
WO 2004/032858 PCT/US2003/031826  METHOD FOR
CARDIOPROTECTION AND NEUROPROTECTION BY  INTRAVENOUS
ADMINISTRATION OF HALOGENATED VOLATILE  ANESTHETICS 5
This application claims the benefit of priority of
United States Provisional Patent  Application Serial
No. 60/417,934, filed October 11, 2002, the disclosure
of which is  hereby incorporated by reference as if
fully set forth herein. The present invention relates
to a method for improving tissue tolerance of and
resistance to an ischemic event in a patient,
preferably a human, by administering an  10
intravenous formulation containing an effective amount
of a halogenated volatile  anesthetic (HVA) to the
patient. Preclinical and clinical evidence indicates
that HVAs (e.g., halothane,  methoxyflurane,
isoflurane, enflurane, desfiurane and sevoflurane)
confer a secondary  benefit of cardioprotection during
ischemic states. This benefit is not seen with 15
parenterally administered anesthetics agents such as
propofol and barbiturates. There is  also an
increasing awareness that the HVAs decrease cerebral
oxygen consumption and  can also confer
neuroprotection during ischemia of nervous tissue by
this mechanism as  well as other mechanisms. While
these improvements to tissue tolerance of ischemia are
very desirable,  20 current volatile anesthetics are
generally only administered by inhalation, requiring
the  use of an anesthesia machine in a controlled
environment such as an operating room. To  provide a
wider patient population wherein these anesthetics can
be more conveniently  administered, a method of
administering HVAs in other areas of the hospital as
well as  outside the hospital would be highly
desirable. 25 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 tolerated,
resulting in severe local reactions. In  addition, gas
embolisms may occur upon i.v. administration of HVAs
whose boiling 30 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 2  formulations for tissue
protection, and in particular has not recognized the
desirability of  use outside the orbit of surgical
anesthesia to achieve such tissue protection. Summary
of the Invention In a first aspect, there is provided
the use of a formulation comprising a halogenated
volatile anesthetic in the manufacture of a medicament
for treating a patient having a 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 tissue's
resistance to, or  tolerance of, the ischemic event.
Also disclosed herein is a method of treating a
patient having a tissue such as from  heart, brain,
vasculature, gut, liver, kidney and eye that is
subject to an ischemic event. The  method may include
parenterally administering a formulation containing a
halogenated  volatile anesthetic to the patient in an
amount effective to improve the tissue's resistance to
or  tolerance of the ischemic event. In a preferred
embodiment, the amount of formulation  administered to
the patient is sub-anesthetic. In one preferred
embodiment, the method is conducted with a formulation
that  includes an emulsification adjuvant and an
emulsifier in addition to the halogenated  volatile
anesthetic. Using the method, the administration of
the formulation to the patient can be  conducted prior
to, concomitantly, and/or after the ischemic event.
The ischemic event  can be associated with, for
example, aortic aneurysm repair, multiple trauma,
peripheral  vascular disease, renal vascular disease,
myocardial infarction, stroke, sepsis and multi- organ
failure. 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
formulation 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. 2a  Also disclosed herein is a
method of treating a patient having myocardial tissue
that is subject to an ischemic event. The ischemic
event can be catheterization and  unstable angina. The
method may include 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  is sub-anesthetic. The halogenated
volatile anesthetic in the formulation can be, for
instance, desflurane, isoflurane, enflurane, halothane
or sevoflurane. 3  In third aspect, there is provided
use of a formulation comprising a halogenated volatile
anesthetic in the manufacture of a medicament for
treating a patient having a  myocardial infarction,
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 myocardial infarction. Also
disclosed herein is a method of treating a patient
having myocardial tissue  that may be subject to
myocardial infarction. The method may include
parenterally  administering a formulation including a
halogenated volatile anesthetic to the patient in  an
amount effective to improve the myocardial tissue's
resistance to or tolerance of the  myocardial
infarction. In a preferred embodiment, the amount of
formulation  administered to the patient is
sub-anesthetic, and the administration may be
conducted  by i.v. administration. The halogenated
volatile anesthetic in the formulation is  preferably
selected from sevoflurane, enflurane and isoflurane.
In a fourth aspect, there is provided the use of a
formulation comprising a  halogenated volatile
anesthetic in the manufacture of a medicament for
treating 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. Also disclosed herein is a method of treating a
patient having neuronal tissue  



that may be subject to an ischemic 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.
........................  3a "Bolus dose" means an
administration of a formulation that is conducted over
a  relatively short time period as will be recognized
by those of skill, such as about 5 If minutes or less.
"Effective amount" when used to describe a dose of an
anesthetic, refers to an  amount of HVA effective to
improve a tissue's resistance to or tolerance of an
ischemic  event. "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  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 WO 2004/032858 PCT/US2003/031826  4 the
expected injury related to the structural, mechanical
or behavioral function of an  ischemic organ.
"Infusion dose" means an administration of a
formulation that is conducted over  a relatively
extended time period, as will be recognized by those
of skill , such as greater  5 than about two minutes,
preferably greater than five minutes. This
administration can  



occur before, during or after the ischemic injury.
"Minimum alveolar concentration (MAC)", as is known in
the art, is the alveolar  concentration of an
anesthetic, administered by inhalation at a pressure
of 1 atmosphere,  that prevents movement in 50% of
patients in response to a painful stimuli. The MAC is
10 age-dependent; it may be affected by a patient's
medical condition; and it may also be  affected by
other pharmaceutical agents that are administered to
the patient. In the  context of intravenous
administration of HVAs, the term "MAC" or
"MAC-equivalent"  is intended to mean an intravenous
dose which produces the same blood plasma
concentration of an anesthetic agent as that attained
by inhalational administration of a 15 gaseous
concentration of anesthetic which prevents such
movement in 50% of patients.  "Patient" means an
animal, preferably a mammal and more preferably a
human.  "Sedation" indicates a level of relaxation of
a patient such that with a sufficient  stimulus the
patient can be aroused. "Sub-anesthetic dose" refers
to an anesthetic dose wherein at least one of the  20
following applies: (a) a dose at which pain reduction
is insufficient to eliminate a  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 25 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 to 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. 30 "% 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. WO 2004/032858
PCT/US2003/031826  5 "% W/v" refers to the percentage
of the specified component on the basis of the  weight
of the component as a percentage of the total volume
of the emulsion. Brief Description of the Drawings 



5 Figure 1 is a schematic illustration of an
experimental protocol used in  determining myocardial
infarct size in rabbits. Figure 2 indicates infarct
size (IS) expressed as a percentage of area at risk
(AAR) for each animal. Figure 3 is a graph indicating
the infarct size (IS) plotted as a function of area at
10 risk (AAR) for vehicle-treated animals. Each point
represents one individual  experiment. Figure 4A is a
graph indicating the infarct size (IS) plotted as a
function of area at  risk (AAR) for desurane-treated
animals. Each point represents one individual
experiment. 15 Figure 4B is a graph indicating the
infarct size (IS) plotted as a function of area at
risk (AAR) for enflurane-treated animals. Each point
represents one individual  experiment. Figure 5A is a
graph indicating the infarct size (IS) plotted as a
function of area at  risk (AAR) for isoflurane-treated
animals. Each point represents one individual 20
experiment. Figure 5B is a graph indicating the
infarct size (IS) plotted as a function of area at
risk (AAR) for sevoflurane-treated animals. Each point
represents one individual  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. WO 2004/032858
PCTIUS2003/031826  6 In addition to providing a more
convenient method of administration, intravenous
administration of HVA's can provide a more rapid
induction of the protective effect than  the
administration by inhalation. In addition, intravenous
administration of HVAs avoids  



constriction of the patient's airway. Moreover,
intravenous administration precludes 5 airway
irritation associated with some HVA's; reduces the
release of HVAs to the  treatment environment;
eliminates the requirement for a vaporizer to
administer the  agent; allows administration inside or
outside a hospital setting; facilitates the
administration of HVAs before, during or after the
ischemic event; and reduces the need  for personnel
trained in the administration of inhaled anesthetics.
10 Damage to tissue as a result of ischemia can occur
concomitantly with the  deficiency of the blood supply
to the tissue, and it can also occur subsequent to the
ischemic insult, for example, due to reperfusion of
the damaged tissue. Tissues that are  particularly
susceptible to ischemic events include myocardial,
vascular and neuronal  tissue (particularly cerebral
tissue). Other tissues that are susceptible to
ischemia include  15 tissue from the gut, liver,
kidney and eye. In one preferred aspect, the patient
to be treated is in need of cardioprotection. In  some
embodiments this need may arise due to the inherent
risk of ischemia in cardiac  therapeutic or diagnostic
procedures. For example, ischemic states may arise
during  such therapeutic procedures as cardiac and
cerebral angioplasty (with or without stent 20
placement), cerebral embolization and during coronary
artery bypass surgery (with use of  a bypass pump or
without). Ischemic states may also arise during
diagnostic procedures  during such as catheterization
and cerebral arteriography. In addition, the need for
cardioprotection may arise due to certain
physiological disorders such as unstable angina,
during trauma or periods of cardiac arrest, or during
organ harvest or  25 transplantation. For surgical and
diagnostic procedures where a need for
cardioprotection is  indicated, a parenteral
formulation can be given immediately prior, during or
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. Is.
administration of an enflurane, isoflurane or
sevoflurane !I~ WO 2004/032858 PCT/US2003/031826  7 



formulation prior to coronary artery occlusion is now
shown to confer a significant  If reduction in the
myocardial infarct size in rabbits over
vehicle-treated animals (see  Example 2). In another
preferred aspect, the patient to be treated is in need
of neuroprotection.  5 Such need arises, for example,
from certain procedures where interruption of arterial
blood flow is likely. Non-limiting examples of such
procedures are carotid endarectomy,  aortic aneurysm
repair, cerebral angioplasty, cerebral stenting and
cerebral arteriography.  In addition, disorders such
as stroke, transient ischemic attacks or impending
stroke  (amarosis fugax) are candidate conditions for
treatment using the method of the 10 invention. Where
stroke giving rise to a risk of secondary stroke
occurs, or another  condition giving rise to a risk of
stroke within hours or days occurs, the method can be
applied to diminish such risk. In addition, the
formulation can be administered for  emergency use for
a patient suffering from an ongoing stroke to improve
the tissue's  resistance to or tolerance of the
stroke. 15 Those of skill in the art will recognize
circumstances associated with increased  risk of other
ischemic tissue injury. Such disease states include
mesenteric artery  insufficiency, renal artery
stenosis, hepatic vein thrombosis, peripheral vascular
insufficiency, multiple trauma, sepsis and multi-organ
system failure. In the inventive method, the doses of
the formulation that are administered to the  20
patient are dependent on the condition of the patient
and the treatment options that are  being pursued. In
many instances, it is desirable to administer the
formulation in doses  that are sub-anesthetic so that
primarily only a tissue protective effect is provided
by the  HVA. However, there are instances in which
sedation is desired along with tissue  protection. For
example, in instances such as some of the
above-described surgical and 25 diagnostic procedures
where the procedures require the patient 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 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 30 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. WO 2004/032858 PCT/US2003/031826  8 In
embodiments of the method, wherein the dosages of the
formulation  administered are to provide both tissue
protection and sedation, the practitioner can rely  on
anesthesia protocols that are well-known in the art
that ensure adequate loss of  sensation to a surgical
stimulus or injury. Dosages that ensure effective
sedation are 5 higher than those required for
effective tissue protection, so that administration of
the  formulation at these higher doses effectively
treats both of the needed indications. In other
embodiments of the method, it is desirable to
administer smaller amounts  of the formulation that
are sub-anesthetic so that primarily only a tissue
protective effect  is provided by the treatment. Such
administrations may be warranted in procedures such 10
as diagnostic procedures, where there is a need to
preserve the patient's sensation to a  stimulus from
the practitioner or, the formulation of the invention
is used to assure the  tissue protective effect, while
another anesthetic formulation achieves a net
anesthetic  effect. Those of skill in the art will
recognize other embodiments where it is desirable to
parenterally administer sub-anesthetic dosages of the
formulation, such as emergency 15 medical situations
where the administration provides a tissue protective
effect. Such  administration can be performed, for
example, by emergency medical technicians prior  to
treatment of the patient by hospital emergency room
personnel (e.g., during transport  of the patient).
Alternatively, the parenteral HVA may be used in a
sub-anesthetic  amount in conjunction with another
class of anesthetic such as an opioid or propofol, or
20 another inhalation HVA. Administration of
sub-anesthetic effective amounts of enflurane,
isoflurane  sevoflurane, for instance, is now shown to
provide myocardial protection in rabbits.  Experiments
with rabbits indicate that myocardial protection can
be seen with dosages as  low as 0.15 to 0.17
MAC-equivalents (measured as blood concentration) (see
Example  25 2). 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  30 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 WO 2004/032858 PCT/US2003/031826  9 is
to serve an anesthetic role. For isoflurane, for
example, dosages of about 10 mg/kg to  200 mg/kg are
generally used, although higher amounts can be used
when the patient is  intubated. It will be apparent to
those of skill in the art that the dosage level
required to  induce anesthesia in any given patient
will vary depending on the individual patient's 5
medical state, on the patient's response to the HVA
used as well as other factors. Thus,  the dosages
described herein for inducing anesthesia are merely
exemplary and not  limiting. Generally, a dose of
isoflurane that would provide tissue protection and
anesthetize the patient would be above about 125
mg/kg. For example, for isoflurane an
anesthetic-effective dose would be about 145 mg/kg,
which if the emulsion is formulated 10 with 10% v/v
isoflurane, would correspond to 1.0 mL/kg of the
formulation. When a  patient is to be given an amount
of the isoflurane effective for tissue protection
(e.g.,  cardioprotection, neuroprotection), but an
amount that is sub-anesthetic, a dose of less  than
about 125 mg/kg of isoflurane is typically
administered, for example, about 110  mg/kg. Actual
sub-anesthetic dosages will depend on patient age,
state and 15 responsiveness to anesthetic agents,
other medications used, and a number of other
factors. Table 1 (below) provides preferred dosage
ranges for isoflurane and desflurane.  Preferred bolus
dosages for other HVAs can be readily calculated by
those of skill in the  art based on the relative
potencies of the HVAs. For infusion dosing of the
formulation, dosages of isoflurane, for example, at
20 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 



25 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 I (below) illustrates  preferred
dosage rates for isoflurane and desflurane. Preferred
infusion rates for other 30 HVAs can be readily
calculated by those of skill in the art based on the
relative potencies  of the HVAs. WO 2004/032858
PCTIUS2003/031826  10 Table 1 Isoflurane Desflurane
Bolus dose range, mg/kg 10-200 30-800  (Non-intubated
patient) Preferred Bolus range, 50-150 100-500  mg/kg
Infusion rate range, 2-50 6-250  m g/min Preferred
infusion rate 3-15 15-60  range, mg/kg/min Typical
HVA's that can be used in the inventive method include
halothane,  methoxyflurane, isoflurane, enflurane,
deflurane and sevoflurane. Preferably the HVA  5 is
isoflurane, halothane, enflurane or sevoflurane. The
emulsion contains the HVA in a  range of about 1% to
30% v/v. The HVA may be administered in any
formulation that achieves delivery of an  amount of
HVA effective to improve the tissue's resistance to or
tolerance of the  ischemic event. Formulations
suitable for the invention include, for example, 10
formulations containing oils and surfactants, and
liposomal formulations. One preferred i.v. formulation
that is used in the method is an emulsion that
contains an HVA, an emulsification adjuvant and one or
more emulsifiers (also known as  emulsion
stabilizers). The emulsion generally contains a
vehicle which 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 adjuvants 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 WO 2004/032858
PCT/US2003/031826  11 can be used in amounts that are
effective to stabilize the emulsion. Lecithin, for
example, is typically used in amount from about 0.2%
to 3.6% w/v. The vehicle for the formulation is
typically a water component, such as a dilute  aqueous
buffer or water neat. When water neat is used as the
vehicle, a base, e.g., 5 sodium hydroxide, can be used
to adjust the pH of the formulation to a suitable
level,  such as from about 6 to 9. In some embodiments
it may be beneficial to include additional components
such as a tonicifier. The tonicifier may be sodium
chloride or a polyol, e.g., glycerol,  that if
present, is used in the range of about I to 4% w/v. 10
One particularly preferred formulation for use in the
method uses soybean oil as  the emulsification
adjuvant, lecithin in about 2.4% w/v as the
emulsifier, glycerol as a  tonicifier, water as the
injection vehicle and an HVA selected from isoflurane,
enflurane  and sevoflurane. Another particularly
preferred formulation uses a perfluorocarbon such as
15 perflurodecalin as the emulsification adjuvant, a
phospholipid in about 3.6% w/v as the  emulsifier and
water as the vehicle. For example, fluorocarbon
emulsions such as those  described in United States
Patent Nos. 5,628,930 and 5,635,538 (which are both
hereby  



incorporated by reference) to Weers et al. can be
used. An HVA selected from isoflurane, enflurane and
sevoflurane is preferably added to the formulation. 20
The emulsion formulation can be prepared by any method
that yields a stable and  sterile formulation. In one
preferred method for preparing the formulation,
suitable  quantities of the emulsification adjuvant
(e.g., soy bean oil) and the emulsifier (e.g.,
lecithin) are combined, using any additional means
such as heat or agitation to hasten the  dissolution
process. An appropriate quantity of the HVA is then
dissolved in the 25 adjuvant-emulsifier mixture to
form the oil phase of the emulsion. Separately, the
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.  30 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 WO 2004/032858
PCTIUS2003/031826  12 the final emulsion. The emulsion
can be filtered, and then transferred to the final
containers. They can be sterilized by appropriate heat
treatment in instances where such  treatment does not
cause significant and irreversible physical changes to
the formulation. Preferably, administration protocols
are designed to minimize the formation of  5
microbubbles due to volatility of the HVA.
Microbubbles can result in reductions in  end-tidal
CO2 and in the gradient of CO2 between arterial and
alveolar blood, especially  in formulations containing
more volatile HVAs such as desflurane. Such
occurrences are  more likely to occur when the
emulsion is administered at room temperature than when
the HVA-containing formulation is warmed to body
temperature. Therefore, the 10 formulation is
preferably administered to the patient once it has
been warmed to body  temperature. In addition,
administration protocols should preferably avoid the
use of negative  pressure to withdraw doses from a
multi-dose vial, since the concentration of HVA
remaining in the vial may be changed due to the
volatility of the HVA. However, with 



15 higher boiling anesthetics this may be less of a
concern. The following examples further illustrate the
present invention, but of course,  should not be
construed as in any way limiting its scope. Example 1:
Preparation of Intravenous HVA Formulation 20 In this
example, the preparation of a sevoflurane emulsion
formulation is  specifically described. Similar
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.  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 222C and
maintain  30 this temperature. Add the required amount
of sevoflurane and maintain the temperature to  222C.
WO 2004/032858 13 PCTIUS2003/031826  Preparation of
aqueous phase Tare weight of the vessel along with its
mixing assembly used for  preparation of the aqueous
phase. 5 Add the Water for Injection required to the
aqueous phase vessel.  Add glycerin to the aqueous
phase vessel. Addition of aqueous phase to the oil
phase When ingredients in aqueous phase and oil phase
are completely  10 dissolved, transfer the aqueous
phase into the oil phase. Emulsification  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
15 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. 20 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. 25 Fill the
emulsion into individual final containers under
nitrogen cover. WO 2004/032858 PCT/US2003/031826  14
Table 2 Ingredient mg/ML  Super Refined Soybean oil,
200.00  USP Sevoflurane (finished product) 80.00
Glycerin, USP/NF 22.50  Lecithin, Lipoid E 80 24.00
Sterile water for Inj. 1.00  USP/NF q.s. to, mL After
the formulation was complete, actual recovery of the
sevoflurane in the  formulation was determined by gas
chromatography analysis to be 7.0% w/v. 5 The
procedures for other intravenous formulations that
included enflurane, and  isoflurane were identical to
that used with sevoflurane. The procedure was also
conducted in a similar manner with desflurane except
that additional cooling provisions were provided due
to desflurane's lower boiling point.  In particular,
the oil phase was cooled and maintained at 2-5 C when
mixed with 10 desflurane; the aqueous phase was cooled
to 2-5 C before combination with the oil  phase; and
the emulsion is maintained at 2-5 C in the subsequent
processing steps.  Table 3 indicates the HVA target
concentration and the actual HVA concentration after
final formulation for the enflurane, isoflurane and
desflurane  formulations. 



15 Table 3 Anesthetic Target Actual  Concentration
Concentration in  in Emulsion Emulsion Enflurane 8%
w/v 7.0% w/v  Isoflurane 8% w/v 7.1% w/v  Desflurane
12% w/v 9.6% w/v These intravenous formulations were
used in Example 2. WO 2004/032858 PCT/US2003/031826
15 Example 2: Effect of Intravenous Desfiurane,
Enflurane. Isoflurane, and Sevofiurane on  Myocardial
Infarct Size in Rabbits These experiments were
designed to characterize the effects of different HVAs
(enflurane, isoflurane, sevoflurane, and desurane)
administered intravenously in an 5 emulsion on
myocardial infarct size following ischemia and
reperfusion in rabbits.  General Preparation Male New
Zealand white rabbits weighing between 2.5 and 3.0 kg
were  anesthetized with intravenous sodium
pentobarbital (30 mg/kg). Additional doses of
pentobarbital were titrated as required to assure that
pedal and palpebral reflexes were 10 absent throughout
the experiment. A tracheotomy was performed through a
ventral  midline incision, and the trachea was
cannulated. The rabbits were ventilated with  positive
pressure using an air-oxygen mixture (Fi02=0.33).
Arterial blood gas tensions  and acid-base status were
maintained within a normal physiological range (pH
7.35-7.45,  PaC02 25-40 mmHg, and Pa02 90-150 mmHg) by
adjusting the respiratory rate or tidal 15 volume.
Body temperature was maintained with a heating
blanket. Heparin-filled  catheters were inserted into
the right carotid artery and the left jugular vein for
measurement of arterial blood pressure and fluid or
drug administration, respectively.  Maintenance fluids
consisted of 0.9% saline (15 ml/kg/h) that were
continued for the  duration of the experiment. 20 A
left thoracotomy was performed at the fourth
intercostal space, and the heart  was suspended in a
pericardial cradle. A prominent branch of the left
anterior  



descending coronary artery (LAD) was selected, and a
silk ligature was placed around  this artery
approximately halfway between the base and apex for
the production of  coronary artery occlusion and
reperfusion in myocardial infarct size experiments.
Each 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. WO 2004/032858 PCT/US2003/031826  16
Experimental Design The experimental design for the
experiments is illustrated in Figure 1. Rabbits  were
randomly assigned to one of six experimental groups: a
control group (0.9% saline  infusion), a vehicle group
(drug lipid vehicle), or one of four anesthetic groups
5 (emulsified desflurane, isoflurane, enflurane, or
sevoflurane). The vials of anesthetics  were stored at
4 C as prepared in Example 1. After opening, the vial
was left in a water  bath at 37 C for 2 h. Anesthetics
were directly poured into the syringe without using
negative pressure suction. Baseline measurements of
systemic hemodynamics, arterial blood gas tensions,
10 and blood concentrations of anesthetic agent were
performed 30 min after  instrumentation was completed.
Rabbits received 0.9% saline, drug lipid vehicle (10
ml/h), or intravenous volatile anesthetic (10 ml/h)
for 30 min. Infusions were  discontinued 30 min prior
to coronary occlusion (memory period). Blood
concentrations  of anesthetic agents were performed at
baseline, at the end of anesthetic infusion, and at 15
the end of the memory period (just before coronary
occlusion). HVA concentrations in  blood were
determined by gas chromatographic (GC) analysis. All
rabbits underwent a  30 min LAD occlusion followed by
3 h reperfusion. Determination of Myocardial Infarct
Size At the end of each experiment, the LAD was
reoccluded and 3 ml of Patent blue  20 dye was
injected intravenously. The left ventricular area at
risk for infarction was  



separated from surrounding normal areas (stained
blue), and the two regions were  incubated at 37 C for
20 to 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 25 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 30
analysis of variance (ANOVA) for repeated measures
followed by Student-Newman WO 2004/032858 17
PCT/US2003/031826  Keuls test. Changes between groups
were considered statistically significant when the p
value was less than 0.05. All data are expressed as
meant SEM. 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
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 lhr of reperfusion in
rabbits receiving desflurane and 20 isoflurane. 
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Anesthetic Concentrations, Arterial Blood Gas Tensions
and End-tidal Gas Analysis  Arterial blood gas
tensions, end-tidal gas and anesthetic blood
concentrations  data are summarized in Tables 5-7,
respectively. There were no changes in pH, Pa02 or 5
end-tidal CO2 between experimental groups. Blood
concentrations as measured by GC were converted to
their MAC- equivalent values by calculations described
below. Initially "n", or the number of moles  of HVA
in 1L of alveolar gas during exposure to 1.0 MAC of
the HVA was calculated.  The ideal gas law n= PV/RT is
used to calculate the number of moles of HVA present
at  



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 determined taking into
account the vapor  pressure of water at 37 C which is
47.1 tort, and the volume percent of the HVA.  Volume
percentages of HVAs (MAC values) were obtained from
literature values  determined in rabbits (Scheller et
al. Can. J. Anaesth. 1988, 35: 133-136; Drummond, JC
15 Anesthesiology 1985; 62: 336-8, and Doorley et al.
Anesthesiology 1988; 69, 89-91),  and are presented in
Table S. The number of moles of the HVA in 1 L at 370
C at I MAC in rabbits was then  used to determine the
concentration of the HVA present in blood by using
known  blood/gas partition values (also known as ?,).
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 I MAC at
37 C in rabbit) is then determined by the  equation:
x=A.n  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).  WO 2004/032858 PCT/US2003/031826  20 'fable
8 Anesthetic Partition Average 1 MAC- Observed
Observed Blood  Coefficient MAC, Equivalent Blood
Concentration  %v/v Blood Concentration following 30
Concentration following 30 min, 10 mL/h  (mM) at 1
min, 10 mL/h Infusion, MAC- MAC ("x") Infusion, mM
Equivalents Desflurane 0.42 8.9 1.38 0.18 0.13
Enflurane 1.9 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 0.15
0.16 



WO 2004/032858 PCT/US2003/031826  21 0 0 0 0 0 0 O 7 N
N M 00 ,~, M dk ilo-- i NN H {N M O  GF 'V' 7 V' M M
ti N+ M M M M M  0 0 0 O O C o O O N  t { ~--~  .}I  p
N al -H it 11 I h h N g N  O O O M IT N N M M  N N N N
0 0 0 0 0 0 O\ O O1 N iI iI -H 'H CJ -H M o * M O 00 -
W  M '7 M M M M ~Ni M M M N M M  ~ N M .-~ N N N N d'
N O 0 0 0 0 0 0 .--~ 0 0 0 6 0 0 ry Ad 1 -H -H -H t L.
t N -1 M-11 ' CM m o  N ~i M h b O M M M M M'  yU 0 7
N N N 0 0 0 0 0 0 Itt %D tn O H o-H o o c "' H '-' "'
r" N ~n m N N 41  H -f1 O -H -H -H -H ~I i1 -H -H  -H
-H -H -H %-I{ 4 O~ 



y m .-~ '0 o lO O~ 'ct M ~O l~ Vt U d' O ~O .~   rFil
'd' V M Ct m M ~T ti O M M M M M 'd' O y 15 O  II  M N
N M ~ q 0 0 W  0 C> 0 0 0 0 O ti. 0 C, (D ~ -H ~I 'H
ii FI '~ '~ -FI -H -11 , 4 -H 0 VW]  W M M .-+ O N d'
- m N mMm M eO Men Mm M  --- r4 .-+ M 6c)  a+ Q II
EF~ d 0~ N N N ,--i .. .... .. co V1  fn q 0 0 0 0 0 i
G O O G O 6 m -H -H -H -H v v'Hi oho t NH NH  7 dam'.
im,' am, lI U  PC H  0 - W W I  -H 0  0 pa ~Wwo> oO
Oloo  ~ y  U9AW~vi~U~AW~~n0U~ -sw00 la  



F a a Q Q WO 2004/032858 22 PCT/US2003/031826  0 0 0 0
M N m N O O O O  -~~{{ O OG O  M M N Oil Ill O 7 1 1 0
0 0 41 m m N m m m O O O O  o O o O  O O o p NF~ - N{
fi!I} m N O q O o 0  h N N (V w M It M 1 1 'H 0 'H -H
M M N M N M O O O O u O O O O  O O O --~  m N 7 M N- 0
0 0 0 M-, r4 N 1 1 (DH DH  m~ N O O O m  M M N m N m m
g O o 0 O O O O c 000..  M O O  fm N M m N 0 ' ..-r b
M 0 I,H .~-I o V  m m N M M m O o 0 0  O C O  rq _ 0 0
0 0  p N N m N N 1 1 m -H -H it  + { O { 0 O  



M 00 V M ~p (N d M M N M M M O O O O O N  O O O O c{.
o  N  00 p N_ N N O O O GyTa 14  C O O M M M m m m I I
C` I"~ m N M M N O 0000 E - C E) rA n m ~D 1 d' m 1 1
0 0 0 0 C Q  M to m M M p HR   PQ t- P -Hga  O W 1 O
-H 4   14 t4 wJ   z V] > 0 co -00 u Ou~A aikgU  fa LAi
~yyoo  H w W A A ~~ WO 2004/032858 23
PCT/US2003/031826  Table 7. Blood Concentration of
Anesthetics Baseline Infusion Memory  Blood
Concentration (mM) DES 0 0.180.03# 0.030.02  ENF 0
0.310.03 0.060.01  ISO 0 0.1810.06# 0.040.02  



SEVO 0 0.150.01# 0.020.00#  Data are mean SEM. #
significantly different from enflurane group (p <
0.05). DES = desflurane, ENF = enflurane, ISO =
isoflurane, SEV = sevoflurane.  n7DES, 8E NF 8 ISO 8
SEVO. WO 2004/032858 PCT/US2003/031826  24 Injarcr
size Body weight, left ventricular weight, area at
risk weight, and area at risk/left  ventricular mass
were similar between groups (Table 9). Enflurane,
isoflurane and 5 sevoflurane provided protection
against myocardial ischemia-reperfusion injury (Figure
2). Conversely, emulsified desflurane was unable to
confer cardioprotection (a portion  of desflurane's
inability to do so may be related to the volatile
anesthetic leaving the  emulsion). These results were
also confirmed by plotting the weight of the infarct
size as  a function of the weight of the area at risk
(Figures 3, 4A, 4B, 5A and 5B). Lipid 10 emulsion
infusion had no effect on myocardial sensitivity to
ischemia-reperfusion injury,  as indicated by Figure
3. All points in the desfiurane group lie close to the
control  regression line, indicating that for any
value of area at risk, the desfiurane group  developed
infarct size comparable to controls (Figure 4A). Data
points for enflurane,  isoflurane, and sevoflurane
groups lie markedly below the control line, indicating
that for 15 any size of the risk region, infarcts were
smaller than in the control group (Figures 4B,  5A and
5B). WO 2004/032858 PCTIUS2003/031826  25 o tl tl tl
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results strongly suggest that the H VAs entlurane,
isoflurane and  sevoflurane provide adequate
protection against myocardial ischemia-reperfusion
injury  when administered intravenously in an
emulsion, in this rabbit in vivo model. It is 5
significant to note that such cardioprotection is
achieved at blood concentrations that are  50.17
MAC-equivalents. While the present data indicate that
the deflurane formulation did not confer
cardioprotection in this study, it is noted that this
particular formulation may not be  optimized for
intravenous delivery of desflurane. As indicated
above, bubbles formed 10 upon warming the deflurane to
body temperature for intravenous administration. The
cardioprotection results for desflurane should
therefore be interpreted in light of these
observations. It may be possible that other
intravenous formulations or other injection
techniques may overcome the difficulties observed with
deflurane. 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. 27  



CLAIMS 1. Use of a formulation comprising a
halogenated volatile anesthetic in the  manufacture of
a medicament for treating a patient having a 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 tissue's  resistance to, or tolerance
of, the ischemic event. 2. The use of claim 1, wherein
the formulation further comprises an  emulsification
adjuvant and an emulsifier. 3. The use of claim 1 or
claim 2, wherein the amount of the formulation
suitable  for administration to the patient is a
sub-anesthetic effective amount. 4. The use of any one
of the preceding claims, wherein the tissue is
selected from  the group consisting of heart, brain,
vasculature, gut, liver, kidney and eye. 5. The use of
any one of claims 1 to 3, wherein the ischemic event
is selected  from aortic aneurysm repair, multiple
trauma, peripheral vascular disease,  renal vascular
disease, myocardial infarction, stroke, sepsis and
multi-organ  failure. 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 28
administration to the patient after the ischemic
event. 10. The use of any one of the preceding claims,
wherein the formulation is suitable  for bolus
administration to the patient. 11. The use of any one
of claims 1 to 9, wherein the formulation is suitable
for  continuous infusion of the formulation to the
patient. 12. The use of any one of the preceding
claims, wherein the halogenated volatile  anesthetic
is selected from the group consisting of desflurane,
isoflurane,  



enflurane, halothane and sevoflurane. 13. Use of a
formulation 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. 14. The use of claim 13, wherein
the formulation further comprises an  emulsification
adjuvant and an emulsifier. 15. The use of claim 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. 29  18. Use of a
formulation comprising a halogenated volatile
anesthetic in the manufacture of a medicament for
treating a patient having a myocardial  infarction,
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 myocardial infarction. 19. The use
of claim 18, wherein 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 treating 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. 


