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This application clainms the benefit of priority of
United States Provisional Patent Application Serial
No. 60/417,934, filed Cctober 11, 2002, the disclosure
of which is hereby incorporated by reference as if
fully set forth herein. The present invention relates
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I il RUMAInsdchaliiRg of HVAs has been problematic due
to a nunmber of factors related to their combi nati on

wi t h bIVBhide thiesesimproveTipatseto disaistthistange ofiaglenpa ere very desirable,

wat er - so ilit nd their .i.v. admnistratiqn, Usin .-
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problematic due to a number of factors related to their combination with blood plasma.
These anesthetics have poor water-solubility and their i.v. administration using
conventional formulation is not well tolerated, resulting in severe local reactions. In
addition, gas embolisms may occur upon i.v. administration of HVAs whose boiling
points are at or below normal human core body temperature. More robust parenteral
formulations have been proposed that have been used for conventional anesthesia.

However, the art has not recognized the desirability of using such parenteral
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such tissue protection. Summary of the Invention 5 In

one aspect the invention relates to a nethod of
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catheterization and unstable angina. The method includes parenterally administering a

formulation containing a halogenated volatile anesthetic to the patient in an amount

effective to improve the mycocardial tissue’s resistance to or tolerance of the ischemic

event. In a preferred embodiment, the amount of formulation administered to the patient
30 is sub-anesthetic. The halogenated volatile anesthetic in the formulation can be, for

instance, desflurane, isoflurane, enflurane, halothane or sevoflurane.



Anot her preferred aspect of the invention relates to a
nmet hod of treating a patient having nyocardial tissue
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“Improve a tissue’s resistance to and tolerance of an ischemic event” when used
to describe the effects of treatments, refers to treatments that (i) reduce the amount of
necrotic tissue that would be expected after the ischemic event; (ii) reduce the chemical

30 signature (e.g., pH, CPK level, troponin level, S-100 level, nitric oxide, inducible nitric
oxide synthetase) of such event; or (iii) otherwise provide a pharmacological ,

physiological or medicinal indicator of reduced ischemic injury, such as a reduction in
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formul ation that is conducted over a relatively

extended tinme period, as will be recognized by those

of skill , such as greater 5 than about two m nutes,
preferably greater than five mnutes. This
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estimated by monitoring the concentration of HVA exhaled by the patient (using
appropriate partition coefficients and corrections for non-equilibrium mass-transfer) or
by direct sampling of the blood.

“04 Vv refers to the percentage of the specified component on the basis of the

volume of the component as a percentage of the total volume of the emulsion.



"% WV" refers to the percentage of the specified

conponent on the basis of the weight of the conponent
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Brief Description of the Drfawings 5 Figure 1 is a

schematic illustration of an experinmental protoco
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expr esSedWis” ef@etchnpagentage of the smlﬁddszlomp(oﬂéﬂ)onftm basis of the

each anlnal Figure 3 is a gra

i Arcaght of ghezc&n{ppssnt&ﬁ S peianage o e HUA oY Chgsatsion o

risk (AAR) for vehicle-treated ani rral s. Each poi nt

represents one individual experinent. Figure 4Ais a

gr aph Brikfdxscriptiomef theflrastings ze (1S) plotted as a

functi of .area,at for desfl ura trea
5 tnt Sl LR & Sertnait pRSebiOt R or oot &8

eH@ﬁhhﬁEﬁE myé@ﬂnﬁh&%f&ct‘kﬁzellﬁ rébb@gaph indicating the

infarct size (1S) plotted as a function of area at

r i sk ( Emyre Pdndieqies infoartesizer(Eateanresied fa pperEnione phptqe at risk

d| vidual experinment. Figure 5Ais a
g %éﬁ@- acggﬁr%anthe infarct size (1S) plotted as a

functi giiget 3a¢ graph indiesing (WeARFarttaizel (@)fplunmlms atﬁu&@ttcﬁlcbf area at
ani mal s. Each_poi nt repres nt s one, i ndi vi dual

10 e x5k (A A for \mhgc&we@sd PRImRIsy (Eg6R PPIRFPEISPING OPf frdividual
H&ﬁ& ize (1S) plotted as afunctlon of area at
[ ) for sevoflurane-treated ani mals. Each point

r epr esdiigige dAds arpthiphi iddiahtingghp erfancesize (ISBpIDEEGChad @ﬂlnction of area at
ri f thelnvetlonT nventi on
pe VR NS AR TR AT L
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experiment.

25 Detailed Description of the Invention
The invention provides methods for treating a patient with a tissue susceptible to
damage from an ischemic event (such as myocardial or neuronal tissue) with an HVA to
improve the tissue’s tolerance to the ischemic event. The methods preferably relate to
administering a formulation containing the HVA to a patient intravenously prior to or
30 during the ischemic event. Among other things, the methods provide a convenient

procedure for rapidly preconditioning the tissue to resist an ischemic event.



the adm nistration by inhalation. In addition,
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immediately after the surgical or diagnostic procedure is conducted to improve the
tolerance of the tissue to ischemia.

30 The parenteral formulation can also be administered in emergency situations
where cardioprotection is indicated such as treatment of patients with ongoing

myocardial infarction. L.v. administration of an enflurane, isoflurane or sevoflurane



reduction in the myocardial infarct size in rabbits
over vehicle-treated animals (see Exanple 2). In
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in need of neuroprotection.?” 5 Such need arises, for
exanple, fromcertain procedures where interruption of
arterial blood flowis likely. Non-limting exanples
of such procedures are carotid endarectony, aortic
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oneémt@@rlg the rocasdialipre size i FRbPEn b Var sehisior el iRals (see
’d'gﬁ? ﬂl ng stroke (amarosis fugax) are candi date

con rofis for treatnment using the nethod of the 10

I nvent incinothéh prefersddr asji@t,ghe/pzrt@nt tose ttfrateal is irskeedfof neuroprotection.

secondary st roke occur or anot her di t.ion gi Vi
ryuch negd grisgsgior gxample PR ﬁmﬁsérfgs ef&é@@ﬂwgt é]fgaﬂeﬂal

tlggoﬁ'ﬁbafqg hﬁ@l? %n—lﬁﬁﬁhg %ﬁlarﬁﬁegbﬂu@h $hhce s £1‘e%l§rot1ﬁréndarectomy,
addrtion formul ation can be adninistered for
earetig emmxyysnsmpﬁmrceae‘tpdtangmplasm ¢egcbrﬁ]§pt¢mmmaaﬁ ceiebal Aeriography.

cl i tsrReR et Pot18bript BB RL AtRRs bRndipapg ok
WakdardCRgGR ZRe §édd€da'f@é(ﬂiﬂﬁﬁ>‘hs a5 3RAHAER dsing the meboeas i

risk of other ischemc tissue injury. Such disease

stnaesion. N¥herdstrakssgifiingrrise tap tigk secpRdery plEqliermegyrs, rpapther
art L.

%Oél?&?logfgl\e/l?lg ? Fo % Iﬁglgéf s(fro‘rf%g l\z{ﬁhﬁ*ﬁ&{}? 815@’5 ogglfréé, Qgee{g@{ od can be

Mapplied €5 @iaminSy Sﬁ(ﬂﬂﬁlsﬂ{allh wddition, rthé ftﬁmmhmentcavae arhhimambred for
t he doses of the formul atiagn that are adm ni stered .t
t rRCTEPIL YR ifRi Paticat HEISERA &R FhonamEEBioyr {9 BRPTBYe “thﬁélssue s

p@sfs&rﬂce ﬁ)n& tBltéFanEé §0HEERbKL pt ' ons that are being

I nst ances, is desirable to o
ad m n| §h@fre dflsleﬂlfm rtlmﬂrawﬂbreco gmzlnawnstdnad:s aasagiated with increased

p}ilﬁb]f g’gqtﬁé;gg ?nécggsstpg ?rhp v ISgaglg d]& sFﬁLa)(es eﬁ%g%%}g}‘lc artery
t ﬁﬁﬁﬁlc%@ﬁ 184l %ﬁ&%sstéﬂasm(e@aué@aﬁmr@ﬂlbbas qﬁﬁ%}r&agr akang

t1ss FOt éction. For exarrp , In 1 Nnstances
smshrffasensm,rmultllplettmﬂalbmksd@é orilbeccansygredhilend 25

glas ?ggf % Igr b gfglg{e dv‘@lﬁ @gﬁ% tlﬁ_ﬁt‘éﬁ?ﬁ#@ ﬁha?ﬁg 'aﬁlﬁmﬁﬁgred to the

I phifont AeQMpedeat drl $i8 endition 6Cthe PAtidut aid iteaiament apldons that are
provi di ng sedation. The HVA is adm nistered in hig

dbeieg prsued. f gpanyonpiascesdt issigsigahle to adgriaissy ﬁleéermléﬁﬁ%m doses
thes tsh§ Nhe tlﬁt UR AR H@lﬁi}} Gn1§ 93 r@fgctli%ffe%ﬂs%lréﬁded by the

be de vere raven provi de tissu
pHOLLCcHoweveat fhEﬁsI ae Vm;tdneesan Ghzhich sﬁlatimoﬂs Idemaelmérmg"l\etth tissue
is adm nistered. .In 30 instances in bot

ti.ssue .
PSRBT ROBAEIRHG 38 OGP SO SRttt S o 5Agbed trgical and
g?ﬁ@s‘tlc Soedttds th@ﬁe tHUEﬁJc@dJr@é RYEY fhe paBSRLd BESedaRtd, the HVA

gesi s may al so adm ni stered as is conmonly
d orag ol m@eémie,rprevldmgnmsueqﬁo‘@em from. 1sohgnm}41/mg\zggrg sedation.
P h/e PR? (1)535/1 rr%%lssgered in higher doses to effect both sedation and tissue protection to
the patient. A sub-anesthetic dose of an HVA can also be delivered intravenously to
provide tissue protective effects while a dose of another anesthetic is administered. In
instances in which both tissue protection and anesthesia are desired, additional
medications, such as muscle relaxants, sedatives and analgesics, may also be

administered as is commonly done during administration of sedation.



In enbodi nents of the nethod, wherein the dosages of
the fornmulation adm nistered are to provide both

WO 2@80828p8 ot ecti on and sedation, the practiti oPEr/USZN3/031826
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rely on anesthesia protocdis that are well-known in

the art that ensure adequate |oss of sensation to a
surgical stimulus or injury. Dosages that ensure

ef fective sedation are 5 higher than those required

for ef ipghbotBmbits 90 theRhQh&S tilRfoin 8@ dobades of the formulation

adm ni stration of the fornulation at these higher .
dedraimisigred ateito royvide kath Hswe protetionsad sedagien, the practitioner can rely
i ndi .
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only a tissue protectiye effect is provided .the..
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f Qrivebidbd BPURGIHBNES. SudteidnAinREhiietsiBay 18 Waedntedlihgi6cedures such
of skill inthe art will recogni ze ot her enbodi nents

whediegiastic pragedirenbihere eregs p apediodirespredhe Ritipngs sensation to a
sub- anest hef | i SUGC ]

A 0SB A AR s DY B A28 s e
afisdusipsdteaivie@fifept; oMild @sothert anssthetiqfonhielation schidviee atet anesthetic
Such adm ni stration can _be perforned, for exanple,. b&/ )

e fpgedbgsepigkabin theerh Wik recrgnise pler crpibodignis FEe ibis desirable to
¢ . . .

( ggrgﬂt’%}a{éﬁ/ﬁtdggﬂlts{ég ?]Lgdrs%%ltsth@fg?H%ﬁgg%oat’{t?é;ﬁr@.ﬁfaﬁeﬂ,%kh as emergency
Ahtedicahgituatibys whére thpeadeninistraiionHrdvideya Hssue padedtive affect. Such
sub- anest heti c. anoynt in.conjunction with anoth .. .
P BBTAR 63t R PSR P oot ey A Pb fechgpians pricr
2 | ' L& i 1 (e.g., duri
23R OBV A 03k gl .. g rapor
i sbfHeyation). Abomitivelnriks pdromteiahEiVahgay be aisevoiw astibwnestietic

d di al . Coct | ) . N
D RGO P BRSSP oL SR s B BB ool o
bansBeinmalbtiordgyages as low as 0.15 to 0.17

MAC- equi val ents (nmeasured as bl ood concentration) (see

Exanpl édupgisirptiompfesupwinprihetici efiscidenrrpeniyeh ilytanp dgotlurane
SR By IR0, 0l RO Bk g SRR DGy i

Cc Bxpadimentb evithadbbitsiiadieate that giyogardiahprotdction aarebosesn with dosages as
i njection techni ques such as a slow . v ush .

oA a0 ad0 Brl T eemeylAnts Peggte at oo APRIERERHRN 5o Example
bgp_ore, during or after the 30 i'schem c event. For

bofus i.v. admnistration of the fornulation, the )
anount The fotmenlaioh aelbevadménsteted using bokisidesing jos infusion dosing
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administered using other intravenous injection techniques such as a slow i.v. push

procedures or by means of a continuous infusion pump before, during or after the
ischemic event.
For bolus i.v. administration of the formulation, the amount of the HVA delivered

to the patient is dependent on the selection of the particular HVA, and whether the HVA



9 is to serve an anesthetic role. For isoflurane, for
exanpl e, dosages of about 10 ng/kg to 200 ng/kg are

w@emen3dssy used, al t hough hi gher anmounts can beRCT/ES2003/031826
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when the patient is intubated. It will be apparent to

those of skill in the art that the dosage | evel
required to induce anesthesia in any given patient
wi |l vary depending on the individual patient's 5

"Rdb 6@ve &h BhdRthedd rélBEFPBkOMIENS fFrasponis dbagehef dvdt 10 mg/kg to
used as well as other factors. Thus, the_ dosages

d%@bmgék@carm sensrallyrused. afhoughrly g emovetsican b &S%Wléqryhe patient is
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I SO urane provi sue protectio

ama&&miesmes1a earpadivenpatientivill ey demewdingloauthe rdbvidual patient’s
For exgrrpl e, for isofl
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o La90 PR Rt dss pE et dRes foRbes T MR fapSind desflurane.

t PRFUS PEALEESh O ffc)f Qi HUNRIELE be 83481 Salculated by those of skill in the
Adm nistration of the formulation is preferably over

thﬂbpmdla:nxihclsﬁéatme pqhencmsoﬁﬂmfﬁiiAgr econdi tioni ng of the
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g/ mn. el [Tustrates preferre
d(gs&ganraatcmst tbiﬁsoﬁhsralﬁd fo@tlee ﬁmdlssi@sfrbﬁgctmm(e PRregrdappretgction,

'ngfpﬂqsghg{] %c{gl%t glgqt:?glgag%élrﬁle é—ﬂg 1 su ﬁn?s gtlg,?tﬁaragg Lclira}é% 1stq,11referably
I gliakhivereAQk BR&H B8t ar®fest then b 8 MPk204/ T3R8 38 below) illustrates

PCT/ US2003/ 031826
preferred dosage rates for isoflurane and desflurane. Preferred infusion rates for other

HV As can be readily calculated by those of skill in the art based on the relative potencies
of the HVAs.



10 Table 1 Isoflurane Desurane Bolus dose range,
ng/ kg 10- 200 30-800 (Non-intubated patient) Preferred
w@elm3sssge, 50- 150 100-500 ng/ kg | nfusion rBCEUS2003/031826

range, 2-50 6-250 ng/kg/ min Preferred infusion rate

3-15 15-60 range, ng/kg/m n Typical HVA' s that can be
used in the inventive nethod include hal ot hane,

nmet hoxyfl urane, isoflurane, enflurane, desflurane and
sqypitlijurane. Preferably the HVA 5 is isoflurane,

al ot hane, enflurane or sevoflurane.  The emil sion

contains the HVA in _a rangelseflugs®ut 1% 10 30% Pesflurane

TBelusMaseremgbengliigi ni(st ered i 10-20¢ formul ati on t h&0-800
Ackburebael patienyy of jan  anmount of HVA effective to

PRITOY&] BHRs tdnggue’ s resi stanse1$® or tol ¢rance ofog-heo
Cc event. Forrr%llrati ons suitable for|the

Jéibh?&ﬂe Hﬁ‘g ude,f exanpt 6, 40 formlations g3

Qz/< s and surfact ants, and Iiposomal

O)—H‘

|| C |JI Cl Cl ¥ Cu 1 | UI IIUI aLI Uﬂ that i
J;) }elir?fhl“ﬁ'é“%e‘ia‘?od i s| an enul s?flz)ﬁ that contains a1’15)'60
mgeﬂmg/(kgml@ fication adjuvant and one of nore

—

emul sifiers (also known as enulsion stabilizers). The

erul si gn gf'ﬁ&%l[’l Yhaf QR lﬁé%l th ‘%%Fﬂ\%ﬁ]g}/%ie@ﬁdiiﬁclu e balothane,

typlcalpy er conpaonen

E(Q{?ﬂatdﬁe Adétilrhes) ehfleang deshirsnesandieasldanel ﬂ)referably the HVA
t onj CI ier and a base. The enul si ong%ont al ns an

5 eliﬁﬂlsg yrpe hiplothang; enjlaraneion ssietlurne h dbegmulsiongontpipsghe HVA in a
b?faﬁ&gm%{td fhowkixch the HVA is highly sol uble.
a

juvants include, for exanple, soy bean oil
or a péihfe I}DbA@mqumdnanisteead in ey @omqbﬂmhlthajraohﬁeml detiyery of an

ah f t havi h
SO e TR
a@sﬁﬁﬁgmev%ﬁt RS 81860 élﬁﬁblerfof e ifehiiGHhcRAIB, € ckisfsle,

Int fornul ation. A useful concentration range fOI‘
10 t tfemaﬂatlmsfcontanmmmna\sarfactmﬁs abd lipogymal dorzodetiong.

and a prefe %10 20% e
vol une Cg}e }3\V gfﬁgngﬁﬁ?%%r’i 18 élf? ot}%/ ame‘bh\?gn 519 (I:r%{llsmn that
Plcehand *ahymﬂ%ry%mm@ﬁich@cﬁﬁadﬂmt aﬂmiehﬁtm&e %mmmﬂieas (a3 known as

al so includes an enul sifier, which apong othe
emulsion stabilizers). The emulsion generally contains a vehlcle whlch is typically a
water component. Optionally the emulsion may contain additional components such as a
15 tonicifier and a base.

The emulsion contains an emulsification adjuvant in which the HVA is soluble,
and preferably in which the HVA is highly soluble. Suitable adjuvants include, for
example, soy bean oil or a perfluorocarbon solvent (e.g., perfluorodecalin). Other
emulsification adjuvanté having the properties of the soybean oil or perfluorocarbon

20 solvents are apparent to those skilled in the art and can be used in the formulation. A
useful concentration range for the emulsification adjuvant is about 5% to 30% w/v, and a
preferred range is 10% to 20% w/v. The total volume of the HVA and emulsification
adjuvant is preferably 40% w/v or less.

The anesthetic formulation also includes an emulsifier, which among other

25  things, assists in stabilizing the emulsion. For example, phospholipids such as lecithin



25 things, assists in stabilizing the enul sion. For
exanpl e, phospholipids such as |ecithin WO 2004/ 032858

wEOAOSR89H3/ 031826 11 can be used in anpbunts PCEUSZNE031826
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effective to stabilize thelenul sion. Lecithin, for

exanple, is typically used in amount from about 0.2%

to 3.6% wv. The vehicle for the fornulation is

typically a water conponent, such as a dilute aqueous

bed:f e used 1ry\@h6mnt§1&1at are \dffectiwab erabilizathd anulsied. Ascithig for

vehi cl e, a base, e.g., di um hydr oxi cgn be used

t exasenleds Hpkallypsest mtaﬁémpbﬁﬁ@l abppidh (0603 6B bl e
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samieoasbﬂf&r@m maitdrineat, When watai wdiaf isarsedraythbaeliolti ahase, e.g.,

. 0., .9l , hat .i f .
5% B ¥ R BT Bl o B i it vl
%h@@rﬁtdng%@mo preferred fornulation for use in the

met hod uses soybean oil as the enulsification
adj uvaht Somee@n%/crdlmemﬁ itapasue bengligia) (o meludpadditional Components

ermul si fi.er. Ly n

b it LT QM CLPobl Bor b i B, ghveerl
eftfak iipacent, andes aVok ratigare absnatibers war.ti cul arI y

preferred fornul ati on uses a_perfl uorocarbon ch as

15 per Pngparisekarlyprefsrred orayistion fordise ilrbﬂleé%fjt ites sgybean oil as
oS 04 ) |
PRSI BN B oy o Sl BBt s
emﬂuﬁﬁan svater e tiednjebibaevehitds and dmIdVlAmeldmtetddcbrﬁsumﬂeme enflurane
Pat ent Nos 5,628,930 and 5, 635,538 (which are both
hardsRyofliia@er por at ed by reference) to Weers et al. can

be used, fH% E%@c&lﬁhg ?)I'e?&récf ﬁfﬁlﬁﬁﬁ(“)ﬂ ed Q%Grfﬁﬁ‘}d)déflﬁiﬁesuch as

and sevc?f0 IS eferably added to the
f penﬁmlr@iemim asAbe Eﬁhlalsé'matlem @d]uvamt raplesplondipichin dbeut 3.6% w/v as the
stabl e

%&%?SF elfaBi\-{ M%@ ?A}?tl% OrrS’F‘%IPB r %or%%rh%erp%lrslons such as those

PUERADED th Uhted SERY PaiehONos. SR 3B and §63P5BS (Whichbrd thigh hereby
enmul sification adjuvant (e.g., soy bean oil) and the

emdogidirated by eeference)te &Y qerd ¢l £ be yad: s selrgtasghiyom
ddict | )
S0P P ERSF s d Brlasg

the HVAhE %Iriuhﬁcﬁh fhinssltivedar be prbpare®by any method that yields a stable and
ad uvant -enmul si fi er mxture to formthe 0j

haf e. of .
riggAorplggon. S@p(g}ea{rgﬁegxe mgthod gauérsnpgm‘gﬁ g’é‘cﬁ‘ gtiga, suitable
V\%Lﬂ’?ﬂtfé@ of ﬁle%hﬁﬁﬁﬁ Sfifaft 9, léBj/ 8GRl LA 'ﬂier@nuﬁmﬁer (e.g.,

component e used in the formul'ation.
t Bécsthin) iaret c,omHmecb psmg By adchmrcail fricens suchapbentnt ag@tlgn to hasten the

sodi um_ chl or de I

nash R GR BT ATSRIETSHS PRty eI figelidp the

P faaﬁ%aﬂvténmgiﬁéf Mgk eh tb A tthé Silphh BT hEERhISioAN SepRatthie the
the enul sion can be adjusted with a base (e.g.

s @qufmus hakemf |t]@£egmulalnu ig prepared using a solution containing a water

component to be used in the formulation. At this point, the optional tonicifier
component (e.g., sodium chloride, glycerol) can be combined with the water component.
The oil phase is added to the water phase with mixing to form the primary emulsion.
The pH of the emulsion can be adjusted with a base (e.g., sodium hydroxide), and the
remaining water is added to the emulsion to bring the formulation up to the desired

volume. The resulting mixture is emulsified using, for example, a homogenizer to form



remaining water is added to the enmulsion to bring the

formulation up to the desired volune. The resulting
woreooss2858 s enul sified using, for exanple, a PCT/US2003/031826

honogeni zer to form WD 20042032858 PCT/ US2003/ 031826

12 the final enulsion. The enul sion can be filtered,

and then transferred to the final containers. They

can be sterilized by appropriate heat treatnent in

| risd Gundd @Bruii@r. €Tl hulsibh ead befilterddend Migdn temigfeered to the final

significant and jrreversible physical changes to the

f GPRGINgES: ofiey prppe pighliged bypPrrsipledicrbiseaingitide grstanggewhere such
Lo Prer iy ! . .
(BRI ) B Sl o BRI 201y e A Tormiion
i n r edirefembly, pdmingstcitivn gedtodoBPara desigmedtth enigimaide éhetfonfation of

CQ2 between arterjal. and. a olar b , especi al | .

S RPPHANE S0 SCITISY T4 e gk e RO RIS PRSIl e Fidygtions in
dead iEene, aiath® ERHIHENCES, BétRecRidial hikPalYedl® M66d especially
when the emul sion I's adm nistered at roomtenperature
t fra forpiudations pentevingauere aiokiilegH Vs suthnas deatlimanevaP wabcbccatrences are
body t. rature., Therefore. .the .10 fo lation is
o e R0 Bt Symep I G P8t Minipisndt @i fipggdtore than when
b €leHWal - 68 daihidgFomyulati @119 &vadintd & bddy tardgérhiued), Therefore, the
adm ni stration protocols should preferably avoid the

10 y dernyilatinags preferablyadgunjsiereddo e nstient pnge s ppggnwearmed to body
miLtisdase vial, since the concentration of HVA
remai ning in the vial may be changed due to the
vol at i [Ih tgdidbn,tadenitdsthatidriqwetoesls shauldprkferiblghesidihe tsend negative
anesthetics_this may_be |ess, of a, concern. The |
GOSN Yy Wekdiasy 54 GPRromUfase v iabuce e pnseption of VA
| RN dRiaGha P BUERRged A MALiIRG of BRYIVUC d1difever, with
inany Wway limting its Scope. Exanple 1: Preparation

15 ofhighet beilieg enssthdtis thay may he lesmolOcdmgenhi s exanpl e, the

prepar at,i of. a sevofl urane..enul si.on forpul ation, is

oo 1 thapysteind evmgles Hetef ifiFh? btharpatiyPuioobif of course,
f @hoif1@ MBHbAEIneSedCATh @hiwag linBfhd H§ @dge. | sof | urane and
desfl urane (see below). Preparation of oil phase: Take

the tare weight of the vessel along with its m xing

S35, RS AL LE AR SOIRPER AL | Heat The

oifftoapproxtnat er y 5¢ Ada tecitnin to the oil

20 phase Vgdgetxanidly, thopicpaaton bf 4 sdveflifahé Bmukicrofophealtgbly is
di ssol ved. Brin% the tenperature of the oil/lecithin,
t sPebeallyssscribes Rifpilardirogedries atpisph oy fpmpgations ¢pataining

enflurane, isoflurane and desflurane (see below).

Preparation of oil phase:

Take the tare weight of the vessel along with its mixing assembly.
25 ~ Add refined soybean oil to it.

Heat the oil to approximately 50 & 5 °C.

Add lecithin to the oil phase vessel.

Mix contents till lecithin is completely dissolved.

Bring the temperature of the oil/lecithin to about 22 + 2 °C and maintain
30 this temperature.

Add the required amount of sevoflurane and maintain the temperature to

22 +£2 °C.



Add the required anmount of sevoflurane and maintain
the tenperature to 222 C. WD 2004/032858
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Tare wei ght of the vessel aBong with its m xing
assenbly used for preparation of the aqueous phase. 5
Add the Water for Injection required to the aqueous
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PCT/ US2003/ 031826 14 Table 2 Ingredient ng/nL Super
Refined Soybean oil, 200.00 USP Sevoflurane (finished
pr oducEyuBPhdiond ycerin, USP/ NF 22. 50

Vigorously stir the primary emulsion for at least 10 minutes at 22 + 2 °C.
Observe the primary emulsion for homogeneity. Stop stirring once the emulsion appears

uniform.

Cooling of Primary Emulsion
Assemble a ice-water cooling bath for cooling the primary emulsion.

Cool the primary emulsion rapidly to < 15 °C, with constant stirring.

Homogenization
Pass the primary emulsion 3 times through the homogenizer at 14,500 psi.
An ice water bath is used to cool the emulsion during this step.
Collect the final pass into a clean dry container.

Fill the emulsion into individual final containers under nitrogen cover.
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Table 3 indicates the HVA target concentration and the actual HVA

15

concentration after final formulation for the enflurane, isoflurane and desflurane

formulations.

Table 3

Anesthetic | Target Actual
Concentration Concentration in
in Emulsion Emulsion

Enflurane 8% wiv 7.0% wiv

Isoflurane 8% wiv 7.1% wiv

Desflurane | 12% w/v 9.6% wiv

These intravenous formulations were used in Example 2.
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25 rabbit was anticoagulated with 500 U of heparin immediately before LAD occlusion.

Coronary artery occlusion was verified by the presence of epicardial cyanosis and
regional dyskinesia in the ischemic zone, and reperfusion was confirmed by observing an
epicardial hyperemic response. Hemodynamics were continuously recorded on a
polygraph throughout experimentation. After the surgical preparation, 30 min of

30 stabilization were allowed.
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infarcted and noninfarcted myocardium within the area at risk were carefully separated

and weighed. Infarct size was expressed as a percentage of the area at risk. Rabbits that
developed intractable ventricular fibrillation and those with an area at risk less than 15%

of LV mass were excluded from subsequent analysis.

Statistical Analysis
Statistical analysis of data within and between groups was performed with

analysis of variance (ANOVA) for repeated measures followed by Student-Newman-
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0
efforts to remove the bubbles, it was impossible to eliminate all bubbles, and some were
likely infused during the infusion period. Desflurane results should therefore be

interpreted with the constraints of this experimental limitation.

Hemodynamics

Hemodynamic data for each experimental group is shown in Table 4. There were
no differences in heart rate between experimental groups. There was a decrease in mean
arterial pressure (MAP) during the memory period of desflurane-treated as compared to
control rabbits. MAP increased during the baseline and infusion periods in sevoflurane-
treated compared to control rabbits. MAP decreased during the infusion period in
isoflurane group. The rate-pressure product, an indirect index of myocardial oxygen
consumption, decreased after 1hr of reperfusion in rabbits receiving desflurane and

isoflurane.
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equation:
X =An

To express a measured blood concentration of an HVA as a MAC-equivalent
value, the measured blood concentration is divided by x. The MAC equivalent values
shown in Table 8 were calculated according to the above from the blood concentrations

observed (see Table 7).
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-d O Baseline Infusion Memory

Blood Concentration (mM)

DES 0 0.18+0.03" 0.030.02

ENF 0 0.3120.03 0.060.01

ISO 0 0.18+0.06" 0.04+0.02

SEVO 0 0.15+0.01* 0.02+0.00"

Data are mean = SEM.

# significantly different from enflurane group (p < 0.05).

DES = desflurane, ENF = enflurane, ISO = isoflurane, SEV = sevoflurane.
n="7DES, 8 ENF, 8 ISO, 8 SEVO.
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Anest heti cs Baseline Infusi2én Menory Bl ood
Cof&dts¥#t i on (m\V) DES 0 0. 180.03# 0.03+0.02 ENF O

0. 310. 0 0 . 0., ..
0310 03 080k A SE.040,148 5. 8,860 381 rarn
sivgnirfoubza deS’WdfFf sﬁmtlenﬂet\féeegrgfeﬁﬁs:c (ltlhble @).gEﬂg%a(i@ isoflurane and

5 | SO Ao el BIGgh pgp T a1 OcAIS Shamiag cprafisign injury (Figure
il %?é C%n%yccl)y, HR4804003RIRR e\fag[{nyo-clg 09 §c§r&§&§@<ﬁo%1ﬁf&cﬁon (a portion

rct Size Body weight, left ventricular wel
arad slesfiuranedk inabilitgphto, doasednay baretatted foskd valbtile anesthetic leaving the

SR, Rl e S hR RSP Bl S Bintact v o
Pr:OfuBiéii dr0oT 1R Helpht of MO G AL Ak (FIEREM LA aPesAUSIdOB). Lipid

injury (Figure 2). Conversely, emulsified desflurane
10 weesnulsian indusion bathfieetiesd pinvioratind sengiivits to sehénpia-repgrfusion injury,

desf: - St {1 e rel.ated to. the
ORI APE AP LA el ST S S Sl o
I e@sghetssoniiics irdli&Hing Tl forangt vabue pIf aichiangsk, g A& fighihe efoup
the infarct size as a_function of the weight of the
ardeyelgpeq inggect sprepgpgrable togonirgds (Bigureftis @qa.ta poigtsdon enflurane,
e%lﬁir%, hH %bﬁﬂraﬁ@ rdiPs fé ed B dI¥g id Qb line, indicating that for
sensitivity to 1schef a-repertusi'on rnjury, as

151 rediy cezeed theyridk rggion, iBfardtk weposnmtlker than titnthedbeafrolugrame(Figures 4B,
grou e close to the control regression |line,
iﬁﬁ%@%i#ﬁ% that for any value of area at risk, the
desfl urane group devel oped infarct size conparable to
controls (Figure 4A). Data points for enflurane,

i sofl urane, and sevoflurane groups |ie markedly bel ow
the control line, indicating that for
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W@W%ﬂﬂl&hlﬁ%&d‘lﬁﬂ"&%ﬂb&ﬂ? tirf an;d:rﬁtﬂlsioﬁj farthis ra¥bin vivo model. It is
in.an emulsion, in this

adm nﬁsﬁlﬁ{ﬁg@%q}%a&% <f hrgtestion igrarheedmt blogdpgnesnitations that are

smﬁypm_gqﬁlgggﬁty on is achieved at bl ood
concentrations that are 50.17 MAC equivalents. Wile

t he preWade t@axr@senhdht@ tdecatetthat thén éestﬂlﬂs*cfnle dormndation did not confer

R RN TN AR NS

n&iptlﬁﬁiedq@r 1@@%1{8% Qelive?y of ddsFIAMABOUS nﬂtﬁédté’c?i%vgfbubbles formed
desflurane. As indicated above, bubbles formed 10 upon

10 wapei Agrming the desflyransdo b@dsbt@agpeta@np dordntavenpay administration. The

Ir rggﬁq&}é{ﬁgﬁggﬁof{%@lg f?)g%%tﬂglﬁa S s]ao qﬂ g}eé rfglieqpe}rjlg%emwtga o ]églétd)f these
| robbérgitionsf Itepbe peoibes that dtBeiSntravensyfoRRuRASS & fher injection

that other intravenous fornulations or other injection
techniques may overcome the difficulties observed with desflurane.

15 While this invention has been described with an emphasis upon preferred
embodiments, it will be obvious to those of ordinary skill in the art that variations in the
preferred devices and methods may be used and that it is intended that the invention may
be practiced otherwise than as specifically described herein. Accordingly, this invention
includes all modifications encompassed within the spirit and scope of the invention as

20 defined by the claims that follow.



techni ques may overconme the difficulties observed with

desflurane. 15 While this invention has been descri bed
waowdok/ozssenphasi s upon preferred enbodi nents, PCT/UBR00$/031826

be obvious to those of ordi2hary skill in the art that

variations in the preferred devices and nethods may

be used and that it is intended that the invention nmay

beWpatis clagmed:ot her wi se than as specifically described

herein. Accordingly, this invention includes all

nodi fications enconpassed within the spirit and scope

of 1.t he Amy ' ;

ol o 20007 b 35558 het teBe s/ bAT4Su™ SBidRLen isghemic cvent

cl ai meccomprismeakadcrally @dimatstanglgai fpehiletion tmnpmu;;n@a halo genated

tissue c an.ischem ¢ ent, . .,
conpri s\? nag le 6%’5@}?? g? fhle E?iﬁﬂw%?@PWHﬁé“ﬂﬁfﬁﬁmmvsﬁhe tissue’s
conpr i Srbﬁgtaﬁceftalo@@ﬂélah@ﬁoftn@isaﬁddn@ eddigsthetic to the
patient in an anmount effective to inprove the tissue's
resistance to or tolerance of the ischemc event. 2.

T nmet | atli.qn .
ag’re'ri ni S"{l‘%‘rjrggﬁ?ﬁ F?ﬂg}n}(l: O\X)H&‘élﬁ the foli]ﬁufaﬂo{pﬁc:i@%s(a%ﬁeg ﬁurther comprises
adj uvardn emmdsiﬁnatmmddﬁwfaneanda’ﬁemmﬂﬁaiet hod of claim1,
wherein the anount of the forrmulation adm nistered to

the patient is sub-anesthetic. 4. The nethod of claim

1,3 wher [ L D
VUl ap auEa br S L Wiy Aol OP RSBt B Ml dhinitered to
of cl aithe patienhisrsebranedtleeticschemi ¢ event is sel ect ed
fromaortic aneurysmrepair, nultiple trauma,

peri pheral vascul ar di sease, renal vascul ar disease,

myocar dital métﬁf)@bﬂ@lhl@fm Whdr6ik Ehe R0 IsSeRBEA R hed?, 9B,
failure. 6. The nethod of claim5, wherein the andunt

of the Vfaé?w}l@s pénlivetnkidhest andeegei s sub- anest hetic. 7.

The nmethod of claim 1, wherein the adm nistration is
conducted prior to the ischemc event. 8. The nethod

of5. cl aiThelmethbofilaint hewledein thekeiRiiio Bvérﬁ iscRMtdtRe aortic
concomtantly w.th the ischemc event. 9. The nethod

of cl aidIFUySHHERad;, muliiple &ahmﬁu@flph@rabwsc@arc@mtrwl vascular
after tfie,.d 7 X Z%Pdﬁ% ?W{lon,@@olgé?gégs%ﬁ%lu-organ failure.

PCT/ US2003

6. The method of claim 5, wherein the amount of the formulation administered is

sub-anesthetic.

7. The method of claim 1, wherein the administration is conducted prior to the
ischemic event.
8. The method of claim 1, wherein the administration is conducted concomitantly

with the ischemic event.

9. The method of claim 1, wherein the administration is conducted after the

ischemic event.



10. The nmethod of claim1l, wherein the adm nistration
conprises bolus admnistration of the fornul ation.

wa@ 2004/0B2858ret hod of claim 1, wherein the adm ni BCT/EB10051031826
conprises continuous infusi2dn of the fornul ation. 12.
The nethod of claim1, wherein the hal ogenated
vol atil e anesthetic is selected fromthe group
coHki st Timgmethod ef tlaim dneheremahé adrmingstratiof bompriges bolus
hal ot han .an?yf .sev gl ran?.. 13. A nmethod of treating a
pati ent? S ﬁtl?ﬁl?ﬁ? U085 ye that is subject to an
i schem c event, conprising: parenterally adm nistering
a formulation conprising a halogenated volatile
anklst hethemetbod héclpi il ewherpin thnadministitatied f@upiises coutinuous infusion
I mprove h ardial tissue's resistance to or
tg.lperancfé&l%for%ga%logbhem c event. 14. The nethod of
claim 13, wherein the fornulation adm nistered further

C(r)ﬂ)ri ses an enulsjfication adjuvant and an o
em# si fTRgmethgd offplainind; Wagrelpthe halpgamawd vkl einesthiée is selected

arount e s 0PRSS o, epitan nd

t he i scheoflwasyvent is selected fromthe group

consi sting of angioplasty, coronary artery bypass

surgery, cardiac catheterization and unstable angina.

1713, Thea iRéhRCofeatih@h Buidchn niVIRE BlyBcdhif] AL URR A &F;

volatil e anest heteiac ?sli%el ect egéﬁ#yregm t he ar oup?stS%Jecuoan
consi stiseigni¢ ehms fdompainiag: ipsehietal breeimisisfeling afesmulation comprising
hal ot ha and evpf.lurane. .18. A thod of treating a .

pat | entt GRAateTy S A ENRR <8 1o izl Pengimg e g o improve
nyocar dhaknyobiralaf fis8’s r6NFMdeTh BP0l RMRYrehAktMemic event.

adm nistering a fornmul ation conprising a hal ogenat ed

vol atil e anesthetic to the patient in an anount

effecti L/ US2003/ 031826 . 29 t ) .
o ov R EEER BECERS, ek MR RR B Elnip e furthor comprises
t ol er armenaflsifibstiondpaadi ald anieafiagified on. 19. The

met hod of claim 18, wherein the anpunt of the

f or mul _ati on adm nistered is a sub- anest hetic _

effsect i ADRYDLS c1dth 1?,‘1%5?55 Iﬁ‘gadagl%un‘f A Bau e Rinistered is
the admnistration 1s conducted by 1.vV.

adnmi ni subameghetic2l. The nethod of claim 18, wherein

t he hal ogenated vol atile anesthetic is sel ected

16.  The method of claim 13, wherein the ischemic event is selected from the group
consisting of angioplasty, coronary artery bypass surgery, cardiac catheterization

and unstable angina.

17.  The method of claim 13, wherein the halogenated volatile anesthetic is selected
from the group consisting of desflurane, isoflurane, enflurane, halothane and

sevoflurane.

18. A method of treating a patient having myocardial tissue that is subject to a
myocardial infarction, comprising: parenterally administering a formulation

comprising a halogenated volatile anesthetic to the patient in an amount effective



from sevoflurane, enflurane and isoflurane. 22. A
nmet hod of treating a patient having neuronal tissue
W0 b@i/082358ubj ect to an ischem c event, conpriBCTYS2003/031826
parenteral ly adm nistering2& fornulation conprising a
hal ogenated vol atil e anesthetic to the patient in an
anount effective to inprove the neuronal tissue's
r esi st ateamptavedhe mybeardiat#ssoé’s trépistaree e ot wleeaentor ti3nyocardial
The nethad of claim 22, wherein the anmount of the
for mul BB % mi ni stered is sub-anesthetic. 24. The
met hod of claim 22, wherein the ischemc event is
sel ected fromthe grou consi sting of aortic aneurysm
r elfai r, Theamethod o€ aldiam 4 g,r\@]@qrginyhe anowiiofithe formulation administered is a
arteriograph st rok I mpendi ng stroke and transient
i schem sgl%éeﬁjteégﬁ%c fgeg.%vﬁ'?fg{gw@t hog of claim 22, wherein
t he hal ogenated volatile anesthetic is selected from
the group consisting of desflurane, isoflurane,

endd- ur ahe mpthpd ok elaan Ahdvheeipdng afmigistration is conducted by i.v.

administration.

21. The method of claim 18, wherein the halogenated volatile anesthetic is selected

from sevoflurane, enflurane and isoflurane.

22. A method of treating a patient having neuronal tissue that is subject to an
ischemic event, comprising: parenterally administering a formulation comprising
a halogenated volatile anesthetic to the patient in an amount effective to improve

the neuronal tissue’s resistance to or tolerance of the ischemic event.

23. The method of claim 22, wherein the amount of the formulation administered is

sub-anesthetic.

24.  The method of claim 22, wherein the ischemic event is selected from the group
consisting of aortic aneurysm repair, carotid endarterectomy, cerebral

arteriography, stroke, impending stroke and transient ischemic attacks.

25. The method of claim 22, wherein the halogenated volatile anesthetic is selected
from the group consisting of desflurane, isoflurane, enflurane, halothane and

sevoflurane.



