%t pg 6% or 7% and in

certain st onmer . 25,315enbodi nents at | east

abo 607%;][/61 "ﬂﬁ@ 1ts ]a(%l/ 1140](111/9 enod kR BF tHEM:&entQhydnBn because vitamin

va| an | ntranmuscul ar i nj ecti on of
cy @d@ deﬁabm:lquan re{sﬁm ﬁsmewrsxbhdamage tntbeaervens system. Progressive

EQ(OJ?IB%IP Py l?r}?ﬁe%ﬁ}%{lﬁ)gﬁ ﬁo Hlalelgl} Itl?% ey n%urd)glallnéglr%glgﬁﬁ kel in the

an dpih@ doIeMERd defdbidl @biitex. Thivausds aawida Ear@hy)f néurologlcal signs
humect ants can be used nclu?

soPBf EBIRIOBEJRY HERGPYFSRSIZS G th%qg%&? %}deﬁ%n&a&laﬁw&f yibration

hunge g?snﬁoﬂ s%n&g XxﬁﬁrrEﬁltal{thQ@%dlfes@ I RSRH YA de¥Steh8on reﬂexes and,
gener enpl oyed to increase the shelf life of the

c ompdimlatﬁltﬂh%ges Eeafvsionsmeddippss dess\oh temory, fafl guen plefsfj central
al cohol r h

e ESARR B D0, HUALRMTP o vy et
ex @imﬂea]ﬁeynancﬁsmal dtinuge wadkuissodiathd fromhbe tlomged latthleo ns

met hods of th s, .benzal . koni um ch e
A matopPistic, YHAD M el? Q%{%ﬁle&f;y sy bﬁrcé)g%lfl\fS? as 4 boss bﬁ{t%% ¢elderly
f r o OR ARt Red bR pEFthibRAdibdi@erb Qdvdh ifRé 0Tt not anemic. Thus,
al though there may be appreciabl e
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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vari ati on dependi ng upon the agent selected. [0070] In
certain exenplary enbodi nents, a formnul ation accordi ng

wWao eoorheodhiventi on has the concentrati on of PCT/US2006/024685

cyanocobal am n at 0.5% (percent of total weight),
citric acid 0.12% sodiumcitrate 0.32% glycerin
2.23% benzal koni um chl ori de sol ution 0.02% and 96. 79%
water. [0071] Other buffering agent conbi nations

useful within the invention include but are not

limted to: Mnopotassi um phosphate and di sodi um

phosphat e; _ Pot assi.um bi.pht at e and .sqdi um hydr oxi.de;
Pina 1687 crfiecuiar SR Beeeh B e o Sases R ChdNe
enbodi ment of the present, invention is a nmethod for
%WP@@!l’é%I}ﬁ@a@%%éwﬁ?%ﬂﬁlﬁlﬁonpri sed of infusing the
nose w th. an aqueous sol uti on of cyanocobal am n,
Preneitiont he sol ution of cyanocobal amin has a viscosity
of |ess tHamyRRBnCPs, and wher ei IN&al $bistednut i on |of
cyanocoballam n has a bi oavai | abi | ji-ty—of—at—teastsabout
5% 6% orf 7%relative to an intra(ﬂ’tlf’é)@m%w(‘fﬂ ectli on
of cyanocatatam i Im ar et nts, The
bi oavai | abi Xaflﬁcoé a%%%?)?anocobal gﬁdgesol ution of| the
i nventi on |iGited aciEasiydebquIsSB% 99%.120% 11% and up
to 12% or |greater conpared-to-bieavartabi-Ht+y—oef—an
intrarruscur%&dlmﬁf@éﬁi@wd&te»%noco%g? am n. 20 Custoner
No. 25, 315[8073], TJ¥ present inveppon 1S further|
directed tjowards a nethod for elevating the vitam n
B12 | evel s| Benztlkenivarobbridke (3Bbnal | .04 d ( CSF)
conpri si nda}iﬂft ranasal |y adm nistering a solution jof
cyanocobal n so as to increase the average ratijo of
vitam n Bl2p{FeliR@uidegls. t 0 that inj tdoeo bl ood serum (B12
CSF/ B12 Serum x 100) to at least—about—31—3,—wherein
said solution of cyanocobalam n has a bioavailability
of at least 7%relative to an intramuscul ar injection -
of aqﬂ@?’ (g NOGRBALRE Bhffel ByskBisl-AH AmB IS B 15t Usb@fdBl2

CSF 1evels are increased so that the ratio of Bl12 in

t heCyasbedbelantieNesa) 8p%yi n t he bl ood serumis at | east

1:9. | OO_' 4] :Fhi S—ts—a STy ﬁ cart embodi "@uagﬂ"ity[(.%w/w)
present Ijnvention because vitamn
1) Citric Acid-Phosphate buffer
Citric Acid anhydrous, USP 0.240
Dibasic Sodium Phosphate anhydrous 0.357
2) Acetate buffer
Sodium Acetate anhydrous, USP 0.220
Acetic Acid, glacial, USP 0.064
3) Phosphate buffer
Monobasic Potassium Phosphate anhydrous, | 0.483
NF
Dibasic Sodium Phosphate anhydrous 0.004
22
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B12 deficiency can result in irreversible damage to
t he nervous system Progressive swelling of nyelinated

woewr o098 denyel i nati on, and neuronal cell deaP¢T/HEM06/024685

seen in the spinal colum and cerebral cortex. This
causes a w de range of neurol ogical signs and

synpt ons, i ncludi ng paresthesias of the hands and
feet, dimnution of vibration and position senses with
resul tant unsteadi ness, decreased deep tendon

refl exes, and, in the later stages, confusion,

moodi[0055%, The Stﬁranﬁsaltfﬁn‘mmanoﬂm@f tBY BRséht RSBt caf BRLiRnistered
t may exhibit del usions,

vi sion. The n

e REIES HEPHR0MS OreEcaris BRSS9 D) bottisiintbe, Dissal Spray
neu

neuphgl SalepfefRas. e e s SOCHALERILERTAZ 0 Lo per
rfus$quizé arcblpsiadiptabl lwagth 0f36.85 bivh.i Ityan he phrdieaskd from Pfeiffer of
pat%ﬁ%ﬁ&dﬁﬁﬁhg&ﬂ?ﬁ}'a and psychiatric disorders, even

i f

ey are ‘not ‘anemic. Thus, the embodi ment of t he

pres di rected towar ncrea [ L

| ev eﬁfbgP ] :ﬁle ?ﬁlﬁm@igze’fw Gr?é’r @rﬁv’%ﬁ fh by ¥ O? H Eﬁ%ﬁlfé‘u&ot limitation.
benefit for neurol ogical patients. Thus, intranasa

adm ni stration of vitam nEXiAViEgor di ng to the

i nvention can be used to treat such di seases as

Al zBeimperiscn af ilstermass] O&mnbmnaﬁnﬂutmﬂﬂ dfithy Bre§it Bivestich: with
2 1 Cust i 0075 Exenplary formul ations

piramuscutardnigetions of Gyanogebalaming n

of the i nven e

i?sal éfray 500 ntg/O InmL Fornulat|on [ 0076]
adpetiony e puffer systens and anmounts that can be

used for Cyanocobal amin Nasal Spray 22 Custoner No.

25, 3[08F 907 Xhschba * (O ndbstadimih Oy it ISﬁﬁﬁethfOﬁ‘H bf Vlbam1§ Bi, with

present invention can be adm ni st’ered usi ng
botedrEalspt Ei{aniip Fas achvity.eFler ¢hethicabsahe &y, @ﬁmbﬁhstllfbenmmdazolyl

60%3?1&\%& ]r‘wi‘?pgﬁ%@‘gﬂrjyg&éscé’@@f(éﬁ%c??ﬁ%‘ﬂgﬁé ar as a self-

hasadaidlsteted d@sd] @algtihe @codndideddseldf I\Faé’d'bbgl@ (@g Q@?’aﬁﬂmn
fr%# Pfei ffer of Anerica of Princeton,
I

fo Wik @“@Wﬂ’é Yitgpia Bye \plapeeiphign wl;g a@fm remission following
i |ﬂ1‘j§$traﬂe' \g&mn‘?%lz thérgf)§ ﬁtS'OG—th administered intranasally once weekly.

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

system and dietary deficiency of vitamin Bys,.

[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 in a 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 pg.

23
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EXAMPLE 1 Conparison of Intranasal Cvanocobal anin
Solution of the Present Invention with NASCOBAL(r) and

wo niorasesgeul ar | nj ecti ons of Cyanocobal amin  PCT/US2006/024685

I ntroduction [0079] Nascobal (r) (Cyanocobal am n, USP)
Is a synthetic formof vitamn Bi 2 with equival ent
vitamn Bl12 activity. The chem cal nane is

5, 6-di et hyl - benzi m dazol yl cyanocobam de. Currently,
Nascobal (r) (Cyanocobal amin, USP) is narketed as a
sel fadm ni stered nasal gel. The recommended dose of

S¥aag obpddives (Cyanocobal am n, USP) in subjects with
vitam n Bl nmal absorption who are in rem ssion

fol |l ow.ng.inject le vitam.n B12 therapy is 500-ng

ad mlﬁg‘f\lgéf er o‘loﬂwegtﬁgglé?rfr?c‘gpﬂ eélc\k’/é%ftlgfj QE a %gﬁg 0] Vitanin
Bl &tﬁﬁﬁéaﬁ%—%@lﬁhiﬂé}%d Spray e RfrafANSEaImInfEdrewlzd gNascobal®), and
mal absorption of vitamn B12 resulting fromstructura
or sihgledutrammetculdnadgisistased vitangn Sy o afpsied statglin agumad fealthy male
and(géet r¥$de&iciency of vitamn Bl . [0081] The

pu?% SEET s study are to conpare the

bi oequi val ence of vitam n B12 nasal gel versus the
nasal spray, and to evaluate the relative

bi oavai l ability of three preparations of vitam n B12
in a fasted state in nornal healthy nale and fenal e
subj ects. [0082] Intranasal cyanocobalamn gel is
approved for a dose of 500 ng. The current study al so
utilizes a cyanocobal ami n nasal spray at the same 500
nmg dose and an intranuscul ar dose of 100 ng. 23
Custoner No. 25, 315Study Objectives [0083] To conpare
t he pharnmacokinetic profile of a single

i ntranasal | y-adm ni stered spray, single

i ntranasal |l y-adm ni stered gel (Nascobal '), and single
i ntramuscul ar-adm ni stered vitamn Bl12 in a fasted
state in normal healthy male and femal e subjects. 24
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Custoner No. 25,315l nvestigational plan Overall Study
Design and Pl an [0084] This study was a single-site,

woepenAaiabel , 3-way (3-treatnent, 6-sequence) CPOBBER006/024685

phar macoki netic study of vitam n B12 adm nistered via
intranasal (IN) spray (500-ng), IN gel (Nascobal (r))
(500-nmg), and intranuscular (IM injection (100- ny)
in fasted nornmal healthy mal e and femal e subjects, as
follows: [0085] Treatnent A: One IN spray

adm ni strati on of 500-ng vitam n B12 . The intranasal

s conprised of an exenplary enbodi nent
&ﬁgﬁé‘ﬁé&rngg i nvention and cont ai ned cyanocobal ani n

t a concentration of 0.5% (percent of total weight),
é—ﬁﬂu&%@%m%bdl umcitrate 0.32% glycerin

2. 23p40s8 90 %r Hﬁ@ﬁﬁglﬁ% la'é ﬁehﬁltgr tp%@ I%%t *V%ﬂgo 195%16%& gsequence)

96. 79% wat er at nmen
ad rﬁrﬂssg‘varathanna@kmsmstn@/ ofi itamim B B 12 niiNsis cod bvad (ntr)u)asal (IN)

. - ;
v Ul BB T el LD e R lanIND ineetion (100-
B12:d) i eastétl @brobd) hea @y ilie ﬁﬁﬁ&nﬁ%&l&ﬂ%%tfoﬂ&ﬁé od.

Subsequent treatnents wll be dosed no sooner than 14

days fol | owi ng the preceding treatment dose

admi 9082y afteaimentAg aOne Y spray e@nmﬁm&oﬁ\dﬁﬂmf 8¢ eitanin Blz The
d 1l ter

0 Peri ods I ]
nodr 1Sl AigtsR vl BhfiGasrab crflichahefagyt offhe resent
500avagtivh hl&?dﬁdmtaﬁié& o@@icﬁ@lﬁdfﬁﬁﬁl ofh coﬁbeﬁtrﬁtgﬂnﬁ)f'W% ?Iber&!‘nt of total
500- vitamn Eiiéo Nascobal gq)%% Tr eat nent )
si nGT t), et Asie Vos S Gitra » RAYE SR %ZMQSOAbenzalkomum
( TregRireRélufion 0.85%dn8PENIG WAQdom zation generated by
the PPD Devel opnent Biostatistician in one of six

SequRDSEs - T Qﬂlﬂeﬂi’\fﬁngOﬁé hﬁngarddﬁl%strﬁioh o748 ?L%tv‘f‘taml 5 1’7t °

have recei ved each treat I'n a crossove
wasNostobg@i).i od of 14 days separated the thr ee dosing
peri ods. [0090] On the norning of Day 1, subjects

assi[gog tDredtRat OB NONAIV QERINRFhBN of 100-ug vitamin By,

[0088] Subjects were on a Vitamin B,-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] On Day 1 of Periods I, II, and III after an 8 hour fast, subjects received a
single IN spray of 500-pg vitamin B, (Treatment A), a single IN gel of 500-pg
vitamin By, (Nascobal®) (Treatment B), or a single IM administration of 100-ug
vitamin By, (Treatment C) based upon a randomization generated by the PPD
Development Biostatistician in one 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 pg of vitamin B, Subjects assigned to

25
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single IN spray adm nistration of 500 ng of vitamn
B12 . Subjects assigned to 25 Custoner No.

wQ@2031¥Dpeat mrent B received a single IN gel PCT/US2006/024685

adm ni stration of 500 ng of vitamin B12 (Nascobal (r)).
Subj ects assigned to Treatnment C received a single I M
adm nistration of 100 ng of vitamn B 2. Doses were
preceded by an overnight fast (i.e., at |east 8 hours)
fromfood (not including water) and were foll owed by a
fast fromfood (not including water) for at |east 4

ot st 0RO RGeSt

) ects recel S

Bi 2(Nistatiath)! Sdbjetts adsiged efTletthdni ABsMal %@1&1(%11\}? ministration of

conflict with other studyrelated activities.
r egi &t leg elvitiman Boi. dPpssewengpredededdhyedn, ovandglitiest i cht least 8

st ' ' et diary. No dietary. supplenents
o5 Ao B Oncl b g e S5 Pk PR o
f r omelndimguratery forlac B M-Hoamt kI8,

or caffeine-containing foods or

eviPiles PORIronREHA thiciel gieCnbeeismeenstiyandardized
Vafiiatih BS-dBHORA difOlt s@RaMed UhieS Ghic tﬁkfnét%lahw Wih other study-
u e enever

phar macoki netic paraneters were calcula
pdslated jagtivitiess e registarpddisciamset op tentistatriddhs foofl staiff mafintrined a

Bi 4: fir T nd C according, to the del .

i ndééet Sgig%eﬁtg%gég%ptgg%ﬁ?m%%xg?re?ﬁﬂ&@egﬂlgl% Rhu(t:ly Sur[}J)ects abstained

PHammeeskiniregt dlehvb astidising irspdit@X3htabliog dr sarmEsont Ming foods
i vitam n Bj evels were collected via

PK_anal ysi ) ]gqc

ar PR GF?‘H“? é’é’flﬁé@é’?{t"a{% M.vi a direct venipuncture

usistgdpVakiaprs! ow-t op Vacutai ner (r) Henogard(tm

evacuat ed serum separator collection tube. Bl ood

san@bl%’s] f oFormReclysrsithe ilowingapmapRingtéaprrametersavere

c ok and 1

o Hoaaied WRoIZ YOS Liheddp e YGRS Dloptnd, rom

8, Traagment A, Bgandd ac@@ding &, theé tod#2nddpéndentlayBodtal CS,ax, Tmay, and

pPaghcdose during each period. Appropriateness of
asUf'ement's [0094] The phar nacoki netic parameters

us eRharmatéktinetsc Mdysuveienishose typically

[0093] Blood samples for PK analysis of vitamin B, levels were collected via an
indwelling catheter and/or via direct venipuncture using 5-mL yellow—top Vacutainer®
Hemogard™ evacuated serum separator collection tube. Blood samples for PK analysis
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); 30 minutes; 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

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

comparisons of AUCq.1, Tynax, and Cpax (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.

26
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used to assess bi oequival ence. Al assessnents of
bi oequi val ence were based on conpari sons of AUCo-t,

waeme/149ml Chmax (test versus reference treat nePCBUS2006/024685

[0095] AUC is a neasure of the extent of drug

bi oavail ability and reflects the total amount of drug
that reaches the system c circulation. 26 Custoner No.
25, 315[ 0096] Cnax represents the maxi mum serum
concentration obtained after drug adm ni strati on and
provides an indication that sufficient drag has

regeuvefl t he, swpldamits theiniaitharisefunt onoeamitios obtained after drug
therapeutic response. |n addition provi des

vedmingsiyagen g@lggpﬁpl@s etnd;gqil@ataqnl}eaq sg{’,fg:pchnﬁr[u@@gs, TeaWhmtemxc
ﬁll Gihiahsd ﬁ)@gd g%.ﬁig %?815@%(1 1R Bdditi &N 9., provides warning of
P ar [ es b

hRCOKT A 098] For each subject, the
fpbslsﬁﬂ%t@gmph@gh&ﬁd&kl netic parameters were cal cul at ed,

whenever pgssi bl e, sed on the serum cagncentrations
of 1% Ani nﬁmwf‘? Eﬂlﬁ“?‘%g‘gi’r}f&ﬁ?%en%d agme WB%Cf Ui cor di ng
t 0 ph BgndiBEiaLd VeepeRdent approach (Ref. 1): [0099]
Cmax Vax

XI mum observed concentration. [00100] tmax Tine
t o (08981 munfa sadesvbiegt itemollpwmeel: @tl%%%lnﬁﬁla &yere

Flcéi%tteg ev@l%en@vér%pss%lgeoagég aﬁethg E&'ﬁ}ntdo n]@}aﬁ&lstdf QfﬂﬁﬂnﬁieBu from

measurabl’é concentration, at ed
I fl“l’@ﬁﬁeﬂtﬁ ApBzaidda)| acmrblmg th ﬂ@]r@él]el ﬁ’ldapandctﬁl@pnl@aﬂc(Ref 1):

cal tio re usi ng ,SAS (SAS I nst.
Ver ‘?933 g@)‘me@f”é‘grf olﬁsg’fvef&i/t?%cga at ansled in the
3@ afd PeTPli%{effb;ﬂgéﬁﬁrﬁlﬁm%ﬁc%ﬁffﬂﬁ@ ilnzle St at i BBI gal
ytica ans/ Phar macoki neti c Anal ysi s
OB by STk rsaBater e SUPOHSRMIMSCORES GO} Bhe time of
a%aspg{ ggiu aé%&fﬁ ROREE Mol Ryt RS RepOidahAule.

uan mts of detecti'on were treated as zero.
Act[umm anPharmgeakirrgis caloalptiens wire nerfermedutsitg SabrpAhipst.

e used in all conputations of the
ﬁ’r‘gﬂ:g@é)netl c paraneters. For ease of presentation,

howestafistical WRihd B P1smiad inrthe Pi-otocol wad detamtinatiopoESanple Size
results in tabl |i st
Statistical and ?Analev%1cal Pllasns}glllgrmac%ﬂ%eacl gylglsssm

[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
computations of the pharmacokinetic parameters. For ease of presentation, however,

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

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

parameters (AUCo., Cinax, Tmax,) Were calculated as described in Section 8.4.3.

Statistical Analysis

[00105]  All 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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[00104] Fromthe concentration data, non-conpartnent al
phar macoki netic paranmeters (AUCo-t, Cmax>Tnax,) were

w@adocudmded as descri bed in Section 8.4.3. StapCEUBIAE/024685

Anal ysi s [00105] Al statistical tests were conducted
at the 0.05 significance |evel, unless otherw se
specifically identified. Summary statistics of

conti nuous paraneters consi sted of number (N), nean,
medi an, SD, and range. 27 Custoner No. 25, 315[00106]
Descriptive statistics were obtained and tabul ated by

t r ef@0neadt Descripdvebtatisifcs Wefe&iﬁtdin%d&&b&@e@&‘b# h&ﬁm@ﬁ'f&t levels

nd for.t hay macoki neti ¢ parameters cal cu
[ d’g ¥ 59“]““5‘?16 é‘ﬁ%ﬁc{} Hmememnt iad f%\ﬂéﬁ Rharagcokinetie n@ratné@rs calculated.
(Treatnment A - Nasal Spray) versus the reference

( Treetomnt BRequitlbhoe v} e%ﬂl%hﬁﬁ 'f&r tHé tegtaq‘['ré}tﬂﬁ&t (AN pray)

Ref. 2) was perforned and t % confidence interva
wersugy s aptarcace (lapatmpet B aﬁreb dfn anelysik 06 feiamne AN G Ref. 2)

. transfornged priar
?gﬁgﬁ%ﬁed"iﬁ Eheer%jo"/;’ ?%{Sﬁde&% 1{1 9\%3%)}&/?8 &FPﬁgﬁﬁor t}?e rlago of
| rﬁ@se/raf@cblscef (ﬁ‘mldmd ﬁ@é@dIBWare ﬂatﬂﬁhh;gﬁ&tg@)%dﬁ@foﬁn@cbﬁ@rﬂ@ enalysis.
t% rcesng 4 Q(y ‘E:fg‘? he 9?‘%/0 confidence interval s
f She agesyPpding Ao %rﬁaés Ao eficmEgfalie How
[ @BthGR3H by tali@stha S6HIBR f ﬂﬁ@b% hafbesk itttHARUTERE dﬁ)erérﬁe

n-inferior (Wth respect to the reference (Treatnent
B?’e‘i“fee‘i* Fhe mesie pn Bisupgisaste- t he 90% confi dence interval s
froml oge-transfornmed Crax, and AUCo-t were greater
t hdROII8T e o s pesumegdghat thetters (TrsotrenbAlischonfinfetier (Qﬂ\%respect to

C aax
SRR (A D SRl R RS o
n &Q&itlﬁﬁéomlmdi Cﬂu)éx, @odI A Cn)ca tvebegrestbathbn shefhal oGO IF thehewer
2 ste ag SIR t he an square error
R S Sl Rt R b G PR o S ang ATlos were
Alelss thhineo%[‘ra ms afdueel $hateseidfessay cadainbsbe 4 YRE
fromthe ANOVA nodel. [00110] Bioavailability was

ev qunomppd Twseqmcé emdct (wh %@kﬁ%@&g rt}l';& @g%er g%rggﬁ%P‘&MSE) for

Sg‘fbé%?( respecti vel and
R {n SequenPMiS g 6@9@6%%&@% nisiim effecits wiiieltésteyl against the

m@g@ﬁ&g%@m\]@w@%%p ng the 90% confidence intervals
for the ratio of

[00110]  Bioavailability was evaluated for the test (Treatments A and B - Nasal
Spray and Gel, respectively) and the reference (Treatment C — IM) groups. Relative
bioavailability was assessed by examining the 90% confidence intervals for the ratio of

the test (Treatments A and B) group means relative to the reference (Treatment C)

group mean.

[00111]  For Tpax, the analyses were run using Wilcoxon’s matched pairs method to

determine if differences exist between the test group and each reference group.
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the test (Treatnents A and B) group neans relative to
the reference (Treatnent C) group nean. [00111] For

wa w1490 anal yses were run using W coxon' s P@EL/Ukm®d6/024685
pairs nmethod to determine if differences exist between
the test group and each reference group. 28 Customer
No. 25, 315SUMMARY - CONCLUSI ONS PHARMACCKI NETI C
RESULTS: The relative bioavailability for the two IN
fornul ati ons was 0.9715. Bioavailability when
‘con'pari ng Treat rrent A (spray) versus Treatnent C (IM

6284 when conparing Treatnent B

(SEMWA%T%QWLﬂSQ\[Snem C (IM. The pharmacoki netic

profiles of the spray fornulation and the gel
fPAIARMASOKOYETIRRESUSITP | ar for Cmax (1480 rg/nm, 1670

pg/ nL, respectively) and AUCO (92000 pg*hr/mL, 97000
Pgs ;&faﬁ\}'@tbnoa\rai@aﬁﬂ@qgrkﬁé@\bdﬂ)\l forAdidhidné wRAloY 35, BlobailaveiEl vean comparing

A e T G

adl)ueSLfSEreattnhéCKIM)f ormul ati on vvas Si gnl fi cant I y hi gher
han the Cnax val ues for th { {fo l

(B BoBgt 5 A B 8 Rbds| PR ST TR o Co
\(iL488.pg/ L, BAR ph/NLSpro@yvelm 41kd AUEHaEP280G re *Itrimd. 800 i Lprgapagiively)-
Eg g%&ﬁﬁy, A0 e etonce 1 qug@%’e&ﬂﬁgsbﬂﬁﬁﬁ @el i E‘o@ﬁﬁl@ﬂoﬁwis@é’ss than 15

T e e e e
Abkdive INofozdulajons @eho0Nf eriority can be assurred vvhen

conparing the two [N formul ati ons because the
Poeritis e et foa bR e hE e N RS “at @gag‘f gl d%tvﬁﬁed o1 Cras

808800y, Thebiv AuGeade intamdls Gmeix logCENGhUSI CNSnd ATHe for the spray and
r g%i MuM@onpfe@@Mﬂ tll@xgﬁgle bit S\é%ft@fZS';/ h gdcﬁt“f&aﬂy'\koﬁ—@fféﬂéﬁ@%dn@@ Sssumed

15. Bi T
RO KT SRR T Y

Cosqethindgs Tor balt Nedit a8 .gel ) versus Treatment C (I M.
T&@@Iﬂ@f(ﬁ@cokl netic profiles of the spray fornul ation

and the gel fornulation are ar for .(148Q.

pY/ nt ThiW@vea@mablhfyégr&&m WPW a%\%&W?iﬂég[? ?&%@ég’%‘y for
Dg* hrfeémqmt A%@Q@e@g Treateit C (MspetEli0y ehd/0) 6284 dieth tinparile|Tyeatment
[ hFBF%gIVQghS@IICL&%E@W‘ for Tmax between the spray and

e

. The pharmacokinetic profiles of the spray formulation and the gel formulation are similar for
Conax (1480 pg/mL, 1670 pg/mL, respectively) and AUC,.; (92000 pg*hr/mL, 97000 pg*hr/mL,
respectively). Additionally, the median difference for Ty, between the spray and gel IN
formulation was less than 15 minutes (-0.24). The Cy,, value for the IM formulation was

significantly higher than the Cyx values for the two IN formulations (p<0.0001).

. Bioequivalence between the Vitamin B, spray formulation and the Vitamin B, gel formulation
was established using log,-transformed 90% confidence intervals for AUC, and Cryax. The 90%
confidence intervals for the log.-transformed Cy,.x and AUC, for the spray and gel formulations fell
within the range of 0.80 to 1.25. Noninferiority can be assumed for the two IN formulations

(Treatment A versus Treatment B).

All Vitamin By, formulations were safe and well tolerated by healthy male and female volunteers.
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formul ation was |l ess than 15 mnutes (-0.24). The Crax
value for the IMformulation was significantly higher

wao bam/1sdee8 Cmax val ues for the two | N fornul at i PEEUS2006/024685
(p<0.0001). Bioequival ence between the Vitanmin Bi2
spray formulation and the Vitam n B12 gel fornulation
was established using | oge-transforned 90% confi dence
intervals for AUCO.t and Crax. The 90% confi dence
intervals for the |oge-transforned Cmax and AUCo for
the spray and gel fornulations fell within the range

of 0 o] i nf an, b s.su

o 1REH A nita GBI EER Chinba s 4R gn higfiin
A| | reMitiv@od @n@la&tlﬁfabimu{radlabmm(ew,ﬁﬁ sklafte- sfidtdemhlbjects adm1n15te1ed
tolerated b he?Ith nale and fenmal e vol unt eers.
CusO8HEF Hd%s TAntEgUlan CYAEOWBE‘@@H&BBU’&V&H?W W@p@%ﬂbﬁlmn

emedédRR bhis@h of asr b%ﬂttfétfbﬂ 0@ c%ﬁb&ﬂé‘%ﬁlﬁ |a§£1hé’t%uf?e[ble control
conpar ati ve bi oavai | abl|lt¥ g., In side-by-sid

t estubjsals jadwinisterddriminseraylewbe prepaetionss ofibs éwrappsal Cyanocobalamm
' ntg, ﬁ%g&#ﬂs%{ft %X]?%?lf 81? @)};ﬂﬂ;@ I} lea%{ S%né%&'a:?%/a Iof the bi oav?lil%orllhty

cyanocobal am n
of whrnetopmtramisvulag &ij dStS]bn,Slulsbmb k&ses atritaso B%s Q%j, €0%s11%, or
adm_ni stered sham or pl acebo preparations) of the

i nt reP 958y anocobal ami n fornul ati ons of the

| NVeoiLe3) Thé prefiBt dikclbfAS broPides 8Ril cofifurtive BRavailability
bi oavai l ability achieved by intramuscul ar injection,

i n siwshes andsessltgio qvings thegoynapsetadigformegeesharpsigsisics of the
ar qﬂé‘tﬁ&}f a[ngg&ql@sn}gh% P IR SNt %S{ig ﬁec’sléﬁ?ecfégb%¥é qﬁg‘relatlve

det ai conparative |oavm
r esh]d)atvsaﬂa‘toli@\folrm d}(hlaphlmammelt(ﬁﬁl) ﬁoenﬁlahamnm O 9715. Relative

AR Sorb i THITET ARG PETRN bR ¥ e

bl qamaihekilin=t Bf wis . m5€M6E4Wlhcﬁhtdoﬁfpaﬁﬂ%Tfebﬁﬁent B (gel)
fornmul ations was 0.9715. Rel ative bioavailability wh

confFETF g apent (@D Rbq eisrmggokinstis profileseoftherampared
(i rl:ty‘éﬁé'ﬂéﬁﬁbhlnﬁfstpra meL‘ﬂ@t‘fOnoanﬁ%gﬁfonﬁ{ﬂQtl& R4iMAS Tor Ivglmax (1480

conmparing Treatnment B (gel) versus Treatnent C

Thevgphbr HOaigimlatrespegtivety) laad ASTCQ- h(@%%p@*ﬂarf/@d 9700 pg*hr/mL,

\% %géi%l tﬁ%’l@ m@dﬁﬁm ftl‘?efﬁ%ﬁ} &1%%_6%@ %)gg‘ a];;% nﬁ'fgeﬁttﬂeos%ray and

r e%@éﬁﬁ Ifomiuj@)loﬂ mas Pshat 16 ﬁﬁﬁlﬁ_eﬂgﬁ by, rithe @ﬂ@ﬂvalue for the IM
T T T
formulations (p<0.0001).

[00114] While these data are not expressed directly in the form of comparative
AUC values for IN versus IM biovailability of cyanocobalamin, the relative AUC
values are readily and accurately derivable from the data presented above. In
particular, the comparative bioavailability study results presented above demonstrate
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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gel INformulation was |ess than 15 mnutes (-0.24).
The Cmax value for the IMfornmul ati on was

war@nitddogsant | y hi gher than the Cmax val ues f orP@TES1000024685

IN formul ati ons (p<0.0001). [00114] While these data
are not expressed directly in the formof conparative
AUC val ues for IN versus |IMbiovailability of
cyanocobal am n, the relative AUC val ues are readily
and accurately derivable fromthe data presented
above. In particular, the conparative bioavailability

st ldﬁ %{)ﬁlﬁﬁlygésﬁs pfl?e%@ Eﬁt‘r?l Q2D @Ed g&rﬁ)ﬂ%&d &6r dﬁr@qb cbii@ntional

i've bi oavai ity" ratio of an exenplary spray
Cy@motmsbtaltm appla ratel dzdSﬁ onltipderpaseéd dn e dosenaf 50 ug given intranasal

an al am n bi
o St B PR Dmie ol e i SRR Bieke data and
0. @d{%pp?éé@tt?th@t?tﬁégos{eﬁﬁmﬁ@?e\iﬁ:am yiclhe iio\(ﬂlbmaﬂablhty between
represent ratios o e natuyra ri.c peans
of ap AN cruocplaurnzeluigs PBWEEHW@BHOIE%@ g‘ﬁ W&ﬁ%ﬁ
doges %m%a-g cﬁ)?re%?c}ncs WahLE dﬁ%@éﬁ RREIRhIEAdmACRATEHiaEyilability of at

conven tice to the appropriate dose rrultlple
bas@m ahoubS°40s%, @f7 % 0Thivgetgimiaationganda awde byagtardadny

| ed
nléqji%aﬁlagfl[qggrsaglma g‘}% n%e ré(i ?3}5]%%}%1%&6% Lfegatﬁgé ﬁ? C val?]es for an IN
go%ﬁraﬁ}%ﬁfﬁ‘{dl 1ﬁ]@&1(ﬂ1at1ﬂthel eﬁlaﬁlpb‘e pratiflal dbveitoiaviandaabppdratjon/result
et ween an | anoc a sol ut,j on of n t
s A0 41T o LMt e 2E o g 1A PEEshAE M Rlspray
t he,d 'I]?]ﬁh%ét‘?(gl 419, @t 'IM QAkiBh HELtedl afithmRtic AUC are prov1ded above
bi oaval of | east about 5% 6% or 7% P&ag%ﬂ/mL

detfer an examipbny nyayecmé%nlayp@yg%@a%scﬁ%q PR
Opergsa \ I }; %h%?ﬂﬁa?hf(&ﬁsggxﬂ?ﬁr{ﬁé %ésﬁ&ﬁlr{%%&@b'f&eth@‘m injected

val'u or an spray and I nj ect n the
exann&eoﬁmamkmemmaﬂnmﬁpﬂuhnSmgtmnﬁamm Hpeexamipin theasighmetic

/500 9
AU BB hdor R B W1 31 e Pl ot RpBlya0fied by
fad %&ér&r}naﬂlafiatﬂzﬁt ?%Eatﬁihl ﬁrdiiifgie: r@tldktg(ii/earaﬁow d&éﬁ ekachpiebioy the spray
or _an exenpl ar cyanocqbal ami ray an
020900R AT B3 0DV DHRL- HECh FRgRBR R P eHspor disecty to

i kﬁvgxgxglp I%EI%VE BRaCAlbARPONME G/ﬂhxﬁ% ﬁ@éenﬂb@leéo?vﬂbed range of at
i nj ect y comparator,  accord dg to the in

di dedso3uby md iR@thes )amhpqhmentshié legsti ¥/ OYs, él(}%ﬁﬂz%f ortgq@.ter for an
r g;&\{ ?yﬁn%cl\/&)alag i %)%ﬂul%{lglg ofthe hitedtch &Rﬂnﬂgféd% II(/Iac%fanocobalamm

bioavailability.
EXAMPLE 2

[00115] Also provided by the instant disclosure are results of a non-blinded, single
dose, parallel group study to compare the uptake of Vitamin By, into the cerebrospinal
fluid (CSF) after intranasal and intramuscular administration in healthy male and non-
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. Eighteen subjects received a single
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reverse mathematical operation fromthe ratios given
above-for exanple for the spray 92000/ 147155 = 0. 62

WO 2007039098 hen dose normelized these data corr eBQEDO/2006/024685

directly to an exenplary rel ative bioavailability
value within the presently-described range of at | east
7% and in other enbodinents at |east 9% 10% 11% or
12% or greater for an IN cyanocobal am n formul ati on of
the invention conpared to I M cyanocobal am n

bi oavail ability. EXAVMPLE 2 [00115] Al so provided by

t he._ i nst sure.are . .resul.ts_of a non-plinded, .

e PR SRR By S PS8t e
upt alkmglsf lﬂbﬁatrmmLﬂarBd®el ot 50G hecge delporeadsimtmmbisdulauliyd Each subject
( CS\ﬂlteﬁfthg Elimil4i" RQ% tlﬁx@glﬂ '{' egl:i]ggﬁt‘ﬁ efibd. Thesei fos1ts ccinswted of a

adm ni stration in npr egnan
voIﬁ?Fﬂe@é‘%’ISltTﬂ]il%d@%WSlE@ﬁlﬂdi VISF | evel s to pl asma

| ev e[(ﬁ)l P‘Y]O@lf't%ﬁé’acﬁlﬂogﬁ% Reaf PSR Ald RRRent ﬁtgl%la} gaé.?cture only once,

Thir Si X e and non-pregnant -

subyil the retsigeal pga émi@l 4Ryl of\\ESFe(4 dvlres] 1. @mh per tube). e dlyird of the
Ei | C i Cuyst ane

L SBESA 1R Snb RSB AL ol AL T o
sprimd aaPRF sngid edlecisd b @Thimutaspestieding, |idrogk €hird of subjects had a

: M%@% ‘S& egt% E*Bﬁp ég‘g‘feéé’g t%l"l%‘IP\éZ(rj:?he clini cal
o onslWPLE iy dfifon o £ PR S5 G Ao Mapd Sipfes vere

f i ndshwiy before dqsignd postfdosing et HOdtﬁsatndg20 memotes,subpets, 1,1 %, 2,
undg e %d'SlHBH%rpo@MHH‘s‘é %%&r%hiécl%@ with the

retrieval of a total 4 4 tubes, 1.0 nL

per U Thneerehipindnadfluidieassaypiuated sorrietel Yit@sn Byaggitent. It was
col

Subtjhg gl%Jgah\/% F@R %quylﬁe&sr b%@ g%re A3 tlﬁ%s%rtg ﬂ‘%&&rﬁi}uﬁﬁ fG\;r[amm tBlz
dosiresgnt iarile bined arl CYF ﬁﬂlowuﬂg lah'amumthr ﬂm%dmmibhchmmsu ation.
coll ected at 120 m nutes post dosing [00118] In
Ml'eil@rantddl‘dshmahmtse on the day of dosing 7 niL bI ood

%hgﬁ)é ﬁg@d@l%;aé E& @ecf:to gﬁradoslbgg ﬁO Sgtilgga%i{sg a1 12Ject10n
6, [B0r21$ hoyscomsdmid dsR R USP id Qst@h&fébmﬁ&%f cyanocobalamm
(Vitamin By5) for intramuscular or subcutaneous injection. Each mL contains 1,000 mcg
cyanocobalamin.
[00122] Test Product: Vitamin By, Nasal Spray = 500 mcg/0.1 mL spray. The
cyanocobalamin infranasal aqueous solution in this study contained cyanocobalamin
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.
[00123] Vitamin B, Nasal Spray was supplied as a 2.3 mL bottle to deliver one
dose: 500 mcg/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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[00119] The cerebrospinal fluid was eval uated for
total Vitamn Bl12 content. It was the objective of the

wGawdg4mescri bed herein to nmeasure the anount PET/US2006/024685

Vitam n Bl12 present in the blood and CSF foll ow ng

i ntramuscular (I'M and nasal adm nistration. Reference
and Test Products [00120] Reference Product :
Cyanocobal am n | QOntg i ntranuscul ar injection. [00121]
Cyanocobal amn Injection, USP is a sterile solution of
cyanocobalamn (Vitam n B12) for intranuscul ar or

subgooi25eo lIShelsﬁleeﬁb weft inftarfed b ceARt BbRhihd? Q@sc”?ﬁe subjects
cyanocogal amn. [00122] Test Product : Vitamn

NalSEIANSE A1 5y Swt@awsw@g/ d ﬂl‘?mn@ﬁc} BY appticatos yas m@lb@l infeithe nostril
| niy @B @‘éﬁ}éct AHIRPHS dReLHY! P s‘ﬂuc%'lr?tag? Slgulgxg/% %o%glrgg{eh%t%grét{alateral

cyanocoba amn at a concentrati
t oncstrilwesis ghsyd with thd forefiniget: (Subjb%s vmdinshua'ed toatletheir heads

rin. 2. % al.koni u oride
s 07311@1{ iy na%cfg a}‘)s ng ’7%9/”(\)&@?112% ead %’ﬁ"z ROsHIR Vel sniffing in
Nagealtly Spmayiawisiotlopily ®@dings A@cé’rdiﬁgrtb tllﬂ@ fdt&ol, @ OABMILVREe of
one dgse: 500 ntg/0. 1nL per dose. [00124] Bef or e

i ntitaaE Sa Spa%\rf%ﬁjeleéffqd g Bljlee%qsgl cREsiteohgagh fubipet (a dose is a single
or dBNEafoh 3 oS ndshfl) PE @crts WOSiNGubRE @@562&@11@{)1% 8@@?& fleir nose

conduct of the study. Cust oner
Thier ébb}lref@ﬂgwmrmtmagnma ed to gently blow his/her

e E Rk BT cATD SRR e B B PR RuaPeime

byretrizealif Ia}()amL of L(I]S(Fe(ﬂ tltﬂ:h:@ ld(l) ﬁﬁqidr aibedf Oh& ehigitas @ubj ects from each
nostril

I I
e Bl P PG SO Bkt v Bt Sioss b

t aCSF sdmpld8dilechR@RES0 ﬁﬁmﬂ&tﬂo)ét chﬁﬁlig et oﬂi‘ocﬁfr@ gf ﬁ%fécfs‘i’iad a CSF
return their heads to an upright "position

s riizpplerigllested aint20ymingies o dediye. f 1 ﬂhéwpn@m@is itlmg after dosing, the
AClﬁQésﬂ ;\%\cgﬂfoﬁ% R, 9%8? %%%ro@a&el# fi u%%%xe tu\f# t’ﬁ e IH.mbar area

B12 sp S re cavk
s umsep:tpa(fesﬂ auhdsfieapeé 11atI$| usgdl @sappip Ifashmnl dm)calmnemﬂ&sm was utilized

no;rll Fj re instructed.to refrain from
nidceins) FISELE Vot Toiiie 50 ot i dhghrinpo-tiighpinal needle
[ O(Qa BﬁIZ(NWﬁmd@&icB@ mt@ &@@pﬁlumaﬁaxt attRé efverd¥emletl BRbpriate by the
ncture, rR/oI Vi ng
vestigator. The CSF 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, concentrations in the CSF will be analyzed for determination

of Vitamin B, using a validated TOSOH Nex. 1A procedure.
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retrieval of 4.0 nL of CSF (4 tubes, 1.0 nL per tube).
One third of subjects fromeach group had a CSF sanpl e

w@odoreetoesl at 60 m nutes post dosing, one thireCDS2006/024685

subj ects had a CSF sanple collected at 90 m nutes post
dosi ng, and one third of subjects had a CSF sanpl e
collected at 120 m nutes post dosing. At the

appropriate tine after dosing, the investigator
positioned the patient appropriately for |unbar

puncture. The |unbar area was prepared and draped in
teults wed Cagelpkiof f ashi on. Local anesthesia was

utilized (1% xyl ocaine, 1-5 nL). Upon reaching a state

of aqwyest ahe fdlﬁfa&ﬁ@ﬁé@thaﬂhé ﬂitlﬂfﬂf Vﬁﬁﬁﬁill l?litggeﬁﬁn %gﬁqlghel in those
was, i ntroduced into the spinal canal

de el idslriseriviag entrpasah Dlllﬁvb“efthnqﬁt‘@fmnlﬁrﬁ& tt@ﬁ those receiving

120 t ft
Zé‘m”mh?@%‘%@t‘f?lﬁ%t&%tgéfgﬁta@%@?o"h of CSFumre

col | i di striputed

sep aﬁfﬂt fgﬁl? & c%?%éjnraﬁgg%?‘ %Fh/%q? B M? ranged%om I.I'to 1.9 for
ap gﬂlpmmdtvﬁiwﬂslrad:né&i&%lmi&iahi&;a]ﬁadﬁﬁiliﬂs@{monl o(a &fthrhin ]BI?T @hde those who
submi t.ted for anal yti cal .anal ysi pon conpl etion

of fé%%v%cg’ﬂ‘{fé@fl? g logﬁP ‘éﬂanﬁ%é&? 3@%% AyeEAfS\Iako ranging from

[ 00d.2710 ODe TEM& §51ﬁf>n§{1|1§ RENinBlA 1ﬂ@eﬁ1§sa‘fi §<§1ﬁfn§@tﬁﬁgn bily has
both the CSF and bl ood serumusing Vitamn

contont # AtlPamkiopvailabilitydgthelpod seeum melbtivedd llﬂmmuscular injection of

det OR,af: :

Nox B0 T incl AR RSl Ay A B i 2R geaches e
ConChli giugh njod® 428} ivallyehahdtyanishmusedlat mgdctibine rati o of
vitamin B12 to serum was hi gher in those individuals
receiving intranasal adm nistration of vitam n Bl2
than those receiving intramuscul ar injections of
vitam n B12. [00129] The average ratio (Bl12 CSF/ Bl12
Serum x 100) ranged from1l.1 to 1.9 for those
i ndi vidual s receiving intranasal adm nistration of
vitam n B12 whil e those who received intranuscul ar
injections of vitamin B12 had an average rati o ranging
fromO0.17 to 0.24. This is a surprising result in that
i ntranasal adm nistration only has about a 7-12%.
bi oavail ability in the blood serumrelative to
i ntramuscul ar injection of vitami n B12. This indicates
that intranasal adm nistration of vitami n B12 reaches
t he
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i njection. 34 Custoner No. 25, 315EXAMPLE 3 Production

wo@Roo1®pasocobal ai nin Sol ution [00130] A 4000 RPCTDOEHSIN6/024685

of a cyanocobal ami n solution of the present invention
was prepared, which had a concentration of 500
ncg/ Ol g of solution. Starting Materials |I. Formul a
Record [00131] The 387 1.6 grans of water was pl aced
in a stainless steel container, which had been pl aced
on a hot plate. The water was heated to about 30 C and
stirred. Into the heated added 12.8 g of
sodiumcitrate while the &ﬁég&ﬂﬁgiébelng stirred at
300 rpmfor 5 mnutes. The 4.8 g of citric acid was
t hen added and s@i$¥¥¥9&%§~@¥&$wqhﬂa“““Sthéﬂthis
n1xture was added 20. of cganocobalan1n and stirred
f or HW1301n éx 4090 batgh Qf aaqyalwg ¢lpmin sphion of thsl pagsentiagention was
T dded and
efbéllé e 1@1 ﬁad a Jbﬁcéﬁraaglggpﬁoané’%‘?@{l %B]{ %gﬁﬁ:ho%.

stlrred m nut es at rpm

cyanocobal am n sol ution WA ggged 1.6 of an
aqueous sol ution containrngJEQQQGy—melght of

e Chl ori de was added to the solution and
Et?rﬁ&g Fd&gg m nutes at 300 rpm The pH was then

as and adjusted if the pH was n w t.h €
}5§?§ gggﬂ Be. Additional water was a&@@@ﬁﬁﬁﬂkaﬂﬂﬁ(?m%nﬁ

i ht of th olution to 4000 g. Cusfomer NoO.
f’g %@i&ﬂ%&ﬁ’[oowz] This exanpl e @&¢kribes an

=xenplary harnaceutlcal conposition pf_the TNvention

4aﬁﬁ%A§ﬂﬂé BArlydeds sol ution of sal fgh

cyanocobal amnat _a concentratironmsufficient—to
5¥@§W@€ﬂﬁﬁéﬂﬁﬁ@@hhﬁhmby ef fective pladﬁﬁ
concentratt OT1T1S, UCI Vel cu VI a—an—act

4ﬁya§mo§6P of said sol ution, wherein 88 spray pattern

| H H af A-_anr ~ncnl e lhotwoan 1 00 .and
(WA R A e ey | €=, OO AT TO

;,I Ipllbll_ylculu o1 Sattt—aetroSoH S

B et@aliwbreom GdariteekblattonaNIFgbQ#ay of 30 |are di stance from

ha Act 1at Ay +1 N r aYak QQ" The \'IO! e of t hﬂ aer Oin

LA % \YA S AT an v ) | o [TYYTLoO

(rainiflag WesesSh about 5 n1cro|iters andgiy g+ m ,

[00131] The 3871.6 grams of water was placed in a stainless steel container, which
had been placed on a hot plate. The water was heated to about 30° 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 rpm. 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 4.5-5.5
range. Additional water was added to bring the weight of the solution to 4000 g.
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preferably between 20 and 200 m croliters. [00134]
This test method describes the procedure for

W@ h@raetes i zi ng pl unme geonetry of the cyanocobedEHDB2906/024685

nasal solution fornulations using the SprayVi ew NSP
system The plune geonetry is characterized using a
SprayVi ew H gh Speed Optical Spray Characterization
System (SprayView NSP) with Integrated SprayVi ew NSx
actuation station (lmge Thepn Engi neering, Inc.,
Sudbury, MA) according to the nethods described in

U. S. Patent No. 6, 665, 421MPM ent Application

Publ i cati on No. 200300184 ed January 23

2003 Usi n he, formul ati on of table

spr alf"“[éﬂgf IRlsering i%ﬁpr&ﬁaa@?’@m@ ) shasisgtegomposition o the

f or t |
Lo A g ol s B B 3

del $APEPIHr 3@0@ élsfﬁck?ﬂt (Y plrwlycg élerquumqaﬂy affdctfvasﬂ'cmmawpmdueratlons
! en@élitefler%ﬁ 1 16 gl%:hﬁ an ae s8 Q esial%ﬁ ﬁ,l %ﬁb\gﬁ%{égz]fw spray

shown
Spr la@tteﬁmlhpt&ﬂzynahd%iésafcf a&rosSAE’ bétvwedh480%nd 140 wkd nh¥aBured at a

S Cro | ron ¢ anocobal amn 12.5 26.9
Ol?@“%é’fgb ﬁﬁé&?ﬁb&‘ CREfuat9ER 1 5Be| ow are | st ed
the tternr sults 37 Custoner No. 25, 315WHAT
cf@i‘%o%%volfmeﬂ Heasrasoban PrRewren abut Sduistsliters and 1.0 ml,

I femlpﬁet@y@{mpgﬁagogrﬂu@mg%prl sed of cyanocobal am n
wat er wherein said solution of cyanocobalamn is

S U' t pol 84)f Thisitdk frﬁ%ﬁ@es@fg@g ﬁlﬂe ﬂ(fc@&ﬁrg o c\%ﬁﬁct@nzmg glu.crlne

vi scosity | ess than about 00" cPs, erein
o | &?Pm@ﬁ”}’@f tl@;ﬂamwgb@amm mlS?ﬂ aslutiom fcwmuhaltlbabmshng the 8prayView

et SRR Ll MO PORPL R e A BB o e Bligh speed

of QptamabSpbwChadacterization System (SprayView NSP) with Integrated SprayView
NSx actuation station (Image Therm Engineering, Inc., Sudbury, MA) according to
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 Pump w/ Safety
Clip, Pfeiffer SAP # 65550, which delivers a dose of 0.1mL per squirt and has a
diptube length of 36.05 mm.

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

Droplet Size for Nasal Spray Bottle and Pfeiffer SAP # 60548

% <10
Do Dsg Dgg Span micromet
ImL Salmon cyanocobalamin 12.5 26.9 55.3 1.6 5.1

Customer No. 25,315 3



2. The aqueous sol ution of cyanocobal am n of claiml1,

wherein the solution is conprised of citric acid, and
waom7amoes t rate and water and has apH of aboutP@F/6S2086/024685

The aqueous solution of claim2 wherein the pH of the

solution is about 5. 4. The aqueous solution of claim

2 further conprised of a hunmectant. 5. The aqueous

solution of claim4 wherein the hunectant is sel ected

fromthe group consisting of sorbitol, propyl ene

gl ycol, and glycerin. 6. The aqueous sol ution of claim

| hunec ant glycerin. 7. The aqueous

%e %%Aﬁgﬁnﬁﬁ wher ﬁﬁ the glycerin is present at

a concentratlon of about 2.23% 8. The aqueous

sol ution of cla+-m2-whereinthe-—soeluttoen+s further
COpray PatiéinOf 4 NIjOFEGY AMiNGAXS. | Bl npu@@mﬁy% sol ution

f claim8 wherein the preserv tive is selécted from
[ Aetigy dupmIcoNsi3stanka Of3@§ﬂﬁﬂ| al gphol , chl or obut ano
nd benzal konilum chloride. 10. [The aqueous]sol ution of
claim9 wherein the preservative i s benzal koni um
chloride. 11. The aqueous solution of claim 10 wherein
t he benzal konium chloride is present in solution at a
concentration of about 0.02% 12. The aqueous sol ution
of claim 2 wherein cyanocobalam n is present at about
concentration 0.5% percent of total weight, citric
acid is present at a concentration of about 0.12%
sodiumcitrate is present at a concentrati on of about
0.32% 13. The aqueous solution of claim12 wherein
the pH of the solution. 14. The aqueous sol ution of
claim12 further conprised of a hunectant. 38 Custoner
No. 25,31515. The aqueous solution of claim 14 wherein
the hunectant is selected fromthe group consisting of
sorbitol, propylene glycol, and glycerin. 16. The
aqueous sol ution of claim15 wherein the hunectant is
glycerin. 17. The aqueous solution of claim 16 wherein
glycerin is present in solution at a
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concentration of about 2.23% 18. The aqueous sol ution

of claim12 further conprised of a preservative. 19.
wah@7aguenus sol ution of claim 18 wherein the PCT/US2006/024685

preservative is selected fromthe group consisting of

benzyl al cohol, chl orobutanol and benzal koni um

chloride. 20. The aqueous solution of claim19 wherein

the preservative is benzal konium chloride. 21. The

aqueous sol ution of claim 20 wherein the benzal koni um

chloride is present in solution at a concentration of

. Q2% -« The aqueous solution of claiml
&Rﬁ&iﬁ %fh@éﬁ&ﬁ on of cyanocobal am n has at | east
about A7Satik ?Hétﬁiabeiﬁ'cbl' doqMedi8 |S@Iht181?0f &yaﬁ&db%mmﬁﬁl&ﬁs@& of

i nj ection o cyanoco al am n.
ﬁﬁ%tmﬁl@éwm@aﬂ “@éﬂﬁé‘d‘l%ells g, 'éqltl)tliplb@f ccyyxmb@maimnsmtable for

AR5,y BTG50 R SBOGER LaShegin i

aolutmm: ehtylaawaobmlamﬂn hdmcahloéifaﬂﬂ%ltyaﬁdymmcslbdldlﬁhh@v}&h administered

nce a cerln at .a

IoreaLy %F@ﬁa %Eg%egﬂﬁz% HSBHICHHY thivction of Fimoggbalamin,
Qoncerrhe agiicdts &ﬂut%h%ﬂcy%&g%lﬁﬁﬁ d@%la% WVRBERITthE 8b18tion is
sol ution of cyanocobalamn is suitab e for i ntranasa

aampmesltqf strieacid g sadipmsitsaip eyd alss artcmas agiibeft abogioh 6.
Ps, f

B oaval AERELRA SOL SRR TIPS IALAT b g £

Hnt r aiths aquepupsoletionl d&@m@tfuttherﬁ%np@b@i ofeehutngectant.

i-nt ramyscul ar cti of cyanoc | am n
2ot hod ot iR EFh bRy SHEEEEGE BhAR Einirechd fim the grow
codsising of sdieltmpp@pyibﬁéwg@éblmeg@y&nﬁol ut i on of

yano% bal am n, wherein the solution of anocobal amn

Ras a 8? aqusens SPlgony ‘géc?nflﬁa‘ﬁhe{@l}@hec}%ﬂec is\ghvseEnn

sai d 50¢ Hiuedlks futfhHTRERRR! AE-an l?l?esglgcé?anle%'sérﬁQﬂ d ddn¥entration
of cyanocobal ami n of about 5% rel ati
oheoakd3W ar i nj ection of cyanocobal amn. 25. The

tho n_of
& anodspa it it lrRleBh R A Rba} pripercampriseor e
pmdemmweltrate wherein the soI ution has apH of from
gbout

Tﬁé é(?deogsgsolution 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 0.12%, sodium citrate is present at a concentration of about 0.32%.
13.  The aqueous solution of claim 12 wherein the pH of the solution.

14.  The aqueous solution of claim 12 further comprised of a humectant.
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Custonmer No. 25,315 26. The nethod of claim?25
wherein the pH of the solution is about 5. 27. The
woreaohoeoed cl ai m 25 wherei n cyanocobal am n i s PCEES6/024685

in solution at a concentration of between 0.5-1% by

wei ght. 28. The nethod of claim 27 wherein the

concentration of cyanocobalamn in solution is about

0.5% 29. The nmethod of claim28 wherein the citric

acid is present in solution at a concentration of

about 0.12% and the sodiumcitrate is present in

36| ut ITAB agdeots mro%rufmﬁmqn vierdp Hlléthugle%ﬁ’ is s8led8d £bm the

30. A nethod for adm ni stering cyanocobal am n

EERHprdosdistingrofisprbitel Agpyleac slysel, mid glyeeninaqueous

38, 1t 1138 aGleofy ARARANTCATH S WIRES B HRlloBRHE BRerin.

dyano (leb aljaounsahitioa of olatra i 6 maictedn gl@ﬁzr&bl@ resbnt3e6lhtion at a

t ot al i t. of tion, citric acid at a

88?1°€8H??°é‘?9r}6‘h0‘5f257§%ut 0.12% sodiumcitrate at a

q8NCemhe afuedls QiutRAGtlain 32 Yortd Y68 Pﬁi&d%tf a%reservatlve

concentration of about 2.23% benzal koni um chloride at

d8ncertr agucons wiutipnof elain 35 osherrin tatpegsewvhbyeis raelgqmuﬁom the
{ t

S ol lele S 3ARRE AR al bbb b REBED

@Ps, dhdagquvensiotutmaiod ckioh P ivdieredf the passecatied mhemaﬂ@aum

bj ailability of cyanocobal am n when admi ni stered

*nﬂ?’Flﬁnasal ly of at |east about 5% relative to an

|2m1 r amue agilediis donjtida o eRim L0 GhRACHE Bk@Mlidniudd chlbride is present in
met hod for el evatl&gaathe V|tam n B12 levels in the

ELPHYR 312 OpFeRipLian (&% conpri si ng adni ni stering
bpt r amgs ﬁéllde)ﬂusasoﬁﬂloﬁ b GLRM 1 R tRfsoRtSR L)P'%};aﬁBco% alamin has at

Cy anocobalam n so that the aver age ratio o
@Bﬂt gbautt e bingrailabilityweiativa tq freinbhoostube inj mt(oB of Zyanocobalamln

F/ B ed to at ast about
751 CArEl Wlacklhdel nuch DELRRRSG r Qo ot B3 AR Mbcq of
pgarmoamiama dt méomymmo on bt 0.584 oftotabweight (ﬁa;bldﬁlﬂn,gﬁtnc acid at
about 5% t I ht of solution, citr aci at

8 ot b Sefl b Statsmerinarion ot o 04255
@%&ﬂﬂﬁtraaioh&hh@ﬁo@mqébut@ BRY0befbMLSihA cBloriBle at concentration of
concentration of about 2. 23% benzal koni um chl ori de at

ebnte 8l eandorrtestherdn said sgpueraelyaracebalomiy isiswitablg fgr intranasal
8@hiHid QR0 haly %@ﬁgﬁ? sl abRutS U?é (zi?, fnd FherlbflHRANBRAon of

adm ni stration s"a viscosity
cyanocobalamin has a bioavailability of cyanocobalamin when administered intranasally

of at least about 5% relative to an intramuscular injection of cyanocobalamin.
24, A method for administering cyanocobalamin comprised 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 cyanocobalamin of about 5% relative to an intramuscular injection of
cyanocobalamin.

25.  The method of claim 24 wherein the solution of cyanocobalamin is further

comprised of citric acid and sodium citrate wherein the solution has a pH of from about 4-

6.
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t han about 1000 cPs, and wherein said solution of
cyanocobal am n has a bioavailability of cyanocobal am n

wob@n/18008 ni stered intranasally of at | east abPCt/USHH6/024685

relative to an intranuscul ar injection of
cyanocobal am n. 40 Custonmer No. 25,31532. A

phar maceutical kit for nasal drug delivery conprising:
an aqueous sol ution of cyanocobal am n and excipi ents
in a container and; a dropl et-generating actuator
attached to said container and fluidly connected to

e CTaBarARAl Adlalin 98 kibetethe PHIITEhLRINERINNE Aboudser ei n

sai d actuator produces a spray of the cyanocabal amin

Jdl ut i1HA ntqthoslwé ilagn 29 prherein gyanegobalamant iswkesanigaiselution at a
%Sﬁééﬁ&%%qéfb%%%ﬁ%‘% 1)"‘% Sg'\tsa' d spray of
cyanocobal amn sol ut spray pattern
@Bl i pfliheintephodatficmioR7 fwhemraiﬂm uenckniation cflogpartocdbadamingn solution
neabsungo at a height of 3.0 cmfromthe actuator tinp.

d 1t of claim 32 wherein said spray conprises

doopl ghs m¥RRIIRIFBlalR 98 whbRh heilic Sad & preRRl @lsSlubbe at a
less than 10 mmin size. 34. The kit of claim 32

whgeatratiqnof ahefdel 2o, @pd theisediumrciteafa avesal msphitinnst &
ehSGRg Lt oh ab&?c%%zt’/g"i’lpw%@@o cPs, and wherein said
sol ut1on of cyanocobalamn has a bioavailability of
S$anocobathadior admirmserirg @%acebsdammecou@rmnd of infusing the nose with
intramisc ect | ano
e agllleoug' Oiiﬂtl%ogn cgar},?c?lha an%% . gf{f;re[n% sa&% ﬁ%ureogs s&l%*onoo} gﬁ?r}ﬂcgbalamm
(isf cdntiyeised afoantrbalbinth z&fal cohdettativhestaboutl 08% off Al vEéYglﬁfof

e .droplets are | ess size. 36. The kit

AU
a? P TS G aF %?%C?rﬁ@ﬁ% P%%boﬁéng 1 %%sis)ﬂ&yn pRiceAt A cRagegfration of
ABb 03929, gﬁeﬁn axd c%n@éntﬁﬁ&ﬂ\@ieﬂ)og@ @:Wd w&mmlﬁ%f&mﬂe at

The kit of claim34 wherein the solution of
corasatdinal tﬁﬂbwtuosfﬂf/umdh@telodmmm said selbitien of ¢yenegsbelagiis
. . 1 . h
SRRl U R LR PR O
twhercsiobaid sadutiansofaanetotmlaniif hasT: hblokvallablﬂltmbialyﬂna@balamin when

AR P HTBRSRR bE Bl ®oB: e Yoaf gt entiip g fgcrion o

kidnoebbaldniinm 39 wherein the concentrat| on of

C){anocobal amn in solution i
31. A method for elevating the V1tam1n B12 levels in the cerebral spinal fluid (CSF)

comprising administering intranasally a sufficient amount of a solution of
cyanocobalamin so that the average ratio of vitamin B12 in the CSF to that in the blood
serum (B12 CSF/B12 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%,
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 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.
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about 0.5% by weight. 41. The kit of claim 37 wherein
the citric acid is present in solution at a

w@oncasosst i on of about 0.12% and the sodi um PCT/DR1006/024685

is present in solution at a concentration of about
0.32% in water. 42. The kit of claim 34 wherein the
cyanocobal am n spray is conprised of droplets of the
cyanocobal am n sol uti on wherein 50% of the droplets
are 26.9 mmor less in size. 4 1 Customer No.

25, 31543. The kit of claim 34 wherein the

3gano a50ehticD kR Yori asdl @ﬂ@rdsﬁeé!rg%n@ﬁeiﬁa ets of the
cyanocobal am n sol ution, wherein 90% of the droplets
are 587 8upRPBIolptinficyanppbalanyy and mecipients &f 2 edrddingr3ad;

he Sariiie SXaRRORRIETaa0l BY o QAL ) BRI Sypbgea o

it @yandoebslainm wilution idfhe conthiner; fdrercinl piid asttigtor frgduces a spray of

i,nt ranasal.ly.a cyangcobagl am n.sol uti on conprised of a

Ao ArRRPatasnCrEr drogsh £ L B8 pSwa Whrhtaig geluator i ngaged,

Rt S8t spranél Fancebalahirsobitioahhes s;lhﬁy pateth EAPti@y8fio of from
erein gbaﬁé%g of cyanocobal anin solution is expélled

fhew ddho hengneasgred gbe beighial3 - Gem droactha aetyator &p.
859a0efc WAGF g ' ' i A
O moche MRSE At 37 HrROGR Doy Yoot Abpletewhersin lss than 5% of
sad deaplatniare dess dfandBoun in®i%% of total wei ght of
[ uti .Chiric,acid at,a concentrati qn of about.

371 204 Rk Bt bl 37 SRR Rinicd by Bhoedpfiin has a
@is3@Hy off lege thah N0@I cIB, SeNCIRREA 34ide6luEbn 8PeHhocdbaRMin has a

t _concentration of about 0.02%

enzal koni urn chl ori de ) ;
W&V%dég ity @F%?%gglam&l GO A rdatieyia AB EBBEIUSFHRIH migction of
Spdnbddatinfifr i ntranasal adm nistration, has a
V|scosit¥%less t han about 1000 cPs, and wherein said

381 ut Tnkis Pt dgianbtwberathnspasis zomiptisadedfldapiléts ofthof :
AN i i o2dcntranasal | f .

L T

86. cy&hokibbttlaim hwhereih thigprey hast dwprsppaatgrmhasofaspimlyminor axis

tern lipticity ratio of fromabout 1.0 to about
gfédvfﬁﬂé§ ébﬁ%ﬂf%@la hei ght of 3.0 cmfromthe
aTt uatrhe kit bPclaifb34 Whereikithe RiutfnafEy i WhdRin s filder comprised
cyanocobal am n spray is caﬁgrlsed of daﬁglets of the
8§%1m9&6151a4n§ﬁpﬁm@cﬂﬂmt? FHEreiHEs eolntionhas anthnl Bom gbouties.
98.0p! ehSki0bs difien PYRAQERARA ATLPURRbAY.0REEHLESS than 10

mmin size.
39.  Thekit of claim 34 wherein cyanocobalamin is present in solution at a

concentration of between 0.5-1 % by weight.

40.  The kit of claim 39 wherein the concentration of cyanocobalamin in solution is
about 0.5% by weight.

41.  The kit of claim 37 wherein the citric acid is present in solution at a concentration
of about 0.12%, and the sodium citrate is present in solution at a concentration of about
0.32%, in water.

42.  Thekit of claim 34 wherein the cyanocobalamin spray is comprised of droplets of

the cyanocobalamin solution wherein 50% of the droplets are 26.9 pm or less in size.
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47. The kit of claim45 wherein the cyanocobal am n
spray is conprised of droplets of the cyanocobal am n

w@oloatiwes and wherein 50% of the droplets of PEEUS2006/024685

cyanocobal am n spray are 26.9 mmor |ess in size. 48.

The kit of claim45 wherein the cyanocobal ami n spray

produces droplets of the solution, and wherein 90% of

the droplets are 55.3 mmor less in size. 49. The kit

of claim 45 wherein the cyanocobal am n spray produces

droplets of the solution, and wherein 10% of the

QF opl ¢hsiRbeclditn P4 WH&I@fn th& S hunbBobalafen s Qy isddgpkisdd Hdroplets of
m 45 wherein the spray has a spray pattern maj or

thei OSIamiCOhaimum RBitRnwhapid 98%néfitbe dimplets c”ase 5%B purt ordessdn size.

t hod f
T nil b7 PR b shgRin e e¥imp RS S Prodigss dpletpf the
Bol0M b1 iaQ) wBre B0 bSths dhapldtomre A, 5qMA bORebIAI skl N,
wherein the sol ution of cyanocobal am n has a, viscosit

8- | okt e Al Rer BNt ARG 8o BRI ioR SATBHSed of

@bﬁﬁ&ﬁ&o h %lﬁﬁbr{‘oﬁ@ﬁn&of%ﬂﬁﬂﬁh|t1§@édnka‘u¥er°a(nd%%@@l§@? akRMd %o said
of abolt 5% relafive to an intranuscul ar ection of

cytpioen abein asprashefreaprocobdanipaebiiobas @meﬂe bravgh atiped said
a&uﬁg FQNH% Ssta? acgualt&tlg e%p ?Q&&hé\%}ﬁm%gld' '&gh \{fs ‘!81% 1011i Ef; cg)%ﬁg&obalamin

gRYACH
$qcxrompriaai biﬁ‘fyﬁncﬁ:lobalalhlmattay:onmtmtl@f offarbom Qai%uif tdtal Gvelight of

out n nmeasur e mfromthe .
Sebion sitte PO Dbt utitaR hofbeaf 0.2k Ridiiin GialRutth 2P Gation of
IR, DD AULeEn b PRInBrFrativEf Molt 2.25%, bdaAlkeduMfchlofige at
droplets are less than 10 mmin size. ' 53. The nethod

eencenatipnf abpid rOéJZV@ aevapi wereinsaid seyiigy opaanegofalamin is

. f
Tk g SRyl HELUEE SRt ST, o
aﬂlemyram sythati cgarvif nym)cbhzalmmamas o hjvai sktiloy 0ﬁ¢}tand>®bd@md1 when
SO RAg L L) B U2 SR B P iono
chghopbbaldmih hdSetandih € shfayadla® bl&prEy p&@em Té'lll@tmiﬁ}t fatid obfrom about

cl ai m 51 wherei n cyanocobal am res in solution
410 tq about 1.4 when measur at ahgight of@ 0cm I%romt e actuator t?p

46.  The kit of claim 45 wherein the cyanocobalamin spray is comprised of droplets of
the cyanocobalamin solution, wherein less than 5% of the droplets of the cyanocobalamin
spray are less than 10 pm in size.

47.  The kit of claim 45 wherein the cyanocobalamin spray is comprised of droplets of
the cyanocobalamin solution, and wherein 50% of the droplets of the cyanocobalamin
spray are 26.9 um or less in size.

48.  The kit of claim 45 wherein the cyanocobalamin spray produces droplets of the
solution, and wherein 90% of the droplets are 55.3 um or less in size.

49.  The kit of claim 45 wherein the cyanocobalamin spray produces droplets of the
solution, and wherein 10% of the droplets are 12.5 pm or less in size.

50.  The kit of claim 45 wherein the spray has a spray pattern major axis of about 35.3

mm and a minor axis of about 30.8 mm.
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concentration of between 0.5-1 % by weight. 57. The
met hod of claim56 wherein the concentrati on of

weyanoeobkal amn in solution is about 0.5% 58.PATES2006/024685

met hod of claim51 wherein the citric acid is present
in solution at a concentration of about 0.12% and the
sodiumcitrate is present in solution at a
concentration of about 0.32% in water. 59. The nethod
of claim 51 wherein the cyanocobal am n spray produces
droplets of the solution, and wherein 50% of the

{r opl £h V\;ﬁ& AniHEiAE cifﬁl‘é@dﬂa!hnﬁh ntranffdlly Thepiet bbdroviding
of clarm er

ei n the cyanocobal am n sgg%%/m(? gdluces
anraqptcelsgolatlom hécm@mbﬁléﬁlma aferemiiespiytion efalamin has a
HasbamRhined
1385 e ogh 2109 %, G B bl Sin Fbyanl B D6 o
lﬂdﬁ@@.ﬂéﬁlﬁtyflff cszdnmcslmilainmmﬂ ab@nd"/mmtwc to d0iggrashugohlar injection of
droplets are 12.5 nm or

Bn%:'.?bﬁlﬂml% “f?@f%ﬁ‘efcéﬂ?noﬁﬂl?ﬁ 8’?1?%%10&}5?1 oc oias'?eiqg({ ¥ nose of

ORI REOhRTueR AR MEABEIR R ASP+2Q Whefedl fhkispray s a spray pattem
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gz 12%hesmelthudmf:¢l&mmj ewhtreim thosmranprodedes drapiets pgrein less than
% cerl ncentration of about 2.23%
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&nd V"Pﬁeeﬁleﬂ%{ﬁ@ bELIRINS S Whe@intthe Staphascysprayqobiednandjor dxss and
SUI table for intranasal adm nistration, has a

wminge esis of betwsen Thand HbBm c2eb0oo cPps, and wherein said
$0! UL 1R 0hof YPARGODAL AN thé‘§olﬁt1c9i SRy aidoBdlArhinyls ftrther

cyanoc when adm ni stered intranasally of at
teasisedbbeitriasd aidsodive eiretgrviierin thasgiipapas aipid et frem about 4-
gf cyanocobal ami n, and wherein the cyanocobal am n

olution is adm nistered into a nose of an individual
5451r oughe @Bthad bbalkit 51 iwhe@m the pHralhe sehaiosiinattobS.spr ay

%60 cahemetel ot Hih ek ki datdosb Myt Rorbb AT P ata
E&RENE-HRn R buRleR otstp%tgavefgrﬁte met hod of cl al m 62

wherei n the cyanocobal am n spray pr oduc%s dr ogb? of
57. The method of claim 56 wherein the concentration of cyanocobalamin in solution

is about 0.5%.

58.  The method of claim 51 wherein the citric acid is present in solution at a
concentration of about 0.12%, and the sodium citrate is present in solution at a
concentration of about 0.32%, in water.

59.  The method of claim 51 wherein the cyanocobalamin spray produces droplets of
the solution, and wherein 50% of the droplets are 26.9 um or less in size.

60. -~ The method of claim 51 wherein the cyanocobalamin spray produces droplets of
the solution, and wherein 90% of the droplets are 55.3 pm or less in size.

61.  The method of claim 51 wherein the cyanocobalamin spray produces droplets of

the solution, and wherein 10% of the droplets are 12.5 pm or less in size.
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the solution, wherein less than 5% of the droplets are
|l ess than 10 nmin size. 64. The nethod of claim 62

wob@rai99¢ he cyanocobal am n spray produces dr optEUS2006/024685

the solution, and wherein 50% of the droplets are 26.9
mmor less in size. 65. The nmethod of claim®62 wherein
t he cyanocobal am n spray produces droplets of the

sol ution, and wherein 90% of the droplets are 55.3 mm
or less in size. 66. The nethod of claim 62 wherein
the cyanocobal ami n spray produces droplets of the

s@l ut i D mettRddordiigisierih Yabcdbatntdh @Bt SedTProbddiRg MMqueous
less in-size, 67. The nethod of clalm®62 wherein
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\th§§&§dt<§ryuﬂ ess than about 1000 cPs, and wherei n said
sol uti on of cyanocobal am n has a b| oavai l ability of

GPanoddsarabadriiin cdarianiia therwanqcabslaminswrasiproducas droplets of
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yanocobal am n erel € cyanoco
gl ut iThe mathaihfictiistt@rvetbrdintie calamsbalmhnmprayrpib&ucdmibplets of
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ﬁ;ﬁgm t he actuator he met hod of claim®68
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tdae S ahbth@ibd WREARID WiRkSSn IR ad BB Ahmi\Gr AN RBERESdroplets of

?Irleesolh(latfoi Qdavghe]fgm T(?%: c?f tlslé gr%plets are 12.5 um or less in size.

67.  The method of claim 62 wherein the spray has a spray pattern major axis and a
minor axis of about 25-40 mm each.

68.  Amethod for elevating the vitamin BI2 levels in the cerebral spinal fluid (CSF)
comprising administering intranasally a sufficient amount of a solution of
cyanocobalamin 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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70. The nmethod of claim68 wherein the cyanocobal am n
spray produces droplets of the solution, and wherein

wGOMT0ivhe droplets are 26.9 mmor | ess in siPE/USDN6/024685

The met hod of claim 68 herein the cyanocobal am n spray
produces droplets of the solution, and wherein 90% of
the droplets are 55.3 mMmor less in size. 72. The

nmet hod of claim68 wherein the cyanocobal anmi n spray
produces droplets of the solution, and wherein 10% of
the droplets are 12.5 mmor less in size. 73. The"

éB%M‘l‘P gitrafe of h BbiBeABatiesfabout tB2%% Rl Ryril asa eorepiteaion of about

tern major axis and a m nor axis of het
%ah&mzalk@1wgﬁ1m¥§1p aj\gRacomjration of about 0. 02‘(’% avx\ﬁ%]atgrswﬁe?em 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 cyanocobalamin solution is
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.

69.  The method of claim 68 wherein the cyanocobalamin spray produces droplets of
the solution, wherein less than 5 % of the droplets are less than 10 pm in size.

70.  The method of claim 68 wherein the cyanocobalamin spray produces droplets of
the solution, and wherein 50% of the droplets are 26.9 pm or less in size.

71.  The method of claim 68 herein the cyanocobalamin spray produces droplets of the
solution, and wherein 90% of the droplets are 55.3 pm or less in size.

79 The method of claim 68 wherein the cyanocobalamin spray produces droplets of
the solution, and wherein 10% of the droplets are 12.5 pm or less in size.

73 The method of claim 68 wherein the spray has a spray pattern major axis and a

minor axis of between 25-40 mm each.
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