077350. 0356 DEXMEDETOM DI NE PREM X FORMULATI ON CROSS- REFERENCE TO
RELATED APPLI CATI ONS This application clains priority to U S
Application Serial No. 513/343,672 filed January 4, 2012, the
contents of which are hereby incorporated by reference i n 0 {350.0356
entirety. |I. FIELD OF THE | NVENTI ON The present
invention rel ates to pati ent-ready, prem xed fornul ati ons 10of
dexnedet om di ne, FQMM?BMI%NEBPI@@EPFWUEQ}FEOWGr eof , that
can be used, for exarrp In perioperative care of a patient or for
sedation. 2. BACKGROUND CF THE | NVENTI ON 15Racemi c

4-[1-(2, 3-di net hyl phenyDet hyl] 1H-| m dazol e, V\:hl ch is known under the
name nedet om di ne, & RMNCTA AP RBE.- : ; Y or agoni st.
Medet om di ne has been used as an anti hyperten5| ve agent and as a
sedative- anal gesic a"glemapphbauohaksurﬁwdohne)rtolié%nﬂqmbscemuédnalm@t this

' The t FoatnEuooof TBRmRaD ‘arieeds Cop & B0 R BT e e

types of w trbfdfeaveah isymptons. The d- enanti oner of nedetom dine, the
generic nane of which is dexmedetom dine, is described in U S. Pat.
No. 4,910,214 as an aradrenoceptor agonist for general

sedati on/ anal gesi a and the t MmmeHw Bt on or anxiety. U S
Pat. Nos. 5, 344,840 and 5, 091, 402 di scuss dexnedetom dine in
perioperative 25and ephdi#dht ieRiiol REREES patiehtreadyOpreRKRNEIrBulatibaN
used in perigperative care, dexnedetom dine can_reduce the anount of

nest heti0c médegacdpiomidines Aapiyapicswicallacerizhie saclerealRIcPy e 15es,
at. No. 5, 3&%&51@]91@%1?@&@1}%?&%@ bee Afnderwredatian dine in treating

gl aucoma, and No. 5,712,301 di scusses the use of

dexnedet om di ne for preventing neur odegener ati on caused by et hanol
consunpt i on. 30Furt her o ep 4 bx@r Bk O el APEATONi Scl oses net hods
of sedating a patient whi & tn an TNtenstve care unit by

adm ni stering dexnmedetom dine, or a pharmaceutically acceptable salt
thereof, ;to the pati 7,358 .70 _ 7 0356
Dexmedetlom di ne can S’E&Sé‘%“nﬁ @e?’rcg@gtth %rpgéﬂgggth;ﬁ@ﬁ?ﬁnd;aw\;}grvlﬁgéﬁs

ways. For exaowh endetthgnaPameddtosiding, i544¢l66ie amdpoiengd0adedwcetiterc| ose

t he adm ni strat.j.o t

and or al rougglnlSt PJI eto’%a nﬁqﬁgg&ﬂ g“fl@gﬂégﬁd&g%%ﬁ% t'gs elrllttdrugr?%g%eglﬁar and
i nt ravenous aagdpdsiti agtrrtat[tllmfurm Heen dxbs&vecﬁmaittmsmgpmﬁid 2Rd pdSBFHBsand
5,217,718 descr nd d |ce f ad ni s

dexrodet om APREVERFOGE A BRERTIR AR e TR SeShpifhmdgy panic
5,712, 30 stinbaR: ixﬂaiandwmﬁafwﬂhcdhm sgapoe adm ni stered
transnucosally.

The d-enantiomer of medetomidine, the generic name of which is
( dexmedetomidine, is described in U.S. Pat. No. 4,910,214 as an o3-adrenoceptor
‘ agonist for general sedation/analgesia and the treatment of hypertension or anxiety.
U.S. Pat. Nos. 5,344,840 and 5,091,402 discuss dexmedetomidine in perioperativé
25 and epidural use, respectively. For example, when used in perioperative care,
dexmedetomidine can reduce the amount of anesthetic necessary to anesthetize a
patient. Additionally, U.S. Pat. No. 5,304,569 discusses the use of dexmedetomidine
in treating glaucoma, and U.S. Pat. No. 5,712,301 discusses the use of
dexmedetomidine for preventing neurodegeneration caused by ethanol consumption.
30 Furthermore, U.S. Pat. No. 6,716,867 discloses methods of sedating a patient while in
an intensive care unit by administering dexmedetomidine, or a pharmaceutically

acceptable salt thereof, to the patient.
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To date, dexnedetom di ne has been provided as a concentrate that nust
be diluted prior to admnistration to a patient. The requirenent of a
dilution step 10in the preparation of the dexnmedet om di ne forr('su gélon
is associated with additional costs and i nconveni ence, &0t he
ri sk of possible contam nati on or overdose due to human error Thus,
a dext nedet om di ne fob eadtc Eﬂdlb@@a% b@\égﬂq%stér%o%?ﬂgéﬁﬁy variet

i nconveni ence, del ay anc}n tam Fon or- over dose d
provi de si gma‘yscadsnexaxdpla,rlﬂng Noset, S FGend by 1 A dlatbcbsetlwoncent rat ed

formul ati ons., 15 3. HE | sent
| ovont o T et ReiaT B AP TR e BT R g, gl S, RIS
dexmedet om dian e\To 067@4M¢1‘Meimhmﬁadchlyr aﬂaﬁtpava]hrlue adainistritirer wbfle UtShat

econst] tut bM< 5 0 B0rhE LA RrRBR sed e BPah i i Ce A g,

Thus, the corp@sdddndbme droldhehddkes aatitibmligNUiSoPataNe TRVl ahedhas a
prem xed cor?om tion corrprl si ng .dexnedet om dj ne. I n
[

certai n non-4ekRpdeogd BRsEHPeAdAYstered BasPWReSRY  dexmedet oni di ne

conposition is a |iquipd d6eMRkhedeRehidiaX ARAREOPIdALs Lonentrate that
phar maceuti cal | g acceptable salt thereof, at _a concentratign of
D

bet ween abourushboS e rrior fo sdAMmisiEan topapsit: Jhefequirement of a dilution stpp,
other nopy | i;pifd ﬁ&aﬁﬂpx?gftﬁ?Héﬁn@&tbﬁ1ﬂe@g}rﬁﬁﬁ10ﬂ@§(ﬁ§'&%mgi fRlitional
conposition I's I"i'qui d conprising dexmedetoni dine at a concentration
of about 4 rvoss And inconvenience, as WellI'bﬁth@trﬁ'éﬁfMﬁbllelcﬁﬁt@ﬁlwgti@r%@ﬁ?fﬁﬁ?td§e
mixed or o SSOTURR G ahiyaredrRRen bl kTR bR eaERS] om Cl e
In certain endvodément.sielay hed pseaficssanetinme gaerdessivdivhiepredapogiifisavh i s
oS posed fhef S S SO B Bl ERaen MR 1000001
conposition is disposed in a cont ai ner or vessel and is fornul ated as
a prem xture. In certain enbodi nents, the prem xed
dexnedet om di ne conposi tiop $®@% QSEWT@‘Q{@@[WI ed container as
a total volune of about 20 In
certain non-limting ?H@ﬁt@é%ﬂ@&ﬂoﬂ he?at&rtgB}eﬁ%dgﬁéﬂmg&ﬁ@épc%lﬁ&nwns
conposition of the preseht 1 nvention conprises dexnedetom dine, or a
phar maceut i szldbymabwpdlabloeasmrmmtehmaél(ﬂfﬂﬂwmabla sglbtherend; fhatden of
bet ween abo and Al ephde at a
concentrati g%mglpﬁg fégmé@f]n cﬁlbf%é %e?ﬁ %{?ngt%ut ﬁ)glg{:/\é%tlﬁlt 0percent.
| n ot her 2nonhé camoisitign eritxad mkemtssatldnhé“hps,dim agodecnyed deprasditne
conposi tion .of e i nvent i e or a
phar maceut i caﬁngt/“’%%‘%ef% %g"’ieedaégl feni“% 9-1@8& ? gon&) gﬁgﬂagﬁ "about
4 ug/ mL and sodi um chlioceridia rah- 11m1m(gmmﬂnmtsomeqaferramduiexme@@mwémght
P ) B e SRR DB TRRRL BBl P oo
adm ni strat l@aelﬁecbleasa&u&m@tatﬁ@@msmabm oftetanialabes D@5 Qi/ntlr eat dvewt15of
anxi ety g{ V%g;?lﬂel tension. The present invention also relates to the
perioperéati eatnent of a

In other non-limiting embodiments, the premixed dexmedetomidine

composition is z liquid comprising dexmedetomidine at a concentration of about 4
ug/mkL.

In other non-limiting embodiments, the premixed dexmedetomidine

30 composition comprises dexmedetomidine mixed or dissolved in a sodium chloride

saline solution.
In certain embodiments, the premixed dexmedetomidine composition

is disposed within a sealed container or vessel.
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patient to reduce the response of the autonom c nervous systemto
stimuli during an 20operation by adm ni stering a dexnedetom di ne
conposition of the invention. In other non-limting enbodi éhe
dexmedet om di ne conpositions of the present invention can gzﬁo 035
adm ni stered as an anxiolytic analgesic to a patient. hi certain
embodi ment s, the conpgsi; f‘th\ﬁ@m‘ﬁé‘rﬂmgﬁs qmemae%ﬁgm@%oﬂpmmgal%tswn
prior to an operation Wwth or wthout admnistration of an anount of
an 25anest hetpcostihect vesseltand sdhinreNatedasdesinrisidrd evel of | ocal or
general anesthesia. |

dexnedet om di ne corrpofs?ll c;%l}tglﬁs o?ﬂ{nﬁh@tﬁé«eﬂ} g?g%%}%%ldlﬁe%%lgosmon
adm ni st er eds dsp@aededatiavenled conamet manotemmdmmemfmb&;t 20 hd., 6o nmposilod on
is admni stevﬁd preoperatively to potentiate the effect of an

anest hetic erein adm nistration of the conposition reduces the
amount of 30anesthetim d‘eﬁﬁiﬂ h1b:€4imﬁtb1ga:ﬁibbeimnta, tegkemedd Hexnsddetofidine
anest hesi a. ai n_enbod menqt af. the present

i nvention, tREPRTILGH ¥Lke Hf‘é%?ﬁtéa\éef’ ?ﬁﬁ?’??é‘s??d#%rﬁlg ef(i MHNEST Adni ni st er ed

parent er al | Yoh@SnadelticQ Ui aé,cepwbad dalf thetdog s 8leombaltlayion ofitletwiiee BiIUs 0 95
i ntramuscul arly ia an inplantabl e

b or .
NY02: 746896. W@%?@g@%g%%gf@é sl g@ﬁd%ﬂtaﬁﬁeﬁl’w@ﬂ oRest R B EPeRy

The presgnt g.oaveatban 2ioSvdias gekcédd part on the discovery that
dexnedet om dine prepared in a prem xed formul ation that does, not

require reconstituti ot e gpn-limitg epbpdments hgRfenixed fatmedpiomifing

@an ent, rerE%in?ésﬂ?&naJi"ﬂ?e ﬁ&‘énﬁﬁ{‘e‘nﬂﬁl &ﬁﬂp@i&es%ﬁhéﬁ%ﬁﬁxﬂdlﬁé%ﬁge Such
rem xed forrmul ati ons therefore avoid the cost, inconveni ence, and

risk of contrhmimeaeution]yoccepieblerel dererhiat cepnceiratiensefebautddiaink and
reconstitut 'sB@iuﬁ’Jch%hyat'qr&n@enﬁ&'fb%%%ﬂcﬁfz@90 %gﬂ?&%eﬁm dine fornulation

prior to admnistration to a patient. arity and not by way of
limtation, this detalnlcedaidesbedipeitethd c@nmwu@@@frhmﬁscrﬁ@wquw ng

sub-porti O”SM ga QE)fhhﬂatcéqu@ﬁco é%mﬁ&iﬁdﬁ&% kiof & o B0UbAL | ONS;

and (4.3) Me sing prem xe exme |ne corrp05| tions. 15
4.1 Defini t|s@¢?$1011 ana]gesm or treatfizst dfenxrﬂymsbﬂ)ertcustom s specification

general ly have their ordinary. eng?]} nds, aﬂe ttohiﬁ SA% vah‘t,g\h& [ﬁaf:o{;ont ext

of this invention and enpr?sn%t TE8h 8 eac erm
used. Cert aipatitre (Bt ehedbsponsst d1elaeﬂoﬁmm1cmervehss@rgmn@stirmlt dueing an

20speci f] cat i on ovi de additional. | danc ractitioner
in descri’hi M§ePHY @oﬁﬂﬁ%‘?ﬁ‘%% eéﬂ‘(ﬁgﬁg% 5?018?053 H’él °lf h\?é‘ﬁ PIR- and how
to nmake and use themm other non-limiting AGG6ditientg, thoddhedpaarmet | nventi on,
the term "dexnedetom di ne" as.used herein refers to a SlIIbSta tially

pure, opti c&PPyosiaqs vhihgaxess e cat by Waiigs aggn andolylic analgesic

to a patient. In certain embodiments, the composition can be administered as a
( premedication prior to an operation with or without administration of an amount of an
25 anesthetic effective to achieve a desired level of local or general anesthesia.

In other non-limiting embodiments, the dexmedetomidine
compositions of the present invention can be administered as a sedative. In certain
embodiments, the composition is administered preoperatively to potentiate the effect
of an anesthetic, wherein administration of the composition reduces the amount of

30 anesthetic required to achieve a desired level of anesthesia.

In certain embodiments of the present invention, the premixed

dexmedetomidine compaosition is administered parenterally as a liquid, orally,

transdermally, intravenously, intramuscularly, subcutaneously, or via an implantable
pump.
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medet om di ne, as the free base or pharmaceutically acceptable salt.
In one, non- 25l imting enbodi nent, dexmedetom dine has the fornula
(S)-4-[1-(2,3- dinethyl phenypethyl]-3Him dazole. A pharng@gg&hgﬁkly
acceptabl e salt of dexmedetom di ne can include inorganic ias” h
as hydrochloric acid, hydrobromc acid, sulfuric acid, nitric acid,
phosphoric acid and the |ike, and organic acids such as acetic acid,
propionic acid, glycolic acid, pyruvic acid, oxalic acid, malic acid,
30mal oni ¢ acid, succinic acid, maleic acid, fumaric acid, tartaric

acid, citric acid, benzoic ati BEIAL FLIOMndel i ¢ acid,

met hanesul foni ¢ aci d, _et hanesul foni ¢ acid, p-toluenesulfonic acid,
and salicylic acid. PFE?@F%%T?YmWﬂ%g&@%ﬂéﬂgng?%Fﬁ@“ﬁﬁﬁ?ﬁ“
NYO2: 746896. dbxmPdefcip@in@ prParell 1 ASYIRIE tRMDIaHb@attdeds ndt Reqairbier
non-limting enbodiments, dexmedetom dine conprises the structure
depi ct ed bell6WrptuERs Fhslilatiqn prior topadpypstetipn trfepafightygmeigs ERPlG ancppetive
" prem xtur e"aﬂ%§p1'd§u?1ged"s%r§gen Sl SR fRmBRAsIRESELICRbidfuRs B, at i on
that does not require reconstitution or dilution prior to _
adni ni st r at ilpgprveniencpanil el of cEplamiREPHITOveidasebH CAHRT 25681ARIVIEY eni xed
formul ation -on di ' ResidigBsioPr ovi ded
herein are ?ﬁ%%§%P@%$%?mg§%¥k%g?$gﬁ%gga@%ﬁgbggﬁﬁgﬁt Wi thout dilution
by, for examdienisteatiohitod patigni, hospi tal personnel, caretaker, patient
or any ot her individugl, ... , I ajl Ny j S e
conposit%ﬂns of the p?éggﬁ§yﬁﬁVg%%¥gﬁy@Qﬁﬁkég%Q?ﬁﬂ?%ﬁﬁgﬁﬁéiﬂ?éﬁdy to
use" conposidividabintehthe pllpehgsui-porgemm xed conpositions 15that are
suitable for adnighft;%%ignsto a patient without dilution. For
exanple, in certér e dr'isnt s, the conpositions of the present
invention are "r use" .upan renpovi ng the conpositions froma

TR BBt

seal ed cont ai ner ceutical formulations; §il. o -+ 2i n enbodi ments, the

iti f th t ] ti be f | at ed. " si ngl
use dosage, " whi éht eSO of dg PR BRRATEPS ORRGITRY T

20di sposed within a seal ed container or vessel as a one dose per
cont ai nel® or vessel fornulation. According to the
invention, a "subject" or "patienti.ipefigittewgan, a nonhunman manmmal or
a non- human ani mal . Al though the ani mal_subject s preferablg a
human, the conpounds ARCEBHHSES N s sReCHICAEMechFrolbNbaYE HieH SyHnary

appl i cation h,ZnV §f BE b 3FithiBE béidd® o s Wl chiiorfand in the Specifi@ohicgat ment
of domesticated species such as canine, feline, and varjous other
pets; farm avharaeach frewiipesed. fcaaaderpswarbscugsgdprew. Gelspehereidhs ne,

por i ne, » £t Coyeci ity A0 LRI adfitibhal gdifankd® 4 beetiondn BestR0hO@Cal
garden; and avi an species, such as chickens,” turkeys, quail’

songbi r ds, ooy B: and 68 Gedsiof the invention and how to make and use then.

According to the present invention, the term “dexmedetomidine” as
used herein refers to a substantially pure, optically active dextrorotary stereoisomer of
medetomidine, as the fiee base or pharmaceutically acceptable salt. In one, non-

25 limiting embodiment, dexmedetomidine has the formula (S)-4-[1-(2,3-
dimethylphenyl)ethyl]-3H-imidazole. A pharmaceutically acceptable salt of
dexmedetomidine can include inorganic acids such as hydrochloric acid, hydrobromic
acid, sulfuric acid, nitric acid, phosphoric acid and the like, and organic acids such as
acetic acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid, malic acid,

30 malonic acid, succinic acid, maleic acid, fumaric acid, tartaric acid, citric actd,
benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid, ethanesulfonic

acid, p~toluenesulfonic acid, and salicylic acid. Preferably, the dexmedetomidine salt

NY(02:746896.1
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077350. 0356 The term "purified" as used herein refers to
materi al that has been isolated under conditions that reduce or
elimnate the presence of unrelated materials, i.e., contgﬂkgg) ig
i'ncluding native materials fromwhich the material is obt
used herein, the term"substantially free" is used operationally, in
t he cont ext f 3
purified natg?féﬁﬂ éh¥§ﬂ$?g|ﬁki 9%@Iu%h@%ﬂ?%ﬁ$h§%iggpghg%ﬁﬁgﬁgt 95%
pure; nore poahusegithasrugiird @amedwl%‘/pm’f@muéﬂd more preferably still
at | east 99% pure. Purity can be eval uated, for exanple, by
chromat ography or any ot her nethods_known in the art. In a specific
enbodi nent, purified nmeans that t he& of'3 contam nants i s bel ow a
| evel acceptable to regulatory 10aufhoritigs for
to a human or non-human ani
acceptable,” when used in c
conpositions of the inventi cul ar entities and
conpositions that are physi e and do not typically
produce untoward reactions 2d” to a human. Preferably,
as used herein, the term15 tharnaceutrcally accept abl e" neans
approved by a regulatory agency of thgnfigderal or a state governnent
or listed in the U S. Pharnacopeia or other generally recognized
pharmacopeia for use in animals, and nore particularly in humans. The
term“carrier” rEferSTB@wﬁmQ&%éﬁﬂ¢m:%Qhﬁ%ﬁﬁ?asﬁ%@h&bﬁﬂ&ﬁs@5§perS'ng
gent or vehicle with which the conpound is adm ni stered. Such
gharnaceutlG@Wﬂ@ﬁﬁﬂwéﬁ@ﬂ@&ﬁmbéﬂ%ﬂ@ﬁmp@prﬁdﬂﬂﬁﬁﬂgﬁéwré%mEmmﬁPéW and
oi I's. For exﬁﬁmlﬁra‘u‘é\@foearpau uﬁgu&aﬁgfeurtn'c&ﬂﬁist S Abh- P)%nﬁ:%ld%ﬂi%vons of
aqueous dextrose or glycero Ut 1 ons can be enpl oyed as carriers,
parti cul r | ylefwedatoniding.ht eremodedpmmmmoswmasr@qmmmwéabﬁ fenl
carriers ar r tical
el ences” by BT OB dibigle e TRy, RED RGO IR RGSR 02
25The t er m "phanmhcertakeapaticonpasy Dtﬂlm‘liidl‘ar.duajsed in accor dance with
fﬂeaﬁ;eigmeh[‘}’gﬂg; O”ﬂ%%ggﬁggﬁbﬂ@mgm”% dop} oszﬁo éaﬁ%hng 4 L% m\ierl{lon LAt ed
accept abl e amrfbineilsedds “exdy fi et a)mpesﬂlmhartheﬂt toqﬁéxhxycecam:mqmbmbhse"

carrier or e i ent s _used herein, a regul atory
agency of’ tHEﬁﬁ% Fﬁregrd @PHﬁcmd898wHW€ﬁ§hog&&ggn1F?%%ﬁmP% the U S
30 Phar macopeghia e@bodinBeE, igemeipatiliynsof aeghdsae thvehtdnRe apakitauiddr use
in mmuals, and nore particularly in hu The term

"dosage” is YPAR EREHSLE REsHEY “ﬁl?ﬁ?gﬁFQFWBWW%Xﬁ¥@ssed interns of

ug/ kg/ day, ug/kg/hr, 1dekeih@ayodimchl/ kdédMposiibe ctarageechisnichgorpdrauNt
of an |ngred|ent admnistered in accordance with a particul ar dosage

egi men. A "wdearladassg singsgsedospie 2 inapeles te 2 W@@bﬁ%@%t%ﬂ%s
mount oy aniRYeAtwidei %@H%&ﬁﬂné&r%g@ambm Jbs@pé#'&bﬁtaﬂé@‘da'%ss@lr mass,
e.g., an absolute unit dose expressed in ng or 1g of the agent. The
dose dependsoiomilation. concentrati on of the agent |n the fornmul ation,
e.g., in noles per |i S erftiSh, MALUIER” (I ¥enr QS o FRSS, RGbn TBSS
(nin) The two terns %?%H%P%K) rg at’ed, lgs angaf?rcuaar osag%
resul ts frorhunhe naegiarena oin- Iamaﬁnmlmaﬂ aklthowghohe wlm@@bmt igpgteeablifa t he
fornmul ati on. r rent from
context. - hubidf, REEEHL G e RN At oA R B spp ARERL .
"ef f ecti e awm@uniry'meditthe'at I%H,aq&ui)r matrk:z;tmerﬁtfoédmrh@saceaﬂtnpmms suelisr to

an anount sufticiqnt t%vgrodu%1 e desrreq f ect
caning, feline, and various other pets’ fami anima spemes such as bovine, equine,

safe adm ni stration
Ak gt i cal ly
Dhar maceut i cal

ovine, caprine, porcine, etc.; wild animals, e.g., in the wild or in a zoological garden;

and avian species, such as chickens, turkeys, quail, songbirds, ete.
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10l n sone non-limting enbodi nents, a "therapeutically effective
dose" neans an anount sufficient to reduce by at |east about 15%
preferably by at |east 50% nore preferably by at |east 9 g ?C{‘(?}»ngt
preferably prevent, a clinically significant deficit in th ivVIty,
function and response of the host. Aternatively, a therapeutically

effective amount is syhficqh eflife@ HANSENRNN tIRE RURABIH tHahhad been
clinically 15significant condition in the host. These paraneters wl |l

depend on’ t Heolaedmides gongtionhibataeiigs o1 Bvnipe Hig Prosaige etnrdetpemaketisons,
such as di et; g b gahd Qﬁ’cluénlfgaﬁatl% RrafcRb ﬁ%%}ﬁgl thé ﬁ%teﬁ@'lgggtam@cg%s and
sex of the subject and ot her” criteria, which can be readil

det er ni ned a@@d)hqxﬁlngh@ t@r@faub@taﬁtalhgﬁe@i’ 1%@#@9@21%%!41@@8 gontetieée of
skill ingh i C
Fesponse oy 5 R e DAG SR PR, SRR IR R B FRE
recogni ze ascoanmifaisds ivest BSppursendropicfabihef Iam%%pu@; arg more

t herapeutic re ) ) e esired
ef oot . suctbraghonarn i PRRFRE g ol MG KPdedbuil o

term "about’ chmmét@gm:lhgmi- mwtcelhey meamdmmd«memm hﬂaapscaﬁw mhlnqduacnt

acceptabl e err.ar.ran articul ar .val ue dete
o “ordi nary TuRRFd e trk B o @B Gmn s Y R SRR Fnp
t he val ue | ssutfasey Blsads addehieration &ds huma. or nbﬂﬂﬁmh&rmnﬁrﬁill ons of the

measur enent system F exa aboyt" can.ng in 3 or. not
than 3 standard devi aﬂ‘% U%E‘Fnﬁcﬁ‘étwﬁﬂ%ﬁc gﬂ‘?’ WF ‘Fl’e“sﬁ ’t“ connection wit

Al ternativeliye pha@hmﬁucacwmmamsaof&m%na&z Wiferk & BORRuIATafigdsablly up
to 10% nore preferably up to 5% _and m)re(F)referabI still ? to 1%
of a given \Pamaesﬂwsﬂw ﬁfétpi‘%frlygw%laﬁ?lrslebﬂﬁa&l o gattypicaly prodireatiqurd

bi ol ogi cal syslieRSwRh a@&gﬁﬁéé@@,aHuhﬁntﬁéfa}aﬁ@nasrtﬁ@&hémlﬁ hhéwepd Or der of
magni tude, preferably within 5-fold, and nore preferably within
2-fold, bf apbamgestion¥3seeripsiss upansypRYBEELIaoNFEYEY of §5d ederp!
Phar maceut i Ctﬁ‘la s%@%ﬁn‘eﬁmﬁ listed in the U.S, thgcocﬁ;@]%f’b‘tﬂgsgeﬁggﬂy recognized
conposi tions of the invention may be fornul ated as phar maceuti cal
conposi t i onghynagepriadourss inpnimals, q@ﬁaz;maémularbn ih pumasephedbine “BowT i er
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dexnedet om dierosesr flgranilsatugonskBabe anp:lqudcrs kiirien, pavivelady fortitjectable

dexnmedet om di t.h eutica di ent present
' The. componelh SRRt RA R i RRb Rl Rnatrare

dexnmedet o diRemiiggorshpnatRialRicac@dbPBbilip POGerbitoeY 16 Rditidve(or '
dexnedetom di ne is . fornulated in conbination with at | east one or
nore ot her tpﬁ%vﬁ%’ﬁgﬁlt“ioﬁ% ly active ingredient. The formulation is
pref erabisy suitable f ke as qniaﬁﬁ@kuta;dmompsmﬁ@i”ia@msedlﬁhmiduﬁﬁengm et
not limted to, intravenous, subcutaneous, %rarms ular and

i ntraperi t 0 PESPARATAPSTCLRS IQFPIRIE et Rat ofR PgraY f"fﬁ b anyicprghioteby
ot her rout eamgﬁlelagmgryn@ bfla&ﬂe%amgamaaﬁzy%@éptabler&fr@&a&@kmpleﬁt@ ogal or
transdem al are al so conte The phar naceuti cal

f or mul at i ons PEuRegyHeally@ec NEP @aa:apre)r@@fépwlstu@ws@ésherer%rmeé;zfafnamtéfed by
| nt r avenous. , SUbAKLAREAYSE HeFEERINES UeRloo Wik AR AL ANEAY S,
20admi ni stration, include sterile aqueods solutions or dispersions
and sterid e Iﬁ@mpsoeradﬁ oflisegaasraBipse smed pbaprepweiativrone sfmanwils) e

i njectable i: on. In all cases, the tbnn can be
sterile andS&gg%{{Olﬂée)lpd?ﬁj&ﬁaégtlggﬁﬁékext ent that easy syringability
exists. It can be st abheteomtiésageés ivtondtidtto mtsmpﬂssmwmfu&mvmc@remdi
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an ingredient administered in accordance with a particular dosage regimen. A “dose”

The
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30 of surfactants. The preventions of the action of m croorganisns
can be brought about by various antibacterial and antifungal agents,
for exanpl e, parabens, chlorobutanol, phenol, benzyl al corbjIz sqrbic
acid, and the like. In many cases, it wll beg%ﬁ‘oéjgale
to include isotonic agents, for exanple, sugars or sodium chloride.

gr ol onged absgr phi@poed a%giﬁ aliRineedaPb e Nm¥OA i #8888 turke 6:8ass, e.g., an

absolute unit dose expressed in mg or pg of the agent. The dose depends on the
concentration of the agent in the formulation, e.g., in moles per liter (M), mass per
volume (m/v), or mass per mass (m/m). The two terms are closely related, as a

5  particular dosage resuits from the regimen of administration of a dose or doses of the
formulation. The particular meaning in any case will be apparent from context.

EL 1

The terms “therapeutically effective dose,” “effective amount,” and
“therapeutically effective amount” refer to an amount sufficient to produce the desired
effect.

10 In some non-limiting embodiments, a “therapeutically effective dose”
means an amount sufficient to reduce by at least about 15%, preferably by at least

(_ 50%, more preferably by at least 90%, and most preferably prevent, a clinically
significant deficit in the activity, function and response of the host. Altemnatively, a
therapeutically effective amount is sufficient to cause an improvemeﬂt in a clinically

15 significant condition in the host. These parameters will depend on the severity of the
condition being treated, other actions, such as diet modification, that are implemented,
the weight, age, and sex of the subject, and other criteria, which can be readily
determined according to standard good medical practice by those of skill in the art.

Tn other non-fmitin g embodiments a therapeutic response niay be any

20 response that a user (e.g., a clinician) will recognize as an effective response to the
therapy. Thus, a therapeutic response will generally be an induction of a desired
effect, such as, for example, sedation or analgesia.

The term “about” or “approximately” as used herein means within an

( acceptlable error range for the particular value as determined by one of ordinary skill

25 in the art, which will depend in part on how the value is measured or determined, ..,
the limitations of the measurement system. For example, “about” can mean within 3
or more than 3 standard deviations, per the practice in the art. Alternatively, “about”
can mean a range of up to 20%, preferably up to 10%, more preferably up to 5%, and
more preferably still up to 1% of a given value. Alternatively, particularly with

30 respect to biological systems or processes, the term can mean within an order of

magnitude, preferably within 5-fold, and more preferably within 2-fold, of a value.

NY02:746896.1




077350. 0356 conpositions can be brought about by the use in the
conpositions of agents del aying absorption, for exanple, alum num
nonosterate and gelatin. Sterile injectable solutions may g r& red
by incorporating the dexmedetom dine in the required anouﬁ%g3£H)$ﬁe
appropriate solvent with various of the other ingredients enunerated
5above, as required, followed by filter or termnal sterilization.
General ly, dispersions are prepared by incorporating the various

sterilized active ingredients i4%BhamatentichleCamprsitions whi ch cont ai ns
t he basi c di spersion di um [ d - . i |
T AR oS P @ D e Lo

those enunerated above. In
pr epar at i on sfphatmwedutien] cojpottmbs by siphivticonit) 2 phaenprefely adepretinods of

preparation are vacuum drying.10and the freeze-dryving technique which
i eha & pondapiep e oty s8R SRR g <pPEERGHS e SRRt desi rea
i ngredi ent fdoaipogtiesiacsbyidstieniticeapbutichBy eftbcded antduontotaheniend, such as

Preferably the formul ation contain.an excipient . Pharmaceutically
accept abl e e%éB?‘B?%Pf%\r/ﬁl??yc%ﬂm ’Bléle‘?%%qt{falélﬁnﬁhgrf’ﬁgh froéllrﬁﬁf”gt’?on are
buf f ers suchseasive,ankialylicaubibedic, ophesphitegfehiuf fer, acetate buffer, and
bi carbonate buffer; am no acids; .15urea;, al cohols; as. orbifg aci d;

phosphol i pi ds; prot ei Fcertain @pn-Jmniting smbodimsais exmedntonaidins is figpputated
gel atin; jsal &% sMehsias, FhdénWe ahbder@iding @dhsisie HeRbbdRally) ddp0s OMeS;

pol yvi nyl pyrol | i done; sugars, such as dextran, mannitol, sorbitol,
‘and gl ycer ol ingredient present inl the composition. In another non-limiting embodiments,
dexmedetomidine is formulated as a composition, wherein the dexmedetomidine is
formulated in combination with at least one or more other therapeutically active
ingredient. The formulation is preferably suitable for parenteral administration,

15 including, but not limited to, intravenous, subcutancous, intramuscular and
intraperitoneal administration; however, formulations suitable for other routes of
administration such as oral, intranasal, mucosal or transdermal are also contemplated.

The pharmaceutical formulations suitable for injectable use, such as,
for example, intravenous, subcutaneous, intramuscular and infraperitoneal

20 administration, include sterile aqueous solutions or dispersions and sterile powders for
the extemporaneous preparation of sterile injectable solutions or dispersion. In all
cases, the form can be sterile and can be fluid to the extent that easy syringability
exists. It can be stable under the conditions of manufacture and storage and can be
preserved against the contaminating action of microorganisms such as bacteria and

25  fungi. The carrier can be a solvent or dispersion medium containing, for example,
water, saline, ethanol, polyol (for example, glycerol, propylene glycol, and
polyethylene glycol, and the like), suitable mixtures thereof, and oils. The proper
fluidity can be maintained, for example, by the use of a coating such as lecithin, by
the maintenance of the required particle size in the case of dispersion and by the use

30 of surfactants. The preventions of the action of microorganisms can be brought about
by various antibacterial and antifungal agents, for example, parabens, chlorobutanol,
phenol, benzyl alcohol, sorbic acid, and the like.

It many casesb, it will be preferable to include isotonic agents, for

example, sugars or sodium chloride. Prolonged absorption of the injectable
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propyl ene gl ycol and pol yethyl ene glycol (e.g., PEG 4000, PEG 6000);
glycerol; glycine; lipids; preservatives; suspending agents;
stabilizers; and dyes. As used 20herein, the term"stabili gﬁs riprcgé)ers
t'o a conmpound optionally used in the pharnaceutical corrpog s

the present invention in order to avoid the need for sulphite salts
and i ncrease&shoLiRge chd lﬁeeoromf‘aﬂohm)}fhgﬂse‘?%ﬁfgm)ﬁ?osmoﬁBla@'ellltb é8hying

i nclude antioxidants. Buffer systens for use w formul atl ons

i ncl ude cit r«@@@pti@e@raw}pleba@avmmh@p@ostcaﬁ@ambpha&t@ﬂ‘bwqc@b@ 25The
formul ation i ef & fLgnon-
oni ¢ det er oy ons Tk Rt 1R Bl fheldEh L RRBhn S LGRS
X-100, Tri tc;tmoxnt&iwhe Nom@ni'@te splvag w1®c&tagabuwfgimm m&;@dlemstewmelated
13- qu003|de P, N n

par ent er al fB? m’Jlfléalte “51}?3 118‘%‘?'% 24 ﬁlgégrrlt %\?ﬁz{fléﬁﬁ%ﬁon Gen%rallys dls}-& L|0][zlsed
Non-limti ngueep«amndde]grmdoqmrﬂmglthezahnmt&rénwmqu@mgnedmhwdﬁo ﬁstbmmatl on
through a 3Q0bact eri retai.ning filte steri

| ncor por at | ORGP RisE Y A ek St i B Pdihe Riaklte i@ aiens

The route ofﬁoadm:m eatuhadated BbdvRY Mg m@df s&hqummatsédﬁahq premdtmdlom‘g

i nt ravenous, hcut ane intraperitone

opht hal m o, ST BHAE RaP IO BUaFePPE fok Bpds o B ARRon o PSR GrYing

i ntracer gbr &hd merﬂere@bd@wﬂghec}umqﬁena}ﬁmaﬁbiaIa,powéﬂoaaw ae@a}e,mgﬂé’&lauM%G 1
077350. 0356 intraventri.cul ar, intrathecal i nt I‘ﬁ%l st er nal

i ntracapsul &y aqdiiqnaldpsingsiaggdient Siopmprgasysly yrderdferedehtionghessnlger mal |
gr via inhal ation. Preferably the Mﬁhl@ﬁ&ixﬁ%ﬁ dRRiPdn dxBBieab ONBmdQsaEdRed
arenteral fornul ati gns ma ){) eriodic injections of a bolus of
the prepar atapwnfabkﬁrexmlyntw%maﬁ & inchuslgd ﬁyhgfomlam‘a@uf&w such as
i ntraperitongake @@ ’fﬁth‘sthﬂE b%rfe{c&gﬂe%uffﬁsﬁ{d\@éa%om%‘Bﬂ‘fférsm%B e&inal
(e.g., an intravenous or internal (é&.g., a bioerodable inplant,
a bi oar t15f | direst aleholsy geaﬂr%w as@eph@plgvhpld@ Spteipg suchNs serum, afymins7 and
5, 798, 113, i es.
Tt apul mongy L P S o Pl St L6 Up
exanpl e, i npolySnyRatollidios subr6such@edsxtiEn, agon0dldsoriited a5d glyacrel7, each
10i ncor por a e [ hei r usef ul
par ent er al E’?(i%yﬂgé ?llygci}ts% dﬁ@;ﬁlﬁ?@%&g@ Cg ngﬁge %/qoplyﬁeé g&m\%}%g{%ol yner
particles, (ggmntcl lmpmm,lmsqrvatwpd anpahiig dgaftssiabilizeyshé dpss. funged

delivery, enca ted elivery, |i onal .de | Vet

needl e- gli@%ied jecfgghzmhggﬁfg ¥%’ OFﬂf%%Pl%ﬁ“m% B |zer

aeor osol i zerphaxﬁiaemmﬂpompchsmms oﬁhdpﬁeﬁ@nﬁxdaﬁmhn qnaéradﬂavdﬁemd hesd foss

i njector devic are described in.15

5 b50. a50. Bugie SUSHENRTHe gHraeR it o B PRCHEr SR R ear o
herei n i nconpesadan. BRI stbis fRher eRt@e foiimuhgbds ifnidercitate cethgty Of
he fornul ati ons described herein can be adnm nistered in these

t hods. bicarbonate; angl ghepahatepiiefer non-1i miti ng embodi ment, the

t herapeujsi ¢ conpound ’Plﬁél‘o@ﬁmlﬂ%h'al’s@&ﬁ@ cbﬂﬂalﬁ a%fﬂiidn% 4Bt P‘@éf&i@ﬂbﬁd
rel ease system For exanp a conpolnd o nposi tion m

admi ni st er edmu%ﬂ%gg@wm@lv@m%ussomqw& E’ﬁiysodwei &mewflafb @, E@Wﬁéﬁ e uny,
a transdennal,,pRl she, édtﬁ%@ﬁ&ﬁde Qﬁctﬁ?hﬁﬁcoe‘a@'%j% ﬁﬁ%@'ﬁhﬁ%b&@@ I'n
one enbodi nent, a punp be used ef t'on Ref

Bi oned. Eng. 14: 201; ﬁeraqamlemléqmalatmslog?@@ pr@gmtg@reytuaecastbv stesmfrdek et

al ., 1989, NG Sa 9 £ derfiz4h) tect @mbﬁ&’ gl %)o%q I

pol yneric rratocrairl{}%bgg céln eouséﬁz?tsée%tecf_g]%er an égr HEE@ : 1974,
Medi cal pplbedeial-osisiniog ﬁ@@nterroinhlextbrﬂéeat'emsis,corﬁlﬂélldﬂr@stsrﬂlm&weﬁal on,

Fl a; Snol en. ) I .. 1984, Controlled Drug Bioavailability,
Drug Pr oduct" au%ghngﬁgi’lgg‘rfor mance, Wley, N Y.; Ranger and Peppas,
1983, J. Macronol . ScThe rRawe of Madnistaion n@ydmoral 23pabehierdlgugiudihg al .

1985, Scl enes ra%gnsoug' gsgbcu mgcl)urSIQntra-ar?erlal m]ﬁ aperitoneaf1 ophl\ﬁalfmlc mtrdmuscuéar

buccal, rectal, vaginal, intraorbital, intracerebral, intradermal, intracranial, intraspinal,
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NY02: 746896.1 077350.0356 In certain non-limting enbodi nents, the
prem xed dexnmedet om di ne conposition conprises dexmedetom di ne, or a
pharmaceutically acceptable salt thereof, at a concentrat ioggq%{m 6
bet ween about 0.005 ug/nL and about 100 pg/nl, or between “abo 3.005
ug/ nL and about 50 pg/nL, or between about 0.005 ng/ni and 5 about 25
pg/nL, or b%t%ﬂ11@198“ﬂ1&9th9&5 nﬂraﬁfsﬁﬁaﬁ%a@@@ﬂﬂh T aPfnBhary Qhtrp@ianeen
about 0.005 ug/int. and about’ , bet ween about " 0. 005 p. g/ nL
and about 7 thngnwaosalgrankstsrinleor %@8@1ﬁt®n005 gg/ rnL and about 5 pg/ni,

or between about 0.00 qpﬁu;e
0. 005 pg/ ang about)lgl%l%l{lgt]?l ‘?%1@%%%%%5%‘9%?&%“%{%%@&3%? 5n}t_s and

about 2 j _t dfyrperiodie lnbaetlwsexﬁ adblosbf O pEBarmipndimatie al@inisead b1 p. g/ nL,

b b b _
8r Oogt \G\S/e{' alllt?%%ﬂ%ls or 1n891%:§1 ne?l rﬁ(%m%t\lé%rlé ion ?&ﬁg%givmlr %ﬁf({ﬁﬁ%}gﬁ&[}aﬁp gut

enbodi nent s, antiftexvprcabag dr Md@g ptrmdern@bteompbst aboartdopei aes).

Concent 1 a1 Ol ot SASRBnmbtE 5 oyt SO I B or 15

bet ween aboutfedng: ig/indir e@nfttsaé)@utapanmgélgrbehx@fy hehykend afactus2ed ng/ rrL

and about 5.5 p or bet t
bet veen aboutesw%sﬁtr&ﬁmplaﬁ Jit s qﬁ%o%ﬁ%w got wesn S et 3
pg, /ML and abQibordtedBréth by %fer’@l&fe\t\@@t@lr@ﬁlﬁﬂtﬁcs%t@e@s@ﬁtﬂﬁat&ﬁl&al&ﬁﬁ%ry 10
pg/mL. In certain non-limting enbodi nents, the {)remxe

dexmedet omi oﬁyﬁém?@‘?]&ét"rﬁb‘éIFIﬁ"‘GﬁylééﬂﬁF FRROLYIE RAEEIEY GFRHCRETRE: a
concentrati QHtthEtaﬁfaQt'ﬂtstgn @si@g{s rﬁ-umefeh@@? lé’hc%stﬂﬂéd’f@all Rlivabaipbsohadd

pg/ m., or about 2 pg/ni, or about 2. or about 3 pg/ni, or
about 3.5 pglchrery.gecherdeliversd puiggtien, ne@fﬂ@- w1ecta°15n?lfgthm_r acaroselFslat 5
ps/nL, or abé?éttmgoréhdﬂgélmmgﬁmﬁbqsg&h @\Te@@llc Hss 1rﬁ’éct<§@@ﬂbes@.re5de@&ﬁﬁh m50r

about 7 pg/nlL, or about 7.5 pg/nL, or about pg/ mL, or about 8.

pg/ ML, ok abldst P4 19%. {ETR.I2706.53b 6K 5§46:>2%53g£/nﬁ1§ 70 ﬁlhbhﬁmou%cqygmmf or
about 10.5 L orkiterRs PAVHsmOr  about
12 pg/ i, ongla reﬂgfﬁﬁg&l&é} ?dibegég gtetferlfegg? ,e o?t gbou"'{GfIS 5

ug/ m., or abtbunul&wns tggtnbbed hersm b bardmisisErey, ig ﬂwﬁem@thmésbout 15 pg/ m.,
or about 15.5 ug/ni, ) , out
17 pg/ m, or about 178{53’6?980%6&1%} Hai)mgtem%dﬁgﬁ h]tﬂwﬁ%}u%a out %8{31&9
pt g/ nL or abwmulelid®edio amgmml],edbr suatawed rel@sﬁsyptgmnﬂw e@mnalbmonmuipgﬁrm_

In certain non-1li the prem xed dexnede

Conposi t!f)on C@Bt?ﬁ?l{n@je@alg%%( teleg GFReILE Vegm%solﬂfét%lﬁ a8 sk @ Og%

pg/ mi. pump, atraﬂsﬂerﬁﬁnbmmhpcﬁsbmbs 0T tﬂlﬂgncﬁteboﬁhdmntt&,non He ope emi xed

dexnedet om di osition is fornmul uj 773 0..0356

11, Y02 746HUICTD 3Py 1%%’6“[*‘??(5383? ﬁ 1§§7n?ﬁdn‘?‘i"i ﬂ‘&fg ﬁﬁ%ts

the prem Xedtmnsd@t»@m dhne os0mast $39507] Sauliei snal. atosd, MUtEmg). pHvied.

bet ween about and about 10, or between about 1 and ouL 8, or
b6t Laneepind

bet ween aboui? 1576}131 aobgE ergbodipentaRolEnanic JIimRLs FampRs

bet ween apouyist ea@dtgabtmtdt@at Abﬁll(ﬁh&%rof@@ﬂrdﬂem%le% Erbedispycs, the
prem xed 5 dexmedetomid ionis fornulated at_a BH of

bet ween aboulaton, 5#@8@559@13@63-11@}8 B%%%@WT%Ebgfu%Bl&ﬁ‘@”%Bﬁt 88 or

bet ween aboupr, R P3P Peffornhdhc WSy, RS- Rzln'ggi‘ nli '?‘gplﬁlgq(ggﬁ nents, the
preni xed dexmedet om di ne conposition'is formil ated at a pH of bet ween

about 4.7 anMa%tbmgft 5©. Rev. Mecepmsl fhery, @3:0hokevyichals | e, Sepesgi2aEnll: t he
prem xed dex qb& Obﬁﬁnﬁ&ﬁ-blt 18Ry, Sifcfv&rrd"ﬁla?t ) 6EttN@arcl?s'ﬁ'rgof?1 hehveen

about 4.5 10an non-limt

enbodi mept s, Intshteanpthemmwum raedet bdirdtasesysisnpasive pbnetblummfllmé@f
dexnedet om djn r d| S

dexredet on 08 A5H Gk SLYER, 40 BoTRAL M Ebadpuaaliane
a concent r at dwa(sed, clpgtGuedsonalisys mM@tﬁsalAAp@htdtiqmlof:@ntttnﬁlmﬂRalbmtVqu

wei ght perce&tt b, s 138).
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15 bet ween about 0.05 wei ght percent and about 5 wei ght percent, or
bet ween about 0. 05 wei ght percent and about 3 wei ght percent, or

bet ween about 0. 05 wei ght percent and about 2 -weight perglz?isooﬁ%

bet ween about 0. 05 wei ght percent and about 1 weight perc t %ne
preferred, non-limting enbodinment, the sodiumchloride is present at

a concentration of abfUeln %oﬂyﬁhlgchfg e%ﬁ&iﬁﬁhts tggfu@mﬁ@éﬂ t8idkdetomidine
enbodi ments, the wei ght percent of the sal ine solution is a percent

wei ght / wei gWOWPSTEIWOHW@mSﬁeé@WWI@IM 97 2 pharmagentialy eeaspidhlasst s, the
wei ght  per ceplgf 415*&811&% atfd& o?QéhH&én%odt% 0%5 B@fn?ﬁ%d a‘ﬁ&ﬁt%?\?éﬂlﬁ{%ﬁ of

the prem Xx conposition. In certain non-l tirng enbodi e ,
prem xed deasberen ebrutiD.Ae5 pEmE g oldug EQ)na/Dﬂ-': Dmlweegbwm Olﬂﬁ@emﬂ[owd

conprises d | di I

t her eof ; %at %ég%gﬁégﬁ]?éj etwgé%ﬁggﬁogﬁl%ﬁb h@a%) %%1853%; niotaand a out 15
ggi m_, and smdmttﬁirﬁ%mlgbmﬁ.aieieabutd()cwghdembmmmboﬁt HESwesnL alpbabtoud? 01
and about 2. 0

nmbod h
prem xed dextf%ea ’togﬁl’ﬁw%%%o %%4?3{)@2%“ a‘&%a (5’1“t H%( :’g eeﬁﬁbgﬁp;@% e
conpri ses dexmiekditodi Neg/mbl ora)eﬁhfﬁh aBae 000% ﬁg/hl)z g @B:rmt alpbenisak t

t hereof, at a concen bout . 4 /m_ and hl or de at a
concentrat i G EE? a@&t@aéﬁ @%T\?véf'@ﬁ?(’%b%f‘ Foien’8S tlérgog gP |

non- | i m fo ngbexanyier., drmemfae@%bamow;mla@mwosg cﬁ.epgmimbewlaubwnm Xi ng
ﬁ,\/82972lg(8jg6 af%t?t%%é)%g?nld an a%out OIOr% %g?l:lr‘x]t,.al n embodiments, the prem x

( In certain non- hmltmg embodiments, the premixed dexmedetomidine
composition comprises dexmedestomidine, or a pharmaceutically acceptable salt
thereof, at a coneentration of between about 3.5 pg/mL and about 4.5ug/mL, or

15 between about 3 pg/ml and about 5 ng/ml, or between about 2.5 ng/mL and about
5.5 pg/ml, or between about 2 pg/mL and about 6 wg/mL, or between about 1.5
pg/mL and about 6.5 pg/mL, or between about 1 pg/mL and about 7 pg/mL, or
between about 0.5 pg/mL and about 10 pg/mL.

In certain non-limiting embodiments, the premixed dexmedetémidiue

20  composition comprises dexmedetomidine at a concentration of about 0.5 pg/mL, or
about 1 pg/mL, or about 1.5 pg/mL, or about 2 pg/mL, or about 2.5 ug/mL, or about
3 ng/ml, or about 3.5 pg/mL, or about 4 pg/mL, or about 4.5 pg/mL, or about 5
pg/mL, or about 5.5 pg/mL, or about 6 pg/mL, or about 6.5 pg/mL, or about 7

(_ pg/mL, or about 7.5 ng/mkL, or about § pug/mi., or about 8.5 ug/mL, or about 9

25 ug/mL, or about 9.5 pg/mL, or about 10 pg/mL, or about 10.5 ng/mL, or about 11
ug/mL, or about 11.5 pg/ml, or about 12 ug/mL, or about 12.5 ug/mL, or about 13
ug/mL, or about 13.5 ug/mL, or about 14 ug/mL, or about 14.5 pg/mL, or about 15

g/ml., or about 15.5 ug/mL, or about 16 ug/mkL, or about 16.5 pg/mL, or abouf 17
ug/mL, or about 17.5 pg/mL, or about 18 ug/mL., or about 18.5 pg/mL or about 19

30 ug/mL, or about 19.5 pg/ml, or about 20 pg/mL.

[ certam non-limiting embodiments, the premixed dexmedetomidine
composition comprises dexmedetomidine at a concentration of about 4 ug/mL.
In certain non-limiting embodiments, the premixed dexmedetomidine

composition is formulated as a liquid.
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In certain non-limiting embodiments, the premixed dexmedetomidine
composition is formulated at a pH of between about 1 and about 10, or between about
1 and about 8, or between about 1 and about 6, or between about 1 and about 4, or
between about ! and about 2. In other non-limiting embodiments, the premixed
dexmedetomidine composition is formulated at a pH of between about 2 and about 10,
or between about 4 and about §, or between about 4 and about 7. In other non-

limiting embodiments, the premixed dexmedetomidine composition is formulated at a

pH of between about 4.7 and about 6.2. In a preferred non-limiting embodiment, the

premixed dexmedetomidine composition is formulated at a pH of between about 4.5
and about 7.0,
In other non-limiting embodiments, the premixed dexmedetomidine
composition comprises dexmedetomidine mixed or dissolved in a sodium chloride (
saline solution. The saline solution can comprise sodium chloride present at a 7
concentration of between about 0.05 weight percent and about 10 weight percent, or
between about 0.05 weight percent and about 5 weight percent, or between about 0.05
weight percént and about 3 weight percent, or between about 0.05 weight percent and
about 2-weight percent, or between about 0.03 Weight percent and about 1 weight
percent. In one preferred, non-limiting embodiment, the sodium chloride is present at
a concentration of about 0.9 weight percent,
In certain embodiments, the weight percent of the saline solution is a
percent weight/weight of the premix composition. In certain embodiments, the
weight percent of the saline solution is a percent weight/volume of the premix
composition. _
In certain non-limiting embodiments, the premixed dexmedetomidine ( .
composition of the present invention comprises dexmedetomidine, or a
pharmaceutically acceptable salt thereof, at a concentration of between about 0.05
ug/mL and about 15 ng/mL, and sedium chloride at a concentration of between about
0.01 and about 2.0 weight percent.
In other non-fimiting embodiments, the premixed dexmedetomidine
composition of the present invention comprises dexmedetomidine, or a
pharmaceutically acceptable salt thereof, at a concentration of about 4 ug/mL and
sodium chloride at a concentration of about 0.90 weight percent.
In one non-limiting example, the 0.9% NaCl solution is formulated by

mixing 9.0 g NaCl / 1000 mL of water. In certain embodiments, the premix

NY02: 746806,
S12-




077350. 0356 conpositions of the present invention are formul ated by
adding 0.118 g dexnmedetom dine HCl plus 9.0 g NaCl into the sanme
1.000 nL of water. The solution can then be m xed with ad%g%#ﬁ]rb? 9%
NaCl solution to achieve a desired concentrati on of dexne 'a'(ﬁle,
for exanple, 4 ug/nmL. 3In certain non-limting enbodi ments, the

i Sposed i n o Eant e aere s Rl e e L T et 11 1y of.
or prevent tdeemedshanzding &Gl plus 60,2 Me(@ idarihesaine £00adevbwiteli Tde solution
Conpos ¢ on Sk E SIS IS
vessel is a cemahieaion of dexmedetomidine, for example, 4 pg/mL.

5 In certain non-limiting embodiments, the premixed dexmedetomidine
composition of the present invention is disposed in a container or vessel that can
maintain the sterility of, or prevent the contamination of, a premixed
dexmedetomidine composition that is purified or substantially free of any
contaminants, In certain non-limiting embodiments, the container or vessel 1s a sealed

10 confainer or vessel.

In certain non-limiting embodiments, the dexmedetomidine
( composition of the present invention is disposed in a container or vessel and is
formulated as a premixture.
In certain non-limiting embodiments, the premixed dexmedetomidine

15 composition of the present invention is disposed in a container or vessel and is
formulated as a single nse dosage. In certain non-limiting embodiments, the premixed
dexmedetomidine composition of the present invention is disposed in a container or
vessel and is formulated as a dosage for multipie use.

In certain non-limiting embodiments, the container or vessel includes,

20 but is not limited to, glass vials (for example, but not limited to, flint glass vials),
ampoules, plastic flexible containers, for example, but not limited to, PVC (polyvinyl
chloride) containers, VisIV™ plastic containers {Hospira, Inc., Lake Forest, IL), and
CR3 elastomer copolyester ether containers (Hospira, Inc., Lake Forest, IL), CZ resin

( containers, poly propylene containers and syringes.

25 In certain non-limiting embodiments, the premixed dexmedetomidine
composition of the present invention can be stored as a liquid in an aliquot having a
total volume of between about 1 and 500 mL, or between about 1 and 250 mL, or
between about 1 and 200 mE, or between ahout 1 and 150 mL, or between about 1
and 125 mL, or between about 1 and 120 mL, or between about 1 and 110 mL, or

30 between ahout 1 and 100 mL, or between about 1 and 90 mL, or between about 1 and
80 ml., or between about 1 and 70 mL, or between about 1 and 60 mL, or between
about 1 and 50 mL, or between about 1 and 40 mL, or between about 1 and 30 mL, or

between abont 1 and 20 mL, or between about 1 and 10 mL, or between about 1 and 5

mi.
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10cont ai ner or vessel. In certain non-limting

enbodi nents, the dexnedetom di ne conposition of the present invention
is disposed in a container or vessel and is formul ated as 0%3 0.0356
prem xture. In certain non-liniting enbodinents, the prem-Xx i
dexnedet om di ne 15conposition of the present invention is disposed in
a container or vesselyanfah fol- %ﬁiﬁlf;%h%fé’d]ﬁﬁ%n@ Bl ﬁ%ﬁc&laan%%gﬁdmé n
certain non-limting embodi ment s rem xed dexmedet om di ne
conposi ti on cgﬁlposnteolmfél@amsemnw@m@mn|b§ sigred 9o & Bduif in & digmetaipneg 2or
vessel and i r 1Rl rtain

on- i i ng Sngb SRS SnE AR b oMbl B R BBl SRR Y 1
not limted abont zglmissr wboaty)z(mp:n aboudl AP bd,, obabouirt mL ariabag 43 oL, f)t i nt

ot Tim cea 2 POt Chardh gt b . SRR GG ool PRI EL i c

cont ai ners (abl@lapﬁmﬁ, olr ot 8Lakgorfaboie 86 mll, by aboan@D rﬁRBJlebtaEEJﬁ)rrE[r 01

copol yester r nt ai,ner i.ra,.lnc Lak )

resin cont ai® %‘Fg Oﬂ » 9T 40PBl @)ﬁé’ﬁg E%‘?‘Pt“!a PPl Oéﬁ%“&/f%olﬁge%r ab?% 1%0
certain nonmllnf, rﬂrﬁbdﬁ@lﬂﬁhﬂﬂdr%ﬁmsm mhleozwbeugﬂ meehLdexmdemlrmqlongbout
conp05|t|on of the present inventi can S e iquid in an
al i quot havilfg - Pothent LA hmeT l?oub @ﬁ” E%?g(;min?} 5@6’6 59@

bet ween gbout 1 and 2{Qefthin n@xﬁ-h@;ﬂﬁi@%ﬁiﬂao@@ﬁﬁﬁs the ﬁr@ﬂuﬁ@@efﬂmde@{mcﬁﬁ& ween
about 1 and 150 nli, or between about and 125 ,..or between, about 1
and 120 nl, ORPhBHeeRiihcIeght mvegHen qaﬂ@eﬁﬁered&ﬁ aéle“‘Bé‘E Wedigueigtine ¢ and
100 nm, or tg&gys@&gn@mggut]zo%ﬁg 90 m., or between about 1 and 80 ni,
or between about | and 70 nlL, or between about 1 and 60 nL, or

bet ween about 1 and 5O geitaingen-eitingsmbadiggotshapgmingd gpanseopidiggen
about 1 and I t 1
and 10 ni, ERpiionXe AR ABOU] oah 1R VGeAs Hiiaulllin BCANBAMSRGUL

I n certaisn ronlYdalume dipgoddbotdi-nent s, the preni xed dexnmedet oni di ne
conposition of the pr i an
al i quot having a tot aﬁ C%n%lal'r%glygggt‘]%%nﬁggn%ﬁtss%‘?ﬁ% o d%hédgf,éh{g?lhgbou
15 nL, or abmmmooﬁﬁormfthmeﬁbbu%nﬂ@lMbeemr@bﬂlathq@l@ umm, alignotdiswmg a35
nmL, or about 4 or 5 about 50 nmlL, or about 55 m,
or about 60 tﬂrfpvogtm%% %P&ggbm or about 70 L, or about 75 mL, or
about 80 nlL, or about 85 ni, or about 90 mL, or about 95 nlL, or about
100 m., or about }t% gy ar about
120 inL,%%r about *rAdethods et ‘ or about
140 nmL, or about 145 Iﬁ.dcc@'ﬁalﬁb@uh tiﬂeﬁﬂvdﬁhon ﬂter@h@ptovﬁ@ﬂ)niefhbds cdmsmgout

250 nmL, or about m.. 10, certajn on limti nt s

preni xed deﬁﬁéﬁ%gﬁ a RN SORPAHUSF Pﬁ%ﬂab‘?‘é lelffgmf‘%%ﬁ?qneﬂnﬁélﬁe be
stored as a présditi ifvdnBodprofildbrePbrefiRWNg ratin Ot 2 Yoleni® rafucatheut 20
m.. In certain non-limting enbodi nents, the prem xed
dexmedet oni dFREESFHESIONORICENOHES SRR SERhFEREAB APERHYY st ored as

a |'iquidyd n Qhi@kik G0l deﬁ%%&é@&n@m@%&ﬁb&lino\ﬂ@f wWEBnwRhtidh asles@tbel LU.S.

In certain non-limting enbodi nents, the prem xed dexmedet oni di ne
conposi ti on Bt Nwé,3p.88n ofheyeayt liaiking sROAHMENS srlexReqepidird in an
ali quot having, 931595833& tl"}é%lréégfﬁ nﬂfemﬂﬁ%ﬁ bégﬁnx%ter&l%aée%{@qgéeﬂm Usi ng
Prem xed Dennedet om nmposi tions I'n accordance with
t he i nventi cmbotineants, @PGOlpPQWiOﬂe‘dldmémmé prsbpastively ta ppicaiitiae effect
dexmedet om W8 JLQIRES A ad adhﬂm&%sﬁ“ oPnBnbdsflioh I8 SThedhdignLe. the
present i nventi on provi eoperat’ive treatnen a patient to
reduce the r‘msghm;secqmﬁred tmeacmﬂt/mdﬁmrcﬂ lnert vharesthgest dmeergrisernbodinentiur i ng

et on. * auHelR AR S s SRR LA T A0 PR RG Y hRRa% ah N
non-1imti ngan&mﬂlaﬂﬂgésmprérh@hcdemdﬁu@ﬂmdpfralcﬂnmnomvmmvmis of the

resent inventi.on can e adm tere t1ve. certain
P m1mstratf%n of an amoun ots an anesgxe?c e&ec? f’i achieve a esired level of

local or general anesthesia. In certain embodiments, the dexmedetomidine

NY02:746896.)
.14 -

0




NY02: 746896. | 077350. 0356 conpositions of the present invention are
formul ated as a pharnaceutical conposition for use in a nethod of
sedation, analgesia or treatnment of anxiety or hypertensi&? 0.0356

I'n certain non-limting enbodi ments, the patient treated Fhs toﬁg
prem xed dexnmedet om di ne conposition of the invention is intubated.
The patient c%ﬁoﬁ@ods@ff&'@@?e@&l vabﬂfontaﬁb folMi4t8as aQfhafdcBltical composition
adm nistration of the prem xed dexnedet om di ne conposition. The

pati ent nay BeseH ubghedofppdativa. analsets ddiratnent FaVEY £ REREFENSEAY ect
oral | aryngoscopy or r r f br
exanpl e, while being chgélgql&?ﬁ&gﬁgle%gﬁgﬁegtg ﬂéééé%e%tr%%%?%é&@e whi ch,
as used here:ﬂfnmrted‘@meﬂ@oraﬁyleffempwi@ntomtellpfeawvdesmihatesngh@/weatre as
descri be f U r exanpl e,

t he corrp§5| T t‘ﬁ?riogff’éﬁﬁ'cﬁ can dé‘“ﬁ%%% gé&h@%&’t’lcﬁg a patient
in an int ensiemeecteaunedmmpmnlwmtmh eoprsientamg e irigbatedpatthemsoizeheal,and
Lreat ! no congidho0% bk ofl [R5koBal GU ERILR bS48 ldRoRB] R
anxi ety, in-any se f P Ntensi Ve ¢ er
non-limti n@xmnjlﬂqdmﬁbrbbmg tredted mraemtmdreda)emenlelmm\dncie asiﬁsecbﬁpre'mi tions
of the prese mventhonﬂcE ﬁ {;? ni st ered toba tient 1 Lfl

peri oper at i Ve PR APERES UehProxide i ist Aedtd botHar %(SWBSS f8n can
be adm niost eaeoas,7 86,357 Fetéxaipled the pompdsitions thOPeEmioh o, beluae@eft ain
enbodi nment s, he rem xed dexnedet om di ne. co Oslzﬂtl ons of th (esent

i nvention cd B@H’“Y‘H 7P HRECTRER GRS PEB R CEaHRAtIepEm &

Qer | oper at i \tRatirfgR@hdTBAis tht affETFRicHt doth M1 dUcastphiR ahe SPONS.as adf selthig
utonom ¢ nervous. systemto stressful stinmuli during an operation,

for exanpl et’%B’OH@%F’F@Be‘HeFWU S. Pat. No. 5,344, 840.

I'n other non-lim tingmenRedhiiBAlihg chBsdiREANINESHAR% MBS QLA
conpositions of the present invention can be administered to a

patient ds &AmBeHtinRe ol thaswewegvantiongan ksadmprisiered ea RYRMES Rt i on can be
admi ni st er ed.WdchQF r¥hAAY AT Hen@f h@noesbNehive ef fective
to achi eve g)c es!:hrled]r e]ve h}&ﬁgca or ggnera ngir%est hesia, for

exanpl e, as ad@gn&urrgb@amempds;aumapnmman @esﬂﬂmn giGertain cwbedimenis, the
enbodi ment s, d&ﬂ Pn(e@ét&ﬁl'am% c?ﬁl S‘sufb% A5k bl QAP in0dn &%H‘éaxﬂfe%@d“ﬂl the

i nvention reduces t e anount nest et|c required to achieve a
desired | evebenofecareed emeglicameitforgicheperaton ttkdtmient of grawmizddd e sthe t he
patient fre i s

Bt 1 e Ty Frpot S Ao A R AT B P FRURE oo,

nor e nedi calfommdplbmsrdsscnbmméjsmanl\bﬁﬁx@m Nt s, the nedl cal

condition is a Iung eart.
b obl em ki dney. pr ool Breeyer Btk PSSk, FoRE0 Bl fitetlha i
probl em or ceiipssitme bf ®epreioninventiohicagbeexiatipibtesd of a patiog: 2p bo bdjens

ncl ude respiratary,.di stress s ndr one, 02:, 746896 077350, 0356
Gpneumom a, %ﬁ@ﬁépﬁ?lﬁéﬁ%"ff tB%x Prmgsiig C%@amwt?ﬁdewe B VYRR g
pneunot har a>§moﬁi§1@f bih BAekthog: ERanRl 16 achidve RidadiRd nHvelef%Hil ¢rrg,eheu@le
i ntraventricul ar henorrhage, Srfg nd c(erebral pal g\é I\!%)n- m ting
exanpl es of AP§EFHPOBRERE: ITErlE! Pdurditeo- RoAdPHti A exanpl es of
heart probl efBodiRfehidRnPali@nbn SHGE bsnfikiehd &sﬁeﬁ)reéémﬁ\lzénm #cBfkes the
S5exanpl es of eye problens include reti nopat hy of prematurity, myopia,
and st rabi s#PSUNtGHANSSIIARY TepgTedia prbicrs 2 desivgd Iruel oraeRstigsia.condi ti ons
i ncl udes heroin w thdgapal nox{if?ﬁ&ﬁf %m%&:%@ﬁtﬁ‘@ﬁé Gpatlal t%%ﬁ@!l wftﬁh%'
syndronme, HI V-positive status, I sease. In
enbodi neiit | prﬁlmexcpbptemndemalghnamepm:sstmt!g@lwll T helemathoementl@ww
e 90 (e S8 R de o ool i UM kT Bbh A, b
surgery i _ncInwdeabcandimlo]puhrmwyblbmﬁa&sproblem heart problemnln@t preblem,
non-limti n%cﬁ@}?&%‘s €11, teyse 01teQrepr9blem gaetrouﬂcsugel prob erpn Cg)lrsem (;:31% feri Stholn-O ns

limiting examples of lung problems include respiratory distress syndrome,
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6, 716,867. In one non-limting exanple, the nmethod conprises |ocal
epidural or intraspi nal adm nistration of the prem xed

dexnmedet om di ne conposition of the invention. In other (r)a JKHQO%@Q
enbodi ments, the prem xed dexnmedet om di ne 20conpositions ?

present invention can be adm nistered to a patient to |ower

I ntraocul ar REERSHL %mntmpu%mgflﬁgﬂtsm Eﬁiﬁabfﬁ%&ﬁ% Qtt AbaHaRNEy. as
descri bed i I'n certain efnbodiments, the
preni xed dexX¥eadénising eximpiesob hsmireblemsinclude pfrayericplaeaiorhags, 8t i on
do not incl : 8k S8 brobRinstRGIRPANELE ReRgent
ot her than gl)%‘rjr%g Etl% I}ﬁ{n ]ﬁﬁlhhél&am ] bmn cné‘\sr1 tal nﬁ)ﬁlon1 limting
enmbodi ment s lofitinhexapples eﬁheaﬁmmsommcten:@tep‘r@muﬁ ederipenenetpatloniiae ne
conposi tion can be ,dose over a
peri od of ti n% 1pl|e_‘soof%g5“gﬁ>'bﬁ£§ ﬁﬂld@%tﬁ%ﬁt@g&%ﬁ%@ h?lﬁ%%gl ngﬁcorrpom tion
can be adni nirstiened Namt!nmﬂegtwgtpgesbﬁmha mpeiidabebnditions ingudss hbeinveen

b d b
i it o5, or “Detiah At o Alsolif 148 e ATREa v R PRRN, R aar o

and about 2 dhewprdiscaer bet ween about 1 and about 3 hours or bet ween

bout 1 and about 4 h bet bout 1 and about
et veen about 1. and DYBBETOHAG TS B LB RS G L adls WSS 7

hours, ofy behpaeReabeosterd padicto &m@ug, oSaﬁQULﬂﬁumﬂfatlb}%ﬁm@iﬁrelabt@tﬂt 1 and
about 9 hours, or between about %I NY02: 746896 1 . 077350, 0356 and
about 10 houle¥medsiomdigeanposiont Non-RMEsEaTPFs o uiEry, M ¥ et ween
about 1 and aRipuirdeha . Or between about 1 and about 13 hours, or

bet ween about 1 and about 14 hours, or between about 1 and about 15
hours, or between aboltother apntimpmgEempadifsnisshe pempet deanrdsbsiding and
about 17 hoygs, oQﬁoaﬁ%&‘%%{Esé}Q%@nﬁ'on%ﬁt‘{ib@%‘tﬁusé&dIﬂ@&‘f)zﬁtent@@ran hetiveen
about 1 and g hour s, bet ween about bout 20 hours, or
bet ween lazbouﬂtr ar.tal%m@ agpsLor m@uﬁ%des%we%ét%e?ﬁ@%uﬁ 344.88ddbout 22
hours, or b a 1 and
about” 29 hoos H8E87 SROMl o AR e O o B A 00
pi g/ kg/ hr andﬂapmaﬂtadﬁmpstgiﬁlklgﬁﬁhe pismingd doxnesilepidine @roOsipysidh? hr and
about 4.5 pq{lk&t&t or between about 0.005 10gg/kg/ hr and about 3
gg/ kg/ hr, between about 0.005 jiglkg/hr and about 2.5 gg/kg/hr, or
bet ween about 0. 005 gg"{dtbsgjlnhm hamtdtgaebﬂootim@ntsghtmgﬁmedd@nndﬁ@tom@ne about

0. 005 gs kg/hr an /hr bet

hi g/ kg/ oS g BR ?Hw/pk‘*’s‘”}‘%g, S poaimsiredlo %B‘%@t g1 3§/ hr and
about 0.5 gg.htk@bhﬂlal; proarsmb,etommlaaebouhe ﬁeaﬁkﬁ&mtg@glhwﬁiarasahsbobbbuntb 8. 25
pg/ kg/ hr. 15| n tgﬁ]f) g@dtl imting enbodi mrents of the present

i nventi on, ﬁ‘él\&' "dexnedet om di ne conposition can be

admi ni stered as a | oath d%gaﬂ@ﬁﬁodlo:leht@v@dprbmmdﬂahmﬂdemﬁmtnﬁe (ﬂb@ﬁaesidmm’ a
period of tine. For exa t he adi ng. dose can conprii

adni ni strat |Q§Hledtreste’l’ttén¥ﬁ‘ng?ﬁ Jeept s RitE At BT AFRE B ‘E)“étotrlﬂbehapﬁtma first

dosage agunfsckiOfthé thin'®kmpRidnadinef tine, followed by adm ni stration
of the 20 mai ntenance dose at a second d]té)%gg nmount for &(éond
period of time. The | &uGAY naesaiEEFReduReRSHE de é’Feé‘él“FIBF“%O”p i od of

tinme of betvween apesineleBntiRRBHpostidH AHHE fdmidlstchRil 148 M gRROKNUbuaNd
about 10 m nutes, or between about 1 and about 15 nmi nutes, or between
about | and deboeier 20enndmitias; Fercxepleeln prpdind demedsioatdie coaposition

m nutes, or &g@t@%&&t&%&tm&a \Ag e,%@dmﬂut Qtsbet\PcrenQﬁStW%ﬂd ahput 1
and about 45 m nut es, or bet out and about m nut es.

Fol | owi ngp t hid) thinath.reg belwse abohiel qrt?dlahméﬁanb@ll@oeréﬁeé’a‘-ﬁn B@Uédiﬁilchtﬂﬂlér ed
for a peri Odsoomttctf%t %awgg%&gttbteﬂld%&ﬂght% &bée\@gt SoGON LB dose
In certain Aon-1Tmtl re dexnmedet om

conposi tion honnem t&»dmemabcmﬂ edd simued haungbebctt‘ocﬁtmahu!ttuﬁnd blocaidl b lhguro,ror

mai nt enance d h abouq 1 and ab n} 8 hgutise, lotegetivgé’n Do nggtbc% 7t]1i()151£‘§, ogfbotmgﬁjt 1

about 1 and about 8 hours, or between about 1 and about 9 hours, or between about 1
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5When adm ni stered as a | oading dose foll owed by a nmai ntenance dose,
t he 1 oadi ng dose and/ or mai ntenance dose can be a dose of between
about 0.005 jig/kg/hr and about 5 gig/kg/hr, or between atbcw 0O ggS
jig/kg/ hr and about 4.5 jig/kg/hr, or between about 0.005 jI%?Okg

and about 3 ug/kg/lu-, or between about 0.005 jig/kg/hr and about 2.5

ttg/kg/lar, @g a@&ft‘l‘@ﬁéh@%@b@tw@ex%@uﬂ 1l A1 B4 1 B\, 3P BAtvesh AbBut 1 and
jig/kg/ hr, or between about 0.005 j g/k g/ hr and about 1.5 i g/ kg/ hr,

or between aA56Wt!2 hgugos bjﬁh@ﬁlkgbwl baBddthodrs; qr GeRiGEmrbouh '“ES’e%b\R)é‘en
about 0. 005 j4 @ K0hWerfRf a@&@‘l‘%ncpab%uﬂ 159068/ Hoet¥en Qﬁ)tu‘("?%‘iﬂ apauis 0. 005
jig/kg/hr and about 0.25 | g referred

non- | i m t i ngoembodichease abquh Pﬁ? wy@dw@@xmé’te@m@uhé Bisi& iowrs, | s

d t

aher i n the T oayal AR [AIBSR JoRbh A ReRloribn RIOLEIAOIEENE 10
m nut es, f ollebvesd abopt & andhibouehaoes, dowstvesh abmeit herhabebod ho@rs2or

1107 KOl Cq, gty LG LR 5 RARLALARL Y spPALIEEN RO 0. 2

jig/kg/hr to abou préferred
non-limti ngzdmmbﬂdﬁdrmmfk)sagermébgwem abeat (% netketho mdiiboet Toghgbi, bi on s

adm ni stere ose,
wherein t heq1 g‘é&fl ﬁ%mgggggfl%[g%(goﬁg Bo%ﬁ% *ﬁ#‘i@@?h"r‘ bForeerégﬁmpgﬁ%éjof about
10 m nut s, ﬁgﬂ&gllﬁwmamtaggkgm eﬂamweenchda&& 0aios helapthe anddbout 2. 9. 2
jiglkg/hr to referably, between aboyt O.
Nt et orebtePa STt pod RERo R R SE SRy L B RBrAor Y 11 ng
anodl ment s,0, Gdﬁfﬁlgﬂ@ﬂﬁgﬁd ouPr. 8 ik elr, dLUARERA DR DLODS pEKENP Shd 4LR0E 1

dm nistered as a single continuous, |oading or 25mai nt enance dose,

s titrated KRBT of bRGFE L) PUCKEkahezan reie s HOKDT, or betweet fhapy 1 | e

patients, theoogyaideii¥ «fd adoleo.sed@ké/mn achi eved by adm nistering the
prem xed dexmedet om di ne conpgsition of the Eresent i nvention can be
8

uni que. 15n one non- | i Hithegordiaptmeembadipgnis enthe seart syenipn: he

prem xed denpedel Ofikd-Afo AR bé?t'fbn' c%nﬁé&iﬁ%@a@ﬂe%d%‘gldaﬁi‘ng%&d The
patient can be awakened and is able to 30respond to questions. The
patient is dNsreddnd earorwredae evein pereior tiseh Ear cxampls, thehesding dase
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tested for pH potency and rel ated substances. The two weeks potency
results were considered as tinme zero results because the 4 ttg/nL
formul ati on renmai ns stable at roomtenperature for nore tB?ﬂi% @ggks.
Conparison of potency results at tinme zero NY02:746896.1 50.0
077350.0356 in different configurations indicated a drop in potency
of prem xed  AEiIRURA M Al of FTRACILbAR b th doBu(GHE HEha Bk 24
copol yester ‘ether bags (Hospira, Inc., Lake Forest, IL) and

Vi s1Vnpl ast ihouds agabofHd8hionra, orlaheut 24 heike toRbpedb hopsyor apgut @ hours to
sterilizatio le 1), st abi | i

aut ocl aved ¢ %%Eggoﬁﬁ eFm%%%%P%%%?éﬁmggggﬁfgéﬁg&%ﬁ%%ygﬁ%% Soﬂgg al so
eval uat ed oweursa period of 5 nonths (Table 1). After five nonths

e e & ot o oonghbl S RGah Rt Al DR Bt ihicnance dose

dexnedetdnidine conpo ass anpoule n remal ned “at
about 98% whid leadifiadost md/drenahyterangaloaasanfteunidsd of bbveabaioit @006 1 n PVC

o S o o T SOROLYERS P B SRR Bl
potency was @ vV Gefketi Si@ut Mo to/ay/rnt Bbques Lotte/habbawien aboung/ m
AN T RS AT T
10 pg/kg/hr, or between about 0.005 pg/kg/hr and about 1.5 pg/kg/hr, or between about
0.005 pgkg/hr and about 1 pg/kg/hr, or between about 0.005 pg/kg/hr and about 0.5
ng/kg/hr, or between about 0.005 pg/kg/hr and about 0.25 pg/kg/hr.
In a preferred non-limiting embodiment, the premixed
dexmedetomidine composition is administered as a loading dose followed by a
15 maintenance dose, wherein the loading dose is about 1 ug/kg/hr for a period of about
10 minutes, followed by a maintenance dose of between about 0.2 pg/kg/hr to about 1
pg/kg/hr, more preferably, between about 0.2 pg/kg/hr to about 0.7 pg/kg/hr.
In other preferred non-limiting embodiments, the premixed
dexmedetomidine composition is administered as a loading dose followed by a
- 20  maintenance dose, wherein the loading dose is about 0.5 pg/kg/hr for a period of
about 10 minutes, followed by a maintenance dose of between about 0.2 ug/kg/hr to
about 1 pg/kg/hr, more preferably, between about 0.2 pg/kg/hr to about 0.7 pg/kg/hr.
In certain non-limiting embodiments, the dosage of premixed
dexmedetomidine composition administered as a single continuous, loading or

maintenance dose, is titrated until a desired effect is achieved.

I
v

In soriie patients, the quality of the sedation achieved by administering
the premixed dexmedetomidine composition of the present invention can be unique.
In one non-limiting example, a patient sedated by the premixed dexmedetomidine
composition is arousable and oriented. The patient can be awakened and is able to
30  respond to questions. The patient is aware and can tolerate an endotracheal tube.
Should a deeper level of sedation be required or desired, an increase in dose of the
composition of the invention can be administered to transit the patient into a deeper

Jevel of sedation.

NY02:746896.1
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Mont h/ 40C Avg Potency (% pH Avg Potency (% pH Avg Potency (% Avg
Potency (% Avg Potency (/0) Ampoule 99.0 5.0 99.0 5.6 97.7 98.3 98.7

077350.0356

In certain non-limiting embodiments, the compositions of the invention
can be administered to non-ventilated patients who require sedation, anxiolysis,
analgesia, or hemodynamic stability in an amount to achieve a sedative, anxiolytic,

analgesic or hemodynammic stabilizing effect in the patient.

5. EXAMPLES

The following examples are merely illustrative of the presently
disclosed subject matter and they should not be considered as limiting the scope of the

16 invention in any way.

( EXAMPLE 1:  Selection of Packaging Components for the Premixed
Dexmedetomidine Pharmaceutical Composition
In order to identify suitable primary packaging components for the 4
15 g/mL premixed dexmedetomidine composition in 0.9%NaCl, stability studies were
conducted in various configurations including glass vials, ampoules, plastic flexible
containers (CR3 elastomer copolyester ether containers (Hospira, Inc., Lake Forest,
IL), PVC and VisIV™ plastic containers (Hospira, Inc., Lake Forest, [L)), and
Ansyr® syringes (Hospira, Inc., Lake Forest, IL). A batch of premixed
206 dexmedetomidine composition was prepared at the premix concentration of 4 png/ml.,
in 0.9% NaCl. Solution was filled into 20 mL ampoules, 50 mL glass vials, 100 mL
PV flexible containers, 100 mL CR3 elastomer copolyester ether flexible containers
(Hospira, Inc., Lake Forest, IL}, 50 mL VisTV™ plastic {Hospira, Inc., Lake Forest,
( IL} flexible containers, and 10 mL Ansyr® syringes (Hospira, Inc., L.ake Forest, 1L),
25  and all configurations were autoclaved. The pH and potency (using HPLC method) of
the sterilized samples were determuned. The stability of the autoclaved samples under
accelerated conditions (40°C/75%RH) was also evaluated over a period of 5 months
(Table 1}.
Potency was evaluated using a HPLC method. Post sterilization
30 potency values ranged from 73-88%. The solution pHs varied from 4.7-6.2 following
an in-process result of 6.0. Two weeks samples stored under ambient conditions were
tested for pH, potency and related substances. The two weeks potency results were
considered as time zero results because the 4 pg/mL formulation remains stable at

room temperature for more than 2 weeks, Comparison of potency results at time zero

NY02:746896.1
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Vial 98.2 6.7

99. 8.3 98.6 Syringe 95.0 5.5 94.6 5.7 92.2
89.5 90.8 CR3 80.

9 98. 6
4.8 NT 75.3 79.2 PVC 79.9 4.8 81.4
077350.0356

4 6.3 98.0
2 4.7 79.5

in different configurations indicated a drop in potency of premixed dexmedetomidine
composition filled in CR3 elastomer copolyester ethér bags (Hospira, Inc., Lake
Forest, IL) and VisTV™ plastic bags (Hospira, Inc., Lake Forest, IL), after
sterilization (Table T).

5 The stability of the autoclaved samples under accelerated conditions
(40°C/75%RH) was also evaluated over a period of 5 months (Table 1). After five
months under accelerated conditions the potency of the premixed dexmedetomidine
composition in glass ampoules and vials remained at about 98% while that in the
syringe was found to be ahout 90%. In PVC and CR3 elastomer copolyester ether

10 bags (Hospira, Inc., Lake Forest, IL), after the initial potency loss no further loss of

potency was observed during the five month period.

Table 1: 4 pg/ml Premixed Dexmiedetomidine Composition in Normal Saline

Formulation Stability

2 1 2 3 5
Week/2 Month/ Month/ | Montl/ | Month/
5°C 40°C 40°C 40°C 40°C
Avg Avg Avg Avg Avg
Potency Potency Potency | Potency | Potency

(%) | pH | (%) | pH | (%) (%) (%)

Ampoule 99.0 5.0 99.0 5.6 97.7 98.3 98.7

Vial 08.2 6.7 00.4 6.3 98.0 98.3 98.6

Synnge 95.0 5.5 94.6 5.9 92.2 295 90.8

CR3 80.2 4.7 79.5 4.8 NT 75.3 79.2
PVC 79.9 4.8 81.4 4.6 NT 79.0 76.7
Vis-IV™ 95.8 5.9 92.8 5.8 NT 94.0 NT

15 NT — Not tested

NY02:746896.1
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4.6 NT 79.0 76.7 Vis-1Vrm95.8 5.9 92.8 5.8 NT 94.0 NT 15NT - Not
tes ed NY02: 746896.1 077350. 0356 The cause of potency

|l oss in PVC bags and CR3 el astomer copol yester ether bags Hosp

I'nc., Lake Forest, IL) during autoclaving was investi gate 7%@I0§§§d
subst ances testing on autocl aved preni xed dexnedet oni di ne conposition

filled in PVC and ¢
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%a]lgs t hat sh;leme@l ﬁﬂﬂpmﬁeﬂwnixdhsgémegwweﬁ) 204 of poreey mdyttie dVeOH,
e e
(Hospira, | Restrictddak ehelarrasy ofthel,arugmte@hecwaxluags adseifpiten and only 1 %

of the drug was recaovered from PVC S i ndi cati ng abs ti on
since drug dP¥ERfapEedsqrppopmhgiomenssthe &g:f slpsteme saeg! Qéeﬁ%b%t ‘?rg:g

i ndi cat e t fEbsphth etk Xk 8T ﬁgtaﬁdiTPﬂCﬂﬁgﬁﬂmQ&hécﬂ z@l% Ibd%erMy Edsme
pl astic bags (Hospira, Inc., Lake Forest, IL) ha npurity

| evel s ( Tablegwpgiyd mﬁurglﬁ@rWl@thﬁOHe% idnsg palugn) Bgs i%%ﬁ?ﬁgmn@éﬂdoww%
(rsy ringes, P&@ahﬁwa@aﬁlg% ré‘do@é&d)ﬂ&ﬁ C%%Ms%%%&% o%ﬁ&reﬂ%g%s(g Hospi r a,

nc., Lake Forest, IL). Table 2: Inpurity Results for
br e xed DexHeoron-dl e F@Im@Hs)Hm@Paimg aggemitioR 8 only 1 % of the drig was

recovered from PVC bags — indicating absorption, since drug dissolves in DEHP.

15 The related substances results indicated that premixed
dexmedetomidine composition in VisfV™ plastic bags (Hospira, Inc., Lake Forest,
IL) had high impurity levels (Table 2), higher than levels observed in ampoules, vials,

syringes, PVC bags and CR3 elastomer copolyester ether bags (Hospira, Inc., Lake

Forest, IL).
20
Table 2: Impurity Results for 4 pg/mL Premixed Dexmedetomidine Composition
2 week/25°C 1 Month/40°C
Total impurity (%) Total impurity (%)
( Ampoule 0.66% 0.54%
Vial 0.02% NT
Syringe 0.49% 1.48%
CR3 2.61% 5.88%
PVC 2.26% NT
Vis[V™ 19.08% 7.02%
EXAMPLE 2: Development in ADDVantage® PVC (Hospira, Inc., Lake Forest,
IL) Admixture System
25 In this study three 250 mL ADDVantage® PVC bags (Hospira, Inc.,

Lake Forest, IL) were spiked with 10 mL of dexmedetomidine concentrate (100

NYQ2:746896.1




Total inmpurity (%9 1 Month/40C Total inmpurity (% Anpoule 0.66% 0.54%

Vial 0.02% NT Syringe 0.49% 1.48% CR3 2.61% 5. 88% PVC 2. 26% NT

Vi sl VIm 19. 08% 7. 02% EXAMPLE 2: Devel opnent in ADDVant age &\ﬁ

(Hospira, Inc., Lake Forest, IL) Adm xture System 95In thi 27 396

three 250 nL ADDVant age(r) PVC bags (Hospira, Inc., Lake Forest, IL)

wer e spi ked b Of n AEHTEAGHANL L NOMEORE BREAAN S 4AQ8ou!

NYO2: 746896}}%{1 @7‘%%@%335% ug?srrL) 15%}{(;% ob!%gz_lin_n' a final ’cof%ce'n?r?aﬁaf)n of

4 ug/ nL. As saikedimtthosameanaginers $noo thorengharxing piibelsampleshan dlnet wnner .

Upon t hor ough..mmi.xi _ SAl [ ' r

subsequent 3’6‘%@6&‘:’”&1 qglhsg §/tsq|n§1t ﬁ@%%éy%%%lyagsﬂ{eﬁg% Q’%f ﬁ%ﬁglgﬂﬁe@cﬂé ?wbﬂ;}\ﬂt he

bench top f denchapp fusarious énssdl tesesg. i Thg. restifie shossd Itasthetsonediop frat  t her e

is a drop i
S

npotency after the initial mixing period and a slight decrease thereafter (Table 3).

Table 3: 4 ug/mL Premixed Dexmedetomidine Composition ADDVantage® PVC bag
(Hospira, Inc., Lake Forest, IL) Admixture Study

Time Following Admixture % Loss from Control*

Immediately 53

4 Hours 5.6

8 Hours 6.0

24 Hours 5.5

48 Hours 5.8

72 Hours 6.0

7 Days 6.1

* Average of three spiked bags compared to glass bottle.
10 _
EXAMPLE 3: Modification of the Premixed Dexmedetomidine Composition

Formulation

The pH of the premixed dexmedetomidine composttion formulation
15 can affect the adsorption of dexmedetomidine molecule. The free base form of
dexmedetomidine is more adsorptive. At lower pH ~ 4.0, most of the
dexmedetomidine is in the ionized form, which minimized adsorption and thereby
loss in potency. Buffered formulations were tested to determine whether loss of

polency in flex bags can be minimized.
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5potency after the initial mxing period and a slight decrease
thereafter (Table 3). Table 3: 4 ug/nL Prem xed Dexmedet om di ne
Conposi ti on ADDVantage(r) PVC bag (Hospira, Inc., Lake Forest I%%
Adm xture Stt dy Tinme Foll owi ng Adm xture % Loss from Contﬁiﬁom

| medi ately 5.3 4 Hours 5.6 8 Hours 6.0 24 Hours 5.5 48 Hours 5.8 72
Hours 6.0. 7 Days 6.1 * Average of three spi ked bags conpared
gl ass bottle. 10 EXAMPLE 3: Modification of the Prem xed
Dexmedet om di ne Conpgsi tigp, Formul ation The pH of e pggmi xed
dexnedet oni di ne conyosi ti 6n°fornul ati on 15 can af §ect the-adsorpgtion

of dexnmedet om di ne : Tr@H%ree base form ofl dexmedet ongdine is
‘ M-~ 4.0, nost of dexne ¥Ydine“i)s in
"zed=aése#§tié? and €heneby Ijpss
0

nor e adsor ptiye—HAl

the ionized #orm

pot ency. Buffer for ati ghs werg trest ed t er mlne

of potency inl{l,ex bags Can be mininized. NY§2: 746896.

Buf fered formil%ations were prepared at different pHs 3.0, 3.4, 4/0,
and 4.5 using acetate, citrate, |lactate and ascorbate buffer. Si'nce
the pKa for dexmedet oBufldréfotrfulati@s vert pkepaddd at HifBrephpHsIEe0, 30l, @ OUbR

m ght be protonated ) .
g P 4.5 us?ng acetate, citrate, lactate and ascorbate buffer. Since the pKa for

dexmedetomidine is about 7.1, at this pH the molecule might be protonated
5  sufficiently to retard adsorption. Post-autoclave potency values dropped
( approximately 10% in all instances; this was an improvement from the 20% decrease
observed in the unbuffered formulation in Example 1.
In a second study, additives were formulated with the premixed
dexmedetomidine composition to prevent adsorption of the dexmedetomidine to CR3

10 elastomer copolyester ether (Hospira, Inc., Lake Forest, IL). The following additives
were tested: ethyl alcohol, benzyl alcohol, methyl paraben, propyl paraben, PEG
1000, polysorbate 20 and 80, propylene glycol. Formulations prepared included
additives in both buffered and unbuffered premixed dexmedetomidine composition.
Both these reformulation strategies reduced potency loss.

15 Stability testing of the 4 ug/mL premixed dexmedetomidine
composition (unbuffered saline formulation), in glass vials and ampoules stored at
25°C, after 9 montis was performed. Polency remained relatively unchanged from

( initial measurements. Additionally, the largest single impurity detected in the
samples was ﬁresent at a concentration of 0.06%.

20

EXAMPLE 4: Stability of the Premixed Dexmedetomidine Composition

The stability of dexmedetomidine hydrochloride to acidic, basie,
oxidative and photolytic stress was examined, In order to demonstrate the resiliency
25 of dexmedetomidine, even when present in extremely low levels (ppm or pg/mL
levels), dilute solutions of dexmedetomidine (approx. 13.3 pg/ml) were separately
subjected to acidic, basic, oxidative and photolytic stress and then diluted with 0.9%

Sodium Chloride to a final nominal concentration of 4 pg/mL and assayed by HPLC
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Control 5.0 mL of a 40 gg/nmL stock Dexnedet om di ne Hydrochl ori de
solution* was added to 20 nL scintillation vial. The vial was not
subjected to any stress condition. The solution was then dj ith
0.9% NaCl to 4 gg/nL. 5 * Stock sol ution of dexmadetormjrr§l7%—%é%?%\(%l\/gléé\’1
prepared in 0.9% NaC solution. NY02:746896.1 077350. 0356
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0 mont ns.

speci fications over a perio reover e prem xed
dexnmedet om adbmpositamposatle arhighgempdranm I &l dlsp cotfmick by ecteferapaintdbility

Hence, it is _expected that prem xed dexnedet om di ne. .c osition.would
Tema st abrbaR e bl tes PR SRR SRR STl B SR ERE SVt s BB

t r anspormat i nnthst Mo@geer thEplatikal Exmbdsi@eidinDeon pakittanda feasiubilys
Sanpl es | D Assay, Contr Sanpl e 98..4% Aci d | e, 95..2% Base Sanpl e
o8 Bos tieat SHTDIY PR EoA e T SRE S A B R P T s PGS oh,
(EXAIVPLE 5 Maufaghivsebrif ddescPrermpadninbmsiohodirids Aenspomosiol i on

or

mul ati on
storage.

15  Table 5: Forced Degradation Results

Samples 1D Assay
Control Sample 98.4%
Acid Sample 95.2%
Base Sample 93.8%
Heat Sample 98.4%
Oxidation Sample 85.7%
Light Sample ' 92.0%

EXAMPLE 5: Manufacture of the Premixed Dexmedetomidine Composition
Formulation
20
A 4 ug/mL premixed dexmedetomidine composition can be
manufactured according to the following process: Water for Injection is added to a
mixing tank to approximately 110% of the final volume and heated to 80°C. Nitrogen
sparging in the tank is started and maintained throughout the mannfacturing process.
25 Water for Injection is then cooled and a sufficient amount of water is withdrawn from

the tank to leave approximately 90% of the final volume in the mix tank.
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20 A 4 ug/ nL prem xed dexnmedet om di ne conposition can be
manuf actured according to the follow ng process: Water for Injection
is added to a mxing tank to approximately 110% of the fi .
and heated to 80C. Nitrogen sparging in the tank is start@?’%@i‘%ﬁ
mai nt ai ned t hroughout the manufacturing process. 25Water for

I'njection igdhe t&ﬁﬂ& ﬁq{@r?:gth@n éidfaci toGheRbk QﬁﬂHﬂEd Rk n¥@ate rtha‘aSlS

w thdrawn fromt tan | eave proxi mately 90% of the final

vol une in t wenmix Soénm chNY!QQIS‘lhm&Q@dPHd m@%qwiﬁﬂéﬂﬁéhm“ﬂ%d irtfen
added to th M n

chl oride i s%flteﬁm% Plég glg solEllﬁe so %?ﬁﬁé@pﬁ%ﬁ%ﬁ?&?@é’ﬁh‘fﬂm o]
batch si ze. pﬁneqmnmmeﬁsmc@arrpl e is then evaluated for pH and
potency. The nitrogen protection is maintained. 5 Filtering of
dexnedet dni di ne conposition The dexmedet om di ne sol ution
is filteredRitdriag ofd)exfmaﬂétbmg_ii_liemompcﬁitﬁdﬂ ci an-useabl e cont ai ner. For

the 20 nlL bat ches, 0 filtered thrqu

um filter nenbrane wi J{}E %X @e%‘?qnfi%rwlu?ﬁdlrls ggerg!ﬂamfdﬁﬁ%gbué ‘ghﬂm%‘
sol ution is yi&bid doftaier. thfmug@mmyiamnesﬁﬁﬂut(bnzaﬁmereﬂ thidutle PaliEpibn 6,2
R T R e T P
little tQ n(ﬁlﬂefm@%u&mylbl%@m@mmeﬂitaakﬁWﬁEthmeﬁn@momtet| on
product after 52 hours of recirculation, The rﬂoﬁongﬁlﬂ exposure of

these filt ercomapidulitFedyas pTRFoHmed HAY bEt@Acy or pH
changes in t&ﬁﬂ%%m&ﬁﬁlf&%@ﬁudés%o -iliﬁf»Hcﬁor@t}le ?ﬁﬂﬂieﬁld@ﬂﬁéde%mldlﬁ@r e was

no change in bubble point for the filters before and after exposure.
Tabl e 6: Fi lcpmpogignmiuedust affer y2 h@ﬁ phfecirpplgtonsdhp polopged edows ¢ ReFFon

66 filter (Ral }qlgra]{}}ﬁ dldﬁ%g Brodst Qfgpﬂ%ﬁﬂcanmenc?%m%b{an Wikt dru

Pre-filtration 0 ry 99.8 5 mhute static filter hold
sanpl e 9. 3 pBeddat (See Table 6). Additionally, there was no change in bubble point for the

filters before and after exposure.

Table 6: Filter compatibility testing

Time Sample Tested Pall Nylon 66 filter (Palt Corp., Port Washington,
NY)
Potency (%) pH

Pre-filtration Tank (0 hr) 99.8 6.30
5 minute static filter hold 97.3 6.01
sample

One hour tank 99.4 6.17
Six hour tank | 99.1 6.18
Eight hour tank 99.2 6.23
25 hour tank | 98.9 T 624
52 hour tank 99.3 6.17

Nitrogen protection during filling
20 The transfer line from solution manufacturing to filling is optionally

flushed with filtered nitrogen gas prior to filling. The filling equipment, including all

lines are purged with nitrogen before starting to fill the product. An atmosphere of
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One hour tank 99.4 6.17 Six hour tank 99.1 6.18 Ei ght hour tank 99.2
6.23 25 hour tank 98.9 6.24 52 hour tank 99.3 6.17 N trogen

protection during filling 20The transfer |ine fron1so|uti$2
manufacturing to filling is optionally flushed with filte H“W#p?%gen
gas prior to fiIIing The filling equi pnment, including all lines are
purged with ﬂef\l\/ zfs% Braidlafeli i @e B@ddgpla!:é ofithEsu P QML Aﬁ@tnﬁllm

at mosphere o 02 96 1 077350.0356 filtered nitrogen gas 1s

mai nt ai ned ithe hdaésph@aﬂélmetamﬁl is [gessend igenibegan] te achigve apt ere tiapng Yo ethe
headspace of is gassed with nitrogen to achi eve not
nore than 5°ogﬂﬁjﬁaggﬁ&¥ﬁithe headspace. Hold Tine 5The foll ow ng
tinme I|n1t51mﬁétmne applied to manufacture of the subject drug
product: Total tine for filtration and filling: NMI (Not Mre Than)

16 hourssTotal tine fpie fen@mhgﬁﬁlu ik wiif hOIPpEEIB AkLALT20@re oF tieNdbjelt
filling): NMI' 24 hours 10Sterilization
drug product:
Total time for filtration and filling: NMT (Not More Than) 16 hours
Total time for manufacturing (from compounding to end of filling):
NMT 24 hours
10 Sterilization
The premixed dexmedetomidine composition is texminally sterilized.
Vials filled with the composition are autoclaved using 15 — 30 minutes exposure at

121 - 124°C.

Container closure system

15 The 4 pg/mL premixed dexmedetomidine composition can be
manufactured in three configurations: 20 mL fill in 20 mL vial, 50 mL fill in 50 mL
vial and 100 mL fill in 100 mL vial. Examples of packaging components for the 20
mL, 50 mL and 100 mL configurations are listed in Tables 7, &, and 9 below.

20 Table 7: Container Closure System for 4 pg/mL Premixed Dexmedetomidine

Composition, 20 mL

Primary Packagiﬁg Materials

( Kimble USP Type |, Clear Tubing Glass Vial, Sulfur-Treated, 20 mm, 20 mL
(Kimble Chase, Vineland, NI}

West 4432/50 Teflon 2 coated Gray rubber Closure (Stopper), 20 mm (West

Pharmaceutical Services, Inc.)

Seal, Flip-Off® (Blue or Gray) elastomer stoppers, 20 mm (West Pharmaceutical

Services, Inc., Lionville, PA)

Table 8: Container Closure System for 4 pg/ml Premixed Dexmedetomidine

Composition, 50 mL

Primary Packaging Materials ]
Gerresheimer USP Type I, Glass Vial (Bottle), Sulfur-Treated, 28 mm, 50 mL
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The prem xed dexmedet om di ne conposition is termnally sterilized.
Vials filled with the conposition are autoclaved using 15 - 30

m nut es exposure at 121 - 124C. Contai ner closure system %7355% 46
ug/ mL prem xed dexnedet om di ne conposition can be manuf acf P

t hree configurations: 20 mL fill in 20 mL vial, 50 nmL fill in 50 nL
vial and 106t H-t 3 Exanptes of packaging compongnt s
for the 20 me’rqgl3elrr?fr%rﬁsdﬂ% {/{fﬂ‘al\ﬁul“fl %fi gurations_are listed in Taples
7, 8, and 9 melothEMZ:iES’Mﬂa@ with CBiflaiPhe® lemspuix&ntﬁy:sat'mglRﬁlbbGM ug/ L

Prem xed Dexrredet m di L .Pr.d.omar. a

Mat eri al s N%PE@ 5)2@ llplqﬁ%§%°§ ﬁ’f‘ﬁ‘ﬂ?g) “@%‘s%ﬂ }yefm %uef% fur- Tr eat ed,
20 mm 20 mAnﬁ;ﬁ!nhﬁﬁ%hleo%@&eAsstB@l Apidce, Bﬁ)nn\/‘ést 4432/ 50 Teflon 2
coated G av_rubber. Closure (Qf nnpnr\ 20 mm (\l\bcf Pharrmaceuti-cal

||||| \ZI BN R A ZACAVAV RN v oy |

Services, Inc.) Seal, Flip- o f(r) (Blue or Gray) el ast onmer stoppers,

20 mm (Vést Tﬁa@r@a@%ﬁmn&alcz&%fewsgﬁ&n foPCa ,ugrhRMehb@d PAmeddabii@nd:
Cont ai ner Closure Systemfor 4 ug/nL Prem xed Dexnedet om di ne

Conposi tion COB@JOWLOIPrID@rﬁlrLy Packagi ng Materials Gen-esheimer USP Type

|, dass Vi t Treated— 28 nm 50 nL NYOZ: /46896
077350.035E$(8\eﬁ>)’e’i§f‘ﬁﬁ%@wﬁeg{sﬂss Lnc.. Vineland, NI) Helvolet EM 259/ 0

Gay with O@mfeﬂexﬂlmHpaé(ﬂmswmrsldﬁmffrwg?dRWb‘eE (@resshpimer

( St opper), har ma, Datwyl er USA, Pennsauken, NJ)
Al um num Se g‘ﬁas Irf%‘éfn%g enbly, 3 piece, 28 nm Table 9: Contajner
Cl osure SystRmoldFM29g) Glay Rigronue febinsieiiatropatghareofogFodberi on, 100

nth Primary Packa in eri resh SsS

Bottle, Sull{dosus E?Pgﬂsv%% af%%h 2\%3(16%%’? nsaaken&‘ el and
NJ) Hel vol etsirMndRH M), @%@fyeamhstemgryr mﬁfeb@x?hmse Fl uor opol ymer coat i ng
Rubber C osure (St nnnpr\ 28 mm (
Pennsauken, NJ) Al um num Seal, Overseal Assenbly, 3 pi ece, 28 mm 5

Bat ch For; mul F 1 Exanpl es of qualitative and quantitative
batch for rrulEad‘a’%—w ororrgurae istration batch and a commerci al batch for a 4
ug/ nL preni xed dex md@xm@@tﬁ&@@@%@ﬁ@”@%tﬁ‘ﬁé’aﬁ?é?%’é‘ﬁ’i 873 de)

conposi tion, %é ,%L’ u%é ﬁ;gch é@ & %eﬁc@ﬁ pREkh RS %%‘?%Prﬁi b&&lﬁd%@%@ﬁ%i@@k' n

Tabl es 10 an e 10: Batch Formula for 4 ug/
Preni xed DeXdedetgnindiimeydyodhlotdd) cpiphsitopnions 24,i56rpnd 260 mL presematlon

are presented in Tables 10 and 11 below.

Table 10: Batch Formula for 4 pg/mL Premixed Dexmedetomidine Hydrochloride

Composition, 20 mL

Registration Maximum
Component Stability Batch Commercial Baich
Size: Size:
Dexmedetomidine HCI | 2.832 mg 25.96 mg
Sodium Chioride 54¢g 495 ¢g
Water for Injection
USP q.s. to 600 Liters q.s. to 5500 Liters
Nitrogen NF* AR AR.

15 q.s. = Quantity sufficient
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Conmponent Registration Stability Batch Size: Mxi num Commerci al Batch
Si ze: Dexnedet om di ne HC1 2.832 ng 25.96 ng Sodi um Chl ori de 5.4 ¢
49.5 g Water for Injection USP q s, to 600 Liters q.s. {’323@53 gers
Ni trogen NF3 A R AR. 159.s. = Quantity sufficient NYO2: 6 f
077350. 0356 A.R = As requi red Factored to 100% basis. The final pH
range of th nlshed g&oduct is 43 - 7.0. Nitrogen is used to

di spl ace alr FeRUf act uri ng (i.e. to blanket the fornulation
5and to fil IF&Pﬂﬁ@d\ivé(PO%lémBspace) Table 11: Batch Fornmula for 4

jig/nL Pr emmd'nﬁbpmﬁdgé Sheimehcttyebdaehd €5 i-de, Conposi tion, 50 & 100
L Corrponent\hlrogen 18 use& to cﬂsplace air during manufacturing (i.¢. to blanket the formulation

s and to fill the vial headspace).

Table 11: Batch Formula for 4 pg/mL Premixed Dexmedetomidine Hydrochloride
Composition, 50 & 100 mL

Registration Maximum
Component Stability Batch Commercial Batch
Size: Size:
Dexmedetomidine HC1 | 4.72 mg 33.04 mg
( Sodium Chloride | 9g 63 g
Water for Injection
USP q.s. to 1000 Liters | q.s. to 7000 Liters
Nitrogen NF° AR. AR.

q.s. = Quantity sufficient
AR, = Asrequired
10 Factored to 100% basis.
The final pH range of the finished drug product is 4.5 ~ 7.0.
Nitrogen is used to displace air during manufacturing (i.e. to blanket the formulation

and to fill the vial headspace).

15 In-Process Specification

(_ Examples of in-process controls during the manufacturing process for

the 4 pg/mL premixed dexmedetomidine composition are presented in Table 2.

NY02:746896.1
.29




Stability Batch Size:

Maxi nrum Conmrer ci al

Batch Si ze:

Dexmedet onmi di ne

ILICL 4.72 ng 33.04 ng Sodium Chloride 9 g 63 g Water for Injection
USP (s. to 1000 Liters g.s. to 7000 Liters Nitrogen 1\IF30?7§ 6@}?
q. s. = Quantity sufficient AR = As required 10Factored to ? go
basis. The final pH range of the finished drug product is 4.5 -7.0.
Nitrogen is Mg@qztm Hh&H gﬁ@lfaét{ondurl ng manufacturing (i.e. to
bl anket th formil atiaon_a Ll _the vial h r‘n\ l.slnh--Process
Speci ficatijon Exanpl es of I"nPlphc%ess controls during "t fjdn-Process
manuf act ur iifigyphRESES 0T | EBf st T pRi@Het: SRYTRdCU Qi ne
conposition _are presented abl e NYQ2: 746896.1 _077350. 0356
Tabl e 12: |{rSoRtiot @sparBec niFrIcat i on UmHSPGEI@Ir%lt i on 45-7.0

(Compounding) Assay HPLC 94 - 106%

Perform fill
Weight/volume | weight/volume checks per | Meets

Filling Process control SOP requirements

An exémplé of final product limits for physical, chemical, and biological testing of 4

ng/mL premixed dexmedetomidine composition are listed in the Table 13.

5  Table 13 Premixed Dexmedetomidine Composition Specifications

“Test Acceptance Criteria
Solution is clear. Solution does not contain one or more
Clarity particles visible upon attentive inspection
90.0% - 110.0%
.Assay (9.00 mg/mL - 1.10 mg/ml.)
Color Colorless
pH 45-7.0
Label Claim Acceptable Range
20 mL 20.5-22.5mL
50 mL 50.0 - 54.5 mL
Volume 100 mL 102.0~10.8.0 mL
Optical Purity NMT 1.0%
Related Substances:
A. Individual A. NMT 0.5%
B. Total B. NMT 1.0%
90.0% - 110.0%
Sodium Chloride (8.1 mg/mL — 9.9 mg/mL)

Particulate Matter

NMT 25/mL * 10 mm
NMT 3/mL 325 mm

Sterility

Meets USP requirements

Bacterial Endotoxin

NMT 0.08 EU/mL
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I n- Process Control/Test Procedures or Methods In-Process Limt

Sol ution Preparation (Conmpounding) pH USP <791> 4.5 -7.0 Assay HPLC
94 - 106% Filling Process Wi ght/volune.control Performfi l71] 50.03

wei ght / vol ume checks per SOP Meets requirenments An exanpl Q 3r f ﬁ%\l
product limts for physical, chem cal, and biological testing of 4
ug/ mL prem xed dexnedet om di ne conposition are listed in the Table
13. 5 Table 13 Pren xed Dexnedet om di ne Conposition Specifications
Test Accept dreaMELE EStepper eleetiondpr GlaspKialss cl ear. Sol uti on does not ;
contain one or nore particles visible upon attentive inspection Assay b

90.0%- 110.0% (9.00 jfﬂ]egc{b?;'cti{re x%asltg hianga 11%16 re%ta%.gns%%lﬁerclec?e?c% pH
s  (dexmedetomidine hydrochloride, Hospira, Inc., Lake Forest, IL) premix Injection 4
ug/mL: 20 mL, 50 mL and 100 mL. Precedex® concentrate Injection 100 pg/mL is
currently marketed in 2mL glass vial with West 4416 Teflon coated elastomer stopper
(West Pharmaceutical Services, Inc., Lionville, PA).
Uncoated infusion stoppers, were evaluated. 28 mm Helvoet 5330
10 rubber stopper (Helvoet Pharma, Datwyler USA, Pennsauken, NI}, EDPM rubber
stoppers (EPS], Franksville, WI) and West 4432 elastomer stoppers (West
( Pharmaceutical Services, Inc.) were investigated. During feasibility testing loss of
potency and stopper extractables were observed. The performance of coated stoppers
was compared with that of uncoated Stoppers (West 4432 and Helvoet 5330) by
15 conducting feasibility studies on West 4588/40 FluroTec® elastomer stoppers {West
Pharmaceutical Services, Inc., Lionville, PA). Results showed a clear benefit to using
a coated stopper vs. the uncoated stopper. The potency remained stable with the
coated stopper. Hence for Precedex® Injection, it was planned to implement coated
stoppers in order to mimic the current product and prevent any drug adsorption.
20 Helvoet EM 259/0 OmniflexPlus® fluoropolymer coated rubber
stoppers (Helvoet Pharma, Datwyler USA, Pennsauken, NJ) were evaluated.
Chemical compatibility testing was favorable; upon autoclave no change in potency -
or pH was observed and no significant amount of impurities detected. The
( OmniflexPlus® coated stopper from Helvoet, was examined for determining the self
25 sealing characteristics of the stopper when penetrated multiple times with hypodermic
needle. This is a dye ingress test. The new stopper/vial/3-piece overseal combination
passed this test. Helvoet OmniflexPlus® coated stopper passed the Rocky Mount
pressure test at the required 80 psi criterion. These stoppers, vials and overseals were
also evaluated by Tech Ops for functional testing to confirm that the stoppers can be
30 pierced without being pushed into the vial, All testing indicated that the stoppers are
acceptable for use.
Feasibility stability studies were conducted by preparing a batch of
Precedex® Injection 4 ng/mL aund filling into 50 mL vials with the Helvoet

OmniflexPlus® stoppers followed by autoclaving. Samples were stored under
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4.5 - 7.0 Volunme Label d ai mAcceptabl e Range 20 nlL20.5 - 22.5 nL 50

m.50.0 - 54.5 nlL 100 inL102.0- 10.8.0 nL Optical Purity NMI 1.0%
Rel at ed Substances: A. Individual B. Total A NMI O. 5/oB

Sodi um Chl oride 90.0% - 110.0% (8.1 ing/nL -9.9 ng/nl) Par |cul a?
Matter NMI 25/l 3 10 nm NMI 3/nL 3 25 mm Stefility Meets USP

requi rement s Bach el iagdc/Byd aliaxt RudiMhy Ani8ieEldh B iong NYRR T46E 90 relari
077350. 0356 (I:EXAI\/FL’LEﬂ . St opper S?a] ec%,l gn F?HHGI z;}s%s {\%f?(al S Ther e

obj ect i ve wélgnmcbtyhmnéittom adtigtetianiheree pg st nprsegEax pharee n pH, and

virtually no measurable impurities. The 1 month stability testing of samples stored
inverted at 40°C showed slight drop in poiency (2%). This trend in potency drop
5 continued at 2 months under accelerated conditions with further 2% drop in potency.

Afier 3 months under accelerated conditions the potency values remain unchanged as
compared to that of 2 months, indicating that potency values have leveled off. Similar
trend in drop of potency during the first three months of storage was observed for
long term stability conditions (25°C/60% relative humidity) but the percent drop was

10 less. The total percent drop in potency over three months under long term conditions
was 1.1%. Stability testing at 4 and 5 months for samples stored under accelerated and
long term conditions confirmed that potency values had almost leveled off, with small
drop in potency values. During 1 month impurity testing numerous small impurity
peaks that totaled over 0.5% of the drug peak were observed. A placebo batch was

15 prepared to confirm whether the peaks are related to the stopper or the drug. Results
indicated that impuritics were related to the stopper.

Plastic vials were also evaluated for Precedex® premix Injection 4
meg/mL. Two types of plastic vials were used: CZ resin and poly propylene vials.
West 4432 Teflon coated 20 mm elastomer stopper (West Pharmaceutical Services,

20 Inc.) was used for both the plastic vials, The pH, potency and impurities of Precedex®
Injection 4 meg/mL. filled in plastic vials and stored under accelerated conditions over
a period of 3 months was determined. Similar trend in potency drop was observed.
The total % impurities were found to increase over a period of 3 months for both CZ
resin vials and polypropylene vials, but the total % of impurities of CZ resin vials was

25 less than that of polypropylene vials. CZ resin vials were found to better as compared
to polypropylene vials in terms of drop in potency and total impurities.

Since the drug is present at such a low concentration 4 pg/mL, even
ppb levels of impurities would have a significant contribution toward the impurity
fimit. Moreover the Precedex® related substances method was developed to detect

30 organic impurities at ppb levels. This method requires detection at non-discriminating
low wavelength of 210 nm and high injection volume of 500 pl, which render it

highly sensitive to detect any organic impurity, including stopper extractables.
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5(dexnedet om di ne hydrochl oride, Hospira, Inc., Lake Forest, IL)
prem x Injection 4 ug/nm: 20 nL, 50 nth and 100 nL. Precedex(r)
concentrate Injection 100 ug/nL is currently marketed in %gjr 5%I %ig
vial with West 4416 Tefl on coated el ast omer stopper (West 350.0
Phar maceutical Services, Inc., Lionville, PA). Uncoated infusion,
stoppers, were evaluated. 28 nmm Hel voet 5330 10 rubber stopper
(Hel voet Phanna, Datwyl er USA, Pennsauken, NA EDPM rubber stoppers
(EPS1, FranKéiatthides W) and West 4432 el astomer stoppers (West
Pharmaceut | Ggl; S05Y56 8%/ Bccoztew%ﬁagtoh@y@a@egﬁﬁgﬁ M RO RASE Dlchd U Y
testing | oss ? potency and Sstopper extrattables were o served

per f or mance Ind.) coat ed st oppers was corrpared w th that of uncoat ed

st oppers (V\ést 4432 duct S y
studi es on West 4588/ % @%ﬂﬂg%sﬁ%pel ast o(?r%lrgsqsql%sogger %&Em lsu e%
Phar maceut i dal Pr&eisi® Bgectibmnd pg/mli, @0 uill gresentdn. Tﬁeﬂomies hahobeed a cl ear

benefit to usif coat ed st per..vs. the un ted, s

otency 1 omiinidoaiE b Bh BRE I S ealPE i SRR e, R BRR e M
Precedex(r) oktity eipirdcoatization t¥ess Mlewﬂaﬁsubﬁtancﬁ’més&ﬂ@MPrmMXMnﬁeb@@pmss in
order to mmc .the curr.

2016l voot | FRPOUSHE ST TELRI G %élat?qggﬁﬁr e qatlgjb%@g@ao%r pti on.

st opper sjo( HalyRetnofha kiactabRE Welnet anliSile fﬁ%@%@dﬂ@ﬂﬂ)ecMmW@ntamm
eval uat ed. Chem cal conpatibility testing was favorable; upon

aut ocl ave né%ﬁféﬁ@%“"?n pot ency or pH was observed and no significant
mount of inpurities detected. The Omifl exPl usO coated stopper from
| voet, was exam ned for determining the self 25sealing

characteri stHeé@beF‘\ﬁ WS96k S fexgh divoppabymentcoatednmbhep| %OHPP‘ﬁeg{Wth
hypoderm c "17%91‘3 eDat e?US?A @elg]nglkbﬁlgfj Ss test. The new

st opper/vi al /'3-pl ece “overséal conbi'nati on passed this test. Hel voet
Omi f | exPl us(r) coat e&@@melm@&mmoma@kwm&WSQ&O@s@ur e test

t th |
Rere al so ViR BE bbb A B FUFRE SORR Sy (AR AR, Toal o
that the st @*ﬁbéﬁ&iydaﬂsdjerea@pﬂ for Cededsk®Hyattiobdi Hggnb,ui@had 190nd t he
vi al : Al l teSt NS 011?%1%?3& galperts ﬂg\;e l}egg'\%l?atcljxﬁgcfﬁng' ﬁﬁq{aged%ﬁcﬁ?eo%ﬁ}ﬁ]s for use.

Feasibility"s PSTabI es 'were c ring a batch of
Precedex(r) cbmpeiial bmloaglcalgphnjtsioahniniﬁallahd otgcn dhm\actﬁfﬁvanhn witapgfonmutd t he

Hel voet i flexPlus( st o ol | Que aut v

were stded under Oégn 518%8 9%%5%%55%“}50%% e"'F%aCH%"{EEFggA%@
L el a'([ji v e) humi ngihhy InjbdioR, rtﬁlﬁﬁhtlﬁ@dﬁdmbmﬁlg pbaﬁ@ m%ﬁﬁ;@é&?@?@ cRlofkiogams of
umdity) cqndi Initial testi showed. no S o) no
Change T pA0 iR ey R sk kR B ratoror Be soFRES T Gah
stability tQshstin@n@respAMIPILHr S Oliféknti AMBiRipattydealdO @ wdaaued Bt kgl
gmop in poténcy (2% . This trend in potency drop 5continue

nths undePeé@Bp aprepisd ﬂtﬁﬁw#%ﬁ@svﬁ G0 %Qlw&celzb@’alﬂ%mflg‘ﬂlﬁéf%cy

After 3 ﬁvntsb%lmgﬁwa%o%fm@@@%w IQers(HBVRAPROGY, MAkYRS Temain
unchanged as conpared to that 2 nonths, indicating that potency

val ues have Uy EFuaBen. V%ubfw warre apseahig thase af Prooald %Woﬁ‘ﬂ#fﬂtﬁﬁ‘* t he
condi t1 ons. (DESOSaF &l Be: e Do R PrRe "sar mear o as

10l ess. The chmnatogpams@éHelvclﬂcféﬂi?/@mbécr@;npwéﬁe het@bamenbhisyignder
0 e SO0 SRS iy I e S50 gt St
confirmed t hlmthopioTlmmx}raqza&lamgsphadjbﬁdmmavnim\mrédonﬁwmmumi)HOSwapd:rs drop
mpur £y pedidt ke ek Doadeh B9t S T R AR B er vea.
A pl acebo bataed. MRSeshEpﬁapalieedmvenugmwfe|studmmmﬁhaed tﬁahléuqnéaklﬁear e
related to tmqgunsé ggaﬁg’robggwédha% specH‘% relaa%sel%ettegtloln grlle%?vlet%dn % hat inpurities

dexmedetomidine HCl related, but were extractables from Helvoet rubber stoppers
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Plastic vials were also evaluated for Precedexe prem x Injection 4
ncg/ mL Two types of plastic vials were used: CZ resin and poly
propyl ene vials. Wst 4432 Tefl on coated 20 nmm el ast oner &
(West Pharmaceutical Services, 20Inc.) was used for both ?h’gﬂgi gg(fic
vials. The pH, potency and inpurities of Precedex(r) Injection 4

meg/ L Tl 1 ed. 4 ll}%lc%&tﬁing'/é{%sﬁgess a0 7498 8DeHBIRE: RHEE! RirAltffls would
condi ti ons over a peri od' o %Dnths was detennined. Simlar trend in
pot ency dr oppevieisctedha snahdol liftile of deterttionsiicngrirevelsess atugtdy sasitite Lo —

I Nncrease ov eri f Ntk . ' ' nd

pol ypr opyl eﬁjevad; n%fe %?J suP%%n%tg%%gﬁoiA)&%SfR?%ﬂ%ﬁ@?%ﬁ@*’?oggi n vials
was 25| ess thaentrdiat (bhg/mdl) prodegyl ene vials. CZ resin vials were

found to better as c ared. to | opvl e i | f dro
in potendy and total Qﬁ%ﬁ’ﬁ]?lﬂcﬁlecgg&u}/eg{s rQS%OﬁS%e%f ﬁ‘lé%s llﬁgg(g?g%la?]fsve P
present at s#ehioa tiheywweenieenhinad iodr edtrangpbiek froavxmupfieitoe Vg5 YO

U o5 YL e B S SRS DRI SR
devel oped t Qs 8gker3 BR PEREIK® IAJRLdnIS0@Ed 800 PROVbeved o pditis sveret hod
eaul oo et oL O nol LSS IR L ot vevelengt of 210 i
sensi tiv@ t qedalfioh s@PesrdaihlctolPdhé HYI orl 6@ S i@PRIRS in
extractabl es. "NY02: 746896.1 - 32 - 0
ampoules. Hence in the calculation of single largest related substance and total related
substances, peaks in relati\'fe retention time ranges: 0.71-0.80, 1.10-1.30, 1.50-1.80 are
excluded.
In an effort to quantify the highest levels of observed individual
15 extractable and total extractable, dexmedetomidine HC] was used as a surrogate
standard for all stopper extractables. Since, the Helvoet FM259/0 rubber stopper
(Helvoet Pharma, Datwyler USA, Pennsauken, NJ) extractables responsible for the
peaks in Precedex® related substances profile could not be identified. Through 6
months stability testing the highest % of extractables was observed in Precedex®
20 stability samples stored at 30°C/65% relative humidity for 3 months. The largest
individual extractable % peak area was found to be 0.95% or 38 ppb and total
extractable % peak area, calculated by adding the % peak areas of all the peaks in the
RRT of 0.71 — 0.80, 1.10 — 1.30, 1.55 — 1.80, was found to be 2.7% or 108 ppb.
Helvoet FM255/0 rubber stoppers (Helvoet Pharma, Datwyler USA,
25  Pennsauken, NJ) passed the ‘Elastomeric Closures for Injections’ testing. As per '
Helvoet technical documentation the total amount of extractables was determine to be
0.8 mg/100 m1L or 8 ppm for a total surface area of 100 cm®. The surface area of a 28
mm Helvoet stopper is approximately 6.45 cm®, the total acceptable amount of
extractable for each 28 mm Helvoet FM259/0 rubber stopper (Helvoet Pharma,
30 Datwyler USA, Pennsauken, NJ) on an average would be 0.05 mg/100 mL or 500
ppb. Additionally as per USP the total organic content of purifi ed water should not
exceed 0.5 mg/L or 500 ppb. The highest levels of observed extractables in

Precedex® Injection are at least 5 times lower than the acceptable levels of
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077350. 0356 Extractabl es West 4432/ 50 Teflon 2 coated el astoner
stoppers (West Pharmaceutical Services, Inc.) 5The West 4432/50

Teflon 2 coated el astomer stopper, 20 mmis used

10
(

15

20

25

30

077350.0356

extractable in purified water and acceptable levels of exiractable in the qualified
Helvoet stoppers.

USP ‘In vitro cytotoxicity test” and USP ‘Iniracutaneous test and
systemic injection test’ were performed on Helvoet stopper extracts. The resulis show
that stoppers meet the requirements of these fests, confirming the safety of the
stoppers and any stopper related extractables. The ‘In vifro cytotoxicity test’ was
repeated for Helvoet 28 mm stoppers that were used in the exhibit batch to
demonstrate the safety of the stoppers. The stopper extract was prepared by
autoclaving the stoppers at 121°C for 1 hour in 0.9% NaCl yielding an extract of 2
cm” stopper surface area per mL water. This extraction condition closely mimics
Precedex® Injection manufacturing conditions and also meets the extraction
requirements of USP ‘In vitro cytotoxicity test’ testing . Precedex® injection is
formulated in 0.9% NaCl and the final product i.e. Precedex® Injection in container-
closure is autoclaved at 121°C for 20 — 40 minutes. Additionally while investigating
the source of ‘unidentified impurity peaks’ Helvoet FM259/0 rubber stopper (Helvoet
Pharma, Datwyler USA, Pennsauken, NJ) aqueous extracts were prepared by
autoclaving the stoppers at 121°C for one hour and then tested by the Precedex®
related substances method. The resulis demonstrated that the chemical constituents
responsible for the peaks were also present in the Helvoet FM259/0 rubber stopper
(Helvoet Pharma, Datwyler USA, Pennsauken, NJ) aqueous extracts. The stoppers
passed the USP 87 testing indicating that the stopper extractables are non cytotoxic.

According to Helvoet Pharma, Helvoet FM259/0 Omniflex®
fluoropolymer coated rubber stoppers (Helvoet Pharma, Datwyler USA, Pennsauken,
NI) have been used for other marketed products, and there have been no reported

cases of toxicity issues arising due to stopper exiractables.

Identification of extractables

Diligent efforts were made to characterize and identify the
extractables. Helvoet’s extractables report lists a number of potential extractable
compounds. From Helvoet’s list, the most likely to be responsible for the peaks

observed in the Precedex® chromatograms were selected:

. BHT
. Irganox-1076
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for PrecedexO Injection 4 Itg/n., 20 nL presentation. The stoppers
have been qualified for use based on the results of conpendi al

bi ol ogi cal, physi ochem cal and other characteri zation tes%g §3§56
rel at ed substance testing of Precedex(r) Injection has not gﬁ WN™any
unidentified peaks that exceed the specification of NMI 0.2%
10suggesti ng thahgg%kﬁggéables are not an issue for Precedex(r)
Injection in this“container closure system Helvoct FM 259/0

Omi fl ex(r) *f | uoBtspt eidr coat ed rubber stoppers (Hel voet Pharma,

Dat wyl er USA, Pe?Bﬁ@%#E&d NJ) 15The Hel voet Omifiex(r) fluoropol yner
coated FM259/0 gray bronobutyl 28 nm rubber stoppers (Hel voet Pharnma
Dat wl er USA, Pefingbwrken, NJ) (ready-to-use) are used for Precedex(r)
I njection 4 ug/nm., 50.and 1 ni i T have
been quagified for us%mg§§é§95ﬁﬂ$ﬁ%5?§§u %i&% n%%%%%%&@ﬁﬁgﬁﬁglogical
physi ocheni gpalpazd dndinfeered dllanaEPECiuziat ilePrécedix® phtc onirsdces2@etBl i ng

rel ated subst anc anal ysi s, of . the,exhibit ,batches of Precedex(r) 4
Lol ot o eotian of Breiambrre ferditnf ik e e R s s BRe
chr omat ogr angtrftab®peaiiin PeRedd® pmprehtoataogringalpyesral, Bur subgances

investigation of the squrce of chenical constituents responsible for
the ' uni dgntlisﬁefiéﬁo‘ﬁe T tpg hysixophe ’Fq;i'efa”\ﬁ&go‘)f%%‘aq tﬁﬁg‘jS {’Cﬁ'é Wbt.b ¥ al so
appear edigi N i&RF AR fBe Bht iOulYord¥akd mehas ebn fosousb@ishione hiffel g
into 25 50 nL vi fgll s with Hel voet FM259/0 rubber stoppers (Hel voet
Phanna, Dat vyl /e¥0"usgthansdinnsauken, NJ), but were absent in those of

0.9% NaCl placebo for gubahbRpedlshvlcRalioB8erdddas SheRRMbH@Fams of Helvoet
Additionally identical peaks were observed in_chronmatograns_ of

Hel voet FNMREMBHQ pivber sipagriEelvoridbomaes Dpvaker NS ApRetiguien D hextract
Pennsauken, - | Qheana! BRIty heloakfd
subst ances ?? n&fg&&&%@é&;ﬁﬂgg{hﬁg S%%g%}i‘%sﬁ %y agﬁpcltagilng 12%C
for 60 nisnutadsrze B8@nksr opperrsrsin pROREdatg AT theagopepetingyheddrHdyan
extract of 2. : . y [ i T 4s
From these {HRal PlORREOD i AR RARE i o riVEEE DBl SR
i mpurity pedkstesidixsietowethaditvoBpeaifiiethanelfveatdr vIeC-LE embyisisef tthipes wer e

Fubber st opsare kgL Rk Bl s D BREAEELERELER Rurteih Pl voet
cont ai ner/ clrosude@sysdresogrbt, e st rexgheighedietdiatapsion pHenmexiargacreabl es
woul d be_ det ec .at such low limits of detectio . vel s,
as a higy S_ézgig?‘fsic\‘?lécqﬂtélgtl Waﬁ’tfg]uh?]hwzrlsetg% aen_ fy%%@s‘@%%@_/less%ﬁ%t %d was
used for a hivghblsy)-pPOEemirmentywitiohe dedemty afute@nin pébitvgiolhogranduct .

5The chem cal constituents_ responsj.bl e for, peaks i cific relative
retention tiTPadveldl agopar ’FIB%{fB IB@reéQPFi?gFaéBFpeeg %gégﬁﬁo?§£°%%qevoet
FM259/ 0 r ubhf4ss S5-0RRE bEthe pediMae bedihamed Bed appkes toliade wRemmiglab elr,

NJ), part of container closure systemfor Precedexe Inj.ection 50 and
100 ni. Mor dBVEfIaRipnpeak e eyt 65 ot o o tﬁﬁ@éﬁﬁﬂ@%ﬁéﬁf%@

retenti ofy tiifRSpelpRalGHrIeM Qeeamhifl ﬁ‘oﬁﬁ@l@c&aﬁ?@lﬁﬂﬁ adatienesgfplies of

dexmedet om di ne HCL or Precedex(r) Injection tilled in ampoul es.
Hence in t heorailanddopyn ueree & Wg rbrapdissy wers tetelPus WHRH Avsesing
total related substangggen:REaKs drier. L MBredaitt 1200 atlv¥Bd hRRGes:
0.71-0. 80, 1.10-1.30. G E5o5ES argsgfg“lgfuderg.pg%pﬁ S e
quanti fy t hehhingtessaphly-aness speeiforpitve Aelysis ryraledihapresges of @etasl e and

total ex!rachablgy ARARIGLANLALEHRTIOHIP oBitedthy I ROE R SHABARR

for all stopper extr ince, the voet FM259/0 r ubber

st opper ¥Hel ayomit cRhaerrially Batilashlcdor IS icion nerirkeon; Nayewsktihaict abl es
responsi bl e fqr i rece APEESBLOhId S
coul d ot bdvEinehtis PERER: kit RERREK R b e AN ERR A

hi ghest % ofinéhetrelaet alisescasdlébsehaed in Precedexe 20stability

sanpl es stored at 30C/A6p5u%éx%|ac Eﬂ%lg ganpp emwgsl ig(}fatg(%y c?omrgi)l{]uttgh rsnuln'-l};;ﬂe | ar gest

fractions collected from repeated HPLC separations of a stopper extract. Attempts to
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Pennsauken, NJ) passed the Tlastoneric C osures for Injections'
testing. As per Helvoet technical docunentation the total anount of
extractabl es was determne to be 0.8 ng/ 100 nL or 8 ppmfgj;najo ?g I
surface area of 100 cnR. The surface area of a 28 win Hel voet s o@per
is approximately 6.45 cn2 , the total acceptable anmpunt of

extract abl e oh,@fhn £390 naSs Heftruntey ¥Ret prEddinDs Grdcbhgty sagpper (Hel voet
Pharma, 30 Datwyl er USA, Pennsauken, NJ) on an average woul d be 0.05
ng/ 100 L orhwowtosmphy-mass Peawalcly waks ysatceesshl spgsctipgdrat Seglonpe
content of pukidineds WeheliRhaY L &sBRlinexagghvle.5 M/ L or 500 ppb. The
hi ghest | evels of o%served extractables in Precedex0 Inlj ection are at
least 5 tinmes |ower tHeEpurdrxiragiadptagvlevisapelyseddy INvodelrageds. 1
077350. 0356 . AC | @, f .0 , - | s of
ext ract abl o Tarihet NP el Bl MEE ol ARRERIABNERS BT £ %)
vitro cyt ot exiban,toyygeasihd hahoeSNo iditatiar off rafmessussutiestr aandthey st eni ¢

i njection t%gt'_ nere Spo%rsgn%drred on Hel voet stopper extracts. The
resul ts show SIR&! s?oppers'maet the requirenments of these tests,
confirm ng the saf et ylafchtihiealsidiipesrisat aerdoranmaristy @ figctions)] iatleding

extractables, The 'ln vitro cytotoxi .city test, was repeated f

el voot 28 miFSTGEpENE R Te bR (i’ oS et SRFE SEy el o
denonst riat e ckift=bak eTherofretsbiers tcappe wbich hinkesidapiigng txex@actableas
prepared by ocl avi the stoppers at 121C fqr. 1 hour in 0.9% NaCl
yi el di ng an CE’;JESP%% a‘%#]agﬁmfﬁ)wsgﬁﬁﬁﬁ@? E’é‘&tﬂqﬂgﬁcaéﬁﬁ'r"gﬁatﬁ%’w TRV er .

gTTQi S extractippdeaonds FoPRethaseiidtunt fuetirdsr BReedanse, lcbhstdet tHeRategory
ranuf acturing conditions and also nmeets the extraction reﬂui renents
of USP ' In ¢FEFEcEy{BicoR e  ap BEpxidinds thig Inclisies womaYe M Hf%ct i on i s
fornul at ed isprifh9%¥aiated paaidis PiRsprifRalphSipAskIGE, ahd BhockieRCBE aX(he)
Injection in container-closure is aut oc[paved at 121C for 20 -.40

m nut es. SAJEPTP i thpigire eherrivbaddityat prRglasiH eussamperngs but mixtures
“uni denti fi @RI EVcRGRK Sxantifls VRBTHE N@i@gmich@c@l%r%eﬁﬁc%%fca( fedrvoet
Phanna, Datwyler USA, Pennsauken, NJ) aqueous extracts were prepared
by aut ocl aviuprg io bestait opgsent subder, Toreadity i5ra complen aurtveatd chaveppl eatdics by
the PrecedexeyhB@HafithohARERRIEANAD ] ihohfap dati AORNRL haked

that the chem cal constituents responsi| . e peaks were al so
present in theddgelde oathinFihve BObE/nolibize magixaipag o2QbgcRRNY tPetomPheiRlingD

Dat wyl er,,USA. _Penpsau . S ) St.. passed
the USP 87 PESETH gS n ?l{glg{ei néhl{i%g{% 8%#??%‘%%%%}%0?}??%0% %@Pﬁ’é&ér e non
cytot oxi c. antioxidant, a corAmon tredengng for kblck oelrgd®bwsald al biHeinvoetd BMIS9/ 0

Omi fl exe fl uoropaql: r, coat ed..r.ubber, st [ Hel v. h ,
ety o AR eR ErRE FuR s MR B R BE Yo ERRUEE,
products, ancrrésh@idnhdpmavilesphephsrepgetiedo?Bogset. of toxicity issues
rising due to sto xtractables.. Identificatiop.of extractables
1T gont e fort o war dnaattors Ghlrape e LU GRHShIR b hERs
extract all esvheliglab@ely srestivi@géabdoas: report lists a nunber of
potential extractable conmpounds. From Helvoet's |ist, the nost lli kel y
to be responsi bl 2pnerhaidpigh MerLkr Ve plgsrerpigr ek rcomplete
chr omat ogr arﬁgli,m@ﬁ@aﬁg@;&g&&g; BHT | rganox-1076 NYO2. 746896. 1
rg

077350. 0356 anoX- 1010 . )
- Surface residues, such as heavy oils and degreasing agents on the surface of

metal canisters and containers.
30 - Chemical additives on the surfaces of comntainer closure component

fabrication machinery, such as mould release agents, antistatic and antislip agents, etc.
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Stearic Acid Palmtic Acid Sul phur 5Sanpl es of these conmpounds were
obt ai ned, and solutions were prepared and injected into an HPLC using
the Precedex(r) related substances method. None of these gopRgURLS
mat ched the relative retention tinme of the stopper extractabl'e peaks
in Precedex(r) sanple chromatogranms. In general, the substances

listed above are all 1R QydriPRRGN i€ ndiftebelinRel heCoP®nthedPedific C18
columm with the 10 isocratic nobile phase that is used.for the

met hod, 40vFagedivgrts geredbiddeesinlnderh vigieuy mpditicans REHA Hivgpion in

Si nce these ,paaksS: W daI0RRE WBhebdnd B archl 19 AREOKI TG B aHel voet
FM259/ 0 rubber stopper (Helvoet Pharma, Datwyler USA, Pennsauken, NJ)
extract sol divinchs fasegoosclesnriptione §ueh e Beationt FraBtendes] Gifalbithigshe
prepared_ by fir ing 15a | arge nunber of stoppers in
purified 5wats‘r'eO ?%gﬁlgx?‘%gﬁ&géé%g'nt rating the extract by I|iquid-liquid
extraction into di chlRtatsepseneprdisdicnhanblictiovaploftrt desdriplens@gpendi ng
the residue_into snmal,l, of _ / al ysi s of
this concen?pgggggg %%SQFgﬁéﬁgﬁé‘a@ﬂgaﬂgﬁﬁggﬁﬁéﬁgga Smg¥a?£terest as
observed i niRoeoedeXerdn shretnatce griac eipdtiea for mll ptwphiegher | evel s
(approx 100 tines |arger peak 20size). This concentrated extract

sol uti omqgwas then anal yzed by LC-Ms5 using the Waters Q TOP instrunment
with the el ectrospray source in positive ion node and observed at

| east one of the peaks of interest in the mass spec TIC chromatogram
t he mass spectrum of the peak has been obtained and appears to have
what m ght be the nolecular ion peak at rn/z 158; exact mass anal ysi s
of this peak and its pattern of 25i sotope peaks predicts sone
enpirical fornulas. Conpounds with these enpirical fornula and | cnown
usage in the rubber industry were tested but w thout success. Sol vent
extracts of the stoppers were prepared and anal yzed by gas

chr omat ogr aphy- mass spectronetry. Anal ysis reveal ed the presence of
two | ow nol ecul ar wei ght rubber oligoners previously reported by

Hel voet. These oligoners 30are not commercially available for
identification confirmation; however, their hydrophobic character
makes it unlikely that they would elute near dexmedetom dine in the
rel ated substances |-1PLC net hod. A pure extractable
sanple was isolated by conbining multiple fractions collected from
repeated HPLC separations of a stopper extract. Attenpts to
Nro2746896.1 077350.0356 obtain an El+ mass spectrum by direct probe
mass spectronetry and gas chromat ogr aphy- mass spectronetry were
unsuccessful, suggesting that the stopper extractable is nonvolatile
and possibly thermally |labile. The pure extractable sanple was

anal yzed by IR and el enmental 5anal ysis. Both of these techniques
suggested that the extractable contains only carbon, oxygen and
hydrogen. No indication of nitrogen, sulfur or any other heteroatom
was observed. The chem cal additives that perform

vari ety of functions, including plasticizers, fillers, etc are the
nost significant source of chemcal entities observed as
10extractabl es. There are several reasons which nakes identifying the
extractabl es
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chal  engi ng and at times inpossible. Each functional additive
category contains representatives fromseveral nolecul ar structures.
For exanple, consider the category of antidegradants, subcateqgor
anti oxi dants, which includes aromatic am nes, sterically R é‘S
phenol s, phOSphI tes, phosphonites, and thioethers. To further
15complicate the picture, chem cal additives are often not pure

conpounds buyRXiYCEAAED &L ated structures. For exanples "Abietic
Acid" whichTs an organic chemcal filler used in certain types of

rubber, in reality A gad 16 a5i@Kd pHathddeRicAl cotdpediliciaor gidritdrkles, al | of
whi ch coul d appear .as extractabl es/| eachabl es, Chem cal additives can

al so react AAPIBRBHAYE AFPRFCORPE SR AEERsdpomidig orpRbamacatFsg or
subsequent t,@:HABRAMA RIS AARPAEASSion OBalRt GFIGH BB b0 LS. GaRsider,
the trival ent phosphorus, or phosphate antioxidant, a common
t radenane fd’flthmw,%leﬂgaﬁsr@ﬁfaé@f 168. This conpound reacts with and
thereby destroys oxidizing agents, such as hydroperoxides, to form
t he corresponding entavalent phosphorus species, or phosphate
In addition to tReThoregdoionge iqunépiaghicswia opssitien efslte lcwheridhed
25when anal . gh
nol ecul ar m@gﬂ&iewl Iggr%lﬁ%mggrc!:@fggl fr %%llbhec%m eéﬁogm??%%tggtg 1|1 gih
reacti ong. about0.05 @ubfridé ugedi dues, such as heavy oils and
degreasi ng agents on the surface of netal canisters and containers.
30- Chem cal additives on the surfaces of container closure conponent
gabri cation machbn@h(yrea«:’.,)umhlsakr;qmm;xﬁadnzeehiéa:als@l@gsitimsof cdenitni IS tvdrein thand
ntislip agents 746896 The
present i ny R T ET SRR A BT e SR TS IR g sk sl gt
enbodi ment s atl@s ©rsitbesbuned eg/ml. | ndeed, various nodifications of the
invention in addition to those descri bed herein will becone apparent
to those’skilled in the art fromthe f oregoi ng description. Such

modi fi cations are, iThé @a«ﬂ,etd ub®lidvad phahdcBitival ddenpssiopeofiaihhewBapRnked
cl ai ns. tents, patent applications,  publicatiagns,

pr oduct deséPflmqetﬂ%dm%WdﬂlaWﬁce%ﬁ@ aerePiable Ry ﬂt@FﬁOBt%@ﬁe»mmﬁwa&w of
appl i cati onahédie slhsst peyrgs of which are incorporated herein by
reference in their entireties for all purposes. NY02: 746896.
077350. 0356 WHAT IS CLAIMED IS: |I. Aready to use liquid

phar maceyt i cal C@”@Q@ieﬁdﬂ@ uE@ﬁun?ﬁlﬁ%&%ﬁlca%ﬂp@h%ﬁ AR 1t @hétein the
subj ect, conprising dexredet om di ne or armaceuti cal |y 5acceptabl e
salt ther eo1deﬁﬂ@@fﬂ@@ﬁ@@@ﬁmuama@wt@ﬂl}a%‘mabg b Seras! by corsentatign phL

di sposed about 4 pg/mL.

( _ 6. The ready to use liquid pharmaceutical composition of claim 1, further
25 comprising sodium chloride at a concentration of between about 0.01 and about 2.0

weight percent.

7. The ready to use liquid pharmaceutical composition of claim 6, wherein the
sodium chloride is present at a concentration of about 0.9 weight percent.
30
8. The ready to use Jiquid pharmaceutical composition of claim 1, wherein the
composition is formulated as a total volume selected from the group consisting of 20

mtl., 50 mL and 100 mL.
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within a seal ed gl ass container. 2. The ready to use liquid
phar maceuti cal conposition of claim1, wherein the dexmedetom di ne or
pharmaceutically acceptable salt thereof is at a concentr ?JS!}&%6

t oabout 0.05 to about 15 ug/ni. 3. The ready to use |3 id

phar maceuti cal conposition of claim1, wherein the dexmedet om di ne or
pharmaceutical lysa . t i B IONGED, tion of
about 0.5 to aboatg%%&%gyh%}a%gph&aﬁ&§§$mf§gﬁ%g§gy to ugﬁéliquid

phar maceut i edhinionestotaisoleaf coplpaking dexnwiepmidine dre penareaidiedlyi di ne or

Bbout 1 Lo ABGUECS pPHECT 2 SateeiaEt S6lolf MR FORERINIA L ] o ¢

phar maceut i eaks @otpesi tion of claim1, wherein the dexmedetom di ne or
pharmaceutically acceptable salt thereof is at a concentration of
about 4thg/nL. 6. The ready to use |iquid pharnaceutica
conposition of claim1l, further 25conprising sodiumchloride at a
concentration of between about 0.01 and about 2.0 wei ght percent.

7. The ready to use liquid pharnmaceutical conposition of claim§6,
wherein the sodiumchloride is present at a concentration of about
0.9 wei ght percent. 30 8. The ready to use liquid

phar maceuti cal conposition of claim1l, wherein the conposition is
formul ated as a total volune selected fromthe group consisting of 20
m., 50 nmL and 100 ni. NYO2: 746896.1 -077350. 0356 9. A ready
to use liquid pharmaceutical conposition for parenteral

adm nistration to a subject, conprising dexnmedetom di ne or a
pharmaceutically acceptable salt thereof at a concentration of about
4 ug/ L disposed within a seal ed glass container. NY02:746896.1
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