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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

r edfaf e CuRRBRG ECEIOR v ?@eﬁqi‘é‘fﬁﬁﬁ%c@ﬂ%lﬁ BY
pr ahaFeOVENSUR UIRINITIOCION &FaiA L ATED VOLATILE

i ntravenous formul ation contai ni ng an effective anount
of a hal ogenat ed vol at ANESTEHFII(Ret i ¢ (H\/A) to the

Pst ThyagPh g8l Aliglos SRRt iRk ol TSGR ROl RH PP
ApphitdtionSaral Nenb0/4t 783, fildé Otioberdn e200hs divadsuty @veich is

conf er S nd be It o di oprotection during
BB o BoRia PR toueds it v 5@%{“ Seen vi th 15

pare %@F@hdnym%ﬂﬁbﬁ] tebdt@16 8 nRfRE fhie @i@sﬁlb Sol8rdfde Aend
propof ol and barbiturates. There |s SO0 an

IeStAey o awgsoamc@m%@l a pebient; preferablye hyenep ydminiptetiiean
i Efchs gﬁ%@%dml v%l aﬁﬂ) faﬁElo %enated volatile

neuroprot ectl on em a ervo S tIssue by
mﬁﬂwhmﬁﬂamoshnmentv\ell as ot her mschanl snms. Wile

vor y igslEeal SRR Rt Sttt A B HERARE oo
n@ﬁﬁﬁ?ﬂ.ﬁrhﬁb ﬁnﬂuta@dmﬂnr@e alesfiliriie dntl Bdofitrall) coifefléetbritigry

se_of an, anesthesia_nachine_ in a controlled
b@rw%f pissrripRIotestion dudngschsmis siatesn &htsdvémﬂt ot frea e a

p&%ﬁk@fau?aamﬁmermﬂwﬂ?ehb Y0 SR8 8%9&1%&@%%%5&5}& sCEh&R

be nore conveni ent | m ni st er
ahdmumﬁmmmmgmmw&mmﬂm&ﬂﬁwdanmmmaﬁrdmwngQBMﬂmmmmd

outside.th hos t al he
‘%%?" °z§’8f°5ne“£‘§’f‘35‘ii‘8f’r %{38’6’?1‘%‘? ‘EVSH tfgue '%%EFSPWHW
well ¥s othelhéthadisnat | on of HVAs has been problenmatic due
to a_number of factors related to their combinatjon

wi t hWislle Bgsqimargmentsripdiseiedplemperafiischenia ge soijesirable,
cHERE IRl Aphptok o ndel) doly addnin BBy B ARG ReiRidiane

conventi o

- usead gh tiavdesiamschirerie a covmlicd mt)nmmt sudhras amdphr&tmgrrpo:ga&‘ ]

emhol i s may. 0cc n..v LS i on of
S s iR R Scisie Petah dhose AR iR Pomishienty
adesihiSteRACY bR oD ST AAtnikiSterild M EAE @DotBdr aRaE Mthehdrbital as well as
formul ati ons have beenﬁggoposed t hat have been used

oytgide the howfal wvld bednghly

Parenteral administration, especially i.v. administration of HVAs has been
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 folerated, 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



However, the art has not recogni zed the desirability

of using such parenteral 2 fornulations for tissue
protection, and in particular has not recogni zed the
desirability of use outside the orbit of surgica
anesthesia to achi eve such tissue protection. Summary
of the Invention In a first aspect, there is provided
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The administration of the formulation can be conducted by bolus administration

-

of the formulation or by continuous infusion of the formulation. Preferably, the
halogenated volatile anesthetic is selected from the group consisting of desflurane,
isoflurane, enflurane, halothane and sevoflurane.,

In a second aspect, there is provided the use of a fonnulation comprising a
halogenated volatile anesthetic in the manufacture of a medicament for treating-a
patient having myocardial tissue that is subject to an ischemic event, said formulation
being suitable for parenteral administration to said patient in an amount effective to

improve the myocardial tissue’s resistance to, or tolerance of, the ischemic event.



being suitable for parenteral adm nistration to said
patient in an anount effective to inprove the
myocardi al tissue's resistance to, or tol erance of,
the ischemic event. 2a A%o disclosed hereinis a
met hod of treating a patient having myocardial tissue
that is subject to an ischem c event, The ischemc¢c |
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anesthetic in the manufacfure of a nedi canent for
treating a patient having a nyocardial infarction,
said fornul ation being suitable for parentera
admnistration to said patient in an anount effective
to i nprove the nyocardial tissue's resistance to, or
tol erance of, the nyocardial infarction. Also
di scl osed herein is a nmethod of treating a patient
havi ng nyocardial tissue that may be subject to
nmyocardi al infarction. The nethod may include _
parenterally administering a fornulation_including a
hal ogenated vol atil e anesthetic to the patient in an
anount effective to inprove the nyocardial tissue's
resi stance to or tolerance of the nmyocardia
infarction. In a preferred enbodi ment, the anount of
formulation admnistered to the patient is
sub-anesthetic, and the adm nistration may be
conducted by i.v. adm nistration. The hal ogenat ed
vol atil e anesthetic in the fornulation is preferably
sel ected from sevoflurane, enflurane and isoflurane.
In a fourth aspect, there is provided the use of a
formul ati on conprising a halogenated volatile
anesthetic in the manufacture of a nmedi canent for
treating a patient having neuronal tissue that is
subject to an ischem c event, said fornulation being
suitable for parenteral adm nistration to said patient
in an anount effective to inprove the neurona
tissue's resistance to or tolerance of the ischemc
event. Also disclosed herein is a nethod of treating a
pati ent having neuronal tissue




that may be subject to an ischem c event. For exanple,
the ischem c event can be selected fromthe group
consi sting of aortic aneurysmrepair, carotid
endarterectony, cerebrgl arteriography, stroke,

I mpendi ng stroke and transient ischemc attacks. The
nmet hod may include parenterally admnistering a
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preferably greater than five mnutes. This
thah gy he sabiest fogn isshemic event. For example, the ischemic event can be
selected from the group consisting of aortic aneurysm repair, carotid endarterectomy,
cerebral arteriography, stroke, impending stroke and transient ischemic attacks. The
method may include parenterally administering a formulation that contains 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. Preferably, the

amount of the formulation administered is sub-anesthetic.

Definitions
The following terms shall have, for the purposes of this application, the

respective meanings set forth below.



occur before, during or after the ischemc injury.
"M ni mum al veol ar concentration (MAC)", as is known in
the art, is the alveol ar oncentration of an

anesthetic, adm nistered i nhal ation at a pressure
of 1 atnosphere, that prevents novenent in 50% of
pati‘ents in response to a painful stinmuli. The MAC is
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patients; or (b) wherein the dose is below 1 MAC or
MAC- equi val ent, nore preferably below 0.75 MAC or
MAC- equi valent. In a preferred enbodi nent, a
sub-anesthetic dose refers to (b). Wile the MAC
value can vary with other paraneters, a sub-anesthetic
dose can be 25 approxi mated by the one of skill in the
art (e.g., clinician) by a value appropriate for the
patient's age, size and species. The plasma
concentration dosed to the.patient can be estinmated
by nonitoring the concentrati on of HVA exhal ed by the
patient (using appropriate partition coefficients and
corrections for non-equilibriummass-transfer) or by
direct sanpling of the blood. 30 "% V/v" refers to the
per cent age of the specified conmponent on the basis of
the volunme of the conponent as a percentage of the
total volune of the enulsion. WO 2004/ 032858

PCT/ US2003/ 031826 5 "% WvVv" refers to the percentage
of the specified conponent on the basis of the weight
of the conponent as a percentage of the total volune
of the enulsion. Brief Description of the Draw ngs



5 Figure 1 is a schematic illustration of an
experinmental protocol used in determ ning nyocardi al
infarct size in rabbits Figure 2 indicates infarct
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(AAR) for each animal. Ftgure 3 is a graph indicating
the infarct size (IS) plotted as a function of area at
10 risk (AAR) for vehicle-treated ani rral s Each poi nt
represents one individual _experinent. gure 4A is a
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patient’s response to a surgical stimulus or injury in the majority of patients; or (b)
wherein the dose is below 1 MAC or MAC-equivalent, more preferably below 0.75
MAC or MAC-equivalent. In a preferred embodiment, a sub-anesthetic dose refers to
(b). While the MAC value can vary with other parameters, a sub-anesthetic dose can be
approximated by the one of skill in the art {e.g., clinician) by a value appropriate for the
patient’s age, size and species. The plasma concentration dosed fo the patient can be
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,
“% V/v” 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.



constriction of the patient's airway. Moreover,
i ntravenous adm ni stration precludes 5 airway
irritation associated with some HVA' s; reduces the
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elimnates the requirement for a vaporizer to

adm ni ster the agent; allows adm nistration inside or-

outsi de a hospital setting; facilitates the

admnistration of HVAs before, during or after the
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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
during the ischemic event. Among other things, the methods provide a convenient

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



formulation prior to coronary artery occlusion is now
shown to confer a significant |If reduction in the
wo%ocardi al infarct size in rabbits over
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30 The parenteral formulation can also be administered in emergency situations
where cardioprotection is indicated such as treatment of patients with ongoing

myocardial infarction. Iv. administration of an enflurane, isoflurane or sevoflurane
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I 'njection niques suc
diagnostic procedures where the procedures requlre the pat1ent to be sedated, the HVA

may fulfill a dual role, providing tissue protection from ischemia and providing sedation.
The HVA is administered in higher doses to effect both sedation and fissue protection fo
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 profection 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.
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before, during or after the 30 ischemc event. For
bolus i.v. administration of the formulation, the
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dependent on the sel ecti®on of the particular HVA and
whet her the HVA WD 2004/ 032858 PCT/ US2003/ 031826 9 is
to serve an anesthetic role. For isoflurane, for
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The formulation can be administered using bolus dosing or infusion dosing
depending on the needs of the patient. Of course, the formulation can also be
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



25 above about 8 ng/kg/ mn, for exanple, about 12
nmg/ kg/ m n. When a patient is to be given an anount of
i soflurane effective for tissue protection (e.g.,
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i s sub-anesthetic, than 9 soflurane is preferably
adnm ni stered at rates that are | ess than about 8

ng/ kg/mn. Table | (below) illustrates preferred
dosage rates for isoflurane and desflurane. Preferred
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art based on the relative potencies of the HVAs,

For infusion dosing of the formulation, dosages of isoflurane, for example, at
about 2 mg/kg/min to 20 mg/kg/min are useful for tissue protection from ischemic
events. Administration of the formulation is preferably over the period useful in
producing preconditioning of the tissue, for example, about 15 minutes. Shorter periods,
in some cases, for example 5 minutes, may also be sufficient. A rate of infusion for
isoflurane that would provide both tissue protection and anesthesia to a patient would be
above about 8 mg/kg/min, for example, about 12 mg/kg/min, When a patient is to be
given an amount of isoflurane effective for tissue protection (e.g., cardioprotection,
neuroprotection) but an amount that is sub-anesthetic, than isoflurane is preferably
administered at rates that are less than about 8 mg/kg/min. Table 1 (below) illustrates
preferred dosage rates for isofiurane and desfiurane. Preferred infusion rates for other

HVAs can be readily calculated by those of skill in the art based on the relative potencies
of the HVAs.
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emul sification adjuvant in which the HVA is sol ubl e,
and preferably in which the HVA is highly sol uble.
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her eltpc/a 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 adJuvants havmg 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




i ncorporated by reference) to Wers et al. can be
used. An HVA selected fromisoflurane, enflurane and
sevoflurane is preferably added to the formul ation. 20
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that yields a stable and! sterile fornulation. In one
preferred .nethod for preparing the fornul ation,
suitable quantities of the emulsification adjuvant
(e, 0., ,soy bean oil) and the enulsifier (e.g,,.
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aqueous phase of the emulsion is 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, 2 homogenizer to form
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Preparation of Intravendus HVA Fornmulation 20 In this
exanpl e, the preparation of a sevoflurane enul sion
formulation is specifically described. Simlar
&r%%cedures are used for fornul ati ons cont ai ni ng
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higher boiling anesthetics th1s may be less of a concern.
The following examples further illusirate the present invention, but of course,

should not be construed as in any way limiting its scope.

Example 1. Preparation of Intravenous HVA Formulation
In this example, the preparation of a sevoflurane emulsion formulation is

specifically described. Similaer procedures are used for formulations containing

enflurane, isoflurane and desflurane (see below).
~ Preparation of oil phase:

Take the tare weight of the vessel along with its mixing assembly.
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

this temperature.
Add the required amount of sevoflurane and maintain the temperature to

22%2°C.
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Assenble a ice-water cooling bath for cooling the
primary enmul sion. Cool the primary enul sion rapidly
to < 15 C, with constant stirring. 20 Honobgeni zati on

WO Pp05285he primary emul sion 3 tines througPorhes2003/031826

honogeni zer at 14,500 p3¥. An ice water bath is used
to cool the enmulsion during this step. Collect the
final pass into a clean dry container. 25 Fill the
ermul sion into individual final containers under
nitrogen cover WO 2004/ 032858 PCT/ US2003/ 031826 14
Tabl redi ent I\/L Super Refined Soybean oil,
200. 'Efpar SIB194 P 8 (fini shed product) 80.00

d ycerin, TakaWél%lﬁ of theWssell fitgtviiillts chikid lashelnbBisetifo 0
Sterile water for InJ 1.00 USP/NF g.s. to, nmL After
PreR@r2fies) GhibeAdPenys Rhas ecorrpl ete, actual recovery of the
sevof | ur aggy m@%tb?forflﬂédﬁéh%dlﬁéﬂ% 4&%&&5 Bhe%@%s'@é’l gas
chr omat ogr thy anal ysi's to be 7.0% w'Vv.

pr ocedur exddighycenn teethe pqvepunpbassussstlor mul atl ons t hat

i ncl uded enflurane, and isoflurane were identical to
that used with sevoflurane. The procedure was al so

c onddubiréh df Bguieoss phaketo thesilytaseM t h desfl urane except

that addi_tjonal goolijn rovisio rovi due
to desfl Cﬁ aﬁ%@ﬁﬂ#&%@% aﬁe ep%‘i’i“fﬂ?"é ¥ar
m’&d&wealﬁaneﬂe%@am@gu%éeqﬂmmlmam ained at 2-5 C when

m xed with 10 desflurane; the ‘aqueous phase was cool ed

to 2-5 C before conbination with the oil phase; and

t he Al ' is maintained at 2-5 C in the subsequent

pr ocess%l ga%sa?eps. Tabl e 3 indicates the HVA target

concent r dtigaoushynstic tHe@nmar}tmdmthAfoc atrlesni(r minutes atiX -2 °C.
i nal , formul ation f.or élr ang,. i sofl.urane .and

g‘ﬁthq»%mgary Flaplﬁﬂg}l gqu hgwggenewy top stirting 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.



15 Tabl e 3 Anesthetic Target Actual Concentration
Concentration in in Enulsion Enul sion Enflurane 8%
wv 7.0%wv Isoflurane 8w v 7.1% w v Desflurane
WO 2OUB3H5% 9. 6% W v These i ntravenous f or nmulPEITUSR93 PRI
used in Exanple 2. WO 2&H4/ 032858 PCT/ US2003/ 031826
15 Exanple 2: Effect of Intravenous Desfi urane,
Enfl urane. Isoflurane, and Sevofiurane on Myocardi al
Infarct Size in Rabbits These experinments were
?gned to characterize the effects of ‘different HVAs
Lgrane, Tsoftura evof | urane, and desurane)
& B 1stered mtraverr%ﬁz% iln an 5 emul sion on
SopeckRufuedboybeshailct sj208.000! [ jowi ng i schem a and
Weperfusion in rabbifs. General Preparation Mal e New

seraflan (fhishe piatby) T/sgo/@) ghi|ng between 2.5 and 3.0 kg

‘ avenous sodi um
%‘é(?ﬂf@bHSWal (30 /g0 Additional doses of

were tidg as required to assure that
T S N

pal pebral I'ef exes were 10 absent throughout
Stdrde empefor ifnt . A trijalcdteot orfy was perforned through a
WSPANF gls. tonmbl i ne i ndi sion, dnd the trachea was

cannul ated. The rabbits were ventilated with positive
pressure usi ng an air-oxygen m xture (Fi 02=0. 33).
teifopmuintion wasiepmpleie arpigecoxary oftiegewsdsmns indbeis wer e

H
£y Beh B octiseblel of RPN, B ARER L B0 Ty by
5 adj jd u$hé prgcedines foesmmrmtrweﬁouﬁbmaMuom;] tthatl %dﬁedebﬂmne and
.B te ai n with a heatin
15&5’@3‘%9%?6 e}—éeﬁé?qﬁﬁ’% %"ﬁb%ﬁv T&hs wer e mser?ed into
t he Thatbcedade Hak ﬂls@e&ﬁwte@ﬁlda ﬁjhﬂarln@dﬁlheﬂvﬁ&t&emur&e dRedr
measurenent of arterial bl pressure and fluid or

ﬂ@#—f eiflitionnt qopling raevigens Weéepr@mdpsb duajto desfiutane’s hayres doiling peist.
EQRR Mo P phisgp e Qblolind Eaisfidof Al 25 oL Wben HEHR iy,

10 désifatane;the amedus phiasemas paddatn Fes°CGbefdrh eoxﬁlmmtioh with the oil
| nt er cast al ace,. and .the h S sus ended in a
LR R R LR S D
ant ef; db‘llHS indicates the HVA target concentration and the actual HVA

concentration after final formulation for the enflurane, isoflurane and desflurane

formulations.
15 Table3

Anesthetic | Target Actual
Concenfration | Concentration in
in Emulsion Emulsion

Enflurane | 8% wiv 7.0% wiv

Isoflurane | 8% wiv 7.1% wiv

Desfiurane { 12% w/v 9.6% wiv

These intravenous formulations were used in Example 2.



descendi ng coronary artery (LAD) was selected, and a
silk ligature was placed around this artery
approxi mately hal fway between the base and apex for

WO 30p€03858duct i on of coronary artery occl usicansamelosis2e

10

15

20

25

30

reperfusion in myocardi & infarct size experinents.
Each 25 rabbit was anticoagul ated with 500 U of
heparin i nmedi ately before LAD occlusion. Coronary

artery occlu5|on was verlfled by the presence of
5 33 ehflurapg Hnflatane Msdflureng, and Sevaflugne on

o reperfusmn was confirned by
_@éﬁg@?ﬁfm E?mé%%g%ﬁ di al hyperem c response.

He no @y¢xe ek psiments veeaitipivd asl hayactpieo thd @ fe@ilofalifferent HVAs

throu out experinmentation. After the
&l =at?° a@&aﬁe “E?ﬁles ) desiirage) At I EmPY e

eﬂiulsmﬁ%ﬁm 003 28R 154z HRARAR/ A S A3 &Gusiohln rabbits.

Experi ment aI Desi gn The exper| mental désign for the
experinments is illustrated in Figure 1. Rabbits were
Geawebﬁﬁeyaraw gned to one of six experinental groups: a

cont e MNEWPARIE wiie ?a%l'tsrk@mgﬂlﬁg | WO, 5 hd Wi ikCh&e 97 OUP
(drug lipid vehicle), or one of four anesthetic groups

agpsfhetasd siithiletchveieoys Faditm pentbeditel (38 n@/kgénﬁﬂdmmbdoso&o
g A il Rl (PLoBURRL 1201 40 pall B0 IR
abyast thmﬁghohfthaemhmb-nt Batdehatondyr w@ ﬁe@lbnﬂed’throﬁgl%trdmahl cS

re.di.rectl edlnto he evvlthout
Hﬁ@ﬁ*ﬁ ?@Z@ %w.caw Héygorvs%ﬁ?@wz}g

pSYiBeds %@W}@é@n Afxhié (I%#@)' B9dAGERI bRHS pRRshsions
10 and bl ood concentrations of anesthetic agent were

atpsleﬁctd:bas@&ta@owme mneiftaingd withi 2 nmmhplmsxo&qgwnb@n@dnﬁl7e’t5e’d45

P@%St t r g\% gﬁ g(sﬁ vV o‘{"h’?%? utnﬁ e eqes\f)?r%gnfi ?%}Lgdal

-vdlame. 3B0d33 tanpdrﬁtﬁmsm Aintene] wich 5haat1hg Isiuﬁcét a%panmﬁﬂeal or

t 0 coronar occl 0 r
oottt Wewe 3 '%@éé‘«ffﬁ@) erby | % t aﬁ@?lpécrrmed at
m@ﬂrﬁfehieﬁ@of aﬁ@natl B%o@ pidssafe A0 %Ichﬁtdhfg ddﬁflﬂ%aﬁﬁm 18pebiRblyl S

the end of the nenory erlod just before coronary
Megingdnaase divids congixtedof 8 8Bk saking QA e:nl(ko/h) Blabwerewentimued for the

S IR, 2 30 m 1 LAD occl usi on f ol | oned by
3 hA Eﬁ&h(fra@tmy wisqfedfomadai thefowrth iMgrostildbade, dnd ftise ledart
RS eHEP IR AP AGR. Ao BseB] Hich 26 eyl G
défngEﬁF %&ohaﬁf%' bR F’%ﬁ@ Was st1dBtel, hll o @O Sdnid Was pladedardtind
this artery approximately halfway bctween the base and apex for the production of
coronary artery occlusion and reperfusion in myocardial infarct size experiments. Each
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

stabilization were allowed.



separated from surroundi ng normal areas (stained
blue), and the two regions were incubated at 37 C for
20 to 30 mMin in 1% 2,3,5-tri phenyltetrazoliumchloride

WO 34288 M phosphat e buffer adjusted to pHCATUS200AD31826
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overni ght storage in 1098formal dehyde, infarcted and
noni nfarcted nyocardiumwi thin the area at risk were
carefully separated 25 and wei ghed. Infarct size was
expressed as a percentage of the area at risk. Rabbits
Kxpatimengehlidsiged i ntractabl e ventricular fibrillation

and tih@s$ eY’ﬁﬁeEtala&s @? A tidlex Bérﬁﬁenltsei§ ﬁlu%tli’?éh lﬁ%‘/g’ureolf Rabbits

mass wer e excl uded™from subsequent ana
WBira tandernlyassigned koyerieof Sk sxpesiricotal gravgst gfmnsolcgqua(ﬂé% saline

ORI » 010 BN o BRI e bESHE bl e
(Embhisifiad dedflyrabé, iddntand)emfiamey\& s%@&ﬁrﬂﬁﬁ 8B vials of anesthetics

PCT/ US2003/ 031826 Keul s test. Changes betvveen%
Wiks Bored Akt densauenareddn Bxangpls | yAﬂﬁwmn&éhﬁVIﬂﬁ@ﬁ apyvater

i 57 T 25 R Pl R e RS g
negetive petsuessuetione used under equi val ent experi ment al
e e e T e
afd@BRo®EordaffalibsdR SncsthetPeRBRRE ¥&fbrhbEd0 Ribipkes

accunmul ated in the syringe and extension tubing

@Uﬂmﬂ@a&W@lcmm&ﬂ iﬂ@nts receibied §P¥saling; drog lipifl vehicle (10
dr &Ht%g%og : (ﬁ@hé %e?tlﬁnét{r? (Se a| ffog S%Z gio g s‘%%’nee > we r e

dib@oﬂtmkei 30 minfpuiseid odmnary@c(tlmm (mfanmimpaﬂod)r IBidod concentrauons
uld therefore be interprete

| t h
o R B R g A RO B P B EaPhg o L tiom g at
AR Y 18 Rikiory JRUYBABL G chal QhccRTEH), BNEEATBMabus in

roup i s shown in here were " no differences

bjogd mieterdetermined bzégwbwn@toaéiphx%ﬁﬂaam@mu Adl rabbie pedeppenta
3?%%3%%ch1ﬂs15@ﬁ)ﬁgw%ﬁfb)z%sﬁble% Jy essure (MAP) during

Nenory perio urane-treated as conpared to
control rabbits. MAP increased during the baseline and
Deﬁefmminmp‘élﬂaaddzalhfcse‘&#el urane- treated conpared to

cont d durl the nf u

cor| Bfthe kR Hebch exblaimeE HieT00 fof Holiacaa s it PP bt brue
dye wabUsjectedifirbvigbiisBC tThe Tefevenficully efkidisk |for‘iﬁﬁ.‘dﬁﬁﬁ1 was

consunption, decreased after |hr of reperfusion in

sepapisd from wiensdingnomad freas Gininedrine),gng Ssftve reginas were
incubated at 37° C for 20 fo 30 min in 1% 2,3,5-triphenyltetrazolium chloride in 0.1 M

phosphate buffer adjusted to pH 7.4. After overnight storage in 10% formaldehyde,
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 rigk 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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RESULTS

General Consideration
5 All anesthetics were used under equivalent experimental conditions, as indicated

previously (i.e., warmed for two hours at body temperature before infusion),

In the case of desflurane it was observed that bubbles accumulated in the syringe
and extension tubing during the slow warming in the preparation of desflurane. Despite
efforts to remove the bubbles, it was impossible to eliminate all bubbles, and some were

10 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
15  arterial pressure (MAP) during the memory period of desflurane-treated as compared to
contro] 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

20  isoflurane.
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10 1 MAC in the alveolar gas where: V=1 L,
T=273+37=310 (K); and R= 0.0821 (universal gas
constant). P or pressure was determ ned taking into
WO 2904032838 t he vapor pressure of water at FCTESWIB/LEIIBA6S
47.1 tort, and the vol ud percent of the HVA. Vol une
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8 Anest het| c Partition Average 1 MAC- (Observed
detoreinedad b (Pchellseétial. Can it Amw,fh EQ$8i 313 3@ Dswgmond, JC
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blood/gas partition values (also known as A). Blood gas partition values for the HVAs
20 used in the study are show in Table 8. The value for “x” (or the equivalent blood
concentration of the HVA at | MAC at 37° C in rabbit) is then determined by the

equation;
Xx=An

To express a measured blood concentration of an HVA as a MAC-equivalent
25 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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0 (mM) at 1 min, 10 mL/h Infusmn MAC-

MAC (“x™) Infusion, mM | Equivalents

Desflurane | 0.42 89 1.38 0.18 0.13
Enflurane 1.8 2.86 1.995 0.31 0.15
Isoflurane | 1.4 2.05 1.06 0.18 0.17

Sevoflurane | 0.69 3.7 0.94 .15 0.16
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PaBIE UISBMIS/(CbatédfatiohdP Afesfhetfds 00d Concentration of
Anest hetics Baseline Infusion Menory Bl ood

Concentration (mMgadkm O O. 1@?&% 0. OSO.;@@ OENF 0
Blodd CollcenthaBbl (iffr) ' o0 0 0- T8I0 —040:

DES 0 0.1820.03" 0.030.02
ENF 0 0.31£0.03 0.06+0.01
180 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 =7 DES, 8 ENF, § ISO, 8 SEVO.
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protection against myoca¢dial ischen a-reperfusion
i nj ur yROSRENSSTRRAY %‘igé‘?séﬁla'f THe HPsieolure, 1Snﬂlanne and

e¢vollgiafprobide hdbiqaté ABREAon e{gcl}ékt o 61 ; 1s B]EEH Herfugzon injury

significant to note that opro
JOFT eEgisEredintayenosen st enatlsion & fhsatbbitievive oldl. It is

g%i%t'lk x@;eﬁtfelﬁ uchm]l'c{uﬁ)r(gte r es ot %idoaﬁ %’@’P& chnlcgnat;atem:tlshtﬁat are

E@cﬂ’dl\/bﬁﬁ@memlanm in this st udy, |t is noted that this
optim zed for

ot ¢ oSS e bEFGR o p3e e e e dedieme fammiion i ogt conser
edvdivgrotebtidakih @6s far ﬁﬂsxﬁ%d%ﬁn%ﬁﬁﬁ@gmm i ?,I %et 0

body tenperature intraven
GPoEREns delen efslesfiwange dis lindicared abdn\@ulbldables fonned

ddg t .0f these
(ygs Jm%/lgithlﬁ g%gieb g ﬁi)dg/qe%éké 1W£a{ve16ctuﬁ gministration. The
rEYiesiivnseshti fwndfaﬂmmmhouldolhdﬁﬁbrelb@mﬁﬁbtefbﬁ in light of these
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he, difficult b d with
oSl ot B b P oliCipaeneh TonmTabons oradse Fstion
tedhiiguesmenplasing teRMicHRES Dedos welBeghaRNts, it will

be obvious to those of ordinary skill in the art that
variations in the preferred devices and nmethods may

be- usslcanslsBifonible et LA AnphlG OV ERYLRA, T

&T\%Ctl ced otherwi se fhan as spec
e}p@p nts,Ab Wik ki alvgioys totikiss of erdimatyiskill in thmktllhhi Sardédtions in the

[ as the s nd scope
PSP SIRAERS S b B
bé prabidoed ofiérwise than as specifically described herein. Accordingly, this invention
includes all modifications encompassed within the spirit and scope of the invention as
defined by the claims that follow.




CLAIMS 1. Use of a formulation conprising a

hal ogenated vol atile anesthetic in the manufacture of
a medi canment for treating a%Patient having a tissue
that is subject to an isch&mc event, said
formul ati on being suitable for parentera
admnistration to said patient in an anount effective
to inprove the tissue's resistance to, or tol erance

o CLAIMSi schemi c event. 2. The use of claim1, wherein
the formulation further conprises an enulsification
adj uvant and an enulsifier. 3. The use of claim1 or

claim r el nt. of fo | at i.on _
SRt abPe U S Rluialith 30RMRR1a bifeRldh e Blngsthetic in the
sub- anmsthufedting & 4 &teﬂicaﬁleﬁ!lﬁiﬂli"eatiﬂ% alpgichiSEavilg ans@Nthat is
of the%lgjrecedi ng .clains, wherein the tissue is

sel ect WQCFT 9ngn Behenys gvent.c s lormwgtion beiag suitably firparenteral
vascul t ' o dKd . : S '
any oraraiRa i to spidShiont i BPAmBR EBivto IRl Re Houes
i s sellewstante té,ron mlerendeicf, the sohgrsimevapai r, nultiple
trauma, peripheral vascul ar di sease, renal vascul ar

di sease, nyocardial infarction, stroke, sepsis and

Ml ti -ThHeQage dRidHHNE 1, Swhdbh YBE RImGhLAG Arh¥hbRipAses an
the anmount of the fornul ation suitable for

adni nicgtsafiGagion adjueant andpart ¢rowisifics a sub- anest hetic
effective anount. 7. The use of any one of the

precedi ng clains, wherein the fornulation is suitable
fBor  adilienissbf daiohot ClaisRR dwR@binghé albh? of H@ foftfulation suitable
ischemic event. 8. The use of any one of clainms 1 to

6, whéPrAdmIRipEatio toie peiien is asubrnesthetic ¢ffactive amount.

adm nistration to the patient concomtantly with the

i schem c event. 9. The use of any one of clains 1 to

8, whdheiuse ofumyooe ofthabieoeding claind, albkir the tidGe is selected from
adm niHc,trati on to tqr%g patient after the jschemc

event NCEFOUPGRLSISNG e%ﬁ@'ﬂf%éfﬂ&fwiqmr@ Pitdiven kiflper pad e
wherein the fornulation is suitable for bolus

adm nistration to the patient. 11. The use of any one

8f cl Aheryselof anyognevfenlaing 1t toe3, fvarareih dbe ohdnsic swedtaiblselected

o O b LA AT e
cl ai nRenalWigEdadisdase, Ay RARNAL B MRInabirdi, 3@5%%%&%—0@%

is selected fromthe group consisting of f1urane,
i sof | aHuige
6. The use of claim 5, wherein the amount of the formulation suitable for

administration to said patient is a sub-anesthetic effective amount.

7. The use of any one of the preceding claims, wherein the formulation is

suitable for administration to said patient prior to the ischemic event.

8. The use of any one of claims 1 to 6, wherein the formulation is suitable for

administration to the patient concomitantly with the ischemic event.

9. The use of any one of claims 1 to 6, wherein the formulation is suitable for



enfl urane, hal ot hane and sevoflurane. 13. Use of a
formul ati on conprising a hal ogenated vol atile
anesthetic in the manufacture of a nedi canent for
treating a patient having mfocardial tissue that is
subject to an ischem c event, said fornulation being

pat | entar BRI P A hbRlt e he

myocardi al tissue's resistance to, or tol erance of,
the ischemc event. 14. The use of cl ai m 13, wherein

tE mJIat onfur [of0) esa IS|f|cat|on

a ?uva L}fﬁ& eer@Pg‘E’l 1210, &V foqmylafiopds gritable
cl ai mtbﬁbom@ﬁﬁﬁhﬁtrhﬁtﬁlté tieff, the formulation

suitable for being adm nistered to said patient is a

sub- anesthetic anmount. 16. The use of any one of

ischem. c ev
L cor b usk ey O SF Blant. D e DS RARGHE s ofulafonsis itabe for
cor onaoytimidug infudiypefthe SRR MN to SRPALAR.
cat heterizati on and unstable angina. 17. The use of
any one of clainms 13 to 16 wher ei n t he hal ogenat ed
vpl ati rQ
conai ot usPOF Bl G b pRE) ikt YRkl i pRated votasil
hal ot lhaesthetinds selectet Uran Ethe %90up18ons'i§1ﬁg<1ff @esflurane, isoflurane,

formul ati on risin ahalogenated vol atil e
anest ﬁ’B{l?rén‘? %‘a@@“ seyetlyBe.of a medi cament for

treating a patient having a nyocardial infarction,

said fornul ati on being suitable for parenteral

ddni nllbc reftd dorniudatiopacainprisirige athalmgenﬁtednmlﬁﬁle ahéstiedticvia the
to i Ftheﬂ% di al |ssues resngtanceto or

tol er 8 aglare o mﬁ@%&l&iﬁ% qF treafingrpatisat hawang myecardial tissue
of cl giamid ubjebrefcr bR iSdh8mATRYE:, Qéldtﬁﬁmﬁﬁﬁgﬁ“b@ﬁl' °§h1table for

suitable for "being admnistered to the patient
sub- ap¥shEE pdmiaistraion ipsaumationt. in 20 anbuet effetio toukrmrme the

for _oaS Rty Plled & or S1GHhR ey Rpdi Ten”

adm ni stratl on. 21. The use of any one of clains 18 to
ig rein the hal ogenated vol atile anesthetic is
| ec yseofif thamgrldupwheeini sha grmodlatiey dhitteranemprises an

enf | e of a fornulation
com%@%&e{é}%ﬁd@g@ﬁgﬁ[ﬂegﬁﬁﬁ?ﬁﬁ anesthetic in the

manuf acture of a nedi camsnt for treating a patient

Vi neur o
T? nf]he use otn allalm 13 or claim 14, wherein the amount of the formulation

suitable for being administered to said patient is a sub-anesthetic amount.

16.  The use of any one of claims 13 to 15, wherein the ischemic event is selected
from the group consisting of angioplasty, coronary artery bypass surgery,
cardiac catheterization and unstable angina.

17.  The use of any one of claims 13 to 16, wherein the halogenated volatile
anesthetic is selected from the group consisting of desflurane, isofiurane,

enflurane, halothane and sevoflurane.



that is subject to an ischemc event, said fornulation
being suitable for parenteral admnistration to said
patient in an anmount effective to inprove the

neuronal tissue's resistanc® to or tol erance of the

i schem c event. 23. The use of claim 22, wherein the

ampuntygf oFhey, [Wals BTV M | L
et i P L g R RHOE bRt # Rk led SR, apeshetic in the
anpuntmafactiieeofus enaclicaimen® Zorotreatingi apaBentvilz@ig » hixecardial
i schem vent .i.s.selected fromthe roup cqQnsj sting.

of aorlflfaé&é%e ﬁ?’}‘}smlé]ﬁg?l} ?’e@gr%‘l‘tﬁgeefﬁg Rftc8 t3gpnistration to
cer ebrsald patidnih Qg aBbint SECAYE tol IMHOH Ne ShYQUKALAN Bssue's
transient ischem c attacks. 25. The ‘'use of claimany

one offegptanemstopor toleraure afhibeenyocardiahafugidomt ed

volatile anesthetic is selected fromthe group

consi sting of desflurane, isoflurane, enflurane,

hi& ot HEreeusarnd claén d8) wiiceiet the amount of the formulation suitable for being

administered to the patient is a sub-anesthetic effective amount.

20.  The use of claim 18 or claim 19, wherein the formulation is suitable for being
administered to the patient by i.v. administration.

21. The use of any one of claims 18 to 20, wherein the halogenated volatile
anesthetic is selected from the group consisting of sevoflurane, enflurane and

isoflurane.

22, Use of a formulation comprising a halogenated volatile anesthetic in the
manufacture of a medicament for freating a patient having neuronal tissue
that is subject to an ischemic event, said formulation being suitable for
parenteral administration to said patient in an amount effective to improve the

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

23.  The use of claim 22, wherein the amount of the formulation suitable for being

administered to the patient is a sub-anesthetic amount.

24, The use claim 22 or claim 23, 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 use of claim any one of claims 22 to 24, wherein the halogenated volatile
anesthetic is selected from the group consisting of desflurane, isoflurane,

enflurane, halothane and sevoflurane.



