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METHODS AND COMPOSITIONS FOR TREATING STROKE

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims the benefit of U.S. Provistonal Application

No. 62/726166, filed August 31, 2018, which is incorporated by reference in its entirety herein.

BACKGROUND

[0002] Stroke is a medical condition characterized by msufficient blood flow to the
brain, which can result in damage to brain tissues, including cell death. Generally, stroke falls
into the categories of ischemic stroke, attributable to blockade of blood flow 1n an artery to the
brain caused by a thrombus or an embolus, and hemorrhagic stroke, attributable to bleeding
from a blood vessel in the brain. Stroke is a leading cause of disability and death in adulis.
More than 795,000 cases of strokes, 87% of which are ischemic strokes, occur in the United
States every year, with many more cases worldwide (Benjamin et al, “Heart Disease and
Stroke Statistics-2017 Update: A Report From the American Heart Association” Circulation
135(10):e146-e603, 201 7).

Field

[6063] Embodiments herein relate to methods and composttions for use in treating,

inhibiting, and/or ameliorating stroke or one or more symptoms thereof
< R

SUMMARY
[6004] In some embodiments, a method of treating, mhibiting, or amehorating

stroke, such as ischemic stroke or a symptom thereof 10 a subject 1s provided. The method can
comprise admunistering an oxygenated fluid to the subject. The adnunistering can occur at or
mmediately following the onset of ischemic stroke symptoms in the subject, for example,
within 24 hours after the onset of 1schemic stroke symptoms n the subject, such as within 1,
3,6, 12, 18, or 24 howrs. By way of example, the oxvgenated fluid can comprise or consist
essentially of dissolved oxvgen. For example, at least 50%, 60%, 70%, 80%, or 90% of the
oxygen in the oxvgenated fhud can be dissolved oxygen In some embodiments, the

oxygenated fluid is oxygenated by dissolved oxygen In some embodiments, at least 50%,
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60%, 70%, 80%, or 90% of the oxygenation in the oxygenated fluid comprises dissolved
oxygen. By way of example, the oxygenated fluid can comprise charge-stabilized oxygen,
such as charge-stabilized oxygen-containing nanostructures. In some embodiments, the
oxygenated fluid 1s a pharmaceuotical saline solution comprising charge-stabilized oxygen-
containing nanostructures, a majority of the nanostructures having a diameter of less than 100
nanometers, in which the pharmaceutical saline solution comprised at least 20 ppm oxygen at
the time 1t was manufactured. In some embodiments, the administering comprises delivering
the oxygen of the oxygenated fluid (e.g. oxygen of oxygen-containing nanostructures) to
hypoxic brain cells of the subject In some embodiments, the administering comprises
delivering the oxygen of the oxygenated fluid to brain cells of the subject, in which said brain
cells were subjected to 1schemia followed by reperfusion. In some embodiments, the brain
cells are selected from the group consisting of neurons, ghal cells, oligodendrocyies, and
nmicroghia. In some embodiments, the administered oxygenated fluid is effective to inhibit
hypoxia of brain cells of the subject. In some embodiments, the administered oxygenated fluid
15 effective to inhibit reperfusion damage to brain cells of the subject. In some embodiments,
the administered oxygenated fluid 1s effective to inhibit a decline in a behavior following the
stroke, for example one or more of consciousness, defense reaction, grasp reflex, extremity
movement, gait, circling, bradykinesia, balance, neglect, visual field cut’hemianopsia or facial
weakness. In some embodiments, the brain cells are selected from the group consisting of
neurons, glhial cells, oligodendrocytes, and microgha. In some embodiments, the oxygenated
fluid 15 administered n a dose of at least 2 cc /’kg. In some embodiments, the oxygenated flud
1s admimstered n a dose of at feast 20 cc /kg. In some embodiments, the oxygenated fluid s
administered at about 0.1 - 20 co/kg/h.  In some embodiments, the oxygenated fhad 13
administered at about 1 - 7 cc/kg/h. In some embodiments, the oxygenated fluid s
administered for at leastabout 1, 2, 3, 4, 5, 6, 7. 8, 9, or 10 hours. In some embodiments, the
administering 15 a first line treatment for ischemic stroke. In some embodiments, the
adminstering is within six hours after the commencement of the ischemic stroke. In some
embodiments, the administering is within three hours after the commencement of the ischemic
stroke. In some embodiments, the administering 1s three to six hours after the commencement
of the ischemic stroke. In some embodiments, the administering is 1 to 24 hours, | to 18 hours,

110 12 hours, 1 to 6 hours, 1 to 3 hours, 3 to 24 hours, 3 to 12 hours, 3 to 6 hours, 6 {0 24
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hours, 6 to 18 hours, 6 to 12 hours, 12 to 24 hours, 12 to 18 hours, or 18 to 24 hours after the
onset of 1schemic stroke symptoms. In some embodiments, the administering 1s intravenous.
In some embodiments, the administering does not comprise inhalation. In some embodiments,
the oxygenated fluid comprises at least 40 ppm oxygen at standard temperature and pressure.
In some embodiments, the oxygenated fluid comprises saline. In some embodiments, the
oxygenated fliid comprises saline for imnjection. In some embodiments, the oxygenated fluid
15 sterile (for example, immediately prior to adnunistering, noting that such a fluid s not
expected to be sterile after it s administered to the subject). In some embodiments, the
oxygenated fluid 1s part of, or is a pharmaceutical composition. In some embodiments, the
oxygenated fluid does not comprise blood. In some embodiments, the oxygenated fluid does
not comprise perfluorocarbon. In some embodiments, the oxygenated fluid 1s oxygenated by
dissolved oxygen. In some embodiments, at least 50%, 60%, 70%, 80%, or 90% of the
oxygenation in the oxygenated fluid comprises dissolved oxygen. In some embodiments, the
oxygen in the oxygenated fluid comprises modified or charged oxygen species. In some
embodiments, the oxvgenated fluid comprises no more than trace amounts of ozone. In some
embodiments, the oxygen in the oxygenated fluid has been present in an amount of at least 15
ppm at standard temperature and pressure for at least 3 hours. In some embodiments, the
oxygen n the oxygenated fluid has been present 1n an amount of at least 40 ppm at standard
temperature and pressure for at least 3 hours. In some embodiments, the nanostructures
comprise nancbubbles, a majonty of the nanobubbles having a diameter of less than 100
nanometers. In some embodiments, the method further comprises adminstering an additional
therapeutic agent to the subject. In some embodiments, the method further comprises
performing a thrombectomy and/or embolectomy on the subject.

[6065] Some embodiments include an oxygenated fluid as described herein for use
in treating, mnhibiting, or ameliorating a symptom of ischemic stroke, the use comprising any
method described herein. By way of example, the oxygenated fhud may comprise charge-

stabilized oxygen-containing nanosiructures as described herein.

BRIEF DESCRIPTION OF THE BRAWINGS
[6006] FIG. 1 s a graph Hustrating an example curve of dissolved oxygen stability

for an oxygenated fluid over time. The oxygenated fluid for FIG. 1 1s RNS60. Without being
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limited by theory RNS60 15 contemplated to comprise charge-stabilized oxygen-containing
nanostructures.

6067} Fi1Gs. 2A-B are a series of graphs showing the effects of administering a
fluid comprising charge-stabilized oxygen-containing nanostructures of some embodiments in
a primate model of ischemic stroke. Shown are the infarct volume measured by magnetic
resonance Diffusion Weighted Imaging (DWI) (FIG. 2A), and the volume of salvageable brain
tissue {ischemic penumbra), which was calculated as the difference between the DWI volume
and the area at risk measured by Perfusion Weighted Imaging (PWI) at baseline (FIG. 2B) for
primates that underwent mid cerebral artery occlusion and were treated with an oxygenated
fluid according to some embodiments (“RNS607) and normal-saline treated controls ("NS”).

[0008] FI1G, 3 15 a graph showing 24h stroke volume in a rat model! of ischemic
stroke for rats treated with an oxygenated fluid according to some embodiments ("RNS607),
and for normal sahine-treated controls.

[06009] FiGs. 4A-C are a series of graphs showing effects of oxygenated fluids on
a temporary {90 minute) nuddle cerebral artery occlusion (MCAQ) model of stroke. Shown

are etfects on mfarct volume (FEGs. 4A-B) and bebavior (FI1G. 4C).

DETAILED DESCRIPTION

(6010} Some embodiments relate to oxygenated fluids for use mn treating,
mhibiting, or ameliorating 1schemic stroke or a symptom thereof. For example, the oxygenated
fluids can comprise charge-stabilized oxygen-contaming nanostructures. It is shown heremn
that adnunistering an oxygenated fhud after the onset of 1schemic stroke achieves sigmificant
reduction in brain lesion size compared to saline-~treated controls (Example 2). Moreover, the
inhibition of brain lesions i3 maintained in the hours after the stroke (KFiGs. 2A-B).
Conventionally, endeavors to administer oxygen gas have been subject to concerns about risks
of increased oxygen stress and oxygen toxicity, for example from free radicals. Without being
limited by theory, it 1s contemplated that oxygenated fluids as described herein (for example,
oxygenated fluids comprising dissolved oxygen such as oxygenated fluids comprising charge-
stabilized oxygen such as charge-stabilized oxygen-containing nanostructures) can provide
neuroprotective effects, for example, by delivering oxygen to hypoxic brain cells and/or brain

cells that were subjected to ischemia followed by reperfusion. Examples of brain cells include
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neurons, ghal cells (such as sligodendrocytes and/or microglia), or a combination of two or
more of the histed cell types. In some embodiments, the oxygenated fluid comprises, consists
essentially of, or consists of a saline solution comprising at least 40 ppm oxygen. In some
embodiments, the oxygenated fluid is a pharmaceutical solution, for example comprising saline
for injection. A method of treating, inhibiting, or ameliorating ischemic stroke or a symptom
thereof of some embodiments can comprise administering an effective amount of the
oxygenated fluid to a subject at or immediately following the onset of stroke symptoms. As
used herein in “tmmediately following the onset of stroke symptoms” {and variations of this
root term) has its ordinary and customary meaning as would be understood by one of ordinary
skill in the art in view of this disclosure. It refers to an imitial time period after the onset of
stroke symptoms during which first line therapies can be administered, for example, within 24
hours, 18 hours, 12 hours, 6 hours, 3 hours, or 1 hour after the onset of the stroke symptoms,
meluding ranges between any two of the listed values, for example 1 to 24 hours, | to 18 hours,
1 to 12 hours, 1 to 6 hours, 3 to 24 hours, 3 to 18 hours, 3 to 12 hours, 3 to 6 hours, 6 to 24
hours, & to 18 hours, 6 to0 12 hours, 12 to 24 hours, 12 to 18 hours, or 18 to 24 hours after the

onset of stroke symptoms.

Oxveenated fluids

[8011] An “oxygenated fluid” as used herem, has 1ts ordinary and customary
meaning as would be understood by one of ordinary skill in the art in view of this disclosure.
It can refer to a fluid comprising greater amounts of dissolved oxygen than oxygen n
equilibrium with the ambient air. For example, an oxygenated fluid as described herein may
comprise at feast 15 ppm oxygen at standard temperature and pressure, such as at least 20 ppm,
25 ppm, 30 ppm, 35 ppm, 40 ppm, 45 ppm, 30 pom, 55 ppm, 60 ppm, 65 ppm, 70 ppm, 75
ppm, or 80 ppm oxygen, including ranges between any two of the histed values, for example
15 ppm — &0 ppm, 20 ppm — 80 ppm, 25 ppm — 80 ppm, 30 ppm — 80 ppm, 335 ppm — 80 ppm,
40 ppm — 80 ppm, 45 ppm — 80 ppmy, 50 ppm - 80 ppm, 55 ppm — 80 ppm, 60 ppm — &0 ppm,
15 ppm — 75 ppm, 20 ppm — 75 ppm, 25 ppm — 75 ppm, 30 ppm — 73 ppm, 35 ppm — 75 ppm,
40 ppm — 75 ppm, 45 ppm — 75 ppmy, SO ppm - 75 ppm, 55 ppm -~ 75 ppm, 60 ppm — 75 ppm,
15 ppm — 70 ppm, 20 ppm — 70 ppm, 25 ppm — 70 ppm, 30 ppm — 70 ppm, 335 ppm — 70 ppm,
40 ppm — 70 ppm, 45 ppm — 70 ppmy, 50 ppm - 70 ppm, 55 ppm — 70 ppm, 60 ppim — 70 ppm,
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15 ppm — 65 ppm, 20 ppm — 65 ppm, 25 ppm — 65 ppm, 30 ppm — 63 ppm, 335 ppm — 65 ppm,
40 ppm — 65 ppm, 45 ppm - 65 ppmy, S0 ppm - 65 ppm, 55 ppm — 65 ppm, 60 ppm — 65 ppm,
15 ppm — 60 ppm, 20 ppm — 60 ppm, 25 ppm — 60 ppm, 30 ppm — 60 ppm, 335 ppm — 60 ppm,
40 ppm — 60 ppm, 45 ppm — 60 ppm, 50 ppm - 60 ppm, or 55 ppm — 60 ppm of dissolved
oxygen. It will be understood that an “oxygenated fluid” as described herein refers to a solution
containing oxygen in addition to the solute of the solution, and thus refers to the structure of
the solution. Unless explicitly stated otherwise, “oxygenated fluid” as used herein does not
imply any particular method of making the oxygenated fluid.  In some embodiments, the
oxygenated fluid is oxygenated with dissolved oxygen. For example, at least S0%, 60%, 70%,
80%, or 90% of the oxygenation in the oxygenated fluid can comprise dissolved oxygen In
some embodiments, the oxygenated fluid comprises or consists essentially of dissolved
oxygen. In some embodiments, at least 50%, 60%, 70%, 80%, or 90% of the oxygen in the
oxygenated fluid 1s dissolved oxygen. In some embodiments, the oxygenated fluid does not
comprise perfluorocarbon. Tn some embodiments, the oxygenated fluud comprises charged-
stabilized oxygen. In some embodiments, the oxygenated fluid comprises charged-stabilized
oxygen-containing nanostructures.

16012} A “fluid comprising charge-stabilized oxygen-containing nanostructures”
as used herein, has its ordinary and customary meaning as would be understood by one of
ordinary skill in the art n view of this disclosure. It can refer to electrokinetically-generated
fluids comprising oxygen and 1ons. It will be understood that wherever “electrokinetically-
generated fluids” (including variations of this root term) are mentioned herem, fluids
comprising charge-stabilized oxygen-contaming nanostructures are also  expressly
contemplated. The oxygen containing nanostructures can have an average diameter of less
than about 100 nanometers. It will be appreciated that a “fhud comprising charge-stabilized
oxygen-containing nanostructures” 1s a type of oxygenated fluid and 13 suitable wherever an
“oxvgenated fhud” i1s mentioned herein.  In some embodiments, the oxygenated fluid
comprising charge-stabilized oxygen-containing nanostructures comprises, consisis essentially
of, or consists of an ionic aqueous solution of charge-stabilized oxygen-contaiing
nanostructures {such as nanobubbles), in which the majority of the nanostructures have an
average diameter of less than about 100 nanometers and are stable in the ionic agueous

solution. The oxvgenated fluids comprising charge-stabilized oxygen-containing
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nanostructures are distinct from other oxygenated fluids, for example, oxygenated non-
electrokinetic fhuds (e g., pressure pot oxygenated fhuids and the like). In methods, uses, and
compositions of some embodiments, the oxygenated fluid comprising charge-stabilized
oxygen-containing nanostructures comprises, consists essentially of, or consists of a
pharmaceutical saline solution comprising stabilized oxygen-containing nanobubbles, a
majority of the nanobubbles having a diameter of less than 100 nanometers. The
pharmaceutical saline solution can comprise greater than or equal to 40 ppm oxygen. Insome
embodiments, for the oxygenated fluid comprising charge-stabilized oxygen-containing
nanostructures of any of the methods, uses, or medicaments herein, oxygen in the oxygenated
fluid comprising charge-stabilized oxygen-containing nanostructures has been present in an
amount of at least 40 ppm at standard temperature and pressure (0°C and 100 kPa) for at least
3 hours. In methods, uses, or medicaments of some embodiments herein, the pharmaceutical
saline solution comprised greater than or equal to 50 ppm oxygen at the time that the
pharmaceutical saline solution was manufactured.  In some embodiments, the oxygenated
fluid comprises, consists essentially of, or consists of RNS60.

[0013] Oxygenated flnds, including fluids comprising charge-stabilized oxygen-
containing nanostructures suitable for methods, medicaments, and uses of some embodiments
herein can be produced, for example, using the Mixing Device described in detail in US Pat.
No. 9,745,567, which 1s heremn incorporated by reference in its entirety. Methods and devices
for making oxygenated fluids, such as fluids comprising charge-stabilized oxvgen-containing
nanostructures are also described in detail in US Pub. No. 2008/02190088 and International
Application No. WO2008/052143, each of which s herein incorporated by reference in its
entirety. By way of example, suitable oxvgenated fluids (such as fhuds comprising charge-
stabilized oxygen-containing nanostructures) for methods, medicaments, and uses of some
embodiments herein can be generated in the presence of hydrodynamically-induced, localized
(e.g., non-uniform with respect to the overall fhud volome} electrokinetic effects {(e.g,
voltage/current pulses), such as device feature-localized effects. In some embodiments, the
oxygenated fluid comprising charge-stabilized oxygen-containing nanostructures is
characterized by hydrodynamically-induced, localized electrokinetic effects in combination

with surface-related double layer and/or streaming current effects.
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6014} The oxygenated fluid of methods, uses, and medicaments of some
embodiments comprises charge-stabilized oxygen-containing nanostructures. In some
embodiments, the oxygenated fluid {e.g., an oxvgenated thud comprising charge-stabilized
oxygen-containing nanostructures) is superoxygenated, for example comprising 20 ppm, 40
ppm, or 60 ppm dissolved oxygen, including ranges between any two of the listed values. It
has been shown, for example, that oxygenated fhnds comprising charge-stabilized oxygen-
containing nanostructures having dissolved oxygen levels of 15 ppm or less can have
physiological effects that are qualitatively simular to fluids comprising charge-stabilized
oxygen-containing nanostructures having higher dissolved oxygen levels {See US Pat No.
9745567 at Examples 16 and 24}, and thus it 1s contemplated that oxygenated fluids comprising
about 15ppm oxygen or more in accordance with embodiments herein can have physiological
effects. Accordingly, in some embodiments, the oxygenated fluid comprises at least 15 ppma
oxygen at standard temperature and pressure, such as at least 20 ppm, 25 ppm, 30 ppmo, 35
ppmm, 40 ppm, 45 ppm, 30 ppmy, 55 ppm, 60 ppm, 65 ppm, 70 ppm, 75 ppm, or 80 ppm oxygen,
meluding ranges between any two of the listed values, for example 15 ppm — 80 ppm, 20 ppm
— 80 ppm, 25 ppm — 80 ppm, 30 ppm — 80 ppim, 35 ppm — 80 ppm, 40 ppm — 80 ppm, 45 ppm
— 80 ppm, 30 ppm ~ 80 ppm, 35 ppm — 80 ppm, 60 ppm — 80 ppro, 15 ppm — 73 ppm, 20 ppm
— 75 ppm, 25 ppm — 75 ppm, 30 ppm — 75 ppm, 35 ppm — 75 ppm, 40 ppm — 75 ppm, 45 ppm
—~ 75 ppwm, 30 ppm - 75 ppr, 55 ppm — 73 ppm, 60 ppm — 73 ppm, 15 ppm — 70 ppm, 20 ppm
- 70 ppm, 25 ppm — 70 ppm, 30 ppm — 70 ppm, 35 ppm — 70 ppm, 40 ppm — 70 ppm, 45 ppm
—- 70 ppwm, 30 ppm - 70 ppm, 55 ppm — 70 ppm, 60 ppm — 70 ppm, 15 ppm - 65 ppm, 20 ppm
- 65 ppm, 25 ppm — 65 ppm, 30 ppm — 65 ppm, 35 ppm — 65 ppm, 40 ppm - 65 ppm, 45 ppm
—- 635 ppwm, 30 ppm - 65 ppr, 55 ppm - 65 ppm, 60 ppm - 63 ppm, 15 ppm — 60 ppm, 20 ppm
— 60 ppm, 25 ppm — 60 ppm, 30 ppm — 60 ppm, 35 ppm — 60 ppm, 40 ppm — 60 ppm, 45 ppm
— 00 ppm, 50 ppm - 60 ppm, or 55 ppm — 60 ppm of dissolved oxygen. By way of example,
the oxygenated fhuid can comprise charge-stabilized oxygen-containing nanostructures. In
some embodiments, the oxygenated flutd comprises, consists essentially of, or consists of a
saline solution, for example saline for injection. It 1s contemplated that the oxygenated {luid
can be sterile, for example suitable for (or formulated for) injection. In some embodiments,
the oxygenated fluid does not comprise any cells or tissues of any organism. In some

embodiments, the oxygenated fluid does not comprise blood. In some embodiments, the
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oxygenated fluid comprises, consists essentially of, or consists of a saline solution comprising
at least 40 ppm oxygen. In some embodiments, the oxygenated fluid comprises charge-
stabilized oxygen-containing nanostructures in an amount sufficient to provide modulation of
at least one of cellular membrane potential and cellular membrane conductivity. In some
embodiments, the oxygenated fluid 15 in an amount sufficient to protect hypoxic neurons from
cell death. In some embodiments, the oxygenated fluid is in an amount sufficient to inhibit
hypoxia in neurons of the subject. Accordingly, in the method of some embodiments, the
administered oxygenated fluid is effective to protect hypoxic neurons from cell death. In some
embodiments, the administered oxygenated fluid is effective to inhibit a decline in a behavior
following the stroke, for example one or more of consciousness, defense reaction, grasp reflex,
extremity movement, gait, circling, bradykinesia, balance, neglect, visual field
cut’/hemianopsia or facial weakness.

[6015] In some embodiments, the dissolved oxygen content, salinity, sterility, pH,
etc., of the oxygenated fluid established at the time of electrokinetic production of the
oxygenated fluid. As shown in Example 1, dissolved oxygen levels of oxygenated fluids (such
as oxygenated fluids comprising charge-stabilized oxygen-containing nanostructures) of some
embodiments herein can remain stable in a sealed container for many months. Accordingly, 1t
is contemplated that a dissolved oxygen content of an oxvgenated fluid, for example as a
pharmaceutical product, at the time 1t was manufactured can be a suitable way of wdentifying
the oxygenated fluid (as it may be impractical to deternine a dissolved oxygen content at the
exact time of chinical use}. For example, the oxygenated fluid of methods {or corresponding
uses or medicaments) some embodiments can have had a specified level of dissolved oxygen
at the time 1t was manufactured, for example at least about 40 ppm dissolved oxygen. The
amount of dissolved oxygen can refer to an amount at standard temperature and pressure,
though this 1s simply in reference to 3 way of making a measurement, and in no way should be
constructed to require that any or all of the manufacturing be performed at standard temperature
and/or pressure. In some embodiments, the oxygenated fluid has a dissolved oxygen content
(at standard temperature and pressure) of at least 15 ppm dissolved oxygen (at standard
temperature and pressure, such as at least 20 ppm, 25 ppm, 30 ppm, 35 ppm, 40 ppm, 45 ppm,
50 ppm, 55 ppm, 60 ppm, 65 ppm, 70 ppm, 75 ppm, or 80 ppm, including ranges between any

two of the listed values, for example, 20 ppm — 80 ppm, 25 ppm — &0 ppm, 30 ppm — 80 ppm,

0.
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35 ppm — 80 ppm, 40 ppm — 80 ppm, 45 ppm — B0 ppm, 30 ppm - 80 ppm, 55 ppm — 30 ppm,
60 ppm — 30 ppm, 15 ppm — 75 ppm, 20 ppm — 75 ppm, 25 ppm — 75 ppm, 30 ppm — 75 ppm,
35 ppm — 75 ppm, 40 ppm — 75 ppm, 45 ppm — 75 ppm, 30 ppm - 75 ppm, 535 ppm — 75 ppm,
60 ppm — 75 ppm, 15 ppm — 70 ppm, 20 ppm — 70 ppm, 25 ppm — 70 ppm, 30 ppm — 70 ppm,
35 ppm — 70 ppm, 40 ppm — 70 ppm, 45 ppm — 70 ppim, 30 ppm - 70 ppm, 35 ppm — 70 ppm,
60 ppm — 70 ppm, 15 ppm — 65 ppm, 20 ppm — 65 ppm, 25 ppm — 65 ppm, 30 ppm — 65 ppm,
35 ppm — 65 ppm, 40 ppm — 65 ppm, 45 ppm — 65 ppim, 30 ppm - 65 ppm, 35 ppm — 65 ppm,
60 ppm — 65 ppm, 15 ppm — 60 ppm, 20 ppm — 60 ppm, 25 ppm — 60 ppm, 30 ppm — 60 ppm,
35 ppm — 60 ppm, 40 ppm — 60 ppm, 43 ppm — 60 ppm, 30 ppm - 60 ppin, or 55 ppm — 60 ppm
of dissolved oxygen at the time that the oxygenated fluid was manufactured.  In some
embodiments, the oxygenated fluid is a pharmaceutical saline solution that has one of the
above-noted dissolved oxvgen contents at the tume that the oxygenated fluid was manufactured.
In some embodiments, the oxvgenated fluid 1s a saline solution comprising at least 40 ppm
oxygen. In some embodiments, the oxygenated fluid 15 a saline solution comprising at least
30 ppm oxygen. In some embodiments, any of the oxygenated fluids described herein
comprises charge-stabilized oxygen. In some embodiments, any of the oxygenated fluids
described herein comprises charge-stabilized oxygen-containing nanostructures (such as
nanobubbles). In some embodiments, the nanostructures of the oxygenated fluid comprise,
consist essentially of, or consist of nanobubbles. As such, the oxygenated fluid can comprise
stabilized oxygen-containing nanobubbles, a majority of the nancbubbles having a diameter of
less than 100 nanometers.

[6016] Oxygenated fhuds of methods, uses, and medicaments of some
embodiments comprise modified or charged oxygen species. For example, the oxygenated
fluid can comprise charge-stabilized oxygen-containing nanostructures. In some
embodiments, the oxygen of the oxygenated fluid comprises, consists essentially of, or consists
of molecular oxygen In some embodiments, the oxygenated fluid is free of ozone, or
comprises no more than trace amounts of ozone {(e.g., amounts of ozone that have no
observable physical or physiological effect}). Without being hmited by theory, it 1s
contemplated that the oxygenated fluids (for example oxygenated fhuds comprising charge-
stabilized oxygen-containing nanostructures) of methods, uses, and medicaments of some

embodiments comprises at least one of a form of solvated electrons, and electrokinetically
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modified or charged oxygen species. The electrokinetic modification can comprise, consist
essentially of, or consist of oxygen-containing nanostructures stabilized by an imparted charge.
In some embodiments, the oxygenated fluid comprises solvated electrons stabilized by
molecular oxygen. In some embodiments, the solvated electrons or electrokinetically modified
or charged oxygen species are present in the oxygenated fluid comprising charge-stabilized
oxygen-containing nanostructures in an amount of at least 0.01 ppm, at least 0.1 ppm, at least
0.5 ppm, at least 1 ppm, at least 3 ppm, at least S ppm, at least 7 ppm, at least 10 ppm, at least
15 ppm, or at least 20 ppm.

(6017} 1t 15 noted that the oxygenated fluids in accordance with methods, uses, and
medicaments of some embodiments have been shown to be stable in sealed containers for long
periods of time (See, e.g, Example 1). In some embodiments, for the oxygenated fluid (for
example, oxygenated fluid comprising charge-stabilized oxygen-containing nanostructures) of
any of the methods, uses, or medicaments herein, oxygen n the oxygenated fluid has been
present in an amount of at least 15 ppm at standard temperature and pressure for at least 3
hours. In some embodiments, for the oxygenated fluid of any of the methods, uses, or
medicaments herein, oxyvgen in the oxvgenated fluid comprising charge-stabilized oxygen-
contamning nanostructures has been present in an amount of at least 15 ppm at standard
temperature and pressure for at least 1 month, such as at least 2, 3, 4, S, or 6 months. In some
embodiments, for the oxygenated fhud of any of the methods, uses, or medicaments herein,
oxygen in the oxygenated flud comprising charge-stabilized oxygen-contamung
nanostructures has been present in an amount of at least 40 ppm at standard temperature and
pressure for at least 3 hours. In some embodiments, for the oxygenated fluid of any of the
methods, uses, or medicaments herem, oxygen in the oxygenated fluid has been present in an
amount of at least 40 ppm at standard temperature and pressure for at least 1 month, such as at
least 2, 3, 4, 5, or 6 months. Insome embodiments, the oxygenated fhuid of any of the methods,
uses, or medicaments herein comprises dissolved oxygen. In some embodiments, the
oxygenated fluid of any of the methods, uses, or medicaments herein comprises charge-
stabilized oxygen-containing nanostructures

[0018] Oxvgenated fluids (for example, oxygenated thuds comprising charge-
stabilized oxvgen-containing nanostructures) can be sterile and can be administered by an

appropriate route. In some embodiments, at least one of the salinity, stenility, pH, etc., of the
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oxygenated fhud {e.g., an oxyvgenated fluid comprising charge-stabilized oxygen-containing
nanostructures} is appropriately adjusted {e.g., using sterile saline or appropnate diluents) to
be physiologically compatible with the route of administration prior to administration of the
oxygenated fluid. Preferably, and diluents and/or saline solutions and/or buffer compositions
used to adjust at least one of the salinity, sterility, pH, etc., of the fluids are also electrokinetic
fluids, or are otherwise compatible. In some embodiments, the oxygenated fluid (for example,
a fluid comprising charge-stabilized oxygen-containing nanostructures) is administered
mtravenously. In some embodiments, the oxygenated fluid is formulated for intravenous
admuinistration.

[0019] In some embodiments, the oxygenated fluid comprises saline (e.g., one or
more dissolved sali(s); e.g., alkali metal based salts (Li", Na”, K", Rb", (s”, etc.), alkaline earth
based salts (e.g., Mg™, Ca™
Cu, 7, etc.,), in each case along with any suitable anion components, including, but not limited
to I, CI', Br', I, PO4, SOy, and nitrogen-based anions. Particular aspects comprise mixed salt
based ionic solutions {e.g., Na', K', Ca™", Mg™", transition metal ion{s}, etc) in various
combinations and concentrations, and optionally with nuxtures of counterions. In some
embodiments, the oxygenated fluid comprising charge-stabilized oxygen-contaming
nanostructures comprises standard saline (e g., approx. 0.9% NaCl, or about 0.15 M NaCl). In
particular aspects, the oxygenated fhud comprising charge-stabilized oxygen-contaming
nanostructures of methods, uses, and medicaments of some embodiments comprises saline at
a concentration of at least 0.0002 M, at least G.0003 M, at least 0.001 M, at least G.005 M, at
least 0.01 M, at least 0.015 M, at least 0.1 M, at least G.15 M, or at least 0.2 M. In some
embodiments, the conductivity of the oxygenated fluid 1s at least 10 uS/cm, at feast 40 uS/cm,
at least 80 uS/cm, at least 100 uS/cm, at least 150 uS/cm, at least 200 uS/cm, at least 300
uS/cm, or at least 500 uS/cm, at least 1 mS/cm, at least 5, mS/cm, 10 mS/om, at least 40 mS/cm,
at least 80 mS/cm, at least 100 mS/cm, at least 150 mS&/cm, at least 200 mS/cm, at least 300
mS/cm, or at least 500 mS/cm. In some embodiments, any salt may be comprised by the
oxygenated fhud. By way of example, any of the oxygenated fluids described herein may
comprise charge-stabilized oxygen-containing nanostructures. In some embodiments, any salt

may be comprised by the oxyvgenated fluid comprising charge-stabilized oxvgen-containing
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nanostructures, provided that they allow for formation of bislogically active salt-stabilized

nanostructures {e.g., salt-stalnlized oxygen-containing nanostructures} as disciosed herein.

Pharmaceutical Compositions, Medicaments, and Dosages

0026} The oxygenated fluid of some embodiments (for example, an oxygenated
fluid comprising charge-stabilized oxygen-containing nanostructures) can be part of a
pharmaceutical composition, and/or for use as a medicament, and/or for medical use for
treating, inhtbiting, or ameliorating ischemic stroke or a symptom thereof  As such, in some
embodiments, the oxygenated fluid 15 provided in a composition, such as a pharmaceutical
composition, dosage form, or dosage unit in an amount effective for treating, inhibiting, or
ameliorating 1schemic stroke or a symptom thereof In some embodiments, the amount of
oxygenated fluid 1s effective to deliver oxygen of the oxygenated fluid to hypoxic brain cells
of the subject upon intravenous administration of the oxygenated fluid. In some embodiments,
the amount of oxygenated fluid 1s effective to deliver oxygen of the oxygenated fluid to bran
cells that were subjected to 1schemia followed by reperfusion upon intravenous administration
of the oxygenated fluid comprising charge-stabilized oxygen-containing nanostructures.
Examples of brain cells to which the oxygen can be delivered include ghal cells (such as
oligodendrocytes and/or microghia), or a combination of two or more of the listed cell types.
In some embodiments, the administered oxygenated fluid 1s effective to mhubit a decline ma
behavior following the stroke, for example one or more of consciousness, defense reaction,
grasp reflex, extremity movement, gait, circling, bradykinesia, balance, neglect, visual field
cut’/hemianopsia or facial weakness. By way of example, if the oxygenated thud comprises
charge-stabilized oxygen-containing nanostructures, the delivered oxygen can be oxvgen of
charge-siabilized oxygen-containing nanostructures. In some embodiments, the amount of
oxygenated fhud (for example, oxvgenated fluid comprising charge-stabilized oxygen-
containing nanostructures) in the pharmaceutical composition, dosage form, or dosage unit 1s
at least about 2 cc/kg, for example at least about 2 ce/kg, 5 co/kg, 10 ec/kg, 20 corkg, 25 corkg,
30 co/kg, 40 coskg, 50 cokg, 70 co/kg, 100 ecrkg, 200 co/kg, or 500 co/kg including ranges
between any two of the listed values, for example, 2 ~ 10 co/kg, 2~ 25 co/kg, 2~ 50 co/kg, 2 -
100 ce/kg, 2 - 500 co/kg, 5— 10 cc/kg, 525 co/kg, 5~ 50 cc/kg, 5 - 100 cokg, S — 500 co/kg,
10 — 25 ce/kg, 10— 50 co/kg, 10 - 100 ce/kg, 10— 500 co/kg, 20— 50 co/kg, 25 — 50 co/kg, 20
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- 100 ce/kg, 20 - 500 co/kg, or 100 -500 co/ kg {the amount of fluid 1 ¢¢’s can be determined
based on the mass of the subject). In some embodiments, the amount of oxygenated fluid (for
example, oxygenated fluid comprising charge-stabilized oxygen-containing nanostructures) in
the pharmaceutical composttion, dosage form, or dosage unit is at least about 100 ce, for
example, at least about 100 cc, 150 cc, S00 ce, 1000 ce, 1500 cc, 2000 cc, 3000 cc, 4000 cc, or
5000 cc, including ranges between any two of the listed values, for example, 160-150 cc, 100-
500 cc, 100 -100G ¢, 100 1300 cc, 100 — 2000 cc, 160 — 2000 ¢, 160 — 5000 ¢¢, 150-500 ¢,
150 1500 cc, 150 -1500 ¢c¢, 150 — 2000 ¢¢, 500 -1000 cc, 100 — 2000 cc, 100 — 5000 cc, 500 -
1500 cc, 500 — 2000 cc, 500 — 5000 cc, 1000 -1500 ¢¢, 1000 — 2000 cc., or 1000 — 5000 cc.
By way of example, the pharmaceutical composition as described herein may be formulated
for intravenous administration.

[0021] In some embodiments, the oxygenated fluid 15 part of a pharmaceutical
composition. As such, wherever a method, use, or medicament comprising the oxygenated
fluid comprising charge-stabilized oxygen-containing nanostructures 1s mentioned herein, the
corresponding method, use, or medicament comprising a pharmaceutical composition
comprising, consisting essentially of, or consisting of the oxygenated fluid 1s also expressly
contemplated. The pharmaceutical composition can comprise, consist essentially of, or consist
of the oxvgenated fluid. Tn some embodiments, the pharmaceutical composition comprises an
active mgredient in addition to the oxygenated fhnd. By way of example, for any of the
pharmaceutical compositions described herein, the oxygenated fluid may comprise charge-
stabilized oxygen-containing nanostructures.

[6022] In some embodiments, the oxygenated fluid (such as oxygenated fluid
comprising charge-stabilized oxygen-containing nanostructures) is formulated for intravenous
administration. As such, in some embodiments, the oxygenated fluid may be comprised by a
pharmaceutical composition formulated for intravenous admimstration.  Optionally, the
pharmaceutical composition can include at least one additional active ingredient. In some
embodiments, the pharmaceutical composition does not contain any active ingredients other
than the oxygenated fluid.  As such, the pharmaceutical composition can consist of, or consist

essentially of the oxygenated fluid.

Methods of Treatine, Inlubitine. or Amelioratine Ischemic Stroke
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(6023} Some embodiments include a method of treating, inhibiting, or ameliorating
ischemic stroke or a symptom thereof in a subject. It will be appreciated that treating,
inhibiting, or ameliorating stroke or a symptom thereof, as used herein, can, in context, refer
to treating, inhibiting, or ameliorating effects and damage resulting from stroke (for example,
physiological damage such as infarct and/or behavioral effects, as described herein), depending
on the timing of the method. For example, if an oxygenated solution is administered at or
immediately after the onset of ischemic stroke, in context, it will be appreciated that while the
stroke itself may no longer be prevented from occurring, damage and effects of the stroke may
be treated, inhibited, or ameliorated. The method can comprise administering an oxygenated
fluid as described herein to the subject, such as an oxygenated fluid comprising dissolved
oxygen. The oxygenated fluid can be administered at or after the onset of ischemic stroke
symptoms in the subject, for example by intravenous admumstration. For example, the
oxygenated fluid can be administered to the subject at or immediately following the onset of
the ischemic stroke symptoms, for example within 1, 3, 6, 12, 18, or 24 hours after the onset
of the symptoms, ncluding ranges between any two of the listed values, for example, 1-24
hours, 1-18 hours, 1-12 hours, 1-6 hours, 3-24 hours, 3-18 hours, 3-12 hours, 3-6 hours, 6-24
hours, 6-18 hours, 6-12 hours, 12-24 hours, 12-18 hours, or 18-24 hours. By way of example,
the oxygenated fluid may comprise charge-stabilized oxygen-containing nanostructures. In
some embodiments, the oxygenated fhuid comprises, consists essentially of, or consisis of a
saline solution comprising at least 40 ppm oxygen. The oxygenated fluid can comprise at least
40 ppm oxygen at standard temperatore and pressure.  In some embodiments, the method
comprises administering a dosage unit as described heremn of the oxygenated fluid. In the
method of some embodiments, the oxygenated fhuid 1s administered as a first line treatment for
ischemic stroke. In some embodiments, for any of the methods described herein, the
oxygenated fluid comprises charge-stabilized oxygen-containing nanostructures. By way of
example, the stroke can comprise acute ischemic stroke.

[0024] it has been observed herein that administering an oxygenated fluid (such as
an oxygenated fluid comprising charge-stabilized oxygen-containing nanostructures} within §
minutes or 60 minutes of occlusion in a primate model of ischemic stroke significantly reduces
bram lesion size compared to saline-treated controls (Example 2 and FiGs. 2A-8; and

Example 4 and Figures 4A-C). Accordingly, it is contemplated that the oxygenated fluid of
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some embodiments can have neuroprotective effects {(without being himited by theory, it 1s
contemplated that the oxygenated fluid can provide oxygen to hypoxic brain cells in the subject
and/or brain cells that were subjected to 1schemia followed by reperfusion, such as neurons
and/or glial cells as described herein). In some embodiments, the oxygenated fluid can be
administered at the time of, or immediately following the onset of stroke symptoms, for
example within 1, 2, 3, 4, 5,6, 12, 18, or 24 hours after the onset of stroke symptoms, including
ranges between any two of the listed values, for example, within 1-24 hours, 1-18 hours, 1-12
hours, 1-6 hours 1-3 hours, 2-24 hours, 2-18 hours, 2-12 hours, 2-6 hours, 3-24 hours, 3-18
hours, 3-12 hours, 3-6 hours, 6-24 hours, 6-18 hours, 6-12 hours, 12-24 hours, 12-18 hours,
18-24 hours, 2-6 hours, 4-6 hours, 5-6 hours, 1-5 hours, 2-5 hours, 3-5 hours, 4-5 hours, 1-4
hours, 2-4 hours, 3-4 hours, 1-3 hours, or 2-3 hours, of the onset of stroke symptoms. In the
method of some embodiments, adnunistering the oxygenated flind comprises delivering
oxygen of the oxygenated fluid to hypoxic brain cells of the subject. Examples of bram cells
to which the oxygenated fluid can be delivered include neurons, ghial cells (such as
oligodendrocytes and/or microglia), or a combimation of two or more of the listed cell types.
For example, if the oxygenated fluid comprises charge-stabilized oxvgen-containing
nanostructures, the delivered oxygen may be of charge-stabilized oxygen-containing
nanostructures.  In some embodiments, admimstering the oxvgenated fluid comprises
delivering oxygen to bramn cells that were subjected to ischemua followed by reperfusion (such
as neurons and/or glal cells as described herein). The oxygenated flnd 1s not necessarily
administered directly to the brain cells, and can be delivered mdwectly (for example via
mtravenous mnjection). In some embodiments, the oxygenated fluid is not administered by
mhalation. In some embodiments, the oxygenated fluid 13 not admunistered hyperbarically,
and/or the oxygenated fhud s not administered normobarically. In some embodiments, the
administered fluid 1s effective to inhibit or prevent hypoxia of brain cells of the subject.
Examples of brain cells in which hypoxia can be prevented include neurons, ghal cells (such
as oligodendrocytes and/or microghia), or a combination of two or more of the listed cell types.
In some embodiments, the administered oxvgenated fluid is effective to prevent reperfusion
damage to brain cells that were subjected to ischenua followed by reperfusion, for example
neurons and/or ghal cells as described herein.  In some embodiments, the administered

oxygenated fluid 1s effective to prevent death of brain cells that were subjected to ischemia
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followed by reperfusion, for example neurons and/or ghal cells as described herein. In some
embodiments, the administered oxygenated fluid 1s administered in an amount effective to
prevent reperfusion damage to brain cells that were subjected to ischemia followed by
repertusion, for example neurons and/or glial cells as described herein.  In some embodiments,
the administered oxygenated tluid 1s adnmunistered in an amount effective to prevent death of
brain cells that were subjected to ischemia followed by reperfusion, for example neurons
and/or ghial cells as described herein.  In some embodiments, the administered oxygenated
fluid 1s administered i an amount effective to inhibit or prevent hypoxia of brain cells of the
subject. Examples of brain cells in which hypoxia can be prevented include neurons, ghal cells
{such as oligodendrocytes and/or microglia}, or a combination of two or more of the listed cell
types. In some embodiments, the administered oxygenated fluid 1s administered in an amount
effective to inhibit a decline in a behavior following the stroke, for example one or more of
consciousness, defense reaction, grasp reflex, extremity movement, gait, circling,
bradvkinesia, balance, neglect, visual field cut’hennanopsia or facial weakness. In some
embodiments, for any methods described herein, the oxygenated fluid comprises charge-
stabilized oxygen-containing nanostructures.

[0025] Symptoms indicative of the onset of an ischemic stroke are well-known in
the art. Example symptoms include paralysis or numbness or droopiness of the face, arm or
leg; speech that is slurred or difficult to understand; blurred or blackened vision in one or both
eves, headache; dizziness; and difficulty maintaining balance. In some embodiments, the
oxygenated fluid 1s admunstered to the subject prior to any acute inflammatory response to the
ischenuc stroke.  In some embodiments, the method comprises dentifying the subject as
suffering from, or likely to be suffering from an i1schemuc stroke prior to administering the
oxygenated fluid. In some embodiments, the subject is a human.

[0026] In the method of some embodiments, admimstering the oxyvgenated fhud
inhubits, ameliorates, treats, or prevents at least one symptom of stroke. The symptom can be
a symptom of long-term stroke-induced damage, for example, numbness, weakness, or
stiffness, impaired speech production and/or comprehension, impaired cognition, and/or mood
dysregulation, or two or more of the listed items. In some embodiments, the oxygenated fluid
(for example, oxygenated fluid compnsing charge-stabilized oxygen-contaiing

nanostructures) has neuroprotective effects in a subject in need thereof, for example a subject
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suffering from stroke. For example, in some embodiments, the oxygenated fluid 1s effective
in enhancing, ncreasing, or supporting non-inflammatory microgha, mcrease i survival,
maturation and function of oligodendrocvtes, augmentation of neuronal branching, plasticity
and neurotransmission, enhancement of neuronal survival (anti-apoptotic), stimulation of
mitochondrial biogenesis and function, or a combination of two or more of the listed items. In
some embodiments, administering the oxygenated fluid inhibits a decline in at least one
behavior following the stroke, for example a decline 1n consciousness, defense reaction, grasp
reflex, extremity movement, gait, circling, bradvkinesia, balance, neglect, visual field
cut’hemianopsia or facial weakness, or a combination of two or more of any of the listed ttems.
it will be appreciated that following a stroke, in the absence of treatment as described herein,
one or more of the listed behaviors may decline. An intubition of the decline may be observed,
for example, as a lack or prevention of decline, or as a lesser degree of decline than would be
expected n the absence of the treatment as described herein.

[06027] In the method of some embodiments, the oxygenated fluid (for example,
oxygenated fluid comprising charge-stabilized oxygen-containing nanostructures) is
administered to the subject at a rate of at least about 0.1 cc/kg/h, for example at least about 0.1,
0.5, 1,2, 4,5, 7, 10, 20, 25, or 30 co/kg/h, including ranges between any two of the listed
values, for example, about 0.1 ~ 2 cc/kg/h, 0.1 - 4 co/kg/h, 0.1 - 5 cokgrh, 0.1 -7 ec/kg/h, 0.1
- 10 cc/kg/h, 0.1 - 20 ec/kg/h, 0.1 - 30 ec/kg/h, 0.5 - 2 ec/kg/h, 0.5 -4 ce/kg/h, 0.5 - 5 ce/kg/h,
0.5 -7 cc/kg/h, 0.5 ~ 10 co/kg/h, 0.5 - 20 ce/kg/h, 0.5 - 30 co/kg/h, 1 -4 ce/kg/h, 1 -5 co/kgrh,
1 ~7ce/kg/h, 1~ 10ce/kg/h, - 20 cc/keg/h, 1 -30cc/kgh, 2-4 cokgh, 2-Sce/kgh, 2-7
ce/kg/h, 2 - 10 co/kg/h, 2 - 20 co/kg/h, 2 - 30 co/kg/h, 5 - 7 co/kg/h, 5 - 10 cokg/h, 5 - 20
co/kgh, 5 - 30 co/kg/h, 10 - 20 co/kg/h, or 10 - 30 co/kg/h. In some embodiments, the
administration occurs for at least 1, 2, 3, 4, 5, 6, or 10 hours after the stroke, including ranges
between any two of the listed values. As such, in some embodiments, at least about 0.1 co/kg
of oxygenated fhud, for example at least about 0.1, cc/kg, 0.5 co/kg, 1 eo/kg, 2 cokg, 5 co/kg,
10 co/kg, 20 cokg, 25 cokg, 50 co/kg, 70 co/kg, 100 co/kg, or 200 co/kg, including ranges
between any two of the listed values, are administered to the subject. In the method of some
embodiments, the oxygenated fluid is administered continuously. In the method of some
embodiments, the oxygenated fluid 1s administered continuously in two or more discrete

events, separated by time periods of non-administration. In some embodiments, the rate of
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administration of the oxygenated fluid is constant over the time period of administration. In
some embodiments, the rate of administration of the oxygenated fluid varies over the time
period of administration. In some embodiments the oxygenated fluid can be administered at a
first rate for a first time period, and administered at a lower rate for a second, subsequent time
period. For example, the oxygenated fluid can first be admunistered at a first rate of about 5 -
10 cc/kg/h for at least about an hour, and then administered at a second rate of about 0.5 - 4 ¢ce

=
i
i

/kg/h for at least S, 7, 9, or 10 hours. For example, the oxygenated fluid can first be
admunistered at a first rate of about 5 - 10 cc/kg/h for at about 1 - 2 hours, and then administered
at a lower a second rate of about 0.5 - 4 ¢c /kg/h for at least 5, 7, 9, or 10 hours. In some
embodiments, for any method described herein, the oxygenated flind comprises charge-
stabilized oxygen-containing nanostructures.

[0028] In the method of some embodiments, the oxygenated fluid comprises saline.
In the method of some embodiments, the oxvgen 1o the oxvgenated fluid comprises modified
or charged oxygen species. In the method of some embodiments, the oxygenated fluid
comprises no more than trace amounts of ozone. In the method of some embodiments, the
oxygen n the oxygenated fluid has been present 1n an amount of at least 15 ppm at standard
temperature and pressure for at least 3 hours. In the method of some embodiments, the oxygen
in the oxygenated fluid has been present in an amount of at least 40 ppm at standard
termperature and pressure for at least 3 hours. In some embodiments, for any method described
herein, the oxygenated fluid comprises charge-stabilized oxygen-containing nanostructures. In
the method of some embodiments, the nanostrauctures comprise nanobubbles, a majority of the
nanobubbles having a diameter of less than 100 nanometers.

[6029] In the method of some embodiments, the method further comprises
administering an additional therapeutic agent to the subject, for example tissue plasminogen
activator such as intravenous alteplase. In some embodiments, the method further comprises

performing a thrombectomy and/or embolectomy on the subject.

Example 1: Stability of fhuds comprising charee-stabilized oxvsen-containinge nanostruciures:

6030} Floid comprising charge-stabilized oxygen-containing nanostructures was

Ay
I

generated using a Mixing Device as described in US Pat. No. 9,745,567, The solution was
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used to manufacture drug product, a solution that contains charge-stabilized oxygen gas-
containing nanostructures having an average diameter of less than 100 nanometers.

[6031] For this example lot of drug product, bulk drug substance was manufactured
in bulk, then filled into drug product containers, and drug product was prepared. At the time
that the drug product of this Example was prepared, (e.g., filled in syringes, IV bags, or glass
vials) its dissolved oxygen content was spec’d at greater than or equal to 50 ppm.

[0032] Lot release testing was done for this example lot of drug product. Extended
testing of oxygen levels was performed to establish a DO profile over time. FEG. 1 shows a
curve obtained for lot stability over time. At 66 months after filling, this lot had a PO content
of about 43 ppm.

[0033] At 66 months, the oxygenated fluid comprising charge-stabilized oxygen-
containing nanostructures from thus lot was collected and tested for anti-inflammatory activity
n a mouse model of inflammation. Female SJL/j mice were immunized with MBP and on day
10 of immunization, spleens and lymph nodes were harvested, followed by treatment of
splenocytes and lymph node cells in the presence of 5% and 10% drug product (flnd
comprising charge-stabilized oxygen-containing nanostructures) from the lot (66 months after
filling) or one of is controls or processing variants. After 24 hours, mRNA expression of
Foxp3 and IL-10 as well as other related markers of Treg, Thi7, Thi and Th2 were measured
as reported in an earlier study (Mondal et al., PLoS One 7. ¢ 51869 2012). Drug product from
the lot {comprising fluid comprising charge-stabilized oxygen-containing nanostructures),
with a B0 level as low as 43 ppm, showed the activities of reversing MBP-induced reduction
i IL-10 and the Treg marker FoxP3,

[6034] Thus, 1t has been shown that flwd comprising charge-stabilized oxygen-
containing nanostructures comprising saline and having at least 50 ppm dissolved oxygen at
the time of manufacture {(in accordance with methods, uses, and medicaments of some
embodiments herein) can be successfully produced, and can stably maintain dissolved oxygen
levels for at least 66 months. Moreover, after 66 months, the oxygenated fluid comprising

charge-siabilized oxygen-containing nanostructures retained activity in vivo.

Example 2. Treatment of Non-Human Primate Middle Cerebral Arterv Occlusion bv

Intravenous Adminustration of Oxvgenated Fluid
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Animal Handling, Housing and Pre-operative Care

[8035] Ten male captive bred cynomolgus macagues (4.5-5.5 kg) were pair housed
in an environmentally controlied and enclosed primate colony of 10-40 animals on a 12h light
dark cyele (light on 0600h to 1800h). Caging consisted of 115x115x200 cm home cages with
adjoining recreation cages accessible during the light hours. The colony was supervised daily
by a team consisting of the principal investigator, a veterinarian, two veterinary technicians
with non-human primate training and experience. Animals were provided with water ad /ib,
datly complete diet in the form of monkey chow (Purina Canada, Mississauga, ON} and mixed
dietary enrichment in the form of nuts, fresh fruit and vegetables throughout the day.
Environmental enrichment in the form of puzzles, primate specific toys and audiovisual media
were provided during light hours. Prior to administration of anesthesia animals were fasted
for 12 hours.

[6036] In this protocol anesthesia was required for both surgical procedures and
imaging. Fasted animals were sedated in their home cage using Medetomudine (0.15mg/kg,
miramuscular).  When sedative effect was attained the anumals were hand caught by a
veterinarian or technician with assistance from a second technician controlling the primate
collar on pole. Animals were carred to an induction room where 1soflurane is applied at 5%
i 95% Oxygen at a rate of 2L/mun by facemask until the animal 1s adequately anesthetized for
intubation. Endotracheal intubation with a cuffed 2.5-3.0 Fr endotracheal tube was achieved
under direct laryngoscopy. A peripheral 21G intravenous catheter was placed 1o the saphenous
vein and lactated Ringer’s solution was admimstered at a maintenance rate {0.5ml/kg/hr).
Eyes were lubricated with Tear-Gel. Surgical areas specific to the procedure to be undertaken,
including groin, axilla, back (for monopolar ground pad} and scalp, were shaved and cleansed
with alcohol solution. Non-invasive monitoring including blood pressure by leg cuff) end-tidal
CO:, oxygen saturation, electrocardiogram and temperature by rectal probe were recorded and
corrected to maintain values within physiologic norms. The animal was transported to the

operating room thereafter.

Surgical Procedure
(6037} The animal was placed on the operating table in supine position and the

head was pinned in a custom head rest. The head was positioned in extension and left lateral
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rotation so the right pterion was superior in orientation.  Airway patency was ensured and
physiclogic monitoring equipment was placed prior to covering the torso with a heated air
blanket. Anesthesita depth and physiologic stability were monitored and adjusted by a
veterinarian. The right scalp was scrubbed with iodine prep solution and draped in an aseptic
fashion. Prior to skin incision prophylactic Cefazolin (20 mg/kg IV} was administered.

[0038] The middle cerebral artery (M A} was prepared distal to lenticulostriates
just proximal to the orbitofrontal branch for aneurysm clip placement. A Smm Sundt clip was
placed on the vessel Inspection of the vessel under the microscope confirmed complete
occlusion.

[0039] Following vessel occlusion (MCAQ) the craniotomy was irrigated with
warm 0.9% NaCl solution and the dura was closed with 6-0 silk suture. The temporalis muscle
and fascia were closed with 3-0 viery] suture. The skio was closed in two layers with 4-0 vieryl
suture. The incision was cleansed and covered with Neosporin omntment. The arumal was

transferred under anesthetic to the MRI scanner,

Dosing and Blinding

[0040] Study drug consisted of intravenous RNS60 (a saline fluid comprising
charge-stabilized oxygen-containing nanostructures, spec’d at greater than or equal to 50 ppm
dissolved oxygen) versus Placebo solution (normal saline}. Study drug was provided in 375mL
mtravenous bags (one IV bag per anmimal). Fach bag had a unique code, held by Revalesio
Corporation, to blind 1nvestigators from drug identity. Intravenous fluids were stored at 4°C
until use. 1V bags were hung at room temperature, but not punctured, 1 hour before anticipated
infuston start.  Five munutes after MCAQ the Ringer’s Lactate maimntenance infuston was
stopped and the RNS60/Placebo infusion nitiated. The intravenous bag was punctured as per
manufacturer’s instructions and the line was flushed and attached to the intravenous catheter.
Intravenous infusion of the oxygenated fluid commenced at Sce/kg/h, 5 minutes after MCAO
onset. After 1 hour the infusion was reduced to 2.5cc/kg/h until the time of transcardial

perfusion/sacrifice.

Serial Imaging
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[6041] Immediately after surgery amimals were transported to the MRI. MRi
scanning consisted of an mitial DWI scan to quantify infarction at baseline. This was
immediately followed by a perfusion scan to define the region of ischemia/tissue at risk for
infarction.  This established the ischemic penumbra volume (Penumbra=DWI-PWI) at
baseline. DWI scans were obtained serially at 0.5, 1, 2, 3, 5 and 6 hours. Once every 3 hours
a perfusion scan was obtained to assess any changes in perfusion. The second-to-last scan
obtained was a T2 weighted MRI to assess for parenchymal edema.

[0042] Imaging was performed on a 3T Siemens TRIO system using a 32 channel
head cotl. Animals were placed in prone position in a custom made acrylic cylindrical sled
with the neck extended. The animal was fixed in place using tape and wrapped in a heated
water blanket. The animal and sled were placed in the center of the radiofrequency volume
cotl and positioned within the magnet bore.  Long ventilator/gas supply tubing, miravenous
and arterial lines were run to the control room to associated machinery. Physiological
monttoring was maintained throughout using MRI compatible ECG, respiratory and

terperature monitors,

Results

[0043] Resulis of the study are shown in FlIGs, 2A and 2B. DWI volume (FIG.
24), and DWI as a percentage of PWI (FIG. 2B) were measured by MRIat 0.5, 1, 2,3, 4, §,
and 6 hours after induction of the occlusion (which was followed S5 minutes later by
administration of RNS60 or normal saline). At each of these timepoints, total lesion volume
(DWI volume), as well as DWI as a percentage of PWI were significantly decreased n the
primates treated with RNS60 compared to normal saline controls. Thus, 1t has been shown
that fluid comprising charge-stabilized oxygen-contaming nanostructures in accordance with
some embodiments is effective at treating, reducing, or ameliorating stroke in vive.

[6044] As shown herein, consistent with neuroprotective effects of RNS60,
mtravenous mjection of RNS60 has been observed to impact cellular processes in the brain.
Khasnavis et al. observed that following intraperitoneal injection in a mouse model of
Parkinson’s disease, RNS60 induced significant activation of type [A PI3 Kinase at the cell
membrane of the substantia nigra (See Khasnavis et al. J. Neuroimmune Pharmacol (2014) &

218-32, hereby incorporated by reference i its entirety, at p. 226 and Fig. 3). Additionally,
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Modi et al. observed that intraperitoneal mjection of RNS60 inhibited activation of iNOS in
the hippocampus (Modi et al., PLoS One (2014} 9: 103606, hereby incorporated by reference
in its entirety, at p. 10 and Fig. 8). Taken together, (1) the ability of injected fhuids comprising
charge-stabilized oxygen-containing nanostructures to modulate cellular processes in the brain,
and (11} their further ability to inhibit bramn lesions in stroke, are consistent with these fluids
having neuroprotective effects. Without being limited by theory, it is contemplated that fluids
comprising charge-stabilized oxygen-containing nanostructures can provide oxygen to
hypoxic brain cells and/or brain cells that were subjected to ischemia followed by reperfusion.
Examples of brain cells include neurons and/or glal cells (e g., oligodendrocytes and/or

microgha).

Fxample 3: Treatment of Rat Model of stroke with oxveenated fluid

[0045] An oxygenated fluid according to some embodiments (“RNS60,” which
comprises charge-stabilized oxygen-containing nanostructures) was tested using a recovery
model of MCAQO inrats. Briefly, rats were anaesthetized and subjected to 120 minute MCAO
(retrograde filament plus CCA Occlusion). Drug infusion was inttiated (v/w 5% body weight
@ 1ml per 2 minutes) 5 nunutes following occlusion. Normal saline was admumstered to
control animals. Animals were recovered under a heat lamp. Neurological examinations were
undertaken to identify circling patierns and hemuparesis confirming braim ischemia. After 24
hours, animals were sacrificed and brain tissue was harvested for TTC Stamming. The results
are shown in FIG. 3. The results indicate that stroke volume was significantly lower in the
brains of rats that received the oxygenated fluid comprising charge-stabilized oxygen-

contamning nanostructures, compared to saline-treated controls.

Example 4. Non-Human Primate Model of Acute Ischemic Stroke

[6046] In the following example, a cynomolgus macague transtent {90 minute)
MCAQO occlusion model was used, oxygenated solution was administered 60 minutes after
MCAQ, and behavioral effects were subsequently monitored. FEleven male cynomolgus
macaques/group were subjected to temporary (90 mun} MCAQG.  Animal care and surgical
procedures were as in Example 2, except that the MCA was subject to temporary {90 minutes)

occlusion by a Smm Sundt clip placed on the MCA s0 as to model transient stroke.
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6047} Study drug was intravenous RNS60 (an oxygenated saline spec’d at greater
than or equal to 50 ppm dissolved oxygen) versus Placebo solution (normal saline). Study
drug was provided in 375mb intravenous bags (one IV bag per animal). Each bag had a unique
code to blind investigators from drug identity.

[0048] Intravenous infusion of the fluid (RNS60 or normal saline Placebo)
commenced at Sco/kg/h, 60 minutes after MCAGO. After 1 hour, the infusion was reduced to
2. Scc/kg/h for 48 hours. MRI scans were obtamned at 48 hours. The stroke volumes measured
by the MRI maging at 48 hours are shown in FIG, 4A The RNS60 treatment group had a
significantly lower infarct volume than the normal saline treatment group (n=9; p=0.0015).

[0049] Animals were then followed-up for 30 days with behavioral tests (Non-
human Primate Stroke Scale, NHPSS). The NHPSS scores for 30 days are shown in FIG, 4C,
The NHPSS scores were consistently superior in the RNS60 treatment group compared to the
normal saline countrols.

[0050] MRI (T2) scans were performed at 30 days. The results of the 30-day MRI
scans are shown in FIG. 4B. Consistent with the 48-hour results, the RNS60 treatment group
had a significantly lower infarct volume at 30 days than the normal saline treatment group
(n=9; p=0.007).

[0051] This example shows that in a primate model of acute 1schemic stroke (90
mun temporary occlusion), mtravenously administening an oxygenated solution (RNS60) one
hour after occlusion i accordance with some embodiments heremn yielded neuroprotective
effects, as ndicated by reduced infarct volume (48 hours after treatment} and improved

NHPSS scores (30 days post occlusion) compared to controls.

[6052] In at least some of the previcusly described embodiments, one or more
elements used in an embodiment can interchangeably be used in another embodiment unless
such a replacement 1s not technically feasible. It will be appreciated by those skilled in the art
that various other omissions, additions and modifications may be made to the methods,
composiiions, kits, and uses described herein without departing from the scope of the claimed
subject matter. Al such modifications and changes are intended to fall within the scope of the

subject matter, as defined by the appended claims.
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(6053} With respect to the use of substantially any plural and/or singular terms
herein, those having skill in the art can translate from the plural to the singular and/or from the
singular to the plural as is appropriate to the context and/or application. The various
singular/plural permutations may be expressly set forth herein for sake of clarity.

[0054] it will be understood by those within the art that, in general, terms used
herein, and especially in the appended claims {(e.g., bodies of the appended claims} are
generally intended as “open” terms {e.g, the term “including” should be interpreted as
“including but not limited to,” the term “having” should be interpreted as “having at least,” the
term “includes” should be interpreted as “includes but is not limited to,” etc. ). It will be further
understood by those within the art that if a specific number of an mtroduced claim recitation
15 intended, such an intent will be explicitly recited in the claim, and in the absence of such
recitation no such intent 1s present. For example, as an aid to understanding, the following
appended claims may contain usage of the mtroductory phrases "at least one” and "one or
more” to introduce claim recitations. However, the use of such phrases should not be construed
to imply that the introduction of a claim recitation by the indefinute articles "a" or "an" limiis
any particular claim containing such introduced claim recitation to embodiments containing
only one such recitation, even when the same claim includes the introductory phrases "one or
more" or "at least one" and indefinite articles such as "a" or "an" {e.g., “a” and/or “an” should
be mnterpreted to mean “at least one” or “one or more”); the same holds true for the use of
definite articles used to introduce claim recitations. In addition, even 1f a specific number of
an troduced claim recitation 1s explicitly recited, those skilled in the art will recognize that
such recitation should be interpreted to mean at least the recited number (e.g., the bare
recitation of "two recitations,” without other modifiers, means at least two recitations, or two
or more recitations). Furthermore, in those instances where a convention analogous to “at least
one of A, B, and C, etc.” is used, in general such a construction is intended in the sense one
having skill in the art would understand the convention {e.g.,  a system having at least one of
A, B, and " would include but not be hmited to systems that have A alone, B alone, C alone,
A and B together, A and C together, B and C together, and/or A, B, and C together, etc.). In
those instances where a convention analogous to “at least one of A, B, or C, etc.” 15 used,
general such a construction 1s intended in the sense one having skill in the art would understand

the convention {e.g., * a system having at least one of A, B, or C” would include but not be
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limited to systems that have A alone, B alone, C alone, A and B together, A and C together, B
and C together, and/or A, B, and C together, etc.). 1t will be further understood by those within
the art that virtually any disjunctive word and/or phrase presenting two or more alternative
terms, whether in the description, claims, or drawings, should be understood to contemplate
the possibilities of including one of the terms, either of the terms, or both terms. For example,
the phrase “A or B” will be understood to include the possibilities of “A” or “B” or “Aand B.”

[6055] in addition, where features or aspects of the disclosure are described in
terms of Markush groups, those skilled i the art will recognize that the disclosure is also
thereby described 1n terms of any individual member or subgroup of members of the Markush
group.

[0056] As will be understood by one of skill m the art, for any and all purposes,
such as in terms of providing a written description, all ranges disclosed herem also encompass
any and all possible sub-ranges and combinations of sub-ranges thereof. Any listed range can
be easily recognized as sufficiently describing and enabling the same range being broken down
mnto at least equal halves, thirds, quarters, fifths, tenths, etc. As a non-limiting example, each
range discussed herein can be readily broken down into a lower thurd, middle third and upper
third, etc. As will also be understood by one skilled 1n the art all language such as “up to,” “at

39 ¢

least,” “greater than,” “less than,” and the like mclude the number recited and refer to ranges
which can be subsequently broken down nto sub-ranges as discussed above. Finally, as will
be understood by one skilled m the art, 3 range includes each mdividual member. Thus, for
example, a group having 1-3 articles refers to groups having 1, 2, or 3 articles. Similarly, a
group having 1-5 articles refers to groups having 1, 2, 3, 4, or § articles, and so forth.

[8057] Wherever a method 1s disclosed herem, for example a method of inhubtting,

treating, or ameliorating the symptoms of stroke in a subject i1s disclosed heremn, the

o0

corresponding use, or composition or medicament for use s also expressly contemplated. For

example, for the disclosure of “a method of inhibiting, treating, or amehiorating the symptoms

=2
of stroke comprising admimstering an oxygenated fluid” (e.g., an oxygenated fluid comprising
charge-stabilized oxygen-containing nanostructures) also contemplated is an oxygenated fluid
{e.g., an oxygenated fluid comprising charge-stabilized oxygen-containing nanostructures}) for

use in of inhibiting, treating, or ameliorating the symptoms of stroke.
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[6058&] While various aspects and embodiments have been disclosed herein, other
aspects and embodiments will be apparent to those of skill in the art. The various aspects and
embodiments disclosed herein are for purposes of illustration and are not intended to be

limiting, with the true scope and spirit being indicated by the following claims.
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WHAT IS CLAIMED IS

I A method of treating, inhibiting, or ameliorating stroke, such as ischemic stroke
or a symptom thereof in a subject, the method comprising administering an oxygenated fluid
to the subject, said administering occurring at or immediately following the onset of ischemic

stroke symptoms in the subject.

2. The method of claim 1, wherein the oxygenated fluid s a fluid comprising

charge stabilized oxygen-containing nanostructures.

3. The method of claim 2, wherein the oxygenated fluid is a pharmaceutical saline
solution comprising charge-stabilized oxygen-containing nanostructures, a majority of the
nanostructures having a diameter of less than 100 nanometers, wherein the pharmaceutical

saline solution comprised at least 20 ppm oxygen at the time 1t was manufactured.

4. The method of any one of claims 1-3, wherein said administering occurs within

1, 3,6,12, 18, or 24 hours after the onset of ischemic stroke symptoms in the subject.

S, The method of any one of claims 1-4, wherein said adnumstering comprises

delivermg the oxygen of the oxygenated flhud to hypoxic bramn cells of the subject.
6. The method of any one of claims 1-5, wherein said admmistering comprises
delivering the oxygen of the oxygenated fluid to bran cells of the subject, wherein said bram

cells were subjected to 1schemia followed by reperfusion.

7. The method of any one of claims 1-6, wherein the administered oxygenated

flud is effective to inhibit hypoxia of brain cells of the subject.

8. The method of any one of claims 1-7, wheremn the administered oxygenated

fluid 15 effective to inhibit reperfusion damage to brain cells of the subject.

-29-
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9. The method of any one of claims 5-8, wherein the brain cells are selected from

the group consisting of neurons, glial cells, oligodendrocytes, and microglha.

10 The method of any one of claims 1-9, wherein the administered oxygenated

fluid s effective to inhibit a decline i a behavior following the stroke.

11 The method of claim 10, wherein the behavior is selected from the group
consisting of: consciousness, defense reaction, grasp reflex, extremity movement, gait,
circling, bradykinesia, balance, neglect, visual field cut’hemianopsia or facial weakness, or a

combination of two or more of any of the listed items.

12. The method of any one of claims 1-11, wheremn the oxvgenated fluid s

admimstered in a dose of at least 2 cc /kg.

13. The method of any one of claims 1-11, wherein the oxygenated fluid is

administered m a dose of at least 20 cc /kg.

14. The method of any one of claims 1-13, wheremn the oxvgenated fluid s

admuimstered at about 0.1 - 20 co/kg/h

15, The method of any one of claims 1-13, wheremn the oxygenated fluid 15

adminstered at about 1 ~ 7 cc/kg/h.

16. The method of any one of claims 1-15, wherein the oxygenated fluid 1s

administered for at least about 1, 2,3, 4, 5,6, 7, 8, 9, or 10 hours.

17. The method of any one of claims 1-15, wherein the administering is a first line

treatment for the 1schemic stroke.

18. The method of any one of claims 1-17, wherein the administering 1s within three

hours of the commencement of the ischemic stroke.

-30-
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19. The method of any one of claims 1-18, wherein the administering s 1-3 hours,
1-6 hours, 1-12 hours, 1-18 hours, 1-24 hours, 3-6 hours, 3-12 hours, 3-18 hours, 3-24 hours,
6-12 hours, 6-18 hours, 6-24 hours, 12-18, or 12-24 hours after the commencement of the

ischemic stroke.

20. The method of any one of claims 1-19, wherein the administering is
imtravenous.
21. The method of any one of the above claims, wherein the oxygenated fluid

comprises at least 40 ppm oxygen at standard temperature and pressure.

22, The method of any one of the above claims, wherein the oxvgenated fluid

comprises saline.

23. The method of claim 22, wherein the oxvgenated fluid comprises saline for
mjection.

24. The method of any one of the above claims, wherein the oxygenated fluid 18
sterile.

25. The method of any one of the above claims, wherein the oxygenated fluid 1s

part of, or 13 a pharmaceutical composition.

26. The method of any one of the above claims, wherein the oxygenated fluid does

not comprise blood.

27. The method of any one of the above claims, wherein the oxygenated fluid does

not comprise perfluorocarbon.

231-
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28. The method of any one of the above claims, wherein the oxygenated fluid 1s

oxygenated by dissolved oxygen.

29. The method of any one of the above claims, wherein at least 50%, 60%, 70%,

80%, or 90% of the oxygenation in the oxygenated fluid comprises dissolved oxygen.

30. The method of any one of the above claims, wherein the oxygen mn the
oxygenated fluid has been present i an amount of at least 15 ppm at standard temperature and

pressure for at least 3 hours.

31 The method of any one of the above claims, wherein the oxygen mn the
oxygenated fluid has been present in an amount of at least 40 ppm at standard temperature and

pressure for at least 3 hours.

32 The method of any one of the above claims, wherein the oxvgen n the

oxygenated fluid comprises modified or charged oxygen species.

33. The method of any one of the above claims, wherein the oxygenated fluid

comprises no more than trace amounts of ozone.

34, The method of any one of claims 3-33, wherem the nanostructures comprise

nanobubbles, a majority of the nanobubbles having a diameter of less than 100 nanometers.

35. The method of any one of the above claims, further comprising administering

an additional therapeutic agent to the subject.

36. The method of any one of the above claims, further comprising performing a

thrombectomy and/or embolectomy on the subject.
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37. The oxvgenated fluid of any one of the above claims for use in treating,
inhibiting, or ameliorating a symptom of ischemic stroke, the use comprising any of the above

methods.

233
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