DEXMEDETOM DI NE PREM X FORMULATI ON CROSS- REFERENCE TO RELATED APPLI CATI ONS
This application clainms priority to U S. Application Serial No. 513/343,672
filed Jarmarg1340392812, the contents of which are herebyPCchnase@onated by
reference in its entirety. |I. FIELD OF THE | NVENTI ON The
present invention relates to patient-ready, prem xed formul ati ons 100f
dexni edet om di ne, or a pharmaceutically acceptable salt thereof, that can
be used, for exanple, in perioperative care of a patient or for sedation.
2. BACKGROUND OF THE IDBENFDETASRBUSHIPREMIX FORMULATION

4-[1-(2, 3-di net hyl phenypet hyl] - 1Hi m dazol e, which is known under the nane
nmedetom dine, is a selective and potent a2-adrenoceptor agonist.
Medet om di ne has been used as_an ant|h oerten5|ve aoent and as a sedative-
anal gesi ¢ agent. |t ERONSREFREREN(IhTEHLE d8:D ABPLIGATIQNShound al so
possesses anxi ol ytic effects and can therefore be used in the treatnent of
general anxiety, pani cIECMPEGIgR FlAEHPTIPEE 9055 tARMISalOR SAFEIRI-anal  synpt ons.
The d-enanti [

doxredet o di e 74 TeEErPBLy Tho e EER R gL Gl N rk B by

a2- adr enoceptetareragonitsintifady. gener al sedati on/ anal gesi a and the treatnent of
hypertension or anxiety. U S. Pat. Nos. 5, 344,840 and 5, 091, 402 di scuss
dexnedet om di ne in perioperative 25and epi dural use, respectively. For
exanpl e, when used in periopér BIEM2 OISTHE I08ENDEINMM di ne can reduce the
anount of anesthetic necessary to anesthetize a patient. Additionally, U.S.
P?t, No. 5, 384 569 diQme@&eenmhemumeen&sdexmaﬂeemndﬂkmewﬂgmgﬁﬁﬂmhmg g

gl aucoma, and. U. S . 5,712,301 discus 0] xmedet om di ne
for previhti ?fgdeﬁeafﬂ%%}&eﬁe?rémhwaea%@ Rl %??ﬁ)ﬁth?f?)‘ﬁstﬂ%ﬂl fused,

30Fur t her mor @ edniple, Raperiopratifs chldo BGAticHt sEfRS@BriGE hods of sedating a
patient while in an intensive care unit by adm nistering dexnmedet om di ne,
or a pharmaceutically acceptable salt thereof, to the patient.

NY02: 746$96. 1 2. BACRGIRSENDOHF T PWEREI@NN ni stered to a
patient in a variety of ways. For exanple, U S. Pat. Nos. 4,544,664 and
4,910, 214 di scl ose the adm ni stration of dexnedetom di ne via parenteral

i ntravenpus, and oral Q4745 i :

intr arrusgﬁl ar and int r}%\géehrrlllgasll(%%dﬁrﬁgth?ﬂgﬂt}%hglrﬁh%?Fgﬁ@%&%g@gp? ﬁNos.

5,124, 157 addmﬁmzmd@?m@mmesnmkbeu@nﬂesheﬂu&mdaMkwﬁ@eaimhmanﬁmistering
dexrmdet or de|1 rc]nels QA é‘égor}n Filrr]lghaskbec us'qé(adls%ﬁ AN %l ten we a enf’iand as a d53t1712 301
states that m dr ne "¢an AN St ere 5? snucosa?

To date, dexnmdgheayﬁlWEhhﬂBﬁheeeapﬂmmwdemmaemamﬁpmmemmb@bﬁe&hﬁt nmust be

diluted prior nlst ation a patient. The requirenment of .a dilution
step P anxgo?yhc e?}ects an can theretlore be qu)e in the treatment ofe gclanera anx?ety, panic

20 disorder and various types of withdrawal symptoms.

The d-enantiomer of medetomidine, the generic name of which is
dexmedetondine, 1s described m U.S. Pat. No. 4,910,214 as an o;-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 perioperative

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 ethano!l 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.

NY02:746896.1



10i n the preparation of the dexmedetom dine fornmulation is associated with
addi tional costs and i nconvenience, as well as the risk of possible

cont am nawopan13a3ger dose due to human error. Thus, a dexrAsSdeRowivdé ne
formul ati on that avoids the expense, inconvenience, delay and risk of
contam nation or overdose would provide significant advantages over
currently avail abl e concentrated fornul ations. 15 3. SUMVARY OF THE

I EVENTI ON | D’d&@qeﬂét&sﬁme daﬁ%éﬂdrbﬁg;td%@! tataqbauér@;];per edfiexes] .

phar maceuti ca osition exmedet o din maceutically
accept abl e s‘ﬁf*¥s REFEGIPIC, Hi%% Sfﬂb%iﬁﬁ%taﬁ‘a‘d"gbq Sb%‘ﬁfcg‘?sﬂl}ﬁatl on to a
patient, wi t&t@;@ihsirﬂﬁm&ﬁ”%'x&é&efo%ﬁ&ﬁ@(1Iatpuzfeﬁtefh'1 iftkdvehdhis 20t hes eQARosi i on prior
to admi nistration. Thus, the conpositions of the present invention are

formul ated aBalaNprimtdad cesHpasI I dampdiavence Rastara gihHe U.S.
In certain npp- rhbsz‘stle‘ﬁJ:sﬁéﬁa%ﬁef%%eschB@a H{e&%%ﬁ@'d%'}ﬁ%m%@f

conmposition 1s a |iquid conprising dexmedetom dine, or a phar naﬁc;g:uu cal ly
accept abl e sédxmetéfemedific thmg}atmdhl@ehdfhmriaﬂm, BS. Pt N i 1éﬂﬁhﬁta@5 @8t ug/ m_ and

about 15 25ac94 detomcfhne can be adljnﬂl s?ér&!e&angl%ﬂ OS!EIEP ting enmbodi ments, the
prem xed dexmedet om di ne conposi tion 15 al d conprising dexmedet o di ne

at a concentration of Tamam; deknggétotnidine has been prov1ded aslarvondengnteian- | i m ti ng
enbodi nent s

ooador o ikl SR BRSPS S EuaR S TR ot SRS et 1 on.
In certain embbdpiapmitton Jf e d&kﬁﬂﬂ@({&ﬁﬁddl@)fdil’ﬁfdl&ﬁl@ﬁlEddSﬂEmmm&ﬁﬁddﬁltmﬂall S

di sposed within a seal ed. cont ai %gésetgr \Ves NYO?2. 746896. 1

In certain efSEAPAEIPRYCniches: AaY oS r?@sse%ﬁﬁ%?f?wmogoa?@%ééa ina

cont ai ner oro\RESE krdNdrhus, of Rk A Biding Jordhuti@ ket Wods the expense, I'n
certain enbodi nents, the prem xed dexmnmedet orni di ne conmposition is disposed

Within a sealeUvewnatcs: $ty @e rigk o conpprmgaion 9k OvTdosh HgRldPEoWaE SIETBOCHL. or 100

S nL. advantages BvEQUHAM Y é"\'f%“a'bhé dBntdc8 TR MBAL S, the prem xed
dexnedet om di ne conposition of the present invention conprises

dexnedet &m di ne, or a pharmaceutically acceptable salt thereof; at a
concentration of between about 0.05 uglni and about 15 pg/ni, and sodi um

chloride at a concentratiog ginpahreetraRgEinlER@bnand about 2.0 wei ght
percent . In othefr non-Trmtrng enbodi nents, the prem xed

dexmedet om di ne conposit b&@er@ﬁnx%ﬁt%n&éﬁ@@fﬂprblﬁi&@@bh%a&gﬂ@f k&BFositions
dexnmedet om di ne, or a phaimacentically acceptable salt thereo at a

concent r at | o¥f dskmedsenridiepay/arhprzpseitisald asseritlovalideereal. algencent rat i on of
about 0.90 wg mate@%r%g&gmitljaﬁbﬁiocaeﬂ d@ﬁt”wﬁﬁ%‘?ﬁferﬁ%éﬁ t%’rectogﬁlt&tg BP@fjd | ons of

the present invention are formulated as a pharmaceutical conposition for
admi ni st k@t i hacergpaitpulpriect domigedat. s, mna¢rg1g§lt@nswf the patament of anxi ety

or hypert ensz'n?erhtlon are formulated as a premixed composition comprising dexmedetomidine.

In certain non-limiting embodiments, the premixed dexmedetomidine
composition is a iquid comprising dexmedetomidine, or a pharmaceutically
acceptable salt thereof, at a concentration of between about (.05 ug/mL and about 15

25 pg/mL.

In other non-timiting embodiments, the premixed dexmedetomidine
composition is a liquid comprising dexmedetomidine at a concentration of about 4
ug/ml.

In other non-limiting embodiments, the premixed dexmedetomidine

30 composttion comprises dexmedetomidine mixed or dissolved in a sodium chloride
saline solution.

In certain embodiments, the premixed dexmedetomidine composition

1s disposed within a sealed container or vessel.
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The present invention also relates to the perioperative treatnent of a
patient to reduce the response of the autonom c nervous systemto stimnuli
during arw@Qoperai7gson by adm ni stering a dexmedet om di neCtarspagiosisan of the
invention. In other non-limting enbodi nents, the dexnedet om di ne
conpositions of the present invention can be adm nistered as an anxiolytic
analgesic to a patient. In certain enbodi nents, the conposition can be

admini stered as a prenpébGat bfFoddhbr, HcleRc@p@fi@tn@Bmpbditbonas dishdsbout
adm ni stration of an anmpbunt of. an 25anestheti.c effective to achi eve a

desi red | evel® iGPNfagERPT GEseg@ibls HrmYREER @S- ot her non-1imiting

enbodi ments, the dexmagdelom dhfRiEAINGR! JrtRRsd Akl oRIBSERIMPoRYSNT | ON can
be admi nistered as a sedative. In certain enbodi ments, the conposition is

adni ni st er edispreope ratitvesopled sopopare et whenerifbet 20MmlanCarest Wet i ¢,
wherein adm pipstration of the conposition reduces the anount of
30anesthetic required to achieve a desired | evel of anesthesia.

In certain enbodi ment dn eértaimheompliegiogempedientts.ohe preieep desmisdepmidine

dexmedet omi déogl? e ﬁ{?%?éh%i Oe@eﬁt%mf%%}}n_”cioﬁ%p%%e%%eﬂ%a%fb ipﬁ'e,'&faas a |iquid,
orally, transdernally, "Rt T avenous y, rntranuscul arly,” subcut aneously, or
via an i npl apitaabkeudeutip acAAPRBbIE4E8D6red!, adla coDEIati&DoDESCRN RAGON 05

donbdet om ol R TP UARM LI e -gPH G RvRIN A B LAAY HBRR A Pequi r o

5r econst it ut §.0na@r abdud 210 Weiphpsdr@fit.t 0 adm ni stration to a patient, remains
stable and active after prolonged storage. Such prem xed formyl ations
therefore avoid the cd’éf’ﬁlei W&HV’@HF@WE@?‘“&‘H& thy lgﬁmB‘F’déﬁﬂ?eéiﬁ’ioﬁ“é‘ihP%n or

overdose t hatongRBitiBe o B&S Pk Qi cMidntohPEQRTELh et diRE, dlal Uting a
concentrated dexnmedetom dine fornulation prior to admnistration to a

patient. 10PJRIEIERIGLY aergriable sy tharsgl afa onasniratiposf abpHids et and ed

desripti on igol WGES & BLh e oLl DGo6 Yoridichns: (4. 1) Defliniti ons;

(4.2) Phamtaceutical formulations; and (4.3) thods of using prem xed

dexmedet oni di ne conpogi térbrscmikBliments, Defomipedidens of the present inventigreare ai nt s
Uoe0 |, L1 o SRSELLLE eI 0080 B NAKS. DI PEELREL e 0 L1 the
sedation, analgesia or treatment of anxiety or hypertension.
The present invention also relates to the perioperative treatment of a
patient to reduce the response of the autonomic nervous system to stimuli during an
20  operation by administering a dexmedetomidine composition of the invention.
In other non-limiting embodiments, the dexmedetomidine
compositions of the present invention can be administered as an anxiolytic 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 composition is administered parenterally as a liquid, orally,
transdermally, intravenously, intramuscularly, subcutaneously, or via an implantable
pump.

NY02:7468%6.1



where each ten] is used. Certain terns are di scussed below, or elsewhere in
the 20specification, to provide additional guidance to the practitioner in
descri bi nyot2hss/wa3mosi ti ons and net hods of the inventi oRCan$2610141990 make
and use them According to the present invention, the term
"dexnedet om di ne" as used herein refers to a substantially pure, optically
active dextrorotary stereoi soner of nedetom dine, as the free base or
pharmaceutically acceptable salt. In one, non- 25limting enbodi nent,
dexnmedet om di ne has the fornula (S)-4-{1-(2, 3-

di et hyl phenyl ) et hy1] - SH_In]daéﬁgﬁ%ﬂéﬂi@ﬁggﬂggiibﬁglly acceptabl e salt of
dexnedet oni di ne can incl ude i%h hydr ochl ori c aci d,
hydrobrom c acid, sulfuric a nitric acid sphori c idand the I|ike,
and organi ¢ acids sucHﬂﬁgﬁﬁ?gﬁan%éVﬁhmﬁ&Bﬁf@ﬁggﬁﬁgﬁﬁymaﬁ@%olic aci d,

pyruvi c aci ddex@xabtb@idued }ﬂepafmﬂ ih @ paiided BONEhimi tBat@6esthot s346ed Ni ¢ aci d,
mal ei ¢ acid, fumari.c ac tattariéﬁa0|d citric acid, beaé0|c aci d,

ci nnami ¢ ‘aci GeoHKHeT P $5EPHPHW§9H BISUPERHP @ PALSY TempRSHENE PGS HEE aci d,
p-tol uenesul émgfbm@@smﬁg@ Sihiptdthik& REhdatidRs elfi@blayoid iRoglexmedet omi di ne
salt NYO02: 74689 i s dexnmedetom dine HCl. In other non-limiting

enbodi nent s, NeEVFEEEEoHIddisk e eIy of REerdese tef eand e RicddViBel ow i n
Fornmula |: recéf Q1Y %@r dﬂu-(ll_ﬁ' Eﬁ{cg‘i"txatéarc%mnédet&ﬁldmmf&muﬁu%ﬁ%moﬂ% used herein
refers to a pharnmaceuti cal ormilation that does not require reconstitution
or dilution piniostratongelapaicstration to a patient. For exanple, in contrast
to non-prem xed formnul qﬁpq ¥®m-'

conp03|t§§ns prOV|dedF§£§%ﬁ agég&sg ab oﬁa’ﬂﬁiﬁ%ﬁﬁég%ﬁo %%gsa pati ent

wi t hout di | udivided iyq th delloexanqubeortanel i ni ci an, hospital personne

caretaker, patie r .any. ot her i ndividual . I n certaln

enbodi nent s, thquﬁﬁpéﬂ£¥tgﬂ% of the present invention can be formul ated as
"ready to use" i ons er to,prem xed conpositions 15that are

suitable for adnl gPF@WﬁWBMJQEE&?@Hf Mt hout dilution. For exanple, in

certain enbodi nents the conposi ti ons f t he ent invention are "ready
to use" upon renﬂ@ﬁhg Mtlepde nEﬁﬂ%ﬁF@BW@ ﬁ?ﬁWW§B§% PP s her or vessel .
In certain enbodi nents, the conpositions of the present invention can be
formul at&d as a "single use dosage,” which refers to a prem xed conposition
that is 20di sposed within a seal ed sqohiiifa§s Of vessel as a one dose per

contai ner or vessel o . o
The terms used in this specification generally have their ordinary

meanings in the art, within the context of this invention and in the specific context
where each terin is used. Certain terms are discussed below, or elsewhere in the

20 specification, to provide additional guidance to the practitioner in describing the
compositions and methods of the invention and how to make and use them.

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

25 limiting embodiment, dexmedetomidine has the formula {(8)-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 hike, and organic acids such as
acetic acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid, malic acid,

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

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

NY02:746896.1
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formul ati on. According to the invention, a "subject" or
"patient” is a human, a nonhuman mammal or a non-human ani nmal. Al though the
ani mal suwPe013/103378r ef er abl y a human, the conpounds andPcomgsesi2izae of the
i nvention have application in 25veterinary nedicine as well, e.g., for the
treatment of donesticated species such as canine, feline, and various other
pets; farm ani mal species such as bovi ne, equine, ovine, caprine, porcine,
etc.; wild aridehsdet@nig@ine HO. (rh@hsinba ligfitingentbadoednagieatedganmitans and avi an
speci es, such as. chickens, turkeys, quajl, %ngbirds, etc. NYO02: 746896. 1
The tern1"pu??@ﬂ@ﬁ“h8§“5§€8dﬁﬁggrﬂﬂ?%ﬂgﬁng%“nateriaI that has been

i sol ated under conditions that reduce or elimnate the presence of

unrel ated materials, i.e., contam nants, | huding native materials from
which the material is obtained. As ugetl herigih, the term"substantially
free" is used operationally, in the Eontext] of 5analytical testing of the
material. Preferably, purified matermtal susstanti fhy free of contam nants
is at |east 95% pure; noreggiefeiably, f 97% pure, and nore

preferably still at |east be eval uated, for exanple,
by chromat ography or any ot her \ the art. In a specific
enbodi ment, purified nmeans that the |evel contam nants is below a |evel
acceptable to regulatory 10authorities for safe adnmnistration to a human
or non-husman ani mal. The term "phar mkceuntla tal | y acceptable,” when used in
connection with the pharmaceutical conpositions of the invention, refers to
nol ecul ar entities and conpositions that are physiologically tol erable and

do not typically produge tdik opRimtk TR agleh@ge VAR ARFAIrGEQREE t0 a hunman.
Preferably, as used herein, the feint 15"pharmaceutical|y. acceptable” neans

approved by BIOFBRSPERabFYMEGERRaGioct A TRBHEEPIBIURNSE dPWISGoVEr Krent or
listed in themtdSaRas MpeaRel Br@kardiineh cARNAS 8 hbpleseanb ARG RRASMCOpPe a
for use in animals, and nore particularly in humans. The term"carrier"
refers t& a dixmedeiomidig) heanmmxekenpioalHens ey dulhsraigarg §edleoer vehi cl e with
whi ch the co i 1, )l - p ﬁﬁg i.GabkiagalkiBi S can be
sterile Iiqu%ggyggﬂgﬁtgggggag%g%ﬁgﬁgégﬁhgfEgér %ﬁ%ﬁﬁ@%m%afé?, aqueous

sol uti ons, spdriomeclsolrdsicapsticraqueoushaexdividsé or gl ycerol sol utions can be
enpl oyed as carriers, ,particularly for injectable.solutigns, Suitable

phar maceutical carrie Ecer%y%%%%¥¥%1%ﬂﬁﬁ? 8¥I%§§ﬁ%F@#$m%€ﬁFngﬁﬁﬁs

Phar maceut i cied fobaniend es reddly tEhid” icpmpPositieas bihivd ref2d®tprdudiktd @ampositiopy evi ous

editions). 25The term "pharnmaceutical conposition” as.used in accordance
wi th the br cberite MEVERAGRTYENEYE 1 L UBRPBLIH BREOPHET caRPBE™ or mul at ed
in any convegiRnalbodREAS! the SbifosaRBs OF thePfeterP hatiasew realylty u@ccept abl e
carriers or excipients. A "pharmaceutically acceptable" carrier or
exci pi ent, a¥oudEHOHRE BF FOMRRHIES SpRrovRad BNy eglitsatlory agency of the

Federal or a state gQoVREHMBIUmbIRAm@Ss, etbPodifords Rt prsed@RRAGSBRGAPOEI a or
ot her generally recogni zed pharnmacopoeia for use in mmmals, and nore

parti cul ar | ybd lermgpiahas 2 “single use dosage, Trdichapfistola gregered compatibpridat it o
enconpasg, a f; ek | 08, Qe REGIK L HRYer o L,GLkQ/ hr

ng/kg/da%)or&%%ﬁag?ﬁygg?ﬁégfogggngQW% e é%nfntfgé an ?nﬁf@dg%nt

admi ni st er edformulaiceor dance with a particul ar dosage regi nen. A "dose"

NY02: 746896. 1 According to the invention, a “subject” or “patient” is a human, a non-

human mammal or a non-human animal, Although the animal subject is preferably a
human, the compounds and compositions of the invention have application in

25 veterinary medicine as well, e.g., for the treatment of domesticated species such as
canine, feline, and various other pets; farm animal species such as bovine, equine,
ovine, caprine, porcine, ete.; wild animals, e.g., in the wild or in a zoological garden;

and avian species, such as chickens, turkeys, quail, songbirds, etc.

NY02:746896.1



is an anount of an agent admi nistered to a mammal in a unit volunme or nass,
e.g., an absolute unit dose expressed in ng or lig of the agent. The dose
depends owothss/wwasT8entrati on of the agent in the fornmul CIrars201e/0g2940 i n
noles per liter (M, mass per volune (mv), or mass per mass (mn). The two
terms are closely related, as a 5particul ar dosage results fromthe regi nen
of adm nistration of a dose or doses of the fornulation, The particul ar

meani ng in any case Wk (&8 ‘@RRAEENE ufd B caORI@X b material that has beenThe terns
"therapeutical |y effective dose,” "effective anount,” and "therapeutically

ef fective andpited upds gpnditipns thabipdussor shmats tE?mPfeffé%‘i’%@EFé%eC{ Raegesi r ed

effect. 10l n; SQRRaARNMIs! ﬁbﬁxhﬁg ngtmqmt&%t Fom Sh &hﬁ‘éxﬁ%ﬁ&lh@@dtiﬁ{ecﬁﬁseﬁ Ive
dose" means an ampunt sufficieéent to reduce by at | east about 15%

preferably byscdberewathe term “subpigngalpi fsged sk y obsyatippallve fisthe gapext aﬁd nost
preferably prey @gl’tes‘ﬁn%/&)f tﬂhﬁﬂl}qﬂk%l. ﬂe%;'hktl ,ﬁ)@ﬂhe@ﬁgﬂeﬁéltsuk danki E‘l@y ﬁ&tdfv ity,
t he t ernat e

function and response ost . 1vely, rapeutical ly
ef fecti ve anvutminsiisiabfliest 8t ptue; mamefarmblyn@irlwteéﬁé/mpurﬁmné ngit¢ ni cal |y

15si g_ni fi Canérﬁt%%bg} éﬂloa?lelag QB.L)rPur? un hegg ‘ﬁ(ﬁ(a?ege{o? Qarxglé Ibgdepend. on the

severity of tron beéi er attions, h as diet
nodi fi cat i onghréthabgraptey drnpy eufnenmaﬁodsﬂdnewmm t@hm;t Iagepeca“ncbnsimmmefmt he

subj ect, and_o can e eterm.ned according to
St ahdard goot theamear it S5 dBamtr bERM 4 e SRR B RS G e

non-1i m td ngaLamagfﬁe@ztfsac&nﬁqrsaﬁ@cpﬂutalh@m@esplms@n{amanm@] any 20response that
a user (e.g., a clinicgian) V\AL reco ze as %r; ef fectjve resg(arb]setothe
therapy. Thus, a therapétficp ILFePHE PPSEENGAMERERILYitn of a

desired effegt hzﬁM@&buﬁ@al cérﬁﬁosﬂiﬁﬁﬂgf e 1@@&%' Rferfo Bedube Shidies and
The term "abouF or "approximately" as used herein neans within an

accept abl e ef¥Psifigrigbatfagy Phypielogigpily lrae vl dearchyrigelderpiyreanisyashe of
ordi nary skilhoiofSwhih ddiEnidEfed tcy\@h%h' ol AP ARG RAY tneQfihiow the val ue

is neasured or determ ne i | mtations of the nmeasurenent system
For exanpi e, phabtagtuhc@lanacm@l@i\immnaﬁrmdhmraeeguﬂﬁawyagwanﬂ@ﬁ dedbeali at i ons,

per the pr aC& 1.G a‘té Qovem?ne%ﬁ%o Qsta‘ldtu? {h@%} gvf%ax'%ercogel?z? ('jjr othegggnerr’rﬁﬁr}ec%lggﬁgge of up

to 20% prefera nore prefera e preferably
still upto ﬂ%ﬂdeoﬁelgfwam mahinenls, élhdmbm@taﬁmela;ﬁy 1Ip]amﬁan€l][r‘ﬁl’[éry1 “‘wartriar'30r espect
to biol ogi cal ste r processes, t an order of
rmgnt tude. - pPETEPasyh R RESSRaR . Birat ek PErardary RS- Cola of
a val ue. NYQOJJ‘Z)OEI%@Q@[H&HM&%CQ SRiaFHIBE St @Bt ar PR etsteBiMtSliquids, such as The

conmpounds and co ﬁ ions of the inventi n may pbe ffr mul ated as
phar macetlt i c‘éffter&&nﬁﬁ &iFOT YRRy WA PO & W‘t“ﬁ AR ATUCEHE |y

accept abl e Sgafbdetk gg;r;e@mm;oﬁmanblerén@@fywhsncaﬁ%as bhﬁb&lhﬁffo@ﬁﬂ?&%b‘?@m s, the
conmpounds or conp03|t|ons are provided in at erapeutlca y effective

amount to arsoRPRaSutRblcHaggacsuipgheraticrs pedeerilipl . BT BRI i n need of
treatment t h%@ﬁl‘%é’[&lg Barh RABEIaN G i SSIRYS P AANLRL Y & GaicNghgesi ¢, or

anesthetic effect
previous ed.ttmns).

25 The term “pharmaceutical composition” as used in accordance with the
present invention relates to compositions that can be formulated in any conventional
manner using one or more pharmaceutically acceptable carriers or excipients. A
“pharmaceuticaily acceptable” carrier or excipient, as used herein, means approved by
a regulatory agency of the Federal or a state government, or as listed in the U.S.

30 Pharmacopoeia or other generally recognized pharmacopoeia for use in mammals,
and more particularly in humans.

The term “dosage” is intended to encompass a formulation expressed
in terms of pg/kg/day, ug/kghr, mg/kg/day or mg/kg/hr. The dosage is the amount of

an ingredient administered in accordance with a particular dosage regimen. A “dose”
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In certain non-limting enbodi nents, dexnedetom dine is fornul ated 10as a
conposition, wherein the dexnedetom dine is the only therapeutically active
i ngredi erwoppe®Bi78i n t he conposition. In another non-| iPrirtisag2ewdvedi nent s,
dexnedetom dine is formul ated as a conposition, wherein the dexnedetom di ne
is fornmulated in conmbination wth at | east one or nore other
therapeutically active ingredient. The formulation is preferably suitable

for parenterglan aghtiiitios bk AkcnOMmiddienalidl 8 hAgimad 2 Bt volinid dredhst,@.g., an
i ntravenous, Subcut aneous, intramuscul ar and int ra(g)erl t oneal

adnmi ni st rat | SReKoREVEre CPEFTRdIAmESREL libe a8 o dost Amendsnias of

adm ni strat i Qc&itGho2ss @€ Klent ﬂnflﬁé RAASAbon, @Ecﬁﬁ%ble@ﬁﬁer%'&@'@ﬁl@%a@be@r e al so
cont enpl at ed. he pharmaceutical formul ati ons suitable for

i nj ectabl e usBums (ieh). 5 magsoner Exgrple)- Thettraveneas: clsabetitahesds,

I ntranuscyl aﬁ%ﬁdh%r'dﬂé @Pe%ﬁl'tsi S ale. rgﬁﬁgma | adifi At%ﬂufhﬂ&ée%‘?@os%& Sfx'hlae aqueous
sol uti ons or dispersi &ns an ster| e ers or the extenporaneous

prepar ati on ofmglaién. I'@]eipnﬁeuhaamballwlmn}' oass wolt bdipppensiron coltertal | cases,

t he form can be sterll nd ¢ be f%l t({& ext-ent that ea
syringability exists. £ can %erag?uﬂﬁ Iy e(}fe P %é cec?%’ t|“fe|acl)mnosun{gf ngr?anuf acture

and st orage ‘andacaticdde effe@&emdntéqﬁernshn mheurrcsmﬂia]nntnapmdgceaht f@nedf

m cr oor gani S?rf?ﬁémh as bacteria and 25fungi. The carrier can be a sol vent
or dispersio di um cont ai ni ng, for exanple, water, saline, ethanol,

pol yol (for exanple, ghyses el ;rplmﬁ@yrhecstemgdtmo%hem@aﬁtmpw yfedchyd ene” gl ycol
and the like), suitable xtures thereof, and ls. roper fluidity can
be mai nt ai ne@¥F 3R TBIEHSY CICBVOW@%%B%?&S%%@%P /h@r%elﬂyag fl&sithin, by
the mai nt enagipg rfre pRGrABAVY 5@@\89%%'3@13%10%! I;r@fefam}xa?@veﬁa%%m%a@ spersion and
by the use 30 'of surfactants, preventions of the action

m cr oor gani sHgEEAt ¢aich ibilg ﬁftl‘atboﬂl‘tmw g rgspnse ahthp b%t“étfb’ﬁqﬂ?aﬁtw@}ﬁcﬁ anti f ungal
agents, for g E%R, l.:ad ol ,

sorbic acid, and {hﬁ%lywea%%ouﬁm %@g%tﬁg%ﬁigggﬂgévm?ﬁﬂai Chﬁ%g%gr ef erabl e
to inclutke i|sgtorncccadent s the bestelumpppaaimaery anls dgpend odiba sevshiborfitibe.

Prol onged a 4 can be

br ought aboucfo%@?%fg ﬁ«gng 16&&? P}Efegg%ﬁsgoshwgénzx ?%g;ﬁm% tﬁ%(';épf—f 1%9)':1%186@13 déor ption,
for exanpl e, tham@hnugﬂ, Mxﬂsh@ of thersaltjectaamd ogel aritena, uEEhcélruahée renliyct abl e

sol utions may_ be. prepared by incqrporating th exnede dine in the
required arm%/fﬁ H{%H & Wéﬁ%grsgﬁa?rgtggoi%@(éggpr‘iﬁﬁ(feh y\}gﬁ%‘le Egkn%fn PR& ot her

i ngredi ents enuner at edh 5880@;lindging aﬂbﬂdﬁrﬁ&ﬁsi@ﬂeia@wﬂ ré¥potseIni@mbeany t er m nal
sterilization. Ceneral l%} di sp §r5| ons._are prep are(} i ncorpoaﬁ]ti ng the
various &t erFIROBEHNHEHTA g U ER S iTHOSZe 41 WY feet\paRtren s flicch cont ai ns
the basic diggessirans, FRdpihedsdonle: ¥ @geheetl 0 Randicnes edi @dt& from t hose
enunerated above. In the case of sterile powders for the preparation of
sterile injedfcabrehsd|fon amsle. ieaipruredsst met hods of preparation are
vacuum drying 10and t lige [ehgezss ot b arbRl AU uWRHEhinhehdvanpoyder of the
active ingredient plus any additional desired ingredient from previously
sterile-fil taseepthbsodror range fhdhamiticular value as determinRd &f enabl cydlmref skigr nul ati on
may cont EXCI nt u | S wh| ch may
be i ncl uded 1gnhetah 1c():rgrruld Igﬁrg;&%% fetkgvggﬁ%%gp%% P[B%Fé

phosphat e bufif bmjtatane bhthe reafufrengnt aystnbi foa chaomnadt, é‘aﬁmmffcan ,mea:lmmbméicl ds;
15urea; al cohols 0 sphol i |ds r ot uch as, serum

2l bum h, ool aen ARGt B rictoal RS RE fsrifan bR, ot e B od um
chlori de | i paseaRes ran@eblyu@ tﬂ)@b%yp&h”dralﬂpﬂ;ﬁﬁo 1@&@@{@@ px‘éﬂ:@zﬂ) s DERE, Lad,

manni t ol , sorbit ol ycer propyl en | ycol. and. pol yet hyl ene gl ycol
(e.g., PEG 4DU6PBEe 66‘68)‘9 togll/§8%3r gien @f%lfﬁ«igmfﬂ Hr-derticsledy #iiat i ves;

suspendi g ag§RL1Ss bdt@Rial §ZRMS or RdesddCHhe 1eh® U8 8an within an order of

magnitude, preferably within 5-fold, and more preferably within 2-fold, of a value.
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20herein, the term"stabilizer" refers to a conpound optionally used in the
phar maceuti cal conpositions of the present invention in order to avoid the
need for wol2pte/tes7sal ts and i ncrease storage |ife. Non-I[PCEiUS20Mg/0&29a0pl es of
stabilizers include antioxidants. Buffer systens for use with the

formul ations include citrate; acetate; bicarbonate; and phosphate buffers.
25The formul ation also may contain a non-ionic detergent. Preferred non-
ionic detergents include Pol ysorbate 20, Polysorbate 80, Triton X-100,
Triton X-114, Nonidet P-40, Oetxl a- glu005|de Qetyl113-glucoside, Brij 35,
Pl uronic, and Tween 20. I0OBY nul ati ons of the
present invention Caniﬂec&h&hmhéQ%anmgﬂn&kﬂkhkﬂgwﬁﬁ&Fﬂh?ﬁeﬁimﬁh@ﬁl|lzat|0n
techni ques include filtration throu 30bacter|al-reta|n|ng filter,

term nal st e®ilpEEcPEiFa! JoRBPOFPOIAYIA m* ‘ﬁfﬁ's’tﬂéﬂraH@?%@”&g&wmﬂw adi at i on,
and heati 9- carrier or excipient. Trb@ertraﬁ%ﬁ fi’&imﬁ@é{h%d%&ﬁé 't}%rboﬂi?ﬁmﬁ@ oP! al or
parenteral , including intravenous, subcutaneous, intra-arterial,

i ntraper it onealposisipht Maplmftﬂed i hempetiod breffeplifecalounite b ahimay agihrﬂal :
intraorbital ni r. o spi nal

voz: 746896, 1* " HEFRTLEsF s AR kb DA RO B Db 8
|ntracapsulamﬁmumtﬂanﬂhmnmmnyyonnmnaﬁQSabﬁdﬁransnucosal transderrnal, or
via inhal ati on. . Adm nistr e de

par ent er al fornulatloﬁ%c%§W1%ﬁHBQH%%?Wgﬁ#@£Wﬁf%@P?§ﬁ§]é@e 1ﬂ§e%f t he

pr epar at i©on, Mﬂﬁmﬁﬁyﬁbﬁladﬁkﬂiﬁbeﬁ&ﬂﬂbwnﬁhmiﬁ&ﬁﬁﬂ@ﬂ&a@paﬁﬁﬂhﬂﬂ&ﬁdtonea

adm nistration froma reservoir whic xterTaJEé %ﬁ{ an i ntravenous
bag) or i ntePRERCiErgent 18 g QupPeLyt “aﬁ‘ﬁ S pen- RIS or organ).
See, e.9., WRmcPabmid¥ess idmARed 254 cafgbsRiond8hekdid ihcaRGMeddepiipRriat ed herein
by reference in their entireties. Intrapul nonary delivery methods and

appar at us ar BTHESER IedbIagen By rpleast ongonage otk theprilicglygs4y 07,

5,780,014, ap eél’ef%tlﬁ’h@@anuﬁ%ﬂs é@f&%i} RALBI88 NEH&IN BYifiglesence in their
entireties. her useful parenteral delivery systems include €thylene-vinyl
acet at e ¢opolhyinding gt n@tdllne@d t@ SV EROUp LS PEItaneers| miembicela) fifdusi on syst ens,
punp delivery, %%?D%Bi%ﬁn‘?&m%gﬂ éllog/g{férvtgﬁ‘}{ulatkdnggﬁgmlfoxdtﬂlér\f&f‘{gs’of

needl e- del i Ver ec I'njection, ess I njection, nebulizer, aeorosolizer,
eIectroporatMbnnmmmdm$udm3@eﬁnammpaﬂGhmowéedhamﬂ@sslmnpbctmﬁmd@%r@es are
described in 15U. S. P 6 6, 233

5,704,911, the specifﬁiSP@%W%“8]m&%MHW?h mguéﬂg?ﬁmPl%%gﬁ%%gfg ﬁereln by
ref erence inmthﬁhﬁmﬁnﬁMﬁ&buQSMxA&MmﬁﬁﬁhhﬁnmﬂmaMMQUMﬂmSnﬁEQQrIbed herei n can
be adm nistered in thes th ds. . . In . yet another npon:limting
orbod: mofit . HETE AT o O ehfioner i iteird YEA SOHERORT ed. or
sust ai ned ret'h@é}&@mﬁdd‘ﬁﬁe%ﬂ@ pERdatR BBl ifeSHTPUINbNObr AOGLNPOS 41l on may be
adm ni stered using intravenous infusion, an inplantable osnbtic punp, a

transder mal EtcHE FMyes Srelstiegnd gyl ke %‘ifte%éh?f FASE EYTHERRIHY | n one

embodi nent , &d%JmaHEé/stQﬁe Hﬁﬁgth@%@&llﬁstﬁj@ﬂwwﬂ{%§zm a0 fal bnd ﬁﬁfbe Bi oned.
Eng. 14: 201 Buchwal d et al., 1980, Surgery 88:507, Saugek et al., 1989, N

Engl . J. I\/Ed)resswdggam)st therpoRiABIInERE eavin af m@org@wwrﬁé@h@hm@@% idl s can be
used (Se%mgﬂ@%@eﬂc%g?egg!ﬁ% £d%vent W Sers B H &t ERLLEA D LAS RS, Control | ed

Rel ease
water, saline, cthanol, 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.
In many Cases., it will be preferable to include isotonic agents, for

example, sugars or sodium chloride. Prolonged absorption of the injectable
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Raton, Fla; Srnolen and Ball eds., 1984, Controlled Drug Bioavailability,
Drug Product Design and Perfornmance, Wley, N Y.; Ranger and Peppas, 1983,
J. Macr ommD.208¢i0337Rev, Macrornol. Chem, 23:61; Levy et palr/us2a198%946ci ence
228:190; During et al., 1989, Ann. Neurol., 25:351; Howard et al., 9189,

J. Neurosurg, 71:105). 30In yet another enbodinent, a controlled rel ease
system can be placed in proximty of the therapeutic target, i.e., the

brain, thus aﬁmsmloﬂsgcaarue%r@ghmotﬂ@nh@tsetlmlew@f;@m@s gpsRnkIeRying. J. ,
Goodson, 1984, in Medical Applications of Controlled Rel ease, Vol. 2, pp.

115-138) . Nvéﬁm‘me%éa%amptt o R S SR N RO e HeFtdle t he preni xed

dexnmedet om difd@im@HROSE Isn‘ePﬂe@ Eb gatiferIReehQRiaiM8e inQhe Rquired
pharmaceutically acceptable sa ereof, at a concentration of between

about 0.005 PHPHLS igeF @B@Btla@@@i‘tﬂjﬂmfl vagpusks thgedlier gssrdicnt. woseldntl |, and
about 50 ug/ ago’ve QL r%&%?&io@\gﬁ'ﬁ f@tep(gﬁerﬂgﬁ%gﬁ%tlé %Eraﬁ;’ stpgtlsmns or

bet ween about 0.005 about or etmeen about 0. 005
t.tg/nmL and ab@ﬁ@mEQbMHgbm@Hmogﬂbe@m@@ﬁ“@bo@iﬂ@‘®®5mdwg$nm&aaﬁdeabout 7

ugi mt, or b e\t? I%Q]Q %I(Efltgf}ﬁ t%% bzs;tcgétg;%{s%}tqngé? 1{1(15 @H 8‘7[(9@??d &!‘tﬁér\’\& abo ut

0. 005 ng/ nm_ and ween a about 3
ug/ m., or beﬁmm@nmabmmeﬂaDﬂﬁvbagﬂmmagmamdn&hmMMazﬂmtgdmhynaﬁmbétmeen about

0. 005 ug/ nmL an bout 0.00 /nL and about 0.5
mrnt, or betnas i anoios Bl Mg AERG PGPt P R ARG fa

non l'i m td ngareinbofledredisng ﬁehﬁucpﬂé@xﬂ‘i@f@deld@pﬁﬁd@to@tﬂedtbﬂ@e 1B 0BPei phison

2t B concent FAGTGHOBH ERE R SED TS b IS ARCL B TS ® 1/ nt, or
15bet ween about 3 tt g/pdicand nadethuRidn mdy @hilla an%c@%ht"@ﬁﬁnﬁ@é&%ﬁal%

fLig/nmL and about 5.5 ug/nm, or between about 2 | and about 6 ug/ni,

or between atséBtabic sicipicngy Whiclamgy ApBatide! B the @ﬁﬁwatmrar%btft%%w%%ut 1
j.t.o/m and;ahout }'ﬂﬂ)/stmatc tﬂﬁ‘fep%éétﬁ%u@é?oéﬁd b@caﬁoohét%ﬁifé} Qﬁﬂoé’lmyt 10

.tg/mL. In certain non-| ng enbodi nment s, e prem xed dexnedet omi di ne
20corrpostft| oﬁe%@tvphcplsogcoa@xaﬂédéﬂpmbmﬁo patttelas @M@éﬁtmataﬁmm@f about 0.5

.igiinL, }I?ﬁge%ugttdl%%taltg!agysucg ﬁB%‘EorJEC?F 2: ggégg‘d’lu «Eﬁj&@&uhgﬁsobﬁgl m, or

about 2.5 iag or about ’ ut ’4 ug/ i,
or about 4. Spdlgfimilpyroltidateositgats, MR@hmmmummnabomﬂ 5m5kmgmmgbm@blabout 6

11g/ m., or about .51 abo /L, or
about 8 p. g/%@@fmgﬁggbg%PF§h§8W5w C%(e %gb‘686£§Rg§@¥ﬁﬁgwgpgabout 9.5

p. WL, or abg)yttmclﬁlpﬂsgfréﬁewaﬁt?esa@i@pﬁndﬂn@ a&ﬂt@@aﬁhzer@ranabmtAé.llseﬁAgl rn.L, or
about 11. or about .12 cerbmor about 13

ug/ mL, %Pr all%%t %teﬁnlt‘%? iliger TStgﬁfSatB&meEa“‘]daﬁﬁ’}‘H{a Iy gpedap 14.5 [.tg/m., or

about 15 u 9/ gHarm Qe pbSitiSnslo f tarBlent i@%en@BO H ord& tdl@didthe QedrBpUt  16. 5
ug/ m., or about 17 laginilL, or about 17.5 lag/nm, or about 18 u.g/nL, or

about 18.5 uy/ite gHis apdlicreats suppgsdiien NowPmalg samplesoi bzersapclgdsout 20
t.gl/n. antioxidants. Buffer GREA! B Ryl (A M@a@é@%im%tﬁt’te L, prem xed

dexnedetontdlne conposition conprlses dexmedet om di ne at a concentration of
about 4 i ag/titarbonate; and phosphaterpuifenst ai n non-1i miti ng enbodi nents, the

Rﬁ(grzn );ig ggxgedet or ni %Q?on%ggggg ét%d 1919}/ bo%ttgn? [ ﬁyxlt-?o%?cdde?&ge%t. lPire%{ire%'non-

ionic detergents include Polysorbate 20, Polysorbate 80, Triton X-100, Triton X-114,
Nonidet P-40, Octyl a-glucoside, Octyl B-glucoside, Brij 35, Pluronic, and Tween 20.
The parenteral formulations of the present invention can be sterilized,
Non-limiting examples of sterilization techniques include filtration through a
36 bacterial-retaining filter, terminal sterilization, incorporation of sterilizing agents,
irradiation, and heating.
The route of administration may be oral or parenteral, including
infravenous, subcutaneous, Intra-arterial, intraperitoneal, ophthalmic, intramuscular,

buccal, rectal, vaginal, intraorbital, intracerebral, intradermal, intracranial, intraspinal,

NY02:746896.1
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In certain non-limting enbodi nents, the prem xed dexi nedetom di ne
conposition is fornulated at a pH of between about 1 and about 10, or

bet ween awoun13l10a3vd about 8, or between about 1 and abo®CTAIS2@2/ot@uwmeen
about | and about 4, or between about | and about 2. In other non-limting
enbodi nents, the prem xed 5dexnedet om di ne conposition is fornmul ated at a
pH of between about 2 and about 10, or between about 4 and about 8, or

bet ween aboutnirdvaaituBBQktkatifocall Mu@tiRtemhal) Bitatdphilh RO QMROIPERLSasd he

prem xed dexnmedet om di ne conposition is formulated at a pH of between about
4.7 and aboutansingcosply transderayad oF ¥ig WBHRLPRN ti ng enbodi ment, the preni xed
dexnedet om di ne CONMPOS dnhifftrdtfonlo@ iHEUb & Ldks@bed pRhiBfal REhUWEESs 4.5
10and about 7.0. In other non-limting enbodi ments, the prem xe

dexmedet om dinecredwpasstions al oy ¢ deaprausatedctrorydicnémiiisiedd By di ssol ved in
a sodium ehl grl e a3l i SAbHL Alnin SR E SAl LapntanuGamRe L se sodi um
chloride present at a corﬁ’centratl on of between about 0.05 wel ght “per cent
and about 1O0aneirgltnoysdrgkertinteorl (e ghetbiveanlablboupla®, 9biowtiligiat orpegaspnt and
about 5 wei ght r e <0 2| ght r.cent. and about 3
wei ght per ce% e,’ Qg’r‘ %?%@%S'g‘b@ﬁﬁﬁg?‘gﬁgﬁ%gﬁt éaﬁiéfﬂé:g torag% mg%%m 2 wei ght
percent, or bé&raeem tabiouttireidd Sntgivfhtinapeddisnty ranicbdaboditpphraieiaght per cent .

In one preferred, non-limti e i i um chl ori is present
at a concent‘ﬁeéfrﬂ’cﬁﬂ’ fgf e’%ﬂ%ﬁﬁlngég?gﬁg?&nggéﬂ@ﬂs@@?‘ﬁ aﬁigfgg‘%’héjiﬁﬁgdi ment s,
the wei ght peeaenbtedhelche ysalctdnee mahdit dnBifctics RhfEGRINarder-githwey ght of the
prem x conposition. In certain enbodi nents, the weight percent of the

sal i ne sol ut P8isms cldssyisae ViRl RGP I ENE: PrEcRUE8hmosi tion. In

certain non-jhigHtdundnRRRAALABR, §um% h&iwRFe Blospdfexierdet @M, hoRmal
25conposition of the present invention conprises dexnmedetom dine, or a
phar maceut i c#livgyarcedlistdghyacdiglestiqn, apcdistlessdpicgiogorrOBICE.2EP0FPLEET: bet ween

about 0. 05 ugla, a0 20ttt e gl iy, N@éb‘i’e-&@ﬁh%@%o?@év?{ekgx%d%&cﬁ@ad in
concentration of between about 0.01 and about 2.0 wei ght percent. In other

non- | i m ti ngténbBodiNeeAtdg?.32hé, PP EAY et od8R enklléboi ldimepBtrehposift i on of
the present |, QN C: i ; 1.di : . a utically
accept abl e s‘!{éﬂ%{}? hgr%le%bqr18%&%%@8%%@@?%{%@% ﬁ(}? g%rb%&{\c’%ﬁg%%ﬁ/ gﬁﬁgnd sodi um
chlori de at fercdnacestieatibanheodin abdutadtiffecnne irgthtsepartioent In
one non-limting exanple, t 0. 9% NaCl sol ut i is fornul ated by m xing
00 o Nact 1000 ini ot SuabdRe R AR Ra A ReaS TRt o2

1 746896. | @0f¥poStd inan@nobildde s asaitledsa ¥ etdn Glor atanpiQartihpsed oby addi ng
0. 118 g dexnedet am di ne Hi%&.pl us 9.0 gIthaCl into.the saIgE %}500 m. of water.
The sol utq orP SRR THREREHEC ARG UTS AT PRAYS G OYRINAEI MRIBTIRRY 6FA96 achi eve
a desired congent kahddeiDhateeXiFBdet-od: dtmRemolQrof eXaAMRk oA IH@emL. 5In
certain non-limting enbodi nents, the prem xed dexnedetoni di ne conposition

of the presettooiNAshE Ry Ay es|sRk Eep efon, it eRRéritdiclveewel Bogat can
dexrmedet o dl 6 ¢ prmoet TT ok R e T Saer LR dr AT arey M 5F “any
cont am nant s3211574k é&r tmither pohedimerdtt pynetbodinmntas beubrd (ewsritaagmiend or vessel
is a sea&sed Wise eds., 1974, Medical Applications of Controlled Release, CRC Press: Boca

Raton, Fla; Smolen and Ball eds., 1984, Controlled Drug Bicavailability, Drug

Product Design and Performance, Wiley, N.Y.; Ranger and Peppas, 1983, J.

Macromel. Sci. Rev. Macromol, Chem., 23:01; Levy et al., 1985, Science 228:190;

During et al., 1989, Ann. Neurol., 25:351; Howard et al., 9189, J.Neurosurg, 71:105).

30 In yet another embodiment, a controlled release system can be placed in proximity of
the therapeutic target, i.e., the hrain, thus requiring only a fraction of the systemic

dose (see, e.g., Goodson, 1984, in Medical Applications of Controlled Release, Vol.
2, pp. 115-138).
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10cont ai ner or vessel. In certain non-limting enbodi nents,

t he dexmedet om di ne conposition of the present invention is disposed in a
cont ai nerwon0e®3EB and is fornul ated as a prem xture. POTASR412i0#2940
non-limting enbodi ments, the prem xed dexnedet om di ne 15conposition of the
present invention is disposed in a container or vessel and is fornul ated as
a single use dosage. In certain non-limting enbodi nents, the prem xed
dexnedet om di ne conposgj, tiof: Kn- Erh@m@%ﬁ%&ﬂheﬁtﬁ“&ﬁ‘d"ﬁrb&&eﬂ%epﬂﬁéﬂé%ﬁéﬂnén a
contai ner or vessel and is fornulated as a dosage for nultiple use. In
certai n non- f9MPHOETLAY CEnPGEs Aemtedetomping gt piarerceplicalid sgspiabigstlides, 20but
s not 1 m tdheb@a AASGMIE Sriklylon GTBIOBs DL DRtbLLMTOb G0, 11 N

gl ass vials), anpoul es, plastic flexible con ai ners, for exanple, but not
limted to W@E@(ﬂp‘@b%ﬂ Wy lnednl end oyt Yo/ minenbsiweogh SPaTOPP agmileargont ai ner s

(Hospira, s Ing.,, i‘ﬁap;gemﬁogreo%k{eeblag?__uoﬁr@)gg %E?xﬁ?&r%%%ﬁ?ﬂ% (GARP! F§RAEL, St her

contalners ( res resi contalners pol y
propyl ene cozmoai hersugmtl sy nbawy &S ue/ABl, nrb@wtmajbomtd}rﬂ(}lﬂmmL agy grbotdi ment S,

the prem xed de om di | tion, of inven can be
stored as a Wa@if]’r%qu? N an k‘f’ﬁ&:@%ﬁ i wy' %o ?to%"ﬁm@ We&f] Bt @@E about 1
and 500 niL, ¢mbeihdaerut aReihl, r datc@biborl (.00 yPel waeabanouk/mll ard 200 ni,
or between about 1 and 150 nlL %{{) bet ween about | and 125 rri L, or between

about 1 and P8O0 G0aMRERN 2athFH 4 LE{d- RS ab?)‘ft 0495 wetted about 1

and 100 -, woutbﬁpg)@ﬁnoﬂ&@u&enlab&nmS 18 uatm] Qd petiveepyalout bekwadd 80 L, or
bet ween about 1 and or between about 1 and 60 nL, or between about 1

and 50 ni, ot°BEt 9@6‘!‘%’@56‘8@ aboushdS 46", or bet ween about 1 and 30 ni, or

bet ween about 1 and 2@, %talﬁ{ont%ﬁﬁl%g&nmgnt; ek Qe Miox nQdeBRENEEN about 1
and 5 nL. N YO02: 746896. In certain non-limting

enbodi nent s, comh@&pﬁ@mméesj@xmd@@mmnm pic enpositidabn acepteble spr esent

i nvention c t.0 i I o) vol une of
hoor 50 AR 800G ol bibuRDs Aol fitala BN T At 48] WO TR o
or about 1380 deweeorababéutghBB and_aboof 5 about, oﬂﬁetwtqn abouta’,’b‘i)wg/m&nmbmmr 5about

S0 nit, or aﬁbgpgaiS ?%%Beena%outlbtopgn%an a!é%lt pg tL %15 ew’el ﬁ{loyt 70 i, or

about 75 mL Zor a or about 95
m., or aboutuglﬂﬂaﬁﬂ_abdeGab@ﬂhL,]fﬁ)ﬁeUﬂeﬁnﬁh’ouﬁbpgj’&nﬂa’kﬂahbdiﬂ pcgfmakmut 115 m, or

about 120 or a 12 , ,0r a 3 or about 135 nlL, or about
140 mi, n%c?bu?e“f %‘“?ﬁ_s uggﬁnﬂéggaqouig@ugmﬁ or about 200 mL, or about 250
m., or about 500 ni. 1d@rdafh BLIAliRg BABdih&id, g refhedia®nlsomidie prem xed
dexnmedetom diri e conposition of the present invention can be stored as a

liquid i# arﬁoawioaﬁ%ft CWﬁSFﬁgd%rr{e%%zm@mméowméﬁﬁeﬁpf FPupg.3 pg/mL, or
In certain ngpgdi ﬁ@ﬁﬂﬁ& HER0dE MBRS or 1536t mg&m%@wﬂgl LML ALRE:

conposi tion of the préesent invention can stored as a urd in an
al i quot haviheg/al1stabeal 3. ¥ pE/ove ocofboabbug/ mQorabout 4.5 pg/mL, or abophS cert ai n

non-| i m ti ng, sabogtfBALSs , Jhe. a%%e@g%/a dets d éfﬂl ¢ Gojpgsy tion of the

present inve h can be stored as a |n an uot having a total
vol ume of abainhL1@CGbewti7ls ugod, Grdvsutrfommbf orldSpmX. ﬂugmexexchbDemedet om di ne
Conposi t§ ons ccor, d

or ovi dect ootk #eoaug Doy S Guhbchee B P Kbhnebd o
certain non- ﬁgfmlarm@oﬁnmﬁqlgvmnlc& abbiha 2 peeskent abaw ens |pgmnlpro@m'b(ﬂes:s for
oreoper all ve LESLIENL 10 & BRULSILYS feduce e fsspere of i autonomic
wg/mL, or about 15.5 pg/mL, or about 16 pg/mL, or about 16.5 pg/ml., or about 17
ug/ml., or about 17.5 pg/mlL, or about 18 pg/mlL, or about 18.5 ug/mL or about 19
30 pg/mL, or about 19.5 pg/ml., or about 20 pg/mlL..
In certain non-limiting embodiments, the premixed dexmedetomidine
composition comprises dexmedetomidine at a concentration of about 4 pg/ml.
In certain non-limiting embodiments, the premixed dexmedetomidine

composition is formulated as a liquid.
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25adm ni stering a dexnmedet om di ne conposition of the invention, as
described in U S. Pat. No. 5,344,840. In other non-limting enbodi nents,

t he dexnewet2ors/@B3Te conpositions of the present inventi @0TABR012842940

adm nistered as a sedative. In certain enbodinents, the conposition is

adm ni stered preoperatively to potentiate the effect of an anesthetic,
wherein adm nistration of the conposition reduces the anmount of

S%ngst hetic rﬁqugred hgl @e@ﬁbﬁc@%ﬁni&n@le@wcﬁ@em\a@i pr@%ix@@@&ﬁnﬁ&lﬁﬂo@idmﬂ certain
enbodi nents, the dexmedet oni di ne conpositions of the present inyention can
be adni ni st eF¥HOES A fa%?%ﬁ&tia@%ﬁ%e@*é@v OB & ABditoat Pt eqws?n PgU% he
operati on W { fhdofboWd &, BOBkw &G LRSI dn@lab@R 606r 1RRvecARBIHAY 204 2Rt @Ngst heti ¢
effective to achieve a desired |l evel of |ocal or general anesthesia. In
certai n enbotfitfiesitagoutt yad gesiie d & R dcRd NI ITrE8 3B thegwipeed t i ons of the
pr esent '@Ve&&hﬁﬂst%ﬁi&%?}gbﬁﬁﬁfjﬁs%%nﬁlla?&{ﬁaeﬁ TBAGHbLGAL, GRIPORId A for use i

a nmethod of sedation, anal gesia or treatnen anxi ety or hypertension.

In certain ngrbehvioeh sbavg4 enbauivh®rer §stwetreahoat 4 entabpeidatledthal tdn-t he preni xed
dexmodet o g SRRk OO ek 8 LBYEILL AR S i uheh ShorTlIB.PA Nt Smay
be intubated prior to, during, or after adm ni stration of the prem xed
dexmedet om dithef owmmesiboitehy, anfhboydtd. dnta pregrdienchAtnitied edbdaymerhghe

nasot racheal , endot,racheal ., .direct oral | aryngopsco r. by fjibreqptic
Toutes: or i PELURaT SRRt f sl o RSO MruRtaabih o3

i ntensi ver cadnd abditt7. (1 CU), which, as used herein refers to any setting that
provi des intensive care, as described, for exanple, in US. ip Pat. No.
6,716, 867. For exanpl @wfélﬁém& Hpbas ep Wgn%f}t&?kwgﬂg?ws%@qwﬁétawwg@ used for
sedating a pahipafitiol Bor@ftistddRABUMEMERAnMEL br IMRLEB] BARBIEENURIdeNg @
patient calmand treating conditions that affect patient confort, such as
pai n and anxi®BEysolitienanye SEe FHEAHAR CHPRVEdeSUTATIORS? DESTARE. I n ot her
non-1i m ti ng..anhadi Rttt Sodl 8k ¥R AR RASI OFLG 082t 3BRORI 41 ons of
the present invention can be admnistered to a patient as a perioperative
treat nents |Iheteenabir 0dfyoihrpacet aphebosbhpeght festen anbdveeadhbwilstder ed as a
premnedi cat i -nri ) j j i e pren xed
exmmdet on oy Sie §aeohan RS alehpBerelol of BE AL L RNEES SEM b Ball 2T, e
manuf act ur e @butd wediteanent oxf@twq@ﬁr&b@pélﬂét\m@t pereatt pmhiboof | waightal s t o

reduce the 20respqnses of the autonomn ervous systemto, stressful stinuli
Gur ng an_ ogeratt an oty ghtegkmsn e B e dEdR: STHEMeReH RERHLIL3 oo

I n ot her none:dontdntratieh embodioentight pefventppr em xed dexnmedet om di ne
conpositions of the present invention can be adm ni.stered to .a patient as
an adj unct anest hesi a.I“ﬁ?ﬁa‘%%hﬁ?’E?m‘f’ﬁ@‘ﬁ%ﬁ%@gﬁcf"?t(?ﬁa]@asﬁhrl’}éogﬂﬂ’? i“st er ed
with or wthﬁkﬂenﬁaeigﬁa@%mbmfs pRhiRB&asdRRIohC iedd@mtdntedienachiteve a desired
| evel of |ocal or general anesthesia, for exanple, as described in U S
Pat. No. 5, 3uigaagreennf dhempliiesolpn iiarhsrreat Wi vAlverodtheghed t he

conposi ti ong,ogf,cliig. Present invention reduces the anmount of anesthetic
required to achieve a desired | evel of anesthesia. In other non-limting
enbodi ments, the pati &nterieingandidniing smpdienpiie Miopsemidedkdedst gaindiiive

conposi tion Jzg 8£1{1+ﬂ (S;fa[l]é Q(reéekllt i‘!’l‘\fél oﬁ@&n?%ggé e@ét’omﬁcﬁge BRL ! ent S!Jf fers from
one or nore medrcal conditions. In certain empodi nments, the nedical

condi ti on i phamhasagicpitoiicentybldsadt therprfofilaemceheatidn of betblcengbobi €5 pr obl em

ki dney probl e e or r probl . gastroi ntestinal_.propl 0 Kin

or bl o ot A THtd AG e ek e e ek PR AR B P o ey

di st ress synrdricdanE,abNYD2Z wdpiBQ6rcknt. pneunoni a, bronchopul nonary dyspl asi a,
apnea of prematurity, and pneunothorax..Non-limtin xampl es. of brain
probl ens incl ude i ¢ B PR ?n%ﬂw%?&éhe&ﬁ@ﬂég@%m il
Non- 1 i m 10l NGofadiPhest (B predeVEihviiiioh k&ipriden 6dutedomitigd, 6€a Non-1im ting

exanpl es of heart problens include patent ductus arteriosus.
pharmaceutically acceptable salt thereof, at a concentration of about 4 ng/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

NY02:746896.1
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5exanpl es of eye problens include retinopathy of prematurity, myopia, and
strabi smus. Non-limting exanples of other nedical conditions includes

her oi n wiwbadnewaB378cocai ne wit hdrawal , al cohol fetal symrdTarseoi2ioidg4positive
status, and Tay Sachs di sease. In one enbodi nent, the patient has undergone
surgery. The patient 10may undergo surgery prior to, during, or after

adm ni stration of the prem xed dexnmedet om di ne conposition. Non-limting

exanmpl es of §WHBEki¥nd dFGhdiEeRARMUnARY TR Yar Y RAS8ing 0.118 ¢ I'n other
non-limting enbodi nents,” the prem xed dexnedet om d| ne conpositions of the

present i nvedEmenctemiditedIGlontisri & & dlebHintihe sasag | WRmIae! wtcrar 9449 or

anal gesic a f %@,ml 3 t s. 5,344,840 and
6, 716, 867. ?%Hté}leé} b(r%onﬁ1§ I m tf?dr%@ozlx(g@; abp&gutomyaéwvggr%ﬂgges | ocal epi dural
or intraspi nahcatriin stdeanpdatonoflingHer praawiox édedexmedet omi di ne conposi tion
of the invention. In i , r,em

dexnedet 25m di ne ZOCOWS%% afnglﬁ)g 1onlt1 “l‘%%‘gg?dzrggﬁ? tﬁ%@ﬁ??@ﬁ&é%ﬁ&g]é’@%m ni st ered
to a patientcongobiowent thapregat uiventiopriedspose] infagonexeng|vessel thattcae t r eat ment
of gl aucomm, as de CI‘I ed . In certain

enbodi ment s, mf“ﬁté“npt S%étéfOfi@)r(H@H@tg}ﬁcﬁi’tﬁ@“@g‘%@?ﬂ%ﬂ’é of the present
i nvention doaea@:redetﬂﬁidude;oa@ysmrh@m iapdrified ok E\Qfsﬁdﬂrz&]ljlrtfree@faﬁyher apeutic
25agent, other than dexmedetom d certain pon-|.i mtl ng
enbodi ment s GREFHEEy da gt li‘RPelH’E”i“B% emP%ﬂ’iﬁ?‘f@ﬁW@&*ﬂﬂ@& HetFEteh iiddiaed

conposi tion GapiRecadlyiani stered as a single continuous dose over a period
of time. For exanple, the prem xed dexrnedetom di ne conposition can be

admi ni stered int ravené‘b%qfsamf‘lﬂ“ lgnigag prabpdynents. pie GrUBdQERcabout 1 and
about 3010 ndpiH&8on thhpﬁxte%?ﬁvap%ﬂtw &siRdh RRQYLERG: (mv@é{;%%d ior between
about 1 and about 30 m nutes, or between about 1 and about 2 hours, or

bet ween aboufpl'ﬁluiatn@iafa%mmnﬁurhours or between about 1 and about 4 hour s, or
bet ween about | and a - .8, hours, or
bet ween about 1 and a%g%agj gﬂ{nzmn%émﬁog%l%% a O%{%}Xg{dgér}f egggﬁﬂtid] hours, or
bet ween asbouiorripositioh aﬁ)tbupreﬁbnhmumsionmardna;e)tsmera catuamtrcﬂrvhhé@rai‘]ﬂis746896 1 and
about 10 hou tdbetw@%gn abdout 1 and ab ut léL our s diments 91@ weHel\,neGabout 1
and about 1 Oﬂ%lﬂ?'g 30t Shet wge r?sa%omﬂcefa%m i TRREFE TSP R Reen about
1 and about cﬂaﬂmhwdirﬁl,dlrﬁrcoiﬁ@bsl\@:ﬁfbfammseﬁt 1&?@111abaﬁsp&&dhmwbmtam¢r dbet ween
about 1 and abokjt 16 hOU{ , bet ngt 1 and -bout 17 hours, or

bet ween aboufcSie Kd atef§5ﬁgﬁ§a§ %B"r” § W&en about 1 and about 19 hours,

or between about 1 ant ab@itnodQiniBHE SmbdAmbRE, WeaRnaResr visandcabaut 21
hours, or between about 1 and about 22 hours, or between about 1 and about

23 hour 29 orbubetine B tabbuglass visa(fassarpie b s lanited e hetiless ebhed at a

dosage of b / t ween
about 0. 005%{1%%/@‘ %éﬁﬁgﬂgﬂg’"glggﬂlﬁ%&g foe’éﬂlﬁlea,%gfft ﬁgg‘\%ﬁggﬁ%%&wlﬂg%

10! . . t g/ kg/ Mhlcarie) @b@merss\fp%‘@?‘k@mm commbrémewaalb@ulba@ Foost. ligh k/ hr  and
about 2.5 t / kg/ hr,
o hetweon aeor opBio PSR A eRl b HAL K P AR 10N 2kl KB

0. 005 ug/ kg/dentaawd, pdipptop¥ckgidutpiters andrsytyegeseen about 0. 005 jlg/ kg/hr and

about 0.5 ug/kg/ hr, or between ab ut Lka/ hr. and ab
j1glkgl h?s 151 n ot her g eﬁtannr%nt g n%?{g% |mr1reenn$ e cr?‘ﬁ%&gerxgjse é{f’mdﬁventl on,

t he prem xed:od@mﬂede@ﬁlm plieft@t GOONIRS ichi l@a’lstdradhasbﬂl@ﬁhﬁnmn&h@mmda‘aﬁg a | oadi ng
dose foll owed

ntenan (o] eriod of ti r exanple, the

| oadi ng qoséo@%ﬂ‘%% hegwecy ]gr?‘ﬁ ‘&3@ ﬁr %‘T‘Pef‘ﬁe@nﬁp%lféggﬁoe‘%gn@det or ni di ne
conposi ti on Rtwanhbsisl HQ3AOR LN cch@Bor 1 fahd $50 RET dradneken tbdiey fol | oned
by adm nistration of the

and 125 mL, or between about 1 and 120 mL, or between about 1 and 110 mL, or

30 between about 1 and 100 mL, or between about 1T 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 about 1 and 20 mL, or between about 1 and 10 mL, or between about 1 and 5

mL.
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20 mai nt enance dose at a second dosage anount for a second period of tine.
The | oadi ng dose can be adm nistered for a period of tinme of between about
| and abowO 2B13mosdr8es, or between about 1 and about 10 ®RCHOISe&2/04294bet ween
about 1 and about 15 m nutes, or between about 1 and about 20 m nutes, or
bet ween about | and about 25 m nutes, or between about 1 and about 30

m nutes, or between about 1 and about 45 25 ninutes, or between about 1

and about 60 m nutes. Hredd.yhdidihitiag bOBeHiMen 6 Asepretihed FBInMdeRaNER: dose can
be adm nistered for a_period of tinme as descrrbed above for a single

cont i nuous dygyposition of the present pyeptignicap Re HOHHE PF #il01H G WrAYGHR MEHEE 2 t he

prem xed deXﬁ@@%&@ﬁk@fﬂﬁm??HﬁP@ﬂﬂb@@unﬂb%ﬂa@ﬂﬁﬂ@hﬁl%fﬁﬂuﬂﬁhﬁL&hﬂg|e
continuous, |oading or maintenance dose, 30 is admnistered for a period

of tinme of aﬁ@ﬁ&xmmhdﬁﬁbﬁﬁ39@6HPTﬁK@é%%mLoW*@B@uwI&Lhﬁabm¥65éﬁeet 4 days,
or about 1 hgur, 40,p0QY o‘%%s*}x%{%%bo%éérﬁ%ﬂu& d%o&%rmﬁ%réﬁ’&éﬂ% ﬁﬁ pours, or
about 1 hour to about 2 ours, or about 1 hour to about ours.

In certain n@murﬁnntﬂn@beﬂﬁﬁ@Mwenﬂsml8%@prepré@rd@xmeueﬁ@ﬁndrne
conposition, e i S con | o r
naintenance g@%ﬂm ?%%ggggTi’?gmg g?%%% §r§5 Fg#ﬁgLﬁg%ﬁ%EQ Q time of
about 24 houms, momahdaﬁnﬂ26rﬂmmt§mrnt(ﬁbbmﬂIZﬂnﬂomnéomd49mdumrmﬁ&thours, or
about 24 hou t o abput our out 24 ur a 2 hours, or
Shout 54 noul s E LaBtl SEmfod Bouoodaont «5h aStrE ¢Seae de hour s
5When admi ni stered as lacdroadiondiniasgefivddinweas t}litypranﬁiadi abendaeaidiese, the
| oadi ng dose and/.qr nprntenance dose can be a dose of between about 0.005

ttgi kg/ hr anf® HEFHE" 81 GG P h v eyionsat ledeasbutaed Bos 2'grUE §FHPE and about
4.5 ttgi kgi hisa! @flubebiveen: apbgut 0. 005 ti g/ kg/ hr and about 3 ug/kg/ hr, or
bet ween about 0.005 fig/kg/hr and about 2.5 kg/kg/ hr, or betmeen about
0.005 ttg/kg/ hr and abdtfiap nopdinggngk grpadimes, He g cABOUE eoweenmg/ kg/ hr
and about 1. (%iﬁ%gélggl‘{ Mtheﬂes&?fn‘(@rﬁf&n%gpbgst&ec@géaH(%“i(gl/ ajﬁrah@r.ra}q hQ\QQ%E
jigaglkglhr, bet ween about gg/ kg/ hr and about 0.5 'kg/ kg/hr, or

bet ween ébod@waﬁwﬁe@f@ﬁk@ﬂhﬁLand about 0.25 pig/kg/hr. In a preferred

non-limting enbodi ne r

adm ni stered as a | oadi mx&Ebégl?ﬁ}%%gn§§%H§g§h%§gﬁg%n %%@%@gg%%gg mherern
t he Ioadingcﬂmeemﬁmlahbume&mtgw&ghhmadbﬂa@e@erab@u@ﬁuﬁbﬁqmnhanngmutes

fol | oned bytat mtengag)P tH@ of bet ween about 0.2 tig/kg/hr to about |
kg/ kg/ hr, ?@"ygF%P § en about 0.2 ttg/kg/hr to about 0.7

ug/ kg/ hr. In other preferred non-limting enbodi nents, the prem xed
dexnedet om di ne co osrtron s admnis Sred as a, Ioaorng dose foll onwed by a
20mai nt effance dosé&:” W 2 B : ’ §/ kg/ hr for a
period of about 10 ”1ﬂU&@§mh&£kh@MﬁmeMﬁ@nmﬁ&@%%&@&ﬁ&xﬂﬁﬁﬁxgkfQﬁﬁyﬁen about
0.2 ug/kg/hr to about 1 tig/kgl/hr, nDre,Ere er abl bet ween about 0.2

gg/ kg/ hr t o &eutxedd qud@fpr@%rcomposmon certaip gog- S YIS FIHGAIHH TR ng
embodi ment s .t iHR%AGRH ALY b KEHHRXRRASIAM Ul AR ATRANI:hon _
adm ni stered as a single continuous, |oading or 25mal ntenance dose, is
titrated untieiponsedddieratbnemicasrvaus syset @sttuli dufmg an operatiof by some  pati ent s,
e ua LY il SCAALLORAGNL AUER B AATA SLELEAG L, BLER el
dexnedetonr I'ne conposition of the pP sent inventi be Uni gue. In one
non- I|nltrndhekﬁnﬁﬂé48a)damﬂennmsémamgdebymnhemphedmummmdmxmmdetonldine
conposition is arous me Qorient . Thﬁ patient can wa ened and is
abl e to 30r éSp8Rd ?5 §W§gﬁ§“e? AR RSENE “ﬂﬁﬁ® Félerate an
endotracheamnmumemnShmebdnﬁmd&epemhmemehﬁqﬁm@eﬂatﬂpnuhemnaﬁu&ﬂﬁﬁaor
desired, an increase.in _dose of the conposition, of the |nvent|o can be

adnmi ni st er ed® 8 UG PVIERE FEppisHFion of BregonBepEm 1T ertaﬁmgeaa i on. NYO2

1 74)896.3%  anesthetic required to achieve a desired level of anesthesia. In certain embodiments,

the dexmedetomidine compositions of the present invention can be administered as an
anxiolytic analgesic premedication prior to the operation with or without
administration of an amount of an anesthetic effective to achieve a desired Ievel of

local or general anesthesia. In certain embodiments, the dexmedetomidine
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In certain non-limting enbodi nents, the conpositions of the invention can
be adm nistered to non-ventil ated patients who require sedation,

anxi ol ysiwQ 2arsalogisi a, or henodynamic stability in an amouaiS2410/0s2916 eve a
sedative, anxiolytic, analgesic or henobdynam c stabilizing effect in the
patient. 5 5. EXAMPLES The follow ng exanples are nerely
illustrative of the presently disclosed subject matter and they shoul d not
be consi der egn@®sikibfd JrighrtRE: 96BN & MR RVSRhinRReliRaBRYpYaYon EXAMPLE
1: Sel ecti on of Packagi ng Conponents for the Preni xed Dexnedet om di ne

Phar maceut i cfar u@dﬁﬁmksﬁ@ﬁsqmum detlesE o gererof SUTIEHISr BYISFEMEYY packagi ng
components for the 4 1ollgitidRh&AL KathARKIRd! oRLAIAL.EoIROR Lion in

0. 9%NaCl, stability studies were conducted I n various configurations

i ncl udi ng gl Eswixgi déenedaivpodihesompsiidion pCthe freritisings BoveEinéhspPUEA3 el ast oner
copol yester - L1 I NG ook .4 L), PVC and

Vi 51 VTM pl as %521?{318{%1{% gt%%g{?(?@l—%ggg’%g,aﬂ?rr?gﬂl?mitglﬁg%E{)trﬁgélt%?ﬁﬁef)), and Ansyr(r)
syri nges ( Hospinedgtorhiite,cotbakatidFordstpatidn jnay Ae batbated bfy tpr rerdtregllbaR 0

dexnmedet om di ne ¢ osition was prepared_.at the prem x. concentration of 4
L, T e R e G e s o B PRtsep gt e eaab g ot

gl ass vi al s, exk@d@lemvhidsidd w@satddlie aic inailv e e4rs unil AQUNlwIERS aelsas hewir

copol yester ether flexi_blg containers. (Hospira, .lbn ., Lake Forest, IL), 50
mL Vi s| VTM pPEE P Y RO P Praviees mighi C&r&aésd[ae?ﬂw BY: 97 ¥R BIe™d0Mt ai ner s,
and 10 g Ansy . Sym b REESEdrldRshplE ahe dddspositibAKs thohe&ition bdn)be 188 ARd al |
configurations were autoclaved.. The pH and potency (usi nq HPLC net hod) of

the sterili Z6REERIRED HoFreNEBE & fihEn! WitRsppedetiye dPacReaduedt] aved

sanpl es Und%eaﬁﬁ%&’n@ftﬁh@fﬂm%ﬁ@i Fgﬁa&i%%o&@@sio’ﬁ%b%n‘é’ﬁ@aﬁdiéﬁ igYR) d4ated over a
period of 5 nonths (Table 1). Potency was eval uated using a HPLC net hod.

Post steril itdtrond30potseiscycval ues ranged from 73-88% The sol ution pHs
varied from 4. 7 0.2 T8l o000 1A Nedb REESS: BRI 0] dbnRucdMRMEeks

sanpl es stored under Ient con ions were tested tor pH £ potency and
rel at ed substamposgsonsehetpusementestipotaiepdmesuirtdongragctonsi dered as tine

zero resul ts ocause Lhe Yot oL ation. s Som s, stagle at room
t enperature REGPPREES TERRKTY &KL nparison ofnppo ency results at tine
zer o NYO02: 74£6880stdred iafa piefdedicaiin eionfd gpuwpataiiensShicadkiic anhgaliaecds, 0 i n pot ency

of prem xed dexnmedet om di ne..conposition filled i.n CR3 el astorner

Copol yest or TEHF BEGEIpRBRHTT SrTPRON: Qe PSPBYeDIpE yoreg e G 7r

pl astic bagsmidi@sRiré & a hBGcamdndke pE@pREtve frtdmedbt BEmSia8lth kddzad then (Tabl e
1). The stability of the autoclaved sanpl es under accel erated

condi ti offs (ADCIESORAY AWARCRIC SEVRYSIYHETER sErei! HInBRr{USEE 81 OBTHIHE hs ( Tabl e

1). After fige.appidss #0desdar08. prakgd sangbtions the potency of the
prem xed dexnedet om di ne conposition in glass anpoules and vials remined

at about 98% whi | e t hitother nohdingynrg saoditaents. Siercreigchiexaisdeiomod% | n PVC
and CR3 el as&o%&ﬁ&%%?ltﬁég;?és@ﬁt 1 telﬂﬁ{)n 19391 %ﬁm&m& 4 {o% pa#i%‘as axlr%!jﬁm'tzor est,

IL), after theinitial potency |loss no further [oss ‘'of potency was observed
during the fdngshasontthr pemripdd the composition can be administered with or without an

25 amount of an anesthetic effective to achieve a desired level of local or general
anesthesia, for example, as described in U.S. Pat. No. 5,344,840, In certain
embodiments, administration of the compositions of the present invention reduces the
amount of anesthetic required to achieve a desired level of anesthesia.

In other non-limiting embodiments, the patient treated with the

30 premixed dexmedetomidine composition is critically ill. In one embodiment, the
patient suffers from one or more medical conditions. In certain embodiments, the
medical condition is a lung problem, brain problem, heart problem, liver problem,
kidney problem, eye or e¢ar problem, gastrointestinal problem, or skin problem. Non-

limiting examples of lung problems include respiratory distress syndrome,
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Table 1: 4 !..t.g/nmL Prem xed Dexnedet om di ne Conposition in Normal Saline
Formul ation Stability 2 Wek/2 5C 1 Month/ 40C 2 Month/ 40C 3 Month/ 40C
5 Mont h/ wWO0Qo13Awg37Pot ency (/()) pH Avg PCT/US2012/042940

prneumonia, bronchopulmonary dysplasia, apnea of prematurity, and pneumothorax.
Non-limiting examples of brain problems include intraventricular hemorrhage, and
cerebral palsy. Non-limifing examples of liver problems include jaundice. Non-
limiting examples of heart problems include patent ductus arteriosus. Non-limiting
5 examples of eye problems include retinopathy of prematurity, myopia, and
strabismus. Non-limiting examples of other medical conditions includes heroin
withdrawal, cocaine withdrawal, alcohol fetal syndrome, HIV-positive status, and Tay
Sachs disease.
In one embodiment, the patient has undergone surgery. The patient
10 may undergo surgery prior to, during, or afler administration of the premixed
dexmedetomidine composition. Non-limiting examples of surgery include
cardiopulmonary bypass.

In other non-limiting embodiments, the premixed dexmedetomidine
compositions of the present mvention can be administered to a patient as an anxiolytic

15 or analgesic agent, for example, as described in U.S. Pat. Nos. 5,344,840 and
6,716,867. In one non-limiting example, the method comprises local epidural or
intraspinal administration of the premixed dexmedetomidine composition of the
imvention.

In other non-limiting embodiments, the premixed dexmedetomidine

20 compositions of the present invention can be administered to a patient to lower
intraocular pressure, for example, in the treatment of glaucoma, as described in U.S.
Pat. No. 5,304,569,

In certain embodiments, the premixed dexmedetomidine compositions
of the present invention do not include any other active ingredient, or therapeutic

25 agent, other than dexmedetomidine.

[n certain non-limiting embodiments of the present invention, the
premixed dexmedetomidine composition can be administered as a single continuous
dose over a period of time. For example, the premixed dexmedetomidine composition
can be administered intfravenousty for a period of time of between about | and about

30 10 minutes, or between about 1 and about 20 minutes, or between about 1 and about
30 minutes, or between about 1 and about 2 hours, or between about 1 and about 3
hours, or between about 1 and about 4 hours, or between about 1 and about 5 hours, or
between about 1 and about 6 hours, or between about 1 and about 7 hours, or between

about 1 and about 8 hours, or between about 1 and about 9 hours, or between about 1
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Potency (% pH Avg Potency (/0) Avg Potency (A) Avg Potency (% Ampoule
99.0 5.0 99.0 5.6 97.7 98.3 98.7 Vial 98.2 6.7 99.4 6.3
WO 2013/103378 PCT/US2012/042940

and about 10 hours, or between about 1 and about 11 hours, or between about 1 and
about 12 hours, or between about 1 and about 13 hours, or between about 1 and about
14 hours, or between about 1 and about 15 hours, or between about 1 and about 16
hours, or between about | and about 17 hours, or between about 1 and about 18 hours,
5 or between about 1 and about 19 hours, or between about 1 and about 20 hours, or
between about 1 and about 21 hours, or between about 1 and about 22 hours, or
between about 1 and about 23 hours, or between about 1 and about 24 hours, and
administered at a dosage of between about 0.005 pg/kg/hr and about 5 pg/kg/hr, or
between about 0.005 pg/kg/hr and about 4.5 pg/kg/hr, or between about 0.005

10 ug/kg/hr and about 3 pe/kg/hr, or between about 0.005 pg/kg/hr and about 2.5
ug/kg/hr, or between about 0.005 pg/kg/hr and about 2 pg/kg/hr, or between about
0.005 pg/kg/hr and about 1.5 pg/kg/hr, or between about 0.005 pg/kg/hr and about 1
ug/kg/hr, or between about 0.005 ug/kg/hr and about 0.5 pg/kg/hr, or between about
0.005 pg/kg/hr and about 0.25 ng/kg/hr.

15 In other non-limiting embodiments of the present invention, the
premixed dexmedetomidine composition can be administered as a loading dose
followed by a maintenance dose over a period of time. For example, the loading dose
can comprise administration of the premixed dexmedetomidine composition at a first
dosage amount for a first period of time, followed by administration of the

20  maintenance dose at a second dosage amount for a second period of time. The
loading dose can be administered for a period of time of between about 1 and about 5
minutes, or between about 1 and about 10 minutes, or between about 1 and about 15
minutes, or between about ! and about 20 minutes, or between about 1 and about 25
minutes, or between about 1 and about 30 minutes, or between about 1 and about 45

25 minutes, or between about 1 and about 60 minutes, Following the loading dose, the
maintenance dose can be administered for a period of time as described above for a
single continuous dose.

In certain non-limiting embodiments, the premixed dexmedetomidine
composition, when administered as a single continuous, loading or matntenance dose,

30 is administered for a period of time of about 1 hour to about 7 days, or about 1 hour to
about 4 days, or about 1 hour to about 48 hours, or about 1 hour to about 36 hours, or
about 1 hour to about 24 hours, or about 1 hour to about 12 hours.

In certain non-limiting embodiments, the premixed dexmedetomidine

composition, when administered as a single continuous, loading or maintenance dose,
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98.0 98.3 98.6 Syringe 95.0 5.5 94.6 5.7 92.2 89.5 90.8 CR3 80.2 4.7 79.5
6

7
4.8 NT 75.3 79.2 PVC 79.9 4.8 81.4 4.6 NT
WO 2013/103378 PCT/US2012/042940

is administered for a period of time of about 24 hours to about 120 hours, or about 24
hours to about 108 hours, or about 24 hours to about 96 hours, or about 24 hours to
about 72 hours, or about 24 hours to about 48 hours, or about 24 hours to about 36
hours.

5 When administered as a loading dose followed by a maintenance dose,
the loading dose and/or maintenance dose can be a dose of between about 0.005
ug/kg/hr and about 5 pg/kg/hr, or between about 0.005 pg/kg/hr and about 4.5
ng/kg/hr, or between about 0.005 pg/kg/hr and about 3 pg/kg/hr, or between about
0.005 ug/kg/hr and about 2.5 ug/kg/hr, or between about 0.005 pg/kg/hr and about 2

10 ug/kg/hr, or between about 0.005 ug/kg/hr and about 1.5 pg/kg/hr, or between about
0.005 ug/kg/hr and about 1 pg/kg/hr, or between about 0.005 pg/kg/hr and about 0.5
ug/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 ng/kg/hr to about 1
ng/kg/hr, more preferably, between about 0.2 ng/kg/hr to about 0.7 ug/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/keg/hr for a period of
about 10 minutes, followed by a maintenance dose of between about 0.2 pg/kg/hr to
about 1 ug/kg/hr, more preferably, between about 0.2 ug/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

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

In some 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 1s 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 mnto a deeper

level of sedation.
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79.0 76.7 VislVIM95.8 5.9 92.8 5.8 NI 94.0 NT 15NT - Not tested N YO2
14623 96. | The cause of potency loss in PVC bags and CR3 el astoner

copol yestwp 2etdws37’®ags (Hospira, Inc., Lake Forest, |L)Pduniseg2aueec! avi ng
was investigated. Rel ated substances testing on autocl aved prem xed
dexnmedet om di ne conposition filled in PVC and CR3 el astoner copol yester

et her bags (Hospira, Inc., Lake Forest, 5IL) reveal ed that potency drop did
not occur due to degrqﬂeéﬁaamonheﬁﬁﬁgemgmnmg @he RAIRENENAST thdTRWNLLL €S Was
much | ess than 20% (Table 2). Loss of potency nay be due to either
adsorption (F8YERIRIraterEdorRa- e pisd BARISHE TPIUEE eGP SRS, absor pti on
(not restriciated9 otrh@méd%ﬁﬁfceslabgfty H’%ﬁr‘l a%oléﬁrtb@cﬁl&etafl%deftlx%xantl%gﬁw To confirm
t he absorption/adsorption phenonmena, el astomer copol yester et her
bags 10( Hospinekgesi¢ ﬁrcllern@akc‘erur:@ﬁae@tzmgpifrctamhemﬁ@nbags t hat showed 20%
potency lposs were enptied and rinsed with MeOH The rinse solvent was
tested for dexnecletomdine. Nearly all the drug was recovered from CR3

el ast omer copol yester ether bags (FHoERAMELESIc., Lake Forest, IL)

i ndi cati ng adsorption and onIy 1 A of the drug mes recovered from PVC bags
- indicating absorpti j.nee drug, di ssol qhmp 15TQeireIated

; 031 8 expm les aremicte érveo th iPres
substances results in r% rem xed exrre et om rne C(yn’pOSI tion in
Vi SI VTM pl asdii;cﬁosbag&;e(clﬁmnarraad thepehquldiak e Batseisted ab Linithadhddcgpe offtpari ty
| evel s (Table ) er than | evel s observed in anpoul es, vials, syringes,

PVC bags'%nd" % y&ﬁer copol yester ether bags (Hospira, Inc., Lake
Forest, IL). 20 Table 2: Inpurity Results for 4 p.g/n Prem xed

Dext nedet oni dj ne Cbnposrtron .
EXAMPLE Selection of Packaging Components for the Premixed

Dexmedetomidine Pharmaceutical Composition
In order to identify suitable primary packaging components for the 4
15 pg/ml premixed dexmedetomidine composition 1n 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,
11, PVC and VisIV™ plastic containers (Hospira, Inc., Lake Forest, IL)), and
Ansyr® syringes (Hospira, Inc., Lake Forest, IL). A batch of premixed
20 dexmedetomidine composition was prepared at the premix concentration of 4 pug/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, [L), 50 mL VisIV™ plastic (Hospira, Inc., Lake Forest,
IL) flexible containers, and 10 mL Ansyr® syringes (Hospira, Inc., Lake Forest, IL),
25 and all configurations were autoclaved. The pH and potency (using HPLC method) of
the sterilized samples were determined. The stability of the autoclaved samples under
accelerated conditions (40°C/75%R1I]) 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 ug/mL formulation remains stable at

room temperature for more than 2 weeks. Comparison of potency results at time zero
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2 week/ 25C Total inmpurity (/0) | Mnth/40C Total inpurity (% Anpoule 0.66%
0.54% Vial 0.02% NT Syringe 0.49% 1.48% CR3 2.61% 5. 88% PVC 2. 26% NT
Vi sJVTM IWOoQ8#103378% EXAMPLE 2: Devel opnment i n ADDVant 2ge(USpo1lPN@9¢MHospi r a,
Inc., Lake Forest, IL) Adm xture System 25In this study three 250 niL
ADDVant age(r) PVC bags (Hospira, Inc.,
in different configurations indicated a drop in potency of premixed dexmedetomidine
composition filled in CR3 elastomer copolyester ether bags (Hospira, Inc., Lake
Forest, IL) and VisIV™ plastic bags (Hospira, Inc., Lake Forest, IL), after
sterilization (Table 1),
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 about 90%. In PVC and CR3 elastomer copolyester ether
10 bags (Hospira, Inc., Lake Forest, IL), after the mitial potency loss no further loss of

potency was observed during the five month period.

Table 1: 4 pg/mL Premixed Dexmedetomidine Composition in Normal Saline

Formulation Stability

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

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

Ampoule 99.0 5.0 99.0 5.6 97.7 083 98.7
Vial 98.2 6.7 99.4 6.3 98.0 98.3 98.6
Syringe 95.0 5.5 94.6 5.7 92.2 89 5 90.8
CR3 80.2 4.7 79.5 4.8 NT 753 792
PVC 79.9 4.8 81.4 4.6 NT 79.0 76.7
Vis-[V™ 95.8 5.9 92.8 5.8 NT 94.0 NT

135 NT — Not tested
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Lake Forest, IL) were spiked with 10 nL of dexnedet om di ne concentrate (100
NYO2: 746890.1 ! tg/nL) to obtain a final concentration of 4 ug/nm.. As a
control, wWOghes®33I8tt|l e was spi ked in the same nanner. BpoUSkéanE9gh M Xi ng
of the sanples, an aliquot was wi thdrawn for subsequent potency analysis.
The bag was then allowed to sit on the IOCIICh top fe.,r various interval.
testing. The results showed that there is a drop, in 5potency after the

initial mxing periodrapgy@e st oty dREmEASEHINRREaRE @lasto@PPoBLsterTabl e 3:
4 | ag/ nL Prem xed Dexi nedet om di ne Conposition ADDVantage(r) PVC bag

(Hospi ra, | niher bpgglEomorelic, Lpiro Forghirillt s Spigalpvime as moFsisEhg Admi xture
' A Loss fron&%‘ e TR ALEl YocPndd FrefiPll Scan&icBnfiBHE Sorfpddidft Hours 5.5
48 Hours 5.8 %f@htﬁgéeg%ﬂ%ys%&l P ‘Avergge gf .tlhreewgppi 1Iged bags
conpar ed t o iglcdss PHEtantl €R3klastomer copolyester ether bags (Hospira, Inc., Lake Forest,

s IL) revealed that potency drop did not occur due to degradation, because the total
percent of impurities was much less than 20% (Table 2). Loss of potency may be due
to either adsorption (restricted to the surface of the flex bag) and /or absorption (not
restricted to the surface) of the drug in to the flex bags. To confirm the
absorption/adsorption phenomena, the CR3 elastomer copolyester ether bags

10 (Hospira, Inc., Lake Forest, IL) and PVC bags that showed 20% potency loss were
emptied and rinsed with MeOH. The rinse solvent was tested for dexmedetomidine.
Nearly all the drug was recovered from CR3 elastomer copolyester ether bags
{Hospira, Inc., Lake Forest, IL.) - indicating adsorption and only 1 % of the drug was
recovered from PV( bags — indicating absorption, since drug dissolves in DEHP.

15 The related substances results indicated that premixed
dexmedetomidine composition in VisIV™ 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 ug/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 261% 5.88%
PVC 2.26% NT
VisIV™ 19.08% 7.02%
EXAMPLE 2: Development in ADDVantage® PVC (Hospira, Inc., Lake Forest,
IL) Admixtare System
25 In this study three 250 mL. ADDVantage® PVC bags (Hospira, Inc.,

Lake Forest, I1.) were spiked with 10 mL of dexmedetomidine concentrate (100
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EXAMPLE 3: Modification of the Prem xed Dexmedet om di ne Conposition

For nmul ati on The pH of the prem xed dexi nedet om di ne

conposi t iwo 2bwwsd7at i on 15can affect the adsorption of ®exmsdeoniodé ne
nol ecul e. The free base form of dexnedetom dine is nore adsorptive. At

| ower pH - 4.0, nost of the dexnedetom dine is in the ionized form which
m ni mzed adsorption and thereby | oss in potency. Buffered formnul ations
vere tested h%%m@??o%b@ﬂuﬁ'@ﬁ%%%ﬁ&huét%%f@f ROt EREY chrirof l18%sbB@8: Gan be

m ni m zed. CH§ Buf f er ed

f or mul at i onssbitise én @ﬁ@gﬁ%@ﬂnrﬁr HPW@P@HElI@PBHHSOthe gmplesAngligeiaa. 5 usi ng
acetate, cityate A6 B kb ARG (P B
dexmedet om d\lgine f’vg a out q}égﬂy I%%}S % %TD? eom gh téfﬁo pr ot onat ed
5sufficient Ibymt‘DLOPéft“a«rdu@dSGﬁpt iu(a)‘.mg, I?’distusa:tﬁtﬁm‘#‘ved/@ porierrcydivialues dropped
appr oxi el nce h . r;rF]n fr.omthe 20%
decr easgast)bs%)rt?}g heﬂ? lgltﬁg (gd‘ftaodr'?rus1 ?%ﬁealéem%gggr%p etbllc.sr)'

In a second study, additives Were formul ated with the prem xed

dexederom d1Be. EJTROS1 0 Sh.LoyBLYEDL AHOL RSN, Slpb U dEXRz g 4 e 1o

fol | ow ng ad@ickpivemcwere: Fasd au) Aehlhwreakua@hol benzyl al cohol, nethyl

par aben pr Opy| par abnn PEG-1000 nn| \lcnr‘ h::f e--20 and Q0 nr nny| ene g| yco|
Formul ati ons prepar ed| Fina Krlleoyingdddmixsiee | n Hobessgiam SptroEnd | unbuf f er ed
preni xed dexmedet om di'ne " cCofpasiifk@n. BOTh these refproulation strategies
reduced potency loss. | 15Stability festinglof the 4 |i.g/m prem xed
dexnedet om di ne conposition (4d|11¢m$fered sal ine formftation), iin glass vials
and anpoul es stored at—25€, lsv nmont-hs—was—per-formed.—Pot-ency renai ned
rel atively unchanged from i ni t| dJI measur ements. ﬁl onal ly, ithe | argest
single inpurity detected in thHosanpl es was pr esents at a conce=ntrati on of
0.06% 20 EXAMPLE 4: Stabitity—ofthe Premxed-BPexredetom-di-re Conposition
The stability of dexnmedetoni %ﬁﬁ@‘“ﬁydr ochl bride to aci di c, basic, oxidative
and photolytic stressiwas exanmmpgd. In order to dempnstrate the resiliency
250f dexnedet om di ne, _even when present in.extrenely lowlevels (ppm or
u.g/m levels), dilutge sol utiohRaysof dexmedetomni di névl( appr ox. 13.3 u.g/nl)
were separately subjegted_t t photol ytic stress
and then diluted with Oqsgg%éggg‘;hhe%sggifﬁw eomgﬁw?l%&}égbﬂg% nal concentration
of 4 us/tariL and assayed by HPLC

EXAMPLE 3: Modification of the Premixed Dexmedetomidine Composition

Formulation

The pH of the premixed dexmedetomidine composition 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 mimimized adsorption and thereby
loss in potency. Buffered formulations were tested to determine whether loss of

potency in flex bags can be minimized.
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NV02746896.1 w th a photodi ode array (PDA) detector for spectral peak
purity analysis. Each sanple was injected in duplicate. The stress

condi ti orsOans/10838ed in Tabl e 4. Table 4: Stress Condi PCONS282/0¢2930
Condition Description Acid 5.0 nL of a 40 ug/nL stock Dexmedet orni di ne
Hydrochl ori de solution* and 10 nth of 5N Hydrochloric Acid were added to 20
m.., scintillation vial. The vial was placed in an oven at 60C for 8
hours. The solution was then diluted with 0.9% NaCl to 4 !tg/nL. \Base 5.0
aiL of a 40 p.g/ nm stock Dexmedet om di ne Hydrochl oride solution* and 5 ni
of 2N Sodi m Hydr oxi dgHyer €ragdded to 20 ni SC|nt|II@p%on @Hgl The/vi al was
pl aced in an oven atf 60C flor 4 hours. The solutionfwas then diluted with
0.9% NaCl to SOBnL of a 40Nug/ rni di ne
Fydrochloridg/so E added to 20 nL I : aty ; vial was
pl aced in an<§ve4 C for |8 hoGrs. —The | ut ilon=was d|Iu ed with
0.9% NaCl to N . ; , i di ne
Hydr ochl ori de ﬁgiutlon* and 5 nL of O. 3@6FNd gen PerOX|oe were added to 20
m. scintillation vial. The vial was placed in an oven at 60C for hour s.
The solution was then diluted with 0.9% NaCl to 4 ug/nL. Light 5.0 niL of a
40 ug/rtiL stock Dexnéﬁﬁhmdﬁdhnﬁﬁh@ﬂwaebh@mkdet@ﬂ%mnMﬁhﬁHMéﬂb4@ddﬂd to 20

nmL scintillation V|a ced into eaction unit for 24
e re Mhe. obt Bnditlied MR RERE b LR P b e T Ry o “Bontr ol 6.0
mL of a 40 u%mbd(s@ﬁﬁllme@me@letz@mgﬁtﬂﬂ&drmwumhigﬁwaiﬁots@itwi on* was added

to 20 rnL scintillation The_vi al s not subhjected to any stress
condi ti on. grtcé‘iﬂt hitq E‘ﬁt?r%égofprtf@?r Bpst-aria ‘VEROFF”GY @%WPY’F 4 ug/mL. 5*

Stock sol uti z@?rcﬁﬁmﬁ@ﬁ medah @mrﬁtaﬂ@eSH@ﬂs WA SN RhERAM R HBmArSI0Nakdre50! ut i on.
N Y02: 746896 a&@gk r|ty anal ysis shows that under al

stress cond|@¥%ﬁ§iWH@”H@PgﬁFdﬁﬁﬁkl BPflal |y pure, attesting to the

assay bei ng performedjinder, £ondl LidRes fhrSBRG ztb&mtxzhe?@&mw e 5 for
Pot ency Results. Under oxi dative condi t he sanpl e

showed hi ghe&srmagasemnidingfcoBgesiicidaprayant(adsormign of dmbm@@ldeﬁ@mﬂm t@@ﬁﬁ rol
sanpl e. f%p pre?ﬁ'fdn?&tr goﬁr)?egt%yéthé)rr{}%o%rﬁ, Inc., Lake Forest, IL). The following additives

were tested: ethyl aleohol, 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 months was performed. Potency remained relatively unchanged from
initial measurements. Additionally, the largest single impurity detected in the
samples was present 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 ug/mL
levels), dilute solutions of dexmedetomidine (approx. 13.3 ug/mlL) 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 ng/ml. and assayed by HPLC
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taken during manufacturing and packaging to prevent oxidative stress.
Thermal stress studies indicate that the prem xed dexnedetom di ne

conposi t iwo 208/®8EB| e at high tenperature. It is al so cenfiusaed/om40
accelerated stability studies, wherein potency val ues renmai ned within shelf
|ife specifications over a period 10of 6 nonths. Mreover the prem xed
dexnmedet om di ne conposition is a termnally sterilized product. Hence, it

s expect ed {al ALK PRIRARKQME: A1 GAMPAR bhi GRuOUL dedegTRI st abl e
if exposed to tenhperature curS|ons ng transportation or storage.
15Tabl e 5: Fompbdvidegredain donliqés UlhestrSanpidisons BreAstdyn Cone fol Sanpl e 98. 4%
Aci d Sanpl e 951% Base Sanpl e 93. 8% Heat Sanple 98. 4% Oxi dati on Sanple 85. 7%
Li ght Sanmple 92.0% EXAMPLE 5: Manufacture of the Prem xed Dexnedet om di ne
Conposi ti on FotailSatisdivndBioAs 4 ug/ L prem xed dexnedet om di ne conposition

can be manufaetured—according—to—the—fot-ow-ng-process—Water—for | nj ection
is added to %;ﬁ?)%l ng Eank t.o approximately 110% of the final volume and

heated to 8 gscription
5.0 mL of a 40 pg/mL stock Dexmedetomidine Hydrochloride

solution™ and 10 mL of 5N Hydrochloric Acid were added to 20 mL

scintillation vial, The vial was placed in an oven at 60°C for 8

Acid hours. The solution was then dituted with 0.9% NaCl to 4 png/mL.

5.0 mL of a 40 pg/mL stock Dexmedetomidine Hydrochloride
solution* and 5 mL of 2N Sodim Hydroxide were added to 20 mL
scintillation vial. The vial was placed 1n an oven at 60°C for 4

Base hours. The solution was then diluted with 0.9% NaCl to 4 ug/mL.

5.0 mL of a 40 pg/mL stock Dexmedetomidine Hydrochloride
solution® was added to 20 mL scintillation vial. The vial was placed
in an oven at 60°C for 8 hours. The solution was then diluted with

Thermal 0.9% NaCl to 4 pg/mL.

5.0 mL of a 40 yug/mL stock Dexmedetomidine Hydrochloride
solution™ and 5 mL of 0.3% Hydrogen Peroxide were added to 20
mL scintiltation vial. The vial was placed in an oven at 60°C for 8

H20, hours. The solution was then diluted with 0.9% NaCl to 4 ug/mL.

5.0 mL of a 40 pg/mL stock Dexmedetomidine Hydrochloride
solution* were added to 20 mL scintillation vial and placed into a
photochemical reaction unit for 24 hours. The solution was then

Light diluted with 0.9% NaCl to 4 ng/mlL.

5.0mL of a 40 ng/mlL stock Dexmedetomidine Hydrochloride
solution* was added to 20 mL scintillation vial. The vial was not
subjected to any stress condition. The solution was then diluted

Control with 0.9% NaCl to 4 pg/mL.

5 * Stock solution of dexmedetomidine HCl was prepared in 0.9% Na(Cl solution.
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sparging in the tank is started and mai ntai ned t hroughout the manufacturing
process. 25Water for Injection is then cooled and a sufficient anpunt of
wat er i s wothtv@sasrsf rom the tank to | eave approxi mat el y P@@AsSed12t0946 i nal
volune in the mx tank. N Y02 746896. | Dexnedetom dine HCl is then added
to the tank and m xed for not |ess than 15 m nutes, Sodiumchloride is then
added and m xed. The solution is then divided into batch size. An

i n-process sanple is tmsgea%\@%hﬁﬁatﬁgsi@ QhovRlh ARG Al SREY conbitonBitder 0gen
protection is maintained. 5 Filteri'ng of dexnedetom di ne conposition

The dexnedetwrasi déaevesosnetiraly fus, fitdstieg edhqasbarbeing rerfbmpadgmider a
clinician-us l.e cantainer. <& the. s, solution is filtered

t hr ough Palf%%%kgﬁ“gg?&ﬁﬁfg'Eﬁ???ﬁ?gﬁ%ggﬁkﬁgﬁéﬁafth a pre filter. For 50
and 100 tnL batches, $bHuataxédativscdnditiohs, dreesdmplersborgdal Nghesiun@Bint @. 22 pm

filter menbrane wt e filter. Afjlter conpatibilidt tudy was
ber f or o wetAGaRiPt Ry P gt and oplrrd Fhal TPl pRu alsfabithdis " That
filters had thkdntdu€ing mamefadtigracind @ackabeg py gdvepedxidanasdeson di ne conposition
product after 52 hours_ of reci rcu(gat.i g_n. 'Il'he rol on Z’% exposure of these
filter materials did f8f™PF SESCEISUR/™ ‘Fﬁﬁﬂaf@gﬁ’fe”b’é% EPCHHOBE e hanges i n

the drug l5picafdstiod Seabikabhenh @mpeAtidt tit BRablcYafihREbe ¥R drange in
bubbl e point for the filters before and after exposure. Table 6: Filter

conpat i bi | i t§udiess e PPIPECISEHSS EcnTBRday hpashel iNgs tscideations per 2ppagd  corp. |
Port VAsP ngiQmod¥) MorQLENGY p&%xe@ﬁe?rﬁ&fetdn&i&i%@%&@ﬁbsﬁ%ﬂlﬁs z(gnﬂi'hzllyg 9,8 6.30

sterilized product. Hence, it is expected that premixed dexmedetomidine composition
would remain stable if exposed to temperature excursions during transportation or

storage.

15 Table 5: Forced Degradation Results

Samples ID Assay
Control Sample 98.4%
Acid Sample 952%
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 pg/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 manufacturing 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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5 mnute static filter

hol d sanple 97.3 6.01 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 tankwO20®/®3378 N trogen protection during fillingP2@Mseo2aagder |ine

fromsolution manufacturing to filling is optionally flushed with filtered
nitrogen gas prior to filling. The filling equipnent, including all |ines
are purged with nitrogen before starting to fill the product. An atnosphere
of N Y02: 746888 ddtomidine HCI is then added to the tank and mixed for not less than 15

i0

20

minutes. Sodium chloride is then added and mixed. The solution is then divided into
batch size. An in-process sample is then evaluated for pH and potency. The nitrogen

protection is maintained.

Filtering of dexmedetomidine composition

The dexmedetomidine solution is filtered prior to filling in a clinician-
useable container. For the 20 m1. batches, solution is filtered through Pall Nylon 66,
0.45 pm filter membrane with a pre filter. For 50 and 100 mL batches, solution is
filtered through Nylon 66, 0.22 um filter membrane with a pre filter. A filter
compatibility study was performed using Pall Nylon 66 0.45 pum filter. It was
determined that filters had little to no impact on the premixed dexmedetomidine
composition product after 52 hours of recirculation. The prolonged exposure of these
filter materials did not produce any significant potency or pH changes in the drug
product (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 fiiter (Pall 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 6.24
52 hour tank 99.3 6.17

Nitrogen protection during filling

The transfer line from solution manufacturing to filling is optionally
flushed with filtered nitrogen gas prior to fitling. The filling equipment, including alt

lines are purged with nitrogen before starting to fill the product. An atmosphere of

NY02:746896.1
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filtered nitrogen gas is maintained in the headspace of the surge bottle.
After filling, the headspace of the container is gassed with nitrogen to
achi eve w0 20w@3378an 5% of oxygen in the headspace. HolPdT/iSo®2HT1ve0
following time limts will be applied to manufacture of the subject drug
product: Total time for filtration and filling: NMI (Not More Than) 16
hours Total time for manufacturing (from conpounding to end of filling):

NMT 24 hoursmﬂ&@tlﬁfrbgeiﬂgaé Is@hintained in the headspad Ry RAdRdIcdRRBEEBLEQM di ne
conposition is termnally sterilized. Vials filled with the conposition are

aut ocl aved uSf Rgrdazce ofsfée ARG 85 @ﬁiﬁéé‘ﬂg“é“‘é‘fgeﬁﬂac lei%a‘eém@amaal He?t cl osure
system 15They4 05 Mhe RaGF.Xed dexmedet om di ne conposition can be

manuf actured in three configurations: 20 nL fill in 20 nL vial, 50 niL fill
in 50 nL vialiciamdnd00 nL fill in 100 nL vial. Exanples of packaging
components for the 20 nL, 50 nL and 100 I/IL configurations are listed in
Tables 7,58, and 9 bellawfolRGinkabhelintiis €orteaippietd 1CnasuhetuSystienuboct 4 ugi b
Prem xed Dexpmedet ogm di ne Conposition, 20 nL Primary Packagi ng Material s

Ki mbl e LI SP %%mg“"‘(j ear Tubing A ass Vial, Sulfur-Treated, 20 nm 20 nL

(Kinbl e Chase, Vinel andial N} OMShratbd 384 Eﬂmgaﬁmrmzt madﬂdmﬁcaymybber
Cl osure (Stopper), 20_mm (West Pharnmaceutical Servi.ces, |nc Seal

Flip-Of(r) (Blue or GPR{YmefgdiaHpruensles ?mwnﬁﬁg(m@fﬁhélg}mceutl cal
Services, |Ingrd4mnm | le, PA) Table 8: Container C osure Systemfor 4

ug/ mL Prem xed Dexnedet om di ne Conposition, 50 nmL Primary Packagi ng

Mat eri al ¥ Gertpdghber ner USP Type 1, Gass Vial (Bottle), Sulfur-Treated, 28
mm 50 nL NYO2: 746896: Hel vol et
FM 259/0 Gray with mﬁ?’?f’ ﬁ%{e&? %“3?8 3%3 Rion s ﬂﬁgﬁlﬁeﬁﬁ%erm Ssure

(St opper), Z\Qahﬁllemlthd@tcomamnm ar@autwlh%qdws@gli PefimsineikeskpoNIg atAl umi num
Seal , Over se, ly, 3 piece, 28 mm Table 9: Container C osure System
for 4 p. g/m_ ﬂ’rem xed Dexmedet om di ne Conposition, 100 m .. Prinmary

Packagi ng MAietdiad: slosure system

15 The 4 pg/mL premixed dexmedetomidine composition can be
manufactured in three configurations: 20 mL {ill 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 Packaging Materials

Kimble USP Type I, Clear Tubing Glass Vial, Sulfur-Treated, 20 mm, 20 mL
(Kimble Chase, Vineland, NJ)

West 4432/50 Tellon 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/mlL Premixed Dexmedetomidine

Composition, 50 mL

Primary Packaging Materials

Gerresheimer USP Type I, Glass Vial (Bottle), Sulfur-Treated, 28 mm, 50 mL

NY02:746896.1
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Geneshei ner USP Type |, G ass Bottle, Sulfur-Treated, 100 nL (Gerreshei ner

@ ass Inc., Vineland, NJ) Helvolet FM 259/0 G ay with Omifl exPl usO

Fl uar opolwoenixwai’sng Rubber C osure (Stopper), 28 nm ( Perxuset2Bimmni a,

Dat wl er USA, Pennsauken, NJ) Al um num Seal, Overseal Assenbly, 3 piece, 28
mm 5 Batch Fornul a Exanpl es of qualitative and quantitative

batch fornmula for a registration batch and a comercial batch for a 4 ug/nL

pren xed dexmraeiRMAINEs HEVRA&iONTdi ne hydrochl oride) conposition, for a
20, 50, and_.100.mM presentation are presented_ in Tahles 10 and .11 _below 10

Tabl e 10: BadeholFdiYidb¥0Cony with @hmifl P hsdibe rakmedepdimieR Wbty dr ochl or i de
Conposi ti on, r o I | ih i-ze. Maxi num
Commer ci al B%%%hggt%ﬁ@#e@%gj o%%ﬁ%Qﬁé&gQS%%&%ﬁ%E%g%} Sodi um

Chl ori de 5. AAgndRund Sepl Wateerealf Adsserhily et piean288P . s. to 600 Liters qis. to
5500 Liters-NtrogenNF3-AR—AR

Table 9: Container Closure System for 4 pg/mL Premixed Dexmedetomidine

Composition, 100 mL

Primary Packaging Materials

Gerresheimer USP Type I, Glass Bottle, Sulfur-Treated, 100 mL (Gerresheimer
Glass Inc., Vineland, NJ)
Helvolet FM 259/0 Gray with OmniflexPlus® Fluoropolymer coating Rubber

Closure (Stopper), 28 mm (Helvoet Pharma, Datwyler USA, Pennsauken, NJ)

Aluminum Seal, Overseal Assembly, 3 piece, 28 mm

5 Batch Formula
Examples of qualitative and quantitative batch formula for a
registration batch and a commercial batch for a 4 pg/mL premixed dexmedetomidine
(dexmedetomidine hydrochloride) composition, for a 20, 50, and 100 mL presentation
are presented in Tables 10 and 11 below.

10

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

Composition, 20 mL

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

15 ¢.5. = Quantity sufficient

NY(2:7408906.1
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159.s. = Quantity sufficient NY02: 746896.1 AR --- As required Factored to
100% basis. The final pH range of the finished product is 4.5 - 7.0.
Ni t rogen we 208183378 di spl ace air during manufacturing (iPCE/US2@2bimaket the
formul ation 5and to fill the vial headspace). Table 11: Batch Fornula for 4
ug/ mL Prem xed Dexnedet or ni di ne Hydrochl ori de Conposition, 50 & 100 nL
Conponent Regi st rati on Stability Batch Size: Maxi mum Comrerci al Batch Size:
Dexmedet om dj @{e Asr 4 éZ ng 3104 nmg Sodium Chloride 9 g 63 g Water for
I njection U t® rf 00 Liters g.s. to 7000 Liters Nitrogen NF3 A R
A R Factored fo 100% basis.

The final pH range of the finished product 15 4.5 - 7.0.

Nitrogen 1s used to displace air during manufacturing (1.e. to blanket the formulation

5 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 HCl | 4.72 mg 33.04 mg
Sodium Chloride 9¢g 63 g
Water for Injection
USFP q.s. to 1000 Liters | q.s. to 7000 Liters
Nitrogen NF” AR. AR

q.s. = Quantity sufficient
AR. = As required
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 12.
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g.s.
final

to fill the

= Quantity sufficient AR
pH range of the finished drug product
to di spl awe 2aiy108878i ng nanufacturing (i.e.

vi al

headspace) .

is 4.5 -

= As required 10Factored to 100% basi s.
7.0. Nitrogen is used
to bl anket t ireTfuseomioardton and
151 n- Process Specificati on Exanpl es of

The

I n-process controls during the manufacturing process for the 4 p.gitril
prem xed dexmedet om di ne conposition are presented in Table 12. NY02: 746896

ED Tabl e 12:1Jh- P _g&éﬂ§@§&ﬁﬁ%ﬁgﬁion Unit Operation In-Process o
ntrol/ Test Procedures or Methods In-Process Limt Solution Preparation
( Compoundi ng) pH USP <7913 Id-Pyoees¥’. 0 | Assay HPLC 94 - 1(088cPFp¢ebs ng| Process
Véi ght / vol UG nit %rg)te;a%on Control/Test | Procedures or Methods | Limit

Solution Preparation | pH USP <791> 4.5-7.0

(Compounding) Assay HPLC 94 - 106%

Perform fili
Weight/volume | weight/volume checks per | Meets
Filling Process control SOP requirements

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

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

Table 13 Premixed Dexmedetomidine Composition Specifications

Test Acceptance Criteria

Solution is clear. Solution does not contaln 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 45-70
Label Claim Acceptabie Range
20 mL 205 -22.5mlL
50 mL 50.0-545mL

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%

Sodium Chloride

90.0% - 110.0%
(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

NY02:746896.1
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Performfill weight/volunme checks per SOP Meets requirenents An exanple of
final product Iimts for physical, chem cal, and biological testing of 4
ug/ nL pr ewDxets/Ws}sedet om di ne conposition are |isted i RCThES20alol®403.

5Tabl e 13 Prem xed Dexmedet om di ne Conposition Specifications Test
Acceptance Criteria Clarity Solution is clear. Solution does not contain
one or nore particles visible upon attentive inspection Assay 90. 0% -
110.0% (9.00 ng/nm. - 1.10 ng/nL) Color Colorless pH 4.5 - 7.0 Vol une Label

Cl ai mAccept ab] n 20 m.20.5 - 22.5 m_. 50 m.50.0 - 54.5 nL 100 nL102.0 -
10.8.0 rri L%&‘E’iﬂgaﬁf??gﬂwcﬂ%gﬁ Pda subst ances:

The objective was to have three presentations of Precedex®
5 (dexmedetomidine hydrochloride, Hospira, Inc., Lake Forest, IL) premix Injection 4
ug/mL: 20 mb, 50 mL and 100 mL. Precedex® concentrate Injection 100 ng/mL is
currently marketed in 2Zml. 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, NJT), EDPM rubber
stoppers (EPSI, Franksville, WI) and West 4432 clastomer stoppers (West
Pharmaceutical Services, Inc.) were investigated. During feasibility testing loss of
potency and stopper exiractables 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 FM 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
OmniftexPlus® 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 info 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 pg/mL and filling into 50 mL vials with the Helvoet

OmniflexPlus® stoppers followed by autoclaving. Samples were stored under

NY02:7406890.1
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A. Individual B. Total A NMI 0.5% B. NMI 1.0% Sodi um Chl ori de 90. 0% -
110.0% (8.1 ng/nmL -9.9 ng/nL) Particulate Matter NMI 25/nL 3 10 mm NMI 3/ L
3 25 nmm Sverniywg37keet s USP requi renents Bacterial EndoPoXius2NRb4B408 EU nl
NY02: 7468% 1 EXAMPLE 6: Stopper Selection for dass Vials The objective
was to have three presentations of Precedex(r) 5(dexnedetom dine

hydr ochl ori de, Hospira, Inc., Lake Forest, IL) premx Injection 4 ug/nL: 20

m., 50 mL o , .GONG ' i . R i's
T S0 L g o PoRSeRKl SRNSERE AR L Set @O IR gt T
st ?pper ( Wegltuniiigy) wambmnscla}tiasestvglg@égwed rn?cl.otl,as ihpotawiy hechapgyg it pbhewht ed
I nfusi on stoppers, were al uat ed, -28,nmm - 330 st opper
(Hel voet Pha‘rlﬁlflaalg HBan’?%Lirgb\rﬁe Uga" l&e‘%ﬁ%éu Oé]E%Stz\ﬁ{ﬁq%? t%%%\ﬁfﬁgggggag{egpper S
I(D EPSl, Fr ?nkis;/é:-mseﬂet QQM)shcafrﬂi s%ghitdr@ljﬂﬁg)oehaﬁa_zéﬁe’figstrapip_epsteflcxbéd;p% o
armaceuti cal .Servjces nc,) were invest.igat. Mo easibility
testing 1°ossO8F" Slaéiwhtz?ﬁands% 8i?ﬁjc’3fateé%&op‘§lg?%bwlgéf ¥ )gg@&“\l/%%)em*he
En\e/\‘re f ;)r Egg e @%erﬁg?mﬁkt@g%%g)eﬂ%a@e«?goméma{frg@ovu;cnwve_tldm_afr;r@éin ungeadedds st S\Eper S
S an voe y. 15conductin easibility studies. on st
4588/ 40 El urgmeesd & hat Jrigronhoppisranyg gt ﬁbévaﬁﬁf’égﬂ'fﬁ %ﬁ?lﬂéﬁgﬁﬂe&f, I nc.,

Lionville, RAhdiResybtsorelR9Watn@ne reain-benaithd ofts@rat®ivig 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 S months for samples stored under accelerated and
long term canditions 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 impurities were related to the stopper.

Plastic vials were also evaluated for Precedex® premix Injection 4
mcg/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 ug/ml., even
ppb levels of impurities would have a significant contribution toward the impurity
limit. 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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a coated stopper vs. the uncoated stopper. The potency remai ned stable with
the coated stopper. Hence for Precedex(r) Injection, it was planned to

i mpl ementwocat3@@3zBoppers in order to mmc the current Pprasoct/oazydo pr event
any drug adsorption. 20Hel voet FM 259/0 Omi fl exPlus(r) fluoropolyner

coat ed rubber stoppers (Helvoet Pharma, Datwyler USA, Pennsauken, NJ) were
eval uated. Chem cal conpatibility testing was favorabl e; upon autoclave no
change in potency or pH was observed and no significant anmount of
inmpurities detected. The Omifl exPluse coated stopper from Hel voet, was
exam ned forExge@bls ni ng the self 25sealing characteristics of the stopper
when penetr ajed JubishPhdohl ESd L BYBOYGNLCPELGhEmalliRall Scellye
ingress test. The new stopper/vial/3-plece overseal conbination passed this
test. Hel voeinc.Omi fl exPlus(r) coated stopper passed the Rocky Munt
pressure test at the L re b CEi ' Th t r. ials and
oversealégmere al so e&ggﬁg?E%ngoﬁég%P%ﬁéﬁ%%gﬂwﬁﬁ%?@gﬁgfﬂﬁgéf?%ggto confirm
t hat the st oppkresedean IyectDApE ierabOmi. poutntennghgptigiped hevitteet he vial . Al

testing indicated that .the st ers are accept.aple for use. . .

Feasi b1 1 Ly SRUpr bl Peceridiangras clhaueran By prepairie arsdeeh of
Precedex(r) dtRdrecirhaaiAtioglent, andefatddlsingncateotid®fPecvdaksinstidh idee Hel voet
Omi fl exPlus(r) stoppers followed by autocl avi % ,Sar}pl es were stored under
NYOR74cS96. 1170t ghagdy a8y apidgntiipd erars dhd excged (e shgHicaiien o WMy &rt’ed) and 1 ong

tenn (25( 60% et invexhihisidayd nd QRdstd ©PBrecdRkbitFbctiodsh tHgcoshowed no | oss
in potency, no change in pH, and virtually no neasurable inpurities. The 1

mont h st abi |9lesjira@8teiing of sanpl es stored inverted at 40C showed slight
drop in potency (2% . This trend in potency drop 5continued at 2 nonths
under accelerated conditions with further 2% drop in potency. After 3

mont hs underHdeoe! Byla2 80 cOmdillek@®n§uethpolpoeeneateds athbes stapreris n(tiaheishnged as

conpared to %q% i ai-k\ng that potency val ues have | evel ed
off. Siml ar};kigf%téaﬁg;af‘@l ropﬁ’gﬁen%% eeglbfﬁh)duri ng the first three nonths of
storage was observed flo¢ Helong Qrerifie:s® dbodopdlymeomndicd FdIRS0284yC/ 60% rel ati ve
hum dity) but the rcent .drop was 1{.0] es The..t ot al r¢gent drop in

ot ency” overtpiRasREER e SREER R B OB R gk bR Ras P e Ry abi 1 1y
testing at 4vpndad/-moRthse ied fsarpleasd irggcacn ypdeil, a0aed eseahed and | ong
termconditions confirmed that@&gfgenc val ues %gﬁﬁal mpst |l eveled off, with

smal | drop iTESHREENSy ThaptaeRers Ty e IRr £ Hed&RG! nuner ous

smal | i mpur idoyhpReakSidifata) il abefmueinddb it Rlradiiiatiigstppatorwed € obser ved.
A pl acebo batch was 15prepared to confirm whet her the peaks are related to

the stopPer or the dr byringedsitd sosagreatabaisrhiie skiplipriehe ot REreler® ated to

the Stopper .4 omi mjection, ufH@RTLE i PpdiR! SeloBQrVah HabfdobamBrecedex0
prem x Injection 4 ncg/nl. Two types OI% plastic vials were used: CZ resin

and poly prdpynénel vilairesentyibet sagpB2. Medrigonvesigatied oDde penred dshonet! st opper
(West Phann i cal %p I , I ic vials.
The pH, pot gﬁg%;ﬁ%eﬁgs i %Eer{%)ig ?%sth%gh%%g%:ﬁeeg@E@??%j gé%tsk%%?%tnﬁt%aﬂﬂ@i%i lled in
pl asti c vi alsaiartkosippeaed inrbemaagcealiserf t9%d Nadh diatéboriernoNaion &llpémiod of 3
nmont hs was %?)t m ned., Si.m | t d.in potency .dr was served. The
Fotal 56 mputrir bt g Ao e b B Rt P P bt s 1 or
bot h CZ resiuwsajirhssagng, FO yprapyitens ivihakse! 0t N4@@ ptaottal fodmadtionnmpuri ti es
of CZ resi nryi al s was 25| ess t@gn trat of pol ypro yLenedvi als. CZ resin
vials were fiBliAEP &' HBeAERAN As™ _%’a%&ﬁiewa%%gw SyPERENTals in terms of
drop in pot enemAsEah OB EN2E9/8Subber stopper (Helvoet Pharma, Datwyler

USA, Pennsauken, NJ) extract solution analyzed by Precedex® related substances

30 method. The extract was prepared by autociaving (121°C for 60 minutes) 30 stoppers

in 300 mL purified water, yielding an extract of 2 cm’ stopper surface arca per mL

water. The results from these investigative studies confirmed that ‘umdentified

impurity peaks” observed at specific relative retention times were not

dexmedetomidine HCI related, but were extractables from Helvoet rubber stoppers
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Since the drug is present at such a |l ow concentration 4 ng/nL, even pph

| evel s of inpurities would have a significant contribution toward the

i mpurity WoOrnt3/1088758eover the Precedex(r) rel ated subst arceaSneioazd4mas
devel oped to detect 30organic inmpurities at ppb levels. This nethod
requires detection at non-discrimnating | ow wavel ength of 210 nm and hi gh
i njection volunme of 500 pl, which render it highly sensitive to detect any

or gani ¢ i npulised ¥ the BeltaltirRtpssile@ppan. Iexhy aptakl @st. stdf¥Zxrad806 Would
Extract abl es

st 4432/50 Tefl on,2 coated el astoner stop ers (\West
Phar maceut i c9€ f}/\%érer}.a&%@{i?q‘rrhm)fs 8#‘?‘?@‘3"9‘%%11 6434%2?‘@ Pt P@Hy IEGAE i—:@ “el ast oner
stopper, 20 w216 nseriliQnbRmeaasandd Jasl Rt b axhA g6ddnilery 28y Nl
presentation. The stoppers have been qualified for use based on the results

of conpendi al*EFPHREY Fale/mphifeiiistheni cal and ot her characterization tests.

The rel ated SUbStanceT%@&&hﬂ&ﬂQ&m?ﬁ@&@ﬂ%?&mhﬂiﬁ?ﬁ&&@u&%émﬂ@ﬁﬂéﬂ@“ﬂ any
uni dentified peaks that exceed the specification of Y osuggesti ng

t hat extractiglshésn Hpes woe dgpnisshje be xtrapabice fend 8mndtdioshFMASY Ri s
cont ai ner cl e r coated
r ubber st opp[g?%rr ?tl-rg vogr{ghﬁ{?gir)%g@&’é%\/\é?%égﬁgé{nh%g%né ESL%M Qf\@%%ﬁ

Hel voet O nnilédusalstpmffbuitreadget® ﬂre'q:ctioméﬁ adi FNRBO/NMomgoey nbpeakebueteyl 28 mm

rubber stopp voe t vyl nnsau )
(+ oady- & o- ugy el SRR e GBI  ir prBBAREY Beeo50) ana 100 L

pr esent ati onkgralli@ustoplee bsddmm&etbmeiﬁneqml drfPreﬁeldefx@r Inpsreolbﬂ&ﬂdn on the

results of cornpendial biolo al chem nd ot

characteri zaﬁpﬁﬁ%ﬁgi eB‘etﬁ b"’?ﬂ’g‘eﬁm“fg \é@rl%ﬁ‘%@féﬁ‘*é %%gf”é‘{rt{?@%regﬁeé!l ysi s of
the exhi bit dhsiahes pedis B eegde xenfiop ghkagtnjogatd.an . tunizdensfisedsd npurity
peaks were observed in chromat ogranms of 50 and 100 nilL present ation

sanpl es. Dur§§dshvesti gation of the source of chenical constituents

responsi ble for the ' ypiOdan b'qﬁ&btr'fﬁ@ﬂdﬁa’iéh}ést@@%iﬁ%fobéerc@@ﬁnﬁ%‘ﬂd that these
peaks al so appeared in chromatograns of 0.9% NaG pl acebo formulation filled

into 2550 niexypgeye Wdttﬁtai-@iWé@blemgwqmmldbbérc@t%rﬁﬁ)@r?@ asHssaset  Phar na,
Dat wyl er USA, nﬁé‘ﬂa@ de:](ractptH% $eLe ﬂ?éﬁ?{]&set FA&dr @y rs@ ;? o Na. Cl

pl acebo fornu atr o nto gl ass anpoul es. enti cal
peaks were dlbi@brovtéﬂlam Shvortet Wk, mnﬁﬁk%@@@mtrammgﬁﬁommiﬁb&rtm opper

( H6| voet Ph&ea] $iI Q? €X@I€H§é§6 a{lllﬁt:?S% é(f?ﬁgougg %10‘[%6 Ié@ﬂ?l%lﬁ(? %rougﬁ)g g;al yzed by

PrecedexO r Bstances ract was
aut ocl avi ng mdrﬁiscétafbdrty 60ting the hizbyst SVofskoppel s was 0BGV emﬂ.m Bwr:e&m@d wat er,

| di t t f m. Th | t
7y om t hete 1 Lk Pty orE taD LRGN edBE AR SRR T bstopur 1 1y

peaks’ obsenmﬂdlda&r eSRagdbld & pree{ @tea Wes fohERtte AD5LA HES PMBRLET Red
dexnedet om di ne HCl rel ated, wer e extractabl es from Hel voet rubber

st oppers NYCEU¥AE80E. PEak ergeﬁarcralareﬁéye%%hﬁerrerééﬁre st pepks I théas

expect ed th_@iR”ﬁbp(WﬁL 088l 1 act @@bGISSS’\D‘H%@' W rslgliasbed 7%0@’9@? how limts of
detection, i.e. ppb levels, as a sensitive LC - % nmrel ated

subst ances net hod was Haeer 25940 Fﬁbgﬁll sonpers érelvod PhamewDevne Sdat i on (4
pg/ m.) pfSOd%Ensauken, 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 mL or & ppm for a total surface area of 100 cm®. The surface arca 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 purified 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

NY02:746896.
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5The chem cal constituents responsible for peaks in specific relative
retention tinmes were determned to be extractables from 28 nm Hel voet
FM259/ 0 rwibkeer3/wsaspper s (Hel voet Pharma, Datwyl er USA, Pemrusaukomo4N) ,
part of container closure system for PreeedexO Injection 50 and 100 rnL.
Mor eover no peaks were found in these specific relative retention tines in
chromat ograms of forced 10degradation sanples of dexmedetom dine HC1 or
Precedex(r) dJdta@etik pifidel 8diek B AIRAHLES 1evERRE BxthRiablAgn GRlGMEALI on of
single largest related substance and total rel ated substances, peaks in
rel ative retBavP®AalopPIe ranges: 0.71-0.80, 1.10-1.30, 1.50-1.80 are
excluded. In_an effor tydporauantidixldhe i aheste - usl f.buqbs gy ed

i ndi vidual 15extractable an to?a?éxecx?ract aﬁpe, @exne%]et%sm&glgne HC1 was
used as a suystogat iejcstiariddl derk periaiied ot digpert seoppeaetratit.eBhe Siulis ehovt he

Hel voet EM259/.Q r voet r I Pennsauken,
) " ext r st anr a8 BlseohERER bR e R R R ey e e

subst ances pitafictsend ew doppot rebeedi ctendtatfiésetihe Tinvatugdyt@oxont the” stabi ity

testing the high % of tract abl es was obseryed .in Precedex0 20stability
sanpl o8 st or GeHE F0E BN EIAEPOE M AT 375 O 7 UM HES Sho | ar gest

i ndi vi dual esdicactadihe sdepedkeatpcwaheloypd ckoadveadpBpledsy 38 ppb and
total extractable. %}tl)eak area, cal cul 1(:;L\t ed bgo addi n% t.he (V%E[p_eak areas of all
the peaks i PUHEVRETIOFORPIPAL 12I00der | qourep 0% byt vicldjee an oxliggy ofgms found to
be 2. 7% qr 108 RipBer sirhicagla FTeMRR M e UbREKrSdtORREK S HRIMREh nfhAar M,

Dat wl er USA, 25Pennsauken, NJ) passed the 'Elastonmeric C osures for

| nj ections' Trexstpy igsoparneriyiget CondiEiRp @dl2sgdragieit adi2eint he t ot al

amount of extrachablsesuesdgher t@%cftfteptetegﬁr% TEEQQ @ RfioBisPPM for a
total surface area of 100 cn®. e surtface area of a 28 nm Hel voet stopper
i s appr oxi mefoenyiated 15). EaNall akthe Gnallpraveepst Bishalcafounttionfin exttgiaast abl e f or

each 28 nmm b to : har . it wyl er USA,
cach 28, HRhyRSL oENBROAG, (40D, 41 0RRET, (HEL YRRk RRLIR BRLIN,
Addi ti on#l | yhasouperof USRIdnh&ed otpakityoregles ilelvoetr i hiS/ @ fulber dtépped(Hedtoer shoul d

not exceed 5 LL. or b. The highest | evels of observed extractables
in Pr ecedexgjhl‘mf-‘lrf'n%(]:jtEl f‘%erggée)&?t%n?%gﬁm gﬁ)tgaiqﬁ%osus Pt #S “feﬁ%%re]tmﬁaé%cept abl e

| evel s of N aMOR1arAG8REstdppest [ACTEDI @eihpupanditidnaektatetyatic Prrckdagovept abl e

| evel s of extractable in the gualified Hclvoet stoppers, : USP
‘Invitro C)fFléfegiia@Faflﬁestné@Q"d' ﬁﬁaregérﬁ degpsig tt%ﬁllgﬁlfge‘fl%ltcoaﬂﬁu%st em ¢

I nj ecti on t 8giponWeIE oIS pQkIMee Alko HRds¥A @ (he HRRREIFNXIN@Giter stélper esul s
show 5t hat stogpers nmeet the requirenments of these tests, confirmng the

saf ety of? t HeleSPeidiheraa AitvasnH St dspeeukas) BDaequext PHECHDBESIOMES * In vitro
cytotoxi Ci t y,,tR3tpe WaSsT RREALEHHAL tﬂﬂ?{h\é@%%pe%%xma%ﬁe@@%{o% diadkivere used
in the exhibit batch to denonstrate the safety of the stoppérs. The stopper
extract was prepared Bycadnest Helvegy Phireastopped Fo1280/Q9maiffea® 1 hour in 0. 9%
NaCl vyi el di f ter. This
extraction gg*ﬁ?fﬁ’{’%rf ?ﬁ?%esagxflg@e% mB lg%s @ﬁ%ﬁ%ﬁ@}}f@%v ?ag\?gg{lﬁgﬁpﬁn%%%lé%{?un ng
condi ti ons and hatsmemeet! Sort diieer extlredat ratuctseguitheabntedeaf ndiSportddn vitro
eyt ot oxi %:Si tyagcesog' Xtcetst,sisn%. Pr eéedt%xg i E:n]je?( rgétg{ﬂ@si s fornmulated in 0.9% NaCl
and the i na™ProGaetYi=se” BrBeedeXo PR ¢Et O ©°nh contai ner closure is
autocl aved at 121C for 20 - 40 mnutes. Additionally while investigating
15t he source of 'unidentified inpurity peaks' Hel voet FM259/0 rubber
st opper (Hel voet

Identification of extractables

Diligent efforts were made to characterize and identify the
30 extractables. Helvoet’s extractables report lists a number of potential ex{ractable
compounds. From Helvoet’s list, the most likely to be responsibie for the peaks
observed in the Precedex® chromatograms were selected:
BHT
Irganox-1076
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Pharma, Datwyl er USA, Pennsauken, NJ) aqueous extracts were prepared by
autocl aving the stoppers at 121C for one hour and then tested by the
Precedex (WP 20s8/@8338 subst ances net hod. The results denomstrist@d/osivar t he
chem cal constituents responsible for the peaks were al so present in the
Hel voet FM259/0 rubber stopper 20 (Hel voet Pharma, Datwyler USA,
Pennsauken, NJ) aqueous extracts. The stoppers passed thel.JSP 87 testing
i ndi cating that ﬁﬂﬁné&ﬂﬂ@er extractabl es are non cytotoxic.

According to Hel voet Pharnma, Helvoet FM259/0 Omiflex(r) fluoropolyner
coat ed rubber st dppecgic(del voet Pharma, Datwyl er USA, Pennsauken, NJ) have
been used for ot&%&ﬁggﬁkﬁged products, and there have been no reported
25cases of toxicity iIssues arising due to stopper extractabl es.

I dentification ofSuiphir actables Diligent efforts were made to characteri ze
and identify the 30 extractables., Helwvoet's, extractabl report lists a
nunber oﬁlpotential e?@?ﬁ@f%ﬁ?%ﬁé%&%%ﬁag@f P%%Pﬁg%&gé?ﬁémﬂfgg, t he nost
li kely to beremsqpiongibtesdiat mePIEeaks hbBerukdRirdatth eutiPrecs dexi{od)
chronatogragg wer selecteqi BHT I%ganox-1076.N YO2 ﬁ6896. | rganox- 1010
Stearic Aci d PaIMHEPTCRMogRIsEtpiTd (e EaHy EEPEe” PHERE M SHSTnds wer e

obt ai ned, angus@hil p QRS iNVEEQIBI®E RALRE cIRRdatb Hlaeet BlhehflbD 1RRub¥ldcesusi Ng t he
Precedex rel ated substances net hod. None of these coggounds mat ched t he

rel ative retlsfdiagavadraal top hyherhabapiparingliop nesntee pEatedimhvph dedext

sanpl e chy onmal Ra&WBhile bRasd @elsaked foPBic SHRRIIANRE Sqleb st B sphRvMRMRF g1al | too
hydr ophobi c (retained too long on the C18 colum with the 10isocratic

nobi | e phase’-f helt” insthgseddl for the method, 40% aqueous phosphate buffer pH
7.0 / 60% net hanol ) . irﬁce these pl:eﬁ}éSS\%r Gfo E%gﬁ%dﬂ?fﬁgéhr lre_lg)lgpalnﬁ%f geEved in

t he chromat ograns of voet rubber stopper voet Pharma
Dat wyl er USAMPeNn siirkesioppitd jHebsoet Rlorms dlaiw yion/S &, sonsekdn At edtrsttopper

extract ol ubl.on; URenALERRE SLBY Lol e, QUL 8ELAXK DO SIOR, bt s punber of

stoppers in purl?ﬁea wa en concentr rac

| i qui d- | isquiadagx htuabid o Rtopdroindive it dwaie thdthen andeidtheng theteewapbng and

re- suspendi the residue i.nto.a . small vol of methangl /water. LC W
hnalye, o of e h R o Bty R etk Ten S it g s peE o

i nterest as pbgavettd NntflBGRdeX{MmhctERbDWREOQICAY bulsiasr tich hi gher | evel s
(approx 100 tines |arger peak 20size). This concentrated extract sol ution
was t hen an ;ﬂomaa‘{ﬁg} stPReRSNEETAST ﬂ)@wttheesme peaks of mterest as observed n

Precedex® chromatogram, but at much higher levels (approx 100 times larger peak
20 size). This concentrated extract solution was then analyzed by LC-MS using the
Waters Q-TOF instrument with the electrospray source in positive ion mode and
observed at least one of the peaks of interest in the mass spec TIC chromatogram; the
mass spectrum of the peak has been obtained and appears to have what might be the
molecular ion peak at m/z 158; exact mass analysis of this peak and its pattern of
25 isotope peaks predicts some empirical formulas. Compounds with these empirical
formula and known usage in the rubber industry were tested but without success.
Solvent extracts of the stoppers were prepared and analyzed by gas
chromatography-mass spectrometry. Analysis revealed the presence of two low
molecular weight rubber oligomers previously reported by Helvoet. These oligomers
30 are not commercially available for identification confirmation; however, their
hydrophobic character makes it unlikely that they would elute near dexmedetomidine
in the related substances HPLC method.
A pure extractable sample was isolated by combining multiple

fractions collected from repeated HPLC separations of a stopper extract. Attempts to
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Waters Q TOF instrunent with the el ectrospray source in positive ion node
and observed at | east one of the peaks of interest in the mass spec TIC
chr omat ogwearep1¥tess7aass spectrum of the peak has been obtrairnsdoiand9%appear s
to have what m ght be the nolecular ion peak at nfz 158; exact nass
analysis of this peak and its pattern of 25i sotope peaks predicts sone
enpirical formulas. Conpounds with these enpirical fornmula and known usage
in the rubbebrdinduEH VassRp&hesyalrebifobbirh RO tecBtiaanssd ¢&ol vent extracts of
t he stoppers vvere repared and anal zed b %a% chr omat OQ@FE% Mass

spect romet r . hrogpatpsres -%*@@%ﬁ%aw% BieSBRREES Tl SYsRES e WPEr  wei ght
rubber ol i gof@h&aRE RMoBUS e LRPR:{iBE thymki®) MBigd.. These ol i gomers 30are not
comercially available for identification confl rmati on; however, their

hydr ophobi ¢~ char act er THaR&S sriraciphls Reple Yasare ey and clemarial near

dexr nedet.om g, gs' Be: tﬁ%le%cﬁﬁiiq%élgﬁégfé%@ﬁlamk%t%%a@&c\tontams only A pure
extractabl e sanple was isolated by conbining nultiple fractions collected
f r om r epeat exridpL @ygepanddtyidmgsn. oo aldsll?l@?fp@frnﬂé@&eﬁ&é&ur oRtefeAhEs to N

Y02: 746896. %1eiqua§&hqaggb@\gdmss spectrum by direct probe nass spectronetry
and gas chromat ography-nmass spectronetry were unsuccessful, suggesting that
t he stopper extractabllige clmnnmw«hilatasltimt aﬂﬂ)rpoasstlwattnhwmam{:ydllnabl l e. The

pure extract t%?/ l.enent al sis, Both of
Phese 1t echniiiug-2agnete S arF RS haliiel B RRF oFUBIPA BldliO AR B

oxygen and hxdaogess. ”mderelamme@ami @00 wmchmg&ndemﬂyiﬁgjme@mam)oisst her
het er oat om V\%ﬁ%observ itives.that perform
f

variety of B/ PHEGdIRgsSH! eafrfi?}b‘ih?%r}ogal afjﬁ t’i"%F@‘g’g‘)@f P  he nost

signi ficant spuiceetiols e rdveal menrtilhi £8c0RS &or eghngisle, LOMXNer 8ktcakbas, There
are several reasons which nmakes identifying the extractables challenging

and at ti nesLlirppsestipte. Su‘E&FﬂSOW@ﬁE‘PiI‘é)Qﬁ%ﬁ “QHBH‘%CI“W@S HTRYEOIY I EDNt ai ns

represent at i ¥&3af§ QRISEVRIAb1s rmb%%@?m%gm%y LESthide@lerSXa MMy Consi der
t he category of antidegradant subcat e or}/ ant i oxi dants, which includes
gl

ar omat i clam wewlicais beipeairEychanisdadddivphenelien nospussAnpeEmds pHospheni tes, and
thioethers. k. L LORE, ééég@ﬂmungl%é CabibE mlﬁﬁ Whe lscm%ml ch@g@aa} hivgs are

of ten not pure conpounds tures of rel ate str tures. For exarrpl es
" Abi eti ¢ Aciwtd whicghnitgeanf xmb@vanmearmemﬁcampm iigtnreud ebeniinel catiticai Al t ypes of

rubber, in roqa gncl'gzctor acagg%alg 45§ )&ract le% ea(%aﬁ)lf (‘Chh%nncl%ﬁadéig{\]fteé a%so rgac][ of which

coul d appear eac em ca can al so react
and degr ade antitdbgradd kghik tHehebdeppd ymermmta&rduwngjwslub@qmmu mb:wqumﬂtg to

conmpoundi ng 20pr oces As an th nsi.der rival ent
homphor e Brh dSaR AL BARL T B CaBNer he CBHRT ORI P B ch 1 s
| rgaf os 168. anfibtiSart QraRaktn RaGhs M Whicandrdnariebyridesinipoysd axitdi zi ng

agents, such as hydroperOX| des, .to formthe correspondi ng pentaval ent
phosphor us s‘b‘@b‘?"éis“er@f’ry ‘iﬁﬁ‘é@ﬁﬁ’ét ing agents, such as hydroperogiges, ghiormalf t o t he

foregoing, the fRhhawhag.alst piRksRrlepsanshdabethate.
In addition to the foregoing, the following must also be considered
25 when analyzing extractables/leachables:
-Monomers and high molecular weight oligomers derived from incomplete
polymerization reactions.
- Surface residues, such as heavy oils and degreasing agents on the surface of
metal canisters and containers.
30 - Chemical additives on the surfaces of container closure component

fabrication machinery, such as mould release agents, antistatic and antislip agents, etc.
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25when anal yzi ng extractabl es/| eachabl es: - Mononers and hi gh

nol ecul ar wei ght ol igoners derived frominconpl ete polynerization

reacti onswo 2013/103378 Surface resi dues, such as heavy oil sCans2ademum®asi ng
agents on the surface of netal canisters and containers. - Chem cal
additives on the surfaces of container closure conponent fabrication

machi nery, such as nould rel ease agents, antistatic and antislip agents,
Iet C. QYOZZ 74699651 r}"he: present %mfentio-rlétf)ielclicﬂR@Beh‘lﬁqitédﬁﬂ%ﬂ%ﬁe%@ ﬁﬁleSspBﬂﬁct Odbed
imted in scope,. the specific._enbodi nents descri 1erein.. | ndeed,
vari ous modi 7 AT HeOTHeR Goreity BHESoRe o MBHER S ng“tﬁ‘ HBSRIYeBcr i bed

herein will heseit: BRRAISMbel BerlkMOsi@ bekdnd Sfademt b IR sasilddriametdne for egoi ng
description. Such nodifications are intended to fall within the 5scope of

t he appendedﬁ‘%ﬂl Hherfgregoing description. S]p‘éltl‘@qﬁlg(faﬂﬁ[a&%@]glt%ﬂfﬂ fodglt vah‘l@,the

publ i cat i onsy.fr Gducs, 86RaLiaLi ons, and protocols are cited throughout this
application, the disclosures of which are incorporated herein by reference
in their entireties f&rteals!papur podesiond QubiNaygp; madgodescnptiontsmd| S CLAI MED
1S 1. AT ef’a}q‘}ﬁo&ﬂs B't%%it%d t‘ﬂ%ﬂu@h&@ﬁﬁﬁp@%&'&dog%e GROPQR Lt QRichQfe parenteral

adm ni strati'on to a subject, conprising dexnedetom dine or a

phar maceut i catdryorbad bephdblrefesatd intiheer andfetias foaalt prpesetr at i on of about 0. 005
to about 50 i.tg/nlL disposed within a seal ed gl ass cont ai ner. 2.
The ready, to use |iquid pharnmaceutical conposition of claim1, wherein th
dexnedet om di ne or pharnmaceutically acceptable salt thereof is at a
concentration of 10about 0.05 to about 15 ughnt. 3. The ready to use
| i qui d pharnmaceutical conposition of claim1, wherein the dexnedet om di ne
or pharmaceutically acceptable salt thereof is at a concentration of about
0.5 to about 10 ug/nL. 15 4. The ready to use liquid phaiilaceutical
conposition of claim1, wherein the dexnedetom di ne or pharnaceutically
acceptabl e salt thereof is at a concentration of about 1 to about 7 ug/ni.
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205. The ready to use liquid pharmaceutical conmposition of claim1l1, wherein
t he dexnmedet om di ne or pharmaceutically acceptable salt thereof is at a
concent r avpani3afo3zBout 4 ug/ ni. 6. The ready t @CUAS20120uiod0

phar maceuti cal conposition of claim1, further 25conprising sodium chloride
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 weight
percent. 30 WHATIS 8LAINED esdy to use |iquid pharmaceutical conposition of
claim1l, wherein the conposition is fornulated as a total volune sel ected
fromthe group consd siaing wk i20d phernbCeunital amalpdOonnfhr padNdRal74689. 1

9. Aready to use |iquid pharnmaceutical c osi.tion for parenteral
adnt ni ot ot | SRRl f ST COTBITIA S GeS MM O A B ey
phai ni aceut i gatpyplacaeprallaea Sakénttahed efbodto @saeaeRNE0 abimandiofosapout 4

1.1g/nL disposed wthin a seal ed glass container. NYO2: 7468961
within a sealed glass container.

2. Theready to use liquid pharmaceutical composition of claim 1, wherein the
dexmedetomidine or pharmaceutically acceptable salt thereof is at a concentration of

10 about 0.05 to about 15 ug/ml..

3. The ready to use liquid pharmaceutical composition of claim 1, wherein the
dexmedetomidine or pharmaceutically acceptable salt thereof is at a concentration of
about 0.5 to about 10 ug/ml..

15

4. The ready to use liquid pharmaceutical composition of claim 1, wherein the

dexmedetomidine or pharmaceutically acceptable salt thereof is at a concentration of

about 1 to about 7 ug/mL.

20 5. The ready to use liquid pharmaceutical composition of claim 1, wherein the
dexmedetomidine or pharmaceutically acceptable salt thereof is at a concentration of

about 4 nug/mi.

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 liquid pharmaceutical composition of ciaim 1, wherein the
composition is formulated as a total volume selected from the group consisting of 20

mi., 50 mL and 100 mL.
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9. A ready to use liguid pharmaceutical composition for parenteral
administration to a subject, comprising dexmedetomidine or a pharmaceutically
acceptable salt thereof at a concentration of about 4 pg/mL disposed within a sealed

glass container.
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