WO 2009/140059PCT/US2009/041991 NARCOTIC EMULSION FORMULATIONS FOR TREATMENT
OF SURGICAL PAIN 5 CROSS-REFERENCE TO RELATED APPLICATIONS Pursuant to 35
U.S.C. 119 (g} thim/appdication claims priority to the filing date of United SigfassRrpwisional Patent
Application Serial No. 61/053,571 filed May 15, 2008; the disclosure of which is herein incorporated by
reference. 10 INTRODUCTION Pain can be defined as an unpleasant sensory and emotional
experience associated with actual or potential tissue damage. It is a complex process influenced 15by
both physiological and psychological factors. Pain is typically subjective and many health.care
professionals are not trained to effectively assess or treat pain. Over twenty million patients have
surgical procedures each year. Post- surgical pain (interchangeably termed, post-incisional pain), or
ool that 0coINARE TS MUAGHN TN A TACANAFGRE: AT roblem
20Pain is usually localized within the vicinity of the surgical site. Post-surgical pain can have two
clinically important aspects, namely restin RGIGAD R&décurs when the patient is not moving
and mechanical pain which is exacerbated by movement (coughing/sneezing, getting out of bed,
physiotherapy, etc.). The major problem with post-surgical pain management for major surgery is that
the dru%s 25 currently used have a variety of prominent side effects that delay recovery, prolong
hospitalization and subject certain vulnerable patient groups to the risk of serious complications.
CROSS-REFERENCE TO RELATED APPLICATIONS

Pursuant to 35 U.S.C. § 119 (e), this application claims priority to the filing
date of United States Provisional Patent Application Serial No. 61/053,571 filed May
15, 2008; the disclosure of which is herein incorporated by reference. |
10

INTRODUCTION

Pain can be defined as an unpleasant sensory and emotional experience
-associated with actual or potential tissue damage. it is a complex process influenced

.15 by both physiclogical and psychological factors. Pain is typically subjective and

many health care professionals are not trained to effectively assess or treat pain.
Over twenty million patients have surgical procedures each year. Post-

surgical pain (interchangeably termed, post-incisional pain), or pain that occurs after

surgery or traumatic injury, is a serious and often intractable medical problem.

20 Pain is usually localized within the vicinity of the surgical site. Post-surgical
pain can have two clinically important aspects, namely resting pain, or pain that.
occurs when the patient is not moving and mechanical pain which is exacerbated by
movement (coughing/sneezing, getting out of bed, physiotherapy, etc.}). The major
problem with post-surgical pain management for major surgery is that the drugs

25  currently used have a variety of prominent side effects that delay recovery, prolong
hospitalization and subject certain vulnerable patient groups o the risk of serious
complications.

The three major classes of phamaceutical drugs used to treat post-surgical
pain are the opioid analgesics, local anesthetics, and the non-steroidal anti-



The three major classes of pharmaceutical drugs used to treat post-surgical pain are the opioid
analgesics, local anesthetics, and the non-steroidal anti- WO 2009/140059PCT/US2009/041991

inflammatoryv%b%%ﬁ%%\laép). Two of these classes of drugs, the opioid ang#‘q_?ﬁééﬁe(}%@g 1%§A|DS’ are

typically adminis systemically while the local anesthetics (e.g. channelblo aré administered
non-systemically during surgery. The systemic administration of drugs to relieve pain after surgery is
frequently 5inadequate. For example, systemic administration of opioids after surgery may cause
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treatment ofbpddistiRdies | qoaityisdelhtadrhifetdeed/bisthmigaligidilathe focdharmestimdicadaN(-
10phenethyl-4 piperi | ili iry IiC. .S. Pat. No. 3,164,600.
Fentanyl is épléoﬁ%fdg g?g@%é)@%ﬁ%%%@?ﬁg%%ﬁﬁ%&q{Eg%%ﬁlﬁmaimﬁﬁgﬁﬁﬁge? cts of opioids such as
morphine and mepEiRiBsieNowadstinisinaiarcef @rugssie 6ieids Printaliss exrgprs iBtirewypbtic

activity srarey.iadeas NIRENARBRICE;SAIE ABPRITRIBEYSIPBISSINASS MRS, RIS Hivgsl- Fentanyl is

15commercially available for intravenous, intrabuccal (lozenge-transmucosal) and transdermal

administrati§AUse NeaEeashedeilio fephBRWebiMnGirRRIYTRAVE Bt iIeRVBIBEP T ate. One such
formulation gsuerfentapylicitele earRRaitanftdatdakiniedstates under the brand name

SUBLIMAZETm that includes fentanyl cjt , USP water for injection, 20and sufficient sodi
hydroxide to re:?se %Qp%ﬁ? L%e ?ggﬁg%%%g??tt%ﬁtgﬁﬁﬁ%’%?@%é %éﬁ%ﬂ%&ﬁagﬂ*ﬁgﬁ%ﬁge under

the brand naorgiEl baRNERTEmYRohiaoyisssthogbnefitemtany fanthd) Edmpaterdadv-ipjection without
jhd defperalR R RIS B SRR g LY L LUR ARG GNAVAILIL I IoNG; Sepgjn drawbacks
No. 3,164,600. Fentanyl is an opioid agonist and shares many of the
pharmacodynamic effects of opioids such as morphine and meperidine. However,
compared to these opiocids, fentanyl exhibits little hypnotic activity, rarely induces
histamine release, and respiratory depression is more short-lived. Fentanyl is

15 c'ommerciaily available for intravenous, intrabuccal (lozenge-transmucosal) and
transdermal administration. |

Various injectable fentanyl formulations have been developed to date. One
such formulation is a fentanyl citrate composition sold in the United States under the
brand name SUBLIMAZE™ that includes fentanyl citrate, USP water for injection,

20  and sufficient sodium hydroxide to raise the pH to 6.5. A different fentany! citrate
composition has been sold in Europe under the brand name FENTANEST™ which
consists only of fentanyl and USP water for injection without any deliberate pH
adjustment.

Despite the utility of injectable fentanyl! formulations, certain drawbacks of

25  such formulations do exist. For example, injectable fentanyl formulations can cause
unwanted central nervous system mediated side effects, such as respiratory
depression, sedation and dizziness.

As such, there is a nead for the development of an injection formulation that is
as effective as current injection formulations and yet has a reduced incidence of

30 central nervous system mediated side effects.



25such formulations do exist. For example, injectable fentanyl formulations can cause unwanted
central nervous system mediated side effects, such as respiratory depression, sedation and dizziness.
As such, there is a need for the development of an injection formulation thatis  as effective as
current injection formulations and yet has a reduced incidence of 30 central nervous system mediated
side effects. SUMMARY Methods and compositions of treating a subject for post-surgical pain are
provided. In the subject methods, a subject is treated for post-surgical pain by administering to the
subject an effective amount of a narcotic emulsion, e.g., fentanyl emulsion, formulation. In certain
embodiments, the emulsion formulations includg_anargntic active agent, oil, water and a surfactant.

Also provided are methods of making the subject emulsion formulations as well as kits that include the
emulsion formulaftdfl00s ARCCAFBPASIHREE ohaRAENS G FHEIPHUSEBF W FHEEO faENatifsion injection

formulationdp,the-mapuiactiis;danedisaraantieirentingia sHigsLIA RSty Wgica pain, wherein

said emulsion comprises: fentanyk oil; water; a surfactant; and an emulsification enhéncer. Ina
second aspRETheY RGO GeRt BIRE ALISIT iR &BRYBHALREBIC et RsMdlFg Nich@nigréinvater; a

surfactant; apdiemenisisification enbanseremboimshite arpesiLibererisRINyided mkit,gemprising an
emulsion in'é;e%%tion formulation on]prising: fe t%%l' oil: water; a surfactant; and an emulsification
enhancer. BREFGESERBFON OFFLRBR ?ﬁ@%’%%ﬁ%ﬁ%’%ﬂﬁ%@@s&&entanestrm on
pain-relatedredongstivs dimiedh gnioasion fdrigukeiarshawsvtiesefieeishafl fesitanytiematsiosich on
pain-reIatec;c}scr:rg)ur%1 e time in mice. Figure 3 shows the inhibition of pain by FentanestTm and
fentanyl emulSIoneA- The effects are expressed as area under curve (% of Fentanestml). Figure 4

shows the duration of Straub's tail reaction induced by Fentanestm and fentanyl emulsion A.

Preparations were, admjpisicred intiayengushyina elume.oLp 9.l Biranhisial readtion was
observed for 1 hour aiter administration an uration of the response was summed. esults shown are
mean + SERofuainmlswhichrsthioieetiith cofedpagsicarngiifetinttnativgl imigtisaicie Bsstnumber of

animals whigh.shavyash Siiaetas @ild eaniisnn Ionanaaisipeayp Wi weie gy enfrRmanastm or fentanyl

emulsion A. o
an emulsification enhancer.

in a second aspect, there is provided an emulsion injection formulation

comprising: fentanyl; oil; water; a surfactant; and an emuisification enhancer.

In a third aspect, there is provided a kit comprising an emulsion injection
formulation comprising: fentanyl; oil; water; a surfactant; and an emulsification

enhancer.



Figure 5 shows one-direction locomotor activity (e.g. duration of round behavior) induced by
FentanestTm. Fentanestim and vehicle were administered intravenously in a volume of 0.10 ml.
Results shown are mean SEM of six animals. *pc 0.05 (Dunnett's multiple comparisons). Figure 6
shows one-direction locomotor activity (e.g. duration of round behavior) induced by fentanyl emulsion
A. Fentanyi emulsion A and vehicle were WO 2009/140059PCT/US2009/041991 administered
intravenously in a volume of 0.10 ml. Results shown are mean SEM of six animals. *p < 0.05
(Dunnett's multiple comparisons)BRIEF Big8cRPshowss Teragarswieggne-direction locomotor
activity (e.g. durati%of round behavicérfz induced %FentanestTl\/l and fentanyl emulsion A. Results

shown 5 are mean” SEN SENRWHINRRITEHR) DRBURRNEI S HRABIE Bl R4058R S BEPAILED
DESCRIPTIGNeMethods and compositions of treating a subject for post-surgical pain are 10 provided.

In the subject methods, a supject is tregted for post-surgical pain by administering to the subject an
effective amount o QH@%%E%G%&*%@%DH%'E%WE%%‘I%%W %ﬁﬂﬁﬁ%@lﬁﬁ%g?f%ﬁﬁeérﬁ%odiments,
the emulsionifezrmutaizens include a narcotic active agent, oil, water and a surfactant. Also provided
are methods of ma]lgng th %Jb'gcg emumsé n forrfnulatig)n as well a%{kits that include the emulsion
15formulations. - BSI6rE the BreREnt THOERfIOP Rafe e d figreadr GRSy Wathberstood
that this invértimafissistdimitedrizpeiticutae e midsline s (esdriedaassstioh may, of course, vary. ltis
also to be understqod that the terminology. use hertein is for the purpose of describing particular
embodiments onIy(,?pél%ucfelslln%t{lnr\ﬂ\‘fserﬁ1 eé - %gl%nli%%iég&uéﬁc‘gthg% éﬁﬁe‘ alfﬁ%%% eﬁ?ﬁtﬁpv%%ﬁbn will be
limited only bydHerappgiretedislaimis. téparmaorange raf adtuedste rpwirttadeiidssinitesstenshibat each
intervening gl o1& (oL PRl Vhs iuiet Utple R s NIt sigaly dictates

duration of the response was summed. Results shown are mean = SEM of animals

which showed the response. Figures in the columns indicate the number of animals
which showed Straub’s tail reaction. Six animals per group were given Fentanest™
or fentanyl emulsion A.

~igure 5 shows one-direction locomotor activity (e.g. duration of round
behavior} induced by Fentanest™. Fentanesi™ and vehicle were administered
intravenously in a volume of 0.10 mi. Resulis shown are mean = SEM of six animais.
"» < 0.05 {Dunnett's multiple comparisons).

Figure 6 shows one-direction focomotor activity (e.g. duration of round
behavior) induced by fentanyl emulsion A. Fentanyl emulsion A and vehicle were
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25 otherwise, between the upper and lower limit of that range and any other stated or intervening
value in that stated range, is encompassed within the invention. The upper and lower limits of these
smaller rang endently be included in the smaller ranges and assed within
the invention?@tﬂ%‘?’e\gé%q%% agny specifically excluded limit in the stated range.g\E/% e%gﬁ{%ggta ed range
includes one 30or both of the limits, ranges excluding either or both of those included limits are also
included in the invention. Certain ranges are presented herein with numerical values being preceded
by the term "gbout.” The term "about" is used herei ro i(ﬁ literal support for the ex umber that
it precedes, Wéﬁt%r §'H%ﬁ‘u‘beé}otﬁ%@ig] X ?H')ﬂ gr%{;)%aoxﬁa e?)? @ﬁ{g %%?n%eﬁ%gﬁﬁg t%?n%\grecedes. In
determiningolviisthemnzatsuniber (sUfeduormtBappiltirlienccenparseasfically recited number, the near or
approximaling uneiifd PGS B BeABUMAR MR e8I RIENd s aipseied
provides the substa@tﬁ% equivalent o¥thﬁe s'peci ically remt%o'l number. Unless c}gf n_ééc? olt'herwise, all
technical aref seisatifiehaying induradieyreasiensm™and ipetanneasibamio g singcsbmwva by one of

ordinary, skill g ek Be i Uimaxenion BYenar- AR AKeDSHISYRBAG materials similar
or equivalent to those described herein can also be used in the practice or testing of the present
invention, representative illustrative methods and materials are now described. The citation of any
‘publication is for its disclosure 15prior to the filing date and should not be construed as an admission
that the present

DETAILED DESCRIPTION

Methods and compositions of treating a subject for post-surgical pain are
10 provided. In the subject methods, a subject is treated for post-surgical pain by
administering to the subject an effective amount of a narcotic emulsion, e.g., fentanyl
emulsion, formulation. In certain embodiments, the emulsion formulations include a
narcotic active agent, oil, water and a surfactani. Also provided are methods of
making the subject emulsion formulations as well as kits that include the emulsion
15  formulations.

Before the present invention is described in greater detail, it is to be
understood that this invention is not limited to particular embodiments described, as
such may, of course, vary. It is also {0 be understood that the terminology used

20 hereinis for the purpose of describing ‘particular embodiments only, and is not
intended to be limiting, since the scope of the present invention will be limited only
by the appended claims.

Where a range of values is provided, it is understood that each intervening
value, to the tenth of the unit of the lower limit unless the context clearly dictates

25 otherwise, between the upper and lower limit of that range and any other stated or
intervening value in that stated range, is encompassed within the invention. The
upper and lower fimits of these smaller ranges may independently be included in the
smaller ranges and are also encompassed within the invention, subject to any
specifically excluded limit in the stated range. Where the stated range inciudes one

30  or both of the limits, ranges excluding either or both of those included limits are also
included in the invention.



invention is not entitled to antedate such publication by virtue of prior invention. Further, the dates of
publication provided may be different from the actual publication dates which may need to be
independently confirmed. It is noted that, as used herein and in the appended claims, the singular
forms 20"a", "an", and "the" include plural referents unless the context clearly dictates otherwise. It is
further noted that the claims may be drafted to exclude any optional element. As such, this statement
is intended to serve as antecedent basis for use of such exclusive terminology as "solely,” "only" and

the like in connection with the recitation of claim elements, or use of a "ne%ative" limit tiorg 25As will
be apparent to tHoRBaH SRIORSRE SHASSOIERERRIRAY KL divanstind, \BliRsd Wiﬂﬁ?\%%%‘? thbodiments

described gRd dixsteaies haieindas diseletecosmporesis @nprisaderpemhippay foe teadily
separated from or combined with the 30 WO 2009/140059PC {U%ZO{O /045,199} J%%tu es of any of
the other @&?&%Mﬁ%&ﬁﬂéﬁ@f&ﬁﬁ%ﬁ' - GRS TR SUH B ERINE SF AR RUE S ention. Any

recited meghod gabdreicathedaat ivdoeduslen afsteenisngoitbdtbeiraanytthersorder wehich is logically

ible. 5In the followi ti ' lati ' ISi
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formulatioms:ameikitayHee mayrirsudd it foririRABaS RARODTIC BIAERSTONFOREAULATIONS 10
The subjegt parcatigiemylighigmations:nslyde aarirtigactive agent
Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to
10 which this invention belongs. Although any metheds and materials similar or
equivalent to those described herein can also be used in the practice or testing of
the present invention, representative illustrative methods and materials are now
described.
The citation of anv publicalion is for its disclosure
15 prior to the filing date and should not be construed as an admission that the present
invention is not entitied to antedate such publication by virtue of prior invention,
Further, the dates of publication provided may de different from the actual
publication dates which may need to be independently confirmed.
it is noted that, as used heérein and in the appended claims, the singular forms
20 “3”, “an”, and “the” include piural referents uniess the context clearly dictates
otherwise. It is further noted that the claims may be drafted to exciude any optional
slement. As such, this statement is intended to serve as antecedent basis for use of
such exclusive terminology as “solely,” “only” and the like in connection with the
recitation of claim eiements, or use of a “negative” limitation.
25 As will be apparent io those of skill in the art upon reading this disclosure,
each of the individual embodiments described and illustrated herein has discrete
components and features which may be readily separated from or combined with the

30



Narcotic active agents of interest are opioid receptor agonists. Opioid receptor agonists include
opiates and opioids. "Opiates" and "Opioids" are roughly synonymous terms that generically denote a

class of nar.c%é: 2%‘35?1'380%%3 15char.acter|zed by having ad_d|c'§|on-form|ngﬁ%rTmngé?P]qigglstammg
properties similar to morphine or being capable of conversion into a drug having suc

addiction-forming or addiction-sustaining properties. Specifically, the term "opiates" denotes
compounds containing the fundamental morphine or thebaine structure and possessing some affinity

ol I e B e Ko e e e o
fundamentabmemiphfetar mmr_]mmmreq\_mommmd_ affinity tmnamyom!t MItfcﬁ_daléempioid
receptor sutggtgggﬁné I%%ri}é%(%qjl)\é?‘ I %tﬂ%ro(ggggarm%?fg)/!%@;%gglléggé%qrphme, heroin, opium,

cocaine, fentanyl, ecgonine, e, etc. Commercia opiates 25and opioids (and
exemplary trademarked names, where available) include: alfentanil ("Alfenta™), buprenorphine

("Temggsic,” or "Sypyiexolictars ianib S HEeRIRUsRRCRIRSu Ak orRARiIBS ARtanRERRine, etorphine

("Immobilon™), fen'tanél}f("Sub_limaze" or "Fentanest"), heroin, hydrocodone ("Vicodin"), hydromorphone
("Dilaudid"), ATAARPP SHALAN e R RRBFRIRaSII Shesiah Jeiibpetliamecdo DEVIEM P, methadone

("Dolophine Rt itepieaianag ehe Naraarilona Hiexane i exan inchRia-midsritafieidylfentanyl,
oxycodone ("Percodan”), oxymorphone WO 2009/140059PCT/US2009/041991 ("Numorphan"),

propoxyphene ("Darvon®), remifentanil ("Ultiva"), sufentanil ("Sufenta"), tilidine ("Valeron"), and
tramadol ("Wixaot)idheuefmitionrncisdesnall opiates and opioids, from any source, including
natura ¥-derived compounds, synthetic compounds, and semi-synthetic compounds. The definition
also includes 5all isomers, stereoisomers, esters, ethers, salts, and salts of such isomers,
stereoisomers, estéhs sufejasthrag;atihamevisiandasrisiehcesohslucde isorawrslicaetvisagets, esters,

and ethers igRQssiblg it Spesificehepicaldrsignation L5 thahasealic farayigfions described
herein are emu@?ﬁns, %‘%?r%ﬁagfﬂm 10are Ii(ﬁcﬁéci prepargzgt%}n'g%{?ait ar"e%glgsuspenspdﬂn of small
globules of @88M§tHdN#lge opiates and opioids. "Opiates" and "Opioids" are roughly

synonymous terms that generically denote a class of narcotic compounds

15 characterized by having addiction-forming or addiction-sustaining properties similar
to morphine or being capable of conversion into a drug having such addiction-
forming or addiction-sustaining properties. Specifically, the term "opiates" denotes
compounds containing the fundamental morphine or thebaine structure and
possessing some affinity to any, or all, of the opioid receptor subtypes. Examples of

20  opiates are heroin, buprenorphine, and naltrexone. An "opioid" is any compound,
peptide or otherwise, which, while not containing the fundamental morphine or
thebaine structure, possesses some affinity for any, or ali, of the opioid receptor
subtypes. A non-exclusive list of opiates and opioids includes morphine, heroin,
opium, cocaine, fentanyl, ecgonine, thebaine, etc. Commercially-available opiates

25 and opioids (and exemplary trademarked names, where available) include: alfentanil
{("Alfenta"), buprenorphine ("Temgesic," or "Subutex”), carfentanil ("Carfenta"),
codeine, dihydrocodeine, diprenorphine, etorphine ("Immobilon™), fentanyl
("Subiimaze” or “Fentanest”), heroin, hydrocodone ("Vicodin"), hydromorphone
("Dilaudid"), LAAM ("Orlaam"), levorphanol ("Levo-Dromoran”), meperidine

30 ("Demerol"), methadone ("Dolophine"}, morphine, naloxone (“Narcan"), nalirexone
{"Trexan"), beta-hydroxy 3-methylientanyl, oxycodone {"Percodan”}, oxymorphone



second liquid with which the first liquid will not mix. In certain embodiments, the subject emulsion
formulations include a narcotic active agent, oil, water and a surfactant. The narcotic active agent can

include an oajglig Ogﬁg)%%gribed above, where, in some cases, the opioid isligesdeniany!. i.e.,
N-(1-phenethy 2 piperidyl) 15propionanilide. An aspect of the subject emulsion formulations is

that the emulsion formulations include an effective amount of a narcotic active agent. By effective
amount is meant a dosage sufficient to provide the desired result. For example, if the active agent is

an anesthetig, an effective amount i t whi EQV] irad: icresult. As will be
apparent toztfhI s‘%%?%ﬁﬁl fh%oé) %’é{qﬁéﬂe VQ%\?QOEI bt%ﬁtﬁr%gﬁla\?g@ gg‘ﬁ%ﬁ%ﬁi articular active
agent emplé\detiie” pdilidoal Welatorpiagdrisateadett Uithanamolia aetafeaitngl alent in the

subject emwgi%%@éﬂwk?aier&%m%v%%@m SRelalRRAdMy e AResHEPAR] to 100mg/ml,

such as 0.1 mg/m1 and ircluding 0.1 to 10mg/ml. In certain_embodiments, the 25emulsion

formulation§YRBIGtE BPrpRiEING ARCLERMEFYERSHG CRERRINMA)SEFHRLR AP THEEHRSion
formulagion gp;tag-ee baseodrrysidesicanaeceniablarrpiaiicseelan adivdrate thereof. In certain

embodiments, fentanyl is present in the composition at a concentratiop of 0.05 mg/ml or higher,
including 0. S'BRBARPEIHR IRSLCER R TY &Rt SRBBAYREMS PR %@%o‘?ﬂsﬁlﬁ tof ﬁwa%lml, such as 0.1 to
2 30mg/ml, épstygiesnieisiedtong/and ¥ie2R06PLE4005 SREITY WS 2008/04 t8eical In certain
embodimenés?, the (%mulsions formulations are emulsions of water and oil. As the formulations are
emulsions, IR Mixtures of two immiscible (e.g. unblendable) fluids, where one fluid (e.g. an oil or
water) (the disperdesithhasedidiclfopardatonstte sthoed) hier ¢ngreheroipos tHedponviaiersthe

continygus BHRRE) S BB SRIGKDIRCHI LB SRS RTINS T nclucing

deinionized wat ater for injection (WFI), etc. Also present in certain embodiments of the
subject emiiesneblaithuihsbiet i, aliaridisib S4B isn s RAB8IBAR BREEMRAS e BRd include, but
are not limitgdia-sippigstinidsnrisrveddinier complssdiidehat ajerdesivaddiamamatural 10vegetable
oil and fat, animal oil and fat, and mineral oil, or mixtures thereof. In .
surfactant. The narcotic active agent can include an opioid, as described above,
where, in some cases, the opioid includes fentanyl, i.e., N-(1-phenethyi-4 piperidyl)
15 propionanitide.
An aspect of the subject emulsion formulations is that the emulsion
formulations include an effective amount of a narcotic active agent. By effective
amount is meant a dosage sufficient to provide the desired resuilt. For exampile, if the
active agent is an anesthetic, an effective amount is that which provides the desired
20 anesthetic result. As will be apparent to those of skill in the art, the effective amount
may vary depending on the particular active agent employed, the particular wound
being treated, etc. The amount of narcotic active agent in the subject emulsion
formulations may vary, and in certain embodiments ranges from 0.01 to 100mg/ml,
such as 0.1 to 50mg/mi and including 0.1 to 10mg/ml. In certain embodiments, the
25  emulsion formulations include an effective amount of fentanyl. Fentanyl may be
present in the emulsion formulation as the free base or a physiologically acceptable
salt thereof, or a hydrate thereof. In certain embodiments, fentanyl is present in the
composition at a concentration of 0.05 mg/ml er higher, including 0.1 mg/ml or
higher, and in certain embodiments ranges from 0.1 to 10 mg/ml, such as 0.1 102

30 mg/ml, including 0.1 to 1 mg/ml.



certain embodiments, the oil includes, but is not limited to soybean oil, olive oil, sesame oil, castor olil,
corn oil, peanut oil, safflower oil, grape seed oil, eucalyptus oil, medium-chain fatty acid esters,
low-chain fat&{da %(3[; , and the like. Animal oils and fat of interest mcli;e%[]tg%o%y&ng(%;[]]lllmned to,

hant 15 : ' Olls and & . . !
cod-liver all, sea?oﬁ, sardine oil, 15 docosahexiaenoic acid, and eicosapentaenoic acia. Mineral oils of

interest include, but are not limited to, liquid paraffins (e.g. oils derived from n-alkanes), naphthenic oils
(e.g. oils based on cycloalkanes), and aromatic oils (e.g. oil based on aromatic hydrocarbons). One or

a combination of more tpan%?ﬁo these types of ?ils can be used. For exan] le, some embodiments
TR g

of the subject emullgiBﬁr B g‘%ﬁj %%@6&%88?1 %}ﬁn&' EocﬂF S EHR B S JHihations
thereof. Othand pibddinhenisrmolatiensayleeamiddicnis;éhail; arecomxhinegiohiswih éreoisditdf e efined oils

g : : ! " | | f ol in th <
formulation RS (GRS LB I o S G35 T (18 St % 6o oy
25Als0 pres@ifpieadtathenatiulifisa e ¢ the stipsaf dheupion varialldherrorlinuitapiase)-
Surfactants-ean inglyde anv-hipg SHIRGHRA BQ%HEW\%F&?&M@%H}M rmulations,

including but not limited to, phospholipids, refine phi)%iolipids, nonionic surfactants, or mixtures

thereof. RefilfiiPHERPBMEASTH PRVREUEE RiutIIhGRPol, phosphatidyl ethanolamine,
phOSPf;atid);'SEfin&\l@@fﬂ)l%(l},étg{hm@?ﬁém|é?ﬁb@i§|i;ﬁ§?ﬁ§h@ﬂ%ﬁ@ﬂ@@%’é’ﬁ@ﬂé@?ﬁ&@m&@ﬁgﬁs%f f
example, refined phospholipids include egg-yolk Jecithin and soybean lecithin. Nonionjc surfactants o
6 2006/ AL oA RSB A E L G AP BT LRS! BB glycol
polyoxyalkytensiepie i, dartisolplas aitymeidipsiernhanarecebarndbivatinatofanore than one of
these syrfactant n be used. In certain. emhqodiments. the emulsion formulations include a
Surtaciiht. SooK B A o o T o S B e S e ormetations
include a refiagdinehyeirdyesatsdhsholb prudlipas devbvisd frolimégd poto vresoy beavlivathil,

phosphatidy, ' gl ient. binadi j ' -t f nt in the
subject emu%g%%%ﬁ%%%lsnrﬁ %gﬂ.ﬁgﬁm it%@gﬁg gsg Eﬁglgge%p lﬁg‘lr%%%r%ﬁbﬁégobtained. As

such, the arffbuneeiutreh@ETeiagoldsstRshgPY- et talyersisbenteentaTrbicoifaoSoMa/ml, such
10as 0.1 to gipsragdnhtiBrIHAIRELite129a e Mbre nobtAly 29 Redimentsiotie suhigriirayision

formulations also include one or more emulsification enhancers. Any type of fatty acid that can be
|

used b phA9RIERIBKACRIIA Ao AL SIF BEAREDIPSER %ﬂﬁrléﬁi‘&%&%% S RERRICHINAEst are fatty
acids that insliycecfiesn priecdsdinonparifiies Hatyrdilerdamibetiarantdikeaithar saphwiesdatty acids
or unsaturaigg fatty acids canhe Userl JREsing B ROHITICS 815 iF sle o' Agihnoleie acid.
palmitic aci® Tnéiéh '8 ﬁ%/PIStICy

hydrocarbons). One or a combination of more than one of these types of oils can be

used. For example, some embodiments of the subject emulsion formulations include

20  soybean oil, olive oil, sesame oil, or combinations thereof. Other embodiments
include soybean oil, olive oil, or combinations thereof. Highly refined oils and fats are
employed in certain embodiments. In some instances, the amount of oil in the
emuision formuiation ranges from 0.05 to 200 mg/ml, such as 1 to 200 mg/mi and
including 10 to 100 mg/mi.

25 Alsc present in certain embodiments of the subject emulsion formulations is a
surfactant. Surfactants can inciude any type of surfactant that can be used for
pharmaceutical formulations, including but not limited to, phospholipids, refined
phospholipids, nonionic surfactants, or mixtures thereof. Refined phospholipids may
include phosphatidylinocytol, phosphatidyl ethanolamine, phosphatidylserine, and

30  sphingomyeline with phosphatidylcholine as a main ingredient. For example, refined
phospholipids include egg-yolk lecithin and soybean lecithin. Nonionic surfactants of



acid, and the like. In certain embodiments, the emulsion formulation includes a refined fatty acid, e.qg.,
oleic acid. The amount of emulsification enhancer included in the emulsion formulation can range from

0.1to 10 mg%, h rom 1 to 5 mg/ml. 20Additionally, the emulsion i n have a
physiologically a@ygfﬁ#ggﬁé pH. In certain embodiments, the pH of the eml%%}# oBrSrJnJ}L(J?Iélaf?%lns ranges

from 3 to 8, such as from 5 to 7.5, including from 6 to 7. In some instances, the emulsion formulations
include a pH adjusting agent. pH adjusting agents of interest include, but are not limited to, sodium

hydroxide, h hlori id, phospharic acid buff lution, citri id byff lution, and the like.
For oxampid PRGSO IR Rl LA DAL PSS Sl ange by adding an
appropriate @polynar HedEdradprsaity agehesRih & realditey esthizit aify né poesdhiim dhe tdrmulation
iclud ’ - : ‘ | Veol
30(e.0, navp g s Ao A Sl DRI B gy one Ve

2009/140059Pigdees0bm Bt ogich asradgénes magspbafipidde ¢ mplngesh dleso@e GREGS. fBienulations
in an anounyranaiRGATIGLb AR FRIMGLMIHERIAT hy8r35dRSI phosPREIBHPIRS!JERtREM containing

emulsion formulations can exhibit increased efficacy as compared to FentanestTM fent_%i{l citrate
injection forRASaRYN 90 SONRgREMih RRarahRlifsichaiRkes &srabitgis ity dPehaRbitsfiterest are
emulsion forayd Aans cishced éeniaaytami sienstbjabidheybibH Bieaieiteliicacidhan Fentanestrm

SR L e R e e R S
Fentanestrroffentéayhnitraty viegticamdidip imedatiom amtdbieremisl Siom descoilsed-hgreinsiec., fentanyl
emulsip A)a '[(YE]\I’{% t@g{gpiﬁ lﬂ}ﬁéqqm?gsﬁé%}%p In certain embodiments, the emulsion

' SCribe ’ itCco ¢

formulations descri einat Teast Bxhibi arable efficacy as compared to Fentanestrm
fentanyl citrate injéetitaifoembradiorerieobilEnspleictieawigisivfoformialansra saimekhibions atficacy

5% or greatato RSt B BFRAIRLCIICRINgOE SR RAIPIHEPORNdEaRgaH™ fontany citiate

injection formulation. In certain embodiments; o N
pharmaceutical formulations can be used as an emulsification enhancer. Of interest

are fatty acids that include from 6 to 22 carbons. Either natural or synthetic, and

15 either saturated fatty acids or unsaturated fatty acids can be used, including but not
limited to stearic acid, oleic acid, linoleic acid, palmitic acid, linolenic acid, myristic
acid, and the like. In certain embodiments, the emulsion formulation includes a
refined fatty acid, e.g., oleic acid. The amount of emulsification enhancer included in
the emulsion formulation can range from .1 to 10 mg/mi, such as from 1 to 5 mg/mL

20 Additionally, the emulsion formulations can have a physiologically acceptable
pH. In certain embodiments, the pH of the emulsion formulations ranges from 3 {¢ 8,
such as from 5 to 7.5, including from 6 to 7. In some instances, the emuision
formulations inciude a pH adjusting agent. pH adjusting agents of interest include,
but are not limited to, sodium hydroxide, hydrochloric acid, phosphoric acid buffer

25  solution, citric acid buffer solution, and the like. For example, the pH of the emulsion
formulations can be adjusted to the desired range by adding an appropriate amount
of the pH adjusting agent.

Other additives that may be present in the formulation include stabilizing

agents, such as but not limited to, glycerin, propylene glycol, polyethylene glycol

30 (e.g., having an average molecular weight of 400 or less), D-giucose, and maltose.



Fentanestrm fentanyl citrate injection formulation and fentanyl emulsion A suppress pain intensity (e.qg.
pain-related score) by 61% and 78%, respectively, 15 min after administration, and 35% and 49%,
respectivelly,‘g,g EHéQ/ 1%f?tﬁ%rgadmi‘nistration, as illustrated in Figures 1 and 2118198%5@70 4iﬁgsiome cases,
the reduction of pain 20 intensity (e.g. pain-related score) by fentanyl emulsion A, expréssed as area
under a curve, is 50% or greater, such as 75% or greater, including 100% or greater than the area
under a curve for Fentanestrm fentanyl citrate injection formulation. In some cases, the subject

emulsion fogmulations, can reduce pain intenpsity expressed as area under a curve by twice as much as
MU et s S e A S i e Y e
embodimentangiregdnooisioh oA utetions debcab é ddh2beimgéxthibit reduced central nervous system

mediated side efferfs, a5, qamnarasin FeRaRAY M RYAN AlIRIBINSGlon R YlaYon. Ayreduction in

central nervous system m effects can be observed by comparison of the incidence of
Straub's taile#agtpas0dvenaezshtthEaniansifY fomtanaticitra tieindeiiauh Horeinlatinn tih PegtanestTM

fentanyl, W0 20083 4N0RSF LI R005/0413h CHERYS INESHAN YA SURSdA! reaction i

mice is an S-s’hape_ xion of the mouse talil, whicl e used as a sensitive and specific
bioassay fof@piblasostrsysH asifeatitdesusiidewbighhabitibareptssieffisasy tharsacro-coccygeal

dorsalis muselesALLRR [BKEAR DR M PRSI SRIAAGH o RELIRI ARG BB AmERMISION

formulations described herein‘exhibit a reduced incidence of Straub's tail reaction as compared to a
FentanestrriigeitaralentaEdlippeatienriBmtRassre by SRaMaISolie AHBPseRRIAsRRRBIA of a 30 pg/ml

dose of fentapyhsipSion e sy atestEabless Peleshdbeineiiange af Bt al reaction

mice was 50% or less, such as 33% or less as compared to FentanestTM fentanyl citrate injection 10

formul&fion JeETHAERNIARY ESIENHE A8 SRPRIBRSLBFFESOIRe@HHAME Xk SEM Rt BEHBAMSIow. In
certain inStQWﬁ@%oﬂﬂ%%fé\“Qﬁr@ﬁ@f@Hbﬁ tailcgacHuniBsdanany epwioribBRRA%tesdess, such

as 75% or less, including 36% or less than that of Fentanestim fentanyl citrate injection formulation, as

illustrated irPER{IRSY NREFE AL 6P YRRIISeMRAARIB fliragKaR Sea RRrRAHA EBNHIEEE emulsion
15formulatiggstihgt exfailaitinpsbiepdibrainanediFedsidmeie e (Grehsam Arngraasesipapne-direction

formulation LTI AR o AUEFEBHGo L8R i 51 e Lot & A3 B/m! dose of
FentangastTMderfandreigatefareniviteamuigdonarfentaayiopminl siomnaf wash4Qimagtg/ min,
respectively, as illustrated in 20Figures 5 and 6, as determined using the assay protocol reported in
the Fentanest™ ?entanﬁ citrate injection formutation and fentanyl emulsion l{ suppresg
pain intensity (e.g. pain-related score) by 61% and 78%, respectively, 15 min after
administration, and 35% and 49%, respectively, 30 min after administration, as
iflustrated in Figureé 1 and 2. In addition, in some cases, the reduction of pain
20 intensity {e.g. pain-related score) by fentanyl emulsion A, expressed as area under a
curve, is 50% or greater, such as 75% or greater, including 100% or greater than the
area under a curve for Fentanest™ fentanyl citrate injection formulation. In some
cases, the subject emulsion formulations can reduce pain intensity expressed as
area under a curve by twice as much as that of Fentanest™ fentanyl! citrate injection
25 formulation, as illustrated in Figure 3.
In certain embodiments, the emulsion formulations described herein exhibit
reduced central nervous system mediated side effects as compared to Fentanest™
fentanyl citrate injection formulation. A reduction in central nervous system mediated
side effects can be observed by comparison of the incidence of Straub's tail reaction

30 between the emulsion formulations described herein and the Fentanest™ fentanyl

10



Experimental section below. In certain embodiments, the duration of round behavior is 40 min or less,
such as 35 min or less, including 30 min or less following administration of the subject emulsion
formulation. agpig@;@l‘]@@oects of the subjgct emulsion formulations. inclu%@wﬂg&gf rmulations
that are storage-stable. By storage-stable is meant that the compositions may be stored for extended
periods of time without significant phase separation and/or significant reduction in activity of the active
agent. In certain embodiments, the subject compositions are stable for 6 months or longer, such as 1

year or longer, includi ears,or longer, etc.,.when maintained at 25C. By th Arase "without
e e

there is a reefubgon@fsEOtE owlish, carchaay 6% ag AN 2109/240 8pe Pl hirs2e09 /o4 pedidess,

including 3% o1 less i the ARty iy Akigast tﬁ@%@‘éi&%@&ﬁ%ﬂ&& 6%%@&@%1%@&6%&%%\{3 agent at
the beginning of the storage period. METHODS OF TREATING POST-SURGICAL PAIN WITH

NARCOTICHerglisITuseiee rRVita IR Yeba §1s lumbesagaaRHA FalsbyB SsitARIEs aRCAfethSds of
treatingsa subigdiinT RAsisiitingl RAIBrDREHPEKY SR BAIR r alREh AusaRby tarapsl ipossincisional”

or "post-traumatic pain”) refers to pain arising or resulting from an external trauma such as a cut,

puncture, int38RIIP S5 COMRRIGH e REBBSH AN fRnd Firar I RO e HRtoR: &e from all

surgical progeslieg, weHRy iavASHSIRBALIVISIve)miadsediTereihyIRMalIgIgIAakRAIN" does not

includ in that ithoyt t | physical N mbodiments, t-surgical pai
o ntornal of X1l 04 (LMo NS AL HAER 1AL R M bRLER S Rl (s with

a traumatic waussl) sicHelbeately (essvatcampigntieiinmedisusetahoreiratpaiéctincludes
nociception and the sensation of pain, and pain can be assessed objectively and subjectiyely, using
pain stbres BRUHIGH G P S A BB RPN OB AR o b e eB fin, ns uoed
herein, inclustesiati cdymia [hesnpaim idsmicesstheudusatitat oio85 adt'adahelcpoovickdgraamyand
hyperalgesia (i.e.. increa esponse to. a sti s that | inful i in.turn, be
thermal or n?é‘c‘#?%ir‘#%é% &'§§t%e /Ign%(lié Gre > ncﬁogrgnlé}%r/ﬁ}égﬁjél?n%ﬁ%sm, a%%%%g{é)%rwgr%g@#}%%gwﬂhermal
sensitivity, rhectaristtdensitivitgitationjesdtingfpami@ign passistetmatesinnfrip@adsence of external

stimul. In some egbadinepta, e pRsleHiGAL AR EldEs  RarDRAINAOENE S PAIAT resting

pain. In other emb ents, the post-surgical pain includes resting pain. The pain can be primary
15 formuiations that exhibit reduced brain medialed side effects (such as an increase in

one-direction locomotor activity, e.g9., round behavior), as compared to Fentanest™
fentanyl citrate injection formulation. For example, the duration of round behavior
following administration of a 30 ug/mi dose of Fentanesi™ {entanyl citrate injection
formulation or fentanyl emulsion A was 40 and 27 min, respectively, as illustrated in

20  Figures 5 and 6, as determined using the assay protocol reported in the
Experimental section below. In certain embodiments, the duration of round behavior
is 40 min or less, such as 35 min or less, including 30 min or less following
administration of the subject emulsion formulation.

Additional aspects of the subject emulsion formulations include emulsion

25 formulations that are storage-stable. By storage-stable is meant that the
compositions may be stored for extended periods of time without significant phase
separation and/or significant reduction in activity of the active agent. In certain
embodiments, the subject compaositions are stable for 6 months or longer, such as 1
year or longer, including 3 years or longer, etc., when maintained at 25°C. By the

30 phrase "without significant reduction in the activity of the active agent” is meant that
at the end of the storage period, there is a reduction of 10% or less, such as 5% or

11



25(e.g., resulting directly from the pain-causing event) or secondary pain (e.g., pain associated with,
but not directly resulting, from the pain-causing event). Accordingly, in one aspect, provided are

methods of R%ﬁ?%}? @&ggject for post-surgical pain that include administesing@angbiecivse amount of
an emulsion formulation of a narcotic active agent. In some embodiments, the post-surgical pain

30includes one or more of: allodynia, hyperalgesia, thermally induced pain, mechanically induced pain,
or resting pain. For instance, post-surgical pain can WO 2009/140059PCT/US2009/041991 include

mechanically induced pali resti QR'_IHM ilD SOMS SARRSalld PASISYABICAIORE Hagkges resting
pain. By "trltla%ﬁ?hémcﬁfd%ﬁgaﬁﬁgoﬁ{%%%ﬁg% at Eeggt a suppressioﬁégqr an amelioration of the@seymptoms
associated efitharasibenaprin affitikgainniseop dhaieizosuppiedsion and amelioration are used in a
broad sense 5to refer to at least a reduction in the magnitude of a parameter, e.g., symptom,

associated with the condition being treated, such %‘sg\Pain. As such, treatment ?Iso incluqct)eﬁssituations ‘
where the dﬂﬁ@ﬁ@?ﬁi@%@ﬁﬁﬂ%ﬁﬁﬁ?ﬁfﬁé@%@d&% VEEANABRPRSIHRR S SR D5,

terminaged, such that the subject no longer experiences the condition. As such, treatment includes

both preventing and managing a 10condition, |n certain embodiments, all ial ssed,

ameliorated and/o?‘ﬁr%{mmﬁﬁg%a ﬂ‘é%r%%'%%ﬁgaf%é“n‘i ,%%/Spgﬁﬁagét? ié) gé%@%@?ﬁﬁ?ﬁneliormed

and/or prevepigdal paomP sxstanegsakpaiphimiscinariegaintdrmstiépesises/iaapaier iPagiproximal

and/or near,to one or m.o:E S?g%} o})gﬁeéﬁghé]%%ﬁ«ﬂg%% ncisiennLpAddianalpspegts of the
lorating and/or

subject mettﬁ%@ﬂicciup&éﬂ' &fhods of ame ) | reventing the development or progression of
post-surgicai.p,aixmtm;tla’émim@.ieﬂn@&Tefyuﬁfemfbmiﬂéiwmﬂh%*ﬁlgﬁééjWb%Hﬂ%[%Eﬁf%ents, the

emulsion fO{Hé'ft:S‘HQé‘ﬁ&ﬁu”ah%&gﬁeﬁlia%%e@, RrasivindiveyrtadRSHIEs R esaaldsauma, wound

or incision, such as surgery. For'example, the emulsion 20formulation can be administeer 30 .

minutes, 1 Wsuein, frerssogisal 920 MeesnebReiiAe painh AL RIS A EXEDY day, several
days, or evelhaaPlfaliMa MRSl ERRDNERKENE, MNBDPICE famastvibniddely extersalt in external
rauma, pain, and the wound, cut, trauma, tear or incision may occur accidenially (as with a
traumatic wound) or deliberately (as with a surgical incision). As used herein, "pain”
15 includes nociception and the sensation of pain, and pain can be assessed
objectively and subjectively, using pain scores and other methods, e.g., with
protocols well-known in the art. Post-surgical pain, as used herein, includes
allodynia (i.e., pain due to a stimulus that does not normally provoke pain) and
hyperalgesia (i.e., increased response to a stimulus that is normally painful}, which
20 can in turn, be thermal or mechanical {factile) in nature. In some embodiments, the
pain is characterized by thermal sensitivity, mechanical sensitivity and/or resting
pain (e.g. persistent pain in the absence of external stimuli). In some embodiments,
the post-surgical pain includes mechanically-induced pain or resting pain. In other
embodiments, the post-surgical pain includes resting pain. The pain can be primary
25  (e.g., resulting directly from the pain-causing event) or secondary pain {e.g., pain
associated with, but not direcily resulting, from the pain-causing event).
Accordingly, in one aspect, provided are methods of treating a subject for
post-surgical pain that include administering an effective amount of an emulsion
formulation of a narcotic active agent. In some embodiments, the post-surgical pain
30  includes one or more of: allodynia, hyperalgesia, thermally induced pain,
mechanically induced pain, or resting pain. For instance, post-surgical pain can

12



wound or incision, such as prior to surgery. In other embodiments, the emulsion formulation can be
administered during and/or after surgery or activity that resulted 25in external trauma, wound or

incision. In's in s, the emulsion formulation is administered 1 h ! ours, 4
hours, 6 hou%% 0(%%5‘%%2 hours, 24 hours, 30 hours, 36 hours, or more%&%é@%@ﬁ%{}r activity that

resulted in external trauma, wound or incision. In practicing the methods, the emulsion
formulations disclosed herein can be 30parenterally administered to a subject. By "parenteral

formulation 400 SO0CAUNGPL PO oS08 KoLt K RerEn Ecing from

post-surgicayrgicalyain nogtedsth ezdiveg phe dR)e Sivatingth Exaaipies Bipareand it ladshiaistration
include, but it vl laF ipiection,: ) inect | absorption,
inhalation, a%!f ﬁ?g%igen ﬁlgégrtéaﬁiléﬂe@n%%gﬁrﬁfe{rﬂgggﬁ%ﬁ%ﬁ?ﬁ%%ﬁiﬁg’gﬁgmg%ﬁﬁ%ﬁﬁﬁ using an
5injection défilistngéifcauinaet aniacoPerestihdothamalioniien & adatdidtediaactisersisject may

vary depenqing:y) & HIRBST 21 4ei1sn SHERAR RFHENISBPTIET aRIQE CRIYE BRaHRAAL nature of

pain, etc. In certain embodiments, the dosage of active agent that is administered per dosing event
ranges fromPE6946/3186 1 die candiien ejte Hﬁétﬁ‘glo%‘:(%, AR G2 516 O RYRRIES $osing
guidelines fidlGesisiatioles MHlsions abaarindeyelonsrndifpiioied dy thesseiekiiirththe art may
be employed with the subject emulsion formula%tions. Fl,g}gerﬁ@%ecgts o{ the subject. methods
include metRBRSIBM ReFESRTLIR thr STBIRERE VR NS FHIESEG BLRET FRRRORI T rers to
reduction, dihenishditmt.akel rchirairadioniadlpdéas asso pstednivit) andyernagaisien, trauma 15or
WO“”%”""&%E&{ goluged, dminis §8$mfi‘é‘ Oriuaiaad §&8¢?8£'¥809%?%%R89£é’4 BRI yet another
aspect, the subject methods provide for enhancing recovery from sutgery, as well'as enhancing
recovery froprievenisd!, aadritesiome) @y badirenisciimerdlgesipiscsiprie shad akmsligrateterence is

generally madg BerN 82 Gome instances, the pain is chronic pain. In other cases, the
pain is at, proximal and/or near to one or more site(s) of external trauma, wound or
~ incision. |
15 Additional aspects of the subject methods include methods of ameliorating
and/or preventing the development or progression of post-surgical pain by
administering the subject emulsion formulations. In certain embodiments, the
emulsion formulations can be administered prior to an activity likely to result in
external frauma, wound or incision, such as surgery. For example, the emulsion
20 {ormulation can be administered 30 minutes, 1 hour, 2 hours, 5 hours, 10 hours, 15
hours, 24 hours or even more, such as 1 day, several days, or even a week, two
weeks, three weeks, or mare prior {¢ the activity likely to result in external trauma,
wound or incision, such as prior to surgery. In other embodiments, the emulsion
formulation can be administered during and/or after surgery or activity that resulted
25  in external trauma, wound or incision. In some instances, the emulsion formulation is
administered 1 hour, 2 hours, 3 hours, 4 hours, 6 hours, 8 hours, 12 hours, 24 hours,
30 hours, 36 hours, or more, after surgery, or activity that resulted in external
trauma, wound or incision.
In practicing the methods, the emulsion formulations disciosed herein can be
30  parenterally administered to a subject. By "parenteral administration” is meant
administration by a protocol that delivers a quantity of the emulsion formulation to
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20 or preventing post-surgical pain, the emulsion formulations can be admiﬁistered before an activity
with an increased risk of external trauma (such as an impact), injury, or wound. As is understood by
one skilled i Be @Orgh%b%ctivity with increased risk of external trauma, injlﬂ,r Oy glgﬂcompasses
dangerous vocatzlons, combat, and/or sporting activities. 25In certain embodiments, the Subject
methods include a diagnostic step. Individuals may be diagnosed as being in need of the subject
methods using any convenient protocol. In addition, individuals may be known to be in need of the
subject methods, e.9., they are suffering.from a target disease condition or have been determined to
e at risk fol Cu PG TE R P i ot L BB BROICI S e R e e el e HiBde. WO
2009/140059B ESTiN¢82809/ G4 a09leB iappamsisiora ssssnstation padiuidayelltestabbshettad the art.
Assessmen el a 0 jecti gasyr ti f aylor such as
HR%B?&%F ﬁ%&‘éﬁ’o‘%, 3 Qn%@gfézé%tm Y %@%ﬁ’ﬁ{&ﬁ%cfggﬁgaéﬁ{bﬁé ahhshavior

reaction to stimuli, tacial expressions and the like. Assessment may sed on subjective

measures, $heHilge pagenasharakesimatith bR RIiAgBIMsIIpamycaIesigeaisig aKatz et al,
Surg. Cin. NoERiAR&RPS) dedic): 3B aproraceniasish JoRail-By MR Manraastt209 %

23(3):239-55. Pain relief may also be characterized by time course of relief. Accordingly, in some
embodiment8expipeligray §GH&QR@W'§B&$&RU§W@&@R@B*§%‘H@ as palselvRBEHE?and in some

embodimentgidyeakatatialonich-d8thees pdmoter lGemapdimeadinkaseliefdssiguestively or
objectively observed at 24, 36, 48, 60,72 or more hours fOHOWilriaﬁsué%%y éor activity associated with
I

wound or trAGHD AR AR RABRIMNAECRIOISE ACER QRERWRS fordRERtbHE €9R%e prepared
using any ce¥AMENtRRYISHinaiteraiereling 2stRinueMERRe MWssihg gurRRAkADRBMethods include
g G g S oIS oS aady tevalopdd Shat followsd by those of Bl fithe art

may be employed with the subject emulsion formulations.

Further aspects of the subject methods include methods for increasing pain
threshold. As used herein, "increasing pain threshold" refers {0 a reduction,
diminishment and/or minimization of pain associated with surgery, incision, trauma

15  orwound (including reduced, diminished, and/or minimized subjective perception of
pain). In yet another aspect, the subject methods provide for enhancing recovery
from surgery, as well as enhancing recovery from wound, traumatic injury, and/or
incision.

it is appreciated that although reference is generally made herein to treating

20  or preventing post-surgical pain, the emulsion formulations can be administered
before an activity with an increased risk of external trauma (such as an impact),
injury, or wound. As is understood by one skilled in the art, an activily with increased
risk of external trauma, injury or wound encompasses dangerous vocations, combat,
and/or sporting activities.

25 In certain embodiments, the subject methods include a diagnostic step.
Individuals may be diagnosed as being in need of the subject methods using any
convenient protocol. In addition, individuals may be known to be in need of the
subject methods, e.g., they are suffering from a target disease condition or have
been determined to be at risk for suffering from a target disease condition, prior {0

30 practicing the subject methods.
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injection solvent, e.g., WFI, can be added to a smooth mixture of a suitable oil. Initially, the mixture can
be roughly emulsified. For example, for rough emulsification, 20 Homomixer (Mizuho Industrial Co.,
Ltd.) or High @@é‘i%f%&@er (SMT) can be.used. After the mix_tgre .is roug %ﬁﬂ%&ﬁi%ﬂ’@qe milx.ture.
can be finely emulsified, e.g., by using a high pressure emulsification machine. For fine emulsification,
a high pressure homogenizer such as Gaulin Homogenizer (APV-SMT) and Microfluidizer
(Microfluidics, Newton, MA) can be used. In addition, for fine emulsification, the 25 emulsion

formulation may be,treated by the emulsification. machine mote. tha ch as 2 to 50 times, for
: 3 e

onge, s
example 5 to 20 tim;easqna(iséspr%&slga?gsr%qﬁglng Ram xgd&e% 5 cemép%]ee ef)\gth?grr{] Méthods can

be carried onlraarttvemﬂrtemmmmmpmwmquemmm_mmemmbamc¢rtain
embodiments,die prepgiafian TRl naludsdusing Jha smuilicalangachineyiligiggoen oas.

30 WO 2009/140059PCT/US2009/041991 U The subject emulsion formulations and methods
find use in PEEABLYHEURISHENEIASAMERRIIRYCHrasdmiiey phrsasieyiziarsotgiel BeiRg Accordingly, the
Ssubject emydsionsfaEmUatinns 8ad BethedsAsedIssiwfoeatipandelRyngode velepyent of and/or

preventing post-surgical pain in subjects, including all mammals, both human and non-human,
including th@ ort@GCaRhRIAE fe ‘P USHTRIME ﬂ%gﬂ%zée?a.(?’?rﬁ@g,' YRrinea pigs, and rats),
lagomorpha (e.g. reabits)liafdarimiebdeigar itiarang bhinnpanseass anekiRONKeySIHiMBEHaIN
embodiments, the 10subjects, e.g., patients, are humans. Moreqver, the subject emylsjon formulations
nd methodS IS o SO Ry e TSRl G S E VAL a o Bhctire or
tear, whethdemterned Grrekbe stahcSaiciainmmisiopaebi®ahdbnaly i@t Grieccileimalpas with traumatic
wound,gr del ' ry. 3 IsQ:provi ' inghuge ippragticing the
subjec%%et%o@ﬁs&ﬂ%@%&%%@%t%%& . %@ﬂé@%ﬁ é&génrvrﬁzgt%gab %?eg%?é{j&% iﬁegm%ogs%ay
include a quNIEr & Piere fRUMNBROISHITRBLIEH gaddbhrssamalad tieworif, erreomes, or a

PRE PARATION METHODS

15 The subject emulsion formulations can be prepared using any canvenient
emulsification protocol. In certain embodiments, the preparation methods include
mixing an active agent, water and o¢il, and emuisifying the mixture. For example, an
injection solvent, e.g., WFI, can be added to a smooth mixture of a suitable oil.
Initially, the mixture can be roughly emulsified. For example, for rough emulsification,

20 Homomixer (Mizuho Industrial Co., Lid.) or High Flex Disperser (SMT) can be used.
After the mixture is roughly emulsified, the mixture can be finely emulsified, e.g., by
using a high pressure emulsification machine. For fine emulsification, a high
pressure homogenizer such as Gaulin Homogenizer (APV-SMT) and Microfluidizer
(Microfiuidics, Newton, MA) can be used. In addition, for fine emulsification, the

25  emulsion formulation may be treated by the emuisification machine more than once,
such as 2 to 50 times, for example 5 o 20 times, at a pressure ranging from 500 io
850 kg/cm?. The preparation methods can be carried out at room temperature or at a
temperature lower than room temperature. In certain embodiments, the preparation
methods include flushing the emulsification machine with nitrogen gas.

30
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20 multi-dosage format. As such, in certain embodiments, the kits may include one or more unit
dosages (e.g., ampoules) of the emulsion formulation. The term "unit dosage", as used herein, refers

to physically\q;ié%ré%y?1 waj;; suitable as unitary dosages for human and aniEp /?]1%5)6 s%%’,t 9eﬁch unit
containing a predetermined quantity of the subject emulsion formulation calculatéd in an’ amount

sufficient to 25produce the desired effect. The amount of the unit dosage of the subject emulsion
formulation depends on various factors, such as the particular active agent employed, the effect to be
achieved, and the pharmacodynamics associated with the active agent in the subject. In yet other
embodimen@”ﬂ%’ kits may include a single multi dosage amount of the emulsion formulation. 30In
addition to the above components, the subject kits may further include instructions for practicing the

subject methods. se | 10ns: I A 9 /041991 the
subject kits in a veﬁ?é%y% %g#%ﬁ%fl\%@ff é@%&@vﬁéh%m}g@%@%p%%ieéﬁ%% {Eg E#%@Oegorm in which
these instrugpeheatirisb B Pripatieyeningtet fierintanos ch@icalapie. ednignghsdbstrate, e.g.,

one or more;iseasHhRRFT RAMINARARSIRIGHRAUNR i Hriaiad iv/theRpekaaingiphthe Kit,in a

package insert, etc. The 5instructions may be present on a computer readable medium, e.g., diskette,

CD, DVD, eHYRIRRIMER PhaMFSIRERGTHAS PrrsHsaisR] it ik sHRIRGEsidRS o present on a
website, whiﬁarmﬁw&zaauﬂeﬁbuma&hl' gmtﬂmfh@m | d@g@&h&@ijﬁm@g%@?aﬂr%nﬁ@‘(@@.%itﬁ)lg@ther
convenient means are possijble and may be included in the kits. e following examples are put
forth 5o as (515015 (RGBT 15 dndy- Sk EAPISR IR 42 In FER EHHB G & ARBRIE N Stion of
how to makerandteséetioe, present|olemitanzeas, areimobiteysiethtoditaihtbmisodpecoltsyhias the
inventors regiiglas telr Buenlion Der UGBy (RLsnded 6 SRRsen\NALING SApSmES 15 below
are all or the only expé ifrients performed. Efforts have been made to’ensure accuracy with respect to
numbers usedd egihunge anessefubir ndrédeads) kg @ incisional wound to tissue whether a

cut, puncture or tear, whether internal or external. Such an incisional wound may

occur accidentally as with traumatic wound or deliberately as with surgery.
15 KIrs

Also provided are kits that find use in practicing the subject methods, as

described above. For example, kits for practicing the subject methods may include a
guantity of the emulsion formulation, present in unit dosages, e.g., ampoules, or a

20 multi-dosage format. As such, in certain embodiments, the kits may include one or
more unit dosages (e.g., ampoules) of the emulsion formulation. The term “unit
dosage”, as used herein, refers to physically discrete units suitable as unitary
dosages for human and animal subjects, each unit containing a predetermined
quantity of the subject emulsion formulation calculated in an amount sufficient to

25 produce the desired effect. The amount of the unit dosage of the subject emulsion
formulation depends on various factors, such as the particular active agent
employed, the effect to be achieved, and the pharmacodynamics associated with the
active agent in the subject. In yet other embodiments, the kits may include a single
multi dosage amount of the emulsion formulation.

30 In addition to the above companents, the subject kits may further include
instructions for practicing the subject methods. These instructions may be present in
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experimental errors and deviations should be accounted for. Unless indicated otherwise, parts are
parts by weight, molecular weight is weight average molecular weight, temperature is in degrees
Centigrade, Wz%@ﬁﬁé{ﬁ% is at or near 20 atmospheric. EXPERIMENTAL pEENIANY L EVULSION
FORMULATION & PREPARATION 25 A.FORMULATION (Emulsion, 250m1) Table 1: Ingredients for
the oil phase Emulsion A Soybean Oil 25 g Refined Egg-Yolk Phospholipid 4.5 g WO
2009/140059PCT1US20091041991 Oleic Acid0.6 g Table 2: Ingredients for the agqueous phase

(Glycerin S%Wéig%}ect kits in a variety of forms, one or more of which may be present in the kit.
One form in which these instructions may be present is as printed information on a
suitable medium or substrate, e.g., one or more pieces of paper on which the
information is printed, in the packaging of the kit, in a package insert, etc. The

5 instructions may be present on a computer readable medium, e.g., diskette, CD,
DVD, etc., on which the information has been recorded. The instructions may be
present on a website, which may be used via the internet to access the information
at a removed site. Other convenient means are possible and may be included in the
kits.

10

The foliowing examples are put forth so as to provide those of ordinary skill in

the art with a complete disclosure and description of how to make and use the
present invention, and are not intended to limit the scope of what the inventors
regard as their invention nor are they intended to represent that the experiments

15 below are all or the only experiments performed. Efforts have been made to ensure
accuracy with respect to numbers used {(e.g. amounts, temperature, etc.) but some
experimental errors and deviations should be accounted for. Unless indicated
otherwise, parts are parts by weight, molecular weight is weight average molecular
weight, temperature is in degrees Centigrade, and pressure is at or near

20  atmospheric.

EXPERIMENTAL

i. FENTANYL EMULSION FORMULATION & PREPARATION

25 Al FORMULATION
{(Emulsion, 250ml)
Tabie 1: Ingredients for the oil phase

Emulsion A
Soybean Gl 259
Refined Egg-Yolk 45¢
Phaospholipid
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Emulsion A Glycerin5.52 g Purified Water200 ml B.PROCEDURE FOR THE PREPARATION OF
FENTANYL EMULSION A 5Ingredients for the oil phase were added to a beaker and heated to 60C
while stlrrlng@b &Q&mg@ to dissolve the ingredients. 25 mg of Fentaq,\gj\?{fls2 g ggﬁnd stirred.
(The process took approximately 10 minutes.) 50 ml of the glycerin solution was added in drops
into the mixture and stirred 10 at 10,000 rpm for 10 minutes. The solution was transferred into a
separable flask. The remaining glycerin solution was added while stirring at 12,000 rpm in an emulsion
machine fqr “’éigﬁ‘“biii* s—Purified vva was-adged to bring the total volume of the emulsion to 250 ml.
15The emulsion was emulsified 20 tlmeg whilei cooling the mixture at a pressure of 650 Bar with a high

pressure emulsion machine, LAB-1000 (APV, Denmark) No adjustment was needed if the pH of
the emulsmrr W@%ﬂ; %)?ﬂl' Aty Ug&g:a q%[] Wﬁrochloric acid solution or
sodium hydroxide so justment was this experiment as the pH was between 6.3 20

and 6.7. After high-pressute drfiisfisation| the emulsmn was filtered (pore size of 0.4pm) and the

emulsion Wasiigied to-ampputes gubie adding N2 gas. The ampoules were sterilized by
autoclave sterllization (121C for 10 minuies)
Purified Water 200 mi

B. PROCEDURE FOR THE PREPARATION OF FENTANYL EMULSION A

5 Ingredients for the oil phase were added to a beaker and heated to 60°C
while stirring at 7,000 rpm to dissolve the ingredients.

25 mg of Fentanyl was added and stirred. (The process took approximately
10 minutes.)

50 ml of the glycerin solution was added in drops into the mixture and stirred

10 at 10,000 rpm for 10 minutes.

The solution was transferred into a separable flask. The remaining glycerin
solution was added while stirring at 12,000 rpm in an emulsion machine for 30
minutes.

Purified water was added o bring the total volume of the emulsion to 250 ml.

15 The emulsion was emulsified 20 times while cooling the mixture at a pressure
of 650 Bar with a high pressure emulsion machine, LAB-1000 (APV, Denmark).

No adjustment was needed if the pH of the emulsion was between 6 and 7. if
not, the pH was adjusted with hydrochloric acid solution or sodium hydroxide
solution. No adjustment was made in this experiment as the pH was between 6.3

20 and®6.7.

After high-pressure emuisification, the emulsion was filtered (pore size of
0.4um} and the emuision was added into ampoules while adding N; gas.

The ampoules were sterilized by autoclave sterilization (121°C for 10
minutes).

25 After sterilization, the ampoules were cooled and stored.
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25After sterilization, the ampoules were cooled and stored. WO 2009/140059PCT1US20091041991
The average particle size of the sterilized samples was measured using a Zetasizer 3000HS (Malvern
Instruments, ire, UK) using a photo-correlation method. [I.LPO$T- (ﬁg PAIN
ASSAY OF Eﬁgﬁl{g{ ORMULATION The analgesic effects of Fen%?é%ﬁn@l.ﬁ elntanyl
emulsion A for post-surgical pain in mice were examined. 10 A MATERIALS AND METHODS Animals
Male C57BUSCr mice were used. Test preparations 151) Fentanesem injection (fentanyl citrate, 0.1
mg/2 ml fentanyl) 2) Fentanyl emulsion A (0. |.fentanyl; average particle size = 181 nm)
Administration %)he BACRYSr aﬂg'\tl%r? Wag 6%%%%@% SéB“ rggrl)ffles srp)?\?g'rw.eéauc%n%ramulation 20
was injectediztaraizen806BHE dvaiveonnnsif @103 kel Pérreosichsidrewdightsiheg paphtion of
Post-Operatiye BainModal,q  An incision was made approximately 1 cm from the heel toward the
tiptoe under pentobarbital (50 mg/kg, i.p.) anesthesia. Another 1 cm incision was made in 25the skin,
.-membrane and muscle with a stainless steel scalpel while avoiding the

5 1l POST-SURGICAL PAIN ASSAY OF FENTANYL FORMULATION

The analgesic effects of Fentanest and fentanyl emulsion A for post-surgical
pain in mice were examined.

10 A MATERIALS AND METHODS

Animals -
Male CB7BL/6Cr mice were used.

Test preparations
15 1) Fentanest” injection (fentanyl citrate, 0.1 mg/2 ml fentanyl)

2) Fentanyl emulsion A (0.1 mg/ml fentanyl; average particle size = 181 nm)

Administration

Each formulation was prepared with appropriate solvent. Each formulation
20  was injected intravenously in an amount of 0.05 ml per 10 g body weight.

Preparation of Post-Operative Pain Model

An incision was made approximately 1 cm from the heel toward the tiptoe
under pentobarbital (50 mg/kg, i.p.) anesthesia. Another 1 cm incision was made in
25 the skin, membrane and muscle with a stainless steel scalpel while avoiding the
blood vessels and nerves under the skin. The two incision areas were sutured twice
with a No. 7 suture and the wound was disinfected with Isodine (Meiji Seika Kaisha
Ltd., Tokyo, Japan).

30 Post-Operative Pain Assay
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blood vessels and nerves under the skin. The two incision areas were sutured twice with a No. 7
suture and the wound was disinfected with Isocline (Meiji Seika Kaisha Ltd., Tokyo, Japan). 30
Ppst-QperatifDP%g Assgy WO 2009/;40959PCT/U82009/04;991 _ Rﬁ@fﬂ%}gﬁ% A 4@§lchanical
stimuli to the mczj legs was used as an indicator of post-operative pain. Post-operative pain was
measured in both hind legs (i.e., ipsi- lateral and contra-lateral to the wound area). A Von Frey filament
(North Coast Medical, San Jose, CA, USA) with the strength of 1.6 mN was used for Smeasurements.

After applying the \éon F.Berytgla%eencthto the battom o f the hind leg, the reaction was

1 of the foo
categorized into threeeagyages = noarg5’;?c:’9‘tlig’n'ETHEHi tPaFé%B'ﬂ?éf%ﬁdﬂigﬁ;ufezogﬁaﬁfhg?ﬁ%afﬁﬁa?leg and
licking the hirissteaperpligespiaioliRasiyoperatydiairewas sreagiveat whilethyoidinggh ¢ woipsi area. The

procedure vagfepgaies SallBRARSINA GRS MRSICORRFSLEK Al AU feRcipy score. 10The

: . E :
post-operative pain assay was carried out in a blind fashion; experimenters'knew preparations

contained feWediGrbGandphd Pt 1 Witferepcdienathoffdfurdy whtheseebfirations. B.RESULTS
15 Summary,Bdosersanenaret EBBR)&;@@& RRFHPRES AIREARAIRD 1! RARsbRIC IBYNEfgs.ATter
e

administration was observed and the effects were observed for about 60 minutes (Figures 1 and 2). A

significant inHiilB%: SFp ELRTIRT MRRGBRIN e DU UGS S IRARS AR FORFRIGN ihjsaiNEnd the
fentanyl emiigioma s sh2Qripsesiohd Ggadlsg, larthd 8rrotked (Rigu reselsantd R bySesparison of
Inhibiting Ef{._ects fter A ministerinrg Feptanvlé)r F?ﬁmulatio S
- rey filament were giverr while avoiding the wound area. The procedure was
repeated six times and the average was considered as the pain reaction score.
10 The post-operative pain assay was carried out in a blind fashion;
experimenters knew that all preparations contained fentany! but they did not know

differences in the features of the preparations.

B. RESULTS

15 Summary
A dose-dependent inhibition of post-operative pain that peaked at 15 minutes

after administration was observed and the effects were observed for about 60

minutes (Figures 1 and 2). A significant inhibition of post-operative pain was

observed in both the Fentanest ™ injection and the fentanyl emulsion A groups at
20 doses of 16 ug/kg, and 48 ug/kg (Figures 1 and 2).

Comparison of Inhibiting Effects after Administering Fentanvl or Formulations

- No difference was observed in the inhibiting effects after administration
between the Fentanest™ injection and fentanyl emulsion A (Two-Way RM ANOVA)
25  (Table 4). No significant difference was observed in the area under the curve for 60
minutes after administration {(One-Way ANOVA} (Figure 3).

Table 4: Two-Way RM ANOVA

P F
Treatment (main effect) 2.141 0.127
Treatment x Time 0.447 0.9737

20



No difference was observed in the inhibiting effects after administration between the FentanestTM

injection and fentanyl emulsion A (Two-Way RM ANOVA) 25(Table 4). No significant difference was

observed in rea .y %?r the curve for 60 minutes after administration (¢ - !\% \(rA) (Figure
2 93}1 . .

3). Table 4: Two-Way é?b ANOVA P F Treatment (main effect) 2.141 0.1 ?g%\%t}f{]?@ﬁ% ime 0.447

0.9737 WO 2009/140059PCT/U520091041991 (interaction)

(interaction)

p<0.05

Fentanyl Citrate injection
no
vs. Emulsion A

Comparing the inhibiting effects between the Fentanest™ injection and the

fentanyl emulsion A at 15 minutes after administration, no significant difference was
5 observed (Figures 1 and 2). However, compared with the reference standard,

substantial inhibiting effects were observed for fentanyl emulsion A formulation
(Bonferroni t-test) (Figure 2).

Comparing the inhibiting effects between the Fentanest™ injection and the
fentanyl emulsion A at 30 minutes after administration, no significant difference was

10 observed (Figures 1 and 2). Ho‘wever, compared with the reference standard, lasting

effects were observed for fentanyl emulsion A formulation (Bonferroni t-test) (Figure
2).

[ ASSESSMENT OF CENTRAL NERVOUS SYSTEM MEDIATED SIDE EFFECTS OF

15 FENTANYL EMULSION FORMULATION

A STRAUB'S TAlL REACTION

When mice are given opioids, their tails stand and trend rostrally. This
reaction is called Straub’s tail reaction and may be mediated by the central nervous
20  system, especially spinal cord. Fentanest™ induced Straub’s tail reaction in mice
tested at doses of 30 and 50 pg/mi (Table 5). In comparison, the incidence of
Straub’s tail reaction was lower after injection of fentanyl emulsion A at doses of 30
and 50 ug/mi (Table 5). Similar results were observed in the duration of the Straub’s
tail reaction (Figure 4).
25
Table 5: Straub’s Tail Reaction Induced by Fentanyl Preparations

oncentration ice esponder (% esponder (%
LC ion | Mi | R der (%) | R der (%) |
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pc 0.05 Fentanyl Citrate injection vs. Emulsion A no Comparing the inhibiting effects between the
Fentanestw injection and the fentanyl emulsion A at 15 minutes after administration, no significant

difference Was ng (Figures 1 and 2). However, compared with th 65 pard
substantial mh%ltlng eftects were observed for fentanyl emulsion A formu atlon%on?erronl t-test)
(Figure 2). Comparing the inhibiting effects between the Fentanestml injection and the fentanyl

emulsion A at 30 minutes after administration no significant difference was 10 observed (Figures 1
noa lactina offo
and 2) H VVCV I 7UIJIPC‘.I hnﬁb“‘ LIICdeJICI C ?Lallu Ed, ot C“?Li{t']oﬂv CIC Dbserved for fentanyl

emulsion A uun (B.uucnu Ht-t€Sp{gt HASSESSN "T OFCENTRAL NERVOUS
SYSTEM MEDIATED SIDE EFFECTS OF 15 Fté ANYL EMULS%) FORMULATION A.STRAUB'S
TAIL REACTIONMWhen mijce aresgiven JplOlds,% mﬁa} tails gtand a@o(:%tﬁnd rostrally. This reaction is
called Straub's-tajlteactiofi-and-may-beim mediatectl the-centrat Agt (\gsp’o 20syistem, especially spinal
cord. Fentanestn4 induced Straub's talil reactlon\f8 r)T{n

50 6 6 (100) 4 (80)

B. | OCOMOTOR ACTIVITY EFFECT

When mice are given high doses of opioids, locomotor activity is increased
through the opioid’s action on the central nervous system. This increase in
5 locomotor activity can be observed by an increase in one-way locomotor activity
(i.e., round behavior). Fentanest™ markedly increased locomotor activity at doses of
30 and 50 pg/ml, but did not have a significant effect at a dose of 10 ug/mi (Figure
5). The increase in locomotor activity after administration of fentanyl emulsion A was
lower than that of Fentanest™ (Figure 6). The effects of Fentanest™ and fentanyl
10 emulsion A were compared, as shown in Figure 7.

C. DISCUSSION

Since Straub’s tail reaction and increased locomotor activity may be mainly
mediated by the central nervous system, the central nervous system mediated side
15 effects of fentanyl preparations was considered from the results. As compared to
Fentanest™, the central nervous system mediated side effects of fentanyl emulsion
A were less severe than that of Fentanest™. The incidence of Straub’s tail reaction
and the duration of round behavior in mice were significantly less with fentanyl
emulsion A.
20
Although the foregoing invention has been described in some detall by way of
illustration and example for purposes of clarity of understanding, it is readily
apparent to those of ordinary skill in the art in light of the teachings of this invention
that certain changes and modifications may be made thereto without departing from
25 the gpirit or scope of the appended claims.
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tested at doses of 30 and 50 pg/m1 (Table 5). In comparison, the incidence of Straub's tail reaction
was lower after injection of fentanyl emulsion A at doses of 30 and 50 pg/ml (Table 5). Similar results

were observgg,inibe gidation of the Straub's tail reaction (Figure 4). 25 TapiaRicadadies Tail
Reaction Induced by Fentanyl Preparations ConcentrationMiceResponder (/0)Responder (/0) 21 WO

2009/140059PCT/US2009/041991 (pg/ml) Observed Fentanest., Emulsion A0 6 0 (0) 0 (0) 10 6

Accordingly, the preceding merely illustrates the principles of the invention. It
will be appreciated that those skilled in the art will be able to devise various
arrangements which, although not explicitly described or shown herein, embody the
principles of the invention and are included within its spirit and scope. Furthermore,

5 all examples and conditional language recited herein are principally intended to aid
the reader in understanding the principles of the invention and the concepts
contributed by the inventors to furthering the art, and are to be construed as being
without limitation to such specifically recited exampies and conditions. Moreover, all
statements herein reciting principles, aspects, and embodiments of the invention as

10 well as specific examples thereof, are intended to encompass both structural and
functional equivalents thereof. Additionally, it is intended that such equivalents
. include both currently known equivalents and equivalents developed in the future,
i.e., any elements developed that perform the same function, regardiess of structure.
The scope of the present invention, therefore, is not intended to be limited to the
15 exemplary embodiments shown and described herein. Rather, the scope and spirit
of present invention is embodied by the appended claims.
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3(50) 2 (33)3065(83)2(33)506 6 (100) 4 (80) B. LOCOMOTOR ACTIVITY EFFECT When
mice are given high doses of opioids, locomotor activity is increased through the opioid's action on the
central nervous system. This increase in 5locomotor activity can be observed by an increase in
one-way locomotor activity (i.e., round behavior). FentanestTM markedly increased locomotor activity
at doses of §baéW@'8%‘5§)ﬂﬁm%tsdld not have a significant effect at a dose of 10 pg/ml (Figure 5). The
increase in Iocomotor activity after administration of fentanyl emulsion A was lower than that of

Fentanestlm (F %ﬁThe efg %[% E%Q}ta%}eesggorg g!dmfu nEa ryli Eanurlﬁsé(r)\ﬁfAc\%?ere &orgpared, as
shown in Flgure s&USET
med;cament for treating a subject for post-surgical pain, wherein said emulsion

comprises: fentanyl; oil; water; a surfactant; and an emulsification enhancer.

2. The use according to Claim 1, wherein said fentanyl is present in an amount
ranging from 0.1 to 10 mg/ml.

3. The use accordi.ng to Claim 2, wherein said oil is present in an amount ranging
from 0.05 to 200 mg/ml.

4. The use according to Claim 1, wherein said surfactant is chosen from egg-yolk

phospholipid or soybean phospholipid.
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Since Straub's tail reaction and increased locomotor activity may be mainly mediated by the central
nervous system, the central nervous system mediated side 15effects of fentanyl preparations was
considered from the results. As compared to FentanestTM, the central nervous system mediated side
effects of fentanyl emulsion A were less severe than that of FentanestTM, The incidence of Straub's
tail reaction"an@HEHEFEABINEHALIRMbENYDRSEIR TRIES ERITSRIIAN GINRN eSS A TéREnyl emulsion A.
20 Although the foregoing invention has been described in some detail by way of illustration and
example forpuipgsesof clay,of ypdersianding, s feadll agnaient A nase pLordiRRLY siill in the
art in light o?'the eachings of thid inverition that certaim changes and modifications may be made
thereto with@UTBRSSErBHGFrOrmrIBaRYISpRiEWERcope of the appended claims. WO
2009/140059PCT1US2009/041991 Accordingly, the preceding merely illustrates the principles of
the inventiop. I\Jﬁ/hvill be apprecjated that those skilled in the, al/ will be able tog Vvise various _
arrangements WHcH-BIRBUIH Kot SxiEy doctHBEE o b HEIE . ERMA T CHples of the
invention amdrapaiackdédagitis dsrgEiredidedeopeydtthr mpdicbdibmxalaijpies and conditional
language recited herein are principally intended to aid the reader in understanding the principles of the
invention and the concepts contributed by the inventors to furthering the art, and are to be construed
as being withdiHIEARRPTE U h SpiRificAliPrekieritRampies i daHemisubitdREH all
statements d¢werein reciitng pyagiples catpedtsidndiasbodimentsoafdbetine fdictargs dravell as specific
examples th,ﬁr ' d to encompass both structural and functional equivalents thereof
Additionally', F%{?rﬂagcﬁgg%% &ngt such equivalents include both currently known equivalents and
equivalents developed in the future, i.e., any elements developed that perform the same function,

- regardless of aifustilision hgstRRERHRBIEseRiAMAgtion, therefore, is not intended to be limited to

the 15 exemplar ij),odimegntss own .ndéiescribe Jerein. Rather, the scope and spirit of present
invention 1o BABORE LyFIFG BSUERGR At masincaton ShfaRde

10. The emulsion formulation according tc Claim 9, wherein said fentanyl is present

in an amount ranging from 0.1 to 10 mg/mi.

11. The emuision formulation according to Claim 9, wherein said oil is present in an
amount ranging from 0.05 to 200 mg/ml.

12. The emulsion formulation according to Claim 2, wherein said surfactant is chosen
from egg-yolk phospholipid or soybean phospholipid.
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That which is claimed is: 1. Use of a narcotic emulsion injection formulation in the manufacture of a
medicament for treating a subject for post-surgical pain, wherein said emulsion comprises: fentanyl;
oil; water; a surfactant; and an emulsification enhancer. 2. The use according to Claim 1, wherein said
fentanyl is present in an amount ranging from 0.1 to 10 mg/ml. 3. The use according to Claim 2,
wherein said oil is present in an amount ranging from 0.05 to 200 mg/ml. 4. The use according to
Claim 1, whereirnsaidsuttastafirisutittse rdrantieg giy diaph o3 phoigredos sidy bearspicegholipid. 5.
The use acgpé(%iﬁgems(g%i@ajcﬁ{vherein said emulsification enhancer is oleic acid. 6. The use
according to Claim 1, wherein said emulsion formulation further comprises glycerin or propylene
glycol. 7. The use according to Claim 1, wherein said emulsion formulation exhibits comparable
efficacy as gampaneg teadrmandmitiRipinectioniiagmolatiam &, Thadise asgdrdingiisidalaim 1,
wherein sai‘pl emurjlfion formulation exhihits reduced central nervous system mediated side effects as
compared to A 1eR gﬁgﬁugﬁﬂ%rtgqmg%%%sn dfnulation. 9. An emulsion injection formulation comprising:
fentanyl; oil; water; a surfactant; and an emulsification enhancer. 10. The emulsion formulation

according tq 4 laim\ G WhgieiRisgiIg-feNandis RERasR IR ANARPHRLARMHAY from 0.1 to 10 mg/ml. 11.
The emulsion formulation according to Claim 9, wherein sajd oil is present in an amount ranging from

0.05 to 200 mg/mi'e18MhaleWRlRion FEHACIRoA KRB RIMIEBYR NP BN WINE ein said surfactant is

chosen from egg-yolk phospholipid or soybean phospholipid. 13. The emulsion formulation according

to Claim 9, yierein;aaigh GIAIIEAIOR RIRARCIIHS AIRIEAF Rnilfly D AR R LI Udaton according
to Claim 9, wherein said emulsior formulation further comprises glycerin.
ranging from 0.1 to 10 mg/ml.

17. The kit accofding to Claim 15, wherein said oil is present in an amount

ranging from 0.05 to 200 mg/ml.

18. The kit according to Claim 15, wherein said surfactant is chosen from egg-

yolk phospholipid or soybean phospholipid.
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15. A kit comprising an emulsion injection formulation comprising: fentanyl; oil; water; a surfactant; and
an emulsification enhancer. 16. The kit according to Claim 15, wherein said fentanyl is present in an
amount ranging from 0.1 to 10 mg/ml. 17. The kit according to Claim 15, wherein said oil is present in
an amount ranging_from 0.05 to 200 mg/ml. 18. The kit according to Claim 15, wherein said surfactant
is chosen frbth egdyRIkibRerABROIE by heansiBspsrifprinuisification isnBaBerdiisgeiTlaim 15,
wherein saidgamulsification enhancer is oleic acid. 20. The kit according to Claim 15, wherein said
emulsion formulation further comprises glycerin. 21. The kit according to Claim 15, wherein said
emulsion formulation exhibits comparable efficacy as compared to a fentanyl citrate injection
formulation 2@2. TheikhaeneigigaoTalaim 5l avhereiniziaie otsisivofofaimealadarethithies reduced
central nervays e glyaagiated side effects as compared to a fentanyl citrate injection formulation.
23. The emulsion injection formulation according to Claim 9, the emulsion injection formulation
consisting of: fentanyl; oil; water; a surfactant; and an emulsification enhancer. 24. The kit according
to claim 15,2¥hereirhth&iermdsidimgnie cBainfonhulatioricossisterofemt adoyh witivratexhmigurfactant;

and an em%ﬁﬁiﬁ%ﬁ%&@#ﬁ%&?&s compared to a fentanyl citrate injection formulation.

22. The kit according to Claim 15, wherein said emulsion formulation exhibits
reduced ceniral nervous system mediated side effects as compared to a fentanyl

citrate injection formuiation.
23. The emulsion injection formulation according to Claim 9, the emulsion
injection formulation consisting of: fentanyl; oil; water; a surfactani; and an

emulsification enhancer.

24. The kit according to claim 15, wherein the emulsion injection formulation

consists of: fentanyl; oil; water; a surfactant; and an emulsification enhancer.
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